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(54) HOP CHAT UC CHE KINAZA LIEN QUAN DEN TROPOMYOSIN (TRK),
DUQC PHAM VA DUQC PHAM GIAI PHONG KEO DAI CHUA NO
(57) Sang ché dé cap dén ché pham duoc chira chit e ché kinaza lién quan dén
tropomyosin (“chat ¢ ché Trk”). Ché phim duoc ndy chira 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin
trong cac ché pham huyén phu vi tinh thé & dang monohydrat ctia nd, ma thé hién cac dic
dugc tinh cai thién so voi dang anhydrat, va trong ché pham giai phong kéo dai. Ché pham
dugc giai phong kéo dai chta ciac vi cdu nap  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-
amin.
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Linh vue k§ thuit dwoc dé cap

Sang ché dé& cap dén ché phdm dwoc chia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin, kinaza c6 lién quan dén thu thé tropomyosin (“chét trc ché
Trk”), va dang monohydrat ctia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin — 3-(3-metoxy-
~ 4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo [4,5-
b]pyridin-2-amin monohydrat. Dang monohydrat ¢c6 cic dic tinh mong mudn
ma tao didu kién dé didu ché 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-
(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin thanh ché phim
duoc.

Ché phdm duoc dang dung dich chira vi tinh thé chat (rc ché Trk bao gdm
3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin & dang monohydrat ciia né, ma thé hién cac dic
tinh cai thién so véi dang anhydrat.

Sang ché con d& cap dén ché pham duoc giai phong kéo dai chira cac vi
cau nap chat tc ché Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin, bao gdm 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin.

Chat wc ché Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin va phuong phép tao

ra chit @c ché Trk duoc boc 16 trong Cong bd don sang ché qubc té sb
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PCT/US14/69469 va Pon sang ché My s6 14/564,773, c6 tén 1a Cdc chdt ik ché
Kinaza ¢é lién quan dén tropomyosin (TRK), ma dugc két hop vao day bing

cach vién dan.

Tinh trang k§ thuit cia sing ché

US 2010/204246, lién quan dén hop chit méi, cac duoc phdm chira
chung, phuong phap diéu tri va st dung hop chit nay trong viéc san xuét cac
dugc pham dé sir dung trong viéc didu tri va ngin ngira va cac bénh réi loan tiy
xuong.

WO 2013/176970, bdc 16 chét wc ché kinaza lién quan dén tropomyosin
(trk) cac chit e ché nhém protein kinaza c6 thé hitu ich trong viée diéu tri vét
dau, viém, bénh roi loan, chin thuong hoac sy cb lién quan dén nhoi mau co tim
hodc sy mét myelin hoic cac bénh hoic rdi loan lién quan dén hoat dong bt
thuong ctia yéu t6 sinh trudng than kinh (NGF) chét e ché TrkA.

WO 2015/089139, tiét 16 cac chit wc ché kinaza lién quan dén
tropomyosin (“chét trc ché Trk’), cac dugc phém chtra céc chét tc ché Trk, cach
st dung chit tc ché Trk va cac dugc phém chtra chét tc ché Trk dé diéu tri
bénh. N6 tiét 16 cach dung cac chit wrc ché Trk dé diéu tri cac bénh viém, bénh
tu mién dich, cac khuyét tat lién quan dén chuyén héa xwong va ung thu. Cac
chét e ché nay c6 thé s dung dé diéu tri ching dau dau gbi (OA), dé didu tri
viét thuong, dé diéu tri sau phau thuat, dé didu tri vét thuong lién quan dén diéu
tri viém xuong khép, va wc ché kinaza A lién quan tropomyosin (TrkA), kinaza
B lién quan tropomyosin (TrkB), va/hodc kinaza C lién quan tropomyosin
(TrkC), va dé tc ché c-FMS (thu thé té bao cho yéu td kich thich tao cum-1
(CSF-1)).
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Ban chit k§ thuit ciia sang ché

Khia canh thir nhét cta sang ché dé cép dén dang tinh thé cua chét tc ché
Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-
3H-imidazo[4,5-b]pyridin-2-amin, trong d6 gian dd nhidu xa bot tia X bao gém
cac dinh 26 sau duogc do béng cach su dung CuK, buc xa: 7,14, 8,89, 10,22,
12,42,12,73 va 14,31.

Khia canh thir hai ctia sang ché d& cap dén ché pham dugc bao gdém dang
tinh thé cta chit e ché Trk 3-(3 -metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin, trong d6 gian do
nhiu xa bt tia X bao gdm céc dinh 26 sau duoc do bang céach st dung CuK,
buc xa: 7,14, 8,89, 10,22, 12,42, 12,73 va 14,31, va ta dugc dugc dung.

Khia canh thtr ba ctia séng ché dé cap dén dang monohydrat cia chit G
ché Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1 -metyl-1H-pyrazol-
4-yl)-3H-imidazo[4,5-b]pyridin-2-amin.

Khia canh thir tu cta sang ché dé cap dén ché phim duoc bao gbm dang
monohydrat cta chat e ché Trk 3-(3 -metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin va ta dugc duogc
dung.

Khia canh thir nim cua sang ché d& cap dén ché phim duoc giai phdéng
kéo dai bao gém céc vi cAu nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin.

Theo khia canh thir sau, sang ché dé cép dén phuong phap san xuét dang
tinh thé cua 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin bao gom:

a. Tron 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin véi dung moéi dé tao tha‘inh
huyén phu;
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b. Khudy huyén phu;

C. Gom chét ran trong huyén pht biang céach loc; va

d. Lam khé chat rén.

Theo khia canh th bay, sang ché dé cap dén phwong phép san xuit dang
monohydrat cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin bao gom:

a. Tron 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin v&i dung méi dé tao thanh
huyén phu;

b. Khudy huyén phu;

C. Gom chét ran trong huyén pht bang céach loc; va

d. Lam kho chat rén.

Theo khia canh thir tAm, sang ché dé cép dén phuong phép san xuit vi
nang dugc nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin bang cach chiét dung méi, bao
gom:

a. Hoa tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin trong dung méi hitu co dé
tao thanh dung dich thudc;

b. Thém polyme vio dung dich thubc dé tao thanh dung dich
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1 H-pyrazol-
4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin;

C. Tron dung dich polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin vao dung dich nudc dé tao thanh nhii twong;

d. Thém nudc khir ion vao nhil tuong;

e. Tao vi cau tu nhil tvong bang cach chiét dung moi; va
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f. Sang cac vi cau thu dugc bang cach st dung dung dich hoat dong
bé mat.

Va theo khia canh thir chin, sang ché dé cap dén phuong phap san xut vi
nang duogc nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin bang cach chiét dung moi, bao
gom:

a. Phén tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong dung mdi hiru co dé
tao thanh huyén phu thudc;

b. Thém polyme vao huyén phu thuc dé tao thanh chat 1am phan tan
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1 H-pyrazol-
4-y1)-3 H-imidazo[4,5-b]pyridin-2-amin;

C. Tron chat lam  phidn  tin  polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-

b]pyridin-2-amin vé6i dung dich nude dé tao thanh nhii tuong;

d. Thém nudc khir ion vao nhil tuong;

e. Tao vi cAu tir nhil twong bang cach chiét dung méi; va

f. Sang cac vi cdu thu duoc bang cach str dung dung dich hoat dong
bé miit.

Theo khia canh thir mudi mot, sng ché dé cap dén phuong phép sén xuét
vi nang dugc nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin bang c4ch siy phun, bao gdm:

a. Hoa tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong dung méi hitu co dé
tao thanh dung dich thuéc;
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b. Thém polyme vao dung dich thuéc dé tao thanh dung dich
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-y1)-3 H-imidazo[4,5-b]pyridin-2-amin; va

C. Bom dung dich polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin qua thiét bi phun vao thiét bj siy dé tao thanh hat hinh cau.

Theo khia canh thir mudi hai, sang ché dé cap dén phuong phép san xut
vi nang dugc nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin bing cach siy phun, bao gom:

a. Phéan tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin trong dung méi hiru co dé
tao thanh huyén phu thudc;

b. Thém polyme vao huyén pht thudc dé tao thanh chét lam phén tan
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1 H-pyrazol-
4-y1)-3 H-imidazo[4,5-b]pyridin-2-amin; va

C. Bom chit lam phan tin  polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin qua thiét bi phun vao thiét bi sdy dé tao thanh hat hinh cau.

MB& ta vin tit cac hinh vé

Hinh 1: Nhiéu xa bét tia X (XRPD) ctia dang monohydrat cta 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin, 440 °260. XRPD cua dang monohydrat cua 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl- 1 H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin thé hién cac dinh don nhét & cac dinh 26 7,14,
8,89, 10,22, 12,42, 12,73 va 14,31 duoc do b%mg cach str dung CuK,,.
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Hinh 2: Nhiét d6 phan tich nhiét lugng quét vi sai (DSC) va phan tich
nhiét trong lugng (TGA) cua dang monohydrat cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin, dugc gia nhiét & 10°C/phut. Nhiét d6 DSC thé hién ba su kién
nhiét & 76,72, 160,13, va 195,78°C, nhiét d6 TGA thé hién 3,7% giam trong
luong tur 25 — 100°C.

Hinh 3: CAu tric tinh thé cia dang monohydrat ciia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin. C4u tric tinh thé clia dang monohydrat cta chét Gc ché Trk
duoc thé hién.

Hinh 4: Hinh anh chdng miu XRPD thir nghiém véi miu XRPD duoc
tinh tir cdu trac don tinh thé. Hinh nay thé hién hinh anh chdng méu bét thir
nghiém véi mau duge tinh tir ciu trac don tinh thé. Do tring khép manh thé
hién réng cAu trac don tinh thé 13 chi bao cta vat lidu khdi.

Hinh 5: Hiéu qua nap API 1én bién d6 IVR — céc vi cdu 12% API/9:1
R202H:752H, 16% API/9:1 R202H:752H va 20% API/9:1 R202H:752H. Hinh
nay so sanh Hi€u qua nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin [én bién do giai
phéng trong éng nghiém cia céc vi cau chia ché pham bién doi.

Hinh 6: Nhigt ¢6 DSC cta vi cau 16% API/9:1 R202H:752H va 20%
API/9:1 R202H:752H. Nhiét dd DSC chimg minh rang 20% vi cau thé hién thu
nhiét néng chay ndm trong khoang 130-150°C x4c nhan sy c6 mat cta tinh thé
thudc bé mit.

Hinh 7: Hinh anh vi dién tr quét cua

vi cau 16% API/9:1 R202H:752H (1500X). Vi cau 16% nap thudc thé
hién khong c6 tinh thé thudc, cho thiy riang thudc 14 v6 dinh hinh.

Hinh 8: Hinh &nh vi dién tir quét cua
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Céc vi cAu 20% API/9:1 R202H:752H (1500X). Vi cau 20% nap thudc
thé hién tinh thé thudc bé mit.

Hinh 9: Hiéu qua nap API 1én bién d6 IVR — vi cau 15% API/R202H,
17% API/R202H va 19% API/R202H. Hinh nay so sanh hiéu qua nap 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin 1én bién do giai phong trong éng nghiém cia céc
vi cau ctia ché pham bién d6i.

Hinh 10: Hi¢u qué nap API 1é€n bién do IVR — cac vi cau 16% API/9,5:0,5
R202H:752H, 18% API1/9,5:0,5 R202H:752H va 20% API1/9,5:0,5 R202H:752H.
Hinh nay so sanh Hiéu qua nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin 1&€n bién dd giai
phéng trong ong nghiém cia céc vi cAu cia ché pham bién dbi.

Hinh 11: Hiéu qua hdn hop Polyme 1én Bién d6 IVR — Vi ciu 16%
API/R202H, 16% API/9,0:0,5 R202H:RG752H va 16% API/9:1
R202H:RG752H. Hinh nay so sanh hidu qua hdén hgp polyme 1én bién do giai
phéng trong éng nghiém ca cac vi cau cta ché pham bién dbi.

Hinh 12: Hiéu qua Hon hop polyme 1én Bién d6 IVR — Vi ciu 16%
API/R202H, 16% API/9,5:0,5 R202H:RG502H va 16% API/9:1
R202H:RG502H. Hinh nay so sanh hiéu qua hon hop polyme bién do giai phong
trong ong nghiém cta céc vi ciu ctia ché phim bién dbi.

Hinh 13: Ché phims thé hién Bién d6 IVR cip khéng trong 180 Ngay —
Vi cdu 15% API/9:1 R203H:RG752H va 16% API/9,5:0,5 R202H:RG502H.
Cac vi cdu dugc didu ché st dung 15% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong polyme R203H:752H ¢ ty 1& bang 9:1 va 16% 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
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imidazo[4,5-b]pyridin-2-amin trong polyme R202H:RG502H & ty 1é bing
9,5:0,5 thé hién bién d6 giai phong cip khéng gia qua 6 thang.

Hinh 14: Hiéu qua cia Hé déng dung moéi trong diéu ché 1én Bién d6 IVR
— vi cau 16% API/9:1 R203H:RG752H- 9:1 DCM:MeOH, 9:0,5:0,5
DCM:MeOH:BA, 9.5:.05 DCM:BA, 9:1 DCM:BA. Hinh nay so sanh hi€u qua
ctia hé dong dung méi duoc dung trong diéu ché vi cau 1én bién d6 giai phéng
trong ong nghiém ca cac vi cdu c6 16% nap thudc va hdn hop polyme bang 9:1
R203H:RG752H. -

Hinh 15: Hiéu qua cua Hé dong dung méi DCM:BA 14 ting nap API 1én
Bién d6 IVR — Vi cau 16% API/9:1 R202H:RG752H, 25% API/9:1
R202H:RG752H, 30% API/R202H, 40% API/R202H, 25% API/R203H, 30%
API/R203H, 40% API/R203H, 50% API/R203H. Hinh nay so sanh hiéu qua cua
hé ddng dung mdi dugc ding trong diéu ché vi cau lam ting nap thudc 18n bién
do giai phong trong dng nghiém cua céc vi cau bién doi hdn hop polyme.

Hinh 16: Hinh anh vi dién tir quét ctia vi cau dugc didu ché bing quy trinh
két vi nang huyén phu dugc micron héa (1500X). Cac vi cau duoc tao ra béng
cach két nang huyén phu ctia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-
(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin 13 hinh cau véi két
c4u bé mit g6 ghé do su ¢6 mit cta c4c tinh thé thudc dinh trén bé mat.

Hinh 17: Hiéu qua cta Quy trinh két vi nang huyén phi dugce micron héa
1én Bién d6 IVR — Vi cau 25% API/9:1 R202H:RG752H 39 mL 5% PVA + 2,6
mL EA, 25% API/9:1 R202H:RG752H 39 mL 5% PVA + 3,25 mL EA, 25%
API/R203H 39 mL 5% PVA + 2,0 mL EA, 30% vi luu API/f:1
R202H:RG752H 39 mL 5% PVA + 2,0 mL EA, 40% vi luu API/9:1
R202H:RG752H 39 mL 5% PVA + 2,0 mL EA, 30% vi luu API/9:1
R202H:RG752H 39 mL 5% PVA + 2,0 mL EA, 30% vi luu API/9:1
R202H:RG752H 39 mL 5% PVA + 2,3 mL EA, 30% vi luu API/R202S 39 mL

-10-
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5% PVA + 2,0 mL EA, 30% vi luu API/R203S 39 mL 5% PVA + 2,0 mL. Hinh
nay so sanh quy trinh két vi nang huyén phu dugc micron héa duoc ding trong
didu ché vi clu 1én bién d6 giai phéng trong éng nghiém cia cac vi cau c6 su
nap thudc bién dbi.

Hinh 18: Hinh &nh vi dién tir quét cuia

Vi cdu 16% API/9:1 R202H:RG752H, Chiét dung mdi (1000X). Céc vi
cau chiét dung méi 13 hinh céu c6 két cdu bé mit nhan.

Hinh 19: Hinh &nh vi dién t quét ciia

Vi cau 16% API/9:1 R202H:RG752H, say phun (1000X). Céc vi cAu sy
phun 14 hinh céu véi két cAu bé mit nao do.

Hinh 20: Hiéu qua cta quy trinh két vi nang 1én Bién d6 IVR — vi cdu
16% API/9:1 R202H:RG752H béng cach chiét dung méi (OW), vi cau 16%
API1/9:1 R202H:RG752H bang cach siy phun (20% va 22,5% Polyme) va vi
cdu 16% API/9:1 R203H:RG752H bing cach sdy phun (22,5% Polyme). Hinh
nay so sanh bién do giai phéng trong ong nghiém clia vi cau 16% nap thude, 9:1
R202H:RG752H duoc diéu ché bang cach chiét dung méi va siy phun.

Hinh 20: Hiéu qua cta quy trinh két vi nang 1én Bién d6 IVR — vi cau
16% AP1/9:1 R202H:RG752H bang cach chiét dung méi (OW), vi cdu 16%
API/9:1 R202H:RG752H béang cach sdy phun (20% va 22,5% Polyme) va vi
cdu 16% API/9:1 R203H:RG752H bang cach siy phun (22,5% Polyme). Hinh
nay thé hién hiéu quéa cta quy trinh két vi nang 1én bién do giai phong trong dng
nghiém cua cac vi cau ctia ché phim bién doi.

Hinh 21: Hinh anh vi dién to quét cha Vi cau 16% API/1:1
R202H:R203H/Khéng chét phu gia, Siy phun (1000X). Cac vi cau siy phun ctia
16% API/1:1 R202H:R203H/Khong chit phu gia duoc thé hién.
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Hinh 22: Hinh anh vi dién to¢ quét cia Vi cau 16% API/1:1
R202H:R203H/31,25 mg PEG, Siy phun (1000X). Cac vi cAu sy phun cua
16% API/1:1 R202H:R203H/31,25 mg PEG dugc thé hién.

Hinh 23: Hinh anh vi dién tod quét cha Vi cau 16% API/1:1
R202H:R203H/31,25 mg Poloxamer 407, Sdy phun (1000X). Cac vi ciu sy
phun cua 16% API/1:1 R202H:R203H/31,25 mg Poloxamer 407 duoc thé hién.

Hinh 24: Hiéu qua ctia % 10kDa PEG hodc 1% Poloxamer 407 1én Bién
ddo IVR — 16% API/1:1 R202H:R203H/Khong chat phu gia, 16% API/1:1
R202H:R203H/31,25 mg PEG, 16% API/1:1 R202H:R203H/31,25 mg
Poloxamer 407. Hinh ndy so sanh bién d6 giai phong rong ong nghiém cia 16%
API/1:1 R202H:R203H/Khéng chit phu gia vi cau, 16% API/1:1
R202H:R203H/31,25 mg PEG vi clu, va 16% API/1:1 R202H:R203H/31,25 mg
Poloxamer 407 duoc diéu ché bang cach siy phun.

