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CAC KY HIEU, CHU VIET TAT

Chir dy dii hoic nghia tiéng Viét

Pho cong huong tir hat nhan carbon-13
(Carbonl3- Nuclear Magnetic Resonance)

Pho cong hudng tir hat nhan proton
(Proton- Nuclear Magnetic Resonance)

Acetyl (CH;CO-)

Acetyl acetonat

Acetonitril

Dimethylformamid [HCON(CHj;),]

Puong luong (equivalent)

Ion héa va cham dién tir (electron impact)

Ion héa phun mu dién t (electrospray
ionization)

Ethyl (C,Hs-)

Séc ky 16ng hiéu ning cao (High-
performance liquid chromatography)

Pho hong ngoai (Infrared
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Liéu chét trung binh

Methyl (CH;-)

Pho khéi lugng (Mass Spectrometry)
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Ts

T3 Na
T3 diNa
T,

Diiodothyronin (3,5-diiodo-thyronin)

Triiodothyronin, liothyronin (3,5,3 -triiodo-
thyronin)

Liothyronin natri

Liothyronin dinatri

Tetraiodothyronin, levothyroxin (3,5,3",5 -
tetraiodo-thyronin)

Levothyroxin natri

Levothyroxin dinatri

Nhiét d0 néng chay

Tosyl (p-CH;-CcHy-SO;-)

Acid p-toluensulfonic



MO PAU
Tinh cép thiét cia luin 4n
Khoang 3 - 5% déan sb Viét Nam bi suy tuyén gidp. Bénh gip & nhiéu
Itra tudi va nhiéu ddi tugng. Tré em bi suy gidp s& cham 16n va kém
phat trién tri tué. Bénh ciing hay gip & phu nit c6 thai, giy hau qua
nghiém trong dén thai nhi. Ngoai s it truong hop suy gidp do ding
thuc khang giap c6 thé hoi phuc khi ngung thude, con da sb cic
truong hop khac déu phai diéu tri bang hormon gidp trang ca doi.
Hién nay, nhu ciu sir dung levothyroxin va liothyronin ¢ nudc ta
trong diéu tri bénh 1a kha 16n ma viéc san xuit nguyén lidu trong
nudc chuwa thyc hién dugc. Con dudng tong hop levothyroxin
mononatri va liothyronin mononatri chii yéu di tir L-tyrosin, nguyén
lidu nay co thé diéu ché bang phuwong phap thuy phan cac ngudn
keratin khac nhau nhu simg, toc... Néu chung ta tién hanh nghién
clru, san xudt thanh cong levothyroxin mononatri va liothyronin
mononatri thi s& chu dong duoc ngudn nguyén lidu.
Quyét dinh sd 61/2007/QP-TTg ctia Thi twéng Chinh phu ngay
07/05/2007 vé viéc phé duyét “Chwong trinh nghién ctru khoa hoc
cong nghé trong diém qudc gia phat trién cong nghiép hoa duoc dén
nam 2020” da dat ra cho nganh dugc Viét Nam mdt muc ti€u quan
trong 13 ting cudng ty san xuat nguyén liéu lam thudc, tién toi cha
dong san xuat thude trong nude.
Muc tiéu ciia ludn an
1. Xdy dung dwoc quy trinh tong hop levothyroxin mononatri va
liothyronin mononatri tir L-tyrosin ¢ quy moé phong thi nghiém.

2. Panh gia duoc do on dinh va doc tinh ccfp cua san phcfm.
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Noi dung cia lugn an

1. Khao sat cac phuong phap tong hop levothyroxin mononatri va
liothyronin mononatri tir L-tyrosin.

2. Chon ra phuwong phip phu hop dé trién khai tong hop
levothyroxin mononatri va liothyronin mononatri dat tiéu chuan dugc
dung.

3. Panh gia d6 6n dinh cia 2 san pham & 2 diéu kién: 130 hoa cép toc
va diéu kién thuong.

4. Panh gia doc tinh cip ciia 2 san pham.

Nhirng dong gép méi ctia ludn an

1. Pa xay dung dugc quy trinh tong hop levothyroxin mononatri va
liothyronin mononatri tir L-tyrosin san xuét trong nuéc theo phuong
phap ciia J. R. Chalmers va P. Bracco véi cai tién sau:

e Di thyc hién thanh cng phan tng khir héa hop chat 3,5-dinitro-
4-p-methoxyphenoxy-N-acetyl-L-phenylalanin ethyl ester & diéu kién
ap suat thuong.

e Di cai tién phuong phép tao mubi mononatri ciia levothyroxin

va liothyronin bang cach ding natri bicarbonat bdo hoa thay cho natri
carbonat bao hoa.
2. Lan dau tién thyc hién thanh cong phuong phap tao ether Ullmann
trong tong hop O-methyl-N-acetyl-3,5-diiodo-L-thyronin ethyl ester
tir phan tg giita dan chat L-tyrosin va 4-bromoanisol véi xtc tic 1a
mubi dong (I) iodid va phdi tir sit (III) acetylacetonat trong moi
truong kali carbonat va dung méi dimethyl formamid.

