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Sang ché con dé cap dén duoc pham chira cac hop chat néu trén.
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Linh vire ki thuét dwoe dé cap

Sang ché dé cap dén chét e ché benzohydroxamic chon loc dbi véi enzym
histon deaxetylaza 6 (histone deacetylase 6: HDACG6) va dugc pham chira hop chét
nay.

Do d6, cac hop chit nay hiru ich trong viée diéu tri cic bénh lién quan dén
hoat tinh ciia HDAC6 nhu tinh trang thai bdo moé ghép, bénh mo ghép chéng tic chu
(GVHD), bénh viém co, cidc bénh lién quan dén chuc ning bt thuong cia té bao
lymphd, bénh da u tiy, u lymphd khéng Hodgkin, bénh than kinh ngoai bién, cac
bénh tu mién, bénh viém, bénh ung thu va cac bénh 1y thoai hoa than kinh.

Tinh trang k§ thuit ciia sing ché

Vit liéu di truyén cia céc té bao c6 nhan dién hinh dugc sip xép trong cdu
trac bién dong va phuc tap gdm ADN va céc protein, cromatin. Cac thanh phan
protein chinh ctia cromatin 1a histon, cdc protein bazo tuwong tdc véi ADN dé tao ra
don vi cdu trac bazo cta cromatin, thé nhan, su két dic bac mot ciia nhiém séc thé
trong nhén. Sy twong tac giita cic gdc histon bazo va cic gdc axit ADN 14 rdt quan
trong trong viéc xéac dinh su két dic thé nhan va kha ning tiép can ctia ADN lién
quan vé6i cac phirc hop phan tir diéu hoa sy sao chép va sy phién ma. Sy twong téc
nay bj anh hudng chil yéu boi mire do axetyl héa ctia histon. Viéc khir sy axetyl hoa
cua cac gbe lysin & ddu tan cing N clia histon ¢ thé 1am proton héa nhém amin,
nhém nay mang dién tich duong, twong tac vdi cac dién tich &m c6 trong ADN. Sy
twong tac ndy dién ra & trang thai két dic hon ctia cromatin, lién quan dén 1am bét
hoat su biéu hién ctia gen. Tréi lai, su axetyl hoa chinh cac géc nay lai ngdn nglra su
tao ra lién két ion, tao ra dang két diic it hon ctia cromatin, diéu nay cho phép mirc do
tiép xtc voi ADN 16n hon va su tuong tic véi cc phiic hop dai phan tir lam hoat
héa sy phi€én ma gen.

Mic @6 axetyl hda cia histon dugc didu hoa béi sy can bﬁng hoat tinh cta hai
nhém enzym: histon axetyl transferaza (histone acetyl-transferase: HAT) va histon

deaxetylaza (histone deaxetylase: HDAC). Viéc 1am thay ddi su cin bing méng
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manh ndy c6 thé din dén su mat tinh ndi can bing trong té bao thuong phéat hién
dugc trong nhiéu bénh khic nhau & ngudi, bao gdm bénh ung thu, céc rbi loan thin
kinh, bénh viém, va cac bénh tu mién.

Céc enzym histon deaxetylaza con dugc phan loai theo tadc dung xuc tdc thuin
nghich ciia chiing d6i véi su khir axetyl héa cic nhém amin cta gbc lysin & dau tan
cung N cua histon. Sau d6, da phat hién dugc ring c6 mot sb lugng 16n co chat cua
cac enzym ndy do hoat tinh cta chung ciing 12 do protein khong phai histon 1a co
chét cua enzym HAT chira N-axetyl-lysin, nhu cac yéu t6 phién m3, enzym sira chita
ADN va céc nhan khéc va céc protein ciia chét té bao.

Nhém enzym HDAC cta ngudi gdm 18 enzym, dugc chia thanh hai nhém:
nhém HDAC phu thudc k&8m va nhém HDAC phu thuoc NAD, con duoc goi la
sirtuin (nhém IIT). C4c enzym HDAC phu thudc k&m dugc phan loai tiép thanh bén
nhém: 1) Nhém I, bao gdm HDAC]I, 2, 3 va 8, céc isoenzym thudng gip, chi yéu
ndm & nhan; 2) Nhém Ila, bao gdbm HDAC4, 5, 7 va 9, céc isoenzym ndm & cd nhan
va chét t& bao; 3) Nhom IIb, bao gdm HDAC6 va HDAC10, chu yéu nim trong chat
t€ bao va 4) Nhoém IV, chi bao gdm HDACI11. Khéc véi cdc enzym HDAC nhém I,
cac enzym nhém Ila va IIb c6 su biéu hién dic hiéu mo.

Béng cach diéu hoa sw biéu hién gen va tic dung d6i véi histon va céc yéu td
dich ma, 16 rang la cac enzym nay li€n quan dén vo sb chirc nang cta té bao. Ngoai
ra, bang cach tac dung dén nhiéu co chét cua protein khéic, c4c enzym nay cling nhu
enzym phosphataza, lién quan dén nhiéu qué trinh khéc nhu sy truyén tin hiu va sy
tai cdu tric khung té bao.

Trong cac thdp ky gan day, cac enzym HDAC trg thanh dich didu tri duoc
nghién ctru k§. M6t s6 chat trc ché HDAC da dugc tdng hop, mot sb chit nay hién
dang dugc si dung trong 1am sang tién tién va bdn chit trong sd chiing di duoc chép
thuan str dung cho cac loai bénh ung thu khac nhau: Vorinostat va Romidepsin doi
v6i u lympho té bao T & da (Cutaneous T-cell lymphoma: CTLC), Belinostat ddi véi
u lymphd & bao T ngoai vi (Peripheral T-cell lymphoma: PTLC) va Panobinostat dbi
véi bénh da u tiy. Céc chét G ché cubi cling ndy c6 thé tuong tac véi cac véi thé
ddng dang HDAC khac nhau & mic d khic nhau .

Mic du ching hiéu qua 1am sang , viéc sit dung cac chit tc ché toan dién

khong c¢6 tinh chon loc dbi véi thé déng dang cu thé bi han ché boi doc tinh va cac
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tac dung phu cua ching quan sat duge & cd mo hinh tién 14m sang va, quan trong
nhét 13 trong céc thir nghiém 1am sang. Do do, can phat trién cac chat rc ché HDAC
¢6 profin duoc Iy va ctra sd didu tri (ty 1¢ hiu qua/ddc tinh té bao) tot hon.

Do d6, cac nha khoa hoc di tap trung vao viéc tdng hop va nghién ciru céc
chit trc ché chon loc dbi véi cac thé ddng dang HDAC riéng biét, nhim phaét trién
céc phén tr ¢6 kha nang dugc ly t6t hon.

Do d6, viéc str dung cac chét ttc ché HDAC c¢6 thé 1a cong cu chin doan va
didu tri quan trong ddi véi cac bénh 1y do su biéu hién gen gy ra nhu cac 11 loan
viém, bénh d4i thao dudng, cac bién chimg cta bénh déi théo dudng, bénh thiéu méu
Dia trung hai ddng hop tir, bénh xo héa, bénh xo gan, bénh bach cAu tién tiy bao cdp
tinh (acute promyelocytic leukaemia: APL), tinh trang thai ghép co quan, cic bénh
tw mi&n, bénh nhiém ddng vt don bao, bénh ung thu, v.v.. Cac chit tc ché chon loc
b1 v6i ho HDAC hodc d6i véi thd ddng dang cu thé, dic biét 1a HDACS, c6 thé dic
biét hitu ich d& diéu tri cdc bénh 1y lién quan dén 1di loan ting sinh va sy tich tu
protein, cac rdi loan ctia hé mién dich va bénh thin kinh va thoai héa than kinh nhu
dot quy, bénh Huntington, bénh xo ciimg ¢t bén teo co (ALS) va bénh Alzheimer.

Dic biét 1a ddi v6i thé dong dang HDACS, céc co chét khac nhau d duoc xic
dinh nhu o-tubulin, protein sc nhiét 90 (Heat Shock Protein 90: Hsp90), cortactin,
B-catenin. Su didu bién mirc do axetyl hoa cia cc protein nay bang HDAC6 c6
trong quan véi mdt sd quy trinh quan trong nhu dép ung mién dich (Wang et al.,
Nat. Rev. Drug Disc. (2009), 8(12), 969-981; J. Med. Chem. (2012), 55, 639-651;
Mol. Cell. Biol. (2011), 31(10), 2066-2078), sy diéu hoa dong luc vi bng, bao gdm
su di tra cia t& bao va su tuong tic té bao-té bao (Aldana-Masangkay et al., J.
Biomed. Biotechnol. (2011), 2011, 875824), va su thoai bién ctia cac protein thoai
hoa.

Ngoai ra, HDACG lién quan dén hién tugng di hoa cua céc protein thodi bién
qua phic hop duoc goi 1a quin tu: HDAC6 c6 thé gin két cac protein dugc
polyubiquitin hoa va dynein, nho d6 hoat héa loai van chuyén céc protein bién tinh
doc theo vi bng dén quan tu (Kawaguchi et al., Cell (2003) 115 (6), 727-738).

Su bién ddi hoat tinh bao vé t€ bao ctia HDAC6 ndy c6 twong quan voi nhidu
bénh ly thodi hda than kinh khéac nhau nhu bénh Parkinson (Outerio et al., Science
(2007), 317 (5837), 516-519) va bénh Huntington (Dompierre et al., J. Neurosci.
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(2007), 27(13), 3571-3583), trong d6 su tich tu céc protein thodi bién 1a déu hiéu
bénh Iy phd bién.

Ngoai ra, HDACG6 lién quan dén su didu hoa nhiéu protein giy ung thu, dic
biét 1a & céac khéi u huyét hoc, nhur cac loai bénh bach cau khéc nhau (Fiskus et al.,
Blood (2008), 112(7), 2896-2905; Rodriguez-Gonzales, Blood (2008), 112(11),
abstract 1923) va bénh da u tuy (Hideshima et al., Proc. Natl. Acad. Sci. USA
(2005), 102(24), 8567-8572). Su diéu hoa mirc do axetyl héa a-tubulin biang HDAC6
c6 thé lién quan dén su khoi phat di cin, trong d6 tinh di dong cla té bao déng vai
trd quan trong (Sakamoto et al., J. Biomed. Biotechnol. (2011), 2011, 875824).

Cong bb don qudc té sé WO 2011/021209 boc 1§ cac hop chat 1,2,3-triazol ¢6
hoat tinh trc ché HDAC.

Céng bb don qudc té s WO 2012/178208 boc 16 cac hop chét ¢6 di vong
duoc thé nhu benzimidazol, benzimidazolon va benzotriazol c6 hoat tinh tc ché
HDACG6 chon loc.

Cong bd don qudc t& s6 WO 2015/102426 boc 16 din xuét indol méi ¢ hoat
tinh ttc ché HDAC.

Cong bb don qubc té s6 WO 2015/087151 boc 1§ cac dan xuét azaindol m&i
¢6 hoat tinh trc ché HDAC.

Cong b don qudc t& s§ WO 2012/106343 boc 1§ cac chét e ché HDAC va
ché pham chira cac chat nay. Phuong phap diu tri bénh va tinh trang bénh trong do6
su (e ché HDAC tao ra loi ich, nhu bénh ung thu, r6i loan thodi héa than kinh, bénh
thdn kinh ngoai bién, bénh than kinh, tdn thuong ndo do chén thuong, dot quy,
chimg ting huyét ap, bénh sét rét, bénh tu mién, bénh tu ky, cac rdi loan phd tu ky,
va bénh viém, cling duge bdc 10.

Tai liéu "Valente et al., Journal of Medicinal Chemistry (2014), 57(14), 6259-
6265" md ta hop chit hydroxamat chira 1,3,4-oxadiazol (2) va 2-aminoanilit (3) lam
chét @c ché histon deaxetylaza. Trong sb céac chit nay, cac hop chét 2t, 2x, va 3i

duge mo ta 13 ¢6 hidu qua manh va tinh chon loc nhat d6i véi HDACI.

Ban chét ky thuét ciia sang ché
Céc tac gia sang ché di phat hién qua thir nghiém ring cac hop chét benzo-

hydroxamic, khéc biét béi nhén trung tdm 1a di vong ¢6 ndm canh, ¢6 hoat tinh tc
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ché cao va chon loc dbi véi enzym HDACG.

Céc hop chit ndy cling c6 doc tinh té bao thip, do d6 cho phép st dung chung
1au dai.

Theo khia canh thtt nhit, sang ché d& cap dén hop chét c6 cong thirc (I) va (II)

va cac muoi duoc dung, chat dong phan va tién duoc chét cua no:

T
z
ZT

dn

trong do

A1aN, O, S trong cdng thue (1), trong khi A 1a N trong cong thirc (ID);

BlaC,N;

C1aN, O trong cong thirc (I), trong khi C 1a N trong cong thirc (ID);

X 1a CH,, S, NH, O, CD;;

n bing 0, 1;

khi n bing 1, nguyén tir cacbon c6 thé dugc thé bing nhém R'?va R" doc 1ap
dugce chon tir nhém bao gém H, D, -Me, -phenyl, -F va -OH hodc ctung véi nhém

R'2va R” ¢6 thé tao thanh gbc vong no, tdt hon néu 1a xyclopropan, xyclobutan,
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xyclopentan hodc xyclohexan;

khi n bing 1, R® ¢ thé khong c6 mit;

R*vaR’ 1A H, F;

R! khong c¢6 mit hodc dugce chon tir nhém bao gém -H,-NH,, C1-C4 alkyl,
phenyl, phenyl duoc thé bing mét hogc nhidu halogen, arylalkyl, xycloalkyl,
metylfuran, xyclobutylmetyl, tetrahydrofuran-2-yl-metyl, 3- (dietylamino)propyl, 2-
metoxyetyl, vinyl, 2-(metylsulfanyl)etyl, 1-xyclopropyletyl, pyridin-2-yl, (pyridin-3-
yDmetyl, 2-(pyridin-2-yl)etyl, 2- (thiophen-2-yl)etyl, 3,4-dimetoxyphenyl, 4-
metoxyphenyl, metylphenyl, 2-clo-5- (morpholin-4-sulfonyl)phenyl, 4-
[(diflometyl)sulfanyl]phenyl, 4- (morpholin-4-sulfonyl)phenyl, 5-
(dimetylsulfamoyl)-2-metylphenyl, 3- (triflometyl)phenyl, 4-(triflometyl)phenyl, 2-
(morpholin-4-yl) etyl, 3-(morpholin-4-yl)propyl, 1-naphtyl, 2,3-dihydro-1,4-
benzodioxin-6-yl, benzhydryl, 5-indanyl, thiophen va metylthiophen;

R? khong c6 mit hodc duge chon tir H, alkyl, xycloalkyl, xycloalkyl-metyl,
heteroaryl, phenyl, phenyl dugc thé bang mot hoic nhiéu halogen, phenyl duoc thé
bing mdt hogc nhiéu nhém alkoxy, phenyl dugce thé bang mot hodc nhiéu nhém
nitro, benzyl, alkyl dugc thé bang benzyl, (2,2-difloxyclopentyl)metyl, 2-bromo-3-
flophenyl, (2,2-dimetylxyclopropyl)metyl, 4-hydroxyphenyl, 2-(benzyloxy)etyl, 2-
bromo-4-metoxyphenyl, 2-metyl-quinolin, 3-metylpyridin-4-yl, 4-metansulfonyl-2-
metylphenyl, 2-clo-4,6-dinitrophenyl, 1,3-benzodioxol-5-ylmetyl, hodc 2-
benzyloxyphenyl;

R? khong c6 mit hodc duge chon tir H, alkoxyaryl, phenyl, phenyl dugc thé
bang CF;, benzyl, pyridyl, alkyl, xycloalkyl, xycloalkyl-metyl, heteroaryl, phenyl
dugce thé bing mot hodc nhiéu halogen, phenyl dugc thé bang mot hodc nhiéu nhém
alkoxy, phenyl dugc thé bang mot hodc nhiéu nhém nitro, benzyl, alkyl dugc thé
bang benzyl, (2,2-difloxyclopentyl)metyl, 2-bromo-3-flophenyl, (2,2-
dimetylxyclopropyl)metyl, 4-hydroxyphenyl, 2-(benzyloxy)etyl, 2-bromo-4-
metoxyphenyl, metyl-2-quinolin, 3-metylpyridin-4-yl, 4-metansulfonyl-2-
metylphenyl, 2-clo-4,6-dinitrophenyl, 1,3-benzodioxol-5-ylmetyl, hodc 2-
benzyloxyphenyl;

R® duge thé hodc khong dugc thé bing gbe c6 mdt hoic nhiéu vong, tly ¥

khong no mot phan hogc hoan toan, chira cac nguyén tir cacbon va tuy y mét hodc
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nhiéu nguyén tir khac loai duge chon tir N, S hoic O;

hoic R® c6 thé dugc chon tir cdc nhém c6 cong thirc sau:

S

L) &7 “

vé6i dilu kién 13 trong cac hop chit c6 cong thitc (I), khi nhan di vong c¢6 nim
canh 13 1,3,4-oxadiazol, R® khong 13 naphtyl.

Sang ché ciing d& xuét duge phdm chira lugng hitu hiéu c6 tac dung diéu tri
ctia hop chit c6 cong thie (I) hodc (1) hodc cac mubi duge dung, chit déng phan va

tién duogc chat duoc dung ctia nd, cung véi it nhat mot ta duge duge dung.

MO ta vin tit cac hinh vé

Fig.1 12 bidu dd thé hién mirc d9 Gc ché sy biéu hién PD-L1 & iDC (cac bach
cAu don nhan to duge kich thich bing GMCSF-IL-4). Céc bach cdu don nhan to &
ngudi duge xtr Iy bang chét trc ché HDAC6 va kich thich bing GMCSF-IL-4 trong 5
ngdy. Sau khi 1, cac té bao dugc thu gom va dénh diu bing khang thé khang PD-L1.
Sau d6, cac t& bao dugc rira va thu duge sd liéu huynh quang bang cach sir dung may
dém té bao dong chay (BD FACSVerse). Cac gia tri trén bidu dd thé hién két qua
trung binh cta 3 thir nghiém duoc tién hanh déi véi 3 ngudi cho khéc nhau (n=3). Su
bidu hién cia PD-L1 duoc thé hién bing gia tri trung binh nhan cua muc d phat
huynh quang. * = P<0,05 dugc xac dinh bing kiém dinh t-Student.

Fig.2 12 d6 thi thé hién hidu qua 1am gidm su phét trién khdi u in vivo clia cic
hop chét 8 va 10 va cac hop chit nay c6 hiéu qua tuong duong vé6i hiéu qua cia
khang thé khang PD. Hinh miii tén thé hién ngay bét dau diéu tri.

Fig.3 1a dd thi thé hién hiéu qua 1am giam sy phét trién khdi u CT-26 in vivo

ctia cac chit trc ché HDACS6 va hoat tinh ctia ching c¢6 thé duoc cai thién bang cach
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diéu tri két hop v6i khéng thé khang PD-1. Y nghia théng ké duge danh gia vao ngay
30 bang kiém dinh t-Student. *, P<0,05; **, P<0,01; ***, P<0,001. Xem phin mo ta
& biét thém chi tiét,

Fig.4 13 biéu dd thé hién hidu qua didu tri in vivo bing cdc chit e ché
HDACS6 chon loc tao ra dép tng cua té bao T dic hiéu. Céc té bao lach cta dong vit
duoc xir ly bing cac hop chit 8 va 10 va su két hop véi khang thé Ab khang PD-1
duoc kich thich bang céc peptit khdi u ¢6 ngudn gdc tir té bao CT-26 va su san sinh
ra IFN-y va TNF-a boi céc té bao T CD4 duoc dinh lugng bang thir nghiém vét mién
dich lién két enzym (ELISPOT).

Fig.5 thé hién hiéu qua diéu tri in vivo bing cac chit rc ché HDAC6 chon loc
tao ra dap ung voi té bao T ddc hidu. Céc té bao lach ctia dong vat duoc xir Iy bing
hop chit 8 va 10 va su két hop voi khang thé Ab khang PD-1 dugc kich thich bing
cac peptit khdi u cé ngudn gbc tir té bao CT-26 va sy san sinh ra IFN-y va TNF-a béi
cac t& bao T CD8 duge dinh luong bing thir nghiém ELISPOT.

MO ta chi tiét sang ché
Cac dinh nghia

Néu khong duoc dinh nghia theo cach khac, tat ca cdc thuat ngit trong linh
vue ndy, cac ky hiéu va thuat ngir khoa hoc khac duge st dung ¢ déy dugce du dinh
c6 ¥ nghia nhu thudng dugc hiéu bai ngudi c6 hiéu biét trung binh trong linh vye ma
séng ché ndy thudc vé. Trong mot sb trudng hop, cac thuat ngit ¢6 y nghia thudng
duoc hiéu dugc dinh nghia & day dé lam 18 va/hodc dé tham khao; do dé, viéc dua ra
c4c dinh nghia ¢ day khong dugc hidu 1a su khac biét dang ké so véi dinh nghia
thudng duge hidu trong linh vuc nay.

Thuat ngt "halogen" & day dé chi flo (F), clo (Cl), brom (Br), hodc iot (I).

Thuét ngit "C1-C4 alkyl" & day @8 chi hydrocacbon mach thing hoic mach
nhénh chira tir 1 dén 4 nguyén tir cacbon. Vi du vé cac nhom C1-C4 alkyl bao gdm,
nhung khéong chi giéi han &, metyl, etyl, n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, tert-butyl.

Thuét ngit "aryl" ¢ day dé chi cac hé vong cacbon ¢6 mot vong va nhiéu vong
thom (i), trong d6 céc vong cacbon riéng biét trong hé vong cacbon ¢6 nhiéu vong cé

thd duge dung hop hodc gin v6i nhau bang lién két don. Cac nhém aryl thich hop
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bao gdm, nhung khong chi giéi han &, phenyl, naphtyl va biphenyl.

Thuit ngit "aryloxy" & day dé chi nhom O-aryl, trong d6 nhém "aryl" da dugc
dinh nghia trén day.

Thuét ngit "alkoxy" & day dé chi nhém O-alkyl, trong d6 nhom "alkyl" da
dugc dinh nghia trén day.

Thuét nglt "xycloalkyl" & day dé chi vong hydrocacbon no hogc khong no, tot
hon 14 c6 tir 4 dén 10 nguyén tir cacbon. Cac vi du vé nhém xycloalkyl bao gdm
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl.

Thuét ngft "arylalkyl" & ddy @& chi gdc aryl nhu dugc dinh nghia & dy, duoc
gén vé6i gbe alkyl nhu duogce dinh nghia & ddy. Vi du vé nhém arylalkyl 12 benzyl.

Thuat ngtt "nhém di vong" & day dé chi vong c6 mdt vong, ¢6 4, 5, 6, 7 hodc
8 canh, vong nay no hodc khong no va gdm céc nguyén tir cacbon va mot hodc nhiéu
nguyén tir khac loai dugce chon tir N, O va S, va trong d6 cic nguyén tir khac loai
nito va luu huynh c6 thé tily y dugc oxy héa va nguyén tir khac loai nito c6 thé thy y
duoc thé bdn bac. Nhan di vong co thé duoc gén véi nguyén tir khac loai hodc
nguyén tir cacbon bat ky, midn 1 su ghn két nay din dén sy tao ra céu tric on dinh.
Thuét ngit nay con bao gdm hé c6 hai vong bét ky trong d6 vong bat ky trong s6 cac
nhan di vong trén day dugc dung hop véi aryl hodc nhom di vong khac. Khi nhén di
vong 1a nhan di vong thom, n6 c6 thé dugc dinh nghia 13 “nhan di thom”.

Thuét ngit "vong khong no" & day dé chi vong khong no mot phan hodc hoan
toan. Vi du, vong ¢6 mdt vong cé 6 nguyén tir cacbon khéng no dé chi xyclohexen,
xyclohexadien va benzen.

Thuét ngit "duoc thé" & day dé chi sw thé mot hoic nhiéu lan bing nhom thé
xéc dinh (khong xéc dinh) véi didu kién 13 sy thé mot hogc nhiéu lan nay 1a dugc
phép v& mit hoa hoc.

Thuét ngit "t4 dugc chép nhan duoc vé mit sinh Iy" & day dé chi ban than chit
nay khong c6 tac dung duogc ly bét ky va khong tao ra cdc phéan Umg c6 hai khi duoc
sit dung cho dong vat c6 vii, tdt hon 13 ngudi. Céc t4 duge chdp nhén duoc vé mit
sinh 1y 1a da dugc biét rd trong linh vuc ndy va dugc bdc 19, vi du, trong tai lidu:
Handbook of Pharmaceutical Excipients, sixth edition 2009, tai liéu nay dugc dua
vao day dé tham khdo.

Thuét ngit "c4c mudi hodc dan xuat dugc dung cta chung” & day deé chi céc
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mudi hodc din xudt c6 hiéu qua sinh hoc va dic tinh cua hop chit dugc tao mubi
hodc din xuit héa va khong tao ra cic phan tmg c6 hai khi dugc st dung cho dong
vét c6 vu, t5t hon 1a nguoi. Cac mudi duoc dung c6 thé 12 mudi vo co hoic hitu co;
vi du v& cac mudi duoc dung bao gdm, nhung khong chi giéi han &: cacbonat,
hydroclorua, hydrobromua, sulphat, hydrosulphat, xitrat, maleat, fumarat,
trifloaxetat, 2-naphtalensulphonat, va para-toluensulphonat. Thong tin thém vé céc
mudi dugc dung c6 thé duge tim thdy trong tai liéu: Handbook of pharmaceutical
salts, P. Stahl, C. Wermuth, WILEY-VCH, 127-133, 2008, tai li¢u nay dugc dua vao
day dé tham khao. Céc din xuét duge dung bao gdm céc este, ete va N-oxit.

Céc thuat ngit “bao goém”, “c6”, “ké c&” va “chira” can dugc hiéu 1a cac thuat
ngit khong gidi han (cé nghia 1a "bao gbm, nhung khong chi gii han & ") va can
duoc cho 13 ciing cung cdp co s& cho céc thudt nglt nhu “chu yéu bao gdm”, “bao

99 &6

gdm chi yéu”, “gdm” hozic “gdm c”.

Céc thuét ngit “chu yéu bao gdm”, “bao gém chit yéu” can duoc hiéu 14 cac
thuat ngtt nira gidi han, c6 nghia 13 khong c6 cac thanh phan va/hogic budce khic lam
anh hudng dang ké dén cac dic tinh méi cla sang ché duge bao gdm (do do, céc ta
duoc tiy ¥ c6 thé duogc dua vao).

Céc thuét ngit “gdm”, “gdm c6” can dugc hiéu 13 thuat ngit giéi han.

Thuat ngit "chit ddng phan" & ddy dé chi cac chit ddng phan 1ap thé (hoic cac
chét ddng phan c6 quan hé khong gian khéc nhau) nghia 1a chit ddng phan khong dbi
quang va cht dong phan dbi anh.

Thuat ngit "tién duoc chat" dé chi cac dan xuit khong c6 hoat tinh duge 1y, c6
thé tham gia qua trinh bién dbi chuyén héa in vivo d8 tao ra hop chit c6 hoat tinh
dugc bao gdm trong cong thirc chung cia sang ché nay. Nhiéu tién dugc chat khéc
nhau 1a dd biét trong linh vuc ndy (Prodrug approach: an effective solution to
overcome side-effects, Patil S.J., Shirote P.J., International Journal of Medical and
Pharmaceutical Sciences, 2011,1-13; Carbamate Prodrug Concept for Hydroxamate
HDAC Inhibitors, Jung, Manfred et al., ChemMedChem, 2011, 1193-1198).

Thuat ngit "bénh ly" bao g(“)m mdt hodc nhiéu bénh ty mién hozc rdi loan sau
day: bénh dai thao duong, bénh viém khép (bao gdm ca bénh viém da khép dang
thap, bénh viém da khép dang thdp tudi thiéu nién, bénh viém xwong khép, bénh

viém khép vay nén), bénh xo cling rai rac, chimg nhuge co mic do ning, bénh luput
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ban d6 toan than, bénh viém tuyén gidp tu mién, bénh viém da (bao gdm ca bénh
viém da di img va bénh viém da eczema), bénh vay nén, hoi chimg Sjogren, bao gdm
c4 bénh viém gidc-két mac kho thir phat do hoi chimg Sjogren, bénh rung toc timg
vung, cac phan Umg di ung do dong vat chin khép cin, bénh Chron, bénh loét da
day, bénh viém mdng mét, bénh viém két mac, bénh viém gidc-két mac, bénh viém
rudt két man loét, bénh hen, bénh hen di ung, bénh lupit ban d6 da, bénh cing bi,
bénh viém 4m dao, bénh viém tryc trang, phdn Ung véi thudc, bénh phong, bénh
luptt ban do, bénh viém mang mach nho tu mién, bénh viém nio tiy di tng, bénh
ndo xuét huyét hoat tir cdp tinh, bénh mAt thinh gic tu phét hai bén tién trién, bénh
thiéu mau khong tai tao, bénh thiu mau, bénh gidm tiéu cau vo cin, bénh viém da
sun, bénh u hat Wegener, bénh viém gan hoat dong man tinh, hdi ching Stevens-
Jonhson, bénh spru tu phat, bénh liken phéng, bénh mét Graves, bénh sacoit, bénh xo
gan mat nguyén phat, bénh viém mang mach nho sau, bénh xo hoa phdi mo k&.

Thuat ngtt "bénh ly" dé chi mot hodc nhiéu bénh than kinh hogc thoai hoa
thin kinh sau day: bénh Wilson, bénh mit didu hoa tiy séng-tiéu néo, bénh prion,
bénh Parkinson, bénh Huntington, bénh xo ctng ¢t bén teo co (amyotrophic lateral
sclerosis: ALS), bénh thodi héa dang tinh bdt, bénh Alzheimer, bénh Alexander,
bénh gan do ruou, bénh xo nang, bénh Pick, ching teo co cft séng, va bénh sa sut tri
tué thé Lewy.

Thuét nglt "bénh ly" con bao gém mdt hodc nhiu bénh sau day: bénh viém
dbt séng dang thép, tdn thwong ti tuéi mau sau thiéu méu cuc bd, bénh viém rudt,
bénh phéi man tinh, bénh eczema, bénh hen, hoi ching suy ho hép cép tinh, bénh
viém khép nhidm khuén, bénh viém khép tién trién man tinh, bénh viém khép bién
dang, bénh khdp sau chén thuong, bénh viém khép théng phong, hoi chimg Reiter,
bénh viém mang hoat dich cAp tinh, bénh viém a6t séng cAp tinh, bénh viém than-
tidu cAu, bénh thiéu mau tan huyét, bénh thiéu mau khong tii tao, bénh gidm bach
ciu trung tinh, bénh mo ghép chéng tic chu (graft-versus-host disease: GVHD),
bénh thai bd mo ghép, bénh viém tuyén gidp man tinh, bénh Grave, bénh xo gan
nguyén phat hai bén, bénh viém da tiép xuc, bénh chdy néng, bénh suy thin man
tinh, hoi ching Guillain-Barre, bénh viém mang mach nho, bénh viém tai gitta, bénh
nha chu, bénh xo héa phdi md k&, bénh viém phé quan, bénh viém xoang, bénh bui
phéi, hoi chimg suy phéi, bénh tran khi phdi, bénh xo héa phdi, bénh bui silic phéi
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hodc bénh viém phéi man tinh.

