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(54) HOP CHAT INDOL VA DUQC PHAM CHUA HGP CHAT NAY

(57) Sang ché dé& cap dén hop chat tc ché tryptophan-2,3- dioxygenaza (TDO) va/hodc
indolamin-2,3-dioxygenaza (IDO) dé sir dung trong y hoc, hop chat nay c6 cong thirc sau:
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trong d6 X', X?, X3, X*, va X° c6 thé 1a gidng hodc khac nhau va mdi nhém doc lap duoc
chon tir C, N va O; mdi nguyén tr 6 dudng net dut co thé doc lap co lién két doi hoic lién
két don, v6i diéu kién hoa tri & mdi nguyén tir dugc gilt nguyén; mdi R!, R2, R3, R4, RS, va
R7 ¢6 thé c6 mit hoic khong c6 mat va co thé 1a gidéng hoic khac nhau va dugc chon tur H
va nhom hiru co duge thé hodc khong dugc thé, véi diéu kién sb nhém R c¢d mat sao cho
hoa tri cua X!, X2, X3, X4, va X5 duoc gitt nguyén; mot hodc hai nhom R6 ¢6 thé c6 mit va
duoc chon tir H va nhom hitu co duoc thé hodc khong duogc thé, vé6i diéu kién s6 nhom RS
c6 mit sao cho hoa tri clia nguyén tir cacbon ma chung gin vao dugc giit nguyén, va voi
diéu kién it nhat mot nhom RE 1a nhom hitu co chira nguyén tir lién két doi voi nguyén tir
oxy (t6t hon 1a nhom carbonyl hoac nhom sulphonyl) ¢ vi tri a, B, hodc y cua nguyén tur
cacbon ma R® gin vao va tai d6 nguyén tir lién két d6i v6i nguyén tir oxy ciing lién két véi
nguyén tir khac loai.
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Linh vie ky thuét dwoe dé cap

Sang ché d& cap dén chat \rc ché tryptophan-2,3-dioxygenaza (TDO) hoac
indolamin-2,3-dioxygenaza (IDO [IDO1 hodc IDO2]), va cu thé 1a cic chét Gc ché
TDO va IDO dé str dung trong y hoc. Céc chit tc ché theo sang ché c6 thé dugce st
dung trong dugc phém, va cu thé 1a duge phém dé diéu tri bénh ung thu, tinh trang
viém, bénh 14y nhiém, bénh hoic r6i loan hé than kinh trung wong va cac bénh, tinh
trang va rdi loan khac. Sang ché con dé cap dén phuong phap san xudt cac chét trc

ché nay, va phuong phép diéu tri sir dung céc chét tic ché nay.
Tinh trang k§ thuét cia sang ché
Co ché tryptophan

Con dudng kynurenin (kynurenine pathway - KP) chiu trach nhiém >95% su
thoai bién tryptophan ciia axit amin thiét yéu. Con duong kynurenin cta sy chuyén
héa tryptophan dan dén san sinh ra pyridin nucleotit thiét yéu NAD+ va mot s6 chat
chuyén héa tic dong than kinh, bao gdm kynurenin (KYN), axit kynurenic
(KYNA), chét tao gbc tw do gay doc thin kinh 3-hydroxykynurenin (3-HK), axit
anthranilic, 3-HAA, axit picolinic (PIC), va chit chi van thu thé N-metyl-D-
aspartat (NMDA) thin kinh kich thich va doc t6 than kinh, axit quinolinic (QUIN)
(xem Fig. 1). 5% tryptophan con lai duogc chuyén héa bang tryptophan hydroxylaza
thanh 5-hydroxytryptophan va sau dé chuyén héa tiép thanh 5-hydroxytryptamin

(serotonin) va melatonin.

Ca viéc 1am tidu tan tryptophan va tich tu chét di héa tryptophan trc ché mién
dich déu c6 tac dung e ché dép ting t& bao T dic hiéu khang nguyén va té bao chét
tu nhién va hinh thanh t& bao T diéu tiét. Vi hién twong di hoa tryptophan tao thanh
do chét trung gian viém, ddng cht y la IFN-y, duoc cho 1a dic trung cho co ché noi
sinh 1am han ché phan tng mién dich qué muc, nhy d6 ngin ngira bénh 1y mién
dich. Tuy nhién, c6 bang chimg cho ring trong cic tinh trang bénh thi vong lip
phan hdi nay c6 thé khong hitu ich (xem trong (Munn and Mellor, 2013).
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IDO/TDO

Budc dau tién cta hién tugng di héa tryptophan dugc xtc tdc béi TDO hoac
IDO. Ca hai enzym xUc tac sy phén tach oxy hda lién két doi 2,3 trong vong indol,
chuyén héa tryptophan thanh N-formylkynurenin. Day 1a budc gi6i han tbc do trong
hién tuong di hda tryptophan bang con dudng kynurenin (Grohmann et al., 2003;
Stone and Darlington, 2002). TDO la homotetrame v&i mdi monome c6 khéi luong
phén tir 1a 48 kDa, trong khi IDO ¢6 khéi luong phan tir 1a 45 kDa va chu trac
monome (Sugimoto et al., 2006; Thackray et al., 2008; Zhang et al., 2007). Méc du
phan ng trung gian gidng nhau, nhung TDO va IDO khéc biét v& mat cdu trac, chi
chung 10% tuong dong chu yéu & vi tri hoat tinh (Thackray et al., 2008).

TDO duge biéu hién & mirc cao trong gan va chiu trach nhiém didu tiét cac
muc tryptophan toan thdn. TDO khéng duoc tao ra hodc diéu chinh béi céc tin hiu
tir hé mién dich, tuy nhién sy biéu hién TDO c6 thé dugc tao ra béi tryptophan hodc
corticosteroit (Miller et al., 2004; Salter and Pogson, 1985). Gan day hon, TDO
dugc phat hién co biéu hién trong ndo, tai d6 nd diéu chinh viéc san sinh chét
chuyén hoa tryptophan tic dong thdn kinh nhu axit kynurenic va axit quinolinic

(Kanai et al., 2009).

IDO 1 enzym chuyén héa tryptophan ndi bt ngoai gan va dugc phat hién
trong nhiéu té bao, bao gém dai thuc bao, vi dém than kinh, t& bao than kinh va té
bao hinh sao (Guillemin et al., 2007; Guillemin et al., 2001; Guillemin et al., 2003;
Guillemin et al., 2005). Su phién ma IDO duogc kiém soat chit chg, phan ing v&i
chét trung gian viém cu thé. Gen khoi diu IDO cta chudt nhit va clia nguoi chira
nhiéu phdn trinh tu tao dap tmg v6i interferon typ I (IFN-a/B) va, hi¢u qua hon 1a,
interferon typ II (IFN—y) (Chang et al., 2011; Dai and Gupta, 1990; Hassanain et al.,
1993; Mellor et al., 2003). Nhiéu loai t& bao khéc nhau, bao gdm mot s6 t& bao dong
tiy nhét dinh (dai thuc bao c6 ngudn gbc bach cau don nhan va DC), nguyén bao
soi, t& bao ndi mo va mot s6 dong té bao u, biéu hién IDO sau khi phoi nhiém IFN-y
(Burke et al., 1995; Hwu et al., 2000; Mellor et al., 2003; Munn et al., 1999; Varga
et al., 1996). Tuy nhién, viéc kiém soat su phién ma IDO la phirc tap va la dac trung
cta loai té bao. Hoat tinh IDO dugc phét hién chu yéu & bé mit chung me-thai nhi,
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duoc biéu hién boi cac té bao 14 nudi phoi ngoai 16ng nhung cua ngudi (Kudo and
Boyd, 2000). Ngoai nhau, su biéu hién IDO chirc ning & mao tinh hoan, rudt (rudt
non va rudt két), hach bach huyét, 14 lach, tuyén uc va phéi ctia chudt nhit duoc bao

cdo 1a cao nhét (Takikawa et al., 1986).

Enzym IDO bién ddi khac gén day dugc thé hién xtc tac cing budc tao
enzym: indolamin-2,3-dioxygenaza 2 (IDO2). Tuy nhién, su phu hop sinh ly ctia n6
van khong 18 rang do d hoat dong rat thép clia n6, ¢6 mat nhiéu hién tuong da hinh
théng thudong ma lam bit hoat dd hoat dong enzym ctia n6 & khoang mot nira )
ngudi Cap-ca va nguoi chiu A, va c6 mat nhidu bién thé ghép (Lob et al., 2008;
Meininger et al., 2011; Metz et al., 2007).

Chuét nht thiéu hut IDO & mttc béo phi c6 kiéu hinh binh thudong (Mellor et
al., 2003), tuy nhién, chiing khé d& dua vao tinh ty mién dich va kich thich h¢ mién
dich bim sinh. Chudt nhét tach IDO -/- con biu thi chét gdy ung thu rudt két qua
trung gian viém ting 1én va bdc 16 sirc khdng bénh ung thu phéi va da do viém

(Chang et al., 2011; Yan et al., 2010).

Chudt nhét tich TDO -/~ c6 kidu hinh thong thuong. Tuy nhién, chudt nhit
tach TDO ¢6 ndng do huyét twong L-Trp ting glp 9 1an, trong khi d6 chudt nhit
tach IDO -/- ¢6 cac mic WT ctia L-Trp, diéu nay cho thdy TDO va khong phai IDO
diéu chinh Trp toan than. Viéc loai bé TDO lam tang Trp ¢ ndo ciing nhu serotonin
(5-HT) va do d6 1 chat didu bién lo 4u lién quan dén thai d6 (Kanai et al., 2009).
TDO con déng vai trd trong viéc gitt hinh thai ndo & chudt nhit truéng thanh vi
chudt nhit TDO -/- thé hién sw phat sinh thdn kinh ting 1én & ving hai ma
(hippocampus) va tim that dudi trong giai doan truong thanh (Funakoshi et al.,

2011).
Diéu bién mién dich: tiéu tan tryptophan va tich tu kynurenin

Viéc diu chinh mién dich bang co ché tryptophan diéu bién hé mién dich do
viée lam tiéu tan co chat TDO/IDO (tryptophan) trong mdi truong vi md va tich tu

c4c san pham nhu kynurenin.
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Té bao T tac dong ddc biét nhay voi ndng do tryptophan thap, do d6, viéc
]am tidu tan axit amin thiét yéu tryptophan tir mdi trudng vi mé cuc bo dan dén suy
nhuoc té bao T tac dong va gdy chét té bao theo chuong trinh. Viée lam tiéu tan
tryptophan dugc phat hién béi chét khong gidi phéng 2-kinaza (non-derepressible-2
kinaza (GCN2)) ddi chimg thong thuong (Munn et al., 2005). Tac dong cia GCN2
kich hoat chuong trinh phan Ung cang thing dan dén viéc ngling chu ky té bao, biét
héa, thich nghi hodc gay chét t& bao theo chwong trinh. Té bao T thiéu GCN2 &
chuot nhit khong d& méc ching suy nhuge qua trung gian IDO gdy ra boi t& bao
dang tiy, bao gbm té bao dang nhénh trong hach bach huyét dan luu khéi u (Munn
et al., 2005).

Chét chuyén hoéa tryptophan nhu kynurenin, axit kynurenic, 3-hydroxy-
kynurenin, va axit 3-hydroxy-anthranilic (rc ché churc ning té bao T va c6 kha nang
gdy ra co ché gy chét té bao theo chuong trinh ctia t& bao T. Céc nghién clru gén
day da chi ra rang thu thé aryl hydrocacbon (aryl hydrocacbon receptor - AHR) 1a
dich truc tiép ctia kynurenin (Mezrich et al., 2010; Nguyen et al., 2010; Opitz et al.,
2011). AHR 1a thy thé phién ma ho helix-loop-helix Per-Arnt-Sim co ban (PAS).
Khi kynurenin tich tu trong khdi u, KYN gin két AHR, chuyén dich vao nhén va
hoat hoa su phién ma gen dich dugc didu chinh boi thanh phin dap tGng dioxin
(DREs). Trong té bao trg gitp T, kynurenin din dén phat sinh té bao T diéu tiét
(Treg).

Céc chét e ché TDO va/hoic IDO duoge 1y ¢6 tinh hitu dung trong pham vi
chi dinh rong, bao gdm bénh lay nhidm, bénh ung thu, bénh than kinh va nhiéu bénh
khac.

Bénh gy nhiém va viém

Sy lay nhiém vi khudn, ky sinh trung, hodc virut gdy ra phan ting viém manh
phu thudce IFN-y. IDO cé thé ngit quang tinh mién dich chu thé bao vé, do d6 gian
tiép lam ting kha ning gdy bénh. Vi dy, hoat tinh IDO lam giam su sao chép
Toxoplasma gondii & phdi, va tén thuong do viém giam déng ké bang cach dung
chét e ché IDO IMT sau khi gy nhiém (Murakami et al., 2012). Ngoai ra, & chudt
nhit nhiém virut ung thu bach cu cua chudt (MuLV), IDO duoc phét hién c6 biéu
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hién & murc cao, va viéc loai bé IDO ting cuong didu chinh sao chép virut va ting
kha nang sdng sét (Hoshi et al., 2010). O mAu nhiém cim, tac dung &c ché mién
dich ctia IDO ¢6 thé khién cho phéi bi nhidm khuin thtt phat (van der Sluijs., et al
2006). O bénh Chagas, gy ra do ky sinh trang Trypanosoma cruzi, kynurenin tang
1én & bénh nhan va tuong quan véi mitc 4o nghiém trong ciia bénh (Maranon et al.,
2013). Do d6, chét tre ché IDO ¢6 thé duge sir dung dé cai thién két qua cua bénh
nhin méic nhiéu bénh ldy nhiém va tinh trang viém. Gitt vai tro cia TDO trong viéc
kiém soat cac mirc Trp toan thén, chét e ché TDO ciing ¢ thé duoc str dung dé cai

thién két qua ctia bénh nhan mic nhiéu bénh 1ay nhiém va tinh trang viém.
IDO va tinh mién dich véi vi khudn rudt

IDO dong vai tro trong viéc didu chinh tinh mién dich niém mac véi hé sinh
vt ving rudt. IDO dugc thé hién didu chinh viée san sinh khang thé gy cong sinh
& rudt; chudt nhit thiéu hut IDO c6 cac mite globulin A mién dich (IgA) va globulin
mién dich G (IgG) co ban tang cao trong huyét thanh va IgA ting tiét & rudt. Do
viéc san xut khang thé tang cao, nén chudt thiéu hut IDO khang lai kha nang dinh
cu trong rudt cla thé gay bénh vi khuin gam am Citrobacter rodentium & rudt t6t
hon chudt nhit WT. Chudt nhét thiéu hut IDO ciing thé hién stc dé khang ting dbi

vé&i bénh viem rudt két do nhiém C. rodentium (Harrington et al., 2008).

Do doé, viée tao dich hoat tinh IDO dugc 1y ¢6 thé thé hién cach tiép can mai
d8 diéu khién tinh mién dich trong rudt va kiém soat bénh ly gy ra boi thé gay bénh

o rudt bao gém viém rudt két (Harrington et al., 2008).
Ldy nhiém HIV

Bénh nhan bi nhiém HIV ¢6 cic muc tryptophan huyét twong giam va murc
kynurenin ting man tinh, va biéu hién IDO ting (Fuchs et al., 1990 and Zangerle et
al., 2002).

O bénh nhan HIV, viéc ting cuong diéu chinh IDO c¢6 tac dung trc ché phéan
mg mién dich d6i v6i khang nguyén HIV gép phén tranh virut mién dich. HIV khoi
mao sy bidu hién IDO & muc cao khi ldy nhiém dai thuc bao ctia ngudi in vitro

(Grant et al., 2000), va nhidm virut suy giam mién dich ctia khi khong dudi (simian
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immunodeficiency virus - SIV) & néo in vivo tao bidu hién IDO béng té bao dong

dai thuc bao (Burudi et al., 2002).

Su phat sinh HIV duogc dic trung bdi viéc lam ti€u tan té bao CD4+ T va
hoat hoa té bao T man tinh, cudi ciing dan dén bénh AIDS (Douek et al., 2009). Té
bio hd trg CD4+ T (TH) tao tinh mién dich bao vé va diéu chinh mién dich thong
qua tdp con churc ning té bao mién dich khac nhau, bao gém céc té bao THI, té bao
TH2, té bao didu chinh T (Treg), va t& bao TH17. Su tién trién HIV duoc két hop
vé6i viée suy giam t& bao TH17 va ting cudng tuong hd trong phan doan té bao e
ché mién dich Treg. Viéc suy giam cén bing TH17/Treg dugc két hop véi viéc dua
IDO vao bing té bao dang nhdnh cé mat khang nguyén dang tiy (Favre et al,
2010). In vitro, viéc suy gidm can bing TH17/Treg truc tiép duge di tir sy chuyén
hoa IDO, axit 3-hydroxyanthranilic qua trung gian chét di hoa tryptophan gin ké.
Do d6, trong qua trinh tién trién HIV, viéc dua IDO vao gbp phan lam dao ngugce
can bing TH17/Treg va duy tri tinh trang viém man tinh (Favre et al., 2010). Do do,
chét trc ché IDO c6 thé hitu dung trong viéc huéng dén can bang TH17/Treg & HIV.

Ha huyét dp do nhiém trimg

Viém toan than nhu nhiém tring duoc dic trung boi ching ha huyét 4p dong
mach va hoi ching phan tmg viém toan than (Riedemann et al., 2003). Viéc tang két
hop trong qua trinh luin chuyén xytokin tién viém, bao gbm interferon-y (IFN-y),
din dén viéc san xuét phan tir tic dong khong kiém tra nhu céc loai oxy va nito hoat
dong ma ban than ching c6 thé gop phén vao viéc nghién ctru bénh hoc (Riedemann

et al., 2003).

Viéc chuyén héa tryptophan thanh kynurenin bang IDO duge biéu hién trong
té bao ndi md gbp phan vao viée hdi phuc dong mach va kiém soat huyét ap (Wang
et al., 2010). Chudt nhit nhiém ky sinh tring sét rét (Plasmodium berghei), va gy
nhiém d6c mau ndi sinh dua trén thi nghiém, gy ra biéu hién IDO mang trong, dan
dén giam tryptophan huyét twong, ting kynurenin, va ha huyét ap. Viéc tc ché IDO
dugc ly lam ting huyét 4p & chudt nhit bi viém toan than, nhung khong ting &
chudt nhét thiéu hut IDO hoic interferon-y, ma duoc yéu clu dbi vai viée dua IDO

vao. Viée hdi phuc dong mach bing kynurenin dugc qua trung gian hoat héa con
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dudng adenylat va guanylat xyclaza hoa tan. (Wang et al., 2010). Do do, chat trc
ché IDO (va TDO, vai trd ctia no trong viée kiém soat mic Trp toan thén) cé thé

hitu dung trong diéu tri ha huyét 4p do nhiém trung.
Réi loan CNS

G hé than kinh trung wong, TRP dong vai tro lam tién chit dé kynurenin va
serotonin 1a cac con dudong quan tdm va quan trong. Chét chuyén hoa tao ra bang
con dudng kynurenin dugc ngu y dong vai tro trong co ché bénh viém than kinh va
rdi loan thoai hoa than kinh (dugc tém t4t trén Fig. 2). Chét trung gian 6n dinh tht
nhét tir con duong kynurenin 1a KYN. Sau d6, mot s6 chét trung gian téc dong thin
kinh duoc tao ra. Chung bao gém axit kynurenic (KYNA), 3-hydroxykynurenin (3-
HK), va axit quinolinic (QUIN). 3-HK va QUIN la doc t6 than kinh theo cac co ché
riéng biét; 3-HK 1a chét tao géc tu do hiéu qua (Hiraku et al., 1995; Ishii et al,,
1992; Thevandavakkam et al., 2010), trong khi QUIN la chét chu van thu thé N-
metyl-D-aspartate (NMDA) excitotoxin (Schwarcz et al., 1983; Stone and Perkins,
1981). KYNA, mat khac, ¢6 ddc tinh bao vé thin kinh dimg 1am chét d6i khang thu
thé axit amin kich thich va thu don géc tu do (Carpenedo et al., 2001; Foster et al,,
1984; Goda et al., 1999; Vecsei and Beal, 1990). Sy thay ddi cac murc néng do
kynurenin c6 thé 1am thay dbi diéu kién can bang bénh ly. Kha nang tic dong dén
su chuyén héa huéng dén nhéanh bao vé than kinh cta con dudng kynurenin, nghia
1a hudéng dén su téng hop axit kynurenic (KYNA), c6 thé 12 mot lya chon trong viéc

phong tranh bénh thodi héa than kinh.

Trong CNS, con duong kynurenin ¢6 mat dé thay dbi d6 16n cta hau hét cac
loai & bao, tham thiu dai thyc bao, vi dém than kinh hoat héa va té bao than kinh co
danh muc hoan chinh céc enzym cua con duong kynurenin. Mat khac, té bao hinh
sao va té bao than kinh dém it gai bao vé than kinh thiéu enzym, kynurenin 3-
monooxygenaza (KMO) va IDO tuong tung, va khong c6 kha nang tbng hop
excitotoxin, axit quinolinic (QUIN) (Guillemin et al., 2000; Lim et al., 2007). TDO
duoc bidu hién & lwong thap trong ndo, va gdy ra boi TRP hodc corticosteroit (Salter

and Pogson 1985; Miller et al., 2004).
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Vai trd ctia TDO va IDO trong viéc phat sinh mot 36 r6i loan CNS ciing nhu
vai trd cua TDO trong viéc kiém so4t cac mirc Trp toan thén, chét we ché IDO
va/hoac TDO co6 thé duoc str dung dé cai thién két qua & bénh nhan méc nhiéu bénh
CNS va bénh thodi héa than kinh khac nhau.

Xo citng teo co mot bén

Xo cing teo co mdt bén (Amyotrophic lateral sclerosis - ALS), hoac bénh
Lou Gehrig, 1a bénh tién trién va bénh thoai héa thin kinh nang huéng dich hé van
dong. ALS dan dén su tAn cong chon loc va pha hiy t& bao than kinh van dong

trong vo ndo van dong, cudng phoi va tiry song.

Mic du nhiéu co ché c6 vé phi hop d8 g6p phan vao ALS, nhung con duong
kynurenin hoat héa trong khi xuét hién viém thin kinh 12 yéu t& gép thém. Viém
ban dau c6 thé gay ra tén thuong khong dn muc chét ngudi cho té bao than kinh
vén dong cua c4 thé c6 thanh phin gen d& bi tdn thuong, két qua la bét d4u qua trinh
viém tién trién ma hoat hoa vi dém than kinh dé san xuét chét chuyén héa kynurenin

gy doc thin kinh 1am pha hity tiép té bao than kinh vén dong.

O ndo va tiy séng cta bénh nhan ALS, luong 16n vi dém than kinh hoat héa,
t& bao hinh sao hoat dong, té bao T va xdm nhap dai thuc bao dugc quan st théy
(Graves et al., 2004; Henkel et al., 2004). Cac té bao nay giai phong chét trung gian
gdy viém va gdy doc than kinh, trong s6 IFN-y khac, thi tdc nhan cam tmg IDO hiéu
qua nhit (McGeer and McGeer 2002). Su biéu hién IDO ciia t€ bao than kinh va vi
dém than kinh ting 1&n & ALS v nfio vin dong va tily song (Chen et al., 2010).
Puoc du dinh la viéc giai phong chét ¢6 hoat tinh mién dich hoat hoa enzym giéi
han tdc d6 ctia KP, IDO, sinh ra céc chét chuyén héa nhu doc t6 than kinh QUIN.
Do dé, viée trc ché IDO 1am giam su tbng hop QUIN gdy doc than kinh, dugc 4m
chi r0 rang trong ngudn gy bénh ALS.

Bénh Huntington

Bénh Huntington (HD) 1a 1di loan thoai héa than kinh do gen trdi gdy ra bang
cach m& rong CAG l3p lai trong gen huntingtin (htt). Bénh nhan mic bénh HD thé

hién loan chitc nang van dong tién trién dédc trung boi sy bat thudong cta cac dong
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tac tu chu va khong tu chu (réi loan van dong) va bénh tdm than va i loan nhan
thue. Trong cudc sdng, viée giam st chét chuyén hoéa trong con dudng KYN tao ra
mot sb ddu hiéu sinh hoc lién quan dén s6 CAG lap lai va mirc d§ nghiém ngit ctia
161 loan (Forrest et al., 2010). Mtc QUIN rt cao sau khi chét duoc phat hién nam &
ving thoai hoa than kinh, trong khi té bao thin kinh thé van tiét chit din truyén
than kinh glutamat, tai 6 QUIN dong vai tro 1am excitotoxin, 1a nhém chinh bi tdn
hai & bénh nay. Quan trong 13, viéc loai bé TDO trong mau rudi giém méc bénh

Huntington d& cai thién sy thoai hoa than kinh (Campesan et al., 2011).
Bénh Alzheimer

Bénh Alzheimer (AD) 1a réi loan thodi héa thdn kinh do tudi gia ddc trung
béi su t6n hai té bao thin kinh va chimg mét tri. M6 bénh hoc cua bénh nay dugc
thé hién boi sy tich tu B-amyloid (AB) ndi bao va sau d6 tao thanh cac mang viém
than kinh ciing nhu c6 mit cac ddm 161 so1i than kinh & ving ndo cu thé két hop véi
hoc va ghi nhé. Co ché bénh 1y ctia bénh nay van gy tranh cii, tuy nhién, c6 bang

chtng cho ring chét chuyén hoa KP c6 trong su phat trién va tién trién cta AD.

D43 thé hién ring AP (1-42) ¢6 thé hoat héa vi dém than kinh duge nuéi cdy
co ban va gay ra biéu hién IDO (Guillemin et al., 2003; Walker et al., 2006). Hon
nita, viéc qua biéu hién IDO va ting san sinh QUIN dugc quan sat théy 0 vi dém
than kinh két hop véi mang amyloid trong ndo bénh nhdn AD (Guillemin et al.,
2005). QUIN duoc thé hién din dén qué trinh tau phosphoryl hoa qua mirc & té bao
than kinh vo nio ctia ngudi (Rahman et al., 2009). Do do, viéc qud biéu hién IDO

va hoat hoa qua mtrc KP & vi dém thAn kinh duge 4m chi trong ngudn gy bénh AD.

Ciing c¢6 bang ching cho rang TDO lién quan dén bénh Alzheimer. TDO
dugc ting cudng diéu chinh trong nfio bénh nhén va mAu chudt nhit AD. Hon nita,
TDO dinh vi ddng thoi véi axit quinolinic, ddm r6i soi than kinh-tau va chét lang
dong dang tinh bdt & ving hai ma ctia bénh nhan AD (Wu et al.,, 2013). Do do, con
duong kynurenin dugc hoat héa qua mic & AD bang ca TDO va IDO va ¢6 thé
duoc bao gém trong viéc tao thanh dam r6i soi than kinh va két hop véi viée tao

thanh mang 130 hoa.
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Roi loan tdm than va dau

Hau hét tryptophan dugc xir ly thong qua con duong kynurenin. Mot ty 18
nho tryptophan duoc xtr ly bang 5-HT va bing melatonin, ca hai chét nay déu 14 co
chit dbi véi IDO. Pa duge biét dén tir 1au ring trong sd céc tac dong khéc thi ton
hao tryptophan cip tinh c6 thé bét dau giai doan suy nhugc va tao ra sy thay d6i
hoan toan vé tAm trang & mdi c4 thé khoe manh. Su quan sat nay két hop voi cac loi
ich 1am sang cua dugc chét serotonin dé nng cao tdm trang va kich thich phét sinh

t& bao than kinh.

Ty 18 mic bénh dong thoi cta céc triéu chung tram cam, lién quan dén con
dudng kynurenin & bénh viém va lién két xuat hién gitta TDO va phan Ung cing
thing lién quan dén glucocorticoit cling dong vai trd trong viéc dieu tri dau man tinh

(Stone and Darlington 2013).

Bénh nhan méc bénh tim than phén liét c6 mic KYN tang éao o ca CSF va
md ndo, dic biét 1a vo ndo tran. Mic nay két hop véi “tinh trang giam hoat dong
chirc ning & ving tran (hypofrontality)” quan sat thiy & bénh tdm than phan liét.
Thuc vay, loai gam nhdm dugc diéu tri bang thudc an thin thé hién mic KYN &
frén giam 16 rét. Cac thay dbi nay duge két hop véi KMO va 3HAO gidm. Dan
chung 1a su két hop gitta hién tugng da hinh KMO, CSF KYN téng cao va bénh tam
than phan liét (Holtze etr al., 2012). DAin dén c6 kha nang st dung con dudng nay

lam chét thay thé cing gbc va thude an than.

Dau va trdm cam 1 céc rdi loan bénh tat déng thoi thuong gép. Duoc thé
hién 12 IDO1 dong vai trd quan trong d6i voi ty 18 mac bénh ddng thoi. Cac nghién
cuu gén day da thé hién hoat tinh IDO duoc lién két v6i (a) lugng serotonin va bénh
trAm cam giam (Dantzer et al., 2008; Sullivan et al., 1992) va (b) luong kynurenin
tang va thay ddi tinh déo than kinh thong quan tic dung cia céc dan xuét ctia n6

nhu axit quinolinic trén thu thé glutamat (Heyes et al., 1992).

O chudt cdng, tinh trang trAm cam do dau man tinh va tdng cudng didu chinh
IDO & ving hai md hai bén. Téng cudng didu chinh IDO din dén ty 18
kynurenin/tryptophan ting va ty 1 serotonin/tryptophan giam o vung hai ma hai
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bén. Hon nita, gen IDO tach ra hodc trc ché duoc 1y hoat tinh IDO & vung hai ma

lam giam ca tinh trang cdm thu dau va trAm cam (Kim et al., 2012).

Do xytokin tién viém kéo theo ca bénh ly dau va trdm cam, nén viéc diéu
chinh IDO n#o béng xytokin tién viém ding lam lién két co hoc t6i han trong méi
quan hé v& 7 1é méc bénh dau va trdm cam ddng thdi thong qua sy diéu chinh

chuyén héa tryptophan.
Bénh da xo citng

Bénh da xo cung (MS) 1a bénh tu mién dic trung boi ton thuong do viém &
chét tréng cta hé than kinh, bao gdm phan tmg mién dich cu thé dbi v6i mang

myelin dan dén viém va tdn hai truc than kinh (Trapp et al., 1999; Owens, 2003).

Viéc tich tu chit chuyén héa kynurenin gy doc than kinh gy ra do tdc dong
ctia hé mién dich lién quan dén ngudn gay bénh MS. QUIN dugc phat hién tang cao
¢6 chon loc & tiy séng ciia chudt cdng c6 EAE, mdu dong vét tu mién cua MS
(Flanagan et al., 1995). Cin nguyén cta viéc QUIN ting trong EAE dugc cho la do
dai thuc bao. QUIN la chét khéi d4u peroxy héa lipit va cac mirc QUIN gin myelin

cuc b cao 6 thé gép phan lam mAt myelin trong EAE va ¢ thé 1a MS.

Interferon beta 1b (IFN-B1b) tao ra su chuyén hoa KP trong dai thuc bao &
cac ndéng dd so sanh dugc véi cac ndng d6 da phat hién thay trong huyét thanh ctia
bénh nhan dugc diéu tri béng IFN-b, c6 thé 1a yéu t5 giéi han hiéu qua ctia n6 trong
viéc diéu tri MS (Guillemin et al., 2001). Sau khi dung IFN-B, cac mirc kynurenin
ting 1én va ty 1é kynurenin/tryptophan duge phat hién thiy trong huyét twong cta
bénh nhan MS duogc tiém [FN-b so voi d6i tuong khée manh can phai dua IDO vao
bing IFN-B (Amirkhani et al., 2005). IFN-B1b, din dén vigc san xudt QUIN & céc
ndng do du dé lam x4o tron kha ning cia té bao than kinh dang nhénh dé hop thanh
tin hiéu m&i dén va giét t& bao thin kinh dém it gai (Cammer 2001). O bgnh nhan
duge didu tri bang IFN-B1b, sy phong bé ddng thoi cta KP véi chit tc ché
IDO/TDO c¢6 thé nang cao hiéu qua cua IFN-B1b.
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Bénh Parkinson

Bénh Parkinson (PD) 1a 161 loan thoai hoa than kinh thong thudng dic trung

boi su mét t& bao thin kinh sinh dopamin va viém than kinh dinh vi.

