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Tém tit

B-cyclodextrin (bCD) la mot trong nhirng dan xuat cta cyclodextrin dugc sir dung dé 1am chat mang thude. Kha ning hip
phu phenol (PheOH) cta bCD trong dung méi nude da duge nghién ciru bang phuong phap 1y thuyét phiém ham mat do
(DFT) tai muc 1y thuyét M06-2X/6-31G(d) két hop v6i md hinh SMD (solvation model based on density). Cac thong s6
hoéa nhiét dong hoc dic trung cho kha niang hip phu PheOH va tao phtrc voi nude bao gdm bién thién enthalpy (AH 9),
bién thién nang luong ty do Gibbs (A/G°) va nang lugng hép phu cua phirc (Eags) dd dwoc tinh toan. Két qua cho thay,
bCD c6 kha ning tao phirc tt véi PheOH tai vi tri 034 (A/G° = -18,6 kcal/mol) va 040 (A:G° = -8,6 kcal/mol). Phirc
PheOH-bCD tré nén én dinh cao hon trong dung méi nudc bang cach tao phirc voi phan tir HO véi gia tri AGP ctia hé
PheOH-bCD-H,0 giam xuéng con -20,4 dén -22,1 kcal/mol. Vé mat co ché, su tao phirc voi hop chét ho phenolic va
nude dugce tao ra boi su hinh thanh cac lién két hydrogen gitra cac phdi tir va bCD va sy chuyén dich dién tir manh tir cac
phéi tir (PheOH, nudce) vao bCD. Két qua thu dugc da ching to tiém ning lam chat mang thude cua bCD.

Tir khéa: B-cyclodextrin; chat mang thude; 1y thuyét phiém ham mat do; phirc chét tw nhién; polyphenol.
Abstract

B-cyclodextrin (bCD) is one of the cyclodextrin derivatives commonly used as a drug carrier. The phenol (PheOH)
adsorption behaviour of bCD in the aqueous phase was studied using the Density functional theory (DFT) approaches at
the MO06-2X/6-31G(d) level of theory combined with the SDM model (solvation model based on density). The
characteristic thermodynamic parameters of the adsorption process were calculated, including the standard enthalpy
(AH®), Gibbs free energy (A/G°), and adsorption energy (Eags) of complexation processes. It is shown that bCD has a high
potential to form complexes with PheOH at the positions O34 (A/G° = -18.6 kcal/mol) and 040 (A/G° = -8.6 kcal/mol).
Moreover, the PheOH-bCD complexes become more stable in the aqueous phase in complexing with H,O molecules. The
AG° values of the PheOH-bCD-H,O systems decrease to about -20.4 and -22.1 kcal/mol. Mechanistically, the
complexation of bCD with phenolic compound and water is based on the hydrogen bond formation between the ligands
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and bCD, and the strong electron transfer from the ligands (PheOH, water) to bCD. The obtained results demonstrated

the potential of bCD as a drug carrier.

Keywords: B-cyclodextrin; drug carrier; density functional theory; natural complexes; polyphenol.

1. Giéi thiéu

Trong y hoc, viéc thude ¢6 thé duge hip thu
t6t vao co thé hay khong 1a mot trong nhitng yéu
t6 quyét dinh ban dau ddi véi hiéu qua diéu tri
bénh. Tuy nhién, do cic hop chat thudc thuong
1a cac hop chat hitu co c6 phan tir khdi 16n, kha
nang hoa tan cua chung trong cidc dung moi phan
cuc (vi du nuée) thuong kha kém. Diéu nay 1am
giam dang ké viéc hip thu cac hop chit thude
vao co thé, dan dén hiéu qua sinh hoc cua cac
hop chat nay khong dugc phat huy t6i da. Bén
canh do, mdt lugng khong nhd cac hop chét
thudc khi vao co thé thuong khong tap trung tai
céc vi tri can diéu tri. Do d6, chung c6 thé giy ra
nhiéu tac dung phu va van d& khang thudc. Dé
khic phuc nhiing van d& nay, viéc sir dung chét
mang thudc 12 vo cing quan trong. Muyc dich
nham kiém so4t viéc giai phong thudc, nhim dén
dich tac dong, déng thoi cai thién mot sb dic tinh
sinh 1y, hoa Iy cta thude va giam cac tac dung
khong mong muén [1].

