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TOM TAT

Dt vén dé: Rilpivirin 1a thudc diéu tri HIV dwoc chap thudn sir dung tai Hoa Ky tir thang
5/2011 duwe6i tén Edurant. Trong quy trinh téng hop rilpivirin, 2-nitromesitylen 1& mét chat trung gian
quan trong, chua dwoc danh gid vé dé tinh ché do tinh chon loc ciia phan img. Bén canh dé, viéc kiem
tra chdt lirong san pham ciing nhu cdc nguyén liéu dau vao cho cdac giai doan san xuat 1a yéu cau bat
bugc trong ho so ding ky nguyén liéu 1am thusc tai Viét Nam. Muc tiéu nghién cieu: Tong hop va
tinh ché duoc 2-nitromesitylen dat dé tinh khiét cao bang phdn ing nitro hda mesitylen véi tac nhan
méi. Poi twong va phwong phdp nghién ciru: Tong hop 2- -nitromesitylen bang phan ung nitro hoa
mesitylen voi tac nhan acylnitrat (acetylnitrat), khao sat mgt so yeu t6 anh huong dén sy chon loc cia
phan ing. Xdc dinh Cau tric san pham bang phirong phdp pho IR, MS, *H-NMR va ¥*C-NMR; ddnh
gid dé tinh khiét bang sdc ky l6p méng, nhiét dg nong chay va sac ky long hiéu nang cao (HPLC). Két
qud: Nitro hda mesitylen bang tac nhan méi acetylnitrat (hon hop acid nitric 65% trong anhydrid
acetic) o quy mo 2 g/mé cho hiéu suar dat 95,6%. CAc dit liéu vé nhiét @g nong chay, pho IR, MS, *H-
NMR, va C-NMR da khang dinh chinh xac cdu trdc san pham. Toi wu héa ty 1é mol acetylnitrat :
mesitylen (1,4:1,0) va nhi¢z dg phan ing 5-15 °C dé nang quy md téng hop, tinh ché 30 g/mé cho hiéu
sudt én dinh 93,9%. Thiét Idp duoc cdc diéu kién méi cho phirong phdp HPLC, khang dinh dg tinh
khiét ciia san phcfm dat 99,37%. Két lugn: Pa tong hep va tinh ché durpc 2-nitromesitylen dat dg tinh
khiét 99,37% (HPLC) bang phan i#ng nitro hda mesitylen véi tac nhan mdi 1a hon hop acid nitric 65%
trong anhydrid acetic ¢ quy md 30 g/mé dat hiéu suat 93,9%.

T khéa: mesitylen, acetylnitrat, 2-nitromesitylen, rilpivirin, HPLC.
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ABSTRACT

AN IMPROVED METHOD FOR THE SYNTHESIS OF HIGH-PURITY
2-NITROMESITYLENE AS AN IMPORTANT INTERMEDIATE
FOR THE PREPARATION OF THE HIV MEDICATION RILPIVIRINE

Le Viet Duc *2, Nguyen Van Hai?, Le Thi Thao?3, Nguyen Phuong Dung2®,
Phan Minh Thao?, Le Huong Lan?, Tran Manh Linh* Nguyen Hoa Binh?,
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Background: Rilpivirine, an HIV treatment drug approved for use in the United States since
May 2011 under the trade name Edurant, needs to be studied for synthesis using inexpensive and locally
available materials to reduce dependence on imports. 2-Nitromesitylene, a key intermediate in many
rilpivirine synthesis processes, currently faces challenges in synthesis and purification due to the
selectivity of the reaction. Additionally, quality control of the product is a mandatory requirement in the
registration of active pharmaceutical ingredients (API) in Vietham. Objectives: The synthesis and
purification of 2-nitromesitylene with high purity can be achieved through the nitration of mesitylene
using a new nitrating agent. Materials and Methods: The synthesis of 2-nitromesitylene was carried out
by nitration of mesitylene using acylnitrate (acetyl nitrate) as the reagent, with an investigation into
factors affecting the reaction selectivity. The product structure was characterized using IR, MS, tH-NMR,
and 13C-NMR spectroscopy, while its purity was evaluated through thin-layer chromatography (TLC),
melting point determination, and high-performance liquid chromatography (HPLC). Results: Nitration
of mesitylene using a novel reagent, acetyl nitrate (comprising 65% nitric acid in acetic anhydride), at a
scale of 2 g per batch achieved a yield of 95.6%. The structure of the product was accurately confirmed
by melting point determination, IR, MS, tH-NMR, and 3C-NMR spectra. Optimization of the molar ratio
of acetyl nitrate to mesitylene (1.4:1.0) and reaction temperature (5-15 °C) enabled upscaling of the
synthesis and purification to 30 g per batch, with a stable yield of 93.9%. New conditions for the HPLC
method were established, confirming the product's purity at 99.37%. Conclusion: 2-Nitromesitylene with
a purity of 99.37% (HPLC) was successfully synthesized and purified through the nitration of mesitylene
using a novel reagent, 65% nitric acid, at a scale of 30 g per batch, achieving a yield of 93.9%.

