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Linh vye k¥ thuit dwoc dé cap

Séng ché dé cap dén hop chét c6 cong thire (I) hoic mudi duoc dung hoic solvat
cua no, trong d6 X 1a CR4; Ry, Ry, R3, Ry, va A dugc xac dinh trong ban mo ta; va duoc
pham chtra hop chét nay.

Tinh trang k§ thuit ciia sang ché

Protein kinaza, mdt ho enzym 16n nhét ctia ngudi, bao gdm trén 500 protein. Btk
13 thanh vién thudc ho Tec clia tyrosin kinaza, va 1a chét diéu hoa su phat trién som té

bao B, ciing nhu hoat héa té bao B trudng thanh, su tao tin hi€u va su sé)ng.

Qua trinh tao tin hiéu té bao B théng qua thu thé t& bao B (B-cell receptor - BCR)
tao ra hiéu qua sinh hoc & pham vi rong, ma vé phén minh n¢ lai phu thudc vao giai doan
phat trién cia té bao B. Mirc d6 va thoi gian cua céc tin hiéu BCR phai duge diéu hoa
mot cach chinh x4c. Viée tao tin hi€u sai 1éch qua trung gian BCR c6 thé gy ra sy hoat
hoéa té bao B khong didu hoa va/hodc tao ra cc tw khang thé giy bénh din dén nhidu
bénh ty mién va/hoic bénh viém. Su dot bién cua Btk & ngudi gdy ra bénh vd
gamaglobulin huyét lién quan dén nhim sic thé giéi tinh X (X-linked
agammaglobulinemia - XLA). Bénh nay lién quan dén su trudng thanh suy giam cia té

‘bao B, gidm mitc d6 sin sinh globulin mién dich, 1am suy yéu d4p Gmg mién dich khong
phu thudc vao té bao T va giam rd rét tin hi€u canxi dugc duy tri lién tuc khi kich thich
BCR.

Béng chung vé vai trd cia Btk trong céc r6i loan di trng va’hodc bénh tr mién
va/hodic bénh viém da dugc thiét lap & md hinh chudt thiéu hut Btk. Vi du, & md hinh
bénh luput ban dé hé thdng (systemic lupus erythematosus - SLE) tién 1am sang ti€u

chuan cua chudt, da nhén thay rang su thiéu hut Btk gay ra su cai thién rd rét vé su
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thuyén giam bénh. Ngoai ra, chudt thiéu hut Btk ciing khang lai su phat trién bénh viém

khép giy ra bdi colagen va it man cam véi bénh viém khép gy ra boi Staphylococcus.

Phan 16n bang ching ching minh vai trd cta té bao B va hé mién dich dich thé
trong sinh bénh hoc ciia bénh ty mién va/hodc bénh viém. Cac phuong phap diéu trj trén
co s& protein nhu rituximab, da dugc phat trién dé 1am thiéu hut cac té bao B, 1a phuong
phép quan trong dé diéu tri nhiéu bénh tr mién va/hoic bénh viém. Do vai trd cua Btk
trong qua trinh hoat héa té bao B, nén cic chét irc ché Btk c6 thé 13 hitu ich 1am chét tc

ché tac dung gy bénh qua trung gian té bao B (nhu su san sinh tr khang thé).

Btk ciing dugc biéu hién trong cac dudng bao va bach ciu don nhan va da cho
thdy n6 dong vai trd quan trong d6i V6i chirc ning ciia cac té bao nay. Vi dy, s thiéu hut
Btk & chudt lién quan dén su giam hoat héa dudng bao qua trung gian IgE (su giam rd rét
TNF-alpha va giai phong xytokin gy viém khéc), va su thiéu hut Btk & ngudi lién quan

dén su giam manh kha niing san sinh TNF-alpha bdi cac bach cdu don nhan hoat héa.

Do d6, su trc ché hoat tinh Btk c6 thé 13 hitu ich dé didu tri cac rdi loan di ung
va/hodc bénh tu mién vi/hoic bénh viém bao gdm, nhung khong chi gi6i han é: SLE,
bénh viém khép dang thép, bénh viém nhiéu mach méu, bénh ban xuét huyét giam tiéu
cdu tu phat (idiopathic thrombocytopenic purpura - ITP), chimg nhugc co nang, bénh
viém mili di rng, bénh da xo cing (multiple sclerosis - MS), thai loai manh ghép, bénh
dai thao duong typ I, bénh viém than mang, bénh viém rudt, bénh thiéu m4u tan hf”mg ciu
tu mién, bénh viém tuyén gidgp tw mién, bénh ngung két t6 lanh va néng, hoi ching
Evans, hdi chimg tan méu ting ure huyét/ban xudt huyét giam tiéu ciu huyét khéi
(hemolytic uremic syndrome/thrombotic thrombocytopenic purpura - HUS/TTP), bénh
sarcoit, hdi ching Sjogren, bénh than kinh ngoai bién (vi dy, hoi ching Guillain-Barre),
bénh pemphigut thong thuong, va bénh hen.

Ngoai ra, Btk dd dugc théng bio 13 ¢6 vai trd trong viée kiém soat su séng cua té
bao B & cac bénh ung thur té bao B nhét dinh. Vi dy, Btk da cho thiy 13 quan trong déi
v6i su séng cia té bao bach Cf;'il_l nguyén bao lympho cip do t& bao B dwong tinh véi
BCR-AbI giy ra. Do d6, viéc irc ché hoat tinh Btk c6 thé 1a hitu ich @ diéu tri u lympho
va bénh bach ciu do té bao B gay ra.

Do ¢6 nhiéu tinh trang bénh Iy ma c6 thé duoc du dinh 13 c6 loi nho viée didu tri

thong qua vi€c di€u bién céc protein kinaza, thi r6 rang 1a cac hop chat méi c6 kha niang
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diéu bién protein kinaza nhu Btk va c4c phuong phép sir dung céc hop chét nay c6 thé
mang lai nhiéu loi ich tri liéu co ban cho dbi tugng bi bénh.

Patent My s 8,084,620 va 8,685,969 dé cap dén hop chét carboxamit ba vong rc

ché kinaza, bao gém su dicu bién Btk va cac kinaza thudc ho Tec khac.

EP3013337 A (W02014/210255) dé cap dén hop chit carboxamit bic mot (e ché
BTK.

| Vian cin ¢6 c4c hop chit hitu ich 1am chét wrc ché Btk. C4c téc gia sang ché da phat
hién ra ring cac hop chit tiém ning c6 hoat tinh lam céc chit tc ché Btk. Cac hop chit
nay dugc tao ra 13 hiru ich 1am dugc phdm c6 d6 6n dinh, d sinh kha dung, chi s6 diéu

tri, va tri s6 doc tinh mong muén 13 quan trong dbi véi tinh hiru ich nay.
Ban chit ky thuat ciia sing ché
Muc dich cua sang ché 1a d& cap dén hop chit indol carboxamit c6 cong thue (I):

NH,

@

hodc mudi dugc dung hodc solvat cia n6, trong do:
X 1a CRy;

Qe & &L

A la: , Q2 hogc Qz ;

Q, 1la -C(O)CH=CH2, -C(O)CH=CHCH,;N(CH3),, -C(O)C=CR;, -
C(O)C=C(phenyl), -C(O)C=C(Ci; hydroxyalkyl), -C(O)C=CSi(CH3);, hoic -
S(O)zCHZCHz, .

R; 1a H, -CHj, -CF3, hodc phenyl dugc thé béng 0 hodc 1 Ryy;

R, 12 H, -CHj3;, xyclopropyl, hodc phenyl dugc thé bﬁng 0 hoic 1 Ry,, v6i diéu kién
13 it nhit mot trong sé cac nhém R; va R, 1a -CHj;
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R3 1a F hoac CI;

R4 1a Hhoic F;

R;, mbi khi c6 mit, doc 1ap 1a H, Cy4 alkyl, hodc xyclopropyl; va

Ry, 1a F, Cl, -CN, -CF3, hodc C,_; alkoxy.

Hop chat néu trén hitu ich lam chit &rc ché Btk va dé didu tri bénh ting sinh, bénh
di tng, bénh tu mién va bénh viém.

Sang ché ciing dé cap dén dwoc phim chira hop chét c6 cong thire (I) hodc mudi
dugc dung hoic solvat ctia né; va chat mang dugc dung.
M3 ta chi tiét sang ché

Theo khia canh thi nhét, sang ché dé cap dén it nhat mot hop chét c6 cong thirc

@:
0. /NH:
H
TN
¥ R,
@
trong d6 X 1a CRy, ttrc 1a c¢6 cong thirc (Ia):
o NH
§ R4
R4 \
Rs
Rz A
(Ia)
hodic mudi dugc dung hodc solvat cta no, trong do:
NV ¥ "\lm"
N N
) LZ
O\w, 7 R, é é
A 151: Q2 N Q Q2 hoac Qz ;

Q, la -C(0)CH=CH,, -C(O)CH=CHCH,N(CHj),, -C(0)C=CRj, -C(0)C-C(C.3
hydroxyalkyl), -C(O)C=C(phenyl), -C(O)C=CSi(CHy)s, hoic -S(0),CH=CH;
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R; 1a H, -CHj3, -CF3;, hodc phenyl dugc thé bf“mg 0 hodc 1 Ry;

R, 1a H, -CHj3, xyclopropyl, hozc phenyl dugc thé bing 0 hodc 1 Ry,, véi didu kién
12 it nhat mot trong sb cac nhém R; va R, 1a -CH3;

R3 1a F hoéc CI;

R4 1a H hoac F;

R, mdi khi c6 mit, ddc 1ap 1a H, C;_4 alkyl, hodc xyclopropyl; va 4

Ryz 14 F, Cl, -CN, -CF3, hoac Cy_3 alkoxy.

Theo mét phuong 4n, sang ché dé cap dén hop cha‘it c¢6 cong thirc (I) hodc mubi

SYeNs!

cua ng, trong 4o A la: Q2 hogc Qz :

Q: la -C(O)CH=CH,, -C(O)CH=CHCH;N(CHj),, -C(O)C=CR;, -
C(O)CEC(phenyl), -C(O)C=C(Cy3 hydroxyalkyl), -C(O)C=CSi(CHj3);, hodc -
S(0),CH=CH,; R, 12 H, -CH3, -CF;, ho#c phenyl dugc thé bang 0 hodc 1 Ry,; va R, 1a H,
-CHj, xyclopropyl, hoic phenyl dugc thé bang 0 hodc 1 R;2; véi didu kién 1a it nhat mot
trong s6 cac nhom R; va R, 1a -CHj; R; 13 F hodic ClL; Ry 1a H hoic F; mdi R, doc 1ap 1a
H, C,.4 alkyl, hodc xyclopropyl; va R;, dugc dinh nghia trong khia canh thir nhét.

Theo mét phuong 4n, sang ché dé cap dén hop chét c6 cong thie (I) hodc mubi
- cta no, trong d6 R1 1a -CH; va R; la H. Theo mét phuong 4n khac, sing ché @& cap dén
hop chét c6 cdng thire (I) hoic mudi ctia no, trong d6 R; 1a H va R, 1a -CHs.

Theo mot phuong 4n, sang ché d& cap dén hop chit c6 cong thirc (I) hodc mudi
cta no, trong do R; 1a -CHjs; R, 1a -CHjz; va R, Ry, va A dugc dinh nghia trong khia canh
thir nhét.

~ Theo mdot phuong 4n, sing ché dé cap dén hop chét c6 cong thue (I) hodc mudi

cua no, trong 4o R; 1a -CF3; R; 1a -CHjs; va R, Ry, va A dugce dinh nghia trong khia canh
thir nhét.

Theo mot phuong 4n, sang ché dé cap dén hop chét c6 cong thirc (I) hodc mubi

cua no, trong d6 R, 1a -CHj; R, 1a xyclopropyl; va Rs, Ry, va A dugc dinh nghia trong
khia canh thtr nhét.
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Theo mot phuong 4n, sang ché d& cap dén hop chét ¢6 cong thuc (I) hoic mubi
cua no, trong d6 R, 1a 4-flophenyl; R, 1a -CHj;; va R;, Ry, va A dugc dinh nghia trong
khia canh thir nhét.

Theo mot phuong 4n, sang ché @& cip dén hop chét c6 cong thirc (I) hoic mudi
cua no, trong d6 R, 1a -CHj; R, 1a 4-flophenyl; va R;, Ry, va A dugc dinh nghia trong
khia canh tht nhét.

Theo mét phuong 4n, sang ché @& cap dén hop chit c6 cong thirc (I) hoic mubi
ctuia no, trong d6 R;1a F.

Theo mot phuong 4n, sang ché @& cap dén hop chét c6 cong thirc (I) hoic mubi
clia no, trong d6 R;, mdi khi c6 mit, déc l1ap 1a H hodc Cy,; alkyl; va Ry, Ry, R3, Ry, va A
dugc dinh nghia trong khia canh thir nhét.

Theo mot phuong an, sang ché dé cép dén hop chét c6 cong thie (I) hodc mudi

oW QN/R,

ctia no, trong do A 1a: Q , hodc 8 ;

R; 1a H, -CHj3, -CF3, hodc 4-flophenyl; va R, 1a H, -CHj3, xyclopropyl, hodc 4-
flophenyl; véi diéu khién 13 0 hodc 1 trong s cic nhém Ry va R, 1a 4-flophenyl va hon
nita v6i diéu kién 13 it nhit mot trong s6 cac nhom R; va R, 12 -CH3; Ry 1A F; Ry 1a H
hodc F; R} la H, -CH;, hoic -CH,CHj;; va Q, l1a -C(O)CH=CH,, -C(O)C=CH, -
C(O)C=CCH;, -C(0O)C=CCH,CHj;, -C(O)C=CCH,CH,CH3, -C(O)C=C(CH;),(OH), -
C(O)C=CSi(CHz;)s, -C(0O)C=C(xyclopropyl), -C(O)C=C(phenyl), hoic -S(0),CH=CH,.

Theo mot phuong 4n, sang ché dé cép dén hop Chf'lt c¢6 cong thirc (I) hodc mubi

SN

cuia no, trong do A 1a: Q2 hosc Qz ;

R; 1a H, -CHj, -CF3;, hodc 4-flophenyl; va R, 1a H, -CHj, xyclopropyl, hodc 4-
flophenyl; vé6i didu khién 1a 0 hoic 1 trong s cic nhém R; va R, 1a 4-flophenyl va hon
nira v6i diéu kién 1a it nhat mot trong sb cac nhém R, va R, 1a -CHs; R3 1a F; R, 1a H
hoic F; va Q2 13 -C(O)CH=CH,, -C(0)C=CCHj, hoic -S(0),CH=CH,.
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Hop chét trc ché enzym bing cach cho phan tng v6i enzym nay dé tao ra lién két
cong hoa tri ¢6 thé 13 c6 loi hon so véi hop chit kh6ng tao ra lién két cong hoa trj nay.
(Xem, vi du cac bai bao: Liu, Q. et al., Chem. Biol., 20:146 (2013); Barf, T. et al., J. Med.
Chem., 55:6243 (2012); Kalgutkar, A. et al., Expert Opin. Drug Discov., 7:561 (2012); va
Garuti, L. et al., Curr. Med. Chem., 18:2981 (2011); va céc tai li€u tham khao dugc trich
din trong ban md ta nay). Hop chét khéng tao ra lién két cong hoa tri c6 thé duge phan
tach khéi enzym ndy, giai phong enzym nay khéi su trc ché thu duogc tir qua trinh gén két
ctia n6. Su trc ché thuan nghich nay c6 thé cdn ndng do6 twong dbi cao va lién tuc cua hop
chat trc ché dé hudng trang thai can bang gin két t&i sy chiém giit enzym du béi chét e
ché nay dé tao ra kha ning trc ché enzym c6 lgi. Nong do cao cua hop chit nay co thé can
cho dong vat c6 vu can e ché dung hop chét véi lidu lugng cao hon, va & néng dd cao
hon, chat trc ché nay c6 thé c6 tac dung khéng mong mudn do e ché enzym khéc, enzym
khong huéng dich. Su trc ché ngoai dich nhu vay c6 thé bao gdm doc tinh. Ngoai ra, viée
dung liéu luong thuong xuyén hon c6 thé 1a cin thiét do hop chit &rc ché nay, sau khi
tach ra khoéi enzym dich, ¢ thé dugc loai bo ra khoi co thé boi qua trinh bién dbi va/hodc

bai ti€t, Jam gidm nong d9 co6 san de tao ra sy tc ché enzym dich.

