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Summary
In this paper, a process for synthesis of fenofibrate (1) has been developed from anisole in 61.1%
overall yield. This process included four steps: acylation;, demethylation; Bargellini reaction;
esterification, wherein the esterification step was improved using p-toluensulfonic acid (PTSA) as
catalyst. The structure of obtained compounds was determined by IR, NMR spectrocopies and MS.
This process has been suitable for large-scale synthesis.
Keywords: p-toluensulfonic acid, fenofibric acid, anisol, fenofibrate.

Pat van dé

Fenofibrat (1), biét dwgc: Tricor) la mot
trong nhirtng thubéc ha lipid mau thudéc nhém
fibrat dwoc st dung phé bién trén thé gidi. Day
la mot dang tién thubc (prodrug), khi dwoc hap
thu vao mau no sé bj thdly phan nhém ester dé
tao thanh chét cé hoat tinh 13 acid fenofibric (2) M.
So v6i cac dan chat cung nhém, hoat chat nay
c6 nhiéu wu diém nhuw tac dung duoc ly cao, it
tac dung phu. Ngoai ra, so v&i cac thuéc nhém
statin, fenofibrat ndi bat nh® tinh an toan, tac
dung tot trén hau hét cac ching tang lipid mau
va lam tang cac cholesterol tét. Hon nira,
fenofibrat cé thé dwoc dung phdi hop véi cac
thudc thuéc nhém statin nham 1am tang hiéu
qua va tinh an toan.

Tham khdo cac tai liéu cong bd vé& céc
phuong phap tbng hop fenofibrat #® cho thay
phwong phap st dung phan ng tao ester gilra
acid fenofibric va isopropanol (IPA) la phwong
phap kha thi c6 kha nang (rng dung & quy mb
cbng nghiép. Tuy nhién, cac tac nhan va xuc tac
cho phan rng tao ester nay nhw SOCI,, H,SO,
kho trién khai & quy mé cdng nghiép do van dé
vé méi trwong, x& ly khdi phdn &ng hodc s
dung lwong 1on xuc tac ™ ®. Nham cai tién

Chiu tréch nhiém: Nguyén Vén Giang
Email: giangnvhup.edu.vn

Ngay nhan: 20/10/2020

Ngay phan bién: 06/12/2020

Ngay duyét bai: 22/01/2021

quy trinh tdng hop fenofibrat c6 thé (rng dung
vao san xuat nguyén liéu héa duoc nay tai Viét
Nam, bai bao nay ching t6i cong bd phuwong
phap ma&i tao fenofibrat (1) tiv acid fenofibric (2)
va IPA sr dung xuc tac acid p-toluensulfonic
(PTSA). Qua trinh tdng hop fenofibrat dwoc tién
hanh qua 2 giai doan: Giai doan 1: Téng hop
acid fenofibric (2) tr anisol; Giai doan 2: Ester
héa acid fenofibric tao fenofibrat st dung xuc
tac PTSA.

Nguyén
nghién clru

Nguyén liéu

Cac hoa chét: p-clorobenzoyl clorid 98% va
anisol 98% (Trung Quéc), AICI; khan 98% va
HBr 47% (Hang Acros) va cac héa chét can thiét
khac c6 ngudn gbc Trung Quéc.

Phwong phap nghién ctru

Theo dai tién trién cta phan (rng va x&c dinh
do tinh khiét cGa san pham tdng hop bang
phwong phap sac ky 16p méng (SKLM) va
phwong phap do nhiét d0 nong chdy. SKLM
dwoc thire hién trén ban mong silica gel 60 Fas4
véi cac hé dung méi khai trién khac nhau thich
hop; quan sat dwdi den t& ngoai & buwdc song
254 nm. Céu tric cla cac hop chét trung gian
va san phdm cudi dwoc xac dinh bdng cac
phwong phap phd: phé khdi lwong (MS), phd
hdng ngoai (IR), phd cong hwdng tlr hat nhan
(NMR).

