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Nghién ciru tong hop thudce generic letrozole
quy mo 100 g/mé dat tiéu chuan dwgc dién USP38
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Tém tit:

Trong nghién ciru nay, letrozole (quy md 100 g/mé) dwoge tong hop thanh cong tir phian g giira 4-[1-(1,2,4-triazolyl)
methyl]benzonitrile (TMB) va p-fluorobenzonitrile véi su c6 mét ctia tac nhan deproton hda potassium tert-butoxide
(t-BuOK) trong dung mdi tetrahydrofuran (THF). Letrozole thd sau phan ving dwoc két tinh lai hai lan trong hén
hop n-hexane:ethyl acetate véi ty 1¢ 3:1. San pham dwoc xic dinh cu triic va tinh chit bang phwong phap cong
hwong tir hat nhan ("H-NMR va BC-NMR), khoi phé (MS). Cic chi tiéu vé dinh tinh [phd hong ngoai (FTIR), sic
ky léng hi¢u niang cao (HPLC)], dinh lwgng (HPLC), ciin sau nung, tap chit lién quan A va ham lugng nuéc theo
quy dinh ciia duge dién USP38. Két qua cho thay, letrozole c6 dd tinh khiét dat 99,79%, cac chi tiéu khac déu dat
tiéu chuén ciia dwoc dién USP38. Két qua danh gia do 6n dinh cho thiy: Sin phim c6 han sir dung trén 24 thang.

Tir khoa: Letrozole, thuoc generic, TMB, ung thuw vi.

Chi s6 phin loai: 3.4

Gidi thiéu

Nghién ctru tong hop va san xudt cac loai thudc generic
(thudc da dang ky nhung hét han bao ho ban quyén va da
duoc str dung) duge hau hét cac qubc gia quan tam, trong d6
¢6 Viét Nam. Tuy nhién, cac loai thube generic do Viét Nam
san xuét chu yéu chi thuc hién phﬁn bao ché véi cac hoat
chét nhap khau tir nudc ngoai [1]. Bé ¢6 thé chu dong ngudn
nguyén liéu thudc generic, viéc nghién ctru tong hop, tién
t6i san xudt cac duoc chat tai Viét Nam 1a hét strc can thiét.

Hinh 1. Cau tric héa hoc letrozole.

Letrozole 1a mdt duoc chéit e ché enzyme aromatase
non-steroid c¢6 chon loc (hinh 1). Enzyme nay dong vai tro
quan trong trong qué trinh chuyén hormon androgen thanh
hormon estrogen & phu nit sau man kinh. Thubc e ché
enzym aromatase bang cach gén két canh tranh véi thanh
phin heme ciia thanh phan sic t6 té bao P450 & lenzyme nay,
lam giam qua trinh sinh tong hop estrogen & tat ca cac mo.
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Thubc 1am giam ndng do estrogen & phu nir sau man kinh
Va g1up lam cham lai hoac dao nguoc su phat trién ctia mot
s6 khéi u v can estrogen dé phat trién. Thude duoc chi dinh
cho diéu tri ung thu va sau phau thuat. Letrozole giup cai
thién tinh trang bénh nhan ung thu vu da diéu tri béng viée
ubng tamoxifen 5 nam sau phau thuat, cai thién kha ning
séng nhd ngan chin sy tai phat va di can cua ung thu [2,
3]. Trén thé gidi, da co rat nhiéu nghién ctru dé cap dén qua
trinh téng hop letrozole. Tuy nhién, cac nghién ciru nay hau
hét déu tap trung vao kha niang chon loc vi tri ctia phan tng
alkyl héa vong 1,2,4-triazole [4-6].

Trong nghién ciru ndy, chung toi tién hanh tong hop
letrozole qua hai giai doan: (1) Téng hop TMB va (2) Téng
hop letrozole. O giai doan 1, tién chit TMB dugc tong hop
thanh cong tir 4-bromomethylbenzonitrile va 1,2,4-triazole
sodium, st dung dung moi acetone ¢ nhiét do soi (hinh 2).
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Hinh 2. Phan ting tdng hgp TMB.
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Abstract:

