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DAN XUAT FLAVONOID MALONATE BANG PHUONG PHAP HOA TINH TOAN

INVESTIGATING FUNCTIONALIZATION ON FULLERENE (Cg0) WITH FLAVONOID
MALONATE DERIVATIVES VIA THE COMPUTATIONAL CHEMISTRY METHOD
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Toém tat - Trong bai bao nay, chung t6i da str dung phwong phap
ban thwc nghiém PM6 dé nghién ctru co ché clia phan (rng Bingel
- Hirsch gitra anion dimethyl bromomalonate va fullerene (Ceo).
B&i vi fullerenecé hai loai lién két (5,6) va (6,6) tham gia phan
&ng, nén sé cé hai ddng phan san phadm twong &ng dugc hinh
thanh. Két qua nghién ctru cho thay, phan (rng déng vong xay ra
& lién két (6,6) 1a wu tién hon so véi lién két (5,6) va con dwdng
phan &ng di qua trang thai chuyén tiép TSps 61 1a thuan loi vé mat
nhiét dong. Ngoai ra, gian db ndng lwong cla phan &ng chirc
néng héa fullerene béng cac dan xuét malonate cé ngudn gbc tiv
chalcone, flavone va flavanone ciing dwoc thiét lap. Két qua
nghién ctru ly thuyét vé qua trinh hinh thanh san pham fullerene-
flavonoid & vi tri lién két (6,6) theo co ché Bingel - Hirsch 1a phu
hop v&i két qua thwe nghiém.

T khoa - Fullerene, flavonoid, Bingel - Hirsch, malonate, PM6.

1. Dit van dé

Trong s cac g dung tiém nang khac nhau cta dan xuét
fullerene thi viéc sir dung chung trong linh vuc hoa dugc co
1€ 1 mot trong nhiing mg dung trién vong nhét. B&i vi chung
da dugc chung minh 1a c6 hoat tinh sinh hoc trong ca in vitro
va in vivo nén c6 thé sir dung cho muc dich y hoc [1]. Ngoai
ra, nhiéu nghién ctru ciing cho thay rang fullerene va dan
xuit co kha nang dap tat mot $6 luong 16n cac géc tu do [2],
do d6 chung lam cho phén tir thude tro nén c6 hiéu qua trong
viéc ngin ngira hodc diéu tri cac bénh 1y do qué trinh trinh
oxi hoa gy ra, chéng han nhu bénh tim mach [3, 4], bénh
thoai hoa than kinh [5], HIV [6]...

Trong sd cac hop chét ty nhién c6 hoat tinh chéng oxi
hoa cao thi cac hgp chit flavonoid déng vai trd trung tam,
dugc phan bd rong rai trong cac loai thuc vat. Chung ciing
¢6 cac tinh chat dugc hoc nhu: khang ung thu, khang
khuén, khang viém [7, 8]...

Chirc nang hoa fullerene dugc xem la mot con dudng
6 hidu qua dé cai thién cac ung dung ctia ching trong linh
vuc sinh hoc. Pay ciing la mdt phuong phéap dugc su dung
phd bién dé lam thay ddi tinh chat vat Iy va hoa hoc cua
fullerene. Trong sb cac phan tng ding dé chiic ning hoa
fullerene thi phan ung dong vong gilta malonate véi lién
két doi cua fullerene (hay con goi la phan ung Bingel -
Hirsch) 1a thyc hién d& dang, hiéu qua nhat [9, 10].

Xuét phat tir cdc van dé trén, y tuong tong hop dan xut
fullerene - flavonoid da dugc téng hop thanh cong boi nha
khoa hoc Enes va cong sy [11]. Tuy nhién, chua c6 nghién
cuu ly thuyét nao duge thyuc hién dé lam sang té hon vé co
ché phan Ung, cAu trac hinh hoc, nang lugong hoat hoa...
cua phan ung nay.

Abstract - In this paper, we have used the semi-empirical method
(PM®6) to study the mechanism of the Bingel - Hirsch reaction
between dimethyl bromomalonateanion and fullerene (Cego).
Because fullerene has simultaneously two symmetrically unique
bonds namely (5,6) and (6,6), two isomers as corresponding
products will be formed. The study results show that the
cycloaddition reaction at the (6,6) bond is more favourable than
the one at the (5,6) bond and the reaction path which goes
through the transition state TSpg.1 is thermodynamically
favourable. In addition, the energy profile of fullerene
functionalization from malonate derivatives containing chalcone,
flavone and flavanone have also been established. The
theoretical findings of the formation of fullerene-flavonoid
products at the (6,6) bond via the Bingel - Hirsch mechanism
prove to be in line with experimental results.
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Trong bai b4o nay, chung t6i st dung phuong phéap ban
thuc nghiém PM6 dé nghién ciru phan ting Bingel - Hirsch
giita fullerene va cac hop chét flavonoid (Hinh 1) theo quan
diém nhiét dong hoc.
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Hinh 1. Phan img Bingel - Hirsch giita cdc dan xudt ciia
malonate va fullerene