Thuat nglt "bénh ly" con bao gém mot hodc nhiéu bénh sau day: bénh ung
thu, sy phat trién khéi u, bénh ung thu rudt két, bénh ung thu vi, bénh ung thu
xuong, bénh ung thu nfo va bénh ung thu khac (vi dy, bénh sacom xuong, u nguyén
bao thin kinh, caxinom tuyén rudt két), bénh bach ciu dong tily man tinh (chronic
myeloid leukaemia: CML), bénh bach cdu dong tay cdp tinh (acute myeloid
leukaemia: AML), bénh bach ciu tién tiy bao cdp tinh (acute promyelocytic
leukaemia: APL), bénh ung thu tim (sacom, u niém, u co van, u X0, u md va u qudi),
bénh ung thu phdi (vi du, caxinom b4t ngudn tir phé quan, caxinom phé nang, u
tuyén phé quéan, bénh sacém, u lymphd, u md thira & sun, u trung biéu md), bénh ung
thu da day-rudt (vi du, bénh ung thu thuc quan, da day, tuyén tuy, tiéu trang, dai
trang), bénh ung thu duong sinh duc-niéu (vi dy, bénh ung thu than, bang quang va
niéu dao, tuyén tién liét, tinh hoan), bénh ung thu gan (vi dy, caxinom té bao gan,
caxinom dudng mat, u nguyén bao gan, bénh sacom mach, u tuyén t& bao gan, u
mach mau), bénh ung thu xwong (vi dy, bénh sacém sinh xwong, bénh sacom s¢i, u
md bdo soi 4c tinh, bénh sacdm sun, bénh sacom Ewing, u lympho 4c tinh, bénh da u
tay, khdi u té bao khdng 16 4c tinh, u nguyén song, u xwong sun, u syn lanh tinh, u
nguyén bao sun, u xo sun nhiy, u xwong dang xwong), cic khéi u & hé than kinh (vi
du, so, viém mang n#o, ndo, tay séng), cac khdi u phu khoa (vi dy, t& cung, cd tur
cung, budng tring, 4m hd va am dao), bénh ung thu huyét hoc (vi du, céc khéi u
mau, bénh Hodgkin, bénh khong Hodgkin), bénh ung thu da (vi dy, u melanin éc
tinh, caxinom té bao day, khdi u té bao vay 4c tinh, bénh sacom Kaposi, bénh novi
loan san, bénh u m&, bénh u mach, bénh u xo da, bénh seo 16i, bénh vay nén) va cac
khéi u tuyén thuong than (vi dy, u nguyén bao thin kinh).

Céc tic gia sang ché da phat hién qua thir nghiém ring cac hop chét benzo-
hydroxamic, khdc biét béi nhin trung tdm 13 di vong c¢6 ndm canh, c6 hoat tinh e
ché cao va chon loc dbi vé6i enzym HDACG.

Céc hop chét nay ciing c6 doc tinh té bao thap, do d6 cho phép st dung ching
lau dai.

Theo khia canh tht nhit, sang ché d& cap dén hop chat c6 cong thie (1) va (11)

va cidc mudi duoce dung, chat dong phéan va tién duoc chat cua no:
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R*— H
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N /B\ R4 OH
/ R’
R® o]
dxn
trong do
A1aN, O, S trong cong thirc (1), trong khi A 1a N trong cong thire (II);
BlaC,N;

C1aN, O trong cdng thirc (I), trong khi C 1a N trong cong thire (II);

X 1a CH,, S, NH, O, CDy;

n béng 0,1;

khi n bing 1, nguyén tir cacbon ¢ thé duoc thé bang nhom R'?va R" doc lap
duogc chon tir nhém bao gdm H, D, -Me, -phenyl, -F va -OH hodc clng v6i nhém
R va R ¢6 thé tao thanh gdc vong no, tdt hon néu 1a xyclopropan, xyclobutan,
xyclopentan hodc xyclohexan;

khi n bing 1, R® ¢6 thé khong c6 mat;

R*vaR’1aH, F;

R! khong c6 mat hodc dugc chon tir nhém bao gém -H,-NH,, C1-C4 alkyl,
phenyl, phenyl dugc thé bing mot hodc nhiéu halogen, arylalkyl, xycloalkyl,
metylfuran, xyclobutylmetyl, tetrahydrofuran-2-yl-metyl, 3- (dietylamino)propyl, 2-
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metoxyetyl, vinyl, 2-(metylsulfanyl)etyl, 1-xyclopropyletyl, pyridin-2-yl, (pyridin-3-
ymetyl, 2-(pyridin-2-yl)etyl, 2- (thiophen-2-yl)etyl, 3,4-dimetoxyphenyl, 4-
metoxyphenyl, metylphenyl, 2-clo-5- (morpholin-4-sulfonyl)phenyl, 4-
[(diflometyl)sulfanyl]phenyl, 4- (morpholin-4-sulfonyl)phenyl, 5-
(dimetylsulfamoyl)-2-metylphenyl, 3- (triflometyl)phenyl, 4-(triflometyl)phenyl, 2-
(morpholin-4-yl) etyl, 3-(morpholin-4-yl)propyl, 1-naphtyl, 2,3-dihydro-1,4-
benzodioxin-6-yl, benzhydryl, 5-indanyl, thiophen va metylthiophen;

R? khong c6 mit hodc duge chon tir H, alkyl, xycloalkyl, xycloalkyl-metyl,
heteroaryl, phenyl, phenyl dugc thé bang mot hoic nhiéu halogen, phenyl duoc thé
bing mot hodc nhiéu nhém alkoxy, phenyl dugc thé bang mot hodc nhidu nhém
nitro, benzyl, alkyl dugc thé bing benzyl, (2,2-difloxyclopentyl)metyl, 2-bromo-3-
flophenyl, (2,2-dimetylxyclopropyl)metyl, 4-hydroxyphenyl, 2-(benzyloxy)etyl, 2-
bromo-4-metoxyphenyl, 2-metyl-quinolin, 3-metylpyridin-4-yl, 4-metansulfonyl-2

metylphenyl, 2-clo-4,6-dinitrophenyl, 1,3-benzodioxol-5-ylmetyl, hodc 2-
benzyloxyphenyl;

R’ khong c¢6 mit hoic dugc chon tir H, alkoxyaryl, phenyl, phenyl duoc thé
bang CF3, benzyl, pyridyl, alkyl, xycloalkyl, xycloalkyl-metyl, heteroaryl, phenyl
duogc thé bing mét hodc nhiéu halogen, phenyl duoc thé bang mot hodc nhiéu nhém
alkoxy, phenyl dugc thé bing mot hodc nhiéu nhém nitro, benzyl, alkyl dugc thé
bang benzyl, (2,2-difloxyclopentyl)metyl, 2-bromo-3-flophenyl, (2,2~
dimetylxyclopropyl)metyl, 4-hydroxyphenyl, 2-(benzyloxy)etyl, 2-bromo-4-
metoxyphenyl, metyl-2-quinolin, 3-metylpyridin-4-yl, 4-metansulfonyl-2-
metylphenyl, 2-clo-4,6-dinitrophenyl, 1,3-benzodioxol-5-ylmetyl, hodc 2-
benzyloxyphenyl;

R® duge thé hodc khong duge thé bing gbe c6 mot hodc nhidu vong, tly ¥
khong no mot phan hodc hoan toan, chita cac nguyén tir cacbon va tily ¥ mét hogdc
nhiéu nguyén tir khac loai dugc chon tir N, S hodc O;

hoéac R ¢6 thé duge chon tir cac nhém cb cdng thire sau:
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Pacae

v6i diéu kién 1a trong céc hop chit c¢6 cong thirc (I), khi nhan di vong c6 nim
canh 1a 1,3,4-oxadiazol, R® khong 12 naphtyl.

Nhém khéc ciia cac hop chit duge wu tién bao gdm céc hop chét c6 cong thirc
(1) va (II) va céc mudi dugc dung, chit ddng phan va cac este duge dung cua ching,
trong d6 nhin di vong c¢6 ndm canh dwoc chon tir nhém bao gém tetrazol, 1,2,4-
triazol, 1,3,4-oxadiazol, 1,2,4-oxadiazol, 1,3,4-thiadiazol.

Nhém khac ctia cac hop chét dwoc vu tién bao gdm cac hop chét c6 cong thirc
() va (I) va cac mudi duoc dung, chit ddng phan va cac mudi duoc dung cia chiing,
trong d6 :

A 1aN, O, S trong cong thirc (1), trong khi A 1a N trong cong thue (II);

BlaC,N;

C1aN, O trong cdng thirc (1), trong khi C 1a N trong cong thirc (II);

X 1a CHy, S;

n béng 0, 1;

khi n bing 1, nguyén tir cacbon c6 thé duge thé bing nhém R'?va R" doc lap
duogc chon tir nhdm bao gdm H, -Me, -phenyl, -F va -OH hodc cling véi nhém R"Zva
R ¢6 thé tao thanh gbc vong no, tdt hon néu 1a xyclopropan, xyclobutan,
xyclopentan hodc xyclohexan,;

khi n bang 1, R® ¢6 thé khong c6 mit;

R*vaR’1aH, F;

R! khong c6 mat hodc dugc chon tr nhém bao g@)m -H, -NH,, -CHs,
-CH,CH;, phenyl, p-flophenyl, m-clophenyl, p-clophenyl, benzyl, metylfuran,
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xyclopropyl, isobutyl, metylphenyl, triflophenyl, thiophen va 2- (morpholin-4-yI)
ethyl;

R? khong c6 mit hodc dugce chon tir H, phenyl, hodc p-diclophenyl;

R® khong c6 mit hodc duge chon tir H, o-metoxyphenyl, p-triflometylphenyl,
benzyl, hodc pyridyl;

RS duge chon tir nhém bao gdm cdc nhém cé cong thic:

-17-



39228

-18-



39228

R7

N -

& 5 TO

P : v

32/N/N_/ 3(“\_ )/ ) E(N/:)\CI
N X

e alio M
. \

o

trong do6 :

R’ va R® doc 1ap duogc chon tur nhdm bao gém H, D, -Cl, -F, -Br, -CF3, -Me,
-Et, -OMe, -OBenzyl, -SFs, -OCH,F, -CH,NH,, -NH,, -CH,NMe,, -NMe,,
-N(CH,CH,0CHj3),, -COOH, -COOMe, -OH, -NHNH,, -NO,, -OEt, -OCHF,, -OiPr,
-CHF,, -NEt,,
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hodc R’ va R® ciing nhau tao thanh gbc di vong c¢6 niam canh (-OCH,0-);

R’ vaR'’ 14 -H, -Me, -Et;

R! dugce chon tir nhém bao gém -H, -Cl, -CH3, -NO, va -Br.

Céc hop chat cé cong thie (1) va (1) sau ddy duge ddc biét uu tién:
(S)-N-(1-(3-(4-(hydroxycarbamoyl)benzyl)-1,2,4-oxadiazol-5-yl)-2-(thiazol-
4-yl)etyl)-3,4-dimetoxybenzamit (hop chat 1);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(naphtalen-1-yl)-4H-1,2,4-triazol-3-
yD)thio)benzamit (hop chét 2);
4-((5-(3-(N,N-dimetylsulfamoyl)phenyl)-1,3,4-oxadiazol-2-yl)metyl)-N-
hydroxybenzamit (hop chat 3);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(2-phenylpropan-2-yl)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chit 4);
4-((5-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-1H-tetrazol-1-yl)metyl)-3,5-
diflo-N-hydroxybenzamit (hop chat 5);
3,5-diflo-N-hydroxy-4-((5-(pyridin-2-y1)-2H-tetrazol-2-yl)metyl)benzamit
(hop chét 6);
diflo-N-hydroxy-4-((5-(pyrimidin-2-yl)-2H-tetrazol-2-yl)metyl)benzamit (hop
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chét 7);
N-hydroxy-4-((5-(thiophen-2-y1)-1H-tetrazol-1-yl)metyl)benzamit (hop chét
8);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(4-metyl-2-morpholinothiazol-5-y1)-4H-
1,2,4-triazol-3-yl)thio)benzamit (hop chat 9);
N-hydroxy-4-((4-metyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-
yDthio)benzamit (hop chat 10);
4-((5-(furan-2-yl)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit (hop chit 12);
3,5-diflo-N-hydroxy-4-((5-(pyridin-2-yl)-1H-tetrazol-1-yl)metyl)benzamit
(hop chét 13);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-
yD)thio)benzamit (hgp chat 14);
3,5-diflo-N-hydroxy-4-((5-(thiophen-2-yl)-1H-tetrazol-1-yl)metyl)benzamit
(hop chit 15);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(4-(piperidin-1-ylmetyl)phenyl)-4H-
1,2,4-triazol-3-yl)thio)benzamit (hop chét 16);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-
yD)thio)benzamit (hop chét 17);
3,5-diflo-4-((5-(furan-2-yl)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit (hop
chét 19);

N-hydroxy-4-((5-(pyridin-2-y1)-1H-tetrazol-1-yl)metyl)benzamit  (hop chat
20);
3-(3,4-dimetoxyphenyl)-N-[(1S)-1-[3-[[4-(hydroxycarbamoyl)phenyl]metyl]-
1,2,4-oxadiazol-5-yl]-2-thiazol-4-yl-etyl]propanamit (hop chat 21);

axit 4-[[5-[4-(triflometyl)phenyl]tetrazol-2-ylJmetyl]benzencarbohydroxamic
(hop chit 23);

axit 4-[(4,5-diphenyl-1,2,4-triazol-3-yl)sulfanyl]benzencarbohydroxamic

(hop chét 24);

axit 4-[[4-(2-furylmetyl)-5-(1H-indol-3-yl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hgp chat 25);
axit 4-[5-[(3,4-dimetoxyphenyl)metyl]-1,3,4-oxadiazol-2-
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yl]benzencarbohydroxamic (hop chat 26);

axit 4-[[5-benzyl-4-(4-flophenyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hop chét 27);

axit 4-[[4-amino-5-[4-(diflometoxy)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 28);

axit 4-[[5-(4-flophenyl)-4H-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 29);

axit 4-[[4-etyl-5-(4-flophenyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 30);

axit 4-[[5-(4-clophenyl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hop chét
31);

axit 4-[[5-(5-clo-2-thienyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop
chét 32);

axit 4-[[5-(2-flophenyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop chat
33);

axit 4-[[5-(4-flophenyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop chat
34);

axit 4-[[5-(4-metoxyphenyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop
chét 35);

axit 4-[(5-benzyltetrazol-2-yl)metyl]benzencarbohydroxamic (hgp chét 36);
axit 4-[(5-benzyltetrazol-1-yl)metyl]benzencarbohydroxamic (hop chét 37);
axit 4-[[5-(2,4-diclophenyl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hop
chét 38);

axit 4-[[5-(3-metyl-2-thienyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic
(hop chét 39);

axit 4-[[5-(5-metyl-2-thienyl)tetrazol-2-yl]metyl]benzencarbohydroxamic
(hop chét 41);

axit 4-[[5-(benzothiophen-3-yl)tetrazol-2-yl]metyl]benzencarbohydroxamic
(hop chit 42);

axit 4-[[5-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chat 43);
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axit 4-[[5-[(3,4-dimetoxyphenyl)metyl]-2-[4-(triflometyl)phenyl]-1,2,4-
triazol-3-yl]metyl]benzencarbohydroxamic (hop chat 44);

axit 4-[[5-[(3,4-dimetoxyphenyl)metyl]-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hgp chat 45);

axit 4-[[5-(2-flophenyl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hop chét
46);

axit 4-[[5-[(1S)-1-amino-2-thiazol-4-yl-etyl]-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hop chét 48);

axit 4-[[5-(3,4-dimetoxyphenyl)-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic (hop chat 49);

axit 4-[[5-(2-thienyl)tetrazol-2-ylmetyl]benzencarbohydroxamic (hop chat
50);

axit 4-[[2-benzyl-5-(4-clophenyl)-1,2,4-triazol-3-
yl]metyl]benzencarbohydroxamic (hop chat 51);

axit 4-[[2-(2-pyridyl)-5-(2-thienyl)-1,2,4-triazol-3-
yl]lmetyl]benzencarbohydroxamic (hop chit 52);

axit 4-[[2-(2-metoxyphenyl)-5-(2-thienyl)-1,2,4-triazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 53);

axit 4-[[5-(6,6-dimetyl-3-metylsulfanyl-4-oxo-5,7-dihydro-2-benzothiophen-
1-yDtetrazol-2-yl]metyl]benzencarbohydroxamic (hop chét 54);

axit 4-[[5-(benzothiophen-2-yl)tetrazol-2-yl]metyl]benzencarbohydroxamic
(hop chat 55);

axit 4-[[5-(3,4-dimetoxyphenyl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hgp chat 57);

axit 4-[[5-(2,4-diflophenyl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 58);

axit 4-[[5-[3-(dimetylsulfamoyl)phenyl]tetrazol-2-
yl]Jmetyl]benzencarbohydroxamic (hop chit 59);

axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)amino]benzencarbohydroxamic (hgp
chét 60);

axit 4-[[4-amino-5-[3-(dietylsulfamoyl)phenyl]-1,2,4-triazol-3-
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yl]sulfanyl]benzencarbohydroxamic (hop chét 61);

axit 4-[[1-(2,4-diclophenyl)-5-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 62);

axit 4-[[5-(3-pyrolidin-1-ylsulfonylphenyl)-1,3,4-oxadiazol-2-
yl]lamino]benzencarbohydroxamic (hop chét 63);

axit 4-[[5-(3-morpholinosulfonylphenyl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chat 64);

axit 3,5-diflo-4-[[5-(2-thienyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic
(hop chét 65);

axit 4-[[5-[3-(dietylsulfamoyl)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 66);

axit 4-[[4-metyl-5-[2-(p-tolyl)-4-quinolyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 67);

axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)metyl]benzencarbohydroxamic (hop
chét 68);

axit 4-[[5-(4-pyrolidin-1-ylsulfonylphenyl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chit 69);

axit 4-[[5-(3-benzyloxy-4-metoxy-phenyl)tetrazol-2-
ylJmetyl]benzencarbohydroxamic (hop chit 70);

axit 4-[[5-(3-benzyloxy-4-metoxy-phenyl)tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chit 71);

axit 4-[(5-xyclopropyl-1-phenyl-1,2,4-triazol-3-
yl)sulfanyl]benzencarbohydroxamic (hop chét 72);

axit 4-[[5-[4-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 73);

axit 4-[[5-(4-metyl-2-morpholino-thiazol-5-yl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chit 75);

axit 4-[[5-[3-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 77);

axit 4-[[5-(3-metoxyphenyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 78);
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axit 4-[[5-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)tetrazol-2-ylJmetyl]-3,5-
diflo-benzencarbohydroxamic (hop chat 79);

axit 4-[[5-[3-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chét 80);

tert-butyl 4-[5-[4-(hydroxycarbamoyl)phenyl]sulfanyl-4-metyl-1,2,4-triazol-
3-yl]piperidin-1-carboxylat (hop chét 82);

axit 4-[[5-(2,3-dihydro-1,4-benzodioxin-3-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 83);

axit 4-[[5-(1,3-benzodioxol-5-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 84);

axit 4-[[5-(1,5-dimetylpyrazol-3-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 85);

axit 4-[[5-(2-furyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chat 86);
axit 4-[[5-(1-isoquinolyl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hop
chat 87);

axit 4-[[5-(1-isoquinolyl)tetrazol-1-yl]metyl]benzencarbohydroxamic (hop
chét 88);

axit 4-[[5-(2-pyridyl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hgp chat
89);

axit 4-[[5-(2-quinolyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hgp chét
90);

axit 4-[[5-(2-quinolyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chét
oL);

axit 3,5-diflo-4-[[5-(2-furyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hgp
chét 92);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chit 93);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chit 94);

axit 3,5-diflo-4-[[5-(2-quinolyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic
(hop chit 95);
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axit 3,5-diflo-4-[[5-(2-quinolyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic
(hop chét 96);

axit 3,5-diflo-4-[[5-(2-thienyl)-4H-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 97);

axit 4-[(5-benzhydryl-4-metyl-1,2,4-triazol-3-yl)sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hgp chit 98);

axit 4-[[5-(3-aminothieno[2,3-b]pyridin-2-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 99);

axit 4-[[5-(1,5-dimetylpyrazol-3-yl)-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chét 100);

axit 3,5-diflo-4-[[4-metyl-5-(1-phenylxyclobutyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 101);

axit 3,5-diflo-4-[[5-[1-(3-flophenyl)xyclopentyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 102);

axit 3,5-diflo-4-[[5-[1-(4-metoxyphenyl)xyclohexyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 103);

axit 3,5-diflo-4-[[5-[1-(4-metoxyphenyl)xyclopropyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 104);

axit 4-[[5-[3-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chit 106);

axit 4-[[5-[3-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chit 107);

axit 3,5-diflo- 4-[[5- [3-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 2-
yl]metyl]benzencarbohydroxamic (hop chét 108);

axit 3,5-diflo- 4-[[5- [3-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 1-
yl]metyl]benzencarbohydroxamic (hop chit 109);

axit 4-[[5-[4-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol- 2-
yl]metyl]benzencarbohydroxamic (hop chit 110);

axit 4-[[5-[4-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chit 111);

axit 3,5-diflo-4-[[5-[4-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-2-
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yl]metyl]benzencarbohydroxamic (hop chit 112);

axit 3,5-diflo-4-[[5-[4-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chit 113);

axit 3,5-diflo-4-[[4- metyl-5-[3-(4-metyl-4-oxido-piperazin-4-ium-1-
yl)phenyl]-1,2,4-triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chat
114);

axit 3,5-diflo-4-[[4-(4-flophenyl)-5-(1-piperidylmetyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 115);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-pyrolidin-1-yl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 116);

axit 4-[(4- benzyl-5- morpholino-1,2,4-triazol-3-yl)sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 117);

axit 4-[[5-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-4-metyl-1,2,4- triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 118);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 121);

axit 3,5-diflo-4-[[4-metyl-5-(2-quinolyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 122);

axit 4-[(5-pyrimidin-2-yltetrazol-2-yl)metyl]benzencarbohydroxamic (hop
chat 123);

axit 4-[(5-pyrimidin-2-yltetrazol-1-yl)metyl]benzencarbohydroxamic (hop
chat 124);

axit 3,5-diflo-4-[(5-pyrimidin-2-yltetrazol-1-
yDmetyl]benzencarbohydroxamic (hop chit 125);

axit 4-[[5-[5-(triflometyl)-2-pyridyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 126);

axit 4-[[5-[5-(triflometyl)-2-pyridyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chit 127);

axit 3,5-diflo-4-[[5-[5-(triflometyl)-2-pyridyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chit 128);

axit 3,5-diflo-4-[[5-[ 5-(triflometyl)-2-pyridyl]tetrazol-1-
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yl]metyl]benzencarbohydroxamic (hop chit 129);

axit 4-[[5-[3-morpholino-5-(triflometyl)-2-pyridyl]tetrazol-2-
yl]Jmetyl]benzencarbohydroxamic (hop chat 130);

axit 4-[[5-[3-morpholino-5-(triflometyl)-2-pyridyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chat 131);

axit 4-[[5-(2-pyridylmetyl)tetrazol-2-ylmetyl]benzencarbohydroxamic; axit
2,2,2-trifloaxetic (hop chét 132);

axit 4-[[5- (2-pyridylmetyl)tetrazol- 1-yl]metyl]benzencarbohydroxamic; axit
2,2,2-trifloaxetic (hop chit 133);

axit 3,5-diflo-4-[[5-(2-pyridylmetyl)tetrazol-2-
ylJmetyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hgp chét 134);
axit 3,5-diflo-4-[[5-(2-pyridylmetyl)tetrazol-1-
yl]Jmetyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hgp chét 135);
axit 3,5-diflo-4-[[4- metyl-5- [1-phenyl- 5-(2- thienyl)pyrazol-3- yl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 136);

axit 3,5-diflo-4-[[5-(6-flo- 2-metyl-3-quinolyl)- 4-metyl-1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 137);

axit 3,5-diflo-4-[[5-(4-flophenyl)-4-(2-morpholinoetyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 138); _

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-pyrazin-2-yl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 139);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(2-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 140);

axit 4-[[4-benzyl-5-(pyrolidin-1-yl-metyl)-1,2,4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hgp chat 141);

axit 4-[[4-benzyl-5-(2-furyl)-1,2,4-triazol-3-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hgp chat 142);

axit 4-[[4-benzyl-5-(2-thienyl)-1,2,4-triazol-3-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chat 143);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(2-thienyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 144);
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axit 3,5-diflo-4-[[5-(2-flophenyl)-4-(2-furylmetyl)-1,2,4- triazbl-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 145);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(4-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 146);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(3-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 147);

axit 3,5-diflo-4-[[5-(3-isoquinolyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 148);

axit 3,5-diflo-4-[(5- imidazo[1,2-a]pyridin-3-yl-4-metyl-1,2,4-triazol- 3-
yD)sulfanyl]benzencarbohydroxamic (hop chét 149);

axit 4-[[5-(1-benzyl-4-phenyl-4-piperidyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]- 3,5-diflo-benzencarbohydroxamic (hop chét 150);

axit 3,5-diflo-4-[[4-metyl-5-[3-(4-metylpiperazin-1-yl)sulfonylphenyl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 151);

axit 4-[[5-[3-(4-benzylpiperazin-1-yl)sulfonylphenyl]-4-metyl-1,2,4- triazol-
3-yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 152);

axit 3,5-diflo-4-[[4-metyl-5-(3-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 153);

metyl 4-[[2-[[2,6-diflo-4-(hydroxycarbamoyl)phenyljmetyl]tetrazol-5-
yl]metyl]benzoat (hop chét 154);

metyl 4-[[1-[[2,6-diflo-4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-
yl]metyl]benzoat (hop chét 155);

metyl 6-[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-yl]pyridin-3-
carboxylat (hop chat 156);

metyl 6-[1-[ [4-(hydr0xyceirbamoyl)phenyl] metyl]tetrazol-5-yl]pyridin-3-
carboxylat (hop chat 157);

axit 4-[[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-ylJmetyl]benzoic
(hop chét 158);

axit 4-[[1-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-ylJmetyl]benzoic
(hop chét 159);

axit 4-[[2-[[2,6-diflo-4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-
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ylJmetyl]benzoic (hop chét 160);

axit 4-[[1-[[2,6-diflo-4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-
ylJmetyl]benzoic (hop chat 161);

axit 6-[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-yl]pyridin-3-
carboxylic (hop chat 162);

axit 3-[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-yl]benzoic (hop
chat 163);

axit 3,5-diflo-4-[[4-metyl-5-(8-quinolylmetyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 164);

axit 4-[[5-(2,6-diflophenyl)-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chat 165);

axit 3,5-diflo-4-[[4-metyl-5-[3-(4-metylpiperazin-1-yl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 166);

axit 4-[[5-[3-(azepan-1-ylmetyl)phenyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chét 167);

axit 4-[[5-[4-(azepan-1-ylmetyl)phenyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chét 168);

axit 4-[[5-(4-aminophenyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop
chat 169);

axit 4-[[5-(4-aminophenyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop
chét 170);

axit 4-[[5-(4-aminophenyl)tetrazol-2-ylJmetyl]-3,5-diflo-
benzencarbohydroxamic (hop chat 171);

axit 4-[[5-(4-aminophenyl)tetrazol-1-ylJmetyl]-3,5-diflo-
benzencarbohydroxamic (hop chat 172);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chit 173);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chat 174);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-2-ylJmetyl]-3,5-diflo-
benzencarbohydroxamic (hop chat 175);
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axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-1-yl]metyl]-3,5-diflo-
benzencarbohydroxamic (hop chat 176);

axit 3,5-diflo-4-[[4-metyl-5-[1-(2-pyridyl)xyclopropyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 177);

axit 3,5-diflo-4-[[4-metyl-5-[1-(3-pyridyl)xyclopropyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 178);

axit 3,5-diflo-4-[(4-metyl-5-pyridazin-3-yl-1,2,4-triazol-3-
yD)sulfanyl]benzencarbohydroxamic (hop chét 179);

axit 3,5-diflo-4-[[5-(3-flo-2-pyridyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 180);

axit 3,5-diflo-4-[[4-metyl-5-[3-(1-piperidylmetyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 181);

axit 3,5-diflo-4-[[4-metyl-5-[3-(morpholinometyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 182);
4-((3-((1H-indol-3-yl)metyl)-5-(thiophen-2-y1)-4H-1,2,4-triazol-4-yl)metyl)-
N-hydroxybenzamit (hop chét 183);

axit 4-[[5-[3-[[benzyl(metyl)amino]metyl]phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 184);

axit 4-[[3-[(3,4-dimetoxyphenyl)metyl]-5-(2-thienyl)-1,2,4-triazol-4-
yl]metyl]benzencarbohydroxamic (hop chit 185);

axit 3,5-diflo-4-[[4-metyl-5-[1-metyl-1-(3-pyridyl)etyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 186);

axit 3,5-diflo-4-[[5-[4-[metyl(metylsulfonyl)amino]phenyl]-1,3,4-thiadiazol-
2-yl]sulfanyl]benzencarbohydroxamic (hop chat 187);

axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)sulfanyl]benzencarbohydroxamic (hop
chét 188);

axit 4-[(5-phenyl-1,2,4-oxadiazol-3-yl)metyl]benzencarbohydroxamic (hop
chat 189);

axit 4-[(5-phenyl-1,3,4-thiadiazol-2-yl)metyl]benzencarbohydroxamic (hgp
chat 190);
3,5-diflo-N-hydroxy-4-((5-(pyridin-3-yl)-1,3,4-thiadiazol-2-yl)thio)benzamit
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(hop chét 191);

axit 3,5-diflo-4-[(5-phenyl-1,3,4-oxadiazol-2-
yDsulfanyl]benzencarbohydroxamic (hop chat 192);

axit 4-[[5-(2-morpholino-4-pyridyl)-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 193);
3,5-diflo-N-hydroxy-4-((5-phenyl-1,2,4-oxadiazol-3-yl)metyl)benzamit (hop
chét 194);

axit 3,5-diflo-4-[[5-(4-pyridyl)-1,3,4-thiadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 195);

axit 4-[[5-(5-bromo-3-pyridyl)-1,3,4-thiadiazol-2-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chit 196);

axit 3,5-diflo-4-[[5-(5-morpholino-3-pyridyl)-1,3,4-thiadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 197);
3,5-diflo-N-hydroxy-4-((5-phenyl-1,3,4-thiadiazol-2-yl)metyl)benzamit (hop
chat 198);

axit 3,5-diflo-4-[[5-(2-furyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 199);

axit 4-[[5-[5-[bis(2-metoxyetyl)amino]-3-pyridyl]-1,2,4-oxadiazol-3-
yl]metyl]-3,5-diflo-benzencarbohydroxamic (hop chit 200);

axit 3,5-diflo-4-[[5-[5-(2-oxa-6-azaspiro[3.3]heptan-6-yl)-3-pyridyl]-1,2,4-
oxadiazol-3-ylJmetyl]benzencarbohydroxamic (hop chit 201);

axit 3,5-diflo-4-[[5-[5-(pyrolidin-1-ylmetyl)-2-furyl]-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 202);

axit 3,5-diflo-4-[[4-metyl-5-[5-(morpholinometyl)-3-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 203);

axit 3,5-diflo-4-[[4-metyl-5-[5-(morpholinometyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 204);

axit 3,5-diflo-4-[[4-metyl-5-[5-[(4-metylpiperazin-1-yl)metyl]-2-furyl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hgp chat 205);

axit 4-[[5-[5-[(dimetylamino)metyl]-2-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 206);
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axit 3,5-diflo-4-[[4-metyl-5-[5-(pyrolidin-1-ylmetyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hgp chat 207);

axit 4-[[5-[5-etyl-4-(pyrolidin-1-ylmetyl)-2-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 208);

axit 4-[[4-metyl-5-[5-[(4-metylpiperazin-1-yl)metyl]-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 209);

axit 3,5-diflo-4-[[4-metyl-5-[6-(2-pyrolidin-1-yletyl)-3-pyridyl]-1,2,4-triazol-
3-yl]sulfanyl]benzencarbohydroxamic (hop chét 210);

axit 4-[[5-[5-(dietylaminometyl)-2-furyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chét 211);

axit 3,5-diflo-4-[[4-metyl-5-[5-(1-piperidylmetyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 212);

axit 4-[[5-[5-(dietylaminometyl)-2-metyl-3-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hgp chét 213);

axit 4-[(5-phenyltetrazol-2-yl)metyl]benzencarbohydroxamic (hop chit 214);
axit 4-[(5-phenyltetrazol-1-yl)metyl]benzencarbohydroxamic (hop chét 215);
axit 4-[(5-phenyl-4H-1,2,4-triazol-3-yl)metyl]benzencarbohydroxamic (hop
chét 216);
N-hydroxy-4-((4-metyl-5-phenyl-4H-1,2,4-triazol-3-yl)metyl)benzamit (hop
chét 217).

