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Téng hop 4-(trifluoromethyl)anilin (tap A) va
(2)-2-cyano-3-hydroxy-N-[4-(trifluoromethyl)phenyl]but-2-enamid
(tap B) ctia leflunomid

Nguyén Hong Thién Thanh®", L& Ngoc Tu*, Nguyén Nguyén Tract

1Trwéng Duroc, Bai hoc Y Dwge Thanh phé H6 Chi Minh, Thanh phé HS Chi Miinh, Viét Nam

Tém tat

Pt van dé: Leflunomid 13 thuBc dugc sir dung diéu tri bénh viém khdp dang thap tir trung binh dén ndng va viém khdp vay nén. Tap A va
tap B clia leflunomid 13 tap phan hay, bit budc kifm nghiém theo USP 2025 va BP 2025. Tap A va tap B chudn van chua cé trong danh muc

chat chuan quéc gia. Cho dén nay, chua cd nghién clru trong nuwdc cong bd quy trinh tdng hop cac tap nay.
Muc tiéu: Téng hop va xac dinh d6 tinh khiét tap A va B cla leflunomid.

DGi twong va phwong phap nghién ctru: Tap A duoc tdng hop tir leflunomid bang phan Gng thly phan amid. Tap B duoc téng hop tir
leflunomid bang phan rng mé& vong isoxazol. Cac san pham sau khi tdng hop duworc tinh ché; xac dinh cau tric bang cac phwong phap phd

nghiém va duoc xac dinh dd tinh khiét bang phuong phap HPLC-PDA.

K&t qua: Pé tai da téng hop duoc tap A va tap B vdi hiéu suat [an lwot 13 31,2% (1,8 g) va 72,3% (2,0 g). San pham thu dugc cé d6 tinh khiét
sac ky trén 98,5% tinh theo nguyén trang.

K&t luan: Tap A va tap B cUa leflunomid d3 duoc tdng hop va xac dinh d6 tinh khiét, dat yéu cau dé thiét |ap chat déi chiéu.
Tir khéa: tap chat lién quan A cua leflunomid; tap chét lién quan B cla leflunomid; 4-trifluromethylanilin; (Z)-2-cyano-3-hydroxy-N-[4-
(trifluoromethyl)phenyl]but-2-enamid

Abstract

SYNTHESIS OF 4-(TRIFLUOROMETHYL)ANILIN (IMPURITY A) AND (Z)-2-CYANO-3-
HYDROXY-N-[4~(TRIFLUOROMETHYL)PHENYL]BUT-2-ENAMIDE (IMPURITY B)
OF LEFLUNOMIDE

Nguyen Hong Thien Thanh, Le Ngoc Tu, Nguyen Nguyen Truc

Background: Leflunomide is a drug used to treat moderate-to-severe rheumatoid arthritis and psoriatic arthritis. Impurities A and B of
leflunomide are degradation impurities that must be tested according to current USP and BP. However, the reference standards of these

impurities are not yet included in the national list of reference standards. Up to now, there have been no domestic studies published on the
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synthesis process of these impurities.
Obijectives: To synthesize and determine the purity of impurities A and B of leflunomide.

Methods: Impurity A was synthesized from leflunomide by amide hydrolysis reaction. Impurity B was synthesized from leflunomide by
isoxazole ring-opening reaction. These substances were purified by recrystallization method. Their structures were determined by

spectroscopic methods and the purity was determined by HPLC-PDA.

Results: Impurities A and B of leflunomide were successfully synthesized with the yields of 31.2% (1.8 g) and 72.3% (2.0 g), respectively. The

obtained products had the chromatographic purity of over 98.5% calculated on an “as is” basic.

Conclusion: Impurities A and B of leflunomide were successfully synthesized and determined for purity, met the requirements for use in

testing impurities of leflunomide.

Keywords: leflunomide impurity; 4-trifluromethylaniline; (Z)-2-cyano-3-hydroxy-N-[4-(trifluoromethyl)phenyl] but-2-enamide

