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LOT CAM ON

Dé hoan thanh luan 4n nay, t6i da nhan duoc su hd trg, huéng dan, va dong
vién quy bau tir rat nhiéu nguoi.

Truéc hét, toi xin bay to 10ng biét on sau sac téi Thay PGS. TS. Truong Ngoc
Tuyén va Thay PGS. TS. Tran Hiru Diing, nhitng ngudi da khong nging diu dit, chi
bao, gitp toi vuot qua nhiéu thach thirc va khoi day trong t6i niém dam mé hoc hoi,
kham pha.

T6i xin bay to 10ng biét on chan thanh dén Thay GS. TS. Nguyén Ptc Tuan
va Thay PGS. TS. Tran Viét Hung, nhitng nguoi da dua ra y twong nghién ciu va
gitip t6i dinh hinh hudng di cho luan &n nay, gilp t6i hiéu sau hon vé linh vuc Kiém
nghiém thudc.

Bén canh do, toi ciing xin gtri 10i cam on chan thanh toi quy Thay Cd trong
cac hoi dong cham luan an, nhitng nguoi da danh thoi gian quy bau dé doc, danh gia
va gop y cho luan an cua téi, gidp t6i hoan thién luan an nay.

T6i xin tran trong cam on cac Thay C6 Khoa Dugc, phong Sau dai hoc, di tao
diéu kién cho t6i duoc hoan thanh chuong trinh Nghién citu sinh. Toi xin cam on quy
Thay C9, anh chi déng nghiép, cac em sinh vién tai Vién Kiém nghiém thudc TP Ho
Chi Minh, B6 mdn Héa hitu co — Pai hoc Y Duoc Thanh phé Ho Chi Minh va Khoa
Duoc — truong Pai hoc Y Duge, Pai hoc Hué da hd trg, cung chia sé kién thuc, san
sang giup d& khi toi gip khé khin va dong hanh cling t6i trong suét thoi gian qua.

Cubi cuing, tdi xin bay to 10ng biét on sdu sic t6i gia dinh, nhitng nguoi lubn
la ngudn dong vién va hau phuong viing chic cua tdi. Sy yéu thuong, dong vién cua
BS Me hai bén, Vo va hai con gai, anh chi em va nhimg ngudi than yéu da cho toi
strc manh dé vuot qua kho khin, thach thirc trén hanh trinh hoc tap va nghién ctu.

MGt 1an nita, xin chan thanh cam on tat ca nhitng nguoi da giup da, dong hanh
va hd tro tdi trong sudt thoi gian qua.

TP. Ho Chi Minh, ngay 6 thang 11 ndm 2024
Tac gid

(Ky tén va ghi r6 ho tén)
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T6i tén 1a Nguyén Hitu Tién, 1a Nghién ctu sinh nganh Kiém nghiém thuéc —
Doc chat, khda 2017 — 2020, xin cam doan:

(1) Luan an la do chinh ban than t6i thuc hién, dudi su huéng dan khoa hoc
cua PGS. TS. Truong Ngoc Tuyén va PGS. TS. Tran Hiru Diing;

(2) Caéc tai lieu tham khao duoc tdi xem xét, chon loc k¥ ludng, trich dan va
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(3) Két qua trinh bay trong luan an dugc hoan thanh dua trén cac két qua
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bat cur dé tai cing cap nao khéc.

Tp. Hé Chi Minh, ngay 06 thang 11 nam 2024

Ngudi hwong dan T&c gia thuc hién
(Ky tén va ghi r6 ho tén) (Ky tén va ghi r6 ho tén)



MUC LUC

Trang

| oI o1 o o RO OSSR i
LOT CAM QOAN......eiitiiiiie ettt ettt te e s re e st e e sbe e e baesbeesbeesaaeesbeeesbaeenbeeebeens ii
1A T L TR i
Danh muc chit Viét tit va thUat NG aNN — VISL .......cvveeceeeeeeee e, v
Danh MUC NINN ..t eaee e Vil
DANN MUC SO G811t eeeee et e e et e e et et e s e et et en et eeee et et e e e esen s e eneens viii
Danh MUC DANG «.eovveiie e IX
DAT VAN DE ...ttt ettt ettt en et 1
Chuong 1. TONG QUAN TAILIEU ....oooveveiceeeee e 3
1.1. TONG qUAN V& CAIVEUIIOL. ..o 3
1.2. Tong quan c4c tap chat lién quan cta carvedilol...........cccocevveceeeeeeseeseieens 6
1.3. Kiém nghiém tap chat cua carvedilol trong nguyén liéu va thanh pham........21
1.4. Mot s cong trinh phan tich tap chat lién quan cua carvedilol ....................... 26
1.5. Thiét 13p Chat A1 CRIBU ... 32
Chuwong 2. POI TUQNG, PHUONG PHAP NGHIEN CUU.........c..cccocovvevnene. 40
2.1. Thiét K& NZRIEN CUU.....vvvceeeeeceeeeeee ettt 40
2.2. D1 tHONG NGNIBN CHU oot 40
2.3. Thoi gian va dia diém NGhiN CUU ......cvveveeeeeeeeeee e, 43
2.4, C& MAU CUA NZHIEN CUUL..cv.vovecviceeieecee ettt 43
2.5. Xéc dinh cac bién s6 Ao 18p VA Phu thUOC ......vveveveererceceeeeecee e 44
2.6. Phuong phap va cong cu do ludng, thu thap s6 HéU.....c.ovveveeeeeceeeeee, 44
2.7. Quy trinh NEHIEN CUU ..o 66
2.8. Phuong phép phan tich dit i€U .......cccvvviiiiiiic e 67
2.9. Dao dc trong NZIEN CUUL......cccviiiiiiiiieiieeie e 68
Chuong 3. KET QUA NGHIEN CUU ..o, 69
3.1. Tong hop VA tiNh CNE CAC TAP .v.cvvveeveeevceeeeeee et 69
3.2. Thtr tinh khiét va xac dinh cau tric san pham tong Nop.........cceevvveeevveeereeee, 82



3.3. Xay dung va tham dinh quy trinh xac dinh d6 tinh khiét cac tap tong hop bang
SAC KY 10NG NIBU NANE CAO .v.evveeeeeeeeee ettt sttt 89
3.4. Panh gia va thiét 1ap chat d6i CRIU...........c.ccveveeeeeeeeeeeeeeeeeee e 94
3.5. Xay dung quy trinh dinh lugng dong thoi carvedilol va cac tap trong nguyén
liéu va thanh pham bang sac ky 16ng hidu nang cao .........cccoevveeeveeveresvenesnennan, 100

3.6. Xay dung quy trinh dinh lugng dong thoi carvedilol va cac tap trong nguyén

liéu va thanh pham bang dién di MA0 QUAN ...........cceveeveeeeeeeeeeses s, 108
Chuong 4. BAN LUAN .......cc.cooviiiieieceeeeeeeesese e ses s ssssssseses st 115
4.1. Tong hop, tinh ché va xac dinh CAU tric CAC tap.......cocvveveeveveeeeeeeeeseeees 115

4.2. Quy trinh xac dinh do tinh khiét cac tap tong hop bang sic ky long hiéu ning

4.3. Thiét 13D ChAt AGT CRIEU ..., 135
4.4. Xay dyng quy trinh dinh lugng cac tap trong nguyén lidu va thanh pham
carvedilol bang SAc Ky 10Ng NiGU NANE CAO .......vveveeveeeieeeeeee e 136

4.5. Xay dung quy trinh dinh luong cac tap trong nguyén liéu va thanh pham

carvedilol bang dién di MA0 QUAN .............ccovevieeeeeee e 141
KET LUAN VA KIEN NGHTI .....oooiiiiiieeceeeeeeeee et 148

DANH MUC CAC CONG TRINH DA CONG BO CO LIEN QUAN
TAI LIEU THAM KHAO
PHU LUC



Chir viét tit
ACRS

ACN
ATR
BGE
BP

CAS

CbC
CMC
CoA
CorrA
d

dd
DCM
DDBVN
DMF
DMSO
DSC
EOF
EP
EPCRS

EtOAC
GHS
GMP

HPLC

ICRS

JP

DANH MUC CHU VIET TAT VA THUAT NGU ANH - VIET

Tiéng Anh

Asean Chemical Reference Substance

Acetonitrile

Attenuated total reflectance
Background electrolyte
Bristish Pharmacopoeia
Chemical Abstracts Service

Critical Micelle Concentration
Certificate Of Analysis
Corrected area

doublet

doublet of doublets
Dicloromethane

Dimethylfomamide
Dimethyl sulfoxide

Differential scanning calorimetry

Electroosmotic flow
European Pharmacopoeia

European Pharmacopoeial Chemical

Reference Substance
Ethyl acetate

Globally Harmonized System of

Classification and Labelling of
Chemicals

Good manufacturing practices
High-performance liquid
chromatography

International Chemical Reference

Substance
Infra-red
Japanese Pharmacopoeia

Tiéng Viét
Chit ddi chiéu hoa hoc cua
ASEAN

Phén xa toan phan suy giam
Chat dién ly nén

Dugc dién Anh

Dich vu théng tin tom tat hoa
hoc

Chat doi chiéu

Nong d6 micell t6i han
Ching nhan phan tich

Dién tich pic duoc chuan hoa
DPinh doi

Dinh doi kép

Dicloromethan

Duogc dién Viét Nam
Dimethylfomamid

Dimethyl sulfoxid

Phén tich nhiét quét vi sai
Dong dién tham

Duoc dién Chau Au

Chét dbi chiéu hoa hoc Duoc
dién Chau Au

Ethyl acetat

Hé thong hai hoa toan cau vé
phan loai va ghi nhan hoé chét

Thuc hanh san xuét tot
Séc ky 1ong hiéu ning cao

Chat d6i chiéu hoa hoc Quéc
té

Hong ngoai

Duogc dién Nhat


https://www.labmix24.com/european-pharmacopoeia-reference-standards/
http://www.thanglonginst.com/sac-ky-long-hieu-nang-cao-hplc-nguyen-ly-va-ung-dung

LOD
LOQ

MS
NIST

NMR
PCRS

PDA
PE
PTN
Rs
RT

SCRS

tr

TEA
THF
TLTK
USP
USPRS

UV-Vis

Limit of detection

Limit of quantification
multiplet

Mass spectrometry
Theoretical plates

National Institute of Standards and
Technology

Nuclear magnetic resonance
Primary Chemical Reference
Substance

Photodiode Array

Petroleum ether

Resolution

Room temperature

singlet

Secondary Chemical Reference
Substance

triplet

Retention time

Triethylamine
Tetrahydrofurane

United States Pharmacopoeia
USP Reference Standards

Ultraviolet — Visible

Vi

Gi61 han phat hién
G161 han dinh lugng
Pinh da

Pho khéi

S dia Iy thuyét
Vién tiéu chuén va cong nghé
qudc gia

Cong hudng tir hat nhan
Chét dbi chiéu hoa hoc gbe

Day diod quang

Ether dau hoa

Phong thi nghiém

D0 phan giai

Nhiét do phong

Pinh don

Chat d6i chiéu héa hoc thir
cap

Pinh ba

Thoi gian luu
Triethylamin
Tetrahydrofuran

Tai liéu tham khao

Dugc dién My

Chét chuan dbi chiéu Dugc
dién My

Tt ngoai — kha kién


https://en.wikipedia.org/wiki/Mass_spectrometry
https://www.nist.gov/
https://www.nist.gov/
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance

Hinh 1.1.

Hinh 1.2.

Hinh 1.3.

Hinh 1.4.

Hinh 1.5.

Hinh 1.6.
Hinh 3.1.

Hinh 3.2.
Hinh 3.3.
Hinh 3.4.
Hinh 3.5.
Hinh 3.6.
Hinh 3.7.
Hinh 3.8.

DANH MUC HINH

Trang
Sac ky dd dinh lugng cic tap cta carvedilol trong vién nén trong nghién
CUU CUA STOJANOVIC ..vvtiiurrieeiiiieesiieessiteesssreeesssseesssseessseessssaeessnteeesssaeesssnens 26
Séac ky d6 dinh lugng cac tap cua carvedilol trong vién nén trong nghién
CUU CUA SQJAN c..vveieivieeiiiieesiieeesieeesstte e e ssbe e e s sbb e e ssbe e e s be e e e nbbe e e snbe e e s nbbeeennneas 27
Séc ky d6 dinh lugng céc tap cua carvedilol trong nguyén liéu va vién nén
trong nghién ctru cua Raghava Raju.......ccccooiiiiiiiii, 28
Sac ky d6 dinh lugng cac tap cua carvedilol trong vién nén trong nghién
ctru ciia Samba S1va RA0 .....veiiiiiiiiiii 29
Sac ky d6 dinh lugng cac tap cua carvedilol trong vién nén trong nghién
ctru cua Nitin Mahajan.........ccccoiiiiiiii 30
Pién di d6 dinh lugng carvedilol va cac tap phan huy..........ccccccvvevunenee, 31
Sic ky do dinh luong tap chat lién quan trong nguyén liéu theo quy trinh
CUA USP 2023 ... 101
Khao sat thanh phan pha dONg ...........ccceeveeeeveesreesree e 102
K40 SAL tOC A0 HONG ....veveeeeeeeeeeee e 103
Sic ky d6 danh gia tinh GAC NIBU ........coveevevereeeeeeeeeeeeeeee e, 105
Biéu do do tinh khiét cua pic carvedilol VA CAC tap........c.coceverveeveeennene, 105
Khdo sat dieu Kign dién di. .....c..ooeeeereririeseesseenens 110
Dién di @6 danh gid tinh GAC NIBU.........coveveveeeeeeeeeeeee s 112
Biéu d6 do tinh khiét caa pic carvedilol VA CAC tap..........ccovvvververenenee. 112

Hinh 4.1. Co ché sic ky pha dao ghép cip ion cua tap E véi acid 1-

NEPLANSUITONIC ......iiieieice s 139

vii



So dd 1.1,
So do 1.2.
So dd 1.3.
So do 1.4,
So dd 1.5.
So dd 1.6.
So dd 1.7
So dd 1.8.
So dd 2.1.
So dd 2.2.
So dd 2.3.
So dd 2.4
So d 2.5.
So d0 2.6.
So db 3.1.

So dd 3.2.
So do 3.3.
So dd 3.4
So do 3.5.
So do 3.6.
Sodo4.1.

So dd 4.2.
So do 4.3.
So dd 4.4
So do 4.5.

DANH MUC SO PO

Trang
Phan tng tong hop Carvedilol...........c.oviveerveeeeeieeeeeeeeeess s, 6
Con duong Phat SINN AP A..o.eeeeeeecece e 9
So d6 tong hop tap A theo G. Madhusudhan .............cccoeeevereeveeeeseenans 10
So db tong hop tap A theo Somisetti Narender Ra0 ............cccccvveeveennne. 11
Con duong phat SiNhtap B.....oovveeeiicicc e 13
Con duong phat sinh tap C do qua trinh toNg NoP .....ceveeveveveceeeceeeens 15
So do tong hop tap C theo Somisetti Narender Rao ..........c..cceveveveneee. 16
So d6 tong hop tap E dang base theo Thota Giridhar .............cccoevueenn.. 20
So do tong hop tap A Carvedilol............ccovvveeeveieeieeeeesere s 45
So dd tong hop tap B carvedilol............covcvveeveeieeeeeesee s 47
So do tong hop tap C Carvedilol............covevceeveeieeeeeeesere e 47
So dd tong hop tap D Carvedilol............covvvveeeceieeeeseeeeee s 48
So do dicu ché tap E carvedilol............cccovvvceeveeieeeieesesersieeeseeeneesnns 49
Quy trinh NGhIN ClU CUA A& TAT ....cv.vevceeeceeeceeee s 67
Cau trdic hoa hoc cuia 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-
CANDAZON ... 83
Cau triic hoa hoc ctia tap A carvedilol ............c.covvvveveeeieeeeeeeeeees 84
CAu tric héa hoc ctia tap B carvedilol............ccvveeeeeeeceeeeeeeeeeeeeesenns 85
Cau triic hoa hoc ctia tap C carvedilol............ovevvveeveeieeeeeeeseeeees 86
CAu tric hoa hoc cta tap D carvedilol ............coveeeeeeeeeeeeeeeeeeeeeees 87
CAu tric hoa hoc cta tap E carvedilol...........cccveeeveeeeeeeeeeeeeeeeeeeeens 89
Co ché phan ting giai doan tao hop chat 4-(oxiran-2-ylmethoxy)-9-(oxiran-
2-ylmethyl)-9H-carbazol (6).........cccoveveveiieiiie e 115
Co ché phan tng giai doan tong hop tap A.......c.cceeevveveeveveeeeeeeeenen, 118
Co ché phan tmg giai doan tong hop tap B .....c.cvvveeeveevieeeceeeeeeeennne 123
Co ché phan tng giai doan tong hop tap C .......c.veevveveeevereeeeeeeeenen, 126
Co ché phan tmg giai doan tong hop tap D.....c.veveeveeeeeeeceeeseeeeieae 129

viii



Bang 1.1.

Bang 1.2.

DANH MUC BANG

Trang

Phuong phap dinh tinh carvedilol trong nguyén liéu va thanh pham vién
16N trong CAC AUQC FIEN......cvveieeeeeeeeee e 3
Phuong phap dinh lwong carvedilol trong nguyén liéu va thanh pham vién

NN trong CAC dUQC GIEN.....cciviiiiiiiiii i 4

Bang 1.3. C4c tap chat lién quan cia carvedilol dugc dé cap trong cac duge dién tham

Bang 1.4.
Bang 1.5.

Bang 1.6.

Bang 1.7.

Bang 2.1.
Bang 2.2.
Bang 2.3.
Bang 3.1.
Bang 3.2.

Bang 3.3.

Bang 3.4.

Bang 3.5.
Bang 3.6.
Bang 3.7.
Bang 3.8.
Bang 3.9.

ol (T TCTT TP 6
Mot sb tap khong duoc dé cap trong cac duge dién tham chiéu.............. 20
So sanh quy dinh dinh lugng tap trong nguyén li¢u carvedilol trong USP

2023, EP 11 VA BP 2023......ccoe e 22
So sanh cac quy dinh dinh lugng tap trong vién nén carvedilol trong USP

2023 V3 BP 2023 DANG HPLC ... 23
Gidi han cho phép cua cac tap trong nguyén liéu va vién nén carvedilol

dugc quy dinh trong cac Dugc dién tham ChiéU.............covvevvveevrenene. 25
C4c chat ddi chiéu ding trong NGNIBN CU........c.oveeveveeereeeeeeeeee e, 40
Hoa chat va dung mdi ding trong NGIEN CUU .......c..ceeeveeveeveeerereeeenene, 41
C4c trang thiét bi chinh trong NGNIEN COU .........cvvveeveeeeeceee e, 42
Khao sat dung moi didU ChE tap E......c.cvvvvveeveerereieeeeeeeeese s, 81
Bang tom tat diéu kién sac ky cta cac qui trinh Kiém tra do tinh khiét cac

tap tong hop bang phuong phap HPLC .........c.ccovveeveeeversrerenieeieninene, 90
Két qua danh gia tinh phit hop hé thdng cua cac quy trinh xac dinh do tinh

AT TR 91
Két qua danh gia tinh tuyén tinh va d6 1ap lai cua cac quy trinh xac dinh

GO tINN KNIEL ... 93
Do tinh khiét ciia cac tap duoc tong hop (N =12) ..., 94
KEt QUA GAND ZIA 1AP A vttt 94
K&t qUA dANh GIA AP B ..ovocvececeeeeeeseeeeeeeee e 95
K&t QUA GAND ZIA tAP C oottt 96
K&t QUA AND ZIA 1P D vvvoveeeceeeeeee et 97



Bang 3.10.
Bang 3.11.
Bang 3.12.
Bang 3.13.
Bang 3.14.
Bang 3.15.

Bang 3.16.

Bang 3.17.
Bang 3.18.

Bang 3.19.

K&t QUA dAND GIA TP E oo.voeeeeeeee e, 97

Khéi lugng chat dong trong 01 lo va tong s lo dong dugc ................. 98
Két qua danh gid 6 dong nhat ctia qua trinh dOng 10.........ccevevvvvnenee, 99
Két qua xac dinh gia tri 4n dinh va gia tri cdng b cac chat déi chiéu 100
Két qua khao sat tinh phi hop hé théng cua quy trinh...........c..cceveeeee, 104
Két qua khao sat khoang nong do tuyén tinh, do dung, do chinh xac, LOD
va LOQ cua quy trinh. (PL 6.2, 6.3, 6.4, 6.5)....cccccccviiiieieiecieee, 106
Két qua dinh lugng carvedilol va cac tap trong cac nguyén liéu va thanh
PhAM VieN NéN DANG HPLC w...oovoeiieeeeeeseeeee e 107
Két qua khao sat tinh phi hop hé théng cua quy trinh...........c.cceveeeee, 111

Két qua khao sat khoang nong do tuyén tinh, do dung, do chinh xac, LOD
va LOQ cua quy trinh. (PL 7.1, 7.2, 7.3, 7.4) ..o, 113
Két qua dinh lugng carvedilol va cac tap trong cac nguyén liéu va thanh

PhAM VIEN NEN DANG CE ... 114



PAT VAN PE

Theo s6 liéu bao cao cua Cuc quan ¥ Dugc, dén nay Viét Nam da c¢6 hon 232
nha may san xuat dat tiéu chuan Thyuc hanh san xuit tét (Good manufacturing
practices — GMP) L. Myc tiéu dén nam 2030, thi phan ctia thudc san xuat trong nudc
chiém ty 18 khoang 80% vé sb lugng sir dung va 70% vé gia tri thi truong 2. Bé kiém
soat chat lugng thudc va nguyén liéu 1am thudc, Bo Y té da ban hanh nhiéu thong tu
34 quy dinh duoc chat 1am nguyén liéu thudc can kiém soat nhiéu chi tiéu nhu ham
lugng hoat chat, 6 am, kim loai nang, tap chat lién quan... Tap chat lién quan I
nhiing chat duoc tao thanh trong qué trinh san xuat, bao quan va luu thong phan phdi
ctia nguyén liéu va thanh pham. Cac tap chat nay du chi ton tai mot luong nho ciing
c6 thé 1am anh hudng dén chat lugng san pham, tac dong khong nho dén hiéu qua
diéu tri, lam thay d6i hiéu qua 1am sang va dic tinh an toan caa thudc hoic gy cac
tac dung khdng mong mudn cuaa thube 5.

Trong khi do, bénh tim mach la mét trong nhitng nguyén nhan gay tir vong
hang dau thé gisi va dang c6 xu hudng ting 1én 9. Pa s cac thude diéu tri bénh tim
mach duoc ngudi bénh sir dung hang ngay, trong thoi gian dai hoic c6 thé dung sudt
doi 19 Carvedilol 1a mot chat dbi khang adrenergic véi tdc dung chen thu thé beta
khong chon loc, chen thu thé alpha 1 chon loc va 1a mot thudc gin mach c6 hoat tinh
chéng oxy hoa 1112, Carvedilol da cho thay nhitng lgi ich c¢6 y nghia vé mat 1am sang
trong quan Iy bénh nhan suy tim va sau nhdi mau co tim. Carvedilol con gbp phan
vao diéu tri bénh dong mach vanh, ting huyét ap, suy than, bénh tiéu duong 2. Vi
nhiing loi ich trén, carvedilol ngdy cang duoc sir dung pho bién trong diéu tri cac
bénh vé tim mach. Hién nay & nudc ta c6 it nhat 11 don vi san xuét cac dang bao ché
khéc nhau chua carvedilol. Viéc san xuat thuoc chira carvedilol trong nudc van con
phu thudc nhiéu vao ngudn nguyén liéu carvedilol duoc nhap khau tir cac cong ty
nudc ngoai.

Déi vé6i duoc chét carvedilol, duge dién My (USP) 43 qui dinh phai kiém tra
9 tap, trong d6 5 tap y&u cau c6 chat chuan d6i chiéu don thanh phan, gom tap A (1-

(9H-carbazol-4-yloxy)-3-(2-(2-methoxyphenoxy)ethylamin) propan-2-ol), tap B



(3,3’-(2-(2-methoxyphenoxy)ethylazandiyl)bis(1-(9H-carbazol-4-yloxy)propan-2-
ol)), tap C (1-(9H-carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)ethyl)amino)
propan-2-ol), tap D (4-(oxiran-2-ylmethoxy)-9H-carbazol) va tap E (2-(2-
methoxyphenoxy)ethylamin) 3. Trong do, tap C la tap phan huy 4 va tap D duoc
Xép vao nhom c6 kha ning gay dot bién gen 1518, Pay 1a cac tap can duoc kiém soat
chit ché trong thanh pham carvedilol. Dugc dién Anh (BP) 2023 va dugc dién Chau
Au (EP) 11.0 qui dinh kiém tra 4 tap d6i v&i nguyén liéu carvedilol 1718, Dugc dién
Viét Nam (DDVN) V chua c6 chuyén luan carvedilol 1°.

Cuc Quan Iy Duogc Viét Nam di c6 yéu cau phai kiém tra tap chat lién quan
mot cach chat ché trong nguyén liéu va thanh pham dang ky cho san xuat va luu hanh.
Tuy nhién, van dé kiém soat cac tap chat lién quan trong nguyén liéu va thanh pham
carvedilol hién gap nhiéu kho khan tai Viét Nam. Mic di nhan luc va trang thiét bi
cac phong kiém nghiém da duoc cai thién dang ké, van ton tai van dé do thiéu chat
d6i chiéu cho cac tap chat lién quan. Céc tap chat chuan khong c6 sin trong ngan
hang chat chuan cua cac Vién Kiém nghiém, nén cac don vi phai mua chat chuan ban
VGi gid rat dat tir nuée ngoai, khdng cé san trén thi truong va phai cho doi trong thoi
gian dai. Trong khi d6 cac cong trinh nghién ctru tr tai liéu nudc ngoai khéng cong
bd cu thé, chi tiét dbi vai viéc tong hop va tiéu chuan hoa céc tap cua carvedilol.

Xuat phét tir nhitng 1y do trén, dé tai “Téng hep va thiét Ip tap chdt doi chiéu
cua carvedilol siz dung trong kiém nghiém” duoc thuc hién véi muc dich gép phan
chu dong trong viéc kiém tra tap chat cua carvedilol trong nguyén liéu va thanh pham,
lam giau thém ngan hang chat chuan trong nudc dé nang cao cong tac kiém tra danh
gia chat luong thudc trong tién trinh hoi nhap véi nganh duoc trén thé giGi hién nay.
Muc tiéu cu thé 13

1. Tong hop céc tap A, B, C, D va E cua carvedilol & qui md phong thi nghiém.

2. Thiét lap dugc cac tap chat doi chiéu A, B, C, D va E cua carvedilol dung
cho muc dich dinh luong.

3. Xay dung quy trinh dinh lrgng dong thai carvedilol va cac tap trong nguyén

liéu va thanh pham bang sic ky long hiéu nang cao va dién di mao quan.



CHUONG 1. TONG QUAN TAI LIEU

1.1. TONG QUAN VE CARVEDILOL

1.1.1. Tinh chit Iy héa

Cong thac phan tir: C24H26N204, CAS: 72956-09-3.

Tén hdéa hoc: 1-(9H-carbazol-4-yloxy)-3-(2-(2-methoxyphenoxy)ethylamin)
propan-2-ol.

Khéi lwong phan tir: 406,5 g/mol.

Cong thuc cau tao:

Tinh thé trang hodc gan trang.

Nhiét d6 nong chay: 114 — 115 °C.

Do tan: thuc té khong tan trong nude, it tan trong methylen clorid, hoi tan trong
trong methanol, ethanol 96° va isopropanol, tan ty do trong dimethyl sulfoxid
(DMSO). Thuc té khong tan trong cac acid lodng, dich vi va dich ruét (pH 1,1 va
7’5) 17,20,21_

1.1.2. Pinh tinh

Tom tit cac phuong phap dinh tinh carvedilol trong nguyén lidu va thanh pham

vién nén trong cac dugc dién duoc dé cap trong Bang 1.1.

Bang 1.1. Phuong phap dinh tinh carvedilol trong nguyén liéu va thanh pham

vién nén trong cac dugc dién

Duoc dién Nguyén liéu Thanh pham TLTK
DDVN V Khong c6 chuyén luan  Khéng c6 chuyén luan 19
USP 2023 - Pho hong ngoai - Sac ky long 13

- Séc ky long - Phé UV-Vis
EP 11.0 Ph6 hong ngoai Khong c6 chuyén luan 7




BP 2023 Phé hong ngoai - Phé hong ngoai 18
- Sac ky long
JP18 - Phd UV-Vis - Ph UV-Vis 22

- Phé hong ngoai

1.1.3. Pinh lwgng

TOm tat cac phwong phap dinh luong carvedilol trong nguyén lidu va thanh

pham vién nén trong cac dugc dién duoc dé cap trong Bang 1.2.

Bang 1.2. Phuong phap dinh lugng carvedilol trong nguyén liéu va thanh

pham vién nén trong cac dugc dién

Duoc dién

Nguyén ligu

Thanh pham

DDVN V

Khdng c6 chuyén luan

Khong c6 chuyén luan 19

USP 2023

Sac ky long véi dieu kién sac
ky:

+Pau do UV: 240nm

+ Cot L7 (150 x 4,6 mm, 5um)
+ Nhiét @6 cot: 55 °C

+ Tdc d6 dong: 1 mi/phut

+ Thoi gian phén tich: 60 phut
+ Thé tich tiém mau: 10 pl

+ Pha dong: Bém phosphat pH
2,0 - ACN (69:31)

+ Yéu luong
carvedilol phai nam trong
khoang 98,0 dén 102,0% tinh
theo thanh pham da lam kho

cau: ham

Sac ky long véi dieu kién sac ky: 13
+Pau do UV: 240 nm

+ Cot: L7 (50 x 4,6 mm; 5 pum)

+ Nhiét do cot: 40 °C

+ Tdc d6 dong: 1 mi/phat

+ Thoi gian phén tich: 30 phut

+ Thé tich tiém mau: 25 pl

+ Pha dong: Bém phosphat pH
3,0 (thém natri dodecyl sulfat) —
ACN

+ Y&u cau: ham luong carvedilol
phai nam trong khoang 90,0 dén
110,0% so voéi lugng ghi trén
nhan

EP 11.0

Chuan d6 méi trudong khan
béng acid percloric 0,1 M, xac
dinh diém twong dwong bang
phuong phap do thé.

Khong c6 chuyén luan 17

TLTK



BP 2023 Chuan d6 moéi truong khan
bang acid percloric 0,1 M, xé4c
dinh diém tuong dwong bang
phuong phap do thé.

Sic ky long véi diéu kién sac ky:
+ Cot C18 (125 x 4,6mm; 10 pm)
+ Téc do dong: 1,5 ml/phat

+ Pau do UV: 285 nm

+Thé tich tiém mau: 160 pl

+ Pha dong: methanol — dém
phosphat pH 2,0

+ Y&u cau: ham luong carvedilol
phai nam trong khoang tir 95,0
dén 105,0% ham luong ghi trén
nhan

18

JP 18 Chuan d6 méi trudong khan
bang acid percloric 0,1 M, xé4c
dinh diém tuong duong bang

phuong phap do thé.

Sac ky long véi dieu kién sac ky:
+ Cot C18 (125 x 4,6mm; 10 pm)
+ Tdc do dong: diéu chinh dé thoi
gian luu cua carvedilol khoang 5
phut

+Pau do UV: 240 nm

+Thé tich tiém mau: 10 pl

+ Pha dong: dém phosphat pH 5—
MeOH (45:55)

+ Y&u cau: ham luong carvedilol
phai nam trong khoang tir 95,0
dén 105,0% ham lugng ghi trén
nhan

22

1.1.4. Tong hop carvedilol

Carvedilol duoc tong hop lan dau boi Fritz Wiedemann va cong su vao nim

1979 bang cach mg vong oxiran cua 4-(2,3-epoxypropoxy)carbazol (2) bang 2-(2-

methoxy phenoxy)ethanamin (3) trong dung moi dimethyl ether ethylen glycol (dung

moi monoglyme) va mdi trudng Kiém theo phuong trinh phan g sau: 2



4

0]
0 Monoglyme N/\/
D D G SR
{ H4CO HaCO
N 3
H
2 3 1 (Carvedilol)

So dd 1.1. Phan &ng tong hop carvedilol
1.2. TONG QUAN CAC TAP CHAT LIEN QUAN CUA CARVEDILOL

C4c tap chat lién quan cua carvedilol trong cac duge dién tham chiéu dugc liét
ké ¢ Bang 1.3.
Bang 1.3. C4c tap chét lién quan cua carvedilol dugc dé cap trong cac dugc
dién tham chiéu
STT Téntap Cong thirc hoa hoc Khoi  Phan TLTK

lwong  loai tap

phéan ta  theo

(g/mol) nguon
goc

; 13,17,18
1 Tap A PO 629,74 Qua

(USP) /\WH mcp trinh
Tap A (BP,

EP)
H/\N/\/O
on M :@
HsCO
2 Tap B (USP) H3CO:© 645,74 Qua 13,1718
Tap B (BP, 0 trinh
EP)

OH H OH
o AN A0
o o




Tap C (USP) OMN/\Q 496,60 Qua 1317,18
Tap C (BP, O on H trinh  +
EP) N OD Phan
H5CO huy
Tap D (USP) O/\do 239,27 Qua 13
trinh
Y.
N
H
Tap E (USP) H3CO 167,21 Qua 13
HZN\/\OD trinh
Tap F (USP) o NSO 410,52 Qua I3
4 H3CO trinh
N
H
Carvedilol o NSO 674,78 Qua 13
. O LT O !
bisalkyl- O o) trinh
pyrocatechol N r\ﬁ
O
(USP)
L
H
N-Isopropyl o NSO 448,55 Qua 13
carvedilol HsCO trinh
(USP) N
Biscarbazol 0 0 422,48 Qua 13
A B0 |
(USP) O O trinh
N N
H H




10 TapD (BPva O/\/\N/\/OD 645,76 Qua 17,18

EP) O O oH H3CO trinh
N

Trong khudn khé luan an, xin duoc trinh bay chi tiét hon vé céc tap A, B, C,
D, E cua carvedilol theo USP.

1.2.1. Tap A carvedilol
1.2.1.1. Tinh chdt Iy héa

Cong thac phan ti: CssHasN3O7, CAS: 1198090-73-1

Cong thirc cau tao:
~ ~HD

N
o) H  Hy,co
OH

HsCO
Tén khoa hoc:
1-(4-(2-Hydroxy-3-((2-(2-methoxyphenoxy)ethyl)amino)propoxy)-9H-

carbazol-9-yl)-3-((2-(2-methoxyphenoxy)ethyl)amino)propan-2-ol 3.
1-((9-(2-Hydroxy-3-((2-(2-methoxyphenoxy)ethyl)amino)propyl)-9H-

carbazol-4-yl)oxy)-3-((2-(2- methoxyphenoxy)ethyl)amino)propan-2-ol 1718,
Khéi luong phan tir: 629,74 g/mol.

Tinh thé mau vang nhat, khédng mui. Tan tét trong aceton.
Nhiét d6 nong chay: 113-123 °C.

Hé sb phan bd dau/nudce 1a 3,77 24,



1.2.1.2. Nguén géc phat sinh

Tap A I tap xuat hién trong qua trinh tong hop carvedilol.

Trong phan ng caa 9H-carbazol-4-ol (4) véi epiclorohydrin (5) dé tong hop
nguyén liéu 4-(oxiran-2-ylmethoxy)-9H-carbazol (2), c6 tao thanh mot lugng nho 4-
(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6). Sau do 4-(oxiran-2-
ylmethoxy)-9H-carbazol (2) cung vai  4-(oxiran-2-ylmethoxy)-9-(oxiran-2-
ylmethyl)-9H-carbazol (6) cung phan ang vai 2-(2-methoxyphenoxy)ethanamin (3),
4-(oxiran-2-ylmethoxy)-9H-carbazol (2) tao thanh carvedilol (1) va 4-(oxiran-2-
ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) tao thanh 1-(4-(2-hydroxy-3-((2-
(2-methoxyphenoxy)ethyl)amino)propoxy)-9H-carbazol-9-yl)-3-((2-(2-methoxy
phenoxy)ethyl) amino)propan-2-ol (tap A) %°.

HO < S
gra— s VIS
N
4 5 6 y 2
/\/o

HaCO
; )
o/\(\ H  Hyco H3CO l HN\/\o
o e
' : {3
) /\(\ H4CO

\”u” °

Tap A Carvedilol

So @6 1.2. Con duong phéat smh tap A

1.2.1.3. Dgc tinh, tac dung phu

Hé thdng hai hoa toan ciau vé phan loai va ghi nhin hoa chat (Globally
Harmonized System of Classification and Labelling of Chemicals — GHS) xép tap A
vao nhdm GHS 07 c6 thé gay kich tng da, kich tng mat khi tiép xdc, co thé gay ton

thuong duong tiéu hda néu nudt phai va nhdm GHS 09 rat doc véi thiy sinh 24,



1.2.1.4. Mgt sé cdng trinh nghién cieu téng hep tap A

Cho dén nay, chi c6 mét vai cong trinh nghién ctru vé tap A.

Niam 2009, G. Madhusudhan va cong su da nghién ctu tong hop tap A qua cac
giai doan: tong hop N-benzyl-2-(2-methoxyphenoxy)ethanamin (7), tong hop 4-
(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) tx 4-(oxiran-2-
ylmethoxy)-9H-carbazol (2) va epiclorohydrin. Tir san pham (6), nghién ctu da tong
hop tap A theo hai con duong:
(@)  Cho san pham (6) phan ng voi (7) dé tao thanh 1-(benzyl(2-(2-methoxy
phenoxy)ethyl)amino)-3-(4-(3-(benzyl(2-(2-methoxyphenoxy)ethyl)amino)-2-
hydroxypropoxy)-9H-carbazol-9-yl)propan-2-ol (8), sau d6 thuc hién phan ng
debenzyl hda véi tac nhan hydrazin hydrat véi xdc tac Pd/C. Hiéu suét tong hop theo

con duong nay 1a 34,3%. Quy trinh nay duoc md ta trong so d6 1.3 .

0
H,CO

©/\NH2
O
o oD
~_0O Isopropanol O/\(\ HsCO
QD O T
N
6 Y KEOH
0]
—~ e
0 H  Hsco ©)
OH 8
B Hydrazin hydrat ‘
N o Pd/C, Ethanol

OH
H5CO

Tap A
So @6 1.3. So d6 tong hop tap A theo G. Madhusudhan

OCHj,
N/\/O
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(b) Cho san pham (6) phan &ng véi 2-(2-methoxyphenoxy)ethanamin (3) dé
tao thanh tap A theo phuong trinh trong so d6 1.4. Hiéu suat téng hop bang phwong
phap nay la 32,8%.

Nam 2011, Somisetti Narender Rao va cong su nghién ciru tong hop tap A qua

2 giai doan theo phuong trinh trong So d6 1.4 26,
o <]

Ny

0 (0]

N
O/\(\H H,CO H5CO
. o
H,oN
"0
/ ) 3
N <

monoglyme
o}
oH N
H3CO
Tap A

So @6 1.4. So d6 tong hop tap A theo Somisetti Narender Rao

- Giai doan 1: Tong hop 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-
carbazol (6).

Thém Kkali carbonat (0,163 mol; 22,6 g) vao dung dich chta 4-(oxiran-2-
ylmethoxy)-9H-carbazol (2) (0,054 mol; 10 g) trong 30 ml DMF va khudy trong 10
phut. Thém tir tr epiclorohydrin (0,082 mol; 7,57 g) ¢ nhiét d6 25 °C, duy tri trong 1
gio & nhiét do nay, sau d6 dun néng dén 55 °C. Hon hop phan tng dugc duy tri ¢
muc 55 °C trong 8 gio. Sau d6 hdn hop phan tng duoc 1am mét dén 25 °C, thém 150
ml nuéc va chiét 2 1an véi EtOAc (200 va 100 ml). Gan lay 16p dich chiét EtOAc,
lam khan bang natri sulfat, va cit bay hoi dung méi hoan toan dé thu 5 g 4-(oxiran-
2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) duéi dang mot can nau.

- Giai doan 2: Téng hop tap A.

11



Dung dich chaa 2-(2-methoxyphenoxy)ethanamin (3) (0,067 mol; 11,31 g)
trong monoglyme duoc dun ndng dén 75 °C. Sau d6, dung dich chta 4-(oxiran-2-
ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) (0,069 mol; 5 g) trong
monoglyme duoc thém vao tir tir va gitr ¢ 80 °C trong 5 gio. Hon hop sau phan tng
duoc bbe hoi dung méi dén cin dudi &p suét giam & 60 °C, cin duoc hoda tan trong
25 ml EtOAC va dun cho tan hoan toan. Dung dich nay duoc 1am ngudi vé 30 °C, sau
d6 vé 0 °C. San pham két taa duoc loc va rira véi 5 ml EtOAc d 1am lanh dé thu tap
A. Hiéu suat phan ang 1a 45%.

