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Linh vue k§ thuit dwoe dé cap

Sang ché @& cap dén phuong phap diéu ché 2-[(3R)-3-metylmorpholin-4-yl]-4-
(1-metyl-1H-pyrazol-5-yl)-8-(1H-pyrazol-5-yl)-1,7-naphtyridin (“hgp chét c6 cong
thire (I)” trong phan dudi day) ciing nhu c4c hgp chét trung gian hitu hiéu trong diéu
ché hop chit ¢6 cong thire (I). Sang ché ciing dé cap dén dang da hinh B cta hop chét

c6 cong thire (I) voi d6 tinh khiét rat cao.
Tinh trang k§ thuit ciia sang ché

Vi du 111 cia W0O2016020320A1 mé ta phuong phap tong hop 2-[(3R)-3-
metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-5-yl)-8-(1H-pyrazol-5-yl)-1,7-
naphtyridin ¢6 cong thirc (I) bing cach sir dung quy trinh tong hop sau day:
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Téong hop hop chdt (Ila) (= 8-clo-2-((R)-3-metylmorpholin-4-yl)-
[1,7]naphtyridin-4-ol) dugc mo ta trong vi du “hop chét trung gian-7”, budc ¢ clta
WO02016020320A1.

Theo W02016020320A1 “hop chat trung gian-9”, twong ting véi hop chit (IV)
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(= 2-[((R)-3-metylmorpholin-4-yl)-8-[2-(tetrahydropyran-2-yl)-2H-pyrazol-3-yl]-
[1,7]naphtyridin-4-ol), duoc didu ché bing phan tmg lién hgp Suzuki ciia hop chét c6
cong thuc (Ia) va hop chét boronic este dugc bao vé tetrahydropyranyl (Ilc) (=1-
(tetrahydropyran-2-yl)-5-(4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan-2-yl)-1H-pyrazol)
trong moi trudng khi argon bing cach st dung phic hop [1,1° bis
(diphenylphosphino)feroxen] diclopaladi(I) voi diclometan (1:1) lam chét xtc tac va
xesi cacbonat trong 1,4-dioxan tuyét doi. Hn hop phén ung dugc khudy & 90°C trong
16 gid. Dung dich phan img méau ndu dugc tinh ché bang sic ky cot [silicagel 60; etyl
axetat)]. 506 mg (72% theo ly thuyét) 2-[(R)-3-metylmorpholin-4-yl)-8-[2-
(tetrahydropyran-2-yl)-2H-pyrazol-3-yl]-[1,7]naphtyridin-4-ol dugc tach ¢ dang dau
mau vang.

Déi véi cac 1y do duge néu 1am vi du sau day, viéc diéu ché hop chat c6 cong
thic (IV) & quy mo phong thi nghiém, ma dugc md ta trong WO2016020320A1, 1a
khong thich hop ddi véi quy trinh san xuét & quy mo 16n:

° Viéc str dung dung moi tuyet dbi (chéng han 1,4-dioxan) la kh6 thuc hién
O quy mo 16n.

° Xesi cacbonat 12 bazo vo co tuong ddi dit.

o Thoi gian phan Gng dai (16 gio 6 90°C) duge doi hoi.

. Hop chét c6 cong thirc (IV) 1a dau, vi vy né khong thé dugc tinh ché
béng budc két tinh d& dang, 1a phwong phap duge vu tién & quy mo 16n hon.

o Viéc tinh ché bang sic ky cot 12 mt thoi gian va ton kém.

Theo W02016020320A1 “hop chét trung gian 97, hop chit dang dau c6 cong
thirc (IV), sau d6 duoc chuyén hoa thanh “hgp chit trung gian 10”, twong tmg véi hop
chét ¢6 cong thie (V) (=2-[(3R)-3-metylmorpholin-4-yl]-8-[ 1-(tetrahydro-2H-pyran-
2-yl)-1H-pyrazol-5-yl]-1,7-naphtyridin-4-yl triflometansulfonat) bang cach xir 1y véi
N-phenylbis-(triflometansulfonimit) va N,N-diisopropyletylamin trong mdi truong
khi argon trong diclometan tuy€t d6i. Thoi gian phan (mg 1a ba ngay & nhiét do trong
phong. Dung méi dugc cét loai trong diéu kién 4p suit giam va phan con lai dugc sdc

ky hai 1an [silicagel 60 (400 g); diclometan : metanol, 98 : 2/ etyl axetat]. Hop chét ¢6

2
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cong thie (V) thu duoc trong 2,6 g (42 % theo ly thuyét) & dang chét rin mau vang
sau khi 1am bay hoi dén kh.

Céc nhuge diém cta quy trinh nay 13, chang han:
. St dung dung moi tuyét di (dat tién).

o Thoi gian phan tmg qué dai (ba ngay ¢ nhiét do trong phong), dan dén

ton tién.

o Hai bude tinh ché nho sic ky, do d6 ton thoi gian va t6n tién.
. Hiéu suét rat thip (42%) ddi v6i bude nay.

° T4ch nho 1am bay hoi cc phan doan sic ky. Diéu nay khién cho khong

thé dé gia tang quy md do budc nay can nhiéu nang luong va chi phi.

Hop chét c6 cong thirc (V) dugc chuyén héa thanh hop chét ¢6 cong thirc
(VIIc/VIId) nho phan g Suzuki, béng cach str dung 1-metyl-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol (VIb), dung dich nudc kali cacbonat (1,4 ml, 2
M) va bis(triphenylphosphin)paladi(I) diclorua-(67 mg, 0,094 mmol), dugc hoa tan
trong dimetoxyetan (60 m1). Hon hgp phéan tmg duoc khudy trong 20 phut & 130°C
trong diéu kién chiéu xa vi séng. Sau khi 1am ngudi dén nhiét do trong phong, hon hop
phan tmg dugce loc qua phéu loc silicon va duoc c6 déc trong diéu kién 4p suét giam.
Chét tho dugc tinh ché bing phuong phap sic ky nhanh trén cot (hdn hop hexan/etyl
axetat/etanol). Cac phan doan mong mudn dugc cd dic trong didu kién ap suat giam
va duoc hoa tan trong axit sulphuric dam déc (5 ml). Hon hop duoc khudy trong 3h &
nhiét d¢ trong phong. Tiép theo, hdn hop duoc d6 vao da va dugc bazo hoa bing cach
st dung natri hydrocacbonat rén. Huyén phi dugc loc va chit rin dugc khudy véi
etanol & 40°C, dugc loc va 1am kho trong diéu kién ap suat giam. Thu dugc hop chat

¢6 cong thue (I) v6i hiéu sudt 78% (0,28 g).
ft nhat cac diém sau dy 1a quan trong dé mé rong quy mo:

° St dung thiét bi phan tmg vi song & quy mo 16n 1a khong kha thi. Viéc
van hanh phéan tmg & quy mé 1én & 130°C chi trong 20 phut la kho khan va khong thé

duoc hién thuc hoa & quy md cd kg.
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. Séc ky dé phan 1ap va tinh ché & quy mo 16n 12 t6n thoi gian va chi phi.

. Viéc lam bay hoi hop chét chira cac phan doan séc ky 1a khong kha thi
& quy md 16n hon, do diéu nay rét tdn kém vé mat nang luong va chi phi.

. D6 tinh khiét ctia hop chat c6 cong thire (I) khong dap tng yéu cau GMP.

Tém lai, quy trinh d4 mo ta dé san xuét hop chat (I) mong mubn bt dau tir hop
chét ¢6 cong thic (Ia) (= 8-clo-2-((R)-3-metylmorpholin-4-yl)-[ 1,7]naphtyridin-4-ol)
1 rét khong hiéu qua, tén thoi gian va chi phi do n6 bao gdm ba budc sic ky va dan
dén thoi gian phan g dai va hiéu suét tong thé rat thip (tir hop chét c6 cong thire (II)
thanh hop chét c6 cong thire (I): Hiéu suét theo ly thuyét 23,6 %.

Ban chit ky thuit ciia sing ché

Vi vy, muc tidu cta sang ché 1a d& xuét phuong phap diéu ché 2-[3R)-3-
metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-5-yl)-8-(1H-pyrazol-5-yl)-1,7-
naphtyridin cé

cong thiee (I), ma khong c6 mot hodc nhiéu bét loi néu trén.

Séang ché dé cap dén phuong phéap diéu ché hop chét ¢ cong thirc (I)

D,
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hoac hdn hop cua no,
phuong phap nay bao gdm céc budc lién tiép:

(a)  cho hop chét trung gian c6 cong thirc (IXa)

trong do

R! 1a nguyén ti clo, brom hodc iot hodc 1a nhém dugc chon tir
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

phan tng véi hop chét c6 cong thirc (Illa) hodc (IITb)

R
!
— \ 4 \
e L)
B- B-
Q O\R3 Q O\R3
R? hoac R
(IIa) (I1Ib),

hoic hdn hop ciia chung,
trong dé
R2 va R? ddc 1ap v6i nhau 12 nguyén tir hydro hogc nhém Ci-Ce-alkyl;

hoac
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R2va R? cling nhau 12 nhém -CHz-CHa- hodc nhém -CHz-CH,-CHz-, trong d6
nhém -CH-CHa- hodc nhém -CHz-CH»-CHz- d4 néu tuy y dugc thé mot, hai, ba hoic
bdn 14n bang nhém duge chon tir metyl va etyl;

hoac

R?va R3 cung nhau 1a nhém

* *

H,C ; CH

trong d6 "*" 12 diém gan v4i phan con lai cua phén ti;

3

b

va
R*1a nhém dugc chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-metoxyetyl, 1-
metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl;

dé thu duoc hop chét trung gian c¢6 cong thire (VIIa) hodc (VIIb)

(VIla) (VIIb),

hoic hdn hop clia chung,

trong do

R*1a nhom duge chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-metoxyetyl, 1-
metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl; va

(b)  loai nhém R* ra khoi hop chét trung gian c¢6 cong thuc (VIIa) hodc
(VIIb), do do tao ra hgp chét c6 cong thirc (I), hodc chit hd bién cua né cé cong thire
(Ia), hodc hdn hop cua ching.

Séng ché ciing d& cap dén hop chét trung gian c6 cong thire (IXa)
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trong dé

R! 13 nguyén t& clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyljoxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Séang ché ciing dé cap dén hop chét trung gian c6 cong thirc (VIIIa)

CH, 1

0 R
LN ‘ N Ay
PN
R5
(VTITa),

trong do

R! 14 nguyén tr clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyljoxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy; va

R’ 13 nguyén t& clo, brom hodc iot hodc la nhém dugc chon tur
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[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy.

M3 ta chi tiét sang ché
Cac dinh nghia

Thuét ngit “duoc thé” c6 nghia 14, mot hodc nhiéu nguyén tir hydro trén nguyén
tir hodc nhém nhét dinh dugc thay thé bing mot phan tir lya chon tir nhém da dinh,
v6i didu kién 12 hoa tri binh thuong ciia nguyén tit x4c dinh trong c4c tinh hudng hién
tai khong dugc vuot qua. Viéce két hop cac phﬁn thir thé va/hodc céc bién thé 1 duoc
phép.

Thuét nglt “tuy y dugce thé” c6 nghia 1a s6 luong cac nhém thé c6 thé bang hogc
khac khong. Trir khi ¢6 quy dinh khéc, cac nhém tiy ¥ duge thé ¢6 thé dwoc thé bang
s6 luong nhém thé tiy y nhiéu nhu ¢6 thd dugc dan xép bang cach thay thé nguyén tir
hydro bang nhém thé phi hydro trén nguyén tir cacbon hodc nito c6 san bat ky. Thong
thuong, sb luong cac phin tir thay thé ty y (néu ¢6) cé thé 1a 1, 2, 3, 4 hogc 3, dic
biét 1a 1, 2 hodc 3.

A

Nhu duge st dung ¢ day, thuat ngt “mot hodc nhiéu”, vi du trong dinh nghia
vé cac phan tir thé ctia hop chat c6 cong thire chung (I) theo sang ché, c6 nghia 1a 1,
2.3, 4 hoic 5, cu thé 1a 1, 2, 3 hodc 4, cu thé hon 14 1, 2 hogc 3, con cy thé hon 1a 1
hoac 2.

Thuat ngft “chira” khi dugc st dung trong ban md ta nay c6 nghia la bao gdm

“gdm co”.

Néu trong ban mo ta nay, yéu t bat ky duge dé cép la “nhu dugc néu trong ban

md ta nay”, thi c6 nghia 1a n6 ¢6 thé duge néu ¢ vi tri bat ky trong ban mo ta nay.

Céc thuat ngft néu trong ban mo ta nay c6 y nghia nhu sau:
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Thuét ngit “Ci-Ce-alkyl” ¢6 nghia la nhom hydrocarbon héa tri mot, bdo hoa,
mach théng hodc mach nhanh ¢6 1, 2, 3, 4, 5 hodc 6 nguyén tir cacbon, vi du, nhom
metyl, etyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, tert-butyl, pentyl, isopentyl,
2-metylbutyl,  1-metylbutyl,  I-etylpropyl, 1,22-dimetylpropyl, neo-pentyl,
1,1-dimetylpropyl,  hexyl,  1-metylpentyl,  2-metylpentyl,  3-metylpentyl,
4-metylpentyl, 1-etylbutyl, 2-etylbutyl, 1,1-dimetylbutyl, 2,2-dimetylbutyl,
3,3-dimetylbutyl, 2,3-dimetylbutyl, 1,2-dimetylbutyl, 1,3-dimetylbutyl, hoac chét
ddng phan cua ching. Pic biét, nhom nay c6 1, 2, 3 hodc 4 nguyén tu cacbon
(“C1-Cs-alkyl”), vi du, nhém metyl, etyl, propyl, isopropyl, butyl, sec-butyl isobutyl,
hodc fert-butyl, dac biét hon 1a 1, 2 hodc 3 nguyén tir cacbon (“Ci-Cs-alkyl”), vi du,
nhém metyl, etyl, n-propyl hoéc isopropyl.

Thuét ngit “C;-Cs”, khi dugc sir dung trong ban mo ta nay, vi du trong ngit canh
ciia dinh nghia vé& “C1-Ce-alkyl” ¢6 nghia 12 nhém alkyl 6 mot so hitu han nguyén ti
cacbon 12 1 dén 6, ke 1a 1, 2, 3, 4, 5 hodc 6 nguyén tir cacbon.

Khi khoang tri s6 dugc dua ra, khoang nay bao ham mdi tri s6 va cac khoang
phu ndm trong khodng nay.

Chang han:"C;-Cg" bao ham Ci, Ca, Cs, C4, Cs, Cg, C1-Ce, C1-Cs, C1-Ca, C1-Cs,
C1-Ca, C2-Cs, C2-Cs, C2-Ca, C2-C3, C3-Ce, C3-Cs, C3-Ca, C4-Cs, C4-Cs, va Cs-Ce.

Hop chét c6 cong thie (I) ¢6 thé tdn tai & dang chit ddng phan hd bién c6 cong
thac (Ia)

Ngudi ¢6 hiéu biét trung binh trong linh vyc ciing biét rang cac hop chat co

9/131



42364

cong thire (1) va (Ia) c6 thé tdn tai & dang hdn hop gdm ca chat ddong phan hd bién (I)
va (Ia).

Céc hop chit theo sang ché c6 cong thire (VIIIa) hogc (IXa) tly ¥ chira nhiéu
hon mot, dic bidt 12 hai, tAm bét dbi, thy thudc vao vi tri va ban chét clia cc phan tu
thé khac nhau mong mubn. Mot hodc nhiéu nguyén tir cacbon khong d6i xtmg c6 thé
tdn tai & dang cAu hinh (R) hoc (S), ma c6 thé dan dén cac hdn hop triét quang trong
truong hop tAm khong ddi ximg don va hdn hop khong ddi quang trong truong hop
nhiéu tdm khong dbi xtng.

Céc chit ddng phan va chit ddng phan 1ap thé dugc tich, tinh khiét hodc tinh
khiét mé6t phan hoic cac hdn hgp raxemic hodc hdn hop cac chat dong phan khong d6i
quang ciia hop chét theo sdng ché cling ndm trong pham vi clia sang ché. Viéc tinh ché
va tach céc chit niy c6 th dugc hoan thanh bing cac k¥ thudt tiéu chuin da biét trong
linh vuc. Cac chit ddng phan dugce tach, tinh khiét, hoic duoc tinh ché mot phﬁn nay
hodc cac hdn hgp raxemic cua cic hop chét theo sang ché ciing ndm trong pham vi
clia sang ché. Viéc tinh ché va tach céc chét nay ¢6 thé duge hoan thanh bang cac ky

thuat tiéu chuin da biét trong linh vuec.

Chét ddng phan quang hoc c6 thé thu dugc béng céach tach cac hdn hop raxemic
theo quy trinh thong thuong, vi du, bang viéc tao ra cac mubi dong phan khong a6i
quang nho st dung mot axit hogdc bazo ¢6 hoat tinh vé mit quang hoc hoac tao ra cac
chét ddng phan khong dbi quang cong héa tri. Vi du vé cac axit thich hop do 12 axit
tartric, diaxetyltartric, ditoluoyltartric va axit camphorsulfonic. Hdn hop ciia cac chat
ddng phan khong dbi quang c6 thé dugc tach thanh timg chét ddng phan khong doi
quang riéng biét dua trén co s¢ vé su khac biét vat ly va/hodc hoa hoc cua chung bé‘mg
phuong phép di biét trong linh vuc, vi du, bing phuong phép sic ky hodc két tinh
phan doan. Sau d6, cdc bazo hodc axit ¢ tinh hoat quang dugc giai phong tir cac mudi
ddng phan khong dbi quang da tach. Mot quy trinh tach cac chét ddng phan quang hoc
khac lién quan dén viéc st dung phuong phap sdc ky bat ddi (vi du, cot HPLC su dung
pha bét déi), ¢6 hodc khong cAn buéde tao dan xuat thong thuong, duge lya chon mot
cach t6i wu dé tdi da hoa su tach cac chat ddng phan ddi anh. Cot HPLC thich hop sir

dung pha bat dbi 13 c6 ban trén thi trudng, nhu cac cdt dugc san xudt boi Daicel, vi

10
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du, Chiracel OD va Chiracel O, vi dy, trong s6 nhiéu loai khéc, tit c déu c6 thé duoc
chon theo cach thong thuong. Qua trinh tach enzym, c6 hodc khong c6 qua trinh tao
dan xuét, ciing ¢ thé hitu dung. Twong tu, hop chit quang hoat theo sang ché co thé
thu duoc bing qué trinh tdng hop bat ddi nho sir dung cic nguyén lidu khéi dau co

hoat tinh vé mat quang hoc.

Dé phan biét cac kiéu khac cua céc chét ddng phan véi nhau, tham khéo trong

tai liéu IUPAC Rules Section E (Pure Appl Chem 45, 11-30, 1976).

Sang ché bao gdm tét ca cac chit dong phan 1ap thé kha df ctia hop chét theo
séng ché ¢6 cong thie (VIIIa) hodc (Ixa) & dang chit dong phan 1ap thé don, hodc &
dang hdn hop bat ky ctia cac chit ddng phan lap thé nay, vi du, céc chét dong phan
(R)- hoic (S)-, theo ty 1& bat ky. Qua trinh tach mot chit ddng phan 1ap thé don, vi du
chét ddng phéan dbi anh don hodc chit ddng phan khong ddi quang don, ctia hgp chét
theo sang ché dat duoc bang phwong phép thich hop bét ky da biét trong linh vuc, nhu
phuong phép sic ky, nhét 1a phuong phap sic ky bat dbi.

Ngoai ra, hop chét theo séng ché c6 thé tdn tai & dang cac N-oxit, cac dang nay
duoc xac dinh trong do, it nhat mét nito cua hop chét theo sang ché dugc oxy hoa.

Sang ché bao gdm tat ca cac N-oxit kha di nay.

Sang ché cling bao ham céc dang hiru ich cta hop chit theo sang ché, c6 cong
thire (VIIIa) hoac (IXa) nhu cac hydrat, solvat, mubi, dac biét 1a cac mudi duge dung,

va/hodc cac chat dong két tia.

Ngoai ra, hop chét theo sang ché ¢6 cong thirc (VIIIa) hodc (IXa) ¢ the ton tai
& dang tu do, vi du & dang bazo tu do, hodc axit ty do, hodc & dang ion ludng tinh,
hoic c6 thé ton tai & dang mudi. Mubi nay c6 thé 1a mudi bét ky, mubi cong hitu co
hodc vo co, dac biét 1a mubi cong hitu co hoac vo co duge dung, 1a mudi dugc st dung
thong thuong trong linh vuc dugc, hodc duogc str dung dé tach hodc tinh ché cac hop

chét theo sang ché chang han.

Thuét ngft “mudi duge dung" dung dé chi mudi cong axit vo co hodc hitu co
ctia hop chat theo séng ché c6 cong thire (VIIIa) hoic (IXa). Chang han, xem tai liéu
S. M. Berge, et al. “Pharmaceutical Salts,” J. Pharm. Sci. 1977, 66, 1-19.
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Muédi dwoc dung thich hop cia hop chét theo sdng ché c6 cong thirc (VIIIa)
hodc (IXa) c6 thé 13, vi du, mubi cong axit ctia hop chét theo sang ché mang nguyén
t nito, trong mach hodc trong vong, vi du, mudi ndy co tinh kiém dﬁy du, nhu mudi
cong axit v4i axit vd co, hodc “axit khoang”, nhu axit clohydric, bromhydric,
hydroiodic, sulfuric, sulfamic, bisulfuric, phosphoric, hodc axit nitric chéng han, ho#ic
véi axit hitu co, nhu axit formic, axetic, axetoaxetic, pyruvic, trifloaxetic, propionic,
butyric, hexanoic, heptanoic, undecanoic, lauric, benzoic, salixylic, 2-(4-
hydroxybenzoyl)-benzoic, camphoric, xinamic, Xyclopentanpropionic, digluconic, 3-
hydroxy-2-naphtoic, nicotinic, pamoic, pectinic, 3-phenylpropionic, pivalic, 2-
hydroxyetansulfonic, itaconic, triflometansulfonic, dodexylsulfuric, etansulfonic,
benzensulfonic, para-toluensulfonic, metansulfonic, 2-naphtalensulfonic,
naphtalindisulfonic, axit camphorsulfonic, axit xitric, tartric, stearic, lactic, oxalic,
malonic, sucxinic, malic, adipic, alginic, maleic, fumaric, D-gluconic, mandelic,
ascorbic, glucoheptanoic, glyxerophosphoric, aspartic, sulfosalixylic, hoac axit

thioxyanic chang han.

Ngoai ra, mudi dugc dung thich hop khac cia hop chét theo sang ché c6 cong
thitc (VIIIa) hodc (Ixa) c6 tinh axit diy du, 1a mudi kim loai kiém, vi du, mudi natri
hodc kali, mudi kim loai kiém thd, vi du, mudi canxi, magie hodc stronti, hodc mudi
nhom hodc kém, hodc mubi amoni thu duge tir amoniac hodc tir amin hiru co bac mdt,
bac hai hoac bac ba co 1 dén 20 nguyén tir cacbon, nhu etylamin, dietylamin,
trietylamin, etyldiisopropylamin, monoetanolamin, dietanolamin, trietanolamin,
dixyclohexylamin, dimetylaminoetanol, dietylaminoetanol,
tris(hydroxymetyl)aminometan, procain, dibenzylamin, N-metylmorpholin, arginin,
lysin, 1,2-etylendiamin, N-metylpiperidin, N-metyl-glucamin, N, N-dimetyl-glucamin,
N-etyl-glucamin, 1,6-hexandiamin, glucosamin, sarcosin, serinol, 2-amino-1,3-
propandiol, 3-amino-1,2-propandiol, 4-amino-1,2,3-butantriol, hoac mubi véi ion
amoni bac bdn c6 1 dén 20 nguyén t& cacbon, nhu tetrametylamoni, tetraetylamoni,
tetra(n-propyl)amoni, tetra(n-butyl)amoni, N-benzyl-N,N,N-trimetylamoni, cholin

hodc benzalkoni.

Ngudi c6 hiéu biét trung binh trong linh vuc s& nhan thdy rang, cac mudi cong
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axit ctia hop chét yéu cu bao ho c6 cong thirc (VIIIa) hodc (IXa) c6 thé dugc diéu ché
bang phéan ung giita cac hop chit vé6i axit vo co hodc hitu co thich hgp théng qua
phuong phap bit k¥ trong sé nhidu phuong phép da biét Theo cach khéc, cac mudi cua
kim loai kiém va kim loai kiém thd cia céc hop chét axit theo sang ché c6 cong thirc
(VIIIa) hodc (IXa) dugc diéu ché bang phan tng gifta hop cht theo sang ché véi kiém
thich hop thong qua nhiéu phuong phap da biét.

Sang ché bao gbém tAt ca cac mudi co thé cia hop chét theo sang ché c6 cong
thirc (VIIIa) hodc (IXa) & dang mudi don hodc & dang hdn hop bét ky ctia cac mubi
nay, theo ty 18 bat ky.

Trir khi c6 quy dinh khéc, hu t6 cia tén hoéa hoc hodc cong thic ciu tric lién
quan dén mudi, nhu "hydroclorua", "trifloaxetat", "mudi natri", hodc "x HCI", "x
CF;COOH", "x Na™", cAn dugc hiéu khong phai 13 chi rd hé s6 ty lugng cia dang

muoi, ma chi 1a dang mudi.

Ngoai ra, sang ché bao gdm tét ca cac dang tinh thé hoic dang da hinh kha di
cta hop chat theo sdng ché c6 cong thirc (VIIIa) hodc (IXa), & dang da hinh don hodc
& dang hén hop ctia nhidu hon mot dang da hinh, theo ty 1& bat ky.

Hop chét ¢ cong thuce (VIIIa) hodc (IXa) co thé ton tai ¢ dang cac bién thé
déng vi. Vi vay sang ché bao gém mot hodc nhidu bién thé ddng vi ctia hop chét c6

cong thie (VIIIa) hodc (IXa) dac biét 1a chira doteri c6 cong thirc (VIIIa) hodc (IXa).

Thuét ngit “bién thé ddng vi” ctia hop chat hogc chat phan tmg dugc dinh nghia
12 hop chét chira ty phan khong tw nhién ciia mot hodc nhidu cta chit dong vi ciu

thanh hop chét nay.

Thuat ngit “Bién thé dong vi ctia hop chét c6 cong thue (VIIIa) hodc (IXa)”
dugc dinh nghia 1a hop chit c¢6 cong thic (VIIIa) hodc ¢6 cong thue (IXa) chira ty
phan khong tur nhién ctia mot hodc nhiéu chét déng vi cAu thanh hop chét nay.

Thuat ngit “ty phan khong tw nhién” dugc hidu 12 ty phan cua dong vi nay cao
hon dd phong phu ty nhién ctia n6. B phong phu tu nhién cua chét dong vi dugc ap
dung trong ngit canh nay dugc mod ta trong “Isotopic Compositions of the Elements

1997”, Pure Appl. Chem., 70(1), 217-235, 1998.
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Céc vi du vé céc chat ddng vi nay bao gdm céc chét ddng vi phong xa bén ciia
hydro, cacbon, nito, oxy, phospho, luu huynh, flo, clo, brom va iot, lan lwot nhu *H

(dateri), 3H (tl‘iti), HC, 13C, 14C, 15N, 170) 1802 32P, 33P, 338, 348, 358, 368, 18F, 36C1, SZBI',
1231 1241 1251 1291 va 1311‘

D&i v6i sang ché hién tai, (cac) bién thé ddng vi ctia cac hop chét c6 cong thire
chung (VIIIa) hodc (IXa) tdt hon 1a chita doteri (“cac hop chét chira doteri ¢6 cong
thire (VIIIa) hodc (IXa)”).

Céc bién thé ddng vi cia cac hop chit c6 cong thire (VIIIa) hodc (IXa) thuong
6 thé duogc diéu ché bang cac phuong phdp ma ngudi co hiéu biét trung binh trong
linh vuc nay da biét, nhu cic phuong phép dugc md ta trong cac so d6 va/hodc céc vi
du trong ban md ta nay, bang cach thay thé chat phan (g bang bién thé dong vi cla
chit phan ung nay, tot hon 13 bang chét phan tmg chira doteri. Tuy thudc vao cac vi
tr{ doteri mong mudn, trong mot sd trudng hop doteri tir D20 ¢6 thé duogc két hop truc
tiép vao hop chat hodc vao chit phan ung hiru ich dé tdng hop cac hop chat nayKhi
doteri ciing 1a chat phan g hitu higu dé két hop doteri vao cac phén tir. Su doteri hda
¢6 x0c tac dbi véi lién két olefin va lién két axetylen 1a cach nhanh chong dé dua doteri
vao. C4c chit xuc tac kim loai (nghia 13 Pd, Pt, va Rh) v6i sy 6 mét cua khi doteri c6
thé dugc str dung dé trao dbi truc tiép doteri cho hydro trong cic nhém chirc chira
hydrocacbonNhiéu loai chit phan (mg doteri héa va khéi kién tao tong hop c6 ban trén
thi truomg tir cdc cong ty, vi du nhu C/D/N Isotopes, Quebec, Canada; Cambridge
Isotope Laboratories Inc., Andover, MA, USA; va CombiPhos Catalysts, Inc.,
Princeton, NJ, USA.

Thuat ngft “hop chét chira doteri c6 cong thue (VIIIa) or (IXa)” duge dinh nghia
1a hop chét ¢6 cong thire (VIIa) hodc ¢6 cong thire (IXa), trong d6 mot hodc nhiéu
nguyén t hydro dugc thay thé bing mot hozc nhiéu nguyén tir doteri va trong d6 do
phong phu cua doteri tai mdi vi tri doteri hoa cua hop chét c¢6 cong thic (VIIIa) hodc
(IXa) cao hon do phong phti tu nhién cta doteri, khoang 0,015%. Dac biét, trong hop
chét chura doteri c6 cong thire (VIIIa) hodc (Ixa) dd phong phu ctia doteri tai moi vi tri
doteri hoa hop chét c6 cong thirc chung (I) cao hon 10%, 20%, 30%, 40%, 50%, 60%,
70% hodc 80%, tt hon 1a cao hon 90%, 95%, 96% hodc 97%, 6t hon nita 1a cao hon
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98% hoiic 99% tai cAc vi tri d6. CAn phai hiéu rdng d6 phong pht clia doteri tai moi vi

tri doteri héa phu thudc vao do phong phu cta doteri tai cac vi tri doteri hoa khac.
Phuong phéap didu ché hop chét ¢6 cong thire (I) theo sang ché dugc dic trung

boi cac budce didu ché ¢6 uu diém khéc nhau va cac hop chét trung gian khac nhau, c6

thé dugc minh hoa boi so dd sau:

B B
o’ Vs o Q
\ 2 R \ 2
(MNa) (llib)

(Mia) (Viib) )

Quy trinh tdng hop m&i tir hop chét trung gian (I1) thanh hop chét ¢6 cong thirc
(1) ¢6 mdt s6 wu diém so vé6i quy trinh duge md ta trong WO2016020320A1. Quy trinh
mai nay tao ra it nhit mot hodc nhiéu hon mot wu diém sau day so v&i quy trinh d& md
ta trudce day:

° Khéng can budce tinh ché bang sic ky, khong can hop chat trung gian c6
cong thirc (VIIIa) hoac (IXa) cling nhu cac hop chét trung gian c¢6 cdng thirc (VIla)
hoac (VIIb).

o Khoéng st dung thiét bi phan timg vi song.

o Hai hop chét trung gian méi (VIIIa)/(VIIIb) va (IXa)/(IXb) la cac hop
chét két tinh, c6 thé duoc phan 1ap va tinh ché d& dang bang cach két tinh, dac biét 1a

béng cach sir dung cac dung moi than thién véi moi truong, chang han nhu isopropanol
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va n-butanol.

e Thoi gian phan Gmg ngén hon.

o Hiéu suét tdng thé gia ting déng k&. Khi tinh dén hiéu suét ot nhét cua
m&i budc hiéu suét tong thé duoc gia ting theo hé s6 khoang 2, dan dén hiéu suat ly
thuyét theo quy trinh méi 1a khoang 49,0% so vé6i hiéu suét Iy thuyét theo quy trinh
dugc mo ta trong W0O2016020320A1 1a 23,6 %.

° D0 tinh khiét cua hop chat c6 cong thirc (T) duoc gia tang dang ké, chang
han:

o  Giatri paladi con du 1a rat thip (< 10 ppm)

o Giatribo con du la rat thip (< 10 ppm)

° Dung moi con du tuan theo cac yéu cau quy dinh.

. Quy trinh méi cho phép san xuét dang da hinh B ctia hop chat c6 cong
thtre (I) & quy mo 16n.

Quy trinh theo sang ché dé didu ché hop chit c6 cong thue (I)/(la) duogc dic
trung boi it nhat mot trong s6 cac budce sau:

1. Téng hop hop chét c¢6 cong thire (I) hodce (Ia) qua hop chét trung gian c6
cong thirc (VIIa) hodc (VIIb) bt dau tir hop chét trung gian ¢ cong thirc (IXa) hogc
(IXD).

2. Tbng hop hop chét trung gian c6 cong thirc (IXa) hode (IXb) bang cach
cho hop chét trung gian c6 cong thirc (VIIIa) hogc (VIIIb) phan tmg véi hop chét ¢6
cong thic (VIa) hodc (VIb).

