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(57) Giai phap hiru ich dé cap dén quy trinh téng hop metyl 3-(N-hydroxycarbamimidoyl)
benzoat lam nguyén liéu téng hop ataluren, trong d6 quy trinh nay bao gdm cac bude: a)
chuan bi co chat phan tng; b) chuan bi tic nhan phan ung; c) tong hop “metyl 3-(N-
hydroxycarbamimidoyl) benzoat; va d) thu san pham Quy trinh theo sang ché duoc toi wu
vé diéu kién va tac nhan phan tng dé cho phép thu duoc metyl 3-(N-
hydroxycarbamimidoyl) benzoat v&i d6 tinh khiét 1én téi 96,58% ma khong can trai qua
bude tinh ché phuc tap, san phém thu dugc dat chi tiéu st dung lam nguyén li€u san XUt
ataluren dé diéu tri bénh loan dudng co.
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Linh vwe ky thuat dwoc dé cap

Giai phap hitu ich thudc linh vuc y duge va hoa hitu co, cu thé 1a giai phap hitu ich
@& cap dén quy trinh téng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat lam nguyén

lidu tong hop ataluren, hoat chét chinh cua thude diéu tri bénh loan dudng co Duchenne.
Tinh trang ky thuit cia giai phap hiru ich

Loan dudng co 1a thuat ngir chi mdt nhom cac bénh co ¢6 tinh chét di truyén, dac
trung boi su yéu co tién trién va teo co,trong d6 loan dudng co Duchenne va bién thé cua
n6 12 loan dudng co Becker, gdy nén béi sy dot bién & gen dystrophin - mft protein co
mit & mang bao twong clia té bao co va c¢é chic nang chinh trong viée duy tri sy 6n dinh
mang, bao vé té bao co khoi bi tdn thuong trong qué trinh co co. Tudi tho cua cac bénh
nhan bi mic bénh loan dudng co thip, thuong chi khoang 20 dén 30 tudi, bdi cac nguyén
nhan chinh 13 sy tén thwong & co tim ciing nhu sy rdi loan vé chirc ning ho hép. Cho dén
nay, nguoi ta van chua tim dugc thudc dic tri cho cac bénh nhan bi méic bénh loan dudng
co, céc loai thube hién dang duge sir dung méi chi ¢6 tac dung 1am chdm tién trinh va kéo
dai tudi tho ngudi bénh.

Translarna 1a mot loai biét dugc mdi, dugc san xuét bai hang PTC Therapeutics, voi
hoat chét chinh 13 axit 3-[5-(2-flophenyl)-1,2,4-oxadiazol-3-yl] benzoic - thudng goi la
ataluren hoac PTC 124 dugc khuyén cao st dung dé diéu tri cho cac bénh nhan bi mic
bénh loan dudng co. Ataluren co thé tdng hop dugc bang nhidu con dudng khac nhau, tuy
nhién, hau hét cac quy trinh tong hop nay cho hiéu qua thap boi chi phi nguyén lidu dat,
quy trinh téng hop trai qua nhiéu giai doan véi higu suét thip, qua trinh tinh ché phai sir
dung phuong phap séc ky cot nén gia thanh san phdm cao, ngudi bénh khé 6 khé ning
tiép can thude. Hién nay, ngudi ta van tiép tuc nghién clru cai tién quy trinh cong nghé
tdng hop hoat chat niy nhim ha gia thanh thuc giam thiéu chi phi chita tri cho ngudi
bénh.
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Nim 2014 Laura Lentini va cong su da tong hop thanh cong ataluren v4i hiéu sudt
toan phan dat khoang 40% tir hop chét dau metyl 3-xyanobenzoyl chlorit thong qua budc
tbng hop chit trung gian metyl 3-(N-hydroxycarbamimidoyl) benzoat. Nhom tac gia nay
d3 thu dugce metyl 3-(N-hydroxycarbamimidoyl) benzoat & quy md phong thi nghiém véi
hiéu suit 73% bang cach cho metyl 3-xyanobenzoat phan tmg véi NH,OH.HCI va ¢-
BuOK trong dung mdi MeOH. San phdm thu dugc phai tinh ché biang phwong phap séc ki
cot trude khi dua vao budce tong hop ataluren tiép theo.

Metyl 3-(N-hydroxycarbamimidoyl) benzoat la mot chat trung gian quan trong, chi
phi dé san xuét né c6 anh hudng quyét dinh gia thanh cla ataluren. Do vay, can c6 quy
trinh t6ng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat v6i higu sut cao, c6 do tinh
sach du dap ung dugc yéu cu san xut duoc phdm va can phai giam duge cdc bude tinh
ché phc tap ciing nhu quy trinh tong hop can don gian, dé dang 4p dung.

