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PAT VAN PE

Trong thoi dai ngay nay, nén cong nghé khoa hoc ky thuat ngay cang tién
tién, hién dai thi cudc séng ctia con ngudi cling ngay cang phat trién. Nhung di doi
v6i diéu do la sy 6 nhiém moi tredng toan cau anh hwdng tGi khi hau trai dat va moi
treong song cia nhan loai. O nhiém moi tredng song va mai trudng 1am viée 1a mot
trong nhitng nguyén nhan gay ra bénh ung thw, mot trong cac can bénh nguy hiém
caa thoi dai. Theo wdc tinh cta t6 chic Y t€ thé gidi (WHO) moi nam c6 khoang 11
triéu ngwoi mac mdi bénh ung the va hon 7,6 triéu ngudi bi tit vong vi can bénh
nay... Vi vay viéc nghién citu, sang loc tim kiém cac chat mgi hwéng tGi ng dung
trong diéu tri ung thw la mot hwéng nghién citu dang dwgc nhiéu nha khoa hoc quan
tam.

Nghién citu sinh 1y hoc vé ung thw da gitip dinh hwéng tim ra dich tac dung cda
nhiéu thudc diéu tri ung thw. Trong dé nhiéu enzym doéng vai tro quan trong trong diéu
hoa chu trinh sinh triedng, phat trién té bao nhw cac protein kinase, HDAC, HAT... [1-
12, 15, 17,]. Pay ciing chinh la cac dich hdp dan ma thudc diéu tri ung thw hwéng dén.
Tong hop cac chat &c ché enzym HDAC dang tré thanh céc tadc nhan chéng ung thw

day trién vong. SAHA (Zolinza®) la chét &c ché HDAC dau tién dwge FDA cap phép
trong diéu tri u lympho té€ bao T duwéi da. Sau dé, lan lwgt romidepsin (Istodax®),
belinostat (Beleodaq®), gan day nhat panobinosat (Farydax®) cling dugc FDA cap
phép st dung trong diéu tri mot s6 bénh ung thw. Dang ch y, belinostat va panobinosat
déu la nhitng dan chat mang khung N-hydroxypropenamid.

Theo huwéng tiép can nay, nhém nghién cttu b6 mon Héa Dugc - Pai hoc Dugc
Ha Noi da thiét ké, tong hgp va cong bo nhiéu day chat hwéng tc ché HDAC c6 hoat

tinh khang t€ bao ung thw tot [9]. Cac acid hydroxamic twong tw SAHA dugc GS.TS.
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Nguyén Hai Nam va cong su st dung khung 5-aryl-1,3,4-thiadiazol lam nhém khoa
hoat dong cho tac dung &c ché HDAC tot hon nhiéu lan SAHA. Két qua trén cho
thdy, khi nhém nhén dién bé mat cua cta cac acid hydroxamic la di vong thom thi
hoat tinh in vitro rat kha quan. Hon nita, mot s6 nghién cttu [5-12, 15-32] cho thay
khi thay cau n6i mach thang cia acid hydroxamic bang cau néi chita di vong thom
mang lai hoat tinh khang té bao ung thw cao dong thoi tao hgp chat cé xu huwéng e
ché chon loc trén HDAC.

Nham tim kiém céac chat ttc ché HDAC md&i c6 hoat tinh khang té bao ung thw
tot, ching toi da thyc hién dé tai “Thiét ké, tong hgp va thit tac dung khang ung
thu cia mot s6 dan chat acid hydroxamic méi mang khung 2-oxoidolin huéng
wtc ché histon deacetylase” vGi 2 muc tiéu:

1. Tong hgp dwgc mot s6 dan chat acid hydroxamic méi mang khung 2-
oxoindolin.

2. Th tac dung tc ché HDAC va ddc tinh té€ bao cia céac chat da tong hgp duoc.
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CHUONG 1
TONG QUAN

1.1. Tong quan ve HDAC

Nhiém sédc thé la mot phitc hgp cau tao bdi ADN, cac histon va cac protein
khong phai histon. ADN dwgc gan vao chromatin, tuy trang thai xoan cia ADN sé
anh hudng t6i qua trinh dich ma & eukaryota. Bon vi cdu tric co ban cia chromatin
la nucleosom, gobm mot octamer hinh dia cta cac histon (1 tetramer H3/H4 va 2
dimer H2A/H2B) dugc bao quanh béi 146 cap ADN (hinh 1.1) [1, 2, 11, 12].

Nucleosom (3 phin tir

histon + 146 cp nucleotid)

Hinh 1.1: Cau trtic cta nucleosom
1.1.1. Khai niém histon acetyltransferase (HAT) va histon

deacetylase (HDAC)

HAT la enzym c6 nhiém vu acetyl h6a nhém -NH2 ctia lysin ¢ phan dau N tan
cda histon, nhg do6 trung hoa dién tich dwong cua lysin, dan t6i giam kha nang lién
két v6i ADN (tich dién am). Bén canh d6, HAT acetyl héa histon H4-K16 lam pha
v& su hinh thanh cau tric nhiém sdc thé & mitc do cao hon, nhiém sdc thé thido xodn
giup cac tadc nhan phién ma cé thé tiép can va tién hanh phién ma.
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HDAC c6 tac dung déi 1ap véi HAT, né xic tac qua trinh loai bé nhém acetyl
cda lysin & phan dau N caa histon. Tt d6, nhiém sac thé bi déng xoan va ttc ché qua
trinh phién ma [2,4].

Su can bang trong hoat dong ctia hai enzym HAT va HDAC ciling nhu cac
hoat dong bién do6i ¢ dudi histon bdi HAT, HDAC, methyltransferase va kinase la
co ché diéu hoa biéu hién gen.
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Hinh 1.2: Vai tro can bang dong cia HDAC va HAT
1.1.2. Phan leai cac HDAC

ba tim thay 18 loai HDAC & dong vat c6 vu, chia thanh 4 nhém dwa trén sy
twong dong cdu tric cua ching véi HDAC cua nam men (hinh 1.3):

Nhom I: gom HDAC 1, 2, 3 va 8; cau tric twong dong véi Rpd3 trong nam
men va nam trong nhan.

Nhom II: gom HDAC 4, 5, 6, 7, 9 va 10; cau tric twong dong véi Hdal
cua

ndm men, chia thanh 2 phan nhém: phan nhém ITa gom HDAC 4, 5, 7, 9 va
phan nhom ITb gom HDAC 6 va 10.
Nhom III: gom cac protein diéu hoa chubi truyén thong tin:
- Chat dong dang cuaa Sir2 trong ndm men Saccharomyces cerevisiae.
- Sirtuin trong dong vat c6 vu (SIRT 1, 2, 3,4, 5, 6 va 7).
Nhoém IV: HDAC 11, cau tric twong dong v@i cd nhom I va I1.

Nhom I, II, IV la cac HDAC phu thuoc Zn>" va con dwoc goi la nhém cac
HDAC “kinh dién”. Nhém III 1a cic HDAC phu thudc NAD" (Nicotinamid Adenin
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Dinucleotid) va dugc goi la céac sirtuin. CAc HDAC “kinh dién” bi @&c ché bdi cac
hop chat c6 kha nang tao phitc chelat véi Zn®" nhv acid hydroxamic, thiol... Thuat
ngit cac chat tc ché HDAC thwong st dung cho nhitng chat nham muc tiéu vao cac
HDAC kinh dién.

Phinba  Bién dai

HIDAC Protein S an =
trong t& bio sau phisn mi
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Hinh 1.3: Phan loai HDAC 6 nguoi
Ghi chu: N: nhdn; C: bao tuong; Mit: ty thé; Ac: acetyl héa; P: phosphoryl héa; S:
sumoyl héa; Ub:ubiquitin hoa.
1.1.3. Cau triac cia HDAC va co ché deacetyl hoa

Bang phwong phap két tinh tao tinh thé va chup tia X ngudi ta da xac dinh
dwgc cdu truc 3D cua hau hét cac HDAC, dac biét la trung tam hoat dong cda no.
Cau tric cua cdc HDACI nhin chung déu gém 3 phan chinh.

- Nhém khéa hoat dong (capping group): thuong la cac aryl hodc cac peptid
vong, lién quan dén qua trinh nhan dién v4i bé mat phan tt amino acid [8]. than dau
ddc biét la cac acid amin c6 nhan thom nhu: Phe, Tyr, Pro, His

- Vung cau noi so nuéc (linker): 1a cac hydrocarbon than dau mach thang
hodc vong, no hoac khong no, c6 chitc nang tao cac lién két Van der Waals véi
kénh enzym giip co chat nam trong kénh va twong tac véi cac thanh phan nam trén
kénh [8]. N6 6 cau tric kha linh dong c6 thé thay doi kich thwdc dé phu hop véi co
chat. Cac hgp chat hydroxamic c6 chiéu dai cau ndi khoang 5-6 lién két carbon la
toi wu voi chiéu dai cua kénh
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- Nhom ket thuc gan voi kém (zinc binding group - ZBG): la cac nhom c6 kha
nang twong tac vai ion Zn** tai trung tam hoat dong cua cac HDAC [8]. Ngoai acid
hydroxamic, phan nay cé thé 1a nhém chi¢c khac nhw thiol, o-aminoanilin,... Ion zn*" la
coenzym cia HDAC nam & trung tdm. Day la thanh phan tham gia lién két manh nhat
v6i phan dudi histon bang lién két phai tri. Trong phan tt HDAC ion Zn*" 6 thé tao 5
lién két phai tri tir d6 xtic tac tach loai nhom acetyl. Khi c6 mat cac chét &c ché HDAC
nhv cac acid hydroxamic, ion zn** tao 2 lién két phai tri v4i 2 nguyén ti¥ oxy cia nhém
hydroxamic. Thwong cac chét &c ché HDAC lién két cang manh véi zn?" thi tac dung
trc ché HDAC va hoat tinh gay doc té bao cang manh [34, 37].

1.1.4. Moi lién quan giita ung thw va hoat dong bat thwong cia HDAC

Mait can bang hoat dong gitta HAT va HDAC c6 thé dan t6i ung thw. Khi
HDAC xtic tac deacetyl hoa histon qua mitc thi nhiém sac thé déng xoan, nhiéu gen
khong két n6i duwgc vai cac yéu t6 phién ma va khong duwgc phién ma dan tdi gidi
han hodc bat hoat cac gen tc ché ung thw nhw p53 va chét e ché kinase phu thudc
vong nhu p21. T do, tang sinh t€ bao khong kiém soat va phat sinh cac khoi u.
Chang han, méi twong quan giita hoat dong cia HDAC va s tao thanh khoi u dwoc
thé hién rd nhat trong bénh ung thw bach cau tién tiy bao cap (APL). Ngoai ra, trong
bénh ung thw carcinom & da day, tuyén tién liét, dai trang va vi déu c6 su gia tang
hoat dong cia HDACI1. Sy gia tang hoat dong cia HDAC2 ciing duwgc tim thdy
trong ung thu carcinom & ¢6 t& cung va dai tryc trang [2,7, 10, 12,15, ].

Céac HDAC c6 céac dich chon loc khac nhau va dnh hwéng dén qua trinh sinh
hoc trong té bao cling khong hoan toan twong dong (hinh 1.4). Cac isozym trong
cung m6t nhom anh hwéng tdi cac loai té€ bao ung thw khac nhau va tac dung sinh ly
c6 thé phu thudc moi treong té bao.
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Hinh 1.4: Cac dich tac dung cuia HDAC

Tac dung deacetyl hoa caia HDAC khong chi gidi han ¢ cac protein histon ma
con co tac dung trén cac protein khong phai histon. Vi du, HDAC1 c6 kha nang
deacetyl héa yéu t6 &c ché ung thw p53, lam giam sy 6n dinh va hoat hoa protein
diéu hoa, tir d6 gay ra cac thay doi trong cac qua trinh phan chia té bao.

Nhu vay, su gia tang cia HDAC anh huéng t6i phién ma va dich ma gay ung
thw. Cac chat ttc ché HDAC da va dang dugc cac nha khoa hoc trén thé gigi nghién
cttu nham tim ra chat c6 tac dung e ché chon loc tirng loai HDAC.

