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Tém tit: Ly thuyét phiérn ham mat d6 da duoc s dung dé nghién ctu kha
ning chdng oxy héa ciia 5-amino-1-naphthol (NH2C10HsOH) trong phan tng
v6i gbe tu do HOO". Phan tng theo co ché chuyén nguyén tir hydro da duoc
khio sat & ba vi tri N17-H18, N17-H19 va 020-H21 & muc ly thuyét
©b97xd/6-311++g(d,p). Két qua cho thiy rang 020-H21 duoc danh gia 1a vi
tri chuyén hydro duoc wu tién nhét véi tbe d6 phan ung 1a 3,6x10° M1sL,
Phan (g c6 gid trj hiéu ung nhiét la —5,6 kcal.mol” 1 va nang lugng tu do
Gibbs —6,4 kcal.mol™L. Piéu nay ching to phdn tmg gitra HOO" va 5-amino-
1-naphthol 1a qua trinh toa nhiét va ty dién bién.

Tir khéa: 5-amino-1-naphthol, HAT, ning lugng phan ly lién két, hiang sb toc
do.

1. PAT VAN BE

Trong nhitg nam gan day, sy nghién ctru vé cac chat chong oxy héa ludn thu hit duoc
sw quan tam cua céc nha khoa hoc trong va ngoai nude. Céc chat chong oxy héa thuong
gap la cac hop chét c6 nang lugng phan ly lién két N-H, O-H thap [1]. Nhiéu co ché
khac nhau nhu co ché chuyén nguyén tu hydro (HAT), co ché chuyén electron (SET), co
ché cong gbc tu do (RAF) c6 thé duoc sir dung dé dénh gia kha nang chong oxy hda cia
mot hop chét [2]. 106

Hinh 1. Cau trdc téi wu cua 5-amino-1-naphthol

Mot sé cac nghién ctru vé dan xuat cua naphthalene cho thy ching 1a nhiing hop chit co
kha ning chéng oxy hoa, khang khuan manh, chéng lai nhiéu loai mdm bénh & nguoi.
Nam 2011, Y. Matsushita va cac cong sy d tach thanh cong hop chat 4,8-dihydroxy-5-
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methoxy-2-naphthaldehyde (D1) tir than gb ctia ciy Diospyros kaki va metyl hoa n6 bang
diazomethane cho hai din xuidt 1a [4-hydroxy-5,8-dimethoxy-2-(2-oxopropyl)-
naphthalene (D2) and 2-glycidyl-4-hydroxy5,8-dimethoxy naphthalene (D3) [3]. Céc hop
chat D1, D2 va D3 déu cho kha nang chdng oxy héa hiéu qua cao. Trong khi D1 thé hién
kha ning bat gbc tu do DPPH t6t hon D2 va D3 thi D2 va D3 lai thé hién kha ning trung
hoa ABTS tét hon DI1.

Nam 2014, hai nha khoa hoc 14 S. Anand Raghunath va K. Nandibeoor Mathada di tong
hop va danh gia hoat tinh sinh hoc cuia cac chat dan xuét indole két hgp aminonaphthol
[4]. Céu tric cua cac hop chat méi duoc téng hop da duoc xac nhan bang phuong phap
phan tich nguyén t6, pho cong huong tir hat nhan 1H va 13C, va dir liéu pho khéi. Kha
nang chéng oxy hoa,  khang khuan, chdng ung thu cia cac hop chit nay da duoc khao sat.
Két qua cho thidy hop chat 2-[(5-Chloro-2-phenyl-1H-indol-3-yl)(piperidin-1-
yl)methyl]naphthalene-1-ol c6 kha ning bat cac gdc tu do va khir ion Fe(III) t6t nhat.

Nim 2017, S. Sugahara va nhém nghién ciru d tong hop nén 2 dan xuat 1-naphthylsulfate
va 2-naphthylsulfate ¢é danh gia va so sanh kha ning chng oxy hoa vai 1-naphthol va 2-
naphthol [5]. Két qua cho thay kha ning chéng oxy héa ctia 1-naphthyl sulfate thip hon 1-
naphthol tir 5,60-7,35 lan. Trong khi d6, 2-naphthyl sulfate va 2-naphthol ¢6 kha ning bt
gdc tu do manh twong duwong nhu nhau. Céc két qua thu duoc chi ra rang sy xuét hién cua
nhom sulfate khong phai luc nao ciing 1am giam hoat tinh chdng oxy héa cta chiing ma
hoat tinh chong oxy hoa cta cac dan xuat naphthol con phu thudc vao vi tri sulfate hoa.