1. DAT VAN BE

Viém khop dang thap 1a mot bénh 1y ty mién dién tién man
tinh pho bién trén toan cau, gy ton thuong tai khép, ngoai
khép, hay tham chi 1a toan than ¢ nhidu mic d9 khac nhau
[1]. Bénh c6 thé dan dén tan phé do tinh trang pha hily khép
gay nén néu khong duogc phat hién som, diéu tri kip thoi va
dung phéac db. Hién nay, trong s6 cac nhém thude diéu tri
viém khop dang thap, nhom DMARDs (disease-modifying
anti rheumatic drugs - thudc chéng viém khép tic dung
cham) dugc xem 14 lya chon uu tién trén lam sang va
leflunomid 14 mét hoat chit thuc nhom nay [2]. Trong da s0
truong hop, ngudi bénh can phai ding thude trong thoi gian
dai, hodc co thé 1a sudt doi, dé kiém soat bénh 6n dinh [3].
Vi vay, thudc phai duoc kiém nghiém nghiém ngat vé ham
luong duoc chét va cac tap chét dé dam bao hiéu qua lam
sang va an toan cho bénh nhan. Hién nay, Dugc dién Anh
(BP 2025) va Duoc dién Hoa Ky (USP 2025) c6 quy dinh
bat budc kiém nghiém tap A va tap B trong nguyén lidu va
thanh pham chira leflunomid [4,5], ddc biét 14 tap A vi nhiing
doc tinh dang quan tam trén gen va h¢ tao mau [6,7]. Tuy
nhién, chuén tap A va tap B van chua c6 trong danh muyc chét
chuén dbi chiéu qudc gia. Tai Viét Nam, cho dén nay chua
¢6 tac gia nao cong bd quy trinh tong hop tap A va tap B ciia
leflunomid. O ngoai nudc, cho dén nay chwa ¢6 quy trinh
tong hop tap A di tir nguyén liéu leflunomid dugc cong bd
chinh thtrc trén cac tap chi quc té. Vao nam 1989, Stahly va
Donald [8] dd cong bd quy trinh tong hop tap A cua
leflunomid (4-trifluoromethylanilin) di tir 4-(triethylsiloxy)-
4-(trifluoromethyl)-2,5-cyclohexadien-1-on ~ va  ethyl
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glycinat hydroclorid. Déi véi tap B, trén thé gioi da c6 mot
s0 cong trinh nghién ctru tong hop tap B bang phan tmg mé
vong isoxazol cua leflunomid [9-11]. Ttr nhiing 1y do trén,
nghién ciru nay duoc thuc hién nham téng hop tap A va tap
B ctia leflunomid & quy mo phong thi nghiém, xay dung quy
trinh x4c dinh d tinh khiét san pham tong hop bang phuong
phéap HPLC-PDA dé c6 thé tmg dung kiém nghiém tap chit

lién quan trong nguyén liéu va thanh pham chira leflunomid.

2. POl TUONG VA PHUONG PHAP
NGHIEN CUU

2.1. D&itwong nghién ciru
Tap A (4-(trifluoromethyl)anilin) va tap B ((Z)-2-cyano-3-
hydroxy-N-[4-(trifluoromethyl)phenyl]but-2-enamid)  cua

leflunomid.

2.2. Nguyén vat liéu nghién ctru
2.2.1. Nguyén liéu
Nguyén liéu leflunomid c6 s6 16 FOO6FPE-23002, ham

lugng 100,7% tinh theo nguyén trang, san xuét boi cong ty
Formosa Laboratories INC - Bai Loan, han dung 20/08/2028.

2.2.2. Dung cu va trang thiét bi

Ban mong silicagel GFys4, can phan tich Sartorius
ENTRIS1241-1S, may khudy tir gia nhiét IKA, may c6 quay
chan khong Buchi R210S, hé théng HPLC - PDA Waters
Alliance €2695, cot sic ky Cis Knauer (250 x 4,6 mm; 5 um),
may quang phd hdng ngoai Bruker, may quang phd UV-Vis
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Shimadzu UV - 1900i, méy sic ky long ghép dau do khéi
phd Shimadzu LCMS - IT-TOF, may cong huéng tir hat nhan
600 MHz Bruker Advance II. Cac dyng cu thiy tinh dat yéu

cau vé do chinh xéc sir dung trong phan tich.
2.2.3. Dung méi va héa chét

Natri hydroxyd (NaOH), isopropyl alcol, acid hydrocloric
(HC), n-hexan, cloroform, dicloromethan, ethanol, toluen,
acid acetic, ethyl acetat, n-butanol, triethylamin, hydrogen
peroxyd va acid phosphoric dat tiéu chuén phan tich
(Labchem). Methanol va acetonitril (ACN) dat tiéu chuin
ding cho sic ky long (Merck).

2.3. Phuong phap nghién ctru

2.3.1. Téng ho'p va tinh ché tap A cua leflunomid

Quy trinh tong hop tap A ciia leflunomid theo Stahly va
Donald [8] st dung nhiing nguyén liu kho tim nhu
4~(triethylsiloxy)-4-(trifluoromethyl)-2,5-cyclohexadien-1-on
hay ethyl glycinat hydroclorid, viéc tinh ché duge thyc
hién bang phuong phap sic ky 16p mong diéu ché c6 han
ché nhat dinh khi khong tién hanh dugc voi lugng 16n,

3 F
M ~
HJX\’N
o}

Leflunomid

NaOH &N
90 «C

Hinh 1. So’ d6 phan (rng tdng hop tap A

NaOH 45%
25-35°C
pH~1-2

pH ~ 11 - 12

isopropyl alcol - nwac (1: 1)

kha ning diéu ché phu thudc nhiéu vao chit lugng ban
mong va hé dung méi khai trién, dung méi phan hip phu.
Dua trén co ché phan tng, d& tai da dua ra quy trinh tong

hop tap A nhu sau:

4~(Trifluoromethyl)anilin dugc tong hop dya trén
phan ung thuy phan amid cda leflunomid trong moi
truong kiém (Hinh 1). Trong khi tong hop, cac yéu té
anh huong dén hiéu suat phan tmg duoc khao sat nhu
ndéng d¢ natri hydroxyd tham gia phan ung, nhiét do
phan tng va pH kiém hoa. San phim tho dugc tinh ché

thu dugc san pham, ki hidu 1a A.
2.3.2. Téng ho'p va tinh ché tap B cta leflunomid

