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Tong hop acetaminophen trye tiép tir chit dAu dang muoi p-aminophenol hydrochloride
va natri acetat img dung trong cong nghiép dwge

Dinh Ngoc Minh, Trwong Thanh Tung"
Khoa Duwoc, Pai hoc Phenikaa, dwong Té Hitu, phuwong Yén Nghia, quan Ha Péng, Ha Noi, Viét Nam
Ngay nhan bai 10/5/2022; ngay chuyén phan bién 13/5/2022; ngay nhan phan bién 28/6/2022; ngay chip nhan dang 5/7/2022

Tom tit:

Phuwong phap tong hop thudc acetaminophen thong thwong yéu ciu hai buéc: dau tién, p—ammophenol hydrochloride
dugc chuyen thanh dang amin tu do p- amlnophenol sau do6, phan &ng véi anhydrid acetic dudi diéu kién acid hoac
kiém & nhiét do cao dé thu dwgce san pham acetammophen Trong nghién ciru nay, chung t6i bao cao mot budc
tong hop truc tlep thudc acetaminophen tir dang muoi p-aminophenol hydrochlorlde va dang mudi natri acetat.
Nhiéu tic nhan bat cap da dwgc thir nghiém vé hiéu qua xuc tac phan wng. Két qua cho thay, cac tac nhan bit
cap 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate (HATU)
va N-(3-Dimethylaminopropyl)-/V'-ethylcarbodiimide hydrochloride (EDC.HCI) trong h¢ dung méi H,0/ACN cho
hi¢u qua phan tng tot nhat véi hi¢u suit 87-89%. Phan wng dwge thir nghiém cho quy mé 500 g véi hleu suit dat
84-90%. Qua trinh chuyén hoa nay cho thiy mot phwong phap tong hop méi, chua tirng dwge cong bd trude day.
Phwong phap tong hop nay mé ra mot huéng ing dung méi trong cong nghiép san xuit dwoe pham tai Viét Nam.

Tir khéa: acetaminophen, hoat héa, N-(3-Dimethylaminopropyl)-V'-ethylcarbodiimide hydrochloride, phan ng
amid héa, tong hgp dwge chat, 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b|pyridinium 3-oxide
hexafluorophosphate.
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Abstract:

The common strategy for the synthesis of acetaminophen typically requires two steps: firstly, p-aminophenol
hydrochloride is converted into its free amine form as p-aminophenol; subsequently, it is reacted with acetic anhydride
under basic or acidic conditions at high temperature to afford the final product. In this study, we report a one-step
method for the direct synthesis of acetaminophen from p-aminophenol hydrochloride and sodium acetate, without the
need to isolate the free amine. Several coupling reagents were evaluated for effectiveness in promoting the reaction.
The results showed that the coupling agents 1-|Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium
3-oxide hexafluorophosphate (HATU) and N-(3-Dimethylaminopropyl)-/V'-ethylcarbodiimide hydrochloride (EDC.
HCI) in H,O/ACN solvent system, were identified as the most effective, affording acetaminophen in yields of 87-89%.
This transformation represents a new synthetic approach that has not been previously reported. Furthermore, the
scalability of the reaction was demonstrated with up to 500 g of starting material, achieving an overall yield of 84-
90%. This method holds high potential for application in the Vietnamese pharmaceutical industry.

Keywords: acetaminophen, activation, amide reaction, drug synthesis, N-(3-Dimethylaminopropyl)-/V'-
ethylcarbodiimide hydrochloride, 1-[Bis(dimethylamino)methylen]-1H-1,2,3-triazolo[4,5-b]|pyridinium 3-oxide
hexafluorophosphate.