Nim 2021, M. Erdogan va cac cong su da nghién ctru vé kha ning chong oxy hoa ciia cac
dan xuét mang nhom thé F, Cl, Br, OMe, va dioxole tai cac vi tri khac nhau cta cac vong
thom cta 1-naphthol [6]. Cac dan xut naphthol dugc tong hop theo ba bude, d6 1a phan
ung cong furan thong qua phan trng cong dong vong Diels — Alder, phan tng thom hoéa
xuc tac dong (II) trifluoromethanesulfonate va phan g brom héa. Kha nang chéng oxy
hoéa cua ching d3 duoc danh gia bang cac phuong phap ABTS™ va DPPH". Két qua cho
thidy mot s6 dan xuét ciia 1-naphthol cho kha nang bat gdc tu do khé hi¢u qua.

Céc nghién ctru trén cho thiy, cac dan xuit ctia naphthalene c6 kha ning chong oxy héa
hiéu qua. 5-amino-1-naphthol 1a hop chét c6 chira cac lién két N—-H va O—H c6 ning luong
phan ly lién két thap, vi viy hop chat nay duoc dy doan s& 1a chat chéng oxy hoa tiém
ning dé nghién ctru. Hinh 1 biéu dién hinh dang c4u trac véi mot s6 thong sb kich thude
ctia 5-amino-1-naphthol da dugc t6i wu hoa & mirc Iy thuyét wb97xd/6-311++g(d,p). Pay
1a phuong phap mang lai 6 chinh xac cao khi tinh cac théng sb nhiét hoa hoc, dong hoc
[7]. Cac thtr nghiém cho théy réng ®b97xd c6 sy cai tién so voi cac ham mat do hiéu
chinh phan tan kinh nghiém. Chinh vi vay, phuong phap nay dugc sir dung dé nghién ctru
1y thuyét vé kha nang chdng oxy héa ciia 5-amino-1-naphthol.

HOO' dugc danh gia la mét trong nhiing goc peroxyl don gian nhung cho cac két qua tinh
toan cac hang sO tc d6 ciia qua trinh bat goc tu do kha chinh xac [8]. Vi vdy, trong nghién
ctru nay goc HOO® dugc lya chon lam goc tu do dai dién dé nghién ctru kha nang chong
oxy hoa ctia 5-amino-1-naphthol thdng qua co ché chuyén nguyén tir hydro (HAT).
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2. PHUONG PHAP NGHIEN CUU
Phan tmg theo co ché HAT xay ra nhu sau [9]:

RN-H + HOO® —RN---H--OOH—> RN* + HOOH (2.1)
Trong d6, ning lwong phan ly lién két dugc tinh theo cong thrc:
BDE(N-H) = H(RN®) + H(H*) — H(RN-H) (2.2)

Cac dai lugng nhiét dong dac trung cho cac co ché chéng oxy hoa duoc tinh & 298 K
va 1 atm. Trong d6 H(RN-H) 1a entanpi ctia hgp chat chdng oxyhda, H(RN®) 1a entanpi
cta gbe tu do chat chéng oxy hoa, H(H®) 1a entanpi cta gbc tu do hydro [10, 11].
Téng entanpi H, ¢ nhiét 4o T duoc tinh bé“mg biéu thirc sau:

H = Eelec + ZPE + AHirans + AHrot + AHyib + RT (2.3)
V6i AHtrans, AHrot, va AHyip 1an luot 1a sy dong gop tinh tién, quay va dao dong ddi véi
entanpi; Eelec 1a tong nang lugng electron cta hé ¢ 0 K va ZPE 1a nang lugng dao dong

diém khong [12]. Entanpi cua e~ trong pha khi dugc tham khéo tir tai lidu da tinh toan
dugc cua J. Rimarcik va cac cong su [13].

Céc hang s6 toc do phan img va nang luong tw do Gibbs hoat hda theo co ché HAT dugc
tinh toan bang phan mém Eyringpy [14]. Tat ca céc tinh toan dugc thuc hi¢n boi phan
mém Gaussian 16.

