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BO GIAO DUC VA PAO TAO
Don vi: Trwong Pai hoec Mo - Dia chit

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Tong hop mot s6 dan chat amid thom méi mang khung 2-(5-(naphtalen-
2-yl)-2H-tetrazol-2-yl) va danh gia tic dung trc ché acetylcholinesterase dinh hudng
diéu tri bénh Alzheimer

- M s6: T25-16

- Chii nhiém: ThS Nguyén Viét Hiung

- Co quan chu tri: Truong Pai hoc M6 - Pia chat

- Thoti gian thye hién: 12 thang (tur thang 1/2025 — 12/2025)

2. Muc tiéu: Tong hop duoc 5 dén 7 dan chat thom méi mang khung 2-(5-(naphtalen-

2-yl)-2H-tetrazol-2-yl) c6 kha ning tic ché enzym acetylcholinesterase.

3. Tinh méi va sing tao: Cac dan chat duoc tong hop 14 nhitng chat hoan toan méi, c¢6

kha niang trc ché enzym acetylcholinesterase dinh hudng diéu tri bénh Alzheimer.

4. Két qua nghién ctru:

- Pi téng hop 10 dan chit amid thom mdi mang khung 2-(5-(naphtalen-2-yl)-2H-

tetrazol-2-yl), vuot chi tiéu so v6i thuyét minh.

- i khang dinh céu tric caa 10 dan chat bang cac phuong phap phd: Phd cong hudng

tir hat nhan ("H-NMR, *C-NMR) va ph6 khéi hiéu ning cao (HR-MS)

- D3 danh gia tinh chat “gidéng thudc” va thir tac dung trc ché enzym acetylcholinesterase.

5. San pham:

Dé tai da hoan thanh ddy du va vuot mirc san phdm theo thuyét minh bao gdm: téng hop

10 dan chit amid thom méi mang khung 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl), cac

dan chat dugc khang dinh ciu trac thong qua cac phuwong phap phd, sau d6 danh gia tinh

chét “gidng thudc” va thir tac dung e ché enzym acetylcholinesterase; 02 bai béo trén

Tap chi trong nude (01 bai dang trén Tap chi Nghién ctru Duoc va Thong tin thude

07/2025, 01 bai chdp nhan ding trén Tap chi Khoa hoc, Céng nghé va K§ thuit Viét

Nam thang 8/2025; 01 quy trinh diéu ché va 01 bao cdo tong két.

- 02 cir nhan duoc bao vé thanh cong Khoa luan Tét nghiép (vuot chi tiéu 01)

- 01 quy trinh tong hop 10 din chit amid thom mé&i mang khung 2-(5-(naphtalen-2-yl)-

2 H-tetrazol-2-yl)

6. Hiéu qu4, phwong thirc chuyén giao két qua nghién ciru va kha ning ap dung:

- Nghién ctru cua dé tai gop phan hudng din 02 sinh vién hoan thanh Khoa luin tdt

nghiép.

- Két qua nghién ctru ctia dé tai duoc giao ndp truc tiép cho co quan chu tri dé tai (Trudng
7



bai hoc Mo - bia chét)
- Két qua cua dé tai co thé dugc sir dung 1am tai liéu tham khao cho cac nghién ctru

chuyén sau vé Hoa hitu co, Hoa duoc, phan tich, kiém nghiém, ...

Ngay 11 thang 11 nam 2025

Co quan chii tri Chii nhiém dé tai

ThS. Nguyén Viét Hung



MO DAU

Alzheimer 12 bénh thoai hoa than kinh lién quan dén su suy giam dan dan va khong
thé phuc hdi vé tri nhé, kha ning suy nghi va cudi cung 14 kha nang thyc hién cac hoat
dong hang ngay [1, 2]. Theo bao cdo cua T chire Y té Thé gigi (WHO) nam 2022, ching
sa sut tri tu¢ 1a mot trong nhirng thach thuc 1on vé stc khoé véi 55,2 tridu nguoi da bi
anh hudng trén toan cau va con s nay duoc dy béo sé ting manh dén 78 triéu ngudi vao
nam 2030 [3]. Ty 1é ngudi mic ching sa st tri tué lién quan t6i Alzheimer ting dang
ké theo do tudi, vi ty 16 13 5% & nhom tir 65 dén 74 tudi, 13,2% & nhém tir 75 dén 84
tudi va 1én t6i 33,4% & nhitng ngudi tir 85 tudi tro 1én [4]. Cung véi d6, ganh ning vé
tai chinh trén toan thé giéi lién quan dén dich vu xa hoi va chi phi chdm soc y té cho
nhirng ngudi mic ching sa sut tri tué dy kién s& vuot qua 2,8 nghin ty d6 vao nam 2030,
ting gap d6i chi phi nam 2019 [5]. Theo bo cdo tai Hoi nghi Quéc gia vé Sa sit tri tué
niam 2018, Viét Nam d4 ghi nhan khoang 660,000 ngudi méc sa sut tri tué vao nim 2015,
va con sd ndy du bao s& ting 1én 1,2 triéu ngudi vao nam 2030, dit ra nhimg thach thirc
16m d6i v4i hé théng y té va xa hoi trong viéc cung cép céc dich vu cham soc, diéu tri va
hd tro cho nguoi bénh [6, 7].

Hién nay, mic du nhiéu gia thuyét da dugc dé xuit nham 1y giai co ché bénh sinh
cua AD, nhung co ché bénh hoc cu thé van chua duoc gidi thich mot cach déy du va
chua co6 liéu phap diéu tri nao duoc chirng minh c6 hi¢u qua trong viéc lam cham hodc
ngin chin qua trinh tién trién ctia bénh [4, 8]. Tinh dén thang 7 nam 2024, Cuc Quan ly
Thue pham va Dugc pham Hoa Ky (FDA) di phé duyét hai liéu phap khang thé don
dong dinh hudéng amyloid-beta la donanemab va lecanamab, ba thudc diéu trj tricu
ching wc ché acetylcholinesterase bao gdm: donepezil (Aricept®), galantamine
(Razadyne®), rivastigmine (Exelon®) va mot thudc dbi khang thu thé N-methyl-D-
aspartate (NMDA): memantin [8-10]. Tuy nhién, cac thudc hién c6 chua cho thdy hiéu
qua cao trong diéu tri, chil yéu gitip 1am giam triéu chimg va di kém véi nhiéu tic dung
khong mong mubdn [9]. Do d6, nhiém vy tim kiém céc loai thudc an toan va hiéu qua
hon trong diéu tri AD van 1a van dé cap bach hon bao gid hét [3, 4].

Tetrazol thuoc nhom di vong thom 5 canh chita 4 nguyén tur nito va 1 nguyén tir
carbon. Céc dan chét ctia tetrazol cho thay nhiéu hoat tinh sinh hoc tiém nang nhu khéng
khuan, khang nam, khang viém, khang ung thu, chéng dai thao duong va chéng dong
mau [11]. Nhiéu nghién ctru gan ddy da chi ra rang, cac dan chit mang khung tetrazol
c6 kha nang tuong tac véi mot sd dich phan tir tiém ning trong diéu tri Alzheimer, trong
d6 hudng e ché enzym acetylcholinesterase da va dang nhan dugc nhiéu sy quan tam
[12-14].

Naphthalen 12 mot cau trac hai vong thom don gian, d ching minh dugc tinh ing

dung vuot troi trong nghién ciru va phat trién cac thubc méi [15]. Nhiéu nghién ctru

9



trude day da chi ra ring khung naphthalen dugc sir dung rong réi trong thiét ké cac thude
v6i tac dung chdng ung thu, khang khuan, khang virus, chéng viém va dic biét 1a trong
linh vuc dugce 1y than kinh [16-19]. Cac hop chat mang khung naphthalen cho thy tiém
nang tich cuc trong viéc lam giam triéu chuing va han ché su tién trién cua AD trong cac
thir nghiém in vitro va in vivo [20, 21]. Vi vy, viéc tiép tuc nghién ctru va phat trién cac
hop chit mang khung naphthalen c6 thé mang lai nhirg két qua hira hen, trong d6 huéng
trc ché enzym acetylcholinesterase (AChE) di va dang nhan dwoc nhiéu sy quan tam,
mo ra trién vong méi trong viéc tim kiém cac liéu phap diéu trj hiéu qua AD [15].

Trén co s& d6, voi muc dich tim kiém va sang loc nhitng hop chit c¢6 kha ning trc
ché AChE tt, ddng thoi 1am giau co s& dit liéu vé nhitg hop chat (rc ché AChE mang
khung naphthalen-tetrazol, nhém nghién ctru tién hanh thyc hién dé tai “Téng hop mét
s6 din chit amid thom méi mang khung 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl)
va danh gia tac dung tc ché acetylcholinesterase dinh hwéng diéu tri bénh
Alzheimer” voi1 hai muc ti€u chinh:

1. Tong hop dugc khoang 5-7 dan chat amid thom mé&i mang khung 2-(5-
(naphtalen-2-yl)-2 H-tetrazol-2-yl).

2. Bu6c dau danh gia tac dung @rc ché AChE cua céc dan chat tong hop duoc.

10



PHAN 1. TONG QUAN
1.1. Téng quan vé bénh Alzheimer va céc gia thuyét
1.1.1. Alzheimer va lich sw phat hién bénh
Bénh Alzheimer 13 nguyén nhan hang dau gy ra hoi ching ching sa st tri tué
(chiém khoang 60-80% tong sb ca bénh) [22] 1a tinh trang thoai hoa than kinh man tinh
va khong hoi phuc, dac trung bdi cac tri¢u chirng nhu maét tri nhé, roi loan nhan thic va
hanh vi ciing v&i nhitng t6n thuong vé tim 1y va thé chét ciia bénh nhan [23, 24].

Bénh Alzheimer duoc Alois Alzheimer mo ta 14n dau tién vao nam 1906, vé truong
hop cia Auguste Deter, mgt phu nir 51 tudi bi rdi loan nhan thic, mat phuong hudng,
4o tuong va cac thay doi hanh vi khac ma 6ng gip 1an dau tién vao nam 1901. Ba Deter
qua doi 4,5 ndm sau d6 vao nam 1906. Panh gia bénh 1y than kinh cta Alzheimer cho
thdy hién tuong teo ndo va "nhitng thay ddi dic biét & cac cum té bao vo ndo". Ong di
béo cdo nhitng phat hién ctia minh trong mot bai giang "vé qua trinh bénh 1y dic biét cua
vo nao" [25]. Mac du dugc mo ta vé mat dinh tinh béi Alzheimer vao nam 1906, danh
tinh cua hai phan tir tham gia vao co ché bénh sinh ctia AD, peptide beta amyloid duoc
tim thay trong cac mang bam va protein tau ting phosphoryl hoa duoc tim thay trong
cac dam rdi soi than kinh (NET) khong duoc xac dinh cho dén giita nhitng nim 1980
[26-31]. Véi nhitng khdam pha ban dau nay, danh gia bénh 1y than kinh ciia AD da phat
trién hon nita dé nhan ra nhiéu bénh 1y than kinh di kém, gop phan giy ra chirng mat tri
nhé 1am sang [32-36]. Sau Pao luit Dy an Alzheimer Qubc gia (NAPA) dugc Tong
thong Obama ky thanh luat nam 2011, ké hoach qudc gia ctia Hoa Ky nham giai quyét
bénh Alzheimer da dugc xay dung vao nam 2012, dat ra ndm muc tiéu dﬁy tham vong:
phong ngira va diéu tri hidu qua bénh Alzheimer vao nim 2025, tdi wu hoa chat luong
va hi¢u qua cham séc, mé rong hd trg cho bénh nhan va nguoi chdm soc, nang cao nhan
thirc cong dong, va cudi cung 1a theo ddi tién d6 va thuc day cai thién [37].

Céc nghién ctru vé sau da chi ra rang, AD véi nhitng biéu hién 14 suy giam nhan thuc,
mat tri nhé, thiéu kha nang thyc hién nhiém vu va c6 nhitng hanh vi khac biét thi kem
theo d6 13 chting teo ndo dic trung, ling dong cic mang bam amyloid va hinh thanh dam
rdi soi than kinh [1, 38, 39] (Hinh 5). Tuy nhién, cho dén hién nay vin chua c6 phuong
phap phét hién sém ciing nhu chua c6 liéu phép tri liéu ndo du hidu qua c6 thé lam cham
hodc nglmg qua trinh tién trién ciia bénh. Piéu nay da tic dong tiéu cuc dén sirc khoe
thé chat va tinh than ctia khong chi ngudi bénh ma con cua gia dinh va ngudi chim soc

[4].
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B¢ nio khée manh Nao ngwoi bénh Alzheimer
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Hinh 1. C4u tao v ndo ctia nguoi binh thudng va nguoi bi bénh Alzheimer [39]
1.1.2. Cac giai doan cua bénh Alzheimer

Cac triéu chung cua bénh Alzheimer tré nén tdi t& hon theo thoi gian, mdc du tde
do tién trién cuia bénh khac nhau. Trung binh, mdt nguoi mic bénh Alzheimer séng duoc
bon dén tdm nam sau khi duoc chan doan, cling c6 thé séng t61 20 nam, tuy thude vao
cac yéu tb khac. Nhing thay doi trong ndo lién quan dén bénh Alzheimer bét dau nhiéu
nam trude khi c6 bat ky dau hiéu nio ciia bénh. Khoang thoi gian nay, c6 thé kéo dai
trong nhiéu nim, dugc goi 12 bénh Alzheimer tién 1am sang. Cac giai doan duédi day
cung cip mot ¥ tudng tong thé vé cach cac kha nang thay doi khi cac triéu ching xuat
hién va chi nén dugc sir dung nhu mgt hudng dan chung. Can luu v ré“lng 6 thé kho Xép
mot ngudi mic bénh Alzheimer vao mot giai doan cu thé vi cac giai doan co thé chéng
chéo 1én nhau. [40, 41].

Bénh Alzheimer giai doan dau (nhe): trong giai doan ddu cua bénh Alzheimer,
ngudi bénh ¢ thé hoat dong doc 1ap. Ho van c6 thé 1ai xe, 1am viéc va tham gia cac hoat
dong x4 hoi. Tuy nhién, ngudi bénh c6 thé cam thay tri nhd bi suy giam, ching han nhu
quén cac tu nglt quen thudc hoac vi tri cia cac vat dung hang ngay. Cac triéu ching co
thé khong rd rang ¢ giai doan nay, nhung gia dinh va ban bé than thiét c6 thé nhan thiy
va béc si c6 thé xac dinh cdc triéu chimg bang mot sé cong cu chan doan nhat dinh. [40,
41]; Bénh Alzheimer giai doan giita (trung binh): giai doan gitra ciia bénh Alzheimer
thuong 14 giai doan dai nhat va c6 thé kéo dai nhiéu nam. Trong giai doan ndy, cac triéu
chtng sa sut tri tué tré nén rd rét hon. Nguoi bénh c6 thé nham 13n tir ngir, dé cau gat

hodc tirc gian, va hanh dong bét ngo, chéng han nhu tir chdi tdm rira. Ton thuong té bao
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than kinh ndo ciing c6 thé khién ngudi bénh kho dién dat suy nghi va thyuc hién cac cong
viéc thuong ngdy ma khong co su tro gitip [40, 41]. O giai doan giita, ngudi bénh
Alzheimer van c6 thé tham gia cac hoat dong hang ngay véi su hd trg. Piéu quan trong
1a tim hiéu xem ngudi bénh van c6 thé 1am gi hodc tim cach don gian hoa cac cong viée.
Khi nhu cdu chdm soc chuyén sdu ting 1én, ngudi cham séc c¢6 thé can nhic st dung
dich vu cham soc tam thoi hodc trung tdm cham séc¢ ban ngay danh cho ngudi 16n dé ho
c6 thé tam thdi nghi ngoi trong khi ngudi bénh Alzheimer van dugc chim séc trong mot
moi trudng an toan. Bénh Alzheimer giai doan cudi (ndng): & giai doan cudi cua bénh,
cac triéu ching sa st tri tué tré nén nghiém trong. Ngudi bénh mat kha ning giao tiép,
kha ning phan tmg v6i moi trudng va cudi cing 13 mat kiém soat van dong. Ho van c6
thé noi duoc tir hodc cum tr, nhung viéc truyén dat tré nén kho khan. Khi tri nho va k§
ning nhan thire tiép tuc suy giam, nhiing thay doi dang ké vé tinh cach c6 thé xay ra va
ngudi bénh can duge chim soc dic biét [40, 41]. Trong giai doan nay, ngudi chim soc
¢ thé mudn sir dung céc dich vu hd tro, chéng han nhu chim soc tinh than, tap trung
vao viéc mang lai su thoai méi va pham gid cho ngudi bénh vao giai doan cubi doi. Chim
soc tinh than c6 thé mang lai loi ich to 16n cho nhimg ngudi mic bénh Alzheimer va cac
chtrng mat tri nh¢ khac, ciing nhu gia dinh cia ho.
1.1.3. Nguyén nhén va co ché bénh sinh

Alzheimer duoc coi 1 mot bénh da yéu t6 lién quan dén mot sé yéu tb nguy co dan
dén AD nhu tudi tic ngay cang ting, yéu td di truyén, chan thuong du, bénh mach mau,
nhiém tring va cac yéu té moi trudng (kim loai ning, kim loai vét va cac yéu t khac)

(Hinh 2) [42].

[ Tudi tac va \’
__ giéitinh —
: ‘ Yeéu to di

{ Chin thwong dau lruyén

.|u¥u.,
att tee,

Bénh tim mach | ——
B — Nhiém trung

7. Alzheimer disease QO
L risk factors o ‘-‘

Léi séng | e —
| oisong ‘ Yéu t6 moi truong

Yéu lé khac: \‘
| Béo phi, tiéu duing ... |

Hinh 2. Nguyén nhan gy bénh Alzheimer [42]
Tinh dén nay, nhiéu gia thuyét vé co ché bénh sinh ctia Alzheimer da dugc dé xuat
va nghién ctru, nham tim kiém cac phuong phap can thiép va diéu trj hiéu qua. Céac gia
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thuyét ndi bat bao gdm: gia thuyét cholinergic (lién quan dén acetylcholin), gia thuyét
mang bam amyloid (tich tu amyloid beta), gia thuyét ion kim loai, gia thuyét tau (sy thay
ddi cua protein tau), va gia thuyét lysosome (r6i loan chirc ning lysosome) [43]. Mic
du chua c6 gia thuyét nao giai thich day du co ché bénh sinh cta bénh Alzheimer, nhung
cac gia thuyét hién tai da tao nén tang virng chic cho viéc nghién ctru va phat trién cac
phuong phép diéu tri tiém ning [8, 43].
Gid thuyét mang bam amyloid

Gia thuyét mang bam amyloid hién nay van duoc coi la gia thuyét trung tim trong
co ché gay bénh Alzheimer. Theo thuyét nay, su thoai hoa than kinh trong AD géy ra
boi sy tich tu bt thudng cac mang amyloid B (AP) trong cac khu vuc cua ndo. Su tich
tu cua cac mang AP hoat dong nhu mot yéu td kich hoat bénh 1y cho mot chudi ton
thuong ddy than kinh, hinh thanh cac dam rdi s¢i than kinh thong qua protein tau dan
dén r6i loan chirc ning té bao than kinh va chét té bao trong AD [44].
Céac mang AP hinh thanh do sy phén cat protein tién chat amyloid (APP) qua con dudng
sinh amyloid [45]. Qua trinh phan cit APP phu thudc vao cac enzym secretase va chia thanh
hai con duong la: Con dudng sinh amyloid (amyloidogenic pathway) va con duong khong

sinh amyloid (non-amyloidogenic pathway) (Hinh 3) [46].

A" Con dudng khdng sinh amyloid . Con dudng sinh amyloid
sAPPa SAPPB
APP APP
Ngoai bao P3 Ngoai bao
AB
— -—) - =
KB Kaooanaaaaanaans Qe OACAQsALaeaanan
a-secretase mmmp Af $ 54 M » - B-secretase mm——p A :
y-secretase y-secretase
NGi bao NGi bao
CTF-
CTF-a ®
AICD AICD

Hinh 3. Con dudng chuyén hoa APP [46]

Con duong khong sinh amyloid bat dau bang sy phan cat APP boi a-secretase giai
phong APP o hoa tan (sAPPa) & ngoai bao va mot doan 83 acid amin (CTF83) du C (C83)
van dugc gan vao mang sinh chat. Su phan cat doan CTF83 bai y-secretase ké tiép s& giai
phong mot doan p3 nhod vao ngoai bao va dé lai mién ndi bao APP (AICD) vao té bao chat.
sAPPa. dugc bao cao 1a gop phan vao sy phét trién ciia noron than kinh va kich hoat con
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dudng protein kinase hoat hoa biang mitogen (MAPK), con dudng diéu hoa tin hiéu ngoai
bao (ERK) [47].

Trong khi d6, con duong sinh amyloid bit dau bang sy phan cit APP boi enzym f-
secretase (BACE) tao APP hoa tan (sSAPPP) giai phong vao ngoai bao va mot doan dau tan
C ctia APP 16n hon c6 chiéu dai 99 acid amin (CTF99). Sy phan cit doan CTF99 béi y-
secretase ké tiép s& giai phong A vao ngoai bao va AICD vao té bao chat [46]. Su lang
dong va tich tu Af dan dén thoai hoa than kinh thong qua hinh thanh cac dam rdi soi than
kinh va gdy ton thuong hodc chét té bao than kinh, tir 46 anh huong dén tri nhé va nhan thirc
clia bénh nhan. Manh Af khong tan c¢6 chiéu dai tir 37 dén 42 acid amin, trong d6 dang chi
y 1a manh AB40 va AS42. Manh AS42 ky nudce hon va dé hinh thanh soi hon trong khi chi
chiém khoang 10 % tong luong Af peptid duoc tao ra [45, 48, 49]. Cac nghién ctru in vivo
va in vitro da chi ra rang AB42 giy doc than kinh nhiéu hon va c6 nhiéu kha ning tong hop
thanh céc oligomer khong hoa tan [50]. Cac oligomer ddc hai dugc tao ra boi su tich liy
Ap kich hoat mét loat cac con duong giy bénh khéc ciia Alzheimer bao gom t6n thuwong do
stress oxy hoa, viém than kinh va ting phosphoryl hoa protein tau,... [49].