Hinh 25: Bién d6 IVR Trong co thé (Chudt)~ Vi cau 16% API/9:1
202H:RG502H va 15% API/9:1 R203H:RG752H. Hinh nay thé hién giai phong
gan cip khéng trong co thé qua khoang 3-4 thang va 5-6 thang dbi voi vi cau
16% API/9:1 202:H:RG502H va 15% AP1/9:1 R203H:RG752H.

Hinh 26: [**C] 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin con lai theo thdi gian (Khép
ddu gbi cna chudt) — Vi cau 16% API/9:1 202H:RG502H va 15% API/9:1
203H:RG752H. Sau khi cho ding trong khép vao khép dau gbi ctia chudt, dbi
v6i vi cau 16% API/9:1 202:H:RGS02H va 15% API/9:1 R203H:RG752H thé
hién giai phong thudc qua 5 dén 6 thang; 16% AP1/9:1 202:H:RG502H thé hién
12% con lai trong khép sau 5 thang va 15% API/9:1 R203H:RG752H thé hién
30% thudc con lai sau 6 thang.

Hinh 27: Mbi lién hé ndng d6 - thoi gian cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
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b]pyridin-2-amin (Mau chudt) — Vi cau 16% API/9:1 202:H:RG502H va 15%
API/9:1 R203H:RG752H. Hinh nay thé hién mdi lién hé ndng do thube-thoi
gian trong mau sau khi ding trong khép cic vi cdu nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-Z—amih.

Hinh 28: Bién d6 IVR — Vi cau 16% API/9:1 202:H:RG752H, 15%
API/9:1 R203H:RG752H va 40% API/203H

Hinh 29: M&i lién hé ndng d6 - thoi gian cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
blpyridin-2-amin — vi cdu 16% API/9:1 202:H:RG752H, 15% API/9:1
R203H:RG752H va 40% API/203H

Hinh 30: XRPD duoc do hodc dugc md phdng cta cac Dang tur 1 dén 4
(Khan va hydrat). XRPD cta dang khan va hydrat cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin dugc thé hién.

Hinh 31: XRPD cta Dang 5 (Etanol ). XRPD cua Dang 5 (Etanol) cua 3-
(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin dwoc thé hién.

Hinh 32: XRPD cua Dang 9 (Axeton). XRPD cua Dang 9 (Axeton) cua 3-
(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin duoc thé hién.

Hinh 33: So sanh XRPD cua Dang 10 (Axeton) va Dang 9 (Axeton). Hinh
ndy d& xudt so sdnh cGa hai dang cla 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-

b]pyridin-2-amin thu dugc tron axeton.
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Hinh 34: XRPD cua Dang 11 (Axetonitril). XRPD cia Dang 11
(Axetonitril) cua 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin dugc thé hién.

Hinh 35: Pha tinh th& 1rin cia  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin. Hinh ndy d& xuit so sanh mudi dang tinh thé cia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin thu dugc trong cac thir nghiém.

MG té chi tiét sang ché

Sang ché dé cap dén ché phdm duoc chia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin, thy thé kinaza c¢6 lién quan dén tropomyosin (“chéit Grc ché
Trk), va dang monohydrat cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin.

Ché pham dugc dung dich vi tinh thé chét &rc ché Trk bao gém 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl- 1 H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin & dang monohydrat ctia né, ma thé hién cac dic
tinh cai thién so vdi dang anhydrat.

Sang ché con d& cap dén ché phim dugc giai phéng kéo dai cua chit trc
ché Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-yl)-3H-imidazo[4,5-b]pyridin-2-amin, bao gdm cac vi cau nap 3-(3-metoxy-4-
((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin.

Ché pham dugc ctia chét tc ché Trk theo sang ché trc ché kinaza c6 lién
quan dén tropomyosin A (TrkA), kinaza c6 lién quan dén tropomyosin B
(TrkB), kinaza c6 lién quan dén tropomyosin C (TrkC), va c-FMS (thu thé té

bao cho yéu té kich thich tao cum-1 (CSF-1)). Kinaza c6 lién quan dén
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tropomyosin (Trk) 12 thu thé ai lyc cao dugc hoat héa béi yéu td sinh truéng cb
thé hoa tan dugc goi 1a neutrophin (NT). TrkA, con dugc goi la thu thé tyrosin
kinaza dinh dudng than kinh tuyp 1, dwoc hoat héa boi yéu té sinh trudng than
kinh (NGF). TrkB duogc hoat héa béi yéu té sinh trudng c6 ngudn gbc tir no va
NT-4/5. TrkC duoc hoat hda bdi NT3. Su hoat hoa cua Trk dn dén sy hoat hoa
cta kinaza xudi dong ma dugc 4n bao gdm trong sy truyén tin hidu té bao, bao
gdm su ting sinh, su sdng sét, su hinh thanh mach va su di cin cua t& bao. Trk
an bao gdm trong nhiéu bénh, bao gdm OA.

Ché pham duoc chira chit (e ché Trk theo sang ché con c6 thé tc ché c-
FMS (thu thé té bao cho yéu td kich thich tao cum-1 (CSF-1). C-FMS déng vai
tro trong su diéu hoa ctia chirc ning dai thuc bao, va duoc tin 14 ¢6 vai trd trong
bénh viém, bénh ty mién, khiém khuyét trao dbi chit & xwong va bénh ung thu
(Burns va Wilks, 2011, Informa Healthcare).

OA 1a bénh khép suy nhuoc va phd bién dic trung bdi chimg dau man
tinh va sy phéd hity ctia sun khép. Cac nghién ciru 14m sang gan day dé xac nhan
vai tro 1am phong bé NGF & chimg dau dau gdi OA, ching t6 sy giam dau dang
ké va ty 16 dap mg cao & bénh nhan duogc didu tri bang cach truyén trong tinh
mach bang khéang thé phong bé khang NGF (Lane, 2010, N Engl J Med). Tuy
nhién, phuong thirc nay c6 thé din dén sy ting nguy co vé cac van dé bét loi do
su e ché toan than cua sy truyén tin hiéu NGF (Cudc hop Uy ban Tu van
Chtng viém khép FDA dé Thao luan Vén d& An toan Lién quan dén Téc nhan
Yéu t6 Sinh trudng Khang Than kinh;
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm286556.htm) Theo do,
phuong phap méi theo huéng nhim dich vao ching dau OA qua trung gian
NGF da duge phé chuin théng qua sy phat trién cta chét Ge ché Trk, cu thé 13
chét (rc ché TrkA, thu thé 4i luc cao dbi véi NGF (Nicol, 2007, Molecular

Interv). Chét trc ché Trk theo sang ché dugc phan phdi cuc bd va bang cach d6
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tranh duoc sy phan bd toan than quan sat duoc khi diung khang NGF trong tinh
mach. Chién lugc didu tri ndy 1am ting sy thuén tién khi dung liéu luong, cling
nhu ¢6 dd an toan 16n hon bang cach cho phép duy tri sy truyén tin hiéu NGF
can thiét v& mat sinh ly (tirc 14 su duy tri than kinh cam giac/giao cam, su hinh
thanh mach) & céc vi tri khéng cuc bo.

Sang ché dé cap dén ché pham duoc chira chit (rc ché Trk va phuong
phap diéu tri bénh bang ché pham dugc chira chét Gc ché Trk. Cu thé hon 14,
sang ché d& cap dén phuong phép didu tri ching dau, OA, ching dau lién quan
dén OA, ching dau sau phﬁu thuét, bénh viém, bénh tu mién, khiém khuyét trao
d6i chét & xuong va ung thu bang ché phdm duoc chira chit trc ché Trk. Dugc
pham chira chét tc ché Trk c6 thé dugc cho ding duéi dang da lidu, bao gdm
tiém dé phan phdi cuc bd ca 1a huyén phu vi tinh thé va trong ché phdm giai
phéng kéo dai. Chéit e ché Trk 1a thanh phan duoc hoat tinh trong duge phim
bao gdm chét wc ché Trk. Chét trc ché Trk con c6 thé duoc cho ding cing nhau
va/hoac duogc phéi ché vé6i cac thanh phén hoat tinh khéc dé diéu tri bénh, bao
gdm diéu tri chimg dau, OA va chimg dau lién quan dén OA.

Ché phim duogc chira chét (rc ché Trk theo sang ché bao gdm 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin, dugc thé hién bdi Coéng thic (I) dudi diy, 1a
thanh phan hoat tinh duoc. 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin con goi la GZ389988.
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Cong thiac (I): 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin (GZ389988)

Vén d& duoc giai quyét bang séang ché 12 khé khin trong viéc phdi ché ché
phim bao gbém 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin. Giai phép cho van d& nay la
phat hién ra ring dang monohydrat cta  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin c6 céc dic tinh vat 1y va héa hoc cai thién, bao gdm tinh 6n
dinh vat ly t6t hon va tan trong nuéc chdm hon, so véi dang anyhdrat. Dang
anhydrat ctia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin thé hién twong ddi khoéng 6n
dinh trongn dung dich, gy ra van dé véi viéc didu ché né thanh dugc phim.
Dang anhydrat thé hién cac thay dbi dang rin khac nhau dudi cac diéu kién nhét
dinh, bao gdm viéc chuyén dbi thanh hydrat. Dang monohydrat ctia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin cho tinh 6n dinh bd sung va can thiét dé tranh
viéc chuyén d6i da hinh trong khi luu trit thoi gian dai va khi xir 1y, va dan dén

tinh 6n idnhj vat ly duogc tang cuong. Ngoai ra, quan sat duoc su hoa tan chdm
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hon trong dung dich nuéc véi dang monohydrat. Dang monohydrat ctia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin, con goi 1a GZ389988A, duoc thé hién bdi Cong
thac (II) dudi day.

Cong thic (II): Dang monohydrat cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin (GZ389988A)

Trong lugng phan tir cua 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin 1a 470,54 g/mol,
va cong thirc co ban la CysHasNsO3;. Dang monohydrat ciia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin 13 bot mau tring duc va duéi kinh hién vi 4nh sang phéan cuc
né xut hién 13 c4c kim nhé hodic cac hat kiéu soi.

Dang monohydrat cta 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-
(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin dwoc tong hop
theo Vidu 1.

Phuong 4n cu thé cia sang ché 1a dang tinh thé cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
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b]pyridin-2-amin, trong d6 gian d6 nhidu xa bot tia X (XRPD) bao gdm cac dinh
20 sau duoc do béng cach st dung CuK, buc xa: 7,14, 8,89, 10,22, 12,42, 12,73
va 14,31. Chi tiét v& phuong phép thu dugc tinh XRPD dugc dé xuit trong Vi
du 1. Phuong 4n khéc cua sang ché 1a dugc pham bao gdom dang tinh thé cia
chat e ché Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin va ta dugc dugc dung.

Phuong 4n khac cia sang ché dé cap dén céac dang tinh thé khéc ctia chat
trc ché Trk 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin trong cic dung moi khac, bao
gdm etanol, axeton, axetonitril, va cic dung mdi tron 1an. Chi tiét vé cac dang
khac cta 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1 H-pyrazol-
4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin va phuong phap thu dugc tinh XRPD
dugc dé xuét trong Vi du 4.

Sang ché con d& cap dén ché phim bao gdm dang monohydrat ctia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1 H-pyrazol-4-yl)-3 H-
imidazo[4,5-b]pyridin-2-amin, dugc thé hién boi Cong thire (1), va duge pham
bao gdom dang monohydrat cla chit wc ché Trk 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin va ta dugc dugc dung.

Ché phém duoc chtra chat Gc ché Trk co thé bao gém mot hodc nhiéu té
duge duoc dung. Céc cach ding ché pham dugc chira chat tc ché Trk bao gdém
duong miéng, dudi ludi, trong tinh mach, dudi da, trong co, trong khop, ap da,
truc trang, xong, ndi tuy mac/ndi tam that, va tiép xtc. Theo d6, ché phém duoc
chtta chét tc ché Trk c6 thé duge phéi ché, vi dy, thanh vién nang, vién nén, bot,
dung dich, huyén phu, nhii tuong, bot kho lanh, hodic ché phdm giai phéng kéo

dai bao gdm vi nang tiém duoc. T4 duoc duge dung trong ché pham duoc chira
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chét trc ché Trk s& phu thudc vao dudng ding ma dugc phdm chira chit (e ché
Trk dy kién cho dung.

T4 duoc thich hop bao gém, nhung khéng gi6i han &, cac vat lidu hitu co
hodc vo6 co nhu chét pha lodng, dung moi, gelatin, albumin, lactoza, tinh bot,
chit 6n dinh, tac nhan néng chay, chat nhil héa, chét tao huyén phu, mudi va
chédt dém. T4 duoc duge dung thich hop cho ché phdm trong khép ching han
nhu dung dich hodc huyén ph bao gdm, nhung khéng chi gidi han &, gel hoic
dich long tro c6é trén thi truong.

Do tinh tan thidp cua chit wec ché Trk 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin ~ va  dang  monohydrat cua  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin, chat tao huyén phi can dé tao ché pham huyén phu vi tinh thé
dé tiém trong khép bao gdém chéit e ché Trk 1a thanh phan hoat tinh dugc
thudng dung chét tao huyén phu dugc dung bao gom: keo, aga, alginic axit,
bentonit, canxi stearat, carbomer, carboxymetylxenluloza (canxi va natri),
carrageenan, xenluloza (vi tinh thé, vi tinh thé va carboxymetylxenluloza natri,
duoc nghién bot), silicon dioxit keo, destrin, gelatin, gém guar, hectorit, silic
oxit keo ky nudc, hydroxyetyl xenluloza, hydroxymetyl xenluloza,
hydroxypropyl xenluloza, hypromeloza, cao lanh, magie nhom silicat, dung dich
maltitol, triglyxerit mach trung, metylxenluloza, phenylmercuric borat,
phospholipit, poycarbophil, polyetylen glycol, este axit béo polyoxyetylen
sorbitan, povidon (polyvinylpyrolidon), propylen glycol alginat, saponit, dau
ving, natri alginat, sorbitan este, sucroza, nhya tragacan, vitamin E polyetylen
glycol sucxinat, va gom xanthan (Handbook of Pharmaceutical Excipients, tai

ban 1an thir 6).
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Chét tao dém con duoc dung trong ché phim cta dung dich dé dung trong
khép khi thanh phan hoat tinh 1a dang monohydrat cta 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin, chit tc ché Trk. Chét tao dém dugc dung bao gém: adipic
axit, dung dich amoniac, boric axit, canxi carbonat, canxi hydroxit, canxi lactat,
canxi phosphat, ba bazo, xitric axit monohydrat, natri phosphat hai bazo,
dietanolamin, glyxin, maleic axit, malic axit, methionin, natri phosphat don
bazo, monoetanolamin, mononatri glutamat, phosphoric axit, kali xitrat, natri
axetat, natri bicarbonat, natri borat, natri carbonat, natri xitrat dihydrat, natri
hydroxit, natri lactat, va trietanolamin (Handbook of Pharmaceutical Excipients,
tai ban lan tht 6).

Khi ché pham dugc chira chat e ché Trk theo sang ché 14 cac ché phdm
dé dung trong khép, chiing con cé thé gdbm chét pha lodng. Chit pha lodng thich
hop dé 4p dung nhu trong sang ché bao gbém: malitol, ddu huéng dwong, amoni
alginat, canxi carbonat, canxi lactat, canxi phosphat hai bazo khan, dihydrat hai
bazo, ba bazo, canxi silicat, canxi sulfat, xenluloza (vi tinh thé silic hoa, nghién
bdt), xenluloza axetat, duong nén, duong lam banh keo, tinh bot ngd va tinh bot
dong keo so bd, dextrat, dextrin, dextroza, erythritol, etylxenluloza, fructoza,
fumaric axit, glyxeryl palmitostearat, lactoza xong, isomalt, cao lanh, lactitol,
lactoza (khan, monohydrat va tinh bot ngd, monohydrat va xenluloza vi tinh thé,
sdy phun), magie carbonat, magie oxit, maltodextrin, maltoza, manitol,
triglyxerit mach trung, xenluloza vi tinh thé, polydextroza, polymethacrylat,
simethicon, natri alginat, natri clorua, sorbitol, tinh bt (ng6 khir truing, dong keo
so bg), sucroza, khéi ciu dudng, sulfobutylete b-xyclodextrin, bot tan, nhua
tragacan, trehaloza, xylitol (Handbook of Pharmaceutical Excipients, tai ban lan

thit 6).
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Ché phdm duoc huyén phu vi tinh thé chira chat tc ché Trk véi dang
monohydrat cua 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin 1am thanh phan hoat tinh duoc
md ta trong Vidu 2.

Séng ché con dé cdp dén phuong phap san xuét dang tinh thé cua 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin va san xuat dang monohydrat ctia 3-(3-metoxy-4-
((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
blpyridin-2-amin bao gbm:

a. Tron 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin v&1 dung moi dé tao thanh
huyén phu;

b. Khudy huyén phu;

C. Gom chét ran trong huyén phi bang cach loc; va

d.  Lam kho chit ran.

Theo phuong phap nay, dung moi dugc dung dé tao thanh huyén phu c6
thé 1a hdn hop cia axeton va nuéc. Ngoai ra, huyén phi c¢6 thé duoc khudy qua
dém, va chét rin ma dugc gom c6 thé duge say kho bang khi.

Ché phdm duoc giai phéng kéo dai ctia chat e ché Trk ¢ thé bao gdom
hoac 1a 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-
yl)-3H-imidazo[4,5-b]pyridin-2-amin hodc dang monohydrat ciia 3-(3-metoxy-
4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin 14, trong truong hop ché pham dugc tao tir dung dich thudc,
chét trc ché Trk duge hoa tan trong dung méi trudce khi tao vi nang va phdi ché,
va trong truong hop ché pham duogc tao tir huyén phu thubc, chat e ché Trk
duoc tao huyén phu trong dung mdi trude khi tao vi nang va phéi ché. Sau d6

dung dich hodc huyén phi chtra thanh phan hoat tinh dwoc két hop véi cac
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polyme khac nhau, nhu dé cp trong Vi du 3, dé tao vi nang 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin. Viéc tao vi nang 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin gitip tao ra ché pham véi hidu qua kéo dai, trong khoang thoi
gian 1én dén va hon 3 thang, va tao ra hiéu qua chita bénh duy tri & bénh nhan.

Theo phuong 4n cu thé cta sang ché, dugc phdm bao gdm dang
monohydrat cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin bao gbm chit pha lodng duoc
dung, a chét tao huyén phu dugc dung va chét tao dém duogc dung. Theo mot s6
phuong 4n cua ché phim duoc theo sang ché, chit pha lodng 14 sorbitol, chat tao
huyén pht 1a povidon, va chét tao dém 14 axit phosphoric.

