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Phan trng benzoyl hoa Friedel-Crafts mot
s6 hop chat thom str dung nano ZnO trong

dung méi choline chloride/urea trong diéu

kién chi€u xa vi song

Nguyén Trudng Hai, Ngo Thi Kim Dung, Pham Nguyén Hiru Thinh, Tran Hoang Phuong

Tém tit—Xiic tac nano zinc oxide (ZnO) dwgc
diéu ché va wng dung lam xic tic cho phan ing
benzoyl héa Friedel-Crafts, dwgc két hop cing voi
dung moi eutectic siu (deep eutectic solvent, DES)
tong hop benzophenone. Piy 12 mjt trong nhirng
phan Wng quan trong trong linh vire tdng hop hiru
co' nhim diéu ché cac ketone huong phwong. Xtc
ZnO sau khi dwoc diéu ché tir Zn(CH3C00):.2H:0
va H2C204.2H20, hinh thai va kich thwéc cia xic
tac dwoc xac dinh bang cac phwong phap héa ly
nhw nhifu xa tia X (XRD), kinh hién vi dién tir
quét (SEM). Phan wng dwoc thuce hién gitra cac hgp
chit thom véi tac nhan benzoyl chloride sit dung
nano ZnO (10% mol) lam xidc tic va
[CholineCl][Urea]2 (50% mol) lam dung moi cho
phén trng, hiéu suit phan ing twong ddi cao véi do
chon lgc phéan wrng giira ortho va para la trén 95%
duéi sw chiéu xa vi séng. Xuc tac sau khi sir dung
dwoc thu hoi va tai sir dung nhiéu lin véi hoat tinh
xtic tic giam khong dang ké.

Tw khoa — Dung mdi eutectic siu, DES,
benzophenone, phin wng benzoyl héa Friedel-
Crafts, chiéu xa vi soéng

1 GIOI THIEU

han tng benzoyl hoa Friedel-Cratfs trén mot sd
hop chat thom déng mot vai trd quan trong
trong tong hop hitu co, 1a mot trong nhitng phan
{mg tao ra san pham ketone [1]. Phan tmg benzoyl
hoa Friedel-Crafts trén hop chit huong phwong tao
san pham tao ndi carbon-carbon 13 mot trong
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nhitng phan rng quan trong trong linh vyc hoa
duoc [2]. Phan tmg dugc thuc hién gitra hop chat
thom va benzoyl chloride dé tao ra san pham
benzophenone duoc tng dung kha rong rai. Cac
phéan g dugc nghién ciru kha nhidu véi cac loai
xuc tac khac nhau nhu: acid Lewis [2, 3] (FeCls,
ZnClz, Sl’lClz, InC13, SbCls, A1C13, ), acid
Bronsted [4, 5] (H2SO4, H3PO4, HCI, ...); oxide
kim loai [6]; Fe-, Zn-, Ga- ZSM-5 zeolite [7]; Si-
MCM-41[8]; triflate kim loai [9]; MOF [10];
chit long ion [11];... Pdi v6i phan Gng truyén
théng 1a st dung xuc tac AICI; phai can véi 2
duong lugng, xtc tac sau phan tmg khong thé
thu hoi duoc. Qué trinh tién hanh phan tng sir
dung dung méi doc hai, moéi truong phan Gng
phai khan nudc va tro.

Viéc téng hop cac vat liéu cod cAu triic nano
dang dan tré thanh mot huéng nghién ciru quan
trong va duoc nhidu nha nghién ctru trén thé gisi
quan tam [12]. Véi cAu triic nano, vat liéu duge
dic trung boi cac hinh théi, kich thudc, do dong
déu 1am cho nhitng vat liéu nay thé hién tinh chét
dac trung la dugc irng dung lam xuc tac hiéu qua
cho cac phan tmg. C6 nhiéu phuong phap hiéu
qua dé tong hop nhitng loai vat liéu nay nhu:
ngung tu hoi héa hoc, xa dién hd quang, phan
ung kim loai plasma hydrogen, su phan huy tia
laser trong pha hoi, phuong phap hé vi nhii ddo,
phuong phap thuy nhiét, phuong phéap sol-gel,
phuong phap siéu am [13]. Vat li€u ZnO c6 kich
thuéc nano dugc xem 1a mot vat liéu ban dan
linh hoat dugc rng dung nhiéu trong cac linh vyc
nhu: cam bién khi, cam bién sinh hoc, pin mat
trdi, cac té bao dién hoa, dién trd bién doi, diod
quang, thiét bi dién va quang hoc [14, 15], ...
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Ngoai ra, mdt ung dung vO cung quan trong dugc
nghién ctru d6 1a dugce dung lam xic tac di thé cho
cac phan tmg téng hop hitu co [16].

Muc tiéu cta dé tai nay 1a nghién ctru phan tng
benzoyl hoa trén chat nén alkylbenzene va
alkoxybenzene st dung benzoyl chloride lam tac
chét, phan rng dugc thyc hién trong xtic tac nano-
ZnO va dung moi eutectic sau [CholineCl][Urea],.
Cac phan tng nghién ctru dugc thyc hién trong 10
vi song chuyén dung Discover (CEM). San phim
tao thanh c6 d6 chon loc rit cao, thong thuong thi
luong dong phan para rit cao so véi dong phan
ortho trén 95%.

Phuong trinh phan tmg tong quat:

OMe

R@%j + HCl

2 VAT LIEU VA PHUONG PHAP

OMe (0]
Ré . Cl nano-ZnO
% [CholineCl][Urea],

vi séng, 80 °C, 5 phut

Hoa chit

Anisole, phenetole, 1,2-dimethoxybenzene,
1,3-dimethoxybenzene, 1,4-dimethoxybenzene, m-
xylene, mesitylene, benzoyl chloride dugc mua tur
Sigma Adrich.

Zn(CH3COO0),.2H,0, H2C,04.2H,0, toluene,
choline chloride, zinc chloride, urea dugc mua tir
Merck.