Tt nhitng cong trinh nghién cau trén, c6 thé nhan thay rang:

- Céc cdng bd tong hop tap A déu di tir nguyén liéu (6), véi hiéu suat quy trinh
tong hop tir 30-45%. D6 tinh khiét cua tap ciing khong duoc dé cap téi.

- Quy trinh cta G. Madhusudhan phai qua chat trung gian (8) véi tac nhan
phan ang (7), hiéu suat quy trinh khéng cao 2.

- Quy trinh cua Somisetti Narender Rao c6 hiéu suat cao hon, khong sir dung
tac nhan (7), diéu kién phan (g khéng phic tap 2.

- Hién nay chua c6 tai liéu nghién ctu vé quy trinh tong hop tap A duoc cong
bo & Viét Nam.

1.2.2. Tap B carvedilol
1.2.2.1. Tinh chadt li hoa
Cong thuc phan tir: CsgH3aN3Os, CAS: 918903-20-5.

Cong thirc ciu tao:

12



Tén khoa hoc:
3,3’-(2-(2-Methoxyphenoxy)ethylazandiyl)bis(1-(9H-carbazol-4-yloxy)
propan-2-ol) 3.

1,1’-((2-(2-Methoxyphenoxy)ethy)nitrilo)bis(3-9H-carbazol-4-yloxy)

propan-2-ol) 1718,
Khdi lugng phan tir: 645,74 g/mol.
Tinh thé mau tring, khdng mui 2.
1.2.2.2. Nguén géc phat sinh

Tap B 14 tap tao thanh trong qud trinh tong hop carvedilol. 2-(2-Methoxy
phenoxy)ethanamin (3) la amin bac 1 dong vai tro tac nhan ai nhan lam mé vong
epoxid cua 4-(2,3-epoxypropoxy)carbazol (2) dé tao thanh carvedilol 1 amin bac 2.
Amin bac 2 van con la thc nhan i nhan nén tiép tuc lai tin cong vao vong epoxy thir
2 ¢¢ mo thém 1 vong epoxid nita dé tao thanh amin bac 3 (tap B). Van dé nay thuong

duoc giai quyét bang cach sir dung luong du cua hop chat amin 2.

HsCO
O/\GO HsCO HO:Q
, . ® OH OH
v I T Y,
) ° ® g

Tap B
So @6 1.5. Con duong phét sinh tap B

1.2.2.3. Pgc tinh

Tap B c6 thé gay kich tng da va mat khi tiép xuc, c6 thé gay ton thuong duong
tiéu hoa hodc duong tho néu nudt, hit phai 2. GHS xép tap B vao nhom GHS 09 rat

doc voi thay sinh %,

13



1.2.2.4. Mgt sé cdng trinh nghién ciu téng hep tap B

Niam 2011, Somisetti Narender Rao va cong su di nghién ciru tong hop tap B
theo con dudng phat sinh tap nay (So d6 1.5). Cho 2-(2-methoxyphenoxy)ethanamin
(3) (0,027 mol; 4,54 g) vao 20 ml dung dich chira 4-(oxiran-2-ylmethyl)-9H-carbazol
(2) (0,041 mol; 10 g) trong dung moi monoglyme. Pun néng dén 65 °C va gitt trong
2 gid. Dung méi duoc 1am bay hoi dudi &p suat giam, chat ran con lai duoc tinh ché
qua sic ky cot nhanh dé thu duoc tap B. Hiéu suat cua quy trinh 13 38,5%. D tinh

khiét cua tap khong dugc dé cap .
1.2.3. Tap C carvedilol
1.2.3.1. Tinh chdt Ii héa
Cong thuc phan ti: CaiH3aN20O4, CAS: 72955-94-3 2

Cong thirc cau tao:

Tén khoa hoc:

1-(9H-Carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)ethyl)amino)
propan-2-ol 13

(2RS)-1-(Benzyl(2-(2-methoxyphenoxy)ethyl)amino)-3-(9H-carbazol-4-

yloxy)propan-2-ol 718,
Khdi lugng phan tir: 496,60 g/mol.
Tap C 1a bot mau trang, khong mai 2.
1.2.3.2. Nguén géc phét sinh

Tap C la tap tao thanh trong qua trinh tong hop carvedilol. Theo G.

Madhusudhan va cong su, khi tong hop carvedilol, dé tranh sy hinh thanh cua tap B,

14



nguoi ta s dung N-benzyl-2-(2-methoxyphenoxy) ethanamin (4) thay vi 2-(2-
methoxyphenoxy)ethanamin (3) dé¢ mg vong 4- (oxiran-2-ylmethoxy)-9H-carbazol

(2). Sau d6 thuc hién phan tng N-debenzyl hoa dé tao thanh carvedilol.

Thuce té phan ang N-debenzyl hda khong xay ra hoan toan nén van con mot
luong 1-(9H-carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)ethyl)amino)

propan-2-ol (tap C) trong nguyén liéu 2>%,

< o/\(;\N/\Q
. @/Hjﬁj;@ Monoglyme H():@
H HsCO

So db 1.6. Con duong phat sinh tap C do qua trinh tong hop

2 4 Tap C

1.2.3.3. bgc tinh

Tap C cd thé gay kich ung da va mit khi tiép xuc 2°, dugc xép vao nhém GHS

08 c6 thé gay ton thuong cac co quan va doc vai thay sinh 32,
1.2.3.4. Mgt sé cdng trinh nghién cieu téng hep tap C

Niam 2011, Somisetti Narender Rao va cong su di nghién ciru téng hop tap C
tr 2-(2-methoxyphenoxy)ethanamin (3). Triethylamin dugc thém vao dung dich
benzyl bromid trong toluen va lam lanh vé 0 °C. Sau d6 dung dich 2-(2-
methoxyphenoxy) ethanamin trong toluen dwgc thém tur tir vao, duy tri nhiét do 25
°C va trong 8 gid, sau dé thém nudc va khudy trong 15 phat. Lép dung mdi hitu co
sau khi tach 16p duoc rira véi nuéc va loai nudc bang natri sulfat. Dung médi duoc
bdc hoi hoan toan dudi &p suat giam dé thu dugc can N-benzyl-2-(2-
methoxyphenoxy)ethanamin (4). Sau khi thu duoc (4), tiép tuc thuc hién giai doan
tong hop thir 2 theo So dd 1.7 nhu sau: 4-(oxiran-2-ylmethoxy)-9H-carbazol (2) duoc
thém vao dung dich (4) trong monoglyme, dun noéng dén 75 °C va duy tri trong 6 gio.

Dung moi sau d6 dugc bdc hoi hoan toan ¢ 65 °C dé thu cin, trudgc khi nghién voi

15



EtOAc. Sau d6 tiép tuc loc va rira véi EtOAc dé thu duoc tap C. Hiéu suit giai doan
1 13 50%, giai doan 2 1a 85%. Hiéu suat toan quy trinh 1a 42,5% %,

HaCO
H2N\/\O:©

3

@\/BrJToluen

25 °C; 8h
OH H [ j
/ 5% ren
3co
2 4 Tap C
So @6 1.7. So d6 tong hop tap C theo Somisetti Narender Rao

Nam 2015, L. Samba Siva Rao va cong su nghién ctru quy trinh dinh lugng va

danh gia do 6n dinh cua carvedilol va céc tap lién quan bang HPLC. Két qua cho thay
dudi cac diéu kién khic nghiét (phan hay bang hydrogen peroxyd, thiy phan trong

moi truong Kiém, phan hity bang anh séang, bang nhiét va thiry phan bang acid), khong
quan sat thay su bién d6i co y nghia ham luong cac tap A, B, C, D, E 2,

1.2.4. Tap D carvedilol
1.2.4.1. Tinh chdt Iy hoa

Cong thirc phan ti: C1sH1sNO2, CAS: 51997-51-4 32
Cong thirc cau tao:

el

Tén khoa hoc: 4-(oxiran-2-ylmethoxy)-9H-carbazol; 4-(2,3-epoxypropoxy)
carbazol; 4-(2-oxiranylmethoxy)-9H-carbazol.
Khdi lugng phan tir: 239,27 g/mol.

Tinh thé mau tring dén vang nhat.
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Diém chay: 127 -135 °C.
Do tan: tan trong cloroform, DMF, DMSO va tetrahydrofuran (THF) 323,

1.2.4.2. Nguén géc phat sinh

Tap D 1a nguyén liéu tng hop carvedilol, xuét hién trong nguyén liéu va thanh

pham bt ngudn tir viéc tén du trong qué trinh tong hop L.
1.2.4.3. bgc tinh

Theo phan loai vé nguy co gay ung thu ciia cac tap chit trong thudc ctia Muller,
cac tap dugc chia thanh 5 nhém. Theo d6, tap D cua carvedilol 1a mot chat co nguy
co gay ung thu, duoc xép vao nhom 3 (Cac tap c6 cau trac héa hoc canh béo, khong
lién quan dén nguyén lidu thudc, va tiém nang gay dot bién gen chua xac dinh) do c6
chtra nhom epoxy, day 1a nhém duoc biét 13 c6 phan tmg voi DNA va c6 tiém ning

gy dot bién chua xac dinh 34,
1.2.4.4. Mgt sé cong trinh nghién creu téng hep tap D

Niam 2011, Somisetti Narender Rao va cong sy da nghién ctu tong hop tap D
tir 4-hydroxycarbazol nhu sau: 50 g 4-hydroxycarbazol dugc hoa tan trong DMSO va
dugc thém vao dung dich natri hydroxyd. Sau do6 epiclorohydrin duoc thém tur tur
trong 2 gio ¢ nhiét do 25 °C va lam am dén 45 °C, giir trong 10 gio. Tiép d6, thém
nuéc va khudy tron trong 1 gio ¢ nhiét dd phong. San pham phan tng duoc loc va
rira Vi nude, sau do dugc két tinh lai trong isopropanol dé thu duoc tap D. Hiéu suat
tong hop 1a 75%, d6 tinh khiét san pham khong dugc dé cap 2.

Niam 2011, K. Suneel Kumar va cong sy nghién cau tong hop tap D ciing tir
4-hydroxycarbazol nhu sau: 100 g 4-hydroxycarbazol (0,545 mol) dugc thém vao
dung dich natri hydroxyd trong khoang 10-15 phut. Sau @6 dung dich dugc lam lanh
vé 10-15 °C C va thém nho giot 150 ml DMSO trong 45 phat. Sau khi khuay tron 15
phut, epiclorohydrin duoc thém vao trong 1 gio, gitr ¢ nhiét o 10-15 °C. Sau do, ting
nhiét do tir tir 1&n 45 °C va giit trong 6 gio dudi diéu kién khuay tron. Sau khi hoan

thanh phan ang, kiém tra san pham bang sic ky 16p mong, san pham dugc hoa tan
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trong nudéc, loc va rira véi nude, sau do két tinh lai trong methanol dé thu dwoc tap
D. Nghién ctru khong dé cap hiéu suat tong hop va do tinh khiét san pham 1*,

Tir nhitng cdng trinh nghién ciu trén, c6 thé nhan thay rang: cac cong bé tong
hop tap D déu di tir nguyén liéu 4-hydroxycarbazol, quy trinh téng hop khong khac
nhau nhiéu, hiéu suat tng hop kha cao nhung d tinh khiét cua tap khong duogc dé
cap toi.

1.2.5. Tap E carvedilol
1.2.5.1. Tinh chat Iy héa

Tén khoa hoc: 2-(2-methoxyphenoxy)ethylamin, CAS: 1836-62-0.
Cong thurc phan ti: CoH13NOo.

Cong thuc cau tao:
HsCO
I

Khoi lugng phan tir: 167,21 g/mol 35,

Tap E duoc thwong mai hoa (dat chuian USP) dudi dang mudi 2-(2-
methoxyphenoxyl)ethylamin hydroclorid monohydrat. Cong thuc phan tu:
CoH1sNO2.HCIL.H20 (M = 221,68 g/mol), CAS: 2057412-43-6 36,

- Dang base ton tai duéi dang chit long hoi vang, mui amoniac. Trong luong
1,11 g/cm3, sdi & 98 °C *,

- Dang muébi hydroclorid monohydrat ton tai dudi dang bot mau triang, khong
mui. B¢ tan: tan trong dimethylformamid (DMF), ethanol va methanol. Nhiét d6 nong
chay 88,7 °C 3,

1.2.5.2. Nguén géc phat sinh

Tap E 1a nguyén lidu tong hop carvedilol, xuat hién trong nguyén liéu va thanh

pham bt ngudn tir viéc ton du trong qua trinh tong hop.
1.2.5.3. Djc tinh

- Khi hit vao: kich thich mang nhay.
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- Khi nuét: bong & miéng, hau hong, thuc quan va duong tiéu héa. Nguy co
thung thuc quan va da day.

- Khi tiép x(c véi da: dn mon.

- Khi tiép xuc bang mat: an mon .
1.2.5.4. Mgt sé cdng trinh nghién ciu téng hep tap E

Niam 2009, Thota Giridhar va cong su dugc cip bang phat minh tong hop cac
hop chat 2-(2-methoxyphenoxy)ethylamin. Quy trinh tong hop 2-(2-
methoxyphenoxy)ethylamin (tap E) qua cac giai doan sau:

- Giai dogn 1: Tong hop I-(2-cloroethoxy)-2-methoxybenzen

2-methoxyphenol trong 1,2-dicloroethan, dung dich Natri hydroxyd va
tetrabutylamoni bromid (TBAB) duoc dun hdi luu va khuay tron trong 16 gid. Hon
hop phan tmg duoc 1am lanh vé nhiét 6 phong va cho tach 16p. Pha nude duoc chiét
long long vai dicloroethan. Lp dung mdi hitu co duoc rira voi nudc va boc hoi dung
moi dudi 4p suit giam dé thu can. Cian nay duoc cit chan khong dé thu 1-(2-
cloroethoxy)-2-methoxybenzen.

- Giai dogn 2: Piéu ché din xuat phthalimid cua I-(2-cloroethoxy)-2-
methoxybenzen

I-(2-cloroethoxy)-2-methoxybenzen, kali phthalimid va TBAB dugc dun nong
tGi 180 °C va khudy tron trong 3 gio. Hon hop sau phan tng dugc thém nudc va loc
taa ran. Tua nay duoc thém methanol, dun héi luu va khudy tron trong 1 gio. Hon
hop phan tmg duoc 1am ngudi vé nhiét &6 phong va loc chat rin. Sy chat rin ¢ 60 —
80 °C dé thu dugc dan xuat phthalimid cua I-(2-cloroethoxy)-2-methoxybenzen.

- Giai doan 3: Tong hop 2-(2-methoxyphenoxy)ethylamin (tap E)

San pham giai doan 2 duoc thém vao dung dich KOH, hdn hop duoc dun dén
130 °C va khudy tron trong 13 gio. Han hop duoc 1am lanh vé nhiét d6 phong va chiét
long long voi DCM. Lép hitu co duoc thém vao HCI 36% va khudy tron trong 15
phut dé cho tach 16p 1-(2-cloroethoxy)-2-methoxybenzen khé dé thu dugc tap E. Do
tinh khiét cua tap E 1a 99,71%. Hiéu suat tong hop tap E khong duoc dé cap tai .
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NaOH

HO ~_0
1 ae e
HCO

TBAB H3CO
0
@NK DMF
o
° !
KOH o
Ehee S0
HsCO oHsCO

Tap E
So @6 1.8. So d6 tong hop tap E dang base theo Thota Giridhar

1.2.6. Mot s6 tap khac cia carvedilol khong dwgc dé cap trong cac duoe dién

tham chiéu

Bang 1.4. Mot s6 tap khong duoc dé cap trong cac duge dién tham chiéu

STT Cong thuc, danh phap M Loaitap TLTK
(g/mol)
RIS Y /\/OD 404,47 Tap phén 38

OH 5

N-(2-(2-methoxyphenoxy) ethyl)-3-(9H-

carbazol-4-yloxy)prop-2-en-1-amin

o/\n/\l,/\/OD 420,47 Tap phéan 38
O OH HaGO
N
H

1-(2-(2-methoxyphenoxy)ethyl amino)-3-

huy

(9H-carbazol-4-yloxy)propan-2-on
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STT Cong thac, danh phap M Loaitap TLTK
(g/mol)
HQ 183,21 Tap phan 38
D, ity
N
H
3
4-hydroxycarbazol
SN0 223,27 Tap phan 38
o H O \
H4CO huy
4 1-(2-(2-methoxyphenoxy)
ethylamino)propan-2-on
HO : 138,12 Tapphan %
HOOC huay
5 Acid salycilic; acid 2-hydroxybenzoic
o ~_O 422,48 Tapphan %
ST
‘ H3CO hay
N
H
N-((2RS)-3-(9H-carbazol-4-yloxy)-2-
6

hydroxypropyl)-N-(2-(2-
methoxyphenoxy)ethyl)hydroxylamin

1.3. KIEM NGHIEM TAP CHAT CUA CARVEDILOL TRONG NGUYEN
LIEU VA THANH PHAM

1.3.1. Nguyén ligu

Dugc dién My 2023 qui dinh: ¢6 thé lya chon 1 trong 2 quy trinh HPLC xéc dinh

tap chat hitu co, trong d6 quy trinh thir hai dugc khuyén cdo tién hanh khi tap chat F
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la tap c6 kha ning xuét hién. Quy trinh 3 dé xac dinh ham lwong tap F. Duogc dién
Chau Au EP 11 va duoc dién Anh BP 2023 quy dinh 1 quy trinh HPLC dé dinh lugng
c4c tap trong nguyén liéu. Bang duéi day tom tit quy dinh dinh luong tap trong
nguyeén liéu carvedilol trong cac dugc dién tham chiéu néi trén.

Bang 1.5. So sanh quy dinh dinh lugng tap trong nguyén liéu carvedilol trong
USP 2023, EP 11 va BP 2023

USP 2023 3 EP 11 va BP 2023 JP 18 22
17,18
Quy trinh 1 Quy trinh 2
Pha ACN - dung Gradient gom ACN — dung dich ACN — dung
dong  dich dém hai hé: dém phosphat pH 2 dich dém
phosphat pH 2 Dung moi A: (35:65) phosphat pH 2
(31:69) acetonitril ~ va (35:65)
acid
trifluoroacetic
(100:0,1)
+ Dung moi
B: acid
trifluoroacetic
va nudc
(0,1:100).
Dung Carvedilol, tap Dung dich danh - Tap Cnongdd 0,2 Dung dich
dich A, B, D va E giatinhphthop pg/mi carvedilol 0,65
doi nong d6 1 he thong Dung dich danh ug/ml
chiéu  pg/ml mdi chat carvedilol (chta gid tinh ph hop ha
va chuan tap C carvedilol  va théng  carvedilol
(chra  carvedilol,
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nong do 0,2 tap F) nong do tap A va tap D)
pg/ml. 1,0 mg/ml nong d6 100 pg/ml

Piéu  + Cot pha dao + Cot L68 (15 + Cot pha dao C8 + Cot pha dao
kign L7(15cmx4,6 cmx 4,6 mm,5 (15cmx4,6 mm,5 C8(15cmx4,6
sicky mm, 5 pm). pm). pm). mm, 5 pm).

+ Nhiét @6 cot: + Nhiét 36 cot: + Nhiét do cot: 55 + Nhiét do cot:
55 °C. 30 °C °C 55 °C

+ Pau do UV: + Pau do UV: + Pau do UV: 240 + Pau do UV:
220 nm (tap E) 240 nm nm. 240 nm.

va240nm (chat | 14 g5 dong: + Tée do dong: 1,0 + Thé tich tiém:

con lai) 1,4 mi/pht mi/phat 20 pl.

+Toc dd dong: 4 tich tigm: -+ Thé tich tiem: 20
1,0 mi/phat 20 ul ul

+ Thé tich tiém:

20 pl.

1.3.2. Thanh pham

Duoc dién M§ 2023 va duoc dién Anh BP 2023 déu qui dinh dinh luong tap chét
trong thanh pham vién nén carvedilol bang phuong phap HPLC. Bang duéi dy tom
tit quy dinh dinh luong tap trong vién nén carvedilol trong cac dugc dién tham chiéu
noi trén.

Bang 1.6. So sanh cac quy dinh dinh luong tap trong vién nen carvedilol trong
USP 2023 va BP 2023 biang HPLC

USP 2023 3 BP 2023 18 Jp 182
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Pha
dong

bém phosphat pH 3
(thém triethylamin va
natri docecyl sulfat) —
ACN (15:72)

Rua giai gradient gom 2
hé:

+ HE dung mdi A: dung
dich natri dodecyl sulfat
0,69% (kl/tt) trong dém
phosphat pH 3 — ACN —
nudc (75:360:565, tt/tt/tt)

+ Hé dung méi B: dung
dich natri dodecyl sulfat
0,69% (kl/tt) trong dém
phosphat pH 3 — ACN —
nuoc (75 : 450 : 475,
tt/tt/tt)

bém phosphat pH
5- MeOH (45:55)

Dung
dich doi

chiéu

Dung dich carvedilol
1,25 pg/ml

Dung dich tap C 0,025
pg/ml va dung dich danh
gia tinh phu hop hé thng
carvedilol nong d6 0,1%
(KI/tt)

biéu
kién sac

ky

+ Cot pha dao L7 (50

mm x 4,6 mm).
+ Nhiét do cot: 40 °C.
+Pau do UV: 240 nm

+ Tbc @6 dong: 1,0
ml/phat

+ Cot thép khong ri C8 (50
X 4,6 mm, 3 um)

+ Nhiét do cot 40 °C
+ Pau do UV: 240 nm
+ Tdc do dong 1,0 ml/phat

+ Thé tich tiém mau: 25 pl

+ Cot thép khoéng ri
C18 (50 x 4,6 mm,
3 um)

+ Nhiét d6 cot 40
°C

+ Pau do UV: 240

nm
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+ Thé tich tiem: 15 + Thé tich tiém: 50
ul. pl

1.3.3. Gi6i han cho phép ciia cac tap theo Dwoc dién trong nguyén liéu va thanh
pham

Bang dudi day tong hop gidi han cho phép cua cac tap trong nguyén liéu va
vién nén carvedilol dugc quy dinh trong cac Duoc dién tham chiéu

Bang 1.7. Gidi han cho phép cua céc tap trong nguyén liéu va vién nén

carvedilol duoc quy dinh trong cac Dugc dién tham chiéu

Nguyén liéu (%) Thanh pham (%)
USP BP JP 18 USP BP JP 18 *
2023 2023 & 2023 2023
EP 11

Tap A (USP) 0,1 0,2 i i § -
Tap B ( 0,1 0,1 - - ; ]
Tap C 0,02 0,02 - - 0,02 -
Tap D (USP) 0,1 i i i i -
Tap D (BP & EP) - 0,15 - - - -
TapE 0,1 i i i i -
Tap F 0.1 3 3 3 ] 3
Carvedilolbisalkyl
pyrocatechol 015 . . . ] )
N-
isopropylcarvedilol oL . . . ] )
Biscarbazol 0,1 - - - - -
Tap c0 thoi gian luu
tuong ddi 1,7-1,9 so - - - - - 0,1

véi carvedilol

25



Tap c0 thoi gian luu

tuong d6i 2,0-3,1 s0 - - - - - 0,4
véi carvedilol

Tap riéng lé 0,1 0,1 0,15 0,2 0,2 0,1
Tong tap (tru tap C) - 0,5 - - 0,5 -
Tong tap 0,5 - 0,5 1,0 - 0,6

(*) Ghi chd: Vién nén ham lugng 10 — 20 mg

1.4. MOT SO CONG TRINH PHAN TICH TAP CHAT LIEN QUAN CUA
CARVEDILOL

1.4.1. Pinh lwong ddng thoi cac tap caa carvedilol bang HPLC
1.4.1.1. Nghién ciru caa Stojanovic va cgng su (2005):

- Poi tuwong dinh lugng: carvedilol, tap C va 4-hydroxycarbazol.
- Diéu kién sic ky:
+ Pha dong: acetonitril : nudc, ty 1& 45:55, tt/tt, diéu chinh pH 2,5;
+ Cot: Chromolit RP 8e (100 x 4,6 mm; 5 pum);
+ Budc song phét hién: 280 nm;
+ Tdc d6 rira giai gradient: 0,5 ml/phut;
+ Nhiét do cot: 40 °C 4
VWD1 A, Wavelength=280nm (D:\TEMP2\100411205.D)
mAU R
60
50
404
304
204

104

0 T /\J T T T T

o] 2 4 6 8
Time [min]

Hinh 1.1. Sac ky db dinh lugng cac tap ciia carvedilol trong vién nén trong
nghién ctru ciia Stojanovic

Nguon: Stojanovic, 2005 4
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- Nhan xét: Phuong phép c6 thoi gian phan tich ngan, d6 nhay khé tt. Tuy nhién,
phuong phap chi dinh lwong ddng thoi carvedilol, tap C va tap 4-
hydroxycarbazol.

1.4.1.2. Nghién ciru cia Sajan va cgng sw (2014):

- Déi tugng phan tich: carvedilol, c4c tap A, B, C va hai tap 4-hydroxycarbazol,
biscarbazol.
- biéu kién sic ky:

+ Pha dong: chuong trinh gradient gom 2 thanh phan: Dung méi A (dung
dich acid trifluroacetic 0,04% trong nudc) va dung moi B (dung dich acid
trifluroacetic 0,04% trong acetonitril);

+ Cot Acquity UPLC BEH C18 (100 x 2,1 mm; 1,7 pum);

+ Budc song phat hién: 240 nm;

+ Téc do dong: 0,5 ml/phdt;

+ Thé tich tiém: 3 pl;

+ Nhiét do cot: 60 °C 39

mAL

THET=CV

3- IMP-3
F— 6648 IMP4
IMP-5

b 7208

. T T T T T T T T
0 1 2 3 4 5 6 T 8 9 min

Hinh 1.2. Sic ky db dinh luong cac tap cua carvedilol trong vién nén trong

nghién ctru ciia Sajan
Nguon: Sajan, 2014 3
- Nhan xét: Phuong phap c6 do nhay cao, dinh luong ddng thoi carvedilol va 5
tap. Tong thoi gian phan tich ngan (10 phat). Tuy nhién, phuong phap can c6
hé thdng UPLC, dong thoi khong dinh lugng 2 tap tén du 13 tap D va tap E.
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1.4.1.3. Nghién ciru caa T. V. Raghava Raju va cgng s (2015):

- Pdi tugng dinh lwong: Carvedilol va cac tap A, B, C, D.
- biéu kién sic ky:

+ Pha dong: kénh A gdém acid trifluoroacetic, acetonitril va nudc
(0,1:10:90, tt/tt/tt); kénh B gdom acid trifluoroacetic, acetonitril va nudc
(0,1:90:10, tt/tt/tt). Chuong trinh rira giai gradient: thoi gian (phat) / % kénh B:
00,01/19, 5/19, 25/30, 37/30, 47/49, 57/49, 60/19, 70/19;

+ Cot pha dao Inertsil C8-3 (150 x 4,6 mm; 3 pum);

+ Budc song phat hién: 240 nm;

+ Téc do dong: 1,4 ml/phdt;

+ Nhiét do cot: 50 °C 9;

anwo-y [ e e e e e
1 i
]
! by
1 2
fecel I - g":
i @™ @
o : 2 8 g
ES p! &
[ \ A - B
ot TRS AW S

-0060-} L e R e 1 ey e —— =3
ano 100 Do 2000 00 5000 m o0
Minutes

Hinh 1.3. Sic ky db dinh luong céc tap cta carvedilol trong nguyén liéu va
vién nén trong nghién ctru cia Raghava Raju

Nguon: Raju, 2015 0

- Nhan xét: Céc pic tach tdt, pic dbi xang. Phuong phap c6 do nhay tét véi gia
tri LOD va LOQ thap. Tuy nhién, sic ky d6 c6 dudng nhiéu nén Ion, thoi gian
phan tich 16n (gan 50 phut), khéng dinh lugng tap E.

1.4.1.4. Nghién ciru cia L. Samba Siva Rao va cgng sw (2015):

- Dbi tugng phan tich: carvedilol va cac tap A, B, C, D, E.
- biéu kién sic ky:
+ Pha dong: acid trifluoroacetic 0,1% : methanol : acetonitril (50:30:20);
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+ Cot pha dao Inertsil ODS 3V (150 x 4,6 mm; 5 um);

+ Budc song phét hién: 220 nm d6i voi tap E, 240 nm ddi véi carvedilol
va Ccac tap khéc;

+ Nhiét @6 cot: 55 °C;

+ Téc d6 dong: 1,5 ml/phut;

+ Thé tich tiém: 20 pl 1%

Det.A Ch2
50

Impurity-D / 6.829

Impurity-E /1.273
Carvedilol / 3.053
Impurity-C / 8.202

25

Impurity-A / 2.000
Impurity-B / 13.873

0

0.0 25 5.0 7.5 10.0 125 15.0 17.5
min

DetA Ch1/240nm
Hinh 1.4. Sic ky do dinh luong cac tap cta carvedilol trong vién nén trong
nghién ctru ciia Samba Siva Rao
Nguon: Samba Siva Rao, 2015

- Nhan xét: Céc pic trén sic ky d6 tach tot, pic doi ximg. Do dung va do chinh
X4c cua phuong phap tét, d3 dinh lwong du 5 tap A, B, C, D, E. Phuong phéap
c6 thoi gian phan tich ngan (20 phat). Tuy nhién, d6 nhay caa phuong phap con
thap (trung binh cac tap c6 LOD va LOQ tuong tng 1a 1,5 va 4,6 pg/ml).

1.4.1.5. Nghién ciru caa Kang Tie-chun va cgng s (2015):

- Pdi tugng phan tich: carvedilol va cac tap D, E.
- Diéu kién sic ky:
+ Pha dong: chuong trinh gradient dung méi gém acetonitril va dém kali
dihydrophosphat 0,02 M pH 2,0;
+ Cot: YMC-Pack Pro C8 (150 mmx4.6 mm, 5 pm);
+ Budc s6ng phét hién: 220 nm d6i véi tap E, 240 nm ddi véi carvedilol
vatap D;
+ Nhiét @6 cot: 30 °C;
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+ Téc d6 dong: 1,0 ml/pht 4%,
- Nhan xét: Phuong phép c6 khoang tuyén tinh pht hop, d6 dang va do lap lai
cao. Tuy nhién, gi& tri LOD va LOQ cta phuong phap cao, ddng théi chi dinh luong
2tap D vaE.

1.4.1.6. Nghién ciru caa Nitin Mahajan va cgng sw (2021):

- Ddi tugng dinh lwong: Carvedilol va cac tap A, B, C, D.
- biéu kién sic ky:

+ Pha dong: chuong trinh gradient gom dung méi A (nudc : acetonitril :
acid trifluoroacetic, 80:20: 0,1, tt/tt/tt, pH 2); dung m6i B (nudc : acetonitril,
10:90, tt/tt);

+ Cot: Inertsil ODS 3V (150 x 4,6 mm; 5 um);

+ Budc song phat hién: 240 nm;

+ Téc do rira giai gradient: 1,0 ml/phut;

+ Nhiét do cot: 40 °C #%;

0.050-

0.040+

Impurity-B -

0.030

Impurity-C - 24.603

% Impurity-D - 28.395

AU

0.020-]

0010—‘

>
F__ Impurity-A - 4.819
-

0.000-

2

-0.010TT7
0.00

500 1000 1500 2000 2500 IN%OI(:E) ""3500 4000 4500 5000 5500 6000
Hinh 1.5. Sic ky db dinh luong cac tap cua carvedilol trong vién nén trong
nghién ctru cia Nitin Mahajan
Nguon: Nitin Mahajan, 2021 42
- Nhan xét: C4c pic phan giai tt, pic d6i xtrng. P nhay ctia phuong phap tot, thé
hién & gia tri LOD va LOQ cua carvedilol va cé4c tap thap. Tuy nhién, thoi gian

phan tich dai (60 phut), phuong phap khong dinh luong tap E.
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1.4.2. Pinh hrgng dong thoi cac tap caa carvedilol bang dién di mao quan

Nghién ctru cia Abolghasem Jouyban va cong sy da danh gia sy tao thanh cac

tap cua carvedilol dudi cac diéu kién khic nghiét bang dién di mao quan

- Diéu kién dién di:
+ Cot mao quan silica (Chiéu dai téng: 57 cm, dudng kinh trong: 75 pm)
+ Dung dich chat dién ly nén (BGE): Bém acetat 80 mM pH 4 pha trong
methanol/ethanol (65:35% tt/tt)
+ Dién thé 19 kV
+ Nhiét @6 20 °C
+ Tiém mau 50 mBar — 6 gidy
+ Budc song phat hién: 200-350 nm
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Hinh 1.6. Dién di d6 dinh lugng carvedilol va cac tap phan huy

Nguon: Stojanovic, 2014 3

- Nhan xét: Phuong phép dién di mao quan trén méi chi dinh lugng carvedilol
va dinh tinh cac tap phan huy tao thanh ma chua dinh luong cac tap d6. Bong thoi,
nhiéu duong nén cua dién di d6 con cao.

1.4.3. Nhan xét chung

Qua téng quan tai liéu cho thdy, chua c6 nhiéu cong trinh nghién ctu dinh
luong dong thoi cac tap A, B, C, D, E cua carvedilol. USP 2023 quy dinh kiém tra
c4c tap trong nguyén liéu carvedilol bing HPLC, nhung quy trinh dinh luong kha

phtc tap, rira giai bang chuong trinh gradient dung moéi vai thoi gian phan tich dai.
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USP ciing quy dinh danh gia tng cAc tap va cac tap riéng 1é trong vién nén carvedilol
ma khong sir dung chat dbi chiéu dé danh gia cac tap cu thé. Trong cac nghién cau
dinh luong carvedilol va tap chat bang HPLC, chi c6 nghién ciru cua L. Samba Siva
Rao va cong su 12 dinh lwong day du ca 5 tap A, B, C, D, E va carvedilol trong thanh
pham, trong khi cac nghién ctu con lai chi dinh luong dong thoi tir 2 dén 4 tap. Tuy
cd thoi gian phan tich ngan, quy trinh phan tich don gian nhung d6 nhay cta phuong
phap chua tbt, Vi cac gia tri LOD va LOQ kha cao.

Pic biét, tong quan tai liéu cling cho thiy chua c6 nghién ctru nao dinh luong
d6ng thoi cac tap cua carvedilol bang phuong phap dién di mao quan. Nghién ctu
cua Abolghasem Jouyban va cOng su chi danh gia sy tao thanh céac tap cta carvedilol
duéi cac diéu kién khic nghiét bang dién di mao quan *. Cac tap dugc dé cap khong

phai la tap A, B, C, D, E theo USP 2023.
1.5. THIET LAP CHAT POI CHIEU
1.5.1. Pinh nghia va phan loai

1.5.1.1. Pinh nghia chit doi chiéu

CDC 1a chit ddng nhit d3 duoc xac dinh 1a ding dé dung trong cac phép thir
da duoc quy dinh vé hod hoc, vat 1y va sinh hoc. Trong céac phép thir do cac tinh chat
ctiia CDC duoc so sanh v6i cac tinh chit cua chét can thir. CDC phai c6 d6 tinh khiét
phu hop véi muc dich sir dung *°.

CDC dugc dung trong cac phép thir sau:

Dinh tinh bang phwong phap quang phé hip thu hong ngoai.

Dinh lugng bang phuwong phap quang phd hap thuy tir ngoai va kha kién, quang
phé huynh quang.

Céc phép thir dinh tinh tap chét va dinh luong bang phuong phap sic ky.

Dinh lugng bang phuong phép vi sinh vat.

Céc phép chuan do do thé tich, phan tich khdi luong.

Céc phép thur sinh hoc.
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1.5.1.2. Phdn logi chét déi chiéu

Chat d6i chiéu so cap hay chat ddi chiéu hoa hoc gdc (PCRS) 1a chit ddi chiéu

dugc cong nhan rong rai, c6 cac chi tiéu chat lugng phu hop voi tai liéu cong bo, cu

thé va gia tri an dinh cua n6 dugc st dung lam tiéu chuan phan tich ma khong can

phai so sanh véi chat hoa hoc khac.

Mot so chat doi chiéu dugc coi 1a chat doi chiéu héa hoc goc nhu chat doi

chiéu hoa hoc Qudc té (ICRS), chét ddi chiéu héa hoc Dugc dién My (USPRS), chat
dbi chiéu hoa hoc Duoc dién chau Au (EPCRS), chat chét ddi chiéu héa hoc do Vién

tiéu chuan va cong nghé qubc gia My (NIST) thiét lap.

Chat d6i chiéu hoa hoc thtr cap (SCRS) 1a chuan ma céc tinh chat hay chi tiéu chat

lwong ciia n6 dugc thiét 1ap dia trén chuan so cap. SCRS lai dugc chia thanh hai loai:

phong thi nghiém

Chuan tht cap - SCRS “chinh thirc™: 1a mot SCRS khu vuc hay qudc gia. Vi
du nhu chét ddi chiéu héa hoc Asean (ACRS), chat ddi chiéu Duoc dién Viét
Nam.

Chuan lam viéc: 1a mot SCRS do mdt nha san xuit hodc mot phong thi nghiém
cung cap.

SCRS dugc dung 1am chat chuan ddi chiéu cho cac phan tich thuong ngay cta
43-46

1.5.2. Muc dich sir dung ciia chit chuin d6i chiéu

Trong linh vuc kiém tra chat lugng cia nganh dugc, chat chuan doéi chiéu cé

thé duoc sir dung trong cic phép thir sau:

Dinh tinh bang phwong phap pho hap thu hong ngoai.

Dinh luong bang phuong phap quang phd hap thu tir ngoai va kha kién, quang
pho huynh quang.

Céc phép thir dinh tinh va dinh luong bang phuong phap sic ky.

Dinh lugng bang phuong phép vi sinh vat.

Céc phuong phap chuan do do thé tich, phan tich khéi luong.

Cac pheép thir sinh hoc.
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- Hiéu chuan thiét bi, thim dinh phuong phap.

- Mot sb phép thir khac ¢6 huéng dan trong cac chuyén luan riéng *748,

1.5.3. Thiét 1ap, bio quan va phan phéi chat déi chiéu géc
1.5.3.1. Pdnh gid nhu cdu

Viéc san xuét, xac nhan, duy tri va phan phdi cac CDC héa hoc 1a mot cong
viéc ton kém va mat thoi gian. Do d6, diéu quan trong 1a phai xac dinh chac chan liéu
¢ nhu cau vé mot CDC khong. Van dé dau tién can danh gia 1a liéu co thé 4p dung

mot quy trinh thay thé, thoa man yéu cau ma khong yéu cau CPC hay khong .
1.5.3.2. Lwa chon nguén nguyén li¢u diing dé thiét lgp CPC tir nha cung cdp

Nguyén liéu ngudn c6 chat luong dat yéu cau c6 thé dugc chon tir mot 16 chat
¢ ngudn gdc tir qué trinh san xuat thong thudng, néu do tinh khiét chap nhan duoc.
CAac yéu cau vé do tinh khiét dbi véi chat chuan hoa hoc phu thudc vao muc dich st
dung caa nd. CBC hoéa hoc duogc st dung cho phép thir dinh tinh hoic sic ky 16p
mong khong yéu cau do tinh khiét that cao, vi su hién dién cua mot ty 16 nho tap chat
trong chat thuong khong c6 anh huong déang chii y dén phép thir. Mat khac, cac CBC
duogc sir dung trong dinh lwong phai c6 do tinh khiét cao, nén tir 99,5% tré 1én. Can
xem xét anh huong caa céc tap chat trong CDC, c6 thé cac tap chat ¢ cac dac tinh
hoéa 1y twong ty nhu ciia thanh phan chinh nhung khong anh huong téi gia tri sir dung
ciia CDC héa hoc, trong khi ¢ nhitng vét tap chat cé cac dac tinh khac chat chinh

nhung c6 thé khién chat d6 khong phu hop dé 1am CDC nira .
1.5.3.3. Pdnh gid muc dinh sir dung ciia CPC géc

- Sir dung cho phép dinh tinh: thong thuong chi can dénh gia tir t6i thiéu 1
PTN dat tiéu chuan.

- Sir dung cho phép thi tinh khiét: Cac dac tinh can dugc dénh gia day du hon
so vé6i phép thtr dinh tinh, dac biét trong cac phép thir gigi han. Véi ki thuat sic ky
I6p mong, thi do tinh khiét t6i thiéu co thé chap nhan thuong 1a 90%, nhung véi sac

ky long hoic sic ky khi, d6 tinh khiét phai it nhat dat 95%. Thong thuong chi can
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moét PTN danh gia CDC duoc sir dung trong céc phép thir do tinh khiét. Néu CBC
duoc diéu ché hoidc cd 1ap lan dau tién, thi cac phép thu hoa ly va hda hoc thich hop
nhu cong hudng tir hat nhan (NMR), khéi phd (MS) va phan tich nguyén tb phai duoc
&p dung dé xac dinh dic tinh caa né.

