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Linh vire ki thuit dwge dé cip

Sdng ché dé cdp dén dan xuat 1,2,5-oxadiazol 1a chat (rc che indolamin 2,3-
dioxygenaza va hitu ich dé diéu tri bénh ung thu va cic roi loan khac, quy trinh va cac

chét trung gian d& diéu ché hop chét nay.
Tinh trang ky thuét ciia sang ché

Tryptophan (Trp) 1 axit amin thiét yéu can cho qu4 trinh sinh tbng hop protein,
niaxin va chit dan truyén than kinh 5-hydroxytryptamin (serotonin). Enzym indolamin
2,3-dioxygenaza (cOn goi 14 INDO hodc IDO) xtic tac bude thir nhét va budc gi6i han
tbc d6 trong qué trinh phan hity L-tryptophan thanh N-formyl-kynurenin. O té bao
ngudi, viéc loai bo Trp do hoat tinh cua IDO la co ché tac dong khang khuin do
interferon gamma trdi (prominent gamma interferon-EFN-y) gy ra. Viéc kich thich
bang IFN-y s& gdy cam ung hoat hoa IDO, dan dén viéc loai bo Trp, do d6 1am nging
su phét trién cta cac mam bénh phu thudc Trp trong té bao nhu Toxoplasma gondii va
Chlamydia trachomatis. Hoat tinh cta IDO ciing c6 tac dung chéng tang sinh & nhiéu
té bao u va sy kich thich IDO da duoc quan sat in vivo khi loai bo céc u di sinh, didu
d6 cho thdy vai trd c6 thé c6 clia enzym nay trong qua trinh loai bé u (Daubener, et al,

1999, Adv. Exp. Med. Biol, 467: 517-24; Taylor, et al, 1991, FASEB J., 5: 2516-22).

D3 quan sat thdy rang cac té bao HeLa dugc cling nudi ciy véi cac lympho bao
trong mau ngoai vi (peripheral blood lymphocyte-PBL) thu nhan kidu hinh @c ché
mién dich thong qua viéc diéu bién tang hoat tinh IDO. Viéc gidm mirc do tang sinh
ctia PBL khi diéu tri bing interleukin-2 (IL2) dugc cho 1a do IDO dugc giai phong bai
cac té bao u dé dap tng véi viée tiét ra IFNG cta cac PBL. Tac dung nay dugc dao
ngugc bdi viée diéu tri bang 1-metyl-tryptophan (1IMT), mot chét tc ché IDO dic
hiéu. Hoat tinh cua IDO & té bao u da dugce cho 14 ¢6 thé dong vai trong 1am suy giam

cac dap ung khang u (Logan, et al, 2002, Immunology, 105: 478-87).
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Gan day, vai tro didu bién mién dich cta viéc loai bé Trp dd nhén dugc nhiéu
cha y. Mot vai bang ching d3 goi ¥ rang IDO lién quan dén su kich thich dung nap
midn dich. Céc thtr nghiém vé thoi ky thai nghén & dong vt c6 vu, vé tinh khang u,
tinh trang 1ay nhiém man tinh va cac bénh tu mién da cho thdy ring céc té bao bidu
hién IDO c6 thé wc ché cac dép tng cla té bao T va thuc ddy su dung nap. P& quan sét
théy su di hoa Trp tang 1én & cac bénh va cac r6i loan lién quan dén sy hoat héa mién
dich t& bao, nhu bénh nhidm khuén, u 4c tinh, bénh ty mién va bénh AIDS, ciing nhu
trong thoi ky thai nghén. Vi du, dd quan sat thiy mitrc IFN ting va muc san pham
chuyén héa Trp niéu ting & cac bénh tu mién; viéc loai bé Trp toan than hodc cuc bd
xay ra & cac bénh tu mién duge cho 12 c6 thé lién quan dén cac triéu chirng thoai hoa
va suy mon cuia céc bénh nay. Dé cing cb thém cho gia thuyét nay, da quan sat thiy
mitc IDO cao & cac t& bao dugc phan lap tir hoat dich cta khép vieém. Cac IFN ciing
ting & cac bénh nhin mang virut gy suy giam mién dich ngudi (human
immunodeficiency virus-HIV) va viéc ting mirc IFN Iudn gin véi tién lugng bénh
x4u. Do d6, IDO dugc cho 14 bi kich thich thudng xuyén do nhidm HIV va tiép tuc
tang do céac cac bénh lay nhiém co hoi va do viéc loai bé Trp kéo dai s& khai dong cac
co ché gy ra chimg suy mon, ching sa sut tri tué va bénh tiéu chay va co thé wc ché
hé mién dich & bénh nhan AIDS (Brown, et al., 1991, Adv. Exp. Med. Biol, 294: 425-
35). V6i muc dich nay, gin day di chung minh dugc rang viéc e ché IDO c¢6 thé 1am
tdng muirc t& bao T dic hiéu virut va, d@)ng thoi 1am giam sb lugng dai thuc bao bi

nhi®m virut & md hinh chu6t nhiém HIV (Portula et al., 2005, Blood, 106: 2382-90).

IDO duge cho 1a cé vai tro nhét dinh trong qua trinh Gc ché hé mién dich ma c6
tac dung ngin chin viéc dao thai bao thai trong tir cung. Hon 40 nam trude, da quan
sat thiy rang trong thoi ky thai nghén, bao thai dong vat c6 va khéc loai vé mit di
truyén séng sét khong nhu nhitng gi duoc tién doan bdi mién dich hoc ghép md
(Medawar, 1953, Symp. Soc. Exp. Biol. 7: 320-38). Su tach biét v& mat giai phiu gitta
me va bao thai va viéc khang nguyén chua phat trién ddy di cia bao thai khong thé
giai thich day du viéc bao thai di ghép sdng sot. Gén day su chu y da tap trung vao sy
dung nap mién dich hoc ctia ngudi me. ViIDO dugc bidu hién bdi cac hop bao 14 nudi
cla ngudi va ndng d6 tryptophan toan than gidm trong thoi ky mang thai binh thudng

nén da c6 gia thuyét cho rang sy bicu hién IDO 6 bé mit chung cua me-bao thai 1a can
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thiét d8 ngan ngira sy dao thai mién dich cia bao thai di ghép. Dé kiém tra gia thuyét
ndy, chudt mang thai (mang thai ddng sinh hodc di sinh) dugc tiép xtic v6i IMT va da
quan sat thdy su do thai nhanh do té bao T gy ra dbi véi tAt ca cac bao thai di sinh.
Do d6, bang cach di héa tryptophan, bao thai ciia dong vat c6 vi dudng nhu e ché
hoat tinh cta té bao T va tu bao vé chdng lai su dao thai va viéc trc ché hién tuong di
héa tryptophan trong thoi ky mang thai clia chudt cho phép t€ bao T clia ngudi me gay
ra su dao thai bao thai di ghép (Moan, et al., 1998, Science, 281: 1191-3).

Mot bang ching khac ching minh co ché chéng lai hé mién dich cta u dya vao
su phin hiy tryptophan bang IDO 12 viéc quan sét thiy ring hau hét cac u & ngudi déu
biéu hién IDO va viéce biéu hién IDO ctia cé4c té bao u chuodt duoc gy mién dich ngin
ngira hién tugng dao thai boi duogc thiy & chudt truée khi gdy mién dich. Tac dung nay
thuong di cung véi viéc khong tich tu t& bao T dic hiéu & vi tri u va cé thé duoc khoi
phuc mot phan bing céach diéu tri theo dudng toan than cho chudt bang chét wc ché
IDO, ma khong giy doc dang chu y. Do d6, da co d& xut cho ring tac dung cla viéc
tiém ching trong diéu tri cho bénh nhin ung thu dugc cai thién bang cach st dung
ddng thi chit te ché IDO (Uyttenhove et al., 2003, Nature Med., 9: 1269-74). Ciing
chirng minh dugc réng chit e ché IDO, 1-MT, ¢6 thé hiép déng véi chét hoa tri ligu
dé cho tac dung lam giam su phat tridn u & chudt, didu ndy goi y ring viéc e ché IDO
ciing c6 thé 1am ting hoat tinh khang u cla liéu phap gdy doc té bao thong thuong
(Muller et al, 2005, Nature Med., 11 : 3 12-9).

Mbt co ché gop phﬁn vao viéc hé mién dich khong phan tng véi u c6 thé 1a su
¢6 mit cia khang nguyén u do cdc APC ctia vét chi c6 kha nang dung nap mién dich.
Téap con cua cac t& bao trinh dién khang nguyén (antigen-presenting cell - APC) biéu
hién IDO ngudi ma ddng biéu hién CD 123 (IL3RA) va CCR6 va Gc ché qué trinh
ting sinh té bao T ciing dugc md ta. Ca té bao dudi gai duong tinh CD123 trudng
thanh va chua truéng thanh ddu e ché hoat tinh cia té bao T va hoat tinh trc ché IDO
nay bi tc ché béi IMT (Munn, et al, 2002, Science, 297: 1867-70). Cling ching minh
duge rang cac hach bach huyét dan luu u & chudt (tumor-draining lymph node-TDLN)
mang tap con cua Cac té bao dudi gai dang tuong bao (plasmacytoid dendritic cell-

pDC) ma biéu hién chu yéu muc IDO ¢6 tre ché mién dich. Mic du chi chira 0,5% té
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bao hach bach huyét, in vitro, song cac pDC nay c6 thé e ché cac dap ting cia té bio
T véi cac khang nguyén dugc trinh dién bdi chinh cac pDC nay va ngoai ra rc ché céc
dap ung cua té bao T v6i cac khang nguyén thit ba dugc trinh dién bang cac APC
khong tc ché, theo cach chiém wu thé. Trong céc quin thé cac pDC, phan 16n hoat
dong cta cac chét qua trung gian trc ché IDO chitc ning gian tiép gay ra tach biét véi
quan thé con méi ctia cac pDC ma ddng biéu hién gen dAu hiéu dong B, CDI 9. Do do,
da co gia thuyét cho ring su trc ché qua trung gian IDO bdi pDC trong cac TDLN tao
ra vi moi trudong tach biét ma co thé e ché hitu hidu su dap tng cia té bao T cua vat

chi khang u (Munn, et al., 2004, J. Clin. Invest, 114(2): 280-90).

IDO phén hity nhém indol cta tryptophan, serotonin va melatonin va kich khéi
qua trinh san xuét cac chét chuyén hoa c6 hoat tinh than kinh va diéu hoa mién dich,
dugce goi chung 1a kynurenin. Bing cach loai bd cuc bd tryptophan va lam tang cac
kynurenin tién gay chét t& bao theo chuong trinh, IDO duogc bidu hién boi cac té bao
dudi gai (dendritic cell-DC) co thé tac dong lon dén qué trinh ting sinh va su sbng sot
ctia t& bao T. Viéc kich thich IDO & cac DC ¢6 thé 1a co ché phd bién dé dung nap loai
b6 duge diu khién béi cac t& bao T diéu hoa. Do cac dap tmg dung nap mién dich nay
¢ thé duoc mong doi 1a xut hién hoat dong trong céc diéu kién sinh 1y bénh khac
nhau, nén co ché chuyén hoa tryptophan va viéc san xuét kynurenin nén xay ra & phén
chung chinh gitta hé fnién dich va hé than kinh (Grohmann, et al., 2003, Trends
Immunol, 24: 242-8). Trong céc trang thdi hoat hoa mién dich lién tuc, do kha dung
cia Trp ty do trong huyét thanh bi gidm va, két qua 13 qua trinh san xuét serotonin
giam, chirc ndng tiét serotonin ciing c¢6 thé bi anh huéng (Wirleitner, et al., 2003, Curr.

Med. Chem., 10: 1581-91).

Piéu thua vi 13, da quan sat thdy viéc str dung interferon-o. s& tao ra cc tac dung
phu vé than kinh-tam than hoc, nhu cic triéu ching trdm cAm va lam thay ddi chtc
ning nhan thirc. Viée anh huéng tryc tiép d6i v6i qua trinh dn truyén thin kinh tiét
serotonin c6 thé gop phin tao ra céc tac dung phu nay. Ngoai ra, do viéc hoat héa IDO
lam cho céc mirc tryptophan gidm, nén tién chét serotonin (5-HT), IDO c6 thé déng
vai trd nhét dinh trong céc tac dung phu vé& tim-than kinh hoc ndy thong qua viéc lam

giam sy tbng hop 5-HT trung tAm. Ngoai ra, cac chét chuyén héa cia kynurenin nhur 3-
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hydroxy-kynurenin (3-OH-KYN) va axit quinolinic (QUIN) ¢6 &4nh huéng x4u dén cac
chuic ning cia ndo. 3-OH-KYN c¢6 thé tao ra trang thai oxy hoa bang cach 1am ting
qua trinh san xult cac hop chit oxy dé phan mg (reactive oxygen species-ROS) va
QUIN c6 thé tao ra sy kich thich qua muc dbi v&i thu thé N-metyl-D-aspartat hai ma
(NMDA), diéu d6 dan dén qua trinh chét té bao theo chuong trinh va ching teo hai
mé. Céa qua trinh tao ROS va chimg teo hai ma do sy kich thich qua mirc NMDA gay
ra déu gin lién véi chimg trAm cam (Wichers and Maes, 2004, J. Psychiatry Neurosci.,

29: 11-17). Do d6, hoat tinh ctia IDO ¢6 thé c6 vai trd nhét dinh trong chimg tram cam.

Cac chét (e ché IDO phan tir nho dang dugc phat trién dé phong ngira hoic
diéu tri bénh lién quan dén IDO nhu céc bénh néu trén. Vi dy, oxadiazol va cac chét trc
ché TDO di vong khac dugc boc 16 trong US 2006/0258719 va US 2007/ 0185165.
Cong bé quéc t& PCT sé WO 99/29310 boc 16 phuong phép lam thay doi tinh mién
dich qua trung gian té bao T bao gdm viéc 1am thay d6i ndng dd tryptophan va chét
chuyén héa tryptophan ngoai bao, bang cach sit dung chét tc ché IDO nhu 1-metyl-
DL-tryptophan, p-(3-benzofuranyl)-DL-alanin, p-[3-benzo(b)-thienyl]-DL-alanin va 6-
nitro-L-tryptophan) (Munn, 1999). Ciing dugc boc 19 trong WO 03/087347, ma cling
duge cong bd duéi dang patent chau Au s 1501918, 14 cac phuong phép tao ra té bao
trinh dién khang nguyén dé lam ting hodc lam gidm kha ning dung nap té bao T
(Munn, 2003). Céc hop chét ¢6 hoat tinh tc ché indolamin-2,3-dioxygenaza (IDO) con
duoc boc 16 trong WO 2004/094409; va cong bd don yéu cau cip patent My sb
2004/0234623 d& cap dén cac phuong phap didu tri cho cac ddi tuong méc bénh ung
thu hodc cdc bénh lay nhiém bing céch st dung chat wc ché indolamin-2,3-

dioxygenaza két hop véi cac liéu phap diéu tri khéc.

Dua vao dit liéu thyc nghiém chi ra vai tro cia IDO trong su tc ché hé mién
dich, khang va/hodc dao thai u, cac bénh lay nhiém man tinh, bénh nhiém HIV, bénh
AIDS (k& ca cac triéu ching cua n6 nhu chiing suy mon, chimg trAm cam va bénh tiéu
chay), bénh hodc 161 loan ty mién (nhu bénh viém da khép dang thap) va su dung nap
mién dich hoc va sy ngin ngira ddo thai bao thai trong tir cung, dang can t6i cac thude
diéu tri da tap trung vao viéc Uc ché sy phan hity tryptophan bang cach tc ché hoat

tinh IDO 1a dugc mong mudn. Cac chét tc ché IDO ¢6 thé dugc st dung dé hoat hoa
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té bao T va do d6, 1am ting sy hoat hoa té bao T khi t& bao T bi trc ché trong thoi ky
thai nghén, do u 4c tinh hogc do virut nhu HIV. Viéc rc ché IDO ciing ¢6 thé 1a chién
luoc diéu tri quan trong cho bénh nhin méc bénh hoic rbi loan than kinh ho#c tim-
than kinh hoc nhu chimg trdm cam. Hop chat, dugc phim va phuong phap & ddy dap

tmg nhu cau néu trén vé cac chat dieu bién IDO.
Ban chat k¥ thuit ciia sing che

Séang ché dé xuit chét trc ché indolamin 2,3-dioxygenaza (IDO) c6 cong thirc I:

hodc mudi dugc dung cia ching, trong do cac gbc dugc dinh nghia trong ban mod ta

nay.

Sang ché con @& xut dugc phim chia hop chit c6 cong thuc I va it nhét mot

chit mang dugc dung.

Sang ché con d& xuit phuong phéap uc ché hoat tinh ctia indolamin 2,3-
dioxygenaza in vitro bao gbm budc cho indolamin 2,3-dioxygenaza (IDO) tiép xuc véi

hop chét c6 cong thirc I hodc mubi duge dung cia ching.

Hop chét c6 cong thirc I theo sang ché hoic mudi dugc dung cua chung duge

bénh nhéan st dung v&i lugng cho hi€u qua didu tri d wc ché mién dich.

Hop chit c6 cong thirc I theo sang ché hodc mubi dugc dung cia chiung dugc
bénh nhan st dung voi lugng cho hiéu qua diéu tri dé diéu tri bénh ung thu, bénh
nhiém virut, ching trAm cam, r6i loan do thodi hoa than kinh, chin thuong, bénh duc

thiy tinh thé do tudi, thai loai manh ghép co quan hodc bénh tu mién & bénh nhan.
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Hop chét c¢6 cong thiic I theo sdng ché hodc mubi duoc dung clia chiing dugc

bénh nhan sir dung véi lugng cho hiéu qua diéu tri u 4c tinh.

Hop chét c6 cong thirc I theo séng ché hodc mudi dugc dung ctia chung dugc st

dung dé bao ché thudc diéu tri bénh.

Sang ché con d& xuat cdc chat trung gian, quy trinh di€u cheé chung va duoc

pham chira chiing, hitu ich dé didu ché hop chit c6 cong thirc F15:

H, NG QN"\M ’(

G
Fis

Sang ché con dé& xuit cac chét trung gian, quy trinh diéu ché ching va dugc

pham chira ching, hitu ich d8 didu ché hop chit c6 cong thirc F19:

N:,OH _R®

@ i I,

=i N R
F19

Sang ché con dé xuat céc chat trung gian, quy trinh diéu ché ching va duoc

pham chira ching, hitu ich @8 didu ché hop chét c6 cong thirc F28:

| ~OH
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Mo ta van tat cac hinh vé

Fig.1 thé hién miu XRPD dic trung cho hop chit theo sang ché dugc didu ché

trong vi du 1.

Fig.2 thé hién biéu d6 nhiét DSC dic trung cho hop chit theo sang ché dugc

diéu ché trong vi du 1.

Fig.3 thé hién dit liu TGA dic trung cho hop chit theo sang ché dugc didu ché

trong vi du 1.
Mb ta chi tiét sang ché

Sang ché @& xuit, khong ké céc dbi tuong khac, chét e ché indolamin 2,3-

dioxygenaza (IDO) c6 cdng thuc I:

'H/\M;NM

hosic mudi duge dung cua chung, trong d6:
R! 1a NH; hoic CHs;
R21a Cl, Br, CF3, CH3 hodc CN;
R31aHhodac F; va
nla 1 hodc 2.
Theo mdt s6 phuong 4n, R! 1a NH,.
Theo mdt s6 phuong 4n, R! 1a CHa.

Theo mdt s phuong 4n, R? 1a CL
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Theo mdt sé phuong 4n, R? 13 Br.
Theo mét sé phuong 4n, R? 1a CFs.
Theo mdt sb phuong 4n, R? 13 CHs.
Theo mdt sd phuong 4n, R? 1a CN.
Theo mdt sd phuong 4n, R3 12 H.
Theo mot sé phuong 4n, R 13 F.
Theo mot sé phuong 4n,n 12 1.
Theo mét s6 phuong 4n, n 13 2.

Hop chét theo sang ché c6 thé tdn tai & cac dang rén khic nhau. Nhu duge sir
dung & day “dang ran” nghia 13 dung dé chi chit rin duoc dic trung bdi mot hodc
nhidu tinh chat nhu, vi du, diém nong chay, do tan, do n dinh, do két tinh, tinh hut
4m, ham luong nudc, dic tinh TGA, dic tinh DSC, dac tinh DVS, dic tinh XRPD,
v.v.. Cac dang rén nay vi du ¢ thé 13 dang v6 dinh hinh, tinh thé hodc hén hop cua céc

dang nay.

Céc dang tinh thé rén khac nhau c6 cdc mang tinh thé khéac nhau (vi du, 6 don
vi) va, két qua 13, chiing thudong c6 tinh chét vat 1y khac nhau. Trong mdt vai truong
hop, dang tinh thé rin khac nhau c¢6 ham lugng nuéc hodc dung moi khac nhau. Cac
mang tinh thé khac nhau nay c6 thé dugc xac dinh bang phwong phap xac dinh dic
didm & trang thai rén nhu nhidu xa bdt tia X (XRPD). Céc phuong phép xéc dinh khac
nhu phép do nhiét lugng quét vi sai (differential scanning calorimetry-DSC), phép
phan tich nhiét trong (thermogravimetric analysis-TGA), hoi hip thu dong luc
(dynamic vapor sorption-DVS) va cac phuong phap twong tu con ding dé xac dinh

dang ran cling nhu dung dé x4c dinh do 6n dinh va ham lugng dung moi/nudce.

Theo mot khia canh, sang ché d& xult dang rén khac nhau cua 4-({2-

[(ammosulfonyl)amino]etyl}amino)-N-(3 -bromo-4-flophenyl)-N'-hydroxy-1,2,5-

-10-
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oxadiazol-3-carboximidamit (xem vi du 1). Theo mdt sd phuong 4n, dang rin nay 13
tinh thé rin. Theo mdt s phuong 4n, dang rin ndy gin nhu khan (vi dy, chtra nu6e véi
luong nhé hon 1%, nho hon 0,5%, nhé hon 1,5%, nh6 hon 2%). Theo mot sb phuong
4n, dang rin ndy dugc dic trung boi diém néng chay cua biéu dd thu nhiét DSC tap
trung & nhiét do nam trong khoang tr 162 dén 166°C. Theo mdt sd phwong 4n, dang
rin nay duogc dic trung boi diém noéng chay cua hodc biéu d6 thu nhiét DSC tap trung
& nhiét dd khoang 164°C. Theo mot sb phuong 4n, dang r4n nay co biéu dd nhiét DSC
gan nhu dugc thé hién trén Fig.2. Theo cdc phuong 4n khic, dang rin ndy co it nhét
mot, hai hoic ba dinh XRPD, tinh theo 2-theta, dugc chon khoang 18,4°, khoang
18,9°, khoang 21,8°, khoang 23,9°, khodng 29,2° va khoang 38,7°. Theo cac phuong

4n khéc, dang rin ndy c6 miu XRPD gan nhu dugc the hién trén Fig.1.

Sang ché con dé xuét dugc phdm chta dang rén cta 4-({2-[(aminosurfonyl)-
amino]etyl}amino)-N-(3-bromo-4-flophenyl)-N'-hydroxy-1,2,5 -oxadiazol-3-
carboximidamit (xem vi du 1). Dugc phim nay c6 thé chtra dang rén ndy véi lugng it
nhét 13 khoang 50%, it nhét 13 khoang 75%, it nhét 1a khoang 90%, it nhat 1 khoang
95% hodc it nhét 13 khoang 99% khéi lugng. Dugc phim nay ciing c6 thé chtra ta dugc

dugc dung. Theo mot sb phuong 4n, dang rdn ndy gan nhu tinh khiét.

MaAu phan xa XRPD (dinh) thudng dugc coi 12 d4u 4n ctia mot dang két tinh cu
thé. Da bidt o 13 cudong do tuong dbi cia céc dinh XRPD c6 thé thay doi nhiu tiy
thudc trong s cac yéu t khac vao ky thuat diéu ché mAu, su phan bd ¢& tinh thé, cac
bd loc khac nhau duge st dung, quy trinh lép mau va dung cu cu thé duoc str dung.
Trong mot s6 truong hop, cac dinh méi co thé dugc quan sat thdy hoic cac dinh da
biét c6 thé bién mét, tily thudc vao loai dung cu hodc céc thong sb cai dit. Nhu duge
sir dung & day, thuat ngir “dinh” dung dé chi cac tia phan xa c6 d§ cao/cudng dd tuong
dbi bang it nhit 12 khodng 4% d0 cao/cuong dd dinh t8i da. Ngoai ra, cac sai sb cia
dung cu va cac yéu t6 khac c6 thé anh hudng t6i gia tri 2-theta. Do d6, viéc gan dinh,
nhu céc quy dinh néu & day, cé thé thay dbi bang cach cong hodc trir khoang 0,2° (2-
theta) va thuat nglt “gAn nhu” nhu dugc sir dung trong ndi dung XRPD & day nghia l1a

bao gdom céc thay doi néu trén.
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Theo cung mot céch, Kkét qua doc nhiét d§ trén DSC, TGA hodc trong cac thi
nghiém nhi¢t khac co thé thay dbi khoang +3°C tity vao dung cu, cic thong sb cu thé
duoc cai, diéu ché maiu, v.v.. Do d6, dang tinh thé duoc thong bao & diy co biéu dd
nhiét DSC “gin nhu” dugc thé hién trén hinh v& bt ky dugc hiéu 13 bao ham céc thay

doi nay.

O cac phan khac nhau trong ban md ta nay, cac phin tir thé cia cac hop chét
theo séng ché ¢6 thé dugc mo ta theo nhém hoic theo khoang. Séng ché du dinh cu thé
bao gdm mdi va moi su két hop phu riéng 1€ cta céc thanh vién ctia nhém va khoang

nay.

Hop chét theo sang ché dugc du dinh 13 c6 tinh 4n dinh. Nhu duge st dung &
day “én dinh” ding dé chi hop chit da én dinh dé khi phan 18p dén 9 tinh khiét hitu

ich tir hdn hop phan Gmg va t6t hon 12 c6 thé phéi ché thanh chét diu tri ¢6 hiéu luc.

Cén hiéu thém réng, dé 1o rang, mot s dic tinh nhét dinh cta sang ché duoc
mb ta trong ndi dung cuia cic phuong an riéng biét, cling co th8 duoc néu & dang két
hop trong mdt phuong an riéng 1é. Nguoc lai, dé ngén gon, cac dic tinh khac cla sang
ché dugc mé ta trong ndi dung ciia mot phuong an riéng 1€, cling c6 thé duoc néu riéng

1¢ hodc & dang két hop khai trién thich hop bat ky.

Céc hop chit theo séng ché con duge dy dinh bao gdm tht ca chit dong phan
hinh hoc ¢6 th8. Céc cht ddng phan hinh hoc cis va trans ciia cac hop chét theo sang
ché duge md ta va c6 thé duoc tach du6i dang hdn hop chira chat dong phan hodc dudi
dang céc chit ddng phan riéng biét. Lién két trong so dd cdu tric dugc thé hién bai
dudng gon séng “YVVA® duge du dinh dé thé hién rdng cau tric ndy 1 chét dong

phén cis hodc trans hodc hdn hop chira chét ddng phan cis va trans theo ty 18 bt ky.

Céc hop chét theo sang ché ciing bao gbm cac dang tautome. Cac dang tautome
do su trao ddi lién két don véi lién két d6i lién k& cing v6i su di chuyén dong thoi cla

proton.

Céc hop chét theo séng ché ciing c6 thé bao gbm tét ca ddng vi ctia nguyén tir

tdn tai trong céc chét trung gian hodc céc hop chét cubi ciing. Cac chét déng vi bao
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gbm céc nguyén tir c6 cling so nguyén tir nhung khac ve sd khéi. Vi du, cac chit dong

vi cta hydro bao gdm triti va doteri.

Theo mdt sb phuong 4n, cac hop chét theo sang ché va cac mubi cia ching, vé
co ban 1a dugce tach riéng. Thuét ngit “y& co ban 13 duoc tach riéng” nghia 1a hop chét
duoc tach riéng it nhét 12 mot phén hoic gin nhur dugc tach riéng ra khéi moi truong
trong d6 hop chét ndy dugce tao ra hodc phat hién. Viéc tich riéng mot phﬁn c6 thé bao
gbm, vi du, ché phim dugc 1am giau hop chit theo sang ché. Gén nhu tach dugc ra c6
thé bao gdm céc duoc phém chira it nhit 1 khoang 50%, it nhat 1a khoang 60%, it nhét
3 khoang 70%, it nhit 1a khoang 80%, it nhét 1a khoang 90%, it nhat la khoang 95%,
nhat 1a khoang 97% hodc it nhat 1a khoang 99% khdi lugng hop chét theo sing ché
hodc mudi ciia né. Cac phuong phép tach cac hop chit va mudi cta n6 13 da biét trong

linh vuc nay.

Séang ché ciing bao gbm cic mudi cia cac hop chat duge mo ta & ddy. Nhur duoc
stt dung & day, “cac mudi” ding d8 chi cac din xuét cia hop chét dugc mo ta trong d6
hop chat gbc dugce bién dbi bang cach chuyén héa gdc axit hogc bazo thanh dang mudi
ctia n6. Vi du v& mudi nay bao gbm, nhung khong gidi han &, mubi cla axit v co
(nhu HCI, HBr, H2SO4) hodc axit hitu co (nhu axit axetic, axit benzoic, axit
trifloaxetic) chira nhém bazo nhu amin; mudi kiém (nhu Li, Na, K, Mg, Ca) hodc hiru
co (nhu trialkylamoni) chira nhém axit nhu axit carboxylic; va cac mudi tuong tw. Cac
muébi theo sang ché c6 thé dugc tong hop tir hop chét gbc chira nhém bazo hodc axit
bang c4c phuong phap héa hoc thong thuong. Thong thuodng, cac mudi nay cé thé
duoc diéu ché bing cach cho axit tu do hogc bazo cua cac hop chét nay phan tng voi
lugng theo hé sd ty luong cia bazo hodc axit thich hop trong nudce hodc trong dung
moi hitu co hodc trong hdn hop cuia hai; thong thudng, mdi truong khong chtra nudc

nhu ete, etyl axetat, etanol, isopropanol hoic axetonitril (ACN) dugc uu tién.

“Cac mudi duoc dung” theo sang ché bao gbm tip con cla “céc mudi” néu trén
ma 13 mubi khéng ddc thong thuong cia hop chét gbc duogc tao ra, vi du, tir axit vo co
hoic hitu co khong doc. Danh sach ciia cdc mudi thich hgp duge thdy trong tai liéu
Remington's Pharmaceutical Sciences, 17% ed., Mack Publishing Company, Easton,

Pa., 1985, p. 1418 and Journal of Pharmaceutical Science, 66, 2 (1977). Cum tir “dugc
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dung” duoc str dung & ddy diing dé chi cac hop chét, nguyén lidu, dugc phdm, vi/hodc
dang liéu dwa trén cac quy dinh hop ly trong y hoc quyét dinh y hoc hop 1y, thich hop
d8 sir dung dé tiép xic mé ngudi va dong vt ma khong gdy doc qua muc, gdy kich
ung, dap tng di ing hodc vAn d& hodc bién ching khac, phu hgp véi ty 18 lgi/hai hop
ly.

Phuong phap tng hop

Hop chit theo sang ché c6 th8 duogc didu ché theo cac cach khac nhau da biét
d6i v6i ngudi c6 trinh d9 trung binh trong linh vyc tdng hop hitu co. Céc hop chét theo
sang ché co thé duge tdng hop bang cich st dung cac phuong phap nhu dugc néu dudi
day, cung v6i cac phuong phap tdng hop da biét trong linh vuc héa hoc hiru co tbng
hop hodc cac bién thé cia ching ma ngudi c6 trinh d trung binh trong linh vuc nay da

biét.

Céc hop chét theo séng ché nay c6 thé duge didu ché tir cac nguyén liéu ban
diu c6 sin bang cach sir dung cac phuong phap va quy trinh thong thuong sau day. Ro
rang la cac didu kién xtr 1y thong thudng hodc dugc wu tién (tic 13, nhiét do phan ng,
thoi gian, ty 1€ mol cua chét phan tmg, dung mdi, &p suit, v.v.) dugc néu; cac didu kién
xtr 1y khéac cling co thé duoc st dung trir khi dugce quy dinh khéc. Céc diéu kién phan
ting t8i wu c6 thé thay dbi theo cac chit phan tmg hodc dung modi cu thé dugc sir dung,
nhung cac didu kién nay c6 thé dugc xac dinh bdi nguoi c6 trinh do trung binh trong

linh vuc ndy bang céc quy trinh t6i ru hoéa thong thuong.

Quy trinh dugec mo ta & day co thé dugc theo ddi theo phuong phap thich hop
bét ky da biét trong linh vuc ndy. Vi dy, su tao thanh sén phém 6 thé dugc kiém tra
bing phuong phap quang phd, nhu phd cong hudng tir hat nhan (vi du, 'H hoic 13C),
phd hdng ngoai, phép do phé (vi du, UV-nhin thdy) hodc phép do phd khéi; hozic bang
phép sic ky nhu sic ky 1ong hiéu ning cao (high performance liquid chromatography-
HPLC) hoic sic ky 16p mong. Cac hop chét thu duogc bing cac phan Gng ndy c6 thé
dwoc tinh ché bang phuong phép thich hop bét ky da biét trong linh vuc ndy. Vi du,
sdc ky (4p sudt trung binh) trén chét hép phu thich hop (vi dy, silica gel, alumin va cac
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chét twong tu) HPLC hodc sic ky 16p méng didu ché; chung cat; thing hoa, nghién
hoic tai két tinh.

Viéce didu ché hop chét c6 thé bao gdm su bao vé va khir bao vé cdc nhém hoéa
hoc khéc nhau. Nhu ciu bao vé va khir bao vé va viéc chon nhom bao vé thich hop c6
thé duoc xac dinh d& dang bsi ngudi c6 trinh do trung binh trong linh vuc nay. Kién
thirc hoa hoc vé nhom bao vé vi du ¢ thé dugc tim théy trong tai liéu Wuts and
Greene, Greene’s Protective Groups in Organic Synthesis, 4% Ed., John Wiley & Sons:
New York, 2006.

Céc phan tmg trong quy trinh dugc md ta & day c6 thé duogc thuc hién trong
dung mdi thich hgp ma cé thé dugce chon d& dang bsi ngudi ¢ trinh do trung binh
trong linh vuc tdng hop hitu co. Céc dung mdi thich hop co thé gin nhu khong phan
tng vé6i cac nguyén liéu ban dAu (cac chét phan Gng), cac chét trung gian hodc céc san
phém & céc nhiét 6 ma phan tng duoc thuc hién, tirc 1a nhigt do ma c6 thé nim trong
khoang tir nhiét do dong lanh clia dung mdi dén nhiét do so6i cia dung moi. Phan ing
d3 néu co thé duge thyc hién trong mdt dung mdi hodc hdn hop chia nhidu hon mot
dung mbi. Ty thudc vao budc phan tmg, (cac) dung moi thich hop cho budc phan tng
cu thé c6 thé dugc chon. Cac dung moi thich hop bao gém nude, alkan (nhu pentan,
hexan, heptan, xyclohexan, v.v. hodc hdn hop cia ching), cac dung moi thom (nhu
benzen, toluen, xylen, v.v.), cac rugu (nhu metanol, etanol, isopropanol, v.v.), cac ete
(nhu dialkylete, metyl tert-butyl ete (MTBE), tetrahydrofuran (THF), dioxan, v.v.), cac
este (nhu etyl axetat, butyl axetat, v.v.), cac dung moi d3 halogen hoa (nhu diclometan
(DCM), cloform, dicloetan, tetracloetan), dimetylformamit (DMF), dimetylsulfoxit
(DMSO), axeton, axetonitril (ACN), hexametylphosphoramit (HMPA) va N-metyl
pyrolidon (NMP). Cac dung moi ndy co thd duoc st dung dudi dang uét hodc dang

khan cta ching.

Viéc phéan giai hdn hgp raxemic cia cac hgp chét c6 thé duge thuc hién bang
mdt sb phwong phap bt ky da biét trong linh vuc nay. Phuong phép vi du bao gbm
viéc t4i két tinh phan doan st dung “axit phan giai bat ddi xing” ma axit hitu co tao
mudi 12 ¢6 hoat tinh quang hoc. Céac chit phéan giai thich hop cho phuong phap tai két

tinh phan doan 1a céc axit c6 hoat tinh quang hoc chéng han, nhu dang D va L ctla axit
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tartric, axit diaxetyltartric, axit dibenzoyltartric, axit mandelic, axit malic, axit lactic
hoic cac axit camphorsulfonic ¢6 hoat tinh quang hoc khic nhau. Viéc phén giai hén
hop raxemic cling co thé dugc thuc hién bing cich rira giai bing cot nhdi chét phan
giai ¢6 hoat tinh quang hoc (vi du, dinitrobenzoylphenylglyxin). Thanh phan dung moi
rira gidi thich hgp c6 thé dugc xac dinh bai ngudi ¢ trinh d6 trung binh trong linh vuc

nay.

Hop chét theo sang ché ¢6 thé dugc didu ché bang cach st dung so d6 phan tng

va cac k¥ thuat dugce néu dudi day chéng han.

Céc quy trinh va céac chét trung gian theo sang ché 12 hitu ich d& didu ché chét
trc ché IDO. So db chung dé didu ché hop chét c6 cong thic F15 theo sang ché dugc

md ta trong so dd 1.

N L
¢ Thubc thir H [ 8
L1 0/\(_,), Eizl_(l\ aZiT.' va—% khir
m NN —_—
Fit R¥

i ”.'i>=o QP
HNTH Sy N o> NHPg! Pglm NAH;] \I_(&
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tac nhan h {. 7_8\3':
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r NH
’ j
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R

So dd 1

Dé cap dén so dd 1, séng ché dé xuét quy trinh didu ché hop chét c6 cong thic
F15 hoic mubi cia no, trong d6 R? 1a Cl, Br, CF3, CHs hodc CN; R31aH hodc F; van
12 1 hodc 2, bang cach cho hop chét c6 cong thirc F13 hodc mudi ctia né, trong d6 Pg!
1a nhom bao vé amino, phan tng voi chit khtr bao vé amino (budc M) dé tao ra hop

chét c6 cong thirc F14 hodc mubi ctia n6; va cho hop chit ¢6 cong thirc F14 phan tmg
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v6i bazo (bude N) dé tao ra hop chét c6 cong thirc F15. Hop chét c6 cong thirc F15 ¢6
thé duoc tinh ché bing cach nghién hodc téi két tinh bang cach st dung dung mdi nhu
nuée, etanol, MTBE hoic hdn hgp cua chung.

Theo mot s6 phuong 4n, R* 1A Br, R*1aF vanla 1.
Theo mdt sb phuong an, R 1a Br, R*1aF van1a 2.
Theo mdt sd phuong 4n, R”21aCL,R*1aF vanla 1.
Theo mot s6 phuong 4n, R 14 CLR*1aF van1a 2.
Theo mot s6 phuong 4n, R? 14 CF3, R* 1aFvanla 1.
Theo mot s6 phwong 4n, R 12 CF3, R*1aF van1a 2.
Theo mdt sé phuong an, R21a CF3, R* 1aHvanla 1.
Theo mot s6 phuong 4n, R? 14 CF3, R*1aHvanla2.
Theo mdt s& phuong an, R?1aCN,R* 1aF vanla L.

Nhém bao vé amino thudng duge sit dung trong quy trinh tbng hop hitu co dé
ngan cic phan mg khong mong mudn ctia nhém amino trong khi thyc hién sy bién ddi
mong mubn. Nhém béo vé amino cho phép lién két dong hoa tri d& dang v6i nguyén tir
nito cling nhu phan cdt chon loc ra khoi nguyén tir nito. Cac nhom bao v€ amino khéc
nhau, dugce phan loai rong 13 alkoxycarbonyl (nhu etoxycarbonyl, tert-butoxycarbonyl
(Boc), benzyloxycarbonyl (Cbz), 9-florenylmetyloxycarbonyl (Fmoc) va cac nhoém
tuong tw), axyl (nhu axetyl (Ac), benzoyl (Bz) va cac nhom tuong tw), sulfonyl (nhu
metansulfonyl, triflometansulfonyl va cac nhom tuong ty), arylalkyl (nhu benzyl,
diphenylmetyl, triphenylmetyl (trityl) va cdc nhom tuong tu), alkenylalkyl (nhu alyl,
prenyl va cac nhém tuong tu), diarylmetylenyl (nhu (CeHs)2C=N va cac nhom twong
ty) va silyl (nhu tert-butyldimetylsilyl, triisopropyl-silyl va cac nhém tuong ty), la da
biét dbi v6i ngudi c6 trinh do trung binh trong linh vyre. Hoa hoc cua cac nhém bdo vé

amino c6 thé dugc théy trong tai liéu: Wuts and Greene, Greene’s Protective Groups in
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Organic Synthesis, 4" Ed., pp 696-926, John Wiley & Sons: New York, 2006. Theo
mdt sb phwong 4n, Pg! c6 thé 13 alkoxycarbonyl (nhu tert-butoxycarbonyl).

Cé4c nhom bao vé amino néu trén co thé duoc loai bdé mdt cach thuan loi bing
cach st dung nhidu chét khtt bao vé amino c6 sdn ma dic hiéu cho timg nhém khéc
nhau néu trén ma khong anh hudéng dén cac phan mong muén khéc cta hop chét.
Nhoém tert-butoxycarbonyl cé thé duoc loai bd (vi du, thuy phan) tir nguyén tr nito, vi
du, bing cach xtt ly bang axit (nhu axit trifloaxetic, axit toluensulfonic, axit clohydric
vi axit twong tw); hdn hop clia céc chit phan tng (vi du, hon hop axetyl clorua va
metanol) da biét dé tao ra axit; hodc axit Lewis (vi du, BF3;-Et:0). Nhom
benzyloxycarbonyl c6 thé dugc loai bod (vi du, thiy phén) tir nguyén tir nito, vi duy,
bing cach xit ly bang hydro va chit xuc tic (nhu paladi trén cacbon). Theo mdot sd
phuong 4an, chét khir bao vé amino c6 thé 13 axit trifloaxetic. Theo mot s6 phuong 4n,
chét khir bao vé amino chura axit trifloaxetic va >0,5% thé tich nudc, vi du, >1,0% thé
tich nuédc, >1,5% thé tich nudc, >2,0% thé tich nudc, nam trong khoang ttir 2% dén
10% thé tich nudc, tir 10% dén 20% thé tich nuéc hoc tir 20% dén 50% thé tich nudc.
Theo mdt s phuong 4n, chét khtr bao vé& amino c6 thé 13 hdn hgp chira axit trifloaxetic
va nudce voi ty 18 thé tich khoang 98:2. Theo mot sb phuong 4n, chét khir bao vé amino
c6 thé 12 axit clohydric, tity ¥ trong dung mdi (nhw nuéc, THF hodc dioxan). Theo céc
phuong 4n ndy, axit clohydric ¢6 thé c6 mat véi ndng do khoang 4N, vi du, khoang
1N, khoang 2N, khoang 3N, khoéng 5N, khoang 6N, khodng 7N, khoang 8N, khoang
9N hoic khoang 10N. Theo mot sb phuong 4n, viéc khir bao vé c6 thé dugc thuc hién
trong rugu (nhu isopropanol). Theo mot sb phuong 4an, bude M (so dd 1) co thé dugc
thyc hién & nhiét 6 nim trong khoang tir -10°C dén 60°C, vi dy, tir -10°C dén 0°C, tix
0°C dén 25°C, tir 25°C dén 45°C hodc tir 45°C dén 60°C.