Ethyl acetate, diethyl -ether,
hexane, Na;SO4, NaHCO; cua Xil.ong.

ethanol, n-

Dung cu, thiét bi

Can dién ti Sartorius GP-1503P. May co
quay chéan khong Heidolph Laborora 4001. Lo vi
song chuyén dung Discover (CEM). May sic ky
khi Agilent 5890 Series II. Cot mao quan: DB-5:
30m x 320 um x 0,25 um. Pau do: FID

Nhiét d6 phan bom mau la 250 °C va dau do
14300 °C

Téc d6 cta khi mang N»: 1 mL/phut
Chuong trinh nhiét:

15°C/phit
50°C (1 phut)y —— 280°C (5 phat)

May GC-MS Agilent: GC: 7890A — MS:
5975C. Cot: DB-5MS

Phé NMR duoc do trong dung méi CDCls
trén may Bruker 500MHz v6i chat chuin TMS.

Quy trinh diéu ché nano-ZnO

Dau  tién, hoa tan 0,08 mol
Zn(CH3C0O0),.2H,0 trong 160mL nudc thu
dugc dung dich A. Sau d6, nho tur tr 160 mL
dung dich B chtra 0,08 mol H>C»,04.2H,O vao
dung dich A ddng thoi khudy hdn hop bang may
khuéy tir. Loc két tua tréng thu duogc va rua sach
bang nudc cat. Sau d6, siy kho san pham tai
120 °C trong 2 gi. Nung chit ran & 500 °C trong
2 gi¢ thu dugc zine oxide.

Quy trinh thyc hi¢n phén tng tong quat

Cho vao Ong nghiém vi song chuyén dung
CEM: 1,0 mmol chét nén, 1,0 mmol benzoyl
chloride, 0,1mmol xuc tac ZnO va 0,5mmol
[CholineCl][Urea], (dwoc didu ché bing cach
dun nong choline chloride va urea ti I¢ mol 1:2 &
nhiét do thich hop dén khi hdn hop chuyén thanh
dang 16ng), tién hanh chiéu xa vi song trong
nhiitng diéu kién nhét dinh. Sau d6 dé ngudi hon
hop phan tng, ly trich san phim véi 20 mL
diethyl ether va 20 mL nudc. Tién hanh ly trich
thém 2 lan nita v6i diethyl ether (2x20 mlL).
Trung hoa cac dich trich diethyl ether bang
NaxCOs3 (2 x 50 mL), rira lai v&i nude, lam khan
bang Na,SO4. C6 quay dudi ap suat kém dé thu
hoi dung moi. Lam tinh khiét san phdm bang
phuong phap sic ky cot véi hé giai ly 1a n-
hexane/ethyl acetate (9:1). Cau triic hda hoc va
do tinh khiét ciia san phim dwogc xac dinh bang
GC-MS, 'H va 3C NMR.

3 KET QUA VA THAO LUAN

Piéu ché nano-ZnO

Tinh chit vat 1y cua vat liéu bién ddi phu
thuc vao kich thudc, hinh thai va thanh phan
hoa hoc bé mit cia vt liéu. Dua trén nhiing
cong trinh nghién ctru da cong bd trén thé gidi,
chung t6i tién hanh kiém tra xac dinh céu truc,
hinh thai va kich thudc ctia xtic tac thong qua céc
chi tiéu vé& hoa 1y nhu nhidu xa tia X (X-ray
Powder Diffraction: XRD) va kinh hién vi dién
tor quét (Scanning Electron Microscope: SEM),
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nham so sanh v&i cac nghién clru cua céac tac gia dé
dua ra két luan va rng dung xuc tac nay vao phan
ung nham kiém tra hoat tinh xuc tac ctia vt li¢u.

0 20 30 40 50 60 70 80
2 theta

Hinh 1. XRD ctia nano-ZnO

S-4800 10.0kV 8.4mm x40.0k SE(L) 1.00um

S-4800 10.0kV 8.4mm x60.0k SE(U)
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Hinh 1 1a gian d6 nhiéu xa tia X ciia miu
xuc tac ZnO di tong hop. Gian dd XRD cho thay
xtc tac ZnO khong xuét hién pha tap, san pham
thu dwgc c6 thanh phan pha la ZnO dang
Waurtzite voi cac tin hi¢u déc trung c6 cuong do
cao tai 31,7°, 34,4°, 36,2°, 47,5° va 56,6° timg vdi
cac mat mang (100), (002), (101), (102), (110).
Cudng do cua cac tin hiéu 16n, duong nén it gb
ghé chung to xuc tac ZnO c6 do tinh thé hoa tot
[13, 14].

Hinh thai va kich thuéc cua vat liéu tong
hop dugc nghién ctru bang kinh hién vi dién tir
quét (Scanning Electron Microscope:SEM) duoc
trinh bay & Hinh 2.

(N
500nm

Hinh 2. Hinh anh SEM ctia mau nano ZnO

Hinh anh SEM cua mau ZnO cho thiy kich
thudc c6 sy da phan tan, nhin chung cac hat co
hinh da dién va luc giac, ngoai ra c6 nhitng tinh
thé ZnO duoc phat trién theo truc ¢ nén ¢ hinh
try. Céc hat c6 kich thuée tir 100 dén 300 nm,
nhitng don hat ZnO tu lai thanh hat 16n.

Tién hanh khao séat hoat tinh cta xuc tac nano
ZnO thong qua phan ung benzoyl hoa Friedel-
Crafts, phuong trinh phan g tong quéat nhu sau:

OMe

R@—% + HCI

OMe o

R {j . Cl nano-ZnO
= [CholineCl][Urea],

vi séng, 80 °C, 5 phat

Sw anh hwéng cia cic yéu td thoi gian, nhiét
do cta phan &ng benzoyl héa Friedel-Crafts

Dya trén nguyén tic co ban cta Hoa hoc
xanh, nhim giam t6i da lwong hoa chit dugc sir
dung, tién hanh thuc hién phan tng benzoyl héa
Friedel-Crafts dua trén chét nén 1a anisole véi tac
chét benzoyl chloride véi sy hién dién cua xuc tac
nano ZnO trong dung moéi [CholineCl][Urea],,
phéan tmg dugc thuc hién bang phuong phap chiéu
xa vi song (Bang 1).