Gid thuyét cholinergic

Gia thuyét cholinergic 1a mét trong nhing gia thuyét 1au doi nhat trong qua trinh
nghién ctru vé AD [51]. Nhiing nghién ciru dau tién dit nén tang cho gia thuyét
cholinergic trong AD bat dau tir giita nhitng nim 1970. Nhiing nghién ctru nay cho thay
bénh nhan Alzheimer c6 tinh trang giam st dang ké enzym cholin acetyltransferase
(ChAT) - enzym tong hop acetylcholin (ACh) & ving v6 ndo [44, 52, 53]. Hai ddu 4n
quan trong khac ciia bénh Alzheimer theo gia thuyét cholinergic 1a sy giam khir cuc dan
dén giam giai phong ACh vao khe synap va giam thu hdi cholin & khe synap can thiét
cho qua trinh tong hop ACh [54]. Tir d6 dan t6i suy giam cua chat dan truyén than kinh
quan trong trong qua trinh bénh sinh ctia Alzheimer 1a ACh. Nhing hé qua nay cho thiy
su thoai hoa cia cac té bao than kinh va sy mét dan truyén than kinh cholinergic lién
quan & vo ndo va than kinh trung wong da gép phan gy ra bénh, lam suy giam dang ké
chtrc nang nhan thuc ¢ bénh nhan Alzheimer [51].

Acetylcholin 1a chat dan truyén than kinh dong vai tro rat quan trong trong hé
than kinh trung wong va ngoai bién. Trong hé than kinh trung wong, céc té bao than kinh
cholinergic ciing chat dan truyén than kinh ACh chju trach nhiém chu chdt trong viéc

diéu hoa cac chirc ning va hoat dong sinh 1y ctia hé théng than kinh bao gdm: su tip
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trung, ghi nhd, dap (mg véi stress, chu ky gidc ngii va tiép nhan thong tin tir cac giac
quan [55, 56]. ACh duogc tong hop & trong cic noron tién synap tir cholin va acetyl-
coenzym A (acetyl-CoA) boi enzym (ChAT), sau d6 ACh duoc chuyén vao trong boc
synap qua kénh van chuyén ACh. Qua trinh khir cuc & tién synap thuc day qua trinh giai
phong ACh tir boc synap vao khe synap. Tai ddy, ACh c6 thé gin véi cac thu thé
nicotinic hodc muscarinic din dén phan tng kich thich hay @c ché dan truyén than kinh.
Bén canh d6, ACh c6 thé nhanh chong bi thily phan va bat hoat boi enzym
achetylcholinesterase (AChE) tao acetat va cholin. Cudi cing, choline duoc thu hdi tro
lai tién synap thong qua kénh véan chuyén cholin (CHT1) va tiép tuc quay lai qua trinh
téng hop ACh (Hinh 2) [54, 56].

Viéc thiéu hut ACh cling lam giam hoat héa cua thu thé muscarinic M1 dan t6i
bat hoat protein kinase C va enzym a-secretase, tir d6 dan t6i hoat hda enzym glycogen
synthase kinase-3f (GSK-3/) va enzym BACE-1 trong ndo bénh nhan Alzheimer [57].
Viéc giam hoat dong a-secretase va tang hoat tinh cia BACE-1 lam thay ddi con duong
chuyén héa amyloid beta (Ap) protein dan téi hinh thanh mang bam amyloid beta. Hon
nita, nhiéu nghién ctru da chi ra rang viéc hoat héa qua muc enzym glycogen synthase
kinase (GSK) c¢6 nhiém vu phosphoryl hoa protein tau dan t6i hinh thanh dam rdi soi
than kinh va néng do cao cac oligome Af gay doc [57, 58]. Pdi véi thu thé nicotinic,
tiéu don vi a7 cua thu thé nicotinic s& bi giam st dang ké gy réi loan chirc ning céc té
bao than kinh dém — cac té bao c6 chiic ning quan trong trong viéc diéu hoa sy dan
truyén than kinh, tao méi truong du chat dinh dudng va oxy cho noron va don sach cac
noron chét [59]. Tir d6, cac té bao than kinh dém giai phong mot s6 cytokin nhu TNF-
a, IL-18, IL-6... gy viém lan rong va ton thuong cac khdp ndi than kinh, Cac phan tmg
viém qua mirc din dén viéc hoat hoa thu thé NMDA, lam mé cac kénh canxi (Ca+) & té
bao than kinh, giy khtr cuc té bao than kinh va doc té bao. Tir d6 té bao than kinh dém
khi bi ton thwong ciing khong thé don dep cac té bao than kinh chét va cac chat
doc nhu AP [60, 61]. Nhu vy, tir nhitng nghién ctru trén da cho thdy mébi quan hé phirc
tap gitra gia thuyét cholinergic va cac gia thuyét lién quan ciing nhu cac dic diém bénh
1y da dang trong bénh Alzheimer [58]. Chinh vi vy, gia thuyét cholinergic d tao ra mot
cudc cach mang, thay ddi cin ban nghién ctiru vé AD bang cach chuyén tir nhitng moé ta
vé bénh ly than kinh hoc sang khai niém hién dai vé qua trinh truyén tin hiéu tai synap

[62]. Mic du bénh Alzheimer thudng gin lién v6i gia thuyét vé ling dong AP hay gia
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thuyét protein tau di duoc nghién ctru trong nhidu nim, cing vdi cac co ché bénh 1y
khac dang duoc kham phé gan day, nhung cac phuong phap diéu tri nham cai thién chirc
ning cholinergic van giit vai trd quan trong trong viéc quan 1y diéu tri AD [8].

Gid thuyét dam réi tau

Vé mit bénh hoc than kinh, AD dugc dinh nghia 14 su hién dién cta céc ton
thuong soi than kinh trong té bao than kinh dugc tao thanh do protein tau. Gia thuyét
tau cho rang su phosphoryl hoa qua mirc hodc bt thudng cta tau ddn dén sy bién doi
tau truong thanh binh thuong thanh PHF-tau (soi xo4n kép) va NFT (d4m rdi soi than
kinh) (Hinh 5) [63, 64]. Pac diém ndi bat nhit cua protein tau la sy hién dién cua mot
mién lién két vi 6ng bao gém ba hodc bdn lan 1ap lai cuia 18 acid amin nam & nira dau
tan C cua protein. Mién lién két vi dng nay tham gia vao qua trinh tring hop va 6n dinh
vi dng. Phan d4u tan N ciia tau bao gdm céc acid amin c6 tinh acid cao. Tiép theo 1a ving
giau prolin c6 thé twong tic v6i khung té bao va mang sinh chit hoat dong nhu mot
miéng dém dé gilr cho céac vi 6ng sQ1 truc cach xa nhau va ciling cé thé hoat dong nhu
mot chit lién két voi cac thanh phan mang [44, 65].

- Vi ong

Tang kinase va giam phosphatase

Phosphoryl hoa
tau

Sw mat on dinh cia vi ong va sw
hinh thanh 161 loan tau hoa tan

Pam ro1 soi
than kinh

Hinh 4. Su hinh thanh dam rdi tau
Qua trinh phosphoryl héa protein tau duoc diéu hoa phat trién tir bao thai dén
giai doan trudng thanh. Mot sb kinase tau c6 kha nang phosphoryl hoa qua mirc tau nhu

glycogen synthase kinase 3f (GSK-3f), protein kinase 5 (cdkS5), protein phu thudc
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cAMP (PKA), protein kinase kich hoat stress. Do d6 trc ché cac kinase 1a mot phuong
phap dé ngin chin su ling dong cua tau. Khong gidng voi cac kinase protein, cac
phosphatase tau thic ddy qua trinh khir phosphoryl héa cua tau. Viéc diéu chinh cac
phosphatase tau 1a mot cach tiép can khac dé thiic day qué trinh khir phosphoryl hoa tau
[44]. Phosphoryl hoa tau cling c6 thé lam trAm trong thém qué trinh san xuit AP trong
soi truc thong qua sy pha v cac vi 6ng, 1am tang sy tich lily APP va BACE [66].

Gid thuyét ion kim logi

Gia thuyét ion kim loai trong co ché bénh sinh ciia AD ciing dang duoc nhiéu
nha nghién ciru quan tdm. Céc ion kim loai c¢6 nhiéu vai tro quan trong bao gém vai trd
1a chit dan truyén than kinh thir hai trong tin hi¢u té bao, 6n dinh cau tric protein, xuc
tac phan ng enzym va van chuyén oxy khip co thé. Tuy nhién ndng do cao cac ion kim
loai (Cu, Fe, Al, Zn) dugc bao céo c6 trong cac mo nao sau khi chét cua bénh nhan

Alzheimer [67].
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Hinh 5. Tac dong cuia kim loai thiét yéu trong AD
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Trong ndo bénh AD, tinh trang mat can b::ing kim loai thiét yéu duong nhu co
lién quan dén co ché sinh bénh cua AD. Suy giam chirc ning APP, c6 trong AD, c6 thé
gdy ra tinh trang ting nong do Fe?* va Cu®" ndi bao va ngoai bao, dong thoi lam giam
Cu* ngoai bao, do d6 thic day sy tich tu cua ching. Luong Fe?* va Cu?* qua murc 1am
ting stress oxy hoa thong qua san xuat ROS. Ngoai ra, sit, dong va kém c6 &i luc lién
két cao hon véi AP va co thé thiic day su két tu ctia nd. Sat, dong va kém ting cao & té
bao than kinh cling lién két véi protein tau va tao diéu kién cho su hinh thanh NFT. Do
d6, lwong kim loai ning du thira dugc tim thay trong cic mang bam va NFT. Sy mt can
bang ndi méi cua cac kim loai thiét yéu trong khong gian ngoai bao giy ra hoat héa té
bao vi giao va té bao hinh sao, tiép theo 13 san xuat qua mirc cac cytokine tién viém nhu
IL-1B va TNF-a (Hinh 6) [68].

Su hién di¢n cua cac kim loai khong thiét yéu nhu chi, nhdm va cadmium co6 tac
dung gay doc than kinh 1én ndo, lam trAm trong thém bénh AD. Tiép xtic v6i chi 1am
tang biéu hién APP va BACEI va pha v& chirc nang cua té bao vi giao, cing véi d6 1am
tang san xuat AP va hinh thanh mang bam. Nhom noi bao ting s& canh tranh vi tri lién
két sit trong yéu t6 dap ung véi sit; két qua 1, Fe?" tich tu va 1am ting san xuit ROS.
Nhém ciing tich tu trong cac té bao than kinh mang NFT. Ngoai ra, nhom c6 thé lién két
v6i AP va gay ra su két tu ctia né. Cadmium ciing lién két voi AP va tham gia vao su
hinh thanh mang bam. Tiép xtc v6i kim loai ning gy ra hoat hoa té bao vi giao va té
bao hinh sao va sau d6 lam ting san xuét cac protein tién viém, bao gom IL-1p, IL-8,
TNF-a, IL-6 va iNOS.

Ngodi ra, cic nghién ctru di ching minh rang cin bang ndi méi calci té bao dong
vai tro then chdt trong viéc diéu chinh nhiéu chtrc ning ctia té bao than kinh bao gdm su
phat trién va biét hoa té bao than kinh, do déo ctia khép than kinh, hoc tap va ghi nhé.
Trong cic md hinh thi nghiém Alzheimer, luong calci trong té bao than kinh ting cao
va tir d6 kich hoat cac qua trinh bénh 1y tiép theo ctia Alzheimer [69]. Do d6, giam ndng
d6 kim loai du thira trong nio bang cac tac nhan thai sat 1a mot trong nhiing phuong
phap diéu tri hop 1y dé diéu tri AD [67].

Gid thuyét lysosome va tw thue

Tu thyc 13 qué trinh t& bao sir dung dé loai bo cac thanh phan bj hu hong hodc
khong can thiét, bao gdm cac protein bi sai léch cau tric nhu tau va AB. Qué trinh nay

bao gdm viéc hinh thanh cac autophagosome, sau d6 hop nht véi lysosome dé phan
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huay cac chat bén trong [43, 70, 71]. Qué trinh tu thyc phan hity va tai ché cac thanh phan

té bao thong qua hé théng lysosome duoc mé ta & Hinh 6.

Autophagy
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Hinh 6. Qua trinh tu thuc thong qua hé thdng lysosome [71]

Qua trinh nay gém 5 giai doan. Khdi ddu tw thuwe (Hinh 6-A): (nhan dién té bao
bi tén thuong: ty thé, protein sai ciu trac LC3, Atg). Qua trinh ty thuc bat dau véi su
hinh thanh phagophore (mang tién thdn cia autophagosome). Hinh thanh
autophagosome (Hinh 6-B): Phagophore mé rong va thu nhan cac thanh phan can loai
b6 nhu LC3 va Atg protein, tao thanh autophagosome. Hop nhit va tich (Hinh 6-C):
Autophagosome hop nhét véi lysosome va cac protein LC3 tach ra khoi mang. Phén
hiy (Hinh 6-D): Autolysosome thu dugc chtra cac hyrdolase axit hoat dong phan huy
thanh phan té bao chat dugc bao boc. Phdn gidi (Hinh 6-E): Qua trinh hoan thanh
autophagy duoc danh diu bang qua trinh tiéu hoa autophagosome va thanh phan
autophagosome dong thoi giai phong cac axit amin va cac san pham chuyén héa khac
(APP, protein tién chit amyloid, LC3, chudi nhe protein lién két véi
phosphatidylethanolamine gin v6i autophagosome; PS1, presenilin 1).

Gia thuyét lysosome va tu thuc cho rang sy suy giam chtic ning ctia hé thong tur
thue va lysosome dong vai trd quan trong trong co ché bénh sinh ctia bénh Alzheimer

(AD) [70-72]. Thuc bao dong vai tro 1a co ché di héa duy nhét dé phan hity cac bao quan
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va cac tap hop protein. Ngay cang c6 nhiéu bang chimg cho thiy rdi loan chirc nang tur
thuc trong bénh Alzheimer (AD) va cac bénh thoai hoa than kinh khac lién quan dén
qué trinh x1r 1y va tich tu protein sai. Trong diéu kién sinh ly, hé théng tu thuc/lysosome
tai ché hiéu qua cac bao quan va protein nén. Tuy nhién, chitrc ning ty thuc giam dan
dén tich tu protein va cac tai tu thuc va lysosome. Céc thi ndy chtra cac hydrolase
lysosome doc hai ciing nhu bo may té bao thich hop dé tao ra AB, thanh phan chinh cua
mang bam cua AD [71].

Viéc khoéi phuc chirc nang cua hé théng tu thuc va lysosome dugc xem la mdt
chién lugc diéu trj tiém ning cho AD. Mot s6 nghién ctru dang tip trung vao viéc kich
hoat cac yéu tb6 nhu TFEB, mdt yéu t6 phién mi diéu hoa qua trinh ty thyc va sinh
lysosome, dé ting cuong kha ning phéan huy protein tau va Ap [72].

Ngoai cac gia thuyét trén, ngoai trir gia thuyét di truyén, gia thuyét rdi loai chirc
nang ty thé va stress oxy hoa, gia thuyét viém than kinh déu c6 nguyén nhan dan dén su

hinh thanh mang bam va dam rdi soi than kinh, dic trung ctia bénh Alzheimer [73, 74].
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Hinh 7. Qua trinh hinh thanh bénh Alzheimer theo giai thuyét stress oxy hoa [73]
Trong sb gia thuyét ctia bénh Alzheimer, gia thuyét cholinergic, gia thuyét mang bam
amyloid va gia thuyét tau 14 ba hudng dugc nghién ciru nhidu nhat va giit vai tro trung
tam trong phat trién thude. Phan 16n cac thude duoc FDA phé duyét hodc cip phép sir
dung trong diéu tri Alzheimer nhu donepezil, rivastigmin, galantamin (&rc ché
acetylcholinesterase) va aducanumab, lecanemab (khang thé chéng amyloid-beta) déu

dwa trén gia thuyét cholinergic va amyloid. Tuy nhién, do co ché bénh 1y Alzheimer rat
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phirc tap va co tinh da yéu t6, viéc két hop nhiéu hudng tiép can dua trén cac gia thuyét
khac nhau dang 14 xu huéng phat trién thude hién dai va ca thé héa diéu tri.
1.2. Enzym acetylcholinesterase

Acetylcholinesterase (AChE) 1a mot esterase thudc ho enzym carboxylesterase
chu yéu dugc tim thiy & & trong cac té bao hong cau va dic biét 1a trong hé than kinh
trung wong tai cac mdi ndi than kinh co va synap cholinergic. Theo danh phéap qudc té

AChE mang mi s6 EC 3.1.1.7, ¢6 ciu trac 3D ¢ Hinh 8 [75].

ﬁGluSJd
[ i 2 (soman adduct)
?m ¢

Gly120, 121

Hinh 8. C4u tric 3D ciia AChE
Trong co thé AChE duoc tong hop chit yéu tai than té bao than kinh, dic biét ¢

céc neuron cholinergic thudc ca hé than kinh trung wong (ndo, ty sdng) va ngoai bién
(hach than kinh, synap than kinh co). Sau d6 dugc glycosyl héa va dong géi trong bod
may Golgi va dugc van chuyén dén cac vi tri hoat dong, dac biét 1a mang sau synap
(postsynaptic membrane) ctia synap than kinh cholinergic [76].

AChE co kha nang phan hily hodc thiy phéan acetylcholine (ACh), mét chat dan
truyén than kinh ty nhién, thanh acid axetic va choline 1am chdm dit qué trinh truyén
tin hiu va truyén dan than kinh gitra cac synap dé ngin chdn sy phan tan ACh va kich
hoat cac thy thé gan d6. (Hinh 4) [54, 56]. Viéc suy giam nhén thirc trong AD chi yéu
1a do su thiéu hut ACh dén t&i giam dan truyén than kinh [77]. Ngoai ra, AChE con dong
vai tro 13 yéu t6 gieo mam hodc nhan hap thu vao qua trinh két tu AP tao ra va kéo dai
cac soi amyloid, AChE lién két chit ché v6i amyloid c6 kha niang gy ton thuong nio
cao hon so véi cac soi AP riéng 16 [78, 79]. Do d6, nhiéu chién luge nham lam ting nong

d6 ACh trong khe synap dé ting dan truyén than kinh da nham téi muc tiéu e ché hoat
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dong cuia AChE [80]. Tur do, AChE da tr¢ thanh mot dich tac dung tiém nang, thu hut
viéc nghién ctru va tao ra thudc méi tc ché enzym nay trong diéu tri AD [80].
1.2.1. Céu triic ciia acetylcholinestera

Céu trac AChE du tién dugc tinh ché tir loai ca dudi dién Torpedo californica
vao nam 1991 va dugc mo ta bdi Joel Sussman va cac cong su. CéAu tric cia AChE trong
cac co quan cua Torpedo californica (TcAChE) twong tu nhu trong ddy than kinh va céc
co quan trong co thé ngudi va co kich thuéc khoang 45x60x65 A [81, 82]. Trong ciu
tric c6 mot long kénh dai, hep, rong khoang 5 A va sau 20 A kéo dai tir bé mit ciia enzym
dén phan day cua no, long kénh c6 chira 14 acid amin thom chiém khoang 40% dién tich
bé mat, bao gdm Trp84, Trp233, Trp279, Trp432, Tyr70, Tyrl21, Tyr130, Tyr334,
Tyr442, Phel20, Phe288, Phe290, Phe330 va Phe331 (TcAChE) [83, 84]. Vung long
kénh nay nam giita viing ngoai bién (PAS) & miéng kénh va viing trung tdm hoat dong
(CAS) ¢ phia day cua enzym (Hinh 9) [83, 84]. Vung CAS ctua AChE dugc chia ra thanh
4 phan ving nho 14 phan viing “esteratic”, phan viing “anionic”, tdi acyl va 16 oxyanion.
Phan tmg thily phan ACh duoc dién ra tai phan ving “esteratic”, chira 3 acid amin Ia
Ser200, His440 va Glu327 (TcAChE), hodc Ser203, His447 va Glu334 ddi voi AChE
& ngudi (hAChE) tham gia vao qué trinh chuyén nhom acetyl tir acetylcholin sang
Ser200 [81].

I 11
Hinh 9. Minh hoa c4u trac ctia AChE (I) va trung tim hoat dong CAS (II)
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Bén canh d6, ving CAS con c6 phan vung “anionic” chtra cac acid amin nhu
Trp84, Tyr130, Phe330 va Phe331 (7cAChE) hodc Trp86, Tyr133, Tyr337 va Phe338
(hAChE) c6 vai tro lién két nhém amoni bac bon cua chit nén bang cac twong tac cation-
7 va cho phép lién két voi cac chat trc ché [85]. Tui acyl c6 chira cac acid amin Phe288,
Phe290 (TcAChE) hay Phe295, Phe297 (hAChE), phan nay chiu trach sy chon loc co
chét gin vao trung tim hoat dong bang cach ngin chin su tiép can cua cac cholin este
c6 kich thuéc 16n hon [86]. Ngoai ra, AChE con chira 16 oxyanion c6 cac acid amin nhu
Glyl118, Gly119, Ala201 (7cAChE) hay Gly121, Gly122 va Ala204 (hAChE), vi tri nay
dong vai tro tao lién két hydro bén viing gitip 6n dinh trang thai chuyén tiép dang tt dién
ctia phirc hop giita enzym va co chat [87].

Ving ngoai bién (PAS) ciia AChE bao gdm niam acid amin thom Tyr70, Asp72,
Tyrl121, Trp279 va Tyr334 (TcAChE) hoac Tyr72, Asp74, Tyr124, Trp286 va Tyr341
(hAChE) nim tap trung & 16i vao long kénh chira trung tdm hoat dong, vi vay ving PAS
c¢6 kha niang hinh thanh nhiéu loai trong tac nhu twong tic cation-z, twong tac xép chong
m-r. Pdc biét 1a twong tac cation-z ¢6 vai tro quan trong trong qua trinh xtc tdc phan g
thity phan ACh, cac acid amin twong tic cation-r v6i phan cholin cia ACh bit giit tam
thoi ACh trén bé mat ciia enzym.

Chtrc ning va thanh phan cac acid amin quan trong tai cac ving gin két cia AChE
duoc tom tit ¢ Bang 1 [75].

Bang 1. Vi tri, chitc ning va thanh phan cac acid amin quan trong tai cac ving gin két

cua AChE.
. Khu vwe/ acid .

