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MO DAU

Qua trinh nghién ctru va phat trién thudc méi thudng doi hoi thoi gian dai, chi phi
16n va ty 1¢ thanh cong thap. Mot trong nhitng nguyén nhan chu yéu din dén that bai
clia cac tng vién thudc trong cac giai doan phat trién 1 cac dic tinh duge dong hoc
khong phu hop hodc doc tinh khong mong mudn, mic du chung c¢6 hoat tinh sinh hoc
t6t trong cac thir nghiém ban dau. Theo thong ké, hon 40% cac tmg vién thudc bi loai
b6 trong qua trinh phat trién do cac van dé lién quan dén hap thu, phan b, chuyén hoa,
thai trir va doc tinh (ADMET) [1]. Vi vy, viéc danh gia sém céc dic tinh giong thudc
(drug-likeness) va dic tinh ADMET cuia cac hop chat méi di tré thanh mét bude quan
trong trong nghién ctru hoa dugc hién dai.

Su phat trién ciia cac phuong phap thiét ké thude hd tro may tinh tao diéu kién
thuan loi cho viéc sang loc va tdi uu hoa céc tng vién thude ngay tir giai doan dau
nghién ctru. Cac cong cu tin sinh hoc va hoa tin hoc cho phép du doan nhanh céac thong
s6 hoa 1y, kha nang hap thu qua dudng tiéu hoa, kha ning thim qua hang rio mau néo,
tuong tac voi cac enzym chuyén hoa ciing nhu nguy co gay doc cua cac hop chit méi.
Viéc tng dung cc nén tang tryc tuyén nhu SwissADME, ADMETIab 3.0 va pkCSM
gitip giam dang ké thoi gian va chi phi nghién ctru, dong thoi nang cao kha ning lua
chon cac hop chét c6 trién vong phat trién thanh thudc [2-4].

Trong linh vyuc hoa duoc, cac hop chat chira khung pyridin va tetrazol luén nhan
dugc su quan tam dac biét do s& hiru nhiéu dic tinh sinh hoc ¢6 gia tri. Vong pyridin
12 mot di vong thom chira nito phd bién trong nhiéu thudc dang lwu hanh, gbp phan cai
thién do tan, kha nang lién két véi dich sinh hoc va cac dic tinh duogc dong hoc cua
phéan tu. Trong khi do, vong tetrazol dugc xem 1a mgt nhom twong dwong sinh hoc
quan trong cta acid carboxylic, c6 kha nang ting do bén chuyén hoa, ting cuong tuong
tac phan tr va cai thién hi€u qua sinh hoc cua hop chit [5, 6]. Nhiéu din chit chira
khung tetrazol da dugc bao cdo cd cac hoat tinh sinh hoc da dang nhu chéng viém,
khang khuan, khang ung thu, chdng oxy hoa va tac dung trén hé than kinh trung wong
[6].

Xuét phét tir tiém nang cua cac dan chat halogen thom mang khung pyridin—

tetrazol, viéc danh gia cac dic tinh giéng thude va dic tinh ADMET cuia cac hop chat
1



nay 1a can thiét nhim dinh hudng lya chon céc tng vién trién vong cho cac nghién ciru
sinh hoc tiép theo. Do d06, nghién ctru “Panh gia diic tinh gidng thudc ciia mét sé
din chat halogen thom méi mang khung pyridin—tetrazol” dugc thuc hién véi hai
muc tiéu:

1. Nghién ctru mot sé nén tang tmg dung danh gia dic tinh gidng thudc
SwissADME, ADMETIab 3.0 va pkCSM.

2. Panh gia dic tinh giéng thube ciia mot sé dan chat halogen thom méi mang
khung pyridin—tetrazol thong qua cac nén tang da duoc nghién ciru.

Két qua nghién ctru s& cung cp co sé khoa hoc cho viée sang loc, lira chon va

phat trién cac hop chat tiém nang trong qua trinh nghién ctru thuée mai.