Khi tién hanh ting nhiét d6 cuia phan ung,
hiéu sudt ciing ting theo va ting khd manh tir
40 °C 1én 80 °C trong thoi gian 5 phuat. Khi nhiét
dd cua phan ung dat 80 °C thi hi¢u suit thu duogc
ctia phan ung dat 92%. Tiép tuc ting nhiét do 1én
100°C, thi hiéu suat cta phan ng ting gan nhu
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khong dang ké, dat 93%. Diéu nay c6 thé cho thay
1o, hiéu suit cua phéan ung ty 1¢ thuan vdi nhiét do
phan tng.

Bang 1. Khao sat diéu kién anh hudng dén phan tmg
benzoyl hoa Friedel-Crafts*

Bang 2. Khao sat sy anh hudng cla cac loai xuc tac oxide
kim loai khac nhau®

Stt Nhiét do Thoi gian Hi¢u suit ¢b lap”
O (phut) (%)
1 40 5 45
2 60 5 70
3 80 5 92
4 80 1 75
5 80 3 83
6 80 10 93
7 100 5 93

Stt Xiic tac® Hi¢u suit ¢b lap

(%)

1 ALO; 56

2 Fe,04 45

3 ZnO 68

4 [CholineCl][Urea]» 5

5 Khong xuc tac/dung moi

6 ZnO/[CholineCl][Urea], 92

7 Al,O5/[CholineCl][Urea]» 78

8 Fe,0;/[CholineCl][Urea], 75

& Piéu kién phdn tmg: anisole (1 mmol), benzoyl chloride
(1 mmol), ZnO (10 mol%), [CholineCl][Urea], (50 mol%),
kich hoat vi song ¢ 10W;
®: P§ chon loc ciia phan ung giita ortho va para 13> 95%
Tiép tuc thuc hién phan rng tai nhiét d6 80°C
va khao sat sy anh hudng cta thoi gian phan Gng
trén phan ung benzoyl hoa Friedel-Crafts anisole
v6i tac chét benzoyl chloride dudi sy chiéu xa vi
song. Thoi gian phan rng dugc theo dai tir 1 phut
dén 10 phut. Khi ting thoi gian tir 1 phut 1én 5
phut, nhan thay hiéu suat cua phan ung ting kha
it. Tiép tuc tang thoi gian phan tng 1én 10 phut,
hiéu sudt phan tng gan nhu khong thay doi. Vi
vay, chiing t6i chon thoi gian tdi wu cho khao sat
nay la 5 phut. Két qua nay duoc so sanh voi cong
trinh nghién ctu Patil va cong sy [3], phan Ung
dugc thyc hién voi xtc tac B,03/ZrO; trong dung
moi nitrobenzene, phan tng dugc thuc hién bﬁng
phuong phap dun khudy tir & 150°C trong thoi
gian 5 gid thu duoc hiéu suat 94%.

Nhu vy, diéu kién t6i wu hoa cho phéan
benzoyl Friedel-Crafts  tong  hop
4-methoxybenzophenone 1a 80°C dugc thuc hién
bing phuong phap chiéu xa vi song trong thoi

hoa

gian 5 phut voi ty 1¢ gilta anisole va benzoyl
chloride 1a 1:1.

Khdio sat sw anh hwéng cuaa cac loai xuc tac
khac nhau trén phén tng benzoyl héa Friedel-
Crafts

Véi diéu kién dugc toi uu héa & trén, tién hanh
khao sat phan g véi cac loai xuc tac oxide kim loai
khac nhau. Két qua thu duoc trong Bang 2.

% Diéu kién phan wng: anisole (1 mmol), benzoyl chloride
(1 mmol), oxide kim loai (10 %mol) va dung madi eutectic
sau (DES) (50 %mol) dwgc thuc hién chiéu xa vi song &
80 °C (cong suat: 10W) trong thdi gian 5 phut.

b Céc loai xtic tac oxide kim loai c6 kich thudc nano.

Két qua thu dugc & Bang 2 cho thiy khi phan
ung chi dugc thyc hién vaoi sy hién dién cua cac
oxide kim loai (Al,O3, Fe;O3 va ZnO), phan rng
cho hiéu suit kha thip 45-68%. Phan tng tong
hop 4-methoxybenzophenone khong x4y ra phan
mg trong diéu kién khong dung méi va khong
xtic tac. Hiéu suit ctia phan tng ting 1én déng ké
khi trong cung diéu kién phan tmg cua cac oxide
kim loai vai sy hién di€n ciia DES lam dung moi
cho phan tng, diéu nay co thé dugc giai thich l1a
do, phan Umg dugc nghién ctu giita anisole,
benzoyl chloride va oxide kim loai 1a phan ung di
pha, nén can thém mot loai dung méi hiéu qua dé
giup lam ting kha ning tiép xac gita cac thanh
phin  nay. trong
[CholineCl][Urea], dugc so sanh véi phan rng st
dung xuc tac triflate kim loai [11], chloride kim
loai [17] va cac oxide kim loai [6]. Nhu vay, phan
g dat hiéu suét cao nhit khi duoc thuc hién voi
xuc tac nano-ZnO trong [CholineCl][Urea]s.