Bénh Parkinson két hop véi tic dong man tinh cta vi dém than kinh (Gao
and Hong, 2008). Tac dong vi dém thin kinh giai phéng chét gy doc than kinh bao
gdm cac loai oxy hoat dong (reactive oxy species - ROS) va xytokin tién viém nhu
INF-y (Block et al., 2007), chit hoat héa KP hiéu qua théng qua viéc tao biéu hién
IDO. KP trong vi dém thin kinh hoat héa din dén ting cudng didu chinh 3HK va
QUIN. 3HK la doc hai chi yéu din dén chuyén héa thanh ROS (Okuda et al,
1998). Tac dong két hop ctia excitotoxin qua trung gian thu thé ROS va NMDA gay
ra bdi QUIN g6p phan lam loan chic nang than kinh va gay chét (Braidy et al.,
2009; Stone and Perkins, 1981). Tuy nhién, axit picolinic (PIC) dugc tao ra thong
qua su hoat héa KP & té bao than kinh, c6 kha ning bao vé té bao than kinh chéng
lai doc tinh té bao than kinh gy ra boi QUIN, 1a chat cht vin NMDA (Jhamandas
et al., 1990). Vi dém thin kinh c6 thé trd nén qua hoat tinh, do chét trung gian tién
viém va kich thich lam chét t& bao than kinh va tao ra chu ky kéo dai mai cta vi
dém than kinh hoat héa vi than kinh dém khéc. Vi thin kinh dém du thira s& gdy doc
t& bao thin kinh v6i t& bao thin kinh 1an cén va din dén 1am chét t€ bao than kinh,

g6p phan phat trién bénh Parkinson. (Zinger et al 2011):

Do d6, PD két hop v&i sw mét can bang gifta hai nhanh chinh ctia KP trong
ndo. Viéc tdng hop KYNA bing té bao hinh sao lam giam va dong thoi, lam tang sy

san sinh QUIN tir vi dém than kinh.
HIV

Bénh nhan HIV, dic biét 1a bénh nhin mic chimg mat tri do HIV
(Kandanearatchi & Brew 2012), thuong c6 mic KYN ting cao dang ké trong CSF.
Cac murc nay lién quan truc tiép dén viéc phét trién cua sy giam sat than kinh nhan

thire va thudng c6 mat céc triéu chirg loan than kinh (Stone & Darlington 2013).

-13-



30857

Bénh ung thu

R rang 1a céc khéi u c6 thé tao kha ning dung nap v6i khang nguyén riéng
ctia chung. Hién tugng di hoa tryptophan ¢ bénh ung thu dan duoc cong nhan 14 yéu
t6 mdi trudng vi md tc ché phan tmg mién dich khang khéi u. Viéc 1am tiéu tan
chit di héa tryptophan va tich t1_1. chét di hoa tryptophan tc ché mién dich nhu
kynurenin tao ra moi trudng uc ché mién dich trong khéi u va trong hach bach
huyét dan luu khdi u bang cach giy suy nhuoc té bao T va gy chét té bao theo
chuong trinh. Sy rc ché mién dich nay trong méi trudng vi mé khéi u 6 thé gitip
cho bénh ung thu tranh khoi phan ing mién dich va ting tinh trang nbi u ung thu
(xem trong tai li€u Adam et al., 2012).

Gén day, ca TDO va IDO déu lién quan dén su phat trién khdi u. TDO hodc
IDO riéng r& duoc phat hi¢n la qua biéu hién & céc bénh ung thu khac nhau, hon
nita, mot sb bénh ung thu biéu hién ca TDO va IDO. Hiéu qua uc ché mién dich qua
trung gian TDO va IDO thong qua co ché Trp véi kynurenin, kich hoat tin hi¢u xuéi
dong théng qua GCN2, mTOR va AHR c6 thé anh hudng dén sy biét hoa va tang
sinh té bao T. Ngoai ra, biéu hién IDO boi té bao dang nhanh duge hoat hoa ¢ thé
dung dé hoat héa té bao T diéu tiét (Tregs) va tc ché té bao CD8+ T tac dong dac
hidu khéi u, nhdr d6 tao thanh co ché dé hé mién dich c6 thé giéi han kha nang phan

{mg té bao lympho qué mic (xem trong tai li¢u Platten et al., 2012).
IDO

Biéu hién IDO ting duge thé hién 1a triéu chimg doc 1ap thay doi dé lam
giam sy séng sét & bénh nhén méc bénh bach ciu dang tiy cép tinh (AML), ung thu
phdi t& bao nho, khéi u 4c tinh, ung thu budng tring, dai tryc trang, ung thu tuyén
tuy, va ung thu ndi mac tir cung (Okamoto et al., 2005; Ino et al., 2006). Thuc vy,
huyét thanh ctia bénh nhan ung thu co6 ty 1& kynurenin/tryptophan cao hon huyét
thanh cta tinh nguyén vién thong thuong (Liu et al., 2010; Weinlich et al., 2007;
Huang et al., 2002). Muc biéu hién IDO ciing dugc thé hién twong quan véi s té
bao lympho xdm nhédp khdi u & bénh nhéan méc bénh ung thu dai truc trang
(Brandacher et al., 2006). |
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Trong cic mAu can lam sang, viéc chuyén nap t& bao khéi u gy mién dich
v6i IDO tai t6 hop ngin ngira su thai loai & chudt nhit (Uyttenhove et al., 2003).
Trong khi do, viéc loai bé biéu hién IDO din dén lam giam ty 1¢ méc va phét trién
ctia bénh u nhu da tién 4c tinh gy ra bai 7,12-dimetylbenz(a)anthraxen (Muller et
al., 2008). Hon nita, viéc uc ché IDO 1am cham su phat trién khdi u va phuc hoi su
mién dich khang khdi u (Koblish et al., 2010) va viéc trc ché IDO bd tro cho chit
doc hai té bao, vacxin va xytokin tao ra hoat tinh khang khdi u hiéu qua

(Uyttenhove et al., 2003; Muller et al., 2005; Zeng et al., 2009).
TDO

TDO cht yéu dugc biéu hién & gan va didu chinh ndng d6 Trp toan thén, tuy
nhién, TDO duoc phat hién 1a thuong xuyén hoat hoa va vé& mit cAu truc dugc bidu
hién trong t& bio u thn kinh dém. TDO c¢6 ngudn gbc KYN dugc thé hién dé e
ché phan tmg mién dich khang khéi u va ddy manh su tdn tai va tinh di dong cua té
bao khdi u théng qua AhR theo cach tu tiét (Opitz et al., 2011). Ciing thé hién rang
TDO ting 1én & bénh ung thu biéu md t& bao gan & ngudi va lac dac phat hi¢n thay
& cac bénh ung thu khéac. O mAu can lam sang, viéc biéu hién TDO ngin ngira sy
thai ghép khdi u & chudt da duge ching ngira trude. Viée ding chét e ché TDO
toan than, LM10, 1am phuc hdi kha ning thai loai khéi u biéu hién TDO cta chudt
nhét (Pilotte et al., 2012).

Do d6, cac chét e ché TDO hogc IDO ¢6 thé ¢6 hiéu qua didu tri trong
khoang rong trong viéc diéu tri bénh ung thu. Cac chét trc ché kép phong bé ca
TDO va IDO ¢6 thé chimg minh duge hiéu qua 1dm sang duoc nang cao bang céch
tao dich ca hai enzym chuyén héa Trp then chdt va cling diéu tri cho phan 16n bénh
nhéan: trong loat 104 dong khéi u & nguoi thudc céc loai nghién ctiru md khac nhau,
20 khéi u chi bidu hién TDO, 17 khéi u chi biéu hién IDO va 16 khdi u biéu hién ca
hai. Do dé, viéc tao dich ca IDO va TDO cho phép dat 51% khéi u thay vi 32% doi
véi riéng IDO1 hodc 35% d6i voi riéng TDO (Pilotte et al., 2012). Hon nita, vai tro
ctia TDO trong viée kiém soat cac muc Trp toan than, céc chét tre ché TDO ciing ¢6
thé duoc st dung dé nang cao hiéu qua & bénh nhan méc bénh ung thu hodc bénh vé

khéi u ma khong biéu hién TDO.
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Viéc e ché IDO va/hodc TDO s& lam giam d6t ngdt cac mirc kynurenin, lam
giam sy kim hdm & hé théng mién dich, cho phép hé mién dich tn cong va loai bo
céc khdi u. Trong khi d6, c6 bang chimg cho rang chét wc ché TDO/IDO 14 hitu
dung 1am mét chit doc 14p, cac chit e ché thude loai nay dac biét higu qua khi su
dung két hop véi cac liéu phép mién dich diéu tri bénh ung thu khéc. Trén thuc té,
vi€c tdng cuong didu chinh su biéu hién IDO dugc nhan biét khi cac khéi u tang 1én
khang lai khang thé phong bé CTLA-4 ipilimumab. Ipilimumab phong bé phan tir
ddng kich thich CTLA-4, lam cho céc té bao T dic hiéu khdi u duoc gitt & trang thai
hoat dong. Chudt tach IDO duoc didu tri b%lng khang thé khang CTLA-4 ching
minh dugc viéc ting trudng khéi u 4c tinh B16 chdm déng ké va ting su sbng st
no6i chung khi so sanh v6i chudt nhét kiéu dai. Cling vay, sy phong bé CTLA-4 bd
trg manh mé& cho céc chit trc ché IDO dé lam trung gian loai bo khdi u. S6 lidu
twong tu cling dd dugc bao cao d6i véi cac chét tre ché IDO két hop véi cac khang

thé khang PD1 va khang PDL-1 (Holmgaard et al., 2013).

T4c nhan ma tic dong dén mdi trudng tc ché mién dich ciing c¢6 thé phi hop
v6i liéu phép té bao T thu thé khang nguyén kham (CAR-T) lam ting hi¢u qua va
dap ing & bénh nhan.

Cdc bénh khac

Mic du céc tac dung nay la ké hoach phong dé ddi phé véi su lay nhiém va
viém, nhung chung cé thé c6 céc két qua ngoai dy tinh do kynurenin tao ra trong
khi phan huy tryptophan qua trung gian IDO va TDO c¢6 thé bién dbi protein vé mit
héa hoc va duoc thé hién 1a doc hai té bao (Morita et al., 2001; Okuda et al., 1998).
O bénh tim mach vanh, tic dong viém va mién dich duoc két hop v6i cac muc
kynurenin trong méu tang (Wirleitner et al., 2003) ¢ thé thong qua tac dong cua
IDO qua trung gian interferon-y. Trong thir nghiém vé suy than man tinh, tic dong
ctia IDO dAn dén cac mirc kynurenin trong mau tang (Tankiewicz et al., 2003), va ¢
bénh nhén ting ure mau, protein bién ddi kynurenin c6 mét trong nudc tiéu (Sala et
al., 2004). Ngoai ra, biéu hién IDO & than c6 thé c6 hai khi bi viém, boi vi né lam

tang ton thuong t& bao éng than.
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Khoéng may 13, sy gdy mé néi chung lam gia nhiéu tac dong giy cang thang
va viém. Loan chirc ning nhdn thitrc sau gdy mé thudng lién quan dén cac di ching
nay. Gan day, cic thiéu hut nay dwoc thé hién lién quan dén sy thay dbi vé chét
danh d4u con duong kynurenin, nhung khong phai 13 xytokin, sau phau thuét tim va

& bénh nhan dét quy da hdi phuc (Stone and Darlington 2013).
Bénh duc thuy tinh thé

Bénh duc thuy tinh thé 13 su van duc cia thlty tinh thé bén trong mit dan dén
lam giam thi luc. Cac nghién ctru gan day di chi ra rang vé mit hoa hoc kynurenin
c6 thé 1am thay ddi céu tric protein trong thuy tinh thé cta nguoi dan dén tao thanh
bénh duc thay tinh thé. Trong thiy tinh thé cta nguoi, hoat tinh IDO ¢6 mat chu
yéu & biéu md phia trude (Takikawa et al., 1999). Mot s6 kynurenin, nhu kynurenin
(KYN), 3-hydroxykynurenin (30HKYN), va 3-hydroxykynurenin  glucosit
(30HKG) duogc tim thdy trong thiy tinh thé; tai d6 ching dugc hiéu 1a dé bao vé
vdng mac bang cach hép thy 4nh séng UV va do d6 thuong dugce @& cap dén o dang
bd loc UV. Tuy nhién, mdt s6 nghién ctru gén day chi ra rang kynurenin d& bi khur
amin va oxy hoa dé tao thanh céc keton khong no & vi tri 0,8 ma phan ung vé mit
héa hoc va 1am bién ddi protein thuy tinh thé (Taylor et al., 2002). Su bién di qua
trung gian kynurenin c6 thé gop phin vao viéc lam bién dbi protein thiy tinh thé khi
vé gia va gy dyc thuy tinh thé. Chung cling 1am gidm chirc nang chaperon cua

a-crystallin, 12 can thiét dé gitt d6 trong sut ctia thity tinh thé.

Cac dong chudt chuyén gen ma qué biéu hién IDO & nguoi c6 thiy tinh thé
d3 bi duc thiy tinh thé c4 hai bén ¢ 3 thang tudi. Pa chimg minh dugc rang viéc san
xuét kynurenin qua trung gian IDO dAn dén cac khiém khuyét trong su biét hoa té
bo soi va co ché gy chét té bao theo chuong trinh (Mailankot et al., 2009). Do do,

viéc e ché IDO ¢6 thé 1am cham tién trién ctia bénh duc thuy tinh thé.
Siec khoe sinh san phu nit
Bénh lac ndi mac tir cung

Bénh lac ndi mac tit cung, ¢4 ndi mac tir cung & bén ngoai budng tir cung, 1a

r6i loan phu khoa thong thuong, gdy dau bung, giao hop dau va vo sinh. Biéu hién
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IDO tai vi tri ndi mac tir cung binh thuong cua phu nit méc bénh lac ndi mac tr
cung dugc phat hién bang phép phén tich microarray 1a cao hon (Burney et al., 2007
va Aghajanova et al., 2011). Hon nita, IDO lam gia tang su ton tai va xdm nhip cua
té bao co chit mang trong tir cung (Mei et al., 2013). Do do, chét tc ché IDO/TDO

c6 thé duge st dung dé diéu tri bénh lac ndi mac tir cung.
Phuwong phdp trdanh thu thai va sdy thai

Quy trinh cdy phdi can ¢6 k¥ thuat dé tranh thai ghép cung loai; va dung nap
ghép cung loai phdi thai 1a k§ thudt quan trong dé giit thai ky. Cac té bao biéu hién
DO & bé mit chung thai nhi-me bao vé thai di ghép khoi su thai loai gy chét bing
phan tng mién dich ctia me. Su tc ché TDO bang cach cho chudt mang thai phoi
nhiém 1-metyl-tryptophan géy thai loai qua trung gian té bao T ctia qua trinh thu
thai di ghép, trong khi qua trinh thu thai cing loai khong bi anh huong; diéu nay
cho théy biéu hién IDO & bé mit chung thai nhi-me 1a cin thiét dé tranh su thai
ghép cung loai phdi thai (Munn et al., 1998). DAu hiéu nay cho thdy viéc san Xuét
IDO va chirc nang binh thudng & bé mit chung thai nhi-me ¢6 thé dong vai trd ndi
bat trong thai ky (Durr and Kindler., 2013). Do d6, chét te ché IDO/TDO c6 thé
duoc st dung 1am cht tranh thai hogc chét gay sdy thai.

V& co ban, tac gia sang ché di xac dinh rang 1y do cin ban dé ton tai tac dung
diéu tri cua dugc chét 13 phong bé hoat tinh ciia TDO va/hodc IDO, trong diéu tri

bénh, tinh trang va rdi loan néu trén.

WO 2012/084971 bdc 16 cac hop chét tuong tu cac hop chét du tinh, nhung
khong c6 nguyén tir lién két d6i v6i nguyén tir oxy khong gibng nhu phan tir thé RS
trong cac hop chit theo sang ché. Cac hop chét nay duge boc 1§ & dang chét khang
khuén truc tiép. Viéc e ché IDO va TDO khong duoc néu, va khong néu r%mg cac
hop chét ¢6 hoat tinh @ ché TDO hogic IDO, hogc duge 1y két hop véi co ché TDO
hoac IDO.

WO 94/19321 va WO 2014/009794 md ta hop chit dé didu tri HIV. Mot sb
hop chat 13 twong tu cac hop chét du tinh, con trong WO 94/19321 néu cac chat trc
ché transcriptaza nguoc, trong khi WO 2014/009794 bdc 16 khang virut. Viéc tc
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ché IDO va TDO khéng duoc néu, va khong néu rang céc hop chat c6 hoat tinh e
ché TDO hoc IDO, hogc duoc 1y két hop véi co ché TDO hoge IDO.

WO 2008/002674 va WO 03/035621 bdc 16 chit e ché protein kinaza va
phosphataza, c6 thé duoc dung khong ké nhitng chit khac trong viée didu tri bénh
ung thu. Mbt s& hop chét nay 1a giéng véi cc hop chét d3 dugc nghién ctru boi cac
tac gia sang ché, nhung sy tic ché IDO va TDO khong duge néu, va khong thé hién
la cac hop chét ¢6 hoat tinh e ché TDO hodc IDO, hodc duge ly hoc két hop v6i co
ché TDO hoic IDO, nghia 14 loai bé sy tiéu tan tryptophan/san sinh kynurenin, két

hop v6i viée gia tang su tdng sinh té bao T va phan tmg mién dich khéi u.

Trude d6, Dolusic et al. d3 thir nghi€ém céac hop chét indol dé x4c dinh hoat
tinh Gc ché IDO ciia chiing (European Journal of Medicinal Chemistry 46 (2011)
3058-3065; Bioorganic and Medicinal Chemistry, Vol.19(4), 2011, pp1550-1561).
Nghién ctru niy xéc dinh ring mot s hop chét indol nhat dinh ¢6 phén tir thé keton
& vitri 2 cothé 1a chét tc ché IDO hitu dung. Tuy nhién, hoat tinh ctia céc hop chét
nay dugc xac dinh la t6t nhét & phén ria. DA két luén 12 hop chét amit thudc loai ma
céc tac gia sang ché di nghién ctru khong phai 1a chét e ché hitu hiéu so véi hop
chét keton. Tuy nhién, céc tac gia sang ché cho rang Dolusic et al. da hidu sai vé céc
hqp chét amit nay & chd mét s6 hop chét carbonyl nhat dinh v&i cdc nguyén tir khac

loai 1ién k& c6 hoat tinh cao.
Ban chit k§ thuit ciia sing ché

Muc dich cua sang ché 1 d& xuit cac chét tc ché TDO hoidc IDO, va cu thé
13 chét (¢ ché TDO va IDO d st dung trong y hoc. Muc dich khic ciia sdng ché 1a
dé xuét duoc phdm chita cic chat Grc ché nay, va cu thé 1a dé xuét hop chét va dugce
phim d& didu tri bénh ung thu, tinh trang viém, bénh lay nhiém, bénh hoc rbi loan
hé than kinh trung wong va cac bénh, tinh trang va 161 loan khac. Sang ché con dé

xuét phuong phap tbng hop cac hop chét nay.

Do d6, sang ché dé xut hop chét we ché tryptophan-2,3-dioxygenaza (TDO)
va/hodc indolamin-2,3-dioxygenaza (IDO) dé str dung trong y hoc, hop chét nay c6

cOng thirc sau:
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trong d6 X!, X2, X3, X4, va X° c6 thé 1a gibng hodc khac nhau va mdi nhém ddc lap
duoc chon tir C, N va O; mdi nguyén tir c6 duong nét dut céd thé doc 18p c6 lién két
d6i hozc lién két don, véi diéu kién hoa tri & mdi nguyén tir duge gilt nguyén; mdi
nhém R, R2, R3, R, RS, va R ¢6 thé c6 mat hodc khong c6 mat va co thé 1a gidng
hodc khac nhau va dugc chon tir H va nhém hitu co duoc thé hoic khong dugc thé,
voi diéu kién s6 nhém R ¢6 mit sao cho hoéa tri ctia X!, X2, X3, X4, va X® dugc gitt
nguyén; mot hozc hai nhém R® ¢6 thé ¢6 mit va duogc chon tir H va nhém hitu co
duoc thé hoac khong dugc thé, voi diéu kién s& nhém R® c6 mit sao cho hoa tri ciia
nguyén tir cacbon ma chung gin vao dugc gitt nguyén, va voi diéu kién it nhat mot
RS 14 nhém hitu co chita nguyén tir lién két doi véi nguyén tir oxy (t6t hon 12 nhém
carbonyl hozc nhém sulphonyl) & vi tri a, B, hodc y ctia nguyén tu cacbon ma RS
gén két va trong d6 nguyén tir lién két d6i véi nguyén tir oxy cling lién két voi

nguyén tir khac loai.

Trong pham vi sang ché, duong nét dat gitra hai nguyén tir chi ra sy c6 mat
¢6 théd ¢c6 cta lién két khac. Trong trudong hop nay, hai nguyén tir khong chi duge
lién két bang dudng nét lién, ma con c6 dudng nét dut, nén cdc nguyén tr nay co it
nh4t mot lién két don, nhung c6 thé c6 lién két d6i trong mot s6 trudng hop. Do do,
trong cac trudong hop nay, mdi nguyén tir c6 duong nét dut cd thé doc 1ap co lién két
doi hodc lién két don, véi didu kién héa tri & mdi nguyén tir duge gift nguyén.
Trong truong hop chi c6 duong nét dut nbi hai nguyén tir, thi cac nguyén tir ndy c6
thd khong truc tiép lién két trong mdt s6 truong hop, hodc trong cac trudng hop

khac c6 thé duoc lién két bang lién két don.

M6 ta chi tiét sang ché

-20-



30857

Trong cong thuc ¢ day, tht ca cac dang hd bién ctia hé vong (bao gdm dang

hd bién ctia vong 6 canh va dang hd bién cua vong 5 canh) cling duge bao gom.

Trong pham vi sang ché, nguyén tir khéc loai 1a nguyén tr ma khong phai la
nguyén tir cacbon. Theo cac phuong an dién hinh, nguyén tir khac loai duge chon tur

N, O, S, P, B hogc Si, hodc dién hinh hon dugc chon tr N, O va S.

Do d6, hop chat ndy c6 thé c6 mot trong so céac cong thire sau:

R' R 7 R' R R7
7
% Voo LS « Mo
RZ—XZ'// * R6 RZ—XZ'// X5\
[ )<= >
RE— X% RE— X%
R3 \\X“ N\ R3 ey N\
R{ \R4 R5 R4/ R4 R5
R! R 7
R? \X/1 |/ ¥
R2_>x2'// X5
>__R6
R3—)l(3\\\x4 ‘ N/
R3
R4/ \R4

Theo mdt sé phuwong an duge uu tién hon, X3 1a C, trong d6 cac hop chat co

mdt trong s cac cong thirc sau:
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R' R R7 R' R! R7
2 \X/1 R7 - \X/1
RZ_\)@'// RG Rz—\XZ’/’ \
I l R6 l | R6
R3 / \ R3 / \ \
R R? R® RY R4 R®
R' R R7
R{\ \é "
Pl

Theo céc phuong 4n khac, X° 1a N, trong d6 cac hop chit c6 mot trong sb céc

cong thirc sau:

R' R R7 R' R!
R2 \/1 / R2 \/1
X X
2 \ s N 2 2777
Rs——X RS Re—X \ i
ok ek )
/ \\X“ N \\X“ N
A AU A
R4 R4 RS R4 R4 R5
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Theo céc phuong an khac, X° 1a O, trong d6 cac hop chit c6 mdt trong sb cac

cong thirc sau:

R3 \\X4 N RS/ \\XA' N\
/ / 5
R4 R R4 R4 R

Trong céc hop chat theo sang ché, dién hinh 1a nhom X', X2, X3, va/hoac X*

la C, trong d6 cac hop chat ¢6 mot trong s cac cong thie sau:
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Trong c4c cong thirc nay, X3 ¢6 thé 1a C, N hoc O (16t hon la C) nhu néu

trén, sao cho cac hgp chat c6 cong thirc sau:
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Theo mot sb phuong 4n nhét dinh duoc thé hién boi tAt ca cu tric néu trén,
néu R! va R* déu 1a H, hodc R! va R* déu khong phai 1a H, hodc R! khong phai la H
va R* 12 H, hoic R* khong phai 1a H va R! 1a H. Ngoai ra, theo mot s6 phuong an
nhét dinh thi R7 1a H. Hon nita, theo mdt sb phuong 4n nhét dinh thi R® 1a H. Hon
nita, theo mot sd phuong 4n nhét dinh, thi R? va R® déu 1a H, hoic R? va R? déu
khong phai 1a H, hoic R? khong phai 1a H va R® 1a H, hodc R? khong phai la H va
R?1a H.

Trong pham vi sang ché, duy tri héa tri nghia la dam bao rang nguyén tir c6
hoéa tri binh thuong cta nd (thuong l1a phd bién nhétj trong hop chét hitu co (nghia
13, 2 dbi voi oxy, 3 dbi véi nito va 4 dbi v6i cacbon). Nguyén tir nito ¢6 thé, trong
mdt sb trudng hop, c6 4 lién két, nhung trong céc trudng hop nay ching thudng c6
dién tich duong sao cho hop chét nay c6 thé c6 ion trai ddu. C4c hop chit niy cling
12 mot phén clia séng ché, va trong cac truong hop nay, do tich dién duong, nén 1o
rang 13 nguyén tir nito vAn gitt héa tri théng thuong ctia né 1a 3. Dé tranh nham lan,
trong d6 s6 nhém R ¢6 thé thay dbi theo su lya chon nhém X, né ¢ thé thay dbi
nhu sau.

M>Bi R! c6 thé 1a gidng hodc khac nhau, véi diéu kién: R! khong ¢6 mit khi
X! 1a O; R! khong 6 mit khi X! 1a N va duoc lién két doi v6i nguyén tir vong; mot
R! ¢6 mit khi X! 1a N va khong lién két d6i voi nguyén tir vong; mot R' ¢6 mat khi

X! 1a C va duoc lién két dbi véi nguyén tir vong; va hai R! c6 mat khi X' 1a C va

-25-



30857

khong lién két doi véi nguyén tir vong. Tét hon 1a R! (hoic ca hai R néu c6 hai

nhom nay) 1a H.

M3Bi R2 c6 thé 13 gibng hodc khac nhau, véi didu kién: R? khong c6 mit khi
X212 O; R? khong ¢6 mat khi X2 1a N va duge lién két doi voi nguyén tir vong; mot
R2 ¢ mit khi X 1 N va khong lién két d6i v6i nguyén tir vong; mdt R? c6 mét khi
X2 1a C va duoc lién két doi v6i nguyén tir vong; va hai R* c6 mat khi X21aC va
khong lién két d6i v6i nguyén tir vong. Mbi R3 ¢6 thé 1a giéng hodc khac nhau, véi
didu kién: R3 khong c6 mit khi X3 1a O; R? khong c6 mat khi X3 1a N va duoc lién
két d6i voi nguyén tir vong; mot R c6 mat khi X° 14 N va khong lién két doi voi
nguyén tir vong; mot R® c6 mit khi X* 1a C va dugc lién két d6i véi nguyén tur
vong; va hai R® ¢6 mat khi X3 1 C va khong lién két doi v6i nguyén tir vong. Tét
hon 13, mét trong s R? va R? (hodc, néu thich hop mot trong s6 hai R? hodc mét

trong s6 hai R?) khong phai 12 H.

Mbi R* ¢6 thé 1a giéng hodc khac nhau, véi diéu kién: R* khong c6 mat khi
X*1a O; R* khong c6 mit khi X* 1a N va duoc lién két doi v6i nguyén tir vong; mot
R* ¢6 mit khi X* 1a N va khong lién két doi véi nguyén tir vong; mot R* ¢6 mit khi
X* 1a C va duoc lién két doi voi nguyén tir vong; va hai R* c6 mat khi X*laCva
khong lién két déi voi nguyén tir vong. Tt hon 1a R* (hodc ca hai R* néu c6 hai

nhom nay) la H.

M3Bi RS c6 thé 1a gibng hodc khac nhau, véi didu kién hai R® c¢6 mat khi
cacbon ma ching gén két khong lién két d61 v6i nguyén t vong, va mot R® ¢6 mit
khi cacbon ma né gin két dugce lién két d61 voi nguyén tir vong. Néu ¢6 hai nhom
RS, thi mdt nhém c6 thé 1a H hodc nhom hitu co, trong khi nhom kia la nhom hiru
co chira nguyén tir lién két d6i v6i nguyén tir oxy 6 vi tri a, B, hodc y cua nguyén tr
cacbon ma R gén vao, nhu x4c dinh & trén. Khi ¢6 hai nhom RS, t6t hon 1a mot
trong s6 chung 1a H. Trong tt ca cac phuong an néu & day, it nhit mot R® chia
nhom hitu co chia nguyén tir lién két doi véi nguyén tir oxy (t6t hon 12 tao thanh
nhém carbonyl hodc nhém sulphonyl) & vi trf a, B, hodc y ctia nguyén tir cacbon ma
R® gén vao. Trong pham vi sing ché nay, thuat ngit vi trf o, B, hodc y c6 nghia thong

thuong trong linh vuc héa hoc hitu co, tic 12 n6i dén nguyén tir 1ién k& (a-), hodc
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nguyén tir cach mdt nguyén tir (B-), hodc nguyén tir cach hai nguyén tur (y-). Do do,
nguyén tir lién két d6i véi nguyén tr oxy c6 thd 1a nguyén tir lién ké véi cacbon
vong ma R gin vio, hodc c6 thé 12 nguyén tir cach modt nguyén tir véi cacbon vong
ma R® gén vao, hodc c6 thé 1a nguyén tir cach hai nguyén tir ctia cacbon vong ma R

gan vio. D¢ 1am 18 hon, vi trf a, B, va y duoc minh hoa du6i day:

C ma R6 gin vao

Nguyén tir lién két doi véi nguyén tir oxy c6 thé 13 nguyén tir thong thudng
d6i v6i nhém hitu co (loai trir oxy va halogen), nhu C, S, hodc P. Nhu dé néu, tbt
hon 1a nguyén tir lién két doi véi oxy tao thanh nhém carbonyl hodc nhom
sulphonyl. Trong cac hop chit theo sang ché, nguyén tir lién két doi véi nguyén tir
oxy (hogc nhém carbonyl hodc nhém sulphonyl tuy vao truong hop nao c6 thé) con
dugce gin véi nguyén tir khac loai lién ké. Nguyén tu khéc loai lién ké trong trudng
hop nay co thé 14 nguyén tir khac loai n6i chung bt ky ctia nhém hitu co (nghia 13,
nguyén tir khong phai cacbon néi chung b4t ky ctia nhém hitu co) va thuong la
nguyén tit duge chon tr N, O, S, P, B hodc Si, mdc du theo phuong an dugc uu tién

hon thi nguyén tir nay 1a N.

M3i R7 ¢6 thé 14 gidng hodc khac nhau, v6i didu kién: R7 khong c6 mit khi
X5 1a O; R7 khong c6 mit khi X° 1a N va duoc lién két d61 véi nguyén tir vong; mot
R7 ¢6 mit khi X° 1a N va khong lién két d6i véi nguyén tir vong; mot R” ¢6 mat khi
X5 1a C va duoc lign két doi voi nguyén tir vong, va hai R7 c6 mat khi X° 1a C va
khong lién két d6i voi nguyén tir vong. Tét hon 1a R7 (hodic ca hai R’ néu co hai

nhém nay) 1a H.

Trong céc hop chit nay, va dau do trong sang ché nay, theo mot s& phuong
4n nhém R bét ky c6 thé tao vong v6i nhom R khac trén nguyén tu 1ién k& va/hozc
gan, mic du trong hau hét cac phuong 4n thi nhém nay khong duge uu tién. Do do,
theo mot sé phuong 4n cac phan tir thé sau ¢6 thé cling tao thanh vong: R' va R?, R!

va R7, R2 va R3, R3 va R, R* va R% R’ va RS, va/hogc R® va R’. Trong pham vi séng
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ché, nguyén tir lién k& va/hoic gan c6 thé 1a nguyén tir khac lién két truc tiép véi
nguyén tir (lién k&), hodc c6 thé 1a hai nguyén tu v6i chi mét nguyén tir don ¢ gitta
(gan), hodc ¢6 thé 1a hai nguyén to du gin vé& mit khong gian dé c6 kha ning tao
vong (gin). Do d6, dinh nghia nay bao gbm R! va R”. T6t hon la nhém R gin voi
cung nguyéri tir khong cuing tao thanh vong, mac du khong bi loai trur. Tt hon 1a RS
va R7 khong tao thanh vong v6i nhom R khac, va R’ dién hinh 13 nhém (C1-Ce)
alkyl thép duoc thé hoic khong duge thé, dién hinh hon 1a H hodc Me.

Trong hop chat bat ky trong d6 c6 hai nhom R gin voi cling nguyén tu, sang
ché bao gdm cdc hop chét trong d6 hai nhém R (loai trir truong hop R® va R%) cung
tao thanh nhém ma duogc lién két doi voi nguyén tir d6. Do d6, hai nhom R gin véi
cung nguyén tir ¢ thé cung tao thanh nhém =0, hodc nhém =C(R’)2 (trong d6 mdi
nhom R’ 1a giéng hozc khac nhau va 1a H hodc nhém hitu co, tdt hon 13 H hodc
nhom C;-Cs alkyl mach thiang hodc mach nhanh). Dién hinh hon trong trudong hop
cac nhém R duoc gin v6i nguyén t C, sao cho ching cung nhau tao thanh nhém
C=0 hoic nhém C=C(R’).. Théng thudong, R}, R% R?, R* va R’ ¢6 thé 1a nhém =0,

c6 thé R%, R% va R%6 trong céc ciu tric duge thao ludn dudi day.

