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TOI UU HOA QUY TRINH TONG HOP METHYL SALICYLAT
BANG PHUONG PHAP PAP UNG BE MAT

Nguyén Ngoc Anh Pao'*, Nguyén Anh Pao’

SYNTHESIS OF METHYL SALICYLATE

Nguyen Ngoc Anh Dao!*, Nguyen Anh Dao?

APPLICATION OF RESPONSE SURFACE METHODOLOGY TO OPTIMIZE THE

Tém tit — Methyl salicylat duogc téng hop qua
phdn iing ester hoa acid salicylic va methanol.
Tuy nhién, phdn iing xdy ra theo cdn bdng thudn
nghich. Do dé, téi wu héa quy trinh téng hop
methyl salicylat bang phwong phdp ddp iing bé
mdt (Response Surface Methodology — RSM) la
cdn thiét, gip ndng cao hiéu qud, gidm chi phi.
Péi twong nghién citu la phdn iing tong hop
methyl salicylat. Sdn phdm tir phdn iing duoc
tinh ché bang phwong phdp chung cdt phdn doan,
kiém tra do tinh khiét bang sdc ki 16p mong. Cdu
triic sdn phdm duoc khdng dinh qua cdc phd IR,
MS va NMR. Phuong phdp ddp ting bé mdt duoc
st dung dé t6i wu hoa cdc diéu kién cia qud
trinh phdn ting (thoi gian phdn vng (X1), nhiét
do phdn vng (X2), nong dé xiic tdc (X3), ti Ié tdc
chdt acid salicylic va methanol (X4). Hiéu sudt
tong hop (Y) la yéu té ddp ving. Sau khi ti uu,
thoi gian phdn ing la 6 gio, nhiét dé 82,12°C,
nong dé xiic tic 10%, ti 1é tdc chdt 10% dat
hiéu sudt cao nhdt la 89,07%. Thong sé nay da
dueoc so sdnh véi thuc nghiém va két qud cho thdy
khong c6 su sai s6 lon (P = 0,03 < 0,05).

Tie khoa: methyl salicylat, phdn ing ester
héa, phuong phdp ddp iing bé mait.

Abstract — Methyl salicylate is obtained
through the esterification reaction of salicylic
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acid with methanol. However, the reaction is
considered a reversible reaction. Therefore, opti-
mizing the synthesis process of methyl salicylate
using response surface methodology is necessary
to improve efficiency and reduce costs. The object
of the study is the synthesis reaction of methyl
salicylate. The product from the reaction was
purified by using fractional distillation, and its
purity was checked by thin-layer chromatography.
IR, MS, and NMR spectra confirmed the product
structure. The response surface methodology is
used to optimize the reaction conditions (reaction
time (XI), reaction temperature (X2), catalyst
concentration (X3), and the ratio of salicylic acid
and methanol (X4). Synthetic efficiency (Y) is a
response factor in evaluating the optimal process.
The reaction period is 6 hours, the temperature is
82.12°C, the catalyst concentration is 10%, the
ratio of reactants is 10%, and the highest effi-
ciency is 89.07%, according to the optimization
results. These parameters were compared with
experimental results, and the outcome showed no
significant deviation (P = 0.03 < 0.05).

Keywords: esterification reaction, methyl sal-
icylate, response surface methodology.

I. PAT VAN PE

Methyl salicylate (MeSA) la ester clia acid
salicylic va methanol. Trong tu nhién, chit nay
dugc mot s6 loai thuc vat nhu 16c dé, bach duong
tiét ra d€ tu bao vé chbng lai con trung giy hai
[1]. Trong y hoc, MeSA c6 cong dung gidm dau,
chéng viém va thudng dugc bao ché thanh dau
xoa bép [2]. Chit nay con dugc dng dung lam
mi phidm, thubc trir su sinh hoc [3]. Qué trinh



Nguyén Ngoc Anh Pao, Nguyén Anh Pao

chiét xuit MeSA tif ty nhién ton nhiéu thdi gian,
hiéu suét thip (khoang 6,88%), gid thanh cao
[4]. MeSA stt dung trong thuong mai da phan c6
ngudn gbc tdng hop, thu dudc thong qua phan
ung ester héa hai nguyén li€u la acid salicylic
va methanol. Phuong phdp nay c6 nhudc di€ém
la xdy ra theo can bang thuin nghich, phan tng
khong hoan toan. Do d6, trong nghién ciiu nay,
phuong phép ddp ting bé mit di dudc st dung
dé t6i wu héa quy trinh tng hop MeSA nhiam
nang cao hiéu qua, giam chi phi, thic diy md
rong quy mo san xuit tai Viét Nam. Nghién cifu
ciing gép phan didm bdo ngudn cung cip nguyén
liéu hoéa dugc trong nudc.