Trai lai, chit trc ché tao ra lién két cong hod tri véi enzym dich cuia n6 sé& tc ché
khoéng thusn nghich enzym nay. Su rc ché khong thuin nghich c¢6 thé 1am chim hodc
tach khong déng ké chét tic ché, do su tach nay c6 thé cdn dén qu4 trinh pha v lién két
cOng hod tri. Néu 4i luc cia chét Gc ché cong hoa tri nay v4i enzym dich cia né da manh
so véi 4i luc v6i cac enzym khac, cic enzym ngoai dich, thi ndng do thip dang ké cua
chét e ché nay c6 thé trc ché ¢6 loi hon so véi nf?)ng d6 can dé trc ché thuin nghich.
Nong d6 thip c6 thé 1am giam kha ning e ché ngoai dich va doc tinh tidm tang khong
mong mubn. Ngoai ra, do chit rc ché cong hoa tri c6 thé gin két v& co ban 1a khong
thuan nghich véi enzym dich, nén ndéng do tu do (khong gin két) cia chit trc ché nay c6
thé 1a cuc ky thip so véi chét rc ché khong gén két duoc loai ra khoi co thé boi qua trinh
bién dbi va/hodc bai tiét, ddng thoi qua trinh e ché ¢6 lgi enzym van duge duy tri. Qua
trinh nay c6 thé lam giam kha ning xuét hién tic dung khong mong mudn. Ngoai ra, do
enzym nay c6 thé dugc rc ché khong thuan nghich, nén viéc ding lidu khong thudong

xuyén co6 the 1a can thiét dé c6 dugce qua trinh e che ¢6 1gi.

Céc nhém chirc hoat dong nhit dinh c6 thé duoc gin vio hop chét béi 4i luc thich

hop d6i v&i enzym dich, ma cho phép tao ra lién két cong hod tri béi nhom chuc trong
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enzym dich. Vi du, nhém wa dién tr nhu nhém vinylic hodc axetylenic dugc gin vao an
nhom loai dién tir nhu keton, amit, sulfon, sulfonamit, hodc nhan di vong loai dién tir nhu
nhan pyridyl c6 thé phan tmg véi nhém 4i nhan c¢6 mit trong enzym dich, nhu nhém thiol
hoic thiolat clia gbc xystein, dé tao ra lién két cong hoa tri. Phan tmg nay c6 thé vé co
ban 12 khdng thuan nghich trong cac diéu kién sinh Iy binh thuong. Dé phan tmg nay xay
ra, hop chét trc ché cin phai gin két i enzym dich va c6 nhém ua dién tir da duoc gin
vao theo huéng chuin trong khong gian dé tuong tac thich hop v6i chét 4i nhan tin cong.
Néu huéng nay khong chudn, thi lién két cong hod tri c6 thé khong duoc d& dang tab ra,
va qua trinh ¢ ché khéng thuin nghich mong muén cé thé khong thu dwogc. Trong
truong hop d6, hop chét nay c6 thé dong vai trdo nhu chét tre ché thuén nghich va céc loi
ich ciia viéc e ché khéng thuan nghich c6 thé khéng c6 dugc. Ngoai ra, néu huéng cia
chét 4i dién tir trén chat trc ché gin két 1a khong thich hop dé phan tmg v6i nhém 4i nhan
clia enzym dich, thi chit rc ché c6 kha ning tich ra khoi enzym dich, dan dén ndng do
chét trc ché ting cao va c6 kha ning cao 1a nhém wa dién tir hoat déng c6 thé phan tmg
v6i chét khéc, chat 4i nhan khéng hudng dich va giy ra tac dung khong mong muén nhu
doc tinh.

Theo mdt phuong an, sang ché d& cap dén hop chit c6 cong thire (I) hodc mudi

ctia n6, trong d6 hop chat nay lién két cong héa tri véi enzym Btk.

Theo mdt phuong 4n, sang ché d& cap dén hop chit c6 cong thic (I) hoic mudi
cia nd, trong do Q, la -C(O)CH=CH,, -S(0O),CH=CH,, -C(O)CH=CHCH,N(CHa),, -
C(O)C=CH, -C(O)C=CCH;, -C(O)C=CCH,CHjz, -C(O)C=CCH,CH,CH;, -
C(0)C=C(CH;),0H, -C(O)C=CSi(CH3);, -C(O)C=C(xyclopropyl),  hodc -
C(O)C=C(phenyl); va R;, R,, R3, Ry, vd A dugc dinh nghia trong khia canh th{ nhét.
Phuong 4n nay ciing bao gdm hop chét trong d6 R, 13 H hoic C, .5 alkyl.

Theo mét phuong 4n, sang ché dé cap dén hop chét c6 cong thirc (I) hodc mubi
clia no, trong d6 hop chét nay 1a (S)-4-(3-acrylamidopiperidin-1-y1)-5-flo-2,3-dimetyl-
1H-indol-7-carboxamit (89); (S)-4-(3-acrylamidopyrolidin-1-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit (100); (S)-5-flo-2,3-dimetyl-4-(3-(N-metylbut-2-ynamido)piperidin-
1-yl)-1H-indol-7-carboxamit (125); (S)-5-flo-2,3-dimetyl-4-(3-(pent-2-ynamido)
piperidin-1-yl)-1H-indol-7-carboxamit (126); (S)-5-flo-2,3-dimetyl-4-(3-(N-metylpent-2-
ynamido)piperidin-1-yl)-1H-indol-7-carboxamit (127); (8)-5-flo-4-(3-(hex-2-
ynamido)piperidin—1-y1)-2,3-dimety1—1H—indol-7-carb0Xamit (128); (S)-4-(3-(N-etylbut-
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2-ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (130); (S)-4-(3-(but-
2-ynamido)pyrolidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (135); (S5)-4-(3-(3-
xyclopropylpropiolamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1 H-indol-7-carboxamit

(136); (S)-5-flo-2,3-dimetyl-4-(3-(vinylsulfonamido)piperidin-1-yl)-1H-indol-7-
carboxamit  (146);  (S)-4-(3-(N-xyclopropylbut-2-ynamido)piperidin-1-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit  (200); 4-(4-(but-2-yn0yl)piperazin- 1-yl)-5-flo-2,3-
dimetyl- 1 H-indol-7-carboxamit (201); 4-(4-acryloylpiperazin-1-yl)-5 ;ﬂ0-2,3 -dimetyl-
1H-indol-7-carboxamit (202); 4-(1-acryloyl-1,2,5,6-tetrahydropyridin-3-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit ~ (216);  (RS)-4-(1-acryloylpiperidin-3 _-yl)-S -flo-2,3-
dimetyl-1H-indol-7-carboxamit (217); 4-(1-acryloylpiperidin-3-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit, cic chit ddng phan d6i anh don (218 va 219); (RS)-4-(1-(but-2-
ynoyl) piperidin-3-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (220); (S)-4-(3-(but-2-
ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (223); (S)-5-flo-2,3-
dimetyl-4-(3-propiolamidopiperidin-1-yl)-1H-indol-7-carboxamit (242); (R)-4-(3-(but-2-
ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl- 1H-indol-7-carboxamit (243); 4-(1-
acryloylpyrolidin-3-yl)-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxamit (250); hodc
4-(1-acryloylpyrolidin-3-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (252).

Theo mot phwong 4n, sang ché dé cap dén hop chit c6 cong thire (I) hodc mudi
clia no, trong d6 hop chit nay 1a (S)-4-(3-acrylamidopiperidin-1-yl)-5-flo-2,3-dimetyl-
1 H-indol-7-carboxamit (89); (S)-4-(3-acrylamidopyrolidin-1-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit (100); (S);S-ﬂo-2,3-dimetyl-4-(3-(N—metylbut-2-ynamido) piperidin-
1-yl)-1H-indol-7-carboxamit (125); (8)-5-flo-2,3-dimetyl-4-(3-(pent-2-
ynamido)piperidin-1-yl)-1H-indol-7-carboxamit  (126); (S)-5-flo-2,3-dimetyl-4-(3-(N-
metylpent-Z-ynamido)piperidin—l-yl)-1H—ihdol-7-carboxamit (127); (S)-5-flo-4-(3-(hex-
2-ynamido)piperidin-1-yl)-2,3-dimetyl-1H-indol-7-carboxamit ~ (128); (8)-4-(3-(N-
etylbut-2-ynamido)piperidin-1-y1)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (130); (S)-4-
(3-(but-2-ynamido)pyrolidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (135); (S)-4-
(3-(3-xyclopropylpropiolamido)piperidin- 1-yl)-5-flo-2,3-dimetyl- 1 H-indol-7-carboxamit
(136); (8)-5-flo-2,3-dimetyl-4-(3-(vinylsulfonamido)piperidin-1-yl)-1H-indol-7-
carboxamit  (146);  (S5)-4-(3-(N-xyclopropylbut-2-ynamido)piperidin-1-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit (200); 4-(I-acryloyl-1,2,5,6-tetrahydropyridin-3-yl)-5-
flo-2,3-dimetyl-1H-indol-7-carboxamit (216); (RS)-4-(1-acryloylpiperidin-3-y1)-5-flo-
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2,3-dimetyl-1H-indol-7-carboxamit (217); hodc 4-(1-acryloylpiperidin-3-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit, chit ddng phan d6i anh don (219).

Theo mdt phuong 4n, sang ché @ cap dén hop chit co cong thirc (I) hodic mubi
clia nd, trong d6 R3 1a F va hop chit nay 1a (S)-4-(3-acrylamidopiperidin-1-y1)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit ~ (89);  (S)-4-(3-acrylamidopyrolidin-1-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit (100); (8)-5-flo-2,3-dimetyl-4-(3-(N-metylbut-2-
ynamido)piperidin-1-yl)-1H-indol-7-carboxamit (125); (S)-5-flo-2,3-dimetyl-4-(3-(pent-
2-ynamido) piperidin-1-yl)-1H-indol-7-carboxamit (126); (S)-5-flo-2,3-dimetyl-4-(3-(N-
metylpent-2-ynamido)piperidin-1-yl)-1H-indol-7-carboxamit (127); (S)-5-flo-4-(3-(hex-
2-ynamido)piperidin-1-yl)-2,3-dimetyl-1H-indol-7-carboxamit ~ (128); (S)-4-(3-(N-
etylbut-2-ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1 H-indol-7-carboxamit (130); (S)-4-
(3 -(but-2-ynamido)pyrolidin- 1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (135); (S)-4-
(3-(3-xyclopropylpropiolamido)piperidin- 1-yl)-5-flo-2,3-dimetyl- 1 H-indol-7-carboxamit
(136); (8)-5-flo-2,3-dimetyl-4-(3-(vinylsulfonamido)piperidin-1-yl)-1H-indol-7-
carboxamit  (146);  (S5)-4-(3-(N-xyclopropylbut-2-ynamido)piperidin-1-y1)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit ~ (200);  4-(4-(but-2-ynoyl)piperazin-1-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit (201); 4-(4-acryloylpiperazin-1-yl)-5-flo-2,3-dimetyl-
1H-indol-7-carboxamit (202); 4-(1-acryloyl-1,2,5,6-tetrahydropyridin-3-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit ~ (216);  (RS)-4-(1-acryloylpiperidin-3-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit (217); 4-(1-acryloylpiperidin-3-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit, cac chat ddng phan dbi anh don (218 va 219); hoic (RS)-4-(1-(but-2-
ynoyl) piperidin-3-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (220).

Theo mot phuong 4n, sang ché @& cip dén hop chit c6 cong thirc (I) hodc mubi
clia né, trong d6 R; 1a F va hop chit nay 1a (S)-4-(3-(but-2-ynamido)piperidin-1-yl)-5-
flo-2,3-dimetyl-1H-indol-7-carboxamit (223); (S)-5-flo-2,3-dimetyl-4-(3-
propiolamidopiperidin-1-yl)-1H-indol-7-carboxamit (242); (R)-4-(3-(but-2-
ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (243); 4-(1-
acryloylpyrolidin-3-yl)-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxamit (250); hoac
4-(1-acryloylpyrolidin-3-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (252).

Sang ché c6 thé duoc thé hién & cac dang cu thé khic ma khéng nim ngoai pham
vi hodc thudc tinh can thiét cta né. Sang ché bao ham toan bd céc dang két hop clia cac

khia canh va/hodc cic phuong 4n theo sang ché néu trong ban mo ta nay. Can phai hiéu
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ring cac phuong 4n bit ky va toan b cac phuong 4n theo sang ché c6 thé duoc thuc hién
két hop v6i phuong 4n khic bat ky hodic cac phwong an dé mé ta cac phuong 4n b sung.
Ciing Can phai hiéu ring mbi yéu tb riéng r& ciia cac phuong 4n cin két hop véi céac
nguyén td bét ky va toan bd cac nguyén té khac tir phwong 4n bat ky & mo ta phuong &n

bd.sung.
Thuat ngir

Cac dau hiéu va wu diém cta sang ché c6 thé duoc hidu mot cach d& dang hon béi
ngudi ¢6 hiéu biét trung binh trong linh vire k§ thuét nay néu doc phan mé ta chi tiét dudi
day. Hién nhién ring @ d& hiéu, cac déu hiéu nhét dinh cia sang ché néu trén va dudi
day theo cac phuong 4n riéng ré, ciing c6 thé dugc két hop dé fao ra mdt phuong én.
Ngugc lai, dé cho ngén gon, cac d4u hiéu khéc nhau cia séng ché dugc md ta theo mot
phuong 4n, ciing c6 thé dugc két hop dé tao ra cac dang két hop con cia no. Cac phuong
an x4c dinh trong ban mo ta nay khi dugc dua ra lam vi du hodc dugc wu tién duoc du

dinh chi nhdm muc dich minh hoa chtr khéng gi6i han pham vi cua sang ché.

Trur khi ¢6 quy dinh khéc, cac cach dé cap dugc dua ra & dang sé it cling c6 thé
bao gdbm dang sO nhi€u. Vi du, “mdt” c6 thé dugc st dung trong ban md ta dé chi mot,

hodc mdt hodc nhiéu.

Thuét ngit “hop chat“ duge sir dung trong ban md ta d& chi it nhit mot hop chit.
Vi du, hop chét c6 cong thirc (I) bao gdm hop chit c6 cong thire (I) va hai hodc nhidu hop
chét c6 cong thire (). |

Trir khi ¢6 quy dinh khéc, di nguyén tir bat ky ¢6 héa tri khéng théa man duge coi

14 ¢6 s6 luong nguyén tir hydro du dé théa man héa tri.

Céc thuat ngir néu trong ban md ta dugc wu ti€n hon cac thudt ngir néu trong
patent, don yéu cdu cip patent, vi/hoic cong bd don yéu ciu cép patent bit ky dwoc két
hop vao sang ché bang cach vién din bang cach vién dan.

Duéi ddy 1a cac dinh nghia vé cac thuat ngir khac nhau dwoc sit dung d& mo ta
sang ché. Cac dinh nghia nay sir dung cac thuat ngit vi ching dugc str dung trong ban mé6
ta nay (néu chung khong bi gidi han theo cach khac trong céc truong hop cu thé) mot

c4ch riéng r€ hodc 1a mot phan cia nhom 16n.
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Trong ban mo td nay, cac nhom va cac phan tlr thé cua nd c6 thé dugc chon badi

ngudi c6 hiéu biét trung binh trong linh vyuc nay dé tao cac gbc va cic hop chit 6n dinh.

Theo quy udc dugce sir dung trong linh vyc k¥ thudt nay, ky hiéu g_ dugce st
dung trong céc cong thirc cAu tric trong ban mé ta nay d& biéu thi lién két 1a diém gin két

cua goc hodc phan tir thé véi nhan hodc cau tric mach chinh.