3. Tbéng hop hop chét trung gian c6 cong thire (VIITa) hodc (VIIIb) bét dau
tir hop chét c6 cong thire (I1) hodc (I1a).

Quy trinh theo sang ché dé diéu ché hop chit c6 cong thire (I) va cac bude quy
trinh riéng biét ciia n6 con dugc dic trung boi cac hop chét trung gian méi (IXa)/(IXb)

(xem phin 4.) va (VIIIa)/(VIIIb) (xem phan 5.) va tao ra hop chat c6 cong thire (I) v6i
do tinh khiét cao (xem phan 6.).

16

16/131



42364 17/131

1. Tdng hop hop chét ¢c6 cong thire (I) hodc (Ia) qua hop chét trung gian cé cong
thirc (VIIa) hoic (VIIb) bit diu tir hop chét trung gian c6 cong thirc (IXa) hoac (IXb)

Theo mdt khia canh, sang ché dé cap dén phwong phap diéu ché hop chét c6
cong thtc (I)

@,

hodc hdn hgp clia chung,
phuong phap nay bao gdm cac budc lién tiép:

(a)  cho hop chit trung gian c6 cong thirc (IXa)

17
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trong do:

R' 12 nguyén t& clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyljoxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

phan tng v&i hop chét ¢6 cong thire (I1Ta) hodc (ITIb)

R4
/
— \ 4 N
L(N—R E/(N
,B\ B\
< O\R3 o O\R3
R’ hoac R?
(ITa) (IIIb),
hozc hdn hop cua ching,

trong d6
R2 va R? doc 1ap v6i nhau 12 nguyén tir hydro hodc nhém Ci-Cs-alkyl;
hodc

R2va R3 ciing nhau 1a nhém -CH,-CHz- hodc nhém -CHz-CHz-CHz-, trong d6
nhéom -CH-CHa- hodc nhom -CHz-CHz-CHz- dd néu tuy y dugc thé mét, hai, ba hoic
bdn 14n bang nhém duge chon tir metyl va etyl;

hoac

R?va R? cung nhau 1a nhém

* *

H,C ; CHj

b

trong d6 "*" 1a diém gan v&i phan con lai ciia phéan t;
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va

R*1a nhém duoc chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-metoxyetyl, 1-
metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl;

dé thu dugc hop chat trung gian c6 cong thirc (VIIa) hodc (VIIb)

(VIIa) (VIIb),

hoic hén hop ctia chung,
trong do

R*1a nhém duoc chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-metoxyetyl, 1-
metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl; va

(b)  loai nhém R* ra khoi hop chét trung gian c¢6 cong thuc (VIIa) hoac
(VIIb), do d6 tao ra hop chét c6 cong thire (I), hodc chét hd bién ciia n6 ¢6 cong thire
(Ta), hodc hdn hgp cta chung.

Theo mdt phuong 4n khéac ctia phuong phap theo sang ché R! ctia hop chét 6
cong thire (IXa) 1a nguyén tir clo hoéc brom, t6t hon 1a nguyén tw clo.

Hop chét c6 cong thitc (IXa), trong d6 R! 1a nguyén tit clo 1a hop chat duge wu
tién ¢6 cong thirc (IXb):
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Theo mot phuwong an khac ctia phuong phép theo sang ché, R! ciia hop chét co
cong thuc (IXa) 1a nhém dugc chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy,
[(4-isopropylphenyl)sulfonyl]oxy,[(2,4,6-triisopropylphenyl)sulfonyl]oxy,

[(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-fert-butylphenyl)sulfonyljoxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong an khéac cta phuwong phép theo sang ché, R! cia hop chét c6
cong thouc (IXa) la nhém dugc chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy va (p-toluensulfonyl)oxy.

Theo mot phuong 4n khéc clia sang ché, R? va R’ cua hop chét c6 cong thic
(IIa) hodc (IIIb) ddc 1ap voi nhau 12 nguyén tir hydro hoac nhom C1-Cs alkyl, tbt hon
1a nhém metyl hodc etyl.

Theo mdt phuong 4an khac cua sang ché, R? va R® ciia hop chat c6 cong thirc
(IlIa) hozc (ITIb) ciing nhau 12 nhém -CH2-CHz- hogc nhém -CH»-CHa-CHo-, trong dé
nhém -CHa-CHs- hodic nhém -CH,-CH,-CHa- thly ¥ dugce thé mot, hai, ba hodc bon
14n bang nhém duge chon tir metyl va etyl.

Néu R? va R3 cua hop chit ¢6 cong thie (Illa) hode (IIb) cing nhau la nhém
-CH»-CHa- hodc nhém -CH,-CH,-CHa-, nhém -CHa-CHa- hodc nhém -CH»-CHoz-
CHa- d4 néu cung v6i nguyén tir bo va nguyén tir oxy ma nhom nay gén vao tao thanh
vong 5 hodc 6 canh.

Theo mot phuong 4n khéc ciia séng ché, R? va R® cta hop chét c¢6 cong thic
(IITa) ho#c (I1Ib) cung nhau 1a nhom

* *

H,C ; CH

trong d6 "*" 1a diém gan voi phan con lai ctia phan tu.

3

b

Theo mdt phuong an khéc cua sang ché, R2 va R? cua hop chét c6 cong thice
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(IT1a) hodc (IIb) cung nhau 13 nhém -C(CHj3)>-C(CHs)2- hodc nhém -CHz-C(CH3z)z-
CHos-.

Theo mdt phuong 4n dugce wu tién cua sang ché, R? va R? clia hop chat ¢ cong

thirc (I11a) hoac (IIb) cling nhau 1a nhém -C(CHs)2-C(CHs)o-.

Theo mdt phuong an dugc wu tién clia sang ché, hop chat c6 cong thire (I1la) 1a
pinacol este clia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic (c6 cong
thirc [c):

0
(Illc)

Hop chét c6 cong thuc (I11a), (ITIb) hodc (ITlc) san c6 trén thi truong hodc cd
thé dugc tdng hop bing phuong phap da biét dbi véi ngudi c6 hiéu biét trung binh
trong linh vuc.

Theo mot phuong an khac cua sang ché, R ciia hop chét c6 cong thuc (Illa),
(I1Ib), (VIIa) hogc (VIIb) 1 nhém dugc chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-
metoxyetyl, 1-metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl.

Theo mdt phwong an duge uu tién cua sang ché, R* cia hop chét c6 cong thue

(IlIa), (ITIb), (VIIa) hodc (VIIb) 1a nhom tetrahydro-2H-pyran-2-yl.

Theo mot phuong an dugce vu tién khic cua sang ché hop chét trung gian c6

cobng thie (VIIa) 1a hop chét ¢6 cong thic (VIIc)

(VIIc).

Theo mot phuong an dugce uu tién khac cua sang ché hop chét trung gian c6
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cong thuc (VIIa) 1a hop chét c6 cong thire (VIId)

(VIId).

Theo mot phuong an duge uu tién khac cua sang ché hop chét trung gian c6
cong thire (VITa) 1a hdn hop, cu thé 1a hdn hop 1 : 1, ctia cac hop chat c6 cong thie
(VIIc) va (VIId). Hon hop 1 : 1 da néu 1a (3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-
y1)-8-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-1,7-naphtyridin-2-
yl)morpholin, con dugc goi la hop chét ¢6 cong thire (VIIc/VIId) sau day:

(VIIc/VIId)

Theo mdt phuong an khac cua phuong phap theo sang ché hop chét trung gian
¢6 cong thire (IXa) duge cho phan tmg v6i hop chét c6 cong thirc (Il1a).

Theo mot phwong an dugc vu tién ciia phuwong phap theo sang ché (R)-4-(8-
clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb)
duge cho phan tmg vé&i pinacol este cia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-boronic (IIlc).

Theo mot phuong an dugc vu tién ctia phuong phép theo sang ché, hop chét c6
cong thire (IXa) 14 (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-
metyl-morpholin; va/hodc hop chit ¢6 cong thirc (Illa) 14 pinacol este cua axit 1-
(tetrahydro-2H-pyran-2-yl)- 1 H-pyrazol-5-boronic; va/hodc hop chat c6 cong thuc
(VIla) 1a (3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-yl)-8-(1-(tetrahydro-2H-pyran-2-
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yl)-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)morpholin.

Theo modt phuong an khac ciia phuwong phép theo sang ché hop chit trung gian
¢ cong thire (IXa) dugce cho phan tmg v6i 0,95 - 2,0 duong lugng phén tir gam cua
hop chét c6 cong thire (ITa) hodc (ITIb), tét hon 1a v6i 1,0 - 1,7 duong lugng phan tur
gam clia hop chét c6 cong thire (I1a) hode (ITTb), tot nhat 12 v6i 1,2 - 1,5 duong hugng
phan tir gam cia hop chét c6 cong thie (Illa) hodc (I1Ib).

Theo mdt phuong an khac ciia phuong phap theo sang ché hop chét trung gian
c6 cong thirc (IXa) dugc cho phéan ung véi 0,95 - 2,0 dwong lugng phan tr gam
pinacol este clia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic (IIIc), t6t
hon 12 vé6i 1,0 - 1,7 duong luwong phan tr gam pinacol este cua axit 1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-boronic (IIlc), tdt nhét 1a voi 1,2 - 1,5 dwong lugng phén tir
gam pinacol este clia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic (IIlc).

Theo mdt phuong an khac cia phuong phép theo sang ché (R)-4-(8-clo-4-(1-
metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb) dugc cho
phan tmg véi 0,95 - 2,0 duong lugng phan tir gam pinacol este clia axit 1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-boronic (IIlc), tothon 1a véi 1,0 - 1,7 duong lugng phan
tr gam pinacol este ctia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic
(IlIc), t6t nhat 14 v6i 1,2 - 1,5 duong luong phén tr gam pinacol este cua axit 1-

(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic (Illc).

Theo mot phuong an khac ctia phuong phap theo sang ché, hop chat c6 cong
thie (IITa) hoic (IIIb), déc biét 1 pinacol este cla axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic (Illc), duoc hoa tan trong dung moi, chang han trong
isopropylaxetat, etyl axetat, 1,2-dimetoxyetan, dioxan, N,N-dimetylformamit
(=DMF), 1,2-dimetoxyetan (=DME), tetrahydrofuran (=THF), 2-metyl-
tetrahydrofuran (=2-Me-THF) hodc isopropanol.

Theo mot phuong an dugc wu tién ciia phuong phap theo sang ché hop chat ¢6
cong thie (I11a) hodc (I1Tb), dac biét 1a pinacol este clia axit 1-(tetrahydro-2H-pyran-
2-yl)-1H-pyrazol-5-boronic (Illc), dugc hoa tan trong isopropyl axetat hodc etyl
axetat, tot nhat 13 etyl axetat.
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Theo mdt phuong an khac ciua phuong phéap theo sang ché, hop chét c6 cong
thire (IXa) hodc (IXb) dugc hoa tan trong dung mdi, chang han trong isopropylaxetat,
etyl axetat, 1,2-dimetoxyetan, dioxan, N,N-dimetylformamit (=DMF), 1,2-

dimetoxyetan (=DME), tetrahydrofuran (=THF), 2-metyl-tetrahydrofuran (=2-Me- |

THF) hoac isopropanol.

Theo mot phuong an duge uu tién cua phuong phép theo sang ché, hop chét c6
cong thire (Ixa) hodc (IXb), dac biét 1a (IXb), dugc hoa tan trong isopropyl axetat hodc
etyl axetat, tot nhét 13 etyl axetat.

Theo mot phuong an khac cia phuwong phap theo sang ché, phan tng cua hop
chét trung gian c¢6 cong thic (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v6i hop chat c6 cong thirc
(ITla) hodc (IIIb), dac biét 1a voi pinacol este cla axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, dugc thyuc hién trong 1 - 36 gio, dic biét 1a trong 1,5 — 5 gio,
t6t hon 1a trong 1,5 - 3 gid, tot nhat 13 trong 100 - 140 phut.

Theo mot phuong an khac ctia phuong phap theo sang ché, phan tng cua hop
chét trung gian c¢6 cong thac (IXa), ddc biét la cla (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v&i hop chét c6 cong thuc
(IT1a) hodc (IIIb), dac biét 1a voi pinacol este cua axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, dugc thuc hién v6i su c6 mét cia hé chét xuc tac thich hop,

chéng han nhu chét xuc tic paladi.

Theo mot phuong an khac ctia phuong phap theo sang ché, chat xuc tac paladi
duge chon tir nhém gdm [1,1'-bis(diphenylphosphino)feroxen]diclo paladi(Il), paladi
(II) axetat, bis(triphenylphosphin)paladi(I)diclorua,
diclobis(trixyclohexylphosphin)-paladi(II), (2-dixyclohexylphosphino-2',4',6'-
triisopropyl-1,1'-biphenyl)[2-(2-aminoetyl)phenyl)|paladi(ID)clorua, clo(2-
dixyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-(2"-amino-1,1"-
biphenyl)]|paladi(Il), tetrakis(triphenylphosphin)-paladi(0), bis(tri-tert-
butylphosphin)paladi(0), bis[tris(2-metylphenyl)phosphin]-paladi(0),
tris(dibenzylidenaxeton)di-paladi(0).
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Theo mot phuong an dugc vu tién ciia phuong phép theo sang ché, chét xuc tac

paladi 14 [1,1'-bis(diphenylphosphino)feroxen]diclo paladi(II).

Theo mot phuong an khéac cia phuong phap theo sang ché, phan tng cua hop
chét trung gian c¢6 cong thic (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v6i hop chat c¢6 cong thirc
(Il1a) hodc (I1Ib), dic biét 1a véi pinacol este cua axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, dugc thuc hién v6i sy ¢6 mét ctia 0,001-0,1 duong luong phan
tir gam, tét hon 1a cua 0,005-0,05 duwong lugng phén tir gam, tot nhat 14 ciia 0,01-0,03
duong luong phan tir gam cua chat xuc tac paladi, tot hon 1a cta [1,1'-

bis(diphenylphosphino)feroxen]diclo paladi(II).

Theo mdt phuong an khac cua phuong phap theo sang ché, phan tmg cua hop
chét trung gian c6 cong thic (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), véi hop chét c6 cong
thie (Il1a) hodc (IIIb), dac biét 12 v4i pinacol este cla axit 1-(tetrahydro-2H-pyran-2-
y1)-1H-pyrazol-5-boronic (Illc), dugc thuc hién trong dung moéi hiru co, trong do dung
modi nay bao gém isopropyl axetat, etyl axetat, 1,2-dimetoxyetan, 1,4-dioxan,
dimetylformamit, tetrahydrofuran, 2-metyltetrahydrofuran, metanol, etanol, 1-
propanol, isopropanol, 1-butanol hogc 2-butanol; hogc trong d6 phan tmg da néu dugc

thuc hién trong hdn hop dung moi gom mét hodc nhiéu dung moi da néu va nude.

Theo mot phuong an khéac ctia phuong phap theo sang ché, phan tmg cua hop
chit trung gian c6 cong thirc (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v&i hop chét c6 cong thic
(IT1a) hozc (IIIb), dac biét la voi pinacol este clia axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, dugc thuc hién trong dung méi hitu co, trong d6 dung moi bao
gOm isopropyl axetat v etyl axetat; hodc trong d6 phan Gng da néu dugc thyc hién
trong hon hgp dung moi gdm isopropyl axetat va nudc hoac gbm etyl axetat va nudc.

Tét hon 1a hdn hop dung mdi gdm etyl axetat va nude.

Theo mot phuong an khéac cia phuong phap theo sang ché, phan tmg cua hop
chit trung gian c6 cong thire (IXa), dac biét la cla (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v6i hop chét c¢6 cong thirc
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(Il1a) hodc (I1Ib), dic biét 12 véi pinacol este cia axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, 5 — 20 kg dung mdi hitu co, tdt hon 12 6 —15 kg dung mdi hiru
co, t6t nhat 13 7 — 11 kg dung méi hitu co dugc st dung trén mot kg hop chét c6 cong
thirc (IXa). Dung mdi hitu co duge uu tién bao gdm isopropyl axetat hodc etyl axetat,
hdn hop dung méi dugce wu tién gdm isopropyl axetat va nudce hodc hon hop bao gbdm

etyl axetat va nudc.

Theo mot phuwong an khac ciia phuong phap theo sang ché, phan tmg cta hop
chét trung gian c6 cong thic (IXa), dac biét la cia (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), v6i hop chét c6 cong
thire (ITa) hodc (IIIb), dic biét 1a v6i pinacol este cla axit 1-(tetrahydro-2H-pyran-2-
y1)-1H-pyrazol-5-boronic (Ilc), 5 — 20 kg dung mdi hiru co va 1 - 5 kg nudc, t6t hon
1a 6 —15 kg dung méi hitu co va 1 - 4 kg nudc, tdt nhat 1a 7 — 11 kg dung mdi hitu co
va 1,5 — 2,5 kg nudc duge su dung trén mot kg hop chét co cong thirc (IXa) hodc
(IXb).

Theo mdt phuong 4n khac ciia phuong phép theo sang ché, phan tmg cua hop
chét trung gian c6 cong thiuc (IXa), dac biét la ciua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), véi hop chét cé cong
thie (II1a) hodc (ITIb), dic biét 1a véi pinacol este cia axit 1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-boronic (I1lc), dugc thue hign v6i sy ¢6 mat cua bazo. Cac bazo nhu
kali phosphat, kali cacbonat, kali hydro cacbonat, natri phosphat, natri cacbonat, natri
hydro cacbonat, bari hydroxit, bari cacbonat, xesi cacbonat hogc lithi cacbonat c6 thé
duoc st dung. Kali phosphat hodc natri phosphat dugc uu tién, tdt nhét 1a kali
phosphat.

Theo mot phuong an khac ctia phuong phéap theo sang ché, phan tmg cta hop
chat trung gian c¢6 cong thic (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), v6i hop chat ¢6 cong
thire (I1a) hodc (IlIb), dic biét 1a véi pinacol este cua axit 1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-boronic (Illc), dugc thuc hién v6i sy 6 mét cua 1 - 15 duong luong
phan tir gam, t6t hon 1a cua 2 - 11 dwong lugng phan tir gam, t6t nhat 1a cua 3 - 10

duong luong phéan tir gam bazo.
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Theo mot phuong an khac ctia phuong phép theo sang ché phan {mg cta hop
chét trung gian c6 cong thirc (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), v6i hop chét c6 cong
thue (I11a) hodc (IIIb) dugce thuc hign véi su ¢6 mat cua chét xuc tac paladi va/hodc

bazo.

Theo mdt phuong an khac ciua phuong phap theo sang ché, phan tmg cua hop
chét trung gian c6 cong thirc (IXa), dac biét 1a cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), v6i hop chét c6 cong
thire (Illa) hoac (I1Ib), dic biét 1a v6i pinacol este cia axit 1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-boronic (IIlc), dugc thuc hién ¢ nhi€t do nam trong khoang tr nhiét

dd trong phong dén diém sdi ctia dung moi.

Theo mdt phuong an khac cia phuong phap theo sang ché, phan tmg cta hop
chét trung gian c6 cong thuc (IXa), dac biét la cua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), v6i hop chét c6 cong
thire (Illa) hodc (IIb), dac biét 1a v&i pinacol este cia axit 1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-boronic (IIlc), dugc thuc hién trong diéu kién 4p suat & nhiét do cao
hon diém soi.

Theo mot phuong an khéac ctia phuong phép theo sang ché, phan tmg cua hop
chét trung gian c6 cong thic (IXa), dac biét 1a ciua (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v&i hop chat c6 cong thirc
(Illa) hodc (ITIb), dac biét 1a v&i pinacol este cia axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, dugc thuc hién trong isopropyl axetat hodc trong isopropyl

axetat v nudc & nhiét do 55 — 75 °C, tdt hon 1 & 60 — 70 °C, t6t nhat 1a ¢ 65 °C.

Theo mot phuong an khac ctiia phuong phap theo sang ché, phan tmg cua hop
chét trung gian c6 cong thic (IXa), dac biét la cta (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin, v6i hop chét c6 cong thic
(Illa) hosc (ITIb), dac biét 1a v4i pinacol este cia axit 1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-boronic, duoc thuc hién trong etyl axetat hodc trong etyl axetat va nudc

& nhiét do 45 — 65 °C, t6t hon 12 ¢ 50 — 60°C, t6t nhét 1a & 55°C.
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Cu thé 13, néu phan Gmg ciia hgp chét trung gian c6 cong thirc (IXa), t6t hon 1
cua (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-
morpholin, v6i hop chét c6 cong thire (Illa) hogc (11Ib), tdt hon 14 véi pinacol este cua
axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic, dwgc thuc hién trong hdn
hop gbdm etyl axetat va nudc, etyl axetat dd néu va nuée da néu dugc khuéy, dac biét
la duoc khqu manh. T6t hon 14 etyl axetat va nu6e duoc khqu trong diéu kién dam

béo rang pha etyl axetat va pha nu6e dugc tron mot cach thich dang.

Theo mdt phuong an duge wu tién cua phuwong phap theo sang ché, phan tng
ctia hop chat trung gian c6 cdng thirc (IXa), dac biét 1a cta (R)-4-(8-clo-4-(1-metyl-
1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb), v6i hop chat cé
cong thirc (IIa) hodc (I1Ib), dac biét 1a v4i pinacol este cla axit 1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-boronic (IIlc), duge thuc hién trong moéi trudng khi tro,

trong d6 khi tro nay 1a nito hodc argon, t6t hon 12 nito.

1.1 Xur Iy tiép theo hop chit trung gian c¢6 cong thire (VIIa), (VIIb), (VIIc), (VIId)
hodc (VIIc/VIId)

Theo mdt phuong an khac cia phuong phdap theo sang ché, hop chat trung gian
c6 cong thire (VIIa) hodc (VIIb), thu duge tir phan Umg cta hop chét trung gian c6
cong thire (IXa) véi hop chét trung gian c6 cong thirc (IIla) hodc (IIIb), khong dugc
tach sau phan tng nay (“hop chit trung gian thd c6 cong thirc (VIIa) hodc (VIIb)”
trong phan du6i ddy) va/hodc hop chét trung gian c6 cong thirc (VIla) hodc (VIIb)
khong dugc tinh ché.

Theo mot phuong 4n dugc wu tién ciia phuong phéap theo sang ché hop chét
trung gian c¢6 cong thirc (VIIc/VIId), thu duge tir phan ung cua hop chét trung gian c6
cong thirc (IXb) véi hop chét trung gian c6 cong thire (I1Ic), khong dugce tach sau phan
{mg nay (“hop chat trung gian thé c6 cong thirc (VIIc/VIId)” trong phan dudi day)
va/hodc hop chét trung gian c6 cong thie (VIIe/VIId) khong duge tinh ché.

Theo mdt phuong an khac ctia phwong phap theo sang ché, hop chat trung gian
c¢6 cong thie (VIIa) hodc (VIIb) khong dugc tach va/hodc khong dugc tinh ché trude
khi loai bo nhoém R* ra khoi hop chét trung gian c6 cong thirc (VIIa) hodc c¢6 cong thire
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(VIIb). Hop chét trung gian thd ¢6 cong thirc (VIIa) hodc (VIIb) dugc chuyén hoa truc
tiép thanh hop chét c6 cong thie (1), hodc thanh chét hd bién cta né ¢6 cong thirc (a),
bang cach loai bé nhém R* ra khoi hop chét c6 cong thirc (VIla) hodc (VIIb).

Theo mdt phwong 4n dugc uu tién cia phwong phép theo sang ché, hop chét
trung gian c6 cong thue (VIc), (VIId) hodc (VIIc/VIId) khdng dugc tach va/hodc
khong dugc tinh ché trudce khi loai bd nhém R* ra khoi hop chét trung gian c6 cong
thue (VIIc), (VIId) hoac (VIIc/VIId). Hop chét trung gian thd c6 cong thirc (VIIc),
(VIId) hodc (VIIc/VIId) dwge chuyén hoa truc tiép thanh hop chét c6 cong thic (),
hoc thanh chit hd bién ctia n6 c6 cong thirc (Ta), bang cach loai bo nhom R* ra khoi

hop chat c6 cong thire (VIIc), (VIId) hodc (VIIc/VIId).

Theo mdt phuong an khac cua phuong phép theo sang ché, hop chat trung gian
¢6 cong thie (VIIa), (VIIb), (VIIc), (VIId) hogc (VIIc/VIId) khdng dugc tach va/hoac
khong duoc tinh ché trudce khi loai bo nhém R* ra khéi hop chét trung gian c6 cong
thie (VIIa), (VIIb), (VIIc), (VIId) hoac (VIIc/VIId), va sau phan ting cua hop chét
trung gian c6 cong thirc (IXa) hodc (IXb) véi hop chét c6 cong thirc (ITa), (I1Ib) hodc
(IIc) va trude khi loai bo nhom R* ra khéi hop chét trung gian c6 cong thirc (VIIa),
(VIIb), (VIIc), (VIId) hodc (VIIc/VIId), dung mdi hodc hdn hop dung mdi cua phan
tng d néu duoc thay bing mot dung mdi khéc (“dung moi X” trong phan duéi day),
trong d6 dung mo6i X bao gdbm dung moi dugc chon tir diclometan, etyl axetat,
isopropyl axetat, tetrahydrofuran, 2-metyl-tetrahydrofuran, toluol, cloroform hoac hdn

hop clia no; va, tuy y,

a) dung mdi X dugc rira bang dung dich nude clia bazo duge chon tir kali
hydroxit, kali cacbonat, kali hydro cacbonat, kali hydroxit, kali ferz-butoxit, natri
hydroxit, natri phosphat, natri cacbonat, natri hydroxit, natri tert-butoxit, bari hydroxit,
xesi cacbonat, trietylamin; tot hon 12 dung mdi X dugc rira bang kali hydroxit; va, tiry
¥

b)  dung mdi X duge xi ly bing chat hép phu; tét hon 1a chat hap phu nay
1a than hoat tinh; va tuy y

c) chét hép phu, dac biét 1a than hoat tinh, dugc loc;
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d& thu duge dung dich chita hgp chit c6 cong thie (VIIa), (VIIb), (VIIc), (VIId)
hodc (VIIc/VIId) trong dung moi X.

Chét hép phu thich hop, ching han nhu than hoat tinh (= cacbon hoat tinh), cac
oxit nhu céc oxit cia Al, Mg, Th, Ti, Zr va B, va hdn hop cta ching, axit silicic, axit
boric, silicat nhu dit tao diatomit, kieselguhr va silicagel; dat tAy mau, dat florida, va
dét sét nhu bentonit, montmorilonit va dét sét duge xu ly bé‘mg axit, nhua, nhdm dugc

hoat héa hoic zeolit 12 da biét ddi voi ngudi c6 hiéu biét trung binh trong linh vue.

Theo mot phuwong an khéc ciia phuong phép theo sang ché, hop chit trung gian
¢6 cong thire (VIIa), (VIIb), (VIIc), (VIId) hodc (VIIc/VIId) khong dugc tach va/hoac
khong duoc tinh ché trude khi loai bo nhom R* ra khoi hop chét trung gian ¢6 cong
thae (VIIa), (VIIb), (VIIc), (VIId) hodc (VIIc/VIId), va sau khi phan Gmg ctia hop chét
trung gian c6 cong thirc (IXa) hoac (IXb) v6i hop chét ¢6 cong thirc (I11a), (I1Ib) hodc
(IlIc) va trude khi loai bd nhom R* ra khoi hop chét trung gian c6 cdng thuce (VIla),
(VIIb), (VIIc), (VIId) hoac (VIIc/VIId), dung moi hodc hdn hop dung moi ciia phan
g d3 néu, dic biét 1a etyl axetat cung/khong cing véi nude, hodc isopropyl axetat
cung/khong cung véi nuée, dugc thay bang mot dung mdi khac bao gdm diclometan;
va, tuy y,

a) dung dich diclometan thu dugc dugc rira bang dung dich nuge cua bazo
duoc chon tir kali hydroxit, kali cacbonat, kali hydro cacbonat, kali hydroxit, kali fert-
butoxit, natri hydroxit, natri phosphat, natri cacbonat, natri hydroxit, natri tert-butoxit,
bari hydroxit, xesi cacbonat, trietylamin; tot hon 13 diclometan dugc rira béng kali

hydroxit; va, tuy y,

b) dung dich diclometan thu dugc duge xut ly bang chit hap phy; ot hon 1a
chét hap phu nay 1a than hoat tinh; va ty ¥

¢)  chét hép phu, dic biét 14 than hoat tinh, duoc loc;

Pé thu duoc dung dich chira hop chat c6 cong thie (VIIa), (VIIb), (VIIc),
(VIId) hodc (VIIc/VIId) trong diclometan.

Theo mdt phuong 4n khac cua phuong phap theo sang ché, hop chét trung gian
c¢6 cong thire (VIIc/VIld) khong duge tach va/hodc khong duge tinh ché trugce khi loai
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b6 nhém R* ra khoi hop chat trung gian c6 cong thie (VIIc/VIId), va sau khi phan ing
cua (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-
morpholin (IXb) véi pinacol este cta axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-
5-boronic (IIIc) va trudc khi loai bo nhém R* ra khoi hop chét trung gian c6 cong thirc
(VIIc/VIId), dung moi hodc hdn hop dung méi cia phan ung da néu, ddc biét 1a
isopropyl axetat cing/khong cung v&i nude hodc etyl axetat cing/khdng cung véi

nude, duoc thay bing mot dung mdi khac bao gbm diclometan; va,

a) dung dich diclometan thu dugc dugc rua bang dung dich nudc cua bazo
duoc chon tir kali hydroxit, kali cacbonat, kali hydro cacbonat, kali hydroxit, kali zerz-
butoxit, natri hydroxit, natri phosphat, natri cacbonat, natri hydroxit, natri ferz-butoxit,
bari hydroxit, xesi cacbonat, trimetylamin, tot hon 12 diclometan dugc rira béng kali

hydroxit; va/hodc

b)  dung dich diclometan thu dugc dugc xir ly bing chat hip phu; tot hon la
chét hip phu nay 1a than hoat tinh; va chét hip phu nay dugce loc;

& thu duge dung dich da duoc tinh ché chtra hop chét trung gian c6 cong thirc
(VIIc/VIId) trong diclometan (“dung dich da duge tinh ché chira hop chét trung gian
¢6 cong thie (VIIc/VIId) trong diclometan” trong phan dudi day).

Theo mdt phuong an khéc ciua phuong phap theo sang ché, hop chét trung gian
¢6 cong thie (VIIa), (VIIb), (VILc), (VIId) hodc (VIIc/VIId) khong dugc tach va/hodce
khong duoc tinh ché trude khi loai bo nhém R* ra khoi hop chét trung gian c6 cong
thtre (VIIa), (VIIb), (VIIc), (VIId) hodc (VIIc/VIId), va sau khi phan ing cua hgp chat
trung gian c6 cong thirc (IXa) hodc (IXb) v6i hop chét c6 cong thirc (I11a), (11Ib) hodc
(Illc) va trudce khi loai bd nhém R* ra khoi hop chét trung gian c6 cong thire (VIIa),
(VIIb), (VIIc), (VIId) hogc (VIIc/VIId), dung mdi cua phan ung da néu, ddc biét 1a
etyl axetat cung/khdng clng véi nudc hodc isopropyl axetat ciing/khong cung voi
nudc, tot hon 1a etyl axetat va nudce, dugce rira bang nudce va/hodc duge xtt Iy bing chat
hép phu, dugc x4c dinh & trén, dac bi¢t 1 v6i than hoat tinh, dé thu duoc dung dich da
duogc tinh ché chira hop chét trung gian c6 cong thie (VIla), (VIIb), (VIIc), (VIId)
hodc (VIIc/VIId), dic biét 12 dung dich dd duoc tinh ché trong etyl axetat hodc
isopropyl axetat (“dung dich da dugc tinh ché chira hop chat trung gian c6 cong thirc
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(VIIa), (VIIb), (VIIc), (VIId) hodc (VIIc/VIId) trong etyl axetat hodc isopropyl axetat”
trong phan dudi day).

Theo mdt phuong an khac ctia phuong phap theo sang ché, hop chat trung gian
c¢6 cong thire (VIIc/VIId) khong dugce tach va/hodc khong duoc tinh ché truGe khi loai
bd nhém R* ra khoi hop chét trung gian c6 cong thire (VIIc/VIId), va sau khi phan tmg
ctia hop chét trung gian c¢6 cong thire (IXb) vdi hop chét c6 cong thire (Ilc) va trude
khi loai bé nhém R* ra khoi hop chét trung gian c6 cong thire (VIIc/VIId), dung moi
clia phan tig da néu, dic biét 1a etyl axetat cung/khong cung v6i nudce hode isopropyl
axetat cung/khong cung véi nudc, t6t hon 13 etyl axetat va nuéGe, dugc ria bang nuée
va/hodc duge xit Iy bing chét hip phu, dugc x4c dinh & trén, dc biét 1a véi than hoat
tinh, dé thu duoc dung dich da dugc tinh ché chira hop chét trung gian c6 cong thic
(VIIc/VIId) (“dung dich da duogc tinh ché chira hop chat trung gian c6 cong thirc
(VIIc/VIId)”), dic biét 1a dung dich chira (VIIc/VIId) trong etyl axetat hodc trong
isopropyl axetat (“dung dich da duoc tinh ché chira hop chét trung gian c6 cong thirc
(V1Ic/VIId) trong etyl axetat hodc isopropyl axetat” trong phin dudi day), tot hon 1a
dung dich chira hop chit trung gian c6 cong thirc (VIIc/VIId) trong etyl axetat (“dung
dich da duoc tinh ché chira hop chét trung gian c6 cong thire (VIIc/VIId) trong etyl

axetat” trong phan dudi day).