In this research, letrozole, on a scale of 100 g/batch,
was successfully synthesized via the reaction between
4-[1-(1,2,4-triazolyl)methyl] benzonitrile (TMB) and
p-fluorobenzonitrile, with the aid of deprotonated agent
called potassium tert-butoxide (t-BuOK) dissolved
in tetrahydrofuran (THF). The crude letrozole was
recrystallized twice using the mixture of n-hexane:ethyl
acetate (the ratio 3:1). The chemical structure and
properties of the obtained product were characterized
by nuclear magnetic resonance spectroscopy (‘H-NMR
and *C-NMR) and mass spectroscopy (MS). Standards
of detection (Fourier transform infrared (FTIR), high
performance liquid chromatography (HPLC)) and
quantification (HPLC), impurities, and the standard
amount of water conformed in the United State
Pharmacopeia (USP 38) were also examined. According
to the results, the purity of letrozole was 99.79%:;
besides, other criterions also met the quality standard
of USP 38. Both stability test and accelerated aging test
showed that the synthesized letrozole had the shelf life of
more than 2 years.

Keywords: Breast cancer, generic drug, letrozole, TMB.
Classification number: 3.4

O giai doan 2, letrozole dugc tong hop tir hai tién chat
chinh 14 chét trung gian TMB va p-fluoro-benzonitrile, voi
tac nhan deproton hoa -BuOK. V& mit co ché, dau tién, dan
xuét triazole bi deproton héa & carbon methylene boi tac
nhan ~-BuOK. Carbanion hinh thanh s€ dong vai tro nhu mét
tac nhan than hach tac kich vao chit nén p-fluorobenzonitrile
theo co ché cong - khir va loai bo F theo co ché thé than
hach trén nhan thom Sy Ar) (hinh 3). Chét trung gian va san
phim dugc tinh ché dé dat dugc do tmh khiét theo yéu cau.
Letrozole sau tinh ché dugc phan tich céu tric bang phuong
phép cong huong tir hat nhan ("H-NMR va 3C-NMR), khéi
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ph (MS). Céc chi tiéu vé dinh tinh [pho hong ngoai (FTIR),
sac ky l6ng hi¢u nang cao (HPLC)], dinh luong (HPLC),
cén sau nung, tap chét lién quan A va ham luwgng nudc theo
quy dinh cta dugc dién USP38. Do 6n dinh cua san pham
dugc xac dinh ¢ didu kién 130 hoa cap tdc (nhiét do 40+2°C,
do 4m tuong ddi 75+5%) va diéu kién thuong (nhiét do
30+2°C, d6 4m twong d6i 75+5%). Ngoai ra, doc tinh cap
va doc tinh ban trudng dién cling duoc thyuc hién nham danh
gia doc tinh ctia san pham.
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Hinh 3. Phan ting tong hop letrozole.

Thuc nghiém
Héa chat

4-fluorobenzonitrile 99%, +BuOK 98% (Acros);
ammonium acetate, ethyl acetate, sodium hydrogen
carbonate, acetic acid glacial extra pure; acetonitrile HPLC
grade (Fisher); magnesium sulfate anhyrous, n-hexane
99,5%, tetrahydrofuran, water HPLC grade ACS reagent
grade (Fisher); 4-[1-(1,2,4-triazolyl)-methyl]benzonitrile
(Vién Khoa hoc Vat liéu tng dung, TCCS).

Téng hop letrozole tho

Quy trinh tong hop letrozole thdé dugc thuc hién qua
6 budc: (1) Cho +-BuOK (174,1 g; 2,8 eq.)/THF khan
(1:1) vao binh phan trng dung tich 20 1 da dugc lam lanh
-10°C, khudy va thdi khi nito lién tyc. (2) Sau khi -BuOK
tan hoan toan, nho dung dich TMB (100 g; 1,0 eq.)/THF
(1:1) vao binh phan tmg trong 1 gio. Tiép tuc khudy hdn
hop thém 2 gio, gitt & nhiét d6 -10°C. (3) Thém ting giot
p-fluorobenzonitrile (99,5 g; 1,5 eq.)/THF khan vao binh
phan g trong 30 phut. Khudy va giir nhiét d6 binh phan
g thém 2 gio. Phan tmg duoc theo doi bang TLC véi hé
dung moi giai ly ethyl acetate:n-hexane. (4) Sau khi phan
g két thiic, pha lodng hdn hop voi ethyl acetate khan va
loc nhanh qua cot (ﬂask chromatography). (5) C6 quay chan
khong, acid hoa hdn hop bang dung dich acid acetic/nudc
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dén pH=2. Sau d6, trung hoa lai dung dich bang NaHCO,
dén pH 7. (6) Chiét dung dich bang ethyl acetate, 1am khan
bang MgSO A dé thu san pham letrozole thd.