Thuat ngit “alkyl” duoc sir dung trong ban mé ta d& chi ca nhém hydrocacbon béo
no mach nhéanh 14n mach théng chira, vi du 1 dén 12 nguyén tir cacbon, 2 dén 6 nguyén tir
cacbon, va 1 dén 4 nguyén tir cacbon. Vi du v& nhém alkyl bao gdm, nhung khong chi
gi6i han &, metyl (Me), etyl (Et), propyl (vi du, n-propyl va i-propyl), butyl (vi du, n-
butyl, i-butyl, butyl bac hai, va t-butyl), va pentyl (vi du, n-pentyl, isopentyl, neopentyl),
n-hexyl, 2-metylpentyl, 2-etylbutyl, 3-metylpentyl, va 4-metylpentyl. Khi cac sé xuét
hién & dang céc chi s6 dudi sau ky hi¢u “C”, thi chi s6 dudi nay xé4c dinh tinh déc hiéu
hon cua sb lugng nguyén tir cacbon ma nhém cu thé c6 thé chira. Vi du, “Cy_4alkyl” thé

hién nhém alkyl mach thing va mach nhanh c6 mot dén bén nguyén tir cacbon.

Thuat ngt “hydroxyalkyl” dugc st dung trong ban mo ta dé chi nhom alkyl mach
nhanh 14n mach thing bdo hoa duoc thé bing mot hodc nhiu nhém hydroxyl. Vi du,
“hydroxyalkyl” bao gém -CH,OH, -CH,CH,0OH, va C;4 hydroxyalkyl. “Ci4
hydroxyalkyl” dugc du dinh dé bao gém nhom C;, C,, C;, va Cy alkyl dugc thé béng mot
hozc nhidu nhém hydroxyl.

Thuit ngit “xyano” dugc st dung trong ban mé ta d& chi nhém -CN.

Thuat ngit “dugc dung” dugc sir dung trong ban mé ta dé chi cac hop chét, nguyén
liéu, ché phim, va/hoic dang lidu ma, trong pham vi danh gia y hoc ding dén, thich hop
dé str dung tiép xtic v6i mé ctia ngudi va dong vat ma khong cé doc tinh, kich ung, dép
ung di tng, hodc van dé hodc bién chirng khéac qua muc, twong g véi ty 1€ lgi ich/rui ro
hop ly.

Céc hop chét ¢ cong thirc (I) c6 thé duoc tao ra dudi dang chit ran v6 dinh hinh
hoc chét rin két tinh. Quy trinh dong kho c6 thé dugce st dung dé tao ra cac hop chét co
cong thire (I) dudi dang chit rin v6 dinh hinh.

Céc hop chét c6 cong thirc (I) nhét dinh c6 thé tdn tai & dang trr do (khéng ion

hod) hodc c6 the tao ra cdc mudi cling nam trong pham vi ciia sang ché. Trir khi ¢6 quy
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dinh khéc, viéc d& cap té1 hop chét theo sang ché duge hiéu 14 bao gém viéc dé cap tGi
dang tu do va cac mudi ciia né. Thuat ngir “mudi” dugc sir dung trong ban mo ta dé chi
mudi axit duge diéu ché bang axit vo co va/hodc hitu co. Cac mubi duge dung (tirc 13,
khong ddc, dugc chép nhéan vé mat sinh ly) dugc uu tién,, vi du cac mubi trong do6 anion
khong gbép phén dang ké vao doc tinh hodc hoat tinh sinh hoc ctia mudi nay. Tuy nhién,
cac mudi khac c6 thé 13 hiru ich, vi du & buéce tach hodc tinh ché ma c6 thé dugc sir dung
trong khi diéu ché, va nho d6, duge bao ham trong pham vi cia sang ché. Cac mubi cia
hop chit ¢ cong thic (I) ¢6 thé duoc tao ra, vi du bing cach cho hop chét c6 cong thirc
(I) phan tng v6i mot lugng axit nhu duong lugng, trong moi trudng nhu moéi trudng

trong d6 mubi chét két tia hodc trong méi trudng nude tiép d6 1a dong khd.

Vi du vé cac mudi cong axit bao gdm axetat (nhu cac mudi duge diu ché bing
axit axetic hodc axit trihaloaxetic, vi du axit trifloaxetic), adipat, alginat, ascorbat,
aspartat, benzoat, benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat,
camphorulfonat, xyclopentanpropionat, digluconat, dodexylsulfat, etansulfonat, fumarat,
glucoheptanoat, glyxerophosphat, hemisulfat, heptanoat, hexanoat, hydroclorua (dugc
didu ché bang axit hydrocloric), hydrobromua (dugc diéu ché bing | hydro bromua),
hydroiodua, 2-hydroxyetansulfonat, lactat, maleat (dugc diéu ché bing axit maleic),
metansulfonat (dugc diéu ché bing axit metansulfonic), 2-naphtalenulfonat, nicotinat,
nitrat, oxalat, pectinat, persulfat, 3-phenylpropionat, phosphat, picrat, pivalat, propionat,
salixilat, suxinat, sulfat (nhu cac mubi dugc diéu ché béng axit sulfuric), sulfonat (nhu
cac mubi néu trong ban md ta nay), tartrat, thioxyanat, toluenulfonat nhu tosylat, |

undecanoat, va cac mudi tuong tu.

Hon nira, cin phai hiéu ring céc solvat (vi du, hydrat) ciia cac hop chét ¢6 cong
thirc (I) cling ndm trong pham vi ctia sang ché. Thuét ngir “solvat” dugc st dung trong
ban mo ta dé chi lién két vat 1y giira hop chét c6 cong thire (I) va mét hogc nhiéu phan tir
dung méi, hitu co hoic vd co. Lién két vat 1y nay 1a lién két hydro. Trong céc trudmg hop
nhét dinh, solvat s& c6 kha ning tach ra, vi du khi mét hodc nhiéu phén tir dung méi duogc
két hop vao Iudi tinh thé ciia chit rén két tinh. Thuat ngir “solvat” bao gdm ca solvat
trong pha dung dich va solvat dé tach. Céc solvat dugc dua ra 1am vi du bao gdm hydrat,
etanolat, metanolat, isopropanolat, solvat axetonitril, va solvat etyl axetat. Cac phuong

phap solvat hoa 1a da biét trong linh vuc nay.
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Céac dang khéac nhau cta céc tién dugc chat da biét trong linh vuc nay va mo ta

trong:

a) Wermuth, C.G. et al., The Practice of Medicinal Chemistry, Chapter 31,
Academic Press (1996);

b) Bundgaard, H. ed., Design of Prodrugs, Elsevier (1985);

¢) Bundgaard, H., Chapter 5, “Design and Application of Prodrugs “, 4 Textbook
of Drug Design and Development, pp. 113-191, Krogsgaard-Larsen, P. et al., eds.,
Harwood Academic Publishers (1991); va

d) Testa, B. et al., Hydrolysis in Drug and Prodrug Metabolism, Wiley-VCH
(2003).

Ngoai ra, cac hop chét ¢ cong thirc (I), sau khi didu ché, c6 thé dugc phan tach va
tinh ché @ thu dwgc ché pham chira hop chét c6 cong thire (1) vé6i lugng 16n hon hoac
bing 99% khdi luong (“gan nhu tinh khiét”), sau d6, hdn hop nay dugc st dung hoac
dugc bao ché nhu da dugc mé ta trong ban mé ta nay. Céc hop chét ¢6 cong thirc (I) “gin

nhu tinh khiét” nhu véy ciing theo sang ché nhu mot phén ctia sang ché.

Thuat ngtt “hop chét 6n dinh” va “céu tric én dinh” dugce st dung trong ban mo ta
dé chi hop chit do manh dé ton tai khi tich dén muc do tinh khiét hitu ich ra khéi hdn
hop phan ting, va bao ché thanh duoc chit c6 hiéu qua. Sang ché dugc sir dung trong ban

md ta d& chi cac hop chit 6n dinh.

Thuit ngit “lugng hitu hi¢u diéu tri” duoc st dung trong ban md ta dé chi luong
hop chét theo sang ché riéng r& hoic mot lugng két hop cia cac hop chit theo sang ché
hodc mét lugng cua hop chét theo sang ché két hop véi cac hoat chét khac c6 hiéu qua dé
tac dong nhu chét tc ché dbi véi Btk, hodc ¢ hiéu qua dé diéu tri hodc phong céac tinh
trang bénh tu mién va/hoic bénh viém va/hoic bénh tang sinh, nhu bénh da xo ciing va
bénh viém khép dang thép.

Thuat ngir “diéu tri” dugc sir dung trong ban mo ta dé chi diéu tri tinh trang bénh
& dong vét c6 vi, cu thé 12 & ngudi, va bao gdm: (a) ngan khong cho tinh trang bénh nay
xuét hién & ddong vat c6 vu, cu thé 13, khi dong vat c6 v nay bi phoi nhiém truéc tinh

trang bénh nhung khong duoc chin doan 13 c6 bénh; (b) tc ché tinh trang bénh nay, tirc
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la kim ham sy phét trién ciia né; va/hodc (c) 1am thuyén giam tinh trang bénh nay, fikc la

gay ra sur thodi trién ciia tinh trang bénh nay.

Céc hop chit theo sang ché duogc st dung trong ban md ta d& chi toan bd cac chat
ddng vi cia nguyén tir c6 mit trong cac hop chét nay. Cac chéit ddng vi bao gbm nguyén
1l ¢6 cing sd luong nguyén tir nhung s6 khéi khac nhau. P& 1am vi du chung va khong
giéi han pham vi ctia sang ché, cac chit ddng vi ciia hydro bao gdm doteri (D) va triti
(T). Cac chit dong Vi ctia cacbon bao gbm C va "C. Cac hop chit duoc dénh diu dong
vi theo séang ché thuong c6 thé dugc diéu ché bing cac k¥ thuat thong thuong da biét dbi
v6i nguoi ¢ hidu biét trung binh trong linh vuc nay hodc bing cic quy trinh tuong tu
nhu quy trinh dugc néu trong ban mé ta nay, bang cach sir dung chét phan tng duoc danh
dAu ddng vi thich hop thay cho chat phan tmg khong duoc danh diu. Vi dy, metyl (-CHs)

ciing bao gém céc nhém metyl dugc doteri héa nhu -CDs.

Céc hop chit c6 cong thie (I) c6 thé dugce sir dung theo cach bat ky thich hop dbi
v6i tinh trang bénh can diéu tri, co thé phu thudc vao nhu cau vé viée diéu tri dic hiéu vi

tri hoic lugng hop chét ¢6 cong thirc (I) cin phan phéi.

- Séang ché ciing d& cap dén duoc phdm chira hop chét c6 cong thire (I) va mot hodc
nhidu chit mang vi/hoic ta dugc pha lodng va/hodc chét bd trg khong doc, duge dung
(n6i chung trong ban mé ta nay dugc goi 12 “chit mang™) va, néu mudn, cic hoat chét
khac. Cac hop chit c6 cong thire (I) c6 thé duogc sir dung qua dudng thich hop bét ky, tbt
hon néu & dang duoc phim duoc lam thich hop dbi voi dudng ding ndy, va véi lidu co
hiéu qua dbi vé6i viee didu tri duoc du dinh. Céc hop chét va ché phém theo sang ché ¢co
thé, vi du duoc sir dung qua duong miéng, niém mac, hoic ngoai dudng tiéu hoa bao gdm
tiém vao mach mdu, tiém tinh mach, ti€m mang bung, ti€ém dudi da, ti€ém bép, va tiém
vao xuong tc trong ché phdm lidu don vi chtra chit mang, chit bd trg, va chét din duge
dung théng thudng. Vi du, chit mang duoc dung c6 thé 13 hdn hop chira manitol hodic
lactoza va xenluloza vi tinh thé. H5n hop nay c6 thé chira céc thanh phin bd sung nhu ta
dugc tron, vi du magie stearat va t4 dugc rd nhu crospovidon. Hén hop cta cic chét
mang nay cé thé dugce nap vao vién nang gelatin hoic dugc dap thanh vién nén. Dugc
pham nay c6 thé dugc st dung & dang lidu sir dung qua duong miéng hodc tiém truyén

ching han.
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Pé sir dung qua dudng miéng, duoc phdm nay c6 thé & dang, vi du vién nén, vién
nang, vién nang chira dich thubc, hdn dich, hoic dung dich. Tét hon néu, dugc phim nay
dugc bao ché & dang liéu don vi chtra mét luong hoat chét cu thé. Vi du, duoc phém nay
c6 thé duge tao ra & dang vién nén hoic vién nang chira mét lugng hoat chit nim trong
khoang tir 0,1mg dén 1000mg, t&t hon néu ndm trong khoang tir 0,25mg dén 250mg, va
t6t hon nira néu nim trong khoang tir 0,5mg dén 100mg. Lidu hing ngay thich hop dbi
v6i ngudi hodc dong vat c6 vii khac co thé thay ddi mot cach rdng rai tuy thude vao tinh
trang cia ddi tuong bi bénh va cac yéu té khac, nhung c6 thé dugc xac dinh bing cac

phuong phap thuong quy.

Dugc phim bét ky theo sang ché co thé, vi du duoc phan phéi qua dudng miéng
thong qua dang bao ché bat ky chip nhan dugc va 1a thich hop dé sir dung qua dudng
miéng. Cic dang bao ché str dung qua duong miéng dugc dua ra lam vi du bao gbm,
nhung khong chi giéi han &, vi du vién nén, vién ngdm det, keo ngam, hdn dich nuéc va
hén dich dau, bdt hodc hat d& phan tan, nhii twong, vién nang cing va vién nang mém,
vién nang chtra dich thude, xird, va cdn ngot. Dugce phim dé sir dung qua dudng miéng
c6 thé duge bao ché theo phuong phéap bat ky da biét trong linh vuc san xuét duge phim
dé sir dung qua dwong miéng. Pé thu dugc cac duoc phim dé& ding, dugc phdm theo sang
ché c6 thé chira it nhit mot chat duoc chon tir chit 1am ngot, chét tao huong, chit mau,

chit 1am diu, chit chéng oxy hoa, va chét bao quan.

Vién nén c6 thé, vi du dugc bao ché bang cach tron it nhit mot hop chit c6 cong
thirc (I) v&i it nhat mét ta duoc duge dung, khong doc thich hop dé san xut vién nén. Vi
du vé cac ta dugce bao gdm, nhung khong chi gii han &, vi du ta dugc pha loang tro, vi
du canxi cacbonat, natri cacbonat, lactoza, canxi phosphat, va natri phosphat; ta dugc ra
va tao hat, vi du xenluloza vi tinh thé, natri croscarmelloza, tinh bot ngd, va axit alginic;
chét két dinh, vi du tinh bdt, gelatin, polyvinyl-pyroljdon, va acaxia; va ta duoc tron, vi
du magie stearat, axit stearic, va talc. Ngoai ra, vién nén c6 thé khéng duoc bao, hoic
dugc bao bang cac k§ thuét da biét dé che gidu vi kho chiu cia duoc chét c6 vi khong uva
thich, hogc 1am chim sy tan rd va hip thu ctia hoat chét trong dudng tiéu héa nhd d6 duy
tri tac dung ctia hoat chét trong mét khoang thoi gian dai hon. Vi du vé céc chét che gidu
vi hoa tan trong nuéc bao gdm, nhung khong chi giéi han &, hydroxypropyl-
metylxenluloza va hydroxypropyl-xenluloza. Vi du vé céc cac chat 1am cham thoi gian

bao gdm, nhung khong chi giéi han &, etyl xenluloza va xenluloza axetat butyrat.
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Vién nang cimg gelatin ¢6 thé, vi du dugc bao ché bing cach tron it nhit mot hop
chét c6 cong thiac (I) v6i it nhat mot t4 duge pha lodng dang rin tro, vi du canxi

cacbonat; canxi phosphat; va kaolin.

Vién nang mém gelatin c¢6 thé, vi du duogc bao ché béng cach tron it nhat mot hop
~ chét c6 cong thirc (I) v6i it nhat moét chit mang hoa tan trong nuée, vi du polyetylen

glycol; va it nhat mot méi trudng dau, vi du diu lac, parafin léng, va diu oliu.

