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TOM TAT
Tién chdt 2-Methyl-5-nitroimidazole dwoc sir dung dé tong hop thusc khang sinh
Metronidazole diing dé diéu tri cac bénh nhiém khudn. Qua trinh nghién cizu téng hop
2-Methyl-5-nitroimidazole di diwa ra dwoc cac thong sé toi wu cho phan ing nitro hoa
2-methyl-1H-imidazole dé tao ra san pham 2-methyl-5-nitroimidazole nhw sau: Ty 1é
s6 mol 2-methyl-1H-imidazole véi thé tich acid HNOs 1a 1mol / 125ml; Nhiét dé cua
phdn ing 1a 140 — 150 <C; pH cia méi truong phdn ing 1a 5 — 6. Hiéu sudt dat 98%.
Tinh thé c6 mau vang nhat va ¢é diém chay ¢ 250 — 252 . Bai bao nay la két qud
nghién cizu téng hop tién chat 2-Methyl-5-nitroimidazole va cac yéu té danh hurong dén
qU& trinh t6ng hop. Két qua nghién citu la co s6 khoa hoc cho viéc vmg dung vdo cdc qud
trinh cong nghé san xudt, gép phan gidi quyét van dé tw chii nguon nguyén liéu duwoc tai

Viet Nam.

Tir khoa: Tong hop; 2-Methyl-5-nitroimidazole; yéu té dnh huéng.
ABSTRACT

The precursor 2-Methyl-5-nitroimidazole is used to synthesize the antibiotic
Metronidazole used to treat bacterial infections. The process of synthesizing 2-Methyl-
5-nitroimidazole gave the optimal parameters for the nitrification reaction of 2-
methyl-1H-imidazole to produce 2-methyl-5-nitroimidazole products as follows: The
molar ratio of 2-methyl-1H-imidazole to the volume of HNO3s acid is 1mol / 125ml;
The reaction temperature is 140 — 150°C; The pH of the reaction medium is 5 — 6; The
efficiency is 98%. The crystals are pale yellow and have a melting point at 250 —
252°C; This article is the result of research on synthesis of 2-Methyl-5-nitroimidazole
precursor and factors affecting the synthesis. The research results are the scientific
basis for application to the production technology process, contributing to solving the
problem of self-reliance in pharmaceutical raw materials in Vietnam.
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1. PAT VAN PE
Metronidazole 1a loai thuéc khang
sinh dugc sir dung rong réi, vdoi cong
dung dic tri cac bénh nhiém khuan do
cac vi khuan gay ra nhu: 1i amip gay nén
tinh trang nhiém trung duong rudt, pha
huy hé tiéu hda va suy giam chirc nang
than dan dén ta vong. Metronidazole 1a
hoat chit c6 kha ning chdng cac vi
khuan yém khi, metronidazole da dugc
dua vao st dung lam thudc dé diéu tri
cac bénh apxe viém nhiém chan ring va
loi, ngoai ra ciing dugc st dung trong
diéu tri bénh c6 lién quan téi da day.
Bénh do amip phé bién ¢ cac ving
khi hau nhiét déi, do diéu kién vé sinh
kém c6 thé gay ra cac dai dich nguy
hiém. O Viét Nam, ty I&é nguoi lanh
mang mam bénh ly amip c6 noi 1én dén
25%. Lira tudi mac bénh nhiéu nhat & 20
— 30 tudi. Bénh i amip ruét do tring kiét
li tham nhap vao rudt dé nuét hong cau ¢
d6. Bénh nhan dau bung vat, hay di
ngoai cho phan c6 13n mau va chat nhay
nhu nudc mii. Néu diéu tri khong ding,
bénh dé tai phat va gay apxe gan. Bénh |i
amip gan dan dén viém gan, gan héa mu,
gan to, sét cao. Gan hda mu c6 thé gay
tran ma mang phoi va gay ap-xe phoi.
Ngudi bénh mac li amip do an phai
céc kén sdng tir nuée, thuc pham khong
dam bao vé sinh. Khi kén x&m nhap vao
co thé qua duong miéng, dén rudt non
thi vo bao cua amip s€ bi dich tiéu hoa
pha vo tro thanh amip ¢ dang hoat dong,
xam nhap vao niém mac rudt gay viém
ruot hoac di vao mau téi cac co quan
gdy apxe nhu gan, phdi, ndo... nhung
thuong gap la bénh amip duong rudt.
Thubc thuong duoc st dung la

metronidazol, ddy 1a mét loai thudc rat
ding, can phai udng sau khi dn no dé
tranh nhirng cam giac kho chiu do thude
nhu cam giac dang miéng khi uéng nudc,
cam giac chong mit nhe, budn non.