Classification numbers: 1.4, 3.4

“Tac gia lién hé: Email: tung.truongthanh@phenikaa-uni.edu.vn

‘ LHORHOC 1



s Khoa hoc Tu nhién | Héa hoc; Khoa hoc Y - Duoc | Dugc hoc

1. it van de

Qué trinh tong hop nguyén liéu hoa duoc lam thude hién
nay van str dung nhiéu diéu kién khac nghiét nhu: dung méi
hitu co lam méi truong phan Gng, nhiét do cao, st dung cac
acid hodc base hitu co. Piéu nay dan dén nhiing tic hai cho
mdi truong khi cac chat thai 1a dung méi doc hai duoc thai
loai sau qua trinh san xudt, ting gi thanh cho cac cong doan
san xuat khi phai dun néng hdn hop & nhiét do cao. Pong
thoi, viée sir dung cac acid va base dam dic co thé tiém
an nhiéu rui ro trong quy mo  cong nghiép. Cac nha khoa
hoc trén thé giGi di va dang nd luc phat trién cac phan tng
hoé hoc méi str dung dung méi 1a nuée, dién ra & nhiét do
thuong nham giam thiéu tic dong toi moi trudng, tiét kiém
chi phi va an toan hon. Dic biét, rit ngin cac budc phan
g tong hop thudc dé dem lai hidu qua kinh té cao hon [1].

Acetaminophen 1 mot trong nhimg thudc khong ké don
duoc st dung phé bién nhét hién nay tai Viét Nam va trén
thé gioi [2]. Trong quy trinh tong hop acetaminophen, nhiéu
giai doan, cac nha san xudt phai st dung p-aminophenol
hydrochloride sau d6 chuyén sang dang base cia
p-aminophenol bang phan tmg kiém hoé (do dang base d& bi
phan huy) [3]. Sau do, st dung phan ing acyl hod nhém amin
(NH,) cua p-aminophenol dang base bang anhydrid acetic
trong moi truong kiém hodc acid hydrochloric ddm dac ¢
nhiét d6 cao (>90°C) (hinh 1). Qua trinh tong hop sir dung
p-aminophenol base ¢ quy mé cong nghiép gy nhiéu kho
khan do p-aminophenol khong bén nén d& bién mau va tao
ra nhiéu tap chit. Do d6, phuong phap tong hop sir dung cac
chit dau bén vitng hon & dang mudi 1a hét strc can thiét [3].

Trong nghién ctru nay, céc tac gia bao cao phuong phap
tong hop mai, mot budce, chua ting duge cong bd trude day.
Phuong phép gdm mot bude phan tng, sir dung cac nguyén
lidu tryc tiép 1a mudi p-aminophenol hydrochloride va mudi
natri acetat, diic biét phan tmg dién ra trong méi trudng hon
hop dung moéi nude va acetonitril & nhiét d¢ thuong, tinh
ché don gian ma chua timg duoc cong bd trude day (hinh 1).

Phuong phap truyén thdng: 2 budc, nhidu giai doan, nhiét dé cao
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Hinh 1. Phwong phap truyén théng va phwong phap cua nghién
clpu nay.
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2. Boi tugng va phuong phap nghién ciiu
2.1. Nguyén li¢u va thiét bi

Hoé chat dugc mua tir cdc nha cung cap bao gdbm: Sigma
Aldrich, Alfa Aesar, dung mdi Deajung Han Quéc voi do
tinh khiét trén 98% theo nha cung cap va dugc sir dung truc
tiép khong tinh ché thém. Phan tmg dugc theo doi boi sic
ky 16p mong str dung ban mong Merck Kieselgel 60F254
(Singapore) va quan sat dudi dén UV hodc hién mau boi
dung dich thudc thir KMnO ,» ninhydrin. Phd cong hudng
tir duge ghi trén may Bruker Avance 500 MHz v&i chat
chuén ndi TMS duogc thuc hién tai Vién Hoa hoc, Vién Han
lam Khoa hoc va Cong nghé Viét Nam. Phé khéi duge do
trén may LC-TOF/MS Agilent theo phuong phap ion hoa
phun mu dién tir (ESI). Thiét bi sic ky HPLC Agilent 1260
Infinity, cot séc ky: C18 3,5 um, 4,6%*100 mm, hang san
xuit: Agilent, My.