Trong pham vi sang ché, horp chét dugc xem 1a chit tc ché TDO néu su c6
mit cla nd c6 kha ning ngdn can, lam gidm hogc lam chim su chuyén hoa
tryptophan thanh N-formylkynurenin bang TDO so véi su chuyén héa tuwong tu
khong c6 mat hop chét nay. Tuong tu, trong pham vi sing ché, hop chit duge xem
14 chét trc ché IDO néu sy ¢6 mit cia no ¢6 kha ning ngan can, lam gidm hodc lam
cham su chuyén hoa tryptophan thanh N-formylkynurenin bang IDO so voi su
chuyén héa tuong ty khong c6 mat hop chét nay. Tt hon 13, hop chét dugc xem 1a
chit ¢ ché TDO néu hoat tinh tic ché clia né du cao dén sb diém “+’ trong thur
nghiém dya trén té bao u nguyén bao dém A172 & ngudi nhu néu trong vi du. Tt
hon 13, hop chit dugc xem la chit trc ché IDO néu hoat tinh tc ché cua né du cao
dén sb diém ‘+° trong th nghiém dua trén té bao ung thu tuyén buéng_ tring
SKOV-3 nhu néu trong vi du. Cic hop chét theo sang ché co thé 1a chit trc ché
TDO chon loc, hodc chét ¢ ché IDO chon loc, hodc ¢6 thé 13 cht e ché cua ca

IDO va TDO.
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Trong tAt ca cac phuong 4n cla sang ché nay (néu trén va dudi déy), trir khi
¢6 quy dinh khéc, phan tir thé (nhu nhom R, nhém X bat k¥, hoge phan tr thé khac
bét ky) khong bi gi6i han cu thé, v6i diéu kién khong ngin can chirc nang e ché
TDO hozc IDO xay ra. Trong tit ca cac phuong an dd néu lién quan dén sang ché
ndy, ca néu trén va dudi déy, trir khi c6 quy dinh khac, phin tir thé dugc chon tir H
va nhém hitu co. Do d6, ca trén va dusi day, thut ngit ‘phan tir thé’ va ‘nhom hitu
co’ khong bi gidi han cu thd va c6 thé 1a nhom chuc bit ky hodc nguyén tir bét ky,
dac biét 1a nhém chirc bt ky hodc nguyén tir thong thuong trong linh vyc héa hoc

hitu co. Do d6, ‘phén tir thé’ va ‘nhém hitu co” c6 thé ¢6 céc nghia bat ky sau day.

Phin t&r thé hodc nhém hitu co ¢ thé bao gém nhém hitu co bat ky va/hodc
mot hodic nhiéu nguyén ti tir nhém bét k¥ trong s6 cac nhom 1A, TVA, VA, VIA
hoac VIIA cta Bang tudn hoan, nhu nguyén ti B, Si, N, P, O, hodc S (vi dy, OH,
OR, NHz, NHR, NR;, SH, SR, SO2R, SO3H, POsH>) hodc nguyén tir halogen (vi du,
F, Cl, Br hoidc I) trong d6 R 1a hydrocacbon thap (1-6 nguyén tir C) mach thang
ho#c mach nhanh, dugc thé hoac khong duogc thé hodc hydrocacbon cao (7 nguyén
ttr C ho#ic nhiéu hon, vi du 7-40 nguyén tr C) mach théng hodc mach nhanh, dugc
thé hogc khong dugc thé.

Khi phin tir thé bao gbém nhém hitu co, thi t6t hon 12 nhom hiru co niay bao
gém nhém hydrocacbon. Nhom hydrocacbon c6 thé bao gdm mach thing, mach
nhanh, hodc nhom vong. Doc 14p 14, nhom hydrocacbon ¢6 thé bao gdm nhém béo
hodc thom. Cling doc 14p 13, nhom hydrocacbon ¢6 thé bao gdbm nhém no hogc

khong no.

Khi hydrocacbon bao gdm nhém khoéng no, né ¢c6 thd chira mot hodc nhiéu
chtic alken va/hodc mdt hodc nhiéu chtc alkyn. Khi hydrocacbon bao g@)m nhom
mach théng hodc mach nhénh, nd c6 thé chira mot hodc nhiéu nhém alkyl bac mot,

béc hai va/hoac bac ba.

Khi hydrocacbon bao gébm nhém vong thi c6 thé chta vong thom, vong
khéng thom, vong béo, nhém di vong, va‘hodc din xuét vong ngung tu cia cac
nhém nay. Vong nay co thé 12 no hoan toan, no mdt phan, hodc hoan toan khong no.

Do d6, nhém vong c6 thé bao gdm benzen, naphtalen, anthracen, phenanthren,
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phenalen, biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren,
floanten, axephenanthrylen, azulen, heptalen, pyrol, pyrazol, imidazol, 1,2,3-triazol,
1,2,4-triazol, tetrazol, pyrolidin, furan, tetrahydrofuran, 2-aza-tetrahydrofuran, 3-
aza-tetrahydrofuran, oxazol, isoxazol, furazan, 1,2,4-oxadiazol, 1,3,4-oxadiazol,
thiophen, isothiazol, thiazol, thiolan, pyridin, pyridazin, pyrimidin, pyrazin,
piperidin, 2-azapiperidin, 3-azapiperidin, piperazin, pyran, tetrahydropyran, 2-
azapyran, 3-azapyran, 4-azapyran, 2-aza-tetrahydropyran, 3-aza-tetrahydropyran,
morpholin, thiopyran, 2-azathiopyran, 3-azathiopyran, 4-azathiopyran, thian, indol,
indazol, benzimidazol, 4-azaindol, 5-azaindol, 6-azaindol, 7-azaindol, isoindol, 4-
azaisoindol, 5-azaisoindol, 6-azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin,
2-azaindolizin, 3-azaindolizin, 5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-
azaindolizin, 9-azaindolizin, purin, carbazol, carbolin, benzofuran, isobenzofuran,
benzothiophen, isobenzothiophen, quinolin, xinolin, quinazolin, quinoxalin, 5-
azaquinolin, 6-azaquinolin, 7-azaquinolin, isoquinolin, phthalazin, 6-azaisoquinolin,
7-azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,
phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hodc thianthren, cling nhu
ddng phan vi tri cua cac nhoém trén. Cac nhém nay co thé thuong duoc gén & vi tri
bét ky trong nhém, va cling 6 thd dugc gin & nguyén ti khac loai hodc & nguyén tir
cacbon. Trong mot sb truong hop, céc vi tri gén két cu thé duoc vu tién, nhu & 1-yl,
2-yl va vi tri twong tu, va rd rang céc vi tri ndy dugc chi o khi thich hop. T4t ca cac
dang vong hd bién déu da bao gdm trong céac dinh nghia nay. Vi dy, pyrol bao gdm

1 H-pyrol, 2H-pyrol va 3 H-pyrol.

S8 nguyén tir cacbon trong nhom hydrocacbon khong bi gidi han cu thé,
nhung t6t hon 1 nhém hydrocacbon chira tir 1-40 nguyén tir C. Do d6, nhom
hydrocacbon ¢6 thé 1a hydrocacbon thap (1-6 nguyén tir C) hodc hydrocacbon cao
(7 nguyén tir C hogc hon, vi dy, 7-40 nguyén tt C). Nhém hydrocacbon thap c6 thé
1a nhém metyl, etyl, propyl, butyl, pentyl hodc hexyl hodc ddng phan vi tri cla
ching, nhu isopropyl, isobutyl, tert-butyl, v.v.. S6 nguyén tir trong vong ctia nhom
vong khong bi gidi han cu thé, nhung tot hon 1a vong ciia nhém vong chua tir 3-10

nguyén tir, nhu 3,4, 5,6, 7, 8,9 hodc 10 nguyén ttr.
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Céac nhom bao gdm céc nguyén tit khéc loai m6 ta & trén, cling nhu nhém bat
ky trong sb cac nhém khéc da xac dinh & trén, c6 thé chira mot hodc nhiéu nguyén
tir khéc loai tir nhém bét k¥ trong sb cac nhém IIA, VA, VA, VIA hodc VIIA cua
Bang tuan hoan, nhu nguyén t B, Si, N, P, O, hodc S hoac nguyén tir halogen (vi
du, F, Cl, Br hodc I). Do do, phén tr thé c6 thé chira mot hodc nhiéu nhém chire
thong thudng bét ky trong trong linh vuc héa hoc hitu co, nhu nhom hydroxy, nhom
axit carboxylic, nhém este, nhom ete, nhém aldehyt, nhém keton, nhom amin, nhém
amit, nhém imin, nhém thiol, nhém thioete, nhém sulphat, nhém axit sulphonic,
nhém sulphonyl, va nhém phosphat v.v.. Phén tir thé con ¢6 thé bao gdbm dan xuét
clia cac nhom ndy, nhu anhydrit ctia axit carboxylic va halo halogenua cua axit

carboxylic.

Ngoai ra, phan tir thé bat ky c6 thé bao gbdm hén hop cuia hai hodc nhiéu phan

tr thé va/hoic nhom chire xac dinh & déy.
Sang ché duoc giai thich chi tiét hon, chi bang vi du, nho cac Fig. sau.

Fig. 1 thé hién so dd so lugc hién tugng di héa tryptophan theo KP (tur “The
Kynurenine Pathway in Brain Tumour Pathogenesis”, Adam et al., 2012,

Cancer Res 72:5649-57).

Fig. 2 thé hién tém tit so d6 kynurenin trong r6i loan CNS (tr “The
kynurenine pathway as a therapeutic target in cognitive and neurodegenerative

disorders”, Stone and Darlington. Br. J. Pharmacol. 2013 169(6):1211-27.
Sau ddy, hop chit sir dung trong séng ché s& duoc md ta chi tiét hon.

Nhu dd mod ta, sang ché d& cép dén hop chit G ché tryptophan-2,3-
dioxygenaza (TDO) va/hogc indolamin-2,3-dioxygenaza (IDO) dé str dung trong y

hoc, hop chit ndy c6 cong thirc sau:
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trong d6 X!, X2, X3, X4, va X° ¢6 thé 1a gidng hozc khic nhau va mdi nhém ddc 1ap
dwoc chon tir C, N, va O; m3i nguyén tir 6 dudng nét dut c6 thé doc 1ap c6 lién két
d6i hodc lién két don, véi diéu kién hoéa tri & mdi nguyén ti duge gitt nguyén; mdi
Rl R2, R3, R4, RS, va R7 ¢6 thé c6 mit hodc khong ¢6 mit va cb thé 1a gidng hodc
khéac nhau va duoc chon tir H va nhém hitu co dugc thé hoic khong duoc thé, véi
didu kién sb nhom R c6 mit sao cho héa tri cia X!, X%, X3, X*, va X3 duoc gift
nguyén; mdt hodc hai nhém R® ¢6 thé c¢6 mat va duoc chon tir H va nhém hitu co
duoc thé hoic khong duge thé, véi di_éu kién sb nhém R® c6 miit sao cho hoa tri cua
nguyén tr cacbon ma ching gin vao dugc gilt nguyén, va véi diéu kién it nhat mot
R® 1a nhém hitu co chira nguyén tir lién két d6i voi nguyén tr oxy (t6t hon 14 tao
thanh nhém carbonyl hodc nhém sulphonyl) ¢ vi tri @, B, hodc y cua nguyén t
cacbon ma R® gén két va trong d6 nguyén tir lién két d6i voi nguyén tir oxy cling

lién két voi nguyén tir khac loai.

T4t ca céc dang hd bién ctia hé vong (bao gdom dang ho bien cta vong 6 canh

va dang hd bién ctia vong 5 canh, va tat ca hon hop cua ching), dugc bao gom.

Nhu di néu, dinh nghia nay bao gbm céc hop chét trong d6, ¢6 hai nhém R
gén v6i cling nguyén tir, trr R® va RS, chung ¢6 thé cling tao thanh nhém ma dugc
lién két doi v6i nguyén tir 6, nhu nhém carbonyl (=O) hodc nhém alken (=C(R’)2)
(trong d6 mdi nhém R’ 1 gidng hodc khéc nhau va 1a H hodc nhém hitu co, tdt hon
12 H hodc nhém Ci-Cs alkyl mach thing hodc mach nhanh). Do d6, theo mot )
phuong 4n R!, R%, R3, R*, va/hogc R7 ¢6 thé 1a nhém =0, 6 thé R%3, R% va/hodc R%6

theo mot s6 phuong 4n duge thao luén dudi day.
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Nhu d3 néu, trude ddy, Dolusic ef al. dd thir nghiém céc hop chit indol dé
x4c dinh hoat tinh tGc ché IDO ctia ching va nghién ciru dd xac dinh mot s6 indol
nht dinh c6 phan tir thé keton & vi tri 2 c6 thé 1a chét Ge ché IDO hitu dung, mac du
thudc ria. Dolusic et al. két lugn rang hop chat amit twong tw khong phai 1a chit e
ché hitu hiéu so v6i hop chit keton. Tuy nhién, tac gia sang ché da quyét dinh rang
Dolusic et al. d3 hiéu sai v& hop chit amit & chd cac hop chét carbonyl nhat dinh
véi nguyén tir khac loai lién k& c¢6 hoat tinh cao. Hop chit amit trong tai liéu cta
Dolusic (hop chit REF) 1a khong hoat tinh va do d6 khong dugc bao hd bdi sang
ché, ma chi md rong céc hop chéit hoat tinh. Tuy nhién, hop chit nay dugc st dung

lam hop chit tham khao trong cac hop chét thir nghiém cua sang ché.

Trong pham vi sang ché, t6t hon 1a R’ va R” khong bao gébm nhém vong.
Pién hinh 1a R’ va R7 duge chon tir H va nhém Ci-Cs alkyl dugc thé hozc khong
duoc thé, mach thing hoic manh nhanh, (nhu metyl (Me), etyl (Et), propyl (Pr), iso-
propyl (i-Pr), n-butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexyl).
TSt hon nita 1a ca R® va R7 1a H, hodc mdt trong s6 R® va R” 1a H va con lai 1a Me

(vi dy, R%=H va R’=Me, hodc R*=Me va R’=H), hodc ca R’ va R’ 1a Me.

Trong cong thirc néu trén, theo mdt sb phuong 4n nhét dinh, thi cad R! va R?
du 1a H, hodc ca R! va R* déu khong phai 1a H, hogc R! khong phai 1a H va R* 1a
H, hodc R* khéng phai 1a H va R! 12 H. Hon nita, theo mot sb phuong 4n nhét dinh,
thi R7 12 H. Hon nita, theo m6t s& phuong 4n nhét dinh thi R’ 1a H. Con hon nita,
theo mot s6 phuong an nhat dinh, thi ca R? va R’ d3u 1a H, hodc ca R? va R? déu
khong phai 14 H, hodc R? khong phai 1a H va R® 1a H, hogic R® khong phai la H va
R?1aH.

T cong thue trén, X!, X2, X3 va X* clng tao vong véi hai nguyén tu C, va
tat ca déu c6 mit sao cho vong 1a vong 6 canh. Vong nay co it nhit mot lién két
khong no giita hai nguyén tit C lién ké lién két cAu v6i hé vong, nhung cling c6 thé
¢6 hai hodc ba lién két khong no, tuy thude vao lién két gitta cac nguyén tir X. X,
X2, X3 va X* duge chon tir C, N va O. Dién hinh 1a tit ca trong s6 X', X2, X* va X*
déu 1a C, nhung theo cach khac ba trong s6 X1, X2, X3 va X* ¢6 thé 1a C, hai trong
s6 X!, X2, X3 va X* c6 thé 1a C, mt trong s6 X1, X2, X3 va X*, c6 thé 1a C hodc tht
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ca trong sb X!, X2 X3 va X* ¢6 thé 1a N. Theo mot s& phuong 4n mot trong sb X!,
X2, X3 va X4, ¢6 thé 1 N hodc hai trong s6 X!, X2, X? va X*, ¢6 thé 1a N. Theo mdt
sé phwong 4n mét trong s6 X!, X2, X3 va X*, ¢6 thé 13 O hodc hai trong s X!, X2,

X3 vaX4, c6thé1ao.

X5 clng tao thanh vong 5 canh véi mot nguyén tir N va ba nguyén tu C.
Vong ¢6 it nhat mot lién két khong no gitta hai nguyén tir C lién k& lién két cau véi
hé vong, nhung ciing c6 thé ¢6 lién két khong no khac tuy thudc vao lién két & X5,
va tuy thudc vao lién két & nguyén tit N. Do d6, theo mot s6 phuong an, c6 thé 1a
lién két doi gitta X° va nguyén tir cacbon mang R®, trong khi theo cdc phuong an
khac c6 thé 1a lién két d6i gitta nguyén tit N va nguyén tir cacbon mang R®. Trong
cac phuong an khéc nita, chi c6 lién két dbi trong vong 5 canh 1a lién két gitta hai
nguyén tir C lidn k& lién két cAu v6i hé vong. Dién hinh 1a X* 1a nguyén tir C, va
thuong duoc lién két doi v6i nguyén tir C lién k&. Tuy nhién, theo mot s6 phuong
4n nhét dinh, X° 13 C va duoc lién két don véi nguyén tir C lién k&, hogc X* 1a N va
duoc lién két doi véi nguyén tir C lidn k&, hodic X3 1a N va dugc lién két don voi

nguyén tir C 1ién k&, hodc X° 1a O va duoc lién két don v6i nguyén tir C 1ién ké.

Do do, xét cac phuong an didn hinh d4 mo ta, theo mét s& phuong 4n nhét
dinh sang ché d& cap dén hop chit nhu xé4c dinh & trén, hop chat nay bao gdbm mot

trong s cong thirc sau:

R' R R' R’
\ TR T
R2 1 | / R2 X1
2 N 2r/"x Xs 2 N\ 2 Xs
O =<t L D
R® ’ R
R xk\\x‘; N RS—XG\\X4 N
A \ S \
R* R4 RS R R? R®
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Theo mot s6 phuong 4n duge uu tién hon X3 1a C, trong d6 cac hop chét ¢6

mot trong s6 cac cong thirc sau:

Rz 1 1
o N\ N\
RZ2— RS RZ—X \
6
R3 R )|(3\ ‘ Re RS__ )|(3\\ ‘ R
/ \\)@ N / \\X4 N
SR AN S \
R R? R® R* R4 R®
R' R’ R7

R2_.x2 -
| R
R37 sz\\ N/

Theo cac phuong 4n khac X° 1a N, trong d6 cac hop chit c6 mot trong s cac

cong thirc sau:
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Theo cac phuong 4n khac, X° 12 O, trong d6 cdc hop chit c6 mot trong s6 céc

cOng thuc sau:

R' R R' R!
R2 \ / R? \ /
RZ_>x2/ X1 0 RZ_\l)(Z//X‘1 0 R6
| >—R6 | ><R6
S P PR
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Theo cac phuong 4n dugce uu tién khéc, vong sau canh 1a khong no hoan toan

nhu cac hop chat ¢ mot trong sd cong thire sau:

R’ R7
: | |~ : | /
R\X2¢X X5 6 R\Xz///x Xs
R >
)l(s I ><R5 )l(a ‘ \ R®
RS/ \Xd, N R3/ \x‘; N
Lk A Y
R4 R R* R
1
NP2 >|<5/
)
R3//X%§5d 6/
L
va khi X° 14 C, N hodc O c¢6 cong thirc sau:
1 Ly
R{\Xz/x1 6 R{\Xz/x1 \\
| . ] R
RS/Xs\x4 N\ R3/X\X4 N\
i i

-37-



R
R2\ /x1
X2
| R
Rs/xs\ﬂ \N/
|
R . R
R2 )l(1 / R2 X1
NP N 6 NP
< [ >
3, 3
R?’/X\x4 N\ R3/X\X4 N\
roA N
R1
R7
b
NP N
)
R3/X3\\X4 N/
|
1 |
RZ\ 2 /X1 0 Rz\ X2¢X1 O
|3 ‘ />—R6 |3 ‘ >—R6
Ra/x\xn. Ra/x\x4 N
| o\
R* R*

Theo phuong 4n dugce uu tién hon nita, trong cong thirc bét ky trong sb cac

cong thitc néu trén, vong ndm canh cé it nhat mét lién ket doi, va/hodc vong 6 canh
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14 hoan toan khong no, va/hoic tt ca trong s6 X!, X2, X?, va X* 1a C hodc mét trong

s6 X1, X2, X3, vaX*1aN.

Hop chét duoc uru tién hon thude loai nay bao gdm céc hop chit c6 cong thire

sau:

R‘l
R2 N
>
R® N
\,
R* R
R1
R2 o
6
/>——R
RS N
R4
N
[
N
\,
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R! - R
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R® N N

Trong cac hop chét nay, theo mot s6 phuong 4n nhét dinh, thi ca R! va R*
du 1a H, hodic R va R* déu khong phai 12 H, hodc R! khong phai 1a H va R* 1a H,
hotic R* khong phai 1a H va R! 12 H. Hon nita, theo mot sé phuong 4n nhét dinh thi
R’ 1a H. Hon nita, theo mot s§ phuong 4n nhét dinh thi RS 1a H. Con hon nita, theo
mot s6 phuong 4n nhét dinh, thi ca R? va R® 1a H, hogc R? va R’ déu khong phai 1a
H, hoiic R? khong phai 1a H va R? 1a H, hodc R? khong phai la H va R* la H.

Trong tit ca c4c phuong 4n néu & day, nhu da mo ta, R® chira nhom hitu co
chira nguyén tir lién két d6i v6i nguyén tir oxy (t6t hon 1a tao thanh nhom carbonyl
hoic nhom sulphonyl) & vi tri o, B, hodc y cua nguyén tir cacbon ma RS gén vio.
Trong pham vi sdng ché nay, thuat ngit vi trf @, B, va y c6 nghia thong thuong trong
linh vuc héa hoc hitu co, tic 1a ndi dén nguyén tir 1ién k& (a-) hodc nguyén tir cach
mdt nguyén tir (B-), hodc nguyén tlr cach hai nguyén tr (y-). Do d6, nguyén tr li€n
két d6i voi nguyén tr oxy co6 thé 12 nguyén tir lién k& vé6i cacbon vong ma R® gan
vao, hodc ¢6 thé 1a nguyén tir cach mdt nguyén tir v6i cacbon vong ma R gén vao,
hodc c6 thé 1a nguyén tir cdch hai nguyén tir v6i cacbon vong ma R® gin vao.
Nguyén tir lién két d6i v6i nguyén tir oxy ¢ thé 1a nguyén tir thong thuong d6i voi
nhém hitu co (loai trr oxy va halogen), nhu C, S, hodc P. Nhu da néu, &t hon 1a
nguyén tr lién két doi voi oxy tao thanh nhém carbonyl hodc nhom sulphonyl.

Trong cac hop chét theo sang ché, nguyén tir lién két d61 v6i nguyén tir oxy (hodc
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nhém carbonyl hodc sulphonyl trong truong hop ¢ thd) con duoc gin véi nguyén
tr khac loai lién k&. Nguyén tir khac loai lién k& trong trudng hop nay co thé 1a
nguyén tir khac loai bét ky chung véi nhém hitu co (nghia 13, nguyén tir khong phai
cacbon néi chung bét k¥ ctia nhém hitu co) va thuong 1a nguyén tir duge chon tir N,

0, S, P, B hoic Si, mic du theo phuong 4n duge wu tién hon thi nguyén tir nay 1a N.

Nhém carbonyl hodc nhém sulphonyl ¢6 thé 12 nhém carbonyl hodc nhom
sulphonyl b4t ky mién 12 nhém carbonyl hodc nhém sulphonyl gin v6i nguyén tur
khéc loai 1ién ké&. Theo cic phuong an dugc uu tién hon, nguyén tir khac loai 1a

nguyén ti nito, va theo cac phuong dn dien hinh, R® duoc chon tir cac nhom sau:

trong d6 R®! duge chon tir H va nhém hitu co duge thé hozc khéng duogc thé; R%
duoc chon tit H va nhém hitu co duge thé hodc khong duogc thé; X duogc chon tir
C, O, N va S (X% tét hon la C va néu nhiéu hon mot X c6 mat, thi t8t hon 13 it
nhét mot X% 1a C); va néu mdi R% c6 thé 1a gidng hodc khic nhau va dugc chon tir
H va nhém hitu co duoc thé hodc khong duoc thé, trong d6 s6 R% ¢6 mit du dé gitr
nguyén hoa tri ctia X, theo cach da gidi thich ¢ trén. S nguyén tir X c6 mit co
thé x4c dinh xem nguyén tir lién két doi v6i nguyén tir oxy 12 a, B, hodc vy clia hé
vong, va do d6 c6 thé dugc chon. Khi ¢6 hai nguyén tir X6 ¢6 mit thi ching c6 thé

duoc lién két bang lién két doi hogc lién két don.
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Trong pham vi sang ché, va néi chung & day, phan cau tric trong dau ngoc
don ¢6 thé duoc lap lai sb 14n duoc néu boi con s6 ndm canh diu ngoidc don. Vi dy,
trong truong hop (X6R)2)0,1.2, nhém X66(R), ¢6 thé khong c6 mat, hodc co thé
¢6 mit mot 1An: -XOR)-; hodc c6 thé c6 mit hai 1an: -XO(R),-X6(R*)-, hodc -

X66(R66)=X66(R66)-.
Theo céc phuong 4n dién hinh, R bao gdm nhém ¢6 cong thirc:

R63 RG4

A

1,2,3

trong d6 R va R% c6 thé 1a gidng hodc khac nhau va doc 1ap duge chon tir H va
nhém hitu co duge thé hodc khong duge thé, va trong d6 R® duoc chon tir H va
nhém hitu co duge thé hosic khong duge thé. Do do, c6 thé 1a mot nhém -C(RER%)-
, hodc hai nhém hodc ba nhém trong hé vong hai vong va nhom R, Khi ¢6 mot
nhém -C(RER%)- (duge wu tién nhat), dién hinh 13 it nhét mét trong s6 R® va R*
khong phai 12 H. Dién hinh hon 12 R® va R cung tao thanh vong di vong hodc
vong cacbon ¢6 3-6 canh, no hogc khong no, dugc thé hoic khong dugc thé (nhu
vong xyclopropyl, vong xyclobutyl, vong xyclopentyl, vong xyclopentenyl, vong
xyclohexyl, vong xyclohexenyl, vong aziridin, vong azetidin, vong pyrolidin, vong
piperidin, vong piperazin, vong oxetan, vong tetrahydrofuran hodc vong

tetrahydropyran).

Khi c6 nhidu hon mét nhom -C(RR®)-, dién hinh 14 it nhdt mot trong s6 cac
nhém RS va R® bit ky c6 mat khong phai 1a H. Dién hinh hon 1a it nhét mot R® va
R® cung tao thanh vong di vong hodc vong cacbon c¢d 3-6 canh, no hoac khong no,
dugc thé hodc khong dugc thé (nhu vong xyclopropyl, vong xyclobutyl, vong
xyclopentyl, vong xyclopentenyl, vong xyclohexyl, vong xyclohexenyl, vong
aziridin, vong azetidin, vong pyrolidin, vong piperidin, vong piperazin, vong
oxetan, vong tetrahydrofuran hodc vong tetrahydropyran). Trong cac hop chit nay,
nhoém R% hogc R* khong phai 1a H, hodc vong di vong hogc vong cacbon ¢6 3-6

canh, no hodc khong no, duoc thé hoic khong dugc thé, c6 thé 1a trén nhom -
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C(RPR®)- bit ky, bao gdm mot tam, nhung tSt hon 1a trén nhém -C(R®R*)- gan
nhét v6i hé vong hai vong, hogc trén nhom -C(R®R®)- canh nhom R®. Khi c6 hai
hodic nhidu nhém R, hodc hai hodc nhidu nhém R%, mdi R® ¢6 thé 1a gidng hodc
khac nhau va m3i R ¢6 thé 14 gidng hodc khac nhau. Theo mét s6 phuong an R®
va R® ¢6 thé cling tao thanh nhém duge lién két d6i véi nguyén tir cacbon ma
ching gin két (nhu nhém carbonyl (=O) hodc nhém alken (=C(R’)2) trong d6 mdi
nhom R’ 1a giéng hodc khac nhau va 1a H hodc nhém hitu co, &t hon 12 H hodc

nhém C;-Cs alkyl mach théng hodc mach nhanh).

Do d6, xét dén cac phuong 4n dién hinh d3 mo ta, theo mdt sd phuong an
nhit dinh sang ché dé cap dén hop chét nhu xé4c dinh & trén, hop chét niy bao gdm

mdt hoic nhiéu cong thirc sau:
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trong d6 R!, R% R?, RY, R3, R7, R®, R%, R%, RS va R% nhu duoc x4c dinh ¢ day.
Trong céc hop chét nay, theo mot s6 phuong &n nhét dinh, thi ca R! va R* déu 1a H,
hozc R! va R* ddu khong phai 1a H, hodc R! khong phai 1a H va R* 1a H, hoic R*
khong phai 1a H va R 1a H. Hon nita, theo mot s§ phuong én nhat dinh thi R” la H.
Hon nita, theo mot sb phuong 4n nhét dinh thi R’ 1a H. Con hon nita, theo mot sb
phuong 4n nhét dinh, thi ca R? va R® déu la H, hogc R* va R? déu khéng phai 1a H,
hozic R? khong phai 1a H va R® 1a H, hodc R® khong phai 1a H va R* la H.

Xét tiép dén cac phuong 4n dién hinh di mé ta, theo mot s6 phuong an nhét
dinh séng ché dé cap dén hop chit nhu xac dinh & trén, hop chét nay bao gém mot

ho#c nhiéu cong thirc sau:

R! R
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trong d6 R!, R R3, R%, R5, R7, R%, R%, R%, R% va R® nhu duoc xac dinh ¢ day.
Trong cdc hop chét nay, theo mdt s6 phuong 4n nhét dinh, thi ca R! va R* déu 1a H,
hosic R! va R* déu khong phai 1a H, hosc R' khong phai la H va R* 1a H, hogc R*
khong phai 1a H va R' 1a H. Hon nita, theo mot sé phuong 4n nhét dinh thi R7 1a H.
Hon nita, theo mot ) phuong an nhAt dinh thi R® 12 H. Con hon nita, theo mét s6
phuong 4n nhit dinh, thi R* va R® ddu 1a H, hodc R? va R® déu khong phai 1a H,
hodic R? khong phai 1a H va R® 1a H, hodc R® khong phai la H va R?1a H.



30857

Theo cé4c phuong an dugc uu tién hon, theo mot s6 phuong 4n nhit dinh sang
ché @ cap dén hop chit nhu xé4c dinh & trén, hop chét nay bao gdm mot hodc nhidu

cong thirc sau:

R63
R64
R65
RGS
R64
R65
R R
R2 O o
\ \\S// R63
\ R64
R3 N N
/
R4 R5 R61 R65
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1 Rs
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R3 A ‘ R7
N ‘ \\ R
|
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\R S<
| N R63
A
R64
RBS
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R61

N/ R63
\_ | /
o//\l RS

6

trong d6 R!, R%, R3, R, R%, R7, R®!, RS, R, va R® nhu dugce xdc dinh ¢ ddy. Trong
cac hop chét nay, theo mot s phuong 4n nhét dinh, thi R' va R* déu 12 H, hoic R!
va R* ddu khong phai 1a H, hosic R! khong phai 1a H va R* 1a H, hodc R* khong phai
14 4 va R! 1a H. Hon nita, theo mdt s§ phwong 4n nhét dinh thi R7 1a H. Hon nita,
theo mdt sé phuong 4n nhét dinh thi R® 1a H. Con hon nita, theo mot s6 phuong 4n
nhét dinh, thi R? va R3 ddu 1a H, hode R? va R® déu khong phai 1a H, hodc R* khong
phai 12 H va R® 1a H, hodc R3 khong phai 1a H va R* 1a H.

Theo c4c phuong 4n khic it dugc vu tién hon, nhung khong loai trir, sang

ché dé cap dén hop chét nhu x4c dinh & trén, hop chit nay bao gém mot hodc nhiéu

cong thic sau:
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R! R
R2 O o0
NN
RS N \N—R55
/
R4 R 5 R6‘I
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1 R5
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R61
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R’ R
NG~ I \ O\\S //o
AN __pes
RO N N\R5 RM/N R
R’ R7
N ’ \ N/Rm
N N\ e
R N N\R5 O //S\E) R

trong do, trong céac hop chét nay (khong gidng trong hop chét dugc uu tién néu trén)
R® khong gén vdi phan ciu tric con lai thong qua nhém thude loai -CRP)R-,
va trong d6 R, R, R3, R, R3, R7, R®!, va R% nhu dugc xdc dinh & déy. Trong cac
hop chét nay, R dién hinh khong phai 1a nhém di vong mét vong. Trong céc hop
chét nay, theo mét s phuong an nhét dinh, thi R! va R* déu 12 H, hodc R! va R* déu
khong phai 1a H, hozc R! khong phai 1a H va R* 1a H, hoc R* khong phai 1a H va
R! 1a H. Hon nita, theo mdt s§ phuong 4n nhét dinh thi R” 1a H. Hon nita, theo m6t
sé phuong 4n nhit dinh thi R® 1a H. Con hon nita, theo mét sé phuong 4n nhét dinh,
thi R? va R3 ddu 1a H, hoic R? va R? ddu khong phai 1a H, hodc R? khong phai 1a H
va R3 14 H, hoic R? khong phai 1a H va R* 1a H.