- Str dung cho phép thtr dinh lwgng: Cac phép thir can danh gia nhiéu hon, sir
dung nhiéu k¥ thuat da dugc thiét 1ap va thim dinh, bao gdm ca k§ thuat dé danh gia
tiéu chuan chat lugng dugc quy dinh trong duoc dién. Can téi thiéu ba PTN tham gia
danh gia. Véi cac phuong phap dinh lugng khong dac hiéu nhu so mau hay quang
phd UV, chi can kiém tra kha ning phan ¢ng hozc hap thu cua cac tap chat anh huong
dén CDC. Véi cac phuong phap dinh lwong dic hiéu, viéc xac dinh ham luong caa
c4c tap chat la can thiét. D6i voi hau hét cac CDC gde dung trong dinh luong, ham
lugng c6 thé duoc biéu thi dudi dang “nguyén trang”. Do d6, khi thiét lap CPC gdc,
diéu can thiét 1a xac dinh ham lugng nudc va dung méi ton du .

- Str dung cho hiéu chuan thiét bi: yéu cau tuong ty CDC dung trong dinh
luong .
1.5.3.4. Phwong phdp phan tich dé ddnh gid chét déi chiéu goc

+ Nhom cac phuong phéap dinh tinh: Trong truong hop CPC co cau tric di
duogc xac dinh thoa dang, chi can phd IR dé dinh tinh. Cac k§ thuat dic hiéu cao khéc,
chang han nhu quang phé NMR, MS, hoic nhiéu xa tia X, ciing c6 thé dugc sir dung
dé so sanh nhu vay.

+ Nhom cac phuong phap dinh lugng: can xem xét dén muyc dich sir dung cua
CPC, c6 thé chia thanh 3 nhém: cac phuwong phap can CDC ngoai nhu sac ky, quang
phd; cac phuong phap chi phu thudc vao tinh chit dong hoc noi tai cua chat nhu phan
tich d6 tan pha, quét nhiét vi sai; cac phuong phap khac (quang phd, chuan do, xac
dinh luong nudc va thanh phan bay hoi...) .
1.5.3.5. Xdc dinh gia tri dn dinh

Gia tri an dinh dugc xac dinh théng qua mot chuong trinh hop tac lién PTN sir
dung cac phuong phap phan tich khac nhau. Gia tri thu duoc bang thuc nghiém nay

dugc xir ly thong ké va dai dién cho wéc tinh tét nhat vé gia tri thyuc #°.
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1.5.3.6. Pdng gdi, bdo qudn, phan phdi va danh gid d¢ én dinh

- Pong go1

Viéc dong gbi cac CDC phai dugc kiém soat, dé tranh nhidm ban mau, dan
nhan sai hoic bat ky truong hop ndo khac cd thé dan dén viéc xu ly sai. Vat liéu chira
CDC phai ngin duoc 4m, anh sang va oxy. Lugng CDC déng vao chi nén du cho mot
lan str dung, dic biét véi cac chat d& hat am. Mot s6 CDC hoa hoc phai duoc dong
6i trong khi tro hodc trong diéu kién do am duoc kiém soat.

- Bao quan

Vé mit Iy thuyét, nhiét d6 bao quan cang thap thi d6 6n dinh caa chat cang
tang, nhung d6i voi cac chat ¢ chira nudc, viéc bao quan dudi 0 °C c6 thé 1am giam
d6 6n dinh. Piéu kién bao quan CPC ¢ khoang 5 °C, véi d6 bao goi chéng am va anh
sang 1a pht hop véi hau hét CBC. Chi mé lo CDC khi di dat duoc nhiét do phong dé
ngan chan xam nhap do 4m do ngung tu *°.

- Phan phéi

Viéc phan phéi cac CDC trong ciing mot qudc gia thuong khong c6 van dé gi.
Tuy nhién, viéc phan phbi CBC tir qudc gia nay dén quédc gia khéc co thé gap kho
khin do cic quy dinh vé buu chinh va hai quan khong phi hop. Viéc cung cap céc
CPC hoda hoc cho ngudi sir dung phai ¢6 sy cham tré téi thiéu va nén chon phuong
tién van chuyén nhanh nhat.

- Panh gia d¢ on dinh

Diéu quan trong ctia CDC 1a d6 6n dinh, do d6 phai giam sat thudng xuyén do
6n dinh ciia CHC va phai thay thé ngay khi c6 mot “thay d6i dang ké” (tinh theo muc
dich sir dung caa CPC) trong bat ky chi tiéu nao dugc ghi nhan.

Tan suat va mirc d6 danh gia lai CBC phu thudc vao nhiéu yéu t: d6 6n dinh,
bao bi, bao quan, tinh thim 4m, dang tinh thé va muc dich st dung. Tan suét va

phuong phap thir nghiém &p dung phai duoc ghi thanh ho so .
1.5.4. Péng go6i, bao quan va phan phdi chat di chiéu thir cap

Thiét 1ap CBC thir cap 1a nhu cau thuc té do sb luong CDC gdc khong du dé

cung cap cho nhu cau ciia cac qudc gia. Hon nita, sy san c6 caa CDC tha cp s& lam
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giam chi phi va thoi gian giao nhdn CDC. Trén co sd tham khao quy trinh thiét lap
CPC gbc, cac hoi dong dugce dién qudc gia hay khu vuc hodc cac PTN duoc ty quyén
clia co quan quan li duoc qudc gia xay dung quy trinh thiét 1ap CDC thi cip cta quic
gia / khu vuc do.

Khi dy dinh thiét 1ap CDC thr cip dé sir dung trong phép dinh lwong nguyén
licu hay thanh pham, ngudn cung cap c6 thé 1a nguyén liéu dugc dung. Trong truong
hop CDC 1a tap chat lién quan, nguyén liéu c6 thé duogc lay tir cac nha cung cap
thuong mai, véi diéu kién 1a do tinh khiét phan trim 16n hon 95% (hodc 90% néu dé
sir dung trong SKLM). Y&u cau va quy trinh dong goéi SCRS tuong tu voi PSCR #°,

Viéc phan phéi cac CBC tht cap dugc thuc hién sao cho duy tri tinh toan ven
ctia chét va tranh su cham tré khéng can thiét. Cac yéu té sau dugce tinh dén gém su
phl hop véi c4c yéu cau vé an toan va van chuyén, thu tuc xuat khau va nhap khau,
cac quy dinh hai quan, va phuong tién van chuyén .

Viéc phan loai SCRS mang ¥ nghia tuong d6i. Mot SCRS cua khu vuc hay
qudc gia c6 thé duoc coi la chat chuan so cap dé thiét 1ap chat chuan PTN cua cac
PTN hoic cac NSX dugc pham. Trong truong hop nay, cac chat chuan khu vuc hay
quéc gia duoc goi 1a chuan lién két. Theo qui dinh cia ASEAN, chuong trinh danh
gia lai CBDC ASEAN (ACRS) duoc thiét ké dé phat hién cac dau hiéu sém cua qué
trinh phan hiy bang cac ki thuat phan tich phi hop. Céc ki thuat nay phai dap tng
duoc cac yéu cau: str dung lwong mau it, tién hanh nhanh, d6 nhay cao 4850,

Tan suat va c& mau dung cho danh gia lai phu thuoc mét sé yéu tdé nhu do on
dinh cua CPC, d6 bao goi, nut dong ciia d6 bao goi, diéu kién bao quan, d6 am, tinh
chat vat Ii va muc dich str dung caa CDC. Dbi v6i ACRS tan suit danh gia lai duoc
qui dinh nhur sau: 3 nam d6i véi CDC dung cho phép thir hda hoc, 2 nam d6i véi CBC

ding cho phép tht vi sinh, 1 ndm di vai cac chat dic biét nhay cam 50,

1.5.5. Xay dwng tiéu chuan chit lwong danh gia chat ddi chiéu va yéu ciu caa

quy trinh phan tich

Tiéu chuan chit lwgng cia mét CBC duoc xay dung dua trén tiéu chuan chat

lugng cta cac hop chat dugc sir dung 1am CDC duoc cdng bd trong duoc dién hoic
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tiéu chuan chat luong cia NSX, cac dic diém thudc vé ban chat cua vat i, héa hoc
ctia chat nghién ciru va muc dich sir dung cia CBC.

Phuong phéap phan tich sir dung dé danh gia cac chi tiéu chat luong cia CBC
phéi 14 cac phuong phap chinh thong trong duogc dién, va 13 phuong phap du kién s&
sir dung dé danh gia mau bang CDC d6. Ching han mot CDC dy kién thiét 1ap cho
muc dich dinh lwgng bang vi sinh vat thi gié tri 4n dinh hay ham lwong cia CDC d6
phai duoc xac dinh bang chinh phuong phéap dinh lwong vi sinh sau khi hop chét dé
da duoc so bo danh gia bang cac phép thir hda hoc dat yéu cau.

Céc chi tiéu chat luong thong thudng hay dugc cdng bé trén ching chi phan
tich cia CBC: m ta, dinh tinh, pH, kim loai nang, ham luong nudc, ning suat quay
cuc, can sau khi nung, diém chay, do trong va mau sic dung dich, giam khdi luong
do say khd, tro sulfat, tap hitu co bay hoi, tap chat lién quan, dinh lugng.

Mot s6 phuong phap phan tich chinh thong trong dugc dién hay dung dé xac
dinh cac chi tiéu chat lwong cua hoat chat hozc thanh pham thudc:

+ Pinh tinh: IR; HPLC; SKLM; UV-Vis; diém chay.

+ Do tinh khiét: cac ki thuat sic ky nhu HPLC, SKLM dung dé xac dinh tap
chat lién quan, GC dung dé xac dinh dung méi hitu co bay hoi hoac ton du dung méi;
xac dinh goc quay cuc riéng; do pH; quét nhiét vi sai; xac dinh kim loai nang; xac
dinh tro sulfat; 6 am; giam khéi luong do sy (sdy thuong/siy chan khong); ham
luong nudc.

+ Pinh luong: HPLC; UV-Vis; chuan do thé tich; dinh luong bang phuong
phap vi sinh

Cac CPC du kién duoc thiét 1ap 1a CDC tht cip, tuan theo hudng din cua
WHO, ASEAN trong qua trinh thiét lap chuan 48,

1.5.6. Tinh hinh thiét 1ap chat déi chiéu tai Viét Nam

Céc chat chuan noi chung va dac biét 1a cac chat chuan tap & Viét Nam con rat
han ché do sd lugng chat chuén thiét 1ap dugc trong nudc con it so véi lwong hoat
chét dang luu hanh trén thi truong. Tai Viét Nam hién nay, ) luong tap chuén duoc

thiét 1ap con rat it, khoang 27 chét, do Vién kiém nghié¢m thude Trung wong va Vién
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kiém nghiém thudc thanh phd H6 Chi Minh thiét l4p. So sanh véi nhu cau sir dung

chuan tap chat thi s6 luong nay 1a qua it. Pong thoi cac chit chuan da thiét 1ap cha

yéu la chuan lam vi¢c, chua phai 1a chuan Dugc dién Viét Nam

51,52

Bén canh d6, tai Viét Nam d3 c6 mot sb dé tai nghién ctru téng hop tap chét

dung cho cong tac kiém nghiém thube nhu:

Téng hop 8-cloro-1,3,7-trimethyl-3,7-dihydro-1H-purin-2,6-dion (8-clorocafein)
tap E cua dimenhydrinat 2,

Tong hop va thiét 1ap chudn ddi chiéu tap chat A cua diclofenac 5.

Thiét 1ap tap chat d6i chiéu A va C cua fluconazol .

Tong hop 2-methyl-4-nitroimidazol, tap chat A ciia metronidazol 1am chat d6i
chiéu %.

Tong hop va xac dinh d6 tinh khiét tap chat lién quan 2-azaspiro[4.5]decan-3-on
cua gabapentin °7.

Tong hop va thiét 1ap tap chat di chiéu captopril disulfid %9,

Tong hop va tiéu chuan hoa tap chét lién quan 4-methylbenzensulfonamid (tap
A) va 2-nitroso-octahydrocyclopentapyrrol (tap B) cta gliclazid ©°.

Tong hop va xay dung tiéu chuan tap glimepirid sulfonamid (tap B) va glimepirid
urethan (tap C) cua glimepirid 5.

Tong hop va tiéu chuan hoa tap chat L-cystin va N,N’-diacetyl-L-cystin ciia N-
acetylcystein 62,

Téng hop tap chuan D ctia amlodipin tir amlodipin besylat 3,

Thiét 1ap tap chat ddi chiéu N-butyryl-N-([2’-(1H-tetrazol-5-yl)biphenyl-4-
yl]methyl)-L-valin (tap B cua valsartan) 4.

Tong hop va thiét 1ap tap chuan A, B va C ciia terazosin %596,

Toéng hop va thiét 1ap tap chuan captopril disulfid, tap 7-ADCA va D-

phenylglycin ctia cephalexin, tap D ctia amlodipin, tap A va B cua nifedipin ©’.

39



CHUONG 2. POI TUQNG, PHUONG PHAP NGHIEN CUU
2.1. THIET KE NGHIEN CUU
Thiét ké nghién ciru trong dé tai 1a nghién ciru quan sat phan tich.
2.2. POI TUQNG NGHIEN CcUU
2.2.1. Poi twong nghién ciu

Gom 5 chat hoa hoc 1a tap chat lién quan cua carvedilol theo USP:

- Tap A carvedilol: 1-(4-(2-hydroxy-3-((2-(2-methoxyphenoxy)ethyl)amino)
propoxy)-9H-carbazol-9-yl)-3-((2-(2-methoxyphenoxy)ethyl)amino)propan-2-ol.

- Tap B carvedilol: 3,3’-(2-(2-methoxyphenoxy)ethylazandiyl)bis(1-(9H-
carbazol-4-yloxy)propan-2-ol).

- Tap C carvedilol: 1-(9H-Carbazol-4-yloxy)-3-(benzyl(2-(2-methoxy
phenoxy)ethyl)amino)propan-2-ol.

- Tap D carvedilol: 4-(oxiran-2-ylmethoxy)-9H-carbazol; 4-(2,3-epoxy
propoxy)carbazol; 4-(2-oxiranylmethoxy)-9H-carbazol.

- Tap E carvedilol: 2-(2-methoxyphenoxy)ethylamin.

- 06 mau thanh pham vién nén khac nhau chira carvedilol (ham luong 6,25 mg
va 12,5 mg) dang dugc Iuu hanh trén thi treong Viét Nam dugc ky hiéu M1, M2, M3,
M4, M5, M6 va 03 mau nguyeén liéu carvedilol duoc ky hiéu NL1, NL2, NL3.

2.2.2. Nguyén vat liéu nghién céu

Bang 2.1. Cac chat ddi chiéu dung trong nghién ciu

St Chét aéi chiéu S616/56 kiém soat  Xudit xu thti'é,rlh
1 Carvedilol 10-SCC-93-1 TRC, 98,0%
Canada

2 Tap A carvedilol R0O37U0 USP 100%
3 Tap B carvedilol R100J0 USP 100%
4 Tap C carvedilol R0O38F0 USP 100%
5 Tap D carvedilol R100B0 USP 100%
6 Tap E carvedilol R100CO USP 100%
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Bang 2.2. H6a chat va dung méi dung trong nghién ciu

] £ A Ao, P tinh
Stt Hda chat — dung moi Xuat xw Khidt
1 4-(Oxiran-2-ylmethyl)-9H-carbazol Energy chemical 98%
2 4-hydroxycarbazol Energy chemical 98%
3 Epiclorohydrin Acros Organics 99%
4 2-(2-Methoxyphenoxy)ethanamin Energy chemical 98%
5  Monoglyme (99%) Xilong 99,5%
6 Dimethyl sulfoxid (DMSO) Energy chemical 99%
7 Benzyl bromid Xilong 99%
8 Benzyl clorid Acros Organics 99%
Oceanic
9  Carvedilol 100%
Pharmachem
10 Silica gel 60 Merck
11 Triethylamin (TEA) Merck 99%
12 Acid-1-heptansulfonic MP Biomedicals 98 %
13 Acid trifluoroacetic (TFA) Merck 99,9 %
14 Acetonitril Merck 99,9%
15 Methanol Merck 99,9%
16 Acid phosphoric Merck 85%
17 Kali dihydrophosphat Merck 99,5%
18  Natri tetraborat decahydrat Merck 99%
19  Acid boric Merck 99%
20  Natri dodecyl sulfat (SDS) Merck 85%
21 Tween 20 Merck 99,5%
Cetyl Trimethyl Ammonium Bromid
22 Merck 99,5%
(CTAB)
23 Natri hydroxyd Agilent 100%
24 H20 deion Agilent 100%
25  Kali carbonat Daejung 99,5%
26 Natri hydroxid Xilong 99,5%
27 Natri sulfat Xilong 99%
28  Natri clorid Xilong 99%
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29  Cloroform Xilong 99,5%
30  Ethanol (EtOH) J.T. Baker 99,9%
31  Ethyl acetat (EtOAC) Xilong 99,5%
32  Hexan Xilong 99,5%
33 Methanol (MeOH) Xilong 99,5%
34 Petroleum ether 60-90 (PE) VN-Chemsol

35  Acid sulfuric Xilong 98 %

2.2.3. Trang thiét bj

Bang 2.3. C4c trang thiét bi chinh trong nghién ctu

Stt Trang thiét bj Xuat xi M4 hiéu
. Elmasonic —
1 Bésiéuam S100H
buc
2 Micropipet Labnet — My Biopette A™
3 Can phan tich (5 s6 1¢) Sartorius - Buc Quintix125D-1S
, AND - Han
4 Can phan tich (4 s6 1¢) , HR-250AZ
Quoc
5  May co6 mau chan khong Eyela, Nhat Ban CVE-2200
May sac ky long hiéu nin Shimadzu —
6 Y Y g ' s LC-20A
cao (HPLC) - dau do PDA Nhat
7 May dién di mao quan Agilent - My CE 7100
) L TA Instrument,
8  May quét nhiét vi sai DSC Q20
My
May phan tich nhiét dong Mettler Toledo,
9 _ TGA-DSC 3+
thoi TGA-DSC Thuy St
10 May do diém chay Stuart - Anh SMP20
11 May do pH Hanna - Rumani HI 2550-02
May quang pho hong ngoai
12 yAHangp I o Shimadzu, Nhat AFFINITY-1S

FT-IR
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Stt Trang thiét bi Xuat xir M4 hiéu
13  May quang pho UV-Vis Jasco, Nhat Ban V730
Hé thong LC-MS nguon
14 o SCIEX — My X500R QTOF
phan giai cao
May cong huong tir hat Bruker — Thuy
15 Advance Il 500 MHz
nhan S1
) Taisite — Trung
16  DPeénsoi UV-Vis , WFH-203B
Quoc
17  May khuay tir gia nhiét IKA - Malaysia RET basic
18 May khuay tir gia nhiét Mrclab, Israel HSCD-7
19  May lac xoay Vortex Labnet — My VX-200
ESCO -
20  Tu hat khi doc _ EBC-4A0
Indonesia
21 Tusay Memmert — Duc UF55
22  May cat nuéc 2 lan Aquatron - Anh A400D
Céc dung cu thay tinh
23 Isolab - Anh
chinh xac

C4c thiét bi phan tich dugc hiéu chuan dinh ky.

2.3. THOI GIAN VA PIA PIEM NGHIEN CUU

Thoi gian nghién ctu: tir thang 09 / 2017 dén thang 03 / 2023

Dia diém nghién ciru: Khoa Duoc, Pai hoc Y Dugc Thanh phé H6 Chi Minh;
Khoa Dugc, Truong Pai hoc Y Dugc Hué va Vién kiém nghiém thudc Thanh
phd H6 Chi Minh.

2.4. CO MAU CUA NGHIEN CUU

C& mau duoc tinh toan dé phu hop véi cac budc cua thiét ké nghién ctu.
Khao sat diéu kién tong hop cac tap chat: Iap lai thi nghiém 3 1an & mbi diéu kién.
Thiét 1ap chat dbi chiéu: s6 mau tuan theo huéng dan cua ICH.

Tham dinh cac quy trinh phan tich: sé mau tuan theo huéng dan cua ICH.
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2.5. XAC PINH CAC BIEN SO PQC LAP VA PHU THUQC

Cac bién s6 trong mdi budc nghién ctru duge xac dinh nhu sau:

- Khao sat diéu kién tong hop céc tap cht: bién sé doc 1ap 1a cac diéu kién phan
ng, bién sé phu thudc 1a hiéu suat toan quy trinh tong hop (gdm hiéu suat
t6ng hop va hiéu suat tinh ché).

- Khao sat cac diéu kién sic ky 1ong hiéu niang cao va dién di mao quan dé dinh
luong cac tap trong nguyén liéu va thanh pham carvedilol: bién sb doc lap la
cac diéu kién sac ky va dién di mao quan, bién sé phu thuoc 1a cac thong sb
sic ky, dién di.

2.6. PHUONG PHAP VA CONG CU PO LUONG, THU THAP SO LIEU
2.6.1. Tong hop va tinh ché cac tap

Dua trén tai liéu cong b, qua trinh tong hop cac tap chat duoc thuc hién nham
t6i wu hoa hiéu suat sau khi tinh ché. Cai tién hiéu suat cac quy trinh (néu da cong
bd) bang phuwong phap “thay doi lan luot ting yéu t6 mot" (One factor at a time) véi
c4c bién doc 1ap gom dung méi, ty Ié sé mol, x(c tac, thoi gian, nhiét do phan ang...
dé dat hiéu suat tong hop cao nhat. Cac diéu kién khao sat duoc lap lai 3 lan, lay gia
tri trung binh. Kiém tra su khéc biét gia tri trung binh gitra diéu kién tét nhat voi diéu

kién khéc dwa vao t-test véi ngudng thdng ké p = 0,05.
2.6.1.1. Tong hep va tinh ché tgp A carvedidol

Tap A duoc tong hop theo 2 giai doan sau:

- Giai doan 1: Tong hop 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-
carbazol (6).

- Giai doan 2: Tong hop 1-(4-(2-hydroxy-3-((2-(2-methoxyphenoxy)
ethyl)amino)propoxy)-9H-carbazol-9-yl)-3-((2-(2-methoxyphenoxy)ethyl)amino)
propan-2-ol (tap A).
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<1

{ Dung méi, Xtic téo

t/gian, t °C
2 6

(o]
3© o~
H 3CO ©:O/\/NH2 +

N Xuc tac, dung mai,
H (o]
\/\N/\/O : t/gian, t°C
H

o H,CO
So d0 2.1. So d6 tong hop tap A carvedilol

Téng hep 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6)

Dua trén nghién ctru ciia Somisetti Narender Rao va cong sy %, tién hanh phan
tng tong hop 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) nhu
sau: cho xuc tac kiém vao dung dich chtra 4-(oxiran-2-ylmethoxy)-9H-carbazol (2)
trong dung madi, thém tir tir epiclorohydrin (5), sau d6 dé phan tng ¢ nhiét o va thoi
gian khao sat. D& ngudi hdn hop phan tng vé nhiét do phong, thém nuéc va chiét véi
EtOAc. Dich chiét EtOAc duoc loai nudc bang natri sulfat va dugc ¢ quay dudi ap
suit dé bay hoi dung moi. Tién hanh sic ky cot véi pha tinh silica gel 60, pha dong
la hé PE : EtOAc (5 : 3) dé tach cac san pham tao thanh.

* Khdo sdt diéu kién phan ing: Thay doi mot yéu t va ¢ dinh cac yéu té con
lai ddng thoi danh gia dya trén hiéu suat caa qua trinh tong hop va tinh ché. Méi diéu
kién duoc 1ap lai 3 1an dé danh gia thong ke.

- Khao sat dung moi phan tng: dimethyl formamid (DMF); aceton; dimethyl
sulfoxid (DMSO) va khdng sur dung dung moi.

- Khao sat ty 1& s6 mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-
carbazol (2): 30:1; 40:1; 50:1; 60:1; 70:1.

- Khao sat xuc tac: calci hydroxyd; natri hydroxyd; triethylamin; kali carbonat
+ triethylamin, kali carbonat + natri hydroxyd; kali carbonat

- Khao séat thoi gian phan tng: 1 h; 2 h; 4 h; 8 h; 10 h; 12 h.
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- Khao sat nhiét @6 phan tng: nhiét @6 phong (RT); 35; 45; 55; 65; 75; 85 °C.

Tong hop 1-(4-(2-hydroxy-3-((2-(2-methoxyphenoxy)ethyl)amino)propoxy)
-9H-carbazol-9-yl)-3-((2-(2-methoxyphenoxy)ethyl)amino)propan-2-ol (tap A)

Duya trén nghién ciru cua Somisetti Narender Rao va cong su 28, tap A duoc
tong hop tir phan tng md vong epoxy giita 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-
ylmethyl)-9H-carbazol (6) va 2-(2-methoxyphenoxy)ethanamin (3) theo quy trinh
sau: Cho 2-(2-methoxyphenoxy)ethanamin (3) vao binh cau hai c6 100 ml, thém tu
tur 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) trong dung moi va
khuay tir & nhiét d6 va thoi gian khao sat. Hon hop sau phan tng duoc rira bang nudc
thu dugc chat ran. Tién hanh sac Ky cot voi pha tinh silica gel 60, pha dong 1a hé PE
: EtOAC : MeOH (3 : 4 : 1) tach cac san pham tao thanh.

* Khdo sdt diéu kién phdn #ng: Thay doi mot yéu té va cd dinh cac yéu t con
lai dong thoi danh gia dya trén hiéu suat cia qua trinh tong hop va tinh ché. Mai diéu
kién duoc lap lai 3 1an dé danh gia thong ke.

- Khao sat dung moi phan tng: monoglyme; ethanol; dimethyl formamid
(DMF); dimethyl sulfoxid (DMSO); isopropanol; isoamyl alcohol va khéng st dung
dung mai.

- Khao sét ty 1¢ s6 mol 2-(2-methoxyphenoxy)ethanamin (3) / 4-(oxiran-2-
ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6): 4:1; 5:1; 6:1; 7:1.

- Khao sat xuc téc: silica gel, magnesi oxyd va khdng st dung xuc tac.

- Khao sat nhiét d6 phan ang: RT; 40; 50; 60; 70; 80 °C.

- Khao sét thoi gian phan tng: 2 h; 5 h; 8 h; 12 h; 16 h; 20 h.
2.6.1.2. Téng hep va tinh ché tap B carvedidol

Tap B duoc tong hop theo so do ¢ So d6 2.2. Tién hanh: Hoa tan carvedilol
hoac 2-(2-methoxyphenoxy)ethanamin trong dung moi, dun néong cho tan hoan toan.
Thém 4-(2,3-epoxypropoxy)carbazol vao dung dich carvedilol hoac 2-(2-
methoxyphenoxy)ethanamin, phan ung & nhiét do va thoi gian khao sat. Hon hop

phan mg sau d6 duoc 1am ngudi, c6 bay hoi téi cin dudi &p suat giam. Tién hanh
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tach tap B bang sic ky cot voi pha tinh silica gel 60 str dung hé dung méi cyclohexan
HoN" >0

- EtOAc (1 :1).
H,CO
MO OD
H3CO:© /

hoac
~_0 o
o/\/\H :@ dung mai, t°C , t/gian HN NH
OH
HyCO

N
H

So @6 2.2. So d6 tong hop tap B carvedilol

* Khdo sdt diéu kién phdn ing: Thay doi mot yéu té va cd dinh cac yéu t con
lai ddng thoi danh gia dya trén hiéu suat caa qua trinh tong hop va tinh ché. Mai diéu
kién duoc l1ap lai 3 1an dé danh gia thong ke.

- Khao sat tdc nhan phan tng: carvedilol; 2-(2-methoxyphenoxy)ethylamin.

- Khao sat dung méi phan ng: monoglyme; ethanol; isopropanol; methanol.

- Khao sat nhiét d6 phan ang: 45; 55; 65; 75 °C.

- Khao sét thoi gian phan tng: 4 h; 6 h; 8 h; 10 h; 12 h,

2.6.1.3. Tong hep va tinh ché tgp C carvedidol

Tap C duoc tdng hop theo so dd & So d6 2.3. Tién hanh: Hoa tan carvedilol
(1) vao dung dich benzyl halid trong dung moi khao sat. Thuc hién phan tng ¢ nhiét
d6 khao sat. Hon hop phan tng sau d6 duoc 1am ngudi, cd quay téi can dudi ap suat
giam. Tién hanh sic ky cot dé tach lay tap C, sir dung pha tinh silica gel 60 va hé
dung méi cyclohexan : EtOAc (2:1).

/ OH H
(0]
o) NT Xc tac, dung moi O
Y () e T
/) HsCO °C th/gian H
HsCO
N
H

1 X =ClI, Br
So @6 2.3. So d6 tong hop tap C carvedilol

47



* Khdo sdt diéu kién phan izng: Thay doi mot yéu td va cb dinh cac yéu t con
lai ddng thoi danh gia dya trén hiéu suat ctia qua trinh tong hop va tinh ché. Mai diéu
kién duoc l13p lai 3 1an dé danh gia thong ke.

- Khao sat tdc nhan phan tng: benzyl clorid; benzyl bromid.

- Khao sat dung moi phan tng: ethanol, methanol, aceton, toluen.

- Khao séat xuc tac: triethylamin; kali carbonat; calci hydroxyd; natri hydroxyd.

- Khao sat nhiét do6 phan ang: RT; 40; 50; 55 °C.

- Khao séat thoi gian phan tng: 1 h; 2 h; 4 h; 6 h; 8 h; 10 h.

2.6.1.4. Tong hep va tinh ché tap D carvedidol

Tap D duoc tong hop theo so dd & So @6 2.4. Tién hanh: 4-hydroxycarbazol
trong dung mdi khao sat duwoc thém vao xic tac base. Thém epiclorohydrin vao va
thuc hién phan ang ¢ nhiét do va thoi gian khao sat. Sau khi két thic phan ¢ng, hon
hop phan tng dugc loc va rira vai nudc nhiéu lan. San pham thoé dugc say o 45 °C
trong 8 tiéng, dé nguoi va tién hanh sic ky cot dé tach lay tap D, sir dung pha tinh
silica gel 60 va hé dung méi n-hexan : EtOAc (4:1).

HO o
. /\G dung mdi, xuc tac i
; ’ t°C , t/gian / O

So d0 2.4. So d6 tong hop tap D carvedilol
* Khdo sdt diéu kién phan ing: Thay doi mot yéu td va ¢ dinh céc yéu t con
lai ddng thoi danh gia dya trén hiéu suat ctia qua trinh tong hop va tinh ché. Mai diéu
kién duoc l3p lai 3 1an dé danh gia thong ke.
- Khao sat dung mdi phan ung: aceton, dimethyl sulfoxid (DMSO), acetonitril,
dimethyl formamid (DMF).
- Khao sat thoi gian phan ang tr 0,5 h; 1,0 h; 1,5 h; 2,0; 2,5; 3,0; 3,5 h.
- Khao sat nhiét @6 phan ung: 30, 35, 40, 45, 48, 50, 55, 60 °C.
- Khao sét ti 1& s6 mol epiclorohydrin va 4-hydroxycarbazol: 1:1; 1,25:1; 1,5:1;
1,75;1,9:1; 2:1; 2,25:1.
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- Khao sét ti 1¢ s mol natri hydroxyd trén co chat 4-hydroxycarbazol: 0,875:1;
0,9625:1; 1,100:1; 1,230:1; 1,325:1; 1,5125:1; 1,650:1.

2.6.1.5. Piéu ché va tinh ché tap E carvedidol

Tap E duoc diéu ché theo so do ¢ So d6 2.5. Tién hanh: Hoa tan 2-(2-
methoxyphenoxy) ethylamin trong dung mdi khao sat vao binh cau, suc khi HCI méi
diéu ché vao binh dén khi xuat hién tua. D& yén qua ngay roi loc hdn hop phan tng
dé thu lay tua, rira taa nhiéu 1an véi aceton. Tap E duoc tinh ché bing phuong phap

két tinh trong dung méi.

N o
©:O\/\NH2 dung moi ~"NH, .HCI
+ HOI #————»

OCHs OCHs

So @6 2.5. So d6 diéu ché tap E carvedilol

Khao sat dung mdi phan tng gom cloroform, ethyl acetat, aceton va
acetonitril, danh gia hiéu suat cta qua trinh diéu ché. Mbi diéu kién duoc l1ap lai 3 1an

dé danh gia thong ké.
2.6.2. Thir tinh Khiét va xac dinh ciu tric san pham tong hep
2.6.2.1. Thar tinh khiét

Cac san pham tong hop duoc kiém tra d6 tinh khiét so bo bang phuong phap
sac ky 16p mong (SKLM). Cac san pham duoc hoa tan trong methanol, tién hanh khao
sat cac hé dung mai va lya chon ba hé cé kha ning rira giai tot nhat, ¢dam bao sy tach
biét rd rang giita cac thanh phan va gitp phat hién tap chit, néu cd. Cac yéu to ty I¢
dung méi, d6 phén cuc duogc diéu chinh dé tbi vu héa kha nang phan tach trén ban
maong.

Ban mong sau khi khai trién dugc quan sat dudi dén UV 254 nm. Dé san pham
duoc coi la tinh khiét, mdi sac ky do tir ba hé dung méi khac nhau phai cho mot vét
gon duy nhat. Cac vét nay phai cé gia tri Rt trong khoang twong tng 1a 0,25; 0,50; va
0,75 (trong 3 hé dung mdi khac nhau). Néu c6 bat ky tap chat nao, s& xuat hién thém

cac vét khac trén ban mong, diéu nay cho thay san phdm chua tinh khiét.
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2.6.2.2. Xdc dinh cdu tric

Cac san pham duoc tong hop dugc xac dinh ciu tric bang cac phuwong phap
pho:

- Quang phd hap thu UV-Vis: mau duoc hoa tan trong dung mdi phi hop, tién
hanh do phé dé xac dinh khung céu trdc cua san pham tong hop duoc.

- Quang phd hap thu hong ngoai (IR) dé xac dinh sy c6 mit cua cac dinh dic
trung cac nhom churc trong phén tu.

- Pho khéi lugng (HRMS): dugc do trén thiét bi khbi pho phan giai cao két néi
sic ky long (X500R QTOF), dé xac dinh khéi luong chinh xac va cong thic nguyén
cua hop chat.

- Phd cong huong tir hat nhan mot chiéu (*H-NMR, 3C-NMR) va hai chiéu
(HSQC, HMBC): hoa tan mau trong dung méi phti hop (c6 tham khao tai liéu) véi
noi chuan 12 TMS rdi ghi pho trén thiét bi co tan s6 500 MHz.

Cac pho trén duoc so sanh véi pho caa cac hop chét da biét cong b trong céc
tai liéu.

2.6.3. Xay dwng va tham dinh quy trinh x4c dinh dd tinh khiét c4c tap tong hep

bang sic ky léng hiéu niing cao
2.6.3.1. Lwa chon diéu kign sac ky

* C6 dinh cac yéu tb:
Cot sic ky Zorbax Eclipse XDB-C8 (150 x 4,6 mm; 5 um); Dau do: PDA,
str dung ché 6 Max plot (190 — 800 nm); Dung méi pha mau: Nudgc - ACN
(1:1); Nhiét do cot; Thé tich tiém mau; Téc do dong.
* Khao sat cac yéu té pha dong gom: thanh phan dung mdi, nong d6 céc thanh
phan, phuong thic rira giai (dang dong hoac gradient).
* MAu tring: dung moi hoa tan va pha dong.
* C4c mau thtr dugc pha téi ndng do cho tin hiéu pic 16n (chiéu cao pic trén
500 mAU).
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* Y@u cau: Trén sic ky d6 mau thir, cac chat phai duoc ria giai va tach roi
nhau.

2.6.3.2. Tinh todn dj tinh khiét trén HPLC

Tinh két qua do tinh khiét cua tap trén HPLC bang phwong phap chuan hoa
dién tich trén cac sic ky do & ché do Max plot mau tring, pha dong va mau the. Trén
sic ky dd mau thi, trir di dién tich cac pic phu cd thoi gian luu twong tng vai cac pic
trong mau trang va pha dong. Do tinh khiét sac ky tinh theo thanh pham nguyén trang

cua tap duoc tinh theo céng thic sau:

S
X(%) = ﬁ X 100%
a X

Trong do:

- X (%): D6 tinh khiét tap cua carvedilol.

- Sa: Dién tich pic chinh trong mau thir.

- Y'S,: Tong dién tich cua cac pic phu trong mau thir (ngoai trir cac pic phu
trong mau thir ¢6 thoi gian luu twong Gng cac pic trong mau trang va pha

dong).
2.6.3.3. Tham dinh quy trinh phan tich

Tham dinh qui trinh x4c dinh d6 tinh khiét cac tap tong hop duoc thuc hién
theo huéng dan caa ICH %, bao gom mét sé chi tiéu:

- Tinh pht hop hé théng

Chuan bi cac dung dich miu thi tap A 400 pg/ml, tap B 200 pg/ml, tap C 200
ug/ml, tap D 200 pg/ml, tap E 200 pg/ml, tién hanh sac ky 6 lan.

Yéu cau: gia tri RSD% cua thoi gian luu va dién tich pic cua cac tap phai <
2,0%:; Hé sb dbi xung cua pic chinh phai trong khoang 0,8 - 1,5; Do phan giai giira
pic chinh va pic phu phai 16n hon 1,5 (Rs> 1,5).

- Tinh dac hiéu

Tién hanh sac ky trong cung diéu kién mau trang, mau pha dong va mau thi.

Yéu cau:
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e Sic ky dd mau pha dong, mau tring: khdng xuat hién pic ¢ thoi gian luu

tuong GNg VGi pic chinh cua tap trong sic ky do mau thu.

e Sic ky dd mau thir: pic chinh cua tap phai tich hoan toan céac pic khac (néu

co).
e Pic chinh cua tap phai tinh khiét theo phd UV-Vis.

- Tinh tuyén tinh

Tién hanh sic ky cac dung dich tap & cac nong do khac nhau (tap A: 50-800
pg/ml, tap B: 52,1 — 833,8 pg/ml, tap C: 24,2 —773,8 pg/ml, tap D: 50 — 500 pg/ml,
tap E: 100 — 500), mdi dung dich tiém 2 lan, xac dinh dién tich pic, tinh gia tri trung
binh.

Xay dyung phuong trinh duong thang hoi quy va hé sé twong quan R? dé danh
gia sy twong quan tuyén tinh giira dién tich pic va nong do dung dich trong khoang
nong do khao sat.

Yéu cau: R? > 0,995

- B6 chinh xac

Do chinh xac ciia phuong phap thé hién o do lap lai va do chinh xéc trung gian.

o Do lap lai

Thuc hién bang cach chuan bi 6 mau thir & ndng do thich hop trong mién gia

tri ¢a khao sat. M&i mau tién hanh sic ky 1 1an.
e Do chinh xac trung gian

Tién hanh nhu d 13p lai va 1am trong 2 ngay lién tiép véi cung diéu kién 1am

viéc va nguoi thyc hién.

Yéu cau: gia tri RSD% cua db tinh khiét cac tap phai < 2,0%.
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2.6.4. Panh gia va thiét 1ap tap chat @i chiéu
2.6.4.1. Phwong phdp déanh gid san pham tong hep
a) Tinh chat

Dua va0 cam quan dé xac dinh hinh dang, mau sac va mui caa chat thi. Do
tan s& duoc danh gia theo quy dinh cia Dugc dién Viét Nam V 2.

b) Diém chay

Xéc dinh diém chay bang may phan tich nhiét vi sai DSC.

Mau duoc can bang nhiét ¢ 40 °C, gia nhiét mau véi toc d6 10 °C/phdt cho
dén 250 °C. Luu lugng dong khi nito trong subt qua trinh thuc hién 12 50,0 ml/pht.
Can khoang 2 - 10 mg mau thir vao chén dung mau. Tién hanh do nhiét d6 ndng chay
bang méay DSC.

Xac dinh khoang nong chay theo quy dinh cia Dugc dién Viét Nam V 29,

c) Binhtinh
Tién hanh do cac phd nhu muc 2.6.2.2.
- Phé UV-Vis: x4c dinh cuc dai hap thu Amax.
- Phé IR: Tién hanh do pho IR bang ky thuat ATR, xac dinh s6 song cua céc
nhom chice dic trung trong cong thirc ciu tao cua chat thir.
- Phé khéi: xac dinh pic co ban (m/z).
- Phé NMR: xac dinh céc tin hiéu twong tng véi do dich chuyén hoa hoc dic
trung ctia chat thir trong pho *H-NMR, C-NMR, HSQC, HMBC.
d) Mat khéi lwong do 1am khd

Xac dinh ham am bang phan tich nhiét trong lugng (TGA).

Mau duoc can bing ¢ nhiét 6 30 °C, gia nhiét mau véi toc d6 10 °C/phut cho
dén 160 °C. Luu lugng dong khi nito trong subt qua trinh thyuc hién 12 50,0 ml/phdit.

Can mot luong bot khoang 2 — 10 mg cho vao dung cu chira mau. Tién hanh do do
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am bang may TGA. Xac dinh ham am c6 trong mau dua vao sy thay d6i phan trim
trong lwong mau.
e) Do tinh khiét
Ap dung phuong phéap chuan hoa dién tich HPLC nhu muc 2.6.3.
2.6.4.2. Thiét Igp chdr déi chiéu

CAc tap sau khi duoc dénh gia dat yéu cau chat lugng duoc dong thanh ting
lo nho c6 khéi lugng thich hop. Str dung lo thaty tinh nau han kin, ¢6 16p dém teflon
dat tiéu chuan chét luong theo quy dinh, dan nhan tam ghi tén hoat chat va danh sé
thar tu tieng lo. Viéc dong goi duoc thuc hién trong Glove-box:

- Nap khi nito 99,99%.