Keywords: Mesitylene, acetylnitrate, 2-nitromesitylene, rilpivirine, HPLC.

I. PAT VAN PE

Rilpivirin, hay 4-[(4-[(4-[(E)-2-cyanoethenyl]-2,6-dimethylphenyl)amino]pyrimidinyl] -
2-yl)amino]benzonitril, 1a mot thudc wc ché sao chép nguoc khong nucleosid thé hé tha 2
(NNRTISs) thuéc nhém diarylpyrimidin [1],[2]. Thubc nay uc ché khong canh tranh voi
enzym sao chép nguoc (RT) va di dugc FDA phé duyét vao thang 5 nam 2011 dé diéu tri
nhiém HIV-1 [3]. Rilpivirin ¢6 nhiéu wu diém nhu hiéu lyc cao hon, thoi gian ban thai dai
hon va giam tac dung phu so véi cac hop chat NNRTIs thé hé trude [4]. Theo céc tai lidu
da cong b, rilpivirin c6 thé duoc tong hop tir mot sé nguyén liéu ban dau, trong do co
mesitylen (1) (hinh 1) [5]. Trong quy trinh ndy, 2-nitromesitylen Ia hop chét trung gian quan
trong dé dam bao tinh chon loc cua céc phan tng. Ngoai ra, hop chat nay ciing la nguyén
lieu dé san xuat 2-aminomesitylen (bang phan tng khir héa nhém nitro) — 1a hop chét cé

130



TAP CHi Y DU'Q'C HQC CAN THO' - SO 84/2025

tng dung rong réi trong céc linh vuc nhu tong hop thude Rilpivirin [6], san xuét chat mau,
lam phéi tfr (Iigand) tong hop xuc tac (xuc tac Grubbs) [7].
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Hinh 1. So d6 tong hop rilpivirin tir mesitylen qua chét trung gian 2-nitromesitylen

Theo céc nghién ciru trude day, 2-nitromesitylen chi yéu duoc tong hop bang phuong
phap mono-nitro hda mesitylen véi tac nhan sulfonitric [8], hoic hdn hop acid nitric dac trong
dung moi acid acetic va anhydrid acetic [9]. Tuy nhién, phan &ng nay stir dung cac tac nhan
nguy hiém nhu acid nitric boc khoi va acid sulfuric 98%, khd ma rong quy mé, dé tao tap
polynitro, khé tinh ché, nén chua dap tng yéu cau GMP trong san xuat duoc pham [10]. Hién
nay, chua c6 cac nghién citu vé danh gia ham luong va chit lwong nguy@n liéu 2-nitromesitylen.
Vi vy, bai bao duoc thuc hién voi muc tiéu: tong hop va tinh ché dugc 2-nitromesitylen dat
do tinh khiét cao bang phan tng mononitro hoa chon loc mesitylen véi tac nhan méi.

1. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong nghién ciu

Déi twong: 2-nitromesitylen.