Dua theo nghién ctru ciia Ching-Peng Wei va cong su [9],
tap B dugc tong hop bang phan img mé vong isoxazol cta
leflunomid trong méi truong kiém (Hinh 2). Trong khi tong
hop, tién hanh khao sat cac yéu t6 anh hudng dén hiéu sudt
phan tmg nhu ndng dd natri hydroxyd tham gia phan Gng,
nhiét d6 phan (g va pH acid hoa. San pham tho dugc tinh
ché bang phuong phép két tinh lai trong dung méi thu dwoc

san phém, ki hiéu 1a B.
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Leflunomid
Hinh 2. So’ d6 phan (rng tdng hop tap B
2.3.3. Ther tinh khiét so’ bé cdc san phdm téng hop

Cac san phém sau khi tinh ché dugc so bo kiém tra
d6 tinh khiét bing phuong phép sic ky 16p mong, tién
hanh trén ban mong silicagel GF2s4 v6i 3 hé dung moi
c6 d¢ phan cuc khac nhau, quan sat ban mong duéi dén

UV 254 nm.
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San phém A duge kiém tra véi 3 hé dung moi la: HE
1: n-hexan - toluen - cloroform (4 : 4 : 2), hé 2: toluen -
cloroform (4 : 6), hé 3: toluen - cloroform (1 : 9). San pham
B duoc kiém tra véi 3 h¢ dung méi la: H¢ 1: Toluen -
methanol - acid acetic (75 : 25 : 0,05), hé 2: Methanol - ethyl
acetat - triethylamin (25 : 70 : 5), hé 3: n-butanol - nudc -
acid acetic (4:5:1).
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Cac san pham sau d6 dugc kiém tra do tinh khiét
bang phwong phép sic ky 1ong hiéu ning cao (HPLC)
dau do PDA, véi cac didu kién sic ky nhu sau: Cot
Kauner Cg (250 x 4,6 mm; 5 pm); dau do PDA, buéc
song phat hién 245 nm (san pham A) va 292 nm (san
phém B); toc do dong: 1,0 ml/phut; nhiét do cét: 35 °C;
thé tich tiém mau: 10 pL; dung mdi pha mau: methanol;

ndng d6 mau thir: 250 pg/ml trong dung méi pha mau.

Bang 2. Khao sat anh huéng clia néng dd NaOH

Piéu kién Nb6ng d6 NaOH Nhiét dé Thoi gian
phan tng (N) phan tng (°C) phan tng (gio)
1 01N >14 g
2 1N Nhiét do phong 10 gio
3 5N 8 gior

Chuong trinh dung moi gradient véi hé pha dong nhu

6 Bang 1.

Bang 1. Chwong trinh gradient pha ddng thir tinh khiét san pham téng hop

Nhén xét: Khi khao sat anh huong cua n6ng d6 NaOH,
nhén thay 6 ndng @ NaOH 5 N cho thoi gian thity phan hoan
toan nguyén liéu leflunomid va hdn hop sau phan tmg cho
vétkhéc vét nguyén liéu (theo ddi bang SKLM) la ngan nht.
Do @6, n6ng d6 NaOH 5 N duoc lya chon dé tién hanh phan
ung thiy phan.

Tiép theo, nhiét do dugc tién hanh khéo sat véi yéu td ¢b

Pha déng 1 Pha dong 2
Thoi gian Pha dong A* Pha dong A*
Methanol (%) Acetonitril (%)
(phut) (%) (%)
0 0 100 0 100
60 100 0 100 0

dinh 14 NaOH 5 N, két qua duoc trinh bay trong Bang 3.

Bang 3. Khao sat anh hwéng cla nhiét do phan irng

*San pham A: Pha dong A 1a dung dich acid phosphoric pH 4,0

San pham B: Pha ddng A |a dung dich acid phosphoric pH 4,5
2.3.4. Xdc dinh cdu tric sén phdém téng hop A va B

CAu trac cua cac san pham duoc xac dinh bang céac
phuong phéap phé nghiém, bao gdm UV, IR, MS, va
NMR, dong thoi so sanh két qua phd nghiém vai tai liéu
tham khao.

2.3.5. Xdy dung va thdm dinh quy trinh xdc dinh dé tinh
khiét tap A va tap B bdng HPLC - PDA

Do tinh khiét cua tap A va tap B duoc xac dinh bf?mg
phuong phap HPLC-PDA quy vé 100% dién tich pic véi
diéu kién sac ky gidng nhu muyc 2.3.3, nhung v6i chuong
trinh gradient rat gon theo pha dong 2 (vdi tap A) va pha
dong 1 (voi tap B). Cac quy trinh dugc thAm dinh theo
huéng dan cua ICH [10]. Céc chi tiéu tham dinh bao
gdm tinh phu hop hé théng, tinh dic hiéu, d6 tuyén tinh,
d6 chinh xac (do 1ap lai va d6 chinh xac trung gian).

3. KET QUA

3.1. Téng hop va tinh ché tap A cha leflunomid

3.1.1. Khdo sat diéu kién téng hop

Két qua khao sat nong do NaOH sir dung trong phan (g
thity phan dugc trinh bay trong Bang 2.
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Piéu kién Néng d& NaOH Nhiét do Thoi gian phan
phan ing (N) phan &ng (°C) ung (gio)
1 Nhiét d6 8 gity
phong
5N
2 60°C 5 gidy
3 90°C 3 gio

Nhan xét: Két qua cho thiy, & nhiét d6 phong, phan tng

Xdy ra rat cham, tc d¢ phan tmg tang 1én khi nhiét do ting
dén 90 °C. Do d6, phan tmg duoc lyra chon tién hanh & 90 °C.

