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Tong hop va thir hoat tinh khang khuan
ciia cac dan chat 1,3-benzodioxole

Nguyén Ngoc Phwong Kiéu, Vii Thanh Thio, Tran Ngoc Chau®
Khoa Duoc, Bai hoc Y Dugce TP Hé Chi Minh
Ngay nhdn bai 4/8/2022; ngay chuyén phan bién 8/8/2022; ngay nhan phan bién 26/8/2022; ngay chap nhan dang 31/8/2022

Tom tit:

Trudc tinh trang aé khang khang sinh ngay cang g1a tang hién nay, viéc nghién ciru cac khung cAu triic méi c6
tac dung trc ché su phat trién ciia vi khuan la rat can thiét. Ciu tric 1,3-benzodioxole véi nhiéu hoat tlnh sinh
hoc tiém nang la doi tuong chinh ciia nghién ciru nay. Tir nguyén liéu piperonal, 5 din chat mang khung clu triic
1,3-benzodioxole dugc tong hop bang cac phan trng héa hoc da dang khac nhau. Ciu tric clia sin pham dugce xac
dinh bang cac phwong phap quang pho Hoat tinh khang Khuan in vitro duwgce khao sat bang phuong phap khuéch tan
trong thach trén 5 chiing vi khuén: Escherichia coli, Pseudomonas aeruginosa, Enterococcus faecalis, Staphylococcus
aureus nhay cam methicillin (MSSA) va tu ciu vang dé khang methicillin (MRSA). Dan chit base Schiff (2) thé hién
kha nang irc ché 4/5 chiing vi khuan thir nghlem, trong d6 c6 MRSA. Nghién ciru dw doan dich tac dong va mo phong
gan két in silico goi y kha ning gian két ciia chat (2) trén enzyme FabH ciia vi khuin. Két qua nghlen clru goi y ve suw

phoi hop giira nhém base Schiff va khung 1,3-benzodioxole trong phat trién cac chit khang khuin méi.

Tir khéa: base Schiff, khang khufln, 1,3-benzodioxole.
Chi 56 phin loai: 3.4
Dit van de

Thudc khang sinh giup con ngudi ddy lui cac trudng hop
nhiém bénh do vi khuan. Tuy nhién, viéc sit dung khang sinh
khong hop 1y lai gy ra nhiéu co hdi cho viéc hinh thanh cac
chung vi khudn dot bién, 1am giam hay mat hoan toan tic dung
cua thudc khang sinh. Tinh trang d¢ khang khéng sinh dang
ngdy cang gia tang trén toan thé gidi, trong do, Viét Nam dugc
xem 1a mot trong cac qubc giacoty 1€ ¢ khang khang sinh cao.
Theo bao céo ctia TS chire Y té Thé gi61 (WHO), danh sach céc
cau tric khang khuan dang dugc thir nghiém 1dm sang va tién
1m sang trén toan thé gidi con kha khiém tén va chua dap ting
dwoc nhu cau [1]. Hon nita, hdu hét cac chét trong danh sach
déu thudc cac nhom khung chu truc da biét véi mot s6 co ché
dé khang thudc da duoc bao céo. Chinh vi vay, viéc nghién cuu
va tim kiém céc hop chit méi ¢6 tic dung khang khuan la rat
can thiét.

Khung 1,3-benzodioxole la mgt chu trac dugce tim théy rong
rai trong cac hop chét ty nhién v&i nhiéu hoat tinh sinh hoc. Su
hién dién cua cac chit nay dong vai trd quyét dinh tao nén
dac diém va cong dung cua cac loai thuc vat. Vi du, hoat chat
piperin, thanh phan tao nén mui vi cta hat tiéu (Piper nigrum),
safrol c6 trong vo 1é cy x4 xi (Sassafras albidum) va berberin
trong cdy vang ding (Coscinium fenestratum (Goetgh.) Colebr)
chinh 1a cac hop chat ty nhién dién hinh chira khung cau tric
nay (hinh 1). Bic biét, berberin dugc xem nhu mdt loai khang
sinh c6 ngudn gdc tu nhién, hién dang dugc dung trong hon 60
phdi hop thude luu hanh tai Viét Nam dé diéu trj cac trudng
hop nhiém khuan duong rudt [2].

*Tac gia lién hé: Email: tranchau@ump.edu.vn
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Hinh 1. Mét sé hop chat tw nhién mang khung cau tric

1,3-benzodioxole.

Dua trén gia thuyét l1a khung ciu triic 1,3-benzodioxole
¢6 thé két hop v6i cac nhom céu triic tiém ning [3-6], cac
dan chat (1)-(5) dugc thiét ké vai ¥ tuong két hop khung cdu
tric 1,3-benzodioxole voi cac nhom chic N-acyl hydrazone
(chat 1), nhom base Schiff (chat 2), két hop v6i dan chat amin
(cht 3), lai hoa véi cau trac di vong 2-amino pyrimidin (chat
4), hoic lai héa voi khung 2-isoxazoline (chit 5). Myc tiéu
cta nghién ctru nay 13 téng hop céc cdu tric mang khung
1,3-benzodioxole nhu hinh 2 va khao sat hoat tinh khang
khuan cua cac dan chat nay.
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Hinh 2. CAu tric cac dan chét 1,3-benzodioxole dwoc tdng hop
trong nghién ctru.
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Abstract:

Novel chemical entities are urgently needed to
develop new antibacterial agents in order to tackle the
increasing antibiotic resistance. This study focuses on
the 1,3-benzodioxole scaffold with promising biological
activities in the literature. Five 1,3-benzodioxole
containing derivatives were synthesised from piperonal
as starting material by various chemical reactions. Their
structures were elucidated by standard spectroscopic
methods. The in vitro antibacterial activities were studied
by agar diffusion method against 5 pathogenic strains:
Escherichia coli, Pseudomonas aeruginosa, Enterococcus
faecalis, methicillin-susceptible Staphylococcus aureus
(MSSA), and methicillin-resistant Staphylococcus aureus
(MRSA). The Schiff base derivative (2) showed the ability
to inhibit 4/5 tested strains, including MRSA. The target
prediction study suggested the in silico binding ability
of (2) on the bacterial FabH enzyme. These results
demonstrated that novel 1,3-benzodioxole derivatives
containing Schiff bases could be further studied as new
antibacterial structures.