NOI DUNG
I. Khung pyridin va khung tetrazol trong thiét ké thudc

L1. Khung pyridin trong thiét ké thuéc

Pyridin dugc Ramsay tong hop 1an dau tién vao nim 1877. Khung ciu trac cta
pyridin 14 hop chat thom phén cuc va c6 thé ion hoa, gitp cai thién cac thong sd vé do
hoa tan va kha dung sinh hoc, do vay chiing déng vai trd quan trong trong nhiéu tmg
dung y sinh [5]. Céc dac tinh hoa hoc da dang cua pyridin, bao gém tinh bazo, do hoa
tan va kha nang tao lién két hydro, 1am cho n6 tr& thanh mot thanh phan thiét yéu cua
hau hét cac loai thubc. Céc tac dung sinh hoc ctia pyridin va cic dan xuat ctia né bao
gém chéng khéi u, khang khuan, khang nam, khang virus, giam dau, chéng viém,
chbng tang sinh va dic tinh chong tiéu dudng. Cac dan xuét pyridin ciing rat quan trong
trong cac tng dung hinh anh sinh hoc duoc sir dung dé chan doan cac loai bénh khac
nhau [7].

Nhiéu nghién ctru gan day vé khung cu triic chtra vong pyridin tac dung 1én hé
than kinh huéng trc ché AChE ciing danh duoc nhiéu sy quan tim. Hamidreza Akrami
va cong su tong hop 21 hop chat myc tiéu bang phan Gmg ngung tu giita oxindole va
pyridin-4-carbalehyde, va sau d6 12 phan ing N-benzyl hoa cho thay hau hét chiing déu
c6 hoat tinh rc ché AChE rat manh, vuot trdi so véi thude chuan donepezil. Dac biét,
dan xuat TQ17 (Hinh 1) 1a hop chat manh nhat chong lai AChE véi gia tri ICso 12 0,44
nM, manh hon donepezil gip 32 1an [8].
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ICs0=13,32+£1.30 yM  IC50=37.40£1.20 yM  ICgo = 12,89 + 1.10 uM
Hinh 1. Céc tac nhan chira vong pyridin huéng tc ché AChE
Trong 15 dan chit mdi dugc cong bd boi Rafagat Hussain ciing cong sy nim
2024 ¢6 10 chat c6 kha ning (rc ché manh hon chat chuan galantamin. Trong d6 hai
chat TQ18 va TQ19 (Hinh 1) c6 tac dung vuot troi hon han. Hon nita, cac nghién
ctru ghép ndi phan tr dugc tién hanh trén cac chat cho thiy vong pyridin c¢6 kha ning



tuong tac voi dich enzym AChE thong qua lién két chong nt-rt véi cac acid amin
Tyr334, Trp297.
L.2. Khung tetrazol trong thiét ké thuéc

Tetrazol 1a mot hop chét di vong chira mot nguyén tir carbon va bén nguyén tir
nito trong hé vong thom nim canh. T nhimg niam 1950, cac dan chat chira khung
tetrazol dugc nghién ctru va st dung rong rai trong nong nghi¢p, hoa sinh, y hoc, duoc
Iy va nhiéu linh vue quan trong khac [9]. Vé mat héa hoc, khung tetrazol c6 tinh acid
nhd sy ¢6 mit ctia bén nguyén tir nito va duoc coi 1a cu dang sinh hoc cua cac nhom
acid carboxylic [10]. Bén canh d6, cac dan chat mang khung tetrazol danh dugc nhiéu
su cha y ciia cdc nha khoa hoc vi ¢6 hoat tinh sinh hoc da dang nhu khang khuén, khang
viém, giam dau khang ung thu, khang lao chdng dai thao duong va chéng dong mau
[10]. Nhiéu nghién ctru gan ddy da chi ra rang, cac dan chat tetrazol c6 kha nang tuong
tac voi mot s dich phén tir tiém ning trong diéu tri Alzheimer, trong d6 c6 nghién ciru
vé cac dan chét tetrazol huéng tc ché enzyme acetylcholinesterase da va dang nhan
duoc nhiéu sy quan tm [11-13].