Hdn dich nude c6 thé duge bao ché, vi du bing cach tron it nhit mot hop chét c6
cong thirc (I) v6i it nhit mot ta duge thich hop dé san xudt hdn dich nude. Cac ta duge
1am vi du thich hop dé san xu4t hdn dich nuéc bao gdm, nhung khong chi giéi han &, vi
du chit tao hdn dich, vi du nhw, natri carboxymetylxenluloza, metylxenluloza,
hydroxypropylmetyl-xenluloza, natri alginat, axit alginic, polyvinyl-pyrolidon, gém
tragacanth, va gém acaxia; chit phan tan hodc gy thdm, vi du phosphatit c6 trong tir
nhién, vi du IeXitin; céc san pham ngung tu cia alkylen oxit véi céc axit béo, vi du
polyoxyetylen stearat; cac san phdm ngung tu cia etylen oxit v6i ruou béo mach dai, vi
du heptadecaetylen-oxycetanol; cic san phdm ngung tu ctia etylen oxit véi este mot phin
c6 ngudn gbce tir axit béo va hexitol, vi du polyoxyetylen sorbitol monooleat; va cic san
phdm ngung tu cia etylen oxit v&i este mdt phan c6 ngudn gbe tir axit béo va hexitol
anhydrit, vi du polyetylen sorbitan monooleat. Hon dich nué6c ciing c6 thé chira it nhit
mot chit bao quan, vi du etyl va n-propyl p-hydroxybenzoat; it nhit mot chit mau; it nhat
mot chét tao hwong; va/hodc it nhit mot chit 1am ngot, bao gdm, nhung khéng chi gidi

han &, vi du sucroza, sacarin, va aspartam.

Hbn dich dang dau c6 thé, vi du duogc bao ché béng cach tao hdn dich it nhit mot
hop chét c6 cong thuce (I) trong dau thuc vat, vi du dau lac; dau oliu; diu ving; va dau
dira; hoic trong dau khoang, vi du parafin 1éng. Hn dich dang ddu ciing c6 thé chira it
nhit mot chit lam dic, vi du sép ong; parafin rin; va rugu xetylic. Pé thu duge hdn dich
dang diu d& ding, it nhit mot chat 1am ngot da néu trén, va/hodc it nhit mot chét tao
huong c6 thé dugc bd sung vao hdn dich dang diu nay. Hon dich dang dau c6 thé con
chtra it nhat mot chat bao quéan, bao gbm, nhung khong chi gi6i han &, vi du chét chéng

oxy héa nhu hydroxyanisol dugc butyl hda, va alpha-tocopherol.

Bot va hat d& phén tan c¢6 thé, vi du duoc bao ché bﬁng cach tron it nhit mot hop

chét c6 cong thirc () voi it nhét mot cht phan tan va/hodc gy thim; it nhit mot chét tao
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hén dich; va/hodc it nht mot chit bao quan. Céc chit phén tan, chét gay thAm, va chét
tao hdn dich thich hop 1a d4 dugc néu trén. Céc chit bao quan 1am vi du bao gém, nhung
khong chi gi6i han &, chit chéng oxy hoa, vi du axit ascorbic. Ngoai ra, bot va hat d&
phén tan ciing c6 thé chira it nhat mot ta duge, bao gém, nhung khong chi gigi han 6, vi

du chét 1am ngot; chét tao huong; va chit mau.

Nhii trong chira it nhdt mot hop chét c6 cong thire (I) ¢6 thé, vi du duge bao ché &
dang nhii trong dau trong nuée. Pha du ctia nhii trong nay chira hop chit c6 cong thirc
(I) c6 thé dugc cAu thanh tir cac thanh phin da biét theo cach da biét. Pha ddu c6 thé dugc
tao ra bdi, nhung khong chi gidi han &, vi du dau thuc vat, vi du dau oliu va dau lac; dau
khoang, vi du parafin 16ng; va hdn hop cta chung. Trong khi pha nay c6 thé chi chira
chit nhii hoa, n6 c6 thé chira hdn hop gdm it nhat mdt chét nhii héa va chit béo hodc dau
hoic ca chét béo 14n dau. Céc chit nhii héa thich hop bao gdm, nhung khong chi gi6i han
&, vi du céc phosphatit c¢6 trong tu nhi€n, vi du lexitin ddu tuong; este hoic este mdt phén
co nguén géc tir axit béo va hexitol anhydrit, vi du sorbitan monooleat; va cic san phém
ngung tu ciia este mot phan véi etylen oxit, vi du polyoxyetylen sorbitan monooleat. Tt
hon néu, chit nhii hoa wva nude duge bao gém cung voi chit nhii hoa wa chit béo c6 vai
trd nhu chét 1am on dinh. Ciing duoc wu tién bao gdm ca diu 14n chét béo. Pdng thoi,
(cac) chit nhii héa cling hodc khong cing (cic) chit 1am 6n dinh cdu thanh nén thanh
phan duoc goi 14 sap nhil hoa, va sap niy cing v6i diu va chit béo cdu thanh nén thanh
phan dugc goi 1a chit nén thudc m& nhii héa, ma chit nén nay tao ra pha phan tan dang
diu cuia cac ché phdm dang kem. Nhil twong ciing c6 thé chira chit lam ngot, chét tao
huong, chit bao quan, vi/hodc chit chdng oxy héa. Cac chit nhii hoa va cac chit 1am én
dinh nhii tuong thich hop dé sir dung trong ché phdm theo sang ché bao gdbm Tween 60,
Span 80, rugu xetostearylic, rugu myristylic, glyxeryl monostearat, natri lauryl sulfat,
glyxeryl distearat riéng r& hodc két hop véi sap, hodc cic nguyén lidu khac da biét trong

linh vuc nay.

Céc hop chét c6 cong thic (I) ¢6 thé, vi du con duge phan phdi qua dudng tiém
tinh mach, tiém duéi da, va/hoic tiém bép théng qua dang dé tiém duoc dung va thich
hop bt ky. Cac dang dé tiém duoc dua ra 1am vi du bao gdm, nhung khong chi gi6i han
&, vi du dung dich nudc vo tring chira chit din va dung méi duge dung nhu nuée, dung
dich Ringer, va dung dich natri clorua ding trwong; vi nhii twong diu trong nudc vd

tring; va hon dich nudc hodc hodc hdn dich dau.
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Céc ché pham dé sir dung ngoai duong tiéu hoa c6 thé & dang dung dich hoic hdn
dich tiém v trung déng truong dang nudc hodc khong phai nuée. Cac dung dich va hdn
dich nay c6 thé duoc bao ché tir bot hodc hat v tring bang cach sir dung méot hodc nhidu

‘chét mang hoic ta dugc pha lodng da néu dé st dung trong cic ché pham sir dung qua
dudong miéng hoic bing cich sir dung cac chit phan tan hoic gy thim va cac chit tao
hdn dich thich hgp khéc. Cac hop chit ndy c6 thé dugc hoa tan trong nudce, polyetylen
glycol, propylen glycol, etanol, dau ngd, dau hat bong, dau lac, ddu vimg, ruou benzylic,
natri clorua, gom, tragacanth va/hodc cac dung dich dém khéc nhau. Céc chét bd trg khac
va cac ché do dung 13 da biét r5 va phd bién trong linh vuc duoc phidm. Hoat chét nay
ciling ¢6 thé dugc str dung bing cach tiém & dang ché pham véi chit mang thich hop bao
gém nude mubi, dextroza, hodc nuée, hoic véi xyclodextrin (tac la, CAPTISOL®), hoa

tan ddng dung mai (ti'Ic 1a, propylen glycol) hodc hoa tan mixen (tirc 14, Tween 80).

Ché phidm thudc tiém vo tring ciing c6 thé 13 dung dich hodc hén dich thubc tiém
vO trung trong t4 dugc pha lodng hodc dung moéi khong ddc dung dugc ngoai dudng ti€u
héa, vi du dung dich trong 1,3-butandiol. C4c chit din va dung mdi duoc chép nhan c6
thé dugc st dung bao gébm nudc, dung dich Ringer, va dung dich natri clorua ding
treong. Ngoai ra, cic diu khong bay hoi, v6 tring thudong duge st dung 1am dung moi
hodc méi trudng tao hdn dich. Nham muc dich nay, ddu khéng bay hoi ngot diu bat ky c6
thé dugc sir dung, bao gdm cac mono-glyxerit hodc di-glyxerit tbng hop. Ngoai ra, cac

axit béo nhu axit oleic c6 thé dugc sir dung trong céc ché phim tiém.

Vi nhii trong diu trong nuéc thude tiém vo tring c6 thé, vi du duge bao ché bing
cach 1) hoa tan it nhat mét hop chit c6 cong thirc (I) trong pha diu, vi du hdn hop chira
diu dau twong va lexitin; 2) két hop pha dau chira hop chit c6 cong thirc (I) v6i hdn hop

nude va glyxerol; va 3) xir Iy dang két hop nay dé tao ra vi nhii twong.

Hdn dich nuéc vo tring hodc hdn dich dau vo trung co thé dugc bao ché theo cac
phuong phép da biét trong linh vuc nay. Vi du, dung dich hoic hdn dich nudc vé tring co
thé dugc bao ché véi ta duge pha lodng hodc dung mdi khéng ddc dung dugc ngoai
dudng tiéu hoa, vi du 1,3-butan diol; va hdn dich vd tring dang dau c6 thé duge bao ché
v61 dung moi hodc mdi trudng tao hén dich vo trung khong doc chép nhan duogc, vi du
cac dau khong bay hoi vo tring, vi du mono- hoic diglyxerit tdng hop; va céac axit béo, vi

du axit oleic.
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Chét mang, chét bd trg, va chit dan dugc dung c6 thé dugc sir dung trong dugc
phim theo sang ché bao gdm, nhung khong chi gi¢i han &, chit trao ddi ion, nhém oxit,
nhdm stearat, lexitin, cdc hé phan phdi dwgc chit ty nhii héa (self-emulsifying drug
delivery system - SEDDS) nhu d-alpha-tocopherol polyetylenglycol 1000 sucxinat, chit
hoat dong bé mit duge st dung trong cic dugc phém dang lidu nhu Tweens, ddu thiu
diu dugc polyetoxy héa nhur chit hoat dong bé mit CREMOPHOR® (BASF), hoiic chét
nén phan phdi bing polyme twong tu khéc, protein huyét thanh, nhur albumin huyét thanh
ngudi, chat dém nhu phosphat, glyxin, axit sorbic, kali sorbat, hdn hgp glyxerit mgt phin
chira cic axit béo thuc vat bio hoa, nudc, mudi hodc chit dién phén, nhu protamin sulfat,
dinatri hydro phosphat, kali hydro phosphat, natri clorua, mubi kém, silic oxit keo, magie
trisilicat, polyvinyl pyrolidon, céc chit trén co s¢ xenluloza, polyetylen glycol, natri
carboxymetylxenluloza, .polyacrylat, sap, polyme khdi polyetylen-polyoxypropylen,
polyetylen glycol va chit béo 16ng ciru. Cac xyclodextrin nhu alpha-xyclodextrin, beta-
xyclodextrin, va gama-xyclodextrin, hoic cic dan xuit dugc bién dbi héa hoc nhu
‘hydroxyalkylxyclodextrin, bao gbm 2-xyclodextrin va 3-hydroxypropyl-xyclodextrin,
hodc cac din xuét dugc hoa tan khéac cling c6 thé dugc str dung thuan loi dé 1am tang su

phén phdi cua cac hop chét c6 cong thirc dugc néu trong ban mé ta nay.

Céc hoat chit theo sang ché c6 thé duge xir Iy theo cic phuong phap duoc hoc
thong thuong dé tao ra dugc chit dé str dung cho cac dbi tuong bi bénh, bao gém ngudi
va dong vat c6 vl khéac. Dugc phém nay co thé duoc dua vao cac thao tac duge hoc thong
thuong nhu ti¢t trung Vé/hoac c6 thé chira cac chit bd tro thong thudng, nhu chit bao
quan, chét 1am bn dinh, chét gay thAm, chét nhii hoa, chit dém v.v.. Vién nén va vién tron
c¢6 thé duoc bao ché bd sung bang 16p bao tan trong rudt. Cac ché pham nhu vay ciing co

thé bao gdm céc chét b trg, nhu chét gay thim, 1am ngot, tao hwong, va chét thom.

Céc lugng hop chét duoc sir dung va ché d6 liéu dé diéu tri tinh trang bénh bang
céc hop chét va/hodc ché phim theo sang ché phu thudc vao nhiéu yéu t6, bao gdm tudi,
can nang, gidi tinh, tinh trang bénh cla dbi tuong, loai bénh, mirc d§ nghi€ém trong cta
bénh, dudng va tin suit ding, va hop chét cu thé duoc sir dung. Do d6, ché db lidu co thé
thay EI& rong, nhung c6 thé dugc xac dinh thuong quy bang cac phuong phap chuin.
Liéu hing ngay nim trong khoang tir 0,001 dén 100mg/kg thé trong, t6t hon néu nim
trong khoang tir 0,0025 dén 50mg/kg thé trong va tét nhit 12 nim trong khoang tir 0,005
dén 10mg/kg thé trong, co thé thich hop. Liéu hing ngay c6 thé duoc sir dung theo mét
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dén bdn lidu mdi ngdy. Cac phac dd ding liéu khac bao gdm mét liéu mdi tudn va mot
liéu mdi chu ky hai ngay.

Nhim cac muc dich trj liéu, cac hoat chit theo séng ché thuong dugc Kkét hop véi
mot hodc nhidu chit bd trg thich hop dbi véi dudng ding duoc chi dinh. Néu duogc st
dung qua dudng miéng, cac hgp chit c6 thé dugce tron vOi lactoza, sucroza, tinh bot,
xenluloza este cua axit alkanoic, xenluloza alkyl este, talc, axit stearic, magie stearat,
magie oxit, cac mubi natri va canxi cua axit phosphoric va sulfuric, gelatin, gom acaxia,
natri alginat, polyvinylpyrolidon, va/hodc rugu polyvinylic, va sau d6, duge dip thanh
vién nén hoic bao nang dé str dung thuén tién. Céc vién nang hoic vién nén nhu viy c6
thé chira thanh phan giai phéng c6 kiém soat do c¢6 thé dugc tao ra & dang phan tan hoat

chét trong hydroxypropylmetyl xenluloza.

Dugc phdm theo sang ché chira it nhit mot hop chét c6 cong thire (I) va tity v chit
bd sung dugc chon tur chét mang, chit bd trg, va chit din dugc dung bat ky. Céac ché
pham khac theo sang ché chtra hop chit ¢ cong thire (I) duge mé ta trong ban mé ta nay,

hoic tién dugc chat cia n6, va chat mang, chat bd trg, hodic chat din dugce dung.

Céc hop chit theo sang ché didu bién hoat tinh kinaza, bao gdm su diéu bién Btk.
Céc loai hoat tinh kinaza khac c6 thé dugc diéu bién boi cac hop chit theo sang ché bao
gém, nhung khong chi giéi han &, ho Tec cua céc kinaza, nhu BMX, Btk, ITK, TXK va

Tec, va cac the dot bieén cua chung.

Do d6, cac hop chit c6 céng thirc (I) 1a hitu ich d& diéu trj c4c tinh trang bénh ly
lién quan dén sy diéu bién hoat tinh kinaza, va dic biét 1a trc ché chon loc hoat tinh Btk.
Céc tinh trang bénh nhu viy bao gdm céc bénh qua trung gian té bao B trong d6 cac mirc

xytokin dugc di€u bién 1a két qua cla sy truyén tin hi€u ndi bao.

Trong ban mo ta nay, thuat ngir “diéu tri” dugc sir dung trong ban mo ta dé chi
mdi hodic ca hai bién phap dap g va phong ngira, vi du bién phép duoc thiét ké dé wc
ché hodc tri hodn su khdi phét cia bénh hodc r6i loan, 1am gidm toan by hodc mot ph?ln
tri€u chimg hodc tinh trang bénh, va/hoac dé 1am thuyén gidm, cai thién, giam bdt, hodc

chita bénh hodc rdi loan va/hodc céc tri€u chirng ctia no.

