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Don yéu cdu cip bing doc quyén sing ché niy yéu cau
tam thoi yéu ciu clp patent M§ s6 61/901,689, ndp ngay 8 thang 11 nim 2013, ma duge dua

vio déy hoan toan bing c4ch vién din

Linh vue k§ thuit dwge dé cap

Sang ché nay d& clp dén cic quy trinh va chit trung gian dé tao ra 4-({2-
[(aminosulfonyl)amino]etyl}amino)-N-(3-bromo-4-florophenyl)-N"-hydroxy-1,2,5-oxadiazol-
3-carboximidamit, ma 1a chét wc ché indolamin 2,3-dioxygenaza c6 thé duoc ding @ didu tri

bénh ung thu va céc rdi loan bénh Iy khic.

Tinh trang k§ thuit ctia sing ché

Tryptophan (Trp) 14 mét axit amin thiét yéu cn thiét cho quy trinh sinh tdng hop cac
protein, niaxin va chit din truyén than kinh 5-hydroxytryptamin (serotonin). Enzym
indolamin 2,3-dioxygenaza (con dugc goi 1a INDO hodc IDO) xuc tac bude thi nhét va 1a
budc gidi han tbe d6 trong qua trinh thodi bién L-tryptophan thanh N-formyl-kynurenin. Oté
bao cta ngudi, hién tugng can kiét Trp do hoat tinh IDO gdy ra la co ché tac dong diét vi
khuén chu yéu do gama interferon (IFN-y) géy ra. Sy kich thich IFN-y gdy hoat héa IDO, ma
din dén can kiét Trp, nho d6 1am dimg sy phat trién ciia tic nhan gy bénh noi bao phy thude
Trp nhu Toxoplasma gondii va Chlamydia trachomatis. Hoat tinh IDO cdn c6 tac dung chéng
tang sinh d6i v&i nhidu té bao cta khéi u, va qua trinh cam ting boi IDO dugc quan sat in vivo
trong qua trinh dao thai cic khéi u di sinh, biéu thi vai trd tiém nang dbi v&i enzym nay trong
qua trinh dao thai khéi u (Daubener, et al., 1999, Adv. Exp. Med. Biol., 467: 517-24; Taylor,
etal, 1991, FASEB J., 5: 2516-22).

D4 quan sat thiy ring céc té bao HeLa ma di dugc nudi cdy cling véi cac t€ bao
lympho ctia méau ngoai bién (peripheral blood lymphocytes - PBL) c6 dugc kiéu hinh wc ché
mién dich thong qua sy diéu bién tang hoat tinh IDO. Tin ring hién tugng giam muc d9 ting
sinh PBL khi didu tri bing interleukin-2 (IL2) khién IDO dugc giai phéng ra khoi cac té bao
ctia khdi u dap lai hién tuong tiét IFNG nhd PBL. T4c dung nay c6 thé bj ddo ngugce bing
céch didu tri bing 1-metyl-tryptophan (IMT), 14 chét Gc ché TDO déc hiéu. Da c6 dé xuét
rdng hoat tinh IDO & c4c té bao cla khéi u c6 thé c6 tac dung lam suy yéu dap tng khang u
(Logan, et al., 2002, Immunology, 105: 478-87).
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Gan day, vai trd didu bién mién dich cia hién twong kiét Trp d& dugc quan tAm déng
ké. Mot vai bang chung goi y rang IDO lién quan dén viéc gy dung nap mién dich. Céc
nghién ctru v& qué trinh mang thai cia dong vat ¢6 vi, tinh khang khéi u, tinh trang nhidm
khu4n man tinh va c4c bénh tw mién d4 cho thdy ring cac t& bao bidu hién IDO c6 thé trc ché
dép tmg té bao T va thic ddy sy dung nap. D3 quan sat thiy sw di héa nhanh Trp & cac bénh
va c4c rbi loan bénh 1y lién quan dén su hoat héa mién dich cia t& bao, nhu nhiém khudn, 4c
tinh, cac bénh tw mién va bénh AIDS, ciing nhu trong thai ky. Vi dy, d4 quan sét thdy lugng
IFN nhiéu hon va lugng cao hon cia céc chit chuyén héa Trp trong nudc tiéu & cac bénh ty
midn; da c6 gia thiét ring hién tuong kiét Trp toan than hodc tai chd xuat hién & cac bénh tu
mi&n c6 thé lién quan dén céc triéu chimg thodi bién va céc triéu ching gdy hao mon & céc
bénh 1y nay. Ung ho gia thuyét nay, lugng IDO cao da duge quan sét & cc té bao phan I4p
dugc tir hoat dich cta khép bi viém. IFN ciing ting & cac bénh nhén nhiém virut giy suy
giam mién dich & ngudi (HIV) va muc d¢ tang IFN lién quan dén tién lwong bénh x4u di. Do
d6, da c6 d& xuht rang IDO dugc sinh ra mot cach man tinh do nhiém HIV, va con gia ting
hon nita do céc hién tugng nhiém co hdi, va rang hién tuong mét Trp man tinh 1dm khéi phét
co ché chiu trach nhiém vé chimg suy mon, mét tri va bénh tiéu chay va c6 thé tic ché mién
dich & cac bénh nhan AIDS (Brown, et al., 1991, Adv. Exp. Med. Biol., 294: 425-35). Pé dat
dwoc muc dich ndy, da phét hién ring sy trc ché IDO c6 thé 1am gia tang s lugng cua té bao
T d3c hiu dbi véi virut va ddng thoi 1am giam s6 lugng cta té bao don nhan 16n bi nhiém
b6i virut & mé hinh chudt mic bénh HIV (Portula et al., 2005, Blood, 106: 2382-90).

Tin rang, IDO déng vai trd trong cic quy trinh trc ché mién dich ma ngin can sy dao
thai bao thai trong tir cung. Hon 40 ndm trude, d quan sat thdy ring, trong thai ky, thai cua
dong vat ¢ vi khac hin v& mit di truyén séng sét cho du bat ky diéu gi dugc dy doan theo
mién dich hoc cdy ghép mo (Medawar, 1953, Symp. Soc. Exp. Biol. 7: 320-38). Viéc tich me
va bao thai v& mit giai phu va tinh non nét vé mit khang nguyén cia bao thai khong thé giai
thich hoan toan sy sdng sét qua trinh ghép cling loai ¢ bao thai. Géan day, su quan tdm d3 tip
trung vao kha ning dung nap vé mit mién dich cia co thé me. Vi IDO dugc biéu hién boi cac
t€ bao hop bao nudi ctia ngudi va ndng do tryptophan toan than giam trong thai ky binh
thuong, da c6 gia thiét ring sy bidu hién IDO & bé mit chung gifra co thé me va bao thai 1a
can thiét dé ngan ngira dao thai v& mat mién dich ghép cling loai bao thai. Dé thir nghiém gia
thuyét nay, chudt nhét mang thai (mang bao thai gidng hét v& mit di truyén hosc bao thai di
sinh) dugc cho tiép xtic v6i IMT, va quan sat thdy su dao thai nhanh tat ca c4c thai di sinh do
té bao T gay ra. Do d6, bing cach 1am di héa tryptophan, thai ciia dong vat ¢6 vii dudng nhu

ngén chan hoat tinh cta té bao T va bao vé chinh n6 khong bi dao thai, va phong bé di héa
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tryptophan trong qué trinh mang thai ¢ chudt to cho phép céc t bao T cua co thé me gay ra
hién tugng dao thai cly ghép bao thai (Munn, et al., 1998, Science, 281: 1191-3).

Biing chimg tiép theo v& co ché khang min dich ciia khéi u nhe thoai bién tryptophan
bodi IDO xudt phat tir quan sét thiy ring hau hét cdc loai u clia ngudi déu biéu hién IDO theo
cach co dinh, va su bidu hién d6 cua IDO bai c4c té bao sinh mién dich trong khéi u cua
chudt ngan can qua trinh dao thai ching & chudt nhét d& dugc gdy mién dich so bd. Tac dung
nay di kém véi hién tuong thiéu tich tu cac t& bao T dic hiéu & vi tri khdi u va co thé bj lai
gidng mot phin boi viéc didu tri toan than chudt nhit bing chét tc ché IDO, khi khong cé
doc tinh dang chu y. Do d6, da ¢6 goi ¥ ring hi€u qua cia téc dung tiém ching nhim muc
dich chita bénh dbi véi cc bénh nhan ung thu c6 thé dugc cai thién bang cach ding déng
thoi chéat we ché IDO (Uyttenhove ef al., 2003, Nature Med., 9: 1269-74). Ciing da thay ring
chét tic ché TDO, 1-MT, c6 thé c6 tac dung hiép ddng v6i céc tic nhan hoa tri lidu dé khir
mttc do sinh trudng ciia khdi u & chudt nht, cho thiy ring viéc trc ché IDO con c6 thé 1am
gia tang hoat tinh diéu trj u ctia cic phép didu tri thong thudong doc d6i véi té bao (Muller ez
al., 2005, Nature Med., 11: 312-9).

Mot co ché gép phan vao hién tuong khong dép tmg v& mit mién dich hoc ddi véi cac
loai u c6 thé 1 sy thé hién cac khing nguyén cla khéi u bdi cdc APC giy dung nap ciia vat
chui. Phan nhém gdm cac t& bao thé hién khéng nguyén (antigen-presenting cell - APC) biéu
hién IDO cta ngudi ma dong thoi bidu hién CD123 (IL3RA) va CCR6 va tic ché sy ting sinh
cua t& bao T ciing da duoc boc 15. Ca cac té bao tua thanh thyc va chua thanh thuc duong tinh
v&i CD123 e ché hoat tinh ciia té bao T, va tac dung tic ché IDO nay bi phong bé bdi IMT
(Munn, et al., 2002, Science, 297: 1867-70). Da ¢ bidu hién ring hach bach huyét din khéi u
(tumor-draining lymph node - TDLN) ctia chudt chita phdn nhém gdm céc t& bio tua ciia u
tuong bao (plasmacytoid dendritic cell - pDC) ma biéu hién theo c4ch co dinh lugng IDO c¢6
tac dung Grc ché mién dich. Mic du chi chira 0,5% t€ bao hach bach huyéf, in vitro, céc pDC
nay ngan chin mét cach hi¢u nghiém dap ung cua té bao T dbi v6i cac khang nguyén da duge
thé hién bang chinh cac pDC va, theo céch vugt trdi, con ngan chin cac dép Gmg cla té bao T
dbi véi céc khang nguyén bén thir ba da dugc thé hién bang cac APC khong mang tinh ngén
chan. Trong quin thé pDC, phan 16n hoat tinh ngin chin dugc thé hién béi IDO chitc ning
khac biét véi phan nhém pDC méi ddng thoi bidu hién CD19 dénh déu dong B. Do d6, da c6
gia thiét ring su ngan chin do IDO gay ra boi pDC & TDLN tao ra moi trudng vi md tai chd
ma c6 tinh chit ngan chin mot cach hiéu nghiém dap ting cta té bao T chéng khéi u cia vat

chu (Munn, et al., 2004, J. Clin. Invest., 114(2): 280-90).
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IDO lam thodi bién gdc indol cia tryptophan, serotonin va melatonin, va khoi phat
qué trinh san sinh céc chit chuyén héa c6 hoat tinh than kinh va c4c chét chuyén hoa diéu
bién mién dich, dugc goi chung 13 kynurenin. Bing cach 1am kiét tai chd tryptophan va 1am
tang kynurenin din dén 1am chét t& bao theo chuong trinh, IDO dugc biéu hién béi cac té bao
tua (DC) ¢6 thé tac dong dang k& dén kha ning ting sinh va séng s6t cia té bao T. Qua trinh
cam tmg bdi IDO & DC c¢6 thé 13 co ché chung dbi véi viéc dung nap x6a bd duge din bai té
bao T didu hoa. Vi cac dép ting gy dung nap ndy c6 thé dugc mong doi xdy ra trong nhiéu
loai tinh trang sinh bénh ly, nén viéc chuyén héa tryptophan va san sinh kynurenin c6 thé 1a
giao dién quan trong gifta hé mién dich va hé thin kinh (Grohmann, et al., 2003, Trends
Immunol., 24: 242-8). O trang thai kich hoat mién dich lién tyc, mirc do san c6 cua Trp huyét
thanh tu do bi gidm bét va, do hé qua cia viée gidm mirc san sinh serotonin, nén cc chirc
ning cua serotonin ciing co thé bi anh hudng (Wirleitner, et al., 2003, Curr. Med. Chem., 10:
1581-91).

MOdt cach dang ngac nhién, d3 quan sat thiy ring viéc diing interferon-a gdy ra cic tac
dung phu vé& mit tim ly thdn kinh, nhu céc triéu chimg trdim cam va cic thay ddi vé chirc
ning nhan thirc. Anh hudng truc tiép dén viéc din truyén thin kinh cta serotonin c6 thé gép
phan vao c4c tac dung phy nay. Ngoai ra, vi viéc hoat hoa IDO dn dén lugng tryptophan, 13
tién chét cua serotonin (5-HT), gidm nén IDO c6 thé dong vai trd trong cic tic dung phu vé
mit tam 1y thin kinh nay bing cach khir mirc d6 tdng hop 5-HT trung tam. Hon thé nita, cac
chit chuyén hoéa kynurenin nhu 3-hydroxy-kynurenin (3-OH-KYN) va axit quinolinic
(QUIN) c6 cac tac dung doc dbi véi chire ning cua ndo. 3-OH-K'YN c6 kha ning gly ra cing
thing do oxy hoa bang cach ting mic d6 san sinh céc loai oxy c6 hoat tinh phan tmg (ROS),
va QUIN c6 thé tao ra kich thich qua miic cac thy thé N-metyl-D-aspartat (NMDA) vung hai
ma, ma din dén viéc 1am chét té bao theo chuong trinh va teo ving hai ma. Ca hién tugng san
sinh ROS qué mtc va hién tugng teo viing hai ma gy ra boi kich thich NMDA qua mirc déu
c6 lién quan dén chiing trAm cam (Wichers and Maes, 2004, J. Psychiatry Neurosci., 29: 11—
17). Do d6, hoat tinh IDO ¢6 thé déng vai trd dbi voi chimg trAm cam.

Céc chét phan tir nhé tc ché ciia IDO dang duge phét trién @& didu tri hoic ngin ngira
cdc bénh lign quan dén IDO nhu céc bénh néu trén. Vi dy, oxadiazol va céc chét trc ché IDO
di vong khac duge thong bao trong cong bd don yéu cau clp patent My sb US 2006/0258719
va US 2007/0185165. Cong bb don PCT s6 WO 99/29310 thong béo vé cac phuong phép
lam thay ddi tinh mi&n dich gian tiép do té bao T gay ra bao gdm viéc 1am thay dbi ndng do
ngoai bao tai chd cua tryptophan va céc chit chuyén hoa tryptophan, bing cach sir dung chit

trc ché IDO nhu 1-metyl-DL-tryptophan, p-(3-benzofuranyl)-DL-alanin, p-[3-benzo(b)thien-
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yl]-DL-alanin, va 6-nitro-L-tryptophan) (Munn, 1999). C4dc phwong phdp tao ra cac t€ bao
thé hién khang nguyén dé lam gia ting hodc giam kha ning dung nap cta té bao T (Munn,
2003) da dugc thong bio trong céng bd don qudc té s6 WO 03/087347, ciing da dugc cong
b4 trong patent chau Au sb 1501918. Cac hgp chat indolamin-2,3-dioxygenaza (IDO) ¢6 hoat
tinh trc ché con duge thong béo trong cong bd don qubc t& s6 WO 2004/094409; va cong bd
don yéu clu cp patent M s6 2004/0234623 dé xuét c4c phuong phap diéu tri dbi twong méc
bénh ung thu hodc nhidm khuin bing cich ding chit e ché indolamin-2,3-dioxygenaza két
hop v&i phuong thirc diéu tri bénh khéc.

Dua vao céc dit lidu thir nghiém biéu thi vai trd d6i véi IDO trong kha ning Gic ché
mian dich, tinh khéng va/hodic do thai khéi u, tinh trang nhiém khuin man tinh, nhiém HIV,
AIDS (ké ca cac biéu hién ciia né nhu chimg suy mon, mét tri va bénh tiéu chay), cdc bénh tu
mién hodc céc rdi loan (nhu bénh viém da khép dang thip), va dung nap mién dich va ngin
nglra dao thai thai in utero, cac tdc nhan xir ly huéng dén ngan chin thoai bién tryptophan
béang cach tic ché hoat tinh IDO 13 diéu mong mudn. Cac chit wre ché cia IDO c6 thé dwoc sir
dung dé hoat héa céc t& bao T va do d6 1am gia ting mirc dd hoat hoa té bao T khi céc t& bao
T bi ngin chin boi qua trinh thai, khdi u 4c tinh hogc virut nhu HIV. Viée trc ché IDO con ¢c6
thé 13 chién luoc didu tri bénh quan trong dbi véi cac bénh nhan méc cac bénh than kinh hozc
céc bénh tam 1y than kinh hoc cac 1di loan bénh 1y nhu chimg trAm cam.

Do tinh hifu dung ctia céc chit e ché IDO, c6 nhu cu phat trién quy trinh méi dé tao
ra céc chit tc ché IDO. Pon yéu ciu cip bing doc quyén sang ché nay nhim giai quyét nhu

cau dd va cac nhu cau khac.

Bén chét ky thuit ciia sing ché

Muc dich cua sang ché 1a giai quyét cac nhu cAu néu trén. Do d6, sang ché d& xut céc
quy trinh va chét trung gian dé tao ra 4-({2-[(aminosulfonyl)amino]etyl}amino)-N-(3-bromo-
4-florophenyl)-N'"-hydroxy-1,2,5-oxadiazol-3-carboximidamit, 1a chét tc ché indolamin 2,3-
dioxygenaza c6 tac dung diéu tri bénh ung thu va céc 16i loan bénh 1y khAc.

Hop chét 4-({2-[(aminosulfonyl)amino]etyl}amino)-N-(3-bromo-4-florophenyl)-N'-

hydroxy-1,2,5-oxadiazol-3-carboximidamit c6 Cong thuc I:

OH F
\\S// N |
H,N"Z N 7/—\(LN Br
H N N H
0
I
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1a chét tic ché enzym indolamin 2,3-dioxygenaza (con dugc goi 12 IDO). Hop chét c6 cong
thire I, ciing nhu quy trinh didu ché va sir dung né, da dugc bdc 1§ trong patent My s6
8,088,803, ma ndi dung cua tai liéu ndy dugc dua vao ddy hoan toan b?ing céch vién din. Cac
chét trung gian va cic quy trinh theo sang ché gitip thoa man nhu ciu hién tai vé& viéc phat
trién ctia cac chét e ché IDO ding dé diéu tri c4c bénh 1y nghiém trong.

Pon yéu ciu cAp bing doc quyén sang ché niy dé xudt, trong s nhidu ddi twong khac,

cdc chét trung gian va céc quy trinh didu ché hop chét c6 cong thirc I:

JOH F
0P u N /@[
HZN/S\HNNV/—\KKH o

N. _N
O
I

Do d6, don yéu cau cap bang doc quyén séng ché nay dé xuat quy trinh bao gbm viée

cho hop chét c¢6 cong thirc F5:

N-O
rthr_()L~>:°
/N
N. N
0

Br
F5 F
phan Umg vdi aldehyt c6 cong thirc Fé:
Pg'HN” CHO
F6
d& tao ra hop chit c6 cong thirc F7:

H |>=O
N

pgtHN" >N
Br
trong d6 Pg! dugc dinh nghia dudi day.

Pon yéu clu cép bing doc quyén sang ché nay con dé xuat quy trinh bao gom viée

cho hop chét c6 cong thirc F15:



F15

phan tmg v&i hop chét c6 cong thie F5 dé tao ra hop chét c6 cong thirc F16:

0
A N e
'?11/ \'?'1/\/ T N

R'" R -

R0

Br
F16
trong d6 R! va R? duoc x4c dinh dudi day.
Pon yéu cdu cép bing doc quyén sang ché nay con d& xudt quy trinh bao gdm viée

cho hop chét c6 cong thic F17:

0] o) 0]
)J\ \\é/ OMe
R4O H/ \H
OMe
F17

phéan tmg v6i hop chit c6 cong thirc F5 dé tao ra hop chét ¢6 cong thirc F18:
Q0.9

-0
N
N S
H H NN
0

Br
F18

trong d6 R* duoc dinh nghia dudi day.

MG ta chi tiét sang ché

Trong khi mot vai bude cua céc quy trinh ndy duge minh hoa trong céc So dd dugc
thé hién dudi day, du dinh ring c4c bude riéng r& ciia quy trinh c6 thé duoc yéu ciu bao ho
mot cich riéng r& hodc theo cach két hop bét ky (vi du, trén So dd 1, cac buéc E, F, G, H, val
¢6 thé duoc yéu cu bao ho mot cach riéng r& hogc két hgp). Cac quy trinh nay khéng nhim
dé gi6i han & quy trinh tong thé c6 timg budc va tét ca céc bude trong céc So dd dudi day.

Do d6, so dd chung d& didu ché hop chit c6 cong thirc T duge bde 16 trén So dd 1.

Sodb 1
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Pg'HN" >CHO
-0 N-© Téc nhén khi bio vé
| =0 F6 H | =0 ~
H2N N - . 1 /\/N N
/R Pg'NH /R —_—
E F
— N___N
(o) o
Br Br
F5 F7
F F
2
(@) \\S//O O_EHPQ
5 N0 CI”> NHPg? GONH Nfo\/:o Téc nhan khir bao vé
HoN" v,——\(LN - K/N7_H\N
N___N Bazo hitu co I\ H
o’ G N, N
Br 0
Br
F8 Fo
F F
-0
PA=IN /\/N N Bazo \// H |
H,N" 7N — R y
H ——=  HNTNT Uy ON Br
o’ ' H NN
Br el
F10 ! I

Do do, sang ché d& xuit quy trinh bao gdm viéc cho hop chét c6 cong thirc F5:

N-O
HZN#N/EO
/\
N. N
0

Br
F5 F
phan Gng véi aldehyt cé cdng thirc F6:
Pg'HN” >CHO
Fé

3

trong d6 Pg' 1a nhém bao vé& amino, d& tao ra hop chét c6 cong thiic F7:

N-©O
1 Moo
Pg'HN" """ N
N_ _N
O
Br
F7

F
Céc nhém bao vé amin Pg! c6 thé duge ding dé ngin ngira cdc phan img khong mong

mudn ctia nhém amin trong khi thuc hién bién nap mong muén. Cac nhém bao vé amino cho
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phép dé dang gén cong héa trj vao nguyén tir nito cling nhur phan c4t chon loc ra khéi nguyén
tlr nito. “Cac nhém bao vé amin” thich hop, nhu alkoxycarbonyl (nhu etoxycarbonyl, fert-
butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), 9-florenylmetyloxycarbonyl (Fmoc), va cac
nhém tuong tu), axyl (nhu axetyl (Ac), benzoyl (Bz), va cac chét tuong tw), sulfonyl (nhu
metansulfonyl, triflometansulfonyl, va cdc nhém twong tw), arylalkyl (nhu benzyl, 4-metoxy-
benzyl, diphenylmetyl, triphenylmetyl (trityl), va cdc nhém tuong ty), alkenylalkyl (nhu alyl,
prenyl, va cdc nhém tuong ty), diarylmetylenyl (nhur (CeHs)2C=N, va cdc nhém tuong ty), va
silyl (nhu zert-butyldimetylsilyl, triisopropylsilyl, vd cic nhém twong tw), ma chuyén gia
trong linh vuc k§ thuét nay da biét. Héa hoc vé cac nhém bao vé amino ¢6 thé dugc thay
trong tai liéu: Wuts and Greene, Greene's Protective Groups in Organic Synthesis, 4™ Ed., pp
696-926, John Wiley & Sons: New York, 2006, ma ndi dung cia tai li¢u ndy dugc dua vao
day hoan toan bang céch vién din

Theo mdt s& phuong &n, Pg! 13 etoxycarbonyl, rert-butoxycarbonyl, benzyloxy-
carbonyl, hodc 9-florenylmetyloxycarbonyl.

Theo mot s6 phuong 4n, Pg' 1a Ci.s alkoxycarbonyl.

Theo mot s6 phuong 4n, Pg! 13 tert-butoxycarbonyl.

Céc dung modi thich hgp cho Buéc E bao gdm, nhung khong chi gidi han &, metanol
hodc tetrahydrofuran (THF), axetonitril va cdc dung mdi twong ty. Cic dung mdi
hydrocacbon d dwgc halogen héa (tirc 1a céc alkan da dugc halogen héa, nhu diclometan,
clorofom, dicloetan hojc tetracloetan) ciing c6 thé dwoc sir dyng.

Theo mdt s6 phuong 4n, phan Gng néu trén dugc thuc hién trong thanh phan dung méi
chita tetrahydrofuran. Thu#t ngit thanh phin dung méi duge ding trong ban md ta nay c6 thé
chi mot dung méi hozc hdn hop gdm cac dung moi. Theo mot s6 phuong 4n, thanh phan dung
moi 1& dung mdi hitu co. Theo mot s& phuong 4n, phan tmg duoc thyc hién trong thanh phén
dung mdi chira dung moi hydrocacbon da dwgc halogen héa. Theo mot s6 phwong 4n, dung
mdi hydrocacbon da dugc halogen héa 1a diclometan.

Theo mt s phuong &n, phan tmg néu trén duge thye hién trong thanh phan dung moi
chira axetonitril.

Theo mot s& phuong én, phan tmg néu trén duge thuc hién trong thanh phin dung moi
chtra diclometan va axetonitril.

Theo mdt sb phuong 4n, phan g néu trén dugc thuc hién véi sy c6 mat cua chét
khtr.

Chét khir ¢6 thé 12 hop chét bat ky ¢6 kha nang khir hop chét hitu co dén trang thai

oxy héa thdp hon. Viéc khir thong thudng bao gdm bude bd sung cac nguyeén tir hydro hodc
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loai bd c4c nguyén tir oxy khoi nhém. Vi du, céc aldehyt nhu F6 co6 thé duogc khu vé6i su ¢o
mit ciia amin c¢6 cdng thic F5 (Budce E, So dd 1) bang cach bd sung hydro, & dang khi hydro
(Hz) vao hoic bang céch st dung chét phan mg hydrua (nhu NaB(OAc)sH, NaBHs, LiAlH,,
va céc chit twong tu); bing cach sir dung triphenylphosphin; hodc bing céch st dung két hop
natri iodua, clotrimetylsilan, va metanol. Theo mdt sb phuong 4n, budc nay ¢6 thé duge thyc
hién trong cac diéu kién axit v6i sy c6 mit cua axit (nhu axit trifloaxetic). Theo mot sb
phuong 4n, budce ndy c6 thé duge thyc hién & nhiét d6 ndm trong khoang tir -15°C dén 30°C,
vi dy, tir -15°C dén 0°C, tir -5°C dén 5°C, tir -5°C dén 0°C, hogc tir 0°C dén 45°C.

Theo mot sb phwong 4n, chét khir 13 chit khir bohydrua (vi du, NaB(OAc)sH, NaBHa,
hoi#c tic nhan khir hydrua khic chira bo).

Theo mdt s& phuong 4n, chét khir bohydrua 12 natri triaxetoxybohydrua.

Theo mot s6 phuong 4n, phan tng dugc thuc hién véi sy 6 mit cua axit trifloaxetic.