Nam 2017, Ali Disli da tong hop dugc cac dan chat mang khung tetrazol huéng
trc ché AChE va thu dugc hai dan chat c6 kha ning e ché AChE & nong d6 pM la
KL8 (ICso=1.75 uM) va KL9 (ICso = 1.84 pM) (Hinh 2), tuy nhién hoat tinh trc ché
nay van thap hon so v6i chat chimg dwong 1a Donezepil. HCI ¢6 ICso = 7.78x10% uM
[14]. Pau nam 2024, Niels V. Heise cling cong su cong bd két qua tong hop va thu
hoat tinh c ché AChE ctia 5 dan chit mang khung tetrazol méi, két qua thr hoat tinh
sinh hoc cho thiy ca 5 dan chét tong hop dugc déu cho hoat tinh (rc ché AChE & nong
d6 10 pM; trong d6 c6 dan chat KL10 (Hinh 1.9) c¢6 kha ning (rc ché AChE tét nhat
96.8%, cao hon chat chimg duong 1a galantamin (88.9% & néng d6 10 uM). Qua két
qua mo phong docking, vong tetrazol ciia KL10 cho thay lam ting kha ning lién két
ctia chét trc ché voi AChE thong qua lién két hydro véi Gly118 tai trung tam hoat dong
(CAS) [15].



KL9
Hinh 2. M{t s6 dan chat trc ché AChE mang khung tetrazol

Nhu vay, tir nhitng théng tin vé cau tric cia AChE, cau tric cila cac chat (rc ché
AChE, tiém ning ctia khung naphthalen va khung tetrazol trong thiét ké chat lam thudc,
nhom nghién ciru tién hanh “Téng hop mdt sé din chat halogen thom méi mang
khung pyridin—tetrazol”.

II. Tong quan vé cic nén ting SwissADME danh gia dic tinh giong thudc

Danh gia dic tinh gidng thudc 12 mot budce quan trong trong qua trinh sang loc
va phat trién cac ung vién thubc mai. Vi su phat trién cta cac cong cu héa tin hoc,
nhiéu nén tang du doan truc tuyén di duoc xay dung nham hd trg danh gia cac thong
s6 hoa 1y, dugc dong hoc va doc tinh cta hop chét. Trong do nén tang SwissADME Ila
pho bién dugc str dung cic nha khoa hoc sir dung nhiéu nhat. Trong nghién ciru niy
khai thac phan mém SwissADME dé danh gia dic tinh giéng thudc cia cac dan chat
halogen thom mang khung pyridin—tetrazol.

SwissADME 1a mot nén tang truc tuyén mién phi dugc phat trién boi nhom
nghién ctru thudoc Vién Tin hoc Sinh hoc SIB (Swiss Institute of Bioinformatics), Thuy
Si nhdm hd trg danh gia cac dic tinh héa 1y, duge dong hoc, tinh gidng thude (drug-
likeness) va muc do than thién trong héa dugc ctia cac phan tir nhé [2]. Cong cu duoc
gidi thiéu 1an dau vao nim 2017 boi Daina, Michielin va Zoete va nhanh chéng trd
thanh mot trong nhitng nén tang duoc sir dung pho bién nhat trong nghién ctru hoa
dugc va thiét ké thudc hd trg may tinh (CADD) [2].

SwissADME cho phép ngudi dung nhap cdu trac phan tir dudi dang SMILES
hoic tép cau trac hoa hoc dé du doan dong thoi nhiéu thong sé quan trong lién quan
dén kha ning phat trién thude. Céc thong sd hoa 1y duoc cung cap bao gdm khdi lwong
phan tir (MW), d6 tan trong nudc, hé s6 phan bé lipid/nudc (LogP), s6 lién két hydro
cho va nhan (HBD, HBA), dién tich bé mat phan cuc topd (TPSA), s lién két quay
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duoc va cac thong s cau trac khac. Nhimg dit liéu ndy 1a co s& quan trong dé danh gia

kha nang hap thu, phan bd va tinh kha dung sinh hoc ciia hop chat.

ooz

Formula

Molecular weight

Num. heavy atoms

Num. arom. heavy atoms
Fraction Csp3

MNum. rotatable bonds
MNum. H-bond acceptors
Num. H-bond donors
Molar Refractivity

TPSA

Log Py (ILOGP)
LOQ Poj (XLOGP3)
LOg Py (WLOGP)
Log Pojy (MLOGP)
LOG Py (SILICOSHT)