Keywords:  antibacterial Schiff  base,

1,3-benzodioxole.

Classification number: 3.4

activity,

Poi tuong va phuong phap nghién ciu
Nguyén, vit liéu

Tét c4 nguyén lidu va dung méi dung trong tong hop dat mirc
d6 tinh khiét dung trong tong hop hoa hoc duge mua tir cic cong
ty: Sigma-Aldrich (Hoa Ky), Merck (Puc), Acros Organics (Bi),
ChemSol (Viét Nam), Guangdong Guanghua Sci-Tech Co Ltd.
(Trung Quéc) va duoe sir dung truc tiép.

Nguyén, vat lidu dung trong thir hoat tinh khang khudn gom:
Tryptic soy agar (TSA), Mueller-Hinton agar (MHA) va Dimethyl
sulfoxide (DMSO, Merck, Dirc). Dia khang sinh amikacin chuan
dugc mua tir Cong ty Thermo Scientific™ (Hoa Ky). Céac chung
vi khuan duing trong thir nghiém déu dat theo tiéu chuan American
Type Culture Collection (ATCC).
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Phwong phdp nghién ciru

Phwong phap dy doan in silico cdc thong so giong thuoc
Pé dam bao cac dan chit dugc thiét ké o thé tlep tuc phat trién
thanh phan tu thudc ma khong gap tré ngai, mot so thong so dugc,
dong hoc va tinh chat gidng thudc dugc tinh toan bing may chu
SwissADME [7].

Phurong phdp tong hop cdc dan cht 1,3-benzodioxole cdc chat
(1)-(5): Phuong phép tong hop dan chat N-acylhydrazone (chat
1) duoc thé hién ¢ hinh 3. 2-hydroxybenzohydrazide (0,36 g, 2,4
mmol) dugc hoa tan trong methanol (MeOH) (5 ml), sau d6 thém
tir tr 5 ml dung dich piperonal (0,3 g, 2 mmol) dugc pha trong
MeOH. Phan (g dugc xic tic bang acid acetic bing (AcOH) va
khudy, gia nhiét & 60-65°C dén khi hét nguyén lidu (theo ddi phan
ng bing sic ky 16p mong). San pham tao thanh & dang tua tréing.
Két thic phan ung (sau khoang 2 gio), hdn hop duge dé ngudi va
lam lanh dé san pham tia hoan toan. Loc va rira tiia v6i MeOH.
San pham thd dugc két tinh lai trong ethanol (EtOH), thu dugc
chat (1) v6i khi lwgng 0,54 g (hiéu suat 95%).

LoD e o

2-OH benzohydrazid
Hinh 3. Phwong phap téng hop dan chat N-acylhydrazone (1).

AcOH
MeOH, 60-65°C

Piperonal

Phan tmg ghép tong hop base Schiff (chit 2) dugc thé hién &
hinh 4. Hoa tan piperonal (1,5 g, 10 mmol) trong EtOH (10 ml).
Sau d6 thém dan chét 5-cloro-2-methylanilin (1,7 g, 12 mmol) vao
binh phan tmg. Thém vao 3 giot acid acetic bang va khudy ¢ 50°C.
Theo ddi phan (g bing sc ky 16p mong dén khi khong con vét
nguyén lidu. Phan tmg két thuc sau 2 gid va binh phan (g duoc
dé ngudi dé san pham két tinh. Loc va rira tinh thé nhiéu lan v6i
EtOH. Sau do két tinh lai san pham trong EtOH. Sy kho thu dugc
chat (2) vai khéi lugng 2,19 g (hiéu suét 80%).
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Piperonal

w@

EtOH 50°C

5-cloro-2-methylanilin

Hinh 4. Phan (rng ghép tdng hop dan chéat base Schiff (2).

Phan tmg khir hoa base Schiff tao amin (chat 3) duoc thé hién
6 hinh 5. Hoa tan base Schiff (2) (0,27 g, 1 mmol) vao MeOH (10
ml). Lam lanh binh cau trong thau da va gitr lanh (0°C) trong sudt
qué trinh phdn Ung. Tiép tuc cho natri tetrahydroborat (NaBH,)
(0,38 g, 10 mmol). Theo ddi phan ting bang sic ky 16p mong den
khi khong con vét nguyén ligu. Phan tmg két thuc sau 2 gio. Co
quay dudi 4p suat gidm dé loai MeOH. Thém nudc vao binh phan
{ing dé hoa tan NaBH, du. Loc 1ay phan tia con lai trong binh
va ria tia nhiéu Ian v6i nude. Két tinh lai san pham trong EtOH,
say kho thu duoc san pham (3) voi khdi lugng 0,15 g (hiéu suét
55%).
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Hinh 5. Phan &ng khir héa base Schiff tao dan chat amin (3).