Céac hop chit mang thubc c¢6 muc dich bao
boc, bao vé va van chuyén cac hoat chét thudc
dén vi tri can diéu tri, tir d6 giup ting hiéu qua
diéu tri. Ngoai ra chung can phai c6 do tuong
thich sinh hoc phu hop dé giam thiéu tdi da cac
phan tng mién dich cua co thé [1] [2]. C6 rat
nhiéu loai hop chit khac nhau duoc st dung lam
chat mang thudc. Cac hop chét nay thuong 1a cac
polymer tu nhién, véi cac dac diém 1a hiéu qua
mang thudc t6t, dang tin cdy, co san trong tu
nhién va it cd tac dung phu. Mot $6 polymer tu
nhién dién hinh 13 cac din xuét cua arginine [3],
cac dan xuét cua chitosan [4], cac dan xuét cia
cyclodextrin [5], poly-(acid glycolic) [6], poly-
(acid lactic) [7], acid hyaluronic [8],
polysacharide [9]. Ngoai ra, cac polymer tong
hop ciing duoc str dung 1am chat mang thudc, vi
du poly (2-hydroxyethyl methacrylate), cac

polymers duoi gai, cac polymers phan huy sinh
hoc [9].

Hién nay, cac dan xuét cyclodextrin 1a mot
trong nhimg polymer ty nhién thu hat nhiéu sy
quan tdm nghién ctru va tng dung 1am chit mang
thubc. Vé mat ciu trac, cyclodextrin 1a mot
oligosacaride mach vong chira tr 5 don vi a-D-
glucopyranoside trd 1én. Chung dugc tong hop
tir tinh bot thong qua chuyén héa enzym. Trong
cyclodextrin, cac don vi glucose ndi véi nhau
bang céc lién két a-1,4-glucosidic. Ba dang pho
bién nhét cia polymer nay la a-cyclodextrin,
B-cyclodextrin va y-cyclodextrin tuwong tng co
6, 7 va 8 don vi a-D-glucopyranoside [5] [10].
Khi dugc st dung lam chét mang thube, cac
cyclodextrin giup cai thién do tan cua hop chét
thubc bang cach tao phuc. Diéu nay lam ting
sinh kha dung, tang do on dinh va cac dic tinh
duge dong hoc, gop phan lam ting hiéu qua diéu
tri cua thudc. Sau khi duoc hép thu vao co thé,
hoat chit thudc tao phuc voi cyclodextrin sé
duoc van chuyén dén cac vi tri tac dong mong
mubn, sau d6 chiing duoc giai phong dé tham gia
vao qua trinh diéu trj bénh.
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Hinh 1. Céu trac héa hoc cia p-cyclodextrin
B-cyclodextrin (bCD) (Hinh 1) la mot
cyclodextrin ¢6 7 don vi a-D-glucopyranoside
va 21 nhém hydroxy. Trong ciu tric nay, cac
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don vi glucopyranoside déu c6 cdu dang ghé,
lién két v6i nhau tao nén cAu triic hinh noén dic
trung [11]. Khoang bén trong cdu trac hinh nén
nay 1 noi chira cac nguyén tir oxy thudc cau ndi
a-1,4-glucosidic va cac nhém C-H. Piéu nay tao
ra dac tinh ky nudc cho khoang bén trong [12].
Trong khi d6, cac nhém hydroxy —OH cé xu
huéng hudng ra ngoai cdu trac nén va co thé
tham gia tao lién két hydro vé6i cac nguyén tir
nudc trong moi truong [13]. Vi vy, bé mit bén
ngoai c6 dac tinh va nudc, lam ting kha nang
hoa tan ctia bCD trong dung méi nude. Vi cau
trac dac biét nay, bCD c6 thé hap phu cic phan
tir thude hitu co vao khoang ky nudc bang cach
tao ra cac tuong tac khong cdng hoda tri
(noncovalent), nhu tuong tdic Van Der Waals,
lién két hydrogen... [14]. Pdng thoi, cc cau trac
phirc nay c6 kha ning tan tét trong nudc vi ¢ bé
mit ua nude. Didu ndy da gép phan cai thién
nhitng tinh chét vat 1y, héa hoc, sinh hoc cua
thudc [14] [13]. Tuy nhién, dé tao thanh mot
phtic chat 6n dinh, cic phan tir thudc phai c6
kich thuéc phu hgp véi khoang bén trong cua
bCD [11] [15].