Ban chat k§ thuit ciia giai phap hiru ich

Giai phép hitu ich nhim giai quyét cic van d& néu trén, theo d6 giai phép hitu ich da
cai tién tac nhan phan tng ciing nhu x4c dinh cac diu kién t6i wu dé c6 thé nang cao hidu
sudt chuyén hoa co chit phan tmg, giam dugc khéu tinh ché dé thu dugc metyl 3-(N-
hydroxycarbamimidoyl) benzoat dat do sach can thiét cho cac bude tdng hop hoat chat
ataluren tiép theo.

Theo d6, sang ché dé xuat quy trinh tong hop metyl 3-(N-hydroxycarbamimidoy!)
benzoat 1am nguyén lidu téng hop ataluren bao gdm cac bude:

a) chuin bi co chét phan tng bang cach hoa tan metyl 3-xyanobenzoat v§i EtOH
96° dén nong do 3 mol/lit thu dugc dung dich co chit;

b) chuén bi tac nhan phan tng bing cach hoa hydroxylamin tu do véi dung moi
EtOH 96° dén ndng d6 dat 5 mol/lit thu dugc dung dich tic nhén phan Gng;

¢) tong hop metyl 3-(N-hydroxycarbamimidoyl) benzoat bang cach gia nhiét dung
dich co chit dén nhiét d6 nim trong khoang tir 30 dén 32°C, tiép d6 bd sung tir tir dung
dich tic nhan phan tng theo ty 1€ dung dich tac nhan phan ‘mg/dung dich co chit 1a 3/1
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(th& tich/thé tich) va khudy trong khoang thoi gian tir 6 dén 7 gio trong diéu kién hoan
lwu, sau d6 cét loai dung méi duéi ap suét giam thu phin cin;

d) thu san pham bang cach hoa tan phan cin v6i CH,Cl, 1di rira bang nude ¢ loai
bd NH,OH du, tiép d6 1am khan bing mudi Na,SO, khan, sau khi ¢d kiét dung méi thu
duoc san pham metyl 3-(N-hydroxycarbamimidoyl) benzoat dang bt mau trang.

Theo mot phuong 4an wu tién, trong d6 phan Ung tbng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat v&i tac nhan phan img 1a hydroxylamin ty do dugc thuc
hién & nhiét do 32°C trong thoi gian 7 gio.

Theo mdt phuong an wu ti€n, trong d6 phan Ung tbng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat v6i tdc nhan phan tmg la hydroxylamin tu do dugc thyc
hién & nhiét do 30°C trong thoi gian 8 gio.

MO ta vin tit cac hinh vé

Hinh 1 13 phé "H-NMR cta hop chit metyl 3-(N-hydroxycarbamimidoyl) benzoat
san phdm tdng hop duoc theo quy trinh tong hop cua gidi phap hitu ich.

Hinh 2 1 sic ky @b HPLC cta hdn hop phan tng (sau khi da rtra loai NH,OH du
béng nuéc) khi tdng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat theo quy trinh tong
hop cua giai phap hitu ich.

Hinh 3 13 phd khéi cia hdn hop phin tng (sau khi da rira loai NH,OH du bang
nudce) khi tong hop metyl 3-(N-hydroxycarbamimidoyl) benzoat theo quy trinh téng hop
cua giai phap hiru ich.

M5 ta chi tiét giai phap hitu ich

Sau day, giai phap hiru ich mé ta chi tiét cic phuong an thyc hién cu thé, tuy nhién
cac phwong 4n nay chi nhim muc dich bdc 10 giai phép hitu ich chir khong nhim muc
dich han ché pham vi yéu cau bao ho ctia gidi phap hitu ich.

Trir khi ¢6 quy dinh khéc, cac hop chit duge sir dung lam nguyén liéu téng hop
metyl 3-(N-hydroxycarbamimidoyl) benzoat (2) dugc str dung theo gidi phap la cac hop
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chét c6 thé mua dugc tir hing Merk va Sigma Aldrich. Ngoai ra, thiét bi phan tng dugc
st dung dé thyc hién giai phap 1a thiét bi tdng hop héa hoc da biét c6 ban trén thi trudng.

