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TOM TAT
Dt vin dé: Tong hop tap B va E cua allopurinol ¢é y nghia quan trong trong nganh kiém
nghiém thuadc. Tuy nhién hién tai chua c6 cong trinh trong va ngodi nweéc nghién cizu vé téi wu héa
tong hop tap B va E cua allopurinol. C&c quy trinh tong hop hién tai hiéu sudt chica cao nén viéc
ap dung vao trong thuc té con han ché. Nghién ciu khdo sat va toi wu hda cdc diéu kién phan 1ing
trong qué trinh tong hop tap B va E nham tang higu sudt tong hop bang mé hinh Box-Behnken,
tien hanh kiém tra do tinh khiét san pham bang ky thugt HPLC—-DAD hudng dén vigc thiét lgp chat
chudn doi chiéu. Muc tiéu nghién cizu: Khao sat va téi wu héa quy trinh tong hop tap B va E cua
allopurinol. Déi tuwong va phwong phdp nghién ciru: tap B va E cua allopurinol; phwong phap:
t0i wu ‘héa quy trinh tong hop tap B va E cua allopurinol bang mo hinh Box-Behnken. Két qud:
CAcC yéu t6 anh hieong chinh dén hiéu suat tong hep 1a sé mol chdt tham gia phan itng, nhiér dé va
thoi gian, dong thoi ¢é dinh yéu té con lai. Xdc dinh diéu kién téi wu héa bang md hinh Box-
Behnken; tap B: ty 1é mol tap A/formamid (1/35); sé mol formamid (0,1 mol), nhiét d6 (95°C), thoi
gian (60 phat) cho hiéu sudt cao nhat; tap E: t/ 1¢ mol tap D/acid formic (23/1891), thé tich acid
formic (10 mL), nhiér d6 (90°C), thoi gian (4 gio) cho hiéu suat cao nhat. Két lugn: Thiét ké thi
nghiém theo md hinh Box-Behnken va tdi wu héa bang phan mém JMP 13.0 givp danh gid dwoc
dnh huéng ciia cac yéu té dén hiéu sudt téng hop va du dodn duwoc diéu kién cho phdn ing toi weu.
Tur khoa: Allopurinol; Box-Behnken; tap B, tap E.
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ABSTRACT

BOX-BEHNKEN DESIGN FOR THE OPTIMIZATION OF SYNTHESIS
IMPURITIES B AND E OF ALLOPURINOL
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Background: Synthetic impurities B and E of allopurinol are important in the field of drug

quality control. However, at present, there are no domestic and foreign studies on the optimization

of impurities B and E of allopurinol. The current synthesis processes are not high efficiency, so the

application in practice is limited. Survey research and optimize reaction parameters in the

impurities B and E synthesis process to increase synthesis efficiency, conduct product purity

testing by HPLC-DAD technique towards establishing reference substances. Survey research and

optimize reaction parameters in the synthesis of impurities B and E to increase synthesis efficiency

by Box-Behnken model, conduct product purity testing by HPLC-DAD aims to establish a

reference substance. Objectives: Survey and optimize the impurities B and E synthesis process of

allopurinol. Materials and methods: impurities B and E of allopurinol; Method: Optimizing the

impurities B and E synthesis process of allopurinol by Box-Behnken design. Results: The main

factors affecting the synthesis efficiency are the number of moles of substances involved in the

reaction, the temperature and the time, and the remaining factors are fixed. Determining optimal

parameters by Box-Behnken design; impurity B: the mole ratio A/formamide (1/35), number of

moles of formamide (0.1 mol), temperature (95°C), time (60 minutes) for highest efficiency;

impurity E: the mole ratio D/ formic acid: 23/1891, volume of formic acid (10 mL), temperature

(90°C), time (4 hours) for the highest efficiency. Conclusions: Experimental design based on Box-

Behnken design and optimized by JMP 13.0 software help assess the impact of factors on the yield
synthesis and predict the optimal reaction parameters.

Keywords: Allopurinol, Box-Behnken design, impurity B, impurity E.