2.2. Phwong phdp nghién ciru

Phan tng tong hop mot budc truc tiép tir mudi duoc
khao sét theo so do trén hinh 1.

Phuong phap tién hanh chung nhu sau: Cho hdn hop
gdbm mudi natri acetat (0,282 g), mudi p-aminophenol
hydrochloride (0,500 g), tac nhan bét cip (g) (ty 1& 1:1:1
theo s6 mol) vao binh cau day tron dung tich 100 ml. Tron
déu hdn hop thu duge va cho vao 10 ml hdn hop dung méi
H,O/acetonitril (ty 1¢ theo bang 1) vao binh phdn tmg. Hon
hop thu dugc dem khudy ¢ nhiét do phong trong 30 phit.
Sau khi phan tng két thiic, san pham duoc chiét 3 lan véi
tong 150 ml ethyl acetat (50 ml mdi 1an), rta lai 1an lugt voi
10 ml dung dich 5% NaHSO, va dung dich 5% NaHCO,.
L6p dung méi duoc loai bo bang phwong phap ¢o quay dudi
ap sudt giam thu duoc san pham tinh khiét ma khong can
tinh ché thém. Céc tac nhan bit cap dugc khao sat bao gdm
HATU, EDC.HCI, CDI (1,1’-Carbonyldiimidazol), HBTU
(3-[Bis(dimethylamino)methyliumyl]-3 H-benzotriazol-1-
oxide hexafluorophosphate), T3P (Propanephosphonic acid
anhydride).

3. Két qua va ban luan
3.1. Két qui

Trong nghién ctru nay, dang mudi p-aminophenol
hydrochloride dugc st dung truc tiép cung voéi mudi natri
acetat trong hon hop dung méoi H,O/acetonitril ma khong phai
trai qua qua trinh acid hay base hoa nao (nham giai phong
dang tu do). Cac tac nhan bét cap duoc khao sat voi cac ty 1¢
dung méi khac nhau, két qua dugc trinh bay & bang 1.
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Bang 1. Khao sat cac diéu kién phan tng tiéu biéu.

STT Dung méi Téac nhin bit cip  Hiéu suit (%)*
1 ACN/H,0 (5:1)  HATU 89,2
2 ACN/H,0 (3:1)  HATU 79,3
3 ACN/H,O (1:1)  HATU 62,6
4 ACN HATU 31,9
5 H,0 HATU 442
6 ACN/H,0 (1:1)  EDC.HCI 87,1
7 ACN EDC.HCI 55,4
8 H,0 EDC.HCI 50,7
9 ACN CDI** 30,4
10 ACN HBTU 30,8
11 ACN/H,0 (1:2) ~ HBTU 10,0
12 ACN T3P** 11,5
13 Aceton/H,0 (1:2)  EDC.HCI 51,3
14 DMSO/H,0 (1:2)  EDC.HCI 61,6
15 DMF/H,0 (1:2)  EDC.HCI 66,8

*: Hiéu suét trung binh ctia 3 1an thi nghiém; **: Tac nhan bét c&p khong
bén trong nudc; ACN: Acetonitrile; DMSO: Dimethylsulfoxide; DMF:
Dimethylformamide.

Bang 2. Nang quy mé téng ho'p acetaminophen.

Thinghiém Quymo(g) Dung méi Téc nhan bit cap Hiéu sudt (%)*
1 1 ACNH,0(1:5)  HATU 90,2
2 10 ACNH,0(1:5)  HATU 88,1
3 100 ACN/H,0(1:5)  HATU 87,8
4 300 ACNMH,0(1:5)  HATU 843
5 500 ACNMH,0(1:5)  HATU 84,8
6 1 ACNHO(1:1)  EDCHCI 86,1
7 10 ACNHO(1:1)  EDCHCI 854
8 100 ACNH,0(1:1) ~ EDCHCI 872
9 300 ACNH,0(1:1) ~ EDCHCI 85,9
10 500 ACNH,0(1:1) ~ EDCHCI 86,5

*: Hiéu suét trung binh cha 3 Ian thi nghiém.