- D6 4m tuwong ddi trong budng dong = 40%.

a) Pdnh gid dé dong nhat cia qud trinh déng lo

L4y mau ngiu nhién theo cong thic VN + 1, trong d6 N 14 tong sb lo. Tién
hanh dinh lugng tung lo theo phuong phap da xay dung.

Mau thtr duge xem 1a dong nhat khi do léch chuan cac lo < 0,36 %, véi o 1a 46
léch chuan ky vong trong linh vuc san xuat chat chuan (o = 1 %).

b) Pdnh gid dé dong nhdt lo lién phong thi nghiém

Tién hanh dua theo huéng dan caa 1SO 13528, ©

Thanh pham sau khi dong géi va danh gia ddng nhat 16 dat yéu cau duoc lay mau
ngau nhién va tién hanh dinh luong tai ba phong thi nghiém doc 1ap.

Cac phong thi nghiém duoc lya chon dé guri mau phai dat GLP hoic ISO/IEC
17025. Mbi phong thi nghiém s& nhan duoc 06 lo mau ngau nhién kém theo qui trinh
phan tich va cac tai liéu lién quan. Truéc khi phan tich, mdi phong thi nghiém s& danh
gia lai tinh phi hop cua hé thong. Néu dat yéu cau, tién hanh xac dinh do tinh khiét

trén 6 mau da nhan, mdi miu nén dugc Kiém tra 2 lan dé tranh sai sb.
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Cac phong thi nghiém duoc lya chon dé giri mau 1a Khoa Nghién ctu va phat trién
(PTN1), Khoa Thiét Iap chat chuan & chat d6i chiéu (PTN2) va Khoa Kiém nghiém
My pham (PTN3) thuoc Vién kiém nghiém thudc Tp.HCM.

MJdi phong thi nghiém s& tra 1oi két qua doc 1ap trén sau lo mau gai. Tap hop cac
két qua cua hai phong thi nghiém tham gia (n = 18), danh gia két qua theo ANOVA,
so sanh 2 gia tri Fi va Fr.

Truong hop 1: Fin < Fie — két qua trung binh cua 3 phong thi nghiém khac nhau
khong ¢ y nghia, qui trinh phan tich c6 do 1ap lai cao, do tinh khiét chat phan tich
khong phu thudc vao phong thi nghiém tham gia danh gia.

Truong hop 2: Fun > Fe — két qua trung binh cua 3 phong thi nghiém khac nhau
¢6 ¥ nghia, qui trinh phan tich c6 d¢ 14p lai thip, d6 tinh khiét chat phan tich thay doi
tiy vao mdi phong thi nghiém tham gia danh gia.
¢) Xdc dinh gia tri dn dinh — gia trj céng bo

Tién hanh dua theo huéng dan cua 1SO 13528,
Gia tri dn dinh dugc xac dinh tir 18 két qua cia ba phong thi nghiém tham gia
danh gia.
Quy udc: Gid tri trung binh thuc (Robust average): )?(*n)
Do léch chuan (Robust standard deviation): S
Viéc xac dinh gié tri an dinh bao gom cac budc sau:
— Budc 1. Nhap sé liéu xi 1a tap hop s6 liéu cta 3 PTN theo thir ty ting dan
- Budéc 2: Tinh gid tri X, va S(g
|X; — Xy| Giatritrung vi cua day két qua theo thir tu tang dan
Xy lagiatrichinh giita ddy s6 néu day két qua gitra2 PTN lasé 1¢

_ Xp+Xxp,, . L <
Xiy=—2—2-néu didy ket qua cuaa 2 PTN la so chan
©) >

S(0y= 1,483*trung vi cua day |X; — Xoy|, (v6ii=1,2....p)
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. T
Cap nhatgiatri U= 7 X 2 nhu sau

Tinh 84y=1,5 S0y V6i Mai gid tri X ; trong day tinh Xy — 61y X{ (1) = X(o) —
S
Xi*(1) = X(O) + 8¢ néu X< X(0)- 01
Xiay = Xo + ) néu X> Xyt 8 @
Xiy = X1 khi X)- 8 1) <X@)< Xyt 8 )

Tinh giatri X;,, theo cong thirc

=" 5

. 21 Ky =X (n)?
Sty = 1,134J o)

Véi p: tong céc gia tri co két qua z — score < 2,0

— Budc 3: Tién hanh tinh toan Iap lai budc 2 cho dén khi gia tri S(;,) khong thay doi
s6 thur ba sau dau phay va X,y khong doi thi gia tri nay Ia gia trj 4n dinh.
Xéc dinh d¢ khong dam bao do: U, =1,25s*//p

Str dung gia tri an dinh x*(n) dé danh gia ting két qua phan tich theo test-z,
loai bo céac két qua phan tich ¢6 |z| > 2,0. Chon cac gi4 tri |z| < 2,0; tinh gi4 trj trung
binh va gi4 tri nay chinh la gia tri cong bé.

Lap ho so chat chuan, dan nhan lo chuan va kém theo phiéu kiém nghiém theo
ISO Guide 31 7°. Bao quan & nhiét o 2 - 8 °C, tranh anh sang.
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2.6.5. Xay dung quy trinh dinh lweng dong thai carvedilol va cac tap trong

nguyén liéu va thanh pham bing sic ky 16ng hiéu ning cao

2.6.5.1. Lwa chon diéu kign sic ky

Dung phuong phap HPLC pha dao dé dinh luong dong thoi cac tap A, B, C, D,

E trong thanh pham carvedilol. Qua tham khao tai liéu cua dwgc dién My 2023,

nghién ctru ¢b dinh cac diéu kién sic ky nhu sau:

Cot sic ky: cot Zorbax Eclipse XDB-C8 (150 x 4,6 mm; 5 pum);

Pau do PDA: budc song 220 nm dé dinh luong tap E, 240 nm dé dinh luong
carvedilol va cac tap con lai.

Nhiét o cot: 40 °C;

Thé tich tiém mau: 5 pl;

Nghién ctru da tién hanh khao sat cac diéu kién sau:

Khao sat pha dong vé thanh phan, ty 1 va chuong trinh dung méi pha dong: da
khao sat hé dung m6i ACN — H»O vai acid phosphoric va TFA vai céc ty 1é
khéc nhau.

Khao sat tc do dong: 0,5 ml/phat; 0,7 m/phat va 1,0 mi/phit.

Yéu cau: Trén sac ky dd, cac pic phai can d6i, dugc tach nhau hoan toan (Rs > 1,5),

céc pic c6 do tinh khiét trén UV-Vis va thoi gian phan tich khong qua dai.

2.6.5.2. Tham dinh quy trinh phan tich

a) Chudn bi mdu

Dung dich chudn gac carvedilol: Can chinh xéac khoang 20 mg carvedilol cho
vao binh dinh mac 5 ml, hoa tan va dinh mic dén vach bang ACN. Loc qua
mang loc 0,45 pm thu duoc dung dich chuan géc ¢ ndng d6 4000 pg/ml.
Dung dich chudn géc tap A: Can chinh xéac khoang 10 mg tap A cho vao binh
dinh mirc 5 ml, hoa tan va dinh mtc d&én vach bang ACN. Loc qua mang loc
0,45 um. Ly 0,1 ml dung dich trén cho vao binh dinh mtc 10 ml, dinh muc
dén vach bang ACN ta thu dugc dung dich chuan gbc c6 nong do 20 pg/ml.
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Dung dich chudn gac tap B: Can chinh xac khoang 10 mg tap B cho vao binh
dinh mac 5 ml, hoa tan va dinh mtc dén vach bang ACN. Loc qua mang loc
0,45 pm. Lay 0,1 ml dung dich trén cho vao binh dinh mtc 10 ml, dinh muc
dén vach bang ACN ta thu dugc dung dich chuan géc c6 nong do 20 pg/ml.
Dung dich chudn géc tap C: Can chinh xéac khoang 10 mg tap C cho vao binh
dinh mirc 5 ml, hoa tan va dinh mtc d&én vach bang ACN. Loc qua mang loc
0,45 um. Ly 0,1 ml dung dich trén cho vao binh dinh mtc 10 ml, dinh muc
dén vach bang ACN ta thu dugc dung dich chuan géc c6 nong do 20 pg/ml.
Dung dich chudn géc tgp D: Can chinh xéac khoang 10 mg tap D cho vao binh
dinh mac 5 ml, hoa tan va dinh mtc dén vach bang ACN. Loc qua mang loc
0,45 pm. Léy 0,1 ml dung dich trén cho vao binh dinh mic 10 ml, dinh mc
dén vach bang ACN ta thu dugc dung dich chuan géc c6 nong do 20 pg/ml.
Dung dich chudn géc tep E: Can chinh xac khoang 10 mg tap E cho vao binh
dinh mtc 5 ml, hoa tan va dinh mutc dén vach bang MeOH. Loc qua mang loc
0,45 pm. Lay 0,1 ml dung dich trén cho vao binh dinh mtc 10 ml, dinh muc
dén vach bang MeOH ta thu dugc dung dich chuan géc ¢6 ndng do 20 pg/ml.
Dung dich chudn hén hop: Carvedilol 2000 pg/ml — CAc tap Véi nong dé mai
tap 4 pg/ml (twong ing Véi ty 1é cho phép cia mai tgp trong thanh phdm
carvedilol 14 0,2%) : Tir cac dung dich chuan goc pha lodng bang pha dong
thanh dung dich chuan hén hop chira carvedilol nong d6 khoang 2000 pg/ml va
c4c tap nong do 4 pg/ml.

Dung djch thi: Can chinh xac lwong bot nguyén liéu / thanh pham twong tng
khoang 10 mg carvedilol cho vao binh dinh mac 10 ml, thém khoang 6 ml ACN,
siéu am trong 15 phat. Thém ACN dén vach, liac déu. Loc qua mang loc 0,45
pm.

Dung dich thi gid ldp : Tir dung dich thir thém vao chuan géc tap B, C, D, E
theo dung ty 18 cho phép cua mdi tap trong thanh pham la 0,2%.
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b) Tinh phii hop hé théng

Tién hanh : T dung dich chuan géc 2000 pg/ml pha lodng thanh dung dich
chuan 1am viéc ¢ nong d6 500 pg/ml. Tiém sic ky 6 1an lip lai dung dich chuén
500 pg/ml.

Yéu cau : RSD% cua cac thdng sé thoi gian luu, dién tich pic khdng qua 2%, s6
dia Iy thuyét N > 1000, hé s6 bat kéo dudi Tr tir 0,8 — 1,2 va hé s6 ria giai Rs>
1,5.

c) Tinh dac hiéu

Tién hanh phan tich sic ky mau tring, mau chuan, mau thir va mau thir thém
chuan.

Yéu cau: Sac ky d6 mau tring khong xuat hién pic trong khoang thoi gian luu
tuong ng Vi thoi gian luu cia carvedilol va céc tap trong sac ky dd mau chuan.

Céc pic carvedilol va tap déu dat do tinh khiét trén phd UV-Vis.

d) Tinh tuyén tinh

Tir dung dich chuan gbc pha lodng véi pha dong dé c6 day dung dich chuan thi
cap ¢6 ndng do tir 250 — 1500 pg/ml. Tién hanh phan tich sic ky ddy dung dich
chuan trén. Xay dung phuong trinh duong hdi quy va hé sé twong quan hoi quy
R2 dé danh gi4 su twong quan tuyén tinh gitta dién tich pic va nong do dung dich
trong khoang noéng do6 khao sat.

Yéu cau: R? > 0,995.

e) D¢ chinh xac

* Do lap lai
Chuan bj 6 mau thir va 6 mau thir gia 1ap theo quy trinh chuan bi dung dich thu
& muc a, tién hanh dinh lugng bang HPLC véi cing diéu kién di chon. Xac dinh
do6 chinh xac trong ngay thong qua RSD% ctia ham luong carvedilol va cac tap

c6 trong thanh pham.
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- Yéu cau: RSD < 3,7% vdi cac tap (twong ing v6i mirc ndng d6 0,1 — 1% trong
nén mau) va RSD < 2% véi carvedilol 7.
* Pd chinh xac trung gian
- Lap lai quy trinh trén vao ngay tiép theo dé xac dinh do chinh xac trung gian.
- Yéu cau: RSD < 3,7% vdi cac tap (twong ng v6i mirc ndng d6 0,1 — 1% trong
nén mau) va RSD < 2% véi carvedilol ™.
Ham luong phan trim so voi ham luong ghi nhin vién nén carvedilol duoc xéac

dinh bang cong thuc:

St mxk
C% = —XC., XV X X 100%

Se m, X A
Trong do
St la dién tich pic carvedilol trong dung dich thi;
S. la dién tich pic carvedilol trong dung dich chuan;
C. la néng do carvedilol (mg/ml) trong dung dich chuan;
V la thé tich caa dung dich tht (ml);
me 12 khdi luong bot vién can duoc (mg);
m la khéi lugng trung binh vién (mg);
k 12 hé s6 pha lo&ng;
A 1a ham lugng carvedilol ghi trén nhén (mg).
- Ham luong phan trim cta c4c tap trong thanh pham carvedilol dugc tinh theo
cong thuec:

C% =2 x & % 100%

Ts u
Trong do6:
Cs la ndng @6 (mg/ml) cuaa carvedilol trong dung dich chuan;
Cu la ndng do (mg/ml) cua carvedilol trong dung dich thu;
ry la dién tich pic cua tap trong dung dich thu;
rs 1a dién tich pic caa carvedilol trong dung dich d6i chiéu.

* g chinh xac trung gian

60



f) Do diing

Thém chinh xac mét lwong chuan géc vao cac mau thir vai céc ty 1€ lan luot 12
80%, 100% va 120% so vaoi gioi han cho phép (twong tng vai 500 pg/ml
carvedilol va 1 pg/ml véi mdi tap). Mdi ndng d6 duoc tién hanh 3 lan trong
cung diéu kién khao sét. Tinh ti 1& thu hdi dya vao lwgng chuin thém vao ban
dau va luong carvedilol va céc tap tim lai.

Yéu cau: Ty Ié thu hoi trong khoang: 95-105% véi cac tap (twong (mg voi mire

ndng d6 0,1 — 1% trong nén mau) va 98-102% véi carvedilol ..

g) Gidi han phéat hi¢gn (LOD) va gidgi han dinh lvong (LOQ)

Dua trén ty Ié tin hiéu trén nhiéu (S/N). Pha lodng dung dich chuan hdn hop

nong do giam dan, tién hanh sac ky va tinh ty s6 S/N. Nong d6 mdi tap tuong

ung S/IN =3 1a LOD, S/N =10 la LOQ. Panh gia d6 chinh xac va do dung tai

nong do tuong ung LOQ.

Yéu cau:

e S/N=3choLOD, S/N=10cho LOQ

e RSD cua 6 lan lap lai < 3,7% (twong tng v&i mitc nong do 0,1 — 1% trong
nén mau) ",

e Do dung tai LOQ dat véi do thu hoi trong khoang 95-105% (twong Gng véi

mirc ndng do 0,1 — 1% trong nén mau) '%.

h) Khodng xdc dinh

Khoang xac dinh cta quy trinh duoc xac dinh tir cac thdng s6 tham dinh tinh
tuyén tinh, do dung, do chinh xac va gidi han dinh lugng.
Yéu cau: Khoang xac dinh 1a khoang nong do dam bao tinh tuyén tinh, do ding

va do chinh xac.

2.6.5.3. Ung dung

Tién hanh dinh lugng ham lugng carvedilol va cac tap c6 trong 06 mau vién nén

va 03 mau nguyén liéu theo phuong phap HPLC da dugc xay dung.
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2.6.6. Xay dung quy trinh dinh lweng dong thai carvedilol va cac tap trong

nguyén liéu va thanh pham bang dién di mao quan

2.6.6.1. Khdo sdt quy trinh dinh lwong

Diéu kién dién di ban ddu:

- BGE: Bém acetat 100 mM pH 4; Cot mao quan fused silica (Chiéu dai hiéu dung:
40 cm, chiéu dai tong: 48,5 cm, dudng kinh ngoai: 360 pm, duong kinh trong: 75
um); Nhiét do cassette: 20 + 1 °C; Pién thé ngudn: 20 kV; Cudng d6 dong: 150
HA; Dau do PDA: 190 — 600 nm; Tiém mau: 35 mBar — 4 giay.

- Xir ly cot:

o Giita cac lan tiém: natri hydroxyd 0,1 M 2 pht - Nudc 2 phat - BGE 2 phut
o Hoat héa mao quan lan dau: natri hydroxyd 1 M 30 phdt - natri hydroxyd 0,1
M 30 phut - Nuac 5 phut - BGE 5 phut
o Pau ngay: Nudc 5 phit - natri hydroxyd 0,1 M 15 phdt - Nuéc 5 phut - BGE
5 phat
o Cubi ngay: Nudc 2 phit - natri hydroxyd 0,1 M 10 phit - Nudc 10 phuit.
Tur diéu kién dién di ban dau, tién hanh khao sat cac yéu ta:
- Khao séat dung méi pha mau: ACN, MeOH, céc ty 1é khac nhau cuia MeOH
véi BGE.
- Khao sét loai dém va pH dém: Bém acetat, dém phosphat, dém Tris, dém
citrat6cacpH3-4-5-6-7-8-9;
- Khao sat dung méi hitu co thém vao: Thém ACN, MeOH thay thé nuéc trong
dém véi cac ti I khac nhau;
- Khao sét chat dién hoat thém vao: SDS, Tween20, CTAB, natri heptan-1-
sulfonat véi cac ndng do trén, dudi va tai ndng do micell téi han;
- Khao sat néng do dém: 60, 80, 100, 120, 140 mM,
- Khdo sat di¢n thé: 10 kV, 15 kV, 20 kV;
- Khao sat chiéu dai hiéu dung cot: 40 cm, 50 cm, 60 cm.
Yéu cau: Trén dién di d6, cac pic phai can dbi, duoc tach nhau hoan toan (Rs> 1,5),

cac pic co do tinh khiét trén UV-Vis va thoi gian phan tich khdng quéa dai.
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2.6.6.2. Tham dinh phwong phdp

Tham dinh phuong phap theo hudng dan cua ICH 2005 bao gém cac tiéu chi:
Tinh phi hop hé théng, tinh dac hiéu, tinh tuyén tinh, d6 chinh xac, d6 ding, gidi han
phat hién (LOD), giéi han dinh Iugng (LOQ), khoang xac dinh.

Chudn bj dung dich mau:

- Dung dich chudn gdc carvedilol: Can chinh xac khoang 150 mg carvedilol cho
vao binh dinh mic 10 ml, hoa tan va dinh muac dén vach bang MeOH. Loc qua
mang loc 0,45 pm, thu dugc dung dich chuan gbc carvedilol c6 nong ¢6 15000
pg/mL.

- Dung dich chudn gac tap A: Can chinh xac khoang 5 mg tap A cho vao binh
dinh mirc 5 ml, hoa tan va dinh muac dén vach biang MeOH. Loc qua mang loc
0,45 um, thu duoc dung dich chuan géc tap A c6 nong do 1000 pg/mL.

- Dung dich chudn géc tap B: Can chinh xac khoang 5 mg tap B cho vao binh
dinh mtc 5 ml, hoa tan va dinh mutc dén vach bang MeOH. Loc qua mang loc
0,45 pm, thu duoc dung dich chuan goc tap B ¢6 nong do 1000 pg/mL.

- Dung dich chudn géc tgp C: Can chinh xac khoang 5 mg tap C cho vao binh
dinh mirc 5 ml, hoa tan va dinh muac dén vach bang MeOH. Loc qua mang loc
0,45 pum, thu duoc dung dich chuan gdc tap C ¢6 nong d6 1000 pg/mL.

- Dung dich chudn géc tep D: Can chinh xéac khoang 5 mg tap D cho vao binh
dinh mirc 5 ml, hoa tan va dinh muac dén vach bang MeOH. Loc qua mang loc
0,45 pum, thu duoc dung dich chuan géc tap D ¢6 nong d6 1000 pg/mL.

- Dung dich chudn géc tap E: Can chinh xac khoang 5 mg tap D cho vao binh
dinh mtrc 5 ml, hoa tan va dinh mutc dén vach bang MeOH. Loc qua mang loc
0,45 pm, thu duoc dung dich chuan géc tap D ¢6 nong d¢6 1000 pg/mL.

- Madu hén hgp chudn: Carvedilol 2500 pg/mL, tap A 5 pg/mL, tap B 5 pg/mL,
tap C 5 pg/mL, tap D 5 pg/mL, tap E 5 pg/mL (twong tng vai ty 1€ cho phep
mdi tap trong thanh pham 14 0,2% theo USP 2023) T cac dung dich chuan géc
pha lodng bing dung mai thanh dung dich chuan hén hop chira carvedilol nong

d6 khoang 2500 pg/ml va céc tap nong do 5 pg/ml.
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Dung dich thi: Can chinh xac lwong bot nguyén liéu / thanh pham twong tng
khoang 25 mg carvedilol cho vao binh dinh mac 10 ml, thém khoang 6 ml dung
moi pha mau, siéu 4m trong 15 phat. Thém dung méi dén vach, lic déu. Loc
qua mang loc 0,45 pum.

Dung dich thi gid ldp : Tir dung dich thir thém vao chuan gdc céc tap theo diing

ty 1& cho phép cua mdi tap trong thanh pham 1a 0,2%.

a) Tinh phu hop hé thong

Tién hanh:

Tién hanh dién di 6 1an mau hdn hop chuan. Tinh RSD% cua cac thong s6 thoi

gian dién di, dién tich pic duoc chuan hda (CorrA), hé sb bat ddi xing T va hé sb

phan giai Rs.

Yéu cau:
- B¢ léch chuan cua thoi gian dién di va dién tich pic < 3%
- Céc pic phai dat cac théng sb khac (0,8 < As < 1,5; Rs > 1,5, N > 2000).

b) Tinh déc hiéu

Tién hanh phan tich dién di cac mau: Dung dich dién ly nén, dung mdi pha mau,
cac dung dich chuan don tap A, tap B, tap C, tap D, tap E, carvedilol, mau hdn
hop chuan carvedilol tap A, tap B, tap C, tap D, tap E va mau thir gia lap.

Yéu cau: Pién di d mau dung dich dién ly nén, dung méi pha mau khong xuat
hién pic trong khoang thoi gian luu twong ng vaéi thoi gian luu cua carvedilol
Va C4c tap trong dién di dd mau chuan. Cac pic dat do tinh khiét pic trén pho
UV-Vis.

c) Tinh tuyén tinh

Tir dung dich chuan gdc pha lodng dé c6 day dung dich chuan thir cap c6 nong
d6 carvedilol tir 1000 — 6000 pg/ml va cac tap tir 2 — 8 pg/ml. Tién hanh phan
tich dién di ddy dung dich chuan trén. Xay dung phuong trinh dudng hoi quy
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va hé s6 twong quan hoi quy R2dé danh gia sy trong quan tuyén tinh gitta dién
tich pic chuan héa va nong d6 dung dich trong khoang nong do khao sat.
- Yéu cau: R2>0,995.

d) B¢ chinh xac
- Do lap lai

Tién hanh dién di 6 mau thir gia 1ap & ndng d6 mdi tap 5 pg/mL. Xac dinh gigi
han cac tap trong cac mau, tinh RSD két qua ctia cac mau.

Y&u cau: RSD ham luong < 3,7% (twong Gmg v6i mirc ndng d6 0,1 — 1% trong
nén mau) %,

- B0 chinh xac trung gian

Tién hanh: Twong tu nhu d6 13p lai nhung khac ngdy hodc khac nguoi hoic
khac thiét bi.
Yéu cau: RSD ham lugng < 3,7% (twong (mg v4i muc nong do 0,1 — 1% trong

nén mau) ..
e) Do dung

- Thém chinh x&c mot luong chuan goc vao cac mau thir véi cac ty 18 1an luot 1a
80%, 100% va 120% so vaéi gisi han cho phep (twong ung véi 2500 pg/ml
carvedilol va 5 pg/ml véi mdi tap). Mdi nong d6 duoc tién hanh 3 lan trong
cung diéu kién khao sét. Tinh ti I¢ thu hoi dya vao lugng chuan thém vao ban
dau va lugng carvedilol va cac tap tim lai.

- Y@&u cau: 95-105% véi cac tap (tuong tng v6i mirc ndng do 0,1 — 1% trong nén

mau) va 98-102% véi carvedilol ..

f) Gigi han phat hién va gidi han dinh lwong

- Duya trén ty I8 tin hiéu trén nhidu (S/N). Pha lodng dung dich thtr gia lap ndng

d6 giam dan, tién hanh dién di va tinh ty s6 S/N. Nong d6 mdi tap tuwong ng
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S/N =312 LOD, S/N =10 12 LOQ. P4nh gia do chinh xac va do ding tai ndng
do tuong tng LOQ.
- Yéu cau:
e S/N=3choLOD, S/N=10cho LOQ;
e RSD cua 6 lan lap lai < 3,7% (twong tmg v&i mitc ndong d6 0,1 — 1% trong
nén mau) ’%;
e Do dung tai LOQ dat véi do thu hoi trong khoang 95-105% (twong Gng véi

mirc néng do 0,1 — 1% trong nén mau) ',
g) Khodng xdc dinh
- Khoang xac dinh cta quy trinh dugc xac dinh tir cac thdng sé tham dinh tinh
tuyén tinh, d6 dung, do chinh xac va gisi han dinh luong.
- Yéu cau: Khoang xé4c dinh 1a khoang nong d6 dam bao tinh tuyén tinh, 46 dang
va do chinh xac.
2.6.6.3. Ung dung

Tién hanh dinh luong ham luong carvedilol va cac tap c6 trong 06 mau vién

nén va 03 mau nguyén lidu theo phuong phap CE da dugc xay dung.
2.7. QUY TRINH NGHIEN CUU

Quy trinh nghién ctru duoc tom tat ¢ so do 2.6.
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Tong hop va tinh ché cac tap

|

Thur tinh khiét va xac dinh ciu tric san
pham tong hop

|

Xay dung va tham dinh quy trinh xac dinh
do tinh khiét cac tap tong hop

Panh gia va thiét 1ap tap chit ddi chiéu

| |

Xay dung quy trinh dinh luong Xay dung quy trinh dinh lugng
cac tap trong nguyén liéu va thanh cac tap trong nguyén liéu va
pham carvedilol bang HPLC thanh pham carvedilol bang CE

So @6 2.6. Quy trinh nghién ctu cua dé tai
2.8. PHUONG PHAP PHAN TiCH DU LIEU

Phan xtr ly két qua phan tich sir dung phan mém Lab solution cua Shimadzu
(vai sac ky long hiéu nang cao) va phan mém OpenLab cua Agilent (véi dién di mao
quan).

Cac s liéu duoc phan tich va xir ly trén phan mém Microsoft Excel 2016, sir
dung cdng cu phan tich dix liéu Data Analysis Toolpak dugc tich hop trong phan mém

Excel.
. o D
Cong thuc tinh gia tri trung binh: x ===

b

Cong thirc tinh do léch chuan: SD = —

A . .. SD
Cong thtrc tinh d6 lIéch chuan twong doi: RSD = —=x100
X



Kiém dinh t-test: two-sample assuming equal variances hoic t-test: two-
sample assuming unequal variances dé so sanh gia tri trung binh hai nhém; kiém dinh
F-test dé kiém tra su khéc biét vé phuong sai giita cAc nhém va ¥ nghia ctia phuong
trinh hdi quy. Cong cu Regression duoc sir dung dé danh gia duong hoi quy tuyén

tinh. Gia tri p = 0,05 duoc sir dung dé xac dinh mirc d6 ¥ nghia thong ké.

2.9. PAO PUC TRONG NGHIEN CUU

Nghién czu thuc hién hoan toan trén in vitro, cac sb liéu thu thap 1a trung thuc
va khach quan. Két qua nghién ctzu chi nham phuc vu hoc tap, nghién ciu va khong

dung cho muc dich khac.
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CHUONG 3. KET QUA NGHIEN CcUU
3.1. TONG HOQP VA TINH CHE CAC TAP
3.1.1. Téng hop va tinh ché tap A carvedilol

3.1.1.1. Khdo séat cdi tién quy trinh téng hep hgp chdt 4-(oxiran-2-ylmethoxy)-9-
(oxiran-2-ylmethyl)-9H-carbazol (6)

Dua theo tai liéu tham khao vé tong hop tap A cua carvedilol 2, hop chat (6)
duoc tdng hop tir phan @ng thé Sn? gitra 4-(oxiran-2-ylmethoxy)-9H-carbazol (2) va
epiclorohydrin (5).

Tién hanh khao sat so bo diéu kién cua phan tng & quy md mé 2,94 g (12
mmol) 4-(oxiran-2-ylmethoxy)-9H-carbazol (2) bang cach bé tri thi nghiém c6 dién
Gaus-Geidell, thay d6i mot yéu té va cb dinh cac yéu té con lai, dong thoi danh gia

dua trén hiéu suat quy trinh dé lya chon ra diéu kién phan ¢ng toi wu nhat.
a) Khao sat dung moi phan ung

C6 dinh céac diéu kién gébm thai gian phan tng 10h; nhiét do phan ang 55 °C;
xuc tac kali carbonat; ti 18 s6 mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-
carbazol (2) 1a 40:1; khao sat cac dung mdi phan ung gdm DMF, DMSO, aceton va
khong sir dung dung méi (sir dung epiclorohydrin 1a chat long thay dung méi).

Két qua duoc trinh bay ¢ Phu luc 1.1 cho thiy, khi tién hanh phan ang trong
diéu kién khdng st dung dung mdi, hiéu suat quy trinh cao nhat (50,6%) va cao hon
han so véi khi thuc hién trong cac dung méi DMF, DMSO va aceton. Do d6 nghién

ctu quyét dinh tién hanh phan tmg trong diéu kién khong str dung dung mai.
b) Khdo séat ty 1¢ sé6 mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-carbazol (2)

C6 dinh cac diéu kién bao gom thoi gian phan tng 10h; xtc tac kali carbonat;
nhiét @6 phan (ng 55 °C va tién hanh phan tng trong diéu kién khong sir dung dung
moi nhu dd khao sat & trén. Khao sat su thay di hiéu suat quy trinh theo ty 1 s6 mol

epiclorohydrin (5) va 4-(oxiran-2-ylmethoxy)-9H-carbazol (2).
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Két qua duoc trinh bay ¢ Phu luc 1.1 cho thiy, hiéu suit quy trinh ting 1én khi
ty 1¢ s6 mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-carbazol (2) thay d6i tir
30 — 50. Hiéu suit quy trinh thay ddi khdng dang ké khi tiép tuc ting ty & s6 mol
epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-carbazol (2). Vi epiclorohydrin la
mot chat rat doc va dé dam bao tinh kinh té nén quyét dinh tién hanh phan @ng vai ty

16 14 50:1 (twong &ng vai hiéu suat quy trinh 12 60,4 %).
c) Khao sat xic tac

Tién hanh khao sat quy trinh phan @ng véi cac xdc tac calci hydroxyd; natri
hydroxyd; triethylamin; kali carbonat + triethylamin, kali carbonat + natri hydroxyd;
kali carbonat ¢ dinh céac diéu kién bao gom thoi gian phan tng 10 h; nhiét d6 phan
ing 55 °C; vai ty 1& s& mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-carbazol
(2) la 50:1 va khodng sur dung dung moi. Khao sat anh hudng cua cic xuc tac calci
hydroxyd; natri hydroxyd; triethylamin; kali carbonat + triethylamin, kali carbonat +
natri hydroxyd; kali carbonat dén hiéu suat quy trinh.

Két qua duoc trinh bay ¢ Phu lyc 1.1 cho thay, khi tién hanh phan ang vai xdc
tac kali carbonat + triethylamin thi cho hiéu suét cia quy trinh la cao nhét (68,3%) va
cao hon han khi tién hanh phan (ng véi cac xtc tac khac. Do d6, dé thuan loi cho qué
trinh tong hop quyét dinh sir dung cap xuc tac 1a kali carbonat + triethylamin dé khao

st cac yéu tb tiép theo.
d) Khao séat thoi gian phan ung

Tién hanh khao sat thay d6i thoi gian phan ang tir 1 h dén 12 h va ¢ dinh céc
diéu kién con lai gom nhiét ¢6 phan wng 55 °C; ty 1é s6 mol epiclorohydrin (5) / 4-
(oxiran-2-ylmethoxy)-9H-carbazol (2) 1a 50:1; khong str dung dung moi; xdc tac phan
g kali carbonat + triethylamin. Khao sét sy thay doi hiéu suat quy trinh theo thoi
gian phan ang (1 h; 2 h; 4 h; 8 h; 10 h; 12 h).

Két qua duogc trinh bay ¢ Phu luc 1.1 cho thay, hiéu suat caa quy trinh tong
hop hop chét (6) ting 1én theo thoi gian tir 1 dén 4 h. Tur thoi diém 4 h tro di hiéu suat
toan quy trinh thay doi khong dang ké. Do d6, dé thuan loi cho qua trinh tong hop,
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tiét kiém thoi gian va dam bao tinh kinh té, nghién ctiru quyét dinh tién hanh phan tng
trong thoi gian 4 h.
e) Khdao sat nhiér d@o phan ung

Tién hanh khao sat nhiét do tién hanh phan ung & cac mac: RT; 35; 45; 55;
65; 75; 85 °C va cb dinh ty 18 s mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-
9H-carbazol (2) 1a 50:1; xdc tac kali carbonat + triethylamin; thoi gian phan ang la 4
h va khong str dung dung mai. Khao sat sy thay doi hiéu suat quy trinh theo nhiét do
phan &ng nhiét @6 phong (RT); 35; 45; 55; 65; 75; 85 °C.

Két qua dugc trinh bay ¢ Phy luc 1.1 cho thay, hiéu suét cia quy trinh ting
khi thay doi nhiét d6 phan ung tir nhiét do phong (RT) dén 75 °C va cao nhat ¢ 75
°C. Sau d6 hiéu suat caa quy trinh giam dan khi tiép tuc tang nhiét do. Do do, nghién
ctu chon nhiét do phan tng la 75 °C.

* Két luan:

Quy trinh tong hop hop chat 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-
9H-carbazol (6) sau khi téi vu nhu sau: Cho 4-(oxiran-2-ylmethoxy)-9H-carbazol (2)
(12 mmol; 2,94 g) vao epiclorohydrin (5) (576 mmol; 45 ml) trong binh cau 2 ¢ 250
ml. Cho thém kali carbonat (24 mmol; 3,30 g) va triethylamin (120 mmol; 17,4 ml),
khuay tir, dun & 75 °C trong 4 h. Bé ngudi binh phan tng vé nhiét d6 phong. D6 dich
phan wng vao binh lang gan 500 ml, thém nudc cat dén vach 250 ml, chiét 3 lan véi
EtOAc (150, 100, 100 ml). Dich chiét EtOAc dugc 1am khan vaéi natri sulfat.

3.1.1.2. Khdo sat quy trinh tong hop tap A (giai doan 2)

Dua theo tai liéu tham khao vé tong hop tap A cua carvedilol 2, tap A dugc
téng hop tir phan tng ma vong epoxy giita 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-
ylmethyl)-9H-carbazol (6) va 2-(2-methoxyphenoxy)ethanamin (3).

Tién hanh khao sat so bo diéu kién phan tng & quy mdé mé 1,77 g (6 mmol) 4-
(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) bang céach bd tri thi
nghiém c6 dién Gaus-Geidell, thay doi mot yéu td va cd dinh cac yéu tb con lai, danh

gia dwa trén hiéu sut quy trinh dé lva chon ra diéu kién phan ung téi wu nhat.
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a) Khao sat dung moi phan ung

Khao st lan luot cac dung méi phan (ng: monoglyme, ethanol, DMF, DMSO,
isopropanol, isoamyl alcohol va khéng sir dung dung méi, ¢ dinh cac diéu kién con
lai gom thoi gian phan tng 5h; nhiét d6 phan tng 80 °C; ty 18 s6 mol (3) / (6) 14 5:1
va khong sir dung xuc tac. Su thay déi hiéu suat quy trinh theo dung méi dugc thé
hién ¢ Phu luc 1.8.

Két qua cho thay, phan ¢ng tong hop tap A cua carvedilol khong xay ra khi
tién hanh phan ng trong dung madi ethanol; isopropanol; isoamyl alcohol. Khi tién
hanh phan @ng trong diéu kién khdng st dung dung mdi hiéu suat toan quy trinh cao
nhat va cao hon han so vai khi thuc hién trong cac dung mdi con lai. Do d6 nghién

ctru chon khéng sir dung dung mai khi tién hanh phan ang.

b) Khao sat ty Ié s6 mol 2-(2-methoxyphenoxy)ethanamin (3) / 4-(oxiran-2-
ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6)

Tién hanh khao sat ty 18 s6 mol 2-(2-methoxyphenoxy)ethanamin (3) / 4-
(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) ¢ dinh cac diéu kién
con lai bao gom thoi gian phan @ng 5 h; nhiét 6 phan tng 80 °C; khéng str dung xuc
tac va tién hanh phan tng trong diéu kién khong sir dung dung méi nhu da khao sat
& trén. Sy thay doi hiéu xuat quy trinh theo ty 1& s6 mol (3) / (6) duoc thé hién ¢ Phu
luc 1.8.

Két qua cho thay, hiéu suat cua quy trinh ting 1én khi ty 1& s6 mol gitra 2-(2-
methoxyphenoxy)ethanamin (3) va 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-
9H-carbazol (6) thay d6i tir 4 dén 6, khi tiép tuc tang thi hiéu suat quy trinh giam.
Hiéu suat quy trinh cao nhat khi ty I& s6 mol 2-(2-methoxyphenoxy)ethanamin (3) va
4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) la 6:1 (33,9%).

c) Khao sat xuc tac

Tién hanh khao sat quy trinh phan wang vai céc xc tac: silica gel, magnesi
oxyd va khong sir dung x(c tac. Cb dinh ty 18 sé mol gitta nguyén liéu (3) va nguyén

lieu (6) 1a 6:1; khdng str dung dung méi khi tién hanh phan ung; thoi gian phan ung
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5 h va nhiét do phan tng 80 °C. Su thay doi hiéu suit quy trinh theo xuc tac dugc thé
hién ¢ Phu luc 1.8.

Két qua cho thiy, hiéu suat caa quy trinh khi sir dung xuc téc silica gel la cao
nhat (34,1%), tuy nhién khdng chénh léch nhiéu so vai hiéu suat khi khdng st dung
xuc tac (33,9%). Pong thoi, khi sir dung silica gel 1am xdc tac cho phan ¢ng thi s&
gy kho khin trong qua trinh x ly san pham nén nghién cau quyét dinh chon khéng

str dung xuc tac cho phan ang.
d) Khao sat nhiét do phan ung

Tién hanh khao sét nhiét 6 phan ang & cac muc: nhiét d6 phong (RT), 40, 50,
60, 70, 80 °C va cd dinh ty 18 s6 mol gitta nguyén lidu (3) va nguyén liéu (6) 1a 6:1;
khdng sir dung dung mai khi tién hanh phan ¢ng; thoi gian phan tng 5 h; khdng sir
dung xuc tac. Su thay ddi hiéu suat quy trinh theo nhiét do duogc thé hién & Phu luc
1.8.

Két qua cho thdy, khi tang tir nhiét do phong (RT) 1én cac mirc dén 80 °C thi
hiéu suat cua quy trinh tong hop tap A hau nhu giam dan. Hiéu suat caa quy trinh cao
nhét khi tién hanh phan ang & nhiét d6 phong (48,3%).

e) Khdo sat thoi gian phan ung

Tién hanh khao sét thoi gian phan ang tir 2 h dén 20 h, ¢é dinh ty 1& s6 mol
gitta nguyén liéu (3) va nguyén liéu (6) 1a 6:1; khong sir dung dung méi khi tién hanh
phan ung; tién hanh phan ang & nhiét d6 phong; khdng st dung xdc tac. Su thay doi
hiéu suat quy trinh theo thai gian phan tng dugc thé hién ¢ Phu luc 1.8.

Két qua cho thay, hiéu suat cia quy trinh ting 1én theo thoi gian phan {ng
trong khoang thoi gian tir 2 d&én 16 h. Tir thoi diém 16 h tré di, hiéu suat quy trinh c6
xu huéng giam. Hiéu suét cia quy trinh cao nhat khi tién hanh phan ang trong 16 gio.

* Két luan:

Quy trinh tong hop tap A sau khi téi vu nhu sau: Cho 2-(2-methoxyphenoxy)
ethanamin (3) (36 mmol, 6,12 g) vao binh cau hai c6 100ml, thém tir tir 4-(oxiran-2-

ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) ran dang thé (trong tng 6 mmol;
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1,77 g) va khudy tir & nhiét do phong trong 16 h. Hon hop sau phan ung duoc rira véi

nude, dem loc dudi ap suat giam thu dugc chat ran.
3.1.1.3. Tinh ché sdn phdm tong hep

a) Tinh ché san phdm tong hop hop chdt 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-
ylmethyl)-9H-carbazol (6)

San pham tong hop hop chét (6) duoc tinh ché bang sac ky cot silica gel pha
thuong véi hé dung moi petroleum ether : EtOAc (5:3).