Nhom thudc Imidazole thuong
dugc dung dé diéu tri li amip. Thudc
khuéch tan, thAm nhap sau vao bén
trong va pha huy hay tc ché su tong hop
AND cua ky sinh trang. Loai thudc nay
c6 uu diém diét duoc ca thé kén va thé
don bao amip.

Metronidazol chuyén héa & gan
thanh cac chat chuyén hoa dang hydroxy
va acid va thai trir qua nudc tiéu mot
phan duéi dang glucuronid.

Cung voi cac dong khang sinh f-
lactam, quinolon, cac imidazole la mot
dong khang sinh thiét yéu va rat quan
trong duoc str dung rong rii trong diéu
tri cac bénh nhiém khuan, ky sinh triing
va virus.

Hang nam, Viét Nam tiéu thu
khoang 700 tan thudc khang sinh cac
loai cho diéu tri bénh, véi tong gié tri
khoang 200 triéu USD. Yéu cau tu cha
ngudn thudc trong nudc di va dang tre
thanh mot van dé cap thiét. Nhu cau vé
nhém thudc imidazole tri cac ky sinh
trang 1a rat 16n. Tuy nhién tat ca céc
thuéc nhdm nay hién c6 ¢ Viét Nam déu
1a thubc ngoai nhap.

St dung 2-Metyl-1H-imidazole
dugc nitro hoa dudi tac dung cua xdc
tdc H.SO4 dac, NaxSO4 gia nhiét sé thu
dugc  san  pham  2-Methyl-5-
nitroimidazole.

Hodc c6 thé sir dung phuong phéap
téng hop dinh huéng nhém nitro vao vi
tri C4 trén nhan imidazole dé san xuat
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mot sd thuéc dong 4-nitroimidazole
chéng virus, ung thu va HIV.

Bai bao nay la két qua nghién ctu
tong hop tién chat 2-Methyl-5-
nitroimidazole va c4c yéu té anh huong
dén quéa trinh tong hop. Két qua nghién
ctru l1a co sé khoa hoc cho viéc tang
dung vao cdc qué trinh cdng nghé san
Xuit, gop phan giai quyét vin dé ty cha
ngudn nguyén liéu duoc tai Viét Nam.
2. PHUONG PHAP NGHIEN CUU
2.1. Héa chat va dung cu

Hoa chat duoc sir dung cia hang
Merck, BDGc gom: 2-Methyl-1H-
imidazole, H2SOs dac, HNOs; 98%,
NazS0s, dung dich NH3 25% va dung
dich NaOH déu c6 d6 tinh khiét 99,9%,
binh cau 3 ¢6 500ml, 1000ml, ban méng
silica gel F254 Merck.

Hé thiét bi sic ky long LC-MSD-
Trap-SL Agilen 1100 cua buc.

Hé thong thiét bi cong huong tir
hat nhan NMR Brucke AVANCE 500
MHz, cua Thuy sy.

May do diém néng chay Buechi-
Melting Point B540 cua buc.

May do phd tir ngoai véi cuvet
thach anh 1cm cua héng Hitachi Nhat
Ban; May do pho UV — VIS cua
Heidelberg buc.

2.2. Qui trinh téng hep 2-methyl-5-
nitroimidazole

Téng hop 2-methy!l-5-
nitroimidazole nhu sau: Tu 2-methyl-
1H-imidazole duoc nitro hoa bang acid
HNOs thu duogc 2-methyl-5-
nitroimidazole theo phuong trinh phan

ung sau:
N CH,

H
CH
N ON N 3
\ / HN03 + HzSO4 1/
; N 140 - 150°C; N
3

Ldy 164 gam 2-methyl-1H-
imidazole cho vao binh ciu 3 ¢d dugc hoa
tan trong 276ml nuac, 352ml acid H2SO4
dac va 576 gam Na;SO4 khan. Khuy tron
hdn hop va dun hdi lvu & 130°C dn khi
hon hop tan hoan toan. Tién hanh nho tur
tir 252 ml dung dich acid HNO3 99% va
ludn duy tri nhiét d6 & 130°C. Tiép d6 gia
nhiét hdn hop dén 150°C va duy tri ¢
nhiét do nay trong 4h.