Mic du cac phuong dn khac nay it duge wu tién, nhung ching dugc uu tién
hon & muc khong déng ké khi R chira nhém vong ngung tu duoc gin truc tiép véi
mot trong sb cac nguyén tr vong. Do dé, trong hop chit dugc wu tién hon ¢ mirc

khong dang ké, R® dién hinh c6 thé dugc chon tir:

- hé vong ngung tu bao gém hai hoac ba hodc nhiéu vong ngung tu, cic vong nay co

thé duoc thé hodc khong dugce thé, tdt hon 1a trong d6 cac vong nay dugc chon tir
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mot, hai, hoac nhidu nhém thom néu trén va nhém di vong thom hoac khong thom,
(vi du, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, 5—ézaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, 5-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin,  phthalazin, 6-azaisoquinolin,  7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hoéc thianthren).

Theo cac phuong an dugc wu tién hon, sang ché dé cap dén hop chét nhu xac

dinh & trén, hop chit nay bao gbébm mot trong s6 cong thire sau:

R1

| v
R2 X!
Y 2 = (0]
| I \\ R%
64
x3 R
R3 -~ \th N /N
l4 R5 R61 R65

trong d6 R!, R, R}, R4, RS, R7, R®!, R, R® va RS nhu dugce x4c dinh ¢ day, véi
didu kién tAt ca trong s6 X!, X2, X va X* 1 C, hogc mét trong s6 X', X, X* va X*

14 N va phan con lai ctia X!, X2 X* va X*1a C, vi du:

-66-



30857

-67-



30857

R7

R2
/ o
‘ \ R63
R64
R? Y N N
\ /
R 5 R61 RG 5

trong d6 R!, R%, R?, R%, R%, R7, R%, R®, R% va R nhu duge x4c dinh & day. Trong
céc hop chét nay, theo mot s6 phuong 4n nhat dinh, thi R' va R* déu 1a H, hozc R!
va R* ddu khong phai !a H, hodc R! khong phai 1a H va R* 1a H, hogc R* khong phai
14 H va R! 1a H. Hon nita, theo mdt sé phuong an nhét dinh thi R7 1a H. Hon nita,
theo mot s6 phuong an nhét dinh thi R’ 1a H. Con hon nita, theo mot s6 phuong an
nhét dinh, thi R? va R® du 1a H, hodc R? va R® déu khong phai 1a H, hoge R? khong
phai 1a H va R3 1a H, hodc R? khong phai 1a H va R* 1a H.

Theo phuong an bt ky cua sdng ché, va cu thé 1a theo cac phuong an duogc
wu tién va duoc wu tién hon da md ta & trén, RY, R, R%, R, va R t6t hon 1a doe 14p

duoc chon tur H va:
- halogen nhu —F, -Cl, -Br va -1, tét hon 1a -F va —Cl;
- -CN;

- nhém Ci-Cs alkyl mach thing hodc mach nhanh, duoc thé hoic khong duoc thé
nhu metyl (Me), etyl-(Et), propyl (Pr), iso-propyl (i-Pr), xyclopropy! (cy-Pr), n-
butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexyl, tdt hon 12 —-Me;

- nhém C1-Cs alkyl duge halogen héa mach thidng hozc mach nhanh, dugc thé hoéc
khong dugc thé (nhu -CH2F, -CHF2, -CH2Cl, -CH2Br, -CHal, -CF3, -CCls, -CBrs,
-Cls, -CH,CF3, -CH2CCl3, -CHzCBrj, va -CH2Cl3), tdt hon 1a —CF3; va

- nhém C;-C7 alkoxy mach théng ho#c mach nhanh, duoc thé hoic khong duge thé
(nhu —OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -0-i-Bu, -O-t-Bu, -O-pentyl, -O-hexyl, -
OCHyF, -OCHF», -OCF3, -OCH2Cl, -OCHCl, -OCCls, -O-Ph, -CH2OMe, —
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CH»OEt, —-CH,OPr, -CH,0Bu, -CH.CH20Me, -CH,CH2CH20Me, -
CH,CH,CH,CH,OMe, va -CH,CH,CH,CH,CH20Me), ot hon 1a —OMe;

va RS va RY! t6t hon 1a doc lap duoc chon tir H va:

- nhém C;-Cs alkyl mach thang hodc mach nhanh, duoc thé hoac khong duoc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl); |

- nhém C1-Cs alkyl dugce halogen héa mach thang hodc mach nhanh, dugc thé hozc
khong duoc thé (nhu -CH,F, -CHF2, -CF3, -CCl, -CBr3, -Cls, -CH2CF3, -CH,CCls,
-CH,CBr3, va -CH2CIs), t&t hon 1a nhém C1-Cs alkyl duge flo hoa mach thang hoic
mach nhénh (nhu -CHF, -CHF,, -CF3, -CH2CHoF, -CH2CHFa, va -CH2CF3); va

- nhém rugu C2-C¢ mach thing hodc mach nhanh, dugc thé hodc khong dugc thé
(nhu -CH>CH,0H, -CH.CH>CHOH, -CH(CH3)CH20OH, -C(CH3)0H, -
CH,CH,CH,CH,OH, -CH(CH3)CH>CH,OH, -CH(CH3)CH(CH3)OH, -
CH(CH2CH3)CH,0H, -C(CH3)CH20H, -CH2CH2CH2CH>CH20H, va
-CH>CH>CH>,CH>CH2CH20H);

va R®! ¢6 thé con duoc chon tir nhém Cs-Cs alkyl vong duge thé hodc khong duge
thé (nhu xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va
xyclooctyl);

trong d6 R’ tdt hon 1a H va R®! t5t hon 1a H;
va R t8t hon 1a dugc chon tir H va:

- nhém amin hogc amido vong (nhu pyrolidin-1-yl, pyrolidin-2-yl, pyrolidin-3-yl,
piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, piperazin-1-yl,
piperazin-2-yl, piperazin-3-yl, morpholin-2-yl, morpholin-3-yl, morpholin-4-yl,
2-keto-pyrolidinyl, 3-keto-pyrolidinyl, 2-keto-piperidinyl, 3-keto-piperidinyl,
4-keto-piperidinyl), 2-keto-piperazinyl, va 3-keto-piperazinyl;

- nhém C3-Cs alkyl vong duoc thé hodc khong dugc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);
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- nhém thom duoc thé hodc khong duoc thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-Cl-Ph-, 4-Cl-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-I-Ph-, 3-I-Ph, 4-I-Ph-,
2,(3,4,5 hodc 6)-F2-Ph-, 2,(3,4,5 hoic 6)-Cl-Ph-, 2,(3,4,5 hodc 6)-Bra-Ph-, 2,(3,4,5
hoic 6)-I-Ph-, 2,(3,4,5 hoic 6)-Me-Ph-, 2,(3,4,5 hodc 6)-Eto-Ph-, 2,(3,4,5 hoic 6)-
Pry-Ph-, 2,(3,4,5 hodic 6)-Bu-Ph-, 2,(3,4,5 hodc 6)-(CN)-Ph-, 2,(3,4,5 hodc 6)-
(NO2)2-Ph-, 2,(3,4,5 hodic 6)-(NH2)2-Ph-, 2,(3,4,5 hotic 6)-(MeO)>-Ph-, 2,(3,4,5 hodc
6)-(CF3)2-Ph-, 3,(4 hotic 5)-F2-Ph-, 3,(4 hodc 5)-Cl-Ph-, 3,(4 hodc 5)-Br>-Ph-, 3,(4
hodc 5)-I-Ph-, 3,(4 hoic 5)-Mex-Ph-, 3,(4 hodc 5)-Etr-Ph-, 3,(4 hodc 5)-Pr2-Ph-,
3,(4 hodc 5)-Bup-Ph-, 3,(4 hoic 5)-(CN)-Ph-, 3,(4 hodc 5)-(NO2)2-Ph-, 3,(4 hodc
5)-(NHa)2-Ph-, 3,(4 hodc 5)-(MeO)2-Ph-, 3,(4 hodc 5)-(CFs)-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
. 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-
Ph-, 4-(NO»)-Ph-, 2-(NH)-Ph-, 3-(NHy)-Ph-, 4-(NH>)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-
. 4-MeO-Ph-, 2-(NH,-CO)-Ph-, 3-(NH2-CO)-Ph-, 4-(NH2-CO)-Ph-, 2-CF3-Ph-, 3-
CF3-Ph-, 4-CF3-Ph-, 2- CF30-Ph-, 3- CF30-Ph-, va 4- CF:0-Ph-); va

- nhém di vong, no hodc khong no, duge thé hoac khong dugc thé bao gém nhém di
vong thom va/hodc nhém di vong khong thom (nhu pyrol-1-yl, pyrol-2-yl, pyrol-3-
yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-
yl, imidazol-4-yl, imidazol-5-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyridin-4-yl, pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, pyrazin-2-yl, pyrolidin-1-yl, pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, 2-
azapiperidin-1-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-1-yl, 3-
azapiperidin-2-yl, 3-azapiperidin-4-yl, 3-azapiperidin-5-yl, piperazin-1-yl,
piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-yl, pyran-4-yl, 2-
azapyran-2-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-azapyran-2-
yl, 4-azapyran-3-yl, 4-azapyran-4-yl, 4-azapyran-5-yl, 4-azapyran-6-y1,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-2-yl, 2-aza-
tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-tetrahydrofuran-5-yl, 3-aza-
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tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-3-yl, 3-aza-tetrahydrofuran-4-yl, 3-aza-
tetrahydrofuran-5-yl, tetrahydropyran-2-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-2-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-
tetrahydropyran-4-yl, 2-aza-tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-
aza-tetrahydropyran-2-yl, 3-aza-tetrahydropyran-3-yl, 3-aza-tetrahydropyran-4-yl,
3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl, morpholin-2-yl, morpholin-
3-yl, morpholin-4-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3-yl, isothiazol-4-yl,
isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-yl, thiopyran-3-
yl, thiopyran-4-yl, 2-azathiopyran-2-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-5-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-4-yl, 4-azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-
yl, thian-2-yl, thian-3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3,4-
oxadiazol)-5-yl, (1,2,4-oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-1-yl,
tetrazol-2-yl, tetrazol-5-yl); va

- hé vong ngung tu bao gbm hai hoic ba hodc nhiéu vong ngung ty, c4c vong nay co
thé duoc thé hodc khong duoc thé, t6t hon 1a trong d6 cac vong nay duge chon tix
mot, hai, hodc nhidu nhém thom néu trén va nhém di vong thom hodc khéng thom,
(vi du, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, 5-azaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, 5-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin,  phthalazin, 6-azaisoquinolin,  7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hodc thianthren);
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va R® va R% t6t hon 1a doc 1ap dugc chon tir H va:

- nhom C;-Cs alkyl mach thing hodc mach nhanh, dugc thé hodc khong duge thé
(nhu Me, Et, Pr, i-Pr, n-Bu, i-Bu, t-Bu, pentyl va hexyl);

- nhém C1-Cs alkyl duge halogen héa mach thing hoic mach nhéanh, dugc thé hoc
khéng duogc thé (nhu -CH2F, -CHF», -CH2Cl, -CH2Br, -CHal, -CFs, -CCl; -CBr3,
-CI3, -CH2CF3, -CH2CCl3, -CH2CBr3, va -CH2CIz);

- nhém -NH ho#ic nhém amin Ci-Cs bac mot, bac hai hodc bac ba mach thing hodc
mach nhéanh, dugc thé hodc khdng duge thé (nhu -NMeH, -NMe,, -NEtH, -NEtMe,
-NEt, -NPrH, -NPrMe, -NPrEt, -NPr;, -NBuH, -NBuMe, -NBuEt, —~CH>-NH>, -
CH,-NMeH, -CH;-NMe,, -CH>-NEtH, -CHz-NEtMe, -CH2-NEt, -CHa-NPrH, -
CH>-NPrMe, va —CH2-NPrEt);

- nhém Cs3-Cg alkyl vong duoc thé hozc khong duoc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhém -OH hodc nhém rugu Ci1-Cs mach théng ho#c mach nhanh, dugc thé hodc
khong dugc thé (nhu —~CH20H, -CH>CH20H, -CH>CH2CH20H, --CH(CH3)CH20H,
-C(CHs)20H, -CH,CH>CH2CH20H, -CH(CH3)CH2CH20H, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH>OH, -C(CHs3)2CH20H,
-CH,CH,CH,CH,CH,0H, va -CH,CH>CH>CH>CH2CH20H);

- Nhom amin hodc amido vong dugc thé hoic khong duoc thé (nhu pyrolidin-2-yl,
pyrolidin-3-yl,  piperidin-2-yl,  piperidin-3-yl, piperidin-4-yl,  piperazin-1-yl,
piperazin-2-yl, piperazin-3-yl, morpholin-2-yl, morpholin—?»-yl, 2-keto-pyrolidinyl,
3-keto-pyrolidinyl, ~2-keto-piperidinyl, 3-keto-piperidinyl, 4-keto-piperidinyl),
2-keto-piperazinyl, va 3-keto-piperazinyl;

- nhém thom dugc thé hodc khong duge thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-Cl-Ph-, 4-Cl-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-1-Ph-, 3-I-Ph, 4-I-Ph-,
2,(3,4,5 hoic 6)-F2-Ph-, 2,(3,4,5 hogc 6)-Clo-Ph-, 2,(3,4,5 hodc 6)-Bra-Ph-, 2,(3.4,5
hoiic 6)-Io-Ph-, 2,(3,4,5 hodc 6)-Mex-Ph-, 2,(3,4,5 hodic 6)-Et2-Ph-, 2,(3,4,5 hodic 6)-
Pry-Ph-, 2,(3,4,5 hodc 6)-Bux-Ph-, 2,(3,4,5 hodc 6)-(CN)-Ph-, 2,(3,4,5 hodc 6)-
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(NO2)2-Ph-, 2,(3,4,5 hodc 6)-(NHy)z-Ph-, 2,(3,4,5 hoic 6)-(MeO)-Ph-, 2,(3,4,5 hoic
6)-(CF3)2-Ph-, 3,(4 hoiic 5)-F2-Ph-, 3,(4 hoiic 5)-Clo-Ph-, 3,(4 hodc 5)-Br.-Ph-, 3,(4
hodc 5)-I-Ph-, 3,(4 hodc 5)-Mes-Ph-, 3,(4 hodc 5)-Et-Ph-, 3,(4 hodc 5)-Pr>-Ph-,
3,(4 hodic 5)-Bup-Ph-, 3,4 hodc 5)-(CN)-Ph-, 3,(4 hogc 5)-(NO2)2-Ph-, 3,(4 hozc
5)-(NHa)2-Ph-, 3,(4 hodc 5)-(MeO)2-Ph-, 3,(4 hodic 5)-(CFs)2-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
. 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-
Ph-, 4-(NO2)-Ph-, 2-(NH,)-Ph-, 3-(NH2)-Ph-, 4-(NH)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-
. 4-MeO-Ph-, 2-(NH2-CO)-Ph-, 3-(NH2-CO)-Ph-, 4-(NH,-CO)-Ph-, 2-CF3-Ph-, 3-
CF3-Ph-, 4-CF3-Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-);

- nhém di vong no hodc khéng no, dugc thé hozc khong duoc thé nhu nhém di vong
thom (nhu pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, thiophen-2-yl, thiophen-3-yl,
pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, pyrimidin-6-yl, tetrazol-1yl,
tetrazol-2-yl, tetrazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl,
isoxazol-4-yl, isoxazol-5-yl, (1,3v,4-oxadiazol)-2-yl, (1,3,4-oxadiazol)-4-yl, (1,3,4-
oxadiazol)-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, furan-2-yl, va furan-3-yl);
hoic nhu nhom di vong no duoc thé hodc khong duoc thé (nhu piperidin-2-yl,
piperidin-3-yl, piperidin-4-yl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl,
tetrahydrofuran-2-yl, va tetrahydrofuran-3-yl, tetrahydropyran-2-yl,
tetrahydropyran-3-yl, tetrahydropyran-4-yl); va

- nhém trong d6 R® va R® cung tao thanh vong di vong hodc vong cacbon c6 3-6
canh, no hodc khong no, duge thé hodc khong duoc thé (nhu vong xyclopropyl,
vong xyclobutyl, vong xyclopentyl, vong xyclopentenyl, vong xyclohexyl, vong
xyclohexenyl, vong aziridin, vong azetidin, vong pyrolidin, vong piperidin, vong

piperazin, vong oxetan, vong tetrahydrofuran hodc vong tetrahydropyran);
va tét hon nita 12 mdt trong s6 R® va R® khong phai 1a H.

Theo phuong an bét ky clia sang ché, va cu thé 1a theo céc phuong an duoc
wu tién va duoc uu tién hon da md ta ¢ trén, dugc uu ti€n hon nita 14 mdi nhém R!,
R3, va R* doc 1ap duoc chon tir H va F, 6t nhat 1a H; va/hodc R? dugc chdn tur -Cl,
Br, -CN, -OMe va -OEt; va/hodc va R7 1a H; va/hodc R’ va RY! d’uc_fc chon tir H va
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C1-Cs alkyl, t&t nhét 1a RS va R% déu la H; va/hodc R% duge chon tir nhém phenyl
duoc thé hodc khong duge thé, nhém pyrazol-4-yl dugc thé hoac khong duoc thé,
nhém oxazol-4-yl duoc thé hogc khong dugce thé, va nhom isoxazol-3-yl dugc thé
hodc khong dugc thé; va/hoic R% va R duge chon tir cac nhom trong d6 R va
R5 cuing tao thanh vong di vong hodc vong cacbon c6 3-6 canh, no hodc khéng no,
duoc thé hoic khong duoc thé (nhu vong xyclopropyl, vong xyclobutyl, vong
xyclopentyl, vong xyclopentenyl, vong xyclohexyl, vong xyclohexenyl, véng
aziridin, vong azetidin, vong pyrolidin, vong piperidin, vong piperazin, vong
oxetan, vong tetrahydrofuran hogc vong tetrahydropyran). Hon nfta, theo mot 56
phuong an dugc uu tién hon nhét dinh R7 1a H. Hon nita, theo mdt s6 phuong 4n
duoc uu tién hon nhét dinh R’ 13 H. Con hon nita, theo mot s6 phuong 4n dugc uu
tién hon, R? va R3 déu khong phai 1a H, hoic R? khong phai 1a H va R® 1a H, hodc
R3 khong phai 1a H vaR? 1a H.

Mot sb phﬁn t th_é R uu tién hon d3 thao ludn & trén. Tuy nhién, ph_?ln ttr thé
R d& cap dén trong tAt ca cac hop chat va cAu trac ¢ day s& duge mo ta chung va chi

tiét hon.

Dién hinh 13, nhu di mb ta, phin t thé R trong hop chit bat ky & day, trur khi
¢6 quy dinh khac, duge chon tir H va nhém hitu co, va ban than ching co thé duogc
thé hosc khong duoc thé. Nhém hitu co c6 thé 1a nhom bat ky chung dbi véi linh
vue hoéa hoc hitu co, va da duge xac dinh chi tiét & trén. Theo céc phuong én dién
hinh, khi c6 mat, mdi R!, R, R3, R4, R’, RS, R7, R®! R62 R%, R% R% va R% 1a
gidng hozc khac nhau, va theo mét s6 phuong 4n, nhom lién k& va/hodic gan c6 thé
tao vong, nhu da néu chi tiét & trén dbi véi R'-R’, mc du trong trudng hop R’ va
R7 duoc uu tién néu R’ va R7 khong tao vong va khong chira vong. Dé tranh nham
1An, trong hop chit bit ky & day R ¢o thé tao vong v6i R% hodc véi R®, R% hodc
RS, Tuong tw, RS ¢6 thé tao vong véi R% hodc RP, va R64 ¢4 thé tao vong véi R®.

Ngoai ra, R% c¢6 thé tao vong véi R khac.

Theo c4c phuong 4n dién hinh hon, R!, R, R3, va R* doc 1ap dugc chon tir H

va nhém duoc chon tir cac nhém sau:

- halogen (nhu F, CI, Br va I);
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- nhom -CN;

- nhom C;-C¢ alkyl mach théng hodc mach nhanh, dugc thé hodc khong duoc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém Ci-Cs alkyl-aryl mach théng hodc mach nhanh, duoc thé hodc khong duoc
thé (nhu —CHoPh, -CH2(2,3 hogc 4)F-Ph, -CH2(2,3 hodc 4)Cl-Ph, -CHz(2,3 hodc
4)Br-Ph, -CH2(2,3 hogc 4)I-Ph, -CH>CH,Ph, -CH2CH2CHPh, -CH,CH2CH>CHPh,
-CH>CH,CH,CH,CH2Ph, va -CH>CH2CH>CH2CH2CH2Ph);

- nhém C;-Cs alkyl dugc halogen héa mach théng ho#c mach nhéanh, dugc thé hoac
khong dugc thé (nhu -CH,F, -CHF», -CH2Cl, -CH2Br, -CHzl, -CFs3, -CCls, -CBrs,
-Cl3, -CH,CF3, -CH2CCl3, -CH2CBr3, va -CH2Cl3);

- nhém -NH; hodc nhém amin C1-Cs bac mét, bac hai hodc béc ba mach théng hoac
mach nhénh, duoc thé hodc khong duge thé (nhu -NMeH, -NMey, -NEtH, -NEtMe,
-NEt,, -NPrH, -NPrMe, -NPrEt, -NPr;, -NBuH, -NBuMe, -NBuEt, -CH>-NH>, -
CH,-NMeH, -CHz-NMe,, -CH,-NEtH, -CH>-NEtMe, -CH2-NEt, -CHa-NPrH, -
CH»-NPrMe, va —CH,-NPrEt);

- nhém amino-aryl dugc thé hodc khong duc_ré thé (nhu -NH-Ph, -NH-(2,3 hodc 4)F-
Ph, -NH-(2,3 hoic 4)CI-Ph, -NH-(2,3 hozc 4)Br-Ph, -NH-(2,3 hoac 4)I-Ph, -NH-
(2,3 hodc 4)Me-Ph, -NH-(2,3 hodc 4)Et-Ph, -NH-(2,3 hodc 4)Pr-Ph, -NH-(2,3 hoac
4)Bu-Ph, NH-(2,3 hogc 4)OMe-Ph, -NH-(2,3 hogc 4)OEt-Ph, -NH-(2,3 hoac 4)OPr-
Ph, -NH-(2,3 hodc 4)OBu-Ph, -NH-2,(3,4,5 hodc 6)F>-Ph, -NH-2,(3,4,5 hodc 6)Cla-
Ph, -NH-2,(3,4,5 hoic 6)Br-Ph, -NH-2,(3,4,5 hodc 6)l»-Ph, -NH-2,(3,4.5 hoac
6)Me,-Ph, -NH-2,(3,4,5 hodc 6)Et-Ph, -NH-2,(3,4,5, hoac 6)Pr-Ph, -NH-2,(3,4,5
hodc 6)Buz-Ph;

- nhdm amin hodc amido vong dugc thé hozc khong duge thé (nhu pyrolidin-1-yl,
pyrolidin-2-yl, pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, morpholin-2-yl,
morpholin-3-yl, morpholin-4-yl, 2-keto-pyrolidinyl, 3-keto-pyrolidinyl,

-75-



30857

2-keto-piperidinyl, 3-keto-piperidinyl 4-keto-piperidinyl), 2-keto-piperazinyl, va
3-keto-piperazinyl;

- nhém C3-Cg alkyl vong dugc thé hozc khong dugc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhém -OH hodc nhém rugu C1-Cs mach thang hosc mach nhanh, dugc thé hodc
khong duge thé (nhu ~CH20H, -CHCH20H, -CH2CH2CH>OH, --CH(CH3)CH20H,
-C(CH3)0H, -CH,CH,CH>CH,OH, -CH(CH3)CH2CH:OH, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH,OH, -C(CHs).CH2OH,
-CH,CH>CH,>CH,CH,0H, va -CH,CH2CH>CH2CH>CH20H);

- nhém axit carboxylic Ci1-Cs mach thing hodc mach nhanh, dugc thé hodc khong
duoc thé (nhu -COOH, -CH.COOH, -CH2CH.COOH, -CH2,CH2CH2COOH,
-CH,CH,CH,CH,COOH, va -CH,CH,CH2CH2CH2COOH);

- nhém carbonyl mach thing ho#c mach nhanh, dugc thé hodc khong duoc thé (nhu
-(CO)Me, -(CO)Et, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu,

-(CO)tBu, -(CO)Ph, -(CO)CH2Ph, -(CO)CH20H, -(CO)CHzOCH3,F -(CO)CH2NHo2, |
-(CO)CH2NHMe, -(CO)CH2NMe, -(CO)-xyclopropyl,
-(CO)-1,3-epoxypropan-2-yl;

-(CO)NHa, -(CO)NHMe, -(CO)NMe, -(CO)NHE, -(CO)NEt,,
-(CO)-pyrolidin—N—yl,

-(CO)-morpholin-N-yl, -(CO)-piperazin-N-yl, -(CO)-N-metyl-piperazin-N-yl,
-(CO)NHCH,CH,OH, -(CO)NHCH2CH20Me, -(CO)NHCH2CH,;NHo,
-(CO)NHCHQCHzNHMe, va -(CO)NHCH2CH2NMez;

- nhém este cta axit carboxylic C1-C¢ mach théng hodc mach nhénh, duoc thé hoac
khoéng duoc thé (nhu -COOMe, -COOEt, -COOPr, -COO0-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH2COOMe, -CH2CH2COOMe, -CH,CH,CH>COOMe, va
-CH,CH,CH>CH2COOMe);

- nhém C;-Cs amit mach thing hodc mach nhanh, dugc thé hodc khéng dugc thé
(nhu -CO-NHa, -CO-NMeH, -CO-NMe,, -CO-NEtH, -CO-NEtMe, -CO-NEt, -
CO-NPrH, -CO-NPrMe, va -CO-NPrEt);
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- nhém amino carbonyl Ci-C7 mach théng ho#c mach nhanh, duoc thé hoic khong
duoc thé (nhu -NH-CO-Me, -NH-CO-Et, -NH-CO-Pr, -NH-CO-Bu, -NH-
CO-pentyl, -NH-CO-hexyl, -NH-CO-Ph, -NMe-CO-Me, -NMe-CO-Et, -NMe-
CO-Pr, -NMe-CO-Bu, -NMe-CO-pentyl, -NMe-CO-hexyl, -NMe-CO-Ph;

- nhém C1-C7 alkoxy hoic aryloxy mach thing hodc mach nhéanh, dugc thé hoic
khéﬁg duoc thé (nhu -OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -O-t-Bu, -O-
pentyl, -O-hexyl, -OCH2F, -OCHF, -OCF3, -OCH2Cl, -OCHCL, -OCCls, -O-Ph, -
0-CH,-Ph, -O-CH;-(2,3 hoic 4)-F-Ph, -O-CH»-(2,3 hodc 4)-Cl-Ph, -CH20OMe, —
CH,OEt, —-CH,OPr, -CH,0Bu, -CH,CH,0Me, -CH>CH,CH20OMe, -
CH,CH>CH>CH20Me, va -CH,CH2CH2CH2CH20Me);

- nhém aminoalkoxy mach théng ho#c mach nhanh, dugc thé hoic khong dugc thé
(nhu -OCH,>CH,NHa, -OCH2CHNHMe, -OCH2CH2NMe, -OCH,CH2NHE, va
-OCH,CH2NE;

- nhém sulphonyl mach théng ho#c mach nhanh, dugc thé hozc khong duoc thé
(nhu -SO2Me, -SO2Et, -SO2Pr, -SO2iPr, -SO2Ph, -S02-(2,3 hodc 4)-F-Ph, -SO»-
xyclopropyl, -SO2CH2CH>OCHz;

- nhém sulphonylamino mach théng ho#c mach nhéanh, dugc thé hoic khong duoc
thé (nhu -SO2NHa, -SO:NHMe, -SO2NMez, -SO2NHEL, -SO2NEt, -SO2-pyrolidin-
N-yl, -SO2-morpholin-N-yl, -SO,NHCH>0Me, va -SO:NHCH2CH20Me);

- nhém aminosulphonyl mach théng hodc mach nhanh, duoc thé hodc khong dugc
thé (nhu -NHSO;Me, - NHSO2Et, - NHSO>Pr, - NHSO2iPr, - NHSO2Ph, - NHSO2-
(2,3 hoidc 4)-F-Ph, - NHSOz-xyclopropyl, - NHSO.CH>CH,OCHz);

- nhém aminosulphonyl- vong dugc thé hoac khong duoc thé (nhw —N(SO2)(CHa)3
va —N(SO2)(CH2)4);

- nhém thom dugc thé hoic khong dugc thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-Cl-Ph-, 4-Cl-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-I-Ph-, 3-I-Ph, 4-1-Ph-,
2,(3,4,5 hoic 6)-F2-Ph-, 2,(3,4,5 hodc 6)-Cl>-Ph-, 2,(3,4,5 hodc 6)-Br2-Ph-, 2,(3,4,5
hoic 6)-I-Ph-, 2,(3,4,5 hodc 6)-Mez-Ph-, 2,(3,4,5 hodc 6)-Et2-Ph-, 2,(3,4,5 hodc 6)-
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Pra-Ph-, 2,(3,4,5 hodc 6)-Buz-Ph-, 2,(3,4,5 hodc 6)-(CN)-Ph-, 2,(3,4,5 hodc 6)-
(NO2)2-Ph-, 2,(3,4,5 hodc 6)-(NH2)2-Ph-, 2,(3,4,5 hodc 6)-(MeO).-Ph-, 2,(3,4,5 hodc
6)-(CF3)2-Ph-, 3,(4 hodc 5)-F2-Ph-, 3,(4 hodc 5)-Cl-Ph-, 3,(4 hodc 5)-Br2-Ph-, 3,(4
hodc 5)-I-Ph-, 3,(4 hodc 5)-Mes-Ph-, 3,(4 hoic 5)-Etz-Ph-, 3,(4 hodc 5)-Pr2-Ph-,
3,(4 hoic 5)-Bup-Ph-, 3,(4 hodc 5)-(CN)-Ph-, 3,(4 hodc 5)-(NO2)>-Ph-, 3,(4 hodc
5)-(NH2)2-Ph-, 3,(4 hodc 5)-(MeO)-Ph-, 3,(4 hoac 5)-(CF3)2-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
, 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-
Ph-, 4-(NO3)-Ph-, 2-(NHa)-Ph-, 3-(NH2)-Ph-, 4-(NH>)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-
, 4-MeO-Ph-, 2-(NH-CO)-Ph-, 3-(NH2-CO)-Ph-, 4-(NH2-CO)-Ph-, 2-CF3-Ph-, 3-
CF3-Ph-, 4-CF3-Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-);

- nhém di vong, no hodc khdng no, dugc thé hodc khong dugc thé bao gém nhom di
vong thom va/hogc nhom di vong khéng thom (nhu pyrol-1-yl, pyrol-2-yl, pyrol-3-
yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-
yl, imidazol-4-yl, imidazol-5-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyridin-4-yl, pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, pyrazin-2-yl, pyrolidin-1-yl, pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, 2-
azapiperidin-1-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-1-yl, 3-
azapiperidin-2-yl, 3-azapiperidin-4-yl, 3-azapiperidin-5-yl, piperazin-1-yl,
piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-yl, pyran-4-yl, 2-
azapyran-2-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-azapyran-2-
yl, 4-azapyran-3-yl, 4-azapyran-4-yl, 4-azapyran-5-yl, 4-azapyran-6-yl,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-2-yl, 2-aza-
tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-tetrahydrofuran-5-yl, 3-aza-
tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-3-yl, 3-aza-tetrahydrofuran-4-yl, 3-aza-
tetrahydrofuran-5-yl, tetrahydropyran-2-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-2-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-
tetrahydropyran-4-yl, 2-aza-tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-
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aza-tetrahydropyran-2-yl, 3-aza-tetrahydropyran-3-yl, 3-aza-tetrahydropyran-4-yl,
3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl, morpholin-2-yl, morpholin-
3-yl, morpholin-4-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3-yl, isothiazol-4-yl,
isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-yl, thiopyran-3-
yl, thiopyran-4-yl, 2-azathiopyran-2-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-5-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-4-yl, 4-azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-
yl, thian-2-yl, thian-3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3.4-
oxadiazol)-5-yl, (1,2,4-oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-1-yl,
tetrazol-2-yl, tetrazol-5-yl);

- hé vong ngung tu bao gdm hai hoic ba hodc nhiéu vong ngung ty, cac vong nay co
thé duoc thé hodc khong dugce thé, tbt hon 1a trong d6 cac vong nay dugc chon tur
mot, hai, hodc nhidu nhém thom néu trén va nhém di vong thom hodc khong thom,
(vi du, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, S-azaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
S-azai_ndolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, 5-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin, phthalazin, 6-azaisoquinolin,  7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phénanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hoac thianthren); va