Cau tric cia luin an



Luan an gém 135 trang, 50 hinh, 38 bang, 148 tai li¢u tham khdo. Bb
cuc gdm: Piat van dé (2 trang), Tong quan (32 trang), Nguyén liéu,
trang thiét bi va phuong phap nghién ciru (9 trang), Thuc nghiém va
két qua nghién ctru (65 trang), Ban luan (25 trang), Két luan va d¢
xuét (2 trang), Tai li€u tham khdo (17 trang), Danh muc cic cdng
trinh khoa hoc d cong bd lién quan dén dé tai ludn 4n (I trang),
Danh muc phu lyc (4 trang), Phu luc (79 trang).
Chuwong 1: TONG QUAN

1.1. Tong quan vé levothyroxin va liothyronin
1.1.1. Levothyroxin mononatri hydrat

| (o]
HO;©\| ONa .xH20
| (0] NHZ
|

Hinh 1.2. Cong thirc ciu tao ciia levothyroxin mononatri hydrat

1.1.2. Liothyronin mononatri hydrat

(o)
HOJQ\I ONa .xH20
| 0 NH,
|

Hinh 1.4. Cong thirc ciu tao cta liothyronin mononatri hydrat
1.1.3. Téac dung dugc 1y ctia hormon tuyén gidp
Kich thich cic phan tng trao d6i lam ting chuyén hoa co ban, ting
hap thu glucose & rudt va ting phan huy glycogen, nén giy ting
duong huyét, tang phan huy triglycerid, phospholipid va cholesterol,
tang tong hop protein. Khong dii hormon tuyén gidp s& giy ra bénh

3



suy gidp, tré cham 16n va khong phat trién tri tué, ngudi 10n bi ching
mach cham, giam thin nhiét, giam trao d6i chat co ban, giam hoat
dong tri ndo, budu cb.

1.2. Ciac phwong phap tong hop levothyroxin mononatri va

liothyronin mononatri

Co 2 phuong phap:
Phuong phdp chinh tong hop qua chdt trung gian 3,5-diiodo-L-
thyronin:
o 1. Ilellbase \©\ W
HO\Q\'WOH 2. Na2C03
° e 1. 1/Kibase

6 | | " 2q
1eq 2.Nay,CO3 W

Hinh 1.5. So db tong hop levothyroxin mononatri (8) va liothyronin
mononatri (7) tir 3,5-diiodo-L-thyronin (6)

Trong d6 gidi thidu cac phuong phap tong hop 6: Phuong phap cua

céc tac gia nhu: C. R. Harington va cfng su, A. David va cong su, W.

Siedel va cong sy, G. Hillmann, J. R. Chalmers va cdng su (sau nay

¢6 cai tién ctia P. Bracco trong 1 s6 budc quan trong), P. Z. Anthony

va R. I. Meltzer.

Cac phuwong phap khac: Phuong phap ctia Salamonczyk, Phuong

phép oxy héa cua L. G. Ginger.

1.3. Cac phwong phap tao hop chit diaryl ether

Co 4 phuong phap: Phuwong phap ghép doi nho xiic tdc Cu: Phan tng

Ullmann c6 dién; Phan tng ghép d6i Ullmann cac dan chit c6 nhém
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thé ortho; Phan tng ghép dbi cua céc acid arylboronic nhd xuc tac
Cu(OAc),. Phan vmg thé di nhdn trong nhdn thom: Phan tng thé ai
nhan chuan; Phéan ung thé 4i nhan dé tao phuc kim loai-aren; Véi
mubi diaryl iodo. Phdn ing oxy héa: Oxy hoéa cic phenol. Cdc
phuwong phap khdc.
1.4. Phan tich, Iya chgn hwéng nghién ctiru
Qua téng quan tai liéu va dya vao xu hudng nghién ctru trén thé gisi
da tong két dugc co 4 phuong phap téng hop 2 nguyén lidu tir L-
tyrosin: Phuong phdp 1: Oxy héa dan chét 3,5-diiodo-L-tyrosin theo
phuong phap cua L. G. Ginger tao levothyroxin; Phuwong phap 2:
Ngung tu v&i dan chit iodoni iodid ctia G. Hillmann tao levothyroxin
va liothyronin; Phirong phdp 3: Téng hop qua dan chit nitro cua J.
R. Chalmers tao levothyroxin va liothyronin; Phuwong phap 4: Tao
cAu ndi diaryl ether tir din chit cta L-tyrosin v6i acid 4-
methoxyphenylboronic, xtiic tac 1a Cu(OAc), theo tic gia A. David
tao levothyroxin va liothyronin.
Tir cac phuong phap trén ching t6i du dinh tién hanh khao sat dé tim
ra phuong phap phit hop nhét véi didu kién thiét bi hién c6 va c6 thé
trién khai tong hop & quy mé 16n hon. Pong thdi nghién ctru phuong
phap tao ether Ullmann giita mot aryl halogenid va L-tyrosin dé tao
lién két ether ctia hormon gidp trang véi hy vong s& c6 dong gop méi
vé mit khoa hoc, sau d6 tién hanh nghién ciru tiép kha ning tng
dung vao thuc té san xut.

Chwong 2: NGUYEN LIEU, TRANG THIET BI VA PHUONG

PHAP NGHIEN CUU

2.1. Nguyén li¢u



Nguyén liéu, héa chat, dung mdi st dung trong nghién ciru déu 1a
loai dat tiéu chuin tong hop. Cac dung mdi sic ky dat tiéu chuan
dung cho HPLC.

2.2. Thiét bi nghién ciru

Str dung cic thiét bi tong hop hoa dugc chuyén dung, céc thiét bi
dung dé dinh tinh, dinh lugng tin cdy cua truong Pai hoc Dugc Ha
Noi, vién Héa hoc cac hop chét thién nhién - Vién Han 1am Khoa hoc
Viét Nam, vién Kiém nghiém thudc trung wong.

2.3. Phwong phap nghién ciru

2.3.1. Phwong phdp tong hop héa hoc

Bang cic phan tmg hiru co co ban: iodo hoa, acetyl hoa, ester hoa,
oxy hoa, thuy phan, nitro héa, ngung tu, khir hoa, diazo hoa va phan
{rng tao mudi natri tir phenol, tir acid carboxylic.

2.3.2. Phwong phdp kiém tra dé tinh khiét

Theo 2 phuwong phap: Nhiét d6 néng chay va Sac ky 16p mong.