3. KET QUA VA THAO LUAN

Bang 1. Gid tri nang luong phan ly lién két (BDE), ndng lwong tw do Gibbs hoat héa (1G7),
hang so toc d¢ (k) cua phan vng giita 5-amino-1-naphthol va HOO®

Vi tri BDE(kcal.mol?) (kcaAl_?:ol_l) k (Ms)
N17-H18 84,8 13,6 1,2 x 108
N17-H19 86,1 15,2 7,2 % 10°
020-H21 76,7 13,5 3,6x 10°

Khi xét theo co ché chuyen nguyén tir hydro (HAT), cac gia tri nang luong phan ly lién
két (BDE) la thong s6 nhiét dong hoc quan trong can duoc tinh toan [15]. 5-amino-1-
naphthol c6 ba lién két N—H (N17-H18, N17-H19, 020-H21) d& bi cit dut ing v4i ning
luong phén ly lién két 1an luot 1a 84,8; 86,1 va 76,7 kcal.mol™ (Bang 1) khi tinh &
©b97xd/6-311++g(d,p). Nhu vy 020-H21 dugc du doan 1a vi tri dé cho nguyén tir hydro
nhat trong phan tir 5-amino-1-naphthol. Nghién ctru 1y thuyét vé co ché HAT duoc thyc
hién v&i myc tiéu lam sang t6 ban chit ctia cac phirc chat phan mg, trang thai chuyén
tiép, chat trung gian va cac san pham [16].

Theo K. U. Ingold va céc cong sur, mot chat c6 kha ning cho nguyén tir hydro hoan hao,
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chét d6 phai c6 nang luong phan ly lién két thap va toc do phan tng phai nhanh [17]. Vi
vdy, chung t6i tién hanh xay dung bé mit thé ning va tinh hang s6 toc do cho phan tmg
gitra 5-amino-1-naphthol véi goc tuy do HOO® ¢ mirc ly thuyét wh97xd/6-311++g(d,p).
Céu tric hinh hoc cua tit ca cac chat trung gian va trang thai chuyén tiép lién quan dén
phan ung ctua 5-amino-1-naphthol ¢ vi tri O20-H21 dugc minh hoa trong Hinh 2 nhu la
mot vi du tiéu biéu cho cac vi tri phan tng khac nhau ciia hop chét nghién ciru.
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Hinh 2. Cdc trang thai Inter 1, TS va Inter 2 khi 5-amino-1-naphthol phdn irng véi HOO'
tai vi tri O20-H21

Ldc dau, 5-amino-1-naphthol va HOO" tao thanh chét trung gian 1 (Interl), mot lién két
hydro duoc hinh thanh gitta nguyén tir 022 ctia goc tw do HOO"® va nguyén tir H21 cua 5-
amino-1-naphthol vé&i khoang cach 022--H21 1a 1,59 A. Khoang cach nay ngan hon
khi lién két hoa hoc dugc hinh thanh gitra 022 va H21 thong qua trang thai chuyén
tiép (TS). O trang thai TS, khoang cach 022-+-H21 va H21--020 lan luot 14 1,29 A va
1,10 A. Sau d6, phan tng tao thanh chét trung gian 2 (Inter2) chtra gdc tu do cta phan tir
5-amino-1-naphthol va HOOH. H21 di chuyén tir phén tir 5-amino-1-naphthol d¢én HOO"
va hinh thanh lién két cong hoa tri giita nguyén tir H21 va 022 cta gbc HOO". Céc san
pham duoc tao ra véi higu Gmg nhiét ctia phan tng AH = 5,6 kcal.mol-*. Diéu nay ching
to phan tmg gitra HOO"® va 5-amino-1-naphthol 1a qua trinh toa nhiét.

Hinh 3 12 bé mit thé ning ctia 5-amino-1-naphthol khi phan tng véi HOO® ¢ ba vi tri
N17-H18, N17-H19 va 020-H21 theo co ché HAT. Quan sat Hinh 3, cic phan tmg bat
dau véi sy hinh thanh cta trang thai trung gian 1 (Inter 1) c6 mic ning luong 1a —8,4;
—2,0 va —3,8 kcal.mol=* (so véi cac chét phan mg) twong tmg véi cac vi tri N17-H18,
N17-H19 va 020-H21. Tiép dén, cac phan ing vuot qua cac trang thai chuyén tiép (TS)
vOi1 cac hang rao nang luong co gia tri lan luot 13 5,5 ; 7,7 va 4,0 kcal.mol™. Cac phuc
san phém (Inter2) dugc tinh toan véi cac gia tri nang luong 1a —6,5; —-6,7; —14,7 kcal.mol*
tuong Ung véi cac vi tri N17-H18, N17-H19 va 020-H21. Hiéu tng nhiét (AH®) va ning
luong tu do Gibbs (AG®) cuia cac phan tng giita 5-amino-1-naphthol va gbc HOO" 1an
lugt c6 gia tri 2,4 va 1,9 kcal.mol=! & vi tri N17-H18; 3,8 va 3,1 kcal.mol* & vi tri
N17-H19; -5,6 va —6,4 kcal.mol* & 020-H21 (Hinh 3). Cac gia tri nay mét lan nira
khang dinh 020-H21 13 vi tri phan tng c6 thé xay ra dé dang nhat.
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Hinh 3. Bé mdt thé nang ciia phan g gitta 5-amino-1-naphthol va géc HOO" theo co ché HAT