Sang ché con d& cap dén ché pham dugc giai phéng kéo dai bao gdm cac
vi cdu nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin. Trong cac ché pham giai phéng
kéo dai nay, chit Gc ché Trk c6 thé 1a hodc la 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin hodc dang monohydrat cua hop chét. Vi cau nap thudc c6 thé
con bao gdm polyme.

Theo phuong an cu thé cta vi cau nap chét tic ché Trk bao gdm polyme,
polyme dugc chon tr poly(D,L-lactit), poly(D,L-lactit-co-glycolit) va két hop
cua ca poly(D,L-lactit) va poly(D,L-lactit-co-glycolit). Theo mot s6 phuong 4n
clia sang ché, poly(D,L-lactit) dugc dung trong ché pham giai phéng kéo dai c6
dd nhét tu than bang 0,16-0,35 dL/g. Theo phuong an khéc, poly(D,L-lactit) c6
dd nhét tu than bang 0,16-0,24 dL/g. Theo phuong 4n khac nita, poly(D,L-lactit)
¢6 d6 nhét tu than bang 0,25-0,35 dL/g. Theo mdt s6 phuong 4n clia sang ché,
poly(D,L-lactit-co-glycolit) c6 do nhét tu than bang 0,14-0,24 dL/g. Theo mdt
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phuong an, poly(D,L-lactit-co-glycolit) c6 d6 nhét tur than bang 0,14-0,22 dL/g.
Theo phuong an khac poly(D,L-lactit-co-glycolit) c6 do nhét tu than béng 0,16-
0,24 dL/g.

Trong ché phim giai phéng kéo dai bao gém ca poly(D,L-lactit) va
poly(D,L-lactit-co-glycolit), poly(D,L-lactit) c6 d6 nhét ty than béang 0,16-0,35
dL/g va poly(D,L-lactit-co-glycolit) c6 do nhét tu than bang 0,14-0,24 dL/g.
Theo m6t phuong an, poly(D,L-lactit) ¢6 d6 nhét tu than bang 0,16-0,24 dL/g va
poly(D,L-lactit-co-glycolit) c6 do nhdét tu than bang 0,14-0,22 dL/g. Theo
phuong an khac, poly(D,L-lactit) c6 d6 nhét ty than bang 0,16-0,24 dL/g va
poly(D,L-lactit-co-glycolit) c6 d¢ nhét tu thin bang 0,16-0,24 dL/g. Theo
phuong an khéac nita, poly(D,L-lactit) c6 d nhot tu than bing 0,25-0,35dL/g va
poly(D,L-lactit-co-glycolit) c6 d¢ nhét tu than bang 0,14-0,22 dL/g. Va theo
phuong an khac nira, poly(D,L-lactit) c6 do nhét tyr than bang 0,25-0,35dL/g va
poly(D,L-lactit-co-glycolit) c6 do nhét tu than béang 0,16-0,24 dL/g.

Theo phwong 4n khac, ché pham dugc giai phong kéo dai bao gbm vi cu
nap chét e ché Trk bao gdm poly(D,L-lactit) va poly(D,L-lactit-co-glycolit) véi
ty 18 9:1. Trong cac ché pham giai phong kéo dai nay, poly(D,L-lactit) c6 do
nhét tu than bang 0,16-0,35 dL/g va poly(D,L-lactit-co-glycolit) c6 d6 nhét tu
than bang 0,14-0,24 dL/g.

Theo phuong an khéc, ché pham duoc giai phong kéo dai bao gém vi cau
nap chét e ché Trk bao gdm poly(D,L-lactit) va poly(D,L-lactit-co-glycolit) v&i
ty 1€ 9,5:0,5. Trong céc ché pham nay, poly(D,L-lactit) c6 d6 nhét tu than béng
0,16-0,35 dL/g va poly(D,L-lactit-co-glycolit) cé6 do nhét tur than béang 0,14-0,24
dL/g.

Trong dugc phim giai phong kéo dai bao gom vi ciu nap chét tc ché Trk,
vi clu duoc nap 1% trong luong/trong luong dén 99% trong luong/trong luong

3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-
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imidazo[4,5-b]pyridin-2-amin. Theo phuong 4n cu thé hon, vi cAu duoc nap
12% trong luong/trong luong dén 50% trong luong/trong luong 3-(3-metoxy-4-
((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
blpyridin-2-amin. Theo phwong 4n khéc nita, vi ciu dugc nap 12% trong
luong/trong lugng dén 50% trong lugng/trong lugng 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin. Theo cdc phuong an cu thé hon nira, vi cau dugc nap 12%
trong luong/trong luong, 15% trong luong/trong luong, 16% trong lugng/trong
lugng, 17% trong luong/trong lugng, 18% trong luong/trong lugng, 19% trong
luong/trong lugng, 20% trong lugng/trong lugng, 25% trong lugng/trong luong,
30% trong luong/trong luong, 40% trong lugng/trong lugng hoac even 50%
trong luong/trong lugng 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin.

Sang ché con dé cap dén phuong phap san xuét vi nang duoc nap 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-
imidazo[4,5-b]pyridin-2-amin bing cich chiét dung méi va bang cach siy phun.

Mot phuong phép chiét dung méi theo sang ché dé cap dén viéc tao thanh
vi cdu nap chat wc ché Trk tr dung dich cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin. Phuong phap nay bao gom:

a. Hoa tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong dung mdi hitu co dé
tao thanh dung dich thudc;

b. Thém polyme vao dung dich thubc dé tao thanh dung dich
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-y1)-3 H-imidazo[4,5-b]pyridin-2-amin;
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C. Tron dung dich polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin vao dung dich nudc dé tao thanh nhii tuong;

d. Thém nudc khir ion vao nhii tuong;

e. Tao vi cau tir nhii twong bang cach chiét dung mai; va

f. Sang cac vi cau thu duoc bang cach sir dung dung dich hoat dong
bé miit.

Theo phuong phép nay, dung méi hitu co c6 thé bao goém (i) diclometan
va metanol, (ii) diclometan, (iii) rugu benzyl va metanol, (iv) diclometan va
rirou benzyl, (v) cloform, (v) cloform va metanol, hodc (vii) cloform va rugu
benzyl. . Polyme theo phuong phép nay cé thé 14 poly(D,L-lactit), poly(D,L-
lactit-co-glycolit), hoac két hop cua poly(D,L-lactit) va poly(D,L-lactit-co-
glycolit). Dung dich nuéc theo phuong phap nay co thé 1a ruou polyvinyl trong
nudce. Dung dich hoat dong bé mit theo phuong phép nay c6 thé 14 poloxamer
407 trong nudce, polysorbat 80 trong nudce, hodc polysorbat 20 trong nudc.

Phuong phép chiét dung méi khéc theo séng ché dé cap dén viéc tao thanh
vi cdu nap chit wc ché Trk tu huyén phu cua 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin. Phuong phap nay bao gom:

a. Phén tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin trong dung moi hiu co dé
tao thanh huyén phu thudc;

b. Thém polyme vao huyén phu thudc dé tao thanh chét lam phén tan
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin;
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c. Tron chit lam phan  tdn  polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-

blpyridin-2-amin véi dung dich nuéc dé tao thanh nhil tuong;

d. Thém nudce khir ion vao nhii tuong;

e. Tao vi cAu tir nhii trong bang cach chiét dung moi; va

f. Sang céc vi cau thu duogc bang céch str dung dung dich hoat dong
bé mit.

Theo phuong phép nay, dung méi hitu co ¢ thé bao gom (i) etyl axetat,
(ii) diclometan, (iii) cloform, (iv) etyl axetat va diclometan, (v) etyl axetat va
cloform, (vi) diclometan va cloform hodc (vii) etyl axetat, diclometan va
cloform. Polyme theo phuong phéap nay cé thé 1 poly(D,L-lactit), poly(D,L-
lactit-co-glycolit), hodc két hop cta poly(D,L-lactit) va poly(D,L-lactit-co-
glycolit). Dung dich nuéc theo phuong phap nay co thé 12 rugu polyvinyl trong
nude. Dung dich hoat dong bé mit theo phuong phap nay cé thé 13 poloxamer
407 trong nudc, polysorbat 80 trong nudc, hodc polysorbat 20 trong nudc.

Theo khia canh khac, sang ché d& cap dén phuong phap tao thanh vi cau
nap chét ¢ ché Trk tir dung dich ctia vi nang duogc nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin bang cach sdy phun. Phuong phap nay bao gém:

a. Hoa tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin trong dung modi hitu co dé
tao thanh dung dich thudc;

b. Thém polyme vao dung dich thudc dé tao thanh dung dich
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-y1)-3 H-imidazo[4,5-b]pyridin-2-amin; va
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C. Bom dung dich polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin qua thiét bi phun vao thiét bi sdy dé tao thanh hat hinh cau.

Theo phuong phéap nay, dung méi hitu co co thé bao gom (i) diclometan
va metanol, (ii) diclometan, (iii) ruou benzyl va metanol, (iv) diclometan va
ruou benzyl, (v) cloform, (v) cloform va metanol, hoac (vii) cloform va ruou
benzyl. Polyme theo phuong phap nay cé thé 1a poly(D,L-lactit), poly(D,L-
lactit-co-glycolit), hodc két hop cua poly(D,L-lactit) va poly(D,L-lactit-co-
glycolit). Cac thong s6 b sung ctia phuong phap nay lién quan dén téc d6 phun
va dong nito phun cua thiét bi phun. Tbe do phun cé thé 12 0,7 mL/phut; dong
nito phun c6 thé 1a 4 L/phut. Nhiét d & céc diém khac nhau trong thiét bi sdy
cling 14 cac yéu té ma co thé duoc kiém soét dé tac dong dén kich thudc vi cau
tao thanh. Theo phuong phép nay, thiét bi sdy c6 thé c6 nhiét d6 cip bang 50°C,
nhiét do phong bing 40-45°C, va nhiét do xa bang 20-30°C. Theo phuong an cu
thé hon, nhiét do budng bing 40-43°C; dac biét hon 13 nhiét d6 budng bang 41-
43°C. Theo phuong 4n khéc, nhiét d6 xa bang 22-28°C.

Theo khia canh khéc nira, sang ché dé cap dén phuong phap tao thanh vi
cau nap chét tc ché Trk tir huyén pht ctia vi nang dugc nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin bang cach sy phun. Phuong phap nay bao gdm:

a. Phin tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1 H-pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin trong dung moéi hitu co dé
tao thanh huyén phu thudc;

b. Thém polyme vao huyén phu thudc dé tao thanh chét 1am phan tan
polyme/3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin; va
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C. Bom chit 1am phian tin  polyme/3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin qua thiét bi phun vao thiét bi sdy dé tao thanh hat hinh cau.

Theo phuong phép nay, dung moi hitu co c6 thé bao gém (i) etyl axetat,
(i) diclometan, (iii) cloform, (iv) etyl axetat va diclometan, (v) etyl axetat va
cloform, (vi) diclometan va cloform hodc (vii) etyl axetat, diclometan va
cloform. Polyme theo phuong phéap nay co thé 13 poly(D,L-lactit), poly(D,L-
lactit—co-glycolit), hoic két hop cta poly(D,L-lactit) va poly(D,L-lactit-co-
glycolit). Cac thong s6 bd sung cua phuong phép nay lién quan dén tdc d6 phun
va dong nito phun cta thiét bi phun. Téc d6 phun c6 thé 1a 0,7 mL/phut; dong
nito phun ¢6 thé 1a 4 L/phat. Nhiét d6 & céc diém khac nhau trong thiét bi sdy
cling 13 céc yéu t& ma c6 thé dugc kiém sodt dé tac dong dén kich thuée vi cau
tao thanh. Theo phuong phéap nay, thiét bi sdy c6 thé c6 nhiét do cip béang 50°C,
nhiét d6 phong bang 40-45°C, va nhiét d6 xa béng 20-30°C. Theo phuong 4n cu
thé hon, nhiét d6 budng bing 40-43°C; dic biét hon 14 nhiét d6 budng bing 41-
43°C. Theo phuong 4n khéc, nhiét d¢ xa bang 22-28°C.

Céc vi du khong giGi han sau ddy minh hoa céc phuong an khac nhau cta
sang ché, bao gdm cac phuong phép dé diéu ché dang monohydrat cia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-
imidazo[4,5-b]pyridin-2-amin, ché pham dugc véi dang monohydrat ctia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin, ché phdm duogc gidi phong kéo dai clia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin va phuong phap dé tao ra cac ché phdm giai

phong kéo dai nay.
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Vi du thye hién sang ché

Vi du 1: Dang monohydrat cta  3-(3-Metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

Vi du 1- 1: Tong hop dang monohydrat ciia 3-(3-Metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

B6 sung N,N-diisopropyletylamin (1,13 g, 8,71 mmol) vao dung dich cé
khudy cta 3-metoxy-4-(4-metoxybenzyloxy)phenyl)metanamin (2,00 g, 7,32
mmol) va 5-bromo-2-clo-3-nitropyridin (1,66 g, 6,97 mmol) trong axetonitril
(50 ml). Gia nhiét hdn hop thu dugc dén héi luu va dé c6 khudy. Sau 64 gio, dé
hdn hop phan tmg ngudi xudng nhiét d trong phong va pha loing bang nude.
Chiét hdn hop nay hai 1an bang diclometan. Lam khé cac pha hiru co két hop
trén magie sulfat, loc, va co dé tao ra 3,34 g (> 100%) 5-bromo-N-(3-metoxy-4-
(4-metoxybenzyloxy)benzyl)-3-nitropyridin-2-amin dudi dang chit rin mau
vang-nau.

B6 sung natri hydrosulfit (6,09 g, 34,99 mmol) vao dung dich c6 khudy
cua 5-bromo-N-(3-metoxy-4-(4-metoxybenzyloxy)benzyl)-3-nitropyridin-2-
amin trong tetrahydrofuran (40 ml), etanol (40 ml), va nuéc (40 ml). Gia nhiét
hén hop thu dugc dén héi luu va dé c6 khudy. Sau 4 gio, d& hdn hop phan ung
ngudi xudng nhiét d trong phong va pha lodng bang nude. Chiét hén hop mau
vang nay ba lan bang diclometan. Rira cac pha hitu co két hop bang nuéc mudi,
lam kho (magie sulfat), loc, va c¢6 dé tao ra 3,10 g chat rin mau vang-nau. Tinh
ché bang sic ky (Combi-Flash 40 g cot vang SiO,, metanol/diclometan 1-2,5%)
tao ra 1,28 g (51%) 5-bromo-N?-(3-metoxy-4-(4-

metoxybenzyloxy)benzyl)pyridin-2,3-diamin du6i dang chét rin mau vang.
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B6 sung xyanogen bromua (5,0 M trong axetonitril, 573 pl, 2,87 mmol)
vao  dung dich c¢6  khudy cia  5-bromo-N2-(3-metoxy-4-(4-
metoxybenzyloxy)benzyl)pyridin-2,3-diamin (0,850 g, 1,91 mmol) trong
diclometan (30 ml) va metanol (30 ml). P& dung dich thu duoc c6 khudy & nhiét
do trong phong. Sau 24 gid, bd sung phan phin uéc thi hai cua dung dich
xyanogen bromua (600 pl) va tiép tuc khudy. Sau 48 gid, bd sung phan phén
udc thir ba ctia dung dich xyanogen bromua (600 pl) va tiép tuc khudy. Sau tong
cong 72 gid, ¢6 hdn hop phan mg, va hoa tan phan cin trong diclometan. Rira
dung dich nay bang dung dich natri hydroxit 1N, lam kho trén magie sulfat, loc,
va ¢b dé tao ra 1,17 g chit rdn mau nau. Tinh ché bang sic ky (Combi-Flash, 40
g cot vang SiO,, amoni 2M trong metanol/diclometan 1-10%) tao ra 0,28 g
(32%)  6-bromo-3-(3-metoxy-4-(4-metoxybenzyloxy)benzyl)-3 H-imidazo[4,5-
blpyridin-2-amin duéi dang chét rin mau nau.

B6 sung 1-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol (0,14 g, 0,66 mmol), kali phosphat tribazo (0,39 g, 1,84 mmol),
trixyclohexylphosphin (0,015 g, 0,052 mmol), paladi(Il) axetat (0,005 g, 0,026
mmol) vao dung dich c6 khudy cta  6-bromo-3-(3-metoxy-4-(4-
metoxybenzyloxy)benzyl)-3 H-imidazo[4,5-b]pyridin-2-amin (0,25 g, 0,53
mmol) trong 1,4-dioxan (10 ml) va nuéc (4 ml). Gia nhiét hdn hgp phan tmg 1én
nhiét do 125°C trong 10 phan tng vi séng. Sau 15 phit, dé hdn hop phan Ung
ngudi xudng nhiét d6 trong phong va pha lodng bang nude. Chiét hdén hop nay
hai 1an béng etyl axetat. Rita cac pha hitu co két hop bang nudc mubi, lam khod
trén magie sulfat, loc, va co dé tao ra 0,36 g chét rdn mau nau hoi luc. Tinh ché
bang sic ky (Combi-Flash, 12 g ct vang SiO,, 1-10% 2M amoniac trong
metanol/diclometan) thu duoc 0,10 g (41%) san phdm 13 chét rdn mau xanh

sang.
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B6 sung 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin vao hdn hgp clia axeton (2 mL)
va nuée (0,1 mL). Khudy huyén phi bang thanh khudy tir & nhiét do phong qua
dém. Gom chét rén bang céach loc va lam khé trong khéng khi. Xac dinh cau trac
bing proton NMR. Nhiét d6 phén tich nhiét luong quét vi sai (DSC) thé hién ba
su kién nhiét & 7'6,72, 160,13, va 195,78°C, nhiét dd phén tich nhiét trong lugng
(TGA) thé hién 3,7% giam trong luong tir 25 — 100°C, va phan tich nhiéu xa bdt
tia X (XRPD) thé hién céc dinh don nhét tai cac dinh 26 3,6, 7,1, 8,9, 10,4, 10,7,
12,4, 12,7 va 14,3 duogc do béng cach st dung CuK, (d6 chinh xac £0,2°).