2.3.3. Phwong phdp phén tich cdu triic

Dé phan tich, khang dinh cau tric ctia cac chat tong hop, dé tai da sir
dung phuong phéap phd: IR, MS, 'H-NMR "“C-NMR.

2.3.4. Phwong phdp kiém nghiém

Theo USP 34 déi v6i T3Na va BP 2010 ddi véi T4Na.

2.3.5. Phwong phdp ddanh gid d¢ on dinh

- Déi tugng thir: 3 16 dong lo PE, tranh 4nh sang.

- biéu kién thir nghiém: Diéu kién ldo hoa cép tbc: Nhiét do 40 +
2°C; 6 Am: 75 + 5%. Piéu kién thuong: Nhiét do thuong 30 + 2°C;
do am: 75 + 5%



- Cac chi tiéu khdo sat: tinh chét, goc quay cuc riéng, mét khéi luong

do lam kho, gidi han tap chét lién quan va ham lugng (theo USP 34

d6i vai liothyronin mononatri va theo BP 2010 ddi véi levothyroxin

mononatri).

2.3.6. Phwong phdp ddnh gid dpc tinh cip

M hinh liéu cb dinh theo huéng dan ciia OECD.

2.3.7. Xir Iy va biéu thi cdc két qud nghién ciru

Céc két qua nghién ctru duge xtr Iy bang cong cu thong ké thich hop.
Chuong 3: THUC NGHIEM VA KET QUA NGHIEN CUU

3.1. Tong hop O-methyl-N-acetyl-3,5-diiodo-L-thyronin ethyl

ester

Pay 1a bude tao ciu tric diaryl ether, 1a phan (mg “chia khéa” cta

quy trinh. Téng hop theo 3 Ehuong phap sau:

3.1.1. Phwong phdp maoi tong hop O-methyl-N-acetyl-3,5-diiodo-L-

thyronin ethyl ester (5)- Ung dung phwong phdp tao ether Ullmann

o o

| 4-bromoanisol MeO 1
OEt - > \©\ OEt
NHAC Cul, Fe(acac)s, K,CO5, DMF o NHAe
HO , 3 K2CO3,

I 87,0 % I

4 5

Hinh 3.2. Phan rng tao 5 theo phuong phap Ullmann

3.1.2. Phwong phap ciia J. R. Chalmers va P. Bracco



o
o

OH 2

Ac_O/NaOH

OH HNO?,IHZSO4 ¢ 0/Na
—

OH
NH, — NHAC
NH, HO HO'
Ho 0-200C NO, 77,9% No,
3 89,1 % 25 9
o o
ON
o . MeO ’
EtOH, SO(:I2 N OEt 1. TsCl/pyridin OEt H,IlPd C
> NHAC > o NHAc —>
89,6 % HO 2. p-methoxyphenol 1 92,5 %
NO, 77,1 % 2
26 27
i o
H
MeO f“
OBt 1 NaNO,H,S0, AcOH MeO ! oEt
NHAc —_— NHA
° 2.1/KI o c
NH, 89,1 % !
28 5

Hinh 3.3. So d6 tong hop 5 theo phuong phap J. R. Chalmers va P. Bracco
3.1.3. Phtm'ng phdp ciia G. Htllmann

o
a.ly/ KI
911% AcOINaoH ! OH
NaloyNal HO NHAC
b.NalOgyNal | 32

85,2 %
90,1 %

l EtOH, TsOH

88,0 %
NalOg Acy0, AcOH o
HaSO4 K I okt
MeO
12,3%

Hinh 3.4. So d tong hop 5 theo phuong phép ctia G. Hillmann
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3.2. Tong hop 3,5-diiodo-L-thyronin
Duing 2 tdc nhan: HBr 47% hoac HI 57%:

a. HBr 47% AcOH

Meo\@I 871% HO\@ I
o b. HI57%/ AcOH o
5 | 924% 6 |

Hinh 3.5. So d tong hop 3,5-diiodo-L-thyronin (6)

3.3. Tong hop va tinh ché levothyroxin mononatri
3.3.1. Tong hop levothyroxin (1)
Téng hop 1 tir 6 theo phuong phéap ciia J. R. Chalmers va P. Bracco.

m\@\'i@’\f&m I/ K, EiNy mjé\ ji;(\f&
NH:
o 86,4%

6 |

3.3.2. Tinh ché levothyroxin

Két tinh qua dang mudi dinatri.

Két qua: . 235236°C; R, = 022 [NH,OH-2-C;H,OH-
CH;COOC,Hs (20:35:55)]; HPLC: khong c6 pic la, thoi gian luu
mAu thir v mau chuan bang nhau (tg = 5,8 phut). Piéu kién sic ky:
Pha dong: hon hgp (ACN: H,0) = (60 : 40); thém 0,5 mL acid
H;PO, trong 1000,0 mL. Téc d6 dong: 1,5 mL/phit. Cot Cyg -
Phenomenex 4,6 mm x 25 cm, Sum; budc séng 225 nm; Két qud
phan tich phé.' IR (KBr), Vmax (cm"): 3243 (OHpheno); 3080 (C-
Hihom); 1638 (C=Ocurboxyiic); 2974 va 2885 (C-H,o); 2599 (N"-Hinuéi noi
phan w); 1638 (Czocarboxylat mudi ndi phan w3 1559 (C=Ciom); 1178 (C'Odiaryl
ather); 326 (C-I). ESI-MS (m/z): 777,5 [M+H]" (CTPT C;sH; ILNOy,
M = 776,87). "H-NMR (500 MHz, DMSO-d), 5 (ppm): 2,8 (1H, dd,
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Jisarzs = 14,0 Hz, *Jysamo = 8,0 Hz, H-3a); 3,1 (1H, dd, “Jusppza =
14,0 Hz, *Jysp-mz = 4,0 Hz, H-3b); 3,5 (1H, dd, Jupm, = 7,5 Hz, .
wy = 4,5 Hz, H-2); 7,1 2H, s, H-2”’, H-6""); 7,8 (2H, s, H-2’, H-6").
BC-NMR (125 MHz, DMSO-dy), & (ppm): 34,8 (C-3); 54,7 (C-2);
87,8 (C-3, C-5""); 91,8 (C-3°, C-57); 125,0 (C-2”°, C-6""); 139,0 (C-
1’); 140,9 (C-2°, C-6%); 150,1 (C-4’’); 151,0 (C-1""); 151,4 (C-4’),
169.4 (C=Ocarboxylic)-
3.3.3. So sdnh va lwa chon phwong phdp téng hop levothyroxin