Phan tmg tong hop dan chat 2-amino pyrimidin (4) dwgc thé
hién ¢ hinh 6. Hoa tan piperonal (0,165 g, 1,1 mmol) trong 5 ml
EtOH, tiép tuc thém vao binh ciu 4-bromoacetophenon (0,2 g, 1,0
mmol) va 0,2 ml dung dich KOH 50% trong EtOH. Hon hgp phan
{mg dugc khudy déu & nhiét o phong. Theo doi phan img bang sic
ky 16p mong dén khi hét nguyén liéu 4-bromoacetophenon (sau 2
gid). Tiép theo, cho dung dich guanidin hydroclorid (0,11 g, 1,1
mmol) trong EtOH (5 ml) da dugc diéu chinh pH bang KOH (0,11
g) dén pH 12 vao hén hgp phan (mg. Chalcon tan mot phin trong
hon hop phan ung tao hon dich mau vang nhat. Hon hop phan ing
duoc khudy déu va gia nhiét 6 60°C. Theo ddi phan {mg bing sic
ky 16p mong (vét san pham vira tat quang ¢ UV 254 nm, vira phat
quang & UV 365 nm). Phan tng két thuc sau 16 gio. Binh phan
ung dugc lam ngudi vé nhiét do phong va c6 tia xuét hién. Tua
dugc loc va rira véi nude dé hoa tan mudi KCI. San phém dugc két
tinh lai trong EtOH thu dugc san phém (4) v6i khbi luong 0,15 ¢
(hiéu sudt 41%).

NH,

[e] N)\
<OI>/C\\O ) Hac)K©\ 1) KOH, EtOH, nhiét do phong om
o] Br 2) guanidin.HCI, KOH, 60°C e O

Piperonal 4-bromoacetophenon

Hinh 6. Phan (rng tong ho'p dan chéat 2-amino pyrimidin (4).

Phan tmg tong hop din chat 2-isoxazoline (5) dugc thé hién
& hinh 7. Hoa tan piperonal (0,165 g, 1,1 mmol) trong hon hop
dung moi dicloromethan (DCM): N,N-dimethylformamid (DMF)
(7,5:0,75 ml). Sau d6 hydroxylamin hydrochlorid (0,114 g,
1,65 mmol) dugc thém vao hon hop phan tmg va pH dugc didu
chinh bang KOH dén pH 12. Phan tmg dugc khudy déu ¢ nhiét
d6 phong dén khi toan b lugng piperonal dugc chuyén thanh
piperonaldoxim (theo ddi bang sic ky 16p mong). Tiép theo
N-clorosuccinimid (NCS) (0,22 g, 1,65 mmol) dugc thém tur tir
vao hon hop phan tng. Sau 1 gio khudy déu & nhiét do phong thi
nghiém, toan bo luong piperonaldoxim da dugc chuyén thanh dan
chat hydroxymoyl clorid twong tmg. Tiép theo, eugenol (0,16 g, 1
mmol) dugc thém vao hdn hop phan tng. Ngay sau d6, dung dich
0,4 ml triethylamin (TEA) trong DCM (7,5 ml) duoc nho timg
giot vao hon hop phan tng dang khudy déu ¢ nhiét do phong (toc
do ~5 giot/phut, tong thoi gian 60 phiit). Hon hop phan ting duogc
tiép tuc khudy déu tai nhiét do phong va theo ddi bang sic ky 1op
mong dén khi hét nguyén liéu va vét san phém xuét hién r5. Hon
hop phén tmg dugc do vao binh ling gan chira 20 ml nudc cat va
chiét 1ay 16p DCM. L6p dung méi hitu co dugc rira lan luot voi 10
ml HCI 10% (1 1dn) va 10 ml nudc cat dén pH 7 (3 1an) va 15 ml
dung dich NaCl bio hoa trude khi 1am khan bing Na,SO, khan.
Pha hitu co sau d6 dugc loai bo dung moi DCM dudi &p suat giam
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dé tao thanh san pham tho dang ché:[ ran tring nga. Két tinh lai san
pham tho trong EtOH thu dugc chat (5) vdi khoi lugng 0,0436 g
(hiéu suat 13%).

H OH
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Piperonal

1) NH,-OH. HCI
2) NCS
3) eugenol, TEA

DCM-DMF,

.: /> V( o-CHs
nhiét dé phong

Eugenol (5)

Hinh 7. Phan (rng téng hop dan chéat 2-isoxazoline (5).

Phwong phdp xdc dinh cdu triic va d@ tinh khiét: Cau tric cua
cac chat tong hop duge xdc dinh va bién giai bing cac phuong
phép phd. Phd hdng ngoai (IR) dugce do bang phuong phap phan xa
toan phan suy giam (Attenuated total reflectance - ATR) trén méy
IRAffinity-1S (Shimadzu Scientific Instruments, Kyoto, Nht Ban).
Phé khéi (MS) duogc do trén may MSQ Plus™ single quadrupole
mass spectrometer (Thermo Scientific™, Waltham, MA, Hoa
Ky) bing phuong phép ion hoa dau phun dién tir (Electrospray
ionization - ESI). Pho cong huong tir hat nhan proton (‘H-NMR)
duoc do trén may Bruker Avance v6i phd tan s 400/500... (Bruker
Corporation, Billerica, Massachusetts, Hoa Ky). Phd BC-NMR
duoc do trén cing may & tn sb twong tng 100/125/150 MHz. Céc
tir viét tit duoc st dung trong bién giai phd 'H-NMR: singlet (s),
doublet (d), triplet (t), doublet of doublets (dd), doublet of triplet
(dt), multiplet (m).