1.2. TINH HINH NGHIEN CUU TONG HQP CAC ACID HYDROXAMIC
U'C CHE HDAC
1.2.1. Mot so huwéng thiét ké nghién citu, tong hgp acid hydroxamic trén
thé gioi
1.2.1.1. Vai tro cia HDAC trong nghién cttu va phat trién thuoc

Thiét ké va nghién cttu thuoc theo muc tiéu da tré thanh mot xu hwéng chinh
trong nghién cttu va phat trién thuéc méi hién nay. Trong linh virc nghién citu ung
thuw, nho nhitng tién b gan day trong bénh (ly) hoc phan t, hang tram protein da
dwgce xac nhan la muc tiéu phan ti tifm nang cho thiét ké thuéc chéng ung thuw.
Ching bao gom cac kinase protein, transferases farnesyl, telomerases, va

deacetylases histone, va nhiéu loai khac [1, 2, 10-12,23, 34, 35, 37].
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Histone deacetylases (HDAC) la mgt nhom cac enzyme xtc tac loai bo cac nhom acetyl
tt du lwgng lysine trong dudi cda protein histone. Cho t¢i nay, 18 dong dang khac nhau
ctia HDACs da dugc xac dinh & eukaryotes va cac dong dang nay dwgc phan thanh bon
loai dva trén trinh ty twong dong twong doi. Trong s6 bon loai nay, loai I cia HDACsS,
trong dé c6 bon bo phan (HDACI, 2, 3 va HDACS) va loai II, trong dé c6 sau bo phan
(HDAC4, 5, 6, 7, 9 va HDAC10) da dugc nghién citu mot cach toan dién va chitng
minh dugc tham gia tich cyc trong mot s6 qua trinh té bao lién quan dén. Cu thé,
HDAC 1, 2, 3 va 8 da dwgc chitng minh dé thic day sy tang sinh té bao, trong khi do6
HDAC 1-4, 5 va 8 ngan chdn co ché gay chét té bao va sy phan hoa. Cac dong dang
HDAC khéc, vi du, HDAC 4, 6, 7 va 10, da dugc chitng minh dé thiic day sy hinh
thanh mach va di cu té bao, hai qua trinh rat quan trong cho té€ bao ung thu di can. Diéu
hoa ttc ché cua cac dong dang HDAC da dugc chitng minh 1a gdy ra mét so su kién lién
quan dén sy phan hoéa, co ché giy chét té bao va bat gitt chu ky té bao trong cac loai
khac nhau ctia céc t€ bao khdi u. Hon nita, ttc ché chon lgc cia sy phat trién cac té bao
khoi u gay ra bai sy ttc ché HDAC da dwgc chitng minh r6 rang khong chi trong ong
nghiém ma con ¢ mot s6 mo hinh trong co thé tién 1am sang va 1am sang thiét 1ap. Thiét
ké cua cac hgp chat ttc ché HDACs thich hgp da, do do, tré thanh mot phwong phép rat
thad vi trong thiét ké thudc tri ung thw va phat trién ngay nay [7, 9, 18-21, 23- 25, ]. Két
qua la, mot s6 thudc rc ché HDAC da dugce cong bo trong nhitng thap ky qua. Cac chat
trc ché rat da dang, tir cac axit béo chudi ngan (nhw butyrate, phenylbutyrate hoac axit
valproic) dén axit hydroxamic, hodc benzamides. Cho dén nay, it nhat 4 chat &c ché
HDAC da dugc chap thuan cho st dung trong cac co sd y té. Cac chat e ché HDAC
dau tién dwgc FDA Hoa Ky chdp thuan trong thang 10 nam 2006 dé diéu tri da t€ bao T
lymphoa(CTCL) la vorinostat (tén thwong mai, Zolinza®) (con dugc goi la Saha hodc
suberoylanilide axit hydroxamic). Trong nam 2009, th& hai chdt &c ché HDAC,
romidepsin (tén thwong mai, Istodax®) ciling da dwgc chap thuan béi FDA Hoa Ky cho
cac dau hiéu twong ty. Trong thang 2 nam 2015, panobinostat (LBH-589, tén thwong

mai Farydak®) da dwgc cap phép bdi FDA Hoa Ky dé diéu tri da u tiy. Cling
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vao nam 2015 chidamide (Epidaza®) da dugc chap thuan bgi FDA Trung Quoc cho
tai phat hodc vat liéu chiu Itra u lympho ngoai vi té bao T. Ngoai ra, mét s6 thudc e
ché HDAC khac nhr PXD-01 (Belinostat), MS-27-527 (Entinostat) hién dang trong

cac giai doan thir nghiém 1am sang khac nhau cho mét s6 loai ung thw [24].

1.2.1.2. Thay do6i nhém khoa hoat dong

Dua theo cdu tric cia SAHA, cac nha khoa hoc trén thé gigi da thay thé nhom
khoa hoat dong bang nhitng khung cdu tric khac nhau nham tao ra cac hgp chat méi
c6 tinh chon loc cao. Nghién cttu cau tric HDAC cho thay trung tam hoat dong cta
HDACT1 c06 kich thudc bé hon trung tam hoat dong caa HDACS, rocilinostat (ACY-
1215) v6i nhom khoa hoat dong la 2-(N-diphenylamino)pyrimidin-5-carboxamid
dwgc thiét ké, tong hgp va cho tac dung chon loc trén HDAC6 v6i hoat tinh (tc ché
HDAC manh (ICso = 5nM) dung dé diéu tri ung thw vu di can.

Trong nghién ctu cia Zhang Q.W. va cdng su [36], cac dan chat twong tw
SAHA vd&i nhém khéa hoat dong la benzimidazol (hinh 1.5) dugc thiét k&, tong hop
va thit hoat tinh khang t€ bao ung thw in vitro trén mot s6 dong té bao. Két qua
nghién ciu cho thay, cac dan chéat 2a-e trc ché rat hiéu qua tang trudng clia cac
dong té bao ung thw PC-3, Hut78, K562 va Jurkat E6-1 v@i gia tri ICso trung binh ttr
0,54 pM (2c, Jurkat E6-1) dén 7.73 pM (2b, K562). Nghién cttu docking hgp chat
2a, cac tac gia giai thich: kénh enzym cuta trung tdm hoat dong da bi chiém bdi
chu6i carbon, bé mat linh hoat ctia trung tdm hoat dong c6 thé tu diéu chinh dé phu
hop véi cau tric ctia nhom khéa hoat dong benzimidazol. Hon nita, cac phdéi tir ctia
khung benzimidazol da dugc dinh hwéng ding trong cau tric dang tdi hep caa kénh

tlr do tao twong tac t6t hon v@i enzyme.

0 a’R=_

H
~ N b, R = 5-OCH,
Ri— p NHOH ¢, R=5-Cl
Z N 2a-e d, R =5-NO,
e, R=5-NH,
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Hinh 1.5 : : M0t s6 dan chat hydroxamic mang khung benzimidazol

1.2.1.3. Thay doi cau noi

Remiszewski va cong sy [26] da thiét ké va tong hgp mot day cac dan chat N-
hydroxy-3-phenyl-2-propenamid trong dé thay cau néi mach thang bang cau noi
chita nhan thom. Cac dan chat tong hgp dwgc déu cé tac dung manh trén HDAC
(ICs0 < 0,4 pM) va déu c6 tac dung manh trén 2 dong ung thw carcinom & ngudi vdi
ICs0 < 0,75 pM. Ddc biét, khi dugc tién hanh thi nghiém liéu - dap ng trén dong té
bao ung thv dai trang HCT116 va ung thw phoi A549, chit NVP-LAQ824
(dancinostat) thé hién tac dung t6t va dugc dwa vao thir nghiém Iam sang nam 2002

Trong nghién cttu cua Suzuki T. va cong suw [32], cac tac gia da thiét ké va
tong hgp cac dan chat c6 tac dung e ché chon loc HDACS st dung cau ndi la cac
vong thom khac nhau: vong benzen, thiazol, oxadiazol, triazol va thiophen (hinh
1.6). Két qua cho thdy, dan chat triazol NCC149 hoat dong (c ché HDAC8 manh
nhat véi gia tri ICso = 0,053 mM. Phat hién nay dwgc danh gia cao va c6 ich cho sy
phat trién cta con dwong tim ra cac chat ttc ché chon loc HDACS.

/ '
HN’/< NfOH <N©TN‘OH
Yo oy
o}
m @ ®) a CH

MeO I

% (6) O Br
NH2 Z f

@ e
Ncc149 (9)

Hinh 1.6: M0t s6 dan chat (tc ché HDAC8 trong nghién cttu cia Suzuki T. va cong su
Qua cac nghién ctru trén c6 thé thay, khi thay thé cau néi mach thang bang cau
noi chita nhan thom, cau noi cé vong triazol hodc st dung nhom khéa hoat dong la
cac vong thom c6 chita di t6 c6 thé tao ra cac dan chat acid hydroxamic méi c6 tac
dung khang té bao ung thu t6t.
1.2.2. Mot s acid hydroxamic dugc thiét ké nghién ciru, tong hop
trong nudc

Nhom nghién citu b6 mon Hoa Dugc, Truong Pai hoc Duwge Ha Noi do GS.TS
Nguyén Hai Nam phu trach trong thoi gian gan day da tién hanh thiét ké nghién citu,
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tong hgp va cong bo nhiéu day chat mdéi bang cach thay déi nhém nhan dién bé mat
va cau noi dva trén cau truc cua SAHA [9, 25].

Trong mot s nghién citu, cac tac gia da thay nhom khoa hoat dong bang cac
khung nhw benzothiazol, thiazol, thiadiazol,... va gitt nguyén cau noéi. Két qua cho
thay khi nhém khoa hoat dong 1a nhan thom dac biét la cac vong thom c6 chita di t6
déu lam tang hoat tinh tc ché HDAC trén cac dong té€ bao ung thw SW620, PC-3 va
AsPC-1 manh hon SAHA nhiéu lan.

Gan day nhat, Dung D.T.M. va cong su [9] da thiét ké nghién citu va tong hop
cac hydroxamic mang khung 2-oxoindolin c6 nhéom thé & vi tri s6 3. Két qua cho
thdy, hau hét cac chat trong day c6 hoat tinh tot trén nhiéu dong té bao. Mot s6 chat
c6 hoat tinh khang t€ bao ung thw véi gia tri ICso 16n hon nhiéu lan so véi SAHA va
hoat tinh gay ddc té bao dat dwgc & nong do rat thap (chat 10a, 10b).

< @)

0 ~ NHOH

R

\_/

N

a, X = NOH, R = 5-CI

(10)
b, X = NOCH3, R = 5-F

Hinh 1.7: Cau tric chung ctia mot s6 dan chat mang khung 2-oxoindolin
1.3. TAC DUNG GAY POC TE BAO UNG THU CUA MOT SO DAN
CHAT MANG KHUNG TRIAZOL

Triazol la mot trong nhitng don vi cau tric quan trong dugce tim thdy trong mot
loat cac phan t¥ c¢6 hoat tinh sinh hoc nhuv chéng ndm, khang khuan, chong di tng,
chong HIV,.... Mot s6 thudc c6 hoat chat chita vi vong 1,2,3-triazol trong phan t nhw
tazobactam, cefatrizin, carboxyamidotriazol. Gan ddy, nhiéu nhém nghién citu da
thiét ké va tong hgp mot s6 hgp chat c6 tiém nang diéu tri ung thu bang cach két
hop 1,2,3-triazol vGi cac pharmacophor khac thong qua phan ttng Click.

bi tr parthenin, Khazir J. va cong sw [17] thiét ké, tong hgp mot day cac dan chat
cta coronopilin 1,2,3-triazol bang cach s dung phan @ng Click (hinh 1.8). Céac chat
nay dugc danh gia kha nang gay doc té bao trén 6 dong té bao ung thw ¢ ngudi: PC-
3 (tuyén tién liét), THP-1 (bach cau), HCT-15 (rudt két), HeLa (c6 t& cung), A-549
(phéi) va MCF-7 (vt). Két qua cho thay c6 nhiéu hgp chét c6 doc tinh té bao twong
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doi tot, dac biét chat 11a (R = 2Cl-CeHs-O-CH2-) gdy doc té bao ¢ nong do ICso =
3,1 pM trén dong té bao PC-3.

R O—Ar
N \ a, R :_2_/
\\HHJOH N:;N HN*AF
b,R= 73

an

Hinh 1.8: Cau tric chung dan xudt ctia coronopilin
Ciing dva trén phan &ng Click giita azid-alkyn, Singh P. va cong sw [28] da két
hop cac dan xuét cda B-lactam va cac dan xuat cta chalcon v&i nhau thong qua cau
noi 1,2,3-triazol (hinh 1.9). Sau dé danh gia hoat tinh chéng ung thw cta ching trén
4 dong té bao ung thw ¢ nguoi.