Xuc tac  nano-ZnO

Khéo sat anh hudéng cia cac hgp chit huong
phwong khac nhau

Ap dung diéu kién phan tmg di dugc t6i wu
hoa ¢ trén, thyc hién phan Gng khao sat sy anh
hudng cia cic hop chat thom khac nhau dén hiéu
sudt cta phan Gmg. Phan tmg dugc thyc hién bang
su chiéu xa vi séng. Anisole va benzoyl chloride
duogc thyc hién theo ty 1€ mol 1a 1:1 véi 10%mol
nano-ZnO trong [CholineCl][Urea], (50% mol).
Két qua thu duoc & Bang 3.
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Bang 3. Khao sat danh hudng cia cac hop chét huong phuong khac nhau?®

Stt Amine Co ciu san phim Diéu kién phan tng Hiéu suit® (%)
O
OMe
1 @ O O 80°C, 5 phit 92
MeO
(1)
o)
OEt
2 O O 80°C, 5 phit 90
EtO
(2)
(0]
OMe MeO
3 OMe O O 80°C, 5 phiit 85
MeO
(3)
OMe O
OMe
4 O O 80°C, 10 phit 80
MeO
OMe
(4)
OMe OMe O
5 © 80°C, 20 phut 73
OMe OMe (5)
(0]
6 @\ 100°C, 20 phit 87
(6)
(0]
(7
(0]
8 @ 100°C, 30 phut 78

—_
(=]
~

“: Piéu kién phdan tmg: chat nén (1,0 mmol), benzoyl chloride (1,0 mmol), nano-ZnO (10% mol) va
[CholineCl][Urea], (50% mol), chiéu xa vi séng (cong suét: 10W).
b: Hiéu sudt cé ldp

Phan tng benzoyl hoa trén chat anisole st chiéu xa vi song (Bang 3, stt 1). Khi ting sé nhom
dung benzoyl chloride xay ra trong diéu kién ém  thé methoxy 1én, thi dién tir tip trung trén vong
diu voi thoi gian phan tmg ngin trong diéu kién  ting, dan dén hiéu xuit thay d6i khong déng ké
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(Bang 3, stt 3). Tuy nhién, khi ting s6 nhom thé
ciing déng nghia v&i viée ting chudng ngai lap
thé trén vong, dan dén lam giam hi¢u Suit cua
phan tng (Bang 3, stt 4-5), nén phan tmg cin
dugc thuc hién trong thoi gian dai hon. Két qua
trén phd GCMS cho thdy c6 xuat hién mot lwong
nho san phdm dimethyl héa methoxybenzene tao
ra san pham 1 phenol, methyl benzoate, diéu nay
dan dén hiéu suét cua phan tng giam dang ké. So
sanh v&i cac cong trinh nghién ctru da dugc cong
b, nhan thdy khi sir dung phuong phap chiéu xa
vi séng gitip rat ngin thoi phan tng rat nhiéu, tac
gia Ravi P. Singh va cong sy [18] da thuc hién
phan ung benzoyl hoéa véi xuc tac triflate kim loai
bang phuong phap dun khudy tir & 80 °C trong
thoi gian 8 gid thu dwoc hiéu suat phan tng la
83%. Ngoai ra, con kha nhiéu nghién ciru khac da
duoc cong bd va cho thiy phuong phap thyc hién
phéan tmg ciia chung t6i cho hiéu suét cao va diéu
kién phan tng ém diu hon [3, 19-21].

Két qua cho thay, phan tmg xay ra tot d6i véi
nhiing alkylbenzene ¢ nhi¢t do phan ung 100°C
trong thoi gian kha dai 20-30 phuat. Di véi m-
xylene va mesitylene 1a hai hop chit wu dai vé
mat dién tich (tdng hoat trén cung mot vi tri) va
cung dinh hudng vi tri ortho va para so voi nhom
methyl, tuy nhién khi thyc hién phan ng & nhiét
d6 twong ddi thdp nén cin thoi gian dai hon dé
phan tg dat hiéu suit tdi uu.

Cac san phém sau khi ¢6 18p dugc dinh danh
bang GC-MS va 'H-NMR va 'C-NMR, két qua
dit liéu phd dugc so sanh va thiy tuong hop véi
cac dir liu dd dugc cong bd. Tin hiéu dic trung
cia san pham ketone hinh thanh 1a xuat hién tin
hi¢u cua carbon carbonyl ¢ vi tri 195-200ppm
trong pho céng huong tir hat nhan 3C.

4-Methoxybenzophenone (1)

'H NMR (500 MHz, CDCls) § 7.86-7.81 (m,
2H), 7.75 (dd, J = 8.3, 1.4 Hz, 2H), 7.55 (d, J =
7.5 Hz, 1H), 7.50-7.44 (m, 2H), 6.96 (d, J =9.0
Hz, 2H), 3.88 (s, 3H).

3C NMR (125 MHz, CDCl3) 6 195.6, 163.2,
138.3, 132.6, 131.9, 130.2, 129.8, 128.2, 113.6,
55.5.

GC-MS (EI, 70 eV) m/z: 212 [M]".

4-Ethoxybenzophenone (2)

'"H NMR (500 MHz, CDCl3) 6 7.81 (d, J = 8.9
Hz, 2H), 7.75 (dd, J = 8.3, 1.3 Hz, 2H), 7.55 (t, J
=6.8 Hz, 1H), 7.47 (d, J = 7.7 Hz, 2H), 6.94 (d, J
= 8.9 Hz, 2H), 4.12 (q, /= 7.0 Hz, 2H), 1.45 (t, J
=7.0 Hz, 3H).

13C NMR (125 MHz, CDCl;) 6 195.6, 162.7,
138.4, 132.6, 131.8, 130.0, 129.7, 128.2, 114.0,
63.8, 14.7.

GC-MS (EI, 70 eV) m/z: 226 [M]".

3,4-Dimethoxybenzophenone (3)

'H NMR (300 MHz, CDCls) 6 7.77 (dd, J =
8.4, 1.4 Hz, 2H), 7.49 (s, 1H), 7.46—7.36 (m, 3H),
6.90 (m, 2H), 3.86 (s, 3H), 3.69 (s, 3H).

13C NMR (75 MHz, CDCl3) J 195.6, 153.0,
149.0, 138.3, 131.9, 130.2, 129.7, 128.2, 125.5,
112.1,109.7, 56.1, 56.1.

GC-MS (EIL, 70 eV) m/z: 242 [M]".

2,4-Dimethoxybenzophenone (4)

'"H NMR (300 MHz, CDCl;) 6 7.77 (dd, J =
8.4, 1.4 Hz, 2H), 7.49 (s, 1H), 7.42 (dt, J = 1.8,
0.6 Hz, 1H), 7.39 (s, 2H), 6.53 (dd, J = 9.6, 5.3
Hz, 2H), 3.86 (s, 3H), 3.69 (s, 3H).