Céc san pham tong hop duoc kiém tra do tinh khiét bang sic
ky 16p mong trén ban mong silica gel 60 GF254 (Merck 60F 254,
Darmstadt, Dtrc) dugc quan sat dudi dén UV nude song 254 nm
két hop v6i bién gidi két qua pho 'H-NMR. Nhiét do nong chay
dugc xac dinh trén may Stuart SMP10 (Cole Palmer, Anh) voi
nhiét ké khong hiéu chinh.

Phirong phdp khao sdt hoat tinh khang khudn: Hoat tinh khang
khuan duoc khéo sat trén 5 chung vi khuan gay bénh. Dai dién cho
vi khuan gram dm 1a E. coli ATCC 25922 va P. aeruginosa ATCC
27853. Pai dién cho vi khuan gram duong gdm c6 E. faecalis
ATCC 29212, S. aureus ATCC 29213 (MSSA) va S. aureus dé
khang methicilin ATCC 43300 (MRSA).

Cac vi khuan dugc hoat hoa trong moi truong thach TSA, sau
d6 dugc nudi cdy trén moi truong thach Mueller-Hilton (MHA)
khi tién hanh thir nghiém. Moi truong MHA da trai sin cac chung
vi khuan duoc duc céc 16 tron duong kinh 07 mm‘bé'mg dung cu
tiét trung. Chét thtr duoc hoa tan trong DMSO dé dat néng do
tuong Gng 13 5 va 2,5 mg/ml va cho vio mdi 16 mot thé tich 1a
60 pl. Moi chit dugc thir tai 2 ndng do twong duong voi luong
chat thir trong mdi 15 1an lwot 13 300 va 150 pg. Mau thir sau khi
duoc cho vao cac 16 duge dé yén khoang 15 phiit cho cac chat thir
nghi¢m khuéch tan vao 16p thach. Sau d6, hop thach duoc u trong
ti am 37°C trong 24 gio va doc ket qua. Hoat tinh khang khuin
(néu co) dugce thé hién qua viéc xut hién cac ving trc ché khong
6 sy phat trién cua vi khuén trén bé mit dia thach. Két qua dugc
xéc dinh qua duong kinh ving trc ché dugce do bang thudce do don
vimm [8]. Trong cdc khao sat nay, DMSO (dung méi pha chat thi)
duge ding nhu mau ching dm va dia giy khang sinh amikacin 30
ug dugce dung nhu mau chung duong.
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Chét thir ¢6 hoat tinh trong thir nghiém so bg duoc tiép tuc xac
dinh n6ng do t6i thiéu co kha nang uc ché sy moc cua vi khuan
(Minimum inhibitory concentration - MIC). Chat thir dugc pha truc
tiép v6i moi truong thir nghiém MHA tao thanh dai nong do nhur
sau: 512, 256, 128, 64, 32, 16 va 8 pg/ml. Khi pha chét thir vao
moi truong phai dam bao ndng d6 DMSO nho hon 2,5%. Cho 2 pl
huyén phu dich vi khuan 1én dia thach di duoc lam kho bé mat v6i
mét d6 vi khuan trén thach 1a 10* CFU/ml. Ban thach dugc dé yén
khoang 15 phit dé vét cham kho sau do dugc U trong ti dm 37°C
trong 24 gio va doc két qua. Két qua chi ¢6 gia tri khi vi khuan
trong dia chng (DMSO 2,5%) moc binh thuong. Pat dia thach
trén mot bé mat sim mau, khong phan xa anh sang, quan sat sy
tao thanh khom cta vi khudn thir nghiém. Tim dia c6 nong do thip
nhat irc ché hoan toan s tao khom, n6ng do cta dia thach nay dugc
xéc dinh 1a MIC cta chét thir d6i véi vi khudn thir nghiém [9, 10].
Két qua va ban luan

Du dodn in silico cdc thong sé giong thuéc ciia cdc din chit

Theo két qua du doan tir SwissADME, cdc din chat (1)-(5) déu
thoa man Ludt 5 Lipinski vé diéu kién duoc dung lam thude dudng
udng. Két qua chi tiét duoc trinh bay ¢ bang 1. Ngoai ra, ca 5 chat
déu duoc phan mém dy doan c¢6 thé dugce hap thu tot qua duong
tiéu hoa. Tir cac két qua du dodn trén, ching t6i tién hanh tong hop
5 dan chat mang khung cu tric 1,3-benzodioxole nhu da thiét ké.

Bang 1. Két qua cac thong sé gidng thuéc dwoc dw doan tiv
SwissADME.

Chit MW  MLogP nHBA nHBD nRB TPSA(A2) Ro5 Gl absorption
Yéuciu <500 <415 <I0 <5 <10 <I60 Théa  Cao
1) 28427 144 5 2 4 80,15 Thoa  Cao
2 273,71 3,04 3 0 2 30,82 Théa  Cao
(K] 275,73 3,12 2 1 3 30,49 Théa Cao
4) 37020 2,62 4 1 2 70,26 Thoa  Cao
®) 32733 1,84 6 1 4 69,51 Thoa  Cao

MW: molecular welght (kh0| lwong phan t&); MLogP: calculated
lipophillicity (hang sb can bang thén dau - than nwéc); nHBA: number of
hydrogen bond acceptor (so nhém nhan lién két hydro); nHBD: number
of hydrogen bond donor (so nhém cho lién két hydro); nRB: number
of rotatable bond (sé lién két cé thé quay); TPSA: topological polar
surface area (dién tich b& mat phén cuc topd); Ro5: thda theo Luat 5
Lipinski; Gl absorption: khd nang hap thu qua dwdng tiéu héa.