Nguyén ligu: Mesitylen (Aladin, CAS: 108-67-8; L6: 12126496; 97% CoHiy;
Shanghai Aladin Biochemical Technology Co., LTD); anhydrid acetic (CAS: 108-24-7; L6:
19E074011; 99,7%; VWR international S.A.S, France); acid nitric (L6 Z0862556 315, 65%
HNO3, Merck KGaA); acid ortho-phosphoric (L6 K53561173 129, 85% H3PO4, Merck
KGaA); cac hoa chat khac ¢ ngudn géc Sigma va Trung Qudc dat yéu cau trong téng hop
va phan tich duoc sir dung truc tiép khong can tinh ché.

2.2. Phuwong phap nghién cuu

- Tong hop 2-nitromesitylen dwoc thyc hién tai Bo mon Ky thuat Hoa duoc va Chiét
xuit, Khoa Cong nghé Hoa duoc — Trudng DPai hoc Duoc Ha Noi. Phan @ng nitro hoa
mesitylen véi tac nhan acid nitric 65% trong anhydrid acetic theo so ¢ & hinh 2:
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Hinh 2. So d6 tong hop 2-nitromesitylen tir mesitylen

- Tién trinh phan tng duoc theo ddi bang phuong phap sic ky 16p mong (SKLM)
trén ban mong silica gel 60 F2s4 (Merck), quan sat hinh anh sic ky d6 du6i &nh sang tir ngoai
& budc song 254 nm. Do tinh khiét san pham duoc kiém tra so bo theo phwong phap SKLM
va do nhiét do ndng chay trén thiét bi EZ-Melt (My).

- CAu trdc caa san pham duoc xac dinh bang cac phuong phap phan tich pho: phd
hong ngoai (IR), pho khdi (MS) va phd cong huong tir hat nhan (*H-NMR, **C-NMR). Céc
phd dugc do trén may Bruker 500 MHz Ascend véi chat chuan noi la tetramethylsilan
(TMS) tai Vién Han lam Khoa hoc va Cong nghé Viét Nam.

- Do tinh khiét caa san pham dugc danh gia, khéng dinh trén hé thng sac ky long
hi¢u ndng cao (HPLC) Agilent HP1100 (My) va cac thiét bi phan tich tai Vién Kiém nghiém,
nghién ctru duogc va trang thiét bi y té Quan doi.

I1l. KET QUA NGHIEN CUU

3.1. Két qua nghién ciru tong hop 2-nitromesitylen

Lay 6,0 mL anhydrid acetic (63,0 mmol; 4,4 eq) cho vao binh cau 3 cb dung tich 100
mL va lam lanh dudi 10 °C bang nude da. Khudy va thém tir tir 1,3 mL acid nitric 65% (20,3
mmol; 1,4 eq) bang binh nhé giot, duy tri nhiét &6 phan tng 10-15 °C. Nho giot tir tir 2,0 mL
mesitylen (14,4 mmol; 1 eq) vao hon hop trong binh phan ung va duy tri & 10-15 °C. Sau khi
nhé giot nguyén liéu xong, tiép tuc khudy & nhiét dé phong trong 1 gio. Theo ddi phan tng bang
SKLM, hé dung méi giai ly la n-hexan:ethyl acetat (8:2), quan sat hinh anh sic ky db dudi anh
sang tir ngoai & budc séng 254 nm. Két thic phan ang khi khdng con chat dau.

Xt ly: Hon hop sau phan tng dugc db vao 20 mL nudc d4, thém 1,0 g NaCl vao
khudy déu. Loc, rira taa 3 1an, mdi lan bang 10 mL nuéc cat lanh, sdy chan khong & 30 °C
trong 5 gio, thu duoc 2,27 g san pham (hiéu suét 95,6%), 1a tinh thé mau vang nhat, ¢ nhiét
d6 nong chay (t°nc) 41,2-43,5 °C (tham khao: 43,0-44,0 °C [11]), R+ 0,76 (n-hexan:ethylacetat,
8:2). IR (KBr), v (cm™): 2925, 2866 (C-H no), 1602 (C=C), 1509, 1363 (NO,). MS (ESI,
MeOH), m/z: 166,1 [M+H]"; (Céng thirc phan tir 2-nitromesitylen: CoH11NO2, [M+H] iy thuyét
= 166,08). H-NMR (600 MHz, DMSO-ds), & (ppm): 2,21 (s, 6H, H-1°, H-3"); 2,29 (s, 3H,
H-2%); 7,07 (s, 2H, H-4, H-6). 3C-NMR (150 MHz, DMSO-ds, ppm): 6: 149,7 (C-2); 140,8
(C-5); 129,8 (C-1, C-3); 129,4 (C-4, C-6); 20,9 (C-3°); 17,2 (C-1°, C-2).

