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(57) Giai phap hitu ich dé cap dén phuong phap diéu ché pazopanib hydroclorua cé cong
thire (I) tir 2-thiouracil, phuong phép ndy bao gém cac budc:
i) metyl hoa 2-thiouracil dé tao ra 2-(metylthio)pyrimidin-4(3H)-on c6 cong thirc (II);
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_ ii) cho hop chét (II) phan tmg v6i 5-amino-2-metylbenzensulfonamit c¢6 cong thirc (II1)
de tao thanh 5-((4-hydroxypyrimidin-2-yl)amino)-2-metylbenzensulfonamit c6 cong thirc
IV):
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iii) clo hoa hop chat (IV) dé thu dugc 5-[(4-cloropyrimidin-2-yl)amino]-2-
metylbenzensulfonamit c6 cong thuc (V):
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iv) ngung tu hop chat (V) véi N,2,3-trimetyl-2H-indazol-6-amin ¢6 cong thic (VI) dé
tao thanh pazopanib hydroclorua c6 cong thire (I) mong muon.
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Linh vue ky thuat dwoe dé cap

Giai phép hitu ich lién quan dén Iinh vyc tong hop cac hop chét v6i pho hoat
tinh rong, cu thé hon, giai phap hiru ich dé cap dén phuong phap tong hop pazopanib
hydroclorua c6 cdng thirc (I) tir 2-thiouracil.

@

Tinh trang ky thuét ciia gidi phap hitu ich
Pazopanib hydroclorua, hay 5-((4-((2,3-dimetyl-2H-indazol-
6-yl)metylamipo)-2-pyr,imidinyl)argino)-2-metylbenzensulfonamit monohydro-

clorua, 13 thudc rc ché da thu thé tyrosin-kinaza qua viéc Gc ché canh tranh véi
adenosin triphosphat (ATP), dd dugc phé duyét boi FDA vao thang 10 nam 2009 dé
diéu tri ung thu bidu mo té bao than va sarcoma mé mém. K& tir khi ra doi cho dén
nay, pazopanib hydroclorua ludn la sy lya chon hang d4u trong cac phéc d6 diéu tri
ung thu biéu md té bao than. Su ra doi clia pazopanib hydroclorua néi chung va cac
thudc tre ché tyrosin kinaza ndi riéng la rat quan trong trong bdi canh hoéa tri va xa tri
khong c6 két qua, con liéu phap mién dich c6 ty 1€ dap ung kém d6i voi bénh nay.

2-Thiouracil, C4H4N20S, ¢6 cong thirc duge mo ta dudi day:

H
S YN O
+J
Hop chat nay 12 nguyén liéu thd dung dé tong hop cac hoa chat quan trong

trong cong nghiép.

Pazopanib hydroclorua, C21H23N702S, ¢6 cong thic (I) nhu dugc mo ta dudi
day:
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Pazopanib dugc cdu tao tir 3 hop phan: hop phén sulfonamit, hop phan
pyrimidin, hop phan indazol. Cac phuong phap tong hgp hién nay déu duge thue
hién bang cich gan 3 hop phan nay véi nhau:

H
H,NO,S N.
2N, N j’J l
o N .~
H;C N
HyNO,S ﬁ NH, Cl \\“/\er/ Cl H;N
! I
i N =
HsC -

: CH,
Hop phan sulfonamit Hop phdn pyrimidin Hop phén indazol

Patent Mg s6 US 7,103, ;530 B2 md ta phuong phap tong hﬁp cac hop chét
pyrimidinamin, trong dé bao gbm pazopanib. Theo sang ché nay, 2,3-dimetyl-2£/-
indazol-6-amin dugc cho phan tng v6i 2.4-dicloropyrimidin trong moi truong
etanol/THF, xGc tac natri bicacbonat, thu dugc N-(2-cloropyrimidin-4-yl)-2,3-
dimetyl-2 H-indazol-6-amin. Metyl hoa san pham thu duge bing metyl iodua, xtc tac
xesi (I) cacbonat, dé thu duoc san phdm N-(2-cloropyrimidin-4-y1)-V,2,3-dimetyl-

2 H-indazol-6-amin. San phdm sau khi metyl hoa duoc ngung tw v6i S-amino-2-
metylbenzensulfonamit trong mi_tanol dudi sy ¢6 mit cia HCI dé thu duogc
pazopanib hydroclorua. So dd tong hop duoc md ta dudi day:
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Mot sb patent/cong b6 don yéu cau cép bang doc quyén séng ché khac da cai
tién mot s6 budc trong phuong phap trén. Theo cdng bd don yéu cAu cip bang doc
quyén sang ché s6 US 2009/0005406 Al, phan ng giita 2,3-dimetyl-2H-indazol-6-
amin va 2,4-dicloropyrimidin ¢ thé dugc thuc hién trong etanol bién tinh (IMS) &
nhiét do 85°C dé thu duoc N-(2-cloropyrimidin-4-y1)—2,3-dimetyl-ZH—indazol-6-
amin v6i hiéu sudt 80%. Phan ing metyl hoa N-(2—cloropyrimidin—4-yl)—2,3-dimetyl-
1 H-indazol6-amin st dung tac nhan dimetyl cacbonat, xuc tac kali cacbonat trong
dimetyl formamit (DMF) thu duogc N—(2-cloropyrimidin-4-y1)-N,2,3—dimetyl—ZH-
indazol-6-amin dat hiéu suit 83%.