Vung . Vai tro

amin

Esteratic: Ser203, o

His4d7, Glu334 | panhuy ACh

L oxyanion: On dinh phuc trung gian duoc hinh thanh
Xiic tac (Catalytic Glyl21, Glyl22, bang cich tiép nhan oxy trén nhém
Active Site - CAS) Ala204 carbonyl cta acetylcholin
Nam ¢ ddy ctia mot On dinh nhom methyl cta ciu tir acetat

khoang tic dong Tui acyl: Trp236, trong qua trinh xuc tac va dong vai tro quan
hep (khoing 5 A) Phe295, Phe297 trong trong tinh chon loc co chat cho
va sau (khoang 20 enzym

A) On dinh dién tich duong cua phdi tir bang
Anionic: Trp86, tuong tac tinh dién voi Glu202 va dac biét
Glu202, Phe338 cac tuong tac vai electron  ciia nhan thom

Trp86 va Phe338
Vung ngoai bién Tyr72, Asp74, Thuc day su két tip cac mang b-amyloid
(Peripheral Tyr124, Glu285, dong thoi bién ddi chic ning synap cia

Anionic  Site — Trp286, Tyr341  cac té bao than kinh hai ma
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PAS)
Nam & 16i vao cua
khoang tac dong
Ala: alanin, Asp: aspartat, Ser: serin, His: histidin, Glu: glutamat, Gly: glycin, Ala:

alanin, Trp: tryptophan, Phe: phenylalanin, Tyr: tyrosin.
1.2.2. Co ché thiiy phén acetylcholin ciia acetylcholinestera

Dua vao két qua thong qua nghién ctru mo phong dong luc hoc phén tir thu duoc
qua trinh xtc tdc phan tng thuy phan ACh ¢ ving CAS trai qua 2 giai doan 1a acyl hoa
va deacyl hoa. Trong giai doan acyl hoa, nguyén tir N trong His447 1ay H cua Ser203
tao tac nhan 4i nhan O" & Ser203, sau d6 tac nhan nay tin cong vao C=0 trong chirc este
ciia ACh tao thanh san pham trung gian dang t&r dién (TI1) cudi cung tao ra san pham
este giita Ser203 véi acid acetic (EA1) va giai phong cholin. O giai doan deacyl hoa,
nguyén tir O trong phan tir nude tdn cong vao C=0 cua EA1 va trao ddi proton véi
His447 tao san pham trung gian t&r dién (TI2). Sau cung, su trao d6i proton giita -
OSer203 va His447-H va phan b6 lai dién tich tao ra acid acetic va tra lai enzym AChE
ban dau (Hinh 10) [88].

Giai doan acyl hoa

O
<
/g\/\o/lg ,Sero3 |
) | 0 “&~ on
~
N ’F\ cholin O
Serz03 0\ “® O\ o° 5 Serao3 \n/
: n\ LS ©
AN HN&N(:)H HNT SN EAl
Hisaa7 Hissa7 His447
T
Giai doan deacyl hoa
(0]
/Ser203 Ser203 Ser2o3/ H
( (@)
H\ O O
P A® OH __,
ENN NG S HN \,BH o] Heg A
/‘ / acid acetic AN N
His 447 Hisga7 )-=/
His,
™ 447

Hinh 10. Co ché phan tmg thuy phan ACh xuc tac AChE [88]
1.2.3. Chit irc ché acetylcholinestera
Céc chat trc ché acetylcholinesterase (AChEI) ¢6 vai tro trong viée lam giam thiy

phan ACh, khién ting ndng do ctia ACh trong khe synap, gitip ting kha nang dan truyén
than kinh. Tir 46, AChEI c6 thé cai thién mot sd chirc ning vé nhén thirc va hanh vi cta
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bénh nhan mic AD [89]. Theo co ché tac dong, AChEI c6 thé duoc chia 1am hai nhom:
trc ché thuan nghich va tc ché khong thuan nghich (Bang 2). Cac chat trc ché khong
thudn nghich thudng 13 cac hop chit organophosphorus (OP), cac OP phat huy tac dung
bang cach phosphoryl hoa khong hdi phuc AChE, dan t6i sy kich thich qué muic cac thy
thé nicotinic va muscarinic gdy ra ngd doc cip tinh va anh huéng nghiém trong dén hé
than kinh trung wong. Cac chat rc ché khong thuan nghich thudng dugc sy dung trong
nong nghiép véi tac dung lam thudc trir sdu hodc thude diét co. Trong khi cac chat i
ché thudn nghich tao cac tuong tac hoac lién két yéu vOi AChE va dé dang bi pha vo, tra
lai chirc nang binh thuong ctia enzym. Do d6, AChEI thuan nghich dugc st dung trong
AD dé diéu tri cac triéu chimg lién quan dén tri nhé, tu duy va cac qua trinh tu duy khéc
[89].
Bang 2. M6t s6 chit e ché AChE

Chit trc ché AChE thuin nghich | Chit irc ché AChE khéng thuin nghich
3 d
\ s °Y° o
© " P
0”17s o™
Donepezil Malathio
j\ | \P"O J\/k
/\ N ) NS F' \O
I Soman
Rivastigmin
NH
2 3¢
N - P\
N F _
Tacrin Cyclosarin
OH ( o /\
]
0 U Oo- ﬁ =0
-0 O 0O
AN NO,
Galatamin Ethyl paraoxon

Dé thiét ké cac hop chat trc ché AChE hiéu qua can xem xét su twong tac clia cac

hop chét tiém ning voi ba phan céu tric quan trong trong AChE, bao gdm: ving trung
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tam hoat dong (CAS), viing ngoai bién (PAS) va ving long kénh hep. Nhiéu nghién ctru

tim ra cac hop chét tiém niang e ché AChE dua trén ba phan cdu tric nay [90, 91].

Niam 2023, Nafisah M. Al-Rifai va cac cong sy da cong bd 20 hop chat méi tc
ché AChE sir dung donepezil va curcumin 1am chét din duong. Phan benzyl piperidin
ctia donepezil c6 thé duoc proton hda & pH sinh Iy va twong tac v6i cing CAS ctia AChE,
trong khi curcumin dugc cho 1a c6 tuong tac vdi vung PAS cua AChE. Tt d6, mot khung
ciu trac moi duogc thiét ké ra va dugc tong hop voi su thay dbi cac nhom thé trén hai
vong benzyl tao ra 20 hop chat mai. Két qua thir hoat tinh trc ché AChE véi ching duwong
donepezil (ICso= 14 + 0,12 nM) thu duoc hai din chat KL1 va KL2 (Hinh 11) ¢6 kha
nang tc ché tt AChE v&i ICs 1an lwot 14 17 + 0,17 nM va 16 £ 0,24 nM. Qua két qua
mo phong docking phan tir, KL1 va KL2 tuong tac véi AChE thong qua phan céu tric
benzyl piperidin twong tac xép chong 77 v6i Tyr84 va tuong tac cation-z voi Phe330
& ving CAS, phan vanillin twong tac xép chong z-z v6i Trp279 & ving PAS. Két qua
nay cho thay cac hop chat KL1 va KL2 twong tac véi AChE ca & ving CAS va ving
PAS gibéng voi donepezil [92]. Mot nghién ciru khac ctia Da-Yong Peng va cong su di
thiét ké va tong hop cac hop chét trc ché AChE duya trén khung indol cho thiy hop chat
KL3 va KL4 (Hinh 1) c6 hoat tinh &rc ché t6t v&i ICsg 1an luot 13 9,40 + 0,80 nM va 6,50
+ 0,90 nM véi chiing duong 1a tacrin (ICsp = 32,12 £ 2,12 nM).

0] o]
HO Br HO Z Br F

KL1 KL2

(0] (0]

o I ot

Br NH O Br NH O
P 4

KL3 KL4

Hinh 11. CAu triic ctia bén dan chat KL1, KL2, KL3 va KL4
Cac hop chat tvong tac tét véi AChE khong chi théng qua twong tac xép chong
- v6i Trp286 & PAS va Trp86 & CAS ma con c6 4 lién két hydro, bao gdm: nguyén tir
oxy trong nhom chirc amid véi Ser125, oxy trong nhoém cacbonyl tao hai lién két hydro
v6i Glu202 va mét lién két voi Gly121 (Hinh 12) [93].
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Trp86 N\
Hinh 12. M6 phong docking phan tir gitra KLL4 va AChE
Mot nghién ctru khac cta Pilar Mufioz-Ruiz va cong sy cong bd 24 dan chit mang

khung tacrin va indol méi c6 tiém ning trong trc ché AChE. Phan vong tacrin trén cac
dan chit nay tuong tac voi AChE & ving CAS thong qua twong tac xép chong 7-7 véi
cac vong thom cua Trp84 va Tyr330, vong indol tuong tac véi vung PAS qua tuong tac
xép chong 7-7 voi Trp279. Trong d6, két qua thir hoat tinh cia 6 hop chat (Hinh 13) cho
thdy anh huéng d6 dai va cau tric cta cau ndi anh hudng dén kha ning trc ché AChE,
cac hop chat KL5 dén KL9 c6 do dai cua cau ndi gitta 2 vong thom ting dan, hop chat
KL6 c6 hoat tinh cao gap 200 1an so v6i KL5.

cl cl
H H
N N
2 2
Y o s N _J AY o o N _{

KLS (ICso =4 nM) KL6 (ICs0 = 0,02 nM)
cl cl
H H
HN 0 N HN ¢ N
KL7 (IC50 = 0,06 nM) KLS8 (ICs50 = 0,5 nM)
cl cl
< > }h H (3 ? I 4
H‘.h,N H‘h,N‘.h,N
2 g § 2 A A §
HN 0 N HN o N
KL9 (IC5p = 4,4 nM) KL10 (IC5y = 2,9 nM)

Hinh 13. Ciu trac va ICs, ctia cac hop chat KL5-10
Tuy nhién, tr hop chit KL6 dén hop chat KL9 lai cho hoat tinh trc ché AChE

giam dan, diéu nay cho thay 10ng kénh hep ctia enzym acetylcholinesterase c6 do dai
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nhit dinh va cac cau nbi c6 d6 dai phit hop dé 2 vong thom gan tot nhat véi vi tri CAS
va PAS ctia enzym sé& cho hoat tinh tot nhat. Ngoai ra, giita hai hop chat KL7 va KL10,
khi thay nhom CH, bang nhém NCH; cong kénh hon thi kha ning rc ché AChE giam,
diéu nay cho thdy cau ndi cong kénh s& giam kha ning chat trc ché vao trung tam hoat
dong [94].
Nhu vy, tir cac nghién ctru néu trén c6 thé thdy dic diém quan trong trong cau tric ctia
mot chit e ché AChE hiéu qua, bao gém:
- Phan lién két voi ving CAS va PAS: thuong 13 cac vong thom hay cac nguyén
tir c6 kha ning tao lién két nhu twong tac xép chong -z, lién két hydro, ...
- Cau ndi lién két giira hai phan cau tric gan v6i ving CAS va PAS c6 do dai va
c4u tric phu hop voi long kénh hep cia AChE.
1.3. Hoat tinh trc ché AChE ciia cac din chit chira vong tertrazol, vong naphthalen
va nhom chirc amid
1.3.1. Hoat tinh irc ché AChE ciia cdc din chit chira vong tetrazol
Tetrazol 12 mot hop chét di vong ndm canh chira mot nguyén tir cacbon va bon
nguyén tir nito voi dic diém ciu tric phang giau electron polynitrogen. Cau tric dic
biét nay giup cac dan xuit tetrazol tmg dung rong rii trong nhiéu linh vuc y hoc, nong

nghiép, khoa hoc vat li¢u, ... [95].
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Hinh 14. Ddng phan cau triic ciia vong tetrazol

Vé mit Iy thuyét, c6 ba ddng phan tetrazol: /H - tetrazol (1), 2H - tetrazol (2) va
5H - tetrazol (3) (Hinh 14). Céc tetrazol thé ton tai dudi dang dong phan dong
phan 1H- va 2H- gdn nhu theo ty 18 1:1 va c6 thé phan biét bang pho cong hudng tir hat
nhan [95].

Nhom chire tetrazol thuong duoc coi 1a ddng phan sinh hoc (biosomer) cua acid
carboxylic [11], cau trac doc déo nay di thu hat duge nhidu sy quan tim cia cac nha
khoa hoc vé cac ing dung tiém ning ctia chiing trong linh vuc sinh duge hoc nhu thube
chéng tang huyét ap, chong di img, khang sinh va chong co giat ... . Vi vay, s luong
an pham vé cac loai thuéc mai va cac hop chat hoat tinh sinh hoc day hira hen c6 chira

vong tetrazol da ting dang ké trong bay niam qua, 19902023 (6511 an pham dugc
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Scopus phan tich) trong d6 tap trung chu yéu 0 linh vuc hoa hoc, hoa sinh, hoa duoc,
duge 1y [96]. Tinh dén nam 2019 da c6 hon 20 loai thudc duoc FDA céap phép c6 chira
nhoém tetrazol [97].

Trong nhitng nim gan ddy, nhiéu nghién ctru di duoc tién hanh véi myc dich
téng hop cac dan chat va dong phan sinh hoc cia tetrazol, dong thoi danh gia hoat tinh
trc ché AChE. Cac nghién ctru da gop phan khang dinh hoat tinh sinh hoc ctia cac dan
chét tetrazol va kha ning tmg dung cua cic dan chat nay trong diéu tri Alzheimer. Mot
nghién ciru vao nim 2014 di tong hop va sang loc hoat tinh khang AChE cua 14 dan
chét cua 2-((1-methyl-1H-tetrazol-5-yl) thio)-1-(R-phenyl) etan-1-on. Trong s 14 dan
chét nay, chit DC3a va DC3b (Hinh 15) thé hién kha ning rc ché AChE tét nhét véi
phan trim wc ché & néng d6 1 mM va 0,1 mM lan luot 1a 29,56 %; 14,53 % va
24,38 %; 12,96 % so sanh v&i kha niang (rc ché AChE twong tng cia ching duong
donepezil 1 99,01 % va 95,52 % & néng do 1 mM va 0,1 mM [60].

o] o]
H;C S N, Cl S<_.N
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DC3a DC3b

Hinh 15. Cau tric ctia cac dan chat DC3a-b

Niam 2017, Yurttas, Leyla va cong sy da tong hop cac dan chat N'-arylidene-2-
[(tetrazol-5-yl)thio] butanohydrazid méi va thir hoat tinh ¢ ché AChE. Chat N'-(2-
nitrobenzylidene)-4-[(1-phenyl-1H-tetrazol-5-yl)thio] butanoylhydrazid thé hién kha
ning trc ché AChE t6t nhat vé6i gid tri IC50 1a 54,67 + 0,58 uM so véi chimg dwong 1a
galantamin véi IC50 = 0,56 + 0,04 uM [9]. M6t nghién ctru khac vé tong hop cac dan
chat tetrazol vao nim 2018, di thu duoc hai din chat DC4a, DC4b (Hinh 16) c6 kha
ning tc ché AChE t6t voi gia tri IC50 1an luot 1 1,75 pM va 1,84 uM so véi ching 13
donepezil.HCI c6 IC50 = 7,78 nM [61]. Nam 2024, Niels V. Heise cung cdng su cong
bd két qua tong hop va thir hoat tinh trc ché AChE ctia 5 dan chat mang khung tetrazol
m6i, két qua thir hoat tinh sinh hoc cho thiy ca 5 dan chit tong hop dugc déu cho hoat
tinh (rc ché AChE & ndng d6 10 uM. Trong d6, ddn chat DC5 (Hinh 16) c6 kha ning tc
ché AChE t6t nhét 1 96,8 %, cao hon chat ching dwong 14 galantamin (88,9 % & nong
d6 10 pM). Ngoai ra, cac nghién ctru khac bao gém: nghién ctru cia Kushwaha tong
hop céac din chét c6 khung benzofuran-tetrazol méi [8], nghién ctru cia Hameed va cong
su tong hop cac dan chét cua tetrazol mang khung 1,2,5,6-tetrahydronicotinonitril [62]
déu thu dugc cac dan chit tetrazol c6 hoat tinh trc ché enzym AChE. Nghién ciru cta
Hameed, chi ra dan chat DC6 (Hinh 16) c6 kha ning trc ché AChE t6t nhit & véi IC50
=2,01 + 0,027 uM so v6i ddi chimg dwong 1a donepezil c6 IC50 = 0,019 + 0,002 uM
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[62]. Bén canh d0, cic din chat tetrazol con c6 hoat tinh trc ché enzym cholinesterase
khéc 1a pseudocholinesterase [62, 63] va kha nang tuong tac vdi cdc muc ti€u sinh hoc.
Véi cac dic diém trén, nghién ctru thiét ké va tong hop céc dan chat tetrazol méi da chirc
ning hudng tac dong 1én nhiéu co ché gay bénh Alzheimer va ning cao hiéu qua diéu

tr1 bénh dang ngay dugc cac nha khoa hoc quan tam [8, 9, 60-62, 64].

DC4a DC4b DC5 DC6

Hinh 16. CAu tric cta cac dan chat DC4a-b, DC5, DC
1.3.2. Hoat tinh trc ché AChE ciia cdc déin chit chiva vong naphtalen

Naphthalen 14 hé vong thom c6 10 carbon duoc phat hién lan dau tién bdi nha hoa
hoc nguodi Scotland, Alexzander Garden vao nam 1819 va dén nam 1826, cong thuce
phan tir ctia nd (CjoH;g) dd duge cong bd boi Michael Faraday [15]. Trong nhiéu thap
ky qua, ciu triic naphthalen dugc chirng minh 1 nén tang hiéu qua dé tong hop cac hop
chat méi c6 thé c6 nhidu tmg dung sinh hoc va 1am sang. Nhiéu hop chit mang cau trac
naphthalen dd duoc cong nhin co tic dung chdng ung thw, khang khuan, chong
viém, khang virus, ha huyét ap, diéu tri dai thao dudng va chdng thoai hoa than kinh
[20]. Bén canh d6, nhiéu din chat c6 ngudn gbc tir naphthalen nhu podophyllotoxin
(Etoposid), rifampicin va naproxen d duoc st dung rong rii trong diéu tri [98]. Nho
cAu tric linh hoat va hoat tinh sinh hoc phong phu, naphthalen di tré thanh yéu t6 quan
trong trong nghién ctru va phat trién thuc, mé ra nhiéu tiém ning trong thiét ké cac tng
cu vién méi manh mé€ hon, hi¢u qua hon va it tac dung phu hon [15].

Niam 2019, nhém nghién ctru ctia Tarana Umar di tong hop cac dan chit mang
khung naphthalen hudng e ché AChE (Hinh 17) va thu dugc hai hop cht c6 kha ning
trc ché & ndng d6 micromol 1a TQ8 (ICso = 0,014 + 0,01 xM) va TQ9 (ICso = 0,0086 +
0,02 M) [21]. Vao nam 2023, M. Abdullaha da cong b 7 hop chit mang khung
naphthalen mai, trong d6 dan chét c6 hoat tinh cao nhat d6 1a TQ10 véi phan tram trc
ché AChE 14 93,21 + 1,42 %, cao gén béng hoat tinh trc ché cua chtirng duong donepezil
(98,36 + 1,52 %) & cing ndng d6 1 xM. Két qua md phong docking voi AAChE cho thiy
vong naphthalen cua TQ10 c6 kha nang lam tdng tuong tac véi enzym thong qua lién

két -1 voi hop phan thom cua Trp286 tai ving PAS [99].
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Hinh 17. Mot s dan chit e ché AChE mang khung naphthalen

1.3.3. Hoat tinh irc ché AChE ciia cdc din chit chira nhém chivc amid

Nhom chirc amid xuat hién trong mot sé hop chét c6 tac dung sinh hoc do nhém
chtrc nay giup ting kha ning twong tac ctia cac hop chit d6 voi muc tiéu sinh hoc do kha
nang tao lién két hydro ctia nhém chtrc nay [100-102]. Nam 2020, Yan Guo va cOng su
cong b 22 hop chét chira nhém chirc amid & cdu ndi 2 vong thom, trong d6 c6 hop chit
KL14 (ICso = 0,39 + 0,04 M) (Hinh 18) thé hién hoat tinh trc ché AChE t6t nhat. Dya
vao két qua mé hinh docking phén tir, nhém chirc amid cho thay kha ning tao lién két
hydro véi Phe295, trong khi vong 2-oxoindoline c6 twong tac gan voi ving CAS [103].
Hop chat KL15 (ICs, = 24,33 + 8,73 nM) (Hinh 18) c6 hoat tinh trc ché AChE tdt dugc
cong bd nam 2022 ciing cho thay kha ning tao lién két hydro t6t ciia nhom chirc amid
canh vong pyridin véi Phe295 [104].