Tiép tuc khao sat anh huong ciia pH kiém hoa 16n hiéu suét

san phim tho (yéu t6 ¢b dinh: NaOH 5 N, nhiét d6 phan tmg

90 °C), két qua dugc trinh bay trong Bang 4.

Bang 4. Khao sat anh huéng cla pH kiém hoa

Piéu kién Nong d& NaOH pH Hiéu suat san
phan tng (N) pham tho

1 8-9 8,2%

2 9-10 25,7%

3 10-11 54,5%

4 11-12 58,4%

5 5N 12-13 57,9%

6 13-14 58,1%

Nhan xét: Khi khéo sat anh huong caa pH kiém hoa 1én
hiéu suét san phém thd, nhan théiy 0 khoang pH 11 - 14, hi¢u
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suat san pham tho gan nhu bang nhau, cao nhét 1a pH 11 - 12
(58,4%). Do d6, dich sau khi acid hoa duoc tién hanh kiém
héa dén pH 11 - 12 bang NaOH 5 N.

3.1.2. Téng hop tap A

Tir nhitng két qua da khao sat, quy trinh tong hop tap A &
quy md phong thi nghiém dugc dé xuat nhu sau: Can 0,54 g
(2 mmol) leflunomid, thém 5 ml methanol va 5 ml nudc,
khudy trén may khudy tir d&én khi hoat chét tan hoan toan
trong dung moi. Thém 25 ml dung dich NaOH 5 N vao hon
hop trén, gia nhiét, dun hdi luu & 90 °C trong 3 gid. Hon hop
sau phan ing dugc dé ngudi dén nhiét d6 phong. Thém tir tir
acid hydrocloric d4m dac cho dén khi hdn hop dat pH 1 - 2,
xut hién két tua. Loc loai bo tia, thu lz‘iy dich logc. Dich loc
duoc kiém hoa bang NaOH 5 N dén pH 11 - 12, ¢6 thu hoi
dung moi dén khi xuat hién 16p chat 1ong mau vang nhat.
Chiét phan bd long - long 3 lan, mdi 1an véi 10 ml
dicloromethan. Gop chung céc 16p hitu co, 1am khan bing
natri sulfat khan. C6 thu hdi dung méi hitu co, thu dugc
0,181 g san phim thd. San pham thé dugc hoa vao
dicloromethan nong, sau d6 lam lanh dén 10 - 15 °C trong 6
gio. Loc dudi ap suét giam thu dich loc. C6 thu hoi dung moi
cua dich loc, 1ap lai quy trinh tinh ché nhiéu 1an, thu duoc
san pham tinh ché A 1a chét long mau vang nhat, trong sudt,
khéi lwong 0,103 g. Tién hanh téng hop va tinh ché lap lai
theo quy trinh 3 14n, hi¢u suat toan qua trinh trung binh dat
31,2%.

3.2. Téng hop va tinh ché tap B cta leflunomid
3.2.1. Khdo sdt diéu kién téng hop

Két qua khao sat ndng d6 NaOH sir dung trong
phan ng thuly phan duoc trinh bay trong Bang 5.

Bang 5. Khao sat anh hwéng cia nong dé NaOH

Diéu kién Nong d6 NaOH Nhiét d6 Thoi gian phan
phan (ng (%) phan tng (°C) ng (gio)

1 15% 2

2 30% 25-35°C 1

3 45% 0,5

Nhén xét: Néng d6 NaOH 45% cho thoi gian phan hay
hoan toan nguyén liéu leflunomid (theo ddi bang SKLM) 1a
ngén nhét (0,5 gio). Vi vay, néng d6 NaOH duoc lua chon
dé tién hanh phan tmg thay phan 1a NaOH 45%.

https://doi.org/10.32895/hcjm.p.2026.01.05

Tiép theo, nhiét do duoc tién hanh khao sat véi yéu td c6
dinh 14 NaOH 45%, két qua dugc trinh bay trong Bang 6.

Bang 6. Khdo sat anh hudng cla nhiét dé phan trng

Piéu kién Nhiét d6 (°C) Thoi gian K&t qua khao sét
phan &ng phan tng (phut) trén SKLM
1 0-5 60 Con vét nguyén liéu
2 25-35 30 V&t nguyén liéu hét
3 70 20 C6 vét phy

Nhéan xét: Tai nhi€t do 0 - 5 °C toc d96 phan tng thuy phan
xay ra rat cham (60 phut). Toc do ting 1én khi ting nhiét do
16n 70 °C, tuy nhién c6 san phim phu. Vi vdy, phan tmg thay
phan leflunomid dugc lya chon tién hanh & nhiét do 25 - 35 °C.

Tiép tuc khao sat anh huong cta pH acid hoa 1én higu suat
san pham tho (yéu t6 cd dinh: ndng d6 NaOH 45%, nhiét do
phan tmg 25 - 35 °C), két qua duoc trinh bay trong Bang 7.

Bang 7. Khao sat dnh hudng clia pH acid héa

Piéu kién Nong d6 HCl (%) pH Hiéu suat
phan tng acid hod san pham tho
1 1-2 88,7%

2 32% 3-4 80,2%
3 5-6 61,6%

Nhan xét: Khi tién hanh khao anh huéng caa pH acid hoa
1én hiéu suét san pham tho, & khoang pH 1 - 2 cho hi¢u suat
cao nhét. Vi vy, phan tmg tong hop duogc Iwa chon tién hanh
OopH1-2.