2. Co sé Iy thuyét va phwong phap tinh

Viéc t(‘)i‘ wu hda ciu tric va tinh tan sb dao dong giuog
thyc hién bang phuong phap ban thyc nghiém PM6. Tan so
dao dong & mirc PM6 duoc thém hé so hiéu chinh 1a 1.078
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vao nang luong dao dong diém khong (ZPE) [12]. Cac chu
dang | bén (co6 nang luong cuc tidu) co dac diém la khong co
tin s6 am, con cac trang thai chuyen t1ep thi c6 mot tan sb
am duy nhat Ngoai ra, dé chic chin rang mdi trang thai
chuyén tiép déu két nbi véi chét phan ung va san phim
mong doi thi cac tinh toan tga dd phan ing ndi (Intrinsic
reaction coordinate-IRC) ciing dwoc tién hanh ¢ ciing muc
ly thuyét. Tét ca cac tinh toan dugc thyc hién trén pham
mém Gaussian 09 (version A.02) [13].

3. Két qua va théo luin
3.1. Co ché phan iing Bingel - Hirsch

Phan ung Bingel - Hirsch la mdt loai phan ting cdng
nucleophin [2+1], trong d6 anion dimethyl bromomalonate
s& phan g voi fullerene [14]. Dé tién hanh phan tmg nay
thi phai c6 mat ciia bazo manh dé ion hoa malonate trong
dung moi hitu co ortho-dichloro-benzen. Theo Gido su
Hirsch thi phan rng xay ra theo hai budc riéng biét (Hinh
1) [14]. Péu tién, anion dimethylbromomalonate hinh
thanh lién két véi nguyén tir C cua fullerene tao thanh trang
thai trung gian, lGc nay toan phan tir s€ mang di¢n tich am.
Sau d6 anion brom s& thoat ra, dong thoi hinh thanh lién
két giira nguyén tir C cua dimethylmalonate va fullerene dé
tao thanh san pham CeC(COOCH3).

Boi vi trong phan tir Ceo ¢6 2 loai lién két C-C bao gom:
lién két (6,6) va lién két (5,6) (Hinh 1), nén san pham tao thanh
s€ cd hai déng phan tuong tng (6,6)-CsoC(COOCH3), va
(5,6)-CeC(COOCHs),. Cac duong phan Gng cho sy hinh
thanh cac san phim ddng phan cta CeC(COOC:Hs), duoc
minh hoa ¢ Hinh 2. Véi mdi san pham ddng phan dugc hinh
thanh s& di qua 2 trang thai chuyén tiép (TS). Chéng han, phan
{mg dong vong qua trang thai chuyén tiép TSje1-1 hodc TSjel-
2 5& tao thanh san pham (6,6)-CseC(COOCH;),. Con san pham
(5,6)-CeoC(COOCH3), s€ dugce hinh thanh khi phan img dong
vong qua trang thai chuyén tiép TS;s 611 hodc TS;s,6-2 (Hinh 2).
So sanh nang lugng hoat hoa cia cac dudng phan ing nay thi
su hinh thanh san phim (6,6)- CeC(COOCH3), qua trang thai
chuyen tiép TSie-1 12 thudn loi nhét theo quan diém nhiét
dong, c6 gia tri nang lugng hoat héa twong ung 1a 28.3
kcal/mol. Ba con dudng phan tng con lai (di qua céc trang
thai chuyén tiép TSie.1-2, TSse-1 va TSjsel-2) thi khong uu tién
vé mit nhiét dong vi ¢6 nang luong hoat hoa cao hon twong
ung voi cac gia tri 43.9, 44.2 va 54.1 kcal/mol. Nang luong
twong ddi cua trang thai trung gian thdp hon ning lugng cic
chét phan tmg -35.8 kcal/mol. Két qua nay cho thy trang thai
trung gian tao thanh bén hon so véi cac phan tmg ban dau.
Céu trac hinh hoc cua trang thai trung gian (Intermediate),
trang thai chuyén tiép (Transition state), phic san pham
(Product complex) va san pham (Product) cua phan tng gitra
anion [CBr(COOCHj3),]” va Cep dugc minh hoa ¢ Hinh 3.
Ngoai ra, céc toa do phan tng ndi (IRC) cling dugc biéu bién
trong Hinh S1 ctia phin phuc luc.

Tir két qua gian dd nang lwong phan tng giita anion
dimethyl bromomalonate v&i fullerene, ching toi c6 thé két
luan rdng phan Gng chirc ning hoa fullerene wu tién xay ra
& vi tri lién két (6,6) va con dudng phan tng di qua trang

thai chuyén tiép TSye-112 thuan lgi vé& mat nhiét dong.