Tién hanh lap lai 5 1an thi nghiém nhu trén dé danh gia
d6 6n dinh cua quy trinh. D§ tinh khiét cta san phélm duoc
xac dinh bang phuong phap HPLC theo quy dinh ctia dugc
dién USP38.

Tinh ché letrozole

Letrozole thé dugc tinh ché bang phuong phap két tinh
lai 2 1an trong hdn hop n-hexane:ethyl acetate (ty 18 3:1).
Quy trinh tinh ché dugc thyc hién nhu sau: Can 120 g san
pham letrozole thé cho vao binh phan mg dung tich 20 1.
Thém dan 8 1 hdn hop dung méi n-hexane:ethyl acetate ty
1¢ 3:1, khudy va gia nhiét hon hop trong binh dén diém soi.
Loc hdn hop dung dich rdi cho vao thiét bj 1am lanh & 0-5°C
qua dém. Loc lay san pham két tinh bang phéu Buchner.
Lam kho bang bom chan khong trong 1 gio. Qua trinh két
tinh lai duoc tién hanh 2 14n lién tuc dé thu duoc letrozole
tinh ché.

Tién hanh 13p lai 5 lan thi nghiém dé danh gia d6 6n
dinh cta quy trinh. D¢ tinh khiét ciia san pham duoc xac
dinh bang phuong phap HPLC theo quy dinh cua duoc dién
USP38, cu thé:

Diéu kién sic ky: Hé thong UHPLC Plexar (PerkinElmer
My), ¢ot C , (4,6 x 150 mm) ¢ nhi¢t do 25°C, dau do Plexar
PDA Plus tal bude song 230 nm; thé tlch tiém mau: 20 ul;
toc do dong: 1,0 ml/phut; ndng do miu do: 10 pg/ml; pha
dong: Chay ché do gradient (bang 1).

Bang 1. Chuong trinh chay HPLC.

Thoi gian (phut) Nuée (%) Acetonitrile (%)
0 70 30
25 30 70

Ddnh gid @ én dinh va thoi gian bio qudn

Thoi gian bao quan cua letrozole sau tinh ché dugc thuc
hién & diéu kién ldo hoa céip tdc v6i 3 mau tir 3 mé letrozole
tinh ché, tuong ung véi Let-01, Let-02 va Let-03. Mau duoc
dit trong chai thily tinh nau c6 nap day va dugc bao vé trong
tai nhom. Mau dugc bao quan & nhiét do 40+2°C, do am
tuong ddi 75+5% trong thoi gian 6 thang. Panh gia tinh chat
va ham luong 6 thoi diém 0, 1, 3 va 6 thang. Tur d6 d& xuét
han str dung cho san phém [7]. Ngoai ra, do on dinh & diéu
kién thuong cua letrozole duoc danh gia dua trén huéng dan
ctiia ICH ¢ diéu kién nhiét do 30+2°C va d6 am twong doi
75+5% trong vong 24 thang. Mau thir 1a 3 mé letrozole tinh
ché, trong ung v6i mau Let-01-RT, Let-02-RT va Let-03-
RT. Cac mau duoc theo ddi vé tinh chat va ham luong o thoi
diém 0, 3, 6, 12 va 24 thang.
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Ddnh gid djc tinh cdp va djc tinh bin trwong dién

bdc tinh cfip va doc tinh ban trudng dién cua letrozole
dugc thyce hién tai Vién Kiém nghiém thudc Trung wong.

- Thtr ddc tinh cép: Tién hanh trén 70 con chudt nhat
trang gidng Swiss albino, chia lam 6 nhém véi 6 liéu lugng
khéac nhau (0,25; 0,50; 0,75; 1,00; 1,25; 1,50 g/kg chudt).
Cho chudt nhin in 3-4 gid trude khi thi nghiém, nudc udng
theo nhu cau. Cho chudt uéng hdn dich letrozole. Theo ddi
biéu hién ngd doc cia chudt sau khi uéng hdn dich véi tan
suat khoang 15 phut/1 1an trong vong 1 gio dau va gidn dan
tan sudt trong vong 24 gid dau.