3.2.2. Téng hop tap B

Tir nhing két qua da khao sat, quy trinh tong hop tap B &
quy md phong thi nghiém dugc dé xuét nhu sau: Can 0,54 g
(2 mmol) leflunomid, thém 20 ml dung dich isopropyl alcol
(isopropyl alcol : nudc = 5 : 5 (tt/tt)), khudy trén may
khu'c‘iy ttr & nhiét d 25 - 35 °C dén khi hoat chét tan hoan
toan. Thém tir tir 3 ml dung dich NaOH 45% véo hon hop
trén cho dén khi dat dén pH 13 12 + 1, khudy déu trong
30 phiit. Sau thoi gian phan tmg, loc hdn hop qua gidy loc,
thém tir tir acid HCI 32% vao dich loc cho dén khi dat
dugc pH 1 - 2, quan sat thiy xut hién két tia. Két tna tao
thanh duoc loc, rira be"mg nudc va séy khé dé thu duoc san
pham tho. San phim thd duoc tinh ché bang phuong phap
két tinh lai v6i dung méi ethyl acetat, thu duoc san phim
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tinh ché B 1a tinh thé mau tring, siy dén khdi lugng khong
d6i thu dugc khdi lugng 14 0,394 g. Tién hanh téng hop
va tinh ché 1ap lai theo quy trinh 3 1an, hidu suit toan qua
trinh trung binh dat 72,3%.

3.3. Thir tinh khiét so’ bo cac san pham tong hop

Két qua thtr tinh khiét san pham tinh ché bang sic ky
16p mong voi 3 hé dung moi déu cho mot vét duy nhat
khac vét nguyén liéu khi quan sat duéi dén UV 254 nm.
Két qua thir tinh khiét bang phuong phap HPLC - PDA
cho thdy & ca 2 hé pha dong, sic ky dd 2 chiéu tai budc
song 245 nm (san pham A), 292 nm (san pham B) va sic
ky db 3 chidu déu xut hién 1 pic chinh duy nhit va pic
nay tinh khiét theo phd UV - Vis. Két qua thir tinh khiét
san pham tinh ché bang HPLC - PDA duoc trinh bay &
Bang 8.

Bang 8. K&t qua danh gia do tinh khiét san pham tinh ché bang HPLC - PDA

San . o L .| %Dién A
. Hé pha | Thoigian| Do tinh [Diéntich pic| |, Hé s6
PhM |~ song |iwu (phat)| khigcpic | (vxgiay) | TP |kéo dusi
tinh chg| “°"8 P pic | (¥ xeey. (%)
1 39,14 bat 12138437 99,34 1,1
A
2 32,55 Pbat 12970635 99,45 12
1 31,45 Pat 6172851 | 100,00 | 1,0
B
2 20,20 bat 6117320 98,76 0,7

3.4. Xac dinh ciu tric san pham téng hop

3.4.1. San phdm A

Ph6 UV ctia san pham A trong dung méi methanol cho
cuc dai tai cac budc song 202,5; 251 va 288 nm. Phé
FT-IR Vmax (cm™) c6 céc dinh ddc trung cho cdc nhém
chtrc pht hop v6i cong thirc cdu tao cia tap A chuan [11]
(Hinh 3): -NH> (3399 va 1625), C-N (1317), C-F (1184,
1156, 1098, 1060 va 1010), -CH= nhan thom thé para
(828). Phd khéi MS — ESI (+) cua san pham tinh ché A
cho manh tin hiéu ion [M-H]" ¢6 m/z = 162,0497 phu
hop véi s6 khéi 1y thuyét ciing nhu cong thirc phan tir
cua tap A (C7HgF3N, M = 161,0451).

Phé 'H-NMR (600 MHz, CDCL3) 8y (ppm): 7,37 (d, 2H,
J=38,4 Hz, H4, H6); 6,65 (d, 2H, J = 8,4 Hz, H3, H7), 3,90
(s, 2H, H1) (Hinh 4); phu hop dit liéu phd 'H-NMR ciia
4~(trifluoromethyl)anilin [12].
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Phé "*C-NMR (150 MHz, CDCl3) 3¢ (ppm): 149,47
(C2); 126,7 (¢, J = 4 Hz, C4 va C6); 124.9 (¢, J =270 Hz,
C8); 120,1 (g, J = 33 Hz, C5); 114,19 (C3 va C7)
(Hinh 4); phu hop dir liéu phd "*C-NMR ciia
4-(trifluoromethyl)anilin [12].

Tir nhimg dit liéu vé phd UV, IR, MS, NMR, c6 thé khang
dinh san pham A chinh 13 tap A ctia leflunomid (Hinh 5).
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Hinh 3. Phé IR cGia san pham A (Hinh a) so sanh véi phd IR clia chuén tap
A (Hinh b)

3.4.2. Sén phdm B

Pho UV cua san pham B trong dung méi methanol cho
cuc dai tai cac budc song 203; 246 va 292 nm. Phd FT-IR
Vmax (cm™) €6 céac dinh ddc trung cho cac nhom chire phit hop
voi cong thirc cu tao cua tap B chuén [13-14] (Hinh 6):
N-H (3302), C=N (2222), >C=0 (1589), C-N (1404),
C-F (1319), -CH= nhan thom thé para (840 va 678). Pho
khbi MS - ESI (+) ctia san pham tinh ché B cho manh tin
hiéu ion [M-H]* c6 m/z = 271,0665 phii hop vai sb khéi ly
thuyét cling nhu cong thirc phan tir ctia tap B (C12HoO2F3Na,
M =270,0614).
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Pho 'H-NMR (600 MHz, DMSO-ds) 8u (ppm): 10,74
(s, 1H); 7,78 (d, 2H, J = 8,4 Hz, H6, H10); 7,67 (d, 2H,
J=8,4 Hz, H7, H9); 2,28 (s, 3H, H1) (Hinh 7); ph hop dit
liéu phd "H-NMR chuan cua tap B theo TLTK [14].

