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(54) HOP CHAT BENZIMIDAZOL VA DUGC PHAM CHUA HOP CHAT NAY

(57) Sang ché dé cap dén hop chit benzimidazol hitu dung trong diéu tri cac réi loan lién
quan den protein kinaza. Sang ché cing dé cap dén dugc pham chia hop chét ndy. C6 nhu
cau vé cac hop chit hitu dung trong diéu tri hodc ngan ngra mot hodc nhiéu triéu chimg
bénh ung thu, thai loai manh ghép. Ngoai ra, c6 nhu cau vé phuong phap diéu bién hoat
tinh protein kinaza, nhu CDK4 va/hodac CDK6, béng cach su dung hop chit duoc dé xuét

trong ban mo ta.
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Linh vuc k§ thuit dwoe dé cip

Sang ché dé cap dén cac hop chit benzimidazol hitu dung dé we ché kinaza phu
thudc xyclin. Cu thé hon, sang ché d& xuét cac hop chit va duge pham chira ching ma
duoc st dung lam chit trc ché CDK4/6, va phuong phép diéu tri cac bénh qua trung
gian CDK4/6, nhu bénh ung thu.

Tinh trang k¥ thuit cia siang ché

Céc kinaza phu thudc xyclin (Cyclin-dependent kinase - CDK) lam trung gian
cho su tién trién cta chu trinh té bao, diéu hoa su chuyén tiép tir pha G1 sang pha S va
tir pha G2 sang pha M. Hoat tinh CDK dugc kiém soat chit ché trong toan bd chu trinh
t& bao bdi cac bién dbi sau phién ma ciing nhu sy biéu hién céc xyclin va cic chat trc
ché CDK. C6 bbn CDK ting sinh: CDK 1, chii yéu didu hoa sy chuyén tiép tir pha G2
sang pha M, va CDK?2/4/6, didu hoa sy chuyén tiép tir pha G1 sang pha S.

Su tién trién trong toan chu trinh té bao la quy trinh dugc diéu hoa & mic cao.
Khi khéng c6 mit cac tin hiéu sinh truéng thich hgp, ho cc protein tui (pocket protein)
bao gdm protein u nguyén bao véng mac (retinoblastoma protein - pRb) ngan can té
bao chuyén vao pha sao chép ADN (pha S). Chu trinh sao chép bat dau khi cac
mitogen kich hoat cic con dudng tai nap tin hiéu, dan dén tang mtrc D-xyclin trong té
bao. Céc D-xyclin, vé phan minh, hoat hoa cic kinaza phu thudc xyclin 4/6 (CDK4/6),
ma phosphoryl hoa va bat hoat pRb.

Su tang sinh té bao khong kiém soat 1a mot trong s6 nhitng ddu chuan cua bénh
ung thu, va su hoat hoa pRb 1a su kién chinh lam cho cac té bao khdi u tién trién qua
chu té bao ma khong bi can trd. Trong khi mot s6 khéi u ty x6a bo gen pRb, hau hét
khéi u duy tri pRb chiic nang va thay vao d6 hoat héa hoat tinh CDK4/6 kinaza. Su
thiéu hut hoat tinh CDK4/6 kinaza dan dén su tc ché sinh truong khéi u hoan toan &
nhiéu loai bénh ung thu nhu ung thu vt HR+, u lympho té bao 16p vo, u nguyén bao
than kinh dém va ung thu phdi té bao vay. Hon nita, cdc nguyén bio soi binh thuong
da thé hién 1a khic phuc duoc su thiéu ving CDK4/6 nho bu bang CDK 1, ma su thiéu
ving CDK1 1a khong bod qua duge. Tong hop lai, cac bang ching nay cho thiy ring
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chét trc ché chon loc CDK4/6 c6 thé c6 cira s6 diéu tri rong hon so véi cac chat e ché

pan-CDK.

Ngoai céc tac dung chong ung thu truc tiép, cac chét e ché CDK4/6 dugc phat
hién 1a diéu tri cac bénh viém, bénh xuwong, bénh chuyén hoa, bénh than kinh va thoai
héa than kinh, bénh tim mach, di ung va hen, bénh Alzheimer, va cac bénh lién quan
dén hormon. Theo d6, da c6 nd luc dang ké trong linh vuc hoa dugc dé tim ra cac chat

trc ché CDK4/6 hitu dung lam tac nhan diéu tri.

CDKI la yéu t6 xac dinh chinh clia su tién trién nguyén phan va dé la CDK duy
nhit co thé bat dau su khoi phat nguyén phan. Céc thir nghiém bat hoat gen & chudt
nhit da thé hién réng CDK1 can thiét cho su tang sinh té bao dong vat cé va.l"" vi
CDK1 1a yéu t6 can thiét cho su tang sinh té bao, doc té do su e ché CDK1 gay ra sé
han ché kha nang dat duge mirc do tri lidu, do do can giit duge tinh chon loc CDK1 so

v6i dich huéng dén cua duge pham 1a CDK4/6.

CDK2 c6 lién quan vé mat cdu triic va chirc nang vdi CDK1; n6 ¢6 profin co chét
rong hon dang ké so voi CDK4 va CDK6, va né phosphorylat héa sé luong 16n protein
lién quan dén su tién trién chu trinh té bao (vi du, p27KIP1 va RB), su sao chép ADN
(vi du, cdc yéu td sao chép A va C), su tong hop histon (vi du, NPAT), su nhan doi
centrosom (vi du, nucleophosmin (NPM)), trong s6 cac quy trinh khac. Trai voi CDK4
va CDK6, CDK2 khong duge diéu hoa bdi cac protein INK4 ma boi loai protein tuong
tac CDK/protein trc ché kinaza (CIP/KIP) ciia cac chit we ché CDK, ma lién két voi
cac phire CDK2—xyclin va lam chung bi bat hoat. [1] Khi cic tac gia sang ché thiét ké
chét trc ché CDK4/6 1am thudc chéng ung thu, tdt hon 1a gift duoc tinh chon loc chéng
lai CDK2.

Ngoai cac CDK ma thuc ddy truc tiép sy tién trién chu trinh té bao (vi du, CDK4,
CDK6, CDK2 va CDK1), ho cac CDK khac ma diéu hoa sy phién ma duogc xac dinh,
bao gdm CDK7, CDK8 va CDK9. CDK7 ¢6 vai trd chung trong su phosphoryl hoa
ving tin cung carboxy cia ARN polymeraza II ma gép phan khéi dong su phién ma,
va CDK9 ciing phosphoryl héa RNA polymeraza II, nhé d6 thiic ddy su kéo dai phién
ma. [1] Thé hé céc chét te ché CDK dau tién la cac chét e ché pan-CDK va khong
thanh cong do cdc ddc tinh khong kiém soat duge. Vi du, flavopiridol 1a chét tc ché

CDK da dugc nghién ctru siu rong nhat. Mac du flavopiridol ¢6 thé gay ra sy kim ham
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chu trinh té bao trong pha G1 va pha G2, trong nhimg tinh hudng nhét dinh n6 cling
gdy ra dap tmg doc té bao, co thé do su we ché CDK7 va CDK9 ma dan dén su kim
ham phién ma."”) Do do, cin tranh CDK7/9 khi thiét ké cac thube hudng dich CDK4/6.
Cho dén nay, nhidu chét e ché CDK khac nhau da duoc dénh gia tién 1am sang
va lam sang. Dya vao cac bang chimg néu trén, nhiéu nhom nghién ctru da tién hanh
kham phé chat trc ché chon loc CDK4/6, v6i chit dugce nhic dén nhidu trong tai lidu 1a
Palbociclib (PD-0332991), Ribociclib (LEE-011) va Abemaciclib (LY2835219). Tuy
nhién, vin con nhu cau cung cép nhiéu chét e ché CDK4/6 tiém nang, chon loc va an
toan ma c6 thé duogc st dung trong diéu tri cac rdi loan tang sinh t& bao nhu bénh ung
thur.
Tai liéu tham khao:

[1]. Uzma Asghar, Agnieszka K. Witkiewicz, Nicholas C. Turner, Et al. Nat Rev
Drug Discov. 2015, 14(2): 130-146.

[2]. Prithviraj Bose, Gary L Simmons, Steven Grant. Expert Opin Investig Drugs.
2013, 22(6): 723-738.

Ban chit ky thuit ciia sang ché

Sang ché d& cap dén cac hop chét benzimidazol duoc st dung lam chét tc ché
CDK4/6 va dé diéu tri cac bénh qua trung gian CDK4/6. Céc hop chat theo sang ché
c6 cong thire chung I. Hop chét ¢6 cong thuc I, hodc chét ddng phan 1ap thé, chét dong

phéan hd bién, dang da hinh, solvat, mudi duoe dung, hodc tién duoc chét cla ching,
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vong A la aryl hodc heteroaryl;

Z duge chon tir nhém gdm CH,, NH, O va S;
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R; ddc lap dugc chon tir nhém g6m hydro, halogen, CN, NO,, OH, NH,, C, salkyl,
C,galkoxy, Cjgxycloalkyl, aryl, heteroaryl, heteroxyclyl, heteroxyclyl-(CHy)y-,
aryl-Calkyl-, heteroaryl-C,alkyl-, -NRj;Rj3, -NR;»-Ciealkylen-NRjpRy3,  va
heteroxyclyl-C(O)-, trong d6 Cigalkyl, C,salkoxy, Cs.gxycloalkyl, aryl, heteroaryl,
heteroxyclyl, heteroxyclyl-(CHy),-, aryl-C,galkyl-, heteroaryl-C,¢alkyl-, hodc
heteroxyclyl-C(O)- mdi nhom nay khong dugc thé hoac duge thé bang it nhat mot phan
o thé duoc chon tir halogen, hydroxyl, C,salkyl, Csgxycloalkyl, heteroxyclyl,
-NR,R 3, hodc -(CH,)-OH;

R, va R; mdi nhom doc 1ap duoc chon tir H, OH, CN, NO,, NH,, halogen, C;_galkyl,
C,.3 alkoxy, Csgxycloalkyl, aryl, heteroaryl, heteroxyclyl; trong d6 C,; alkyl, C;g
alkoxy, Csgxycloalkyl, aryl, heteroaryl, heteroxyclyl mdi nhom nay khong dugc thé
hodc duogc thé béng it nhat mot phén tr thé duoc chon tir halogen, hydroxyl, C,_salkyl,
Cjgxycloalkyl, hodc heteroxyclyl;

R;, va R;; mdi nhom doc lap duoc chon tr H, C,galkyl, aryl, heteroaryl,
heteroxyclyl, hoac Csgxycloalkyl; trong d6 C,salkyl, aryl, heteroaryl, heteroxyclyl,
hoac C;.gxycloalkyl méi nhém nay khong dugc thé hodc duoc thé bang it nhdt mot phan
ttr thé duoc chon tur halogen, hydroxyl, C;_galkyl, C;_¢xycloalkyl, hodc heteroxyclyl;

mlao, 1,2, 3 hoac 4;

nlao0, 1,2, 3 hoac 4,

tla 0,1, 2, 3 hoac 4.

Theo mét sb phuong an vé cong thie I, Z 1a CH,.

Theo mot sb phuwong an vé cong thie I, Z 12 O.

Theo mot s phuong an vé cong thirc I, vong A 1a heteroaryl 6 canh chira mot

hodc hai nguyén tir khac loai N, vi du, pyridyl, pyrimidinyl, pyridazinyl va cdc nhom

tuong tu.
AN §N
| ()
Theo cac phuong an khac vé cong thie I, vong A la N fj\, N7 hoac
/N\N
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Theo mot sb phuong éan vé cong thire I, R, 1a heteroxyclyl-(CH;),,-, hoéc
heteroxyclyl-(CHy)m- duoc thé bang C,galkyl, NR ;R 5, heteroxyclyl 4 dén 6 canh,
Cj.gxycloalkyl, hoac -(CH,)-OH.

Theo cac phuong 4an khac vé cong thirc I, R, 1a heteroxyclyl-CH,- 5 dén 6 canh,
hodc heteroxyclyl-CH,- 5 dén 6 canh duoc thé béng Cisalkyl, -N(CHj),,

v, T T, A

N.
N(CH,CH,OH)CH,, =~ ¥, & &, 7% .CH,0H, -CH,CH,OH,
hoac -OH.

Theo cic phuong 4n khéac vé cong thuc I, R, 1a heteroxyclyl-CH,- 6 canh, hodc
heteroxyclyl-CH,- 6 canh dugc thé bang metyl hodc etyl.

Theo mdt sé phuong an vé cong thire I, R, 14 heteroxyclyl, hodc heteroxyclyl dugc
thé béng C,.galkyl, NRj,R;3, heteroxyclyl 4 dén 6 canh, Cjgxycloalkyl, hoac
-(CH,)-OH.

Theo céc phuong an khac vé cong thire I, R, 14 heteroxyclyl 5 dén 6 canh, hoac

heteroxyclyl 5 dén 6 canh duoc thé bang C,salkyl, -N(CHs),, -N(CH,CH,OH)CHj,

o, U L
Qﬁ\, ng‘\, £ Af\,-CHZOH, _CH,CH,OH. hodc OH.

Theo cac phuong an khic vé cong thiuc I, R; 1a heteroxyclyl 6 canh, hoac

heteroxyclyl 6 canh dugc thé bang metyl hodc etyl.

Theo mot s6 phuong 4n vé cong thie I, R, 1a heteroxyclyl-C(O)- 6 canh hoac
heteroxyclyl-C(O)- 6 canh dugc thé bang Cyzalkyl.

Theo cac phuwong an khac vé cong thic I, R, 1a heteroxyclyl-C(O)- 6 canh sduoc
thé bang metyl.

Theo mot s phuong 4n vé cong thire I, heteroxyclyl chira mot hodc hai nguyén tr

khéc loai N hoac O lam nguyén tir ctia vong.

Theo mot sé phuong an vé cong thue I, heteroxyclyl chtra mdt hodc hai nguyén tir

khac loai N lam nguyén tir cua vong,.

Theo mdt s6 phuong 4n vé cong thire I, R 1 -NR,-C salkylen-NR 5R .
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Theo mdt so phuong an vé coéng thue I, Ry, va Ryj3 moi nhom doc lap 1a H,

-(CH,)-OH hodc Cy.salkyl.

Tét hon, Ry, va Ry; mdi nhom doc 1ap 1a OH, CH,CH,OH, metyl hodc etyl.

N P
bNx‘i Uvn

Theo mot s6 phuong én vé cong thuc I, R, la

I
N N QN e /\N/\ HN
‘\/)wa; : O@z , U:‘ ONA :

O

s 0w T Che
Ho/\\G\)LL HO\/\N E%OH E%OH o& O\lN/\

N:i NS

A L A
N/\ N/\ Nﬁ
K/N\}i’ N hoac K/N\/VL"«.

Theo mot sé phuong 4n vé cong thire I, m 1a 1.

Theo mdt s phwong 4n vé cong thic I, nla 1.

Theo mdt sb phuong an vé cong thuc [, t1a 0, 1, hoac 2.

Theo mot sb phuong an vé cong thtrc [, R, va Rj mdi nhom doc 1ap 1a H, OH,
halogen, Cialkyl, C;.alkyl duoc thé bé‘mg halogen, Cgalkoxy, Cjealkoxy dugc thé
bang halogen.

Theo cac phuong an khac vé cong thue I, R, va Ry mdi nhom doc 1ap 1a H, OH, F,
Cl, CH3, CHQCH:;, CF3, -OCH3, hOé,C -OCF3.

Theo cac phuong an khac vé Cong thie I, R, va Ry déulaF.

Sang ché ciing dé xuét mot s6 giai phap k¥ thuat duoc vu tién vé hop chét co cong
thtre I, va hop chét nay 1a:

1) 4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-y1)-N-(5
-(4-metylpiperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;
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2) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(6-flo-1-metyl-1,2,3,4-
tetrahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)pyrimidin-2-amin;

3) 5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5Jimidazo[ 1,2-a]pyridin-8-yl)
-N-(5-(4-metylpiperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

4) 5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5 Jimidazo[ 1,2-a]pyridin-8-yl)
-N-(6-((4-metylpiperazin-1-yl)metyl)pyridin-3-yl)pyrimidin-2-amin;

5) 5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5 Jimidazo[ 1,2-a]pyridin-8-yl)
-N-(5-((4-metylpiperazin-1-yl)metyl)pyrimidin-2-yl)pyrimidin-2-amin;

6) N-(5-((4-(dimetylamino)piperidin-1-yl)metyl)pyrimidin-2-yl)-5-flo-4-(6-flo-1-
metyl-1,2,3,4-tetrahydrobenzo[4,5 Jimidazo[1,2-a]pyridin-8-yl)pyrimidin-2-amin;

7) N-(5-((4-(dimetylamino)piperidin- 1-yl)metyl)pyridin-2-yl)-5-flo-4-(6-flo-1-me
tyl-1,2,3,4-tetrahydrobenzo[4,5 Jimidazo[ 1,2-a]pyridin-8-yl)pyrimidin-2-amin;

&) N-(5-(4-(dimetylamino)piperidin-1-yl)pyridin-2-yl)-5-flo-4-(6-flo-1-metyl-1,2,
3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)pyrimidin-2-amin;

9) (2-((5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5 ]imidazo[ 1,2-a]pyridin-
8-yl)pyrimidin-2-yl)amino)pyrimidin-5-yl)(4-metylpiperazin-1-yl)metanon;

10) (6-((5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridi
n-8-yl)pyrimidin-2-yl)amino)pyridin-3-yl)(4-metylpiperazin-1-yl)metanon;

11) N5-(2-(dietylamino)etyl)-N2-(5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo
[4,5]imidazo[1,2-a]pyridin-8-yl)pyrimidin-2-yl)-N5-metylpyridin-2,5-diamin;

12) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-4-(6-flo-1-metyl-1,2,3,4,4a,5-
hexahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)-5-(triflometyl)pyrimidin-2-amin;

13) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-4-(6-flo-1-metyl-1,2,3,4,4a,5-
hexahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)-5-metylpyrimidin-2-amin;

14) 5-clo-N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-4-(6-flo-1-metyl-1,2,3,
4-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)pyrimidin-2-amin;

15) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-¢][ 1,4]oxazin-
7-y1)-N-(5-(4-metylpiperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;
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16) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

17) N-(5-(4-(dimetylamino)piperidin-1-yl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-3,
4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

18) N-(5-((4-(dimetylamino)piperidin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-m
etyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

19) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-(piperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

20) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-(piperazin- 1 -ylmetyl)pyridin-2-yl)pyrimidin-2-amin;

21) N-(5-flo-4-(9-flo-4-metyl-3,4-dihydro- 1H-benzo[4,5]imidazo[2,1-c][ 1.,4]oxaz
in-7-yl)pyrimidin-2-y1)-6-(4-metylpiperazin-1-yl)pyridazin-3-amin;

22) 6-((4-etylpiperazin-1-yl)metyl)-N-(5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-be
nzo[4,5]imidazo[2,1-c][ 1,4]oxazin-7-yl)pyrimidin-2-yl)pyridazin-3-amin;

23) (1-(6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5 Jimidazo[2,1-c][ 1,4]
oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)pyrolidin-3-yl)metanol;

24) (1-((6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro- 1 H-benzo[ 4,5 |imidazo[2,1-c][1.,4]
oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)metyl)pyrolidin-3-yl)metanol;

25) N-(5-(4-xyclopropylpiperazin-1-yl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

26) N-(5-((4-xyclopropylpiperazin-1-yl)metyl)pyridin-2-yl)-5-tlo-4-(9-flo-4-mety
1-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

27) 2-((1-((6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro- 1H-benzo[4,5]imidazo[2,1-¢][
1,4]oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)metyl)piperidin-4-yl)(metyl)amino)
etan-1-ol;

28) 1-(6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro- 1H-benzo[4,5]imidazo[2,1-c][1,4]o
xazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)-3-metylpyrolidin-3-ol;
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29) 1-((6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1.4]
oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)metyl)-3-metylpyrolidin-3-ol;

30) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-((4-(oxetan-3-yl)piperazin-1-yl)metyl)pyridin-2-yl)pyrimidin-2-amin;

31) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5imidazo[2,1-c][ I ,4]oxazin-
7-y1)-N-(5-(4-(oxetan-3-yl)piperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

32) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-1,2,3,4
-tetrahydrobenzo[4,5]imidazo[ 1,2-a|pyrazin-7-yl)pyrimidin-2-amin;

33) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5|imidazo[2,1-c][1,4]oxazin-
7-y1)-N-(5-((4'-metyl-[1,1'-bipiperazin]-4-yl)metyl)pyridin-2-yl)pyrimidin-2-amin;

34) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5 ]imidazo[2,1-¢][1,4]oxazin-
7-y1)-N-(5-((4-(1-metylpiperidin-4-yl)piperazin-1-yl)metyl)pyridin-2-yl)pyrimidin-2-a
min.