Vi du 1-2: Xdac dinh cAu tric tinh thé cia dang monohydrat ciia 3-(3-
Metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin

CAu tric tinh thé ciia dang monohydrat cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin ciing duoc giai quyét. Tinh thé cta dang monohydrat ctia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin duoc tai tinh thé tir axeton/nude. Tinh thé ¢6 kich
thude 0,20 * 0,08 * 0,03 mm dugce thu cho khung nhiéu xa thich hop khi né
duoc dit 1én dinh cia MiTeGen MicroMount. Dit liéu nhiu xa tia X duoc gom
trén Nhiéu xa ké ba chu ky Bruker/AXS, dugc trang bi bé do ving SMART
APEX, thiét bi nhiét thip (model LT 2) va may phét dién dong-Kmicrofocus,
hoat déng & 45 kV/650 pA va quang hoc da 16p Montel chum tia hdi tu véi
duong kinh diém anh hdi tu ctia ~250 um (Wiesmann va cdng sy, 2007). Dit liéu
dugc gom bang cach st dung goéi chuong trinh SMART V 5.628 (Bruker AXS,
2001), va xtr Iy bing chuong trinhSAINT + Release 6.45 (Bruker AXS, 2003).
Phan tich nay thu dugc 2459 phan xa (Smin = 1.78, Smax = 50.21; 0 <h <24, -4<
k <0,-19 <1< 19) trong d6 tt ca 2459 phan xa 14 don nhét (Riy = khong 6, R,
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=0,1583). Loc thong s6 t& bao duoc thyuc hién bang cach sir dung 1405 phan xa.
Viéc hiéu chinh hép thu thuc nghiém dugc 4p dung va van dé pha duoc giai
quyét bang mé hinh “ciu tric-dung dich” ctia by APEX2.

CAu tric duoc loc bang phuong phap binh phuong nhé nhit (t5i thiéu cta
(Fo2 = F)?) str dung m6 hinh XL ctia bd APEX2 (Bruker AXS, 2011). Cac vi tri
clia tAt cé céc nguyén tor hydro dugc tinh, Sinn phihep = 1,085, Rt ca dir tiew = 0,1329
(Rag tigu quan sat = 0,0920 cho 1614 phan xa vo1 |Fouan sal > 40, WR244¢ ca a tiew =
0,2710, WR 24 ieu quan sit = 0,2377). Céc dinh khong dugc chi dinh 16n nhit trong
ban dd khéc biét tuong ung voi -0,348 voi +0,386 electron mdi A3. Po léch
chuén du kién (e.s.d.) trung binh cua lién két C-C 13 0,009 A, cta lién két O-C 1a
0,009 A va cta lién két N-C 14 0,009 A. E.s.d. trung binh cua géc lién két C-C-C
12 0,7 va ctia gbc xodn C-C-C-C 1a 1,004°.

Ciu trac tinh thé cta dang monohydrat cua 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin duoc thé hién trén Hinh 3. Hinh 4 thé hién hinh anh chong
mAu bt thir nghiém v6i mau duge tinh tir cdu tric don tinh thé. D9 tring khép
manh thé hién réng chu tric don tinh thé 1 chi béo cta vat lidu khdi.

Vi du 2: Ché phﬁm Huyén phu vi tinh thé ciia monohydrat 3-(3-
Metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin

Ché phdm dugc huyén phu vi tinh thé chira chit e ché Trk, khi dang
monohydrat cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin 1a thanh phén hoat tinh, duoc
phat trién. Cac ché phdm nay duoc phat trién 13 huyén phu cta céc hat 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin khéng tan dugc dé duy tri phan phéi chét tc ché
Trk dén co thé qua thoi gian. Sang ché d& cap dén tinh tan yéu cia thanh phan
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hoat tinh va lidu ding dé kiém so4t thoi gian giai phong; sang ché con thé hién
st phan phbi duy tri bing khoing 1 thing cta 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong co thé.

Vi du 2- 1: 20 mg/mL Huyén phu vi tinh thé ctia monohydrat ciia 3-
(3-Metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin dé tiém

Duoc phdm bao gém 20 mg dang monohydrat ctia 3-(3-metoxy-4-
((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin méi mL dung dich dugc didu ché. Ché pham ctia 20 mg/mL
huyén phu vi tinh thé dwoc d& xuit trong Bang 1 duéi day.

Bang 1: 20 mg/mL Ché phAm huyén phu vi tinh thé

. Ché pham
Thanh phan . Chirc ning
moi don vi
Dang monohydrat cua 3-(3-metoxy-
4-((4-metoxybenzyl)oxy)benzyl)-6- - Thanh  phan
mg
(1-metyl-1H-pyrazol-4-yl)-3H- hoat tinh
imidazo[4,5-b]pyridin-2-amin
Sorbitol 162 mg Chét pha loding
Chét tao huyén
Povidon K17 khong pyrogen 72 mg
phu
Chat dém phosphat (10 mM, pH 7,4) | 3,6 mL+ Chét tao dém

+ Lam day tran 10% duoc ap dung

Vi du 2- 2: Phwong phap sian xuit 20 mg/mL Ché phim Huyén phu
vi tinh thé cua monohydrat cia 3-(3-Metoxy-4-((4-
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metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

20 mg/mL dung dich cia dang monohydrat ctua 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin dugc diéu ché theo cac bude sau:

1. Chét dém phosphat 10 mM pH 7,4 dwoc didu ché bing cach két
hop céc luong thich hop ctia Nude dé tiém (WFI) va natri dihydrogenophosphat,
khudy dén khi tan hoan toan, va sau dé diu chinh pH dén 7,4 ( 0,2) bing dung
dich natri hydroxit IN.

2. Chét dan thudc dugce didu ché bing cach két hop cac luong thich
hop cua sorbitol va Povidon K17 pyrogen, bd sung chit dém phosphat 10mM
pH 7,4 va khudy dén khi tan hoan toan.

3. Sau d6 chét dan thudc tao thanh duoc loc qua dém loc hut nudce
PVDF [polyvinyliden florua] 0,22 pm.

4. Huyén phu ddm dic thu dugc bing cach trén dang monohydrat cia
3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin v&i khoang chét dan thudc dé thu dugc 30 mg/mL
huyén phu dam dac.

5. Huyén phu dam dac, duoc gitt dudi diéu kién rung lic, duoc loc
trén sang thép khong gi kich thugc 75 pm.

6. Huyén phu loc trude dugce duy tri dudi didu kién rung lic va duogc
loc trén sang thép khong gi kich thude 40 pm dé thu duoc huyén phu dam dic.

7. Huyén phu dam dac duogc diéu chinh bang chit din thudc d3 loc dé
thu duoc 20 mg/mL huyén phu.

8. Huyén phu cudi ciing dugc nap, vao lo thily tinh khéng mau loai I

vo trung va khu pyrogendén thé tich nap bing 3,6 mL. Cac lo duoc déng kinh
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bang nit bromo-butyl dugc phit ETFE v6 tring va khir pyrogen. Cac niit dugc
gAp bing mil nhom vo tringva nip nhua tréng vo tring 1én céc lo.

0. Céc lo nap diy duoc vo tring trong thiét bi hip khir tring.

Vi du 2- 3: Liéu dung lAim sang ciia 20 mg/mL Ché phim Huyén phi
vi tinh thé cua monohydrat cua 3-(3-Metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

20 mg/mL huyén phu vi tinh thé cia dang monohydrat ctia 3-(3-metoxy-
4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin con dugc thay d6i dé thu duogc lidu ding va thé tich dé ding
cho ngudi bénh trong céc cdu hinh thanh phim thubc. Céc lidu ding dich dugc
hoan nguyén khi can tir 20 mg/mL huyén phu vi tinh thé. Tém tét cua cac dinh
dang liéu dung va thé tich khac nhau duoc dé xuét trong Bang 2.

Bang 2: Biéu hién lAm sang ciia 20 mg/mL Huyén phi vi tinh thé ciia
monohydrat cia 3-(3-Metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Téng thé tich
Liéu ding cua lg hoan Nong d6 cudi Thé tich dung cho

dich nguyén trong lo bénh nhan
(mg) (mL) (mg/mL) (mL)

3 3,47 0,98 3,2

10 3,95 3,29 3,2

30 6,60 10 3,2

60 khong cof 20 3,2
100 khong c6' 20 5,44

T Khong can hoan nguyén dé dat dugc nong d§ cudi mong muon.

12x102,7mL
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Vi du 3: Ché phim giai phéng kéo dai 3-(3-Metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

Trong mdt s6 trudng hop, thoi gian giai phong thudec mong mudn 1a duge
kéo dai, vi du dén hon 3 thang tir thdi diém phoi 16. Theo d6, ché pham giai
phéng kéo dai cua chit wc ché Trk  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin 1a thanh phan hoat tinh dugc tao ra va dwoc phédi ché st dung
hoic 14 dang anhydrat hodc monohydrat ciia hop chat. Sang ché vé& ché phdm
giai phong kéo dai sir dung poly(D,L-lactit) (PLA), poly(D,L-lactit-co-glycolit)
(PLGA) polymes hoic két hop cua cac polyme PLA-PLGA dé két nang 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin (thanh phén hoat tinh duoc [API] hodc chit thubc
[DS]) dé tao ra dung dich san pham thudc [DP] cua vi nang tiém duoc. Cac ché
phém nay co thé tao ra sy phoi 10 thudc, duy tri, hodc hon 3 théng, ra co thé.
Tém tit clia cac polyme khac nhau duoc dung trong didu ché ché pham giai
phoéng kéo dai ctia vi du nay duoc dé xuit trong Bang 3.

Bang 3: Cac polyme dung trong Ché ph?;m gidi phong kéo dai cia
Monohydrat cia 3-(3-Metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin
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Tén polyme

Ciu triic chung

Do nhot
tu than*

(g/mol)

Nhom

cuoi

R202H

Poly(D,L-
lactit)
[PLA]

0,16-0,24

Axit

R202S

Poly(D,L-
lactit)
[PLA]

0,16-0,24

Este

R203H

Poly(D,L-
lactit)
[PLA]

0,25-0,35

Axit

R203S

Poly(D,L-
lactit)
[PLA]

0,25-0,35

Este

RG502H

Poly(D,L-
lactit-co-
glycolit)

50:50
[PLGA]

0,16-0,24

Axit

RG752H

Poly(D,L-
lactit-co-
glycolit)

75:25
[PLGA]

0,14-0,22

Axit
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* P6 nhét tu than dugc do ¢ 0,1% trong luqng/thé tich trong CHCl; &
25°C, v6i nhét ké mao quan thay tinh kich thude Oc Ubbelhode.

Ngudn: http://www.resomer.com/product/biodegradable-
polymes/en/pharma-polymes/products/pages/bioresorbable-polyme.aspx

Ché pham duoc giai phéng kéo dai ctia chat e ché Trk véi 3-(3-metoxy-
4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin 1a thanh phan hoat tinh str dung polyme phéan hily sinh hoc,
poly(D,L-lactit) va’hoac poly(D,L-lactit-co-glycolit), dé thay d6i su kiém soat
giai phong cta thanh phan hoat tinh tir viéc hoa tan hat thudc dén thiiy phan
polyme. Str dung két hop thich hop cta céc polyme va nap thanh ph?m hoat tinh,
téc do giai phong thude co thé duoc kiém soét dé tao ra 3 thang hozc hon phoi
16. Cac két hop cu thé cia cac polyme PLGA/PLA va 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin duoc két hop theo cach ma kéo dai thoi gian giai phéng thude
dén hon 3 thang; cac ché pham nay duoc ban thém trong vi du ndy.

Vi du 3- 1: Hiéu qua nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin nap lén bién d¢ gidi phong frong ong nghiém

Dugc phdm bao gdm cac vi ciu cua 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin dugc didu ché bang cach chiét dung méi. Cac lugng 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin va cac khdi lugng polyme PLA/PGLA dugc ding
dé didu ché mdi mé duoc thé hién trong Bang 4. Pong luc giai phdng trong ong

nghiém (IVR) ctia cac ché pham khac nhau nay dugc danh gia.
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Béang 4: Ché phim ciia cic vi cau ! — 12% API/9:1 R202H:752H, 16%
API/9:1 R202H:752H va 20% API/9:1 R202H:752H

GZ389988
GZ3899 | trong luong Luong Polyme
Mé# | 887 Nap (mg) | Ty 1€ Polyme (mg)*
9:1
1 12% 36 234:26
R202H:752H
9:1
2 16% 50 234:26
R202H:752H
9:1
3 20% 65 234:26
R202H:752H

1 dugc diéu ché bang cach chiét dung moéi

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Tong luong polyme = 260mg

3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-
yl)-3H-imidazo[4,5-b]pyridin-2-amin dugc hoa tan trong 2 mL 9:1 diclometan
(DCM):metanol (MeOH) v6i gia nhiét nhe (~30 phut). Polymes dugc bd sung va
dugc h(‘)a tan qua 30 phat. Mot cach doc ldp, 39 mL cua dung dich
polyvinylamin (PVA) lanh, loc v6 trung (5% trong luong/thé tich trong nudc)
duoc dat trong cbc bése 250 mL duoc trang bi thanh khuéy th Teflon 7,9 x
38,1mm. Cdc bése dugc dit trong bé nudc da trén bd tAm khuéy bazo IKA RCT
& 500 rpm. Polyme/dung dich thudc duoc loc thanh dung dich PVA str dung
dém loc éng tiém PTFE 0,2 pm Pall Acrodisc gén vao 6ng tiém thay tinh
Hamilton 5 cc. Sau khi bd sung, polyme/dung dich thubc tao thanh nhii twong.
Sau 1 phut, 160 mL nuéc khtr ion lanh duge bd sung. Sau 5 phut, tdc do khuéy

duoc giam dén 300 rpm. Vi cau duoc tao thanh bing cach chiét dung méi qua 3
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gid. Cac vi cAu dugc sang through 75 um va 38 um sang xép chong st dyung
Kolliphor P 407 lanh 0,1% trong nudc khir ion; doan 38-75 um duoc gom va
dung dich rra qué dugc loai. Vi cau dugc cép dong & -80°C va dugc lam kho
lanh.

Pong luc IVR cua gidi phéng cua  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin tir cdc ché phdm vi cau dugce xac dinh bang cach didu ché 2%
(trong lwong/thé tich) huyén phti nuée cta cac vi cau trong 0,2% hyaluronic axit
+0,2% Kolliphor P 407, dé bét chudc mdi truong trong khép ctia dau gbi. Trong
ban sao ba, thé tich ctia huyén phu chta nap 1y thuyét 500 pg 3-(3-metoxy-4-
((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin dugc hut pipet vaodng ly tdm thuy tinh 50 mL riéng chua
0,5% natri dodexyl sulfat trong PBS, moi truong giai phong pH 7,4. Cac éng
duoc dat 1én bén canh chiing trong thiét bi u rung lac qua lai 6 37°C. O mdi thoi
diém, vi cAu dugc dé xir Iy va 1 mL ctia méi trudng giai phong duge 14y mau va
thay thé. Pé xac dinh tobng khéi lugng thuc té coa 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong mau IVR, clng thé tich miu cta huyén phi dugce dung
dé nghién ctru giai phong duoc lay miu (trong bo sao ba) va 10 mL dimetyl
sulfoxit dugc bd sung. Cac mau dugc siéu am, gia nhiét nhe va dit trén can lac &
nhiét d6 phong dé hoa tan Céc mau duoc phan tich d6i véi tong ham luong 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin bing céch sir dung HPLC-UV. Bién d IVR tich
lily dugc biéu thi 14 phan trim cta thoi gian véi nap thuc té 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin .
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Tinh hi¢u qua ctia két nang 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin dugc xac dinh bang cach chia nap thudc thuc t& cho nap ly
thuyét. Pé xac dinh nap thuc té, khoi lugng duoc can chinh xac cla cac vi cau
nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-
3H-imidazo[4,5-b]pyridin-2-amin dugc hoa tan trong dimetyl sulfoxit va nong
dé 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-
3H-imidazo[4,5-b]pyridin-2-amin duoc do bang HPLC-UV.

Bién d6 IVR thé hién ring cic muc nap thubc trén 16% (trong
luong/trong luong) thé hién giai phong bung nd (Hinh 5). Nguyén nhén cta
bung nd nay duoc xac dinh bing cach phan tich nhiét luong quét vi sai (DSC) va
hién vi hoc dién tr quét (SEM). Phan tich DSC chi ra ring cic mic nap thudc
trén 16% (trong luong/trong luong) thé hién tinh thé héa thube trong vi cau nhur
duoc minh chimg béi thu nhiét nong chay & 130 - 150°C (Hinh 6). Tinh thé héa
thudc con duge boc 16 béi SEM, khi cac muc nap thudc trén 16% thé hién céc
tinh thé thudc trén bé mit vi ciu (Hinh 7).

Hinh 6 ching minh ring 20% c4c vi cau thé hién thu nhiét néng chay nim
trong khoang 130-150°C xac nhan sy c6 mdt cta tinh thé thudc bé mat. Hinh 7
va Hinh 8 thé hién SEM cia cic vi cAu nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin ¢ 1500X. Hinh 7, 16% vi cau nap thude, thé hién khong co
tinh thé thudc (thuéc la vo dinh hinh); Hinh 8, 20% vi cu nap thudc, thé hién
tinh thé thudc bé mit.

Hiéu qua cta tinh thé héa thube trén IVR ciing dugc ching minh bang
cach str dung cac ché phdm vi ciu lién quan. Hinh 9 thé hién IVR cua 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-

imidazo[4,5-b]pyridin-2-amin tir cac vi cau duoc didu ché bang R202H polyme.

-42-



31124

Hinh 10 thé hién IVR cta 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzy!)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin tir cic vi cau duoc
didu ché véity 16 9,5:0,5 ciia R202H va RG752H polyme. Trong céc vi du nay,
céc murc nap thude trén 16% (trong luong/trong lugng) thé hién giai phéng bung
nd; pham vi bung nd thude lién quan truc tiép dén murc nap thudc.

Vi du 3- 2: Hiéu qua hén hop Poly-lactit va Poly-lactit-co-glycolit
Polyme trén mic gidi phong frong ong nghiém caa 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

Vi du 3- 2- 1: Céic vi cidu 16% API/R202H, 16% API/9,0:0,5
R202H:RG752H va 16% AP1/9:1 R202H:752H

Dugc phim bao gém 16% 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]|pyridin-2-amin trong R202H,
9,0:0,5 R202H:RG752H va 9:1 R202H:752H va 16% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
blpyridin-2-amin  trong R202H, 9,0:0,5 R202H:RG502H va 9:1
R202H:RG502H duoc diéu ché dé danh gia hiéu qua hdn hop polyme khac nhau
trén dong luc gidi phéng frong ong nghiém cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin. Bang 5 thé hién khéi luong thube va polyme dugc ding dé
didu ché mdi mé. Phuong phap duoc dung dé didu ché cac ché phdm nay duoc
mo ta trong Vidu 3- 1.

Bing 5: Cac ché pham vi ciau  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin véi hén hop Poly-lactit va Poly-lactit-co-glycolit Polyme
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(16% API/R202H, 16% API1/9,0:0,5 R202H:RG752H va 16% AP1/9:1
R202H:RG752H)

Nap | Trong luong Luong

GZ3899 | GZ389988 polyme

Mé# 88t (mg) Ty 1€ polyme (mg)*

4 16% 50mg R202H 260
9,5:0,5

5 16% 50mg 247:13

R202H:RG752H
9:1

6 16% 50mg 234:26

R202H:RG752H

1 Puoc diéu ché bing cach chiét dung moi

+ GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Toéng luong polyme = 260mg

Tinh hiéu quéa cta két nang va phan tich IVR duoc thuc hién dugc mo ta
trong Vi du 3- 1. Tinh hiéu qua cua két nang d6i vé6i cac ché phém 4,5,va6la
96,1 +2,6%, 87,8 £ 6,3%, va 77,7 + 8,6% tuong Ung.