Xac dinh cau triic ciia thudc acetaminophen tong hop
dugc: tinh thé tring, nhiét d6 néng chay 169,2-179,1°C.
'H NMR (500 MHz, DMSO-d,) 6§ 'H NMR (500 MHz,
DMSO-d,) 6=9,79 (s, 1H, NH), 9,25 (s, 1H, OH), 7,41-
7,44 (m, 2H, H-Phenyl), 6,76-6,79 (m, 2H, H-Phenyl), 2,05
(s, 3H, CH,). "C NMR (125 MHz, DMSO-d,) 6=168,3
(C=0); 153,8; 131,4; 121,7(2C); 115,6(2C); 24,1(CH,).
LCMS (ESI) m/z [M+H]* tim thdy 152,0. HRMS (ESI) m/z
[M+H]" tinh cho C.H, /NO," 152,0712, tim thay 152,0712.

JHOAHOC . -

3.2. Ban lugn

Két qua cho thdy, diéu kién phan tmg sir dung dung moi
H,0/ACN ty 1& 5:1 véi tac nhan bét cdp HATU cho két qua
an tuong voi hiéu suét cao nhét 89,2% (hang 1, bang 1), bén
canh d6 dung mo6i H,O/ACN ty 1€ 1:1 v6i tac nhan bét cap
EDC.HCI cho két qua hiéu sudt 87,1% (hang 6, bang 1).
Chuing t6i quyét dinh Iya chon diéu kién nay cho tong hop
quy md 16n hon cta acetaminophen nhu trinh bay & bang 2.

Acetaminophen tong hop dugc xac dinh ciu trac bing
cac phuong phap pho khéi va phd cong huong tir dwoc trinh
bay trén cac hinh 2 va 3.

Phan tmg tong hop acetaminophen dd duogc tién hanh
thanh cong tir mudi p-aminophenol hydrochloride va mudi
natri acetat voi cac tac nhan bt cip va dung méi khac nhau
nhu liét ké ¢ bang 1. Phan ting khong can st dung cac mudi
base bac 4 nhu trong cac didu kién phan tung hinh thanh lién
két amid da dugc biét téi [4]. V& mit tic nhan bat cap, HATU
va EDC.HCI cho hiéu suit cao nhét tuong tmg la 89,2%
(hang 1, bang 1) va 87,1% (hang 6, bang 1). Cac tac nhan bat
cap khac cho hiéu suat trung binh va thap. Trong trudng hop
cua CDI (hang 9, bang 1) va T3P (hang 12, bang 1) 1a hai tac
nhan bt cip kém bén trong nudce, phan tng phai tién hanh
& 100% ACN véi hiéu suat thap. Didu nay c6 thé dugc giai
thich boi kha ning tan kém cia hai chat ¢au p-aminophenol
hydrochloride va natri acetat dang mudi trong dung moi
ACN. Mic du tinh chit va ciu trac cuia HATU va HBTU la
tuong tu nhau (hinh 4), nhung hiéu suat cua viéc st dung
HBTU la thap hon nhiéu so véi HATU trong ca diéu kién ¢
hodc khong c¢6 nudce (hang 10, 11, bang 1).

Vé diéu kién dung méi, két qua nghién ciru cho thay sy
¢6 mit ctia nude dong vai trd quan trong cho hiéu sudt cia
phan tmg. Ty 1& cao nhat cua nuéc duge sir dung 1a 50%
trong trudng hop cia EDC.HCI. Piéu nay c6 thé dugc giai
thich boi cac chat tham gia phan tng 1a dang mudi, viéc co
mit ctia nude hoa tan cac chét 13 can thiét dé phan tng dién
ra. Hon hop dung mai acetonitril (ACN) va nudc 14 tot nhét
cho phan g, cac hdén hop dung méi khac véi nude nhu
DMSO, aceton, DMF déu cho hiéu suét thép.