Bang 3.6. So sanh cac phuong phap téng hop levothyroxin

Phwong Phuong phap J. . Phwong phap
Pic diém phap G. R. Chalmers va tao ether
Hillmann P. Bracco Ullmann
S6 phdn ing 7 8 5
HS 5 tir L-
' 333 40,9 58,8
tyrosin (%)
HS 5 tir phan
ung co dung 33,3 82,4 58,8
lod (%)
Céc phan ting .
p ) Phuong phap
Hop chat khong qué phuc . .
) . x .. .. moi, kho tinh
iodoni 33 dé¢ | tap, trang thiét bi . .
o Tt T ché sin phim
Cac dac diem . gaynd,khé = phu hgp véi dicu ) o
. . I A A cta phan g
khdc tinh ché, hiéu | kién hién c6. Quy N
Loz A ether hda, dung
suat thap trinh khé on dinh. , .
) iod ngay tur
(12,2%) Khoéng dung iod L N
N phan tng dau.
tu dau.
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3.3.4. Tao levothyroxin mononatri (8)

Khao sat 2 phuong phap tao mudi véi 2 tic nhan 1a Na,COj; bio hoa
va NaHCO; bio hoa. Hiéu suit tao mudi ciia 2 phuong phap tuong
duong nhau (78,0 %).

Tao muoi voi natri carbonat bdo hoa:
Hojijl\l on Na,COsbh Ho:éj\' ONa
| o NH | oY NH.
1 ! 8

Két qua: ,: 206,5-208,9 (phan hiy); R; [CHCl;-MeOH-HCOOH
(70:15:15)] = 0,42; Géc quay cuc riéng: +18,5° (C = 2 trong HCI
0,2M / EtOH 96%); Ham lwong: 97,9 %; Két qua phan tich phé: IR
(KBr), Uy (cm™): 3458 (NH,); 3060 (C-Hpom); 2910 (C-H,o); 1591
(C=Ovcamboryia); 1534 (C=C pom); 1242 va 1137 (C-Ouiaryt ether); 543 va
436 (C-I). ESI-MS (m/z): 799,4 [M+H]" (CTPT C;sH,,LNNaO,, M
798,85). "TH-NMR (500 MHz, DMSO-d), & (ppm): 2,8 (I1H, dd,
?Jsam = 14,0 Hz, "z = 8,0 Hz, H-3a); 3,1 (1H, dd, “Jigsp.p3 =
14,0 Hz, " Ji3p.m0 = 4,0 Hz, H-3b); 3,5 (1H, dd, "Jipp3a = 7.5 Hz, Jipo.
w = 4,5 Hz, H-2); 7,0 (2H, s, H-2"*, H-6>); 7,8 (2H, s, H-2", H-6").
BC-NMR (125 MHz, DMSO-d,), & (ppm): 35,1 (C-3); 55,0 (C-2);
87,9 (C-3>, C-57); 91,8 (C-3", C-5"); 124,91 (C-2"", C-6""); 139,2
(C-17); 140,9 (C-2°, C-6); 148,2 (C-4>"); 151,6 (C-1""); 153,4 (C-4");
169,6 (C=Ovcarboxylar)-

Tao muoi voi natri bicarbonat bdo hoa:

H
HO i | o NaHCOabh HOQI;/\KH\
| o NH,
I
1
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Két qua: 1, 207-209°C; R;[CHCl5;-MeOH-HCOOH (70:15:15)] =
0,42; Goc quay cyc riéng: +18,5° (C=2 trong HCI 0,2M/ EtOH 96%).
3.4.Téng hop va tinh ché liothyronin mononatri

Gom 2 giai doan: Tong hop liothyronin tir 3,5-diiodo-L-thyronin
(tinh ché qua mudi dinatri); va Tao mudi mononatri (khao sat voi 2
tac nhan tao mubi 12 Na,CO; bdao hoa va NaHCO; bao hoa).

HO\@\ ! OH 1,/KI, ethylamin HOJijL ! OH
=2 elhyamig,
o NHz | NH:
6 |

2 1
l NaOH 50%

HO on  Hein Naoj@\' ONa
|;©\ NH. 1 NH:
2 i 1

I
37
l Na;COs; bh

| o NH:
7 |

Hinh 3.9. So db phan ting tao liothyronin natri (7)

Két qua:

Liothyronin: t,: 236-237°C; R, = 0,32 [NH,OH-2-C;H,OH-
CH;COOC;,Hs (20:35:55)]; HPLC: khoéng c6 pic la, thoi gian luu
mAu thir vd mau chuan bang nhau (tx = 4,3 phut). Piéu kién sic ky:
Pha dong: hdn hop (ACN: H,O) = (60 : 40); thém 0,5 mL acid
H;PO, trong 1000,0 mL. Téc d6 dong: 1,5 mL/phut. Cot Cyg -
Phenomenex 4,6 mm x 25 cm, Sum; budc séng 225 nm; Két qua
phan tich ph(f: IR (KBr), Vmay (cm™): 3178 (OHppeno); 3035 (C-
Hihom); 2762 (N+'Hmu6i ndi phan ws 1599 (C:O(:arboxylat mudi ndi phan w); 1570
va 1496 (C=Cyom); 1246 va 1175 (C-Ogiaryi ether); 534 (C-I). ESI-MS
(m/z): 651,6 [M+H]" (CTPT C;sH,LNO,, M = 650,97). "H-NMR