Trong mot nghién ctru gan day, Kabouche va
cong sy [14] da tién hanh nghién ctu kha ning
hap phu pentachlorophenol (PCP) ciia bCD.
Trong nghién clru nay, cac tac gia da su dung
phuong phép 1y thuyét phiém ham mat do
(Density functional theory - DFT) tai mutc ly
thuyét BLYP-D4/def2-SVP-gep va phuong
phap tong hop PBEH-3c. Cac thong s nhiét
dong hoc trong nghién ctru nay da cho thiy su
hap phu PCP ciia bCD 1a qua trinh toa nhiét.
Phan trung tam cua PCP va bCD dugc dat lam
tam cua hé toa d§. Trong qué trinh nay, PCP
duge dich chuyén theo timg don vi 1A tir -8 dén
8A doc theo truc Z, do d6 dan dén hai kha nang
ky hiéu 1a dang A va dang B. Trong sb cac cAu
trac hip phu, cAu hinh 6n dinh nhat d6i v6i dang
B nim ¢ Z = 6,5 A vé6i niang luong tao phuc
AE bang -70,66 kd/mol trong mdi trudong chan
khong theo tinh toan voi PBEh-3c. Bén canh do,

nghién ctru ndy con chimg minh rang bCD ¢6
tiém ning cao trong viéc tao phirc véi PCP va la
khoi dau cho cac nghién ctu thyc nghiém sau
hon sau nay.

Tuy d3 c6 nhiéu nghién ctru tip trung vé bCD,
co ché hip phu cua nd dbi véi cac hop chat
phenolic van con chua dugc kham phé mdt cach
hé thong. Vi vy, chung t6i tién hanh nghién ctru
nay nham khéo sat co ché hap phu trong nuéc
ctia cac hop chit phenolic 1én bCD. Su hép phu
mot phan tir phenol (PheOH, dai dién cho hop
chat thudc dang phenolic) hodc nuéc (dai dién
cho dung méi) vao cac vi tri twong tac tiém ning,
lan luot & bén trong va bén ngoai bCD s& duoc
nghién ctru va khao sat do bén. Ngoai ra, su
tvong tic giita hé phirc bén nhat ciia bCD-
PheOH v6&1 mdt phan tir nude cling sé dugce
nghién ciru dé danh gia kha ning bén héa trong
moi trudng nude. Hi vong cac két qua thu duoc
s& c6 cai nhin sang to hon vé co ché va kha ning
mang hop chat phenolic ctia bCD.

2. P6i twong nghién ciru va phuwong phap
nghién ctru
2.1. Poi twong nghién ciru

Trong nghién ctru nay, ching t6i tap trung
nghién ctru cdu triic phan tir va cac cu trac phirc
ctua bCD (Hinh 1). CeHsOH (phenol - PheOH)
duoc st dung nhu mo hinh dai dién cho cac hop
chat thudc polyphenol. Cac vi tri twong tac cua
PheOH va nudc (dai dién cho dung moi) tai cac
vi tri tiém ning cia bCD s& dugc nghién ciru va
khao sat d6 bén nhiét dong.

2.2. Phwong phap nghién ciru

Chung t6i str dung 1y thuyét phiém ham mat
d6 (density funtional theory - DFT) dé khao sat
hoat tinh ctia bCD trong vai trd chat mang hop
chat thudc. Mic 1y thuyét duoc sir dung 13 M06-
2X/6-31G(d) trong méi trudng nudc & didu kién
pH sinh 1y (pH=7,4). D& m6 phong méi truong
nudc, mO hinh solvat hoa dwa trén mat do
(solvation model based on density - SMD) [16]
s€ dugc su dung.
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Céu trac hinh hoc bCD ciing nhu cac phirc
chat va cac tinh chat dién tir cia chung nhu
orbital bi chiém chd c6 ning lwong cao nhat —
(highest occupied molecular orbital — HOMO),
orbital khong bi chiém chd ¢ ning luong thip
nhit (lowest occupied molecular orbital —
LUMO), gian d6 bé mit thé ning tinh dién
(electrostatic potential — ESP map), nang luong
HOMO (EHnomo), LUMO (ELumo) ctia cac phirc
chit tao thanh s& dugc khao sat mot cach hé
thong.

Céc phan tng tao phuc dugc trinh bay theo
phuong trinh (Pt.1)

bCD + Phditr — [bCD-Phéiti] (Pt.1)

Céc thong sb hoa dic trung cho sy hip phu
phenol va nudc s& duoc tinh toan, bao gdm cac gia
tri enthalpy phan tng (ArH°), nang lugng ty do
Gibbs (A/G®) va ning luong hap phu (Eags) duoc
tinh lan luot theo cac cong thire (Ct.1)-(Ct.3).
(Ct.1)

Hibco-phéi ti] — Hoco — Henéiwr (Ct.2)

Eadss = Epco-phéita) — Evcd — Epnéi i
AH®
AG°

G [beD-Phéi ti] —Gbed — Gpnéi e (Ct.3)

3. Két qua va thao luin
3.1. Céu trisc phdn tiv va tinh chat dién tiv

Hinh 2 biéu dién cu trac hinh hoc téi vy, sy
phan bd cac orbital bién HOMO, LUMO va gian
d6 ESP ctia bCD trong dung méi nudc.