1.2 Loai bd nhém R* ra khoi hop chét trung gian cé cong thirc (VIIa), (VIIb), (VIIc),
(VIId) hodc (VIIc/VIId) dé thu duoc hop chit tho cd cong thic (I)

Theo mdt phuong 4n khac ctia phuwong phép theo sang ché, nhom R* dugc loai
bo ra khoi hop chét trung gian ¢6 cong thirc (VIIa) hodc c6 cong thirc (VIIb) bang cach
cho hop chét trung gian c¢6 cong thie (VIIa) hodc cé cong thirc (VIIb) phan tmg voi
axit, ching han nhw axit clohydric trong nudc, axit clohydric trong nu6c v6i metanol,
axit clohydric véi metanol, axit clohydric trong nudc véi etanol, axit clohydric voi
etanol, axit clohydric trong nuéc véi 1-propanol, axit clohydric véi 1-propanol, axit
clohydric trong nuéc véi isopropanol, axit clohydric véi isopropanol, axit clohydric
trong nudc v6i 1-butanol, axit clohydric v6i 1-butanol, axit clohydric trong nudc voi
2-butanol, axit clohydric v&i 2-butanol, axit sulfuric trong nude, axit metan sulfonic,

axit p-toluensulfonic, axit triflo axetic hodc axit phosphoric hoac hdn hop gdm mot
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hodc nhiéu axit dd néu (axit clohydric, axit sulfuric trong nuéc, axit metan sulfonic,
axit p-toluensulfonic, axit triflo axetic va/hodc axit phosphoric) v6i mot hoac nhiéu
ruou, nhu metanol, etanol, 1-propanol, isopropanol, 1-butanol, 2-butanol. Tét hon 13,

axit bao gdm axit clohydric trong nudc véi metanol.

Theo mdt phuong an khac ciia phuong phap theo sang ché, nhom R* dugce loai
b6 ra khoi hop chat trung gian cé cong thire (VIIc), (VIId) hogc (VIIc/VIId), bang cach
cho hop chét trung gian ¢ cong thire (VIIc), (VIId) hodc (VIIc/VIId), phan Gng voi

axit, nhu duogc xac dinh & trén.

0,7 — 10 dwong luong phén tir gam axit co thé duoc st dung, tdthonlal—-17,5
duong luong phan tir gam, tot nhat 14 1,5 — 5 dwong luong phén tir gam. Axit clohydric
trong nuédc duoc wu tién, dic biét la axit clohydric trong nude voi metanol hodc axit

clohydric trong nudc véi metanol véi etyl axetat.

Dic biét 14, khi loai bé nhém R* theo phuwong phap theo sang ché, @6 pH nho
hon 3 (pH <3), tdt hon 14 nh6 hon 2 (pH <2), tot nhét 1a nho hon 1,5 (pH <1,5).

Theo mot phuong an khac ctia phuong phéap theo sang ché, khi loai bé nhém
R* ra khoi hop chét trung gian c¢6 cong thic (VIIa), (VIIb), (VIIc), (VIId) hodc
(VIIc/VIId) bing axit trong dung mdi, dung moi la dung mdi proton hodc khong
proton, chang han nhu metanol, etanol, propanol, butanol, diclometan, tetrahydrofuran
(=THF), 2-metyl-tetrahydrofuran (=2-Me-THF), 1,4-dioxan, 1,2-dimetoxyetan, etyl
axetat, isopropyl axetat; hodc dung mdi la hén hop dung méi gdm (c4c) dung moi da
néu ty y con bao gdbm nude. Dung mdi duge uu tién bao gdm diclometan, hdn hop
dung moi dugc uu tién gdm diclometan v&i metanol, hodc metanol voi etyl axetat,
hosic metanol véi etyl axetat va nude, hodc metanol v6i isopropyl axetat hodc metanol

véi isopropyl axetat va nudc.

Theo mot phuong an khac ciia phuong phéap theo sang ché, khi loai bé nhém
R* ra khoi hop chét trung gian c6 cdng thue (VIIa), (VIIb), (VIIc), (VIId) hodc
(VIIc/VIId) axit dugc chon tir nhém gdm axit clohydric, axit clohydric trong nuéc,
axit clohydric trong nuéc trong metanol, axit clohydric trong nuéc trong isopropanol,

axit clohydric trong nuéc trong metanol va diclometan, va axit clohydric trong nudc
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trong metanol va etyl axetat.

Theo mot phuong an dugc uu tién ciia phwong phap theo sang ché, khi loai bo
nhém R* ra khoi hop chét trung gian c6 cong thire (VIIc/VIId) axit 1a axit clohydric
trong nudc va hon hop dung mdi gb6m diclometan va metanol, dac biét 13 diclometan,

metanol va nudc.

Theo mot phuong an duogc wu tién ciia phwong phap theo sang ché, khi loai bo
nhém R* ra khoi dung dich da duoc tinh ché chira hop chét trung gian c¢6 cong thic
(VIIc/VIId) trong diclometan, dugc xac dinh trén déy, axit 12 axit clohydric trong nuéc

va hon hop dung moi gom diclometan, metanol va nudc.

Khi str dung axit clohydric trong nude trong metanol va diclometan, 1- 20 kg
axit clohydric IN trong nuéc trong 1 — 20 kg metanol va 1 — 20 kg diclometan dugc
sit dung trén mot kg hop chat c6 cong thic (VIIa), (VIIb), (VIIc), (VIId) hodc
(VIIc/VIId) . Téthon 1a 5 — 15 kg axit clohydric 1N trong nudc trong 2 — 15 kg metanol

va 2 — 15 kg diclometan duoc st dung.

Theo mot phuong an duge uu tién cuia phuwong phép theo sang ché, khi loai bo
nhém R* ra khoi hop chét trung gian c6 cong thire (VIIc/VIId) axit 1a axit clohydric
trong nudc va hdn hop dung méi gdm metanol véi etyl axetat, hodc metanol v6i

isopropyl axetat, t5t hon 14 hdn hop dung moi gdm metanol véi etyl axetat va nudc.

Theo mdt phuong an dugc wu tién cia phuong phap theo sang ché, khi loai bo
nhém R* ra khoi dung dich da dugc tinh ché chira hop chét trung gian c6 cong thuc
(VIIc/VIId) trong etyl axetat hodc isopropyl axetat, dugc xac dinh trén day, axit la axit
clohydric trong nudc, dic biét la axit clohydric 1N trong nudc, va hdén hop dung moi
gdm metanol véi etyl axetat cung/khong cung véi nude, hodc metanol voi isopropyl
axetat cing/khong cung véi nudec, t6t hon 1a hdn hop dung mdi gdm metanol véi etyl

axetat va nudc.

Viéc str dung hdn hgp dung méi bao gdm metanol 1a dic biét c6 loi dé ngin

ngira sy tao thanh cac san phdm phu chang han nhu
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Khi sir dung axit clohydric trong nugc trong metanol va etyl axetat, 1 —20 kg
axit clohydric 1N trong nwéc trong 1 — 20 kg metanol va 1 — 20 kg etyl axetat duoc sir
dung trén mot kg hop chit c¢6 cong thuc (VIa), (VIIb), (VIc), (VIId) hoac
(VIIc/VIId). Tét hon 14 5 — 15 kg axit clohydric 1N trong nuéc trong 2 — 15 kg metanol
va 2 — 15 kg etyl axetat dugc sir dung.

Theo mot phuong an khac cia phuong phéap theo sang ché, phan tng cua hop
chét trung gian c6 cong thirc (VIla) hodc c¢6 cong thire (VIIb), t8t hon 1a ciia hop chat
¢6 cong thire (VIIc) hodc (VIId) hodc cua hdn hop gém cac hop chét c6 cong thirc
(VIIc) va (VIId), v6i axit duge thuc hién 6 nhiét do -10 - 40°C, tot hon 14 & 0 —30°C,
t8t nhét 12 & 10 — 25 °C. Thdi gian phan Gng 12 2 — 60 phut, t6t hon 1a 2 — 30 phut, t6t
nhat 1a 5 — 20 phut.

Theo mdt phwong an khéc ciia phuong phap theo sang ché, phan tmg dé loai bo
nhém R* ra khoi hop chét trung gian ¢6 cong thirc (VIIa), (VIIb), (VIIc), (VIId) hodc
(VIIc/VIId) v6i axit dugce thuc hién trong méi truong khi tro, trong d6 khi tro nay 1a

nito hodc argon, t6t hon 14 nito.

Ngay sau khi hoan tat phan tung cua hop chét trung gian c6 cong thirc (VIIa),
(VIIb), (VIIc), (VIId) hodc (VIIc/VIId) véi axit, thu dugce hop chét thé c6 cong thirc
(D) (“hop chét tho c6 cong thire (I)” trong phan dudi day).

Sau khi loai bd nhém R* ra khoi hop chét trung gian c6 cong thire (VIIe/VIId)
bang axit clohydric trong nudc trong hdn hop dung moi gom diclometan, metanol va
nuéce, hop chét tho c6 cong thirc (I) duge hoa tan trong pha nude da dugce axit hoa
(trong phan duéi day 1a “dung dich nudc da duoc axit hoa cua hop chét tho c6 cong
thtre (I)”), trong d6 do pH cua dung dich nude da duge axit hoa thu dugc nhd hon 3
(d6 pH <3), tt hon 1a nho hon 2 (d¢ pH <2), tét nhét 1a nho hon 1,5 (46 pH <1,5).
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Hop chét thd c6 cong thie (I) ¢6 thé dugc xtr 1y tiép (phan 1.3) vavhodc dugce
két tinh (phan 1.4).

1.3 Xu 1y tiép hop chét tho c6 cong thie (1)

Theo mot phuong an khac ctia phuong phép theo sang ché dé didu ché hop chét

c6 cong thuc (1),

a) dung dich nudc da duge axit hoa cia hop chét tho cé cong thire (1), duge md
ta trén day, duoc chiét mot hodc nhiéu lan bing dung moi A, dwoc xac dinh dudi day,

va/hoidc duogc xir Iy mot hodc nhiéu 1dn bing chat tay tap Pd, dugc xac dinh dudi déy;

b) dung dich nuée da duge axit héa cua hop chét tho c6 cong thire (I) thu duge
tir bude a) trude day duge xir Iy bang dung moi A va bang dung dich nuéc cua bazo,
duoc xac dinh dudi day, dé thu duogc hé hai pha, trong d6 pha nudce cua h¢ hai pha da

néu c6 do pH >12;

¢) pha nudc duge tach tir hé hai pha da néu dé thu dugc dung dich chira hop
chét thd c6 cong thie (I) trong dung moi A; va, tly ¥,

d) thay thé dung moi A ctia dung dich chira hgp chét thé c6 cong thirc (I) trong
dung mo6i A bing dung méi B, dugc xac dinh dudi déy, dé thu dugc dung dich chira
hop chét thd ¢6 cong thirc (I) trong dung mdi B.

Theo mot phuong an duge uvu tién cua phuong phap theo sang ché dé didu ché

hop chét ¢6 cong thirc (1),

a) dung dich nuéc da dugce axit hoa cia hop chét thd ¢ cong thie (1), dugec md
ta trén day, duogc chiét mot hodc nhiéu lan bé‘mg diclometan va/hodc dugc xur ly mot
hodc nhiéu 1an bing chét tay tap Pd, dugc x4c dinh dudi day;

b) dung dich nudc da duge axit hda ciua hop chét tho c6 cong thire (I) thu duge
tlr budc a) trude day duogc xur ly bang diclometan va bang dung dich nuéc cia kali
hydroxit, dic biét 12 bing dung dich nuéc kali hydroxit 5N, dé thu dugc h¢ hai pha,

trong d6 pha nudc cua h¢ hai pha da néu co do >12;

¢) pha nudce dugce tach tir said hé hai pha & thu duoc dung dich chira hop chét

tho c6 cong thic (I) trong diclometan; va, tuy y,
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d) thay thé diclometan trong dung dich chira hop chat tho c6 cong thirc (I) trong
diclometan bang n-butanol dé thu dugc dung dich chtra hop chét tho c6 cong thire (1)

trong n-butanol.

Theo mot phurong an khac ciia phuong phép theo sang ché dé didu ché hop chat
c¢6 cong thic (I), hop chat thd c6 cong thie (I) dugce hoa tan trong dung mdi (“dung
moi A” trong phan duéi ddy), trong d6 dung méi A bao gdm dung méi dugc chon tir
diclometan, etyl axetat, isopropyl axetat, tetrahydrofuran, 2-metyl-tetrahydrofuran,
toluol, cloroform; hodc trong hdn hop dung moi gdm mot hogc nhiéu dung moi A da

néu (“hdn hop dung moéi A”); dung mdi A dugc uu tién la diclometan.

Tét hon 14 dung moi A bao gdm dung moi hodc hén hop dung méi gidng véi
dung mbi/hdén hgp dung mdi ma dugce sir dung cho phan g dé loai bo nhém R* ra

khoi hop chét trung gian c6 cong thire (VIIa), (VIIb), (VIIc), (VIId) hodc (VIIc/VIId).

Theo mot phuong an khac cua phuong phap theo sang ché dé didu ché hop chét

c6 cong thue (I), hop chét tho c6 cong thire (I) dugc hoa tan trong diclometan.

Theo mot phuong an khac cua phuong phap theo sang ché @ diéu ché hop chét
c6 cong thuce (I), hop chét thd ¢6 cong thire (I) dugce hoa tan trong dung moi A duge
xtr 1y bang dung dich nuéc cua bazo duge chon tir kali hydroxit, kali cacbonat, kali
hydro cacbonat, kali hydroxit, kali fert-butoxit, natri hydroxit, natri phosphat, natri
cacbonat, natri hydroxit, natri ter¢-butoxit, bari hydroxit, xesi cacbonat, trietylamin;
t6t hon 12 diclometan dugc rira bing kali hydroxit. Tét hon 1a hop chét tho c6 cong
thte (I) duoc hoa tan trong dung mdi A, déc biét la diclometan, duge xu ly bﬁmg kali

hydroxit.

Dic biét 13, khi xir Iy hop chét tho c6 cong thie (I) duge hoa tan trong dung
modi A, dic biét 1a trong diclometan, béng dung dich nuéc cia bazo, duge xac dinh &
trén, d6 pH 16n hon 11 (pH >11), t&t hon 1& 16n hon 12 (pH >12), tot nhat 1a d6 pH =
12 — 14, dac biét 1a do pH = 12,5 - 13,5.

Theo mot phuwong an khac ctiia phuong phap theo sang ché dé didu ché hop chét
¢6 cong thue (I), hop chét tho ¢6 cong thire (I) dugce hoa tan trong dung moi A, t6t hon

1a dugc hoa tan trong diclometan, dugc xir Iy bang chét tay tap paladi, dugc xé4c dinh
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duai day.

Theo mdt phwong an khac cua phwong phép theo sang ché dé diéu ché hop chat
¢6 cong thue (1), hop chét thé c6 cong thire (I) duoc hoa tan trong dung moi A, t6t hon
12 dugc hoa tan trong diclometan, dugc xtr 1y bing dung dich nudc cta bazo, dugc xac

dinh & trén, va sau d6 dugc xir Iy bang chit tay tap paladi, dugc xac dinh dudi day.

Theo mdt phuwong an khac cua phuong phép theo sang ché dé didu ché hop chat
c6 cong thuce (1), hop chét thd c6 cong thire (I) duoc hoa tan trong dung moi A, t6t hon
1a dugce hoa tan trong diclometan, dugc xtr ly bang chét téy tap paladi, dugc xé4c dinh

dué6i day, va sau d6 duge xir ly bang dung dich nude ctia bazo, duge xac dinh ¢ trén.

Chét tay tap paladi 14 chat phan tng ma c6 thé dwoc st dung dé tach palad trong
chét xtc tac paladi ra khoi hop chét tho c6 cong thire (T). Céc chat tay tap paladi khac
chang han nhu 12 cic chét tay tap khac duoc md ta bai Garret va Prasad (Advanced
Synthesis & Catalysis (2004), 346 (8), 889-900CODEN: ASCAF7; ISSN:1615-4150,
Wiley-VCH Verlag GmbH & Co. KGaA). Cac chat nay bao gdm, ching han,
trimercaptotriazin (TMT), TMT dugc lién két polystyren, MP-TMT (nhya
trimercaptotriazin dwoc lién két polystyren 15 x6p 16n dugc lién két ngang & muc do
cao), etylendiamin dugc lién két polystyren, cacbon hoat tinh, hat thuy tinh xbp,
smopex (= soi trén co s& polyetylen hodc xenluloza chira cac mach bén duge ghép voi
¢4 nhém chire thich hop dé tao phtte v6i kim loai), phdi tir lién két polyme, va phdi
tir lién két silic oxit.

Theo mot phuong an cta sang ché, chét tiy tap paladi dugc chon tir nhém gbm
N-axetyl xystein, Quadrasil Mercaptopropyl (CAS Number 1225327-73-0) va Isolute
Si-TMT (chét tiy tap Pd tir Biotage AB, Sweden, Part No. 9538-1000) chat twong

dwong lién két silic oxit ctia 2,4,6-trimercaptotriazin, hodc hdn hop cta ching.

Theo mot phuong &n khac cua sang ché, chét tay tap paladi bao gdm hdn hop
gdm N-axetyl xystein va Quadrasil Mercaptopropyl, gdm N-axetyl xystein va Isolute
Si-TMT, hoic gdm Isolute Si-TMT va Quadrasil Mercaptopropyl.

Chét tay tap paladi dugc uu tién nhét bao gdbm hdn hgp gdm N-axetyl xystein,
Quadrasil Mercaptopropyl va Isolute Si-TMT.

38

38/131



42364

Theo mdt phuong an khac cua phuong phap theo sang ché dé diéu ché hop chét
c¢6 cong thire (I), dung mdi A, duge xac dinh & trén, dugc thay bang dung moi (“dung
modi B” trong phan dudi diy) duge chon tir etanol, n-propanol, n-butanol, 2-butanol,

isopropanol, tot hon 13 dung moi A dugc thay bang n-butanol.

Theo mot phuong an khac cua phuong phép theo sang ché dé didu ché hop chat

c6 cong thic (T), diclometan (dung moi A) dugc thay bing n-butanol (dung mdi B).

Theo mot phuong an khac cua phuong phép theo sang ché dé didu ché hop chét
c6 cong thie (I) dung moéi A duoc thay bang dung mdi B sau khi xu 1y dung méi A
béng chét tay tap Pd, va/hodc sau khi xir Iy dung moi A bang dung dich chira bazo

trong nudc.

Theo mdt phuong an khac cua phuong phép theo sang ché dé didu ché hop chét
¢6 cong thire (I), diclometan dugc thay béang n-butanol sau khi xtt Iy diclometan bang

chét tay tap Pd va/hoidc sau khi xt Iy diclometan bang dung dich chira bazo trong nudc.

Theo mdt phuong an khac cua phuong phéap theo sang ché dé didu ché hop chat
¢6 cong thirc (I) dung moi A duoc thay bang dung mdi B sau khi xtt 1y dung moi A
béang chat tay tap Pd va/hodc sau khi xi Iy dung mé6i A bang dung dich nuéc ctia bazo;

va dung méi B sau d6 dugc xtt Iy bing chat tay tap Pd.

Theo mdt phuong an khac cia phuong phép theo sang ché dé didu ché hop chét
¢6 cong thire (I), diclometan dugc thay bang n-butanol sau khi xtt Iy diclometan bang
chét tay tap Pd, va/hodc sau khi xir Iy diclometan bang dung dich chtra bazo trong
nuée; va n-butanol sau d6 duge xr 1y bing chit tay tap Pd.

Theo mdt phuong an khac ciia phuong phép theo sang ché dé didu ché hop chit
¢6 cong thire (I), dung moi A dugce thay bang dung moi B trudc khi xtt Iy dung méi A
béng chét tay tap Pd, va dung mdi B sau d6 dugce xur ly bang chét tay tap Pd.

Theo mot phuong an khac cia phuong phép theo sang ché @ didu ché hop chét
¢6 cong thuc (I), diclometan dugc thay bang n-butanol trude khi xu ly diclometan

béang chat tay tap Pd, va n-butanol sau d6 dugc xu ly bang chat tay tap Pd.

1.4 Két tinh hop chét thé c6 cdng thire (1) dé thu dugc dang da hinh B cua n6
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Buéc két tinh tao ra dang da hinh B ciia hop chat ¢6 cong thie (I) (= Mod B)
thong qua quy trinh don gian va c6 thé tai tao, ma co thé dugc dic trung, trudc tién,
boi su chuyén déi dung moi tir dung mdi A thanh dung mdi B, va, thit hai 13, bing

buéc két tinh tiép theo.

1.4.1 Chuyén dbi dung moi

Theo mot phuong an khac ciua phuong phép theo sang ché dé didu ché hop chét
c6 cong thitc (T), hop chat thd ¢ cong thirc (T) duge hoa tan trong dung mdi A, tot hon
1a trong diclometan, dugc két tinh trong dung mdi B dé thu duoc dang da hinh B cua
hop chét ¢6 cong thie (D).

Dé két tinh hop chat c6 cong thiie (I) & dang da hinh B ciia n6, dung moi A
trude tién dugc thay bang dung méi B (“chuyén d6i dung méi). Vi vdy, theo mot
phuong an khac ciia phuong phdp theo sang ché dé diu ché hop chét c6 cong thic (1),

dung méi A, tot hon 14 diclometan, dugc thay bing dung mdi B, tot hon 12 n-butanol.

Theo mdt phuong an khac cta phuong phéap theo sang ché dé didu ché hop chat
¢6 cong thic (I), dung méi A, tét hon 1a diclometan, duge thay bing dung moi B, t0t
hon 13 n-butanol, bing cach, thr nhét, tron dung moi A va dung mdi B; va, th hai, cét

loai dung moi A & ap suat tiéu chuan hodc ¢ ap suat giam.

Theo mdt phuong an khac ctia phuong phép theo sang ché @8 didu ché hop chét
¢6 cong thuc (I), dung méi A dugc thay béng dung moi B béng cach, thir nhét 13, tron
dung moi A va dung moi B dé tao thanh hén hop dang phi; va, tht hai 13, tach dung
mdi A ra khoi dung mébi B bang cac phuong phéap thong thuong, da biét béi nguoi c6
hiéu biét trung binh trong linh vuec, dé thu duoc “hop chét c¢6 cong thirc (I) duge hoa

tan trong dung moi B”.

Theo mdt phuong an khéc “hop chét c¢6 cong thire (I) duge hoa tan trong dung
mdi B” dugc gia nhiét dé thu dugc “hop chét ¢ cong thire (I) dugce hoa tan trong dung
moi B di duge gia nhiét”. Dée biét 13 dung moi B duogc gia nhiét dén nhiét dd it nhat
40°C, tét hon 12 dén nhiét do 60 - 120°C, tdt hon 1a dén nhiét d6 90 — 110°C dé thu

duoc “hop chat c6 cong thie (I) duge hoa tan trong dung moi B dd dugc gia nhiét”.

Theo mdt phuong an khac ctia phuong phap theo sang ché dé diu ché hop chét
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c6 cong thuc (I), diclometan (dung moi A) dugc thay bang n-butanol (dung mdi B)
bing céch, thir nhat 13, tron diclometan va n-butanol; va, tht hai 14, cat loai dung moi
A.

D& cét loai diclometan, hon hop gém diclometan va n-butanol dugc gia nhiét
dén nhiét do it nhat 60°C, dic biét 1a nhiét do bang 60 - 120°C, tot hon la nhiét do
bing 90 — 110°C dé thu dugc “hop chét c6 cong thire (I) duge hoa tan trong n-butanol

da duoc gia nhiét”.

1.4.2 K&t tinh dang da hinh B ctia hop chit ¢6 cong thic (1)

Pé thu duoc dang da hinh B cia hop chét c6 cong thie (I), hop chét c6 cong
thie () da duoc hoa tan trong dung mdi B, dac biét 1a trong dung moi B da dugc gia

nhiét, t6t hon 13 trong n-butanol da dugc gia nhiét, dugc lam ngudi.

Phé nhidu xa bot tia X cta dang da hinh B ciia hop chét (I) dugc chi ra trén Fig

Theo mot phuong an khéac cua sang ché sau khi gia nhiét, hdn hop gdm dung
mbi A va dung mdi B va sau khi thay thé dung méi A, t6t hon 1a diclometan, bing
dung moi B d& dugc gia nhiét, tot hon 1a bé'mg n-butanol da dugc gia nhiét, dung moi
B da dugc gia nhiét, tot hon 1a n-butanol da dugc gia nhiét, dugce lam lanh xudng dén

0—-30°C.

Cum tir “sau khi thay thé dung moi A, t6t hon 1a diclometan bang dung moi B,
t&t hon 12 bing n-butanol” dic biét ¢ nghia 1a khong c6 dung mdi A, t6t hon 1a khong

c6 diclometan, con lai, khi dung méi B, tot hon 12 n-butanol dugc 1am lanh.

Theo mot phuong an khac cua sang ché, sau khi thay thé dung moi A, t6t hon
12 diclometan, bang dung moi B, tdt hon 1a bing n-butanol, dung méi B duoc gia nhiét
dén nhiét do it nhit 60°C, dac biét 1a dén nhiét do bang 60 - 120°C, tot hon 1a nhi¢t do
bing 90 — 110°C, va sau d6 dugc lam lanh xudng dén 0 — 30°C.

Tét hon 13, dung modi B trong budce thu nhit duoc lam lanh xudng dén 15 —
30°C, tdt hon 13 to 20 — 30°C, va trong bude thir hai sau d6 dugc 1am lanh tiép xudng
dén 0 — 5°C, tot hon 1a dén 2 — 4°C.
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Theo mdt phuong an khac ctia phuong phap theo sang ché dé didu ché hop chét
¢6 cong thire (I), dung mdi B dwoce 1am lanh xudng dén 0 — 30°C, 6t hon 1a dén 20 —
30°C, trong khodng 2 — 36 gid, ddc biét 1a trong khoang 3 - 24 gio, t6t hon 14 trong
khoéng 4 — 12 gio, tot nhét 12 trong khoang 6 - 10 gid.

T4t hon 12 thir nhét 13 dung moi B, trong khoang 2 — 36 gid, déc biét la trong
khoang 3 - 24 gid, tdt hon 1a trong khoang 4 — 12 gid, t6t nhat 1a trong khoang 6 - 10
gidy duge 1am lanh tir nhiét do bing 60 - 120°C, t6t hon la nhiét do bang 90 — 110°C,
dén nhiét d 15 — 30 °C, t6t hon 1a dén 20 — 30°C, va th hai 13, dung mdi B sau d6
duge 1am lanh tiép xubng dén 0 — 5 °C, tt hon 1a dén 2 — 4 °C va nhiét do dugc gitt
khong dbi trong it nhét 0,5 gid, dic biét 14 trong 0,5 - 12 gid, t6t hon la trong 1 - 8 gid.

Tét hon 12 dung moéi B,

a) tht nhét 13, trong khoang 2 — 36 gid, dac biét 1a trong khoang 3 - 24 gio,
t6t hon 1a trong khoang 4 — 12 gid, t6t nhat 14 trong khoang 6 - 10 gio duge lam lanh
xudng dén 15 — 30°C, tot hon 1a dén 20 — 30°C; va

b) thir hai 13, nhiét do cia dung méi B duoc gitt khong dbi trong it nhét 0,5
gid, ddc biét 1a trong 1 - 12 gid, tdt hon 1a trong 1 - 8 gid, tot nhat 1a trong 1 -2 gid; va

c) thtr ba 13, dung mdi B trong khoang 2 — 36 gio, dac biét la trong khoang
3 - 24 gid, tot hon 1a trong khoang 4 — 12 gid, tot nhat 1a trong khoang 6 - 10 gio dugc
1am lanh tiép xudng dén 0 — 5 °C, t6t hon 1a dén 2 — 4 °C; va

d) tht tu 13, nhiét do cua dung moi B duoc gilt khong d6i trong it nhét 0,5
gid, dic biét 1a trong 0,5 - 12 gid, tét hon 1a trong 0,5 - 8 gid, tot nhat la trong 0,5 - 2
gio.

Theo mdt phuong 4n khéc, chéng han dé cai thién hoat dong loc cta huyén phu,
sau khi 1am lanh dung méi B, ddc biét 1a 1am lanh xudng dén cac nhiét do dugc xéc
dinh trén day, dung méi B dugc gia nhiét lai dén nhiét do it nhat 40°C, tét hon 1a dén
nhiét d6 60 - 120°C, tét hon 1a dén nhiét do 90 — 110°C & 60 — 100 °C, dac biét 1a
trong khoang thoi gian 0,5 — 10 gio, t6t hon 14 trong 1- 4 gid, va sau d6 duoc lam lanh
lai xubng dén 0 —30°C, t6t hon 1 dén 20 — 30°C, trong khoang 2 — 36 gio, déc biét la
trong khoang 3 - 24 gid, t6t hon 12 trong khoang 4 — 12 gio, t6t nhat 13 trong khoang 6
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- 10 gid.

Su két tinh hop chat c6 cong thirc (I) trong dung mdi B, tot hon 1a trong n-
butanol, duoc thuc hién trong 2 — 10 kg, t6t hon 12 3 — 6 kg, tdt nhét 14 trong 3,5 — 5
kg dung mdi B, tot hon 1a n-butanol trén mot kg hop chét c6 cong thire (I).

Sau khi lam lanh dung moi B, ddc biét 1a theo quy trinh 1am lanh dugc mo ta
trén day, thu dugc dang da hinh B ciia hop chét c6 cong thire (I) & dang tinh the.

Theo mot phuong an khac cia phuong phép theo sang ché, tinh thé cta dang
da hinh B cua hop chét c6 cong thie (I) duge phén 18p, dac bigt la chung duge phéan

1ap bang céch loc.

Theo mét phuong én khéc ciia phwong phap theo sang ché, cac tinh thé da phan
14p cua dang da hinh B ciia hop chat c6 cong thic (I) c6 thé dwoc tinh ché tiép bang
céch hoa tan tinh thé da phan 1ap ctia dang da hinh B cta hop chét ¢ cong thuc (I)
trong dung moi A, tdt hon 12 trong diclometan, va bang cach 1ip lai mot hodc nhiéu
1an, dic biét 1a mot lan, su chuyén d61 dung moi duge mo ta trong phﬁn 1.4.1 va/hodc
bing cach lap lai mot hogc nhiéu 14n, dc biét 12 mot 1an, sy két tinh dang da hinh B

ctia hop chét c6 cong thic (I) duge mo ta trong phan 1.4.2.

Dang da hinh B d4 dugc phan 1ap cta hop chit c6 cong thire (I) ¢ thé duoc
tinh ché tiép, ddc biét 1a n6 c6 thé duge rira vai 1 - 10 kg, dac biét 1a voi 1 -7 kg, tot
hon 13 v6i 1 — 3 kg n-butanol, tt hon 12 v6i n-butanol lanh c6 nhiét do bang -5 - 10°C,
t5t hon 12 nhiét d6 bang -3° - 5°C trén mot kg dang da hinh B cta hgp chét c6 cong
thie (1) . |

Dang da hinh B ciia hgp chét ¢6 cong thie (I) c6 thé duge 1am kho & 35 - 75
°C, t6t hon 12 & 50 - 75°C, tét nhét 12 & 40 — 60°C.

Dang da hinh B cua hop chét ¢6 cong thic (I) c¢6 thé duge 1am khd trong diéu
kién chan khong & 20 — 100 mbar, t6t hon 1a & 30 — 50 mbar, va trong diéu kién chan
khéng ¢ 20 — 100 mbar, t6t hon 13 & 30 — 50 mbar va, & nhiét do 35 - 75 °C, t6t hon 1a
trong diéu kién chan khéng & 20 — 100 mbar, tot hon 14 6 30 — 50 mbar va & 50 - 75°C,
t6t nhét 12 trong diéu kién chan khong & 20 — 100 mbar, tot hon 1a & 30 — 50 mbar va
& 40 — 60°C.
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Qua trinh két tinh dé thu dugc dang da hinh B cia hop chat ¢6 cong thic (I) 1

cuc ky hiéu qua v& do tinh khiét ctia hop chét c6 cong thue (I).