a) Khdo sdt anh huwéng nhiét dp téi hi¢u sudt tong hop 2-nitromesitylen (chit II)

Khao sat anh huong ciia nhiét do phan tng trong khoang tir 5-25 °C t6i hi¢u suat
tong hop chét I1. Cac phan ing dugc thuc hién & quy md ~ 2 g/mé (tinh theo san pham tao
thanh, tuong ung 2,0 mL nguyén li¢u mesitylen), voi ti 1€ mol tac nhén acetylnitrat:
mesitylen 1a 1,4:1 (twong (g ty 1¢ acid nitric: anhydrid acetic: mesitylen = 1,4: 4,4: 1). Két
qué dugc thé hién ¢ Bang 1.
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Bang 1. Két qua khao sat anh hudng ciia nhiét do t6i hiéu suit tong hop chat |1

STT | Nhiét d6 (°C) | Hinh dnh SKLM Khdi lugng chat 11 () Hiéu suat (%)
1 5-10 1 vét 2,20 92,7
2 10-15 1 vét 2,27 95,6
3 15-20 1 vét 1,97 83,1
4 20-25 2 vét Khong thu duoc san pham -

Nhan xét: Duy tri nhiét d6 phan ang & 15-20 °C, quan sat hinh anh SKLM xuét hién
1 vét san pham va 1 vét tap, cho thay nhiét do cao lam anh huong ti qua trinh tao tac nhan
acylnitrat (acetylnitrat) va nitro hoa mesitylen, dan dén tao thanh san pham phu. Khi duy tri
nhiét d6 phan ting tir 5-15 °C, quan sét hinh anh SKLM chi xuét hién 1 vét duy nhat va hiéu
Suat tao san pham cao (92,7-95,6%). Vi vay, lua chon nhiét do tir 5-15 °C dé khao sat cac
phan ung tiép theo.

b) Khdo s&t dnh hwéng caa ti 1¢ mol gi#a tac nhan acetylnitrat (acid nitric
65%/anhydric acetic) va mesitylen dén hiéu sudt tong hep chat 11

Tién hanh khao sat anh huang cua ti 1é mol gitra tac nhan acetylnitrat (tinh theo acid
nitric) va mesitylen dén hiéu suat tong hop chat 11. Cac phan tng duogc thuc hién & quy mo
2 g/mé, duy tri nhiét &6 phan ung tir 5-15 °C. Két qua duoc thé hién ¢ Bang 2:
Bang 2. Két qua khao sat anh hudng cua ti 16 mol t6i hiéu suat hiéu suit tong hop chat I

STT Ti 16 mol Hinh anh Khéi lwong chat 11 Hiéu suat
(acetylnitrat:mesitylen) SKLM (9) (%)
1 1,0:1 2 vét Khong thu dugc san pham -
2 1,2:1 1 vét 1,82 76,6
3 1,4:1 1 vét 2,27 95,6
4 1,6:1 1 vét 2,25 94,8
5 1,8:1 2 vét Khong thu dugc san pham s

Nhan xét: Véi ti 1€ mol tac nhan acetylnitrat: mesitylen la 1:1, quan sat trén hinh
anh SKLM van con vét nguyén liéu mesitylen chua phan tng hét. Khi ting ti 1& mol tac
nhan acetylnitrat: mesitylen 1a 1,8:1, trén hinh anh SKLM xuét hién 2 vét (1 vét san pham
dam va 1 vét mo), ching to ¢d san pham phu tao thanh. Khi lwong tac nhan du nhiéu, chat
I1 tiép tuc phan ung tao san pham polynitro, gdy kho khin cho qua trinh tinh ché va lam
giam hiéu suat. Vi vay, lua chon ti 1& mol giita tdc nhan acetylnitrat: mesitylen 1a 1,4:1 vira
dam bao nguyén liéu phan tng hét, vira thu dwoc san pham véi hiéu suat va do chon loc cao.