C D

Hinh 2. Cau trac hinh hoc t&i wru (A), phan bd orbital HOMO (B), LUMO (C) va gian d bé mat thé nang tinh dién
(ESP) (D) ctia B-cyclodextrin trong dung méi nudc.

Quan sat Hinh 2, ciu triic bCD gdm 7 don vi
o-D-glucopyranoside c6 cdu dang hinh ghé lién
két v&i nhau tao thanh hé ciu tric hinh nén cut
khép kin. Puong kinh trong cua day bé va day
16n 1an lugt ¢ gia tri xap xi 7,66 va 7,90 A.
Trong céu trac polymer, khoang cach cac lién
két C-O trong cau ndi C-O-C dao dong tir 1,40
dén 1,42 A. Péi v6i cdu trac ndy, cac nhém -OH
¢6 xu hudng hudng ra bén ngoai dé co thé tao
cac lién két hydro véi phan tr nu6e. Didu nay
dan dén tinh wa nudc ciia bé mit bén ngoai hinh
no6n cua ciu trac bCD nhu da ndi ¢ trén. Nguoc
lai, cac lién két C-H va cac cau nbi C-O-C lai
huong vao bén trong cAu trac tao thuan loi cho
viéc tao ra cac tuong tac van Der Waals va lién
két hydrogen ddi voi cac hop chét hitu co.

Céc cau triic orbital bién HOMO va LUMO
lan lugt 1a cac orbital phén tir bi chiém chd c6
ning luong cao nhat va khong bi chiém chd c6
nang lugng thap nhat. Quan sat Hinh 2B, ta c6
thé thdy HOMO tap trung chi yéu tai ving
khong gian tir 021 dén 039. Pay 1a ving dé& cho
dién tr khi tham gia phan ung, va do d6, dé bi
tin cong boi cac tac nhan ai dién tor
(electrophile). Nguoc lai, cac tac nhan ai nhan
(nucleophile) c6 kha nang tuwong tac vai bCD tai
ving khong gian tir 029 dén 033, 1a ving tap
trung cao cac orbital LUMO (Hinh 2C). Cac khu
vuc nay dugce du doan 1a cac vi tri dé tuong tac
v6i cac hop chét khac (phenol va H,0) khi bCD
tao phtrc vdi ching.
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Gian d6 ESP thé hién su phan bd dién tich cua
phan tr: viing mau do biéu thi cac khu vuce c6 dién
tich Am nhat, viing mau xanh dwong biéu thi cac khu
vue c6 dién tich duong nhét. Quan sat Hinh 2D, ta
¢6 thé thdy ving tich dién 4m nhat cua bCD tip
trung tai cac nguyén tir O thudc cac nhém thé —OH
va cau ndi a-1,4-glycosidic. Trong khi do, cc ving
dién tich duong tap trung chii yéu cac nguyén tir C
thudc cac don vi a-D-glucopyranoside. Khi mot
phan ttr duge hap phu vao khoang bén trong vong
bCD, vung dién tich &m s€ tuong tac voi ving mang
dién duong ctia phan tir hip phu. Nguoc lai, ving
mang dién tich 4m ctia phan tir hip phu s& c6 kha
ndng tuong tdc manh vdi cdc vung mang dién
duong cua vong bCD.

3.2. Kha nang hép phu phenol va nudc ciia f-
cyclodextrin

Khéa ning hap phu PheOH va kha ning hoa
tan trong nudc cua bCD lan luot duoc danh gia
thong qua sy tao phtic gitta bCD dbi voi PheOH
(bén trong khoang) va nudc (tai bé mat bén
ngoai). Cac Hinh 3, 4 va 5 lan luot trinh bay cac
cAu tric hinh hoc tdi wu cia H2O-bCD, pheOH-
bCD va pheOH-bCD-H:0 trong dung moi nudc
O cac vi tri tuong tac khac nhau. Cac gia tri trong
dau ngodc 1an luot 12 bién thién enthalpy (AH°),
bién thién ning lugng Gibbs ty do (A:G°) va
nang luong hip phu cia phtic (Eags) (don vi:
kcal/mol).