Céc hop chit ¢ cong thire (1) va (II) sau day duoc dic biét uu tién:
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(cac nguyén tir cacbon khong d6i xtmg), do d6, ching c6 thé ton tai & dang chét

Céc hop chét theo sang ché c6 thé chita mot hogc nhidu tim khong déi xtmg

ddng phan dbi anh va/hoic chit ddng phan khong d6i quang.

v6i nhau, van ndm trong pham vi ctia sdng che.
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cac duoce chit khac nhu cac chat trc ché proteasom, chit trc ché hoéa hoc mién dich,
steroit, cac chit e ché ving bromo va cac dugc chét bidu sinh khac, cac chat hoa tri
liéu truyén thdng, chét Gc ché kinaza, vi du nhu, nhung khong chi giéi han &, ho
JAK, CTLA4, chit trc ché phan tir kiém soat mién dich PD1 hodc PDLI, nhu
nivolumab, pemprolizumab, pidilizumab hoic BMS-936559 (khang-PD1),
atezolizumab hodc avelumab (khang-PDL1), ipilimumab hodc tremelimumab
(khang-CTLA4).

T8t hon, néu cac hop chét theo sang ché mdt minh hoic két hop hitu ich dé
diéu tri bénh do HDAC6 lam trung gian géy ra.

Tét hon, néu cac hop chit theo séng ché, mot minh hodc két hop, hitu ich dé
diéu tri tinh trang thai bé mo ghép, bénh md ghép chdng tic chu, bénh viém co, cic
bénh lién quan dén chirc ning bét thudong cta té bao lymphd, bénh da u tiy, u
lymphd khong Hodgkin, bénh than kinh ngoai bién, cdc bénh tu mién, bénh viém,
bénh ung thu va céc bénh thodi héa thin kinh, cdc bénh vé mét (vi du, bénh viém
mang mach nho).

Do d6, sang ché ciing dé xuit dugc phim chira lugng hiru hiéu c6 tic dung
diéu tri ctia hop chat ¢ cong thirc (I) hodc (II) hodc cac mubi duoc dung, chit dong
phan va tién duoc chit duge dung ciia no, cling véi it nhat mot ta dugc duoc dung.

Céc duge phim nay c6 thé & dang 16ng, thich hop dé str dung qua dudng rudt
ho#c ngoai duong ti€u hda, hodc dang ran, vi du, & dang vién nang, vién nén, vién
tron, bot hodc hat dé str dung qua duong miéng, hodc & dang thich hop dé st dung
trén da nhu kem hodc thuc md, dé cung cép bing cach xong hit.

Céc dugc pham theo sang ché c6 thé duogc bao ché biang cac phuong phap da

biét.

Phuong phap tdng hop chung

Céc hop chét dugc mo ta trong séng ché c6 thé duoc didu ché bing cac
phuong phap da biét v6i ngudi c6 hidu biét trung binh trong linh vyc nay.

T4t ca cac chit ban dau, chét phan ng, axit, bazo, dung moi va chét xtc tac
duoc st dung trong qua trinh tdng hop céc hop chét duge md ta déu ¢ ban trén thi
truong.

Qua trinh phan tmng dugc theo doi bang cach phén tich sic ky 16ng hiéu ning
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cao (HPLC), sic ky long siéu hiéu ning (UPLC) hodc phd khéi luong-sic ky 1ong
hiéu nang cao (HPLC-MS).

Céc hop chét c6 nhan triazol-thiol thu dugc bing cich cho hop chét 1,2,4-
triazol-thiol tily y dugc thé phan tmg véi metyl-4-iodo-benzoat hodc metyl-3,4,5-
triflo-benzoat, v&i suw c¢6 mit cta kali cacbonat trong DMF trong khi gia nhié€t qua
dém. Phéan tng vGi metyl 4-iodo-benzoat duge xuc tac béng ddng iodua va L-prolin
(So @0 1) va dugce gia nhiét & nhiét 49 120°C (Liang-Feng et al., Tetrahedron (2011),
67, 2878-2881). Mit khac, phan uing véi metyl 3,4,5-triflo-benzoat dién ra ngay ca
trong cac diu kién ém diu (55°C) va khong c6 su xuc tic (So d6 2) (Dudutiene et
al,, Bioorg. Med. Chem. (2013), 21(7), 2093-2106; Cong bd don qudc té
WO003/062225).

Chinh céc diéu kién nay dugc st dung dé tdng hop hop chit c6 nhan 1,3,4-
thiadiazol-2-thiol va 1,3,4-oxadiazol-2-thiol.

Sy chuyén héa ctia cac din xuét este thanh cac axit hydroxamic tuong Gmg dat
duoc bing cach xir ly bing lugng du 16n cua dung dich hydroxylamin trong mdi
trudng bazo (NaOH), trong metanol. Axit hydroxamic cling c6 thé dugc tong hop
bing cach thiy phéan este metyl bang NaOH va sau d6 ngung ty v6i hydroxylamin,
khi hoat hoa bing HATU hoic céc chat phan tmg két hop khac.

N i cul 5°/K2|? %3 10% i
=N ul 5%, L- Pro o s N— -
Sl - R o N 0
o + (o] 4
RS xJ\SH /@A 120°C, DMF, Xz“<x §
| 16 giov s
(e}
NH,OH, dung dich
NaOH 1M 50% RG N\N N/OH
- - 7/ \ H
MeOH XZ"<X)\S 1
°C->nhiét 6 méi X=N-R', S,0

trwdng, 1 gio

So dd 1 - Tdéng hop céc din xuit benzohydroxamic bing hop chét c6 nhan triazol,

thiadiazol va oxadiazol
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So dd 2 - Téng hop cic din xuét 3,5-diflobenzohydroxamic bing hop chit ¢6 nhan

triazol, thiadiazol va oxadiazol

Nhiéu hop chét 1,2,4-triazol-thiol ban dau c6 ban trén thi truong. Trong mot
s6 trudong hop, ching duge tdng hop theo hai cach duge thé hién trén So' @6 3. Hop
chét trung gian mach hé duoc didu ché tir axit carboxylic bang cach hoat héa béng
T3P va ngung tu véi hop chét hydrazin carbothioamit dugc thé N véi su c¢6 mit cia
DIPEA trong DMF (cong bd don ding ky sang ché M§ s6 US2007/0232808). Chinh
hop chit trung gian ndy thu dugc tir chét ban dau hydrazit, chét nay duogc xir Iy béng
hop chéit isothioxyanat dugc th8 N trong khi dun hdi luu etanol (Lei et al.,
ChemMedChem (2016), 11, 822-826; Nadjet et al., Molecules (2015), 20, 16048-
16067). Sy dong vong cua hop chét trung gian mach hé dat duoc bang cach cho
thém dung dich NaOH vao hén hop phan tng.

o S T3P, DIPEA r RE 7
R® + HaN )J\ /R1 DMF )n
N N ° iay 2a NaOH 2M, N
L OH H H C->nhiét do 70°C. 16 qi&y Re@,‘\(/ N
trong phong, 2 gi& o ']"" ___g. N—Y
0 HN S '
s 5i R
RQHJ\ N . \ EtOH, dun héi lwu \f SH
n N7 1 AN s
N N—R L R

So dd 3 - Toéng hop hop chét 1,2.4-triazol-thiol

Céc hop chit 1,3,4-thiadiazol-2-thiol khong c6 ban trén thi trudng duge tong
hop bing céch xir Iy hop chat hydrazit twong tng bing KOH va CS, & nhiét do thap
(0-5°C) trong 1 gio va bang H,SO, trong budc thir hai, nhu duge md ta trong So do
4.
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So dd 4 - Tdéng hop céc hop chét 1.3.4-thiadiazol-thiol

Céc hop chit c6 nhan triazol dugc didu ché nhu duge md ta trén So' db Sa t

axit 2-(4-(metoxycacbonyl)phenyl)axetic bdng cach cho phdn tUng v6i
carboxyimidamit véi sy c6 mat cia HATU va DIPEA trong DMF. Khi chuyén héa
hodn todn cdc san phim ban dau thanh hop chét trung gian, hydrazin dugc thé va
luong du axit axetic axit dugc cho thém vao hdn hop phéan tmg. Thu dugc hop chét
vong triazol bang cich gia nhiét hdn hop qua dém (Castanedo et al., J. Org. Chem.
(2011), 76(4), 1177-1179).

Ciing thu dugc céac hop chit c6 khung chinh 1,3,4-thiadiazol va 1,3,4-
oxadiazol bang cach déng vong hop chét trung gian mach hé, duge didu ché bing
cach ngung tu axit 2-(4-(metoxycacbonyl)phenyl)axetic hodc axit 2-(2,6-diflo-4-
(metoxycacbonyl)phenyl)axetic v6i hop chit hydrazit thich hop bing cach hoat héa
bing HATU, DIPEA. Cac hop chét hydrazit ¢ ban trén thi trudng hodc cling cé thé
duoc didu ché d& dang tir axit carboxylic twong ung (So dd 5c). Chit phan tng
Lawesson dugc st dung 1am chat déng vong cho dan xuét 1,3,4-thiadiazol , trong khi
chinh hop chit trung gian ndy dugc déng vong khi xir Iy bing lwong du cht phan
ung Burgess khi dun hdi luu toluen hodc THF dé tao ra hop chét 1,3,4-oxadiazol (So
dd 5b). Do axit 2-(2,6-diflo-4-(metoxycacbonyl)phenyl)axetic khong c6 ban trén thi
truong, axit nay dugc tbng hop bang céch cho hop chit metyl 3,4,5-triflobenzoat
phan ting v6i di-ter-butyl malonat véi sy c6 mét cua natri hydrua trong DMF khan.
Sau d6, hop chét di-tert-butyl 2-(2,6-diflo-4-(metoxycacbonyl)phenyl)malonat tao
thanh duoc tich nhém carboxyl bing cach xit Iy bing TFA trong khi dun hdi lvu (So
dd 5c).

Do kha ning phéan tmg cta axit 2-(2,6-diflo-4-(metoxycacbonyl)phenyl)axetic
thip, cAn hoat héa axit ndy bang thionyl clorua @& dat duoc su ngung tu (So' dd 5¢).
Su chuyén hoa ctia cdc dan xuét este thanh axit hydroxamic twong tmg dat dugc

bing cach hydroxylamin phan, nhu d& mo ta trong cac truong hop trén day.
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So dd 5 - Téng hop din xuit benzohydroxamic bang hop chét ¢ nhan triazol,

thiadiazol va oxadiazol

Cac dan xuét 1,3,4-oxadiazol dugc sit dung 1am chét ban dau dé tdng hop cac
hop chit mang nhén triazol. Thu dugc su chuyén héa bing cach gia nhiét oxadiazol

trong THF véi sy ¢6 mit ctia MeNH,, nhu dugc mo ta trén So do 6.

7/\©\n/ MeNHz 2M, THF W/\©\n/
R6$
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So dd 6 - Tdng hop cic din xuét 1,2.3-triazol

Céc hop chit mang 1,2,4-triazol dugc thé ba 14n & vi tri 3,4,5 lam khung chinh
dugc didu ché bit ddu tir hop chit metyl p-aminometylbenzoat hydroclorua va
axylclorua tuong g véi sy ¢6 mit cua trimetylamin. Amit thu duoc duoc dun hdi
lwu trong thionyl clorua d tao thanh hop chat trung gian imidoyl clorua, hop chit
ndy tao ra san phdm mong mudn khi phan tng véi hop chit hydrazit tuong tmg va
sau d6 déng vong khi dun hdi luu toluen (So dd 7). (Cong bd don qubc té sd
WO02011106650 (A2) — 2011-09-01; Begum et al Med. Chem. Commun. 2015, 6,
80-89; Aster et al. Bioorg. Med. Chem. Lett. 2008, 18, 2799-2804.)

Bun hdi lvu

R? \N toluen N
O N/k N’k
NH2

So dd 7 - Téng hop din xuit benzohydroxamic bing hop chét ¢é nhan 1,2.4-triazol

duoc thé ba 14n & vi tri 3.4.5

Céc hop chét chira gdc tetrazol thu duge bang cach cho hop chat N-H-tetrazol
phan mg véi axit metyl 4-(clometyl)benzoic hodc metyl 4-(clometyl)-3,5-diflo
benzoat voi su ¢6 mit cia kali cacbonat trong axetonitril, trong khi gia nhi€t (So do
8) (Cong bd don qubc té s6 W02012/106995).
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So dd 8 - Téng hop din xuat Benzo-hydroxamic va 3.5-DifloBenzo-Hydroxamic

bing hop chét cé nhan Tetrazol

Tinh chon loc ving phu thude vao chét nén tetrazol, thuong 13 san phém duoc
thé hai 1dn & vi trf 2,5 ¢6 xu huéng gip tir 2 dén 10 14n so v6i san phim dugc thé hai
14n & vi tri 1,5. Céc chat déng phan vi tri, dugc tach béng cach séc ky trén silic oxit,
duoc xir 1y riéng 1& bang lugng du hydroxylamin va dung dich natri hydroxit dé thu
duogc cac san pham hydroxamic tuong tmg.

Mot s6 hop chét N-H-tetrazol ban du c6 ban trén thi truong trong khi mdt s
hop chét khic duogc tong hop bang cach xit 1y nitril twong (mg bing natri azit va

amoni clorua trong DMF trong khi gia nhiét (So ds 9).

NaN3, NH4ClI {/\)\(N
R8Y R \
6
R % O/NH

N DMF,100°C, 16 gi¢ N

So db 9 - Téng hop hop chat NH-Tetrazol
Thu duge céc hop chét chira gbe 2-amino-1,3,4-oxadiazol bang cach két hop

axyl hydrazit v6i metyl 4-isoxyanatobenzoat trong THF & nhi¢t do trong phong
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(room temperature: rt) va dun hdi luu hop chét trung gian vira dugc tao ra véi su ¢6
mat cua luong du chit phan tmg Burgess (So d6 10) (Dolman et al., J. Org. Chem.
(2006), 71(25), 9548).

o
i THF o o
RB\MJJ\ /NHQ + —_— H JJ\ _—
n N 3 gio, nhiét 46 RGHWN\N N
0]

H

trong phong H H
QO=——=N
o i
£ 2. NH,OH, dung dich
Chat phan (tng Burgess N—p o~  NeOH1M50% N—p O

T A 7| T MeoH & H
THF, dun hai lvu e T Meon P

R® o N C->nhiét do trong RE o] N

H phong, 1 gio H

So @b 10 - Téng hop din xuét Benzo-Hydroxamic bang hop chét ¢6 nhan 2-amino-

1.3.4-oxadiazol

Su chuyén héa céc hop chét este thanh axit hydroxamic dat dugc , nhu duge
md ta trong cac trudng hop trén day, bang cach hydroxylamin phan.

Cic hop chdt ¢ nhan 1,2,4-oxadiazol dugc tong hop tir axit 4-
(xyanometyl)benzoic, hodc tir este metyl twong ung, bing cach xir ly bing
hydroxylamin hydroclorua véi sy ¢6 mit ciia luong du kali hydroxit hodc natri
bicacbonat khi dun hdi luu etanol (S @ 11). Sau d6, axit (Z)-4-(2-amino-2-
(hydroxyimino)etyl)benzoic thu duge duge cho phan tmg véi axit carboxylic thich
hop d& dugc hoat hda tur trude bing HATU va DIPEA hodc céac chét hoat héa khac
dé tao ra hop chit trung gian mach ho, hop chét nay duoc déng vong bang cach gia
nhiét & nhiét @6 100°C va véi sy c¢d mat cua cac ray phan tr hodc chit déng vong,

nhu carbonildiimidazol.

QN oH KOH
+
HO. HZN/ e HO N\OH
0 o
o OH N
" @l ]
o Ré N 6 ¢ Iy

—_— o— OH R o—N N

HATU ou

DIPEA

@] o
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So dd 11 - Téng hop din xuat benzohydroxamic bing hop chit c6 nhin 1.2.4-

oxadiazol

Su chuyén hoéa ciia axit carboxylic thanh axit hydroxamic c6 thé duoc thuc
hién bing phuong phép bt ky da biét trong linh vuc nay. Thong thudng, thu duoc
hop chit nay bing c4ch hoat hoa bing HATU, DCC hoic axyl clorua va phan tng
ctia hop chit dugc hoat héa véi hydroxylamin trong nuée. Trong mot s6 truong hop,
can ngung tu axit carboxylic v6i O-(tetrahydro-2H-pyran-2-ylhydroxylamin dé thu
duge dang duoc bao vé cua axit hydroxamic, dang nay c6 thé duoc giai phong bing

cach xut 1y bing TFA (So d6 12).

N N
R® o—N OH R® o—N H\
o (o)
o] (o}

N
74
TFA
RM/ L N

0o

OH

So dd 12 - Su chuyén hda axit carboxylic thanh axit hydroxamic axit bing dang

duoc bao vé cia nd

P& tdng hop cac hop chét bing hop chit ¢6 nhan 1,3,4-oxadiazol (So db 13),
hop chat hydrazit thich hgp dugc didu ché bang phan {mg cla axit twong mg, duoc
hoat héa bing axyl clorua, véi Boc-hydrazin va sau d6 khir bdo vé bang cach xir Iy
bang TFA. Tiép @6, hydrazit dugc ngung tu V6 axit 2-(4-
(metoxycacbonyl)phenyl)axetic, dd dugc hoat hoa tir trude bang HATU va DIPEA.
Tién hanh déng vong hop chét trung gian mach hé bang cach xir Iy bang lwong du
chét phan g Burgess trong toluen hogc THF trong khi dun hoi luu.
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o) o] 0 0 m(n\
H TFA °
RS —» RS — RS N 0 RS NHy ———
\P)JKOH \H/[km N B N A
n n n H n H DIPEA

[0} R6
H Chét phan (rng Burgess 0
RS /N toluen
N ” /
" H A \ N 0
N—" ~
e} O\
(o]

o]

So @b 13 - Tdéng hop din xuit hydroxamic bing hop chit ¢ nhan 1,3,4-oxadiazol

Nhu d thé hién trén day, c6 thé thu dugc din xuét hydroxamic cudi bing
cach cho este metyl tham gia phan tng hydroxylamin phéan véi hydroxylamin, voi su
c6 mat cua natri hydroxit véi luong du 16n.

Vi du thie hién sdng ché
Céc vi du sau day dugc dy dinh minh hoa thém sang ché ma khong 1am gi6i

han pham vi clia sdng che.

Vi du 1 - Téng hop (S)-N-(1-(3-(4-(hydroxycarbamoyl)benzyl)-1,2.4-oxadiazol-5-
y1)-2-(thiazol-4yl)etyl-3,4-dimetoxybenzamit (hop chét 1)

Budc A
NH,OH NH;
W _fon
HO HO N oH
0 0

Cho thém KOH (3,17g, 3 duong lugng) va hydroxylamin hydroclorua (2,62g,
2 duong lugng) vao dung dich chira axit 4-(xyanometyl)benzoic (3,04g, 1 duong
luong) trong EtOH (250ml). Hon hgp phéan ting dugce dun hdi luu 20 gio. Sau do,
dung dich dugce lam lanh, pha lodng bang nude (300ml) va axit héa dén @0 pH = 6
bang HCI dam dic. Chét rin mau tring két tia duoc loc va lam khd trong chén
khoéng ¢ nhiét d6 50°C qua dém, thu dugc 2,6g san phim, san phdm nay dugc st
dung cho bude tiép theo ma khong can tinh ché thém bét ky.
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Budc B

N
NHz DIPEA = S
HATU o)
| N\ DMA \ /
=
Ho N\ > ——» HO N /
OH
Fmoc """" ny
o

Axit (S)-2-(N-Fmoc-amino)-3-(thiazol-4-il)propanoic (2g, 1 duong luong)
duoc hoat héa bang cach xir ly bing HATU (2,5g, 1,3 dwong luong) va DIPEA
(1,4ml) trong DMA & nhiét d trong phong trong 1 git. Sau d6, DIPEA bd sung
(1,4ml) va axit (Z)-4-(2-amino-2-(hydroxyimino)etyl)benzoic (985mg, 1 duong
lwong) duge thém vao hdn hgp phén tmg. Sau khi hoa tan hoan toan céc san pham
ban dau, cac rdy phan tir dugce thém vao dé loai bd nude tao thanh va hd trg sy déng
vong hop chét trung gian mach hé. Sau hai gio, cac rdy phan tir dugc loai bo bang
cach loc va dung moi dugc lam bay hoi dudi ap suit giam. Phan cin dugc hoa tan
trong metanol. Chét rin mau tring tach ra dugc loai bo bang cach loc. Dung moi
duoc lam bay hoi mot phan. Quan sat thdy su két ta thém cua chit rin mau tring,
chét nay dugc loc. Dung dich duge 1am bay hoi dén khi kho va phan cin was duge
tinh ché bing cach sic ky nhanh pha ngugc (Cis) theo gradien HyO/ACN/TFA.

Budce C
DIPEA
DMA
% IE-A00 m .
iy i)
Fmoc—nH Fmoc—NH

Axit thu dugce trong budc B (82mg, 1 duong lugng) duge hoat hoa bing cach
xir Iy bing HATU (73mg, 1,3 duong lwgng) va DIPEA (41pl, 1,3 duong luong)
trong DMF & nhiét d0 trong phong. Sau d6, O-(tetrahydro-2H-pyran-2-
yDhydroxylamin (17mg, 1 duong luong) dugc cho thém vao hdn hop phin tmg. Sau
khi khudy 2 gio & nhiét do trong phong, dung méi duge lam bay hoi trong may ly
tAm trong chan khong. Phan cin duge st dung cho budce tiép theo ma khong can tinh
ché thém bt ky.
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San pham thu duge trong bude C duge pha lodng trong 1ml THF va duge xu
Iy biang DEA (70pl, 4,5 duong lugng). Sau khi khudy 4 gio & nhiét do 40°C, dung
mbi va luong du DEA dugc loai bé bing cach 1am bay hoi dudi 4p suit gidm. Phan
cin dugc hoa tan bing 1ml DMF va axit 3,4-dimetoxybenzoic (27mg, 1 dwong
lugng), duge hoat héa tir trude bing HATU (74mg, 1,3 duong lugng) va DIPEA
(41pl, 1,3 duong lwgng) trong DMF (1ml), dugc cho thém vao dung dich. Hén ghop
phan Ung dugc khudy & nhiét do trong phong 4 gio. Cubi cung, 0,4ml TFA duoc
thém vao d& khir bao vé nhom chirc hydroxamic. Sau 4 gid, dung mdi va lugng du
TFA dugc loai bd bing cach lam bay hoi va phin cin duogc tinh ché bang cach
phuong phap LC-MS nira didu ché (m/z 509,84 [MH+]).

Hop chét sau ddy dugc tong hop bang céch sir dung chinh quy trinh nay :

Hop chét CAu trac m/z [MH+]

/O

21 537,97

Vi du 2- Tdéng hop (S)-4 -((5-(1-amino-2-(thiazol-4-yl)etyl)-1,2.4-oxadiazol-3-
v)mety])-N-hydroxybenzamit 2,2.2-trifloaxetat (hop chit 48)
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: N . /N\o R

Fmoc——nNH

AN s
L </ \7
HO/ \S N

(o]

HaN
F

Hop chét (9H-floren-9-yl)metyl((1S)-1-(3-(4-(((tetrahydro-2H-pyran-2-
yl)oxy)carbamoyl)benzyl)-1,2,4-oxadiazol-5-yl)-2-(thiazol-4-yl)etyl)carbamat (thu
duoc trong Budce C cua qua trinh tdng hop hop chét 1) (222mg, 1 dwong lugng) dugc
xir 1y bang DEA (159, 4,5 duong lugng) trong DMF (Iml) qua dém & nhiét do
trong phong. Sau d6, 0,520ml TFA (20 duong lugng) duge cho thém vao hdn hop
phan tmg. Dung méi dugc loai bo bing céch 1am bay hoi va phan cin dugc tinh ché
bing phwong phap LC-MS ntra didu ché (m/z 346,04 [MH+]).

Vi du 3 - Téng hop axit 4-[[5-(3,4-dimetoxyphenyl)-1,2,4-oxadiazol-3-

vllmetyl]benzencarbohydroxamic (hop chit 49)

Bude A

NH,
N
N NHOH * HCl l
HO ——> HO N

KOH o

0

Hdn hop ctia axit 4-(xyanometyl)benzoic (3g, 1 duong lugng), hydroxylamin
hydroclorua (2,6g, 2 duong luong) va kali hydroxit (3,2g, 3 dwong lugng) trong
etanol (250ml) dugc gia nhiét qua dém trong khi dun hdi luu. Sau khi 1am ngudi dén
nhiét d6 trong phong, 300ml nude va 15ml HCI IN (d6 pH = 5) duge cho thém vao
hdn hop phan tmg. San phim mong mudn, thu duoc dudi dang chét két tia, duoc loc
trén mang ngin xdp va lam kho trong chan khong qua dém, thu dugc 320mg san

phim sach .
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Budéc B

\o ! o—
NH 0 N o
: 0., [ > \
HO N on cl HO Ne—g
0 I U

Axit  (Z)-4-(2-amino-2-(hydroxyimino)etyl)benzoic (319mg, 1,1 duong
luong) thu dugc trong buéc A duge hoa tan trong toluen (6ml) va pyridin (3ml) dugc
thém vao. 3,4-Dimetoxybenzoyl clorua (300mg, 1 duong luong), dugc didu ché tur
trude bing cach cho axit 3,4-dimetoxybenzoic phan tmg véi luong du thionyl clorua,
duge cho thém vao hdn hop phan tmg. Hn hop phan tng nay duoc dun hdi luu 4
gi. Dung mdi duge lam bay hoi dudi ap sut giam va san phim dugc tinh ché bang

phuong phap LC-MS nira diéu ché.

Bude C

. o— e
HATU N
N
o DIPEA 0
O B, O
HO N N N\o
—0 HO/
o) (o]

Axit 4-((5-(3,4-dimetoxyphenyl)-1,2,4-oxadiazol-3-yl)metyl)benzoic (71mg,
1 duwong luong) thu duge trong Bude B duoc hoat hoa bang cach xir Iy bang HATU
(103mg, 1,3 duong lugng) va DIPEA (47pl, 1,3 duong lugng) trong DMF (1ml)
trong 30 phut & nhiét do trong phong. Sau d6, hydroxylamin hydroclorua (14mg, 1
duong lugng) va DIPEA bd sung (47ul, 1,3 duong lugng) dugc cho thém vao hdn
hop phan ung. Sau khi khudy & nhiét 6 trong phong qua dém, dung mdi dugc loai
b6 bing cach lam bay hoi dudi 4p suét giam va phan cin dugc tinh ché bang phuong
phap LC-MS nira diéu ché, thu duge 33mg sin phdm sach (m/z 356,08 [MH+]).

Vi du 4. Téng hop 4-((5-(2.4-diflophenyl)-1.3.4-oxadiazol-2-yl)metyl)-N-
hyvdroxybenzamit (hop chit 58)
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Bude A
(e} o
H
NH
cl 1 HzN/N\Bcc N/ 2
—_— H
2. TFA
F F F F

Dung dich chita Boc-hydrazin (150mg, 1 duwong luong) trong ACN (2ml) va
95mg NaHCO; (1 duong lugng) duoc cho thém vao dung dich chira 2,4-
diflobenzoyl clorua (200mg, 1 duong lugng) trong ACN (3ml). Sau ba gi¢ ¢ nhigt do
trong phong, dung mdi dugc lam bay hoi trong dong khdng khi. Phén cin dugc xtr Iy
bing TFA trong ba gio. Axit dugc loai bo trong dong khong khi va phan cin dugc
hoa tan bing EtOAc va rira bing dung dich NaHCOj; 2,5%. Céc pha hitu co két hop
duoc 1am kho trén Na,SO,, dugce loc va lam bay hoi dén khi kho, thu duoc 159mg
san phdm, san pham niy dugc sit dung cho budc tiép theo ma khong can tinh ché

thém bt ky.

Buéc B

o <]
HO
N2 N
N o 0. - H
+ ~
F F £ . o o\
o
o

HATU (439mg, 1,3 duong lugng) va DIPEA (0,4ml, 2,6 duong lugng) dugc
cho thém vao dung dich chira axit 2-(4-(metoxycacbonyl)phenyl)axetic (224mg, 1,3
dwong luong) trong 5ml THF). Hon hop phan tng dugc khudy & nhiét do trong
phong trong 1 gid cho dén khi hoa tan hoan toan cdc cht phan tng. Sau d6, dung
dich chura 2,4-diflobenzohydrazit (153mg, 1 duwong lugng) trong THF (2ml) duoc
cho thém vao hdn hop. Sau 4 gid & nhiét dd trong phong, quan sat dugc su chuyén
héa hoan toan ctia cac chit phan tmg ban du thanh san phidm mong muén. Dung
mdi dugc loai bd bang cach 1am bay hoi trong dong khong khi. Phan c3n duge hoa
tan trong H,O va chit két tua tao thanh duoc loc trén mang ngin x6p. San pham

(149mg) duoc st dung trong bude tiép theo ma khong can tinh ché thém bat ky.
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Bude C
o)
H £ 2 o
N Chat phan &ng F
u/ Burgess \ I
o o N—" °
F F ™~
[}

175mg chét phan tng Burgess (1,72 dwong luong) dugc cho thém vao huyén
phu chita hgp chét thu duoc trong Bude B (149mg, 1 duong lugng) trong Sml toluen
khd dugc gia nhiét trong khi dun hdi Iru. Sau mot gid, quan sat duge su chuyén héa
hoan toan cta hop chit ban du thanh san pham dang vong. Dung mdi dugc loai bo
bing cach 1am bay hoi trong khi chan khong. Phan cin duge hoa tan bing DCM va
rira bang HC1 1IN va H,0. Pha hitu co duge 1am kho trén Na,SOy, dugc loc va lam
bay hoi dén khi kh, thu duoc 132,3mg san phdm, san phim nay dugc st dung trong
budc sau ddy ma khong can tinh ché thém bat ky.

Buéc D
N N N N\OH

0,707ml dung dich hydroxylamin (60 duwong lugng) dugc cho vao dung dich
chra hop chit thu dugc trong buéc C (132mg, 1 duong lugng) trong 4ml
MeOH/THF. 1998ml NaOH 1IN (5 duong lugng) dugc cho thém nhd giot tir tir. Sau
khoang mdt gidy, hé chit phan tng dugc 1am trung hoa bang cach cho thém HCI 1IN
(2ml). Dung moi dugc lam bay hoi trong chin khong va phan cin dugc pha loing
bang dung dich NaHCO; 2,5%, duoc loc va rira bang H,O. Chét rin duoc tao huyén
phil trong Et,0 va loc, thu duge 53mg san phdm tinh khiét (m/z 332,01 [MH+]).

Céc hop chit sau day dugc téng hop bang cach sir dung chinh quy trinh nay:
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Hop chét Céu tric m/z [MH+]
o)
; >‘<\ | H
Q N
\A\S M on
/ Y
3 403,05
e
\ H
Q N
0/\\;_\\3 "on
_/ N
o
64 445,05
—Q
% o
\ H
Mo
57 356,01
o
\ | H
N N o
/
o
\
45 370,08
O~ :
N
Mo
68 296,04
\ ° o
% N H
3
N Mo
69 428,94
75 401,96
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Vi du 5. Tdng hop axit 4-[(5-phenyl-1.3,4-oxadiazol-2-

Damino]benzencarbohydroxamic (hop chét 60

Budc A
(o} 0 0
_NH, _ THF 0 O/
N + 0" — H )]\
H 0\ 3 gioy, nhigt 4o No” SN
N trong phong 0 H H
(o]
Chét phan (rng Burgess /

THF, dun hdi luvu ®'<

68mg benzohydrazit (1 duong lugng) va metyl 4-isoxyanobenzoat (88,5mg, 1
dwong lugng) dugc tron 1an trong THF (5ml) & nhiét d¢ trong phong. Dung dich tao
thanh dugc khudy trong 3 gid. Su tao thanh hgp chit trung gian dugc khing dinh
bing phwong phap HPLC va LC-MS. Dung méi dugc loai bo bang cach lam bay hoi
dudi 4p sudt giam. Phin cin dugc hoa tan bing toluen. Hon hop nay dugc dun hdi
luu va chit phan uing Burgess (298mg, 2,5 dwong lugng) duge cho thém theo timg
phin nhd cho dén khi chuyén hoa hoan toan hop chét trung gian thinh san phim
vong. Sau khi lam ngudi dén nhiét do trong phong, tién hanh ria bang nudc. Pha hitu
co duoc 1am khd, loc va 1am bay hoi dén khi khd. San pham nay dugc tinh ché bing
cach két tinh ra khoi DCM, thu duoc 172mg san phim sach (Dolman et al., J. Org.
Chem. (20006), 71(25), 9548).