MeO-\ - - S g ~ :;“\ﬂ (___/\.\ /JL“‘;,I;\“‘//\\W
[a (B R [al | R
O < TR S o) - Ry S~
! (12) O M3 R ocH,
\ =_
N7 N7 R, = Cyclohexyl
o R, = p-tolyl
O
N\ A\
R, Rz

Hinh 1.9: Cau tric chung ctia hgp chat -lactam-chalcon
Két qua cho thay sw hién dién cta nhom thé xyclohexyl tai N cta vong (-
lactam va nhom thé methoxy tai vi tri ortho trén vong A va para trén vong B cta
chalcon mang lai hoat tinh chéng ung thw dang ké vGi ICso lan lwot < 1; 67,1; <1;
6,37 UM trén cac dong té bao ung thu: A-549 (phoi), PC-3 (tuyén tién liét), THP-1

(bach cau) va Caco-2 (rudt gia).

Qua cac nghién cttu trinh bay & trén, c6 thé nhan thdy khd nang gay doc, ¢c ché
su tang trudng té bao ung thw cua cac dan chét 1,2,3-triazol va cac dan chat khung 2-
oxoindolin. Vi vay, y twdng thiét ké nghién citu cta dé tai dy an hwéng dén muc tiéu

tong hop cac N-hydroxyacylamid mang khung 2-oxeindelin st dung 1,2,3-triazol

21



lam cau n6i véi mong muon tim ra cac dan chat hydroxamic c6 tac dung @c ché
HDAC véi hoat tinh khang té bao ung thw vugt trgi. Két qua cu thé dugc trinh

bay trong cac chuong tiép theo cua dé tai.

CHUONG 2
NGUYEN VAT LIEU, THIET BI, NOI DUNG

VA PHUONG PHAP NGHIEN CUU

2.1. NGUYEN VAT LIEU, THIET BI
2.1.1. Hoa chat

Dung moi, hoé chat dung phan tich, kiém nghiém dat tiéu chuan P.A va
HPLC.

Dung moi, hoa chat dung tong hgp: dat tiéu chuan dung tong hgp hoa dugc,
dat mua ti* cdc nha cung cap trong nuwdc hodc nwéc ngoai (Merck, Sigma-
Aldrich). Cac hoa chat nay dugc st dung truce tiép khong qua tinh ché thém. Gom:

Céc isatin: Methyl (E)-3-(4-(bromomethyl)
Isatin phenyl)acrylat

5-Cloroisatin Propargyl bromid
5-Bromoisatin Natri azid

7-Cloroisatin Hydroxylamin hydroclorid

Cac hoa chat va dung méi khac: DMF, MeOH, MeCN, DCM, K2COg3, KI, Cul,
NaOH, HCl, FeCls, acid acetic, aceton, ethanol, nwGc cat.

22



2.1.2. Thiét bi, dung cu
- Cac dung cu thay tinh: binh cau day tron dung tich 50 - 100 ml c6 nit mai,
binh nén, binh chiét, sinh han hoéi lwu, 6ng dong, pipet, phéu thuy tinh, cdc ¢
mo cac loai.
- Binh sac ky Camag, dén t* ngoai Camag budc séong 254 nm va 366 nm, ban
mong silicagel GF2s4 (Merck), pipet Gilson cac loai 1000; 200; 20; 1-10; 2-20 pl.
- Can phan tich, can ky thuat Shimazu, tu lanh, ta sdy Memmert.
- Mdy cét quay Buchi R-210, may khudy tir gia nhiét IKA-RTC.
- May do nhiét do nong chdy: Melting point apparatus Smp3.
- May do pho hong ngoai: Agilent 660 FTIR, B6 mon Hoa Dugc — treong Dai hoc
Dugc Ha Noi.
- May sac ky long khéi phd phan giai cao: LTQ Orbitrap XL™, Khoa Hoéa -
trrong Pai hoc Khoa Hoc Ty Nhién - Pai hoc Quoc gia Ha Noi.
- Mdy do pho cong hwdng tir hat nhan Bruker AV-500 MHz, Vién Hoa hoc -
Vién Han Lam Khoa hoc va Cong nghé Viét Nam.

2.2. Noi dung nghién ciru

2.2.1 Tong hgp hoa hoc

Trong dé tai nay ching t6i tién hanh tong hgp 14 chat la cac dan chat acid
hydroxamic méi mang khung 2-oxoidolin huéng ttc ché histon deacetylase sau day:

- N-Hydroxy-4-(4-((3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-
1-yl)butanamide (5a)

- 4-(4-((5-Fluoro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxybutanamide (5b)

- 4-(4-((5-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxybutanamide (5c)

- 4-(4-((5-Bromo-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxybutanamide (5d)

- N-Hydroxy-4-(4-((3-(hydroxyimino)-5-methyl-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)butanamide (5e)
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- N-Hydroxy-4-(4-((3-(hydroxyimino)-5-methoxy-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)butanamide (5f)

- 4-(4-((7-Chloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxybutanamide (5g)

- (N-Hydroxy-5-(4-((3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-
1-yl)pentanamide (6a)

- 5-(4-((5-Fluoro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxypentanamide (6b).

- 5-(4-((5-Chloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxypentanamide (6c¢)

- 5-(4-((5-Bromo-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)-N-hydroxypentanamide (6d)

- N-Hydroxy-5-(4-((3-(hydroxyimino)-5-methyl-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)pentanamide (6e)

- N-Hydroxy-5-(4-((3-(hydroxyimino)-5-methoxy-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)pentanamide (6f)

- N-Hydroxy-5-(4-((7-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N-hydroxypentanamide (6g)

2.2.2. Thit tac dung sinh hoc cia cac chat tong hgp dugc
Thtt tdc dung &c ché HDAC2.

Thir doc tinh trén mot s6 dong té bao ung thu: SW620 (té bao ung thw truc
trang), PC3 (té bao ung thu tién liét tuyén), AsPC-1 (t€ bao ung thu tuyén tuy
nguoi)
2.3.Phuong phap nghién ciru
2.3.1. Nghién citu docking

Pé nghién ctu so bo twong tac cta cac chat véi HDAC (docking), chiing toi
tién hanh docking cac dan chat duwgc tong hgp vdi HDAC2. Nghién citu docking
dwgc thye hién tai phong nghién ciru cau tric Pai hoc Quoc gia Seoul, Han Quoc.
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Tién hanh docking theo chuwong trinh AutoDock Vina [33]. Phitc hgp HDAC2-
SAHA ban dau dugc lay tit Ngan hang dit liéu Protein (PDB ID: 4L.XZ), cau tric cac
chat nghién cttu duwgce 1ap bdi chwong trinh GlycoBioChem PRODRG?2 Server. Két qua
cta nghién citu dwgc minh hoa bang bang s6 liéu du doan nang lwong twong tac.

2.3.2. Tong hgp hoa hec

2.3.2.1. Phuwong phap tong hgp cac chat du kién

Duva trén nguyén tac, phwong phap co ban cia hoa hoc hitu co dé tong hop
cac dan chat. Dung cac loai phan tng:

- Phan t'ng N-alkyl hoa véi tac nhan propagyl bromid.

- Phan tng Click déng vong 1,2,3-triazol véi tac nhan la dan chat cua azid,
xuc tac Cul [13].

- Mot s6 phan ttng co ban khac.

Theo doi phan &ng bang sac ky 16p méng (xac dinh thoi diém két thic
phan tng).

2.3.2.2. Kiém tra d¢ tinh khiét

Kiém tra do tinh khiét ctia sén pham bang sac ky 16p mong (kiém tra do tinh
khiét ctia san pham sau tinh ché) va do nhiét d6 néng chay.
2.3.2.3. Xdc dinh cdu triuc cdc chat tong hgp dugc

St dung phuong phap phé (IR, HRMS, 'H-NMR, *C-NMR, HSQC, HMBC):

- Pho IR: ghi tai b0 mon Héa Dugc, truong Pai hoc Dwge Ha Noi trén may
Agilent 660 FTIR vdi ky thuat vién nén KBr trong vung 4000-600 cm™!. Céc mau rén
da say kho dugc phan tan trong KBr véi ty 1€ khoang 1:200 roi ép dudi dang film
méng dudi ap luc cao ¢ hit chan khéng dé loai bd hoi am.

- Pho HRMS: ghi tai Khoa Hoéa - treong Pai hoc Khoa Hoc Ty Nhién - Dai hoc
Quoc gia Ha Noi bang may sac ky khoi pho phan giai cao LTQ Orbitrap XL™. che
do phun mu dién t& ESI, dung moi MeOH.

- Phé 'H-NMR, *C-NMR, HSQC, HMBC: ghi trén may Bruker AV-500 tai
Vién Héa hoc - Vién Han lam Khoa hoc va Cong nghé Viét Nam, dung m6i DMSO-
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ds. PO chuyén dich hoa hoc (6) duwgc biéu thi bang don vi phan triéu (parts per
million -ppm), 1dy moc la pic caa chét chuan ndi trimethylsilan (TMS).

2.3.3. Thi¥ tac dung sinh hoc

2.3.3.1. Pinh lugng nong d¢ enzym HDAC?2 bi trc ché

Tac dung tc ché HDAC cua dan chat tong hgp dugce thit tai Khoa Dugc trueong
DPai hoc Chungbuk, Cheongju, Han Quéc. Enzym HDAC2 dwgc cung cap bdi BPS
Bioscience (San Diego, CA, USA) st dung bd kit dinh lwgng Fluoregenic HDAC
Assay Kit (BPS Bioscience) [22]. Cac budc tién hanh duwgc thye hién nhw sau:

+ Budc 1: Enzym HDAC?2 dwoc u v6i KBH-A42 & nhiéu nong dé khac nhau &
37°C trong 30 phit v6i sw c6 mit cia co chdt HDAC c6 gin huynh quang. Thi
nghiém dugc tién hanh 2 lan.

+ Buwdc 2: Thém 50 pL. HDACc assay developer (2x) vao moi 16. Pé & nhiét do
phong trong 15 phit.

+ Budc 3: Doc két qua do hap thu trén may do hap thu huynh quang, tai budc
song kich thich 350-360 nm va budc séng phat quang 440-460 nm (d6 hap thu dwoc
do 2 Ian & moi budc soéng).

- Két qua do hap thu dugc dwa vao phan mém excel tinh toan thu dwgc phan
tram trung binh mau th gdn véi HDAC. Phan tram nay chuyén sang phan mém
GraphPad prism (GraphPad Software, San Diego, CA, USA) dé tinh toan ICso. D6
léch chuan twong doi khéng qua 10%.
2.3.3.2. Thir dgc tinh té bao

Thtr doc tinh té bao in vitro dwgc thyc hién tai Khoa Dugc, trirong Pai hoc Quoc
gia Chungbuk, Cheongju, Han Quoc theo phwong phap SRB (Sulforhodamin B) [14].

Dong té bao thir nghiém: SW620, PC-3 va AsPC-1 13y tir ngan hang t€ bao ung
the ctia Vién nghién cttu sinh hoc va cong nghé sinh hoc Han Quéc (KRIBB) va dugc
nuéi cdy trong moi truong DMEM (hodic RPMI) b6 sung: L-glutamin, penicillin/
streptomycin, amphotericin B, heparin, chat kich thich tang tredng t€ bao va FBS.

* Nguyén tdc thir
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Dva trén khd nang gan cua thuéc nhudém vdi cac acid amin co ban cua protein
trong té bao, st dung phwong phap do mau dé tinh tong lwgng protein, tir do suy ra so
lwvgng té bao. Phwong phap c6 do nhay, do tuyén tinh cao, diém két thic 6n dinh va
khong yéu cau do chinh xac vé thoi gian, gia thanh thap. Nhugc diém cta phwong phap
nam & bwdc thém TCA (tricloroacetic) dé c6 dinh té bao. Néu TCA khong dugc thém
vao tit tir, nhe nhang, né c6 thé lam v& té bao trwedc khi té bao dugce c6 dinh, lam giai
phong céc thanh phan c6 thé 1am dnh hwdng dén két qua dinh lwgng.