Hiéu suat tinh ché bang sac ky cot:

- Lugng san pham theo Iy thuyét: 3,63 g.

- Luong thu dugc trude khi tinh ché (san pham thé (6)): 3,94 g.

- Lwong thu dugc sau khi tinh ché (san pham két tinh (6)): 3,14 g.

- Hiéu suat quy trinh tong hop hop chat (6): 86,5%.

b) Tinh ché san pham tong hop tap A

San pham tong hop tap A duoc tinh ché bang sic ky cot silica gel pha thudng
véi hé dung méi petroleum ether : EtOAC : methanol (3:4:1).

Hiéu suat tinh ché bang sic ky cot:

- Lwong san pham theo ly thuyét: 3,778 g.

- Luong thu duoc trude khi tinh ché (san pham tap A thd): 6,78 g.

- Lwong thu dugc sau khi tinh ché (san pham két tinh tap A): 2,709 g.

- Hiéu suat quy trinh tong hop sau tinh ché: 71,7%.

Hiéu suat cua toan quy trinh 13 62,02%
3.1.2. Téng hop va tinh ché tap B carvedilol
3.1.2.1. Khdo sét cdi tién quy trinh téng hep tap B carvedilol

Tién hanh khao sat so bo diéu kién cua phan ang & quy md mé 0,90 g (3,7
mmol) 4-(2,3-epoxypropoxy)carbazol (2) bang céach bé tri thi nghiém cé dién Gaus-
Geidell, thay d6i mot yéu t va cb dinh cac yéu té con lai, ddng thoi danh gia dua trén

hiéu suat quy trinh dé lya chon ra diéu kién phan ung téi wu nhét.
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a) Khao sat tac nhan phan ung

C6 dinh cac diéu kién gdm dung moi monoglyme; nhiét d6 phan tng 55 °C;
xuc tac kali carbonat; thoi gian phan ung 6h; khao sat hai tac nhan phan tng gém
carvedilol, 2-(2-methoxyphenoxy)ethylamin (3).

Két qua cho thdy tac nhan carvedilol cho hiéu suit cao hon so véi 2-(2-
methoxyphenoxy)ethylamin (3) (33,9 % va 20,5%), quy trinh tinh ché tap B tir
carvedilol don gian hon. Do d6 nghién ctru tién hanh phan wng véi tac nhan

carvedilol.
b) Khdao sat dung méi phan ung

C6 dinh cac diéu kién gdom tac nhan phan tng carvedilol; nhiét do 55 °C; thoi
gian phan tng 6h; khao sat cac dung mdi phan @ng géom monoglyme, ethanol,
isopropanol, methanol. Su thay doi hiéu suat quy trinh theo dung méi phan tng duoc
thé hién & Phy luc 2.1.

Két qua cho thay, trong cac dung mdi khao sat, ethanol cho hiéu suat phan tng
cao nhat (59,3%), do d6 ethanol duoc lya chon lam dung mai phan tng.

c) Khao sat nhiét do phan ing

Co dinh céac diéu kién géom tac nhan phan tng carvedilol, dung mdi ethanol,
thoi gian phan ung 6h; khao sat nhiét d6 phan ung 45 °C, 55 °C, 65 °C, 75 °C. Su
thay doi hiéu suat quy trinh theo nhiét &6 phan tmg duoc thé hién ¢ Phu luc 2.1.

Két qua cho thay, higu suat quy trinh ting theo chiéu tang nhiét do tir 45 °C
dén 65 °C, sau d6 giam nhe khi ting nhiét do 1&n 75 °C. Do d6 nghién ctru lya chon
nhiét @6 phan ung la 65 °C.

d) Khdo sat thoi gian phan #ng

Co6 dinh cac diéu kién gébm tac nhan phan tng carvedilol, dung mdi ethanol,

nhiét d6 phan tng 65 °C; khao sat thoi gian phan tng 4h, 6h, 8h, 10h va 12h. Su thay

d6i hiéu suat quy trinh theo thoi gian phan ang duogc thé hién ¢ Phy luc 2.1.
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Két qua cho thay, hiéu suit quy trinh ting theo thdi gian phan tng tir 4 h dén
8 h, sau d6 gan nhu khong doi khi tang thoi gian dén 12 h. Do d6 nghién ctru lya chon
thoi gian phan ung la 8 h.

* Két luan:

Quy trinh téng hop tap B sau khi t6i wu nhu sau: Hoa tan carvedilol (3,5 mmol;
1,44 g) vao ethanol (50 mL), dun nong cho carvedilol tan hoan toan. Thém 4-(2,3-
epoxypropoxy)carbazol (2) (3,7 mmol; 0,90 g) vao dung dich carvedilol trong
ethanol. Pun héi luu hdn hop phan ang ¢ 65 °C trong 8 gio. Hon hop phan wng sau

d6 duoc 1am nguoi, co bay hoi téi can dudi &p suat giam & 55 °C.
3.1.2.2. Tinh ché sdn phdm tong hep

San pham téng hop tap B duoc tinh ché bang sic ky cot silica gel pha thuong
véi hé dung méi cyclohexan : EtOAc (1:1).

Hiéu suat tinh ché bang sac ky cot:

- Luong san pham theo Iy thuyét: 2,288 g.

- Lugng thu dugc sau khi tinh ché: 1,6201 g.

- Hiéu suat quy trinh tong hop sau tinh ché: 70,8%.

3.1.3. Téng hop va tinh ché tap C carvedilol
3.1.3.1. Khdo sét cdi tién quy trinh téng hep tap C carvedilol

Tién hanh khao sat so bo diéu kién cua phan tng ¢ quy mé meé 1,23 g (3,0
mmol) carvedilol bang cach bé tri thi nghiém c6 dién Gaus-Geidell, thay doi mot yéu
t6 va cd dinh cac yéu t con lai, ddng thoi danh gia dwa trén hiéu suat quy trinh dé

lya chon ra diéu kién phan ¢ng ti uu nhat.
a) Khdo sat tac nhan phan ung

Co dinh cac diéu kién gdm dung mdi toluen, xdc tac triethylamin, nhiét do
phan ung ¢ RT, thoi gian phan ung 8 h; khao sat hai tac nhan phan (ng gom benzyl

clorid, benzyl bromid.
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Két qua duogc trinh bay ¢ Phy luc 3.1 cho thay, tac nhan benzyl bromid cho
hiéu suit cao hon so véi benzyl clorid (46,0 % va 38,1 %). Do d6 nghién ciu tién

hanh phan ng vai tac nhan benzyl bromid.
b) Khdo sat dung méi phan ung

C6 dinh cac diéu kién gom tac nhan phan tng benzyl bromid, xuc tac
triethylamin, nhiét d6 phan ng ¢ RT, thoi gian phan ung 8 h; khao sat cac dung moi
phan tng gdm ethanol, methanol, aceton, toluen.

Két qua duoc trinh bay & Phu luc 3.1 cho thay, trong cac dung méi khao sét,
aceton cho hiéu suat phan ang cao nhat (60,5%), do dé aceton duoc lya chon lam

dung moi phan ang.
c) Khao sat xuc tac

Co dinh cac diéu kién gom tac nhan phan @ng benzyl bromid, dung méi aceton,
nhiét d6 phan tng & RT, thoi gian phan tng 8 h; khao sat xdc tac phan @ng gom calci
hydroxyd; natri hydroxyd; triethylamin; kali carbonat.

Két qua duoc trinh bay ¢ Phu luc 3.1 cho thay, trong cac xdc tac khao sat, kali
carbonat cho hiéu suat phan ng cao nhét (67,6%), do d6 kali carbonat duoc lra chon
lam xac tac phan ung.

d) Khao sat nhiét do phan ung

Co dinh cac diéu kién gom tac nhan phan @ng benzyl bromid, dung méi aceton,
xuc tac kali carbonat, thoi gian phan ang 8 h; khao sét nhiét &6 phan ang gom RT, 40
°C, 50 °C, 55 °C.

Két qua duoc trinh bay ¢ Phu luc 3.1 cho thay, hiéu suat quy trinh ting theo
chiéu tang nhiét d6 tir nhiét dd phong dén 55 °C. Do nhiét do sdi cua aceton tir 56 —
57 °C nén nghién ctru lya chon nhiét d6 phan ang la 55 °C.

e) Khdo sat thoi gian phan ung
C6 dinh cac diéu kién gdm tac nhan phan tng benzyl bromid, dung méi aceton,

xuc t&c kali carbonat, nhiét do phan ung 55 °C; khao sat thoi gian phan ang 1 h; 2 h;
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4 h; 6 h; 8 h, 10 h. Sy thay d6i hiéu suat quy trinh thai gian phan tng duoc thé hién
o Phu luc 3.1.

Két qua cho thay, hiéu suit quy trinh ting theo thdi gian phan tng tir 1 h dén
6 h, sau d6 gan nhu khong d6i khi tang thoi gian dén 10 h. Do d6 nghién ctru lya chon
thoi gian phan ung 1a 6 h.

* Két luan:

Quy trinh téng hop tap C sau khi téi wu nhu sau: Hoa tan benzyl bromid (3,3
mmol; 0,56 g) trong aceton (45 ml) trong binh cau hai ¢6 100 ml. Thém vao binh cau
lan luot kali carbonat (6 mmol; 0,83 g) va carvedilol (3 mmol; 1,23 g). Pun héi luu
hdn hop phan tng trong 6 h. Hon hop phan tng sau d6 duoc lam nguoi, ¢o quay tsi
cin dudi &p suat giam & 50 °C. Can duoc hoa tan trong DCM, loc thu dich. C6 cho
bay hoi DCM.

3.1.3.2. Tinh ché sdn phdm tong hep

San pham téng hop tap C duoc tinh ché bang sic ky cot silica gel pha thuong
véi hé dung méi cyclohexan : EtOAc (2:1).

Hiéu suat tinh ché bang sic ky cot:

- Lwong san pham theo ly thuyét: 1,5027 g.

- Luong thu duoc sau khi tinh ché: 1,1802 g.

- Hiéu suat quy trinh tong hop sau tinh ché: 78,5%.

3.1.4. Tong hop va tinh ché tap D carvedilol
3.1.4.1. Khdo sét cdi tién quy trinh téng hep tap D carvedilol

Tién hanh khao sat so bo diéu kién cua phan tng & quy mé mé 1,0 g (5,45
mmol) 4-hydroxycarbazol bang cach bé tri thi nghiém cb dién Gaus-Geidell, thay doi
mét yéu té va cb dinh cac yéu t con lai, dong thoi danh gia dya trén hiéu suat quy

trinh dé lya chon ra diéu kién phan ung téi vu nhat.
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a) Khao sat dung moi phan ung

C6 dinh cac diéu kién géom thoi gian phan ang 6h, nhiét d6 45 °C, ti 1é s6 mol
epiclorohydrin va 4-hydroxycarbazol 1a 1,5, ti 1& s6 mol natri hydroxyd trén co chat
4-hydroxycarbazol 1a 1,1, khao sat cac dung mdi phan ung gom aceton, DMSO,
acetonitril, DMF. Sy thay dbi hiéu suat quy trinh theo dung mdi phan tng duoc thé
hién 6 Phu luc 4.1.

Két qua cho thay, trong cac dung méi khao sat, DMSO cho hiéu suat phan ang

cao nhat (66,4%), do d6 DMSO duoc lya chon 1am dung méi phan ung.
b) Khdo sét thoi gian phan #ng

Co dinh cac diéu kién géom dung mdi DMSO, nhiét do 45 °C, ti 1¢ s6 mol
epiclorohydrin va 4-hydroxycarbazol 1a 1,5:1, ti 1¢ s6 mol natri hydroxyd trén co chét
4-hydroxycarbazol la 1,1:1, khao sat cac thoi gian phan ng gém 0,5; 1,0; 1,5; 2,0;
2,5; 3,0; 3,5h. Su thay doi hiéu suat quy trinh theo thoi gian phan tng duoc thé hién
o Phu luc 4.1.

Két qua cho thay, hiéu suat quy trinh ting theo thoi gian phan ang tir 0,5 h dén
2 h, sau d6 gan nhu khong doi trude khi giam nhe khi tang thoi gian dén 3,5 h. Do d6

nghién cuu lya chon thoi gian phan ang 1a 2 h.
c) Khao sat nhiét do phan ing

Co6 dinh cac diéu kién gom dung mdi DMSO, thoi gian phan tng 2 h, ti 18 s6
mol epiclorohydrin va 4-hydroxycarbazol 1a 1,5:1, ti 1¢ s6 mol natri hydroxyd trén co
chat 4-hydroxycarbazol 1 1,1:1, khao sat céc nhiét do phan tng gdm RT, 35, 40, 45,
48, 50, 55, 60 °C. Su thay d6i hiéu suat quy trinh theo nhiét do phan tmg dugc thé
hién 6 Phu luc 4.1.

Két qua cho thay, hiéu suat quy trinh ting theo chiéu ting nhiét d6 tir RT dén
48 °C, sau do giam nhe khi tang nhiét do 1én 60 °C. Do d6 nghién ctru lya chon nhiét

d6 phan ung la 48 °C.
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d) Khdo sét ti 1é s6 mol epiclorohydrin va 4-hydroxycarbazol

C6 dinh cac diéu kién gdm dung méi DMSO, thoi gian phan &ng 2 h, nhiét do
48 °C, ti 18 s6 mol natri hydroxyd trén co chit 4-hydroxycarbazol 1a 1,1:1, khao sat
cac ti 1é sé mol gom 1:1; 1,25:1; 1,5:1; 1,75:1; 1,9:1; 2:1; 2,2:1. Su thay doi hiéu suat
quy trinh theo ti 1& sé mol epiclorohydrin va 4-hydroxycarbazol dugc thé hién & Phu
luc 4.1.

Két qua cho thiy, hiéu suit quy trinh ting theo chiéu ting ti 1& s mol
epiclorohydrin va 4-hydroxycarbazol tir 1 dén 1,9, sau d6 giam nhe khi tang ty ¢ mol
1én 2,25. Do d6 nghién ctru lya chon ti 18 s6 mol epiclorohydrin va 4-hydroxycarbazol
la1,09.

e) Khdo sat ti 1¢ so mol natri hydroxyd va co chdt 4-hydroxycarbazol

Co dinh cac diéu kién gom dung mbi DMSO, thoi gian phan tng 2 h, nhiét o
48 °C, ti I¢ s6 mol epiclorohydrin va 4-hydroxycarbazol 1a 1,9:1, khao sat céc ti 1¢ s6
mol gém 0,875:1;0,9625:1; 1,1:1; 1,23:1; 1,325:1; 1,5125:1; 1,65:1. Sy thay ddi hiéu
suat quy trinh theo ti I¢ s6 mol natri hydroxyd va co chat 4-hydroxycarbazol dugc thé
hién ¢ Phu luc 4.1.

Két qua cho thay, hiéu suat quy trinh tang theo chiéu ting ti 1¢ sé mol natri
hydroxyd va co chat 4-hydroxycarbazol tir 0,875:1 dén 1,230:1, sau d6 giam nhe khi
tang ty 1é mol 1én 1,650:1. Do dé nghién ctru lya chon ti I& s6 mol natri hydroxyd va
co chat 4-hydroxycarbazol 1a 1,230:1.

* Két luan:

Quy trinh téng hop tap D sau khi t6i wu nhu sau: 1 g 4-hydroxycarbazol (5,45
mmol) duoc thém vao 3,4 ml dung dich natri hydroxyd 2 M trong binh cau. Khéi
phan tmg dugc 1am lanh vé 10-15 °C va thém nho giot 15 ml DMSO. Sau khi khuay
tron 15 phat, epiclorohydrin (10,36 mmol) dugc thém vao trong 3 phat, gitr ¢ nhiét
d6 10-15 °C. Sau d6, tang nhiét do tu tir 1én 45 °C va gitr trong 2 h dudi diéu kién

khuay tron. Sau khi hoan thanh phan tng, kiém tra san pham bang sac ky lép moéng,
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san pham hoa lodng voi 5 ml nuée, sau d6 duoc loc va rira véi nuéc nhiéu lan, siy ¢
45 °C.
3.1.4.2. Tinh ché sdn phdm tong hep

San pham téng hop tap D dugc tinh ché bang sac ky cot silica gel pha thuong
véi hé dung méi n-hexan - EtOAc (4:1).

Hiéu suat tinh ché bang séc ky cot:

- Lugng san pham theo Iy thuyét: 1,3060 g.

- Luong thu duoc sau khi tinh ché: 1,0490 g.

- Hiéu suat quy trinh tong hop sau tinh ché: 80,3%.

3.1.5. Piéu ché va tinh ché tap E carvedilol

Két qua khao séat sy anh hudng cua dung mdi phan ¢ng dén hiéu suat diéu ché

6 quy mé mé 1,5 g (8,97 mmol) 2-(2-methoxyphenoxy)ethylamin dugc trinh bay ¢

bang 3.1.
Bang 3.1. Khao sat dung méi diéu ché tap E
Hiéu
Dung mdi  suat Nhan xét

Cloroform 87,64 %  Tua hinh kim, mau tréng

EtOAC 70,78 %  Tua min, mau trang
Aceton Khéng thu duoc tua va dung dich chuyén sang mau nau do
Acetonitril Thu dugc tua khéng bén, chay & nhiét d6 thuong

Nhdn xét: két qua khao sat cho thay sir dung cloroform cho hiéu suat cao nhat.
Do d6, nghién curu lya chon cloroform Iam dung moi dé diéu ché tap E.

Nhu vay quy trinh diéu ché tap E nhu sau: Hoa tan 2-(2-methoxyphenoxy)
ethylamin (3) (8,97 mmol; 1,5 g) trong cloroform (50 mL) vao binh cau 250 mL, suc
khi HCI méi diéu ché (bang cach nho tir tir acid H2SO4 vao binh nén chira NaCl) vao
binh dén khi xuat hién taa. D& yén qua ngay rdi loc hdn hop phan tng dé thu lay tua.
San pham téng hop tap E duoc tinh ché bang phwong phép rira tia nhiéu lan voéi

aceton.
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Hiéu suat tinh ché:

- Luong san pham theo Iy thuyét: 1,9886 g.

- Lwong thu duoc sau khi tinh ché: 1,7428 g.

- Hiéu sut quy trinh tong hop sau tinh ché: 87,64 %.

3.2. THU TINH KHIET VA XAC PINH CAU TRUC SAN PHAM TONG HQP
3.2.1. Thir tinh khiét

Céc phu luc 1.8,2.2, 3.2, 4.2, 5.1 minh hoa sic ky do ting san pham téng hop
v6i ba hé dung moi khai trién khac nhau. Két qua cho thay san pham tong hop déu
cho mot vét duy nhét va khac véi vét nguyén liéu. Nhu vay cac san pham tong hop
tap A, B, C, D va E tinh khiét trén SKLM.

3.2.2. Xac dinh céu truc
3.2.2.1. Tap A carvedilol
a) Hop chdt 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6)

- Phé hdng ngoai IR (ATR, cmY): 3053, 2872, 1585, 1504, 1462, 1273 (Phu
lyc 1.2). Cac dinh dic trung phu hop véi phd IR caa hop chat (6) theo cong trinh
nghién ctu cua Kumar. K. S va cong su ! (IR (KBr, cm™): 3051, 2871, 1585, 1504,
1463, 1273).

- Phé khéi luegng (MS) (Phu luc 1.3): Phd HR-MS (+) ctia hop chat (6) ¢6 m/z
= 296,1522 [MH]* va m/z = 318,1361 [MNa]* phi hop véi gia tri m/z du kién 1a
296,1287 [MH]*; 318,1106 [MNa]* ph hop vai khéi lugng phan tir du kién cua hop
chat (6) (C1sH17NO3; M = 295,34).

- Phé cong huong tir hat nhan (NMR) (Phu luc 1.4, 1.5):

IH-NMR (CDCls, 500 MHz, 6 ppm): 8,34 (d, 1H, J = 8 Hz, H5); 7,40-7,45 (m
2H, H7, H8); 7,35 (t, 1H, J = 8 Hz, H2); 7,23-7,27 (m ,1H, H6); 7,07 (d, 1H, J =8
Hz, H1); 6,66 (d , 1H, J = 8 Hz, H3); 4,56 (dd, 1H, J = 3,5 Hz, 16 Hz, H4’a); 4,43
(dd, 1H, J =3,5 Hz, 11 Hz, H1’a); 4,35 (dd, 1H, J= 5 Hz, 16 Hz, H4°b); 4,23 (dd, 1H,
J =5,5 Hz, 11 Hz, H1°b); 3,51-3,53 (m, 1H, H2’); 3,29-3,31 (m, 1H, H5’); 2,96 (t-
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like, 1H, J = 4,5 Hz, H3’a): 2,86 (dd, 1H, J =2,5 Hz, 5,5 Hz, H3’b); 2,76 (t-like, 1H,
J=4,5 Hz, H6a); 2,52 (dd, 1H, J = 2,5 Hz, 4,5 Hz, H6'b).

13C-NMR (CDCls, 125 MHz, § ppm): 155,1; 142,3; 140,4; 126,6; 125,2; 123,3;
122,3; 119,8; 112,4; 108,3; 102,4; 101,5; 68,9; 50,6; 50,4, 45,3; 44,82; 44,75.

Phan tich dit liéu phd 13C-NMR, 'H-NMR cho thay thay sb lwong va vi tri caa
proton, carbon ciia san pham tinh ché hop chat (6) pht hop véi TLTK 2 va cong thic

c4u tao cua 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (So' db 3.1).

So @6 3.1. CAu triic hoa hoc cuia 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-
ylmethyl)-9H-carbazol

b) Tap A

- Pho tir ngoai — kha Kién UV-Vis (Amax, NM): 226; 245; 286; 337 (Phu lyc 1.9).

- Pho hong ngoai FT-IR (ATR, cm™): 3283, 2839, 1593, 1506, 1252, 1123,
1051, 733, 714 (Phu luc 1.10). Cac dinh dic trung phu hop véi phd IR cua tap A
carvedilol theo cong trinh nghién ciru ctia Somisetti Narender Rao va cac cong su 2
(IR (KBr, cm™): 3281, 2833, 2835, 1593, 1505, 1253, 1124, 1053, 743, 715.

- Phé khdi lugng (Phu lyc 1.11): Phé khdi HR-MS (+) caa tap A c6 m/z =
630,3183 [MH]* va m/z = 652, 3048 [MNa]* phu hop v&i gia tri m/z du kién 1a
630,3181 [MH]*; 652,3000 [MNa]* va phi hop vé&i khéi lwong phan tir du kién va
cau tric c6 chira nhom amin (-NH-) cua tap A (CssHasN3O7; M = 629,74). o léch
xac dinh dugc 12 0,3 ppm.

- Phé cong huong tir hat nhan (NMR) (Phu luc 1.12, 1.13, 1.14, 1.15)

83



'H-NMR (CDCls, 500 MHz, ¢ ppm): 8,21 (d, 1H, J = 7,5 Hz, H5”); 7,44 (d,
1H, J = 8 Hz, H8”); 7,39 (t, 1H, J = 8 Hz, H7”); 7,32 (t, 1H, J = 8 Hz, H2"); 7,19 (t,
1H, J = 8 Hz, H6™); 7,09 (d, 1H, J = 8,5 Hz, H1”); 6,89-6,95 (m, 2H, H10, H10");
6,84-6,88 (m, 4H, H9, H11, H11°, H12): 6,82-6,84 (m, 2H, H9*, H12"); 6,65 (d, 1H,
J =8 Hz, H3"); 4,34 (t, 2H, J = 7 Hz, H1); 4,25-4,31 (m, 2H, H1’a, H2); 4,18-4,23
(m, 2H, H1’b, H2); 4,12 (t, 2H, J = 5Hz, H6); 4,02 (t, 2H, J = 5Hz, H6"); 3,80 (s, 3H,
H13): 3,76 (s, 3H, H13"); 3,08-3,11 (m, 3H, H3’a, H5’); 2,94-3,00 (m, 3H, H3’b,
H5); 2,80 (dd, 1H, J = 3,5 Hz, 12,5 Hz, H3a); 2,68 (dd, 1H, J = 3,5 Hz, 12,5 Hz, H3a).

3C-NMR (CDCls, 125 MHz, ¢ ppm): 155,2; 149,7; 149,6; 148,2; 148,1;
142 ,4; 140,1; 126,6; 125,0; 123,0; 122,2; 121,73; 121,70; 120,99; 120,96; 119,5;
114,2;114,1; 112,2; 112,0; 111,9; 108,7; 102,5; 101,2; 70,4; 68,7; 68,6; 68,42; 68,36;
55,83; 55,75; 52,7; 52,0; 48,7, 48,5, 47,3.

Phan tich dit liéu pho C-NMR, 'H-NMR, HSQC, HMBC cho thay thay s6
lwong va vi tri cua proton, carbon cia san pham tinh ché tap A pht hop véi TLTK

2526 3 cong thirc cu tao cua tap A (So dd 3.2).

So d6 3.2. Cau tric héa hoc cua tap A carvedilol
3.2.2.2. Tap B carvedilol

- Pho tir ngoai — kha kién UV-Vis (Amax, Nm): 242,6; 285,2; 331,2 (Phy luc 2.3).
- Phé hdng ngoai FT-IR (ATR, cm™): 3528, 3456, 3401, 2926, 2872, 1605,
1587, 1504, 1252, 1123, 750 (Phu luc 2.4). Cac dinh dic trung phu hop véi pho IR
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cua tap B carvedilol theo cong trinh nghién curu cia Somisetti Narender Rao va cac
cong su % (IR (KBr, cm™): 3530, 3461, 3403, 2938, 2917, 2870, 1604, 1589, 1506,
1252, 1124, 1104, 752, 717, 735).

- Phé khéi luong (Phu luc 2.5): Phd khdi HR-MS (-) cua tap B ¢6 m/z =
644,2763 [MH] phi hop véi gia tri m/z du kién 1a 644,2761 [MH] va pht hop voi
khdi lwgng phan tir dyu kién va cu trdc ¢ chira nhém hydroxy (—-OH) cua tap B
(CasH29N306; M = 645,74). Do léch xac dinh duoc 12 0,3 ppm.

- Phé cong huaong tir hat nhan (NMR) (Phu luc 2.6, 2.7, 2.8, 2.9)

IH-NMR (DMSO-ds, 500 MHz, é ppm): 11,19 (s, 2H, NH); 8,26 (d, 2H, J =
8,5 Hz, H5’, H5”); 7,43 (d, 2H, J = 8 Hz, H8’, H8”); 7,27-7,31 (m, 2H, H7’, H7”);
7,17 (t, 2H, J = 8 Hz, H2’, H2”); 7,06-7,10 (m, 2H, H6, H6™); 7,04 (d, 2H, J = 8 Hz,
H1’, H1”); 6,84-6,87 (m, 1H, H9); 6,78-6,82 (m, 1H, H10); 6,61-6,67 (m, 1H, H11);
6,53 (d, 2H, J=8 Hz, H3’, H3”); 5,02 (d, 2H, J = 4 Hz, OH); 4,16-4,24 (m, 6H, H1,
H2, H15, H16); 3,93-4,05 (m, 2H, H6): 3,61 (s, 3H, H13); 2,98-3,07 (m, 4H, H3a,
H18a, H5); 2,84-2,91 (m, 2H, H3b, H18b).

13C-NMR (DMSO-ds, 125 MHz, 6 ppm): 155,0; 148,9; 147,9; 141,1; 138,9;
126,4; 124,4; 122,5; 121,8; 120,7; 120,5; 118,5; 112,8; 112,1; 111,5; 110,2; 103,7;
100,3; 70,2; 67,9; 66,7; 59,0; 55,3; 54,3.

Phan tich dix liéu pho *C-NMR, 'H-NMR, HSQC, HMBC cho thay thiy sb
lwong va vi tri cia proton, carbon cua san pham tinh ché tap B pht hop véi TLTK 3°

va cong thuc cau tao cua tap B (So' db 3.3).

So d6 3.3. Céu tric hda hoc cua tap B carvedilol
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3.2.2.3. Tap C carvedilol

- Phé tir ngoai — kha kién UV-Vis (Amax, NM): 242,4; 286,0; 331,8 (Phy luc 3.3).

- Phd hdng ngoai FT-IR (ATR, cm™): 3405, 2874, 2841, 1590, 1506, 1253,
1122, 1102, 1026, 740, 726 (Phu luc 3.43). Cac dinh dic trung phu hop vai phé IR
cua tap C carvedilol theo cdng trinh nghién ciru cua Rao va cac cong su 2.

- Phd khéi luong (Phu luc 3.5): Phd khdi HR-MS (-) cua tap C ¢6 m/z =
495,2287 [MH]" phu hop vai gia tri m/z du kién 1a 495,2284 [MH] va phu hop voi
khoi lugng phan tir du kién va cau trdc c¢6 chira nhom hydroxy (—OH) cua tap C
(C31H31N204; M = 496,60). Do léch xac dinh dugc la 0,6 ppm.

- Phé cong huaong tir hat nhan (NMR) (Phu luc 3.6, 3.7, 3.8, 3.9)

IH-NMR (CDCls, 500 MHz, 6 ppm): 8,21 (d, 1H, J = 8 Hz, H5’); 8,07 (s, 1H,
NH); 7,33-7,38 (m, 4H, H17, H21, H7’, HY’); 7,26-7,33 (m, 3H, H18, H20, H2);
7,21-7,25 (m, 1H, H19); 7,15-7,18 (m, 1H, H6"); 7,01 (d, 1H, J = 8 Hz, HI"); 6,90-
6,93 (m, 1H, H10); 6,81-6,87 (m, 3H, H11, H12, H9); 6,61 (d, 1H, J = 8 Hz, H3");
4,26-4,30 (m, 2H, H1a, H2); 4,17-4,19 (m, 1H, H1b); 4,10-4,12 (t, 2H, J =55 Hz,
H6); 3,94 (d, 1H, J = 14 Hz, H15a); 3,81 (s, 3H, H13); 3,77 (d, 1H, J = 14 Hz, H15b);
3,15-3,20 (m, 1H, H5a); 3,00-3,07 (m, 2H, H5b, H3b); 2,93-2,97 (m, 1H, H3a).

13C-NMR (CDCls, 125 MHz, 6 ppm): 155,3; 149,7; 148,2; 140,9; 138,8; 138,7;
129,0; 128,4; 127,2; 126,6; 124,9; 123,0; 122,6; 121,3; 120,8; 119,7; 113,3; 112,7;
111,7; 109,9; 103,6; 101,2; 70,2; 67,3; 67,2; 59,9; 58,0; 55,7; 53,3.

Phan tich dix liéu phd C-NMR, 'H-NMR, HSQC, HMBC cho thiy sb luong
va vj tri ciia proton, carbon ctia san pham tinh ché tap C pht hop véi TLTK 2 va cong
thirc cAu tao cua tap C (So dd 3.4).

13 4,15 17
C 2 16

74 O 14 520
8 qa.r
8a N = o O.7 1
H 1
9
HsCO 87" "0

13

So @6 3.4. CAu tric hda hoc cua tap C carvedilol
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3.2.2.4. Tap D carvedilol

- Phé ttr ngoai — kha kién UV-Vis (Amax, Nm): 241,6; 285,6; 331,8 (Phu luc 4.3).

- Phé hdng ngoai FT-IR (ATR, cm™): 3286, 2927, 1259, 1608, 1585, 1508,
1336, 1095 (Phu luc 4.4). Cac dinh dic trung phi hop véi phd IR cua tap D theo cac
nghién ctu cua Rao va Kumar 1426,

- Phd khéi luong (Phu luc 4.5): Phé khéi HR-MS (-) cua tap D ¢6 m/z =
238,0878 [MH]", phu hop vai gia tri m/z ly thuyét 1a 238,0874 va phi hop véi khoi
lugng phan tir dy kién cia tap D (CisH1sNO2, M=239,27). B¢ léch xac dinh duoc 1a
1,7 ppm.

- Phé cong huaong tir hat nhan (NMR) (Phu luc 4.6, 4.7, 4.8, 4.9)

IH-NMR (CDCls, 500 MHz, 6 ppm): 8,32 (d, 1H, J=7.5 Hz, H5); 8,02 (s, 1H,
NH); 7,38 (dd, 1H, J = 8 Hz, 1 Hz, H8); 7,34-7,36 (m, 1H, H7); 7,28 (t, 1H, J= 8
Hz, H2); 7,22-7,25 (m, 1H, H6); 7,01 (d, 1H, J= 8 Hz, H1); 6,63 (d, 1H, J =8 Hz,
H3); 4,43 (dd, 1H, J=3 Hz, 11 Hz, H1°); 4,23 (dd, 1H, J= 5,5 Hz, 11 Hz, H1"); 3,51-
3,54 (m, 1H, H2"); 2,96 (t-like, 1H, J = 4,5 Hz, H3); 2,86 (dd, 1H, J = 2,5 Hz, 5,5
Hz, H3’).

BBC-NMR (CDCls, 125 MHz, 6 ppm): 155,0; 141,0; 138,8; 126,6; 125,1, 123,2;
122,5; 119,7; 112,9; 110,0; 104,1; 101,4; 68.,8; 50,4; 44.8.

Phan tich dix liéu pho BC-NMR, 'H-NMR, HSQC, HMBC cho thay s luong
va vj tri caa proton, carbon caa san pham tinh ché tap D phu hop véi TLTK 26 va

cong thirc cau tao cua tap D (So dd 3.5).

So d6 3.5. CAu tric hda hoc cua tap D carvedilol
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3.2.2.5. Tap E carvedilol

- Phé tir ngoai — kha kién UV-Vis (Amax, NM): 201,2; 222,2; 272,6 (Phu luc 5.2).

- Phé hdng ngoai FT-IR (ATR, cm-Y): 3084, 2808, 1506, 1254, 1009, 764 (Phu
luc 5.3). Cac dinh dic trung phi hop véi phd IR cua tap E theo TLTK 72 (IR (ATR,
cmt): 3134, 2819, 1504, 1249, 1101, 762).

- Phé khéi lugng (Phu luc 5.4): Phd khdi HR-MS (+) cua tap E ¢6 m/z =
168,1153 [MH]*, phu hop vaéi gia tri m/z ly thuyét 1a 168,1025 va phu hop véi khoi
lwgng phan tir du kién va cau trdc c6 chita nhdm amin (-NHz-) cia tap E (CoH1sNOy,
M =167,21).

- Phé cong huong tir hat nhan (NMR) (Phu luc 5.5, 5.6, 5.7, 5.8)

IH-NMR (CDCls, 500 MHz, 5 ppm): 6,97 (dt, 1H, J = 1,5Hz, 7Hz ); 6,89 (dt,
1H,J=1,5Hz, 7,5Hz); 7,04 (dd, 1H, J= 1Hz, 8Hz); 7,01 (dd, 1H, J= 1,5Hz, 6,5Hz);
4,18 (t, 2H, J=5,5Hz); 3,77 (s, 3H); 3,15 (t, 2H, J = 5,5Hz); 8,36 (s, br, 3H).

13C-NMR (CDCls, 125 MHz, § ppm): 149,5; 147,2; 122,2; 120,7; 115,2; 112,5;
65,8; 55,5; 38,2.

Phan tich dir liéu phd *C-NMR, 'H-NMR, HSQC, HMBC cho thay thiy sb
lwgng va vi tri ciia proton, carbon ciia san pham tinh ché tap E phi hop véi TLTK 7
va cong thirc cau tao cua tap E (Sor dd 3.6). Trén phd *H-NMR, tin hiéu 8,36 (s, br,
3H) cho thay c6 tao mubi & nhdm chizc NH2 (R-NHs*). San pham cho phan @ng tao
taa duong tinh véi AgNOs cho thdy dang mubi tao thanh 1a mubi hydroclorid.

Két qua phan tich nhiét trong lugng (TGA) (PL 5.16), cho thiy trong khoang nhiét
d6 30 — 120 °C c¢6 hai khoang giam khéi lugng mau:

- O nhiét d 30,90 — 76,41 °C, mau giam khdi luong véi phan traim duoc xac dinh
1a 3,7522 %. Piéu nay chiing to trong phan tir co nuéc két tinh, ¢ thé mat di mot
phan & nhiét do thap ™.

- O nhiét do 76,41 — 113,52 °C, mau giam khéi luong vai phan traim dugc xac dinh
la 5,1810 %.

Tong phan tram khdi lwong giam: 8,9332 %.
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Cung véi thong tin dang mudi hydroclorid cua tap E thudng ton tai duéi dang c6
mét phan tir nude két tinh (monohydrat) nén cé thé khang dinh duoc cong thirc phan
tir cua san pham diéu ché 1a CoH1sNO2.HCI.H,0 (M = 221,68 g/mol). Luong nudc
két tinh trong san pham 12 8,1267 %.

Do 4m cua mau 1a; 0,807 %.

.
O3
. ~
1 2
! NH5CI.H,O
5 O/\1/@ 3Cl.Hy

6'

So d6 3.6. Cu tric hda hoc cua tap E carvedilol

3.3. XAY DUNG VA THAM PINH QUY TRINH XAC PINH PQ TINH
KHIET CAC TAP TONG HQP BANG SAC KY LONG HIEU NANG CAO

3.3.1. Lwa chon diéu kién sic ky

Sau khi khao sat cac yéu tb, diéu kién sic ky duoc lra chon dé xac dinh do

tinh khiét cac tap téng hop duoc tom tit & bang 3.2.
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Bang 3.2. Bang tom tat diéu kién sic ky cua céc qui trinh kiém tra d6 tinh khiét cac tap tong hop bang phuwong phap

HPLC
Tap Nong  Cotsic ky Pha dong Nhiét  Thé tich Toc do Detector
do d6 cot tiém (ul) dong
(Hg/ml) (°C) (ml/ph)
gradient: 0 phat: 100% dung dich acid formic
A 400 0,05%; 60 phat: 100% ACN; 64 — 70 phat: 55 10 0,8

100% dung dich acid formic 0,05%;

gradient: 0 phat: 100% dung dich acid formic

) ) PDA, ché
B 200 Zorbax Eclipse 0,05%; 60 phat: 100% ACN; 64 — 70 phut: 40 5 1,0 5 M
0 Max
XDB-C8 (150 100% dung dich acid formic 0,05%; ’ |
ot
X 4,6 mm; 5 ACN — dung dich dém phosphat pH 2,0 P
C 200 55 5 1,0 (190nm —
pum); (50:50)
800nm)
ACN — dung dich dém phosphat pH 2,0
D 200 55 20 1,0
(31:69)
ACN — dung dich TFA pH 2,3, thém acid-1-
E 200 40 5 1,0

heptansulfonic 2,5mM (30:70).
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Chuan bi céc dung dich thir dam bao yéu cau tin hiéu pic tap du 16n, chiéu cao
pic téi thiéu khoang 500 mAu), cu thé nhu sau:

- Dung dich mau thir tap A: can chinh xac khoang 4 mg tap A, cho vao binh
dinh mic 10 ml, thém dung méi hoa tan (nudc - ACN (1:1)) vira du, lic déu,
loc qua mang loc 0,45 pm.

- Dung dich mau thir tap B: can chinh x4c khoang 2 mg tap B, cho vao binh dinh
mirc 10 ml, thém dung moi hoa tan (nuéc - ACN (1:1)) vira du, lic déu, loc
qua mang loc 0,45 pm.

- Dung dich mau thtr tap C: can chinh xac khoang 2 mg tap C, cho vao binh dinh
mitc 10 ml, thém dung moi hoa tan (nuwéc - ACN (1:1)) vira d, lac déu, loc
qua mang loc 0,45 pm.

- Dung dich mau thtr tap D: can chinh x4c khoang 2 mg tap D, cho vao binh
dinh mtc 10 ml, thém dung madi hoa tan (nuéc - ACN (1:1)) vira du, lac déu,
loc qua mang loc 0,45 pm.

- Dung dich mau thir tap E: cin chinh xac khoang 20,0 mg tap E vao binh dinh
muc 10 ml, thém 5 ml dung mdi pha mau (nuéc - ACN (1:1)) dé hoa tan hoan
toan tap E, sau d6 dinh muc 1én toi vach bang dung mdi pha mau. Lay chinh
xéac 1 ml dung dich nay pha long bang dung mdi pha mau thanh 10 ml. Dung

dich duoc loc qua mang 0,45 pum.
3.3.2. Tham dinh quy trinh xac dinh @9 tinh khiét
3.3.2.1. Tinh phu hgp hé théng

Két qua danh gia tinh phu hop hé thdng cua cac quy trinh xac dinh do tinh
khiét duoc thé hién qua bang va cac phu luc (Phu luc 1.17, 2.11, 3.11, 4.11, 5.10)
Bang 3.3. Két qua danh gia tinh phu hop hé théng ciia cac quy trinh xac dinh db tinh
khiét

tr (phat) S (MAU.s) N Tt Rs
Tap A B 15,681 37294160,2 1702 2,092 16,74
' RSD% 0,15 0,38
TapB TB 32,353 15649836 22967 0,923
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RSD % 0,08 0,61

Tap C B 3,069 9414105 2144 1,314
' RSD% 0,08 0,09

Tap D B 18,989 37860446,5 8033 1,063 26,63
' RSD% 0,12 0,13

Tap E B 2,895 12609727 1201 1,203 2,424
' RSD% 0,06 0,15

Ghi chd: tr: thai gian luu; S: dién tich pic; N: s6 dia Iy thuyét; Tr: Hé s6 kéo dudi;
Rs: D6 phan giai
3.3.2.2. Tinh dac hiéu

Tién hanh sic ky cac mau dung moi pha mau, pha dong, va céc tap (tap A 400
pg/ml, tap B 200 pg/ml, tap C 200 pg/ml, tap D 200 pg/ml, tap E 250 pg/ml). Két
qua duoc trinh bay ¢ cac phu luc 1.18, 2.12, 3.12, 4.12, 5.11 cho théy :

- Trén sic ky dd mau tring va pha dong khdng xuat hién pic cé thoi gian luu
tuong GNg V4i pic tap trén sac ky d6 mau thi.