SRPENSL N coegels

KL14 KL15
ICs0=0,39+0,04 uM ICso = 24,33 + 8,73 nM
Hinh 18. Cau truc va ICs, ctia hop chat KL14 va KL15
Nhu véy, thong qua cac thong tin vé cu trac ciia AChE, phan cdu tric can thiét
ctia mot chét e ché enzym nay, tiém nang (e ché AChE cua cac dan chat mang khung
cAu tric chira vong tetrazol, vong naphthalen va nhom amid, nhém nghién ciru tién hanh
dé tai “Tong hop mot sé6 dan chit amid thom méi mang khung 2-(5-(naphtalen-2-
yl)-2H-tetrazol-2-yl) va danh gia tic dung trc ché acetylcholinesterase dinh huéng

diéu tri bénh Alzheimer”.
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PHAN 2. THUC NGHIEM

2.1. Nguyén liéu va thiét bi nghién ciru

2.1.1. Nguyén liéu sw dung trong nghién ciru

Cac dung moéi, hoa chat dung trong nghién ctru chu yéu c6 ngudn goc tir mot sé

qué)c gia nhu Duc, An Do, MY, Nhat Ban va Trung Quéc. Céac hoa chit nay duoc st

dung truc tiép ma khong can qua tinh ché thém va dugce trinh bay trong bang sau:

Béang 3. Céc nguyén liéu str dung trong nghién ciru

STT Tén nguyén liéu Ngudn gic
1 Naphthalen-2-carbonitril Trung Quéc
2 Methyl 5-cloropentanoat Trung Qudc
3 Anilin burc
4 2-cloroanilin buc
5 3-cloroanilin buc
6 4-cloroanilin burc
7 4-bromoanilin birc
8 Na,CO; Trung Quéc
9 NaOH Trung Qudc
10 HCI Trung Quéc
11 Methanol Trung Quéc
12 N,N-dimethylformamid (DMF) Trung Quéc
13 Dicloromethan (DCM) Trung Qudc
14 Ethyl acetat (EA) Trung Qudc
15 n-hexan Trung Quéc
16 Ban mong silica gel 60 Fsy buc
17 Silica gel buc

1-(3-Dimethylaminopropyl)-3 ethylcarbodiimid X
18 . ° Ii]y?iroclcc))lsic(l) lz]};I))éj{tC}ll)ca Trung Quoc
19 Hydroxybenzotriazol (HOBt) Trung Qudc
20 Natri azid (NaN5) An Do
21 Ké&m clorid (ZnCl,) Puc
22 Natri sulfat khan (Na,SO,) Trung Quéc
23 Natri bicarbonat (NaHCQO;) Trung Qudc
24 eeAChE (acetylcholinesterase tir loai lwon dién) My
25 5,5-Dithiobis (2-nitrobenzoic acid) (DTNB) Nhat Ban
26 Acetylthiocholin iodid (ATCI) My
27 Galantamin hydrobromid Nhat Ban
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2.1.2. Thiét bi nghién ciru
- Céc dung cu thuy tinh: binh cau day tron dung tich 50 - 100 ml, binh chiét, sinh
han héi luu, dng dong, dng nghiém, pipet, phéu thuy tinh, phdu loc Buchner, cdc 6 mo,
lo thuy tinh penicillin.
- Binh sic ky Camag, dén tir ngoai Camag budc séng 254 nm va 365 nm, ban
mong silica gel 60 Fysy.
- Can phan tich Shimadzu, can ki thuat Shimadzu.
- Tt lanh Memmert, ti siy Memmert.
- May cat quay dung méi Buchi R-210, may khudy tir gia nhiét IKA-RCT, may
do nhiét do nong chay nhiét dién Electrothermal digital.
- May do phd khbi: Agilent 6530 Accurate-Mass QTOF LC/MS (United States)
- Vién Hoéa Sinh Bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
- May do phd cong huong tir hat nhan Bruker AC-500 MHz - Khoa Hoéa hoc,
Truong Pai hoc Khoa hoc tu nhién Ha N1, Dai hoc Quéc gia Ha Noi.
- Tu giir mau -18°C (DIOS).
- Méy doc dia da chtrc nang VarioskanLux, khoa Cong nghé sinh hoc, Truong
bai hoc Duoc Ha Noi.
2.2. NOi dung nghién ciru
2.2.1. Hoa hgc
- Nghién ctru khung cu tric (5-(naphthalen-2-yl)-2H-tetrazol-2-yl)alkylamid
- Nghién ctru cac phuong phéap kiém tra d6 tinh khiét bang nhiét do nong chay
va sic ky 16p mong.
- Nghién ctru cac phuong phap phd dé khang dinh ciu tric: phd khdi phan giai
cao (HRMS), pho cong huong tir hat nhan (‘"H-NMR, '3C-NMR).
2.2.2. Hoat tinh irc ché AChE
Nghién ciru phuong phap Ellman trc ché AChE in vitro.
2.2.3. Pdc tinh giéng thuéc
Nghién ctu phin mém Ung dung swissadme trén  website:
http://www.swissadme.ch/.
2.3. Phuong phap nghién ctru
2.3.1. Hoa hoc
2.3.1.1. Tong hop héa hoc
Céc phan g va diéu kién da duoc tim hiéu va khao sat dé tong hop cac dan chat
¢6 cau trac dy kién. Cac phan tng duoc sir dung trong nghién ctru:
- Phan Umg cong dong vong [3+2] tir aryl nitril va azid v6 co tao vong tetrazol.
- Phéan tmg N-alkyl hoa giita mubi cua tetrazol va alkyl halid.

- Phan Umg thuy phan este tao acid carboxylic.
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- Phan Ung gitra acid carboxylic va cac amin thom tao amid.

Céc phan g dugc theo ddi bang sic ky 16p mong v6i pha tinh 1a ban mong silica
gel 60 Fps4 dudi dén tir ngoai 254 nm.

Hdn hop sau phan tmg dugc tinh ché bang cac phuwong phap phit hop voi mdi giai
doan nhu chiét phan b 10ng — 1ong hoic sic ky cot.
2.3.1.2. Kiém tra do tinh khiét

Cac san phém thu duge sau khi duoc tinh ché s& duge kiém tra do tinh khiét bﬁng
hai phuong phép:

- Séc ky 16p moéng [105]:

+ Pha tinh: ban mdng silica gel 60 F,s4 dugc hoat hdéa & 110°C trong 30 phut.

+ Pha dong: hé dung moi EA:n-Hexan (1:1 va 1:2) va DCM:MeOH (24:1 va
15:1).

+ Quan sat ban moéng dudi dén tir ngoai budc song 254 nm.

- Nhiét 6 nong chay [106]: xac dinh bang may do nhiét d6 ndng chay nhiét dién
Electrothermal digital.
2.3.1.3. Khang dinh cdu tric

Cac hop chét sau khi duoc tong hop, tinh ché va danh gia 1a tinh khiét s& duoc
khang dinh ciu trac bang cac phuong phap phd hién dai, bao gdm: phd khdi phan giai
cao (HRMS), phd cong huong tir hat nhan proton va carbon (‘H-NMR va 3C-NMR):

- May do pho khéi lugng Agilent 6530 Accurate-Mass QTOF LC/MS (United
States) - Vién Hoa Sinh Bién, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam str dung
phuong phap ion hdéa phun mu dién tir ESI (+), dung moi hoa tan 1a MeOH hodac MeCN.

- Ph6 cong huong tir hat nhan (‘H-NMR va *C-NMR): duoc ghi bang may
Bruker AC-500 MHz tai Khoa Hoa hoc, Truong Pai hoc Khoa Hoc Tu Nhién Ha N1,
Pai hoc Qudc gia Ha Noi, phd 'H-NMR do ¢ tan sé 500 MHz, phd *C-NMR do ¢ tin
s6 125 MHz véi dung méi 1a CDCls. D6 dich chuyén hoa hoc (6) dugc biéu thi bang don
vi phan triéu (ppm), mdc 12 pic ctia chat chuan ndi tetramethylsilan (TMS), nhiét d6 ghi
khoang 300 K.

2.3.2. Hoat tinh irc ché AChE

Nguyén tic: hoat tinh ctia 5 hop chét tong hop duoc bang phuong phap Ellman.
Phuong phap Ellman sir dung co chit acetylthiocholin iodid (ATCI) bi thity phan nhd
xuc tac cua AChE tao ra thiocholin. Sau d6 thiocholin phan tng véi acid 5-thio-2-
nitrobenzoic ¢ mau vang. Galantamin hydrobromid mua tir TCI (Nhat Ban) duoc su
dung 1am chét tham chiéu. Po do hap thy ctia san pham mau vang thu duoc & budc song
412 nm v&i may doc dia VarioskanLux.

Quy trinh thyc hién: 20 4L & cac ndng do khac nhau cua cac chat thir trong dung
dich dém phosphat pH 8,0, 20 uL dung dich DTNB 19,2 mM, 20 uL dung dich ATCI
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19,2 mM va 20 uL. dung dich AChE 0,25 TU/ml, thém dung dich dém phosphat pH 8,0
dén khi tong thé tich di 200 L. U hdn hop thu dugc ¢ 25°C trong 30 phut, sau do tién
hanh do d6 hip thu & budc séng 412 nm. Céc chat thir duge thir kha ning e ché AChE
& 5 ndng d6 256 uM, 128 uM, 64 uM, 32 uM, 16 uM va dugc lip lai ba lan. Phan trim
(%) trc ché AChE ciia cac chit & ndng do thir nghiém duoc tinh theo cong thirc:

, % mau thir - mau trin
%ucche=1—-—— DT X 100%
ching am - mau trang

Trong d6: - Mau trang: do hap thu quang ctia hdn hop chira ATCI, DTNB trong dung
dich dém phosphat.

- Chung am: d6 hép thu quang cta hdn hop chira ATCI, DTNB va enzym
trong dung dich dém pH 8,0.

- Mau tht: d6 hap thu quang cta hdn hop chira chit thir (hoic ching
galantamin hydrobromid), ATCI, DTNB va enzym trong pH dém 8,0.

Céc phan tich dugc thyc hi¢n bﬁng Microsoft Excel, cac gia tri dugc thé hién
dudi dang trung binh SD. Hoat tinh rc ché AChE ciia cac chat duoc thé hién bang gia
tri ICsg, duoc tinh toan bﬁng phﬁn mém TableCurve 2Dv4.

2.3.4. Pdc tinh giong thuoc ciia cdc hop chit muc tiéu

Céc hop chét téng hop dugc s€ dugc phan tich cac thong ) 1y héa, dugc dong

hoc, dac tinh giéng thubc coa cac dan chat thong qua website:

http://www.swissadme.ch/. Sir dung “Quy tic nim” cia Lipinski va cong su dé xac

dinh cac hop chét c6 dic tinh giéng thudc dua véao cac tinh chat 1y héa cia cac phan tir
[107]. Céc tiéu chi trong “Quy tic nim”, bao gdm:

+ Khdi luong phan tir (M/Z) < 500 Da

+ Heé s6 phan bd dau nudc (MlogP) <5

+ S6 lugng nguyén tir nhan hydro < 10

+ S6 lugng nhom cho hydro < 5

Céc hop chat khong vi pham 4 tiéu chi néu trén cho kha ning cao tré thanh thude
dung theo duong udng (dic tinh gidng thude).

Bén canh d6, swissadme con cho phép xem xét kha nang qua hang rao mau nao
ctia cac hop chit theo mé hinh wéc luong su thdm thdu qua ndo hodc rudt (BOILED-
Egg) thong qua danh gia hé s6 phan bd dau nudc (WlogP) va dién tich bé mit phan cuc
topo (TPSA) [108]. Cu thé, cac hop chit c6 thong sé TPSA va WlogP nam trong ving

mau vang (Hinh 19) c¢6 kha ning hap thu duoc qua hang rao mau nio.
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Hinh 19. Biéu d6 BOILED-Egg
2.3. Tong hop héa hoc
So db str dung dé tong hop 10 d?ln chat muc tiéu:

OCH3 N R

7
|

=
(@ () R \
IVa:n=3;R=H :
'IVb: n = 3; R =2-Cl |
1IVe:n=3;R=3-Cl |
() () (IVa-j) IVd:n=3;R=4-Cl
_______________________________________________ ! IVe:n=3;R=4-Br,
\(a) i) NaN3, ZnCl,, DMF, 110°C, 8 gio:; ii) methyl 4-clorobutanoat hozc | :yi_ nZ ji g = g o
'methyl 5-cloropentanoat, 60°C, 2 gio; (b) i) NaOH, MeOH, nhiét dé phong, :: |Vg; n = 4f R = 3-C \
12 gio; i) HCI déc, pH = 1-2; (c) anilin va dan chat, HOBt, EDC.HCI, DCM, :: IVi: n=4;R=4-Cl |
'DMF, 60°C, 8 gio. PV n=4R=4-Br|

So dd 1. Quy trinh téng hop cac hop chit IVa-j
2.3.1. Tong hop chit trung gian IT

Hop chit trung gian IT duoc tong hop theo So d6 1a qua hai phan Gng lién tiép
trong cling mot binh phan tng. Pau tién 13 phan tmg cong dong vong [3+2] tir 2-
naphthalen carbonitril va NaN; tao mudi cta vong tetrazol, sau d6 mudi cua vong
tetrazol phan Ung N-alkyl hoa v&i tdc nhan la methyl 4-cloropentanoat hodc 5-
cloropentanoat.

Tién hanh phan vng: Hoa tan 765 mg 2-naphthalen carbonitril (I) (5 mmol,
tuong tmg vé6i 1,0 duong luong) trong binh cau ¢6 nut mai 100 ml véi 5 ml dung moi
DMF. Thém NaNj; (1,5 duong luong) va ZnCl, (0,1 duong lugng) vao binh phan ing
trén, gia nhiét cho dung méi hoi luu trong 8 gid. Theo ddi phan ing bang TLC véi hé
pha dong EA:n-hexan (1:1), khi binh phan mg hét 2-naphthalen carbonitril dé nguoi
phan tng vé nhiét d6 phong, thém methyl 4-cloropentanoat hoic methyl 5-
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cloropentanoat (1,5 duong lugng), gia nhiét phan tng duy tri & 60°C trong 2 gio. Theo
ddi bang TLC vé6i hé pha dong EA:n-hexan (1:2).

Xir Iy san pham: Hon hop sau khi phan tmg xong dugc lam ngudi dén nhiét do
phong, thém 25 ml dung dich Na,COs bio hoa cho két tiia hoan toan, sau d6 loc hon hop
qua phéu loc Buchner dé thu léy dich. Chiét dich loc vé6i EA, thu pha EA. Rura dich chiét
bang nude cit lanh sau d6 lam khan bang Na,SO,, ¢d quay dé loai dung méi. Tach chét
II (d6ng phan N2) bang sic ky cot silica gel véi pha dong 1a EA:n-hexan (30% EA).

- n =3 chat II 1a methyl 4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanoat

- n =4 chit II 1a methyl 5-(5-(naphthalen-2-yl)-2H-tetrazol-2-yl)pentanoat
2.3.2. Tong hop chit trung gian IIT

Hop chit trung gian IIT dugc tong hop theo So dd 1b tir este II tuong tng qua
hai giai doan: thuy phan este IT bang NaOH trong dung moi MeOH, sau d6 acid héa hdn
hop sau phan tGng bang HCI dic.

Tién hanh phan &ng: Hoa tan hoan toan 1,0 g chét ran II (twong tmg 1,0 duong
lwong) trong 30 ml methanol (MeOH) trong binh cdu c6 nut nhdm dung tich 100 ml.
Thém NaOH (2,0 duong lugng), khudy tron hdn hop khoang 1,5 gid ¢ nhiét d6 phong,
theo ddi phan tmg bang TLC véi hé pha dong EA:n-hexan (1:1).

Xir Iy san pham: Sau khi thay trén TLC khong con vét cua chat II, thém tir tir
HCI dic vao binh phan tng, lic déu dén pH = 1-2. C6 quay loai MeOH thu dugc chat
rin mau trang bao gdm NaCl va acid ITI. Thém hén hop MeOH:DCM (20% DCM) vao
khdi cht rin, loc trén phéu loc Buchner dé loai NaCl, thu léy dich. C6 quay dich loc
loai dung moéi, sdy chét ran thu duoc trong ti siy chan khong thu dugc acid II1.

- n=3 chat III 12 methyl 4-(5-(naphthalen-2-yl)-2H-tetrazol-2-yl)butanoic

- n =4 chat II 1a methyl 5-(5-(naphthalen-2-yl)-2H-tetrazol-2-yl)pentanoic
2.3.3. Tong hop cdc chit muc tiéu IVa-j

Cac hop chat myc tiéu IVa-j duoc tong hop theo So d6 1c tir acid III biang phan
g amid héa v&i cac amin khac nhau trong cing diéu kién nhiét do, xuc tac 1a HOBt,
EDC.HCI va dung méi 12 DCM c¢6 mat DMF, phan tng dién ra theo so d6 sau:

Téng hop 4-(5-(naphthalen-2-yl)-2H-tetrazol-2-yl)-N-phenylbutanamid (IVa)

Chat IVa duoc tong hop théng qua phan tng amid hoa giita acid IIT (n = 3) va
anilin voi xtic tac HOBt, EDC.HCI trong dung mdi DCM c6 mit DMF theo so do 2.
Tién hanh phan wng: Can 150 mg (1,0 dwong luong) acid III vio binh cau c6 nut mai
dung tich 50 ml, hoa tan bang lugng DMF t6i thiéu. Thém vao binh phan ing HOBt (1,2
duong luong), EDC.HCI (1,2 duong lugng), 56 mg anilin (1,2 duong lugng), sau do
thém 15 ml DCM vao hdn hop phan tig, khudy tron hdn hgp trén bép tir trong 8 gio &
60°C. Phan tng duoc theo ddi bang TLC véi hé pha dong EA:n-hexan (1:1).
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N+ OH N+ NH
NS > .:hs\lr
N*=N O HOBt, EDC.HCI NEN O

m DCM, DMF, 60°C, 8 gi IVa
So d6 2. Quy trinh tong hop chat IVa

Xir Iy san pham: Phan tng két thuc dugc cd quay loai dung méi. Thém dung
dich NaHCO; 10% vao binh phan (g dén pH = 10, chiét véi dung méi EA, thu lay pha
EA. Rira dich chiét va lam khan bang Na,SO,. Co quay loai EA thu ldy can. Tinh ché
hdn hop bang sic ky cot vai pha dong 1a EA:n-hexan (1:9), thu dung dich chira san pham,
o quay loai dung méi, sdy chat ran trong ti say chan khong thu duoc IVa.

Cac chat IVb-j dugc tong hop thong qua phan tng amid héa tir acid III theo cac

budc twong tyr nhu dbi v6i chat IVa nhung thay anilin bang cac dan chat anilin theo bang

sau:
Bang 4. Nguyén liéu diéu ché cac dan chat IVb-j
Chat Acid ITT DAn chit anilin
IVb n=3 2 — Cloroaninlin
IVe n=3 3 — Cloroaninlin
Ivd n=3 4 — Cloroaninlin
IVe n=3 4 — Bromoaninlin
Ivf n=4 Aninlin
IVg n=4 2 — Cloroaninlin
IVh n=4 3 — Cloroaninlin
IVi n=4 4 — Cloroaninlin
IVj n=4 4 — Bromoaninlin

Tén goi ciia 10 dan chat muc tiéu:

+ 4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)-N-phenylbutanamid (IVa)

+ N-(2-chlorophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVb)
+ N-(3-chlorophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (I'Vc)
+ N-(4-chlorophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVd)
+ N-(4-bromophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVe)
+ 5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)-N-phenylpentanamid (I'Vf)

+ N-(2-chlorophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (IVg)
+ N-(3-chlorophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (IVh)
+ N-(4-chlorophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (I'Vi)
+ N-(4-bromophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (IVj)
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PHAN 3. KET QUA VA BAN LUAN
3.1. Két qua thir d9 tinh khiét va mot s6 chi s6 héa Iy clia cac chit IVa-j
Céc hop chét sau khi dugc tong hop va tinh ché dugc kiém tra do tinh khiét bang
hai phuong phép 12 st dung sic ky 16p méong TLC va do nhiét do nong chay. Két qua hé
sd luu gitt Ry va nhiét do nong chay (T°.) cua cac hop chit IVa-j dugc ghi lai trong

Bang 5
Bang 5. Hiéu suét tong hop va mot s6 chi sb hoa 1y xac dinh d6 tinh khiét cac chat
IVb-j
DAin chit | Mau sic | Hiéu suét T (°C) Ry
% (EA:n-Hexan V/V = 1:1)
IVa Tréng 38 185,3 - 1877 0,55
IVb Trang 41 193,4 - 196,4 0,50
IVe Tréng 36 192,4 - 194,5 0,46
Ivd Tréng 44 196,7 - 1983 0,52
IVe Trang 37 2024 - 204,7 0,44
IVt Trang 50 210,7-211,9 0,45
IVg Tréng 53 212,1-212,9 0,42
IVh Tring 45 211,8-2133 0,47
1Vi Trang 59 214,7 -215,9 0,40
IVj Trang 55 219,1 - 220.5 0,38

Két qua cho thay, cac chat déu c6 mau tring dic trung, dong nhat, nhiét d6 nong
chay dao dong trong khoang dao dong hep (1 — 2 °C).

Sic ky 16p mong dugc thyc hién véi ban nhom trang silica gel 60 F,s4, st dung
cac hé dung moi EA:n-hexan ty 1¢ 1:1, tién hanh chay trong binh khai trién sic ky va
quan sat két qua dudi anh sang tir ngoai c6 bude song 254 nm. Két qua sac ky 16p mong
TLC cua céc hop chét cho mot vét tron, gon, khong co vét phu.

Dua trén két qua R¢ va T, co thé khang dinh so bd 10 hop chit déu tinh khiét,
du diéu kién dé thuc hién khiang dinh cdu tric bang cac phuong phéap phd.

3.2. Khing dinh ciu tric

Céc phuong phap phd phd khéi (HRMS), phd cong hudng tir hat nhan proton
("H-NMR) va carbon ('3*C-NMR) dugc st dung dé khang dinh cdu triic cac hop chat

40



IVa-j. Két qua ghi phd va phén tich phd dugc trinh bay trong bang dudi day va phan
phu luc.
3.2.1. Phé khoi lwong HRMS
Két qua phan tich phd khéi lugng (HRMS) ciia cac hop chit IVa-j duoc trinh
bay trong Bang 6.
Bang 6. Két qua phén tich phd HRMS cua cac chat IVa-j

vohoH O . ' Nan=3R=H |
N7 NVR A ' IVb:n=3:R=2-Clt
=N o [ ' IVe:n =3; R =3-Cl |
1 IVd: n = 3; R=4-CI:
O : IVe: n=3; R =4-Br
1 IVF: n=4;R=H :
O ' IVg:n=4; R =2-Cl
1 IVh:n=4; R =3-Cl|
(IVa-j) L IVi: n=4;R=4-Clt
' IVi:_n=4;R=4-Br,
, KLPT m/z [M+H]" m/z [M+H]*
Chit CTPT (@/mol) ([M+Na]* v6i IVb, | (IM+Na]* véiIVb,
g IVg) du kién IVg) thue té
IVa C,HsNsO 357,16 358,1662 358,1652
414.1092/ 414.0870/
I H,(CIN 1,12 ’ ’
Vb CaHigCINSO - 391, 416,1063 416,0882
392.1273/ 3921274/
I H,4Cl 1,12 ’ ’
Ve CatigCINSO - 391, 394,1243 394,1261
392.1273/ 392.1283/
I H,(Cl 1,12 ’ ’
vd CaHisCINSO - 391, 394,1243 394,1266
436.0767/ 436,0770/
1A% C,H;sBIN;O | 435,07 ’ ’
¢ 2158 B : 438,0747 438,0752
IVf C,,H,NsO 371,44 372,1819 372,1807
428.1249/ 428.1069/
I H,,Cl 4 ’ ’
Ve | CaollCINSO 1 405,89 430,1219 430,0992
406,1429/ 406,1417/
IVh CofpCINSO 405,89 408,1400 408,1404
406.1429/ 406,1426/
IVi H,,Cl 4 ’ ’
vi CoH20CINSO 05,89 408,1400 408,1422
450.0924/ 450,0929/
IVj C,H,BrNsO | 450,34 ’ ’
] 282081 452,0904 452,0908

Két qua pho do6 clia cac chat IVa-j cho thay déu xuat hién cac pic ion c6 gia tri
bang [M+H]" ([M+Na]" d6i v6i IVb va IVg) v6i cudng dd manh. Tir d6, so bo ta co thé
khang dinh cac chat IVa-j da duogc tong hop co s khdi nhu dy kién. Trong do6, phd khdi

ctia cac hop chét chira nguyén tir halogen, dic biét 1a clo (C1) va brom (Br) véi su xut
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hién cua cac pic déng vi 1a mét dic diém dic trung gillp x4ac nhan sy hién dién cua cac
nguyén t6 nay trong ciu trac phan tir. Cu thé, cac hop chat IVb—j mang nhém thé CI
hodc Br, di thé hién rd hai pic ion phan tir [M+H]* hay [M+Na]" cach nhau 2 don vi
khdi (m/z). Biéu nay 1a két qua cta sy ton tai tu nhién cua hai dong vi bén cia C1 (*3Cl
va ¥Cl) voi ty 18 xap xi 3:1, va ctia Br (7?Br va 8'Br) vdi ty 1& gan bang 1:1. Sy xuét hién
ctia hai dinh ion véi cudng do dic trung khong chi phut hop voi phan bd dong vi tu nhién
ma con dong vai tro nhu béng chirng tryuc tiép xac nhan sy hién di¢n cua nguyén tir clo
hoic brom trong cc hop chat téng hop. Nhu vy, dir liéu pho khéi dd gop phan cing cb
do tin cdy cua qua trinh xac dinh cAu tric, déng thoi hd tro xac minh chinh xac cong thuc
phan tur cua cac din xuét muc tiéu. Tir d6 co thé khéng dinh so bd dugc ciu trac cla cac
chat da tong hop duoc.