3C NMR (75 MHz, CDCl;) 6§ 195.6, 163.4,
159.6, 138.8, 132.3, 132.2, 129.7, 128.0, 121.5,
104.6, 98.8, 55.6, 55.5.

GC-MS (EI, 70 eV) m/z: 242 [M]".

2,5-Dimethoxybenzophenone (5)

TH NMR (300 MHz, CDCls): 6 7.84-7.80 (m,
2H), 7.57-7.52 (m, 1H), 7.47-7.38 (m, 2H), 7.01
(dd, J = 9.0, 3.0 Hz, 1H), 6.92 (dd, J = 6.0, 3.0
Hz, 2H), 3.78 (s, 3H), 3.66 (s, 3H).

3C NMR (75 MHz, CDCl;) § 196.2, 153.5,
151.5, 137.6, 133.0, 129.8, 128.2, 117.3, 114.4,
113.1, 56.3, 55.8.

GC-MS (EI, 70 eV) m/z: 242 [M]".

2,4-Dimethylbenzophenone (6)

TH NMR (500 MHz, CDCls) 6 7.81 (d, J = 8.9
Hz, 2H), 7.75 (dd, J = 8.3, 1.3 Hz, 2H), 7.55 (t, J
= 6.8 Hz, 1H), 7.47 (d, J= 7.7 Hz, 2H), 6.94 (d, J
= 8.9 Hz, 2H), 4.12 (q, /= 7.0 Hz, 2H), 1.45 (t, J
=7.0 Hz, 3H).
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13C NMR (125 MHz, CDCl3) d 195.6, 162.7,
138.4, 132.6, 131.8, 130.0, 129.7, 128.2, 114.0,
63.8, 14.7.

GC-MS (EL 70 eV) m/z: 226 [M]".

2,4,6-Trimethylbenzophenone (7)

'"H NMR (500 MHz, CDCl3) 6 7.80 (d, J = 7.2
Hz, 2H), 7.57 (t, J= 7.4 Hz, 1H), 7.44 (t, J = 7.8
Hz, 2H), 6.90 (s, 2H), 2.33 (s, 3H), 2.08 (s, 6H).

13C NMR (125 MHz, CDCl;)  200.8, 138.5,
137.4, 136.9, 134.2, 133.5, 129.4, 128.8, 128.4,
21.2,19.4.

GC-MS (EI, 70 eV) m/z: 223 [M+H]".

4-Methylbenzophenone (8)

'"H NMR (500 MHz, CDCls) J 7.81-7.69 (m,
4H), 7.59-7.54 (m, 1H), 747 (t, J = 7.7 Hz, 2H),
7.28 (d, J=17.7 Hz, 2H), 2.44 (s, 3H).

BC NMR (125 MHz, CDCI3) 6 196.5, 143.2,
138.0, 134.9, 132.2, 130.3, 129.9, 129.0, 128.2,
21.6.

GC-MS (EI, 70 eV) m/z: 196 [M]".

Thu hdi xtc tic nano-ZnO/ [CholineCl][Urea]:

Xtc tac nano-ZnO/[CholineCl][Urea], dugc
tién hanh thu hdi va tai sir dung 4 1an véi hoat tinh
ctia xtc tac giam di khong dang ké. Sau phan tmg
hén hop phan tng dugc xu ly v6i dung moi
diethyl ether, xtc tac va dung moi khong tan trong
diethyl ether va con lai trong trong dng vi song
chuyén dung, tién hanh quay ly tam dé xic tac
lang lai trong dng nghiém, loai bo dung méi dudi
ap suét kém trong khoang thoi gian 1 gid ¢ 80 °C
14 co thé tai sir dung. Qua 4 lan tai str dung, hiéu
suat phan tmg hau nhu giam di khong dang ké
(Bang 5).

Bang 5. Thu héi xtic tac

Lan thu hoi Hiéu suat (%)

1 92
2 90
3 88
4 87

4 KET LUAN

Nghién ctru va tng dung dung moi eutectic
sdu (DES) lam dung méi cho phan tng benzoyl
hoa Friedel-Crafts st dung nano ZnO lam xuc tac
cho phan tng 14 sy két hop lan dau tién trén phan
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{mg nay. Phan tng tong hop benzophenone dugc
thuc hién trong diéu kién Hoa hoc xanh 1a mot
hudng nghién ctru hiéu qua va than thién vdi moi
trudng, hé xuc tic va dung modi nay dang dan thay
thé cac loai xtic tac truyén théng dang duoc st
dung, nhitng loai xtic tac d6 khong con hiéu qua
vi cac san pham phu va quy trinh thyc hién giy
tac dong xau dén moi truong xung quanh. Véi
lugng xuc tac nano-ZnO dugc st dung la
10%mol, va lugng dung méi [CholinCl][Urea], la
50 %mol thu dwogc hiéu suat twong dbi cao. Ung
dung chiéu xa vi sdng vao phan tng téng hop hitu
co nham rat ngin t6i da thoi gian thuc hién phan
(g, ngoai ra, phuong phap nay con gop phan lam
nang cao do chon cua phan tng (ty 1€ ortho va
para 1a trén 95%). Két qua ctia cong trinh nghién
ctru dong gop tich cyc vao nén nghién ctru tong
hop hitu co va tng dung vao linh téng hop héa
dugc trong tuong lai. Xuc tac co6 hoat tinh manh
va cho hiéu suit cao, dé dang thu hoi va tai st
dung véi hoat tinh giam di khong dang ké.
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Friedel-Crafts benzoylation reaction of

aromatic compounds using zinc oxide
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(choline chloride/urea) under

microwave irradiation
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Abstract—Synthesis of zinc oxide
nanoparticles (ZnO) which was found to be
effective catalyst for Friedel-Crafts benzoylation
reaction in the presence of deep eutectic solvent
(DES). The method is one of the most important
intermediates for preparing fine chemicals in the
field of pharmaceuticals, which is a tool for
organic syntheses of aromatic ketones. ZnO
precursor was prepared from
Zn(CH3COO0)2.2H20 and H:C:04.2H20, ZnO

nanoparticles were characterized by using X-ray
Powder Diffraction (XRD), Scanning Electron
Microscope (SEM). The benzoylation of aromatic
compounds and benzoyl chloride using
nanoparticles ZnO/ [CholineCl][Urea]z, under
microwave irradiation afforded the desired
products in high yields and short reaction times.
The catalyst/solvent could be recycled several
times without loss of efficient catalytic activity.