3.2.1. Khd ndng hdp phu nwée ciia -cyclodextrin

Khé nang tuong tac cia bCD v6i mét phan tur
H2O ¢ cac vi tri khac nhau trén mot don vi a-D-
glucopyranoside s& dugc khao sat dau tién dé
danh gia kha nang tan trong nudc cua bCD cling
nhu xé4c dinh vi tri twong tac tot nhat voi nhom -
OH (trong phan tir HOH, mé hinh don gian nhat
cta phan tir chira nhém -OH). Hinh 3 trinh bay
céc cAu tric phuc tao boi su hap phu cac phan tir
nude 1én mit ngoai clia cau triic bCD. Ta thiy c¢6
9 vi tri hip phu tiém ning nhit trén mit ngoai
bCD. Céc lién két hydro hinh thanh giita mot
nguyén td O (thuoc H2O hoac bCD) véi mot

nguyén t¢ H (thugc nhom -OH ctia bCD hodc
H20). Trong do, 5 vi tri O15, 017, 034, 040, va
053 (mau do) hinh thanh lién két hydrogen giira
cac nguyén to¢ H cua nudc va cac vi tri O cua
bCD. Trong khi do, 3 vi tri tuong tac con lai tai
015, 017 va O53 (mau xanh duong) co6 cac lién
két hydrogen hinh thanh giita cac nguyén tr O
cua nudc va cac nguyén tu H thuoc nhém OH
ctia bCD. Trong cac ciu trac phtic nay, khoang
cach cac lién két hydrogen dao dong tir 1,83 dén
1,98 A. Trong khi dé, cac goc tuong tac O-H-O
dao dong tir 152° dén 170°.

Vé mit ning luong, hau hét cac truong hop
déu co gia tri AH® va A/G® am, trir 2 phirc
015H:-OH; va O53H::-OH2, c6 AHYAG® lan
luot 1a 30,4/29,8 va 14,6/14,0 kcal/mol. Phic
chat co gia tri AH® va A/G® am nhat 1a phirc chat
tai vi tri 040, 1an luot bang -8,0 va -8,6 kcal/mol.
Diéu nay ching to su hoa tan trong nudc cua
bCD la hoan toan thuén lgi va téa nhiét, trong do
040 1a vi tri hép phu tiém nang nhét vé mat nhiét
dong. D6i v6i Eags, cac truong hop déu co gia tri
duong tir 2,9 dén 6,4 kcal/mol, ngoai trir hai
tuwong tac O15H:-OH2 va O53H--OH2 ¢6 ndng
lugng hép phu lan luot bé“mg 41,6 va 28,8
kcal/mol.

Dé tim hiéu ban cht twong tac gitta H20 va
bCD, chung t6i cling di khao sat sy phan bd
orbital va gian d6 bé mit thé nang tinh dién cua
phirc chat bén nhat (PheOH-bCD-040) (Hinh
4B). Pbi v6i chu tric HOMO, hau hét orbital
HOMO tap trung tai phan tir bCD & vung khong
gian gan voi nude (tir 032 dén 041). Cau trac
LUMO tap trung ¢ vong bCD khu vuc tuong tac
v6i nude (tir 033 dén 042) va tai phan tir nude.
Nhu vay, mat do dién tir dugc dy doén 1a dich
chuyén tir phdi tir (nuwdc) vao bCD. Tuy nhién,
do céu trac phan tir nude 12 qua bé, ving LUMO
van con tap trung tai vi tri thudc bCD gan véi
nhoém -OH. Pbi vé6i gian dd ESP, phic nude-
bCD c6 mat d¢ dién tich ciia hop chat phirc nay
hau nhu chi tap trung tai bCD trong khi dién tir
clia nudc trong phirc nay gan nhu bang 0.
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Hinh 3. Céu trac hinh hoc t6i wu ciia cac phtrc hinh thanh giita mot phan tir H2O va bCD & céc vi tri khac nhau.

Céc gia trj trong ngodc (don vi: kcal/mol) twong tmg 13 bién thién enthalpy tiéu chudn (A;H°), bién thién ning lwong

tu do Gibbs (A:G®) va néng lugng hdp phu (Eags) cta phirc. Khoang cach lién két két do & don vi A,
goc lién két & don vi ° (d9).

STRUCTURE

HOMO

LUMO

(A)

B) .7

Nhu vy, phirc chit bén nhét hinh thanh gitta
nudce va bCD 1a tai vi tri O40. Su chuyén dién tir

duoc xac dinh theo chiéu tr nudc vao bCD.
Ngoai ra cac phuc tai vi tri O17 va O53 cling la

008au lFF oo08au

Hinh 4. Cu triic hinh hoc t6i wu, phan b orbital HOMO, LUMO va gian d6 bé mat thé nang tinh dién (ESP)
(tir -0.08 a.u dén 0.08 a.u.) ctia cac phirc (A) PheOH-bCD tai 034 va (B) H,0-bCD tai 040.

cac vi tri thuan loi cho su hép phu cua nudc lén
bCD. Cac vi tri nay s€ dugc khao sat khi PheOH
tuong tac voi bCD.