12



(500 MHz, DMSO-d), & (ppm): 2,8 (1H, dd, “Jysams = 14,0 Hz,
ez = 8,0 Hz, H-3a); 3,1 (1H, dd, “Juspsa = 14,0 Hz, iz =
4,0 Hz, H-3b); 3,5 (1H, dd, *Jipm3. = 7.5 Hz, *Jrpus = 4,5 Hz, H-2);
6,6 (1H, dd, *Jys- 6 = 9,0 Hz, *Jyys-ii3 = 3,0 Hz, H-5""); 6,8 (1H, d,
I Juense = 9,0 Hz, H-6>"); 7,0 (1H, d, *Jipp-ne- = 3,0 Hz, H-2""); 7,8
(2H, s, H-2’, H-6). ®C-NMR (125 MHz, DMSO-d;), & (ppm): 34,9
(C-3); 54,9 (C-2); 84,5 (C-3"); 91,9 (C-3’, C-5); 115,1 (C-57");
116,2 (C-6"); 124,4 (C-2°"); 138,8 (C-2’, C-6); 140,8 (C-17); 148.9
(C-4); 151,9 (C-1"); 152,1 (C-4"); 169,1 (C=Ocarponyic)-
Liothyronin mononatri:

Khao sat 2 phuong phap tao mudi mononatri véi 2 tac nhin tao mudi
12 Na,CO; bdo hda va NaHCO; bdo hoa. Hiéu suét tao mubi cua 2
phuong phap tuong duong nhau (71,1 %).

Két qua: °,: 205-206°C (phan huy); R, = 0,31 [CHCI; - MeOH -
HCOOH (70:15:15); Ham heong: 98,2%; Két qua phan tich phé:
IR (KBr), vmyx (cm™): 3389 (NH,); 2963 (C-Hyom); 1618
(C=Ovcarborylar); 1498,08 (C=Cipom); 1246,27 (C-Oliaryt cther); 498,87 va
456,01 (C-I). ESI-MS (m/z): 673,64 [M+H]" (CTPT C;sH,;1sNNaO,,
M = 672,96). "H-NMR (500 MHz, DMSO-d), & (ppm): 2,8 (1H, dd,
e = 14,0 Hz, *Jysn = 8,0 Hz, H-3a); 3,1 (1H, dd, *Jisp.ps =
14,0 Hz, " Jisp.m0 = 4,0 Hz, H-3b); 3.4 (1H, dd, "Jipp3a = 7.5 Hz, *Jipo.
wy = 4,5 Hz, H-2); 6,6 (1H, dd, “Jye-ps+ = 9,0 Hz, “Jyey3 = 3,0
Hz, H-6""); 6,8 (1H, d, "Jus e~ = 9,0 Hz, H-5""); 7,0 (1H, d, “Jyp.
e~ = 3,0 Hz, H-2""); 7,8 (2H, s, H-2’, H-6"). "C-NMR (125 MHz,
DMSO-dg), & (ppm): 35,3 (C-3); 55,1 (C-2); 84,5 (C-3""); 92,0 (C-3,
C-5%); 115,1 (C-5""); 116,1 (C-6""); 124.,4 (C-2""); 139,1 (C-2’, C-6");
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140,8 (C-17); 148,9 (C-4’); 151,8 (C-17"); 152,1 (C-4’’); 170,0
(Czocarboxylat)-
3.5. Trién khai quy trinh tong hop levothyroxin mononatri va

liothyronin mononatri

<—(HNO 168%/H SO 4 98%]

NITRO HOA

N-ACETYL HOA

Ac,0/NaOH 2N

EtOH/SOCI
TsCl/pyridin

(p-methoxyphenol/pyridin)

[
[ KHU HOA ]47

4p sudt thuong

DIAZO HOA E:(NaNOZ/HZSO498%,AcOH]

ESTER HOA

[ ETHER HOA

I0DO HOA
(one pot)
HBr 47%/AcOH

Y

[LOAINHOM BAO VE

I0DO HOA
TAO T,

I0ODO HOA
TAO T,

1,/KI leq, EtNH I/KI 2eq, EINH

; LlothyromAn K /~ Levothyroxin \-.
. mononatri e 5\ mononatri o

Hinh 3.11. So d6 quy trinh tong hop levothyroxin mononatri va

liothyronin mononatri
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Khéi lugng L-tyrosin: 525,0 g. Hiéu suit toan ching: levothyroxin
mononatri dat 27,4 %, liothyronin mononatri dat 23,0 %. Cac phan
g cho hiéu suat twong d6i on dinh.
3.6. Kiém tra chit lwong san pham theo tiéu chuin duwoc dién
Nguyén liéu liothyronin mononatri tong hop duoc dat cic tiéu chuan
theo USP 34 va levothyroxin mononatri tong hop dugc dat céc tiéu
chuan theo BP 2010.
3.7. Panh gia do 6n dinh ciia san phim
S6 lidu do6 6n dinh ¢ diéu kién ldo hoa cép tdc cho théy 2 san phém
khong c6 bién d6i ddng ké vé céc chi tidu chat luong da theo ddi. Di
liéu d6 6n dinh dai han cho thdy ham luong trong giéi han qui dinh.
Tudi tho ciia levothyroxin mononatri va liothyronin mononatri duoc
dy doan lan luot 12 26 thang va 30 thang.
3.8.Panh gia doc tinh cip
C4 hai nguyén liéu khong ddc, khong xac dinh dugc LDsy.