Cac vi cdu dugc diéu ché st dung 16% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R202H polyme thé hién téc do giai phéng hai pha, véi
tdc do gian phong ban dau cham tir 0 — 70 ngay sau d6 tdc do giai phong thir hai
nhanh hon tir 70 — 110 ngay (Hinh 11). Hén hop clia polyme wa nuéc hon,
RG752H (75:25 PLGA), vao cac ché pham vi ciu PLA lam ting toc do giai
phéng ban dau. Polyme PLGA cho phép hép thu nuée nhanh hon vao vi cau dan
dén lam ting tdc do. O ty 1 bang 9:1 R202H:RG752H, ty 1& giai phéng thit hai
tring v6i giai phéng ban dau, tao ra bién do giai phéng cap khong gia qua 3

thang (Hinh 11).
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Vi du 3- 2- 2: Céc vi cau 16% API/R202H, 16% API/9,5:0,5
R202H:RG502H va 16% API/9:1 R202H:RG502H

Duoc pham bao gom 16% 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong R202H,
9,0:0,5 R202H:RG502H va 9:1 R202H:RG502H duoc didu ché dé danh gia hiéu
quéa hdn hop polyme khac nhau trén dong luc giai phong trong ong nghiém cta
3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin. Bang 6 thé hién khdi luong thudc va polyme
duge dung dé didu ché mdi mé. Phuong phap duoc ding dé didu ché cac ché
pham nay dwoc mb ta trong Vi du 3- 1.

Bing 6: Ché phim ciia cdc vi cau ! — 16% API/R202H, 16%
API1/9,5:0,5 R202H:RG502H va 16% API/9:1 R202H:RG502H

Trong lugng Luong

GZ3899 | (GZ389988 polyme

Mé# | 881 Nap (mg) Ty 1€ polyme (mg)*

7 16% 50mg R202H 260

9,5:0,5R202H:R

8 16% 50mg 247:13

G502H
9:1

9 16% 50mg 234:26

R202H:RG502H

1 Duoc diéu ché bang cach chiét dung moi

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Tong lugng polyme = 260mg

Tinh hi€u qua cua két nang va phéan tich IVR dugc thuc hién dugc mo ta
trong Vi du 3- 1. Tinh hi€u qua clua két nang d6i vé6i cac ché phém 7,8, va9la

96,1 +2,6%, 91,7 £3,3%, va 94,2 + 2,5% tuong Umg.
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Cac vi cdu dugc didu ché st dung 16% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong polyme R202H thé hién téc do giai phong hai pha, voi
tdc do giai phong ban diu cham tir 0 — 70 ngay sau d6 tbc do giai phong thir hai
nhanh hon tir 70 — 110 ngay (Hinh 12). Hon hop ctia 50:50 PLGA polyme wa
nuée hon (RG752H) vao cac ché phim vi cdu PLA lam ting tbc do giai phong
ban dau. RG752H cho phép hip thu nudc nhanh hon vao vi cau, dan dén toc do
giai phéng ndy. & ty 18 bang 9,5:0,5 R202H:RG502H, ty 1& giai phéng thir hai
trung véi giai phéng ban dAu, tao ra bién d6 giai phong cip khong gia qua 6
thang (Hinh 12).

Vi du 3- 3: Piéu ché va dic trung héa cac ché phim vi ciu thé hién
dong luc giai phong cap khong trong ong nghiém qua 180 ngay

Duoc pham bao gdm 15% 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin ~  trong 9:1
R203H:RG752H va 16% 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong 9,0:0,5
R202H:RG502H duoc didu ché va duoc phén tich ddi véi dong luc giai phong
trong 6ng nghiém. Bang 7 thé hién khdi luong thudc va polyme dugc ding dé
diéu ché mdi mé.

Bang 7: Ché phim ciia cac vi cau ¥ — 15%API/9:1 R203H:RG502H va
16% AP1/9,5:0,5 R202H:RG502H)
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Nap | Trong luong Luong
GZ3899 | (GZ389988 polyme
Mé# 88t (mg) Ty 1€ polyme | (mg)*
9:1

10 15% 46mg 234:26

R203H:RG752H
9,5:0,5

11 16% 50mg 247:13

R202H:RG502H

1 Pugce diéu ché bang cach chiét dung moi

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Tong luong polyme = 260mg

Tinh hiéu qua cia két nang va phan tich IVR dwoc thwe hién nhu
dwgec mo ta trong

Vi du 3- 1. Tinh hiéu qua cta két nang d6i voi cac ché pham 10 va 11 1a ,
89,7 £2,1% va 91,7 £+ 3,3% tuong ung.

Cac vi cdu duoc didu ché st dung 15% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong cac polyme R203H:752H & ty 18 bang 9:1 va 16% 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin trong cac polyme R202H:RG502H & ty 1& bang
9,5:0,5 thé hién bién do giai phong cap khong gia qua 6 thang (Hinh 13).

Vi du 3- 4: Hiéu qua ctia Hé dong dung mdi trong diéu ché trén mirc
giai phong trong ong nghiém cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin
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Vi du 3- 4- 1: 16% API/9:1 R202H:RG752H nhw dwoc diéu ché trong
9:1 DCM:MeOH, 9:0,5:0,5 DCM:MeOH:BA, 9:5 DCM:BA va 9:1
DCM:BA

Dugc phidm bao gdm 16% 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin loaded cac vi
cAu trong 9:1 R202H:RG752H duogc didu ché bang cach sir dung cac dung dich
ddéng dung mdi khic nhau véi cic ty 1& khac nhau cia dung méi diclometan
(DCM), metanol (MeOH) va ruou benzyl (BA). Cac ty 1€ dugc dung 1a 9:1
DCM:MeOH, 9:0,5:0,5 DCM:MeOH:BA, 9,5:0,5 DCM:BA, va 9:1 DCM:BA.
Vién din dén Bang 8 ddi véi thudc, polyme va dong dung mdi duoc ding dé
diéu ché mdi mé. Phuong phap duoc diung dé diéu ché cac ché phdm nay duoc
mo ta trong Vidu 3- 1.

Bang 8: Ché phim ciia cic vi cAu ! Pwge diéu ché bing Hé dong dung

moi khiac nhau — 16% AP1/9:1 R203H:RG752H

Trong
luong Luong
GZ3899 | GZ389988 polyme. Hé dong
Mé# | 881 Nap (mg) Ty 1€ polyme (mg)* dung méi
9:1 9:1
12 16% 50mg 234:26
R202H:RG752H DCM:MeOH
01 9:0,5:0,5
13 16% 50mg ' 234:26 | DCM:MeOH
R202H:RG752H
:BA
9:1 9,5:0,5
14 16% 50mg 234:26
R202H:RG752H DCM:BA
9:1 9:1
15 16% 50mg 234:26
R202H:RG752H DCM:BA
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 Puoc diéu ché bang cach chiét dung maéi (cac hé ddng dung moi khac
nhau) |

Tt GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Tong luong polyme = 260mg

Tinh hiéu qua cua két nang va phan tich IVR duoc thuc hién duoc mé ta
trong Vi du 3- 1. Tinh hi€u qua cua két nang cho cac mé 12, 13, 14, va 15 1a
77,7 + 8,6%, 94,9 + 2,0%, 90,5 + 2,6%, va 94,4 + 1,5% tuong ing. Ruou benzyl
duge chon dé két hop vao hé dong dung méi do kha ning hoa tan ting cudng 3-
(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin. Hinh 14 va Hinh 15 thé hién rang ruogu benzyl c6
thé dugc ding 13 mdt phin ciua hé dong dung moéi véi diclometan hodc
diclometan va metanol dé tao ra cac vi cau ma khong anh huéng dén tc do giai
phéng. Diéu nay c6 thé hitu dung trong viéc giam tai tinh thé héa tiém nang cta
3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin trong khi san xuét vi cau.

Vi du 3- 4- 2: Sit dung DCM:BA daé tang nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

Dugc phdm bao gdm 16% va 25%  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong 9:1 R202H:RG752H, 30% va 40% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R202H, va 25%, 30%, 40% va 50% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R203H dugc diéu ché bing cach sir dung cac thé tich
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thay dbi ctia diclometan (DCM) va rugu benzyl (BA). Vién dan dén Bang 9 cho
khéi lugng thube va polyme va thé tich dung méi duoc ding dé didu ché mdi
mé. Phuong phap duoc dung dé diéu ché cac ché phim nay dugc mé ta trong Vi
du3-1.

Bang 9: Ché phim ciia céc vi cau ¥ Puge diéu ché bing Hé dong dung
mdéi DCM:BA - 16% API/9:1 R202H:RG752H, 25% API/9:1
R202H:RG752H, 30% API/R202H, 40% API/R202H, 25% API/R203H,
30% API/R203H, 40% API/R203H, 50% API/R203H

Hé dong dung
moi
[thé tich cta
Nap Trong luong Luong dung moi + thé
GZ3899 | (GZ389988 Ty 1€ polyme tich cia dung
Mé# 88t (mg) polyme (mg)* moi (mL)]
9:1
0,2 mL BA +
16 16% 50 mg R202H:RG 234:26
1,8 mL DCM
752H
9:1
0.2 mL BA +
17 25% 84 mg R202H:RG 234:26
1,8 mL DCM
752H
0,26 mL. BA +
18 30% 112 mg R202H 260
1,2 mL DCM
0,4 mL BA +
19 40% 174 mg R202H 260
1,2 mL DCM
0,5 mL BA +
20 40% 174 mg R202H 260
1,2 mL DCM
21 25% 84 mg R203H 260 0,2 mL BA +
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1,8 mL DCM

0,2 mL BA +
22 30% 112 mg R203H 260

1,8 mL DCM

0,4 mL BA +
23 40% 174 mg R203H 260

1,2 mL DCM

0,5 mL BA +
24 40% 174 mg R203H 260

1,2 mL DCM

0,5 mL BA +
25 50% 260 mg R203H 260

1,2 mL DCM

0,61 mL BA +
26 50% 26 mg R203H 260

1,2 mL DCM

1 Puoc diéu ché bang cach chiét dung moi

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-

1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Téng lugng polyme = 260mg

Tinh hiéu qua cua két nang va phén tich IVR dugc thuc hién dugc mo ta

trong Vi du 3- 1. Tinh hi€u qua cua két nang d6i voi cac ché phdm tao ra bang

céc thé tich khac nhau cta diclometan (DCM) va ruou benzyl (BA) la:

Mé Hiéu qua két nang
16 94,4 £ 1,5%
17 96,0 = 1,8%
18 99,2 +3,6%
19 94,0 £ 1,0%
20 100,5 +£1,0%
21 91,2 +0,5%
22 90,2 +2,8%
23 95,5 £ 6,8%
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24 95,4 +3,1%
25 95,0 £0,8%
26 94,7 £1,7%

Ruou benzyl duoc két hop vao hé dong dung moéi do kha ning cai thién
cua nd hoa tan 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin. Hinh 10 thé hién ring ruou
benzyl ¢6 thé dugce ding 12 mot phan cta hé dong dung méi véi diclometan dé
tao ra cac vi cau véi nap cao bang 50% (trong luong/trong luong). Mot sd trong
céc bién do giai phong thé hién c6 giai phong bung né va dong luc tdi thiéu ma
¢6 thé dat duoc khoang thoi gian 3-6 thang. Thé tich ciia ruou benzyl duoc ding
trong quy trinh tdc dong dén giai phéng bung nd cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin. Viéc gidm lugng ruou benzyl trong hé dung méi, trong khi
van gitt tinh tan ctia APIL, 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin , trong dung dich
polyme, 1am giam hiéu qua bung nd. Tang nap API tao ra loi ich bang cach lam
giam lugng polyme dugc dung cho bénh nhan. Piéu nay ky vong dé cai thién
tinh twong hop sinh hoc ctia viéc cAy va lam giam khéa ning tich tu polyme sau
khi cho dung lap lai. Ngoai ra, tang nap API c6 thé hiéu 1a chi phi san xuat mdi
don vi thap hon.

Vi du 3- 5: Hi€u qua cia Quy trinh két vi nang huyén phu dwoc
micron héa trén miec gidi phéng trong ong nghiém cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo [4,5-
b]pyridin-2-amin

Duogc phdm bao gom 25% 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin (monohydrat
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form) trong 9:1 R202H:RG752H, 30% va 40% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
blpyridin-2-amin  trong 9:1 R203H:RG752H, 25% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R202H, 30% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R202S, va 30% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R203S duoc diéu ché véi dang monohydrat ctia 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin. Vién din dén Bang 10 cho khéi luong thudc va
polyme duoc dung dé diéu ché mdi mé. Cac Mé 27, 28 va 29 duoc didu ché
bang cach st dung 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin tur cac bé san xuét, trong khi
cac Mé 30, 31, 32, 33, 34 va 35 duoc diéu ché béng cach st dung 3-(3-metoxy-
4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin ma dugc micron hoa bang cach sir dung quy trinh vi héa long
dé dam bao kich thudc hat ¢6 duong kinh nho hon 10 pm. Vi du nay so sanh su
khéc nhau vé céac vi cau thu duoc khi polyme is dugc phan tan trong dung dich
ruou polyvinyl (PVA) cé hoac khong co etyl axetat (EA), cling nhu nap API,
ché pham polyme va bién dbi ndng do dung dich polyme (bang cch thay dbi thé
tich EA).
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Bang 10: Ché phim ciia cdc vi cdu ! dwge diéu ché bang Quy trinh

két vi nang huyén phit dwoc micron héa — 16% API/9:1 R202H:RG752H,
25% API/9:1 R202H:RG752H, 30% API/R202H, 40% API/R202H, 25%
API/R203H, 30% API/R203H, 40% API/R203H, 50% API/R203H

Mét#

Nap
GZ389988+

Trong
lugng

GZ389988
(mg)

Ty 1€ polyme

Luong
polyme
(mg)*

Thé
tich va
Ché
pham
cua
Dung
dich
lam
phén
tan

(mL)

Thé
tich
Etyl
Axetat
(mL)

27

25%

84 mg

9:1
R202H:RG752H

234:26

39 mL
cua 5%

PVA

2,6

28

25%

84 mg

9:1R202H:RG752H

234:26

39 mL
cua 5%

PVA

3,25

29

25%

84 mg

R203H

260

39 mL
cua 5%

PVA

2,0

30

30%

112 mg

9:1
R203H:RG752H

234:26

39 mL
cua 5%

PVA +

2,0
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Meé#

Nap
GZ389988%

Trong
lugng
GZ389988
(mg)

Ty 1€ polyme

Luong
polyme
(mg)*

Thé
tich va
Ché
pham
cua
Dung
dich
lam
phan
tan

(mL)

Thé
tich
Etyl
Axetat
(mL)

2,5%
Etyl
Axetat

31

40%

174 mg

9:1
R203H:RG752H

234:26

39 mL
cua 5%
PVA +
2,5%
Etyl
Axetat

2,0

32

30%

112 mg

9:1
R203H:RG752H

234:26

39 mL
cua 5%
PVA +
2,5%
Etyl
Axetat

2,0

33

30%

112 mg

9:1

234:26

39 mL
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Meé#

Nap
GZ389988%

Trong
luong
GZ389988
(mg)

Ty 1€ polyme

Luong
polyme
(mg)*

Thé
tich va
Ché
phim
cua
Dung
dich
lam
phan
tan

(mL)

Thé
tich
Etyl
Axetat
(mL)

R203H:RG752H

cua 5%
PVA +
2,5%
Etyl
Axetat

34

30%

112 mg

R202S

260

39 mL.
cua 5%
PVA +
2,5%
Etyl
Axetat

2,0

35

30%

112 mg

R203S

260

39 mL

cua 5%

PVA +
2,5%
Etyl

2,0
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Meé#

Nap

GZ389988T

Trong
lugng

GZ389988
(mg)

Ty 1€ polyme

Luong
polyme
(mg)*

Theé
tich va
Ché
phim
cua
Dung
dich
lam
phan
tan

(mL)

Thé
tich
Etyl
Axetat
(mL)

Axetat

1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

T Puoc diéu ché bang cach chiét dung moi

t GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-

* Tong luong polyme = 260mg

Céc phan tich SEM thé hién ring vi cau dugc tao ra bang cach két nang

huyén phu cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-

pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin 13 hinh cau két cdu bé mit gb
ghé do su c6 mit clia cac tinh thé thudc dinh trén bé mat (Hinh 16). Tinh hiéu

qua cua két nang va cac phan tich IVR dugc thuc hién dugc mé ta trong Vi du 3-
1. Tinh hiéu qua cua két nang cho cac mé $6 30, 31,32, 33,34, va3512103,3 +
3,8%, 101,6 = 5,3%, 94,7 + 4,0%, 97,1 £ 0,2%, 35,6 = 0,8% va 62,5 + 3,0%,

twong tng. Tinh hidu qua cta két nang khéng dugc thuc hién trén cac mé 27, 28

hoéc 29.
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Céc bién d6 IVR thé hién giai phong bung nd nim trong khoang tir 25%
dén 47%, sau d6 khong giai phéng sau 4 ngay (Hinh 17). Cac mé duoc danh gia
cho dén 21 ngay.

Vi du 3- 6: Hiéu qua ciia Quy trinh két vi nang 1én mirc giii phéng
trong ong nghiém cha 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Duoc phidm bao gém 16% va 25%  3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong 9:1 R202H:RG752H va 25% va 30% 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin trong R203H duogc didu ché bang cach st dung ty 16 9:1 cua
diclometan (DCM):ruou benzyl (BA). Vién din dén Bang 11 cho khéi luong
thudc va polyme duoc ding dé diéu ché méi mé. Phuong phap duogc ding dé
didu ché Mé 23 duoc mé ta trong Vi du 3- 1, Mé 2. Mé 24 dugc diéu ché bing
cach hoa tan3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong 5,016 g 9:1 DCM/MeOH
v6i siéu 4m nhe. Sau d6 hai polyme dugc bd sung va hoa tan.

