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Tém tit

Trong nghién ctru ndy, phan tmg gitra gbc tu do hydro peroxyl (HOO") va hop chat allyl-isothiocyanate da dugc nghién
clru bang phuong phap phiém ham mat d6 (DFT). Ba co ché phan tmg gdm chuyén hydro (HT), cong goc tu do (RAF)
va chuyén don dién tir (SET) d3 dwoc danh gia ¢ mirc ly thuyét M06-2X/6-311++G (3df, 3pd)//M06-2X/6- -311++G (d, p)
trong moi truorng nuorc va pentyl ethanoate (PEA) Két qua cho thdy phan tmg HT 13 phan tng loai bé gbc tu do chiém
vu thé véi hing sb tde do phan tng cao nhit: 1,24 x 10! M's! (nuée) va 2,54 x 10° M''s” (PEA). Nhu vay,
allyl-isothiocyanate wu tién phan tng véi goc HOO' theo co ché chuyén hydro tai vi tri C3-H.

Tir khéa: allyl-isothiocyanate; chat chdng oxy hoa; HT; RAF; SET.

Abstract

This study investigated the reaction between the hydroperoxyl (HOO") radical and allyl-isothiocyanate using the
density functional theory (DFT) method. Three reaction mechanisms, including hydrogen transfer (HT), radical adduct
formation (RAF), and single electron transfer (SET), were calculated at M06-2X/6-311++G (3df, 3pd)//M06-2X/6-
311++G (d,p) level of theory in water and pentyl ethanoate (PEA). The results showed that the HT reaction is
predominant, with the highest rate constants being 1.24 x 10! M''s™! (water) and 2.54 x 10° M-!'s"' (PEA). Thus,
allyl-isothiocyanate preferentially reacts with the HOO" radical via the HT mechanism at the C3—H position.

Keywords: allyl-isothiocyanate; antioxidant; HT; RAF; SET.
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1. Giéi thi¢u

Cac géc tu do c6 thé nhan hodc cho dién tur
do sy thiéu dién tir ghép d6i va chiing ¢ thé hoat
dong nhu mot chat khir hodc chat oxy hoa [1, 2].
Sy hinh thanh gdc ty do c6 thé xay ra tir ngudn
ndi sinh hodc ngoai sinh. Su gia tding qua muc
cta cac gdc ty do ndi sinh s& dan dén mat can
bang oxy hoa. Cac gbc tu do sinh hoc nay tin
cong cac phan tr quan trong trong co thé nhu
lipid, protein hay cac ADN, gay ra ton thuong
nghiém trong. Do d6, viéc bo sung cac chat
chéng oxy héa co lgi cho co thé dé loai bo va
lam giam thiéu tac hai do cac gbc tu do gay ra la
hét sirc can thiét.

Mot s6 nghién ciru trude day da cho thdy vai
trd clia cac hop chat thién nhién trong viéc loai
b6 gde tu do va ngan chin sy mat can bang oxy
hoa. Nhiéu nghién ctru 1y thuyét da 1am 1 co ché
chbng oxy héa ciia cac hop chit nay thong qua
phan trng vo1i géc tu do hoat dong. Vi du, Galano
va cong su [3] di két hop cac nghién ctru 1y
thuyét va thuc nghiém dé 1am rd co ché quét gbe
tu do HO® cua axit nordihydroguaiaretic. Cong
trinh nay cho thay hop chat dugc nghién ciru ¢6
kha nang quét gbc HO" hiéu qua véi hang sd toc
d6 phan mg cao va nam trong gii han khuéch
tan. Nhom tac gid Purushothaman [4] cling
nghién ctru hoat tinh quét gbc HO" ctia N-acetyl
tryptophan va N-acetyl serotonin, bing phuong
phap 1y thuyét phiém ham mat do (DFT). Ngoai
ra, Boulebd va cong su [5] da nghién ctu co ché
quét gbc tu do HO", HOO", NO" va NO»" cua
daphnetin trong méi truong sinh 1y, bang cac
tinh toan hoa hoc lugng tir. Két qua ciia tac gia
cho thdy hang s6 tdc d6 phan tng véi gbec HO'
la-cao nhat 4,00 x 10° va 7,50 x 10° M's™,
tuong ung trong moi truong nudc va lipid. Kha
nang quét gdc tu do ctia cac hop chat terpenoid
tu nhién cting dugc ching minh trong cac nghién
ctru ciia Ngo va cong sy [6-7]. Gan day, nhom
nghién ctru cta Markovic [8] da ching minh
tiém nang bao vé protein cua alizarin chéng lai
tac hai caa gbc HOO".