Sau khi phan tng két thuc, dé ngudi
hdn hop xudng 60 — 70°C, rét toan bo
hdn hop sang cc ¢d chira 1200 ml nudc
lanh va diéu chinh pH caa hdn hop vé
pH = 5 — 6 bang dung dich NH3 25%.

Khuay tron hon hop ¢ nhiét d6 30
— 40°C trong khoang 30 phut. Loc, ria
két tia bang nudc sach, rdi siy khd &
nhiét do6 60 — 70°C, thu dugc 2-methyl-
5-nitroimidazole véi hiéu suat dat 96%.
3. KET QUA VA THAO LUAN
3.1. Tong hep 2-Methyl-5-
nitroimidazole

Tu 2-methyl-1H-imidazole duoc
nitro ho& bang acid HNO3 thu duoc 2-
methyl-5-nitroimidazole. St dung tac
nhan xuc tac H2SOs4 dac va NaxSOa.
Duy tri nhiét d6 ¢ khoang 140 — 150°C
theo phuong trinh phan ung:

N CH; ON i CH,
i\ Y HNOs + H,SO, =\£\//
N N

Néu st dung acid HSO4 dam dic
thi khi phan (ng, mot phan cua acid s&
bi tao mudi imidazole bisunfat 1am giam
manh ndng d¢ acid trong hdn hop nitro
hoa dan dén dung phan ung. Do d6 phai
ding lugng du acid H2SOs, diéu nay
kho thuc




hién trong qui md céng nghiép va lam
tang gia thanh.

Nhiét d6 phan tng cao hon 130°C,
phan Ién lwong nude dua vao ban dau sé
bi bbc hoi hét. Lugng nuéc méi sinh ra
trong qué trinh phan ung lai tao ra NO»
lai gdy anh huong xdu dén phan tng
nitro hoa.

Viéc dua NaxSOs sé la mot lua
chon thich hop va ré tién. Na;SO4 1am
tac nhan hat nuéc va duy tri nong do
sunfat. Thuc hién phan tng theo cach
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Hinh 1: Phd UV cua 2-methyl-5-nitroimidazole

Phan tich ham lugng va cau tric
cac san pham sau phan ung, st dung
dong thoi cac phuwong phap phén tich:
Phuong phap phan tich bang phd cong
huong tir hat nhan NMR; Phan tich khoi
pho MS; Phan tich bang sic ky long
hiéu ning cao (HPLC); Phan tich bang
phd hap thu hong ngoai.

Két qua phan tich HPLC cho thay:
Trén phd d6 c6 1 pic chinh, thoi gian
lru 7,088 phut chinh 1a san pham 2-

methyl-5-nitroimidazole, chiém hon

AL

nay s& dinh huéng thé nhdm nitro vao vi
tri C5 cua vong imidazole, san pham thé
C4 xuat hién vai hiéu suat khong dang
ké. Theo ddi tién trinh phan @ng nitro
hoa bang phan tich sic ky 16p méng
(TLC) véi hé dung méi trién khai la
etanol/toluen véi ti 1& thé tich 1a 9/1,
hién vét chat 2-methyl-5-nitroimidazole
soi dudi déen UV ¢ budc song 366 nm
trén may UVIS Heidelberg dugc thé
hién trén hinh 1.
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Hinh 2: Sic ky d6 HPLC

cua 2-methyl-5-nitro-imidazole

98%. San pham 2-methyl-5-nitroimidazole
d6 sach 98% c6 buéc soéng hap phu cuc
dai & 292 nm duoc thé hién trén trén
hinh 2.

Két qua phan tich bang phd cong
huéng tir hat nhan NMR: H-NMR
(500MHz; DMSO-ds); d(ppm): 8,20 s
(1H, H-4); 2,31 s (3H, CH3 - C-2). 13C-
NMR (500MHz; DMSO-de); &(ppm):
144,67 s (C-2): 118,97 d (C-4); 146,74 s
(C-5): 13,72 q (CHa).
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Hinh 3: Ph6 *H NMR

Phan tich bang pho cong huong tir
hat nhan cho thay: Trén phd 'H NMR c¢6
tin hiéu cia nhom metyl tai 2,31 va chi
c6 1 tin hiéu cua *H nhan thom tai 8,20
ppm. Piéu ndy cho thiy phan tng thé
eletrophin nhan thom vao vong
imidazole da dwoc thuc hién. duogc thé
hién trén hinh 3.