* Cdc budc tién hanh:

Budce 1: Chudn bi

Cac té bao & pha logarit dwgc trypsin hoa va phan tan vao hon dich don té bao
trong moi truong DMEM hodc RPMI duge bd sung 5% FBS va diéu chinh dén

nong do 5.10* t& bao, sau d6 chia déu vao céc giéng ctia dia 96 giéng, moi giéng

180 pl. Céac dia sau dé dwoc u & 37°C trong diéu kién 5% CO2. Sau 24h 1, cac mau
thr dwgc chuan bi trong 20 pl moéi truong DMEM/RPMI b6 sung 5% FBS tir dung
dich gbc trong DMSO r6i dugc thém vao cac dia ¢ nhiéu nong dé khac nhau, cac
dia nay sau d6 dugc u thém 48h Tat ca cac mau dwgce chuan bi sao cho néng d6 cudi
cung cua DMSO la nho hon 0,1%.

Budc 2: Tién hanh thi

Céc t€ bao dugc c6 dinh bang nhitng 16p méng 50 pl dung dich TCA 50% lanh

1én trén mdi truong nudi cay trong mdi dia va duge i & 4°C trong 1h 16i sau d6 riva 5
lan véi nwdc may. Cac dia dwgce dé kho trong khong khi va duge nhudom véi SRB 0,4%
trong acid acetic 1% trong 30 phut r6i rira bang acid acetic 1% dé loai thu6c nhuém
khong két dinh. Sau do, cac dia nay dugc dé khé & nhiét do phong va phan thudc
nhuom con dinh lai sé duwgc hoa tan bdi 100 ml dung dich chita 10mM Trizma base
khéng dém (pH 10,5). D6 hap thu dugc doc bang thiét bi ELISA & 540 nm [20].

*Tinh todn két qua:

Gia tri ICso 1a nong d6 mau thtt ma & dé do hap thu giam di 50% so v6i nhom

chitng (trang am tinh la giéng chi thém moi treong nudi cdy), két qua cudi cung la
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gia tri trung binh cta 4 lan do d6c 1ap véi d6 khac nhau khéng qua 5%. Gia tri ICso

dugc tinh dva theo phwong phap Probits.

CHUONG 3
THUC NGHIEM, KET QUA VA BAN LUAN
3.1. NGHIEN CUU DOCKING

Dé tim hiéu so bo vé kha nang twong tac cua cac dan chat véi HADC, chiing

toi nghién cttu, dy doan nang lwgng lién két ctia cac chat véi trung tdm hoat dong

ctia HDAC2. Két qua dy doan nang lugng lién két dugc trinh bay trong bang 3.1.

Bang 3.1: Két qua docking ctia cac dan chat 5a-5g, 6a-6g véi HDAC2

Hop chat R Ai lyc lién két | Hop chat R Ai Iyce lién két
(kcal/mol) (kcal/mol)

5a H -7.5 6a H -6.7
5b 5-F -7.7 6b 5-F -7.0
5c 5-Cl -7.8 6¢ 5-Cl -7.1
5d 5-Br -7.8 6d 5-Br -7.0
Se 5-CHs -8.1 Ge 5-CHs -7.4
5f 5-OCH3 -7.4 6f 5-OCH3 -7.4
5g 7-Cl -7.9 6g 7-Cl -7.2

SAHA -7.4 SAHA -7.4
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Hinh 3.1: M6 hinh twong tac ctia chat 5e v6i HDAC2
Nhdn xét: Tt bang 3.1 két qua docking cua cac dan chat chat 5a-g, 6a-g vdi

HDAC?2 cho thdy, nang lwong lién két cia cac dan chat 5a-g, 6a-g vdi trung tam hoat
dong cia HDAC2 dugc dy doan tr -6,1 dén -8,1 kcal/mol, cia SAHA (-7,4 kcal/mol),
chitng t6 cac chét déu c6 ai lyc véi HDAC2 twong duwong SAHA. Riéng chat 5e c6 ai
lyc manh nhat, manh hon SAHA. Tém lai, két qua docking cho thay 14 chat 5a-g, 6a-
g phu hop v6i hudng thiét ké cau tric nham tim kiém nhitng chat ¢6 kha nang e ché
HDAC nén chting t6i tiép tuc tién hanh tong hgp va thir hoat tinh sinh hoc cac dan
chat.

3.2 Tong hgp hoa hoc

Cac acid hydroxamic muc tiéu 5a-5g, 6a-6g dugc tong hop thong qua ba
buéc, nhw minh hoa trong so do 3.1.

0 0
0
R Br\//? © OCH3 N=N
~ NNH—— R Y TR \,H\)\
_ kCOQ DMF > ) N\// Cu., MeCN \ OCHy
lag — 2ag 33 g(n=
dag(n=
N OH HC N=N
2 \ N\/H\)J\
x NHOH
NaOH, MeOHITHF \Sa/g|kn/1
6ag(n=

So d6 3.1. So do tong hgp cac acid hydroxamic muc tiéu 5a-5g, 6a-6g
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Trong do:

Ky hiéu chat R n Ky hiéu chat R n
5a H 1 6a -H 2
5b 5-F 1 6b 5-F 2
5¢ 5-Cl 1 6¢ 5-Cl 2
5d 5-Br 1 6d 5-Br 2
5e 5-CHs 1 Ge 5-CH3 2
5f 5-OCHs 1 6f 5-OCH3 2
5g 7-Cl 1 6g 7-Cl 2

Cac dan chat acid hydroxamic muc tiéu 5a-5g, 6a-6g sé dugc tong hgp theo
nguyén tac chung sau day:

- Budc dau tién la phan tng thé ai nhan giita isatins 1 (1a-1g) va propargyl
bromid vGi si c6 mat ctia K2COs, trong dung moi dimethylformamid (DMF) va xtc
tac KI dé thu dugc 1-propargylisatins 2 (2a-2g).

- Trong bwdc thit hai, phan tng Click giita cac hgp chat propargyl 2 (2a-2g) va

methyl azidoalkanoat twong tng (bao gom methyl 3-azidopropanoat, methyl-4
azidobutanoat, methyl-5-azidovalerat, methyl-6-azidohexanoat, va methyl-7-
azidoheptanoat) thu dugc cac este trung gian 3 (3a-3g), 4 (4a-4g). Phan ng nay
dugc tién hanh dé dang trong dung moi acetonitril véi sy ¢6 mat xtic tac Cul.. Budc
cudi cung trong qua trinh la phdn ¢ng thé i nhan acyl gitta hydroxylamin

hydroclorid va este 3. Phan tng nay xay ra trong moi trudng kiém, hon hgp dung

mo6i tetrahedrofuran va methanol & nhiét d6 0-5°C.

- Cau tric cta cac hgp chat tong hgp duwgc xac dinh truc tiép dya trén phan tich s6

liéu quang phd, bao gom IR, MS, 'H-NMR va ">C-NMR.

- Qui trinh chung dé tong hop cac chat 5 (5a-5g), 6(6a-6g),:

+ Hoa tan 1 mmol dan chat isatin 1a-g twong tng vao 3,0 ml DMF khan trong binh
cau day tron dung tich 50 ml. Thém 165,5mg (1,2 mmol) K2COs. Khudy hon hgp trén &
80°C trong 1 gio. Sau do, thém tiép 8,3 mg (0,05mmol) KI va khudy tron déu trong 15
phut thi nhé giot tr tr 0,15ml dung dich propargyl bromid 80% trong toluen vao binh
phan &ng. Tiép tuc khudy trén hon hgp phan tng & 60°C trong khoang 3 gio. Theo doi
phéan tng bang TLC vdi pha dong la DCM:MeOH = 100:1. Xt ly hon hgp phan ¢ng:
sau khi phan &ng két thuic, dé ngudi, chuyén hon hgp phan ng sang mot coc nuwdc da
va trung hoa hon hgp phan &ng bang HCI 5% dén pH ~ 4. Két
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taa tao thanh. Loc, rita tua bang nuwdc cat lanh. Sdy kho san pham dé dung cho cac
buéc phan ¢ng diéu ché ester 3 ma khong can tinh ché gi thém.

+ Tong hop cdc ester 3, 4 theo qui trinh chung nhw sau: hoa tan 1,0 mmol chat
2a-g twong tng va 1,0 mmol methyl azidoester trong 2,0 ml acetonitril trong binh
cau dung tich 50 ml. Khuay hon hgp & nhiét do phong trong 10 phut. Sau d6 thém
19,1mg (0,1 mol) Cul nang nhiét d6 ctia hén hgp phan ting 1én 50°C, khudy hén hop
phan tng & nhiét do nay tir 12- 24 gio tuy theo phan ng tong hgp cua méi chat. X 1y
hon hgp phan tng bang cach cat quay loai dung mo6i MeCN, phan tan can vao 50
ml DCM, gia nhiét dén 30°C va khudy trong vong 1h dé hoa tan hoan toan san pham,
con lai Cul khong tan, loc loai Cul. Cat quay loai hét DCM thu dwgc san pham ester 3
tho. Tinh ché bang phwong phap két tinh lai trong hon hgp dung m6i MeCN-nwdc, san
pham thu dwgc sau tinh ché dugc sdy kho hoan toan & 60°C. Hiéu sudt: 84-87%.

+ Tong hop céac chat 5, 6: ester 3 thu dwgc & giai doan trén dugc hoa tan trong
5ml hon hgp dung m6i MeOH:tetrahydrofuran ty 1é (2:1), sau d6 thém vao hon hgp trén
685mg (10mmol) NH20H.HCIl. Khudy tron hon hgp phan &ng va nho ti tir vao hon
hop trén dung dich NaOH (400mg trong 1ml nuwéc cat). Thém tr tr dung dich NaOH
vao binh phan tng dén pH = 12. Khudy hon hgp phan tng & nhiét d6 phong cho t&i khi
phan *ng xay ra hoan toan. D6 tir tir hon hgp thu dwgc vao coc nuwde da khudy tron va
acid héa bang dung dich HCI 5%, két tta tao thanh. Loc thu tda, rita tGa bang nwdc cat
lanh. Say kho tta thd bang t sdy ¢ 60°C. Két tinh lai sdn pham bang phuwong phap két
tinh lai v&i dung moi két tinh 1a methanol. Két qua thuwc nghiém tong hop cac dan chat
acid hydroxamic muc tiéu 5a-5g, 6a-6g cu thé nhu sau:

3.2.1 Tong hgp N-Hydroxy-4-(4-((3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)butanamide (5a)
@]
B N=N

N\/&/N/\/YO

NH OH
C15H15N504; MW= 329

Tién hanh: Tong hgp chat 5a duwgc thye hién nhuw quy trinh chung da mé ta & trang 20, 21.
Twr ester 3a thu dwgc & giai doan trén dwgc hoa tan 5ml hon hgp dung moi EtOH:
tetrahydrofuran (2:1), sau d6 thém vao hon hgp trén 685mg (10mmol) NH20H.HCI.
Khudy tron hon hgp phan ttng va nho tir tir vao hon hop trén dung dich NaOH (400mg
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trong 1ml nuwéc cit) dén pH = 12. Khudy hon hgp phan ng & nhiét do phong cho
t&i khi phan tng xdy ra hoan toan. D6 tir tir hon hgp thu dwgc vao coc nuwde da
khudy tron va acid héa bang dung dich HCI 5%, két tua tao thanh. Loc thu tda, rira
tua bang nudc cat lanh. Say kho taa thd bang tu sdy ¢ 60°C. Két tinh lai sdn pham
bang phwong phap két tinh lai v6i dung moi két tinh 1a methanol.

3.2.2 Tong hgp 4-(4-((5-Fluoro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)-N-hydroxybutanamide (5b)

0

O
Nz

F N\A/E A/YO

NH OH
C15H14FN504; M.W=347

Tién hanh: Tong hgp chat 5b dwoc thue hién nhue quy trinh chung dé tong hgp chat
5a da mo6 ta & muc 3.2.1. Nhung thay ester 3a bang 346 mg ester 3b. tién hanh phan
tng va tinh ché twong ty nhu chat 5a thu dugc 249 mg sén pham két tinh mau trang
nga.

Keét qua:
- Hiéu suat: 72%.
- Nhiét dd néng chay: 180-182°C.
Sén pham la bot két tinh mau trang nga.

Kiém tra do tinh khiét ctia san pham bang sic SKLM, hé dung mdi khai trién la

DCM:MeOH:AcOH = 100:40:1, san pham c6 R =0.43.