V& ban chit, quy trinh tdng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat (2)
duoc thuc hién v6i co chit khoi dau 1a metyl 3-xyanobenzoat (1) véi NH;OH.HCI trong
diéu kién c6 mit cua -BuOK.

o H NH

|
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@o/ — B

1 2

Theo d6, giai phap hitu ich dé xuit quy trinh téng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat (2) dé 1am nguyén liéu san xuét ataluren theo so d0 phan
(mg trén, tuy nhién gidi phap khong st dung ~BuOK va NH,OH.HCI ma st dung
hydroxylamin ty do. Quy trinh tbng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat
theo giai phéap hiru ich bao gém céc budc: a) chuén bi co chit phan tng; b) chuén bi tac
nhan phén mg; ¢) tong hop tdng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat; va d)
thu san pham.

Trong bude chuin bi co chét, co chit phan tmg khoi dau dé tong hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat (2) dugc sir dung 1a metyl 3-xyanobenzoat (1) nhu trong
so dd phan tmg néu trén, tién hanh hoa tan metyl 3-xyanobenzoat véi EtOH 96° dén ndng
do 3 mol/lit thu dugc dung dich co chéf.

Céc tac gia thdy ring, viéc sir dung EtOH vira don gian va hiéu qua, hé dung mdi
nay d& dang tinh ché va khong gay doc. Ngoai ra, viée sir dung EtOH véi ndng do tir 90
dén 96° 14 t4i vu. Viéc str dung EtOH khan ¢6 hiéu sudt tong hop thip hon. Khi str dung
EtOH ndng do thip hon, san phim thu dugc khé tinh ché hon va can nhiéu Na,SO, dé
lam khan san phim. Co chét sau khi hoa tan véi EtOH 96° dén ndng dd 3 mol/lit dugc sir
dung 1am co chit phan tng tong hop metyl 3-(N-hydroxycarbamimidoyl) benzoat.

Trong buéc chudn bi tic nhan phan tng, tién hanh hoa hydroxylamin tu do v&i

dung moi EtOH 96° dén ndng do dat 5 mol/lit. Hydroxylamin ty do ¢6 kha ning phan
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tng truc tiép véi co chat metyl 3-xyanobenzoat dé thu duoc metyl 3-(N-
hydroxycarbamimidoyl) benzoat trong didu kién xé4c dinh ma khong can c6 chat xuc téc.

Trong buéc tdng hop tong hop metyl 3-(N-hydroxycarbamimidoyl) benzoate, tién
hanh gia nhiét dung dich co chat dén nhiét do ndm trong khoang tir 30 dén 32°C. Tiép d6
bd sung tir tir dung dich tac nhan phéan tng theo ty 1& dung dich tic nhan phan tmg/dung
dich co chit 12 3/1 (thé tich/thé tich). Tiép d6 khudy trong khoang thdi gian tir 6 dén 7 gid
trong diéu kién hoan luu, sau d6 cét loai dung méi dudi ap suét giam thu phan cin.

Theo modt phuong 4n wu tién, trong d6 phan ung tbng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat v&i tac nhan phan ng la hydroxylamin dugc thye hién
& nhiét @6 32°C trong thoi gian 7 gio.

Theo mot phuong an wu tién, trong d6 phan Ung tbng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat v6i tdc nhan phan tmg la hydroxylamin duge thye hién
& nhiét do 30°C trong thoi gian 8 gio.

Trong budc thu san pham, phan cin duge hoa tan véi CH,Cl, roi rira bang nudc dé
loai bd NH,OH du. Tiép d6 lam khan bang mudi Na,SO, khan, sau khi ¢d kiét dung moéi
thu dugc san phadm metyl 3-(N-hydroxycarbamimidoyl) benzoat dang bét mau tring.

Vi du thwe hién giai phap hiru ich
Vi du 1: T6i wu héa quy trinh phan tmg

Pé xac dinh quy trinh phan tmg, tién hanh thir nghiém v6i cac phuwong phép téng
hop hop chit metyl 3-(N-hydroxycarbamimidoyl) benzoat véi cac didu kién phan tmg
khac nhau. Céc tac gia tién hanh thir nghiém phuong phap tdng hop theo Laura Lentini va
phuong phéap theo giai phap.

Phuong phéap tdng hop theo Laura Lentini stt dung co chét khoi dau 14 metyl 3-
xyanobenzoat va tac nhan phan tmg la NH,OH.HCI véi -BuOK, Na,CO; hodc K,CO;
twong ung.

Phuong phap tong hop theo giai phap st dung co chit khoi dau 1a metyl 3-
xyanobenzoat va tac nhan phan ung la NH,OH tu do.
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Céc két qua khao sat vé nhiét 6 phan tng, dung mdi phin ung, lugng tac nhén
phan tng dugc thé hién trong cac bang tir Bang 1 dén Bang 3.