Bang 11: Ché pham ciia vi cau dugc diéu ché bang cach chiét dung mdi va

sz‘iy phun — 16% AP1/9:1 R202H:RG752H va No AP1/9:1 R202H:RG752H

Nap | Trong luong Luong
GZ3899 | (GZ389988 polyme Quy trinh
Meét# 88T (mg) Ty 1€ polyme (mg)* két vi nang
9:1 Chiét dung
36 16% 50 mg 234:26
R202H:RG752H moi
9:1 .
37 16% 238,8 mg 1140:114 | Say phun
R202H:RG752H
38 16% 238,8 mg 9:1 1140:114 | Say phun
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R202H:RG752H

9:1 .
39 16% 238,8 mg 1140:114 | Say phun
R203H:RG752H

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Téng luong polyme = 260mg cho mé 23 va 1254mg cho mé 24

Viéc séy phun dugc thuc hién béng cach st dung bd ProCepT, 4M8 dugc
trang bi voi hai chét 16ng c6 miéng bang 0,4 mm. Cac diéu kién va thong sb sdy

phun dugc liét ké dudi day:

Mé# 37 38 39
Nap GZ389988 (%, trong lugng/tron
P ( & & . 16 16 16
lugng)
Dung mdi (Metylen Clorua:Metanol
90:10 | 90:10 | 90:10
(v/v)
Nong d6 dung dich PLGA (%, trong
, 20 22,5 22,5
lugng/thé tich):
Téc dd phun (mL/phit): 0,7 0,7 0,7
Dong nito phun (L/phtt): 4 4 4
Luong phun (g): 6,4 5,8 5,8
Nhiét d6 nap (°C): 50 50 50
Nhiét d6 budng (°C): 41-43 | 40,7 | 40,0
Nhiét d¢ xa (°C): 27,4 22,0 22,1
Dong nito (m?/pht): 0,35 0,35 0,35
Ap suit 6ng truyén (mBar): 31-32 | 31-32 | 32
San luong (%, trong Iugng/tron
e & & © 72,8 76,7 51,6
lugng)
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Céc phan tich SEM thé hién rang céc vi cau chiét dung méi 14 hinh ciu c6
két ciu bé mat nhin va cac vi cAu siy phun 13 hinh cu c6 két cdu bé& mat nao d6
(Hinh 18 va Hinh 19). Tinh hiéu qua cta két nang va phan tich IVR duoc thuc
hién dugc mo ta trong Vi du 3- 1. Tinh hi€u qua cua két nang dbi voi mé chiét
dung méi 36 va mé séy phun 37 va381a 107,4 £ 11,6%, 91,4 + 4,3%, va 92,6 +
3,6%, tuong ung.

Hai quy trinh két vi nang tao ra cac vi cAu c¢6 bién do giai phong gan cap
khéng. Hinh 18 va Hinh 19 thé hién SEM clia céc vi cAu nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin & 1000X. Céc bién d6 IVR thé hién céc tdc d6 giai phong khac
nhau (Hinh 20); ché ph'flm sdy phun thu dugc thoi han phén phdi mong mudn
bing 3-6 thang.

Vi du 3- 7: Hiéu qua 1% 10kDa PEG hoac 1% Poloxamer 407 trén
mitc giai phong frong ong nghiém cia cac vi ciAu siy phun bing 16% (trong
lwgng/trong  lwong)  3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Thir nghiém nay dugc thuc hién dé xac dinh xem viéc bd sung chét phu
gia wa nude c6 thé duge dung dé thuc day tde do giai phong trong ong nghiém
ctia GZ389988 tir cac vi cau PLA/PGA hay khéng. Trong thir nghiém nay, cac
vi cdu (khong chét phu gia) duoc so sanh véi cac vi cau duoc diéu ché c6 hoic
12 1% 10kDa PEG hodc 1% Poloxamer 407. Bang 12 mé ta chi tiét khdi luong

thuoc va polyme duge dung dé diéu ché moi mé.

-60-



31124

Bang 12: Ché phim cia cac vi ciu ! dwoc diéu ché véi 1% 10kDa
PEG hoic 1% Poloxamer 407 — 16% API/1:1 R202H:R203H/Khong chat
phu gia, 16% API/1:1 R202H:R203H/31,25 mg PEG, 16% API/1:1
R202H:R203H/31,25 mg Poloxamer 407

Trong
Nap lugng Luong Luong chit
GZ3899 | GZ389988 polyme phu gia
Mé# 88T (mg) Ty 1€ polyme (mg:mg) (mg)
1:1 Khoéng ap
40 16% 500 mg ‘ 1310:1310
R202H:R203H dung
1:1 31,25
41 16% 500 mg 1297:1297
R202H:R203H 10 kDa PEG
- 31,25
42 16% 500 mg ' 1297:1297 | Poloxamer
R202H:R203H 407

1 Puogc diéu ché bang cach siy phun

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Viéc sdy phun dugc thuc hién bang cach sir dung bd ProCepT, 4M8 duoc
trang bi voi hai chit slongr ¢6 miéng bang 0,4 mm. Cac diéu kién va théng sb

say phun dugc liét ké duéi day:

Mé# 40 41 42
Nap GZ389988 (%, trong

16 16 16
lugng/trong lugng)

Néng dé dung dich PLGA
. 22,5 22,5 22,5
(%, trong lugng/thé tich):
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Mé# 40 41 42
Tbc d6 phun (mL/pht): 0,7 0,7 0,7
Dong khi (L/phit): 0,35 | 0,35 | 0,35
Dong nito phun (L/phut): 4 4 4
Nhiét do bo lam lanh (°C): -4 -4 -4
Nhiét d6 nap (°C): 50 50 50
Nhiét d6 budng (°C): 40 40 40
Nhiét d6 xa (°C): 29 29 29
Ap suit trude xody (mBar): | 27-30 | 27-30 | 27-30

Céc phén tich SEM thé hién ring cac vi cau sdy phun dugc didu ché co
hodic khong c6 chét phu gia ua nudc thé hién phén bd kich thudc va két ciu bé
mit tuong tu; tat ca cac vi cau sdy phun 13 hinh cau c6 két cAu bé mit nao dé
(Hinh 21, Hinh 22, va Hinh 23). Tinh hiéu qua cua két nang va phan tich IVR
duoc thuc hién dugc mé ta trong Vi du 3- 1. Tinh hiéu qua ctia két nang ddi véi
cadc mé sdy phun sé 40, 41 va 42 14 102,0 + 16,3%, 101,7 + 16,3% va 100,5 £
16,1%, tuong Ung.

Céc vi clu duoc didu ché khéng c6 chat phu gia thé hién, giai phong gan
chp khong cia GZ389988 c6 khoang 20% hop chit hoat tinh dugc giai phong
qua 35 ngay (Hinh 24). B6 sung hoic 1a 1% 10kDa PEG ho#c 1% Poloxamer
407 lam ting toc do giai phong; approximately 42% hop chét hoat tinh duoc giai
phéng qua 35 ngay. Vi du nay chimg minh rang viéc két hop ta duoc wa nuéc
thic ddy téc do giai phong trong éng nghiém cua GZ389988 tir cac vi cau
PLA/PGA.

Vi du 4: Nghién ciru trong co thé

Vi du 4- 1: Hiéu suit Trong co thé cia cic vi cau nap [“C]- 3-(3-

metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
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imidazo[4,5-b]pyridin-2-amin sau khi tiém trong khép vao khép dau gbi
cia chudt

Hai ché phdm dugc chon dé so sanh dong luc giai phéng trong ong
nghiém v6i sy duy tri thube trong co thé trong khép dau gbi cua chudt. Cac ché
pham duoc thé hién trong Bang 13.

Thir nghiém giai phéng Trong éng nghiém duge thyc hién bing cach str
dung phuong phap duoc mé ta trong Vi du 3- 1. Trong co thé thir nghiém duy tri
thudc duoc thuc hién bang cach so dung ['C]-3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin va 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin khéng dén nhan; hai dang
thudc duoc clng hoa tan trong subt quy trinh két vi nang d& dam bao phan bd
thudc ddng nhét trong cac vi cau. Téng luong cta phéng xa duge dung cho mdi
khép cua chudt la ~ 1,2 MBq.

Danh gia thube con lai trong khép dau gbi cua chudt duge thuc hién bing
cach gay chét 2-3 chudt vao mdi thoi diém, nghién cryo khép dau gbi va chiét 3-
(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
imidazo[4,5-b]pyridin-2-amin tor mé da nghién. Thuc hién dinh lugng béng cach
dém d6 nhay chét long. Luong phéng xa thu dugc trong khép dugce tinh béng
cach chia tong sb phong xa vao mdi thoi diém cho téng sd phong xa & cac chudt
dugc gy chét & 0,1 gio sau xir Iy. Nong do thudc phéng xa trong méu cia chudt
(duoc thé hién 1a nEq/g) dugc vé b thi theo thoi gian va so sanh véi gia tri IC50
d3 biét cho hop chét.

Bang 13: Ché pham ciia cic vi cau dwgc thir trong co thé — 16%

API/9:1 202:H:RG502H va 15% AP1/9:1 R203H:RG752H
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GZ3899
887 +
[14C]
Nap Trong lugng
GZ3899 | GZ389988 Ty 1€ Luong polyme
Mé# 88 (mg) polyme (mg)*
9:1
43 16% 50 mg R202H:RG 234:26
502H
9:1
44 15% 47 mg R203H:RG 234:26
752H

t GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

* Toéng luong polyme = 260mg

Céc bién do IVR cho cic mé 40 va 41 thé hién giai phong gan cip khong
qua khoang 3-4 thang va 5-6 thang, tuong Umg (Hinh 25). Sau khi cho dung
trong khép vao khép dau gbi ctia chudt, Mé 43 va 44 thé hién giai phéng thudc
qua 5 dén 6 thang; Mé 43 thé hién 12% con lai trong khép sau 5 thang va Mé 44
thé hién 30% thudc con lai sau 6 thang (Hinh 26). Téc do giai phéng thude trong
co thé hoi thép hon so v6i tbe do IVR ¢6 thé do su dinh vi cta vi cau trong
mang hoat dich.

Hinh 27 thé hién mdi lién hé ndng do thudc-thdi gian trong méau. Sau khi
dung cac vi cau nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong khép, nong do cta 3-
(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-

imidazo[4,5-b]pyridin-2-amin trong ngan co thé hoi cao hon gié tri ECsp (té bao
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dua trén) trong sudt tudn thi nhét, nhung sau d6 ha xubng dudi gia tri ECsg
trong thoi gian thir nghiém (5-6 thang). Thir nghiém nay chimg minh rang cac vi
cau nap 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-
4-y1)-3H-imidazo[4,5-b]pyridin-2-amin tao ra sy phin phéi thude duy tri, cuc bd

cho khép dau gbi véi su phoi 16 thudc toan than thap (tc 1a duéi didu tri).

Vi du 4- 2: Panh gia tac dung vat ly héa hoc thude ddi voi co thé cia
GZ389988 sau khi tiém lidu don, trong khép cia ba ché phidm vi cAu nap
giai phong kéo dai 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Ba ché phém duoc chon dé so séanh tac dung vat ly hoa hoc thube dbi vai
co thé trong dng nghiém va trong co thé trong ngan co thé sau khi tiém trong
khép vao khép dau gbi ctia chudt. Cac ché pham duogc thé hién trong Bang 14.

Thir nghiém giai phong trong 6ng nghiém duge thuc hién béng cach s
dung phuong phéap dugc mé ta trong Vi du 3- 1. Hiéu sudt trong co thé duoc do
bang cach tiém 3 chudt duc Wistar véi ché pham vi ciu dugc cho phan phéi
hodc 12 0,1 hodc 1 mg GZ389988 cho khép dau gbi. Vao mdi thoi diém, cac
mAu mau (~0,25 mL) dugc gom qua dng thong do tinh mach canh va dit vao cac
ng lam lanh chira K;2EDTA lam chit chdng déng, tron, va giit trén da lanh dén
khi ly tdm. Cac mau duoc ly tim trong 1 gid gom & nhiét d§ bang 4°C, & 3,000 x
g trong 5 dén 10 phit. Huyét twong dugc gom sau ly tAm mau mau vao éng
polypropylen. Cac mau huyét twong duoc 1am dong trén da lanh kho va dugc trit
dong & -60 dén -80°C trudc khi phan tich LC-MS/MS. Nong do ctiia GZ389988
trong huyét twong chudt (dugc thé hién 1a ng/mL) dugc vé db thi theo thoi gian
(téng sb 28 ngay).

Bang 14: Ché phim va liéu ding ciia cic vi cau thir trong Panh gia

Tac dung vat ly héa hoc cua thudc ciia GZ389988
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Nap
Ché GZ3899 Liéu da
pham Mé# 88t Ty 1€ polyme ding (mg)
9:1
45 16% 0,1
R202H:RG752H
9:1
46 16% 1
R202H:RG752H
9:1
47 15% 0,1
R203H:RG752H
9:1
48 15% 1
R203H:RG752H
49 40% R203H 0,1
50 40% R203H 1

T GZ389988 = 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-
1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Céc bién d6 IVR cho Ché pham va Ché pham B thé hién giai phéng chdm
v6i khoang 10% ctia hop chét hoat tinh duge giai phong qua 28 ngay. Ché phim
C thé hién giai phéng ban dau hoi cao hon qua 5 ngdy diu, sau do téc do giai
phéong gidm qua 23 ngay con lai; khoang 22% hop chét hoat tinh duoc giai
phéng qua 28 ngay.

Sau khi cho dung trong khép vao khép dau gbi cia chudt, Ché phams A
va B thé hién mdi lién hé huyét twong- phoi 16 thudc twong tw qua 28 ngly; ca
hai ché phdm thé hién gid tri Tmax bang 1-1,5 gid vdi cic mic cac mirc huyét
tuong trang thai 6n dinh qua khoang thoi gian thir nghiém (0,08 va 0,8 ng/mL
cho céc lidu dung 0,1 va 1,0 mg, tuong tmg). So véi Ché phdms A va B, Ché
pham C thé hién gié tri Cpax cao hon va mirc huyét twong trang thai 6n dinh cao

hon qua thoi gian thir nghiém (1,2 dén 12 ng/mL déi véi cac lidu dung 0,1 va
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1,0 mg, trong Gmg) (Hinh 29). Cc két qua thich hop véi cac két qua cia thir
nghiém [VR.

Vi du 4- 3: Nghién citu lam sang dé danh gia do tinh toan, kha ning
chiu, va tic dung vat ly héa hoc cia thude cha 3-(3-Metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin & bénh nhin mic Bénh viém dau khép xwong man tinh &
dau géi

Tinh an toan va hiéu qua cia dang monohydrat cua 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
blpyridin-2-amin & nguoi dugce thir trong nghién ciru 1am sang duoc kiém soat
gia tri mu d6i hai phan dé d4nh gia tinh an toan, kha ning chiu, va tdc dung vét
Iy héa hoc cua thude cua cac lidu dung don ting dan trong khép sau d6 danh gia
tinh hiéu qua, tinh an toan, kha nang chiu va tac dung vat ly hoa hoc cua thudc
ctia lidu ding don trong khép & bénh nhan mac Bénh viém dau khdp xuong man
tinh & du gdi.

Theo mdt phan cua nghién cir, viéc tiém trong khép don vao dau gdi
bang cac liéu khac nhau.cﬁa,huyén_phﬁ,vithﬂlthé ctia monohydrat ctua 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-
imidazo[4,5-b]pyridin-2-amin, tao ra theo Vi du 2 trén diy, duoc thir nghiém déi
v6i cac lidu dung gia tri bang 3 mL va 5 mL.

Liéu lwong
3 mg/3 mL
10 mg/3 mL
30 mg/3 mL
60 mg/3 mL
100 mg/S mL

-67-



31124

Nam gi6i va phu nit trudng thanh véi chian dodn bénh viém khép dau gbi
man tinh cAp mot 14 thich hop dé tham gia vao nghién ciru. Bénh nhén c6 triéu
chtng trong hon 6 thang va cung cip chap thuan thong bdo bang van ban trudce
quy trinh bat ky lién quan dén nghién ciru.

Tinh hiéu qua dugc danh gia trén co sé tinh an toan va kha nang chiu (su
kién bét loi, kiém tra co thé, trong lugng co thé, nhiét do co thé, cc thi nghiém
bénh vién thuc hanh, huyét ap, nhip tim, dién tam dd 12 chuyén dao, sirc chiu
cuc bd) & 12 tudn sau khi tiém. Tac dung vat 1y héa hoc ctia thude (huyét tuong
va, néu c6 thé, trong chét dich hoat dich) va tac dung cua thude cling dugc danh
gia.

Bénh nhén duoc theo ddi trong 84 + 7 ngay sau khi nghién ciu thude
hodc cho dung gia duoc, v6i lua chon tiép tuc thir nghiém tinh an toan quan sat
thoi gian dai khong dung thudc nghién ciru bd sung dé danh gia tinh an toan va
tinh hiéu qua lau dai.

Vi du 5: Nghiéen cftu da hinh cia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin

Nghién ctru da hinh ctia GZ389988 duogc tién hanh nhim x4c dinh
dang tinh thé cta 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin trong dung moi tinh khiét va
cac hdn hop duoc kiém soét ciia dung méi va nuée. Cac k¥ thuat dugc dung 1am
dung cu md ta dic tinh cua chit da hinh bao gém Nhiéu xa bot tia X (XRPD),
Nhiéu xa bd tia X do phan giai cao (HR-XRPD) va Nhiéu xa b tia X don tinh
thé (XRSCD), nhiét phan tich nhiét trong luong (TGA) két hop v6i Phd hoc
hong ngoai (FT-IR) hoic Do khéi phd (MS), hip thu hoi dong (DVS) cta nuée
va dung moi, va Hién vi quang hoc (OM). Céc k¥ thuat nay dugc md ta cu thé

hon dudi day.
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NHIEU XA BO TIA X PO PHAN GIAI CAO (HR-XRPD)

Biéu d6 do phan giai cao dugc ghi & cac diéu kién trén Nhidu xa ké bot
Panalytical X’Pert Pro MPD sir dung hinh hoc diéu tiéu para Bragg-Brentano
(cAu hinh 0-20 thing dimg) két hop v6i bd do X’Celerator. Sir dung dng tia X
anot dong bit kin, chay & cic muic 45 kV va 40 mA. May don séc chum tia téi
(loai Johansson: tinh thé germani cong cit déi ximg (111)) tao ra birc xa Cu K o
1 tinh khiét (L = 1,54060 A).

D41 v6i mbi bo cia thir nghiém, 16p méng cia san pham dugc ling phu
1én bé mit cta vét gitt mau, duoc bao béng tam silic don tinh thé. TAm duoc cét
b6 theo hudng tinh thé Si (510) ma, bang cach loai trir hé théng, can tro bét ky
phén xa Bragg tir silic. Khoang géc dung duoc kéo dai tir 2 dén 50° trong 26,
vé6i kich thuée bude 0,017° trong 26. Thoi gian tinh toan ding duoc tir 100 dén
2500 gidy mdi bude duoc st dung.