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -
NMR (xem béng 3.6); phé ">C-NMR (xem bang 3.7).
3.2.3 Tong hgp 4-(4-((5-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-

1,2,3-triazol-1-yl)-N-hydroxybutanamide (5c)

@]
N=N

NH OH

C15sH14CIN504; M.W=363
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Tien hanh: tong hgp chat 5¢ dugc thyc hién nhw quy trinh chung dé tong hop chat
5a da mo td & muc 3.2.1. Nhung thay ester 3a bang 362 mg ester 3c. Tién hanh
phan &ng va tinh ché twong ty nhw chat 5a thu duwgce 232 mg san pham két tinh mau
vang nhat.

Két qua:
- Hiéu suat: 64%

- Nhiét do néng chay: 187.5-188.5°C.

San pham la bot két tinh mau vang nhat.

Kiém tra do tinh khiét cia san pham bang sic SKLM, hé dung mdi khai trién la
DCM:MeOH:AcOH = 100:40:1, san pham c6 Rt =0.42.

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -
NMR (xem béang 3.6); phé ""C-NMR (xem bang 3.7).
3.2.4 Tong hop 4-(4-((5-Bromo-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)-N-hydroxybutanamide (5d)

0]
(o)
NxN

Br N\/&P\]/\Afo

NH OH
C15H14BrNs04; M.W= 408

Tién hanh: tong hop chat 5d dugc thyc hién nhw quy trinh chung dé tong hgp chat
5a da mo td d muc 3.2.1. Nhung thay ester 3a bang 407 mg ester 3d. Tién hanh phan
tng va tinh ché twong ty nhw chét 5a thu duge 277 mg san pham két tinh mau vang
cam.
Ké

t qua:
- Hiéu suat: 68%.
- Nhiét d6 néng chay: 188.5-189.5°C.

San pham la bot két tinh mau vang cam.

Kiém tra do tinh khiét cta san pham bang sac SKLM, hé dung moi khai trién la

DCM:MeOH:AcOH = 100:40:1, san pham c6 Rf =0.47.

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -

NMR (xem béang 3.6); phé ""C-NMR (xem bang 3.7).
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3.2.5 Tong hgp N-Hydroxy-4-(4-((3-(hydroxyimino)-5-methyl-2-oxoindolin-1-
yl)methyl)-1H-1,2,3-triazol-1-yl)butanamide (5e)

@)

0]
NN

HaC N\A/N/\/YO

NH-OH
C16H17N504; MW= 343

Tién hanh: tong hop chat 5e dugc thye hién nhw quy trinh chung dé tong hgp chat
5a da mo td & muc 3.2.1. Nhung thay ester 3a bang 342 mg ester 3e. Tién hanh phan
tng va tinh ché twong ty nhw chat 5a thu dwgc 243 mg san pham két tinh mau vang
nga.

Ké
t qua:

- Hiéu suit: 71%
- Nhiét do néng chay: 179.5-181°C.

San pham la bot két tinh mau vang nga.

Kiém tra do tinh khiét cta san pham bang sac SKLM, hé dung moi khai trién la
DCM:MeOH:AcOH = 100:40:1, san pham c6 Rf =0.41.

Keét qua phan tich phoé IR (xem bang 3.4); pho MS (xem béang 3.5); pho H-
NMR (xem bang 3.6); phé ">°C-NMR (xem bang 3.7).
3.2.6 Tong hgp N-Hydroxy-4-(4-((3-(hydroxyimino)-5-methoxy-2-oxoindolin-1-
yl)methyl)-1H-1,2,3-triazol-1-yl)butanamide (5f)

0]
0
N=N
NH OH
C16H17N505; M.W= 359

Tién hanh: tong hop chat 5f dugce thuye hién nhw quy trinh chung dé tong hop chat
5a da mo6 ta @ muc 3.2.1. Nhung thay ester 3a bang 358 mg ester 3f. Tién hanh phan
tng va tinh ché twong tw nhw chat 5a thu dugc 221 mg san pham két tinh mau trang.

Keét qua:
- Hiéu suat: 60%.

- Nhiét do néng chay: 180.0-182.0°C.
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San pham la bot két tinh mau trang.

Kiém tra do tinh khiét cia san pham bang sic SKLM, hé dung mdi khai trién la

DCM:MeOH:AcOH = 100:40:1, san pham c6 R =0.45.

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -
NMR (xem béng 3.6); phé ">C-NMR (xem bang 3.7).
3.2.7 Tong hgp 4-(4-((7-Cloroe-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-

1,2,3-triazol-1-yl)-N-hydroxybutanamide (5g)

N\A/N/\/YO

C NH OH
C15H14CIN504; M.W=363

Tién hanh: tong hop chat 5g dugc thuc hién nhw quy trinh chung dé tong hgp chat
5a da mo6 td d muc 3.2.1. Nhung thay ester 3a bang 362 mg ester 3g. Tién hanh phan
tng va tinh ché twong tw nhw chat 5a thu dugc 254 mg san pham két tinh mau vang.

Ké
t qua:

- Hiéu suat: 70%.
- Nhiét do néng chay: 187.5-188.5°C.

Sén pham la bot két tinh mau vang.

Kiém tra do tinh khiét ctia san pham bang sic SKLM, hé dung mdi khai trién la
DCM:MeOH:AcOH = 100:40:1, san pham c6 Rt =0.43.

Keét qua phan tich pho IR (xem bang 3.4); pho MS (xem béang 3.5); pho H-
NMR (xem bang 3.6); phé ">°C-NMR (xem bang 3.7).
3.2.8 Tong hgp (N-Hydroxy-5-(4-((3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)pentanamide (6a)

O
P o

NN
\ /\/\/(
N\/&N NH OH

C16H17N504; M.W=343

Tién hanh:
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Tong hgp chat 6a dwoc thuc hién nhw quy trinh chung da mo ta & trang 29,
30. Ttr 342 mg ester 4a thu dwoc & giai doan trén duwgc hoa tan 5ml hon hgp dung
moi EtOH: tetrahydrofuran (2:1), sau d6 thém vao hon hgp trén 685mg (10mmol)
NH20H.HCI. Khudy trén hon hgp phan ng va nho tir tir vao hon hgp trén dung
dich NaOH (400mg trong 1ml nwéc cat). Thém tir tr dung dich NaOH vao binh
phan ng dén pH = 12. Khudy hon hgp phan tng & nhiét do phong cho tGi khi phan
tng xay ra hoan toan. D6 tir tit hon hop thu duwge vao c6c nuwde da khudy tron va
acid héa bang dung dich HCI 5%, két tta tao thanh.

Loc thu taa, ria tta bang nwdc cat lanh. Sdy kho tia thd bang ta say & 60°C.
Két tinh lai san phdm bang phwong phép két tinh lai v4i dung méi két tinh la
methanol thu dugc 233 mg san pham két tinh mau trang.
Két qua:

- Hiéu suat: 68%.

- Nhiét d6 néng chay: 189.0-191.5°C.

Sén pham la bot két tinh mau trang.

Kiém tra do tinh khiét cia san pham bang sic SKLM, hé dung mdi khai trién la

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -
NMR (xem béang 3.6); phé ""C-NMR (xem bang 3.7).
3.2.9 Tong hgp 5-(4-((5-Fluoro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N-hydroxypentanamide (6b)
o]
© 0

N=N
F N \A, l\\l/\/\//<NH OH
C16H16FN504; M.W=361

Tién hanh: tong hgp chat 6b duwgc thyc hién nhue quy trinh chung da mé ta & trang
29, 30 va muc 3.2.8. Nhung thay ester 4a bang 360 mg ester 4b. Tién hanh phan
tng va tinh ché twong tw nhw chat 6a thu dugc 249 mg san pham két tinh mau trang
nga vang.

Keét qua:
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- Hiéu suat: 69%.
- Nhiét do néng chay: 194.5-196.0°C.
Sén pham la bot két tinh mau trang nga vang.

Kiém tra do tinh khiét ctia san pham bang sic SKLM, hé dung mdi khai trién la

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -
NMR (xem béng 3.6); phé ">C-NMR (xem bang 3.7).
3.2.10 Tong hgp 5-(4-((5-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N-hydroxypentanamide (6c)

0
g 0

N.:_-:N
c N\/4\/N/ﬂ\“/\“/ZNHOH

C16H16CIN504; M.W = 377

Tién hanh: tong hop chat 6c dugc thye hién nhuw quy trinh chung da mo ta & trang 29,
30 va muc 3.2.8. Nhung thay ester 4a bang 376 mg ester 4c. Tién hanh phan tng va
tinh ché twong ty nhw chat 6a thu dugc 260 mg san pham két tinh mau trang nga.

Keét qua:
- Hiéu suat: 69%.
- Nhiét do néng chay: 194.5-196°C.
Séan pham la bot két tinh mau trang nga.

Kiém tra do tinh khiét ctia san pham bang sic SKLM, hé dung mdi khai trién la

DCM:MeOH:AcOH = 100:40:1, san pham c6 Rt =0.48.

Keét qua phan tich pho IR (xem bang 3.4); phé MS (xem béng 3.5); pho H-
NMR (xem bang 3.6); phé *C-NMR (xem bang 3.7).
3.2.11 Tong hgp 5-(4-((5-Bromo-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-

1,2,3-triazol-1-yl)-N-hydroxypentanamide (6d)

Nx=N
Br N\/A§,N//\v/\v/ZNH0H
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C16H16BrNs04; M.W = 422

Tién hanh: tong hop chat 6d dugc thyc hién nhw quy trinh chung da mo ta & trang 29,
30 va muc 3.2.8. Nhung thay ester 4a bang 421 mg ester 4d. Tién hanh phan tng va
tinh ché twong ty nhw chat 6a thu dugc 260 mg san pham két tinh mau doé cam.

Keét qua:
- Hiéu suat: 74%.
- Nhiét do néng chay: 201.5-203.0°C.
San pham la bot két tinh mau dé cam.

Kiém tra d9 tinh khiét caa san pham bdng sic SKLM, hé dung mdi khai trién la
DCM:MeOH:AcOH = 100:40:1, san pham c6 Rr =0.51.

Keét qua phan tich phd IR (xem bang 3.4); phd MS (xem béng 3.5); pho H-
NMR (xem bang 3.6); phé '*C-NMR (xem bang 3.7).
3.2.12 Tong hop N-Hydroxy-5-(4-((3-(hydroxyimino)-5-methyl-2-oxoindolin-1-
yl)methyl)-1H-1,2,3-triazol-1-yl)pentanamide (6e)

o
0 0

NN
H,C N\/&\/N/\/\/(NH OH

C17H19N504; MW= 357

Tién hanh: tong hop chat 6e dugc thwe hién nhuw quy trinh chung da mo ta & trang 29,
30 va muc 3.2.8. Nhung thay ester 4a bang 356 mg ester 4e. Tién hanh phan tng va
tinh ché twong ty nhw chat 6a thu dugc 267 mg san pham két tinh mau vang nhat.

Két qua:
- Hiéu suat: 75%.
- Nhiét d6 néng chay: 199.5-201.6°C.
San pham la bot két tinh mau vang nhat.

Kiém tra do tinh khiét cia san pham bang saic SKLM, hé dung mdi khai trién la

DCM:MeOH:AcOH = 100:40:1, san pham c6 R =0.46.

Keét qua phan tich ph6 IR (xem bang 3.4); pho MS (xem béang 3.5); pho H-

NMR (xem béng 3.6); phé ">C-NMR (xem bang 3.7).
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3.2.13 Tong hgp N-Hydroxy-5-(4-((3-(hydroxyimino)-5-methoxy-2-oxoindolin-
1-yl)methyl)-1H-1,2,3-triazol-1-yl)pentanamide (6f)

o
O 0

N=N
HsCO NWI\\I/\/\//(NH-OH
C17H19N505; M.W=373

Tién hanh: tong hop chat 6f dugc thye hién nhw quy trinh chung da mé ta & trang 29,
30 va muc 3.2.8. Nhung thay ester 4a bang 372 mg ester 4f. Tién hanh phan ng va
tinh ché twong ty nhw chat 6a thu dwgc 287 mg san pham két tinh mau trang.

Két qua:
- Hiéu suat: 64%.
- Nhiét do néng chay: 196.0-197.5°C.
San pham la bot két tinh mau trang, x6p nhe.

Kiém tra do tinh khiét ctia san pham bang sic SKLM, hé dung mdi khai trién la

DCM:MeOH:AcOH = 100:40:1, san pham c6 Rt =0.48.