- trong d6 c6 hai nhom R gén voi cling nguyén tir, chiing c6 thé clng tao thanh mdt
nhom duoc lién két ddi véi nguyén tir d6, (nhu nhom carbonyl (=O) hodc nhém
alken (=C(R’)2) trong do mdi nhém R’ 13 giéng hodc khac nhau va la H hodc nhom
hitu co, tét hon 1a H hodc nhém Ci-Cs alkyl mach thing hodc mach nhanh).
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Theo cac phuong én dién hinh hon, R7 doc 14p duge chon tir H va moét nhom

duoc chon tir cac nhém sau:
- halogen (nhu F, Cl, Br va I);
- nhom -CN;

- nhém Ci-Cs alkyl mach thang hodc mach nhénh, dugc thé hoic khong duoc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém C;-Cs alkyl-aryl mach thang hodc mach nhéanh, dugc thé hodc khong duoc
thé (nhu —CH,Ph, -CH2(2,3 hodc 4)F-Ph, -CH(2,3 hodc 4)CI-Ph, -CH2(2,3 hodc
4)Br-Ph, -CH»(2,3 hodc 4)I-Ph, -CH>CH2Ph, -CH2CH2CHaPh, -CH2CH2CH2CH2Ph,
-CH,CH,CH>CH,>CHPh, va -CH2CH2CH2CH2CH2CH2Ph);

- nhém C1-Cs alkyl dugc halogen héa mach thing hodc mach nhanh, dugc thé hoac
khong duoc thé (nhw -CH.F, -CHF,, -CH2Cl, -CH,Br, -CHzl, -CF3, -CCls, -CBrs,
-CIz, -CH,CF3, -CH2CCls, -CH2CBr3, va -CH2CIz);

- nhém -NH; hodc nhém amin Ci-Cs bac mot, bac hai hodc bac ba mach théng hoac
mach nhénh, duge thé hoc khong dugc thé (nhu -NMeH, -NMey, -NEtH, -NEtMe,
-NEty, -NPrH, -NPtMe, -NPrEt, -NPr>, -NBuH, -NBuMe, -NBuEt, -CH2-NH>, -
CH,-NMeH, -CH,-NMe,, -CH,-NEtH, -CH2-NEtMe, -CH>-NEt;, -CH>-NPrH, -
CH>-NPrMe, va —CH>-NPrEt);

- nhém amino-aryl (nhu -NH-Ph, -NH-(2,3 hodc 4)F-Ph, -NH-(2,3 hoac 4)CI-Ph, -
NH-(2,3 hoic 4)Br-Ph, -NH-(2,3 hodc 4)I-Ph, -NH-(2,3 hodc 4)Me-Ph, -NH-(2,3
hodc 4)Et-Ph, -NH-(2,3 hodc 4)Pr-Ph, -NH-(2,3 hoéc 4)Bu-Ph, NH-(2,3 hodc
4)OMe-Ph, -NH-(2,3 hodc 4)OEt-Ph, -NH-(2,3 hodc 4)OPr-Ph, -NH-(2,3 hodc
4)OBu-Ph, -NH-2,(3,4,5 hodc 6)F2-Ph, -NH-2,(3,4,5 hodc 6)Cl>-Ph, -NH-2,(3,4,5
ho#c 6)Br2-Ph, -NH-2,(3,4,5 hodc 6)I>-Ph, -NH-2,(3,4,5 hodc 6)Me>-Ph, -NH-
2,(3,4,5 hoic 6)Et-Ph, -NH-2,(3,4,5, hodc 6)Pr>-Ph, -NH-2,(3,4,5 ho#c 6)Bux-Ph;

- nhém -OH hodc nhém ruou C1-Cs mach théng hodc mach nhéanh, dugc thé hoic
khong duoc thé (nhu —CH>OH, -CH2CH>OH, -CH>2CH2CH20H, --CH(CH3)CH20H,
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-C(CHs3)20H, -CH2CH2CH>CH20H, -CH(CH3)CH2CH20H, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH20H, -C(CH3).CH20H,
-CH,CH,CH,CH,>CH,0H, va -CH,CH>CH2CH>CH2CH>OH);

- nhém axit carboxylic C1-Cs mach théng ho#c mach nhanh, dugc thé hoic khong
duoc thé (nhu -:COOH, -CH2COOH, -CH2CH2COOH, -CH2CH2CH2COOH,
-CH,CH,CH>CH2COOH, va -CH2,CH>CH2CH>CH2,COOH); ‘

- nhém carbonyl mach théng hodc mach nhanh, duoc thé hoic khong duoc thé (nhu
-(CO)Me, -(CO)E, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu,

-(CO)tBu, -(CO)Ph, -(CO)CH2Ph, -(CO)CH20H, -(CO)CH,0CHs, -(CO)CH2NH,
-(CO)CH2NHMe, -(CO)CH2NMe, -(CO)-xyclopropyl,
-(C0O)-1,3-epoxypropan-2-yl;

-(CO)NHa, -(CO)NHMe, -(CO)NMe, -(CO)NHEL, -(CO)NEt,
-(CO)-pyrolidin-N-yl,

-(CO)-morpholin-N-yl, -(CO)-piperazin-N-yl, -(CO)-N-metyl-piperazin-N-yl,
-(CO)NHCH,>CH,OH, -(CO)NHCH2CH20Me, -(CO)NHCH2CH2NHo,
-(CO)NHCH>CH,NHMe, va -(CO)NHCH2CH2NMez;

- nhém este cta axit carboxylic C1-Cs mach théng ho#c mach nhanh, dugc thé hoac
khéng duoc thé (nhu -COOMe, -COOE, -COOPr, -COO-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH,COOMe, -CH>CH2COOMe, -CH>CH2CH2COOMe, va
-CH>CH2CH2CH2COOMe);

- nhém Ci-Cg¢ amit mach thing hodc mach nhéanh, duoc thé hodc khong dugc thé
(nhu -CO-NH,, -CO-NMeH, -CO-NMe,, -CO-NEtH, -CO-NEtMe, -CO-NEt, -
CO-NPrH, -CO-NPrMe, va -CO-NPrE?);

- nhém C;-C7 amino carbonyl mach thang hodc mach nhénh, dugc thé hodc khong
duge thé (nhu -NH-CO-Me, -NH-CO-Et, -NH-CO-Pr, -NH-CO-Bu, -NH-
CO-pentyl, -NH-CO-hexyl, -NH-CO-Ph, -NMe-CO-Me, -NMe-CO-Et, -NMe-
CO-Pr, -NMe-CO-Bu, -NMe-CO-pentyl, -NMe-CO-hexyl, -NMe-CO-Ph;

- nhém Ci1-C7 alkoxy hodc aryloxy mach thiang hodc mach nhanh, duoc thé hoic
khéng duge thé (nhu ~OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -O-t-Bu, -O-
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pentyl, -O-hexyl, -OCH:F, -OCHF3, -OCF3, -OCH2Cl, -OCHCL, -OCCls, -O-Ph, -
O-CH-Ph, -O-CHy-(2,3 hoic 4)-F-Ph, -O-CHa-(2,3 hoic 4)-C1-Ph, -CHOMe, —
CH,OEt, ~CH,0Pr, —~CH,0Bu, -CH,CH20Me, -CH2CH2CH,OMe, -
CH,CH2CH>CH;0Me, va -CH2CH,CH>CHCH20Me);

- nhém aminoalkoxy mach thrfmg ho#c mach nhanh, dugc thé hozc khong duge thé
(nhu -OCH>CH2NHa, -OCH2CH2NHMe, -OCH2CHaNMe, -OCH2CH2NHE, va
-OCH2CH,NE?;

- nhom sulphonyl dugc thé hoic khong duoc thé mach thing hoic mach nhanh (nhu
-SO>Me, -SO1Et, -SO2Pr, -SO2iPr, -SO2Ph, -SO2-(2,3 hodc 4)-F-Ph, -SO2-
xyclopropyl, -SO2CH2CH20CH3;

- nhém sulphonylamino mach thang hodc mach nhanh, duoc thé hodc khong duoc
thé (nhu -SO2NH;, -SO:NHMe, -SO2NMez, -SO2NHE, -SO2NEt,, -SO2-pyrolidin-
N-yl, -SO2-morpholin-N-yl, -SO,NHCH,OMe, va -SO,NHCH>CH>0Me);

- nhém aminosulphonyl mach théng ho#c mach nhanh, dugc thé hozc khong dugc
thé (nhu -NHSO2Me, - NHSO2Et, - NHSO2Pr, - NHSO,iPr, - NHSO2Ph, - NHSO»-
(2,3 hodc 4)-F-Ph, - NHSO,-xyclopropyl, - NHSO>CH,CH>OCH).

Theo cac phuong an dién hinh hon, R!, R%, R3, R, vaR" ¢6 thé duoge chon tir
cac phin tir thé hitu co nho phd bién hon. PEc bigt duge uu tién 1a it nhét mot trong
s6 R!, R2, R3, va R* khong phai 1a H. Do do, theo mdt s phuong 4n nhat dinh, R',
R2, R3, R* va R’ doc lap duoc chon tir H va:

- halogen nhu —F, -Cl, -Br va -1, t6t hon 13 -F va —Cl, (tét hon nita 14 trong d6 R?

duoc chon tir -Cl va Br, va R!, R?, va R* dugc chon tir -H va -F);
- -CN;

- nhém C1-Cs alkyl mach thang hodc mach nhanh, duc_yc'thé' hodc khong dugce thé
nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), xyclopropyl (cy-Pr), n-
butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexyl, tbt hon 1a —Me;
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- nhém C1-Cs alkyl dugc halogen héa mach théng ho#c mach nhanh, dugc thé hoic
khong dugce thé (nhu -CH,F, -CHF2, -CH,Cl, -CH2Br, -CH2L, -CF3, -CCls, -CBr3,
-Cls, -CH,CF3, -CH2CCls, -CH2CBr3, va -CH2Cl3), tdt hon 13 —CF3; va

- nhém C;-C7 alkoxy mach thang hozc mach nhanh, duoc thé hodc khong duoc thé
(nhu —-OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -0-i-Bu, -O-t-Bu, -O-pentyl, -O-hexyl, -
OCH2F, -OCHF», -OCF3, -OCH,Cl, -OCHCl, -OCCl3, -O-Ph, -CH20Me, —
CH,OEt, —-CH,0Pr, -CH,0Bu, -CH,CH,0Me, -CH2CH2CH20Me, -
CH,CH,CH,CH,0OMe, va -CH,CH2CH>CH,CH20OMe), t6t hon 13 -OMe hoic -OFEt.

Trong cac hop chét nay, va cac hop chét khac & ddy, theo mot s6 phuong 4n
nhét dinh, thi R! va R* déu 1a H, hoic R! va R* déu khong phai Ia H, hodc R' khong
phai 1a H va R* 1a H, hoic R* khong phai l1a H va R' 1a H. Hon nita, theo mét s6
phuong 4n nhit dinh thi R7 1a H. Hon nita, theo mot sé phuong 4n nhat dinh thi R®
1a H. Con hon nita, theo mot sé phuong 4n nhét dinh, thi R? va R? déu 12 H, hoic R?
va R3 ddu khong phai 1a H, hodc R? khong phai 1a H va R? 1a H, hodc R® khong phai
]a H va R? 1a H. Theo c4c phuong 4n nay va cac phuong an khac, khi mot trong s6
cac nhom nay khong phai la H thi dién hinh hon 1a duoc chon ti —F, -Cl, -Br, -Me,
-MeO va —CN. Con hon nita, khi c6 mat ca hai R% c6 thé 13 H hodc mot R% co thé
1a H hodc ca hai R% khong phai 1a F. Khi ¢6 ba hodc bén nhém R, thi tat ca ba
hodc bdn nhém nay c6 thé 1a H hodc mot, hai, ba hogc bén nhom c¢6 thé khong phai

la H.
Theo céc phuong an dién hinh hon R%, c6 thé duoc chon tir cac phan tir thé
httu co nhd phé bién hon. Dic biét duge wu tién 1a R% duge chon tir H va:

- _F,

- nhém Ci-Cs alkyl mach théng hodc mach nhanh, dugc thé hogc khong duoc thé
nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), xyclopropyl (cy-Pr), n-
butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexy], t5t hon 1a -Me;

- nhém -NH, hodc nhém amin C1-Cs bic mét, bac hai hodc bac ba mach thang hozc
mach nhanh, duoc thé hodc khong duge thé (nhu -NMeH, -NMe, -NEtH, -NEtMe,
-NEt,, -NPrH, -NPrMe, -NPrEt, -NPr2, -NBuH, -NBuMe, -NBuEt, —CH2-NHa, -
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CH>-NMeH, -CH>-NMe,, -CH>-NEtH, -CH2-NEtMe, -CH2-NEt,, -CH>-NPrH, -
CH,-NPrMe, va —CH>-NPrEt);

- nhém C;-Cs alkyl dugc halogen héa mach thing hodc mach nhanh, dugc thé hoic
khong duoc thé (nhu -CH,F, -CHF2, -CH2Cl, -CHa2Br, -CHol, -CF3, -CCls, -CBr3,
-Cls, -CH,CF3, -CH2CCls, -CH2CBr3, va -CHaCls), tdt hon 1a —CF3;

- nhom C;-C7 alkoxy mach thing hoc mach nhéanh, dugc thé hodc khong duge thé
(nhw —OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -O-t-Bu, -O-pentyl, -O-hexyl, -
OCHSF, -OCHF,, -OCF3, -OCHCl, -OCHCl,, -OCCl, -O-Ph, -CH2OMe, —
CH,OEt, —-CH,0Pr, -CH20Bu, -CH2CH20Me, -CH2CH2CH2OMe, -
CH>CH>CH>CH20Me, va -CH2CH2CH2CH>CH20Me), t6t hon 1a ~OMe; va

- khi ¢6 hai nhém R® gin véi cing nguyén tir, ching c6 thé cing tao thanh mot
nhém duoc lién két d6i véi nguyén tir d6, (nhw nhém carbonyl (=O) hogc nhém
alken (=C(R’)2) trong d6 mdi nhém R’ 1a gibng hoic khac nhau va 1a H hoé.c nhém
hitu co, t6t hon 13 H hodc nhém Ci-Cs alkyl mach thing hogc mach nhénh).

Trong céc hop chét nay, va cdc hop chét khac o day, theo mot s6 phwong &n
nhét dinh, thi R! va R* ddu 1a H, hogc R! va R* déu khong pha1 12 H, hogc R! khong
phai 1a H va R* 1a H, hodc R* khong phai 1a H va R' 1a H. Hon nfta, theo mot 5O
phuong 4n nhit dinh thi R7 1a H. Hon nita, theo mot sé phuong 4n nhét dinh thi R’
12 TI. Con hon nita, theo mdt s phuong 4n nhat dinh, thi R? va R® déu 1a H, hogc R?
va R3 ddu khong phai 1a H, hodc R? khong phai 1a H va R? 1a H, hoac R’ khong phai
13 H va R? 1a H. Theo cac phuong 4n ndy va cac phuong &n khdc, khi mot trong 5O
c4ac nhém nay khong phai 1a H thi dién hinh hon 1a duoc chon tir —F, -Cl, -Br, -Me,
-MeO, -OEt va —CN. Con hon nita, khi ¢6 mit ca hai R% c6 thé 12 H hodc mot
nhém R ¢6 thé 13 H hodc ca hai R% déu khong phai 1a H.

Theo céc phuong 4n dién hinh hon, RS va R®! 1a cic nhém dugc gan véi
nguyén tr N trong cdc hop chét theo sang ché. Theo céc phuong an duogc wu tién,
ching khong phai 14 nhém 16n, ma ciing khong chira nguyén tir khac loai gin truc

tiép voi nguyén tir N. Dién hinh 14 ching dugc chon tir H va cdc nhom alkyl thip,
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hodic cac nhém tuong ty. Do d6, theo cac phwong én dién hinh, R® va R% ¢6 thé 1a

gidng hozc khic nhau va c6 thé doc lap duge chon tir H va:

- nhéom C;-Cs alkyl mach thang hozc mach nhanh, duoc thé hodc khong duoc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém C1-Cs alkyl duoc halogen‘hc')a mach théng hoic mach nhénh, dugc thé hozc
khong duoc thé (nhu -CHaF, -CHF», -CF3, -CCls, -CBr3, -Cls, -CH2CF3, -CH2CCls,
-CHzCBrg, va -CH2Cl3), t6t hon 1a nhém C1-Cs alkyl dugc flo hda mach thang hoic
mach nhanh (nhu -CH2F, -CHF2, -CF3, -CH2CHoF, -CH2CHF>, va -CH2CF3); va

- nhom rugu C2-Cs mach théng hoic mach nhanh, dugc thé hodc khong duge thé
(nhu -CH>CHOH, -CH.CH>CH,OH, -CH(CH3)CH20H, -C(CHs3)0H, -
CH,CH,CH,CH,OH, -CH(CH3)CH,CHOH, -CH(CH3)CH(CH3)OH, -
CH(CH,CH3)CH20H, -C(CH3)2:CH20H, -CHzCHzCHzCHzCHzOH, va
_CH>CH>CH,CH,CH,CH20H).

RS! ¢6 thé con duge chon tir nhém C3-Cs alkyl vong duoc thé hodc khong
duoc thé (nhu xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va
xyclooctyl).

Tét hon nita 14, RS 13 H. Tét hon nita 1a (doc 1ap 1a) RS 1a H. Tét hon nita 1a

ca R3S va R®! déu la H.

Theo cac phuong an dién hinh hon, R®, R¥, va RS doc 1ap dugc chon tir H

va m6t nhom dugce chon tir cdc nhém sau:

- nhém C;-Cs alkyl mach th?lng hodc mach nhéanh, dugc thé hozc khong dugc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhom C1-Cs alkyl-aryl mach thing hodc mach nhanh, duoc thé hodc khong dugc
thé (nhu —CH>Ph, -CH2(2,3 hodc 4)F-Ph, -CH»(2,3 hodc 4)CI-Ph, -CH2(2,3 hodc
4)Br-Ph, -CHz(2,3 hogc 4)I-Ph, -CH2CH2Ph, -CH,CH,CH,Ph, -CH,CH>CH2CH2Ph,
-CH,CH,CH,CH,>CH,Ph, va -CH2CH2CH2CH2CH2CH2Ph);
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- nhém C1-Cs alkyl duge halogen héa mach thing hodc mach nhéanh, dugc thé hodc
khong duoc thé (nhu -CHoF, -CHF2, -CH2Cl, -CH2Br, -CHalL, -CF3, -CCl3, -CBrs,
-Cl3, -CH2CF3, -CH2CCl3, -CH2CBr3, va -CHxCl3);

- nhém -NH> hodc nhém amin C1-Ce bic mdt, bac hai hodc bac ba mach thing hoic
mach nhanh, dugc thé hoc khong duge thé (nhu -NMeH, -NMea, -NEtH, -NEtMe,
-NEt,, -NPrH, -NPrMe, -NPrEt, -NPr2, -NBuH, -NBuMe, -NBuEt, —CH2-NHoa, -
CH,-NMeH, -CH2-NMe,, -CH,-NEtH, -CHz-NEtMe, -CHz-NEt, -CHz-NPrH, -
CH,-NPrMe, va —CH»>-NPrEt);

- nhém amin hodc amido vong dugc thé hodc khong duoc thé (nhu pyrolidin-1-yl,
pyrolidin-2-yl, pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, morpholin-2-yl,
morpholin-3-yl, morpholin-4-yl, 2-keto-pyrolidinyl, 3-keto-pyrolidinyl,
2-keto-piperidinyl, 3-keto-piperidinyl, 4-keto-piperidinyl, 2-keto-piperazinyl, va

3-keto-piperazinyl);

- nhém C3-Cg alkyl vong dugc thé hodc khong duoc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhém -OH ho#c nhém rugu C1-Cs mach thang hodc mach nhanh, dugc thé hoéc
khong duoc thé (nhu ~CHOH, -CH>CH20H, -CH,CH,CH,OH, -CH(CH3)CH20H,
-C(CH3)20H, -CH2CH2CH2CH20H, -CH(CH3)CH2CH20H, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH20H, -C(CHs3).CH20H,
-CH,CH,CH,CH,CH,0H, va -CH,CH2CH2CH>CH2CH20H);

- nhém axit carboxylic C1-C¢ mach thing ho#c mach nhanh, duoc thé hodc khong
duoc thé (nhu -COOH, -CH2COOH, -CH2CH2COOH, -CH,CH,CH>COOH,
-CH,CH,>CH>CH>COOH, va -CH2CH2CH2CH2CH2COOH);

- nhém carbonyl mach théng hodc mach nhénh, dugc thé hoic khong dugc thé (nhu
-(CO)Me, -(CO)Et, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu,

-(CO)tBu, -(CO)Ph, -(CO)CH:Ph, -(CO)CH20H, -(CO)CH>0OCH3, -(CO)CH2NHo,
-(CO)CH2NHMe, -(CO)CH2NMez, -(CO)-xyclopropyl,
-(CO)-1,3-epoxypropan-2-yl;
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-(CO)NH_, -(CO)NHMe, -(CO)NMez, -(CO)NHEL, -(CO)NEt,
-(CO)-pyrolidin-N-yl,

-(CO)-morpholin-N-yl, -(CO)-piperazin-N-yl, -(CO)-N-metyl-piperazin-N-yl,
-(CO)NHCH>CH>OH, -(CO)NHCH,CH>0OMe, -(CO)NHCH2CH2NH>,
-(CO)NHCH2CH2NHMe, va -(CO)NHCH>CH2NMez;

- nhom este cua axit carboxylic C1-C¢ mach thang hodc mach nhanh, dugc thé hodc
khéong duoc thé (nhu -COOMe, -COOEt, -COOPr, -COO-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH,COOMe, -CH,CH2COOMe, -CH.CH,CH,COOMe, va
-CH2CH2CH2CH2COOMe);

- nhém C1-Cs amit mach théng hodc mach nhanh, dugec thé hozc khong duge thé
(nhu -CO-NH,, -CO-NMeH, -CO-NMe», -CO-NEtH, -CO-NEtMe, -CO-NEt, -
CO-NPrH, -CO-NPrMe, va -CO-NPrEt);

- nhém thom duogc thé hoic khong duoc thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-C1—Ph—, 4-Cl-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-1-Ph-, 3-I-Ph, 4-I-Ph-,
2,(3,4,5 hodc 6)-F2-Ph-, 2,(3,4,5 hodc 6)-Cla-Ph-, 2,(3,4,5 hodc 6)-Bra-Ph-, 2,(3.4,5
hoic 6)-I-Ph-, 2,(3,4,5 hodc 6)-Mez-Ph-, 2,(3,4,5 hodc 6)-Et>-Ph-, 2,(3,4,5 hodc 6)-
Pry-Ph-, 2,(3,4,5 hodc 6)-Bu-Ph-, 2,(3,4,5 hodc 6)-(CN):-Ph-, 2,(3,4,5 hodc 6)-
(NO)2-Ph-, 2,(3,4,5 hoic 6)-(NH2)2-Ph-, 2,(3,4,5 hodc 6)-(MeO)-Ph-, 2,(3,4,5 hodc
6)-(CF3)-Ph-, 3,(4 hogic 5)-F2-Ph-, 3,4 hodc 5)-CL-Ph-, 3,(4 hodc 5)-Br-Ph-, 3,(4
hodc 5)-I-Ph-, 3,(4 hodc 5)-Mez-Ph-, 3,(4 hodc 5)-Et>-Ph-, 3,(4 hodac 5)-Pr2-Ph-,
3,(4 hodc 5)-Bup-Ph-, 3,(4 hodc 5)-(CN)-Ph-, 3,(4 hodc 5)-(NO2)>-Ph-, 3,(4 hodc
5)-(NHy)2-Ph-, 3,(4 hodc 5)-(MeO)-Ph-, 3,(4 hodc 5)-(CF3):-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
. 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-
Ph-, 4-(NOy)-Ph-, 2-(NHz)-Ph-, 3-(NH,)-Ph-, 4-(NHz)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-
. 4-MeO-Ph-, 2-(NHz-CO)-Ph-, 3-(NH2-CO)-Ph-, 4-(NH»-CO)-Ph-, 2-CF3-Ph-, 3-
CF3-Ph-, 4-CF3-Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-);

- nhém di vong, no hodc khéng no, dugc thé hogc khong dugc thé bao gdm nhém di
vong thom va/hodc nhém di vong khong thom (nhu pyrol-1-yl, pyrol-2-yl, pyrol-3-
yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-
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yl, imidazol-4-yl, imidazol-5-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyridin-4-yl, pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, pyrazin-2-yl, pyrolidin-1-yl, pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, 2~
azapiperidin-1-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-1-yl, 3-
azapiperidin-2-yl, 3-azapiperidin-4-yl, 3-azapiperidin-5-yl, piperazin-1-yl,
piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-yl, pyran-4-yl, 2-
azapyran-2-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-aza§yran-2-
yl, 4-azapyran-3-yl, 4-azapyran-4-yl, 4-azapyran-5-yl, 4-azapyran-6-yl,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-2-yl, 2-aza-
tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-tetrahydrofuran-5-yl, 3-aza-
tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-3-yl, 3-aza-tetrahydrofliran-4-y1, 3-aza-
tetrahydrofuran-5-yl, tetrahydropyran-2-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-2-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-
tetrahydropyran-4-yl, 2-aza-tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-
aza-tetrahydropyran-2-yl, 3'-aza-tetrahydropyfan-3-yl, 3-aza-tetrahydropyran-4-yl,
3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl, morpholin-2-yl, morpholin-
3-yl, morpholin-4-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3-yl, isothiazol-4-yl,
isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-yl, thiopyran-3-
yl, thiopyran-4-yl, 2-azathiopyran-2-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-5-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-4-yl, 4-azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-
yl, thian-2-yl, thian-3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3,4-
oxadiazol)-5-yl, (1,2,4-oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-1-yl,
tetrazol-2-yl, tetrazol-5-yl);

- hé vong ngung tu bao gdm hai hogc ba hoac nhiéu vong ngung ty, cac vong nay cd

thé dugc thé hoic khdng duge thé, t6t hon 1a trong d6 cac vong nay duoc chon tir
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mot, hai, hoac nhidu nhém thom néu trén va nhéom di vong thom hodc khong thom,
(vi du, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentaleh, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, 5-azaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, 5-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin,  phthalazin, 6-azaisoquinolin,  7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hodc thianthren); va

- R va R% c6 thé ciing tao thanh nhom dugc lién két d6i v6i nguyén tir cacbon ma
chung gén két, (nhu nhém carbonyl (=O) hogc nhém alken (=C(R’)2) trong d6 mdi
nhém R’ 13 gibng hodc khac nhau va la H hogc nhém hitu co, t6t hon 1a H hodc
nhom C;-Ce alkyl mach thang hodc mach nhanh).

Trong khi theo mot s6 phuong an, R% c6 thé 1a H hodc nhém hitu co, hodc
c4c nhém dién hinh hon di mé ta & trén, theo cac phuong 4n dugc uu tién R® duge
chon tir: nhém hitu co dugc thé hodc khong duge thé, mach thrfmg hodac mach
nhanh; va nhom hitu co vong dugc thé hodc khong duogc thé. Dién hinh hon 1a R®
chtra nhém vong. Do d6, R® c6 thé duoc chon tr: nhém vong béo, dugc thé hoic
khong dugc thé, no hodc khong no; nhém vong thom, dugc thé hoac khong dugc
thé; nhom di vong, khong thom hodc thom, duge thé hoac khéng duoc thé, no hoic
khong no; va hé vong ngung tu bao gbm hai hozc nhiéu vong ngung tu dugc chon

tir mot hodc nhiéu nhém néu trén.
Theo mdt sé phuong 4n nhit dinh R% dugc chon tir:

- nhém amin hodc amido vong dugc thé hosc khong duge thé (nhu pyrolidin-1-yl,
pyrolidin-2-yl, pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, morpholin-2-yl,
morpholin-3-yl, morpholin-4-yl, 2-keto-pyrolidinyl, 3-keto-pyrolidinyl,
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2-keto-piperidinyl, 3-keto-piperidinyl, 4-keto-piperidinyl, 2-keto-piperazinyl, va
3-keto-piperazinyl);

- nhom Cs3-Cs alkyl vong duoc thé hodc khong duoc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhém thom dugc thé hodc khong dugc thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-C1-Ph-, 4-C1-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-I-Ph-, 3-I-Ph, 4-I-Ph-,
2,(3,4,5 hoic 6)-F2-Ph-, 2,(3,4,5 hoic 6)-Clo-Ph-, 2,(3,4,5 hodic 6)-Bro-Ph-, 2,(3,4,5
hodc 6)-I-Ph-, 2,(3,4,5 hoic 6)-Mez-Ph-, 2,(3,4,5 hodc 6)-Bta-Ph-, 2,(3,4,5 hodc 6)-
Pr>-Ph-, 2,(3,4,5 hoiic 6)-Bus-Ph-, 2,(3,4,5 hodc 6)-(CN)-Ph-, 2,(3,4,5 hogc 6)-
(NO2)-Ph-, 2,(3,4,5 hoiic 6)-(NH2)2-Ph-, 2,(3,4,5 ho#c 6)-(MeO)-Ph-, 2,(3,4,5 hodc
6)-(CF3)2-Ph-, 3,(4 hoic 5)-F2-Ph-, 3,(4 hogc 5)-Cl-Ph-, 3,(4 hogc 5)-Br-Ph-, 3,(4
hoc 5)-To-Ph-, 3,(4 hodc 5)-Me-Ph-, 3,(4 hodc 5)-Etx-Ph-, 3,(4 hogc 5)-Pr>-Ph-,
3,(4 hoic 5)-Bua-Ph-, 3,(4 hodc 5)-(CN)-Ph-, 3,(4 hogc 5)-(NO2)2-Ph-, 3,(4 hoac
5)-(NHa)2-Ph-, 3,(4 hodc 5)-(MeO)-Ph-, 3,(4 hogc 5)-(CF3).-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
. 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-
Ph-, 4-(NO,)-Ph-, 2-(NH2)-Ph-, 3-(NHz)-Ph-, 4-(NH2)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-
. 4-MeO-Ph-, 2-(NH,-CO)-Ph-, 3-(NH;-CO)-Ph-, 4-(NH,-CO)-Ph-, 2-CF3-Ph-, 3-
CF3-Ph-, 4-CF3-Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-); va

- nhém di vong, no hodc khdng no, dugc thé hodc khong dugc thé bao gém nhom di
vong thom va/hodc nhém di vong khéng thom (nhu pyrol-1-yl, pyrol-2-yl, pyrol-3-
yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-
yl, imidazol-4-yl, imidazol-5-yl, 1,2,3-triazol-1-yl, 1,2,3-triaz01-4-y1, 1,2,3-triazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyridin-4-yl, pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, pyrazin-2-yl, pyrolidin-1-yl, pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, 2-
azapiperidin-1-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-1-yl, 3-
azapiperidin-2-yl, 3-azapiperidin-4-yl, 3-azapiperidin-5-yl, piperazin-1-yl,
piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-yl, pyran-4-yl, 2-
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azapyran-2-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-azapyran-2-
yl, 4-azapyran-3-yl, 4-azapyran-4-yl, 4-azapyran-5-yl, 4-azapyran-6-yl,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-2-yl, 2-aza-
tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-tetrahydrofuran-5-yl, 3-aza-
tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-3-yl, 3-aza-tetrahydroﬁlran-él-yl; 3-aza-
tetrahydrofuran—S -yl, tetrahydropyran—Z-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-2-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-
tetrahydropyran-4-yl, 2-aza-tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-
aza-tetrahydropyran-2-yl, 3-aza-tetrahydropyran-3-yl, 3-aza-tetrahydropyran-4-yl,
3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl, morpholin-2-yl, morpholin-
3-yl, morpholin-4-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3-yl, isothiazol-4-yl,
isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-yl, thiopyran-3-
yl, thiopyran-4-yl, 2-azathiopyran-2-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-S-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-4-yl, 4-azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-
yl, thian-2-yl, thian-3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3,4-
oxadiazol)-5-yl, (1,2,4-oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-1-yl,
tetrazol-2-yl, tetrazol-5-yl); va

- hé vong ngung tu bao gbm hai hoic ba hodc nhiéu vong ngung ty, cac vong nay co
thé duoc thé hoic khong dugc thé, tdt hon 1a trong d6 cac vong nay duge chon tur
mot, hai, hodc nhidu nhém thom néu trén va nhém di vong thom hodc khong thom,
(vi du, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, S-azai_sorindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,

carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
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quinolin, xinolin, quinazolin, quinoxalin, 5-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin, phthalazin, 6-azaisoquinolin, 7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hogc thianthren).