- Thir ddc tinh ban truong dién: Tién hanh trén 40 tho ci
Newzealand, chia lam 4 nhom (1 nhém chimg va 3 nhom
uéng thude véi lidu 0,078; 0,155; 0,31 mg/kg tho) trong
vong 90 ngay. Theo ddi tho hang ngay vé mirc do tiéu thy
thirc &n, nudc uong, thé trang va van dong, tinh trang phan,
nudc tleu cac biéu hién bat thuong cua tho. Xét nghiém cac
chi s6 huyet hoc va sinh hda. Sau thir nghiém, thé dugc md
dé quan sat dai thé cac td chire tim, gan, than, phéi, da day,
ruot, tuyén thuong than va buéng trung.

Két qua va thio luan
Téng hop letrozole thé

Két qua tong hop letrozole thd & quy mo 100 g/mé cho
hiéu suét phan tng dat 74,2+0,6%. D9 tinh khiét san phé"im
(5 lan lip lai) dat 92,47+0,9%. Tuy nhién, san phiam can
dugc tinh ché dé do tinh khiét dat tiéu chuan dugc dung (t6i
thiéu 98,5%). Do 1éch chuan twong ddi vé hiéu suat va do
tinh khiét san pham lan luot 12 0,81% va 0,97%. Gia tri nay
nho hon 2%, nén quy trinh dat dwoc do 6n dinh.

Tinh ché letrozole

Két qua lap lai 5 1an quy trinh tinh ché letrozole & quy
mo 100 g/mé cho hiéu suét tinh ché va do tinh khiét dat 1an
luot 1a 82,3+1,9% va 99,79+0,05%. Do tinh khiét cua san
pham sau tinh ché dat yéu cau vé duoc dung.

Do léch chudn twong di vé& hiéu suit va do tinh khiét
ctia quy trinh tinh ché 1an luot dat 1,7% va 0,05%. Gia tri
nay nho hon 2%, nén quy trinh tinh ché letrozole dat dwoc
d6 6n dinh [8].

Két qua phan tich cau tric san pham cho thay: Pho
'H-NMR (CDCl,, 500 MHz) xuét hién 2 tin hiéu cua 2
proton gan trén vong triazole [5, 8,13 ppm; H ], [5,, 8,06
ppm; H,]; 2 mii che d6i cua cac proton trén vong thom
[8,, 7,70 ppm; (4H; d; J=8,5 Hz; H)], [5,, 7,30 ppm; (4H;
d; J=8,5 Hz; H)]J; 1 proton ¢ carbon tam cap nam gan
nhom triazole [3, 6,84 ppm; H ] twong ing v6i cau tric cta
letrozole chuan [9, 10] (hinh 4).

Phd BC-NMR (CDCl,, 500 MHz) xuét hién 2 tin hiéu cua

14



2 carbon tam cip cua vong triazole [0, 153,0 ppm; C ], [3..
143,8 ppm; C,; 2 tin hi¢u cta carbon thom tr cap [6,. 141,9
ppm; C.,[6.113,2 ppm; Cg]; 2 tin hiéu ctia carbon thom tam
cap [8.. 132,9 ppm; C ], [6,. 128,9 ppm; qc]; 1 tin hig¢u cta 2
carbon nhom nitrile [3. 117,9 ppm; C]. O ving truong cao,
xudt hién 1 tin hi¢u carbon tam cap [3.. 66,3 ppm; C, ] tuong

{mg vai cdu tric cia letrozole [9, 10] (hinh 5).
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Hinh 4. Phd 'H-NMR ctia san pham letrozole.
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Két qua kiém nghiém cho thdy san pham dat céc tiéu
chuin cua duge dién USP38 [11], trong do:

Pinh tinh: phd IR va HPLC cho két qua dung véi chét
chuan USP Letrozole RS (hinh 7 va 8).

Dinh lvong dat: 99,73+0,33% (yéu cau: 98-102%).
Can sau nung 16i da dat: 0,024% (yéu cau: <0,1%).
Tap chit lién quan A téi da dat: 0,04% (yéu cau: 0,3%).

Ham heong nwde toi da dat: 0,26% (yéu cau: <0,3%).
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o
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Hinh 7. Phé IR clia san phim letrozole.
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Hinh 5. Phd *C-NMR ctia san phim letrozole.
Khéi phd cuia san pham duge xac dinh bang k¥ thuat ion
hoéa electron ESI-MS cho tin hi¢u cia peak ion gid phan tu

m/z = 285,9 [M-H]" tuong tng véi cong thirc phan tir cua
letrozole: C_H, N, (hinh 6).
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Hinh 8. Sic ky d6 HPLC ctia san pham letrozole.