T6ng hop héa hoc dwoc tién hanh theo
so db 1:

lieu va phwong phap
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Cl
p-clorobenzoyl clorid

Anisol

Demethyl héa

Acid fenofibric
So dd 1. So db qué trinh téng hop fenofibrat tir anisol

Két qua nghién ctru

Giai doan 1: Téng hop acid fenofibric (2)
ttr anisol

Téng hop (4-clorophenyl)(4-
methoxyphenyl)methanon (4) tr anisol

Trong binh ciu 2 cb dung tich 100 ml c6
chra que khudy tir, dwoc I&p sinh han va nhiét
ké, thém vao 5,1 g (0,046 mol) AICl; khan, 5,0 ml
(0,046 mol) anisol vao 15 ml diclomethan
(DCM), khudy déu, lam lanh bang nuwéc da dén
0 °C, suc khi N,. Sau do, thém to t&r 5 ml
(0,039 mol) p- cIorobenzoyl cIorld vao hén hop
trén, gitv khéi phan LPng &0°C trong 1 gi&, sau
do tang nhiét tir tr dén nhiét do6 phong va khuay
trong 24 gid. Sau phan &ng, lam lanh hén hop
phan &ng béng 200 ml nwéc da va bd sung 15
ml HCI 10 M. Chiét pha nwéc bang DCM, rira
pha hitu co bdng nwéc (3 1an) va dung dich
Na,COs3 5% (3 1an), sau dé dwoc riva lai bang
nwéc. Lam khan hén hop bang Na,SO, khan va
loai bé dung méi bang cat quay chan khéng thu
dwoc chéat 4 1a chét rdn mau trang, khdi lvong
8,9 g (hiéu suét 93,1%); R;= 0,58 (DCM : MeOH
=50:1); t,c (°C) 121,5 - 123,0; Két qua phan tich
phd: MS (ESI, MeOH), m/z 246,8 [M+H]", CTPT:
C14H11ClO,. IR (KBr), vmax (cm™): 3070, 3014
(C-Hypom); 2968, 2935, 2841 (C-H,); 1639 (C=0);

AICI3

CH2C|2 5 6

1. Aceton, CHCI3; NaOH 4N

2. HCI

Fenofibrat

1602, 1504 (C=C thom). "H-NMR (500 MHz,
DMSO - de), 5 (ppm): 7,74 (2H, d, J = 9,0 Hz ,
H-2’, H-6’); 7,69 (2H, d, J = 8,5 Hz, H-2, H-6);
7,59 (2H, d, J = 8,5 Hz, H-3', H-5’); 7,08 (2H, d,
J = 8,5Hz, H-3, H-5); 3,85 (3H, s, H-7). *C-NMR
(125 MHz, DMSO-dg), & (ppm): 193,18 (C=0);
163,05 (C-4); 136,89 (C-4'); 136,37 (C-1);
132,08 (C-2’, C-6’); 131,04 (C-2, C-6); 128,99
(C-1); 128,47 (C-3', C-5'); 113,89 (C-3, C-5):
55,51 (CHg-O-).