Epec(rum from 202312KL.wiff2 (sample 32) - XXV-d, Experiment 1, +IDA TOF MS (20 - 4500) from 0.517 min

392.1283

1.6e5 N=N o)
C

14¢5 Ivd
2
= 12¢5 CTPT: C,;H3CINsO
z MW: 392,12
= 1.0e5

8.0e4 394.1266

1393.1335

6.0e4

4.0e4

2.0e4

#
0.0e0 Lo s ] L Ly
345 350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440

Mass/Charge, Da

Hinh 20. Pho HR-MS cua chat IvVd

Chét IVd c6 CTPT duy kién 14 C,;H;5CINsO c6 pic ion phéan tir m/z [M+H]" du
kién 14 392,1273/394,1243 Ging v&i hai dong vi cia clo trong ty nhién. Trén pho d6 xuét
hién pic ion [M+H]" cuong d6 manh nhat 1 392,1283/394,1266. Tt d6 so bo cho théy
dan chat IVd c6 s6 khoi diing nhu s6 khéi dy kién.
3.2.2. Pho cong hwong tir hat nhin proton ('H-NMR)

Két qua phan tich pho cong huong tir hat nhan ("H-NMR) cua cac hop chat IVa-
j dugc trinh bay trong Bang 7.
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Bang 7. Két qua phén tich phé HRMS cua cac chat IVa-j

IVa:
IVb:
IVe:
Ivd:
IVe:
IVf:
IVg:
IVh:
IVi:
IVi:

N T

T
WOOO WOOO

- — == =2

L T K T4

(IVa)

AXVDVODOANAOA0DD0

BN

Chit

S6 liéu phén tich "TH-NMR (CDCl;, 500MHz, ppm)

IVa

98,58 (s, [H, H1"), 8,11 (d, /= 8,5 Hz, 1H, H3"), 7,83 (dd, J = 10,0 Hz, 2H, H4, H8"), 7,80
(d, J= 7,7 Hz, 1H, H5"), 7,49-7,44 (m, 4H, H6*,H7’, H2”, H6”), 7,24 (t, J = 8,0 Hz, 2H,
H3”, H5°"), 7,03 (t, J= 7,5, H, H4”), 4,75 (t, J = 6,2 Hz, 2H, H4), 2,43 (quint, J = 6,6 Hz,
2H, H3), 2,37 (t, J = 6,8 Hz, 2H, H2).

IVb

58,72 (s, 1H, H1"), 8,40 (d, J = 8.0 Hz, 1H, H3”), 8,25 (dd, J = 8,5 Hz, 1H, H3"), 7,98 (dd,
J=8.0 Hz, 2H, H4>,H8"), 7,91 (t, /= 9,5 Hz, 1H, H5""), 7,76 (s, |H, NH-CO), 7,58 (m, 2H,
H6’, H7°), 7,39 (dd, J = 8,0 Hz, H6”), 7,31 (t, J = 8,3 Hz, 1H, H5”), 7,08 (td, J = 7,8 Hz,
1H, H4™), 4,89 (t, J = 6.3 Hz, 2H, H2), 2,62-2,53 (m, 4H, H3, H4).

IVe

58,65 (s, 1H, H1"), 8,18 (dd, J= 8.5 Hz, 1H, H3"), 7,94 (dd, J = 8,5 Hz, 2H, H4’,H8"), 7,88
(d,J=7.,5 Hz, 1H, H5), 7,67 (s, |H, NH-CO), 7,57-7,52 (m, 3H, H6’, H7>, H2”), 7,35 (d,
J=10,0 Hz, 1H, H6""), 7,22 (t,J = 8,0 Hz 1H, H5”), 7,08 (d, J = 9,0 Hz, 1H, H4""), 4,83 (¢,
J = 6,0 Hz, 2H, H4), 2,50 (quint, J = 6,4 Hz, 2H, H3), 2,44 (t, J = 6,8 Hz, 2H, H2).

Ivd

98,65 (s, 1H, H1), 8,18 (d,J= 8.5 Hz, 1H, H3’), 7,94 (dd, J = 11,5 Hz, 2H, H4’, H8"), 7,88
(d, J = 17,5 Hz, 1H, H5"), 7,57-7,52 (m, 2H, H6’, H7"), 7,49-7,47 (m, 3H, NH-CO, H2”,
H6”), 7,27 (d, J = 9,3 Hz, 2H, H3”, H5”), 4,83 (t, J = 6,3 Hz, 2H, H4), 2,50 (quint, J = 6,3
Hz, 2H, H3), 2,44 (t, J = 7,0 Hz, 2H, H2).

IVe

58,66 (s, 1H, HI"), 8,19 (d, J = 8,0 Hz, 1H, H3"), 7,96 (dd, J = 9,0 Hz, 2H, H4’, H8"), 7,89
(d,J=7.5Hz, 1H, H5"), 7,55 (t, J= 10,2 Hz, 2H, H6’, H7’), 7,45-7,41 (m, 4H, H2”, H3",
H5”, H6”), 4,84 (t, J = 6,3 Hz, 2H, H4), 2,51 (quint, J = 6,5 Hz, 2H, H3), 2,44 (t, J= 7,0
Hz, 2H, H2).

Ivt

58,68 (s, 1H, HI"), 8,21 (dd, J= 9,5 Hz, 1H, H3"), 7,95 (d, J = 6,8 Hz, 2H, H4’,HS"), 7,88
(d,J=6,5Hz, 1H, H5"), 7,55 (m, 2H, H6’, H7), 7,50 (d, J = 8,0 Hz, 2H, H2”*, H6""), 7,30
(t,J=7,0 Hz, 2H, H3**, H5”), 7,10 (t, J= 7,3 Hz, 1H, H4>"), 4,74 (t, J = 7,0 Hz, 2H, H5),
2,44 (t,J =173 Hz, 2H, H2), 2,21-1,85 (m, 4H, H3, H4).

IVg

58,71 (s, 1H, HI"), 8,38 (d, J = 8,5 Hz, 1H, H3"), 8,24 (dd, J = 8,5 Hz, 1H, H3"), 7,98 (d,
J=8,5 Hz, 2H, H4*,H8"), 7,91 (d, J= 7,0 Hz, 1H, H5"), 7,63 (s, IH, CO-NH), 7,56 (m, 2H,
H6’, H7’), 7,38 (dd, J = 8,0 Hz, 1H, H6”), 7,30 (d, J = 7,8 Hz, 1H, H5), 7,06 (d, J = 7.8
Hz, 1H, H4”), 4,78 (t, J= 7.3 Hz, 2H, H5), 2,55 (t, J = 7,3 Hz, 2H, H2), 2,26 (quint, J = 7.4
Hz, 2H, H4), 1,91 (quint, J = 7,5 Hz, 2H, H3).

IVh

58,70 (s, 1H, HI"), 8,23 (dd, J = 8,5 Hz, 1H, H3"), 7,98 (d, J = 8,5 Hz, 2H, H4’, HY’), 7,91
(d,J=7,5Hz, 1H, H5"), 7,67 (s, 1H, CO-NH), 7,58 (m, 4H, H6, H7"), 7,35 (d, J= 8,0 Hz,
1H, H6”), 7,23 (m, 2H, H2”, H5”), 7,09 (d, J = 7,5 Hz, 1H, H4"), 4,78 (t, J = 6,8 Hz, 2H,
H5), 2,46 (t, J = 7,3 Hz, 2H, H2), 2,24 (quint, J = 7,3 Hz, 2H, H4), 1,88 (quint, J= 7,5 Hz,
2H, H3).

IVi

08,59 (s, 1H, H1”), 8,12 (dd, J= 8,5 Hz, 1H, H3"), 7,87 (d, /= 8,5 Hz, 2H, H4’, H8"), 7,81
(d, J=17,0 Hz, 1H, HS”), 7,48 (m, 2H, H6’, H7), 7,37 (d, J= 9,0 Hz, 2H, H2”, H6), 7,16
(d,J=8,0Hz, 2H, H3”, H5”), 4,67 (t,J= 7,0 Hz, 2H, HY), 2,36 (t, /= 7,3 Hz, 2H, H2), 2,14
(quint, J= 7,3 Hz, 2H, H4), 1,77 (quint, J= 7,5 Hz, 2H, H3).

IVj

58,67 (s, 1H, H1"), 8,20 (dd, J = 8,5 Hz, 1H, H3"), 7,95 (d, J = 8,5 Hz, 2H, H4*,HS8"), 7,89
(d,J=17,0 Hz, 1H, H5"), 7,55 (m, 2H, H6’, H7"), 7,40 (m, 4H, H2”, H3”, H5”, H6”), 7,13
(s, 1H, CO-NH), 4,75 (t, J = 7,0 Hz, 2H, H5), 2,43 (t, J = 7,3 Hz, 2H, H2), 2,22 (quint, J =
7.3 Hz, 2H, H4), 1,85 (quint, J = 7,4 Hz, 2H, H3).
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Duya trén phd "H-NMR cua 5 chit d tong hop duogc trinh bay & phu luc va Bang 7 ta c¢6
thé nhan thay: Cac proton trong vong thom c6 d6 dich chuyén nim trong khoang tir
7,08-8,65 ppm; Cac proton nhém CH; c6 do dich chuyén nam trong khoang tir 2,37-4,83
ppm.

Phd 'H-NMR cua cac hop chét cho thiy do dich chuyén héa hoc hoan toan phu
hop véi cau tric dy doan, trong dé tin hiéu H4 xuit hién & § = 4.89-4.75 ppm (triplet)
va cac proton methylen con lai & § = 2.62-2.37 ppm (multiplet), déu nim trong khoang
tham chiéu hop 1y cho cac nhom gan nguyén tir nito hodc nhém hut dién tir. Tin hiéu
proton N-H yéu va rong, dic trung cho proton linh dong dé trao ddi, thuong gip trong
dung méi nhu CDCls. D6 boi cia cac tin hiéu proton phan anh chinh xac s6 luong proton
1an cin co6 twong tac, dong thoi cho thay hing sb twong tac spin-spin (J) dic trung trong
khoang 68 Hz, phu hop véi kiéu lién két CH,—CHy dién hinh. Tét ca cac dac diém phd

déu khop véi cau tric hoéa hoc du kién, xac nhan so b tinh chinh xac cua cau tric cac

. .
X, oax A
hop chat da tong hop.
MOVOVWOrMYOMHOUNFOAAMINDOMPFAINOINMO ALV MN-HNDO
No~VYNSYHoOOOUNFINHFNOFMN WO MON-HCWLIN
HHOOOOOONYFIFIFIIFINNNAOOOD PIFIFFMOMOM
oo e o B T S T T Y T T T T T T T T B i B B NANNNNNN

5 4’a : . e
, 7 N s
H vong thom ° O 7

—
fsl e srs 8 Wef ®
- v-"cvi wial v+ o <
""""" | R A TR i e T S It R |
9 8 7 6 5 4 3 2 1 ppm

Hinh 21. Phd '"H-NMR cua chit IVa
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3.2.3. Phé cong hwong tiv hat nhin carbon 13 (3 C-NMR)
Két qua phan tich ph6 cong huong tir hat nhan (*C-NMR) cuia cac hop chit IVa-
j dugc trinh bay trong Bang 8.
Bang 8. Két qua phén tich phd HRMS cua cac chit IVa-j

IVa:
IVb:
IVe:
Ivd:
IVe:
IVf:

IVg:
IVh:

1
_ = — 2

5 330330300533 353D
I T T T TR T | R TR
T hRARRRLORWW®
AXVAOXODDOOANDD

(IVa-j)

Chat

S6 liéu phén tich *C-NMR (CDCls, 125 MHz, ppm)

IVa

J 169,4 (C=0), 1654 (N=C-N), 137,7 (C17), 134,3 ( C4a’), 133,2 (C8a’), 129,1 (C2"),
128,8 (C4%), 128,7(C8"), 127,9 (C3”, C5”), 127.2 (C5°), 126,8 (C7*), 126,7 (C6’), 124,5
(C1’, C3°), 123,8 (C4”), 119,9 (C2”, C6™), 52,2 (C4), 33,6 (C2), 25,1 (C3).

IVb

Jd 169,4 (C=0), 165,5 (N=C-N), 138,8 (C1), 134,3 (C4a’), 134,2 (C8a’), 133,2 (C3”),
129,1 (C2°), 128,8 (C4%), 128,7 (C8"), 127,9 (C5™), 127,8 (C2”), 127,2 (C5°), 126,7 (C6’,
C7°), 124,9 (C3°), 124,6 (C1°), 123,9 (C4™), 121,8 (C6™), 52,1 (C4), 33,9 (C2), 25,0 (C3).

IVe

5 169,5 (C=0), 165,5 (N=C-N), 138,8 (C17), 134,8 (C4a’), 134,3 (C8a’), 1332 (C3"),
130,0 (C2°), 128,9 (C5”), 128,7 (C4%), 127,9 (C8"), 127,3 (C5°), 126,8 (C7°), 126,7 (C6),
124,5 (C3°), 124,4 (C17), 123,8 (C4”), 119,9 (C27), 117,7 (C6”), 52,1 (C4), 33,6 (C2), 25,0
(C3).

Ivd

J169,4 (C=0), 165,5 (N=C-N), 136,2 (C1”), 134,3 (C4a’), 133,2 (C8a’), 129,5 (C3”, C5”),
129,1 (C27), 128,9 (C4°), 128,7 (C8), 127,9 (C4™), 127,3 (C5’), 126,8 (CT"), 126,7 (C6"),
124,5 (C3°), 123,8 (C1), 121,1 (C2”, C6”), 52,2 (C4), 33,6 (C2), 25,0 (C3).

IVe

9 169,4 (C=0), 165,5 (N=C-N), 136,7 (C1”), 134,3 (C4a’), 133,2 (C8a’), 132,0 (C3”, C5"),
128,9 (C2°), 128,7 (C4), 127,9 (C8"), 127,3 (C5°), 126,8 (C7°), 126,7 (C6”), 124,5 (C3),
123,8 (C1), 121,4 (C2”, C6”), 117,1 (C4”), 52,2 (C4), 33,7 (C2), 25,0 (C3).

Ivt

5 170,1 (C=0), 165,3 (N=C-N), 137,7 (C17), 134,2 (C4a’), 133,2 (C8a’), 129,0 (C4’), 128,8
(C8), 127,9 (C3”, C5), 127,1 (C2’, C5°), 126,7 (C6’, CT), 124,7 (C1°), 124.,4 (C3*), 123,9
(C4), 119,8 (C2”, C6), 52,8 (C5), 36,5 (C2), 28,7 (C4), 22,3 (C3).

IVg

5 170,2 (C=0), 165,4 (N=C-N), 134,4 (C1”), 134,2 (C4a’), 133,2 (C8a’), 129,0 (C4°), 128.8
(C8’, C3”), 127,9 (C5”), 127,8 (C2”), 127,1 (C2°, C5°), 126,7 (C6°, CT°), 124,7 (C4”, C1"),
123,9 (C3”), 121,7 (C6™), 52,8 (C5), 36,7 (C2), 28,7 (C4), 22,2 (C3).

IVh

 170,2 (C=0), 1654 (N=C-N), 138,8 (C1”), 134,7 (C3”), 134,3 (C4a’), 133,2 (C8a’),
130,0 (C27), 128,8 (C4°), 128,70 (C8’), 127,9 (C5”), 127,2 (C2, C5*), 126,7 (C6’, CT°),
124,5 (C1°, C4”), 123,9 (C3’), 119,9 (C6), 52,8 (C5), 36,4 (C2), 28,6 (C4), 22,1 (C3).

Ivi

9 170,2 (C=0), 165,4 (N=C-N), 136,3 (C17), 134,3 (C4a’), 133,2 (C8a’), 129,0 (C4"), 128.8
(C8), 128,7 (C4™), 127,9 (C3”, C5), 127,2 (C2°, C5°), 126,7 (C6’, CT’), 124,6 (C1*),
123,8 (C3°), 121,0 (C2”, C6”), 52,8 (C5), 36,4 (C2), 28,6 (C4), 22,2 (C3).

IVj

5 170,1 (C=0), 165,4 (N=C-N), 136,8 (C17), 134,3 (C4a’), 133,2 (C8a’), 132,0 (C4’), 128,8
(C8), 128,7 (C4™), 127,9 (C3”, C5), 127,2 (C2’, C5°), 126,72 (C6"), 126,67 (CT°), 124,7
(C1°), 123.9 (C3), 121,3 (C2”, C6”), 52,8 (C5), 36.4 (C2), 28.6 (C4), 22.2 (C3).

Dua trén phd *H-NMR cua 5 chat d3 téng hop duge trinh bay & phu luc va Bang
8 ta c6 thé nhan théy: Cac carbon C=0 c6 do dich chuyén cao nhit va déu co gia tri
khoang 169,3-169.4; cac carbon N=C-N c6 d6 dich chuyén nim trong khoang 154,9-
165,5; cac carbon vong thom c6 do dich chuyén nam trong khoang 111,9-138,8; cac

carbon nhém CH, ¢6 d6 dich chuyén nam trong khoang 25,0-52,2.
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Céc dinh trong phd 3C-NMR cuia cac hop chat téng hop déu c6 d6 dich chuyén
hoa hoc pht hop véi cu triic dy kién va phan anh chinh xac méi truong hoa hoc ciia cac
nguyén tir carbon. Cy thé, tin hiéu ctia C4 (carbon lién két truc tiép voi nguyén tir nito)
xudt hién & & = 52.8 ppm, thdp hon so vdi cac carbon no khac trong phan tir. Diéu nay
c6 thé giai thich boi sy anh hudng ctia nguyén tir nito, mot nguyén tir ¢6 tinh hut electron
manh, lam thay d6i méi trudng cta carbon nay, kéo do dich chuyén hoa hoc cua nd vé
phia trudng thap hon. Céc tin hiéu cua cac carbon no khac, chang han nhu carbon trong
nhom alkyl va cac carbon bdo hoa, déu nim trong ving dich chuyén khoang & = 1040
ppm, phit hop véi ciu triic phén tir ctia cac hop chit aliphatic. Mic du cudng do tin hiéu
trong phd '3C-NMR khong hoan toan phan anh ty 1¢ s6 luong carbon giita cac dinh, c6
thé do anh hudng cua thoi gian hdi phuc hoic cac yéu t6 k¥ thuit khac, nhung sy xuét
hién va vi trf ctia cac dinh van cung cip thong tin rd rang vé cu tric phan tir. Cac dinh
cua nhom carbonyl (6 = 169.0 ppm) va nhém imin (8 = 165.0 ppm) cling da dugc quan

sat, xac nhan sy hién dién cua cdc nhom chic quan trong trong phan tir.

.
P U . \ A , %
Dud6i day 1a pho cong hudng tir hat nhan carbon cua chat IVa.
M NN OO0 ~Mr~CO0LW MW
O~ wmMoooMLUyYoao = 0 o MMLu) < oy o — —i
o =~~~ O0W N~~~ < = [Ta]
® # % F & % ¥ 4 F F T F 4 4 % 2 ¥ i e oh
N WM O 0O~~~ WOOo<st<stmaoi™- .
N N R R RS B e R s s B e B o ™ 'aa) =t
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| S "‘1"3"1‘“/#\‘{'; | !

I i T I : 4 [ T X I I 4 I 1
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Hinh 22. Phd '3C-NMR cua chit IVe.
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3.2.4. Diic tinh “giong thudc” ciia cdc cdc chit IVa-j

Tién hanh danh gia dic tinh “gidng thuc” qua website Swissadme va thu dugc

két qua theo Bang 9 ghi nhan thong s6 ctia cac hop chit tiém niang déu thoa man “Quy
tdc nam” cua Lipinski va khong pham Quy tic Veber. Tir so d6 BOILED-Egg (Hinh 23,
24) cho thdy cac chat IVa-f co kha ning qua hang rao mau ndo do c6 TPSA va WlogP

nam trong ving vang. Cac chit IVg-h ciing c6 kha nang qua hang rao mau ndo tuy nhién

d6 than dau cao hon. Nhin chung, cic hop chét nay co tiém ning phat trién thanh thude

dung theo duong udng.