Két quad t(fng hop cdc din chit mang khung ciu trirc
1,3-benzodioxole

Dan chit mang nhom N-acylhydrazone (1): Tén IUPAC:
(E)-N’-(benzo[d][1,3]dioxol-5-ylmethylen)-2-hydroxy-
benzohydrazid; tinh chat cam quan: chét ran dang bot min, mau
tring; nhiét do néng chay: 276-278°C; tinh tan: tan trong MeOH
va EtOH ¢ nhiét d§ cao, khong tan trong MeOH, EtOH va nudc
& nhiét do thuong; sac ky 16p mong: R=0,80 [cloroform - aceton
(9:D)]; R=0,70 [DCM - MeOH (9,5:0 5)] R=0,70 [toluen - aceton
(8:2)]; pho IR (ATR, v em™): 3250,05 (v o) 288744 (v )
1624,06 (v._); 1564,27 (v .,); 1446,61 (VC:CA) pho 'H-NMR
(400 MHz, DMSO-d)) 6 (ppm): 11,90 (s, 1H, O-H); 11,77 (s, 1H,
CONH), 8,38 (s, I1H, N=C-H), 7,89 (dd, 1H, J=7,9 Hz, J=1,6 Hz,
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Ar-H), 7,44 (dt, 1H, /=7,9 Hz, J=1,6 Hz, Ar-H), 7,31 (d, 1H, J=1,6
Hz, Ar-H), 7,20 (dd, 1H, J=8,0 Hz, J=1,6 Hz, Ar-H), 7,02-6,93 (m,
3H, Ar-H), 6,11 (s, 2H, CH,-benzodioxole); phd MS (ESD): [M-

HJ du kién: 283,07, tim thay 283,18; [M+H]" du kién: 285,09,
tim thay: 285,22. Két qua phan tich cau tric phii hop véi tai lidu
da cong bd [11].

Dadn chit mang nhém base Schiff (2): Tén TUPAC: (E)-
1-(benzo[d][1,3]dioxol-5-yl)-N-(5-cloro-2-methylphenyl)
methanimin; tinh chit cam quan: tinh thé hinh kim mau tring
nga; nhiét do nong chay: 88-90°C; tinh tan: tan nhiéu trong DCM,
cloroform, MeOH, EtOH, tan it trong nudc; sic ky 16p mong:
R=0,60 [n-hexan - aceton (15:2)]; R=0,75 [toluen - DCM (10:1)],
R =0,70 [n-hexan - ethyl acetat (10 1)]; phd IR (ATR, v cm™):
1622 13 (v_y), 1446,61 (v._), phé 'H-NMR (600 MHz, CDCl,)
S (ppm): 8 20 (s, 1H, CH—N) 7,54 (d, J=1,75 Hz, 1H, Ar-H),
7,25 (dd, J=8,0 Hz, J=1,65 Hz. 1H, Ar-H), 7,12 (d, J/=8,0 Hz, 1H,
Ar-H), 7,06 (dd, J=8,0 Hz, J=2,0 Hz. 1H, Ar-H), 6,90 (d, J=2,0
Hz, 1H, Ar-H), 6,88 (d, J=8,0 Hz, 1H, Ar-H), 6,04 (s, 2H, CH,-
benzodioxole), 2,29 (s, 3H, CH,); phd *C-NMR (150 MHz, CDCl)
o (ppm): 159,2, 151,9, 150,7, 148,5, 131,8, 131,2, 130,5, 128,6,
125,1, 117,8, 114,6, 108,2, 106,9, 101,7 (CH,-benzodioxole); 17,3
(CH,); phd MS (ESI): [M (*°CD) + HI" du klen 274,06, tim thay:
274, 14 [M(*’CI) + H]* du kién: 276,06, tim thay: 276,30.

Dan chdt mang nhém amin (3): Tén IUPAC: N-(benzo[d][1,3]
dioxol-5-ylmethyl)-5-cloro-2-methylanilin; tinh chat cam quan:
tinh thé hinh kim mau tréng; nhiét d6 nong chay: 90-95°C; tinh tan:
tan trong DCM, cloroform, MeOH, EtOH, khong tan trong nudc;
sic ky 16p mong: R=0,60 [n-hexan - ethyl acetat (10:1)]; R=0,80
[toluen - DCM (6: l)] R=0,80 [cyclohexan - MeOH (50: 1)] pho
IR (ATR, v cm™): 3452 58 (V) 1238,30 (v )s phd 'H-NMR
(400 MHz, CDCL,) é (ppm): 6, 97 (d, 1H, J=8,0 Hz, Ar-H), 6,85-
6,78 (m, 3H, Ar-H), 6,64 (dd, 1H, J=8,0 Hz, J=2,0 Hz, Ar-H), 6,56
(d, 1H, J=2,0 Hz, Ar-H), 5,97 (s, 2H, CH,-benzodioxole), 4,24 (d,
2H, J=5,3 Hz, NH-CH,), 3,83 (t, J= 53Hz 1H, NH), 2,10 (s, 3H,
CH,); phd C-NMR (100 MHz, CDCI,) & (ppm): 148,0, 147,0,
146,9, 132,7, 132,6, 130,8, 120,7, 120,2, 116,8, 109,9, 1084,
108,0, 101,1 (CH,-benzodioxole); 48,0 (-NH-CH,-); 17,0 (CH,);
pho MS (ESI): [M-H]" du kién: 274,06, tim thay 274 20.