49



50 T.T.Bich Tra, T.Binh Hiéu, P.Duy Quang / Tap chi Khoa hoc & Cong nghé Pai hoc Duy Tan 02(63) (2024) 44-54

3.2.2. Kha ndang hdp phu phenol cia
S-cyclodextrin

PheOH duoc lira chon lam ddi tuong nghién
ctru nhu 13 mot mé hinh don gian nhét cua cac
chat polyphenol. Sy hip phu PheOH vio bén
trong khoang ky nudc cua bCD dugc khao sat &
cac vi tri khac nhau (Hinh 5). Ta thiy c6 8 vi tri
tuong tac bén trong ciu trac hinh nén cia bCD
ma PheOH c6 thé hap phu 1én. Trong cac tuong
tac nay, cac phuc dugc bén hoda boi sy hinh thanh
cac lién két hydrogen giita cic nguyén tor H
(nhém -OH) va cac nguyén tor O. Cac phirc

O15H-:-OH-CsHs, O17H-:-OH-CgHs,
O53H:-:OH-CgHs (c6 khung mau xanh) la cac
phtrc ma nguyén tir O cia PheOH hinh thanh lién
két hydro véi cac nguyén tir H thudc cac nhom
HO cua bCD. Trong khi d6, cac phic CsHs-
OH---O15H, CeHs-OH:--O17H, CeHs-
OH---O34H, CeHs-OH:--O40H, CeHs-
OH-:-O53H (c6 khung mau do) la cac phuc co
céac lién két hydro hinh thanh tir nguyén tir H ctia
PheOH vdi O thuoc cac nhom OH ciaa bCD.
Khoang cach cac lién két hydrogen nay dao dong
tir 1,73A dén 2,03A. Cac goc twong tac O-H++-O
6 gia tri tir tir 139° dén 162°.

I\ 34T
, < q;z(m\,( ’

s
*'1 46

~
J—

‘C6H5-OH--015H
(-9.3/-9.9/2.1)

C6H5-OH--O17H
(-8.6/-9.2/2.5)

C6H5-OH--034H
(-18/-18.6/-3.3)

C6HS5-OH--040H
(-10/-10.6/2.4)

C6H5-OH--053H
(-9.9/-10.5/5.6)

017H--OH - C6H5
(-15.1/-15.7 / -2.2)

015H--OH-C6H5
(-4.2/-4.8 1 8.6)

O53H--OH-C6H5
(-9.9/-10.5/1.8)

Hinh 5. Céu trac hinh hoc t6i wu hoa cua cac phire hinh thanh gitta PheOH va bCD & cac vi tri khac nhau.
Céc gia trj trong ngodc (don vi: keal/mol) twong (g 1a bién thién enthalpy tiéu chuan (A/H°), bién thién ning luong
tr do Gibbs (A/G°) va nang luong hip phu (Eags) ctia qué trinh tao phtrc. Khoang cach lién két va
goc lién két co don vi lan luot 1a A va © (d6).

Vé mat nang luong, tat ca cac phuc nghién
ctru déu c6 gia tri AH® am, gia tri dao dong tir
-18,0 (vi tri O34) dén -4,2 kcal/mol (vi tri O15).
Diéu nay c6 nghia rang sy hip phu PheOH vao
bén trong bCD la qua trinh tda nhiét. Bén canh

do, cac gia tri AG° va gid tri Eags cAng Am thi qua
trinh hap phu cang dién ra thuan loi. Tat ca cac
phttc PheOH-bCD déu c6 cac gia trj AG® am,
chting t6 cac qua trinh tao phirc PheOH-bCD la
tu xdy ra. Trong d6, O34 1a vi tri ¢c6 kha nang
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hap phu cao nhét véi gia tri AG® am nhat (-18,6
kcal/mol). Béi v6i ning lwong hap phu, chi c6
cac vi tri 034 va 017 1a ¢6 Eags 4m, lan luot 13 -
3.3 kcal/mol va -2.2 kcal/mol. Ngugc lai, cac
truong hop con lai déu ¢ gia tri Eags duong, tir
2,1 keal/mol dén 8,6 kcal/mol. Nhu vay, vé mit
nhiét hoc, phic PheOH-bCD tai vi tri O34 la
phuc chit c6 do bén nhiét cao nhit va thuan loi
nhit v& mit ning luong.