V& mit hoat tinh cta chung lam céac chét e ché chon loc Btk, céc hop chét c6
cong thire (I) 12 hitu ich dé diéu tri cac tinh trang bénh ly lién quan dén xytokin bao gbm,
nhung khoéng chi gigi han &, bénh viém nhu Crohn's va bénh viém loét dai trang, bénh
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hen, bénh manh ghép chéng lai vat chii va bénh phdi tic nghén man tinh; cic bénh tu
mién nhu bénh Graves, bénh viém da khép dang thip, bénh luput ban d6 hé thdng va
bénh vay nén; cac rdi loan hily xuong nhu bénh tiéu xuong, bénh viém xwong khép,
chtmg lodng xuong va réi loan xwong lién quan dén da u tay; céc réi loan ting sinh nhu
bénh bach ciu tay cp tinh va bénh bach cau tlly bio man tinh; cac rbi loan tao mach nhu
cac khédi u rin, sy tn tao mach mét, va u mach méau & tré em; cac bénh ﬁhiém trung nhu
bénh nhiém tring méau, séc do nhiém khuan, va bénh shigella; bénh thoéi héa than kinh
nhu bénh Alzheimer, bénh Parkinson, bénh thiéu mau ndo cuc bd hodc bénh thoai hoa
than kinh gy ra do ton thuong do chin thwong, bénh ung thu va virut nhu di cin u
melanin, bénh sacom Kaposi, bénh da u tiy, bénh nhiém HIV, bénh viém vdng mac do
AIDS va CMV.

Cu thé hon, c4c tinh trang bénh hoic cac bénh cu thé that c6 thé duoc diéu trj bing
céc hop chét theo sang ché bao gém, nhung khéng chi gidi han &, bénh viém tuy (cp
tinh hodc man tinh), bénh hen, bénh hen, hdi chimg suy h6 hip & ngudi 16n, bénh phdi
tdc nghén man tinh, bénh viém tiéu ciu than, bénh viém da khép dang thip, bénh luput
ban d6 hé théng, bénh ctng bi, hoi chimg Sjdgren, bénh viém tuyén gidp man tinh, bénh
Graves, bénh viém da day ty mién, bénh d4i thdo duong, bénh thiéu mau tan hdng cau tu
mién, bénh giam bach ciu trung tinh ty mién, ching giam luong tiéu cau, bénh viém da
co dia di img, bénh viém gan man hoat dong, bénh nhugc co ndng, bénh xo cing rai rac,
bénh viém rudt, bénh viém loét dai trang, bénh Crohn, bénh vay nén, bénh manh ghép
chéng lai vat chi, bénh viém phan ing gay ra badi endofoxin, bénh lao, bénh xo vita dong
mach, bénh thodi hda co, chiing suy mon, bénh khép do bénh vay nén, hoi ching Reiter,
bénh git, bénh khép do chin thuong, bénh khép do bénh séi Piic, bénh viém mang hoat
dich cép tinh, bénh té bao B tuy; cac bénh dugc dic trung bsi su thAm nhiém bach cau
trung tinh b at; bénh viém d6t séng dang thép, bénh khép do bénh gut va céc tinh trang
viém khép khac, bénh Kawasaki, bénh da diy than kinh méit myelin viém man tinh
(chronic inflammatory demyelinating polyneuropathy - CIDP), bénh viém bi co, bénh
viém mang mach nho, bénh khang yéu t6 VIII, bénh viém ctng khop dét sdng, bénh
nhugc co ndng, bénh Goodpasture, hdi chung khéng phospholipit, bénh viém mach lién
quan dén ANCA, bénh viém bi co/bénh viém da co, bénh sét rét thé ndo, man bénh viém
phéi man tinh, bénh nhiém bui silic, bénh sacoit phéi, bénh ti€u xuong, ching thai loai

manh ghép khac loai, chimg st va chimg dau co do nhidm khuén, chimg suy mon tht
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phét sau nhiém khuén, ching tao ra dang tiy, ching tao ra mo seo, bénh viém loét dai
trang, s6t, bénh cum, chimg loang xwong, bénh viém xwong khép, bénh bach ciu tiy cip
tinh, bénh bach ciu tiy bao man tinh, di cdn u melanin, bénh sacom Kaposi, bénh da u
tdy, bénh nhiém khuén, chimng s6c do nhiém khudn, va bénh shigella; bénh Alzheimer,
bénh Parkinson, bénh thiéu mau ndo cuc bd hodc bénh thoai hoa thin kinh gdy ra bdi tdn
thuong do chan thuong; céc rdi loan tao mach bao gém cac khéi u rén, su tan tao mach
mét, va u mach méu & tré em; cic bénh virut bao gdm bénh viém gan nhiém khuén cip
tinh (bao gém bénh viém gan A, bénh viém gan B va bénh viém gan C), bénh nhiém HIV
va bénh viém vdng mac CMV, AIDS, ARC hoic khdi u 4c tinh, va hecpet; bénh dot quy,
bénh thiéu mau cuc bd co tim, bénh thiéu mau cuc bd tiém bépn dau tim d6t quy, ching
giam oxy huyét co quan, ching ting san mach, ton thuong tai tudi mau tim va than,
chimg huyét khéi, ching phi dai tim, chimg két tu tidu ciu giy ra do thrombin, chimng
nhiém ddc huyét va’/hodc hoi chiing séc do nhiém ddc, cac tinh trang bénh ly li€én quan

dén prostaglandin endoperoxidaza syndaza-2, va bénh pemphigut thong thuong.

Tét hon néu tinh trang bénh ly dugc chon tir bénh Crohn va bénh viém loét dai
trang, chimg thai loai manh ghép khac loai, bénh viém da khép dang thap, bénh vay nén,
bénh viém cimg khép dbt séng, bénh khép do bénh vay nén, bénh pemphigut thong
thudng va bénh xo cling rai rac. Theo cach khac, tdt hon néu tinh trang bénh ly duogc
chon tir tén thurong tai twéi mau do thiéu mau cuc bd, bao gdém ton thuong tai tudi méau
do thiéu méu ndo cuc bd do bénh dot quy gy ra va tdn thuong tai tudi mau & tim do
thiéu mau cuc bd do ching nhdi méu co tim gdy ra hodc t6t hon néﬁ tinh trang bénh la
bénh da u tiy.

Ngoai ra, cac chét trc ché Btk theo sang ché {rc ché sy biéu hién clia céc protein
tién viém cam tng nhu prostaglandin endoperoxit syntaza-2 (PGHS-2), con dugc goi 1a
xyclooxygenaza-2 (COX-2). Do d6, céc tinh trang bénh 1y lién quan dén Btk khac bao
gdm chimg phi, giam dau, chimg s6t va dau, nhu ching dau than kinh co, ching dau
dau, ching dau gy ra do bénh ung thu, chimg dau riang va chimg dau do viém khép. Cac
hop chét theo sang ché con co6 thé duge sir dung dé didu tri bénh nhifm virut tha y, nhu
bénh nhidm lentivirut, bao gém, nhung khong chi gii han &, virut gay thiéu mau nhiém
tring & loai ngwa; hodc bénh nhiém retrovirut, bao gdm virut gdy suy gidm mién dich &
lodi méo, virut gay suy giam mién dich & lodi bo, va virut gay suy giam mién dich & loai

cho.
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Thuét ngit “tinh trang bénh ly lién quan dén Btk” hbac “bénh hodc rdi loan lién
quan dén Btk” dugc sir dung trong ban md ta dé chi toan bd céac tinh trang bénh 1y dugc
xéc dinh trén day nhu dugc nhic lai, ciing nhu tinh trang bénh khac bét ky bi anh huéng
bédi hoat tinh Btk kinaza.

Thuat ngir “luong hitu hidu diéu tri” dugc sir dung trong ban md ta dé chi lwong
hop chét theo sang ché c¢6 hiéu qua khi duoc sir dung & dang riéng r& hodc két hop dé uc
ché Bik. |

Sang ché mo ta phuong phép diéu tri cac tinh trang bénh Iy lién quan dén Btk
kinaza nhu vay, bao gém viéc cho dbi tuong can diéu tri dung it nhét mot hop chét co
cong thue (I). Lugng hitu hi¢u diéu tri dé diéu trj cc tinh trang bénh nhu vay c6 thé dugc
sir dung. Céc phuong phéap theo phuong 4n nay c6 thé duoc str dung dé diéu tri cac tinh
trang bénh 1y lién quan dén Btk kinaza nhu diéu tri cac rdi loan di Gtng va/hoic bénh tu
mién va/hoic bénh viém bao gdm, nhung khéng chi giéi han &, SLE, bénh viém khép
dang thép, bénh viém nhiéu mach mau, bénh ban xuit huyét giam tiéu ciu tuy phat
(idiopathic thrombocytopenic purpura - ITP), ching nhugc co ndng, bénh viém mii di
ung, bénh da xo cing (multiple sclerosis - MS), thai loai manh ghép, bénh dai thio
duong typ I, bénh viém thdn mang, bénh viém rudt, bénh thiéu mau tan héng cau tu mién,
bénh viém tuyén gidp tu mién, bénh ngung két td lanh va néng, hoi chimg Evans, hoi
chtmg tan méu ting ure huyét/ban xuit huyét giam tiéu cau huyét khéi (hemolytic uremic
syndrome/thrombotic thrombocytopenic purpura - HUS/TTP), bénh sarcoit, hoi ching
Sjogren, bénh than kinh ngoai bién (vi dy, hoi ching Guillain-Barre), bénh pemphigut
thong thuong, va bénh hen.

Phuong phép diéu trj tinh trang bénh Iy lién quan dén Btk kinaza c6 thé bao gdm
budc st dung it nhit mot hop chét c6 cong thirc (I) riéng ré hoic két hop v6i nhau
va/hodc céc dudc chit thich hop khéc hiru ich trong diéu tri cac tinh trang bénh nay. Céac
lugng hiru hi¢u diéu tri cua it nhat mot hop chét ¢6 cong thic (I) va cac duogc chét thich
hop khac dé diéu tri cac tinh trang bénh nhu vay co thé dugc st dung. Do dd, “luong hitu
hiéu diéu tri” cling duge sir dung trong ban mé ta dé chi luong két hop cua cac hop chét
theo sang ché ¢ hiéu qua dé diéu tri c4c tinh trang bénh 1y lién quan dén Btk kinaza. Cac
két hop ciia cac hop chit tot hon néu két hop hiép ddng. Su hiép dong, nhur da duoc md
ta, vi du trong bai bdo: Chou et al., Adv. Enzyme Regul., 22:27-55 (1984), xay ra khi tac
dung (trong trudng hop nay, Gc ché Btk) cta cac hop chit khi duoc sir dung két hop 1a
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16n hon so véi tac dung cong hop ciia cac hop chit khi duge sir dung riéng ré & dang mot
chit duy nhét. No6i chung, tic dung hiép ddng duoc thé hién rd rang nhit & cac ndng do
hop chét dudi t6i wu. Su hiép ddng co6 thé, xét vé mat tinh doc té bio thip hon, 1am ting
tac dung khang Btk, hoic mot s tac dung c6 loi khac ctia su két hop nay so véi cac thanh
phéan riéng ré.

Vi du v& céc dugc chét khac nhu vay bao g(“)m corticosteroit, rolipram, calphostin,
~duoc chét chéng viém e ché xytokin (cytokine-suppressive anti-inflammatory drug -
CSAID), imidazo[1,2-A]quinoxalin dugc thé & vi tri s6 4 nhu dugc boc 16 trong patent
M§ sb 4,200,750; Interleukin-10, glucocorticoit, salixylat, nito oxit, va chét tc ché mién
dich khac; chit trc ché su di chuyén qua nhén, nhu deoxyspergualin (DSG); duoc chét
chéng viém khéng steroit (non-steroidal anti-inflammatory drug - NSAID) nhu
ibuprofen, celecoxib va rofecoxib; steroit nhu prednison hodc dexametason; chét chéng
virut nhu abacavir; chit chdng ting sinh nhu metotrexat, leflunomide, FK506
(tacrolimus, PROGRAF®); céc thube gdy doc t6 bao nhu azathiprine va
xyclophosphamit; chét rc ché TNF-a nhu tenidap, khang thé khang TNF hoic thu thé
TNF hoa tan, va rapamycin (sirolimus hoic RAPAMUNE®) hodc céc din xuét cua

ching.

Céc dugc chit khéac néu trén, khi duoc sit dung két hop v6i hop chét theo sang
ché, c6 thé dugc st dung, vi du véi cac lugng néu trong Physicians' Desk Reference
(PDR) ho#c néu khong dugc xac dinh bai ngudi c6 hiéu biét trung binh trong linh vire
nay. Trong cic phuong phép theo sang ché, (cac) dugc chét khéc nhu vay c6 thé duoc sir
dung truée, ddng thoi, hodc sau khi ding cic hop chét theo sang ché. Sang ché ciing dé
cép dén dugc phdm c6 kha ning diéu trj cAc tinh trang bénh 1y lién quan dén Btk kinaza,
bao gdm céc tinh trang bénh qua trung gian IL-1, IL-6, IL-8, IFNy va TNF-a, nhu da

duoc mo ta trén day.

Dugc phim theo sang ché c6 thé chira cac dugc chét khac nhu dugce mo ta trén day
va c6 thé dugce bao ché, vi du b?lng cach str dung céac chit d4n hoic ta duoc pha lodng ran
hodc 1ong thong thuong, cling nhu cac chét phu gia dugc dung thudc loai thich hop véi
ché @6 ding mong mudn (vi duy, ta dugc, ta duge dinh, chét bao quén, chit 1am n dinh,
chét tao huong vi, v.v.) theo cic k¥ thuét nhu cac ky thuit da biét trong linh vuc dugc

pham.
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Theo mdt phuong 4n khéc, sang ché dé cip dén hop chét c6 cong thic (I) dé sir
dung trong phuong phap diéu tri. Theo phuong 4n nay, budc st dung trong phuong phap
diéu tri c6 thé bao gbm budce str dung hop chét c6 cong thire (I) v6i luong hitu hiéu didu

tri.

Do d6, sang ché ciing dé cap dén dugc phdm chira mot hodc nhiéu hop chét co

codng thie (I) va chit mang dugc dung.

Thuét ngir “chit mang duge dung” dugce sir dung trong ban mé ta dé chi hop chét
thudng dugc chip nhén trong linh vuc nay dé phan phdi chét c6 hoat tinh sinh hoc vao
dong vat, cu thé 12 dong vat c6 vi. Chit mang dugc dung dugc bao ché theo nhidu yéu td
da biét trong pham vi hiéu biét ctia ngudi ¢6 hiéu biét trung binh trong linh vire nay. Céc
yéu t6 d6 bao gdm, nhung khéng chi gidi han &, loai va ban chét ciia hoat chét dugc bao
ché; dbi tuong ma dugc phdm chua chét nay duoc st dung; duong ding dy dinh cia
dugc phdm nay; va chi dinh diéu tri duoc hudng téi. Chat mang duge dung bao gdm ca
mdi trudng 1éng dang nuéc va khong phai nude, ciing nhu nhiéu dang lidu rin va ban
ran. Cac chit mang nay c6 thé bao gdm nhiéu thanh phén va cic chét phu gia khac nhau
ngoai hoat chét, cac thanh phin bd sung nay c6 mit trong ché pham nay vi nhiéu ly do, vi
du do 6n dinh cta hoat chét, td dugc dinh, v.v., 1a da biét ro ddi v6i ngudi c6 hiéu bibt
trung binh trong linh vuc k§ thuat nay. M ta vé cac chit mang duoc dung thich hop, va
cac yéu t6 lién quan dén viéc chon chiing, duge tim thiy trong nhiéu ngudn c6 sén, vi du
Remington's Pharmaceutical Sciences, 17th Edition (1985), dugc két hop vao sang ché

bang cach vién dan.

Céc hop chit c6 cong thirc (I) c6 thé duoc sir dung theo cach bat ky thich hop dbi
v6i tinh trang bénh can diéu tri, c6 thé phu thudc vao nhu cau diéu tri dic hiéu vi tri hodc
luong thude can phéan phdi. Viéc ding tai chd noéi chung duogc vu tién ddi vai cac bénh ly
lién quan dén da, va viéc diéu tri toan than dugc wu tién dbi véi cac tinh trang bénh ung
thu hoic tién ung thu, mic du cic dang phan phéi khéc cling dugc bao gém. Vi du, cac
hop chit nay cé thé duoc phan phéi qua dudng miéng, nhu & dang vién nén, vién nang,
hat, bot, hodc ché phém dang 1éng bao gém Xiro; 'dl‘mg tai chd, nhu & dang dung dich,
hén dich, gel hodc thuc m&; dudi ludi; qua ma; ngoai duong ti€u hda, nhu b%mg cac k¥
thuat tiém hodc truyén tiém dudi da, ti€ém tinh mach, tiém bép hodc tiém vao xuong ¢
(vi du, cac dung dich hodc hén dich nudc hoic khong phai 1a nude thuc tiém vo trung);

qua duong miii nhu bﬁng cach phun xit; tai chd, nhu & dang kem hoac thudc md; truc
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trang nhu & dang thubc dit; hoic liposom. Dugc phém dang liéu don vi chita c4c chét din
hoic ta duge pha lodng dugc dung khong doc c6 thé duoc st dung. Cac hop chét nay co
thé dugc sir dung & dang thich hop dé giai phong tire thi hodc giai phong kéo dai. Viée
giai phéng tic thi hodc giai phong kéo dai co thé dat dugc bing duoc phdm thich hop
hoic, cu thé 1a trong truong hop giai phong kéo dai, bang cac dung cu nhu dung cu cly

dudi da hodc bom thdm thau.