Consensus Log Pojy

/\

FLEX

INSATU

SMILES ©=C{Ncicccee1)CCCninnc(nt)cicceent

Physicochemical Properties
C16H16NEO
308.34 g/mol
23
17
0.19
7

1
85.76
85.59 A=

Lipophilicity
Temporarily unavailable
1.84
1.96
1.06
1.96
1.61

LIPO

INSOLU

POLAR

Log S(ESOL)
Solubility
Class

Log S (Ali)
Solubility
Class

Log S (SILICOS-IT)
Solubility
Class

Gl absorption

BBB permeant

P-gp substrate

CYP1A2 inhibitor
CYP2C19 inhibitor
CYP2CS inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor

Log K, (skin permeation)

Lipinski

Ghose

\eber

Egan

Muegge
Bioavailability Score

PAINS

Brenk

Leadlikeness
Synthetic accessibility

Water Solubility
-3.00
3.11e-01 mg/ml ; 1.01e-03 mol/l
Soluble

-3.26

1.70e-01 mg/ml ; 5.52e-04 mol/l

Soluble

-5.53

9.16e-04 mg/ml ; 2.97e-06 mol!

Moderately soluble
Pharmacokinetics

High

Mo

No

Temporarily unavailable

Temporarily unavailable

Temporarily unavailable

Temporarily unavailable

Temporarily unavailable

-6.87 cm/s

Druglikeness

Yes; 0 violation

Yes

Yes

Yes

Yes

0.55

Medicinal Chemistry

0 alert

0 alert

Yes

272

®

Hinh 3. Cac thong s6 hoa 1y ctia SwissADME

Mot trong nhitng uu diém noi bat cia SwissADME 1a kha ning danh gia tinh
gidng thudc dua trén nhiéu bo quy tic duoc st dung rong rii trong nghién ctru phat
trién thudc nhu quy tic 5 caa Lipinski (Rule of Five), Veber, Ghose, Egan va Muegge.
Cac quy tac nay giup xac dinh mac d6 phu hop ciia mot hop chat déi voi dudng ding
duong ubng ciing nhu kha ning tré thanh ung vién thube tiém ning [16]. Ngoai ra,
SwissADME con cung cép chi s6 Bioavailability Score nham dy doan kha ning sinh
kha dung cia phan tir sau khi str dung.

Ddi véi cac dic tinh duoc dong hoc, SwissADME c6 thé du doan kha nang hép
thu qua dudng tiéu hoa (GI absorption), kha ning thim qua hang rao méau nio (BBB
permeation), tuong tac véi protein van chuyén P-glycoprotein (P-gp) va kha ning wc
ché mot sb isoenzym cytochrom P450 quan trong nhu CYP1A2, CYP2C19, CYP2C9,
CYP2D6 va CYP3A4 [2]. Pay 1a nhitng thong sd ¢6 ¥ nghia quan trong trong viéc dy
doan hiéu qua diéu trji va nguy co tuong tac thude.

Bén canh cac bang dit li¢u dinh luong, SwissADME con cung cép cac cong cu
truc quan nhu Bioavailability Radar va moé hinh BOILED-Egg. Trong do,
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Bioavailability Radar cho phép danh gia nhanh mirc do phu hop cua céc dac tinh hoa
ly d6i voi thude dung dudng udng, con mé hinh BOILED-Egg hd trg di doan kha ning
hép thu qua duong tiéu hoa va kha ning tham qua hang rao mau ndo dua trén moi tuong
quan giita do than lipid va dién tich bé mat phan cuc cta phan ti [2].

| Actions
_) Show Molecules Name
BBB
HIA
o PGP+
° o PGP-
o b
a 5 None
o
f
o
C
[
e

Hinh 4. M6 hinh BOILED-Egg

BBB: hang rdao mdu ndo; HIA: hdp thu qua dwong ruét; PGP+: co chdt ciia P-
glycoprotein (bom tong thudc); PGP-: khéng phdi co chdt ciia P-glycoprotein.