Theo mot sb phuong an dugc wu tién, sang ché @ xult hop chit tc ché
tryptophan-2,3-dioxygenaza (TDO) va/hoic indolamin-2,3-dioxygenaza (IDO) dé

sir dung trong y hoc, hop chét nay c6 cong thire sau:

R' R! R7
R7
< M
2 “y2%” 5
R )I( \\ R6
RS_xS\\ ‘ I’/> R6
R3 \\X4 N\
R4/ \R4 R

trong d6 X!, X2, X3, X*, va X° ¢6 thé 1a gibng hodc khic nhau va mdi nhom ddc 1ap
dugce chon tir C, N va O; mdi nguyén tir c6 dudong nét dat co thé doc 1ap c6 lién két
d6i hoc lién két don, vai diéu kién héa tri & mdi nguyén tir dugc gilt nguyén; mdi
R!, R2, R3, R4, RS, va R7 ¢6 thé c6 mit hodc khong c6 mat va cé thé 1a gidng hozc
khac nhau va dugc chon tir cac nhém duge xac dinh dudi ddy, voi didu kién sd
nhém R ¢ mit sao cho hoa tri cia X!, X2, X3, X4, va X° duogc gitt nguyén; mot
hodc hai nhém R® ¢cé thé c6 mat va dugc chon tir cac nhom dugce xac dinh dudi day,
véi didu kién s nhom R® c¢6 mit sao cho hoa tri ciia nguyén tt cacbon ma chuing
gén vao dugc gitt nguyén, va voi didu kién it nhat mot R 1a nhém hitu co chira
nguyén tir lién két doi véi nguyén tir oxy & vi tri a, B, hodc y cliia nguyén tur cacbon
ma RS gén két va trong d6 nguyén ttr lién két d6i v6i nguyén tir oxy cling lién két

v6i nguyén tur khac loai;
va trong d6 R’ va R7 khong bao gom nhém vong;

va trong d6, khi ¢6 mit, R, R%, R®, va R* doc lap duoc chon tir H va mdt nhom

duogc chon tlr cac nhém sau:

- halogen (nhu F, Cl, Br va I);
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- nhém -CN;

- nhom C1-Cs alkyl mach thing hodc mach nhanh, dugc thé hoic khong duge thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém C;-Cs alkyl-aryl mach thang hodc mach nhanh, dugc thé hodc khong duoc
thé (nhu —CH>Ph, -CH2(2,3 hodc 4)F-Ph, -CHx(2,3 hodc 4)Cl-Ph, -CHz(2,3 hodc
4)Br-Ph, -CH2(2,3 hodc 4)I-Ph, -CH2CH2Ph, -CH,CH2CH2Ph, -CH,CH,CH2CH2Ph,
-CH,CH,CH,CH,CH,Ph, va -CH,CH>CH>CH2CH2CH,Ph);

- nhém C;-Cs alkyl dugc halogen hda mach théng ho#c mach nhanh, duoc thé hoac
khoéng dugc thé (nhu -CHoF, -CHF2, -CH2Cl, -CH2Br, -CHl, -CF3, -CCls, -CBr3,
-Cls, -CH,CF3, -CH2CCl3, -CH2CBr3, va -CH2Cl3);

- nhém -NH> hodc nhém amin Ci-Cs bic mot, bac hai hodc bac ba mach thang hodc
mach nhanh, dugc thé hodc khong duge thé (nhu -NMeH, -NMe;, -NEtH, -NEtMe,
-NEt,, -NPrH, -NPrMe, -NPrEt, -NPrz, -NBuH, -NBuMe, -NBuEt, —-CH>-NH>, -
CH>-NMeH, -CHa-NMe,, -CH>-NEtH, -CH>-NEtMe, -CHz-NEt, -CH2-NPrH, -
CH>-NPrMe, va —CH>-NPrEt);

- nhom amino-aryl dugc thé hoic khong duge thé (nhu -NH-Ph, -NH-(2,3 hodc 4)F-
Ph, -NH-(2,3 hodc 4)CI-Ph, -NH-(2,3 hodc 4)Br-Ph, -NH-(2,3 hodc 4)I-Ph, -NH-
(2,3 hodc 4)Me-Ph, -NH-(2,3 hodc 4)Et-Ph, -NH-(2,3 hoic 4)Pr-Ph, -NH-(2,3 hodc
4)Bu-Ph, NH-(2,3 hogc 4)OMe-Ph, -NH-(2,3 hogc 4)OEt-Ph, -NH-(2,3 hodc 4)OPr-
Ph, -NH-(2,3 hoic 4)OBu-Ph, -NH-2,(3,4,5 hodc 6)F>-Ph, -NH-2,(3,4.5 hoédc 6)Cl-
Ph, -NH-2,(3,4,5 hoic 6)Br-Ph, -NH-2,(3,4,5 hodc 6)L-Ph, -NH-2,(3,4,5 hodc
6)Mey-Ph, -NH-2,(3,4,5 hodc 6)Et-Ph, -NH-2,(3,4,5, hodc 6)Pr2-Ph, -NH-2,(3,4,5
ho#c 6)Buz-Ph;

- nhém amin hodc amido vong duoc thé hodc khong dugc thé (nhu pyrolidin-1-yl,
pyrolidin-2-yl,  pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl,  piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, morpholin-2-yl,
morpholin-3-yl, morpholin-4-yl, 2-keto-pyrolidinyl, 3-keto-pyrolidinyl,
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2-keto-piperidinyl, 3-keto-piperidinyl, 4-keto-piperidinyl, 2-keto-piperazinyl, va
3-keto-piperazinyl);

- nhém Cs-Cs alkyl vong duogc thé hodc khong duge thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhéom -OH ho#c nhém rugu Ci-Cs mach thing hoic mach nhénh, duoc thé hoic
khong duoc thé (nhu ~CH,OH, -CH2CH20H, -CH2CH2CH20H, -CH(CH3)CH20H,
-C(CH3)20H, -CH,CH,CH>CH20H, -CH(CH3)CH2CH0H, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH20H, -C(CH3)CH20H,
-CH,CH>CH,>CH>CH20H, va -CH2CH>CH>CH2CH>CH>OH);

- nhom axit carboxylic Ci1-C¢ mach théng hodc mach nhanh, duoc thé hozc khong
duge th& (nhuw -COOH, -CH,COOH, -CH,CH2COOH, -CH2CH2CH>COOH,
-CH,CH>CH,>CH,COOH, va -CH,CH,CH>CH,CH2COOH);

- nhém carbonyl mach thing hozc mach nhanh, duoc thé hozc khong dugc thé (nhu
-(CO)Me, -(CO)Et, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu, -(CO)tBu, -(CO)Ph,
-(CO)CH;Ph, -(CO)CH20H, -(CO)CH20CHj3, -(CO)CH2NH>, -(CO)CH2NHMe,
-(CO)CH2NMez, -(CO)-xyclopropyl, .-(CO)- 1,3-epoxypropan-2-yl;

-(CO)NHa, -(CO)NHMe, -(CO)NMe, -(CO)NHEL, -(CO)NEt2,
-(CO)-pyrolidin-N-yl, -(CO)-morpholin-N-yl, -(CO)-piperazin-N-yl,
-(CO)-N-metyl-piperazin-N-yl, (CO)NHCHCH,OH, -(CO)NHCH2CH20OMe,
-(CO)NHCH2CH2NH>, -(CO)NHCH2CH2NHMe, va -(CO)NHCH2CH2NMez;

- nhom este cua axit carboxylic C1-C¢ mach théng ho#c mach nhanh, dugc thé hoic
khéng duogc thé (nhu -COOMe, -COOE, -COOPr, -COO-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH2COOMe, -CH,CH,COOMe, -CH,CH2CH2COOMe, va
-CH>CH2CH>CH2COOMe);

- nhéom Ci1-Cs amit mach théng hodc mach nhanh, dugc thé hozc khong duge thé-
(nhu -CO-NHa, -CO-NMeH, -CO-NMe,, -CO-NEtH, -CO-NEtMe, -CO-NEt, -
CO-NPrH, -CO-NPrMe, va -CO-NPrEt);
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- nhém C;1-C7 amino carbonyl mach théng hodc mach nhénh, dugc thé hozc khong
duoc thé (nhu -NH-CO-Me, -NH-CO-Et, -NH-CO-Pr, -NH-CO-Bu, -NH-
CO-pentyl, -NH-CO-hexyl, -NH-CO-Ph, -NMe-CO-Me, -NMe-CO-Et, -NMe;
CO-Pr, -NMe-CO-Bu, -NMe-CO-pentyl, -NMe-CO-hexyl, -NMe-CO-Ph;

- nhém C;-C7 alkoxy hodc aryloxy mach thang hozc mach nhanh, duoc thé hodc
khong duogc thé (nhu —OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -O-t-Bu, -O-
pentyl, -O-hexyl, -OCH,F, -OCHFa, -OCF3, -OCH:Cl, -OCHCl, -OCCls, -O-Ph, -
0-CHa-Ph, -O-CH,-(2,3 hoic 4)-F-Ph, -O-CHz-(2,3 hodc 4)-Cl-Ph, -CH20Me, —
CH,OFEt, —-CH,0Pr, -CH,0Bu, -CH,CH20Me, -CH,CH>CH20OMe, -
CH,CH>CH>CH20Me, va -CH,CH2CH2CH2CH20Me);

- nhém aminoalkoxy mach thing hodc mach nhéanh, dugc thé hoic khong duogc thé
(nhu -OCH>CH2NH, -OCH,CH2NHMe, -OCH2CHaNMe, -OCH,CH,NHEY, va
-OCH2CH,NE(;

- nhérﬁ sulphonyl mach théng hodc mach nhénh, duoc thé hoic khong duge thé
(nhu -SO2Me, -SO2Et, -SO2Pr, -SO2iPr, -SO2Ph, -SO2-(2,3 hodc 4)-F-Ph, -SO2-
xyclopropyl, -SO2CH2CH,OCHz;

_ nhém sulphonylamino (nhu -SO;NEL, -SO;NHMe, -SO:NMes, -SO:NHEL,
-SONEt,, -SO2-pyrolidin-N-yl, -SO2-morpholin-N-yl, -SO:2NHCH.0Me,
va -SONHCH,CH,0Me);

- nhém aminosulphonyl (nhu ~-NHSO2Me, - NHSO2Et, -NHSOPr, -NHSO»iPr, -
NHSO,Ph, - NHSO-(2,3 hoc 4)-F-Ph, -NHSO2-xyclopropyl,
-NHSO,CH>CH>OCH3);

- nhém aminosulphonyl- vong (nhu —N(SO2)(CHa)s va —N(SO2)(CHa)s);

- nhém thom (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-Cl-Ph-, 3-CI-Ph-, 4-Cl-Ph-, 2-
Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-I-Ph-, 3-I-Ph, 4-I-Ph-, 2,(3,4,5 hodc 6)-F2-Ph-,
2,(3,4,5 hoic 6)-Cl-Ph-, 2,(3,4,5 hodc 6)-Br2-Ph-, 2,(3,4,5 hodc 6)-I>-Ph-, 2,(3,4,5
hoic 6)-Mez-Ph-, 2,(3,4,5 hodc 6)-Et2-Ph-, 2,(3,4,5 ho#c 6)-Pr2-Ph-, 2,(3,4,5 hodc
6)-Bua-Ph-, 2,(3,4,5 hodc 6)-(CN)2-Ph-, 2,(3,4,5 hodc 6)-(NO2)2-Ph-, 2,(3,4,5 hodc
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6)-(NHa)2-Ph-, 2,(3,4,5 hozic 6)-(MeO)-Ph-, 2,(3,4,5 hodc 6)-(CF3)2-Ph-, 3,(4 hodc
5)-F2-Ph-, 3,(4 hoic 5)-Cl-Ph-, 3,(4 hogc 5)-Br2-Ph-, 3,(4 hodc 5)-12-Ph-, 3,(4 hodc
5)-Mex-Ph-, 3,(4 hodc 5)-Et2-Ph-, 3,(4 hodc 5)-Pr>-Ph-, 3,(4 hodc 5)-Bux-Ph-, 3,(4
hodc 5)-(CN)-Ph-, 3,(4 hoic 5)-(NO2)2-Ph-, 3,(4 hodc 5)-(NH2)2-Ph-, 3,(4 hodc 5)-
(MeO)2-Ph-, 3,(4 hoic 5)-(CF3)2-Ph-, 2-Me-Ph-, 3-Me-Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-
Et-Ph-,>4—Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-, 3-Bu-Ph-, 4-Bu-Ph-, 2-
(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-Ph-, 4-(N02)-Ph-, 2-
(NHa)-Ph-, 3-(NHa)-Ph-, 4-(NH)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-, 4-MeO-Ph-, 2-
(NH,-CO)-Ph-, 3-(NH,-CO)-Ph-, 4-(NH,-CO)-Ph-, 2-CF3-Ph-, 3-CF3-Ph-, 4-CF3-
Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-);

- nhém di vong, no hodc khong no, duge thé hoic khong duogc thé bao gém nhom di
vong thom va/hodc nhém di vong khong thom (nhu pyrol-1-yl, pyrol-2-yl, pyrol-3-
yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-
yl, imidazol-4-yl, imidazol-5-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyridin-4-yl, pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, pyrazin-2-yl, pyrolidin-1-yl, pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, 2-
azapiperidin-1-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-1-yl, 3-
azapiperidin-2-yl, 3-azapiperidin-4-yl, 3-azapiperidin-5-yl, piperazin-1-yl,
piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-yl, pyran-4-yl, 2-
azapyran-2-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-azapyran-2-
yl, 4-azapyran-3-yl, 4-azapyran-4-yl, 4-azapyran-5-yl, 4-azapyran-6-y1,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-2-yl, 2-aza-
tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-tetrahydrofuran-5-yl, 3-aza-
tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-3-yl, 3-aza-tetrahydrofuran-4-yl, 3-aza-
tetrahydrofuran-5-yl, tetrahydropyran-2-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-2-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-
tetrahydi‘opyran-4-yl, 2-aza-tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-
aza-tetrahydropyran-2-yl, 3-aza-tetrahydropyran-3-yl, 3-aza-tetrahydropyran-4-yl,
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3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl, morpholin-2-yl, morpholin-
3-yl, morpholin-4-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3-yl, isothiazol-4-yl,
isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-yl, thiopyran-3-
yl, thiopyran-4-yl, 2-azathiopyran-2-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-5-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-4-yl, 4-azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-
yl, thian-2-yl, thian-3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3,4-
oxadiazol)-5-yl, (1,2,4-oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-1-yl,
tetrazol-2-yl, tetrazol-5-yl);

- hé vong ngung tu bao gdm hai hoic ba hodc nhiéu vong ngung ty, cdc vong nay c6
thé duoc thé hoic khong duoc thé,‘ tdt hon 1 trong d6 céac vong nay duoc chon tir
mot, hai, hoac nhiéu nhém thom néu trén va nhém di vong thom hodc khong thom,
(vi du, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, 5-azaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, S-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin, phthalazin, 6-azaisoquinolin, 7-
azéisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hodc thianthren); va

- trong d6 c¢6 hai nhém R gén véi cling nguyén tur, chiing ¢6 thé cling tao thanh mot
nhém duoc lién két doi véi nguyén tur do, (nhu nhém carbonyl (=O) hodc nhom
alken (=C(R’)2) trong d6 mdi nhom R’ 1a gidng hodc khéc nhau va la H hogc nhém
hitu co, t6t hon 1a H hodc nhém Ci-Cs alkyl mach thiang hodc mach nhanh);
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va trong d6, khi c6 mat, R” doc 1ap dugc chon tir H va mét nhom duoc chon tir cac

nhém sau:
- halogen (nhu F, Cl, Br va I);
- nhéom -CN;

- nhém C1-Csg alkyl mach thing hoic mach nhéanh, duoc thé hoac khong duge thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém alkyl Ci-Cg dugc halogen héa mach thang hodc mach nhanh, dugc thé hozc
khong duoc thé (nhu -CH,F, -CHF», -CH2Cl, -CHoBr, -CHzl, -CF3, -CCl3, -CBr3,
-Cl3, -CH2CF3, -CH2CCl3, -CH2CBr3, va -CH2Cl);

- nhém -NH; hodc nhém amin C1-Cs bac mdt, bac hai hodc bac ba mach thang hozc
mach nhénh, duge thé hoc khéng duge thé (nhu -NMeH, -NMe,, -NEtH, -NEtMe,
-NEt, -NPrH, -NPrMe, -NPrEt, -NPr,, -NBuH, -NBuMe, -NBuEt, -CH2-NHa, -
CH,-NMeH, -CH>-NMey, -CH,-NEtH, -CH2-NEtMe, -CH2-NEt, -CH2-NPrH, -
CH,-NPrMe, va —CH2-NPrEt);

- nhém -OH ho#c nhém rugu C1-Cs mach thing hozc mach nhéanh, duge thé hoac
khong dugc thé (nhu ~CH,0H, -CHCH,OH, -CH,CH>CH20H, -CH(CH3)CH20H,
-C(CHj3)20H, -CH2CH2CH>CH,OH, -CH(CH3)CH2CH20H, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH>0OH, -C(CH3).CH20H,
-CH>CH,CH,>CH2CH>OH, va -CH2CH2CH>.CH2CH>CH>OH);

- nhém axit carboxylic Ci-Cs mach thing hodc mach nhanh, dugc thé hoac khong
duoc thé (nhu -COOH, -CH2COOH, -CH>.CH2COOH, -CH,CH>CH>COOH,
-CH,CH,CH,CH,COOH, va -CH,CH>,CH>CH2CH2COOH);

- nhom carbonyl mach thing hodc mach nhénh, dugc thé hodc khong duoc thé (nhu
-(CO)Me, -(CO)Et, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu,

-(CO)tBu, -(CO)CH,0H, -(CO)CH,OCHj3, -(CO)CH2NH,

-(CO)CH2NHMe, -(CO)CH2NMez, ~(CO)NH,, -(CO)NHMe, -(CO)NMex,
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-(CO)NHE, -(CO)NEt,, -(CO)NHCH2CH2OH, -(CO)NHCH2CH20Me,
-(CO)NHCH>CH,NHa, -(CO)NHCH2CHoNHMe, va -(CO)NHCH2CH2NMes;

- nhém este cua axit carboxylic Ci-Cs mach théng hodc mach nhanh, dugc thé hoic
khong duoc thé (nhur -COOMe, -COOE, -COOPr, -COO-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH,COOMe, -CH2CH2COOMe, -CH2CH,CH2COOMe, va
-CH2CH2CH2CH2COOMe);

- nhém C;-Cg amit mach théng hodc mach nhanh, dugc thé hoic khong duoc thé
(nhu -CO-NHa, -CO-NMeH, -CO-NMe,, -CO-NEtH, -CO-NEtMe, -CO-NEt, -
CO-NPrH, -CO-NPrMe, va -CO-NPrEt);

- nhém Ci-C7 amino carbonyl mach théng hodc mach nhanh, dugc thé hoic khong
duoc thé (nhu -NH-CO-Me, -NH-CO-Et, -NH-CO-Pr, -NH-CO-Bu, -NH-
CO-pentyl, -NH-CO-hexyl, -NMe-CO-Me, -NMe-CO-Et, -NMe-CO-Pr, -NMe-
CO-Bu, -NMe-CO-pentyl, -NMe-CO-hexyl;

- nhém C;-C7 alkoxy hodc aryloxy mach thing hodc mach nhanh, dugc thé hodc _
khéng dugc thé (nhuw —-OMEe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -O-t-Bu, -O-
pentyl, -O-hexyl, -OCH2F, -OCHF2, -OCF3, -OCH2Cl, -OCHCL, -OCCl3—
CH>OMe, —CH,0Et, -CH,0Pr, ~CH>OBu, -CH,CH20Me, -CH.CH,CH20Me, -
CH,CH,CH>CH,0Me, va -CH,CH2CH2CH.CH2OMe);

- nhém aminoalkoxy mach thang hodc mach nhanh, duoc thé hoac khong duge thé
(nhu -OCH>CH>NH;, -OCH2CHaNHMe, -OCH2CH2NMes, -OCH2CHoNHE, va
-OCH>CH)NE,;

- nhom sulphonyl mach théng hodc mach nhanh, dugc thé hozic khéhg duoc thé
(nhu -SO2Me, -SO2Et, -SO2Pr, -SO2iPr, -SO2CH2CH20CH3;

- nhom sulphonylamino mach théng ho#c mach nhanh, dugc thé hoic khong duoc
thé (nhu -SO2NH>, -SO2NHMe, -SO2NMez, -SO2NHE, -SO2NEt,
--SO,NHCH>0OMe, va -SO:NHCH>CH20Me);

- nhém aminosulphonyl mach thang hoc mach nhanh, duoc thé hodc khong duoc

thé (nhu -NHSO:Me, -NHSO2Et, -NHSO:Pr, -NHSO2iPr, --NHSO,CH2CH20CH3);
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tbt hon 1a trong d6 RY, R, R3, R%, va R” duoc chon tir H va:

- halogen nhu —F, -Cl, -Br va -, t5t hon 1a -F va —Cl, (5t hon nita 1a trong d6 R?

duoc chon tir -Cl va Br, va R!, R3, va R* dugc chon tir -H va -F);
- -CN;

- nhom C1-Cs alkyl mach thang hodc mach nhanh, dugc thé hoac khong duogc thé
nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), xyclopropyl (cy-Pr), n-
butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexyl, t6t hon 1a —Me;

- nhém C;-Cs alkyl dugc halogen héa mach thang hodc mach nhénh, dugc thé hoic
khoéng dugc thé (nhu -CH,F, -CHF», -CHCl, -CH,Br, -CHzl, -CF3, -CCls, -CBr3,
-ClI3, -CH2CF3, -CH2CCl3, -CH2CBr3, va -CH2Cls), t6t hon 1a —CF3; va

- nhém Ci-C7 alkoxy mach théng hodc mach nhanh, dugc thé hozc khong dugc thé
(nhu —OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -0-i-Bu, -O-t-Bu, -O-pentyl, -O-hexyl, -
OCH,F, -OCHF,, -OCF3, -OCH,Cl, -OCHCl,, -OCCl3, -O-Ph, -CH20Me, —
CH,OFEt, —-CH,0Pr, -CH,0Bu, -CH>CH20Me, -CH2CH2CH20OMe, -
CH,CH,CH>CH,OMe, vi -CH,CH,CH2CH2CH20Me), t6t hon 1a ~OMe hoic -OEt;

va trong d6, khi c6 mat, R® doc 14p duge chon tir H va:

- nhém Ci-Cs alkyl mach théng hoic mach nhénh, dugc thé hoac khong duoc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhom C1-Cs alkyl dugce halogen héa mach théng hodc mach nhanh, dugc thé hoic
khong duogc thé (nhu -CH,F, -CHF>, -CF3, -CCls, -CBr3, -Cl3, -CH2CF3, -CH2CCls,
-CH,CBr3, va -CH,CI3), t6t hon 13 nhém C1-Cs alkyl dugc flo héa mach thang hoic
mach nhanh (nhu -CH,F, -CHF, -CF3, -CH2CHoF, -CH2CHF?, va -CHaCF3); va

- nhém rugu C2-Cs mach thing hoic manh nhanh khéng duoc thé (nhu -
CH,CH,OH, -CH,CH>CH,0OH, -CH(CH3)CH20H, -C(CH3)20H, -
CH,CH,CH,CH,OH, -CH(CH3)CH>CH20H, -CH(CH3)CH(CH3)OH, -
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CH(CH2CH3)CH,0H, -C(CH3),CH20H, -CH,CH2CH2CH>CH20H, va
-CH>CH>CH2CH,CH>CH20H);

t5t hon 13 trong d6 R* 1a H.

Theo mdt s& phwong 4n dugc wu tién hon nita, sing ché @& xuét hop chat G
ché tryptophan-2,3-dioxygenaza (TDO) va/hodc indolamin-2,3-dioxygenaza (IDO)

dé str dung trong y hoc, hop chét nay c6 cong thirc sau:

R1

R7

RS R6" RE5

trong d6 R!, R R3, R4, R3, R7, R®!, R®, R%, va R® nhu dugc xé4c dinh dudi ddy,
vé6i didu kién RS va R7 déu khong chira nhom vong:

trong d6, R, R R3, va R* doc 1ap duge chon tir H va mét nhém dugc chon tir cac
nhom sau:

- halogen (nhu F, Cl, Br va I);

- nhom -CN;

- nhém Ci1-Cs alkyl mach thang hodc mach nhéanh, dugc thé hodc khong duge thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém C;-Cs alkyl-aryl mach thiang hozc mach nhéanh, dugc thé hoac khong dugc
thé (nhu —CH2Ph, -CH2(2,3 hodc 4)F-Ph, -CH2(2,3 hogc 4)Cl-Ph, -CH2(2,3 hodc
4)Br-Ph, -CH2(2,3 hogc 4)I-Ph, -CH2CH2Ph, -CHCH2CH2Ph, -CH,CH2CH2CH2Ph,
-CH,CH,CH,CH,CH,Ph, va -CH>CH,CH2CH2CH2CH2Ph);
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- nhém C1-Cs alkyl dugce halogen héa mach thang hoc mach nhénh, dugce thé hoic
khong dugc thé (nhu -CHaF, -CHF2, -CHaCl, -CH,Br, -CHzl, -CF3, -CCls, -CBr3,
-CI3, -CH,CFj3, -CH2CCls, -CH2CBr3s, va -CH2C13);

- nhém -NH; hodc nhém amin C;-Cg bac mét, bac hai hodc bac ba mach thang hodc
mach nhanh, dugc thé hoac kh(“)hg duoc thé (nhu -NMeH, -NMe», -NEtH, -NEtMe,
_NEt,, -NPrH, -NPrMe, -NP:Et, -NPr2, -NBuH, -NBuMe, -NBuEt, -CH>-NHa, -
CH,-NMeH, -CH,-NMey, -CHa-NEtH, -CH,-NEtMe, -CH2-NEt,, -CH,-NPrH, -
CH,-NPrMe, va —CH>-NPrEt);

- nhém amino-aryl dugc thé hodc khong duge thé (nhu -NH-Ph, -NH-(2,3 hodc 4)F-
Ph, -NH-(2,3 hodc 4)CIl-Ph, -NH-(2,3 hogc 4)Br-Ph, -NH-(2,3 hogc 4)I-Ph, -NH-
(2,3 hodc 4)Me-Ph, -NH-(2,3 hogc 4)Et-Ph, -NH-(2,3 hodc 4)Pr-Ph, -NH-(2,3 hodc
4)Bu-Ph, NH-(2,3 hogc 4)OMe-Ph, -NH-(2,3 hodc 4)OEt-Ph, -NH-(2,3 hodc 4)OPr-
Ph, -NH-(2,3 hoic 4)OBu-Ph, -NH-2,(3,4,5 hodc 6)F2-Ph, -NH-2,(3,4,5 hodc 6)Cl-
Ph, -NH-2,(3,4,5 hoic 6)Br-Ph, -NH-2,(3,4,5 hodc 6)>-Ph, -NH-2,(3,4,5 hodc
6)Me2-Ph, -NH-2,(3,4,5 hoic 6)Et2-Ph, -NH-2,(3,4,5, hogc 6)Pr>-Ph, -NH-2,(3,4,5
hodc 6)Buz-Ph;

- nhém amin hodc amido vong dugc thé hogc khong duge thé (nhu pyrolidin-1-yl,
pyrolidin-2-yl, pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, morpholin-2-yl,
morpholin-3-yl, morpholin-4-yl, 2-keto-pyrolidinyl, 3-keto-pyrolidinyl,
2-keto-piperidinyl, 3-keto-piperidinyl, 4-keto-piperidinyl, 2-keto-piperazinyl, va
3-keto-piperazinyl);

- nhém Cs3-Cg alkyl vong dugc thé hodc khong dugc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhom -OH ho#dc nhom rugu Ci-Cs ina_lch théng hodc mach nhanh, duoc thé »hroac
khéng duoc thé (nhu ~CH20H, -CH,CH>0H, -CH2CH>CH20H, -CH(CH;3)CH20H,
-C(CH3)20H, -CH2CH2CH2CH20H, -CH(CHQ)CHzCHzOH, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH20H, -C(CH3)2CH2OH,
-CH,CH>CH>CH,CH20H, va -CH2CH2CH2CH2CH>CH20H);

-102-



30857

- nhom axit carboxylic C1-Cs mach théng hodc mach nhanh, duoc thé hoic khong
duoc thé (nhu -COOH, -CH>COOH, -CH,CH2COOH, -CH,CH2CHCOOH,
-CH,CH,CH,CH>COOH, va -CH,CH>CH2CH>CH,COOH);

- nhom carbonyl mach théng ho#c mach nhanh, dugc thé hoic khong dugc thé (nhu
-(CO)Me, -(CO)Et, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu,

-(CO)tBu, -(CO)Ph, -(CO)CH2Ph, -(CO)CH20H, -(CO)CH20CHs, -(CO)CH2NH,
-(CO)CH2NHMe, -(CO)CH2NMe,, -(CO)-xyclopropyl,
-(CO)-1,3-epoxypropan-2-yl; : _

-(CO)NHa2, -(CO)NHMe, -(CO)NMex, —(CO)NHEf, -(CO)NEt,
~(CO)-pyrolidin-N-yl, -(CO)-morpholin-N-yl, -(CO)-piperazin-N-yl,
-(CO)-N-metyl-piperazin-N-yl, (CO)NHCH2CH20H, -(CO)NHCH2CH>OMe,
-(CO)NHCH,CH,NH,, -(CO)NHCH>CH2NHMe, va -(CO)NHCHCH2NMe;

- nhém este cua axit carboxylic C1-Cs mach thang hozc mach nhéanh, duge thé hozc
khong duoc thé (nhu -COOMe, -COOE, -COOPr, -COO-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH,COOMe, -CH2CH2COOMe, -CH2CH2CH2COOMe, va
-CH,CH,CH>CH>COOMe);

- nhém C1-Cs amit mach thang hodc mach nhanh, dugc thé hoac khong duoc thé
(nhu -CO-NH,, -CO-NMeH, -CO-NMe,, -CO-NEtH, -CO-NEtMe, -CO-NEt, -
CO-NPrH, -CO-NPrMe, va -CO-NPrEt);

- nhém C1-C7 amino carbonyl mach thang hodc mach nhéanh, dugc thé hozc khong
duoc thé (nhu -NH-CO-Me, -NH-CO-Et, -NH-CO-Pr, -NH-CO-Bu, -NH-
CO-pentyl, -NH-CO-hexyl, -NH-CO-Ph, -NMe-CO-Me, -NMe-CO-Et, -NMe-
CO-Pr, -NMe-CO-Bu, -NMe-CO-pentyl, -NMe-CO-hexy], -NMe-CO-Ph;

- nhém Ci-C7 alkoxy hodc aryloxy mach thang hodc mach nhanh, dugc thé hodc
khong duoc thé (nhu —~OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -Ov-t-B‘u, -O-
pentyl, -O-hexyl, -OCHuF, -OCHF3, -OCF3, -OCH:Cl, -OCHCl, -OCCls, -O-Ph, -
O-CH,-Ph, -O-CHa-(2,3 hoic 4)-F-Ph, -O-CH»-(2,3 hodc 4)-CI-Ph, -CH20Me, —
CH,OEt, —CH,0Pr, -CH20Bu, -CH2CH,0Me, -CH2CH2CH20Me, -
CH,CH,CH>CH,0Me, va -CH.CH2CH>CH2CH20Me);
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- nhém aminoalkoxy mach thang hodc mach nhanh, dugc thé hoic khéng duge thé
(nhu -OCH>CH2NHa, -OCH2CH2NHMe, -OCH2CH2NMe, -OCH2CH,NHE, va
-OCH>CH2NE;

- nhom sulphonyl mach théng hodc mach nhanh, dugc thé hozc khéng duogc thé
(nhu -SO2Me, -SO2Et, -SO2Pr, -SO2iPr, -SO2Ph, -SO2-(2,3 hodc 4)-F-Ph, -SO2-
xyclopropyl, -SO2CH2CH20CH3;

- nhém sulphonylamino (nhu -SO2NHz, -SO2NHMe, -SO2NMex,
-SO,NHEL, -SO,NEt,, -SO2-pyrolidin-N-yl, -SO2-morpholin-N-yl,
-SO,NHCH20Me, va -SO:NHCH2CH,0OMe);

- nhém aminosulphonyl (nhu -NHSO2Me, - NHSO2Et, - NHSO2Pr, -NHSO»iPr, -
NHSO,Ph, -NHSO,-(2,3 hodc 4)-F-Ph, -NHSO»-xyclopropyl, -
NHSO>CH>CH20CH3);

- nhém aminosulphonyl- vong (nhu —~N(SO2)(CHa)3 va ~N(SO2)(CHa)4);