Bang 9. Két qua phan tich dic tinh “giéng thudc” cua cac chat IVa-j

Hop CTPT KLPT | MlogP | HBA* | HBD* | TPSA* | WlogP
chét (g/mol) (A%
IVa Cy1Hi9NsO | 371.44 2,84 4 1 72,70 3,72
IVb C,1HsCIN5O | 405.88 3,32 4 1 72,70 4,37
IVe C,1HsCINsO | 405.88 3,32 4 1 72,70 4,37
Ivd C,1HsBrNsO | 405.88 3,32 4 1 72,70 4,37
IVe C,1HsCINsO | 450.33 3,43 4 1 72,70 4,48
Ivf C»pHyNsO | 371,44 3,06 6 1 72,70 4,11
IvVg CxH,oCINsO | 405,89 3,54 6 1 72,70 4,76
IVh CH,oCINsO | 405,89 3,54 6 1 72,70 4,76
IVi CH0CINsO | 405,89 3,54 6 1 72,70 4,76
IVj CyHy0BrNsO | 450,34 3,65 6 1 72,70 4,87
RO5** <500 <5 <10 <5
Veber’s Total H-bond <140
rule <12

IVb-¢
IVa
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Hinh 23. So d6 BOILED-Egg céc chit [Va-e

8 Vg
o IVf

[J Show Molecules Name

BBB

HIA
© PGP+
© PGP

None

TPSA

Hinh 24. So d6 BOILED-Egg cac chat IV{-j

3.3. Hoat tinh rc ché AChE
Sau khi khang dinh cdu tric cta cac hop chat tiém nang dung nhu du kién, cac
chat nay s& dugc thir hoat tinh trc ché AChE.
Céc chit IVa-j dugc danh gia tac dung e ché AChE & cac nong d6 256 uM, 128
uM, 64 uM, 32 uM, 16 uM véi chat chimg dwong 1 galantamin hydrobromid. Két qua

nong d6 ICs, clia cac hop chat IVa-j d6i véi AChE ghi lai & Bang 10.
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Bang 10. Két qua phan tich phd HRMS cuia cac chat IVa-j

_ = — 2

T TR TR TR TR TR TR TR TR
PREPNIHHPNT
TOOO WOOO

- — == =2

RRRARROOOO®

(IVa)

AXVDVODOANAOA0DD0

Chit ICso (M) Chit ICso (M)

IVa 467,82 + 10,77 Ivf 354,88 £8,17
IVb > 1000 IVg > 1000
IVe > 1000 IVh 236,80 + 20,09
IvVd 707,95 + 59,34 1Vi 243,83 + 14,77
IVe 530,96 + 12,74 IVj > 1000
Chung am 0
(dung moi)

Churng duong (galantamin hydrobromid): ICso = 2,5 £ 0,2 uM
Tir két qua hoat tinh cho thay 2 hop chat IVb, IVe, IVg va IVj chua thé hién kha
nang e ché AChE vé6i ICso> 1000 1M, trong khi cac hop chat IVE, IVh va IVi thé hién
hoat tinh tot hon v6i ICs, lan luot 14 354,88 + 8,17; 236,80 £ 20,09; 243,83 + 14,77 uM.
Tu két qua hoat tinh thu dugc, co thé nhan théy cau ndi 4C c6 kha nang rc ché

kém hon cau ndi 5C, chung to d6 dai cau ndi 5C thuan loi cho viéc hinh thanh lién két
v6i ving PAS/CAS ctia AChE. Ngoai ra cdc nhom thé khac nhau trén vong benzen véi
khung lién két c6 cau nbi 5C cho hoat tinh (rc ché AChE khac nhau. Cu thé, trong két
qua nghién ctru, nhém thé 4-C1 (IVj) cho hoat tinh t6t hon so v&i nhém thé 4-Br (IVe).
Bén canh d6, khi so sanh cac hop chat IVh-d, hoat tinh hop chat c6 nhém thé 3-CI (IVe)
cao nhat, hop chat c6 nhom thé 2-Cl (IVg) cho hoat tinh kém nhat. Ngoai ra, viéc gin
cac nhom thé 3-Cl va 4-Cl vao vong benzen 1am cho hoat tinh cia cac chét tot hon so
v6i khi khong c6 nhom thé (IVa), trong khi nhom thé 2-C1 va 4-Br 1am giam hoat tinh
clia cac hop chét.

V6i cau ndi 4C, khi c6 nhoém thé halogen & vong benzen thi kha nang tic ché lai
giam so voi khong c6 nhom thé. Piéu nay cé thé 1a do cac nhom thé hut dién tir anh
hudng dén phan b electron trén vong benzen lam giam sy 6n dinh cac twong tc giira
phan tir va muc tiéu, din dén giam kha niang e ché enzym.

Dang chu y nhat 1a két qua rc ché enzym cuia chat IVi tot nhat trong nhom, tir d6
nhan thay c6 thé sir dung khung ciu triic dé phat trién cac chat myc tiéu tiém ning khac

trong tuong lai.
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KET LUAN

Tur két qua nghién ctru c6 thé dua ra mot s6 két luan nhu sau:
1. Pa tong hop duoc 10 din chit amid thom mang khung (naphthalen-2-yl)tetrazol nhu
du kién bao gom:

+ 4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)-N-phenylbutanamid (IVa)

+ N-(2-chlorophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVb)

+ N-(3-chlorophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVc)

+ N-(4-chlorophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVd)

+ N-(4-bromophenyl)-4-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)butanamid (IVe)

+ 5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)-N-phenylpentanamid (I'VY)

+ N-(2-chlorophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (IVg)

+ N-(3-chlorophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (IVh)

+ N-(4-chlorophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (I'Vi)

+ N-(4-bromophenyl)-5-(5-(naphthalen-2-yl)-2 H-tetrazol-2-yl)pentanamid (IV})
2. bi khing dinh ciu trac cac chat tong hop dugc théng qua phan tich dit liéu pho khi
(HR-MS), phé cong hudng tir hat nhan proton va carbon (‘H-NMR va *C-NMR).
3. Pa danh gia dic tinh gidng thude 10 din chit, dugc ghi nhan thoa man “Quy tic nim”
va co tiém nang phat trién thanh thudc dung theo dudng udng. Bén canh d6, cac chat
duoc tong hop duoc du doan c6 kha nang hap thu qua hang rio mau nio theo phuong
thirc tham thu trong moé hinh BOILED-Egg.
4. ba dugc thir tac dung uc ché acetylcholinesterase tai cac néng do khac nhau thu duoc
két qua ICsy duoc so sanh véi chat ching duong 14 galantamin hydrobromid. Két qua
thir hoat tinh cho thay sau trén 10 chat c6 kha nang trc ché AChE va c6 chat IVi tic ché
t6t nhat v6i 1Cs 1an luot 12 467,82 + 10,77 uM

Cac chit IVa va IVe c6 két qua ICso 1an luot 12 467,82 + 10,77 uM va 530,96 +

12,74 uM, cho thay hiéu qua trc ché trung binh di voi muyc tiéu, cao hon kha ning trc
ché ctia IVd vé6i ICso1a 243,83 + 14,77. Két qua nay la dinh hudng cho vi¢c tiép tuc phat

trién chat tiém nang trong twong lai dya trén khung cau tric nay.
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NGOAI NUGC
9.1. Trong nudc

Acetylcholinesterase (AChE) la mét enzym ¢6 chirc niang thuy phan chat dan truyén than kinh acetylcholin
(ACh) dan dén sy thiéu hut ACh va la mot trong nhitng nguyén nhan gay ra bénh Alzheimer (AD). Vi vay, AChE tro
thanh muyc tiéu phan tir quan trong va tiém nang trong viéc nghién ciu va phaét trién thuéc méi dinh hudng diéu tri
AD. AChE di va dang danh dugc sy quan tdm caa cac nha khoa hoc trong nuéc.
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Céc nghién ctru dya trén muc tiéu phan tir AChE cua cac nha khoa hoc ¢ Viét Nam chua yéu tap trung vao bao
ché cao chiét hoic phan lap va tinh ché hoat chat tir thuc vat. Mac du ¢6 c6 thé tim dugc chit tiém ning xong qué
trinh nay gap nhiéu thach thirc nhu: khé khin trong viéc san xuat thudc do ngudn dugc lidu it phd bién ciing nhu quy
trinh tach, phan lap kha phirc tap [1-5], hiéu sut tach chiét ciing nhu d¢ tinh khiét cua san pham khong cao. Chi mot
s6 it cac nghién cau theo hudng tong hop hoac ban tong hop [6, 7] hoic céc tiép can khac nhu mé phong docking
phan tir mai chi dé so sanh twong tac thudc voi enzym AChE [8]. Bic biét viéc tong hop cac dan chit cd cau tric
thom mang khung tetrazolacetamid c6 kha ning tac dong tc ché AChE lan dau tién duoc tiép can & Viét Nam boi
chinh nhém nghién ctru caa chdng téi.

Chu nhiém dé tai cing nhém nghién ciu ciing da dat dugc nhitng két qua nhat dinh trong viéc nghién ciu, tong
hop cac dan chat trc ché AChE tir nguon nguyén liu sin c6 ciing nhu tiép tuc tim kiém nhiing chét tiém ning phat
trién thanh thudc diéu tri AD.

9.2. Ngoai nudc

AD dugc Alois mé ta dau tién nam 1906 [9], nhitng nghién cau bénh ly than kinh cua AD va phat hién triéu
chung 1am sang cua AD ciing nhu cac ching bénh sa sut tri tué khac duoc tiép tuc phat trién [10, 11]. Hién nay, cac
lya chon chinh dé diéu tri Alzheimer Ia thudc tc ché acetylcholinesterase (AChE) nhu donepezil, rivastigmin,
galantamin, tacrin [12]. Tuy nhién ca bon chat déu c6 tac dung phu dang ké [13]. Nghién ctu dé tim ra cc chat wc
ché AChE méi van 1a mét chién luoc c6 tinh cap thiét. Do vay, nghién cau va phét trién thude diéu tri AD van duoc
nhiéu nha khoa hoc trén thé gigi quan tam, dac biét 1a muc tiéu phan tir AChE.

Nim 2022, Xinnan Li ciing c¢6ng su cdng bd 35 dan chat méi tdng hop theo hudng tc ché AChE véi céu trac di
tir chat dn duong donepezil. Nném nghién ciru da tién hanh thay thé di vong idanon cua donepezil thanh di vong
isochromanon, dong thoi thay thé vong piperidin thanh di vong thom pyridin ¢6 gin thém nhém acetyl hoic
aminocarbonyl véi muc dich 1am ting kha ning twong tac cua chat ic ché vai AChE. Két qua thu duoc 14 din chat
c6 kha ning trc ché AChE t6t hon chit chirng dwong 1a donepezil (ICso = 12,06 + 0,01 pM), trong d6 dan chit c6 kha
nang tic ché AChE tot nhat véi ICso = 1,61 + 0,02 uM [14].

Mot nghién ciru khac vao ndm 2020 cia Yao Guo va cong su cho thay din chat c6 hoat tinh e ché AChE tét
nhét (ICso = 0,39 + 0,04 puM) [15].

Nhom tac gia Ralph C Gomes [16] va cong su da tdng hop 11 dan chit qua ba budc, cac chat sau khi téng hop
duoc thir hoat tinh sinh hoc in vitro, két qua cé 8 dan chit c6 kha ning wc ché AChE vai gia tri ICs 0,12 dén 12,67
UM,

Khoéng nhitng tong hop hay ban tong hop ma viéc phan lap, tinh ché céc chét c6 kha niang e ché AChE tir thuc
vat cling van duoc cac nha khoa hoc chi trong téi. Yan-Jun Sun va nhém cong sy [17] da phan 1ap duoc nam loai
biflavonoid mai tir ré va than ré cua Diphylleia sinensis. Cau tric cia chung dugc khang dinh qua céc phé UV, IR,
HR-ESI-MS va 2D NMR. Cau hinh tuyét dbi cua chiing duoc xac dinh bang phé ECD. Két qua c6 4 hop chat wrc chét
AChE manh vai gia tri 1Cso trong khoang 1,62 - 5,15 uM.

Mudi mét alkaloid méi ciing 15 loai alkaloid da biét dwoc nhém cua Guanqun Zhan va cong su phan lap tir cay
Zephyranthes carinata [18]. C4u trdc cua cac alkaloid mai dugc khiang dinh qua dit liéu phdé ma rong (*C-NMR, H-
NMR, IR, DEPT 135, HSQC, HMBC, *H-'H-COSY, NOESY, (+)-HR-ESI-MS, UV, CD, IR) . Két qua thir hoat tinh
sinh hoc ¢ 9/11 méi chat thé hién kha niang e ché AChE véi gia tri ICso khoang tir 1,21 — 184,05 pM.

Bén loai flavonoid dwoc phén lap tir ré cua Pinus Krempfii Lecomte trong mot nghién ctiu méi [19] dugc cong
bé. Qua danh gia kha ang tc ché AChE in vitro va in silico, hop chat Tectochrysin dugc phat hién cé tac dung trc ché
AChE véi gié tri 1Cso 12 33,69 + 2,80 uM.

Tetrazol & hop chét di vong 5 canh chira 4 di té nitrogen dugc biét dén vai nhiéu hoat tinh sinh hoc khac nhau
nhu ha huyét 4p, khang khuan, khang virus, chong di tmg [20]. Trong nhitng nim gan day, nhiéu nghién ctru di tong
hop céc dan chat va dong phan sinh hoc cua tetrazol, dong thoi danh gia hoat tinh wc ché AChE gép phan khing dinh
kha nang tng dung cac dan chét nay trong diéu trj AD [21, 22].

Trén co s& phan tich két qua nghién ciru caa cac nha khoa hoc trong nudc va trén thé giéi, chiing tdi nhan thay
AChE 1a mot myc tiéu phan tir day haa hen trong viéc tim kiém chét tiém nang diéu tri bénh Alzheimer. Viéc thiét
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ké, tong hop va danh gia tac dung trc ché AChE cua cac dan chat amid thom méi mang khung 2-(5-(naphtalen-2-yl)-
2H-tetrazol-2-yl) 1a mot huéng nghién ciru mang tinh méi va c6 y nghia khoa hoc cling nhur y nghia thyc tién.
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PMC9822125.

10. TINH CAP THIET CUA DE TAI

Alzheimer (AD) 1a cin bénh thoéi hoa than kinh khong hoi phuc gay mat tri nh, mét trong 10 nguyén nhan gay
tr vong hang dau trén toan cau tuy nhién cho dén nay chua c6 phuong phap phat hién sém diéu tri hiéu qua. Trong
khi d6 ti 1¢ gia hoa dan sé ngay mot ting, AD tra thanh tham hoa khong chi do ti 1 méc bénh & nhém tudi nay ma
con do bénh gy anh huong 16n va lau dai vé moi mit cho bénh nhan, gia dinh, ngudi cham soc va xa hoi.

C6 nhiéu gia thuyét vé bénh dugc dua ra nhu gia thuyét mang bam amyloid, gia thuyét cholinergic, gia thuyét
tau, Gia thuyét kénh kim loai, gia thuyét lysosome .... Trong d6 gia thuyét cholinergic 1am mét trong nhiing gia
thuyét 1au doi nhét va céc thude dugc FDA Hoa Ky cip phép diéu tri AD nhu donepezil, rivastigmin, galantamin déu
dua trén gia thuyét nay. Theo gia thuyét cholinergic, mot trong nhitng nguyén nhan cua bénh c6 lién quan dén sy
thiéu hut chat dan truyén than kinh acetylcholin (ACh), do chét nay bi thuy phan va bat hoat boi AChE, mét enzym
duoc tim thay trong cac khop day than kinh.

ACh duoc téng hop & trong cac noron tién synap tir cholin va acetyl-coenzym A (acetyl-CoA) bai enzym cholin
acetyltransferase (ChAT), sau d6 ACh duoc chuyén vao trong boc synap qua kénh van chuyén ACh. Qua trinh khi
cuc & tién synap thuc ddy qué trinh giai phong ACh tir boc synap vao khe synap. Tai day, ACh c6 thé gén véi cac thu
thé nicotinic hodc muscarinic dan dén phan tang kich thich hay tc ché dan truyén than kinh. Bén canh d6, ACh c6 thé
nhanh chéng bi thiy phan va bat hoat boi enzym AChE tao acetat va cholin. Cubi cting, choline dugc thu héi tro lai
tién synap théng qua kénh van chuyén cholin va tiép tuc tai tong hop ACh.

Trung tdm hoat dong cua enzym AChE rong khoang 5 A va sau 20 A tinh tir bé mat cia enzym. Cu tric nay
chia 1am ba thanh phan quan trong: viing trung tam hoat dong (CAS) nam & “day” kénh enzym, ving long kénh va
viing ngoai vi hay ving trung tam di lap thé (PAS) nam ¢ “miéng” kénh enzym. Nhu vay, cAu tr(ic quan trong cia
mot chét ac ché AChE can c6 diéu kién hoic c6 kha ning lién két vai viing CAS hozc vang PAS hoic 1a cau ndi lién
két voi do dai va ciu trac thich hop ndi gitta hai phan cu trac tuong tac 1an luot véi viing CAS va ving PAS. Céc
chat rc ché AChE dugc FDA phé duyét déu c6 cac lién két véi cac amino acid tai ving PAS va/hoic CAS ciia AChE.

Trén co s& phan tich tinh hinh nghién ctru trong nuéc va thé giéi, nhém nghién ctiru nhan thay rang bénh AD
mac du 1a mot can bénh ngay cang phd bién tuy nhién hién nay van chua c6 phuong phap phat hién sém ciing nhu
chua c6 loai thudce nao diéu tri hiéu qua. Cac loai thudc duoc phé duyét diéu tri AD van chua triét dé ciing nhu c6 tac
dung phu dang ké. Co ché bénh c6 lién quan mat thiét dén sy thuy phan chat dan truyén than kinh ACh ciia AChE.
Sy du thira AChE gay ra thiéu hut ACh. Nghién ciru dé tim ra cac chat tc ché AChE mai van 1a mot chién luoc co




tinh cap thiét. Do vay, AChE tré thanh muc tiéu phan tir quan trong va tiém ning trong nghién ctru va phat trién thudc
méi dinh hudng diéu tri bénh AD. Trong nhimng nim gan day, ching t6i ludn co cong bd trén nhiing tap chi uy tin
trong nudc va qudc té vé nhirng van dé lién quan dén viéc tong hop cac din chit cé tac dung e ché AChE hudng
diéu tri bénh Alzheimer. Vi vay, chung t6i tin tuong dé tai s& dat duoc nhiing két qua cé ¥ nghia khoa hoc cao va s&
duoc cong bd trén nhiing tap chi uy tin.

Trén co s6 d6, chung t6i dé xuat dé tai: “Tong hop mot sé dan chat amid thom mai mang khung 2-(5-(naphtalen-
2-yl)-2H-tetrazol-2-yl) va danh gia tac dung wc ché acetylcholinesterase dinh hudng diéu tri bénh Alzheimer”

11. MUC TIEU PE TAI
Tong hop duoc 5 dén 7 dan chat thom mai mang khung 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl)acetamid ¢ kha nang
trc ché enzym acetylcholinesterase.

12. POI TUQNG, PHAM VI NGHIEN CUU

12.1. PBbi twong nghién ciru

- Khung chét dan thom 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl)amid.

- Enzym acetylcholinesterase.

12.2. Pham vi nghién ctru

- Nghién ctru ciu tric va kha ning wrc ché enzym acetylcholinesterase.

- Phuong phap tong hop din chat amid thom mang khung 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl) trong phong thi
nghiém.

- Panh gia kha ning tc ché in vitro enzym AChE.

13. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
13.}. Céach tiép c:f;m
- Vé mat ly thuyét:
Théng qua tim hiéu tai liéu vé cac khung cau tric c6 kha ning trc ché AChE céc dan chat chira vong naphtalen, vong
tetrazol, tir d6 dé xuat cu thé khung cau tric thom 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl)amid mai.
- V& mit thuc nghiém:
Dua trén nhiing kinh nghiém vé phan wng tong hop céc khung cau tric tetrazol-2-ylamid va kha ning tc ché AChE
ctia cac khung cau tric nay.
13.2. Phuong phap nghién cuu
Str dung phuong phap téng hop hoé hoc, cac phuong phap du doan tinh chat “gidng thude”, phuong phap du doan
thong sé duoc dong hoc va cac phuong phap phd (IR, MS, NMR).

14. NOI DUNG NGHIEN CUU VA TIEN PO THUC HIEN

14.1. Noi dung nghién cau

- N6i dung 1: Thu thap tai liéu nghién ctiru noi dung ly thuyét lién quan dén dé tai.
+ Tong quan tinh hinh nghién ciru trong va ngoai nuéc vé linh vuc nghién ciu.
+ P& xuit ciu tric cac dan chat mang khung 2-(5-(naphtalen-2-yI)-2H tetrazol 2-yhamid. Str dung céac
phwong phap du doan tinh chat “gidng thudc”, phuong phéap du doan thong s6 duoc dong hoc va doc tinh dé
danh gia kha ning gidng thudc cua cac dan chat.

- Nbi dung 2: Téng hop hoéa hoc hoa hoc
+ Tong hop 5 dén 7 dan chat thom méi mang khung 2-(5-(naphtalen-2-y1)-2H-tetrazol-2-yl)amid.

- Noi dung 3: Panh gia cAu tric cic chét bang cac phuong phap phd va kha ning tc ché AChE

Két qua cua noi dung nay co thé ding 02 bai bao trén tap chi chuyén nganh trong nuéc.

- Noi dung 4: Tong hop két qua va viét bao céo tong két.

14.2. Tién @6 thyc hién

Céc noi dung, cbng viéc San pham Thoi gian w =
STT thyc hién (bt du-két thae) | Nguot thuc hicn
Thu thap tai liéu nghién ctu ndi | - Béo cdo tong quan. Nguyén Viét Hung

1 dqng ly thuyét lién quan dén dé | - Céu triic, dgc tinh glong 01/2025-02/2025 Tran Phuong Thao
tai. thuéc va cac théng so Lé Thi Phuong Thao




dugc dong hoc cua cac Lé Thi Vinh
dan chat.
- B4o cao két qua tong Nguyén Viét Hung
2 . . hop. Tran Phuong Thao
2 Tong hop hoa hoc hoa hoc _ K;ét qua vé do tinh 02/2025- 04/2025 Hoang Van Hai
khiet. Lé Thi Phuong Thao
- Két qua do pho va bién
giai pho cua cdc dan chat
) o s dﬁt@nghqp.
?anhhﬁ?ncauht,mChcxaflacﬂﬁt E?Eg 'hlfe‘t‘ qpa dﬁ doén tilh Nguy2n Viét Hung
3 | 8¢ phuons Phap pho VA KNa nang | chat “giong thuoe™ vaket | o4/5055_ 1112025 | Tran Phuong Thao
uc ché AChE qua rc ché AChE cua cac Hoane Vin Hai
chat da tong hop dugc. oang van Hal
- 02 bai béo.
- 01 sV bao vé Khoa
luan tot nghiép. ’
- 01 béo céo tong két. Nguyén Viét Hung
Tong hop két qua va viét bao cdo | - 01 quy trinh tong hop. Tran Phuong Thao
4 tdng két, - B&o cdo Héi dong khoa 11/2025-12/2025 Hoang Van Hai
hoc. Lé Thi Vinh
15. SAN PHAM
Stt Tén san phdm S6 lugng Yéu cau chét luong san phdm
I San pham khoa hoc (Cac cdng trinh khoa hoc s& duoc cdng bé: séch, bai bao khoa hoc...)
Pang trén tap chi chuyén nganh trong nudc
1.1 | Bai bao trén Tap chi trong nudc 02 duoc tinh diém cia HDGSNN (dugc chap
nhan dang)
Il | San phdm dao tao (Cir nhan, Thac sy, Tién s3,...)
2.1 | Pao tao cir nhan dugc hodc hoa dugc 01 Bao vé thanh cong Khoa luan tt nghiép
1l | San pham @ng dung
Quy trinh tong hop cac dan chat amid thom Quy trinh ddy du, chi tiét cac budc tién hanh,
3.1 | méi mang khung 2-(5-(naphtalen-2-yl)-2H- 01 thong sé diéu kién phan tmg, cac budc chiét
tetrazol-2-yl). tach chat.

16. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHI UNG DUNG

16.1. Phuong thtc chuyén giao

- Két qua nghién ctu cta dé tai dugc giao nop truc tiép cho co quan chu tri dé tai (Truong Pai hoc M6 - Dia chat)
16.2. bia chi ttng dung

- Bo mon Ho4, Khoa Khoa hoc co ban, Trudng Pai hoc M6 - Bia chit sir dung két qua cua dé tai 1am tai liéu tham
khao cho cac nghién ciru chuyén sau vé Hoé hitu co, Hoa duoc, phan tich, kiém nghiém, ...

- B6 mén Hoa duoc, Khoa Cong nghé Hoa dugc, Truong Pai hoc Dugc Ha Noi sir dung két qua cua dé tai 1am tai
liéu tham khao cho céc nghién ciu chuyén sau vé Hoé hitu co, Hoa dugc.

17. TAC PONG VA LQI ICH MANG LAI CUA KET QUA NGHIEN CUU

17.1. i véi linh vuc gido duc va dao tao

Két qua nghién ctu cua dé tai c6 thé duoc dung 1am tai liu tham khao phuc vu giang day va nghién ciru chuyén sau
vé cac linh vuc Hoa hitu co, Hoa duoc néi chung va Hoé hiru co, Hoa duoc tai Truong Pai hoc M6 - Bia chét, truong
Pai hoc Dugc Ha Noi va treong Dai hoc Phenikaa.

17.2. Bbi véi linh vuc khoa hoc va cong nghé cd lién quan

Két qua nghién ciru dinh huéng tong hop cac dan chat tiém nang (g dung nghién ciu phat trién thude mai.

17.3. B4 voi phét trién kinh té-xa hoi




Két qua nghién ciru hudng téi ky vong tim kiém chat tiém ning trong diéu tri bénh Alzheimer.

17.4. Déi véi t6 chirc cha tri va cac co sé tng dung két qua nghién cau

- B6 sung nguon dix liéu cho cac gido trinh, bai giang vé Hoa hitu co, Hoé phan tich, Hoa duoc, Hoa méi trudng ...

- La co s¢ dit liéu cho viéc xay dung quy trinh, tong hop thuéc.

- Gop phan ning cao ning luc va kinh nghiém nghién ciru cho d6i ngii cac nha khoa hoc va céc thanh vién tham gia
dé tai cua truong Pai hoc Mo - Dia chit, truong Dai hoc Dugc Ha Nbi, trudng Pai hoc Phenikaa.

18. PINH HUONG PHAT TRIEN TIEP THEO CUA PE TAI NGHIEN CUU

18.1. P& xuat phat trién thanh dé tai cip cao hon

Noi dung nghién ciru cta dé tai nam trong dinh hudng ciia nhom nghién ciru nham trién khai dé tai cap cao hon (cap
Bo nam 2026-2028) vai tén du kién: Tong hop va danh gia tac dung tc ché acetylcholinesterase hudng diéu tri bénh
Alzheimer cua mot sé dan chat mang khung tetrazolamid méi.

Kinh phi dy kién: 800 triéu dong.

18.2. Kha niing thwong mai hoa san pham

18.3. Kha niing ding ky ban quyén sé hiru tri tué

19. KINH PHI THU'C HIEN PE TAI VA NGUON KINH PHI
Kinh phi thuc hién dé tai: 30.000.000 dong
Trong do:

Tir ngudn thu ciia Nha treong: 30.000.000 ddng

Céc ngudn khac: 0 dong

Stt Khoan chi, ngi dung chi Thai gian | Téng kinh Nguén kinh phi Ghi
thuc hién phi .
: cha
Kinh phi tir | Céac nguon
nguén thu khéc
caa Nha
trud'ng
1 | Chi tién cong lao dong tryc tiép 26.352.000 | 26.352.000
2 Chi mua vat tu, nguyén, nhién, vat liéu
3 | Chi stra chira, mua sam tai san thiét bi
nghién ctu
4 | Chi hai thao khoa hoc, cong tac phi
5 | Chi diéu tra, khao sét thu thap s6 liéu
6 Chi van phong pham, théng tin lién lac, 148.000 148.000
in an
7 | Chi hop hoi dong danh gi4, nghiém thu 2.000.000 2.000.000
Cip co s&
8 Chi quan li chung 1.500.000 1.500.000
9 | Chikhéc
Tdng cong 30.000.000 | 30.000.000

Ngay ... thang ... nam ...
Pon vi cha tri

Ngay 2 thang 01 nam 2025
Chii nhiém dé tai

Ngay ... thang ... nam ...
HIEU TRUONG

ThS Nguyén Viét Hung
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Bang Ké khai san pham thudc dé tai NCKH cap co’ s&

Tén dé tai: Téng hop mot s6 dan chat amid thom méi mang khung 2-(5-(naphtalen-2-yl)-2H-tetrazol-2-yl) va danh gia tac dung trc ché acetylcholinesterase dinh

hudng diéu tri bénh Alzheimer
Chu nhiém: Nguyén Viét Hung
M3 sd: T25-16
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Thudc, 24. https://doi.org/10.59882/1859-364X/289.

Bai bao:

Novel Naphthalene-2-yl Butanamide Derivatives: Synthesis and
Evaluation of Acetylcholinesterase Inhibitory Activity
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chi Khoa hoc, Cong nghé va Ky thuat Viét Nam, Chap nhan dang
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nuéc

San pham dao tao

Pai hoc: Vi Minh Huy K75 - Nganh Duoc hoc
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Khéa luan tét nghiép: SYNTHESIS AND EVALUATION OF
ACETYLCHOLINESTERASE INHIBITORY ACTIVITY OF NOVEL
PENTANAMIDE DERIVATIVES BEARING A NAPHTHALENE-2-YL
SCAFFOLD

Nguoi hwdng dan 1: PGS. TS. Tran Phuong Thao, B6 mdn Héa Dugc
Trwong Dai hoc Dwoc Ha No6i

Nguoi hwdng dan 2: NCS. Nguyén Viét Hung, B6 modn Hoa , Khoa
Khoa hoc co ban, trudng Dai hoc M - Dia chat
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luan t6t nghiép
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Qb 297/QP-DHN, 2025

Khéa luan t&t nghiép: SYNTHESIS AND EVALUATION OF
ACETYLCHOLINESTERASE INHIBITORY ACTIVITY OF NOVEL
BUTANAMIDE DERIVATIVES BEARING A NAPHTHALENE-2-YL
SCAFFOLD

Ngudi hwéng dan 1: PGS. TS. Tran Phuong Thao, B6 mdn Héa Dugc
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Acetylcholinesterase (AChE) is an important enzyme in the synaptic cleft of the cholinergic
nervous system, many studies have shown that a deficiency in this enzyme can lead to
cognitive decline in Alzheimer's disease. Therefore, it is a crucial target in the development
of new drugs for the treatment of this disease. Five potential new compounds (IVa, IVb,
IVe, IVd, I'Ve) were synthesized through a sequence of five reactions: [3+2] cycloaddition,
N-alkylation, ester hydrolysis, acidification, and amidation, with the starting material being
2-naphthalene carbonitrile. Thin layer chromatography (TLC) and melting point
determination are two methods used to assess the purity of the synthesized compounds.
The structures of the compounds were confirmed through three spectroscopic methods,
including high-resolution mass spectrometry (HRMS), proton nuclear magnetic resonance
("H-NMR) spectroscopy, and carbon nuclear magnetic resonance (*C-NMR)
spectroscopy. After that, the five synthesized compounds were evaluated for the biological
activity based on their ability to inhibit the AChE enzyme and their drug-like properties.
Among the five synthesized compounds, three demonstrated the ability to inhibit AChE
with ICs values ranging from 236.80 + 8.17 uM to 354.88 + 8.17 uM. All five compounds
met the criteria of Lipinski's Rule of Five, and one compound was found to be within the
range capable of crossing the blood-brain barrier according to Veber's rules. This research
suggested the potential structural frameworks in synthesizing AChE inhibitor derivatives
for treating Alzheimer’s disease.

“Corresponding author: thaotp@hup.edu.vn
http://doi.org/10.59882/1859-364X/289
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INTRODUCTION

Alzheimer's disease (AD) is a common
condition that leads to memory loss and a
progressive decline in cognitive functions. It
was first reported at a psychiatric conference
in Germany in 1906 by Alois Alzheimer, after
he was introduced to a 51-year-old female
patient named Auguste Deter [1-3]. The
cholinergic hypothesis suggests that a
deficiency in the crucial neurotransmitter
acetylcholine (ACh) contributes to cognitive
decline in AD, with one of the causes of this
deficiency being the hydrolysis of ACh by
acetylcholinesterase =~ (AChE) [4, 5].
Consequently, AChE has become a potential
therapeutic target, prompting research and the
development of new drugs aimed at inhibiting
this enzyme for the treatment of AD [6].

The structure of acetylcholinesterase
(AChE) consists of three important regions:
the catalytic active site (CAS), the peripheral

A)

Peripheral Site

O  cAs/PAS

site (PAS), and the narrow channel connecting
the CAS and PAS [7]. Compounds capable of
effectively inhibiting AChE need to possess
components that bind to either the CAS or
PAS, or have the ability to bind to both
regions, with an appropriate linker that
interacts with the narrow channel region [8].
Naphthalene is a bicyclic aromatic system
containing 10 carbon atoms and 8 hydrogen
atoms. Naphthalene-based derivatives exhibit
a wide range of potential biological activities,
including anticancer, antimicrobial, anti-
inflammatory, antiviral, neuroprotective, and
antipsychotic effects [9]. Moreover, some
studies have shown that naphthalene-based
derivatives exhibit strong activity against
certain molecular targets in the treatment of
Alzheimer’s disease, with the inhibition of
acetylcholinesterase (AChE) enzyme gaining
significant attention [10, 11]. In 2020, Fareeha

Anwar and her colleagues synthesized
B)
N02
o
NO,
i
KL1
ICs0=12.53 £0.21 xM
Target compounds
IVa-e
CAS/PAS
with IVa.R = H;
IVb. R =2"-CI;
IVe.R=3"-Cl;
IVd. R =4"-CI;
IVe.R =4"-Br.

54a /\/\)L@
/l,\l 71N
8a1 NN

hnker

Figure 1. A) Illustration of the structure of AchE including: active center region (CAS),
border barrier region (PAS) and channel lumen region. B) Structures of naphthalene derivatives.
C) Structures of target compounds.
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compounds KL1, which exhibited ICso values
of 12.53 £ 0.21 uM against AChE (Figure
1B) [10]. In addition, derivatives containing an
amide group demonstrate several potential
effects, such as anticancer, Parkinson’s disease
treatment, protection against acute lung injury,
and ulcerative colitis, among others [12].
Furthermore, numerous studies indicate that
compounds with an amide group exhibit
strong inhibition of AChE, making these
compounds a focus of research for AD
treatment [3].

In this study, based on the known structure
of AChE, previously published AChE
inhibitors, and the potential of the naphthalene
scaffold and amide group, we synthesized and
evaluated the acetylcholinesterase inhibitory
activity and drug-like properties of five novel
compounds with the structure 5-(5-
(naphthalene-2-yl)-2H-tetrazole-2-yl)-N-
phenylpentanamide (Figure 1C).

MATERIALS AND METHODS

Chemistry

Reagents were purchased from domestic or
foreign suppliers (Merck, Sigma-Aldrich) are

CN —> P, ',\'HW)/OCH:&
O v

I

—> /

,N
N=N

IVa-e

oSO

used directly without purification. Solvents
were purchased from Merck (Germany),
Sigma-Aldrich, Fisher (USA), South Korea
and China suppliers. The progression of
reactions was monitored by thin layer
chromatography (TLC) using Merck Kieselgel
60F2s4 thin plates and visualized under UV
light at 254 nm.

The potential compounds I'Va, IVb, IVe,
IVd, I'Ve bearing the 5-(5-(naphthalene-2-yl)-
2H-tetrazole-2-yl)-N-phenylpentanamide
scaffold were synthesized from 2-naphthalene
carbonitrile (I) according to Scheme 1 below.

Scheme 1. Synthesis of naphthalene
derivatives (I'Va-e). Reagents and conditions:
(a) 1) NaNs, ZnCl,, DMF, 110°C, 8h; ii)
methyl-5-chloropentanoate, 600C, 2h; (b) 1)
NaOH, MeOH, room temperature, 1.5h; ii)
HCI déc, pH = 1-2; (¢) aniline derivatives,
HOBt, EDC.HCI, Et:N, DCM, DMF, room
temperature, 60°C, 8h.

2-pyridin carbonitrile (1.0 eq, 10 mmol)
was dissolved in N,N-dimethylformamide
(DMF), and then NaNj; (1.5 eq, 15 mmol) and
ZnCl; (0.1 eq, 1 mmol) was added. The
mixture was stirred at 110°C for 8 hours. The

*N’NN@TOH

IVa.R=H

IVb. R =2”-chloro
IVe. R = 3”-chloro
IVd. R = 4”-chloro
IVe. R = 4”-bromo

Scheme 1: Synthesis scheme of five IVa-e derivatives
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reaction progress was monitored by TLC.
Upon completion of the reaction, the
temperature was lowered to room temperature,
and methyl-5-chloropentanoate (1.5 eq, 15
mmol) was added. The reaction was heated
and maintained at 60°C for 2 hours. The
mixture was cooled, and a saturated solution
of Na,CO; (25 mL) was added to precipitate
Zn**. The mixture was extracted with ethyl
acetate (EA) (30 mL x 3 times), the organic
layer phase was collected, dried with
anhydrous Na2SOa, and organic solvent was
removed under reduced pressure. The resulting
mixture was purified by silica gel column
chromatography with mobile phase of EA:n-
hexane (30% EA) to yield compound II.
Compound II was used as the starting material
for subsequent reactions.

Compound III was synthesized from ester
IT in two stages: first, hydrolysis of ester 11
was carried out using NaOH in methanol
solvent, and then the resulting mixture was
acidified with concentrated HCIl to yield
compound III. The intermediate II was
dissolved in MeOH followed hydrolysis with
NaOH (2 eq). The reaction mixture was stirred
for about 1.5h at room temperature. Then
concentrated HCl was added to the mixture
until the pH reached 1-2. The mixture was then
evaporated to remove methanol, obtaining a
mixture of compound III and NaCl salt.
Next, a solvent mixture of methanol:
dichloromethane (MeOH:DCM = 4:1) was
added to the solid mixture, and the NaCl salt
was filtered off, obtaining the filtrate
containing acid III.

Next, compound IIT was dissolved in a
minimal amount of DMF, then
hydroxybenzotriol (HOBt, 1.2 eq), N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (EDC.HCI, 1.2 eq), aniline
derivatives were added into the reaction vessel
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(1.2 eq). A sufficient amount of DCM solvent
was added. The reaction was stirred for 8h at
60°C. When the reaction completed, the
solvent was removed by evaporating. Then
10% NaHCO; was added to the mixture,
extracted the mixture with EA to collect the
EA layer. The EA layer was dried with
anhydrous Na»SOs4 then evaporated under
reduce pressure. The mixture was purified by
silica gel column chromatography with mobile
phase EA:n-hexane (10% EA), and the final
product I'Va-e was dried in a freeze dryer.

Melting points of synthesized compounds
were measured using a Stuart Scientific
melting point apparatus SMP3 (made in the
UK). Chemical shifts are reported in parts per
million (ppm) relative to TMS. Mass spectra
were obtained using an Agilent 6530 Accurate-
Mass QTOF LC/MS (United States) with
electron spray ionization (ESI).

AChE inhibitory activity

SPL 96-well plate (Korea), tip 1000, 200
microliter from AHL (Germany), micropipette
1000, 200 microliter Nichiryo (Japan); AChE
enzyme (Sigma-Aldrich, USA), acetyl-
thiocholine iodide (ATCI, Sigma-Aldrich, USA),
5,5-dithiobis(2-nitrobenzoic acid (DTNB, TCI,
Japan), galantamine hydrobromide (TCI,
Japan) were used in the experiment to evaluate
the ability to inhibit AChE of the synthesized
compounds by the spectrophotometric method
of Ellman [13] with slight modification [14].
AChHE inhibitory effect was evaluated on a
Varioskan Lux 96-well plate reader. 20 uL of
different concentrations of test solutions in
phosphate buffer pH 8.0, 20 L 19.2 mM
DTNB solution, 20 L. 19.2 mM ATCI solution
and 20 uL of 0.25 TU/ml AChE solution, was
added with phosphate buffer pH 8.0 until the
total volume was 200 uL. Incubate the mixture
at 25°C for 30 minutes, then measure the
absorbance of the mixture at 412 nm
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wavelength. Each substance was tested for its
ability to inhibit AChE at five concentrations
of 256 uM, 128 uM, 64 uM, 32 uM, 16 uM,
the test was repeated three times
independently. The percentage (%) of AChE
inhibition of the substances at the tested
concentrations is calculated according to the
formula:

control - test sample

% inhibition = (1 - ) x 100%

control - blank

In which: Blank: ATCI, DNTB in pH 8.0
buffer solution

Control: ATCI, DTNB and enzyme in pH
8.0 buffer

Test sample: test substance (or galantamine
hydrobromide control), ATCI, DTNB and
enzyme in pH 8.0 buffer solution

The analyses were performed using
Microsoft Excel (Microsoft Corp., Redmond,
WA, USA) and the values are expressed as
mean + SD. The AChE inhibitory activity of
each sample was expressed in terms of the ICso
value (uM required to inhibit the hydrolysis of
the substrate, ACTI by 50%), as calculated
using TableCurve 2Dv4 software.

Molecular docking simulations

Five synthesized compounds were docked
into AChE by AutoDock Vina to characterize
the binding pose and binding affinity of
ligands to AChE. In particular, the structure of
human AChE was downloaded from the
Protein Data Bank (PDB) with an ID of 4EY6
[14]. AutoDock Tools was employed to
topologies both the receptor and ligands. The
docking grid center was selected as the native
ligand center of mass. The grid size was
selected as 30x30x30 A, the center
coordinates of the grid box were set to X = -
12.053,Y =-42.677, Z = 28.902. The largest
energy difference between docking modes was
7.0 keal mol™!. Molecular docking simulations
were performed using AutoDock Vina (version

1.2.5) with the exhaustiveness parameter
reaching 20. The docking poses of free binding
energy conformations were visualized using
BIOVIA Discovery Studio 2025 Client.

Physicochemical properties studies

Some physicochemical properties and
drug-likeness predictions of three-synthesized
compounds were predicted by using the
SwissADME platform [15] and the BOILED-
Egg permeation method [16]. A potential AChE
inhibitor should observe the criteria of
Lipinski’s rule of five [17] and Veber’s rule [18].

RESULTS AND DISCUSSIONS

RESULTS

The designed compounds IVa-e were
synthesized following Scheme 1. Then their
purity was confirmed by measuring the
melting point and using TLC; their structures
were determined by HR-MS and NMR
spectra. The detailed information of their
spectra is given below.

5-(5-(naphthalene-2-yl)-2H-tetrazole-2-yl)-
N-phenylpentanamide (IVa). Off-white solid,
yield: 50 %. Mp: 210.7-211.9°C, Rf = 0.45
(EA:n-hexane = 1:1). 'H-NM R (CDCls, 500
MHz) 6 8.68 (s, 1H, H1”), 8.21 (dd, /J=9.5 Hz,
1H, H3"), 7.95 (d, J = 6.8 Hz, 2H, H4’,HY"),
7.88 (d,J=6.5Hz, 1H, H5’), 7.55 (m, 2H, HE’,
H7%),7.50(d,J= 8.0 Hz, 2H, H2”, H6”), 7.30
(t,J=7.0 Hz, 2H, H3”, H5”), 7.10 (t, J= 7.3
Hz, 1H, H4”),4.74 (t,J=5.3 Hz, 2H, H5), 2.44
(t, J=7.3 Hz, 2H, H2), 2.21-1.85 (m, 4H, H3,
H4). BC-NMR (CDCl;, 125 MHz) ¢ 170.1
(C=0), 1653 (N=C-N), 137.7 (C17), 134.2
(C4a’), 133.2 (C8a’), 129.0 (C4’), 128.8 (C8"),
127.9 (C3”,C57), 127.1 (C2’,C5’), 126.7 (C6’,
C7’), 124.7 (C1’), 124.4 (C3’), 123.9 (C4”),
119.8 (C2”, C67), 52.8 (C5), 36.5 (C2), 28.7
(C4), 22.3 (C3). HR-MS (ESI) m/z calculated
for C2H2NsO* ([IM+H]") = 372.1819, found
HR-MS m/z for [M+H]*= 372.1807.
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N-(2-chlorophenyl)-5-(5-(naphthalene-2-
yl)-2H-tetrazole-2-yl)pentanamide (IVDb).
Off-white solid, yield: 53 %. Mp: 212.1-
212.9°C, Rr = 0.42 (EA:n-hexane = 1:1). 'H-
NMR (CDCls, 500 MHz) 6 8.71 (s, 1H, H1),
8.38(d,/=8.5Hz, 1H, H3”), 8.24 (dd, J=8.5
Hz, 1H, H3’), 7.98 (d, J = 8.5 Hz, 2H,
H4’,H8), 791 (d, /= 7.0 Hz, 1H, H5"), 7.63
(s, IH, CO-NH), 7.56 (m, 2H, H6’, H7"), 7.38
(dd, /=8.0 Hz, 1H, H6”), 7.30 (d, /= 7.8 Hz,
1H, H5”), 7.06 (d, /= 7.8 Hz, 1H, H4”), 4.78
(t,J=7.3 Hz, 2H, HS), 2.55 (t, /J=7.3 Hz, 2H,
H2), 2.26 (quint, J = 7.4 Hz, 2H, H4), 1.91
(quint, J=7.5 Hz, 2H, H3). 3C-NMR (CDCl;,
125 MHz) ¢ 170.2 (C=0), 165.4 (N=C-N),
134.4(C1”), 134.2 (C4a’), 133.2 (C8a’), 129.0
(C4°), 128.8 (C8’, C37), 127.9 (C57), 127.8
(C2”), 127.1 (C2’, C5°), 126.7 (C6°, CT’),
124.7 (C4”, C1’), 123.9 (C3’), 121.7 (C6™),
52.8 (CS5), 36.7 (C2), 28.7 (C4), 22.2 (C3).
HR-MS (ESI) m/z calculated for
C»H20CINsONa* ([M+Na]") = 428.1249/
430.1219, found HR-MS m/z for [M+Na]" =
428.1069/430.0992.