Theo tap chi Lett Org Chem, nam 2012, 9(4) (céc trang 276-279), pazopanib
dugc tong hop tur N,2,3-trimetyl-2H-indazol (IT) bang phan tmg alkyl héa véi 2,4-
dicloropyrimidin va 5-amino-2-metylbenzensulfonamit. Uu diém ctia phuong phap
nay so v6i phuong phép trong patent US 7,105,530 B2 la hi¢u suét cao do quy trinh
it hon mdt budc va khong sir dung tac nhan metyl iodua doc hai. So dd quy trinh
dugc mo ta nhu sau:
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Cong bd don qubc té s6 WO 2012/073254 mo ta phuong phap tong hop
pazopanib hydroclorua bing cach gan 1in lugt 5-amino-2-metylbenzensulfonamit va
N,2,3-trimetyl-2H-indazol vao 2.4-dicloropyrimidin. Nhuoc diém cua phuong phap
nay la hiéu suat phan ung thip, phan (mg khong chon loc. Quy trinh phan tng dugc
mo ta dudi day:
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Céc phuong phap tong hop trén déu str dung hop phan pyrimidin 1a 2,4-

dicloropyrimidin, tuy nhién viéc dinh huéng phéan tmg thé vao vi trf s0 2 hay vi tri 6
4 cua vong pyrimidin 1a khong chon loc. Trong patent US 7,105,530 B2, hop phan
indazol phan tmg vao vi tri so 4, con trong cong bo WO 2’012/0737254 hop phan
sulfonamit lai wu tién the vao vi tri s6 2. Vi véy, cac tap chat c6 thé sinh ra do su
khong chon loc trong qua trinh phan tng. Tap chi Pharmazie, nam 2018, 73(9) (céc

trang 494-497) va cdng b6 don quéc té s6 WO2015/068175A2 da mo ta mot so tap
chét do su khong chon loc nay, do la:
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Cong bb don yéu cAu cap bang doc quyén Trung Quéc s6 CN 107721989 A
d3 nhén ra van dé nay va dua ra phuong phap téng hop pazopanib hydroclorua st
dung hop phén pyrimidin 1a 2 4-dicloro-5-nitropyrimidin. Hop phan pyrimidin nay
phan  Ung lian  luot  VGi N,2,3-trimetyl-2H-indazol ~ va 5-amino-2-
metylbenzensulfonamit, sau d6 nhom nitro duge khir héa thanh nhom amino thom
va bi loai bo thong qua mudi diazoni. Muc dich st dung 2 4-dicloro-5-nitropyrimidin
do nhém nitro & vi tri ortho- so véi nguyén ti clo sb 4 vi véy tang su chon loc vao vi
tri nay khi gén véi hop phﬁn indazol, mat khac nhom nitro hut dién tur manh lam kha
nang thé cac nguyén tir clo d3 hon, do d6 diéu kién phan ng khong khic nghiét dan
tGi giam cac san pham phy khéng mong muén. Tuy nhién, phuong phap nay méi chi
han ché su khong chon loc chir chua loai b6 dugc hoan toan. Trong cong bd nay, cac
tac gia khong dua ra dugc hiéu suit cua quy trinh, tuy nhién hiéu suit quy trinh nay
duoc cho 1 khong cao boi vi qua trinh loai nhém nitro dién ra phirc tap lam kéo dai
quy trinh phan ing. So d0 phan timg dugc mo ta dudi day:
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trong do:
(a) 2,4-dicloro-5-nitropyrimidin;
(b) 5-amino-2-metylbenzensulfonamit;
(¢) Ho/Pd/C;

(d) tert-butyl nitrua, trietoxysilan, (1,5-xyclooctadien)ruteni(IT) clorua

Ban chit ki thuit cla giai phap hiru ich

Muc dich cta giai phép hitu ich la dé xuét phuong phap cai tién tong hop
pazopanib hydroclorua c6 d tinh khi€t cao va c6 kha nang thuc hién & quy mo cong
nghiép, don gian, khong can str dung dung mdi gitp tiét kiém chi phi va bao vé moi
truong, dong thoi thoi gian phan ing cling giam di dang keé.

Giai phap hiru ich dé Xua@t phuong phap tong hop pazopanib hydroclorua c6
cong thic (1), trong d6 hop phan pyrimidin c¢6 ngudn goc tu 2-thiouracil, phuong
phép nay bao gom cac budc:

i) metyl hoa 2-thiouracil @8 tao ra hop chat 2-(metylthio)pyrimidin-4(3/)-on
c6 cong thirc (II):
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trong do:

tac nhan metyl héa dugc chon tir nhom bao gém dimetyl sulfat va metyl
iodua,

ty 1& mol cua tac nhan metyl héa/2-thiouracil nam trong khoéang tir (1,2:1,0)
dén (2,0:1,0),

dung mdi duge chon tir nhém bao gbém metanol, etanol, isopropanol, axeton,
dioxan va hon hop cta ching véi nudc, va

nhiét do cta phan tmg metyl hoa dugc duy tri nam trong khoéang tir 30 dén
80°C;

ii) cho hop chét (IT) phan Gng voi 5-amino-2-metylbenzensulfonamit c6 cong
thirc (II) dé tao thanh 5-((4-hydroxypyrimidin-2-yl)amino)-2-
metylbenzensulfonamit c¢6 cong thirc (IV):