Budc B

o]
N=N o N~N
7 | _— 28
O, O,
H H

Este thu duoc trong buéc A (172mg, 1 duong luong) dugc tao huyén phu

_OH

trong 4ml metanol va hdn hop phan tmg dugce lam lanh bang bé nuéc da & nhiét do
0°C va dugc khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich nudc,
1,365ml, 40 duong lugng), dung dich nudce natri hydroxit 1M (6ml, 10 duong luong)
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duoc cho thém nhé giot tir tir vao. B& nuée da dugc loai bé dé cho nhiét do dung
dich dat dén nhiét do trong phong. Sy chuyén héa ctia san phim ban dau thanh axit
hydroxamic dugc khing dinh bing phwong phap HPLC sau mdt gio. Phén metanol
duogc loai bo bang cach lam bay hoi duéi 4p sudt giam, va sau d6 phan tng dugc 1am
ngimg bing cach cho thém 6ml dung dich HCI 1M trong nudc va 6ml etyl axetat.
Céc pha dugc tach ra va 16p nuée duge chiét lai bang etyl axetat bd sung (3 lan). Céc
pha hitu co dugc két hop va rira bang dung dich natri bicacbonat bdo hoa (2 1an),
nuée mudi (2 14n), 1am kho bing natri sulphat, loc, va ¢d dén khi kho, thu dugc
26mg san phim tinh khiét (m/z 297,09 [MH+]).

Hop chét sau ddy dugc tng hop bang cach sit dung chinh quy trinh nay:

Hop chét Céu truc m/z [MH+]

H
o
] §:>\<\ g
N " OH
:r\/ ~o

63 430,00

/ZI

Vi du 6. Tdéng hop 3.5-diflo-N-hydroxy-4-((4-metyl-5-(pyridin-2-yl)-4H-1.2.4-
triazol-3-yDthio)benzamit (hop chit 14)

Budc A

T3P, DIPEA

DMF
0°C->nhiét do 0 NaOH 2M

0 —N
N
S H H A\

N 70°C, 16 gio | SH
S o+ mn, J trengehong | N N/N\[(N\ 0189 N N>‘
| NT N | H | \

= H H = S =

Axit 2-pyridylcarboxylic (123mg, 1 duong luong) va 4-metyl-3-
thiosemicarbazit (116mg, 1,1 duong lugng) duoc tao huyén phu trong 2ml DMF va
h3n hop nay duoc lam lanh dén nhiét do 0°C bang bé nuéc da. T3P (dung dich DMF
50%, 893ul, 1,5 duong lugng) va diisopropyletylamin (310ul, 1,78 duong luong)
duoc cho thém tir tir vao hdn hop phan tmg trong khi khudy. Bé nude da duoc loai
b6 va hdn hop duge cho phan tmg & nhiét d trong phong trong 16 gio. Sw chuyén
hoa hoan toan ctia chit ban diu dugc khing dinh bing phuong phéap HPLC. 2ml etyl
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axetat, 2ml nuéc va 2ml dung dich NaOH 4M trong nuée duge cho thém vao hén
hop phan ung. Cac pha dugc tach ra, va 16p hitu co duoc chiét lai bang dung dich
NaOH 4M trong nuéc. Cac pha nude két hop dugce khudy trong 16 gi®r & nhiét do
70°C. Su chuyén hoa ctia hop chét trung gian mach hé thanh san phim mong mudn
dugc khing dinh bing phuong phip LC-MS. Do pH cua hdn hop phan tng duge
diéu chinh dén 5 bang cach cho thém nho giot axit clohydric dam dic trong khi
khudy. Chét két tha duoc thu gom bing cach loc.

157mg san phim thu duoc duge st dung trong budce tiép theo ma khong can
tinh ché thém bt ky.

Budc B
(o]
N—N F ~  K,COgz DMF N F ~
fe) 2 3 N =N (e}
A e 7
_ | F 55°C, 16 gitr _ ;q s
F

Hop chit 4-metyl-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-thiol (157mg, 1 dwong

lugng), metyl 3,4,5-triflobenzoat (156mg, dwong luong) va kali cacbonat (261mg,
2,3 duong luong) dugc tao huyén phu trong 2ml DMF trong méi truong argon. Hoén
hop tao thanh dugce lam Am dén nhiét do 40°C va khudy qua dém.

Hdn hop phan tng duge pha lodng bing 10ml etyl axetat va 10ml nuée. Céc
pha dugc tach ra va 16p nudc dugce chiét lai bang etyl axetat bd sung (3 1an). Cac pha
hitu co dugc két hop va rira bang nuée mudi (2 1an), lam kho bang natri sulphat,
duogc loc va cd.

Hon hop phan tng dang thd dugc tinh ché bing cach sic ky nhanh (Grace
Reveleris X2, hexan: etyl axetat), thu dugc 149mg sén phém sach (Dudutiene et al.,
Bioorg. Med. Chem. (2013), 2I(7), 2093-2106; Céng bd don quéc t& sb
WO003/062225).

Budc C

F _OH

S
g\z
z>: IZ
—=
» n
o
\
B
g\z
z>;\ ‘17—
z
»
i

-58-



39228

Este thu dugc trong bude B (149mg, 1 duong lugng) duoc tao huyén phu
trong 5ml metanol va hdn hop phén tng duge 1am lanh bing bé nudc d4 & nhiét do
0°C va duge khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich nuéc,
0,97ml, 40 dwong lugng), dung dich natri hydroxit IM (4,1ml, 10 duong lugng)
trong nudc duge cho thém nhé giot. B& nuéc d4 duoc loai bo dé nhiét do dung dich
dat dén nhiét do trong phong. Su chuyén héa cla sin phim ban dau thanh axit
hydroxamic dugc khing dinh bang phuwong phap HPLC sau 1 gio. Phin metanol
duge loai bo bing cach lam bay hoi dudi ap sult giam, va sau d6, phan tng duoc
1am ngimg bing cach cho thém 4,1ml dung dich axit clohydric 1M trong nudc va
6ml etyl axetat. Cc pha dugc tach ra va 16p nude duge chiét lai bing etyl axetat bd
xung (3 lan). C4c pha hitu co dugc két hop va rira biang dung dich natri bicacbonat
dung dich bdo hoa (2 14n), nuwée mudi (2 14n), 1am khd bang natri sulphat, dugc loc,
va cb dén khi kho, thu duoc 113mg san phém tinh khiét (m/z 363,94 [MH+]).

Céc hop chat sau diy duge tdng hop bang cach st dung quy trinh nay:
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Hop chét Céu truc m/z [MH+]
O \ |
O~T 0
F Mo
o
2 412,89
F N o
4 405,01
F
B kﬁ
¢\ N ;
Q : Mo
9 468,97
F
W@\ﬁ\b( '
Q ; Nson
16 460,01
F
» LK
2\ | H
Nk Mo
17 368,91
\ F
\NW/ H
Q ;/N
\\ F N\OH
80 405,92
F
H
, \ \NWN/ H
F N\OH
97 354,92
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98 452,94
NH, F
N [ \ IN H
F N oH
99 434,89
F
NN
M’ §
N
F Mo
100 380,94
F
\X\IV "
N
104 432,93
F
\%\:K '
N
F N\OH
101 417,04
F
\ H
N
F N o
F
102 449,02
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103 475,05
7\3
a¥e |
\XW/ H
N F N\OH
114 477,08
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N
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F OH
116 422,01
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Q | H
N\
F OH
117 448,04
F
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Q N OH
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N
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\ N
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| AN\
F
(O~ ;
Nk N oH
0
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N R Mo
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e H
N MoH
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\ IN H
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O?% F Mo
/
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152 601,2
F

F Mo

153 364,1
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\ Nk Mo
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F Non
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184 496,3
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F
(:3 | > X\T/
am N H
N g N on
207 433,8
F
o :
[ o\ \\N\IJ‘/ H
F Mo
208 464,04
F
7\ \V\H/
— \ H
N Mo
0
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—\ F
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7\ | H
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211 438,0
F
Y am S H
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/J e H
| j@iﬁ“
213 452,05

Hop chét sau day dugc tdng hop bang céch st dung quy trinh nay, bat dau tir
hop chit 2-mercapto-1,3,4-oxadiazol thay cho hop chét 2-mercapto-1,3,4-triazol:
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Hop chét _ Cautric m/z [MH+]

=
/ZI

OH

192 350,03

Vi du 7. Téng hop axit 4-[[5-[3-(dietylsulfamoyl)phenyl]-4-metyl-1,2.4-triazol-3-

vl]sulfanyl]benzencarbohydroxamic (hop chit 66)

Budc A
o) 0 DKQCOQ . < //O 0
NI v /©)Lo/ Cul 5%, L- Pro 10% <o . B
' N 120°C, DMF Q y N 0
/ ) , \
\/N\/ /N | 16 g|c‘y N)\S
/

Dung dich chtra déng iodua (10mg, 0,05 duong luong), L-prolin (11mg, 0,1
duong luong) va kali cacbonat (152mg, 1,1 duong luong) trong 1ml DMF trong mo6i
truong argon, duge cho thém lan luot metyl 4-iodobenzoat (288mg, 1,1 dwong
lugng) va N,N-dietyl-3-(5-mercapto-4-metyl-4H-1,3,4-triazol-3-yl)benzensulfonamit
(326mg, 1 duong lugng). Hon hop phan ung dugc gia nhiét ¢ nhigt o 120°C va
khudy qua dém. Luong tiéu thu hop chit thiol di thom duoc quan st bang phuong
phap HPLC.

Hdn hop phan tmg dugc pha lodng bing 10ml etyl axetat va 10ml nuge. Cac
pha dugc tach ra va 16p nudc duge chiét lai bang etyl axetat bd sung (3 1an). C4c pha
hitu co duge két hop va rira bang nude mubi (2 14n), 1am kho bing natri sulphat, loc
va c0.

San pham tho dugc tinh ché bing cach sic ky nhanh (Grace Reveleris X2,

hexan: etyl axetat), thu dugc 236mg san pham.
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Budc B

o

<N~s/?—:o N /@)OJ\O/ o iN’-S//:'-O /N\{\j /©)J\ﬁ/OH
C O ass

Este thu duoc trong budc A (236mg, 1 duong lugng) duge tao huyén phu
trong 15ml metanol va hdn hgp phan ing dugc lam lanh bing bé nudc da & nhiét dd
0°C va dugc khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich nudc,
1,2ml, 40 dwong luong), dung dich natri hydroxit 1M trong nuéc (4,1ml, 10 duong
lugng) dugce cho thém nho giot. B& nuéc da duoc loai bé dé cho nhiét dd dung dich
dat dén nhiét do trong phong. Su chuyén héa cta san phdm ban diu thanh axit
hydroxamic dugc khing dinh bing phuong phiap HPLC sau 1 gio. Phin metanol
duge loai bd biang cach 1am bay hoi dudi 4p suét giam, va sau d6 phan ting dugc 1am
ngimg bing cach cho thém 4,1ml dung dich axit clohydric 1M trong nu6c va 6ml
etyl axetat. Cac pha dugc tach ra va 16p nude duge chiét lai bang etyl axetat b sung
(3 14n). Cac pha hitu co duge két hop va rira bang natri dung dich bicacbonat bdo
hoa (2 1An), nuée mubi (2 14n), 1am khd bing natri sulphat, loc, va c6 dén khi kho,
thu dugc 207mg san pham tinh khiét (m/z 432,00 [MH+]).

Céc hop chét sau dy duge tdng hop bing cach sir dung quy trinh nay:
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Hop chat CAu triic m/z [MH+]
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0 \\’/
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84 370,94
— S.
N7 N H
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85 344,98
[N\ o Kf
)< I H
M on
209 429,07

Hop chét sau ddy duogc tong hop béng céach st dung quy trinh nay, bét dau tix
hop chat 2-mercapto-1,3,4-oxadiazol thay cho hop chit 2-mercapto-1,3,4-triazol:

Hop chat Cau tric m/z [MH+]

188 3143

Vi du 8. Téng hop axit 4-[[1-(2.4-diclophenyl)-5-metyl-1,2.4-triazol-3-

yl]sulfanyl]benzencarbohydroxamic (hop chét 62)
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Bude A

Cl Cl
Sk i s ey N U
N/ ’ c|/lk T \N/“\ HS\{:NK
N/

Dung dich chira kali thioxyanat (194mg, 1 duong lugng) trong axetonitril
khan (6ml) dugc cho thém tir tir axetyl clorua (143pl, 1 duong lugng). Hon hop nay
dugce dun hdi luu trong mot gio, sau d6 kali clorua tao thanh dugc loai bo bang cach
loc. (2,4-diclophenyl)hydrazin (427mg, 1 dwong lugng) dugc cho thém vao dung
dich vi h3n hop phan tmg duoc gia nhiét trong khi dun hdi lwu. Sau 1,5 gio, tién
hanh phén tich LC-MS cho thdy luong hydrazin d4 dugc st dung hét. Hon hop phan
ung dugc pha lodng nhidu bing nudc lanh (50ml) va chat rén két tua duoc thu hdi
bing céch loc. San pham duoc tinh ché bing cach két tinh ra khéi n-Hex/EtOAc theo
ty 1€ 75:25, thu dugc 60mg san phim.

Budc B

Cl
KoCOs
/I::]/ﬂ\ Cul 6%, L- Pro 10% cl o
120°C, DMF, e

Nl

Dung dich chira dong iodua (2mg, 0,05 duong lugng), L-prolin (3mg, 0,1
duong luong) va kali cacbonat (35mg, 1,1 duong lugng) trong 2ml DMF trong mdi
truong argon, duge cho thém metyl 4-iodobenzoat (66,5mg, 1,1 duong luong) va 1-
(2,4-diclophenyl)-5-metyl-1H-1,2,4-triazol-3-thiol (60mg, duong lugng). Hbn hop
phan tng dugc gia nhiét ¢ nhiét 4o 120°C va khudy qua dém. Luong tiéu thu hop
chét thiol di thom dugc quan sat bing phuong phép HPLC.

Hdn hop phan timg duge pha lodng bing 6ml etyl axetat va 6ml nude. Cac pha
duoc tach ra va 16p nude duoc chiét lai bing etyl axetat bd sung (3 14n). Cac pha hitu

co dugc két hop va rira bang nude mudi (2 14n), 1am kho béng natri sulphat, loc va

-75-



39228

¢d. Phén cin thu duge duoc st dung trong budc sau diy ma khong cdn tinh ché

thém bét ky.

Bude C
cl cl

NN do/ NN N
| | H
__—<\N J\S ’—<\N )\S

Este thu duoc trong buée B (40mg, 1 duong lugng) dugce tao huyén phu trong
6ml metanol va hdn hop phéan tmg dugc 1am lanh bing bé nuéc da ¢ nhiét do 0°C va
duge khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich nuéc, 236pl, 40
duong luong), dung dich natri hydroxit 1M trong nuée (1ml, 10 dwong luong) dugce
cho thém nho giot. B& nuéce d4 duoc loai bo dé cho nhiét do dung dich dat dén nhiét
d6 trong phong. Su chuyén héa san phim ban diu thanh axit hydroxamic dugc
khing dinh bing phwong phdp HPLC sau 1 gio. Phin metanol duogc loai bo bing
cach lam bay hoi dudi ap sudt giam, va sau d6 phan tmg duoc lam ngimg bang cach
cho thém 1ml dung dich axit clohydric 1M trong nudc va 1ml etyl axetat. Cac pha
duoc tach ra va 16p nudce dugce chiét lai bang etyl axetat bd sung (3 1an). C4c pha hitu
co duge két hop va rira bang dung dich natri bicacbonat béo hoa (2 14n), nuée mubi
(2 14n), 1am kho bang natri sulphat, dugc loc, va cd dén khi kho, thu duoc 30mg san
pham tinh khiét (m/z 396,89 [MH+]).

Vi du 9. Tdng hop axit 4-[[5-[(3.4-dimetoxyphenyl)metyl]-2-[4-(triflometyl)phenyl]-

1.2.4-triazol-3-yllmetyl]benzencarbohydroxamic (hop chét 44)
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Budce A
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o
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AcC1)Ié|. §p°C, N/N
10
o ST
Vs 0

Lo nhd c¢6 nip day kifu xody dugc nap axit 2-(4-
(metoxycacbonyl)phenyl)axetic (97mg, 0,5 mmol), 1-amino-2-(3,4-
dimetoxyphenyl)etan-1-imino hydroclorua 200mg, 1,73 dwong lugng) va HATU
(209mg, 1,1 dwong lugng). 2ml DMF va DIPEA (248ul, 3 dwong luong) dugc cho
thém 14n luot vao trong mdi trudng argon. Hon hop phén tmg dugc khudy & nhiét do
trong phong va dugc kiém tra bing phuong phiap HPLC vé luong tiéu thu axit
carboxylic va su tao ra hop chét trung gian axylamidin. Quan sat DPUQC su chuyén
hoéa hoan toan thanh hop chét trung gian trong thdi gian tir 2 dén 3 gio.

Sau d6, hop chat (4-(triflometyl)phenyl)hydrazin hydroclorua (187mg, 1,76
duong lugng) va axit axetic (286pl, 10 duong luong) duge cho thém vao hdn hop
phan tmg. Lo nho duge bit kin va hdn hop duoc gia nhiét dén nhiét d6 80°C va
khudy qua dém.

Quan sat lugng ti€u thu hop chét trung gian axylamidin bang phuong phip
HPLC.

Hbn hop duge dé yén dén khi dat nhiét d trong phong truge khi pha lodng
hdn hop nay bang etyl axetat va sau do ria bang dung dich natri bicacbonat bdo hoa
trong nudc va nudc mudi. Lép hitu co duge 1am khd bang natri sulphat, loc va ¢o
dén khi kho.

San phdm nay dugc tinh ché bing cach sic ky nhanh (hexan: etyl axetat)
(Castanedo et al., J. Org. Chem. (2011), 76(4), 1177-1179).
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Budce B
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Ester thu dugc trong budc A (82mg, 1 duong luong) dugc tao huyén phu
trong 5ml metanol va hn hgp phan {ing tao thanh dugc lam lanh bing bé nude da &
nhiét do 0°C va duoc khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich
nude, 189ul, 20 duong luong), dung dich natri hydroxit 1M trong nudce (1,6ml, 10
duong luong) duge cho thém nhod giot vao. B& nudc duge loai bd dé cho nhiét do
dung dich dat dén nhiét do trong phong. Su chuyén héa ciia san phim ban dau thanh
axit hydroxamic dugc khing dinh bing phwong phap HPLC sau 1 gid. Phén metanol
duoc loai bo bang cach 1am bay hoi duéi ap suit giam, va sau d6 phéan ung duoc lam
ngimg bang cach cho thém 1,6ml dung dich axit clohydric 1M trong nuéc va 3ml
etyl axetat. Cac pha duogc tach ra va 16p nude duge chiét lai bing etyl axetat bd sung
(3 14n). Cac pha hitu co duge két hop va rira bang dung dich natri bicacbonat bdo hoa
(2 14n), nuée mudi (2 1an), 1am kho bang natri sulphat, loc, va cd dén khi kho, thu
duoc 27mg san phim tinh khiét (m/z 513,18 [MH+]).

Céc hop chat sau ddy duoc tong hop bing cach st dung quy trinh nay:
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Hop chat CAu trac m/z [MH+]
\ H
N on
51 419,01

52 377,99

53 407,04

216 293,1

Vi du 10. Tdng hop 4-((5-(furan-2-y1)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit

(hop chét 12)
4
a NaNs, NH,C! <;i&\T/N\
0 X —> (ONH

Budc A
XN DMF, 100°C, 16 gi®r N

Hop chit furan-2-carbonitril (500mg, 1 duong luwong) dugc hoa tan trong
10ml DMF. Natri azit (770mg, 2,2 duong lugng) va amoni clorua (631mg, 2,2
duong lugng) dugc cho thém vao hdn hop phan g & nhiét do trong phong trong
khi khudy tir. Huyén phi dugc gia nhiét & nhiét @6 120°C va khudy qua dém. Quan
sat duge sy chuyén hoa hoan toan ciia chat ban dau bang phuong phap LC-MS.

H3n hop nay duoc 1am lanh dén nhiét do 0°C bing bé nuéc d4, pha lodng
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bang 10ml nude va axit héa bang dung dich axit clohydric 1M trong nudc. Chét két
tda tao thanh dugc thu gom b?mg cach loc va rira hai lan bﬁng nude trude khi lam
kho trong chan khong, thu duge 720mg san phidm (International Patent Application
Cong bd don qube té& s6 W02006/003096).

Budéc B

0
N=N o~
g N

Binh phan tng dugc nap kali cacbonat (742mg, 1 dwong lugng) va Sml
axetonitril. Hop chét tetrazol thu dugc trong bude A (364mg, 1 duong lugng) duoc
thém vao duéi dang chét ran trong khi khudy tir & nhiét d6 trong phong, trong khi
metyl 4-clometylbenzoat (1,1 dwong luong) dugc thém vao dudi dangdung dich
trong 5ml axetonitril. Hon hop ndy dugc gia nhiét & nhiét d6 100°C va khudy qua
dém. Kiém tra su chuyén héa hoan toan cua chit ban ddu thanh hai san phdm dong
phan vi tri bing phuong phap LC-MS. Chét khong tan dugce loai bd bang cach loc va
phin nuéc loc duge 1am bay hoi dudi p suit giam. Hai chdt dong phén vi tri nay
duoc tach bang cach sic ky cdt trén silicagel (toluen:etyl axetat), thu dugc 384mg
chit ddng phéan dugc thé hai 1An & vi tri 2,5 va 234mg chét dong phan dugc thé hai
1an & vi trf 1,5 (Cong bd don qubc t& s6 W02012/106995).

Bude C
0 (0]
N= - N=N N/OH
=N (0] N \ H
N N ! - \ N\ _N
| _N -
o N o

Este thu duoc trong budc B (100mg, 1 duong lugng) dugce tao huyén phu

trong 10ml metanol va hdn hop phéan ng tao thanh dugc lam lanh bing bé nudc da &
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nhiét do 0°C va dugce khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich
nuéc, 700ul, 30 duong lugng), dung dich natri hydroxit 1M trong nudce (3,52 ml, 10
duong lugng) dugce cho thém nho giot. Bé nudc da duoc loai bd dé cho nhiét do
dung dich dat dén nhiét d6 trong phong. Su chuyén hoa cia san phém ban diu thanh
axit hydroxamic dugc khing dinh bing phwong phap HPLC sau 1 gid. Phén metanol
dugc loai bo biang cach 1am bay hoi duéi ap suit giam, va sau d6 phan tng dugc lam
ngimg bang cach cho thém 3,52ml dung dich axit clohydric 1M trong nuéc va 6ml
etyl axetat. Cac pha duogc tach ra va 16p nude duge chiét lai bang etyl axetat bd sung
(3 14n). Céc pha hitu co dugc két hop va rira bang dung dich natri bicacbonat bdo hoa
(2 14n), nuéc mudi (2 14n), 1am kho bing natri sulphat, loc, va cd dén khi kho, thu
duoc 93,5mg san phim sach (m/z 286,02 [MH+]).
Céc hop chét sau day duge tdng hop bang cach sir dung quy trinh nay:
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Hop chét Céu tric m/z [MH+]
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N H
=N N\OH
—
S
50 301,99
//'!l H
MoK
—
S
/
54 444,00
| H
N\OH
55 352,03
H
N\OH
59 403,12
H
N\OH
o]
70 431,92
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71 431,95
—
Y/
C g
N\OH
86 286,02
N\
\ /< | H
N\OH
87 347,01
~I
V7
74 | H
= N\OH
88 347,02
—N
W =
/ | H
—N
N\OH
89 297,03
—N /N\
\ | H
N N\OH
90 347,02
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T

Z
A H
OH

91 347,01
F
FF/\S/‘F
N\
2 B [\Ij H
N\OH
106 421,94
F
g
(E b
a '
=N “OH
107 421,94
F F
F‘\ / N
AN - N
OH
0
110 421,94
F\F/F
F/ F
7 "
=N N\OH
111 421,94
o
4 H
N |
=N N on
123 297,98
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7
=
™) |
N N\OH
124 297,99
FF
=\ M
\ 7 ! H
=N N on
126 364,99
Lt
7
| H
\;:“©TKOH
127 364,99
F
\
/ | H
N Mo
130 449,99
F
F
N\ P
N/ | H
=N N o
131 450,00
N\
)WOH N Mo
F
132 311,03
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7
=
F
. OH 4 , H
=N N o
133 311,03
—0
N
N
OW’ H
— =N N oH
156 355,3
o]
S
L
“ H
=N N\OH
157 355,5
(0]
HO:
N
/—h’j H
N\OH
158 354,2
HO
d
\/ ’ N
—N OH
159 354,4
HO
N
N\
)~ :
o — _
N N oH
162 341,4
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)k‘
_ N
HO OH
)
163 340,4
N\
H2©\</' H
—N
Non
169 311,5
H,N
74
N H
;N/\©\B/N\OH
170 3115
H,N "
) :
N N oH
173 3253
N
I\
H, N
H
MoK
174 325,1
N\
4 ,!1 H
N oH
214 296,08
%
_) R
OH
215 294,0
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Vi du 11. Téng hop 4-((5-(2,3-dihydrothieno[3.4-b][1.4]dioxin-5-yl)-1H-tetrazol-1-
yvDmetyl)-3.5-diflo-N-hydroxybenzamit (hop chit 5)

Budc A
K:</\/K\/ KzCoa F
ACN, 100° C 16 gioy "

Binh phan tng duoc nap kali cacbonat (85mg, 1 duong lugng) va 2ml
axetonitril. Tetrazol (105mg, 1 dwong lugng) dugc thém vao dudi dang chét ran
trong khi khudy tr & nhiét do trong phong, trong khi metyl 3,5-diflo-4-
clometylbenzoat (122,3mg, 1,1 duong luong) dugc thém vao dudi dang dung dich
trong 2ml axetonitril. Hon hop nay duoc gia nhiét & nhi¢t 4 100°C va khudy qua
dém. Su chuyén héa hoan toan cua chit ban dAu thanh hai san pham ddng phén vi tri
duge kidm tra bing phuong phap LC-MS. Chét khdng tan duge loai b bing cach
loc va phin nuée loc duge 1am bay hoi dudi 4p suat giam. Hai chat dong phén vi tri
duoc tach bing cach sic ky cot trén silicagel (toluen : etyl axetat), thu dugc 23mg
chét déng phan duoc thé hai 1An & vi 2,5 va 52mg chat ddng phan duoc thé hai 1an &
vi trf 1,5 (Cong b don qubc té s6 W02012/106995).

Budc B
(0]
F NH,OH
S N=N o~ N320H N=N
D \, r\\l
N~ MeOH 1 gio,
o) nhiét d6 trong o
\\/O F phong

Este thu duoc trong bude A (52mg, 1 duong luqng) dugc tao huyén phu trong
2ml metanol v h3n hop phan tmg tao thanh duge 1am lanh bang bé nude da ¢ nhiét
d6 0°C va duogc khudy tir. Sau khi cho thém hydroxylamin (50%, dung dich nudc,
311pl, 40 duong lugng), dung dich natri hydroxit 1M trong nude (1,3 ml, 10 duong
lugng) duge cho thém nho giot. B& nude d4 duge loai bé dé cho nhiét do dung dich
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dat dén nhiét do trong phong. Su chuyén hoa sin phdm ban diu thanh axit
hydroxamic dugc khing dinh bang phwong phap HPLC sau 1 gio. Phin metanol
duoc loai bd bing cach lam bay hoi dudi 4p sudt giam, va sau d6 phan tng dugc lam
ngimg bang cach cho thém 1,3ml dung dich axit clohydric 1M trong nudc va 2ml
etyl axetat. Cac pha dugc tach ra va 16p nude duge chiét lai bang etyl axetat bd sung
(3 14n). Céc pha hitu co dugc két hop va rira bang dung dich natri bicacbonat bdo hoa
(2 14n), nuéc mudi (2 14n), lam kho bing natri sulphat, loc, va ¢ dén khi kho dé thu
duoc 32mg san phim sach (m/z 395,91 [MH+]).
Céc hop chat sau day duoc tdng hop bang cach sir dung quy trinh nay:
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Hop chat Cau tric m/z [MH+]
F
—N
/N\
\ /< _| H
F N oH
6 333,02
F
C
\ < _| H
N;N N\OH
7 333,96
=~
\
7 F
4 | H
=N
S F N om
0
13 333,02
N
I\
\ / N OF
H
F Mo
15 337,96
F
| ) 7
Y/ | H
—N
F Mo
19 321,97
F
N
/ ) 7 H
S —N
F Mok
65 337,96
F
| ) 7
¥/ | H
—N
O\\/ F N on
79 395,91
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N—N\N
/ \
\ / N F
H
F Mo
92 321,97
F
N\
\ /< | H
F M oH
o}
93 382,97
N—N}\l
/ \
| N OF
NN
H
F Mom
94 382,97
F
—N
/N\
N\ /< _ | ’
F N\OH
95 382,98
N—N
> Y
| N F
N\
H
F Mom
9% 382,97
F /F
F? —F F
N\
2 | H
Nk N\OH
108 457,91
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!
I\
N F
> .
\
F F Mon
109 457,91
F F F
Y N
F ¥ // i) l,:ll\
F OH
112 457,91
3,
R
%@ﬂ [
F r_[\F
H
F N\OH
113 457,91
N
7\ \
| X NOF
—N
H
F N on
125 333,95
F
F
— /N\
Y f H
=N F N\OH
o}
128 400,94
N
I\
F NOF
F
H
F M oH
129 400,94
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o
134 347,00
7
~ F
F
OH 2
F \ ’l!l H
Nk Mo
135 346,99
\ o]
o
£
N,
/" n
N g oH
o
154 404,4
~,
7 TN
N\t i
N F o
)
155 404,5
o
HO
N~
& !
N g o
o
160 390,3
HO
o F
N\/ | H
NN ok
(o}
161 390,4
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171

347,5

172

347,3

175

361,4

176

.n
o
T

361,1

Vi du 12 — Tdng hop 3.5-diflo-N-hydroxy-4-((5-(pyridin-3-y1)-1.3.4-thiadiazol-2-

yDthio)benzamit (hop chét 191)

CONHNH 1. KOH, CS
X 2 2 1,804

—_
=

=

| D—sn
s

KOH (1,48g, 26,47mmol, 1,1 duong lugng) dugc hoa tan trong 45ml etanol

khan. Hydrazit (3,30g, 24,06mmol, 1 dwong lugng) dugc thém vao va hdn hop phin

{mg duoc 1am lanh dén nhiét d ndm trong khoing tir 0 dén 5°C. CS, (1,66ml,

27,67mmol, 1,15 duong lugng) duge cho thém nhd giot va hdn hop phan tng dugc
khudy & nhiét d6 nim trong khodng tir 0 dén 5°C trong 1 gid. Chat két tia tao thanh

duge thu gom, rtra bing axeton lanh va lam khod dé thu duoc 5,50g chit rin mau

vang. Hop chit trung gian thu duge duge cho thém theo timg phan nhé vao 25ml
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axit sulfuric dwoc 1am lanh dén nhiét do nim trong khoang tir 0 dén 5°C. Sau 1 gio &
nhiét d6 ndm trong khoang tr 0 dén 5°C, hdn hop phan tmg dugc rét vao nude da va

chat két ta tao thanh dugc thu gom, rira bing nude va lam kho.