Theo mé hinh ndy, cac hop chat nam trong viing mau vang (yolk) cua biéu d6
BOILED-Egg duoc dy doan c6 kha ning thim qua hang rao mau nio, trong khi cac
hop chat nim ngoai viing nay c6 xu hudng han ché hon trong viéce tiép can hé than kinh
trung wong. Két qua du doan dugc sir dung nhu mot tiéu chi tham khao trong qué
trinh danh gia tiém ning phat trién cac hop chat hudng t6i diéu tri bénh Alzheimer. Cu
thé, trong Error! Reference source not found.:

— Viing mau vang (BBB): chit c6 kha nang tham thiu qua hang rio mau nio.
— Vung mau trang (HIA): chét c6 kha ning hap thu qua duong tiéu hoa.

— Chat mau d6 (PGP-): khong bi bom téng thudc (P-glicoprotein) day ra.

— Chat mau xanh (PGP+): bi bom téng thudc day ra.

Téng hop danh gia cac chét trong Error! Reference source not found. dugc t
ong két va nhan dinh theo Bang 0.1 dudi day:

Béang 0.1. Dy doan céac thong sb duoc dong hoc theo biéu do BOILED-Egg
Chit| HIA | BBB | PGP Du doan




a Co Co + | C6 kha nang tham thau qua hang rao mau nio va
hép thu qua dudng tiéu hoa nhung bi bom téng ra

b Co Co - | C6 kha ning tham thau qua hang rao méu nio,
duong tiéu hoa va khong bi bom tdng ra

C C6 | Trung | - | Co6khaning thim thiu qua hang rao mau nio,

binh duong tiéu hoa va khong bi bom tdng ra

d C6 |Khong| + |Khong cokha ning tham thiu qua hang rao méau
ndo, c6 kha nang hip thu qua dudng tiéu héa nhung
bi bom téng ra

e C6 |Khong| - |Khong cokha ning tham thiu qua hang rao méau
ndo, c6 kha nang hap thu qua dudng tiéu hoa va
khong bi bom téng ra

f |Khong | Khong| - |Kha ning hap thu kém

Tir két qua du doan tir so d6 BOILED-Egg 13 mot trong nhitng co s¢ dé dinh
huéng thiét ké chat tiém nang trd thanh thudc.

Nho giao dién than thién, kha niang xtr Iy nhanh, mién phi va cung cap nhiéu
thong tin hiru ich, SwissADME hién 1a mdt trong nhiing cong cu dugc str dung rong
rii trong nghién ctiru héa duoc nham sang loc cac hop chat tiém nang trudc khi tién
hanh cac nghién ctru thuc nghiém chuyén sau.

Y nghia cic théng sé ma SwissADME cung cip dugc tom tat trong bang dudi

day:
Bang 2. Cac thong s6 cung cip boi nén tang SwissADME
Nhém thong s6 | Thong s6 danh gia Y nghia
Tinh chat héa ly | - Khdi luong phan tir (Molecular | Panh gia cac dic tinh hoa Iy
Weight: MW) co ban anh huéng dén hap
- PO khuc xa phan tir (Molar | thu va phan bd thudc; kha
Refractivity: MR) ning tao cac lién két giira

- Bé mit phan cuc t6 pd (TPSA), | phdi tir voi thu thé.
- Sb lién két quay (Number of
Rotatable Bonds)

- S6 nguyén tir nhan lién két hydro
(H-bond Acceptors: HBA)),

- S6 nguyén tir cho lién két hydro
(H-bond Donors: HBD)

(than dau)

Tinh wa lipid

iILOGP, XLOGP3, WLOGP, | banh gia tinh than lipid ctua
MLOGP, SILICOS-IT LogP, | phan tir, lién quan dén kha
Consensus LogP niang thAm qua mang sinh

hoc




D¢ hoa tan trong
nudc

ESOL LogS, Ali LogS, SILICOS-
IT LogS, Solubility Class

Dy doén do tan trong nudc,
anh huong dén héap thu va
sinh kha dung

Duoc dong hoc

GI Absorption, BBB Permeant, P-
gp Substrate, CYP1A2, CYP2CI19,
CYP2C9, CYP2D6, CYP3A4
Inhibition

Dy doan hip thu dudng
ubng, kha nang qua hang rao
mau nao, tuong tac vdbi
protein van chuyén va
enzym chuyén héa thudc

Hoéa hoc duoc
pham

PAINS Alert, Brenk Alert, Lead-
likeness, Synthetic Accessibility
(SA Score)