Dé khao sat co ché hdp phu PheOH vao
khoang ki nu¢c cua bCD, chung t6i da khao sat
su phan bd cac orbital bién va gian do bé mit thé
nang tinh dién cta phuc chit bén nhat (PheOH-
bCD-034) (Hinh 4A). Dya vao cu trac HOMO-
LUMO, ta c6 thé thay cac phtic chét hinh thanh
nho sy trao doi dién tir xay ra giita PheOH va
bCD. Cau trac HOMO tap trung & phan tr bCD
tai viing khong gian gan véi PheOH (tir 032 dén
035); chtrng t6 bCD tréd nén giau dién tr hon sau
khi tao phuc. Nguoc lai, cAu trac LUMO chi tap
trung tai phan trt PheOH, chung t6 day la vung
thiéu hut dién ta. Nhu vay, su tao phuc gitra
PheOH va bCD tai O34 duogc hinh thanh tir sy
chuyén dién tir tr PheOH vao phéan tir bCD.
Ngoai ra, gian 0 ESP cho thay hau nhu dién tich
am nhét va duong cta phuc tap trung 1én phan
tr bCD. Nguogc lai, dién tor cia PheOH trong
phirc ndy gan nhu bang 0.

Tém lai, v& mat nhiét hoc, bCD dugc du doan
1a c¢6 kha nang hap phu t6t d6i v6i PheOH tao ra
cac phtrc bén. Vi tri hip phu PheOH tbt nhat 1a
tai vi tri O34 nh¢ sy hinh thanh lién két hydro
CsHsOH-+-034(bCD) thong qua sy chuyén dién
tr tir PheOH vao cdu tric bCD. Phirc chat nay s&
duoc str dung cho céc tinh toan & phan tiép theo.
3.2.3. Sw bén héa cua phirc phenol—f-
Cyclodextrin trong dung moi nuoc

Trong nghién ctru nay, d6 bén cua phirc
PheOH-bCD trong dung méi nudc dugce khao sat

thong qua tinh chét nhiét dong ciia qua trinh héap
phu mét phan tir nudc 1én phirc chat PheOH-
bCD bén nhat thu dwoc tir phan trén. Hinh 6 trinh
bay céac phirc chat tao boi phirc PheOH-bCD bén
nhét (tai O34H) v61 mot phan tir nudc tai cac vi
017, 040 va 053. Ngoai ra, phurc tai vi tri 0148
(thuge PheOH) cling dugc khao sat nham dai
dién cho sy tao phuc gilta phan tir méi truong
(nude) ddi voi phan tir duge hap phu (PheOH).

Quan sét ca 4 cau trac trong Hinh 6, ta c6 thé
thiy rang khoang cach cua lién két hydrogen
gitta CsHs-OH v&i 034 thay doi tir 2,03 tré thanh
1,88 — 2,08A, khi phuc chat nay hap phy thém
mot phan tir nude. Goéc tuong tac O-+-H---O gitra
PheOH va bCD ciing thay ddi, c6 gia trj tir 142°
dén 148°. Trong khi d6, khoang cach giita nudc
v6i bCD giao dong tir 1,85 dén 2,04 A. Cac goc
tuong tac O--*H:--O trong twong tic nay dao
dong tir 148° dén 158°.

V& mat nhiét dong hoc, tat ca cac phuc déu co
bién thién enthapy (ArH®) 4m, dao dong tir -19,8
(vi tri 017) dén -21,5 kcal/mol (vi tri 040). V&
bién thién ning luong tu do Gibbs, cac phirc
nghién ciru déu c6 A/G°am. That vy, A(G° thap
nhat 1a -22,1 kcal/mol tai 040, va cao nhat la
-20,4 kcal/mol tai O17. Piéu niy ching to rang
phirc PheOH-bCD-O34H di tré nén bén hon
trong moi1 truong nudce, vi sy hinh thanh phirc
giita n6 voi phan tr nudce déu 1a nhitng qua trinh
toa nhiét, va tu dién ra.