- nhém thom (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-Cl-Ph-, 3-Cl-Ph-, 4-Cl-Ph-, 2-
Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-I-Ph-, 3-I-Ph, 4-I-Ph-, 2,(3,4,5 hodc 6)-F»-Ph-,
2,(3,4,5 hoic 6)-Ch-Ph-, 2,(3,4,5 hodc 6)-Br2-Ph-, 2,(3,4,5 hodc 6)-I>-Ph-, 2,(3,4,5
hodc 6)-Mex-Ph-, 2,(3,4,5 hodc 6)-Et2-Ph-, 2,(3,4,5 hodc 6)-Pr2-Ph-, 2,(3,4,5 hoac
6)-Bua-Ph-, 2,(3,4,5 hodc 6)-(CN)-Ph-, 2,(3,4,5 hodc 6)-(NO2)2-Ph-, 2,(3,4,5 hodc
6)-(NHz)2-Ph-, 2,(3,4,5 hodc 6)-(MeO)-Ph-, 2,(3,4,5 hodc 6)-(CF3)2-Ph-, 3,(4 hodc
5)-F2-Ph-, 3,(4 hoic 5)-Cl>-Ph-, 3,(4 hodc 5)-Bra-Ph-, 3,(4 hodc 5)-I>-Ph-, 3,(4 hodc
5)-Me-Ph-, 3,(4 hodc 5)-Et2-Ph-, 3,(4 hodc 5)-Pr>-Ph-, 3,(4 hoac 5)-Bup-Ph-, 3,(4
hodc 5)-(CN)-Ph-, 3,(4 hodc 5)-(NO2)2-Ph-, 3,(4 hodc 5)-(NHz)>-Ph-, 3,(4 hodc 5)-
(MeO)2-Ph-, 3,(4 hoic 5)-(CF3)2-Ph-, 2-Me-Ph-, 3-Me-Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-
Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-, 3-Bu-Ph-, 4-Bu-Ph-, 2-
(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-Ph-, 4-(NO»)-Ph-, 2-
(NHa)-Ph-, 3-(NHz)-Ph-, 4-(NHz)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-, 4-MeO-Ph-, 2-
(NH,-CO)-Ph-, 3-(NH2-CO)-Ph-, 4-(NH,-CO)-Ph-, 2-CF3-Ph-, 3-CF3-Ph-, 4-CFs-
Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-);
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- nhém di vong, no hodc khdng no, dugc thé hodc khong duge thé bao gdbm nhom di
vong thom va/hodc nhém di vong khong thom (nhu pyrol-1-yl, pyrol-2-yl, pyrol-3-
yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-
yl, imidazol-4-yl, imidazol-5-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyridin-4-yl, pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, pyrazin-2-yl, pyrolidin-1-yl, pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, 2-
azapiperidin-1-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-1-yl, 3-
azapiperidin-2-yl, 3-azapiperidin-4-yl, 3-azapiperidin-5-yl, piperazin-1-yl,
piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-yl, pyran-4-yl, 2-
azapyran-2-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-azapyran-2-
yl, 4-azapyran-3-yl, 4-azapyran-4-yl, 4-azapyran-5-yl, 4-azapyran-6-yl,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-2-yl, 2-aza-
tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-tetrahydrofuran-5-yl, 3-aza-
tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-3-yl, 3-aza-tetrahydrofuran-4-yl, 3-aza-
tetrahydrofuran-5-yl, tetrahydropyran-Z-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-2-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-
tetrahydropyran-4-yl, 2-aza-tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-
aza-tetrahydropyran-2-yl, 3-aza-tetrahydropyran-3-yl, 3-aza-tetrahydropyran-4-yl,
3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl, morpholin-2-yl, morpholin-
3-yl, morpholin-4-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3-yl, isothiazol-4-yl,
isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-yl, thiopyran-3-
yl, thiopyran-4-yl, 2-azathiopyran-2-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-5-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-4-yl, 4-azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-
yl, thian-2-yl, thian-3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-
3-yl, isoxazol-4-yl, isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3,4-
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oxadiazol)-5-yl, (1,2,4-oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-1-yl,
tetrazol-2-yl, tetrazol-5-yl);

- hé vong ngung tu bao .g(*)m hai hodc ba hodc nhiéu vong ngung tu, cac vong nay ¢6
thé dugc thé hodc khong duoc thé, t6t hon 1a trong d6 cac vong nay duge chon tir
mot, hai, hodc nhiéu nhém thom néu trén va nhém di vong thom hodc khong thom,
(vi dy, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, 5-azaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, 5-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin, phthalazin, 6-azaisoquinolin, 7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, Va‘l/hoéc thianthren); va

- trong d6 c6 hai nhém R gén véi cling nguyén t, ching cd thé cling tao thanh mot
nhém duoc lién két doi voi nguyén tit d6, (nhu nhém carbonyl (=O) hodc nhém
alken (=C(R’)2) trong d6 mdi nhém R’ 1a gidng hozc khac nhau va 1a H hoac nhém
hitu co, t6t hon 1a H hoidc nhém Ci-Cs alkyl mach théng hodc mach nhéanh);

va trong d6, R7 doc 1ap dugc chon tir H va mot nhém dugc chon tir cac nhom sau:
- halogen (nhu F, Cl, Br va I);
- nhom -CN;

- nhom C;-Cs alkyl mach théng hoc mach nhanh, dugc thé hoic khong duoc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl); |
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- nhém C1-Cs alkyl dugc halogen hdéa mach 'théng hoac mach nhanh, dugc thé hoic
khéng duge thé (nhu -CHLF, -CHF», -CH2Cl, -CH2Br, -CHal, -CF3, -CCls, -CBrs3,
-CI3, -CH,CFj3, -CH2CCl3, -CH2CBr3, va -CH2Clz);

- nhém -NH> ho#ic nhém amin C1-Cs bic mdt, bac hai hodc bac ba mach thing hoic
mach nhénh, dugc thé hodc khong dugc thé (nhu -NMeH, -NMe;, -NEtH, -NEtMe,
-NEt,, -NPrH, -NPrMe, -NPrEt, -NPr», -NBuH, -NBuMe, -NBuEt, -CH>-NH>, -
CH,-NMeH, -CHz-NMe,, -CH2-NEtH, -CH2-NEtMe, -CHz-NEt,, -CH2-NPrH, -
CH»-NPrMe, va —CH»-NPrEt);

- nhom -OH hodc nhém ruou C1-Cs mach théng hodc mach nhanh, dugc thé hoic
khéong duoc thé (nhu ~CH20H, -CH2CH20H, -CH2CH2CH20H, -CH(CH;3)CH0H,
-C(CH3),0H, -CH>,CH>CH>CH,0H, -CH(CH3)CH2CH>0H, -
CH(CH3)CH(CH3)OH, -CH(CH2CH3)CH,0OH, -C(CH3).CH,0OH,
-CH,CH>CH,CH>CH>0H, va -CH,CH>CH>CH,CH>CH,OH);

- nhom axit carboxylic C1-Cs mach fhéng hodc mach nhanh, dugc thé hoic khong
duoc thé (nhu -COOH, -CH>COOH, -CH>CH2COOH, -CH.CH.CH2COOH,
-CH>CH>CH,CH,COOH, va -CH,CH,CH>,CH2CH>COOH);

- nhém carbonyl mach thang hodc mach nhanh, duoc thé hodc khong dmjc thé (nhu
-(CO)Me, -(CO)Et, -(CO)Pr, -(CO)iPr, -(CO)nBu, -(CO)iBu,

-(CO)tBu, -(CO)CH20H, -(CO)CH20CHzs, -(CO)CH2NH>,

-(CO)CH2NHMe, -(CO)CH2NMey, -(CO)NHz, -(CO)NHMe, -(CO)NMez,
-(CO)NHE, -(CO)NEt,, -(CO)NHCH>CH,OH, -(CO)NHCH.CH20OMe,
-(CO)NHCH>CH,NH», -(CO)NHCH>CH>2NHMe, va -(CO)NHCH>CH2NMey;

- nhém este cla axit carboxylic Ci-Cs mach théng hodc mach nhanh, dugc thé hodc
khéng duoc thé (nhu -COOMe, -COOEt, -COOPr, -COO-i-Pr, -COO-n-Bu, -COO-
i-Bu, -COO-t-Bu, -CH,COOMe, -CH>CH2COOMe, -CH,CH2CH2COOMe, va
-CH2CH>CH2CH2COOMe);

- nhém C1-Cg amit mach théng hodc mach nhanh, dugc thé hodc khong duge thé
(nhu -CO-NH,, -CO-NMeH, -CO-NMe,, -CO-NEtH, -CO-NEtMe, -CO-NEt,, -
CO-NPrH, -CO-NPrMe, va -CO-NPrEt);
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- nhém C;-C7 amino carbonyl mach thing hoic mach nhénh, duge thé hodc khong
duoc thé (nhu -NH-CO-Me, -NH-CO-Et, -NH-CO-Pr, -NH-CO-Bu, -NH-
CO-pentyl, -NH-CO-hexyl, -NMe-CO-Me, -NMe-CO-Et, -NMe-CO-Pr, -NMe-
CO-Bu, -NMe-CO-pentyl, -NMe-CO-hexyl;

- nhém aminosulphonyl mach thang hozic mach nhanh, duge thé hoic khong duoc

thé (nhu -NHSO2Me, - NHSO,Et, -NHSO,Pr, -NHSO2iPr, -NHSO>CH,CH>0CH3);
tdt hon 1 trong d6 R!, R%, R?, R*, duoc chon tir H va:

- halogen nhu —F, -Cl, -Br va -1, t6t hon 1a -F va —Cl, (t6t hon nita 13 trong d6 R?
duoc chon tir -Cl va Br, va R!, R3, va R* dugc chon tir -H va -F);

- -CN;

- nhom C1-Cs alkyl mach théng ho#c mach nhanh, dugc thé hozc khong dugc thé
nhu metyl (Me), etyl (Et), propyl (Pr), isb-propyl (i-Pr), _xyclopropyl (cy-Pr), n-
butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexyl, t6t hon 1a —Me;

- nhém Ci-Cs alkyl dugce halogen héa mach théng hodc mach nhanh, dugc thé hoic
khong dugc thé (nhu -CHF, -CHF, -CH2Cl, -CH2Br, -CHal, -CF3, -CCls, -CBr3,
-CIs, -CH,CF3, -CH2CCl3, -CH2CBr3, va -CHzCls), tdt hon 14 —CF3; va

- nhém C;-C7 alkoxy mach théng hodc mach nhanh, duoc thé hozc khong dugc thé
(nhu —OMe, -OEt, -OPr, -O-i-Pr, -O-n-Bu, -O-i-Bu, -O-t-Bu, -O-pentyl, -O-hexy], -
OCH,F, -OCHF,, -OCF3, -OCH2Cl, -OCHCl,, -OCCls, -O-Ph, -CH20Me, —
CH»OEt, ~CH,OPr, -CH,0Bu, -CH2CH20Me, -CH2CH2CH20Me, -
CHzCHzCHzCHzOMe, va -CH,CH>CH,CH>,CH>OMe), tot hon 14 —OMe, hoiic
-OEt;

t6t hon 1a trong d6 R7, duoc chon tir H va:
- halogen nhu -F va —ClL,;

- -CN;
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- nhém Ci-Cs alkyl mach théng hoic mach nhanh, duogc thé hodc khong duge thé
nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), xyclopropyl (cy-Pr), n-
butyl (n-Bu), iso-butyl (i-Bu), tert-butyl (t-Bu), pentyl va hexyl, t6t hon 14 —Me; va

- nhém C1-Cs alkyl dugc halogen hoéa mach thing hoic mach nhanh, dugc thé hoic
khong dugc thé (nhu -CHaF, -CHFa, -CH2Cl, -CH2Br, -CHal, -CF3, -CCls, -CBr3,
-CIs, -CH2CF3, -CH2CCl3, -CH2CBr3, va -CHaClIs), t6t hon 13 —CF3;

va trong d6, R va R doc 14p duge chon tir H va:

- nhom C1-Cg alkyl mach théng hodc mach nhéanh, dugc thé hoic khong duogc thé
(nhu metyl (Me), etyl (Et), propyl (Pr), iso-propyl (i-Pr), n-butyl (n-Bu), iso-butyl
(i-Bu), tert-butyl (t-Bu), pentyl va hexyl);

- nhém C1-Cs alkyl dugce halogen héa mach théng ho#c mach nhanh, dugc thé hoic
khong dugc thé (nhu -CH2F, -CHF>, -CF3, -CCls, -CBr3, -Cl3, -CH2CF3, -CH2CCl,
-CH,CBr3, va -CH2Cl3), t6t hon 1a nhém C1-Cs alkyl dugc flo hdéa mach théng hodc
mach nhanh (nhu -CH2F, -CHF, -CF3, -CH2CHoF, -CH2CHF?>, va -CH2CF3); va

- nhom rugu C2-Cs mach théng ho#c manh nhanh khong duoc thé (nhu -
CH>CH,0OH, -CH>CH>CH>0H, -CH(CH3)CH20H, -C(CH3)OH, -
CH,CH,CH,CH,0H, -CH(CH3)CH2CH>OH, -CH(CH3)CH(CH3)OH, -
CH(CH,CH3)CH>OH, -C(CH3),CH20H, -CH2CH,CH2CH2CH20H, va
-CH>CH>CH2CH2CH>CH20H);

va RY! ¢6 thé con duoc chon tir nhém C3-Cs alkyl vong duge thé hogc khong duoc
thé (nhu xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va
xyclooctyl);

trong d6 R’ t6t hon 1a H va R®! t&t hon 1a H;

va trong d6 R® 1a nhom vong, nhom vong nay duge lién két truc tiép qua mot trong

sb nguyén tir vong ctia n6 véi cacbon gin véi R® va R%, nhém vong duge chon tir:

- nhém amin hodc amido vong (nhu pyrolidin-2-yl, pyrolidin-3-yl, piperidin-2-yl,
piperidin-3-yl, piperidin-4-yl, piperazin-2-yl, piperazin-3-yl, morpholin-2-yl,
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morpholin-3-yl, 2-keto-pyrolidinyl, 3-keto-pyrolidinyl, 2-keto-piperidinyl,
3-keto-piperidinyl, 4-keto-piperidinyl), 2-keto-piperazinyl, va 3-keto-piperazinyl;

- nhém C3-Cs alkyl vong dugc thé hodc khong duge thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhém thom duoc thé hogc khong duge thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-Cl-Ph-, 4-Cl-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-1-Ph-, 3-I-Ph, 4-I-Ph-,
2,(3,4,5 hoic 6)-F2-Ph-, 2,(3,4,5 hoic 6)-Cl-Ph-, 2,(3,4,5 hodc 6)-Br2-Ph-, 2,(3,4,5
hodc 6)-Ir-Ph-, 2,(3,4,5 hoic 6)-Mex-Ph-, 2,(3,4,5 hodc 6)-Et>-Ph-, 2,(3,4,5 hodc 6)-
Pr2-Ph-, 2,(3,4,5 hodc 6)-Buz-Ph-, 2,(3,4,5 hodc 6)-(CN)-Ph-, 2,(3,4,5 hodc 6)-
(NO2)2-Ph-, 2,(3,4,5 hodc 6)-(NHz)-Ph-, 2,(3,4,5 ho#ic 6)-(MeO)-Ph-, 2,(3,4,5 hodc
6)-(CF3)2-Ph-, 3,(4 hodc 5)-F2-Ph-, 3,(4 hodc 5)-Clo-Ph-, 3,(4 hogc 5)-Br2-Ph-, 3,(4
hozc 5)-I,-Ph-, 3,(4 hodc 5)-Mez-Ph-, 3,(4 hogc 5)-Et2-Ph-, 3,(4 hodc 5)-Pr>-Ph-,
3,(4 hodc 5)-Bua-Ph-, 3,(4 hoic 5)-(CN)-Ph-, 3,(4 hodc 5)-(NO2)-Ph-, 3,(4 hodc
5)-(NHa)2-Ph-, 3,(4 hoac 5)-(MeO)2-Ph-, 3,(4 hodc 5)-(CF3)2-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
. 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO2)-Ph-, 3-(NO2)-
Ph-, 4-(NO2)-Ph-, 2-(NH,)-Ph-, 3-(NH2)-Ph-, 4-(NH2)-Ph-, 2-MeO-Ph-, 4-MeO-Ph-
, 2-(NH,-CO)-Ph-, 3-(NH,-CO)-Ph-, 4-(NH,-CO)-Ph-, 2-CF3-Ph-, 3-CF3-Ph-, 4-
CF3-Ph-, 2-CF30-Ph-, 3-CF30-Ph-, va 4-CF30-Ph-); va

- nhém di vong, no hodc khéng no, duogc thé hoic khong duoc thé nhu nhém di
vong thom va/hoic nhém di vong khong thom (nhu pyrol-2-yl, pyrol-3 -yl, pyrazol-
3-yl, pyrazol-4-yl, imidazol-2-yl, imidazol-4-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-5-
yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
pyridazin-3-yl, pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl,
pyrazin-2-yl, pyrolidin-2-yl, pyrolidin-3-yl, piperidin-2-yl, piperidin-3-yl, piperidin-
4-yl, 2-azapiperidin-3-yl, 2-azapiperidin-4-yl, 3-azapiperidin-2-yl, 3-azapiperidin-4-
yl, 3-azapiperidin-5-yl, piperazin-2-yl, furan-2-yl, furan-3-yl, pyran-2-yl, pyran-3-
yl, pyran-4-yl, 2-azapyran-3-yl, 2-azapyran-4-yl, 2-azapyran-5-yl, 2-azapyran-6-yl,
3-azapyran-2-yl, 3-azapyran-4-yl, 3-azapyran-5-yl, 3-azapyran-6-yl, 4-azapyran-2-
yl, 4-azapyran-3-yl, 4-azapyran-5-yl, 4-azapyran-6-yl, tetrahydrofuran-2-yl,
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tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-3-yl, 2-aza-tetrahydrofuran-4-yl, 2-aza-
tetrahydrofuran-5-yl, 3-aza-tetrahydrofuran-2-yl, 3-aza-tetrahydrofuran-4-yl, 3-aza-
tetrahydrofuran-5-yl, tetrahydropyran-2-yl, tetrahydropyran-3-yl, tetrahydropyran-
4-yl, 2-aza-tetrahydropyran-3-yl, 2-aza-tetrahydropyran-4-yl, 2-aza-
tetrahydropyran-5-yl, 2-aza-tetrahydropyran-6-yl, 3-aza-tetrahydropyran-2-yl, 3-
aza-tetrahydropyran-4-yl, 3-aza-tetrahydropyran-5-yl, 3-aza-tetrahydropyran-6-yl,
morpholin-2-yl, morpholin-3-yl, thiophen-2-yl, thiophen-3-yl, isothiazol-3 -yl,
isothiazol-4-yl, isothiazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, thiopyran-2-
yl, thiopyran-3-yl, thiopyran-4-yl, 2-azathiopyran-3-yl, 2-azathiopyran-4-yl, 2-
azathiopyran-5-yl, 2-azathiopyran-6-yl, 3-azathiopyran-2-yl, 3-azathiopyran-4-yl, 3-
azathiopyran-5-yl, 3-azathiopyran-6-yl, 4-azathiopyran-2-yl, 4-azathiopyran-3-yl, 4-
azathiopyran-5-yl, 4-azathiopyran-6-yl, thiolan-2-yl, thiolan-3-yl, thian-2-yl, thian-
3-yl, thian-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl,
isoxazol-5-yl, furazan-3-yl, (1,3,4-oxadiazol)-2-yl, (1,3,4-oxadiazol)-5-yl, (1,2,4-
oxadiazol)-3-yl, (1,2,4-oxadiazol)-5-yl; va tetrazol-5-yl); va

- hé vong ngung tu bao gbm hai hoic ba hodc nhiéu vong ngung ty, cic vong nay co
thé dugc thé hodc khong duge thé, t6t hon 1a trong d6 cac vong ndy dugc chon tir
mot, hai, hoac nhiéu nhom thom néu trén va nhom di vong thom hodc khéng/thom,
(vi dy, hé vong ngung tu nhu naphtalen, anthracen, phenanthren, phenalen,
biphenylen, pentalen, inden, as-indacen, s-indacen, axenaphtylen, floren, floanten,
axephenanthrylen, azulen, heptalen, indol, indazol, benzimidazol, 4-azaindol, 5-
azaindol, 6-azaindol, 7-azaindol, isoindol, 4-azaisoindol, 5-azaisoindol, 6-
azaisoindol, 7-azaisoindol, indolizin, 1-azaindolizin, 2-azaindolizin, 3-azaindolizin,
5-azaindolizin, 6-azaindolizin, 7-azaindolizin, 8-azaindolizin, 9-azaindolizin, purin,
carbazol, carbolin, benzofuran, isobenzofuran, benzothiophen, isobenzothiophen,
quinolin, xinolin, quinazolin, quinoxalin, S-azaquinolin, 6-azaquinolin, 7-
azaquinolin, naphthyridin, isoquinolin,  phthalazin, 6-azaisoquinolin,  7-
azaisoquinolin, pteridin, chromen, isochromen, acridin, phenanthridin, perimidin,

phenanthrolin, phenoxazin, xanthen, phenoxanthiin, va/hodc thianthren);

va trong d6 R® va R%* doc lap duoe chon tir H va cdc nhém sau véi diéu kign mot

trong s6 R® va R% khong phai 1a H:
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- nhom C1-Cs alkyl mach thang hozc mach nhanh, dugc thé hodc khong duogc thé
(nhu Me, Et, Pr, i-Pr, n-Bu, i-Bu, t-Bu, pentyl va hexyl);

- nhom C;-Cs alkyl dugc halogen héa mach thing hodc mach nhanh, dugc thé hoic
khéng dugc thé (nhu -CH,F, -CHF2, -CHCl, -CH,Br, -CHzl, -CF3, -CCl3 -CBrs,
-Cls, -CH2CF3, -CH2CCl3, -CH2CBr3, va -CH2ClIs);

- nhom amin C;-C¢ bac mdt, bac hai hodc bac ba mach thang hoic mach nhanh,
duwoc thé hodc khong duge thé (nhu —CHy-NHa, -CHo-NMeH, -CH>-NMeo, -
CH,-NEtH, -CH,-NEtMe, -CHz-NEt,, -CH»-NPrH, -CH>-NPrMe, va —CH>-NPrEt);

- nhéom Cs3-Cg alkyl vong duoc thé hodc khéng dugc thé (nhu xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl);

- nhém ruou C1-Ce mach théng hoic mach nhanh, dugc thé hoic khong dugc thé
(nhu —CH,OH, -CH,CH,0H, ~-CH,CH>CH,OH, -CH(CH3)CH,OH, -C(CHs)20H, -
CH>CH>CH>CH;0H, -CH(CH3)CH,CH,OH, -CH(CH3)CH(CH;)OH, -
CH(CH2CH3)CH20H, -C(CH3).CH20H, -CH,CH>CH2,CH>CH>0OH, va
-CH2CH2CH>CH2CH2CH20H); |

- nhém amin hodc amido vong dugc thé hodc khong duoc thé (nhu pyrolidin-2-yl,
pyrolidin-3-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, piperazin-2-yl,
piperazin-3-yl, morpholin-2-yl, morpholin-3-yl, 2-keto-pyrolidiriy1,
3-keto-pyrolidinyl, 2-keto-piperidinyl, 3-keto-piperidinyl, 4-keto-piperidinyl),
2-keto-piperazinyl, va 3-keto-piperazinyl;

- nhém thom duge thé hodc khong dugc thé (nhu Ph-, 2-F-Ph-, 3-F-Ph-, 4-F-Ph-, 2-
Cl-Ph-, 3-Cl-Ph-, 4-C1-Ph-, 2-Br-Ph-, 3-Br-Ph-, 4-Br-Ph-, 2-I-Ph-, 3-I1-Ph, 4-I-Ph-,
2,(3,4,5 hoiic 6)-F2-Ph-, 2,(3,4,5 hoic 6)-Cl-Ph-, 2,(3,4,5 hodc 6)-Br2-Ph-, 2,(3,4,5
hodc 6)-I>-Ph-, 2,(3,4,5 hodc 6)-Mex-Ph-, 2,(3,4,5 hodic 6)-Et>-Ph-, 2,(3,4,5 hodc 6)-
Pr2-Ph-, 2,(3,4,5 hodc 6)-Bux-Ph-, 2,(3,4,5 hodc 6)-(CN)2-Ph-, 2,(3,4.,5 hoic 6)-
(NO2)2-Ph-, 2,(3,4,5 hotic 6)-(NHz)-Ph-, 2,(3,4,5 hodc 6)-(MeO)-Ph-, 2,(3,4,5 hodc
6)-(CF3)2-Ph-, 3,(4 hodc 5)-F2-Ph-, 3,(4 hodc 5)-Cl-Ph-, 3,(4 hodc 5)-Br-Ph-, 3,(4
hogc 5)-L-Ph-, 3,(4 hodic 5)-Mez-Ph-, 3,(4 hodc 5)-Et2-Ph-, 3,(4 hodc 5)-Pra-Ph-,
3,(4 hodc 5)-Bu-Ph-, 3,(4 hodc 5)-(CN)-Ph-, 3,(4 hotc 5)-(NO2)2-Ph-, 3,(4 hodc
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5)-(NHz)2-Ph-, 3,(4 hodic 5)-(Me0)-Ph-, 3,(4 hoc 5)-(CFs)-Ph-, 2-Me-Ph-, 3-Me-
Ph-, 4-Me-Ph-, 2-Et-Ph-, 3-Et-Ph-, 4-Et-Ph-, 2-Pr-Ph-, 3-Pr-Ph-, 4-Pr-Ph-, 2-Bu-Ph-
. 3-Bu-Ph-, 4-Bu-Ph-, 2-(CN)-Ph-, 3-(CN)-Ph-, 4-(CN)-Ph-, 2-(NO,)-Ph-, 3-(NO»)-
Ph-, 4-(NO,)-Ph-, 2-(NH,)-Ph-, 3-(NH)-Ph-, 4-(NHy)-Ph-, 2-MeO-Ph-, 3-MeO-Ph-
. 4-MeO-Ph-, 2-(NH-CO)-Ph-, 3-(NH;-CO)-Ph-, 4-(NH,-CO)-Ph-, 2-CF3-Ph-, 3-
CF3-Ph-, 4-CF3-Ph-, 2-CF30-Ph-, 3-CF30-Ph-, v& 4-CF30-Ph-);

- nhém di vong no hodc khoéng no, duoc thé hoic khong duogc thé nhu nhém di vong
thom (nhu pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, thiophen-2-yl, thiophen-3-yl,
pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, pyrimidin-6-yl, tetrazol-5-yl,
oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl,
(1,3,4-oxadiazol)-2-yl, (1,3,4-oxadiazol)-5-yl, (1,3-thiazol)-2-yl, (1,3-thiazol)-4-y],
(1,3-thiazol)-5-yl, furan-2-yl, va furan-3-yl); hodc nhu nhém di vong no dugce thé
hodc khéng dugc thé (nhu piperidin-2-yl, piperidin-3-yl, piperidin-4-yl,
piperazin-2-yl, piperazin-3-yl, tetrahydrofuran-2-yl, va tetrahydrofuran-3-yl,
tetrahydropyran-2-yl, tetrahydropyran-3-yl, tetrahydropyran-4-yl); va

- nhém trong d6 R® va R% cung tao thanh vong di vong hodc vong cacbon ¢6 3-6
canh, no hodc khéng no, duoc thé hodc khong dugc thé (nhu vong xyclopropyl,
vong xyclobutyl, vong xyclopentyl, vong xyclopentenyl, vong xyclohexyl, vong
xyclohexenyl, vong aziridin, vong azetidin, vong pyrolidin, vong piperidin, vong

piperazin, vong oxetan, vong tetrahydrofuran hodc vong tetrahydropyran);

v6i didu kién khi mot trong s R% va R% 1a H va nhom con lai 1a Me, thi R% khong
phai 14 3-MeO-Ph-, va khi R® 14 -Ph, va mt trong s& R® va R% 1a H, thi nhom con
lai trong s6 RS va R% khong phai 1a -CH(OH)-Ph.

Do d6, sang ché dé xuét hop chat TDO hoic IDOdé stz dung trong y hoc,

hop chét nay bao gdm nhém duoc chon tir mét trong s6 cong thirc sau:
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Trong céc hop chét néu trén, hoa hoc 1ap thé duoc biéu thi ¢ tdm bat dbi,
sang ché con bao gdm cac chat ddng phan ddi anh duge phan tach co thé ¢6 va ca
hdn hop raxemic. Ngoai ra, khi hdn hop raxemic duoc biéu thi & tam bat dbi (nhu
bang dudng hinh séng) sang ché con bao gdm ca chit déng phén d6i anh duge phan
tach va hdn hop raxemic. Hon nita, khi khong bidu thi héa hoc 14p thé & tam bat ddi
thi sang ché con bao gém ca chét ddng phan ddi anh duoc phan tach va hdn hop
raxemic. Do d6, cac hop chat theo sdng ché m& rong dén cac chat ddng phan ddi
anh duoc phén tach, va/hogic hdn hop cta hai hodc nhidu chit ddng phan déi anh,
va/hodc hdn hop cua hai hodc nhiu chat ddng phan khong d6i quang (vi dy, khi c6
nhidu hon mot tm bit di), va/hodc hdn hop clia hai hogc nhidu epime, va/hodc hdn
hop raxemic. Ngoai ra, cong thirc néu trén (va tht ca cong thirc & day) thé hién tat ca

cac dang hd bién trong duong véi cong thirc twong tmg.

Trong pham vi sang ché, viéc stir dung thubc khong bi gi6i han cu thé, véi
diéu kién hiéu qua trc ché cua hop chit TDO va/hodc IDO tao thuén loi cho viée sur
dung thude. Do d6, cac hop chét theo sang ché c6 thé duoc st dung cho bénh, tinh
trang hodc rbi loan bt ky ma co thé duoc ngin ngira, cai thién hodc didu tri bang
cach sir dung chét e ché TDO va/hodc IDO. Dién hinh 14 bénh, tinh trang hodc 1o
loan nay bao gém tinh trang bénh va/hodc roi loan duge. chon tr: bénh ung thu, tinh
trang viém, bénh lay nhiém, bénh hoic r6i loan hé than kinh trung wong, bénh tim

mach vanh, suy thdn man tinh, loan chirc ning nhén thirc sau gdy mé, tinh trang
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bénh va/hodc rdi loan lién quan dén stc khoe sinh san phu nit bao gdm phuong

phép tranh thu thai hodc sy thai, va bénh duc thily tinh thé.

Khi bénh, tinh trang hodc rbi loan 13 bénh, tinh trang hodc r6i loan viém, thi
n6 khong bi giéi han cu thé, voi didu kién bénh, tinh trang hozc 161 loan c6 thé dugc
diéu tri, ngan ngira hodc cai thién bang cach sir dung chit e ché TDO va/hoac IDO.
Tuy nhién, tinh trang viém dién hinh 12 tinh trang lién quan dén té bao B mién dich,
& bao T, té bao dang nhanh, t& bao chét tu nhién, dai thuc bao, va/hodc r6i loan

bach cau trung tinh.

Khi bénh, tinh trang hodc 161 loan 13 bénh ung thu, thi n6 khong bi gii han
cu thé, v4i diéu kién bénh ung thu cé thé duoc didu tri, ngin nglra hodc cai thién
bing cach sir dung chét e ché TDO vavhodc IDO. Do d6, bénh ung thu c6 thé 1a
bénh ung thu dugc chon tur: khdi u rén hoic 16ng bao gém bénh ung thu mét, nio
(nhu u than kinh dém, u nguyén bao than kinh dém, u nguyén bao tay, u so hau, u
mang ndo that, va u bao hinh sao), tuy séng, than, miéng, moi, c¢d hong, khoang
miéng, khoang miii, rudt non, rudt Két, tuyén cln giap, thi mat, dau va cd, nguc,
xuong, 6ng mat, cd tir cung, tim, tuyén ha hau, phéi, phé quan, gan, da, niéu quan,
niéu dao, tinh hoan, &m dao, hdu mon, tuyén_thanh quan, buéng trung, tuyén giap,
thuc quan, tuyén miii hong, tuyén yén, tuyén nuée bot, tayén tién liét, tuyén tuy,
tuyén thuong thin; bénh ung thu‘n(f)i mac tr cung, bénh ung thu miéng, khéi u 4c
tinh, u nguyén bao thdn kinh, bénh ung thu da day, bénh u mach, u nguyén bao
mach mau, u t& bao wa crom, nang tuy, ung thu bidu mo té bao than, khdi u Wilms,
ung thu biéu mé té bio cé vay, sacdm, sacom xuong, sacom Kaposi, sacém co van,
ung thu biéu md té bao gan, hoi chimg u mé thira giy ra béi gen PTEN (PTEN
Hamartoma-Tumor Syndromes - PHTS) (nhu bénh Lhermitte-Duclos, bénh
Cowden, bénh Proteus, va hdi ching giéng nhu Proteus), ung thu bach cdu va u
lympho (nhu ung thu bach ciu lympho bao cép tinh, ung thu bach cau lympho bao
man tinh, ung thu bach cAu tao nén & tlry xuong cép tinh, ung thu bach céu tao nén
& tiy xuong man tinh, ung thu bach ciu té bao toc, bénh bach cau tién té bao
lympho t& bao T (T-cell prolymphocytic leukemia - T-PLL), bénh bach cau té bao
lympho hat 16n, bénh bach cu té bao T trudng thanh, bénh bach cau tiry don bao &
ngudi tré, u lympho Hodgkin, u lympho khong Hodgkin, u lympho vo, u lympho
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dang nang, u lympho tran dich nguyén phéat, u lympho lién quan dén AIDS, u
lympho Hodgkin, u lympho té bao B lan téa, u lympho Burkitt, va u lympho té bao
T & da). Tuy nhién, khi hop chét 1a chit uc ché IDO, thong thudng (nhung khong
loai trir) bénh ung thu 1a bénh ung thu dugc chon tir bénh bach cau dang tuy clp
tinh (acute myeloid leukemia - AML), bénh ung thu phéi té bao nho, khdi u 4c tinh,
bénh ung thu budng trimg, bénh ung thu dai truc trang, bénh ung thu tuy, bénh ung
thu ndi mac tir cung, va u nhu da. Khi hop chét 1a chét wc ché TDO, thong thudng
(nhung khong loai trlr) bénh ung thu la bénh ung thu dugce chon tir u than kinh dém,

va ung thu biéu mo té bao gan.