Keywords—deep eutectic solvent, benzophenone, Friedel-Crafts benzoylation reaction,
microwave irradiation
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Triterpenoids from Phyllanthus acidus (L.)
Skeels

Duong Thuc Huy', Nguyen Huu Hung?, Nguyen Thi Anh Tuyet!, Bui Xuan Hao'

Abstract—The genus Phyllanthus (Phyllanthaceae)
includes more than 900 plant species found in
tropical and subtropical regions. Many of these
species are widely used in folk medicine. The
leaves, roots, and stem bark of Phyllanthus acidus
(L.) Skeels have been used in Vietnamese folk
medicine as an antibacterial, antiviral, analgesic,
anti-inflammatory, neuroprotective, hepatoprotective,
antifibrotic. From the ethanol extract of the roots of
Phyllanthus acidus (L.) Skeels growing in Binh
Thuan province, six compounds phyllanthol (1),
glochidone (2), lupeol (3), glochidonol (4), a-lupene
(5), and spruceanol (6) were isolated. Their
structures were established by extensive
spectroscopic analysis as well as comparison with
NMR data in the literatures. This is the first time
that compounds 4-6 were found in Phyllanthus
acidus (L.) Skeels.

Keywords—Phyllanthus acidus (L.) Skeels,
lupane, phyllanthol, triterpene

1 INTRODUCTION

Previous studies on chemical constituents of
Phyllanthus acidus (L.) Skeels resulted in the
discovery of various natural products such as
triterpenes, phytosterols, phenolic compounds, and
norbisabolane-type sesquiterpenes [1-3]. Among
them, norbisabolane serquiterpenoids displayed
strong anti-viral (hepatitis B) effect [3]. Our
previous study on the stem bark of Phyllanthus
acidus (L.) Skeels led to the isolation of three
compounds [4].

This paper reports details of the isolation of six
compounds from the roots of Phyllanthus acidus
(L.) Skeels, including phyllanthol (1), glochidone

Received: 15-8-2017; Accepted: 12-9-2017; Published:
30-8-2018
Duong Thuc Huy, Nguyen Thi Anh Tuyet, Bui Xuan Hao*
— Ho Chi Minh City University of Pedagogy.
Nguyen Huu Hung — Nguyen Tat Thanh University
*Email: buixuanhaodhsp@gmail.com

(2), lupeol (3), glochidonol (4), a-lupene A (5),
and spruceanol (6). Their structure were
elucidated on the basis of NMR analysis.

2 MATERIALS AND METHODS
General experimental procedures

The NMR spectra were measured on a
Bruker Avance III (500 MHz for '"H NMR and
125 MHz for '3C NMR) spectrometer with TMS
as internal standard. Proton chemical shifts were
referenced to the solvent residual signal of
CDCl; at 8y 7.26. The '*C-NMR spectra were
referenced to the peak of CDCl; at 6c 77.2.
Gravity column chromatography was performed
with Silica gel 60 (0.040—0.063mm, Himedia).

Plant material

Phyllanthus  acidus (L.) Skeels was
collected in Ham Thuan Nam district, Binh
Thuan province. This plant was identified by
Msc. Hoang Viet, Faculty of Biology, University
of Science, VNU HCM. A voucher specimen
(No UP-B01) was deposited in the herbarium of
the Department of Organic Chemistry, Faculty of
Chemistry, Ho Chi Minh University of
Pedagogy.

Extraction and isolation

The ground root material (20.0kg) was
extracted with 95% ethanol under reflux (3x10
L) and the filtrated solution was concentrated
under the reduced pressure to obtain the crude
extract (lkg). A half of this crude extract
(500.0g) was applied to normal phase silica gel
column chromatography eluted with increasing
polarity of ethyl acetate/n-hexane ether (0-
100%) to afford the fractions H1 (2.0g), H2
(4.0g), H3 (2.1g), H4 (3.4g), and EA1 (67.0g).
The remaining residue was eluted with ethyl
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acetate: methanol (50:50) and (0:100) to afford the
extracts EA2 (85.0g) and Me (285.0g).

Fraction H1 (2.0 g) was applied to silica gel
column chromatography, eluted with n-hexane:
ethyl acetate (9:1) to obtain five subfractions H1.1
(125.0mg), H1.2 (250.0 mg), H1.3 (152.0 mg),
H1.4 (150.0mg), and H1.5 (1.1g).

Subfraction HI1.2 was chromatographed,
eluted with n-hexane: methanol (100:0.2) to obtain
three subfractions H1.2.1 (60.0mg), H1.2.2
(55.0mg), and HI1.2.3 (75.0mg). Subfraction
H1.2.1 was rechromatographed, eluted with n-
methanol (100:0.2) to afford three
compounds 1 (6mg), 2 (30mg), and 5 (5Smg).
Purifying the subfraction H1.2.3 by column
chromatography, eluted with n-hexane: methanol
(100:0.2) resulted in two compounds, 3 (22.0 mg)

hexane:

NATURAL SCIENCES, VOL 2, ISSUE 2, 2018

and 4 (8.0mg). Subfraction H1.5 was washed
many times by ethyl acetate to afford compound
1 (800mg). Fraction EA2 was suspended in H,O
(0.5L) and partitioned with EtOAc (3x0.5L) to
obtain the EtOAc-soluble subfraction E0 (7.0g)
and remaining aqueous fraction (70.0g). The
subfraction EQ0 was concentrated then applied to
silica gel column chromatography, eluted with
chloroform: methanol: water (4:0.9:0.1) to obtain
five subfractions E0.1 — E0.5. Subfraction E0.1
(1.16g) was chromatographed, eluted with
petroleum ether: ethyl acetate: acetic acid
(5:1:0.2) to obtain nineteen subfractions E0.1.1 —
E0.1.19. Purifying the subfraction E0.1.14
(46.0mg) by column chromatography, eluted
with petroleum ether: chloroform: methanol
(1:8:0.2) resulted in compound 6 (8.8mg).