Dugc phim dé sir dung tai chd chira chit mang ding tai chd nhu Plastibase (dau

khoang dugc tao gel bang polyetylen).

Dugc phdm sir dung qua dudng miéng duge dua ra 1am vi du bao gdm hdn dich ¢6 _
thé chira, vi du xenluloza vi tinh thé dé tao khéi, axit alginic hodc natri alginat lam chét
tao hdn dich, metylxenluloza 1am chét lam tdng do nhét, va chét 1am ngot hodc chit tao
huwong vi nhu cac chat da biét trong linh vuc nay; va vién nén giai phong ttrc thi c6 thé
chira, vi du xenluloza vi tinh thé, dicanxi phosphat, tinh bjt, magie stearat va/hodc
lactoza va/hodc cac ta dugc khac, chit két dinh, td duge don, ta dugc ri, ta dugce pha
lodng va tA dugc tron nhu cac chat da biét trong linh vuc nay. Céc hop chét theo sang ché
ciing c6 thé duogc phan phébi qua dudng miéng bing cach ding dudi ludi va/hodic qua ma,
vi du véi vién nén dﬁc, nén, hodc dugc lam dong khd. Dugce phém ¢ thé chua cac ta
dugc pha lodng tan nhanh nhu manitol, lactoza, sucroza, va/hodc xyclodextrin. Dugc
phdm nay con c6 thé chira cac t4 duge co6 khdi lugng phan tir cao nhu xenluloza
(AVICEL®) hodc polyetylen glycol (PEG); t4 dugce trg giup sy bam dinh vao ni€ém mac
nhu hydroxypropyl xenluloza (HPC), hydroxypropyl metyl xenluloza (HPMC), natri
carboxymetyl xenluloza (SCMC), va/hodc copolyme anhydrit maleic (vi du, Gantrez); va
cac chét kiém soat giai phéng nhu copolyme polyacrylic (vi du, Carbopol 934). Chét tron
chay, chét gy trugt, chét tao huong vi, chit mau va chit 1am 6n dinh cling co thé duoc
bb sung dé d& dang cho viéc san xuit va sir dung.

Dugc pham dé sir dung & dang sol khi hoic hit qua miii bao gdbm dung dich c6 thé
chira, vi du ruou benzylic hodc cac chit bao quan thich hop khéc, cac chit ting hip thu
dé ting cuong hap thu va/hodc do sinh kha dung, va/hoic cic chét hoa tan hodic phén tan
khéc nhu cic chét da biét trong linh vuc nay.

Dugc phdm dé st dung ngoai dudng tiéu hoa bao gdm dung dich hodc hdn dich dé

‘tiém ¢6 thé chira, vi du cac ta duoc pha lodng hoic dung méi dugc chip nhan ding ngoai
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duong ti€u hoa, khong doc thich hgp, nhu manitol, 1,3-butandiol, nudc, dung dich
Ringer, dung dich natri clorua ding truong, hodc cic chit phan tan hodc gy thdm va tao
hén dich thich hop khac, bao gdbm mono- hoic diglyxerit tdng hop, va céc axit béo, bao

gom axit oleic.

Duoc pham dé str dung qua dudng truc trang bao gdm thude dat c6 thé chira, vi du
cac ta dugc khong gay kich tmg thich hgp, nhu bo cacao, glyxerit este hodc polyetylen
glycol tdng hop, dang rén & nhiét do thuong nhung hoa 16ng va/hodc tan rd trong truc

trang dé giai phong duogc chét.

Lﬁg‘ng hitu hiéu didu tri ctia hop chit theo sang ché c¢6 thé duoc xac dinh boi
ngudi ¢b trinh d6 trung binh trong linh vuc nay, va bao gdm cac luong lidu dugc dua ra
lam vi du d6i véi dong vat c6 vii nam trong khoang tir 0,05 dén 1000mg/kg; ndm trong
khoang tir 1 dén 1000mg/kg; ndm trong khoang tir 1 dén 50mg/kg; nim trong khoang tir
5 dén 250mg/kg; nim trong khoang tir 250 dén 1000mg/kg thé trong hoat chit mdi ngay,
¢6 thé duge str dung & dang mét lidu duy nhit hodic & dang liéu chia riéng r&, nhu dang
ding tir 1 dén 4 14n mdi ngay. Can phai hidu ring liéu luong cu thé va tin suit ding liéu
d6i voi dbi tuong cu thé bit ky c6 thé thay dbi va s& phu thudc vao nhiéu yéu t6, bao gdbm
hoat tinh cta hgp chét cu thé dugc st dung, 40 én dinh bién d6i va thoi gian hoat dong
cua hogp chit do, loai, tudi, thé trong, stc khoe téng quat, gidi tinh va ché 0 an cua d6i
tuong, ché @6 va thoi gian dung, tdc do bai tiét, su két hop thube, va mirc do nghiém
trong clia tinh trang bénh cu thé. Cac ddi tuong duoc wu tién diéu tri bao gdm cic dong
vat, t6t nhét 1a céc loai dong vat c6 vii nhu nguoi, va cadc dong vat nudi trong nha nhu
chd, meo, ngua, va cac dong vat tuong tu. Do do, thuat ngit “dbi tugng bi bénh” duge st
dung trong ban mo ta dé chi toan bd cac ddi tugng, tot nhit 13 cac loai dong vét ¢ va bi
anh hudng béi sy diéu hoa lugng enzym Btk.

Cac vi du vé hop chét ¢6 cong thirc (I) nhu dugc chi ra trong phén “Vi du thuc
hién sang ché” duéi day, da dugc thir nghiém trong mét hodc nhiéu thir nghiém dugc mo
ta dudi day. |

Theo mdt phuong 4an, cic hop chit c6 cong thirc (I) trc ché cic enzym Btk véi tri
s6 ICs, béng 10nM hodc nhé hon, vi du nim trong khoang tir 0,001 dén 10nM, nhu dugc
do bang thir nghiém vé enzym Btk tai t5 hop & ngudi. Tét hon, néu cac hop chét c6 cong

thire (I) Gc ch_é cac enzym Btk vdi tri s6 ICso bang 2nM va nhé hon, vi du ndm trong
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khoéng tir 0,001 dén 2nM. Cac hop chét duge uu tién khac e ché cac enzym Btk véi tri
s6 ICs, br?tng 1,0nM va nhé hon, vi du nim trong khoang tir 0,001 dén 1,0nM.

Theo mét phuong 4n, cac hop chét ¢6 cong thirc (I) hitu ich tc ché dong canxi noi
bao trong céc té bao B Ramos RA1 dugc kich thich boi IgM khang ngudi, véi tri s6 ICs
béng 250nM hodc nho hon, vi du nam trong khoang tir 0,1 dén 250nM. T6t hon nita, néu
c4c hop chit ¢ cong thirc (I) c6 kha ning tic ché dong canxi ndi bao trong céc té bao B
Ramos RA1 duogc kich thich bdi IgM khang ngudi véi tri _sé ICso bing 160nM hodc nho
hon, vi du nim trong khoang tir 0,1 dén 160nM; va véi tri sb ICs béng 100nM hoac nhd
hon, vi du nam trong khoang tur 0,1 dén 100nM.

Theo mdt phuong 4n, cac hop chét ¢6 cong thirc (I) (e ché cac enzym Btk véi tri
s6 ICs, b%mg 2nM hodc nhé hon, vi du ndm trong khoang ttr 0,001 dén 2nM, nhu dugce do
bing thir nghiém vé& enzym Btk tai t6 hop & ngudi, va tic ché dong canxi ndi bao trong
c4c t& bao B Ramos RA1 duogc kich thich bing khang thé khang IgM ciia ngudi, véi tri sb
ICsp bang 500nM hoic nhé hon, vi du nim trong khoang tir 0,1 dén 500nM.

Theo mdt phuong 4n, cac hop chét ¢6 cong thirc (I) e ché cac enzym Btk véi tri
s6 ICs, br?mg 2nM hodc nhé hon, vi du ndm trong khoang tr 0,001 dén 2nM, nhu dugce do
bang thir nghiém vé enzym Btk tai t5 hop & nguoi, va tc ché dong canxi ndi bio trong
cac t& bao B Ramos RA1 dugc kich thich bing khang thé khéﬂg IgM ciia ngudi, véi tri s6
ICso bﬁng 150nM hoic nhé hon, vi du ndm trong khoang tir 0,1 dén 150nM.

Theo mdt phuong 4n, cac hop chit cé cong thire (I) ché céc enzym Btk vdi tri
s6 1C50 bﬁng 2nM hoédc nhé hon, vi du nam trong khoang tir 0,001 dén 2nM, nhu duoc
do bang thir nghiém vé& enzym Btk tai t6 hop & ngudi, va tc ché dong canxi ndi bao trong
céc té bao B Ramos RA1 duoc kich thich bing khang thé khang IgM ctia ngudi, véi tri sd
ICs, bang 60nM hoic nhé hon, vi du nam trong khodang tir 0,1 dén 60nM.

Theo mét phuong 4n, cic hop chét ¢6 cong thirc (I) rc ché cac enzyrﬁ Btk véi tri
s6 1C50 béng 1nM va nhé hon, vi du ndm trong khoang tir 0,001 dén 1nM, nhu dugc do
bing thir nghiém v& enzym Btk tai td hop & ngudi, va tc ché dong canxi ndi bao trong
céc té bao B Ramos RA1 duoc kich thich bing khang thé khang IgM ctia ngudi, véi tri s6
ICso bing 500nM hoic nhé hon, vi du nim trong khoang tir 0,1 dén 500nM.

Theo mdt phuong an, cac hop chét c6 cong thirc (I) wrc ché cac enzym Btk véi tri

s6 ICso bang 1nM va nhé hon, vi du ndm trong khoang tir 0,001 dén 1nM, nhu dugc do
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bang thir nghiém v& enzym Btk tai t5 hop & ngudi, va (rc ché dong canxi ndi bao trong
céc t& bao B Ramos RA1 dugc kich thich bing khang thé khang IgM ctia ngudi, voi tri s6
ICs bﬁng 150nM hoic nho hon, vi du nim trong khoang tir 0,1 dén 150nM.

Theo mét phuong an, cac hop chit ¢6 cong thire (I) trc ché cac enzym Btk véi tri
s6 ICs, b::flng 1nM hodc nhé hon, vi du nim trong khoang tir 0,001 dén 1nM, nhu duogc do
bing thir nghiém vé enzym Btk tai t5 hop & ngudi, va (rc ché dong canxi ndi bao trong
cac t& bao B Ramos RA1 dugc kich thich bang khang thé khang IgM cta nguoi, véi tri s6
ICso béng 60nM hoic nho hon, vi du nim trong khoang tir 0,1 dén 60nM.

Theo mét phuong 4n, cac hop chit ¢6 cong thic (I) e ché cac enzym Btk véi tri
- 88 1Cs béng 0,5nM va nho hon, vi du nim trong khoang tir 0,001 dén 0,5nM, nhu duoc
do bang thir nghiém vé& enzym Btk tai t6 hop & ngudi, va e ché dong canxi noi bao trong
céc té bao B Ramos RA1 dugc kich thich bing khang thé khang IgM ciia ngudi, véi tri sb
ICs, bang 500nM hoic nhé hon, vi du nim trong khoang tir 0,1 dén 500nM.

Theo mét phurong an, cac hop chit ¢6 cong thirc (I) e ché cac enzym Btk véi tri
s6 ICs, b?mg 0,5nM va nho hon, vi du nim trong khoang tir 0,001 dén 0,5nM, nhu dugc
do bang thir nghiém vé enzym Btk tai t6 hop & ngudi, va trc ché dong canxi ndi bao trong
cac té bao B Ramos RA1 duoc kich thich bing khang thé khang IgM ctia ngudi, véi tri sb
ICs béng 150nM hozc nhé hon, vi du nim trong khoang tir 0,1 dén 150nM.

Theo mét phuong 4an, cac hop chit c6 cong thirc (I) trc ché cac enzym Btk v6i tri
s6 ICso bang 0,5nM hodc nhé hon, vi du ndm trong khoang tir 0,001 dén 0,5nM, nhu
dugc do bang thir nghiém vé enzym Btk tai td hop & ngudi, va trc ché dong canxi noi bao
trong céc t& bao B Ramos RA1 dugc kich thich bang khang thé khang IgM cua ngudi,
Vi tri s6 ICs béng 60nM hodc nho hon, vi du ndm trong khoang tir 0,1 dén 60nM.

Phuong phép diéu ché

Cac hop chét theo sang ché c6 thé dugc diéu ché theo nhiéu cach da biét dbi véi
ngudi c6 hiéu biét trung binh trong linh vue tdng hop hitu co. Cac hop chét theo sang ché
c6 thé dugc tdng hop bang cach sir dung cac phuong phip duoc md ta du6i ddy, cing voi
céc phuong phap tong hop da biét trong linh vuc téng hop héa hitu co, hodc bang cach
thay d6i sau d6 nhu dwoc hidu béi ngudi c6 hidu biét trung binh trong linh vire ndy. Céac
phuong phép dugc uu tién bao gbm, nhung khong chi gii han &, cac phuong phép duoc

md ta dudi day. Cac phan tmg duoc thuc hién trong dung moi hoic hdn hop dung moi
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thich hop véi cac chit phan tng va nguyén liéu dugc sir dung va thich hop dé bién ddi
hidu qua. Ngudi c6 hiéu biét trung binh trong Iinh vuc téng hop hitu co s& hiéu duoc ring
nhém chtrc c¢6 mit trén phan tir can phit hop véi cac bién dbi duoc goi ¥. Viée nay doi
khi doi héi su danh gia dé cai bién trinh tur coa céac tbng hop hodc dé lya chon mét so d6

vé quy trinh cu thé so véi so db khac dé thu dwgc hop chit mong muén theo sang ché. -

Ngudi ¢6 hiéu biét trung binh trong linh vue téng hop hitu co nhén thiy ring mot
vai nhém chirc c¢6 mit trong céc hop chit trung gian, hodc trong cac hop chét c6 cong
thirc (I), c6 thé 1a khong dn dinh véi, hodc bang cach khac khong phit hop d6i v6i, mot
vai diéu kién phan g da ding dé diéu ché chung hoic dé bién dbi chung thanh hop chét
trung gian khac hoic thanh céc hop chét c6 cong thirc (I). Trong cac trudng hop ndy, cac
nhém chirc c6 thé duge bao vé béng cach bién dbi thanh cac nhém chire khac ma 6n dinh
hon véi hoic thich hgp véi cac didu kién phan tng can dugce st dung. Sau d6, cac nhém
chirc bao v€ nay co thé dugc bién d6i tré lai thanh nhém chic ban dau & giai doan téng
hop sau. Vi du 1a su bdo v¢ axit carboxylic nhu carboxylat este, Su’ bao v€ amin bac mdt
hozc bac hai nhu din xuét fert-butyloxycarbonyl (Boc) hogic din xut benzyloxycarbonyl
(Cbz), hoic su bao vé indol nito nhur dan xuét 2-trimetylsilyletoxymetyl (SEM). Viéc st
dung cdc nhom bao vé 1a dﬁ_biét trong tai liéu chuyén nganh; tai liéu danh gia cé cin ctr
md ta nhiéu bién dbi dbi vi nha thuc hanh chuyén nghiép dwoc dio tao 12 bai bao: Wuts,
P. et al., Greene's Protectives in Organic Synthesis, Fourth Edition, Wiley-Interscience

(2006).

Hop chét 3, thé hién cac hop chit c6 cong thire (I) nhét dinh, c6 thé duoc didu ché

bang cach sir dung cac phuong phap duogc thé hién trong So d 1.