Din chat chira khung 2-amino pyrimidin (4): Tén TUPAC:
4-(benzo[d][1,3]dioxol-5-yl)-6-(4-bromophenyl)pyrimidin-2-
amin; tinh chat cam quan: chit ran dang bot min, mau tre‘ing
nga; nhi¢t do nong chay: 90-95°C; tinh tan: tan trong MeOH,
EtOH, DCM, khéng tan trong nudc; sic ky 16p méng: R=0,10
[toluen - DCM (1:2)]; R=0,70 [toluen - MeOH (15:1)]; R =0,80
[cyclohexan - MeOH (50 1)]; phd IR (ATR, v cm™): 3495 01 va
3305,99 (vyp,)s 1633,71 (v_), 124987 (v ) phd 'H-NMR (400
MHz, DMSO-d,) § (ppm): 8,18 (d, 2H, J=8,7 Hz, Ar-H), 7,86-7,81
(m, 2H, Ar-H), 7,72-7,70 (m, 2H, Ar-H), 7,68 (s, 1H, pyrimidin-H),

7,04 (d, 1H, J=8,2 Hz, Ar-H), 6,72 (s, 2H, NH,), 6,11 (s, 2H, CH -
benzodioxole); phd PC-NMR (100 MHz, DMSO-d ) 0 (ppm)
164,8, 164,3, 163,9, 149,8, 1483, 137,1, 132,0, 131 8, 129,5,
124,5,122,2,108,7, 107,4, 102,0, 101,6 (CH,-benzodioxole); phé
MS (ESI): [M+H]" dy kién: 370,02, tim thdy: 369,97.
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Din chat chita khung 2-isoxazoline (5): Tén IUPAC:
4-((3-(benzo[d][1,3]dioxol-5-yl)-4,5-dihydroisoxazol-5-yl)
methyl)-2-methoxy phenol; tinh chat cim quan: tinh thé hinh kim
mau tréng; nhiét d6 nong chay: 124-126°C; tinh tan: tan trong DCM,
it tan trong EtOH, khong tan trong nudc; sic ky 16p mong: R=0,30
[n-hexan - ethyl acetat (7:3)]; R=0,45 [toluen - ethyl acetat (9 DI
R=0,20 [toluen - DCM (9:1)]; pho IR (ATR, v em): 3533,59 (v,

)291251 (Vo) 1608,63, 1502,55, 1452,40, 1219,01, 1209, 99
pho 'H-NMR (500 MHz, CDCL,): 6 (ppm) 7,25 (d, J=1,7 Hz, 1H,
Ar-H), 6,99 (dd, J=8,0 Hz, J=1,7 Hz, 1H, Ar-H), 6,85 (d, /=8,0 Hz,
1H, Ar-H), 6,79 (dd, J=8,0 Hz, /=2,0 Hz, 2H, Ar-H), 6,72 (dd, J=8,0
Hz,J=2,0 Hz, 1H, Ar-H), 5,99 (s, 2H, CH,-benzodioxole), 5,54 (brs,
1H, OH), 4,95-4,89 (m, 1H, CH-isoxazoline), 3,89 (s, 3H, CH,-0-),
3,26 (dd, J=16,5 Hz, J=10,2 Hz, 1H, CH,-isoxazoline), 3,06 (dd,
J=14,0 Hz, J=6,5 Hz, 1H, -CH,-), 2,98 (dd, J=16,5 Hz, J=8,0 Hz,
1H, CH,-isoxazoline), 2,82 (dd J=14,0 Hz, J=6,5 Hz, 1H, -CH,-
); pho”C-NMR (150 MHz, CDCL,): 6 (ppm) 156,1, 149,2, 148,1,
146,6, 144,5,129,0, 124,0, 122,1, 121 4,114,4,112,0,108,2, 106,4,
101,5 (CH,-benzodioxole), 82,0, 56,0, 40,7, 39,6; pho MS (ESI):
[M+H] du kién: 328,12, tim thay 328,21.

Dua theo tra ctru trén SciFinder (2022) [12], ngoai trir din chét
(1) ¢6 cac két qua phan tich phd hoan toan phu hop véi tai liéu [11],
cac dan chat (2), A). (4) va (5) déu 1a cac dan chit méi hoan toan
chua dugc cong bd. Két qua phan tich cdu trac phd IR, 'H-NMR,
BC-NMR va MS ciia cac chét cho cau tric hoan toan phu hop voi
duy kién ban dau. Piém dic biét la khung cdu tric 1,3-benzodioxole
v6i nhom CH, ddc trung ndm gitta 2 nguyén tir oxy. Khi phan tich
phd 1H-NMR nhom CH, nay cho mot dinh singlet 2H voi d6 dich
chuyén dao dong trong khoang tir 5,97 dén 6,11 ppm, twong tmg
v6i mot dinh nam trong khoang tir 101,1 dén 101,7 ppm khi phan
tich phd *C-NMR. Do tinh khiét ctia cac chat téng hop dugce khao
sat so bo bing sic ky 10p mong voi 3 hé dung modi khac nhau va
khong thay vét la ngoai vét san pham chinh khi quan sat ban sic
ky 16p mong dudi dén UV tai 2 budc song 254 va 365 nm. Ngoai
ra, két qua phan tich phd 'H-NMR cua céc chit déu khong thiy céc
proton cta tap chét. Céc két qua phén tich trén so bo cho thay 5 dan
chit tong hop phi hop cho thir nghiém sinh hoc.