Chwong 4: BAN LUAN
4.1. Vé tong hop héa hoc
4.1.1. Cdc phwong phdp tong hop 3,5-diiodo-L-thyronin
Qua téng quan tii liéu chiing t6i tim dugc 5 phuong phéap tong hop
levothyroxin mononatri va liothyronin mononatri tir L-tyrosin. Trong
do c6 2 phuong phap chung t6i khong khao sat: Phuong phap oxy
héa din chat 3,5-diiodo-L-tyrosin theo phwong phap cia L. G.
Ginger; va Phuong phap tao cau ndi diaryl ether tir din chét cua L-
tyrosin voi acid 4-methoxyphenylboronic, xuc tac 1a Cu(OAc), theo
tac gid A. David.
ba khao sat 3 phuong phap sau day:
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Phuwong phap méi sit dung phian ung tao diaryl ether cta
Ullmann: Cach day hon 100 nam, Ullmann da dua ra phuong phap
tao ether gitta phenol va aryl halogenid. Xtc tic cho phéan ung la bot
dong nguyén t6 hay cac mudi dong véi luong 16n, nhiét do phan tng
thudng cao. Trong sudt hon 100 nim qua da c6 hang trim cong trinh
téng hop ether theo phuwong phap tao ether Ullmann c¢6 dién duoc
cong bd, nhung dic biét chua ¢ cong trinh nao ap dung trong tong
hop hormon giap trang. Trudng hop cdc aryl halogenid ¢6 nhém thé
ortho tao phuc voi Cu nhu triazen hodc trifluoroacetamid thi phan
g c6 thé xay ra ¢ nhiét do thap hon cac phan tmg Ullmann c6 dién.
Truong hop trong phan tng thay thé céc aryl halogenid bang céc acid
arylboronic thi phan tg c6 thé xay ra ¢ nhiét d6 phong véi céc xiic
tac nhu Cu (II) acetat, triethylamin hodc pyridin. Phuong phap nay da
duogc 4p dung trong téng hop levothyroxin véi hiéu suét tao ether 1a
81 %. Khong chi dimg & d6, dén nam 2010, hai tac gia nguoi Trung
Qudc 1a Xiaoyan Liu va Songlin Zhang ciing cong su di tiép tuc cai
tién phuong phép tao ether Ullmann két hop xuc tic Cu/Fe di lam
giam dang ké lugng chat xic tic. Céc tac gia nay di téng hop thanh
cong céu tric diaryl ether cta hang chuc chit voi quy md 16n va hiéu
sudt tuong dbi tot. Nghién ciru ciia Xiaoyan Liu va Songlin Zhang
cling cong sy tao y tudng cho ching t6i trong qué trinh tim kiém
phuong phap méi téng hop céu tric diaryl ether ctia hormon gidp
trang. Chiing t6i thir nghiém phan {mg tao cau tric diaryl ether giita
3,5-diiodo-N-acetyl-L-tyrosin ethyl ester va 4-bromoanisol véi xuc
tac 12 cac ngudn ddng va phdi tir 1a cdc ngudn sit. Nghién ciru budc

dau cho thdy, phan tmg c6 nhiéu uu diém nhu: dé tién hanh, thich
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hop dé nang cdp quy trinh. Tuy nhién ciing c6 mét s vin dé can
khéc phuc nhu khi tién hanh phan tmg phai dic biét tranh nude, tat ca
cic chat tham gia phan tng ciing nhu dung méi phai dam bao khan
dé hop chat 4-brommoanisol khong bi thiy phan tao ra hop chat
phenol. Pong thoi khi két thic phai tién hanh xir 1y ngay dé tranh
phan g thily phan san pham trong méi trudng kiém.

V& co ché cua phan tng, theo Ying-Peng Zhang va cong su, c6 thé

giai thich nhu sau:

PhOH

O-Cu-OPh
(a)

Ar-X

0O:Cu-0-Ph
At
HX

’
(c)

Hinh 4.1. So d6 co ché phan (mg tao ciu tric diaryl ether giita
phenol va aryl halogenid
Két qua khao sdt danh hwéng ciia xiic tdc téi hiéu sudt phan ing: xdc
tac Cul cho hiéu suét phan tng cao nhat, didu dé co thé giai thich

nhu sau: Trong hdn hop phan tng, déng tdn tai dudi 2 dang phic (d)

-0, Oz
; g § HO—Cu«OPh
bd o]
a
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Cu (I) thuong tao phtc voi s6 phdi tri 2, do d6 néu ding xic tic Cu
(I) thi vu tién phirc (a). Cu (II) thuong tao phirc véi sb phdi tri 4, do
d6 néu dung xtc tdc Cu (II) thi vu tién phuc (d). Phuc (a) tham gia
vao chu trinh phan tng theo co ché phan tng di dé cap ¢ trén nén
hiéu suat phan (g cao nhat khi diing xtic tic Cul.

Két quad khao sdt sw danh hwéng ciia phéi nir: phdi tir Fe(acac)s cho
hiéu suit phan tng cao nhat, c6 thé giai thich do ¢ ciu tric phirc
chét khac han ciu tric thong thuong cia cic phdi tir khac nén kha
nang tham gia phan tng cua phdi tir sit (II) acetylacetonat cao nhat.
Mic dir hiéu sudt ctia phan g tao ether theo phuong phap Ullmann
tuong ddi cao nhung do thoi gian nghién ctru han hep va nguyén liéu
dt tién 12 iod lai duoc diing ngay tir phan ng dau tién cta quy trinh
nén viéc ap dung dé trién khai san xuét trong thoi diém nay 1a chua
thich hop.