0 ba vi tri N17-H18, N17-H19 va 020-H21

Céc toa d6 phan tmg n6i (IRC) cua phan tmg gilra 5-amino-1-naphthol va HOO' theo co
ché HAT cting dugc biéu dién ¢ Hinh 4. Cac duong phan tng nay hoan toan phu hop voi
bé mat thé nang da xay dung & Hinh 3.
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Hinh 4. Cdc toa dj phan vmg néi ciia phan vmg giita 5-amino-1-naphthol va HOO« theo co ché HAT

Tiép theo, dé danh gia téc do phan tng cua cac chét chdng oxy hoa khao sat, nang luong
tu do Gibbs hoat hoa (AG?), hang so toc do (k) ciia cac phan tng bat goc tuw do HOO® da
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dugc tinh toan ¢ muc 1y thuyét wb97xd/6-311++g(d,p) ¢ 298 K trong pha khi va duoc
trinh bay trong Bang 1. Hang s téc do cua 5-amino-1-naphthol c6 gié trj 1a 1,2 x 10°
M-1s1 & N17-H18; 7,2 x 10° M~'s™ & vi tri N17-H19 va 3,6x 10° M's~! & vi tri 020
H21. Nang luong tu do Gibbs hoat héa cuia 5-amino-1-naphthol ciing c6 gia tri thdp nhét
la 13,5 kcal.mol & vi tri 020-H21. Diéu nay cho thiy phan tng theo co ché HAT cua
5-amino-1-naphthol dién ra d& dang nhit & vi tri 020-H21.

3. KET LUAN

Kha ning chdng oxy héa ciia 5-amino-1-naphthol di duoc nghién ctiru ¢ ba vi tri N17—
H18, N17-H19 va 020—H21. Két qua cho thay ning lugng phan ly lién két cia 020-H21
c6 gia tri nho nhit (76,7 kcal.mol™) trong ba vi tri khao sat. Pay ciing 13 vi tri c6 gid tri
nang luong cua trang thai chuyén tiép nho nhat 1a 4,0 kcal.mol~ va hang s6 toc d6 phan
tmg véi goc tw do HOO® cao nhat 3,6x10° M-'st, Kha ning cho nguyén tit H & vi tri
020-H21 dugc danh gia dé dang hon so véi cac vi tri cta lién két N—H trong phén tir 5-
amlno -1- naphthol Két qua nay co gia tri quan trong cho viéc dinh hudng cac nghién ctru
tiép theo vé kha nang chéng oxy hoa ctia cac dan xudt ctia naphthol.

Loi cam on: Nghién ctru nay duogc tai trg boi Truong Pai hoc Su pham, Pai hoc Hué trong nhiém
vu ma s6 T.22-TN-01.
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Title: RESEARCH ON THE ANTIOXIDANT ABILITY OF 5-AMINO-1-NAPHTHOL BY
HYDROGEN ATOM TRANSFER MECHANISM

Abstract: The density functional theory has been used to study the antioxidant capacity of 5-
amino-1-naphthol (NH.C10HsOH) in reaction with HOO" free radical. The hydrogen atom transfer
(HAT) reaction mechanism was investigated at three positions N17-H18, N17-H19 and O20-
H21 at the theoretical level ©b97xd/6-311++g(d,p). The results showed that O20-H21 position
was rated the most favored hydrogen transfer position with the highest rate constant of 3,6.10° M~
51, The reaction had the enthalpy value of —5.6 kcal.mol™* and the Gibbs free energy of —6.4
kcal.mol™t. These proved that the reaction between HOO® and 5-amino-1-naphthol was an
exothermic and spontaneous process.

Keywords: 5-amino-1-naphthol, HAT, bond dissociation energy, rate constant.



