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Nghién ctru kha nang quet goc tu do HOO® cua a-terpinene
theo co ché chuyén nguyén tir hydro (HAT) bang phuong phap
phiém ham mat do DFT

A density functional theory (DFT) study on the HOO® scavenging activity of a-terpinene via
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Tom tat

Hoat tinh quét gbc hydroperoxyl (HOO*) cua hop chat o-terpinene thong qua co ché chuyen nguyén tir hydro (HAT) da
dugc nghién ctru bang phwong phap phlem ham mat d6 (DFT). Ning lugng phén ly lién két (BDE) ciia tat ca cac lién
két C—H va nang luong phan tmg vai gbe ty do HOO® (AGP) tai cac vi tri nay dd duoc tinh toan & mirc 1y thuyét MO5-
2X/6-311++G(2df,2p) trong pha khi va dung méi nu6e. Tdc dd phan tng (k) ciing dwoc tinh cho cc phan ng chiém wu
thé. K&t qua cho thiy o-terpinene c6 thé nhudng nguyén tir hydro cho HOO® tai céc vi tri C2-H, C5-H, C7-H va C10-H.
Kha ning phan tng d& nhét & vi tri C5-H véi AGP va k trong nude 1an luot 1a -12.99 kcal/mol va 7.59 x 102 Mts™,
Nhu vay o-terpinene co tiém nang loai bo gde tw do HOO® theo co ché chuyén nguyén tir hydro & nhiéu vi tri C—H.

Tir khéa: a-terpinene; mono-terpnene; chat chéng oxy hoéa; HAT; HOO®.

Abstract

Hydroperoxyl (HOO®)-radical scavenging activity of a-terpinene via hydrogen atom transfer (HAT) mechanism was
studied by density functional theory (DFT). Bond dissociation enthalpies (BDE) of all possible C—H breaking bonds
and the Gibbs free energy of reactions (AG®) with HOO® at these positions were performed at M05-2X/6-311++G (2df,
2p) level of theory in the gas phase and water. The rate constants (kHAT) were then calculated for the promising
reactions. The results show that a-terpinene can transfer a H-atom to HOO® at C2, C5, C7 and C10 sites. The most
favorable position for H-abstraction is C5 position with AG® and k"AT values being -12.99 kcal/mol and 7.59x102 M1.s!
in water. Thus, a-terpinene is able to trap HOO® radical via HAT mechanism at multiple C—H sites.

Keywords: o-terpinene; mono-terpnene; antioxidants; HAT; HOO?®.

*Corresponding Author: Ngo Thi Chinh, Faculty of Pharmacy, Duy Tan University, Da Nang, 550000, Vietnam;
Institute of Research and Development, Duy Tan University, 55000, Danang, Vietnam.
Email: ngothichinh@duytan.edu.vn


mailto:ngothichinh@duytan.edu.

38 V6 Thank Nam, Nguyén Thi Lé Anh,... | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 5(48) (2021) 37-42

1. Giéi thiéu

Gbce tu do trong co thé lién tuc duoc tao boi
hé ndi sinh hay phat sinh do moéi truong bén
ngoai. Goc tu do ndi sinh ¢ vai trd rat quan
trong cho cac phan ung hoa hoc cua qua trinh
chuyén héa tu nhién, ho hap té bao, diét khuan
trong qua trinh thuc bao. Tuy nhién néu khdng
duge kiém soat t6t lugng gbe ti do du thira s&
gy ra tinh trang mat cin bang oxy hoa. Piéu
nay sé& tac dong dén cac phan tir sinh hoc trong
co thé nhu lipid, protein va DNA, dan dén suy
yéu hé mién dich, 130 hoa va mét sé bénh nguy
hiém nhu: ung thu, xo vita dong mach, sa sut tri
tué [1,2]. Thong thudng, co thé chung ta c6 kha
ning diéu hoa qua trinh oxy hoa va duy tri s6
lugng géc tw do & murc cho phép. Bén canh kha
nang tu chéng oxy hoa ciia co thé, viéc bo sung
céc chat chéng oxy hoa tir tu nhién dé loai bo,
ngin nglra va lam giam tac hai cua gbc tu do 1a
rat can thiét.