Phuong phip qua hop chit nitro cia tic gia J. R. Chalmers va P.
Bracco: Chiing ti thuc hién cdc phan tng trén co s& két hop phuong
phap cta J. R. Chalmers va P. Bracco. Tuy quy trinh c6 s6 budc phan
ung nhiéu nhét nhung cac phan tng khdng quéa kho thuc hién, dic
biét dén phan ung cubi méi dung iod 1a nguyén lidu dit tién va hiéu
sudt tinh tir phan (mg c6 ding iod cao nhit. Phuong phap duoc lya
chon dé trién khai tong hop levothyroxin mononatri va liothyronin
mononatri.

Vé phan vmg “chia khéa”- tao ether ciia quy trinh: Phan tng dugc
khao sat véi 2 phuong phap: phuong phap cta J. R. Chalmers va
phuong phap ctuia P. Bracco. Phuong phap cua P. Bracco cho hi¢u

sudt cao hon phuong phap cua J. R. Chalmers, viéc thu san phém

18



khong phai qua giai doan chiét véi dung médi dicloromethan, thich
hop khi trién khai & quy md 16n hon. Tuy nhién, ca hai quy trinh déu
phai lIuu ¥ giai doan cét loai pyridin.

Co ché phan tng:
OH

O,N NO, oTs
TsCl | N O,N NO, OCH,
> +
B Z
O,N NO,
@

N/ R
oo \

N®

H

) R = -CH,-CH(NHAC)COOEt

4-methoxyphenol Nu

Hinh 4.3. Co ché phan {mg tao cau trac diaryl ether trong phuong
phép cua J. R. Chalmers va P. Bracco

Co ché phan tng cho thay diém mau chdt anh huong dén hiéu suat
phan @ng nay 13 ti 18 mol giita 4-methoxyphenol va hop chét dinitro
26, cach thém 4-methoxyphenol va dung mdi. Viéc hoa tan 4-
methoxyphenol trong pyridin tao nucleophile 4-MeO-C¢H,O" sau do
nho tir tir vao khéi phan tng, thic day phan tng xay ra nhanh hon,
tang dang ké hiéu suat, giam luong 4-methoxyphenol str dung.

Phuong phép ctia P. Bracco khong chi 1am tang higu suit ciia phan
g ma viéc tach va tinh ché ché san pham ciia phan tmg ciing duoc
don gian héa so véi phuong phéap ciia J. R. Chalmers. Viéc tién hanh
phan tmg mot giai doan trong pyridin cho thdy quy trinh thich hop dé

trién khai quy trinh & quy mé 16n hon.
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Phuong phap qua mudi iodoni cia G. Hillmann: Tong hop 6 theo
con dudng qua mudi iodoni qua 5 giai doan. Hiéu suit 3 phan Gng
dau tién tuong ddi cao, hidu suat toan ching 33,3% (khong tinh higu
suat phan tng tong hop mudi iodoni). Riéng phan tng tong hop mudi
iodoni, ding dén cic nguyén lidu natri iodat va kali iodid dat tién,
nhung cho hiéu sut rat thap (12,3%). Hon nita, san pham khé tinh
ché va d& gay nd. Do vay kho 1am phan tmg v6i ¢& mé 16n hon. Mot
s6 khao sat thay dbi ti 1é natri iodat va anhydrid acetic nhung khong
tang duoc hiéu suit phan tng.

4.1.2. Vé qud trinh téong hop levothyroxin va liothyronin tir 3,5-
diiodo-L-thyronin

Viéc dinh huéng san phim cia phan ung iodo héa 3,5-diiodo-L-
thyronin (6 hodc T,) dé duoc levothyroxin hay liothyronin khic nhau
& ty 16 mol I,/3,5-diiodo-L-thyronin, téc do tién hanh phan tng iodo
héa va nhiét do cua phan tng. Véi ty 1€ mol 1,/3,5-diiodo-L-thyronin
= 1/1 thi qua trinh iodo héa chu yéu xay ra & 1 vi tri ortho- so véi
nhém OH phenol cta 3,5-diiodo-L-thyronin. Véi ty 1¢ mol 1,/3,5-
diiodo-L-thyronin > 2 s€ tao levothyroxin. Dé han ché su tao thanh
levothyroxin trong phan tng tong hop liothyronin, can luu y ding
dung ti 18 mol I,/3,5-diiodo-L-thyronin va han ché tc do phan.

4.1.3. Phwong phdp tgo muéi mononatri ciia levothyroxin va
liothyronin

Phuong phip tao mudi mononatri ciia levothyroxin (T,) va
liothyronin (T;) thong qua mudi dinatri v& ban chét 1a dé tinh ché T,
va T;. Qua téng quan tai liéu, ching tdi nhan thiy dé tao mudi

mononatri tat ca cac tic gia déu dung Na,CO; bio hoa.

20



Trudce tién chung t6i ciing 4p dung phuong phap tao mudi mononatri
bé‘mg céach cho dang acid cta T, va T; phan ung véi Na,CO; bdo hoa
theo cdc tai liéu tham khao duogc. Xét theo 1y thuyét céc gia tri pK,
thi Na,CO; phan ung duogc véi cd hai nhém COOH va OH cua T, va
Ts. C6 thé giai thich qua trinh tao mudi mononatri da xdy ra theo thi
ty nhu sau: Khi cho Na,COj; bao hoa phan tng véi T, va T thi nhém
¢6 COOH c6 tinh acid manh hon nhém OH phenol s€ phan ing trudc
va sinh ra NaHCOs. Khi d6 trong dung dich ton tai ca 2 dang mudi 1a
NaHCO; (méi duoc tao ra) va NayCO; (con du). NaHCO; chi phan
ung véi nhom COOH cua T4 va T; tao ra dang mudi mononatri con
Na,COs ¢6 kha ning phan ung tiép vi nhém OH phenol dé tao ra
mudi dinatri. Vi vdy, san pham cta phan tng c6 thé c6 ca mudi
mononatri va mudi dinatri ciia T, va Ts. Nhung khi chinh pH coa
khdi phan tmg vé 9-10 ~ K acid carbonic) (= 10) thi dang mudi dinatri

chuyén hét vé muoi mononatri:

X o
HO;©\I oH
pH <8
. PH<8 | o NH,
i
X o
i — = HO ! ONa
pH 9-11 I
pH > 11 1 (o} 2
i

M udi dinatri

M udi mononatri

| : Levothyroxin
H : Liothyronin

X =
X =
Tir phan tich trén, vé mit 1y thuyét cho thdy c6 thé ding NaHCO;
thay cho Na,CO; dé tao mudi mononatri ma khong can ding acid
diéu chinh vé pH ctia hn hop phan tng vé 9-10. Do d6, ching t6i da
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thir nghiém va thay phuwong phép tao mudi mononatri bing NaHCO;
cho hiéu suit twong dwong v6i phuong phap dung Na,CO;.

Tom lai, quy trinh tong hop liothyronin mononatri va levothyroxin
mononatri ¢6 nhidu wu diém: chi sir dung nhitng héa chat va dung
mdi ré tién, hiéu suat tinh tir phan ung ding iod cao nhat, phan tng
dé dang tién hanh khi nang cip & quy md 16n hon. Qua trinh tong
hop khéng xay ra qué trinh chuyén cau hinh hay racemic héa. Ca hai
hormon nay déu duoc st dung véi liéu luong thap (50-100ug/ ngy),
do d6 co thé 4p dung dé san xuat hai hormon nay tai Viét Nam.

4.2. Khang dinh ciu tric

Cic hop chét trong luan an sau khi tong hop xong déu dugc nhan
dang ciu tric bang cac phuong phap phd hong ngoai (IR), phd khdi
luong (MS), phd cong hudng tir hat nhan proton va carbon 13 (‘H-
NMR va "*C-NMR). Viéc xac dinh ciu triic chu yéu chimg minh
phéan tng héa hoc da xay ra.

4.3. Pj 6n dinh

Nghién ctru d6 6n dinh levothyroxin mononatri va liothyronin
mononatri dugc thyc hién trén 3 mé, bao quan & diéu kién thuong
trong thoi gian 18 thang va ¢ diéu kién 130 hoéa cip tdc trong thoi
gian 6 thang. Cic chi tiéu theo dai theo BP 2010 dbi véi levothyroxin
mononatri va theo USP 34 ddi véi liothyronin mononatri. Két quéa
nghién ctru cho thiy cic mau nguyén liéu 6n dinh sau 18 thang bao
quan ¢ diéu kién thuong va sau 6 thang & diéu kién lio héa cap tdc
trén céc chi tiéu da nghién ctru. Tudi tho cua liothyronin mononatri
duoc dy doan 1a 30 thang, va tudi tho cua levothyroxin mononatri

dugc du doan 1a 26 thang.
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4.4. Pjc tinh cip
Két qua nghién ciru cho thiy vdi lidu levothyroxin mononatri va
liothyronin mononatri cao nhat 5000 mg/kg sau 7 ngiy chudt van
hoat dong, an udng binh thuong, phan va nudc tiéu binh thuong,
niém mac hdng hao, 16ng muot. Chudt khong chét nén khong thé xac
dinh duogc lidu LDs,. Viay levothyroxin mononatri va liothyronin
mononatri khong thé hién doc tinh cAp ngay ca khi thir vé6i liéu cao
nhit 12 5000 mg/kg.

KET LUAN VA DE XUAT
KET LUAN

1. Pi xdy dung dugc quy trinh tong hop levothyroxin mononatri
va liothyronin mononatri tir L-tyrosin san xuét trong nudc két hop
phuong phap cua J. R. Chalmers va P. Bracco & quy md phong thi
nghiém vdi cai tién sau:

-Pi cai tién dugc phan ung khir héa hop chat 3,5-dinitro-4-p-
methoxyphenoxy-N-acetyl-L-phenylalanin ethyl ester ¢ diéu kién ap
suat thuong dam bao an toan trong san xuét, nhat 1a khi nang cip quy
trinh.

-Pi cai tién phuong phap tao mudi mononatri ctia levothyroxin va
liothyronin bang cich ding natri bicarbonat bdo hoa thay cho natri
carbonat bdo hoa.

2. Lan dau tién thyc hién thanh céng phuong phap tao ether
Ullmann trong tong hop O-methyl-N-acetyl-3,5-diiodo-L-thyronin
ethyl ester tir phan (mg giita dan chét L-tyrosin va 4-bromoanisol v&i
xuc tac la déng (D) iodid va phéi tir sét (110) acetylacetonat trong moi

truong kali carbonat va dung mdéi dimethyl formamid.
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3. b3 danh gia dugc do 6n dinh cua levothyroxin mononatri va
liothyronin mononatri téng hop dugc. Ca hai san phdm giit chét
luong sau 6 thiang bao quan & dicu kién 130 héa cap toc va 18 thang &
diéu kién thuong. Tudi tho cua levothyroxin mononatri va
liothyronin mononatri duwoc du doan 1an luot 12 26 thang va 30 thang.

4. Pi danh gia dugc doc tinh cap cua levothyroxin mononatri va
liothyronin mononatri tong hop dugc. Ca hai san pham khong doc,
khong xac dinh dugc LDsy.

DPE XUAT

1. Nghién ctru trién khai tong hop levothyroxin mononatri va
liothyronin mononatri & quy mo pilot.

2. Tiép tuc nghién ctru hoan thién va trién khai tong hop
levothyroxin mononatri va liothyronin mononatri theo phuwong phap

moi.
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