Ph6é '3C-NMR (150 MHz, DMSO-ds) 8¢ (ppm):
186,98 (C2); 166,39 (C4); 141,56 (C5), 125,80 (C7 va

7.376
7.362
"\ 7.225
7.653

&

C9), 125,20 (C8), 123,40 (C11), 120,99 (C6 va C10),
118,20 (C12), 80,80 (C3), 23,08 (C1) (Hinh 7); phu
hop dit liéu phé '3C-NMR chuin cia tap B theo

TLTK [14].

T nhitng dir liéu vé phd UV, IR, MS, NMR, c6 thé khing
dinh san pham B chinh 14 tap B ctia leflunomid (Hinh 8).
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Hinh 5. Cong thirc ciu tao kém theo vi tri nguyén tir tap A cta leflunomid

https://doi.org/10.32895/hcjm.p.2026.01.05

https://www.duoc.tapchiyhoctphcm.vn | 45



Tap chi Y hoc Thanh phé H6 Chi Minh - Dwoc hoc * Tap 29 * Sé 1* 2026

i
IfI
| [l
5. |8 ‘
)
7
1
0 e
Hinh 6. Phé& IR ctia san pham B (Hinh a) so sanh v&i phd IR clia chuan tap B (Hinh b)
e -~ oo e
g ¥ TIY: g
S RN e~ h@ AN &
[ N N2
B R |
T T T T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 a 3 2 1 0 ppm
- o~ L]
© OWON=—Q QO
g 8 B EROARIEY &8  smusnss
8 8 ¥ mosaddSc S AAAAAAR
L - -
| | N\ ~\ |
| Ul | ) | —
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm

Hinh 7. Ph& 'H-NMR (Hinh a) va $3C-NMR (Hinh b) clia san pham B
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F
1 F9

Hinh 8. Céng thirc ciu tao kém theo vi tri nguyén tir tap B chia leflunomid

3.5. Xay dwng va tham dinh quy trinh xac dinh dé tinh
khiét tap A va tap B bing HPLC — PDA

Quy trinh x4c dinh d¢ tinh khiét tap A va tap B bang
HPLC - PDA duoc thim dinh v6i chuong trinh gradient
rut gon 6 Bang 9 (tap A) va Bang 10 (tap B).

Bang 9. Chwong trinh gradient xac dinh dd tinh khiét tap A

Thoi gian (phut) ACN (%) Dung dich H3POa4 pH 4 (%)
0 0 100
5 55 45
15 55 45
20 0 100
30 0 100

Bang 10. Chwong trinh gradient xac dinh do tinh khiét tap B

Thoi gian (phat) Methanol (%) Dung dich H3PO4 pH 4,5 (%)

0 0 100
5 55 45
15 55 45
20 0 100

Két qua tham dinh dugc thé hién ¢ Bang 11, Bang 12, Hinh
9 va Hinh 10.

3.5.1. Tinh phi hop hé théng

Két qua khao sat tinh phi hop hé thdng cho thiy RSD ciia

thoi gian luu, dién tich pic déu nho hon 2,0%, hé s6 kéo dudi

O OH

2 4
HJ“%CHs

C

N

cta pic tap A va pic tap B déu nho hon 1,5 (Bang 11). Nhu
vay, quy trinh xac dinh do tinh Kkhiét tap A va tap B dat tinh
phii hop hé thong.

Bang 11. K&t qua khao sét tinh phii hop hé théng (n=6)

Giatri |Thoigianlwu| Dién tich pic S6 dia Hé s6
théng ké (pht) (WVxgidy) | lythuyét | kéodubdi

TB 12,336 9049798 10663 1,32
TapA

RSD 0,1% 1,5%

TB 8,786 7186495 15904 -
TapB

RSD 1,5% 1,6%

3.5.2. BJ ddc hiéu

Két qua khao sat do ddc hiéu cho thy trong cung didu
kién phan tich: Sic ky dd mau tring khong xuét hién pic cb
thot gian luu tuong tng véi thoi gian luu cla pic tap trén
sic ky do mau thir. Sic ky d0 cic miu phan huy (trong
NaOH 0,1 N/ 24 gid; trong HC1 0,1 N/ 24 gi0, trong H,O»
3%/ 8 gidy; sy 60 °C/ 24 gio, tiép xuc anh sang mat troi
trong 8 gid) c6 xuét hién cac pic phan hiy, cac pic ndy déu
tach hoan toan véi pic tap. Pic tap trong sic ky do ctia mau
thir va cac mau phan hity déu tinh khiét theo phd UV-Vis
(Hinh 9 va 10). Nhu vy, quy trinh xac dinh d6 tinh khiét

tap A va tap B dat yéu cau vé do dic hiéu.