Cac hop chat terpenoids c6 ngudn gboc tu
nhién da thé hién tiém niang chéng oxy hoa.
Trong cac nghién clru trugc day, chung to61 da
ching minh kha ning chéng oxy héa cua cac
hop chat terpenoids chiét xuit tr nu vdi
(Cleistocalyx operculatus) [3,4]. Mot vai hop
chat da thé hién kha ning chéng oxy hoa tot
nhu o-terpinene, y-terpinene, cembrene, o-
vetivone, falcarinol...Trong d6 a-terpinene la
mot trong sd hop chét tiém ning thudc ho
monoterpene. Ngoai sy c6 mit trong tinh dau
ctia ny voi, né con ¢ nhiéu trong tinh dau bach
dau khiu (Myristica fragrans) va tram tra
(Melaleuca alternifolia) [5]. Kha ning quét gbc
tu do HOO® cua o-terpinene da dugc ching
minh & vi tri C5—H theo co ché chuyén nguyén
tr hydro (HAT) va phan tmg cong vao ndi doi
[3]. Tuy nhién, viéc nhuong nguyén tir hydro
c¢6 thé xdy ra & nhiéu vi tri C—H cta hop chat
nay. Vi vay, trong nghién ctu nay, chung toi
tiép tuc nghién ctru phan tng chuyén nguyén tir
hydro ctia a-terpinene cho gbc ty do HOO® dé
lam sang t6 kha nang quét gbc tu do ¢ nhiéu

tam phan (mg cta hop chit nay. Phuong phap
phiém ham mat d6 (DFT) & muc 1y thuyét
MO05-2X/6-311++G(2df,2p) dugc st dung dé
tinh ning luong phan ly lién két cia tit ca cac
lién két C—H trong pha khi va nudc. Sau do, bé
mat thé ning cua cac phan tng HAT c6 thé xay
ra giita gbc tu do HOO® va o-terpinene tai cac
vi tri C—H s& duoc thiét lap. Cudi cung, chung
t6i so sanh ning lwong va tdc d6 cac phan tng
dé khang dinh vi tri phan g t6t nhat.

2. Phuong phap nghién ctiru

Phuong phap 1y thuyét phiém ham mat do
(Density Functional Theory — DFT) ¢ muc ly
thuyét MO05-2X/6-311++G(2df.2p) dugc sk
dung dé ti wu hoa céu trac phan tir va tinh toan
cac thong sd nhiét dong ddc trung cho co ché
chuyén nguyén tir hydro. Phuong phap nay da
duogc chirng minh 1a dang tin cdy trong viéc tinh
toan dong hoc cho phan tng véi goc tu do va
da duogc su dung rong rai trong cac nghién cuu
trude day [6-9]. Cac trang thai chuyén tiép, chat
trung gian va san pham cia phan tng véi goc
HOO® ciing duoc tinh ¢ cing muc 1y thuyét
trong pha khi va nudc. Anh huéng cua dung
moi dugce khao sat dua trén mo hinh lién tuc
SMD (solvation model density) cia ham PCM
(Polarizable Continuum Model) [10]. T4t ca cac
tinh toan dugc thuc hién b.':ing chuong trinh
Gaussian 09 [11].

Co ché chuyén nguyén tor hydro (HAT —
hydrogen atom transfer) dugc dac trung boi
nang luong phan ly lién két (BDE) [3,12,13].

R-H — R®*+H*®
BDE (R-H) = H(R®) + H(H®) - H(R-H)

Trong d6, H 1a enthalpy cua cic hop chat
tinh ¢ 298.15 K va 1 atm. Gia tri nay thuong
dugc udc tinh 1a tong enthalpy ciia ning luong
& 0 K (E®), ning luong dao dong diém 0 (ZPE),
niang luong cua cac chuyén dong tinh tién
(Htrans), xo0ay (Hrot), dao dong (Hvib) theo biéu
thirc sau:
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H(T): EO + ZPE + Htrans+ Hrot + Hvib + RT
Kha nang phan tUng gira HOO® va a-
terpinene dugc danh gia qua gia tri bién thién
ning lugng tu do Gibbs (AG®) cia phan tng.
R-H + HOO®* — R* + HOOH
AG® = G(R®) + G(HOOH) - G(R-H) - G(HOO*)
Téc dd phan tmg duoc tinh dwa trén ly
thuyét trang thai chuyén tiép (transition state
theory-TST) [14].

Trong d6 ks va h lan luot 1a hiang sb
Boltzmann va Planck, AG* 1a nang lugng tu do

HOMO

Gibbs ciia phan tmg, o 1a sb trang thai luong tir
¢6 ning luong bing nhau cua mot duong phan
mg, duogc tinh cho sd luong cac duong phan
ung tuong duong nhau, va k tinh cho hiu
chinh duong ham.
3. Két qua va Thio luin
3.1. Ciu tritc t6i wu

Hinh 1 biéu dién cdu trac tdi wu cioa a-
terpinene, su phan bd HOMO (highest occupied
molecular orbital), LUMO (lowest occupied
molecular orbital) va gian d6 bé mit thé ning
tinh dién (ESP) dugc tinh & mirc 1y thuyét
MO05-2X/6-311++G(2df,2p) trong pha khi.