I. PAT VAN BE

Theo céc chuyén luan duoc dién Viét Nam V (DDVN V) [1] va cac dugc dién tién
tién trén thé gisi khac nhu duoc dién Anh 2018 (BP 2018) [4] va duoc dién My 41 (USP
41) [10] déu yéu cau kiém nghiém tap chat lién quan B va E, do c6 kha ning gy doc trén
co thé ngudi & gen HLA-B ciing nhu gy ra hdi chung Steven Johnson, hoi ching tiéu
thuong bi nhiém doc va cac phan tng nghlem trong trén da [5], [8]. Tuy nhién chua c6
cong trinh trén thé gigi nghién cau ve t6i uu hoa tong hop tap B va E cua allopurinol. Cac
quy trinh téng hop hién tai hiéu suat va do tinh khiét chua cao nén viéc ap dung vao thuc
té con han ché, chua dap ung duoc chat luong va nhu cau sir dung tap B va E trong cong
tac dam bao chit lugng thudc. Nghién ctiu t6i wu hoa quy trinh téng hop tap B va E cua
allopurinol dwoc thuc hién nhiam ting hiéu suat tong hop bang md hinh Box-Behnken,
ddng thoi danh gia do tinh khiét cua san pham tong hop bang ki thuat HPLC-DAD nham
huéng dén viéc thiét l1ap chat ddi chiéu. Vi vay ching t6i thuc hién nghién cau nay véi
muc tiéu 1 “Khao sat va tdi wu hoa quy trinh téng hop tap B va E cua allopurinol”.
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II. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Péi twong nghién ciru

Tap chét 5-(formylamino)-1H-pyrazol-4- carboxamid (tap B)

Tap chét’ethyl 5-(formylamino)-1H-pyrazo|—4-ca,rboxylat (tap E) )

Hoa chat va dung mo6i: Methanol (Trung Quoc), Ethanol (Trung Quoc), Acid
formic (Merck), Formamid (Fisher) dat tiéu chuan tinh khict hoé hoc. Acetonitril (Merck),
Acid phosphoric (Merck), Methanol (Merck) dat tiéu chuan dung cho sac ky long. Ban
mong silica gel GFzs4 (Merck).

2.2. Phuwong phap nghién ciu
2.2.1. Khio sat tac nhan anh hwéng dén qua trinh téng hop tap B va E [2],[3],

[9]
o) o)
NH, NH,
HN t° HN
\N/ NH, \N/ NH
o)
EtO EtO
Tap AP B
o) o)
/ \ + HCOOH — Y o / \
N N
NH
\N NH2 \N
H H
o) H
Tap D Tap E

So d6 1: Quy trinh téng hop tap B va tap E

Nguyén tac: Khao séat cac yeu t6 tham gia phan g tong hop, danh gia nhing yéu
t6 chinh anh huong dén hiéu suat, c6 dinh cac yéu t6 con lai.

Chon yéu té trong quy trinh tong hop cho hiéu suat phan (ng cao nhat dua vao mo
hinh Box-Behnken

2.2.2. Toi wu héa quy trinh tong hop tap B va E ciia allopurinol bang mé hinh
Box-Behnken. [6]

Ung dung phuong phap bé mat dap wng trong md hinh Box-Behnken dé tién hanh
lya chon céc bién anh huang chinh téi hiéu suét tng hop.

Thiét ké thi nghiém va tién hanh thuc hién cac thi nghiém theo ma tran (15 phan
rng) ciia mo hinh Box-Behnken (phan mém JMP 13.0)

Tir s6 liéu thuc nghiém, phan mém xur ly thong ké dit liéu thu dugc thong qua su
tuong thich ctia ham da thuc:

Y = b+ arXy + a2Xo + a3Xs + asX1 Xz + asX1 X3 + agXoXa+ arX1? + agXo? + agXs?
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V6i Y 12 hiéu suat phan ang Xi, Xz, X3 1a c4c tac nhan anh huong dén hiéu suat
phan ng.
Chi tiéu danh gia: Gia tri Y cao nhit va c6 do lap lai.
Xéc dinh hé sé twong quan va anh hudng cua céc yéu té dén hiéu suat cua san pham tong
hop tir két qua cia phan mém Box-Behnken.Tir két qua phan mém dy bdo, tién hanh 3
phan wng tong hop ¢ diéu kién tbi wu dé kiém tra do 13p lai.
2.2.3. Xac dinh @9 tinh khiét san pham téng hep bang k§ thuat HPLC-DAD
TapBvatgp E
Do tinh khiét cua tap B dwoc xéac dinh bang phwong phap HPLC quy vé 100%
dién tich pic [7]. Diéu kién sic ky: cot Phenomenex Gemini NX C18 (150 x 4,6 mm; 5
pum), tap B: pha dong ACN-nuéc acid phosphoric pH 2,5 (2:98 tt/tt); tap E: pha dong
ACN-nuéc acid phosphoric pH 3 (10:90 tt/tt) , toc d6 dong 1 ml/phut, dau dd DAD Vi
buéc song phat hién 220 nm, thé tich tiém mau 10 pL, nhiét do cot: 25°C. MAau thir ¢6
nong do 500 pg/mL.
I1. KET QUA NGHIEN CUU
3.1. Két qua khao sét tac nhan anh hwéng dén qua trinh tong hop tap B va E
Tap B
Ty Ié mol formamid:acid formic 1a 100:1 va thé tich nu6c cat la 30 mL cho higu suat cao nhat.
Hiéu suat khong ting thém khi ty 1é mol formamid:acid formic va Iuong nudc ting. Nguyén nhan do
acid formic 1a chét xtic tac va nudc chi dong vai tro dung méi.
Dua vao ban chat phan tng, cac yéu t s& ¢b dinh trong quy trinh tong hop tap B Ia: ti I mol
formamid/acid formic 100:1 va thé tich nudc 12 30 mL véi Iuong tap A khao sét 10,5 g (2,85 mmol)
Khdo sét sé6 mol formamid (mol)
S6 mol formamid khao sat 1an luot 12 0,05; 0,075; 0,1, 0,125 mol
Nhan xét: Diéu kién thoi gian phan tng t = 2 giod, nhiét d6 95 °C. Két qua cho thay
s6 mol formamid 1a 0,075 mol cho hiéu suat phan ang cao nhat. Khi tang sé mol phan @ng
thi higu suat khong ting thém.
Khdo sat nhiét dé phdn ing (°C)
Nhiét d6 phan ung khao sat lan luot 1a 75; 85; 95; 105 °C
Nhan xét: Diéu kién thoi gian phan ung t = 2 gid, sé mol formamid = 0,075 mol.
Két qua cho thay nhiét d6 phan tng 85 °C cho hiéu suat phan ng cao nhat. Khi ting nhiét
d6 phan tng thi hiéu suat khong ting.
Khdo sat thei gian phdn i#ng (phat)
Thoi gian phan tng khao sat lan luot 12 60; 90; 120; 150 phut
Nhan xét: Biéu kién nhiét do phan tng 85 °C, sé mol formamid = 0,075 mol. Két
qua cho thay thoi gian phan tng 90 phat cho hiéu suat phan ung cao nhat. Khi ting thoi
phan tng thi hiéu suat khong tang.
Két luan: Cac yéu t6 can dua vao mo hinh Box - Behnken: s6 mol formamid, nhiét
do, thoi gian.
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75

65
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Higu sudt phan g (%)

45
S6 mol formamid (mol) Nhiét d6 (oC) Thoi gian (phut)

Hinh 1: Khao sat sé mol formamid (mol), nhiét d6 phan ung (°C), thoi gian phan tng
(pht) tong hop tap B
Tap E
Thé tich cloroform 1a 10 mL cho hiéu suat cao nhat. Hiéu suat khong ting thém
khi thé tich cloroform ting.
Duya vao ban chat phan tng, cac yéu té s& ¢ dinh trong quy trinh tong hop tap
E 1a thé tich cloroform lugng tap D khao sét 12 0,5 g (3,23 mmol)

Khdo sét thé tich acid formic (mL)

Thé tich khao sét lan luot 14 0,5; 0,75; 1; 1,25 mL.

Nhan xét: Diéu kién thoi gian phan tng t = 4 gio, nhiét 6 90 °C. Két qua cho thay
thé tich 1a 0,75 mL cho hiéu suat phan (ng cao nhat. Khi thé tich phan ung ting thi hiéu
suit khong tang.

Khdo sat nhiét dé phdan irng (°C)

Nhiét d6 phan ung khao sét lan luot la 70; 80; 90; 100 °C.

Nhan xét: Diéu kién thoi gian phan tng t = 4 gio, thé tich acid formic = 0,75 mL.
Két qua cho thay nhiét &6 phan tng 80 °C cho hiéu suat phan (ng cao nhat. Khi ting nhiét
d6 phan ung thi hiéu suat khong tang.

Khdo sat thei gian phédn i#ng (phat)

Thoi gian phan &ng khao sat lan luot 12 4; 5; 6; 7 gio.

Nhan xét: Diéu kién nhiét do phan wang 80 °C, thé tich acid formic = 0,75 mL. Két
qua cho thay thoi gian phan @ng 5 gio cho hiéu suat phan &ng cao nhat. Khi tang thoi phan
rng thi hiéu suat khong ting.

Két luan: Céac yéu t6 can dua vao mo hinh Box - Behnken: thé tich acid formic,
nhiét dg, thoi gian.