NHIEU XA BOT TIA X (XRPD)

Cac phan tich XRPD khéc trén Nhiéu xa ké bot Siemens-Brucker D8
Advance, ciing str dung hinh hoc diéu tiéu para Bragg-Brentano (cdu hinh 6-0
thang dimg), va budng nhiét Anton-Paar TTK450. Lép moéng clia san phidm
dugc léng phu 1én tAm silic don tinh thé, dugc cit bd theo hudng tinh thé
Si(510) ma, bang cach loai trir hé théng, can trd bat ky phan xa Bragg tir tim. St
dung 6ng tia X anot ddng bit kin chay & cac mirc 40 kV va 35 mA. Hai dong
duogc thuong duogc phat ra: CuKal (A = 1,5405 A) va CuKa2 (A = 1,5443 A).
DPém loc niken B, dit gitra bd do va mau, khéng loai trir toan bd birc xa CuKp (A
=1,3922 A), ma van goép khoang 1% chum tia nhiéu xa & bd do (dit liéu ctia nha
san xuat). Chum tia duoc giri qua cac khe Soller dé cai thién sy song song cla
n6. Cac khe phan ky khac nhau duoc gitt chiéu sang ctia ving miu khéng dbi.
()ng chuin truc gigi han su khuéch tan gilra 6ng va mau. B6 do tuyén tinh

LynxEye hoan thanh cai dat. Co6 clra s6 do réng 3,5° trong goc 20. Céc biéu do
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duoc ghi trong cac didu kién sau: & nhiét d6 moi truong, quét tir 2 dén 40° trong
gbc 26. Thoi gian tich hgp phu thude va cac didu kién thu nghiém. Nghién ctru
tién trién va hau hét cac quét duoc thuc hién bang cach sir dung thoi gian tinh
toan 0,1s gidy mdi budc trong 20. Thoi gian tich hop dai hon (1én dén 5s) c6 thé
¢6 duoc dung dé mé ta dic diém cac dang on dinh.

 NHIEU XA PON TINH THE TIA X (XRSCD, CON GOI LA SCXRD)

Dit liéu XRSCD duoc ghi trén hidu xa ké don tinh thé Bruker Smart
Apex. St dung ngudn tia X vi tu IuS molypden, chay & 50 kV va 0,6 mA, bixc
xa Mo-Ka phét quang (1 = 0,710731 A). Thiét bi két hop dién tich (chip CCD:
4K, 62 mm) bo do vung dugc dinh vi ¢ 6,0 cm. May didu lanh nito Oxford
Cryosystems (Cryostream Plus) cho phép thtr nghiém XRSCD dugc thuc hién &
100 K.

Céc tinh thé déu dugc gin tir giot dau Paratone N™ 1én cAu tric vong
MiTeGen mylar nén thdp. Ciu Ewald diy cia phan xa duoc gom (quét 3 omega
ctia 680 khung véi d6 rong khung bang 0,3°). Thoi gian tich Ity phu thudc {féo
tinh thé. |

Ma tran huéng va té bao don vi duoc thiét 1ap st dung bd chuong trinh
Apex2 (v2014.11-0). Bién d6 phan xa 3D va tich hgp toan by phan xa dugc thuc
hién bing chuong trinh SAINT (v8.34A). Chuong trinh SADABS (v2014/5)
duge dung dé hidu chinh cho Lorentz va cac hidu tmg phan cuc va cho mau hap
thu. Nhém khong gian tam duoc xac dinh bang chuong trinh XPREP (v2014/2).
B6 SHELXTL (v2014/7) dugc dung dé giai quyét cdu triic bang phuong phap
dinh pha bén trong va dé tinh ché dung dich bang c4c tinh toan binh phuong nhé
nhét ma trn day du trén F2. ,

XAC PINH VA BIEU HIEN PAC TINH CUA CHAT DA HINH

Str dung cac k§ thuat dwoc mé ta & trén, cac dang tinh thé cua 3-(3-

metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-
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imidazo[4,5-b]pyridin-2-amin dugc xac dinh. Cac dang nay, cic dinh XRPD 26
duge do bang cach sir dung birc xa CuK, va cac diéu kién hinhthanh dugc néu &
Bang 15 dudi day.

Bang 15: Cac dang cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-
6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin

Chat Céc dinh XRPD 20
Khan, da duoc do bf‘?mg cach
hydrat hodc | hinh s dung buc xa Céc diéu kién hinh
Solvat s6 | Dang sb CuK, thanh
Dang thu dugc béng
3,8, 7,6, 11,0, 11,5,
Khan 1 Dang 2 cach  kho  nuéce
13,3, 13,9 va 15,3
monohydrat 1
Thu dugc ¢ nhiét do
cao (160°C dbi véi
6,0, 6,9, 10,9, 124,
Khan 1 Dang 3 monohydrat 1,
12,7,13,7 va 15,3 ,
~120°C do1  voi
solvat)
Dang thu dugc bang
cach can solvat hoa
Dang |5,6, 8,1, 12,1, 14,0,
Khan 3 monohydrat 2 va
6/7 16,2 va 20,7
etanol, axetonitril va
axeton 2 solvat
3,6, 7,1, 8,9, 104,
Monohydrat 1 Dang 1 | 10,7, 12,4, 12,7 va| Xem Vidu 1
14,3
5,5, 6,4, 8,2, 12,5, | Dang cé ngué)n géc
Monohydrat | 2 Dang 8
12,8 va 16,5 tU etanol, axetonitril

-71-




31124

Chat Céc dinh XRPD 26
Khan, da dugc do bang cach
hydrat hodc | hinh st dung buc xa Céc diéu kién hinh
Solvat s6 | Dang sb Cuk, thanh
va axeton 2 solvat
(th cac chu ky “hoi
No/H,O”)
_ 3,5, 7,1, 9,3, 10,3, | Dang thu dugc béng
Sesquihydra _ )
Dang 4 | 10,6, 12,4, 13,0 va |céch tinh thé hoa tu
t
14,1 axeton/nudc
Dang thu dugc b.%mg
céch tai tinh thé héa
Etanol 53, 6,3, 7,5, 11,4, | monohydrat 1 trong
Dang 5
Solvat 12,6, 12,8 va 15,1 etanol  hodc tu
solvate hoa etanol
cua dang khan 3
Dang thu duogc bang
céch tai tinh thé hoa
Axeton 6,1, 8,9, 12,1, 15,3,
1 Dang 9 monohydrat 1 trong
Solvat 16,4, 18,2 va21,2 .
axeton tinh khiét va
axeton/nudc 99:1
Dang thu dugc b%ng
cach tai tinh thé hoa
Axeton 5,4, 6,2, 7,4, 11,4, | monohydrat 1 trong
2 Dang 10 ,
Solvat 12,6 va 14,8 axeton tinh khiét

hodc tr solvate hoa

axeton cua dang
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Chat Cac dinh XRPD 20
Khan, da duoc do bang cach
hydrat hodc | hinh su dung buc xa Céc diéu kién hinh
Solvat s6 | Dang sb CuK, thanh
khan 3
Dang thu duoc bang
cach tai tinh thé héa
monohydrat 1 trong
Axetonitril 53, 6,4, 7,7, 11,6,
Dang 11 axetonitril hodc tu
Solvat 12,8,13,2va 15,5
solvate héa
axetonitril cua dang
khan 3

Biéu dd HR-XRPD do dugc ctia monohydrat Dang 1, dang khan 2 va 3,
cling nhu biéu d6 XRPD mé phong ctia Dang sesquihydrat 4, dugc biéu thi cung
nhau trén Hinh 30.

Huyén pht cia 20 mg/mL ctia GZ389988A dang monohydrat trong hdn
hop dung méi etanol/nude (99/1) duge gia nhiét dén 80°C trong 1h. Sau d6 loc
huyén phu. Tiép theo, git dung dich qua dém & nhiét d6 phong. Sau mét dém,
cac tinh thé duogc quan sat, sau d6 dugc xac dinh la tuong Umg véi1 dang etanol
solvat (dugc dén nhan 1a Dang 5). Chét luogng vat 1y cta tinh thé thu dugc bang
céch lam bay hoi cham hdn hop cua etanol va nude (99/1) 1a thich hop dé dugc
phan tich Béng nhidu xa bo tia X don tinh thé. Viéc do duge thuc hién & 100K
trén tinh thé 5 x 50 x 200 um?, vé6i thoi gian tich tu bang 300s mdi khung. Biéu
dd nhidu xa x4c nhan do két tinh cta cdc hat duoc phén tich. Hinh 31 thé hién
biéu do HR-XRPD cua bot etanol solvat (ddy) dugc do & nhiét do phong, so véi
biéu d6 XRPD mb phong tir dit liéu XRSCD duoc do & 100K (dinh).
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Huyén pht cta 20 mg/mL cia GZ389988A dang monohydrat 1 (Dang 1)
duge didu ché trong hdn hop ciia dung méi axeton/nudc (99/1) hodc trong
axeton tinh khiét, va gia nhiét dén 80°C trong 1h dé dat dwoc hoa tan toan bd.
Tiép theo, loc huyén phi. Sau d6 gitt dung dich & nhiét do phong hozc & 5°C.
Sau mdt dém, cac tinh thé nhin thiy duoc bing mét thuong, sau dé duogc xéc
dinh 13 tuwong duong vdi dang axeton solvat (dugc dén nhan Dang 9). Chat
lwong vat Iy cua tinh thé thu dugc bang cach 1am bay hoi chdm hdn hop cia
axeton va nude (99/1) 1a thich hop dé phan tich bang nhidu xa XR don tinh thé.
Viée do duge thuc hién ¢ 100K trén tinh thé 100 x 200 x 2000 um3 , vai thoi
gian tich lily bang 30s mdi khung. Hinh 32 thé hién d6 thi XRPD déi véi bot
axeton solvat, dugc do & nhiét do phong (ddy) va dugc mo phéng tr XRSCD &
100K (dinh).

Theo thr nghiém khéc, huyén phu ctia 20 mg/mL ctia dang monohydrat 1
GZ389988A (Dang 1) dugc didu ché trong axeton tinh khiét, va dugc gia nhiét
dén 80°C trong lh. Sau d6, loc huyén pht, va sau d6 lam ngudi truc tiép dén
5°C va luu trlr & nhiét d6 nay. Sau mot dém, céc tinh thé nhin théy duoc bﬁng
mét thuong va tuong tu véi tinh thé thu duoc ddi vé6i axeton solvat 1, Dang 9.
Sau nghién chung trong huyén phu trong cbi, chiing duoc xac dinh 13 tuong tng
vGi axeton solvat khac, Dang 10. Hinh 33 so sanh XRPD d6i véi hai dang
axeton solvat, Dang 9 (day) va Dang 10 (dinh).

Huyén phu cia 20 mg/mL cla dang monohydrat GZ389988A trong
axetonitril (ACN) duoc gia nhiét ¢én 80°C trong 4h. Sau d6 loc huyén phu. Tiép
theo, gilt dung dich qua dém & 40°C, sau do dé 2 gid cho ngudi xudng nhiét do
phong. Sau mot dém, cum tinh thé duoc tao thanh & day lo. Biéu d6 HR-XRPD
cua dang axetonitril (ACN) solvat (Dang 11) duoc bao cdo trén Hinh 34.

XAC PINH PHA TINH THE RAN TAO THANH TRONG CAC DUNG
MOI TRON LANN AXETON/NUGC VA AXETONITRIL/NUGC
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50mg GZ389988A Monohydrat 1 dwgc bo sung véi 2mL ciia hdn hop ctia
dung moi (axeton hodc axetonitril) va nuéc khtr khoang, ¢ ba ty 1€ trong luong
khac nhau: 50/50, 80/20 va 95/5. Vi axeton, cac hdn hop bd sung & ty 18 99/1
va 98/2 duoc chimg minh. Sau 2 gio & 80°C, loc cdc mau trén dém loc 6ng tiém
PTFE véi kich thudc hat danh dinh bang 0,45 pm, va luu trit lai ¢ 80°C trong 15
phut sau khi loc.

Sau d6 dé cdc mau ngudi qua dém & 40°C, va sau d6 & nhiét d6 phong
thém 24 gio.

Sau d6 phan tich cdc mau bang XRPD trong bbuoongf bio hoa bang dung
moi tuong Ung. Néu can, céc tinh thé 16n duogc duoc nghién v& trong lo béng
bang xéng thanh bdt min. MAu bot “uét” sau d6 duge ling pht phing nhét c6
thé 1én vat gitr mau. Céac két qua cua phan tich nay duoc thé hién & Bang 16

dudi day.

Bing 16: Pha tinh thé rin cia GZ389988A trong hén hop

Axeton/Nudc va Axetonitril/Nwde

Dung méi Ty I€ trong lwgng Dung moi/Nude  (cac) pha tinh thé

99/1 Dang solvat Axeton 9
98/2 Monohydrat 1
Axeton 97/3 Monohydrat 1
95/5 Monohydrat 1
80/20 Monohydrat 1
50/50 Monohydrat 1
95/5 Monohydrat 1
Axetonitril 80/20 Monohydrat 1
50/50 Monohydrat 1
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Ché phim cua solvat va hydrat tir tinh thé cia Monohydrat 1 trong etanol,
axeton, axetonitril va hon hop axeton/nuéc va axetonitril/nuéc duge nghién ctu
va thé hién trong vi du nay. Muoi pha tinh thé duoc xac dinh:

° Pha khan 1 (Dang 2)

J Pha khan 2 (Dang 3)

° Pha khan 3 (Dang 6/7)

e Monohydrat 1 (Dang 1)

° Monohydrat 2 (Dang 8)

° Sesquihydrat (Dang 4)

° Etanol solvat (Dang 5)

° Axeton solvat 1 (Dang 9)

L Axeton solvat 2 (Dang 10)

J Axetonitril solvat (Dang 11)

Céc biéu dd nhiéu xa twong tmg duoc biéu thi trén Hinh 35.

Tur nghién cu hién tugng da hinh dugc thuc hién trén etanol, axeton va
axetonitril, cling nhu trén cdc hén hop dung moi (axeton/nuéc va
axetonitril/nudc), mot vai két luat co thé duoc dua ra. Tt ca ba dung moi tinh
khiét dan dén viéc hinh thanh cac pha solvate tinh thé ran. Su tai tinh thé cua
GZ389988A trong etanol va axetonitril déu dén dén mot dang solvat. Hai dang
solvat d3 thu duoc tir su tai tinh thé trong axeton. Cac tinh thé tao thanh trong hé
dung mdi tron 14n axeton/nuéc véi ty 18 trong luong béng 98:2,97:3 95:5, 80:20
va 50:50 déu trong pha tinh thé monohydrat 1. Céc tinh thé tao thanh trong hé
dung méi tron lan axetonitril/nudc véi ty 1€ trong luong bang 95:5, 80:20 va
50:50 ciing déu 13 cac tinh thé monohydrat 1. Axeton solvat 1 duoc thiy 1a
chuyén dang thanh chit rin hiu hét v6 dinh hinh khi can solvate héa. Néu
chuyén dong cta phan t tang do sy cé mdt hoi cta axeton va nude tron lan, ca

céc tinh thé axeton solvat 1 ban d4u va chét rin v dinh hinh td chirc lai thanh
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monohydrat 1. Etanol, axetonitril va axeton solvat 1 duogc 16 ra nhiét do béng
120°C duéi khi nito can solvat héa thanh cing pha tinh thé khan 2. Su dong
hinh duoc thiy cho céc dang solvat 2 etanol, axetonitril va axeton (dugc xac
nhén bing nhiéu xa tia X don tinh thé). Chiing déu can solvat héa thuan nghich
thanh cung pha khan 3. Pha khan 3 hydrat héa thanh dang monohydrat,

“monohydrat 2”, khac véi monohydrat 1.
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Yéu cau bao hg

1. Hop chéit 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3 H-imidazo[4,5-b]pyridin-2-amin ¢ dang tinh thé, trong dé gian
dd nhiéu xa bot tia X bao gém cac dinh 20 sau day dugc do béang cach st dung
bure xa CuK,: 3,6,7,1, 89,104, 10,7,12,4, 12,7 va 14,3.

2. Dugc phdm bao gém hop chit & dang tinh thé cua 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-imidazo[4,5-
b]pyridin-2-amin theo diém 1 va ta dugc duoc dung.

3. Ché pham chua:

/O

4. Duoc phdm chra:

a. hop chét c6 cong thirc cAu tric sau day:
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.
e

Q,
(o]

~

O\\ , va
b. ta dugc dugc dung.

5. Dugc phim theo diém 4, trong d6 ta dugc duge dung bao g6m chét pha loing.
6. Dugc pham theo diém 5, trong d6 chét pha lodng dugc chon tir: malitol, dau
huéng duong, amoni alginat, canxi carbonat, canxi lactat, canxi phosphat hai
bazo khan, dihydrat hai bazo, ba bazo, canxi silicat, canxi sulfat, xenluloza (vi
tinh thé silic héa, nghién bot), xenluloza axetat, dudong nén, duong lam banh
keo, tinh bdt ngd va tinh bdt dong keo so bo, dextrat, dextrin, dextroza,
erythritol, etylxenluloza, fructoza, fumaric axit, glyxeryl palmitostearat, lactoza
x06ng, isomalt, cao lanh, lactitol, lactoza (khan, monohydrat va tinh bt ngo,
monohydrat va xenluloza vi tinh thé, duoc séy phun), magie carbonat, magie
oxit, maltodextrin, maltoza, manitol, triglyxerit mach trung binh, xenluloza vi
tinh thé, polydextroza, polymethacrylat, simethicon, natri alginat, natri clorua,
sorbitol, tinh bdt (ngd khir trung, dong keo so bd), sucroza, duong dang khéi
cau, sulfobutylete b-xyclodextrin, bdt tan, nhya tragacan, trehaloza, xylitol.

7. Dugc pham theo diém 4, trong d6 ta duoc dugc dung bao gém chét tao huyén

phu.
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8. Duoc pham theo diém 7, trong d6 chét tao huyén phul duoc chon tir: keo, aga,
alginic axit, bentonit, canxi stearat, carbomer, carboxymetylxenluloza (canxi va
natri), carrageenan, xenluloza (vi tinh thé, vi tinh thé va carboxymetylxenluloza
natri, dugc nghién bot), silicon dioxit keo, destrin, gelatin, gém guar, hectorit,
silic oxit keo ky nudc, hydroxyetyl xenluloza, hydroxymetyl xenluloza,
hydroxypropyl xenluloza, hypromeloza, cao lanh, magie nhém silicat, dung dich
maltitol, triglyxerit mach trung binh, metylxenluloza, phenylmercuric borat,
phospholipit, poycarbophil, polyetylen glycol, este axit béo polyoxyetylen
sorbitan, povidon (polyvinylpyrolidon), propylen glycol alginat, saponit, dau
ving, natri alginat, sorbitan este, sucroza, nhua tragacan, vitamin E polyetylen
glycol sucxinat, va gobm xanthan.