LUMO

Hinh 1: Cu triic t6i uu, sy phan bd orbital HOMO — LUMO, gién d6 bé mat thé ndng tinh di¢n (ESP)
ctia hop chat a-terpinene & mirc ly thuyét M05-2X/6-311++G(2df,2p). Pon vi do dai lién két 1a A.

CAu tric t6i vu cia o—terpinene cho thiy do
dai cac lién két C—H thay ddi tir 1.080 t6i 1.088
A, C—C dao dong tir 1.494 t6i 1.523 A va lién
két C=C 1a 1.335 A. Sy phan b6 ctia HOMO va
LUMO téap trung tai vong va tai vi tri C2 va
C10. Bén canh d6 gian d6 bé mat thé nang tinh
dién (ESP) ciia hop chit nghién ciru cho thay
ving dién tich 4m nhét tap trung & vong (ving

mau d6) va cac vung dién tich duwong chu yéu &
trén nhdm methyl.
3.2. Nang lwong phén ly lién két (BDE)

Trong co ché chuyén nguyén tir hydro, kha
ning phan tir nhudng mot nguyén tir H cho gbc
ty do dugc dac trung bdi nang lugng phan ly
lién két (BDE). Khi mét lién két C—H c¢6 BDE
cang nho, lién két cang kém bén va nguyén tir
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H cang dé tach khoi phan tir & trang thai tu do
(H*). Gi4 tri BDE cuia cac lién két trong pha khi
dugc trinh bay & Bang 1 cho tat ca cac vi trf co
thé. Quan sat Bang 1 ta thdy BDE cua cac lién
két C-H cua o—terpinene c6 gia tri trong khoang
tir 72.71 t6i 109.94 kcal/mol. Bon vi tri ¢ gia
tri BDE nhé nhit gom C2—-H, C5-H, C7-H va
C10-H lan luot 1a 75.05, 72.71, 73.70 va 77.28
kcal/mol. Két qua tinh trong nude cho thiy cac
gi4 tri nay thay doi khong dang ké, BDE tuong
ung cho tung vi tri nhu trén 1a 75.96, 73.81,
74.79 va 78.70 kcal/mol. Cac lién két C—H dé
cit nay bi phan cyc boi sy hit electron cta hé
lién hop m C4=C6 va C8=C9.

Béang 1: Niang luong phén ly lién két (BDE,
kcal/mol) va bién thién nang lugng ty do Gibbs
(AG®, kcal/mol) ctia phan Gng giita gbc HOO®
va o —terpinene tinh ¢ muc 1y thuyét MO5-
2X/6-311++G(2df,2p) trong pha khi va nudc.
Gia tri trong ngodc don biéu dién cho két qua
tinh trong nudc.

Lien két (kczf/ﬁol) AG? (kcal/mol)
Cl-H 98.94 15.93
C2_H | 75.05(75.96) | -8.96 (-10.73)
C3_H 98.77 15.76
C5_H | 72.71(73.81) | -10.30 (-12.88)
C6_H 109.03 26.02
C7_H | 73.70 (7479) | -9.31(-11.90)
C8_H 109.94 26.93
C10_H | 77.28(78.70) | -5.73 (-7.99)

3.3. Phdn teng quét goc hydroperoxyl (HOO®)
clia a—terpinene

Kha ning phan mg giira o—terpinene va goc

ty do HOO® duoc danh gia qua gia tri bién
thién niang luong tu do Gibbs (AG®) ciia phan
tmg. Khi gia tri AG° tai vi tri xdy ra phan ng

cang 4m thi phan tng cang d& xay ra. Két qua
trinh bay & Bang 1 cho thdy phan tng HAT tai
cac vi tri C2, C5, C7 va C10 c6 gia tri AG® am
lin lwot 1a -8.96, -10.30, -9.31 va -5.73
kcal/mol trong pha khi va -10.73, -12.88, -
11.90 va -7.99 kcal/mol trong nudc. Nhu vay
phan tng HAT tai tit ca cac vi tri C—H trong
nuée déu thuan loi hon trong pha khi.