CH;,
H,CS § (0] SO,NH. ﬁ N OH
oY . O LY
N
a H;C =
NH2 SOzNHz

(1) (111 Iv)

trong do:
ty 16 mol ctia hop chit (11)/hop chét (IIT) 1a khoang 1,2/1, va
phan tmg dugc thuc hién trong:

a) dung moi dugc chon tir nhém bao gdm dioxan, diglyme va pyridin,

hoac

b) trang thai dun chay khong sir dung dung moi;
trong d6 nhiét d6 duogc duy tri nam trong khoang tir 150 dén 200°C;
iii) clo héa hop chat (IV) dé thu duge 5-[(4-cloropyrimidin-2-yl)amino]-2-

metylbenzensulfonamit c6 cong thirc (V):

§ N OH E N Cl
U clo hdéa T ~
NP2 - > N_ _~
H,C

SO,NH, SO,NH,
av) W)
trong d6 tac nhan clo hoa dugc chon tir nhom bao gém POCls, PCls, SOCl
hodc hon hop cta ching;

H;C
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iv) alkyl héa hop chét (V) véi N,2,3-trimetyl-2H-indazol-6-amin ¢ cong thirc
(V1) dé tao thanh pazopanib hydroclorua ¢6 cdng thue (I) mong muon:

s
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trong do:

’ hdn hop qhét phan ting bao gdm hop chat (V)va (VI), véi ty 1€ mol ctia hop
cht (V)/hop chat (VI) 1a khoang 1/1, dugc dun hoi luu, va

phéan ing du;‘qc thuc hién bing cégh bd sung dung dich HC137% véi ty 1& mol
HCl so véi hop chat (V) 12 1/2,8 duéi dieu kién hoi luu duoc duy tri.

Theo mot phuong 4n, trong budc i) ty 1€ cua tac nhan metyl hoa/2-thiouracil
1a (1,4:1,0) dén (1,8:1,0).

Theo mdt phuong an khac, trong budce 1) ty 16 cua tac nhan metyl hoa/2-
thiouracil 1a 1,6:1,0.

Theo mot phuong an khac nita, phuong phap theo diém bét ky trong sd cac
diém néu trén, trong d6 trong budc i) tac nhan metyl hoa 1a metyl iodua.

_Theo mot phuong an khac nira, trong bude i) dung mdi duoc chon tir nhom

bao gdm hdn hgp metanol-nude va hon hgp etanol-nudc.

Theo mot phwong an khac nita, trong budce i) dung mdi duoc st dung la hon
hop metanol-nude.

Theo mdt phuong an khéc nita, trong budc i) dung méi duge st dung 1a hon
hop etanol-nude.

Theo m¢t phuong an khac nita, trong budc i) nhiét d ctia phan tmg metyl hoa
duge duy tri ndm trong khoang tlr 40 dén 70°C.

Theo m¢t phuong an khac nira, trong budc i) nhiét d6 ctia phan img metyl hoa
duoc duy tri nam trong khoang tir 50 dén 60°C.

Theo mét phwong an khac nira, trong buéc i) san pham thu dugc con dugc két
tinh lai dé tao ra hgp chat tinh khiét.

Theo mot phuong an khéc nita, budce két tinh lai dugc thuc hién béng céach sir
dung dung mdi dugc chon tr nhém bao gom metanol, etanol, axeton va dioxin.
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Theo mdt phuong an khac nita, tbudce két tinh lai dugc thuc hién bang cach st
dung etanol.

Theo mot phuong 4n khac nita, trong budc ii) phan tmg dugc thyc hién &
trang thai dun chay khong st dung dung mol.

Theo mot phuong an khac nita, trong budc ii) nhiét d6 phan ung nim trong
khoang tir 170 dén 200°C.

Theo mdt phuong 4n khac nita, trong budc ii) nhiét d6 phan ung nim trong
khoang tir 180 dén 190°C.

Theo mdt phuong én khac nita, trong budc iii) hop chat (IV) dugc hoa tan
trong dung méi duge chon tir nhém bao gdm diclometan, 1,2-diclometan va
cloroform truge khi bd sung tac nhan clo hoa.

Iheo mdt phuong an khac nita, trong budc iv) hop chét (VI) duoc tong hop tur
hop chat 2,3-dimetyl-6-nitro-2H-indazol (VII) bang phan tng khtr hoa va metyl hoa
theo quy trinh:

ﬁHz CH
O,N _N, —EEZN _N ‘paraformaldehyt N _N, - HN _N
CH; CH; CH3 CH3

(VD) (VD

trong do:

trong phan Gng kht héa ([H]), tac nhan khir héa duge st dung 1a NaBH4 xac
tac NiClp; va

trong phan ing metyl hoa san phdm duoc metyl hoa, tac nhan duoc str dung la
paraformaldehyt/NaBHa.
MO ta chi tiét giai phap hiru ich
Giai phéap hitu ich dé xuét phuong phap diéu ché pazopanib hydroclorua c6
e
A . \ . . HN\/j A > A , ,
cong thire (I) tir 2-thiouracil, , vé& co ban gom 4 budc chinh.
Budc thit nhét 14 thuc hién metyl héa 2-thiouracil tao thanh hop chat (ID).