- Trén sac ky do mau thir khéng xuat hién pic tap tring véi pic tap.

- Céc pic tap tinh khiét theo phd UV-Vis thu duoc trén detector PDA.

Nhu vay c&c quy trinh phan tich c6 tinh dac hiéu.
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3.3.2.3. Tinh tuyén tinh, d¢ 1ap lai

Tinh tuyén tinh, d6 1ap lai cta cac quy trinh xac dinh do tinh khiét cac tap dwoc trinh bay tom tit & bang 3.4 va céc phu

lyc 1.19, 1.20, 1.21, 2.13, 2.14, 2.15, 3.13, 3.14, 3.15, 4.13, 4.14, 4.15, 5.12, 5.13, 5.14.
Bang 3.4. Két qua danh gia tinh tuyén tinh va do 1ap lai cua cac quy trinh xac dinh d6 tinh khiét

Tap A TapB TapC TapD TapE
Tinh tuyén tinh
Khoang tuyén tinh (ug/ml) 50-800 52,1-833,8 24,2 -773,8 50 - 500 100 - 500
Hé s twong quan (R?) 0,9986 0,9997 0,9999 0,9997 0,9960
Phuong trinh ¥ = 80374x — ¥ =79143x — ¥=39493,2x - ¥ =187990x ¢ =35814,7x +
3577132,8 1494308,7 362283 + 888612 2929496
ta 53,16 120,8 192,85 120,22 27,24
th 5,26 -4,87 -4,85 1,92 6,89
Do lap lai
Trung binh (%) 99,14 99,17 99,92 99,89 99,94
RSD % 0,03 0,07 0,09 0,03 0,01
Do chinh xac trung gian
Trung binh (%) 99,15 99,35 99,91 99,82 99,99
RSD % 0,027 0,28 0,13 0,069 0,021
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Nhdn xét: Quy trinh xac dinh d6 tinh khiét cua 05 tap cua carvedilol bang

phuong phap HPLC c6 tinh dac hiéu, tinh tuyén tinh va do chinh xac cao. Do d6 ¢6

thé ap dung cac qui trinh nay dé tién hanh xac dinh d¢ tinh khiét cua céc tap chat da

tong hop.

3.3.3. Két qua xac dinh d9 tinh khiét cia céc tap bang HPLC

Két qua xac dinh d6 tinh khiét cta cac tap téng hop dugc trinh by & bang 3.5.

Bang 3.5. D6 tinh khiét cua cac tap duoc tong hop (n = 12)

Tap A Tap B Tap C Tap D TapE

Do tinh khiét (%) 99,14 99,26 99,92 99,86 99,96
SD 0,03 0,22 0,11 0,06 0,03

RSD (%) 0,029 0,218 0,11 0,060 0,03

3.4. PANH GIA VA THIET LAP CHAT POI CHIEU

3.4.1. Panh gia cac tap tong hep

Viéc danh gia cac tap chat 1am chat di chiéu gém céc chi tiéu, phuong phap

thir va yéu cau duoc tom tit trong cac bang 3.6, 3,7, 3.8, 3.9, 3.10:

Bang 3.6. Két qua danh gia tap A

Chitieu  Phwong phap  Yéu cau Két qua
I Cam quan Tinh thé trang, khdng mui. Dat

D¢ tan Tan trong aceton, ethyl acetat. Dat
Nhiét do Pung
nong DSC, DbVNV  69-70°C
chay

Phé UV-Vis Amax (NM): 226; 245; 286; 337. Puing
Binh tinh vinax (M) 3283 (N-H), 2839 (C-H), Dung

Phé hong ngoai

1593, 1506 (C=C), 1252 (C-N),
1123, 1051 (C-0), 733, 714 (Ar-H).
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ESI-HRMS (+) c6 m/z = 630,3183 Dung

Phé khdi .
[MH]* va m/z = 652, 3048 [MNa]*
, Pho *H-NMR, $3C-NMR, HMBC va bung
Phé cong huong
HSQC: xem PL 1.12, 1.13, 1.14,
tur hat nhan
1.15.
, Pat
Hamam TGA <1%
(0,7581%)
b6 tinh Pat
. HPLC >99,0 %
khiet (99,14%)
Bang 3.7. Két qua danh gia tap B
) Phuong . Két qua
Chi tiéu ) Yéu cau
phap
Cam quan Tinh thé trang, khong mui. Dat
Tinh chat Tan trong aceton, ethyl acetat, Dat
Do tan
ethanol.
Nhiét d6 DSC, DDVN Dat
) 83-84°C
nong chay V
Pho UV-Vis  Amax (nM): 242,6; 285,2; 331,2 Duing
- vmax (€M) 3528, 3456 (O-H), 3401
Pho hong
_ (N-H), 1605, 1587, 1504 (C=C),
ngoai
1252 (C-N, 1123, 1098 (C-0)
binh tinh . ESI-HRMS (-) cO cd m/z=644,2763 Duing
Pho khoi
[MH]
Phé céng 7 _ Dung
Pho 'H-NMR, *C-NMR, HMBC va
hwong tee hat
A HSQC: xem PL 2.6, 2.7, 2.8, 2.9.
nhan
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Pat

Ham am TGA <1%
(0,4928%)
bo tinh DPat (99,26%)
., HPLC > 99,0 %
khiét
Bang 3.8. Két qua danh gia tap C
) Phuong . Két qua
Chi tiéu ] Yéu cau
phap
_ Camaquan  Tinh thé trang, khdng mui. Pat
Tinh chat
Do tan Tan trong aceton, methanol. Pat
Nhiégt dd DSC, DDVN Pat
100 - 101 °C
nong chay V
Pho UV-Vis  Amax (nM): 242,4: 286,0; 331,8. Pung
vmax (cm™1) 3405 (O-H), 2874, 2841
Phé hong (C-H), 1590, 1506 (C=C), 1253 (C-
ngoai N), 1122, 1102, 1026 (C-O), 740,
] 726 (Ar-H)
binh tinh
. ESI-HRMS (-) c6 cd m/z=495,2287 Dung
Pho khoi
[MH]
Phé cong ] Pung
Pho *H-NMR, *C-NMR, HMBC va
hwong tur
HSQC: xem PL 3.6, 3.7, 3.8, 3.9.
hat nhan
Hamam  TGA <1% Pat (0,009%)
bo tinh DPat (99,92%)
. HPLC >99,0 %
khiét
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Bang 3.9. Két qua danh gia tap D

) Phuong . Két qua
Chi tiéu ) Yéu cau
phap
Cam quan Tinh thé trang, khdng mui. Pat
Tinh chét Tan trong cloroform, DMF, DMSO bDat
Do tan .
va tetrahydrofuran (THF)
Nhiét do DSC, bat
) 138 — 139 °C
nongchay DDVNV
Pho UV- Dung
_ Amax (NmM): 241,6; 285,6; 331,8.
Vis
Phé hong  viax (cm't) 3286 (N-H), 1336 (C-N),
ngogi 1259 (C-O epoxy), 1095 (C-O ether)
binh tinh ., ESI-HRMS (-) ¢6 m/z = 238,0871 bDung
Pho khoi
[MH]
Phocong _ bung
Pho 'H-NMR, ¥C-NMR, HMBC va
hwong tur
A HSQC: xem PL 4.6, 4.7, 4.8, 4.9.
hat nhan
Hamam TGA < 2% Dat (1,3419 %)
bo tinh Dat (99,86%)
_, HPLC > 98,0 %
khiét
Bang 3.10. Két qua danh gia tap E
_ Phuong . Két qua
Chi tiéu ] Yéu cau
phap
Tinh thé trang, lap lanh, khong Dat
Cam quan .
) mui.
Tinh chat -
Dé tan trong DMF, ethanol va BDat
bo tan

methanol.
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Nhiét do DSC, Dat
. 85 -86 °C
nong chay DDVNV

Cho phan &ng tao taa trang voi Dung
AgNOs3

Pho UV- Dung
Vi Amax (M) 201,2; 222,2; 272,6.
is

lon clorid

v (ATR, cm™): 3084 (N-H), 2808 Dung
Phé hong (C-H aliphatic), 1506 (C=C),

Pinhtinh  ngogi 1254 (C-N), 1009 (C-0), 764 (C-
H vong thom)
.. HR-MS (+) c6 m/z = 168,1153 Diung
Phé khai
[MH]*
Phé cgn , Pun
M9 bhé H-NMR va BC-NMR: xem 8
hwong  tw
A PL 5.5, 5.6,5.7,5.8.
hat nhan
Hamam  TGA <1% Pat (0,807 %)
b6 tinh Dat (99,96%)

» HPLC >99.0 %
khiet

3.4.2. Thiét lap chat ddi chiéu
3.4.2.1. Dong goi
CAc tap sau khi duoc danh gia s& dugc dong vao cac lo thiy tinh kin mau nau, khéi
luong dong lo va tong sé lo dong dugc theo bang 3.11.
Bang 3.11. Khéi lugng chat dong trong 01 lo va tong sé lo dong duoc

STT  Ténchat Khdi lwong chat / lo (mg) Tong s6 lo
1 Tap A carvedilol 10 100
2 Tap B carvedilol 10 100
3 Tap C carvedilol 10 100
4 Tap D carvedilol 10 100
5 Tap E carvedilol 10 100

Cac lo duogc bao quan ¢ 2 — 8 °C, tranh anh sang.

98



3.4.2.2. Pdnh gid d¢ dong nhdt ciia qud trinh déng lo

L4y ngau nhién 11 lo mdi tap dé phan tich. Mdi lo dugc phan tich 2 1an dé lay
két qua trung binh. Két qua duoc trinh bay & bang 3.12.

Bang 3.12. Két qua danh gia d6 dong nhat cia qua trinh dong lo

Lo Tap A Tap B Tap C Tap D Tap E

1 99,32 99,79 99,51 99,95 99,79

2 99,34 99,67 99,57 99,98 99,78

3 99,37 99,65 99,70 99,92 99,77

4 99,35 99,76 99,61 99,96 99,76

5 99,34 99,65 99,44 99,92 99,78

6 99,35 99,84 99,63 99,96 99,77

7 99,34 99,56 99,44 99,97 99,77

8 99,37 99,60 99,60 99,94 99,79

9 99,30 99,68 99,42 99,91 99,77

10 99,36 99,73 99,54 99,96 99,75

11 99,32 99,56 99,73 99,95 99,76
Trung binh 99,34 99,68 99,56 99,95 99,77
SD 0,02 0,09 0,10 0,02 0,01
RSD (%) 0,02 0,09 0,10 0,02 0,01

Két qua do léch chuan gitra céc lo cua cac tap déu dudi 0,3, cho thay qua trinh

dong goi khong anh hudng dén do ¢ong nhat ham luong giira céc lo.
3.4.2.3. Ddnh gid dé dong nhat lién phong thi nghiém

Cac lo sau khi danh gia do dong nhat duoc goi téi 03 phong thi nghiém dat
GLP/ 1SO 17025, mdi phong géi 6 lo.

Két qua phan tich ANOVA mét yéu té trén 18 lo mdi chat dugc thé hién ¢ cac
Phu luc 1.25, 2.19, 3.19, 4.19, 5.18.

Gia tri F tinh dugc so véi F tra ciu (Ferit) ciia mdi tap nhu sau:

Tap A: F = 0,555 < Ferit = 3,682;

Tap B: F = 1,538 < Ferit = 3,682;

TapC: F =0,077 < Ferit = 3,682;

Tap D: F = 0,333 < Ferit = 3,682;

Tap E: F = 0,537 < Frit = 3,682.
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Nhan xét: Cac gia tri F déu < Feit. Nhur vay, két qua dinh luong giita cac phong
thi nghiém khac biét khong c6 y nghia thong ké. Ham luong chat phan tich khéng
phu thudc vao phong thi nghiém tham gia danh gia.
3.4.2.4. Xdc dinh gia tri dn dinh va gia trj cong bé

Két qua phan tich theo phuong phap Robust analysis Algorithm A cac tap
duoc trinh bay & cac Phu luc 1.26, 2.20, 3.20, 4.20, 5.19 va tom tit gié tri 4n dinh, gia
tri cong bé ¢ bang 3.13.

Bang 3.13. Két qua xac dinh gia tri 4n dinh va gia tri cong b cac chat doi

chiéu
STT Chat doi chiéu  Gia tri an dinh (%) SD Do khong dam bao do
1 Tap A carvedilol 99,36 0,012 0,004
2 Tap B carvedilol 99,70 0,085 0,025
3 Tap C carvedilol 99,60 0,068 0,021
4 Tap D carvedilol 99,96 1,5x 104 95x 10
5 Tap E carvedilol 99,77 0,011 0,003

Tat ca cac tap chat doi chiéu déu c6 do tinh khiét sac ky trén 99% tinh theo
nguyeén trang, du diéu Kién dé ding ky chat di chiéu qudc gia. Tién hanh lap ho so
chat di chiéu, dan nhan. Bao quan & nhiét do 2-8 °C, tranh anh sang.

Nhu vay, 6 thé st dung céc tap ddi chiéu vao thuc té dé kiém tra tap chat cua

cac nguyén liéu va thanh pham chaa carvedilol.

3.5. XAY DUNG QUY TRIiNH PINH LUQNG PONG THOI CARVEDILOL
VA CAC TAP TRONG NGUYEN LIEU VA THANH PHAM BANG SAC KY
LONG HIEU NANG CAO

Ap dung quy trinh kiém nghiém tap chat lién quan caa carvedilol trong nguyén
licu theo USP 2023 dé danh gia ham luong cac tap trong nguyén liéu va vién nén
carvedilol. Piéu kién sac ky bao gom:

- Pha doéng: ACN — dung dich dém phosphat pH 2 (31:69).
- Cot sac ky: cot Zorbax Eclipse XDB-C8 (150 x 4,6 mm; 5 pm);
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- Dau do PDA: buéc séng 220 nm dung dé dinh luong tap E, 240 nm dung dé
dinh Iugng carvedilol va cac tap con lai;

- Thé tich tiém mau: 5 pl;

- Nhiét 3o cot: 40 °C.

Két qua trinh bay & hinh dudi cho thiy duong nén khdng 6n dinh, thoi gian

phan tich dai, céc pic khong can d6i va pic tap A, E chua tach khoi nhau.

mAU

407 PDA Multi 2
30-

20

:
$
3

2.597 / RT2.597

598/ RTSF88
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Hinh 3.1. Sic ky dd dinh lwong tap chat lién quan trong nguyén liéu theo quy
trinh caa USP 2023
Do d6, nghién ctru da khao sat dé lwa chon quy trinh sic ky téi wu dé dinh

lugng dong thoi carvedilol va cac tap trong nguyén ligu va vién nén.
3.5.1. Khao sat diéu kién sic ky

Tham khao quy trinh kiém nghiém tap chat lién quan theo USP 2023, nghién ctiu
cb dinh cac diéu kién sac ky gom: Cot sac ky: cot Zorbax Eclipse XDB-C8 (150 x 4,6 mm;
5 pum); Pau do PDA: budc séng 220 nm ding dé dinh luong tap E, 240 nm dung dé dinh

lwong carvedilol va cac tap con lai; Nhiét do cot: 40 °C; Thé tich tiém mau: 5 pl.
3.5.1.1. Khdo sat thanh phan pha déng

Khao sét hé pha dong gdom ACN : dung dich TFA pH 2 ¢ cac ty 1¢ 40:60, 45:55
va 50:50 cho thiy ¢ ty Ié 45:55, cAc pic can xing, tach nhau tét. Tuy nhién d6 tinh
khiét cua cac pic thap, do do, viéc sir dung dung dich TFA 1a khong pht hop.
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Khéo st hé pha dong gdm ACN : dém phosphat pH 2 ¢ cac ty 1é 47:53, 45:55,
va 43:57 cho thay pic tap A va tap E chua tach nhau dugc. Do dé, nghién cau da bo

sung thém chét tao cip ion acid 1-heptansulfonic dé ting kha ning phan giai cua tap
E. Cac ty Ié dugc khao sat gom 45:55, 43:57 va 42:58. Két qua cho thay & ty Ié 43:57

c4c pic tach nhau tét nhat.

Khao sat nong do thém vao cuaa chat tao cap ion acid 1-heptansulfonic ¢ 1,5

mM:; 2,0 mM va 2,5 mM, két qua cho thy nong do acid 1-heptansulfonic cang ting

thi kha nang tach cuia tap A va tap E cang giam. O néng d6 1,5 mM, tap A va E tach

nhau hoan toan.

2 + acid 1-heptansulfonic 1,5 mM (43:57).

Do d6, hé pha dong cudi cung duoc lya chon 1a hé ACN — dém phosphat pH
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Hinh 3.2. Khao sat thanh phan pha dong: a) ACN : dung dich TFA pH 2; b)

ACN : dém phosphat pH 2; ¢) ACN : dém phosphat pH 2 thém acid 1-heptansulfonic;

d) ACN : dém phosphat pH 2 (43:57) thém acid 1-heptansulfonic & céc ty I& khac nhau.
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3.5.1.2. Khdo sét téc dé dong

Véi hé pha dong duoc lya chon nhu trén, tién hanh khao sét téc do dong dé
cho thoi gian phan tach téi wvu. Két qua cho thay:

O 0,5 ml/phut, tong thai gian phan tich bi kéo dai, téc ¢6 dong nho 1am dodng
pic gay ra hiéu ing kéo dudi.

O tc d6 dong 0,7 ml/phat va 1 ml/phdt, nhan thy céc pic tach nhau 6n, hé sb
kéo dudi tot. Tuy nhién, dé tiét kiém dung méi va dam bao khong 1am ting 4p suit

quéa cao cua cot, chung toi lya chon toc d6 dong 0,7 ml/phut dé tién hanh tham dinh.

PDA Multi 1
2501 W e 0.5 mL/min
Q Q [an]
(5 o :
E|E o & g
g £ E
E
0 7Y ¥ | + —'/\—‘
T T 1 Y | T T T T
0.0 25 50 7.5 10.0 125 15.0 175 200
min
. PDA MUl 1
w & 0.7 mL/min -
250 Q_ < <C o .
£ g = o S g
3 E = E =
in ML A
0 - T ¥ + i
T U . I D T
0.0 25 50 75 10.0 125
min
i PDA Mutti 1
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o
4 S o
250 g © g
£ o £
MJ\J
0 1 - 1 1 #
= — —  —

Hinh 3.3. Khao sét tbc do dong

min

Sau khi khao sat, diéu kién sic ky toi wu dung dé dinh lugng dong thoi
carvedilol va céc tap nhu sau:

Pha dong: ACN — dung dich dém phosphat (43:57) trong d6 dung dich dém la
dung dich natri dihydrophosphat 2,76 g/l dugc diéu chinh vé& pH 2,0 bing acid
phosphoric va thém acid 1-heptansulfonic nong d6 1,5 mM;

- Dung mdi pha mau: ACN — nuéc (1:1, tt:tt).

- Cot sac ky: Zorbax Eclipse XDB-C8 (150 x 4,6 mm; 5 pm) ;
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- Dau do PDA: buéc séng 220 nm dé dinh luong tap E, budc song 240 nm dé
dinh Iugng carvedilol va cac tap khac;

- Téc @6 dong: 0,7 ml/phat;

- Thé tich tiém mau: 5 pl;

- Nhiét do cot: 40 °C.

3.5.2. Tham dinh quy trinh dinh lwong carvedilol va céc tap bang HPLC
3.5.2.1. Tinh pht hgp hé théng

Tinh phi hop hé théng duoc xac dinh bang céach tién hanh tiém lap lai 6 1an
dung dich chuan hdn hop gém carvedilol néng do 500 pg/ml va cac tap nong do 1
ng/ml. Két qua khao sat tinh phi hop hé théng duoc trinh bay tai bang 3.14.

Bang 3.14. Két qua khao st tinh pht hop hé théng caa quy trinh

tr (phat) S (mAU.s) Rs N Tt

Carvedilol Rgs% 30’?1835 22%?35276 5,18 2209 1,04
Tap A R;-[?% 26?1478 411,739())8 ] 2241 148
Tap B Rg[?% 13135 417’9823 435 4870 1,13
Tap C R;-E?% 90’?1059 536;‘;9 11,72 3840 1,16
Tap D Rg[?% 18:(7);1 65’222 1,94 5623 1,03
N N

Nhdn xét: Két qua khao sat cho thdy RSD cua thoi gian luu va dién tich pic
déu nho hon 2%; Rs >1,5; Tt nam trong khoang 0,8 — 1,5 va N > 1000. Nhu vay, quy
trinh dat tinh pht hop hé théng.
3.5.2.2. Tinh dac hiéu

Tién hanh sic ky dong thoi mau trang, cac mau don thanh phan, mau chuan,
mau thir, mau thir gia 1ap va mau ther thém chuan. Két qua duoc trinh bay & hinh 3.48

va phu luc 6.1.
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Hinh 3.4. Séc ky d6 danh gid tinh ddc hiéu: mau tr hdn hop chuan (b), mau thi
Inh 3.4. Sac ky do danh gia tinh dac hiéu: mau trang (a), hon hop chuan (b), mau tht (c)
Y x ) HESE P
va mau thir gia lap (d)
Peak# 03
Retention Time 0 3.981
Compound Name : Carvedilol Peak# i 2 Peak# 16
Retention Time 12544 Retention Time ©13.742
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Minimum peak purity index : 44460 Minimum peak purity index : 672981
Pury Peak# H] Purity
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‘ » t2s
| ;/\\\ | ’
05 \ / \
/ \ | 10
|
\ \ |
[ 0= T ; =-0.0 s B 2
= = = - = 10.50 10.75 11.00 11.25 175 2.00 225 250
LE ) &5 a0 a5 L B ) min e 3 3 min
oty ot Detected ™ Impurity :Not Detected Impurity :Not Detected
Prak purity index 0380239 Peak purity index : 0.999990 Peak purity index 997552
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Hinh 3.5. Biéu d6 d¢ tinh khiét cua pic carvedilol va cac tap
Nhdn xét:

Séac ky dd mau trang khong xuat hién pic trong khoang thoi gian luu twong Gng

Vi thoi gian luu cua carvedilol va cac tap trong sac ky do mau chuan.

Sic ky d¢6 mau thtr gia l1ap va miu thir thém chuan xuat hién pic carvedilol va

C4C tap c0 thoi gian luu twong (ng véi thoi gian luu trong sic ky dd mau chuan.

Céc pho UV-Vis caa pic mau thir va mau chuan cé sy twong dong cao. Do tinh
khiét cua céc pic déu dat 0,998 — 1,000.

Nhu vay, quy trinh phan tich c6 tinh dac hiéu cao.
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3.5.2.3. Khodng néng dé tuyén tinh, dé diing, dé chinh xac, LOD va LOQ

Bang 3.15. Két qua khao sat khoang nong do tuyén tinh, d6 dang, do chinh

x4c, LOD va LOQ ciia quy trinh. (PL 6.2, 6.3, 6.4, 6.5)

Carvedilol TapA TapB TapC TapD TapE
Tuyén tinh
Khoangtuyén 0,01-1500  0,04-3 0,1-3 0,1-3 0,1-3 0,1-3
tinh (ug/ml)
r? 0,9996 0,9957 0,9972 0,9983 0,9967  0,9985
Do déc + SD 45181+ 26897+ 50976+ 54293+ 90707+ 20760+
334 721 1198 1001 2348 359
Pa 3,38.10% 248.10% 1,35.107 4,04.10% 2,19.107 291.10%
Hé s6 chan + 368390+ -1837+ —2639,5 —4733,3 —4200,9 —1386,5
SD 207377 1054 +£1871 +1564 + 3666 + 560
Pb 0,109 0,132 0,217 0,029 0,304 0,056
P chinh xac
Do lap lai
Mau thir @
TB (%) P 99,86 0,087
SD 1,029 0,003
RSD % 1,03 3,12
Mau gia lap
TB (%) P 99,89 0,086 0,205 0,187 0,213 0,104
SD 1,126 0,002 0,002 0,004 0,002 0,002
RSD % 1,13 2,58 1,00 1,90 1,12 2,04
Py CXTG
Mau tht 2
TB (%) P 100,24 0,086
SD 0,313 0,002
RSD % 0,31 2,75
Mau gia lap
TB (%) P 100,18 0,085 0,195 0,179 0,206 0,115
SD 0,468 0,002 0,003 0,004 0,002 0,002
RSD % 0,47 2,33 1,39 2,03 0,92 1,72
Do ding
% thu hdi © 100,38 99,92 100,16 100,30 99,95 100,30
RSD % 1,04 1,69 1,16 0,89 0,86 1,37
LOD (ug/ml) 0,003 0,013 0,033 0,033 0,033 0,033
LOQ (ug/ml) 0,01 0,04 0,1 0,1 0,1 0,1
Khoang xac  400-1000 05-12 0512 0512 0512 05-12

dinh (pg/ml)

3 C4c tap B, C, D, E khéng c6 trong mau thir; ® n = 6; < n =9
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3.5.3. Ung dung quy trinh sic ky da xdy dung nhim xic dinh ham lwong

carvedilol va c4c tap trong mét sé nguyén liéu va thanh pham carvedilol

Ung dung quy trinh d4 thdm dinh dé x4c dinh ham lwong carvedilol va cac tap
trong 09 mau. Két qua duoc trinh bay & bang 3.16.

Bang 3.16. Két qua dinh luong carvedilol va cac tap trong cac nguyén liéu va
thanh pham vién nén bang HPLC

Ham lwong (%)

Mad Carvedilol Tap A TapB TapC TapD TapE
M1 100,24 0,086 - - - -
M2 101,42 0,187 - - - -
M3 100,99 + - - - -
M4 99,46 + - - - -
M5 100,56 - - - - -
M6 99,94 0,059 - - - -
NL1 100,15 0,047 - - - -
NL2 100,76 + - - - -
NL3 99,89 0,055 - - - -

Ghi chu: (-) Duéi LOD cua phuong phap, (+) Duéi LOQ cua phuong phap

Nhgn xét:

- Trong 6 mau thanh pham ¢ 5 mau phat hién duoc tap A, trong d6 c6 2 mau tap
A c6 ham lugng dudi gidi han dinh luong ctia phuong phap, 3 mau con lai ham
lugng tap A déu nam trong gidi han cho phép cua tap trong thanh pham
carvedilol theo USP 2023 14 0,2%. Trong 03 mau nguyén liéu déu phat hién tap
A va trong gioi han cho phép theo USP 2023, trong d6 ¢6 01 mau c6 ham lugng
dudi gidi han dinh Iugng cua phuong phap.

- Céhctap B, C, D, E trong 09 mau déu nam dudi giéi han phat hién.
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3.6. XAY DUNG QUY TRINH PINH LUQNG PONG THOI CARVEDILOL
VA CAC TAP TRONG NGUYEN LIEU VA THANH PHAM BANG PIEN DI
MAO QUAN

3.6.1. Khao sat quy trinh dinh lwong
3.6.1.1. Khdo sat dung méi pha mau

Tién hanh pha mau trong MeOH 100%, ACN 100% va cac ty I khac nhau cua
MeOH véi BGE (1:1; 1:2; 1:3). Két qua dinh luong carvediol trong cac dung moi
khac nhau khong c6 ¥ nghia thong ké. Tuy nhién kha ning tach cua pic tap D ra khoi
pic trong nén mau tét hon, dong thoi do 13p lai ciing tét khi str dung dung mdi pha
mau la MeOH : BGE (1:3) so véi cac dung méi con lai. Do d6 Iya chon dung moi pha
mau la MeOH : BGE (1:3).

3.6.1.2. Khdo sat pH va céc loai dém

Tién hanh khao sat dung dich dién di nén trong khoang pH tir 3-9 va cac loai
dém khac nhau nhu phosphat, borat, acetat, citrat. Két qua cho thay khi sir dung dém
acetat pH 5 cho két qua tach cac pic tét hon so véi cac pH va cac dém con lai, do d6
dung dich dién li nén dugc chon s& 1a dém acetat pH 5. Tuy nhién nén nhiéu, cac pic
kéo chan va pic tap D chua tich ra khoi pic dong dién tham (EOF).
3.6.1.3. Khdo sat dung moi hitu co thém vao

Tién hanh thém vao dung dich dién ly nén ACN, MeOH thay thé nudc trong
dém acetat véi céc ti Ié khac nhau. Két qua cho thay khi dung ACN 50% thay thé
nudc dé pha dém acetat cho cac pic tét hon, d6 phan giai giira pic carvedilol va pic
tap C 16n hon so vai cac ty 1€ khdc (ACN 60% va ACN 70%). Do d6 chon ty 1€ ACN
50% thay thé nudc dé pha dém acetat, tuy nhién pic tap D van bi tring pic caa EOF.

3.6.1.4. Khdo sat chdt dién hoat thém vao

Tiép tuc thém vao dung dich dién di nén céc chat dién hoat & nong do trén,
dudi va tai ndng d6 micell téi han (CMC - Critical Micelle Concentration). Cac chat

dién hoat duoc sir dung gém cetyl trimethyl ammonium bromid (CTAB) véi CMC =
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0,9 mM, tween 20 vgi CMC = 0,5 mM, natri 1-heptansulfonat véi CMC = 302 mM,
natri dodecyl sulfat (SDS) véi CMC = 8,2 mM. Két qua cho thay: Khi thém SDS 7
mM dudi ngudng CMC thi pic tap D da tach khoi pic EOF voi Rs > 1,5. Do @6 SDS

7 mM dugc sir dung 1am chét dién hoat.
3.6.1.5. Khdo sat nong dé dém

Tién hanh khao sat dém acetat & cac nong do 60, 80, 100, 120, 140 mM. Két
qua cho thdy nong d6 dém cang cao thi thoi gian luu cang ting, nong d6 dém thap thi
nguoc lai. O ndng do6 dém acetat 100 mM va 120 mM thi pic tap D tach ra khoi pic
EOF véi d6 phan giai déu xap xi Rs ~ 1,8. Nong do téi wu chon duoc 12 100 mM vi

cho thoi gian luu khong qué dai va hinh dang pic van tét.
3.6.1.6. Khdo sat dign thé

Tién hanh khao sét ¢ cac dién thé 10 kV, 15 kV, 20 kV. Két qua cho thay khi
giam dién thé 1am tang thoi gian luu va ¢ kha ning ting kha ning tach giira cac pic.
Tuy nhién khi giam dién thé tir 20 kV xudng 15 kV, 10 kV, ngoai viéc ting thoi gian
luu gay kéo dai thoi gian phén tich, pic carvedilol bi ché va cac pic c6 xu hudng
dodng rong. Do do dién thé dugc chon 12 20 kV.
3.6.1.7. Khdo sat chiéu dai higu dung cét

Tién hanh khao sét & cac chiéu dai cot hiéu dung 40 cm, 50 cm, 60, cm. Két
qua cho thay khi ting chiéu dai cot 1am ting thoi gian luu cia cac pic, tuy nhién do
phan giai giita pic tap D véi pic EOF khong khéac nhau nhiéu. Mic khéc véi chiéu dai
cot hiéu dung 50 cm va 60 cm thi chan pic carvedilol bi thap duéi dudng nén. Do d6

lya chon chiéu dai cot hiéu dung 40 cm dé tiét kiém chi phi phan tich.
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Hinh 3.6. Khao sat diéu kién dién di: a) Bém: acetat pH 5; b) Dung méi hitu co: ACN :
nuéc (1:1); ¢) Chat dién hoat: natri dodecylsulfat 7 mM; d)Nong do dém acetat: 100 mM;
e) bién thé: 20 kV.

Sau khi khao sat, diéu kién dién di t6i wu dung dé dinh luong dong thoi
carvedilol va cac tap nhu sau:

Chiéu dai cot hiéu dung 40 cm; chiéu dai cot tong 48,5 cm; duong kinh ngoai:
360 pum; duong kinh trong 75 pm; BGE gom dém acetat 100 mM pH 5 chtza SDS 7
mM trong hon hop ACN : nuée (50: 50); dién thé 20 kV; dong dién 150 pA; nhi¢t do
cassett 20 °C; tiém mau 35 mBar trong 4 gidy; budc song phat hién 220 nm cho tap

E va 242 nm cho céc tap con lai. Dung moi pha mau: MeOH : BGE (1:3).
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3.6.2. Tham dinh quy trinh dinh lwong carvedilol va céc tap bing CE
3.6.2.1. Tinh phu hgp hé théng
Tién hanh tiém I3p lai 6 1an dung dich chuan hdn hop gdom carvedilol néng d6
2500 pg/ml va cac tap ndng do 5 pg/ml. Két qua khao sat tinh pht hop hé théng duoc
trinh bay tai bang 3.17.
Bang 3.17. Két qua khao sat tinh phd hop hé théng cua quy trinh

tr (phat) CorrA Tt N Rs
. B 4,124 1153,30
Carvedilol “peroe ¢ o b 200 7113 2,68
B 3.744 1.40
TIA  non oss 085 140 30432 5.35
B 6,466 4.41
! ! 1 127 2
TWB  epw 120 307 00 55 63
B 5,882 2,62
TWC  peon 122 o4 092 12238 8,57
B 7258 4.96
! ! 100 17150 3,52
TaPD psbw 1o 1.36
Tap E 8 3,278 0,62 098 22387
P RSD% 053 218 !

Nhdn xét: Két qua khao sat cho thay RSD cua thoi gian dién di va CorrA déu
khong qué 3%; Rs >1,5; T nam trong khoang 0,8 — 2,0 va N > 1000. Nhu vay, quy
trinh dat tinh pht hop hé théng.

3.6.2.2. Tinh dac hiéu

Tién hanh dién di mau dung dich BGE, dung mdi pha miu, chuan don tap A,

B, C, D, E, carvedilol va mau thu gia lap.
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Hinh 3.7. Bién di 46 danh gia tinh dic hiéu: BGE (a), Dung mdi pha mau (b),
Chuan tap E (c1), Chuan tap A (c2), Chuan carvedilol (c3), Chuan tap B (c4),
Chuan tap D (c5),

Chuan tap C (c6), Thir gia lap (d)
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Hinh 3.8. Biéu d6 d¢ tinh khiét cua pic carvedilol va cac tap
Nhdn xét:

Dién di dd6 mau dung dich dién ly nén, dung mdi pha mau khong xuat hién pic
trong khoang thoi gian Iuu twong Gng véi thoi gian luu caa carvedilol va cac
tap trong dién di d6 mau chuan.
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- Trén dién di d6 cua mau thir gia 1ap thi pic carvedilol va tap tach hoan toan (d6
phan giai Rs > 1,5);

- Phé UV-Vis cua pic mau thr va mau chuan twong dong nhau, cac pic dat do

tinh khiét

pic cao.

Nhu vay, quy trinh phan tich co tinh dac hiéu cao.

3.6.2.3. Khodng néng dé tuyén tinh, dé diing, dé chinh xéac, LOD va LOQ

Bang 3.18. Két qua khao séat khoang nong do tuyén tinh, do dang, do chinh
xac, LOD va LOQ cua quy trinh. (PL 7.1, 7.2, 7.3, 7.4)

Carvedilol  Tap A TapB TapC TapD TapE
Tuyén tinh
Khoang 1000-6000 2-8 2-8 2-8 2-8 2-8
tuyén tinh
(Hg/ml)
R? 0,9937 0,9948  0,9973 0,9954 0,9954  0,9971
bo dbc * 0,4716 £ 0,2793+ 1,1708+ 0,5250+ 1,2966+ 0,1374 +
SD 0,0154 0,0091 0,0273 0,0159 0,0392 0,0033
Pa 7,94.10% 6,73.107 1,30.107 4,84.107 4,76.107 1,52.10°
Hé s6 chan 51,57+ 0,0243+ -0,2842 0,0377+ -0,0835 -0,0371
+ SD 50,60 0,0488 +0,1470 0,0858 +0,2112 +0,0178
Pb 1,02 0,64 0,11 0,68 0,71 0,09
Do chinh xac
bo lap lai
TB (%) 2 96,88 0,200 0,201 0,205 0,195 0,205
SD 1,80 0,004 0,001 0,004 0,004 0,004
RSD % 1,86 1,86 0,69 1,78 1,92 1,79
Do CXTG
TB (%) 2 98,23 0,203 0,210 0,216 0,209 0,206
SD 1,76 0,001 0,004 0,004 0,005 0,005
RSD % 1,80 0,66 1,69 1,89 2,30 2,42
Do ding
% thu hoi 100,17 100,00 96,90 98,81 100,34 99,63
RSD % 1,53 2,84 3,00 2,82 1,27 4,03
LOD (ug/ml) 0,175 0,125 0,125 0,100 0,400
LOQ (pg/ml) 0,50 0,35 0,35 0,30 1,50
Khoang xac 2000-3000 4-6 4-6 4-6 4-6 4-6
dinh ((ug/ml)
an=6;:"°n=9
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3.6.3. Ung dung quy trinh dién di da xdy dung nhim xac dinh ham lrong

carvedilol va c4c tap trong mét sé nguyén liéu va thanh pham carvedilol

Ung dung quy trinh d3 thdm dinh dé x4c dinh ham lwong carvedilol va céc tap
trong 09 mau. Két qua duoc trinh bay & bang 3.19.
Bang 3.19. Két qua dinh luong carvedilol va cac tap trong cac nguyén liéu va

thanh pham vién nén bang CE

Ham lwong (%)

Mau Carvedilol TapA TapB TapC TapD TapE
M1 98,67 - - - - -
M2 100,37 0,09 - - - -
M3 97,46 - - - - -
M4 101,38 - - - - -
M5 98,39 - - - - -
M6 100,78 - - - - -
NL1 101,50 0,05 - - - -
NL2 99,58 - - - - -
NL3 99,79 - - - - -

Ghi ch: (-) Du6i LOD cua phuong phap
Nhgn xét:

- Trong 06 mau thanh pham c6 01 mau phéat hién duoc tap A ham luong 0,09%,
trong gisi han cho phép trong vién nén la 0,2% theo USP 2023. Trong 03 mau
nguyén liéu c6 01 mau phat hién duoc tap A ham luong 0,05%, va trong gidi
han cho phép trong nguyén liéu la 0,1% theo USP 2023.

- Céhctap B, C, D, E trong 09 mau déu nam dudi giéi han phat hién.
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CHUONG 4. BAN LUAN
4.1. TONG HOQP, TINH CHE VA XAC PINH CAU TRUC CAC TAP
4.1.1. Téng hop, tinh ché va xac dinh cau tric tap A

Tap A duoc tong hop theo con duong phét sinh tap trong qua trinh tong hop
nguyeén liéu carvedilol theo 2 giai doan: tong hop 4-(oxiran-2-ylmethoxy)-9-(oxiran-
2-yImethyl)-9H-carbazol (6) va tong hop tap A.

O giai doan thtr nhat, 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-
carbazol (6) duogc tong hop tir phan wng gitta 4-(oxiran-2-ylmethoxy)-9H-carbazol
(2) va epiclorohydrin (5). Can cir vao ciu tric cua halogen st dung 1 epiclorohydrin
c6 gbc hydrocarbon 12 mot alkyl bac 1 va halogen Ia clo nén phan ing cd chiéu huéng
xay ra theo co ché thé ludng phan tir (Sn2). Phan tng c6 mot giai doan, sy hinh thanh
lien két moi va cat dut lién két cii dién ra dong thoi thdng qua trang thai chuyén tiép
c6 ning lugng cao nhat trong qué trinh phan tng. Qué trinh hinh thanh trang théi

chuyén tiép 1a budc quyét dinh toe do cua phan tng ™.