Bé mit thé ning phan tng (PES) chuyén
nguyén tir H cta a-terpinene cho géc HOO® tai
cac vi tri C2, C5, C7 va C10 trong dung moi
nudc duge trinh bay & Hinh 2. Cac phan tng
bit dau & dang chit phan tng (reactant) véi
nang lugng twong ddi bang 0. Trang thai trung
gian dau tién (Int-1) duoc hinh thanh giita cac
chat phan ung khi o—terpinene tién lai gan
HOQ?® v6i nang lugng lan luot 1a -4.35, -3.63, -
1.10 va -4.48 kcal/mol cho phan tng tai C2,
C5, C7 va C10. Sau do, trang thai chuyén tiép
(TS) dugc hinh thanh véi rao can nang lugng
twong ung la 8.64, 5.79, 8.06 va 8.43 kcal/mol
lan lugt véi cac vi tri C2, C5, C7 va C10. O
trang thai chuyén tiép, nguyén tir H nam giira
nguyén tu C cua o—terpinene va nguyén tu O
ciia gbc HOO®. Khoang cach C---H dao dong
tir 1.19 dén 1.208 A, trong khi khoang cach
O1---H bién thién tir 1.405 dén 1.454A va goc
ZC—H-01 tr 163.9 t6i 169.0 (Hinh 3). Sau do,
su chuyén nguyén tir H sang gbc HOO® tao ra
chit trung gian thir hai (Int-2) v6i mirc ning
luong lan luot 1a -14.24, -16.56, -15.32 va -
11.57 kcal/mol cho phan ung tai C2, C5, C7 va
C10. San pham cudi ciing cho qué trinh chuyén
nguyén tir H 1a HOOH va gbc o—terpinene hinh
thanh khi mat mot nguyén tir H tai cac vi tri C2,
C5, C7 va C10 véi nang luong tuong ung 1a -
10.73, -12.88, -11.90 va -7.99 kcal/mol (Hinh 2).
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Hinh 2: Bé mit thé niang phan tmg HAT cua a—terpinene voi gbc HOO® trong dung méi nude tinh
cho cac vi tri ¢ ning lwong phan tmg AG < 0 (C2, C5, C7, C10).
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Hinh 3: Trang thai chuyén tiép ctia phan ing HAT giita a-terpinene va HOO® trong dung mdi nuéc.
Don vij d6 dai lién két 1a A va goc lién két 1a do (°).

Ngoai ra két qua tinh tbc d6 phan tng theo
1y thuyét trang thai chuyén tiép (kK™") tai cac vi
tri C2—H, C5-H, C7-H va C10-H lan luot 1a
1.57x10%, 7.59x10%, 4.20x10% va 5.84x10* M-
1 s Nhu vay phan tng dién ra thuan loi theo

th tu nhu sau: C5-H > C7-H > C10-H > C2-
H. Téc d6 phan tmg HAT tai vi tri C5—H c6 thé
so sanh v&i phan tng HAT cua hop chét
paratrimerin C (k"AT= 9.8 x 10?) trong nghién
ctru gan day cua ching toi [9].
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4. Két luan

Trong nghién ctru ndy, kha ning quét goc tu
do HOO?® cuia a-terpinene theo co ché HAT da
dugc nghién ciu bang phuong phip DFT &
mac 1y thuyét MO05-2X/6-311++G(2df,2p)
trong pha khi va nudc. Két qua cho thiy, a-
terpinene dé tach nguyén tir H tai cac vi tri C2—
H, C5-H, C7-H va C10-H ¢ canh h¢ lién hop
C4=C6—C8=C9. Trong d6 vi tri C5-H dé tach
nguyén t H nhit v6i gia tri BDE va ning
lugng tu do cta phan ing thép nhét 1an luot 1a
72.71 va -10.30 kcal/mol trong pha khi va
73.81 va -12.88 kcal/mol trong nudc. Bé mat
thé nang phan tng (PES) chuyén nguyén tir H
ctia o-terpinene cho gbc HOO® trong dung moi
nuéc va tbe do phan tng di duoc thiét lap va
tinh toan, cho thiy o-terpinene c6 kha niang loai
b6 gbc tu do HOO® theo co ché chuyén nguyén
tor H (HAT) tai nhiéu vi tri C—H. Ngoai ra, két
qué tinh toan ciing khang dinh vi tri tiém ning
nhit cta phan tng 1a C5 voi ning luong phan
mg nho nhat -12.88 kcal/mol va toc d6 phan
tg 16n nhét 7.59x10? M™.s trong nudc.
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