Theo mdt s6 phuong 4n, quy trinh ndy con bao gdm viéc khir bao vé hop chét c6 cong

thitc F7 dé tao ra hop chét c6 cong thiic F8:
-0
N
N. N
(@)

F8 F

Br

Céc tac nhan khir bio vé amino 12 hitu dung cho budc F nay 13 da biét d6i véi chuyén
gia trong linh vyc k¥ thudt nay, nhu cdc tdc nhan trong tai liéu cua Wuts va Greene (néu
trén). Cu thé, cdc nhém bao vé amino néu trén ¢ thé dugc loai ra mét cach thich hop béng
cach sir dung nhiéu tac nhan khir bao vé amino c6 s&n ma dic hiéu véi cdc nhém khéac nhau
néu trén ma khong anh hudng dén phin mong muén khéc ctia hop chét nay. Nhom fers-
butoxycarbonyl ¢6 thé dugc loai ra (vi dy, dugc thity phan) khoi nguyén tir nito, vi dy, béang
cach xur Iy bing axit (nhu axit clohydric, axit trifloaxetic, axit toluensulfonic, va céc chét
tuong tu); két hop céc chit phan tmg (vi dy, hdn hop gdm axetyl clorua va metanol) da biét
dé tao ra axit; hodc axit Lewis (vi dy, BFs-Et,0). Nhém benzyloxycarbonyl ¢6 thé dugc loai
ra (vi dy, dugc hydro phan) khoi nguyén tir nito, vi dy, bing cach xir ly bing hydro va chét
xuc tac (nhu paladi trén cacbon).

Theo mot s6 phuong 4n, tc nhan khir bao vé amino 12 axit trifloaxetic. Theo mot s6
phuong 4n, tdc nhan khir bao vé amino chira axit trifloaxetic va >0,5% thé tich ctia nuéc, vi
duy, >1,0% thé tich cua nudc, >1,5% thé tich cua nuéc, >2,0% thé tich cia nudc, nam trong

khoang tir 2% dén 10% thé tich ciia nu6c, ndm trong khoang tir 10% dén 20% thé tich cia
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nuée, hodc ndm trong khoang tir 20% dén 50% thé tich ctia nuéc. Theo mot sb phuong 4n,
t4c nhan khir bao vé amino c6 thé 13 hdn hop gdm axit trifloaxetic va nude theo ty 1 thé tich
khoang 98:2. Theo mdt s8 phuong &n, tic nhan khir bao vé amino c6 thé 1a axit clohydric, tiry
y trong dung méi (vi dy, nude, THF, dioxan, etyl axetat, v.v.). Theo mot s6 phuong 4n, thanh
phdn dung mdi 14 etyl axetat. Theo mdt s§ phuong an, tic nhan khir bao vé amino c6 thé 1a
axit clohydric tily y trong dung mdi nhu rugu (nhu isopropanol, metanol hodc etanol). Cac
dung moi hydrocacbon dd dugc halogen héa (vi dy, diclometan, clorofom, dicloetan hodc
tetracloetan) ciing c6 thé dugc sir dung. Theo mot s6 phuong é4n, ty 1& phan tir gam cuia axit
clohydric va hop chét c¢6 cong thirc F7 1a khoang 6,0, khoang 5,0, khoang 4,0, khoang 3,0
khoang 2,0, khoang 1,0, hodc khoang 1,1. Theo mot s6 phuong 4n, budc F c6 thé dugc thuc
hién & nhiét 6 ndm trong khoang ti -10°C dén 60°C, vi dy, tir -10°C dén 0°C, tir 0°C dén
25°C, nam trong khoang tir 25°C dén nhiét d 45°C, hoic tir 45°C dén 60°C.

Theo mét s& phuong 4n, viée khir bao vé bao gdm budc cho hgp chat c6 cong thic F7
phan Umg véi axit clohydric.

Theo mdt s& phuong 4n, viéc khit bao vé bao gdm budc cho hop chat c6 cong thirc F7
phan g véi axit clohydric trong thanh phan dung mdi chira isopropanol.

Theo mot s& phuong 4n, viéc khir bao vé bao gdm bude cho hop chat c6 cong thirc F7
phéan Gng véi axit clohydric trong thanh phan dung moi chira dung mdi hydrocacbon da duoc
halogen hoéa.

Theo mét s6 phuong 4n, dung moi hydrocacbon dd dugc halogen héa 1a diclometan.

Theo mdt sb phuong 4n, séng ché con bao gdm budc cho hop chét c6 cong thirc F8
phan ting véi Pg-NH-S02-X, v6i sy c6 mt ciia bazo hitu co dé tao ra hop chét c6 cong thiic
F9:

NHPgZ
0=s. 0
7 ~NH N~
(o) H
K | N>=o
I\
N\O,N
Br

F9

trong do:

Pg? 12 nhém bao vé& amino; va

X 14 halo.

Theo mét s& phuong 4n, Pg?-NH-SO2Cl c6 thé duge didu ché va dugc dung ngay 1ap
tirc trong phan ung véi hop chit c6 cong thirc F8. Nhém bao vé Pg? c6 thé dwoc chon tir
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nhém bét ki trong sé cac nhém bao vé da biét trong linh vuc k§ thuat ndy dé bao vé cdc amin
holic c4c sulfonamit (nhu nhém néu trén dung cho Pg'). Theo mot sé phuong 4n, Pg? ¢6 thé 13
nhom alkoxycarbonyl (nhu fers-butoxycarbonyl).

Céc dung moi thich hop bao gdm, nhung khong chi giéi han ¢, cic dung moi
hydrocacbon da dugc halogen hoa nhu diclometan va cdc nhém tuong ty. Bazo hitu co ¢6 thé
1 bazo bt ky ma ding dé trung hoa HCI dugc tao ra trong phan tg ctia hop chat ¢6 cong
thirc F8 va clorua amino-sulfonyl dugc bao v€. Bazo hitu co ¢é thé bao gém cac amin khong
vong béc ba nhu tri(Ci)alkylamin (vi dy, trietylamin, diisopropyletylamin (DIPEA) va cac
chét twong ty), cic amin vong béac ba (vi dy, N-metyl piperidin, 1,4-diazabixyclo[2.2.2]octan
(DABCO) va céc cht twong ty). Theo mot s phuong 4n, bazo hitu co c6 thé 1a trietylamin,
Theo mot sé phuong &n, bude ndy cb thé dugc thyc hién & nhiét d6 ndm trong khoang tir
_15°C dén 60°C, vi du, tir -15°C dén 0°C, tir 0°C dén 25°C, nim trong khoang tir 25°C dén
45°C, hodc tir 45°C dén 60°C.

Theo céc phuong 4n nay, Pg>-NH-SO2Cl ¢6 thé thu duoc theo phan tng cia rugu
(nhu, etanol, rugu tert-butylic va céac chit tuong tu) véi clorosulfonyl isoxyanat
(CIS(0)2NCO).

Theo mdt sb phuong 4n, Pg? 1a etoxycarbonyl, tert-butoxycarbonyl,
benzyloxycarbonyl, hodc 9-florenylmetyloxycarbonyl.

Theo mot s6 phuong 4n, Pg? 1a Cy.6 alkoxycarbonyl.

Theo mot sb phuong 4n, Pg? 1a fert-butoxycarbonyl.

Theo mot sb phwong 4n, phan Gng dugc thyc hién trong thanh phin dung mdi chira
dung mdi hydrocacbon dd dugc halogen hoa.

Theo mdt s6 phuong 4n, dung mdi hydrocacbon da duoc halogen héa la diclometan.

Theo mdt s6 phuong 4n, bazo hitu co chia tri(Ci-¢)alkylamin.

Theo mot s6 phuong 4n, bazo hitu co 12 trietylamin.

Theo mdt s6 phuong 4n, X I clo.

Theo mot sé phuong 4n, séng ché con bao gdm budc khir bao vé hop chat c6 cong

thirc F9 dé tao ra hop chét c6 cong thic F10:

-0
of N Mo
HN"NT = N
H
N_ N
0
Br
1
F10 .
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Theo mdt sb phuong 4n, cic tic nhan khir bao vé thich hop ¢ thé bao gdm céc tac
nhan néu trén dé khtr bao vé hop chét c¢6 cong thirc F7.

Theo mét s& phuong 4n, viéc khir bao vé bao gdm budc cho hgp chét c6 cong thirc F9
phan Gng véi axit clohydric. Theo mét s& phuong én, viéc khir bao vé bao gdm budc cho hop
chét c6 cong thic F9 phan émg voi axit clohydric trong thanh phan dung mdi chia ruou.
Theo mdt sb phuong 4n, ruou 13 etanol. Theo mét s phwong 4n, viéc khir bao vé bao gdm
bude cho hop chét c6 cong thitc F9 phan tng véi axit clohydric trong thanh phan dung méi
chira etyl axetat.

Theo mot sb phuong 4n, séng ché con bao gdm budc cho hgp chét cé cong thic F10

phan tmg vdi bazo dé tao ra hgp chét c6 cong thirc I:

OH
el
N H |
HN" TSN }—(kN Br
H I\ H
N_ N
o)
L

Bazo ¢6 thé duoc st dung d& chuyén héa (vi du, thiy phén) vorg oxadiazolon trong
F10 d& 16 ra amidoxim & hop chét ¢6 cong thirc I, tdy ¥ trong dung mdi (Budce I, So dd 1). Sy
bao v& clia amidoxim nhw oxadiazolon c¢6 thé dugc ding dé ngin ngira v& téng thé cac phan
g nguoc cia nhém hydroxyl hodc phan mg clia amidoxim. Bazo ¢ thé 12 bazo v6 co nhu
hydroxit cia kim loai kiém (vi du, NaOH, LiOH, KOH, Mg(OH), v.v.); hodc bazo hitu co
nhu amin khéng vong (vi du, trietylamin, diisopropyletylamin (DIPEA), v.v.) hodc amin
vong (vi du, pyrolidin, piperidin, v.v.). Bazo co thé dugc sin c6 & dang nhya (nhu
Amberlite® va céc loai twong tw). Theo mot sb phuong én khac, bazo ¢6 thé dugc cung cép &
dang dung dich nuéc (vi dy, khoang dung dich 0,5N, khoang dung dich 1IN, khoang dung
dich 1,5N, khoang dung dich 2,5N, dung dich tir 3N dén 5N, dung dich tir 5N dén 10N). Theo
mdt sb phuong 4n, bazo 1a hydroxit ctia kim loai kidém (nhu, natri hydroxit). Theo mot s6
phuong an, bazo c6 thé 13 dung dich nuéc NaOH 2N. Theo mot s6 phuong 4n, dung méi c6
thé 1a etanol hoic tetrahydrofuran (THF). Theo mdt s6 phuong 4n, dung mdi c6 thé 1a hdn
hop gdm etanol va nuéc. Theo mdt s& phuong &n, phan tmg cta hop chat c¢6 cong thic F10
v6i bazo d& tao ra hop chat c6 cong thirc I ¢6 thé dugc thyc hién & nhiét d6 nim trong khoang
i -10°C dén 60°C, vi dy, tir -10°C dén 20°C, tix 0°C dén 30°C, tir 0°C dén 10°C, hofc tir 0°C
dén 5°C.

Theo mét s6 phuong 4n, bazo chira hydroxit cua kim loai kiém.

Theo mot s phuong 4n, hydroxit ctia kim loai kiém 12 natri hydroxit.
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Theo mdt sé phuong 4n, phan tmg duge thyc hién trong thanh phan dung mdi chira
tetrahydrofuran, nude va etanol.

Theo mét sé phuong 4n, hop chét c6 cong thirc F5, ¢6 thé thu dugc theo trinh tw cac
bude duoc thé hién trén So dd 2. Viée didu ché chat trung gian, 4-amino-N'-hydroxy-1,2,5-
oxadiazol-3-carboximidamit F2, di duoc bdc 10 trong tai liéu: J. Heterocycl. Chem. (1965), 2,
253, ma ndi dung cua tai liu ndy dugc dua vao day hoan toan bang cach vién din, va sy
chuyén héa hop chét nay thanh clo oxim F3 d& dugc boc 10 trong tai liéu: Synth. Commun.
(1988), 18, 1427, ma ndi dung cua tai liéu nay dugc dua vao day hoan toan bang cach vién
d&n. Theo mdt s6 phuong 4n, clo oxim c6 cong thiic F3 ¢6 thé dugc lién hop véi 3-bromo-4-
floanilin, tiy y trong dung mdi (nhu nudc), tiép theo bd sung natri bicacbonat, dé tao ra
amidoxim c6 cdng thic F4. Sau d6, nhém chirc amidooxim ciia hgp chét c6 cong thiic F4 ¢6
thé duge chuyén héa thanh oxadiazolon hojc Cong thirc F5 béng céch sir dung N,N-carbonyl-
diimidazol (DCI) trong dung mdi (nhu etyl axetat, dioxan, THF va dung mdi twong tw), ¢
nhiét dd cao nhu khoang 50°C, khoang 60°C, khoang 70°C, khoang 80°C, khoang 90°C, hoic
khoang 100°C.

So dd 2
_OH N,OH
1) NaNOy/HCI (dung dich nuée)  H,N | NaNO, H,N i
NC” T CN 7 NH; ———— m
2)H,NOH-HCI N. N HCI/AcOH (dung dich nudc) N N
\O’ \O/
. A : B
F1 F2 Fs

N R
N___N
NaHCOj; (dung dich nudc) D (@) Br

C F4 F5

0
| OH F
HoN Br N /©[ N N-O
| /N7 NN | =0
\C[F H2N7—8\N Br ¢ \;\? el N

N\ H

_— N_ N
0

Theo céch khac, hop chit c6 cong thirc F10 c6 thé thu duge thong qua trinh tu céc
budc dugc thé hién trén So dd 3.
So db3
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N’O
HzNV—}“P:O
]\
N. N
O

Br
-0
18 A 128 g X o
RSO f}l’ \l}l/\CHO . min noa knu _ Rao ’\lj/ \l}l/\/ 7/_\8\N
R' R! M R! R! N\O,N
F15 F16 Br
F
Téc nhan khir bio vé 0 0] N’o
amino N H | \FO
>  H,N" SN — N
N H N. N
0
Br
F10

Theo mdt s phuong 4n, don yéu cu cip bing doc quyén sang ché nay d& xult quy
trinh bao gdm budc cho hop chét c6 cong thire F15:
0.0

N
J\N,S\N/\

R F|{1

R%0 CHO

F15

phan tng vé6i hop chit ¢6 cong thic F5:

Br

F16 Br

trong do:

mdi nhém R! doc 1ap 12 nhém bao vé amino; va
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R3 12 C16alkyl hodc benzyl.

Theo mdt s6 phuong 4n, R! 13 C24 alkenyl-C1.3 alkyl hodc phenyl-C13 alkyl, trong do6
phenyl-Ci.3 alkyl tiy ¥ dugc thé bang 1, 2, hogic 3 nhém Ci4 alkoxy dugc chon dc 14p.

Theo mdt s phuong 4n, R! 12 C;.4 alkenyl-C.3 alkyl hodc phenyl-Ci.3 alkyl, trong d6
phenyl-C1.3 alkyl tity y dwoc thé bang 1, 2, hogc 3 nhém metoxy.

Theo m6t s6 phuong an, R! 13 alyl.

Theo mdt sd phuong 4n, R! 13 4-metoxybenzyl.

Theo mdt sd phuong 4n, R3 13 Ci.6 alkyl.

Theo mdt sd phuong 4n, R? 1a rert-butyl.

Theo mdt s6 phuong 4n, R? 1a Ci4 alkyl.

Theo mot s6 phuong 4n, R? 13 butyl.

Tét hon, néu phan tng nay dugc thuc hién véi sy c6 mit clia chat khir. Chat khir c6
thé 13 hop chit bat k¥ c6 kha ning khir hop chét hitu co dén trang thai oxy héa thdp hon.
Theo mdt sb phuong 4n, chit khir c6 thé 13 khi hydro véi sy ¢6 mit clia cht xtic téc hoic chat
phan tng hydrua (nhu NaB(OAc)sH, NaBHs, LiAlHs va cdc chét tuong ty); bing céch sit
dung triphenylphosphin; hojc bing cach sir dung két hop natri iodua, clotrimetylsilan, va
metanol. Theo mot s& phuong 4n, bude nay c6 thé dugce thuc hién v6i sy c6 mat cua axit nhur
axit trifloaxetic. C4c dung méi thich hop ddi véi budc nay bao gdm ruou isopropylic, THF,
dioxan, hodc cdc chat twong ty. Theo mdt sé phuong 4n, budc ndy cé thé dugce thuc hién &
nhiét do nim trong khoang tir -15°C dén 30°C, vi duy, tir -15°C dén 0°C, tir -5°C dén 5°C, tir
-5°C dén 0°C, tir 0 dén 5°C, hodc tir 0°C dén 45°C.

Theo mot sd phwong 4n, phan tng dwgc thyc hién trong thanh phan dung méi chira
tetrahydrofuran.

Theo mdt s§ phuong 4n, phan tng dugc thuc hién voi sy ¢6 mit ciia chét khir.

Theo mdt s6 phuong 4n, chét khir 13 cht khir bohydrua.

Theo mot s6 phuong 4n, chit khir bohydrua 13 natri triaxetoxybohydrua.

Theo mdt sd phuong 4n, phan tng dugc thuc hién voi sy ¢6 mat clia axit trifloaxetic.

Theo mot sé phuong 4n, séng ché con bao gdm budc khir bao vé hop chit c6 cong

thirc F16 d& tao ra hop chét ¢6 cong thirc F10:

-0
of _ W e
H
N_ __N
(0]
Br

F10

F
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Viée xir 1y hop chit F16 dé thé R'N bing NH; ¢6 thé dugc hoan thanh theo cic
phuong phép khir bao vé dbi voi cac nhém béo vé amin cu thé ma chuyén gia trong linh vuc
ky thudt ndy da biét, nhu phuong phdp néu trong tai liéu: Wuts and Greene, Greene’s
Protective Groups in Organic Synthesis, 4™ Ed., pp 696-926, John Wiley & Sons: New York,
2006. Theo mdt s phuong 4n, trong d6 R! 13 alyl, tac nhan khir bao vé c6 thé la chét xtc téc
paladi (vi du, Pd(PhsP)s, Pd/C, hodc Pd(dba)DPPB). Theo mdt s phuong 4n, khi R! 13 4-
metoxybenzyl, tdc nhan khir bdo vé cé thé bao gdm axit hitu co (nhu axit trifloaxetic hodc
axit metansulfonic, va céc chét tuong tu); axit vd co (nhu axit clohydric); hydro va paladi;
ho#c natri trong amoniac long. Viéc khir bao vé€ c6 thé dugc thl,fc hién & nhiét 46 nim trong
khoang tir 30°C dén 90°C, vi du, tir 50°C dén 100°C, hogc tir 60°C dén 80°C.

Theo mdt sb phuong 4n, viéc khir bao vé bao gdm budc cho hgp cht c6 cong thirc
F16 phan ung vdi axit trifloaxetic.

Theo mdt s§ phuong 4n, viéc khir bao vé bao gdm budc cho hop chat c6 cong thirc
F16 phan ing v6i axit clohydric.

Hop chit F15 c6 thé dugc tao thanh bdi quy trinh ba bude (cac bude J, K va L) tir

clorosulfonylisoxyanat, nhu dugc thé hién trén So db 4.

So dd 4
R°OH j\ O‘\s'(’j |
0.0 H,NCH,CO,R? R30 ,\lr \N/\COZRZ Téc nhan bao v¢ amino

N 5

2S. H

0=Cc=N"">cl J H K
F13
0] O\O 0 0\0

Do dé, don yéu clu cdp biang doc quyén séng ché ndy con dé xuét quy trinh, trong d6
hop chét c6 cong thirc F15 thu dugc theo quy trinh bao gdm budc xir Iy hop chét ¢ cong
thuc F14:
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bing chat khir d& tao ra hop chét c6 cong thic F15; trong d6 R? 1a Ci4 alkyl; va R* dugc dinh
nghia & trén.

Theo mét s6 phuong 4n, R? 1a metyl.

Theo m6t sb phuong 4n, R? 1 etyl.

Theo mét s& phwong an, viéc khir ¢6 thé dugce thuc hién bing diisobutyl nhém hydrua
(DIBAL-H). Cac dung moi thich hop bao gdm cac dung mdi hydrocacbon da dugc halogen
hoa nhu diclometan, clorofom, dicloetan, tetracloetan, va cac dung méi twong tu. Theo mot
s phuong 4n, viéc khir ¢6 thé dugc thuc hién & nhiét do trong phong, vi du, nim trong
khoang tir -80°C dén 30°C, tir -78°C dén 0°C, tir 0°C dén 30°C, hogc nim trong khoéng tir
25°C dén 30°C.

Theo mdt sd phuong 4n, viéc xit Iy duge thuc hién trong dung méi hydrocacbon da
duoc halogen hoa.

Theo mdt s6 phuong 4n, dung mdi hydrocacbon da dugc halogen hoa 12 diclometan.

Theo mdt sb phuong 4n, chét khir 13 diisobutyl nhém hydrua.

Theo mdt sé phuong 4n, hop chét c6 cong thirc F14 thu dugc theo quy trinh bao gdm

budc bao vé hop chét c6 cong thirc F13:

F13

bing mot hodc nhidu tac nhan bao vé amino duge chon ddc 1ap d tao ra hop cht c6 cong
thic F14.

Nhém bao vé R! trong cong thirc F14 c6 thé duoc chon tir cdc nhém bao vé amino
khac nhau da biét trong linh vuc k§ thut ndy (néu trén). Theo mot s6 phuong én, tic nhén
bao vé amino 12 alyl bromua hodc 4-metoxybenzyl clorua.

Theo mot sb phuong 4n, mét hodc nhiéu tac nhan bao vé amino dugc chon tir alyl
bromua va 4-metoxybenzyl clorua.

Theo mdt s6 phuong én, viéc bao vé dugc thuc hién véi sy ¢6 mét cia bazo.

Theo mdt s6 phuong 4n, bazo 12 kali cacbonat.
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Theo mét s& phuong 4n, viéc bao vé duge thuc hién trong thanh phan dung méi chia
axetonitril.

Theo mdt sé phuong 4n, viéc didu ché hop chit c¢6 cong thirc F13 c6 thé thu dugc
bang céch xir 1y clorosulfonylisoxyanat bing ruou R30OH (trong d6 R* dugc dinh nghia nhu
trén) va glyxin este HNCH2CO2R?, trong d6 R? 1a Ci.4 alkyl. Theo mét s6 phuong 4n, buéc J
duoc thuc hién véi su c6 mit cla axit hitu co (nhu axit axetic, axit benzoic, axit trifloaxetic).
Céc dung mdi thich hop dbi véi budc ndy bao gdm diclometan, clorofom, dicloetan,
tetracloetan, va cac nhom tuong tu.

Theo mot s& phuong 4n, séng ché d& xuét hop chét c6 cong thirc F13:

xof
R07 N ‘ITI/\COZRZ
H H
F13
trong do:
R? 12 Cisalkyl; va

R3 14 Cr.ealkyl hodc benzyl.
Theo mot s6 phuong 4n, R? 1a metyl.
Theo mot sb phuong 4n, R? 12 etyl.
Theo mét sb phuong 4n, R 1a Crs alkyl.
Theo mdt s& phuong 4n, R? 14 tert-butyl.
Theo mdt sb phuong 4n, hop chit c6 cong thie F13 1a etyl-2-((N-(tert-
butoxycarbonyl)sulfamoyl)amino)axetat:
0]
H
ST St Ao
.S (0]
0" N ¢
H O _
Theo mdt s phuong 4n, sang ché con d& xuét hop chat c6 cong thirc F14:
1o
N"" N7 CO,R?
R' R
F14

R°0

trong do:
mdi nhém R! doc 14p 1a nhém bao vé amino;
R? 14 Cisalkyl; va
R? 14 C1.6alkyl hodc benzyl.
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Theo mdt sb phuong 4n, R! 1a C,4 alkenyl-C1.3 alkyl hodic phenyl-C1.3 alkyl, trong d6
phenyl-Ci.3 alkyl tury y dugc thé bang 1, 2, hosc 3 nhém Ci4 alkoxy dugc chon dc 14p.

Theo mét sb phuong 4n, R! 13 alyl.

Theo mdt s6 phuong 4n, R! 13 4-metoxybenzyl.

Theo mét sb phurong 4n, R? 1a metyl.

Theo mdt s6 phuong 4n, R? 13 etyl.

Theo mot sb phuong 4n, R3 1a Ci6 alkyl.

Theo mot sd phwong 4n, R? 14 tert-butyl.

Theo mdt s6 phuong 4n, R? 12 Ci.4 alkyl.

Theo mét sb phuong 4n, R3 12 butyl.

Theo mot sb phuong 4n, R3 13 Ci4 alkyl.

Theo mot s§ phuong 4n, R® 12 butyl.

Theo mdt sb phuong 4n, hop chét c6 cong thirc F14 1a etyl-2-(alyl(N-alyl-N-(zers-
|
0 0]
>’\ )J\ R /N\)J\ N
.S (0]
O 'N \b
|

Theo mot s§ phuong 4n, hop chat c6 cong thirc F14 1a etyl-2-(4-metoxybenzyl(N-4-

butoxycarbonyl)sulfamoyl)amino) axetat:

metoxybenzyl-N-(zert-butoxycarbonyl) sulfamoyl)amino)axetat:

HaCO
0

0
0
>LO/U\N/\S\E’)N\)J\O/\

HaCO
Theo mot sb phuong 4n, don yéu ciu cip bing doc quyén sang ché nay d& xuat hop

chét c¢6 cong thirc F15:

trong do:
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R3 13 C1.¢alkyl ho#ic benzyl; va

mdi nhém R! doc 14p 1a nhém bao vé amino.

Theo mot s6 phuong 4n, R! 13 Cy.4 alkenyl-C1.3 alkyl hodc phenyl-Ci.3 alkyl, trong d6
phenyl-Ci.3 alkyl tdty ¥ dugc thé bang 1, 2, hodc 3 nhém Ci.4 alkoxy duge chon dgc 14p.

Theo mét sb phuong 4n, R! 13 alyl.

Theo mét sb phuong 4n, R! 12 4-metoxybenzyl.

Theo mot sb phuong 4n, R? 1a Ci.s alkyl.

Theo mot s6 phuong 4n, R3 1a tert-butyl.

Theo mdt sé phuong 4n, hop chit c6 cong thic F15 1a rert-butyl alyl{[alyl(2-

)
0
ﬂ\oj\ ?\\S\(N\/U\H

N0

oxoetyl)amino]sulfonyl}carbamat:

|

Theo mot s phwong 4n, hop chit c6 cong thic F15 1a rert-butyl(4-
metoxybenzyl){[(4-metoxybenzyl)(2-oxoetyl)amino]sulfonyl}carbamat:

H3COQ
0O

0
Q
>LOJJ\N)\S\£)N\/U\H

HaCO

Theo mdt s6 phuong 4n, séng ché dé& xuét hop chét c6 cong thuc F16:

-0
| |
1 R N. _N
R" R 0

R%0

B
F16 r

F

trong d6 R 1a Ci.salkyl hodc benzyl va mdi nhém R! doc 13p 12 nhém bao v€ amino.

Theo mot s& phuong 4an, R! 1a Ca.4 alkenyl-C13 alkyl hodc phenyl-Ci.3 alkyl, trong dé
phenyl-Cy.3 alkyl tury y dugc thé bang 1, 2, hodc 3 nhém Ci4 alkoxy duge chon ddc 18p.

Theo mot sb phuong 4n, R! 1a alyl.

Theo mot sb phuong 4n, R! & 4-metoxybenzyl.
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Theo mdt s6 phuong 4n, R3 1 Cis alkyl.

Theo mot sb phuong 4n, R® 14 tert-butyl.

Theo mot sb phuong 4n, R3 1a Ci4 alkyl.

Theo mot sb phuong 4n, R? 14 butyl.

Theo mdt s& phwong 4n, hop chét ¢ cong thirc F16 1a tert-butyl alyl(N-alyl-N-(2-(4-
(4-(3-brom0-4-ﬂoropheny1)-5-oxo-4,S-dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-oxadiazol-3-yl-

amino)etyl)sulfamoyl)carbamat:

Theo mét s6 phuong 4n, hop chét c6 cbng thiic F16 14 tert-butyl (4-metoxybenzyl)-(N-
(4-metoxybenzyl)-N-(2-(4-(4-(3-bromo-4-florophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-
yl)-1,2,5-oxadiazol-3-ylamino)etyl)sulfamoyl)carbamat:

-0
NP Y P N
O NN N
Bz Bz \O/N
Br
F
So dd 5 md ta cach khac dé didu ché hop chit c6 cong thirc F10.