O/\d

OB e O~
N4 *‘“‘ g

So @6 4.1. Co ché phan tng giai doan tao hop chat 4-(oxiran-2-ylmethoxy)-9-
(oxiran-2-ylmethyl)-9H-carbazol (6)

Tién hanh khao sat diéu kién cia phan (ng bang cach thay d6i mot yéu t6 va
cb dinh cac yéu t con lai, dong thoi danh gia dya trén hiéu suat cua qué trinh tong
hop va tinh ché. Khao sat dung mdi phan ng, tién hanh phan tng khéng st dung
dung mdi va trong cac dung méi aprotic khac nhau, day 1a cac dung moi tao diéu kién
thuan loi cho phan tng Sn2 vi khong tao lién két hydro véi tac nhan ai nhan 7. Két

qua khao sat thuc té cho thdy hiéu suat cua phan @ng cao nhat (50,6%) khi tién hanh
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phan tmg trong diéu kién khong str dung dung méi. Khao sat sy anh huéng cua ti 16
s6 mol epiclorohydrin (5) / 4-(oxiran-2-ylmethoxy)-9H-carbazol (2), két qua nghién
ctru cho thay hiéu suat quy trinh ting 1én khi ty 1 s6 mol giita epiclorohydrin (5) va
4-(oxiran-2-ylmethoxy)-9H-carbazol (2) thay ddi tir 30 — 50. Hiéu suét quy trinh thay
d6i khong dang ké khi tiép tuc tang ty 1 sé mol epiclorohydrin (5) / 4-(oxiran-2-
ylmethoxy)-9H-carbazol (2). Trong phan ung thé Sn2, viéc hinh thanh trang théi
chuyén tiép 1a bugc quyét dinh toc dd phan tng, c6 su tham gia cua ca 2 chat phan
ng nén téc d6 va hiéu suat phan tng phu thudc vao ti 1é ndong do cua 2 chat 7. Vi
epiclorohydrin (5) 1a mot chat rat doc va dé dam bao tinh kinh té nén quyét dinh tién
hanh phan tng vai ty 1€ 1a 50:1.

Khao sét xuc tac, tién hanh phan (g véi sy xuc tac cua cac base va cap base
khac nhau. C4c base trong phan ng tong hop hop chat (6) c6 vai trd 1a mot chat xtc
tac dong thé, gidp 1am manh tac nhan i nhan trong phan ¢ng Sn2, tir d6 1am tang
hiéu suat caa phan wng. Két qua khao séat cho thay khi sir dung cip xdc tac 1a kali
carbonat + triethylamin thi cho hiéu suat cua quy trinh 1a cao nhat (68,3%) va cao
hon han khi sir dung céc xuc tac khéc.

Khao sét thoi gian phan ang, hiéu suat caa quy trinh tong hop hop chat (6)
tang 1én theo thoi gian phan Gng tir 1 dén 4 h. Tir thoi diém 4 h tré di hiéu suat toan
quy trinh giam nhe. Biéu nay cd thé do khi gia nhiét phan tng o thoi gian dai trong
moi trudng Kiém, vong epoxy cd thé bi mé vong dé tao ra san pham phu. Do d6, dé
thuan loi cho qué trinh tong hop, tiét kiém thoi gian va dam bao tinh kinh té, nghién
ctru quyét dinh tién hanh phan tng trong thoi gian 4 h.

Khao sat nhiét ¢ phan ang, hiéu suit cua quy trinh ting khi thay d6i nhiét o
phan ng tir nhiét do phong (RT) dén 75 °C va cao nhat & 75 °C (86,5%). Sau d6 hiéu
suat cua quy trinh giam dan khi tiép tuc tang nhiét do. Nhiét do phan ang 1a mot yéu
t6 can thiét trong co ché ciia phan &g Sn2, viéc gia nhiét gilp cung cip ning luong

cho hdn hop phan ang, c6 vai trd quan trong trong viéc hinh thanh trang théai chuyén
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tiép hay phtrc hoat dong. Pay 1a phirc khdng bén c6 thai gian tn tai rat ngan ang voi
trang thai c6 mutc nang lwong cao nhét trong qua trinh phan wng. Trong phan ¢ng
trén, khi ting nhiét do Ién trén 75 °C, hiéu suat cta phan ¢ng giam. Nguyén nhan
giam hiéu suat c6 thé do nhiét do6 phan ung qua cao lam phan hay mot phan
epiclorohydrin (5), 1am giam hiéu suat phan tmg, d6ng thoi hop chét (6) sau khi dugc
t6ng hop ciing c6 thé bi mé vong epoxy, tao ra tap chat trong san pham.

Cau tric cua hop chat (6) duoc xac nhan bang cac phuong phap phd hong
ngoai, pho khi va cong huong tir hat nhan. Trén phd IR (PL 1.2) so vai phd cua tap
D (PL4.4) khong xuat hién tin hiéu dinh 3286 dic trung cho lién két N-H, chang to
H lién két véi N da bi thay thé. Trén pho NMR, s6 luong proton va carbon, d6 dich
chuyén, d6 boi cua tin hiéu déu phu hop véi cau tric hoa hoc caa hop chét (6). Dac
biét, khi so v&i tai liéu tham khao 2, tin hiéu mot s dinh trén phd proton cua hop
chat (6) trong nghién ciru nay rd rang hon. Vi du, dinh doublet & nguyén tir H1 thay
vi multiplet, cac nguyén tir H & cac vi tri 17, 3°, 4°, 6> déu duoc gan cu thé cho mdi
tin hiéu Ha va Hp. Biéu nay 1a nho dbi chiéu véi phd NMR cua tap D dé gan vi tri
cho nguyén tir H cu thé va phé cong huong tir hat nhan duge do trén may co tan sb
cao hon (500 MHz so v6i 400 MHz) nén d6 phan giai pho tét hon.

O giai doan 2, nghién cau tong hop tap A tir phan ang ma vong epoxy giira
4-(oxiran-2ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) va 2-(2methoxy
phenoxy)ethanamin (3). Trong phan tir hop chat (6) c6 nhém epoxyd nén cd thé tham
gia phan ung mo vong voi tac nhén nucleophin ¢ day la 2-(2methoxy

phenoxy)ethanamin (3) 6.
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So @6 4.2. Co ché phan tng giai doan tong hop tap A

Tién hanh khao sat so bo diéu kién cua phan ung bang cach thay doi mot yéu
t6 va cb dinh cac yéu té con lai, ddng thoi danh gia dya trén hiéu suat cua qua trinh
tong hop va tinh ché. Khao sat dung méi phan ung, tién hanh phan @ng khong sir
dung dung méi va trong cac dung méi protic, aprotic khac nhau. Két qua khao sat cho
thiy phan tng tong hop tap A cua carvedilol khdng xay ra khi tién hanh phan ¢ng
trong cac dung mai protic va phan mg dat hiéu suat cao nhat (27,7%) khi tién hanh
trong diéu kién khéng str dung dung mai.

Khao st sy anh huong cua ti 16 sé mol 2-(2-methoxyphenoxy)ethanamin (3) /
4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6), vi trong phan tu hop
chat (6) cd 2 vong epoxy nén trong qué trinh tién hanh phan tng cong ma vong phai
dam bao amin (3) ludn du dé han ché tao ra san pham phuy. Két qua nghién cau cho
thay hiéu suat caa quy trinh ting 1én khi ty 1¢ s6 mol gitta (3) va (6) thay d6i tir 4:1
dén 6:1, khi tiép tuc tang thi hiéu suat quy trinh giam. Hiéu suat quy trinh cao nhat
khi ty 1¢ s6 mol gitra (3) va (6) 1a 6:1.
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Khao sat xuc tac, tién hanh phan wng lan luot véi xic tac silica gel; magnesi
oxyd va khéng st dung xuc tac. Theo tai liéu tham khao, silica gel va magnesi oxyd
la c&c chat xGc tac hiéu qua cho qua trinh mé vong epoxy bang amin thom trong diéu
kién khdng c6 dung méi 7778, Tuy nhién, két qua khao sat thuc té cho thiy hiéu suat
cua phan ung khi khéng sir dung xuc tac cao hon khi str dung xuc tac la magnesi
oxyd. Hiéu suat cua quy trinh khi sir dung xuc tac 1a silica gel 1a cao nhat (34,1%),
tuy nhién khéng chénh léch nhiéu so véi hiéu suat khi khéng st dung xuc tac (33,9%),
su khéc biét nay ciing khong c6 ¥ nghia thong ké (p > 0,05). Bong thai, khi sir dung
silica gel lam xuc tac cho phan ung thi sé gay kho khan trong qua trinh xtr ly san
pham nén nghién cttu quyét dinh chon khong sir dung xuc tac cho phan ang.

Khao sat nhiét d6 phan tng, khi tang tir nhiét d6 phong (RT) 1én cac muac dén
80 °C thi hiéu suat caa quy trinh tong hop tap A hau nhu giam dan. Diéu nay cho thay
tap A kha nhay cam véi nhiét d6. Khi tang nhiét do phan ung, tap A c6 thé bi phan
haty mot phan, dong thoi xuét hién cac san pham phu caa phan ang. Vi du mdi vong
epoxy trén 4-(oxiran-2ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) c6 thé bi
tan céng 2 1an boi 2 phan tir 2-(2-methoxyphenoxy)ethanamin (3) dé tao thanh céc
san pham phuy, 1am giam hiéu suét tong hop. Do dé, hiéu suit cua quy trinh cao nhat
khi tién hanh phan ang & nhiét d6 phong (48,3%).

Khao sét thoi gian phan ang, hiéu suat cua quy trinh tang lén theo thoi gian
phan ung trong khoang thoi gian tir 2 dén 16 gio. Tir thoi diém 16 gio tré di, hiéu
suat giam c0 y nghia thong ké (p < 0,05). Piéu nay c6 thé do khi tang thoi gian phan
ung tr 2 gio Ién 16 gio, kha nang md vong epoxy cua 2-(2-methoxyphenoxy)
ethanamin (3) dé tao thanh tap A tiang dan, tuy nhién khi tiép tuc phan tng, cac san
pham phu tao thanh do tap A tiép tuc phan ng vai 2-(2-methoxyphenoxy)ethanamin
(3). Do d6, hiéu suat cua quy trinh cao nhat khi tién hanh phan ang trong 16 gio
(71,7%).
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San pham tho sau khi tdng hop s& duoc tinh ché bang sic ky cét silica gel pha
thuong véi hé dung moi petroleum ether : ethyl acetat : methanol (3:4:1) thu duoc
san pham tinh ché c6 do tinh khiét cao (trén 98%).

Nhu vy, qua qué trinh khao séat, danh gia dwa trén hiéu suat cua qué trinh tong
hop va tinh ché, nghién ctru da lya chon duoc didu Kién t6i wu cho qué trinh tong hop
tap A cua carvedilol. Hiéu suat caa phan tng tong hop tap A qua 2 giai doan trong
nghién ciu nay lan luot 12 86,5% va 71,7%, hiéu suat toan quy trinh 1a 62,02%. Cho
dén nay da co mot sé cdng trinh nghién ciru tong hop tap chat A cua carvedilol, tuy
nhién céc cdng trinh nghién ciru nay co hiéu suat caa quy trinh tong hop kha thap va
do tinh khiét cua céc tap tong hop duoc chua duoc dé cap. Véi diéu kién tdi vu im
duoc, hiéu suat caa qua trinh tdng hop va tinh ché tap A da duoc cai thién dang ké so
véi cac nghién ciru trude d6 cua G. Madhusudhan (2009) va Somisetti Narender Rao
(2011) véi hiéu suat tong hop 1a 32,8% va 45%. Ca hai nghién ciru déu khong dé cap
dén hiéu suat cua giai doan 1 va do tinh khiét cua san pham 252, Trong nghién ctu
cuia G. Madhusudhan, td&c nhan m¢ vong epoxid la N-benzyl-2-(2-
methoxyphenoxy)ethanamin (7), do d6 sau khi md vong can thuc hién phan tng
debenzyl héa véi tac nhan hydrazin hydrat véi xtc tac Pd/C. Biéu nay c6 thé lam
giam hiéu suat toan quy trinh tong hop. Quy trinh tong hop trong nghién ctu nay
tuong ty V4i nghién cau cua Somisetti Narender Rao, trong d6 c6 khao sét cai tién
cac yéu té anh huong dé téi wu hiéu suat phan ung. Cac diéu kién phan ung trong
nghién ctu ciia Somisetti Narender Rao duoc khao sét lai va déu cho hiéu suat thap
hon cac diéu kién duoc lua chon trong nghién ciu ndy. Bac biét, viéc sir dung chinh
tac nhan phan tng dé 1am mai trudng phan tan (epiclorohydrin (5) trong giai doan
tong hop (6) va 2-(2-methoxyphenoxy)ethanamin (3) trong giai doan tong hop tap A)
S0 V@i viéc sir dung dung mdi DMF va monoglyme gilp qué trinh xtr ly sau phan tng
dé& hon, giam kha ning tao thanh tap chat khdng mong muén va ting sy tuong tac

giita cac phan tir tham gia phan tng, giup ting hiéu suat tong hop.
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Céc nguyén liéu sir dung trong dé tai 1 cac hda chat d& tim: 1a cac nguyén liéu
tong hop carvedilol trong céng nghiép nhu 4-(oxiran-2-ylmethoxy)-9H-carbazol (2),
epiclorohydrin (5), 2-(2-methoxyphenoxy)ethanamin (3). Quy trinh tong hop va tinh
ché trong dé tai don gian, d& thuc hién tai cac phong thi nghiém va cho hiéu suat tong
hop twong dbi cao so véi cac cong trinh nghién ctru da cong bd va do tinh khiét cua
tap A tong hop dat yéu cau dé thiét Iap tap chat chuan di chiéu (> 98,0%).

Vé xac dinh ciu tric, cac thong tin trén pho tir ngoai — kha kién (UV-Vis),
hong ngoai (IR), khdi phd (HRMS), phd cong huong tir hat nhan (NMR) cua san
pham tong hop déu phu hop véi cong thire cau tao caa tap A. Trén phd IR déu co dai
hap phu & s6 song tng véi cac dao dong cua cac nhom lién két dic trung. Trong do,
dao dong cua cac lien két C — H (no), C=C (nh4n thom) 13 c4c dao dong dic trung
cho tap A cua carvedilol va pht hop véi pho IR cua tap A carvedilol theo TLTK 26,
Pho khéi HR-MS (+) cua tap A ¢6 m/z = 630,3183 [MH]* va m/z = 652, 3048 [MNa]*
phU hop véi gi tri m/z du kién 1a 630,3181 [MH]*; 652,3000 [MNa]* va phu hop véi
khéi lwong phan tir dy kién cua tap A (CasHazN3O7; M = 629,74). Trén phé NMR,
két qua phan tich pho tH-NMR vé d6 dich chuyén va cudng d6 pic nhan thay sé luong
proton, do dich chuyén, d6 boi cua tin hiéu 1a phu hop véi cau trdc hoa hoc cua tap
A. Ph6 3C-NMR cho phép khang dinh dang carbon va sb lugng carbon thong qua do
dich chuyén va cudng do pic, nhan thiy sé carbon, do dich chuyén hda hoc cua cac
pic 1a ph hop véi cdng thirc cau tao cua tap A. Pho HMBC va phd HSQC lan luot
khang dinh c4c twong tac J° va J! gitra 'H va 13C cho phép chi ra vi tri gan chinh xac
ctia c4c nguyén ti carbon, hydro va cho thay su phu hop véi cong thirc cau tao cua
tap A cua carvedilol. Bé d& dang so sanh pho tap A tong hop dugc véi céc tai lidu
tham khao, nghién ctru da Iya chon dung méi do phd NMR 1a CDCls nhu nghién ciru
cua Rao %, Cau trlc hoa hoc cuia tap A kha cong kénh, dong thoi hai nhanh gan trén
nhan carbazole gidng nhau nén tin hiéu trén phd NMR rét dé bi chap néu do phan giai

may khong cao. Piéu ndy thé hién khé rd khi so sanh phd do dugc trong nghién ctu
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nay véi cac nghién ciu cia Rao va Madhusudhan 252, Trén phd 3C-NMR, cac cap
tin hiéu C2 — C2’, C6 — C6°, C10 - C10’, C11 - C11’, C13 - C13’ dugc tach khoi
nhau, trong khi cac tai liéu tham khao déu cho tin hiéu chap. Tuong ty, trén pho *H-
NMR, céc tin hiéu H3, H3’ hay H6, H6’ déu la cac dinh d6i kép (doublet of doublets
- dd) hay triplet thay vi multiplet nhu cac nghién ctru khac. Diéu nay la nho may
NMR trong nghién ctru ndy ¢ tan s6 cao hon din dén do phan giai tét hon (500 MHz
so vai 400 va 300 MHz).

4.1.2. Tong hop, tinh ché va xac dinh cau truc tap B

Tap B dugc tong hop theo con duong phéat sinh tap trong qua trinh tong hop
nguyén liéu carvedilol. Tap B Ia tap dimer, tao thanh do su tin cdng ma vong epoxy
2 1an: 2-(2-methoxyphenoxy)ethanamin (3) ma vong epoxy dé tao thanh carvedilol,
sau do6 carvedilol dong vai tro amin bac 1 tiép tuc mg vong epoxy thir 2 dé tao thanh
tap B. Do d6 nghién ctu da khao sat hai tac nhan gém 2-(2-methoxyphenoxy)
ethanamin (3) va carvedilol. Vi tdc nh&n 2-(2-methoxyphenoxy)ethanamin (3), khi
tién hanh can phai cho tir tir tac nhan amin va dung dich cua 4-(oxiran-2-ylmethoxy)-
9H-carbazol (2) trong ethanol. Néu cho qua nhanh hoic cho hét nguyén liéu amin
cung mét luc vao dung dich cua 4-(oxiran-2-ylmethoxy)-9H-carbazol (2) trong
ethanol thi s€é tao mot lugng lon carvedilol. Trong khi do, khi dung tic nhéan
carvedilol, quy trinh thuc hién don gian hon, khong can phai cho tir tir nguyén liéu
trong qua trinh tong hop, han ché duoc viéc tao mot s6 tap so véi st dung tac nhan
2-(2-methoxyphenoxy)ethanamin (3). Budc tinh ché khi st dung carvedilol ciing don
gian hon, phan &ng xay ra nhanh hon va wu tién tao tap B hon do carvedilol 1a san
pham trung gian trong qua trinh tao tap B. Két qua ciing cho thay tac nhan carvedilol
cho hiéu suat cao hon so véi 2-(2-methoxyphenoxy)ethylamin (3) (33,9 % va 20,5%).
Do d6 nghién ctru tién hanh phan eng véi tac nhan carvedilol.

Phan ttng m& vong tap B xay ra theo co ché Sn2.
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So @6 4.3. Co ché phan tng giai doan tong hop tap B

Tién hanh khao sat diéu kién cua phan tng bang cach thay d6i mét yéu té va
cd dinh cac yéu t6 con lai, dong thoi danh gia dya trén hiéu suat cua qué trinh tong
hop va tinh ché. Khao sat dung mdi phan tng, két qua cho thay ethanol cho hiéu suat
phan tmg cao hon hin so véi cac dung mdi monoglyme, isopropanol va methanol. Su
khac biét vé hiéu suat khi sir dung cac dung mdi monoglyme, isopropanol va methanol
S0 Véi ethanol déu c6 y nghia thong ké (p < 0,05). Bén canh d6, so v&i monoglyme
va isopropanol, nhiét d6 sdi cua ethanol thip hon, gitp thuan lgi qua trinh ¢ thu san
pham tho. Do d6 ethanol dugc lya chon 1am dung méi phan &ng.

Khao sat nhiét do phan tng tir 45 dén 75 °C, két qua cho thay hiéu suat phan
ng phu thudc vao nhiét do. Hiéu sut quy trinh ting theo chiéu ting nhiét do tir 45
°C dén 65 °C, su khac biét vé hiéu suat c6 y nghia thong ké. Sau d6 hiéu suat giam
nhe khi ting nhiét d6 1én 75 °C, ddng thoi hiéu suat ¢ nhiét do 65 va 75 °C la khong
cd khac biét co y nghia (p > 0,05). Bé giam lwong tap chat khdng mong muén, nghién
cau lya chon nhiét d6 phan ung la 65 °C.

Khao sat thoi gian phan ¢ng tir 4 h dén 12 h, két qua cho thiy, hiéu suat quy

trinh ting theo thdi gian phan ung tir 4 h dén 8 h, sau d6 gan nhu khong dbi khi ting
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thoi gian dén 12 h. Bén canh d6, khi kéo dai thoi gian phan ang, phan tng van xay ra
khéng hoan toan, mit khac con tap ra nhiéu san pham phu khac. Do dé nghién cau
lua chon thoi gian phan tng 1a 8 h.

San pham thd sau khi tdng hop s& duoc tinh ché bing sic ky cot silica gel pha
thuong voi hé dung méi cyclohexan : EtOAc (1:1) thu duwoc san pham tinh ché c6 do
tinh khiét cao (trén 98%).

Theo tong quan tai liéu, day 1a lan dau tién cong bd quy trinh tong hop tap B
di tr carvedilol va 4-(oxiran-2-ylmethyl)-9H-carbazol (2) thay vi 2-(2-
methoxyphenoxy)ethylamin (3) va (2) nhu trong nghién ctru cia Somisetti Narender
Rao. Quy trinh don gian, d& xu Iy hdn hop phan tng nén hiéu suat tong hop va tinh
ché tap B 1a 70,8%, ting gan gap do6i so v4i cong trinh cua Somisetti Narender Rao
26 M3t khac, do tinh khiét cua tap B tong hop da duoc xac dinh va pht hop dé thiét
lap tap chuan di chiéu trong khi cong trinh cia S. N. Rao khong dé cap dén do tinh
khiét cua tap B. Quy trinh tong hop va tinh ché trong dé tai don gian, dé thuc hién tai
cac phong thi nghiém va cho hiéu suat tong hop cao va d tinh khiét cua tap B tong
hop dat yéu cau dé thiét lap tap chat chuan di chiéu (> 98,0%).

Vé x4c dinh ciu tric hoa hoc, twong tu tap A, cac phd UV-Vis, IR, MS va
NMR cho phép khang dinh san pham tong hop 1a tap B carvedilol. Trén phé IR, céc
dao dong dic trung phl hop vai pho IR cua tap B carvedilol trong nghién ctu cia
Sajan va cong sy 3. Trén pho khdi HR-MS (-) cua tap B ¢6 m/z = 644,2763 [MH]
phU hop véi gia tri m/z du kién 13 644,2761 [MH]" va pht hop véi khéi lugng phan
tir du Kién cua tap B (CaoHzoN3Os; M = 645,74). Trén pho NMR, do cong thirc cau
tao cua tap B c6 tinh ddi xing nén trén pho 'H-NMR céc cip H va C dbi xtiing s& cho
cung mat tin hiéu, nhu cac H va C trén vong carbazol. Tin hiéu caa H cia nhém Ar—
OCHs (H13) lubn 1a mot dinh don & khoang 3,6 ppm nhung c6 thé thay trong nghién
ctru ctia Rao 28 H nay cho mot dinh d6i, va trong phd d6 cua nghién ctu xuat hién

mot miii nho cach bén mili 3,61 ppm. Tuong tu, trén phd 'H-NMR, bén canh cac mili
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chinh & 7,17 (H2’, H2”); 5,02 ppm (-OH) déu thiy c6 cac mili phy. Diéu nay c6 thé
giai thich 1a do cau trdc hoa hoc cua tap B ¢6 2 carbon bat déi nén tap B 12 mot hdn
hop cac ddng phan va tay ti 1é cia cac dong phan nay sé& cho tin hiéu H caa Ar-OCHj
khac nhau. Phé $3C-NMR cho phép khang dinh dang carbon va sb lwong carbon théng
qua do dich chuyén va cuong do pic, nhan thay sé carbon, do dich chuyén héa hoc
cuia cac pic 1a phu hop véi cong thirc cau tao cua tap B. Cu thé, trong cong thic cu
tao tap B ¢ 39 nguyén tir C, nhung trén pho BC-NMR chi ¢d 24 tin hiéu C, chung
t6 15 tin hiéu thudc vé 30 nguyén tir C d6i xing. Phé HMBC va phd HSQC lan luot
khing dinh cac twong tac J® va J! gitra 'H va 13C cho phép chi ra vi tri gan chinh xac
ctia C4c nguyén tir carbon, hydro va cho thay su phi hop véi cong thirc cau tao cua

tap B cua carvedilol.

4.1.3. Tong hop, tinh ché va xac dinh cau truc tap C

Theo G. Madhusudhan va cong su, tap C hinh thanh do phan tng N-debenzyl
héa san pham 1-(9H-carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)ethyl)
amino)propan-2-ol dé tao thanh carvedilol xay ra khong hoan toan 2%, Do d6 nghién
ctru da thuc hién téng hop tap C di tir carvedilol, thuc hién phan tng N-benzyl hoa.
Phan ting xay ra theo co ché Sn2 hodc Sn1 hoic ca hai. Tuy nhién, trong diéu Kién
dung méi aceton va xuc tac kiém kali carbonat, co ché duoc wu tién co thé 1a co ché

Sn2 do kho tao ra nhiéu carbocation trung gian dé thuc hién co ché Sni.
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So @6 4.4. Co ché phan tng giai doan tong hop tap C
Tién hanh khao sat diéu kién cua phan tng bing cach thay d6i mét yéu té va
cd dinh cac yéu t6 con lai, dong thoi danh gia dya trén hiéu suat cua qué trinh tong
hop va tinh ché. Két qua khao sat hai tac nhan phan tng gom benzyl clorid, benzyl
bromid cho thay tac nhan benzyl bromid cho hiéu suét cao hon so véi benzyl clorid

(46,0 % va 38,1 %). Do d6 nghién ctu tién hanh phan @ng véi tac nhan benzyl bromid.

Khao sat cac dung méi phan tng gom ethanol, methanol, aceton, toluen cho
thiy phan @ng trong dung mdi aceton cho hiéu suat phan ¢ng cao nhat (60,5%).
Aceton 1a mot dung mdi aprotic, khdng c6 kha ning tao lién két hidro manh voi céc

tac nhan nucleophile, nén thuong thac day phan tng Sn2. Bong thai, aceton c6 kich
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thugc phan tir nho, gilp giam can tré khong gian trong qué trinh tan cong cua
nucleophile vao tdc nhan. Do do6 aceton dugc lya chon lam dung méi phan ang.

Khao sat xdc tac la cac tac nhan base. Vai tro cua cac xdc tac may la tao ra
moi tredng Kiém, gitip ting tinh nucleophilic cua tac nhan i nhan, 1am cho qua trinh
tan céng nucleophile vao tac nhan tré nén dé dang hon. Két qua cho thay trong céc
base calci hydroxyd, natri hydroxyd, triethylamin, kali carbonat thi kali carbonat cho
hiéu suat phan @ng cao nhat (67,6%), do d6 kali carbonat dugc lya chon lam xéc tac
phan ang.

Khao st nhiét d6 phan ttng gém RT, 40 °C, 50 °C, 55 °C cho thay hiéu sut
quy trinh tang theo chiéu tang nhiét do tir nhiét d6 phong dén 55 °C. Do nhiét do soi
cua aceton tir 56 °C nén nghién ciu lya chon nhiét @6 phan rng la 55 °C.

Khao sat thoi gian phanéng sau 1 h, 2 h, 4 h, 6 h, 8 h, 10 h. Két qua cho thay
hiéu suat quy trinh ting theo thoi gian phan &ng tir 1 h dén 6 h, sau d6 hiéu suat co
tang nhe tir 6 h dén 8 h nhung khong c6 ¥ nghia (p > 0,05) va giam khi ting thoi gian
dén 10 h. Do d6 nghién ctu lya chon thoi gian phan ¢ng 12 6 h.

San pham thd sau khi tong hop s& dugc tinh ché bang sac ky cot silica gel pha
thuong véi hé dung mdi cyclohexan : EtOAc (2:1) thu duoc san pham tinh ché c6 do
tinh khiét cao (trén 98%).

Ciing nhu tap B, tap C ciing dugc tong hop hop tir chinh dugc chat carvedilol,
va cho dén nay van chua c6 cong trinh nghién ciru ndo trén thé gisi cong b tong hop
tap C tir carvedilol. Trong nghién citu ciia Somisetti Narender Rao, tap C duoc téng
hop qua hai giai doan: tong hop N-benzyl-2-(2-methoxyphenoxy)ethanamin (4) va
tong hop tap C 26, dan dén hiéu suét toan quy trinh khdng cao. Hiéu suit caa phan
g tong hop tap C trong nghién ciru ndy twong duong voi hiéu suét giai doan 2 trong
nghién ctru cua Somisetti Narender Rao va cong su (78,5% so véi 85%), va cao hon
néu so véi hiéu suat toan quy trinh trong nghién ctu cia Rao (42,5%). Tuy nhién

trong nghién ctru nay tap C chi tong hop qua mot giai doan duy nhat tir chinh duoc
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chat carvedilol va hiéu suat phan tmg duoc tinh trén tap C tinh khiét thu duoc con
trong nghién cau caa S. N. Rao hiéu suét duoc tinh trén san pham thd va chi tinh trén
phan &ng tong hop tap C chir khdng tinh trén toan bo quy trinh (néu tinh trén toan bo
quy trinh, hiéu suat tong hop C theo Rao chi 17,7%). Do d6 quy trinh tong hop tap C
trong nghién ctru nay don gian, hiéu suat cao, tap C sau tinh ché dat d6 tinh khiét phu
hop dé thiét lap tap chuan déi chiéu.

Vé xac dinh cau tric hoa hoc, twong tu c4c tap trude, cac phé UV-Vis, IR, MS
va NMR cho phép khang dinh san pham tong hop 1a tap C carvedilol. Trén phd IR,
Céc dinh dic trung phu hop vai phd IR cua tap C carvedilol theo c¢éng trinh nghién
ctru ciia Rao va cac cong su 28, Trén pho khéi HR-MS (-) cua tap C c6 m/z = 495,2287
[MH]" pht hop vai gié tri m/z dy kién 1a 495,2284 [MH]" va phu hop vai khdi luong
phan tir dy kién cua tap C (C31H31N204; M = 496,60). CAc tin hiéu trén phd 'H-NMR,
13C-NMR va pho 2 chiéu HMBC, HSQC déu cho thay sb luong, Vi tri va cac tuong
tac J3 va J! gitra *H va 13C 1a phi hop véi cong thirc cau tao cua tap C caa carvedilol.
Tuong tu cac tap khac, tap C ciing duoc do trong dung méi CDCls, giéng véi tai lidu
tham khao cua Somisetti Narender Rao dé tién so sanh 2. Mot s6 tin hiéu caa C vaH
cling duoc thé hién rd hon trong nghién ctru ndy do dugc do trén may NMR c6 do
phan giai t6t hon. Vi du cap C8a’ (138,8 ppm) va C16 (138,7 ppm) hay cap C19
(127,2 ppm) va C2’ (126,6 ppm) cho cac tin hiéu phan tach rd. Két hop cac pho 2

chiéu gitp gén chinh xé4c céc nguyén ti: H 1én khung C trong cau trdc cuaa tap C.
4.1.4. Tong hep, tinh ché va xac dinh ciu tric tap D

Dua trén c4c tai liéu tham khao, nghién ciru da téng hop tap D tir phan wng thé

Sn2 gitra 4-hydroxycarbazol va epiclorohydrin.

:Om 5 5 O/;CE 5 <
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So dd 4.5. Co ché phan tng giai doan tong hop tap D

Tién hanh ti vu diéu kién phan Gng bang cach thay d6i mot dai lwong va cb
dinh cac dai lugng con lai ddng thoi danh gia dya trén hiéu suat caa qua trinh tong
hop va tinh ché tap D. Khao sat dung méi phan ung, tién hanh phan ng trong cac
dung moi aprotic khac nhau, ddy 1a cac dung méi tao diéu kién thuan lgi cho phan
rng Sn2 vi khong tao lién két hydro vai tac nhan &i nhan 7, két qua cho thay hiéu suat
cua phan tng cao nhat khi tién hanh trong dung méi DMSO. Két qua nay ciing phu
hop véi cac nghién ciru tong hop tap D khéc cia Somisetti Narender Rao va K. Suneel
Kumar 126,

Khao sat thoi gian phan ang, hiéu suat toan quy trinh ting 1én theo thoi gian
phan @ng trong khoang thoi gian tir 0,5 dén 2 h. O thoi diém 2,5 h, hiéu suit c6 tang
nhung khac nhau khéng c6 ¥ nghia thong ké so véi thoi diém 2 h (p > 0,05). Tir thoi
diém 2,5 h tré di, hiéu suat toan quy trinh giam dan. Diéu nay cé thé do su chuyén
d6i tir tap D thanh 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6) (la
san pham giai doan 1 cua qué trinh tong hop tap A). Do d6 nghién ctu lya chon thoi
gian phan @ng 1a 2 h vi vira dam bao hiéu suét cua qua trinh phan wng, vira tao thuan
loi cho qua trinh tién hanh, gidp tiét kiém thoi gian, chi phi trong qua trinh téng hop.

Khao sat nhiét do phan tng trong khoang tir nhiét do phong dén 60 °C, hiéu
suat toan quy trinh tong hop va tinh ché tap D tang 1én khi nhiét d6 phan Gng thay doi
tir RT — 50 °C. Hiéu suit cao nhat (khoang 70,6%) twong &ng véi nhiét do phan tng
48 °C. Hiéu suat toan quy trinh giam dan khi nhiét do phan ung thay doi tir 48 — 60
°C. Nhiét 6 phan ung la mot yéu t can thiét trong co ché cua phan tng Sn2, viéc
gia nhiét gitp cung cip ning lwong cho hdn hop phan &ng, ¢é vai trd quan trong trong
viéc hinh thanh trang thai chuyén tiép hay phtc hoat dong. Tuy nhién, trong phan
rng trén, khi nhiét do tang cao trén 48 °C, hiéu suat cua phan ang giam. Nguyén nhan

giam hiéu suit c6 thé do tap D sau khi duoc tong hop ciing c¢6 thé bi md vong epoxy,
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tao ra san pham méi hoa tan trong méi trudng phan ung, 1am giam hiéu suat phan
ung. Do d6 nghién ctu lya chon nhiét d6 phan tng 1a 48 °C.

Khao sat sy anh huong cua ti 1& s mol epiclorohydrin va 4-hydroxycarbazol,
két qua nghién ctu cho thiy, hiéu suat toan quy trinh ting 1én khi ti 1& s6 mol
epiclorohydrin va 4-hydroxycarbazol thay d6i tir 1 : 1 dén 1,9 : 1 va cao nhat khi ti 1&
sé mol 14 1,9 : 1. Hiéu suat toan quy trinh thay doi khong dang ké khi tiép tuc ting ti
1& s6 mol epiclorohydrin va 4-hydroxycarbazol 1én 2,25 : 1. Trong phan ¢ng Sn2, Vi
viéc hinh thanh trang thai chuyén tiép 1a budc quyét dinh toc do phan tng c6 su tham
gia cua ca hai chat phan tng nén téc do va hiéu suat phan ung phu thudc vao ti I¢
nong do cua hai chat. Do d6 nghién ciu lya chon ti 18 s6 mol epiclorohydrin va 4-
hydroxycarbazol 1a 1,9 : 1.

Khao sat anh huong cua ti 16 s6 mol natri hydroxyd trén co chét 4-
hydroxycarbazol, két qua ciia nghién cau cho thay, hiéu suat toan quy trinh tang khi
ti 1¢ s6 mol natri hydroxyd trén co chét 4-hydroxycarbazol thay doi tir 0,875 : 1 dén
1,230 : 1. Hiéu suat cao nhét (khoang 80,3%) tuwong tng Vvéi ti 16 s6 mol 12 1,230 : 1.
Khi tiép tuc ting ti 1¢ 6 mol natri hydroxyd trén co chat 4-hydroxycarbazol dén 1,650
- 1, hiéu suét toan quy trinh giam twong déi manh. Natri hydroxyd trong phan @ng
tong hop tap D cuaa carvedilol cé vai trd 1a mot chat xtic tac dong thé, giip 1am manh
tac nhan &i nhan trong phan ang Sn2, tir ¢6 lam ting hiéu suat caa phan ung. Bén
canh d6, natri hydroxyd trong phan &ng tong hop tap D con cd vai trd duy tri pH,
trung hoa san pham phu HCI sinh ra trong qué trinh phan tng, tir 46 ngin ngira cac
qua trinh tap chat trong quéa trinh tong hop tap D gay ra boi acid hydrocloric. Tuy
nhién, natri hydroxyd ciing 1a mot nguyén nhan lam hinh thanh cac tap chat trong qué
trinh tong hop, do mé vong epoxy trén epiclorohydrin, 1am giam hiéu suat phan tng,
d6ng thoi tap D sau khi duoc tong hop ciing c6 thé bi mé vong epoxy, tao ra san pham
ma&i hoa tan trong mdi truong phan tng. Do do, khi ti 1& s mol natri hydroxyd trén

co chat 4-hydroxycarbazol qua cao, hiéu suat qua trinh tong hop c6 xu huéng giam.

130



Sy anh huong cua nhiét do phan ¢ng va ti 18 sé mol natri hydroxyd trén co chét 4-
hydroxycarbazol dén qua trinh tap chat trong qué trinh tong hop tap D cua carvedilol
trong nghién ciru ciing phu hop voi két qua da dugc dé cap trong nghién ciru caa K.
Suneel Kumar 12,

San pham thd sau khi tong hop s& dugc tinh ché bang sic ky cot silica gel pha
thuong véi hé dung mdi n-hexan - EtOAc (4:1) thu duoc san pham tinh ché co do
tinh khiét cao (trén 98%).

Nhu vay, véi diéu kién téi vu tim dwogc, hiéu suat cua qué trinh tong hop va
tinh ché tap D da duoc cai thién dang ké so vai nghién ctu trude dé cia Somisetti
Narender Rao (2011) vai hiéu suat tong hop va tinh ché 75%, tuy nhién do tinh khiét
cua san pham khong duoc dé cap dén %,

V& xé4c dinh ciu trlc héa hoc, twong tu CAc tap truée, cac phd UV-Vis, IR, MS
va NMR cho phép khing dinh san pham tong hop 1a tap D carvedilol. Trén phd IR,
cac dinh dic trung phu hop véi phd IR cua tap D carvedilol theo cong trinh nghién
ctu ciia Rao va Suneel Kumar %8, Cac dinh dic trung goi ¥ su gan két nhom epoxy
thanh cong nhu dinh 1259 (vc-o epoxy) va 1095 (vc.o ether). Trén pho khbi HR-MS
(-) cta tap D ¢6 m/z = 238,0878 [MH]" phu hop Véi gié tri m/z du kién 1a 238,0874
[MH]- va pht hop véi khéi lugng phan tir du kién caa tap D (CisHi1sNO2, M=239,27).
Cac tin hiéu trén pho 'H-NMR, 3C-NMR va phé 2 chiéu HMBC, HSQC déu cho
thay s luong, Vi tri va cac trong tac J3 va J gitra *H va 13C 1a phi hop véi cong thic
CAU tao cua tap D cua carvedilol. Tuong ty cac tap khéc, tap D ciing duoc do trong
dung mdi CDCls, giéng véi tai liéu tham khao ciia Somisetti Narender Rao dé dé so
sanh 28, Cac pho 2 chiéu gilp chi ra vi tri gan chinh xéac ciia cac nguyén tir carbon,
hydro trong cu tric tap D, dong thoi ciing 1a goi y dé bién giai ciu tric hoa hoc cua
san pham trung gian 4-(oxiran-2-ylmethoxy)-9-(oxiran-2-ylmethyl)-9H-carbazol (6)

trong qua trinh tdng hop tap A carvedilol (nguyén tir Ha va Hp & vi tri 1° va 3°).
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4.1.5. Piéu ché, tinh ché va xac dinh céu trdc tap E

Nguyén liéu ban dau cua qua trinh diéu ché 1a 2-(2-methoxyphenoxy)
ethylamin, day 1a tap E theo USP. Tuy nhién amin nay ton tai ¢ dang dau long, kho
sir dung dé 1am chét dbi chiéu. Vi vay chat déi chiéu tap E carvedilol caa USP ¢ dudi
dang mudi hydrclorid monohydrat. Muyc tiéu cua qué trinh diéu ché tap E trong nghién
ctru ndy la chuyén dang tir dang base sang dang mudi két tinh, thuan tién dé thiét lap
chat ddi chiéu. Ban dau, nghién ciru da chuyén dang mudi bang céch cho base 2-(2-
methoxyphenoxy)ethylamin phan ung vai acid HCI. Tuy nhién san pham thanh tan
mét phan tro lai trong méi tredng nudc va mot lugng du cia base 1am cho san pham
c6 mau vang. Vi vay nghién ciu da diéu ché tap E tir 2-(2-methoxyphenoxy)
ethylamin va khi hydroclorid (duoc diéu ché tir mudi natri clorid va acid sulfuric dam
dac). Khi hydroclorid duoc dan vao binh chira dung dich 2-(2-methoxyphenoxy)
ethylamin, tién hanh khao sét cac dung méi khéac nhau. C6 thé thay rang viéc lya chon
mdi trudng phan ng c6 anh huong 16n dén hiéu suat, tinh chat cam quan cua san
pham. Khi st dung ethyl acetat thi chi sau khoang 5 phiit da thu duoc san pham Ia tia
dang bot min, mau tring hoi nga vang nhung hiéu suat thap hon cloroform (70,78 %).
Khi sir dung aceton 1am méi truong thi sau khoang 3 gio van khong thu duoc tia va
dung dich trong binh phan tng chuyén sang mau nau do. Biéu nay co thé la do trong
moi trudng c6 mat aceton va nhom amin s& tap thanh hop chat imin, hop chat nay c6
thé dong vong véi 2-(2-methoxyphenoxy) ethylamin dé tao thanh san pham c6 mau
nau do. Vi acetonitril, sau khoang 30 phut thu dugc san pham 1 taa dang bot min,
mau tring, nhung khi dé trong méi truong phong thi nghiém thi taa lai tan. Trong khi
d6, khi sir dung cloroform lam moéi truong, sau khoang 20 phut thu duoc san pham 1a
taa dang hinh kim, mau trang, hiéu suat diéu ché va tinh ché cao hon khi st dung céc
dung moi khac (87,64 %).