Téng hop (4-clorophenyl) (4-
hydroxyphenyl) methanon (3) tw chat 4

Cho vao binh cau 2 ¢b dung tich 100 ml c6
chra que khudy tir, hdn hop gébm 8,5 g chat 4,
20 ml toluen. Sau d6 I&p dung cu Dean — Stark,
hén hop phan &ng dwoc dun héi lwu trong 1 gidy
dé loai nwéc tir hén hop, tiép d6 hén hop duoc
lam lanh vé 40°C va thém dan 8,0 g AICI; khan.
Sau d6, khéi phan ng dwoc dun hdi lvu 2 gioy
roi lam lanh vé& nhiét dd phong va rét vao hén
hop gébm 100 g nwéc da va 6 ml dung dich HCI
d&c, kém khudy manh hén dich thém 1 gi&. San
phdm duwéi dang két tia dwoc loc, rira béng
nwéc cat va cudi cung rira bang DCM thu dwoc
san pham thd 3. Két tinh san pham thd 3 trong
EtOH 70% thu dwoc chét 3 tinh khiét Ia tinh thé
mau tréng, khéi lwong 7,21 g (hiéu suét 90,0%),
R¢= 0,23 (n —hexan : EtOAc : aceton=6,0:1,0: 1,0
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(thém 2 giot acid acet|c) tnc (°C) 178 - 180 (tai
lieu ® 178 °C); Két qua phan tich phd: MS (ESI,
MeOH), m/z 232,8 [M]*, CTPT: Cy3HsCIO,. IR
(KBr), vmax (cm™): 3312 (OH), 1641 (C=0);
1595, 1566 (C=Cinom). 'H-NMR (500 MHz,
DMSO- dg), 8 (ppm): 10,49 (1H, s, Hop); 7,64
(6H, m, Ha); 6,91 (2H, m, Ha); "C-NMR
(125 MHz, DMSO-dg), & (ppm): 193,62 (C=0);
162,64 (C-1); 137,24 (C-4’); 137,13 (C-1°);
132,99 (C-2’, C-6"); 131,49 (C-3, C-5); 128,97
(C-4); 128,05 (C-3’, C-5); 115,80 (C-2, C-6).

Téng hop acid fenofibric (2) tir phenol 3

Trong binh cau day tron dung tich 50 ml c6
chira que khudy tir, hoa tan 2,36 g (0,01 mol)
chat 3 trong 20,0 ml aceton, khuéy dén khi tan.
Thém 2,0 g NaOH (dang ran), khuéy trong 30
phat & nhiét do thwong. Sau do, thém 1,5 ml
CHCI3 (0,018 mol), dun hdi lvu & 60 °C trong 4
gior. Két thic phan (rng, cét loai dung méi duéi
ap suéat gidm. Can con lai hoa tan trong H,0,
acid hoa bang acid HCI lodng dén pH 2 - 3, xuét
hién tda, loc thu tia. Sau d6 hoa tan tGa trong
100 ml NaHCOj3 bdo hoa, khudy ki, loc thu dich,
loai bd tha. Tiép tuc acid héa bang acid HCI
lodng dén pH 2-3, acid fenofibric sé& két tda, loc
thu dwoc san phdm thd. Két tinh lai s&n pham
thé bang EtOH 50%. Loc thu s&n phdm 2 dudi
dang tda, sdy thu dwoc chat rin mau trang, khoi
lwgng 2,58 g (hiéu suat 81,1%), R; = 0,15
(n — hexan : EtOAc : aceton = 6,0 : 1,0 : 1,0
(thém 2 giot acid acetic); t,. (°C) 181-182 (tai
lieu ® 182 °C); Két qua phan tich phd: MS (ESI,
MeOH), nm/z 318,8 [M]*, CTPT: C;H5ClO,. IR
(KBr), vmax (cm™): 3312 (OH), 1641 (C=0);
1595, 1566 (C=Ciom). 'H-NMR (500 MHz,
DMSO- dg), & (ppm): 7,72 (2H, d, J = 7,5 Hz
H-2”, H-6"); 7,70 (2H, d, J = 6,5 Hz, H-3’, H-5);
7,61 (2H, d, J = 10,5 Hz, H-3”, H-5"); 6,93 (2H,
d, J =9 Hz, H-2’, H-6); 2,50 (6H, s, 2CH3); 1,59
(1H, s, Hon); "C-NMR (125 MHz, DMSO-dj),
3 (ppm): 193,20 (C=0); 174,31 (C-1); 159,48
(C-1’); 136,96 (C-4”); 136,25 (C-1"); 131,78
(C-27, C-6”; 131,13 (C-3, C-5’); 129,31 (C-4’);
128,55 (C-3”, C-5”); 117,06 (C-2’, C-6"); 78,87
(C-2); 25,05 (C-3 va CHa).