Sodd 5
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0
N
HZNM"P:O
/N
N_ N
0

B -0
00 ' j\o\wo H N =0
O Fs F rRi0” NN N
R40 N’S‘N OMe Amino hoa khir H H /N
H H > o
OMe Q Br
F17 F18
F
2 A o 2 A /O
Téc nhan khir b N
ac ni a:lmml‘.: a0 Ve o\\/(,) H | >:O
- RN ”/\/ e
R
o
Br
F10
F

Sang ché con d& xuét quy trinh bao gdm viéc cho hop chét c6 cong thirc F17:
060

A

/U\ PN oM
N/\/ e

OMe

R*0

Iz

F17 ,

trong d6 R* 14 Ci. alkyl, Ci. haloalkyl, benzyl, hodc 9H-floren-9-ylmetyl, phan ing v6i hop

chét c6 cong thirc F5:

e
N
HoN | N/EO

fj\o\\’/o H | >=O
R4O N/ \N/\/ v/_\(‘\N
H H N_ N
O
Br
F18
F

Theo mot s6 phuong 4n, R* 14 tert-butyl.
Theo mot s6 phuong 4n, R* 13 benzyl.

Theo mot sb phuong 4n, R* 14 etyl.
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Theo mot sb phuong 4n, R* 13 Cy.3 haloalkyl.

Theo mét sb phuong an, R* 13 2,2,2-tricloroetyl.

Theo mdt s& phuong 4n, R* 13 9H-floren-9-ylmetyl.

Trong bude Q, cac hop chét c6 cong thirc F18 c6 thé duge didu ché, theo mot sb
phuong 4n, bing céch cho hop chét c6 cong thirc F17 phan tmg v6i hop chét amin c6 cong
thirc F5 v6i sy c6 mit cua chét khur.

Theo mdt s phuong 4n, phan (g dugc thuc hién véi sy c6 mit ciia chét khur.

Chét khtr c6 thé 12 hop chat bt ky c6 kha nang khir hop chit hitu co dén trang thai
oxy héa thdp hon, vi du, bing cich sir dung hop chat hitu co chita silan nhu tri(Ci
alkyl)silan (vi du, trietylsilan); hydro nguyén t6 hodc bing cach st dung chét phan (g
hydrua (nhu NaB(OAc)sH, NaBHs, LiAlHs va cc chét twong ty); bang cach sir dung
triphenylphosphin; hogc bang céch sir dung két hop natri iodua, clotrimetylsilan, va metanol.
Theo mdt s§ phwong 4n, budc ndy c6 thé duge thuc hién voi sy c6 mit ciia axit nhur axit
trifloaxetic. Cdc dung moi thich hgp bao gdm, nhung khéng gi6i han ¢ cac dung moi
hydrocacbon di dwgc halogen hoa (vi dy, diclometan, clorofom, dicloetan hogc tetracloetan).
Theo mét sb phuong 4n, dung méi hydrocacbon da dugc halogen héa 1a 1,2-dicloetan.

Theo mot sb phwong 4n, chét khir 13 hop chit hitu co chia silan.

Theo mét sé phwong 4n, chét khir 14 tri(Cy-3 alkyl)silan.

Theo mdt s& phuong 4n, chét khr 13 trietylsilan.

Theo mdt s6 phwong 4n, phan tng dugce thuc hién voi s c6 mit cia axit hitu co.

Theo mdt s& phuong 4n, axit hitu co 12 axit trifloaxetic.

Theo mét sb phuong 4n, axit hitu co 12 axit metansulfonic.

Theo mét s6 phuong 4n, phan img dugc thyc hién trong thanh phan dung méi chira
dung moi hydrocacbon dd dugc halogen hoa.

Theo mét sb phuwong 4n, dung mdi hydrocacbon da dugc halogen héa 1a diclometan.

Theo mdt s6 phuong 4n, dung mdi hydrocacbon di dugc halogen héa la 1,2-dicloetan.

Theo mot sb phuong 4n, quy trinh nay con bao gdm budc khir bao vé& hop chit c6

cong thire F18 @& tao ra hop chit ¢6 cong thic F10:

-0
of W o
HNTNT = N
H
N_ N
0
Br
F10
F
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Theo mdt sé phuong 4n, cic phuong phap khit bao vé d6i véi cac nhdm bao vé amin
cu thé (nhu cac carbamat) ma chuyén gia trong linh vyc k¥ thudt nay da biét, nhu phuong
phap trong tai liéu: Wuts and Greene, Greene s Protective Groups in Organic Synthesis, 4t
Ed., pp 696-926, John Wiley & Sons: New York, 2006. Vi du, nhém fert-butoxycarbonyl (vi
du, trong d6 R* 12 fert-butyl) c6 thé duoc loai ra (vi dy, duge thity phan) khoi nguyén tir nito,
vi du, bang cach xtr 1y bing axit (nhu axit clohydric, axit trifloaxetic, axit toluensulfonic, va
cac chét tuong tu); két hop céc chit phan tng (vi du, hdn hop gbm axetyl clorua va metanol)
d3 biét dé tao ra axit; hodc axit Lewis (vi dy, BF3-Et20). Nhom benzyloxycarbonyl (vi du, khi
R* 12 benzyl) ¢6 thé dugc loai ra (vi dy, duge hydro phan) khoi nguyén tir nito, vi dy, bing
céch xir Iy bang hydro va chit xtic tdc (nhu paladi trén cacbon). Cac nhém metoxycarbonyl
va etoxycarbonyl (tirc 12 khi R* 12 metyl hodc etyl) c¢6 thé dugc loai ra bdng cach xir 1y bang
bazo vd co (nhu KOH hodc K2COs); két hop c4c chét phan tng (vi dy, hdn hop gbm axetyl
clorua, natri iodua va axetonitril); hoc bing cach xir 1y bang axit (vi du, HBr, AcOH). Nhém
2,2,2-tricloetoxycarbonyl co thé dugc loai bo, vi du, bang cach xir ly bﬁng chét xuc tac (vi du,
Zn/AcOH hogic Cd/AcOH). Céc dung mbi thich hop dbi véi bude nay tao gbm, nhung khong
chi gi6i han &, metanol hogc tetrahydrofuran (THF), axetonitril va cac nhom tuwong ty. Theo
mdt s phuong &n, viée xit 1y dugc thuc hién & nhiét do ndm trong khoang tir 30°C dén 90°C,
vi dy, tir 50°C dén 100°C, hoc tir 60°C dén 80°C.

Theo mét s& phuong 4n, viée khir bao vé bao gdm bude cho hgp chat ¢6 cong thirc
F18 phan (g v&i kém véi sy cb mat cia axit axetic.

Theo mot s6 phuong 4n, viéc khir bao vé dugc thuc hién trong thanh phz‘“in dung moi
chira tetrahydrofuran.

Theo mdt s6 phwong 4n, quy trinh ndy con bao gdm budc cho hop chit c6 cong thirc

F10 phan tmg véi bazo dé tao ra hop chét c6 cong thirc I:

LOH F
Qe uy N Q
HZN/S\H/\/N7/__\(‘\|’:jI Br
N. __N
(0]
L

Theo mét s phwong 4n, bazo chira kim loai kiém hydroxit.
Theo mét sb phuong 4n, kim loai kiém hydroxit 14 natri hydroxit.
Theo mét s phwong 4n, phan tmg dugc thuc hién trong thanh phan dung moéi chira

tetrahydrofuran, nuéc va etanol.
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Theo mdt s6 phwong 4n, quy trinh ndy con bao gdm budce chuyén héa hop chit c6

cong thirc F18 thanh hop chét c6 cong thirc I:

, F
o i LI
H,N" T N7 N Br
H I\ H
N_ N
o)
L

trong d6 budc chuyén héa bao gdm bude két hop hop chét ¢6 cong thirc F18 véi bazo dé tao
ra h&n hop thr nhét. Theo mdt sb phwong 4an, bazo 1a N,N-bis(2-aminoetyl)etan-1,2-diamin.

Theo mdt sé phuong 4n, bude chuyén héa con bao gdm viée bd sung axit vao hdn hop
thir nhét. Theo mdt sb phuong 4n, axit ndy 1a dung dich nudc ciia axit manh. Theo mot sb
phuong 4n, dung dich nudc ciia axit manh la dung dich nuée cla axit clohydric.

Theo mot sb phuong 4n, bude chuyén héa dugce thuc hién trong thanh phan dung méi
chira tetrahydrofuran va etyl axetat.

Pon yéu ciu cip bing doc quyén sing ché nay con d& xubt quy trinh bao gdm budc:

i) cho hop chét c6 cong thirc F19:

Br

F5 F

v6i su c6 mit cla trietylsilan va axit metansulfonic dé tao ra hop chit c6 cong thiic F20:

0 N-C
[ Osg20 H | =0
. O N/S\ /\/N N
H

N
T
" NN
O F20 Br

va

ii) chuyén héa hop chét c6 cong thiic F20 thanh hop chét c6 cong thirc I:
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JOH E
\S// N |
HN"T N 7/—\8\N Br
H N\ H
0
L

trong d6 budc chuyén héa bao gdm budc két hop hop chét c6 cong thirc F20 véi N,N-bis(2-
aminoetyl)etan-1,2-diamin. Theo mdt s& phuong én, budc chuyén héa con bao gdm budc bd
sung dung dich nudc cua axit clohydric sau khi két hop.

Hop chét F17 c6 thd dugc tao thanh bdi quy trinh mot budc (Budc P) tir

clorosulfonylisoxyanat, nhu dugc thé hién trén So db 6.

So db 6
Bazo
R4OH
O\\ § (MGO)QCHCHgNHZ /lOJ\ O\\SI/O on
PN _ 4 PASIN e
0=Cc=N"""cl RYO7 N r}n/\/
P H H OMe

F17

Theo mdt s& phuong 4n, ché phim hop chét c6 cong thirc F17 c6 thé thu duoc bang
cach xtr ly clorosulfonylisoxyanat bing 2,2-dimetoxyetanamin va rugu R*OH (R* duoc x4c
dinh nhu néu trén), thy ¥ trong dung moi (vi du, dung moi hydrocacbon da dugc halogen héa
nhu diclometan, clorofom, dicloetan, tetracloetan). Theo mot sd phwong 4n, buéc ndy duge
thuc hién véi sy c6 mit cia bazo. Bazo ¢ thé 13 bazo hitu co nhu amin khong vong (vi dy,
trietylamin, diisopropyletylamin (DIPEA), v.v.) hodc amin vong (vi dy, pyrolidin, piperidin,
v.v.); hodc bazo v6 co nhu kiém (vi dy, NaOH, LiOH, KOH, Mg(OH),, v.v.). Theo mot sb
phuong 4n, phan ting dwgc thyc hién trong dung méi, vi du, dung méi hydrocacbon da dugc
halogen héa nhu diclometan, clorofom, dicloetan, hogc tetracloetan.

Theo mdt sé phwong 4n, don yéu cu cép bing doc quyén sang ché nay con d& xuét

hop chét c6 cong thic F17:

00
JLd OMe
R‘0” "N""°N
NTNTY
OMe
F17

trong d6 R* 1a Ci.6 alkyl, C1.¢ haloalkyl, hodc benzyl.
Theo mot s6 phuong an, R* 1a ferz-butyl.
Theo mdt s6 phuong 4n, R* 1a benzyl.

Theo mdt s& phuong an, R* 13 etyl.
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Theo mdt s6 phuong 4n, R* 1a Ci.3 haloalkyl.

Theo mdt sb phuong 4an, R* 13 2,2,2-tricloroetyl.

Theo mot s6 phuong 4n, R* 1a 9H-floren-9-ylmetyl.

Theo mot s6 phuong 4n, hop chat c6 cong thirc F17 1a fert-butyl N-(2,2-dimetoxyetyl)-
sulfamoylcarbamat.

Theo mot sé phuong 4n, hop chit c6 cong thirc F17 1a benzyl N-(2,2-dimetoxyetyl)-
sulfamoylcarbamat.

Theo mot sb phuong 4n, hop chit c6 cong thic F17 1a etyl N-(2,2-dimetoxyetyl)-
sulfamoylcarbamat.

Theo mdt s phuong 4n, hop chit c6 cong thirc F17 1a 2,2,2-tricloroetyl N-(2,2-dimet-
oxyetyl)sulfamoylcarbamat.

Theo mot sb phuong 4n, hop chét c¢6 cong thirc F17 1a (9H-floren-9-yl)metyl N-(2,2-di-
metoxyetyl)sulfamoylcarbamat.

Theo mdt s& phuong 4n, don yéu ciu cép bing doc quyén sing ché nay con dé xuit

hop chét c6 cong thirc F18:

Br
F18

trong d6, R* 1a C1.s alkyl, C1.¢ haloalkyl, hogc benzyl.

Theo mdt s6 phuwong 4n, R* 14 zers-butyl.

Theo mot sb phuong 4n, R* 1 benzyl.

Theo mét sb phuong 4n, R* 14 etyl.

Theo mot s6 phuong 4n, R* 1a C13 haloalkyl.

Theo mot sb phuong 4n, R* 14 2,2,2-tricloroetyl.

Theo mdt s& phuong 4n, R* 12 9H-floren-9-ylmetyl.

Theo mdt sb phwong 4n, hop chét c6 cong thitc F18 1a benzyl ({[2-({[4-(3-bromo-4-flo-
rophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etyl Jamino}-

sulfonyl)carbamat:
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Theo mot s6 phuong 4n, hop chét cé cong thirc F18 1a etyl ({[2-({[4-(3-bromo-4-floro-
phenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etylJamino} -

sulfonyl)carbamat:

Br

Theo mot s& phuong 4n, hop chit c6 cong thirc F18 1a 2.2,2-tricloroetyl ({[2-({[4-(3-
bromo-4-florophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)-

etylJamino}sulfonyl)carbamat:

-0
)OJ\ N i NI =0
Cl,c” Y07 NN N
H H A
N_ N
(0]
Br
F .
Theo mdt sb phuong 4n, hop chat c6 cong thirc F18 1a (9H-floren-9-yl)metyl N-(2-
((4-(4-(3-bromo-4-florophenyl)-5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-oxadiazol-3-
yl)amino)etyl)sulfamoylcarbamat:

0 N-©
O J 00 H | =0
YN )
H N___N
O 0 Br

Thuét ngit “alkyl” dugc sit dung trong ban mé ta niy mot céch riéng r& hodc cung voi
thuat ngit gbc khac nita dé chi nhém hydrocacbon bdo hoa mach thang hodc mach nhanh, ¢6
tir 1 dén 6 nguyén tir cacbon, tir 1 dén 4 nguyén tir cacbon, hodc tir 1 dén 3 nguyén tir cacbon.
Céc nhém alkyl 1am vi du bao gdm metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-

butyl, zert-butyl, va cdc nhém tuong tu.
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Thuét ngii “alkenyl” dugc dung trong ban mo ta nay dé chi nhém alkyl c6 mot hozc
nhidu ndi d6i cacbon-cacbon. Theo mot sb phuong 4n, nhém alkyl nay c6 tir 2 dén 6 nguyén
tir cacbon, tir 2 dén 4 nguyén tir cacbon, hozc tir 2 dén 3 nguyén tir cacbon. C4c nhém alkenyl
lam vi du bao gdm etenyl (vinyl), propenyl, va cic nhom twong tu.

Thuét ngir “alkenylalkyl” dugc dung trong ban md ta nay dé chi nhém c6 cong thirc
—alkyl-alkenyl. Theo mot s& phuong 4n, alkenylalkyl nhom 14 alyl.

Thuét ngit “haloalkyl” dugc dung trong ban mo ta ndy mot cach ri€ng r€ hodc cling
véi gbe bd sung dé chi nhém alkyl dugc thé bing mdt hode nhiéu nguyén tir halogen dugc
chon doc 14p tr F, Cl, Br, va I. C4c nhoém haloalkyl 1am vi dy bao gdbm CF3, CHF,, CH,CF3,
va cac nhom tuong tu.

Thuét ngit “alkoxy” dugc ding trong ban mo ta nay dé chi nhém —O-alkyl. Theo mét
s phuong 4n, nhém alkyl c6 tir 1 dén 6 nguyén tir cacbon, tir 1 dén 4 nguyén tir cacbon, hodc
tir 1 dén 3 nguyén tir cacbon. Cdc nhém alkoxy 1am vi du bao gdm metoxy, etoxy, propoxy
(vi du, n-propoxy va isopropoxy), t-butoxy, va cic nhém tuong tu.

Thuét ngit “trialkylamin” duoc dung trong ban md ta nay dé chi nguyén tir nito duoc
thé bing ba nhém alkyl dugc chon ddc 1ap. Theo mdt sb phuong 4n, mdi nhém alkyl c6 tir 2
dén 6 nguyén tir cacbon, tir 2 dén 4 nguyén tir cacbon, hodc tir 2 dén 3 nguyén tir cacbon. Vi
du, cac nhom trialkylamin bao gdm trimetylamin, trietylamin, va cic nhom tuong tu.

Thuit ngit “alkoxycarbonyl” dugc dung trong badn mo ta nay dé chi nhém c6 cong
thirc —C(0)-0O-alkyl. Theo mot sd phuong 4n, nhém alkyl c6 tir 2 dén 6 nguyén tir cacbon, tir
2 dén 4 nguyén ti cacbon, hodc tir 2 dén 3 nguyén tir cacbon. Céc nhém alkoxycarbonyl 1am
vi du bao gém etoxycarbonyl, fert-butoxycarbonyl (Boc), va cic nhém tuong tu.

Cac dung mdi hydrocacbon da dugc halogen héa 1a cac alkan da dugc halogen hoa,
nhu diclometan, clorofom, dicloetan hodc tetracloetan, trong d6 alkan cé thé 12 mach nhanh
hoic mach théng c6 tir 1 dén 12 nguyén tir cacbon, tir 1 dén 6 nguyén tir cacbon, hogc tir 1
dén 4 nguyén tir cacbon v6i mot hodc nhidu nguyén tir halo. Theo mdt sb phuong 4n, dung
mbi hydrocacbon da dugc halogen héa 13 alkan dd dwgc clo héa co tir 1 dén 12 nguyén tir
cacbon, tir 1 dén 6 nguyén tir cacbon, hogc tir 1 dén 4 nguyén tir cacbon.

Trong ban md ta ndy, céc phan tir thé cho cac hop chét theo séng ché c6 thé duge boc
16 thanh nhém hodc trong cac khoang. Céc tac gia sing ché dy dinh ring sang ché bao gbm
ca ting tap hop con riéng r& ciia cic nhém nay va cac khoang nay.

Du dinh ring cdc hop chat theo sing ché 13 én dinh. Thuat ngit “6n dinh” dugc ding

trong ban md ta ndy dé chi hop chit ma da manh dé khong bi phan tich dén mic do tinh
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khiét hitu ich ra khoi tr hdn hop phan tng, va t6t hon néu c6 kha ning tzo thanh tic nhan
diéu tri bénh higu qua.

Can phai hiéu thém rang mot s6 ddu hiéu nhét dinh theo sing ché, ma dé r5 rang,
duoc bdc 19 trong pham vi cac phuong 4n ri€ng biét, cling co thé dugc két hop thanh mot
phuong én. Ngugc lai, cdc ddu hiéu khac nhau theo séng ché ma, dé ngén gon, da dugc boc 16
trong pham vi ciia mdt phuong 4n, ciing c6 thé dugce tach riéng hogic két hop lai theo céch
thich hop.

Céc hop chét theo sang ché con du dinh bao gbm tAt ca chét ddng phan di hinh c6 thé.
Céc chét ddng phan di hinh cis va trans cia cac hgp chét duge bdc 16 va c6 thé téch dugc &
dang hdn hop gdm céc chét ddng phan hojc & cac dang chét ddng phan da duoc tach.

Céc hop chét theo sang ché con bao gdm céc dang h3 bién. C4c dang hd bién tao ra
b1 lién két don véi lién két doi bén canh ciing véi viée ddng thi di tra proton.

Céac hop chat theo sang ché con c6 thé bao gdm tht ca céc dong vi clia céc nguyén tir
xult hién & céc chét trung gian hodc céc hgp chit cudi cing. Cac ddng vi bao gdm céc
nguyén tir c6 cung s6 tht trr nguyén tir nhung s6 khéi luong khéc nhau. Vi dy, cac ddng vi
ctia hydro bao gdm triti va doteri.

Theo mot sd phuong an, cac hop chét theo séng ché, va cac mudi cta chung, duoc
tach mot cach dang k&. Thuat ngit “duoc tdch mot cach déng k& c6 nghia 13 hop chét nay 13
it nht mot phin hogic hiu nhu dwgc tich ra khoi moi trudng noi né duge tao ra hodic phat
hién. Tach mdt phan c6 thé bao gdm, vi du, ché phim giau hop chét theo sang ché. Puoc téch
mdt cich dang ké ¢6 thé bao gdm céc ché phim chira it nhét khoang 50%, it nhét khoang
60%, it nhit khoang 70%, it nhit khoang 80%, it nhét khoang 90%, it nhat khoang 95%, it
nhét khoang 97%, hodc it nhét khoang 99% trong lugng hop cht theo sang ché, hosic mubi
ctia n6. Céc phuong phap téch cac hop chit va mudi ciia ching 1a thong thudng trong linh
vuc k¥ thuat ndy.

Pon yéu cu cép bing doc quyén sang ché nay con bao gdm mubi cia céc hop chét

~, 66

theo sang ché. Thuat ngit “mudi” dugc ding trong ban m ta nay dé chi cdc chat dan xut cia
céc hop chét da dugc boc 16, trong d6 hop chit gbc duge cai bién bing cach chuyén héa gbe
axit hodc géc bazo hién c6 thanh dang mudi cia né. Cac vi du v& mudi bao gdm, nhung
khoéng chi gidi han &, cac mudi ctia axit vd co (nhu HCl, HBr, H2SO4) hojdc axit hitu co (nhu
axit axetic, axit benzoic, axit trifloaxetic) voi cac gbc bazo nhu céc amin; céc mudi cta chét
kiém (nhu Li, Na, K, Mg, Ca) hodc hitu co (nhu trialkylamoni) véi cac gdc axit nhu axit
carboxyclic; va céc chét tuong tr. Cac mudi theo sang ché nay ¢6 thé dugc tong hop tir hop

chét gbc ma chira gbc bazo hojc gbe axit theo cac phuong phap hoa hoc thong thudng. Noi
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chung, cac mudi nay c6 thé dugc diéu ché bing cach cho cic dang axit hodc cac dang bazo
cla cac hop chét ndy phan tng véi lugng ty lugng cua bazo hoic axit thich hop trong nude
hodc trong dﬁng mdi hitu co, hodc trong hdn hop gdm ca hai hop chét nay; néi chung, cac
mdi chét khong chira nu6c nhu ete, etyl axetat, etanol, isopropanol, hodc axetonitril (ACN)
duoc uu tién.

Don yéu ciu clp bing doc quyén sang ché niy con bao gdm céc mudi duge dung cia
céc hop chét theo sang ché. “Céc mudi duge dung” bao gdm phan nhém gdm “cac mudi” néu
trén ma 1 cdc mubi khong doc thong thudng cua hop chét gbc duoc tao ra, vi dy, tir céc axit
vd ¢o hodc hitu co khong doc. Danh muc céc mudi thich hop duge tim thdy trong tai liéu:
Remington’s Pharmaceutical Sciences, 17" ed., Mack Publishing Company, Easton, Pa.,
1985, p. 1418 va Journal of Pharmaceutical Science, 66, 2 (1977), ting tai liéu trong b nay
duoc dua vao day hoan toan bing céch vién din. Thuat ngit “dugc dung” duoc ding trong
ban md ta ndy dé chi cic hop chit, cic nguyén liéu, cac duoc phdm, va/hoic cac dang liéu
ma, trong pham vi danh gid y hoc hop ly, 1a thich hop dé str dung tiép xtic véi md cia ngudi
va dong vat ma khong c6 doc tinh, kich ting, phan ting di img qué murc, hodc vAn d& hoic
bién chiing khéc, pht hop véi ty 1€ hop 1y gira loi ich va nguy co.

Céc quy trinh dugc bdc 10 trong ban md ta nay co thé duogc theo doi bang phuong
phép thich hop bat ky da biét trong Iinh vyc k§ thuét nay. Vi dy, viéc tao ra san phém c6 thé
dugc theo dai bing quang phd, nhur phd cong hudng tir hat nhan (vi dy, 'H hodc 3C), phd
hdng ngoai, phép phé quang ké (vi dy, cyc tim nhin thdy duoc), hoic phép do phd khéi; hodc
theo phuong phdp sic ky nhu phuong phép sic ky long cao 4p (HPLC) hoic sic ky 16p
méng. C4c hop chét thu dugc theo cc phan tmg ¢6 thé dugc tinh ché theo phuong phép thich
hop bét ky d biét trong linh vuc k¥ thudt ndy. Vi dy, séc ky (4p sudt trung binh) trén chét hip
phu thich hop (vi du, silicagel, nhém oxit va cac chat twong ty), sic ky long cao ép, hodc sic
ky 16p mong didu ché; chung cit; lam thing hoa, nghién tan nho, hogc két tinh lai. N6i
chung, d3 tinh khiét ciia céc hop chét duge xéc dinh theo cdc phuong phép vat 1y nhu do
nhiét dd néng chay (trong trudong hop la chét rén), thu phd NMR, hogc thyc hién tach theo
phuong phap séc ky long cao 4p. Néu nhiét do nong chay giam, néu céc tin hiéu khong mong
mudn trong phd NMR bi giam, hodc néu cac pic ngoai lai trong vét sic ky 1ong cao 4p bi loai
b6, thi c¢6 thé n6i ring hop chét nay da dugc tinh ché. Theo mot sd phuong 4n, cdc hop chét
nay dugc tinh ché & mirc d§ dang ké.

Viéc didu ché céc hop chat c6 thé bao gdm budc bao vé va bude khir bao vé doi véi
cac nhom héa hoc khac nhau. Nhu clu v& viée bao vé va khr bao vé, va lya chon cic nhém

bao vé thich hop c¢6 thé d& dang dugc xéc dinh boi chuyén gia trong linh vuc k¥ thuat nay.
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Hoéa hoc vé cic nhém bao vé c6 thé duoc théy, vi dy, trong tai liéu: Wuts and Greene,
Greene’s Protective Groups in Organic Synthesis, 4" Ed., John Wiley & Sons: New York,
2006, ma ndi dung cua tai liéu ndy duoc dua vao day hoan toan bang cach vién din

Céc phan (g cua cac quy trinh duge boc 1§ trong ban md ta nay co6 thé dwoc thuc
hién trong cac dung méi thich hop ma c6 thé d& dang dugc chon bdi chuyén gia trong linh
vuc téng hop hitu co. Cac dung mdi thich hgp 06 thé hdu nhu khdng c6 hoat tinh phan (g
v6i cac nguyén liéu ban dAu (c4c chét phan img), cac chit trung gian, hofic cic san phim &
nhiét do thuc hién phan Gng, tic 13 nhiét do ndm trong khoang tir nhiét d6 déng bang cla
dung méi dén nhiét do soi ctia dung mdi. Phan tmg nhét dinh c6 thé duoc thuc hién trong mot
dung méi hodc hdn hop gdm nhiéu dung méi. Tly theo bude phan tng, (cic) dung mdi thich
hgp cho bude phan tng cu thé c6 thé duge chon loc. Céc dung méi thich hop bao gbm nudc,
alkan (nhu pentan, hexan, heptan, xyclohexan, v.v., hodc h&n hop cua ching), cdc dung moi
thom (nhu benzen, toluen, xylen, v.v.), rugu (nhu metanol, etanol, isopropanol, v.v.), ete
(nhu dialkylete, metyl fert-butyl ete (MTBE), tetrahydrofuran (THF), dioxan, v.v.), este (nhu
etyl axetat, butyl axetat, v.v.), cdc dung moi hydrocacbon da dugc halogen héa (nhur
diclometan (DCM), clorofom, dicloetan, tetracloetan), - dimetylformamit (DMF),
dimetylsulfoxit (DMSO), axeton, axetonitril (ACN), hexametylphosphoramit (HMPA) va N-
metyl pyrolidon (NMP). Cac dung moi nay cd thé duoc diing trong & dang u6t hogc khan.