Bit ngo 13, chat dong phan 1ap thé (-) c6 dd tinh khiét cao ctia hop chat c6 cong
thire I ¢6 lgi hon so voi chét ddng phén 1ap thé (+) vé mat hoat tinh sinh hoc. Vi du, chat
dong phan lap thé (-) tinh khiét vé mat quang hoc ctia hop chat 2
(N-(5-((4-etylpiperazin-1-yl)metyl)
pyridin-2-yl)-5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridi
n-8-yl) pyrimidin-2-amin) ¢6 hiéu luc hon so véi chat dong phan 1ap thé (+) cta hop

chat nay.

Trir khi duoc chi dinh khac, "(-)" theo sang ché c6 nghia la do quay quang c6 gié tri
am; va "(+)" c6 nghia la 46 quay quang c6 gia tri dwong. Hop chét duge mo ta trong ban
md ta c6 thé 1a chit dong phan (-) ctia hop chét va/hodc chét dong phan (+) cua hop chat.

Sang ché ciing dé xuat duge pham chira lwong hitu hiéu diéu tri cia hop chat co
cong thuce [ hoac mudi dugc dung cua né va ta duge duge dung.

Theo mot sb phuong an, hop chit nay co ty 1 khéi lugng so véi ta duge nam trong
khoang tir khoang 0,001 dén khoang 10.

Sang ché cling dé xuét hop chét theo sang ché, mudi duoc dung cua no6 hodc duoc

pham néu trén dé bao ché thudc|.
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Theo mot sé phuong an, thude duge str dung dé diéu tri bénh ung thu, nhu bénh
ung thu dai trang, bénh ung thu truc trang, u lympho té bao 16p vo, da u tily, bénh ung
thu va, bénh ung thu tuyén tién liét, u nguyén bao than kinh dém, bénh ung thu thuc
quan té bao vay, sacom m&, u lympho té bao T, u hic td, bénh ung thu tuy, bénh ung thu

ndo hodc bénh ung thu phoi.

Theo mét sé phwong an, thude duge st dung lam chat e ché CDK, tt hon la

CDK4 va/hodc CDKG6.

Sang ché dé xuat phuong phap diéu tri bénh ung thu & dbi tuong, bao gom viéc
cho dbi twong can diéu tri sir dung lwong hiru hiéu diéu tri cia hop chét theo sang ché,
mudi duogc dung cua né hodc dugc phém néu trén. Cu thé, bénh ung thu duoc chon tu
nhém gdm bénh ung thu dai trang, bénh ung thu truc trang, u lympho té bao 16p vo, da u
tiy, bénh ung thu vi, bénh ung thu tuyén tién liét, u nguyén bao than kinh dém, bénh
ung thu thue quan té bao vay, sacom md, u lympho té bao T, u hac td, bénh ung thu tuy,

bénh ung thu ndo hodc bénh ung thu phoi.

Sang ché ciing dé xudt phuong phap diéu tri bénh qua trung gian CDK, vi du
CDK4 va/hoac CDK 6 & dbi tuong, bao gém viéc cho dbi tuong can diéu tri st dung
lurong hiru hiéu diéu tri cua hop chét theo sang ché, mubi duoc dung cua né hoac duoc
phdm néu trén.

MG ta chi tiét sang ché

Céc thuat nglt hoa hoc chung dugc st dung trong cac cong thirc néu trén cd y

nghia thuong dung ctua ching. Vi du, thudt nglt “halogen”, nhu dugc sir dung ¢ day, tru

khi dugc chi dinh khac, nghia Ia flo, clo, bromo hodc iodo. Cac nhoém halogen dugc uu

tién bao gdm F, CI va Br.

Nhu duge st dung & ddy, trir khi duge chi dinh khac, alkyl bao gém cac gbc
hydrocarbon no hoa tri mot c¢6 cac nhom mach théng, hodc mach nhanh. Vi du, cac géc
alkyl bao gém metyl, etyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl,
n-pentyl, 3- (2-metyl) butyl, 2-pentyl, 2-metylbutyl, neopentyl, n- hexyl, 2-hexyl,
2-metylpentyl va cac gbc tuong tu. Tuong tw, Cy.s, nhu trong C,_galkyl duoc xac dinh dé
chi nhém ¢6 1, 2, 3,4, 5, 6, 7 hodc & nguyén ti cacbon trong bd tri mach théng hoac

mach nhanh.
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Céc nhom alkenyl va alkynyl bao gbm cac alken va alkyn mach thang hoac mach
nhanh. Tuong tu, “C,g alkenyl” va “C,¢ alkynyl” nghia la cac gbc alkenyl hoac
alkynyl ¢6 2, 3, 4, 5, 6, 7 hoac & nguyén tir cacbon trong bd tri mach théng hoac mach

nhanh.

Alkoxy la céc ete oxy dugc tao ra tir cac nhom alkyl mach théng hodc mach nhanh

da mo ta trén day, tuc la -O-alkyl.

Nhu duoc st dung ¢ day, cac mao tir chi s6 it, “it nhat mot”, va “mot hodc nhiéu”
duoc str dung thay doi cho nhau. Do do, vi du, ché pham bao gdom mot ta duge dugc
dung co thé duge hiéu theo nghia la ché phim nay bao gdm “mot hodc nhiéu” ta duoc

dugc dung.

Thuét ngit “aryl”, nhu duge sir dung & day, trir khi duoc chi dinh khac, chi h¢ vong
gdm mdt hodc nhiéu vong khong duge thé hoic dugc thé chira cac nguyén tir cia vong
cacbon. Céc aryl dugc wu tién 1a cac hé vong thom 6-10 canh, mot vong hodc hai vong.

Phenyl va naphtyl la cc aryl dugc uu tién. Aryl duge uu tién nhat 1a phenyl.

Thuat ngit “heteroxyclyl”, nhu dugc stir dung ¢ day, trir khi duge chi dinh khac, la
hé vong no mot vong ba dén tdm canh 6n dinh khong dugc thé hoac duoc thé chira cac
nguyén tir cacbon va tir mot dén ba nguyén tir khac loai dugce chon tr N, O hoac S, va
trong do cac nguyén tr khac loai nito hodc luu huynh c6 thé tuy y duge oxy hda, va
nguyén tur khac loai nito ¢ thé tuy y duoc tao bac bén. Nhom heteroxyclyl co thé duoc
gin két & nguyén tir khac loai hodc nguyén tir cacbon bat ky dan dén su tao thanh chu
tric 6n dinh. Vi du vé cdc nhém heteroxyclyl nhu vay bao gdm, nhung khong chi gioi
han & azetidinyl, pyrolidinyl, piperidinyl, piperazinyl, oxopiperazinyl, oxopiperidinyl,
tetrahydrofuranyl, dioxolanyl, tetrahydroimidazolyl, tetrahydrothiazolyl,
tetrahydrooxazolyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl, thiamorpholinyl

sulfoxit, thiamorpholinyl sulfon va tetrahydrooxadiazolyl.

Thuéat ngir “heteroaryl”, nhu dugc st dung ¢ day, trir khi dugc chi dinh khac, 1a hé
vong thom mot vong ndm hodc sdu canh 6n dinh khong dugc thé hodc duoc thé hoac hé
di vong thom chin hodc mudi canh ngung tu benzo khong dugc thé hodc duoc thé hodc
hé di vong thom hai vong chtra cdc nguyén tir cacbon va tir mot dén bdn nguyén tir khac

loai dugc chon tir N, O hodc S, va trong d6 cac nguyén tir khac loai nito hoédc luu huynh
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c6 thé thy ¥ duoc oxy hoa, va nguyén tir khac loai nito c6 thé tiiy y dugc tao bac bén.
Nhom heteroaryl c6 thé duoc gan két tai nguyén tir khac loai hodc nguyén tir cacbon bat
ky dan dén su tao thanh ciu trac 6n dinh. Vi du vé cac nhom heteroaryl bao gf‘)m, nhung
khoéng chi giéi han ¢ thienyl, furanyl, imidazolyl, isoxazolyl, oxazolyl, pyrazolyl,
pyrolyl, thiazolyl, thiadiazolyl, triazolyl, pyridyl, pyridazinyl, indolyl, azaindolyl,
indazolyl, benzimidazolyl, benzofuranyl, benzothienyl, benzisoxazolyl, benzoxazolyl,
benzopyrazolyl, benzothiazolyl, benzothiadiazolyl, benzotriazolyl adeninyl, quinolinyl

hodc isoquinolinyl.

Thuat ngit “xycloalkyl” chi chudi alkyl vong no ¢6 tir 3 dén 12 nguyén tir cacbon,

vi du, xyclopropyl, xyclobutyl, xyclopentyl, hodc xyclohexyl.

Thuét ngit “dugc thé” chi nhom trong d6 mot hodc nhidu nguyén tir hydro mdi
nguyén tir doc 1ap dugc thay thé bang (cac) phan tir thé gidng hodc khac nhau. Cac
phan tir thé thong thuong bao gdm, nhung khong chi gigi han &, halogen (F, CI, Br
hoic I), C,5 alkyl, Cyp, xycloalkyl, -OR', SR', =0, =S, -C(O)R', -C(S)R', =NR',
-C(O)OR', -C(S)OR', -NR'R? -C(O)NR'R?, xyano, nitro, -S(O),R', -OS(0,)OR',
-OS(0),R', -OP(0)(OR")(OR?); trong d6 R' va R* doc 1ap duoc chon tir -H, C g alkyl,
C .6 haloalkyl. Theo mét s6 phuong an, (cac) phan tir thé doc 1ap duoc chon tir nhom
gbém -F, -Cl, -Br, -1, -OH, triflometoxy, etoxy, propyloxy, iso-propyloxy, n-butyloxy,
isobutyloxy, t-butyloxy, -SCHj3, -SC,Hs, nhém formaldehyt, -C(OCHj), xyano, nitro,

CF;,-OCF;, amino, dimetylamino, metyl thio, sulfonyl va axetyl.

Vi du vé cac nhom alkyl dugc thé bao gom, nhung khong chi gigi han o,
2-aminoetyl, 2-hydroxyetyl, pentacloetyl, triflometyl, metoxymetyl, pentafloetyl va
piperazinylmetyl.

Vi du vé cic nhom alkoxy dwoc thé bao gém, nhung khong chi giéi han o,
aminometoxy, triflometoxy, 2-dietylaminoetoxy, 2-etoxycarbonyletoxy,
3-hydroxypropoxy.

Thuat ngtt “mudi dugc dung” chi céc mudi duoc didu ché tir bazo hodc axit khong
doc duge dung. Khi hop chat theo sang ché c6 tinh axit, mudi tuong tng ctia né co thé
duoc diéu ché mot cach thuén tién tir cac bazo khong doc duge dung, bao gém cac bazo

vO co va bazo hiru co. Cac mudi thu duge tir cic bazo vo co nhu vay bao gdm mubi
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nhém, amoni, canxi, dong (ddng (I1) va dong (1)), sat (II1), sat (II), lithi, magie, mangan
(mangan (IIT) va mangan (II)), kali, natri, kém va céac mudi twong ty. Cac mudi dic biét
duge vu tién 12 mubi amoni, canxi, magie, kali va natri. Céc mudi thu duoc tir cac bazo
hitu co khong doc duge dung bao gém cac mudi cua amin bic mdt, bac hai va bac ba,
cling nhu cdc amin vong va cac amin dugc thé nhu cac amin duoc thé c¢6 trong ty nhién
va tng hop. Cac bazo hiru co khong doc duge dung khac ma co thé tao ra mudi bao gom
cac nhua trao ddi ion nhu, vi dy, arginin, betain, cafein, cholin, N’ N'-
dibenzyletylendiamin,  dietylamin, 2-dietylaminoetanol, 2-dimetylaminoetanol,
etanolamin, etylendiamin, N-etylmorpholin, N-etylpiperidin, glucamin, glucosamin,
histidin, hydrabamin, isopropylamin, lysin, metylglucamin, morpholin, piperazin,
piperidin, nhya polyamin, procain, purin, theobromin, trietylamin, trimetylamin,

tripropylamin, trometamin va cac bazo tuong tu.

Khi hop chét theo sang ché ¢6 tinh bazo, mubi tuong ung ctia né co thé duge diéu
ché mot cach thuén tién tir cac axit khong doc dugce dung, bao gém axit vo co va axit hitu
co. Céc axit nhu vay bao gém, vi du, axit axetic, axit benzensulfonic, axit benzoic, axit
camphorsulfonic, axit xitric, axit etansulfonic, axit formic, axit fumaric, axit gluconic,
axit glutamic, axit hydrobromic, axit clohydric, axit isethionic, axit lactic, axit maleic,
axit malic, axit mandelic, axit metansulfonic, axit mucic, axit nitric, axit pamoic, axit
pantothenic, axit phosphoric, axit suxinic, axit sulfuric, axit tartric, axit p-toluensulfonic
va cac axit tuvong tu. Céc axt dugc uvu tién la xitric, axit hydrobromic, axit formic, axit
clohydric, axit maleic, axit phosphoric, axit sulfuric va axit tartric, cac axit dac biét dugc
uu tién la axit formic va axit clohydric. Vi cac hop chét c6 cong thtre [ duge du dinh dé
str dung lam dugc phdm tdt hon néu ciing duge cung cip ¢ dang gan nhu tinh khiét, vi du
tinh khiét it nhat 60%, thich hop hon 1a tinh khiét it nhat 75%, dic biét 1a tinh khiét it
nhét 98% (ty 1& % la dua trén khéi lugng trén khéi lugng).

Céc hop chit theo sang ché ciing c¢6 thé c6 mat & dang mudi duoc dung. Dé st dung
trong duoc pham, cac mudi cia cac hop chat theo sang ché chi “mubi duge dung” khong
doc. Cac dang mudi dugc dung bao gdbm cic mudi axit/anion hodc bazo/cation duoc
dung. Muéi axit/anion duge dung thuong c6 dang trong dé nito bazo duge proton hoa
béng axit vo co hodc hitu co. Cac axit hitu co hodc vo co dai dién bao gém clohydric,

bromhydric, hydriodic, percloric, sulfuric, nitric, phosphoric, axetic, propionic, glycolic,
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lactic, suxinic, maleic, fumaric, malic, tartric, Xitric, benzoic, mandelic, metansulfonic,
hydroxyetansulfonic,  benzensulfonic,  oxalic, pamoic, 2-naphtalensulfonic,
p-toluensulfonic, xyclohexansulfamic, salixylic, sacarinic hodc trifloaxetic. Cac mudi
bazo/cation dugc dung bao gém, va khong chi giéi han & mudi nhom, canxi,

cloroprocain, cholin, dietanolamin, etylendiamin, lithi, magie, kali, natri va kém.

Trong pham vi ctiia sang ché bao hom céc tién duoc chit ctia cac hop chét theo sang
ché. N6i chung, cac tién duoc chét nhu vay sé 1a cac dan xudt c6 chuc ciia cac hop chét
ma dé bién doi in vivo thanh hop chat can thiét. Vi du, mudi, este, mudi cta este duoc
dung bat ky hodc din xuét khac ctia hop chét theo sang ché ma, khi st dung cho ngudi
nhan, ¢6 kha ning cung cép, truc tiép hodc gian tiép, hop chat theo sang ché hodc chat
chuyén hoa hodc cac géc ¢6 dugce tinh. Cac dan xut hodc tién duoc chét dac biét duoc
wu tién 1a cac hop chét c¢6 thé 1am tang do sinh kha dung cua hop chét theo sang ché
khi dugc st dung cho bénh nhan (vi du, cé thé tao ra hop chét dung dudng miéng dé
duogc hép thu vao mau), hodc tao thuan lgi cho viéc phan phéi hop chét géc vao sinh
vat hodc cac hop chit ma duogc phan phéi dén vi tri hoat dong (vi du, ndo hodc hé bach
huyét). Do do, trong cac phuong phép diéu tri theo sang ché, thuat ngir “sir dung” s& bao
gém viéc diéu tri nhiéu réi loan khac nhau duge mo ta bémg hop chit dugc boc 16 cu thé
hodc bang hop chit ma khong dugc boc 16 cu thé, nhung chuyén hoa thanh hop chat cu
thé in vivo sau khi st dung cho ddi tugng. Cac quy trinh thong thuong dé chon loc va
bao ché cac dan xuét tién duoc chit thich hop duge md ta, vi dy, trong tai liéu “Design of

Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.

Du dinh rang dinh nghia vé phan tir thé hodc bién bt ky & vi tri cu thé trong phan tir
c6 thé doc 1ap véi dinh nghia ctia né & vi tri khac trong phén ti. Can hiéu rang cac phan
tir thé va cach thé trén cac hop chét theo sang ché ¢6 thé duge chon boi ngudi ¢o hiéu
biét trung binh vé linh vuc k¥ thuat nay dé tao ra cac hop chat ma 6n dinh vé mat hoa hoc
va c6 thé d& dang tdng hop duogc bang cach ky thust da biét trong linh vuc nay ciing nhu
cac phuong phap néu trong do.

Sang ché bao gdm cac hop chét duoc mo ta & ddy co thé chira mot hodc nhiéu tam
bat dbi va do do co thé c6 cac chit dong phan khong dbi quang va cac chat dong phan dbi
anh quang hoc. Sang ché bao gdm tit ca cic chat dong phan khong dbi quang co thé co

nhu vay ciing nhu hdn hop raxemic ciia chiing, céc chat dong phan d6i anh da tach gan
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nhu tinh khiét ctia chiing, tit ca cac chat dong phan doi anh hinh hoc c6 the ¢, va mudi

dugc dung cta chung.

P4 phat hién ring chét ddng phan ddi anh (-) tinh khiét vé mat quang hoc ctia hop
chdt theo sang ché 1a chit wc ché CDK4/6 ¢6 hiéu luc hon. Sang ché bao gém céc
phuong phap diéu tri bénh qua trung gian CDK4/6 & d6i tuong, phuong phap nay bao
gdm viée cho d6i tugng nay st dung luong chét dong phan ddi anh (-) hoic mudi duoc
dung clia n6, gin nhu khong chita chét dong phan déi anh (+) cta no, lugng nay di dé

lam thuyén giam bénh, nhung khong du dé gay ra céc tac dung phu bat loi da néu.