Bazo ¢6 thé duge sit dung dé chuyén héa (vi du, thiy phan) vong oxadiazolon
trong hop chét c6 cong thirc F14 dé tao ra amidoxim trong hgp chét c6 cong thirc F15,
tiy y trong dung moi (budc N, so d6 1). Viéc bao vé amidoxim dudi dang oxadiazolon
6 thé c6 tac dung ngin cic phan ung bét loi ctia nhém hydroxyl hodc clia amidoxim
duéi dang tdng thé. Bazo co thé 13 bazo hitu co nhu arrﬁn khong vong (vi du,

trietylamin, diisopropyletylamin (DIPEA), v.v.) hodc amin vong (vi dy, pyrolidin,
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piperidin, v.v.); hodc bazo vd co nhu kiém (vi du, NaOH, LiOH, KOH, Mg(OH),,
v.v.). Bazo ¢cé thé duoc tao ra c6 sin dudi dang nhya (nhu Amberlite® va cac chat
twong ty). Theo mot s6 phuong 4n khac, bazo c6 thé duoc tao ra duéi dang dung dich
trong nude nhur dung dich 2N (vi du,, dung dich 0,5N, dung dich 1IN, dung dich khoang
15N, dung dich khoang 2,5N, dung dich ti 3N dén 5N, dung dich tir SN dén 10N).
Theo mot sb phuong an, bazo 1a kim loai kiém hydroxit (nhw, natri hydroxit). Theo
mdt sé phuong 4n, bazo c6 thé 1a dung dich NaOH trong nuéc 2N. Theo mot sb
phuong 4n, dung mdi ¢ th8 1a metanol hoic tetrahydrofuran (THF). Theo mdt sd
phuong an, buée N (so dd 1) c6 thé dugc thuc hién ¢ nhiét do nam trong khoang tir -
10°C dén 60°C, vi dy, tir -10°C dén 0°C, tir 0°C dén 25°C, tir 25°C dén 45°C hozc tir
45°C dén 60°C.

Trong Buéce L (so dd 1), hop chét c6 cong thuc F13 ¢6 thé thu duoc bing cach
xu ly hop chét c6 cong thirc F12 hodc mudi cia né, bing Pg!-NH-sulfonyl clorua, tiy
y trong dung moi, tiép theo xtt ly hdn hop thu duge phan Gng véi bazo hitu co dé tao
ra hop chit ¢6 cong thitc F13. Bude L ndy (so dd 1) chuyén héa amin bac mot F12
thanh sulfonyl ure c6 cdng thirc F13 bing cach st dung amino-sulfonyl clorua dugc
bao vé (Pg!-NH-SO,Cl). Amino-sulfonyl clorua dugc bao vé ¢6 thé dugc diéu ché va
duoc st dung ngay trong phan tmg véi hop chit c6 cong thirc F12. Nhom bao vé nay
¢ thé duoc chon tr nhém bao vé bét ky da biét trong linh vuc nay dé bao vé amin
hodc sulfonamit (néu trén). Theo mdt s6 phwong é&n, Pg' cb thé 13 nhém
alkoxycarbonyl (nhu tert-butoxycarbonyl). Theo cac phuong 4n nay, alkoxycarbonyl
NH-sulfonyl clorua c6 thé thu dugc bang phan ng cla rugu (nhu, etanol, ruqu tert-
butylic va céc rugu tuong tw) voi closulfonyl isoxyanat (CIS(0)NCO). Céc dung moi
thich hgp cho phan tng nay bao gbm nhung khong gi6i han &, dung mdi da dugc
halogen héa nhu diclometan va cac dung moi tuong tu. Bazo hitu co ¢6 thé 12 bazo bt
ky déng vai tro trung hoa HCI dugc tao ra trong phan mg ciia amin bic mot nhu F12
va amino-sulfonyl clorua duge bao vé. Bazo hitu co cling ¢6 thé bao gdm amin bac ba
khong vong nhu tri(Ci.s)alkylamin (vi du, trietylamin, diisopropyletylamin (DIPEA)
vd céc amin tuwong tw), amin bdc ba vong (vi du, N-metyl piperidin, 1,4-
diazabixyclo[2.2.2]octan (DABCO) va céc nhom tuwong ty). Theo mot s6 phuong 4n,

bazo hitu co c6 thé 1a trietylamin. Theo mot s6 phuong 4n, budc nay cé thé dugc thuc
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hién & nhiét d6 ndm trong khoang tir -10°C dén 60°C, vi dy, tir -10°C dén 0°C, tir 0°C
dén 25°C, tir 25°C dén 45°C hoic tir 45°C dén 60°C.

Céc hop chét hitu co cé thé dugc khir thanh trang thai oxy hoéa thip hon bang
cach sit dung chat khir. Viéc khir thuong lién quan dén viéc thém nguyén tir hydro
hoic loai bd nguyén tir oxy khdi mot nhém. Céc azit hitu co nhu F11 ¢6 thé duogc khir
thanh amin nhu F12 (budc K, so db 1) bing cach thém hydro, dudi dang hydro nguyén
t6 hodc st dung chit phan ting hydrua (nhu NaBHq, LiAlH4 va cac chét twong tu); str
dung triphenylphosphin; hodc st dung hdn hop cua natri iodua, clotrimetylsilan va
metanol. Theo mot sé phuong 4n, hop chét c6 cong thirc F12 c6 thé thu dugc bing
cach khir hop chit c6 cong thirc F11 hodc mubi ctia né. Theo mdt sé phwong 4n, viée
khtr ¢6 thé dugce thue hién véi s ¢6 mit cia natri iodua, clotrimetylsilan va metanol.
Theo mdt sb phuong 4n, ty 1€ mol cua natri iodua va clotrimetylsilan ¢6 thé 13 khoang
1,0, vi du, khoang 0,9, khoang 0,95, khoang 1,0, khoang 1,05 hodc khoang 1,1. Theo
mdt sb phuwong 4n, clotrimetylsilan c6 thé dugc bd sung viao hdn hop cua F11, natri
iodua va metanol du6i dang dung dich trong metanol. Theo mdt s6 phuong 4n, budc K
(so dd 1) co thé duogc thuc hién & nhiét do trong phong, vi du, nam trong khoang tir

10°C dén 50°C, tir 15°C dén 40°C, tir 20°C dén 30°C hodc tir 25°C dén 30°C.

Hop chét amino c¢6 cong thirc F12, trong mot vai trudng hop, c6 thé dugc phan
tach dé thu dwoc dudi dang gin nhu tinh khiét nhw duge xac dinh bdi HPLC hodc phd
NMR va céc phép do twong tu. Trong khi khong dy dinh bi rang budc boi ly thuyét bat
ky, tin rAng mot vai amin c6 thé khé tinh ché bing sic ky silicagel do 4i lyc cao ting
dbi véi silicagel hodc do sy phan huy khong mong muén trong khi tinh ché. Theo cac
phuong 4n nay, @& cap dén so dd 2, hop chét c6 cong thirc F12 ¢6 thé dugc tinh ché
bang cach cho hop chit c6 cong thirc F12 phan ung véi chét bao vé amino dé tao ra
hop chét c6 cong thie F12' hodc mudi cta no, trong d6 Pg?N 12 amin dugc bao Vvé.
Viéc bao vé niy (bude K') c6 thé 1a sau bude tinh ché hop chat ¢6 cong thire F12' dé
tao ra hop chit c6 cong thirc F12' tinh khiét va cho hop chét c6 cong thirc F12' tinh
khiét phan tmg v&i chit khir bao vé amino (bude K) dé tao ra hop chét c6 cong thirc
F12 tinh khiét. Chét bao vé amino va chit khit bao vé amino 13 da biét dbi v6i ngudi

c6 trinh @6 trung binh trong linh vyc nay, nhu cac chét trong tai liéu: Wuts and Greene
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(ibid). Theo mot s phuong an, chét bao vé amino 13 di-t-butyl dicacbonat (Boc20).
Theo cac phwong 4n ndy, Pg?N 12 tert-butoxy carbonyl-NH. Theo cac phuong an nay,
chét khir bdo vé amino 13 chit c6 kha ning loai bd nhém bao vé Boc (néu trén). Theo
cac phuong an nay, chat khir bao vé amino 1a axit (vi dy, axit clohydric, axit
trifloaxetic va céc axit twong tu), tlly ¥ trong dung méi (nhw nuéc, THF hodc dioxan).
Theo mot sd phuong an, axit clohydric ¢6 thé c6 mat véi nf“)ng d6 khoang 4N, vi du,
khoang 1N, khoang 2N, khoang 3N, khoang SN, khoang 6N, khoang 7N, khoang 8N,
khoang 9N hojc khoang 10N. Theo mot sb phuong 4n, viéc khir bao vé c6 thé duge
thuc hién trong rugu (nhu isopropanol). Theo mot s6 phuong 4n, bude K' hodc K” ¢
th dugc thuc hién & nhiét o ndm trong khoang tir -10°C dén 60°C, vi du, tir -10°C
dén 0°, tir 0°C dén 25°C, tir 25°C dén 45°C hoic tir 45°C dén 60°C. Cac phuong phép
tinh ché thich hop 1a da bibt dbi voi ngudi c6 trinh do trung binh trong linh vuc nay va
c6 thé bao gdm séc ky, két tinh, thing hoa va cac phuong phép twong ty. Theo mot s6
phuong 4n, viéc tinh ché c6 thé dugc thuc hién bang cach séc ky trén silicagel. D tinh
khiét ctia cac hop chit thudong duge xéc dinh bing cic phuong phép vét Iy nhu xic
dinh diém néng chay (trong truong hop chét ran), thu duoc phé NMR hogc thuc hién
viéc tach biang HPLC. Néu diém noéng chay giam, néu tin hiéu khong mong mudn
trong phd NMR bi gidm hodc néu dinh ngoai lai trong vét HPLC duoc loai b, thi hop
chét ¢6 thé duge cho 1a da tinh khit. Theo mot s phuong 4n, hop chét gin nhu tinh
khiét.

=
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H =0} 1) Chét khir bao )=
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i Chét khir bio vé& amino I
K‘H
So dd 2

Theo mdt sd phuong 4n, hop chét c6 cong thic F11 (so dd 1) c6 thé thu dugc

bang cach xt Iy hop chét c6 cong thirc F10 hodc mudi cta né, trong d6 L! c6 thé dugc
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chon t¥ alkylsulfonyl (nhw  metansulfonyl),  haloalkylsulfonyl (nhu
triflometansulfonyl), arylsulfonyl (nhu toluensulfonyl) va cac nhém twong tu; bing
thubc thir azit d8 tao ra hop chét c6 cong thiuc F11 (budce J). Theo mot s6 phuong 4n,
L! 13 alkylsulfonyl. Céc thudc thir azit bao gdm chét phan tng bét ky c6 kha ning tao
ra ion azit 4i nhan. Céc vi du vé thubc thir azit bao gém cac azit kim loai kiém (nhu
natri azit, kali azit, v.v.). Theo mot s6 phwong 4n tuy ¥, thuc thir azit nhu natri azit c6
thé duogc st dung Két hop v6i natri iodua. Cac dung mdi thich hgp dé thuc hién viée
chuyén héa nay 1a cic dung méi phan cuc bao gdbm DMF, DMSO, NMP va cac dung
moi twong ty. Theo mot s6 phuong 4n, budc J ¢6 thé dugc thuc hién trong DMF. Bude
J ¢6 thé duoc thuc hién & nhiét d6 cao vi du, nim trong khoang tir 40°C dén 100°C, tir
50°C dén 90°C hogc tir 60°C dén 80°C. Theo mdt sb phuong 4n, budce J ¢6 thé dugc
thyc hién & nhiét do khoang 50°C. Theo mot sb phuong &n, budc I ¢6 thé dugc thuc

hién & nhiét dd khoang 85°C.

Hop chét c6 cong thirc F10 hodc mudi ctia n6, ¢6 thé thu dugc theo trinh tu cac
budc dugc thé hién trong so dd 3. Viéc didu ché cac chét trung gian, 4-amino-N’-
hydroxy-1,2,5-oxadiazol-3-carboximidamit c6 cong thirc F2 da dugc mo ta trong J.
Heterocycl. Chem. (1965), 2, 253, va viéc chuyén héa n6 thanh clo oxim c6 cdng thirc
F3 da dugc mod ta trong tai liéu: Synth. Commun. (1988), 18, 1427. Cac amin (nhu
amin bac mot hodc bac hai bao gém c4c amin chira cac nhom chirc dugc bdo ve, vi du,
etyl amin, 2-metoxyetyl-amin hodc dimetylamin) c6 thé dugc két hop véi clo oxim c6
cong thirc F3, tiy y trong dung moi (nhu etyl axetat), tiép d6 thém bazo hitu co (nhu
trietylamin hodc DIPEA dé trung hoa HCI dugc tao ra trong phan ng) dé tao ra céac
hop chit amidoxim c6 cdng thirc F4. Viéc téi chu triic dbi v6i cac hop chit nhu F4, dbi
chd nhém amino & cacbon vong va nhém amino & cacbon cua oxim, dé tao ra hgp chét
¢d cobng thic F5 ¢o thé thuc hién dugc bing cach xir ly F4 bang bazo (nhu KOH,
NaOH, LiOH, Mg(OH),, Al(OH); va céc bazo tuong ty), tuy y trong dung méi (nhu
nude, etanol, etylen glycol va cic dung moi tuong tu) va hdi lru hdn hop phan Gng &
nhiét do cao vi dy, khoang 70°C, khoang 80°C, khoang 90°C, khoang 100°C, khoéang
110°C, khoang 120°C, khoang 130°C, khoang 140°C, khoang 150°C, khoang 160°C,
khoang 170°C, khoang 180°C, khoang 190°C hodc khoang 200°C. Amidoxim c6 cdng

thire F5 ¢6 thé lai duge hoat hoa dudi dang clo oxime c6 cong thire F6 bang cach thém
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hop chét ¢ cong thic F5 vao hdn hop axit chira nuéce chira axit clohydric, tuy y gbdm
axit axetic. Trong quy trinh chuyén héa hop chét c6 cong thitc F5 thanh hop chét c6
cobng thirc F6, hdn hop axit chira hop chét c6 cong thirc F5 ¢6 thé dugc dun néng dén
nhiét d6 khoang 45°C, nhu khoang 30°C, khoang 40°C, khoang 50°C hodc khoéang
60°C dé thyc hién viéc hoa tan. Natri clorua c6 thé dugc bd sung vao dung dich nay va
sau d6 xt Iy bang chat phan Gmg nitrit, ma tiry ¥ c6 thé duoc cung cép duéi dang dung
dich chira nuéc, & nhiét @6 dudi 0°C, nhw dudi -10°C, duéi -5°C, dudi 5°C hodc duoi
10°C. Chét phan tmg nitrit 12 chét c6 kha ning tao ra nitrit anion. Chét phan tmg nitrit
bao gém nitrit kim loai kiém (vi du, natri nitrit, kali nitrit va cac chét twong ty) va nitrit
hitu co (vi du, tetraetylamoni nitrit) ma bao gdm cation hitu co. Theo mét s6 phuong
an, etyl axetat, THF ho#c dioxan c6 thé duoc st dung lam ddng dung moi. Clo oxim
c6 cong thue F6 co thé dugc két hop v6i amin thom nhu anilin, tily y trong dung mdi
phan cuc (nhu metanol, nuéce, etanol va cac dung mdi twong ty) ¢ nhi¢t 4o cao nhu
khoang 50°C, khoang 60°C, khoang 70°C, khoang 80°C, khoang 90°C, khoang 100°C,
khoéng 110°C hoic khoang 120°C, tity y v6i sy ¢6 mat cla bazo v co (nhu KHCOs3,
NaHCO:;) dé tao ra arylamidoxim c6 cong thic F7. Theo mot sb phuong 4n, bazo v
co ¢6 thé dugc tao ra dudi dang dung dich chira nuéc. Theo mot sb phuong én, bazo
vo co c6 thé duoc bd sung vao hdn hop phan ung & nhi¢t d0 cao. Nhém churc
amidoxim cua cong thiuc F7 ¢ thé dugc bao vé dudi dang oxadiazolon st dung 1,1'-
carbonyl diimidazol (CDI) trong dung méi (nhu etyl axetat, dioxan, THF va céac dung
méi tuong tw) & nhiét do cao nhu khoing 50°C, khoang 60°C, khoang 70°C, khoang
80°C, khoang 90°C hodc khoang 100°C. Nhom metoxy trong hop chét c6 cong thie F8
¢6 thé duge chuyén hoa thanh nhom hydroxyl trong hop chét c6 cong thic F9 sir dung
chit khir bao vé metoxy da biét dbi v6i ngudi cé trinh d6 trung binh trong linh vuc
nay, nhu céac chét trong Wuts and Greene, Greene’s Protective Groups in Organic
Synthesis, 4% Ed., pp 24-30, John Wiley & Sons: New York, 2006. Vi dy, bang cich
thém bo tribromua vao dung dich lanh cta hop chét c6 cong thirc F8 (nhu ¢ nhiét do
ndm trong khoang tir -78°C dén 25°C, vi du, tir -78°C dén 10°C, tir -78°C dén 0°C, tir -
78°C dén -10°C, tir 0°C dén 25°C hodc tir 0°C dén 10°C), ty y trong dung moi nhu
dung moi di halogen hoa (vi du, DCM, cloform va cac dung modi twong tu) hodc etyl
axetat. Nhém hydroxyl bdc mét trong hop chit ¢6 cong thirc F9 sau d6 co6 thé dugc

hoat héa dudi dang nhoém roi chuyén L'O- (xem hop chét c6 cong thirc F10) bang cach
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xu ly lién tiép bang LICl, tlly y trong dung mdi (nhu etyl axetat hodc DCM) va bazo
hitu co d& trung hoa HCI tao thanh (nhu trietylamin hodc DIPEA). Vi du, L! ¢6 thé
duogc chon tir alkylsulfonyl (vi du, metansulfonyl), haloalkylsulfonyl (vi du,
triflometansulfonyl), arylsulfonyl (vi du, toluensulfonyl) va cac chét tuong tur. Sau dé,
hop chéit c6 cong thirc F10 ¢6 thé dwoc xi Iy bing chét 4i nhan bét ky dé thay thé (nhu
bing co ché Sx2) ctia nhém roi chuyén L'O.

O Ot
NC_on PNaNOaHT | A » DAOHHA |
2} NELOH (nudc) T M 2) NaCiNaNO, i
A o B o
F1 F2 F3
1) MO NH bazo

e Larentye

EA

RS

NFDH RE

1)HCH H N R g N /@: )

ZyNeomeNG,  HCo }-\ﬁm F HEo ™, R,—{‘z;’ R
E o o

Fe

N = - chét khir bao vé H NI‘(}EQ
com Ho0 ), R—ﬁ\” metoxy "WNEF’\%

B
oM
= " Qe

Fo R

MO

H =0
L'-Clibazor L‘O’ﬂnw

—_— = TN :
I o R

F10 R

So dd 3

Theo céach khéc, hop chét c6 cong thirc F12 ¢ thé thu dugc thong qua trinh tu

cac budc duoc néu trong so do 4.
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P& cap dén so db 4, theo mot sb phuong 4n, hop chét c6 cong thirc F12 c6 thé
thu duogc biang cach cho hop chit c6 cong thirc F24 hodc mubi cia né, trong d6 Pg’N
13 amin dugc béo vé (vi du, (C¢Hs)3;C-NH, (C¢Hs)2C=N va c4c nhém twong tu), phan
ung véi chit khir bao vé amino dé tao ra hop chét c6 cong thuc F12. Viée xir 1y hop
chit c6 cong thirc F24 dé thay thé Pg’N bing NH: (bude Q) c6 thé dugc thuc hién
bang cac phuong phap khir bao v¢ nhom bao vé amin cu thé da biét ddi v6i ngudi c6
trinh do trung binh trong linh vuc nay, nhu cac chét trong tai liéu: Wuts and Greene,
Greene’s Protective Groups in Organic Synthesis, 41 Ed., pp 696-926, John Wiley &
Sons: New York, 2006. Theo mot sb phuong éan, khi Pg*N 1a (C¢Hs)2C=N, thi nhom
khir bao vé ¢o thé 13 axit nhu axit hitu co (vi dy, axit trifloaxetic, axit metansulfonic va
cac axit twong tw) hodc axit vo co (vi dy, axit clohydric); hydro va paladi; hodc axit
hydroxylamin (NH2OH). Theo mét s6 phuong 4n, khi Pg’N 1a (CsHs)3C-NH, thi nhom
khir bao vé c6 thé bao gdm axit hitu co (nhur axit trifloaxetic, axit metansulfonic va cac
axit trong tu) va tuy y 12 silan hitu co; hydro va paladi; hodc natri trong amoniac long.
Céc silan hitu co 14 cac hop chét chira it nhat mot lién két Si-H va phén con lai cta cac
nhém duge gin véi silic 1a alkyl, aryl hodc dang két hop ctia ching. Céc vi du vé cac
silan hitu co bao gdm trialkylsilan (vi du, tri(isopropyl)silan)), triarylsilan (vi du,
triphenylsilan) hodc diphenylmetylsilan. Buéc Q ¢6 thé dugc thuc hién & nhi¢t do nam
trong khoang tir -10°C dén 60°C, vi dy, tir -10°C dén 0°C, tir 0°C dén 25°C, tir 25°C
dén 45°C hoic tir 45°C dén 60°C.
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Hop chét c6 cong thirc F24 1a amin bic hai dugc bao vé ¢6 thé dugc didu ché
b%mg phan ing Mitsunobu ctia cc rugu 6 cong thirc F25 v6i amin bic mdt dugc bao
vé ¢6 cdng thic F22 véi su ¢ mit cia chét phan tmg két hop (budce P). Chét phan tmg
két hop c6 thé 13 hdn hop cua phosphin bdc ba nhu triarylphosphin (vi du,
triphenylphosphin) hodc trialkylphosphin (vi du, tributylphosphin) va dialkyl
azodicarboxylat. Dialkyl azodicarboxylat c6 cu tao chung ROOC-N=N-COOR, trong
d6 R c6 thé 1a nhém alkyl (vi du, diisopropyl azodicarboxylat, dietyl azodicarboxylat
hodc di-p-clobenzyl azodicarboxylat). Trong khi khong dy dinh bi rang budc boi ly
thuyét bit ky, nhung tin 12 viéc bao vé amin bang nhém trifloaxetyl (nhu trong hop
chét ¢ cong thirc F22) ngin cac phan Gng phu va cai thién hi¢u suit ctia amin bac hai
¢6 codng thire F24. Nhém hydroxyl ciia cic ruou nhu rugu c6 cong thirc F25 ¢6 thé
duoc hoat hoa v6i su c6 mit cia chét phan ting két hop. Amin 4i nhan c6 thé dbi chd
nhém hydroxyl da hoat hoa dé tao ra amin bac hai. Phan tmg Mitsunobu c6 thé dugc
thuc hién trong dung mdi nhu ete, vi du, THF, dioxan, dialkyl ete va cdc dung mdi
twong tu; cac dung moi da halogen hoa, vi du, diclometan, cloform va cic dung moi
twong tu; cac dung moi khdng phéan cuc, vi du, benzen, toluen va cac dung mdi tuong
tu; dung mdi khong proton phan cyc nhu DMF, HMPA va cac dung moi tuong tu.
Theo mdt sd phuong an, hop chit c6 cong thic F24 ¢ thé thu dugc bang cach xt ly
hop chét c¢6 cong thirc F22 hodc mubi cla nod, bang hop chit c¢6 cong thirc F25 hodc
mubi clia né va chit phan tng két hop dé tao ra hop chét c6 cong thirc F24. Theo mot
sd phuong an, buge nay co thé dugc thuc hién & nhiét do nam trong khoang tir -10°C
dén 60°C, vi du, tir -10°C dén 0°C, tir 0°C dén 25°C, tlr 25°C dén 45°C hogc tir 45°C
dén 60°C.

Hop chét c6 cong thuc F22 c6 thé dugc tao ra bing quy trinh hai bude (cac
bude G' va O) tir hop chat c6 cong thire F21. Hop chat ¢6 cong thire F21 c6 thé duoc
xir Iy bang 1,1'-carbonyl diimidazol (CDI), tuly y trong dung mdi (nhu etyl axetat hodc
THF), & nhiét d6 cao nhu khoang 50°C, vi du, khoang 60°C, khoang 65°C, khoang
70°C, khoang 80°C hodc khoang 90°C, d8 chuyén héa amidoxim trong cc hop chét co
cong thirc F21 thanh oxadiazolon c6 trong cac hop chit c6 cong thirc F26. Cac hop
chét ¢6 cong thirc F26 co thé dugc xir Iy bang anhydrit trifloaxetic, tuy y trong dung

mdi (nhu DCM, THF, dioxan hodc etyl axetat) v6i su c6 mit cla bazo hitu co (nhu
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pyridin, trietylamin, DIPEA va cac bazo twong ty) dé tao ra cac hop chét c6 cong thirc
F22. Theo mot sé phuong 4n, hop chét c6 cong thirc F22 ¢6 thé thu dugc bang cach xit
Iy hop chét c6 cong thirc F21 hodc mudi ctia nd, bing carbonyl diimidazol (CDI) aé
tao ra hop chét c6 cong thirc F26 hodc mudi ctia né va xit Iy hop chét c6 cong thirc F26

bang anhydrit trifloaxetic dé tao ra hop chét c6 cong thirc F22.
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D& cap dén so dd 5 (buéc P') va dya vao phin mo ta néu trén vé phan tmg
Mitsunobu, theo khia canh khac, sang ché @& xuét quy trinh didu ché hop chit c6 cong
thirc F8 hodic mudi cua né, trong d6, R?, R® va n dugc dinh nghia & déy; bao gbdm budc
cho hop chit c6 cong thire F22 hodc mubi ciia né va hop chit c6 cong thirc F25' hodc
mubi ctia nd, phan Gng véi chét phan tng két hop, ty y trong dung mdi (nhu THF,
dialkyl ete hodc diclometan), @& tao ra hop chét c6 cong thirc F8. Theo mot sb phuong
an, budc nay co thé dugc thuc hién & nhiét do nam trong khoang tir -10°C dén 60°C, vi

du, tir -10°C dén 0°C, tir 0°C dén 25°C, tir 25°C dén 45°C hoic tir 45°C dén 60°C.
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So d 6 md ta cach khac dé dua nhém sulfonamit vao hop chét amino c6 cong
thirc F12. Viéc xtt Iy hop chét c6 cong thie F12 bang sulfamit véi sy c6 mit cia bazo
(buGc R) nhu bazo hitu co ma ¢6 thé 14 bazo di vong (vi du, pyridin) hoic trialkylamin
(vi du, trietylamin, DIPEA va cac bazo twong tu), mdi bazo nay tuy y ¢ thé duoc st
dung lam dung moi @8 thyc hién viéc chuyén héa nay, c6 thé tao ra céc sulfonyl ure
nhu hop chit c6 cong thic F14. Phan tmg nay c6 thé duogc thuc hién & nhiét do cao
nhu khoang 130°C, vi dy, khoang 100°C, khoang 110°C, khoang 120°C, khoang 130°C
hoic khoang 140°C. Viéc dun noéng nay cb thé duoc thuc hién dé dang béng cach
chiéu vi séng. Viéc chiéu vi séng c6 thé dugc thuc hién trong 10 vi séng ban trén thi
truomg (vi du, Initiator™, do Biotage ban trén thi truong) hoat dong & ché db riéng 18.
Céc hop chét c6 cong thire F14 chira vong oxadiazolon ¢6 thé duoc khir bao vé (vi du,
thiy phan) thanh cac amidoxim mong mudn ¢ cdng thirc F15 v6i sy ¢6 mit cuia bazo
(buéc N"). Bazo c6 thé 13 bazo hitu co nhu amin khéng vong (vi du, trietylamin,
diisopropyletylamin (DIPEA), v.v.) hodc amin vong (vi du, pyrolidin, piperidin, v.v.);
hoic bazo vd co nhu kiém (vi du, NaOH, LiOH, KOH, Mg(OH), v.v.). Bazo ¢c6 thé
dugc tao ra c6 san duéi dang nhya (nhu Amberlite® va cac chit tuong ty). Theo mot
sd phuong 4n khac, bazo c6 thé dugc tao ra duéi dang dung dich trong nuwéc nhu dung
dich khoang 2N (vi dy, dung dich khoang 0,5N, dung dich khoang IN, dung dich
khoang 1,5N, dung dich khoang 2,5N, dung dich tur 3N dén 5N, dung dich tir 5N dén
10N). Theo mét s6 phuong én, bazo ¢6 thé 13 hydroxit cua kim loai kiém (nhu, natri
hydroxit). Theo mot s phuong 4n, bazo c6 thé 13 dung dich NaOH trong nudc 2N.
Theo mdt sd phuong 4n, dung mdi co thé 13 metanol hoic tetrahydrofuran (THF). Theo
mot s& phuong an, viéc khir bao vé c6 thé duge thye hién & nhiét do ndm trong khoang
tir -10°C dén 60°C, vi du, tir -10°C dén 0°C, tir 0°C dén 25°C, tir 25°C dén 45°C hodc
tir 45°C dén 60°C. Do d6, khia canh ndy cta sang ché d& xuét quy trinh didu ché hop
chét c6 cong thie F15 hodc mudi ciia nd, trong d6 R?, R? va n, nhu duge dinh nghia &
day; bao gdm budc cho hop chit c¢6 cong thitc F12 hodc mubi cta né, phan ung véi
sulfamit va bazo hitu co dé tao ra hop chét c6 cong thirc F14 hodc mudi cta nd va cho
hop chét c6 cong thirc F14 hodc mubi cia n6 phan (g voi bazo dé tao ra hop chét ¢

cong thirc F15.
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Sang ché con d& xuét hop chit c6 cong thuc F9, F12 va F14 hodc mudi cta no,

trong d6 R? 1a Cl, Br, CF3, CH3 hodc CN; R31a H hodc F; vanla 1 hodc 2.

Theo mét sb phuong an, R? 1A Br,R*1aFvanla 1.

Theo mot s6 phuong 4n, R? 1A Br, R* 1aF vanla 2.

Theo mét sb phuong 4n, R? 1A CLR*1aFvanla 1.

Theo mot s6 phuong 4n, R? 14 CL,R*1aF van1a 2.

Theo mdt sé phuong 4n, R 1a CF3, R*1aF vanla 1.

Theo mot s6 phuong 4n, R? 13 CF3, R*1aF vanla 2.

Theo mdt sé phuong 4n, R1a CF3, R*1aHvanla 1.

Theo mot sb phuwong an, R?1a CF3, R* 1aHvanla2.

Theo mot sb phuong 4n, R?1a CH3, R*1aF vanla 1.

Theo mot s& phwong 4n, R? 1aCN,R*1aFvanla 1.

So dd 7

D& cép dén so dd 7, cac hop chét c6 cong thirc F19 ¢6 thé thu duoc tir hop cht

amino bac mot ¢6 cdng thirc F12 bang cach xtt Iy bang metansulfonyl clorua (budc S),
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tiy v trong dung mdi nhu etyl axetat, cdc dung moi di halogen héa (vi du, diclometan,
cloform va cac dung moi twong tu) hodc cac dung mbi dé bay hoi (THF, dietyl ete,
dioxan va céc dung méi twong tw), v6i sy c6 mat ciia bazo hitu co (trung hoa HCI tao
thanh) nhu tri(Ci-¢)alkylamin (vi dy, trietylamin, DIPEA va céc bazo tuong tu) hodc
pyridin dé tao ra cac sulfonamit c6 cong thirc F20. Nhom metan-sulfonyl c6 thé duoc
thay thé bing nhom alkylsulfonyl khac (vi dy, etylsulfonyl), haloalkylsulfonyl (vi du,
triflometansulfonyl), arylsulfonyl (vi du, toluensulfonyl) va cdc nhém tuong tw, ma
khong thay d6i quy trinh. Theo mot s6 phuong 4n, budc ndy c6 thé duoc thuc hién &
nhiét do nim trong khoang tir -10°C dén 60°C, vi du, tir -10°C dén 0°C, tir 0°C dén
25°C, tir 25°C dén 45°C hodc tir 45°C dén 60°C. Céc hop chét sulfonamit c6 cong thire
F20 chtira vong oxadiazolon cé thé dugc khir bdo vé (vi du, thily phén) thanh céc
amidoxim cé céng thirc F19 mong mudn véi sy ¢6 mit cia bazo (bude N”). Bazo c6
thé 13 bazo hitu co nhu amin khong vong (vi du, trietylamin, diisopropyletylamin
(DIPEA), v.v.) hodc amin vong (vi du, pyrolidin, piperidin, v.v.); hodc bazo v6 co nhu
hydroxit ciia kim loai kiém hoic hydroxit cia kim loai kiém thd (vi dy, NaOH, LiOH,
KOH, Mg(OH);, v.v.). Bazo c¢6 thé dugc tao ra co san duéi dang nhua (nhu
Amberlite® va san phdm tuong tw). Theo mot sd phuong 4n khac, bazo ¢o thé dugc tao
ra dudi dang dung dich trong nuée nhu dung dich khoang 2N (vi dy, dung dich khoang
0,5N, dung dich khoang 1N, dung dich khoang 1,5N, dung dich khoang 2,5N, dung
dich tir 3N dén 5N, dung dich tir 5N dén 10N). Theo mdt s phuong 4n, bazo 1a
hydroxit ciia kim loai kiém (vi dy, natri hydroxit). Theo mdt sd phuong 4n, bazo ¢6 thé
12 dung dich NaOH trong nu6c 2N. Theo mot s6 phuong 4n, dung moi co6 thé 1a
metanol hodc tetrahydrofuran (THF). Theo mot s6 phuong an, viéc khir bao v€ co thé
duoc thye hién & nhit do ndm trong khoang tir -10°C dén 60°C, vi dy, tir -10°C dén
0°C, tir 0°C dén 25°C, tir 25°C dén 45°C hoic tir 45°C dén 60°C. Do do, theo khia canh
khac sang ché dé xuét quy trinh didu ché hop chét c6 cong thirc F19 hodc mudi ctia né,
trong d6 R%, R? va n, nhu dugc dinh nghia & day; bao gdm budc cho hop chét c6 cong
thirc F12 hodc mudi cia né, phan tng v6i metansulfonyl clorua v6i sy c6 mat clia bazo
hitu co d8 tao ra hop chit c6 cong thirc F20 hodc mubi ctia né va cho hop chat c¢6 cong
thire F20 phan tng véi bazo @& tao ra hop chét c6 cong thire F19. Theo mot s6 phuong
4n, bazo ¢6 thé 13 hydroxit cua kim loai kiém nhu natri hydroxit (vi dy, NaOH 2N).
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Aryl hoic alkylsulfonamit (vi du, metansulfonamit ¢6 cbng thue F19) co thé thu
dugc bang trinh tu cac bude duge thé hién trong so dd 8. Cac 1,n-diamin dugc bao vé
mot 14n nhu hop chét c6 cong thire F40 (vi du, N-(aminoalkyl)(t-butoxy)carboxamit c6
bén trén thi trudng) c6 thé dugce xit Iy bang cac sulfonyl clorua nhu arylsulfonyl clorua
hoc alkylsulfonyl clorua (vi dy, metansulfonyl clorua), ty y trong dung moi nhu etyl
axetat, dung mdi da halogen hoa (vi du, diclometan, cloform va cac dung moi tuong
tu) hodc dung moi d& bay hoi (THF, dietyl ete, dioxan va céc dung moi tuong tu), véi
st c6 mat cia bazo hitu co (dé trung hoa HCI tao thanh) nhu trietylamin, pyridin,
DIPEA va cac bazo tuong tu, dé tao ra cac sulfonamit c6 cong thirc F41 (bude S').
Nhém bao vé céc 1,n-diamin duge bao vé mot 14n hop chit c6 cong thic F40 ¢ thé
dugc chon tir cic nhoém bao vé amino khac nhau va cac diéu kién khir bao vé thich hop
c6 thé duge chon thich hop (néu trén) dé tao ra amin c6 cong thirc F33 (budc M).
Theo mot s phuwong 4an, nhém bdo vé co thé 13 alkoxycarbonyl (nhu tert-
butoxycarbonyl, Boc). Theo cac phuong an nay, chét khir bao vé& amino c6 thé 1a axit,

vi du, axit clohydric hogc axit trifloaxetic, tuy y trong dung mdi (nhu dioxan).
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Viéc didu ché clo oxim c6 cong thirc F3 di duge mo ta trong tai liu: Synth.
Commun. (1988), 18, 1427. C4c amin (nhu amin bac mét hodc béc hai bao gém amin
chira nhém chic duge bao vé, vi du, etyl amin, 2-metoxyetylamin, dimetylamin hodc
F33) ¢6 thé dugc két hop clo oxim c6 cong thirc F3, tiy y trong dung mdi (nhu etyl
axetat hodc etanol), tiép d6 thém bazo hiru co (nhu trietylamin hodc DIPEA dé trung
hoa HCI dugc tao ra trong phan mg) dé tao ra cac hop chat amidoxim c6 cong thuc
F16 (bude C). Theo mot s phurong an, bude ndy c6 thé dugc thuc hién & nhiét do nim
trong khoang tir -10°C dén 60°C, vi dy, tir -10°C dén 0°C, tir 0°C dén 25°C, tir 25°C
dén 45°C hoic tir 45°C dén 60°C. Viéc tai cAu tric ddi v6i hop chét nhu F16 dé doi
chd nhém amin & cacbon vong va nhém amino & cacbon oxim dé tao ra céc hop chét
nhu hop chét c6 cong thirc F17 (bude DY) ¢6 thé dwoc thuc hién bang cach xi Iy hop
chét c6 cong thirc F16 bing bazo (nhu KOH, NaOH, LiOH, Mg(OH),, AI(OH)s va cac
bazo tuong ty), tly ¥ trong dung mdi (nhw nudc, etanol, etylen glycol va cac dung moi
twong ty) va hdi lru hdn hop phan ung & nhiét do cao, vi dy, khoang 70°C, khoang
80°C, khoang 90°C, khoang 100°C, khoang 110°C, khoang 120°C, khoang 130°C,
khoang 140°C, khoang 150°C, khoang 160°C, khoang 170°C, khoang 180°, khoang
190°C hoic khoang 200°C. Amidoxim c6 cong thirc F17 ¢6 thé lai duoc hoat hoa dudi
dang clo oxim c6 cong thirc F18 bang cach thém hop chit c6 cong thirc F17 vao hén
hop axit chita nude chua axit clohydric, thy y bao gbm axit axetic (budc E'). Trong
quy trinh chuyén héa hop chét c6 cong thirc F17 thanh hop chét c6 cong thirc F18 nay,
hdn hop axit ¢6 cong thic F17 cé thé duoc dun néng dén nhiét 6 khoang 45°C, nhu
khoang 30°C, khoang 40°C, khoang 50°C hogc khoang 60°C dé thuc hién viéc hoa tan.
Natri clorua c6 thé duge bd sung vao dung dich nay va dugc xtt Iy béng chit phan tGng
nitrit, ma tly ¥ ¢6 thé dugc cung cép dudi dang dung dich chira nude, ¢ nhiét do dudi
0°C nhu dudi -10°C, dwéi -5°C, dudi 5°C hogc dudi 10°C. Chit phan tmg nitrit 14 chat
c6 kha ning tao ra anion nitrit. Cac chét phan tng nitrit bao gbm nitrit kim loai kiém
(vi du, natri nitrit, kali nitrit va cac chit twong tw) va nitrit hitu co (vi duy,
tetraetylamoni nitrit) ma bao gdm cation hitu co. Theo mot sb phuong 4n, etyl axetat,
THF hoic dioxan c6 thé dugc sit dung lam dbng dung mdi. Viéc thé clorua trong hop
chét c6 cong thirc F18 bang amin thom nhu anilin ¢6 cdng thirc F27, thy y trong dung
mdi phan cyc (nhu metanol, nudc, etanol va cac nhém tuong ty) & nhiét do trong

phong co thé tao ra metansulfonamit c6 cong thirc F19 (budce F'). Theo mot sd phuong
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&n, nhiét d6 nhu khoang 10°C, khoang 20°C, khoang 30°C, khoang 40°C hodc khoang
50°C ¢6 thé dugc st dung. Phan ing nay tuy y ¢ thé dugc thyc hién véi su c6 mit cia
bazo vo co (nhu KHCO3, NaHCOs3) ma c6 thé duge cung cap dudi dang dung dich

chra nudc.

Do d6, theo khia canh khéc, sing ché d& xuét quy trinh didu ché hop chit c6
cong thire F19 hodc mudi ciia né, trong d6 R%, R? va n, nhu duge dinh nghia & ddy; bao
gdbm budc cho hop chit c6 cong thirc F17 hodc mudi cia né phan (mg voi axit
clohydric, tuy ¥ trong dung moi (nhu dioxan), tiép d6 xir ly bing chét phan {mg nitrit
(nhu, natri nitrit), thy y dudi dang dung dich chira nuéc, dé tao ra hop chét c6 cong
thitc F18 hodc mubi ctia né va cho hop chét c6 cong thitc F18 phan tmg v6i hop chét

c6 cbng thirc F27 hodc mudi ctia n6, d tao ra hop chét c6 cong thie F19.

Theo mét s phuong an, hop chat c6 cong thirc F17 ¢6 thé thu dwoc bang cach
xtr 1y hop chit c¢6 cong thirc F16 hodc mudi ctia né, bing bazo (nhu kali hydroxit)
trong dung mdi (nhu etylen glycol) & nhiét do di dé hdi lru dung moi (nhu 130°C), dé
tao ra hop chét c6 cong thiuc F17.

Sang ché con dé xuat hop chat ¢ cong thuc F18 hodc mudi cia no, trong d6 n

1a 1 ho#c 2. Theo mot sb phuong 4n, n 1a 1. Theo mt sb phuong 4n, n 1a 2.
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Céc hop chét c6 cong thic F28 ¢6 thé thu dugc nhu dugc mo ta trong so o 9.

Clo oxim ¢6 cbng thiuc F6 (néu trén, so dd 1) ¢6 thé duge két hop v6i amin di vong

(nhu hop chét c6 cong thirc F38), thy ¥ trong dung moi phan cyc (nhu metanol, nudc,

etanol va cac dung moi tuong tw), v6i sy c6 mit clia bazo nhu bazo v6 co hodc bazo

hitu co (vi du, EtsN, pyridin hodc DIPEA) dé tao ra arylamidoxim c6 cong thirc F36

(budc F). Theo mot sb phuong 4n, viéc chuyén hoéa chit c6 cong thirc F6 thanh hop

chit ¢6 cong thirc F36 c6 thé duge thyc hién & nhiét do nhu khoang 10°C, khoang
20°C, khoang 30°C, khoang 40°C, khoang 50°C, khoang 60°C hogc khoang 90°C. Theo

mdt s phuong 4n, bazo vo co c6 thé duge tao ra dudi dang dung dich chura nude.