Viéc phan gii céc hdn hop triét quang gdm cac hop chét c6 thé dugce thyc hién theo
phuong phép bét ky trong s& nhidu phuong phap da biét trong linh vyc k§ thust nay. Phuong
phép 1am vi du bao gdm két tinh lai phan doan bing cach sir dung “axit phan giai khong d6i
xtmg” 12 axit hitu co quay quang va axit hitu co tao mudi. Cac tac nhan phan giai thich hgp
dbi v6i cac phuong phap két tinh lai phan doan, vi dy, 1a cac axit quay quang, nhu dang D va
dang L clia axit tartric, axit diaxetyltartric, axit dibenzoyltartric, axit mandelic, axit malic,
axit lactic hodc céc axit camphorsulfonic quay quang khé nhau. Viéc phan giai céc hdn hop
triét quang con c6 thé dugce thyc hién bing cach rira giai trén cdt dd nap tdc nhén phin giai
quay quang (vi du, dinitrobenzoylphenylglyxin). Ché phdm dung moi rira giai thich hgp c6

thé duogc x4c dinh bdi chuyén gia trong linh vyc k¥ thuét nay.

Phiwrong phdp str dung

Hop chét c6 cong thic I c6 thé Gc ché hoat tinh cia enzym indolamin-2,3-
dioxygenaza (IDO). Vi du, hop chit c6 cong thirc I c6 thé duge ding dé e ché hoat tinh clia
IDO trong té bao hoic & cd thé c6 nhu cdu didu bién enzym bang cach dung hop chét c6 cong

thirc I v6i lugng tc ché.
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Céc hop chat c6 cong thic I ¢6 thé dugc ding trong cac phuong phap te ché sy thodi
bién cua tryptophan trong hé chira cc té bao biéu hién IDO nhu mb, sinh vat sdng, hoic dich
nuéi cly t& bao. Theo mot sé phuong 4n, don yéu ciu cdp bing doc quyén sang ché nay dé
xudt cdc phuong phép lam thay dbi (vi dy, 1dm ting) lugng tryptophan ngoai bao & dong vat
¢6 vl bing cach ding luong hitu hiéu cta hgp chit ¢ cong thic 1. Cac phuong phép do
lugng tryptophan va mtrc d9 thodi bién cua tryptophan 13 thong thudng trong linh vyc k§
thudt nay.

Céc hop chét c6 cong thiic 1 c6 thé duoc ding trong cac phuong phap tic ché ngin
chin mién dich nhu tc ché mién dich do IDO gdy ra & bénh nhan bing cich cho bénh nhan
ding hop chat c6 cong thic I véi lugng hitu hiéu. Viée e ché mi&n dich IDO do giy ra c6
lién quan dén, vi du, céc bénh ung thu, sy sinh trudéng cua khéi v, di cin, nhidm virut, sao
chép virut, v.v.

Céc hop chét c6 cong thirc I ciing c6 thé duge ding trong cdc phuong phép diéu tri
c4c bénh lién quan dén hoat tinh hoic sy biéu hién, k& ca hoat tinh khéc thudng va/hoic hién
twong biéu hién qui mirc, ctia IDO & c4 thé (vi du, bénh nhan) bing cach cho c4 thé c6 nhu
clu didu tri d6 dung luong hitu hiéu dé didu tri bénh hoic liéu ciia hop chét ¢6 cong thirc I
hosc duge phim cia ching. Vi du, cc bénh c6 thé bao gdm bénh, rdi loan bénh ly hoc tinh
trang bénh 1y bét ky ma lién quan truc tiép hodc gidn tiép v6i sy biéu hién hodc hoat tinh cia
enzym IDO, nhu biéu hién quéa mirc hodc hoat tinh khac thudng. Bénh lién quan dén IDO con
c6 thé bao gém bénh, rdi loan bénh 1y ho#c tinh trang bénh ly bét ky ma c6 thé dugc phong
ngita; 1am thuyén giam, hoac chita tri bing cach didu bién hoat tinh enzym. Céc vi du vé céc
bénh lién quan dén IDO bao gdm bénh ung thu, nhidm virut nhu nhiém HIV, nhiém HCV,
ching trAm cam, cic bénh rdi loan thodi héa than kinh nhu bénh Alzheimer va bénh
Huntington, chin thuong, bénh dyc thuy tinh thé lién quan dén tudi tac, cdy ghép co quan (vi
dy, tinh trang dao thai ghép tang), va cac bénh tu mién bao gdm bénh hen, bénh viém da khép
dang thép, bénh xo cung rai rac, bénh viém di Gng, bénh viém ruft, bénh vay nén va bénh
ban d6 toan thin. Vi dy, cac bénh ung thu cé thé diéu tri theo cac phuong phép néu trong ban
md ta nay bao gdm bénh ung thu rudt Kkét, tuy, va, tuyén tién liét, phdi, ndo, budng trimg, cb
tir cung, tinh hoan, thén, dAu va ¢, u bach huyét, bénh bach cAu, u héc t, va céc bénh twong
tw. Hop chét c¢6 cong thitc I con ¢6 thé duge dung dé diéu trj bénh béo phi va chimg thiéu
mau cuc bd.

Thuat ngir “té bao” duge ding trong ban md ta ndy c6 nghia la té bao in vitro, ex vivo
hodic in vivo. Theo mot sé phuong 4n, t& bao ex vivo c6 thé 1a phan ctia mu md dugc cét tir

sinh vt nhu dong vat c6 vii. Theo mdt s& phuong 4n, té bao ix vitro c6 thé 1a t€ bao trong
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dich nudi ciy té bao. Theo mot sb phuong 4n, té bao in vivo 13 té bao sdng trong sinh vat nhu
dong vat c6 vu.

Thuat ngit “cho tiép xtic” dugce ding trong ban mo ta ndy d& chi viéc dua céc gbc da chi
dinh lai v&i nhau trong mot hé in vitro hodc mdt hé in vivo. Vi dy, viéc cho enzym IDO “tiép
xtic” v6i hop chat c6 cong thirc I bao gdm viée cho c4 thé hodc bénh nhan, nhu ngudi, ¢6
DO, ding hop chit c6 cong thirc I ciing nhw, vi dy, dua hop chét c6 cong thic I vao miu
chita ché phdm té bao hodc ché pham tinh khiét chira enzym IDO.

Thuat ngit “cé thé” hodc “bénh nhan” dugc ding trong ban md ta nay mdt cich thay
thé nhau, dé chi dong vat bit ky, bao gdm céc dong vat c6 v, tdt hon 1a chugt nhét, chudt to,
cac dong vat gdm nham khdc, tho, ché, méo, lon, gia stic, clru, ngua, hodc cic dong vét linh
truong, va tét nhat 13 ngudi.

Thust ngit “lugng hitu hiéu dé didu tri” dugc ding trong ban md ta ndy dé chi luong
hoat chit hodc dugc chit ma thd hién dép tmg sinh hoc hoic dp tng didu tri & mo, hé co
quan, dong vat, c4 thé hogc ngudi duge tim kiém boi nha nghién ciru, bac sy thi y, bac s§
didu trj hodc thiy thube.

Thudt nglr “diéu tri” hoic “diéu tri bénh” duogc ding trong ban md ta ndy dé chi 1)
viéc phong bénh; vi dy, phong bénh, tinh trang bénh ly hodc rbi loan bénh ly & c4 thé ma d4
ting c6 kha ning méc bénh, tinh trang bénh 1y hodc 16i loan bénh 1y nhung chua méc hoic
biéu hién bénh ly hoc hoic triéu chirng hoc cua bénh; 2) viéc trc ché bénh; vi dy, viée trc ché
bénh, tinh trang bénh 1y hoic rdi loan bénh ly & ca thd ma dang mic hoic dang biéu hién
bénh 1y hoc hodc triéu chitng hoc cua bénh, tinh trang bénh ly hodc 16i loan bénh Iy (tirc 13
ngan chdn sy phat trién tiép ctia bénh 1y hoc va/hoic triéu ching hoc), hodc 3) lam thuyén
giam bénh; vi dy, 1am thuyén giam bénh, tinh trang bénh Iy hodc 18i loan bénh 1y & c4 thé ma
dang mic hoic dang biéu hién bénh 1y hoc hodc triéu ching hoc ciia bénh, tinh trang bénh ly

hoc r6i loan bénh 1y (tttc 1a dao nguge bénh ly hoc va/hodc triéu ching hoc).

Phép diéu tri két hop

Mot hoic nhidu duoc chat bd sung hodic cac phuong phép diéu trj bénh, vi du, céc tac
nhén khéng virut, cdc tdc nhan hoéa tri liéu hodc cc tic nhan didu tri ung thu khéc, céc chét
ting cudng mién dich, céc chét e ché mién dich, biic xa, vacxin khang u va vacxin khang
virut, phép didu tri bénh bing xytokin (vi dy, IL2, GM-CSF, v.v.), vd/hodc cic chét tc ché
tyrosin kinaza c6 thé duoc sir dung két hgp hop chét c6 cong thire I dé diéu tri céc bénh lien

quan dén IDO, céc rdi loan bénh 1y hodc céc tinh trang bénh ly. Cac tic nhan c6 thé dugc két
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hop v6i hop cht c6 cong thire I & dang liéu don, hodc céc tac nhan c6 thé duge ding dong
thoi hodc lién tuc & dang céc lidu riéng ré.

Céc tac nhin khang virut thich hop dugc duy tinh dé sir dung két hop hop chét c6 cong
thirc I ¢6 thé chita cac chét &rc ché transcriptaza nghich nucleosit va nucleotit (cdc NRTI), céé
chét &rc ché transcriptaza nghich phi nucleosit (cd&c NNRTI), cac chét rc ché proteaza va céc
thubc khang khang virut.

Céc NRTI thich hop 1am vi du bao gdm 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
dugc goi beta-L-D4C va duge goi 1a beta-L-2', 3'-dicleoxy-5-flo-xytiden); DAPD, ((-)-beta-
D-2,6,-diamino-purin dioxolan); va lodenosin (FddA). Cac NNRTI thich hop dién kinh bao
gdm nevirapin (BI-RG-587); delaviradin (BHAP, U-90152); efavirenz (DMP-265); PNU-
142721; AG-1549; MKC-442 (1-(etoxy-metyl)-5-(1-metyletyl)-6-(phenylmetyl)-(2,4(1H,3-
H)-pyrimidindion); va (+)-calanol A (NSC-675451) va B. C4c chét Gic ché proteaza thich hop
dién hinh bao gdém 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-1 549. Céc tac nhin khac khang virut bao gdm hydroxyuré,
ribavirin, IL-2, IL-12, pentafusit va du 4n Yissum s6 11607.

Céc tac nhan hoa tri liéu thich hop hodc cac tic nhan diéu tri ung thu khéc bao gbm,
vi du, céc tac nhan alkyl héa (bao gbm, nhung khong gi6i han &, cic m3 tat nito, cic chét din
xuét etylenimin, céc alkyl sulfonat, nitrosoure va céc triazen) nhu mu tat uraxil, clometin,
xyclophosphamit (Cytoxan™), ifosfamit, melphalan, clorambuxil, pipobroman, trietylen-
melamin, trietylenthiophosphoramin, busulfan, carmustin, lomustin, streptozoxin, dacarbazin,
va temozolomit.

Trong didu tri u hic t6, cac téc nhan thich hop d& st dung két hop v6i hop chét c6
cong thic I bao gdm: dacarbazin (DTIC), tuy y, cing v&i céc thudc hoéa tri khéc nhu
carmustin (BCNU) va cisplatin; “ché @@ tri liéu Dartmonth” bao gbm DTIC, BCNU, cisplatin
va tamoxifen; két hop cisplatin, vinblastin, va DTIC; hodc temozolomit. Céc hop chét theo
sang ché con ¢6 thé duoc két hop véi cac thude didu tri midn dich, bao gdm céc xytokin nhu
interferon alpha, interleukin 2, va yéu t8 hoai ttr u (TNF) trong viéc diéu tri u hic t6.

Hop chéit c6 cong thirc T con c6 thé dugc sir dung két hop véi liéu phép diéu tri bing
vacxin trong viéc didu tri u hic t8. Theo mot vai cach,vacxin khang u hic t6 13 twong tu cac
vacxin khang virut ma dugc dung dé ngin nglra c4c bénh gay ra bdi virut nhu bénh bai ligt,

bénh s6i, va bénh quai bi. Cac t& bao u hic t6 hodc phan cua céc t€ bao u hac to da dugc lam
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yéu duoc goi 1a cac khang nguyén c6 thé duoc tiém vao bénh nhan dé kich thich hé mién dich
ctia co thé nhim phé hity céc t& bao u héc td.

Céc u héc t5 ma gi6i han & canh tay hodc chén con cb thé duoc diéu tri bing két hop
cdc tac nhan bao gdm hop chit c6 cong thirc I, bing cach 4p dung quy trinh truyén vao chi sét
cao tach biét. Quy trinh didu tri ndy tam thoi tach phin tudn hoan trong chi d6 ra khoi phin
con lai ctia ciia co thé va tiém céc liéu lugng cao chit héa tri vao dong mach nudi chi do,
bing cach dé cung cAp lidu cao vao ving khdi u ma khong khién cdc bd phén ndi tang tiép
xtic v6i céc lidu ndy ma néu khong thi c6 thé gay ra tic dung phy. Thong thudng, chit luu
dugc 1am 4m dén nhiét do ndm trong khoang tir 102°F (38,89°C) dén 104°F (40°C).
Melphalan 13 thuéc thudng duge ding nhidu nhét trong quy trinh héa tri ndy. N6 thudng
dwgc cp cling véi téc nhan khéc, dugc goi la yéu t6 hoai tir u (TNF) (zem phin v& cac
xytokin).

Céc tac nhan hoa tri liéu thich hop ho#c céc tadc nhan diéu tri ung thu khac bao gdm,
vi du, c4c chét chéng chuyén héa (bao gbm, nhung khong gisi han &, cac chét dbi khang axit
folic, cic chét tuong tw pyrimidin, cic chét twong ty purin va cdc chit Gic ché adenosin
deaminaza) nhu metotrexat, 5-floraxil, floxuridin, xytarabin, 6-mercaptopurin, 6-thioguanin,
fludarabin phosphat, pentostatin, va gemxitabin.

Céc tac nhan hoa tri liéu thich hgp hodc céc tdc nhin diu tri ung thu khic con bao
gdm, vi dy, mot sb san phim ty nhién va céc chét din xuit cia ching (vi dy, vince alkaloit,
thudc khang sinh khdng u, cdc enzym, lymphokin va epipodophyllotoxin) nhu vinblastin,
vincristin, vindesin, bleomyxin, dactinomyxin, daunorubixin, doxorubixin, epirubixin,
idarubixin, ara-C, paclitaxel (TAXOLTM), mithramyxin, deoxycoformyxin, mitomyxin-C, L-
asparaginaza, c4c interferon (dc biét 1a IFN-a), etoposit, va teniposit.

Céc tac nhén khéac doc ddi véi t€ bao bao gém navelben, CPT-11, anastrazol, letrazol,
capexitabin, reloxafin, xyclophosphamit, ifosamit, va droloxafin.

Ciing thich hop 1a c4c tac nhan doc ddi véi té bao nhu epicophyllotoxin; enzym chéng
ung thu; chét tc ché topoisomeraza; procarbazin; mitoxantron; cdc phiic phoi trf platin nhu
cis-platin va carboplatin; céc tac nhén cai bién dép ung sinh hoc; céc chit e ché sinh trudng;
c4c tac nhan diéu tri khang hormon; leuccvorin; tegafur; va cic yéu t6 sinh trudng sinh huyét.

(Céc) tac nhan khac diéu tri bénh ung thu bao gdm céc tic nhan diéu tri khang thé nhu
trastuzumab (Herceptin), cac khang thé dbi vé6i cac phan tir kich thich ddng thoi nhu CTLA-
4, 4-1BB va PD-1, hodc c4c khang thé ddi véi céc xytokin (IL-10, TGF-B, v.v.).
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Céc téc nhan diéu tri ung thu khac con bao gdm céc téc nhan ma phong bé sur di tru té
bao mién dich nhu céc chét dbi khéng dbi vé&i cac thu thé hoa mg dong, ké ca CCR2 va
CCRA.

Céc tac nhan didu tri ung thu khac con bao gdm cac tdc nhén ma lam ting hé mién
dich nhu céc td dugc hodc tic nhan van chuyén t& bao T nhan nudi.

Céc vacxin chdng ung thu bao gbm céc té bao tua, céc peptit tbng hop, céc vacxin
ADN va céc virut tai tb hop.

C4c phuong phap ding an toan va hiéu qua hiu hét cic tic nhan héa tr liéu 12 da biét
d6i vai chuyén gia trong linh vuc k§ thuat nay. Ngoai ra, viéc dung chiing dugc bc 1§ trong
céc tai liéu thong thuong. Vi du, viéc dung nhiéu tic nhan hda tri liéu dugc bdc 16 trong tai
liéu "Physicians' Desk Reference" (PDR, vi du, xudt ban nim 1996, Medical Economics
Company, Montvale, NJ), toan bd ndi dung ciia n6 dugc dua vao day bang céach vién din nhu

dugc néu trong toan bd tai liéu nay.

Céc diwoc phdm va cdc dang licu

Khi dugc dung lam duge chét, hop chat c6 cong thitc I ¢6 thé duge ding & dang céc
dugc phim ma 1a sy két hop ciia hop chit c6 cong thirc I va chat mang duoc dung. Céc duge
phdm nay c6 thé dugc bao ché theo céch da biét trong linh vyc duge, va ¢6 thé dugc ding
theo nhidu dudng khac nhau, ty theo mong mudn didu tri cyc bd hay diéu trj toan than va
theo ving cn duogc didu tri. C6 thé ding khu trd (bao gdm trong mét va vao mang nhdy ké ca
phan phéi trong mili, im dao va qua dudng tryc trang), phdi (vi duy, bang cach hit vao hoic xit
bt hodc sol khi vao, ké ca bing may tao khi dung; trong khi quén, trong mii, biéu bi va qua
da), mét, qua dudng miéng hodic ngoai dudng tidu héa. Cac phuong phap dé phan phéi vao
mét c6 thé bao gdm ding khu tréi (thudc nhé mét), tiém dusi két mac, tiém quanh mét hodc
tiém vao trong budng dich kinh hodc dua vao bang dng thong bong hodc céc vt gén vao mét
dugc dit bing cach phiu thuat vao bao két mac. Cach ding ngoai dudng tiéu héa bao gdm
qua dudng tinh mach, trong dong mach, dudi da, trong khoang mang byng, hodc tiém bép
tiém hodc truyén; hoic trong so, vi du, dung trong ndi tily mac hodc trong nédo that. Cach
dung ngoai dudng tiéu hda c6 thé & dang mot liéu cao don nhét, hodc ¢6 thé, vi dy, 13 bang
bom truyén lién tuc. Céc duge phém va cac ché phdm’ dé ding khu trii ¢6 thé bao gbém cac
miéng dén da, céc loai diu bbi, cdc loai nudc xic, cac loai kem boi, cdc loai gel, thubc nho
giot, vién dit hau mon, thude xit, chét 16ng va cac loai bot. Chét mang thong thudng ding
cho dugc phém, trong nudc, nén bot hodic nén diu, cac chat lam dic va cac chét tuong ty c6

thé 1a cAn thiét hosic mong mudn.

-30-



39127

Céc dugc phdm chira hop chit ¢6 cong thirc 1 c6 thé duge bao ché két hop véi mot
ho#c nhidu chit mang dugc dung. Trong qua trinh bao ché cac duoc phadm theo sang ché, hoat
chét thuong duogc tron véi ta dugce, pha lodng bing ta duge hodc duge bao trong chit mang
do6 & dang, vi dy, vién nang, goi nho, gbi gidy, hoic vét chira khac. Khi ta duoc 1am chét pha
lodng, n6 c6 thé 13 nguyén lidu rén, ban rdn, hoic long, ma hoat dong nhu chét din, chét
mang hodic mdi trudng cho hoat chét. Do d6, cac duoc phim co thé & dang vién nén, vién
tron, bot, vién ngdm, goi nho, vién con nhdng, cdn ngot, huyén phi, nhil twong, dung dich,
siro, sol khi (& dang rén hodc trong mdi trudng 16ng), ddu bdi chira, vi dy, dén 10% trong
lugng hoat chat, vién nang gelatin mém va ciing, vién d3t hau mén, dung dich vo tring dé
tiém truyén, va bot duge dong géi vo trung.

Trong qua trinh bao ché dugc phdm, hoat chit c6 thé duoc nghién d& tao ra c& hat
thich hop trude khi két hop véi cac thanh phan khac. Néu hoat chét 1 gdn nhur khéng hoa tan,
hoat chit nay c6 thé dugc nghién dén c& hat bé hon 13 sang c& 200. Néu hoat chét hiu nhu
hoa tan trong nudc, c& hat ¢6 thé dugc diéu chinh bing cach nghién dé tao ra phan bd hau
nhu ddng nhét trong ché phim, vi du khoang 18 sang c& 40.

Mot s§ vi du vé cac ta duogc thich hop bao gém lactoza, dextroza, sucroza, sorbitol,
manitol, tinh bdt, gdm acaxia, canxi phosphat, alginat, tragacan, gelatin, canxi silicat,
xenluloza vi tinh thé, polyvinylpyrolidon, xenluloza, nuéc, siro, va metyl xenluloza. Cac ché
phdm c6 thé con bao gdm: c4c tic nhan lam tron nhu talc, magie stearat, va dau khoéng; céc
tac nhan thAm u6t; tc nhan nhil héa va tic nhén tao huyén phiy; cic chit bao quan nhu metyl-
va propylhydroxy-benzoat; cic chét tao ngot; va céc tic nhan tao vi. Céc dugc pham theo
sang ché c6 thé duoc bao ché sao cho tao ra giai phéng hoat chét nhanh, tir tir hodc chim sau
khi cho bénh nhén diing bing cch 4p dung céc quy trinh da biét trong linh vuc k¥ thuét nay.

Céc duge phim c6 thé duge bao ché & dang liéu don vi, mdi liéu chira khoang tir Smg
dén 100mg, thuong ndm trong khoang tir 10mg dén 30mg, hoat chit. Thust ngit "dang liéu
don vi" dugc ding dé chi céc don vi riéng ré vé mit vat 1y thich hop lam 1idu don nhét cho
d6i twong 1 ngudi va céc dong vat c6 via khac, mdi don vi chira luong dinh trude hoat chat
da duoc tinh dé tao ra tac dung didu tri mong mudn, két hop véi t4 duge thich hop.

Hoat chét c6 th c6 hidu qua trong khoang lidu lwong rong va thuong duge dung véi
lugng c6 tac dung diéu tri. Tuy nhién, cin phai hiéu ring lugng hop chit nay dugc dung trén
thuc té thuong s& do thay thudc quyét dinh, theo tinh hudng cii thé, bao gdm tinh trang can
duoc didu tri, dudng ding dugc chon, hop chét cu thé dugc ding, tudi, thé trong, va dap ting

ctia tirng bénh nhan, mirc o ning cua céc triéu ching clia bénh nhan, va cic yeu to tuong tu.
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Pé bao ché cac duge phdm rén nhu vién nén, hoat chét chinh dugc tron véi t4 duge dé
tao ra dugc phim so ché rin chira hdn hop ddng nhét gdm hop chét c6 cong thirc I. Khi dé
cap dén cac dugc phim so ché nay la ddng nhét, hoat chit thuong dugc phéan tén déu trong
toan bd duge phim niy sao cho dugc phdm nay c6 thé d& dang dwge phéan chia tiép thanh cac
dang liéu don vi hitu hiéu bang nhau nhu cic vién nén, cic vién trdn va céc vién nang. Sau
d6, ché phim so ché rin nay dugc phan chia tiép thanh dang lidu don vi thude céc loai néu
trén chira, vi dy, tir 0,1mg dén 500mg hoat chét theo séng ché nay.

Céc vién nén hodc cac vién tron chira hop chit c6 cong thirc I c6 thé duge bao hodc
dugc bao ché theo cach khac dé tao ra dang liéu c6 wu diém v& hoat d6ng léo dai. Vi dy, vién
nén hodic vién tron c6 thé chira thanh phén liéu bén trong va thanh phéan lidu bén ngoai, thanh
phan sau & dang 16p bao Ién thanh phan truéc. Hai thanh phan nay c6 thé dugc tach bing 16p
bao tan trong rudt ma né co tac dung chbng lai qué trinh phan rd trong da day va cho phép
thanh phan bén trong di qua & trang thai nguyén ven dén t4 trang hoic tri hodn duge sy phan
giai. Nhiéu loai nguyén liéu c6 thé dugc str dung cho céc 16p boc hodc bao tan trong rudt nhu
vy, cac nguyén liéu nay bao gdm nhidu axit polyme va c4c hdn hop gdm céc axit polyme v&i
cac nguyén liéu ndy nhu senlac, ruou xetylic, va xenluloza axetat.

Céc dang 16ng trong d6 céc hop chét va cic duge phim theo sang ché ndy c6 thé duoc
két hop vao dé diing qua dudng miéng hodc bing c4ch tiém bao gdm dung dich nuéc, siro da
duoc tao vi mdt cach thich hgp, cic huyén phil trong nuéc hodc trong dau, va nhil twong da
dugc tao vi i céc loai dAu an dugc nhur diu hat bong, dAu vimg, dAu dira, hoic dau lac, ciing
nhu céc loai cdn ngot va céc chét din duoc dung twong tu.

Chc dugc phdm dé xong hosic bom bao gdm dung dich va céc loai huyén phi trong
cac dung mdi nudc hodc hitu co hitu co, hodc hdn hop clia ching, va c4c loai bot. Cac duge
phim léng hodc rén c6 thé chira céc t4 duge duge dung thich hop nhu trén. Theo mot sb
phuong 4n, céc dugc phim dugc dung qua dudng miéng hodc dudng hd hap qua miii nhim
tac dung tai chd hogc toan than. Céc duoc phim c6 thé duoc tao khi dung béng cach sir dung
céc khi tro. Dung dich da duoc tao khi dung c6 thé dugc hit truc tiép tir thiét bi tao khi dung
hoic thiét bi tao khi dung c6 thé duoc gén vao nit gac trén mit na, hodc mdy thd dp suét
dwong khong lién tuc. Céc duge phdm dang dung dich, huyén phi, hozc bot ¢6 thé duge dung
qua dudng miéng hodc qua dudng mii tir céc dung cy ma phan phéi ché pham theo cach
thich hop.

Luong hop chét hodc duge phdm dwoc dung cho bénh nhén thay dbi tiy theo thube
dugc dung, myc dich cua viéc dung thudc, nhu phong bénh hay didu tri bénh, trang théi cla

bénh nhén, cach dung thuéc, va cac yéu t6 twong tu. Trong c4c tmg dung diéu tri, cdc duoc
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phim c6 thé dugc cho bénh nhan dd mic bénh diing véi lugng dii &€ chira tri hodc kim ham it
nhét mot phan triéu chimg clia bénh nay va céc bién chitng ciia né. Lugng hitu hidu s& phu
thudc vao tinh trang bénh dugc diéu tri ciing nhu theo quyét dinh ciia thiy thude diéu tri tiy
theo cac yéu t6 nhur mirc d6 ndng cia bénh, tudi, thé trong va tinh trang chung ctia bénh nhan,
va céc yéu td tuong tu..