Tap E & dang mudi hydroclorid 1a chat kém tan trong cac dung mdi hiru co

nén nghién ciu sir dung aceton dé rira tua diéu ché dugc.
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San pham sau khi tinh ché co d6 tinh khiét cao (> 98 %) du diéu kién dé dua
vao thiét lap chat d6i chiéu. Nhu vay, nghién ctu di xdy dung duoc quy trinh diéu
ché don gian tap E cuaa carvedilol, d& thyuc hién tai cac phong thi nghiém.

V& xé4c dinh cau tric, cac thong tin trén phdé UV-Vis, hdng ngoai (IR), khéi
phd (MS), phd cong huaong tir hat nhan (NMR) caa san pham téng hop déu phi hop
véi cong thire cau tao cua tap E. Trén pho IR, két qua cho thay phé IR cua tap E ¢
cac dinh dic trung phu hop véi cong thic cau tao caa tap E va phi hop véi pho IR
cua tap E theo chirng nhan phan tich (CoA) cia LGC 7. Trén phd MS, phé khéi HR-
MS(+) cua tap E c6 m/z = 168,1153 [MH]* phtl hop voi [MH]* du kién 1a 168,1025.
M phu hop véi khéi luong phan tir cia tap E (CoH1sNO2.HCIL.H0, M = 221,68). Trén
phd NMR, két qua cho thay phd *H-NMR (CDCls, 500 MHz), phd *C-NMR (CDCls,
125 MHz), phé HSQC va phé HMBC cho céc tin hiéu phu hop cong thirc cau tao tap
E. bac biét tin hiéu 8,36 (s, br, 3H) ching to c6 tao mudi & nhdm chiec NH2 (R-NHz*).

Két qua dinh tinh ion clorid cho phan ¢ng tao taa tring véi AgNO3 ching to
mudi tao thanh 1a mudi hydroclorid. Két qua nghién ciu phan tich nhiét trong luong
(TGA) cho thay & nhiét ¢ 30,90 — 76,41 °C (diém giira la 63,53 °C), mau giam khoi
lwong voi phan trim duoc xac dinh 1a 3,7522 %. Diéu nay chiing té trong phan tir c6
nudc két tinh, c6 thé mat di mot phan ¢ nhiét do thap ™.

Tir cac két qua trén cho phép khang dinh cau tric chat diéu ché duoc la tap E

cua carvedilol.

4.2. QUY TRINH XAC PINH PO TINH KHIET CAC TAP TONG HQOP BANG
SAC KY LONG HIEU NANG CAO

Nghién cau tham khao quy trinh kiém nghiém tap chat lién quan caa carvedilol
trong nguyén liéu theo dugc dién My 2023 va theo phuong phap chuan hda dién tich
dé xac dinh d6 tinh khiét cac tap sau tinh ché. Tuy nhién, dé dam bao tit ca cac thanh
phan c6 trong mau thir phai duoc ria giai va doc dugc tin hiéu trén sic ky do, nghién

ctru ¢6 su thay ddi vé thanh phan pha dong, dung mdi pha miu va budc séng phét
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hién. Cu thé, nghién cau sir dung hdn hop dung méi nuéce - ACN (1:1, tt:tt) 1am dung
mdi pha mau dé d& dang hoa tan cac tap; st dung hé dung méi ria giai gradient thay
d6i tir phan cyc sang kém phan cuc hon va nguoc lai; buéc séng phat hién st dung
ché do Max plot trén toan thang séng 190 — 800 nm dé phéat hién dugc tit ca cac chat
duoc rira giai co hap thu UV-Vis.

Nghién ctru da tién hanh khao séat trén cac hé pha dong khac nhau: H20 —
MeOH; H20 — ACN; dung dich acid formic — MeOH; dung dich acid formic — ACN
sir dung ché do chay gradient thay doi do phan cuc ciia dung moi pha dong tir phan
cuc sang kém phan cuc va nguoc lai d& dam bao tat ca cac chat néu c6 déu sé duoc
rira giai trén sac ky d6. Két qua cho thay khi sir dung hé pha dong dung dich acid
formic 0,05% — ACN (chay tir 100% dung dich acid formic 0,5% - 100% ACN) véi
tap A va tap B thi cho dudng nén 6n dinh va hé sé kéo dudi 13 tdi wu nhat. Trong khi
d6, viéc thay doi gradient vgi nhiéu hé dung méi khi danh gia tap C, tap D va tap E
cho két qua khong kha quan, do d6, nghién ctru gitr thanh phan dung méi rira giai nhur
quy trinh dinh lwong tap trong nguyén liéu carvedilol, chi diéu chinh ty 1& c4c thanh
phan ACN va dung dich dém phosphat pH 2,0. Vi tap E, khi 4p dung theo quy trinh
USP, sic ky dd thu duoc cho thay pic cua tap E c6 thoi gian luu ngéan (1,628 phut),
hé s6 kéo dudi 16n (Tr = 3,072) va khong phan tach hoan toan véi pic cua tap khac
(Rs = 1,097). Do d6, nghién ctru di khao sat mot s6 hé dung mdi gom ACN - dung
dich déém phosphat pH 2,0; ACN — dung dich acid phosphoric 0,1%; ACN — dung
dich TFA pH 2,3. Dua vao dic diém tap E 1a chit rat phan cuc nén van dé giap phai
khi &p dung USP la tap E bi rira giai som, do d6 nghién ctru d3 bo sung thém chat tao
cip ion dé kéo dai thoi gian rira giai cua tap E tir d6 co thé ting kha ning phan tach
cua pic tap E. Két qua cho thay khi st dung hé pha dong ACN - H,0 (TFA pH 2,3 +
2,5 mM acid-1-heptansulfonic) thi pic sic ky thu dugc sic nhon, can d6i, hé s6 kéo

duodi thap.
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Theo quy dinh cia Dugc dién Viét Nam V, cac thay doi vé dung méi pha dong,
dung mdi pha miu, budc séng phat hién 1a cac thay doi 16n, can tham dinh lai phuong
phap phan tich 1°. Céc quy trinh x4c dinh d6 tinh khiét tap déu dugc tham dinh theo
huéng dan cua ICH . Két qua cho thiy céc quy trinh xac dinh d6 tinh khiét bang
HPLC dat tinh pht hop hé thong, tinh dic hiéu, do chinh xac va c6 khoang tuyén tinh
rong. Quy trinh st dung cot C8 (150 x 4,6 mm; 5 pum) rat pho bién & cac phong thi
nghiém & Viét Nam.

Ap dung quy trinh di tham dinh giup xac dinh d tinh khiét cac tap sau tinh
ché déu hon 99 % tinh trén ché pham nguyén trang. Céc két qua nay cho thiy san

pham thu dugc du diéu kién dé dua vao thiét 1ap chat dbi chiéu.
4.3. THIET LAP CHAT POI CHIEU

Viéc kiém soat cac tap chat lién quan trong nguyén liéu va dac biét Ia trong
thanh pham tuong tmg chua dugc quan tm nhiéu tai Viét Nam vi nhiéu 1y do nhu
mot s6 tap chat chuan van chua c6 hodc néu c6 thuong rat dat tién va phai mua tir
nudc ngoai. Tuy nhién, phan I6n céc chuyén luan trong duoc dién nudc ngoai (USP,
EP, BP) ciing nhu dugc dién Viét Nam V déu bat budc phai kiém soét tap chat lién
quan. Gan day, cuc Quan Iy Duoc Viét Nam di c6 yéu cau phai kiém tra tap chat lién
quan mot cach chat ché trong nguyén liéu va thanh pham ding ky cho san xuét va luu
hanh. Hién nay hé théng kiém nghiém thudc qudc gia chura cung cip cac tap chuan
cua carvedilol nén gay kho khin cho cong tac kiém nghiém tap chat nay tai cac xi
nghiép duoc trong nudc ¢ san xuat thanh pham carvedilol. Viéc dit mua tap chuan
nay tir nuéc ngoai phai mat 1 — 2 thang véi gia thanh rat cao (15 mg tap cuaa carvedilol
chuan USP c6 gia tién khoang hon 30 triéu dong). Trong khi dé, gia thanh dy kién
néu cac tap chat d6i chiéu trong d¢ tai nay khi thuong mai hda chi khoang 500.000
ddng / lo 10 mg. Sy chénh léch nay s& gidp cac doanh nghiép duoc giam thiéu chi phi
san Xuit va tang tinh canh tranh trén thi truong. Diéu nay khéng chi cai thién loi

nhuan cho doanh nghiép ma con gilp giam gia thanh thudc cho ngudi tiéu dung, dic
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biét 1a cac loai thudc chira carvedilol, mot duoc chat dwoc st dung rong rii trong diéu
tri bénh tim mach.

Két qua danh gia va thiét 1ap chat ddi chiéu cac tap A, B, C, D, E carvedilol
cho théy ham luong duoc xac dinh lan luot 12 99,34; 99,68; 99,56; 99,95; 99,77%
tinh theo nguyén trang. Nhu vay, cac chat nay du diéu kiéu dé dang ky chuan qudc
gia. Him luong cao trén 99% ddi voi tat ca cac tap chat 1a mot yéu té quan trong, v
dam bao d¢ tinh khiét va tinh 6n dinh caa céc chat nay trong qua trinh st dung lam
d6i chiéu. Piéu nay ciing cho thay quy trinh tinh ché céc tap bang sic ky cot (cac tap
A, B, C, D) va két tinh lai (tap E) kha hiéu qua.

Nhu vay, Véi viéc thiét 1ap cac tap chat doi chiéu dat chuan qudc gia s& giup
tao nén su chu dong trong cdng tac kiém nghiém, giam phu thudc vao céc yéu t bén
ngoai. Thoi gian chd doi 1au khi nhap khau tap chuan c6 thé gay ra nhitng kho khin
trong qua trinh san xuat va kiém nghiém, dan dén sy tri hodn hoic gian doan san xuat.
Khi c6 ngudn cung cap noi dia, cac doanh nghiép dugc trong nude ¢6 thé kiém soat
chit ché& hon vé thoi gian va ngudn cung, tir d6 tang cuong tinh lién tuc va 6n dinh
trong quy trinh san xuat. Biéu nay gop phan phat trién nang luc tu chii va canh tranh

qudc té ciia nganh duoc trong nudc.

4.4. XAY DUNG QUY TRINH PINH LUQONG CAC TAP TRONG NGUYEN
LIEU VA THANH PHAM CARVEDILOL BANG SAC KY LONG HIEU
NANG CAO

Quy trinh di xay dung cho phép dinh lurgng dong thoi carvedilol va mot sé tap
trong ché pham thudc chira carvedilol dang lwu hanh trén thi truong. Bang viéc sir
dung chung mét quy trinh phan tich dé dinh lugng dong thoi carvedilol va céc tap
nhu vay da gitp tiét kiém duoc rat nhiéu thoi gian, cong stc, dung moi hoa chat va

chi phi.

136



4.4.1. Khao sat diéu kién sic ky

Ap dung diéu kién sac ky cac quy trinh kiém nghiém tap chat lién quan cua
carvedilol trong nguyén liéu va thanh pham theo Dugc dién My 2023, két qua cho
thiy quy trinh chwa thuc sy tdi wu v6i nhitng nhwoce diém: thoi gian phan tich dai
(hon 30 phit); duong nén khong on dinh; cac pic khong can dbi va pic tap A, E chua
tach khoi nhau; khong dinh luong dong thoi carvedilol va céc tap ma phai thay doi
thé tich tiém. Trong khi d6, duoc dién Anh 2023 chi dua ra quy trinh dinh lugng 3
tap A, C va mot tap 1a d6ng phan cua tap B trong ché pham carvedilol véi nhuge diém
la tong thoi gian phan tich dai (hon 60 phut), do d6, nghién ciru da tiép tuc khao sét
cac diéu kién sic ky khac dé cho két qua phan tich tdi uu.

Nghién ctru di khao sét cac yéu t vé diéu kién pha dong bao gom téc do dong,
thanh phan va ty I¢ pha dong dé t6i uu héa quy trinh. Sy phan tach dua trén nguyén
tic cua sic ky pha dao, pha tinh khong phéan cuc va dung méi pha dong phan cuc.

Thanh phan pha dong c6 dinh la acetonitril. ACN mac du c6 gia thanh cao hon
S0 v&i methanol nhung c6 dd nhét thap hon va phit hop ACN cho viéc phan tach
carvedilol ra khoi tap t6t hon 4. Nghién ctu tiép tuc khao sat thanh phan pha dong
con lai gom c6 dém TFA va dém phosphat. Xét do tinh khiét pic gitra hai hé dém trén
cho thiy dém TFA mic du cho ty Ié tach carvedilol ra khoi cac tap tét, cac thong sb
sic ky déu dat theo yéu cau cua ICH tuy nhién d6 tinh khiét cua cac pic déu rat thap.
Do d6, nghién ciru lya chon dém phosphat va tiép tuc khao sét céc ty & khac nhau
cua hé dung moi ACN — dém phosphat.

Sy thay ddi pH pha dong ciing s& anh huéng 16n dén céc théng sé cua qua
trinh sic ky. Carvedilol c6 pKa la 7,97, thap hon so v&i cac thudc chen beta khéc
(pKa thuong khoang 9,5), nguyén nhan chi yéu 1a do hiéu ttng cam ang cia nguyén
tir OXy & Vi tri beta 1am giam hoat tinh cta nhoém amino. Do d6, d6 pH thap 1 can
thiét dé bao toan dwoc nguyén tir hydro trong cau trac indol cua carvedilol 143,

Nghién ctru khao sét cho thay pH tir 2 d&én 2,5 cho két qua phan tach t6i wu. Diéu nay
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cling dung véi nghién ciu cia Aimee N. Heyrman va Richard A. Henry vé tim quan
trong cua viéc kiém soat pH pha dong trong HPLC, nghién ciu cho rang khi sir dung
dém phosphat thi viéc duy tri pH pha dong ¢ 2-3 12 t6i vu. Néu mudn ting pH caa hé
dém Ién 4-5 thi viéc stir dung mot acid hiru co nhu acetat hoac citrat thay cho phosphat
1a duoc khuyén céo . Thyc té sau khi khao sét cho thay, & pH 2 pic carvedilol cho
hé s6 kéo dudi tét nhat. Ngoai ra, & pH nay, hiéu nang cot sic ky ciling khong bi anh
hudng do kha nang thich hop cua pH tir 1-13 cua cot Zorbax Eclipse XDB-C8 (150
x 4,6 mm; 5 um). Do d6, ta lya chon st dung dém phosphat pH 2.

Tiép tuc khao st cac ty Ié thich hop cia hé pha dong ACN — dém phosphat
pH 2, két qua thu cho thay kha nang tach ciia tap A va tap E thap, do d6, nghién cau
d3 bd sung thém chét tao cip ion, cu thé 13 acid 1-heptansulfonic nhim muc dich ting
kha ning phan giai pic cua tap E. Két qua 1a kha ning tach cua tap A va tap E ting
lén dang ké. Tién hanh khao séat cac nong do acid 1-heptansulfonic thém vao ¢ 1,5
mM, 2 mM va 2,5 mM nhan thay khi nong d6 acid 1-heptansulfonic ting 1én thi kha
nang tach cua tap A va E cang giam. Diéu nay duoc giai thich 12 do tap E c6 ban chat
la mot base phan cuc, khi thém acid 1-heptanesufonic vao hé dung mai thi acid nay
sé ghép cap ion vai tap E lam giam do phén cuc cua tap E, ting luc twong tac vai pha
tinh, tir 46 kéo dai thoi gian luu cua tap E, cudi cing la 1am giam kha nang phan giai

cuatap AvaE.
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Hinh 4.1. Co ché sic ky pha dao ghép cap ion cua tap E véi acid 1-

heptansulfonic

Nhu vay, hé pha dong tdi uu cho qué trinh sic ky dwoc lya chon 12 hé ACN —
dém phosphat pH 2 + acid 1-heptansulfonic 1,5 mM (43:57).

Khao sat téc do dong tir 0,5 — 1,0 ml/phut nhan thay ¢ 0,5 ml/phut, tong thoi
gian phan tich bi kéo dai, téc d6 nho 1am dodng pic gay ra hiéu ung kéo dudi. O téc
d6 dong 0,7 ml/phit va 1 ml/phat, nhan thay céc pic tach nhau on, hé sé kéo dubi tot.
Tuy nhién, dé tiét kiem dung méi va dam bao khong lam ting ap suat qua cao cua
cot, nghién ciru da lya chon toc d6 dong 0,7 ml/phat dé tién hanh dinh lugng. Thoi
gian phan tich mau 1a 15 pht, t6i uu hon so véi nghién ciu caa T. V. Raghava Raju
va cong su (2015) véi tong thoi gian phan tich 1a 50 pht %0, diéu nay sé gidp tiét kiem
duoc thoi gian phan tich, tranh hao tén qua nhiéu dung méi ACN.

Mot khé khan trong cong tac kiém nghiém tap chat lién quan 1a gigi han cho
phép cua tap thudng rat nho so véi dugc chat nén dé phat hién duoc tap chat lién quan
thuong phai chuan bi miu chira dugc chat véi ndng do rat cao (thuong tir 1000 pg/ml
trg 18n). Tuy nhién, néu ndng do chat phan tich qua cao s& lam cot phan tich bi quéa

tai, dan dén hiéu nang cot giam nhanh chéng chi sau vai 1an sac ky. Uu diém caa quy
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trinh d3 nghién ctu 14 chi sir dung mau kiém nghiém véi néng do carvedilol 1a 500

Hg/ml, & ndng do nay van dam bao dap ang cac tiéu chi cua qué trinh tham dinh.
4.4.2. Tham dinh quy trinh dinh lweng bing HPLC

Phuong phap HPLC di xay dung c6 tinh phi hop hé théng dua trén 5 tiéu chi:
thoi gian luu (tr), dién tich pic (S), sb dia 1y thuyét (N), hé s6 kéo dudi (Tr) va do
phan giai (Rs). Két qua tham dinh cho thay ¢ carvedilol va 5 tap, thong s6 thoi gian
Iwu va dién tich pic déu c6 RSD% nhé hon 2%; s6 dia 1y thuyét N > 1000; hé sb kéo
dudi Tr nam trong khoang 0,8 — 1,5 va Rs > 1,5. Nhu vy, hé théng sic ky thich hop
dé dinh luong carvedilol va céc tap, dam bao d tin cay cua phuong phap.

Khoang ndng do tuyén tinh dugc xay dung khé rong: 0,01-1500 pg/ml ddi voi
carvedilol va 0,1 — 3 pg/ml d6i véi céc tap (riéng tap A 1a 0,04-3 pg/ml). Phuong
trinh hoi quy c6 tinh twong thich véi hé s6 twong quan hoi quy gitra nong do va dién
tich pic R2 > 0,995 trong khoang ndng d6 da xay dung.

Tinh dac hiéu cao thé hién qua su twong quan vé thoi gian luu cua carvedilol
VA C4c tap, dong nhat vé pho UV gitra mau chuan va mau thir. Do tinh khiét cua cac
pic khi kiém tra bang cong cu Purity pic trén phan mém di kém cho gia tri Purity
Index dat 0,99 — 1,00.

Do dung ciia phuong phap thé hién qua ty 18 thu hoi. Phuong phap co ty 18 thu
hdi cao 99,92 — 100,38 %. P chinh xac cua phuong phap dugc thé hién qua RSD%
nam trong giGi han cho phép theo huéng din cua ICH va Luwig Huber,

LOD va LOQ cua céc tap A, B, C, D, E trong khoang 0,003 — 0,033 pg/ml va
0,01 — 0,1 pg/ml, t4i wu hon so vé6i nghién ciru caa L. Samba Siva Rao va cong su
(2015) véi két qua LOD va LOQ trung binh cac tap tuong ung 1a 1,5 va 4,6 pg/ml 12,

Nhu vay, phuong phép xay dung dat do tin cay cao nén cé thé tng dung vao

kiém soat chat lugng cac ché pham thudc chua carvedilol.
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4.4.3. Ung dung quy trinh HPLC dé dinh lwong mau

Ap dung quy trinh d4 nghién ciru dé tién hanh dinh luong carvedilol va cac tap
A, B, C, D, E trén 6 mau ché pham thubc chira carvedilol hién dang luu hanh trén thi
truong va 3 mau nguyén liéu. Két qua cho thdy ham lwong carvedilol nam trong
khoang 99,46 — 100,99 % so v&i ham luong ghi trén nhin, dat yéu cau vé ham luong
cua carvedilol trong ché pham theo USP 2023 3. Trong 6 mau thudc c6 5 mau phét
hién duoc tap A, trong d6 c6 2 mau ham luwong tap A nam dudi gisi han dinh luong,
con 3 mau con lai thu duge ham luong tap A dat yéu cau theo giéi han cho phép cua
tap trong ché pham carvedilol theo USP 2023 14 0,2% 3. Cactap B, C, D, E 6 ca 6
mau thudc déu nam duéi gisi han phét hién. Trong 03 mau nguyén liéu déu phat hién
tap A va trong giGi han cho phép theo USP 2023 3 trong d6 ¢6 01 mau c6 ham luong
dudi gidi han dinh Iuvgng cua phuong phap.

HPLC két ndi voi detector PDA 1a phuong phap dinh lwong thudng quy trong
cac duoc dién va da sb cac phong thi nghiém déu c6 may HPLC, nén viéc xay dung
quy trinh dinh luong carvedilol va céc tap trong ché pham thudc sé cé gia tri thuc

tidn, ¢ thé &p dung rong réi trong cac don vi kiém soat chat lugng.

4.5. XAY DUNG QUY TRINH PINH LUQNG CAC TAP TRONG NGUYEN
LIEU VA THANH PHAM CARVEDILOL BANG BPIEN DI MAO QUAN

Theo tong quan tai liéu, hién chua c6 nghién ciru nao trén thé gidi cong bd quy
trinh dinh lwong dong thoi carvedilol va cac tap A, B, C, D, E bang phuong phap dién
di mao quan. Do do nghién ctru d xay dung quy trinh dinh luong bang dién di mao
quan, véi mong mudn déng gép mot phuong phap méi trong kiém soét chat lugng
cac nguyén liéu va thanh pham carvedilol.

4.5.1. Khao sat diéu kién dién di

Vé khao sat cac loai dém, gia tri pH 1a yéu t6 quan trong trong phuong phap

dién di vi n6 anh huéng dén tdc do cua dong EOF va anh huong dén kha ning ion

141



hoa cua cac chat phan tich 81, Két qua dién di & cac pH cho thiy: khi pH ting, nhin
chung cac chat phan tich duoc ria giai nhanh hon. Khi pH tang lam ting ty 1& cac
nhém —OH trén thanh cot mao quan silica chuyén thanh —O gay tang 16p dién am bé
mit thanh mao quan dan dén ting thé Zeta, ting toc d6 dong EOF. Trong khi do, toc
d6 va hudng di chuyén cua chat phan tich (V,;) anh huéng boi tée do dong dién tham
(Veor) Va toc do dién di cua chat phan tich (V) theo cong thire Ver = Voof + Vep. DO
d6 khi ting toc do dong EOF, toc d6 cua chat phan tich sé& ting 1én.

Bén canh d6 cé&c chat phan tich déu 1a nhitng phan tir c6 tinh base yéu voi cac
N cOn mang doi dién tur ty do. pH anh hudng dén kha nang ion héa qua phwong trinh
Henderson-Hasselbach di voi cac base yéu:

B ¢
[BH]

pH = pKa + log

Thir tu rira giai tir nhanh dén cham Ia: Tap E, tap A, carvedilol, tap C, tap B,
tap D. Diéu nay c6 thé giai thich qua dién tich va kich thudc phan tir cia chat phan
tich. Trong céc chat trén, tap E chira nhdm —NHa ¢6 pKa = 8,55 8 nén mang dién
duong ¢ pH < 8, con ¢ pH = 9 thi pic tap E trung pic EOF do ¢ dang trung hoa. Véi
c4c chat con lai, nguyén tir N trong vong carbazol c¢6 pKa = - 6 8, & moi pH mang thi
N nay déu khong mang dién, do d6 tap D khong mang dién, s& ra sau cing triing voi
pic cua dong dién tham EOF. Trong khi d6, nguyén tir N & cac mach nhanh cua cac
chat con lai c6 tinh base manh hay yéu tiy thudc vao bac amin va hiéu tng khdng
gian. Tur két qua dién di & cac pH cho thdy & pH > 7, cac chat nay bi rira giai cing
lGc va tring pic EOF nén cac chat s& khong mang dién trong ving pH nay. O pH < 7
thi cac pic tap E, tap A, carvedilol, tap B, tap C rtra giai truéc pic EOF tac la mang
dién duong, vi vay co thé du doan pKa caa N trong mach nhéanh c6 pKa > 7. O pH
acid, cac chat phan tich s& mang dién ¢ cac N & mach nhanh: tap E (+), tap A(++),

carvedilol (+), tap C (+), tap B (+), tap D (trung hoa di¢n). Tap A du mang (++) nhung
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kich thuéc 16n hon nhiu so véi tap E nén sé ra sau tap E; cac tap B, tap C va
carvedilol déu mang (+) nhung ban kinh (r) re < Fearvedilol < Ic < Is..

Trong cac pH acid, & pH 5 véi thanh phan dém acetat ¢6 hiéu qua tét hon cac
dém pH khac. Céc ion caa thanh phan hé dém ciing tuong tac dang ké dén chat phan
tich gay anh huéng dang ké dén kha niang tach.

Dung méi hitu co thém vao anh huong dén do nhot va hang sé dién moi cua
BGE %. D9 nhét nmeon (0,54 mPa.s) > nacn (0,37 mPa.s) va hang sb dién moi emeon
(32,7) < eacn (35,9) 887 Do d6, khi thém MeOH s& lam giam téc do dong dién tham
hon, dan dén tang thoi gian luu cac chat phéan tich hon so véi thém ACN. Két qua cho
thay khi thém MeOH 50% thi thoi gian luu cac chét 16n hon so vai thém ACN 50%.

Céac dung méi hiru co nhe MeOH hay ACN duoc cho thém vao BGE ¢ mot ty
16 phu hop sé& lam tang do tan caa chat phan tich va do tan cac chat phy gia thém vao,
lam giam kha ning tao bot cua SDS dan dén ting d6 on dinh cua BGE, 1am ting d6
6n dinh dién thé va dong dién 8. Két qua khao sat viéc thém dung méi hitu co cho
thiy giam nhiéu nén hon so véi khi khong thém, céc pic sic nhon hon tuy nhién tap
D van con chua tach khoi pic cua dong EOF.

Viéc thém chat dién hoat vao BGE nham muc dich tach pic D khoi dong EOF.
Nghién ctu da khao sat mot sb loai chat dién hoat gom chét dién hoat tao micell
duong CTAB, chit dién hoat tao micell khong mang dién Tween 20 va chat dién hoat
tao micell am SDS, HEPT. Két qua cho thay véi CTAB, Tween 20 va HEPT & céc
nong do khac nhau, tap D van khong tach khoi pic EOF. Vi SDS 7 mM thi tap D
tach duoc khoi pic EOF. Nhu vay, céc tap duoc tach theo k¥ thuat sic ky micell dién
dong: trong méi trudng dém phan cuc, céc chat dién hoat tu ngung két va hinh thanh
micell gém nhom c¢6 dau than nudc tao nén mot 16p vo ngoai mang dién va nhdm co
duoi khong than nudc tao nhan khdng phan cuc ¢ bén trong micell dé cho cac chat
phan tich c6 thé phan b vao. Sy phan b khac nhau cuaa cac phan tir trung hoa vao

pha dong - pha “tinh gia” micell va luc twong tac tinh dién cua cic chat phan tich
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mang dién vai vo micell thi chit phan tich s& bj thay d6i tbc do do anh huéng toc do
di chuyén caa micell 14 co s& cho qua trinh tach 8188,

Khi nong d6 dém ting 1én, 16p dién kép tré nén mong hon, lam giam thé Zeta
va téc do dong EOF. Do dé, chat phan tich s& duoc rira giai cham hon va thoi gian
lwu s& tang 1én. Tuy nhién, d6 phan giai giita cac pic co thé ting 1én 8. Vi cac nong
d6 dém acetat Ia 100 mM va 120 mM, pic tap D s€ duoc tach ra khoi pic EOF véi do
phan giai dat khoang 1,8. Nong d6 tdi wu chon dugc 1a 100 mM vi cho thoi gian luu
khéng qué dai va hinh dang pic van tt. Nong d6 dung dich dém cao c6 thé gitp giam
su khuyéch tan caa chat phan tich va lam cho pic sic hon, nhung qué nhiéu s& dan
dén qua tai cot, 1am cho pic bi ché va bién dang, nhu trong trudng hop nong do dém
140 mM.

Pé nang cao kha ning phan tich giira cac pic tap D va EOF, nghién cru da tién
hanh giam dién thé. Viéc giam dién thé c6 thé 1am giam toc do di chuyén caa cac chat
phan tich, din dén kha ning ting do phan giai cua céc pic 8L Tuy vay, két qua cho
thdy rang viéc giam dién thé kéo dai thoi gian phan tich, nhung lai khéng c6 hiéu qua
rd rét trén do phan giai gitra cac pic D va EOF. Ngoai ra, c&c pic cang vé sau cang co
xu huéng bi dodng rong. Do d6 dién thé téi wu duoc chon 1a 20 kV

Viéc tang chiéu dai cia cot phan tich s& dan dén giam toc do di chuyén va kéo
dai thoi gian luu, gitp ting do phan giai cia cac pic 8. Tuy nhién, két qua thuc nghiém
cho thdy viéc tang chiéu dai cot 1am ting thoi gian rira giai cac pic theo kiéu tinh tién
va dong thoi cac pic cang ra sau cang doang rong, khong dem lai su cai thién dang ké

cho d6 phan giai gitra pic D va pic EOF.
4.5.2. Tham dinh quy trinh dinh lweng bing CE

Phuong phap CE di xay dung c6 tinh phu hop hé théng dya trén 5 tiéu chi:
thoi gian dién di (tr), dién tich pic (S), s6 dia 1y thuyét (N), hé s6 kéo dudi (Tr) va do
phan giai (Rs).

144



Khoang nong d6 tuyén tinh dwoc xay dung kha rong: 1000-6000 pg/ml ddi
véi carvedilol va 2 — 8 ug/ml d6i véi cac tap. So voi phuong phap HPLC, khoang
ndng d6 nay cao hon, déng thoi cac gia tri LOD va LOQ ciing cao gap 3 — 15 lan so
v6i HPLC. Biéu nay c6 thé giai thich 1a do lwong mau tiém vao hé théng trong phuong
phap CE khéa nho so véi HPLC, bén canh d6 bé day 16p chat 1ong hap thu quang trong
phuong phap CE nhé hon nhiéu so véi HPLC, din dén cuong do tin hiéu bé, lam
giam do nhay cua phuong phap.

Tinh dic hiéu cao thé hién qua su tuwong quan vé thoi gian dién di coa
carvedilol va cac tap, dong nhat vé phd UV va do tinh khiét pic. Bo dung ctia phuong
phap thé hién qua ty 18 thu hdi. Phuong phép c6 ty 1¢ thu hoi cao 96,90 — 100,34 %.
Do chinh xac ciia phuong phéap dugc thé hién qua RSD% nam trong gidi han cho
phép theo hudng dan cua ICH va Luwig Huber.

Nhu vay, phuong phap xay dung dat do tin cay cao nén co thé tng dung vao
kiém soat chat lugng cac ché pham thudc chua carvedilol.

4.5.3. Ung dung quy trinh CE dé dinh lwong mau

Ap dung quy trinh d4 nghién ctru dé tién hanh dinh luong carvedilol va cac tap
A, B, C, D, E trén 6 mau ché pham thubc chira carvedilol hién dang luu hanh trén thi
truong va 3 mau nguyén liéu. Két qua cho thdy c6 01 mau thanh pham va 01 mau
nguyén liéu phat hién duoc tap A véi ham lwong déu nam trong gigi han cho phép
theo USP 2023 3. Tap A c6 thé gay kich ung da, kich tng mat khi tiép xuc, cd thé
gay ton thuong duong tiéu hda néu nudt phai va nhém GHS 09 rat doc vai thiy sinh
24 C4c tap B, C, D, E & ca 9 mau déu nam dudi gisi han phat hién.

Mot trong nhitng khé khan khi phan tich mau thir 12 viéc chuan bi mau dé phan
tich dong thoi hoat chat chinh va cac tap chat lién quan. Gigi han cho phép thuong
rat nho so vai hoat chat nén dé phat hién tap chat can chuan bi mau ther ¢6 nong do
dugc chit rat cao, khién pic hoat chat thuong rat 16n trén dién di dd. Trong khi do, tai

lugng cua cot dién di mao quan khong 16n nhu cot sac ky long, néu ndng do chat phan
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tich qua cao s& lam cot phan tich bi quéa tai, dan dén lam giam tudi tho cua cot, ddng
thoi lam giam do chinh xac va d6 lap lai caa phéan tich. Bén canh d6 cac pic qua lon
c6 thé 1am giam do phan giai do nguy co chong lan pic.

* So sanh 2 quy trinh dinh lwong dong thoi cac tap carvdilol bang HPLC va CE:

So véi quy trinh HPLC di x4y dung dé dinh luong dong thoi carvedilol va cac
tap, quy trinh CE nay c6 mot s6 wu diém riéng. Tc do phan tich mau bing CE nhanh
hon, chi 10 phut so véi 15 phat cia trong quy trinh HPLC da xay dung, va 30 phut
trong quy trinh caa USP 2023. Bén canh d6, quy trinh dinh lwong bang CE gidp tiét
kiém mau phan tich, tiét kiém dung méi, qua d6 giam thiéu nguy co gay 6 nhiém mai
truong.

Tuy nhién, phuong phap CE ciing c¢6 nhitng nhuoc diém so véi HPLC, dic
biét 12 46 nhay trong phuong phap CE khong tét bang phuong phap HPLC. Diéu nay
dugc thé hién qua gia tri LOQ cua hai phuong phap duoc xay dung & trén chénh léch
nhau t6i 3 - 50 lan. Do d6 khi phan tich mau nguyén liéu va ché pham carvedilol theo
cac phuong phap di xay dung, trén cing mot dbi twong mau nhung quy trinh CE
khong phét hién duoc, trong khi quy trinh HPLC c6 thé phét hién hoic dinh luong
dugce ham luong tap A. Nhuoc diém nay lién quan dén kha ning chira mau cua cot
dién di. Trong CE, cot dién di c6 duong kinh trong khoang tir 25 pm dén 100 pm,
trong nghién ctru nay 1a 75 pm. Do d6, lwong mau tiém vao cot dién di can phai nho,
thuong trong khoang tir vai nl dén vai pl. So véi HPLC, cot cua CE c6 thé chua it
mau hon. Do d6, néu tiém vao CE mau c6 nong do cao cd thé dan dén hién tugng qua
tai hodc tao ap luc trong cot dién di, cd thé xay ra hién tuong chong chat, anh hudng
dén sy phan tach va d6 chinh xac caa phan tich. Bén canh d6, HPLC sir dung té bao
do dong chay, c6 do day truyén quang lén hon nhiéu so véi CE chi sir dung chinh
mao quan 1am cuvet. Do d6 cudng d6 hap thy trong CE khong cao nhu HPLC theo
dinh luat Lambert Beer. Vi vay, nhu d dé cap ¢ trudc, khi st dung CE dé phan tich

tap chat lién quan, can phai can nhac vé nong do mau va dam bao rang luong mau
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tiém vao cot dién di nam trong khoang chip nhan dugc dé tranh cac van dé lién quan
dén qua tai va su canh tranh trong cot.

Nhu vay, xay dung quy trinh dinh luong déng thoi carvedilol va cac tap trong
nguyén liéu va thanh pham bang dién di mao quan sé& cd gié trj thuc tién, dong gop

thém phuong phéap dinh luwong tap chat trong kiém soat chat lwong thudc.
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KET LUAN VA KIEN NGHI
KET LUAN
Luan an d3 dat duoc cac muc tiéu dé ra, cu thé nhu sau:
V& quy trinh téng hep tap chat

D3 tong hop va xac dinh cac diéu kién tong hop cho hiéu suit cao ddi véi cac
tap A, B, C, D, E cua carvedilol, dong thoi xac dinh cau tric caa san pham bang
phuong phap phd nghiém (IR, MS va NMR). B6 tinh khiét dugc xac dinh bang
phuong phap HPLC, cac san pham c6 do tinh khiét cao c6 thé dung lam chat ddi chiéu
trong kiém nghiém:

- Tap A carvedilol véi @6 tinh khiét 99,14 %, hiéu suat toan qui trinh 62,02 %.

- Tap B carvedilol véi do tinh khiét 99,26 %, hiéu suat toan qui trinh 70,80 %.

- Tap C carvedilol véi d¢ tinh khiét 99,92 %, hiéu suat toan qui trinh 78,50 %.

- Tap D carvedilol véi @6 tinh khiét 99,86 %, hiéu suét toan qui trinh 80,30 %.

- Tap E carvedilol véi d6 tinh khiét 99,96 %, hiéu suat toan qui trinh 87,64 %.

Trong d6, quy trinh tong hop tap B va tap C tir carvedilol lan dau tién duoc
cong bd.

Di xay dung va tham dinh dat yéu cau qui trinh xac dinh d¢ tinh khiét cua cac

tap A, B, C, D va E cua carvedilol bang phuong phap HPLC.
V& danh gia va thiét 1ap chat doi chiéu cia cac tap tong hop dwoc

Pi danh gia chat luong cac tap A, B, C, D va E cua carvedilol téng hop duoc
trén céc tiéu chi tinh chat cam quan, diém chay, dinh tinh, ham 4m va do tinh khiét.
Tur d6, da thiét 1ap céc chat ddi chiéu tir cac tap trén:

- Tap chat d6i chiéu A cua carvedilol c6 gié tri 4n dinh 99,36 %, d6 khong dam
bao do 1a 0,007 %.

- Tap chat d6i chiéu B cua carvedilol c6 gia tri 4n dinh 99,70 %, d6 khong dam
bao do 1a 0,042 %.

- Tap chat ddi chiéu C cua carvedilol c6 gié tri 4n dinh 99,60 %, &6 khong dam
bao do 1a 0,047 %.
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- Tap chit dbi chiéu D cua carvedilol c6 gia tri 4n dinh 99,96 %, 46 khong dam
bao do 12 9,5 x 1071° %.

- Tap chat ddi chiéu E cua carvedilol c6 gié trj an dinh 99,77 %, 46 khong dam
bao do 1a 0,006 %.

Xay dwng quy trinh dinh lwong dong thoi carvedilol va cac tap trong nguyén

liéu va thanh pham bang sic ky 16ng hiéu niing cao

Pi xay dyng va thim dinh dat y8u ciu qui trinh dinh lwong dong thoi
carvedilol va c4c tap A, B, C, D, E trong nguyén liéu va thanh pham bang phuong
phap HPLC. So véi quy trinh caa Duoc dién My 43, quy trinh nay c6 thoi gian phan
tich ngan, cai thién d6 phan giai cac pic tap A va E, dinh lugng dong thoi carvedilol

va c4c tap ma phai thay doi thé tich tiém.

Xay dung quy trinh dinh lweng dong thoi carvedilol va céac tap trong nguyén

liéu va thanh pham bang dién di mao quan

Pi xay dyng va thim dinh dat y8u cAu qui trinh dinh lwong ddng thoi
carvedilol va cac tap A, B, C, D, E trong nguyén liéu va thanh pham bang phuong
phap dién di mao quan. Quy trinh dinh di gém: Diéu kién dién di: Chiéu dai cot hiéu
dung 40 cm; chiéu dai cot tong 48,5 cm; duong kinh ngoai: 360 um; dudng kinh trong
75 um; dung dich dién ly nén: dém acetat 100 mM pH 5 chta natri dodecyl sulfat 7
mM trong acetonitril : nudc (50:50); dién thé 20 kV; dong dién 150 pA; nhiét do cot
20 °C; tiém mau 35 mBar trong 4 gidy; budc song phat hién 220 nm cho tap E va 242
nm cho c4c tap con lai, dau do nam vé phia cathod.

Pay 1a cong bd dau tién vé dinh luong dong thoi cac chat trén bang phuong

phap dién di mao quan trong nguyén liéu va thanh pham chira carvedilol.
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KIEN NGHI

Tt nhitng két qua thu duoc, dé tai can dugc tiép tuc thuc hién cac noi dung
sau:

1) Tiép tuc nghién ciru d6 6n dinh cua cac tap chat di chiéu trén dé cé thé tinh
toan chu ky danh gia lai chat chuan.

2) Ung dung quy trinh kiém tra cac tap A, B, C, D, E cua carvedilol trén céac
mau nguyén liéu va thanh pham tuong tmg khac dang luu hanh trén thi trudng.

3) Tiép tuc nghién ctu tong hop cac tap chat lién quan cua cac dugc chat khac

dé bo sung vao ngan hang tap chat ddi chiéu trong nudc.
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