Buéc B

axit 4-iodobenzoic
Cul o)

N—N L-Prolin

| \>*SH K2CO3 N
g =N OH

y X s e > NN
= — S S

Hdn hop ctia hop chit 5-(pyridin-3-yl)-1,3,4-thiadiazol-2-thiol thu duoc trong
bude A (0,8g, 4,1mmol, 1 duong lugng), axit 4-iodobenzoic (1,22g, 4,92mmol, 1,2
duong lugng), L-prolin (0,047g, 0,4 mmol, 0,1 duong lugng) va K,CO3 (2,26g,
16,4mmol, 4 duong lugng) trong 20ml DMF khan duoc loai khi va Cul (0,039g,
0,2mmol, 0,05 dwong Iwgng) dugc thém vao. Binh phén tng dugc bit kin va hdn hop
phan tmg dugc khudy & nhiét do 120°C trong 48 gio. Su chuyén héa hoan toan clia
thiol ban du dugc theo ddi bang phuwong phép LC-MS. Hon hop phan tmg dugc rot
vao 150ml nuéc va loc qua tAm xelit. Phan nuéc loc duge axit hoa bing HCI. Chat
két tha tao thanh dugc loc va rira 1an luot bé”mg nudc, axetonitril va ete dietyl.
Budce C
O O

NH20H-HCI
N DIPEA N
N -N OH N =N NHOH
BaSN — ¢ Y
— S S S S

p—

HATU (0,181mg, 0,476mmol, 1,5 duong lugng) dugc cho vao dung dich
chura axit carboxylic thu duge trong bude B (0,1g, 0,317mmol, 1 duong lugng) va
DIPEA (0,333ml, 1,902mmol, 6 duong lugng) trong 2ml DMF khan. Hdn hgp phan
tg dugc khudy & nhiét 9 trong phong va theo doi bang phuong phép LC-MS Ve su
chuyén héa hoan toan cta axit thanh hop chét trung gian HATU: sau 1 gio, sy
chuyén hoa két thiic. NH,OH-HCI (0,066g, 0,951mmol, 3 duong luong) duge thém
vao va hdn hop phan img dugc khudy trong 2 gid nita. Phan ing dugc theo ddi bang
phuong phap LC-MS. Hén hop phan tmg dugc pha lodng bing nudc dén tong thé
tich bing 50ml va chiét bing EtOAc (225ml). Sau khi lam bay hoi, thu dugc 101mg

diu mau cam rit nh6t. Nghién vé6i axetonitril (si€u am ~15 phut) dé tao ra chét két
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tha, chit nay duge thu gom bang cach loc, rira bing axetonitril va ete dietyl va lam
khd, thu duge 40mg san pham tinh khiét (m/z 366,99 [MH+]). LCMS: 94,5%. NMR:
OK.

Céc hop chét sau day dugc téng hop bing cach sir dung quy trinh nay:

Hop chat Cau trac m/z [MH+]
Br 3
/ \ S\I/S
N=—= \ IN :
N F o
o]
196 443,7
F
S S
N
°\>C©%\ T :
AN —N N
0 N F oH
o]
187 473,4

Vi du 13 — Téng hop 3.5-diflo-N-hydroxy-4-((5-phenyl-1,3.4-thiadiazol-2-
yl)metyl)benzamit (hop cht 198)

Budc A
COOMe COOMe
tert-butyl malonat
NaH o
F F F F
F t-Bu0OC” “COOt-Bu

Cho thém nhé giot tert-butyl malonat (11,4g, 52,73mmol, 2 duong lugng) vao
huyén phii chira NaH (1,5 duong lugng) trong 70ml DMF khan. Sau khi khudy hdn
hop trong 5 phut & nhiét do trong phong, metyl 3,4,5-triflobenzoat (5g, 26,3mmol, 1
dwong luong) dugc thém vao. Hon hop phan Gmg duoc khudy trong 3 gi® & nhiét do
trong phong (quan sat duoc sy tao ra chit két tia mau tréng), pha lodng bing nudc
va chiét bing EtOAc. Sau khi c6, phn cgn dugc tinh ché bang cach séc ky cot, thu
duge 11,0g hdn hop khong tich duge cua san phdm va tert-butyl malonat theo ty 1&
1:3 (bang phuong phap NMR). Hon hgp nay duge st dung trong budce tiép theo ma
khong cén tinh ché thém.
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Budce B
COOMe COOMe
TFA
—_—
F F F F
t-Bu0OC”~ ~COOt-Bu COOH

Hdn hop thu dugc trong budc A (8,6g, 22mmol, 1 duong lugng) va TFA
(17ml, 10 dwong luwong) dugce hoa tan trong 10ml DCE khan va dugce dun hdi luu
qua dém. Sau khi lam ngudi, dung mdi dugc lam bay hoi va phan cin duge xir ly
bang hexan va chit két tua tao thanh duoc thu gom. Phan tich NMR chét két tha va
phan nuée loc cho thdy ring thu dwgc hdn hop cla san pham va axit malonic (v6i
cuing ty 16 khoang 2:1 dbi v6i san phim). C4c san phidm thu dugc duoc két hop va st

dung trong budc tiép theo.

Budc C
COOMe COOMe
1. 80Cl,
2. PhCONHNH,
DIPEA _ E
F F ©F 0
H
N L
COOH ” Ph
o}

Hdn hop thu duge trong bude B (0,5g, 2,17mmol, 1 duong luong) dugc hoa
tan trong Sml SOCI,, dun hdi Iwu trong 1 gid va cd. Cloanhydrit dang thd thu duogc
duogc tron 13n véi benzoylhydrazin (0,643g, 4,72mmol, 2 duong lugng) trong 10ml
DMTF khan, sau d6 cho thém DIPEA (1,99ml, 11,45mmol, 5 duong lugng). Sau khi
duge khudy qua dém, hdn hop phan ung dugc toi bing nudc, chiét bing EtOAc va

¢d. Phén can duoc xir Iy bing DCM va loc.

Budc D

COOMe 0
Chét phan

ung N~N OMe
Lawesson / \
E o —_— S
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Hon hop ctia hop chét thu dugc trong bude C (0,277g, 0,88mmol, 1 duong
luong) va chit phan tmg Lawesson (0,35g, 0,86mmol, 0,98 duong lugng) trong Sml
toluen duogc khuéy trong binh dugc bit kin ¢ nhi¢t d§ 120°C trong 15 phat. Sy
chuyén hoéa hoan toan cta chét ban diu duogc theo ddi bing phwong phap UPLC.
Dung méi duge lam bay hoi va phén can duogc tinh ché br?mg cach sic ky cot trude
tién st dung EtOAc trong hexan (gradien tir 20% dén 100%), sau d6 st dung MeOH
5% trong DCM.

Buéc E
0

0
1 KOH N F
SN NHOH
®’< 2.NH,0H- HCI !
T4P, DIPEA S

£

Cho thém KOH (0,021g, 0,37mmol, 2 duong lugng) vao dung dich chtra hop
chét vong thu dugc trong bude D (0,06g, 0,18mmol, 1 duong lugng) trong 14ml hdn
hop THF/nuéc theo ty 1€ 4/1. Hon hop phéan ing dugc khudy & nhiét do trong phong
qua dém va axit hoa bing HCI M. Chét két tua tao thanh dugc thu gom va lam kho
trong chan khong. Sau do, chét rin nay dugc hoa tan trong THF cung véi DIPEA
(0,333ml, 1,902mmol, 6 duong lugng). HATU (0,181mg, 0,476mmol, 1,5 duong
lwong) dwoc thém vao va hén hop phén ung dugce khudy & nhiét do trong phong va
su chuyén héa hoan toan cla axit thanh hop chét trung gian HATU dugc theo ddi
bang phuong phap LC-MS. NH,OH-HCl (0,066g, 0,951mmol, 3 duong lugng) dugc
thém vao va hdn hop phin ing duge khudy trong 2 gi¢ nita. Hon hop phan tng dugc
pha lodng bang nudc dén tong thé tich bang 50ml va chiét bang EtOAc (225ml). Sau
khi lam bay hoi, thu dugc 101mg dau rat nh6t. Nghién véi axetonitril (si€u am ~15
phut) dé tao ra cht két toa, chit nay duoc thu gom bang céch loc, rira béing
axetonitril va ete va 1am khd, thu dwoc 33mg san phdm tinh khiét (m/z 348,09
[MH+].

Céc hop chit sau day dugc tong hop bing cach str dung quy trinh nay:
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Hop chat Cau truc m/z [MH+]
S
\ :
N \OH
0
190 . 312,12
F
N - S
N \ ’N H
N F oH
[e]
195 349,11
@)
?}4 F
\ // \ H
N NI?@\H/%\OH
(e}
197 433,8

Vi du 14 — Téng hop 3.5-diflo-N-hydroxy-4-((5-phenyl-1,2,4-oxadiazol-3-
ymetyl)benzamit (hop chit 194)

Budc A
COOMe COOMe COOMe
tBu-xyanoaxetat
NaH TFA
> e
F E F F F F
F t-BuooC” “CN CN

Cho thém nho giot tert-butyl xyanoaxetat (11,4g, 52,73mmol, 2 duong lugng)
vao huyén phu chira NaH (1,5 dwong luong) trong 70ml DMF khan. Sau khi khudy
5 phut & nhiét do trong phong, metyl 3,4,5-triflobenzoat (5g, 26,3mmol, 1 dwong
lwong) dwoc thém vao. Hon hop phéan tmg dugc khudy trong 3 gi& & nhiét do trong
phong, pha lodng bing nudc va chiét bing EtOAc. Sau khi cd, phan cin dugc tinh
ché bing céach sic ky cot, sau d6 dugc pha lodng trong 20ml DCE khan va xtr ly
bang TFA (8,6ml, 10 duong luong) trong khi dun hdi Ivu qua dém. Dung mdi dugce
lam bay hoi, phén cdn duoc hoa tan trong DCM, rtra bing dung dich NaHCO; bdo
hoa, 1am khd bing Na,SO, va cd. San phém thd duge tinh ché bing céch séc ky cot.
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Buéc B
COOMe COOMe
1. SOCl,
2. PACONHNH,
DIPEA o
F F " F F
NH,
CN
NOH

Hdn hop chira din xuit nitril thu dugc trong bude A (2g, 11mmol, 1 dwong
luong), NH,OH hydroclorua (1,5g, 22mmol, 2 duong luong) va NaHCO; (1,81,
22mmol, 2 duong lugng) trong 40ml metanol dugc dun hdi lvu qua d&m. Sau khi loc
va ¢d, san pham thd tao thanh dugc tinh ché bing cach sic ky cot (EtOAc 10% trong
DCM).

Budc C
COOMe 0]
F
benzoyl clorua O-N OMe
DIPEA _ |
F F - N
NH2 F
NOH

Cho thém benzoyl clorua (0,243g, 1,73mmol, 1,2 dwong luong) vao dung dich
chira metyl (Z)-4-(2-amino-2-(hydroxyimino)etyl)-3,5-diflobenzoat thu duoc trong
bude B (0,3g, 1,44mmol, 1 duong lugng) va DIPEA (0,75ml, 4,32mmol, 3 duong
lugng) trong 2ml DMF khan. Ssau khi dugc khudy qua dém, hdn hgp phan ing dugce
i bing nude va chiét bing EtOAc. Tinh ché bing cach sic ky cot (DCM tinh khiét)

thu dugc 41mg san phim.

Buéc D

0 0
o-n b F
N OMe 1. KOH O~-N NHOH
N 2. NH,0H-HC, N
TaP,DIPEA
F F

Cho thém KOH (0,014¢g, 0,24mmol, 2 duong lugng) vao dung dich chira este
metyl thu dugc trong bude C (0,04g, 0,12mmol, 1 duong luong) trong 14ml hdn hop
THF/nuée theo ty 18 4/1. Hon hop phén tmg dugc khudy & nhiét do trong phong qua
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dém va axit hoa bang HCl 1M. Chét két tia tao thanh dugce thu gom va lam kho
trong chan khong. Axit carboxylic thu duge dwgc hoa tan trong 2ml THF khan.
DIPEA (0,72mmol, 6 dwong lugng) va HATU (0,18 mmol, 1,5 duong lugng) dugce
thém vao. Hon hop phén ung dugc khudy & nhiét d6 trong phong va theo ddi bang
phuong phéap LC-MS vé su chuyén hoéa hoan toan cta axit thanh hop chét trung gian
HATU. NH,OH hydroclorua (0,025g, 0,36mmol, 3 dwong luong) duge thém vao va
hdn hop phan tmg duge khudy trong 2 gid nita, sau d6 pha loang hon hop bang nude
dén tdng thé tich bang 50ml va chiét bing EtOAc (225ml). Sau khi lam bay hoi, thu
duoc 101mg dau rAt nhot. Nghién véi axetonitril (siéu 4m ~15 pht) d8 tao ra chét
két taa, chit nay dugc thu gom bang cach loc, rira béng axetonitril va ete va lam kho,
thu duoc 20mg san pham tinh khiét (m/z 332,13 [MH+)).
Céc hop chét sau day duge tdng hop bang cach sit dung quy trinh nay:
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Hop chét CAu truc m/z [MH+]
N
7 H
—N N
e} \OH
(o]
189 296,5
-
7 N
Q%/ ! ;
O/N \OH
o
193 382,13
O—
- N
an@l H
N N, N
o
200 464,13
% ]
}3%“
N 7 | H
N o—N N
[e]
201 430,1
F
Oy
| o | H
—N N.
0 F oH
0
202 405,12

Vi du 15 — Téng hop N-hydroxy-4-((4-metyl-5-phenyl-4H-1,2.4-triazol-3-

vDmetyl)benzamit (hop chéit 217)

Budec A

/N\
N
\ o o
o

MeNHz 2M trong THF

150°C, qua dém
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Axit axetic (0,3ml) dugc cho thém nho giot vao dung dich chira metyl 4-((5-
phenyl-1,3,4-oxadiazol-2-yl)metyl)benzoat dang thd (0,38g, 1,29mmol, 1 duong
lugng) trong dung dich chita MeNH, 2M trong THF (15ml). Binh phéan tmg dugc bit
kin va hdn hop phéan tmg dwoc khudy & nhiét o 150°C qua dém. Sau khi 1am ngudi,
dung méi dugce lam bay hoi; phan cin duoc xir Iy bang nudc va chiét bang EtOAc.
Pha hitu co duge 1am khd va 1am bay hoi dé thu dugc 258mg diu mau cam, diu nay

duoc sir dung trong bude tiép theo ma khong can tinh ché thém.

Buée B

N NH,OH
N \ NaOH
N\ o\
(0]

Este metyl thu dugc trong bude A (0,041g, 0,139mmol, 1 dwong lugng) dugc
tao huyén phu trong 8ml metanol va dung dich tao thanh duogc lam lanh bing bé
nude da. Dung dich chira NH,OH 50% trong nuéc (0,34ml, 40 duwong lugng) duge
thém vao, sau d6 cho thém tir tir dung dich NaOH 1M (1,4ml, 10 duong luong). Hoén
hgp phan tmg duoc khudy d& nhiét o dat dén nhiét d¢ trong phong (khoang 1 gio)
va axit héa bing HCI 1M. Chit két tia mau tréng duoc thu gom bang cach loc. Tinh
ché bing cach HPLC didu ché thu dwoc 24mg san phim tinh khiét (m/z 309,12
[MH+)).

Vi du 16 — Tdng hop 4-((3-((1H-indol-3-yl)metyl)-5-(thiophen-2-y1)-4H-1,2.4-
triazol-4-yl)metyl)-N-hydroxybenzamit (hop chit 183)
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Hop chit metyl 4-(aminometyl)benzoat hydroclorua (402mg, 2mmol, 1 dwong
luong) duoc hoa tan trong diclometan (8ml) voéi sy cé mit clia trimetylamin (616ul,
4,4mmol, 2,2 duwong lugng). Sau d6, 2-thiophencacbonyl clorua (236ul, 2,2mmol,
1,1 duong luong) duge thém vao va hdn hop nay duoc khudy & nhiét d6 trong phong
qua dém.

Khi két thic, hdn hop phan ting dugc pha lodng bang diclometan va ria bing
nude. Lop hitu co duoe 1am khd béng Na,S0Oy, loc va cd dé thu dugc san phém dang
thd, san phdm nay dugc sir dung cho budce tiép theo ma khong can tinh ché thém bat
ky.

Budc B

H

N

o cl \
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T — KT Lo 51
s M 0L \_s o w3 5. NN
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Hop chét metyl 4-((thiophen-2-carboxamido)metyl)benzoat (1mmol, 1 dwong
luong) duge tao huyén phu trong tionyl clorua (4ml, 5,5 duong luong) trong moi
treong argon, va dugc khudy & nhiét d6 hdi luu qua dém. Hén hop nay dugc ¢d & 4p
sut giam dé loai bé lugng SOCL, du. Hop chét imidoyl clorua dang thé thu dugc
dugc tao huyén phu trong toluen khan, va axit indol-3-axetic hydrazit (189mg,
Immol, 1 duong lugng) dugc thém vao dudi dang chét rén. Hon hop tao thanh dugc
gia nhiét &n 120°C va dugc khudy trong thoi gian cudi tudn. Hon hop nay dugc cd
bing cach 1am bay hoi kidu quay. San phim duoc 1am két tia ra khoi hdn hop

EtOAc/MeOH 1% va dugc thu gom bing cach loc, thu duge 113mg san pham.

Budc C
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Este metyl thu duoc trong bude B (0,041g, 0,139mmol, 1 duong lugng) dugc
tao huyén phu trong 8ml metanol va dung dich tao thanh duoc lam lanh b%lng bé
nude da. Dung dich NH,OH 50% trong nudce (0,34ml, 40 duong lugng) duge thém
vao, sau d6 cho thém tir tir dung dich NaOH 1M (1,4ml, 10 duong luong). Hén hop
phén tmg dwoc khudy dé nhiét do dat dén nhiét d6 trong phong (khoang 1 gio) va
axit hoa bang HC1 1M. Chét két tia mau tréng duoc thu gom bang céch loc. Tinh ché
bing cach HPLC diéu ché thu dwgc san phim tinh khiét (m/z 430,3 [MH+]).

Hop chét sau day duge tdng hop bang cach st dung quy trinh ny

Hop chat Céu truc m/z [MH+]
o]
/
~~o
N\/ N H
—
s 0
185 451,3

Vidu 17 - Sang loc enzym
Hoat tinh enzym d6i véi HDAC6 va HDAC3 cua ngudi tai t6 hop dugc danh

gia (Bang 2) ddi v6i mdi hop chét tng hop duge. Cac hop chét c6 tinh chon loc
HDACS tbt, duoc xéc dinh theo gié tril og cta ty 18 ICs; gifta HDAC6 va thé dong
dang khéc nho hon -2, ciing dugc sang loc db6i voi tAt ca cac thé ddng dang con lai dé
thu duoc profin day du (Bang 3).

M&i véi mdi hop chit thir nghiém, céc dung dich véi 5 ndng dd khac nhau
(thudng nam trong khodng tir 3 dén 30000nM) duge co dic 5 lan trong dung dich
dém cua phan tng (25mM Tris-HCl, d6 pH = 8, NaCl 130mM, Tween-20 0,05%,
Glyxerol 10%) cung véi DMSO dugc chuin héa véi luong c6 mit trong dung dich
chét Grc ché dam dic hon, thuong 1a 0,75% dwong lugng véi ndng dd cudi 0,15%
trong dfa dwoc chudn bi. 10ul dung dich mAu 13p ba di véi mdi ndng do ca hop chét
thir nghiém dugc dua vao dia c¢6 96 16 va 15pl dung dich enzym dugc cb ddc 3,33
l4n trong dung dich dém ctia phan ng (25mM Tris-HCI, d6 pH = 8, NaCl 130mM,
Tween-20 0,05%, glyxerol 10%, BSA 1 mg/ml hodc 2 mg/ml dbi véi HDACA4,
HDACS5 va HDACY - luu y: d6i v6i HDAC7, S0mM TRIS-HCI, d6 pH = 8, NaCl
137mM, KCI 2,7mM, va MgCl, 1mM duoge st dung) duge cho vao mdi 18. Sau mot
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khodng thoi gian 0 & nhiét do 30°C (thoi gian U thay ddi di véi cac thé dong dang
khéac nhau va duoc thé hién trong Bang 1), 25ul dung dich chira co chét duge thém
vao. Pé lam co chit, co chét deaxetylaza FLUOR DE LYS® (Enzo Life Sciences,
cat# BML-KI104, FdL), co chit FLUOR DE LY S®-Green (Enzo Life Sciences, cat#
BML-KI572 FdL_G) va trifloacetyl-L-lysin (Tfal)- dung dich dugc c6 2 lan trong
Tris-HCI 25mM, d6 pH = 8, NaCl 130mM, Tween-20 0,05%, glyxerol 10%) duogc
st dung. Sau mdt khoang thdi gian phan tmg & nhiét d¢ 30°C (thdi gian phan tng
thay ddi dbi véi cac thé ddng dang khac nhau va dugc thé hién trong Bang 1), 50pl
dung dich 1am hién mau gdm chét 1dm hién mau FLUOR DE LYS® I dam déc (Enzo
Life Sciences, cat# BML-KI105), dugc pha lodng 200 14n trong HAB cuing véi 2uM
TSA duoc thém vao va sau khi dé trong 25 phiit & nhiét d¢ trong phong trong chd
tbi, bang cach sir dung thiét bi Victor 1420 Multilabel Counter Perkin Elmer Wallac,
tién hanh doc két qua phat huynh quang.

Béng 1 - chi tiét tién hanh ddi véi thir nghiém enzym ciia mdi thé dong dang

riéng biét

Enzym Phuong
phap doc
Thé N S Co chat U so b Phan g tﬁikif/hx
dong | Ngudn | Nong do e
dang phat xa
| (0.1 giéy)
BPS 30 phut ¢ 30 phut &
HDACI | cat tenM | ML Cmierdo | nhiétdo 335460
50051 H 30°C 30°C
BPS 30 phut & 30 phut &
HDAC2 |  cat 3nM Pl | whigrdo | mhietdd 3551460
50002 H 3OOC 30°C
BPS 30 phut ¢ 30 phut ¢
HDAC3| cat | 400pM | 4ov | mhiétdo | nhigtdo 3551460
50003 H 30°C 30°C
BPS 30 phut ¢ 80 phut &
HDAC4 | cat 32 pM 2?‘;4 phistdo | nhietdo | 353460
50004 u 3OOC 300C nm
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BPS 30 phit & | 60 phit &

HDACS | cat | 700pM | 004 | ‘nhigtds | mhigtdo | /490
50005 “’ 300C 30°C nm
BPS 30 phit & | 30 phit &

HDACS | cat saM | S5 | Tonietds | nhietdo 3551460
50006 H 300C 300C
BPS 30 phit & | 30 pht &

HDAC7 | cat 14pM 2gfa;/1 nhiét do nhiét o 35r51§1160
50007 K 30°C 30°C
BPS 55 pht& | 25 phit &

HDAC8 | cat sonv | ERG | Tonietag | mhiet do 485535
50008 W trong phong 30°C
BPS 30 phit & | 80 phit &

HDACO | cat | 900pM | T4 | ‘nhigtdo | mhistdy | >4
BPS 30 phit & | 180 phiit &

ADACT) car 3ev | R | Tonierdo | mhierdo | 27060
50010 u 300C 300C
BML 30 phut & | 240 phit &

HDACT| "o psav | (P | Tmerag | nhiecdo 3551460
SE560 H 30°C 30°C

Sé lidu vé mirc d6 e ché enzym HDAC6 va HDAC3 ctia cac hop chét tong

hop dugc dugc thé hién trong Bang 2. Profin {rc ché hoan toan ddi vai tit ca cac thé

ddng dang dbi voi cac hop chit dugc chon dwgc thé hién trong Bang 3. Céc phan tit

¢6 hoat tinh HDAC6 t6t va tinh chon loc déng ké dbi véi cac thé ddng dang khac.

Bang 2 - Thir nghiém hoat tinh trc ché enzym dbi véi HDAC6 (ICsp nM) va
tinh chon loc déi véi HDAC3 (log ty 1€ giita cac ndng d¢ ICso ddi véi hai enzym)

Hop chit Tinh chon loc d6i véi HDAC3 I1Cs, dbi voi HDAC6 (nM)
1 -1,6 81
2 2,7 16
3 -1,6 11
4 -3,0 20
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5 2,8 17
6 3,0 7
7 3,0 5
8 1,6 19
9 22,9 79
10 -1,8 8
12 2,0 4
13 2,8 4
14 2,7 8
15 2,5 19
16 2,7 5
17 2,5 9
19 22,9 4
20 22,0 4
21 -1,4 116
22 1,8 5
23 1,7 11
24 1,4 56
25 1,7 47
26 -0,4 258
27 -1,1 77
28 1,6 10
29 1,1 19
30 1,7 25
31 -1,5 14
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32 1,4 6
33 1,7 3
34 -1,6 7
35 1,6 5
36 1,4 52
37 1,4 212
38 1,6 10
39 1,5 3
40 1,6 7
41 1,4 4
42 -0,9 5
43 -1,7 3
44 0,7 415
45 1,1 68
46 1,7 5
47 -1,5 6
48 -1,6 257
49 1,6 7
50 -1,9 2
51 1,4 368
52 -1,6 344
53 1,2 333
54 -1,5 18
55 12 6
57 -1,5 8
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58 1,5 6
59 -1,8 7
60 -1,0 136
61 -1,7 9
62 -1,5 127
63 -1,0 682
64 1,4 13
65 2,5 6
66 2,2 6
67 -1,8 70
68 1,5 4
69 1,5 11
70 1,6 9
71 -0,7 52
72 1,1 162
73 1,7 8
74 1,8 17
75 1,7 4
76 2,3 28
77 1,8 17
78 -1,8 20
79 2,3 8
80 2,1 16
82 1,7 27
83 1,1 22
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84 1,7 21
85 1,9 5
86 1,7 39
87 2,1 20
88 1,3 2
89 2,3 9
90 -0,9 20
91 1,9 3
92 2,5 27
93 2.8 2
94 1,7 7
95 1,8 10
96 2.3 7
97 2.4 51
98 22 61
99 2.4 7
100 | 2.6 7
101 2.4 18
102 2.6 33
103 2.4 56
104 22 48
106 1,5 26
107 1.2 162
108 2,1 108
109 2,1 35
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100 2,6 7

110 -1,7 25
111 -0,2 271
112 2.2 123
113 -1,6 158
114 -3,1 256
115 2,5 122
116 2,6 25
117 2,7 17
118 2,4 6

121 2,7 12
122 2,1 12
123 2,1 8

124 -2,0 72
125 2,8 17
126 -1,4 86
127 1,8 9

128 2.4 45
129 2,5 13
130 -1,2 837
131 -1,1 57
132 2,2 25
133 1,8 283
134 -3,1 10
135 2,5 93
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136 2,6 40
137 2,8 14
138 2,8 12
139 -2,9 18
140 2,6 14
141 2,5 25
142 2,3 20
143 -1,9 25
144 2,3 12
145 2,6 16
146 -2,9 20
147 22,9 16
148 2,1 6
149 22,6 11
150 2,1 24
151 2,8 9
152 2,5 22
153 -2,9 25
154 2,2 32
155 2,0 172
156 1,2 61
157 1,2 27
158 -1,6 231
159 -1,5 1370
160 2,5 115
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161 2,5 327
162 1,1 138
163 1,6 12
164 -1,8 45
165 2,6 8
166 2,5 9
167 2,7 6
168 2,6 7
169 -1,9 1
170 1,5 8
171 2.2 4
172 2,4 8
173 1,5 2
174 -0,8 129
175 2,0 4
176 1,7 55
177 2,8 21
178 2,7 23
179 3,1 11
180 2,7 6
181 2,7 10
182 2,5 16
183 22 212
184 2,1 17
185 -1,9 1004
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186 3,3 23
187 2,4 55
188 1,2 7
189 -1,6 9
190 1,7 3
191 2,7 22
192 2,2 31
193 1,8 6
194 2.4 11
195 2,7 4
196 2,4 53
197 2,2 10
198 2,1 5
199 2,5 6
200 2,7 8
201 1,6 16
202 3,0 9
203 1,8 14
204 2,3 7
205 2,4 5
206 2,6 7
207 2,5 7
208 2,2 4
209 -1,9 11
210 2,7 7
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211 -2,5 8
212 -2,5 6
213 -2,6 13
214 -1,9 3
215 -1,9 9

hon 20nM va chi s tinh chon loc déi véi HDAC3 thép hon -1,6.

Céc hop chat dugc wu tién cla sang ché ¢6 gia tri ICsp d6i véi HDAC6 thp

Bang 3 - Profin tic ché hoan toan doi voi tat ca cac enzym HDAC ctia mot so

hop chit duge wu tién theo sang ché (ICso nM)

HDAC
IC_I;’; 1 2 3 8 6 4 5 7 9 10 11
1 1927 | 6663 |2866| 710 | 81 |10113| 12042 | 3528 | 5866 | 2477 | 2681
2 11585 [>30000| 8648 [#N/D | 16 | 1459 | 1854 | 1087 | 592 | 14100 | 8050
6 7512 [ 27504 | 7255|1024 | 7 | 1036 | 1046 | 750 | 756 | 10879 | 5172
8 1094 | 4017 | 979 | 1355 | 27 | 2994 | 2690 | 1484 | 1733 | 2008 | 1373
10 1015 | 4449 | 487 | 506 | 9 | 2502 | 2678 | 817 | 1084 | 2818 | 981
13 2886 | 11374 [ 2492 | 490 | 4 | 606 | 512 623 | 640 | 2680 | 1470
15 7091 | 8799 [6293] 999 | 19 | 660 | 706 | 473 | 659 | 8625 | 4589
17 | 3991 | 16022 [ 2827 | 193 | 9 | 1393 | 1538 | 550 | 496 | 6863 | 2289
19 | 2517 | 9478 |2635| 647 | 4 | 675 597 | 1017 | 592 | 2697 | 798
22 416 1561 | 271 | 933 | 5 | 3459 | 3742 | 1202 | 1854 | 684 423
23 616 | 2033 | 568 [ 2831 | 11 | 4242 | 4812 | 6674 | 2686 | 1099 | 486
28 426 1568 | 373 | 270 | 10 | 1331 | 1170 | 1029 | 328 636 568
33 232 810 138 | 413 | 3 | 1914 | 2360 | 608 | 948 441 225
50 254 958 154 | 455 | 2 | 1950 | 1955 | 611 800 398 245
58 364 1748 | 206 | 1001 | 6 | 3930 | 3688 | 1511 | 2170 | 591 282
59 353 2315 | 448 | 547 | 7 | 2487 | 4125 | 820 | 1545 | 542 515
61 495 6911 | 488 | 494 | 9 | 1593 | 2515 | 529 | 884 991 904
65 | 2411 | 17667 | 1856 | 1081 | 6 831 | 1194 | 1076 | 995 | 1454 | 975
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66 747 1035 | 921 | 419 | 6 | 481 325 214 168 | 1339 | 1006

77 581 5233 | 1152 795 | 17 | 2650 | 4467 | 1362 | 1732 | 2812 | 1441

79 | 2315 | 6747 | 1649 |#N/D| 8 541 687 | 1306 | 514 | 1912 | 659

80 | 4641 | 13782 | 1866 | 548 | 16 | 731 | 1281 | 764 | 426 | 5577 | 2816

85 469 1704 | 339 | 216 | 5 | 1030 | 559 514 | 452 954 557

98 1009 | 4236 |8926| 186 | 61 | 1614 | 2657 | 1990 | 844 | 1478 | 2086

#N/D: khéng xac dinh

Vi du 18 - Déc tinh té bao

Hoat tinh gy doc té bao cua tit ca cac hop chét tong hop dugc duge dénh gia
d6i v6i dong € bao tién tay bao B 697 va cua cac hop chét c6 profin hiéu luc/tinh
chon loc t&t dbi vé6i cac té bao don nhan méu ngoai vi (peripheral blood mononuclear
cell: PBMC).

Céc t& bao duge cdy vio dia (2x10* té bao/ld dbi voi cac té bao 697, 5x10° té
bao/ld dbi véi cac té bao PBMC). Cac hop chat thir nghiém (ndng do nim trong
khoang tir 1,5nM dén 10000nM déi véi céc té bao PBMC va tir InM dén 10000nM
d6i véi céc té bao 697) duge thém vao sau 24 gid va dugce U trong 72 gid. Hoat tinh
gy doc té bao ctia cc phan tir duge danh gid bing cach st dung thir nghiém ting
sinh t& bao mot dung dich nuéc CellTiter 96® (Promega), dé xé4c dinh chitc ning cua
ty thé theo cac hudng din ciia nha san xut.

Céc gia tri ICsp dugc thé hién trong Bang 4. Phan 16n céc phan ti ¢6 doc tinh
thip.