Ddnh gid dj on dinh va thoi gian bdo qudin

Tai thoi diém 24 thang, két qua ham luong thap nhit &
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Hinh 6. Phd MS clia san pham letrozole.
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cac mé 1 96,29% tinh theo san pham khan. Theo hudng dan
“Panh gia dit liéu vé d6 on dinh” (Evaluation of Stability
Data Q1E) cua FDA nam 2004, khao sat do on dinh cua mot
dugc chét 1a tim thoi diém ma ¢ d6 ham lugng dugc chat b
phan hay con lai 90% [12] Do d6, san pham letrozole dat
duoc do 6n dinh sau 24 thang.

Du doén tudi tho thudc cua mau Let-01 1a 40,5 thang,
mau Let-02 12 56,9 thang va mau Let-03 1 54 thang. Chon
két qua thap nhat tir ba két qua trén 1a tudi tho cta thude. Dy
doén tudi tho thudc theo diu kién 1o héa cép tde 1a 40,5
thang.
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Thi djc tinh cap

Trong thtr nghiém nay, chung t6i da tim duoc liéu khong
gdy chét chuot 1a 0,25 g mau thirkg chudt. Lidu giy chét
100% sé chuot thir nghiém 1a 1,5 g miu thirkg chudt. Dua
trén s6 liéu thyc nghiém, chung t6i da tim duoc licu LD,,
1 0,825 (0,688; 0,962) g mau thi/kg chudt. Sau khi uong
hdn dich thtr, chudt ¢6 cac biéu hién ngd doc nhu sau: O
murc lidu thap (0,25 g mau thirkg chudt) khong nhan thay
¢6 biéu hién ng6 doc; ¢ mirc liéu trong khoéng tir 0,5 g dén
1,5 g mau thu/kg chudt, mot sé chudt co biéu hién bi kich
dong, sau d6 ndm mét va co gidt trudc khi chét. Chudt bi
chét trong khoang thoi gian 48 gio va ty 1¢ chét tuy theo
murc lidu udng.

Thir djc tinh bdn trwong dién

Sau khi cho tho uéng hdn dich letrozole lién tuc mdi
ngdy mot lan trong 90 ngay véi 3 mirc lidu khac nhau,
thudc khong anh huéng dén thé trang, hoat dong cua tho
thir nghiém. Tho khde manh, tang can. Cac chi s6 sinh hoa
va huyét hoc (thoi gian déng méu, chi s6 glucose, cac chi sd
calci toan phan va ion calci huyét twong) khac biét khong
¢6 ¥ nghia thong ké & trude, giita va sau thir nghiém so voi
nhoém ching (P, waEo 0,05; P >0,05; P
>0,05;P > 0,05

u TN (T-C)

sau 30 ngay (T-C) sau 60
ngay (T-C)

Khong nhan thay su bat thuong va khac nhau vé hinh
dang bén ngoai, mau sac ctia cac to chuc tim, gan, than,
phéi, budng trimg, tuyén thuong than va hé¢ tiéu hoa khi
quan sat dai thé ciing nhu ciu tric cta gan, than, budng
trimg, tuyén thuong than khi quan sat vi thé cua tho giira

nhom chung va 3 nhom thu.
Két luan

Pi xdy dyng duoc quy trinh téng hop va tinh ché san
pham letrozole & quy mé 100 g/mé. CAu trac san pham duoc
chirmg minh bang pho cong hudng tir hat nhan (‘H-NMR va
13C-NMR), khéi pho (ESI-MS). D¢ tinh khiét ciia san pham
dat 99,79+0,05%. Cac chi tiéu khic déu dat yéu cau quy
dinh cua duge dién Hoa Ky USP38. San phém letrozole con
dugc tién hanh dénh gia doc tinh cip va doc tinh ban truong
dién. Két qua kiém nghiém cho thay letrozole thudc cip do
doc IV trong thang GHS. Thoi han st dung cua letrozole 1a
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trén 24 thang.
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Pé tai nghién ctiru duge hd trg béi Chuong trinh Hoa
dugc, Bo Cong thuong, ma sb dé tai CNHD.DT.051/14-16.
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