2. Tdng hop hop chét trung gian cé cong thic (IXa) hodc (IXb) bang céich cho

hop chét trung gian ¢6 cong thire (VIIIa) hodc (VIIIb) phan Gtng v6i hop chét c6 cong
thirc (VIa) hodc (VIb)

Theo mot khia canh khéc, sang ché bao ham phuong phap diéu ché hop chét c6
cong thie (IXa) hodc (IXb) bao gdm bude cho hop chét trung gian c6 cong thic
(VIIIa)

(VIa),
trong do

R' 12 nguyén tir clo, brom hodc iot hodc 1a nhém dugc chon tur
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy; va

RS 1a nguyén ti clo, brom hodc iot hodc la nhém dugc chon tur
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;
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phan tmg v6i hop cht c6 cong thire (VIa)

trong dé
R2 va R3 doc 14p véi nhau 12 nguyén tir hydro hodc nhém Ci-Ce-alkyl;
hoac

R2va R? cling nhau 12 nhém -CH,-CHa- hodc nhém -CH,-CH,-CHz-, trong dé
nhém -CHz-CHa- hodc nhém -CH,-CH,-CHz- dd néu tuy y duoc thé mét, hai, ba hodc

bbn 14n bang nhém duge chon tir metyl va etyl;
hoac

R?va R3 cung nhau 12 nhém

trong d6 "*" 1a diém gan vdi phan con lai cua phan tir;

dé thu duoc hop chét trung gian c6 cong thire (IXa)

(IXa),

trong d6 R'1a nguyén tir clo, brom hodc iot hodc la nhém dugc chon tir.
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
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[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyljoxy,
[(2.,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mdt phuong an khéc cia phurong phap theo sang ché dé didu ché hop chét
c6 cong thire (I), phuong phép nay con bao gdm (truc phan tmg ctia hop chét trung
gian ¢6 cong thitc (IXa) hodc (IXb) v6i hop chét c6 cong thire (IlTa), (I11b) hodc (Illc))

budc

(a) cho hop chét trung gian c6 cong thirc (VIIIa)

CH 1
o/\/ 3 R
o

N lN\ N
a4
R5

(VIIIa),

trong do

R! 13 nguyén tir clo, brom hodc iot hodc 1a nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy; va

RS 13 nguyén tir clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;
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phan Gmg vi hop chét ¢6 cong thire (Via)

L(N—C H,

B\
O\/ O\R3
R2

(Vla),
trong dé
R? va R? doc 1ap véi nhau 12 nguyén tir hydro hodc nhém Ci-Ce-alkyl;
hoac

R2va R? cing nhau 1a nhém -CHz-CH»- hodc nhém -CH,-CH,-CHo-, trong do
nhém -CH,-CHa- ho#c nhém -CH>-CH,-CH>- dé néu tuy y dugc thé mot, hai, ba hoic

bbn 14n bang nhém duoc chon tir metyl va etyl;
hoac

R?va R3 cing nhau 1a nhém

trong d6 "*" 1a diém gan v4i phan con lai cia phén ti;

dé thu dwgc hop chét trung gian c6 cdng thirc (IXa)

(IXa),

trong d6 R'la nguyén tir clo, brom hodc iot hodc 1a nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
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[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyloxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong an khac ctia phuong phap theo sang ché, R! cia hop chat ¢6

cong thirc (VIIIa) 1a nguyén tir clo hodc brom, tdt hon 1a nguyén tir clo.

Theo mot phwong an khac ctia phuong phéap theo sang ché, R! cia hop chét c6
cong thte (IXa) 1la nhéom dugc chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropyl-
phenyl)sulfonyljoxy, [(2,4,6-trimetylphenyl)sulfonyljoxy, [(4-tert-butylphenyl)-
sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong 4n khac ctia phuwong phép theo sang ché, R! cua hop chét c6
cong thuc (VIIa) 1a nhém dugc chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy va (p-toluensulfonyl)oxy.

Theo mdt phuong an khac cia phuong phéap theo sang ché, RS ctia hop chét c6

cong thitc (VIIIa) 1a nguyén t clo, brom hodc iot.

Theo modt phuwong an khac ctia phuong phap theo sang ché, RS cuia hop chét c6
cong thuc (IXa) 1a nhém dugec chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyljoxy, [(2,4,6-triisopropyl-
phenyl)sulfonyljoxy, [(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)-
sulfonyl]oxy va [(4-metoxyphenyl)sulfonyljoxy.

Theo mdt phuong an dugc vu tién cia phuong phap theo sang ché, R® ctia hop

chét ¢6 cong thirc (VIIIa) 1a nhom [(triflometyl)sulfonyloxy.

Theo modt phuong 4n khac ciia phuong phap theo sang ché, R! cia hop chét c6

cOng thirc (VIIIa) 1a nguyén tir clo hodc brom, t&t hon 13 nguyén tir clo, va R® 1a nhém
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duogc chon  tu [(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy,
(metylsulfonyl)oxy, (p-toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)-

sulfonyl]oxy, [(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy,
[(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)sulfonyl]oxy va

[(4-metoxyphenyl)sulfonyl]oxy, tot hon 1a nhém [(triflometyl)sulfonyl]oxy.

Hop chét c6 cong thie (VIIIa), trong d6 R' 1a nguyén ti clo va trong do R’ 1a
nhém [(triflometyl)sulfonyl]oxy, 1a  (R)-8-clo-2-(3-metylmorpholino)-1,7-
naphtyridin-4-yl triflo-metansulfonat, 1a hop chét dugc uu tién c6 cong thire (VIIIb):

0 CHs
K/N N
| Y N
T
O\,S;”O FF
O F
(VIIIDb).

Theo mot phuong 4n khac ctia sang ché, R? va R? clia hop chat ¢6 cong thirc
(VIa) doc 1ap voi nhau 1a nguyén tir hydro hodc nhém C;-Cs alkyl, tot hon 12 nhém
metyl hodc etyl.

Theo mot phuong 4n khac ciia sang ché, R? va R? clia hop chét ¢6 cong thirc
(VIa) cing nhau 13 nhém -CH,-CHz- hodc nhém -CHz-CH,-CHz-, trong d6 nhém -
CH,-CHa- hodc nhém -CH,-CHo-CHa- d4 néu tuy ¥ duge thé mot, hai, ba hodc bon
14an bang nhém duge chon tir metyl va etyl.

Néu R2va R? ctia hop chét c6 cong thirc (VIa) cung nhau la nhém -CH,-CHa-
hodc nhém -CHa-CHz-CHz-, nhém -CH2-CHa- d néu hodc nhém -CHz-CH2-CHo- da
néu cling v4i nguyén t bo va nguyén tr oxy ma nhom nay gn vao tao thanh vong ¢6

5 hoac 6 canh.

Theo mot phuong 4n khac ciia sang ché, R? va R? ctia hop chét ¢6 cong thic

(VIa) cung nhau 1a nhom
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* *

HsC ; CHs

3
trong d6 "*" 1a diém gan voi phan con lai cua phén tir.
Theo mét phuong an khéc cua sang cheé, R* va R3 cua hop chét ¢6 cong thuc

(VIa) ciing nhau 12 nhém -C(CHs),-C(CHs)- hodc nhém -CHy-C(CHs),-CHo-.

Theo mot phuong &n duge wu tién ciia sang ché, R?va R? ctia hop chat c6 cong

thire (VIa) cung nhau 1a nhém -C(CHz)2-C(CHa)o-.

Theo mdt phuong an khéc cua sang ché, hop chét c6 cong thire (VIa) 12 axit 1-
metyl-1H-pyrazol-5-boronic.

Theo mdt phuong an dugc wu tién cua sang ché, hop chat c6 cong thuc (Via)

pinacol este cua axit 1-metyl-1H-pyrazol-5-boronic (¢6 cong thire VIb):

H3C%_+CH3

o\ d
B

7 N/CH3
; /
=N

(VIb).

Hop chét c6 cong thire (VIa) hodc (VIb) san c6 trén thi trudng hodc ¢6 thé duogc
tbng hop bang phuong phap da biét ddi v6i ngudi c6 hidu biét trung binh trong linh

vuc.

Theo mot phuong an duge wu tién cia sang ché, hop chat c6 cong thuc (VIIIa)
1a (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb)
va hop chét c6 cong thic (VIa) 1a pinacol este cia axit 1-metyl-1H-pyrazol-5-boronic
(VIb).

Theo mdt phuwong an khac ctia phuong phap theo sang ché, hop chat trung gian
c¢6 cong thirc (VIIIa) duge cho phan Gmg véi 0,7 - 2,0 duong luong phan tr gam cia
hop chét c6 cong thirc (VIa), tot hon 1a véi 0,8 — 1,5 duong lugng phén tir gam cuia
hop chét c6 cong thirc (Vla), tdt nhit 1a véi 0,9 - 1,2 duong lugng phéan tir gam cia
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hop chét c6 cong thirc (VIa).

Theo mot phuwong an khac ctia phuong phép theo sang ché, hop chét trung gian
c¢6 cong thire (VIIIb) duge cho phan tmg véi 0,7 - 2,0 duong lugng phan tir gam cua
hop chét ¢ cong thirc (VIb), tot hon 1a véi 0,8 — 1,5 dwong lugng phan tir gam cia
hop chét c6 cong thirc (VIb), tdt nhat 1a v4i 0,9 - 1,2 duong lugng phéan tir gam cua
hop chat c6 cong thirc (VID).

Theo mdt phwong an khac ciua phuong phép theo sang ché, hop chét c6 cong
thire (VIa) hodc (VIb), dic biét 1a pinacol este cua axit 1-metyl-1H-pyrazol-5-boronic
(VIb), dugc hoa tan trong dung moi, ching han trong isopropylaxetat, etyl axetat, 1,2-
dimetoxyetan, dioxan, N,N-dimetylformamit (=DMF), 1,2-dimetoxyetan (=DME),
tetrahydrofuran (=THF), 2-metyl-tetrahydrofuran (=2-Me-THF) hogc isopropanol.

Theo mot phuong an duge uu tién cia phuong phép theo sang ché, hop chét c6
cong thire (VIa) hodc (VIb), dic biét 1a pinacol ester cua axit 1-metyl-1H-pyrazol-5-
boronic (VIb), dugc hoa tan trong isopropyl axetat hodc etyl axetat, t6t nhat 13 etyl

axetat.

Theo mot phuong an khéac ctia phuong phap theo sang ché, hop chét c6 cong
thie (VIIIa) hodc (VIIb) dugc hoa tan trong dung moi, ching han trong
isopropylaxetat, etyl axetat, 1,2-dimetoxyetan, dioxan, N,N-dimetylformamit
(=DMF), 1,2-dimetoxyetan (=DME), tetrahydrofuran (=THF), 2-metyl-
tetrahydrofuran (=2-Me-THF) hoéc isopropanol.

Theo mot phuong an duge wu tién cua phuong phap theo sang ché, hop chét c6
cdng thirc (VIIIa) hoac (VIIIb), dac biét 1a (VIIIa), dugc hoa tan trong isopropyl axetat
hodc etyl axetat, tdt nhét 13 etyl axetat.

Theo mdt phuong an khac cia phuong phap theo sang ché, phan tmg cta hop
chét trung gian c6 cong thuc (VIIIa) hoac (VIIIb), ddc biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v6i hop chét c6
cong thirc (VIa) hodc (VIb), dic biét 1a pinacol este cta axit 1-metyl-1H-pyrazol-5-
boronic (VIb), duoc thyc hién trong dung moi hitu co bao gém dung moi, dugc chon

tr nhém goém isopropyl axetat, etyl axetat, 1,2-dimetoxyetan, 1,4-dioxan,
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dimetylformamit, tetrahydrofuran, 2-metyltetrahydrofuran va isopropanol; hodc trong

hdn hop dung moi gdm mot hodc nhiéu dung moéi hiru co d néu va nudc.

Theo mdt phuong an dugc vu tién cia phuong phap theo sang ché, phan tmg
ctia hop chét trung gian c6 cong thirc (VIIIa) hodc (VIIIb), déc bigt la cua (R)-8-clo-
2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v6i hop
chét c6 cong thirc (VIa) hodc (VIb), ddc biét 1a voi pinacol este cla axit 1-metyl-1H-
pyrazol-5-boronic (VIb), dugc thuc hién trong dung mdi gdm etyl axetat hodc
isopropyl axetat hosc trong hdn hgp dung moi gém etyl axetat va nude hodc isopropyl

axetat va nudc, t6t nhat 1a hdn hgp dung mdi gdm etyl axetat va nudc.

Theo mot phuong an khac cia phuong phap theo sang ché phan tmg cua hop
chét trung gian c6 cong thic (VIIIa) hodc (VIIIb), dac biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-y! triflo-metansulfonat (VIIIb), v6i hop chat ¢6
cong thie (VIa) hodc (VIb), ddc biét la pinacol este cla axit 1-metyl-1H-pyrazol-5-
boronic (VIb), duge thuc hién trong 1 - 12 gio, dac biét 1a trong 1 — 5 gio, t6t hon 13
trong 1 - 3 gio, tot nhét 14 trong 60 - 90 phit.

Theo mdt phuong an khac cia phuong phép theo sang ché, phan ung cua hop
chét trung gian c6 cong thirc (VIIIa) hogc (VIIb), dac biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v6i hop chét ¢6
cong thirc (VIa) hodc (VIb), dic biét 1 véi pinacol este ctia axit 1-metyl-1H-pyrazol-
5-boronic (VIb), duge thuc hién véi sy c6 mat clia hé chat xtc tac thich hop, chang

han nhu chat xtic tac paladi.

Theo mdt phuong an khac ciia phuong phéap theo sang ché, chét xuc tac paladi
duogc chon tir nhém gdém [1,1'-bis(diphenylphosphino)feroxen]diclo paladi(Il), paladi
In axetat, bis(triphenylphosphin)paladi(I)diclorua,
diclobis(trixyclohexylphosphin)-paladi(I), (2-dixyclohexylphosphino-2',4",6'-
triisopropyl-1,1’-biphenyl)[2-(2-aminoetyl)phenyl)] paladi(Il)clorua, clo(2-
dixyclohexylphosphino-2',4',6"-triisopropyl-1,1'-biphenyl)[2-(2'-amino-1,1'-
biphenyl)]paladi(Il), =~ tetrakis(triphenylphosphin)-paladi(0), bis(tri-tert-
butylphosphin)paladi(0), bis[tris(2-metylphenyl)phosphin]-paladi(0),
tris(dibenzylidenaxeton)di-paladi(0).
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Theo mot phuong an dugc wu tién clia phuong phép theo sang ché, chat xtc tac

paladi 1a [1,1'-bis(diphenylphosphino)feroxen]diclo paladi(Il).

Theo mdt phuong an khéac cta phuwong phap theo sang ché, phan tmg cua hop
chét trung gian c6 cong thic (VIIa) hodc (VIIIb), dic biét la ctua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-y! triflo-metansulfonat (VIIIb), v&i hop chat c6
cdng thirc (VIa) hodc (VIb), déc biét 1a véi pinacol este cua axit 1-metyl-1H-pyrazol-
5-boronic (VIb), dugc thuc hién véi sy ¢6 mat cua 0,001- 0,1 duwong lugng phan tir
gam, t6t hon 1a cia 0,005 - 0,05 duong lugng phan tir gam, tot nhét 1 cta 0,0 - 0,03
duong lugng phén tu gam cua chat xuc tac paladi, t6t hon 1a cua [1,1'-

bis(diphenylphosphino)feroxen]diclo paladi(II).

Theo mot phuong an khac ctia phuong phéap theo sang ché, phan tmg cua hop
chét trung gian c¢6 cong thic (VIIa) hodc (VIIIb), dic biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-y! triflo-metansulfonat (VIIIb), v&i hop chat ¢
cong thirc (VIa) hodc (VIb), dac biét 1a voi pinacol este cla axit 1-metyl-1H-pyrazol-
5-boronic (VIb), dugc thuc hién véi sy ¢6 mat cua bazo. Cac bazo nhu kali phosphat,
kali éacbonat, kali hydro cacbonat, natri phosphat, natri cacbonat, natri hydro
cacbonat, bari hydroxit, bari cacbonat, xesi cacbonat hodc lithi cacbonat c6 thé duoc
st dung. Kali cacbonat hodc kali hydro cacbonat dugc wu tién, t6t nhat 13 kali hydro

cacbonat.

Theo mdt phuong an khac ctia phuong phap theo sang ché, phan timg cua hop
chét trung gian c¢6 cong thirc (VIIIa) hodc (VIIIb), dac biét 1a cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), vi hop chét c6
cong thirc (VIa) hodc (VIb), dc biét 12 v6i pinacol este cia axit 1-metyl-1H-pyrazol-
5-boronic (VIb), duoc thuc hién véi sy ¢6 mat cta 1 - 15 dwong luong phan tir gam,
t6t hon 1 ctia 2 - 8 duong lugng phén tr gam, tdt nhat 1a cia 3 - 5 hodc 3,5 — 4,5 duong

luong phéan tir gam cua bazo.

Theo mdt phuong an khac ctiia phuong phap theo sang ché, phan tmg cta hop
chét trung gian c6 cong thirc (VIIIa) hodc (VIIIb), ddc biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v61i hop chét c6
cong thirc (VIa) hodc (VIb), dc biét 1a v6i pinacol este ciia axit 1-metyl-1H-pyrazol-
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5-boronic (VIb), dugc thuc hién ¢ nhiét do nam trong khoang tir nhiét do trong phong
dén diém soi cia dung moi.

Theo mot phuong an khéac ctia phuong phap theo sang ché, phan tmg cta hop
chét trung gian c6 cong thirc (VIIa) hodc (VIIIb), dic biét 1a cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-y! triflo-metansulfonat (VIIIb), v6i hop chat co
cong thirc (VIa) hodc (VIb), dic biét 1a v6i pinacol este cua axit 1-metyl-1H-pyrazol-

5-boronic (VIb), duge thuc hién trong didu kién &p suat & nhiét do cao hon diém soi.

Theo mot phuong an khéc cia phuong phdp theo sang ché, phan ting cua hop
chét trung gian c6 cong thire (VIIa) hoac (VIIb), dic biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-y! triflo-metansulfonat (VIIIb), v6i hop chét ¢6
cong thirc (VIa) hodc (VIb), dic biét 12 v6i pinacol este cua axit 1-metyl-1H-pyrazol-
5-boronic (VIb), duoc thuc hién trong isopropyl axetat hodc trong isopropyl axetat va

nuée & nhiét do 35 — 75°C, tdt hon 1a & 40 — 60°C, tot nhat 1a & 45 - 55°C.

Theo mot phuwong an khac cia phuong phdp theo sang ché, phan tmg cua hop
chét trung gian cé cong thire (VIIa) hoac (VIIIb), ddc biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v6i hop chat c6
cong thire (VIa) hodc (VIb), dac biét 1a véi pinacol este cua axit 1-metyl-1H-pyrazol-
5-boronic (VIb), duge thuc hién trong etyl axetat hodc trong etyl axetat va nudc, tdt
hon 14 trong etyl axetat va nuéc, & nhiét do 30 — 60°C, tt hon 1a & 35 — 50°C, tot nhét
la o 38 - 45°C.

Theo mot phuong an khac ciia phuong phap theo sang ché, phan tmg cua hop
chét trung gian c6 cong thirc (VIIIa) hodc (VIIIb), dic biét la cua (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v6i hop chét c6
cong thire (VIa) hodc (VIb), ddc biét 1a véi pinacol este cua axit 1-metyl-1H-pyrazol-
5-boronic (VIb), dugc thuc hién trong mdi trudng khi tro, trong d6 khi tro nay 1a nito

hoac argon, tdt hon 12 nito.

2.1 Xit I¥ tip theo hop chét thd ¢ cong thirc (IXa) hodc (IXb) va két tinh hop chat ¢6

cong thic (IXa) hoac (IXb)

Theo mdt phuong 4n khac ctiia phuong phép theo sang ché, phan tng cua hop
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chét trung gian c6 cong thic (VIla) hoac (VIIIb), dic biét la ctia (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb), v6i hop chét ¢6
cong thie (VIa) hodc (VIb), ddc biét la v6i pinacol este cua axit 1-metyl-1H-pyrazol-
5-boronic (VIb), dung moi hitu co hodc hén hop dung mdi, dac biét la etyl axetat
cting/khong cliing v6i nuéce, hodce isopropyl axetat cing/khong cung véi nudc, tiy y

duoc

a) rira bang dung dich nudc cta bazo dugc chon tir kali hydroxit, kali
cacbonat, kali hydro cacbonat, kali hydroxit, kali ferz-butoxit, natri hydroxit, natri
phosphat, natri cacbonat, natri hydroxit, natri ferz-butoxit, bari hydroxit, xesi cacbonat,

trietylamin; tdt hon 12 véi kali hydroxit; va/hodc, tly ¥,
b)  duoc rira bang nudc; va/hodc, tiy ¥

¢)  dugexit ly bing chat hip phy; tot hon 1a cht hap phu 1a than hoat tinh;
va/hodc tuy y

d)  chét hép phu, dic biét 1a than hoat tinh, dugc loc;

dé thu dugc dung dich chira hop chét c6 cong thirc (IXa) hodc (IXb) trong dung
mbi hitu co hodc hdn hop dung moi da néu, tot hon 1a dung dich chwra hop chét c6
cong thuc (IXa) hogc (IXb) trong etyl axetat hodc trong isopropyl axetat, t6t nhat 1a

trong etyl axetat.

Theo mot phuong an khac ciia phuong phép theo sang ché, dung moi hoic hdn
hop dung mdi cia dung dich chita hgp chét c6 cong thire (IXa) hodc (Ixb) da néu, tot
hon 1a etyl axetat hodc isopropyl axetat, tdt nhét 13 etyl axetat, dugc thay bang mot
dung mo6i khac (dung moi C trong phan duéi day). Dung méi C bao gém dung moi
duoc chon tir metanol, etanol, n-propanol, n-butanol, 2-butanol, isopropanol, tdt hon
1a dung mdi dugc thay bang isopropanol.

Budi két tinh hop chét ¢6 cong thirc (IXa) hogc (IXb) t6t hon la dugc thyc hién
trong dung mdi C, t6t hon 14 trong isopropanol.

Bude két tinh hop chét cé cong thirc (IXa) hodc (IXb) trong dung méi C, tot
hon 12 trong isopropanol, dugc thuc hién trong 2 — 20 kg, tdt hon 1a trong 2,5 — 10 kg,
t8t nhét 12 trong 2,5 — 6 kg dung méi C, t6t hon 12 isopropanol trén mdt kg hop chat
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c6 cong thic (IXa) hodc (IXb), va sau dé ¢ thé duoc tach.

Hop chét da tach ¢6 cong thire (IXa) hodc (IXb) ¢6 thé duge lam kho ¢ 35 - 75
°C, t6t hon 1a & 40 — 65°C, t6t nhit 12 & 45 — 55°C.

Hop chit da duoc tach c6 cong thie (IXa) hodc (IXb) ¢6 thé duge lam kho
trong didu kién chan khong & 20 — 100 mbar, tbt hon 12 & 30 — 50 mbar, va trong diéu
kién chin khong & 20 — 100 mbar, tot hon 1a & 30 — 50 mbar va, & nhiét dd 35 - 75 °C,
t&t hon 12 trong didu kién chan khong & 20 — 100 mbar, tot hon 1a & 30 — 50 mbar va
& 50 - 75°C, tbt nhit 14 trong diéu kién chan khong & 20 — 100 mbar, tot hon 1a 6 30 —
50 mbar va & 40 — 60°C.

3. Tong hop hop chét trung gian c6 cong thuc (VIIIa) hodc (VIIIb) bét dAu tlr hop chét
¢6 cong thire (I1) hoac (Ila)

Theo mdt khia canh khac, sang ché bao ham phuong phép diéu ché hop chét c6
cong thic (VIIIa) bao gd6m budc cho hop chét trung gian cé cong thuc (I1)

O/\rCH3 R1
(NN
l N
OH
(ID),

trong do

R! 13 nguyén t clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyljoxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

phan ung véi hop chit dugc chon tir N-phenyl-bis(triflometansulfonimit,

triflometansulfonic anhydrit, clorua cta axit metansulfonic, p-toluensulfonyl clorua,
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nonaflobutansulfonyl clorua, nonaflobutansulfonyl florua, benzensulfonyl clorua, 4-
bromobenzensulfonyl clorua, 4-nitrobenzensulfonyl clorua, 2-nitrobenzensulfonyl
clorua, 4-isopropylbenzensulfonyl clorua, 2,4,6-triisopropylbenzensulfonyl clorua, 2-
mesitylensulfonyl ~ clorua  (=2,4,6-trimetylbenzensulfonyl  clorua),  4-fert-

butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua;

dé thu dugc hop chat trung gian c¢6 cong thire (VIIIa)

(VIITa),

trong do

R! 1 nguyén tr clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

R’ 1a nguyén t clo, brom hodc iot hogc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylloxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mdt phuong an khac ctia phuong phap theo sang ché dé didu ché hop chét
¢6 cong thure (I) phuong phap nay con bao gbm (trude khi phan tmg cua hop chét trung
gian ¢6 cong thic (VIIa) hodc (VIIIb) véi hop chét c6 cong thirc (VIa) hodc (VIb))
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bude cho hop chit trung gian ¢6 cong thire (1)

o CH;, R
(N | Ny
NG
OH
D,

trong do

R! 13 nguyén tir clo, brom hodc iot hodc la nhém dugc chon tir

[(triflometyl)sulfonylJoxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-

toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy,
[(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)sulfonyl]oxy va

[(4-metoxyphenyl)sulfonyl]oxy;

phan Gng v6i hop chét duge chon tir N-phenyl-bis(triflometansulfonimit,
triflometansulfonic anhydrit, clorua ctia axit metansulfonic, p-toluensulfonyl clorua,
nonaflobutansulfonyl clorua, nonaflobutansulfonyl florua, benzensulfonyl clorua, 4-
bromobenzensulfonyl clorua, 4-nitrobenzensulfonyl clorua, 2-nitrobenzensulfonyl
clorua, 4-isopropylbenzensulfonyl clorua, 2,4,6-triisopropylbenzensulfonyl clorua, 2-
mesitylensulfonyl clorua  (=2,4,6-trimetylbenzensulfonyl  clorua),  4-fert-

butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua;

dé thu dugc hop chat trung gian c6 cong thirc (VIIIa)

(VIITa),

trong do
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R! 14 nguyén tir clo, brom hodc iot hodc 1a nhém dugc chon tur [ (triflometyl)-
sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy,
[(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropyl-phenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)-sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

R5 13 nguyén tir clo, brom hodc iot hodc 1a nhém dugc chon tu
[(triflometyl)sulfonylJoxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]Joxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong an khac ctia phwong phép theo sang ché, R! cia hop chét c6
cong thire (I1) 1a nguyén tir clo hodc brom, t6t hon 14 nguyén tir clo. Hop chét c6 cong
thire (IT), trong d6 R! 1a nguyén ttr clo 1a hop chét c6 cong thirc (Ila) dugc wu tién (=
(R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-ol):

CH
o/\( 3 ¢l

e
OH

(ITa)

Theo mdt phuong 4n khac cia phuong phap theo sang ché, R! ciia hop chét c6
cong thoe (II) 1a nhéom dugc chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropyl-
phenyl)sulfonyljoxy, [(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)-
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sulfonyl]oxy va [(4-metoxyphenyl)sulfonylJoxy.

Theo mdt phuong an khac ciia phuong phép theo sang ché, R! ciia hop chét c6
cong thuc (II) 1a nhém dwgc chon tir [(triflometyl)sulfonyljoxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy va (p-toluensulfonyl)oxy.

Theo mdt phuwong an khac ciia phuong phap theo sang ché, R! caa hop chét c6

cong thirc (VIIIa) 1a nguyén tir clo hodc brom, tot hon 12 nguyén tt clo.

Theo mdt phuong an khac ciia phuong phép theo sang ché, R! cia hop chét c6
cong thic (VIIa) 1a nhém dugc chon tir [(triflometyl)sulfonyljoxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropyl-
phenyl)sulfonyl]oxy, [(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)-
sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong an khac ctia phuong phép theo sang ché, R! cua hop chét c6
cong thic (VIIa) 1a nhém dugc chon tir [(triflometyl)sulfonyljoxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy va (p-toluensulfonyl)oxy.

Theo mdt phuong an khac cua phuong phap theo sang ché, RS cia hop chét ¢6
cong thire (VIIIa) 1a nguyén tr clo, brom hodc iot.

Theo mot phuong an khac ctia phuong phép theo sang ché, RS cta hop chét c6
cong thuc (IXa) la nhém dugc chon tir [(triflometyl)sulfonyljoxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy, (phenyl-
sulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyljoxy, [(2,4,6-triisopropyl-
phenyl)sulfonyljoxy, [(2,4,6-trimetylphenyl)sulfonyljoxy, [(4-tert-butylphenyl)-
sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy.

Theo mdt phuong an dugc wu tién ciia phuwong phép theo sang ché, R® ctia hop

chét c6 cong thirc (VIIIa) 1a nhém [(triflometyl)sulfonyl]oxy.

Theo mdt phuong an khac ciia phuong phép theo sang ché, R! cia hop chét c6

cong thire (VIIIa) la nguyén tir clo hodc brom, t6t hon 12 nguyén t clo, va R’ la nhom
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duogc chon tu [(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy,
(metylsulfonyl)oxy, (p-toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)-

sulfonyl]oxy, [(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy,
[(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)sulfonyl]oxy va

[(4-metoxyphenyl)sulfonyl]oxy, t6t hon 12 nhém [(triflometyl)sulfonyl]oxy.

Hop chét c6 cong thirc (VIIIa), trong d6 R! 1a nguyeén tir clo va trong d6 R’ 1a
nhém [(triflometyl)sulfonyl]oxy, 1a  (R)-8-clo-2-(3-metylmorpholino)-1,7-
naphtyridin-4-yl triflo-metansulfonat, 1a hop chéit duoc vu tién c6 cong thire (VIIIb):

o/\r'cHS Cl
A
|

N

z

A

N

0.0 F

u\éF
F

O

(VIIIb).

Theo mot phuwong an dugc wu tién cla sang ché, hop chat c6 cong thirc (ID) 1a
(R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-ol (Ila) va hop chét c6 cong thirc
(VIIIa) 14 (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat
(VIIIb).

Theo mdt phuong an khac ctia phwong phap theo sang ché, hop chét trung gian
¢6 cong thie (IT), tot hon 12 hop chét c6 cong thic (Ila), dugc cho phan tmg véi 0,8 -
2,0 , t6t hon 12 v6i 0,9 — 1,7, tét nhat 14 v6i 1,0 - 1,5 dwong lugng phan tir gam cla
hop chit dugc chon tir N-phenyl-bis(triflometansulfonimit, triflometansulfonic
anhydrit, clorua cua axit metansulfonic, p-toluensulfonyl clorua, nonaflobutansulfonyl
clorua, nonaflobutansulfonyl florua, benzensulfonyl clorua, 4-bromobenzensulfonyl
clorua, 4-nitrobenzensulfonyl clorua, 2-nitrobenzensulfonyl clorua,
4-isopropylbenzensulfonyl ~clorua, 2.4,6-triisopropylbenzensulfonyl clorua, 2-

mesitylensulfonyl ~ clorua  (=2,4,6-trimetylbenzensulfonyl  clorua),  4-fert-
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butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua.

Tét hon 14, hop chét ¢6 cong thire (ITa) dugce cho phan tmg véi 0,8 - 2,0, tot hon
13 véi 0,9 — 1,7, tét nhat 1a v6i 1,0 - 1,5 duong luong phén tir gam cua
triflometansulfonic anhydrit hodc N-phenyl-bis(triflometansulfonimit, t6t nhét 1a véi
0,8 - 2,0, tdt hon 1a v6i 0,9 — 1,7, tot nhat 1a véi 1,0 - 1,5 duong luong phan tir gam

triflometansulfonic anhydrit.

Theo mot phuong 4n khac cua phuong phap nay, phan tng néu trén duoc thuc
hién trong dung moi khong proton nhu diclometan, tetrahydrofuran, pyridin,
etylaxetat, isopropylaxetat, axetonitril, 2-metyl-tetrahydrofuran, 1,4-dioxan, 1,2-
dimetoxyetan, axeton, 2-butanon, butyl axetat, xyclopentyl metyl ete, metyl tert.-
butylete, toluen, propionitril, clobenzen, anisol, cloroform, dung moi duoc uu tién 1a

diclometan.

4 — 20 kg dung méi, tdt hon 12 6 - 15 kg dung mdi, t6t nhét 1 7 - 9 kg dung
mdi, tdt hon 12 diclometan, dugc st dung trén mot kg hop chét c6 cong thire (IT) hodc
(ITa).

Theo mot phuong an khéc, phan ung cua hop chét trung gian c6 cong thirc (IT)
v6i hop chat dugc chon tir N-phenyl-bis(triflometansulfonimit, triflometansulfonic
anhydrit, clorua ctia axit metansulfonic, p-toluensulfonyl clorua, nonaflobutansulfonyl
clorua, nonaflobutansulfonyl florua, benzensulfonyl clorua, 4-bromobenzensulfonyl
clorua, 4-nitrobenzensulfonyl clorua, 2-nitrobenzensulfonyl clorua,
4-isopropylbenzensulfonyl ~clorua, 2,4,6-triisopropylbenzensulfonyl = clorua, 2-
mesitylensulfonyl ~ clorua  (=2,4,6-trimetylbenzensulfonyl  clorua),  4-tert-
butylbenzensulfonyl clorua and 4-metoxybenzensulfonyl clorua, tdt hon 13 véi
triflometansulfonic anhydrit hodc N-phenyl-bis(triflometansulfonimit, dugc thyc hién
voi su 6 mit cua bazo, dic biét 1a ctia bazo hitu co hodc cia bazo vo co hoac cua hon

hop gom mdt hodc nhiéu bazo hitu co véi mot hodc nhiu bazo vo co.

Céc bazo hitu co nhu pyridin, N,N-dietyletanamin (= trietylamin), N,N-
di(propan-2-yl)propan-2-amin (= triisopropylamin), N,N-dibutylbutan-1-amin (=
tributylamin), 2,6-dimetylpyridin (= 2,6 lutidin), N-etyl-N-(propan-2-yl)propan-2-
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amin (= N,N-diisopropyletylamin hodc bazo Huenig), N-metyl morpholin co thé dugc
st dung cho phan tmg néu trén. Cac bazo dugc uu tién la  N,N-dietyletanamin

(=trietylamin) va pyridin, t6t nhat 12 pyridin.

Viéc st dung pyridin déc biét c6 lgi dé tranh sy mat mau khong mong muon

ctia hop chét ¢ cong thire (VIIIa) hodc (VIIIb).