3 R'=H,p-OH R>=H

4 R'=0 R’= OH
5 R'=H, R>=H
Fig. 1. Chemical structures of 1-6
Table 1. *C-NMR data of 1-6 (CDCl;)

No 1 2 3 4 5 6 No 1 2 3 4 5 6
1 38.5 160.1 38.2 79.6 40.1 37.4 16 27.9 35.0 35.8 35.5 35.7 119.7
2 29.4 124.5 25.3 45.1 19.4 28.3 17 31.1 42.6 43.2 43.0 43.1 13.0
3 79.1 203.9 79.3 215.6 42.2 78.9 18 54.0 47.7 48.5 48.3 48.4 28.2
4 38.8 42.9 38.9 47.1 333 38.8 19 40.8 473 48.1 47.9 48.1 15.3
5 55.7 52.8 55.5 51.4 55.1 49.3 20 37.3 150.1 151.1 150.7  151.0 24.8
6 18.1 18.9 18.5 19.6 19.4 19.2 21 29.7 29.2 30.0 29.8 30.0
7 38.4 332 34.5 35.5 34.3 29.8 22 42.0 39.8 40.2 40.0 39.8
8 37.0 41.2 41.0 40.0 40.9 125.3 23 27.3 27.4 28.2 27.9 33.7
9 50.1 43.9 50.6 50.7 49.9 147.9 24 15.3 21.2 15.6 19.9 21.6
10 373 39.0 373 43.0 37.8 38.8 25 16.0 18.5 16.3 11.8 15.9
11 17.6 20.5 21.1 23.1 21.2 109.5 26 17.9 16.1 16.2 16.0 16.1
12 35.2 24.6 27.5 25.2 25.3 151.9 27 13.3 14.1 14.7 14.5 14.6
13 26.6 37.5 39.0 38.0 38.3 119.0 28 28.2 17.8 18.2 18.0 18.2
14 322 42.6 43.0 43.0 43.0 139.2 29 18.0 109.7 1095 1094  109.5
15 21.3 26.9 27.6 27.5 27.6 1355 30 20.7 18.9 19.5 19.3 19.8

Phyllanthol (1): White amorphous powder.
The 'H-NMR data (8 in ppm, CDCl3): 3.19 (1H,
dd, 11.0, 5.0 Hz, H-3), 0.96 (3H, s, H-23), 0.77
(3H, s, H-24), 0.86 (3H, s, H-25), 1.14 (3H, s, H-
26), 0.01 (1H, d, 5.5 Hz, H-27a), 0.66 (1H, d, 5.5

Hz, H-27b), 0.90 (3H, s, H-28), 0.94 (3H, d, 6.0
Hz, H-29), 0.87 (3H, d, 6.0 Hz, H-30). The *C-
NMR data (CDCls): see Table 1. These
spectroscopic data were suitable with those
reported in the literature [5].
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Glochidone (2): Colorless oil. The 'H-NMR
data (0 in ppm, CDCl3): 7.10 (1H, 4, 10.0 Hz, H-
1), 5.79 (1H, d, 10.0 Hz, H-2), 2.40 (1H, #, 11.0,
6.0 Hz, H-19), 1.06 (3H, s, H-23), 0.95 (3H, s, H-
24), 1.08 (3H, s, H-25), 1.12 (3H, s, H-26), 1.11
(3H, s, H-27), 0.80 (3H, s, H-28), 4.70 (1H, d, 2.0
Hz, H-29a), 4.59 (1H, d, 2.0 Hz, H-29b), 1.69
(3H, s, H-30). The '3C-NMR data (CDCls): see
Table 1. These spectroscopic data were suitable
with those reported in the literature [6].

Lupeol (3): White amorphous powder. The
'H-NMR data (8 in ppm, CDCl3): 3.16 (1H, dd,
11.0, 4.8 Hz, H-3), 2.36 (1H, «, 11.0, 5.5 Hz, H-
19), 0.95 (3H, s, H-23), 0.75 (3H, s, H-24), 0.82
(3H, s, H-25) 1.02 (3H, s, H-26), 0.93 (3H, s, H-
27), 0.78 (3H, s, H-28), 4.68 (1H, d, 2.0 Hz, H-
29a), 4.56 (1H, dd, 2.5, 1.5 Hz, H-29b), 1.67 (3H,
s, H-30). The "BC-NMR data (CDCls): see
Table 1. These spectroscopic data were suitable
with those reported in the literature [8].

Glochidonol (4): White amorphous powder.
The 'H-NMR data (8 in ppm, CDCIs): 3.90 (1H,
dd, 8.0, 3.5 Hz, H-1), 3.00 (1H, dd,14.5, 8.5 Hz,
H-2a), 2.23 (1H, dd, 14.5, 3.5 Hz, H-2¢), 2.37
(1H, «, 11.5, 5.5 Hz, H-19), 1.03 (3H, s, H-23),
0.97 (3H, s, H-24), 0.83 (3H, s, H-25), 1.06 (3H,
s, H-26), 1.06 (3H, s, H-27), 0.80 (3H, s, H-28),
4.68 (1H, d, 2.0 Hz, H-29a), 4.56 (1H, d, 2.0 Hz,
H-29b), 1.68 (3H, s, H-30). The 3C-NMR data
(CDCl3): see Table 1. These spectroscopic data
were suitable with those reported in the literature

[6].

o-Lupene (5): White amorphous powder.
The 'H-NMR data (8 in ppm, CDCl3): 1.03 (3H, s,
H-23), 0.80 (3H, s, H-24), 0.96 (3H, s, H-25),
1.07 (3H, s, H-26), 0.93 (3H, s, H-27), 0.87 (3H,
s, H-28), 4.69 (1 H, d, 2.5 Hz, H-29a), 4.57 (1 H,
d, 2.5 Hz, H-29b), 1.68 (3H, s, H-30). The '3C-
NMR data (CDCl3): see Table 1. These
spectroscopic data were suitable with those
reported in the literature [7, 8].