II. TONG QUAN NGHIEN CUU

Trong phan ung ester hoa acid salicylic va
methanol d€ tao methyl salicylat, acid sunfuric c6
vai trd 12 tdc nhan, xidc tdc phan Gng dén trang
thai can biang nhanh hon. Do do, ti 1& tac chét
va xuc tdc sé anh hudng ding ké dén ning suit
tong hop MeSA. Ngoai ra, hai yéu t6 nhiét do
va thoi gian phan ting ciing anh hudng manh dén
hiéu qua tdng hop. Pdi véi nhiét do tién hanh,
Zhang Xuhong (2011) da thuc hién phan tGng &
day nhiét d6 90 — 100°C [5]. Qua thuc té khio sat
diéu kién phan ting, bit dau tir 90°C, néu nhiét
dd ting 1én thém 10°C hodc 20°C thi niing suit
khong ting thém, ngugc lai phan ting con xuét
hién tap va gidm ning suit tong hop. Néu nhiét
do khao sit tr 60°C dén 70°C, ning suit gidm
do kéo dai thdi gian phan dng va dé xuit hién
tap chit hon so v6i miic nhiét do cao. Do d6, hai
mic cuc tiéu va cuc dai cta nhiét do dudc chon
trong nghién ciu 1a 75°C dén 90°C.

Zhang Xuhong da thuc hién phan ung & thoi
gian tu 5 — 6 gig [5]. Khao sat khoang thoi gian
thuc hién phan ting, sau ba gid dat nhiét do thiét
ké, san phim dugc tao thanh. Tuy nhién, san
phdm van con vét nguyén liéu. Sau khoang thdi
gian 6 giv, vét nguyén liéu gan nhu hét. Tiép tuc
khdo sit cung diéu kién & thdi gian phan tng
kéo dai dén 10,5 gid thi tdng hop cho ning suét
giam, xuit hién thém tap chét kho loai bd bang
cac phuong phap tinh ché. Do d6, thdi gian phan
ting dugc lua chon trong nghién ctu 1a tir 6 dén
9 gis. Pay la khoang thoi gian i tudng dé cac
chit ban dau phan ting hét va han ché xuit hién
tap chét.
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Nong do xiic tac HpSO4 dam dic ciing dong
vai trd quan trong dén niing suit tong hop trong
cic phan tng ester héa. O ndng do thip, phan
ting tén nhiéu thoi gian dé€ dat dugc trang thai
cin biang va cho hiéu suét rit thip. O ndng do
cao, tit 40% trd 18n, chit xuc tac bao hoa tic
dung ndng do xiic tic ting khong lam ting ti 1&
hiit nuéc trong phan ting ma con 1am tén chi phi.
Do d6, ndng do xiic tac téi wu nhat dugc chon ti
10% dén 30% [6, 7].

Néu ti 1& tic chit ban dau giita methanol va
acid salicylic thap thi lugng dung méi khong du
d€ hoa tan hét sin phim, gidm ning suét tong
hop MeSA [8]. Néu ti 1 nay cao, thi nghiém phai
dién ra trong thdi gian dai d€ ddm bdo phan ung
hoan toan, tén thdi gian va chi phi. Tuy nhién,
niing suit ciing khong dudc cai thién tét hon. Qua
khao sat, ti 1€ methanol : acid salicylic phu hgp
d€ tdi uu héa l1a tir 10:1 dén 15:1.

Tit nhitng két qua nghién cifu va khao sit so
bd trén, thiét ké phic hop trung tim (CCD) trong
phuong phap ddp dng bé mit (RSP) dugc lua
chon nham t6i uu héa cac diéu kién ctia qué trinh
phin tng goém: thoi gian phan tng (X1), nhiét
do phan ting (X2), ndng do xic tic (X3), ti 1&
tac chét acid salicylic va methanol (X4). Phuong
phap nay thé hién 1o cic anh hudng lién quan
dén tiing bién cu thé & nhiéu mic do va dudc
trinh bay qua md hinh dép ting, khic phuc dugc
khuyét diém ctia khéo sat Two-level factorial hay
fractional factorial designs [9].

III. PHUONG PHAP VA PHUONG TIEN

NGHIEN CUU

A. Thoi gian va dia diém thi nghiém

Thi nghiém dugc thuc hién tai Phong Thi
nghiém Khoa Y — Dudc, Truong Pai hoc Tra
Vinh tif thdng 5/2020 dén 8/2020.