Theo mdt sé phuwong an, bazo vd co ¢6 thé duge bd sung vao hdn hop phan tmg &

nhiét do cao. Nhom chirc amidoxim ctia hop chét ¢6 cong thitc F36 c6 thé duoc bao vé

dudi dang oxadiazolon bang cach st dung 1,1'- carbonyl diimidazol (CDI) trong dung

moi (nhu etyl axetat, dioxan, THF va céc dung mdi twong tw) & nhi€t d6 cao nhu
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khoang 50°C, khoang 60°C, khoang 70°C, khoang 80°C, khoang 90°C hodc khoang
100°C (budc G”). Nhoém metoxy chira hop chét c6 cong thirc F35 ¢6 thé duoc chuyén
héa thanh nhém hydroxyl trong hop chét ¢6 cobng thirc F34 bang cic phuong phap da
bibt dbi voi ngudi 6 trinh d6 trung binh trong linh vuc ndy dé khir bio vé nhom
metoxy (buéc H'), nhu cac phwong phap trong Wuts and Greene, Greene’s Protective
Groups in Organic Synthesis, 4® Ed., pp 24-30, John Wiley & Sons: New York, 2006.
Vi du, bing cach thém bo tribromua vao dung dich lanh ctia hop chét c6 cong thirc F35
(nhu n¥m trong khoang tir -78°C dén 25°C, vi dy, tir -78°C dén 10°C, tir -78°C dén
0°C, tir -78°C dén -10°C, tir 0°C dén 25°C hodc tir 0°C dén 10°C), thy ¥ trong dung moi
nhu dung moi di halogen héa (vi du, DCM, cloform va cdc dung mdi twong ty) hodc
etyl axetat. Nhom hydroxyl bdc mét trong hop chét c6 cong thitc F34 ¢6 thé dugc hoat
héa duéi dang nhém roi chuyén L'0- (xem budc I’, hop chét c6 cong thirc F32) bang
cach xu Iy bang LICI, tiy y trong dung mdi (nhu etyl axetat hoic DCM) va bazo hitu
co dé rira HCI tao ra thanh (nhu trietylamin hoic DIPEA). Trong hop chét c6 cong
thie F32, L' ¢o th8 dugc chon tir alkylsulfonyl (vi du, metansulfonyl),
haloalkylsulfonyl (vi du, triflometansulfonyl), arylsulfonyl (vi du, toluensulfonyl) va
céic hop chét twong t. Hop chit c6 cong thirc F32 c6 thé dugce xt Iy bing 4i nhan bét
ky dé di chuyén Sn2 trong nhom roi chuyén L'0. Theo mot sb phuong 4n, bude nay co
thé dugc thuc hién & nhiét do nam trong khoang tir -10°C dén 60°C, vi du, tir -10°C
dén 0°C, tix 0°C dén 25°C, tir 25°C dén 45°C hodc tir 45°C dén 60°C.

v Khi 4i nhan 14 ion azit, thi hgp chit c6 cong thirc F32 tao ra hop chét c6 cong
thae F31 (budc J'). Cac thubc thir azit bao gdm chét phan Gng b4t ky c6 kha nang tao
ra ion azit 4i nhan. Vi du vé thudc thir azit bao gém azit kim loai kiém (nhu natri azit,
kali azit). Theo mot sb phuong 4n thy ¥, thubc thir azit nhu natri azit c6 thé dugc s
dung két hop véi natri iodua. Cac dung mdi thich hop cho su bién dbi nay 1a cac dung
moi phan cuc bao gdbm DMF, DMSO, NMP va céc dung moi twong tu. Theo mot sd
phuong an, buéc nay ¢ thé duogc thuc hién trong DMF. Theo mot s6 phu:ohg an, budc
nay co thé dugc thuc hién ¢ nhiét dd cao vi dy, nam trong khoang tir 40°C dén 100°C,
tir 50°C dén 90°C hodic tir 60°C dén 80°C. Theo mdt sb phuong 4n, bude nay ¢6 thé
duoc thue hién & 50°C. Theo mot sé phwong an, bude ndy co thé dugc thuc hién &

nhiét d 85°C. Azit hitu co nhu hgp chét ¢6 cong thirc F31 ¢6 thé dugc khir thanh amin
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hitu co nhu hop chét c6 cong thire F29 bang cach thém hydro, dudi dang hydro nguyén
t6; bang cach sir dung chét phan tng hydrua (nhu NaBHs, LiAlHs va céc chét tuong
ty); bang cach st dung triphenylphosphin; hodc st dung hén hop natri iodua,
clotrimetylsilan va metanol (budc K'). Theo mot s6 phuong 4n, viéc khir co thé duge
thuc hién véi sy c6 mit cua natﬂ jodua, clotrimetylsilan va metanol. Theo mot s6
phuong an, viéc khur ¢o thé dugc thyuc hién & nhiét do trong phong, vi du, & nhiét do
n3m trong khoang tir 10°C dén 50°C, tir 15°C dén 40°C, tir 20°C dén 30°C hogc tir
25°C dén 30°C. Theo mdt sb phurong 4n, ty 1 mol cia natri iodua va clotrimetylsilan
c6 thé 13 khoang 1,0, vi du, khoang 0,9, khoang 0,95, khoang 1,0, khoang 1,05 hodc
khoang 1,1. Theo mot s6 phuong 4n, clotrimetylsilan c6 thé dugc bd sung vao hdn hop

ctia F31, natri iodua va metanol duéi dang dung dich trong metanol.

Viéc xit Iy hop chét c¢6 cong thirc F29 bing sulfamit v6i sy c¢6 mit ciia bazo nhu
bazo hitu co ma c6 théd 13 bazo di vong (vi du, pyridin) hodc trialkylamin (vi du,
trietylamin, DIPEA va céc bazo twong tu), mdi bazo nay tiy ¥ co thé dugc st dung
lam dung moi cho qué trinh bién dbi nay dé tao ra sulfonyl ure nhu hop chét ¢ cong
thitc F30 (budc R'). Phan ung nay c6 thé dugc thuc hién & nhiét d6 cao nhu khoang
130°C, vi du, khoang 100°C, khoang 110°C, khoang 120°C, khoang 130°C hodc
khoang 140°C. Viéc dun néng nay co thé dugc sir dung thuén loi bang cach st dung
chiéu vi séng. Viéc chiéu vi séng ¢ thé duoc thuc hién trong 10 vi song ¢ san (vi dy,
Initiator™, c6 sin tir Biotage) hoat dong & ché d6 riéng 1&. Hop chét c6 cong thic F30
chtra vong oxadiazolon ¢d thé dugc khtr bao vé (vi dy, thuy phan) thanh cdc amidoxim
mong mudn c6 cong thire F28 véi sy ¢6 mit cua bazo (budc N'“). Bazo ¢6 thé 1a bazo
hitu co nhu amin khong vong (vi dy, trietylamin, diisopropyletylamin (DEPEA), v.v.)
hodc amin vong (vi du, pyrolidin, piperidin, v.v.); hoic bazo v0 co nhu kiém (vi du,
NaOH, LiOH, KOH, Mg(OH),, v.v.). Bazo ¢6 thé dugc tao ra ¢ san dudi dang nhua
(nhu Amberlite® va cac nhom twong tu). Theo mot sb phuong 4n khéc, bazo ¢ thé
duoc tao ra dudi dang dung dich trong nuéc (dung dich bazo) nhu dung dich khoang
2N (vi dy, dung dich khoang 0,5N, dung dich khoang 1N, dung dich khoang 1,5N,
dung dich khoang 2,5N, dung dich tir 3N dén 5N, dung dich tir 5N dén 10N). Theo
mot ) phuong éan, bazo ¢é thé 1a hydroxit cia kim loai kiém (vi du, natri hydroxit).

Theo mdt sb phuong 4n, bazo cb thé 13 dung dich NaOH trong nudc 2N. Theo mot sd
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phuong 4&n, dung moi ¢ thé 13 metanol hodc tetrahydrofuran (THF). Theo mot sb
phuong an, viéc khir bdo vé€ c6 thé dugc thuc hién & nhiét do nam trong khoang tir -
10°C dén 60°C, vi du, tlr -10°C dén 0°C, tix 0°C dén 25°C, tir 25°C dén 45°C hodc tir
45°C dén 60°C.

Do d6, khia canh khac cia sang ché 1a @& xuit quy trinh didu ché hop chit c6
cbng thirc F28 hodc mudi cia né, trong d6 R*1a F, Cl, Brhoac I; vanlal hodc 2; bao
gbm budc cho hgp chét c6 cong thirc F29 hodc mubi ctia nd, phan (g v6i sulfamit va
bazo hitu co d& tao ra hop chét c6 cong thire F30 hoic mubi ctia né va cho hop chat c6

cong thirc F30 phan tmg véi bazo @2 tao ra hop chét c6 cong thie F28.
Theo mot s6 phuong 4n, R*1a Clvanlal.
Theo mot sb phuong 4n, R*1aBrvanla 1.

Theo mot sd phwong 4n, phan ng ctia hop chét c6 cong thic F29 con bao gbm

budc dun néng (nhu st dung chiéu vi séng).

Theo khia canh khac, sang ché @& xuit quy trinh thu dugc hop chét ¢6 cong
thic F29 bing cach kht hgp chit c6 cong thirc F31 hodc mubi cia n6. Theo mdt sb
phuong an, viéc khir ¢ thé dugc thuc hién bing hdn hop natri iodua, clotrimetyl-silan

va metanol.

Theo khia canh khéc cta sang ché, hop chit c6 cong thire F31 ¢6 thé thu dugc
bang cach xtt 1y hop chét c6 cong thirc F32 hoic mubi cua nd, trong d6 L' dugc chon
tir alkylsulfonyl, haloalkylsulfonyl va arylsulfonyl; bing thubc thir azit dé tao ra hop
chét c6 cong thirc F31.

Nhu duge st dung & day, thuat ngir “alkyl” khi duge st dung mot minh hodc
cung voi cac thudt ngit thude gbc khac, dung dé chi nhém hydrocacbon no, mach
théng hoic nhanh c6 tir 1 dén 6 nguyén ti cacbon, tir 1 dén 4 nguyén t cacbon hodc
tr 1 dén 3 nguyén tir cacbon. Vi du vé nhém alkyl bao gbém metyl, etyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl va cac nhém tuong ty.
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Nhu duogce sir dung & day, “alkenyl” dung @& chi nhém alkyl c6 mét hodc nhidu
lién két d6i cacbon-cacbon. Vi du vé& nhém alkenyl bao gdm etenyl (vinyl), propenyl

va cac nhom twong tu.

Nhu duge sit dung & day, thuat ngit “aryl” dung dé chi nhom hydrocacbon
thom c6 thé 13 mot vong hoic nhidu vong c6 tir 6 dén 14 nguyén tir cacbon. Vi du vé
nhém aryl bao gdbm phenyl, naphtyl, antraxenyl, phenantrenyl, indanyl, indenyl va cac

nhém tuong tu.

Nhu duge sit dung & déy, thuat ngit “haloalkyl” khi dwgc st dung mdt minh
hodc cing v6i gde khéc, dung dé chi nhém alkyl dugc thé bing mot hoic nhiéu
nguyén tir halogen doc 14p dugc chon tir F, Cl, Br va I. Vi du vé nhém haloalkyl bao
gém CF3, CHF», CH2CF3 va cac nhom tuong tu.

Nhu dugc st dung & day, thuat ngit “alkoxy” dung dé chi nhém -O-alkyl. Vi du
vé& nhom alkoxy bao gbm metoxy, etoxy, propoxy (vi du, n-propoxy va isopropoxy), t-

butoxy va cdc nhom tuong tu.

Nhu dugc str dung & déy, “alkylamin” dung dé chi nhém amino (NH,) dugc thé
bang nhém alkyl. Vi du vé nhém alkylamin bao gdm metylamin, hexylamin va céc

nhém tuong tu.

Nhu duge st dung & diy, “trialkylamin” dung dé chi nguyén tir nito dugc thé
bang ba nhém alkyl. Vi du v& nhom trialkylamin bao gbm trimetylamin, trietylamin va

cac nhom tuong tu.

~, 66

Nhu duge st dung & ddy, thuat ngit “alkoxycarbonyl” dung dé chi CO duogc thé
bdng nhém alkoxy: -C(O)-O-alkyl. Vi du vé nhém alkoxycarbonyl bao gém
etoxycarbonyl, tert-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), 9-florenyl-

metyloxycarbonyl (Fmoc) va cac nhom tuong tu.

~, 66

Nhu duge st dung & day, thuat ngit “alkylsulfonyl” dung dé chi nhém sulfonyl
dugc thé biang nhém alkyl: alkylS(O)-. Vi du vé nhom alkylsulfonyl bao gdm

metansulfonyl, etansulfonyl va cdc nhom tuong tu.
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Nhu dugc st dung & ddy, thuit ngit “haloalkylsulfonyl” ding dé chi nhém
sulfonyl dugc thé bang nhém haloalkyl. Vi du vé nhém haloalkylsulfonyl bao gbm,

triflometansulfonyl, 1,1,1 -trifloetansulfonyl va cac nhoém tuong tu.

Nhu dugc sit dung & ddy, thuat ngit “arylsulfonyl” ding dé chi nhom sulfonyl
duoc thé bang nhém aryl hodc nhom aryl dugc thé, trong d6 cac phén tir thé & nhém
aryl dugc chon tir halo, nitro, Ci4 alkyl va Ci4 haloalkyl.

Nhu duoc st dung & day, thuét ngit “bazo di vong” dung dé chi di vong c6 tir 4
dén 14 canh, tuy y dugc thé trong d6 it nhAt 12 mot phan tir tao vong la nguyén it nito.
Bazo di vong c6 thé thom hodc khong thom. Vi du vé bazo di vong bao gdm pyridin,
pyrolidin, piperidin, morpholin, v.v.. Vi du v& céc phén tir thé & di vong nay bao gbm

F, Cl, Br, Ci.4 alkyl va Ci.4 haloalkyl.
Phuong phéap st dung

Hop chit theo séng ché c6 thé e ché hoat tinh cia enzym indolamin-2,3-
dioxygenaza (IDO). Vi du, cdc hop chét theo sang ché c6 thé dugc st dung dé e ché
hoat tinh cua IDO trong té bao hodc ¢ ddi tuong c6 nhu cau diéu bién enzym nay bang

c4ch st dung lugng rc ché cta hop chit theo sang ché.

Séang ché con md ta cach e ché su thoai bién ciia tryptophan & h¢ chira cac té
bao bidu hién IDO nhu md, co thé séng hoc méi trudng nudi ciy té bao. Theo mdt sd
phuong 4n, sang ché @ xuét phuong phap lam thay dbi (vi du, lam tang) luong
tryptophan ngoai bao ¢ dong vét co va bing cach st dung luong hitu hiu cta hop chét
trong dugc phim dugc dé xuét & day. Phuong phép do cac mirc tryptophan va sy phan

hay tryptophan 12 thong thuong trong linh vuce nay.

Séng ché con mo ta cach e ché hé mi2n dich nhu sy tc ché hé mién dich do
IDO gidn tiép gy ra ¢ bénh nhan bang céch cho bénh nhén nay st dung lugng hitu
hiéu cia hop chat hodc dwge pham dugc néu & ddy. Su tc ché mién dich do IDO gian
tiép giy ra lién quan dén, vi dy, bénh ung thu, su phat trién u, su di can, bénh nhiém

virut, su sao chép cla virut, v.v..
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Séang ché con md ta cach diéu tri bénh lién quan dén hoat tinh hodc su biéu
hién, bao gdm hoat tinh va/hodc su bidu hién bit thuong ciia IDO & c4 thé (vi dy, bénh
nhén) bing cach cho bénh nhan ¢6 nhu cAu st dung luong diéu tri hitu hiéu hodc lidu
ctia hop chit theo séng ché hogc dugc phdm chira ching. Vi du v& céc bénh c6 thé bao
gbm bénh, rdi loan hogc tinh trang bat ky ma lién quan truc tiép hoic gian tiép dén sur
biéu hién hodc hoat tinh cua IDO enzym, nhu sy biéu hién quéa muc hodc hoat tinh bét
thuong. Bénh lién quan dén IDO ciing c6 thé bao gém bénh, rdi loan hoic tinh trang
bét ky ma co thé dugc ngin ngtra, cai thién hodc chita b?‘fmg cach didu bién hoat tinh
cia enzym. Vi du vé céc bénh lién quan dén IDO bao gbm bénh ung thu, bénh nhiém
virut nhw bénh nhidm HIV, bénh nhiém HCV, chimg trdm cam, réi loan thodi héa than
kinh nhu bénh Alzheimer va bénh Huntington, chén thuong, bénh duc thiy tinh thé
tudi gia, ghép co quan (vi duy, thai loai ghép co quan) va bénh tu mién bao gdm bénh
hen, bénh viém da khép dang thép, chiing xo cling rai ric, ching viém do di Gng, bénh
viém rudt, bénh vay nén va chimg luput ban do toan than. Vi du vé bénh ung thu ¢6
thé didu tri bing cac phuong phéap & déy bao gbm bénh ung thu rudt két, bénh ung thu
tuy, bénh ung thu vi, bénh ung thu tuyén tién liét, bénh ung thu phéi, bénh ung thu
ndo, bénh ung thu budng trimg, bénh ung thu cb tir cung, bénh ung thu tinh hoan, bénh
ung thu thin, bénh ung thu diu va bénh ung thu co,u lympho, bénh bach clu, u 4c tinh
va cac bénh tuong tu. Hop chit theo sang ché ciing c6 thé hitu ich dé diéu tri chimg

béo phi va ching thiéu méau cuc bo.

Nhu duge sit dung & ddy, thudt ngit “té bao” nghia 1a ding @& chi té bao ma 1a
in vitro, ex vivo hodc in vivo. Theo mot s6 phuong 4n, t& bao ex vivo c6 thé 13 mot
phén ctia miu mo dugce cét ra tir co thé nhu dong vét ¢6 vu. Theo mot s6 phuong 4n, té
bao in vitro ¢ thé 13 té bao trong moi trudng nudi cdy té bao. Theo mot s6 phuong 4n,

té bao in vivo 13 té bao song trong co thé nhu dong vat ¢b vu.

Nhu duge s dung & day, thuat ngit “tiép xtic” dung dé chi viéc dua lai véi
nhau ctia cac nhom dugce chi dinh trong hé in vitro hodc hé in vivo. Vi du, su “tiép
xuc” cta enzym IDO v6i hop chét theo sang ché bao gbm sir dung hop chét theo sang
ché cho c4 thé hodc bénh nhan, nhu nguoi, ¢6 IDO, ciing nhu, vi duy, dua hop chét theo

sang ché vao miu chta té bao hodic ché phim tinh khiét chira enzym IDO.
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Nhu duge st dung & diy, thudt ngit “cd thé” hodc “bénh nhan” dugc sir dung
thay thé cho nhau, ding @& chi dong vat bét ky, bao gbm dong vit c6 vi, t6t hon 1a
chuot, cac loai gdm nhim khéc, thd, ché, méo, lon, gia sfc, clru, ngwa hodc dong vét

linh trudng va tot nhét 13 nguoi.

Nhu duge st dung & day, cum tir “luong diéu tri hitu hiéu” dung dé chi luong
hoat chit hodc duge chét ma tao ra sy dép lai sinh hoc hodc y hoc & mo, hé, dong vat,
c4 thé hodc ngudi ma duge cdc nha nghién ciru, bac si thi y, bac st phép y hodc thay

thudc 14m sang khac nham dén.

Nhu duge st dung & day thuat ngir “didu tri” hodc “viéc didu tri” dung dé chi
1) su ngdn nglra bénh; vi dy, ngdn ngura bénh, tinh trang bénh hodc 161 loan & ca thé
ma c6 thé bi mic bénh, tinh trang bénh hodc r6i loan ma van chua trai qua hodc biéu
hién bénh hodc triéu ching ctia bénh; 2) e ché bénh; vi dy, e ché bénh, tinh trang
bénh hodc b1 loan & cé thé ma trai qua hodc biéu hién bénh hoic triéu chiig ctia bénh,
tinh trang bénh hodc r6i loan (cu thé, 1am nglmg su phat trién thém ctia bénh va/hodc
triéu chimg) hodc 3) cai thién bénh; vi dy, cai thién bénh, tinh trang bénh hodc 161 loan
& c4 thé ma trai qua hodc bidu hién bénh hoic triéu chimg cua bénh, tinh trang bénh

hodc 161 loan (cu thé, dao chiéu bénh vi/hoic triéu ching).
Diéu tri két hop

Mot hodc nhiéu duge chit hoic phuong phap didu tri khac nhu, vi du, thube
khang virut, hoa chét tri liéu hodic cac thudc chéng ung thu khac, thubc ting cuong
mién dich, thube ttc ché mién dich, chét phong xa, thube chéng u va vicxin khang
virut, liéu phéap xytokin (vi du, IL2, GM-CSF, v.v.), va/hodc chét rc ché tyrosin kinaza
c6 thé dugc st dung két hop vai céc hop chét theo sang ché @é diéu tri bénh, 161 loan
hoic tinh trang lién quan dén IDO. Céc thubc nay c6 thé dugc két hop véi hop chit
nay dudi dang lidu don vi hodc thudc nay c6 thé duge sir dung ddng thoi hodc 14n luot

duéi dang liéu riéng biét.

Thuéc khang virut thich hgp dugc du dinh dé sir dung két hop véi hop chét theo

sang ché co thé bao gdm nucleosit va cic chat rc ché transcriptaza ngugc nucleotit
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(nucleotide reverse transcriptase inhibitor-NRTI), cac chét rc ché transcriptaza ngugc
khong nucleosit (non-nucleoside reverse transcriptase inhibitor-NNRTI), chét trc ché

proteaza va cac thudc khang virut kKhac.

Vi dy v& cac NRTI thich hgp bao gbdm zidovudin (AZT); didanosin (ddl);
zalxitabin (ddC); stavudin (d4T); lamivudin (3TC); abacavir (1592U89); adefovir
dipivoxil [bis(POM)-PMEA]; lobucavir (BMS-180194); BCH-10652; emitrixitabin [(-
)-FTC]; beta-L-FD4 (con goi 13 beta-L-D4C va co tén beta-L-2',3’-dicleoxy-5-flo-
xytiden); DAPD, ((-)-beta-D-2,6,-diamino-purin dioxolan); va lodenosin (FddA). Céac
NNRTI thich hop thong thuong bao gbm nevirapin (BI-RG-587); delaviradin (BHAP,
U-90152); efavirenz (DMP-266); PNU-142721; AG-1549; MKC-442 (I-(etoxy-metyl)-
5-(I-metyletyl)-6-(phenylmetyl)-(2,4(1H,3H)-pyrimidin-dion);  va (+)-calanolit A
(NSC-675451) va B. Cac chét tc ché proteaza thich hgp bao gbm saquinavir (Ro 31-
8959); ritonavir (ABT-538); indinavir (MK-639); nelfnavir (AG-1343); amprenavir
(141W94); lasinavir (BMS-234475); DMP-450; BMS-2322623; ABT-378; va AG-I
549. Cac thubc khang virut khéc bao gém hydroxyure, ribavirin, IL-2, IL-12,
pentafusit va Yissum Project No.11607.

Hoa chét trj liéu thich hgp hodc thudc chdng ung thu khéac bao gbm, vi du, chét
alkyl hoéa (bao gbébm nhung khong gii han hoi cay nito, dAn xuit etylenimin, alkyl
sulfonat, nitrosoure va triazen) nhu hoi cay uraxil, clometin, xyclophosphamit
(Cytoxan™), ifosfamit, melphalan, clorambucil, pipobroman, trietylen-melamin,
trietylenthiophosphoramin, busulfan, carmustin, lomustin, streptozoxin, dacarbazin va

temozolomit.

Pé didu tri khéi u 4c tinh, thude thich hop dé st dung két hop vé6i hop chét theo
sang ché bao gbm: dacarbazin (DTIC), tuy ¥, cung v&i thubc hoa tri lidu khac nhu
carmustin (BCNU) va cisplatin; “phéc d6 Dartmouth” gdm DTIC, BCNU, cisplatin va
tamoxifen; hdn hop cua cisplatin, vinblastin va DTIC; hoic temozolomit. Cac hop chét
theo sang ché cling c6 thé duoc két hop véi thudc liéu phép mién dich, bao gém
xytokin nhu interferon alpha, interleukin 2 va yéu t6 hoai t u (tumor necrosis factor-

TNF) dé didu tri khdi u 4c tinh.
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Céc hop chét theo sang ché ciing c6 thé dugc sit dung két hop véi lidu phap
vécxin dé didu tri khéi u 4c tinh. V& mot sb mit nao do, vécxin chita u 4c tinh gidng
v6i vicxin khang virut dugc st dung dé ngin nglra bénh do virut gdy ra nhu bénh bai
liét, bénh séi va bénh quai bi. Té bao u 4c tinh bi lam yéu hodc mot phﬁn té bao u 4c
tinh dugc goi 1a khang thé ¢6 thé dugce tiém vao bénh nhén d& kich thich hé mién dich

ctia co thé pha hity té bao u 4c tinh.

U é4c tinh & trong canh tay hodc chén ciing c6 thé dugc xit 1y bang hdn hop
thudc bao gdbm mét hodc nhidu hop chit theo sang ché, bing cach st dung k¥ thuft
truyén vao chi dugc phén 13p trong ching s6t cao. Quy trinh diu tri ndy tam thoi phan
tach su luu thdng cta chi lién quan khoi phén con lai cla co thé va tiém lidu hoa chit
tri liéu cao vao dong mach nudi dudng chi nay, do d6 tao ra lidu cao cho ving u ma
khong phoi nhiém céc co quan bén trong v&i lidu nay ma co6 thé gy ra céc tac dung
phu nghiém trong. Thong thuong, chat 1ong dugc gia nhiét dén 39°C dén 40°C.
Melphalan 1a thudc thuong duge st dung nhét trong quy trinh héa tri liéu nay. Quy
trinh ne‘ly c6 thé dugc dua ra voi thudc khac goi 12 yéu td hoai fit u (turhor necrosis

factor-TNF) (xem phén d6i véi xytokin).

Thubc hoa tri liéu thich hgp hodc thube chéng ung thu khéc bao gém, vi du,
thubc chéng chuyén hoa (bao gbm, nhung khong gidi han o, chét dbi khang axit folic,
chét tuong tu pyrimidin, chét tuong tu purin va chét trc ché adenosin deaminaza) nhu
metotrexat, 5-floraxil, floxuridin, xytarabin, 6-mercaptopurin, 6-thioguanin, fludarabin

phosphat, pentostatin va gemxitabin.

 Thudc héa tri liéu thich hgp hodc thudc chéng ung thu khac con bao gbm, vi dy,
mot vai san phém tu nhién va din xuét cta chung (vi du, vinca alkaloit, khang sinh
khang u, enzym, lymphokin va epipodophyllotoxin) nhu vinblastin, vincristin,
vindesin, bleomyxin, dactinomyxin, daunorubixin, doxorubixin, epirubixin, idarubixin,
ara-C, paclitaxel (TAXOL), mitramyxin, deoxycoformyxin, mitomyxin-C, L-

asparaginaza, interferon (dac biét la IFN-a), etoposit va teniposit.

Céc thudc ddc t& bao khac bao gém navelben, CPT-11, anastrazol, letrazol,

capexitabin, reloxafin, xyclophosphamit, ifosamit va droloxafin.
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Ciing thich hop 1a cac chét doc t& bao nhu epidophyllotoxin; enzym chéng ung
thu; chét (e ché topoisomeraza; procarbazin; mitoxantron; phurc chét phdi hop platin
nhu cis-platin va carboplatin; chét cai bién déap lai sinh hoc; chét e ché phat trién;

thudc diu tri khang hormon; leucovorin; tegafur; va yéu to phét trién tao mau.

Thubc chéng ung thu khéac bao gbm diéu tri khang thé nhu trastuzumab
(Herceptin), khang thé dbi v6i phan ti cing kich thich nhw CTLA-4, 4- IBB va PD-I
hoic khang thé db6i véi xytokin (IL-10, TGF-B, v.v.). Thudc chéng ung thu khéc con
bao gém thubc e ché sy di tri cla té bao mién dich nhu chit dbi khang véi thu thé

chemokin, k& ca CCR2 va CCRA4.

Thubc chéng ung thu khac con bao gdm thudc 1am ting hé mién dich nhu t4

duoc hodc chat di chuyén té bao T nudi dudng.

Vécxin chéng ung thu bao gdm té bao dudi gai, peptit tdng hop, vicxin ADN

va virut téi to hop.

Céac phuong phap dé st dung an toan va hiru hiéu phén 16n cac thubc hoa tri
liéu nay 1a da biét dbi v6i cac ngudi co trinh @ trung binh trong linh vye. Ngoai ra,
viéc st dung chiing dugc mo ta trong tai li€u chudn. Vi du, viéc sit dung nhidu thubc
héa tri lidu dugc mo ta trong tai liéu “Physicians' Desk Reference” (PDR, vi du, 1996

edition, Medical Economics Company, Montvale, NIJ).
Dugc phém va dang lidu

Khi dugce st dung lam dugc phém, hop chét theo sang ché c6 thé dugc st dung
dudi dang dugc pham ma 1a hdn hop cta hop chit theo sang ché va chit mang dugc
dung. Dugc phim nay c6 thé dugc bao ché theo cach da biét o trong linh vyc duge va
c¢6 thé duoc st dung bing cic dudng khac nhau, tily vao mong mudn didu tri cuc bd
ho#c toan than va tiy vao vung dugc diéu tri. Viéc st dung c6 thé 1a cuc bd (ké ca mét
va cho mang nhay bao gbdm phan phdi trong miii, &m dao va tryc trang), phéi (vi du,
bang céach hit hodc bom bot hodc sol khi, bao gdm bang may khi dung; trong khi quan,
trong mili, biéu bi va qua da), trong mét, qua dudng miéng hodc ngoai dudng tiéu hoa.

Phuong phap dé phan phéi trong miét c6 thé bao gdm sir dung cyc bd (thubc nhod mit),
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du¢i mang két, quanh mét hodc tiém thiy tinh dich hodc dua vao bang éng thong c6
qua bong hodc phiu thuét chén nhan khoa dit trong tii mang két. Str dung ngoai
dudng ti€u hoa bao gbm tiém hodc truyén trong tinh mach, trong dong mach, dudi da,
trong mang bung hodc trong bép; hotic st dung trong so, vi du, trong v6 hodc trong
tAm thét. St dung ngodi dudng tiéu héa c6 thé dudi dang lidu don cao hogc c6 the
bing bom tudi lién tuc ching han. Dugc phim d st dung cuc bd co thé bao gdm
miéng déan qua da, thudc m&, thudc xtc, kem, gel, thudc nhd giot, thudc dan, thudc xit,
thubc nude va thude bot. Chat mang duge thong thuong, nén chtra nudc, bdt hoic nén

chira diu, chit 1am dic va cac chat twong ty ¢6 the can thi€t hodc mong muon.

Sang ché ciing bao gbém duge pham chtra mot hodc nhiéu hop chét theo sang
ché néu trén két hop véi mot hodc nhiéu chit mang dugc dung lam hoat chét. Dé san
xuét dugc phém theo séng ché, hoat chit thuong dugc tron véi td duoc, duge pha
loding bing t4 dugc hodc dugc bao gbm trong chit mang nay dudi dang vién nang, goéi
nho, gidy hodc dung cu chira khac ching han. Khi t4 dugc 1am chét pha loang, n6 c6
thé 1a nguyén li€u rén, ban rin hoic 1éng, ma 1am chét din, chit mang hodc mdi trudong
cho hoat chit. Do d6, dugc phrflm 6 thé duédi dang vién nén, vién tron, bot, vién thube
hinh thoi, g6i nho, vién nhdng, con ngot, hdn dich, nhii dich, dung dich, sird, sol khi (&
dang chét r&n hodc trong mdi truong 16ng), thube m& chtra t6i da 10% khdi lugng hoat
chét, vién nang gelatin mém va cing, thubc dan, dung dich tiém vo tring va bot dong

g06i vo trung.

Pé bao ché dugc phdm, hoat chat c6 thé dugc nghién dé tao ra ¢ hat thich hop
trude khi két hop véi céc thanh phén khac. Néu hoat chit gin nhu khong tan, hop chét
nay co thé dugc nghién thanh c& hat nhé hon 200 15 ray. Néu hoat chét gin nhu tan
dugc trong nudce, cd hat ¢ thé dugc diéu chinh bang cach nghién dé tao ra su phan bb

trong dugc phim gin nhu ddng nhét, vi du khoang 40 16 ray.

Mot vai vi du vé t4 dugc thich hgp bao gém lactoza, dextroza, sucroza, sorbitol,
manitol, tinh bdt, gdm acaxia, canxi phosphat, alginat, tragacanth, gelatin, canxi
silicat, xenluloza vi tinh thé, polyvinylpyrolidon, xenluloza, nudc, sir6 va metyl
xenluloza. Ngoai ra, dugc phim c6 thé bao gdm: chit 1am tron nhu bot talc, magie

stearat va dau khoang; chét tao 4m; chit nhii héa va chét tao hdn dich; chét bao quan
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nhu metyl- va propylhydroxy-benzoat; chét tao ngot; va chit tao mui vi. Dugc phim
theo sang ché co thé duge bao ché @ tao ra hoat chét giai phong cham, giai phong kéo
dai hoic giai phéng nhanh sau khi str dung cho bénh nhan bang cach st dung quy trinh

d3 biét trong linh vuc nay.

Dugc phdm c6 th dugc bao ché duéi dang lidu don vi, mbi lidu chura hoat chét
v6i lugng nam trong khoéng tir 5 dén 100mg, thong thudng hon 1a tir 10 dén 30 mg.
Thuat ngir “dang lidu don vi” dung dé chi 1iéu riéng biét thich hop duéi dang lidu don
vi cho dbi tugng nguoi va cac dong vét cé vu khac, mdi don vi chira Iwvgng xac dinh
treéc ctia hoat chét duoc tinh toén dé tao ra tac dung diéu tri mong mudn, két hop véi

t4 duoc thich hop.

Hoat chét c6 thé hitu hiéu trong khoang liéu rong va thuong duge sir dung v6i
lugng hitu hiéu dugc. Tuy nhién, cAn hidu ring lwong hop chit duoc sir dung thue té
thudng dugc xic dinh boi bac si, theo cic trudng hop thich hop, bao gém tinh trang
can duoc diéu tri, duong st dung dugc chon, hop chét thuc té dugc st dung, tudi, can
ning va dap lai cia ting bénh nhén, muc d6 ning cua triéu ching cia bénh nhén va

cac yeu to tuong tu.

Pé bao ché duoc phém dang r&n nhu vién nén, hoat chét chu yéu duogc tron véi
t4 dugc dé tao ra tién duge phim dang rén chtra hdn hop dong nhit cta hop chit theo
sang ché. Khi dé cap dén tidén duoc phdm duéi dang ddng nhét, hoat chét thudng dugc
phén tan déu khép duoc phim sao cho dugc phim c6 thé d& chia nhé thanh cac dang
lidu don vi hitu hiéu biang nhau nhu vién nén, vién trén va vién nang. Tién dugc phim
ran ndy sau d6 dugc chia thanh cdc dang liéu don vi c6 dang néu trén chira hoat chét

theo sang ché véi lugng ndm trong khoang tir 0,1 dén 500 mg.

Vién nén hodc vién tron theo sang ché c6 thé dugc bao hoic mat khac dugc Kkét
hop dé tao ra dang lidu c6 wu diém tac dong kéo dai. Vi dy, vién nén hodc vién tron cé
thé chira thanh phan liu bén trong va thanh phan lidu bén ngoai, thanh phén bén ngoai
duéi dang 16p bao 1én thanh phan bén trong. Hai thanh phan nay c6 thé dugc tach bang
mot 16p tan trong rudt ma cd thé chéng lai sw phan huy trong da day va cho phép thanh

phin bén trong di qua nguyén ven vao ta trang hodc dugc giai phong chdm. Cac
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nguyén liéu khac nhau ¢é thé dugce st dung lam 16p bao tan trong rudt hodc 16p bao
ndy, cdc nguyén li€u nay bao gdbm mot sb axit polymeric va hdn hgp céc axit

polymeric véi cac nguyén liéu ndy duéi dang senlac, ruou xetylic va xenluloza axetat.

Dang 16ng trong d6 hop chét va dugc phdm theo sang ché c6 thé duge dua vao
dé st dung qua dudng miéng hodc bang cach tiém bao gdm dung dich chira nudc, sird
¢6 mui vi thich hop, hdén dich chira nude hodc chira diu va nhil dich c6 mui thom véi
dau #n dugc nhu dau hat bong, dau vimng, dAu dira hoic dau lac, ciing nhu cdn ngot va

chét dan dugc tuong tu.

Dugc phdm dé hit hodc bom bao gbm dung dich va hdn dich trong dung moéi
hitu co hodc chira nuéc duge dung hodc cac hdn hop cia ching va thudc bot. Dugc
phim 16ng hoic rin ndy co thé chira t4 dugc dugc dung nhu néu trén. Theo mot s6
phuong an, dugc phim dugc st dung qua dudng miéng hodc duong hé hap qua miii dé
tac dung cuc bd hodc toan than. Dugc phim c6 thé dugc dung chay khi dung bing
cach st dung cdc khi tro. Dung dich c6 thé dugc chay khi dung co thé dugc hit truc
tiép tir dung cu khi dung hodc dung cu khi dung c6 thé duoc gén vao mat na hoac may
thd ap suét duong tinh gian doan. Dugc phém dang dung dich, hdn dich ho#c bot ¢
thé dugc st dung qua dudng miéng hoic dudng mii tir cac dung cu ma phén phbi

dugc pham theo cach thich hop.

Luong hop chét hodc dugc phim dugc st dung cho bénh nhéan s& thay dbi thy
thudc vao loai nao dugce sir dung, muc dich st dung, nhu phong nglra hodc diéu tri,
tinh trang bénh cia bénh nhén, cach st dung va cac yéu td tuong tu. pé diéu tri, duoc
phém c6 thé dugc st dung cho bénh nhan da méc bénh véi lugng du dé chira bénh
ho#c lam ngung it nhat 1a mot phan céc triéu chimg clia bénh va cac bién ching cla
n6. Lidu hiru hiéu sé& ty thudc vao tinh trang bénh duoc diéu tri cting nhu quyét dinh
cta thiy thudc 14m sang tuy vao cac yéu td nhu mtc dd nghiém trong cla bénh, tudi,

cAn nang va tinh trang chung ciia bénh nhan va cac yéu t0 tuong tu.

Dugc phim duoc sit dung cho bénh nhan co thé duéi dang duoc phim néu trén.
Céc duge phdm nay co thd dugc vo trung bang céc k§ thudt vo tring thong thuong

hodc ¢é thé dugc loc vo trung. Dung dich chira nude c6 thé dugc dong goi dé st dung
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nhu duoc khd lanh nhanh, dugce phém dugc kho lanh nhanh duoc két hop véi chét
mang chira nudc vo trung trude khi st dung. Do pH cia duoc pham thudng nim trong
khoéng tir 3 dén 11, tt hon 1a tir 5 dén 9 va tét nhit 1 tir 7 dén 8. Can hiéu ring viéc
stt dung mot sb ta dugc, chit mang hoic chit &n dinh néu trén sé tao ra mudi duge

dung.

Lidu didu tri cta hop chét theo séng ché c6 thé thay doi theo viéc sir dung cu thé
ma viéc didu tri duge tao ra, cach str dung hop chét, sttc khoe va tinh trang bénh cla
bénh nhan va quyét dinh cia thdy thudc ké don ching han. Ty 1& hodc luong hop chét
cta sang ché trong dugc phim c6 thé thay ddi tiy vao mot s6 yéu t6 bao gbm liéu, tinh
chét héa hoc (vi du, tinh ky nuéc) va duong st dung. Vi dy, hop chét theo sang ché ¢
thd duogc tao ra trong dung dich dém sinh Iy chira nuGc chira hop chét dé st dung ngoai
dudng tiéu hoa véi lugng nim trong khoang tir 0,1 dén 10% khéi luong/thé tich. Mot
s6 khoang liéu thong thuong nam trong khoang tir 1pg/kg dén 1g/kg trong luong co
thé mbi ‘ngéy. Theo mdt sb phuong 4an, khoang lidu nay ndm trong khoang tir
0,01lmg/kg dén 100mg/kg trong luong co thé mbi ngay. Lidu nay c6 thé tiy thudc vao
cac bién sb 12 loai va mirc do tién trién ctia bénh hoic 161 loan, tinh trang stc khoe
tbng thé ciia bénh nhéan cu thé, hiéu qua sinh hoc trong déi cua hop chét dugc chon,
dugc phdm chira t4 duge va dudong sit dung cua no. Lidu hitu hiéu c6 thé dugc ngoai
suy tir dudng cong dép lai lidu duge tao ra tir hé th nghiém mo hinh in vitro hoac

dong vat.

Hop chét theo sang ché ciing c6 thé dugc bao ché két hop véi mot hodc nhiéu
hoat cht khac ¢6 thé bao gdm dugc chit bat ky nhw chét khang virut, vécxin, khing
thd, chat tang cudng mién dich, chét &rc ché mién dich, chét chéng viém va cac nhom

tuong tu.
Hop chit dugc danh d4u va phuong phép thir nghiém

Khia canh khéc theo sang ché dé cap dén thudc nhuém huynh quang, hop chét
theo sang ché dugc danh ddu phéng xa hodc kim loai ndng, nhén quay quang, ma hitu
ich khong chi trong viéc tao hinh ma con trong céc thir nghiém, ca in vitro va in vivo,

dé dinh vi va dinh lvgng enzym IDO trong mAu mo, ké ca ngudi va dé nhan dang phéi
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tr enzym IDO bang cach trc ché lién két cua hop chéit duge dénh diu. Do d6, sang ché

bao gbém thir nghiém enzym IDO ma chira hop chét dugc danh du nay.

Séang ché con bao gbm hop chét c6 cong thirc I dugce danh du bing chét dong
vi. Hop chét “ddng vi” hodc “dénh diu phéng xa” 1a hop chit theo sang ché ma mot
hodc nhidu nguyén tit dugc thay thé hogc dugc thé bang mot nguyén ti 6 khéi luong
nguyén ttr hodc s6 khéi lugng khac véi khéi lugng nguyén tir hodc s6 khéi thuong thdy
trong tw nhién (cu thé, ton tai trong tu nhién). Ddng vi phéng xa thich hop ma c6 thé
dugce dua trong cac hop chit theo sang ché bao gdm nhung khong gi6i han & ’H (con
dwoc viét 13 D dbi vei doteri), 3H (con viét 1a T déi véi triti), ''C, °C, *C, PN, PN,
150, 170, 180, 18F, 358, 3Cl, $2Br, *Br, Br, "'Br, 123] 1241 125] 3 B3], Nuclit phéng xa
ma duogc dua vao hop chét dugc danh ddu phong xa sé& tily thudc vao tmg dung cu thé
cua hop chit dugc d4nh dau phoéng xa. Vi du, ddi v6i thir nghiém canh tranh va dénh
diu enzym IDO in vitro, hop chét ma dwa 3H, “C, 8Br, 121, 1 hodc *°S vao s&
thudng 12 hitu ich nhat. Ddi v6i tng dung tao hinh phéng xa, c, 18p 1251 1237 1247

131, 5By, "Br hodc "’Br s& thuong 12 hitu ich nhét.

CAn hiéu ring “hop chét duoc danh déu phéng xa” hodc “hop chét duoc danh

diu” 12 hop chit ma da dua vao it nhit mdt nuclit phéng xa. Theo mot s6 phuong 4n,

nuclit phéng xa dugc chon tir nhém gdm H, *C, 'L, S va 82Br.

Phuong phap tong hop dé dua cac ddng vi phong xa vao hop chét hitu co ¢6 thé

ap dung cho céc hop chét theo sang ché va da biét 5 trong linh vyc nay.

Hop chét dugc dénh ddu phong xa theo sang ché c6 thé dugc st dung trong thir
nghiém sang loc dé nhan dang/danh gia cac hop chit. Trong thuét ngir théng thudng,
hop chit méi dugc tong hop hodc nhan dang (ttc 13, hop chét thir nghiém) c6 thé duoc
danh gia vé kha ning cta no6 lam giam lién két ciia hop chit dugce danh ddu phéng xa
theo sang ché v6i enzym IDO. Do d6, kha nang cua hop chét tht nghiém canh tranh
v6i hop chét duge danh d4u phéng xa dé tc ché enzym IDO tuong quan truc tiép voi

4i luc lién két cta no.

Kit
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Séang ché con bao gbm kit dugc dyng hitu ich dé phong ngtra hodc diéu tri bénh
hodc r6i loan lién quan dén IDO, chimg béo phi, bénh tiéu duong va céc bénh khac
dugc dé cdp & day chéng han, kit nay bao gém mot hoac nhiéu dung cu chtra chira
duoc phém chira lugng diéu trji hitu hiéu cta hop chit theo séng ché. Kit nay co6 thé
con bao gbm, néu muén, mot hodc nhidu céc thanh phan kit thong thudng khac nhau,
nhu dung cu chira v6i mot hodc nhiéu chét mang dugc dung, cdc dung cu chira khac,
v.v., s& rd rang d6i v6i cac ngudi c6 trinh do trung binh trong linh vyc nay. Hudéng dan
sit dung, duéi dang t& in 01 hodc nhan, chi 6 lugng thanh phén dugc st dung, huéng

dan st dung, va/hodc hudéng dAn dé tron cac thanh phﬁn, cling co thé c6 trong Kkit.