Keét qua phan tich phd IR (xem bang 3.4); phé MS (xem béng 3.5); pho H-

NMR (xem bang 3.6); phé *C-NMR (xem bang 3.7).

3.2.14 Tong hgp N-Hydroxy-5-(4-((7-Cloro)-5-methoxy-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)pentanamide (6g)

@]
C16H16FN504 ; M.W=361

Tién hanh: tong hop chat 6g dugc thyc hién nhe quy trinh chung da mo td & trang 29,
30 va muc 3.2.8. Nhung thay ester 4a bang 376 mg ester 4g. Tién hanh phan tng va
tinh ché twong ty nhu chat 6a thu dugc 263 mg san pham két tinh mau vang cam.

Két qua:
- Hiéu suat: 73%.

- Nhiét do néng chay: 198.5-201.0°C
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NMR (xem bang 3.6); phd “"C-NMR (xem bang 3.7).

San pham la bot két tinh mau vang cam.

Kiém tra do tinh khiét cia san pham bang sic SKLM, hé dung mdi khai trién la

Két qua phan tich pho IR (xem bang 3.4); pho MS (xem bang 3.5); pho -

~ 13

Bang 3.2 Két qua tong hop héa hoc

STT| Ky Cong thitc cau tao Cong thitc | Nhiét |Hiéu
hle:l phan tit (’19 suat
chat nong | (%)

chay
(t’C)
1 5a 0O C1sH1sNsO4  |181.0- (68
0 182.5
NN M.W= 329 '
N\A/N N
NH OH
2 5b C1sH14FNsO4 1180.0- (72
0 182.0
NxN M.W=347 '
F N\&N g
NH OH
3 5c C15H14CINs04|187.5- |64
O 188.5
NN M.W=363 '
NH CH
4 5d C15H14BrNs04(188.5- |68
0 189.5
NN M.W=408 '
NH OH
5 S5e @] CisH17Ns04  |179.5-171
O 181.0
NxN M.W= 343 |
HsC N\/&,N/\/\(O
NH OH
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6 5f 0 Ci16H17NsOs  |180.0- |60
© Nen 182.0
HsCO N AN e M.W= 359
NH OH
7 5g 0 C15H14CINs504(187.5- |70
0 188.5
N=N M.W=363 '
C NH OH
8 6a 0 C16H17NsO4  [189.0- |68
0
191.5
NsN /\/\/40 M.W=343
N\/«\/N NH OH
9 6b o C16H16FNs04 |194.5- |69
o)
Na /\/\/f mw=361 |00
F N\A/N NH OH
10 6¢C ] C16H16CINs04| 194.5- |69
o)
NN /\/\/f Mw=377 |60
\
& N\A/N NH OH
11 6d o C16H16BrNs04[201.5- |74
o
NN /\/\/40 Mw =422 [2030
Br N\A/N NH OH
12 6e o C17H19N504  (199.5- |75
© Nen 0 201.6
H4C N\/Q\/N/V\/(NH OH |[M.W= 357
13 6f 0 C17H19N505  (196.0- |64
° Nen 0 197.5
H,CO N\A,NN\%NH OH [M.W=373
14 6g @) Ci16H16FNs04 [198.5- |73
201.0
o M.W=361
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3.2 KET QUA KIEM TRA PQ TINH KHET VA KHANG PINH CAU TRUC CUA
CAC CHAT TONG HOQP bUQC

3.2.1 KET QUA KIEM TRA PQ TINH KHET
* Sdc ky I6p moéng (TLC)
Tién hanh trén ban nhom trang san silicagel Merck 70-230 mesh, véi 3 hé

dung moi khac nhau la DCM, DCM:MeOH (5:2), DCM:MeOH:AcOH
(100:40:1), quan sat dudi den tit ngoai & budc séng 254 nm. Két qua cho thay

cac chat déu co6 vét gon, 1, khong cé vét phu. Chi s6 R¢ ctia cac dan chat khi

stt dung 1 hé dung moi cu thé dugc trinh bay trong bang 3.3.

Bang 3.3: Gia tri Re va nhiét dd néng chay (t’c) ciia cac chat 5a-5g, 6a-6g

STT| Ky hiéu Hé dung méi khai trién Rs Tnc (°C)
chat

1 >a DCM:MeOH:AcOH = 100:40:1 0.45 | 181.0-182.5
2 ob DCM:MeOH:AcOH = 100:40:1 0.43 | 180.0-182.0
3 5 DCM:MeOH:AcOH = 100:40:1 0.42 | 187.5-188.5
4 >d DCM:MeOH:AcOH = 100:40:1 0.47 | 188.5-189.5
> be DCM:MeOH:AcOH = 100:40:1 0.41 1 179.5-181.0
6 . DCM:MeOH:AcOH = 100:40:1 0.45 | 180.0-182.0
7 o8 DCM:MeOH:AcOH = 100:40:1 0.43 | 187.5-188.5
8 6a DCM:MeOH:AcOH = 100:40:1 0.48 | 189.0-191.5
9 6b DCM:MeOH:AcOH = 100:40:1 0.48 | 194.5-196.0
10 bc DCM:MeOH:AcOH = 100:40:1 0.48 | 194.5-196.0
1 6d DCM:MeOH:AcOH = 100:40:1 0.51 | 201.5-203.0
12 be DCM:MeOH:AcOH = 100:40:1 0.46 | 199.5-201.6
13 6f DCM:MeOH:AcOH = 100:40:1 048 | 196.0-197.5
14 bg DCM:MeOH:AcOH = 100:40:1 0.47 | 198.5-201.0
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* Nhiét do nong chady

Cac chat sau khi két tinh lai déu & dang ran, c6 thé tién hanh do dwoc nhiét do

néng chdy. Két qua trinh bay trong bang 3.3 cho thay cac chit déu c6 nhiét do

néng chay xac dinh (khoang dao dong nhiét do hep, tir 1-2°C).

3.2.2 KHANG PINH CAU TRUC

Cac dan chat tong hgp dwgc dugce tién hanh ghi phé IR, HRMS, 'H-NMR,
BC-NMR,. Két qua ghi pho dugc trinh bay trong phan phu luc.

3.2.2.1. Két qua phan tich pho IR

Két qua phan tich pho IR cta cac dan chat 5a-5g, 6a-6g dugc trinh bay trong

bang 3.4.
Bang 3.4 So liéu phan tich pho hong ngoai IR
Bién giai

Chat| NH OH C-Haren | CH;CH2 C=0 C=C C-N
5a 3135 3022|2918, 2856 | 1721,1640 1608 1463
5b 3441 3208,3137 3029 2872 | 1722,1640 1610 1477
5¢ 3417 | 3219,3138 | 3044 2874 1720,1643 1610 1463
5d 3407 3138 3023 | 2968,2853 | 1731,1704 1606 1463
Se 3281 3187 3071 2916 | 1711,1673 | 1630, 1596 | 1552, 1480
5f [3517,3378| 3248 3030 2897 | 1717,1664 | 1634,1608 | 1441
5g | 3399,3312 3196 3059 2876 | 1714,1678 1608 1455
6a | 3396,3320 3172 3058 2876 1715,1680 1630 1477
6b 3286 3143 3042 2851 1708,1647 1608 1461
6c | 3420,3289 3147 3031 2862 1708,1646 1606 1462
6d 3317 3188 3061 2879 1713,1680 1622 1460
Ge 3421 3134 3047 | 2929,2838 | 1718,1628 1598 1480
6f 3422 3165 3057 | 2959,2866 | 1724,1618 1608 1469
6g 3423 3163 3048 | 2958,2860 | 1719,1620 1602 1458

Nhdn xét: Tt pho d6 c6 thé nhan dang so bo s hién dién ctia mot s6 nhom chirc

nhu -OH, -NH va C=0... Cac chat déu c6 dinh hap thu nam trong khoang 3200 -

3150 cm™ ddc trung cho dao dong héa tri cia nhém NH, dinh hap thu
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nam gan gia tri 3400 em™ dic trung cho dao dong hoa tri cia nhém OH acid,
dinh hap thu dac trung cho nhém C=0 nam trong khoang 1820-1650 em™ 1a cc
lién két ddc trung ctia nhém chite acid hydroxamic. Céc pic thé hién lién két
C=N nam trong khoang 1460 — 1680 cm™. Céc pic dac trung cta vong 1,2,3-
triazol va 1 s6 dao dong hoa tri cua lién két C-H khong quan séat duwgc trén pho
do, c6 thé do tin hiéu ctia cac pic nay nam qua gan cac pic c6 cuong do manh,
khong quan sat ro trén phd do hodc cé thé do cong hwdng cta cac dao dong. Vi
du: trén pho do dinh hap thu ctia dao dong hoa tri cia nhém C=N trén khung
isatin khong xuat hién do dao dong nay thuong cong huwdng véi dao dong cua
nhom C=0 (2 dao dong c6 dai hap thu & khoang 1690-1600 Cm'l). Nhu vay, co
thé khang dinh rang di liéu pho IR phu hgp vdi cong thitc cau tao dy kién cua

14 chat da tong hgp duwogc. Tuy nhién, pho IR chwa thé cung cap day da dit liéu

dé khang dinh cau tric cua cac chat. Bé khang dinh chac chan céu tric cia cac

chat ta can thém dir liéu caa pho khoi lwgng va pho cong hwéng tir hat nhan.

3.2.2.2. Két qua phan tich pho MS

Keét qua phan tich phé MS cua cac chat 5a-5g, 6a-6g dugc trinh bay
trong bang 3.5.

Bang 3.5 Két qua phan tich pho MS cia cac chat tong hgp dugc

Chat ESI-MS (m/z) Chat ESI-MS (m/z)
5a 343 [M-H] 6a 357 [M-H]
5b 361 [M-H] 6b 375 [M-H]
5¢ 401 [M+Na] 6¢C 391 [M-H]
5d 421 [M-HJ". 6d 437 [M-HT
5e 381 [M+Na] " Ge 371 [M-HJ
5f 373 [M-H] 6f 387 [M-H]
5g 377 [M-H] 6g 391 [M-H]
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Nhdn xét: Pho khoi lvgng cua 10 chat tong hgp duwgc cé pic phan tr phu hop
v6i s khoi cta chat du kién va tuan theo “quy tac nito”. Vi vay c6 thé khang

dinh pho do phu hop véi cong thirc dy kién ctia cac chat 5a-5g, 6a-6g.

3.2.2.3. Két qua phan tich phé "H-NMR

Bang 3.6 So liéu phan tich pho "H-NMR ctia cac chat tong hgp dugc

HON
S 0
R 2 N=N
; \
™ NN AN VH;)LNHOH
— 5(n=1)
6 (n=2)
Ky hiéu chat R n Ky hiéu chat R n
5a H 1 6a -H 2
5b 5-F 1 6b 5-F 2
5c 5-Cl 1 6¢ 5-Cl 2
5d 5-Br 1 6d 5-Br 2
5e 5-CHs 1 6e 5-CH3 2
5f 5-OCHs 1 6f 5-OCH3 2
5g 7-Cl 1 6g 7-Cl 2
STT Chat TH.NMR (500 MHz, DMSO-ds, ppm)
1 5a 6 13.58 (1H, s, NH); 10.52 (1H, s, OH); 10.40 (1H, s, NH); 8.12

(1H, s, H-5); 7.97 (1H, d, J = 7.5 Hz, H-4”); 7.39 (1H, td, J = 8.0
Hz, J’ = 1.0 Hz, H-6”); 7.11 (1H, d, J = 7.5 Hz, H-7”); 7.07 (1H, t,
J=7.5Hz, H-5”); 4.97 (2H, s, H-6’a, H-6’b); 4.29 (2H, t, ] = 6.5
Hz, H-4a, H-4b); 1.99-1.95 (4H, m, H-3a, H-3b, H-2a, H-2b).

2 5b |5 10.40 (1H, s, NH); 8.72 (1H, s, OH); 8.11 (1H, s, H-5°); 7.75
(1H, dd, J = 7.5 Hz, J’ = 2.5 Hz, H-4”); 7.28 (1H, td, J = 8.5 Hz,
J’ = 2.5 Hz, H-6”); 7.13 (1H, dd, J = 8.5 Hz, J’ = 4.0 Hz, H-7”);
4.98 (2H, s, H-6’a, H-6’b); 4.32-4.29 (2H, m, H-4a, H-4b); 1.99-
1.92 (4H, m, H-3a, H-3b, H-2a, H-2b).