Ngoai ra, cac hop chit Isothiocyanate tu
nhién c6 trong mam bong cai xanh ciing thé hién
tiém nang chong oxy hoa. Mot nghién ciru Jang
va cong su [9] vé cac thanh phan c6 trong mam
bong cai xanh cta di chi ra rang cac hop chat
Isothiocycanate bay hoi dién hinh c¢6 hoat tinh
chéng oxy hoa. Theo d6, Nguyén va cong su
[10] da thyc hién nghién cru danh gia hoat tinh
chéng oxy hoa cua chin din xuét isothiocyanate
c6 trong mam bong cai xanh. Trong nghién ctru
d6, cac thong sd nhiét dong nang luong phan ly
lién két (BDE) va niang lugng ion hoa lan luot
dic trung cho cic co ché chdng oxy héa nhu
chuyén nguyén tir hydro (HAT) va chuyén dién
tu (SET) da duogc tinh toan trong pha khi & murc
ly thuyét B3LYP/6-311++G(3df,
3p)//B3LYP/6-311++G(d, p). Gan day, ching
t6i ciing dd nghién ctru kha ning quét gbe tu do
HO" ciia bon hop chat isothiocyanate tiém niang
(allylisothiocyanate, 1-isothiocyanate-3-
methylbutane, 4-methylphenyl isothiocyanate,
va 2-phenylethyl isothiocyanate) nham imng
dung lam chit phu gia chng oxy héa trong céac
san pham dau mo6 [11]. Két qua cho thdy hop
chét allyl-isothiocyanate thé hién hoat tinh t6t
nhit véi toc do tuong ddi 16n trong ca hai dung
moi nudc va pentyl ethanoate (PEA).

Trong nghién ctru ndy, ching t6i tiép tuc danh
gia kha nang phan tng cuia hop chit allyl-
isothiocyanate tiém ning véi goc tu do HOO".
Ba co ché phan mg gdm chuyén hydro (HT),
cong goc tu do (RAF) va chuyén don dién tir
(SET) sé& dugc nghién ciru dé danh gia mot cach
toan dién kha ndng phan irng xay ra. Nang luong
tir do Gibbs va hang s6 toc do cac phan tmg duoc
tinh trong pha nudc va PEA.

2. Phuwong phap nghién ciru

Phuong phép 1y thuyét phiém ham mat do
(Density Functional Theory — DFT) M06-2X
[12] v6i bd ham co s¢ 6-311++G (d, p) dugce sur
dung dé toi uu hoa cau triic phan tir va tinh toan
tan s6 dao dong. Sau d6, ning luong cho tit ca
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cac trang thai ctia phan mg véi goc tu do dugc
tinh & mirc 1y thuyét 6-311++G(3df, 3pd). Cac
tinh toan trong pha nudc va PEA dua trén mo
hinh dung méi lién tuc SMD [13]. Phian mém
Gaussian 16, phién ban C.01 dugc sir dung dé
thuc hién tit ca cac tinh toan trong nghién ctru
nay [14].

Khé ning phan ung gittra HOO" va allyl-
isothiocyante dugc danh gia dua trén sy bién
thién cua nang lugng tu do phan ung Gibbs
(4G"). Céc gia tri nay dugce tinh toan dya trén sy
chénh léch nang lugng ctia san pham va chat phan
ung.

- Phdn vng chuyén hydro (HT):

R-H + HOO®— R*+ HOOH (ptl)
AG’uyr = (Gr- + G noon) — (Gr-t1 + Groo-)
(btl)
- Phan itng cong goc tw do (RAF):
R-H + HOO'—-[HOO-R-H]
AG’rar = Grroo-r-j- — (Gr-t1 + G Ho0")
(bt2)

- Phadn vng chuyén don dién tir (SET):

R-H + HOO®* — R-H" + HOO" (pt3)
AG’ser = (Groo + Gr-t++) — (Gr-r + Groo-)
(bt3)

Hang s toc d6 phan tmg duoc tinh dya trén

(pt2)