B. Phuong phdp bo tri thi nghiém
Phuong phap tong hop methyl salicylat
MeSA dudc tao ra tu phan Gng ester hda cia
acid salicylic va methanol véi xic tac H2SO4
theo phudng trinh:

___OH Ao
0 ¢ ocHaoH 1% |1 L0
=T 00H ~FCOOCH,

i
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Céch tién hanh: Hoa tan 1,38 g acid salicylic
(10 mmol) v6i 4 mL methanol trong binh cau ba
¢6 250 mL, thém 0,25 mL H,SO4 dam dic. Pun
hoan luu cich cit & 90°C trong 6 gid theo bd
tri thi nghiém nhu Hinh 1. Sau khi hoan thanh

(a)

(b)

Hinh 1: B} tri thi nghiém tong hgp methyl
salicylat (a); chung cit san pham (b)

thi nghiém theo thdi gian ctia md hinh thiét ké,
san pham tiép tuc chuyén sang mdy c6 quay chan
khong dé thu hdi methanol thita (nhiét d6 chung
cit khoang 65°C) va c6 quay dén khi khong con
giot dung mdi qua binh hing. Hon hop trong
binh ¢6 quay dudc lam ngudi. Sau do6, hon hop
dugc d6 vao binh lang gan, trang sach binh c6
quay bing dung dich NaHCO; bio hoa va tiép
tuc cho thém 5 mL NaHCOs3; bao hoa vao binh
lang gan. Lac nhe binh ling gan rdi d€ yén, thu
lay 16p dudi. Ria 16p dudi bang NaHCO; béo
hoa nhiéu 1an (3-5 1an) d€ loai acid tu do. Tiép
tuc rita hdn hop v6i lan lugt 5 va 10 mL nudc
cét. Cho hén hdp vao becher, thém khoang 0,5 g
Na,SO4 khan. Gan l4y 16p ester sach.

Phuong phap tinh ché methyl salicylat

Chung cit phan doan dung d€ tich cic chat
bay hoi ra khéi mot hdon hop dua vao su khac
biét nhiét do soi cia cac chit trong hén hop. O
thi nghiém ndy, binh cAu dung sin phim dudc
gia nhiét dén 220°C (nhiét do s6i MeSA).

Phuong phap thiét ké thi nghiém va t6i wu
hoa

Thiét ké thi nghiém

B6n yéu t6 anh hudng dén qu4 trinh tdng hop
MeSA dudc lya chon 1a thai gian phan tng (X1),
nhiét d6 phan ting (X2), ndng do xiic tic (X3),
ti 1& tac chit acid salicylic v methanol (X4) vé6i
thong sb ddp ng 12 hiéu sut tdng hop (Y). Mdi
yéu td dugc chia lam hai mic thay d6i cuc dai
va cuc tiéu dudc xdc dinh dua trén két qua khao
sat s6 bd quy trinh tong hgp MeSA va tai liéu
tham khao [5-7].
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Bang 1: Miic khao sat clia cac yéu t6 anh
hudng dén hiéu suét tdng hop

Cicmgc Theigian Nhigtds  Néngdo Tilé
X1) (X2)  xiic tic (X3) _tic chit (X4)

Cuc tidu 6h 750C 10% 10%

Cyc dai 9h 900¢ 30% 15%

Céc mic ctiia bon yéu t6 khio sat dugc nhap
vao phan mém Minitab 19. Nghién ctu st dung
phuong phap thiét ké phiic hop trung tim (CCD)
d€ thiét k& ma tran c4c thi nghiém cin tién hanh.

Toi wu héa

Cic két qua thuc nghiém thu dugc sau khi tién
hanh thi nghiém theo ma trin dugc nhip vao phan
mém Minitab 19. Lap phuong trinh hdi quy béc
hai vé mdi tuong quan gitta bién phu thudc va
bién doc 1ap. Piéu kién tbi uu ctia phan ting dugdc
Minitab 19 du dodn. D€ thAim dinh két qua ctia
mo hinh, chiing t6i tién hanh thi nghiém vé6i cac
gia tri du doan nhim danh gid su tuong quan
gitta két qua thuc nghiém va két qua tinh todn
trén phan mém.

Kiém tra do tinh khiét va xic dinh clu tric

Kiém tra do tinh khiét bang phuong phap sic
ki 16p mong

Do tinh khiét ctia chit dudc kiém tra bing sic
ki 16p méng (SKLM). Vét chAm nguyén liéu la
dung dich acid salicylic chuin trong methanol,
vét chAm san phdm 1a sin phdm thu dugc sau
phan tng, phat hién vét biang cich quan sat dudi
UV 254 nm.