Céc bazo vo co, ma c6 thé duge st dung cho phan (mg néu trén, ching han 13
kali cacbonat, kali hydro cacbonat, natri phosphat, natri cacbonat, natri hydro

cacbonat, canxi cacbonat, canxi hydro cacbonat, hodc xesi cacbonat.

Theo mdt phuong an khac cua phuong phép theo sang ché, hop chat trung gian
¢6 cong thie (I1), tdt hon 14 hop chét ¢6 cong thuc (Ila), duge cho phan tmg véi hop
chit duoc chon tir N-phenyl-bis(triflometansulfonimit, triflometansulfonic anhydrit,
clorua cua axit metansulfonic, p-toluensulfonyl clorua, nonaflobutansulfonyl clorua,
nonaflobutansulfonyl florua, benzensulfonyl clorua, 4-bromobenzensulfonyl clorua,
4-nitrobenzensulfonyl clorua, 2-nitrobenzensulfonyl clorua,
4-isopropylbenzensulfonyl ~clorua, 2.4,6-triisopropylbenzensulfonyl clorua, 2-
mesitylensulfonyl ~ clorua  (=2.,4,6-trimetylbenzensulfonyl  clorua),  4-rert-
butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua, tbt hon 1a véi
triflometansulfonic anhydrit hodc N-phenyl-bis(triflometansulfonimit, v&i sw co mat
ctia 0,7 — 4,0, tbt hon 1a cua 0,9 — 3,0, t6t nhat 1a ctia 1,0 — 2,0 duong lwong phén tir

gam cua bazo, tot hon 1a ctia N,N-dietyletanamin hodc pyridin, tdt nhat 13 cua pyridin.

Theo mot phuong 4n dugc uvu tién cia phuwong phéap theo sang ché, hop chat
trung gian cé cong thuc (1), t6t hon 14 hop chat c6 cong thuc (1), dugce cho phan Gng
véi triflometansulfonic anhydrit véi sy ¢6 mat cia 0,7 — 4,0, tot hon 1a cua 0,9 — 3,0,

tdt nhét 1a véi 1,0 — 2,0 dwong lugng phan tr gam cuia pyridin.

Theo mot phuong an khéac ciia phuong phap theo sang ché, phan tmg cua hop
chat trung gian c6 cdng thuc (II) véi hop chit duoc chon tir N-phenyl-
bis(triflometansulfonimit, triflometansulfonic anhydrit, clorua cta axit metansulfonic,
p-toluensulfonyl clorua, nonaflobutansulfonyl clorua, nonaflobutansulfonyl florua,

benzensulfonyl clorua, 4-bromobenzensulfonyl clorua, 4-nitrobenzensulfonyl clorua,
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2-nitrobenzensulfonyl clorua, 4-isopropylbenzensulfonyl clorua, 2,4,6-triisopropyl-
benzensulfonyl clorua, 2-mesitylensulfonyl clorua (=2,4,6-trimetylbenzensulfonyl
clorua), 4-tert-butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua, t6t hon
1a v6i triflometansulfonic anhydrit hodc N-phenyl-bis(triflometansulfonimit, dugc
thuc hién & nhiét do -30 — 30°C, t6t hon 14 -20 —20°C, t5t nhat 1a ¢ -15 dén 0°C. Thoi

gian phan tmg c6 thé 1a 1 dén 24 gid, thoi gian duge wu tiénla 1 - 4 gio.

Theo mdt phuong an duge uu tién ctia phwong phap theo sang ché, hop chat
trung gian c6 cong thue (1), tot hon 14 hop chét ¢ cong thire (Ila), dugc cho phan tng
vdi triflometansulfonic anhydrit v4i sy ¢ mét cua 0,7 — 4,0, tdt hon 14 cua 0,9 — 3,0,
t5t nhat 1a vé6i 1,0 — 2,0 duong luong phén tir gam cua pyridin ¢ nhiét d6 -30 —30°C,
tdt hon 13 & -20 — 5°C, t6t nhat 14 & -15 dén -5°C. Thoi gian phan tmg ¢6 thé 1a 1 dén

24 gid, thoi gian dugc vu tiénla 1 - 4 gio.

3.1 Xir 1y tiép hop chét thd ¢b cong thirc (VIIIa) hodc (VIIIb) va két tinh hop chét c6
cong thirc (VIIIa) hodc (VIIIb)

Theo mdt phuong an khac ctiia phuong phap theo sang ché, phan tmg cua hop
chit trung gian c6 cong thac (II) v6i hop chit dugc chon tr N-phenyl-
bis(triflometansulfonimit, triflometansulfonic anhydrit, clorua cua axit metansulfonic,
p-toluensulfonyl clorua, nonaflobutansulfonyl clorua, nonaflobutansulfonyl florua,
benzensulfonyl clorua, 4-bromobenzensulfonyl clorua, 4-nitrobenzensulfonyl clorua,
2-nitrobenzensulfonyl clorua, 4-isopropylbenzensulfonyl clorua, 2,4,6-triisopropyl-
benzensulfonyl clorua, 2-mesitylensulfonyl clorua (=2,4,6-trimetylbenzensulfonyl
clorua), 4-tert-butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua, t6t hon
12 v6i triflometansulfonic anhydrit hodc N-phenyl-bis(triflometansulfonimit, dung

mdi hitu co hodc hdn hop dung mdi, dic biét la diclometan, tiiy y
a) duoc rira br?mg nudc; va/hodc, tuy y

b) duge rira bang dung dich nudc cua bazo duge chon tir kali hydroxit, kali
cacbonat, kali hydro cacbonat, kali hydroxit, kali fert-butoxit, natri hydroxit, natri

phosphat, natri cacbonat, natri hydroxit, natri zer¢-butoxit, bari hydroxit, xesi cacbonat,

64

64/131



42364

trietylamin; t6t hon 13 v6i dung dich nudc kali cacbonat; va/hodc, tuy ¥,
c) sau khi rira bang dung dich nuéc cua bazo, dugc rua lai bang nudc;

d)  duoc xir Iy bang chat hip phy; tot hon 14 chat hap phu nay la than hoat
tinh; va/hodc tuy y

e)  chat hép phu, dic biét la than hoat tinh, duoc loc;

dé thu duoc dung dich chira hgp chét ¢6 cong thirc (VIIIa) hodc (VIIIb) trong
dung mai hitu co hodc hdn hgp dung méi da néu, t6t hon 12 dung dich chira hop chét

c6 cong thic (VIIIa) hoac (VIIIb) trong diclometan.

Trinh tu cta bude xtt 1y tiép theo hop chat tho ¢ cong thire (VIIIa) hoac (VIIIb)
theo cac budc a) (rira bing nude), b) (rira bing dung dich nuée ciia bazo), ¢) (rira bing
nude sau khi rira bang dung dich nuéc cta bazo), d) (xtr ly béang chat hap phu) va/hoic
e) (loc chét hép phu), nhu dugc mo ta trén day, co thé duoc thay d6i. Chang han cic

bude d) va e) c6 thé duge thuc hién trude cac budc a), b) va ).

Theo mot phuong an khéac cia phuong phap theo sang ché, dung mdi hodc hdon
hop dung moi cua dung dich chira hgp chét c6 cong thirc (VIIIa) hodc (VIIIb) da néu,
tbt hon 13 diclometan, dugc thay biang mot dung mdi khéac (dung méi D trong phan
dudi day). Dung méi D bao gdm dung mdi dugc chon tir metanol, etanol, n-propanol,

n-butanol, 2-butanol, isopropanol, tot hon 12 dung méi dugc thay béng isopropanol.

Theo mot phuong an duge uvu tién cia phuong phap theo sang ché, phan tmg
ctiia hop chét trung gian c¢6 cong thue (II) voi hop chit duoc chon tir N-phenyl-
bis(triflometansulfonimit, triflometansulfonic anhydrit, clorua cua axit metansulfonic,
p-toluensulfonyl clorua, nonaflobutansulfonyl clorua, nonaflobutansulfonyl florua,
benzensulfonyl clorua, 4-bromobenzensulfonyl clorua, 4-nitrobenzensulfonyl clorua,
2-nitrobenzensulfonyl clorua, 4-isopropylbenzensulfonyl clorua, 2,4,6-triisopropyl-
benzensulfonyl clorua, 2-mesitylensulfonyl clorua (=2,4,6-trimetylbenzensulfonyl
clorua), 4-tert-butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua dugc
thuc hién trong méi treong khi tro, trong d6 khi tro nay 1a nito hoac argon, t6t hon 1a

nito.
Bude két tinh hop chat c¢6 cong thire (VIIIa) hoge (VIIIb) t6t hon la dugc thue
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hién trong dung méi D, tot hon 13 trong isopropanol.

2 — 6 kg dung méi hitu co, tdt hon 12 3 — 5 kg dung mai hitu co, tot nhat 1a 3 —
4 kg dung mdi hitu co, tot hon 12 ctia isopropanol, dugc sir dung trén mot kg hop chét

¢6 cong thire (VIIIa) hodc (VIIID).

San phim c6 thé chang han dugc phan 1ap bang cach loc hozc bang cach ly tAm.
N6 ¢6 thé duge 1am khd & 25 - 60°C, tot hon 14 & 40 — 50°C. N6 c6 thé dugce lam kho
trong 1 - 24 gid, tot hon 12 8 - 15 gid, tot nhat 1a 10 — 14 gio.

Bude xtt 1 hop chét thd ¢6 cong thirc (VIIIa) hodc (VIIIb) va bude két tinh n6
tiép theo tir isopropanol tao ra hgp chét c6 cong thue (VIIIa) hogc (VIIIb) v6i df tinh
khiét cao va trong 64 - 87,7% hiéu suét theo ly thuyét, ma khong str dung bét ky budce
tinh ché bang sic ky nao.

Phan (g dé thu duoc hop cht c6 cong thic (VIITa) hogc (VIIIb) ¢6 thé duge
thyc hién & quy mé 16n hon (ching han quy md nhidu kg). Do tinh khiét ciia san pham

thu dugc 1a rat cao (chang han > 98 % (UHPLC, % dién tich)).

4. C4c hop chét trung gian ¢ cong thirc (IXa) hodc (IXb)

Theo mot khia canh khac, sang ché bao ham hop chét trung gian c6 cong thirc

(IXa)

trong do

R! 12 nguyén t clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyljoxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
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sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong 4n khéc, sang ché d& cap dén hop chét trung gian c6 cong

thtrc (IXa), trong d6 R! 1a nguyén tir clo hodc brom, t6t hon 12 nguyén ti clo.

Theo mot phuong 4n khéc, sang ché d& cap dén hop chét trung gian c6 cong
thic (IXa), trong d6 R' 1a nhém dugc chon tur [(triflometyl)sulfonyljoxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyljoxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyljoxy, [(2,4,6-triisopropyl-
phenyl)sulfonylJoxy, [(2,4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)-
sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong an khéc, sang ché d& cap dén hop chét trung gian c6 cong
thie (IXa), trong d6 R! 1a nhém dugc chon tir [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy va (p-toluensulfonyl)oxy.

Theo mot phuong an dugc uu tién, sang ché @& cap dén hop chét c6 cong thic
((IXb):

(IXb).

5. Céc hop chét trung gian c6 cong thirc (VIIIa) hodc (VIIIb)

Theo mot khia canh khac, sang ché bao ham hop chét trung gian c6 cong thiic
(VIIIa)
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(VIIa),
trong dé

R' 1a nguyén tr clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonylJoxy,  [(2,4,6-triisopropylphenyl)sulfonyljoxy,  [(2,4,6-trimetylphenyl)-
sulfonyl]oxy, [(4-tert-butylphenyl)sulfonylloxy va [(4-metoxyphenyl)sulfonylJoxy;

va

R’ 13 nguyén tir clo, brom hodc iot hodc 1a nhém dugc chon ti
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy.

Theo mdt phuong an khac, sang ché dé cép dén hop chit trung gian c6 cong

thitc (VIIIa), trong d6 R! 1a nguyén tir clo hodc brom, t6t hon 12 nguyén tt clo.

Theo mot phuong an khac, sang ché d& cap dén hop chit trung gian c6 cong
thiee (VIIIa), trong d6 R! 1a nhém duoc chon tur [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyljoxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropyl-
phenyl)sulfonyljoxy, [(2,4,6-trimetylphenyl)sulfonyljoxy, [(4-fert-butylphenyl)-
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sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy.

Theo mot phuong an khéc, sang ché @ cap dén hop chét trung gian c6 cong
thac (VIIIa), trong d6 R' 1a nhém dugc chon tur [(triflometyl)sulfonyl]joxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy va (p-toluensulfonyl)oxy.

Theo mdt phuong an khéc, sang ché @& cap dén hop chét trung gian c6 cong

thirc (VIIIa), trong d6 R®la nguyén tir clo, brom hodc iot.

Theo mdt phuong an khéc, sang ché dé cap dén hop chét trung gian c6 cong
thac (VIIIa), trong d6 R® 1a nhém dugc chon tir [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)sulfonyl]oxy, [(2,4,6-triisopropyl-
phenyl)sulfonyljoxy, [(2.4,6-trimetylphenyl)sulfonyl]oxy, [(4-tert-butylphenyl)-
sulfonyl]oxy va [(4-metoxyphenyl)sulfonyljoxy.

Theo mdt phuong an duge uu tién, sang ché dé cap dén hop chit trung gian ¢6

cong thire (VIIIa), trong d6 R’ 12 nhom [(triflometyl)sulfonyljoxy.

Theo mdt phuong an khéc, sang ché @ cap dén hop chét trung gian c6 cong
thic (VIIIa), trong d6 R! 1a nguyén tir clo hodc brom, t6t hon 1a nguyén t clo, va
trong d6 R°® 1a nhom duwoc chon tu [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)-sulfonyljoxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropyl-phenyl)sulfonyl]oxy,
[(2,4,6-triisopropylphenyl)sulfonyl]oxy, [(2,4,6-trimetylphenyl)-sulfonyl]oxy,
[(4-tert-butylphenyl)sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy, t6t hon 12 nhém
[(triflometyl)sulfonyl]oxy.

T6t nhét 12 theo mot phuong 4n sang ché dé cap dén hop chét trung gian ¢6
cong thic (VIIa), trong d6 R' 1a nguyén tir clo va trong do R®> 14 nhém
[(triflometyl)sulfonyl]oxy, dé thu dugc hop chét ¢ cong thire (VIIIb) (= (R)-8-clo-2-
(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat):
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(VIIIb).

6. Dang da hinh B ciia hop chit c6 cong thie (1) voi do tinh khiét cao

Phuong phap diéu ché hop chdt c6 cong thic (I) dugc md ta trong
W02016020320A1 tao ra dang da hinh B cua hop chét c6 cong thirc (I). Tuy nhién,
mot s6 nd lyc nhim maé rong quy mod phuong phap nay dé thu dugc dang da hinh B
clia hop chit ¢6 cong thire (T) véi cAp d tinh khiét, ma ¢6 thé chép nhan dugc dé dung
trong dwoc pham, da khong thanh cong. Ngoai ra, khi cb ging md rong quy md cua
phuong phap dugc mo ta trong WO2016020320A1, san pham thu dugc 12 hop chét c6
cong thire (I) chita nhiéu hon 0,15% mot hogc nhiéu san pham phu, ching han no chira

nhiéu hon 0,15% hop chat sau day:

Nguoge lai, phuong phép didu ché hop chét c6 cong thire (I) theo séang ché nay
tao ra dang da hinh B cta hop chét c6 cong thire (I) v6i cap do tinh khiét cao mot cach
thich dang. Do tinh khiét ctia cdc mé thu duoc (trong phong thi nghi¢m, phong thi
nghiém c& kg va xuong thuc nghiém) la rAt cao. TAt ca cac san pham phu riéng r& 1a
d3 biét va duoc mo ta dac trung va doc t6 hoc. Paladi (Pd) trong dugc chét thanh pham

duoc phat hién thuong < 10 ppm. Tuong tu bo (B) cling nh6 hon 10 ppm.

Vi vay, theo mot khia canh khéc, sang ché bao ham dang da hinh B cua hop
chét c6 cong thuc (I), ma c6 thé thu dugce béng phuong phap diéu ché hop chét c6 cong

70

70/131



42364

thire (I) theo sang ché, ddc biét 1a bing phwong phap xit Iy nhw duge md ta trong phan
1.3. (“Budc xit Iy tiép hop chat tho ¢ cong thirc (I)”) két hop voi phuong phap két
tinh duoc mé ta trong phan 1.4. (“Két tinh hop chét tho ¢6 cong thirc (I) dé thu dugce
dang da hinh B cua ng”).

Theo mdt phuong an khac, dang da hinh B cta hop chét ¢6 cong thirc (I) theo
séng ché dugc dic trung boi do tinh khiét it nhat 12 99,6% (= % dién tich), dac biét 1a
it nhét 99,7% (= % dién tich), tot hon la it nhat 99,8% (= % dién tich), tt nhat 1a it
nhét 99,9% (= % dién tich) dugc xac dinh béi UHPLC.

Theo mdt phuong &n khéc, sang ché bao ham dang da hinh B ctia hop chét c6
cong thie (I) (=2-[(3R)-3-metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-5-yl)-8-(1H-
pyrazol-5-yl)-1,7-naphtyridin), ma dugc dac trung bi do tinh khiét it nhét 99,6% (=
% dién tich) dic biét 1a cta it nht 99,7% (= % dién tich), tot hon la ca it nhat 99,8%
(= % dién tich), tot nhat 1a it nhat 99,9% (= % dién tich) duoc xac dinh boi UHPLC.

D0 tinh khiét cua dang da hinh B cua hgp chét c6 cong thic (I) duge xac dinh
béi UHPLC, t6t hon 13 béi phuwong phéap duge md ta trong Experimental Section —
General Part (“UHPLC - phuong phap xac dinh do tinh khiét héa hoc va thir nghiém
hop chéat c6 cong thirc (I)”).

D6 tinh khiét theo “% dién tich” dugc tinh 1a ty 1& phan tram dién tich dinh
UHPLC gifta dinh UHPLC ctia dang da hinh B cua hop chét ¢ cong thire (I) véi dién
tich dinh téng cua tat ca cac dinh UHPLC.

Dang da hinh B ctia hop chét ¢6 cong thite (I) con duge dc trung bdi phd nhiéu
xa bot tia X (XRPD), biéu hién it nhét 3, dac biét 1a it nhat 5, tt hon 14 it nhat 7, t6t
hon nita 13 it nhét 10, t6t nhat 12 it nhat 12 trong s6 cdc gbc phan xa sau day, dugc néu

& dang céc gia tri 20: 8,3,9,3, 13,8, 14,0, 18,0, 18,7, 19,6, 19,9, 20,1, 22,1, 23,9, 27 4.

Theo mot phwong an khac, dang da hinh B cta hop chét c6 cong thic (I) con
duoc dic trung boi phd nhidu xa bot tia X (XRPD) bao gdm cac goc phan xa sau day,
duoc néu ¢ dang cac gia tri 20: 8,3, 18,0, 19,9.

Theo mot phuong an khac, dang da hinh B cua hop chét c¢6 cong thirc (I) con
duoc dic trung boi phd nhidu xa bot tia X (XRPD) bao gbm cac géc phan xa sau day,
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duoc néu & dang céac gia tri 26: 8,3, 9,3, 18,0, 19,9, 20,1.

Theo mot phuong an khéac, dang da hinh B cua hop chét c6 cong thire (I) con
duogc dac trung bai phd nhidu xa bot tia X (XRPD) bao gbm cac gbéc phan xa sau day,
duogc néu & dang cac gia tri 26: 8,3, 9,3, 13,8, 14,0, 18,0, 19,9, 20,1.

Theo mdt phwong an khac, dang da hinh B cta hop chét c6 cong thic (I) con
duoc dic trung boi phd nhidu xa bot tia X (XRPD) vé co ban nhu duge chi ra trén Fig.
1.

Theo mot phuong an khac, dang B cua hop chét ¢ cong thic (I) dugc dic trung
b&i phd nhidu xa bot tia X (XRPD) duge mod ta trong bang Al (xem Experimental

Section — General Part).

Theo mdt phuong an khac, sang ché bao ham dang da hinh B ctia hgp chét c6
cong thire (1), dugc dic trung boi phd nhidu xa bot tia X (XRPD) bao gdm céac goc
phan xa dugc x4c dinh trén déy, dugc néu dudi dang céc gia tri 20, va con duogc dac
trung béi do tinh khiét it nhét 99,6% (= % dién tich), dac biét 1a cta it nhat 99,7% (=
% dién tich), tdt hon 1a cua it nhat 99,8% (= % dién tich), tot nht 1a cua it nhat 99,9%
(= % dién tich) dugc x4c dinh bsi UHPLC.

Theo mot phuong an khac, sang ché bao ham dang da hinh B ctia hop chit c6
cong thirc (I), duoc dac trung boi d9 tinh khiét it nhat 99,6% (= % dién tich), dac biét
12 it nhét 99,7% (= % dién tich), tdt hon 1a it nhat 99,8% (= % dién tich), tét nhat la it
nhét 99,9% (= % dién tich) dwoc xac dinh béi UHPLC, trong d6 dang da hinh B ctia
hop chét ¢6 cong thirc (T) bao gdm

a) it hon 15 mg bo dugc xac dinh boi ICP-MS, t6t hon 14 it hon 10 mg bo,
trén mot kg dang da hinh B cua hgp chét c6 cong thire (I); va/hodc

b) it hon 0,4 mg paladi dugc xéc dinh boi ICP-MS, t6t hon 14 0,3 mg paladi
hodc it hon 0,3 mg paladi; va/hoédc

c) it hon 0,05% (= % dién tich) hop chét c6 cong thire (IXb) duge xac dinh
boi UHPLC; va/hoac

d)  ithon 0,05% (= % dién tich) hop chét c6 cong thire (VIb) duge x4c dinh
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boi UHPLC; va/hodc

e) it hon 0,05% (= % dién tich) dihydropyran dugc xac dinh béi UHPLC;

va/hodc

f) it hon 0,05% (= % dién tich) hop chét c¢6 cong thire (Illc) duge xac dinh
boéi UHPLC; va/hoac

2) it hon 0,05% (= % dién tich) pinacol dugc xac dinh béi GC; va/hoéc

h) it hon 0,05% (= % dién tich) hop chét c6 cong thirc (VIIc/VIId) duoc
x4c dinh boi UHPLC; va/hodc

i) ithon 0,05% (= % dién tich) hgp chét c6 cong thirc

dugc xac dinh boi UHPLC; va/hodc

1) it hon 0,05% (= % dién tich) hop chét c6 cong thic

duogc xac dinh béi UHPLC.

Ham lugng bo va/hodc paladi cua hop chét c6 cong thirc (I) duge xac dinh boi
ICP-MS, t6t hon 14 bai phuong phap duge md ta trong Experimental Section — General
Part (“ICP-MS - phuong phap x4c dinh tong sb nguyén 6, bo, paladi, sat, kali, natri”).
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Ham luong cua cac hogp chét c6 cong thie (IXb), (VIb), (Illc), (VIIc/VIId),
dihyropyran,

hodc cua

duoc xé4c dinh béi UHPLC, t6t hon 1a bdi phuong phdp dugc mo ta trong
Experimental Section — General Part (‘UHPLC - phwong phap xéc dinh d9 tinh khiét

hoa hoc va thu nghiém hop chét c6 cong thire (I)7).

Ham luong pinacol dugc xéac dinh boi GC, t6t hon 13 béi phuong phéap duge
md ta trong Experimental Section — General Part (“GC — phuong phép xac dinh

pinacol”).

Theo mot khia canh khéc, sang ché bao ham duoc phém, dac biét la thudc, bao
gbdm dang da hinh B cua hop chét c6 cong thirc (I) theo sang ché, ma duge dic trung
boi do tinh khidt it nhat 99,6% (= % dién tich) dac biét 1a it nhét 99,7% (= % dién
tich), t5t hon 1 it nht 99,8% (= % dién tich), tot nhét 1 it nhat 99,9% (= % dién tich)
duge xac dinh boi UHPLC, va mot hodc nhidu ta duge, dic biét 1a mot hode nhiéu ta

duoc thich hop dé dung trong dugc phim.

Céac phuong thuc thong thuong dé bao ché dugc pham nhu vay ¢ dang lidu

luong thich hop ¢6 thé dugc st dung.

Hop chét c6 cong thire (I) theo sang ché ¢6 thé c6 hoat tinh toan than va/hodc
cuc bd. Ddi véi muc dich nay, né ¢ thé duge dung theo cach thich hop, vi du nhu
theo duong udng, dudng ngoai tiéu hoa, dudng phoi, dudng mii, duong dudi ludi,
dudng ludi, dudng miéng m4, dudng truc trang, dudng am dao, dudong da, duong qua

da, dudng két mac, dudng tai hoac dudng ciy implant hodc stent.

Pbi v6i cac dudong dung nay, ¢ thé dung cac hop chat ¢ cong thirc (I) theo

sang ché dudi cac dang dung thich hop.
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Dé ding theo dudng udng, c6 thé phéi ché hop chét c6 cong thire (T) theo sang
ché thanh cac dang lidu bao ché da biét trong linh vuc dé phan phéi hop chét theo sang
ché mot cach nhanh chéng va/hodc theo cach duge ci bién, vi du nhu vién nén (vién
nén khong boc hoic ¢6 boc, vi du v6i nguyén liéu boc tan trong rudt hodc dé giai
phéng c6 kiém soat ma cac nguyén liéu phu nay hoa tan chdm hodc khong hoa tan),
vién nén phan huy theo dudng ubng, dang bao mang/vién nhén, bao mang/dong kh,
vién nang (vi dy, vién nang gelatin ciing hodc mém), vién nén boc duong, dang hat,
hat nho, bot, nhil twong, huyén phu, sol khi hogc dung dich. C6 thé két hop cac hop
chét theo sang ché c6 cong thirc (I) & dang tinh thé va/hodc vo dinh hinh va/hogc dang

hoa tan vao trong cic dang licu bao ché.

Viéc ding theo dudng ngodi tiéu hoa c6 thé dugc thuc hién dé tranh budc hép
thu (vi du, theo dudng tinh mach, dudng trong dong mach, duong trong tim, duong
trong dng sdng hodc dng sdng ving thit lung) hoic bao gdbm budc hép thu (vi dy, theo
dudng trong co, dudong dudi da, dudng trong da, duong qua da hodc dudng trong phuc
mac). Cac dang dung thich hop dé dung ngoai duodng tiéu hoa 1a cac ché pham tiém
va truyén ¢ dang dung dich, hdn dich, nhii twong, dang dong kho hodc bot vo trung,

ngoai cac dang khac.

Céc vi du thich hop dé dung theo cac duong dung khéc la cac dang dugc phém
dé dung theo duong xong hit [ngoai nhitng dang khac, dang bot xong hit, khi dung],
nho giot & miii, dung dich nhé mi, phun xit miii; vién nén/bao mang/vién nhén/vién
nang dé dung theo dudng ludi, dudi ludi hodc mi¢ng ma; dang dan dat; nho mat, m&
boi mét, rira mét, dat trong 6 mét, nho tai, phun xit ¢ tai, bot dung ¢ tai, rira tai, tim
bong ngody tai; vién nang am dao, huyén phit nuée (nude xte, hdn hop l4c khi dung),
huyén phtl ra béo, nhil twong, m& boi, kem boi, cac hé tri lidu qua da (vi du nhu tAm
dan), stta, bt nhdo, bot, bt tao bui, implant hodc stent.

Hop chét c6 cong thue (I) theo sang ché c6 thé dugc két hop vao cac dang st
dung néu trén. Viéc dua vao ny c6 thé dugc thyc hién theo cch da biét bang cach

tron voi cac ta duoc duge dung thich hop. Cac ta dugc duge dung bao g@)m, ngoai

nhiing ta dugc khac,
° chét don va chat mang (vi du, xenluloza, xenluloza vi tinh thé (vi du nhu
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Avicel®), lactoza, manitol, tinh bot, canxi phosphat (vi du nhu Di-Cafos®)),

° nén m& (vi du md& bdi tron, parafin, triglyxerit, sap, sap 1ong ctru, rugu

tlr sap 16ng ciru, m& 16ng clru, md wa nudc, polyetylen glycol),

° nén cho thudc dan (vi du polyetylen glycol, bo cacao, chit béo ¢ dang
rén),
o dung mbi (vi du nudc, con, isopropanol, glyxerol, propylen glycol, dau

, béo triglyxerit c6 chiéu dai mach trung binh, polyetylen glycol & dang 1ong, parafin),

. chc chit hoat dong bé mit, chét nhil hoa, chit phan tan hodc chét thim
w6t (vi du, natri dodexyl sulfat), lecithin, phospholipit, rwou béo (vi du nhu Lanette®),
cac este cua axit béo voi sorbitan (vi du nhu Span®), cac este cua axit béo véi
polyoxyetylen sorbitan (vi du nhu Tween®), cac glyxerit cia axit béo v6i
polyoxyetylen (vi du nhu Cremophor®), céc este clia axit béo véi polyoxetylen, cac
ete cua rugu béo vai polyoxyetylen, cic este cua axit béo véi glyxerol, cac poloxamer

(vi du nhu Pluronic®),

° cac chit dém, axit va bazo (vi du phosphat, cacbonat, axit xitric, axit

axetic, axit clohydric, dung dich natri hydroxit, amoni cacbonat, trometamol,

trietanolamin),
° cac chét dang truong (vi du glucoza, natri clorua),
o cac chat hap phu (vi du, silic oxit ¢6 d phan tan cao),

. chit 1am ting do nhét, chét tao gel, chét lam dic vi/hodc chét két dinh
(vi du, polyvinylpyrolidon, metylxenluloza, hydroxypropylmetylxenluloza,
hydroxypropylxenluloza, natri-carboxymetylxenluloza, tinh bdt, carbomer, axit

polyacrylic, vi du nhu Carbopol®, alginat, gelatin),

o chét gay ra (vi du, tinh bot bién tinh, carboxymetylxenluloza-natri, tinh
bot natri glycolat (vi du nhu Explotab®), polyvinylpyrolidon lién két chéo,

croscarmeloza-natri (vi du nhu AcDiSol®)),

. chét didu chinh tdc do chay, chét 1am tron, chét 1am trugt va chat tach

khuén (vi du, magie stearat, axit stearic, bt talc, silic oxit ¢6 d6 phén tan cao (vi du
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nhu Aerosil®)),

® nguyén liéu boc (vi du, duong, selac) va cac chét tao mang dung cho céc
c4c mang hodc mang khuéch tin ma chiing hoa tan nhanh chéng hogc theo cach dugc
cai bién (vi du, polyvinylpyrolidon (vi du nhu Kollidon®), ruou polyvinyl,
hydroxypropylmetylxenluloza, hydroxypropylxenluloza, etylxenluloza,
hydroxypropylmetylxenluloza phtalat, xenluloza axetat, xenluloza axetat phtalat,

polyacrylat, polymetacrylat, vi du nhu Eudragit®)),
o nguyén liéu bao nang (vi du gelatin, hydroxypropylmetylxenluloza),

° cac polyme tong hop (vi du, polylactit, polyglycolit, polyacrylat,
polymethacrylat (vi du nhu Eudragit®), polyvinylpyrolidon (vi du nhu Kollidon®),
ruou polyvinyl, polyvinyl axetat, polyetylen oxit, polyetylen glycol va cac copolyme

va copolyme khoi ctia chung),

° cac chit déo héa (vi du polyetylen glycol, propylen glycol, glyxerol,
triaxetin, triaxetyl xitrat, dibutyl phtalat),

o céc chét tang cudng tinh thim,
. cac chét 1am én dinh (vi du cac chit chdng oxy hoéa nhu, vi duy, axit

ascorbic, ascorbyl palmitat, natri ascorbat, butylhydroxyanisol, butylhydroxytoluen,

propyl galat),

. cac chét 1am 6n dinh (vi du c4c chit chdng oxy hoéa nhu, vi du, axit

ascorbic, ascorbyl palmitat, natri ascorbat, butylhydroxyanisol, butylhydroxytoluen,

propyl galat),

e céc chét tao mau (vi du cac chét mau vé co nhu, vi du, cac oxit sét, titan
dioxit),

° chét tao huong, chét tao ngot, chét che giéu mui va/hoac vi.

Vi du thwe hién sang ché

Céc dang dinh NMR dugc thong béo khi ching xuét hién trong phd, cac hiéu

g thit bac cao hon kha di da khong dugc xem xét.
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Cac tén hoéa hoc duge tao ra bing cach sir dung phén mém ACD/Name cua
ACD/Labs. Trong mdt s6 truong hop, tén goi dugc chap nhan thong thudng cla cac
chit phan tmg sén c6 trén thi truong duge str dung thay cho tén goi dugc tao ra boi

ACD/Name.

Bang 1 sau liét ké céc chit viét tit duoc str dung trong phan nay va trong phan
Vi du mi2n 13 ching khong dugc giéi thich trong ban mo ta. Céc chit viét tét khac co
nghia thong thudng cta ching ma ngudi ¢6 hiéu biét trung binh trong linh vuc nay da
biét.
Bang 1: Cac chit viét tat

Béng sau day liét ké cac chit viét tat dugce st dung ¢ day.