C4c duge phim duge ding cho bénh nhan c6 thé & dang cac duge phim néu trén. Céc
dwoc phdm nay c6 thé dugc tiét trung theo céc k¥ thuat tiét tring thong thudng, hodc c6 thé
duoc loc tiét trung. Dung dich nudc c6 thé duge bao gbi @ st dung nguyén dang, hodc dugce
sdy kho & nhiét do thap, ché phim siy kho & nhiét do thip duoc két hop véi chit mang vo
tring trong nudc truée khi ding. DO pH ciia cdc ché pham chira hgp chit nay thuong ndm
trong khoang tir 3 dén 11, t6t hon 13 tir 5 dén 9 va t6t nhét 13 tir 7 dén 8. CAn phai hidu ring
viéc sit dung thanh phan nhét dinh trong s céc t4 dwgc, céc chét mang, hodc cac chit [am én
dinh néu trén s& tao ra cac mudi duge dung.

Lidu didu tri bénh ciia hop chit c6 cong thire I c6 thé thay dbi theo, vi du, myc dich sir
dung cu th8 ma 4p dung didu tri d6, cach dung hop chit nay, stc khoe va tinh trang ciia bénh
nhén, va quyét dinh ctia thiy thubc ké don. Ty phin hoic ndng d¢ ciia hop chét c¢6 cong thirc
I trong duoc phim c6 thé thay dbi tiy theo nhidu yéu t5 bao gdm lidu lucng, céc tinh chét hoa
hoc (vi du, tinh ky nuéc), va duong ding. Vi dy, hop chét c6 cong thirc I ¢6 thé duge dua vao
dung dich nudc dém sinh ly chira khoang 0,1% dén 10% trong luong/thé tich hop chit nay dé
ding ngoai dudng tidu héa. Mot sb khoang lidu luong thong thudng ndm trong khoang tir
1pg/kg dén 1g/kg thé trong hing ngdy. Theo mot sb phuong 4n, khoang lidu lugng nim trong
khoang tr 0,01mg/kg dén 100mg/kg thé trong hing ngay. Lidu luong c6 thé phu thudc vao
céc bién sb nhwr loai va mirc d6 dién tién ctia bénh hoic rbi loan bénh ly, tinh trang stic khoe
chung cita bénh nhén cy thé, hiéu qua sinh hoc tuong ddi ciia hop chit dugc chon, thanh phén
t4 dwoc, va dudng ding clia né. Luong hitu hiéu c6 thé dugc ngoai suy tir dudng cong liéu
lugng-dép tng thu dugc in vitro hodc tir hé thir nghiém trén mau dong vAt.

Hop chit c6 cong thirc I ciing c6 thé tao bao ché két hop véi mot hogc nhiu hoat chit
bd sung ma c6 thé bao gdm dugc chét bit ky nhu céc tac nhan khéng virut, cac loai vacxin,
cac khang thé, cac chét ting cudong mién dich, cdc téc nhan chin mién dich, cic tic nhan
khéang viém va céc chét tuong ty.

Don yéu cdu cAp bing doc quyén sang ché nay con bao gdm céc kit dugc dung hitu
ich, vi du, dé diéu tri hoic phong céc bénh lién quan dén IDO hoic céc réi loan bénh 1y, bénh

béo phi, bénh déi thio dudmg va cac bénh khac duge dé cap dén trong ban mé ta ndy bao gbm
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mdt hodc nhidu vat chira ma chira duge phdm chira lwong hitu hiéu dé didu tri béni cua hop
chét c6 cong thic 1. Céc kit ndy con co thé bao gdm, néu mudn, mdt hogc nhiéu thanh phin
kit duoc thong thudng khac nhau, vi du, vat chira v6i mdt hogc nhiéu chit mang dugc dung,
vat chira bd sung, v.v., nhu d& dugc nhan thdy ddi v6i chuyén gia trong linh vuc k§ thuat nay.
Huéng din sir dung & dang duoc cai vao hodc & dang nhan, bidu thi luong cdc thanh phén s&
duge ding, huéng din cach ding, va/hodc hudng dan cach tron céc thanh phan, ciing c6 thé

dugc bao gdm trong kit nay.

Vi du thye hién sing ché

Séang ché s& dugc boc 16 mot cach chi tiét dwa vao cac vi du cu thé. Céc vi du sau
duoc boc 16 chi nhim muc dich minh hoa, va khong nhim gi6i han pham vi cia séng ché
theo cach bt ky ndo. Chuyén gia trong linh vuc k¥ thuét nay d& dang nhén biét nhiéu loai
thong s6 khong quan trong ma c6 thé dugc thay ddi hoge dugc cai bién dé tao ra céc két qua

ngang bang.

Vidu 1. Téng hop 4-({2-[(aminosulfonyl)amino]etyl}amino)-N-(3-bromo-4-florophenyl)-

"-hydroxy-1,2,5-oxadiazol-3-carboximidamit
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Buéc A: 4-amino-N'-hydroxy-1,2,5-oxadiazol-3-carboximidamit (2)

N,OH

|
HQN%
T NH
N_ _N

\O/

Malononitril [Aldrich, san phdm # M1407] (320,5g, Smol) dugc bb sung vao nudc
(71), duge 1am néng so bd dén nhiét d6 45°C va khudy & nhiét do 45°C trong thoi gian 5 phut.
Dung dich thu dugc lam ngudi trong bé nuéc da va natri nitrit (380g, 5,5mol, 1,1 duong
luong) dugc bd sung vao. Khi nhiét do dat dén 10°C, dung dich axit clohydric 6N (55ml)
dugc bd sung vao. Phan tng toa nhiét nhe duge dam bao khi nhiét do dat dén 16°C. Sau 15
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phiit bé 12m lanh duoc loai bd va hdn hgp phén tmg nay dugc khudy trong thoi gian 1,5 gio &
nhiét do nim trong khoang tir 16°C dén 18°C. H8n hop phan tmg ray dugc giam nhiét do dén
13°C va 50% hydroxylamin hydroclorua trong nuéc (990g, 15mol, 3,0 duong lugng) dugc bd
sung toan bd mdt 1an. Nhiét do duge ting dén 26°C. Khi phéan tng toa nhiét giam bot, bé 1am
lanh dugc loai bé va tiép tuc khudy trong thoi gian 1 gid & nhiét do rdm trong khoang tir
26°C dén 27°C, sau d6 n6 dugc dua tir tir di hdi luu. Duy tri viéc hdi luu trong thoi gian 2 giy
va sau d6 hdn hop phan tng duoc phép 1am lanh din qua dém. Hdn hop phan tng ndy dugc
khudy trong bé nuéc da va axit clohydric 6N (800ml) dugc bd sung vao thanh nhiu phin
trong thoi gian 40 phit dé didu chinh dén do pH7,0. Tiép tuc khudy trong bé nuéc da & nhiét
dd 5°C. Chét két tua dwoc gom bing céch loc, rira sach k§ bang nudc va lam khd trong 10
chan khong (50°C) dé tao ra san phdm mong mudn (644g, 90%) & dang rin mau tring duc.
13C NMR (75 MHz, CD30D): § 156,0, 145,9, 141,3; C3HsNsO, (phan tir lugng (MW)
143,10), LCMS (EI) m/e 144,0 (M* + H).

Buéc B: 4-amino-N-hydroxy-1,2, 5-oxadiazol-3-carboximidoyl clorua (3)

N,OH

|
H2N7—(k
Y Cl
N___N

\O/

4-amino-N"-hydroxy-1,2,5-oxadiazol-3-carboximidamit(422g, 2,95mol) dugc bd sung
vao hdn hop gdm nudc (5,91), axit axetic (31) va axit clohydric 6N (1,475, 3,0 duong lugng)
va huyén phu dwoc khudy ¢ nhiét do nim trong khoang tir 42°C dén 45°C cho dén khi thu
duogc dung dich trong. Natri clorua (518g, 3,0 duong luong) dugc bd sung vao va dung dich
ndy dugc khudy trong bé d4/nudc/metanol. Dung dich chira natri nitrit (199,5g, 0,98 dwong
lugng) trong nude (700ml) duge bd sung trong thdi gian 3,5 gidr trong khi duy tri nhiét do
thép hon 0°C. Sau khi bd sung xong, tiép tuc khudy trong bé nuéc da trong thoi gian 1,5 gio
va sau d6 hdn hop phan Gng dugc nang nhiét do 1én dén 15°C. Chat két tia dugc gom bang
cach loc, rira sach k¥ bing nudc, duge dua vao etyl axetat (3,41), xiz ly bang natri sulfat khan
(500g) va khudy o nhiét do trong phong trong thoi gian 1 gio. Huyén phil ndy duge loc qua
natri sulfat (200g) va dich loc duoc cb trén thiét bi lam bay hoi kiéu quay. Cén dugc hoa tan
trong metyl fert-butyl ete (5,51), xit ly bang than hoat tinh (40g), khudy & nhiét @ trong
phong trong thoi gian 40 phut va loc qua xelit. Dung méi dugce loai bo trong thiét bi 1am bay

hoi kidu quay va san phim tao ra dugc 1am kho trong 10 chén khéng (45°C) dé tao ra san
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phém mong mudn (256g, 53,4%) & dang rén mau trng duc. 13C NMR (100MHz, CD30D) §

155,8, 143,4, 129,7; CsH3CIN4O, (phan tir luong (MW) 162,53), LCMS (EI) m/e 163/165
M* +H).

Buée C: 4-Amino-N-(3-bromo-4-florophenyl)-N'-hydroxy-1,2,5-oxadiazol-3-carboximidamit

4
Ned
HZNW_\([H .
N‘O’

4-Amino-N-hydroxy-1,2,5-oxadiazol-3-carboximidoyl clorua (33,8g, 208mmol) duoc
tron voi nuée (300ml). O nhigt do 60°C, 3-bromo-4-floanilin (Sigma-Aldrich) (43,6,
229mmol, 1,1 duwong lugng) dugc bd sung vao huyén phu va khudy trong thoi gian 10 phit.
Dung dich chira natri bicacbonat (26,3g, 313mmol, 1,5 dwong lugng) trong nude (300ml)
dugc bd sung vao trong thdi gian 15 phit va khudy & nhiét d6 60°C. Sau khi khudy 20 phut,
phén tich LCMS biéu thi hoan thanh phéan émg. Sau do, hdn hop phan mg nay dugc giam
nhiét 46 dén nhiét do trong phong v chiét bing etyl axetat (2 x 300ml). Dung dich etyl axetat
két hop duoc 1am kho trén natri sulfat khan va ¢d d& tao ra san phim mong mudn (65g, 99%)
& dang rén mau tring duc, ma dugc dung trong phan img tiép theo ma khéng cin tinh ché

thém. CoH7BrFNsO; (phén tir luong (MW) 316,09), LCMS (EI) m/e 316/318 (M* + H).

Buéc D: 3-(4-amino-1,2, 5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5-
(4H)-on (5)

-0

N

HoN ' N>:O

!\
N. _N
O

s

Br
F
Hon hop gdm 4-amino-N-(3-bromo-4-florophenyl)-N'-hydroxy-1,2,5-oxadiazol-3-
carboximidamit (65,7g, 208mmol), N,N-carbonyldiimidazol (Sigma-Aldrich) (50,6g,
312mmol, 1,5 dwong lugng), va etyl axetat (750ml) dwoc nang nhiét do 1én dén 60°C va
khudy trong thoi gian 20 phut. Phan tich LCMS biéu thi phan ng da hoan thanh. Hén hop
phéan ng nay dugc gidm nhiét do dén nhiét @6 trong phong, dugc rira bing axit clohydric 1N
(2 x 750ml), duge lam kho trén natri sulfat, va c6. San phim tho dugc nghién cing v6i hdn

hop gdm diclometan, etyl axetat, va dietyl ete dé tao ra san phAm mong mudn (60,2g, 85%) &
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dang rén mau tring duc. '"H NMR (300MHz, DMSO-ds) & 8,05 (m, 1H), 7,69 (m, 1H), 7,57
(t, 1H, J = 8,7 Hz), 6,58 (s, 2H); C10HsBrFNsO3 (phan tir luong (MW) 342,08), LCMS (EI)
mle 342/344 (M* + H).

Buéc E: tert-butyl [2-({4-[2-(3-bromo-4-florophenyl)-5-oxo-2,5-dihydro-1,2,4-oxadiazol-3-
yl]-1,2,5-oxadiazol-3-yl}amino)etyl]carbamat (7)
-0
N Lo
BocHN N

\O/
Br

F

Natri triaxetoxybohydrua (10,59g, 49,97mmol, 10,0 dwong lwgng) duoc bd sung
thanh nhiéu phan vao dung dich chira axit trifloaxetic (20,0ml) va tetrahydrofuran (10,0ml)
va khudy trong khi quyén nito. Hon hop ndy dugce khudy trong thdi gian 10 phut & nhiét do
trong phong va sau d6 dugc lam lanh dén nhiét d -5°C. Dung dich chira 3-(4-amino-1,2,5-
oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5(4H)-on (1,71g, 5,0mmol) va
tert-butyl (2-oxoetyl)carbamat (Sigma-Aldrich) (1,99g, 12,5mmol, 2,5 dwong lugng) trong
THF (15,0ml) duoc bd sung nhé giot trong thdi gian 30 phut va khudy trong khi duy tri nhiét
d6 thip hon 0°C. H8n hop phan ting nay dugc khudy & nhiét 6 nim trong khoang tir -5°C
dén 0°C va phin bd sung cua fert-butyl (2-oxoetyl)carbamat (0,20g, 1,2mmol, 0,24 dwong
lugng) trong THF (1,0ml) dugc bd sung nho giot v6i khoang cach thoi gian 20 phut, 40 phit,
4 gid. Shc ky 1éng cao 4p biéu thi phan Umg da hoan thanh sau 5,25 gio. Hdn hop phéan ng
nay dugc rét vao natri bicacbonat lanh (500ml) va dung dich nay dugc khudy & nhiét d6 trong
phong qua dém. Chét két tua dugc gom bing cich loc va rira bing nuéc mudi. Cin thu dugce
dugc tron v6i heptan (40ml) va dietyl ete (40ml) va khudy & nhiét do trong phong trong thoi
gian 5 gio. Chét két tia duge gom bing céch loc, rira bing dietyl ete va lam kho trong 10 chén
khong dé tao ra san phim mong mubn (1953mg, 80,5%) & dang ran mau tréng duc, "H NMR
(300MHz, DMSO-ds) & 8,08 (m, 1H), 7,71 (m, 1H), 7,59 (t, 1H, J = 8,7 Hz), 6,94 (m, 1H),
6,52 (m, 1H), 3,32 (m, 2H), 3,15 (m, 2H), 1,36 (s, 9H); Ci7Hi¢BrFNeOs (phén tir lugng
(MW) 485,26); LCMS (EI) m/e507/509 (M*+ Na).

Buée F: 3-{4-[(2-aminoetyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-florophenyl)-1,2,4-
oxadiazol-5(4H)-on hydroclorua (8)
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Br

Phwong phdp A (diéu ché tir tert-butyl [2-({4-[2-(3-bromo-4-florophenyl)-5-oxo-2,5-dihydro-
1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etylcarbamat; Budc E):

Tert-butyl  [2-({4-[2-(3-bromo-4-florophenyl)-5-0x0-2,5-dihydro-1,2,4-oxadiazol-3-
yl]-1,2,5-oxadiazol-3-yl}amino)etyl]carbamat (20g, 41,2mmol) va isopropanol (255ml) dugc
nap vao binh dung tich 500ml. Huyén phd dic dwoc khudy & nhiét do trong phong. Khi
hydroclorua (7,55g, 207mmol, 5,0 dwong lugng) duge bd sung vao huyén phit dic bing bng
thiy tinh du6i bé mit trong thoi gian 16 phut. Sau do, etyl axetat (111ml) cuge bd sung vao
mé ndy va hdn hogp phan tmg ndy dugc ning nhiét do 1én dén 43°C va khudy trong thoi gian
7,5 gi. Mé nay duoc giam nhiét do dén 19°C va ety axetat (44ml) dugc bd sung vao. Huyén
phit dic duoc loc va cin thu duge dugc rira bing etyl axetat (2 x 55ml). Chit rin da tach
duoc [am kh trong didu kién 4p sut giam & nhiét do 45°C trong thoi gian 15 giv dé tao ra
san phdm mong mubn (16,61g, hiéu sut 95,5%) & dang rén mau tring duc dén tring, 'H
NMR (300MHz, DMSO-ds) & 8,11 (bs, 3H), 7,78 (m, 1H), 7,73 (m, 1H), 7,59 (t, 1H, J= 8,7
Hz), 6,74 (t, 1H, J= 6,1 Hz), 3,50 (m, 2H), 3,02 (m, 2H); C12H11BrCIFNOs3, (phén tir luong
(MW) 421,61; C12H10BrFNe¢O3 d8i v6i bazo tu do, phéan tir lugng (MW) 385,15), LCMS (EI)
mle 385/387 M* + H).

Phuwong _phdp B (diéu ché truc tiép tic 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-
florophenyl)-1,2,4-oxadiazol-5(4H)-on; Budc D):

Natri triaxetoxybohydrua (2,33g, 11,0mmol, 11,0 dwong luong) duge trén véi axit
trifloaxetic (12,0ml, 155,8mmol, 155,8 dwong luong). Dung dich thu dugc dugc tron & nhiét
do trong phong trong thoi gian 30 phut. Dung dich chira 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-
(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5(4H)-on (hop chit c6 cong thic 5, 0,342g,
1,0mmol) va fert-butyl (2-oxoetyl)carbamat (Sigma-Aldrich) (1,04g, 6,51mmol, 6,5 ducng
luong) trong diclometan (10,0ml) va axetonitril (6,0ml) duoc khudy trong khi quyén Na.
Dung dich nay dugc lam lanh dén nhiét d6 -5°C va dung dich chira natri triaxetoxybohydrua
va axit trifloaxetic dugc bd sung nhé giot vao trong thoi gian 5 phiit. H&n hop phan g nay
duoc khudy & nhiét do trong phong trong thoi gian 4 gio. Séc ky 1ong cao 4p va LC-MS (M -

Boc + H: 385/387, kiéu bromua) bidu thi ty 1¢ gitta san phdm mong mudn va nguyén liéu ban
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dAu 1a 4 chia 1. H8n hop nay dugc ¢b va pha lodng bing diclometan (10ml). Dung dich nay
dugc 1am lanh dén nhiét 6 0°C va natri hydroxit 4N duoc bd sung tir tir trong khi duy tri
nhiét 46 nim trong khoang tir 0°C dén 5°C dé diéu chinh d¢ pH nim trong khoang tir 8 dén
9. Lép nudce duge chiét bing diclometan (3 x 10ml). Dung dich diclometan t6 hop dugc ria
bang natri bicacbonat va nudc mudi, dugc 1am kho trén natri sulfat va cd. Sau d6, cin thd
dugc hoa tan trong diclometan (6,0ml) va dung dich thu dugc lam lanh ¢&n nhiét d6 0°C. Axit
clohydric 4N trong dioxan (3,0ml) dugc b sung nho giot & nhiét dd ndm trong khoang tr 0°C
dén 5°C. Han hop nay duoc khudy & nhiét do trong phong trong thoi gian 20 phut. Chét két
tiia dugc gom bing cach loc, rira bing dietyl ete, va 1am khd trong chan khong dé tao ra san
phim mong muén (289mg, 54%) & dang rin mau trang duc, '"H NMR (300MHz, DMSO-ds) &
8,11 (bs, 3H), 7,78 (m, 1H), 7,73 (m, 1H), 7,59 (t, 1H, J = 8,7 Hz), 6,74 (t, 1H, J= 6,1 Hz),
3,50 (m, 2H), 3,02 (m, 2H); Ci2HuBrCIFNe¢Os, (phin t¢ luwong (MW) 421,61;
C12H10BrFN6O; dbi v6i bazo tu do, MW 385,15), LCMS (EI) m/e 385/387 (M" + H).

Buée G: tert-butyl ( {[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-
3-yl]-1,2,5-oxadiazol-3-yl}amino)etylJamino}sulfonyl)carbamat (9)

Br

~ Binh phan ung thuy tinh dung tich 20-1 dugc nap 3-{4-[(Z-aminoetyl)amino]-1,2,5-
oxadiazol-3-yl}-4-(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5(4H)-on hydroclorua (1200g,
2,846mol) va diclometan (6,51) & nhiét do trong phong. Trietylamin (950g, 9,39mol, 3,3
dwong luong) duge bd sung vao mé ndy trong thoi gian 7 phut. Sau d6, mé nay duoc 12m lanh
dén nhiét do -14,6°C.

Binh déy tron dung tich 5-1 duge nap fert-butanol (253g, 3,41mol, 1,2 duong luong)
va diclometan (2,61). Dung dich nay dugc lam lanh dén nhiét @6 0,9°C. Clorosulfonyl
isoxyanat (463g, 3,27mol, 1,15 duong luong) dugc bd sung vao dung dich ndy trong thoi
gian 43 phit trong khi duy tri mé ndy nhiét d6 duéi 10°C. Dung dich ferr-butyl
(clorosulfonyl)carbamat tao ra dugc gift & nhiét dd nim trong khoang tir 3°C dén 5°C trong

thoi gian 1 gio.
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Dung dich chira zert-butyl (clorosulfonyl)carbamat dugc bd sung vao binh phén ting
trong thoi gian hon 73 phut trong khi duy tri mé nay nhiét 66 dudi 0°C. Sau d6, mé nay duge
1am &m dén nhiét do 10°C trong thoi gian hon 1 gid va sau d6 dugc khudy & nhiét d6 nim
trong khoang tir 10°C dén 14°C trong thdi gian 1 gio. Nude (4,81) dugc bd sung vao mé ndy
va hdn hop phan tmg da t6i duge khudy & nhiét d¢ trong phong trong thoi gian 14,5 giv. Mé
nay duoc dé yén va cic pha phan tach. Dung dich diclometan dugc tach git trong binh phan
{ing va nap axit axetic (513g) vao trong thoi gian 25 phat d& 1am két tua san phdm. Huyén
phit déc tao thanh duoc khudy & nhiét do 20°C trong thdi gian 2,5 gid. San phim dugc tach
bing cach loc va rira bang diclometan (1,81). San phém duoc 1am kho trong didu kién 4p sudt
giam (-30inHg) & nhiét d¢ 45°C trong thoi gian 16 gid dé tao ra san phdm mong mudn
(1342g, hiéu sudt 83,5%) & dang rdn mau trang. 'H NMR (400MHz, DMSO-dj): § 10,90 (s, 1
H), 8,08 (dd, J= 6,2, 2,5 Hz, 1 H), 7,72 (m, 1 H), 7,59 (t, /= 8,6 Hz, 1 H), 6,58 (t, /= 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).
C17H1sBrFN707S (phan tir luogng (MW) 564,34), LCMS (EI) m/e 585,9/587,9 (M" + Na).

Burée H: N-[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2, 5-oxadiazol-3-yl}amino)etyl[sulfamit (10)

Br

Etanol (121) dugc bd sung vao binh dung tich 20-1 chua rert-butyl ({[2-({4-[4-(3-
bromo-4—ﬂorophenyl)-5-oxo-4,5-dihydro-1,2,4-0Xadiazol-3-yl]-1,2,5-oxadiazol-3-y1}amino)-
etyl]Jamino}sulfonyl)carbamat (1200g, 2,126mol) & nhiét do 20°C. H3n hop thu duge duge
khudy & nhiét do trong phong va dugc nap khi hydroclorua (472g, 12,9mol, 6,07 duong
luong). Mé nay dugc nang nhiét do 1én dén 50°C va nhiét d6 dugc duy tri trong thoi gian 3
gidy cho dén khi hoan thanh phan tng. Dung mdi dugc loai bo bang chan khong chung cit &
nhiét do ndm trong khoang tir 33°C dén 39°C va 6kg san phdm chung cét dugc gom. Etyl
axetat (6,81, 6,1kg) duoc bd sung vao mé ndy va dugce chung cit d& gom 5,1kg san phim
chung cit. Etyl axetat (7,21, 6,48kg) dugc bd sung vao mé ndy va dugc chung cat dé gom

5,1kg san phdm chung ct. Etyl axetat (2,41, 2,14kg) dugc b sung vao mé nay dé diéu chinh
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ty 16 dung moi. "H NMR biéu thi ty 1¢ mol giita etyl axetat va etanol 1 1,0:0,1. Dung dich
ndy dugc nang nhiét do 1én dén 65°C. n-Heptan (4,1kg) dugc bd sung vao dung dich nay &
nhiét d6 ndm trong khoang tr 60°C dén 65°C trong thoi gian hon 43 phud. Huyén phtt dic tao
thanh duoc khudy & nhiét 46 65°C trong thoi gian 1 gio. Huyén phii dic duoc giam nhiét do
dén 20°C trong thoi gian 2,5 gid va khudy & nhiét d6 d6 trong thoi gian 15 gid. San phim
duge gom bing cach loc va rira bing n-heptan (2,421). San phdm duoc lam khé trong diéu
kién &p suit giam & nhiét d§ 45°C trong thoi gian 65 giv dé tao ra san phdm mong muén
(906g, hiéu suét 91,8%) & dang rdn mau tring dyc. 'H NMR (400MHz, DMSO-ds) & 8,08
(dd, J=6,2) 7,72 (m, 1 H), 7,59 (t, J = 8,7 Hz, 1 H), 6,67 (t, J = 5,9 Hz, 1H), 6,55 (s, 2H)
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, 2H);
C12H11BrFN;OsS (phén tir lugng (MW) 464,23), LCMS (EI) m/e 485,8/487,8 (M" - CsHsO;
+ Na).

Buée I: 4-({2-[(Aminosulfonyl)amino Jetyl}amino)-N-(3-bromo-4-florophenyl)-N"-hydroxy-
1,2, 5-oxadiazol-3-carboximidamit (11)

JOH F
w o QK
H2N/S\N/\/N7/—\8\N Br
H NN H
0

N-[2-({4-[4-(3-bromo-4-florophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-yl}amino)etyl]sulfamit (799,4g, 1,72mol) va THF (3,2I) dugc bb sung vao binh
phan tng thiy tinh dung tich 201. Dung dich thu dugc khudy & nhiét d6 20°C trong thoi gian
7 phtit va sau d6 duge nap nude (1,61). Mé nay duoc giam nhiét do dén 2°C va nap 30% trong
luong dung dich natri hydroxit (475ml, 666,4g, 4,99mol, 2,9 duong lugng) trong thoi gian 8
phat. Mé nay dugc nang nhiét do 1én dén 20°C va nhiét d6 duoc duy tri trong 16 gid. Sau do,
mé nay dugc nap metyl zers-butyl ete (8,01) trong 23 phut. Nudc (2,71) duge bd sung vao va
mé nay dugc lam lanh dén nhiét d6 0°C. Sau d6, mé nay dugc nap 85% trong lugng axit
phosphoric (370,7g, 3,22mol, 1,9 duong lrgng) trong thoi gian 9 phit. Mé nay dugc nang
nhiét d6 1én dén 20°C va khudy trong thoi gian 1 gid. Mé ndy dugc dé yén va céc pha phan
tach. Lop hitu co duge git lai trong binh phan ung va dugc nap nude (2,91) va 85% trong
luong axit phosphoric (370,7g, 3,22mol) va khudy & nhiét d6 29°C trong thoi gian 1 gio. Mé
nay duoc & yén va cc pha phan tach. Lép hitu co dugc gilt lai trong binh phéan Gng va dugce
nap nudc (3,21) va khudy & nhiét do 20°C trong thoi gian 1 gid. Mé ndy dugc dé yén va cac

pha phan tach. Dung dich hitu co dugc giit lai trong binh phén tng va duoc chung cét trong
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didu kién 4p suét giam & nhiét do 20°C dé loai bo 3,4kg san phim chung cét. Etanol (4,81)
dugc nap vao mé ndy va mé ndy duoc chung cit dén thé tich 3,21. Quy trinh chung cét nay
duge 1ip lai thém mot 14n. Etanol (0,61) dugc bd sung vao mé ndy dé diéu chinh thé tich cta
mé nay dén 41. Mé nay dugc khudy & nhiét d§ 20°C trong thoi gién 16 gidr va sau d6 duge nap
nuée (6,391). Huyén phil dic tao ra dugc khudy & nhiét do 20°C trong thdi gian 5 gid. San
phdm duoc gom bing cach loc va rira hai 1in bing hdn hop gdm etanol (529ml) va nuée
-~ (1059ml). San phim dugc lam khd trong diéu kién &p suét giam & nhiet d6 45°C trong thoi
gian 65 gio dé tao ra sin phdm mong mudn (719,6g, 95,4%) & dang rén mau tring. 'H NMR
(400MHz, DMSO-dg): 5 11,51 (s, 1 H), 8,90 (s, 1 H), 7,17 (t, J = 8,8 iz, 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, /= 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); C11H13BrFN704S(phéan
tir Iugng (MW) 438,23), LCMS (EI) mle 437,9/439,9 (M* + H).