-10-
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T4c nhan duoc st dung 13 dimetylsulfat hodc metyl iodua trong moi trudng
kidm. Tac gia giai phap hitu ich xac dinh dugc rang ddy 1a hai tac nhan metyl hoa rat
phd bién, duge sur dung nhiéu trong tong hop hira co va hoéa dugc, san co trén thi
trudong va kha nang pha ng cao. Theo mot phuong an cu thé dugc uu tién, t6t hon 1a

str dung metyl iodua boi hop chét nay cho hiéu suat cao hon.

Qua trinh metyl hoa 2-thiouracil can kiém soat chat ché ty 1€ gitta nguyén liéu
va tic nhan: ty 1é gifta tdc nhan va nguyén liu thdp s& dan toi nguyén liéu khong
phan tmg hét, kho tich san phdm ra khoi hon hop phan (mg; ngugc lai néu ty 18 tac
nhan va nguyén liéu cao s& tao ra cac san pham metyl hoa nhiéu 13n, hiéu suit phan
ung kém.

Theo giai phap hitu ich, t6t hon néu ty 16 mol cta tac nhan metyl iodua so voi
chét phan ng 2-thiouracil nam trong khoang tur (1,2:1,0) dén (2,0:1,0), t6t hon nita
1a khoang 1,4 dén 1,8 va tét nhat 1a khoang 1,6:1,0.

Dung mdi dugc st dung ¢6 thé 1a metanol, etanol, isopropanol, axeton, dioxan
hodc hdn hop cta ching v6i nude. Day 1a cac dung moi ré tién, san c6 va dugc xac
dinh 14 ¢6 kha ning hoa tan dugc 2-thiourcil, it ddc, than thién moi truong. Theo mot
phuong an cu thé duoc uu tién, tot hon 1a str dung 12 hdn hop cua metanol-nudce hodc
hdn hop etanol-nudc bsi kha nang hoa tan, san co, it doc va than thién vGi moi
truong.

Nhiét d6 phan tmg metyl hoa 2-thiouracil ¢6 thé nam trong khang tir 30-80°C,
t4t hon 1a khoang tir 40-70°C va tot nhat 1a khoang tir 50-60°C. San phim thu dugc
¢6 thé két tinh lai dé thu duoc chét tinh khiét bing cach st dung mot trong cac dung
méi sau: etanol, metanol, axeton, dioxin.

Budc thir hai theo phuong phép cua giai phap hiru ich 1a tién hanh phan ung
ngung tu chat (I) va chit (III) & thu dugc san phdm 5-((4-hydroxypyrimidin-2-
yl)amino)—2-metylbenzensulfonamit c6 cong thire (IV).

3

CH
N_ 0 SO,NH N_ N_ _OH
H;CS _N
| Tj : h \Nl(\j/
N > =
F HsC
NH,

SO,NH,

) (11T (V)

-11-
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Phan (tng ngung tu nay co thé duoc dién ra trong cac dung méi c6 nhiét do so1
cao nhu dioxin, diglyme, pyridin hodc dun chay khong st dung dung moi. Theo giai
phap hitu ich nay, tot hon 14 sir dung phuong phép dun chay thé hién nhiéu loi ich do
khong can sit dung dung mdi gitp tiét kiém chi phi va bao vé méi truong, dong thoi
thoi gian phan tmg cling giam di dang ké.

Nhiét d6 va ty 1&€ mol cac chit tham gia phan Gmg dong vai trd0 quan trong
trong phan tmg nay. Nhiét 6 phan Umg phai du dé 1am noéng chay va duy tri hdn hop
phan tng & trang thai long, tuy nhién néu nhiét d6 qua cao s€ anh hudng dén san
pham tao thanh. Theo mét phuong an cu thé, nhiét do phan tng nam trong khoang tur
150-200°C, t4t hon Ia tir 170-200°C va tt nhét 1a tir 180-190°C. O nhiét dd cao, chat
(11) bi thang hoa mot phén vi vay luong chét (IT) dugc st dung trong thue té s& nhiéu
hon lugng tinh toan tir phuong trinh, gay lang phi hoa chit va tang chi phi. Nhiét do
thap kho duy tri trang thai long.

Theo mét phuong an cu thé khac, ty 1é mol gilia phét II) va cbét (I10) tot nhét
14 khoang 1,2:1,0. San pham thu dugc dudi dang chat két tinh mau trang.

Bu6c that ba la clo hoa 5-((4-hydroxypyrimidin-2-yl)amino)-2-
metylbenzensulfonamit  (IV)  tao thanh  5-[(4-cloropyrimidin-2-yl)amino]-2-
metylbenzensulfonamit (V).

%\{I N OH EI N Cl
\W \j/ clo hoa \W \j/
N_ _— —_— > N
H,;C H;C =

SO,NH, SO,NH,
av) V)

Theo giai phap hitu ich, tic nhan clo dugc su dung duge chon tir nhom bao
¢dm POCI;, PCls, SOCL hodic hon hop tac nhén ndy vi cac hoa chit nay 1a phd bién,
s&n c6 duoc si dung dé 1am tac nhén clo hoa voi kha nang phéan ng cao, nhd d6 cho
phép rut ngan thoi gian phan ing.