Céc chir viét tat Y nghia

aq. trong nude

br vach rong (tin hiéu 'H - NMR)
cat. xuc tac

conc. dam dac

CI Ion hoa hoa hoc

d vach doi

DAD bd do mang diot (diode array detector)
DCM diclometan

dd vach doi kép

DIC N,N'-diisopropylcacbodiimit
DIPEA diisopropyletylamin

DMA N,N-dimetylaxetamit

DMF N,N-dimetylformamit

DMSO dimetylsulfoxit

dt vach ba kép
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Céc chit viét tat

Y nghia

EtOAc etyl axetat

EtOH etanol

equiv. duong luong

ESI Ton héa bang phun dién (electrospray - ES)
GC sac ky khi

h gio

HCI axit clohydric

HPLC sdc ky long hiéu ning cao

IC Séc ky ion

ICP hoac ICP-MS

Phd khéi plasma ghép cdp cam tmg

LC-MS hodc LCMS

Séc ky long - Pho khoi

L lit

m da vach

ml mililit

min phut

MeOH metanol

Mod B Dang da hinh B

MS phd khdi

n-butanol 1-butanol

n.d. khong phat hién dugc

NMR phd cong hudng tir hat nhéan: dich chuyén héa hoc (8)
dugc tinh theo ppm.

n.n. khong tim thay

n-propanol 1-propanol
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Céc chit viét tat

Y nghia

Pd/C paladi trén than hoat tinh

PdClz(dppf) [1,1'-bis(diphenylphosphino)feroxen]diclo paladi(II)
Pd(dba), bis(dibenzylidenaxeton)paladi

Ph. Eur. Duoc dién Chau Au

q vach bén

gNMR NMR dinh lugng

r.t. hodc rt hodc RT nhiét do trong phong

rac triét quang

Rt thoi gian lu'u‘ (nhu duoc xac dinh véi HPLC hoac
UPLC) tinh bang phut

RRT thoi gian luu twong ddi

S vach don

sat. bao hoa

t vach ba

td ba vach doi

THF tetrahydrofuran

UHPLC sdc ky 1ong hiéu nang siéu cao

USP Dugc dién M§ (United States Pharmacopoeia)

Céc chir viét tt khac c6 nghia thong thuong cia ching ma ngudi ¢6 hiéu biét

trung binh trong linh vuc nay da biét.

Céc khia canh cta sang ché dugc mo ta trong ban mo ta nay dugc minh hoa

bang cac vi du sau, 1a cdc vi du khong nhdm muc dich gi¢i han sing che theo cach bat

k3.

Céc thir nghiém kiém tra vi du mb ta ¢ day dung dé minh hoa séng ché va séang

ché khong chi gigi han ¢ cac vi du xac dinh nay.
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Phin thir nghiém-Phan chung

Toan bd cac chat phan (mg, ma viéc tong hop ching khong dugc mo ta trong
phan thir nghiém, 12 sén ¢6 trén thi truong, hodc 1a hop chat da biét hodc ¢6 the duge
tao thanh tir hop chit da biét bing phuong phép da biét di voi ngudi c6 hiéu biét
trung binh trong linh vyc nay.

Phuong phap phan tich va thiét bi

Phd 'H-NMR dugc ghi trong CDCls, DMSO-d6 hodic D20 bang cach sir dung thiét bi
Bruker Biospin NMR v6i nam cham 400 MHz, chuyén dich héa hoc (8) dugc bao cao

v6i TMS dung lam chit chuan noi.
Biéu d6 siic ky HPLC

Phuwong phdp HPLC quét bazo: HE théng Agilent (Bom nhi phan 1260,
G1312B, thiét bi loai khi; thiét bi 14y mau tuw dong, ColCom, bd do DAD: Agilent
G1315C, 220-320 nm) Cot: Waters XSelect™ CSH (50x2,1mm 3,5um); nhiét do cot
35 °C; Luu luong 0,8 mL/phut; Thé tich bom 1 pL; Gradient t= = phtit 2% B, t3 5phut
= 98% B, tephat = 98% B, Thoi gian thong bdo 3 phut, 2% B. Chét rira giai A: 10 mM
amoni bicacbonat trong nuéc pH 9,5; Chét rira giai B: 95% axetonitril + 5% 10 mM

amoni bicacbonat trong nudc (pH 9,5);

Phuwong phdp HPLC quét axit: HE théng Agilent (Bom nhi phén 1100,
G1312A, thiét bi loai khi; thiét bi iy mau tw dong, ColCom, bd do DAD: Agilent
G1315B, 220-320 nm) Cot: Waters XSelect™ CSH (50x2,1mm 3,5um); nhiét do cot
35 °C; Luu lugng 0,8 mL/phut; Thé tich bom 1 pL; Gradient: to = 2% B, t3 sphit = 98%
B, tephit = 98% B, Thoi gian thong bdo: 3 phut; Chét rira gidi A: 0,1% axit formic trong

nuéc. Chét rira giai B: Axit formic 0,1% trong axetonitril.

Phuwong phdp HPLC quét axit: Hé théng Agilent (Bom nhi phéan 1100,

G1312A, thiét bi loai khi; thiét bi iy mau ty dong, ColCom, bd do DAD: Agilent

G1315B, 220-320 nm) Cot: Phenomex Kinetex C18 100A (100*4,6mm 2,6um); nhigt
do cot 35 °C; Luu lugng 1,5 mL/phut; Thé tich bom 1 pL; Gradient: to = 2% D, tsphat
= 98% D, tiiphat = 98% D, Thoi gian thong bao: 3 phut; Chét rira giai C: 0,1% axit

formic trong nuéc. Chét rira gidi D: Axit formic 0,1% trong axetonitril.
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Biéu do sic ky LC-MS
Phwong phdap LC-MS quét bazo

Agilent 1100 Bin. Bom: G1312A, thiét bi loai khi; thiét bi 14y mau tu dong,
ColCom, DAD: Agilent G1315B, 220-320 nm, MSD: Agilent LC/MSD G6130B ESI,
duong tinh/am tinh 100-800; cot: Waters XSelect™ C18, 30x2,1mm, 3,5u, Nhiét do:
25 °C, Luu lugng: 1 mL/phit, Gradient: to = 2% A, ti.ephat = 98% A, tsphat = 98% A,
Thoi gian thong bao: 1,3 phut, Chét rira giai A: 95% axetonitril + 5% 10mM amoni
bicacbonat trong nudc trong axetonitril, Chét rira giai B: 10mM amoni bicacbonat

trong nudc (pH=9,5).
Phwong phap LC-MS quét axit

Thiét bi: Agilent 1260 Bin. Bom: G1312B, thiét bi loai khi; thiét bi 1dy mau tu
dong, ColCom, DAD: Agilent G1315C, 220-320 nm, MSD: Agilent LC/MSD
G6130B ESI, dwong tinh/am tinh 100-800, cot: Waters XSelect™ CSH C18,
30x2,1mm, 3,5 p, Nhiét do: 35 °C, Luu luong: 1 mL/phut, Gradient: to = 5% A, t16phut
= 98% A, tapnat = 98% A, Thoi gian thong bdo: 1,3 phit, Chét rira giai A: 0,1% axit

formic trong axetonitril, Chat rira giai B: 0,1% axit formic trong nuéc
HPLC - phwong phap xéc dinh dd tinh khiét vé mit dong phan ddi dnh
Do dong nhat (HPLC) Chénh léch giita thoi gian lwu ctia mu thi nghiém va

dung dich hi€u chinh cua hop chét c6 cong thic (I)
can phai dudi 5%.

D0 tinh khiét vé mat dong HPLC

phan doi énh Phuong phép pha khong dbi xtimg dang dong
Phat hién: Khoang UV
Cot Chiéu dai: 25 cm
bPuong kinh 4,6mm
trong: ChiralCel OZ-H (ching han
Nap: Fa.Daicel), 5 pm

Dung méi dung dich mau  0,5% etanolamin trong etanol

(Chang han tron 5 mL etanolamin trong 1000 mL
etanol)
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Dung dich mau Hoa tan miu & nong dd 1 mg/mL trong 0,5%
etanolamin trong etanol.
Pha dong n-heptan/etanol + etanolamin (80/20; V:V + 0,5%)

(Chang han tron 800 mL n-heptan, 200 mL etanol va
5 mL etanolamin)

Téc do dong 1,0 mL/phut

Nhiét d6 10 cot 25°C

Budc song phat hién 280 nm

Thé tich bom 5uL

Thoi gian chay sic ky 60 ml/phut

Dénh gia/Tinh todn Hop nhét céc dién tich dinh cla céc chét ddng phan
doi anh va danh gia theo phuong phap 100% dién tich

% = Aﬁ‘Az -100%

% = D5 tinh khiét v& mit ddng phan dbi anh ctia hop chit dich (I) theo phan trdm
A1 = Dién tich dinh (R): hop chét dich (I)

A2 = Dién tich dinh (S): chat ddng phan d6i anh cta hop chat dich (I)

UHPLC - phwong phap xac dinh d¢ tinh khiét héa hoc va thir nghiém cia
hop chit c6 cong thire (I)

D9 tinh khiét héahoc ciia  Phuong phap UHPLC Pha dao
hop chat (I)

Téng luong cua tat cacac  Phat hién: Khoang UV
tap chat hitru co

Phuong phap (thir nghiém) chuén ngoai

Cot Chidu dai: 50 mm
Duong 2,1 mm
kinh trong:
Nap: ZORBAX SB-AQ 1,8 um, 80 A,

(chang han Agilent Technologies,

&3



Dung dich mau

Dung dich hiéu chinh

Pha dong

Tbc dd dong

Nhiét do 10 cot
Budc séng phat hién
Thé tich bom

Gradien

Thoi gian chay sic ky

Thoi gian luu

42364

USA)

Hoa tan miu & ndéng do6 0,4 mg/mlL trong
axetonitril/nudce (9:1; V/V).

Hoatan chét chuén tham chiéu ciia hop chét c6 cong
thte (I) 3 nong d6 0,4 mg/mL trong axetonitril/nude
(9:1; V/V).

Nuge + 0,04% axit phosphoric (HsPOu4) (85%)
(ching han 400 pL H3PO4/ 1 L nuéc) pH 2.4

Axetonitril
0,6 mL/phut
45°C
210 nm
1,0 uL
Thoi gian % A % B
[phut]
0,0 95 5
1,0 95 5
15,0 50 50
17,0 20 80
17 phut

hop chét Xap xi nhiét d RRT
trong phong

(phut)

(D 6.0 , 1,00
(VIb) 0,5 0,08
(Ilc) 1,6 0,27
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Tinh toan thtr nghiém va do
tinh khiét cua hop chét c6
cong thuc (I)
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1,43

(VIIc/VIId) 9,6 1,60
(IXb) 10,2 1,70

Thit nghiém: Dich tich dinh cta dung dich mu duoc
so sanh vé6i dién tich dinh cta chat chuén tham chiéu.
Tinh toan thir nghiém c6 tinh dén khdi lugng cua chat
chuAn tham chiéu bing cach sir dung phuong phap hdi
quy tuyén tinh dén 0 v6i hé thong dit liéu sic ky da

dugc x4c nhén (chang han Empower).

Do tinh khiét: Cac tap chat dugc ddnh gid theo phuwong
phép 100% dién tich. Do tinh khiét theo “% dién tich”
duoc tinh 1a ty 16 phan trim dién tich dinh HPLC giita
dinh HPLC cua dang da hinh B cua hop chét ¢6 cong
thite (I) v6i dién tich dinh tong cla tit ca céc dinh
HPLC

UHPLC - phwong phap xac dinh N-axetyl-xystein

Thir nghiém

Phuong phap UHPLC Pha dao

Phat hién: Khoang UV

Phuong phép chuin ngoai

Chiéu dai: 100 mm

Duong kinh trong: 3,0 mm

Nap: YMC-Triart C18, 1,9 um (chang

han YMC)
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Dung dich mau

Dung dich hiéu chinh

Pha dong

Téc dd dong

Thiét bi liy mau tu
dong nhiét do

Nhiét do 10 cot
Budc song phat hién
Thé tich bom

Gradien

42364

Hoda tan mau & ndng do 0,5 mg/mL trong 0,1 N axit

clohydric.

Hoa tan chat chuan tham chiéu & nong do

0,00075 mg/mL (= trong néng do mau 0,15%) trong

0,1 N axit clohydric.

Nudc + amoni dihydro phosphat + axit phosphoric

(H3POy) (85%)

(chdng han 1,15 g amoni dihydro phosphat + 0,68 mL

H3PO4/ 1 L nuéce) pH 2,4

86/131

Axetonitril

0,6 mL/phut

10 °C

35°C

195 nm

10 pL

Thoi gian [phut] % A % B
0,0 97 3
2,5 97 3
5,0 92 8
6.0 20 80
9,0 20 80
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Thoi gian chay séc ky 9 pht

Thoi gian luu

hop chét Xap xi RRT
nhiét do
trong
phong
(phut)
N-axetyl xystein 2,84 1,00

Tinh toan thir nghiém  Thu nghiém: Dich tich dinh cta dung dich mau dugc so
sénh voi dién tich dinh cua chét chun tham chiéu. Tinh
toan thir nghiém c6 tinh dén khéi lugng ctia chét chuén tham
chiéu bang cach st dung phuong phap hdi quy tuyén tinh
dén 0 v6i hé théng dit liéu sic ky da duge x4c nhan (chang

han Empower).
GC - phwong phap xic dinh pinacol

Quy trinh: Shc ky khi vé6i ion héa ngon lira (FID) va hé thong dénh

gi4 dit lieu

Khi mang Hydro

Luu luong cot 1,4 mL/phut (khong do6i)

Luu lugng tach 42 mL/phut

Ty 1€ tach 30

Nhiét do tiém 200 °C

Lop lot SGE Focus- Liner (P/N: 092219)
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Cot mao quan:

Thé tich bom

Nhiét do program

Téng thoi gian chay:
Nhiét do bo do

Khi d6t chay

Dung dich thr nghiém

42364

Pha tinh:

Chiéu dai:

Puong kinh trong:
b0 day cua mang:
1,0 uL

Bét dau:

Tbc do gia nhiét 1:
dén:

Tdc do gia nhiét 2:
dén:

Tbc do gia nhiét 3:
dén:

20 phut

325 °C

Hydro

Khéng khi tong hop

Nito

DB5-MS
khoang 30 m
0,25 mm

0,5 pm

40 °C (2 phut)
15 °C/phit

100 °C (2 phut)
35 °C/phit

250 °C (2 phut)
50 °C/phut

300 °C (4,7 phut)

40 mL/phut
450 mL/phit

30 mL/phut

Hoa tan mAu trong axetonitril & nong dd 5 mg/mL (ching

han hoa tan khoang 25 mg mAu, can chinh xéc, trong

5,0 mL).
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Dung dich déi chimg ~ Dung dich dbi chimg cn phai duoc diéu ché nhw dung
dich thtr nghiém.

biéu kién GC Céc diéu kién cu thé la cac gia tri chi dan. bé dat dugc
viéc tach toi wu, cac dieu kién nay, néu can, duoc dieu
chinh cho phu hop véi kha nang k¥ thuat cua phép sac ky

va céc dic tinh cta cdt tuong Gng.

Quy trinh Dung dich thit nghiém séc ky va dung dich doi chimg
trong cac didu kién da dugc chi ra.
Cac dinh trong séc ky dd cua dung dich thir nghiém can
phai khép véi cac dinh ciia dung dich dbi ching vé thoi

gian luu khi quan sat bang mat thuong.

Tén RT [phut] RRT

Pinacol 6,0 -

Axetonitril 2,0 -
Danh gia Tich hop dién tir cua cac dién tich dinh.

Tinh toan thir nghiém  Dién tich dinh ctia dung dich thir nghiém dugc so sanh véi
dién tich dinh cua dung dich ddi chimg. Tinh toan thi
nghiém c6 tinh dén khéi lugng clia chét chuin tham chiéu
béng cach sir dung phuong phap hdi quy tuyén tinh dén 0
v6i hé théng dit liéu séc ky da dugce xac nhan (ching han

Empower).

GC - phuong phap xac dinh 1-butanol, diclometan, etyl axetat, isopropanol,

metanol: GC-Headspace USP, version 41, chapter <467> “dung moi con lai”

Sic ky ion (Ion Chromatography - IC) — phwong phap xac dinh clorua,
phosphat, sulfat: USP, version 41, chapter <1065> “sic ky ion”
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ICP-MS - phwong phap xac dinh téng s6 nguyén t6, bo, paladi, sit, kali,
natri: USP, version 41, chapter <233> “tap chét & dang nguyén t6”, hoac Ph.Eur. (Lén
xuét ban thtt 9 bao gdm cac phan bd sung tir 9.1 dén 9.5), chuong 2.2,58

Chuén d9 bing cich so mau dé xac dinh nwde: Karl-Fischer, Coulometric
titration Ph.Eur. (LAn xuét ban thir 9 bao gdm cac phan bd sung tir 9.1 dén9.5), chwong
2.5.32

Nhiéu xa bét tia X (X-Ray Powder Diffraction - XRPD):

Phan tich XRPD duoge thyuc hién bang cach sir dung nhidu xa ké “X Pert Pro”
tr PANalytical B.V., Netherlands, dugc trang bi bng phat tia X bang Cu (phéng xa Cu
K alpha 1, chiéu dai buéc séng 1,5406 A). va hé do Pixcel. Mau duge phan tich &
25°C theo phuong thirc truyén va dugc giit gilta cic mang polyetylen ty trong thap.
Phin mém HighScore Plus, phién ban 2.2¢, tir PANalytical B.V. duoc st dung bang
cach ap dung céc thong sb sau: khoang 3 - 40° 26, c¢& budc 0,013°, thoi gian dém 99
gidy, thoi gian chay ~ 22 phut. T4t ca cac phan xa tia X dugc néu dudi dang cic gid

tri © 20O (theta) voi do phan gidi +0,1°.

Danh sach cac phan xa XRPD (cac gia tri 20) ciia dang da hinh B (= Mod
B) ciia hop chit c6 cong thire (I)

Bang Al

Dang da hinh B

8.3
9.3
11,2
13,8
14,0
14,2

14,4
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Dang da hinh B

15,6
16,1
16,7
17,0
17,7
18.0
18,7
19,1
19,4
19,6
19,9
20,1
20,5
21,3
21,7
22,1
22,6
23,2
23,4
23,9
24,2
24,7

25,8
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Dang da hinh B

26,0
26,4
26,8
27,4
27,8
28,2
29,9
31,4
32,5
333
33,6
34,0
34,6
36,2
37,5
38,9

39,4

Phan thwe nghiém — cac vi du

Phan ung dugc thuc hién trong khi quyén chira nito trir khi duge chi ra theo

cach khac.
Vidu la

(R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflometansulfonat (VIIIb)
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Thém nhé giot dung dich chtta N-phenyl-bis(triflometansulfonimit) (25,5 g,
71,5 mmol, 1 duong lugng) trong diclometan (160 mL) vao hdn hop gom (R)-8-clo-
2-(3-metylmorpholino)-1,7-naphtyridin-4-ol (Ila) (20 g, 71,5 mmol) va trietylamin
(19,88 mL, 143 mmol, 2 duong lugng) trong diclometan (100 mL). Hon hop phén tmg
thu duoc duge khudy o nhiét do trong phong qua dém, sau d6 phén tich méu bang
HPLC chi ra ring tit ca cac nguyén liéu ban dAu da dugc phan tig hét. Hon hop phan
tmg dugc db vao nude (200 mL) va hdn hop thu duge duge axit hoa bang axit axetic
(110 mL) cho dén khi do pH~3,5. Sau khi tach, 16p hitu co duge khudy v6i dung dich
nude axit axetic (100 ml, pH~3) trong 5 phut. Lép hitu co dugce tach, duge rira vai
nuée (200 mL) va sau d6 véi 2M kali cacbonat (5 x 200 mL) cho dén khi phan tich
16p hitu co bing LCMS chi ra ring toan bo sulfonamit da dugc loai khoi. Tiép theo,
16p hitu co sau d6 duge rira véi nude (200 mL) va nude mudi (200 mL), duoc lam kho
trén natri sulfat, dugc loc va dugc cd dac trong diéu kién éap suat giam. Phan con lai
(23 g) duogc két tinh lai tir 2-propanol nong: (2 thé tich, 46 mL). Sang hom sau, cc chat
rdn duoc loc khoi, duge rira véi 2-propanol (5 mL) dé thu duoc (R)-8-clo-2-(3-
metylmorpholino)-1,7-naphtyridin-4-yltriflometan-sulfonat (VIIIb)). 18,91 g (64 %

hiéu suét theo 1y thuyét) & dang chit rin mau vang.

'H NMR (cloroform-d) &: 8,17 (d, T = 5,5 Hz, 1H), 7,53 (d, J = 5,5 Hz, 1H),
7.08 (s, 1H), 4,54 — 4,36 (m, 1H), 4,27 (d, T = 12,0 Hz, 1H), 4,11 (dd, J= 11,5, 3,8 Hz,
1H), 3,89 (d, J = 11,5 Hz, 1H), 3,80 (dd, J = 11,6, 3,1 Hz, 1H), 3,66 (td, J = 12,0, 3,0
Hz, 1H), 3,42 (td, T = 12,9, 3,9 Hz, 1H), 1,39 (d, J = 6,8 Hz, 3H).

LC-MS (phuong phap: Bazo quét): Rt 2,33 pht;

MS (ESI pos) m/z =412,1 [M+H]".

HPLC (phuong phap: Bazo quét): Rt 3,88 phut.
Vidulb

(R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3 -metyl-morpholin
IXb

Thém PdClz(dp_pD (6,66 g, 9,1 mmol, 3 mol%) vao dung dich chira (R)-8-clo-
2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat (VIIIb) (125.0 g,
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304 mmol) trong 300 mL isopropyl axetat da loai khi. Hbn hop dugc gia nhiét dén 50
°C sau d6 dung dich loai khi gom kali hydrogen cacbonat (122 g, 4 duong lugng) trong
nude (750 mL) ¢ 50 °C dugce thém vao hdn hgp phéan mg. Ngay sau d6 dung dich
chura pinacol este ciia axit 1-metyl-1H-pyrazol-5-boronic (VIb) (63,2 g, 304 mmol, 1,0
duong lugng) trong 750 mL isopropyl axetat da loai khi dugc bb sung trong khoang
thoi gian 1,5 gio. Sau khi khudy trong mot gid nita & 50 °C quan sat thiy su chuyén

héa hoan toan khi phan tich bang HPLC.

Hon hop phan tmg duoc loc qua dét tao diatomit va banh loc dugc rira voi
isopropyl axetat (300 mL). Sau khi loc hai 16p dugc tach riéng. Pha nude dugce chiét
bang isopropyl axetat (1x600 mL). Céc pha hitu co két hop duoc rira bang dung dich
nudce natri hydroxit 1N (4x600 mL) dé loai bo luong vét triflat @3 duge thuy phan
(theo HPLC chi ~1 % dién tich dugc tao thanh). Pha hitu co sau d6 dugc rira voi nudce
(600 mL) va nudc mudi (600 mL) va dugc lam kho trén natri sulfat. Bén muoi phut
sau, than hoat tinh (~10 g trén 100 g nguyén liéu ban dAu) duoc bd sung va huyén phu
thu duoc duoc khudy qua dém. Sang hom sau, cac chét rin duoc loc khoi trén dat tao
diatomit, banh loc duge rira véi isopropyl axetat (200 mL) va dich loc dugc ¢6 déc dé
tao ra chit thd (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-y1)-3-
metylmorpholin (hgp chét trung gian (IXb)) & dang bot mau nau (100,5 g, 96%). San
phém thd dugc tinh ché bang cach két tinh:

Binh day tron 2L dugc nap v6i (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-y1)-1,7-
naphtyridin-2-yl)-3-metylmorpholin (IXb) tho (98 g, 268 mmol) va isopropanol (500
ml).rBéng cach gia nhiét dén 82 °C, dung dich mau nau trong sudt duogc tao thanh.
Than hoat tinh (10 g, 833 mmol) dugc bd sung va huyén phit mau den dugc khudy o
82 °C trong 3 gio. Cacbon dugc loai bang cach loc qua dAt tao diatomit bang cach st
dung thiét 1ap loc dugc gia nhiét so bd. B loc dugce rira véi 50 ml isopropanol va dich
loc duge 6 dic trong didu kién ap suat giam dé thu duoc 92,87 g chit r4n mau nau
nhat. B loc dugc st dung dé loai bo than hoat tinh dugc rita véi DCM va dich loc
mau vang duoc ¢ dic trong chan khong. Nguyén liéu dugc hoa tan lai trong 400 ml
isopropanol ¢ 83°C tao ra dung dich mau nau sam trong sudt. Bang cach 1am lanh,

chit rén mau nau nhat duoc két toa. Huyén phu dugc khudy trong 3 gid ¢ nhiét do
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trong phong. Chét rin dugc thu hdi bang cach loc va dugce rira trén bo loc véi
isopropanol (2 x 30 ml). Sau khi 1am kho, 72,5 g (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-
5-y1)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (hgp chat trung gian (IXb)) dé tinh ché
duoc thu hdi (72,5 g, 79% hiéu suét theo ly thuyét).

Dung dich nuéc cdi van chira lugng 16n san pham mong mudn va duoc cd dic
trong chan khong dé thu dugc 20,8 g chét ran mau nau.

"H NMR (cloroform-d) &: 8,06 (d, J = 5,5 Hz, 1H), 7,65 (d, J = 1,9 Hz, 1H),
7,15 (d, T = 5,4 Hz, 1H), 7,07 (s, 1H), 6,43 (d, J = 1,9 Hz, 1H), 4,51 (dt,J = 9.3, 4,5
Hz, 1H), 4,34 (dd, ] = 13,4, 2,8 Hz, 1H), 4,11 (dd, J = 11,5, 3,8 Hz, 1H), 3,88 (d, J =
11,4 Hz, 1H), 3,81 (dd, J = 11,5, 3,2 Hz, 1H), 3,71 (s, 3H), 3,67 (td, ] = 11,8, 3,0 Hz,
1H), 3,42 (ddd, J = 13,6, 12,4, 4,0 Hz, 1H), 1,40 (d, J = 6,8 Hz, 3H).

LC-MS (phuong phap: Bazo quét): Rt 2,02 phit; MS (ESI pos) m/z = 344,2
[M+H]".

HPLC (phuong phap: Bazo quét): Rt 3,24 phut.
Vidulece
(3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-y1)-8-(1-(tetrahydro-2 H-pyran-2-yl)-1 H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)morpholin (VIIc/VIId)

Binh déy tron ba cb dung tich 100 mL dugc nap v6i hgp chat trung gian (IXb)
(3,0 g, 8,73 mmol) va PdClx(dppf) (0,192 g, 0,262 mmol). Etyl axetat da loai khi (12
mL) duge bd sung, sau d6 bd sung nudc da duge loai khi (6,0 mL) va kali phosphat
khan (5,56 g, 26,2 mmol). Hon hop phéan tng hai pha thu duge duoc gia nhiét dén 65
°C, sau d6 dung dich chtta pinacol este cua axit 1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-boronic (Illc) (2,91 g, 10,5 mmol) trong etyl axetat da dugc loai khi (15
mL) duoc bd sung nho giot vao hdn hgp phéan tng trong khoang thoi gian 1 git (bom
xyranh dugc sir dung dé bd sung). Dat dugc su chuyén héa hau nhu hoan toan ngay
sau khi toan bd este cua axit boronic da dugc bd sung. Hon hop phan ing duoc 1am
ngudi va dugc co dic dé loai bo etyl axetat. Diclometan (30 mL) dugc bd sung, sau
d6 bd sung nude (30 mL, 10,0 thé tich). Céac 16p dugc tach riéng va pha hiru co dugce

rira v4i dung dich kali cacbonat 2M (30 mL). Tiép theo, pha hitu co dugc rira v6i nude
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(4 x 30 mL), dugc 1am khd trén natri sulfat, duoc loc va dugce co déc. Thu duogc 4,16
g (3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-yl)-8-(1-(tetrahydro-2 H-pyran-2-yl)- 1 H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)morpholin (h¢p chét trung gian VIIc/VIId) thd &

dang chat ran mau nau.

Theo 'H-NMR san phdm tho bao gd6m hdn hop gbdm cac chét dong phan khong
d6i quang VIIc va VIId theo ty 1€ 1:1.

(VIlc) (VIId)

'"H NMR (cloroform-d) &: 8,41 (dd, J = 5,5, 2,2 Hz, 1H), 7,71 (d, J = 1,8 Hz,
1H), 7,67 (d, T = 1,9 Hz, 1H), 7,22 (dd, J = 5.4, 1,4 Hz, 1H), 7,06 (d, ] = 3,8 Hz, 1H),
7,00 (dd, J= 13,3, 1,8 Hz, 1H), 6,45 (t,J = 1,7 Hz, 1H), 6,11 (dt, ] = 9.8, 2,7 Hz, 1H),
4,55 — 4,42 (m, 0,5H), 4,34 (dd, J = 7,4, 2,7 Hz, 0,5H), 4,23 (dd, J = 13,4, 2,8 Hz,
0,5H), 4,09 — 4,01 (m, 1,5H), 4,01 — 3,91 (m, 1H), 3,83 (dd, J = 11,5, 5,7 Hz, 1H),
3,76 (s, 4H), 3,59 (tdd, T = 11,5, 7,9, 2,9 Hz, 1H), 3,47 (tdd, J= 11,1, 7,7, 2,5 Hz, 1H),
3,34 (dtd, T = 21,7, 12,9, 3,9 Hz, 1H), 2,63 — 2,48 (m, 1H), 2,11 (td, J = 12,9, 3,3 Hz,
2H), 1,81 — 1,58 (m, 3H), 1,35 (dd, J = 6,8, 3,3 Hz, 3H).

LC-MS (phuong phéap: Bazo quét): Rt 1,98 phit;

MS (ESI pos) m/z = 460,3 [M+H]".

HPLC (phuong phéap: Bazo quét): Rt 3,16 phut.

Hbn hop tho gdm céc chit dong phan khong d6i quang VIc va VIId dugc
chuyén hoa truc tiép thanh hop chat mong mudn (I) (xem vi du 1d).
Viduld

2-[(3R)-3-metylmorpholin-4-y1]-4-(1-metyl-1H-pyrazol-5-yl)-8-( 1H-pyrazol-5-vyl)-
1.7-naphtyridin (I)
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Bé sung axit clohydric trong nude (1IN, 1,50 mL, 1,5 mmol) vao dung dich
chtra hop chat trung gian tho (VIIe/VIId) (503 mg, 1,095 mmol) trong hén hop gdm
diclometan (1,50 mL) va metanol (0,15 mL). Hon hgp hai pha mau nau sam thu dugc
duoc khudy & nhiét do trong phong trong 30 phit, nho d6 phén tich HPLC ca pha hitu
co va pha nude chi ra rang dat dugc su chuyén hoa hoan toan. Hon hop hai pha dugc
chuyén vao phéu tach bang cach s dung axit clohydric trong nude (1IN, 10 mL) va
diclometan (10 ml). Sau khi l4c manh 16p nu6ce duge tach. Pha hitu co dugc chiét tiép
bing axit clohydric trong nudc (IN, 10 mL). Pha nuéc két hop duoc rua bang
diclometan (3 x 10 mL) va sau d6 dugc d6 vao 25 mL kali cacbonat 10% dan dén su
tao thanh huyén phi mau xanh da troi-xanh 14 cay. Huyén phu duoc chiét bang
diclometan (4x10 ml). Lép hitu co két hop duoc rira bang nudc mudi, dugc 1am kho
trén natri sulfat va dugc cd dic trong diéu kién ap suét giam dé thu duge 337 mg bot
d& v& mau vang sang. Nguyén liéu ndy dugc xir ly trong diclometan (~8 mL), n-
butanol (10 mL) dugc bd sung va dung dich thu duoc dugc co dic trong diéu kién ap
sut giam & 40 °C dé loai bo diclometan c6 diém s6i thip cho dén khi con lai khoang
6 mL dung dich mau vang luc & trong binh. Dung dich con lai dugc khudy & nhiét do
trong phong qua dém. Sang hom sau, san phdm da két tinh dugc loc khoi bang cach
stt dung ph&u loc thiy tinh, chit ridn mau vang sang dugc rira voi 1-butanol (3 x 2 mL)
va dugc lam kho trén dong khi dé thu dugc 203 mg 2-[(3R)-3-metylmorpholin-4-yl]-
4-(1-metyl-1H-pyrazol-5-yl)-8-(1H-pyrazol-5-yl)-1,7-naphtyridin (hgp chat (1)) &
dang bot (vi) tinh thé mau vang sang. C6 dic dich loc thu duge tiép 67 mg hop chét
(I) ¢ dang bot mau vang nau.

Hiéu suét: 203 mg + 67 mg = 270 mg (65,70 % tong cong theo 1y thuyét)

'H NMR (cloroform-d) &: 12,81 (s, 1H, tin hiéu rong), 8,41 (d, J =5,5 Hz, 1H),
7,73 (d, T=1,9 Hz, 1H), 7,67 (d, J = 1,9 Hz, 1H), 7,34 (d, ] = 1,8 Hz, 1H), 7,17 (t, T =
2,7 Hz, 2H), 6,46 (d, J = 1,9 Hz, 1H), 4,43 (tt, ] = 9,2, 4,4 Hz, 1H), 4,19 (dd, T = 11.4,
3,9 Hz, 1H), 4,04 (dd, J = 12,8, 2,8 Hz, 1H), 3,93 (d, J = 11,6 Hz, 1H), 3,86 (dd, J =
11,5, 3,1 Hz, 1H), 3,74 (s, 4H), 3,57 (td, J = 12,4, 3,9 Hz, 1H), 1,47 (d, J = 6,8 Hz,
3H).