Giai doan 2: Téng hop fenofibrat (1)
ttr acid 3

Cho vao binh cau day tron dung tich 50 ml cé
chtra que khudy tir Ian lwot: 1,5 g (0,0047 mol)
acid fenofibric, 5,0 ml isopropanol, va PTSA
(5% mol), 0,5 ml CHCls. H6n hop sau dé duoc

khudy déu va dun hoi lwu trong 5 gio (theo dbi
phan ng bang SKLM). Sau khi phan (ng két
thuc, hon hop phan ng dwoc cét loai hét dung
méi, can con lai dwoc nghlen v&i 5,0 ml dung
dich NaHCO; bao hoa. Chiét hén hop thu dwoc
bang ethyl acetat. Pha hi*u co sau dé dwoc rivra
bang nudc va lam khan bang Na,SO4 va cubi
cung cét loai dung méi thu dwoc s&n phdm 1 1a
chéat rdn mau tréng, khéi lwong 1,53 g (hiéu suat
90,0%), Rf= 0,52 (n — hexan : EtOAc : aceton =
6,0:1,0:1,0 (thém 2 giot acid acetic); tae (° C)
78-79 (tai lieu © 80 °C); Két qua phan tich phd:
MS (ESI+, MeOH), m/z 360,11 [M+H]’, CTPT:
CoH2ClOs; IR (KBr), Vmax (cm'1): 3069
(C-H thom), 2984; 2936 (C-H no), 1724 (C=0
ester), 1647 (C=0O ceton); '"H-NMR (500 MHz,
DMSO- dg), & (ppm): 7,67 (6H, m, Ha,); 6,90 (2H,
m, Ha); 4,99 (1H, q, J = 5 Hz, H-CH); 1,60 (6H,
s, H-3, H-CH3); 1,14 (6H, d, J = 6,5 Hz,
H-2CHs); ™C-NMR (125 MHz, DMSO-dy),
3 (ppm): 193,70 (C=0); 173,57 (C-1); 159,72
(C-4"); 137,51 (C-4"); 136,74 (C-1"); 132,30
(C-27, C-6”; 131,61 (C-2’, C-6’); 130,02 (C-1’);
129,06 (C-3”, C-5"); 117,64 (C-3, C-5"); 79,57
(C-2); 69,40 (CH-isopropyl); 25,49 (C-3, CH3);
21,68 (2CH3-isopropyl).

Két qua khao sat anh hwdng lwong xuc tac
dén hiéu suat phan (rng ester héa tao fenofibrat
(1) dwoc trinh bay trong bang 1.

Bang 1. Anh huéng luong xiic téc PTSA
dén hiéu suét phan (g ester héa tao fenofibrat
tce acid fenofibric
Thoi gian

STT PTSA (%mol) phaning Y suat
! (%)
(gid)
1 2 8 785
2 5 5 90,0
3 7 5 89.5
4 10 4 90,8

Nhén xét. Qua bang trén cho thdy khi st
dung lwong PTSA khoang 5% cho hiéu suét cao
va thoi gian phan (rng 5 gi¢. Khi tang dan luvong
xuc tac 1én 7% hoac 10% thi hiéu suat phan (rng
it thay d6i. Do vay, lwong xuc tac 5% thich hop
st dung cho phan rng ester hdéa nay.

Ban luan

Phan &ng acyl hoa kiéu Friedel — Crafts gitra
anisol v&i tac nhan p-clorobenzoyl clorid trong
dung mdi DCM cho hiéu suét cao va dé dang
thwe hién. Phan trng nay can duoc lam lanh ban
dau vé 0 - 5 °C sau d6 mai thém tac nhan AICI;
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khan, ddng thdi can cha y lwong khi HCI thoat
ra dwoc dan vao binh chiva dung dich NaOH
5 M va suc N lién tuc dé tranh hut &m nguoc lai
phan (rng. Trong nghién clru trwdc cla tac gia
Trwong Phuwong s dung san phdm tho
p-clorobenzoyl clorid thu dwgc tlr phan (rng cla
acid p-clorobenzoic va PCl; dan dén hiéu suét
phan (rng tao ceton 4 thap hon (75,5%) do phan
trng sinh nhiéu tap 2.