0.0
0.50+
0404
=
< 020 g
e
020] €
d
[+
0.10]
b
a
0.00
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 30.00
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Hinh 9. Séc ky d6 xac dinh do tinh khiét tap A tai bué'c séng 245 nm trén cac mau phan hlly a) mau tring, b) mau thir, c) mau phan hiy base, d) miu phan

huy acid, €) m3u oxy hod, f) mau phan hiy nhiét d, g) mau phan hay anh sang
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Hinh 10. Séc ky d6 xac dinh dd tinh khiét tap B tai bué'c séng 292 nm trén cic mau phan hiy a) mau thir, b) miu tring, c) miu oxy hoa, d) mau phan hiy

acid, €) mau phan hay base, f) mau phan hly nhiét d3, g) mau phan hiy anh sang

3.5.3. D tuyén tinh va dé chinh xdc

Két qua tham dinh d6 tuyén tinh va do chinh xac dugc thé
hién trong Bang 12.

Bang 12. Két qua khao sat dd tuyén tinh va dé chinh xac

Tap A Tap B
Phuong trinh héi quy §=49862,516 x § = 54664x
Khoang tuyén tinh (ug/ml) 150 - 350 50-300
Hé s6 twong quan r 0,999 0,9999
D06 chinh xac (TB £ RSD, n =6) 99,53% + 0,10% 98,81% +0,37%
Do chinh xac trung gian (TB £
RSD, n=6) 99,42% + 0,10% 98,90% * 0,30%
D4 tinh khiét (TB £ RSD) (n=12) 99,48% + 0,10% 98,85% +0,33%

Két qué cho thiy quy trinh x4c dinh d tinh khiét tap A va
tap B bang HPLC - PDA c6 khoang tuyén tinh rong, hé s6
twong quan cao, do chinh xac dat yéu cau. Két qua x4c dinh
d6 tinh khiét tap A va tap B theo phuong phap quy vé 100%
dién tich pic la trén 98,5% tinh trén nguyén trang.

4. BAN LUAN

4.1. Tdng ho'p va xac dinh cAu tric tap A cla leflunomid
Phuong trinh tdng hop tap A dua trén co s phan tmg thiy
phén lién két amid ctia nguyén lidu leflunomid bang tic nhan
natri hydroxyd. Nghién ciru da khao st cac yéu t6 anh huong
dén hiéu suét phan tmg nhur nong d6 NaOH (0,1 N dén 5 N),
nhiét d6 (nhiét 46 phong dén 90 °C), pH kiém hoa (8 dén 14)
va lua chon diéu kién t6i vu dua theo hiéu suét phan tng.
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Co ché cua phan tmg thiy phén lién két amid trong moi
truong kiém dwoc dé xuét dua trén co ché phan tmg thé ai
nhén acyl, gom 3 giai doan. Giai doan dau tién, OH" hoat
dong nhu mdt tac nhan &i nhan manh, tn cong vao vi tri
carbon 4i dién tir ciia nhom carbonyl, khi lién két gitta nhom
-OH va C duoc hinh thanh, lién két 7 ciia nhom carbonyl s&
bi pha v& 1am dich chuyén céc electron dén nguyén tir oxy
va hinh thanh trang thai trung gian t&r dién. Giai doan dau
tién ctia phan tmg xay ra chdm va 1a giai doan quyét dinh tdc
do phan tmg. Vi OH" 1a tac nhén tin cong tryc tiép vao
carbon 4i dién tir cia nhém C=0, do d6 toc d6 phan tmg ctia
giai doan nay sé& phu thugc nhiéu vao n6ng dd OH" va nhiét

do dé thuc day phan tmg.

Giai doan tiép theo, nguyén tir oxy s& giai toa dién tich 4m
bang cach tai tao lién két d6i C=0, bt budc lién két véi
nguyén tir nito bj pha v, dan dén hinh thanh acid carboxylic.
Véi truong hop cua leflunomid, nhdém amin bi hit dién tr boi
hiéu tmg cam 1an hiéu tmg lién hop tir nhom benzotrifluorid
(-CeH4-CF3), dan dén tinh base giam, tro thanh nhom xuét tot
hon. Do d6, diéu kién nhiét d6 va thoi gian phan tng khong
can phai qua khéc nghiét nhur thong thuong,

Giai doan 1 va 2 s& dién ra cang nhanh khi ndng do
OH- cang 16n va nhiét do cang cao. Nong d6 OH- cao s&
lam tang tc d¢ giai doan 1, dong thoi lam giam tinh
canh tranh xuit cia nhom —OH & giai doan 2. Nhiét do
cao s& lam cho cac lién két tré nén linh dong, cac
electron d& dang dich chuyén hon. Nhu vay, c6 thé két
luan dugc, & quy mo hién tai, viéc st dung NaOH n6ng
d6 5 N va nhiét d6 90 °C 1a phu hop véi 1y thuyét phan
ung thuy phan amid.
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Giai doan cudi cung, anion azanid (NH") déng vai tro
nhu mét base, twong tac véi hydro linh dong cua acid
carboxylic, hinh thanh anion carboxylat va amin. Ba giai
doan trong co ché phan g thuy phan lién két amid duoc
thé hién ¢ Hinh 11.