Iy thuyét trang thai chuyén tiép (transition state
theory - TST) theo biéu thirc [15-17]:

kT
kT —-GK-7;—

e—(AG*)/RT

Trong d6, & 1 hang s6 Planck, R 13 hang s6
khi 1y tuéng, ks 1 hang s6 Boltzmann, T 1a nhiét
do (K), AG7 1a ning lugng hoat héa phan tmg
Gibbs, o 1a s6 duong phan ng, « hé sb diéu
chinh dudng ham dugc tinh theo phuong phap

Eckart [18]. Ly thuyét Marcus duoc sir dung dé
tinh toan nang luong hoat héa cho phan tng
chuyén dién tir [19-20].

Trong dung moi, hing sb tdc dd nhiét phan
tmg (kr) trong mot sd truong hop gan véi gia tri
gidi han khuéch tan, nén héng s6 toc do hiéu
chinh khuéch tin biéu kién (the apparent
diffusion-corrected rate constant - k) dugc
tinh theo 1y thuyét Collins - Kimball [21] nhu
sau:

_ kpkr
app kp+kT

k

(bt 4)

V6i kr 1a hang s6 toc d6 nhiét, kp 13 hang sb
tdc d6 khuéch tan theo Smoluchowski [22] duoc
tinh toan nhu sau:

kD = 4T[DABRABNA (bt 5)

Trong d6, Dyp 14 hé s khuéch tan giita chat
phan ting A va B, R,z (A) 14 khoang céach giira
hai nguyén tir twong tac ctia A va B va N 1a s6
Avogadro. Va D, duoc ude tinh tir tong cua D,
va Dp theo dé xudt cia Truhlar [23], va dugc tinh
toan bang mo hinh Stoke — Einstein [24-25]:

p = XL (bt 5)

6mna

n 1a do nhét cua dung méi (nude: n = 8,91x107

Pa.s va PEA: 1 = 8,62x10* Pa.s), a 1a ban kinh

ctia chit tan, k gla héng s6 Boltzmann, T 1a nhiét

do (K).

3. Két qua va thao luin

3.1. Cdu tricc t6i wu héa va céu tric di¢n tii
Hinh 1 biéu dién cau trac t6i wu, gian dd bé

mat thé ning tinh dién (electron surface

potential-ESP) sy phin bd HOMO (highest

occupied molecular orbital), va LUMO (lowest

unoccupied molecular orbital) tinh & muc ly
thuyét M06-2X/6-311++G(d, p) trong pha khi.
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Ciu tric toi wu

ESP

LUMO

HOMO

Hinh 1. CAu triic t5i wu, bé mit thé ning tinh dién (ESP), phan bd LUMO va HOMO cua hop chét nghién ciru.
(D6 dai lién két c6 don vi A).

Céu tric t6i wu coa hop chat allyl-
isothiocyanate cho thiy d¢ dai lién két C—H thay
doi tir 1,083-1,092 A, lién két C—C 1a 1,505 A
va lién két C=C dao dong tur 1,176-1,590 A. Su
phan b6 LUMO dugc xac dinh trén hau khip
phan tu. Trong khi do, sy phan b6 HOMO lai tap
trung & nhom —N=C—-S chtra cac nguyén tir co
d6 am dién 16n. Gian d6 bé mat thé ning tinh
dién (ESP) ctia hop chit nghién ctru cho thiy
vung dién tich tich &m (mau do) tap trung chu
yéu quanh cac nguyén tir N va O va cac ving
dién tich duong (mau xanh) lai tap trung chu yéu
vao cac nhém methylene (~CH») va nguyén tur S.
3.2. Khd ning quét géc tw do HOO*

Kha niang quét gbc tu do HOO® cua ally-
isothiocyanate dugc danh gid thong qua ba co

ché phan g gdm chuyén hydro (HT), cong gdc
tu do (RAF) va chuyén don dién t (SET). Bién
thién nang lugng ty do Gibbs (AG®) va hang s6
téc do (k) cac phan g dugc tinh trong pha nude
va pentyl ethanoate (PEA). Gia tri AG® cang am
thi phan ng cang dé xay ra.