Panh gia kha nang phat trién
thanh thudc va mutc d6 thuan
loi trong tong hop hoa hoc

Sinh kha dung Bioavailability Score Dy doan kha nang sinh kha
dung dudng udng cua hop
chat

Cong cu truc | Bioavailability Radar, BOILED- | Minh hoa truc quan kha

quan hoa Egg nang hap thu qua dudng tiéu

hoéa va tham qua hang rao
mau nao

Ngoai ra trong nén tang ndy con ¢ cong cu SwissDock, cho phép du doan cach
thire va mirc d6 gan két giira phan tir ligand voi dich sinh hoc nhu enzyme hoic thu
thé. Phuong phép nay cho phép xac dinh vi tri gan két, tu thé lién két t6i wu va ude tinh
nang lugng tuong tac gitta ligand va protein dich. Két qua docking gop phan 1am sang
t6 co ché tac dung & mirc do phan tir, hd tro phan tich mdi lién hé céu tric — hoat tinh
(SAR) va sang loc cac hop chat tiém ning trude khi tién hanh cac nghién ctru thuc
nghiém tén kém hon. Hién nay, docking phan tir dugc tmg dung rong rii trong nghién
ctru phat hién thudc méi, t6i wu hoa cau tric hop chat dan dau va du doan twong tac
thudc — dich trong nhiéu linh vuc duge hoc va hoa duoc.

SwissParam Swiss Sidechain SwissBioisostere

> o O

SwissDock

I

———

Important information: Due to the discontinuation of ChemAxon support for academic websites, SwissDock has been modified
to no longer rely on their software.
We sincerely apologize for any inconvenience this transition may cause and thank our users for their understanding

SwigsTargetPrediction

®

SwissADME Swiss Similarity

& W

. a
SwissDock
SwissDrugDesign

Home About Documentation FAQ Tutorials Command-ine Citing Contact  Old version

Docking with Attracting Cavities

Docking with AutoDock Vina

Hinh 5. Cong cu SwissDock trén nén tang SwissADME



SwissDock két noi truc ti€p vai hé may chu, dac biét 1a Docking with AutoDock
Vina. Céc thao tac va st dung don gian hon rat nhiéu so voi phan mém riéng biét
Don't know where (o sfart? Try with an example: binding of SNJ-1715 (CCD ID 0m8) to calpain-1 catalytic subunit (PDB ID 2g8e),

of WRR-99 (r99) to cruzipain (1ewl), or of dabrafenib (p06) to B-Raf (5hie).

1 - Submit a ligand

Provide a SMILES |O:C(NC1:CC:CC:C1)CCCN2N:NC(CSZCC:CC:N3}:N2

... or upload a Mol2 file or a PDBQT file @

.. or input, or modify, or check the molecule using the sketcher

... oruse the advanced search

v Reset ligand

2 - Submit a target

Provide a PDB id (e.g. 5hie)

A - Acetylcholinesterase - |

Choose chain(s) to keep™:

Choose heteroatom(s) to keep™: | None A | 7]

__orupload a PDB file or a PDBQT file

... oruse the advanced search

v Reset target

3 - Define search space

Search box center [ 5 | [45 J[30 | A
Searchboxsize  [30 | [30  |[30 | 4
KA
®u

Hydrogen lonic Cation-1r Hydrophobic Ti-stacking Show protein ] Reset
bonds interactions interactions contacts interactions surface

Hinh 6. Di liéu dau vao chay SwissDock
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Show protein

surface

Hydrogen lonic Cation-r Hydrophobic
bonds interactions interactions contacts

Hinh 7. Két qua docking phan tir véi enzyme dudi dang 3D

Model Calculated affinity (kcal/mol)
1 -8.321
2 -8.280
3 8167
4 7.955
5 -7.921
6 -7.919
7 -7.910
8 -7.884
9 -7.869
10 -7.792
1 -7.787
12 -7.598
13 -7.570
14 1476
15 7.366
16 -7.318
17 -7.198
18 -7.195
19 -7.029
20 -6.937

Hinh 8. Két qua gia tri ning luong cac ciu dang lién két

Link két qua Dock: https://www.swissdock.ch/results.php?job=24946558
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C6 thé tai dir liéu vé va sir dung thém phan mém Discovery Studio dé chuyén
dang 2D va cho két qua tuong tac 2D & Hinh 9.