Sang ché s& dugc md ta chi tiét hon bang cac vi du cu thé. Céc vi du sau duoc
dua ra d& minh hoa va khéng dugc du dinh gidi han pham vi cua sang ché theo cach
bét ky. Cac ngudi c6 trinh d9 trung binh trong linh vuc nay s€ d& dang thira nhin cac
thong sb khong t6i han khac nhau ma c6 thé dugc thay dbi hodc cai bién dé vé co ban
tao ra két qua gibng nhau. Céc hop chét trong cic vi du dugc thiy 1a chit e ché IDO

theo mdt hodc nhiéu tht nghiém dugc néu & day.
Vi du thwe hién sang ché
Vidul

4-({2-[(Aminosulfonyl)amino]etyl} amino)-N-(3 -bromo-4-flophenyl)-N'-hydroxy-

1,2,5-oxadiazol-3-carboximidamit

Buéc A: 4-Amino-N'-hydroxy-1 ,2.5-oxadiazol-3-carboximidamit
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;;DI-E

HzN \E—H\NHQ

NSD,%M

B sung malononitril [san phim Aldrich # M1407] (320,5g, 5mol) vao nuGe
(7L) dugc gia nhiét so bd dén 45°C va khudy trong 5 phut. Lam lanh dung dich thu
duogc trong bé nuéc da va bd sung natri nitrit (380g, 5,5mol). Khi nhiét 46 dat 10°C, )
sung axit clohydric 6N (55mL). Thiy phan tng tdéa nhiét nhe véi nhiét do dat 16°C.
Sau 15 phit, bé lanh dugc loai bo va hdn hop phan tng duoc khudy trong thoi gian 1,5
gio ¢ nhiét do tir 16 dén 18°C. Hon hop phan ung dugc 1am ngudi dén 13°C va dung
dich hydroxylamin 50% (990g, 15mol) dugc bd sung vao cing mot lac. Nhiét do duge
tang dén 26°C. Khi phan tmg téa nhi¢t gidm, bé lanh duoc loai bo va khudy tiép trong
thosi gian 1 it & nhiét do ndm trong khoang tlr 26 dén 27°C, sau d6 phan img dugc hoi
lwu tir tir. Sy hdi lvu dugc duy tri trong thoi gian 2 gi¢ va sau do hdn hop phan tGng
dugc d& ngudi qua dém. Hon hgp phéan tng dugc khudy trong bé nuéc da va axit
clohydric 6N (800mL) duoc bd sung timg phan trong thoi gian 40 phit dén @6 pH=7,0.
Khudy tiép trong bé nude d4 & nhiét do 5°C. Két tia duge thu gom bang cach loc, rira
k§ bang nudc va dugc 1am kho trong 16 chén khong (50°C) dé tao ra san phdm mong
muén (644g, 90%). LCMS dbi v6i CsHeNsO» (M+H)": m/z=144,0. *C NMR (75
MHz, CD;0D): § 156,0, 145,9, 141,3.

Budc B: 4-Amino-N-hydroxy-1,2,5-oxadiazol-3-carboximidoyl clorua

B6 sung 4-amino-N'-hydroxy-1,2,5-oxadiazol-3-carboximidamit (422¢,
2,95mol) vao hdn hgp chtra nudce (5,9L), axit axetic (3L) va axit clohydric 6N (1,475L,
3 duong lugng) va huyén phi nay dugc khudy & nhiét do nam trong khoang tir 42 dén
45°C cho dén khi thu dugc dung dich hoan chinh. Bé sung natri clorua (518g, 3 duong
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lugng) va dung dich nay duoc khudy trong bé nuéc da/nude/metanol. B6 sung dung
dich chura natri nitrit (199,5g, 0,98 duong luong) trong nude (700mL) trong thoi gian
3,5 gits trong khi gitt nhiét d6 dudi 0°C. Sau khi b sung xong, khudy tiép trong bé
nuéc da trong thoi gian 1,5 gio va sau do hdn hop phan tmg dugc gia nhiét dén 15°C.
Két tia dugc thu gom bang cach loc, rira k¥ bang nudc, dugc cho vao etyl axetat
(3,4L), xu ly bang natri sulfat khan (500g) va khudy trong thoi gian 1 gio. Huyén phi
nay dugc loc qua natri sulfat (200g) va nuéce loc dugce cd bang thiét bi 1am bay hoi
quay. Cin duge hoa tan trong metyl t-butyl ete (5,5L), xu Iy bang than (40g), khudy
trong thoi gian 40 phit va loc qua Xelit. Dung mdi dugc loai bo trong thiét bi 1am bay
hoi quay va san pham thu duge dwgc 1am kho trong 16 chén khong (45°C) dé tao ra san
phdm mong muén (256g, 53,4%). LCMS dbi v6i C3HsCIN4O2 (MHH)™: m/z=162.9,
13C NMR (100 MHz, CD30D): § 155,8, 143,4, 129,7.

Buéc C: 4-Amino-N'-hydroxy-N-(2-metoxyetyl)-1,2,5-oxadiazol-3-carbox-

imidamit

+OH

4 N
f %W H
(8]

4-Amino-N-hydroxy-1,2,5-oxadiazol-3-carboximidoyl clorua (200,0g, 1,23mol)
duoc tron véi etyl axetat (1,2L). O nhiét d6 nam trong khoang tir 0 dén 5°C, bd sung
timg phén 2-metoxyetylamin [san phim Aldrich # 143693] (119,0mL, 1,35mol) trong
khi khudy. Nhiét d phan tmg duge ting dén 410°C. Phan tmg dugc lam lanh dén nhiét
d6 nam trong khoang tir 0 dén 5°C. Trietylamin (258mL, 1,84mol) dugc bd sung. Sau
khi khudy trong thoi gian 5 phut, LCMS chi ra phan tng két thuc. Dung dich phan ting
duoc rira bang nuéc (500mL) va nudce mudi (500mL), dugce 1am khd bang natri sulfat
va ¢b 8 tao ra san phim mong mudn (294g, 119%) 1a dau thd sdm mau. LCMS abi
v6i CeH1aNsO3 (M+H)*: m/z=202,3. 'H NMR (400 MHz, DMSO- ds): 8 10,65 (s, 1
H), 6,27 (s, 2 H), 6,10 (t, J= 6,5 Hz, 1 H), 3,50 (m, 2 H), 3,35 (d, J=5,8 Hz, 2 H), 3,08
(s, 3 H).
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Busc Dt N'-Hydroxy-4-[(2-metoxyety1)amino]-1,2,5-oxadiazol-3-carb0x-

imidamit

4-Amino-N'-hydroxy-N-(2-metoxyetyl)-1,2,5-oxadiazol-3 -carboximidamit

(248,0g, 1,23mol) dugc tron véi nude (1L). B sung kali hydroxit (210g, 3,7mol).
Phan tng duogc hdi Iy & nhiét do 100°C qua dém (15 giv). TLC véi 50% etyl axetat
(chtra 1% amoni hydroxit) trong hexan chi ra phén Ung két thuc (san phdm Rf= 0,6,
nguyén liéu ban dau Rf=0,5). LCMS ciing chi ra phan ing két thiic. Phan ung duge
1am ngudi dén nhiét 4 trong phong va chiét bang etyl axetat (3 x 1L). Dung dich etyl
axetat thu gom duoc lam kho bang natri sulfat va co d8 tao ra san phdm mong mudn
(201g, 81%) dudi dang chit rin tho mau trang nhd. LCMS dbi v6i CeHioNsO3
(M+H)*: m/z=202,3 'H NMR (400 MHz, DMSO- d¢): 8 10,54 (s, 1 H), 6,22 (s, 2 H),
6,15 (t, J= 5,8 Hz, 1 H), 3,45 (t, J= 5,3 Hz, 2 H), 3,35 (m, 2 H), 3,22 (s, 3 H).

Buéc E:  N-Hydroxy-4-[(2-metoxyetyl)amino]-1 ,2,5-oxadiazol-3-carbox-

imidoyl clorua

O nhiét do trong phong, N'-hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-
3. carboximidamit (50,0g, 0,226mol) dugc hoa tan trong dung dich axit clohydric
6,0M (250mL, 1,5mol). B sung natri clorua (39,5g, 0,676mol), 1oi dén nude (250mL)
va etyl axetat (250mL). & nhiét 6 nim trong khoang tir 3 dén 5°C, bd sung vao tir tir
dung dich chtra nuéc dugc didu ché truéc d6 (100mL) cua natri nitrit (15,0g,
0,217mol) trong thoi gian 1 gid. Phan timg duoc khudy & nhiét do nam trong khoang tir

3 dén 8°C trong thoi gian 2 gid va sau d6 & nhiét do trong phong trong cubi tuan.
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LCMS chi ra phan ung két thac. Dung dich phan tng dugc chiét bing etyl axetat (2 x
200mL). Dung dich etyl axetat thu gom duoc lam kho bing natri sulfat va cd dé tao ra
san phdm mong mudn (49,9g, 126%) dudi dang chét rin mau tring nhd. LCMS d6i
v6i CeH1oCINGO3 (M+H)": m/z=221,0, 'H NMR (400MHz, DMSO- de): 8 13,43 (s, 1
H), 5.85 (t, J= 5,6 Hz, 1 H), 3,50 (t, J= 5,6 Hz, 2 H), 3,37(dd, J= 10,8, 5,6 Hz, 2 H),
3,25 (s, 3 H).

Buéc F: N-(3-Bromo-4-flophenyl)-N'-hydroxy-4-[(2-metoxyetyl)amino]- 1,2,5-

oxadiazol-3-carboximidamit
#OH o~ F
DU
o " ﬁ\w Br
NN T
Neg

N-Hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3 -carboximidoyl clorua
(46,0g, 0,208mol) dugc tron voi nude (300mL). Hon hop dugc dun néng dén nhiét do
60°C. Bb sung 3-bromo-4-floanilin [cdc san phim Oakwood, san phim # 013091]
(43,6g, 0,229mol) va khudy trong thoi gian 10 phut. Bb sung dung dich natri
bicacbonat 4m (26,3g, 0,313mol) (300mL nuéc) trong thoi gian 15 phtt. Phan tng
duoc khudy & nhiét 0 60°C trong thdi gian 20 phit. LCMS chi ra phan tng két thuc.
Dung dich phan ung duoc lam ngudi dén nhiét do trong phong va chiét bing etyl
axetat (2 x 300mL). Dung dich etyl axetat thu gom dugc lam khé bang natri sulfat va
c6 d& tao ra san phim mong mubn (76,7g, 98%) dudi dang chét rin thd mau nau.
LCMS déi véi CiHisBrFNsOs (M+H)": m/z=374,0, 376,0. 'TH NMR (400 MHz,
DMSO-ds): § 11,55 (s, 1 H), 8,85 (s, 1 H), 7,16 (t, J= 8,8 Hz, 1 H), 7,08 (dd, J= 6,1,
2,7 Hz, 1 H), 6,75 (m, 1 H), 6,14 (t, J= 5,8 Hz, 1 H), 3,48 (t, J= 5,2 Hz, 2 H), 3,35 (dd,
J=10,8, 5,6 Hz, 2 H), 3,22 (s, 3 H).

Buéce G: 4-(3-Bromo-4-flophenyl)-3- {4-[(2-metoxyetyl)amino]-1,2,5-
oxadiazol-3-yl}- 1,2,4-oxadiazol-5(4H)-on
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Hon hop chira N-(3 -bromo-4-flophenyl)-N'-hydroxy-4-[(2-metoxyetyl)-amino]-
1,2,5-oxadiazol-3-carboximidamit (76,5g, 0,204mol), 1,1’-carbonyldi-imidazol (49,7g,
0,307mol) va etyl axetat (720mL) duoc dun néng dén nhiét do 60°C va khudy trong
thori gian 20 phit. LCMS chi ra phan tmg két thic. Phan tmg dwoc 1am ngudi dén nhiét
do6 trong phong, rra bang HCI IN (2 x 750mL), dugc lam kho bang natri sulfat va co
d8 tao ra san phAm mong mudn (80,4g, 98%) dudi dang chét rin thd mau nau. LCMS
d6i véi C13H12BrFNsO4 (M+H)": m/z=400,0, 402,0. 'H NMR (400 MHz, DMSO-dg): &
7,94 (t, J= 8,2 Hz, 1 H), 7,72 (dd, J= 9,1, 2,3 Hz, 1 H), 7,42 (m, 1 H), 6,42 (¢, J= 5,7
Hz, 1 H), 3,46 (t, J= 5,4 Hz, 2 H), 3,36 (t, J= 5,8 Hz, 2 H), 3,26 (s, 3 H).

Budce H: 4-(3-Bromo-4-flophenyl)-3-{4-[(2-liydroxyetyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on

o) Y=o
A\ .
M. N
o

b

4-(3-Bromo-4-ﬂ0phenyl)-3-{4-[(2-met0xyety1)amino]-1,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-on (78,4g, 0,196mol) dugc hoa tan trong diclometan (600mL).
3 nhiét 6 -67°C, bd sung bo tribromua (37mL, 0,392mol) trong thoi gian 15 phut.
Phén ing dugc gia nhiét dén -10°C trong thoi gian 30 phut. LCMS chi ra phan ung Kkét
thic. Phan ing dugc khudy & nhiét do trong phong trong thoi gian 1 gio. O nhiét do tir
0 dén 5°C, phan ung dugc dép t4t tir tir bang dung dich natri bicacbonat bdo hoa (1,5L)
trong thoi gian 30 phut. Nhiét d6 phan ung dugc ting dén 25°C. Phan ung dugc chiét
bing etyl axetat (2 x 500mL, 16p hitu co chiét 14n thir nhét 1a & ddy va 16p hitu co chiét
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14n tht hai & dinh). L6p hitu co két hop dugc 1am kho bang natri sulfat va cd dé tao ra
san phim mong mubn (75g, 99%) duéi dang chit rin thd mau niu. LCMS dbi véi
C12H10BrFNs04 (M+H)*: m/z=386,0, 388,0. 'H NMR (400 MHz, DMSO-ds): & 8,08
(dd, J= 6,2, 2,5 Hz, 1 H), 7,70 (m, 1 H), 7,68 (t, J= 8,7 Hz, 1 H), 6,33 (t, J= 5,6 Hz, 1
H), 4,85 (t, J= 5,0 Hz, 1 H), 3,56 (dd, J= 10,6, 5,6 Hz, 2 H), 3,29 (dd, J= 11,5, 5,9 Hz,
2 H).

Buéc I: 2-({4-[4-(3-Bromo-4-flophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-

yl]-1,2,5-oxadiazol-3-yl}amino)etyl metansulfonat

B& sung nho giot metansulfonyl clorua (185mL, 2,4mol) trong dung dich chua
4-(3-bromo-4-flophenyl)-3-{4-[(2-hydroxyetyl)amino]-1 ,2,5-oxadiazol-3-yl}-1,2,4-
oxadiazol-5(4H)-on (1,5kg, 3,9mol, ciing chira mot phén hop chit bromo tuong (ng)
trong etyl axetat (12L) trong thoi gian 1 gi& ¢ nhiét o trong phong. Bb sung nhé giot
trietylamin (325mL, 2,3mol) trong thoi gian 45 phut, trong khoang thoi gian nay, nhi€t
d6 phan tng tang 1én 35°C. Sau 2 gio, hdn hop phan Gng dugc rira bang nuéc (5L),
nuée mudi (1L), duoc 1am khod bang natri sulfat, két hop v6i 3 phéan Gng nita c6 cung
lugng va dung mdi dugc loai bo trong chan khong @ tao ra san pham mong mudn
(7600g, h1eu suét dinh luong) duéi dang chit rin mau ndu vang nhat. LCMS dbi voi
C1sH11BrFNsO6SNa (M+Na)*: m/z=485,9, 487,9. 'H NMR (400 MHz, DMSC- de): ©
8,08 (dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,75 (t, J- 5,9
Hz, 1 H), 4,36 (t, J= 5,3 Hz, 2 H), 3,58 (dd, J= 11,2, 5,6 Hz, 2 H), 3,18 (s, 3 H).

Buéc J:  3-{4-[(2-Azidoetyl)amino]-1,2,5-oxadiazol-3-y1}-4-(3 -bromo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on
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Bé sung natri azit (380g, 5,84mol) vao vao dung dich chia 2-({4-[4-(3-bromo-
4-ﬂophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-0xadiazol-3-y1}-
amino)etyl metansulfonat (2,13kg, 4,6mol, ciing chira mot phén hop chét bromo tuong
tmg) trong dimetylformamit (4L) dang khudy trong binh 22L. Phan Gng dugc dun
néng & 50°C trong thoi gian 6 gid, rét vao nude dé/nudce (8L) va chiét bang etyl
axetat:heptan ty 16 1 : 1 (20L). Lép hitu co duge rua bing nuéc (5L) va nude mudi
(5L) va dung mdi dugc loai bo trong chin khong @ tao ra san phdm mong mudn
(1464¢, 77%) dudi dang chét rin mau nau vang. LCMS d6i v6i Ci2HsBrFNzO3Na
(M+Na)*: m/z=433,0, 435,0. 'TH NMR (400 MHz, DMSO-ds): & 8,08 (dd, J=6,2, 2,5
Hz, 1 H), 7,72 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,75 (t, J= 5,7 Hz, 1 H), 3,54 (t, J=
5,3 Hz, 2 H), 3,45 (dd, J=11,1, 5,2 Hz, 2 H).

Busc K: 3-{4-[(2-Aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroclorua

Bd sung natri iodua (1080g, 7,2mol) vao 3-{4-[(2-azidoetyl)amino]-1,2,5-
oxadiazol-3-y1}-4-(3-bromo-4-flophenyl)-1,2,4-oxadiazol-5(4H)-on (500g, 1,22mol)
trong metanol (6L). Hon hgp nay duge khudy trong thoi gian 30 phut trong khoang
thoi gian nay quan sat thiy su toa nhiét nhe. B6 sung nhd giot clotrimetylsilan
(930mL, 7,33mol) dudi dang dung dich trong metanol (1L) & tdc d6 sao cho nhiét do
khéng vuot qua 35°C va phan ng duge khudy trong thoi gian 3,5 gio & nhigt d0 moi
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truong. Phan Gng dugc trung hoa bang dung dich 33% khdi lugng chira natri thiosulfat
pentahydrat trong nuéc (~1,5L), pha loéng bang nuée (4L) va do pH duoc diéu chinh
tir tir @én 9 bang kali cacbonat ran (250 g — dugc bd sung timg phin nhé: nhin théy tao
bot). B4 sung di-tert-butyl dicacbonat (318g, 1,45mol) va phan ung duoc khudy &
nhiét do trong phong. B6 sung thém kali cacbonat (200g) v6i ting phén 50g trong thoi
gian 4 gio dé dam bao rang do pH van bang hozc 16n hon 9. Sau khi khudy & nhiét do
trong phong qua dém, chét rin duge loc, nghién vé6i nude (2L) va sau d6 MTBE
(1,5L). Téng cong 11 lan dugc thuc hién (5,5kg, 13,38mol). Chét rén thu gom dugc
nghién véi THF:diclometan ty 1€ 1:1 (24 L, 4 14n trong binh bay hoi quay 20 L, 50°C,
1 gio), loc va rira bang diclometan (3L mdi 1in) dé tao ra chét rén mau tring nho.
Nguyén liéu thd dugc hoa tan & nhigt 4o 55°C tetrahydrofuran (SmL/g), xur ly bing
cacbon khir mau (2% khdi hrong) va silicagel (2% khdi luong) va loc néng qua xelit
dé tao ra san phim duéi dang chét rén mau tring nho (5122g). Nuéc loc MTBE, THF
va diclometan thu gom dugc cd trong chin khong va sic ky (2kg silicagel, heptan v&i
gradien etyl axetat tir 0 dén 100%, 30L) dé tao ra thém san pham (262g). Chét ran thu
gom dugc lam khd dén trong lwong khong dbi trong 10 dbi luu (5385g, 83%).

BS sung tlng phan tert-butyl [2-({4-[4-(3-bromo-4-flophenyl)-5-0x0-4,5-
dihydro-1,2,4-oxadiazol-3-y1]-1,2,5 -oxadiazol-3-yl}amino)etyl]carbamat (2315g,
4,77mol) trong binh 22 L dwgc nap hydro clorua (dung dich 4N trong 1,4-dioxan, 4L,
16mol) dudi dang chét ran trong thoi gian 10 phut. Huyén phu dic duoc khudy & nhiét
d6 trong phong va tlr tlr tré thanh bot nhéo sét ma khong duge khudy. Sau khi qua dém
& nhiét do trong phong, bot nhdo dugc tao huyén phtl dic trong etyl axetat (10L), loc,
tao huyén phu dic lai trong etyl axetat (5L), loc va dugc lam kho dén trong luong
khong dbi @8 tao ra san phidm mong mudn duéi dang chit rin mau tréng (két hop véi
cac 1an khic, Skg nguyén lidu ban ddu dugc nap, 4113g, 95%). LCMS dbi voi
C1H1BrFNgO; (M+H)": m/z=384.9, 386,9. '"H NMR (400 MHz, DMSO-de): 8 8,12
(m, 4 H), 7,76 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,78 (t, J= 6,1 Hz, 1 H), 3,51 (dd, J=
11,8, 6,1 Hz, 2 H), 3,02 (m, 2 H).

Budc L: tert-Butyl ({[2-({4-[4-(3-bromo-4-ﬂophenyl)-5-oxo-4,5-dihydro-1,2,4-

oxadiazol- 3-y1]-1,2,5-oxadiazol-3-yl}amino)etyl]amino} sulfonyl)carbamat

-58-



EGCHN fS \lrjém

Binh ddy tron 5L dugc nap closulfonyl isoxyanat [san phim Aldrich # 142662]
(149mL, 1,72mol) va diclometan (1,5L) va lam lanh béng cach st dung bé nude da
dén 2°C. B sung nhé giot tert-Butanol (162mL, 1,73mol) trong diclometan (200mL) &
tdc d0 sao cho nhiét dd khong vugt qua 10°C. Dung dich thu dugce duge khuéy & nhiét
ddo trong phong trong thoi gian tr 30 dén 60 phit dé tao ra tert-
butyl[closulfonyl]carbamat.

Binh 221 duwoc nap 3-{4-[(2-aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-
bromo-4-flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroclorua (661g, 1,57mol) va 8,5L
diclometan. Sau khi 1am lanh dén -15°C bing bé nuéc d4/mubi, bd sung dung dich
tert-butyl [closulfonyl]carbamat (dugc didu ché nhu trén) & téc d6 sao cho nhiét do
khong vuot qua -10°C (thém 7 phit nita). Sau khi khudy trong thoi gian 10 phut, bd
sung trietylamin (1085mL, 7,78mol) & tdc d6 sao cho nhiét do khong vugt qua -5°C
(thém 10 phut nita). Bé lanh duoc loai bd, phan ung duge gia nhiét dén 10°C, chia
thanh hai phdn va trung hoa bing HCI dic 10% (4,5 m&i phan). M&i phan dugc
chuyén vao phéu tach 50L va pha loang bang etyl axetat @8 hoa tan hoan toan chit ran
mau tring (~25L). Céc 16p dugc tach va 16p hitu co dugc ria bang nuéce (5L), nude
mubi (5L) va dung mdi dugc loai bd trong chin khong @2 tao ra chit rin mau tring
nhd. Chét rén nay dugc nghién v6i MTBE (2 x 1,5L) va dugc lam khd dén trong luong
khong dbi dé tao ra chét rén mau tring. Téng cong 4113g nguyén liéu ban du duoc xir
Iy theo cach nay (5409¢g, 98%). '"H NMR (400 MHz, DMSO-ds): 6 10,90 (s, 1 H), 8,08
(dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,59 (t, J= 8,6 Hz, 1 H), 6,58 (t, J= 5,7 Hz, 1
H), 3,38 (dd, J= 12,7, 6,2 Hz, 2 H), 3,10 (dd, J=12,1, 5,9 Hz, 2 H), 1,41 (s, 9 H).

Budc M: N-[2-({4-[4-(3-Bromo-4-flophenyl)-5-oxo0-4,5-dihydro-1,2,4-
oxadiazol-3-yl]- 1,2,5-oxadiazol-3-yl}amino)etyl]sulfamit
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Bb sung timg phan tert-butyl ({[2-({4-[4-(3-bromo-4-flophenyl)-5-0x0-4,5-
dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3 -yl}amino)etyl]amino } sulfonyl)-
carbamat (1931g, 3,42mol) vao binh 22L chira axit trifloaxetic:nuéc ty 1€ 98:2 (8,9L)
trong thoi gian 10 phut. Hon hop thu duge duge khudy & nhiét do trong phong trong
thoi gian 1,5 gid, dung méi duge loai bd trong chén khong va ép xuét v6i diclometan
(2L). Chét rén thu dwoc duge xit 1y 1an thir hai bang axit trifloaxetic:nude ty 18 98:2
(8,9L), dun néng trong thoi gian 1 giy & nhiét d ndm trong khoang tir 40 dén 50°C,
dung moi dugc loai bo trong chian khong va ép xuét v6i diclometan (3 x 2L). Chét ran
mau tring thu duge duge lam khd trong ti sdy chan khong & 50°C qua dém. Tong
cong 5409g duge xit 1y theo cach ndy (4990g, hiéu suat dinh luong). LCMS dbi voi
C12H12BrFN,0sS (M+H)*: m/z=463,9, 465,9. 'TH NMR (400 MHz, DMSO-dg): 6 8,08
(dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,59 (t, J= 8,7 Hz, 1 H), 6,67 (t, J= 5,9 Hz,
IH), 6,52 (t, J= 6,0 Hz, 1 H), 3,38 (dd, J= 12,7, 6,3 Hz, 2 H), 3,11 (dd, J= 12,3, 6,3
Hz).

Bu6c N: 4-({2-[(Aminosulfonyl)amino]etyl}amino)-N-(3 -br0m0‘-4-ﬂ0pheny1)-

N’- hydroxy-1,2,5-oxadiazol-3 -carboximidamit

B6 sung THF (5L) vao hdn hop thd chta N-[2-({4-[4-(3-bromo-4-flophenyl)-5-
ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3 -yl}-amino)etyl]sulfamit
(2,4mol) chira lugng con lai cia axit trifloaxetic dang khudy trong binh 22L. Dung
dich thu duge dugc lam lanh dén 0°C st dung bé nuéc da va bd sung NaOH 2N (4L) &
the do sao cho nhiét do khong vuot qud 10°C. Sau khi khudy & nhiét 4o moi truong
trong thoi gian 3 gid (LCMS chi ra khong con nguyén liéu ban d4u), do pH dugc didu
chinh dén tir 3 dén 4 bing HCI dic (~500mL). THF dugc loai bd trong chan khong va
hdn hop thu duge dugc chiét bing etyl axetat (15L). Lp hitu co duge ria bang nudce

(5L), nudc mudi (5L) va dung mdi dugc loai bo trong chén khong dé tao ra chét ran.
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Chét rin nay duge nghién v6i MTBE (2 x 2L), két hop véi ba phan tng khéc ¢ luong
gidng nhau va dugc 1am khé qua dém trong 10 d6i lru dé tao ra chit rin mau tring
(3535g). Chét rén ndy duoc tai két tinh (3 x binh 22L, nudc: etanol ty 1¢ 2: 1, 14,1L
mdi binh) va dugc 1am khé trong 10 d6i luu & nhiét 4o 50°C dén trong lugng khong d6i
d& tao ra hop chét néu & d& muc nay duéi dang chét rin mau tring nho (3290g, 78%).
LCMS dbi véi CiiHuBrFN704S (M+H)": m/z=437,9, 439,9. 'TH NMR (400 MHz,
DMSO-ds): & 11,51 (s, 1 H), 8,90 (s, 1 H), 7,17 (t, J= 8,8 Hz, 1 H), 7,11 (dd, J= 6,1,
2.7 Hz, 1 H), 6,76 (m, 1 H), 6,71 (t, J= 6,0 Hz, 1 H), 6,59 (s, 2 H), 6,23 (t, I= 6,1 Hz, 1
H), 3,35 (dd, J= 10,9, 7,0 Hz, 2 H), 3,10 (dd, J= 12,1, 6,2 Hz, 2 H).

San phém cudi cing 13 tinh thé rin khan. Ham luong nuéc dugce xac dinh 1a nho
hon 0,1% bdi chuin dd Karl Fischer. Mau nhiéu xa bot tia X (X-ray powder
diffraction - XRPD) dugc x4c dinh (nhifu xa ké bot Rigaku MiniFlex; Cu &
1,054056A v6i bd loc KB; gbc bit dau =3, goc dimg =45, lay miu =0,02, tbc d6 quét
=2) va dugc thé hién trén Fig.1. Danh sach dinh 2-theta dugc néu trong bang 1 dudi
day. Khoang néng chdy cua chét rin dugc x4c dinh bing thiét bi do nhiét lugng bing
tia quét vi sai (Differential Scanning Caloimetry-DSC) Mettler Toledo 822. M32u nay
duoc dun néng dén nhiét do nam trong khoang tir 40°C dén 240°C & tbc d6 dun néng
12 10°C/phut. Bidu dd nhiét DSC (Fig.2) thé hién Tt st & 162,7°C va Tainn & 163,8°C.
Phan tich trong lugng bing nhiét (Thermogravimetric analysis-TGA) (Fig.3) thé hién
su giam trong luong 0,3%, dun nong dén nhiét do nam trong khoang tr 20°C dén

150°C & tdc d6 dun néng 1a 10°C/phut bang cach st dung dung cu TA Q500.

Bang 1

2-theta Chidu cao | % chiéu cao
3,9 74 1,1

7,2 119 1,8

13,4 180 2,8

14,0 150 2,3

15,9 85 1,3

18,4 903 13,9

18,9 1469 22,7
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21,3 519 8
21,8 6472 100
22,7 516 8
23,9 2515 38,9
24,8 804 12,4
253 182 2,8
274 476 74
28,6 354 5,5
29,2 1767 273
29,9 266 41
30,6 773 11,9
31,2 379 5,8
31,6 291 45
32,7 144 2.2
33,5 221 3,4
36,4 469 7.2
37,6 152 2.3
38,7 1381 21,3
41,0 153 2.4
42,1 382 5,9
43,6 527 8,1
44.4 1080 16,7

Vidu2

N-(3-Bromo-4-ﬂopheny1)-N’-hydroxy-4—({2-[(metylsulfonyl)amino] etyl}-

amino)-1,2,5-oxadiazol-3-carboximidamit
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Hop chit néu & d& muc nay dugc diéu ché theo quy trinh cua vi du 17 budc E,
st dung N’-hydroxy-4-({2-[(metylsulfonyl)amino]etyl}amino)-1,2,5-oxadiazol-3-
carboximidamit va 3-bromo-4-floanilin [Oakwood Products, Inc., product # 013091]
lam nguyén liéu ban ddu. LCMS d6i véi C12H1sBrFNsO4S (M+H)*: m/z=437,0, 439,0.
IH NMR (400 MHz, DMSO-ds): & 11,49 (s, IH), 8,90 (s, IH), 7,17 (m, 2H), 7,09 (dd,
J=6,3, 2,5 Hz, IH), 6,26 (t, J= 6,1 Hz, IH), 3,33 (m, 2H), 3,13 (q, J= 6,0 Hz, 2H), 2,89
(s, 3H).

Vidu3

4-({3-[(Aminosulfonyl)amino]propy!l}amino)-N-(3-bromo-4-flophenyl)-N'-

hydroxy-1,2,5-oxadiazol-3-carboximidamit

H

O
H H N
HoMw o o N o~ _-N S~
f)sik [\ ﬁ
00 M. M

G

Buéc A: 3-(4-Amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-flophenyl)-1,2,4-
oxadiazol-5(4H)-on

Hop chéit mong mudn duge diéu ché theo quy trinh cia vi du 5, budc A, su
dung 4-amino-N-(3-bromo-4-flophenyl)-N'-hydroxy-1,2,5-oxadiazol-3-carbox-
imidamit [xem cong bd patent M§ s6 2006/0258719] lam nguyén liéu ban dau v6i hiéu
suit 98%. LCMS déi véi CioHsBrFNsOs (M+H)™: m/z=342,0, 344,0. '"H NMR (400
MHz, DMSO-dg): & 8,06 (dd, J=6,2, 2,5 Hz, 1 H), 7,72 - 7,67 (m, 1 H), 7,58 (dd, J=
8,7, 8,7 Hz, 1 H), 6,60 (s, 2 H).

-63-



38806

Buéc B: N-{4-[4-(3-Bromo-4-flophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-
yl]-1,2,5-oxadiazol-3-y1}-2,2,2-trifloaxetamit

Hop chéit mong muén duge didu ché theo quy trinh cia vi du 5, buéc B, st
dung 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3 -bromo-4-flophenyl)-1,2,4-oxadiazol-
5(4H)-on 1am nguyén lidu ban dAu v6i hiéu suit 81%. LCMS dbi v6i C12HsBrFaNsOs
(M+H)*: m/z=437,9, 439,9. 'H NMR (400 MHz, DMSO-de): 67,92 - 7,89 (m, 1 H),
7,54 - 7,52 (m, 2 H).

Buéc C:  4-(3-Bromo-4-flophenyl)-3-{4-[(3-metoxypropyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on

Dung dich chtta 3-metoxypropan-l-ol [san phim Fluka # 38457] (3,1mL,
32mmol) va triphenylphosphin (8,4g, 32mmol) trong tetrahydrofuran (93mL) ¢ 0°C
duoc xir ly nhd giot bang diisopropyl azodicarboxylat (6,7mL, 34mmol). Hon hop
phan tmg dugc khudy & nhiét d6 0°C trong thoi gian 15 phut, xir Iy bang dung dich
chita N-{4-[4-(3-bromo-4-flophenyl)-5-0x0-4,5-dihydro-1 ,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-y1}-2,2,2-trifloaxetamit (10g, 23mmol) trong tetrahydrofuran (47mL) va
khudy & nhiét do 25°C trong thoi gian 72 gio. Hon hop phan ung dugce cd, pha loang
bing etyl axetat (200mL), xi Iy bing axit trifloaxetic (20mL) va nudc (20mL) va dun
néng & 50°C trong thoi gian 6 gio. Hbn hop phan ung dugc cd, pha loéng lai bang etyl
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axetat (200mL) va rira bang nudce (3 x 80mL), natri bicacbonat bdo hoa (2 x 80mL) va
nuée mudi (80mL), dugc lam khd béng natri sulfat khan, loc va ¢d thanh can tho.
Nguyén liéu nay dugc tinh ché trén silicagel dé tao ra san phim mong mudn (6,4g,
54%) dudi dang chdt rin mau tring. LCMS d6i v6i CiaHuBrfNsOs (M+H)™:
m/z=414,0, 416,0.

Buéc D:  4-(3-Bromo-4-flophenyl)-3-{4-[(3-hydroxypropyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on

o N3
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Dung dich chtra 4-(3-bromo-4-flophenyl)-3-{4-[(3-metoxypropyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on (6,3g, 14mmol) trong diclometan (60mL) &
nhiét do -78°C dugc xu ly b%mg bo tribromua 1M trong diclometan (28mL, 28mmol)
va dugc khudy & nhiét do 25°C trong thoi gian 2 gio. Hon hop phan tng dugc lam lanh
dén 0°C va dép tit bang natri bicacbonat bdo hoa (100mL). Lép nude dugc tach va
chiét bang diclometan (2 x 150mL). L6p hitu co két hop duoc rira bang nudc mudi
(100mL), 1am kho bing natri sulfat khan, loc va c6 thanh chét rin thd mau tring nho.
Nguyén liéu nay duoc tinh ché trén silicagel d tao ra san phim mong mubn (4,0g,
73%) duéi dang chét rin mau tring. LCMS d6i v6i CisHizBrFNsOs (M+H)™
m/z=400,0, 402,0. 'H NMR (400 MHz, DMSO-ds): § 8,07 (dd, J= 6,2, 2,5 Hz, 1 H),
7,72 - 7,68 (m, 1 H), 7,59 (dd, J= 8,8, 8,6 Hz, 1 H), 6,54 (t, J= 5,7 Hz, 1 H), 4,60 (t, J=
5,1 Hz, 1 H), 3,48 - 3,43 (m, 2 H), 3,32 - 3,26 (m, 2 H), 1,74 - 1,67 (m, 2 H).

Buéc E: 3-{4-[(3-Azidopropy1)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on
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Dung dich chira 4-(3-bromo-4-flophenyl)-3-{4-[(3-hydroxypropyl)amino]-
1,2,5-oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on (3,0g, 7,5mmol) trong diclometan
(27mL) dugc xt¢ ly bang metansulfonyl clorua (0,75mL, 9,7mmol) va N,N-
diisopropyletylamin (2,6mL, 15mmol) va dugc khudy & nhiét d6 25°C trong thoi gian
2 git. Hon hop phén tmg dugc pha lodng bing nude (20mL) va chiét bang diclometan
(20mL). Lép hitu co duge tach, lam kho bang natri sulfat khan, loc va cb dé tao ra
mesylat, chdt ndy dugc st dung ma khong cAn tinh ché thém. Dung dich chita mesylat
th6 trong N,N-dimetylformamit (24mL) dugc xit ly bang natri azit (0,73g, 11mmol) va
dun néng & 85°C trong thoi gian 2 gio. Hon hop phan tng dugc pha lodng bang etyl
axetat (300mL) va rua bang nuée (100mL), natri bicacbonat bdo hoa (100mL) va nude
mudi (100mL), dugc 1am khd bang natri sulfat khan, loc va c6 d8 tao ra san phim
mong mubn (3,2g, 99%). Nguyén liéu ndy dugc st dyng ma khong cAn tinh ché thém.

LCMS d6i v6i C13H10BrFNgO3Na (M+Na)*: m/z=446,9, 448.9.

Buéc F: 3-{4-[(3-Aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3 -bromo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroiodua

Hi »
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Dung dich chua 3-{4-[(3-azidopropyl)amino]-1,2,5-oxadiazol-3-yl }-4-(3-
bromo-4-flophenyl)-1,2,4-oxadiazol-5(4H)-on (2,0g, 4,7mmol) trong metanol (36mL)
duoc xir Iy bang natri iodua (4,2g, 28mmol) va dugce khudy & nhiét o 25°C trong 5
phut. Hén hop phan tng duge xir 1y nho giot bang dung dich chira clotrimetylsilan
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(3,6mL, 28mmol) trong metanol (7mL) va dugc khudy & nhiét do 25°C trong thoi gian
40 phat. Hon hop phan tmg duge rot tir tir vao dung dich chira natri thiosulfat (5,0g,
32mmol) trong nude (200mL) ma dugce 1am lanh & nhiét do 0°C. Chét rn ket tia duge
loc, rira bang nuéc va lam khd dé tao ra san phdm mong mudn (2,3g, 93%) dudi dang
chit rin. LCMS dbi véi CisHisBrFNsOs (M+H)": m/z=399,0, 401,0. 'THNMR (400
MHz, DMSO-ds): 8 8,08 (dd, J= 6,1, 2,3 Hz, 1 H), 7,74 - 7,70 (m, 1 H), 7,60 (dd, J=
8,8, 8,6 Hz, 1 H), 7,22 (br s, 2 H), 6,69 (br s, 1 H), 2,81 - 2,77 (m, 2 H), 1,86 - 1,79 (m,
2 H).

Budc G: N-[3-({4-[4-(3-Bromo-4-flophenyl)-5-0x0-4,5-dihydro-1,2,4-
oxadiazol-3-yl]- 1,2,5-oxadiazol-3-yl }amino)propyl]sulfamit

H H 'Q>=

Off% ;oW

Dung dich chta 3-{4-[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-y1}-4-(3-
bromo-4-flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroiodua (150mg, 0,28mmol) va
sulfamit (160mg, 1,7mmol) trong pyridin (2,5mL) dugc dun néng trong 10 vi séng &
nhiét dd 130°C trong thoi gian 10 phut. Hon hop phan Gng duogc cd dé tao ra cén thd.
Nguyén liéu ndy dugc tinh ché biang LCMS didu ché dé tao ra san phdm mong mudn
(96mg, 71%) duéi dang chit rn. LCMS ddi véi CisHuBrFN7OsS (M+H)™
m/z=478,0, 480,0. 'H NMR (400 MHz, DMSO-de): 8 8,07 (dd, J= 6.2, 2,5 Hz, 1 H),
773 - 7,69 (m, 1 H), 7,59 (dd, J= 8.8, 8,6 Hz, 1 H), 6,57 - 6,51 (m, 4 H), 3,31 - 3,26
(m, 2 H), 2,92 - 2,87 (m, 2 H), 1,79 - 1,72 (m, 2 H).

Budc H: 4-({3-[(aminosulfonyl)amino]propyl}amino)-N-(3 -bromo-4-
flophenyl)-N'-hydroxy-1,2,5-oxadiazol-3 -carboximidamit

Dung dich chtra N-[3-({4-[4-(3-br0m0-4-ﬂ0pheny1)-5-oxo-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl }amino)propyl]sulfamit (35mg, 73umol) trong
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metanol (ImL) dugc xu ly bing NaOH 2M (0,3mL, 0,6mmol) va khudy & nhiét do
25°C trong thoi gian 30 phut. Hon hop phén tmg dugc xur ly bing axit axetic (50 pL,
0,9mmol), loc va tinh ché biang LCMS didu ché @ tao ra san phim mong mudn
(14mg, 42%) duéi dang chit rn. LCMS ddi véi CiHiBrFN7OsS (M+H)™
m/z=451,8, 453,9. 'H NMR (400 MHz, DMSO-ds): & 11,5 (s, 1 H), 8,89 (s, 1 H), 7,17
(dd, = 8.8, 8,6 Hz, 1 H), 7,09 (dd, J=6,1, 2,7 Hz, 1 H), 6,76 - 6,72 (m, 1 H), 6,56 (dd,
J=6.1, 6,1 Hz, 1 H), 6,51 (s, 2 H), 6,17 (dd, J= 5,9, 5,9 Hz, 1 H), 3,27 - 3,21 (m, 2 H),
2,94 -2.88 (m, 2 H), 1,78 - 1,71 (m, 2 H).

Vidu4

N-(3 -Bromo-4-ﬂophenyl)-N’-hydroxy-4-({3-[(metylsulfonyl)amino]propyl}-

amino)-1,2,5-oxadiazol-3 -carboximidamit

)z
E

o
Q.-"‘

Budc A: tert-Butyl {3-[(metylsulfonyl)amino]propyl}carbamat

e X P
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Hop chat mong muén dugc diéu ché theo quy trinh ctia vi du 17, budc A, sur
dung N-(3-aminopropyl)(fert-butoxy)carboxamit [san phidm Aldrich # 436992] lam
nguyén liéu ban diu v6i hiéu suét 70%. LCMS d6i v6i CaH13N202S ([M-Boc+H]+H)™:
m/z=153,1.

Budc B: N-(3-Aminopropyl)metansulfonamit hydroclorua
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Hop chét mong mudn dugc didu ché theo quy trinh cta vi du 17, budce B, sir

dung tert-butyl {3-[(metylsulfonyl)amino]propyl}carbamat lam nguyén liéu ban dau.
LCMS dbi v6i C4H13N202S (M+H)": m/z=153,1.

Buéc C: 4-Amino-N'-hydroxy-N-{3-[(metylsulfonyl)amino]propyl}-1,2,5-

oxadiazol-3-carboximidamit

OH
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I\{ \\A{P
% N N
No N
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Hop chit mong mudn duge didu ché theo quy trinh cua vi du 17, budc C, st
dung N-(3-aminopropyl)metansulfonamit hydroclorua va 4-amino-N-hydroxy-1,2,5-
oxadiazol-3-carboximidoyl clorua [dugc didu ché theo vi du 1, cac bude tir A dén B]

1am nguyén liéu ban dau véi hiéu suat 19%.

Buéc D:  N'-Hydroxy-4-({3-[(metylsulfonyl)amino]propyl}amino)-1,2,5-

oxadiazol-3-carboximidamit

«OH
Fi
H Hoo N
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Hop chét mong mudn duoc didu ché theo quy trinh cua vi du 17, budce D, st
dung  4-amino-N’-hydroxy-N-{3-[(metylsulfonyl) amino]propyl}-1,2,5-oxadiazol-3-
carboximidamit lam nguyén li€u ban dadu. LCMS d6i v6i C7HisNeOsS (M+H)":
m/z=279,0.
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Buéc E:  N-(3-Bromo-4-flophenyl)-N'-hydroxy-4-({3-[(memylsulfonyl)-

amino]propyl}ammo)-1,2,5-oxadiazol-3-carboximidamit

Hop chit néu & d& muc nay duoc didu ché theo quy trinh cua vi du 17, budc E,
st dung N'-hydroxy-4-({3-[(metylsulfonyl)amino]propyl }amino)-1,2,5-oxadiazol-3-
carboximidamit va 3-bromo-4-floanilin [Oakwood Products, Inc., san pham # 013091]
1am nguyén lidu ban ddu véi hiu suit 12%. LCMS dbi v6i C13H17BrFNeO4S (M+H)™:
m/z=451,0, 453,0. 'H NMR (400 MHz, CD30D): 8 7,12 (dd, J= 5,9, 2,4 Hz, IH), 7,05
(t, J= 8,7 Hz, IH), 6,83 (m, IH), 3,39 (t, J= 6,8 Hz, 2H), 3,14 (t, J= 6,6 Hz, 2H), 2,94
(s, 3H), 1,87 (m, 2H).