Thuat ngtt “gan nhu khong chtra chit dong phan ddi anh (+) clia né” nhu duge su
dung & ddy nghia la ché phim chira ty 1& hodc ty 1¢ phan tram chat dong phan déi anh
() 16n hon so v6i chat dong phan déi anh (+), ty 1é phan tram nay la dua trén tong
luong hon hop. Theo mdt phuong an, thudt ngir “gan nhu khong chira chat dong phan
dbi anh (+) cia n6” nghia la ché pham chua it nhéit 60% khdi luong chat dong phan dbi
anh (-), va 40% khdi luong chit déng phan dbi anh (+) hogc thip hon. Theo mot
phuong an uu tién, thuat ngtr “oin nhu khong chira chat dong phan d6i anh (+) ctia ng”
nghia 1a ché phim chira it nhat 70% khdi lugng chat dong phan ddi anh (-), va 30%
khdi lwong chét dong phan d6i anh (+) hodc thip hon. Theo mot phuong 4n khéc, thuat
ngit “gan nhu khong chira chét dong phan ddi anh (+) ciia nd” nghia la ché pham chtra
it nhat 80% khéi luong chit ddng phan déi anh (-), va 20% khdi lugng chit dong phan
ddi anh (+) hodc thip hon. Ngoai ra, thuat ngit “gan nhu khong chta chat dong phéan
dbi anh (+) cua n6” nghia 1a ché pham chura it nhat 90% khéi lugng chit dong phan doi
anh (-), va 10% khdi lugng chét ddng phéan ddi anh (+) hodc thdp hon. Tham chi ngoai
ra, thuat ngr “gan nhu khong chira chit dong phan ddi anh (+) cia no” nghia la ché
phAm chtra it nhit 95% khéi lugng chét ddng phan déi anh (-), va 5% khdi luong chat
ddng phan doi anh (+) hodc thdp hon. Hon nira, thuat ngit “gan nhu khong chira chat
ddng phan d6i anh (+) clia n6” nghia 1a ché pham chua it it nhat 99% khoi lugng chét
ddng phan d6i anh (-), va 1% khéi luong chét ddng phan dbi anh (+) hodc thap hon.

Cong thire I trén day duoc thé hién khong cling véi hoa hoc 1ap thé xac dinh & cac
vi trf nhét dinh. Sang ché bao gdm tét ca cac chat dong phan lap thé cua cong thirc I va
mudi duge dung ctia nd. Ngoai ra, hon hop cac chét dong phan lap thé cling nhu cac chat

ddng phan lap thé dugc tach riéng cu thé ciing thudc pham vi cua sang ché. Trong qua
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trinh tong hop dugc st dung dé didu ché cac hop chit nhu vay, hodc trong khi s dung
cc quy trinh raxemic héa hodc epime hoa da biét déi v6i ngudi ¢o hidu biét trung binh
vé linh vuec, cac san pham cua quy trinh nhu vay c6 thé 12 hdn hop cac chat dong phan

1ap thé.

Khi chét ddng phéan hd bién cta hop chit c6 cong thue I ton tai, sang ché bao gdm
céc chit dong phan hd bién c6 thé co bat ky va mudi duge dung cia chung, va hon hop

cua chung, trir khi dugc chi dinh cu thé khac.

Khi hop chit c6 cong thic I va mudi duoc dung cta nod tdn tai dudi dang solvat
hodc dang da hinh, sang ché bao gbém céc solvat va dang da hinh co thé co bat ky. Loai
dung moi tao solvat khong bi gidi han cu thé mién 1a dung mdi nay la duge dung. Vi du,

c6 thé str dung nurdc, etanol, propanol, axeton hodc dung mdi tuong tu.

Thuét ngit "ché phim" & day nghia la bao gdm cac san pham chira luong cu thé
ctia cac thanh phan cu thé, cling nhu san pham bat ky duoc tao ra, truc tiép hodc gian
tip, tir viéc két hop cu thé céc thanh phan cu thé. Do d6, duge pham chira cac hop
chit theo sang ché lam thanh phan hoat tinh va phuong phap didu ché cac hop chat
theo sang ché cling thugc pham vi cia sang ché. Ngoai ra, mot s6 dang tinh thé cua
hop chét c6 thé ton tai & dang da hinh, va cac dang da hinh nhu vay thudc pham vi cua
sang ché. Ngoai ra, mot s6 hop chét c6 thé tao solvat vdi nuéde (tire 1a, hydrat) hodc céac
dung moi hitu co phd bién, va cic solvat nhu vay ciing ndm trong pham vi cla sang

ché.

Céc dugc pham theo sang ché chua hop chat c6 cong thire I (hodc mudi duge dung
cta n6) lam thanh phan hoat tinh, chat mang dugc dung va tuy y cac thanh phan hoac
chat phu trg diéu tri khac. Cac ché pham bao gbm ché pham thich hop dé dung duong
miéng, duong truc trang, dung khi trd, va dung ngoai duong tiéu hoa (bao gb6m dudi da,
trong bap, va trong tinh mach), mic du duong ding thich hop nhét trong trudng hop
nhat dinh bat ky s& phu thudc vao vat chu cu thé, va ban chit va muc do nghiém trong
cua tinh trang bénh trong dé hoat chét can duoc st dung. Cac duoc phém c6 thé duge
trinh bay mdt cach thuan tién & dang liéu don vi va duge bao ché theo phuong phép bat

ky da biét trong linh vuc dugc.
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Khi thuc hanh, cac hop chéit co cong thurce I, hoac tién duoc chit, hodc chét chuyén
hoa, hodc mudi duoc dung cia nd, theo sang ché co thé duoc két hop lam thanh phan
hoat tinh trong hon hop tron k§ véi chét mang dugc dung theo cac k¥ thuat bao ché duoc
phdm thong thuong. Chit mang c6 thé ¢6 nhidu dang khac nhau tiy thude vao dang bao
ché mong mudn dé st dung, vi du, ding duong miéng hodc ngoai duong tiéu hoa (bao
gdm trong tinh mach). Do d6, cac duoc pham theo sang ché ¢6 thé duge trinh bay & dang
don vi riéng ré thich hop dé dung dudng miéng nhu vién nang, vién nhdng hodc vién nén
mdi loai chira lugng xac dinh thanh phan hoat tinh. Ngoai ra, cic ché pham c6 thé duoc
trinh bay ¢ dang bot, hat min, dung dich, hdn dich trong dung dich nudc, dang long
khong chira nude, hodc dang nhii dich diu trong nuée, hodc dang nhii dich nudc trong
diu. Ngoai cac dang liéu thong thuong néu trén, hop chét ¢6 cong thue I, hodc mudi
duoc dung ctia né, ciing co thé duoc sir dung bang cac phuong tién giai phong c6 kiém
soat va/hodc hodc dung cu phan phdi. Cac ché pham nay c¢6 thé duoc bao ché bang
phuong phéap bao ché dugc pham bat ky. N6i chung, cac phuong phap nhu vdy bao gom
budc két hop thanh phén hoat tinh véi tao thanh mét hodc nhiéu thanh phén can thiét.
No6i chung, cac ché phim nay dugc bao ché bang cach phdi tron déu va tron k§ thanh
phén hoat tinh vé&i chét mang ldng hodc chét mang ran nghién min hodc ca hai. San

phém sau d6 c6 thé duoc tao hinh mot cach thuan tién thanh dang trinh bay mong mudn.

Do d6, cac dugc phdm theo sang ché co thé chira chit mang dugc dung va hop chat,
chat ddng phan 1ap thé, chat ddng phan hd bién, dang da hinh, solvat, mudi dugc dung,
hodc tién dugc chdt ctia hop chit c6 cong thire I. Cac hop chit ¢ cong thuc 1, hodc
mudi dugc dung ctia chiing, ciing c6 thé dugc dwa vao dugc pham két hop v6i mot hodc

nhidu hoat chit diéu tri khac.

Chat mang duge dung duoc st dung c6 thé 13, vi du, chét rén, chat long, hodc chat
khi. Vi du vé cac chit mang rin bao gdm chiang han lactoza, terra alba, sucroza, talc,
gelatin, aga, pectin, acaxia, magie stearat, va axit stearic. Vi du vé cac chét mang ldng
bao gém chéng han sir6 duodng, dau lac, ddu dliu, va nudce. Vi du vé céac chét mang khi
bao gdm chang han cacbon dioxit va nito. Khi bao ché céc ché pham thanh dang liéu
ding qua duong miéng, c6 thé sir dung méi truong duge dung thuén tién bat ky. Vi du,
nudc, cac glycol, dau, rugu, chét tao huong vi, chéit bao quén, chit tao mau, va cac chat

twong tu ¢ thé duoc sir dung dé tao ra ché pham l6ng dung qua dudng miéng nhu hon
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dich, con ngot va dung dich; trong khi cac chit mang nhu tinh bot, duong, xenluloza vi
tinh thé, chit pha loang, chat két hat, chit 1am tron, chat két dinh, chét gay rd, va cac chét
twong tu c6 thé duge st dung dé tao ra cac dang bao ché rin dung dudong miéng nhu bot,
vién nang va vién nén. Nho kha ning dé dang sir dung ctia ching, vién nén va vién nang
1a cac don vi lidu dung qua duong miéng duoc uu tién trong d6 cac chat mang ran dugc
st dung. Tuy y, vién nén co thé duoc bao béng cac k¥ thuat st dung nudce hodce khong st

dung nudce chuan.

Vién nén chira ché pham theo sang ché co thé duoc bao ché bang cach ép hodc dic,
tuy y vo1 mot hoac nhiéu thanh phén phu tro hodc chét phu trg. Céc vién nép dugc €p co
thé dugc bao ché bang cach ép, trong may thich hop, thanh phin hoat tinh ¢ dang chay tu
do nhu bot hodc hat min, tuy y dugc tron voi chét két dinh, chat 1am tron, chét pha loang
tro, chét hoat dong bé mat hoac chét phén tan. Cac vién nén dugc duc co thé duoc bao
ché bang cich dic trong may thich hop, hdn hop hop chét da nghién bot dugc 1am 4m
bang chat pha loang 16ng tro. T6t hon néu mdi vién nén chtra tir khoang 0,05mg dén
khoang 5g thanh phan hoat tinh va tot hon néu mdi vién nhong hodc vién nang chura tur
khoang 0,05mg dén khoang 5g thanh phin hoat tinh. Vi duy, dang bao ché duoc du dinh
dé dung duong miéng cho ngudi ¢6 thé chira tir khoang 0,5mg dén khoang 5g hoat chat,
duoc bao ché v6i lwong nguyén liéu mang thich hop va thuén tién ma co thé thay doi
trong khoang tir khoang 5 dén khoang 95 phén tram téng luong ché pham. Cac dang liéu
don vi s& thuong chtra tir khoang | mg dén khoang 2g thanh phén hoat tinh, thuong la
25mg, 50mg, 100mg, 200mg, 300mg, 400mg, 500mg, 600mg, 800mg, hoac [000mg.

Céc duoc pham theo sang ché thich hop dé dung ngoai duong tiéu hoa co thé dugc
bao ché duai dang dung dich hodc hon dich chtra hoat chét trong nudec. Chét hoat dong
bé mat thich hop c6 thé duge dua vao nhu, vi du, hydroxypropylxenluloza. Cac thé phan
tan cling c6 thé dugc diéu ché trong glyxerol, cac polyetylen glycol 16ng, va hdn hop cua
chiing trong diu. Ngoai ra, chit bio quan c6 thé dugc dua vao dé ngan ngira su phat trién
¢0 hai cua céc vi sinh vat.

Céc duge phdm theo sang ché tich hop dé tiém bao gdm cac dung dich hodc thé
phan tan chtra nude vo trung. Hon nita, cdc ché pham nay c6 thé ¢ dang bot vo trung dé
pha ché ngay cic dung dich hodc thé phén tan tiém duoc vo trung nhu vay. Trong moi

truong hop, dang tiém duoc cubi cing phai vo tring va phai ¢ dang 16ng thue su dé dé
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dang tiém duoc. Céc dugc pham nay phai 6n dinh trong cac diéu kién san xuét va bao
quan; do do, t&t hon 1a can duoc bao quan chéng lai sy nhiém vi sinh vat nhu vi khuan va
nAm. Chit mang c6 thé 13 dung mdi hosc moi trudng phén tan bao gbm, vi du, nudc,
etanol, polyol (vi du, glyxerol, propylen glycol va polyetylen glycol l16ng), dau thyc vat,
va hon hop thich hop cua chung.

Céc dugc pham theo sang ché co thé ¢ dang thich hop dé dung khu tra nhu, vi du,
sol khi, kem, thudc ma, thude xire, bdt min, hodc dang tuong tu. Hon nira, cac ché phém
nay c6 thé & dang thich hop dé dung trong cac dung cu qua da. Cac dang bao ché nay co
thé dugc bao ché, bang cach st dung hop chit c6 cong thuc I theo sang ché, hoac mudi
dugc dung cua no, thong qua cac phuong phép xu ly thong thuong. Chéng han, kem
hodc thude m& dugc bao ché bang cach phéi tron nguyén liéu ua nudce va nudce, cung voi
khoang tur 5% khéi luong dén khoang 10% khéi lugng hop chét, dé tao ra kem hoac

thudéc md c6 do quanh mong mudn.

Dugc phdm theo sang ché c6 thé & dang thich hop dé dung duong truc trang trong
d6 chat mang 1a chit ran. Tét hon néu hdn hop tao ra thudce dan dang liéu don vi. Cac
chit mang thich hgp bao gdm bo cacao va cic nguyén liéu khac thuong dung trong linh
vuc nay. Cac thubc dan c6 thé duge tao ra mot cach thudn tién béng cach phéi tron ché
phdm trude véi (cac) chdt mang da lam mém hodc lam tan chay sau d6 1am lanh va tao

hinh trong khuon.

Ngoai cac thanh phan chat mang néu trén, cac dugc pham dugc mb ta trén day co
thé bao gém, néu thich hop, mot hoac nhiéu thanh phan chit mang khac nhu chét pha
lodng, chit dém, chét tao huong vi, cht két dinh, chit hoat dong bé mat, chat don, chét
lam tron, chit bao quan (bao gdm céc chit chéng oxy hoa) va cac chat twong tw. Hon
nita, cac chit phu tro khac co thé dugc dua vao dé lam cho dang bao ché nay déng
trrong so vO1 mau cua d6i twong nhan dugc du dinh. Cac ché phdm chira hop chét co
cong thire I, hodc mubi duge dung cda no, cling co thé duoc bao ché ¢ dang bot hodc
dung dich léng dic.

N6i chung, cac murc liéu theo trat tu tir khoang 0,0 1mg/kg dén khoang 150mg/kg
thé trong modi ngay 12 hitu dung trong viéc diéu tri c4c tinh trang dugc chi dinh trén day,
hoic theo cach khac khoang 0,5mg dén khoang 7g trén mdi bénh nhén trong mot ngay.

Vi duy, bénh ung thu dai trang, bénh ung thu truc trang, u lympho té bao 16p vo, da u tay,
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bénh ung thu vi, bénh ung thu tuyén tién liét, u nguyén bao than kinh dém, bénh ung thu
thue quan té bao vay, sacom md, u lympho té bao T, u hic td, bénh ung thu tuy, u
nguyén bao thin kinh dém hodc bénh ung thu phdi, c6 thé diéu tri duge mot céch hitu
hiéu bang cach st dung tir khoang 0,01 dén 50mg hop chét trén mot kilogam thé trong
trong mot ngay, hodc theo cach khac tir khoang 0,5mg dén khoang 3,5g trén mdi bénh

nhan trong mdt ngay.

Tuy nhién, cin hiéu rang co thé can liéu thip hon hoac cao hon so véi cac mirc lidu
néu trén. Mire lidu va ché do diéu tri cu thé ddi voi dbi tuong cu thé bat ky s€ phu thudc
vao nhiéu yéu td khac nhau, bao gém hoat tinh cua hop chit cu thé dugc su dung, do
tudi, thé trong, sttc khde chung, gidi tinh, ché d6 dinh dudng, thoi gian sir dung, duong
dung, ty 1¢ bai tiét, két hop thude, mirc do nghiém trong va khoa diéu tri bénh cu thé
dang thuc hién, khuynh huéng cua déi tuong dbi voi bénh, va dénh gid cla bac si diéu

tri.

Nhitng khia canh nay va ca nhiing khia canh khéc s€ tr¢ nén rd rang tir phan mo ta

sang ché sau day.
Vi du thuc hién sang ché

Can hiéu ring phin mo ta chung trén day va phin mo ta chi tiét sau day chi nham
minh hoa va giai thich va khong gi6i han d6i tuong bit ky duoc yéu cau bao hg. Tét ca
cac phan va ty 18 phan tram 14 theo khdi lugng va tit ca cac nhigt do déu 1a do C (Celsius),
trir khi duge chi dinh 1o rang khic. Céc hop chit duge mo ta & day co thé thu duge tir
ngudn thuong mai hoic tdng hop bang cac phuong phap thong thuong nhu duoc thé
hién sau ddy bang cac nguyén liéu va chit phan Gmg c6 béan trén thi truong. Cac chit

viét tat sau day duoc str dung trong céc vi du:
ATP: Adenosin triphosphat;
Boc,0: Di-tert-butyl dicacbonat;
con-H,SOy: axit sulfuric dac;
Crk: CT10 (Chicken Tumor Retrovirus 10 — Retrovirut khdi u & ga 10);
DCM: diclometan;

DEA: Dietylamin;
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DEAD: Dietyl azodicarboxylat;

DIEA: N,N-Diisopropyletylamin;

DMEM: mdi truong Modified Eagle ctia Dulbecco;
DMEF: N,N-Dimetylformamit;

DMA: N,N-Dimetylaxetamit;

DMAP: 4-N,N-Dimetylamiopyridin;

DMSO: Dimetyl sulfoxit;

DTT: DL-Dithiothreitol;

EA: Etyl axetat;

EDC: 1-etyl-3-(3-dimetylaminopropyl)carbodiimit;
EDTA: axit etylee diamin tetraaxetic;

EtOH: rugu etylic;

FBS: huyét thanh thai bo;

GSR: Glutathion-S-Transferaza;

HATU: O-(7-Azabenzotriazol-1-y1)-N,N,N’,N’-tetrametyluroni hexaflophosphat;
HEPES: axit 4-2-hydroxyetyl)piperazin-1-etansulfonic;
Hex: n-hexan;

h hoac hr: gio;

IPA: isopropanol

KOAc: kali axetat;

KTB: kali tert-butoxit;

MeOH: metanol;

min: phut;

MsCl: metylsufonyl clorua;
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MTS:3-(4,5-dimetylthiazol-2-yl)-5-(3-carboxymetoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazoli;

NaBHj: natri bohydrua;

NaBH(OACc);: Natri triaxetoxybohydrua;

P(Cy)s: Trixyclohexyl phosphin;

Pd,(dba);: Tris(dibenzylidenaxeton)dipaladi

Pd(dppf)Cl,: [1,1'-Bis(diphenylphosphino)feroxen]diclopaladi;
Pd(OAc),: Paladi axetat;

PE: ete ddu mo:

PMS: phenazin methosulfat;

POCI;: phospho oxyclorua;

P/S: dung dich Penixilin/Streptomyxin;

RT hoac rt: nhiét do trong phong;

SDS: Natri Dodexyl Sulfat;

SDS-PAGE: gel dién di Natri Dodexyl Sulfat PolyAcrylamit;
TBAB: Tetrabutyl amoni bromua;

TEA: Trietylamin;

THEF: tetrahydrofuran;

TLC: Sic ky 16p mong;

Tol: Toluen.
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Diéu ché 1: 5-(4-metylpiperazin-1-yl)pyridin-2-amin (Hop chat trung gian M1)

D -
N” NO, \/ K,CO3,DMSO | A
2

5-bromo-2-nitropyridin 1-metylpiperazin -metyl-4-(6-nitropyridin-3-yl) piperazin

o

L
Pd/C . H2 Z NH

—_—

THF 5-(4-metylpiperazin-1-yl)pyridin-2-amin

2

B6 sung lan luot 1-metylpiperazin (1,180g) va K,CO5 (2,720g) vio dung dich chira
5-bromo- 2-nitropyridin (2,010g) trong DMSO (20mL). Khudy phan tng ¢ 82°C trong
15 gio trong bé dau. Bb sung nuée (50mL), chiét bang DCM (20mLx8), pha hitu co két
hop duoc lam kho bang Na,SO, khan, ¢d dac dudi ap suat giam, tinh ché bang cot sac ky
(DCM/MeOH=10/1) dé tao ra 1,940g 1-metyl-4-(6-nitropyridin-3-yl)piperazin.