Sodd 1

-32-



26768

CONH,
. i“ Re 4 ArBOR),
;
Rs
R, vy 2 \ CONH,
1
N R4
R4 \
Rs
Rz Ar
3
CONH,
N R4
R\ + Ar-Y ,
Rs
Rz B(OR), 5
4

Hop chét indolcarboxamit dugc thé 1, trong d6 Y la nhom thich hgp nhu Br, Cl,
hoic triflometansulfonyloxy, c6 thé dugc cho phan Umng véi axit boronic hodc este
boronat 2, trong d6 Ar 1a nhém A’ trong d6 diém gin véi gbc indol ndm trén vong
benzen hoic pyridin ctia A’, dé thu dugc hop chét 3. Phan tng nay c6 thé duoc thyuc hién
bang cach st dung bazo thich hop nhu kali cacbonat, xesi cacbonat hoic trikali phosphat,
va chit xtc tac thich hop nhu tetrakis(triphenylphosphin)paladi, 1,1°-
bis(diphenylphosphin)feroxen paladi(II) clorua, hodc 1,1°-bis(di-tert-
butylphosphino)feroxen paladi(Il) clorua, trong dung méi thich hgp nhu 1,4-dioxan, N,N-
dimetylformamit hoic tetrahydrofuran, tuy ¥ v&i mét hodc nhidu dong dung mdi thich
hop nhu nuéc hoic etanol. Céc phan tmg ghép cip nhu vay thuong da biét 13 phan ung
ghép cip Suzuki-Miyaura, va da biét trong tai liéu hoa hoc (xem, vi du Heravi, M. et al.,
Tetrahedron, 68:9145 (2012), va céc tai liéu tham khao duoc trich din trong ban mo ta
nay).

Theo cach khéc, hop chit indolcarboxamit duge thé 1 ¢6 thé duge bién dbi thanh
axit boronic hodc este boronat 4 twong tng bing cach st dung cac phuong phap da biét
trong tai li€u hod hoc (xem, vi du Ishiyama, T. et al., Tetrahedron, 57:9813 (2001), va
c4c tai liéu tham khao dugc trich din trong ban mé ta nay). Vi du vé cac phuong phap
nay la phan Urmg cta hogp chét 1 v&i chét phéan Umg ﬁhu 4,44°.4°,5,5,5°,5’-octametyl-2,2°-
bi(1,3,2-dioxaborolan) hodc 5,5,5°,5’-tetrametyl-2,2’-bi(1,3,2-dioxaborinan) véi su cb
mit ctia bazo nhu kali axetat va chit xuc tac thich hop nhu 1,1°-bis(diphenylphosphin)
feroxen paladi(Il) clorua trong dung méi thich hop @& thu duoc hop chit este boronat 4.
Theo cach khéc, phan tmg cta hop chit 1 trong d6 Y 13 Br véi chit phan tng hitu co -
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kim loai nhu butyllithi hodc isopropylmagie clorua, tiép d6 1a cho phan ting v&i este clia
axit boric nhu trimetyl borat hoac tri-isopropyl borat, sau d6 thiy phan este boronat thu
duoc, c6 thé thu dugc hop chét axit boronic 4 (R = H). Phan tmg ciia hop chét 4 véi hop
chit thich hop 5, trong d6 Ar 1a nhém A’ trong d6 diém gén vé6i gdc indol nam trén vong
benzen hodc pyridin cia A’, vda Y 1a nhoém thich hgp nhu Br, Cl, hodc
triflometansulfonyloxy, bing céch str dung phan tng ghép cip Suzﬁki-Miyaura nhu dugce
md ta trén day, ciing c6 thé thu dugc hop chit 3.

Hop chit 2 ¢6 thé dugc diéu ché tir hop chét 5 bing cach st dung phuong phép
tuong tr dugc mé ta dé& diéu ché hop chét 4 tir hop chit 1.

Céc hop chét ¢6 cong thirc (I) nhit dinh, duge thé hién bdi hop chét c6 cong thirc
7, ¢6 thé dugc diéu ché bfmg cach str dung cac phuong phép dugc minh hoa trong So dd

2.

So dd 2
CONH, CONH,
N R4 Q-Z N R4
R1 \ R1 \
R; Rs
R,  XxH Rz Xxa
6 7

Céc phuong phap nay bao gdm viéc cho hop chit 6 mang amin bic mdt hodic bac
hai (tirc, trong d6 XH la nhom A cua cong thire (I) trong d6 Q, duoc thay thé bang H)
phan g v&i chit phan tmg thich hop Q-Z, trong d6 Q 1a Q,, hoic tién chit cia nhém
nay, va Z 1a nhém doi chuyén nhu Cl hodc OH, dé thu dugc hop chit 7, trong d6 XQ 1a
mot trong s6 cac nhém A ciia cong thire (I) thu dugce tir phan ting nay. Céc phan tng nhu
véy cia amin 13 da biét trong tai liéu chuyén nganh. Mdt vi du vé phan @ng nay 13 phan
ung axyl hoa ciia amin véi axit carboxylic clorua hodc anhydrit cta axit carboxylic,
thuong dugc thuc hién trong dung moi thich hgp nhu tetrahydrofuran, etyl axetat,
axetonitril, hodc diclometan, thuong v6i sy cd6 mdt cua bazo nhu trietylamin,
diisopropyletylamin, pyridin, hodc dung dich nudc chtra bazo v6 co nhu natri hydroxit
hodc kali cacbonat. Theo c4ch khac, dung mdi nhu pyridin c6 thé dugc st dung, trong

treong hop dung mdi ciing c6 thé dong vai tro 12 bazo.

Vi du khac v& phan tmg dugc thé hién trong So @6 2 1a phén g axyl hoéa cua

amin ctia hop chét 6 véi axit carboxylic bang cach st dung chét phan g bét ky trong sb
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nhidu chit phan tmg ghép cap amit da biét trong tai liéu chuyén nganh, vi du
(benzotriazol-1-yloxy)tris(dimetylamin) phosphoni hexaflophosphat (con goi 1a BOP
hodc chit phan tng Castro), O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetrametyluronium
hexaflophosphat (con goi 1a HATU), hoic chit phan Ung nhu NN’-
dixyclohexylcarbodiimit (con goi 14 DCC) hoidc 1-etyl-3-(3-dimetylaminopropyl)carbo-
diimit hydroclorua (con goi 12 EDC) véi sy c6 mit cia chit dong phan tng nhu 1-
hydroxybenzotriazol (con goi 1a HOBT) hodc 1-hydroxy-7-azabenzotriazol (con goi 1a
HOAT). Céc phan trng nhu vay thudng dugc thuc hién trong dung moi thich hop nhu etyl
axetat, diclometan, tetrahydrofuran, N,N-dimetylformamit hodc N-metylpyrolidin-2-on,

vo1 su ¢ mat cia bazo thich hop nhu trietylamin hodc diisopropyletylamin.

Vi du khac vé phén g dugc thé hién trong So dd 2, c6 thé dugc sir dung dé didu
ché hgﬁ chét 7 trong d6 Q 12 SO,CH=CHS,, 1a phan mg ctia amin ctia hop chit 6 véi 2-
cloetansulfonyl clorua thich hop, trong dung moéi thich hgp nhu diclometan hodc
tetrahydrofuran, véi su c6 mét ciia bazo nhu trietylamin hodc diisopropyletylamin. Trong
truomg hop nay, 2-cloetansulfonamit trung gian c6 thé duqc’tao ra,' ma v&i sy c6 médt cia

bazo ¢6 thé 1am hao hut HCI dé thu duoc etensulfonamit mong muén.

Céc hop chét trung gian 6 clia So dd 2 ¢6 thé duoc didu ché bang cach sir dung cac

phuong phap tuong tu véi phuong phap duoc thé hién trong So dd 1, nhu duoc thé hién

trong So db 4.
So db 4
CONH,
N R4
R\ + (RO),B-XP ,  GONH;
Rs 11 \ N Rq
R2 Y R
1 N R
3
CONH, Rz xH
N R4 . / ®
R | Y-XP
R3 12
Rz B(OR),
4

Phén g ctia hgp chat 1 véi axit boronic hodic este boronat 11 (trong d6 XP 13
tuong ty véi XH trong So dd 2; P c6 thé 13 H hodc nhém bao vé amin thich hop, vi du
tert-butyloxycarbonyl (Boc) hoic benzyloxycarbonyl (Cbz), ma 1a di biét trong tai liéu
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chuyén nganh 14 cac nhém bao vé dbi véi amin), str dung phuong phap ghép cap Suzuki-
Miyaura nhu duge md ta trén day (So dd 1), c6 thé thu dugce hop chét twong tmg 6 sau
khi loai nhém bao vé P néu cin. Néu P trong hop chit 11 1a H, thi hop chét 6 c6 thé thu

duoc truc tiép.

Tuong tu nhu cac phuong phap duoc minh hoa trong So dd 1, phuong phap khac
dé diéu ché hop chit 6 ctia So d 2 ciing duoc thé hién trong So dd 4. Phan tg cua axit
boronic hodc este boronat 4 cia So dd 1 véi hop chit 12, trong d6 Y 1a nhém doi chuyén
thich hgp nhu Br, Cl hodc triflosulfonyloxy, st dung phuong phap ghép cdp Suzuki-
Miyaura nhu dugce mé ta trén ddy, cling c6 thé thu dugc hop chét 6. Nhu duge mé ta trén
day, P c6 thé 1a H, hodc nhém bao vé thich hop trong truong hop khir bao vé ¢ thé thu
dugc hop chét 6.

Ngoai ra, hop chét 11 c¢6 thé duoc didu ché tir hop chét 12 bang cach st dung
phuong phép trong ty dugc mo ta dé diéu ché hop chat 4 tir hop chit 1 (So dd 1).
Céc hop chét 15, 1a vi du vé hop chit 6 cia So db 2, c6 thé dugce didu ché béng

cach str dung cac phuong phap dugc thé hién trong So 6 5.

So dd 5
B(OR),
., CONH, d 13
N R4 NP
R \
R3
R, Y
1
14 (
CONH,
N R4
R4 \
R3
R
15 (mNH

Phén tmg ctia hop chét 1 véi axit boronic hodc este boronat vinylic 13, trong d6 P
1a nhém bao v¢ amin thich hgp nhu Boc hodc Cbz va m bﬁng 1 hodc 2, st dung phan tng
Suzuki-Miyaura nhu dugc mé ta trén diy (xem So dd 1) c6 thé thu dugc hop chét 14.
Lién két d6i cuia nhan dihydropyrol (m=1) hoic tetrahydropiperidin (m=2) 14 c6 thé duoc
khir bang cach sir dung cac phuong phép da biét trong tai liéu chuyén nganh, vi du bing

-36-



26768

cach cho phan tng vé6i hydro véi sy ¢6 mit ctia chit xuc tac thich hop nhu paladi hip phu
trén than, trong dung méi thich hgp nhu metanol hoic etanol, sau d6 bing cach loai bd
nhém bao vé nhd st dung cac phuong phap di biét trong tai liéu chuyén nganh, dé thu
dugc hgp chét 15. (Néu P 1a nhom Cbz, thi viéc loai nhém bao vé c6 thé thu duoc trong
phan g tuong tu 12 phan ung khir lién két d6i.) Theo cach khéc, thir tir cac bude bién
d6i hop chét 14 thanh hop chit 15 c6 thé duoc dao nguge: nhém bao vé P ¢b thé duge
loai bo bang cach str dung phuong phap thich hop, tiép d6 1a hydro hoa lién két d6i nhu
da mo ta.

Hop chét 19, 12 hop chét 6 ciia So dd 2, ¢6 thé dugc didu ché nhu duoc thé hién
trong So dd 6.

So dd 6
CONH, H CN
N R4 N R4
R \ ’ R4 \
R3 R3
R2 Y R2 Y
1 16
HN-X'-NP
17
CONH, CN
N R4 H R4
R, R
R s | Rs
19 2 N-X'-NH 18 R, N-X'-NP

Phan (g ctia hop chit 1 véi chét loai nude nhu phospho oxyclorua, bang cach sir
dung cic phuong phap da biét trong tai lidu chuyén nganh, c¢6 thé thu dugc hop chit 16.
Cho hop chit 16 véi diamin dwgc bao vé mono thich hop nhu aminopyrolidin,
aminopiperidin, hodc piperazin (dugc thé hién trong HN-X’-NP, 17, trong d6 P c6 thé 1a
nhém bao vé thich hgp nhu Cbz hoic Boc) c6 thé thu dugce hop chit twong tng 18. Phan
g bién dbi hop chit 16 thanh hg}p chit 18 c6 thé thu dugc bang cach sir dung chét xuc
tac paladi thich hop, vi du tris(dibenzylidenaxeton) dipaladi, phdi t&r, vi du 2,2°-
bis(diphenylphosphin)-1,1°-binaphtalen ~ (con goi 14 BINAP) hoac 4,5-
bis(diphenylphosphin)-9,9-dimetylxanten (con goi la Xantphos), va bazo nhu xesi
cacbonat hodc natri fert-butoxit, trong dung moi thich hgp nhu 1,4-dioxan, toluen, N,N-

dimetylaxetamit hodc N-metylpyrolidin-2-on. Phan ng nay, thuong dugc goi 1a phan
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g ghép cip Buchwald, 1 da biét trong tai liéu chuyén nganh (xem, vi du Surry, D. et
al., Angew. Chem., 47:6338 (2008), va céc tai liéu tham khao duoc trich din trong ban
md ta nay). Gdc nitril ctia hop chét 18 ¢6 thé duoc thiy phan thanh amit trong tmg bang
cach Cho phan tmg trong diéu kién thich hop, vi du bang cich gia nhiét v6i dung dich
nudGe axit sulfuric ddm dic, d thu duoc hop chét 19, 1a vi du vé hop chét 6 ctia So db 2.
Nhém bao vé P, néu c6 mit trong hogp chét 18, c6 thé duoc loai bo trong phan Ung nay,
hodc theo cach khéc c6 thé dugce loai bé trude hodc sau bude thay phan nitril bang cach

sur dung cac phuong phép da biét trong tai liéu hoa hoc.

Cén luu y ring trong mot sb trudng hop hop chét 18 hoidc 19 ¢6 thé c6 tAm bét dbi,
vi du khi hop chit 17 1a 3-aminopyrolidin dugc bao vé, hodc 3-aminopiperidin. Trong cac
truong hop nay, hop chét 18 hodc 19 c¢6 thé dugce didu ché & dang raxemic bing cach st
dung hop chét raxemic 17 trong budc ghép cip Buchwald. Theo cach khéc, hop chét 18
hodic 19 ¢6 tAm bét dbi c6 thé dugc diéu ché dang déng phéan dbi anh tinh khiét hoic dong
phan déi dnh dugc lam gidu bang cach sir dung hop chat 17 dong phan di anh tinh khiét
hodc ddng phan d6i anh dugc lam giau trong budc ghép ‘cap Buchwald. Theo cach khac,
trong céc trudng hop trong d6 tam bit ddi c6 mit, hop chit ddng phan dbi anh tinh khiét
hodc ddng phan dbi anh dwoc lam giau 18 hodc 19 c6 thé dugc diéu ché 1an luot tir hop
chit raxemic 18 hoic 19, sir dung phuong phap dung giai quang hoc da biét trong tai liéu
chuyén nganh, vi du bang cach két tinh chon loc mubi déng phan khong di quang duogc
diéu ché bing axit ddng phan dbi anh tinh khiét hoic dong phan dbi anh dugc lam giau,
hoic bang céch séc ky trén pha tinh phan tach chit dong phan quang hoc.

Hop chét 19, 1a hop chét 6 cia So @6 2, ciing c6 thé duoc didu ché nhu dugc thé

hién trong So 6 7.