Céc thir nghiém thuc ddy qua trinh chuyén hoéa nguyén liéu bing cach thuc hién
phan tmg & diéu kién nhiét do cao hon (bang 1), cho théy khoang nhiét d¢ phan tng tdi
wu 1a kha hep (30-32°C) va kho kiém soat, sy cai thién vé thoi gian va hiéu suét phan ing
khi ning nhiét d6 12 khong dang ké.

Béng 1: Anh huéng cua nhiét 6 dén hidu suét va thoi gian két thic phan tmg

Nhiét d6 (°C) 30 32 35
Hiéu sudt (%) 73,0 74,6 69,2
Thoi gian (gid) 24 24 22

So v6i MeOH thi viée sir dung EtOH 1am dung mdi phan g s€ do ddc hai va than
thién mdi trudong hon. Két qua danh gia anh hudéng ciia ham lugng nuée trong EtOH
(bang 2), cho thay phan tng tong hop metyl 3-(N-hydroxycarbamimidoyl) benzoat dién
ra nhanh hon va hiéu suét thu san phdm cao hon khi st dung EtOH thwong pham (90-
96°).

Bang 2: Anh hudng ciia dung moi va ham lugng nuée

dén hidu suét va thoi gian két thic phan tng

EtOH
Dung méi

khan 96° 90°
Hiéu suét (%) 73,3 74,5 74,7
Thoi gian (gid) 24 22 18

Khi st dung luong tac nhan -BuOK va NH,OH.HCI véi lugng chat cao gép 4 dén 5
1An (mol/mol) so v&i metyl 3-xyanobenzoat da cai thién dang ké thoi gian va hiéu suét
ctia phan tmg tong hop chét metyl 3-(N-hydroxycarbamimidoyl) benzoat. Qu4 trinh tinh

ché san phdm tuy da d& dang hon (boi nguyén liéu diu da chuyén hoa hét), nhung lai 1am
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tang chi phi cho tac nhan tiéu hao. Chung tdi dd thu duge két qua twong tu khi st dung
Na,CO; hodc K,COs5 thay cho -BuOK nhung thoi gian phan trng bi kéo dai hon.

Quaé trinh phan g tao thanh metyl 3-(N-hydroxycarbamimidoyl) benzoat ludn xay
ra dudi dang phan Ung di thé bai mot luong 16n mudi Na hodc KCldwoc sinh ra, cong
thém vao do la tinh kém tan ctia Na,CO; hodac K,COj; trong EtOH nén rat c¢6 thé da gay
can tré va lam cham tién trinh cua phan tng. Cac nhugc diém nay da dugc khéc phuc
mot cach triét dé khi str dung NH,OH & dang tu do (bang 3). Két qua 13 sau khi rira loai
NH,0H du bang nudc, ching t6i dd thu dwoc hop chat metyl 3-(N-
hydroxycarbamimidoyl) benzoat dat d6 sach 96,58% (HPLC) vé6i hiéu suét khoang 95%
ma khong can phai tinh ché. Thoi gian phan tmg chi kéo dai trong khoang 6-7 gio.

Béang 3: Anh hudng cta tac nhan dén hiéu sudt va thoi gian két thac phan img

NH,0H.HCI
Téc nhén NH,O0H
t-BuOK N212CO3 K2C03
Hiéu suit 81,8 % 81,3% | 80,8% | 94,5%

Thoi gian 24 gio 26 gio | 27 gio | 7 gid

Sau khi ¢6 loai nudc, va két tinh lai, mot phan 16n lugng NH,OH du da duge thu
hdi tir dich nude rira va tai sir dung cho cac mé phan tmg téng hop tiép theo.

Két qua thuc nghiém cho thiy rang, véi phuong phép tong hop cua Laura Lentini
cho hiéu qua tong hop cao nhét dat 80,8% va thoi gian kéo dai t6i 27 gid, trong khi st
dung phuong phap theo giai phap chi cn 7 gid, hiéu suét phan tmg dat t6i 94,5%. Diéu
nay cho thiy hiéu qua thay dbi hé tac nhan phan tmg NH,OH.HCI bing NH,OH c6 hiéu
qua 0 rét.

Vi du 2: Téng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat

Hoa 16,1 g (100mol) metyl-3-xyanobenzoat trong 500 ml cén 96° trong mét binh
cau 1 lit 3 ¢d c6 khudy. Hon hop phan tmg duoc 1am 4m dén 30°C bing bép cach thuy.
Tiép do, vira khudy vira tir tir cho thém vao binh phan tng dung dich gdm 16,5 g (500

mmol) hydroxylamin d dwgc hoa tan trong 150 ml con 96°. Tiép tuc khudy va duy tri
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hén hop phan tmg & nhiét do nay cho dén khi khong thay xuat hién vét chat dau trén ban
mong séc ki. Sau khi phan ung két thiic khoang 7 gio, tién hanh cat loai cdn dudi ap suét
thép, phén can coOn lai dugce hoa tan trong 1000 ml CH,Cl, roi rira béng nuée dé loai bd
NH,OH du. Tiép d6, lam khan bing mudi Na,SO4khan, c6 ki€t dung méi thu duge 18,33
g chét bot mau tréng, hiéu sut dat 94,48%.