Khi bénh 13 bénh 14y nhifm, thi né khong bi gi6i han cu thé, véi dicu kién
bénh nay c6 thé dugce diéu tri, ngin nglra hodc cai thién béng cach st dung chit trc
ché TDO va/hodc IDO. Tuy nhién, bénh lay nhiém dién hinh dugc chon tir nhiém vi
khudn va nhiém virut, t6t hon 1a nhiém tring rudt, nhiém trung mau, ha huyét ap do

nhiém tring méu, nhiém HIV va nhiém HCV.

Khi bénh, tinh trang hodc 161 loan 13 bénh, tinh trang hodc 161 loan hé than
kinh trung wong, thi né khong bi gi6i han cu thé, v6i diéu kién bénh, tinh trang hodc
rbi loan c6 thé duge diéu tri, ngan nglra hodc cai thién bang céach st dung chét uc
ché TDO va/hoic IDO. Tuy nhién, bénh, tinh trang hodc rdi loan hé than kinh trung
uong dién hinh duoc chon tir bénh xo cliing teo co mdt bén (amyotrophic lateral
sclerosis - ALS), bénh Huntington, bénh Alzheimer, dau, b1 loan tAm than, bénh da

X0 cling, bénh Parkinson, va HIV lién quan dén suy giam than kinh nhén thuc.

Khi bénh, tinh trang hodc roi loan lién quan dén strc khoe sinh san phu nit,
thi n6 khong bi gidi han cu thé vé&i diéu kién bénh, tinh trang hodc r6i loan c6 thé
duoc diéu tri, ngan ngira hodc cai thién bang cach st dung chét (¢ ché TDO va/hoic
IDO. Theo cac phuong an dién hinh bénh, tinh trang hodc i loan duoc chon tir céc
161 loan phu khoa nhu bénh lac ndi mac tir cung. Cac tinh trang lién quan dén strc
khoe sinh san phu nit dugc bao gbm trong sang ché gém phuong phap tranh thu thai
va sdy thai sao cho céc hop chit theo sang ché c6 thé dugc str dung 1am chét tranh

thu thai va/hodc séy thai.
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Séng ché con dé cap dén duoc phém chtra hop chit nhu xac dinh & trén.
Trong khi dugce phim khong bi gii han cu thé, duoc phdm dién hinh con chia chat
phu gia va/hodc ta duge duoc dung. Trong dugc phém, hop chét nhu xé4c dinh & trén
6 thé ¢6 mit & dang d3 mo ta & trén, nhung theo cach khéc c6 thé & dang thich hop
dé cai thién d6 kha dung sinh hoc, do tan, va/hodc hoat tinh, va/hodc c6 thé 6 dang
thich hop dé cai thién dang ché phém. Do @6, hop chét d(’) thé & déng mudi duge
dung, hydrat, axit, este, hodc dang thay thé thich hop khéc. Dién hinh 13, dliqc phém
dé diéu tri bénh, tinh trang hodc 161 loan nhu x4c dinh & trén. Trong mot s6 trudong
hop, hop chit c6 thé c6 mat trong duge phém dudi dang mubi dugc dung, hodc

dang thay thé khac cta hop cht, dé cai thién duogc phém.

Theo mot sb phuong an, duoc phérn la duoc phém dé diéu tri bénh ung thu,
con chira chit khac dé diéu tri bénh ung thu. Chét khac dé diéu tri bénh ung thu
khong bi gi6i han cu thé, véi didu kién né hitu dung dé diéu tri bénh ung thu. Tuy
nhién, didn hinh 12 chét khac d& didu tri bénh ung thu dugc chon tir chat chéng hinh
thanh vi cAu tric hinh éng, phtrc phéi tri platin, chét alkyl hoa, chit khang sinh, chit
e ché topoisomeraza I, chét chéng chuyén héa, chét e ché topoisomeraza I,
hormon va chét twong ty hormon, chat e ché con dudng truyén tin hiéu, chét tc
ché su hinh thanh mach khong thu thé tyrosin kinaza, tdc nhan tri ligu mién dich, tac
nhén tién gay chét t& bao va chét uc ché tao tin hiéu chu ky té bao. Tac nhan tri liéu
mién dich c6 thé bao gdbm, nhung khong bi gi¢i han &, vacxin khang khéi u, virut ly
giai, khang thé kich thich mién dich nhu khang CTLA4, khang PD1, khdng PDL-1,
khang OX40, khang 41BB, khdng CD27, khang-khdng CD40, khang LAGS3, khang
TIM3, va khang GITR, chit phy trg mdi, peptit, xytokin, li¢u phap té bao T thu thé
khang nguyén kham (CAR-T), chdt didu chinh mién dich phan tir nho, chit diéu

chinh khéi u méi trudng vi mo, va chat chong tao mach.

~ Sang ché con d& xuét phuong phap didu tri bénh va/hodc tinh trang va/hoac
réi loan, trong d6 phuong phap nay bao gdm cho bénh nhén dung hop chét hoic
duoc phdm nhu x4c dinh & trén. Phuong phdp nay nay 1a phuong phap dé diéu tri
tinh trang bénh hodc rdi loan bat ky néu trén. Theo cic phuong én dién hinh,
phuong phap nay dé didu tri bénh ung thu. T6t hon 1a phuong phép nay bao gbm
cho bénh nhin dung hop chét hodc duoc phém nhu x4c dinh & trén va chét khac dé
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diéu tri bénh ung thu nhu xac dinh & trén. Hop chit hozc duoc phém va chat khéc
6 thé duoc dung déng thoi, 14n luot hodc riéng ré, tuy thudc vao cac chit va bénh

nhén c6 lién quan, va loai bénh ung thu dugc chi dinh.
Dién hinh 1, theo tit c4 cic phuong 4n cla sang ché, ca trén va duéi day,
bénh nhan 14 dong vat, dién hinh 14 dong vat c6 v, va dién hinh hon 1a ngudi.

Séng ché con d& xuét phuong phap tdng hop hop chit nhu x4c dinh ¢ trén,
trong d6 phuong phap nay bao gbém budc thay thé phan tir thé (dién hinh 12 nhom
H) & vi tri 2 cua hop chét indol hoic azaindol dugc thé hoic khong duge thé, hodc
mdt phan clia nd (dién hinh 14 khi thuc hién phan tng ghép d6i amit hodc phan mg
ghép do6i khac) voi phdn tir thé khac, va/hodc thuc hién phan tng ghép ddi (nhu
phan tng ghép d6i amit) trén phéan tlr thé o vi tri 2.

Ngoai cac hop chit dé sir dung trong y hoc, sang ché, va cu thé 1a phuong
phap téng hop, d& xuét hop chat khong bidt trude do, cac hop chit nay c6 cong thirc

duoc chon tir mdt trong s6 cac cong thirc sau:
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Trong mot sb truong hop, céc cong thirc néu trén (va tAt ca cac cong thic &
day) duoc thé hién & dang khong ddng phan 1ap thé, trong cac trudng hop khac &
dang déng phén lap thé, va trong céc trudng hop khac nita duge thé hién theo cach
chi ra ¢4 hai chit ddng phan dbi anh (str dung dudng hinh séng). Pé tranh nhdm 14n,
trong pham vi sang ché, cong thirc don dai dién cho tht ca céc chit dong phan 1ap
thé c¢6 cAu triic cu thé c6 thé co, bao gdm tAt ca cac chit ddng phan d6i anh dugc
phén tach co thé c6 tuong tmg véi cong thire nay, tAt ca cac hdn hop chit déng phéan
dbi anh c6 thé c6 twong g voi cong thire, tht ca cac hdn hop chit dong phan
khéng ddi quang c6 thé c6 tuong tng véi cong thic, tAt ca cac hdn hop epime c6
thé c6 tuong tmg véi cong thic va tAt ca cac hdn hop raxemic co thé c6 twong tng
v6i cong thire. Ngoai ra, cac cong thic néu trén (va tAt ca cac cong thire ¢ day) dai

dién cho tit ca cac dang hd bién twong duwong voi cong thirc twong tmg.

Ngoai céac hop chét»néu trén 13 khong biét truse d6, séng ‘ché, va cu thé la
phuong phép téng hop, dé xuét hop chat khic c6 cong thie duge chon tir mét trong

sO cac cong thtc sau:

N v
48 H Z |

Céc hop chat nay da duoc téng hop trude d6 dudi dang hdn hop raxemic,
nhung khong phai la cht ddng phan dbi anh dugc phén tach hodc hdn hép chét
ddng phan 13p thé khac khong phai raxemic. Do d6, sang ché mo rong dén cac hop
chét trong d6 c6 thé chtra chit ddng phan dbi anh duoc phan tach tuwong tmg véi

cong thuc, hodc ¢ thé chtra hdn hop chit dong phan dbi anh khong phai raxemic
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tuong Ung véi cong thic, hdn hop chét ddng phan khong dbi quang tuong tmg véi

cong thie, va/hodc hdn hgp epime twong tng voi cong thirc.

Séng ché dwgc md ta chi tiét hon, chi bang vi du, nhd céc phuong 4n cu thé

sau.
Vi du thwe hién sang ché

Céc hop chit 1am vi du theo sang ché dugc didu ché, va thir nghiém dé xac
dinh hi€u qua cua ching lam chit tic ché TDO va/hodc IDO. Cac hop chét nay duoc
so sénh v&i hop chit REF tham khéo:

O
- -
H \_/ REF
Vi du vé phirong phdp tong hop hop chdt theo séng ché

Nhu da néu, cac hop chét theo séng ché ¢6 thé duoc tdng hop bang cach su
dung cac phan ung ghép doi da biét, va nguyén liéu ban diu c6 sn. Vi du vé

phuong phép tdng hop hai hop chit theo sang ché dugc thé hién dudi day.

Hop chét 48 duogc tdng hop theo con dudng sau:

H,N
cl cl O

\ COH v \ NH
N EDC.HCI N
H HOBt H

DIPEA, DMF
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Hop chét 141 dugc tdng hop theo con dudng sau:

N
N . —
=\ EtMgBr, Ti(O'Pr), \N
N__
)’ H-N <
S BF;.OFt, 2
N/ THF,
=78 C dénrt HATU,
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rt, 16 h
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N
H
cl o N
— \
\ N——
NH S
N .
H

Thir nghiém

Dung hai loai thir nghiém khéc nhau: 1. Thir nghiém ghép déi hoa sinh TDO
va IDO ding d& san xudt va tinh ché enzym TDO va IDO tai td hop két hop véi
enzym formamidaza. HE enzym ghép d6i nay cho phép chuyén hoéa
N-formylkynurenin tao ra bdi hoat tinh TDO hodc IDO thanh kynurenin sau do
duoc dinh lugng bang huynh quang tiép do thém chét phan tng Erhlich. 2. Thur
nghiém dua trén té bao dé phat hién tac dung ctia hop chét thir nghiém dén viée san
xuét kynurenin trong hai loai té bao ung thu khic nhau. Thir nghiém nay dung té
bao ung thu biéu hién TDO hozc IDO va thit nghiém nay dugce sir dung ¢ dang cach
thirc hoat hoa hop chit thir nghiém & hai enzym nay trong pham vi té bao. Cach

thuc hién céc thir nghiém nay duoc néu dudi day.
Thir nghiém hoa sinh TDO

2 uM TDO protein cia ngudi duge 0 trude trong 10 phit ¢ RT v6i hop chat
thir nghiém c6 mat 50 mM KHzPOs, d6 pH 7,0, 0,5 mM EDTA, 0,5 mM EGTA,
0,05% Triton X-100, 20 mM ascorbat, 500 U/ml catalaza, 10 pM xanh metylen ¢
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RT trong dia 384 16. 0,05 ug/pl kynurenin formamidaza va 330 uM hodc 178 uM
L-tryptophan dugc thém vao va thir nghiém duoc G ¢ nhiét d6 trong phong (RT)
trong 17 phit. Ding thir nghiém va muc kynurenin duge xac dinh bang cach 1 véi
tdc nhin phan tng Ehrlich dén ndng d6 cubi 1,33% & RT trong 5 phut. Cuong do
phat quang dugc doc ¢ 475 nm/530 nm.

Thit nghiém sinh hoc IDO

0,17 uM IDO protein cia ngudi duge i trude trong 10 phit hode 120 phut o
RT véi hop chit thir nghiém c6 mat 50 mM KPOs, d6 pH 7,0, 0,5 mM EDTA,
0,5 mM EGTA, 0,05% Triton X-100, 20 mM ascorbat, 560 U/ml catalaza, 10 pM
xanh metylen & RT trong dia 384 15. 0,05 pg/ul kynurenin formamidaza va 45 uM
hodc 121 puM L-tryptophan (L-Trp) dugc thém vao va thit nghiém dugc 4 & RT
trong 17 phat. Dung thtr nghiém va mirc kynurenin duoc xéc dinh bang cach 1 v6i
tdc nhan phan ung Ehrlich dén ndng d6 cubi 14 1,33% & RT trong 5 phit. Cudng do
phat quang duoc doc ¢ 475 nm/530 nm.

Thir nghiém duea trén té bao TDO va IDO

U nguyén bao dém & ngudi A172 (ATCC) dugc nuéi trong DMEM -+ modi
truomg L-glutamin 2 mM ¢6 bé sung 10% huyét thanh bao thai b va té bao ung thu
tuyén budng tring SKOV-3 (ATCC) dugc nudi trong McCoys SA + moi truong L-
glutamax c6 bd sung 15% huyét thanh bao thai bo. Vao ngay thlr nghiém, té bao
duoc tach bing cach sit dung trypsin-EDTA (0,25% thé tich), tai tao huyén phu
trong mdi truong thir nghiém (RPMI 1640 khong chira phenol do + L-glutamin cé
bd sung 10% huyét thanh bao thai bo da thAm tach). Cac té bao A172 dugc gieo cly
& 30K té bao dbi véi mbi 15 va té bao SKOV-3 & 40K té bao dbi v6i mdi 16 trong
dia 96 15 chita mAu thir nghiém/ddi ching t4 duge long cung véi 500 uM L-Trp.
Sau d6 cac & bao duoc U trong 48 git & 37°C, 5% COy. Trong té bao SK-OV-3,
IFNy con dugc thém vao ¢ 500 ng/ml dé U trong 48 giv dé tao su biéu hién cta
IDO. Cé4c dia dugc ly tdm va phén dich ndi dugce loai bod va U trong 5 phit v6i su ¢6
mit cia 1% tic nhan phan ung Erhlich. Sau d6, céc muc Kynurenin dugc dinh

luong bang cach do do hép thu & 490 nm.
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Gié tri pIC50 ctia cac hop chat thir nghiém khéc nhau dugc thé hién trong Bang 1.

Bdng 1 — Xdc dinh gid tri pIC50 d6i véi su tke ché IDO (té bao SKOV-3) va TDO (té

bao A172) ciia cdc hop chdt thir nghiém

Thir nghiém | Thi nghiém
Hop chit | té bao TDO | té bao IDO
(A172)  (SKOV3)

1 - ++
2 - ++
3 - +++
4 + ++
5 - +

6 + +

7 - +++
8 - +

9 - +++
10 + -

11 ++ ++
12 - +++
13 - +

14 - ++
15 ++ +++
16 + +++
17 + +++
18 - +++
19 - +++
20 - +

21 - ++
22 + ++
23 - +++
24 + ++
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25 +p -+
26 - +++
27 - -
28 - +
29 - +
30 - +
31 - +
32 - ++
33 - ++
34 - -+
35 - +
36 - b
37 - +
38 + e
39 - ++
40 i +
41 - e
42 - ++
43 i -+
44 - e
45 - +
46 - ++
47 ++ ++
48 —i e
49 - +
50 o ot
51 - RS
52 + +
53 - +
54 - +
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55 + -
56 + +
57 + -
58 - ++
59 - +
60 + +
61 e et
62 e et
63 + +
64 ++ —t
65 - et
66 - H+
67 - -
68 - 4+
69 1 et
70 — -
71 + ++
72 - et
7 : +
74 - +
75 - e
76 - +
77 - et
78 - ++
79 - +
80 - —
81 - +
82 e e
83 - +++
84 — e
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85 +F I
86 -+ -+
87 + T
88 ot -

89 et -

90 - e
91 - +

92 + +++
93 + +++
94 + ++
95 - +

96 - +

97 + o
98 - ++
99 + -
100 —t et
101 + bt
102 - +

103 : -
104 + ++
105 - +++
106 - +

107 - ++
108 - ++
109 - ++
110 - ++
111 - ++
112 - -
113 - ot
114 - +++
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115 + +++
116 ++ -

117 + ++
118 + ++
119 - +

120 - +++
121 - +++
122 - ++
123 + ++
124 - +++
125 + +++
126 - +++
127 - +

128 4 +++
129 - ++
130 - ++
131 - -+
132 + +++
133 - +++
134 - +++
135 - b
136 - +++
137 - i
138 - +++
139 - +

140 - 4+
141 ; -+
142 + +++
143 - +++
144 + +++
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145 - -+
146 - 4+
147 - +++
148 + +++
149 - +++
150 ++ +++
151 . +++
152 - ++
153 - +++
154 - +

155 - +++
156 - +++
157 - ++
158 - +++
159 - ++
160 - +++
161 - +++
162 - ++
163 - +

164 - +++
165 - +

166 - +

167 - ++
168 + +++
169 - ++
170 + +++
171 - +++
172 - +

173 - +++
174 ++ +++
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175 - i
176 - -+
177 - ++
178 - 4+
179 - ++
180 - +
181 - +
182 - +++
183 + +++
184 - ++
185 + +
186 - +++
187 - +
188 + +++
189 - ++
190 - +
191 - -
192 - +
193 - 4+
194 - -+
195 - ++
196 = +
197 - +
198 - +++
199 - o
200 - -+
201 - +
202 - +++
203 + ++
- 4

204
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205 - +H
206 - +

207 + +++
208 + +++
209 ++ +++
210 + +++
211 - +

212 + ++
213 - +++
214 - +++
215 - +++
216 - +

217 - +++
218 - +

219 - +++
220 - +++
221 - +

222 - ++
223 - +++
224 ++ ++
225 - ++t
226 - -+
227 ++ +++
228 ++ ++
229 +++ +++
230 - +++
231 - +++
232 - +++
233 - +

234 ++ +++
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264

235 - +++
236 - +++
237 . —+
238 - +++
239 . -
240 . T
241 : o
242 . o+
243 . e
244 . e
245 . T
246 n T+
247 . —
248 . ch
249 + ot
250 i o
251 . o
252 . e
253 . o
254 i o
255 + -
256 - B
257 - o
258 : o
259 - +++
260 + 4+
261 - ++—".-
262 . ¥
263 - +++
- St
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265 - +++
266 - +++
267 ++ +++
268 - +++
269 - +++
270 - +++
271 ++ +++
272 - +++
273 - +++
274 - Tt
275 - ot
Ky hiéu: +++ = pICsp> 5,50
++ = plCs 5,00-<550
+ = pICs0 4,50 - <5,00

. = pICsp<4,50

Bang trén thé hién sé luong 16n hop chét thr nghiém c6 chirc nang tc ché
TDO va IDO manh trong céc thir nghiém dua trén té bao. So véi hop chat REF, céc
hop chét thir nghiém duge ghi diém ‘-¢ va ‘- trén mdi thir nghiém, va do dé cac hop

chit nay khong dugc bdo hd trong sang ché, vi n6 khong phai la TDO hodc IDO

hoat tinh.

Thir nghiém enzym hoa sinh dugc tién hanh theo cach da mé ta & trén, va két
qua cuia thir nghiém da xac nhén hoat tinh bona fide ctia hop chat dudi dang chét tic
ché enzym. T4t ca cac hop chét 83, 160, 178, 205, 215, 230 va 231 déu thé hién
pICso trong thir nghiém hIDO 1a > 5. Vi dy, hop chét 83 thé hién pICso trong hIDO
1a 5.24. So v6i hop cht REF, cac hgp chat dugc ghi diém <3,99 va <3,99 lan luot

trén céc thr nghiém hTDO va hIDO.
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YEU CAU BAO HQ
1. Hop chét ¢6 cong thirc sau, hodc mudi duge dung cua noé:

R1

R7

trong do:

mdi trong s§ R, R, R3 va R* doc 14p dwge chon tir H, halogen, -CN, Ci-Ce alkyl,
C1-Cs alkyl duoc halogen héa, -OH, Ci-C7 alkoxy, -O-CF3, -C(O)-NHa, -C(O)-
NHMe, -NH-SO2Me, -NH-SO2Et, -NH-SO.Pr, va -NH-SO»iPr;

R’ 1a H;
R7 dugc chon tir H va C1-Cs alkyl;
R®! duge chon tir H va C1-Cs alkyl;

RS 13 nhém di vong duge chon tr pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-
5-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-
triazol-5-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl, pyrimidin-6-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl,
isoxazol-5-yl, tetrazol-1-yl, tetrazol-2-yl, va tetrazol-3-yl; mdi trong s6 @6 tuy y
duoc thé bing mot dén ba phan tir thé doc 1ap duge chon tir halogen, metyl, etyl,
propyl, -C(O)-metyl, -S(O)2-metyl va phenyl; va

R® va R® cing tao thanh vong di vong hodc vong cacbon c6 3 dén 6 canh dugc
chon tir xyclopropyl, xyclobutyl, xyclopentyl, xyclopentenyl, xyclohexyl,
xyclohexenyl, aziridinyl, azetidinyl, pyrolidinyl, piperidinyl, piperazinyl, oxetanyl,

tetrahydrofuranyl va tetrahydropyranyl.
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2. Hop chét theo diém 1, hodc mubi duge dung cia nd, trong do:

mdi trong sb R!, R%, R3 va R* doc lap duoc chon tir H, halogen, -CN, metyl, etyl,
propyl va iso-propyl, n-butyl, iso-butyl, tert-butyl, -CF3, -CHF», -OH, —O-metyl, -
O-etyl, —O-propyl, va -OCF3;

R’ 1aH;

R7 dugc chon tir H va metyl;

RS 13 nhém di vong duoc chon tit pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-
5-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-4-yl, 1,2,3-triazol-5-yl, 1,2,4-triazol-1-yl, 1,2,4-
triazol-3-yl, 1,2,4-triazol-5-yl, oxazol-2-yl, oxazol-4-yl, isoxazol-3-yl, tetrazol-1-yl,
tetrazol-2-yl, va tetrazol-5-yl; mdi trong s6 d6 tuy ¥ duoc thé bang mot dén ba phan

tir thé doc 1ap dugc chon tir halogen, metyl, etyl, propyl va phenyl; va

R63 va R% cung tao thanh vong di vong hodc vong cacbon no ¢6 3 dén 6 canh duge
chon tir xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, aziridinyl, azetidinyl,
pyrolidinyl,  piperidinyl,  piperazinyl, oxetanyl, tetrahydrofuranyl va
tetrahydropyranyl.

3. Hop chét theo diém 2, hoic mudi duoc dung ctia n6, trong dé:

mdi trong s R!, R3 va R* ddc lap dugc chon tir H, halogen va metyl;

R2 duoc chon tir halogen, -CN, metyl, etyl, propyl, iso-propyl, -CF3, -CHF, -OH, —
O-metyl, -O-etyl, —O-propyl va -OCF3; va

mdi trong s6 R®va R7 1a H.
4. Hop chét theo diém 3, hoic mudi duoc dung cta no, trong dé RO 1a H.

5. Hop chét theo didm 4, hogc mudi duoc dung ctia ching, trong do:

R6S 1a nhom di vong duge chon tir pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-
5-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, oxazol-4-yl, isoxazol-3-
yl, tetrazol-1-yl, tetrazol-2-yl, tetrazol-5-yl; mdi trong s6 d6 tiy y dugc thé bang
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mot dén ba phén tir thé doc 1ap duoc chon tir halogen, metyl, etyl, propyl, va

phenyl; va

R63 va R® cung tao thanh vong di vong hodc vong cacbon 6 3 dén 6 canh duogc

chon tir xyclopropyl, xyclobutyl, xyclopentyl, va xyclohexyl.

6. Hop chét theo didm 2, hodc mudi duoc dung ctia né, trong do:

mdi trong sd RY, R3, vaR* 1a H;

R2 duoc chon tir halogen, -CN, metyl, etyl, -CF3, -O-metyl va -OCF3;

mdi trong s6 R® va R 1a H;

R71a H;

RSS 1a nhém di vong duoc chon tir pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-
5-yl, oxazol-4-yl, isoxazol-3-yl, tetrazol-1-yl, tetrazol-2-yl, va tetrazol-5-yl; mdi

trong sb d6 tuy y dugce thé bang mot dén ba phﬁn tir thé doc 1ap duogc chon tur

halogen, metyl, etyl, propyl, va phenyl; va

RS va R clng tao thanh vong cacbon no c6 3 dén 6 canh khong dugc thé duoc

chon tir xyclopropyl, xyclobutyl, xyclopentyl, va xyclohexyl.

7. Hop chét theo diém 1 duoc chon tir cac hop chét sau, hoic mudi duge dung cua

ching:
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HN
RS
N (@)

HO H
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\
\N /
B\ cl i ’ N,
Br N \©\/\>/U\NH N
T
N
N o L-0 H
N7
o / NS
Cl B
O NS N Br HN
N T~
H VAR
H
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8. Hop chét theo diém 1, hodc mudi duoc dung ctia nd, trong do hop chét nay bao

_N
NN
F (6] HN
T U0 Y
F N 0
a H .

s V.

gbm:

- ch4t ddng phan dbi anh dugc phan tach,

- hdn hop ctia hai hodc nhiéu chét dong phan déi anh,

- hén hop ctia hai hodc nhiéu chét ddng phan khong dbi quang, va/hodc epime,
- hén hop raxemic, va/hodc

- mdt hodc nhidu chit hd bién ctia hop chét nay.
9. Duogc phém chtra hop chét theo diém 1, hodc mudi duge dung ctia né.

10. Hop chét theo diém 1 duoc chon tir cac hop chét sau, hodc mudi dugc dung cta

H O , H o

ching:
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— \
Cl O / N
Cl HN —
T T
H o) ’ H HN ,
>=o
N
7 N\ g
Cl o} cl HN
N HN N 0
, H
08/
\,S\\
N 0

o N 0 N 0
9 9
\

Noy

‘&
0 HN
OO
N o)
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Br
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/
N

F O o [N
S50 o
F H o)

o)

| ()
~© o N‘N Cl HN
T~ oo

va
_N
SNTN
F (@] HN
A KV
F>f | N
F Z~N 0
H .

11. Hop chét theo diém 1 duogc chon tir cac hop chét sau, hodc mudi duoc dung cta

ching:

H
9 9
\
N\N N\N
‘é’” . jéj
HN HN
~ N N
(@] H ) N @]
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\N\ N\N
N 0
Cl \ 0 \ ) \ \ )
N HN F N HN
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~

NN ~nMy
HN 0 HN
XY TO0 Y
*f}l{ 0 N [0)
9 b
N/ N/
H ¥ \
Br N [N r o A [N
T T
N
o | oV
| ~nMN
~° \_/ \N‘N F O i\-lilv
r T
N HN i F N o)
va H .

12. Hop chit theo diém 1 duoc chon tir cac hop chét sau, hodc mubdi duoc dung cua

‘ Q

N<y
!
\
\ .

9

ching:

\
N\N
\/ -
cl o & N
\\\C[H%J T~ )~
H Yy ﬁ HN ,

~ N

/N Pd
NT N SNTN
B HN . - HN
T o
Z#~N N
H © H ©

-181-



30857

~

_N
N™ X I
0 HN \/O \ O \ \N
\r | N A /
Z N o) ﬁ HN
H ’

va

N
SNTTN
\—
F. (0] HN
T U0
F N O
H .

13. Hop chat theo diém 2 ¢6 cdng thire sau, hodc mudi duge dyung ctia no:

\
N‘N
\ |
CIWN
N 0]
H .

14. Hop chét theo diém 2 c6 cong thirc sau, hodc mubi duoc dung ctia no:

\
Ney
\ 1
N\\\©j>_ZN
\\

15. Hop chét theo diém 2 c6 cong thirc sau, hodc mudi dugc dung ctia nd:
/
cl o ¢ N
X !
W /N
Z N HN
H

16. Hop chét theo diém 2 c6 cong thiic sau, hodc mubi duge dung cia né:
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17. Hop chét theo diém 2 c¢6 cong thirc sau, hodc mudi dugc dung ctia né:

N7

N™ N

—_—

WN
N ¢}

H

18. Hop chit theo diém 2, hoic mubi dugc dung ctia nd, trong dé:

mdi trong s6 R!, R? va R* doc 14p duoc chon tir H, metyl, etyl va halogen;

R? duoge chon tir H, metyl, etyl, propyl, -O-metyl, -O-etyl, -O-propyl, -O-isopropyl,
-O-CF3, —CF3, -CHF2, —CN, F, Cl va Br;

mdi trong s6 R’ vaR” 1a H;
RS! duogc chon tir H, metyl va etyl;

R va R ciing tao thanh vong di vong hodc vong cacbon no ¢6 3 dén 6 canh duoc
chon tir xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, aziridinyl, azetidinyl,
pyrolidinyl,  piperidinyl,  piperazinyl,  oxetanyl, tetrahydrofuranyl ~ va
tetrahydropyranyl; va

R% duoc chon tur:
pyrazol-1-yl, ty y dugc thé bang metyl, etyl hodc propyl;
pyrazol-3-yl, tuy y dugc thé bang metyl, etyl hodc propyl;
pyrazol-4-yl, tiy y duoc thé bang metyl, etyl hodc propyl; va

pyrazol-5-yl, tuy y dugc thé bang metyl, etyl hodc propyl.

19. Hop chét theo diém 18, trong do:
mdi trong s6 R!, R? va R* doc 14p dugc chon tir H, metyl va halogen;’
R2 dugc chon tir metyl, etyl, -O-metyl, -O-etyl, F, Cl, Br va -CN;

mdi trong s6 R3, R7 va R® 1a H;
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RS va R% cing tao thanh vong cacbon no ¢6 3 dén 6 canh dugc chon tir

xyclopropyl, xyclobutyl, xyclopentyl va xyclohexyl; va

R% dugc chon tur:
pyrazol-1-yl, tiy y dugc thé bang metyl, etyl hodc propyl;
pyrazol-3-yl, tuy y duoc thé bang metyl, etyl hogc propyl;
pyrazol-4-yl, tuy y duoc thé bing metyl, etyl hodc propyl; va

pyrazol-5-yl, tuy y dugc thé bang metyl, etyl hodc propyl.

20. Hop chét theo diém 18, trong do:

mdi trong s6 R, R? va R* 1a H;

R? duoc chon tir metyl, etyl, F, Cl, Br va -CN;

mdi trong s6 R%, R” va RS 1a H;

R%3 va R% cung tao thanh xyclopropyl; va

R dugc chon tir:
pyrazol-1-yl, thy y duogc thé bang metyl, etyl hogc propyl;
pyrazol-3-yl, tiy y dugc thé bang metsll, etyl hodc propyl; va

pyrazol-4-yl, tuy y dugc thé bang metyl, etyl hodc propyl.

21. Hop chat c¢6 cong thie sau:
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22. Hop chét ¢6 cong thic sau:

\
NN
\
N 0
H .

23. Hop chét c6 cong thic sau:
2~
cl o ¢ 5\1/
N HN
H

24. Hop chét c6 cong thuce sau:

_N
NN

—_—

Br. HN
O
N (e}

H
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| L-Tryptophan |
Indolamin 2,3-dioxygenaza (IDO1/IDO2)

Tryptophan 2,3-dioxygenaza (TDO)
Y
| Formylkynurenin |
Kynurenin Kynurenin formamidaza
aminotransferaza ¥
; " KAT1/KAT2 . =
Axit kynurenic (KYNA) }4( ) ! L-Kynurenin ! Axit anthranilic (AA)
. Kynureninaza ]
Kynurenin hydroxylaza (KYN- (K'YNaza)
OHaza) 4 hydroxyl hoa
- . khéng cu thé
| 3-Hydroxykynurenin (3-HK) =
Kynureninaza
(KYNaza)
Y
t Axit 3-hydroxyanthranilic (3-HAA) J
3-hydroxyanthranilat-3,4-
dioxygenaza (3-HAO) Y
2-amino-3-carboxymuconat-
semialdehyt (ACMS)
‘ i  2-amino-3-carboxymuconat
Khong enzym ,6-semialdehyt decarboxylaza
¥ & (ACMSD)
| Axit quinolinic (QUIN) | 2Aminomucanic | e
Quinolinat Axit semialdehyt (AMS) wanyt-.o
phosphoribosyltransferaza R
(QPRTaza) Khéng enzym
Y Y ¥

L NAD* 1 [‘Axit picotinic (PIC) | [Taxeyt-coa 1

FIG. 1
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