3 5c 6 13.82 (1H, s, NH); 10.38 (1H, s, NH); 8.71 (1H, s, OH); 8.10
(1H, s, H-5%); 7.96 (1H, d, J = 1.75 Hz, H-4”); 7.47 (1H, dd, J =
7.5Hz, J’ = 1.75 Hz, H-6”); 7.14 (1H, d, J = 8.5 Hz, H-7"); 4.98
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(2H, s, H-6’a, H-6’b); 4.30 (2H, t, J = 6.5 Hz, H-4a, H-4b); 2.00-
1.92 (4H, m, H-3a, H-3b, H-2a, H-2b).

5d

§10.42 (1H, s, NH); 8.72 (1H, s, OH); 8.10 (1H, s, H-5’); 8.08
(1H, d, J = 1.5 Hz, H-4”); 7.60 (1H, dd, J = 8.25 Hz, J’ = 1.5 Hz,
H-67); 7.10 (1H, d, J = 8.25 Hz, H-7”); 4.98 (2H, s, H-6’a, H-6’b);
4.30 (2H, t, J = 6.5 Hz, H-4a, H-4b); 2.00-1.94 (4H, m, H-3a, H-
3b, H-2a, H-2b).

S5e

§13.44 (1H, s, NH); 10.38 (1H, s, NH); 8.71 (1H, s, OH); 8.08
(1H, s, H-5"); 7.83 (1H, s, H-4”); 7.20 (1H, d, J = 8.0 Hz, H-7");
6.99 (1H, d, J = 8.0 Hz, H-6”); 4.95 (2H, s, H-6’a, H-6’b); 4.30
(2H, t, J = 6.5 Hz, H-da, H-4b); 2.27 (3H, s, -CH3); 1.98-1.93 (4H,
m, H-3a, H-3b, H-2a, H-2b).

5f

6 13.53 (1H, s, NH); 10.40 (1H, s, NH); 8.09 (1H, s, H-5%); 7.58
(1H, d, J = 2.5 Hz, H-4”); 7.04-6.98 (2H, m, , H-6”,H-7"); 4.94
(2H, s, H-6’a, H-6’b); 4.30 (2H, t, J = 7.0 Hz, H-4a, H-4b); 3.72
(3H, s, -OCH3); 2.00-1.92 (4H, m, H-3a, H-3b, H-2a, H-2b).

58

§10.41 (1H, s, NH); 8.72 (1H, s, OH); 8.07 (1H, dd, J = 7.75 Hz,
J’ = 1.0 Hz, H-4”); 8.06 (1H, s, H-5"); 7.39 (1H, dd, J = 7.75 Hz,
J’=1.0 Hz, H-6”); 7.11 (1H, t, J = 7.75 Hz, H-5”); 5.31 (2H, s, H-
6’a, H-6’b); 4.29 (2H, t, J = 6.5 Hz, H-4a, H-4b); 2.00-1.92 (4H,
m, H-3a, H-3b, H-2a, H-2b).

6a

6 13.45 (1H, s, NH); 10.35 (1H, s, NH); 8.67 (1H, s, OH); 8.09
(1H, s, H-5%); 7.98 (1H, d, J = 7.5 Hz, H-4”); 7.40 (1H, t, J = 7.5
Hz, H-6); 7.12-7.06 (2H, m, H-5”, H-7"); 4.98 (2H, s, H-6’a, H-
6’b); 4.29 (2H, t, J = 7.0 Hz, H-5a, H-5b); 1.95 (2H, t, J = 7.5 Hz,
H-2a, H-2b); 1.79-1.71 (2H, m, H-4a, H-4b); 1.45-1.39 (2H, m, H-
3a, H-3b).

6b

6 13.76 (1H, s, NH); 10.34 (1H, s, NH); 8.67 (1H, s, OH); 8.08
(1H, s, H-5%); 7.75 (1H, dd, J = 8.0 Hz, J’ = 2.5 Hz, H-4"); 7.28
(1H, td, J = 8.75 Hz, J’ = 2.5 Hz, H-6"); 7.12 (1H, dd, J = 8.75 Hz,
J’ =4.0 Hz, H-77); 4.98 (2H, s, H-6’a, H-6’b); 4.29 (2H, t, J = 7.0
Hz, H-5a, H-5b); 1.95 (2H, t, J = 7.5 Hz, H-2a, H-2b); 1.76-1.73
(2H, m, H-4a, H-4b); 1.45-1.40 (2H, m, H-3a, H-3b).

10

6¢c

§10.36 (1H, s, NH); 8.68 (1H, s, OH); 8.08 (11, s, H-5’); 7.95
(1H, s, H-4”); 7.48 (1H, d, J = 8.0 Hz, H-6); 7.14 (1H, d, J = 8.0
Hz, H-7”); 4.98 (2H, s, H-6’a, H-6’b); 4.29 (2H, t, J = 7.0 Hz, H-
Sa, H-5b); 1.95 (2H, t, J = 7.5 Hz, H-2a, H-2b); 1.77-1.72 (2H, m,
H-4a, H-4b); 1.45-1.40 (2H, m, H-3a, H-3b).
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6d

§10.34 (1H, s, NH); 8.67 (1H, s, OH); 8.08 (2H, s, H-5’,
H-4”); 7.60 (1H, d, J = 7.75 Hz, H-6”); 7.09 (1H, d, J = 7.75 Hz,
H-7"); 4.98 (2H, s, H-6’a, H-6°b); 4.29 (2H, t, J = 6.0 Hz, H-5a,
H-5b); 1.95 (2H, t, J = 6.5 Hz, H-2a, H-2b); 1.75-1.73 (2H, m, H-
4a, H-4b); 1.45-1.41 (2H, m, H-3a, H-3b).

12

6e

6 13.43 (1H, s, NH); 10.34 (1H, s, NH); 8.66 (1H, s, OH); 8.06
(1H, s, H-5); 7.83 (1H, s, H-4"); 7.21 (1H, s, H-6"); 6.99 (1H, d,
J=6.0 Hz, H-7”); 4.94 (2H, s, H-6’a, H-6’b); 4.29 (2H, s, H-5a,
H-5b); 2.27 (3H, s, -CH3); 1.95 (2H, s, H-2a, H-2b); 1.74 (2H, s,
H-4a, H-4b); 1.42 (2H, s, H-3a, H-3b).

13

6f

§10.35 (1H, s, NH); 8.67 (1H, s, OH); 8.05 (1H, s, H-5); 7.57
(1H, d, J = 2.5 Hz, H-4”); 7.03-6.98 (2H, m, H-6”, H-7”); 4.94
(2H, s, H-6’a, H-6’b); 4.29 (2H, t, J = 7.0 Hz, H-5a, H-5b); 3.72
(3H, s, -OCH3); 1.95 (2H, t, J = 7.0 Hz, H-2a, H-2b); 1.75-1.72
(2H, m, H-4a, H-4b); 1.45-1.40 (2H, m, H-3a, H-3b).

14

6g

§13.83 (1H, s, NH); 10.34 (1H, s, NH); 8.66 (1H, s, OH); 8.07
(1H, d, J = 7.0 Hz, H-4”); 8.03 (1H, s, H-5"); 7.39 (1H, d, J = 8.0
Hz, H-6”); 7.11 (1H, t, J = 7.5 Hz, H-5”); 5.31 (2H, s, H-6’a, H-
6°b); 4.29 (2H, t, J = 7.0 Hz, H-5a, H-5b); 1.95 (2H, t, J = 7.25 Hz,
H-2a, H-2b); 1.77-1.71 (2H, m, H-4a, H-4b); 145-1.39 (2H, m, H-
3a, H-3b).

Nhdn xét: Trén pho do ctia cac chat déu xuat hién cac proton cia nhém methylen

(-CHp-) & cau noi c6 do dich chuyén hoéa hoc trong khoang 4,98 - 5,57 ppm, 1

proton cua vong 1,2,3-triazol v6i do dich chuyén héa hoc khoang 8,05 - 8.17

ppm va 2 proton trén cau noi gitta vong indolin va vong 1,2,3-triazol c6 do dich

chuyén hoa hoc khoang 5.13 ppm. Céc chét déu cé cac proton ctia vong indolin

cling nhw proton ctia vong thom trén cau néi nam trong vung dich chuyén tw

7,06-8,10 ppm. Tuy nhién, tin hiéu cta tat ca cac proton & nhém OH (oxim) va

2H trong nhém -NH-OH & cac dan chat c6 thé khong thdy xudat hién, c6 thé do

proton cuia cac nhom nay linh dong, dé bi trao d6i ho bién vGi moi triedng nén tin

hiéu thu dwgc rat yéu khong quan sat dwgc trén pho do.

~ 13

3.2.2.4. Két qua phan tich pho ~“C-NMR

~ 13

Bang 3.7 So liéu phan tich pho “C-NMR cua cac chat tong hgp dugc

47




STT | Chat 3¢ NMR (125 MHz, DMSO-ds, ppm)

1 5a 168.16, 162.83, 143.36, 142.60, 141.87, 131.94, 126.83, 123.39,
122.77, 115.32, 109.68, 48.93, 34.67, 29.01, 25.85.

2 5b 168.05, 162.64, 157.06, 143.13, 141.72, 138.92, 123.43, 118.14,
115.79, 113.80, 110.75, 48.91, 34.79, 28.96, 25.77.

3 5¢C 168.05, 162.41, 142.71, 141.63, 141.38, 131.40, 126.56, 126.12,
123.33, 116.43, 111.28, 48.92, 34.82, 28.96, 25.76.

4 5d 168.07, 162,34, 142.52, 141.72, 141.60, 134.17, 128.76, 123.35,
116.88, 114.20, 111.78, 48.92, 34.79, 28.97, 25.78.

5) Se 168.08, 162.77, 143.59, 141.93, 140.39, 132.14, 131.77, 127.38,
123.26, 115.35, 109.42, 48.89, 34.67, 28.97, 25.78, 20.51

6 5f 168.05, 162.62, 155.21, 143.68, 141.94, 136.24, 123.28, 116.86,
115.85, 113.09, 110.26, 55.65, 48.90, 34.70, 28.97, 25.78

7 5g 168.07, 163.64, 143.38, 142.19, 138.46, 133.78, 125.84, 124.23,
122.49, 118.30, 114.80, 48.88, 37.06, 28.96, 25.84

8 6a 168.68, 162.74, 143.44, 142.61, 141.80, 131.95, 126.85, 123.26,
122.73, 115.28, 109.64, 49.05, 34.67, 29.22, 22.04.

9 6b 168.68, 162.61, 158.00, 143.16, 141.64, 138.93, 123.29, 118.15,
115.77, 113.83, 110.72, 49.06, 34.79, 31.51, 29.19, 22.03.

10 6¢ 168.73, 162.44, 142.71, 141.57, 141.38, 131.42, 126.59, 126.14,
123.31, 116.44, 111.29, 49.09, 34.84, 31.53, 29.22, 22.06.

11 6d 168.68, 162.31, 142.57, 141.73, 141.54, 134.20, 128.79, 123.27,
116.86, 114.21, 111.76, 49.07, 34.80, 31.51, 29.20, 22.04.

12 Ge 168.25, 163.25, 144.08, 142.45, 140.86, 132.61, 132.25, 127.86,
123.74, 115.83, 109.89, 49.54, 35.17, 32.00, 29.69, 22.52, 20.97.

13 6f 168.74, 162.66, 155.25, 143.71, 141.87, 136.25, 123.24, 116.90,
115.87, 113.14, 110.28, 55.68, 49.07, 34.73, 31.54, 29.22, 22.06.

14 6g 168.67, 163.63, 143.26, 142.20, 138.45, 133.77, 125.84, 124.22,
122.44,118.29, 114.80, 49.01, 37.06, 31.50, 29.24, 22.01.

Nhdn xét: Tt két qua phan tich phé qua cac pho do (phu luc 49-64) cho thay:
sO lwgng carbon, do dich chuyén héa hoc cua cac carbon la phu hgp véi cong
thitc cau tao dy kién cia cac dan chat 5a-5g, 6a-6g. Carbon cua 2 nhém

carbonyl (C=0) c6 do dich chuyén hoa hoc trong khoang 162,89-162,35 ppm.
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Carbon vung thom, carbon nhom alken, carbon trong vong triazol c6 do dich

chuyén hoa hoc nam trong khoang 143,89-109,61 ppm. Carbon ctia nhém -

CH3 c6 do dich chuyén hoa hoc khoang 52,50-37,02 ppm.