ChAt b6t thu duge & trén duoc tién hanh do phd, két qua do dugc thé hién trén cac

hinh tir Hinh 1 dén Hinh 3, c4c thong sé nhu sau:

R¢= 0,175 [dm: n-Hexan: Axeton=2:1 (v/v)]

d,= 103,1°C (EtOH)

LC-MS: thoi gian luu R, = 7,5 phat; d6 sach 96,58%; m/z = 195,1 (100%) (M+H)

'H-NMR (500 MHz; DMSO-dg): 80= 9,75 (s, 1H); 8,30 (d, 1H; J=1,5 Hz); 7,94 (t, 1H;
J=1.5 Hz); 7,94 (t, 1H; J=7,5 Hz); 7,53 (1, 1H; J=8,0 Hz); 5,91 (s, 2H); 3,87 (s, 3H)

BC-NMR (125 MHz; DMSO-de): 165,99; 150,04; 133,83; 129,90; 129,55; 129,33;
128,60; 126,12; 52,14.

Hi€u qua dat dwgc ciia giai phap hitru ich

Quy trinh theo giai phép hitu ich cho phép tong hop duwoc metyl 3-(N-
hydroxycarbamimidoyl) benzoat lam nguyén li¢u tdng hop ataluren véi hiéu suat 1én téi

khoang 95%.

Quy trinh theo giai phap hitu ich cho phép san xuat dugc metyl 3-(N-
hydroxycarbamimidoyl) benzoat v6i do tinh khiét dat 96,58% va thoi gian tong hop rit

ngan con khoang 7 gio.

Quy trinh theo giai phap hitu ich 1a don gian, d& thuc hién, khong gy nguy hiém va
doc hai cho nguoi lao dong truc tiép. Ngoai viéc st dung tac nhan gia ré, né con lam
giam chi phi xir 1y chit thai boi mot phan 16n tac nhan c6 thé duge thu hdi va tai st dung

cho cdc mé san xuét tiép theo dan téi giam chi phi vat tu tiéu hao, ha gi4 thanh san xuat.
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Yéu céu bao hd

1. Quy trinh téng hop metyl 3-(N-hydroxycarbamimidoyl) benzoat 1am nguyén li¢u téng
hop ataluren, trong d6 quy trinh nay bao gdm cac budc:

a) chudn bi co chit phan tmg biang cach hoa tan metyl 3-xyanobenzoat v6i EtOH
96° dén nong d6 3 mol/lit thu dwge dung dich co chét;

b) chuén bj tic nhan phan ung bang cach hoa hydroxylamin ty do v&i dung méi
EtOH 96° dén ndng do dat 5 mol/lit thu dugc dung dich tdc nhan phan tmg;

¢) tong hop metyl 3-(N-hydroxycarbamimidoyl) benzoat bing cach gia nhiét dung
dich co chit dén nhiét d6 nam trong khoang tir 30 dén 32°C, tiép d6 bd sung tir tir dung
dich tic nhan phan tng theo ty 1& dung dich tac nhan phan Umg/dung dich co chat 1a 3/1
(thé tich/thé tich) va khudy trong khoang thoi gian tir 6 dén 7 gid trong diéu kién hoan
Iwu, sau d6 ct loai dung mdi dudi 4p suat giam thu phan cin; va

d) thu san phidm bing cach hoa tan phan cin véi CH,Cl, rdi rira bang nuéc dé loai
b6 NH,OH du, tiép d6 1am khan bang mudi Na,SO, khan, sau khi ¢ kiét dung mdi thu
dugc san pham metyl 3-(N-hydroxycarbamimidoyl) benzoat dang bdt mau trang.
2. Quy trinh theo diém 1, trong d6 phan (g tbng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat v&i tac nhén phan tng 1a hydroxylamin tu do dugc thuc
hién & nhiét @6 32°C trong thoi gian 7 gio.
3. Quy trinh theo diém 1 hodc 2, trong d6 phan Ung téng hop metyl 3-(N-
hydroxycarbamimidoyl) benzoat v&i tdc nhan phan Umg 1a hydroxylamin tuy do duoc thuc

hién & nhiét d6 30°C trong thoi gian 8 gio.
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