[e]
o

60

40

20

Hiéu suét phan tng (%)

Thé tich acid formic (ml) Nhiét d6(oC) Thoi gian (gio)

Hinh 2: Thé tich acid formic (mL), nhiét &6 phan tng (°C), thai gian phan ang (gid) téng
hop tap E
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3.2. Toi wu héa quy trinh tong hop tap B va E ciia allopurinol bang mé hinh Box-

Behnken

Dura vao két qua khao sat cac yéu t6 anh huong dén hiéu suét phan Gmg ¢ trén, quy trinh
tong hop tap B va E da dugc t6i wu hoa bang phan mém JMP 13.0 v6i mé hinh Box-Behnken.
Tién hanh mi hoa cac yéu t6 khao sat va b tri cac thi nghiém theo Bang 1 va Bang 3.

Tap B

Cég yéu t6 bién thién khao sat: s6 mol formamid (X1), nhiét do (X2), thoi gian (Xs).
Bang 1. M4 hoa céc yéu té khao sat quy trinh tong hop tap B

Yéu to khao sat Ma hoéa Mirc duoi Mirc gitra Mirc trén
(-1) () (+1)
Formamid (mol) X1 0,05 0,075 0,1
Nhiét do (°C) X2 75 85 95
Thdi gian (phut) Xs 60 90 120

Ma tran thyc nghiém: chon mo hinh Box — Behnken dé thuc hién tdi wu hoa. Tién hanh
céc thi nghiém nhu Bang 1, mdi phan tng thuc hién 3 1an, 1ay két qua trung binh, sau d6
nhap dir liéu thu dugc vao phén mém JMP 13.0. Hinh 3 minh hoa mbi tuong tac gitra cac
yéu t6 khao sat 1én hiéu suat phan tmg.

Hinh 3: B& mat dap tmg hiéu suét toan quy trinh theo cac yeu t6 khao sat
Phuong trinh bé mat dap trng vdi hiéu suat dugce thiét 1ap nhu sau
Y =61,8 + 1,05X1 - 0,6X3 + 1,35X1X2 — 1,9X1X3 + 3,075X12 + 5,275X7? + 3,975X3?

A Actual by Predicted Plot

a0 Parameter Estimates
78 Term Estimate S5td Error tRatio Prob>|t|
76 Intercept 618 0372827 16576 <.0001*
74 < %1(0.05,0.1) 1.05 0228300 460 0.0058°
572 < %2(75.,95) 0.475 0228300 2,08 0.0920
<70 N ¥3(60,120) -06 0228309 -2.63  0.0465°
e *1+%2 135 0322878 418 0.0086
:j H17X3 -19 0322878 -5.88 0.0020°
s ¥2*H3 0.15 0.322878 046 0.6618
o X17X1 3,075 03326062 915 0.0003
60 62 64 66 68 70 72 T4 XK2¥H2 5.27% 0338062 1570 <.0001%

¥ Predicted RMSE=0.6458 R5q=0.99 ;kag 3975 []335052 1133

Pvalue=0.0002

Hinh 4: Hiéu suat du doan, y nghia cua phuong trinh va cac hé sb
i Dé kiém chimg quy trinh tong hop tap B t6i uru, tlen hanh thyc nghiém 3 14n véi
diéu kién du doan. Bang 2 trinh bay hiéu suét phan tung tong hop tap B.
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Bang 2. Hiéu suat phan &ng tong hop tap B theo diéu kién du doan

n S6 mol Nhiétddé | Thoi | Hiéusuat | Khéilwong san pham (g)
formamid gian
1 | 0.1 (mmol) 79,92% 0,354
2 0,1 (mmol) 95°C 60 phat 78,34% 0,347
3 | 0,1 (mmol) 76,54% 0,339
Trung binh 78,20% 0,347

~ Hiéu sult dy doan 79,35% va hiéu suat thyc té 78,2% khac nhau khong c6 y nghia
théng ké (p=0,832>0,05)
TapE ,
Céac yéu to bien thién khao sat: s6 mL acid formic (Xz), nhiét do (X2), thoi gian (X3).
Bang 3. M hda céc yéu té khao sat quy trinh tong hop tap E

Yéu to khao sat Ma hoa Mirc dudi Mikc giira Mikc trén
(-1) ) (+1)

Thé tich X1 0,5 0,75 1

acid formic (mL)

Nhiét d6 (°C) X2 70 80 90

Thoi gian (gio) X3 4 5 6

Ma trén thyc nghiém: chon m6 hinh Box — Behnken dé thuc hién t6i uu hoa. Tién hanh
cac thi nghiém nhu Bang 3, mdi phan tng thuc hién 3 lan, lay két qua trung binh, sau do
nhap dir liéu thu dugc vao phan meém JMP 13.0. Hinh 5 minh hoa mdi twong tac gifra cac
yéu t6 khao sat 1én hiéu suat phan ng.