Vidu5

4-({2-[(Aminosulfonyl)amino]etyl} amino)-N-(3 -clo-4-flophenyl)-N’-hydroxy-

1,2,5-oxadiazol-3-carboximidamit

Bude A 3-(4-Amino-1,2,5-oxadiazol-3-yl)-4-(3-clo-4-flophenyl)-1,2,4-
oxadiazol-5(4H)-on

Dung dich chtra 4-amino-N-(3-clo-4-flophenyl)-N’-hydroxy-1,2,5-oxadiazol-3-
carboximidamit (80g, 0,29mol) [xem cOng bé don yéu cau cip patent MF sb
2006/0258719] trong tetrahydrofuran (500mL) dugc xu ly bang dung dich chira 1,1'-
carbonyldiimidazol (53g, 0,32mol) trong tetrahydrofuran (200mL) va dun néng & hoi
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leu trong thoi gian 1 gid. Hon hgp phén tmg dugc lam lanh dén 25°C va cb dén diém
ma luong 16n chét rén két tia. Hn hop khong ddng nhét dugc pha loing bang etyl
axetat (1,5L) va rua bang HCl IN (2 x 300mL), nu6c (300mL) va nuéc mudi
(200mL). Lép hitu co dugce tach, dugce lam kho béng natri sulfat khan, loc va co dé tao
ra san phdm mong mudn (88g, dinh lwong) dudi dang chit rin mau tring nho. Nguyén
lidu ndy dugc st dung ma khong cin tinh ché thém. LCMS d6i véi CioHsCIFNsO3
(M+H)*: m/z=298,0. 'TH NMR (400 MHz, DMSO-de): § 7,96 (dd, J= 6,6, 2,3 Hz, 1 H),
7,69 - 7,60 (m, 2 H), 6,60 (s, 2 H).

Buéc B : N-{4-[4-(3-Clo-4-flophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-
yl]-1,2,5-oxadiazol-3-yl}-2,2,2-trifloaxetamit

w0
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Dung dich chtra 3-(4-amino-1,2,5-oxadiazol-3-y1)-4-(3-clo-4-flophenyl)-1,2,4-
oxadiazol-5(4H)-on (15g, 50mmol) trong diclometan (120mL) dugc xir ly bang
anhydrit trifloaxetic (14mL, 100mmol), dugc lam lanh dén 0°C va xir Iy bang pyridin
(8,2mL, 100mmol). Hon hop phan tng duoc khudy & nhiét do 25°C trong thoi gian 10
phut, 1am lanh dén 0°C va dap tit bing nuéc (10mL). Hon hgp phan Gng dugc pha
lodng bing etyl axetat (500mL) va rira bang HCI 1IN (300mL), nude (2 x 200mL) va
nuée mubi (200mL). L6p hitu co duge tach, lam khd b%mg natri sulfat khan, loc va co
thanh thé tich ~50 mL. Dung dich nay dugc gia nhiét (tir ~40 dén 50°C) va xir Iy bang
hexan (600mL) co khudy manh, roi ete diu mé (200mL). Hon hop ndy dugc khudy &
nhiét do6 0°C trong thoi gian 30 phut va chit rén dugc thu gom bang cach loc, rira bing
hexan va lam khé dé tao ra san phidm mong mubn (19,7g, 99%) dudi dang chét rin
mau tring. LCMS d6i v6i C12HsCIF4NsOs (M+H)": m/z=394,0. TH NMR (400 MHz,
DMSO-ds): & 7,82 (dd, J= 6,6, 2,5 Hz, 1 H), 7,59 (dd, J= 9,0, 9,0 Hz, 1 H), 7,52 - 7,47
(m, 1 H).
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Budc C: 4-(3-Clo-4-flophenyl)-3-(4-{[2-(tritylamino)etylJamino}-1,2,5-
oxadiazol-3- yl)-1,2,4-oxadiazol-5(4H)-on

Dung dich chira 2-(tritylamino)etanol (10g, 33mmol) [EP599220 and J. Org.
Chem. (2001), 66, 7615] va triphenylphosphin (8,7g, 33mmol) trong tetrahydrofuran
(65mL) & 0°C duge xir ly nhé giot bang diisopropyl azodicarboxylat (7,0mL,
35mmol). Hon hgp phén ung dugc khudy & nhiét do 0°C trong thoi gian 15 phut, xir ly
bang dung dich chua N—{4-[4-(3-clo-4-ﬂophenyl)-5-ox0-4,5-dihydr0-1,2,4-0xadiazol-
3-yl]-1,2,5-oxadiazol-3-y1}-2,2,2-trifloaxetamit (9,3g, 24mmol) trong tetrahydrofuran
(28mL) va duoc khudy & nhiét do 25°C trong thoi gian 16 gio. Hon hop phén tng
duogc cd, pha lodng bang etyl axetat (350mL), 1dm lanh dén 0°C, xir 1y bang HCI IN
(200mL) va khudy & nhiét 4o 25°C trong thoi gian 1 gio. Hbn hop phén tmg duge xir
ly thém bang HC1 1IN (150mL) va khudy & nhiét do 25°C trong thoi gian 3 gid. Lop
hitu co dugce tach, roa bang natri bicacbonat bdo hoa (200mL) va nudce mudi (100mL),
lam kho b%lng natri sulfat khan, loc va co thanh bot mau vang ma dugc co lai tr hexan
@2 tao ra chét rén chira dAu. Chét rén chira dau nay duge xu Iy bang metyl tert-butyl
ete (50mL) va khudy dé tao ra hdn hop dbng nhét. Chét rén duoc loc, rira bing metyl
tert- butyl ete (30mL) va lam kho dé tao ra san phdm mong mubn (10g, 74%) dudi

dang chat ran mau trang.

LCMS d6i v6i C31HaCIFN6OsNa (M+Na)+: m/z=605,2, '"H NMR (300 MHz,
DMSO-d): 7,97 (dd, J= 6,7, 2,6 Hz, 1 H), 7,71 - 7,66 (m, 1 H), 7,60 (dd, J=9,1, 8,8
Hz, 1 H), 7,40 - 7,37 (m, 6 H), 7,28 - 7,23 (m, 6 H), 7,18 - 7,12 (m, 3 H), 6,59 (dd, J=
5.9,5,6 Hz, 1 H), 3,37 - 3,31 (m, 2 H), 2,96 (dd, J= 7.6, 7,6 Hz, 1 H), 2,27 - 2,19 (m, 2
H).
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Budc D: 3-{4-[(2-Aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-clo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroclorua

B4 sung dung dich duge tron trude chira triisopropylsilan (3,4mL, 17mmol) va
axit  trifloaxetic  (44mL, 570mmol) vao 4-(3-clo-4-flophenyl)-3-(4-{[2-
(tritylamino)etylJamino}-1,2,5-oxadiazol-3-y1)-1 ,2,4-oxadiazol-5(4H)-on (6,5g,
11mmol) va huyén pht thu dugc dugc khudy & nhiét do 25°C trong thoi gian 30 phut.
Hoén hop phan ung dugc loc va ria bang axit trifloaxetic. Nudc loc duge cd thanh dau
ma dugc pha lodng bang metanol (25mL), 1am lanh dén 0°C, xit 1y bang HCI 4M trong
1,4-dioxan (14mL) va khudy & nhiét do 25°C trong thoi gian 15 phit. Hon hop nay
dugce c6 thanh chét rin ma dugc xu 1y bang dietyl ete (50mL) va loc. Chét rin nay
dugc ria bing dietyl ete (S0mL) va lam kho dé tao ra san phim mong mubn (4,1g,
98%) duGi dang chét rén mau tring. LCMS dbi v6i CisHnCIFNsO3 (M+H)™
m/z=341,1, 'TH NMR (300 MHz, DMSO-ds): 8 8,05 - 8,00 (m, 4 H), 7,75 - 7,69 (m, 1
H), 7,64 (dd, = 9,1, 8,8 Hz, 1 H), 6,77 (dd, J=5.9, 5,9 Hz, 1 H), 3,54 - 3,47 (m, 2 H),
3,04 -2,99 (m, 2 H).

Budc E: N-[2-({4-[4-(3-Clo-4-ﬂopheny1)-5-ox0-4,5-dihydro-1,254-oxadiazol-3-
y1]-1,2,5-oxadiazol-3-yl}amino)etyl]sulfamit

QP

-73-



38806

Dung dich chita closulfonyl isoxyanat (2,0mL, 23mmol) trong diclometan
(70mL) dugc xtr ly bang ruou t-butylic (2,2mL, 23mmol) & nhiét d6 0°C va duoc
khudy & nhiét @6 25°C trong thoi gian 1 gio. Hon hop nay dugc bd sung vao huyén
phit chira 3-{4-[(2-aminoetyl)amino]-1,2, 5-oxadiazol-3-yl}-4-(3-clo-4-flophenyl)-
1,2,4-oxadiazol-5(4H)-on hydroclorua (4,3g, 11mmol) trong diclometan (70mL). Hon
hop phan Gng dugc xur ly bang dung dich chira trietylamin (6,3mL, 45mmol) trong
diclometan (20mL) & nhiét d¢ 0°C va dugc khudy & nhiét d§ 25°C trong thoi gian 3
gio. Hon hgp phéan tng dugc pha lodng bang HCI 0,IN va chiét bing etyl axetat (2 x
100mL). Céc 16p hitu co két hop dugc rira bing nuéc mudi (100mL), lam kho béng
natri sulfat khan, loc va c6 thanh chét rin mau tring. Chét rén mau tring dugc pha
lodng bang diclometan (100mL), xtr ly bang axit trifloaxetic (20mL) va khudy & nhiét
dd 25°C trong thoi gian 3 gio. H&n hop phan tng dugc ¢ thanh cin thd dugc tinh ché
bing séc ky silicagel dé tao ra san pham mong mudn (3,7g, 78%) dudi dang chét ran
mau tring. LCMS déi véi C2HiCIFN7OsS (M+H)*™: m/z=420,0. "H NMR (300 MHz,
DMSO-de): & 7,98 (dd, J= 6,4, 2,1 Hz, 1 H), 7,70 - 7,60 (m, 2 H), 6,66 (t,J=5,9Hz, 1
H), 6,57 (s, 2 H), 6,52 (t, J= 5,9 Hz, 1 H), 3,42 - 3,35 (m, 2 H), 3,13 - 3,06 (m, 2 H).

Buéc F: 4-({2-[(Ammosulfonyl)amino]etyl}amino)-N-(3-clo-4-ﬂopheny1)-N'—

hydroxy-1,2,5-oxadiazol-3 -carboximidamit

Dung dich chuoa N—[2—({4-[4-(3-clo-4-ﬂopheny1)-5-ox0-4,5-dihydro-1,2,4-
oxadiazol-3-y1]-1,2,5-0xadiazol-3-yl}amino)etyl]sulfamit (3,7g, 8.,8mmol) trong
metanol (70mL) duogc xir ly biang NaOH 2M (18mL, 35mmol) va khudy & nhiét do
25°C trong thoi gian 2 gid. Hon hop phan tmg dugc dép tit bing HC1 6N dén do pH~7
va metanol dugc loai b6 dudi ap suét giam. Chét réin két thia dugce loc va rira bang nude
@8 tao ra san phiAm mong mudn (3,2g, 92%) dudi dang chét rén mau tring. LCMS d6i
v6i C1iH14CIFN;04S8 (MHHH)": m/z=394,0. '"H NMR (400 MHz, DMSO-J¢): & 7,96
(dd, I= 6,8, 2,1 Hz, 0,05 H), 7,32 - 7,29 (m, 0,1 H), 7,18 (dd, J=9,1, 9,1 Hz, 0,95 H),
6,93 (dd, J= 6,4, 2,7 Hz, 0,95 H), 6,71 - 6,66 (m, 0,95 H), 6,33 (brs, 1 H), 3,35 - 3,27
(m, 2 H), 3,10 - 3,06 (m, 2 H).

Vidu6
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N-(3-Clo-4-flophenyl)-N'-hydroxy-4-({2-[ (metylsulfonyl)amino] etyl }-amino)-

1,2,5-oxadiazol-3-carboximidamit

. +OH F
P

] N

] (A

H N< _N H
O

Hop chét néu & d& muc nay dugc diéu ché theo quy trinh cua vi du 17, buéc E,
st dung N’-hydroxy-4-({2-[(metylsulfonyl)amino]etyl}amrno)-1,2,5-0xadiazol-3-
carboximidamit va 3-clo-4-floanilin [san phdm Aldrich # 228583] 1am nguyén liéu ban
dAu. LCMS dbi véi CroHisCIFNgO4S (M+H)": m/z=393,0. 'H NMR (400 MHz,
DMSO- dg): & 11,50 (s, TH), 8,91 (s, IH), 7,19 (m, 2H), 6,96 (dd, J= 6,7, 2,5 Hz, IH),
6,71 (m, IH), 6,26 (t, J= 6,4 Hz, IH), 3,32 (m, 2H), 3,13 (q, J= 5,8 Hz, 2H), 2,89 (s,
3H).

Vidu7

4-({3-[(Aminosulfonyl)amino]propyl}amino)-N-(3-clo-4-ﬂ0phenyl)-N’ -

hydroxy-1,2,5-oxadiazol-3 -carboximidamit

Budce A: 3-[(Diphenylmetylen)amino]propan-I-ol

Ph

Dung dich chita 3-amino-l-propanol [san phidm Aldrich # A76400] (2,0mL,
26mmol) trong diclometan (79mL) dugc xu ly bang benzophenon imin (4,4mL,
26mmol) va dugc khudy & nhiét do 25°C trong thoi gian 16 gio. Hbn hop phéan tng
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dugc loc va nudce loc duge ¢o dé tao ra san phém mong muén (6,3g, dinh lugng) dudi
dang diu. Nguyén liéu ndy dugc sir dung ma khong cin tinh ché thém. LCMS dbi véi
C16H1sNO (M+H)*: m/z=240,2.

Buéc B:  3-{4-[(3-Aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4~(3-clo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on trifloaxetat

Dung dich chtra 3-[(diphenylmetylen)amino]propan-l-ol (80mg, 0,33mmol) va
triphenylphosphin (93mg, 0,36mmol) trong tetrahydrofuran (ImL) & nhiét 4§ 0°C
duoc xi ly nhé giot bing diisopropyl azodicarboxylat (75pL, 0,38mmol). Hon hop
phan tng dugc khudy & nhiét d6 0°C trong thoi gian 15 phut, xir Iy bang dung dich
chura N—{4-[4-(3-clo-4-ﬂophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-y1]-1,2,5-
oxadiazol-3-y1}-2,2,2-trifloaxetamit  (100mg, 0,25mmol) trong tetrahydrofuran
(0,5mL) va dugc khudy & nhiét @6 25°C trong thoi gian 16 gio. Hon hop phan tng
dwoc xit Iy bang axit trifloaxetic (1ImL), khudy & nhiét do 25°C trong thoi gian 3 git va
¢d thanh cin thd. Nguyén liéu nay dugc tinh ché bang LCMS didu ché dé tao ra san
phim mong mudn (18mg, 15%). LCMS dbi v6i C1sHisCIFNsOs (M+H)™: m/z=355,1

Buée C: 4-({3-[(Aminosulfonyl)amino]propyl}amino)-N—(3-clo-4-ﬂo-pheny1)-

N’-hydroxy-1,2,5-oxadiazol-3-carboximidamit

Hop chéit mong mudn duge diéu ché theo quy trinh cta vi du 15, bude G, sir
dung 3-{4-[(3-aminopropyl)amino]-1 ,2.5-oxadiazol-3-yl}-4-(3-clo-4-flophenyl)-1,2,4-
oxadiazol-5(4H)-on trifloaxetat lam nguyén li€u ban d4u vé6i hiéu suét 34%. LCMS dbi
v6i C1oHi6CIFN704S (M+H)*: m/z=408,1. 'TH NMR (400 MHz, DMSO-de): & 8,90 (s,
1H), 7,20 (dd, J= 9,2, 9,0 Hz, 1 H), 6,96 (dd, J= 6,4, 2,7 Hz, 1 H), 6,72 - 6,69 (m, 1 H),
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6,55 (t, = 6,0 Hz, 1 H), 6,51 (s, 2 H), 6,16 (t, = 5,9 Hz, 1 H), 3,28 - 3,21 (m, 2 H),
2,93 - 2,87 (m, 2 H), 1,76 - 1,72 (m, 2 H).

Vidu?8

N-(3-C10-4-ﬂophenyl)—N'-hydroxy-4-({3-[(metylsulfonyl)amino]propyl}-

amino)-1,2,5-oxadiazol-3-carboximidamit

Hop chit néu & d& muc nay duge didu ché theo quy trinh cta vi du 4, budc E,
st dung N’-hydroxy-4-({3-[(metylsulfonyl)ammo]propyl}amino)-1,2,5-0xadiazol—3-
carboximidamit [dugc didu ché theo vi du 4, cac bude tir A dén D] va 3-clo-4-floanilin
[san phim Aldrich # 228583] 1am nguyén li¢u ban dau véi hiéu sudt 10%. LCMS dbi
v6i C13H17CIFNgO4S (M+H)": m/z=407,1. 'H NMR (400 MHz, CD3;0D): 6 7,06 (t, J=
8,9 Hz, TH), 6,98 (m, IH), 6,80 (m, IH), 3,73 (m, 2H), 3,28 (m, 2H), 2,94 (s, 3H), 1,28
(m, 2H).

Vidu9

4-({2-[(Aminosulfonyl)amino]etyl}amino)-N- [4-flo-3-(triflometyl)phenyl]-N’-

hydroxy-1,2,5-oxadiazol-3-carboximidamit

Buéec A: N- [4-Flo-3-(triﬂometyl)phenyl]-N'-hydroxy-4-[(2-metoxyetyl)-

amino]-1 .2,5-oxadiazol-3-carboximidamit
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Hop chit mong mudn dugc didu ché theo quy trinh cua vi du 13, bude A, st
dung N-hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-0xadiazol-3-carboximidoyl clorua
[duoc didu ché theo vi du 1, cdc budc tir A dén E] va 3-triflometyl-4-floanilin [san
phim Aldrich # 217778] lam nguyén liéu ban dau v6i hi¢u suét dinh luong. LCMS déi
v6i Cr3sH1FaNsO3 (M+H)*: m/z=364,0, 'H NMR (400 MHz, CDsOD): 8 7,15 (m, 2
H), 7,08 (m, IH), 3,60 (t, J= 5,3 Hz, 2 H), 3,46 (t, J=5,3 Hz, 2 H), 3,38 (s, 3 H).

Buéc B: 4-[4-Flo-3-(triflometyl)phenyl]-3- {4-[(2-metoxyetyl)arnino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on

0

MEG"\,_,N)—_{-
: \

F

CFq

Hop chit mong mubn duogc diéu ché theo quy trinh cta vi du 13, bude B, st
dung N-[4-flo-3-(triflometyl)phenyl]-N'-hydroxy-4- [(2-metoxyetyl)amino]-1,2,5-
oxadiazol-3-carboximidamit 1am nguyén li¢u ban dAu v6i hidu sudt 79%. LCMS dbi
v6i CrsH12F4NsO4 (M+H)™: m/z=390,0. '"H NMR (400 MHz, DMSO-dg): 6 8,20 (dd,
J= 6,3, 2,4 Hz, 1 H), 8,03 (m, 1 H), 7,76 (t, J= 9,5 Hz, 1 H), 6,41 (t, J= 5,7 Hz, 1 H),
3,49 (t, J= 5,5 Hz, 2 H), 3,39 (q, J= 5,7 Hz, 2 H), 3,25 (s, 3 H).

Buéc C: 4-[4-Flo-3-(triflometyl)phenyl]-3-{4- [(2-hydroxyetyl)amino]-1,2,5-
oxadiazol-3-yl1}-1,2,4-oxadiazol-5(4H)-on
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Hop chit mong mudn duoc diéu ché theo quy trinh cuia vi du 13, budc C, st
dung 4-[4-flo-3 -(triﬂometyl)i)henyl] -3-{4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3-
y1}-1,2,4-oxadiazol-5(4H)-on lam nguyén li¢u ban diu véi hiéu sudt 99%. LCMS dbi
v6i C13H1oF4Ns04 (M+H)*: m/z=376,0. '"H NMR (400 MHz, DMSO-de): & 8,22 (m, 1
H), 8,05 (m, 1 H), 7,76 (t, J=9,9 Hz, 1 H), 6,34 (t, J=5,7 Hz, 1 H), 4,87 (t, J= 5,2 Hz,
1 H), 3,56 (q, J= 5,5 Hz, 2 H), 3,29 (q, J= 5,7 Hz, 2 H).

Buéec D: 2-[(4-{4-[4-Flo-3-(triﬂometyl)phenyl]-5-0x0-4,5-dihydr0-1,2,4-

oxadiazol-3- yl}-1,2,5-oxadiazol-3-yl)amino]etyl metansulfonat

Hop chit mong mubn dugc diéu ché theo quy trinh cta vi du 13, bude D, su
dung 4-[4-flo-3-(triflometyl)phenyl]-3- {4-[(2-hydroxyetyl)amino]-1 ,2,5-oxadiazol-3-
yl}-1,2,4-oxadiazol-5(4H)-on 1am nguyén liéu ban dAu v6i hiéu subt 95%. LCMS dbi
v6i C1aH12FsNsO6S (M+H)*: m/z=454,0. "H NMR (400 MHz, DMSO-de): & 8,23 (dd,
J= 6,5, 2,5 Hz, 1 H), 8,06 (m, 1 H), 7,76 (t, J= 9,6 Hz, 1 H), 6,76 (t, J= 5,8 Hz, 1 H),
4,37 (t, J=5,4 Hz, 2 H), 3,60 (q, J= 5,5 Hz, 2 H), 3,17 (s, 3 H).

Buéc E: 3-{4-[(2-Azidoetyl)amino]-1,2,5-oxadiazol-3 -yl}-4-[4-flo-3-(triflo-
metyl)phenyl]-1,2,4-oxadiazol-5(4H)-on
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Hop chit mong mudn duoc didu ché theo quy trinh cua vi du 13, buée E, su
dung 2-[(4-{4-[4-flo-3-(triflometyl)phenyl]-5 -ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-
1,2,5-oxadiazol-3-yl)amino]etyl metansulfonat 1am nguyén liéu ban dAu v6i hiéu suét
100%. LCMS dbi v6i Ci3HoF4sNsOs (M-Np+H)": m/z=372,8. 'H NMR (400 MHz,
DMSO-ds): § 8,22 (dd, J= 6,2, 2,4 Hz, 1 H), 8,05 (m, 1 H), 7,76 (t, J= 9,6 Hz, 1 H),
6,75 (t, J= 5,9 Hz, 1 H), 3,53 (1, 7= 5,9 Hz, 2 H), 3,45 (q, J= 5,6 Hz, 2 H).

Budc F: 3-{4-[(2-Aminoetyl)amino]-1,2,5-0xadiazol-3-yl}-4—[4-ﬂo-3-(triﬂo-
metyl)phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua

HzN NN

N ’CF

Hop chét mong mudn dugc didu ché theo quy trinh cta vi du 13, bude F, sur
dung 3-{4-[(2-azidoetyl)amino]—1,2,5-0xadiazol-3-yl}-4-[4-ﬂo-3-(triﬂomety1)-
phenyl]-1,2,4-oxadiazol-5(4H)-on 1am nguyén liéu ban du vé6i hiéu sut 80%. LCMS
d6i véi CisHIFaNgO3 (M+H)™: m/z=375,0. '"H NMR (400 MHz, DMSO-ds): & 8,20
(dd, J= 6,2, 2,4 Hz, 1 H), 8,03 (m, 1 H), 7,74 (t, J= 9,8 Hz, 1 H), 7,10 (br s, 0,4 H),
6,68 (t, J=5,5 Hz, 1 H), 3,42 (q, J= 5,8 Hz, 2 H), 2,95 (t, ]= 6,5 Hz, 2 H).

Budc G: 4-({2-[(Aminosulfonyl)amino]etyl}amino)-N—[4-ﬂo-3-(triﬂometyl)—
phenyl]-N'-hydroxy-1,2,5—oxadiazol-3-carboximidamit

Hop chét néu & dé muc nay dugc diéu ché theo quy trinh cua vi du 13, buée G,

su dung 3-{4-[(2-anainoetyl)amino]-1 .2.5-oxadiazol-3-yl}-4-[4-flo-3-(triflo-
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metyl)phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua lam nguyén li¢u ban diu véi higu
sult 55%. LCMS dbi véi C1oH14FaN704S (M+H)": m/z=428,0. 'TH NMR (400 MHz,
DMSO-ds): & 11,60 (s, 1 H), 9,06 (s, 1 H), 7,30 (t, J= 10,1 Hz, 1 H), 7,14 (dd, J= 6,1,
2,7 Hz, 1 H), 7,03 (m, 1 H), 6,71 (t,J= 5,3 Hz, 1 H), 6,58 (5, 2 H), 6,23 (t, J= 6,2 Hz, 1
H), 3,36 (q, = 6,5 Hz, 2 H), 3,08 (m, 2 H).

Vidu 10

N-[4-Flo-3-(triflometyl)phenyl] -N'-hydroxy-4-({2-[(metylsulfonyl)amino]-

etyl}amino)-1,2,5-oxadiazol-3-carboximidamit
OH

Hop chét néu & d& muc nay duoc diéu ché theo quy trinh cta vi du 17, buéc E,
st dung N’-hydroxy-4-({2-[(metylsulfonyl)amino]etyl}amino)—1,2,5-0xadiazol-3-
carboximidamit va 3-triflometyl-4-floanilin [san phim Aldrich # 217778] 1am nguyén
lidu ban diu. LCMS d8i v6i C13HisFaNsOsS (M+H)": m/z=427,0. 'H NMR (400 MHz,
DMSO-ds): & 11,60 (s, 1H), 9,07 (s, 1H), 7,30 (t, J= 10,1 Hz, 1H), 7,18 (t, J= 6,0 Hz,
1H), 7,13 (dd, J= 6,0, 2,7 Hz, 1H), 7,03 (m, 1H), 6,27 (t, J= 6,3 Hz, 1H), 3,32 (m, 2H),
3,13 (q, J=6,0 Hz, 2H), 2,89 (s, 3H).

Vidull

4-({3-[(Aminosulfonyl)amino]propyl}amino)-N- [4-flo-3-(triflometyl)-phenyl]-

N’-hydroxy-1,2,5-oxadiazol-3-carboximidamit

#OH_ F
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Budc A: 4-Amino-N'-hydroxy-N-(3-metoxypropyl)-1,2,5-oxadiazol-3-

carboximidamit

Hop chét mong mudn duge didu ché theo quy trinh cua vi du 1, buée C, su
dung 3-metoxy-l-propanamin lam nguyén liéu ban du v6i hidu sudt 93%. LCMS dbi

voi C7H1aNsO3 (M+H)™: m/z=216,1.

Bude B: N'-Hydroxy-4-[(3-metoxypropyl)amino]-1,2,5-oxadiazol-3-
carboximidamit

~OH

DWHV—(%

- , _ N
% NH2

N. N
O

Hop chéit mong mudn duge didu ché theo quy trinh cta vi du 1, bude D, sk
dung 4-amino-N'-hydroxy-N-(3-metoxypropyl)-1 ,2.5-oxadiazol-3-carboximidamit lam
nguyén liéu ban ddu véi hidu sudt 72%. LCMS déi véi C/HuNsOs (M+H)™
m/z=216,1. 'TH NMR (300 MHz, DMSO-de): § 10,4 (s, 1 H), 6,21 - 6,13 (m, 3 H), 3,37
(t, J=6,1 Hz, 2 H), 3,28 - 3,21 (m, 5 H), 1,82 - 1,74 (m, 2 H).

Budce C: N-Hydroxy-4-[(3-metoxypropyl)amino]-1,2,5 -oxadiazol-3-

carboximidoyl clorua
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Hop chit mong mudn duge didu ché theo quy trinh cta vi du 1, budc E, st
dung N'-hydroxy-4-[(3-metoxypropyl)amino]-1,2,5-oxadiazol-3-carboximidamit lam
nguyén liéu ban ddu voi hidu suét dinh lugng. LCMS ddi v6i C7H12CIN4O3 (M+H)™:
m/z=235,1.

Buéc D: N-[4-Flo-3-(triflometyl)phenyl]-N'-hydroxy-4-[(3-metoxypropyl)-

amino]-1,2,5-oxadiazol-3-carboximidamit
.
NN P
o

Hop chit mong mudn dugc didu ché theo quy trinh cua vi du 1, budc F, st dung
N-hydroxy-4-[(3-metoxypropyl)amino]-1,2,5-0xadiazol—3-carboximidoyl clorua va 4-
flo-3-(triflometyl)benzenamin 1am nguyén li¢u ban dAu v6i hidu sudt 87%. LCMS d6i
v6i C1aH16F4Ns03 (M+H)": m/z=378,1. 'H NMR (400 MHz, DMSO-ds): 6 11,5 (s, 1
H), 9,05 (s, 1 H), 7,30 (dd, J= 10,0, 9,6 Hz, 1 H), 7,13 - 7,11 (m, 1 H), 7,05 - 7,00 (m,
1 H), 6,22 (t, I= 5,7 Hz, 1 H), 3,35 - 3,32 (m, 2 H), 3,25 - 3,19 (m, 5 H), 1,79 - 1,72
(m, 2 H).

Budc E: 4-[4-Flo-3-(triflometyl)phenyl]-3-{4-[(3 -metoxypropyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on

Hop chit mong mudn dugc didu ché theo quy trinh cta vi du 1, bude G, sur
dung  N-[4-flo-3 -(triflometyl)phenyl]-N'-hydroxy-4-[(3 -metoxypropyl)amino]-1,2,5-
oxadiazol-3-carboximidamit 1am nguyén liéu ban d4u véi hiéu suét dinh lugng. LCMS

d6i véi CrsH14FaNsO4 (M+H)™ m/z=404,0.
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Buéc F: 4-[4-Flo-3-(triflometyl)phenyl]-3-{4-[(3-hydroxypropyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-on

Hop chéit mong mudn dugc diéu ché theo quy trinh cua vi du 3, budc D, sir
dung 4-[4-flo-3-(triflometyl)phenyl]-3-{4-[(3 -metoxypropyl)amino]-1,2,5-oxadiazol-
3-y1}-1,2,4-oxadiazol-5(4H)-on 1am nguyén liéu ban d3u véi hidu suit 97%. LCMS
@i véi Cr4aH1FsNsO4 (M+H)": m/z=390,0. 'H NMR (300 MHz, DMSO-ds): & 8,20
(dd, J=6.4, 2,6 Hz, 1 H), 8,06 - 8,01 (m, 1 H), 7,75 (dd, J= 10,0, 9,4 Hz, 1 H), 6,53 (4,
J=5,7 Hz, 1 H), 4,59 (t, J= 5,0 Hz, 1 H), 3,51 - 3,42 (m, 2 H), 3,32 - 3,26 (m, 2 H),
1,73 - 1,68 (m, 2 H).

Buéc G: 3-{4-[(3-Azidopropyl)amino]-1,2,5 -oxadiazol-3-yl}-4-[4-flo-3-
(triflometyl)phenyl]-1,2,4-oxadiazol-5(4H)-on

l H ........... D
Ng~_~~N 7_8\N

N

AR

No N/
0 L

Hop chit mong muén dugc didu ché theo quy trinh cia vi du 3, bude E, st
dung 4-[4-flo-3~(triflometyl)phenyl]-3-{4-[(3 -hydroxypropyl)amino]-1,2,5-oxadiazol-
3-y1}-1,2,4-oxadiazol-5(4H)-on lam nguyén li¢u ban dAu vé6i hiéu suét dinh luong.

LCMS dbi v6i C14H10FsNsO3Na (M+Na)*: m/z=437.0.

Buéc H:  3-{4-[(3-Aminopropyl)amino]-1,2,5 -oxadiazol-3-yl}-4-[4-flo-3-
(triflometyl)phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua
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Hop chét mong mubn dugc didu ché theo quy trinh cua vi du 3, buéc F, sir dung
3-{4-[(3-azidopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[4-flo-3 -(triflometyl)-phenyl]-
1,2,4-oxadiazol-5(4H)-on 1am nguyén li¢u ban du vé6i hidu suit 81%. LCMS dbi véi
C14H13F4N6O3 (M+H)*: m/z=389,1. 'H NMR (300 MHz, DMSO-de): & 8,18 (dd, J=
6,4, 2,3 Hz, 1 H), 8,06 - 8,01 (m, 1 H), 7,72 (dd, J= 9,7, 9,4 Hz, 1 H), 7,34 (br s, 2 H),
6,71 (br's, 1 H), 2,78 - 2,73 (m, 2 H), 1,85 - 1,75 (m, 2 H).

Buéc I 4-({3-[(Aminosulfonyl)amino]propyl}amino)-N-[4-flo-3- (triflo-
metyl)phenyl]-N’ -hydroxy- 1,2,5-oxadiazol-3-carboximidamit

Hop chét mong mudn dugc diéu ché theo quy trinh cta vi du 15, buéc G, st
dung 3-{4-[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[4-ﬂ0-3-(triﬂometyl)
phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua 1am nguyén lidu ban dau v6i hidu sudt
60%. LCMS dbi v6i Ci3sHieFaN704S (M+H)": m/z=442,0. '"H NMR (300 MHz,
DMSO-de): & 11,6 (s, 1 H), 9,08 (s, 1 H), 7,31 (dd, J= 10,0, 9,4 Hz, 1 H), 7,13 (dd, J=
6,4, 2,9 Hz, 1 H), 7,05 - 6,99 (m, 1 H), 6,58 (t, J= 6,0 Hz, 1 H), 6,52 (s, 2 H), 6,17 (4,
J= 5,9 Hz, 1 H), 3,28 - 3,21 (m, 2 H), 2,94 - 2,87 (m, 2 H), 1,79 - 1,72 (m, 2 H).

Vidu 12

N-[4-Flo-3-(triﬂometyl)phenyl]-N'-hydroxy-4-({3-[(metyl-sulfonyl)amino]-

propyl}amino)-1 ,2,5-oxadiazol-3-carboximidamit

H H !\1
oM N .
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Hop chat mong mudn duoc didu ché theo quy trinh cta vi du 16 sir dung 3-{4-
[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-yl }-4-[4-flo-3 -(triflometyl)phenyl]-1,2,4-
oxadiazol-5(4H)-on hydroiodua lam nguyén li€u ban diu v6i hiu sudt 70%. LCMS
d6i voi C1aH17F4NsO4S (M+H)*: m/z=441,1. '"H NMR (400 MHz, DMSO-de): 8 11,6
(s, 1 H), 9,07 (s, 1 H), 7,30 (dd, J=10,0, 9,6 Hz, 1 H), 7,13 (dd, J= 6,2,2,5 Hz, 1 H),
7,05 - 7,02 (m, 2 H), 6,19 (t, J= 5,8 Hz, 1 H), 3,27 - 3,21 (m, 2 H), 2,99 - 2,94 (m, 2
H), 2,87 (s, 3 H), 1,76 - 1,72 (m, 2 H).

Vidul13

4-({2-[(Aminosulfonyl)amino]etyl}amino)-N’-hydroxy-N- [3-(triflometyl)phenyl]-

1,2,5-oxadiazol-3-carboximidamit

w0 N:"OH
HQN N H \
N’\/NH‘NH
F
T\
No N F
o

Buéc A:  N'-hydroxy-4-[(2-metoxyetyl)amino]-N- [3-(triflometyl)phenyl]-1,2,5-

oxadiazol-3-carboximidamit

. N’TOH

O/\/H%?iNH |
N,\ EN G—‘T’F

0 F

N-Hydroxy-4-[(2-metoxyetyl)amino]-1,2,5 -oxadiazol-3-carboximidoyl clorua

(1,3g, 5,0mmol) [dugc didu ché theo vi du 1, tir bude A dén budc E] duge khudy trong
nugc (10mL) va lam 4m d@én 60°C trong 5 phut. 3-(triflometyl)anilin [san pham
Aldrich s6 A41801] (880mg, 5,5mmol) duoc bd sung thanh mot phan va phan tng
duoc khudy trong thoi gian 15 phit. Trong khi duy tri & nhiét 46 60°C, dung dich natri
bicacbonat (630mg, 7,5mmol) trong nuéc (10mL) duoc bd sung ting giot trong thoi
gian 5 phut. Phan ing duoc khudy & nhiét do 60°C trong 50 phit nita va sau do dé
ngudi dén nhiét do trong phong. Etyl axetat (20mL) va nudc mubi (30mL) duoc bd
sung vao binh phén tmg va 16p hitu co duoc thu gom. Lép nuée duge chiét bang etyl

axetat (2 x 20mL) va céc 16p hitu co két hop dugc 1am kho bang natri sulfat. Dung mdi
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duoc loai bé trong chan khong dé thu dugc san phdm mong muén dudi dang chit rén
mau da cam (1,4g, 80%). LCMS tinh todn duogc cho Ci3HisFsNsO3; (M+H)™
m/z=346,1. "TH NMR (400 MHz, CDsOD): § 7,36 (t, J= 8,2 Hz, 1H), 7,23 (d, J= 7,6
Hz, 1H), 7,09 (s, 1H), 7,02 (d, J= 8,2 Hz, 1H), 3,60 (t, J= 5,2 Hz, 2H), 3,46 (t, J= 5,2
Hz, 2H), 3,38 (s, 3H).

Bude B: 3-{4-[(2-Metoxyetyl)amino]-1,2,5 -oxadiazol-3-yl}-4-[3-(triflometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on

(0]
\ NP
O/\/H \ N
F
NI \N < >—|'—F
\O/

N'-Hydroxy-4-[(2-metoxyetyl)amino]-N-[3 ~(triflometyl)phenyl]-1,2,5-
oxadiazol-3-carboximidamit (1,4g, 3,80mmol) va 1,1°-carbonyldiimidazol (1,16g,
7,16mmol) dugc hoa tan trong etyl axetat (20mL). Hon hop phan Gmg dugc gia nhiét ¢
nhiét do 70°C trong thoi gian 40 phut. B4 sung thém 1,1’-carbonyldiimidazol (0,26g,
1,16mmol) vao hdn hgp. Sau khi khudy & nhiét d§ 70°C trong 50 phit nita, phéan ung
duoc dé nguodi dén nhiét do trong phong. Etyl axetat (20mL) dugc bd sung va san
phim phén tng tho dugc rira bang dung dich HCI trong nuée 1IN (2 x 20mL). Nudce
mudi duge bd sung vao dé hd trg viéc tach ph?m rira dau tién. Lép hitu co duge lam
kho bang natri sulfat va c6 trong chén khong. Tinh ché bing phuong phap sdc ky
nhanh trén silicagel v6i dung mdi rira giai la etyl axetat trong hexan thu dugc san
phim mong mubn (1,3g, 90%). LCMS tinh toan dugc cho C14H13F3N504 (M+H)™
m/z=372,0, 'H NMR (400 MHz, DMSO-ds): & 8,07 (s, 1H), 7,92 (m, 2H), 7,79 (t, J=
8,1 Hz, 1H), 6,42 (t, J= 6,0 Hz, 1H), 3,47 (t, J= 5,8 Hz, 2H), 3,38 (q, J= 5,0 Hz, 2H),
3,24 (s, 3H).

Buéc C:  3-{4-[(2-Hydroxyetyl)amino]-1,2,5 -oxadiazol-3-yl}-4-[3-(triflometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on
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Trong binh ddy tron dudi khi quyén nito, bd sung nhd giot 3-{4-[(2-
metoxyetyl)amino]-1,2,5-oxadiazol-3-yl}-4-[3 ~(triflometyl)phenyl]-1,2,4-oxadiazol-
5(4H)-on (1,3g, 3,6 mmol) co6 khudy trong diclometan (11mL). Nhiét d6 dugc giam
dén -78°C va dung dich bo tribromua 1,0M trong diclometan (7 ,9mL, 7,9mmol) trong
thoi gian 15 phat. Phan tng duge lam 4m dén nhiét d6 trong phong trong thoi gian 45
phut va khudy tiép & nhiét d¢ trong phong thém 45 phut nita. Phan tmg dugc 1am lanh
dén 0°C va bd sung nhé giot dung dich natri bicacbonat bdo hoa trong nudc (25mL)
trong thoi gian 15 phat. Sau khi dé 4m dén nhiét @6 trong phong, bd sung etyl axetat
(10mL) va nude (10mL) vao binh. Lép hitu co dugc thu gom va 16p nudc duoc chiét
bing etyl axetat (2 x 20mL). Sau khi lam kho cac 16p hitu co két hop bang natri sulfat,
dung moi duge loai bo trong chan khong @8 thu dugc san phdm mong mubn (1,0g,
81%). LCMS tinh toan dugc cho CisHiiF3sNsOs (M+H)*": m/z=358,0. 'H NMR (400
MHz, DMSO-ds): & 8,08 (s, 1H), 7,93 (t, J= 8,2 Hz, 2H), 7,79 (t, J= 8,2 Hz, 1H), 6,35
(t, J=5,7 Hz, 1H), 4,86 (br s, 1H), 3,55 (t, J= 6,0 Hz, 2H), 3,28 (m, 2H).

Budc D: 2-[(4-{5-Oxo-4-[3-(triﬂometyl)phenyl]-4,5-dihydro-1,2,4-oxadiazol-3-y1}-

1,2,5-oxadiazol-3-yl)amino]etyl metansulfonat

Q\S//o N’O O
F
/ \N < > l F
N\O/

B4 sung thanh mot phin metansulfonyl clorua (0,29mL, 3,7mmol) vao dung
dich 3-{4-[(2-hydroxyetyl)amino]-1 2,5-oxadiazol-3-yl}-4-[3-(triflometyl)phenyl]-
1,2,4-oxadiazol-5(4H)-on (1,0g, 2,9mmol) trong etyl axetat (8,5mL). Phén tng dugc
khudy trong 5 phut va bd sung trietylamin (0,52mL, 3,7mmol) thanh mdt phan. Sau
khi khudy thém 10 phut, phan tng duoc dép t4t bang cach bd sung nuéc (SmL). San
phim duge chiét biang etyl axetat (2 x 5mL), lam kho bang natri sulfat va cd trong

chan khong dé thu dugc san phdm mong mubn (1,2g, 99%). LCMS tinh toan dugc cho
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C14H13F3N506S (M+H)*: m/z=436,0. 'H NMR (400 MHz, DMSO-dg): & 8,10 (s, 1H),
7,92 (m, 2H), 7,80 (t, J= 8,2 Hz, 1H), 6,77 (t, J= 5,9 Hz, 1H), 4,36 (t, J= 5,5 Hz, 2H),
3,58 (m, 2H), 3,17 (s, 3H).

Buéc E: 3-{4-[(2-Azidoetyl)amino]-1,2,5-oxadiazol-3-y1}-4-[3-(triﬂometyl)-phenyl]-
1,2,4-oxadiazol-5(4H)-on '

N O_o
N Ny
N/\/HJN
F
T\
Y F

Hoa tan 2-[(4-{5-0x0-4-[3-(triﬂometyl)phenyl]-4,S-dihydro-1,2,4-oxadiazol-3-
yl}-1,2,5-oxadiazol-3-yl)amino]etyl metansulfonat (1,2g, 2,9mmol) trong N,N-
dimetylformamit (2,7mL). Sau khi bd sung natri azit (280mg, 4,3mmol) thanh mot
phan, nhiét 4 dwgc ning lén dén 65°C va phan Gng dugc khudy trong 6 gid. Sau khi
lam ngudi xubng nhiét do trong phong, nuée (10mL) duge bd sung vao dé tring hoa
phan tng. San phim dugc chiét bang etyl axetat (3 x 10mL) va céc 16p hitu co két hop
duoc lam kho bang natri sulfat. Dung mdi dugc loai b6 trong chén khong dé thu dugc
san phdm mong mudn (1,05g, 96%). LCMS tinh toan dugce cho C13H10F3NsO3 (M-
Np+H)": m/z=355,0. 'H NMR (400 MHz, DMSO-ds): & 8,09 (s, 1H), 7,93 (m, 2H),
7,79 (t, J= 8,2 Hz, 1H), 6,75 (t, J= 5,8 Hz, 1H), 3,52 (t, J= 5,7 Hz, 2H), 3,44 (q, J= 5,5
Hz, 2H).