SER

A:203 oLy

A122
IEP
T ABE
1
g TYR A:(; ';1 - A:IJ?ZR 3
A:337 AHL;D
/7
GLY
A126
FHE
A.338
TYR ALLBL:}
FHE A:341 1
A 297 YR A:S::-;:h
A:124 ASP
Ac7d
YR
A:72 AN
A-87
Interactions
van der Waals Pi-Pi Stacked
Carbon Hydrogen Bond Pi-Pi T-shaped

Pi-Donor Hydrogen Bond

Hinh 9. Tuong tac 2D cua phdi tir - thu thé

ITI. Noi dung va phwong phap nghién ciru

II1.1. Ngi dung nghién ciru
- Nghién ciru cdu triic: Nghién ciru cac khung cau tric phén tir pyridin-tetrazol.

- Cdu triic SMILES: Chuyén thé tir cau tric hoa hoc sang cau trac SMILES.

- Ddnh gid ddc tinh giong thudc va docking phan tir: Nghién ctru tuong tac phoi
tir - thu thé, cac quy tic dugc str dung trong du doan dic tinh giéng thude.
111.2. Phwong phap nghién ciru

- Nghién ciru cdu triic va chuyén doi cau tric sang dinh dang SMLES héa cdu
triic: St dung phan mém ChemDraw dé xay dung cau tric va chuyén dbi sang dinh
dang SMILES.

- Danh gia ddc tinh giong thuéc va docking phan tir: Phuong phap du doan dic

tinh gidng thudc trén nén tang SwissADME, ghép ndi phén tir trén cong cu SwissDock.

12



IV. Thue nghiém va két qua
IV.1. Dw dodn dic tinh giong thuéc

Cac dan chat muc tiéu mang khung cdu trac pyridin-tetrazol nham du doan dic
tinh giéng thudc duoc biéu dién ¢ hinh 10.

| X

N~ IVa: n=3;R=4-Cl
IVb: n=3;R=4-Br

N \!\1 0 R IVe: n=4;R=4-Cl

N_N\ﬁ)( =| IVd: n=4;R=4-Br

Hinh 10. Ciu trac cac dan chat muc tiéu du doan dic tinh giéng thube

Két qua chuyén ddi ciu trac sang dinh dang SMILES va du doan dic tinh gidng
thudc theo SwissADME va md hinh BOILED-Egg dugc thé hién ¢ hinh 11.

0=C(NC1=CC=C(Cl)C=C1)CCCN2N=NC(C3=CC=CC=N3)=N2  O=C(NC1=CC=C(Br)C=C1)CCCN2N=NC(C3=CC=CC=N3)=N2

Cla volecuie2 |5
00O HOOP:

W (! £ 20e.02 mg/mi ; 1.230.04 mx A @
by S } a 4 -

IVa IVb
CIC(C=C1)=CC=CINC(CCCCN2N=NC(C3=CC=CC=N3)=N2)=0 BrC(C=C1)=CC=CINC(CCCCN2N=NC(C3=CC=CC=N3)=N2)=0
Hoac Hoac
O=C(NC1=CC=C(CI)C=C1)CCCCN2N=NC(C3=CC=CC=N3)=N2 O=C(NC1=CC=C(Br)C=C1)CCCCN2N=NC(C3=CC=CC=N3)=N2
L © ®

HOOP: Heoo:
IVc Ivd

Hinh 11. Két qua chuyén di cau tric va dic tinh giéng thudc cac chat IVa-d
13



) Show Molecules Name

BBB
HIA
o PGP+
vd o PGP-

b e

?\ Vb None

IVa

Hinh 12. M6 hinh BOILED-Egg cac chat IVa-d

Mot sb thong sb dic trung du doan tinh chat giéng thude, chiéu theo chét dbi
chtng 1a donepezil va cac quy tac 5 Lipinski, quy tic Veber so sanh voi duéi day duoc
tong két trong bang 3 dudi day:

Bang 3. Két qua thir hoat tinh gidng thudc va kha ning qua hang rao méau nio

CTPT: céng thire phin tir; KLPT: khéi eong phdn tir; HBD: s6 nhém ¢6 kha nang
cho lién két hydro; HBA: sé nguyén tir cé khd ndng nhén lién két hydro; TPSA: dién
tich bé mdt phdn cuc t6 pé; RB: sé lién két quay; PGP: bom téng thuéc; HIA: hip
thu qua dwong tiéu hoa.