LC-MS (phuong phap: Bazo quét): Rt 1,88 phut;
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MS (ESI pos) m/z = 376,2 [M+H]".
LC-MS (phuong phap: Axit quét): Rt 1,65 phut;

MS (ESI pos) m/z = 376,2 [M+H]*. HPLC (phuong phap: Axit quét): Rt 2,46
phut. HPLC (phuong phéap: Axit): Rt 3,41 phut.

Vidule

(3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-yl)-8-(1-(tetrahydro-2H-pyran-2-yl)- 1 /-
pyrazol-5-y1)-1.7-naphtyridin-2-yl)morpholin (VIIc/VIId)

Binh déy tron ba cd dung tich 100 mL dugc nap voi hop chét trung gian (IXb)
(3,0 g, 8,73 mmol) va PdCly(dppf) (0,192 g, 0,262 mmol). Isopropyl axetat da loai khi
(12 mL) dugc bd sung, sau d6 bd sung nudc da loai khi (6,0 mL) va kali phosphat
khan (2,86 g, 17,5 mmol). Hon hop phén ung hai pha thu dugce duoc gia nhigt dén 55
°C, sau d6 dung dich chira pinacol este cua axit 1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-boronic (Illc) (2,91 g, 10,5 mmol) trong isopropyl axetat da loai khi (15
mL) dugc bd sung nhé giot vao hdn hop phan Gmg trong khoang thoi gian 1 gio gio
(bom xyranh duogc st dung dé bd sung). Sau khi hoan thanh viéc bd sung, hdn hop
phan tmg dugc khudy tiép ¢ 55 °C qua dém (16 giv). Hon hop phan tmg tiép theo dugc
lam ngudi dén nhiét d6 trong phong va dugc loc qua dém celite dé loai cac chat nam
xen gifta hai 16p. Cac 16p dugc téch riéng va pha hitu co dugc rira véi dung dich kali
cacbonat 2M (30 mL). Nude (30 mL) duoc bd sung vao pha hitu co va cac 16p duoc
dé phan chia. Trudc khi tach riéng hoan toan hai pha, hdn hop dugce loc qua dém celite
dé loai bo chat nam xen giita hai pha. Pha hiru co dugc rira thém 3 14n bang nudce (3 x
30 mL), duoc 1am kho trén natri sulfat, dugc loc va duge ¢ dic. Thu dugc 2,88 g
(3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-yl)-8-(1-(tetrahydro-2 H-pyran-2-yl)- 1 H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)morpholin (hop chét trung gian VIIc/VIId) thd &
dang chét rin mau nau. Theo 'H-NMR, san pham tho bao gdm hdn hop gbm cac chét

ddng phan khong dbi quang theo ty 1€ 1:1.
Vidu 2a

(R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflometansulfonat (VIIIb)

100 g (357,49 mmol) (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-ol
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(Ila) dugc tao huyén phu trong 800 ml diclometan. O nhiét do trong phong (~22 °C).
Sau d6 40,48 ml (500,485 mmol) pyridin dwgc bd sung va hdn hop duge lam lanh dén
-10°C. G -10°C 84,2 m1(500,485)triflometansulfonic anhydrit, dugc hoa tan trong 250
ml diclometan dugc bd sung vao hdn hop (30 phit, nhiét do ting dén -6°C). Sau khi
bd sung xong, hdn hgp dugc khudy trong 1 gi & -10°C. 400 ml nudc duge b6 sung
cham ddng thoi gitt cho nhiét dd nam trong khoang 0-4°C. Céc pha dugc tach riéng.
Pha hitu co dugc rira bang 400 ml nudc. Pha hiru co dugc rira hai 14n, mbi lan bang
200 ml dung dich nudce kali cacbonat 0,5M va mot 14n bang 150 ml nuée. Pha hitu co
duge loc qua bo lgc than va dich loc duoc gidm dén thé tich ~100 ml bang cach cAt
loai diclometan & ap suit giam. 400 ml isopropanol dugc bb sung va duge cét loai lai
& 4p suht giam dén thé tich ~ 100 ml (& 50°C). Bude nay dwoc thuc hién 14p lai. Cudi
cung 240 ml isopropanol dugc bd sung va dugc gia nhiét dén 50°C. Hon hop duoc
khudy qua cudi tudn va cudi cing duoc lam lanh dén 0-3°C. Tinh thé dugc thu hoi
bing cach loc va dwoc rira bang 100 ml isopropanol. San pham dugc lam kho trong
didu kién chan khong (20 mbar) ¢ 45 °C qua dém. Hi¢u suat: 113,87 g (77,35 % theo
ly thuyét) tinh thé mau vang.

HPLC: 100 % (% dién tich) ¢ 7,4 phut.
Vi du 2b

(R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-y1)-1,7-naphtyridin-2-yl)-3 -metyl-morpholin
IXb

100 g (242,842 mmol) (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl
triflo-metansulfonat (VIIIb) va 5,3 g (7,285 mmol) PdClx(dppf) dugc hoa tan trong
400 ml etyl axetat va duoc gia nhiét dén 50°C. B6 sung vao hon hop nay dung dich
chira 97,2 g (971,370 mmol) kali hydro cacbonat, dugc hoa tan trong 600 ml nudc va
nhiét do duoc giit & 40°C. B6 sung dung dich chura 48,00 g (230,70 mmol) pinacol
este cua axit 1-metyl-1H-pyrazol-5-boronic (VIb), dugc hoa tan trong 300 ml etyl
axetat vao hdn hop ndy trong 3 gid (¢ nhiét do trong long 1a 40°C). Hén hop phan tmg
duoc lam ngudi dén nhiét do trong phong (+ 22°C) va cac pha dugc tach riéng. Pha
nude duge chiét bang 300 ml etyl axetat va cac pha hiru co két hop duoc rira hai lan,

mdi 14n bing 750 ml dung dich nude kali hydroxit 1N va hai lan, mdi 1an bang 500 ml
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nudce. Bb sung vao 1an rira cudi 10 ml nuéce mudi dé tach pha t6t hon. Pha hitu co duoc
lam kho béng 100 g natri sulfat, dugc loc va banh loc duge rira v6i 200 ml etyl axetat.
Tiép theo 70 g than hoat tinh dugc bd sung vao dich loc va huyén phu duge khudy 2
gid & nhiét d6 trong phong. Than duoc loai bo bang cach loc qua dt tao diatomit (50
g) va bo loc duge rira voi 100 ml etyl axetat. Thyc hién chuyén dbi dung méi bang
cach bd sung isopropanol va ct etyl axetat & 85°C. Khi dat dugc thé tich ~ 200 ml
isopropylaxetate (nhiét do trong long phan tng 85°C). Hdn hop duoc 1am ngudi dén
nhiét d6 trong phong (bing cach khudy qua dém). Tinh thé dugc phan 14p bang cach
loc duoc rira bang 20 ml isopropanol. San pham dugc lam khd trong didu kién chan
khong (20 mbar) & 45 °C qua dém. Hiéu sudt: 63,2 g (75,7 % theo 1y thuyét) tinh thé

mau vang.
HPLC: 99,7% (% dién tich) & 11,9 phut.
Vidu 2¢

2-[(3R)-3-metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-5-yl1)-8-( 1H-pyrazol-5-vyl)-
1.7-naphtyridin (I)

120 g  (3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-5-yl)-8-(1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)morpholin (VIIc/VIId) thd duogc
hoa tan trong 480 ml diclometan va 480 ml metanol va duge 1am lanh dén 0-5°C. Tiép
theo, 1200 ml dung dich nudc axit clohydric 1N dugc bd sung va nhiét do dugc tang
dén 20°C. Hn hop dugc khudy trong 5 phut ¢ 20°C va sau d6 cac pha dugce tach riéng,
pha nu6e duge chiét hai 1an mdi 14n bang 480 ml diclometan. Bb sung 46,6 g N-axetyl
xystein vao pha nudce va dung dich dugce khudy & nhiét do trong phong qua dém. Tiép
theo 960 ml diclometan duoc bd sung va hdn hop duge lam lanh dén 10°C. D6 pH
dwoc diéu chinh dén pH=13 bing cich bd sung 480 ml dung dich nudc kali hydroxit
5N. Dung dich duoc khudy trong 30 phut. Cac pha dugc tach riéng va pha nu6e duoc
chiét bing 252 ml diclometan. Pha hitu co duge két hop va thyc hién chuyén doi dung
mdi tir diclometan sang n-butanol: dich loc dugc bd sung tir tir vao 631,5 ml n-butanol
& 110°C va diclometan dugc cét loai. Hon hop dugc 1am ngudi dén 22°C va duoc
khudy qua dém, sau d6 duge lam ngudi dén 0-3°C va duoc khudy trong 1 gio & nhiét

d6 nay. San phim duoc phan lap bing cach lgc va tinh thé duoc rira hai 1an mdi lan
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bing 160 ml n-butanol lanh. San pham dugc lam khd trong diéu kién chan khong (20
mbar) & 45 °C qua dém. Hiéu suét: 62,87 g (64,13 % theo 1y thuyét) tinh thé mau vang,

HPLC: 99,48 % (% dién tich) & 4,3 phit.
Vidu2d

2-[(3R)-3-metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-5-yl)-8-( 1H-pyrazol-5-yl)-
1.7-naphtyridin (I)

Trong moi truong khi quyén chira nito, 30 g (87,255 mmol) (R)-4-(8-clo-4-(1-
metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb) dugc hoa tan
trong 105,8 ml etyl axetat va 1,91 g (2,618 mmol) PdClx(dppf) dugc b6 sung. Tiép
theo, 53,1 ml nuéc va 55,56 g kali phosphat dugc bd sung. Hon hop nay dugc khudy
trong 30 phut & 22°C. Nhiét do bén trong dugce ting dén 55°C. O 55°C, dung dich
chua 31,55 g (113,43 mmol) pinacol este cia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-boronic (ITlc), dugc hoa tan trong 162,2 ml etyl axetat dugc bd sung trong
khoang thdi gian 120 phit ddng thoi gitt nhiét d khong d6i ¢ 55°C. Hon hop duge
1am ngudi dén 35 °C va etyl axetat dugc cét loai trong diéu kién chan khong (¢ 110
mbar, ~ 100 ml etyl axetat). Tiép theo 164,4 ml diclometan va 255,6 ml nu6c dugc bd
sung. Céac pha dugc tach riéng va pha nudc duge chiét bang 84,5 ml diclometan. Cac
pha hitu co két hgp duge chiét hai 1an mdi 14n bang 147 ml dung dich nuéc kali
hydroxit 1N. C4c pha dugc tach riéng va pha hitu co duge xu ly bang than hoat tinh
(21g than hoat tinh duoc bd sung va huyén phil duge khudy qua dém & 22°C). Than
duoc loai bo biang cach loc qua dit tao diatomit va banh loc dugc rira vai 40 ml
diclometan. BS sung hdn hop gdm 14,23 g N-axetyl xystein va 7,8 g kali hydroxit
duogc hoa tan trong 217,1 ml nude (pH=9) vao dich loc. Hon hgp hai pha duge khudy
trong 8 gid & 20°C. Cac pha dugc tach riéng va pha hitu co duge lam kho bing 353 g
natri sulfat, sau do duoc loc va dugc rira hai 1An mdi 14n bang 35 ml diclometan. Dung
dich duoc gift trong tu lanh va dugc st dung sau d6 cho cac bude xur ly tiép theo. 160
ml metanol dugc bd sung vao dung dich nay (~ 350 ml) va dung dich dugc lam lanh
dén 0-5°C. Sau d6, 400 ml dung dich nudc axit clohydric IN dugc b6 sung va duogc
khudy trong 30 phut & nhiét do trong phong. Cac pha dugc tich riéng va pha nudc

duoc chiét hai 14n mdi 1an bang 160 ml diclometan. B6 sung 14,2 g N-axetyl xystein
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vao pha nuée (pH=1) va dung dich dugc khudy qua dém & 20°C. Tiép theo, 320 ml
diclometan duoc bd sung va do pH duge diéu chinh dén pH=13 bang cach bd sung
160 ml dung dich nugc kali hydroxit SN. Dung dich dugc khudy trong 30 phut. Céac
pha dugc tach riéng va pha nuéc dugc rira véi 84 ml diclometan. Thyc hién chuyén
d6i dung moi tir diclometan sang n-butanol: dich loc dugc bb sung tir tlr vao 212 ml
n-butanol & 110°C va diclometan dugc cét loai. Hon hop dwoc 1am ngudi qua dém dén
22°C, sau d6 dugc lam ngudi dén 0-3°C va dugc khudy trong 1 gid & nhiét d§ nay.
San phim dugc phan 1ap bing cach loc va tinh thé duge rira bing 20 ml n-butanol
lanh. San phdm dwoc 1am kho trong didu kién chan khong (20 mbar) ¢ 45°C qua dém.
Hiéu suat: 25,60 g (78,34 % theo 1y thuyét) tinh thé mau vang.

HPLC: 99,48 % (% dién tich) & 4,3 phut.
Vidu2e

2-[(3R)-3-metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-5-yl)-8-(1H-pyrazol-5-yl)-
1.7-naphtyridin (I)

22,5 g (59,93 mmol) 2-[(3R)-3-metylmorpholin-4-yl]-4-(1-metyl-1H-pyrazol-
5-y1)-8-(1H-pyrazol-5-yl)-1,7-naphtyridin (I) & vi du 2d dugc hoa tan trong 156,4 ml
diclometan, 6,75 g Quadrasil Mercaptopropyl (chét tay tap Pd tir Johnson Matthey,
CAS Number 1225327-73-0) va 6,75 g chét rira giai Si-TMT (chét gan két silic oxit
tuong tu cua chét tay tap Pd 2,4,6-trimercaptotriazin (TMT) tir Biotage AB, Sweden,
Part No. 9538-1000) dugc b sung va huyén phu duoc khudy 22h & 20°C. Huyén phu
duoc loc va banh loc dugce rura hai 14n mdi 14n bang 46,8 ml diclometan. Thuc hién
chuyén ddi dung moi tir diclometan sang n-butanol: dich loc dugc bd sung tir tir vao
85 ml n-butanol & 105 °C va diclometan dugc cit loai. Cudi cung, nhiét d6 dugc ting
dén 105°C (nhiét do trong long phan tng) va sau d6 toan bd diclometan dugc loai bo.
Hén hop duoc 1am ngudi xudng qua dém dén 22°C, sau d6 dugc lam ngudi dén 0-3°C
va duge khudy trong 1 gid & nhiét do nay. San pham dugc phan 1ap bang cach loc va
tinh thé dugc rira bing 24 ml n-butanol lanh. San pham dugc 1am kho trong diéu kién
chin khong (20 mbar) ¢ 45°C qua dém. Hiéu suét: 19,50 g (86,67 % theo 1y thuyét)

tinh thé mau vang.
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HPLC: 99,97 % (% dién tich)

Ham lugng Bo: <1 ppm

Ham luong Paladi: < 1 ppm
Dang da hinh ctia hop chét (I): B
Vidu 3a

(R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflometansulfonat (VIIIb)

Huyén phu chtta (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-ol (Ila)
(100 g, QqNMR-dd tinh khiét 90% khdi luong tinh trén diclometan (1,00 L) & nhi¢t do
trong phong duoc bd sung trietylamin (63 mL, 450 mmol), tao thanh dung dich mau
néu trong sudt. Hon hop phéan tmg dugc lam lanh dén 0 °C (nhiét d6 trong 1ong phan
tmg) bang cach sir dung bé da-mudi. Trong khi khudy méanh liét, triflometansulfonic
anhydrit (0,076 L, 450 mmol) duoc bd sung nho giot trong khoang thoi gian 10 phit,
tao ra su gia tang nhiét d 10 °C. Vao thoi diém luong triflometansulfonic anhydrit
cudi cing dugc bd sung, nhiét do bén trong phan tng da dugc giam xubng. Mau (s1,
14y 5 phut sau khi hoan tit b6 sung triflometansulfonic anhydrit) dugc phan tich béng
HPLC chi ra ring su chuyén héa nguyén liéu ban dAu hau nhu d3 x4y ra hoan toan. Bé
da-mubi duoc 14y di va nude (500 mL) duge bd sung. Hon hop hai pha thu dugc duge
khudy manh trong 1 phut. Pha nugc dugc tach va pha hiru co dugc rira tiép bang nuéce
(2x 500 mL) dé loai bo toan bo trietylamin va triflometansulfonic anhydrit con lai.
Tiép theo, 16p hitu co dugc rira bang dung dich nude kali cacbonat bao hoa (500 mL),
duoc 1am kho trén natri sulfat, dugc loc va dugc co dac trong diéu kién 4ap suét giam
cho dén khi thé tich dat 250 mL. Isopropanol (300 mL) dugc bd sung va hén hop duoc
¢6 dic tiép cho dén khi thé tich dat ~300 mL (khdi lugng 290 g dung dich san pham).
Isopropanol dugc bd sung tiép (100 mL, cho dén khi dat duoc khoang 2 1an thé tich)
va hén hop thu duoc dugc dé yén qua dém dé két tinh san pham.

Sang hom sau, banh loc & dang rén chita nguyén liéu két tinh dwoc tao thanh.
Chét rén dugc nao ra bang bay, sau d6 hdn hop duge khudy vé6i thanh khudy tir & pha
v cac cuc 16p thanh cac hat nho hon (2 gi6). Cac chét ran dugc loc khoi va dugce 1am

kho trén dong khi dé thu dugc 110,3 g (83%) (R)-8-clo-2-(3-metylmorpholino)-1,7-
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naphtyridin-4-yl triflometansulfonat (hop chét trung gian (VIIIb)) ¢ dang bot tinh thé
mau vang sim van con chira mét sé cuc 16n hon. Do tinh khiét HPLC 98 % dién tich.
Dung dich nudce cai duge cd dic cho dén khi 80 g dung dich con lai trong binh va phﬁn

san phim thir hai ¢6 thé duoc phan 1ap 6,26 g (4,7 %).
Vi du 3b

(R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3 -metyl-morpholin
(IXb)

Dung dich chira (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-
metansulfonat (VIIIb) (125,0 g, 304 mmol) trong 300 mL isopropyl axetat da loai khi
dugc bd sung PACl(dppf) (6,66 g, 9,1 mmol, 3 mol%). Hon hop dugc gia nhiét dén
50°C, sau d6 dung dich da loai khi chta kali hydrogen cacbonat (122 g, 4 duong
luong) trong nude (750 mL) ¢ 50 °C duge thém vao hdn hop phan mg. Ngay sau d6
dung dich chira pinacol este cta axit 1-metyl-1H-pyrazol-5-boronic (VIb) (63,2 g, 304
mmol, 1,0 duong lugng) trong 750 mL isopropyl axetat da loai khi duoc b sung trong
khoang thoi gian 1,5 gio. Sau khi khudy trong mot gio nita & 50 °C quan sét thdy su
chuyén héa hoan toan khi phan tich bang HPLC.

Hon hop phan tng duoc loc qua dét tao diatomit va banh loc dugc rira véi
isopropyl axetat (300 mL). Sau khi loc hai 16p duge tach riéng. Pha nu6e dugce chiét
béng isopropyl axetat (1¥600 mL). Cac pha hiru co két hop dugc rira bang dung dich
nuGe natri hydroxit 1N (4 x600 mL) dé loai bo luong vét triflat da duogc thiy phan
(theo HPLC chi ~1 % dién tich dugc tao thanh). Pha hiru co sau d6 dugc rira v6i nude
(600 mL) va nuéc mudi (600 mL) va dugc 1am kho trén natri sulfat. Bon muoi phut
sau, than hoat tinh (~10 g trén 100 g nguyén liéu ban dAu) duoc bd sung va huyén phu
thu duoc duge khudy qua dém. Sang hom sau, cac chit rén dwoc loc khoi dat tao
diatomit, banh loc dugc rira v6i isopropyl axetat (200 mL) va dich loc duge c6 dac dé
tao ra chat thd (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-
metylmorpholin (IXb) & dang bot mau nau (100,5 g, 96%).

Tinh ché hop chét trung gian (Ixb) thd

Binh déy tron 2L duge nap v6i (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-y1)-1,7-
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naphtyridin-2-yl)-3-metylmorpholin (IXb) tho (98 g, 268 mmol) va isopropanol (500
ml). Bing cach gia nhiét dén 82 °C, dung dich mau nau trong subt dugc tao thanh.
Than hoat tinh (10 g, 833 mmol) dugc bd sung va huyén pht mau den dugc khudy &
82 °C trong 3 gio. Cacbon dugc loai béng cach loc qua dAt tao diatomit bang cach st
dung thiét lap loc dugc gia nhiét so bd. BO loc duge rira véi 50 ml isopropanol va dich
loc dugc co déc trong diéu kién ap suat giam dé thu duoc 92,87 g chét rin mau nau
nhat. B loc duoc st dung dé loai bo than duoc rira voi diciometan va dich loc mau
vang duge co dic trong chan khong. Nguyén liéu duoc hoa tan lai trong 400 ml
isopropanol & 83°C tao ra dung dich mau nau sAm trong sudt. Bang cach 1am lanh,
chit rén mau nau nhat duoc két tia. Huyén phu dugce khudy trong 3 gid & nhiét d§
trong phong. Chét rén duoc thu hoi bﬁng cach loc va duoc rira trén bd loc voi
isopropanol (2 x 30 ml). Sau khi 1am khd, 72,5 g (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-
5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb) tinh khiét duoc thu nhan (72,5
g, hiéu suat 79%). Dung dich nu6c cai van chta lugng 16n san phim mong mubn va

duogc cd dic trong chan khong dé thu dugc 20,8 g chét rin mau nau.
Vidu4a

(R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl-triflometansulfonat ( VIIIb)

3,00 kg (R)-8-clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-ol (Ila) dugc hoa
tan trong 31,9 kg diclometan ¢ 20°C. Tiép theo, 1190 g pyridin dugc bb sung. Dung
dich duoc lam lanh dén -10°C (nhiét do bén trong) va dung dich chira 4,236 kg
bis(triflo-metansulfonic anhydrit), dugc hoa tan trong 10 kg diclometan dugc b sung,
gilt nhiét d6 bén trong 6 -10°C. Thoi gian bd sung 13 khoang 1 gio. Sau khi phan Gmg
hoan tt, 12,0 kg nuée duge bd sung, gitt nhiét do bén trong tir 0°C dén 15°C. Sau khi
b6 sung, hdn hop duoc khudy trong 5 phut. Pha hitu co dugce tach va duge rira bang
12,0 kg nude. Pha hitu co duge rua 2 1An mdi 14n bang 6 kg dung dich nuéc kali
cacbonat 0,5N va cudi cung béng 4,5 kg nude. Pha hitu co dugce loc qua than hoat tinh
(dia loc than Seitz) va dich loc duoc cit bang isopropanol (chuyén dbi dung moi).
Trudc tién, diclometan dugc ct trong diéu kién chan khong (100 mbar) dén dung dich
¢6 dic (cho dén khi hdn hop c6 thé khudy dugc), tiép theo 9,5 kg isopropanol dugc b6
sung va dugc cét loai (100 mbar) (cho dén khi hdn hop ¢6 thé khudy duoc). 9,5 kg
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isopropanol duoc bd sung tiép va dugc cét (cho dén khi hdn hop ¢6 thé khudy dugc),

cudi cing 1 kg isopropanol dugc bd sung (téng cdng ~ 8- 9 kg isopropanol).

Dé Kkét tinh, nhiét do dugc lam lanh tir 50°C xudng dén 18°C trong 90 phit

(giam manh). Hon hop dugc khudy trong 12 phut & 18°C va sau d6 dugc lam lanh

xudng dén 0°C (giam manh, trong 180 pht). Tiép theo, hdn hop dugc khudy trong 60

phtt & 0°C. Tinh thé dugc phan 1ap bang céch loc va duoc rira bang 2,4 kg isopropanol

lanh. San phim duoc 1am khé trong didu kién chan khong & 45°C trong it nhét 12 gid
(cho dén khi khéi lwong khong dbi).

Bon mé dugc diéu ché theo quy trinh nay:

(R)-8-clo-2-(3-
metylmorpholino)-1,7-
naphtyridin-4-ol (II)

(R)-8-clo-2-(3-
metylmorpholino)-1,7-
naphtyridin-4-yl-
triflometansulfonat (VIIIb)

Hiéu suat

Hiéu suit (% theo ly
thuyét)

Me¢

Muc

3,00 kg 3,139kg 71 %

3,00 kg 3,264 kg 74 %

3,00 kg 2,987 kg 68 %

3,00 kg 3,291 kg 74 %
Vidud4b

(R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin

(IXb)

Trong mdi truong nito, 2,1 kg (R)-8-clo-2-(3-metylmorpholino)-1,7-
naphtyridin-4-yl-triflometan-sulfonat (VIIIb) duoc hoa tan trong 8,4 lit etyl axetat va
112 g PdCly(dppf) duge bd sung. Dung dich duge 1am 4m dén 50°C (nhiét do bén
trong) va sau dé 2,042 kg kali hydro cacbonat (KHCOs3), dugc hoa tan trong 11,0 lit
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nuée duge bd sung, sau d6 bd sung 1,6 lit nude (dé 1am sach duong dng). Nhiét do
bén trong dugc dit & 43°C va sau d6 1,061 kg pinacol este cla axit 1-metyl-1H-
pyrazol-5-boronic, dugc hoa tan trong 6,0 liter etyl axetat dugc bd sung trong 3 h, giit
nhiét do bén trong & 43°C. Sau khi bd sung xong, hdn hgp duoc khudy trong 75 phut
¢ 43°C.

Xtr ly: Hon hop dugc lam lanh dén 22°C va pha hitu co dugc tach (~ 15,4 1).
Pha nu6c duoc chiét bing 6,3 Iit etyl axetat. Pha hitu co duge két hop va lam lanh dén
10°C va sau d6 dugc rira bang 15,75 1it dung dich nudc kali hydroxit 5,3% (15 phut
khudy & 10°C). Céc pha dugc tach riéng va pha hitu co dugc rira lai ¢ 10°C v6i 15,75
lit dung dich nudce kali hydroxit 5,3%. Sau d6, pha hitu co dugc tach va dugc rira hai
14n mdi 14n bang 10,5 1it nuéc. Pha hitu co duge bd sung 2,10 kg magie sulfat va dugc
khuay trong 70 phut ¢ 22°C. Tiép theo, magie sulfat duoc loc khoi, duge rira hai lan
mdi lan bf?mg 4,2 lit etyl axetat. Dich loc dugc bd sung 1,47 than hoat tinh va huyén
phi duoc khudy trong 2,5 gi' & 22°C. Than dugce loai bo bang cach loc qua dét tao
diatomit va dugc rira bang etyl axetat (hai 14an, mbi 14n 4,2 lit). Thu duogc 27,0 kg dich

loc (san pham trong etyl axetat).

Nam mé duogc didu ché theo quy trinh nay:

Me (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-
Muc metyl-morpholin (IXb) trong etylaxetat

1 27,0 kg

2 32,0 kg

3 26,0 kg

4 26,5 kg

5 25,7kg

Két tinh tir isopropanol:

27,0 kg (muc 1) va 32,0 kg (myc 2) cta (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-
yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb) trong etyl axetat tobng cong: 59,0
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kg) duoc két hop va thuc hién chuyén di dung moi thanh isopropanol. Etyl axetat
duoc cit loai & p suat thudng (nhiét do bén trong: 73°C & thoi diém dau va 78°C &
thoi diém cudi). Khi 57,5 lit duoc cat loai, 10,5 kg isopropanol dugc bd sung va 13,5
lit dugc cét loai (& 4p suat thuong, (nhiét do bén trong: 81°C & thoi diém dau va 83°C
& thoi diém cubi). 10,5 kg isopropanol nita dugc bd sung va 13,5 lit dugc cat loai (¢
ap suét thuong, (nhiét do bén trong: 80°C & thoi diém dau va 83°C & thoi diém cudi).
Tiép theo, 10,5 kg isopropanol nita dugc bd sung va 14,0 lit dugc cit loai (6 ap suét
thudmg, (nhiét do bén trong: 82°C & thoi diém dau va 84-85°C & thoi diém cubi). Dung
dich duoc 1am lanh dén 18°C (giam xubng trong 420 phut). Huyén phu dwoc khudy 1
gi&r & 20°C. San pham dugc phan 18p béng cach loc, duge rira bang isopropanol (tong
cong 2,4 kg). San phém duoc 1am kho trong didu kién chan khong & 50°C trong it nhét
12 gidr (cho dén khi khéi lwgng khong dbi). Higu sudt: 2,69 kg (77% theo ly thuyét)

Theo cach tuong tu, cac muc mé 3 dén 5 dugc két hop (téng cong 78,2 kg) va
thuc hién chuyén déi bing cing dung, tao ra 4,042 kg (77 % theo ly thuyét)

Bang sau day tom tat két qua:

(R)-8-clo-2-(3- M¢ (R)-4-(8-clo-4-(1- (R)-4-(8-clo-4-(1-
metylmorpholino)-1,7- |y - metyl-1H-pyrazol-5- metyl-1H-pyrazol-5-
naphtyridin-4-yl- i yI)-1,7-naphtyridin-2- | yl)-1,7-naphtyridin-
triflometansulfonat y1)-3-metyl-morpholin | 2-yl)-3-metyl-
(VIIb) (IXb) trong etylaxetat | morpholin (IXb)
4,2 kg 1 27,0 kg 2,69 kg
) 32.0 ke (77 % theo 1y thuyét)
3 26,0 kg 4,042 kg
6,3 kg 4 26.5 kg (77 % theo ly thuyét)
5 25,7 kg

Bang sau day tom tit két qua phan tich ctia hai mé (2,69 kg mé IXb va 4,042

kg me IXb):
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Thong sb thit nghiém gﬁzg nh;guén glzg lzgén (IXb) (mé Egizcﬁit) (IXb) (mé
Sulfat <0,010% <0,010%
E;Lf;(érrliltetansulfonic 0.17% 0.023%

Axit boric <0,026% <0,026%
Clorua 0,053% 0,035%

Téng lwong cacbonat <2 mg/L <2mg/L
;1;(2:%% cdng cac nguyén t6 v, 0.56 0.30

Bo mg/kg <10 <10

St mg/kg 1400 760

Kali mg/kg <10 <10

Natri mg/kg <10 <10

Paladi mg/kg 2700 1400
Phospho mg/kg 1500 765

Nudc 0,0822% 0,0511%
Diclometan n.d. n.d.

Etyl axetat n.d. n.d.

Pyridin n.d. n.d.
2-Propanol 0,51154% 0,25021%
Tong lugng cia tat ¢ cAC P | &: 4 1 095 |0,5% 0.3%

chat hitu co

(VIb) <0,05% (n.d.) <0,05% (n.d.)
1) <0,05% (n.d.) <0,05% (n.d.)
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t6i da 0,50% |0,26% 0,17%
(VIIIb) <0,05% <0,05% (n.d.)
Tap chit & RRT
RRT 1,07 t6i da 0,30% [<0,05% <0,05% (n.d.)
RRT 0,93 n.d. <0,05%
RRT 1,02 0,05% n.d.
RRT 1,04 | <0,05% nd.
RRT 1,08 <0,05% n.d.
RRT 1,12 0,06% 0,08%
RRT 1,15 0,06% n.d.
D6 tinh khiét (UHPLC) 99,5% 99,7%
Tht nghiém (UHPLC) 96,5% 97,9%
Vidu4c

2-[(3R)-3-metylmorpholin-4-y1]-4-(1-metyl-1H-pyrazol-5-y1)-8-(1H-pyrazol-5-yl)-
1.7-naphtyridin (I)

Trong mdi trudng khong khi chira nito, 3,40 kg (R)-4-(8-clo-4-(1-metyl-1H-
pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb) dugc hoa tan trong 10,8
kg etyl axetat va 221 g PdCla(dppf) duoc b6 sung. Tiép theo, 6,0 kg nuée va 6,2 kg
kali phosphat dugc b6 sung. Hon hop nay duge khudy trong 30 phut & 22°C. Nhiét do
bén trong dugc tang dén 55°C. O 55°C, dung dich chira 3,58 kg pinacol este cua axit
1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic (IIlc), dugc hoa tan trong 16,4 kg
etyl axetat duge bd sung trong 120 phut ddng thoi gitt nhiét do khong doi & 55°C va
hdn hop thu duge duge khudy & 200 vong/phut. 2 kg etyl axetat duoc bd sung (duge
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stt dung dé rira duong 6ng). Sau khi b6 sung, hdn hop duoc khudy trong 10 phut &
55°C.

Pé xtt 1y, nhiét do duoc giam dén 35°C va 26,6 kg etyl axetat dugc cét loai
trong diéu kién chan khong. Hon hop duge 1am ngudi dén 20°C va 24,7 kg diclometan
va 29,0 kg nuéc duge bd sung. Hon hop duoc khudy trong 10 phut. Pha hitu co duge
tach va pha nuéc duoc chiét bing 12,8 kg diclometan. Cac pha hitu co két hop dugce
rita bang 17,7 kg dung dich nuée kali hydroxit IN (khudy trong 10 phit). Cac pha
duoc tach riéng va pha hiru co duge rira lai v6i 17,7 kg dung dich nude kali hydroxit
IN (khudy trong 10 phut). Pha hitu co dugc tach va dugc loc trén than hoat tinh (dia
loc than Seitz) trong 3 gio (dich loc dugce dua tudn hoan). Than duoc rira hai 1an mdi
lan bang 13,3 kg diclometan, mot 14n bang 6,6 kg diclometan. Dich loc két hop dugc
bd sung vao dung dich chira 1,61 N-axetyl-xystein trong 9,0 kg dung dich kali hydroxit
(1099 g kali hydroxit dugc hoa tan trong 8,0 kg nudc). Hbn hop duge khudy trong 18
gir & 20°C. Céc pha dugc tach riéng. Thu duge 35,72 kg pha hiru co.