Theo mdt phuong an cu thé, c6 thé hoa tan truc tiép hop chat (IV) vao tac
nhan clo héa hodc hoa tan trudc trong dung mdi diclometan, 1,2-dicloroetan,
cloroform, sau d6 thém tac nhén clo hoa vao dung dich thu duoc.

Budc thr tu la alkyl hoa hop chét (V) v6i amin (VI) dé thu duoc pazopanib
hydroclorua, hay 5-((4-((2,3-dirnetyl-2H—indazo1—6—yl)metylamino)-2-
pyrimidinyl)amino)-2-metylbenzensulfonamit monohydroclorua, ¢6 cong thue (I)
mong muon.
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— “N—CHs -
H H |
H,NO,S N Y N\ Cl (VI) CH, H,NO,S N Y N\ N _ N\
O ST R
HyC H,C
CH
M ’

Theo mot phuong 4n, budc tao pazopanib hydroclorua c6 cong thuc (I) tur 5-
[(4-cloropyrimidin—2-yl)amino]—2-metylbenzensulfonamit c6 cong thac (V) va
N,2.3-trimetyl-2H-indazol-6-amin c6 cong thuc (VI) dd dugc mo ta trong cdng b6
don qudc té s6 W0O2012073254A1, ma toan bd ndi dung lién quan co thé dugc tham
chiéu va/hodc két hop vao ban md ta nay.

Theo mot phwong 4n, hdn hop chat phan tng bao goém hop chét (V) va (VD),
v6i ty 1€ mol cua hop chét (V)/hop chat (VI) 1a khoang 1/1, dugc dun héi Iuu, va
phéan mg dugc thuc hién bang cach bd sung dung dich HCI 37% véi ty 1€ mol HCI
50 vi hop chét (V) 1a 1/2,8 dusi diéu kién hoi luu duge duy tri.

Giai phap hitu ich con dé xut phuong phap 2 tdng hop chat (VI) trén déy tir
2,3-dimetyl-6-nitro-2 H-indazol (VII) bang phan tng khir hoa va metyl hoa. Tac nhéan
khtr hoa duge st dung 1a NaBH4 xtc tac NiClo. Sau do, san phim dugc metyl hoa
béng paraformaldehyd/NaBHa.

e th
0,N N HoN N paraformaldehyt N N HN N
= LIS ~ N-CH,————> ~ O N-cty s ~ N-CH
— N"CH3 ~ 3 ~ 3 ~ 3
CH, CH,

CH;, CH,

(V) (VD
Phuong phéap nay cho san pham c6 do tinh khiét cao va c6 kha nang thuc hién

& quy md cdng nghiép.

Vi du thye hién giai phap hiru ich
Vi du 1: Téng hop 2-(metylthio)pyrimidin-4(3H)-on ¢ cong thac (1)

Phan tan 5,0 g (39 mmol) 2-thiouracil va 2,0 g (50 mmol) natri hydroxit vao
16 ml nuéc, dun néng dén 60-70°C cho dén khi chat rin tan hoan toan. Thém 30 ml
etanol vao hdn hop phan ung, @ ngudi vé& nhiét do phong sau dé thém 4.0 ml (61
mmol) metyl iodua. Dun nong hdn hop & 50-60°C trong 20 phut. Két thuc phan tng,
lam lanh khéi phén ing vé nhiét 6 phong, sau do loc lay két tua. Phan dich loc duge
axit hoa bang axit axetic dén pH =6 va cat quay dudi ap suét giam dé loai bo etanol.
Loc hén hop, két hop 2 ph?m két tua thu duoc va rira voi nudc. Két tinh lai san pham
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trong etanol thu dugc 5,38 g chat II (hiéu suat 97,0%). Tnc 199,0-201,0°C. IR
(KBr), Vmax (cm™): 3300 (N-H); 2990 (C-Hinom); 2918 (C-Hno); 1634 (C=0); 1564,
1516 (C=C); ESI-MS (m/z): 140,86 [M-H]".

Vi du 2: Tong hop 5-((4-hydroxypyrimidin-2—yl)amino)—2-metylbenzensulfonamit co
cong thuce (IV)