Trén pho 3C NMR cua san pham,
ngoai tin hiéu nhom metyl tai 13,72
ppm, con thay xuét hién cac tin hiéu tai
146,74; 144,67 va 118,97 ppm duoc thé
hién trén hinh 4.

Phé hong ngoai cua 2-methyl-5-
nitroimidazole duoc thé hién trén hinh 5.

Ph6 MS  cua  2-methyl-5-
nitroimidazole duoc thé hién trén hinh 6.
T

s 1L L | S

007 ; ‘ ; i ‘ : ‘
T I AL AR A M A N
400 35000 30000 2000 20000 17500 15000 12500 10000 7500 5000

Hinh 5: Phé hdng ngoai
cua 2-methyl-5-nitroimidazole
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Hinh 4: Ph6 C NMR

Nhu vay san pham nitro hoa thu dugc c6
cau tric hoan toan phu hop véi phan tir
2-metyl-5-nitroimidazol. Tién hanh do
diém chay caa san pham 2-methyl-5-
nitroimidazole trén may do diém chay
Buechi-Melting Point B540: Dung
capilar 1ay may hat tinh thé 2-methyl-5-
nitroimidazole, han kin mot dau capilar
réi dat vao may do diém chay da duoc
dat trudc ¢ nhiét @6 100°C.

Tién hanh gia nhiét roi quan sat
cho thay: O nhiét do 240°C tinh thé nga
dan sang mau vang nhat va ¢ nhiét do
250°C — 252°C, tinh thé hda long mau
vang sam.
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Hinh 6: Phd MS cua 2-
methyl-5-nitroimidazole



3.2. Nghién cteu cac yéu té anh hwéng
dén hiéu suat phan &ng nitro héa
3.2.1. Anh hwong cia ty 1é s6 mol 2-
methyl-1H-imidazole véi thé tich acid
HNO3

Tién hanh phan ng nitro hoa cua 2-
methyl-1H-imidazole v&i hdén hop acid
HNOs trong H.SO; dac. Acid HNO3
trong qua trinh phan ing dong vai tro vira
la tic nhan phan tng, ddng thoi ciing 1a
dung moi cho phan ung. Chinh vi vay, Ty
& giita s6 mol 2-methyl-1H-imidazole voi
thé tich acid HNO3 s& anh huong rat I6n
dén hiéu suat caa phan tng. Luong acid
H2SO4 dac véi lugng acid HNOs theo ty
lel1:14.

Nong d6 cua 2-methyl-imidazole
la Imol. B§ pH ctia moi truong phan
ung duogc duy tri ¢ 5 — 6. Nhiét d6 phan
tmg ludn dugc on dinh ¢ 150°C. Thoi
gian tién hanh phan tng 1a 4h. Thay doi
thé tich dung dich acid HNO3 lan luot 1a
100ml; 110ml, 115ml, 120ml, 125ml ,
130ml va 135ml. Két qua nghién ctu
dugc thé hién trén bang 1 cho thay:

S6 mol cua 2-methyl-imidazole
duoc gitr ¢d dinh 1a Imol. Khi thé tich
cua acid HNOz 98% tang 1én thi hiéu
suét cua phan tng thu duoc 2-Methyl-
5-nitroimidazole cling tang Ién.
Nhung khi thé tich acid HNO; ting
1én dén 125ml thi hiéu suat phan ang
dat cao nhét dén 97,3%.

Khi thé tich acid HNOs ting 1én thi
hiéu suit phan ung lai giam. San pham
thu dugc két tinh sach, khdng can phai
tinh ché. Ty 1& t6i wu cua cac chat tham
gia phan tng: s6 mol 2-methyl-imidazole
/ Thé tich HNOs 1a 1mol / 125ml.

Bang 1: Anh hwéng cia thé tich acid
HNOs dén hiéu suit phan &ng nitro hoa.

S6 mol 2-methyl- Hiéu suat
imidazole / Thé tich acid | phan ang
HNOs (mol / ml) (%)
1/115 82,4
1/120 88,5
1/125 98,1
1/130 89,7
1/135 81,9

3.2.2. Anh hwéng caa nhiét dd téi hiéu
suat phan ng

Tong hop 2-metyl-5-nitroimidazole
di tir 2-metyl-1H-imidazole va hén hop
acid H.SO4 + HNO3. Nhiét do 1a mot yéu
t6 quan trong trong qua trinh phan ung.
C6 dinh ti 18 s6 mol 2-methyl-1H-
imidazole 12 1mol va thé tich acid HNO3
la 1mol / 125ml. Ti 1é acid H2SOs :
HNOszla1l:1,4.