Vi du 2. Quy trinh khac didu ché N-[2-({4-[4-(3-bromo-4-florophenyl)-5-0xo0-4,5-
dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-o0xadiazol-3-yl}amino)etvllsulfamit

Allyl bromua
tert-BuOH O 0 o
0P HaNCH,COOE! %\O/U\N:\SZN/WOB hogo PMB-Cl %\ /U\ WP /\coza
0=C=N"""Cl  TEA, CH,Cl, H H g K2COs3
12, CSI 13 14a,R aIIyI

14b, R = PMB

HzN}—X_ 0
( \
o QBF Boc, N- \é\/ N/O\fO
DIBAL/DCM I O\\S/,O/\ i\ ¥’\/N>_2—
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Buée 1: Evl {] (z‘ert-bzfztoxycarbonyl)-amino  Jsulfonyl}aminoaxetat (13)

\ //
>‘> /U\ COzEt
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Dung dich chira clorosulfonylisoxyanat (Sigma-Aldrich) (5,0ml, 57,4mmol) trong
diclometan (100ml) dugc lam lanh dén nhiét do 0°C. Rugu tert-butylic (4,26g, 57,4mmol, 1,0
duong luong) dugc bd sung diclometan (100ml) qua phéu cp liéu. Dung dich ndy dwoc
khudy & nhiét d 0°C trong thoi gian 30 phit. Glyxin etyl este hydroclorua (8,82g, 63,2mmol,
1,1 duong lugng) dugc bd sung nhd giot vao trietylamin (20,0ml, 144mmol, 2,5 dwong
lwong) & nhiét dd 0°C. Hon hop phan tng nay dugc khudy & nhiét do trong phong trong thdi
gian 4 gi0. Phan tng dugc pha lodng bing diclometan (100ml) va rira bing axit clohydric
0,IN va nuéc mubi. Lép hitu co duge 1am kho trén natri sulfat va cd dé tao ra san pham
mong muén (13,2g, 81,4%) & dang rén thd mau tring duc, ma dugc ding trong phan img tiép
theo ma khong can tinh ché thém. 'H NMR (300MHz, DMSO-ds) & 10,88 (s, 1H), 8,07 (t,
1H, J= 6,1 Hz), 4,08 (q, 2H, J=7,1 Hz), 3,78 (d, 2H, J = 6,1 Hz), 1,40 (s, 9H), 1,18 (t, 3H, J
=17,1 Hz).

Buée 2a. Etyl (alyl{[alyl(tert-butoxycarbonyl)aminoJsulfonyl}amino)axetat (14a)
I
;>T—O NS

VAN

N"CO,E

Etyl ({[(tert-butoxycarbonyl)amino]sulfonyl}aminoaxetat (1,0g, 3,54mmol) dugc tron
v6i kali cacbonat (2,45g, 17,7mmol, 5,0 duong lugng) va axetonitril (23,0ml) trong khi
quyén N> & nhiét do trong phong. Alyl bromua (1,84ml, 21,2mmol, 6,0 dwong luong) dugc
bd sung nhd giot vao. H3n hop phan img nay dugc nang nhiét do 1én dén 70°C va khudy &
nhiét do dé trong thoi gian 14 gid. Séc ky long cao 4p (HPLC) va phan tich LCMS biéu thi
phan Umg da hoan thanh. Hdn hop phan tng dugc loc va dich lgc dugc ¢d. Can duge hoa tan
trong diclometan va rua bing natri bicacbonat va nuéc mudi. Lép hitu co duoge 1am khd trén
natri sulfat va cd dé tao ra san phdm mong mudn (1,11g, 87%) & dang rén thd mau tring duc,
ma dugc dung trong phan ung tiép theo ma khong cAn tinh ché thém. '"H NMR (300MHz,
DMSO-ds) & 5,75 (m, 2H), 5,20 (m, 4H), 4,12 (m, 6H), 3,89 (m, 2H), 1,43 {s, 9H), 1,18 (1,
3H, J = 8,7 Hz).

Buée 2b.Enl [{[(tert-butoxycarbonyl)(4-metoxybenzyl)amino Jsulfonyl} (4-metoxybenzyl)-
amino Jaxetat (14b)
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Etyl ({[(tert-butoxycarbonyl) amino]sulfonyl}amiro)axetat (1,00g, 4,0mmol) dugc
tron véi N,N-dimetylformamit (DMF, 6,0ml) va khudy & nhiét d6 trong phong. Natri iodua
(0,01g, 0,1mmol, 0,025 duong luong), kali cacbonat (2,40g, 20mmol, 5,0 duong luong) va
para-metoxybenzyl clorua (2,64ml, 19,5mmol, 4,875 duong luong) dugc bb sung vao hén
hop nay. Hon hgp phéan tmg ndy dugc ning nhiét d6 1én dén 80°C va khudy & nhiét do 80°C
trong thoi gian 2 gio. Phan tich LCMS biu thi phan tng d4 hoan thanh. Hdn hop phéan ung
ndy duge giam nhiét do dén nhiét do trong phong va loc qua xelit. Tang xelit dugc rira bing
diclometan va céc phin loc hitu co da & hop dugce c6. Phin cin da c6 dugc hoa tan trong
diclometan (20ml) va dugc rira béng natri bicacbonat (5 x 12ml) va nudc mudi. Lép hitu co
dugc 1am khé trén natri sulfat va dugc co. Can dugc tinh ché trén silicagel (tr 0% dén 40%
etyl axetat/hexan gradien rua giai) dé tao ra san phdm mong mudn (1,39g, 80%) & dang rén
mau tring duc. 'H NMR (300MHz, DMSO-ds) § 7,22 (m, 2H), 7,14 (m, 2H), 6,88 (m, 4H),
4,64 (s, 2H), 4,33 (s, 2H), 4,03 (q, 2H, J = 7,1 Hz), 3,92 (s, 2H), 3,72 (s, 3H), 3,71 (s, 3H),
1,39 (s, 9H), 1,14 (t, 3H, J = 7,1 Hz).

Buée 3a. Tert-butyl alyl{[alyl(2-oxoetyl)aminoJsulfonyl}carbamat (15a)

0 o P
%OJ\N’S\NACHO
'

Dung dich chira etyl (alyl{[alyl(fert-butoxycarbonyl)amino]sulfonyl}amino)axetat
(1,11g, 3,05mmol) trong diclometan (15ml) & nhigt d6 -78°C trong khi quyén Nz duogce xi Iy
bang diisobutylaluminun hydrua 1,0M trong diclometan (3,66ml, 3,66mmol, 1,2 duong
luong). Hon hop phén tng nay dugc khudy & nhiét do -78°C trong thoi gian 1 gior va sau d6
duoc t6i bing metanol (1,5ml) va xu ly bang dung dich natri kali tartrat bdo hoa (65ml).
Dung dich nay duoc khudy & nhiét d trong phong qua dém. Sau do, 16p nudc duge chiét

bing diclometan (3 x 20ml). Dung dich diclometan két hop dugc rira bing nuée mudi, duge
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lam khd trén natri sulfat, dugc loc, va cd dé tao ra san phém mong mubn (0,62g, 64%) & dang
du th6 khong mau dic, ma duge st dung trong phan tng tiép theo ma khong cin tinh ché
thém. 'H NMR (300MHz, DMSO-ds) 8 9,45 (s, 1H), 5,76 (m, 2H), 5,18 (m, 4H), 4,15 (m,
4H), 3,72 (m, 2H), 1,43 (s, 9H).

Buée 3b. tert-butyl (4-metoxybenzyl){[(4-metoxybenzyl)(2-oxoetyl)amino Jsulfonyl}carbamat

(15b)
MGOQ

00
>L Ly NcHo
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Dung dich chtta etyl [{[(fert-butoxycarbonyl)(4-metoxybenzyl)amino]sulfonyl} (4-
metoxybenzyl)amino]axetat (5,30g, 10mmol) trong diclometan (20,0ml) & nhi¢t ¢ -78°C
trong khi quyén Nz duge xir 1y bing diisobutyl nhom hydrua 1,0M trong diclometan (12,2ml,
12,2mmol, 1,22 duong lugng). Hon hop phan tng ndy dugc khudy & nhiét d -78°C trong
thoi gian 3 gid. Sau d6, hdn hop phan ung dugc toi bing metanol (3ml) va xu ly bing
diclometan (100ml) va dung dich bdo hoachtra natri kali tartrat (150ml). Dung dich nay dugc
khudy & nhiét do trong phong qua dém. Sau d6, 16p nudc dugc chiét bang diclometan (3 x
20ml). Dung dich diclometan két hgp dugc rira bang nuéc mudi, dwgc lam kho t:én natri
sulfat va co. Sau d6, cin ndy dugc tinh ché trén silicagel (rira giai theo gradien 0% dén 30%
etyl axetat/hexan) dé tao ra san phAm mong mudn (3,45g, 71%) & dang rin mau tring duc. 'H
NMR (300MHz, DMSO-ds) § 9,24 (s, 1H), 7,23 (m, 4H), 6,88 (m, 4H), 4,68 (s, 2H), 4,31 (s,
2H), 4,07 (s, 2H), 3,72 (s, 3H), 3,71 (s, 3H), 1,40 (s, 9H).

Buée 4a. Tert-butyl alyl(N-alyl-N-(2-(4-(4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-
oxadiazol-3-yl)-1,2,5-oxadiazol-3-ylamino)etyl)sulfamoyl)carbamat (16a)

(0]
/ / Br
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Natri triaxetoxybohydrua (1,06g, 5,0mmol, 1,0 duong lugng), axit trifloaxetic (TTA,
2,0ml, 26mmol) va tetrahydrofuran (THF, 1,0ml) & nhi¢t d6 moi trudng duge bd sung vao
binh dung tich 50-ml. H8n hop nay duoc lam lanh dén nhiét do -5°C trong khi quyén N> va
khudy & nhiét d6 nim trong khoang tir 0°C dén 5°C trong thdi gian 10 phut. 3-(4-amino-1,2,5-
oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5(4H)-on  (0,171g, 5,0mmol;
Buéc D) va fert-butyl alyl{[alyl(2-oxoetyl)amino]sulfonyl}carbamat (0,398g, 2,5mmol, 0,5
dwong luong) trong THF (1,5ml) dugc bd sung nho giot vio dung dich ndy & nhiét d6 nim
trong khoang tir 0°C dén 5°C trong thoi gian 5 phit. Hon hop phan ting tao thanh duoc khudy
trong khi quyén N> & nhiét do nam trong khoang tir 0°C dén 5°C. Tai céc thoi diém 20 phit,
40 phut, va 2,5 gid, dung dich chua ferr-butyl alyl{[alyl(2-oxoetyl)amino]sulfonyl}carbamat
(0,040g, 0,125mmol, 0,25 duong lugng) trong THF (0,20ml) dugc bb sung nho giot & nhiét
dd nidm trong khoang tr 0°C dén 5°C. Tai thdi diém 2,5 gid, dung dich chia natri
triaxetoxybohydrua (0,211g, 1,0mmol, 0,2 dwong lugng) trong axit trifloaxetic (TFA, 1,5ml,
9,5mmol) dwoc bd sung & nhiét do ndm trong khoang tir 0°C dén 5°C. Hon hop phan ting nay
dwoc ning nhiét d6 1én dén nhiét do trong phong va khudy qua dém. Sau d6, hdn hop phan
ting nay dugc dugc rét vao dung dich natri cacbonat lanh bao hoa chira (50ml) va chiét bang
diclometan (3 x 20ml). Céc phdn chiét diclometan két hop dugc rira bing nuéc mudi, duge
1am khd trén natri sulfat, va c6. Sau do, cin dugc tinh ché trén silicagel (rira giai theo gradien
0% dén 75% etyl axetat/hexan) dé tao ra san phdm mong mudn (0,239g, 74,2%) & dang rin
mau tréng duc, 'H NMR (300MHz, DMSO-ds) & 8,07 (m, 1H), 7,71 (m, 1H), 7,58 (t, 1H, J =
8,7 Hz), 6,62 (m, 1H), 5,77 (m, 2H), 5,19 (m, 4H), 4,17 (m, 2H), 3,89 (m, 2H), 3,44 (m, 2H),
3,38 (m, 2H), 1,42 (s, 9H); C23H27BrFN;07S (phan tit lugng (MW) 644,47), LCMS (ED) m/e
544/546 (M" - Boc + H).

Burée 4b. Tert-butyl N-(2-(4-(4-(3-bromo-4-florophenyl)-5-oxo-4,5-Gihydro-1,2,4-oxadiazol-
3-yl)-1,2,5-oxadiazol-3-ylamino)etyl)-N-(4-metoxybenzyl) sulfamoyl(4-metoxybenzyl)-
carbamat (16b)

_0
508 g MO
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Natri triaxetoxybohydrua (0,50g, 2,37mmol, 4,74 dwong luong), axit trifloaxetic

(TFA, 1,0ml, 13mmol) va tetrahydrofuran ¢ nhiét do moi trudng dugc bb sung vao binh dung
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tich 50-ml. H3n hop nay dugc lam lanh dén nhit d6 nim trong khoang tir 0°C dén 5°C trong
khi quyén N; va khudy & nhiét d6 ndm trong khoang tir 0°C dén 5°C trong thoi gian 10 phut.
tert-butyl (4-metoxybenzyl){[(4-metoxybenzyl)(2-oxoetyl)amino]suifonyl}carbamat (0,40g,
0,84mmol, 1,68 dwong luong) va 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-floro-
phenyl)-1,2,4-oxadiazol-5(4H)-on (0,17g, 0,50mmol; Budc D) trong tetrahydrofuran (THF,
1,50ml) dugc bd sung vao dung dich nay & nhiét d6 nim trong khoang tir 0°C dén 5°C. Hon
hop phan tmg dugc khudy & nhiét do ndm trong khoang tir 0°C dén 5°C trong thdi gian 45
phut va sau d6 dung dich chira rers-butyl (4-metoxybenzyl){[(4-metoxybenzyl)(2-oxoetyl)
amino]sulfonyl}carbamat (0,12g, 0,20mmol, 0,4 duong luong) trong THF (0,50ml) duge bd
sung vao & nhiét do nam trong khoang tir 0°C dén 5°C. Sau khi khudy & nhiét do ndm trong
khoang tir 0°C dén 5°C trong thdi gian 1 gid, hdn hop phan img dugc ning nhiét do tir tir 1én
dén nhiét do trong phong va khudy. Tai cic thoi diém 2,5 gid va 4,5 gio, axit trifloaxetic
(0,25m1) dugc bd sung vao. Ta thoi diém 5 gio, dung dich chira tert-butyl (4-metoxybenzyl)
{[(4-metoxybenzyl)(2-oxoetyl)amino]sulfonyl}carbamat  (0,060g, 0,Immol, 0,2 duong
lugng) trong THF (0,20ml) duoc bd sung vao. Tai thoi diém 6,5 gid, dung dich chia natri
triaxetoxybohydrua (0,060g, 0,24mmol, 0,48 duong luong) trong axit trifloaxetic (0,25ml)
duoc bd sung vao. Sic ky 1éng cao ap (HPLC) biéu thi van con khoang 4% nguyén liéu ban
ddu  3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5(4 H)-on
(t Buéc D). Hon hop phan ung ndy duoc khudy & nhiét do trong phong qua dém. Séc ky
1ong cao 4p (HPLC) biéu thi phan tng d& hoan thanh. Hdn hop phan {mg ndy dugc rét vao
dung dich natri cacbonat bdo hoa lanh chtra (50ml) va hdn hop nay duogc chiét bang
diclometan (3 x 20ml). Cac phan chiét diclometan két hop dugc rira bing nude mudi, duge
1am kho trén natri sulfat, va c6. Sau d6, cin duoc tinh ché trén silicagel (rira giai theo gradien
tir 0% dén 30% etyl axetat/hexan) dé tao ra san phdm mong mudn (0,33g, 82,5%) & dang rin
mau tring duc. '"H NMR (300MHz, DMSO-ds) 8 8,06 (m, 1H), 7,69 (m, 1H), 7,57 (t, 1H, J=
8,7 Hz), 7,22 (m, 4H), 6,87 (m, 4H), 6,48 (m, 1H), 4,72 (s, 2H), 4,36 (s, 2H), 3,70 (S, 6H),
3,39 (m, 2H), 3,31 (m, 2H), 1,37 (s, 9H); C33H3sBrFN7OoS (phan tir lugng (MW) 804,64),
LCMS (EI) m/e 826/828 (M" - Boc + Na).

Buée 5: N-[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-yl}amino)etylJsulfamit (10)
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Tert-butyl {[[2-({4-[4-(3-bromo-4-florophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-
y1]-1,2,5-oxadiazol-3-yl}amino)etyl](4-metoxybenzyl)amino]sulfonyl} (4-metoxybenzyl)car-
bamat (40,2mg, 0,050mmol) trong axit trifloaxetic (TFA, 0,50ml, 6,5mmol) & nhi€t d6 moi
trudng duge bd sung vao binh dung tich 25-ml. Hn hop phan tng ndy dugc néng nhiét do
1én dén 70°C trong khi quyén N va khudy trong thdi gian 1 gio. Séc ky long cao dp (HPLC)
bidu thi phan tmg d4 hoan thanh. Hon hop phan ng ndy duoc giam nhiét do dén nhiét do
trong phong va TFA duoc l1am bay hoi. TFA con lai duge loai b Ling céch xir 1y bing
diclometan (3 x 10ml), tiép theo 1am bay hoi trong chan khong. Sau d6, can nay duoc nghién
cung voi diclometan va metanol dé tao ra san phdm mong mudn (20mg, 87%) & dang rén tho
mau tring duc, 'H NMR (400MHz, DMSO-ds) & 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, 1H), 6,55 (s, 2H) 6,52 (t, /= 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, 2H); C12H11BrFN7OsS (phén tir
lwong (MW) 464,23), LCMS (EI) m/e 487,8/489,8 (M" + Na).

Vi du 3. Quy trinh khac didu ché N-[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5-
dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl)amino)etyl]sulfamit
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Butée 1a. tert-butyl N-(2,2-dimetoxyetyl)sulfamoylcarbamat(17a)
,jLO%? oM
SO~ e
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Dung dich chtra clofosulfonylisoxyanat (11,32g, 80mmol) trong diclometan (120ml)
dwoc 1am lanh dén nhiét do 0°C. Rugu fers-butylic (7,65ml, 80,0mmol, 1,0 dwong lugng)
duoc bb sung vao qua phéu cp lidu. H3n hop nay duge khudy & nhiét do 0°C trong thoi gian
1,5 gid. Dung dich chitra aminoaxetaldehyt dimetyl axetal (8,76mi, 80,0mmol, 1,0 duong
lugng) va trietylamin (TEA, 33,4ml, 240mmol, 3,0 duong luong) trong metylen clorua
(DCM 120,0ml) dugc bd sung nho giot qua phéu cAp liéu vao hdn hop nay. Hon hop phan
g ndy duoc nang nhiét do 1én dén nhiét do trong phong va khudy qua dém. Hon hop phéan
img duogc xir 1y bing axit clohydric 0,1N va 16p hitu co duge rira bing nude mudi, lam kho
trén natri sulfat va c6 dé tao ra san phdm mong mubn (15,6g, 68,5%) & dang rén thd mau
tréing duc, ma duoc sir dung cho phan tng tiép theo ma khong cén tinh ché thém: 'H NMR
(300MHz, DMSO-ds) 10,84 (s, 1H), 7,62 (t, 1H, J = 6,0 Hz), 4,38 (t, 1H, J=5,5 Hz), 3,24
(s, 6H), 2,96 (dd, 2H, J = 5,8 Hz), 1,41(s, 9H).

-5O-
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Burée 1b. Benzyl N-(2,2-dimetoxyetyl)sulfamoylcarbamat (17b)

) O\/(,)

O)J\N,S\N/\(OMG
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Dung dich chtta clorosulfonylisoxyanat (16,26g, 114,9mmol) trong diclometan
(100ml) dugc lam lanh dén nhiét do 0°C. Rugu benzylic (12,44g, 115,0mmol, 1,0 dwong
luong) duoc bd sung vao qua phéu cép lidu. Hon hop ndy dugc khudy & nhiét do 0°C trong
thoi gian 0,5 gio. Hdn hop gdm aminoaxetaldehyt dimetyl axetal (13,25g,126,0mmol, 1,1
duong lugng) va trietylamin (TEA, 17,4g, 172mmol, 1,5 duong luong) b4 sung nhé giot qua
ph&u cAp liéu dugc vao hdn hop ndy & nhiét d6 dudi 15°C. Hon hop phan ting nay dugc nang
nhiét do 1&n dén nhiét do trong phong va khudy qua dém. Hon hop phan img nay duoc xir ly
bang axit clohydric 0,5N (100ml) va pha hitu co d3 gom dugc riia bing nudc mudi, 1am khd
trén natri sulfat va co trong chan khong dé tao ra san phdm mong muén (23,5g, 64,3%) &
dang rén thé mau tréng dyc. '"H NMR (300MHz, DMSO-ds) 8 11,29 (s, 1H), 7,90 (t, 1H, J =
6,0 Hz), 7,37 (m, 5H), 5,12 (s, 2H), 4,35 (t, 1H, J = 5,5 Hz), 3,21 (s, 6H), 2,97 (dd, 2H, J =
5,8 Hz).

Buéce Ic. Etyl N-(2,2-dimetoxyetyl)sulfamoylcarbamat (17c)
/\Oj\ r\?jSI?N OMe
H H OMe

Dung dich chua clorosulfonylisoxyanat (11,32g, 80mmol) trong diclometan (120ml)
duoc 1am lanh dén nhiét do 0°C. Etanol (4,67ml, 80,0mmol, 1,0 duong lugng) dugc bd sung
vao qua phéu cip liéu. Hon hop nay dugce khudy ¢ nhiét d6 0°C trong thoi gian 1,5 gid. Dung
dich chtra aminoaxetaldehyt dimetyl axetal (8,76ml,80,0mmol, 1,0 duong lugng), trietylamin
(TEA, 33,4ml, 240mmol, 3,0 duong lugng) trong diclometan (DCM, 120,0ml) dugc bd sung
nhé giot qua phdu cAp lidu vao hén hop nay & nhiét @ 0°C. Hon hop phan (mg niy dugc
nang nhiét d6 1én dén nhiét do trong phong va khudy qua dém. Hon hop phéan Gng duge xir ly
bing axit clohydric 0,IN va pha hitu co da gom dugc rira bing nuéc mudi, lam khé trén natri
sulfat va c6 trong chan khong dé tao ra san phAm mong mudn (11,2g, 55%) & dang ran tho
mau tréng duc. 'H NMR (300MHz, DMSO-ds) 8 11,13 (s, 1H), 7,81 (t, 1H, J=6,0 Hz), 4,37
(t, 1H, J = 5,5 Hz), 4,09 (g, 2H, J= 7,1 Hz), 3,23 (s, 6H), 2,97 (dd, 2H, J = 5,8 Hz), 1,19 (¢,

3H, J=7,1 Hz).
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Buée 1d,2,2,2-Tricloroetyl N-(2,2-dimetoxyetyl)sulfamoylcarbamat (17d)

Dung dich chira clorosulfonylisoxyanat (6,96ml, 80mmol) trong diclometan (120ml)
dugc lam lanh dén nhiét d6 0°C. 2,2,2-tricloetanol (7,67ml, 80,0mmol, 1,0 duong lugng)
duge bd sung qua phdu cAp liéu & nhiét do 0°C. Hn hop ndy dugc khudy & nhiét do 0°C
trong thoi gian 1,5 gid. Sau d6, dung dich chira aminoaxetaldehyt dimetyl axetal (8,76ml,
80,0mmol, 1,0 duong lugng) va trietylamin (TEA, 33,4ml, 240mmol, 3,0 duong lugng) trong
diclometan (DCM, 120,0ml) dugc bd sung nho giot qua phéu cép ligu vao hdn hop ndy &
nhiét d6 0°C. Hon hop phan tng ndy dugc nang nhiét do ién dén nhiét do trong phong va
khudy & nhiét d trong phong qua dém. H3n hop phan tng dugc xir Iy bing axit clohydric
0,1N va pha hitu co da gom dugc rira bing nuée mudi, 1am kho trén NazSOq, va ¢d dé tao ra
san phdm mong mudn (28,01g, 97%) & dang rén thd mau trdng duc, ma dugc ding trong
phan (g tiép theo ma khong cén tinh ché thém. 'H NMR (300MHz, DMSO-ds) 3 11,79 (s,
1H), 8,08 (t, 1H, J=5,9 Hz), 4,90 (s, 2H), 4,37 (t, 1H, J = 5,5 Hz), 3,23 (s, 6H), 3,00 (dd, 2H,
J=15,7Hz).

Bube 2a. tert-butyl ({[2-({[4-(3-bromo-4-florophenyl)-5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-
yl]-1,2,5-oxadiazol-3-yl}amino)etyl]amino }sulfonyl)carbamat (18a)
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Hbn hop gdm 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-
oxadiazol-5(4H)-on (103mg, 0,302mmol, 1,5 duong lugng; Bude D) va tert-butyl N-(2,2-
dimetoxyetyl)sulfamoylcarbamat (57,2mg, 0,201mmol) trong diclometan (1,0ml) dwoc khudy
trong khi quyén N & nhiét do trong phong. Axit trifloaxetic (0,50ml, 6,5mmol) va trietylsilan
(80,21, 0,502mmol, 2,5 duong lugng) duoc bd sung nhd giot vao hdn hop nay. Hon hop
phan tmg nay dugc khudy & nhiét do trong phong trong thdi gian 2 gio. Séc ky long cao ap
(HPLC) biéu thi mtrc do chuyén héa khoang 30%. Hon hop phan ting nay dugc lam lanh dén
nhiét d6 0°C va dugc to1 bang dung dich natri bicacbonat bdo hoa dén d6 pH~ 8. Hdn hop nay
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dugc chiét trong etyl axetat (3 x 10ml). Céc dich chiét hitu co két hop dugc rira bing nude
mubi, 1am kho trén natri sulfat va ¢6. Cn dugc tinh ché theo phwong phép séc ky 16p mong
didu ché (50% etyl axetat/hexan) d& tao ra san phdm mong muén (27,5mg, 29,5%) & dang rén
mau tring duc. 'H NMR (DMSO-dg, 400 MHz): & 10,90 (s, 1H), 8,08 (dd, J = 6,2, 2,5Hz,
1H), 7,72 (m, 1H), 7,59 (t, J= 8,6Hz, 1H), 6,58 (t, J= 5,7Hz, 1H), 3,38 (dd, J=12,7, 6,2Hz,
2H), 3,10 (dd, J = 12,1, 5,9Hz, 2H), 1,41 (s, 9H). Cr7Hi9BrFN;O7S (phén tir luong (MW)
564,34), LCMS (EI) m/e 485,8/487,8 (M - CsHsO; + Na),

Buée 2b. Benzyl ({[2-({[4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl] -
1,2, 5-oxadiazol-3-yl}amino)etyl Jamino}sulfonyl)carbamat (18b)
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Hbn hop gdm 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-oxa-
diazol-5(4H)-on (68mg, 0,20mmol; thu dwgc theo budc D) va benzyl {[(2,2-dimetoxyetyl)-
amino]sulfonyl}carbamat (191mg, 0,60mmol, 3,0 duong lugng) trong 1,2-dicloetan (3,0ml)
duoc 1am lanh dén nhiét d6 0°C. Axit trifloaxetic (1,0ml, 13,0mmol) va trietylsilan (105pl,
0,66mmol, 3,3 duong lugng) duogc b sung nhé giot vao hdn hop nay. Hon hop phén tng nay
cfu'gc khudy & nhiét d6 0°C trong thoi gian 2 gio. Séc ky léng cao ap (HPLC) biéu thi phan mg
da hoan thanh. H3n hop phan tmg ndy dugc lam lanh dén nhiét d6 0°C va dugc t0i bang dung
dich natri bicacbonat bio hoa dén do pH~ 8. va hdn hop phan ting da i dugc chiét bang
EtOAc (3 x 10ml). Céc dich chibt hiru co két hop dugc rira bing nuée mudi, dugc 1am kho trén
natri sulfat va co. Sau d6, can ndy dugc khudy trong hdn hop gdm heptan va dietyl etequa dém.
Cac chit rén dugc gom bing cach loc, rira bing heptan va dugce sy kho trong chan khong dé
tao ra san phAm mong mudn (125mg, 99%) & dang ran thd mau tring duc. 'H NMR (300MHz,
DMSO-ds) § 11,31 (s, 1H), 8,05 (m, 1H), 7,87 (m, 1H), 7,68 (m, 1H), 7,56 (m, 1H), 7,32 (m,
5H), 6,54 (m, 1H), 5,07 (s, 2H), 3,29 (m, 2H), 3,09 (m, 2H); C20H17BrFN,07S (phén tir luong
(MW) 598,36), LCMS m/e 598/600 (M" + H).