3.3 KET QUA THU TAC DUNG SINH HQC

Bang 3.8 Két qua thit hoat tinh wc ché HDAC-2 va hoat tinh gay doc té bao in vitro

cuia cac chat tong hgp dugc

Ky Uc ché Cytotoxicity (ICs,,”> M)/Cell lines®
hiéu R N Lo gP1 HDAC2
chat (ICso,> M) SW620 PC3 AsPC-1
5a H 1 0.90 6.16 26.26 >30 26.87
5b 5-F 1 110 8.27 23.64 >30 >30
5¢ 5-Cl 1 154 1.72 13.46 16.28 11.60
5d 5-Br 1 179 3.53 2.93 6.08 3.01
5e 5-CH: 1 144 1.28 0.73 0.76 0.49
5f 50CHs 1  0.98 0.91 1.61 1.74 1.49
5g 7-Cl 1 154 5.08 10.58 9.27 12.90

>30 >30 >30
6a -H 2 139 27,75

14.92 19.76 22.92
6b 5-F 2 159 2,76

3.59 1.84 1.77
6¢ 5-Cl 2 203 2,23

2.46 1.49 1.93
6d 5-Br 2 228 3,89

>30 >30 >30
6e 5CH: 2 194 3,51

>30 26.16 >30
6f 5-O0CH: 2 147 27,75

>30 >30 >30
6g 7-Cl 2 4,45

SAHA* 1.44 1.06 3.20 3.70 3.75
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'Tinh todn bdng phan mém ChemDraw 9.0; 2N6ng dé cua chat (uM) trc ché 50% s phdt
trién cua té bao, dir liéu la két qua trung binh ctua 3 lan thir nghiém vdi do léch khong qud
10%; 3D(‘)ng té bao : SW620: té bao ung thu truc trang, PC3: té bao ung thu tién liét
tuyén, AsPC-1: té bao ung thu tuyén tuy nguoi, “SAHA: acid suberoylamid; chadt doi chiéu
duong tinh.

3.4. BAN LUAN

3.4.1 BAN LUAN VE TONG HOP HOA HQC

Cac chat 5a-g, 6a-g va cac chat trung gian tong hgp dwoc la cac chat ¢
cau tao phtc tap, c6 mach carbon dai, c6 cdc nhém chitc nhay cam v@i cac
yéu to ctia moi truong phan &ng. Vi vay, trong qua trinh tong hop can dam
bao nghiém ngat vé diéu kién phan @ng.

Phan tng tong hop chat chat 1-(prop-2-yn-1-yl)indolin-2,3-dion va
dan chat (2a-g)

Co ché phan itng téng hop cdc dan chat 2a-g:

iﬂ BBH Kl O+ Ot
\—Br —— = R,
-KBr s

0 0 R
X NN
0 @] ‘R
— 1
R R
NN 8¢, NN
S]
_ o o

Ryt CH=C—C —
So d6 3.2: Co ché phan tng tao thanh 2a-g

Pay la phan ng alkyl hda, xay ra kha dé dang va dat hiéu suét cao (90-
98%). Nucleophin yéu, kha nang tdn cong kém nén can hoat héa phan ttng
bang K>COj3 tao moi truong base yéu. Sy c6 mat cua KI lam cho phéan tng
nhanh hon, dé dang hon vé mat dong hoc.

Phan ng tong hop chat 3a-g, 4a-g

bay la phan tng Click, dugc thye hién don gian, thdi gian phan ¢ng ngan,

hiéu sudt thu san phdm cao, san pham dé thu tach va c6 do tinh khiét cao.

Co ché phan ting:
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—= Cunayy N -
L N N _R. I
xu Cu - N —
= L R| =——CulL
L > R; Cul
(A)
Boon 4 B66a 2 Néﬁg,[{

So do 3.3: Co ché phan tng Click tao thanh 3a-g, 4a-g
Rodionov V.O. va cong sy [27] dé xuat co ché cia phan tng Click giita
azid va alkyn cung lién két v&i mot trung tam Cu (so d6 3.10). M4t cau tric gom
2 nguyén tir Cu tham gia vao co ché nay. Cac tinh toan DFT (Density Functional
Theory) da chi ra rang nguyén tit Cu thit 2 twong tac v6i phitc Cu-acetylid thong
qua viéc tao phttc m gitta Cu va lién két ba ctia alkynyl hinh thanh trang thai
chuyén tiép (hgp chat A) ¢ budc 3. T d6, tang kha nang phan @ng cia phoi t

alkynyl do lam gidm mat do electron trén nguyén t Csp [13].

Phan tng tong hop chét acid hydroxamic 5a-g, 6a-g

Co ché phan ting:

H,0 ~ = H'+OH
1900 oe‘/ —H 0
B /|\ OH
3 o~ -3 o~ — » é g~ E)LN/
HN. LIN__ H
* NH,OH H OH
AN

OH
So d6 3.4: Co ché phan tng tao thanh 5a-g, 6a-g
+ Tac nhan st dung la NH,OH dang base, nhung dang nay khong bén, dé
phan huy, bado quan kho nén phai dung nguyén liéu ban dau la NH,OH.HCI. bé
chuyén vé dang base ta st dung NaOH véi luvgng dw dé chuyén hét NH,OH.HCl
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thanh NH>OH base, dong thdi tao mudi véi acid hydroxamic, gitip san pham
tao thanh tan hét trong dung dich phan tng.

+ Tuy nhién, NaOH du tao moi tredng kiém manh sé lam cac ester 3a-g,
4a-g dé bi thuy phan, vi vay can tién hanh phan &ng trong diéu kién nhiét do
thap (-5°C), dong thdi nho tir ti* dung dich NaOH da dwoc 1am lanh vao binh
phan @¢ng dé tranh nhiét do tang lén dot ngdt lam phan huy NH,OH ty do.
Mac khac, nhiét do6 cao sé dé xudt hién tap do phan ttng tao acid carboxylic,
khi do rat khé dé loai bo tap nay.

+ Chu y thoi gian, kiém soat nhiét d6 phan (tng bang hon hgp da mudi va
kiém tra phan tng thwong xuyén bang TLC, thit mau véi FeCl3/HCI dé xac
dinh thoi diém két thic phan tng.

3.4.2 BAN LUAN VE TAC DUNG SINH HOC

- Véi day dan chat 5a-g, ca 7 dan chat déu c6 tac dung rc ché enzym HDAC?2
va c6 hoat tinh gay doc té bao trén 1 hodc ca 3 dong té bao thit nghiém. Trong
7 dan chat c6 thé nhan thady moi lién hé giita hoat tinh c ché enzym va hoat

tinh gay doc té bao, chit 5e cé hoat tc ché tot HDAC2 véi ICsp nho 1a 1,28
UM va c6 hoat tinh gay ddc t€ bao tot nhat trén ca 3 dong té bao ung thuw, con
chat c6 hoat tinh tc ché HDAC2 16n nhat 1a 5b (ICso = 8,27 uM) thi hau nhw
c6 hoat tinh gdy doc té bao rat thap trén ca 3 dong té bao ung thu. Ngoai ra,
xét vé anh hwdng ctia nhom thé dén hoat tinh khang té€ bao ung thw, cé thé
thdy trong cac chat 5a-g, cadc chat mang nhom day dién t& (CH3, OCHs) lam
tang manh hoat tinh gay doc té bao (5-15 lan) con cac nhém hut dién ti (-F, -
Cl, -Br) chi duy tri hodc tang hoat tinh gay doc té bao tir 2-3 1an so vGi chat 5a

khong mang nhém thé.

- Véi day dan chét 6a-g, chi c6 3 trong 7 chat thé hién hoat tinh gay doc té bao

tot trén 3 dong té bao ung thw. Ngoai ra, vdi ddy dan chat nay thi cac nhém thé
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hat dién tw lai thé hién kha nang lam tang hoat tinh gy doc té bao hon han
cac nhém day dién tt. So sanh két qua thir tdc dung sinh hoc cta diy 6a-g véi
day 5a-g, c6 thé thdy day chat 6a-g co hoat tinh gay doc té bao trén ca 3 dong
té bao ung thu thr nghiém déu nhé hon. Diéu nay c6 thé do phan ti than dau
ctia enzym HDAC twong do6i ngan va chi phu hgp vdi do dai cau noi khoang 6
-7 C. Trong khi cau n6i cua cac dan chat 5a-g la -methyl-1,2,3-triazol-1-yl-

butanoyl c6 do dai 7C, cau ndi twong (ng cta cac chat 6a-g c6 do dai 8C nén

c6 thé khong phu hgp dé dwa nhom CO-NH-OH vao twong tac vGi ion Zn**
trong enzym nén lam giam kha nang c ché HDAC va giam hoat tinh gay doc

té€ bao vai té bao ung thu.
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KET LUAN VA HUONG NGHIEN CUU TIEP THEO
1. KET LUAN

1.1. Vé tong hgp va khang dinh cau tric

ba tong hop va khang dinh duwgc cau tric cta 14 dan chét thé & vi tri s6
3 cta 1-((1H-1,2,3-Triazol-4-yl)methyl) indolin-2-on nhw dy kién. Ca 14 dan
chat déu chwa tirng duwgc cong bo trong bat ky tai liéu tham khao nao:
- N-Hydroxy-4-(4-((3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)butanamide (5a)
- 4-(4-((5-Fluoro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxybutanamide (5b)
- 4-(4-((5-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxybutanamide (5c¢)
- 4-(4-((5-Bromo-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxybutanamide (5d)
- N-Hydroxy-4-(4-((3-(hydroxyimino)-5-methyl-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)butanamide (5e)
- N-Hydroxy-4-(4-((3-(hydroxyimino)-5-methoxy-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)butanamide (5f)
- 4-(4-((7-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxybutanamide (5g)
- (N-Hydroxy-5-(4-((3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)pentanamide (6a)

- 5-(4-((5-Fluoro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxypentanamide (6b).

- 5-(4-((5-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxypentanamide (6c¢)

- 5-(4-((5-Bromo-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxypentanamide (6d)
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- N-Hydroxy-5-(4-((3-(hydroxyimino)-5-methyl-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)pentanamide (6e)

- N-Hydroxy-5-(4-((3-(hydroxyimino)-5-methoxy-2-oxoindolin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)pentanamide (6f)

- 5-(4-((7-Cloro-3-(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-N-hydroxypentanamide (6g)
1.2. Vé hoat tinh sinh hoc

ba thit tac dung rc ché HDAC va hoat tinh gy doc té bao cia cac chat
tong hgp dwoc, két qua cho thay:

+ Vé tac dung ttc ché HDAC: ca 14 dan chat déu c6 tac dung rc ché
HDAC.

+ Veé hoat tinh gay doc t€ bao: V&i day dan chat 5a-g, ca 7 dan chat déu c6
hoat tinh gay doc té bao trén 1 hodc ca 3 dong té bao thir nghiém. Trong 7 dan
chat c6 thé nhan thdy moi lién hé gitta hoat tinh tc ché enzym va hoat tinh
gady doc té bao, chat 5e c6 hoat ttc ché tot HDAC2 vdi ICso nho 1a 1,28 pM va
c6 doc tinh tot nhat trén ca 3 dong té bao ung thw véi ICs tir 0,49 - 0,73uM,
manh hon SAHA tir 5-8 lan. V@i ddy dan chat 6a-b, chi c6 3 trong 7 chat thé
hién doc tinh t6t trén 3 dong t€ bao ung thw. So sanh két qua thit tac dung sinh
hoc ctia day 6a-g vGi day 5a-g, c6 thé thay day chat 5a-g thé hién hoat tinh tot
hon trén ca 3 dong té bao ung thu thir nghiém.

2. HUONG NGHIEN CUU TIEP THEO
- Tiép tuc tién hanh tht hoat tinh gay doc té bao ung thw in vitro ctia cac dan
chat tong hgp dugc trén cac dong té bao ung thw khac nham sang loc ra cac
dan chat c6 tac dung manh, 1am co sé& cho viéc thir tac dung in vivo.

- Mé rong hwéng nghién citu bang cach thay vong 1,2,3-triazol bang céac
nhom dang cau dién t hodc thay déi cac nhém thé trén khung 3-

hydroxyimino-2-oxoindolin.
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