Tron déu 2,00 g (10,8 mmol) 5-amino-2-metylbenzensulfonamit (IIT) va 1,83
g (12,88 mmol) 2-(metylthio)pyrimidin-4(3H)-on (II) thanh hén hop dong nhat. Hon
hop dugce dun néng tur tir 1én 180-190°C va duy tri dén khi hét khi thoat ra. Sau khi
lam lanh vé nhiét dd phong, thém 2 ml etanol dé phan tan khéi phan ung. Loc, ria
tia bang etanol lanh va sdy duéi dén hdng ngoai thu dugc 2,83 g chat IV (hiéu suat
94%). Tnc 275,0-278,0 °C. IR (KBr), Vmax (cm™): 3339 (N-H); 3564 (O-H); 2986 (C-
Hinom); 2920 (C-Hio); 1645 (C=N); 1599,1551, 1512 (C=C); 1314, 1157 (-SO2); ESI-
MS (m/z): 279,3 [M-H]; 'H-NMR (500MHz, DMSO-ds) 8 (ppm) 10,71 (1H, brs, H-
8, NH); 8,97 (1H, br s, OH); 8,02 (1H, s, H-6); 7,66 (2H, br s, H-6’, H-4); 7,27 (2H, s,
SO.NH); 7,21 (1H, d, /8,5 Hz, H-3); 5,75 (1H, br s, H-5"); 2,42 (3H, s, H-7); PC-
NMR (500MHz, DMSO-ds) 8 (ppm) 161,83 (C-67); 156,36 (C-4%); 142,65 (C-1);
137,32 (C-5); 132,96 (C-3); 129,92 (C-2); 123,14 (C-4); 118,92 (C-6); 104,79 (C-
5%); 19,59 (C-7).

Vi du 3: Toéng hop 5-[(4-cloropyrimidin—Z-yl)amino]-2—mety1benzensulfonamit co
cong thirc (V)

Thém 2 ml (21,6 mmol) phosphoryl clorua vao 1,5 g (5,4 mmol) 5-((4-
hydroxypyrimidin—2—yl)arnino)-2-mety1benzensulfonamit (IV) trong binh cau 1 ¢d 50
ml, dun hdi luu hdn hop trong 3 gio. Sau khi phan tmg két thuc, d6 hdn hop phan
mg vao khoang 20 ml nude da. Diéu chinh vé pH = 8 bang dung dich NaHCO; bao
hoa. Loc 14y két tua, rira bing nudc cat va sdy bang dén hdng ngoai thu duoc 1,33 g
chit V (hiéu sudt 83,4%). Tnc 242,0-243,5 °C. IR (KBr), Vmax (cm™): 3385, 3275 (N-
H); 3179 (C-Hinom); 2986 (C-Hno); 1611 (C=N); 1574, 1549, 1522 (C=C); 1314,
1163, 1144 (-SO2); ESI-MS (m/z): 296,84; 298,97 [M-HJ; "H-NMR (500MHz,
DMSO) & (ppm) 8,37 (1H, d, J=5,0 Hz, H-6); 8,22 (1H, d, /~1,5 Hz, H-6); 7,70 (1H,
dd, J=1,5 Hz, J:=8,0 Hz, H-4); 7,24 (2H, s, SO:2NHb); 7.21 (1H, d, J=8,5 Hz, H-3); 6,90
(1H, d, /5,0 Hz, H-5"); 2,44 (3H, s, H-7); BC-NMR (500MHz, DMSO) & (ppm)
160,52 (C-6"); 160,14 (C-4"); 142,61 (C-1); 138,00 (C-5); 132,82 (C-3); 129,62 (C-2);
122,78 (C-4); 118,71 (C-6); 112,37 (C-5’); 19,63 (C-7).

Vi du 4: Téng hop N,2,3-trimetyl-2H-indazol-6-amin c6 cong thuce (VI)
Giai doan 1

Hoa tan hoan toan 1,79 g niken clorua hexahydrat (NiCl».6H0) trong 15 ml
metanol. Thém tur tir 0,88 g (23,2 mmol) NaBHy, khudy déu. Lam lanh hon hop phan
{ing va khudy trong 20 phut, sau d6 thém 1,00 g (5,2 mmol) 2,3-dimetyl-6-nitro-2H-
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indazpl (VII) vao hdn hop xtc tac trén. Thém tr tir 0,68 g (18,0 mmol) NaBHa.
Khudy trong 2 gio ¢ nhiét d¢ phong. Két thic phan tmg, thém 30 ml metanol, loc
loai xuc tac. Dich 1(_)9 dugc cat téi kho. Phan tan can trong nude, sau do chiét véi

CH,Cl, 2 14n, mi 1an 20 ml. Lam khan dich chiét CHxCl, bang NaxSOs, cat loai
dung mo6i thu duoc can.

Giai doan 2

Hoa tan can thu duge trong 15 ml metanol, sau d6 thém 0,72 g natri kim loai
vao dung dich dén tan hoan toan va dun hoi luu trong 10 phat. Thém hon dich chta
0,9 g paraformaldehyt trong 10 ml metanol vao hdn hgp phan tng, tiép tuc dun hoi
luu 5 phut, sau do khudy & nhiét do phong trong 4 gio. Thém 1,20 g (31,7 mmol)

Y

NaBHz, dun hdi luu trong 3 git. Loai dung moi duéi ap suét giam, hoa tan cgn trong
etyl axetat sau do rira voi nude, lam khan bang natri sulfat va cd quay loai dung moi
thu dugc 0,66 g chét (VI) (hiéu suét 72%). Tae 143,7-146,0°C; IR (KBr), Vmax (cm™):
3292 (N-H); 2999 (C-Hinom); 2880, 2799 (C-Hno); 1634 (C=N); 1566, 1518 (C=C);
ESI-MS (m/z): 176,27 [M+H]"; ); 'TH-NMR (500MHz, DMSO-d¢) 6 (ppm) 7,20 (1H,
d, J=8,5 Hz, H-4); 6,35 (1H, dd, Ji=2,0 Hz, J=9,0 Hz, H-5); 6,05 (1H, d, /~1,5 Hz, H-
7); 5,49 (1H, d, J=4,5 Hz, NH); 3,78 (3H, s, H-1°); 2,59 (3H, d, /=5,0 Hz, H-3"); 2,37
(3H, s, H-2"); PC-NMR (500MHz, DMSO-ds) & (ppm) 149,34 (C-7a); 148,44 (C-3);
131,24 (C-6); 120,25 (C-4); 115,13 (C-4a); 114,93 (C-5); 89,90 (C-7); 36,93 (C-1°);
30,37 (C-3); 9,76 (C-2°).