B sung Pd/C (0,194g) vao dung dich chtra 1-metyl-4-(6-nitropyridin-3-yl)
piperazin (1,940g) trong THF (25mL) trong mdi trueong hydro trong 2 gi¢ & nhiét do
trong phong. Dich loc dugc thu gom béng cach loc va sau do co dac dé tao ra 1,480¢g

5-(4-metylpiperazin-1-yl)pyridin-2-amin.
MS(ES"):m/z=193,1 (M+H)".
Diéu ché cac hop chét trung gian sau ddy (duoc thé hién trén bang 1) chu yéu nhu

dwoc mo ta dbi véi hop chat 5-(4-metylpiperazin-1-yl)pyridin-2-amin (sau day goi la

hop chét trung gian M1) bang cach str dung din xut piperazin tuong ing.

Bang 1
Hop chét : ‘o Dit lidu vat ly
rung gian Hop chat Céu trac (MS) (M+H)'
i in-1-yl)pyridi "
N2 5-(piperazin- -y )pyridin- LN 179.1
2-amin -
N~ NH,
HO\/\N/H
M3 2-{4-(6-e}m1n0pyr1dm-3-yl LN . 2231
)piperazin-1-yl)ethan-1-ol |
P
NH,
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Diéu ché 4: 6-((4-metylpiperazin-1-yl)metyl)pyridin-3-amin (Hop chat trung gian M4)

Br Br Br -
X N N MsCI, TEA X HN - N—
| aBH4 | ! |
No”  MeOH, nhictdo N~F THF N7 KoCOs, CHsCN

o0 trong phong OH OMs

5-bromopicolinaldehyt  (5-bromopyridin-2-yl)metanol ~ (5-bromopyridin-2-yl) metyl metansulfonat

Br NH,

i h C l =
N

N~ Hs Cuz0 N~

MeOH, 70°C, 12 gio

1-((5-bromopyridin-2-yl)metyl)-4-metylpiperazin 6-((4-metylpiperazin-1-yl)metyl)pyridin-3-amin

B6 sung NaBH, (1,220g) vao dung dich chtra 5-bromopicolinaldehyt (2,010g)
trong MeOH (30mL) ¢ 0°C trong bé nudc da, sau khi viéc bd sung NaBH, hoan thanh,
loai bé bé nudce d4, 1am 4m tu nhién dén nhiét d6 trong phong. Sau khi khudy trong 2 gid
& nhiét do trong phong, hdn hgp phén ung dugc ngimg phan Gng bang nude (50mL) &
0°C. Chiét bang EA (50mLx2), pha hitu co két hgp dugc rira bang dung dich NaCl bao
hoa va lam kho bing Na,SO, khan, c¢6 dic dé tao ra 1,940g hop chat
(5-bromopyridin-2-yl) metanol.

Dung dich chtra (5-bromopyridin-2-yl)metanol (1,940g) trong THF (20mL) dugc
lam mat dén 0°C trong bé nudc da, sau do bd sung metylsufonyl clorua (1,780g) timg
giot vao dung dich nay. Sau khi viéc bd sung metylsufonyl clorua hoan thanh, loai bo bé
nude da, 1am Am tu nhién dén nhiét do trong phong. Sau khi khudy trong 2 gio & nhiét do
trong phong, hdn hop phéan ung dugc ngimg phan Gng bang nude (50mL). Chiét bang
EA (50mLx2), pha hitu co két hop dugc rira bing dung dich NaCl bdo hoa (50mL) va
lam kho bing Na,SO4 khan, c6 ddc dé tao ra 2,750g san pham tho (5-bromopyridin-2-yl)

metyl metansulfonat.

B6 sung lan luot K,CO5 (2,870g) va l-metylpiperazin (1,560g) vao dung dich
chira (5-bromopyridin-2-yl) metyl metansulfonat (2,750g) trong axetonitril (30mL),
dun néng dén 50°C trong bé dau va cho phan tng trong 2 gid. Sau d6 lam mat dén
nhiét do trong phong, bd sung nudc, chiét bang EA (50mLx3), pha hitu co két hop
dugc roa bﬁng dung dich NaCl bao hoa (50mL) va lam kho bé‘mg Na,SO,4 khan, ¢6 dac
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va tinh ché bang cot sic ky (DCM/MeOH=10/1) dé tao ra 2,010g hop chat
1-((5-bromopyridin-2-yl)metyl)-4-metylpiperazin.

B6 sung MeOH (20mL) vao 6ng 100mL bit kin trong moi truong amoniac &
-78°C, sau d6 bd sung lan luot 1-((5-bromopyridin-2-yl)metyl)-4-metylpiperazin
(1,000g) va dong (I) oxit (0,532g) dén khi thé tich dung dich ting dén 30mL. Loai bo
bé bén ngoai, lam 4m tu nhién dén nhiét do trong phong, sau d6 dun nong dén 70°C va
cho phan tng trong 12 gi¢. Dich loc dugc thu gom bang cach loc, c6 didc va tinh ché
bang cot sic ky (DCM/MeOH=15/1) dé tao ra 0,730g hop chat
6-((4-metylpiperazin-1-yl)metyl)pyridin-3-amin.

MS(ES"):m/z=207,2(M+H)",

Diéu ché cac hop chit trung gian sau day (dugc thé hién trong bang 2) chu yéu
nhu duge mo ta dbi voi hop chét 6-((4-metylpiperazin-1-yl)metyl)pyridin-3-amin (sau
day goi 1a hop chét trung gian M4) bang cach str dung dan xuat piperazin tvong ung.

Bang 2
H(t?r];;gat Hop chat Céu triic Dit ligu vét Iy
gian . (MS) (M+H)
M5 5-((4-etylp1p§razm-liyl)metyl)pym J N NH, 10
din-2-amin ,
. : . 1 . g . N AN
M6 5-(piperazin-1 ylmetyl)pyndm 2-a J [ 193.1
min T NH,
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Diéu ché 7: 5-((4-(dimetylamino)piperidin-1-yl)metyl)pyridin-2-amin (Hop chét trung
gian M7)

o~ I A HO | N SOCl, cl | X K,CO3
N Br NaBH, THF N Br DCM N Br CH3CN
2-bromo-5-formylpyridin (6-bromopyridin-3-yl)metanol 2-bromo-5-(clometyl)pyridin -
\ITI N" > Br MeOH \T N NH,
1-((6-bromopyridin-3-yl)metyl) 5-((4-(dimetylamino)piperidin-1
-N,N-dimetylpiperidin-4-amin -yl)metyl)pyridin-2-amin

B6 sung NaBH, (1,640g) vao dung dich chira 2-bromo-5-formylpyridin (2,010g)
trong THF (20mL) & 0°C trong bé nuéc d4, sau khi viéc bo sung NaBH,hoan thanh,
loai b6 bé nude d4, lam 4m tu nhién dén nhiét do trong phong. Sau khi khudy trong 2 gid
& nhiét do trong phong, hdn hop phan tng dugc ngimg phan Gng bang nudc (50mL),
chiét bang EA (50mLx2), pha hitu co két hop dugc lam kho bang Na,SO, khan, ¢0 déc
va tinh ché bing cot sic ky (PE/EA=5/1) d& tao ra 1,900g hop chat
(6-bromopyridin-3-yl) metanol.

Dung dich chira (6-bromopyridin-3-yl)metanol (1,000g) trong DCM (10mL) dugc
Jam mét dén 0°C trong bé nude da va bd sung timg giot vao thionyl clorua (1,260g), sau
khi viéc bd sung hoan thanh, loai b bé nudc da, dung dich nay duoc lam am tu nhién
dén nhiét do trong phong c6 khudy trong 2 gid, sau do6 cd dic truc tiép dé tao ra 1,050g
hop chat 2-bromo-5-(clometyl)pyridin.

B6 sung N, N-Dimetylpiperidin-4-amin (0,586g) va K,CO; (1,160g) vao dung dich
chtta 2-bromo-5-(clometyl)pyridin (0,853g) trong axetonitril (10mL). B6 sung nudc
(30mL), chiét bang EA (50mLx3), pha hitu co két hgp lam kho bang Na,SO, khan, cd
dic va tinh ché bing cot sic ky (DCM/MeOH=10/1) dé tao ra 0,730g hop chat
1-((6-bromopyridin-3-yl)metyl) -N, N-dimetylpiperidin-4-amin.

B4 sung MeOH (20mL) vao dng 100ml ddy kin trong mdi truong amoniac &
-78°C, sau  d6 bd sung lan  lugt  1-((6-bromopyridin-3-yl)metyl)-N,N-
dimetylpiperidin-4-amin (0,35mg) va dong II oxit (0,168g) dén khi thé tich dung dich

tang dén 30mL. Loai bd bé bén ngoai, lam 4m tu nhién dén nhiét do trong phong, sau
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d6 dun nong dén 70°C va cho phan Gng trong 12 gio. Dich loc dugc thu gom bang
cach loc, ¢d dac va tinh ché bang cot sic ky (DCM/MeOH=10/1) dé tao ra 0,260g hop

chét 5-((4-(dimetylamino)piperidin-1-yl)metyl)pyridin- 2-amin.

MS(ES):m/z=235,2(M+H)".

Diéu ché cac hop chét trung gian sau day (duoc thé hién trong bang 3) chu yéu

nhu duge mo ta dbi vdi 5-((4-(dimetylamino)piperidin-1-yl)metyl)pyridin-2-amin (sau

day goi 1a hop chét trung gian M7) st dung dan xudt piperidin twong ung.

Bang 3
Hop chit : Lo Dir liéu vat ly
rung gian Hop chat Cau truc (MS) (M+H)"
|
5-(4-(dimetylamino)pip N
M8 eridin-1-yl)pyridin-2-am \O\l N 2213
in |
N” NH,
HO
2-((1-(6-aminopyridin-3 /)\l
M9 -yl)piperidin-4-yl)(mety \O\j 251,2
l)amino)etan-1-ol ] t
N” “NH,
2-((1-((6-aminopyridin-
M10 3-yl)metyl)piperidin-4-y Om 2652
1)(metyl)amino)etan-1-0 Ho\/\lf N” "NH, g
1

-28-




39246

Piéu ché 11: 5-((4-metylpiperazin-1-yl)metyl)pyrimidin-2-amin hydroclorua (Hop

chat trung gian M11)
cl NH, NBoc;
/N
A A \ N N—
NI N NH3.H20 N| N Boc,O, TEA N| N
= THF = DMAP, THF Kf NaBH(OAc);,DCM
S0 So So
2-clopyrimidin-5-carbaldehyt 2-aminopyrimidin-5- MH2-12
carbaldehyt
NBOC2 NH2
A N
) Ho@ )
L 9 _J Hcl
DCM
N N
MH2-13 5-((4-metylpiperazin-1-yl)metyl)

pyrimidin-2-amin hydroclorua

B6 sung dung dich nudc amoniac (25%) (1,200g) vao dung dich chira
2-clopyrimidin-5-carbaldehyt (0,500g) trong THF (50mL), khudy trong 12 gio. B
sung nudc (80mL), chiét bang DCM (80mLx8), pha hitu co két hop duge 1am kho bang
Na,SO, khan, ¢6 dic dé tao ra 0,540g san phim tho 2-aminopyrimidin-5-carbaldehyt.

B sung lan luot Boc,O (2,817g), trietylamin (1,310g) va DMAP (0,054g) vao
dung dich chira 2-aminopyrimidin-5-carbaldehyt (0,540g) trong THF (30mL) c6 khudy
trong 2 gid. B sung nudc, chiét bang EA (50mLx2), pha hitu co két hop lam kho
bang Na,SO, khan, ¢d dic va tinh ché bang cot sic ky (PE/EA=5/1) dé tao ra 0,514g
hop chat MH2-12.

B6 sung lan lugt 1-metylpiperazin (0,109¢g) va magie sulfat khan (0,216g) vao
dung dich chtra hop chat MH2-12 (0,290g) trong DCM (10mL) c6 khudy trong 2 gio,
sau d6 cho phan ng trong 3 gid & nhiét do trong phong sau khi bd sung natri
triaxetoxybohydrua, hdn hop phan tung duge ngimg phan ting bang nude (20mL), chiét
bing DCM (20mLx3), pha hiru co két hgp lam kho bang Na,SO, khan, ¢6 dic va tinh
ché bang cot sic ky (DCM/MeOH=10/1) dé tao ra 0,350g hop chat MH2-13.

Dung dich chira hop chit MH2-13(0,350g) trong DCM duoc cho phéan tng trong
2 gio trong moi truong khi axit clohydric & nhiét do trong phong, hon hgp phan tng
duoc ¢d dic dé tao ra 0210g hop chit 5-((4-metylpiperazin-1-yl)metyl)

pyrimidin-2-amin hydroclorua.
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MS(ES"):m/z=244,1 (M+H)".

Diéu ché hop chit trung gian sau day (dugc thé hién trong bang 4) chu yéu nhu
dwoc mo ta dbi voi hop chét 5-((4-metylpiperazin-1-yl)metyl)pyrimidin-2-amin (sau
day goi la hop chét trung gian M11) hydroclorua st dung dan xudt piperidin twong tng

thay cho din xudt piperazin.

Bang 4
Hop chét : P Dt liéu vat ly
{rung gian Hop chat Cau truc (MS) (M+H)"
5-((4-(dimetylamino)piperidi N SN
M12 n-1-yl)metyl)pyrimidin-2-am \N/Q | A 236,2
in |

Pidu ché 13: (2-aminopyrimidin-5-yl)(4-metylpiperazin-1-yl)metanon (Hop chét trung
gian M13)

NBoc,
NBoc, NBoc,
A A N N
NN Oxon NN HATU,DIEA | P HCI(g)
| S | . —
= =
Axeton/H,0 H/: DCM O>HN ~ DCM
So HO S0 N
~
MH2-12 MH8-01 MH8-02
NH,
NN

al

(2-aminopyrimidin-5-yl)(4-metyl
piperazin-1-yl)metanon

B6 sung oxon (1,810g) vao hdn hgp chira hop chat MH2-12 (0,315g) trong
axeton (10mL) va nudc (3mL) ¢6 khudy trong 2 gio & nhiét do trong phong. B6 sung
nude (20mL), chiét bing DCM (25mL=3), pha hitu co két hop lam kho bing Na,SO,
khan, cb dac dé tao ra 0,290g hop chat MHS8-01.

B sung 1an lwgt HATU (0,488g) va DIEA (0,221g) vao dung dich chira hop chat
MHS8-01 (0,290g) trong DCM (10mL) c6 khudy trong 1 gié & nhiét do trong phong,

dung dich nay dugc cho phan ung trong 2 gi¢ sau khi bd sung 1-metylpiperazin
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(0,105g) & nhiét do trong phong. B sung nuéc (20mL), chiét bing DCM (20mLx3),
pha hitu co két hop 1am khé bing Na,SO, khan, c6 dic va tinh ché bang cot sic ky
(DCM/MeOH=50/1) dé tao ra 0,250g hop chit MH8-02.

Dung dich chua hop chit MHS8-02 (0,150g) trong DCM (10mL) dugc cho phan
g trong 2 gid trong moi truong khi axit clohydric ¢ nhiét do trong phong, bd sung
nude (10mL), sau d6 didu chinh do pH dén 8~9 bing Na,COs, dung dich nudc thu
duoc dugc chiét bang dung méi hdn hgp (DCM/MeOH=10/1) (20mL x5). Pha h{tu co
két hop dugc lam khé bang Na,SO, khan, co dic dé tao ra 0,060g hop chit
(2-aminopyrimidin-5-yl)(4-metylpiperazin-1-yl)metanon.

MS(ES"):m/z=223,1(M+H)".

Diéu ché hop chit trung gian sau diy (duoc thé hién trong bang 5) chi yéu nhu
duoc mo ta ddi véi (2-aminopyrimidin-5-yl)-(4-metylpiperazin-1-yl)metanon (sau day
goi 14 hop chét trung gian M13) bang céch sir dung dan xuat pyridin tuong tng thay

cho dan xuat pyrimidin.

Bang 5
Hop chét ; P Dit liéu vat ly
rung gian Hop chat Cau truc (MS) (M+H)"
6-ami idin-3-yl)(4 i
M14 (6-aminopyridin-3-yl)(4-m NS 21,1
etylpiperazin-1-yl)metanon N P ’
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Diéu ché 15: N’ -(2-(dietylamino)etyl)—N5-metylpyridin-2,5-diamin (Hop chét trung
gian M15)

/\N/\/H\ |
o | A - AN Pd/C,H2
N” NO, K;CO3, CHLCN, L [N/ “ THF
hoi luu, 12 gio 2
5-bromo-2-nitropyridin N',N'-dietyl-N*-metyl-N°

-(6-nitropyridin-3-yl)etan
| -1,2-diamin

SN
O,
N°-(2-(dietylamino)etyl)-N’>-metylpyridin-2,5-
diamin

B4 sung 1an luot N,N-dietyl-N'-metyletylendiamin (0,305g) va K,CO; (0,679g)
vao dung dich chtra 2-nitro-5-bromopyridin (0,500g) trong axetonitril (10mL). Khudy
phan tng & 82°C trong 15 gid trong bé diu. B6 sung nude (50mL), chiét bang DCM
(80mLx3), pha hitu co két hop dugc lam khd bang Na,SO, khan, ¢6 ddc va tinh ché
bing cot sic ky (DCM/MeOH=10/1) dé tao ra 0,400g hop chat

1-metyl-4-(6-nitropyridin-3-yl)-piperazin.

B6 sung Pd/C  (0,040g) vao dung dich chta  hop chat
1-metyl-4-(6-nitropyridin-3-yl)piperazin trong THF (15mL) ¢o khudy trong 2 gid &
nhiét do trong phong trong moi truong khi hydro. Dich loc duoc thu gom bang céach loc
va sau do c6 dac dé tao ra 0,350g hop chét Nj-(Z-(dietylamino)
etyl)-N’-metylpyridin-2,5-diamin.

MS(ES"):m/z=223,2(M+H)".

Piédu ché hop chat trung gian sau day (duoc thé hién trong bang 6) chi yéu nhu
duge mo ta ddi voi hop chét N’-(2-(dietylamino)etyl)- N’-metylpyridin-2,5-diamin
(sau ddy goi l1a hop chat trung gian MIS5) bang cach st dung hop chét
N N'-dietyl-N° N°-dimetyletan-1,2-diamin  thay cho hop chit N,N-Dietyl-N"-

metyletylendiamin.
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Bang 6
Hop chat £ I Dt liéu vat ly
trung gian Hop chat Cau truc (MS) (M+H)'
5 - - 5
M6 N -(2-(d1et}.fla.1m1no)erl)-‘N N 2232
-metylpyridin-2,5-diamin |
NI

Diéu ché 17: 6-((4-(dimetylamino)piperidin-1-yl)metyl)pyridazin-3-amin (Hop chat

trung gian M17)

N=N OYN\(O Cl N=N >N@NH

MCI ' Cl/N\n/N\Cl T%_» \vm >

3-clo-6-metylpyridazin O 3-clo-6-(clometyl)pyridazin
axit tricloisoxyanuric

/
v —N
0 m O
e e
1-((6-clopyridazin-3-yl) metyl)-N, N- 6-((4-(dimetylamino)piperidin-1-yl)
dimetylpiperidin-4-amin metyl)pyridazin-3-amin

B sung axit tricloisoxyanuric  (0,189g) vao dung dich

chua

3-clo-6-metylpyridazin (0,208g) trong CHCl; (10mL), dun néng dén 60°C trong 12 gid

trong bé dau. Lam mét dén nhiét d trong phong. Dich loc duge thu gom bang cach loc,

6 dic va tinh ché bang cot sic ky (PE/EA=10/1) dé tao ra 0,201g hop chat

3-clo-6-(clometyl)pyridazin.