Do céc chit tham gia phan ing déu ¢ dang mubi khong
tan trong dung méi hitu co, nén qua trinh tinh ché rat don
gian chi can st dung phuong phép chiét bing dung moéi hitu
co thong dung nhu ethyl acetat.

Thir nghiém nang quy mo tong hop voi hai tac
nhan bit cip t6t nhat HATU va EDC.HCI cho thay,
hiéu suit twong ddi 6n dinh va twong duong nhau khi
nang quy mo tir 1 dén 500 g. Tuy nhién, EDC.HCI cho
hiéu suit 6n dinh hon so véi HATU trong cac quy mo.
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Hinh 3. Phé khéi va sic ky ldng hiéu nang cao ctia acetaminophen téng hop dwoc.
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Hinh 4. Ciu tao cua 1-[Bis(dimethylamino)methylene]-1H-

1,2,3-triazolo[4,5-b]pyridinium  3-oxide  hexafluorophosphate
va 3-[Bis(dimethylamino)methyliumyl]-3H-benzotriazol-1-oxide
hexafluorophosphate.

Cu thé, HATU cho hiéu suit c6 xu hudng giam dan tir 90,2%
(quy mo 1 g) xudng 84,8% (quy md 500 g). Trong khi do,
hiéu suat gan nhu 6n dinh & muc 85-86% khi sir dung EDC.
HCL. Tuy nhién, sy khac biét nho vé hi¢u sudt & quy m6 300
va 500 g khi str dung HATU van cho thay tac nhan bat cap
nay cé tiém nang trong quy md cong nghlep Xét vé mat
gia thanh va d6 bén, EDC.HCI 1a tng vién tiém ning hon
HATU cho 4p dung quy md cong nghiép san xut nguyén
liéu hoa duoc.

4. Két luan

Ching toi di lan dau tién tong hop thanh cong
acetaminophen tryc tiép tr mudi p-aminophenol
hydrochloride va mudi natri acetat trong hdn hop dung méi
nude va acetonitril. Hai tic nhan bat cap tim dugc 1a HATU
va EDC.HCI, trong d6, EDC.HCI cho hiéu suit 6n dinh hon
& quy mo tir 1 dén 500 g. Phan tng dién ra mot budc, trong
moi truong nudc va khong sit dung cac amin bac 4 trong
qué trinh phan @ng va chua timg dwoc cong b trude diy.
Du acetaminophen 1a ddi twong chinh ctia nghién ciru nay,
tuy nhién phan Gng co6 thé duoc phat trién rong hon cho cac
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loai thudc khac nhau chira lién két amid [5]. Tom lai, két
qué ctia nghién ctru mé ra mot huéng tong hop cong nghiép
m&i cho acetaminophen trong méi trudng hon hop nudce va
acetonitril. Mot sd diéu kién cua phan tmg can nghién ctru
t6i wu hod sau hon nhu: giam ty 1& tac nhan bét cap, st dung
hoan toan méi trudng nudc, thay thé HATU bang céc tac
nhan than thién hon, khong chira phospho... s& dugc tién
hanh va cong b trong thoi gian t6i. Bén canh d6, phan ting
nay s€ 121 co s& dé phat trién cac phén ung mai g dung
trong téng hop cong nghiép cac thu6e chtra lién két amid
trong phan tir nhdm rat ngan budc phan tng.

LGOI CAM ON

Nghién ciru nay duoc tai tro boi Quy Phat trién Khoa
hoc va Cong ngh¢ Phenikaa, Dai hoc Phenikaa. Céc tac gia
xin chan thanh cam on.
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