Buéce F: 3-{4-[(2-Aminoetyl)amino]-1,2,5-0xadiazol—3-yl}-4-[3-(triﬂometyl)-phenyl]-
1,2,4-oxadiazol-5(4H)-on hydroiodua

EASeS

B4 sung natri iodua (2,5g, 17mmol) vao dung dich 3-{4-[(2-azidoetyl)-amino]-
1,2,5-oxadiazol-3-yl}-4-[3-(triﬂometyl)phenyl]-1,2,4-oxadiazol-5(4H)-on (1,05g,
2,8mmol) trong metanol (12mL). Sau khi khudy trong thoi gian 10 phut, bd sung nhé

HZN/\/N

giot dung dich clotrimetylsilan (2,1mL, 17mmol) trong metanol (1,41mL) trong thoi
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gian 15 phut. Phan tmg duoc khudy tiép trong thoi gian 40 phut va sau do bd sung
dung dich natri thiosulfat (2,7g, 17mmol) trong nuéc (12,5mL) thanh mét phan. Chét
rin mau be két tia khi bd sung dung dich natri thiosulfat va dugc thu gom bing cach
loc chan khong. Chét rin dugc ria bang nudc (2 x 10mL) va 1am kho trong chén
khong qua dém @2 thu dugc san phdm mong muén. Phin chét rén khac ciing két tia tir
nudc loc va duge thu gom bang cach loc chan khong. Sau khi rira bang nuée (3 x
10mL) trong phéu, san phadm dugc 1am khd qua dém trong chén khong. Chét rin nay
dugc rira dang huyén phu bing etyl axetat (3,8mL) trong thoi gian 1 gi¢ va dugc thu
két hop bang cach loc. Sau khi rira bing etyl axetat (2 x 2mL) va lam kho qua dém, thu
duoc san phdm bd sung. Téng cong thu dugec 760mg san phdm mong mudn (57%)
duéi dang mudi hydroiodua. LCMS tinh todn dugc cho CisHi2F3NeOs (M+H)*:
m/z=357,1. '"H NMR (400 MHz, DMSO-de): & 8,10 (s, 1H), 7,95 (m, 2H), 7,81 (t, J=
8,1 Hz, 1H), 7,68 (br s, 2H), 6,74 (t, J= 6,7 Hz, 1H), 3,49 (m, 2H), 3,03 (t, J= 6,7 Hz,
2H).

Buée G: 4-({2—[(Aminosulfonyl)amino]etyl}amino)-N’-hydroxy-N-[3-(triﬂo-metyl)

phenyl]-1,2,5-oxadiazol-3-carboximidamit

B4 sung nho giot rugu tert-butylic (10pL, 0,11mmol) vao dung dich closulfonyl
isoxyanat (9,2pL, 0,11mmol) trong diclometan (0,24mL) 6 0°C va dudi khi quyén
nito. Dung dich dugc khudy & nhiét @ trong phong trong thoi gian 1 gio dé thu dugc
dung dich tert-butyl[closulfonyl]carbamat.

Trong binh khéc, 3-{4-[(2-aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-[3-
(triflometyl)phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua (26mg, 0,053mmol) duoc
tao huyén phtl trong diclometan (0,5mL). Khi quyén nito duge thiét 1ap va nhiét do
dugc nang 1én 0°C. Bé sung dung dich tert-butyl [closulfonyl]carbamat (dugc didu ché
nhu trén) vao huyén phu clia mudi amin c6 khudy trong thoi gian 5 phit. Sau 10 phut,
bd sung timg giot trietylamin (37uL, 0,27mmol) vao hén hop. Hon hop phén tmg duge
khudy & nhiét d6 trong phong trong thoi gian 1,5 gio. Sau khi c¢6 trong chan khong,
cin dugc xi Iy bang axit trifloaxetic (0,5mL, 6mmol). Phan nay duoc khudy trong thoi
gian 1 gi® va hdn hop dugce o lai dén kho trong chan khong. Chét ran dugc lam kho
dwoc tao huyén phii trong metanol (0,5mL) va dung dich NaOH 2,0N trong nudc
(0,53mL, 1,1lmmol) dugc bd sung thanh mdt phén vao hdn hgp. Phan tmg duoc gia
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nhiét dén 45°C va khudy trong thoi gian 30 phit. Sau khi trung hoa bing axit axetic
(60uL, 1,1mmol), san phdm dugc tinh ché bing LCMS diéu ché dé thu dugc san pham
mong mubn (8,5mg, 39%). LCMS tinh toan dugc cho Ci2HisFsN70O4S (M+H)*:
m/z=410,0. "TH NMR (400 MHz, CDs;OD): 8 7,36 (t, J= 7,8 Hz, 1H), 7,23 (d, J= 7,8
Hz, 1H), 7,10 (s, 1H), 7,03 (d, J= 7,8 Hz, 1H), 3,48 (m, 2H), 3,29 (m, 2H).

Vidu 14

N’-HydroXy-4-({2-[(metylsulfonyl)amino]etyl}amino)-N-[3-(triﬂometyl)phenyl]-

1,2,5-oxadiazol-3-carboximidamit

LOH
QP H N /@\
/S\N/\/NW—\H\N CFs
H No N 1
o)

Hop chét néu & d muc nay dugce diéu ché theo quy trinh cua vi du 17, buéce E,
st dung N’-hydroxy—4-({2-[(metylsulfonyl)amino]etyl}amino)—1,2,5-oxadiazol-3-
carboximidamit va 3-triflometylanilin [san phdm Aldrich #A41801] lam c4c nguyén
liéu ban ddu. LCMS for C13HieF3NsO4S (M+H)": m/z=409,1, THNMR (500 MHz,
DMSO- de): & 11,63 (s, 1H), 9,08 (s, 1H), 7,39 (t, J= 7,6 Hz, 1H), 7,21 (m, 2H), 7,10
(s, 1H), 6,99 (d, J= 8,1 Hz, 1H), 6,28 (t, J= 5,4 Hz, 1H), 3,36 (g, J= 5,8 Hz, 2H), 3,17
(g, J= 5,8 Hz, 2H), 2,91 (s, 3H).

Vidu 15

4-({3-[(Aminosulfonyl)amino]propyl}amino)-N'—hydroxy-N- [3-(triflometyl)-phenyl]-

1,2,5-oxadiazol-3-carboximidamit

// \\

Buéc A: 3—(4-Amin0-1,2,5-oxadiazol-3-yl)-4-[3—(triﬂometyl)phenyl]-1,2,4-0xadiazol-
5(4H)-on
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Hop chit mong mudn duoc diéu ché theo quy trinh cta vi du 5, bude A, sir
dung 4-amino-N'-hydroxy-N-[3-(triflometyl)phenyl]-1,2,5-oxadiazol-3-
carboximidamit [xem cong bd don sang ché Mg sé 2006/0258719] lam nguyén liéu

ban ddu véi hicu sudt 97%. LCMS dbi v6i C1iH7F3Ns03 (M+H)": m/z=314,1.

Budce B: 2,2.2-Triflo-N-(4-{5-0ox0-4-[3-(triflometyl)phenyl]-4,5-dihydro-1,2,4-

oxadiazol-3-yl}-1,2,5-oxadiazol-3-yl)axetamit

Ho N =0
F3C N 7———(1\N
T

N
CF;

Hop chit mong mudn duoc didu ché theo quy trinh cia vi du 5, budc B, sit
dung 3-(4-amino-1,2,5-oxadiazol-3 -y1)-4-[3-(triflometyl)phenyl]-1,2,4-oxadiazol-
5(4H)-on 1am nguyén ligu ban ddu v6i hiéu sudt 90%. LCMS d6i véi C13HeFsNsO4
(M+H)*: m/z=410,0. 'H NMR (400 MHz, DMSO-de): & 7,91 - 7,88 (m, 2 H), 7,76 -
7,69 (m, 2 H).

Buéc C: 3-{4-[(3-Metoxypropyl)amino]—1,2,5-oxadiazol-3-yl}-4-[3-(triﬂometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on

T
/0\/\/N7/_\8\N
N. N
@)

Hop chét mong mubn dugc didu ché theo quy trinh cta vi du 3, buéc C, st
dung 2,2,2-triflo-N-(4-{5-0x0-4-[3 -(triflometyl)phenyl]-4,5-dihydro-1,2,4-oxadiazol-
3-yl}-1,2,5-oxadiazol-3-yl)axetamit lam nguyén liéu ban diu v&i hiéu sudt 49%.
LCMS déi véi CisHisFsNsO4 (M+H)": m/z=386,1. 'H NMR (300 MHz, CDCL): &
7,83 (d, J=8,1 Hz, 1 H), 7,72 - 7,67 (m, 2 H), 7,59 (d, J="7,5 Hz, 1 H), 6,08 - 6,04 (m,
1 H), 3,57 (t, J= 5,6 Hz, 2 H), 3,54 - 3,47 (m, 2 H), 3,40 (s, 3 H), 2,01 -1,93 (m, 2 H).
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Buéc D: 3-{4-[(3-Hydroxypropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[3 -(triflometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on

.o
HO\/\/N7_(I\‘LN ©
/ \

N. .N
0]

Hop chit mong mudn duge didu ché theo quy trinh cta vi du 3, buée D, st
dung 3-{4-[(3-metoxypropyl)amino]-1,2,5 -oxadiazol-3-yl}-4-[3-(triflometyl)-phenyl]-
1,2,4-oxadiazol-5(4H)-on 1am nguyén liéu ban du vé6i hiu sudt 69%. LCMS dbi véi
C14H13F3Ns04 (M+H)*: m/z=372,1. 'H NMR (400 MHz, DMSO-ds): 6 8,07 (s, 1 H),
7,95 - 7,90 (m, 2 H), 7,79 (dd, J= 7.9, 7,9 Hz, 1 H), 6,55 (t, J= 5,6 Hz, 1 H), 4,59 (t, J=
5,1 Hz, 1 H), 3,47 - 3,42 (m, 2 H), 3,30 - 3,25 (m, 2 H), 1,72 - 1,65 (m, 2 H).

Buéc E:  3-{4-[(3-Azidopropyl)amino]-1,2,5 -oxadiazol-3-y1}-4-[3-(triflometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on

-0
N
H | o]
N. _N
(o]
CF3

Hop chit mong mubn duoc didu ché theo quy trinh cua vi du 3, budce E, su
dung 3-{4-[(3-hydroxypropyl)amino]-1 .2,5-oxadiazol-3-yl}-4-[3-(triflometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on lam nguyén lidu ban dau v6i hidu suit 92%. LCMS
d6i v6i C1aH11F3NsO3Na (M+Na)+: m/z=419,0.

Buéc F: 3-{4-[(3-Aminopropyl)amino]-1,2,5-oxadiazol-3-y1}-4-[3-(triﬂometyl)-
phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua

@ o=
HzN\/\/N7_(I\d\N ©
N\
N< N
6]
QCFS

Hop chit mong mudn duogc didu ché theo quy trinh cta vi du 3, budc F, st dung

3-{4-[(3-azidopropyl)amino]-1 2,5-oxadiazol-3-yl}-4-[3-(triflometyl)phenyl]-1 ,2,4-

HI
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oxadiazol-5(4H)-on lam nguyén li€u ban diu voi hidu sudt 92%. LCMS dbi véi
C1sH14F3N603 (M+H)™: m/z=371,1. 'H NMR (400 MHz, DMSO-de): 8 8,09 (s, 1 H),
7,96 - 7,92 (m, 2 H), 7,80 (dd, J= 8,0, 7,8 Hz, 1 H), 7,53 (br s, 2 H), 6,70 - 6,65 (m, 1
H), 4,10 (brs, 1 H), 3,32 - 3,31 (m, 2 H), 2,81 - 2,78 (m, 2 H), 1,85 - 1,82 (m, 2 H).

Buéc G:  4-({3-[(Aminosulfonyl)amino]propyl}amino)-N'-hydroxy-N-[3-(triflo-

metyl)phenyl]-1,2,5-oxadiazol-3-carboximidamit

Dung dich 3-{4-[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[3-(triflo-
metyl)phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua (1,5g, 3,0mmol) va sulfamit
(1,7g, 18mmol) trong pyridin (60mL) dugc gia nhiét trong 10 vi song & 130°C trong
thoi gian 10 phit. Hon hop phan tmg dugc co dé thu dugc chit trung gian thd N-{3-
[(4-{5-ox0-4-[3-(triﬂometyl)phenyl]-4,5-dihydro-1,2,4-oxadiazol-3-y1}-1,2,5-
oxadiazol-3-yl)amino]propyl}sulfamit. Dung dich chét trung gian tho trong metanol
(90mL) dugc xir Iy bing dung dich NaOH 2N (12mL, 24mmol) va khudy & 25°C trong
thoi gian 30 phtt. Hon hop phan tng dugc xit ly bang dung dich HCI 6M cho dén khi
dung dich c6 tinh axit va chiét bing etyl axetat (250mL). Lép hiru co dugc ria bing
nudge (100mL) va nude mubi (100mL), 1am kho bang natri sulfat khan, loc va c6 dé
thu duoc cin thd. Nguyén liéu ndy dugc tinh ché bing LCMS didu ché dé thu dugc san
phim mong mubn (1,1g, 82%) dudi dang chit rén dang gom. LCMS dbi véi
C13H17F3N704S (M+H)": m/z=424,0. '"H NMR (400 MHz, DMSO-ds): 3 11,6 (s, 1 H),
9,12 (s, 1 H), 7,37 (dd, J= 8,0, 8,0 Hz, 1 H), 7,21 - 7,18 (m, 1 H), 7,07 (s, 1 H), 6,95 (d,
J= 10,0 Hz, 1 H), 6,52 (br s, 3 H), 6,17 (t, J= 6,0 Hz, 1 H), 3,28 - 3,22 (m, 2 H), 2,93 -
2,89 (m, 2 H), 1,77 - 1,73 (m, 2 H).

Vidu 16

N’-Hydroxy-4-({3-[(metylsulfonyl)amino]propyl} amino)-N-[3-(triflometyl)-phenyl]-

1,2,5-oxadiazol-3-éarboximidamit
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Dung dich 3-{4-[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[3-(triflo-
metyl)phenyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua (tr vi du 15, budc F; 25mg,
50pmol) trong diclometan (ImL) dugc xir ly bang trietylamin (17pL, 0,12mmol) va
metansulfonyl clorua (6 pL, 70pmol) va khudy & 25°C trong thoi gian 2 gio. Hbn hop
phan tng dugc cd dé thu dugc chit trung gian N-{3-[(4-{5-0x0-4-[3-(triflo-
* metyl)phenyl]-4,5-dihydro-1,2,4-oxadiazol-3-y1}-1 ,2.5-oxadiazol-3-yl)amino]-propyl}
metansulfonamit, du6i dang cin tho, can ndy duoc ding ma khong cAn tinh ché thém.
Dung dich chét trung gian tho trong metanol (1mL) dugc xtr ly bang dung dich NaOH
2N (0,25mL, 0,5mmol) va khudy & nhiét do 25°C trong thoi gian 30 phut. Hbn hop
phan ung dugc xur ly bang axit axetic (50uL, 0,9mmol), loc va tinh ché bing LCMS
didu ché @ thu duoc san phim mong mubn (13mg, 65%) dudi dang chét rén. LCMS
@i v6i CraH1sF3N60sS (M+H)*: m/z=423,1. 'H NMR (400 MHz, DMSO-dg): o 11,6
(s, 1 H), 9,11 (s, 1 H), 7,37 (dd, J= 8.0, 8,0 Hz, 1 H), 7,20 (d, I=7,8 Hz, 1 H), 7,07 -
7,01 (m, 2 H), 6,96 (d, J= 8,0 Hz, 1 H), 6,20 (t, J= 5,9 Hz, 1 H), 3,27 - 3,22 (m, 2 H),
2,99 - 2,94 (m, 2 H), 2,87 (s, 3 H), 1,78 - 1,71 (m, 2 H).

Vidu 17

N-(4-Flo-3-metylphenyl)-N’-hydroxy-4-({2- [(metylsulfonyl)amino]etyl}ammo)-1,2,5-

oxadiazol-3-carboximidamit

Q.o ~oH
—8” N
\n/\/n N\ NH
N, \N <\ \>_
\O/

Budc A: tert-Butyl {2-[(metylsulfonyl)amino]etyl}carbamat

/
HN—ﬁ:O
(0]

O>—NH
Vo

N-(2-Aminoetyl)(tert-butoxy)carboxamit (17,5mL, 0,11mol) [Alfa #1.19947]
duoc khudy trong diclometan (320mL) va trietylamin (33mL, bd sung 0,24mol) dugc
bd sung vao hdn hop. Bé sung dung dich metansulfonyl clorua (8,5mL, 0,11mol) trong
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diclometan (10mL) vao h&n hep. Hon hop thu duge dugc khudy trong thoi gian 1 gid
va bd sung nudc (30mL) vao hdn hop. San pham dugc chiét bang diclometan (3 x
30mL), 1am khé bang natri sulfat va c¢d trong chén khong dé thu dugc san phidm mong
mudn (21g, 81%). LCMS tinh toan duge cho CsHilN202S (M- BoctH)": m/z=139,1.

Budc B: N-(2-Aminoetyl)metansulfonamit dihydroclorua

/  2Hal
/ 0]

HoN

tert-Butyl {2-[(metylsulfonyl)amino]etyl}carbamat (21g, 88mmol) dugc khudy
trong dung dich hydro clorua 4N trong 1,4-dioxan (97mL, 388mmol) trong thoi gian
30 phut. Nghién bing etyl axetat va hexan sau do6 bang ete dietyl va hexan thu duoc
hop chit mong mudn dudi dang gom (19g, 100%). LCMS tinh todn dugc cho
CsH11N202S (M+H)": m/z * 139,0.

Buée C: 4-Amino-N'-hydroxy-N—{2-[(metylsulfonyl)amino]etyl}-1,2,5-oxadiazol-3-

carboximidamit

or
N /~— O

\
H2N7’27NH
I\ :

N
N\O

4-Amino-N-hydroxy-1,2,5-oxadiazol-3-carboximidoyl clorua (9,7g, 60mmol)
dugce khudy trong etanol (460mL) va N-(2-aminoetyl)metansulfonamit dihydroclorua
(19g, 109mmol) duoc bd sung tir tir vao thanh timg phan va nhiét 46 tang lén dén
25°C. Sau khi lam lanh lai xuéng dén nhiét @6 0°C, trietylamin (53mL, 380mmol)
duge bd sung timg giot trong thoi gian 15 phut va phan Gng duoc khudy thém 15 phit
nita. Dung dich duge rira bing nuée (300mL) va nuéc mudi (300mL). Lép hitu co
duoc 1am kho bang natri sulfat va ¢ trong chan khong @ thu duge san phim mong
mubn (16g, 100%). LCMS tinh todn dugc cho CeH13Ns04S (M+H)": m/z=265,1. 'H
NMR (400 MHz, DMSO-de): § 10,16 (s, 1H), 9,07 (m, 1H), 7,18 (m, 1H), 6,37 (s,
2H), 3,36 (m, 2H), 3,15 (m, 2H), 2,87 (s, 3H).

-06-



38806

Buéc D: N'-Hydroxy-4-({2-[(metylsulfony1)amin0]etyl}amino)-1,2,5-0xadiazol-3-

carboximidamit

4-Amino-N’-hydroxy-N-{2-[(metylsulfonyl)amino]etyl}-1 ,2,5-oxadiazol-3-

carboximidamit (0,47g, 1,8mmol) dugc khudy trong 1,2-etandiol (38mL). Kali
hydroxit (600g, 11mmol) dugc bd sung thanh mot phan. Phan ung duoc gia nhiét ¢
nhiét d6 130°C trong thdi gian 4 giv va dé ngudi dén nhiét do trong phong. B6 sung
dung dich HCI IN (60mL) va san phim dugc chiét bang etyl axetat (4 x 40mL). Céc
16p hitu co két hop dugc 1am khd bang natri sulfat va c6 trong chén khong dé thu duoc
san phdm mong mudn (0,45g, 96%). LCMS tinh toén dugc cho CsH12N6O4S (M+H)™
m/z=265,1. 'TH NMR (400 MHz, DMSO-de): 8 10,49 (s, 1H), 7,18 (m, 1H), 6,20 (m,
3H), 3,36 (m, 2H), 3,15 (m, 2H), 2,87 (s, 3H).

Buéc E: N—(4-Flo-3-metylphenyl)-N‘-hydroxy-4-({2-[(metylsulfonyl)amino] etyl}-

amino)-1,2,5-oxadiazol-3 -carboximidamit

N’-Hydroxy-4-({2-[(metylsulfonyl)amino] etyl}amino)-1,2,5-oxadiazol-3-
carboximidamit (35mg, 0,13mmol) dugc khudy trong 1,4-dioxan (2mL) va dung dich
hydro clorua 6N (4mL) dugc bd sung. Dung dich nay dugc lam lanh dén nhiét do 0°C
va bd sung tir tir dung dich natri nitrit (11mg, 0,16mmol) trong nudc (3mL). Hon hop
duoc khudy trong thoi gian 1 gid & nhiét do 0°C va bay hoi. B4 sung 1,4-dioxan (2mL)
khan va hén hop dugc bay hoi thém hai 14n nita. Dung dich 4-flo-3-metylanilin [san
pham Aldrich # 559415] (25mg, 0,20mmol) trong etanol (2mL) dugc bd sung va hdn
hop duoc khudy trong thoi gian 1 gio. Tinh ché bang LCMS didu ché (pH=2) thu duoc
sin phim mong muén (17mg, 27%). LCMS tinh todn dugc cho CisHisFNsO4S
(M+H)*: m/z=373,1. 'TH NMR (400 MHz, DMSO-d6): § 11,25 (s, 1H), 8,61 (s, 1H),
7,18 (m, 1H), 6,91 (m, 1H), 6,72 (m, 1H), 6,58 (m, 1H), 6,24 (s, 1H), 3,32 (m, 2H),
3,11 (m, 2H), 2,89 (s, 3H), 2,05 (s, 3H).

Vidu 18
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4-({2-[(Aminosulfonyl)amino]etyl}amino)-N-(3-xyano-4-flophenyl)-N'-hydroxy-

1,2,5-oxadiazol-3-carboximidamit

OH
\\//O N§
HoNTs
? ﬂ’\,ﬂ%e\—NH
|\
N. N CN

Buéc A:  N-(3-Xyano-4-flophenyl)-N'-hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-

oxadiazol-3-carboximidamit

N\z

MeO’\/NJ
Qe

Hop chit mong mudn dugce didu ché theo quy trinh cta vi du 13, budc A, st
dung N—hydroxy-4-[(2—metoxyetyl)amino]-1,2,5-oxadiazol—3—carboximidoyl clorua
[dugc didu ché theo vi du 1, tir busc A dén bude E] va 5-amino-2-flobenzonitril [san
phim Aldrich # 639877] lam céc nguyén liéu ban dau véi hi¢u sudt 100%. LCMS d6i
v6i C13H14FN6O3 (M+H)": m/z=321,0.

Buéc B: 2-Flo-5-[3-{4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3-yl}-5-0x0-1,2,4-
oxadiazol-4(5H)-yl]benzonitril

N\’

MeO’\/N%Q—
: Q

Hop chit mong mudn duoc didu ché theo quy trinh cua vi du 13, bude B, su
dung N-(3-xyano-4-flophenyl)-N'-hydroxy-4- [(2-metoxyetyl)amino]-1,2,5-oxadiazol-
3-carboximidamit lam nguyén liéu ban ddu v6i hiu sudt 91%. LCMS dbdi véi

C1aH1FNgOs (MHH)': m/z=347,0. 'H NMR (400 MHz, DMSO-ds): 8 8,25 (dd, J=5.7,
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2.6 Hz, 1 H), 8,06 (m, 1 H), 7,77 (t, 7=9,2 Hz, 1 H), 6,41 (t, J= 5,7 Hz, 1 H), 3,48 (m,
2 H), 3,40 (q, J= 5,4 Hz, 2 H), 3,25 (5, 3 H).

Budc C: 2-Flo-5-[3-{4-[(2-hydroxyetyl)amino]-1,2,5-oxadiazol-3-yl}-5-0x0-1,2,4-
oxadiazol-4(5H)-yl]benzonitril

-

Hop chit mong mudn duge diéu ché theo quy trinh cta vi du 13, bude C, st

dung 2-flo-5-[3-{4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3 -yl}-5-0x0-1,2,4-

HO™\_N

oxadiazol-4(5H)-yl]benzonitril 1am nguyén liéu ban diu v6i hiu suét dinh luong.

LCMS dbi v6i C13H10FN6Os (M+H)*: m/z=333,0.

Buéc D: 2-({4-[4-(3-Xyano-4-ﬂophenyl)—5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-

1,2,5-oxadiazol-3-yl}amino)etyl metansulfonat

.0

N PO

8
T\

N CN

N‘o Q
F

Hop chét mong mubn dugc didu ché theo quy trinh cta vi du 13, buée D, sur

dung 2-ﬂo-5-[3-{4-[(2-hydroxyety1)amino]-1,2,5-0xadiazol—3-y1}-5-ox0-1,2,4-

MsO\_K

oxadiazol-4(5H)-yl]benzonitril 1am nguyén liéu ban dAu vé6i hiéu sudt 88%. LCMS dbi
v&i C1aH12FN6O6S (M+H)": m/z=411,0.

Budc E: 5-[3-{4-[(2-Azidoety1)amino]-1,2,5-oxadiazol-3-yl}-S-oxo-1,2,4-0xadiazol—
4(5H)-yl] -2-flobenzonitril

-

Nz NN

-90-



38806

Hop chit mong mudn dugc didu ché theo quy trinh ctia vi du 13, budc E, st
dung  2-({4-[4-(3-xyano-4-flophenyl)-5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-yl}amino)etyl metansulfonat 1am nguyén liéu ban d4u voi hiéu suat 95%.
Buéc F: 5-[3-{4-[(2-Aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-5-0x0-1,2,4-oxadiazol-
4(5H)- yl]-2-flobenzonitril hydroiodua

Hop chit mong mudn duge didu ché theo quy trinh cua vi du 13, bude F, st

dung 5-[3-{4-[(2-azidoetyl)amino]-1,2,5-oxadiazol-3-yl}-5-o0x0-1,2,4-0xadiazol-

HZN/\/N

4(5H)-y1]-2-flobenzonitril 1am nguyén ligu ban diu véi hiéu suét 57%. LCMS dbi véi
C13H11FN;03 (M+H)*: m/z=332,0. 'H NMR (400 MHz, DMSO-de): 8 8,29 (dd, J=5,8,
2,7 Hz, 1 H), 8,09 (m, 1 H), 7,83 (br s, 3 H), 7,79 (t, J= 9,0 Hz, 1 H), 6,77 (¢, I= 5.9
Hz, 1 H), 3,50 (q, J= 6,4 Hz, 2 H), 3,04 (m, 2 H).

Buéc G: 4-({2-[(Aminosulfonyl)amino]etyl}amino)-N-(3-xyano-4-flophenyl)-N’-

hydroxy-1,2,5-oxadiazol-3-carboximidamit

Trong lo vi song, 5-[3-{4-[(2-aminoetyl)amino]-1,2,5-oxadiazol-3-yl1}-5-oxo-
1,2,4-oxadiazol-4(5H)-yl]-2-flobenzonitril hydroiodua (20,0mg, 0,044mmol) va
sulfamit (25mg, 0,26mmol) dugc tao huyén pht trong pyridin (0,5mL). Phan tmg duoc
gia nhiét dén 120°C trong thoi gian 10 phit trong thiét bi phan tng vi séng. Dung mdi
duoc loai bod va cin dugc hoa tan trong metanol (0,17mL). Bb sung dung dich NaOH
2,0N trong nude (0,22mL, 0,44mmol) thanh mot phﬁn. Hon hop dugce khuéy & nhiét
d6 trong phong qua dém. Sau khi trung hoa bing axit axetic (S0pL), san phadm dugc
tinh ché st dung phuong phap LCMS didu ché thu duge san phim néu & dé muc nay
(4,9mg, 29%). LCMS d6i voi CiroH1aFNgO4S (M+H)™: m/z=385,0. 'H NMR (400
MHz, DMSO-de): § 11,65 (s, 1H), 9,08 (s, 1H), 7,34 (t, J= 9,1 Hz, 1H), 7,22 (dd, J=
5.4, 2,8 Hz, 1H), 7,13 (m, 1H), 6,70 (t, J= 5,9 Hz, 1H), 6,59 (s, 2H), 6,20 (t, J= 6,1 Hz,
1H), 3,34 (m, 2H), 3,09 (m, 2H).

Vidu 19

-100-



38806

N-(3-Xyano-4-flophenyl)-N'-hydroxy-4-({2-[(metylsul fonyl)amino]etyl} amino)-1,2,5-

oxadiazol-3-carboximidamit
OH
-~ F
e i XK
N. N
v (0]

Hop chit néu & d& muc nay duoc didu ché theo quy trinh ctia vi du 17, budc E,
st dung N’-hydroxy-4-({2-[(metylsulfonyl)amino]etyl}amino)-1,2,5-oxadiazol-3-
carboximidamit va 3-xyano-4-floanilin [san phim Aldrich # 639877] lam cac nguyén
liéu ban ddu. LCMS d6i v6i CisH14FN/NaOsS (M+Na)*: m/z=406,0. H NMR (400
MHz, DMSO-dg): & 11,65 (s, 1H), 9,08 (s, 1H), 7,35 (m, 1H), 7,18 (m, 3H), 6,56 (m,
1H), 6,23 (m, 1H), 6,24 (s, 2H), 3,32 (m, 2H), 3,14 (m, 2H), 2,89 (s, 3H).

Vi du 20
4-({2-[(Aminosulfonyl)amino]etyl} amino)-N- [(4-bromo-2-furyl)metyl]-N'-hydroxy-

1,2,5-oxadiazol-3-carboximidamit

Q.0 o)

H
-s
HN"S N
H/\,NI;_e\‘NI;i/il
N
7\
N. N Br
(o)

Budc A: tert-Butyl [(4-bromo-2-furyl)metyl]carbamat

0
/QOJL”/\EO/?
Br
4-Bromo-2-furaldehyt [san phém Aldrich #666599] (10,0g, 57,lmmol) dugc
hoa tan trong etanol (50mL) va nuéc (50mL). B sung lan lugt N-Hydroxyamin
hydroclorua (7,15g, 103mmol) va natri axetat (8,44g, 103mmol) va hdn hop phén tng
duoc hdi luu & nhiét d§ 100°C trong thoi gian 1 gio. Dung dich duge ¢ mdt phan va
két tia dugc thu gom va rira bang nudc lanh (2 x 10mL). Dich loc duge chiét bang etyl

axetat (3 x 25mL) va céc 16p hitu co két hop dugc rira bang nuéc mubi (50mL). Sau
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khi 1am kho bang natri sulfat, dung dich dugc cd trong chan khong. Cén dugc két hop
v6i két tia va duge hoa tan trong axit axetic (70mL). Sau khi d&t trong bé nude da, bd
sung tirng phan kém (14,7g, 225mmol) trong thoi gian 25 phit. Phan tng duoc 1am Am
dén nhiét d6 trong phong trong thoi gian 1,5 gir va loc qua b loc Celite. Dung moi

duoc loai bo trong chan khong.

Cin dugc khudy trong tetrahydrofuran (72mL). Dung dich NaOH 2,0N trong
nude (179mL, 358mmol) dugc bd sung timg giot trong thdi gian 45 phut. Sau 5 phut,
bd sung timg giot di-tert-butyldicacbonat (16,9g, 77,4mmol). Phan Umg dwgc khudy
trong thoi gian 2 gid va tetrahydrofuran dugc loai bé trong chan khong. B& sung etyl
axetat (100mL) va huyén phi dugc loc. Lép hitu co duge thu gom va san pham duoc
chiét bang etyl axetat (2 x 50mL). Céc 16p hitu co két hop duoc rira bing nudc mubi
(100mL) va nuée (100mL), lam kho bang natri sulfat va c6 trong chén khong dé thu
duoc san pham mong mubn (15,3g, 79%). LCMS tinh toan duogc cho CioH14BrNNaOs
(M+Na)*: m/z=298,0. 'TH NMR (400 MHz, DMSO-d6): 8 7,79 (s, 1 H), 7,37 (t, ]=5,8
Hz, 1 H), 6,33 (s, 1 H), 4,06 (d, J=6,1 Hz, 2 H), 1,36 (s, 9 H).

Buéc B: 1-(4-Bromo-2-furyl)metanamin trifloaxetat

j\ HQN/\Q

Du6i khi quyén nito, dung dich chira tert-butyl [(4-bromo-2-furyl)metyl]-
carbamat (15,3g, 55,4mmol) trong diclometan (86mL) & 0°C dugc xu ly bang axit
trifloaxetic (43mL) trong thoi gian 15 phut. Hon hop phan tmg dugc 1am 4m dén nhiét
d6 trong phong trong thoi gian 30 phut. Dung méi dugc loai bo trong chan khong va
dudi bing toluen (3 x 50mL). San phidm dugc 1am kho lanh trong thoi gian 18 gid dé
thu dugc san phdm mong muén dué6i dang chét ran mau ndu (13,0g, 81%). LCMS tinh
toan dugc cho CsHsBrO (M-NHz)": m/z=158,9, 160,9. 'H NMR (400 MHz, DMSO-
de): & 8,34 (brs, 3 H), 8,01 (s, 1 H), 6,70 (s, 1 H), 4,08 (s, 1 H).

Buéc C: N-[(4-Bromo-2-furyl)metyl]-N'-hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-

oxadiazol-3-carboximidamit
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OH
Nsy
AN
OI\’H%Q\‘NH 0
N\ L@\
N\O’ Bl'

N-Hydroxy-4-(2-metoxyetylamino)-1,2,5-oxadiazol-3-carbimidoyl clorua
[dugc didu ché theo quy trinh cia vi du 1, tir buée A dén EJ (4,5, 20,3mmol) duge
khudy trong etanol (20mL) & nhiét do trong phong. Bb sung dung dich 1-(4-bromo-2-
furyl)metanamin trifloaxetat (6,5g, 22,4mmol) trong etanol (24mL) vao hdn hgp va
hdn hop dugc khudy trong thoi gian 15 phit. Bé sung ting giot trietylamin (6,3mL,
44,8mmol) trong thoi gian 10 phut va phan tmg dugc khudy thém 15 phit. Dung mdi
dugc loai bo trong chan khong va sau khi bd sung nuée (50mL), san phdm dugc chiét
bing etyl axetat (3 x 50mL). Céc Iép hitu co két hop dugc rta bing nuéc mudi
(50mL), lam kho bang natri sulfat va cd @ thu duoc san phim mong mubn (7,5g,

100%). LCMS tinh toan dwugc cho C11H1sBrNsOs (M+H)"™: m/z=359,9, 361,9.

Budc D: 4-[(4-Brom0—2-ﬁ1ryl)metyl]-3-{4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3-
yl}-1,2,4-oxadiazol-5(4H)-on

/O O
N NP
O/\/H%gLN 0
Y \_@
N \O/ Bl'

N-[(4-Bromo-2-furyl)metyl]-N'-hydroxy-4- [(2-metoxyetyl)amino]-1,2,5-
oxadiazol-3-carboximidamit (7,3g, 20,4mmol) va 1,1°-carbonyldiimidazol (5,0g,
30,5mmol) dugc hoa tan trong etyl axetat (72mL). Hon hgp phan tg dugc gia nhiét &
nhiét do 65°C trong thoi gian 15 phut. Etyl axetat (70mL) duoc bd sung va san pham
phan tng tho duoc rira bing dung dich hydro clorua trong nude 0,1N (2 x 70mL). Lép
hitu co duge 1lam kho bang natri sulfat va cd trong chén khong. Tinh ché bang phuong
phéap sic ky nhanh trén silicagel v6i dung moi rira gidi 1a etyl axetat trong hexan thu
dugc san phdm mong mudn (4,1g, 90%). LCMS tinh toan dugc cho C1aHisBrNsOs
(M+H)*": m/z=386,0, 388,0. 'H NMR (400 MHz, CD30D): 6 7,88 (s, 1 H), 6,67 (s, 1
H), 6,39 (t, J= 5,7 Hz, 1 H), 5,07 (s, 2 H), 3,50 (m, 2 H), 3,41 (q, 7= 5,7 Hz, 2 H), 3,25
(s, 3 H).
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Bué6c E: 4-[(4-Bromo-2-furyl)metyl]-3-{4-[(2-hydroxyetyl)amino]-1,2,5-oxadiazol-3-
yl}-1,2,4-oxadiazol-5(4H)-on

N,o\}éO
HO\_M )’QLN 0

L

N\O/N Br

Trong binh day tron dudi khi quyén nito, 4-[(4-bromo-2-furyl)metyl]-3-{4-[(2-
metoxyetyl)amino]-1,2,5-oxadiazol-3-y1}-1,2,4-oxadiazol-5(4H)-on (8,2g, 21mmol)
duge khudy trong diclometan (68mL). Nhiét d6 dugc giam xubng dén -78°C va bd
sung timg giot dung dich bo tribromua 1,0M trong diclometan (43mL, 43mmol) trong
thoi gian 45 phut. Phan (mg dugc khudy & nhiét do -78°C trong thoi gian 45 phut va
khudy tiép & 0°C thém 30 phut. Trong khi duy tri nhiét d§ ¢ 0°C, bd sung timg giot
dung dich natri bicacbonat bdo hoa trong nuée (120mL) trong thoi gian 25 phut. Sau
khi dé 4m dén nhiét do trong phong, 16p hitu co duge thu gom va 16p nude duge chiét
bang etyl axetat (2 x 50mL). Céc 16p hitu co két hop dugc rta bing nuéc mudi
(100mL), 1am khd bing natri sulfat va cd trong chan khong d& thu dwoc san phim
mong mudn (7,7g, 97%) cung v6i mdt lugng nhd 3-{4-[(2-bromo-etyl)amino]-1,2,5-
oxadiazol-3-y1}-4-[(4-bromo-2-furyl)metyl]-1,2,4-oxadiazol-5(4H)-on. LCMS tinh
toan dugc cho CiiHuBrNsOs (M+H)": m/z=371,7, 374,0. 'H NMR (400 MHz,
DMSO-ds): & 7,89 (s, 1 H), 6,68 (s, 1 H), 6,31 (t, J= 5,8 Hz, 1 H), 5,08 (s, 2 H), 4,85
(brs, 1 H), 3,56 (m, 2 H), 3,30 (q, J= 5,6 Hz, 2 H).

Budce F: 2-[(4- {4-[(4-Br0mo-2-ﬁ1ryl)metyl]-5-oxo-4,5-dihydr0-1,2,4-oxadiazol-3-y1}-

1,2,5-oxadiazol-3-yl)amino]ety]l metansulfonat

N

Oy 0O .0
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B4 sung metansulfonyl clorua (0,96mL, 12mmol) vao dung dich 4-[(4-bromo-
2-furyl)metyl]-3-{4-[(2-hydroxyetyl)amino]-1,2,5-oxadiazol-3 -yl}-1,2,4-oxadiazol-
5(4H)-on (7,7g, 21mmol thanh mot phin, cling chira mot sb hop chit bromo tuong
mg) trong etyl axetat (100mL). Phan Gmg dugc khudy trong thoi gian 5 phit va bb
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sung trietylamin (1,6mL, 11mmol) thanh mot phan. Sau khi khudy trong thoi gian 30
phit, bd sung thém metansulfonyl clorua (0,4mL, Smmol), sau d6 5 phut, bd sung
trietylamin (0,58mL, 4,2mmol). Sau 15 phit, phan Gmg dugc chdm dit bing cach bd
sung nude (100mL). San phim dugc chiét bang etyl axetat (3 x 50mL) va cac 16p hitu
co két hop duge ria bing nuéc mudi (100mL). Sau khi 1am kho bang natri sulfat,
dung moi dugc loai bé trong chan khong dé thu dugc san phém mong mubn (9,3g,
100%). LCMS tinh toan dugc cho Ci2HisBrNsO7S (M+H)™: m/z=449,8, 451.8. H
NMR (300 MHz, DMSO-ds): & 7,88 (s, 1 H), 6,73 (t, J= 6,2 Hz, 1 H), 6,68 (s, 1 H),
5,08 (s, 2 H), 4,37 (m, 2 H), 3,59 (q, J=5,8 Hz, 2 H), 3,16 (s, 3 H).

Busc G: 3-{4-[(2-Azidoetyl)amin0]-1,2,5-oxadiazol-3-y1}-4-[(4-brom0-2-furyl)-
metyl]-1,2,4-oxadiazol-5(4H)-on

-N\\ /O O
NI N,
N/\/H}fg—N 0
T\ \—@
N \O’N BI’

2-[(4-{4-[(4-Bromo-2-furyl)metyl]-5-ox0-4,5-diliydro-1 ,2,4-oxadiazol-3-yl}-

1,2,5- oxadiazol-3-yl)amino]etyl metansulfonat (9,1g, 20mmol, cling chira mot sd hop
chét bromo twong tng) dugc hoa tan trong dimetylformamit (90mL). Natri azit (1,97g,
30,3mmol) dugc bd sung thanh mdt phan va sau 5 phit, nhiét do duge nang 1én 65°C.
Phan tUng dugc khudy trong thoi gian 2 gid va dé ngudi lai xubng nhiét do trong
phong. Nudc (200mL) duge bd sung dé trung hoa phan Gng. San phdm duoc chiét
bang etyl axetat (3 x 100mL) va céc 16p hitu co két .'hqp dugce rira bang nuée mubi (2 x
150mL) va nuéc (150mL). Sau khi lam kho bang natri sulfat, dung mdi dugc loai bd
trong chan khong dé thu duogc san phdm mong mubn (7,7g, 96%). LCMS tinh todn
dugce cho C11HoBrNsNaOs (M+Na)™: m/z=418,7, 421,0. 'H NMR (400 MHz, DMSO-
de): 87,88 (s, 1 H), 6,71 (t, J= 5,7 Hz, 1 H), 6,68 (s, 1 H), 5,08 (s, 2 H), 3,54 (t, J=5,7
Hz, 2 H), 3,47 (q, J= 5,7 Hz, 2 H).

Buéc H: 3-{4-[(2-Aminoetyl)amino]-1,2,5-oxadiazol-3-yl} -4-[(4-bromo-2-furyl)-
metyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua
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B6 sung natri iodua (17,4g, 116mmol) vao dung dich 3-{4-[(2-azidoetyl)-
amino]-1,2,5-oxadiazol-3-yl}-4-[(4-bromo-2-furyl)metyl]-1,2,4-oxadiazol-5(4H)-on
(7,7g, 19mmol) trong metanol (80mL). Sau khi khudy trong thoi gian 10 phut, dung
dich clotrimetylsilan (14,8mL, 116mmol) dugc bd sung timg giot trong thoi gian 5
phut. Phan tmg duoc khudy tiép trong thoi gian 1 gio, tai thoi diém do6 bd sung tir tir
dung dich natri thiosulfat (23,0g, 145mmol) trong nuéc (800mL) & nhiét do 0°C, thu
duoc két tia. Binh dugc rira bing metanol (10mL) va két tha dugc thu gom bing cach
loc chan khong. Chét rin duge rira bang nudc lanh (2 x 25mL) va dugc 1am kho trong
chan khong d& thu dugc san phdm mong muén (5,8g, 60%) dudi dang mubi
hydroiodua. LCMS tinh todn dugc cho C11H12BrNsO4 (M+H)*: m/z=370,9, 372,8. 'H
NMR (400 MHz, DMSO-ds): & 7,86 (s, 1 H), 7,36 (br s, 3 H), 6,68 (t, J= 5,8 Hz, 1 H),
6,65 (s, 1 H), 5,07 (s, 2 H), 3,45 (q, J= 5,8 Hz, 2 H), 2,98 (t, J= 5,8 Hz, 2 H).