154

— S 152

S
- | — ng\i,ﬁl—l\

rizy (keal/mol)

Relalive enc

s b

Vg
— PC5
Renctants Intermegiate Transitionstate (IS)  Product comples PC)  Procuct (P)

Rieaction coordinate
Hinh 2. Gian dé néng heong ciia phdn tmg giita anion dimethyl
bromomalonate voi fullerene
3.2. Phdn wng dong vong giita fullerene va hop chit
flavonoid

Két qua tinh toan trong trong muc 3.1 cho thdy rang
phan mg chirc ning hoa fullerene bang dan xuat malonate
wu tién xay ra & lién két (6,6). Do d6 trong phin nghién ctru
ndy, ching toi chi tip trung nghién ctru phan Umg dong
vong xay ra ¢ lién két (6,6) giita cac dan xuit malonate c6
nguodn goc tur chalcone, flavone va flavanone véi fullerene.
Gian dd nang lwong cia phan tng Ung gitra flavonoid
malonate véi fullerene dugc minh hoa & Hinh 4.

Quan sat & Hinh 4 cho thay rang khuynh huéng phan
{ig cua cac flavonoid malonate véi fullerene 14 kha gidng
nhau. Dau tién, tao thanh cac trang thai trung gian Int-
chalcone, Int-Flavone va Int-Flavanone c6é ning lugng
thip hon so v6i cac chét phan tmg tuong tng 1a -33.0, -34.2
va -35.4 kcal/mol. Piéu nay ching to rang trang thai trung
gian tao thanh bén hon so vé&i chit tham gia phan ¢ Umg. Nang
lugng hoat hoa tuong tng voi cac trang thai chuyén tlep
TS-chalcone, TS-Flavone va TS-Flavanone c6 gia tri lan
lugt 1a 27.6, 28.1 va 24.1 kcal/mol. Nang lugng twong ddi
ctia cac phurc chat san pham PC-chalcone, PC-Flavone va
PC-Flavanone so v6i chat phan tmg c6 gia tri lan luot 1a:
-46.1, -25.0 va -26.6 kcal/mol. Cac san phim P-chalcone,
P-Flavone va P-Flavanone duoc hinh thanh sau khi anion
brom thoat ra ma khong qua trang thai chuyén tiép nao, c6
gié tri ning luong tuong dbi cao hon so véi chit phan tmg
tuong ung la: 4.6, 3.1 va 0.5 kcal/mol.

Céu tric hinh hoc ctia cac thanh phan tham gia phan
Ging giita fullerene va dan xudt malonate c6 ngudn goc tir
chalcone, flavone va flavanone dugc minh hoa & Hinh 5.
Hon nita, cac toa dd phan tmg ndi (IRC) ciing dugc biéu
dién trong Hinh S2 cua phan Phy luc.

Tir cac két qua nghién ctru ¢ trén, chung toi c6 thé két
ludn rang nghién ctru 1y thuyét vé qua trinh hinh thanh san
pham fullerene-flavonoid & vi tri lién két (6,6) 1a phu hop
v6i két qua thuc nghiém [11].



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 5(102).2016

Product complex Product complex
(PC) [5,6] (PC) [6,6] Product [5,6] Product [6,6]

Hinh 3. Céu triic hinh hoc ciia trang thai trung gian (Intermediate), trang thai chuyén tiép (Transition state),
phirc san pham (Product complex) va san pham (Product) cia phan iing giita anion [CBr(COOCH3)2]~

va Ceo. DG dai lién két dioc tinh bang Angstroms (4)

4.6

P-Chalcone
P-Flavone
P-Flavanone

31

0.5
Reactants

TS-Chalcone
TS-Flavone

TS-Flavanone

-26.6
PC-Flavanone

Cgo + Flavanone malonate

Relative energy (kcal/mol)

....... Cgo + Flavone malonate
Int-Flavone

w2 Cgp + Chalcone malonate

PC-Chalcone

Reaction coordinate
Hinh 4. Gian dé nang hrong ciia phan img flavonoid malonate véi fullerene



98

Nguyé&n Minh Théng, Pham Cam Nam

TS-flavone

Int-flavone

PC-flavone

P-flavone

Hinh 5. Céu triic hinh hoc cua trang thai trung gian (Intermediate), trang thai chuyén tiép (Transition state), phirc san phém
(Product complex) va san pham (Product) ciia phan wng giita flavonoid malonateva fullerene. D¢ dai lién két dwoc tinh bang
Angstroms (4)

4. Két luan

Co ché cua phan tng Bingel - Hirsch giita anion
dimethyl bromomalonate va fullerene dugc nghién ctru chi
tiét bang phuong phap ban thyc nghiém PM6. Két qua cho
thiy rang con duong phan tmg di qua trang thai chuyén tiép
TSi6,61-1 d& hinh thanh san pham (6,6)-CsC(COOCHs3); 1a
chiém wu thé nhét theo quan diém cua nhiét dong hoc.
Ngoai ra, gian d6 ning lugng cua phan tmg dong vong xay
ra & lién két (6,6) giita cac dan xuat malonate c6 ngudn goc
tur chalcone, flavone va flavanone véi fullerene ciing dugc
thiét 1ap. Két qua nghién ctru 1y thuyét vé qué trinh hinh
thanh san pham fullerene-flavone & lién két (6,6) ciing phut
hop v6i két qua thuc nghiém.

Loi cdm on: Nghién cttu nay duoc tai tro boi Quy Phat
trién Khoa hoc va Cong nghé Viét Nam (NAFOSTED) véi
ma s6 104.06-2013.21.
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