N-(3-chlorophenyl)-5-(5-(naphthalene-2-
yl)-2H-tetrazole-2-yl)pentanamide (IVc). Oft-
white solid, yield: 45 %. Mp: 211.8-213.3°C,
Rr = 0.47 (EA:n-hexane = 1:1). 'H-NMR
(CDCIl3, 500 MHz) ¢ 8.70 (s, 1H, H1"), 8.23
(dd,/=8.5Hz, 1H, H3’), 7.98 (dd, /= 8.5 Hz,
2H, H4’, H8’), 7.91 (d, J= 7.5 Hz, 1H, HY’),
7.67 (s, 1H, CO-NH), 7.58 (m, 4H, H6’, H7’),
7.35 (d, J = 8.0 Hz, 1H, H6”), 7.23 (m, 2H,
H2” H5”),7.09 (d,/J="7.5Hz, 1H, H4”),4.78
(t,J=6.8 Hz, 2H, HS), 2.46 (t, J=7.3 Hz, 2H,
H2), 2.24 (quint, J = 7.3 Hz, 2H, H4), 1.88
(quint, J=7.5 Hz, 2H, H3). 3C-NMR (CDCl;,
125 MHz) ¢ 170.2 (C=0), 165.4 (N=C-N),
138.8 (C17), 134.7 (C3), 134.3 (C4a’), 133.2
(C8a’), 130.0 (C2”), 128.8 (C4’°), 128.70
(C8), 127.9 (C5”), 127.2 (C2’°, C5°), 126.7
(C6’, CT7°), 124.5 (CI’, C47), 123.9 (C3’),
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119.9 (C6”), 52.8 (C5), 36.4 (C2), 28.6 (C4),
22.1 (C3). HR-MS (ESI) m/z calculated for
C22H21CINsO* ([M+H]") = 406.1429/408.1400,
found HR-MS m/z for [M+H]" = 406.1417/
408.1404.
N-(4-chlorophenyl)-5-(5-(naphthalene-2-
yl)-2H-tetrazole-2-yl)pentanamide  (I1Vd).
Off-white solid, yield: 59 %. Mp: 214.7-
215.9°C, Rr = 0.40 (EA:n-hexane = 1:1). 'H-
NMR (CDCls, 500 MHz) 6 8.59 (s, 1H, HI"),
8.12(dd,J=8,5Hz, 1H,H3’), 7.87 (d,/=8.5
Hz, 2H, H4’, HS’), 7.81 (d, /= 7.0 Hz, 1H,
H5), 7.48 (m, 2H, H6’, H7’), 7.37 (d,J=9.0
Hz, 2H, H2”, H6”), 7.16 (d, J = 8.0 Hz, 2H,
H3”, H5”), 4.67 (t, J= 7.0 Hz, 2H, HS5), 2.36
(t,J=7.3 Hz,2H, H2), 2.14 (quint, /= 7.3 Hz,
2H, H4), 1.77 (quint, J= 7.5 Hz, 2H, H3). 13C-
NMR (CDCIs, 125 MHz) ¢ 170.2 (C=0),
165.4 (N=C-N), 136.3 (C17), 134.3 (C4a’),
133.2 (C8a’), 129.0 (C4’), 128.8 (C8’), 128.7
(C4”), 127.9 (C37, C57), 127.2 (C2’, C5°),
126.7 (C6°, CT’), 124.6 (C1’), 123.8 (C3’),
121.0 (C27, C6”), 52.8 (C5), 36.4 (C2), 28.6
(C4), 22.2 (C3). HR-MS (ESI) m/z calculated
for Co2H21CINsO* ([M+H]*) = 406.1429/
408.1400, found HR-MS m/z for [M+H]" =
406.1417/408.1404.
N-(4-bromophenyl)-5-(5-(naphthalene-2-
yl)-2H-tetrazole-2-yl)pentanamide (IVe). Oft-
white solid, yield: 55 %. Mp: 219.1-220.5°C,
Rr = 0.38 (EA:n-hexane = 1:1). 'H-NMR
(CDCIl3, 500 MHz) ¢ 8.67 (s, 1H, H1’), 8.20
(dd, J=8.5Hz, 1H, H3’), 7.95 (d, /= 8.5 Hz,
2H, H4’,HY’), 7.89 (d, J = 7.0 Hz, 1H, H5’),
7.55 (m, 2H, H6’, H7’), 7.40 (m, 4H, H2”,
H3” H5”, H6”), 7.13 (s, 1H, CO-NH), 4.75 (t,
J=17.0 Hz, 2H, H5), 2.43 (t, /= 7.3 Hz, 2H,
H2), 2.22 (quint, J = 7.3 Hz, 2H, H4), 1.85
(quint, J = 7.4 Hz, 2H, H3). 13C-NMR
(CDCI3, 125 MHz) ¢ 170.1 (C=0), 165.4
(N=C-N), 136.8 (C17), 134.3 (C4a’), 133.2
(C8a’), 132.0 (C4°), 128.8 (C8’), 128.7 (C4™),
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Table 1. ICs value of compounds I'Va, IVb, IVe, IVd and Ve

s Y
s A~ “ IVa.R=H
O SO N R N IVb. R =2"-Cl
T Ra' I i /\/\/\[( . R IVC. R — 3”'C1
' N=N 4 3 29
2 H — 3" IvVd. R =4"-Cl
? IVe.R = 4”-Br
IVa-e
Compounds I1Cs0 (M)
IVa 354.88 £ 8.17
IVb > 1000
IVc 236.80 + 20.09
ivd 24383 +14.77
Ve > 1000
Negative control 0
Galantamine hydrobromide 2.51+0.20 uM

Table 2. The binding energy of compounds I'Va-e

s A
T ‘ IVa.R=H
O AN 50 e o IVb. R =2"-Cl
~aZ ] /\/\/\1( ) a IVe. R =37-Cl
' N=N A ) 29
2 N — 3" IVd. R =47-Cl
H o2 IVe.R = 4"-Br
IVa-e
Binding energy
Compounds
(kcal.mol")
IVa -8.7
IVb -8.0
IVc -10.0
Ivd -8.1
IVe -7.8
Galantamine -10.3

127.9 (C3”, C57), 127.2 (C2’, C5’), 126.72
(C6%), 126.67 (C7°), 124.7 (C17), 123.9 (C3),
121.3 (C2”, C67), 52.8 (C5), 36.4 (C2), 28.6
(C4),22.2 (C3). HR-MS (ESI) m/z calculated
for C»H2BrNsO" ([M+H]") = 406.1429/
408.1400, found HR-MS m/z for [M+H]" =
406.1417/408.1404.

After that, five compounds I'Va, IVb, IVe,
IVd and IVe were evaluated by ICso and
compared with galantamine hydrobromide as
the positive control. Results expressed as 1Cso
value are presented in Table 1.

We conduct further research on the
interaction of the 5 synthesized compounds
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Table 3. Calculated physicochemical properties data for compounds I'Va-e

S S
o I’ IVa.R=H
2 5 5" __ A
O /N\N 3 0 ¢ . IVb. R=2"-Cl
I g NN [ R IVe. R =3"-Cl
' N=N A ) i)
2 N 3 IVd. R=4"-Cl
Ho 2 IVe. R = 4”-Br
IVa-e
Molecular N * TPSA* "
Compounds weight (Da) MlogP HBA HBD (A2) NORT WlogP
IVa 371.44 3.06 6 1 72.70 8 411
IVb 405.88 3.54 6 1 72.70 8 4.76
IVc 405.88 3.54 6 1 72.70 8 4,76
Ivd 405.88 3.54 6 1 72.70 8 4.76
IVe 450.33 3.65 6 1 72.70 8 487
RO5** <500 <5 <10 <5
Veber’s rule Total H-bond < 12 <140 <10

*HBA: Hydrogen Bonding Acceptor; HBD: Hydrogen Bonding Donnor; TPSA: Topological Polar Surface
Area (A2); NORT: Number of Rotatable Bond. **RO5: Lipinski’s rule of five

with AChE by performing molecular docking
simulations  using  AutoDock  Vina.
Galantamine is predicted to bind with AChE
at the binding site with energy of -10.3
kcal/mol (Table 2).

In addition, the calculation of the
physicochemical properties of synthesized
compounds I'Va, IVb, IV¢, IVd and I'Ve are
shown in Table 3.

DISCUSSION

The above spectral analysis confirmed the
structures of the synthesized derivatives as
initially designated. The 'H-NMR spectra of
all compounds exhibited peaks between 1.77
and 8.71 ppm. The protons of the methylene
and ethylene groups were clearly visible in the
'H-NMR spectra. However, the amine proton
(NH) was weak and difficult to detect due to
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its exchange with the solvent. The {H-NMR
spectrum of all compounds showed a single
peak with a chemical shift of about 8.59 to
8.71 ppm (in CDCl;) corresponding to the
proton of C1’. Moreover, the peak of H3'
shows splitting due to interaction with H4' and
its proximity to the tetrazole ring The *C-
NMR data showed all expected carbon peaks,
ranging from 22.1 to 170.2 ppm. The mass
spectra displayed the ion molecular peak
([IM+H]* or [M+Na]"), which corresponded to
the expected molecular weight of the target
compounds. For the four compounds IVb-d
with a chloro group, and compound I'Ve with
a bromo group, these four compounds have
two isotopes. Therefore, we need to determine
two m/z values of these compounds and
confirm them with the obtained mass
spectrum. The m/z isotopic values of
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compounds IVb-e are also displayed as
corresponding molecular ion peaks in the mass
spectrum. The spectral structure confirmation
results showed agreement with the expected
structures.

In Table 1, There are three compounds
with ICso values from 236.80 + 8.17 uM to
354.88 + 8.17 uM. Compound IVe showing
the best activity among them, having the
smallest ICso. Two compounds IVb and IVe
exhibit poor AChE inhibitory activity with ICso
> 1000 uM. Compounds I'Ve and I'Vd exhibit
better activity than I'Va, while compounds I'Vb
and I'Ve show lower activity compared to I'Va.
Therefore, there is no clear pattern regarding
the introduction of different halogen
substituents at different positions on the phenyl
ring in relation to AChE inhibitory activity.

The results of molecular docking
simulations (Table 2) show that in the
structure of the synthesized compounds, the
naphthalene ring is attached to the CAS region
of AchE, through Trp86. Trp86 is a critical
amino acid residue in the structure of AChE,
as it serves as the initial binding site for the
acetylcholine molecule, thereby initiating the
catalytic hydrolysis reaction, thus this results
indicate that these compounds possess
potential as AChE inhibitors. Our molecular
docking simulations also revealed binding
energies for the five compounds ranging from
-10.0 to -7.8 kcal/mol (Table 2), showing a
strong affinity for AChE. The correlation
between the ICso values and the binding energy
of the compounds with AChE is not yet clear,
and further studies are needed to establish the
structure-activity ~ relationship  of  the
compounds with a naphthalene scaffold.

To assess the drug-likeness and oral
bioavailability of the synthesized compounds,
we applied Lipinski's rule and Veber's rule. All
five compounds satisfied both of these rules.

Moreover, the BOILED-Egg diagram of the
compounds presented in  supporting
information shows that I'Va is in the region
with the potential for blood-brain barrier
(BBB) penetration, thus compound IVa
demonstrates strong potential as a promising
ACHhE inhibitor for drug development. These
findings highlight the potential of naphthalene
and amide derivatives as AChE inhibitors for
Alzheimer's patients.

CONCLUSION

In this study, we synthesized five
compound bearing the naphthalene-2-yl
scaffold I'Va-e starting from 2-naphthalene
carbonitrile. Three reaction used was [3+2]
cycloaddition to form tetrazole ring, followed
by an N-alkylation reaction with methyl-5-
chloropentanoate reagent. Next is the ester
hydrolysis reaction to form a salt, followed by
acidifying the salt to obtain the acid
carboxylic. Finally reaction was amide
coupling, which used acid carboxylic and
aniline derivatives to form final coumpounds
I'Va-e. HRMS and NMR spectroscopy were
used to confirm that the structures of the
synthesized compounds were as expected.
IVa, IVc and IVd have the ability to inhibit
AChE, with compound IVe showing the best
inhibitory activity. Additionally, all five
compounds demonstrated drug-like properties
and good oral bioavailability according to
Lipinski's and Veber's rules. Compound I'Va is
predicted to be able to cross the blood-brain
barrier according to the permeability method
in the BOILED-EGG model, thus compound
I'Va demonstrates strong potential as a promising
ACHE inhibitor for drug development.

ADDITIONAL INFORMATION
Supplementary Information: The online
version contains supplementary material
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BO Y TE CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC DUQC HA NOI DPoc lap - Ty do - Hanh phic
S6: Bbb /QOD-DHN Hé Ngi, ngay 4 thdng S nam 2025
QUYET PINH

Phin ban chim khéa luan tot nghiép dai hoc chinh quy
khoa 75, nganh Dwgrc hoc

HIEU TRUONG TRUONG PAI HQC DUQC HA NOI

Can cir Quyét dinh sé 828 BY T/OD ngay 29/9/1961 cua B trieong Bo Y té: tdach
Triwong Pai hoc Y diroe thanh 2 tricong Dai hoc Y khoa va Pai hoc Dicoe khoa true
thuoe Bo Y té

Cdin cit Quyét dinh sé 032/QD-DHN ngay 30/6/2023 cia Hiéu truong Trieong Dai
hoc Diweoc Ha Noi ban hanh Quy ché dao tao trinh do dai hoc cua Truwong Dai hoc
Duoc Ha Noi;

Cén ctr Quyét dinh s6 297/ OD-DHN ngay 03/04/2025 cuia Hiéu truong Truong Pai
hoc Duoc Hea NGi vé giao dé tai khda ludn tot nghiép dai hoc chinh quy khoa 75, nganh
Duge hoc va phdn cong cdn bé hieong dan;

Can cit Quyét dinh s6 5bk / OP-DHN ngay 48/ S 72025 ciia Hiéu tricong Triong
Dai hoe Dirge Her Noi vé viée thanh ldp cdc Ban cham thi khéa ludn 16t nghiép nganh Diroc
hoc nam 2023;

Xét dé nghi ciia Tricong phong Quan Iy dao tao.

QUYET PINH:

Piéu 1. Phan ban chim khoa luan tét nghiép cho 263 sinh vién dai hoc chinh quy
khoa 75 nganh Dugc hoc trong danh sach kem theo quyét dinh nay.

Diéu 2. Viéc thi khoa luan tét nghiép va danh gia két qua khoa luan tdt nghiép
thue hién theo cac quy dinh hién hanh cia Nha truong.

biéu 3. Trudng cac phong Quan Iy dao tao, Té chire — Hanh chinh. Tai chinh ké
toan, don vi ¢ lién quan. cdc sinh vién va can bo huong dan cd tén tai Diéu 1 chiu trach

nhi¢m thi hanh quyet dinh nay.

IEU TRUONG *
U TRUONG

Noi nhin:

- Hiéu truomg (dé béo cdo):
- Cac Khoa, don vi;

- Céac lop K75

- Luu: VT, QLDT.

‘PH 4
TRUONG
DAL HOC

~.

~~PinkThj Thanh Hai



CONG HOA XA HQI CHU NGHIA VIET NAM

DYOC HA NOI Poc lip - Tu do - Hanh phic

™ : :
Danh sach phan ban cham khéa luén tot nghiép nim 2025
Kem theo Quyet dinh s6 .2.b/OD-DHN ngay i thing S nam 2025)

DAl HOC
DUGGC HA NOI

TT | Masv Ho va tén SV Tén dé tai Ho va tén CBHD Noi cong tic CBHD bg::; e
1. Cong nghé Hoa duoc 1
Tong hop va danh 214 tac dung s bt e
| khang ung thu cua mot s6 dn g!?uif ; D'u(;g] S, Phan Thil | 1Dt Khba GNHD.
1 2001302 | V& Thi Minh Huyén chat N-hydroxycinnamamid méi CBHD%" Né’q Nt Truong DH Duge HN X
mang khung 4-oxoquinazolin Phison :‘Dun ] g CBHD2: Nghién ctru sinh
hudng (rc ché histon deacetylase s &
1 Nghién ctu quy trinh tao mudi géBxfll?égi: 0815 Nedyen CBHD1: Khoa CNHD,
2 2001305 | Nguyen Thinh Khang | thioctat trometamol quy md 200 H3 tro HDTN: HVCH. Lé Truong BH Duoc HN
g/me e il i Ho trg HDTN: HVCH 29
Phuong Thanh
CBHDI1: TS. Nguyén Van CB‘HD]: KhanN‘HD !
IS Le Phong QLDT, Truong DH
3 2001345 | Neuvén Hai Linh Nghién ctru tong hop eserethol Giang i Diroe HN
3 20013 guyén Hai Lin R hE T : A ol uQe
guyén liéu metol CBHD2: ThS. Nguyén Hoa CBHD?: Khoa CNHD
' G Truong DH Duge HN
ff’“ip?ﬂ o s oy ‘fj‘;i"g CBHDI: TS. Nguyén Cong | CBHDI: Khoa CNHD,
i - " g,ay;/ s banan Truong Truong Dai hoe Duge Ha Noi
4 2001416 | Bang Hoang Ngan chat 5-methoxy-2,2-dimethyl- CBHD?: ThS Neuvan Nit CBHD?: Khoa CNHD %
2 H-chromen m&i mang khung SR e LI 4
B : Huyén My Iruong DH Duge HN
benzimidazol-5-carboxamid.




Bao vé

mot sd dan chét butanamid mai
mang khung naphthalen-2-yl

NCS. Nguyén Viét Hung

HNCBHD2: NCS; Truong
Pai hoc Mo - Dia chat

TT | MaSV Ho va tén SV Tén dé tai Ho va tén CBHD Noi cong tac CBHD 3
i bang TA
T o g 0 CBMDEFOSTS P T | ot s
5 o) 25 suven Phuone Noa - : : st 2 g - rudne . ¢
¥ FOO1425 | INguyen Phrong Nedn dan chat N-hydroxybutanamid CBHD2: NCS. Nguyén Tﬂrucmb o D.LfQL I,JN ] ¥
1 mar e CBHD2: Nghién ctru sinh
moi mang di vong triazol Phuong Dung
Tong hop va dénh gia tac dung it e Lo
sinh hoc clia mot s§ din chét ﬁBfDl' 15 Dmomp Ticw || enpriikhbs CNHD,
6 2001433 | Hoang Kim Ngoc acid hydroxamic méi mang 1n e Truong DH Dugc HN X
: . CBHD2: NCS. L& Thi i e
khung 2-mercaptoquinazolin Thio CBHD2: Nghién ctru sinh
huéng trc ché enzym HDAC
Nghién cttu co ché hd trg didu
s e dp e U] tri ung thu cta colossolacton khi | CBHDI: TS. B3 Thi Mai CBHD1: Khoa CNHD,
., ! L 1 1
Z a0 | Hihat Ehinb T dung két hop véi gefitinib bang | Dung Truomg DH Duge HN 1
mod phong dong luc hoce phén tur
: Nghién ctru tong hop tap C cua \C./éBnHHDal] P o CBHDI: Khoa CNHD,
8 | 2001561 | Vii Tuin Thanh & EAVERR € rilires , Truong DH Duge HN X
mebendazol Ho tro HDTN: HVCH. x 2 ;
i Ho6 trg HDTN: HVCH 28
Ngé Pirc Huy
o e b Nghién ciru tao mot sé mudi cua | CBHD1: PGS.TS. Nguyén | CBHDI1: Khoa CNHD,
s ¥ ¥ . =
? (1200165 | Nemon Thn Tramp || i E o oo anid Van Hai Truong PH Duoc HN
2. Cong nghé Hoéa duoe 2
I | 2001076 | Neuydn Anh Chi B s O Phrone ThacCBEDS: s : X
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TT

Ho va tén SV

Tén dé tai

Ho va tén CBHD

Noi c¢ong tac CBHD

Bao vé W

b?mg TA
jongfiop va danh BiE (6 dune | dprs . pas TS Tk CBHDI1: Khoa CNHD,
e ché acetylcholinesterase va f3- Phitong Thib Trubtie DH Dirdc HIN
59 35 = AN Sy s i 1ot wabt o AE- Rk 2 i 2 oC
2 2001135 | Bbang Manh Diing erectabg 1 L,u’a_ mot so’dan chat CBHD2: NCS. Nguyén CBHD?: NCS; Trudng Dai
butanamid méi mang khung e T et
: z i Viét Hung hoc Mo - Dia chat
quinazolin-4(3 H)-on
Tong hop va danh gia tic dung | CBHDI1: PGS.TS Tran CBHD1: Khoa CNHD,
£ b i o ks e che acetylcholinesterase cia | Phuong Thao i Truong DH Dugc HN
= o SUGLD ) PV Migh £y mot s6 dan chét pentanamid méi | CBHD2: NCS. Nguy@n CBHD2: NCS; Truéng Dai ¥
mang khung naphthalen-2-yl Viét Hung hoc M6 - Dia chét
Nghién ctru tong hop epolamin gi}i?;:ihf)ao Neuygt CBHDI1: Khoa CNHD,
4 | 2001370 | Ngb Ngoc Long bang phan tmg alkyl hoa véi tac HE tr(cr HD)'/FN' HVCH Truong DH Duge HN X
nhan 2-hydroxyethylsulfonat Bl Nk H'ung : Ho6 trg HDTN: HVCH 28
Nghién ctru co ché da dich ' ‘
khang ung thu phéi khong t€ bao | CBHD1: NCS. Tran Thi CBHDI1: Khoa CNHD,
2 5 s e B A nho cua mét s6 hydroxamat Lan Huong Truong BH Duge HN !
> [ O T mang hé dj vong indazol v CBHD2: PGS.TS. Pham | CBHD2: Truong PH KH va 1
pyrimidin hudng (re ché HDAC | Thé Hai Cong nghé HN
I va IlIb
3 e 2 L oo CBHDI1: Khoa CNHD -
‘ Nghién ciru tdng hop va tinh ché E”E:]{D o NeweniVan, || phsnkolinE Truomg PH
6 | 2001538 | Tran Pdc Tam omeprazol sulfon, omeprazol CBHLE)”' ThS. Neuvén Hoa Duge HN
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St £ S CBHDI1: Khoa CNHD -
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lansoprazol sulfid
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