Budée 2c. El (; {[2-({4-[4-(3-br0mo-4-ﬂorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2, 5-oxadiazol-3-yl}amino)etylamino}sulfonyl)carbamat (18c)
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Hdn hop gbm 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-
oxadiazol-5(4H)-on (68mg, 0,20mmol; thu dugc theo budc D) va etyl {[(2,2-dimetoxyetyl)-
amino]sulfonyl}carbamat (154mg, 0,600mmol, 3,0 duong lugng) trong 1,2-dicloetan
(2,50ml, 31,7mmol) dugc khudy & nhiét do 0°C. Axit trifloaxetic (1,00ml, 13,0mmol) va
trietylsilan (105ul, 0,66mmol, 3,3 duong lugng) duge b sung nho giot vao hdn hop nay. Hon
hgp phan Gng nay dugc khudy & nhiét do 0°C trong thdi gian 3 gio. Séc ky léng cao 4p
(HPLC) biéu thi mirc do chuyén héa thanh san phdm mong mudn 97,5%. Hon hop phén tng
ndy dugc lam lanh dén nhiét d6 0°C va duoc toi bing dung dich natri bicacbonat bdo hoa dén
d6 pH~8. Hdn hop ndy dugc chiét trong etyl axetat (3 x 10ml). C4c dich chiét hitu co két hop
duoc rira bing nuée mudi, dugc 1am khd trén natri sulfat va cd. Cn duge khudy trong hén
hop gdm heptan va dietyl ete qua dém. Céc chét rén duge gom bang céch loc, dugc rira bing
heptan d& tao ra san phdm mong mudn (95mg, 88%) & dang rin thd mau tréng duc, 'H NMR
(300MHz, DMSO-ds) § 11,18 (s, 1H), 8,08 (m, 1H), 7,70 (m, 2H), 7,59 (t, 1H, J = 8,7 Hz),
6,56 (s, 1H), 4,04 (d, 2H, J = 7,2 Hz), 3,35 (m, 2H), 3,11 (m, 2H), 1,15 (t, 3H, J= 7,2 Hz);
C15H1sBrFN707S (phan tir lugng (MW) 536,29), LEMS (EI) m/e 536/538 (M" + H).

Bude 2d. 2,2,2-Tricloroetyl ({[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etyl|amino}sulfonyl)carbamat (18d)
S Red o o
Cl,c” 0 N
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Huyén phil chira 3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-
oxadiazol-5(4H)-on (hop chit c6 cong thuc 5, 0,680g, 1,99mmol) va 2,2,2-tricloroetyl {[(2,2-
dimetoxyetyl)amino]sulfonyl}carbamat (hop chét c¢6 cong thuc 17d, 2,22g, 6,17mmol, 3,1
duong lugng) trong diclometan (DCM, 6,0ml) duoc khudy & nhiét do trong phong.
Trietylsilan (1,27ml, 7,95mmol, 4,0 duong lugng) va dung dich chua axit trifloaxetic (TFA,
3,0ml, 39,0mmol) trong. diclometan (DCM, 2,0ml) dugz bd sung vao hdn hop ndy trong khi
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duy tri nhiét d6 ctia hdn hop phan tmg dudi 30°C. Hon hop phan img tré nén ddng nhat sau 5
phut khudy trén & nhiét do trong phong va duoc khudy & nhiét @ trong phong trong thoi gian
1 gidr. Séc ky 1ong cao ap (HPLC) biéu thi phan Gmg d& hoan thanh. Phan img nay dugc loc va
chét két tia dugc tao huyén phu trong hdn hop gém diclometan va heptan (ty 16 giita
diclometan v6i heptan 12 1 chia 9 theo thé tich). Huyén pht ndy dugc khudy & nhiét do trong
phong qua dém. Chét két tia dugc gom bing cach loc va rira bing 10% diclometan trong
heptan va 1am kho trong chan khong dé tao ra san phdm mong muén (1,15g, 90,4%) & dang
rén mau tring duc, ma dugc ding trong phan tng tiép theo ma khong can tinh ché thém. 'H
NMR (300MHz, DMSO-ds) 8 11,85 (s, 1H), 8,07 (m, 2H), 7,70 (m, 1H), 7,57 (t, 1H, J= 8,7
Hz), 6,56 (m, 1H), 4,88 (m, 2H), 3,37 (m, 2H), 3,16 (m, 2H); C1sH12BrCI3FN7O7S (phén tir
lugng (MW) 639,62), LCMS (EI) m/e 638/640/642 (M" + H).

Buéde 3. N-[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-yl}amino)etyl]sulfamit (10)

Br

Dung dich chuta 2,22-tricloroetyl ({[2-({4-[4-(3-bromo-4-florophenyl)-5-ox0-4,5-
dihydro-1,2,4-oxadiazol-3-y1]-1,2,5-oxadiazol-3-yl}amino)etyl]amino} sulfonyl)carbamat (3-
20mg, 0,50mmol; thu dugc theo budc Q, phwong phdp D) trong tetrahydrofuran (THF,
4,0ml) duoc khudy & nhiét d trong phong. Dung dich axit axetic (0,30ml, 5,3mmol) va vay
kém (160mg, 2,5mmol, 5,0 duong luong) lién tuc duoc bd sung vao. Hn hop phan timg nay
duoc khudy & nhiét do trong phong trong thdi gian 3 gio. Séc ky long cao 4p (HPLC) biéu thi
phan tmg di hoan thanh. H8n hop phan tmg nay dugc loc qua xelit va xelit ndy dugc rira
bang THF. Dich loc két hop duge cd trong chan khong va cin thu dugc hoa tan trong etyl
axetat (20ml). Dung dich etyl axetat dugc rira bing natri cacbonat di béo hoa va nudc mudi,
]am kho trén natri sulfat va c6. Nguyén liéu thd dugc két tinh ra khoi etyl axetat va dietyl ete

d& tao ra san phdm mong mudn (147mg, 63%) & dang rén mau tring duc.

Vi du 4. Quy trinh khac diéu ché thay thé 4-({2-[(aminosulfonyl)amino]etyl}amino)-N-
(3-bromo-4-florophenyl)-N'-hydroxy-1,2,5-oxadiazol-3-carboximidamit
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Buéc 1. (9H-floren-9-yl)metyl N-(2,2-dimetoxyetyl)sulfamoylcarbamat

o]
0.0
Q. Apsio o
O HoHo Ove

9-florenylmetanol (50,0g, 255mmol) va DCM khan (382ml) & nhiét d§ trong phong
duoc nap binh ddy tron 4 ¢b loai dung tich 21 da dugc sdy kho trong 10. Huyén phi dic tao
thanh duoc 1am ngudi trong bé d4 dén nhiét do ndm trong khoang tix 0°C dén 5°C. Dung dich
chia clorosulfonyl isoxyanat (CSI, 23,0ml, 264mmol) trong DCM khan (127ml) dugc bd
sung nho giot vao huyén phu dc thong qua ph&u cép lidu trong 22 phut, duy tri nhiét do hdn
hop ctia phan tng & nhiét do < 5°C. Hdn hop thu duge dwge khudly & nhiét do nim trong
khoang tir 0°C dén 5°C trong thoi gian 1,75 gid, tao ra huyén phit ddc mau tring. Dung dich
chira aminoaxetaldehyt dimetyl axetal (27,9ml, 255mmol) trong DCM khan (382ml) va
4-metylmorpholin (84,0ml, 764mmol) dugc bd sung vao hdn hop nay & nhiét dd nim trong
khoang tir 0°C dén 5°C trong thoi gian 71 phit. Sau do, hdn hop phan tng tao thanh dugc
khudy trong bé nudc dé trong thoi gian 1,5 gio. Khi sic ky long cao 4p (HPLC) biéu thi phan
Ging d4 hoan thanh, hdn hop phan tng nay dugc axit héa bing cach bd sung nhé giot dung
dich axit phosphoric 1,0M (HsPOs, trong nudc, 640ml) trong thoi gian 22 phut dén @6 pH
ndm trong khoang tur 1 dén 2. Sau d6, nuéc (300ml), EtOAc (2150ml) va heptan (250ml)
duoc bd sung vao va hdn hop thu duge dugc khudy trong thoi gian 10 phut. Hai pha nay dugc
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tach va 16p hitu co dugce rira lién tc bang nuéc (500ml), heptan (300ml) va nude (2 x 500ml)
va lam kho trén MgSOs. Dich loc duge cb trong chan khong d4a khd. Cac chét rén tao ra
duoc hoa tan lai trong EtOAc (600ml) ¢ nhiét do 65°C va dung dich 4m dugc loc trong binh
d4y tron dung tich 31 sach. Dich loc dugc giam nhiét d6 dén nhiét do trong phong va khudy
trong thdi gian 2,5 gidr truée khi heptan (1200ml) duge bd sung vao qua phéu cp liéu trong
thoi gian 80 phuat. Sau khi khudy qua dém & nhiét do trong phong, hdn hop nay dwoc 1am
ngudi trong bé nudc dé trong thoi gian 1 gidr. Céc chét rén tao ra duge gom bing cach loc, rira
bing 25% EtOAc/heptan (250ml), va lam kh6 qua dém & nhiét do nim trong khoang tir 40°C
dén 45°C trong chan khong dé tao ra 9H-floren-9-ylmetyl {[(2,2-dimetoxyetyl)amino]sulfon-
yl}carbamat (91,3g, hiéu sut 88%) & dang bot mau tring. 'H NMR (300MHz, DMSO-dé) &
11,43 (s, 1H), 7,98 — 7,85 (m, 3H), 7,76 (d, J= 7,5 Hz, 2H), 7,43 (t, J = 7,2 Hz, 2H), 7,33 (td,
J=174,1,1 Hz, 2H), 4,44 — 4,33 (m, 3H), 4,33 — 4,22 (m, 1H), 3,23 (s, 6H), 2,99 (t, /= 5,8
Hz, 2H) ppm.

Buée 2. 9H-Floren-9-ylmetyl ({[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5- dzhydio 1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3 -yl}ammo)etyl]amzno}sulfonyl)cai bamat

J\O\\ . \FO
Qi
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E

Axit metansulfonic (MeSOsH, 8,46g, 88,04mmol) va trietylsilan (EtsSiH, 8,37g,
71,96mmol) & nhiét 6 méi truong duge bd sung vao huyén phit dugc khudy chira 3-(4-
amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-florophenyl)-1,2,4-oxadiazol-5(4H)-on (10,00,
29,23mmol) trong DCM (160ml) trong thdi gian 10 phit dé tao ra huyén phu dic. 9H-floren-
9-ylmetyl{[(2,2-dimetoxyetyl)amino]sulfonyl} carbamat (12,25g, 30,14mmol) rin dugc bd
sung vao timg phén (1g/3 phut dén 4 phut; trong thoi gian 1 gjo) trong khi duy tri nhi€t d6
bén trong & nhiét do thdp hon khoang 20°C bing céch sir dung bé nuéc. Sau khi bd sung
xong, hdn hop thu duge duge khudy & nhiét d6 nim trong khoang tir 13°C dén 22°C trong
thoi gian 3 ngay. Trietylsilan bd sung (Et;SiH, 0,1755g, 1,51mmol) va 9H-loren-9-ylmetyl-
{[(2,2-dimetoxyetyl)amino]sulfonyl}carbamat (0,3082g, 0,76mmol) duqc bd sung vao va
hdn hop thu duoc duoc khudy & nhiét d6 mdi truong trong thoi gian 23 gid nita. Rugu
isopropylic (IPA, 15ml) dugc bd sung vao va hdn hgp thu dugc duge khudy & nhiét do moi

trudng trong thoi gian 1 giv. Heptan (100ml) dugc bd sung vao va hon hop niy duge khudy &
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nhiét 6 mdi trudng trong thoi gian 2 gid nita. Céc chét rin duoc gom bang céch loc, ria
bing IPA/heptan (1/5; 2 x 30ml) va heptan (2 x 30ml), va 1dm kho trong chan khong détaora
9H-floren-9-ylmetyl ({[2-({4-[4-(3-bromo-4-florophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazo-
1-3-y1]-1,2,5-oxadiazol-3-yl}amino)etylJamino} sulfonyl)carbamat & dang rin mau tring
(18,30g, hiéu suét 91,1%). '"H NMR (500MHz, DMSO-ds) & 11,44 (s, 1H), 8,07 (dd, J=6,2,
2,5 Hz, 1H), 7,90 (t, J = 5,6 Hz, 1H), 7,88 (d, /= 7,6 Hz, 2H), 7,72 (d, J = 7,0 Hz, 2H), 7,71
(ddd, J = 8,9, 4,3, 2,6 Hz, 1H), 7,57 (dd, J = 8,7, 8,7 Hz, 1H), 7,40 (t, /= 7,4 Hz, 2H), 7,31
(td, J= 7,4, 1,0 Hz, 2H), 6,55 (t, J= 6,0 Hz, 1H), 4,35 (d, /= 7,3 Hz, 2H), 4,25 (t, J=7,2 Hz,
1H), 3,39 (q, J = 6,4 Hz, 2H), 3,15 (q, J = 6,3 Hz, 2H); 13C NMR (126 MHz, DMSO-ds) &
159,03 (d, J=248,7 Hz), 156,61 (s), 155,22 (s), 151,55 (s), 148,67 (s), 143,29 (s), 140,68 (s),
133,82 (s), 133,39 (s), 130,05 (d, J = 8,5 Hz), 128,54 (d, J = 3,2 Hz), 127,73 (s), 127,07 (s),
125,24 (s), 120,11 (s), 117,42 (d, J = 24,0 Hz), 108,19 (d, J = 22,5 Hz), 66,70 (s), 46,17 (s),
43,34 (s), 40,79 (s) ppm; '°F NMR (376 MHz, DMSO-de) 5 -103,99 —-107,39 (m) ppm.

Buée 3. 4-({2-[(Aminosulfonyl)aminoJetyl}amino)-N-(3-bromo-4-florophenyl)-N'-hydroxy-

1,2, 5-oxadiazol-3-carboximidamit
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9 H-floren-9-ylmetyl({[2-({4-[4-(3-bromo-4-florophenyl)-5-0x0-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}amino)etyl]Jamino} sulfonyl)carbamat (25,0g,
36,4mmol) va THF khan (250ml) & nhiét d¢ mdi trudng dwgc nap vao trong binh ddy tron 4
¢b dung tich 11 dé tao ra dung dich ddng nhét. Dung dich nay sau d6 dugc 1am lanh dén nhiét
d6 ndm trong khoang tir 0°C dén 5°C trong bé nudc da trude khi N,N-bis(2-aminoetyl)etan-
1,2-diamin (114ml, 728mmol) dugc bd sung nho giot trong thdi gian 35 phit qua ph&u cép
lidu. Phéu cip lidu duoc rira bing THF khan (50ml) va nudc rira dugce bd sung vao hén hop
phan ting. B& lam lanh dwoc loai bo va phan tmg duge nang nhiét do tir tir 1én dén nhiét do
moi trudng va khuy & nhiét do moi truong trong thdi gian 2,5 gid. EtOAc (400ml) duge bd
sung vao va hdn hop thu dugc chuyén sang binh ddy tron 4 ¢d loai dung tich 21 va 1am lanh
dén nhiét do ndm trong khoang tir 0°C dén 5°C trong bé nudc da. Dung dich nuée chira 2,0M
HCI (400ml, 800,0mmol) dugc b sung nhd giot vao thong qua phéu cAp lidu, trong khi duy

tri nhiét do bén trong & nhiét do dudi 10°C. Hai pha nay dugc téch va pha nude dugc chiét
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bang EtOAc (200ml). Céc phén doan hitu co dugc két hop va 1am ngudi dén nhiét do niam
trong khoang tir 6°C dén 7°C. Dung dich nudc chita 2,0M HCl (200,;(‘ ml, 400,0mmol) dugc
bd sung nhé giot vao phan doan hitu co lanh, duy tri nhiét d§ bén trong & nhiét d6 dudi 10°C.
Hai pha nay dugc tach va 16p hitu co duge rira bang nudc (2 x 400ml), lam kho trén MgSOsq,
vi cb trong didu kién 4p suét giam thanh siro mau vang nhat. Siro ndy dugc hoa tan trong
EtOAc (60,0ml) dé tao ra dung dich ddng nhét. Dung dich chira DCM (250,0ml) va tert-butyl
metyl ete (TBME, 100,0ml) dugc bb sung nho giot vao dung dich nay. Huyén phi dic tao
thanh duoc khudy qua dém & nhiét do trong phong, sau d6 dugc 1am ngudi trong bé nuéc da
trong thdi gian 1 gid. Céc chét rin dugc gom béng cach loc, rira bing 250ml dung dich
lanh chita DCM (150ml) va TBME (100ml), va lam kho trong chan khong dé tao ra 14,4g
san pham tho mong muén & dang rin mau tring.

San phim thd dugc hoa tan trong EtOAc (140,0ml) ¢ nhi¢t do 60°C va dung dich 4m
duoc loc. Dich loc duge giam nhi€t do dén nhiét d trong phong trude khi heptan (109,0ml)
duoc bd sung nho giot vao trong thoi gian 55 phit. Sau do, hdn hop thu duge duge khudy qua
dém & nhiét do trong phong. Cac chit rén dwgc gom bang céch loc, rira béng hdn hop gdm
heptan va EtOAc (75ml) theo ty 1& 2:1, va lam kho trong chan khéng ¢ nhiét d6 nam trong
khoang tir 40°C dén 50°C dén trong luong khong dbi dé tao ra 4-({2-[(aminosulfonyl)-
amino]etyl}amino)-N-(3-bromo-4-florophenyl)-N'-hydroxy-1,2,5-oxadiazoi-3-

carboximidamit (12,9g, hiéu suat 81%) & dang rin mau tring.

Vi du A: Thi¥ nghi¢m enzym indolamin 2,3-dioxygenaza (IDO) ciia nguoi

Indolamin 2,3-dioxygenaza (IDO) cuia ngudi véi dudi His ¢ dAu tan cing N duoc bidu
hién & E.coli va duge tinh ché dén ddng nht. IDO xic tac qué trinh oxy héa phén cit nhan
pyrol indol cta tryptophan dé tao ra N’-formylkynurenin. Cac thir nghiém nay duge thyc hién
& nhiét d6 trong phong nhu da dugc bdc 19 trong céc tai liéu bang cach sir dung 95nM IDO va
2mM D-Trp véi sy ¢6 mat cia 20mM ascorbat, SpM xann metylen va 0,2mg/ml catalaza
trong dung dich dém chtra 50mM kali 'phosphat (d6 pH 6,5). Téc dd phan Gmg ban diu dugc
ghi nhan bing cach theo doi lién tuc mirc hép thy ting & 321nm do sy tao ra N’-formlylkynu-
renin (xem tai liéu: Sono, M., et al., 1980, J. Biol. Chem. 255, 1339-1345). Hop chét c6 cong
thire I dugc thir trong thir nghiém nay cia Vidu A va thiy c6 ICso < 200nM.

Vi du B: Xdc dinh mic do hoat tinh e ché trong thi nghi¢m indolamin 2,3-

dioxygenaza (IDO)/kynurenin trén co s& té bao HeLa

-68-



39127

Céc té bao HeLa (#CCL-2) thu dugc tir B4 Suu tap Nudi ciy Mo clia My (American
Type Tissure Culture Collection) (ATCC, Manassas, VA) va dugc duy tri theo cich thong
thudng trong moi trudng cin thiét t5i thidu (eagle) v6i 2mM L-glutamin va Earle's BSS dugc
didu chinh d& chira 1,5g/l natri bicacbonat, 0,imM axit amin khéng co ban, 1mM natri
pyruvat va 10% huyét thanh bao thai bo (tht ca ddu do Invitrogen cung cép). Cac t& bao duoc
git & nhiét do 37°C trong budng i di dugc tao &m duge cép 5% CO,. Thir nghiém nay dugc
thue hién nhu sau: céc té bao HeLa dugc cdy vao dia nudi cdy loai 96 18 & mét do 5 x 10° mdi
15 va cho sinh trudng qua dém. Vao ngay tiép theo, IFN-y (ndng dd cudi cing 50ng/ml) va
céc dung dich pha lodng theo bac ctia céc hop chét c6 cong thiic (trong tdng thé tich 200pl
mdi trudng nudi cdy) duoc bd sung vao céc té bao. Sau 48 gid 4, 140ul dich ndi mbi 15 dugce
chuyén sang dia 96 16 mé&i. 10ul axit tricloaxetic 6,IN (#T0699, do Sigma cung chp) dugc
trdn vao trong timg 16 va u & nhiét dd 50°C trong thoi gian 30 phit dé thuy phan N-
formylkynurenin d& dugc tao ra boi indolamin2,3-dioxygenaza thanh kynurenin. Sau do, hdn
hop phan (g nay dugc ly tam trong thoi gian 10 phit & tbc do 2500 vong/phut dé ioai bo
can. 100ul dich ndi mdi 18 dugc chuyén sang dia 96 18 khac va dugc tron v6i 100pl dung
dich chita 2% (trong luong/thé tich) p-dimetylaminobenzaldehyt (#15647-7, do Sigma-
Aldrich cung cép) trong axit axetic. Mau vang thu duogc tir Kynurenin dugc do ¢ 480nm bing
cach sir dung dAu doc vi dia SPECTRAmax 250 (do Molecular Devices cung cép). L-
kynurenin (#K8625, do Sigma cung cAp) dugc ding 1am chuén. Céc chuén (240uM, 120pM,
60uM, 30puM, 15uM, 7,5uM, 3,75uM, 1,87uM) dugc didu ché trong 100ul moi trudong nudi
chy va dugc tron v6i 2% (trong luong/thé tich) p-dimetylaminobenzaldehyt v6i thé tich
ngang bing. Mtic d Gic ché theo phin trim & ndng do riéng 1é duge xédc dinh va thu tri s6
trung binh cla céc dit liéu kép. Céc dit liéu dugc phén tich bang cach st dung hdi quy khong
tuyén tinh dé tao ra tri s6 ICso (Prism Graphpad). Xem tai liéu: Takikawa O, et al., 1988, J.
Biol. Chem., 263(4): 2041-8.

Vi du C: X4c dinh tic dong ciia cdc chit e ché IDO d6i véi mire ) ting sinh t€ bao T
ma bi ngin chin béi cac té bao tua biéu hi¢n IDO

Céc té bao don nhan dugc gom tir cac té bao don nhan ngoai vi ciia ngudi theo quy
trinh gan bach ciu. Sau d6, bach ciu don nhén to dugc cdy 6 mat do 1 x 10° t& bao/16 vao dia
loai 96 18, bing céch sit dung moi truong RPMI 1640 c6 bd sung 10% huyét thanh cta bao
thai bd va 2mM L-glutamin (4t ca ddu do Invitrogen cung cip). Té bio bam dinh dugc giit

trén dia nay sau khi nudi cdy qua dém & 37°C. Sau d6, cdc t€ bao don nhan bam dinh dugc
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kich thich trong thoi gian 5 ngay dén 7 ngay bang 100ng/ml GM-CSF (# 300-03, PeproTech)
va 250ng/ml IL-4 (#200-04, PeproTech), tiép theo hoat héa bang 5Sug/ml LPS tit Salmcnella
typhimurium (#437650, do Sigma cung cép) va 50ng/ml IFN-y (# 285-IF, R&D Systems)
trong thoi gian 2 ngay nita dé cam ung qué trinh thanh thyc cia t& bao tua.

Sau khi hoat héa t& bao tua, moi truong dugc thé bing RPMI 1640 hoan chinh ¢6 bd
sung 100 dén 200U/ml IL-2 (#CYT-209, ProSpec-Tany Technon:ne) va 100ng/ml khang
khang thé CD3 (#555336, PharMingen), cac té bao T (2 dén 3 x 10° € bao/1d), va cac dung
dich chira c4c hop chét IDO pha lodng theo bac. Sau khi 1 trong thoi gian 2 ngay nita, mic do
tang sinh té bao T dugc do theo thir nghiém két hop BrdU, bang cach sir dung kit do mirc do
ting sinh té bao theo mau ELISA theo hudng din cua nha san xuft (#1647229, Roche
Molecular Biochemicals). Céc t& bao dwoc nudi cdy mot céch lién tuc trong thoi gian 16 gidy
dén 18 gid khi c6 mit 10pM dung dich gén nhin BrdU. Sau d6, mdi trudng gén nhan duoc
loai bo, va 200p1 FixDenat mdi 15 dugc bd sung vao céc t& bao va i trong thoi gian 30 phit &
nhiét d trong phong. Dung dich FixDenat dugc loai bo va dung dich lam viéc thé tiép hop
khang thé khang BrdU-POD dugc bd sung vao & ndng do 100p1/13. Phan tmg duge thye hién
trong thoi gian 90 phut ¢ nhiét do trong phong. Sau do, khang thé thé tiép hop duoc loai bo,
va céc té bo duoc rira ba 14n bing 200p1/18 dung dich rira. Cudi cling, dung dich co chét
duoc bd sung vao & ndng do 100ul/18 va chc két qua thu dugc bing cach sir dung dau doc vi
dfa (Spectra Max PLUS, Molecular Devices) trong qud trinh hién mau. Nhiéu s liéu doc tai
céc thoi diém khac thu duoc d& dam bao dit lidu trong khoang tuyén tinh. Dit liéu dugc thu
theo cach thong thuong tlr cac thir nghiém 1dp lai, va cac d6i chitng thich hep ciing duge dua
vao. Xem: Terness P, et al. 2002, J. Exp. Med., 196(4): 447-57; va Hwu, P, et al. 200C, J.
Immunol., 164(7): 3596-9. |

Vi du D: Thi nghiém in vivo ciia cic chét we ché IDO dbi véi hoat tinh khang u

Hiéu qua khéng u in vivo cb thé dﬁgc thir nghiém bang cach &p dung quy trinh da cai
bién ghép u ciing loai/khac loai. Vi du, da dugc bdc 16 trong céc tai lidu ring sy e ché IDO
6 thé c6 tac dung hiép ddng v6i phuong phap héa tri doc déi véi té bao & con chudt nhit
mién dich t&t (Muller, A.J., et al. 2005, Nat. Med. 11:312-319). Théy ring tinh hiép ddng ndy
phu thugc vao céc t& bao T theo so sanh céc tac dung hiép ddng clia chit (e ché IDO khéo sat
& md hinh ghép u khac loai & chudt (vi du, B16 va céac bién di c6 lién quan, CT-26, LLC) sinh

trudng & con chudt nhét mién dich t5t bdm sinh véi tic dung quan st dugc & con chudt nhat
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gidng hét da duge didu tri bing khang thé khang CD4 trung hoa, hojc cing cac loai u sinh
truéng & con chudt nhit bi suy yéu mién dich (vi dy, nu/nu).