Xdc dinh chu tric san pham

San phiam tinh khiét dudc xdc dinh céu tric
bing cac phucng phéap: phd hip thu hong ngoai
(IR — Infrared Spectroscopy), khéi phd (MS —
Mass Spectrometry), phd cong hudng tir hat nhan
(NMR - Nuclear Magnetic Resonance).

Ki€m nghiém: San phdm tao thanh dudc ki€ém
nghiém tiéu chuin chit luong theo Dugc dién
Viét Nam V (chuyén luan MeSA) [10].

IV. KET QUA VA THAO LUAN
A. Tong hop methyl salicylat

MeSA, sau khi dudc téng hop theo phuong
phap & muc III, dudc kiém tra do tinh khiét bang
SKLM vé6i pha tinh la silica gel F254, pha dong
1a hé n-hexan: ethyl acetat (8:2). O budce song 254
nm, vét san pham chinh khac biét véi vét nguyén
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liéu. Tuy nhién, san pham van con lan hai tap
chét 12 tap A va tap B trén sic ki d6 (Hinh 2).

B. Tinh ché methyl salicylat

Sau qué trinh chung cit phan doan, tién hanh
SKLM vé6i hé dung mdi n-hexan: ethyl acetat
(8:2) d€ ki€ém tra do tinh khiét cia san pham.
Két qui cho thdy chi con mot vét chinh trén sic
ki d6. Diéu nay chiing té qué trinh chung cit da
loai bd dudc cic tap chit 1a san phim phu clia
phan tng (Hinh 2).

(I

@ D)

Hinh 2: Két qui kiém tra do tinh khiét bing
phuong phiap SKLM

C. Két qud thiét ké thi nghiém va thic nghiém

Céc bién doc 1ap dudc nhip vao phian mém
Minitab 19 va thu dugc két qua thiét k& gom 31
thi nghiém. Tién hanh thyc nghiém va x4c dinh
hiéu suit ciia mdi phan tng. Két qua dudc trinh
bay & Bang 2.

Tt cac s6 liéu thu duge, phan mém Minitab 19
dua ra du doan diéu kién tdi wu clia phan tng:
thoi gian 6 gio, nhiét d6 82,1212°C, nong do xiic
tac 10%, ti 1é tac chit 10% véi hiéu suat 89,07%.
Két qua du dodn dudc kiém chiing lai bing céch
thuc hién phan tng & diéu kién t6i wu 6 lan dé
danh gia su khac biét gitta gia tri dy doan va thuc
té (Bang 3).

Xic dinh ciu tric san pham

Pho IR: phd IR cia MeSA

Phé IR ctia san pham (Hinh 3) ¢6 cic dinh dic
trung chiing minh sy tao thanh nhom ester: 1211
cm~! (VC-0), 1673 cm™! (VC=0). Ngoai ra, phd
IR cling ghi nhan sy hién dién cia nhom OH
phenol c6 san tif cau tric cia nguyén liéu acid
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Bang 2: Két qua thiét ké thi nghiém va hiéu
suét thu dugc tif thuc nghiém

Gia tri ciia cac bién Hiéu
TT suat
X1 | X2 | X3 | X4| o
1 | 6 | 75 ] 10 | 10 | 67.6
21 9 | 75110 ] 10 | 888
31 6 |9 |10 ] 10 | 85
41 9 190 ] 10| 10 | 547
51 6 | 75|30 | 10 | 714
6 1| 9 | 75130 ] 10| 427
7] 6 |90 | 30| 10 | 715
8 | 9 |90 |30 | 10 | 405
91 6 | 75110 ] 15| 66
10| 9 | 75110 [ 15| 463
11| 6 |9 | 10 [ 15 | 541
12| 9 |90 | 10 | 15 | 588
13| 6 | 7530 [ 15| 486
14| 9 | 75130 ] 15 | 455
15| 6 | 90 | 30 [ 15| 428
16| 9 |90 | 30| 15| 362
17| 6 |825] 20 [125]| 867
18| 9 |825] 20 [125] 581
19 | 75 | 75 | 20 [125] 611
20| 7.5 1 90 | 20 [125]| 428
21| 7.5 |825] 10 |125]| 584
22| 7.5 |825] 30 |125]| 626
23| 7.5 |825] 20 | 10 | 673
24| 7.5 |825] 20 | 15 | 419
25| 7.5 |825] 20 [125]| 626
26| 7.5 |825] 20 [125]| 665
271 75 |825] 20 [125] 581
28 | 7.5 |825] 20 |125]| 524
29| 75 |825] 20 [125] 558
30 | 7.5 |825] 20 [ 125 64.7
31| 75 [825] 20 [125] 619