Theo céach tuong tu trong tong cong 3 mé, bt dau tir 3,40 kg (R)-4-(8-clo-4-
(1-metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin ~ (IXb)  dugc
chuyén hoa thanh (3R)-3-metyl-4-(4-(1-metyl- 1H-pyrazol-5-yl)-8-(1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)morpholin ~ (VIIc/VIId)  trong

diclometan:
Meé (R)-4-(8-clo-4-(1-metyl- | (3R)-3-metyl-4-(4-(1-metyl-1H-pyrazol-
Muc 1H-pyrazol-5-yl)-1,7- 5-y1)-8-(1-(tetrahydro-2H-pyran-2-yl)-
' naphtyridin-2-yl)-3-metyl- | 1H-pyrazol-5-yl)-1,7-naphtyridin-2-
morpholin (IXb) yl)morpholin (VIIc/VIId) trong
diclometan

1 3.4 kg 37,52 kg

2 3.4kg 34,70 kg

3 3,4 kg 33,56 kg

Ba mé duoc chia thanh 6 phan (mdi mé chia 1am hai phan) va mdi mé dwoc xut

ly trong budc phan ung tiép theo.
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Nguyén tac duge mo ta dbi véi cac mé da chia gdm 17,8 kg (VIIc/VIId) trong

diclometan.

17,8 kg (VIIc/VIId) trong diclometan dugc 14y tir thiing va thing duoc rira voi
800 ¢ diclometan. Tiép theo, 9 L diclometan dugc cét loai & &p suét thuong (60°C).
Dung dich dugc lam lanh dén 22°C va 3,3 kg diclometan va 7,2 kg metanol dugc bd
sung. Hon hop dugc lam lanh dén 0-5°C va 16,8 kg axit dung dich clohydric trong
nude dugce bd sung, giit nhiét do ndm trong khoang 0-20°C. Hon hop dugc khuy trong
10 phut & 20-22°C. C4c pha dugc tach riéng va pha nude duge chiét hai 1an mdi lan
bang 8,8 kg diclometan. Pha nudc dugc tach va 800 g N-axetyl xystein dugc b6 sung,
dung dich duoc khudy trong 12 gitr & 20°C. Tiép theo, 17,6 kg diclometan dugc bd
sung va 8246 g dung dich nudce kali hydroxit SN dugc b6 sung va hdn hgp duge khudy
trong 30 phut. D pH cuéi cing ctia pha nude 1a pH = 13,6 (¢ thoi diém nay do pH
phai nim trong khoang 12-14). Céac pha duoc tach riéng, pha nude dugc chiét bang
5,2 ke diclometan va pha hitu co duge két hop. Thu duge 22,7 kg hop chat (I) trong

diclometan.

Bang sau ddy tom tat két qua ctia 6 mé dugc diéu ché theo cach dugc mo ta:

Me (3R)-3-metyl-4-(4-(1-metyl- Téch mé | Hop chat (I) trong
Muc 1H-pyrazol-5-yl1)-8-(1- (YIIC/V IId) trong diclometan sau khi
(tetrahydro-2H-pyran-2-yl)-1H- | diclometan t4ch nhém THP
pyrazol-5-yl)-1,7-naphtyridin- |y o
2-yl)morpholin (VIIe/VIId) |
trong diclometan
1 37,52 kg 1)17,8 kg 239kg
Téach thanh hai mé 1&2 2)17.8 ke 23.6 ke
2 34,70 kg 3)17,3 kg 23,0 kg
Tach thanh hai mé 3&4 4173 kg 24,0 kg
3 33,56 kg 5)16,8 kg 23,8 kg
Téach thanh hai mé 5&5 6) 16,7 kg 22.7ke
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DOoi v4i bude xir Iy tiep theo, hai 1an 3 mé cta cdc mé da dugc diéu ché trude

d6 duoc két hop va duoc chuyén héa thanh san pham cubi:

Chuyén ddi dung moi diclometan thanh n-butanol: 23,9 kg, 23,6 kg va 23,0 kg
hop chét (I) duoc két hop (tdng cong 70,5 kg + 5,0 kg dé rira) va dugc bd sung tir tix
vao 16,6 kg n-butanol di duge x Iy nhiét so bd dén 98°C. 59 lit diclometan dugc cat
loai & &p sudt thuong. Nhiét do bén trong trong subt qué trinh cat 12 81 dén 90°C. Tiép
theo, 5,0 kg diclometan duoc sir dung dé lam sach duong bng ciing dwoc cit loai (5
1it). 15,5 kg n butanol duoc bd sung va 10 1 dugc cAt loai & ap sudt thuong (88 dén
93°C). Nhiét d6 duoc ting dén 108°C (nhiét do bén trong, 100 ml n-butanol dugc cat
loai). Thoi diém nay diclometan khong con trong hdn hop. Dung dich duoc lam ngudi
dén 20-22°C (trong 7 gid (giam manh)). Huyén phi dugc khudy trong 1h & 20°C, sau
d6 duoc lam ngudi dén 2-3°C, dugc khuéy trong 1h & nhiét do nay. Tinh thé duoc
phan lap béang cach loc va dugc rira béng 8,0 kg n-butanol lanh. Banh lgc uét chira san
pham (I) dugc hoa tan truc tiép tir bo loc (ma khong tach) sit dung 47,5 kg diclometan
4m & 30°C (trong trudong hop ma luong nay khong du, nhiéu diclometan hon c6 thé
dugc st dung va sau d6 dugce cit loai). Dung dich duoc 1am lanh dén 20°Cva 1020 g
Quadrasil Mercaptopropyl (chit tdy tap Pd tr Johnson Matthey, CAS Number
1225327-73-0) va 1020 g dich rtra giai Si-TMT (cht trong duong gin két silic oxit
clia 2,4,6-trimercaptotriazin (TMT), chat tiy tap Pd tir Biotage AB, Sweden, Part No.
9538-1000) dugc bd sung. Huyén phi duoc khudy trong 12 gio & 20-21°C. Huyén phu
duoc loc va banh loc dugc rira hai 14n mdi 1an bé“mg 13,3 kg diclometan. Dich loc duoc

loc lai (dich loc hat GMP).

Quy trinh két tinh cudi cing

Chuyén dbi dung moi tir diclometan thanh n-butanol: dich loc chira hop chat
(T) duoc bd sung tir tir vao 16,5 kg n-butanol di dugc gia nhiét truéc dén 98°C. 53 lit
diclometan dugc cét loai & 4p suat thudng. Nhiét do bén trong trong sudt qua trinh cit
14 93 dén 98°C. Tiép theo, 5,0 kg diclometan duogc st dung dé 1am sach dudong ong
cling dugc cat loai (4 lit). 9,0 kg n-butanol dugc bd sung va 10,5 1 duge cat loai & ap
suat thuong (90 dén 91°C). Nhiét do duoc ting dén 109°C (nhiét o bén trong, 100 ml

n-butanol duoc cAt loai). Thoi diém nay diclometan khong con trong hdn hgp. Dung
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dich duoc 1am ngudi dén 20-22°C (trong 7 gio (giam manh)). Huyén phi dugc khudy
trong 1h & 20°C, sau d6 dugc 1am lanh dén 2-3°C, dugc khudy trong 1 gio & nhiét do
nay. Tinh thé duogc phan 1ap béang céach loc va duoc rua bang 8,0 kg n-butanol lanh.
San pham dugc 1am kho trong diéu kién chan khong (30 mbar) & 50°C trong it nhét

42364

12 git (cho dén khi khéi luong khong doi).

Thu duogc 3,753 kg (67% theo 1y thuyét) tinh thé mau vang.

Tach mé (VIIe/VIId) |Hop chit (I) |hop chat (I) trong | hop chat (I)
trong diclometan trong diclometan
diclometan
1)17,8 kg 23,9 kg 1+2+3: 3,753 kg
2)17.8 ke 23.6 ke Tbng cong 70,5 kg
3)17,3 kg 23,0 kg
4)17,3 kg 24,0 kg 4+5+6: 4,066 kg
5) 16,8 kg 23.8 kg Tdng cong 70,5 kg
6) 16,7 kg 22,7 kg

Tinh toan hiéu suét: tir 3 1an 3,4 kg (IXb) = 10,2 kg : Thu duoc 7,819 kg san

phdm mong mudn (I) vi 70,25% hiéu suét theo 1y thuyét:

Me¢ (R)-4-(8-clo-4-(1-metyl-1H- Hop chat (D: 2-[(3R)-3-

Muc pyrazol-5-yl)-1,7- metylmorpholin-4-yl]-4-(1-metyl-1H-
naphtyridin-2-yl)-3-metyl- | pyrazol-5-yl)-8-(1H-pyrazol-5-yl)-1,7-
morpholin (IXb) naphtyridin

1 3.4 kg

2 3.4kg 3,753 kg + 4,066 kg = 7,819 kg (70,25

3 3,4 kg % theo Iy thuyét)

Két qua phan tich:
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Théng s6 thi nghiém 3.753 kg Mé hop chét (I) 4’06,6 kg Me
Hop chat (I)
Nguyén lidu Réan Rin
Mau séc Mau vang Mau vang
Do dong nhat (HPLC) pht hop pht hop
1-butanol 0,08565 % 0,09644 %
Diclometan n.n. n.n.
Etyl axetat nn. n.n.
Isopropanol n.n. n.n.
Metanol n.n. n.n.
n-Axetylxystein n.n. n.n.
(IXb) <0,05 % <0,05 %
(VIb) <0,05 % <0,05 %
Dihydropyran <0,05 % <0,05 %
(IIc) <0,05 % <0,05 %
<0,05 % <0,05 %
(VIIc/VIId) <0,05 % <0,05 %
Tap chit khong x4c dinh <0,05 % <0,05 %
Té{lg INuQ*ng cua tat ca céc tap 0.06 % 0.07 %
chat hitu co
Do tinh khiét (UHPLC) 99,94 % 99,93 %
Thtr nghiém (UHPLC) 99,9 % 100,1 %
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Nude 0,045 % 0,050 %
Cai bién da hinh (XRPD) Dang da hinh B Dang da hinh B
Vidu5

San xuAt tht tai xudng thuc nghiém

Thuc hién san xuét tai xuéng thuc nghiém. Sau mé (mdi mé 16,3 kg) duoc

chuyén hoa theo cach twong ty nhu duge mo ta trong vi du 4c (khong kem theo bude

lam sach thiét bi phan tmg va c4c bd loc trong qua trinh san xuét thir). Tong cong 97,8

kg (IXb) tao ra 75,4 kg hop chit mong mubn (I)

Muc mé (IXb) Hop chét (I) Hiéu’suét (% theo 1y
thuyét)
1) 163kg 10,4 kg 58,5
2) 163 kg 13,5 kg 75,9
3)  16,3kg 11,6 kg 65,2
4)  16,3kg 14,4 kg 81,0
5)  16,3kg 12,1 kg 68,0
6) 16,3kg 13,4 kg 75,3

Hiéu suét trung binh: 70,7 % (theo ly thuyét)

Bang sau diy tom tat két qua phan tich:

Thong s6  tha|Muc1 (10,4kg) [Muc2(13,5kg) |Muc3 (11,6 kg)
nghi¢ém Hop chét (I) Hop chét (I) Hop chét (1)
1-Butanol 0,15226% n.n. 0,183%
Diclometan 0,00644% n.n. n.n.

Etyl axetat n.n. n.n. n.n.
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Théng s6  thu
nghiém

Muc 1 (10,4 kg)

Muc 2 (13,5 kg)

Muc 3 (11,6 kg)

Hop chét (I) Hop chét (I) Hop chat (T)

Isopropanol n.n. 0,12601% n.n.

Metanol n.n. n.n. n.n.

n-Axetylxystein n.n. n.n. n.n.

(IXb) <0,05% <0,05% <0,05%

(VIb) <0,05% <0,05% <0,05%

Dihydropyran <0,05% <0,05% <0,05%

(Ilc) <0,05% <0,05% <0,05%

Pinacol <0,05% <0,05% <0,05%
<0,05%

<0,05% <0,05%

(VIc/VIId) <0,05% <0,05% <0,05%

Téng lugng cla tat <0,05%

ca cac tap chat hitu|<0,05% <0,05%

co

Do tinh khiét >99,95% >99,95% >99,95%

Thir nghiém 99,9% 100,0% 100,0%

Nudéce 0,1008% 0,0707% 0,0902%

Cai bién da hinh Dang da hinh B Dang da hinh B Dang da hinh B

Come 10,40kg 13,50kg 14,40kg
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Thong s6  thir|Muc4 (14,40kg) |Muc 5 (12,1kg) |Muc 6 (13,4 kg)
nghi¢ém Hop chét (I) Hop chét (1) Hop chét (1)
1-Butanol 0,183% 0,157% 0,188%
Diclometan n.n. n.n. n.n.
Etyl axetat n.n. n.n. n.n.
Isopropanol n.n. n.n. n.n.
Metanol n.n. n.n. n.n.
n-Axetylxystein n.n. n.n. n.n.
(IXb) <0,05% <0,05% <0,05%
(VIb) <0,05% <0,05% <0,05%
Dihydropyran <0,05% <0,05% <0,05%
(Ic) <0,05% <0,05% <0,05%
Pinacol <0,05% <0,05% <0,05%
<0,05%

<0,05% <0,05%
(VIIc/VIId) <0,05% <0,05% <0,05%
Téng lugng cua tat|<0,05%
ca cac tap chat hitu <0,05% <0,05%
co
Do tinh khiét >99,95% >99,95% >99,95%
Thtr nghiém 100,0% 100,6% 100,8%
Nudc 0,0902% 0,118% 0,103%
Cai bién da hinh Dang da hinh B Dang da hinh B Dang da hinh B
Co mé 14,40kg 12,10kg 13,4kg
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Hai trong sd cac mé nay (muc 1 10,40 kg I va muyc 2 13,50 kg I) dugc két hop

va dugc phan tich.

42364

Dit liéu phén tich dugc chi ra trong bang sau:

Théng sd thir nghiém (phuong
phap)

Hop chét c6 cong thie (1)
(23,322 kg)

Clorua (IC) <0,010 %
Sulfat (IC) <0,010 %
Phosphat (IC) <0,010 %
Téng cong cac nguyén t6 (ICP-

MS)

Bo (ICP-MS) <10 mg/kg
Paladi (ICP-MS) 0,3 mg/kg
Sét (ICP-MS) <39 mg/kg
Kali (ICP-MS) <10 mg/kg
Natri (ICP-MS) <10 mg/kg
1-Butanol (GC) n.n.
Diclometan (GC) n.n.

Etyl axetat (GC) n.n.
Isopropanol (GC) <0,050 %
Metanol (GC) n.n.
n-Axetylxystein (HPLC) n.n.

(IXb) (UHPLC) <0,05 %
(VIb) (UHPLC) <0,05 %
Dihydropyran (UHPLC) <0,05 %
(Illc) (UHPLC) <0,05 %
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Pinacol (GC) <0,05 %
<0,05 %
(UHPLC)

(VIIc/VIld) (UHPLC) <0,05 %
Téng luong tit ca cac tap chat o
hitu co (UHPLC) <0,05 %
Do tinh khiét (UHPLC) >99,95 %
Do tinh khiét vé m3t dong phan .
d6i anh (HPLC) >99.85 %
Thtr nghiém (UHPLC) 100,2 %
Nudce (Karl Fischer) 0,163 %
Cai bién da hinh (XRPD) Dang da hinh B
Co mé 23,322kg
Vidu 6

2-[(3R)-3-metylmorpholin-4-y1]-4-(1-metyl-1H-pyrazol-5-y1)-8-(1H-pyrazol-5-yl)-

1,7-naphtyridin (I)

Trong moi truong khi quyén chira nito, 30 g (87,255 mmol) (R)-4-(8-clo-4-(1-
metyl-1H-pyrazol-5-yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin (IXb) dugc hoa tan
trong 105,8 ml etyl axetat va 1,91 g (2,618 mmol) PdClx(dppf) dugc bb sung. Tiép
theo, 53,1 ml nudc va 55,56 g kali phosphat dugc bd sung. Hon hop nay dugc khudy
trong 30 phut & 22°C. Nhiét d6 bén trong duge ting dén 55°C. O 55°C, dung dich
chira 31,55 g (113,43 mmol) pinacol este cua axit 1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-boronic (IIlc), dugce hoa tan trong 162,2 ml etyl axetat duoc bd sung trong
120 phit ddng thoi giit cho nhiét do khong ddi & 55°C. Hon hop dugce lam lanh dén
nhiét do trong phong (~ 22°C) va 150 ml nu6c dugce bd sung. Céc pha dugc tich riéng
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va pha nudc dugce chiét bang 100 ml etyl axetat. Cac pha hitu co két hop duoc xtr 1y
v6i than hoat tinh (21 g than hoat tinh duge bd sung va huyén phi duge khudy qua
dém & 22°C). Than dugc loai bd bang cach loc qua dét tao diatomit va banh loc dugc
rira v6i 30 ml etyl axetat. 100 ml metanol va 300 ml dung dich nué6c axit clohydric IN
duoc b sung vao dich loc va dugc khudy trong 30 phit & nhiét do trong phong. Céc
pha duogc tach riéng va pha nu6c dugc chiét bang 100 ml etyl axetat. B6 sung 14,82 g
N-axetyl xystein vao pha nude (pH=1) va dung dich dugc khudy qua dém & 20°C. 300
ml diclometan dugc bd sung va do pH dugc diéu chinh dén pH=13 bang cach bo sung
190 ml dung dich nudc kali hydroxit SN. Dung dich dugc khudy trong 30 phut. C4c
pha dugc tach riéng va pha hitu co dugc rira véi 150 ml nude. Bb sung vao pha hitu
co 6 g Quadrasil Mercaptopropy! (chat tay tap Pd tlr Johnson Matthey, CAS Number
1225327-73-0) va 6 g chét rira giai Si-TMT (chat gan két silic oxit twong tu cta 2,4,6-
trimercaptotriazin (TMT) chat tiy tap Pd tir Biotage AB, Sweden, Part No. 9538-1000)
va huyén phi duoc khudy qua dém & 20°C. Huyén phu dugc loc va banh loc dugc rira
hai 14n mi 14n bing 25 ml diclometan. Thuc hién chuyén d6i dung moi tir diclometan
sang n-butanol: dich loc dugc bd sung tir tir vao 60 ml n-butanol & 85°C va diclometan
duoc cAt loai. Cudi cing, nhiét d6 dugc tang dén 105°C (nhiét do trong 1ong phan tng)
va sau do toan bo diclometan duoc loai boé. Hon hop duge lam ngudi qua dém dén
22°C, sau d6 duoc 1am ngudi dén 0-3°C va dugc khudy trong 1 gid & nhiét do nay.
San phim dugc phan 1ap bang cach loc va tinh thé dugc rira bang 20 ml n-butanol
lanh. San phdm duogc 1am kho trong diéu kién chan khong (20 mbar) 6 45°C qua dém.
Hiéu suét: 21,27 g (64,93 % theo 1y thuyét) tinh thé mau vang.

HPLC: 99,19 % (% dién tich)
Ham luong Bo: <1 ppm
Ham luong paladi: <1 ppm

Cai bién (Mod): B
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YEU CAU BAO HQ

Phuong phép diéu ché hop chét c¢6 cong thie (1)

@,

hodc hdn hop ctia nd,
phuong phép nay bao gbm cac budc lién tiép:

(@)  cho hop chit trung gian c6 cong thic (IXa)

trong do:

R! 1a nguyén t& clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
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[(4-nitrophenyl)sulfonylJoxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2.,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

phan ung véi hop chét c6 cong thire (I1la) hodc (I11b)

R4
/
— \ 4 \
L(N—R E/(N
B- B~
O\' O\R3 q QR3
R’ hoac R
(ITla) (IIIb),
hodc hdn hop ctia ching,

trong do:
R? va R? doc 1ap v6i nhau 1a nguyén tir hydro hodc nhom Ci-Ce-alkyl;
hoac

R2va R? cing nhau 1a nhém -CHz-CHz- hodc nhém -CHz-CH-CHa-, trong d6
nhém -CH,-CHz- hodc nhém -CH,-CH,-CHz- da néu tuy y dugc thé mot, hai, ba hodc

bbn 1an bang nhém duoc chon tr metyl va etyl;
hoéc
R?va R3 cung nhau 12 nhém

* *

HsC ; CHs

9

trong d6 "*" 1a diém gan v&i phan con lai cia phan tr;
va

R*1a nhém duge chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-metoxyetyl, 1-
metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl;

dé thu dugc hop chét trung gian c6 cong thie (VIIa) hoac (VIIb)
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(VIIa) (VTIb),
hodc hdn hop cia ching,
trong do

R*13 nhém dugc chon tir tetrahydro-2H-pyran-2-yl, 1-metyl-1-metoxyetyl, 1-
metyl-1-phenoxyetyl, 1-metyl-1-benzyloxyetyl; va

(b)  loai nhém R* ra khoi hop chit trung gian c6 cong thirc (VIIa) hodc
(VIIb), do d6 tao ra hop chét c6 cong thire (I), hodc cht hd bién cua nd c6 cong thirc

(Ia), hodc hdn hgp cuia ching.
2. Phuong phép theo diém 1,

trong d6 hop chét c6 cong thire (IXa) 1a (R)-4-(8-clo-4-(1-metyl-1H-pyrazol-5-
yl)-1,7-naphtyridin-2-yl)-3-metyl-morpholin; va/hoéc

trong d6 hop chét c6 cong thire (I1a) 12 pinacol este cua axit 1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-boronic; va/hoac

trong d6 hop chat c6 cong thirc (VIa) 12 (3R)-3-metyl-4-(4-(1-metyl-1H-
pyrazol-5-yl)-8-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-1,7-naphtyridin-2-
yl)morpholin.

3. Phuong phap theo diém 1 hoic 2,

trong d6 phan ung ctua hop chét trung gian c6 cong thirc (IXa) véi hop chét co
cdng thire (Ia) hodc c6 cong thire (IIb) duge thuc hién véi sy ¢6 mat cua chét xuc

tac paladi va/hodc bazo.

4. Phuong phép theo diém bat ky trong s6 céc diém tir 1 dén 3, trong d6 phan ing
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ctia hop chét trung gian c6 cong thic (IXa) v6i hop chét ¢6 cong thire (IT1a) hodc (IIIb)
dugc thue hién trong dung moi hitu co, trong d6 dung moi bao gbm isopropyl axetat,
etyl axetat, 1,2-dimetoxyetan, 1,4-dioxan, dimetylformamit, tetrahydrofuran, 2-
metyltetrahydrofuran, metanol, etanol, 1-propanol, isopropanol, 1-butanol hodc 2-
butanol; hodc trong dé phan ing da néu dugc thuc hién trong hdn hop dung moi gdm

mot hodc nhiéu dung moéi da néu va nudc.

5. Phuong phép theo didm bét k¥ trong s6 cac diém tir 1 dén 4, trong d6 nhom R*
duoc loai bo ra khoi hop chat trung gian c6 cdng thirc (VIIa) hodc (VIIb) bang cach
cho hop chét trung gian c6 cong thie (V1Ia) hodc (VIIb) phan tng véi axit trong dung

moi hodc trong hdn hop dung mai.

6.  Phuong phap theo diém bét ky trong s6 cac diém tir 1 dén S, trong d6 hop chét
trung gian c6 cong thue (VIIa) hodc (VIIb) 1a hop chét ¢ cong thie (VIIc), (VIId)
hoac (VIIc/VIId).

7. Phuong phép theo diém bét ky trong s céc diém tr 1 dén 6, trong d6 hop chit
trung gian c6 cong thirc (VIIa), (VIIb), (VIIc), (VIId) hodc (VIIc/VIld) khong dugc
tach va/hodc khong dugc tinh ché trude bude loai nhom R* ra khoi hop chét trung gian
¢6 cong thic (VIIa), VII(b), (VIIc), (VIId) hodc (VIIc/VIId).

8. Phuong phép theo diém bt k¥ trong s6 cac diém tir 1 dén 7, trong d6 nhom R*
duoc loai bo ra khoi hop chit trung gian c6 cong thire (VIIa) hoac (VIIb) bang cach
cho hop chét trung gian c6 cong thirc (VIIa) hodc (VIIb) phan tmg véi axit clohydric
trong nudc trong hdn hop dung moi gdm diclometan, metanol va nudc, dé thu duge
hop chét tho c6 cong thiic (I) dugc hoa tan trong pha nude da dugc axit hoa, trong do
d6 pH cua dung dich nuéc da dugc axit hoa thu dugc 1a nhé hon 3 (pH <3).
9. Phuong phap theo diém 8, trong d6

(a)  dung dich nuéc da duoc axit hda cua hop chét tho c6 cong thirc (I) duge
chiét mot hodc nhiéu 14n bang dung moi A, trong d6 dung méi A gbm diclometan, etyl
axetat, isopropyl axetat, tetrahydrofuran, 2-metyl-tetrahydrofuran, toluol, hoac

cloroform;

va/hodc dung dich nudce dd dugce axit hoa cua hop chét tho ¢6 cong thuc (1) dugc xtr
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ly mot hodc nhidu 14n bang chit tay tap Pd;

b) dung dich nugc da dugc axit héa ciua hop chét tho c6 cong thirc (I) thu duge
tir bude a) trude day duge xir Iy bang dung moi A va bang dung dich nuéc cta bazo
dé thu duoc hé hai pha, trong d6 pha nugc cta hé hai pha da néu c¢6 do pH >12;

(¢) pha nuéc véi do pH >12 thu dugce tlir bude (b) duge tach tir hé hai pha dé
thu duoc dung dich chura hop chét tho c6 cong thire (I) trong dung moi A; va, tiy ¥,

(d) thay thé dung mdi A cua dung dich chira hop chét thd c6 cong thire (I) trong
dung moi A bang dung mdi B, trong d6 dung moi B gdm etanol, n-propanol, n-butanol,
2-butanol, hodc isopropanol; dé thu dugc dung dich chta hop chét thd c6 cong thirc
(D) trong dung mo1 B.

10.  Phwong phép theo diém 9, trong d6 dung méi A gbm diclometan, va trong d6
dung dich nudc ciia bazo gdm dung dich nudce cua kali hydroxit, va trong d6 dung moi
B gdm n-butanol.

11.  Phuong phap theo diém bat ky trong s cac diém tir 8 dén 10, trong d6 hop chit
tho c6 cong thire (I) dugc két tinh trong dung mdi B, tot hon 1a trong n-butanol, dé thu
dugc dang da hinh B cua hop chét c6 cong thire (I).

12.  Phuong phap theo diém bt ky trong sb cac diém tir 1 dén 11 con bao gbm trudce

bude (a) theo diém 1 bude

(@)  cho hop chit trung gian c6 cong thirc (VIIIa)

(VIIIa),
trong do:

R! 14 nguyén tit clo, brom hodc iot hodc la nhém dugc chon tor
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
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[(4-nitrophenyl)sulfonyljoxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy,  [(2,4,6-triisopropylphenyl)sulfonylJoxy,  [(2,4,6-trimetylphenyl)-
sulfonyl]oxy, [(4-tert-butylphenyl)sulfonylloxy va [(4-metoxyphenyl)sulfonyljoxy;
va

RS 1a nguyén t clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy;

phan tng v6i hop chét ¢6 cong thic (Via)

trong do:
R2 va R3 doc 1ap véi nhau 14 nguyén tr hydro hodc nhom Ci-Ce-alkyl;
hoac

R2va R3 ciing nhau 1a nhém -CH>-CH»- hoac nhém -CHz-CHz-CHo-, trong do
nhém -CHz-CHa- hodc nhém -CH,-CH,-CH>- dd néu tuy y dugc thé mot, hai, ba hodc

bbn 14n bang nhém duge chon tir metyl va etyl;
hoéac

R?va R? cung nhau la nhom
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trong d6 "*" 1a diém gan va&i phan con lai cua phén tu;

dé thu dugc hop chat trung gian c6 cong thie (IXa)

trong do:

R! 13 nguyén tr clo, brom hodc iot hodac la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonyl]oxy, [(2,4,6-triisopropylphenyl)sulfonyl]oxy,
[(2,4,6-trimetylphenyl)sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va
[(4-metoxyphenyl)sulfonyl]oxy. |
13.  Phuong phap theo diém 12, trong d6 hop chét c6 cong thie (VIIIa) la (R)-8-
clo-2-(3-metylmorpholino)-1,7-naphtyridin-4-yl triflo-metansulfonat; va/hodc trong
d6 hop chat c6 cong thire (VIa) 12 pinacol este cia axit 1-metyl-1H-pyrazol-5-boronic.
14.  Phuong phap theo diém bat ky trong s6 cac diém tir 1 dén 13, trong d6 phan
g cta hop chét trung gian c6 cong thue (VIIIa) v6i hop chét c6 cong thic (Vla)

duoc thuc hién véi sy ¢6 mit cua chét xtc tac paladi va/hodc bazo.

15.  Hop chat trung gian c6 cong thuc (IXa)
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trong do

R! 13 nguyén tt clo, brom hodc iot hodc 1la nhém duoc chon ti
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyljoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-
sulfonyl]oxy,  [(2.,4,6-triisopropylphenyl)sulfonyljoxy,  [(2,4,6-trimetylphenyl)-
sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy.

16.  Hop chét trung gian theo diém 15, trong d6 hop chét nay 12 hop chat c6 cong
thie (IXb)

(IXb).

17.  Hop chét trung gian c6 cong thic (VIIIa)

(VIIIa),
trong do
R!1a nguyén tir clo hoc brom, tot hon 1 nguyén tu clo, va

R® la nhém duoc chon tr [(triflometyl)sulfonyl]oxy,
[(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-toluensulfonyl)oxy,
(phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyljoxy, [(4-nitrophenyl)sulfonyl]oxy,
[(2-nitrophenyl)sulfonyl]oxy, [(4-isopropylphenyl)-sulfonyl]oxy,
[(2.,4,6-triisopropylphenyl)sulfonyl]oxy, [(2,4,6-trimetylphenyl)sulfonyl]-oxy,
[(4-tert-butylphenyl)sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy, t6t hon 1a nhém
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[ (triflometyl)sulfonyl]oxy.

18.  Hop chét trung gian theo diém 17, trong d6 hop chat nay 1a hop chét c6 cong
thirc (VIIIb)

o/\(CH3 cl

k/N \ NN
| NS

0. _OF

ﬁ\éF
F

o)

(VIIIb).

19.  Phuong phép theo diém bt ky trong s§ cac diém tir 1 dén 14 con bao gom -

truéc bude (a) theo diém 12 - bude cho hop chét trung gian ¢ cong thire (IT)

D),
trong do:

R! 14 nguyén ta clo, brom hodc iot hodc la nhéom dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonyl]oxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonylJoxy,  [(2,4,6-triisopropylphenyl)sulfonyljoxy,  [(2,4,6-trimetylphenyl)-
sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyl]oxy va [(4-metoxyphenyl)sulfonyl]oxy;

phan tmg v6i hop chit duge chon tir N-phenyl-bis(triflometansulfonimit,
triflometansulfonic anhydrit, clorua cua axit metansulfonic, p-toluensulfonyl clorua,
nonaflobutansulfonyl clorua, nonaflobutansulfonyl florua, benzensulfonyl clorua, 4-
bromobenzensulfonyl clorua, 4-nitrobenzensulfonyl clorua, 2-nitrobenzensulfonyl
clorua, 4-isopropylbenzensulfonyl clorua, 2,4,6-triisopropylbenzensulfonyl clorua, 2-

mesitylensulfonyl ~ clorua  (=2,4,6-trimetylbenzensulfonyl  clorua),  4-rert-
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butylbenzensulfonyl clorua va 4-metoxybenzensulfonyl clorua;

dé thu duoc hop chét trung gian c6 cong thic (VIIla)

(VIlIa),
trong do

R! 1a nguyén ta clo, brom hodc iot hodc la nhém dugc chon ti
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyljoxy, [(2-nitrophenyl)sulfonyljoxy, [(4-isopropylphenyl)-
sulfonylJoxy,  [(2.4,6-triisopropylphenyl)sulfonyl]oxy,  [(2,4,6-trimetylphenyl)-
sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonylJoxy va [(4-metoxyphenyl)sulfonyl]oxy:;

R’ 1a nguyén tr clo, brom hodc iot hodc la nhém dugc chon tu
[(triflometyl)sulfonyl]oxy, [(nonaflobutyl)sulfonylJoxy, (metylsulfonyl)oxy, (p-
toluensulfonyl)oxy, (phenylsulfonyl)oxy, [(4-bromophenyl)sulfonyl]oxy,
[(4-nitrophenyl)sulfonyl]oxy, [(2-nitrophenyl)sulfonylJoxy, [(4-isopropylphenyl)-
sulfonylloxy,  [(2,4,6-triisopropylphenyl)sulfonyl]oxy,  [(2,4,6-trimetylphenyl)-
sulfonyl]-oxy, [(4-tert-butylphenyl)sulfonyljoxy va [(4-metoxyphenyl)sulfonyl]oxy.

20.  Phuong phap theo diém 19, trong d6 hop chét c6 cong thic (II) 12 (R)-8-clo-2-
(3-metylmorpholino)-1,7-naphtyridin-4-ol, duoc cho phan ung  Vv6i
triflometansulfonic anhydrit dé thu duge hop chat trung gian c6 cong thirc (VIIIb)

CHj al

(0]
LN NeAn
(6]
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\ﬁ/\éF
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(VIIIb).
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