Tién hanh khao sat ¢ khoang nhiét
do 120 — 160°C, thoi gian phan Gng la
4h, pH phan tng luon dugc duy tri la 5
— 6. Két qua nghién ciu duoc thé hién
trén bang 2 cho thay:

Bang 2: Anh hwéng cia nhiét do

dén hiéu suat phan wng

Nhiét 6 phan ang Hiéu suat
(°C) phan tng (%)
120 - 130°C 61,7
130 — 140°C 67,3
140 — 150°C 98,1
150 — 160°C 81,6

Khi nhiét d6 tang thi hiéu suat cua
phan ung ciing ting 1én va dat hiéu suat
cao nhat 98 % khi nhiét do trong khoang
140 — 150°C. Nhung khi nhiét do tang
cao hon 150°C thi hiéu suét phan ang lai
giam. Khi nhiét @6 phan tng cao hon



160°C, lac nay acid HNOs3 bi phan huay
lam giam luong tac nhan thé electrophin
NO,* tao thanh, din dén hiéu suat phan
ung giam.

Nhu vay, nhiét do t6i wu cho phan
g tong hop 2-methyl-5-nitroimidazole
la 140 — 150°C.
3.2.3. Anh hwéng cia pH dén hiéu
suét phan ing

Tién hanh c¢b dinh nhiét do phan
tng & 150°C. Thoi gian tién hanh phan
tng 1a 4h,. Ty 1& s6 mol 2-methyl-1H-
imidazole 1a 1mol voi thé tich acid
HNOs 1a 1 : 125ml. Ty I¢ acid H2SOs :
HNOs 14 1 : 1,4. Khao sét hiéu suat phan
tng thu duwoc san pham 2-metyl-5-
nitroimidazole ¢ cac khoang pH moi
trrong phan @ng khac nhau. Két qua
nghién ctu duoc thé hién trén bang 3
cho thay:

Bang 3: Anh hwéng ciaa pH téi higu
suat phan éng

pH mai truong phan | Hiéu suat phan
ung ung (%)
3-4 67,3
4-5 78,5
5-6 97,9
6-7 69,7
> 7 45,9

Khi pH ctia méi truong phan tng
tang 1én thi hiéu suat phan ung ciing
ting 1én va dat hiéu sut cao nhat 98%
khi pH trong khoang 5 — 6, san pham két
tinh sach, khong can phai tinh ché.

O pH thap,  2-methyl-5-
nitroimidazole khong két tua hoan toan,
lam giam hiéu suat thu nhan san pham.
O pH > 7, hiéu suat phan &ng giam dan.

Nhu vay, khoang pH tbi wu cua
phan &ng nam trong khoang 5 — 6.

Tém lai: Céac thong sé tbi uu cho
phan ang nitro héa 2-methyl-1H-
imidazole dé tao san pham 2-methyl-5-
nitroimidazole nhu sau: Ty 1& s6 mol 2-
methyl-1H-imidazole véi thé tich acid
HNO;z la 1mol / 125ml; Nhiét d6 cua
phan ung la 140 — 150°C; pH cua moi
truong phan ung 1a 5 — 6. Hiéu suat dat
98%.  Tinh  thé  2-methyl-5-
nitroimidazole c6 mau vang nhat va co
diém chay ¢ 250 — 252°C, khéng tan
trong nudc, nhung tan trong acid va
kiém, it tan trong ethanol.

4. KET LUAN

Pi tong hop duoc 2-methyl-5-
nitroimidazole v&i hiéu suat dat 98%.

Cac thdng s6 t6i wu cho phan ung
nitro héa 2-methyl-1H-imidazole dé tao
san pham 2-methyl-5-nitroimidazole
nhu sau:

Ty lé¢ s6 mol 2-methyl-1H-
imidazole véi thé tich acid HNOs la
1mol / 125ml;

Nhiét do cua phan ung la 140 — 150°C;
pH cta moi truong phan tng 14 5 — 6.

Tinh thé 2-methyl-5-nitroimidazole
c6 mau vang nhat va c6 diém chay &
250 — 252°C.
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