¢) Nang quy mé tong hep chat 11

Chat 11 dugc téng hop tir mesitylen ¢ quy md ~ 10 g/mé (10,0 mL mesitylen) va 30
g/mé (30,0 mL mesitylen) véi céc thong sé da khao sat duoc: ti 16 mol gitta tac nhan
acetylInitrat: mesitylen 12 1,4:1, nhiét do phan tng 5-15 °C. Két qua duoc trinh bay ¢ Bang 3 va 4:
Bang 3. Két qua tong hop chat I & quy mé 10 g/mé

STT mé Mesitylen (mL) | HNOz(mL) | Chatll(g) | t°« (°C) Hiéu suat (%)
1 10,0 6,5 10,95 42,5-43,5 92,1
2 10,0 6,5 10,87 43,0-43,5 91,4
3 10,0 6,5 11,12 42,5-44,0 93,5
Trung binh 10,0 6,5 10,98 92,3
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Bang 4. Két qua tong hop chat IT & quy mé 30 g/mé

STT mé Mesitylen (mL) | HNOs(mL) | ChatIl(g) | t°%c (°C) | Hiéu suat (%)
1 30,0 19,5 33,56 42,7-43,9 94,1
2 30,0 19,5 33,14 43,1-44,2 92,9
3 30,0 19,5 33,78 43,0-44,1 94,7
Trung binh 30 19,5 33,49 93,9

Nhan xét: Két qua trén cho thay, nang quy mé tong hop chat I1 tir 2 g/mé Ién 10 g/mé

va 30 g/mé cho hiéu suat 6n dinh. O quy mé 30 g/mé, hiéu suat trung binh ciia 3 mé dat 93,9%.
3.2. Panh gia d6 tinh khiét cia chat 11 bang phwong phap HPLC

Phén tich d¢ tinh khiét chat Il bang phuong phap HPLC theo huong dan caa ICH
[12], [13]. Qua khao sat da lya chon dugc phuong phéap sac ky long nhu sau:

- Diéu kign sic ky Cot RP C18 (150 mm x 4,6 mm x 5um); Detector UV: 254 nm; Téc
do6 dong: 1,0 mL/min; Thé tich tiém: 20 uL; Pha dong: acetonitril-dung dich HsPO4 0,1% (70-30);

- Dung dich thaz: Can 56,24 mg chat 11 trong binh dinh mirc 50 mL, hoa tan bang 30
mL pha dong, b6 sung vira da dén vach, lic déu. Loc qua mang loc 0,45 um dugc dung dich
thir (ndng d6 khoang 1 mg/mL).

- Mdu trdng: Pha dong.

Tiém mau trang va dung dich thtr vao hé thong sac ky, quét pho UV bang detecter DAD,
ghi lai thoi gian Iuu va dién tich peak thu dugc (Hinh 3).

| DAL, 5313 (33 4 mAl, - ) of KSAT-000006.[

HEES|

\ T T T T T
"\_ . ) ) o 200 400 500 GO0 700 nm

Hinh 3. Két qua phan tich chat 11 bang phuong phap HPLC.
(a): Sac ky d6 mau tring; (b) Sic ky dd mau thir; (c) Phé DAD thu duoc.
Nhan xét: Pho UV thu duoc cua chat 1112 phi hop voi pho cua 2-nitromesitylen. Phan
tich san pham tong hop dugc bang phuong phap HPLC cho thay chat I1 c6 d9 tinh khiet dat

99,37%. Ching to, quy trinh téng hop da tao ra nguy@n liéu véi do tinh khiét cao, cd thé nang
cap quy mo dé tong hop 2-nitromesitylen lam nguyén liéu cho cac nghién ctu tiép theo.