3.2.1. Phan irmg chuyén hydro (HT)

Kha ning nhuong mot nguyén tir H cho gbc
tu do ctia cac hop chat chdng oxy héa theo co
ché HT dugc dic trung boi ning lugng phan ly
lién két (BDE). Gia tri BDE cang thép thi lién
két tai vi tri d6 kém bén va nguyén tir H cang dé
dang tach ra khoi phan tir cua chat chong oxy
hoa. Gia tri BDE cua céc lién két trong pha nudce
va PEA ctia hop chit nghién ciru dugc trinh bay
0 Bang 1.
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Bang 1. Gia tri niang luong phan ly lién két C—H (BDE, kcal/mol) va ning lugng ty do Gibbs
(AG®, kcal/mol) ctia phan tng HT gitta allyl-isothiocyanate véi gbc tu do HOO" tai 298K
trong nudc va PEA.

. BDE (kcal/mol) AG® (kcal/mol)
Lién két
Nudc PEA Nudc PEA
C3-H 80,5 77,8 -8,5 -8,0
C4-H 110,4 109,4 20,2 224
C5-H 111,9 110,9 21,8 24,2

Két qua cho thay, BDE ciia cac lién két C—H
dao dong tir 80.5-111,9 kcal/mol trong nude va
tir 77.8-110.9 kcal/mol trong PEA. Lién két C3—
H 1a lién két c6 gia tri BDE thp nhit trong ca
hai dung moéi khao sat. Diéu nay cho thay H tai
vi tri C3 1a d& cat nhét va 1a vi trf uu tién nhét
cho phan ung HT.

=
N
L

o\{,al_aa f,r/’g*‘ﬁ

Béng 1 cho thiy gia tri AG® ctia phan tmg HT
chi am tai vi tri C3—H (-8.5 kcal/mol trong nuéc
va —8.0 kcal/mol trong PEA). Do do, dong hoc
phan tmg s& dugc tinh toan chi tiét tai vi tri nay.
Hinh 2a biéu dién trang thai chuyén tiép cua
phéan tmg HT.

S Y

f
197! ;
1 993 1015 ;1.96
)

9
(b) (c)

»P OOV

Hinh 2. Trang thai chuyén tiép (Ts) ctia phan tmg giita allyl-isothiocyanate v&i gdc tu do HOO' trong dung méi nude:
(a) HT; (b-¢) RAF.

(D6 dai va goc lién két c6 don vi 1an luot 1a A va do (°))

Két qua tinh toan dong hoc cho thdy ning
lugng hoat héa phan tng (AG?), hing sb toc do
khuéch tan (kp), hang s6 toc do nhiét (k7) va hing
sO tdc do biéu kién (kyyp) ciia phan tng HT tai vi
tri C3—H trong nudc va PEA lan lugt 1a AG”
(21,1; 22,1 keal/mol), kp (1,36 x 10°; 1,34 x 10°

Mlsh), kr (1,24 x 10'; 2,54 x 10° M1s), kypp
(1,24 x 10'; 2,54 x 10°M's"). Nhu vay, hang s6
tdc d6 phan tng trong moi truong nudc cao hon
trong PEA nén phan tmg HT wuu tién x4y ra trong
moi truong nudce.
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3.2.2. Phan itng cong goc ti do (RAF)

Phan tmg RAF duoc khao sat tai lién két doi
C4=C5, C6 va N2 cua nhom —N=C-S. Cac

thong s6 nhiét dong va hang s6 toc do cua phan
mg RAF giita cac hop chét véi gbc HOO" dugc
trinh bay ¢ Bang 2.

Bang 2. Ning lugng tu do Gibbs phén tmg (4G’, kcal/mol), ning lugng hoat héa phan tng (AG7,
kcal/mol), hang s6 toc do khuéch tan (kp, M™'s™!), hang sb téc d6 nhiét (kr, M's™), hang s toc do
biéu kién (kapp, M™'s™") va hing s toc d6 tong (krar, M's™") ciia phan img RAF véi gdc tu do HOO"
& diéu kién 298K trong nudc va PEA.

viti | AG’ | AG kp kr | ke | kmar
Nuwoc
C4 4,5 23,2 2,05 x 10° 2,82x 103 | 2,82x 107
C5 4,0 22,5 2,04 x 10° 8,55x10° | 8,55x 107 >
5 =5 1 1,14 x 10
C6 15,9 32,1 1,87 x 10 7,77 x 10 7,77 x 10
N 452 46,4 1,64 x 10° 2,08 x 1020 | 2,08 x 1020
PEA
C4 5,9 24,3 2,02x10° 3,99 x 10* | 3,99 x 10
C5 6,8 24,3 2,01x10° 432x10% | 4,32x10* 4
5 BT o7 1 831 x10
C6 17,5 34,5 1,87x10 1,40 x 10 1,40 x 10
N 43.6 44,9 1,64x10° 247 %101 | 2,47 x 107"