Hoat tinh khdng khudn ciia cdc din chit 1,3-benzodioxole

Cac chit tong hop (1)-(5) va nguyén liéu piperonal dugc khao
sat hoat tinh khang khuan bang cach do duong kinh ving tre ché
dya theo phuwong phap khuéch tan trong thach [9]. 5 chung vi
khuan gay bénh dugc ding trong thir nghiém gom: E. coli ATCC
25922, P. aeruginosa ATCC 27853, E. faecalis ATCC 29212, S.
aureus ATCC 29213 (MSSA) va S. aureus dé khang methicilin
ATCC 43300 (MRSA). Thir nghiém v6i chimg duong cho thay, 5
ching vi khuan déu con nhay voi khéng sinh amikacin vi duong
kinh vong trc ché trén cac vi khudn thr nghiém lan luot 1a: 22
mm (E. coli), 26 mm (P. aeruginosa), 9 mm (E. faecalis), 23 mm
(MSSA) va 16 mm (MRSA). Két qua trén nam trong khoang gidi
han kiém soat chat luong dbi voi phuong phap khuéch tan dia
cua cac ching vi sinh vat phat trién nhanh trén mau chimg duong
amikacin [10]. Nhu vay, cac chung vi sinh vat chuan st dung phu
hop cho thir nghi¢m.
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P. aeruginosa

E. faecalis

DMSO
(chtrng am)

Chét (2)
(150 ug)

Chat (2)
(300 pg)

9,5 mm

(-): khéng c6 vong G ché.

Hinh 8. Hoat tinh khang khuan cua dan chét (2) trén 5 ching vi
khuan thir nghiém.

Trong két qua thir nghiém (hinh 8), chimg am (DMSO) khong
thé hién dwong kinh vong tc ché trén ca 5 chung vi khuan thir
nghiém. Diéu nay chimg to két qua thu dugc trong thir nghiém 1a
dang tin cdy. Trong 5 chat dugc thr nghiém, chi duy nhét dan chat
base Schiff (2) thé hién duong kinh vong tic ché trén 4 ching vi
khuan: E. coli, E. faecalis, MSSA va MRSA. Trong do, duong kinh
vong e ché trén chung E. faecalis 1a nho nhat ¢ ca 2 nong do thir
nghiém (8-9 mm). Kétqua nay tuong tu vdi chimg duong amikacin.

Dan chat (2) trc ché sy phat trién trén ca chung vi khuan gram
am (E. coli) va 3 chung vi khuan gram duong (E. faecalis, MSSA
va MRSA). Dic biét, trén chung vi khuan dé khang khang sinh
MRSA thi dan chét (2) khong chi thé hién dugc vong tc ché ma
duong kinh cua vong nay lon nhit so véi trén 3 ching con lai. Khi
tang luong chat thir nghiém (2) 1én gap doi (tir 150 1én 300 pg) thi
dudng kinh ciia vong te ché trén ca 4 chung ciing tang 1én. Diéu
nay ¢6 thé so bd nhdn dinh kha nang khang khuén cua dan chat
(2) phu thuge vao ndng do. Nong do tre ché tdi thiéu cua chat 2)
duoc xac dinh va trinh bay & bang 2. Két qua duoc so sanh véi mau
chung duong 1a khang sinh amikacin.

Bang 2. Gia tri MIC cha chéat (2) trén cac chung vi khuan thip
nghiém.

) Gia tri MIC (pg/ml)
Chat thir
E. coli E. faecalis MSSA MRSA
Chét (2) 256 256 256 512
Amikacin 2 256 4 4

Dua trén hoat tinh khang khuén ciia din chét (2), c6 thé khing
dinh sy két hop giita khung cdu trac 1,3-benzodioxole va nhom
chire base Schiff gop phan vao kha ning trc ché sy phét trién cua
cac chung vi khuan thir nghiém. Didu kh thi vi 14 hoat tinh khang
khuan cua chat (2) trén 4/5 chung vi khudn thir nghiém bao gom
ca vi khudn gram 4m va gram duong. Hon nita, v6i kha ning irc
ché trén ca ching MRSA, dich tic dong du kién cuia chét (2) co
thé khong lién quan co ché tic dong cua cac khang sinh nhom
B-lactam.
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Dw dodn dich tic dong ciia chit (2) trén vi khuin

Nhim dy doan dich tac dong ciia dan chat (2) trén vi khuan,
chang t6i dd dwa vao hé théng may chi truc tuyén Similarity
Ensemble Approach (https://sea.bkslab.org/) [13]. Két qua phan
tich goi y chat (2) ¢6 hoat tinh tot d6i voi enzyme FabH cua E.
coli. Day 1a mot enzyme can thiét dé tong hop acid béo & vi khuan.
That vay, mot $0 nghién ciu vé céc chit (rc ché FabH duoc cong
b4 [14, 15] cho thdy, cic mot sb chét e ché FabH ¢6 cau tric kha
twong dong voi dan chat base Schiff (2) trong nghién ciru nay.
Nghién ctru duoc tiép tuc thuc hién bang viéc mo phong in silico
kha nang gin két ctia chat (2) vao mt s cau tric protein FabH ciia
E. coli (PDB-ID: 6X7R) va cua S.aureus (PDB-ID: 6KVS) [16]
bing phan mém Autodock Vina 1.1.2. [17]. Két qua cho thdy, chat
(2) ¢6 kha ning gan két trén khoang xiic tac ciia enzyme FabH trén
ca 2 chung vi khuan. Két qua phan tich c4c twong tac trong khoang
gén két ctia chit s6 (2) va enzyme FabH dugc trinh bay ¢ hinh 9
(FabH cua E. coli) va hinh 10 (FabH cua S. aureus).
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Hinh 9. M6 phong sw gén két clia chét (2) vao enzyme FabH cua E.
coli (PDB-ID: 6X7R).