Bang 4 - Doc tinh t& bao di véi dong té bao 697 va PBMC (IC50 nM)

Hop chét Doc tinh te bao ddi | Doe tinh té bao dbi véi
véi t€ bao 697 té bao PBMC (72 gi0)
1 10390 7000
2 6079 >1000
3 2878 735
4 >10000 10000>X>1000
5 88692 10000>X>1000
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6 >10000 20000
7 4188 10000
8 8881 3500
9 >10000 >10000
10 4329 4500
12 >10000 10000>X>1000
13 10000>X>1000 10000>X>1000
14 3941 >10000
15 8723 >10000
16 7882 7500
17 5203 9000
19 1164 >10000
20 1121 2000
74 2283 2000
75 1199 514
76 >10000 >10000
77 11086 2000
78 22173 6000
79 22173 3000
82 6504 n.a
84 5203 4500
85 1157 2000
87 6656 6000
91 783 812
92 >10000 >10000
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93 >10000 >10000
94 908 n.a
100 7092 10000
121 5911 n.a
122 1028 n.a
123 1970 n.a
125 >10000 >10000
129 13175 n.a
134 >10000 n.a
141 >10000 n.a
146 >10000 n.a
147 >10000 n.a
149 794 n.a
150 1256 n.a
151 287 n.a
152 1447 n.a
154 22668 >10000
155 22670 n.a
156 1567 >10000
157 913 940
158 16947 n.a
159 16945 n.a
160 16945 n.a
161 16945 n.a
162 16945 n.a
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163 48981 n.a
164 1403 661
165 55283 >10000
166 61437 >10000
167 42998 >10000
168 36855 7001
169 271 24
170 61431 n.a
171 6143 >10000
172 61425 >10000
173 1886 948
174 50287 n.a
175 10055 1261
176 50287 5302
177 50287 >10000
178 50287 >10000
179 50287 >10000
180 40221 >10000
181 50287 >10000
182 50287 100000
183 50287 n.a
184 14691 100000
185 10448 n.a
186 10448 100000
189 291 1050
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190 333 983
195 3124 >10000
203 15161 >10000
204 15369 n.a
205 15369 n.a
208 15369 n.a
209 15369 n.a
210 10414 >10000
212 15369 n.a
213 15369 n.a
214 409 n.a
215 340 n.a
216 288 n.a

n.a (not available): khong co6 s ligu

Céc hop chét duge tu tién ctia sang ché c6 gid tri ICs, dbi v6i dong té bao 697

cao hon 1000nM va ddi voi dong té bao PBMC cao hon 5000nM.

Vi du 19 — Tinh én dinh vé&i qué trinh chuyén hoa pha I trong phin chiét gan S9 cua

chudt va ngudi

Céc hop chét thir nghiém duge u trong phin chiét gan S9 ctia chudt va nguoi
& nhiét do 37°C trong ti da 90 phut dé danh gia tinh én dinh cta chung véi qué trinh
chuyén héa pha I béang cac enzym & gan.

M3i hop chit tht nghiém dugc 1 & ndng do tinh theo pM (50pM khi cic mau
duoc phan tich bang phuong phép UV/HPLC, 1 hodc 2uM khi céc mau duoc phan
tich bang phuong phap LC-MS/MS) véi phan chiét S9 (ham lugng protein 2 mg/ml)
trong chit dém phbsphat 100mM (dd pH = 7,4), MgCl, 3,3mM va NADPH 1,3mM
trong 0, 10, 30, 60 va 90 phit & nhiét d 37°C trong bé lic 6n dinh nhiét. Phan img

duoc 1am ngimg bing cach dit miu 1én bé nude da va cho thém axetonitril axit hoa.
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Sau khi ly tAm (10 phut & téc d6 14000 vong/phut), phan phéan uéc ctia dich nbi bé
mit duoc pha lodng bing nude, loc bang bo loc kiéu bom tiém loai xenluloza tai
sinh 0,45um va dugc bom vao thiét bi HPLC-UV hodc LC-MS/MS. Ty 1& % luong
con lai & cac thoi diém u khac nhau so vé6i lugng ban diu duoc tinh toan. P thanh

thai ndi tai cling duoc tinh toan.

Vi du 20 - Tinh én dinh trong huyét twong cua chudt va ngudi

Pé danh gia tinh én dinh véi enzym khi tudn hoan, cic hop chat dugc 1 véi
huyét twong ctia ngudi va chudt & nhiét do 37°C trong bé 1ic 6n dinh nhiét. Mdi hop
chit thtr nghiém duoc 0 v6i ndng do tinh theo pM (50pM khi céc mau duge phan
tich bing phwong phap UV/HPLC, 1 hodc 2pM khi cac mau dugc phén tich bing
phuong phap LC-MS/MS) trong 0, 15, 30 phit va 1, 2 va 4 gio. Phan tmg dugc lam
ngimg bing cach dit dng trén bé nude da va cho thém axetonitril axit hda. Sau khi ly
tam trong 10 phit & téc do 14000 vong/phit, phan phan udc ctia dich ndi bé mit
duogc pha lodng bang nuée, loc bang bd loc kiéu bom tiém loai 0,45um va dugc bom
vao thiét bji HPLC-UV hodc LC-MS/MS. Ty 18 % luong con lai & céc thoi diém 0
khéc nhau so v6i lugng ban ddu dugc tinh toan. Thoi gian ban huy trong huyét tuong
cling duogc tinh toan.

S liéu vé tinh &n dinh chuyén héa in vitro duge tom tit trong cac Bang 5 va

5'. Phan 16n céc phan tir ¢6 tinh én dinh tdt.

Bang 5 — Thir nghiém tinh én dinh enzym in vitro cua céc hop chét dugce qu

tién (ty 1€ % lugng con lai trong phan chiét S9 sau 90 phut va trong huyét twong sau

4 gi0).
Hop Huyét tuong cta Huyét twong ctia Phén chiét S9 cua | Phan chiét S9 ctia
chat chudt nguoi chudt ngudi
1 86 102 70 81
2 79 71 1 78
3 79 100 66 93
4 106 n.a. 34 n.a.
5 97 n.a. 36 n.a.
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6 87 96 96,6 85,6
7 77 93 96 89
8 62 91 82 100
9 106 n.a. 75 n.a.
10 86 99 82 95
12 87 n.a. 44 n.a
13 96,7 94 90,9 98
14 38 77 88 87
15 78 91 60 83
16 75 n.a. 74 n.a.
17 87 98 71 83
19 96 100 68 94
20 98,5 94,3 88 101,7
68 77 n.a. 34 n.a.
74 94 100 61 84
75 116 n.a. 75 n.a.
76 98 96 76 77
77 n.a. n.a. 40 n.a.
79 99 n.a. 73 n.a.
85 76 n.a. 75 n.a.
87 0 n.a. 77 n.a.
91 93 n.a. 8 n.a.
92 79 n.a. 71 n.a.
93 10 n.a. 53 n.a.
94 75 n.a. 22 n.a.
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95 75 n.a. 41 n.a.
100 80 92 30 76
121 100 n.a. 25 n.a
122 94 n.a. 47 n.a.
123 99 n.a. 99 n.a.
125 78 77 90 83
129 93 n.a. 45 n.a
134 76 n.a. 95 n.a.
138 n.a. n.a. 79 n.a.
140 85 n.a. 12 n.a.
141 73 n.a. 36 n.a
145 79 n.a. 7 n.a.
146 n.a. n.a. 59 n.a.
147 89 n.a. 76 n.a.
149 n.a. n.a. 84 n.a.
150 92 n.a. 35 n.a.
151 87 n.a. 62 n.a.
152 113 n.a. 31 n.a.
153 76 n.a. 91 n.a.
167 85 91 55 78
169 68 n.a. 44 n.a.
171 77 88 48 74
179 98 100 58 79
180 100 97 70 80
186 75 n.a. 9 n.a.
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187 101 92 17 54
188 93 90 7 49
189 78 100 5 72
190 73 99 9 64
191 92 93 35 42
192 90 100 17 43
193 81 100 63 71
194 89 99 3 29
195 84 93 32 68
196 99 89 23 26
197 82 96 62 86
198 63 95 6 51
199 92 90 57 75
200 96 102 32 37
201 95 88 34 75
203 94 95 58 74
204 89 79 72 84
205 89 80 71 95
206 88 92 50 97
208 81 87 81 81
209 69 71 84 100
210 84 79 71 80
211 86 76 67 59
212 81 83 60 75
213 80 97 58 63
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214 60 92 9 73
215 57 90 65 82
216 89 91 62 84

n.a. = khong c6 so liéu

Céc hop chat duge uu tién cua sang ché c6 ty 1& % con lai trong phin chiét S9

cua chudt S9 cao hon 25%, trong phin chiét S9 ctia ngudi cao hon 85%, trong huyét

tuwong cta chudt cao hon 75% va trong huyét twong clia ngudi cao hon 90%.

Bang 5' - Thir nghiém tinh dn dinh enzym in vitro (ty 1& % con lai trong phén

chiét S9 sau 90 phtit va trong huyét trong sau 4 gi®)

Hop chit Huyét tuong clia chudt Phn chiét S9 ctia chuot
22 81 6
23 77 8
25 77 9
28 90 68
29 103 74
30 49 63
31 76 0
33 52 2
36 60 38
37 6 82
38 n.a. 1
39 63 0
42 n.a. 16
44 32 87
45 81 69
47 76 0
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49 82 57
54 n.a. 0

55 n.a. 46
57 94 71
58 106 15
59 53 8

61 71 49
62 83 55
65 38 8

66 66 54
67 101 44
70 79 18
71 4 58
80 77 32
83 76 92
89 70 97
96 99 41
98 89 88
99 91 108
101 73 9

102 82 16
103 79 5

109 10 72
110 92 16
115 73 57
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116 78 65
117 82 88
135 78 96
137 100 52
139 90 40

n.a. = khong c6 so liéu

Céc hop chét dugc wu tién cua sang ché co ty 1& % con lai trong phin chiét S9

cta chudt cao hon 25% va trong huyét trong ctia chudt cao hon 75%.

Vi du 21 - Su axetyl hda a-tubulin va H3 histon in vitro & dong té bao 697

Viéc xac dinh mitc d axetyl hoa cia o-tubulin va H3 histon in vitro dugc
danh gia trén dong té bao tién tay bao B 697.

Cac phan ti thtt nghiém duogc pha lodng tir dung dich gbe 20mM trong
DMSO bing mdi trudng RPMI 10% FCS + DMSO 0,01% & ndng d9 20 lan so voi
ndng d6 cudi, duge cho thém vao cac t€ bao (15 x 10° t& bao trong tdng thé tich 30ml
trong moi trudng RPMI 10% FCS + 0,01% DMSO) dé thu duoc ndng do cubi bang
1000, 333, 111 va 37nM va dugc U & nhiét dd 37°C, CO, 5% trong 16 gio.

Khi két thic qua trinh 0, 14y 5x10° t€ bao tir m&i mau, ly tm trong 5 phut véi
tbc d6 1100 vong/phit va rira trong NaCl 0,9% & nhiét d6 4°C. Vién von tao thanh
duoc lam tan bing cach xir Iy & nhiét do 4°C trong 30 phut bing 150ul chit dém
Complete Lysis-M (Roche, cat-04719956051) chira chit @c ché proteaza va
phosphataza (vién nén hdn hop chét trc ché proteinaza Complete Easy Pack, cat:
04693116001; hdn hop chéit tc ché phosphataza Phostop easypack, cat:
01906837001- Roche), sau d6 dugce ly tdm 10 phat & tbc do 14000 vong/phit
(20817x g). 0,150pg dich ndi bé mit (chat chiét protein toan phin) duoc pha loding
trong 100pl 1x PBS va dugc ¢b dinh trong dia Maxisorp F96 NUN-IMMUNO (Nunc
cat # 5442404) & nhiét d trong phong qua dém. Cac dia duoc rira hai 14n bang dung
dich dém rtra (PBS1X + Tween 20 0,005%) va duoc bdo hoa trong 1 gio ¢ nhiét do
trong phong bang 300ul 1x PBS chtra 10FCS. Sau khi rira bang dung dich dém (1x
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PBS chira tween 0,005%), cac dia duge u trong hai gio' & nhiét do trong phong v6i sy
c6 mit cia khang thé khang a-tubulin dugc axetyl héa (khang thé don dong khang
tubulin axetyl hoa, dong 6-11B-1, dich ¢d trudng ctia chudt, cat#T6793 Sigma, 100pl
dwoc pha lodng theo ty 1& 1 : 1000 trong 1x PBS chira 10% FCS) hoac bang khéng
thé toan phan khang-a-tubulin (khing thé don dong khang alpha-tubulin dugc tao ra
& chudt; cat#T6074 Sigma). Sau khi rtra, cho thém kit co chit TMB véi luong
100pl/15 trong 10 phtt & nhiét d trong phong trong chd téi. Phan tmg dugc 1am
ngimg bang cach cho thém 50pul H,SO4 2N. Céc dia dugce doc bing phd ké phan cuc
Multiskan ¢ budc séng 450nm.

Mitc d6 axetyl héa dugc tinh todn bing cach chia hé sb hip thy thu duge dbi
véi a-tubulin axetyl hoa cho hé s6 hip thu cta tdng luong a-tubulin.

Céc t& bao con lai (10x10°%) duge xir Iy bing cach chiét histon bing axit
(Kazuhiro et al., PNAS (2002), 99 (13) 8921-8926). Cac té bao duge ly tAm 5 phut &
tdc @6 1100 vong/phut & nhiét do 4°C va rira mot lan trong NaCl0,9%. Vién vén tao
thanh dugc l1am tan bang dung dich dém lysin (Tris 10mM - HCI, d pH = 6,5/natri
bisulphit 50mM, Triton X-100 1%/MgCl, 10mM/sacaroza 8,6% chira hén hop chit
tic ché proteaza (Roche)) trong 20 phut & nhiét do 4°C. Vién von nhén tao thanh
duoc rira nhidu 14n trong dung dich dém cho dén khi lam trong dich ndi bé mit (duoc
ly tim & toc do 7500 xg, 5 phut sau mdi 14n rira) va cudi cling, dugc ria trong dung
dich dém nhan (Tris 10mM - HCVEDTA 13mm, d§ pH =7, 4) va dugc t4i tao huyén
phu trong 250pl HC/H,SO4 0,2M. Céc protein histon duge chiét trong mdi trudng
axit bang cach U qua dém & nhiét do 4°C trong khi l4c nhe. Sau khi ly tim & toc do
14000 vong/phut & nhiét do 4°C trong 10 phut, 1250ul axeton lanh dugc cho thém
vao dich nbi bé mit va U qua dém & nhiét d -20°C, tao ra sy két tha cia cac protein
histon. Vién vén thu duge sau khi ly tdm trong 10 phit & tdc do 14000 vong/phut va
4°C dugc rira béng axeton lanh, dugc lam bay hoi dén khi khd va duoc tai tao huyén
phu trong 50pl nudce cét. Viéc x4c dinh ham luong protein cua ca chit chiét toan
phin va chit chiét histon duoc tién hanh bang thir nghiém so mau bang cach str dung
kit thir nghiém protein BCA (Pierce cat: 23227).

Mtrc d axetyl héa histon H3 va tdng lwong H3 dugc dinh lugng bang kit
Elisa kiéu kep gitta d6i véi histon H3 axetyl hoa PathScan, cat#7232C va kit Elisa
kiéu kep gifta ddi v6i histon toan phan H3 PathScan dung cho thir nghiém ELISA c6
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ban trén thi trudng, sy truyén tin hiéu té bao cat#7253C) theo phuong phap da duge
théng bao cua nha cung cép va bang cach phat hién hé sd hép thu & budc séng
450nm bing cach st dung phd Multiskan. Céc thir nghiém ELISA dugc thuc hién
bing cich phan tich 0,250ug va 0,500ug chét chiét histon ctia mdi mau. Muc df
axetyl hoa duoc tinh béng cach chia hé sb hép thu cua histon H3 cho hé ) hép thu
toan phan cta histon.

Céc kbt qua thir nghiém mirc do axetyl hoa tubulin va histon H3, dugc thé
hién theo s 1in ring gdp ctia ty 1& a-tubulin/a-tubulin axetyl hoa va H3Ac/H3Tot
tuong g, clia mdi mau so véi mau dbi ching (khong duge xu ly) duge tém tt
trong cac Bang 6 va 6'. Cac phan tir ¢6 muc d axetyl hoa tubulin t6t va muc do
axetyl hdéa histon H3 kém.

Givinostat, chit irc ché HDAC toan dién dugc sur dung lam hop chit tham
chiéu. Nhu du kién, hop chét tham chiéu c6 mirc d axetyl hoa t6t dbi véi ca tubulin
va histon H3e. Hop chét theo vi du 43 cua Cong bb don qubc t& WO 2012/106343,
chét ttc ché HDAC, duogc st dung 1am hop chét so sanh dé chimg minh hiéu qua bét

ngd ctia cac hop chat theo sang ché so v6i hop chat clia cac giai phap da biet c6 cong

(o]

Hop chit theo vi du 43

thire sau:

ZT

OH

Béang 6 — Mtrc d§ axetyl hoa tubulin ¢ dong té bao 697 (sb 1an ting gép clia ty

1 tubulin axetyl va tubulin toan phn so v&i ddi chimg)

Nong do (nM)
Hop chit 1000 333 111 37
8 12 9 4 3
10 16 13 7 3
15 12 5 3 1
17 10 9 8 3
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19 17 21 15 7
100 14 9 3 2

7 11 8 3 2

125 14 6 3 1

167 13 9 3 2

168 16 19 11 3

171 22 20 19 10

179 14 6 7 2

180 19 15 7 2

195 14 10 11 6

Vi du 43 (giai phap da biét) 7 3 1 1
Givinostat 18 12 4 1

So v6i hop chat theo Vi du 43, cdc phan tir ciia sdng ché c6 mirc do axetyl hda
cta tubulin cao hon.
Bang 6': Mitc d0 axetyl hda cta histon H3 trong dong té bao 697 (sb lan ting

gp cla két qua thu duoc gitta H3 duoc axetyl héa va H3 toan phan so véi a6i

ching)
Nong do (nM)

Hop chit 1000 333 111

8 3 2 1

10 2 1 1

17 2 1 2

15 1 1 1

19 2 2 1

100 2 3 1

7 1 1 1
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125 1 1 1

167 2 1 1

168 2 1 1

171 3 n.a. n.a.

179 1 n.a. n.a.

180 1 n.a. n.a.

195 1 1 1

Vi du 43 (theo giai phap da biét) 1 1 1
Givinostat 23 17 8

n.a. = khong c6 so liéu
Ngoai trir Givinostat, tat ca cac phan tir déu c6 mirc do axetyl hoa cia histon

H3 kém.

Vi du 22 - Dugce dong hoc

Nong do trong huyét twong va cic thong s6 dugc dong hoc chinh cua cdc hgp
chét thir nghiém dugc danh gid sau khi st dung qua duong trong tinh mach va dudng
miéng mot 14n cho chudt.

Céc liéu dung dugc st dung 1a tr 1,3 dén 2,6 mg/kg qua dudng trong tinh
mach va tir 2,6 dén 5,2 mg/kg qua dudng 6ng thong qua miéng. Cac dang bao ché
duoc bao ché trong hdn hop cia DMSO/PEG400/H,0. L4y mau & c4c thoi diém lay
méu sau day: 5, 10, 15, 30 phut, 1, 2, 4 va 6 gid sau khi sit dung. Céc méu huyét
tuong (100ul) dugce khir protein bang céch cho thém axit formic 1% trong ACN, sau
khi dugc trdn 14n kiéu xoay tron va ly tAm. Phan phan uéc cua dich ndi bé mit cua
m&i miu duoge thu gom va pha lodng bing nudc, dugc loc bang bd loc xenluloza tai
sinh loai 0,45um va dugc phén tich bang phuong phap LC-MS/MS. Nong d6 ctia cac
hop chit thir nghiém trong huyét tuong duge tinh toan dya trén dudng cong hi¢u
chinh thu duge trong khoang nong do tir 0,5 dén 200 ng/ml.

Céc thong s6 duoc dong hoc duge tinh toan dya trén duong cong noéng do

trong huyét twong trung binh bing cich st dung chuong trinh phin mém
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KineticaTM v. 5.1, theo phuong phap khong ngén.
Céc thong sb chinh dugc tém tit trong Bang 7. Ba phén t dugc thir nghiém
c6 dd kha sinh kha dung qua dudng miéng t6t.

Bang 7 - cac thong s6 duge dong hoc & chudt cta ba hop chit dugc uu tién

Hop chét 8 Hop chét 17 | Hop chét 10

dutmg trong i | QuOnE NS | i | 05 | iv. | Os

Liéu (mg/kg) 2,6 52 1,3 | 26| 26 |52

Cmax (ng/ml) - 238 - 60 - 144

Tmax (gid) - 0,08 - 1008] - 025

o ;gi(‘;t/ﬁl ) 253 94 114 | 42 | 239 |123
CO (ng/ml) 1287 - 727 | - | 949 | -
CL (L/gido*kg) 10,3 - 114 | - | 109 | -
Vd (L/kg) 15,3 - 168 | - | 20,5 | -
Tin (gi0) 1 - 1 - 1,3 -

F% 18,5 18,4 25,8

Vi du 23 - P4nh gi4 liéu dung nap tdi da (Maximum Tolerated Dose: MTD)

Sau khi str dung qua duong trong mang bung lau dai & chudt CS7BL/6, lidu
MTD ctia céc hop chit duge dénh gia bang céc thong s6 trong 1am sang (trong lugng
co thé va hanh vi) va trong mau (bach cdu va tidu cau). Cac hop chét duogc sir dung
sau khi hoa tan trong hdn hop H,O/PEG400 theo ty 1€ trong lugng 1: 1 chira DMSO
5% (di v6i hop chat 17, DMSO 20% dugc st dung).

T4t ca cac con chudt duoc can trong lugng vao ngay trudc khi diéu tri (ngay
0) va xac dinh trong luong co thé trung binh.

Céc con chudt (8 con/nhém) duoc diéu tri mot 1in mdi ngay bat ddy tir ngay 1
trong 5 ngay lién tiép mdi tuln bang:

a) Céc hop chit véi lidu 10, 30, 50 mg/kg, qua dudng trong mang bung (ip),
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b) Givinostat véi liéu 100 mg/kg (d6i chimg noi), va

¢) Cac dung dich chit d&n thudc dugc sir dung dé hoa tan céc chat.

Thé tich ctia cac dung dich duge st dung 1a 10ml/kg. Viée didu tri dugc lap
lai trong 2 tudn, véi tong cong 1a 10 14n diéu tri/nhom.

Dua vao cac diu hiéu 1am sang bét ky hang ngay (vé bé ngoai ctia da, sy linh
hoat va su hoat dong cua chudt, sy hd hfip, v.v.) cho théy ddc tinh co thé ¢ cua cac
hop chat duge thong bao. Trong lwong chudt duge danh gid vao cac ngay 2,4,9va
11.

Vao ngay 1, 3, 5, 8, 10 va 12, léy mau méu (khoang 50pl) tir dudi cta chudt
dé danh gia hiéu qua cua céc chit ddi véi cac thong sb mau. Khong 14y mau miu cta
4 con/nhém vao cac ngay xen ké.

Céc mau duge thu hoach vao 6ng chira EDTA, dugc pha loang thich hop
trong dung dich sinh ly va dugc phén tich bing may dém té bao.

Vao ngay két thic nghién ctru (ngdy 12), cc con chudt bi giét sau khi diéu tri
13n cudi 60 phut. Thuc hién viéc danh gia kham nghiém x4c tong thé dé phat hién
tinh bat thudng cia co quan bén trong bét ky. Bang 8 th hién tom tit s lidu thu
dugc trong cac thir nghiém xac dinh lidu MTD cua mdt sb hop chit theo séng ché.
Givinostat 13 chét tc ché HDAC toan dién va duogc sit dung lam chit tham chiéu.

Céc phan tir dugc thir nghiém dugce dung nap t6t.

Bang 8 - céc gi4 tri thong s6 vao ngay 12 duge theo ddi trong thir nghiém dbi

v6i bon hop chat dugce vu tién cla sang ché

Ty 1€ % trong lugng co thé | Ty 1¢ % ’tiéu causo | Ty 1& % ‘pach ciu so
so véi doi ching v6i doi ching v6i doi chung
Hop chét 8
P -0,3 12 -15
50 mg/kg
Hop chét 10
op 1,7 3,6 -30
50 mg/kg
Hop chét 17
°P -6 -17 -22
30 mg/kg
Hop chit 50 0 -0,1 -47
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50 mg/kg

Givinostat

0,9 -7 =72
100 mg/kg

Vi du 24 - mitc d6 tine sinh ciia t& bao lymphd T CD4 qua thir nghiém trc ché cac té

bao T diéu hoa & chudt

P& danh gia kha ning 1am ting hoat tinh G ché t& bao T diéu hoa cua cic
phéan tir theo sang ché nay (Treg, CD4*CD25"), thit nghiém trc ché su ting sinh cua
t bao T (céc t& bao T dap tmg, Teff) dwoc sir dung. Céc té bao Treg véi nong do
khac nhau dugc nudi cdy véi cac té bao Teff (CD47CD25") v6i sy ¢b mit cla tic
nhan kich thich ting sinh. C4c t& bao T can c6 hai tac nhén kich thich tang sinh: tic
nhan thtr nhit dua vao sy nhan biét ctia khang nguyén lién quan dén MHC bang thu
thé t& bao T (T cell receptor: TCR) va tic nhan tht hai ¢6 ngudn gdc tir cac phan tix
ddng kich thich nhu CD28. Khi khong c6 mdt khang nguyén cu thé, sy hoat héa
TCR c6 thé dién ra v6i khang thé nhan biét mot trong sd céc cAu truc dudi phan tu
thanh phin CD3e. Trong thir nghiém nay, khang thé don dong khang CD3g va céc té
bao lach 1am can kiét t& bao T CD4 dugc st dung lam tac nhan kich thich hoat hoa.
Do d6, kha ning lam gidm muc d9 téng sinh cta té bao Teff boi té bao Treg véi su
c6 mit hodc khéng c6 mat cua cac chét (tc ché HDAC6 duge danh gid.

Céc té bao Treg va Teff dugc tach ra bang cach str dung kit phan 14p Treg dwa
trén k¥ thuét tach hat tir tinh (Miltenyi Biotec) bang quy trinh chon loc 4m tinh ban
dau va quy trinh chon loc duong tinh cudi.

Thu duge hdn dich don bao tir lach chudt C57BL/6 bing céach st dung bd loc
cd 70pum.

Hdn dich & bao dugce xir 1y biang dung dich dém ACK dé 1am tan hdong cau va
sau d6 dugc ly tAm trong 5 phut & tdc @6 300 x g. Sau khi ly tdm, céc té bao duoc tai
tao hdn dich trong PBS (nudc mudi dém phosphat, Gibco) va dugce dém. Sau d6, cac
té bao lach duoc tai tao hdn dich trong dung dich dém chira PBS, BSA va EDTA
2mM.

Pé tiép tuc budc thir nht cla qué trinh tach Treg, céc t€ bao CD4 am tinh
dugc danh déu bang phuong phap tir tinh theo cach gidn tiép bang hdn hop cla céc
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khang thé lién hop véi biotin dbi véi CD8a, CD11b, CD45R, CD49b, Ter-119 va té
bao CD4+ dang vi hat khang biotin thu dugc bing cach chon loc 4m tinh theo dong
qua cdt MACS tu tinh.

Céc té bao gin két véi vi hat dugc rira giai va bao quan dé st dung ching 1am
té bao trinh dién khang nguyén (antigen presenting cell: APC) trong thir nghiém tang
sinh.

Trong budc thir hai cua qua trinh tinh ché Treg, cac té bao CD4+ d3 1am gidu
so bo dugc danh ddu bang khang thé khang-CD25 lién hop v6i R-phycoerythrin (PE)
dé gn két wu tién v6i cac té bao Treg va cac hat tir tinh duge ghép doi véi khang thé
khang PE. Sau d6, hdn dich té bao duoc tai 16n cot. Cac té bao Teff di qua cot ma
khong gin két (chon loc 4m tinh), trong khi cac hat gin két véi té bao Treg bam dinh
qua cac hat tir tinh (chon loc dwong tinh). Sau do, cac té bao Treg dugc rira gidi ra
khoi cot bing dong chat dém bang cach st dung pit tong. Qua trinh tinh ché t& bao

Treg va Teff dugc t6m tét trong so d6 sau:

Lach
1. dugc nghién trén

bd loc ¢& 70pum
2. cho thém ACK

Té bao lach

biotin + c4c hat khang biotin + khang thé
khang CD2S5 lién hop PE
2. Tai 1én cot
1/ Chon loc duong tinh
i L Chon loc 4m tinh
Te bao CD4 , .
Té bao T CD4
5. Cho thém céc hat khang PE
6. Tai 1én cot
l/ Chon loc duong tinh
Té bao T CD4" CD25" Chon loc am tinh
(Treg) !
Té bao T CD4" CD25°
(Teft)

Céc té bao thu duoc duoc sir dung cho thir nghiém tre ché Treg nhu sau:

o Cic t& bao CD4- thu duoc tir su chon loc dwong tinh thir nhat duéi dang APC
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o Céc t& bao Treg CD4+ CD25+ dudi dang té bio tic ché

o Céc té bao Teff CD4+ CD25- dudi dang té bao dap tng/ting sinh
Céc té bao CD4" duge xtt Iy bang mitomycin C (50 pg/ml, Sigma) trong 30
phut ¢ nhiét d§ 37°C dé ngan nglra sy ting sinh cta ching. Sau dd, ching
duoc tai tao hdn dich véi ndéng do 4,0 x 10°/50p1 trong moi trudng todn ven
(RPMI, FBS 10%, penicillin/streptomycin 1X, 50uM beta mercaptoethanol).
Céac t& bao Teff duogc danh diu bing este carboxy floresxein sucxinimidyl
(carboxy fluorescein succinimidyl ester: CFSE) véi ndng dd 2uM trong PBS
& nhiét do 37°C, va sau khi 0 10 phit, phan ing duoc lam ngung bang dung
dich PBS 10% FBS. Su danh du CFSE cho phép su cai bién ddng hoa tri clia
té bao T d phan ich sy ting sinh cla chung bing cach pha lodng huynh
quang. Sau d6, cc & bao Teff di danh diu dugc ly tAm va téi tao hon dich
vé6i ndng d6 cudi bing 5,0x10* 50l trong mdi trudng toan ven. Cubi cing,
céc té bao Treg thu dugc bang cach tinh ché duoc pha lodng dén ndng d6 cudi

béng 5,0x10%/ 50ul trong moi trudng toan ven.

Tiép @6, mdi truong ddng nudi ciy cia cic té bao Teff (5,Ox104), t€ bao T
CD4 (4,0x10%) dugc chuan bi va céc té bao Treg véi ty 1€ khic nhau (ty 1€ cta té bao
Teff v6i t& bao Treg 1a 1:1, 1:2, 1:4, 1:8) dugc cho thém vao mdi trudng nay. Cac
hop chat thir nghiém vé6i ndng do khac nhau hogc chdt din thuéc DMSO duge cho
thém vao hdn dich t& bao. Cudi cing, khang thé don dong khang CD3e (Miltenyi
Biotec) dugc thém vao voi ndéng @ 1 pg/ml. Céc té bao dugc dan mong trong dia
day phéng c6 96 15 va mdi didu kién duoc chuin bi theo mau lap doi loai k¥ thuat.
Pé xac dinh co ché cua cac chit khac nhau anh hudng truc tiép dén su ting sinh té
bao, hiéu qua cta cac hgp chit di v6i mdi truong dong nudi cdy té bao Teff va té
bao CD4™ véi su c6 mit clia tic nhan kich thich duge tao ra boi khang thé don dong
khang CD3e, khi khong c6 mit cac té bao Treg, duge danh gid. Sy kiém soat am tinh
muc d6 tang sinh t& bao chi duge xac dinh ddi véi cac té bao Teff da dénh déu, khi
khong c6 mit t& bao T CD4 va khang thé don dong khang-CD3e can phéi khong
tang sinh.

Say khi 1 72 gid, cdc té bao dd ddng nudi cdy duge danh ddu bing khang thé
khang CD4 dugc danh déu bang PE/CyS (ty 1é pha lodng 1:200, Biolegend) trong 15
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phut & nhiét @ trong phong (room temperature: RT). Sau khi danh diu, cac t& bao
duoge rira va tai tao hdn dich trong 200p1 PBS.