Chit CTPT Ii]I)J::)T MilogP | HBD | HBA T(IZASZ;& RB l()_s_l)) HIA

RO5* <500 <5 <5 | <10

Veber <12 <140 | <10

Donepezil co
(CoH2oNO3) 379,49 | 3,06 0 4 38,77 | 6

IVa | Ci¢HisCINgO | 342,78 | 2,38 1 5 85,59 | 7 - co
IVb | CisHisBrNgO | 387,23 | 2,50 1 5 85,59 | 7 - co
IVe | C7H17CINGO | 356,81 | 2,62 1 5 85,59 | 8 - co
IVd | C;sH7BrNgO | 401,26 | 2,73 1 5 85,59 | 8 - co

Két qua du doan dic tinh gidng thudc bang SwissADME cho thay tat ca cac
chat ddy IVa-d déu thoa man quy tic Lipinski va Veber v6i khoi lugng phan tir dudi
500 Da, MlogP nam trong khoang 2,38-3,23 va s6 lién két xoay phu hop. Tuy nhién,
hau hét cac chat déu duoc dy doan khong qua hang rao mau ndo (BBB), chi yéu do
TPSA tuong d6i cao (85,59 A?). Kha ning hip thu tot qua dudng tiéu hoa, khong
phai 13 co chat cua PGP nén khong bi bom tong ra khoi mang té bao.
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lonic
interactions

Hydrogen
bonds

Cation-1r Hydrophobic Tr-stacking
interactions contacts interactions

IVa 3D. https://www.swissdock.ch/results.php?j0b=69439281

Show protein
surface

AG =

GLU
A:202

GLY
A:448

Interactions

I:I van der Waals

- Conventional Hydrogen Bond
I:I Carbon Hydrogen Bond

-9,495 kcal/mol

IVa 2D

.
.
.
.- .
ASP .
A:74 ~
TYR
A:72

- Pi-Pi Stacked
- Pi-Pi T-shaped
|:| Alkyl
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52 ATOM: [VAL]288:ACA

Hydrogen lonic Cation-1r Hydrophobic Tr-stacking Show protein
bonds interactions interactions contacts interactions surface

IVb_3D. https://www.swissdock.ch/results.php?job=4845831
AG =-9,052 kcal/mol

5% ATOM [GLUJB4ACA

Hydrogen lonic Cation-1r Hydrophobic Show protein
bonds interactions interactions contacts surface

IVe 3D. https://www.swissdock.ch/results.php?job=47564626

AG = -8,816 kcal/mol
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%% ATOM: [TYRI337:ACA

IVd_3D. https://www.swissdock.ch/results.php?job=89721683
AG = -8,877 kcal/mol

© I Aom[EURsIACA

Show protein

surface

Hydrogen lonic
bonds interactions

Cation-11 Hydrophobic
interactions contacts

Galantamin_3D. https://www.swissdock.ch/results.php?j0b=70860699
AG = -7,876 kcal/mol
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KET LUAN

Bén chat méi IVa-d mang khung pyridin-tetrazol déu théa man quy tic Lipinski
va Veber, khong qua hang rao mau nio (BBB), chu yéu do TPSA tuong d6i cao (85,59
A?). Tuy nhién kha ning hap thu qua duong tiéu hoa tt do gia déu c6 PGP am. Nghién
ctru md phong docking phan tir cac chat voi enzym acetylcholinesterase (AChE) 4EY6
cho thiy cac chat co niang luong lién két cao va c6 kha ning tuong tac voi cac acid
amin ciia AChE qua cac lién két hydro, lién két chong n-m.

Két qua dé tai 1a dinh hudng phat trién hudng nghién ctru khoa hoc, hoan thanh
khoa luan tot nghiép cho sinh vién nganh héa dugc va cac nganh lién quan tai truong

Pai hoc M6 - Dia chit.
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