Vi du 5: Téng hop pazopanib hydroclorua co cong thuc (I)

Hoa tan 0,5 g (1,68 mmol) 5-[(4-cloropyrimidin-2-yl)amino]-2-
metylbenzensulfonamit (V) va 0,29 g (1,65 mmol) N,2,3-trimetyl-2 H-indazol-6-amin
(VI) vao 10 ml etanol trong binh ciu 2 ¢b 100 ml. Dun hdi Iuu hdn hop trong 3 gio,
sau d6 thém 0,05 ml (0,6 mmol) dung dich axit clorohydric 37%. Khéi phan tmg
tiép tuc duge dun hdi luu trong 5 gid sau d6 lam lanh vé nhiét do phong. Loc va rua
tia bang etanol sau do sdy dudi dén hdéng ngoai thu duoc 0,58 g pazopanib
hydroclorua (hiéu suit 72,5%). Tnc 261,0-262,5°C. IR (KBr), Vmax (cm™): 3476,
3416, 3238 (N-H); 3055 (C-Hinom); 2886 (C-Hno); 2484 (N*™-H); 1632 (C=N); 1601,
1526, 1506 (C=C); 1331, 1157 (-SO2); ESI-MS (m/z): 437,6 [M-CI'"; "H-NMR
(500MHz, DMSO-ds) & (ppm) 10,70 (1H, br s, H-NH"); 8,30 (1H, br s, H-6); 7,79
(1H, d, J=8,5 Hz, H-4"’); 7,73 (1H, br s, H-NH); 7,56 (1H, br s, H-4); 7,52 (1H, s, H-
7°*); 7,34 (3H, s, H-3, H-SO:NH>); 6,86 (1H, dd, J1=1,5 Hz, J>=8,5 Hz, H-5%); 5,82
(1H, br s, H-5"); 4,00 (3H, s, H-8""); 3,48 (3H, s, H-7°); 2,57 (3H, s, H-9"); 2,44 (3H,
s, H-7); BC-NMR (500MHz, DMSO-ds) & (ppm) 9,90 (C-7); 19,71 (C-97’); 38,02 (C-
8"); 114,84 (C-47); 118,69 (C-57); 120,29 (C-6); 120,72 (C-37); 124,63 (C-7”"); 133,26
(C-37a); 135,47 (C-3); 142,88 (C-4); 146,90 (C-7a); 162,70 (C-4’).

Khé ning tmg dung trong cong nghiép
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Giai phap hitu ich dé xuit phuong phap cai tién tong hop pazopanib
hydroclorua c6 d¢ tinh khiét cao, hiéu suét cao, don gian, khong can st dung dung
moi giup tiét kiém chi phi va bao vé moi truong, ddng thoi thoi gian phan Gmg cling
giam di dang ké. Do d6, giai phéap hitu ich dugc xem la co kha ndng thuc hién & quy
mo cong nghiép mot cach phu hop va hiéu qua.
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Yéu cau bao hd
1. Phuong phap diéu ché pazopanib hydroclorua c6 cong thirc (I) tir 2-thiouracil,
phuong phap nay bao gom cac bude:
i) metyl hoa 2-thiouracil dé tao ra hop chét 2-(metylthio)pyrimidin-4(3H)-on

c6 cong thuc (II):
H H
SY\NjO metylhéa ch/s\“/jjo
HN_ o - N A
2-thiouracil an
trong do:

tac nhan metyl hoa dugc chon tir nhém bao gom dimetyl sulfat va metyl
iodua,

W 16 mol cua tic nhan metyl hoa/2-thiouracil nam trong khoang tir (1,2:1,0)
dén (2,0:1,0), ‘

dung moi duoc chon tir nhém bao gom metanol, etanol, isopropanol, axeton,
dioxan va hdn hop cua chung véi nude, va ‘ )

nhiét dd cua phan (mg metyl hoa duge duy tri ndm trong khoang tu 30 dén
80°C;

ii) cho hop chét (IT) phan Gng véi 5-amino-2-metylbenzensulfonamit c6 cong
thac (1) dé tao thanh 5-((4-hydroxypyrimidin—2-y1)amino)-2-metylbenzen
sulfonamit c6 cong thtue (IV):