Buéc I: 4-({2-[(Aminosulfonyl)amino]etyl}amino)-N-[(4-bromo-2-furyl)metyl]-N'-

hydroxy-1,2,5-oxadiazol-3-carboximidamit

f‘)é//o N’S'OH
HaoN \”’\’HJNH 0
N/ \N L@Br
o

Trong lo vi song, 3-{4-[(2-aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-
bromo-2-furyl)metyl]-1,2,4-oxadiazol-5(4H)-on hydroiodua (30mg, 0,060mmol) va
sulfamit (29mg, 0,30mmol) dugc tao huyén phu trong pyridin (ImL). Hdn hop phén
tng dugc suc khi nito va gia nhiét & nhiét do 130°C trong thoi gian 3 phut trong thiét
bi phan tng vi séng. Dung moi dugc loai b6 va chét trung gian thd dugc tao huyén phi
trong metanol (1mL). B6 sung dung dich NaOH trong nuéc 2,0N (0,30mL, 0,60mmol)
thanh mot phan va phan ung dugc gia nhiét dén 45°C trong thoi gian 30 phut. Sau khi
trung hoa bang axit axetic (68uL, 1,2mmol), san phim dugc tinh ché bing LCMS diéu
ché dé thu duoc san phim mong mudn (10,4mg, 41%). LCMS tinh toan dugc cho
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C1oHisBrN-OsS (M+H)*: m/z=423,9, 426,0. '"H NMR (400 MHz, DMSO-de): 8 10,87
(s, 1 H), 7,75 (s, 1 H), 6,83 (t, I= 7,3 Hz, 1 H), 6,68 (t, J= 6,0 Hz, 1 H), 6,56 (s, 2 H),
6,30 (t, J= 6,0 Hz, 1 H), 6,23 (s, 1 H), 4,56 (d, J= 7,0 Hz, 2 H), 3,32 (q, J= 6,3 Hz, 2
H), 3,07 (q, J=6,3 Hz, 2 H).

Vidu21
4-({2-[(Aminosulfonyl)amino]etyl}amino)-N- [(4-clo-2-furyl)metyl]-N'-hydroxy-
1,2,5-oxadiazol-3-carboximidamit

0]

N
HoN~S™

o] SOH
N
N \ 0
H NH NH
>/—\8‘ ‘/@C,
N. N ’
0
Budce A: 4-clo-2-furaldehyt

HY) c;

Cl
B4 sung 2-furancarboxaldehyt (8,44mL, 0,102mol) vao huyén phi c6 khudy
ctia nhém triclorua (29,8g, 0,223mol) trong diclometan (200mL) dudi khi quyén nito
trong thoi gian 15 phut. Sau khi khudy trong thoi gian 30 phut, suc clo vao huyén phu
str dung pipet trong khoang thoi gian 50 phut. Binh dugc gén kin va dé khudy & nhiét
d6 trong phong trong thoi gian 90 gio. Hon hop phan tng dugc bd sung tir tir vao hdn
hop nuée da (500mL) trong dung dich hydro clorua trong nuée 1,0N (300mL). Hon
hop dugc dé Am dén nhiét do trong phong trong mot gio tiép. Cac 16p duge tach va 16p
hitu co dugc thu gom. San pham bd sung duge chiét bang diclometan (2 x 200mL).
Céac 16p hitu co két hop duoc rira bang nuéc (250mL) va lam kho bang natri sulfat.
Dung mdi dugc loai bo trong chan khong dé thu dugc hdn hop thd chta san pham
mong mudn (14,0g, hiéu sudt 100%, dd tinh khiét 60%). 'H NMR (400 MHz, DMSO-
de): 8 9,56 (s, 1 H), 8,36 (s, 1 H), 7,71 (s, 1 H).

Budc B: tert-Butyl [(4-clo-2-furyl)metyl]carbamat
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Hoa tan 4-clo-2-furaldehyt (14,0g, d¢ tinh khiét 60%, 64mmol) trong etanol
(50mL) va nuéc (50mL). N-Hydroxyamin hydroclorua (12,6, 182mmol) va natri
axetat (14,9g, 182mmol) dugc bd sung 14n lugt va hdn hop phan tmg dugc dem hdi
luu & nhiét d6 100°C trong thdi gian 1 gid. Dung dich dugc cd mot phan, sau d6 bd
sung nude (25mL) va etyl axetat (50mL) vao. Lép hiru co duge thu gom va nudc duge
chiét bang etyl axetat (2 x 25mL). Céc 16p hitu co két hop duoc rira bing nudc mubi
(50mL) va nu6e (50mL). Sau khi lam kho bang natri sulfat, dung dich dugc co trong
chan khong. Chit trung gian dugc tao huyén pht trong axit axetic (115mL). Dung dich
dwoc 1am lanh trong bé nudc da va bd sung timg phan kém (33,1g, 506mmol) trong
thoi gian 20 phut. Phan tng duoc lam Am dén nhiét d6 trong phong trong thoi gian 2

gidr va dugce loc qua bd loc Celite. Dung mdi dugc loai bo trong chéan khong.

Cin dugc khudy trong tetrahydrofuran (100mL). Bé sung ting giot NaOH trong
nude 2,0M (152mL, 304mmol) trong thoi gian 30 phut. Hon hop phan tng dugc dit
trong bé nuéc d4 va sau 5 phut, bd sung nho giot di-tert-butyldicacbonat (24,3g,
111mmol) trong thdi gian 15 phat. Phan Gng duoc dé 4m dén nhiét do trong phong
trong thoi gian 2 gid nira va sau d6 tetrahydrofuran dugc loai bo trong chan khong.
Etyl axetat (100mL) dugc bd sung va huyén pht duge loc. Lép hitu co duge thu gom
va 16p nudce duge chiét bing etyl axetat (2 x 100mL). Cac 16p hitu co két hop duoc rira
bang hdn hop nudc/nude mubi 1:1 (100mL), lam khé bang natri sulfat va cd trong
chan khong. Tinh ché bang phuong phap sic ky nhanh trén silicagel v6i dung moi ria
giai 12 etyl axetat trong hexan thu dugc san phim mong muén (3,05g, 22%). LCMS
tinh toan dugc cho CioH14CINNaO; (M+Na)™: m/z=253.9. 'H NMR (400 MHz,
DMSO-de): 6 7,81 (s, 1 H), 7,37 (t, J=5,3 Hz, 1 H), 6,32 (s, 1 H); 4,05 (d, J= 6,0 Hz, 2
H), 1,36 (s, 9 H).

Budc C: 1-(4-clo-2-furyl)metanamin trifloaxetat
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Hop chét mong mubn dugce diéu ché theo quy trinh cua vi du 20, buéc B, st
dung tert-butyl [(4-clo-2-furyl)metyl]carbamat lam nguyén li¢u ban dAu v6i hidu sult
dinh Iugng. LCMS tinh toan dugc cho CsHsClO (M-NH,)*: m/z=115,0. 'R NMR (400
MHz, DMSO- dg): & 8,29 (br s, 3 H), 8,04 (s, 1 H), 6,69 (s, 1 H), 4,07 (s, 2 H).

Budc D: N-[(4-Clo-2-furyl)metyl]-N'-hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-

oxadiazol-3-carboximidamit

OH
N;
AN
O/\/H)}?-NH o
Y \_Q\l
N\ / Cl
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Hop chit mong mudn duoc didu ché theo quy trinh cua vi du 20, bude C, st
dung N-hydroxy-4-(2-metoxyetylamino)-1,2,5-0xadiazol-3-carbimidoyl clorua va 1-
(4-clo-2-furyl)metanamin trifloaxetat lam céac nguyén li¢u ban dau vé6i hiéu suét dinh

lugng. LCMS tinh toan dugc cho Ci1HisCINsO4 (M+H)": m/z=316,0.

Budc E: 4-[(4-Clo-2-furyl)metyl]-3-{4-[(2-met0xyetyl)amino]-1,2,5-0xadiazol-3-y1}-
1,2,4-oxadiazol-5(4H)-on

0}
e (e}
N NP
O/\/Hkg\—N o)
N\O/ CI

Hop chét mong mudn duge didu ché theo quy trinh cta vi du 20, bude D, st
dung N-[(4-clo-2-furyl)metyl]-N'-hydroxy-4- [(2-metoxyetyl)amino]-1,2,5-oxadiazol-
3-carboximidamit 1am nguyén liéu ban dau véi hiéu suit 51%. LCMS tinh toan dugc

cho C12H13CINsOs (M+H)": m/z=342,0.

Budéc F: 4-[(4-Clo-2-fury1)metyl]-3-{4-[(2-hydr0xyetyl)amino]-1,2,5-0xadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-on
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Hop chit mong mudn dugc didu ché theo quy trinh cia vi du 20, budc E, st
dung 4-[(4-010-2-furyl)metyl]-3-{4-[(2-metoxyetyl)amino]-1,2,5-0xadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-on lam nguyén li€u ban d4u véi hiéu suét dinh luong. LCMS
tinh toan dugc cho C11H10CINsNaOs (M+Na)*: m/z=349,9.

Buéc G: 2-[(4-{4-[(4-clo-2-fury1)metyl]-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-

1,2,5-oxadiazol-3-yl)amino]etyl metansulfonat

O\\S/:O N,OYO
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Hop chit mong mudn duge didu ché theo quy trinh cta vi du 20, buée F, st
dung 4-[(4-clo-2-furyl)mety1]-3-{4-[(2-hydr0xyetyl)amino]-1,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-on lam nguyén lidu ban dau véi hicu suit 69%. LCMS tinh toan
dugc cho C12Hi3CINsO7S (M+H)™: m/z=405,8.

Buéc H: 3-{4-[(2-Azidoetyl)amino]-1,2,5-0xadiazol-3-yl}-4-[(4-clo-2-furyl)metyl]-
1,2,4-oxadiazol-5(4H)-on
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Hop chit mong mubn duge diéu ché theo quy trinh cta vi du 20, bude G, sur
dung 2-[(4-{4-[(4-clo-2-furyl)mety1]-5-0X0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-
oxadiazol-3-yl)amino]etyl metansulfonat 1am nguyén liéu ban dAu v6i hiéu suit dinh
lwong. LCMS tinh toan dugc cho C1iHyCINgNaO4 (M+Na)": m/z=374.9.

Buée I 3-{4-[(2-Aminoetyl)amin0]-1,2,5-oxadiazol-3-yl}-4-[(4-010-2-fury1)metyl]-
1,2,4-oxadiazol-5(4H)-on hydroiodua
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Hop chit mong mudn dugc diéu ché theo quy trinh cta vi du 20, bude H, sir
dung 3-{4-[(2-azidoetyl)amino]-1,2,5-oxadiazol-3 -yl}-4-[(4-clo-2-furyl)metyl]-1,2,4-
oxadiazol-5(4H)-on lam nguyén liéu ban dAu vé6i hidu sult 57%. LCMS tinh toan dugc

cho C11H12CINsO4 (M+H)™: m/z=326.,9.
Buéc J:  4-({2-[(Aminosulfonyl)amino]etyl}amino)-N-[(4-clo-2-furyl)metyl]-N'-
hydroxy-1,2,5-oxadiazol-3-carboximidamit

o
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Hop chét mong mudn duge didu ché theo quy trinh cta vi du 20, budc L, sir
dung 3-{4-[(2-animoetyl)amino]-1,2,5-0xadiazol-3-yl}-4-[(4-clo-2-fury1)mety1]-1,2,4-
oxadiazol-5(4H)-on hydroiodua 1am nguyén liéu ban diu v6i hidu sudt 53%. LCMS
tinh toan duoc cho CioH1sCIN7OsS (M+H)*: m/z=379,9. '"H NMR (400 MHz, DMSO-
de): & 10,88 (s, 1 H), 7,77 (s, 1 H), 6,83 (t, J=6,8 Hz, 1 H), 6,68 (t, J= 5,9 Hz, 1 H),
6,56 (s, 2 H), 6,30 (t, J= 5,9 Hz, 1 H), 6,22 (s, 1 H), 4,55 (d, 2 H), 3,32 (q,J=6,3Hz,2
H), 3,06 (q, J= 6,3 Hz, 2 H).

Vi du 22

Céach khac didu ché chét trung gian 3-(4-(2-aminoetylamino)-1,2,5-oxadiazol-3-yl)-4-
(3-bromo-4-flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroiodua

-0
N
PN
N. N
L ot
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E

Budc A: 4-Amin0-N'-hydroxy-N-(2-metoxyetyl)-1,2,5-oxadiaz01-3-carboximidamit
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4-Amino-N-hydroxy-1,2,5-oxadiazol-3-carboximidoyl clorua (c6 thé dugc diéu
ché theo vi du 1, bude A-B, 200,0g, 1,23mol) dugc tron véi etyl axetat (1,2L). O nhiét
d6 nidm trong khoang tir 0 dén 5°C, b sung 2-metoxyetylamin [san phim Aldrich #
143693] (119,0mL, 1,35mol) thanh mot phdn trong khi khudy. Nhiét d6 phan tng ting
[én 41°C. Phan tg duge 1am lanh dén nhiét d nim trong khoang tlr 0 dén 5°C. Bd
sung trietylamin (258mL, 1,84mol) vao hdn hop. Sau khi khudy trong thoi gian 5 phut,
LCMS chi ra phan tng dd hoan thanh. Dung dich phén Umg dugc ria bang nudc
(500mL) va nuéc mudi (500mL), 1am kho bang natri sulfat va cd dé thu duoc san
phim mong muén (294g, 119%) duéi dang diu thd tdi mau. LCMS dbi v6i CeH1N503
(M+H)*: m/z=202,3. 'TH NMR (400 MHz, DMSO-de): & 10,65 (s, 1 H), 6,27 (s, 2 H),
6,10 (t, J= 6,5 Hz, 1 H), 3,50 (m, 2 H), 3,35 (d, J=5,8 Hz, 2 H), 3,08 (s, 3 H).

Buége B: N'-Hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3 -carboximidamit

4-Amino-N'-hydroxy-N-(2-metoxyetyl)-1,2,5-oxadiazol-3-carboximidamit

(248,0g, 1,23mol) dugc trdn v6i nude (1L). Bé sung kali hydroxit (210g, 3,7mol) vao.
Phén tmg dugc hdi luu & 100°C qua dém (15 gio). TLC véi 50% etyl axetat (chira
amoni hydroxit 1%) trong hexan chi ra rang phan tng da hoan thanh (Rf san phim =
0,6, Rf nguyén lidu = 0,5). LCMS ciing chi ra phan ng d4 hoan thanh. Phan tng duogc
1am ngudi dén nhiét d6 trong phong va chiét bang etyl axetat (3 x 1L). Dung dich etyl
axetat két hop dugc 1am khd bang natri sulfat va cd @8 thu dugc san phdm mong mudn
(201g, 81%) dudi dang chit rin thé mau tring nhd. LCMS doi v6i CeHiNsOs
(M+H)*: m/z=202,3. '"H NMR (400 MHz, DMSO-de): § 10,54 (s, 1 H), 6,22 (s, 2 H),
6,15 (t, J= 5,8 Hz, 1 H), 3,45 (1, J=5,3 Hz, 2 H), 3,35 (m, 2 H), 3,22 (s, 3 H).

Budc C: N-Hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3 -carboximidoyl clorua
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O nhiét d6 trong phong, hoa tan N'-hydroxy-4-[(2-metoxyetyl)amino]-1,2,5-
oxadiazol-3-carboximidamit (50,0g, 0,226mol) trong dung dich axit clohydric trong
nude 6,0M (250mL, 1,5mol). Bb sung natri clorua (39,5g, 0,676mol), sau d6 bd sung
nuée (250mL) va etyl axetat (250mL). O nhiét do ndm trong khoang tir 3 dén 5°C, bd
sung tir tr 100mL dung dich natri nitrit (15,0g, 0,217mol) trong nudc da dugc chuén bi
truge trong thoi gian 1 gio. Phan ung dugc khudy & nhiét do nam trong khoang tir 3
dén 8°C trong thoi gian 2 gid va sau d6 & nhiét do trong phong qua cubi tudn. LCMS
chi ra 13 phan ting d hoan thanh. Dung dich phén ng duoc chiét bang etyl axetat (2 x
200mL). Dung dich etyl axetat két hop dugc 1am khod bang natri sulfat va cd dé thu
dugc san pham mong mudn (49,9g, 126%) dudi dang chit rén thd mau tring. LCMS
d6i v6i CeHioCIN4O3 (M+H)*: m/z=221,0. 'TH NMR (400 MHz, DMSO-de): 6 13,43 (s,
1 H), 5,85 (t, J= 5,6 Hz, 1 H), 3,50 (t, J= 5,6 Hz, 2 H), 3,37(dd, J= 10,8, 5,6 Hz, 2 H),
3,25 (s, 3 H).

Buéc D: N-G -Brom0-4-ﬂophenyl)-N'—hydroxy-4-[(2-metoxyetyl)amin0]- 1,2,5-

oxadiazol-3-carboximidamit
~OH F
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N-Hydroxy-4-[(2-metoxyetyl)amino]-1,2,5 -oxadiazol-3-carboximidoyl clorua
(46,0g, 0,208mol) duoc tron véi nude (300mL). Hon hop dugc gia nhiét dén nhiét do
60°C. B6 sung 3-bromo-4-floanilin [céc san phim Oakwood, san pham # 013091]
(43,6g, 0,229mol) va khudy trong thoi gian 10 phut. Bb sung dung dich natri
bicacbonat (26,3g, 0,313mol) 4m (300mL nuéc) trong thoi gian 15 phit. Phén Ung
duoc khudy & nhiét 4o 60°C trong thoi gian 20 phuat. LCMS chi ra phan ung d& hoan
thanh. Dung dich phén ng duogc lam lanh dén nhiét do trong phong va chiét bang etyl
axetat (2 x 300mL). Dung dich etyl axetat két hop dugc 1am kho bang natri sulfat va

c6 @8 thu duoc san phdm mong mubn (76,7g, 98%) dudi dang chét rén thd mau nau.
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LCMS déi v6i C12H1sBrFNsO3 (MAH)*: m/z=374,0, 376,0. 'HNMR (400 MHz,
DMSO-dq): § 11,55 (s, 1 H), 8,85 (s, 1 H), 7,16 (t, J= 8,8 Hz, 1 H), 7,08 (dd, J= 6,1,
2.7 Hz, 1 H), 6,75 (m, 1 H), 6,14 (t, I= 5,8 Hz, 1 H), 3,48 (t, J= 5,2 Hz, 2 H), 3,35 (dd,
7=10,8, 5,6 Hz, 2 H), 3,22 (s, 3 H).

Buédce E: 4-(3 -Bromo-4-flophenyl)-3-{4-[(2-metoxyetyl)amino]-1,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-on

- 4 ) =0
O/\/ = N
N. .N
(0]

h,

F

Hdn hop gébm N-(3-bromo-4-flophenyl)-N'-hydroxy-4-[(2-metoxyetyl)-amino]-
1,2,5-oxadiazol-3-carboximidamit (76,5g, 0,204mol), 1,1'-carbonyldiimida-zol (49,7g,
0,307mol) va etyl axetat (720mL) dugc gia nhiét dén 60°C va khudy trong thdi gian 20
phtt. LCMS chi ra rang phan ting d3 hoan thanh. Phan tmg dugc lam lanh dén nhiét 4o
trong phong, rira bang dung dich HCI IN (2 x 750mL), 1am kho bang natri sulfat va cd
@& thu dugc san phdm mong muén (80,4g, 98%) dudi dang chét rén thd mau niu.
LCMS dbi v6i CisHiBrFNsOs (M+H)™: m/z=400,0, 402,0. 'H NMR (400 MHz,
DMSO-ds): § 7,94 (t, J= 8,2 Hz, 1 H), 7,72 (dd, J= 9,1, 2,3 Hz, 1 H), 7,42 (m, 1 H),
6,42 (t, J= 5,7 Hz, 1 H), 3,46 (t, J= 5,4 Hz, 2 H), 3,36 (t, J= 5,8 Hz, 2 H), 3,26 (s, 3 H).

Buéc F: 4-(3-Bromo-4-flophenyl)-3-{4-[(2-hydroxyetyl)amino]-1 ,2,5-oxadiazol-3-
yl}-1,2,4-oxadiazol-5(4H)-on

H =0
HO™ — N
N. _N
o

h

F

Hoa tan 4-(3-bromo-4-ﬂ0phenyl)-3-{4-[(2-metoxyety1)amin0]-1,2,5-oxadiazol-
3-yl}-1,2,4-oxadiazol-5(4H)-on (78,4g, 0,196mol) trong diclometan (600mL). O nhiét
dd -67°C, bd sung bo tribromua (37mL, 0,392mol) trong thoi gian 15 phuat. Phan tng
duoc 1am Am dén nhiét 6 -10°C trong thoi gian 30 phut. LCMS chi ra ring phan tng
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d3 hoan thanh. Phan tng duoc khudy & nhiét do trong phong trong thoi gian 1 gid. o)
nhiét d6 nim trong khoang tlr 0 dén 5°C, phan tmg duogc dap t4t tir tir bang dung dich
natri bicacbonat bdo hoa (1,5L) trong thoi gian 30 phut. Nhiét do phan Gng tang lén
dén 25°C. Phan tmg duoc chiét bing etyl axetat (2 x 500mL, 16p hitu co chiét dau tién
& day va 16p hitu co chibt thir hai & dinh). Cac 16p hitu co két hop duge lam kho bang
natri sulfat va c¢o dé thu dugc san phim mong mudn (75g, 99%) dudi dang chét ran thé
mau niu. LCMS d6i v6i C12H1oBrFNsO4 (M+H)*: m/z=386,0, 388,0. 'TH NMR (400
MHz, DMSO-ds): & 8,08 (dd, J= 6,2, 2,5 Hz, 1 H), 7,70 (m, 1 H), 7,68 (t, J= 8,7 Hz, 1
H), 6,33 (t, J= 5,6 Hz, 1 H), 4,85 (t, J= 5,0 Hz, 1 H), 3,56 (dd, J= 10,6, 5,6 Hz, 2 H),
3,29 (dd, J=11,5, 5,9 Hz, 2 H).

Buée G 2-({4-[4-(3-Bromo-4-ﬂ0phenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-y1]-

1,2,5-oxadiazol-3-yl }amino)etyl metansulfonat

H N =0
Ms0” >y N
N _N
0

5.

F

4-(3-br0m0-4-ﬂophenyl)-3-(4-(2-hydroxyetylamino)-1,2,5-0xadiazol-3-yl)-

1,2,4-oxadiazol-5(4H)-on (72,2g, 0,188mol) dugc trdn voi etyl axetat (600mL).
Metansulfonyl clorua (19,2mL, 0,248mol) dugc bd sung, sau d6 1a trietylamin
(34,9mL, 0,250mol). Phan ing dugc khudy & nhiét do trong phong trong 5 phut. Khi
LCMS chi ra 13 phan tng di hoan thanh (M+H=442), bd sung 500mL nude vao phan
ung. Phan tng dugc chiét bing etyl axetat (2 x 500mL). Dung dich etyl axetat két hop
dugc rira bing nude mudi (500mL), 1am khd bang natri sulfat va cd dé thu 85,1g chit
rén thd mau nau. 'H NMR xdc minh cAu tric. Hiéu sudt thé 1a 97%. LCMS dbi véi
C13H1BrFNsOgSNa (M+Na)*: m/z=485,9, 487,9. 'H NMR (400 MHz, DMSO-ds): 0
8,08 (dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,75 (t, J= 5.9
Hz, 1 H), 4,36 (t, J= 5,3 Hz, 2 H), 3,58 (dd, J= 11,2, 5,6 Hz, 2 H), 3,18 (s, 3 H).

Budéc H: 3-{4-[(2-Azidoety1)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-ﬂo-phenyl)-
1,2,4-oxadiazol-5(4H)-on
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Hoa tan 2-(4-(4-(3-bromo-4-flophenyl)-5-0xo0-4,5-dihydro-1,2,4-oxadiazol-3-
yl)-1,2,5-oxadiazol-3-ylamino)etyl metansulfonat (50,0g, 0,108mol) trong N,N-
dimetylformamit (83mL). Natri azit (10,5g, 0,162mol) dugc bd sung. Phan tng duoc
khudy & nhiét do 65°C trong thoi gian tir 5 dén 6 gid. LCMS chi ra rang phan ang da
hoan thanh (M+Na=435). Phan tmg duoc dap tit bing nuéc (250mL) va chiét bang
etyl axetat (2 x 250mL). Dung dich etyl axetat két hop duoc ria bing nudc (250mL,
viéc tach 16p dién ra tir tr, 100mL nudce mubi duoc bd sung vao dé cai thién viéc tach),
lam kho bang natri sulfat va co d8 thu duoc 49,7g chét rin thd mau nau. Higu suét tho
1a 112 %. LCMS dbi véi CroHsBrFNgOsNa (M+Na)™: m/z=433,0, 435,0. 'H NMR
(400 MHz, DMSO0-d6): § 8,08 (dd, J=6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,58 (t, J=8,7
Hz, 1 H), 6,75 (t, J= 5,7 Hz, 1 H), 3,54 (t, J=5,3 Hz, 2 H), 3,45 (dd, J= 11,1, 5,2 Hz, 2
H).

Buéc I 3-(4-(2-aminoetylamino)-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-ﬂophenyl)—
1,2,4-oxadiazol-5(4H)-on hydroiodua

-0,
i M=o
N, N
Hi o)

h.

F

3-(4-(2-azidoetylamino)-1,2,5-oxadiazol-3-y1)-4-(3 -bromo-4-flophenyl)-1,2,4-
oxadiazol-5(4H)-on (80,0g, 0,194mol) dugc tron véi metanol (800mL). Natri iodua
(175,0g, 1,17mol) dugc bd sung. Phan tmg dugc khudy & nhiét do trong phong trong
thoi gian 10 phat. Hoa tan clotrimetylsilan (148mL, 1,17mol) trong metanol (100mL)
va bd sung vao phin tng trong thoi gian 30 phut. Nhiét do phan ung tang lén dén
42°C. Phan ting dugc khudy & nhiét d6 trong phong trong thoi gian 30 phat. LCMS chi
ra rang phan tng da hoan thanh (M+H=386). Phan ng duoc dap tit bang dung dich
natri thiosulfat (190,0g, 1,20mol) trong nudc (900mL). Lugng 16n chét rén duoc két
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tha. San phim dugc thu gom bang céch loc (tbc dd loc cham), rira bang nuéc (200mL)
va 1am kho trong chan khong qua dém. Banh loc dugc tao huyén pht trong etyl axetat
(500mL) trong thoi gian 30 phut. San pham duoc loc (téc d6 loc cham) va lam kho
trong chan khong qua cudi tudn dé thu dugc 95g chit rin mau tring nhat. LCMS dbi
v6i C12H1BrFNgO3 (M+H)*": m/z=384,9, 386,9. 'H NMR (400 MHz, DMSO-ds): &
8,12 (m, 4 H), 7,76 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,78 (t, J= 6,1 Hz, 1 H), 3,51
(dd, J=11,8, 6,1 Hz, 2 H), 3,02 (m, 2 H).

Vidu23

Cich khac didu ché 4-({2-[(Aminosulfonyl)amino]etyl}amino)-N-(3-bromo-4-
flophenyl)-N'-hydroxy-1,2,5-oxadiazol-3-carboximidamit

~OH F
w __n. N ICX
HNT" N7 7—(kN Br

Buédc A: 4-(3-br0m0-4-ﬂophenyl)—3-(4-(2-hydr0xyetylamino)-1,2,5-oxadiazol-3-y1)-
1,2,4-oxadiazol-5(4H)-on

f N =0
HO —~ N
N< N
0

h

F

B4 sung timg giot bo tribromua (354mlL, 3,67mL) vao dung dich chtra 4-(3-
bromo-4-flophenyl)-3-(4-(2-metoxyetylamino)-1,2,5 -oxadiazol-3-yl)-1,2,4-oxadiazol-
5(4H)-on (c6 thé dugc didu ché theo vi du 1, céc bude tir A dén G; 1232g, 3,08mol)
trong diclometan (12L) dang khudy trong binh dung tich 22L & 0°C & tbc do bd sung
sao cho nhiét do khong vuot qua 10°C. Sau khi khudy trén nudc da trong thoi gian 1
gidy, bd sung cén than dung dich natri bicacbonat bdo hoa trong nuge (2L) vao d6 & tbe
d6 bd sung sao cho nhiét dd khong vugt qua 20°C (thoi gian bd sung 1 10 phit). Hén
hop thu duge duogc chuyén vao phéu tach dung tich 50L, pha loang bang nuéc (10L)
va @6 pH cua 16p nude duogc didu chinh tir 1 dén 8 st dung natri bicacbonat rén. Cac

16p dugc tach va 16p hiru co dugce rua bang nude (10L) va dung mdi duge loai bo
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trong chan khong dé thu duge chit rin mau niu vang (24mol dugc xir 1y trong nhiéu
budce, 9,54kg, hi€u suét dinh luong). Nguyén liéu thu dugc nay duge tao huyén phu
trong 4 thé tich hdn hop heptan:etyl axetat 7:1 (4 binh 22L), loc va 1am kho @ thu
dugc hop chit néu & d& muc nay duéi dang chit rin mau nau vang (8679g, 94%). San

phdm 13 hdn hop cla cac hop chét hydroxy- va bromo- tuong Gng.

Buéc B: 2-(4-(4-(3-bromo-4-flophenyl)-5-oxo-4,5-dihydro-1 ,2,4-oxadiazol-3-yl)-

1,2,5-oxadiazol-3-ylamino)etyl metansulfonat

Br

B& sung timg giot metansulfonyl clorua (185mL, 2,4mol) vao dung dich 4-(3-
bromo-4-flophenyl)-3-{4-[(2-hydroxyetyl)amino]-1,2,5 -oxadiazol-3-yl}-1,2,4-
oxadiazol-5(4H)-on (1,5kg, 3,9mol, cling chira mot sd hop chit bromo- twong mg)
trong etyl axetat (12L) trong thoi gian 1 gio ¢ nhiét do trong phong. Trietylamin
(325mL, 2,3mol) dugc bd sung timg giot trong thoi gian 45 phut, trong subt khoang
thoi gian ndy, nhiét 4o phan ng ting 1én dén 35°C. Sau 2 gi®, hdn hop phéan ung duge
rira bang nudc (5L), nude mudi (1L), 1am kho bang natri sulfat, két hop vé6i 3 phan
{ng nita cling cing muc d§ va dung moi dugc loai bo trong chan khong dé thu dugc
san phdm mong mudn (7600g, hiéu suét dinh luong, cling chira mot s6 hop chét bromo
twong Ung, luu y: bui kich tmg) dudi dang chit rin mau ndu vang. LCMS dbi voi
C13sH11BrFNsO¢SNa (M+Na)™: m/z=485,9, 487,9. 'H NMR (400 MHz, DMSO-dg): 8
8,08 (dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,75 (t, J= 5,9
Hz, 1 H), 4,36 (t, J= 5,3 Hz, 2 H), 3,58 (dd, J= 11,2, 5,6 Hz, 2 H), 3,18 (s, 3 H).

Buéc C: 3-(4-(2-azid0etylamino)-1,2,5-0xadiazol—3-yl)-4-(3-bromo-4-ﬂopheny1)-
1,2,4-oxadiazol-5(4H)-on |
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B sung natri azit (380g, 5,84mol) vao dung dich 2-({4-[4-(3-bromo-4-tlo-
phenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1 ,2,5-oxadiazol-3-yl}amino)etyl
metansulfonat (2,13kg, 4,6mol, cling chira mot sb hop chét bromo- twong ng) trong
dimetylformamit (4L) dang khudy trong binh dung tich 22L. Phin ung dugc gia nhiét
& 50°C trong 6 gid, rét vao nudc da/nuée (8L) va chiét bang hdn hop etyl
axetat:heptan 1:1 (20L). Lép hitu co dugc rira bang nuée (5L) va nude mubdi (5L) va
dung moi dugc loai bo trong chan khong thu dugc san phim mong mudn (1464g,
77%) dudi dang chit rin mau niu vang. LCMS dbi v6i C12HgBrFNsO3Na (M+Na)™
m/z=433,0, 435,0. '"H NMR (DMSO-ds, 400 MHz): & 8,08(dd, J= 6,2, 2,5Hz, 1H),
7,72(m, 1H), 7,58(t, J= 8,7Hz, 1H), 6,75(t, J= 5,7Hz, 1H), 3,54(t, J= 5,3Hz, 2H),
3,45(dd, J= 11,1, 5,2Hz, 2H).

Buéc D: 3-{4—[(2-Aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-ﬂophenyl)-
1,2,4-oxadiazol-5(4H)-on hydroclorua

. Y=o
N< N
HCI 0]
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F

Buéc D, Phan 1: tert-Butyl 2-(4-(4-(3-bromo-4-ﬂ0phenyl)-5-oxo-4,5-dihydro- 1,2,4-

oxadiazol-3-y1)-1,2,5-oxadiazol-3-ylamino)etylcarbamat

Br

Bd sung natri iodua (1080g, 7,2mol) vao 3-{4-[(2-azidoetyl)amino]-1,2,5-
oxadiazol-3-y1}-4-(3-brom0-4-ﬂophenyl)-1,2,4-0xadiazol-5(4H)-on (500g, 1,22mol)

-119-



38806

trong metanol (6L). Hon hgp dugc khudy trong thdi gian 30 phit, trong khoang thoi
gian ndy quan sat thdy c6 su toa nhiét nhe. Bé sung nhé giot clotrimetylsilan (930mL,
7,33mol) vao dung dich trong metanol (1L) & tdc d6 sao cho nhiét d6 khong vuot qua
35°C va phan ung dugc khudy trong thoi gian 3,5 gior & nhiét dd mdi truong. Phan tng
duoc trung hoa bang dung dich natri thiosulfat pentahydrat trong nudc 33% khéi lwong
(~1,5L), pha loing bing nuéc (4L) va diéu chinh d6 pH dén 9 cin than bang kali
cacbonat (250g — bd sung thanh nhitng phén nho: qun sat c6 tao bot). Di-tert- butyl
dicacbonat (318g, 1,45mol) duoc bd sung va phan ung duoc khudy & nhiét do trong
phong. B4 sung thém kali cacbonat (200g) vao thanh cac phén 50g trong thoi gian 4
gir @& dam bao rang d6 pH vin bang hodc 16n hon 9. Sau khi khudy & nhiét do trong
phong qua dém, chit rin dugc loc, nghién bang nuéc (2L) va sau d6 MTBE (1,5L).
Téng cong 11 1an thyc hién (5,5kg, 13,38 mol). Céc chat rén két hop duge nghién
bang hdén hgp THF:diclometan 1 : 1 (24L, 4 1an trong binh bay hoi quay dung tich
20L, nhiét do 50°C, thoi gian 1 gid), loc varira bang diclometan (3L mdi 14n) thu dugc
chét rin mau tring nhat. Nguyén liéu thé duoc hoa tan & 55°C vao tetrahydrofuran
(5mL/g), xit Iy bing cacbon khir mau (2% khdi lugng) va silicagel (2% khéi lugng) va
loc néng qua bd loc Celite dé thu san phdm duéi dang chét rén mau tring nhat
(5122g). Cac nudce loc MTBE, THF va diclometan két hop dugc co trong chan khong
va sic ky (2kg silicagel, heptan véi gradien etyl axetat tir 0 dén 100%, 30L) dé thu
thém san phém (262g). Cac chét ran tert-butyl 2-(4-(4-(3-bromo-4-flophenyl)-5-oxo-
4,5-dihydro-1,2,4-oxadiazol-3-yl)-1,2,5 -oxadiazol-3-ylamino)etylcarbamat két hop
duge lam khd dén trong lugng khong ddi trong 10 doi luu (5385g, 83%).

Bugc D, Phin 2: 3-{4-[(2-Aminoety1)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-
flophenyl)-1,2,4-oxadiazol-5(4H)-on hydroclorua

Phuong phéap A:

Trong binh dung tich 22L dwogc nap hydro clorua (dung dich 4N trong 1,4-
dioxan, 4L, 16mol). tert-Butyl [2-({4-[4-(3-bromo-4-flophenyl)-5-ox0-4,5-dihydro-
1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etyl]carbamat (2315g, 4,77mol)
duoc bd sung dudi dang chét rin thanh timg phan trong khoang 10 phut. Huyén phu
duge khudy & nhiét do trong phong va dan tré thanh dang sét ddc ma khong thé khudy.
Sau khi khudy qua dém & nhiét do trong phong, dang sét nay dugc tao huyén pht trong
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etyl axetat (10L), loc, tao huyén phti lai trong etyl axetat (5L), loc va lam kho dén
trong lugng khong ddi dé thu dugc san phim mong muén dudi dang cht rin mau
tréng (két hop véi cac lan khac, Skg nguyén liéu ban dau dugc nap, 4113g, 95%).
LCMS dbi v6i CoHiBrFNgO3 (M+H)": m/z=384,9, 386,9. 'H NMR (400 MHz,
DMSO-dg): & 8,12 (m, 4 H), 7,76 (m, 1 H), 7,58 (t, J= 8,7 Hz, 1 H), 6,78 (t, J= 6,1 Hz,
1 H), 3,51 (dd, J= 11,8, 6,1 Hz, 2 H), 3,02 (m, 2 H).

Phuong phép B:

tert-Butyl  [2-({4-[4-(3-bromo-4-flophenyl)-5-0x0-4,5 -dihydro-1,2,4-oxadiazol-3-yl]-
1,2,5-oxadiazol-3-yl}amino)etyl]carbamat (5000g) dugc bd sung vao hén hop gbm
isopropanol (20L) va dung dich HCl 4N trong 1,4-dioxan (10L) & nhiét d§ trong
phong. Mé ndy dugc gia nhiét dén nhiét do ndm trong khoang tir 40 dén 45°C va giit
trong thoi gian 1 gio. Etyl axetat dugc bd sung vdo mé nay & nhiét do nim trong
khoang tir 40 dén 45°C va giir trong thoi gian 2,5 gio. Khi hoan thanh phan Ung, nhu
duoc chi ra bang HPLC, heptan (10L) dugc bd sung vao mé ndy. Mé ndy duogc lam
ngudi dén 25°C. San phém duoc tach ra b%mg cach loc va banh loc uét dugc rira béng
etyl axetat (3 x 5,0L). San phim duge 1am kho trong chén khong, & 20°C dé thu dugc
4344g (hiéu suit 93,4%) hop chit néu & d& muc nay. LC-MS, 'H va C NMR va dit
liéu HPLC cua 16 san pham nay 12 gibng nhu dit liéu san phim dugc diéu ché bang

phuong phép A.

Buéc E: tert-Butyl ({[2-({4-[4-(3-bromo-4—ﬂophenyl)-5-0X0-4,5-dihydro-1,2,4-

oxadiazol-3-yl]-1 2,5-oxadiazol-3-yl }Jamino)etyl]Jamino} sulfonyl)carbamat

%P H N =0
BocHN™ " N~
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Binh d4y tron dung tich 5L duoc nap closulfonyl isoxyanat [san pham Aldrich #
142662] (149mL, 1,72mol) va diclometan (1,5L) va lam lanh st dung bé nudc da dén
nhiét 4o 2°C. B sung timg giot tert-butanol (162mL, 1,73mol) trong diclometan
(200mL) & tdc d6 sao cho nhiét d9 khong vuot qua 10°C. Dung dich thu duogc dugc ‘
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khudy & nhiét do trong phong trong khoang thoi gian tir 30 dén 60 phit dé tao ra tert-
butyl[closulfonyl]carbamat.

Binh dung tich 22L dugc nap 3-{4-[(2-aminoetyl)amino]-1,2,5-oxadiazol-3-
yl}-4-(3-bromo-4-ﬂopheny1)—1,2,4-0xadiazol-5(4H)-on hydroclorua (661g, 1,57mol)
va 8,5L diclometan. Sau khi lam lanh dén -15°C bing bé nuéc d4/mubi, dung dich tert-
butyl[closulfonyl]carbamat (dugc didu ché nhu trén) dugc bd sung & tbc dd sao cho
nhiét do khong vuot qua -10°C (thoi gian bd sung 7 phut). Sau khi khudy trong thoi
gian 10 phut, trietylamin (1085mL, 7,78mol) dugc bd sung vao & tdc d sao cho nhiét
d6 khong vuot qua -5°C (thoi gian bd sung 10 phut). BE lam lanh dugc 14y di, phan
ung dugc @8 4m dén 10°C, tach thanh hai phan va trung hoa bang dung dich HCI dac
10% (4,5L mdi phin). M3i phin duge chuyén vao phéu tich dung tich 50L va pha
loding bing etyl axetat d2 hoa tan hoan toan chét rin mau tring (~25L). Céc 16p duoc
téch va 16p hiru co dugo rira bing nude (SL), nuée mubi (SL) va dung moi dugce loai
bo trong chan khong dé thu duoc chét rin mau tring nhat. Chét rén duoc nghién bing
MTBE (2 x 1,5L) va lam kho dén trong lugng khong i @ thu dugc chét rin mau
tring. Téng cong 4113g nguyén liéu duge x Iy theo cach nay (5409g, 98%). TH NMR
(400 MHz, DMSO-ds): 5 10,90 (s, 1 H), 8,08 (dd, J= 6,2,2,5Hz, 1 H), 7,72 (m, 1 H),
7,59 (t, J= 8,6 Hz, 1 H), 6,58 (t, J='5,7 Hz, 1 H), 3,38 (dd, J= 12,7, 6,2 Hz, 2 H), 3,10
(dd, J=12,1, 5,9 Hz, 2 H), 1,41 (s, 9 H).

Budée F: N—[2-({4-[4-(3-bromo-4-ﬂophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2,5-oxadiazol-3-yl }amino)etyl]sulfamit

HN" N mR

Phuong phap A: St dung axit trifloaxetic

Bd sung tert-butyl ({[2-({4-[4-(3-bromo-4-ﬂ0phenyl)-5-ox0-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl }amino)etyl] amino }sulfonyl)carbamat ~ (1931g,
3,42mol) thanh tung phan vao binh dung tich 22L chtra hén hop axit trifloaxetic:nude
98:2 (8,9L) trong thoi gian 10 phut. Hbn hop thu duge duogc khudy & nhiét do trong
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phong trong thoi gian 1,5 gid, dung méi dugc loai bo trong chan khong va dudi bing
diclometan (2L). Chit rin thu dugc dugc xir ly 1in th@r hai bang hdén hop axit
trifloaxetic:nude 98:2 (8,9L), gia nhiét trong thoi gian 1 gid & nhiét do nam trong
khoang tir 40 dén 50°C, dung moi duge loai bod trong chin khong va dubi bang
diclometan (3 x 2L). Chét rén mau tring thu dugc dugc lam khé trong tu sdy chan
khéng & 50°C qua dém. Tbng cong 5409g duge xir 1y theo cach nay (4990g, hi¢u suét
dinh lugng). LCMS d6i v6i CioHiBrFN;,0sS (M+H)™: m/z=463,9, 465,9. '"H NMR
(400 MHz, DMSO-ds): 5 8,08 (dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,59 (t, J= 8,7
Hz, 1 H), 6,67 (t, I= 5,9 Hz, 1H), 6,52 (t, J= 6,0 Hz, 1 H), 3,38 (dd, J= 12,7, 6,3 Hz, 2
H), 3,11 (dd, J= 12,3, 6,3 Hz).

Phuong phap B: St dung axit clohydric

B4 sung dung dich HCI trong dioxan 4N (8,0L) vao dung dich tert-butyl ({[2-
({4-[4-3 -bromo-4-flophenyl)-5-0x0-4,5-dihydro-1 ,2,4-oxadiazol-3-yl1]-1,2,5-
QXadiazol-3-yl}amino)etyl]amino}sulfonyl)carbamat (4500g) trong isopropanol (9L).
Ho6n hgp phan tng duogc gia nhiét dén nhiét 46 nam trong khoang tir 40 dén 45°C va
dugc gitt & nhiét 6 nay trong khoang 5 gid. Khi hoan thanh phan ung (nhu duoc chi
ra bing phén tich HPLC), bd sung heptan (72L) vao hdn hop phéan ung. Hon hop thu
duoc dugc gia nhiét dén 68°C va giit & nhiét do nay trong thoi gian 1 giv. Mé nay
dugc dén nguodi xubng khoang 23°C. San phidm rn dugc thu gom bing céach loc. Banh
loc dugce rira bang hdn hop heptan (16L) va isopropanol (1,2L) va lam kho bang cach
hut trén phéu loc. San pham tho dugc hoa tan trong etyl axetat (10,8L) & khoang 43°C.
Heptan (32,4L) dwoc bd sung vao dung dich etyl axetat trong thoi gian 15 phut. Mé
nay dugc gia nhiét dén 70°C va gitr & nhiét do nay trong thoi gian 1 gio. Mé nay duogc
1am ngudi dén 21°C va sén phim rin duge thu gom bang céach loc. Banh loc dugc rira
bang heptan (14,4L) va lam kho bang cach hut trén phéu loc. Luong san pham 1a
3034g. LC-MS, 'H va 1*C NMR va dit ligu HPLC cua 16 san phdm nay 14 gidng nhu

dit lidu ctia san phim duge didu ché bang Phuong phap A.