IV. BAN LUAN
4.1. Tac nhan, diéu kién phan #ng va hiéu suit téng hep 2-nitromesitylen
Nam 1934, Powell va Johnson dé xuat quy trinh tong hop 2-nitromesitylen tir
mqsitylen bang hdn hop acid nitric boc khoi, acid acetic bang va anhydrid acetic, dat hiéu
suat 74-76%[11]. Phuong phép nay str dung nhicu dung mdi doc hai, thao tac phirc tap va
kho ma rong quy mo do tinh khdng an toan cua acid nitric boc khoi.
i Nam 2022, Nguyen Van Giang va cong su da tong hop 2-nitromesitylen tir mesitylen
bang hon hop acid nitric boc khoi (>95%) va anhydrid acetic, dat hiéu suat cao (94,5%) &
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quy md 50 g/mé[14]. Tuy nhién, acid nitric boc khoi khdng an toan ¢ quy md 16n va dé phan
huy bai anh séng va nhiét do cao. Nhdm tac gia chi dung SKLM va do nhiét do ndng chay
dé danh gia do tinh khiét san pham.

Trong nghién ctu ndy, 2-nitromesitylen da tong hop tir mesitylen bang tac nhan méi
acetylnitrat, dugc tao ra tir hon hop acid nitric 65% véi anhydrid acetic. Sir dung tac nhan
nay c6 wu diém 13 an toan hon, dé& cung ung (dic biét trong van chuyén, bao quan), va dé
dang thuc hién céc thao tac trong phan ung. Dac biét, qua trinh tinh ché khéng st dung
phuong phép chiét bang dung mai hiru co nhu mét sb tai liéu di cong bd, ma van dam bao
do tinh khiét va hiéu suat ciia san pham. Tong hop 2-nitromesitylen & quy mo 10 g/mé va
30 g/mé cho hiéu sut on dinh, tuong tng 1a 92,3% va 93,9%. Diéu nay cho thay tiém ning
ctia phuong phap, c6 thé ap dung dé ma rong quy mé 16n hon. Cau trdc cua san pham tong
hop di dugc xac dinh bang phuong phap pho IR, MS, *H-NMR; **C-NMR. Trong d6, phan
tich phé *H-NMR cho thay c6 2 proton trén nhan thom, chiing to phan wng chon loc thé
mono-nitro hoa vai mesitylen.

4.2. Panh gia dé tinh khiét caa 2-nitromesitylen tong hop dwoc

Theo Thong tu S6 35/2018/TT-BYT ngay 22 thang 11 nam 2018 (Quy dinh vé thuc
hanh tét san xuat thudc, nguyén liéu lam thuoc) nguyén liéu ban dau, san pham trung gian,
ban thanh pham va thanh pham déu can phai kiém tra chat lwong va tuan thi cac nguyén tic
cua GMP [10].

Céc nghién ciru trude day chi kiém tra do tinh khiét cua 2-nitromesitylen da tong hop
bang phuong phap SKLM va do nhiét d6 ndng chay. Trong nghién ciru nay, sir dung phuong
phap sic HPLC dé danh gia do tinh khiét caa 2-nitromesitylen, cho thay san pham c6 dd tinh
khiét cao (99,37%). Pay 1a co so dé tiép tuc nghién cau tiéu chuan hda 2-nitromesitylen 1am
nguyén liéu tong hop céc thudce hoa duge, dap wng nhu cau phong va chira bénh.

V. KET LUAN

Chung toi d3 tong hop duoc 2-nitromesitylen tir nguy@n liéu mesitylen bang phuong
phap méi: Str dung tac nhan acetylnitrat méi (Ia hon hop acid nitric 65% va anhydrid acetic)
dé mononitro hda véi wu diém san c6, an toan hon so vdi cac tac nhan trude day. Tién trinh
thyc hién phan tng nhe nhang, san pham thu dugc ¢6 do chon loc cao va hiéu suat on dinh
(dat 93,9% & quy md 30 g/me). Tinh che san pham dé& dang, khong st dung cac ‘dung moi hiru
co doc hai, thuan loi cho viéc nang cip quy mo 16n, an toan véi méi truong. CAu tric cua san
pham d3 duoc xé4c dinh bang cac phuwong phap phd: IR, MS, *H-NMR; *C-NMR. P4 tinh
khiét duoc danh gia bang phuwong phap HPLC, cho ham lwong 2-nitromesitylen dat 99,37%.
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