Hinh 5: B& mat dap @mg hiéu suét toan quy trinh theo cac yéu t6 khao sat
Phuong trinh bé mat dap tmg véi hiéu suat dugce thiét 1ap nhu sau:
Y =485+ 1,1X1 + 1,35X1 X2 —2X1 X3 + 3,125X1% + 5,225X,? + 4,025X3?

< Act I by Predicted Plot =
— 4 Parameter Estimates

e - Term Estimate Std Error t Ratio Prob:|t|
e < Intercept 485 0423084 114,63 <0001*
_ X1(0,5.1) 11 0,259085 4,25 00081
3 s6 - X2(70,90) 0,475 0,259085 1,83 0,1262
< 54 ¥3(4,8) -0,65 0,259085 -2.51 0,0539
. K1*X2 1,35 0,366401 368 00142
X1*X3 -2 0,366401 -546 0,0028°
=0 X2*K3 0,15 0,266401 041 0,6992
am X171 3,125 0,381362 8,19 00004
¥ Predicted RMSE=0,7328 RSq=0,99 K2™K2 5,225 0,381363 13,70 <,0001*
PValue=0,0003 HIH3 4025 0381363 10,55

Hinh 6: Hiéu suét du doén, , y nghia cta phuong trinh va cac hé s6
. Dé kiém chung quy trinh téng hop tap E t6i wu, tlen hanh thuc nghiém 3 1an voi
didu kién dy doan. Bang 4 trinh bay hiéu suat phan tmg tong hop tap E.
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Bang 4. Hiéu suat phan &ng téng hop tap E theo diéu kién dy doan

n Thé tich Nhiét do Thoi gian | Higu suat Khoi lwgng san pham
acid formic (9)
1 1(mL) 66,12% 0,3901
2 1(mL) 90°C 4 gio 64,31% 0,3824
3 1(mL) 63,03% 0,3717
Trung binh 64,66% 0,3814

~ Hiéu suét dy doan 66,3% va hiéu suat thuc té 64,66% khac nhau khong c6 ¥ nghia
théng ké (p =0,207>0,05)
3.3. Két qua xac dinh d tinh khiét san pham téng hop bang HPLC-DAD
U’n,g dung quy trinh xac dinh d tinh khiét bang HPLC-DAD di dugc tham dinh. ‘
Keét qua do tinh khiét tap B dat 99,32%, tap E dat 99,87% theo phuong phap quy vé 100%
dién tich pic.

2000 2000

Sinlarty o Threshold

Name 100

Tap B

00 10002E

Tap B

088

Sirn. Indax

0940

L 4 4t 454 465 48 4 4 42
Al 0 "
T T T T T T T T T T T i

T T T
0 2 4 6 8 0 v i Reference spachun - Apex ot 4833 Mn
Vinies Total pesk purtty. 1000000

Hinh 7: Sic ki d6 va phé DAD kiém tra d6 tinh khiét tap B

00 10 " —

TapE
TapE

: T : T T T
0 5 0 B 20 5 kKl
Minutes.

Hinh 8: Séc ki d6 va phd DAD kiém tra do tinh khiét tap E
IV. BAN LUAN

Hiéu suat quy trinh tong hop tap B va E, anh huong I6n boi cac yéu té: Ty lé cac
chat tham gia phan ang, nhiét do va thoi gian phan wng. Sir dung mé hinh Box-Behnken
dé tim diéu kién t6i wu, tir d6 thuc nghiém lai nham xéac dinh diéu kién cho hiéu suat phan
g cao nhat. Vi cac két qua nghién ctru di trinh bay cho thdy nhém nghién ctru di ting
hiéu suat tap B thanh cong so véi nghién ciru trude [2], [3]: tap B tir ban dau 13 71,12% [3]
tang 1én 78,20%, tap E tir ban dau la 52,9% [2] ting 1én 64,66%. Két qua thyc nghiém lai
tir md hinh Box-Behnken cho thay phi hop véi du doan, khac biét khong co y nghia thong
ké vai p > 0,05.

V. KET LUAN

Tolalpe
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Tap B va E duoc téng hop tir tap A va D cua allopurinol. Tong hop ¢ diéu kién ti

wu 56 mol phan tng, nhiét do, thoi gian cho higu suét phan g cao nhat tap B dat 78,20%,
tap E dat 64,66% vai tong khoi lugng 900 mg moi tap va do tinh khiét cao (trén 99%)

HPLC-

DAD. San pham tong hop du diéu kién dé thiét 1ap chat chuan dbi chiéu.
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