9. Duoc phém theo diém 4, trong d6 ta duoc duge dung bao gém chét tao dém.
10. Duoc phém theo diém 9, trong do chét tao dém dugc chon tir: adipic axit,
dung dich amoniac, axit boric, canxi carbonat, canxi hydroxit, canxi lactat, canxi
phosphat, ba bazo, xitric axit monohydrat, natri phosphat hai bazo,
dietanolamin, glyxin, axit maleic, axit malic, methionin, natri phosphat don
bazo, monoetanolamin, mononatri glutamat, axit phosphoric, kali xitrat, natri
axetat, natri bicarbonat, natri borat, natri carbonat, natri xitrat dihydrat, natri
hydroxit, natri lactat, va trietanolamin.

11. Duoc pham giai phéng kéo dai chira vi cdu nap 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
b]pyridin-2-amin.

12. Duoc pham giai phéng kéo dai theo diém 11, trong d6 vi cdu bao gdom
polyme.

13. Dugc pham giai phéng kéo dai theo diém 12, trong d6 polyme bao gom
poly(D,L-lactit).
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14. Duoc pham giai phéng kéo dai theo diém 12, trong d6 polyme bao gom
poly(D,L-lactit-co-glycolit).

15. Duoc phim giai phéng kéo dai theo diém 12, trong d6 polyme bao gdm
poly(D,L-lactit) va poly(D,L-lactit-co-glycolit).

16. Dugc pham giai phong kéo dai theo diém 13, trong d6 poly(D,L-lactit) c6 do
nhét tu than bang 0,16-0,35 dL/g.

17. Duoc phdm giai phéng kéo dai theo diém 14, trong d6 poly(D,L-lactit-co-
glycolit) ¢6 d6 nhét ty than bang 0,14-0,24 dL/g.

18. Duoc pham giai phéng kéo dai theo diém 15, trong d6 poly(D,L-lactit) c6 do
nhét tu than bang 0,16-0,35 dL/g va poly(D,L-lactit-co-glycolit) c6 d6 nhét tu
than bang 0,14-0,24 dL/g.

19. Dugc phim giai phéng kéo dai theo diém 15, trong d6 vi cdu c6 ty 16 9:1 clia
poly(D,L-lactit) va poly(D,L-lactit-co-glycolit).

20. Duoc phim giai phong kéo dai theo diém 15, trong dé vi cau c6 ‘t}? 1€ 9,5:0,5
cta poly(D,L-lactit) va poly(D,L-lactit-co-glycolit).

21. Duoc pham giai phong kéo dai theo diém 11, trong d6 vi cdu dugc nap 1%
trong luong/trong luong dén 99% trong lwong/trong lugng hop chat 3-(3-
metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3 H-
imidazo[4,5-b]pyridin-2-amin.
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Hinh 1: Nhiéu xa bét tia X (XRPD) ciia dang Monohydrat ciia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-
amin, 4—-4_10 °20

TA5E5-60-1
6000 |
4000 |

zoco—%\ | 1} | 53 Eg [ gf’
%"w 1 i f § ' } { EH §», fl é

mﬁw j,&L’v M L;izv‘mf \!‘xfg U Wy U’{ ‘»fU LL}E‘J \f\ﬂ«« s W

RRWIY iV LY | S JP OV S

’ I

Vi tri [°Theta] (Pdng
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Hinh 2: Nhiét dd Phén tich nhiét lwong quét vi sai (DSC) va phan tich nhiét trong

lwgng (TGA) ciia dang Monohydrat cia 3-(3-metoxy-4-((4-

metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-

amin, dwgc gia nhiét & 10°C/phut

105 .
)
76.72°C I
160.13°C 195.78°C
| — 83'3.3J/g . 20.82J/g 106.8J/g -0
Q
) 89.20°C
o0 L o _
£ B
2 100 } = 5
) T~ I <
s <
E \ -4 =
\ | o
=
\ <
\\ 3.738% =}
A -6
N
\
\
- | -8
——— DE_ 03013%
1439-680-1_TGA.001 196.38°C
1439-60-1_DSC.001 L
95 . : : ' : : 10
0 50 100 150 200 250
Dén Nhiét dd (°C) Dung cu phd thong V4.5A TA
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Hinh 3: CAu triic tinh thé ciia dang Monohydrat ctia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-

amin
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Hinh 4: Hinh 4nh chong miu thir nghiém XRPD véi miu XRPD Dugec tinh tir ciu

tric don tinh thé

" Pugc do & GENZYME
Puoc tinh tir SCXRD
100.4
0.0
0.0

Cuwing d9 twong ddi (%)

320 2Theta
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Hinh 5: Hiéu qua nap API 1én bién @ IVR - céc vi cAu 12% API/9:1 R202H:752H,
16% API/9:1 R202H:752H va 20% API/9:1 R202H:752H

140

120 - s 20% GZ389988 trong 9:1...
asllaw 16% GZ389988 trong 9:1...

100 -~
80
60
40 -

20

0 50 100 150 200

-86-



31124

Hinh 6: Nhiét d6 DSC ciia cac vi cau 16% API1/9:1 R202H:752H va 20% API/9:1
R202H:752H

0.4 "  16% GZ389988 trong 9:1 202H:752H

g 20% GZ389988 trong 9:1 202H:752H

Dong nhiét (mW)

0 50 100 150 200 250

Nhiét d (°C)
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Hinh 7: Hinh anh vi dién tir quét (SEM) cua
cic vi cAu 16% API/9:1 R202H:752H (1500X)
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Hinh 8: Hinh anh vi dién tir quét (SEM) cua
Vi ciu 20% API/9:1 R202H:752H (1500X)
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Hinh 9: Hiéu qua nap API Ién bién @) IVR - Vi cAu 15% API/R202H, 17%

31124

API/R202H va 19% API/R202H

100
90 -
80 -
70 -

S

= 60 -

£

=2

5 S0 +

eo

[T

§. 40 -

=
30 -
20 -
10
0

0

19% GZ389988 trong 202H
———  17% GZ389988 trong 202H

e 15% GZ389988 trong 202H

20 40 60

Thaoi gian (ngay)
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Hinh 10: Hidu qua nap API Ién bién dd IVR - Vi ciu 16% API/9,5:0,5
R202H:752H, 18% API/9,5:0,5 R202H:752H v 20% API/9,5:0,5 R202H:752H

Luwong giai phéng (%)

140

120 -

100

80 1

40 1

20

L 20% GZ389988 trong 202H:752H (9,5:0,5)
i 18% GZ389988 trong 202H:752H (9,5:0,5)

S 16% GZ389988 trong 202H:752H (9.5:0.5)
—ee

2b 40 éO

80 100
Thoi gian (ngay)
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Hinh 11: Hiéu qua hén hop polyme lén bién @5 IVR - Vi ciu 16% API/R202H, 16%
AP1/9,0:0,5 R202H:RG752H va 16% AP1/9:1 R202H:RG752H

140
~—@—  16% GZ389988 trong 202H:752H (9:1)
120 | o 16% GZ389988 trong 202H:752H (9,5:0,5)
caipun 16% GZ389988 trong 202H.752H

100 -

80

60 +

Luwong giai phéng (%)

40 -

20 -

» 20 40 60 80 100 120 140 160 180

Thai gian (ngay)
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Hinh 12: Hiéu qua hén hop polyme 1én bién d§ IVR - Vi ciu 16% API/R202H, 16%
AP1/9,5:0,5 R202H:RG502H va 16% API/9:1 R202H:RG502H

100 4

80 -

60 -

40 4

Lwong giai phéng (%)

16% GZ389988 trong 202H

20 16% GZ389988 trong 202H: 502H (9,5:0,5)

16% GZ389988 trong 202H: 502H (9:1)

0 20 40 50 80 100 120 140 160 180 200

Thoi gian (ngay)
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Hinh 13: Ché phim thé hién bién d9 IVR céap khéong trong 180 ngay - Vi ciu
15% API/9:1 R203H:RG752H va 16% AP1/9,5:0,5 R202H:RG502H

120

——

15% GZ389988 trong 203H:752H (9:1)
s 16% GZ3R99RR trana 202H- SO2H (9 50 5)

Tich tu % giai phong %

0 50 100 150 200 250

Thoi gian (ngay)
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Hinh 14: Hiéu qué ciia h¢ ddng dung mai trong diéu ché I1én bién @9 IVR - Vi ciu
16% API/9:1 R203H:RG752H - 9:1 DCM:MeOH, 9:0,5:0,5 DCM:MeOH:BA,
9,5:,05 DCM:BA, 9:1 DCM:BA

100
7 16% GZ389988 trong 202H:752H (9:1); DCM:MeOH (9:1)
90 + s 16% GZ389988 trong 202H:752H (9:1) DCM:MeOH:BA (9,0:0,5:0,5)
—s— 16% GZ389988 trong 202H:752H (9:1); DCM:BA (9,0:0,5)
80 1 . 16% GZ389988 trong 202H:752H (9:1); DCM:BA (9:1)
70 A

60

50

40

Lugng giii phong (%)

30 A

20

10 A

0 10 20 30 40 50 60 70 80 80
Thoi gian (ngay)
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Hinh 15: Hiéu qua ciia hé théng dong dung méi DCM:BA lam ting nap API Ién
bién d6 IVR - Vi cdu 16% API/9:1 R202H:RG752H, 25% API1/9:1 R202H:RG752H,
30% API/R202H, 40% API/R202H, 25% API/R203H, 30% API/R203H, 40%

API/R203H, 50% API/R203H

100

90

80 -

70

Tich tu % giai phong %

P

VU7 FLIGYTDO N LUSTT (ULOIMNL BA; 1L.LML UGV ‘

16% GZ389988 trong 9:1 202H:752H (0,2mL BA; 1,8mL DCM)
25% GZ389988 trong 9:1 202H:752H (0,2mL BA; 1,8mL DCM)
30% GZ389988 trong 202H (0,26mL BA; 1,2mL DCM)

40% GZ389988 trong 202H (0,4mL BA; 1,2mL DCM)

. 40% GZ389988 trong 202H (0,5mL BA; 1,2mL DCM)

25% GZ389988 trong 203H (0,2mL BA; 1,8mL DCM)
30% GZ389988 trong 203H (0,2mL BA; 1,8mL DCM)
40% GZ389988 trong 203H (0,4mL BA; 1,2mL DCM)
40% GZ389988 trong 203H (0,5mL BA; 1,2mL DCM)

50% GZ389988 trong 203H (0,5mL BA; 1,2mL DCM)

T T T

0 10 © 20 30 40 A0
Thoi gian (ngay)
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Hinh 16: Hinh 4nh vi dién ti quét (SEM) cita Vi cau dwoc diéu ché bang quy trinh
két vi nang huyén phu dwgc micron héa (1500X)
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Hinh 17: Hiéu qua cia quy trinh két vi nang huyén phu dwgc micron héa 1én bién
d IVR - Vi ciu 25% API/9:1 R202H:RG752H 39mL 5% PVA + 2,6mL EA, 25%
API/9:1 R202H:RG752H 39mL 5% PVA + 3,25mL EA, 25% API/R203H 39mL 5%
PVA +2,0mL EA, 30% Viluwu API/9:1 R202H:RG752H 39mL 5% PVA + 2,0mL
EA, 40% Vi lvu API/9:1 R202H:RG752H 39mL 5% PVA +2,0mL EA, 30% Vi luu
API/9:1 R202H:RG752H 39mL 5% PVA + 2,0mL EA, 30% Vi luu AP1/9:1
R202H:RG752H 39mL 5% PVA + 2,3mL EA, 30% Vi lvu API/R202S 39mL 5%
PVA +2,0mL EA, 30% Viluu API/R203S 39mL 5% PVA +2,0mL

100

T 259 GZ389988 trong 202H:752H (9:1)
00 | B )59 GZ389988 trong 202H:752H (9:1)
“sde= 5% GZ389988 trong 203H
= 30% GZ389988 trong 203H:752H (9:1); vi luu API

80 e 40% GZ389988 trong 203H:752H (9:1); vi luu API
el 30% GZ389988 trong 203H:752H (9:1); vi huu API
wamien . 30% GZ389988 trong 203H:752H (9:1); vi lwu API

70 - sswsene ] 30% GZ389988 trong 202S; vi luu API

. 30% GZ389988 trong 203S: vi luu API

60

50

40 -

Tich tu % giai phong %

ERN

20 4 4

5 n i 20
Thoi gian (ngay)
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Hinh 18: Hinh anh vi dién ti quét (SEM) ciia
Vi ciu 16% API1/9:1 R202H:RG752H, Chiét dung méi (1000X)
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Hinh 19: Hinh anh vi dién tir quét (SEM) cua
Vi ciu 16% API/9:1 R202H:RG752H, siy phun (1000X)

¢ R A5
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Hinh 20: Hiéu qua ciia Quy trinh két vi nang lén bién @9 IVR - Vi cau 16% API1/9:1
R202H:RG752H bing cich Chiét dung méi (OW), Vi ciu 16% API/9:1
R202H:RG752H bing cich siy phun (20% va 22,5% Polyme) va Vi cau 16%
AP1/9:1 R203H:RG752H bing cach siy phun (22,5% Polyme)

80 |
X
> 60
=
o
=
(=9
]
Y]
X 40 -
=.
E
-~
2
=

16% GZ389988 trong 202H:752H (9:1) O/W
20 16% GZ389988 trong 202H:752H (9:1) sy phun; 20% polyme

«  16% GZ389988 trong 202H:752H (9:1) séy phun; 22.5% polyme

i 16% GZ389988 trong 203H:752H (9:1) sy phun; 22.5% polyme

0 20 40 60 80 100 120 140 160 180 200

Théi gian (ngay)
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Hinh 21: Hinh anh vi dién tir quét (SEM) cia
Vi chu 16% API/1:1 R202H:R203H/Khéng chit phu gia, siy phun (1000X)

15 kV
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Hinh 22: Hinh anh vi dién tir quét (SEM) ciia
Vi ciu 16% API/1:1 R202H:R203H/31,25mg PEG, siy phun (1000X)
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Hinh 23: Hinh anh vi dién tir quét (SEM) cua
Vi chu 16% API/1:1 R202H:R203H/31,25mg Poloxamer 407, siy phun (1000X)
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Hinh 24: Hiéu qua ciia % 10kDa PEG hodc 1% Poloxamer 407 1én bién d¢ IVR -
16% API/1:1 R202H:R203H/Khong chit phu gia, 16% API/1:1
R202H:R203H/31,25mg PEG, 16% API/1:1 R202H:R203H/31,25mg Poloxamer 407

100
90 16% GZ389988 trong 50:50 202H: 203H
=f=  16% GZ389988 trong 49,5:49,5:1 202H: 203H:10kdA PEG
80 weihes  16% GZ389988 trong 49,5:49,5:1 202H: 203H:Poloxamer 407
70
60
50

40 A

30 A

Tich tu % giai phong %

20 A

10 A

5 10 15 20 25 30 35 40

Thoi gian (ngay)
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Hinh 25: Bién d¢ IVR trong co thé (chudt) - Vi ciu 16% API/9:1 202H:RG502H va
15% APL1/9:1 R203H:RG752H

100 -

o]
o
£

D
o
i

Tich tu % giai phong (%)

wa...  16% GZ389988 trong 9:1
202H: 752H
20

Thai gian (thang)
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Hinh 26: ['“C] 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-
pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin duy tri theo thoi gian (Khép
diu gbi cita chudt) - Vi cAu 16% API/9:1 202H:RG502H va 15% API/9:1

100 -

=Tk 16% GZ389988 trong 9:1 202H:752H

90 ¥
o= 15% GZ389988 trong 9:1 202H:752H

80 &

y =-5.6283x + 66.719
R?=0.5283

70 -

50 L

40 e

30 -

20 -

y = -14.063x + 70.123
R2 = 0.741

0 -

Thoi gian (thiang)
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Hinh 27: Mo6i lién hé Nong d¢ - Thoi gian ciia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-

amin (M4u chudt) - Vi cdu 16% API/9:1 202:H:RG502H va 15% API/9:1
R203H:RG752H

100 3
X 16% GZ389988 trong 9:1
202H:752H
4 15% GZ389988 trong 9:1
10 4 202H:752H —
&
o
2
0.1 T H 1

Théi gian (thing)

- thé hién gia tri ECso (dua trén t& bao) ciia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin bang 1,4ng/mL)
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Hinh 28: Bién d¢ IVR - Vi ciu 16% API/9:1 202:H:RG752H, 15% API/9:1
R203H:RG752H va 40% API/203H

100

a0 ~*=  Ché phim A: 16% GZ389988 trong 9:1 202H:752H
~=  Ché phAm B: 15% GZ389988 trong 9:1 203H:752H
80 -
< Ché pham C: 40% GZ389988 trong 203H

70 -

60

50 -

40

30

Tich tu % giai phong

20

s

Thai gian (ngay)
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Hinh 29: Moi lién hé Nong dd - Thoi gian ciia 3-(3-metoxy-4-((4-
metoxybenzyl)oxy)benzyl)-6-(1-metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-
amin - Vi cidu 16% API/9:1 202:H:RG752H, 15% API/9:1 R203H:RG752H va 40%

API/203H
= A 0.1 mg
100.0 . s B 0.1 mg
5 i C 0.1 Mg
E ~-f-A_1mg
Ef s B 1 Mg
2 &
E
g -
o
0 AT T —— s .
4
0.0
0 200 400 600 800
Thai gian (h)
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Hinh 30: XRPD dwgc do hoac dwge mo phéng ciia cac Dang tir 1 dén 4 (khan va

hydrat)

31124

Thwéc 2-Theta
Monohydrat 1 (Dang 1)
Khan 1 (Dang 2)
Khan 2 (Dang 3)
Biéu db XRPD mé phong cuia sesquihydrat (Dang 4)
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Hinh 31: XRPD cia Dang S (Etanol )

FLS

Lin (dém)

|

|

{ih
i

Solvat E{OH - File: br1136.raw

Mb phong tir XRSCD -

Db thj thanh cia etanol solvat tir chi s6 ciia miu XRPD
D4 thi thanh ciia etanol solvat tir XRSCD

Thuwéce 2-Theta
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Hinh 32: XRPD cia Dang 9 (Axeton)
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Thuwéce 2-Theta

E!g Axeton solvat 1 — File: XA1089.raw
FE] M6 phong tir XRSCD -
[I] Db thi thanh ciia axeton solvat tir XRSCD
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Hinh 33: So sanh XRPD ctia Dang 10 (Axeton) va Dang 9 (Axeton)
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Hinh 34: XRPD ctia Dang 11 (Axetonitril)
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Hinh 35: Pha tinh thé riin cia 3-(3-metoxy-4-((4-metoxybenzyl)oxy)benzyl)-6-(1-
metyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-2-amin
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