Spruceanol (6): White amorphous powder.
The '"H-NMR data (8 in ppm, CDCls): 2.23 (1H,
m, H-1e), 1.75 (1H, m, H-1a), 1.80 (2H, m, H-2),
3.29 (1H, dd, 11.5, 4.5 Hz, H-3), 1.29 (1H, dd,
2.0, 2.0 Hz, H-5), 1.89 (1H ddd, 13.5,7.5, 1.0 Hz,

H-6e), 1.67 (1H ddd, 13.5, 11.5, 6.0 Hz, H-6a),
2.78 (1H ddd, 17.5, 6.0, 1.0 Hz, H-7e), 2.57 (1H,
ddd, 17.5, 11.5, 7.5 Hz, H-7a), 6.67 (1H, s, H-11),
6.57 (1H, dd, 17.5, 11.0 Hz, H-15), 5.53 (1H, dd,
11.0, 2.5 Hz, H-16a), 5.16 (1H, dd, 17.5, 2.0 Hz,
H-16b), 2.18 (3H, s, H-17), 1.06 (3H, s, H-18),
0.88 (3H, s, H-19), 1.20 (3H, s, H-20). The '*C-
NMR data (CDCls): see Table 1. These
spectroscopic data were suitable with those
reported in the literature [9].

3 RESULTS AND DISCUSSION

Phyllanthol (1) was isolated from P. acidus
in the first time by Sengupta and Mukhopadhyay
(1966) [10] and its NMR data was revised later by
Ndlebe (2008) [5]. It was found in some
Phyllanthus
sellowianus [1], and Phyllanthus polyanthus [5].

species such as P. engleri, P.

Lupane-type triterpenes as glochidone (2), lupeol
(3), glochidonol (4), and a-lupene (5) were found
in many Phyllanthus plants [1]. Such compounds,
for examples lupeol and glochidone showed good
inhibition to enzyme acetylcholine esterase [11].
Nevertheless, glochidonol (4) and a-lupene (5)
have not been isolated from P. acidus.
Glochidonol (4) exerted good inhibitory effect on
Epstein-Barr virus early antigen (EBV-EA)
induced by TPA [12].

Compound 6 was isolated as a white
amorphous powder. The '3C-NMR spectrum
(Table 1) displayed signals corresponding to
twenty carbons, including five quaternary
carbons, two quaternary carbons, one oxygenated
methine, one aromatic methine, two olefinic
methines, four methylenes, one methine, and four
methyls. The '"H-NMR spectrum displayed signals
corresponding to one aromatic proton H-11 [dn
6.67 (1H, s)] and three olefinic protons H-15 [du
6.57 (1H, dd, 17.5, 11.0 Hz)], H-16a [dx 5.53 (1H,
dd, 11.0, 2.5 Hz)], and H-16b [éu 5.16 (1H, dd,
17.5, 2.5 Hz)], which were representative for one
vinyl group (CH,=CH-). Moreover, the 'H-NMR
spectrum revealed four singlet methyl H-17 (du
2.18), H-18 (du 1.06), H-19 (on 0.83), and H-20
(1.20), one oxygenated methine H-3 at Ju 3.29
(dd, 11.5, 4.5Hz). The axial position of H-3 (6 =
329, J = 11.5, 45Hz) in the A-ring was
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determined on the basis of coupling constants.
The HMBC spectrum confirmed the correlations
between H-3 and the C-4, C-18, H-18 and H-19 to
C-3 and C-4, indicating their vicinal positions in
A-ring. Additionally, HMBC spectrum showed
cross peaks of H-17 and H-16 to C-14, of H-17
and H-11 to C-12 indicating positions of H-11,
12-OH and H-17 in the C ring. Further analysis of
HMBC spectrum confirmed the structure of 6,
according to comparison of the NMR data of 6 to
those of spruceanol in the literature [9]. So, the
structrure of compound 6 was concluded as
spruceanol. This is the first time the diterpenoid
skeleton was reported in P. acidus.

4 CONCLUSION

Six known compounds were isolated from the
ethanol extract of the roots of Phyllanthus acidus
growing in Binh Thuan province. Phyllanthol (1)
was isolated as a major compound of the n-hexane
Glochidonol (4), oa-lupene (5),
spruceanol (6) are reported in the plant
Phyllanthus acidus. Further studies on this plant

extract. and

are in progress.
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Tém tit—Chi Phyllanthus (Phyllanthaceae) bao
gbm hon 900 loai thwc vét, dwoc tim thiy ¢ ving
nhiét d6i va can nhiét déi. Nhiéu loai trong chi nay
dwgc st dung rong rii trong y hoc dan gian. Trong
y hoc ¢b truyén Viét Nam, 14, ré va vé than cia loai
Phyllanthus acidus (L.) Skeels da dwoc sir dung dé
khang khuin, khang vi-rit, giam dau, chdng viém,
biao vé than Kinh, chong viém gan. Tir dich chiét
ethanol ciia ré cdy chum ruét moc & tinh Binh

Thuin, di phin lip dwoe siu hop chit la
phyllanthol (1), glochidone (2), lupeol (3),
glochidonol (4), o-lupene (5), spruceanol (6). Ciu
triic ciia cic hop chét nay dwgc lam sing t6 bing
cac phwong phap phd cong hwéng tir hat nhan,
ciing nhw so sanh véi cac tai liéu tham khdo. Day la
lan dau tién cac hop chit 4, 5, 6 dwoc phat hién
trong cay chum rudt.

Tir khoa—Phyllanthus acidus (L.) Skeels, lupane, phyllanthol, diterpene