B sung lan lugt K,COs(0,578g), KI (0,070g) va N,N-Dimetylpiperidin-4-amin
(0,322g) vao dung dich chura 3-clo-6-(clometyl)pyridazin (0,340g) trong DMF (15mL),

dun nong dén 50°C trong 1 gid trong bé dau. Lam mat dén nhiét do trong phong, bd

sung DCM (50mL), rtra cac 16p hitu co két hop bang dung dich NaCl bio hoa va lam
kho bang Na,SO, khan, c¢6 dac va tinh ché bang cot sic ky (DCM/MeOH=10/1) dé tao

ra 0,370g hop chét 1-((6-clopyridazin-3-yl)metyl)-N,N- dimetylpiperidin-4-amin.
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Bd sung MeOH (20mL) vao éng 100ml ddy kin trong mdi truong amoniac &
78°C, sau d6 bd sung lan lugt hop chit  1-((6-clopyridazin-3-yl)
metyl)-N, N-dimetylpiperidin-4-amin (0,370g) va dong I1 oxit (0,532g) dén khi thé tich
dung dich ting dén 30mL. Loai bo bé bén ngoai, lam 4m tu nhién dén nhiét do trong
phong, sau d6 dun néng dén 70°C va cho phan tng trong 12 gio. Dich loc duge thu
gom bang cach loc, ¢ dic va tinh ché bang cot sic ky (DCM/MeOH=15/1) dé tao ra
0,230g hop chét 6-((4-(dimetylamino)piperidin-1-yl)metyl)pyridazin-3-amin.

MS(ES"):m/z=236,2(M+H)".

Diéu ché hop chit trung gian sau ddy (duoc thé hién trong bang 7) chi yéu nhu
dwoc mod ta ddi véi hop chit 6-((4-(dimetylamino) piperidin-1-yl)metyl)
pyridazin-3-amin (sau day goi 1a hop chit trung gian M17) bang cach st dung dan

xuét piperazin thay cho dan xuét piperidin.

Bang 7
Hop chét : I Dit liéu vat ly
trung gian Hop chat Cau truc (MS) (M+H)*
6 Ipiperazi l
Mig | ST
4 Z > NH,

Vi du 1: Téng hop hop chét 1

~N
N
Q /1\1 N/| N/l QI\O
|
~ N)\\N N/ cn/k\N N/ o~ N
N N h %
F
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1. Hop chat 1-01

Hdn hop chua hop chit 2-metylxyclopentanon (5,200g), hydroxylamin
hydroclorua (9,200g) va trietylamin (16,080g) trong etanol khan (70mL) dugc khudy &
85°C qua dém trong bé dau. Sau d6, dung dich phan ng dugc cd dac; phan can dugc ria
bang EA. Dich loc dugc thu gom bang cach loc va sau dé co dic dé tao ra 5,820g hop
chit tho 1-01.

2. Hop chat 1-02

Hop chit thd 1-01 (5,820g) duoc hoa tan trong dung dich axit sulfuric (con-H,SOy:
H,0=20mL:5mL), hdn hgp thu duge dugc khudy & 90°C trong bé dau trong 90 phut,
nuée (10mL) duoc bd sung vao, sau d6 diéu chinh do pH dén 8~9 bang Na,COs, dung
dich nudc thu duge duoc chiét béng DCM (20mLx5), pha hitu co két hop duogc lam
khd bang Na,SO, khan, c6 diac dudi ap sudt giam dé tao ra 4,110g hop chat tho 1-02.

3. Hop chit 1-03

Hdn hop chtra hop chat tho 1-02 (4,110g) va 4-bromo-2,6-difloanilin (3,780g)
trong metylbenzen (40mL) dugc bd sung POCI; (4,180g) va dun nong trong bé dau,
TEA (2,770g) duoc bd sung vao khi nhiét o duge tang dén 110°C, hdn hop thu dugc
duoc cho phan tng ¢ 110°C trong 20 phut. Mot phan metylbenzen dugc lay ra, sau do
didu chinh do pH dén 8~9 bang Na,COs, chiét bang EA, pha hitu co két hop dugc ria
béng dung dich NaCl bao hoa va lam kho bé‘mg Na,SO, khan, c6 dac duai ap suét giam
dé tao ra 6,550g hop chét tho 1-03.

4. Hop chét 1-04

Hdn hop chira hop chat thé 1-03 (6,100g) va kali tert-butoxit (4,520g) trong DMF
(60mL) duge khudy & 100°C trong 20 phut trong bé dau va sau d6 chiét bang 300mL
EA, pha hitu co két hop dugce rira bang dung dich NaCl bao hoa (120mLx3) va lam kho
béng Na,SO, khan, ¢6 dac va sau do tinh ché béng coOt sdc ky(PE/EA=1/5) dé tao ra
0,705g hop chit 1-04-A, va 1,500g hop chét thd 1-04-C.

5. Hop chét 1-05

Hén hop chita hop chét tho 1-04-C (0,957g), bis(pinacolato)diboron (1,290g),
trixyclohexyl phosphin (0,047g), paladi axetat (0,038g) trong DMSO (20mL) dugc
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khudy trong mdi truong nito trong 1 gio & 90°C trong bé dau. Hon hop thu dugc duge
chiét bang EA (60mL), pha hitu co két hop duogc rira bang dung dich NaCl bdo hoa
(30mLx3) va lam kho bing Na,SO, khan, c6 dac dudi p suét giam dé tao ra 2,290g
hop chét tho 1-05.

6. Hop chat 1-06

Hon hop chtra hop chit thd 1-05 (2,290g), 2,4-diclopyrimidin (0,755g), K,CO;
(1,400g) va Pd(dppf)Cl,"DCM (0,138g) trong 1,4-dioxan (30mL) va nudce (3mL) duoc
khudy trong mdi trudng nito trong 2 gio & 60°C trong bé dau. Hon hop thu dugc dugce
chiét bing EA (30mLx2), pha hitu co két hop dugc rira bang dung dich NaCl bao hoa
(30mLx1) va lam kho bing Na,SO, khan, ¢o dac va sau do tinh ché bang cot sac ky
(PE/EA=1/1) dé tao ra 0,927g hop chét 1-06.

7. Hop chit 1

Hon hop chira hop chit 1-06 (0,400g), hop chét trung gian M1 (0,291g), Cs,CO;
(0,822g), Xanphos (0,017g) va Pdy(dba); (0,027g) trong 1,4-dioxan (12mL) duoc
khudy trong moi truong khi nito trong 1 gi ¢ 110°C trong bé dau, tiép tuc cho phan
ung trong diéu kién vi séng trong 0,5 gio & 110°C. Hon hop thu duge duge bd sung
nude (10mL), sau do chiét bang DCM (20mLx3), pha hitu co két hop dugce rira bang
dung dich NaCl bdo hoa (30mLx1) va lam kho bé‘mg Na,SO, khan, ¢6 dac va sau do
tinh ché bang ot sic ky (DCM/MeOH=20/1), chét ran dugc rira bang metyl tert butyl
ete (10mL) va n-hexan (10mL) dé tao ra 290mg hop chét 1.

MS(ES"):m/z=473,2(M+H)".

H-NMR(CDCls): 58,498-8,511(d,1H,CH), 8.373-8,396(d, 11L.CH),
8.167(s,1H,CH), 8,040-8,047(d,1H,CH), 7.963(s,1H,CH), 7.631-7,660 (d,IH,CH),
7,346-7,660(dd,1H,CH), 7,177-7,190(d,1H,CH), 4,687-4,719(m, 1 H,CH),
3,190-3,10(m,4H,CH,), 2,651-2,675(m,4H,CH,), 2,999-3,024(m, 1H,CH,),
2,403(s,3H,CHs), 2,337-2,356(m, 1H,CH,), 2,267-2,357(m,1H,CH,),

2.219-2,248(m,1H,CH,), 2,010-2,056(m,2H,CH,), 1,602-1,618(d,3H,CH;).
Vi du 1-1: Tach bat dbi hop chét 1-06

Cac k¥ thuat hitu dung dé tach cac chat ddng phan, vi du, céc chét dong phan dbi

anh da dugc ngudi ¢o hiéu biét trung binh trong linh vuc nay biét r6 va duge mo ta
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trong tai liéu Eliel, E.L.; Wilen, S.H.; Mander, L.N. stereochemistry of Organic
Compounds, Wiley Interscience, NY,1994. Vi du hop chét 1, 2 hodc 15 c6 thé duogc
tach dén luong du chit dong phan d6i anh (enantiomeric excess) cao (vi du, 60%, 70%,
80%, 90%, 95%, 99% hodc cao hon) bang phuwong phap sic ky 16ng hiéu ning cao
bang cach st dung cot bat doi. Theo mot sé phuong an, hop chat tho 1-06 theo vi du 1

duoc tinh ché truc tiép trén cot bat dbi dé tao ra hop chét giau chit dong phan ddi anh.

Céc diéu kién HPLC béat ddi:

Cot CHIRALPAK IE

Kich thudc cot 2cm *25¢cm

Bom 0,7mL

Pha dong Hex: EtOH =65:35 (thé tich/thé tich)
Téc do dong 19ml/phut

Budc song UV 220nm

Nhiét do 35°C

Dung dich miu 80mg/mL trong pha dong

Thiét bi HPLC diéu ché

Tén mau

Prep-Gilson-HPLC
Hop chit 1-06

Vi du 1-2: Téng hop hop chit 1a va hop chat 1b

Hop chét thd 1-06 dugce tinh ché bang cot bét ddi trong cac dicu kién trén day dé

tao ra hop chit 1-06-A va hop chét 1-06-B.

Didu ché hop chit 1a va hop chat 1b chii yéu nhu dugc mo ta d6i véi bude 7 cia

vi du 1 bang cach sir dung lan luot hop chat 1-06-A va hop chét 1-06-B.

Ngoai ra, d quay quang dugc do 3 lan d6i voi ting hop chat nhu duoc thé hién

dudi day trén phan cuc ké Rudolf.

biéu kién:

Do dai ong phéan cuc ké

100mm

Nhiét do
Dung dich mau

Tén mau

20 °C
3,0mg/mL trong EtOH
Hop chét 1a va hop chét 1b
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Két qua:
Lan thtr nhat (°)| Lan thr 2 (°) | Lan tht 3 (°) | Trung binh (°)
Hop chét 1a 30,357 30,711 29,906 30,325
Hop chit 1b -35,430 -35,453 -35,298 -35,394

Vi du 2: Téng hop hop chét 2

F

o

H

_ HS0s N o} Br F I b
\é \G POCl;, TEA, Toluen, U DMF,110°C N

110°C F
Tt ok X
P(Cy)3.Pd(OAC)2 KOAC, Pd(dppf)Cl2DCM,K2CO;, N o~ N
DMS0,90°C 1,4-Dioxan/H,0, 60°C r

M5

Pd,(dba);,Xantphos,
Cs,COs, 1,4-Dioxan “UN \) /L

1. Hop chat 1-01

Hon hop chita 2-metylxyclopentanon (5,200g), hydroxylamin hydroclorua (9,200g)
va trietylamin (16,080¢) trong etanol khan (70mL) duoc khudy ¢ 85°C qua dém trong
bé dau. Sau do, dung dich phan trng dugc co6 dic; phén can duoc rira béng EA. Dich loc
dugc thu gom béng cach loc va sau do ¢ dic dé tao ra 5,820g hop chét tho 1-01,

2. Hop chat 1-02

Hop chét tho 1-01 (5,820g) duoc hoa tan trong dung dich axit sulfuric (con-H,SOy:
H,0=20mL:5mL), hon hop thu dugc duoc khqu & 90°C trong bé dau trong 90 phut,
nudc (10mL) duogc bd sung vao, sau dé diéu chinh do pH dén 8~9 béng Na,COs, dung
dich nuéc thu dugc duogc chiét bé‘mg DCM (20mLx5), pha hitu co két hop dugc lam
kho bang Na,SO, khan, ¢6 dac dudi ap suat giam dé tao ra 4,110g hop chét tho 1-02.
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3. Hop chét 1-03

Hbn hop chtra hop chit thd 1-02 (4,110g) va 4-bromo-2,6-difloanilin (3,780g)
trong metylbenzen (40mL) duoc bd sung POCI; (4,180g) va duge dun néng trong bé
dau, TEA (2,770g) dugc bd sung vao khi nhiét d6 duoc ting dén 110°C, hdn hgp thu
duoc duogc cho phan tmg & 110°C trong 20 phut. Mot phan a metylbenzene dugc lay ra,
sau d6 diéu chinh do pH dén 8~9 béng Na,COs, chiét béng EA, pha hitu co két hop
duoc rira biang dung dich NaCl bdo hoa va lam kho bang Na,SO, khan, co dac dudi ap
suét giam dé tao ra 6,550g hop chét tho 1-03.

4. Hop chat 1-04

Hdn hop chta hop chét tho 1-03 (6,100g) va kali tert-butoxit (4,520g) trong DMF
(60mL) duoc khudy & 100°C trong 20 phut trong bé dau va sau d6 chiét bang 300mL
EA, pha hitu co két hop duogce rira bang dung dich NaCl bao hoa (120mLx3) va lam khé
bang Na,SO, khan, c¢b dic va sau do tinh ché bang cot sic ky(PE/EA=1/5) dé tao ra
0,705g hop chat 1-04-A, va 1,500g hop chat th 1-04-C.

5. Hop chat 1-05

Hon hop chira hop chét thd 1-04-C (0,200g), bis(pinacolato)diboron (0,270g),
trixyclohexyl phosphin (0,039g), paladi axetat (0,031g) trong DMSO (5SmL) duoc
khudy trong méi trudng nito trong 1 gior & 90°C trong bé dau. Hn hop thu dugce duogc
chiét bang EA (50mL), pha hitu co két hop dugc rira bang dung dich NaCl bdo hoa
(20mLx3) va lam kho bang Na,SO, khan, c6 ddc dudi ap sudt giam dé tao ra 0,398g
hop chat tho 1-05.

6. Hop chét 2-01

Hdon hop chira hop chéat thd 1-05 (0,398g), 2,4-diclopyrimidin (0,304g), K,CO5
(0,502g) va Pd(dppf)Cl,-DCM (0,050g) trong 1,4-dioxan (10mL) va nudc (ImL) dugce
khudy trong mdi truong nito trong 80 phut & 60°C trong bé dau. Hon hop thu duogc
dugc bd sung nude (10mL) va sau d6 chiét bing EA (20mLx2), pha hitu co két hop
duoc rtra bé“lng dung dich NaCl bao hoa (20mLx1) va Iam kho béng Na,SO, khan, co
dac va sau do tinh ché bang cot sic ky (PE/EA=1/1) dé tao ra 0,165g hop chét 2-01.
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7. Hop chat 2

Hbn hop chtra hop chét 2-01 (0,030g), hop chét trung gian M5 (0,025g), Cs,COs;
(0,067g), Xanphos (0,005g) va Pd,(dba); (0,005g) trong 1,4-dioxan (2mL) duoc khudy
trong moi trudng khi nito trong 3,5 gio 110°C trong bé dau. Hon hop thu duge duge
bd sung 20mL dung méi hén hgp (DCM/MeOH =10/1), sau d6 loc, co dac va tinh ché
bang cot sic ky (DCM/MeOH=8/1), chit ran duoc rira bang 1,4-dioxan (5mL) dé tao
ra 0,024g hop chat 2.

MS(ES"):m/z=519,3(M+H)".

H-NMR(CDCl5): & 8,587(s,1H,NH), 8,448-8,457(d,1H,CH),
8,383-8,405(d,1H,CH), 8,280-8,286(d,1H,CH), 8,009-8,013(d,1H,CH),
7,804-7,837(dd,1H,CH), 7,686-7,714(dd,1H,CH), 4,681-4,728(m,1H,CH),
3,532(s,2H,CH2), 3,189-3,256(m,1H,CH,), 3,008-3,091(m,1H,CH2), 2,654(s,8H,CH,),
2,571-2,608(m,2H,CH,), 2,226-2,299(m,1H,CH,), 2,111-2,15(m,1H,CH,),
2,012-2,053(m,2H,CH,), 1,596-1,612(d,3H,CH;), 1,174-1,210(t,3H,CHj).

Vi dy 2-1: Tach bat dbi hop chat 2-01

Theo phuong 4n nay, hop chét tho 2-01 theo vi du 2 dugc tinh ché truc tiép trén
cot bat dbi dé tao ra hop chat 2-01-A va hop chat 2-01-B trong céc diéu kién sau.

Diéu kién HPLC bét dbi:

Cot CHIRALPAK AD-H
Kich thuéce cot 2cm*25cm, Spm

Bom 1,0mL

Pha dong Hex: IPA =90:10(thé tich/thé tich)
Téc do dong 20ml/phit

Budc song UV 220nm

Nhiét do 25 °C

Dung dich mau 25,9mg/mL trong EtOH:CAN=3:1
Thiét bi HPLC diéu ché  |Prep-YMC-HPLC

Tén mau Hop chét 2-01
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Vi du 2-2: Téng hop hop chat 2a va hop chat 2b

Hop chét thd 2-01 dugc tinh ché bang ct bit dbi trong cac diéu kién néu trén dé

tao ra hop chit 2-01-A va hop chat 2-01-B.

Diéu ché hop chit 2a va hop chat 2b chu yéu nhu duge mo ta doi véi bude 7 cia

vi du 2 bang cach st dung lan luot hop chét 2-01-A va hop chat 2-01-B.

Ngoai ra, d§ quay quang duoc do 3 lAn dbi v6i mdi hop chét nhu dugce thé hién

dudi day trén phan cuc ké Rudolf.

biéu kién:

100mm
20 °C
4,0mg/mL trong DCM

Do dai bng phan cuc ké
Nhiét do

Dung dich mau

Tén mau Hop chat 2a va hop chét 2b
Két qua:
LAn thir nhét (°) | Lan the 2 (°) | Lan tht 3 (°) | Trung binh (°)
Hop chit 2a 38,074 38,111 38,078 38,088
Hop chit 2b -32,070 -32,134 31,903 -32,036

Didu ché cac hop chét vi du sau day (duoc thé hién trong bang &) chu yéu nhu

dwoc md ta trong vi du 2 bang cach st dung céc hop chét trung gian tuong (mg. Trong

d6 hai chét ddng phan ddi anh cia timg hop chét duoc tach trén cot bat doi, sau do

kiém tra do quay quang cua ching chu yéu nhu dugc mo ta trong vi dy 2-2.