Ty 1€ % cac té bao Teff ting sinh duge phat hién bang phuong phip dém té
bao theo dong bang cach quan sat mac do 1am lofing tin higu tir CFSE trong quén thé
t& bao T CD4+. Vide danh déu bing CFSE duoc thira hudng boi céc té bao con sau
khi gidn phin dugc cam Umg boi sy hoat hoa té bao. Phép phan tich tin hiéu huynh
quang CSFE cho phép thu duogc ty 1€ % té bao ting sinh dugc thé hién boi cac quin
thé c6 mirc d6 huynh quang thip hon so v6i quén thé khong tang sinh.

Trong thir nghiém nay, hoat tinh chéng ting sinh truc tiép clia cic chét duoc
thir nghiém phai dugc loai trir. Do d6, mdt ngudng dugc thiét 1ap trong do néu su
giam murc 49 tdng sinh & cac té bao Teff > 10% ma khong quan sat dugc véi cac té
bao Treg, su Grc ché ting sinh hoan toan khong thé duoc cho 13 do hoat tinh tc ché
cua Treg gdy ra mdt minh.

Dé so sanh hiéu qua ctia cac hop chit dbi voi kha ning trc ché cta céc té bao
Treg, ty 1€ ting sinh chuin héa dugc tinh toan bing cach st dung su chudn hoéa t6i
thidu-t6i da v6i ty 18 tang sinh dbi véi m&i mAu so véi d6i chung. Cac gia tri thu
duoc duoc bién ddi thanh ty 1é tc ché duge chudn hoa:

Mitc d6 trc ché dugc chudn héa = 100 - (ty 18 % muc do e ché duge chuin
héa)

Sau d6, tinh dugc dién tich dudi dudong cong (area under the curve: AUC) cua
d6 thi gia tri ty 1& % trc ché tidu chun, Mirc d0 trc ché twong dbi dugce tinh theo cong
thire: (AUC ctia duge chdt/AUC cia déi chimg) 1a gia tri cho phép so sdnh hoat tinh
ctia cac hop chat. Quy trinh trén day dugc thuc hign bing cach xir Iy s6 liéu st dung
chwong trinh phan mém GraphPad Prism 7.

Chi tiét thém ctia quy trinh ndy c6 thé duoc tim thdy trong tai liéu: Akimova
et al., Methods Mol Biol (2016), 1371: 43-78.

Két qua cua thir nghiém trc ché t& bao Treg duoc thé hién trong cac Bang 9 va
10. Hop chat c6 gia tri mirc do te ché twong ddi (RS) cao hon 1,5 tao ra hoat tinh trc
ché t6t trong céc té bao Treg. Céc gié tri RS cao hon 2,5 thé hién hoat tinh cao trong

thir nghiém nay. Nhiéu phén tir dugce thir nghiém c6 hoat tinh cao.
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Bang 9 - Mtrc dd trc ché té bao T-reg twong ddi ctia mot s6 hop chit duoc wu

tién clia sang che

Hop chit | Nong do, pM | Thir nghiém s6 # | RS
8 0,25 2 1,5
8 0,5 1 2,24
8 1 1 2,1
10 1 4 52
10 0,75 3 7,4
10 0,5 5 3,2
15 1 3 3,0
17 1 6 1,9
17 0,5 3 1,7
19 1 2 2,3
6 1 3 1,7
13 1 3 1,9
77 1 3 2,4
79 1 1 1,7
85 1 2 3,8
85 0,5 3 3,0
85 0,25 3 2,0
d6i chiing 1,5 23 1,8

Bang 10 - Mite do e ché té bao T-reg tuong dbi clia céc hop chét khéc theo

sang che

Hop chit | Nong @6, uM | Thtt nghiém sO # RS

22 0,25 5 4,2
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23 0,25 3 42
28 0,25 1 2,9
33 0,10 2 4,6
50 0,25 5 42
58 0,25 1 3,4
59 0,5 1 4,8
61 1 3 1,1
65 1 3 4,4
66 1 3 2,6
dbi ching 1,5 23 1,8

Vi du 25 - Phan mg cta té bao lymphd hdn hop (Mixed Lymphocytes Reaction:
MLR) véi céc té bao PBMC ciia ngudi

Pé nghién ctru kha ning tic ché sy hoat héa céc t€ bao T CD4+ di sinh clia
cac chét (tc ché HDACS6, thir nghiém phan tmg cua t€ bao lympho hdn hop (MLR
hoic méi truong nudi cdy t& bao lymphd hdn hop, CLM) dugc thue hién. Day 1a
phan mg lién quan dén su chuyén hoa tan lui cua cac té bao lymphd dugc nudi chy
in vitro véi sy ¢6 mit cia cac t& bao lymphd di sinh. Phan timg nay con duge goi 1a
phan tmg "hai chidu" trong d6 hai quan thé t& bao lymphd kich thich nhau tang sinh,
va con duoc goi la phan ung "mot chiéu", trong @6 su ting sinh ctia mdt trong hai
quan thé bi e ché bdi mitomycin C hodc su chiéu xa, cac té bao nay tao ra tac nhan
kich thich (chét kich thich) tdng sinh véi cac té bao con duge goi 1a "dap ung".

Cac té bao don nhan mau ngoai vi (peripheral blood mononuclear cell:
PBMC) ctia ngudi duge st dung trong phan tmg MLR thu dugc bang céach tich
gradien Ficoll ra khoi vo bach cAu ctia ngudi cho khoe manh.

Téc gia séng ché da sit dung phan tmg MLR hai chiéu. Céc té bao tir hai
ngudi cho duge dan mong véi ty 1€ 1:1 (kich thich di sinh) dén ndng do cudi bang
2x10° té bao/18 trong dia c6 96 16, day hinh chit U trong mo6i truong RPMI 1640 v6i

FBS 10% va chit khang sinh. D& lam dbi chumg, cic tac gia sing ché dan mong
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riéng biét cac té bao tir mdi ngudi cho (tac nhén kich thich cing gen). Thir nghiém
dbi véi mBi chit (e ché dugc thiét 1ap theo kidu mAu lap mudi dbi véi tac nhan kich
thich khéc loai va theo kiéu miu lip nim dbi v6i tac nhan kich thich cung gen. Céc
té bao dugc nudi ciy trong 6 ngdy trong tu 4p ¢ nhiét do 37°C.

Sau 6 ngay, hiéu qua cta cic hop chit thir nghiém duge danh gid bang cach
xac dinh muc dd san sinh ra xytokin tién viém dugc nhan biét boi cac dic tinh clia
thir nghiém nay. Nhim muc dich nay, dich ndi bé mat nudi céy duoc thu hoach va su
dung cho thir nghiém xytokin gy viém IFN-y, TNF-o va IL-6.

Két qua ctia c4c thir nghiém MLR duoc tom t4t trong cac Bang 11 va 12. Chét
{re ché JAK ruxolitinib duge st dung 1am hop chét tham chiéu c6 hoat tinh trong thir
nghiém nay.

Bang 11 - Thir nghiém MLR dbi v6i mt s& hop chat dugc wu tién theo sang

ché
Hop chit | Nong d, uM | Thit nghiém MLR #|IFN-y | TNF-a.| IL-6
8 1 2 15,7 | 28,1 | -1,5
8 0,5 3 35,3 | 35,1 |-13,0
8 0,25 2 24,1 | 54,7 |-33,1
10 1 7 25,6 | 49,4 |206
15 1 6 21,0 | 33,9 | 22,9
17 1 3 41,6 | 39,4 |31,2
19 1 2 785 259 | 4,62
6 1 3 6,5 | 13,5 | 15,5
13 1 3 -10,9 | 37,2 | 38,3
77 1 4 32,1 | 64,2 |343
79 1 3 27,5 | 50,9 |386
85 1 5 51,8 | 73,8 | 66,9
db6i chimg 1,5 17 20,6 | 32,0 | 13,8
ruxolitinib 0,05 15 87,9 | 61,2 | 73,3

Céc gié tri trong bang thé hién ty 18 % tc ché. Gi4 tri 4m thé hién sw cam Umg.
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Bang 12 - Thir nghiém MLR dbi véi cac hop chat khic theo sang ché

Hop chdt | Nong do, pM | Thir nghiém MLR #| IFN-y | TNF-a.|IL-6
58 0,25 n.a n.a na | na
59 0,5 n.a n.a na | na
61 1 1 16 na |-21
65 1 2 45,0 | 67,3 | 5.4
66 1 3 53,0 | 42,8 |12,9
ctrl 1,5 17 20,6 | 32,0 |13,8

ruxolitinib 0,05 15 87,9 | 61,2 |73,3

Vi du 26 - Uc ché su biéu hién ctia PD-L1 trong cic té bao c¢é tua thu duoc in vitro

Tai liéu da biét mo ta cac chit e chd HDACS chon loc ¢6 tiém ning tht 1am
chit didu bién mién dich dugc sir dung liéu phéap mién dich tri bénh ung thu
(Tavares MT et al. ACS Med Chem Lett. 2017; 8(10):1031-1036).

Céc khéi u dang rén da duoc biét 1a c6 thanh phan tiy manh gép phan vao su
phat trién, su tién trién va phat tan ctia khéi u.

Cac té bao c6 tua (dendritic cell: DC) Ia cac té bao trinh dién khang nguyén
(antigen-presenting cell: APC) chuyén nghi¢p dong vai tro quan trong trong sy didu
hoa dép ng mién dich thich tmg. Ching c6 thé trinh dién hiru hiéu cac khang
nguyén khéi u méi trong trudng hop phirc hop MHC nhém I va II dé kich thich cac
d4p Gmg cia t& bao T ddi véi khéi u. Tuy nhién, trong vi mdi trudng khéi v, céc té
bao ung thu ¢ thé ngin can sy hoat hoa cia té bao T qua DC theo nhiéu cach khic
nhau. Hoat tinh nay dugc vi du bang cach giy ra sy bidu hién cta cac chét tic ché
phan tir kiém soat mién dich PD-L1 trén bé mit cia DC. PD-L1 ¢6 thé tuwong tac voi
PD-1 duoc biéu hién trén cac t& bao T va tic ché sy hoat héa cua chung. Do do, viée
lam giam muc do biéu hién cua PD-L1 trén DC c¢6 thé cach chéng lai qu4 trinh nay.

Céc tac gia sang ché gia thiét ring sy (e ché HDAC6 chon loc ¢6 thé lam

-144-



39228

gidm muc d6 mirc do biéu hién ctia PD-L1 trén céc t& bao DC, do d6 1am tang hoat
tinh kich thich té bao T ctia ching.

Pé thu dugc cac té bao DC in vitro, cac bach ciu don nhén to cta ngudi dugc
tinh ché tr PBMC, duoc xtt 1y trong 5 ngay bing GMCSF (50ng/ml) va IL-4
(10ng/ml) véi su ¢6 mit cua hai chét trc ché HDAC6 chon loc duoc mo ta trong séng
ché nay (cc hop chét 10 va 19) va chit ac ché HDAC theo vi du 43 ctia Cong bd
don qubc t& WO 2012/106343. Céc té bao dbi chimg dugc xi Iy bing chét din thude
ctia chét e ché. Qua trinh nay tao ra cac té bao c6 tua chua truéng thanh (immature
dendritic cell: iDC) biéu hién PD-L1 (Brown JA et al. J Immunol. 2003;170:1257-
66). Sau 5 ngay, cac té bao iDC duoc phan tich v& sy biéu hién cua dAu hiéu wc ché
PD-L1.

Nhu duoc thé hién trén Fig.1, cic hop chat 10 va 19 cta sang ché niy lam
giam mirc d0 bidu hién ctia PD-L1 theo cach c6 ¥ nghia théng ké. Trai lai, hop chét
theo vi du 43 cua Cong bd don québc t6 WO 2012/106343 khong thé 1am giam murc
d6 biéu hién cta PD-L1, diéu nay cho thdy hoat tinh sinh hoc khéc nhau cta phén ti

ndy so véi hoat tinh sinh hoc quan sat dugc d6i véi cac hop chit 10 va 19.

Vi du 27 - M hinh khdi u & chudt in vivo

Bén md hinh chudt ung thu-mién dich khac nhau cta bénh ung thu dugc st
dung dé danh gia hi€u qua in vivo cua cac hop chit 8 va 10 theo sang ché nay. Trong
thir nghiém nay, cac tic gia sang ché so sanh hiéu qua ctia khang thé khang PD-1 véi
hidu qua duoc thé hién béi céc cht ic ché HDAC6. Khang thé khang PD-1 huéng
dich truc PD-1/PD-L1 kiém soat mién dich va Ia lidu phap mién dich dugc thiét lap
dbi v6i nhidu bénh 4c tinh gia ting (Pardoll D.M., Nature Reviews Cancer, 2012, 12:
252-264).

Céac khdi u duge tao ra & chudt c6 kha ning mién dich bang cach str dung cic
dong té bao sau day:

e EMT6 (bénh ung thu v & chudt)

o CT26 (bénh ung thu rudt két & chudt)

e 4T1 (bénh ung thu vi bd ba dm tinh & chudt)

Theo céc tai liéu chuyén nganh, tinh man cam ctia cac khoi u & chudt nay véi
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viéc diéu tri bing khang thé khéang PD-1 xu Iy dugc tém tat trong bang sau day:

Dong té bao | Tinh min cam du kién vé6i khang thé khang PD-1 in vivo

EMT6 ++++
CT26 +++
4T1 ++

e Viéc diéu trj tri liéu duge bt diu khi cac hach khdi u c6 dudong kinh khoang
3mm.
e Céc hop chét 8 va 10 dugc sir dung qua dudng bng thong qua miéng mot lan

mdi ngdy trong 5 ngay mot tudn voi lidu 50 mg/kg.

o Khang thd khang PD-1 duoc sit dung ba 1dn mot tudn bing cach tiém qua
dudng ip v6i lidu 10 mg/kg.

Céc két qua cua thir nghiém dugc thé hién trén Fig.2. Céac hop chét 8, 10 va
khang thé khang PD1 c6 hiéu qua lam giam sy phat tridn cia khéi u twong duong.
Céc kbt qua ndy ciing gidng voi hidu qua dy kién cla khéng thé khang PD-1. Céc
chét e ché HDAC6 chon loc cia sang ché nay 1am gidm hoat tinh khang u truc tiép
nhu duoc vi du boi viéc khong c6 hoat tinh giy doc té bao in vitro. Do d6, cac két
qua in vivo cia mo6 hinh ung thu-mién dich goi ¥ ring viéc didu tri bing cac chat tic
ché HDAC6 chon loc din dén c6 thé hoat héa dap tmg mién dich khang u.

Pé ching minh ring hoat tinh khéng u in vivo clia cc hop chét 8 va 10 duoc
frung gian béi sw hoat héa hé midn dich, céc tdc gia sing ché da tién hanh céc thi
nghiém khac bing céch st dung mé hinh chudt c6 khdi u CT-26.

Chuot BALB/c dugc tiém qua duong dudi da (s.c.) 1x10° t& bao khbi u CT26
(dugc pha lodng dén 100 ul bing nudc mubi dém phosphat). Mot tudn sau, cic con
chudt duoc cho str dung hang ngay cac hop chét 8 va 10 véi lidu 50mg/kg qua dudng
miéng va/hodc ti€ém khang thé khang-PD1 véi lidu 10mg/kg. Vao thoi diém bi giét,
lach chudt dugce 14y ra dé phan tich ex vivo vé mirc do dap tmg mién dich véi khdi u.
Céc té bao lach duoc kich thich bing hdn hop ctia cac peptit dic hi¢u khdi u CT-26
duoc nhan biét trong ca hai truong hop MHC I va MHC 1II. Do do, bang cach sir
dung su kich thich ex vivo nay, ¢6 thé phat hién dugc sy dap Gng v6i khéi u dic higu

duge trung gian boi cac té bao T CD4 va CD8.
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Céc két qua duoc thé hién trén Fig.3 khing dinh cic s6 lidu truse d6 vé hiéu
qua cua cac phan tir theo sang ché duéi dang céc chét riéng ré 1am gidm su phat trién
ctia khdi u. Mtc d6 giam ndy ciing twong duong véi két qua thu dugc véi khang thé
khang PD-1. Ngoai ra, viéc diéu trj két hop bing khang thé khang PD-1 va cdc chét
trc ché HDAC6 1am cai thién thém, ddc biét 1 véi hop chat 10,

Pé ching minh sy hoat héa dic hiéu cta hé mién dich dbi véi khdi u, lach
chudt duoc phan 18p va céac té bao lach duge nudi céy véi su ¢b mat cliia cac peptit
CT-26 ddc hiéu dugc nhan biét béi ca té bao CD4 va CD8 T (Kreiter S. et al. Nature,
2015, 520:692-696).

Céc két qua dugc thé hién trén Fig.4 va Fig.5 trong do ty 1& % té bao T CDA4
va CD8 sén sinh ra IFN-y va TNF-a dugc thé hién déi véi m&i nhém diéu tri.

Tém tai, céc két qua duge thé hién trén céc hinh v& tir Fig.3 dén Fig.5 cho
thdy rang:

e Céc hop chit 8 va 10 1a chat trc ché HDAC6 chon loc c6 thé 1am gidm déng

k& sur tién trién ctia khdi u CT-26.

o Hiéu qua cia hai hop chét nay Ia tuong duong véi hiéu qua cua khang thé
khang PD-1.
o Su két hop hop chit 10 v6i khang thé khang PD-1 cai thién thém hiéu qua tc

ché sy phat trién cta khéi u.

e Su kich thich ex vivo bang cac peptit dic hiéu CT-26 cho thy ring viéc diéu
tri bing cac chét uc ché HDAC6, mdt minh va két hop véi khéng thé khang

PD-1, tao ra dap ing mién dich qua trung gian té bao T khang u dic hiéu.

e Cac két qua ctia thir nghiém ex vivo cho thdy rang dap tmng mién dich cta
khang nguyén mdi cua cac hop chit 8 va 10 dugc tao ra 1a 16n hon so véi

khang thé khidng PD-1.
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YEU CAU BAO HQ

1. Hop chét c6 cong thirc (I) hodc cong thie (IT), hodc mudi dugc dung, chit dong

phén 143p thé hoic tién dugc chét cia né:

R RS
l
| :
RZ/ \R3 R* 7 o
o)
@
R6 R5
7 X
e
() n
\N/B\ R? Son
/ R
R3 0
ay
trong d6
AlaN, O hodc S;
B 1a C hodc N;
C 1a N hoac O;

X 1a CH,, S, NH, O hodc CD»;

n béng 0 hoac 1;

khi n biang 1, nguyén tir cacbon c6 thé dugc thé bang nhém R' va R, cac
nhém nay dugc chon doc lap tr nhém bao gébm H, D, -Me, -phenyl, -F va —~OH,
hoic nhém R va R" cing véi nguyén tir cacbon ma chiing gén vao tao thanh gbc
vong no;

khin béng 1, RS khoéng c6 mat;

R* va R’ doc 1ap 14 H hoic F;

R! khong c6 mit hodc dugc chon tir nhém bao gdm -H,-NH,, C1-C4 alkyl,
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phenyl, phenyl duoc thé bang mot hodc nhiéu halogen, arylalkyl, xycloalkyl,
metylfuran, xyclobutylmetyl, tetrahydrofuran-2-yl-metyl, 3- (dietylamino)propyl, 2-
metoxyetyl, vinyl, 2-(metylsulfanyl)etyl, 1-xyclopropyletyl, pyridin-2-yl, (pyridin-3-
ylmetyl, 2-(pyridin-2-yl)etyl, 2- (thiophen-2-yl)etyl, 3,4-dimetoxyphenyl, 4-
metoxyphenyl, metylphenyl, 2-clo-5- (morpholin-4-sulfonyl)phenyl, 4-
[(diflometyl)sulfanyl]phenyl, 4-(morpholin-4-sulfonyl)phenyl, 5-(dimetylsulfamoyl)-
2-metylphenyl, 3- (triflometyl)phenyl, 4-(triflometyl)phenyl, 2-(morpholin-4-yl)
etyl, 3-(morpholin-4-yl)propyl, 1-naphtyl, 2,3-dihydro-1,4-benzodioxin-6-yl,
benzhydryl, 5-indanyl, thiophen va metylthiophen;,

R? khong c6 mit hodc dugc chon tir nhém bao gf“)m H, alkyl, xycloalkyl,
xycloalkyl-metyl, heteroaryl, phenyl, phenyl dugc thé bing mdt hodc nhiéu halogen,
phenyl dugc thé bing mot hodc nhiéu nhém alkoxy, phenyl duogc thé bing mot hoic
nhidu nhém nitro, benzyl, alkyl dugc thé bing benzyl, (2,2-difloxyclopentyl)metyl,
2-bromo-3-flophenyl,  (2,2-dimetylxyclopropyl)metyl,  4-hydroxyphenyl,  2-
(benzyloxy)etyl, 2-bromo-4-metoxyphenyl, 2-metyl-quinolin, 3-metylpyridin-4-yl,
4-metansulfonyl-2-metylphenyl, 2-clo-4,6-dinitrophenyl, 1,3-benzodioxol-5-ylmetyl,
va 2-benzyloxyphenyl;

R} khong c¢6 mat hodc dugc chon tir nhém bao gﬁ")m H, alkoxyaryl, phenyl,
phenyl duoc thé bing CF;, benzyl, pyridyl, alkyl, xycloalkyl, xycloalkyl-metyl,
heteroaryl, phenyl dugc thé bz"mg mot hodc nhiéu halogen, phenyl duoc thé béng mot
hodc nhiéu nhém alkoxy, phenyl dugc thé bang mot hodc nhiéu nhém nitro, alkyl
duoc thé bang benzyl, (2,2-difloxyclopentyl)metyl, 2-bromo-3-flophenyl, (2,2-
dimetylxyclopropyl)metyl, 4-hydroxyphenyl, 2-(benzyloxy)etyl, 2-bromo-4-
metoxyphenyl, metyl-2-quinolin, 3-metylpyridin-4-yl, 4-metansulfonyl-2-
metylphenyl, 2-clo-4,6-dinitrophenyl, 1,3-benzodioxol-5-ylmetyl, va 2-
benzyloxyphenyl,

R 13 gbc c6 mot hodc nhidu vong dugc thé hoic khong dugce thé, tiy y khong
no mot phin hozc hoan toan, chira cic nguyén tir cacbon va tuy ¥ mét hodc nhiéu
nguyén ti khac loai dugc chon tir nhém bao gom N, S va O;

hodc R® 12 nhém c6 cong thirc:
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S

)

) :
o - 8
o\ - \

, hodc ;

v6i didu kién 13 trong hop chit c6 cong thirc (I), khi nhan di vong c6 nam

canh l1a 1,3,4-oxadiazol, RS khong 1a naphtyl.

2. Hop chét theo diém 1, trong do:

AlaN, O hoac S;

B la C hodc N;

C la N hoac O;

X 1a CH, hoic S;

n bang 0 hoic 1;

khi n bang 1, nguyén ti cacbon cé thd dugc thé bang nhém R' va R", cac
nhom nay dugc chon doc lap tr nhém bao g?)m H, -Me, -phenyl, -F va —OH, hodc
c4c nhém R'? va R" cing véi nguyén tir cacbon ma ching gén vao tao thanh gbc
vong no;

khi n bang 1, RS khong c6 mat;

R*va R’ doc lap 1a H hoic F;

R khong cé midt hodc dugc chon tr nhém bao gém -H, -NH,, -CHs,
-CH,CHj, phenyl, p-flophenyl, m-clophenyl, p-clophenyl, benzyl, metylfuran,
xyclopropyl, isobutyl, metylphenyl, triflophenyl, thiophen va 2-(morpholin-4-yl)
etyl;

R? khéng c6 mit hoic dwgc chon tir nhém bao gébm H, phenyl, va p-
diclophenyl;

R? khéng c6 mit hoic dwgc chon tir nhém bao gébm H, o-metoxyphenyl, p-

triflometylphenyl, benzyl, va pyridyl;
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R® dugc chon tir nhém bao gom cic nhém c6 cong thirc:

ﬁx/wabﬁ*
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R” va R® dugc chon doc 14p tir nhém bao gébm H, D, -Cl, -F, -Br, -CF3, -Me,
-Et, -OMe, -OMe, -OBenzyl, -SFs, -OCH,F, -CH,NH,, -CH,NMe,, -NH,, -NMe,,
-N(CH,CH,0CHj),, -COOH, -COOMe, -OH, -NHNH,, -NO,, -OEt, -OCHF,, -OiPr,
-CHF,, -NEt,,
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hodc R7 va RS cung nhau tao thanh géc di vong c6 nam canh (-OCH,0-);
R’ vaR"%doc lap 1a -H, -Me, hoic -Et;
R dugc chon tir nhém bao gdm -H, -Cl, -CHj, -NO, va -Br.

3. Hop chit theo diém 1, trong d6 hop chit nay dugc chon tir nhém bao gbm cac
hop chat:
(S)-N-(1-(3-(4-(hydroxycarbamoyl)benzyl)-1,2,4-oxadiazol-5-yl)-2-(thiazol-4-
yl)etyl)-3,4-dimetoxybenzamit (hop chat 1);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(naphtalen-1-y1)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chét 2);
4-((5-(3-(N,N-dimetylsulfamoyl)phenyl)-1,3,4-oxadiazol-2-yl)metyl)-N-
hydroxybenzamit (hop chit 3);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(2-phenylpropan-2-yl)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chat 4);
4-((5-(2,3-dihydrothieno[3,4-b][ 1,4]dioxin-5-yl)-1H-tetrazol-1-yl)metyl)-3,5-
diflo-N-hydroxybenzamit (hop chét 5);
3,5-diflo-N-hydroxy-4-((5-(pyridin-2-yl)-2H-tetrazol-2-yl)metyl)benzamit (hop
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chét 6);

diflo-N-hydroxy-4-((5-(pyrimidin-2-yl)-2H-tetrazol-2-yl)metyl)benzamit (hop
chét 7);

N-hydroxy-4-((5-(thiophen-2-yl)-1H-tetrazol-1-yl)metyl)benzamit (hop chét 8);

3,5-diflo-N-hydroxy-4-((4-metyl-5-(4-metyl-2-morpholinothiazol-5-yl)-4H-1,2,4-
triazol-3-yl)thio)benzamit (hop chit 9);

N-hydroxy-4-((4-metyl-5-(thiophen-2-yl)-4H-1,2 4-triazol-3-yl)thio)benzamit
(hop chit 10);

4-((5-(furan-2-yl)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit (hgp chat 12);

3 ,5-diﬂo-N—hydroxy—4-((5—(pyridin—2—y1)- 1H-tetrazol-1-yl)metyl)benzamit (hop
chét 13);

3,5-diflo-N-hydroxy-4-((4-metyl-5-(pyridin-2-yl)-4H-1,2 ,4-triazol-3-
yl)thio)benzamit (hop chat 14);

3,5-diflo-N-hydroxy-4-((5-(thiophen-2-yl)- 1H-tetrazol-1-yl)metyl)benzamit (hop
chét 15);

3,5-diflo-N-hydroxy-4-((4-metyl-5-(4-(piperidin-1-ylmetyl)phenyl)-4H-1,2,4-
triazol-3-yl)thio)benzamit (hop chét 16);

3,5-diflo-N-hydroxy-4-((4-metyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chat 17);

3,5-diflo-4-((5-(furan-2-yl)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit (hop
chét 19);

N-hydroxy-4-((5-(pyridin-2-yl)-1H-tetrazol-1-yl)metyl)benzamit (hgp chat 20);

3-(3,4-dimetoxyphenyl)-N-[(1S)-1-[3-[[4-(hydroxycarbamoyl)phenyl Jmetyl]-
1,2,4-oxadiazol-5-yl]-2-thiazol-4-yl-etyl]propanamit (hop chét 21);

axit 4-[[5-[4-(triflometyl)phenyl]tetrazol-2-ylJmetyl[benzencarbohydroxamic
(hop chit 23);

axit 4-[(4,5-diphenyl-1,2,4-triazol-3-yl)sulfanyl]Jbenzencarbohydroxamic (hop
chét 24);

axit 4-[[4-(2-furylmetyl)-5-(1H-indol-3-y1)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hop chét 25);

axit 4-[5-[(3,4-dimetoxyphenyl)metyl]-1,3,4-oxadiazol-2-
yl]benzencarbohydroxamic (hop chét 26);
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axit 4-[[5-benzyl-4-(4-flophenyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 27);

axit 4-[[4-amino-5-[4-(diflometoxy)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hgp chét 28);

axit 4-[[5-(4-flophenyl)-4H-1,2 4-triazol-3 -yl]sulfanyl]benzencarbohydroxamic
(hop chét 29);

axit 4-[[4-etyl-5-(4-flophenyl)-1,2,4-triazol-3-ylJsulfanyl|benzencarbohydroxamic
(hop chét 30);

axit 4-[[5-(4-clophenyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop chét
31);

axit 4-[[5-(5-clo-2-thienyl)tetrazol-2-yl]metyl Jbenzencarbohydroxamic (hop chat
32);

axit 4-[[5-(2-flophenyl)tetrazol-2-ylJmetylJbenzencarbohydroxamic (hop chét 33);

axit 4-[[5-(4-flophenyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop chét 34);

axit 4-[[5-(4-metoxyphenyl)tetrazol-2-yl]metylJbenzencarbohydroxamic (hop chat
35);

axit 4-[(5-benzyltetrazol-2-yl)metyl]benzencarbohydroxamic (hgp chét 36);

axit 4-[(5-benzyltetrazol-1-yl)metyl]benzencarbohydroxamic (hgp chét 37);

axit 4-[[5-(2,4-diclophenyl)tetrazol-2-yl]metyl Jbenzencarbohydroxamic (hop chét
38);

axit 4-[[5-(3-metyl-2-thienyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop
chét 39);

axit 4-[[5-(5-metyl-2-thienyl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hop
chit 41);

axit 4-[[5-(benzothiophen-3-yl)tetrazol-2-ylJmetylJbenzencarbohydroxamic (hop
chét 42);

axit 4-[[5-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yD)tetrazol-2-
ylJmetyl]benzencarbohydroxamic (hop chit 43);

axit 4-[[5-[(3,4-dimetoxyphenyl)metyl]-2-[4-(triflometyl)phenyl]-1 ,2,4-triazol-3-
ylJmetyl]benzencarbohydroxamic (hop chat 44);

axit 4-[[5-[(3,4-dimetoxyphenyl)metyl]-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chat 45);
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axit 4-[[5-(2-flophenyl)tetrazol-2-ylJmetyl]Jbenzencarbohydroxamic (hop chét 46);

axit 4-[[5-[(1S)-1-amino-2-thiazol-4-yl-etyl]-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hop chét 48);

axit 4-[[5-(3,4-dimetoxyphenyl)-1,2,4-oxadiazol-3-
yl]Jmetyl]benzencarbohydroxamic (hop chat 49);

axit 4-[[5-(2-thienyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop chit 50);

axit 4-[[2-benzyl-5-(4-clophenyl)-1,2,4-triazol-3-
ylJmetyl]benzencarbohydroxamic (hop chét 51);

axit 4-[[2-(2-pyridyl)-5-(2-thienyl)-1,2,4-triazol-3-
ylJmetyl]benzencarbohydroxamic (hgp chét 52);

axit 4-[[2-(2-metoxyphenyl)-5-(2-thienyl)-1,2,4-triazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 53);

axit 4-[[5-(6,6-dimetyl-3-metylsulfanyl-4-oxo-5,7-dihydro-2-benzothiophen-1-
yl)tetrazol-2-yl]metyl |benzencarbohydroxamic (hop chét 54);

axit 4-[[5-(benzothiophen-2-yl)tetrazol-2-yl]metyl]benzencarbohydroxamic (hop
chét 55);

axit 4-[[5-(3,4-dimetoxyphenyl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chat 57);

axit 4-[[5-(2,4-diflophenyl)-1,3,4-oxadiazol-2-ylJmetyl|benzencarbohydroxamic
(hop chét 58);

axit 4-[[5-[3-(dimetylsulfamoyl)phenyl]tetrazol-2-
ylJmetyl]benzencarbohydroxamic (hgp chét 59);

axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)amino]benzencarbohydroxamic (hop chit
60);

axit 4-[[4-amino-5-[3-(dietylsulfamoyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 61);

axit 4-[[5-(3-pyrolidin-1-ylsulfonylphenyl)-1,3,4-oxadiazol-2-
yl]Jamino]benzencarbohydroxamic (hop chét 63);

axit 4-[[5-(3-morpholinosulfonylphenyl)-1,3,4-oxadiazol-2-
yl]lmetyl]benzencarbohydroxamic (hgp chat 64);