Trong méi truong kiém, bén canh phan tmg thity phan amid,
con ¢ thé xay ra phan mg md vong isoxazol tao thanh
(2)-2-cyano-3-hydroxy-N-(4-(trifluoromethyl)phenyl) but-2-
enamid (tap B). Do d6, budc acid héa trong quy trinh tong
hop 1a dé két tia va loai hop chét nay ra khoi hdn hop sau

phan tng. Ngoai ra, chinh phan ttng m& vong isoxazol
R

R

+OH—’

Cham

H

Amid

Trung gian t& dién

0]

R1)J\O@

Anion carboxylat

Hinh 11. Co’ ché& phan (&ng thuy phan amid

4.2. Tang hop tap B cta leflunomid

Phén tmg tong hop tap B ctia leflunomid xay ra dua trén
co ché phan tng tach loai ludng phéan tir (E2) trén vong
isoxazol. Ttr tham khao tai liéu [15], nghién ctru da khao sat

cac yéu td anh huéng dén hiéu sudt phan tmg nhu ndng do

F;C ot
e 4
)

H ;
H3C @)

Hinh 12. Co’ ché phan irng dé nghi

Ban dau, v6i sy c6 mit cta natri hydroxid va isopropyl
alcol, trong dung dich s& xuét hién ion isopropylat (C;H;0")
co tinh base manh hon ca ion OH- nhung lai c6 tinh ai nhan

kém hon do sur cong kénh vé mit khong gian. Do d6, phan

https://doi.org/10.32895/hcjm.p.2026.01.05

/kOH

gay canh tranh v6i phan tng thuy phan amid, 1a nguyén
nhan chinh dan dén hiéu suit tong hop tap A thip, vi mé
vong isoxazol d& dang hon nhiéu so véi thuy phan amid.

Theo 1y thuyét, tap A c6 tinh kiém rat yéu. Do do, acid
lién hop cua tap A (dang mudi clorid) s& c6 tinh acid manh.
Vi vay, phai sir dung mét base du manh dé c6 thé chuyén
dang mudi thanh dang base v6i hiéu suét tot nhat c6 thé.
Ngoai ra, base manh ciing 1a mot yéu t6 can thiét dé
chuyén hop chét 5-methylisoxazol carboxylic acid thanh
dang mudi d& tan trong nude, giam do tan trong dung moi

hitu co.
(e}

Gb2
— Mon v R

Cham Ri 2 . .

Anion azanid

R GD3

= Nhanh

Amin

NaOH (15% dén 45%), nhiét d6 (0 - 5 dén 70 °C), pH acid
hoa (1 - 2 dén 5 - 6). Két qua khao sat cho thiy nong do
NaOH va nhiét d6 ¢6 anh hudng 16n dén thoi gian phan tmg
xay ra hoan toan, pH acid hoa c6 anh huong dén hiéu suat
san pham thd. Co ché phan tmg dé nghi dwoc minh hoa &
Hinh 12.

H
C
=
N
0
H,C~ ~OH

{mg s& uu tién theo co ché tach loai hon 1a co ché thé 4i nhan.
Thém vao d6, O trén vong isoxazol khong phai 1a nhom xudt
qua tbt dé c6 thé d& dang roi di, ngoai ra, néu O trong lién

két N-O trén vong isoxazol tich ra dé tao dang cation trén N,
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thi dang cation nay ciing kém bén ving do N va O & qua gan
nhau vé mat 1ap thé s& sém lién két dong vong tré lai, nén co
ché tach don phan tir (E1) khong dugc wu tién, ma s& uu tién
theo co ché E2. Trong E2, cac giai doan clia phan (g dién
ra dong thoi, ion isopropylat dong vai tro 1a mot base, cho
dién tir vao H & vi tri s 3 cua vong, cap electron lién két
C-H dao dong lan can voi N, thn cong vao N lam cho N co
10 electron & 16p ngoai cling nén bt budc lién két N-O phai
tach ra dé dam bao sy bén vimg theo quy tic bat tir va O phai
101 di cing véi cap electron lién két. Trang thai chuyén tiép
duoc hinh thanh. Trang thai nay kha 6n dinh vi cic nhom
mang dién tich nam & dang trans nén khong c6 sy tuong tac
v6i nhau. San pham cudi tao thanh c6 dang cyanoenolat, sau
khi acid hoda s€ tro thanh dang enol (tap B) khong tan trong

dung méi.

5. KET LUAN

Dé tai da tong hop thanh cong tap A va tap B ciia
leflunomid & quy mo phong thi nghiém, hiéu suét trung binh
13 31,2% (v6i tap A, tong khdi luong 1,8 g), va 72,3% (v6i
tap B, tong khdi lugng 2 g); d6 tinh khiét sic ky lan luot 1a
99,5% (tap A) va 98,9% (tap B) tinh theo nguyén trang. Ca
hai tap déu co thé dugc st dung dé thiét lap tap chét di chiéu
nhdm tmg dung trong kiém nghiém tap chét lién quan cua
leflunomid.

L&i cdm on

Nhom tac gia chan thanh cam on sy tai trg boi cua Pai hoc
Y Duoc Thanh phé H6 Chi Minh cho dé tai NCKH cip co
s& “Tong hop va xac dinh do tinh khiét tap chat di chiéu A
va B cua Leflunomid” theo hop dong s 199/2024/HP-
DPHYD, ngay 22 thang 08 nam 2024.
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