Bang 8
Cac chat
Vi Dir liéu dong
A s L, vatly | phén doi
Zlg Tén hoda hoc Cau truc (MS) anh
(M+H)" | (d6 quay
quang)
4-(6-flo-1-metyl-1,2,3,4-tetrah SN
ydrobenzo[4,5]imidazo[1,2-a] LNy N7 ‘ la (4)
1 | pyridin-8-y1)-N-(5-(4-metylpi N @ 4732
perazin-1-yl)pyridin-2-yl)pyri " N 1b ()
midin-2-amin F
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N-(5-((4-etylpiperazin-1-yl)m
etyl)pyridin-2-y1)-5-flo-4-(6-f1
o0-1-metyl-1,2,3,4-tetrahydrob
enzo[4,5])imidazol1,2-a]pyridi
n-8-yl)pyrimidin-2-amin

519,3

2a (+)
2b (-)

5-flo-4-(6-flo-1-metyl-1,2,3,4-
tetrahydrobenzo[4,5]imidazo[

1,2-a]pyridin-8-yl)-N-(5-(4-m

etylpiperazin-1-yl)pyridin-2-yl
)pyrimidin-2-amin

491,2

3a (+)
3b(-)

5-flo-4-(6-flo-1-metyl-1,2,3,4-
tetrahydrobenzo[4,5]imidazo[

1,2-a]pyridin-8-y1)-N-(6-((4-m
etylpiperazin-1-yl)metyl)pyrid
in-3-yl)pyrimidin-2-amin

505.3

4a (1)
4b (-)

5-flo-4-(6-flo-1-metyl-1,2,3,4-
tetrahydrobenzo[4,5]imidazo[
1,2-a]pyridin-8-yl)-N-(5-((4-m
etylpiperazin-1-yl)metyl)pyri
midin-2-yl)pyrimidin-2-amin

506,3

5a (1)
5b (-)

N-(5-((4-(dimetylamino)piperi
din-1-yl)metyl)pyrimidin-2-yl
)-5-flo-4-(6-flo-1-metyl-1,2,3,
4-tetrahydrobenzo[4,5]imidaz
o[1,2-a]pyridin-8-yl)pyrimidin
-2-amin

5343

6a (+)
6b (-)

N-(5-((4-(dimetylamino)piperi
din-1-yl)metyl)pyridin-2-yl)-5
-flo-4-(6-flo-1-metyl-1,2,3,4-t
etrahydrobenzo[4,5]imidazo[ 1
,2-a]pyridin-8-yl)pyrimidin-2-
amin

533.3

Ta (+)
7b (-)

N-(5-(4-(dimetylamino)piperi
din-1-yl)pyridin-2-yl)-5-flo-4-
(6-flo-1-metyl-1,2,3,4-tetrahy
drobenzo[4,5]imidazo[1,2-a]p
yridin-8-yl)pyrimidin-2-amin

5193

8a (+)
8b (-)

(2-((5-flo-4-(6-flo-1-metyl-1,2
,3,4-tetrahydrobenzo[4,5]imid
azo[1,2-a]pyridin-8-yl)pyrimi
din-2-yl)amino)pyrimidin-5-yl
)(4-metylpiperazin-1-yl)metan
on

520,2

9a (+)
9b (-)
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10

(6-((5-flo-4-(6-flo-1-metyl-1,2
,3,4-tetrahydrobenzo[4,5|imid
azo[1,2-a]pyridin-8-yl)pyrimi
din-2-yl)amino)pyridin-3-yl)(
4-metylpiperazin-1-yl)metano
n

519,2

10a (+)
10b (-)

11

N5-(2-(dietylamino)etyl)-N2-(
5-flo-4-(6-flo-1-metyl-1,2,3,4-
tetrahydrobenzo[4,5]imidazo[
1,2-a]pyridin-8-yl)pyrimidin-2
-y1)-N5-metylpyridin-2,5-dia
min

5213

Ila(+)
11b (-)

12

N-(5-((4-etylpiperazin-1-yl)m
etyl)pyridin-2-yl)-4-(6-flo-1-
metyl-1,2,3,4,4a,5-hexahydrob
enzo[4,5]imidazo[1,2-a]pyridi
n-8-yl)-5-(triflometyl)pyrimidi
n-2-amin

571.3

12a (+)
12b (-)

13

N-(5-((4-etylpiperazin-1-yl)m
etyl)pyridin-2-yl)-4-(6-flo-1-
metyl-1,2,3,4,4a,5-hexahydrob
enzo[4,5]imidazo[1,2-a]pyridi
n-8-yl)-5-metylpyrimidin-2-a
min

517.3

13a (+)
13b (-)

14

5-clo-N-(5-((4-etylpiperazin-1
-yl)metyl)pyridin-2-yl)-4-(6-fl
o-1-metyl-1,2,3,4-tetrahydrob
enzo[4,5]imidazo[1,2-a]pyridi
n-8-yl)pyrimidin-2-amin

535,2

14a (+)
14b (-)
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Vi du 15: Téng hop hop chit 15b

F
NH,

H Q | N %
N O Br F NN KTB Br N O o-B
7 - T) S
o Tol, POCI3,TEA,100°C  Br F S0~  DMF100°C N
F

b0 quay ()

15-01 15-02 15-03

F ~
N7 ) -
)\\\ N O LN _F N
c” N N N
N/>J \Q\N/KN\ N>JO
F H W

15-04
Do quay (-) bo qzlﬁaby -)

1. Hop chét 15-01

Hon hop chira chit ddng phan ddi anh (-) ctia hop chat S-metylmorpholin-3-on
(0,200g) va 4-bromo-2,6-difloanilin (0,210g) trong metylbenzen (20mL) dugc b6 sung
POCI; (0,510g) va duoc dun nong trong bé dau, TEA (0,210g) dugc bd sung vao khi
nhiét do duoc tang dén 110°C, hdn hop thu duge duge cho phan tng & 110°C trong 40
phut. Mot phan metylbenzene dugc 14y ra, diéu chinh d6 pH dén 8~9 bang Na,CO; sau
khi b sung nude (10mL). Sau d6 chiét bang EA (20mLx2), pha hitu co két hop duge
rira bang dung dich NaCl bdo hoa (20mLx1) va lam kho bang Na,SO, khan, c¢6 dac dé
tao ra 0,280g hop chat 15-01.

2. Hop chét 15-02

Hbn hop chwa hop chat 15-01 (0,275g) trong DMF (5mL) dugc b6 sung kali
tert-butoxit (0,482g), sau d6 khudy trong 30 phit & 70°C trong bé dau. Hon hop thu
duoc duoc chiét bang EA (20mLx3), pha hitu co két hop duoc rira bang dung dich
NaCl bdo hoa (30mLx4) va lam kho bing Na,SO, khan, c6 ddc va tinh ché bang cot sic
ky (PE/EA=5/1) dé tao ra 0,260g hop chat 15-02.
3. Hop chat 15-03

Hon hop chtra hop chat 15-02 (0,260g), bis(pinacolato)diboron (0,320g),
trixyclohexyl phosphin (0,050g), paladi axetat (0,040g) trong DMSO (6mlL) duoc
khudy trong mdi truong nito trong 50 phut & 90°C trong bé dau. Hdn hop thu dugc
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duoc chiét bang EA (20mLx2), pha hitu co két hop duoc rira bang dung dich NaCl bao
hoa (10mLx3) va lam kho bing Na,SO, khan, ¢6 dic dé tao ra 0,258g hop chat 15-03.

4. Hop chét 15-04

Hdn hop chta hop chat 15-03 (0,120g), 2, 4-diclo-5-flopyrimidin (0,060g),
K,CO; (0,099g) va Pd(dppf)Cl,-DCM (0,012g) trong 1,4-dioxan (10mL) va nudc
(1mL) duoc khudy trong méi trudng nito trong 1 gio & 60°C trong bé dau. Hon hop
thu duge duge chiét bing EA (20mLx2), pha hitu co két hgp dugc rira bang dung dich
NaCl bdo hoa (20mLx1) va lam khd bing Na,SO, khan, c6 dac va sau do tinh ché
bang HPLC diéu ché (DCM/MeOH=30/1) dé tao ra 0,052g chit dong phan ddi anh (-)
cta hop chat 15-04.

5. Hop chét 15b

Chét ddng phan dbi anh (-) cua hop chat 15-04(20mg), hop chét trung gian
M1(0,017g), Cs,CO; (0,056g), Xanphos (0,005g) va Pd,(dba); (0,005g) trong
1,4-dioxan (2mL) duoc cho phan tng trong diéu kién vi song & 110°C trong 1,5 gio
trong dong nito. Hén hop thu dwoc duge bd sung 20mL dung méi hdn hop
(DCM/MeOH=10/1). Dich loc dugc thu gom béng cach loc va sau do co dac, tinh ché
bang phuong phap HPLC diéu ché (DCM/MeOH=20/1), chét ran thu duge duge rira
bang n-hexan (10mL) dé tao ra 0,014g hop chét 15b.

MS(ES"):m/z=493 2(M+H)".

H-NMR(CDCI3): 58,409-8,418(d,1H,CH), 8,211-8,288(m,2H,CH),
8,070-8,077(d, 1H,CH), 8,019-8,023(d,1H,CH), 7,833-7,868(m, |H,CH),
5,118-5,158(d,1H,CH2), 4,912-5,002(d,1H,CH2), 4,522-4,584(m, 1H,CH),

4,111-4,168(m,1H,CH2), 4,039-4,075(m,1H,CH2), 3,249-3,275(m,4H,CH2),
2,724-2,748(m,4H,CH2), 2,462(s,3H,CH3), 1,662-1,678(d,3H, CH3) .

Vi du 15-1: Tong hop hop chét 15a va hop chit 15

Hop chét 15a va hop chat 15b 1a cac chat dong phan ddi anh. Piéu ché hop chét
15a chu yéu nhu duge md ta trong vi du 15 bang cach stir dung chét dong phan déi anh

(+) ctia hop chét 5-metylmorpholin-3-on 1am nguyén lidu ban dau.
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Theo mot phuwong an khac, hop chit 5-metylmorpholin-3-on thd dugc st dung

lam nguyén liéu ban dau; cudi cung sé& thu duoc hop chét 15 thd bao gdm hop chét 15a

va hop chat 15b.

Ngoai ra, d0 quay quanh duoc do 3 1An dbi v6i mdi hop chat nhu dugc thé hién

sau day trén phén cuc ké Rudolf.

biéu kién:

Do dai ong phan cuc ké

100mm

Nhiét do

Dung dich mau

20 °C
4,6mg/ml. trong DCM/MeOH(1:1)

Tén miu Hop chét 15a va hop chat 15b
Két qua:
LAn th nhét (°)| Lan tha 2 (°) | Lan tht 3 (°) | Trung binh (°)
Hop chit 15a 32,859 32,818 32,809 32,829
Hop chit 15b -28,979 -28,840 -28.967 -28.929

Pidu ché cac hop chat vi du sau day (duoc thé hién trong bang 9) chu yéu nhu

duoc mo ta trong vi du 15 bang cach sir dung cac hop chét trung gian tvong Gmg, va sur

dung chat déng phan dbi anh (+) va/hodc (-) cta hop chét 5-metylmorpholin-3-on lam

nguyén liéu ban dau. Do quay quang ciia chiing duoc kiém tra chii yéu nhu duge mo ta

trong vi du 15-1.

Bang 9
Cac
chat
vi , Ny | phin
cslg Tén hoa hoc Cau truc (MS})/ 461 anh
(M+H)" (do
quay
quang)
5-flo-4-(9-flo-4-metyl-3,4-di \D
hydro-1H-benzo[4,5]imidazo Ny v N .
15 | [2,1-¢][1,4]oxazin-7-y1)-N-(5 \QNA\N‘ N>j’ 493,2 15a (*)
-(4-metylpiperazin-1-yl)pyrid . N 156 (-)
in-2-yl)pyrimidin-2-amin F
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16

N-(5-((4-etylpiperazin-1-yl)m
etyl)pyridin-2-yl)-5-flo-4-(9-f
lo-4-metyl-3,4-dihydro-1H-b
enzo[4,5]imidazo[2,1-c][1,4]
oxazin-7-yl)pyrimidin-2-ami
n

521,3

16a (+)
16b (-)

17

N-(5-(4-(dimetylamino)piperi
din-1-yl)pyridin-2-yl)-5-flo-4
-(9-flo-4-metyl-3,4-dihydro-1
H-benzo[4,5]imidazo[2,1-c][

1,4]oxazin-7-yl)pyrimidin-2-

amin

5213

17a (+)
17b (-)

18

N-(5-((4-(dimetylamino)piper
idin-1-yl)metyl)pyridin-2-yl)-
5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo
[2,1-c][1,4]oxazin-7-yl)pyrim
idin-2-amin

5353

18a (+)
18b (-)

19

5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo
[2,1-c][1,4]oxazin-7-yl)-N-(5
-(piperazin-1-yl)pyridin-2-yl)
pyrimidin-2-amin

479,2

19a (+)
19b (-)

20

5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo
[2,1-c][1,4]oxazin-7-yl)-N-(5
-(piperazin-1-ylmetyl)pyridin
-2-yl)pyrimidin-2-amin

493,2

20a (+)
200 (-)

21

N-(5-flo-4-(9-flo-4-metyl-3,4
-dihydro-1H-benzo[4,5]imida
zo[2,1-c][1,4]oxazin-7-yl)pyr
imidin-2-yl)-6-(4-metylpipera
zin-1-yl)pyridazin-3-amin

494,2

2la (+)
21b (-)

22

6-((4-etylpiperazin-1-yl)mety
1)-N-(5-flo-4-(9-flo-4-metyl-3
,4-dihydro-1H-benzo[4,5]imi
dazo[2,1-c][1,4]oxazin-7-yl)p
yrimidin-2-yl)pyridazin-3-am
in

5222

22a (+)
22b (-)

23

(1-(6-((5-flo-4-(9-flo-4-metyl
-3,4-dihydro-1H-benzo[4,5]i

midazo[2,1-c][1,4]oxazin-7-y
)pyrimidin-2-yl)amino)pyrid
in-3-yl)pyrolidin-3-yl)metano

4942

23a (+)
23b ()
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1

24

(1-((6-((5-flo-4-(9-flo-4-mety
1-3,4-dihydro-1H-benzo[4,5]i
midazo[2,1-c][1,4]oxazin-7-y
)pyrimidin-2-yl)amino)pyrid
in-3-yl)metyl)pyrolidin-3-yl)
metanol

508,2

24a (+)
24b (-)

25

N-(5-(4-xyclopropylpiperazin
-1-yl)pyridin-2-yl)-5-flo-4-(9

-flo-4-metyl-3,4-dihydro-1H-
benzo[4,5]imidazo[2,1-c][ 1,4
Joxazin-7-yl)pyrimidin-2-ami
n

519,2

25a (+)
25b (-)

26

N-(5-((4-xyclopropylpiperazi
n-1-yl)metyl)pyridin-2-yl)-5-
flo-4-(9-flo-4-metyl-3,4-dihy
dro-1H-benzo[4,5]imidazo[2,
1-c][1,4]oxazin-7-yl)pyrimidi
n-2-amin

5333

26a (+)
26b (-)

27

2-((1-((6-((5-flo-4-(9-flo-4-m
etyl-3,4-dihydro-1H-benzo[4,
5]imidazo[2,1-c][1,4]oxazin-
7-yl)pyrimidin-2-yl)amino)py
ridin-3-yl)metyl)piperidin-4-
yl)(metyl)amino)ethan-1-ol

565,3

27a (+)
2706 (-)

28

1-(6-((5-flo-4-(9-flo-4-metyl-
3,4-dihydro-1H-benzo[4,5]im
idazo[2,1-c][1,4]oxazin-7-yl)
pyrimidin-2-yl)amino)pyridin
-3-yl)-3-metylpyrolidin-3-ol

4942

28a (+)
28b (-)

29

1-((6-((5-flo-4-(9-flo-4-mety]l
-3,4-dihydro-1H-benzo[4,5]i
midazo[2,1-c][1,4]oxazin-7-y
)pyrimidin-2-yl)amino)pyrid
in-3-yl)metyl)-3-metylpyrolid
in-3-ol

508,2

29a (+)
29b (-)

30

5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo
[2,1-c][1,4]oxazin-7-yI)-N-(5
-((4-(oxetan-3-yl)piperazin-1-
yDmetyl)pyridin-2-yl)pyrimi
din-2-amin

549,2

30a (+)
30b (-)
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5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo

31

[2,1-c][1,4]oxazin-7-yl)-N-(5
-(4-(oxetan-3-yl)piperazin-1-
yl)pyridin-2-yl)pyrimidin-2-a
min

535,2

31a(+)
31b (-)

32

N-(5-((4-etylpiperazin-1-yl)m
etyl)pyridin-2-yl)-5-flo-4-(9-f
lo-4-metyl-1,2,3,4-tetrahydro

benzo[4,5]imidazo[1,2-a]pyra
zin-7-yl)pyrimidin-2-amin

520,3

32(+)
32b (-)

33

5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo
[2,1-c][1,4]oxazin-7-yl)-N-(5
-((4'-metyl-[1,1'-bipiperazin]-
4-yl)metyl)pyridin-2-yl)pyri
midin-2-amin

591.3

33a (+)
33b (-)

34

5-flo-4-(9-flo-4-metyl-3,4-di

hydro-1H-benzo[4,5]imidazo
[2,1-c][1,4]oxazin-7-yl)-N-(5
-((4-(1-metylpiperidin-4-yl)pi
perazin-1-yl)metyl)pyridin-2-
yl)pyrimidin-2-amin

590.3

34a (+)
34b (-)

Céc vi du so sanh

Diéu ché cac hop chat vi du so sanh sau ddy chu yéu nhu duoc md ta trong vi du

1, 2 hodc 15 bang cach str dung cac hop chét trung gian hodc cac nguyén liéu ban dau

twong tmg. Vi du, diéu ché cac hop chat vi du so sanh 8, 9 va 10 sau ddy (duoc thé

hién trong bang 10) chu yéu nhu dwgc mo ta trong vi du 2 bang cach st dung

N_o
H
/Ej , , thay cho va diéu ché hop chét vi du so sdnh 7 sau
H

N._O
day chu yéu nhu dwoc mo ta trong vi du 1 bang cach s dung (j(\ thay

H

N__O
choU )
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Béang 10

Vidu
SO
sanh
s6

Tén hoa hoc

Cau truc

Dt liéu
vat ly
(MS)

(M+H)"

5-flo-4-(6-flo-3,4-dihydro-2H-s
piro[benzo[4,5]imidazo[1,2-a]p
yridin-1,1'-xyclopropan]-8-yl)-
N-(5-(4-metylpiperazin-1-yl)py
ridin-2-yl)pyrimidin-2-amin

SEN

K/Nﬁ Nl\ F
\N N)\/N/IQ:N
H /
N

F

503.2

5-flo-4-(6-flo-1,2,3,4-tetrahydr
obenzo[4,5]imidazo[ 1,2-a]pyrid
in-8-yl)-N-(5-(4-metylpiperazin
-1-yl)pyridin-2-yl)pyrimidin-2-
amin

"

LN A ~r "
N

476,2

3b

(R)-N-(5-((4-etylpiperazin-1-yl
)metyl)pyridin-2-yl)-5-flo-4-(9-
flo-4-isopropyl-3,4-dihydro-1H
-benzo[4,5]imidazo[2,1-c][1,4]
oxazin-7-yl)pyrimidin-2-amin

L
i HoN -

548.3

4b

(R)-4-(4-etyl-9-flo-3,4-dihydro-
1H-benzo[4,5]imidazo[2,1-c][],
4]oxazin-7-yl)-N-(5-((4-etylpip
erazin-1-yl)metyl)pyridin-2-yl)-
5-fluoropyrimidin-2-amin

5343

5-flo-4-(6-flo-1,1-dimetyl-1,2,3
,4-tetrahydrobenzo[4,5]imidazo
[1,2-a]pyridin-8-yl)-N-(5-(4-(o
xetan-3-yl)piperazin-1-yl)pyridi
n-2-yl)pyrimidin-2-amin

546,3

5-flo-4-(6-flo-1,1-dimetyl-1,2,3
,4-tetrahydrobenzo[4,5 ]imidazo
[1,2-a]pyridin-8-yl)-N-(5-(piper
azin-1-ylmetyl)pyridin-2-yl)pyr
imidin-2-amin

5043

4-(6-flo-4-metyl-1,2,3,4-tetrahy
drobenzo[4,5]imidazo[1,2-a]|py
ridin-8-y1)-N-(5-(4-metylpipera
zin-1-yl)pyridin-2-yl)pyrimidin
-2-amin

473,3
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N-(5-((4-etylpiperazin-1-yl)met

F
yDpyridin-2-yl)-5-flo-4-(6-flo-2 | ¥ ) r§
8 | -metyl-1,2,3,4-tetrahydrobenzo A N)\N N/>- 5193
4,5]imidazo[1,2-a]pyridin-8-yl) I N
pyrimidin-2-amin

N-(5-((4-etylpiperazin-1-yl)met
yl)pyridin-2-y1)-5-flo-4-(6-flo-3 AT &

9 | -metyl-1,2,3,4-tetrahydrobenzo[ 519,3
4,5]imidazo[1,2-a]pyridin-8-yl)
pyrimidin-2-amin
N-(5-((4-etylpiperazin-1-yl)met NN N F
yl)pyridin-2-yl)-5-flo-4-(6-flo-4 e nNkN ‘ NQ

10 | -metyl-1,2,3,4-tetrahydrobenzo[ : N 519,3

4,5]imidazo[1,2-a]pyridin-8-yl)
pyrimidin-2-amin

Trong bang trén, cac hop chit vi du so sanh 3b va 4b dugc tong hop chu yéu nhu
dugc mo ta trong vi du 15, va sau do 1in luot kiém tra do quay quang cta chung chi
yéu nhu dugc mo ta trong vi du 15-1. Céc hop chat vi du so sanh 3b va 4b dé thé hién
do quay quang am.