Bang 3: K&t qua thuc nghiém kiém ching
diéu kién tdi vu

TT Hiéu suit (%)
D dodn Thirc nghiém

1 89.07 89.6

2 89.07 92.8

3 89.07 903

4 89.07 91.7

5 89.07 90.6

6 89.07 892

Trung binh 89.07 90.7
P P=003=0,05
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salicylic: 3183 cm~! (vO-H), 1327 cm-1 (8O-
H).
Khéi phé MS

PhS MS (Hinh 3) cho gi4 tri pic ion gia phan ti
[M+H]* c6 cudng do cao va phu hop véi du kién.
Cong thiic phan ti (CTPT) du kién: CgHgOs;
khdi luong phan ti (KLPT) du kién: 152,0473;
[M+H]" du kién: 153,0552; [M+H]" tim thiy:
153,0552.

®

@

Hinh 3: Két qua phd hip thu hong ngoai cla
MeSA (a) va khdi phd ctia MeSA (b)

Pho cong huéng tir hat nhan

Phan tich dit liéu ph6 cia MeSA (Bang 4) cho
thiy phd cong hudng tit hat nhan 'H-NMR thé
hién diy dd céc dinh ding CTPT du kién. Phd
I3C-NMR xuét hién 08 tin hié¢u. Céc tin hiéu nay
c6 gid tri do dich chuyén phu hogp véi ting loai
C tuong dng trong san pham.

Bang 4: D liéu phd NMR ctia MeSA

b4 (ppm), sb H,
Nhém hinh dang miii, ic (ppm)
J (Hz)
Methanol (500 Methanol
- MHz) (125 MHz)
Ii_S’U“‘ =0 CHs 395:3H:s 528
' ,1].\\ oH | G - 113.6
6 ﬂ bE Ca - 162.7
5~ 3 Ca 7.84: 1H: m 1184
4 Cs 6.90: 1H: m 136.8
Cs 748 1H:m 1203
Cs 6.94: IH: m 131.0
Cc=0 - 171.8

Ciac két qua phan tich cho thiy ciu tric ctia

san phdm MeSA phi hop vé6i du kién.
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. A’ oA
Kiém nghiem

Béng 5: Ki€ém nghiém theo chuyén luan MeSA
ctia Dudc dién Viét Nam V

Chi tiéu __ Mikc chét hegng Két qui
Chit long khéng méau hay
mau vang nhat; rat kho
Tinh chit tan trong nudc, trén 1in Dat
d[rqc v e‘thanql 96%,
dau béo va tinh dau
ih‘"‘“ Y8 | Tia tinh thé tao thanh Dring
Toa nay phai cé diém | Tua cé diém
Phan tng | chay tir 156°C dén 161°C | chay la 159°C
B Dl‘mg, dich chuyén sang Diing
mau tim
N Dung dich thu duoc trong .
Dinh Baé trong subt Dung
tinh Miu sic | Khéng dwoe ddm mau
dung hon dung dich mau mau Dung
dich V1
Lwong dung dich natri
hydroxyd 0,1 N (CB)
S:i‘:"; han | jing ¢ git miu xanh | Ding: 0.1 mL
lam khéng dwoc qua 0.4
ml.
Dat, ham lwong
o
Lwong dung dich natri M:,Is.}?gif.{n
Dinh lveng hydroxvd 0,1 N (CD) 43 ' ngiuem
diine 4& x4 phone hs duoc ldp lai 06
ung de xa phong hoa lan v6i RSD% =
0,43%)
V. KET LUAN

Qua khéo sit qua trinh tdng hop MeSA, cic
yéu t6 4nh hudng dén hiéu sudt gom: nhiét do,
thoi gian, ndng do xtc tdc va ti 1& tic chat. Thiét
ké thi nghiém trén phan mém Minitab 19 va tién
hanh thuc nghiém theo ma trin do phin mém
vach ra dé€ khio sit dong thdi anh hudng clia
cdc yéu t trén. Xdc dinh dugc diéu kién toi vu
12 thoi gian 6 gid, nhiét do 82,12°C, nong do
xuc tdc 10%, ti 1& tac chit 10% véi hiéu suit
89,07%. Cac pho IR, MS, 'H-NMR, '3C-NMR
da chitng minh dugc cAu tric san phim tdng hop
12 MeSA. San phim dudc ddnh gid chat luong dat
tiéu chuan ctia Dudc dién Viét Nam V [10]. Day
1a thong tin can thiét, gép phan bd sung dif lidu
cho nhiing nghién cttu truée d6 ciing nhu khao
sat dugc diéu kién tdi vu d€ nang cao hiéu suét
tdng hop MeSA.
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