Phan rng demethyl héa ceton 4 dwoc chung
toi ther v&i tac nhan HBr-48%/AcOH, tuy nhién
hiéu suat phan (ng thap (50 - 60%) va thoi gian
phan (ng kéo dai (24 gi® hdi lwu). S& dung tac
nhan demethyl héa chat 4 bang AICl; khan
chung t6i st dung dung méi toluen ré tién thay
thé cho dung méi clorobenzen nhw cac nghién
ctru trwoc  ©. Péng thoi loai triét dé& lwong
nwdc tap 1an vao do tinh hut Am manh cua cac
chét tham gia phan (rng bang dung cu bay nuéc
Dean — Stark. Chinh vi vay, qua trinh nay thu
dwoc san phdm phenol 3 v&i hiéu suat cao va
kha tinh khiét (theo déi bang SKLM), thdi gian
phan (rng ngén.

Qua trinh tdng hop acid fenofibric tir phenol 3
st dung phan ng Bargellini d& dang thuwc hién
va cho hiéu suét tét (= 81%). Do acid fenofibric
tao thanh it tan trong nwéc, do d6 sau phan rng
chi can diéu chinh pH vé 2-3 thu dwoc san pham.
DPdng thei, dé so bd loai cac tap chét hinh thanh
trong qua trinh phan &ng: acid fenofibric tho
dwoc hoa tan trong dung dich NaHCO; bao hoa,
sau d6 loc thu dich trong va cudi cung chinh lai
pH vé 2-3 thu san phdm. Dé san pham tinh khiét
hon do van chira lwgng nhé phenol 3 chuwa phan
&ng, chung ti s dung phwong phap két tinh lai
bang dung méi EtOH 50%.

Trong nghién ciru trwéc vé phan ng ester
héa tao fenofibrat, tdc gia st dung xuc tac
H,SO,4 dac cho phan tng ester héa gilra acid
fenofibric va IPA . Tuy nhién, v&i xtc tac nay,
lwong lon acid H,SO, dwoc st dung (60% so
véi khéi lwong) gay khé khan trong qua trinh
nap nguyén liéu & quy mé Ién, qua trinh tinh ché
kho khan va cho hiéu suét phan tng khong cao:
khoang 80%. Theo PGS. Trwong Phuong, tac
gia sir dung tac nhan SOCI, dwoc thém dan vao
hén hop clia acid fenofibric va IPA: Qué trinh
nay thao tac phtrc tap, sinh khi HCI manh va
dac biét l1a khi SO, gay 6 nhiém méi trudng,
phan trng kéo dai, hiéu sudt phan trng dat 86% .
Nh&m cai tién qua trinh ester héa giai doan nay,

chung t6i da st dung xuc tac PTSA, day la xuc
tac dwoc st dung kha phd bién trong phan tng
ester hoa. DBac biét, mot lwgng cloroform dwoc
st dung dé ting hiéu qua loai nuwéc tir phan
ing. Két qua cho thay chi can s dung 5% mol
PTSA phan (ng ester héa cho hiéu suat cao
(= 90%), qua trinh nap liéu va tinh ché san phadm
don gian. Piéu nay gitp dé dang trién khai &
quy mé lon.

Nhin chung, quy trinh tébng hop fenofebrat
tr nguyén liéu anisol trong nghién ctru nay cé
wu diém 14 cac phan ng dwoc tién hanh voi
diéu kién don gian, nguyén liéu sdn co. Quy
trinh c6 thé tién hanh & quy mé 16n huéng toi
san xuét fenofibrat 1am nguyén liéu bao ché
thudc tai Viét Nam.

Két luan

Chung t6i da téng hop duwoc fenofibrat tiy
anisol va s dung chét xuc tac meoi: acid
p-toluensulfonic, trong phan rng ester hoa, hiéu
suét toan qua trinh dat 61,1%. C4u tric cta san
phdm va cac chét trung gian déu duoc chirng
minh bdng cac phwong phap do phd héng
ngoai, phd khéi lwgng va phdé cong hudng tir
hat nhan. Pay 1a phwong phap kha thi d& nang
cap quy trinh tdng hop fenofibrat & quy mé Ién.
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