Nhu vay, dua vao Kkét qua nhi¢t dong hoc, co
thé két luan rang cac phic PheOH-bCD déu
dugc bén hoa khi tan vao méi trudng nudc nhd
qua trinh tiép tuc tao phtic voi cac phén tir H20.
Didu nay 1a rat quan trong dé qua trinh mang
thudc cua bCD dién ra thuan loi trong méi
truong sinh 1y ctia co thé ngudi, vi phan 16n co
thé duoc chira nudc.
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C6H5-OH:-034 va OH,--017
(-19.8 / -20.4 / -4.7)

C6H5-OH--034 va OH,--053
(-21.4/-22.0/-7.1)

C6H5-OH--034 va OH,--040
(-21.5/-22.11-7.2)

C6H5-OH--034 va OH,--0148
(-21.2/-21.8/-7.4)

Hinh 6. CAu trtc hinh hoc tdi wu cua cac phirc gitra PheOH-bQD-Hzo trong dung moéi nudce. Cac gia tri trong ngodc
(don vi keal/mol) tuong tng la bien thién enthalpy (A/H°), bién thién nang lugng tw do Gibbs (ArG")’ va nang luong
(Eags) ctia qua trinh hap phu H20 1én PheOH-bCD. Khodang céch lién két két do & don vi A, goc lién két & don vi © (d9).

Su phan bd orbital bien HOMO, LUMO va
gian d6 ESP cla cac cau tric phuc tao boi
PheOH-bCD-034 va nudc tai vi tri nguyén tir
040 thudc bCD (A) va vi tri nguyén tor O148
thuoc phenol (B) trong dung mdi nudc ciing
duoc khao sat trong Hinh 7.

Duya vao Hinh 7, ta ¢6 thé thay riang orbital
HOMO van chu yéu tap trung & phan tir bCD
trong ca hai phtrc, tir 032 dén 040 d6i véi Hinh
7A va tir 032 dén 041 d6i voi Hinh 7B. Trong
khi d6, sy phan b6 LUMO & ca hai truong hop
Hinh 7A va Hinh 7B déu tap trung tai chat hiru
co hap phu (PheOH). Diéu nay di chimg to rang

khi hinh thanh phtrc, mat d6 dién tich dich
chuyén tir ca PheOH va nude vio vong bCD.
Tuy nhién, do mang béan chét ciu tric hitu co co
hé 1ién hop 16n, mat 46 LUMO chi tap trung tai
PheOH. Ngoai ra, gian dd ESP cuia ca hai truong
hop trén déu cho thiy vung tich dién am va
dwong cha yéu tai vong bCD va phan tir nudc,
tai vi tri PheOH hau nhu khong cé dién tich.

Nhu vay, ¢ thé thiy rang cac phirc PheOH-
bCD-034 duoc bén hoa trong mdi truong nude
nhd sy hinh thanh lién két hydrogen va thong
qua su chuyén dién tir tir ca PheOH va nudc vao
vong bCD.
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STRUCTURE
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LUMO
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-0.07 mm Jm 0.07

Hinh 7. Cu triic hinh hoc t6i wu, phan b orbital HOMO, LUMO va gian d6 bé mat thé nang tinh dién (ESP)
(tr -0.07 a.u dén 0.07 a.u.) gitra PheOH-bCD-H,0 trong dung mdi nudc tai hai vi tri 040 thudc bCD (A)
va 0148 thudc PheOH (B).

4. Két luin

Hiéu qua mang thuc dang polyphenol cua B-
cyclodextrin (bCD) da dugc khdo sat dua trén
kha ning tao phirc ctia polymer nay ddi véi hop
chat PheOH va nuée. Mot s6 két luan duoc rit
ra, bao gom:

- bCD tao phuc bén nhat véi PheOH I3 tai vi
tri 034, véi gia tri AG° = -18,6 kcal/mol, va Eags
= -3.3 kcal/mol, nho s hinh thanh lién két hydro
CeHsOH:--034. Su tao phtrc nay duogc hinh
thanh tir sy chuyén dién tir tir PheOH vao phan
tu polymer.

- Khi tao phirc v6i nudce, cac phic déu duoc
bén hda nho cac lién két hydro hinh thanh giira
nguyén tr O va nguyén tir H (thudc nudc hodc
cac nhom -OH). Phirc chat bén nhit hinh thanh
gitra nude va bCD la tai vi tri 040, véi gid tri
A/GP = -8,6 kcal/mol, Eags = 2.9 kcal/mol.

- Trong mdi trudng nudc, cac phirc chat
PheOH-bCD déu duogc bén hda nho tao phirc voi
cac phan tir nudce.

Nhu vay, két qua ctia nghién ctru nay cho thy
polymer bCD c6 kha nang tao phtrc thuan lgi véi

cac hop chat ho phenolic trong méi trudng nude.
Diéu nay cho thay tiém ning t6t cia bCD trong
vai tro lam chat mang thudc dang polyphenol. Hi
vong két qua thu duogc cho phép hiéu biét thém
vé co ché hip phu ctia cac hop chit phenolic 1én
bCD nhu mét chat mang thude, tir d6 1am co s&
cho céc tmg dung xa hon trong nganh dugc.
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