Két qua cho thay gia tri AG’ cia phan ung
RAF déu duong va dao dong tir 4,5 dén 45,2
kcal/mol trong nudc va 5,9 dén 43,6 kcal/mol
trong PEA. Gi4 tri AG” cua cic phan {mg ciing
tuong ddi 16n va nam trong khoang 23,2 dén 46,4
kcal/mol trong nuéc va 24,3 dén 44,9 kcal/mol
trong PEA. Do d6, hang sé toc do phan tmg RAF
khd nho trong ca hai dung moi, dic biét trong
truong hop cong & vi tri N2 (kapp=2,08 x 102° M-
's! trong nudc) (Bang 2). Ngoai ra, két qua cho
thdy hang s6 toc d6 phan tmg RAF tai C4=C5 (i.e.,
kapp= 2,82 x 107 va 8,55 x 107 M!s™! trong nurére)
16n hon tai C6 (i.e., kapp= 7,77 x 1071 M's”! trong

nudc) cua nhom —N=C—S. Hang s toc do phan
g tong krardat 1,14 x 102 M's™! (trong nudc)
va 8,31 x 10* M !s”! (trong PEA). Nhur vay, phan
ung RAF cling uu tién xay ra trong moi truong
nude hon PEA.

3.2.3. Phan irng chuyén don dién tir (SET)

Phan tmg chuyén don dién tir (SET) dugc
thuc hién thong qua viéc chuyén dién tir tir hop
chat nghién ctru cho gdc tw do HOO". Cac gia tri
nang luong va hang s toc do phan tmg SET
duogc trinh bay ¢ Bang 3.

Bang 3. Nang lugng tu do Gibbs phén tmg (AG’, kcal/mol), ning luong hoat héa phan tmg
(AG?, keal/mol), hang s toc d6 nhiét (kr, M's™), hang sb téc d6 khuéch tan (kp, M™'s™!) va hang s
tdc do biéu kién (kszr, M's™") ctia phan tng SET véi gbc HOO' tai 298K trong nudc va PEA.

AG’ AG* kr kp kser
Nuwéce

53,7 239,9 2,25 x 107162 8,09 x 10° 2,25 x 107162
PEA

78,7 79,4 0,00 x 10° 8,10 x 10° 0,00 x 10°
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Két qua tir Bang 3 cho thay gia tri AG’ va AG”
trong ca hai méi trudng déu duong va tuong ddi
cao. Diéu nay cho thay phan tmg SET khong
thudn lgi xdy ra, nén gia tri héng s6 toc do phan
mg kser cling twong d6i nho va co thé bo qua.
Nhu vay, hop chit allyl-isothiocyante khong wu
tién loai bo gbc HOO" theo co ché SET. Trong
ba co ché, phan ung theo co ché HT 1a uu tién
nhat. Tuy nhién, kha ning quét gbc tu do HOO'
ctia hop chat nay nho hon rat nhiéu khi phan tmg
v6i HO" (kapp~ 10%) [11]. Diéu nay duoc giai
thich boi kha ning phan tmg cao hon ciia gdc
HO" so v6i gbc HOO".

4. Két luan

Kha ning phan mg cta gdc tr do HOO" va hop
chét allyl-isothiocyanate da duoc nghién ctru bang
phuong phap DFT trong pha nuéc va PEA. Két
qua cho thay allyl-isothiocyanate d& nhuong
nguyén tir hydro nhat tai vi tri C3-H voi ning
luong ty do Gibbs cua phan tng lan luot -85
kecal/mol trong nudc va -8,0 kcal/mol trong PEA.
Tht tu wu tién phan Gng véi gde tu do theo ba co
ché 1an luot 1a HT > RAF > SET. Kha ning phan
g v6i gde tu do HOO" wru tién xdy ra theo co ché
HT v6i hang sb tc d6 phan tmg dat 1,24 x 10
M's trong nudc va 2,54 x 10°M s trong PEA.
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