Thir nghiém dugc ly

Két qua cia cac thir nghiém sau ddy ching to bing ching rang cac hop chat lam
vi du trong ban mo ta nay hiru dung lam chét trc ché CDK4/6 va lam chat chéng ung
thu dic hiéu. Nhu duge sit dung & ddy, “ICsy” chi ndng do cht ma tao ra 50% dap Gng
tre ché ti da c6 thé c6 dbi voi chat nay.

Pé thuan tién cho viéc minh hoa, cAu trac chung sau day dugc thé hién dudi day.
Bt ngd 13, cdc tac gia sang ché da phat hién rang “R” ¢6 anh hudng quan trong dén
hoat tinh sinh hoc, d6 chon loc va d¢ an toan.

R,

RON XIS
o )~

N
R

Thit nghiém 1: So sanh phén tir thé khac nhau bang thit nghiém tang sinh t€ bao
Téac dung cta cac hgp chét thir nghiém dén su tang sinh in vitro duge xac dinh bang

thtr nghiém do séng sét clia té bao MTS.
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Nudi cdy té bao

Céac té bao bénh ung thu dai truc trang & nguoi (colo-205) duge nhén lén bang
cach nudi cdy (colo-205 duge nudi trong mdi truong DMEM véi 12%FBS, 1%P/S, va
1% L-glutamin).

Thit nghiém do séng sot cuia té bao MTS:

1. Cly té bao & mat do 4 X 10° té bao trén mot giéng cua cac dia 96-giéng, nuoi

trong 24 gio;
2. B6 sung cac hop chét thir nghiém v&i ndng do khac nhau vao cac té bao;
3. U dé phoi nhiém trong 7 ngay;

4. Chudn bi chit phan tung theo huéng dan trong thit nghiém tang sinh té bao
(Promega);

5. Chuyén sang moi truong khong chira huyét thanh voi thé tich cudi la
100ul/ giéng. Chuén bj tap hop cac giéng chi chtra mdi mdi truong dé trir di gia tri nén;

6. B sung 20l dung dich MTS chira PMS va tung giéng (ndng do MTS cudi sé la
0,33 mg/mL);

7. Utlr 1 dén 4 gio 6 37°C trong khi quyén 5% CO, am;

8. Ghi nhan do hip thu & budc séng 490nm bang bd doc dia VICTOR™XS
(PerkinElmer).

Tét ca cac diém thir nghiém déu duoc thuc hién trong ba giéng va tat ca cac thir
nghiém déu duoc lap lai it nhét ba 1an. Tri s6 [Csy duoc tinh toan tir dudng cong dap ung
lidu bang cach st dung phan mém (Graphpad prism 6), va két qua duoc duoc thé hién

trong bang 11.

Béang 11
Mau ICs (colo-205) /uM
LY2835219 0,136
Hop chat vi du 1 0,078
Hop chét vi du 2 0,053
Hop chét vi du so 6,644
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Mau ICsy (colo-205) /uM
LY2835219 0,136
sanh 1
Hop chat vi du so R 807
sanh 2 ’

Céc hop chét lam vi du trén ddy thé hién hoat tinh chdng khdi u trong mo hinh
ndy nhu duoc thé hién trong bang 11, do d6 chimg t6 rang cac hop chit 1am vi du theo
sang ché hoat tinh in vivo chéng lai cac khéi u Rb" hiéu lue hon so véi hop chét da biét
1.Y2835219 (Abemaciclib), hop chét theo sang ché, vi du hop chat vi du 1 hodc hop
cht vi du 2 ¢6 kha ning e ché chdng lai cac khdi u Rb" hiéu lue hon so v&i hop chét
theo vi du so sanh 1 (sau day goi 1a hop chét vi du so sanh 1; R 14 cdu tric xoan) va
hop chét theo vi du so sanh 2 (sau day goi la hop chét vi du so sanh 2: R 1a H), hop
chét theo sang ché, vi du hop chét theo vi du 1 hoac hop chét theo vi du 2 (R 1a metyl)

c6 kha nang trc che chong lai cac khoi u Rb " hiéu luc hon.

Céc hop chat 1am vi du trén ddy ciing thé hién ring R 1a metyl chtr khong phai H
hodic cAu truc xoan ¢6 hoat tinh sinh hoc hiéu luc hon nhiéu trong mo hinh nay. Tu céac
két qua trén, c6 thé thiy rang loai phan tir thé c6 anh huéng dang ké dén kha ning trc

ché chéng lai cac khdi u Rb".
Thir nghiém 2: So sanh phin tir thé khac nhau bang thir nghiém do an toan

Céc hop chit duoc chon dugc diéu ché nhu dd mo ta trén day dugc thtr nghiém vé
do an toan theo su thay dbi vé thé trong va xem co6 chét hay khong, va quy trinh dugc
md ta trong ban mo ta nay. Hop chat thir nghiém duogc bao ché trong chat dan thich hop
va duge sir dung cho chudt nhit BALB/c (22-23g) bang 6ng thong duong miéng. Thé
trong va ty I¢ chét duoc léy lam sb do doc tinh. Giam khdi lugng (% thay dbi thé trong)
duoc tinh toan hai 1dn mét tun béng cach so sanh cac nhom duoc diéu tri véi nhom dbi
chirng st dung chét dan trong sudt khoa diéu tri. Cac hop chét 2 va 16 thé hién sy giam
khdi lwong hdu nhu nho, trong cac mo hinh nay khi dugc dinh liéu & mirc 200 mg/kg
(mot 1an mot ngay). Nhung & cing lidu lwong nay, cac hop chét vi du so sanh, vi du,

hop chét vi du so sanh 3b va hop chét vi du so sanh 4b c6 kha niang giy ra giam khoi
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lugng nhidu hon nhiéu, thim chi gdy ra ty 1¢ chét cao v6i 4 va 5 chudt nhat chét trong

mdi nhém (6 chudt nhét) sau khi diéu tri trong 2 tun.

Két qua dugc dua ra trong bang 12. “*” chi “mirc giam khoi lugng dudi 5%; <**>
chi “murc giam khéi luong trén 5% va dudi 10%”; “**** chi “mirc giam khoi luong trén
10% va dudi 30%”; “****** chi “muc gidm khoi luong trén 30%”. “+” chi viéc “c6 chudt

bi chét”; “*-” chi viéc “khong co6 chudt bi chét™.

Bang 12
Mau Thé trong Quan sat
LY2835219 * -
Hop chét vi du % i
2b
Hop chét vi du % i
16b
Hop chét vi du so . n
sanh 3b
Hop chét vi du so . n
sanh 4b

Bt ngo 13, cac tac gia sang ché da phat hién rang hop chit vi du so sanh 3b (R 1a
isopropyl) hodc hop chit vi du so sanh 4b (R 1a etyl) c6 nhiéu tac dung phu va doc tinh
hon. Tuy nhién, cac hop chat 1am vi du theo sang ché, vi du hop chit 2b hodc hop chat
16b (R 1a metyl), an toan hon nhidu, do d6 chimg té rang loai phan tir thé c6 anh
huéng dang ké dén do an toan.

Thtr nghiém 3: Anh huéng ctia sé phan tir thé bang thir nghiém CDK kinaza

Dé chimg to rang cac hop chat nay thé hién ai luc véi cac CDK kinaza
(CDK2/CycA2, CDK4/CycD3, CDK6/cycD3), cac thir nghiém CDK kinaza dugc thuc
hién.

bém phan tng dugc chudn bi nhu sau: dém bazo kinaza cho CDK2, CDK6 (50

mM HEPES, d6 pH=7.,5; 0,0015% Brij-35; 10 mM MgCl,; 2 mM DTT); Bém bazo
kinaza cho CDK4 (20 mM HEPES, d¢ pH=7,5; 0,01% Triton X-100; 10 mM MgCI2;
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2 mM DTT); dém ngimg phan tmg (100 mM HEPES, d6 pH=7,5; 0,015% Brij-35;
0,2% chét phan tng pht #3; 50 mM EDTA).

Quy trinh phan tng enzym:

1) Pha loang hop chat dén 50X ndng d cao nhit mong mudn cudi cung trong
phan tmg bang DMSO 100%. Chuyén 100pL thé pha lodng hop chat nay vao giéng
trong dia 96-giéng. Sau do6, pha loing hang loat hop chét bang cach chuyén 30pL vao
60ul. DMSO 100% trong giéng tiép theo va ctr nhu vay déi véi tong s6 10 nong do.
B4 sung 100uL DMSO 100% vao hai giéng tréng dé lam ddi chimg khong c6 hop chét

va dbi chiung khong c6 enzym trong cung dia 96-giéng. Danh diu dia nay la dia goc.

2) Chuén bj dia trung gian bang cach chuyén 10uL hop chét tir dia gdc sang dia
96-giéng méi chira 90pl. dém kinaza lam dia trung gian.

3) Chuyén 5puL hop chat tir dia trung gian 96-giéng sang dia 384-giéng thanh hai
bo.

4) Bb sung 10puL dung dich enzym 2,5x vao tung giéng cua dia thir nghiém
384-giéng.

5) U & nhiét do trong phong trong 10 pht.

6) B6 sung 10pL dung dich co chit 2,5x dugc didu ché bang cach b sung peptit
duoc danh ddu FAM va ATP trong dém bazo kinaza. Céc néng do phan ung dbi vai

enzym va co chat 12 nhu trong bang sau (bang 13):

Bang 13
ATP . A A .
Enzym | Enzym (nM) (M) Peptit Nong do peptit (uM)
CDK2 10 30 P18 3
CDK4 10 280 P8 3
CDK6 15 800 P8 3

7) U & 28°C trong khoang thdi gian da dinh.

8) Bd sung 25uL dém ngimg phan tng dé nglimg phan tng.
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9) Thu thap dir lidu trén thiét bi Caliper. Sau do chuyén cac gia tri chuyén doi
thanh gia tri trc ché.

Ty 1€ phan tram tic ché = (max-gia tri chuyén d61)/(max-min)*100.

“max” 1a d6i v6i d6i ching DMSO va “min” 1a dbi voi ddi chung thap ¢ day.

10) Khép duong cong bang cach sir dung ty 1& phan tram ¢ ché trong tinh ning
excel XLFit phién ban 4.3.1 dé thu duogc cac gié tri ICso. Phuong trinh dugc st dung 1a:
Y=Déay+(Pinh-Ddy) /(1+(ICs¢/X) » D6 dbc). Trong do, Y la ty 1¢ phan tram e ché
(%); X 1a ndng d6 hop chit thir nghiém.

Két qua dugc biéu thi dudi dang gi4 tri ICsy duge thé hién trong bang 14.

Béang 14

Miu IC5o(CDK2)/uM | ICso(CDK4YuM | ICso(CDK6)/uM
LY2835219 0,039 0,002 0,022
HOp chat vi >O,3 01002 03023

dul
Hop chat vi 0.3 0.002 0.031

du?2
Hop chét vi

o ~0.3 0,003 0,040

Hop chat vi 0,040 0,003 0.017
du so sanh 5
Hop chat vi 0,040 0,007 0.014
du so sanh 6

Nhu duge thé hién trong bang trén, c6 thé thay s6 metyl ¢6 anh hudng rat quan
trong dén do chon loc. Bt ngo 1a, cac hop cht 1am vi du theo sang ché thé hién ICsy >
0,3uM trong thur nghiém wc ché CDK2 kinaza trén day va ICsy < 0,04uM trong thu
nghiém e ché CDK4/6 kinaza trén ddy nhu dugc thé hién trong bang 14. Diéu nay
chimg t6 ring cac hop chat 1am vi du theo sang ché la cac chat wc ché hoat tinh
CDK4/6 kinaza chon loc hon. Do d6 thé hién rang cic hop chét lam vi du (R chi la
mot metyl) 1a céc chat wc ché CDKA4/6 dac hiéu hon so véi hop chat da biét
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1,Y2835219 va hop chat vi du so sanh, vi du hop chét vi du so sanh 5 hodc hop chat vi

du so sanh 6 (R 12 hai metyl).

Thir nghiém 4: Anh huéng cta vi tri thé

Hop chét da chon dugc diéu ché nhu duge mo ta trén day dugc thir nghiém theo

cac quy trinh sinh hoc duge mo ta & day. Két qua duoc thé hién trong bang sau.

Bang 15
Mau Chu tric IC5o(CDK4)/uM ICSO(CI\IXK@/“
Hop chét vi ~N YN
op chat vi ) D
du 1 NTNTON @ 0,002 0,023
N
F
R
Hop chat vi LN N
dy so sanh NN NQ 0,057 0,110
7 H /
F

Ngoai ra, viéc so sanh truc tiép (head-to-head) hop chét vi du 2 va hop chat vi du

so sanh ctia n6 8, 9 hodc 10 duge thé hién trong bang sau. Két qua duoc dua ra trong

bang 16. “++++> chi “gia tri [Cs dudi 0,2pM™; “+++7 chi “gia tri ICsq trén 0,2uM va

dudi 1,0pM™; “++ chi “gia tri ICsp trén 1,0uM va dudi 2,0uM”; “+7 chi “gia tri ICsg

trén 2,0uM”.
Bang 16
Mau Chu tric ICs0(colo-205)/uM
) NS N F
Hop chit vi du | ~_N_/ /Q\N/KN | b
5 N ; +t+++
F
) N NS
Hop chétvidy | i an\N ‘ Né o
so sanh 8 4 N
.
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F
r N / N/
Hop chat vi du \/f(\) A\N@NJ\\N | NQ’ iy
so sanh 9 " N
F
F
, NT Y N7
Hop chitvidu | i) G5 NQ .
so sanh 10 " N
F

Nhu dugc thé hién trong bang 15 va 16, c6 thé thiy vi tri thé ciing dong vai tro

quan trong dén hoat tinh sinh hoc. Anh huéng dén hoat tinh sinh hoc cua viéc thay doi

vi tri cua cac phan tir thé 12 bat ngo dang ké.

Nhu duge thé hién trong cac két qua dua ra trén day, co thé thdy rang “R” cua di

vong 6 canh c¢6 4nh huong quan trong dén hoat tinh sinh hoc, d6 chon loc va do an

toan. BAt ngo 14, khi c6 mdt va chi mot metyl trong di vong 6 canh nay, 4nh huong thu

duoc sé it nhét 13 nhu sau:
(D hoat tinh sinh hoc dugc cai thién;
@ chon loc tdt; va
® it thc dung phu.

Thir nghiém 5: Anh huéng ctia d6 quang hoat

Céc hop chat da chon dugc didu ché nhu dugc mo ta trén day duoc thir nghiém

theo cac quy trinh sinh hoc dugc mo td nhu trong thtr nghiém 3 (tht nghiém CDK

kinaza). Két qua duogc thé hién trong bang sau.

Bang 17
Vi du IC5O/(1(1:1\12K4) ICsO(nCl\[/;K@/ Vi du ICsOEEI\IZKAL) ICsO/(SI\I/?K@
LY2835219 2 22
Hop chét 1a 3,0 121 Hop chét 1b 1,7 23
Hop chét 2a 4,1 108 Hop chat 2b 1,9 22
Hop chit 15a 6,7 230 Hop chét 15b 1,8 23
Hop chét 16a 17,6 >300 Hop chat 16b 3.4 45
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Nhu duge thé hién trong bang trén, ¢6 thé thiy cac hop chét 1b, 2b, 15b, 16b lan
luot ¢6 hiéu luc hon so véi cac hgp chit 1a, 2a, 15a, 16a trong viéc trc ché CDK4/6, do
d6 chung t6 rang cac chét ddng phan dbi anh (-) cua cic hop chét theo sang ché c6 loi

hon so v6i cac chat ddng phan d6i anh (+).

Trong mot s6 trudng hop, hop chét duoc md ta & day duge sir dung trong d6 mot
chit ddng phan dbi anh [vi du, chét dong phan dbi anh (-) hogc chit dong phan doi anh
(+)] ¢6 mat voi luong du chét dong phan dbi anh cao. Trong truong hop khac, chét dong
phan d6i anh cta hop chét 1b c6 do quay quang 4m, vi du, -35,394° (¢=3,0mg/mL,
EtOH) c6 hoat tinh chéng lai enzym CDK4/6 16n hon so v6i chat dong phan déi anh
(hop chat la) ma c6 d§ quay quang dwong +30,325° (¢=3,0mg/mL, EtOH). Trong
trudng hop khac, chat ddng phan ddi anh ciia hop chét 2b c6 do quay quang am, vi du.
-32,036° (c=4,0mg/mL, DCM) c6 hoat tinh chéng lai enzym CDK4/6 16n hon so véi
chit ddng phan d6i anh ma c6 do quay quang duong +38,088° (¢=4,0mg/mL, DCM).
Trong cac truong hop khac, chat ddng phéan ddi anh cua hop chat 15b ¢6 do quay quang
am, vi du, -28,929° (¢c=4,6mg/mL, DCM/MeOH=1:1) c6 hoat tinh chéng lai enzym
CDK4/6 16n hon so véi chit ddng phan dbi anh ma c6 d6 quay quang duong +32,829°
(¢=4,6mg/mL, DCM/MeOH=1:1).

Thit nghiém 6: Thir nghiém hoat tinh e ché va do chon loc trén cdc kiéu phu CDK

kinaza khac & mac do phén tu

Hop chét dai dién 2b theo sang ché dwoc sir dung lam hop chat thi nghiém, va
duge so sanh véi thude déi chimg duong LY2835219 (Abemaciclib) dé so sanh hoat
tinh e ché CDK kinaza va do dac hiéu chon loc gitta chung.

Co ché ciia phuong phap nay duge thé hién trong cong thirc (II). Kinaza xtc tac
phan tng phosphoryl hoa co chit protein dé danh du 3P trén ATP duoc danh dau P
(y-3 ’P-ATP) thanh co chét protein trong hé phan (mg; hé phan tmg dugc dua [én mang
trao dbi ion P81, v mang nay duoc rira k§ bang dém phosphat 0,75%:; co chét duoc
phosphoryl hoa phong xa duoc dé lai trén mang, va hoat tinh kinaza duoc phan anh
bang cach ghi lai cuong do ctia nhan phong xa co chét protein.