axit 3,5-diflo-4-[[5-(2-thienyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop
chét 65);
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axit 4-[[5-[3-(dietylsulfamoyl)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 66);

axit 4-[[4-metyl-5-[2-(p-tolyl)-4-quinolyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 67);

axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)metylJbenzencarbohydroxamic (hop chét
68);

axit 4-[[5-(4-pyrolidin-1-ylsulfonylphenyl)-1,3,4-oxadiazol-2-
yl]Jmetyl]benzencarbohydroxamic (hop chét 69);

axit 4-[[5-(3-benzyloxy-4-metoxy-phenyl)tetrazol-2-
yl]Jmetyl]benzencarbohydroxamic (hop chét 70);

axit 4-[[5-(3-benzyloxy-4-metoxy-phenyl)tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chét 71);

axit 4-[(5-xyclopropyl-1-phenyl-1,2,4-triazol-3-
yl)sulfanyl]benzencarbohydroxamic (hop chat 72);

axit 4-[[5-[4-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 73);

axit 4-[[5-(6,6-dimetyl-3-metylsulfonyl-4-oxo-5,7-dihydro-2-benzothiophen-1-
yl)tetrazol-2-yl]metyl|benzencarbohydroxamic (hop chét 74);

axit 4-[[5-(4-metyl-2-morpholino-thiazol-5-yl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 75);

axit 4-[[5-[5-(dimetylsulfamoyl)-2-flo-phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 76);

axit 4-[[5-[3-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 77);

axit 4-[[5-(3-metoxyphenyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 78);

axit 4-[[5-(2,3-dihydrothieno[3,4-b][ 1,4]dioxin-5-yl)tetrazol-2-ylJmetyl]-3,5-
diflo-benzencarbohydroxamic (hgp chit 79);

axit 4-[[5-[3-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hgp chét 80);

tert-butyl 4-[5-[4-(hydroxycarbamoyl)phenyl]sulfanyl-4-metyl-1,2,4-triazol-3-
yl]piperidin-1-carboxylat (hop chat 82);
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axit 4-[[5-(2,3-dihydro-1,4-benzodioxin-3-yl)-4-metyl-1,2 ,4-triazol-3-
ylJsulfanyl]benzencarbohydroxamic (hop chét 83);

axit 4-[[5-(1,3-benzodioxol-5-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 84);

axit 4-[[5-(1,5-dimetylpyrazol-3-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 85);

axit 4-[[5-(2-furyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chit 86);

axit 4-[[5-(1-isoquinolyl)tetrazol-2-yllmetyl]benzencarbohydroxamic (hop chét
87);

axit 4-[[5-(1-isoquinolyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chat
88);

axit 4-[[5-(2-pyridyl)tetrazol-2-ylJmetyl|benzencarbohydroxamic (hop chét 89);

axit 4-[[5-(2-quinolyl)tetrazol-2-ylJmetylJbenzencarbohydroxamic (hop chét 90);

axit 4-[[5-(2-quinolyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chét 91);

axit 3,5-diflo-4-[[5-(2-furyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hgp
chét 92);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)tetrazol-2-yl]metyl]benzencarbohydroxamic
(hop chit 93);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic
(hop chét 94);

axit 3,5-diflo-4-[[5-(2-quinolyl)tetrazol-2-ylJmetyl [benzencarbohydroxamic (hop
chét 95);

axit 3,5-diflo-4-[[ 5-(2-quinolyl)tetrazol-1-yl]metyl ]benzencarbohydroxamic (hop
chét 96);

axit 3,5-diflo-4-[[5-(2-thienyl)-4H-1,2 4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hgp chét 97);

axit 4-[(5-benzhydryl-4-metyl-1,2,4-triazol-3-yl)sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chit 98);

axit 4-[[5-(3-aminothieno[2,3-b]pyridin-2-yl)-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chat 99);

axit 4-[[5-(1,5-dimetylpyrazol-3-yl)-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 100);
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axit 3,5-diflo-4-[[4-metyl-5-(1-phenylxyclobutyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 101);

axit 3,5-diflo-4-[[5-[1-(3-flophenyl)xyclopentyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 102);

axit 3,5-diflo-4-[[5-[ 1-(4-metoxyphenyl)xyclohexyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 103);

axit 3,5-diflo-4-[[5-[ 1-(4-metoxyphenyl)xyclopropyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (comp 104);

axit 4-[[5-[3-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hgp chét 106);

axit 4-[[5- [3-(pentaflo-lambda6-sulfanyl)phenyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chét 107);

axit 3,5-diflo- 4-[[5- [3-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 2-
yl]metyl]benzencarbohydroxamic (hop chét 108);

axit 3,5-diflo- 4-[[5- [3-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 1-
yl]metyl]benzencarbohydroxamic (hop chét 109);

axit 4-[[5- [4-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 2-
ylmetyl]benzencarbohydroxamic (hop chét 110);

axit 4-[[5- [4-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 1-
ylmetyl]benzencarbohydroxamic (hop chat 111);

axit 3,5-diflo- 4-[[5- [4-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 2-
yl]metyl]benzencarbohydroxamic (hop chét 112);

axit 3,5-diflo- 4-[[5- [4-(pentaflo- lambda6-sulfanyl)phenyl]tetrazol- 1-
yl]metyl]benzencarbohydroxamic (hop chét 113);

axit 3,5-diflo- 4-[[4- metyl-5- [3-(4- metyl-4- oxido-piperazin- 4-ium- 1-
yl)phenyl]- 1,2,4-triazol-3- yl]sulfanyl]benzencarbohydroxamic (hop chét
114);

axit 3,5-diflo- 4-[[4-(4-flophenyl)-5-(1- piperidylmetyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 115);

axit 3,5-diflo- 4-[[4- (2-furylmetyl)- 5-pyrolidin- 1-yl- 1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hgp chét 116);

axit 4-[(4- benzyl-5- morpholino-1,2,4- triazol-3- yl)sulfanyl]-3,5- diflo-

-159-



39228

benzencarbohydroxamic (hop chét 117);

axit 4-[[5- (2,3-dihydrothieno[3,4-b][1,4]dioxin-5- yl)-4-metyl-1,2,4- triazol-3-
ylJsulfanyl]-3,5-diflo- benzencarbohydroxamic (hop chét 118);

axit 3,5-diflo- 4-[[5-(1-isoquinolyl)-4-metyl-1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 121);

axit 3,5-diflo- 4-[[4-metyl-5-(2-quinolyl)-1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 122);

axit 4-[(5-pyrimidin-2-yltetrazol-2-yl)metyl]benzencarbohydroxamic (hop chét
123);

axit 4-[(5-pyrimidin-2-yltetrazol-1-yl)metyl]benzencarbohydroxamic (hop chét
124);

axit 3,5-diflo-4-[(5-pyrimidin-2-yltetrazol-1- yl)metyl]benzencarbohydroxamic
(hop chit 125);

axit 4-[[5-[ 5-(triflometyl)-2-pyridyl]tetrazol-2-ylJmetyl Jbenzencarbohydroxamic
(hop chit 126);

axit 4-[[5-[5-(triflometyl)-2-pyridyl]tetrazol-1-yl]metyl[benzencarbohydroxamic
(hop chét 127);

axit 3,5-diflo-4-[[5-[5-(triflometyl)-2-pyridyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hgp chét 128);

axit 3,5-diflo-4-[[5-[5-(triflometyl)-2-pyridyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chét 129);

axit 4-[[5-[3-morpholino-5-(triflometyl)-2-pyridyl]tetrazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 130);

axit 4-[[5-[3-morpholino-5-(triflometyl)-2-pyridyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chét 131);

axit 4-[[5-(2-pyridylmetyl)tetrazol-2-yl]metyl]benzencarbohydroxamic; axit
2.2 2-trifloaxetic (hop chét 132);

axit 4-[[5- (2-pyridylmetyl)tetrazol- 1-ylJmetyl]benzencarbohydroxamic; axit
2.2 2-trifloaxetic (hop chét 133);

axit 3,5-diflo-4-[[5-(2-pyridylmetyl)tetrazol-2-yl]metyl]benzencarbohydroxamic;
axit 2,2,2-trifloaxetic (hop chét 134);

axit 3,5-diflo-4-[[5-(2-pyridylmetyl)tetrazol-1-yl]metylJbenzencarbohydroxamic;
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axit 2,2,2-trifloaxetic (hop chat 135);

axit 3,5-diflo- 4-[[4- metyl-5- [1-phenyl- 5-(2- thienyl)pyrazol-3- yl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 136);

axit 3,5-diflo- 4-[[5- (6-flo- 2-metyl- 3-quinolyl)- 4-metyl- 1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 137);

axit 3,5-diflo- 4-[[5- (4-flophenyl)- 4-(2- morpholinoetyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 138);

axit 3,5-diflo- 4-[[4-(2-furylmetyl)- 5-pyrazin- 2-yl- 1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 139);

axit 3,5-diflo-4-[[4-(2-furylmetyl)- 5-(2-pyridyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 140);

axit 4-[[4- benzyl-5- (pyrolidin-1- ylmetyl)-1,2,4- triazol-3- yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chét 141);

axit 4-[[4- benzyl-5- (2-furyl)- 1,2,4-triazol- 3-yl]sulfanyl]- 3,5-diflo-
benzencarbohydroxamic (hop chét 142);

axit 4-[[4- benzyl-5- (2-thienyl)- 1,2 ,4-triazol- 3-yl]sulfanyl]- 3,5-diflo-
benzencarbohydroxamic (hop chét 143);

axit 3,5-diflo- 4-[[4-(2-furylmetyl)-5-(2- thienyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hgp chét 144);

axit 3,5-diflo- 4-[[5- (2-flophenyl)- 4-(2- furylmetyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 145);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(4-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 146);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(3-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 147);

axit 3,5-diflo-4-[[5-(3-isoquinolyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 148);

axit 3,5-diflo- 4-[(5- imidazo[1,2-a]pyridin- 3-yl- 4-metyl- 1,2,4-triazol- 3-
yl)sulfanyl]benzencarbohydroxamic (hgp chat 149);

axit 4-[[5-(1-benzyl- 4-phenyl- 4-piperidyl)-4-metyl- 1,2,4-triazol- 3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chét 150);

axit 3,5-diflo-4-[[4-metyl-5-[3-(4-metylpiperazin-1-yl)sulfonylphenyl]-1,2,4-
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triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 151);

axit 4-[[5-[3-(4-benzylpiperazin-1-yl)sulfonylphenyl]-4-metyl-1,2,4- triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hgp chét 152);

axit 3,5-diflo-4-[[4-metyl-5-(3-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 153);

metyl 4-[[2-[[2,6-diflo-4-(hydroxycarbamoyl)phenylJmetyl]tetrazol-5-
yl]metyl]benzoat (hop chét 154);

metyl 4-[[1-[[2,6-diflo-4-(hydroxycarbamoyl)phenylmetyl]tetrazol-5-
yl]metyl]benzoat (hop chét 155);

metyl 6-[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-yl]pyridin-3-
carboxylat (hop chat 156); ‘

metyl 6-[1-[[4-(hydroxycarbamoyl)phenyljmetyl] tetrazol-5-yl]pyridin-3-
carboxylat (hop chat 157);

axit 4-[[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-ylJmetyl]|benzoic (hop
chét 158);

axit 4-[[ 1-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-ylJmetyl]benzoic (hop
chét 159);

axit 4-[[2-[[2,6-diflo-4-(hydroxycarbamoyl)phenylmetyl]tetrazol-5-
yllmetyl]benzoic (hop chat 160);

axit 4-[[1-[[2,6-diflo-4-(hydroxycarbamoyl)phenylJmetyl]tetrazol-5-
ylJmetyl]benzoic (hop chét 161);

axit 6-[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-ylJpyridin-3-carboxylic
(hop chét 162);

axit 3-[2-[[4-(hydroxycarbamoyl)phenyl]metyl]tetrazol-5-yl]benzoic (hop chét
163);

axit 3,5-diflo-4-[[4-metyl-5-(8-quinolylmetyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 164);

axit 4-[[5-(2,6-diflophenyl)-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 165);

axit 3,5-diflo-4-[[4-metyl-5-[3-(4-metylpiperazin-1-yl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 166);

axit 4-[[5-[3-(azepan-1-ylmetyl)phenyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-
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diflo-benzencarbohydroxamic (hop chét 167);

axit 4-[[5-[4-(azepan-1-ylmetyl)phenyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hgp chat 168);

axit 4-[[5-(4-aminophenyl)tetrazol-2-ylJmetyl Jbenzencarbohydroxamic (hop chat
169);

axit 4-[[5-(4-aminophenyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chét
170);

axit 4-[[5-(4-aminophenyl)tetrazol-2-ylJmetyl]-3,5-diflo-benzencarbohydroxamic
(hop chit 171);

axit 4-[[5-(4-aminophenyl)tetrazol-1-ylJmetyl]-3,5-diflo-benzencarbohydroxamic
(hop chét 172);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-2-ylJmetyl]Jbenzencarbohydroxamic
(hop chit 173);

axit 4-[[ 5-[4-(aminometyl)phenyl]tetrazol-1-ylJmetyl[benzencarbohydroxamic
(hop chit 174);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-2-yl|metyl]-3,5-diflo-
benzencarbohydroxamic (hop chit 175);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-1-ylJmetyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 176);

axit 3,5-diflo-4-[[4-metyl-5-[ 1-(2-pyridyl)xyclopropyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 177);

axit 3,5-diflo-4-[[4-metyl-5-[ 1-(3-pyridyl)xyclopropyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 178);

axit 3,5-diflo-4-[(4-metyl-5-pyridazin-3-yl-1,2,4-triazol-3-
yl)sulfanyl]benzencarbohydroxamic (hop chat 179);

axit 3,5-diflo-4-[[5-(3-flo-2-pyridyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 180);

axit 3,5-diflo-4-[[4-metyl-5-[3-(1-piperidylmetyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 181);

axit 3,5-diflo-4-[[4-metyl-5-[3-(morpholinometyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 182);

4-((3-((1H-indol-3-yl)metyl)-5-(thiophen-2-yl)-4H-1,2,4-triazol-4-yl)metyl)-N-
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hydroxybenzamit (hop chét 183);

axit 4-[[5-[3-[[benzyl(metyl)amino]metyl]phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 184);

axit 4-[[3-[(3,4-dimetoxyphenyl)metyl]-5-(2-thienyl)-1,2,4-triazol-4-
yl]metylJbenzencarbohydroxamic (hgp chat 185);

axit 3,5-diflo-4-[[4-metyl-5-[ 1-metyl-1-(3-pyridyl)etyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 186);

axit 3,5-diflo-4-[[5-[4-[metyl(metylsulfonyl)amino]phenyl]-1,3,4-thiadiazol-2-
yl]sulfanyl]benzencarbohydroxamic (hop chét 187);

axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)sulfanyl]Jbenzencarbohydroxamic (hop chét
188);

axit 4-[(5-phenyl-1,2,4-oxadiazol-3-yl)metyl]benzencarbohydroxamic (hop chét
189);

axit 4-[(5-phenyl-1,3,4-thiadiazol-2-yl)metyl Jbenzencarbohydroxamic (hop chit
190);

3,5-diflo-N-hydroxy-4-((5-(pyridin-3-yl)-1,3,4-thiadiazol-2-yl)thio)benzamit (hop
chét 191);

axit 3,5-diflo-4-[(5-phenyl-1,3,4-oxadiazol-2-yl)sulfanylJbenzencarbohydroxamic
(hop chat 192);

axit 4-[[5-(2-morpholino-4-pyridyl)-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 193);

3,5-diflo-N-hydroxy-4-((5-phenyl-1,2,4-oxadiazol-3-yl)metyl)benzamit (hop chit
194);

axit 3,5-diflo-4-[[5-(4-pyridyl)-1,3,4-thiadiazol-2-
ylJmetyl]benzencarbohydroxamic (hop chét 195);

axit 4-[[ 5-(5-bromo-3-pyridyl)-1,3,4-thiadiazol-2-yl]sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 196);

axit 3,5-diflo-4-[[5-(5-morpholino-3-pyridyl)-1,3,4-thiadiazol-2-
ylJmetyl]benzencarbohydroxamic (hop chét 197);

3,5-diflo-N-hydroxy-4-((5-phenyl-1,3,4-thiadiazol-2-yl)metyl)benzamit (hop chét
198);

axit 3,5-diflo-4-[[5-(2-furyl)-4-metyl-1,2,4-triazol-3-
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yl]sulfanyl]benzencarbohydroxamic (hop chat 199);

axit 4-[[5-[5-[bis(2-metoxyetyl)amino]-3-pyridyl]-1,2,4-oxadiazol-3-ylJmetyl]-
3,5-diflo-benzencarbohydroxamic (hgp chat 200);

axit 3,5-diflo-4-[[5-[5-(2-oxa-6-azaspiro[3.3 Jheptan-6-yl)-3-pyridyl]-1,2,4-
oxadiazol-3-yl]metyl]benzencarbohydroxamic (hop chét 201);

axit 3,5-diflo-4-[[5-[ 5-(pyrolidin-1-ylmetyl)-2-furyl]-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 202);

axit 3,5-diflo-4-[[4-metyl-5-[ 5-(morpholinometyl)-3-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 203);

axit 3,5-diflo-4-[[4-metyl-5-[ 5-(morpholinometyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 204);

axit 3,5-diflo-4-[[4-metyl-5-[ 5-[ (4-metylpiperazin-1-yl)metyl]-2-furyl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 205);

axit 4-[[5-[5-[(dimetylamino)metyl]-2-furyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chit 206);

axit 3,5-diflo-4-[[4-metyl-5-[ 5-(pyrolidin-1-ylmetyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 207);

axit 4-[[5-[ 5-etyl-4-(pyrolidin-1-ylmetyl)-2-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 208);

axit 4-[[4-metyl-5-[ 5-[ (4-metylpiperazin-1-yl)metyl]-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 209);

axit 3,5-diflo-4-[[4-metyl-5-[6-(2-pyrolidin-1-yletyl)-3-pyridyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 210);

axit 4-[[5-[ 5-(dietylaminometyl)-2-furyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chat 211);

axit 3,5-diflo-4-[[4-metyl-5-[ 5-(1-piperidylmetyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hgp chét 212);

axit 4-[[5-[5-(dietylaminometyl)-2-metyl-3-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diﬂo—benzencarbohydroxamic (hop chat 213);

axit 4-[(5-phenyltetrazol-2-yl)metyl Jbenzencarbohydroxamic (hop chét 214);

axit 4-[(5-phenyltetrazol-1-yl)metyl Jbenzencarbohydroxamic (hop chét 215);

axit 4-[(5-phenyl-4H-1,2 4-triazol-3-yl)metyl]benzencarbohydroxamic (hgp chét
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216); va
N-hydroxy-4-((4-metyl-5-phenyl-4H-1,2 4-triazol-3-yl)metyl)benzamit (hop chét
217).

. Hon hop chira hop chit theo diém 1 va dugc chit dugc chon tir nhém bao gdm
cac chit uc ché proteasom, chét @c ché phan tu kiém soat mién dich, steroit, chit
trc ché mién bromodomain, dugc chét biéu sinh, liéu phap héa hoc truyén théng,

va chat wrc ché kinaza

. Duoc phém chira lugng c6 hi€u qua diéu tri cua it nhéit mot hop chét theo diém 1,
hodc mubi dugc dung, chit ddng phan hoic tién dugc chét cia nd, cing véi it

nhét mét t4 duoc duoc dung.

. Dugc phim theo diém 5, trong d6 dugc phim nay & dang thich hop dé sir dung
qua dudng rudt, ngoai duong ti€u hoéa, dudng miéng, dudng khu tru, hodc duong

x6ng hit.
Dugc phim theo diém 5, trong d6 dugc phdm nay & dang 16ng hoic dang ran.

. Hop chiét theo diém 1, trong d6 nhém R'? va R” cing véi nguyén tir cacbon ma
chiing gén vao tao thanh gdc vong no dugc chon tir nhém bao gbm xyclopropan,

xyclobutan, xyclopentan, va xyclohexan.

. Hop chét theo diém 2, trong d6 nhém R' va R" cing voi nguyén tir cacbon ma
ching gén vao tao thanh gbc vong no duge chon tir nhém bao gbm xyclopropan,

xyclobutan, xyclopentan, va xyclohexan.

10. Hop chét theo diém 3, trong d6 hop chét nay dugc chon tir nhém bao gbm céc
hop chét sau:
(S)-N-(1-(3-(4-(hydroxycarbamoyl)benzyl)-1,2,4-oxadiazol-5-yl)-2-(thiazol-4-
yDetyl)-3,4-dimetoxybenzamit (hgp chét 1);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(naphtalen-1-yl)-4H-1,2 4-triazol-3-
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yl)thio)benzamit (hop chat 2);
4-((5-(3-(N,N-dimetylsulfamoyl)phenyl)-1,3,4-oxadiazol-2-yl)metyl)-N-
hydroxybenzamit (hop chat 3);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(2-phenylpropan-2-yl)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chét 4);
4-((5-(2,3-dihydrothieno[3,4-b][ 1,4]dioxin-5-y1)- 1H-tetrazol-1-yl)metyl)-3,5-
diflo-N-hydroxybenzamit (hgp chét 5);
3,5-diflo-N-hydroxy-4-((5-(pyridin-2-yl)-2H-tetrazol-2-yl)metyl)benzamit  (hop
chét 6);
diflo-N-hydroxy-4-((5-(pyrimidin-2-yl)-2H-tetrazol-2-yl)metyl)benzamit  (hop
chét 7);
N-hydroxy-4-((5-(thiophen-2-yl)-1H-tetrazol-1-yl)metyl)benzamit (hgp chét 8);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(4-metyl-2-morpholinothiazol-5-yl)-4H-
1,2,4-triazol-3-yl)thio)benzamit (hgp chét 9);
N-hydroxy-4-((4-metyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-yl)thio)benzamit
(hop chit 10);
4-((5-(furan-2-yl)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit (hop chat 12);
3,5-diflo-N-hydroxy-4-((5-(pyridin-2-yl)-1H-tetrazol-1-yl)metyl)benzamit  (hop
chét 13);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chét 14);
3,5-diflo-N-hydroxy-4-((5-(thiophen-2-yl)- 1 H-tetrazol-1-yl)metyl)benzamit
(hop chét 15);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(4-(piperidin-1-ylmetyl)phenyl)-4H-1,2,4-
triazol-3-yl)thio)benzamit (hop chét 16);
3,5-diflo-N-hydroxy-4-((4-metyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-
yl)thio)benzamit (hop chat 17);
3,5-diflo-4-((5-(furan-2-yl)-2H-tetrazol-2-yl)metyl)-N-hydroxybenzamit (hop
chét 19);
N-hydroxy-4-((5-(pyridin-2-yl)-1H-tetrazol-1-yl)metyl)benzamit (hop chat 20);
axit 4-[(5-phenyl-1,3,4-oxadiazol-2-yl)metyl]benzencarbohydroxamic (hop chét
68);

-167-



39228

axit 4-[[5-(6,6-dimetyl-3-metylsulfonyl-4-oxo-5,7-dihydro-2-benzothiophen-1-
yl)tetrazol-2-ylmetyl]benzencarbohydroxamic (hop chét 74);

axit 4-[[5-(4-metyl-2-morpholino-thiazol-5-yl)-1,3,4-oxadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 75);

axit 4-[[ 5-[5-(dimetylsulfamoyl)-2-flo-phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 76);

axit 4-[[5-[3-(dimetylamino)phenyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 77);

axit 4-[[5-(3-metoxyphenyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hgp chat 78);

axit 4-[[5-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)tetrazol-2-ylJmetyl]-3,5-
diflo-benzencarbohydroxamic (hop chét 79);

tert-butyl 4-[5-[4-(hydroxycarbamoyl)phenyl]sulfanyl-4-metyl-1,2,4-triazol-3-
yl]piperidin-1-carboxylat (hgp chat 82);

axit 4-[[5-(1,3-benzodioxol-5-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 84);

axit 4-[[5-(1,5-dimetylpyrazol-3-yl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 85);

axit 4-[[5-(1-isoquinolyl)tetrazol-2-ylJmetyl]benzencarbohydroxamic (hop chit
87);

axit 4-[[5-(2-quinolyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop chét
o);

axit 3,5-diflo-4-[[5-(2-furyl)tetrazol-1-ylJmetyl]benzencarbohydroxamic (hop
chét 92);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)tetrazol-2-yl]Jmetyl]benzencarbohydroxamic
(hop chit 93);

axit 3,5-diflo-4-[[5-(1-isoquinolyl)tetrazol-1-ylJmetylJbenzencarbohydroxamic
(hop chét 94);

axit 3,5-diflo-4-[[5-(2-quinolyl)tetrazol-2-ylJmetyl Jbenzencarbohydroxamic
(hop chit 95);

axit 3,5-diflo- 4-[[5-(1-isoquinolyl)-4-metyl-1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 121);
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axit 3,5-diflo- 4-[[4-metyl-5-(2-quinolyl)-1,2,4-triazol- 3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 122);

axit 4-[(5-pyrimidin-2-yltetrazol-2-yl)metyl]benzencarbohydroxamic (hop chit
123);

axit 3,5-diflo-4-[(5-pyrimidin-2-yltetrazol-1- yl)metyl]benzencarbohydroxamic
(hop chit 125);

axit 3,5-diflo-4-[[ 5-[5-(triflometyl)-2-pyridyl]tetrazol-1-
yl]metyl]benzencarbohydroxamic (hop chét 129);

axit 3,5-diflo-4-[[ 5-(2-pyridylmetyl)tetrazol-2-
ylJmetyl]benzencarbohydroxamic; axit 2,2,2-trifloaxetic (hop chét 134);

axit 3,5-diflo- 4-[[5-(4-flophenyl)- 4-(2- morpholinoetyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 138);

axit 3,5-diflo-4-[[4-(2-furylmetyl)- 5-(2-pyridyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 140);

axit 4-[[4- benzyl-5- (pyrolidin-1- ylmetyl)-1,2,4- triazol-3- yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chat 141);

axit 3,5-diflo- 4-[[5- (2-flophenyl)- 4-(2- furylmetyl)-1,2,4- triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 145);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(4-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 146);

axit 3,5-diflo-4-[[4-(2-furylmetyl)-5-(3-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 147);

axit 3,5-diflo- 4-[(5- imidazo[1,2-a]pyridin- 3-yl- 4-metyl- 1,2,4-triazol- 3-
yDsuhhnyﬂbenzencaﬂyﬂnﬂhoxanﬁc(hqpchét149%

axit 4-[[5-(1-benzyl- 4-phenyl- 4-piperidyl)-4-metyl- 1,2,4-triazol- 3-
yl]sulfanyl]- 3,5-diflo-benzencarbohydroxamic (hop chét 150);

axit 3,5-diflo-4-[[4-metyl-5-[3-(4-metylpiperazin-1-yl)sulfonylphenyl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 151); '

axit 4-[[5-[3-(4-benzylpiperazin-1-yl)sulfonylphenyl]-4-metyl-1,2,4- triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 152);

axit 3,5-diflo-4-[[4-metyl-5-(3-pyridyl)-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 153);
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axit 4-[[5-(2,6-diflophenyl)-4-metyl-1,2,4-triazol-3-yl|sulfanyl]-3,5-diflo-
benzencarbohydroxamic (hop chit 165);

axit 3,5-diflo-4-[[4-metyl-5-[3-(4-metylpiperazin-1-yl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 166);

axit 4-[[5-[3-(azepan-1-ylmetyl)phenyl]-4-metyl-1,2 4-triazol-3-yl|sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chét 167);

axit 4-[[5-[4-(azepan-1-ylmetyl)phenyl]-4-metyl- 1,2 4-triazol-3-yl]sulfanyl]-3,5-
diflo-benzencarbohydroxamic (hop chét 168);

axit 4-[[5-(4-aminophenyl)tetrazol-2-ylmetyl Jbenzencarbohydroxamic (hgp
chét 169);

axit 4-[[5-(4-aminophenyl)tetrazol-2-yl]metyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 171);

axit 4-[[5-(4-aminophenyl)tetrazol-1-ylJmetyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 172);

axit 4-[[5-[4-(aminometyl)phenyl]tetrazol-2-ylJmetyl]-3,5-diflo-
benzencarbohydroxamic (hop chét 175);

axit 3,5-diflo-4-[[4-metyl-5-[ 1-(2-pyridyl)xyclopropyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 177);

axit 3,5-diflo-4-[[4-metyl-5-[ 1-(3-pyridyl)xyclopropyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 178);

axit 3,5-diflo-4-[(4-metyl-5-pyridazin-3-yl-1,2,4-triazol-3-
yl)sulfanyl]benzencarbohydroxamic (hop chit 179);

axit 3,5-diflo-4-[[5-(3-flo-2-pyridyl)-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 180);

axit 3,5-diflo-4-[[4-metyl-5-[3-(1-piperidylmetyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chit 181);

axit 3,5-diflo-4-[[4-metyl-5-[3-(morpholinometyl)phenyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chat 182);

axit 3,5-diflo-4-[[4-metyl-5-[ 1-metyl-1-(3-pyridyl)etyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 186);

3,5-diflo-N-hydroxy-4-((5-(pyridin-3-yl)-1,3,4-thiadiazol-2-yl)thio)benzamit
(hop chat 191);
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axit 3,5-diflo-4-[[5-(4-pyridyl)-1,3,4-thiadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 195);

axit 3,5-diflo-4-[[5-(5-morpholino-3-pyridyl)-1,3,4-thiadiazol-2-
yl]metyl]benzencarbohydroxamic (hop chét 197);

3,5-diflo-N-hydroxy-4-((5-phenyl-1,3,4-thiadiazol-2-yl)metyl)benzamit (hgp
chét 198);

axit 3,5-diflo-4-[[5-(2-furyl)-4-metyl-1,2 4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 199);

axit 4-[[5-[ 5-[bis(2-metoxyetyl)amino]-3-pyridyl]-1,2,4-oxadiazol-3-ylJmetyl]-
3,5-diflo-benzencarbohydroxamic (hgp chét 200);

axit 3,5-diflo-4-[[5-[ 5-(pyrolidin-1-ylmetyl)-2-furyl]-1,2,4-oxadiazol-3-
yl]metyl]benzencarbohydroxamic (hop chét 202);

axit 3,5-diflo-4-[[4-metyl-5-[5-(morpholinometyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 204);

axit 3,5-diflo-4-[[4-metyl-5-[5-[(4-metylpiperazin-1-yl)metyl]-2-furyl]-1,2,4-
triazol-3-yl]sulfanyl]benzencarbohydroxamic (hop chét 205);

axit 4-[[5-[5-[(dimetylamino)metyl]-2-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 206);

axit 3,5-diflo-4-[[4-metyl-5-[5-(pyrolidin-1-ylmetyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 207);

axit 4-[[5-[5-etyl-4-(pyrolidin-1-ylmetyl)-2-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chat 208);

axit 4-[[4-metyl-5-[ 5-[ (4-metylpiperazin-1-yl)metyl]-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 209);

axit 3,5-diflo-4-[[4-metyl-5-[6-(2-pyrolidin-1-yletyl)-3-pyridyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 210);

axit 4-[[5-[5-(dietylaminometyl)-2-furyl]-4-metyl-1,2,4-triazol-3-yl]sulfanyl]-
3,5-diflo-benzencarbohydroxamic (hop chét 211);

axit 3,5-diflo-4-[[4-metyl-5-[ 5-(1-piperidylmetyl)-2-furyl]-1,2,4-triazol-3-
yl]sulfanyl]benzencarbohydroxamic (hop chét 212);

axit 4-[[5-[5-(dietylaminometyl)-2-metyl-3-furyl]-4-metyl-1,2,4-triazol-3-
yl]sulfanyl]-3,5-diflo-benzencarbohydroxamic (hop chét 213);
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axit 4-[(5-phenyltetrazol-2-yl)metyl]benzencarbohydroxamic (hop chét 214); va
axit 4-[(5-phenyltetrazol-1-yl)metylJbenzencarbohydroxamic (hop chét 215).

11. H3n hop theo didm 4, trong d6 dugc chat 1a chét Gc ché ho JAK, chét uc ché
CTLA4, chit ttc ché PD1 hogc chét irc ché phan tir kiém soat mién dich PDLI.

12. Dugc phim theo diém 7, trong d6 dugc phim nay & dang vién nang, vién nén,

vién nén duoc bao, hat, kem hodc thuéc md.
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