Quan niém v& tac dyng didu tri khdi u khac biét & con chudt nhat mién dich t6t so véi
con chudt nhit bi suy yéu mién dich con c6 thé cho phép thir nghiém cac chit trc ché IDO
khao s&t nhu céc tic nhan don. Vi dy, cac loai u LLC sinh truéng t6t & dong vat chu giéng
hét ctia chiing, C57BU/6. Tuy nhién, néu céc con chudt nhit niy duge didu tri bang chét tc
ché IDO 1-MT (so véi thudc vo) thi mirc d§ hinh thanh cac loai khéi u bi tri hodn déng ké,
4m chi ring su e ché IDO c6 tinh trc ché sinh trudng (Friberg, M., et al,2002, Int. J. Cancer
101:151-155). Theo logic nay, c6 thé thdm dinh hiéu qua cta viée e ché IDO & mé hinh khéi
u ghép khéc loai mé LLC sinh trudng & con chudt nhét min dich t6t C57B1/6 va so sanh véi
céc tac dong cla cac chét e ché IDO dbi véi sy sinh truéng ctia khdi u LLC & con chudt nhét
trui 16ng hodc chudt nhit SCID (hogc chudt nhit C57BL/6 da dugc diéu tri bing céc khang
thé ma trung hoa hoat tinh cia té bao T). Do céc tac dong 1am giam hoat tinh ngan chit mién
dich gian tiép théng qua khéi u ciia IDO s& khéc nhau tiy theo tiém ning sinh mién dich cia
céc mb hinh u khac nhau, céc cai bién di truyén c6 thé duoc thuc hién déi véi cac té bao cia
khéi u dé 1am gia ting tiém ning sinh mién dich cia chung. Vi dy, su biéu hién GM-CSF &
céc té bao B16.F10 lam ting tiém ning sinh mién dich clia ching (Dranoff, G., et al. 1993,
Proc. Natl. Acad. Sci., USA, 90:3539-3543). Nhu vdy, & mot vai md hinh khéi u (vi du,
B16.F10) c6 thé tao ra [da] dong ma bidu hién céc protein kich thich mién dich nhu GM-CSF
va thir nghiém téc dung tc ché sinh truong ciia céc chét tic ché IDO dbi véi céc loai u thiét
1ap tir c4c té bao nay cla khéi u & ca con chudt nhit mién dich t&t va con chudt nhét bi suy
yéu vé& mién dich.

Céch thirc thir ba dé danh gia hidu qua ctia cac chét trc ché IDO in vivo sir dung céc
md hinh ghép md cing loai/ghép mo khac loai & md chudt ‘tién-mién dich’. O c4c mo hinh
ndy, con chudt nhét min dich t&t dugc gay man cam déi véi khéng nguyén hodic cac khang
nguyén cua khdi u cu thé dé lam gidng tac dung tiém ching chéng khéi u nhdm muyc dich
didu tri bénh. Viéc niy mdi con chudt nhét dép ung khang u gian tiép qua hé mién dich khi
con chudt nhit duge thir thach tiép bang cac dong té bao khdi u ctia con chudt (c6 cac khang
nguyén twong tw ctia khéi u so véi loai da duge ding dé gdy mién dich) & cac thir nghiém md
ghép khac loai. D3 thdy ring su biéu hién cta IDO l1am cun dép tmg khédng u va cho phép md
ghép khac loai sinh trudng nhanh hon. Quan trong 1a, sy phét trién cta céc loai u trong mo
hinh nay bi tc ché boi chét trc ché IDO 1-MT (Uyttenhove, C., et al. 2003, Net. Med. 9:1269-
1274). M6 hinh nay 13 dic biét hdp din vi hoat tinh IDO cho phép khdi u P815 sinh trudng va

do d6 sy trc ché diic hidu IDO s& c6 tinh tc che.
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Cubi cung, viéc gy mién dich c6 tac dung didu tri c6 thé duoc 4p dung dé danh gia
téc dong ciia cac chit tic ché IDO in vivo. Vi dy, da thé hién ring bing cach sir dung céc té
bao B16-BL6 ¢6 thé thach thirc chudt nhit BIk/6 bing cach tiém tinh mach céc té bao cla
kh&i u sau khi didu tri bing peptit sinh mién dich da dugc x4c dinh tinh chét (vi du, TRP-2)
bidu hién boi cac t bao clia khéi u (Ji, et al., 2005, J. Immunol, 175: 1455-63). Quan trong 1a,
hé mi&n dich cdc téc nhan cai bién, nhu khang thé khang CTL-4, c6 thé cai thién dap tmg voi
viéc gdy mién dich nhim muc dich didu tri ndy. T4c ddng cua cac chét &rc ché IDO c6 thé
duoc danh gia theo céch tuong tyr — gdy midn dich bing peptit ctia khdi u c6 hodc khong c6
chét e ché IDO. Hiéu qua duge danh gié theo thoi gian sbng sot ctia con VAt (thoi gian dén
luc méc bénh) hoic theo s& do muc dd di cin cia khdi u vao phdi va/hodc cac bd phén khéc
tai cac thoi diém xéc dinh.

(3 m6 hinh bét ky trong toan bd cac md hinh néu trén, con c6 thé do mot cach trire tiép
va/hoic gian tiép sb lugng va/hodc hoat tinh clia céc t€ bao mién dich ciia hoat tinh phan tng
v6i khéi u. Céc phuong phap do sé lugng va/hosic mirc d9 hoat tinh ciia céc té bao mién dich
phan tng véi khdi u da duge thiét 1ap va c6 thé dugc thuc hién bang cach 4p dung céc k¥
thugt quen thudc ddi véi chuyén gia trong linh vuc k¥ thuat ndy (Current Protocols in
Immunology, Vol. 4, Coligan, J. E., et al.; Immunotherapy of Cancer, Human Press, 2006,
Disis, M.L. va c4c tai liéu vién din trong do). V& mit khai niém, hién twong giam céc téc
dung ngin chin mién dich cia IDO c6 thé 1am tang s6 lugng hodc hoat tirh phéan tmg ctia céc
t bao midn dich dic hiéu ciia khdi u. Ngodi ra, sy e ché IDO c6 thé con 1am ting s6 luong
hodic mirc d0 hoat tinh phan tng ctia céc t& bao midn dich phan tng véi khdi u khi két hop
vGi céc phép didu tri khac, vi du cdc tic nhan hoa tri liéu v/hogc téc nhan diéu bién mién
dich (vi du, khang thé khang CTLAA4).

" T4t ca cé4c thir nghiém ghép cling loai/ghép khéc loai c6 thé dugc thyc hién bang céch
ap dung céac k¥ thuat chudn dbi véi khéi u (xem tai liéu: Corbett, et al., trong Cancer Drug
Discovery and Development: Anticancer Drug Development Guide: Preclinical Screening,
Clinical, and Approval, 2nd Ed. Teicher, B.A. and Andrews, P.A., Gumana Press Inc.:
Totowa, NJ, 2004). Viéc tch dong va dua gen (vi du, IDO, GM-CSF) vao dong té bao u, c6
thé duoc thuc hién bing céch 4p dung cac k¥ thuét quen thude d6i véi chuyén gia trong linh
vuc k¥ thudt nay (xem tdng quan trong tai liéu: Sambrook, J. and Russel, D., Molecular
Cloning: A laboratory Manual (tdi bdn lan thir 3), Cold Spring Harbor Laboratory Press:
Cold Spring Harbor, NY, 2001). '
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Vi du E: Thir nghiém in vivo cac chét e ché IDO & md hinh bénh viém nfo & ngudi do
virut giy suy gidm mién djch-1 (HIV-1)
1. Phan Iap 18 bao va nhiém virut

Céc bach ciu don nhén to va PBL c6 thé thu dugc bing cach rira ling ly tim nguoc
dong c4c gbi gan bach ciu tir cac cé thé cho huyét thanh dwong tinh HIV-1, 2 va viém gan B.
Céc bach cAu don nhén to nay duge ciy vao dich nudi chy huyén phi bing c4ch sit dung céc
binh Teflon trong moi trudng Eagle da duoc cai bién theo Dulbecco (DMEM, do Sigma-
Aldrich cung cép) c6 bd sung 10% huyét thanh ciia ngudi da duge gom va da dugc 1am bét
hoat bdi nhiét, 1% glutamin, 50pg/ml gentamixin, 10pg/ml xiprofloxaxin (do Sigma cung
cép), va 1000U/ml yéu t6 kich thich rudt két dai thuc bao ciia ngudi tai t hop tinh ché & mitc

d6 cao. Sau bay ngay nudi cdy, MDM nhiém HIV-1apa & chi s6 nhidm da bdi béng 0,01.

2. Chuét nhdt Hu-PBL-NOD/SCID HIVE

Chudt nhit dyc NOD/C.B-17 SCID bén tudn tudi c6 thé mua dugc (Jackson
Laboratory). Con vat dugc duy tri trong chudng cich biét c& nhé v tring trong didu kién
khong c6 tac nhan gy bénh. TAt ca cac con vat duge tiém trong khoang mang bung véi
khang CD122 ctia chudt (0,25mg/con chudt) ba ngay trude khi chy ghép PBL va tiém hai lan
khang thé asialo-GM1 cta thé (0,2mg/con chudt) (Wako) mot ngdy trude va ba ngdy sau khi
tiém PBL (20 x 10° té bao/con chudt). MDM da nhidm HIV-1apa (3 x 10° té bao trong 10pl)
duoc tiém trong so (i.c.) tdm ngdy sau hoan nguyén PBL tao ra chudt nhit hu-PBL-
NOD/SCID HIVE. Ngay sau khi tiém i.c. MDM nhiém HIV-1, c4c con chudt nhét hu-PBL-
NOD/SCID HIVE dugc cy dudi da (s.c) dbi chimg (chét din) hodc viéa hop chit vién (giai
phéng cham 14 ngay hodc 28 ngay, Innovative Research). Céc thir nghi¢m ban dAu duoc thiét
k& d& xdc nhan cam tng CTL dic hiéu virut & cdc con chudt hu PBL-NOD/SCID HIVE da
duge didu tri bing céc hop chét IDO. Diéu nay dwgc x4c nhan bing cach nhudm tetrame va
phén tich bénh hoc than kinh v& su loai bd6 MDM ra khéi md ndo. Sau d6, thir nghiém duoc
thiét k& @& phan tich ngudi té bao lympho hoan nguyén, céc loai dép ting mién dich thé dich,
va céc thay d6i v& mit bénh hoc than kinh. Trong c4c thir nghiém ndy, ddng vat dugc 14y mau
vao ngay thtr 7 va dugc giét vao ngay thtt 14 va ngdy thtr 21 sau khi ti€m i.c. MDM cua
ngudi. Mau da gom trong cac bng nghiém chira EDTA duoc sit dung dé dém té bao theo
dong chay va huyét twong dugc sir dung dé phat hién HIV-1 p24 bang cach ap dung ELISA
(Beckman Coulter™). Céc khang thé dgc hiéu HIV-1 duge dd théy theo céc thir nghiém thim
tdy theo chi dan cua nha san xuét (kit Cambridge Biotech HIV-1 Western blot, Calypte
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Biomedical). Luong khéng thé virut dac hiéu twong ty dugc phét hién thdy ¢ dong vat ddi
ching vA con vét d& dugc didu tri bing hop chét. Téng cong ba thir nghiém doc 14p c6 thé

duoc thuc hién bing cach sir dung ba c4 thé cho bach cau clia ngudi khéc nhau.

3. FACScan mdu ngoai bién va ld ldch & chudt nhdt hu PBL-NOD/SCID HIVE

Phan tich FACS hai mau c¢6 thé duoc thuc hién dbi véi mau ngoai bién ¢ tudn 1 dén 3
va céc t& bao 14 l4ch & tudn 2 va 3 sau khi tiém i.c. MDM cua ngudi. Céc té bao duge 1 véi
Ab don dong (mAb) da tiép hop florocrom dbi véi CD4, CD8, CD56, CD3, IFN-y ciia ngudi
(eBioscience) trong thoi gian 30 phut ¢ 4°C. P& danh gia dap tmg mién dich ciia té bao, tién
hanh nhudém IFN-y ndi bao két hop véi khang CD8 cua ngudi va khang CD45 cua chudt da
tiép hop FITC d& loai bo cac t& bao cua chudt. D& xdc dinh CTL dic hiéu Ag, tién hanh
nhudm tetrame da tiép hop allophycoxyanin déi véi HIV-18% (p17 (aa77-85) SLYNTVATL,
SL-9) va HIV-17" [(aa476-485) ILKEPVHGYV, IL-9] trén céc té bao 14 lach da duge kich
thich bang phytohemaglutinin/interleukin-2 (PHA/IL-2). Cac té bao dwgc nhudm theo d& xuét
cia NIH/National Institute of Allergy and Infections Disease, National Tetrame Core
Facilities. Dit liéu dugc phén tich bing FACS Calibur™ bing cach 4p dung phdn mém

CellQuest (Becton Dickinson Immunocytometry System).

4. Phdn tich mé bénh hoc va hinh anh

Mb nio dugc gom vao ngdy thir 14 va 21 sau khi tiém i.c. MDM, dugc c¢b dinh trong
paraformaldehyt dém phosphat 4% va gén vao parafin hoic dugc 1am dong lanh & —80°C dé
sit dung sau. Céc phin trénh dinh tir c4c khéi gén vao duge cit dé x4c dinh vi tri tiém. Dbi
v6i mdi con chudt, 30 dén 100 phan theo thir ty (day Sum) dugc cit ra tir vi tri tiém MDM
ctia ngudi va 3 dén 7 14t cit (10 phan riéng) duge phan tich. Cac phan ndo dugc khir parafin
biang xylen va dugc hydrat hoa trong gradien rugu. Nhudm héa mod mién dich theo quy trinh
gi4n tiép co ban, bing cach thu hdi khang nguyén nhd lam néng dén 95°C trong 0,01mol/l
dung dich dém xitrat trong thoi gian 30 phut d8 thu hdi khang nguyén. D& xéc dinh céc té bao
clia ngudi trong ndo cua chudt, mAb v6i vimentin (theo ty 1€ 1:50, dong 3B4, Dako
Corporation), ma xéc dinh tit ca cac bach ciu ciia ngudi dugc s dung. Céc té b2o lympho
MDM va CD8" ciia ngudi lin lugt duge do théy bing céc khang thé CD68 (pha lozng theo ty
18 1:50, dong KP 1) va CD8 (pha lodng theo ty 1€ 1:50, dong 144B). Céc t€ bao nhiém virut
duoc danh diu bing mAb véi HIV-1 p24 (theo ty 1€ 1:10, dong Kal-1, tat ca do Dako cung

cép). Céc té bao tiéu than kinh dém c6 phan tng cta chudt dwoc do thiy bing khéng thé Iba-
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1 (theo ty 1€ 1:500, Wako). Su biéu hién IDO cua ngudi (hulDO) dwoe thiy nhyr Ab thu duge
tir Department of Cell Pharmacology, Central Research Institute, Graduate School of
Medicine, Hokkaido University, Sapporo, Japan. Cac khéng thé chinh duoc do thiy véi céc
khang thé phu thich hop da dugc biotinyl héa va duge thiy nhd céc phirc avidin-biotin (kit
Vectasfain Elite ABC, Vector Laboratories) va peroxidaza cia cdy cu cai cay (HRP) duge
lién hop polyme dextran (EnVision, Dako Corporation). C4c phan nhudm mién dich dugc
nhudm nguoe lai bing hematoxylin cia Mayer. Cdc phan ma khang thé so cép bi x6a bo khoi
d6 hodc kiéu twrong duong IgG khong lién quan dugc dua dung 1am d6i chimg. Hai quan sat
vién ddc 1ap theo kiéu mi dém s6 lugng té bao lympho CD8, CD68" MDM va céc té bao
HIV-1 p24* & timg phan tir mdi con chudt. Xét nghiém trén kinh hién vi dwoc thuc hién bing
kinh hién vi Nikon Eclipse 800 (Nikon Instruments Inc). Phan tich ban dinh lugng ddi voi
Ibal (ph?m trdm dién tich chiém bai vét nhudém mién dich) dwgc thuc hién theo phén tich hinh

anh c6 tro gitip ciia may tinh (Image-Pro®Plus, Media Cybernetics) nau dé néu trén.

5. Phdn tich thong ké
Dit lidu c6 thé duoc phén tich bang cch st dung Prism (Graph Pad) véi thir nghiém ¢

ctia Student dé so sanh va ANOVA. Tri s6 P < 0,05 dugc coi 1a c6 ¥ nghia.

6. Tai lidu vién dan

Poluektova LY, Munn DH, Persidsky Y, and Gendelman HE (2002). Generation of
cytotoxic T cells against virus-infected human brain macrophages in murine model of HIV-1
encephalitis. J. Immunol. 168(8):3941-9.

Céc ci bién khéc nhau theo sang ché, ngoai céc quy trinh dugc bdc 19 trong ban md
ta nay, 1a rd rang ddi v6i chuyén gia trong linh vyuc k§ thuét ndy da biét tir phin mo ta trén.
Céc cai bién nay ciing duge dy dinh nim trong pham vi cdc diém yéu cdu bao h keém theo.
MBi tai lidu vién din, bao gdm tét ca patent, cic don yéu cAu cp patent, va cac cong bé, da
trich din trong dom yéu cAu clp bing doc quyén sang ché nay duoc dua vao ddy hoan toan

bing cach vién dan.
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YEU CAU BAO HQ
1. Quy trinh bao gdm buéc cho hop chét c6 cong thirc F5:
-0
N
0
H,N | N>:
7\
N. N
(@)
Br
F5 F
phéan tmg véi aldehyt c6 cong thirc F6:
Pg'"HN” “CHO
F6

9

trong d6 Pg! 12 nhém bao vé amino, tao ra hop chét ¢6 cong thirc F7:

H N’O\F
| o)
N
Pg'HN" > Wl_\(LN
N___N
o)

Br
F7 .
2. Quy trinh theo diém 1, trong d6 Pg' 13 etoxycarbonyl, tert-butoxycarbonyl,
benzyloxycarbonyl, hodc 9-florenylmetyloxycarbonyl.
3. Quy trinh theo diém 1, trong d6 Pg' 14 ferr-butoxycarbonyl.
4. Quy trinh theo didm bét ky trong s6 cac diém tir 1 dén 3, trong d6 phan tng riy duge

thuc hién véi su c6 mat cuia chat khur.

5. Quy trinh theo diém 4, trong d6 chat khir nay 1a chat khir bohydiua.

6. Quy trinh theo diém 5, trong d6 chét khir bohydrua ndy 12 natri triaxetoxybohydrua.
7. Quy trinh theo diém bét ky trong s6 cac didm tir 1 dén 6, quy trinh nay con bao gdm

bude khir bao vé hop chit c6 cong thirc F7 tao ra hop chat ¢ cong thirc F8:
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Br
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8. Quy trinh theo didm 7, trong d6 budc khir bao vé nay bao gdm cho hgp chat c6 cong
thirc F7 phan Gng véi axit clohydric.
9. Quy trinh theo diém 7 hodc 8, quy trinh ndy con bao gdm budc cho hop chét c6 cong

thitc F8, phan tmg véi Pg?>-NH-SO2-X, véi su c6 mit ctia bazo hitu co tao ra hop chét c6

cong thirc F9:
rTu-ng2
073~ o!
NH N~
K/N7_(LN
7\
N_ _N
(0]
Br
F9
F b
trong do:

Pg? 1a nhém bao vé amino; va

X 1a halo.

10.  Quy trinh theo diém 9, trong d6 Pg? la etoxycarbonyl, fert-butoxycarbonyl,

benzyloxycarbonyl, hodc 9-florenylmetyloxycarbonyl.
11.  Quy trinh theo diém 9, trong d6 Pg* 1 zerr-butoxycarbonyl.
12..  Quy trinh theo diém bét ky trong s6 cac diém tir 9 dén 11, trong d6 X 1a cloro.

13. Quy trinh theo didm bét ky trong sb céc diém tir 9 dén 12, quy trinh ndy con bao gbm

budc khir bao vé hop chét c6 cong thitc F9 tao ra hop chét c6 cong thirc F10:
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-0
N
HN SN
H !\
\O/
Br
F10

14.  Quy trinh theo diém 13, trong d6 budc khir bao vé ndy bao gdm cho hgp chat c6 cong

thitc F9 phan (g v6i axit clohydric.

15.  Quy trinh theo didm 13, trong d6 budc khir bio vé nay bao gdm cho hop chét c6 cong

thirc F9 phan ng véi axit clohydric trong thanh phan dung méi chira etyl axetat.

16.  Quy trinh theo diém bét ky trong sd cac diém tir 13 dén 15, quy trinh ndy con bao

gdm budc cho hgp chét c6 cong thirc F10 phan Gmg véi bazo tao ra hgp chét ¢6 cong thic I:

JOH F
% x XX
HN" TN 7—H\N Br
Y H N\ H
N_ N
0
L

17.  Quy trinh theo diém 16, trong d6 bazo nay 1a natri hydroxit.

18.  Quy trinh bao gdm budc cho hop chit c6 cong thiic F15:

phan ting v6i hop chét ¢6 cong thiic F5:
-0
N
Hsz_(l,\P:O
7\
N. N
0]

F5 F

Q)
=y
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tao ra hop chat c6 cong thirc F16:

2o i Yo
NSNS — N
Mok NN

R%0

F16 Br

trong do:
mdi R! doc 1ap 12 nhém bao vé amino; va
R? 1 C1-6 alkyl hoic benzyl.
19.  Quy trinh theo diém 18, trong d6 mdi R! 1a Ca4 alkenyl-Ci.3 alkyl hodc phenyl-Ci.3
alkyl, trong d6 phenyl-C1.3 alkyl nay tiry y duoc thé béng 1, 2, hofic 3 nhom Ci.4 zlkoxy doc
18p dugc chon.
20.  Quy trinh theo diém 18, trong d6 mdi R 12 alyl.
21.  Quy trinh theo diém 18, trong d6 m&i R' 13 4-metoxybenzyl.
22.  Quy trinh theo diém 18, trong d6 R 1a Cisalkyl.

23.  Quy trinh theo diém 18, trong d6 R? 1a rert-butyl.

24.  Quy trinh theo diém bit ky trong s6 cac diém tir 18 dén 23, trong d6 phan ung nay

duoc 'thuc hién voi sy c6 mét cua chét khtr.
25.  Quy trinh theo diém 24, trong d6 chét khir nay 1a chét khir bohydrua.
26.  Quy trinh theo diém 25, trong d6 chét khir bohydrua 14 natri triaxetoxybohydrua.

27.  Quy trinh theo diém bt ky trong sb cac diém 24-26, trong d6 phan tng nay dugc thuc

hién vé&i su ¢6 mit cua axit trifloroaxetic.

28.  Quy trinh theo didm bét ky trong s6 céc diém 18-27, cdn bao gdm budc khir bao vé

hop chét c6 cong thie F16 tao ra hop chét ¢6 cong thirc F19:
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Br

29.  Quy trinh theo diém 28, trong d6 budc khir bao vé nay bao gdm cho hgp chét c6 cong

thitc F16 phan (g vdi axit trifloroaxetic.

30.  Quy trinh theo diém 28, trong d6 budc khir bao vé ndy bao gdm cho hop chét c6 cong
thirc F16 phan (g véi axit clohydric.

31.  Quy trinh theo diém bét ky trong sb cac diém 18-30, trong d6 hop chét c6 cong thirc
F15 thu duoc bing quy trinh bao gdm budc xir 1y hgp chét ¢ cong thirc F14:
0 o

)J\’}]/S\’}‘/\COZR?'
R' R!

F14

R3O0

b

bing chét khir tao ra hop chit c6 cong thirc F15; trong do R? 14 Ci4 alkyl.
32.  Quy trinh theo diém 31, trong d6 chét khir nay 13 diisobutylnhdm hydrua.

33.  Quy trinh theo diém 31Re& 32, trong d6 hop chét c6 cong thirc F14 nay thu dugc bang
quy trinh bao gém budc béo vé hop chét c6 cong thirc F13:
228
R%07 N ‘NACOZR"‘
H H
F13

3

bing mdt hoic nhidu chét bao vé amino doc 12p duge chon tao ra hop chit ¢6 cong thirc F14.

34,  Quy trinh theo diém 33, trong d6 m¢t hogc nhiéu chit bao vé amino nay dugc chon tir

alyl bromua va 4-metoxybenzyl clorua.
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35. Quy trinh theo diém 33 hoic 34, trong d6 budc bao vé nay dugc thyc hién véi sy co

mdt ctia bazo.

36.  Hop chét c6 cong thirc F15:

trong do:
R? 12 Ci alkyl ho#c benzyl; va
mdi R! doc 18p 12 nhém bao vé amino.

37.  Hop chét theo diém 36 14 tert-butyl alyl{[allyl(2-oxoetyl)amino] sulfonyl}carbamat.

38. Hop chit theo diém 36 1a tert-butyi(4-metoxybenzyl){[(4-metoxybenzyl)(2-

oxoetyl)ainino]sulfonyl}carbamat.

39.  Hop chét c6 cong thirc F16:

Br
F16

hodc mudi ciia né, trong do:

mdi R! doc 1ap 12 nhém bao vé amino; va

R3 12 Cisalkyl hodc benzyl.
40.  Hop chét theo diém 39, hodc mubi clia né, trong d6 R' 12 Co4 alkenyl-Ci.; alkyl kogc
phenyl-C1.3 alkyl, trong d6 phenyl-C1.3 alkyl nay tity ¥ dugc thé bang 1, 2, hoic 3 thém Ci4
alkoxy doc lap dugc chon.

41.  Hop chét theo diém 39, hodc mubi cia né, trong d6 R! 13 alyl.

42.  Hop chét theo diém 39, hogc mudi cia n6, trong d6 R! 1a 4-metoxybenzyl.
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43.  Hop chét theo diém 39, hodc mudi ctia né, trong d6 R3 1a Cis alkyl.
44.  Hop cht theo diém 39, hoic mudi cia né, trong d6 R 1a Ci4alkyl.
45.  Hop chét theo diém 39, hoic mudi ciia nd, trong d6 R* 1a ters-butyl.
46.  Hop chét theo diém 39, hodc mudi ciia né, trong d6 R 13 butyl.

47.  Hop chét theo diém 39, trong d6 hop chat ¢ cong thirc F16 1a fert-butyl alyl(V-alyl-
N-(2-(4-(4-(3-bromo-4-florophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-

oxadiazol-3-ylamino)etyl)sulfamoyl)carbamat, hodc mubi cia né.

48. Hop chét theo diém 39, trong d6 hop chét c6 cong thirc F16 1a fert-butyl alyl(NV-alyl-
N-(2-(4-(4-(3-bromo-4-florophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-

oxadiazol-3-ylamino)etyl)sulfamoyl)carbamat.

49.  Hop chét theo diém 39, trong d6 hop chét c6 cong thirc F16 1 ters-butyl (4-
metoxybenzyl)-(N-(4-metoxybenzyl)-N-(2-(4-(4-(3-bromo-4-florophenyl)-5-oxo-4,5-
dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-oxadiazol-3-ylamino)etyl)sulfamoyl)carbamat, hodc

mudi ctia né.
50.  Hop chéit theo diém 39, trong d6 hop chét c6 cong thitc F16 1a fert-butyl (4-

metoxybenzyl)-(N-(4-metoxybenzyl)-N-(2-(4-(4-(3-bromo-4-florophenyl)-5-oxo-4,5-
dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-oxadiazol-3-ylamino)etyl)sulfamoyl)carbamat.
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