Hinh 10. M6 phdéng sw gan két ctia chat (2) vao enzyme FabH cua
S. aureus (PDB-ID: 6KVS).

£ ~
Két luan

5 dan chat mang khung cdu tric 1,3-benzodioxole két hop véi
cac nhom chirc hoa hoc va khung cdu tric da dang khac nhau da
duoc tong hop trong nghién ctru nay, 4 chat trong s6 d6 ¢6 cau tric
hoan toan mdi theo tra ctu trén SciFinder. Két qua khao sat hoat
tinh khang khuan cho thay, chat (2) véi céu tric két hop giita base
Schiff va vong 1,3-benzodioxole cho hoat tinh & mirc trung binh
trén 4 ching vi khuan bao gdm ca gram am va gram duong, trong
d6 c6 chiing vi khuan dé khang khang sinh MRSA. Nghién ciru du
doan va mo phong twong téc in silico goi y vé kha ning gin két cua
chat (2) d6i véi enzyme FabH cua vi khuan. Cac két qua trén tao
tién d& cho céc nghién ctru tiép theo vé nhém cu triic base Schiff
va 1,3-benzodioxole nham phét trién thanh thudc khang sinh tiém
nang.

KHOA
&CONGHN%CI:-IE

65(9) 9.2023

Khoa hoc Y - Duoc | Dugc hoc wems

TAI LIEU THAM KHAO

[1] World Health Organisation (2022), 2021 Antibacterial Agents in Clinical
and Preclinical Development: An Overview and Analysis, https://www.who.int/
publications/i/item/9789240047655, accessed 27 July 2022.

[2] Cuc Quan ly Duoc (2022), Drug Bank, https://drugbank.vn, truy cap ngay
27/07/2022.

[3] L. Popiotek (2017), “Hydrazide-hydrazones as potential antimicrobial
agents: Overview of the literature since 20107, Med. Chem. Res., 26(2), pp.287-
301, DOTI: 10.1007/300044-016-1756-y.

[4] Huynh Thi Ngoc Phuong, Trin Ngoc Chau, Lé Nguyén Hdng Huyén,
Nguyén Thi Thu Thity (2014), “Tong hop va khao sét hoat tinh khang khuén ciia
mot s6 base Schiff va dan cht amin twong ung”, Tap chi Y hoc TP H6 Chi Minh,
18(2), tr.347-352.

[5] S. Prasad, V. Radhakrishna, T.K. Ravi (2019), “Synthesis, spectroscopic
and antibacterial studies of some Schiff bases of 4-(4-bromophenyl)-6-(4-
chlorophenyl)-2-aminopyrimidine”, Arab. J. Chem., 12(8), pp.3943-3947, DOI:
10.1016/j.arabjc.2016.03.003.

[6] N.B. Putarov, J.S. Cruz, E.M. Carvalho, et al. (2020), “Synthesis and
bioactivity screening of dihydroisoxazoles derived from Eugenol”, Rev. Virtual
Quim., 12(2), pp.345-355, DOI: 10.21577/1984-6835.20200027.

[7] A. Daina, O. Michielin, V. Zoete (2017), “SwissADME: A free web tool
to evaluate pharmacokinetics, drug-likeness and medicinal chemistry friendliness
of small molecules”, Sci. Rep., 7(1), DOL: 10.1038/srep42717.

[8] Clinical and Laboratory Standards Institute (2012), Performance
Standards for Antimicrobial Disk Susceptibility Tests;, Approved Standard, 11*
Ed. (M2-Al11), 32(1), 76pp.

[9] Clinical and Laboratory Standards Institute (2018), Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically, 11" Ed.,

13pp.

[10] Clinical and Laboratory Standards Institute (2021), Performance
Standards for Antimicrobial Susceptibility Testing, M100-ed31, 31" Ed., 16pp.

[11] T. Budiati, D.A. Stephanie, E.C. Widjajakusuma (2012), “Rapid
solvent-free microwave assisted synthesis of some n’-benzylidene salicylic acid
hydrazides”, Indo. J. Chem., 12(2), pp.163-166, DOI: 10.22146/ijc.21357.

[12] SciFinder (2022), https://scifinder.cas.org, accessed 27 July 2022.

[13] MLJ. Keiser, B.L. Roth, B.N. Armbruster, et al. (2007), “Relating protein
pharmacology by ligand chemistry”, Nat. Biotechnol., 25(2), pp.197-206, DOL:
10.1038/nbt1284.

[14]Y. Zhou, Q.R. Du, J.Sun, et al. (2013), “Novel Schiff-base-derived FabH
inhibitors with dioxygenated rings as antibiotic agents”, ChemMedChem, 8(3),
pp.433-441, DOLI: 10.1002/cmdc.201200587.

[15] X. Zhang, C.B. Sangani, L.X. Jia, et al. (2014), “Synthesis and
antibacterial evaluation of novel Schiff’s base derivatives of nitroimidazole
nuclei as potent . coli FabH inhibitors”, RSC Adv., 4(97), pp.54217-54225, DOL:
10.1039/C4RA08567A.

[16] RCSB Protein Data Bank, https://www.rcsb.org/, accessed 3 March
2022.

[17] O. Trott, AJ. Olson (2010), “AutoDock Vina: Improving the speed
and accuracy of docking with a new scoring function, efficient optimization, and
multithreading”, J. Comput. Chem., 31(2), pp.455-461, DOL: 10.1002/jcc.21334.

2]