Co chét+[y-"P]-ATP Enzym 3P-Co chit +ADP

Céng thire (II)

-5O-



39246

Dit liéu dugc xtt Iy bang phan mém Prism4 (GraphPad), va cong thirc khép duong
cong la:

Y =Déy + (Dinh-Day)/(1 + 10~ ((LogICse-X) * D9 dbc)); trong do, Y 1a ty 1¢ phan
tram (rc ché (%); X 1a logarit ciia nong dd chét trc ché.

Két qua: Qua viéc sang loc cdc CDK kinaza khac nhau, da phat hién rang céac hop
chét dai dién 2, 2a, va 2b ¢6 ICs, 16n hon 0,4pM dbi v6i tre ché CDK1/2/7/9, cao hon
hang chuc dén hang nghin 1dn so véi d6i v6i CDK4/6. (Xem bang 18)

Béang 18: Hoat tinh rc ché CDK kinaza

. IC50(HM)
Kinaza - - p
L.Y2835219 Hop chat 2 Hop chat 2a Hop chat 2b
CDK1/xyclin B 308 ' 2350 3573 1683
CDK2/xyclin E 90 474 596 441
CDK7/xyclin H 2071 1050 2370 664
CDK9/xyclin T1 111 572 779 649

Két luan: O murc do phén tir, cac hop chit dai dién 2 va hop chit 2b theo séng ché
thé hién tac dung (rc ché manh dén CDK4/6 va tac dung trc ché yéu dén CDK1/2/7/9,
didu nay chi ra ring hop chét 2 va hop chat 2b la chét tc ché CDK4/6 kinaza v6 do
chon loc tuyét voi. Hop chit 2a thé hién tac dung uc ché manh dén CDK4, tac dung trc
ché nhe dén CDK®, va tac dung tc ché rat yéu dén CDK1/2/7/9, diéu nay chi ra ring
hop chét 2a 1a chat e ché CDK4 kinaza c¢6 d9 chon loc rat 16n va chit (e ché CDK6
kinaza c6 d0 chon loc tdt. Ngoai ra, dd chon loc cia cac hop chit dai dién theo sang
ché gitta CDK1/2/9 va CDK4/6 la cao hon dang ké s6 voi do chon loc cia LY2835219
(Abemaciclib).

Thtt nghiém 7: Tac dung thodi trién khdi u trong mo hinh dong vat ghép khac loai
JeKo-1

Céc té bao JeKo-1 dugce nudi cdy trong méi truong RPMI 1640 chira 20% huyét
thanh thai bo. Té bao & giai doan sinh trudng lily thira JeKo-1 duge thu nhan va tao
huyén phu lai trong PBS dén ndng do thich hop dé tiém khdi u dudi da cho chudt nhat
NOD/SCID. 70 chudt nhét cai dugc tiém dudi da vao bén phai vai 5x10° té bao

-60-



39246

JeKo-1, dugc tao huyén phu lai trong PBS va matrigel (1:1). Khi thé tich khéi u trung
binh dat 134mm’, cac chudt duogc chia ngau nhién thanh nhom theo kich thuge khdi u
va duogc cép thubc. 48 chudt chia vao nhom thtr nghiém, va 22 chudt con lai khong
duoc dung trong thtr nghiém. Thé tich khéi u duge tinh toan nhu sau: dudng kinh dai x
dudng kinh ngdn’/2. Thir nghiém dugc chia thanh nhom ddi ching dung moi, thu
nghiém hop chat thube dai dién 2b (10mg/kg), thir nghiém hop chét thude dai dién 2b
(25mg/kg), thir nghiém hop chét thuéc dai dién 2b (50mg/kg), thir nghiém hop chét
thude dai dién 2b (100mg/ke), tdng sb 6 nhom vaéi 8 chudt nhat mdi nhom, va cac
chudt duge cho st dung dudong udng mot 1an mot ngay bang dng thong va sau do tiép
tuc cAp thube trong 19 ngay. Hiéu luc dugc danh gia theo ty 1¢ e ché sy phat trién
khéi u twong d6i TGI.

Cong thtrc tinh toan 1a nhu sau: TGI (%) = (C-T)/C x 100% (C va T lan luot 1a
khdi lwong khdi u trung binh ctia nhém d6i ching dung mdi va khdi luong khéi u
trung binh cua nhém diéu tri). Gia tri TGI (%) cang cao ching t6 hiéu luc cang tdt: va
nguoc lai.

Két qua: Hop chét 2b chung to hoat tinh chdng khdi u tuyét voi.

Bang 19: Danh gia hidu luc chéng khdi u ctia hop chét dai dién 2b trong mé hinh ghép
khac loai JeKo-1

‘ Ty" 1€ 1’19 ché su phé,t
Nhom Liéu (mg/kg)  trién khoi u tuong doi Gia tri p°
(TGL(%))

Déi ching dung moi -- -- --
Hop chét 2b 10 42,7 0,087
Hop chét 2b 25 73,8 0,003
Hop chit 2b 50 98,3 0,001
Hop chat 2b 100 104,5 0,001

Luuy:

a: Gia tri p 1a phén tich so sanh thé tich khdi u ctia nhom diéu tri va nhom dbi

chimg dung moi.

Theo d6, trong mdt s6 trudng hop, ¢ lgi néu cho dbi tuong sir dung hop chat 1, 2

hodc 15 ¢6 lugng du chit dong phan ddi anh ctia chat dong phan di anh c6 do quay
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quang am dé didu tri bénh. BAt ngd 13, chit dong phan déi anh (-) tinh khiét vé mat
quang hoc cta hop chét theo sang ché, bao gdm nhung khong chi giéi han & hop chét
1b, 2b hodc 15b 1a thude c6 hidu luc hon dé didu tri bénh qua trung gian CDK4/6 & dbi

tugng.

Mot s6 phuong 4n cia sang ché da dugc mo ta. Tuy nhién, can hicu rang cac thay
d6i khac nhau c6 thé dugc thuc hién ma khong vugt ra ngoai pham vi cua sang che.

Céac phuong an khac dugc thé hién trong cac yéu cau bao ho.
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YEU CAU BAO HQ
1. Hop chat ¢6 cong thirc I, hodc chét ddng phén 1ap thé, chat dong phan hd bién, dang

da hinh, solvat, hodc mudi dugc dung cua no,

@O
l
= Z
RN N N
H />/J
N
Rs

cOng thuc [
trong do,
vong A 1a aryl hodc heteroaryl;
7 dugc chon tir nhém gdm CH,, NH, O va S;

R; ddc lap dugce chon tir nhom gf“)m hydro, halogen, CN, NO,, OH, NH,, C,galkyl,
C,.salkoxy, Csgxycloalkyl, aryl, heteroaryl, heteroxyclyl, heteroxyclyl-(CH;).-,
aryl-C,¢alkyl-, heteroaryl-C¢alkyl-, -NR;yR;3, -NRj,-Cealkylen-NR;R;5,  va
heteroxyclyl-C(O)-, trong d6 Cigalkyl, Cgalkoxy, Cjgxycloalkyl, aryl, heteroaryl,
heteroxyclyl, heteroxyclyl-(CH,),-, aryl-Cqalkyl-, heteroaryl-C,¢alkyl-, hodc
heteroxyclyl-C(O)- mdi nhém nay khong dugc thé hodc duoc thé bang it nhat mot phan
t¢ thé duoc chon tir halogen, hydroxyl, C,jalkyl, C;gxycloalkyl, heteroxyclyl,
-NR,R 3, hodc -(CH,)-OH;

R, va R; mdi nhém doc 1ap duge chon tir H, OH, CN, NO,, NH,, halogen, C,_galkyl,
C,.3 alkoxy, Cj.gxycloalkyl, aryl, heteroaryl, heteroxyclyl; trong d6 C,g alkyl, C 4
alkoxy, Csgxycloalkyl, aryl, heteroaryl, heteroxyclyl mdi nhom nay khong duge thé
hodc duoc thé bang it nhit mot phan tir thé dugc chon tir halogen, hydroxyl, C_galkyl,
C;.gxycloalkyl, hodc heteroxyclyl;

R;, va R;; mdi nhém doc 1ap dugc chon tor H, C,galkyl, aryl, heteroaryl,
heteroxyclyl, C;gxycloalkyl; trong d6 C,salkyl, aryl, heteroaryl, heteroxyclyl, hoac
C;.gxycloalkyl mdi nhém nay khong duoc thé hoac duoc thé béng it nhat mot ph?m tr

thé duoc chon tir halogen, hydroxyl, C,galkyl, C5.gxycloalkyl, hodc heteroxyclyl;

mlao, 1,2, 3 hoac 4;
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nla0, 1,2, 3 hodc 4;
tla0, 1,2, 3 hoac 4;

aryl 1a hé vong thom mot vong hodc hai vong 6-10 canh;

heteroaryl 1a hé¢ vong thom mot vong 4n dinh nam hodc sau canh khong duogc thé
hoac duogc thé hoac hé di vong thom ngung tu benzo chin hodc mudi canh khong dugce
thé hodc duoc thé hodc hé di vong thom hai vong bao gdm cc nguyén tir cacbon va tir
mot dén bdn nguyén tir khac loai dugc chon tur N, O hodc S; va

heteroxyclyl 12 hé vong no mot vong 6n dinh ba dén tdm canh khong duoc thé
hodc dugce thé bao gdm cac nguyén tir cacbon va tir mot dén ba nguyén tir khac loai duoc

chon tir N, O hodac S.
2. Hop chit theo diém 1, trong d6 Z 1a CH,.
3. Hop chat theo diém 1, trong d6 Z 12 O.

4, Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 3, trong d6 vong A la

heteroaryl 6 canh chita mot hodc hai nguyén tr khac loai N.

5. Hop chét theo diém bét ky trong sb cac diém tir 1 dén 4, trong d6 vong A 1a pyridyl,
pyrimidinyl, hodc pyridazinyl.

/e 2 r 7 2 r /
6. Hop chat theo diém bat ky trong s cac diém tir 1 dén 5, trong do vong Ala N fej\,
CL
NV poge SF

7. Hop chét theo diém bat ky trong s& cac diém tr 1 dén 6, trong do R, la

hoac

heteroxyclyl-(CH,),-, hodc heteroxyclyl-(CH;)y,- duoc thé bang C,salkyl, NR;R 3,
heteroxyclyl 4 dén 6 canh, Cs_¢xycloalkyl, hoac (CH,)-OH.

8. Hop chat theo diém bat ky trong sd cac diém tir 1 dén 7, trong d6 R, la
heteroxyclyl-CH,- 5 dén 6 canh, hoac heteroxyclyl-CH;- 5 dén 6 canh duoc thé bé‘mg
o\ CNTY N A
A NN s
Cysalkyl, -N(CHjs),, -N(CH,CH,OH)CHj3, o, , S, ,
-CH,OH, -CH,CH,0H, hodc OH.
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9. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 8, trong d6 R, la
heteroxyclyl-CH,- 6 canh, hodc heteroxyclyl-CH,- 6 canh dugc thé bang metyl hoic
etyl.

10. Hop chét theo diém bat ky trong s cac diém tir 1 dén 6, trong d6 R 1a heteroxyclyl,
hodc heteroxyclyl duoc thé bing C,salkyl, NR;R,3, heteroxyclyl 4 dén 6 canh,
C;¢xycloalkyl, hodc (CH,),-OH.

11. Hop chét theo diém bat ky trong sé cac diém tir 1 dén 6 hodc 10, trong d6 R, la
heteroxyclyl 5 dén 6 canh, hodc heteroxyclyl 5 dén 6 canh duoc thé bang C,alkyl,

SV SV G W

-N(CH3)23 -N(CHZCHon)CH39 5 5 > -CHona
-CH,CH,0H, hodc OH.

12. Hop chét theo diém bat ky trong sb cac diém tir 1 dén 6, 10, hoac 11, trong d6 R, 1a
heteroxyclyl 6 canh, hodc heteroxyclyl 6 canh duoc thé bang metyl hodc etyl.

13. Hop chat theo diém bat ky trong sd cac diém tir 1 dén 6, trong do R, la
heteroxyclyl-C(O)- 6 canh hodc heteroxyclyl-C(O)- 6 canh duoc thé bang C,_;alkyl.

14. Hop chét theo diém bat ky trong sd cac diém tir 1 dén 6 hoac 13, trong dé R, la
heteroxyclyl-C(O)- 6 canh duoc thé bang metyl.

15. Hop chét theo diém bat ky trong sé céc diém tir 1 dén 14, trong d6 heteroxyclyl

chrta mdt hodc hai nguyén tir khac loai N hodc O lam nguyén tir cua vong.

16. Hop chat theo diém bat ky trong s6 cac diém tir 1 dén 14, trong d6 heteroxyclyl

chira mdt hoac hai nguyén tr khac loai N lam nguyén tir ciia vong.

17. Hop chét theo diém bat ky trong sd cac diém tir 1 dén 6, trong do R; la
-NRlz-C1_3alkylen—NR12R13.

18. Hop chét theo diém bat ky trong sb cac diém tir 1 dén 17, trong d6 R}, va R;3 mdi
nhom doc 1ap la H, (CH,),-OH hodc C,_alkyl.

19. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 18, trong d6 R, va Rj3 moi
nhom doc lap 1a OH, CH,CH,0H, metyl hodc etyl.
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21. Hop chit theo diém bat ky trong s6 céc diém tir 1 dén 20, trong d6 m 1a 1.
22. Hop chét theo diém bét ky trong s6 cac diém tir dén 21, trongdonlal.
23. Hop chit theo diém bat ky trong s6 cac diém tir 1 dén 22, trong d6 t1a 0, 1, hodc 2.

24. Hop chat theo diém bat ky trong sb cac diém tir 1 dén 23, trong d6 R, va R; mdi
nhém doc lap 1a H, OH, halogen, C,_salkyl, C,salkyl duoc thé bang halogen, Cyalkoxy,
Crealkoxy duge thé bang halogen.

25. Hop chit theo diém bit ky trong s6 cac diém tir 1 dén 24, trong d6 R, va R; mdi
nhom doc 1ap 1a H, OH, F, Cl, CH;, CH,CHj3;, CF;, OCHj, hodc OCFs.

26. Hop chat theo diém bét ky trong s6 cac diém tir 1 dén 25, trong d6 R, va R déu laF.
27. Hop chit theo diém 1, trong d6 hop chat nay la:

1) 4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)-N-(5
-(4-metylpiperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

2) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(6-flo-1-metyl-1.2.3.4-
tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)pyrimidin-2-amin;
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3) 5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)
-N-(5-(4-metylpiperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

4) 5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5imidazo[ 1,2-a]pyridin-8-yl)
-N-(6-((4-metylpiperazin-1-yl)metyl)pyridin-3-yl)pyrimidin-2-amin;

5) 5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)
-N-(5-((4-metylpiperazin-1-yl)metyl)pyrimidin-2-yl)pyrimidin-2-amin;

6) N-(5-((4-(dimetylamino)piperidin- 1-yl)metyl)pyrimidin-2-yl)-5-flo-4-(6-flo-1-
metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)pyrimidin-2-amin;

7) N-(5-((4-(dimetylamino)piperidin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(6-flo-1-me
tyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)pyrimidin-2-amin;

8) N-(5-(4-(dimetylamino)piperidin-1-yl)pyridin-2-yl)-5-flo-4-(6-flo-1-metyl-1.2,
3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyridin-8-yl)pyrimidin-2-amin;

9) (2-((5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridin-
8-yl)pyrimidin-2-yl)amino)pyrimidin-5-yl)(4-metylpiperazin-1-yl)metanon;

10) (6-((5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridi
n-8-yl)pyrimidin-2-yl)amino)pyridin-3-yl)(4-metylpiperazin-1-yl)metanon;

11) N5-(2-(dietylamino)etyl)-N2-(5-flo-4-(6-flo-1-metyl-1,2,3,4-tetrahydrobenzo
[4,5]imidazo[1,2-a]pyridin-8-yl)pyrimidin-2-yl)-N5-metylpyridin-2,5-diamin;

12) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-4-(6-flo-1-metyl-1,2,3.4,4a,5-
hexahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)-5-(triflometyl)pyrimidin-2-amin;

13) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-4-(6-flo-1-metyl-1,2,3,4,4a,5-
hexahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)-5-metylpyrimidin-2-amin;

14) 5-clo-N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-4-(6-flo-1-metyl-1,2.3,
4-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridin-8-yl)pyrimidin-2-amin;

15) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-(4-metylpiperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

16) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-3.4-di
hydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;
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17) N-(5-(4-(dimetylamino)piperidin-1-yl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-3,
4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

18) N-(5-((4-(dimetylamino)piperidin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-m
etyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4]oxazin-7-yl)pyrimidin-2-amin;

19) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-(piperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

20) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-(piperazin-1-ylmetyl)pyridin-2-yl)pyrimidin-2-amin;

21) N-(5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxaz
in-7-yl)pyrimidin-2-yl)-6-(4-metylpiperazin-1-yl)pyridazin-3-amin;

22) 6-((4-etylpiperazin-1-yl)metyl)-N-(5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-be
nzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-yl)pyridazin-3-amin;

23) (1-(6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5 Jimidazo[2,1-c][1,4]
oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)pyrolidin-3-yl)metanol;

24) (1-((6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4]
oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)metyl)pyrolidin-3-yl)metanol;

25) N-(5-(4-xyclopropylpiperazin-1-yl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-3,4-di
hydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4]oxazin-7-yl)pyrimidin-2-amin;

26) N-(5-((4-xyclopropylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-mety
1-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazin-7-yl)pyrimidin-2-amin;

27) 2-((1-((6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro- 1H-benzo[4,5 [imidazo[2,1-¢][
1,4]oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)metyl)piperidin-4-yl)(metyl)amino
)ethan-1-ol;

28) 1-(6-((5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5|imidazo[2,1-¢][1.4]o
xazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)-3-metylpyrolidin-3-ol;

29) 1-((6-((5-fl0-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[ 4,5 ]imidazo[2,1-c][1,4]
oxazin-7-yl)pyrimidin-2-yl)amino)pyridin-3-yl)metyl)-3-metylpyrolidin-3-ol;
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30) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-((4-(oxetan-3-yl)piperazin-1-yl)metyl)pyridin-2-yl)pyrimidin-2-amin;

31) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-(4-(oxetan-3-yl)piperazin-1-yl)pyridin-2-yl)pyrimidin-2-amin;

32) N-(5-((4-etylpiperazin-1-yl)metyl)pyridin-2-yl)-5-flo-4-(9-flo-4-metyl-1,2,3,4
-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyrazin-7-yl)pyrimidin-2-amin;

33) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-((4'-metyl-[1,1'-bipiperazin]-4-yl)metyl)pyridin-2-yl)pyrimidin-2-amin;

34) 5-flo-4-(9-flo-4-metyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][ 1,4 ]oxazin-
7-y1)-N-(5-((4-(1-metylpiperidin-4-yl)piperazin- 1-yl)metyl)pyridin-2-yl)pyrimidin-2-a
min.

28. Hop chat theo diém bat ky trong s6 cac diém tir 1 dén 27, trong d6 hop chét nay la
chat ddng phan dbi anh (-) ctia hop chét.
29. Hop chét theo diém bt ky trong s6 cac diém tir 1 dén 27, trong d6 hop chit nay 1a
chit ddng phan déi anh (+) ctia hop chat.
30. Dugc pham chira hop chét theo diém bat ky trong sb cac diém tir 1 dén 29 véi luong
hitu hiéu didu tr1, va ta duoc duge dung.
31. Dugc pham theo diém 30, trong d6 ty 1¢ khoi lugng gitta hop chit da néu so voi ta

duoc da néu nam trong khoang tir khoang 0,001 dén khoang 10.
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