3

CH.
CS II;II O SO,NH E N OH
H
N =
Z HsC
NH,

SO,NH,

Y (1) Iv)
trong do:
ty 16 mol cita hop chét (11)/hop chat (IIT) 1a khoang 1,2/1, va
phan ing dugc thuc hién trong:
a) dung moi dugc chon tir nhom bao gdbm dioxan, diglyme va pyridin,
hodc
b) trang thai dun chay khong st dung dung mdi;

trong d6 nhiét do dugc duy triWnellm trong khoang tir 150 dén 200°C;

iii) clo héa hop chat (IV) dé thu dugc 5—[(4-cloropyrimidin—2—yl)arnino]-2—
metylbenzensulfonamit c6 cong thire (V):
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H H
N N OH N N Cl
T \j/ clo hdéa \W \j/
N~ - = N
H;C H,;C =
SO,NH, SO,NH,

av) )

trong d6 tac nhén clo héa duge chon tir nhém bao gém POCl3, PCls, SOCL
hodc hdn hop cta ching; va

trong d6 hop chét (IV) dugc hoa tan trong dung moi dugc chon tir nhém bao
gbm diclometan, 1,2-diclometan va cloroform trudc khi bd sung tac nhén clo hoa;

iv) alkyl hoa hop chit (V) véi N,2,3-trimetyl-2H-indazol-6-amin ¢6 cong thirc
(VI) dé tao thanh pazopanib hydroclorua ¢6 cong thuc (I) mong mubn:

&
HN

“N—CH,
S CH,
H,NO,8 N o~ _a H,NO,$ g N
e \( A (VD) CH; e \r S =N,
NI > NI N~ o
Ny .
H,C Z H;C 7
CH,
%) 0]

trong do:
) hdn hop qhét phan ung bao gdm hop chét (Y) va (VI), véi ty 1€ mol cua hop

chét (V)/hop chat (VI) 1a khoang 1/1, duoc dun hoi luu, va

phan g du,qc thuc hién bang cach b sung dung dich HC1 37% véi ty 1¢ mol
HCI so v6i hop chét (V) 12 1/2,8 dudi dicu kién hoi luu duoc duy tri.
2. Phuong phap theo di’ém 1, trong d6 trong bude i) ty 1& clia tac nhan metyl hoa/2-
thiouracil 12 (1,4:1,0) dén (1,8:1,0).
3. Phuong phép theo diém 1 hoic 2, trong d6 trong budc i) ty 1€ cua tac nhin metyl
hoa/2-thiouracil 1a 1,6:1,0.
4. Phuong phép theo diém bét ky trong s6 cac diém néu trén, trong do trong budc i)
t4c nhan metyl hoa 12 metyl iodua.
5. Phuong phép theo diém bét ky trong sd cac diém néu trén, trong do trong budc 1)
dung moi dugc chon tir nhom bao gém hdn hop metanol-nude va hon hop etanol-
nudc.
6. Phuong phép theo diém bflt ky trong s6 cac diém néu trén, trong d6 trong budc 1)
dung mdi duge st dung 1a hon hop metanol-nudc.
7. Phuong phép theo diém b~§t ky trong s6 cac diém néu trén, trong d6 trong budc 1)
dung moi duge st dung la hon hop etanol-nudec.
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8. Phuong phap theo diém bét ky trong sb cic g’iém néu trén, trong do trong budce 1)
nhiét d6 ciia phan tmg metyl hoa duge duy tri nam trong khoang tr 40 dén 70°C.

9. Phuong phap theo diém bat ky trong sb cac Qiém néu trén, trong d6 trong budc i)
nhiét 6 cta phan ing metyl hoa duge duy tri nam trong khoang tir 50 dén 60°C.

10. Phuong phap theo diém bAt k¥ trong s6 cac diém néu trén, trong do6 trong budc 1)
san pham thu dugc con dugce ket tinh lai dé tao ra hop chat tinh khiét.

11. Phuong phép theo diém 10, trong d6 budc két tinh lai duoc thyc hién bang cach
st dung dung méi dugc chon tir nhom bao gdm metanol, etanol, axeton va dioxin.

12. Phuong phap theo diém 10 hodc 11, trong d6 budc két tinh lai dugc thuc hién
bang céach str dung etanol.

13. Phuong phap theo diém bat ky trong s6 cac diém néu trén, trong do trong budc
ii) phan tmg dugc thuc hién & trang thai dun chay khong st dung dung moi.

14. Phuong phéap theo fiiém bét ky trong sd cac ;tiém néu trén, trong do trong budce
ii) nhiét d6 phan tmg nam trong khoang tir 170 dén 200°C.

15. Phuong phép theo fiiém bét ky trong sb céc ,diém néu trén, trong do trong bude
ii) nhiét d6 phan img nam trong khoang tir 180 dén 190°C.

16. Phuong phéap theo diépl bét ky trong sO cac diém néu trén, trong do trong budc
iv) hop chat (VI) dugc tong hop tir hop chat 2,3-dimetyl-6-nitro-2H-indazol (VII)
bang phan tmg khtr hoa va metyl hoa theo quy trinh:

ﬁHz Cl;
|
O.N N HN N paraformaldehyt N N HN N
- =N H] =N . ="\ [H] =\
N-CH; —» N —CH; ———— N-CH; —> N-CH;
~ =~ ~ ~
CH, CH; CH; CH;
(VD) VD

trong do:

trong phan ting khtt hoa ([H]), tac nhan khir héa duoc sir dung 1a NaBHs xuac
tac NiClp; va

trong phan ing metyl hoa san phém dugc metyl hda, tac nhan dugc str dung la
paraformaldehyt/NaBHa.
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