Bude G: (Z)-4-({2-[(Aminosulfonyl)amino] etyl}amino)-N-(3-bromo-4-flophenyl)-N’-

hydroxy-1,2,5-oxadiazol-3-carboximidamit

Phuong phép A:
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B6 sung THF (5L) vao hdn hop thod gdm N-[2-({4-[4-(3-bromo-4-flophenyl)-5-
oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3 -yl}amino)etyl]sulfamit
(2,4mol) chira lugng dur axit trifloaxetic dang khudy trong binh dung tich 22L. Dung
dich thu dugc duge lam lanh dén 0°C sir dung bé nudc da va bd sung dung dich NaOH
2N (4L) vao hdn hop & tdc d6 sao cho nhiét do khong vuot qua 10°C. Sau khi khudy &
nhiét @ méi trudng trong thoi gian 3 gis (LCMS chi ra rang khong con nguyén liéu),
d6 pH duoc didu chinh dén do pH = tir 3 dén 4 bing HCI ddc (~500mL). THF duoc
loai bo trong chan khong va hdn hop thu dugc duogc chiét bang etyl axetat (15L). Lép
hitu co duge rira bang nudc (5L), nude mubi (5L) va dung mdi duge loai bo trong
chan khong dé thu dugc chét rén. Chat rin dwoc nghién biang MTBE (2 x 2L), két hop
v6i ba phan ting khac nhau & cing muc do va 1am kho qua dém trong 10 d6i luu dé thu
duoc chét rin mau tréng (3535g). Chét rn nay dugc tai két tinh (3 14n binh dung tich
221, nuéc siéu loc duge khir ion : etanol, 2:1, 14,1L mdi binh) va 1am kho trong 10 dbi
luu 50°C dén trong luong khong dbi @8 thu duoc hop chit néu & dé muc nady duéi dang
chit rén mau tring nhat (3290g, 78%). LCMS d6i v6i C1HiBrFN7OsS (M+H)™
m/z=437,9, 439,9. 'TH NMR (400 MHz, DMSO-ds): 8 11,51 (s, 1 H), 8,90 (s, 1 H),
7,17 (t, J= 8,8 Hz, 1 H), 7,11 (dd, J= 6,1, 2,7 Hz, 1 H), 6,76 (m, 1 H), 6,71 (t, J= 6,0
Hz, 1 H), 6,59 (s, 2 H), 6,23 (t, J= 6,1 Hz, 1 H), 3,35 (dd, J= 10,9, 7,0 Hz, 2 H), 3,10
(dd, J= 12,1, 6,2 Hz, 2 H). Phén tich tinh thé tia X xdc dinh ring hop chit néu & dé
muc nay chip nhan chu hinh Z (chat dong phén Z) d6i véi lién két doi cacbon-nito

(C=N) cuia nhom chirc oxim.
Phuong phép B:

B6 sung N-[2-({4-[4-(3-bromo-4-ﬂophenyl)-5-0xo-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etyl]sulfamit (1500g) vao THF (6,0L) va
mé nay dugc lam lanh dén 2°C. B sung axit trifloaxetic (0,006L) vao d6 & 2°C sau d6
13 bd sung dung dich natri hydroxit trong nuéc (384g NaOH ran trong 4,8L nuéc) &
nhiét d6 nim trong khoang tir 0 dén 2°C. Mé ndy duogc lam 4m dén khoang 16°C va
gifta trong 5 gid. Khi hoan thanh phén tng, nhu dugc chi ra bang HPLC, bd sung axit
clohydric dgc (0,7L) vao dé diéu chinh do pH ciia mé dén d pH bang tir 3 dén 4.
Khoang 4 L dung moi duoc loai bo ra khoi mé nay bing céch ct trong diéu kién 4p

suit giam. Mé nay dugc bd sung vao etyl axetat (18,0L) va hdn hgp hai pha dugc
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khudy trong thoi gian 15 phut. Lép hitu co duge rira lan luot bang nuée (6,0L) va
nude mudi (6,0L). Dung dich hitu co duge lam khd bang magie sulfat khan. Magie
sulfat dugce loc va nude loc dugce bay hoi dén kho trong diéu kién ap sudt giam. Bd
sung MTBE (3,0L) vao chét rén thu dugc va huyén phi duge khudy trong thoi gian 15
phut. San phém rin dugc tich ra béng cach loc. Banh loc dugc ruira lan lugt bang
MTBE (1,2L) va heptan (1,2L). Chat rén dugc lam kho trén phéu loc trong diéu kién
hat dé thu dugc 1416g (87,9%) san phim. San pham ndy (2440g, thu dugc trong hai
mé) duge tinh ché tiép bing cach tao huyén phu lai trong MTBE (9,6L) & nhiét do
17°C trong thoi gian 2 gio. Mé nay dugce lam lanh dén 6°C trong thoi gian 30 phit. San
phém rén dugc thu gom bang cach loc va banh loc uét duge rira 14n luot bing MTBE
(3,6L) va heptan (1,2L). San pham dugc 1am kho trong 1o chan khdng & nhiét do 20°C
d thu dugc 1962g hop chét néu & d& muc nay vé6i higu suét 81,7%. LC-MS, 'H va BC
NMR va dit lieu HPLC ctia 16 san phim nay 13 gidng nhu dit liéu cua san phim duoc
diéu ché bing Phuong phap A.

Vi du 24
Dit lidu hop chit

Dit liéu hoat tinh sinh hoc va vat ly cua ctia cac hop chét theo céc vi du tir 1 dén
19 duge tém tit trong bang 2 sau ddy. Dir liéu ICso 1a tir thit nghiém dugc cung clp
trong vi du A.

Béang 2

\\//
1’ >N

;1 X IDO MS
Vidusd R R> R3 n IC 5 (M) [M+H]
4379,
1 NH, Br | F 1 <200 4399
437,0,
2 Me Br F 1 <200 4390
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3 | N | B | F | 2] <100 1552’,%
4 Me | Br | F | 2| <100 g%
5 | N | Q@ 1| <200 3940
6 Me | Cl 1| <200 3030
7 | Nm | C 2 | <200 4081
8 Me | 2 | <200 407,1
o | N& | CR 1| <100 4280

10 Me CF; 1 <100 427,0

11 NH, | CFs 2 <100 442,0

12 Me CF; 2 <100 441,1

13 NH; | CF3 <500 410,0

14 Me | CF; 1 <200 409,1

15 NH: | CFs 2 <200 424.0
16 Me | CFs 2 <200 423,1
17 Me | CH; 1 <500 373,1
18 NH> | CN 1 <750 385,0

T G T =T A== A== =~ = T - T - T - T - T T >
et

19 Me | CN 1| <500 406,0*

Vi dy 25
Dit lidu hop chét

Dit liéu IDO ICso (xem vi du A) cua cac hop chét theo vi du 20 va 21 dugc néu
trong bang 3 sau day.

Béang 3
Vi du sb IDO ICso (nM)
20 <500
21 <750
Vi du 26
Dit liéu NMR
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Dit liéu '"H NMR (phd ké Varian Inova 500, phd ké Mercury 400 hogc phd ké
Varian (ho#c Mercury) 300) d6i v6i cac hop chét theo cac Vi du 1-21 duogc néu trong
bang 4 sau diy.

Bang 4

Vi 511_1

<& | Dungmdi | MHz Phé 'TH NMR

5 11,5(s, 1 H), 8,89 (s, 1 H), 7,17 (dd, J= 8,8, 8,6 Hz, 1 H), 7,09
(dd, J= 6,1, 2,7 Hz, 1 H), 6,76 - 6,72 (m, 1 H), 6,56 (dd, J= 6,1,
6,1 Hz, 1 H), 6,51 (s, 2 H), 6,17 (dd, J= 5,9, 5,9 Hz, 1 H), 3,27 -
3,21 (m, 2 H), 2,94 - 2,88 (m, 2 H), 1,78 - 1,71 (m, 2 H)

1 DMSO-ds | 400

5 11,49 (s, 1H), 8,90 (s, 1H), 7,17 (m, 2H), 7,09 (dd, J= 6,3, 2,5
2 | DMSO-ds | 400 | Hz, 1H), 6,26 (t, J= 6,1 Hz, 1H), 3,33 (m, 2H), 3,13 (q, J= 6,0
Hz, 2H), 2,89 (s, 3H)

511,5 (s, 1 H), 8,89 (s, 1 H), 7,17 (dd, J= 8,8, 8,6 Hz, 1 H), 7,09
3 | DMSO-de | 400 | (dd J=6,1,2,7 Hz, 1 H), 6,76 - 6,72 (m, 1 H), 6,56 (dd, J= 6.1,
6,1 Hz, 1 H), 6,51 (s, 2 H), 6,17 (dd, J= 5,9, 5,9 Hz, 1 H), 3,27 -
3.21 (m. 2 H), 2.94 - 2.88 (m. 2 H). 1.78- 1.71 (m. 2 H)

57,12 (dd, J= 5.9, 2,4 Hz, 1H), 7,05 (t, J= 8,7 Hz, 1H), 6,83 (m,
4 | CD;OD | 400 | 1H),3,39 (¢, J=6,8 Hz, 2H), 3,14 (t, J= 6,6 Hz, 2H), 2,94 (s, 3H),
1,87 (m, 2H)

57,96 (dd, J=6,8, 2,1 Hz, 0,05 H), 7,32 - 7,29 (m, 0,1 H), 7,18
(dd, J=9,1,9,1 Hz, 0,95 H), 6,93 (dd, J=6,4, 2,7 Hz, 0,95 H),

6,71 - 6,66 (m, 0,95 H), 6,33 (br's, 1 H), 3,35 - 3,27 (m, 2 H), 3,10
-3,06 (m, 2 H)

511,50 (s, 1H), 8,91 (s, 1H), 7,19 (m, 2H), 6,96 (dd, I=6,7, 2,5

6 | DMSO-ds | 400 | Hz, 1H), 6,71 (m, 1H), 6,26 (t, J=6,4 Hz, 1H), 3,32 (m, 2H), 3,13
(q, J=5,8 Hz, 2H), 2,89 (s, 3H)

5 DMSO-ds | 400

58,90 (s, 1 H), 7,20 (dd, I=9,2, 9,0 Hz, 1 H), 6,96 (dd, J=6,4,
2,7 Hz, 1 H), 6,72 - 6,69 (m, 1 H), 6,55 (t, J= 6,0 Hz, 1 H), 6,51
(s, 2 H), 6,16 (t, = 5,9 Hz, 1 H), 3,28 - 3,21 (m, 2 H), 2,93 - 2,87
(m, 2 H), 1,76 - 1,72 (m, 2 H)

7 DMSO-ds | 400

57,06 (¢, 1=8,9 Hz, 1H), 6,98 (m, 1H), 6,80 (m, 1H), 3,73 (m,

8 | CDOD | 300 | 5153358 (m, 2H), 2,94 (s, 3H), 1,28 (m, 2H)

511,60 (s, 1H), 9,06 (s, 1H), 7,30 (t, J=10,1 Hz, 1H), 7,14 (dd, J
= 6.1, 2,7 Hz, 1H), 7,03 (m, 1H), 6,71 (t, =5,3 Hz, 1H), 6,58 (s,
2H), 6,23 (t, 1=6,2 Hz, 1H), 3,36 (q, J=6,5 Hz, 2H), 3,08 (m,
2H)

9 DMSO-ds | 400

511,60 (s, 1H), 9,07 (s, 1H), 7,30 (t, I=10,1 Hz, 1H), 7,18 (1, ] =
10 | DMSO-ds | 400 | 6,0 Hz, 1H), 7,13 (dd, J=6,0, 2,7 Hz, 1H), 7,03 (m, 1H), 6,27 (¢, J
= 6,3 Hz, 1H), 3,32 (m, 2H), 3,13 (q, J=6,0 Hz, 2H), 2,89 (s, 3H)
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11

DMSO-ds

300

5 11,6 (s, 1 H), 9,08 (s, 1 H), 7,31 (dd, J=10,0, 9,4 Hz, 1 H), 7,13
(dd, J= 6,4, 2,9 Hz, 1 H), 7,05 - 6,99 (m, 1H), 6,58 (t, I=6,0 Hz,
1H), 6,52 (s, 2 H), 6,17 (t, J= 5,9 Hz, 1H), 3,28 - 3,21 (m, 2 H),
2,94 - 2,87 (m, 2 H), 1,79 - 1,72 (m, 2 H)

12

DMSO-ds

400

5 11,6 (s, 1 H), 9,07 (s, 1 H), 7,30 (dd, J=10,0, 9,6 Hz, 1 H), 7,13
(dd, J=6,2, 2,5 Hz, 1 H), 7,05 - 7,02 (m, 2 H), 6,19 (t, 7=5,8 Hz,

1 H), 3,27 - 3,21 (m, 2 H), 2,99 - 2,94 (m, 2 H), 2,87 (s, 3 H), 1,76
- 1,72 (m, 2 H)

13

CD;OD

400

§7.36 (t, 1=7,8 Hz, 1H), 7,23 (d, =7,8 Hz, 1H), 7,10 (s, 1H),
7,03 (d, J=7,8 Hz, 1H), 3,48 (m, 2H), 3,29 (m, 2H)

14

DMSO-ds

500

511,63 (s, 1H), 9,08 (s, 1H), 7,39 (¢, J=7,6 Hz, 1H), 7,21 (m,
2H), 7,10 (s, 1H), 6,99 (d, J=8,1 Hz, 1H), 6,28 (t, ]=5,4 Hz,
1H), 3,36 (q, J=5,8 Hz, 2H), 3,17 (q, J=5,8 Hz, 2H), 2,91 (s,
3H)

15

DMSO-ds

400

5 11,6 (s, 1 H), 9,12 (s, 1 H), 7,37 (dd, J=8,0, 8,0 Hz, 1 H), 7,21 -
7,18 (m, 1 H), 7,07 (s, 1 H), 6,95 (d, J= 10,0 Hz, 1 H), 6,52 (br s,
3 H), 6,17 (¢, J=6,0 Hz, 1 H), 3,28 - 3,22 (m, 2 H), 2,93 - 2,89
(m, 2 H), 1,77 - 1,73 (m, 2 H)

16

DMSO-ds

400

5 11,6 (s, L H), 9,11 (s, 1 H), 7,37 (dd, J=8,0, 8,0 Hz, 1 H), 7,20
(d,J=7,8 Hz, 1 H), 7,07 - 7,01 (m, 2 H), 6,96 (d, J=8,0 Hz, 1
H), 6,20 (t, J= 5,9 Hz, 1 H), 3,27 - 3,22 (m, 2 H), 2,99 - 2,94 (m,
2H), 2,87 (s, 3 H), 1,78 - 1,71 (m, 2 H)

17

DMSO-ds

400

511,25 (s, 1H), 8,61 (s, 1H), 7,18 (m, 1H), 6,91 (m, 1H), 6,72 (m,
1H), 6,58 (m, 1H), 6,24 (s, 2H), 3,32 (m, 2H), 3,11 (m, 2H), 2,89
(s, 3H), 2,05 (s, 3H).

18

DMSO-ds

400

§ 11,65 (s, 1H), 9,08 (s, 1H), 7,34 (t, J=9,1 Hz, 1H), 7,22 (dd, J =
5.4, 2,8 Hz, 1H), 7,13 (m, 1H), 6,70 (t, J=5,9 Hz, 1H), 6,59 (s,
2H), 6,20 (t, J=6,1 Hz, 1H), 3,34 (m, 2H), 3,09 (m, 2H)

19

DMSO-ds

400

& 11,65 (s, 1H), 9,08 (s, 1H), 7,35 (m, 1H), 7,18 (m, 3H), 6,56 (m,
1H), 6,23 (m, 1H), 6,24 (s, 2H), 3,32 (m, 2H), 3,14 (m, 2H), 2,89
(s, 3H).

20

DMSO-ds

400

510,87 (s, 1 H), 7,75 (s, 1 H), 6,83 (t, J= 7,3 Hz, 1 H), 6,68 (¢, J=
6,0 Hz, 1 H), 6,56 (s, 2 H), 6,30 (t, J= 6,0 Hz, 1 H), 6,23 (s, 1 H),
4,56 (d, J= 7,0 Hz, 2 H), 3,32 (g, J= 6,3 Hz, 2 H), 3,07 (q, J=

6.3 Hz. 2 H)

21

DMSO-ds

400

510,88 (s, 1 H), 7,77 (s, 1 H), 6,83 (t, J= 6,8 Hz, 1 H), 6,68 (t, J
= 5.9 Hz, 1 H), 6,56 (s, 2 H), 6,30 (t, J= 5,9 Hz, 1 H), 6,22 (s, |

H), 4,55 (d, 2 H), 3,32 (q, J= 6,3 Hz, 2 H), 3,06 (q, J= 6,3 Hz, 2
H)

Vi du A: Thir nghiém enzym indolamin 2,3-dioxygenaza (IDO) cta ngudi

E.coli va duoc tinh ché dén ddng nhét. IDO xtc tac qué trinh tich oxy héa ctuia vong
pyrol ctia nhén indol ctlia tryptophan dé tao thanh N'-formylkynurenin. Céc thtr nghiém
duge thuc hién & nhiét do trong phong nhu dugc mb ta trong tai liéu st dung IDO 95

nM va D-Trp 2 mM véi sy c6 mit cia ascorbat 20 mM, mau xanh metylen SuM va

Indolamin 2,3-dioxygenaza (IDO) v6i dudi His diu N dugc biéu hién trong
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catalaza 0,2mg/mL trong dung dich dém kali phosphat 50mM (d6 pH=6,5). Téc dd
phan ng ban ddu duge ghi lai bing cach ting lién tuc su hép thu & budc séng 321nm
do su tao thanh N’-formlylkynurenin (xem: Sono, M., et al, 1980, J Biol. Chem. 255,
1339-1345).

Vi du B: Xac dinh hoat tinh ttc ché trong thir nghiém indolamin 2,3- dioxygenaza
(IDO)/Kynurenin trén co s té bao HeLa

Céc té bao HeLa (#CCL-2) thu dugc tir trung tdm thu thap nudi cdy moé kiéu
M§ (ATCC: American Type Tissue Culture Collection, Manassas, VA) va dugc duy
tri thuong 1€ trong moi trudng thiét yéu t6i thidu (eagle) v6i 2mM L-glutamin 2mM va
BSS cua Earles dugc diéu chinh dé chira natri bicacbonat 1,5 g/L, cac axit amin khong
thiét yéu 0,1mM, natri pyruvat 1mM va huyét thanh bao thai bé 10% (tit ca déu cta
nha san xuét Invitrogen). Céc té bao dugc gitt & 37°C trong ti Am duoc 1am 4m dugc
cAp CO, 5%. Thir nghiém dugc thuc hién nhu sau: cic té bao HeLa duoc gieo cly
trong dia nudi cdy 96 18 véi mat do 5 x 10° té bao/15 va dé phat trién qua dém. Vao
ngdy tiép theo, IFN- vy (ndng d6 cubdi cing 14 50ng/mL) va chudi hop chit dugc pha
lodng (trong tbng thé tich 200uL moi trudong nudi cly) dugc bd sung vao céc 16 té bao
ndy. Sau 48 git @ 4m, 140pL dich ndi trén mdi 18 duoc chuyén vao dia 96 16 méi.
10pL dung dich axit tricloaxetic 6,1N (#T0699, Sigma) dugc trdn vao mdi 16 va u &
nhiét do 50°C trong thoi gian 30 phut dé thay phan N-formylkynurenin duoc tao ra bdi
indolamin 2,3-dioxygenaza thanh kynurenin. Sau do, hdn hop phan tng duge ly tdm
trong thori gian 10 phut & tde do 2500 vong/phut dé loai bo can. 100pL dich noi trén
mdi 15 dugc chuyén vao dia 96 16 khac va dwoc tron voéi 100ul p-
dimetylaminobenzaldehyt 2% (trong lwong/thé tich) (#15647-7, Sigma-Aldrich) trong
axit axetic. Mau vang thu dugc tir Kynurenin dugc do ¢ budc séng 480nm sir dung
may doc vi dia SPECTRAmax 250 (Molecular Devices). L-kynurenin (#K8625,
Sigma) dugc sir dung lam mau ddi ching. Céc mau dbi chirg (240, 120, 60, 30, 15,
7,5, 3,75, 1,87uM) dugce diéu ché trong 100pL. mdi trudng nudi céy va dugc tron voi
thé tich twong duong p-dimetylaminobenzaldehyt 2% (trong lwong/thé tich). Phén tram
ttc ché & mbi ndng d6 dwge xac dinh v gid tri trung binh ctia cic mAu gidng nhau thu

dugc. D1t liéu dugc phéan tich bang céach sir dung phép hdi quy khong tuyén tinh dé tao
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ra gia tri ICso (Prism Graphpad). Xem: Takikawa O, et al, 1988, J. Biol. Chem.,
263(4): 2041-8.

Vi du C: Xac dinh hi€u qua cua cac chét trc ché IDO d6i véi qu4 trinh ting sinh té bao

T ma dugc ngén chin bing cac t€ bao duodi gai biéu hién IDO

Cac bach ciu don nhén to dugc thu gom tur cac té bao don nhan ngoai vi cua
ngudi bang phuong phép dién chuyén bach cau. Sau d6 cac bach cAu don nhan to dugce
gieo cdy v6i mat do 1 x 10° té bao/16 trong dia 96 16, sir dung méi truong RPMI 1640
duoc bd sung huyét thanh bao thai bé 10% va L-glutamin 2mM (tht c4 déu ctia nha sén
xuét Invitrogen). Cac t& bao bam dinh dugc giit lai trén dia sau khi nudi ciy qua dém &
279C. Sau d6 cac bach ciu don nhan to bam dinh dugc kich thich trong thoi gian tir 5
dén 7 ngay v6i GM- CSF 100ng/ml (# 300-03, PeproTech) va IL-4 250ng/ml (#200-
04, PeproTech), sau d6 hoat hoa bang LPS 5Spg/mL tir Salmonella typhimurium
(#437650, Sigma) va IFN-y 50ng/mL (# 285-IF, R&D Systems) trong thoi gian 2 ngay

nita dé t& bao dudi gai trudng thanh.

Sau khi hoat hoa té bao dudi gai, méi‘truimg duoc thay thé bing RPMI 1640
hoan thién duogc bd sung IL-2 100-200 U/mL (#CYT-209, ProSpec-Tany
TechnoGene) va khang thé khang CD3 100ng/mL (#555336, PharMingen), té bao T
(2-3 x 10° t& ba0/13) va chudi hop chit IDO pha lodng. Sau khi 0 trong thoi gian 2
ngdy nita, sy ting sinh té bao T dugc do bing tht nghiém két hop BrdU, st dung kit
ELISA tang sinh t6 bao do mau theo huéng dan cua nha san xuét (#1647229, Roche
Molecular Biochemicals). Céc té bao dwgc nudi cy tiép trong thoi gian tir 16 dén 18
gid véi sy c6 mit cua dung dich danh diu BrdU 10pM. Sau d6, méi truong déanh dau
duoc loai b va bd sung vao té bao nudi cdy 200uL FixDenat cho mdi 18 va U trong
thoi gian 30 pht & nhiét do trong phong. Dung dich FixDenat dugc loai bd va va bd
sung 100pL dung dich thyc hién lién hop khang thé khéng BrdU-POD vao médi 1.
Phén tmg dugc thue hién trong 90 phit & nhiét do trong phong. Sau d6 lién hop khang
thé duoc loai bd va cc té bao duge rira ba 1an bang 200uL dung dich rira cho mdi 16.
Cubi cing, bd sung dung dich co chét 100pL/18 va két qua thu dugc st dung mdy doc
vi dia (Spectra Max PLUS, Molecular Devices) trong subt qua trinh phat trién mau.
Nhiéu két qua doc & céac thoi didm khéac nhau thu dugc dé dam bao dit liéu trong

khoang tuyén tinh. Dit liéu thu dugc thudng 18 tir cac thir nghiém sao chép va dit liu
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dbi chtng thich hop cling thu dugc. Xem: Terness P, et al. 2002, J. Exp. Med., 196(4):
447-57; va Hwu, P, et al. 2000, J. Immunol, 164(7): 3596-9.

Vi du D: Thir nghiém hoat tinh chéng khéi u ctia cac chét trc ché IDO in vivo

Hiéu qua chéng khéi u in vivo c6 thé duge thir nghiém st dung phuong thuc
ghép cung loai/ghép ngoai lai khéi u duogc cai bién. Vi dy, di duoc dé cap trong linh
vuc k¥ thuat 1a su e ché IDO c6 thé c6 tac dung hiép ddng véi liéu phap hoa hoc gy
ddc té bao & chudt c6 di mién dich (Muller, AJ., et al. 2005, Nat. Med. 11:312-319).
Téc dung hiép ddng nay dugc thé hién 13 phy thudc vao té bao T bang cach so sanh cic
tac dung hiép ddng ctia chét rc ché IDO duoc nghién clru trong cic mau ghép ngoai lai
khéi u chudt (vi du B16 va cac bién thé ¢6 lién quan, CT-26, LLC) duoc phat trién &
chuot bam sinh ¢ @i mién dich dén mirc quan sat théy & chudt bim sinh dugc diéu tri
bing khang thé khang CD4 trung hoa hogc cic khdi u twong ty duge phat trién & chudt

bi tdn thuong mién dich (vi du nu/nu).

Khai niém vé céc tic dung khang khéi u biét hoa & chudt c6 di mién dich so
v6i chudt bi tén thwong mién dich ciing c6 thé cho phép thir nghiém cac chét wc ché
IDO duogc nghién ctru nhu 1a céc chat don 18, Vi dy, céc khdi u LLC phat trién tot &
giéng vét chu bam sinh cta ching, C57B1/6. Tuy nhién, néu cac con chudt nay duge
diéu tri béng chét trc ché IDO 1-MT (dbi véi gia duge), thi sy tao thanh khdi u duoc tri
hoin mot cach rd rét, didu ndy cho thdy ring su Gc ché IDO 14 tc ché phat trién
(Friberg, M., et al. 2002, Int. J. Cancer 101:151-155). Theo logic nay, ¢6 thé kiém tra
hidu Iwc cta sy e ché IDO & mAu khéi u ghép ngoai lai LLC dugc phét trién & chudt
c6 du mién dich C57B1/6 va so sanh hiéu lyc nay véi hiu luc cua cac chét e ché
IDO dbi véi su phét trién khdi u LLC & chudt trui 16ng hodc chudt SCID (hodc chudt
C57B1/6 duoc didu tri bing cac khang thé ma trung hoa hoat tinh té bao T). Vi cac tac
dung cua viéc 1am gidm hoat tinh ngan can mién dich gian tiép béi khéi u ciia IDO s&
c6 kha ning 1a khac tuy thudc vao kha nang mién dich ctia cdc mAu khdi u khéc nhau,
céc bién ddi di truyén c6 thé dugc thyc hién d6i v6i cac té bao khdi u dé gia ting kha
ning midn dich cta ching. Vi dy, sy bidu hién cia GM-CSF & t€ bao B16.F10 lam gia
tang kha nang mién dich cta ching (Dranoff, G., et al. 1993, Proc. Natl. Acad. ScL,
USA, 90:3539-3543). Do viy, & mot sé mAu khdi u (vi du B16.F10) c6 thé tao ra
[nhiéu]dong ma biéu hién protein kich thich mién dich nhu GM-CSF va thtr nghiém
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hiéu luc tc ché su phat tridn ciia cac chét tc ché IDO chéng lai khéi u duoc thiét 1ap

tir cac té bao khoi u nay ¢ ca chudt c6 du mién dich va chudt bi ton thuong mién dich.

Phuong an thir ba dé danh gia hiéu lyc cua chét ttc ché IDO in vivo st dung céc
mau ghép cung loai/ghép ngoai lai khéi u chuot 'dugc gdy mién dich truéc'. Trong cac
mAu ndy, chudt c6 du mién dich duoc cam ung v6i khang nguyén hodc cac khang
nguyén khéi u cu thé @ bat chudc viée chung khang khéi u didu tri. Viéc nay cham
mdi cho chudt trong viéc dap lai khang khdi u gian tiép boi hé mién dich khi chuft
dugc thir thach tiép theo bang dong t& bao khdi u chudt (c6 cac khang nguyén khéi u
twong tu voi cac khang nguyén duge dung dé gay mién dich) & céc thir nghiém ghép
ngoai lai. Viéc biéu hién ciia IDO d3 duge chi ra 1 1am cln dép lai khang khdi u va
cho phép céac phan ghép ngoai lai phat trién nhanh hon. Quan trong 13, sy phat trién
ca cac khéi u & mau nay dugc uc ché boi cac chat trc ché IDO 1-MT (Uyttenhove, C,
et al 2003, Nat. Med. 9:1269-1274). Mau nay thu hat dic biét vi hoat tinh IDO duoc
chép nhan d6i vé6i su phat trién khdi u P815 va do dé su trc ché d3c hiéu ciia IDO s& 1a

su trc ché phat trien.

Cubi cung, viéc gay mién dich didu tri c6 thé dugc dung dé danh gia tac dong
clia céc chét e ché IDO in vivo. Vi du, d3 ching minh viéc st dung té bao B16-BL6
ma ngudi ¢6 trinh do trung binh c6 thé thir thach chudt Blk/6 bing céch tiém vao tinh
mach céc té bao khdi u, sau d6 didu tri béng peptit mién dich duoc truyén dic tinh tbt
(vi du TRP-2), dwoc biéu hién béi t& bao khoi u (Ji, et al, 2005, J. Immunol, 175:
1456-63). Quan trong 13, cc chat bién ddi h¢ mién dich, nhu khéng thé khang CTL-4,
6 thé cai thién dap lai dbi voi viée gay mién dich diéu tri ndy. Tac dong ciia cac chét

rc ché IDO c6 thé duge danh gia theo cach tuong ty - gay mién dich peptit khéi u c6

(thoi gian dbi voi trang thai bénh) hodc bang cich do su di cin khdi u dén phéi
va/hodc cac bd phan khéac & céc thoi diém x4c dinh.

& mAu bAt ky/tit ca cac mau trong s& cac mAu néu trén, ciing co thé do truc tiép
va/hodc gidn tiép sd lugng va/hodc hoat tinh cla cac t& bao mién dich phan tmg voi
khdi u. Cac phuong phap dé do sb luong va/hogc hoat tinh cla céc té bao mién dich
phan ung véi khéi u dugc thiét 1ap 8t va co6 thé dugc thuc hién st dung cic k¥ thuét

twong tu nhu céc k¥ thudt duge néu trong linh vuc k§ thudt (Current Protocols in
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Immunology, Vol. 4, Coligan, J. E., et al; Immunotherapy of Cancer, Human Press,
2006, Disis, MX. va cac tai li€u vién din trong do). V& m3t khai niém, su gidm hiéu
luc ngan chidn mién dich ctia IDO c¢6 thé din dén sb luong ting hoic kha ning phan
ung cua cic t& bao mién dich dic hiéu khdi u. Thém nita, su Gc ché IDO ¢6 thé con
lam gia tang s6 lwong hodc kha ning phan tmg cua cic t€ bao mién dich phan tng véi
khéi u khi dugc két hop véi cac phuong phap didu tri khac, vi du lidu phép diéu tri hoa
hoc va/hodc st dung chit diéu bién mién dich (vi du khang thé khang CTLA4).

T4t ca cac thir nghiém ghép cung loai/ghép ngoai lai déu c6 thé duge thuc hién
stt dung k¥ thujt khéi u tiéu chudn (dugc binh duyét bsi Corbett, et al., trong Cancer
Drug Discovery and Development: Anticancer Drug Development Guide: Preclinical
Screening, Clinical Trials, and Approval, 2nd Ed, Teicher, B.A. va Andrews, P.A.,
Gumana Press Inc.: Totowa, NJ, 2004). Viéc tach dong va dua cac gen (vi du IDO,
GM-CSF) vao céc dong té bao khéi u, ¢ thé dugc thyc hién sir dung céc k¥ thuét
tuong tu nhu cac k¥ thuit dugce dé cap trong linh vuc ky thudt ndy (duogc binh duyét
trong Sambrook, J. va Russel, D., Molecular Cloning: A labdratory Manual (3%
edition), Cold Spring Harbor Laboratory Press: Cold Spring Harbor, NY, 2001).

Vi du E: Thit ngiém chét e ché IDO in vivo & miu viém ndo virut-1 (HIV- 1) thiéu
hut mién dich & nguoi
1. Phén 1ap té bao va gy nhiém virut

Bach cau don nhan to va PBL ¢6 thé thu dugc biang cach gan rta ly tAm ngugc
dong cac goi dién chuyén bach ciu tir cac thé cho huyét thanh am tinh HIV-1, 2 va
viém gan B. Bach ciu don nhéan to dugc ciy vao mdi trudng hdn dich st dung cac binh
Teflon trong mdi truong cua Eagle duoc cai bién cta Dulbecco (DMEM, Sigma-
Aldrich) dugc b sung huyét thanh hén hop ciia ngudi dugc vo hoat bang nhiét 10%,
glutamin 1%, gentamicin 50ug/mL, ciprofloxacin 10pg/mL (Sigma) va yéu té kich
thich khun lac dai thuc bao tai t5 hop ctia ngudi c6 @) tinh khiét cao 1000U/mL. Sau
7 ngay nudi cdy, MDM dugc gy nhiém HIV-1 apa v6i d6 bdi nhiém 0,01.

2. Chudt Hu-PBL-NOD/SCID HIVE

Chudt NOD/C.B-17 SCID bbn tudn tudi dugc mua vé (tir Jackson Laboratory).

Céc con chudt nay dugc giit trong 16ng cach ly vi md vo trung trong diéu kién khong
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c6 tac nhin gy bénh. T4t ca cic con chudt nay dugc tiém anti-CD122 chudt
(0,25mg/con) trong mang bung ba ngay trude khi cy PBL va tiém hai 14n bang khang
thé asialo-GM1 cta tho (0,2mg/con) (Wako) mét ngdy trude va ba ngay sau khi tiém
PBL (20 x 106 t& bao/con). MDM dugc gy nhiém HIV-1apa (3 x 10° té bao trong
10pL) dugc tiém trong so (i.c: injected intracranially) tAm ngay sau khi chudt hu-PBL-
NOD/SCID HIVE phét sinh sy tai tao PBL. Ngay sau khi tiém trong so MDM dugce
gdy nhidm HIV-1, chu6t hu-PBL-NOD/SCID HIVE dugc cdy duéi da (s.c) voi dbi
chirng (t4 dugc) hodc vién hop chét (giai phong éhém 14 ho#c 28 ngay, Innovative
Research). Cac thir nghiém ban diu duoc thiét ké dé xac nhan sy cam ung cua CTL
dic hiéu virut & cac con chudt hu PBL-NOD/SCID HIVE dugc diéu tri bang cac hop
chét IDO. Piéu nay dugc x4c nhin bang phan tich vét mau tetrame va phan tich bénh
than kinh ciia viéc thai MDM tir md ndo. Sau d6, thir nghiém ndy duogc thiét ké dé
phan tich sy tai tao bach huyét bao cua nguoi, dap lai mién dich thé dich va cac thay
ddi bénh than kinh. Trong céc thir nghiém nay, cac con chuot dugc 1iy mau vao ngdy
tha 7 va giét vao ngay thir 14 va 21 sau khi tiém MDM cta ngudi trong so. Méau dugc
thu gom trong cac 6ng chira EDTA dugc dung d8 dém té bao va huyét tuong dugc
dung dé phat hién HIV-1 p24 sit dung ELISA (Beckman Coulter™). Cac khang thé
dac hiéu HIV-1 dugc phat hién béng cac thir nghiém vét Western theo cac huéng din
ctia nha san xut (kit thim tach tdy HIV-1 Cambridge Biotech, Calypte Biomedical).
Luogng khang thé dic hidu véi virut twong ty dugc phat hién 6 mAu ddi ching va & cac
con vat dugc diéu tri bang hop chat. Téng s ba thir nghiém doc 18p c6 thé duoc thuc

hién stir dung ba thé cho bach cau khac nhau.
3. FACScan cia mau ngoai vi va lach ¢ chudt hu PBL-NOD/SCID HIVE

Phép phan tich FACS hai mau ¢ thé duoc thuc hién ddi v&i mau ngoai vi &
tudn 1-3 va té bao don nhan lach & tudn 2 va 3 sau khi tiérh MDM nguoi trong so. Cac
t& bao duoc U bing cdc khang thé don dong lién hop flocrom (mAbs) dbi véi CD4,
CD8, CD56, CD3, TFN-y cta nguoi (eBioscience) trong thoi gian 30 phut & 4°C. Dé
d4nh gi4 dap lai mién dich t& bao, sy nhudm mau IFN-y ndi bao duge thuc hién két
hop v6i khang thé khang CD8 cta ngudi va khing thé khang CD45 clia chudt dugc
lién hop FITC dé loai trix céc té bao chudt. DE xac dinh CTL ddc hiéu Ag, vice nhudém
tetrame lién hop allophycocyanin cho HIV-18% (pl7 (aa77-85) SLYNTVATL, SL-9)
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va HIV-17°! [(22476-485) ILKEPVHGYV, IL-9] duge thuc hién ddi véi cac t€ bao don
nhan lach dugc kich thich bdi phytohemaglutinin/ interleukin-2 (PHA/IL-2). Cac té
bao dugc nhudm mau theo khuyén nghi ctia Vién cdc bénh di Ging va nhiém tring quéc
gia (NIH: National Institute of Allergy va Infections Disease, National Tetramer Core
Facilities). Dit liéu dugc phan tich bang FACS Calibur™ st dung phdn mém

CellQuest (Becton Dickinson Immunocytometry System).
4. Phan tich md bénh va phén tich hinh dnh

Mo ndo dugc thu thip vao ngay thit 14 va 21 sau khi tiém MDM trong so, dugc
c¢b dinh trong dung dich paraformaldehyt dém phosphat 4% va duoc gén trong parafin
hodc lam dong lanh & -80°C dé sur dung sau nay. Cac mét cat vong dAu tr cac khdi
duoc gén duoc cit dé xac dinh vi tri tiém. Péi véi mdi con chudt, 30-100 mat cit
(chiéu day Sum) dugc cit tir vi trf tiém MDM cua ngudi va 3-7 miéng (10 mit cit tach
roi) dugc phéan tich. Cac mit cit ndo dugc loai parafin bang xylen va hydrat héa trong
gradien rugu. Nhuém mau md mién dich hoéa hoc theo phuong thirc gian tiép co ban,
st dung su thu hdi khang nguyén bang cach gia nhiét dén ng 95°C trong dung dich
dém xitrat 0,01mol/L trong thoi gian 30 phut dé thu hdi khang nguyén. Pé xac dinh
cac té bao cia ngudi trong ndo chudt, mAb ddi v&i vimentin (1:50, dong 3B4, Dako
Corporation), ma xac dinh t4t ca cac bach cdu cia ngudi duge s dung. MDM va bach
huyét bao CD8* cila ngudi duge phét hién 1an lwot bang céc khang thé CD68 (pha
lodng 1:50, dong KP 1) va CD8 (pha loang 1:50, dong 144B). Cac té bao nhiém virut
duoc danh ddu bing mAb dbi voi HIV-1 p24 (1:10, dong Kal-1, tit ca tir Dako). Céc
t& bao vi than kinh dém cta chudt phan tmg dugc phat hién béng khang thé Iba-1
(1:500, Wako). Sw biéu hién ctia IDO ngudi (huIDO) dugc hinh dung bang cac khang
thé nhan dugc tir Khoa dugc ly té bao, Vién nghién clru trung wong, nganh y, Dai hoc
Hokkaido, Sapporo, Nhat Ban. Céac khang thé bac mdt dugc phat hién béng cac khang
thé bac hai dugc biotinyl hoéa thich hgp va duoc hinh dung bang phtrc chét avidin-
biotin (kit ABC Vectastain Elite, Vector Laboratories) va peroxidaza tir cdy cai ngua
(HRP: horseradish peroxidase) dugc két hop véi polyme dextran (EnVision, Dako
Corporation). Cac phan dugc nhudm mau mién dich dugc nhudm ngugc bing
hematoxylin cia Mayer. Cac phan ma tir 46 khang thé bac mot duge xda bod hodc kiéu

twong duong IgG khong lién quan dugc két hop dé 1am d6i chirng. Hai quan sét vién
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doc 14p trong md hinh mu dém sb lugng bach huyét bao CD8*, CD68" MDM va céc té
bao HIV-1 p24* trong mdi phan tr mdi con chudt. Kiém tra kinh hién vi sang dugc
thuc hién véi kinh hién vi Nikon Eclipse 800 (Nikon Instruments Inc). Phén tich ban
dinh luong cho Ibal (phén trim dién tich chiém gitt bsi vét nhudm mién dich) duoc
thuc hién bang phép phén tich hinh &nh c6 su trg gilip cuia mdy tinh (Image-Pro®Plus,
Media Cybernetics) nhu dugc mo ta trén day.
5. Phan tich thong ké

Dit liéu c6 thé dugc phén tich st dung Prism (Graph Pad) voi kiém dinh t-
Student cho cac mau so sanh va ANOVA. Cac gia tri P < 0,05 dugc xem nhu Ia co
nghia.
6. Tai lidu vién dan
Poluektova LY, Munn DH, Persidsky Y va Gendelman HE (2002). Generation of

cytotoxic T cells against virus-infected human brain macrophages in a murine model

of HIV-1 encephalitis. J. Immunol. 168(8):3941-9.

Céc bién ddi sang ché khac, ngoai cac phuong 4n duge boc 160 ¢ day, s& 1a rd
rang d6i véi ngudi c6 trinh dd trung binh trong linh vuc k¥ thuat tir phin md ta trén
day. Cac bién ddi nay ciling duge du kién 12 ndm trong pham vi cua yéu cau bao ho
dinh kém theo ddy. Moi tai liéu vién din, bao gbm tAt ca céac bang sang ché, cac don
sang ché va céc cong b6 duoc trich din trong ban mo ta dugc dwa vao ban mod ta nay

biang cach vién dan.
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YEU CAUBAO HO
Hop chét c6 cong thirc F13:

NHPg'

hodc mudi cua no, trong do:

10.

11.

12.

13.

R?1a Cl, Br, CF3, CHj3, ho#c CN;

R31a H hoic F;

Pg! 12 nhém bo vé& amino; va

n bang 1 hoic 2.

Hop chit theo diém 1, trong d6 Pg' 14 tert-butoxycarbonyl.

Hop chét theo diém 1 hoic 2, trong d6 R3 1a H hodc F.

Hop chét theo diém 1 hodc 2, trong d6 R? 13 Br, R* 13 F, va n bang 1.
Hop chit theo diém 1 hodc 2, trong d6 R?1a Br, R*Ia F, van bang 2.
Hop chét theo diém 1 hodc 2, trong d6 R2 12 C1, R® 1a F, va n bang 1.
Hop chét theo diém 1 hodc 2, trong 6 R? 12 C1, R? 1a F, va n bdng 2.
Hop chit theo diém 1 hodc 2, trong d6 R? 1a CF3, R*1a F, van bing 1.
Hop chét theo diém 1 hoic 2, trong 6 R?1a CF3, R*1aF, van béng 2.
Hop chét theo diém 1 hodc 2, trong d6 R?1a CF3, R*1a H, van bang 1.
Hop chét theo diém 1 hodc 2, trong d6 R? 1a CF3, R*1aH, van bang 2.
Hop chét theo diém 1 hodc 2, trong d6 R21aCN, R* 12 F, va n bang 1.

Hop chét theo diém 1, trong d6 hop chit nay 14 tert-Butyl ({[2-({4-[4-(3-bromo-

4-flophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl jamino)

etylJamino }sulfonyl) carbamat hodc mudi ctia né.
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Fig. 1
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Fig. 2
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Fig. 3
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