So dd 7
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COOH H COOR
N R4 N R4
R— - R— -
3 3
Ry Y Rz Y
20 21
HN-X'-NP
17
CON';{'Z ., COOR
N 4 N R4
R4 R
R T\
3 R3

Ra  mx.
19 72 N-X-NH 22 Rz NX-NP

Phan tmg bién ddi axit carboxylic 20 thanh este 21, nhu metyl este (R = CH;) hogic
etyl este (R = C,Hs), c6 thé thu duoc bang cach sir dung cac phuong phap da biét, nhu
cho phan @ng véi chat xic tac axit nhur axit sulfuric trong dung méi rugu thich hgp nhu
metanol hoic etanol. Bing cach st dung quy trinh ghép cip Buchwald dugc md ta dbi
v6i So dd 6, hop chit 21 c¢6 thé duge bién dbi thanh hop chét 22. Este cua axit carboxylic
ctia hop chit 22 c6 thé dugc bién dbi thanh amit twong tmg, tao ra hop chét 19 (b%r_lg cach
loai nhém bao vé P néu thich hop), bang cach st dung cac phuong phap da biét, nhu thiy
phén este nhd st dung bazo thich hgp nhu dung dich nudc lithi hydroxit hodc natri
hydroxit, tuy ¥ trong déng dung méi thich hgp nhu metanol, etanol hodc tetrahydrofuran.
Axit carboxylic thu dugc 22 (R=H) c6 thé sau d6 dugc bién dbi thanh amit 19 bing cach
dugc sir dung cac phuong phap da biét trong tai liéu chuyén nganh, vi du bing cach bién
d6i axit carboxylic thanh axit clorua twong trng bang cach cho phéan g véi oxalyl clorua
hodc thionyl .clorua, ﬁép d6 1a cho phan tmg véi amoniac; hodc bang cach cho axit
carboxylic phan ting v6i amoniac hodc amoni clorua véi sy ¢6 mit ciia chit phan ung
ghép cdp nhu dixyclohexylcarbodiimit, hodc  N-(3-dimetylaminopropyl)-N’-
etylcarbodiimit hydroclorua véi sy c6 mét cia 1-hydroxybenzotriazol hodc 1-hydroxy-7-

azabenzotriazol.

Céc hop chit 1 (xem So d6 4) duoc sir dung trong diéu ché cac hop chéit c6 cong
thire (I), va cac hop chit 20 c6 thé duge sir dung trong quy trinh diéu ché hop chit 19
(xem So dd 7), c6 thé dugc didu ché bang cach st dung cac quy trinh duge thé hién trong

So d6 10.

So d6 10
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Axit 2-aminobenzoic dugc thé 31 (da biét trong tai liéu chuyén nganh, hodc dugc
diéu ché bing cach sir dung cac quy trinh da biét trong tai liéu chuyén nganh) c¢6 thé duoc
bién dbi thanh axit 2-hydrazinylbenzoic 32 twong tmg dudi dang mudi cua axit |
hydrocloric bing cach sir dung cac phuong phap da biét trong tai liéu chuyén nganh, vi
du bang cach bién d6i thanh mubi diazo twong tng bang cach cho phan tmg véi natri
nitrit trong dung dich nudc axit hydrocloric, tiép d6 1a khir bang thiéc(Il) clorua. Phan
mg ctia hop chét 32 véi keton 33 thich hgp nhu 2-butanon hoic axeton, trong dung moi
thich hop véi chét xuc tac thich hop, vi du etanol véi axit hydrocloric, toluen véi axit p-
toluenulfonic hodc axit trifloaxetic, hodc axit axetic (trong truong hgp dung moi ciing cé
thé dong vai trd 1a chit xuc tac), c6 thé thu duge indol duoc thé twong vng 20. Phan tng
nay thuong da biét 1a phan tng tdng hop indol Fischer, va 13 da biét trong tai liéu hoa hoc
(xem, vi du Hughes, D., Org. Prep. Proc. Int., 25:607 (1993)). Theo cach khac, phan tng
tbng hop indol Fischer c6 thé dugc thuc hién trong hai buéc lién tiép: hydrazin 32 c6 thé
phan g véi keton hoic aldehyt 33 thich hgp trong diéu kién thich hgp (nhu trong dung
mdi thich hop nhu etanol hodc toluen, tuy y v&i chat xuc tic thich hop nhu axit p-
toluenulfonic) dé thu dugc hydrazon trung gian, ma c6 thé dugc phéan tach va sau d6
dugc phan tng tiép trong diéu kién thich hop (vi du, etanol v6i axit hydrocloric, axit
axetic bang k&m clorua, hodc toluen véi axit trifloaxetic) dé thu duoc hop chit 20. Axit
carboxylic ctia hop chit 20 c6 thé dugc bién dbi thanh carboxamit ctia hop chét 1 bing
cach sir dung cac phuong phap duge mo ta dé bién d6i hop chéat 22 (R=H) thanh hop chét
19 trong So dd 7.

Phuong phép khac dé diéu ché hop chét 1 dugc thé hién trén So d6 11.

So dd 11
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Dibromonitrobenzen 34 c¢6 thé dugc cho phan tng véi chit phan g magie hitu
co vinylic 35 thich hgp (Y’ = Br hoic Cl) dé thu dugc indol dugc thé 36. Phuong phép
ndy, thudng duogc goi 1a phuong phap téng hop indbl Bartoli, 1a da biét trong tai liéu hoa
hoc (xem, vi du Bartoli, G. et al., Tetrahedron Lett., 30:2129 (1989), va Dobson, D. et al.,
Synlett, 79 (1992)). Hop chit 36 c6 thé duoc bién dbi thanh hop chét twong tng 37 (P =
H, hop chit 20 ciia cac So dd 7 va 9) bang cach cho phan @ng véi thich hop lithi hiru co
chét phan tmg nhu n-butyllithi trong dung maéi thich hgp nhu tetrahydrofuran, tiép d6 1a
cho phan tng véi cacbon dioxit, sau d6 voi dung dich nudc axit d& trung hoa mudi
carboxylat trung gian. Tuy ¥, indol nito ctia hop chét 36 ¢ thé dugc bao vé bang cach sir
dung cic phuong phap da biét trong tai liéu chuyén nganh, vi du bing cach alkyl héa
bang 2-(trimetylsilyl)etoxymetyl clorua dé thu dwgc din xudt 2-trimetylsilyletoxymetyl
(SEM) tuong tng, tiép do 1a bién ddi thanh axit carboxylic twong tng 37 (P = SEM) nhu
d3 mo ta. Sau do, axit carboxylic ctia hop chét 37 c6 thé dugc bién ddi thanh carboxamit
ctia hop chét 1, sir dung cac phuong phap dugc mé ta dé bién dbi trong So dd 7. Néu
carboxamit thu duoc tir d6 c6 ngudn gdc tir hop chét 37 trong d6 P 1a nhém bao vé, thi
qua trinh khir bao vé bang cach sir dung cac phuong phép thich hop di biét trong tai liéu
chuyén nganh sau d6 c6 thé thu duoc hop chit 1.

Nhu duge thé hién trong So dd 12, hop chét 38 c6 thé dugc bién ddi thanh hop
chét 39, 1a vi du vé hop chét 2 ctia So dd 1. Tuong tur, hop chét 40 ¢6 thé duge bién dbi
thanh hop chit 41, 1 vi du vé hop chit 5 ctia So @6 1.

So dd 12
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Y-XH Y-XQ
38 39
(RO),B-XH (RO),B-XQ
40 M

Trong So dd 12, Y 14 nhém thich hop nhu Br, Cl hoic triflometansulfonyloxy;
(RO),B 14 axit boronic hoic este boronat; va XH 14 nhém A ciia cong thie (I) dugc gén
vao gbc indol cta cong thirc (I) thong qua lién két véi vong benzen hodc pyridin cia A
nhung trong d6 Q, (néu c6 mét) dugc thé béng NHR; hodc C(R(),NHR; hodc Q, (néu co
mit) duogc thay thé bang H; va Q 13 nhém Q,, C(O)(Ci alkyl dugc thé bang Rg),
C(0)(Cs.6 xycloalkyl duge thé bang Rg), diclotriazinyl hodc quinazolin-4-yl dugc thé
bang Re. Phan ting bién ddi ctia hop chét 38 thanh hop chit 39, va phan tng bién ddi ctia
hop chét 40 thanh hop chit 41, c6 thé dugc thuc hién bing cach sir dung cac phuong
phép trong tu duge md ta dé bién ddi twong tw hop chét 6 thanh hop chét 7 trong So d6
2. Ngoai ra, phan tmg bién ddi ciia hop chét 38 thanh hop chét 40, va phan tmg bién dbi
ctia hop chit 39 thanh hop chét 41, c6 thé dugc thuc hién bang cach sir dung cac phuong
phép dugc mo ta dé bién d6i hop chit 1 thanh hop chit 4 trong So dd 1.

Vi du khac vé cac hop chit 2 va 5 ctia So d 1, va cac hop chit 11 va 12 cia So dd
- 4, 1a d3 biét trong tai liéu chuyén nganh, hodc c6 thé dugc diéu ché bing cach sir dung
cac phuong phap da biét trong tai liéu chuyén nganh. Vi du, patent My sb 8,084,620 mo

ta viéc diéu ché nhiéu hop chit hiru ich trong viéc diéu ché cac hop chit c6 cong thirc ().

Céc hop chit c6 cong thirc (I) nhét dinh c6 thé c6 su quay can try vé lién két ndi

nhém A véi nhan indol. Trong mét s truong hop, su quay can try c6 thé tao ra hai chit
| ddng phan vé lién két nay, da biét 1a chit dong phan lap thé khong quay, c6 thé dugc
phan tach & dang cac hop chét riéng r& ma 13 én dinh dé bién ddi bén trong trong didu
kién bao quan va xir ly thong thuong. Trong céc trudong hop nay, cac hop chit c6 cong
thire (I) ¢6 thé duoc didu ché & dang raxemic hodc scalemic, va hai chét d@)ng phén lap
thé khong quay c6 thé duge phén tach riéng bang cach sir dung cac phuong phap da biét
trong tai liéu chuyén nganh, vi du bang cach sic ky trén pha tinh phan tich chit dong
phéan quang hoc.
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Tuong tur, hop chit 6 ciia cic So dd 2 va 4 ciing c6 thé c6 sy quay can trd vé lién
két n6i nhém XH vé6i nhan indol, va c6 thé dugc phan tach 14 cac hop chit riéng r& ma 1a
6n dinh dé bién ddi bén trong trong didu kién bao quéan va xtt Iy théng thudng. Trong céc
truomg hop nay, hop chit 6 c6 thé dugc diéu ché & dang raxemic hodc scalemic nhu dugc
thé hién trong So d0 4, va hai chit ddng phén l4p thé khong quay cta hop chit 6 co6 thé
dugc phan tach riéng bang cach sir dung cac phuong phap di biét trong tai liéu chuyén
nganh, vi du bang cach sic ky trén pha tinh phan tach chit ddng phin quang hoc. Sau do,
chét ddng phan 14p thé khong quay déi anh d4 dugc phan tach c6 thé duoc bién déi thanh
chit ddng phan dbi anh don ctia hop chit 7, 1a cac hop chét c6 cong thirc (I) nhét dinh,
nhu dugc thé hién trong So db 2.

Trong mdt sb truong hop, khi bién @i hop chit trung gian thanh hop chét trung
gian khac hodc hop chit ¢ cong thirc (I) ddi héi nhidu hon mét phan tmg tdng hop, thi
thir tyr clia cac bude riéng 18 c6 thé duge thay dbi. Mot vi du duge thé hién trén So dd 12.
Phan tng bién d5i cha hop chét 38 thanh hop chét 41 c6 thé dugc thuc hién bang cach (1)
bién dbi ctia amin ctia hop chit 38 thanh amin duoc thé ctia hop chét 39, tiép d6 1a (2)
bién d6i nhém Y cia hop chit 39 thanh axit boronic hoic este boronat ctia hgp chit 41.
Theo cach khac, phan ung bién ddi twong tu ctia hop chit 38 thanh hop chét 41 c6 thé
dugc thuc hién b%mg cach (1) bién ddi nhém Y cua hop chét 38 thanh axit boronic hodc
este boronat ciia hop chit 40, tiép d6 1a (2) bién ddi amin ctia hop chit 40 thanh amin
duoc thé ctia hop chét 41. Cac trudng hop nhu viy dugc hidu b6i ngudi c6 hidu biét

trung binh trong linh vuc téng hop hitu co.
Vi du thye hién sang ché

Céc hop chét theo sang ché, va hop chit trung gian dugc st dung trong quy trinh
diéu ché cac hop chét theo sang ché, ¢6 thé dugc didu ché bang cach sir dung cac phuong
phap duoc thé hién trong vi du va cac phuong phap lién quan duéi ddy. Cac phuong phéap
va cac diéu kién dugc sir dung trong céc vi du nay, va cac hop chét thuc dugc diéu ché
trong cac vi du nay, 1a khong nham gidi han pham vi ciia sang ché, nhung c6 nghia 1a
chimg minh dugc cach thirc ma céc hop chit theo sang ché c6 thé duoc didu ché. Cac hop
chit ban dau va cac chit phan tmg duoc st dung trong cac vi du nay, khi khong duge
diéu ché bang quy trinh dwgc néu trong ban md ta ndy, thuong dang co trén thi truong,
hodc dugc bao céo trong tai li€éu hod hoc, hodc co thé dugc diéu ché béng cach st dung

cac phuong phdp dugc md ta trong tai li€u hoa th.' Sang ché dugc xac dinh tiép trong
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cac vi du dudi ddy. Cén phai hiéu ring cac vi du ndy duoc dwa ra chi nhdm muc dich
minh hoa. Tir viéc thao luin néu trén va vi du, ngudi c6 hiéu biét trung binh trong linh
vuc nay c6 thé xac dinh dugce dic tinh can thiét cia sang ché, va ma khong ndm ngoai
pham vi va ¥ tuéng clia sang ché, c6 thé bién dbi va cai bién khac nhau d& phu hop véi
viéc str dung va cac diéu kién khac nhau cia sang ché. Do d6, sang ché 1a khéng nhim
gi6i han boi cac vi du minh hoa néu dudi déy; ma con dugc xac dinh badi phén yéu ciu

bao hd kém theo.

Trong céac vi du dugc dua ra, thuat ngir “dugc 1am kho va c6” dugc st dung trong
ban md ta dé chi viéc loai hdu hét lugng nude du ra khéi dung dich trong dung méi hitu
co bang cach sir dung natri sulfat hodc magie sulfat khan, tiép dé 1a loc va loai dung méi
ra khéi dich loc (n6i chung trong didu kién 4p suét giam va ¢ nhiét do thich hop dé 6n
dinh nguyén liéu can diéu ché). Sic ky cot thuéng dugc thuc hién Béng cach str dung k¥
thuat sic ky nhanh (Still, W. et al., J. Org. Chem., 43:2923 (1978)), hodc bing vo
silicagel dugc déng goi sin bang cach sir dung thiét bi sic ky 4p suét trung binh Isco
(Teledyne Corporation), rira giai bing dung méi hodc hdn hop dung méi duge chi dinh.
Sic ky 1ong hiéu ning cao (HPLC) diéu ché dugc thuc hién bfing cach st dung cot pha
ddo (Waters SunFire C;5, Waters XBridge C,3, PHENOMENEX® Axia C;5, YMC S5
ODS hodc cdt tuong tu) c6 kich c& thich hop dé dinh luong nguyén liéu can tach, noi
chung rira giai bang gradien gdm ndng do ting din ciia metanol hoic axetonitril trong
nude, con chira 0,05% hoidc 0,1% axit trifloaxetic hodc 10mM amoni axetat, v6i tbe do
rira gidi thich hop véi kich cé cdt va quy trinh tach cin thu duge. Sic ky 16ng siéu t6i han
(SFC), dang pha HPLC thong thuong st dung pha dong chira dich 16ng si€u hoac can han
CO, va chit diéu bién hitu co phén cuc nhu cac ruou, duge sir dung dé tach céac hop chét
phén tach chit ddng phan quang hoc (White, C. et al., J. Chromatography A, 1074:175
(2005)). Viéc tach SFC phan tach chit ddng phan quang hoc cta cac chit ddng phan dbi
anh hodc céc chit dong phan khong dbi quang dugc thuc hién bing cach sir dung cic
diéu kién duoc mé ta dbi voi cac truong hop riéng ré. Dir liéu khbi phd thu duge bing sic
ky 16ng-khdi phé nho sir dung qua trinh ion hoa phun dién. Cac tén goi hoa hoc dwge xac
dinh bing cich st dung CHEMDRAW® Ultra, phién ban 9.0.5 (CambridgeSoft). Cac

chir viét tit dudi ddy duoc sir dung:

AcCN ‘ axetonitril
BINAP 2,2"-bis(diphenylphosphin)-1,1'-binaphtyl
BOP benzotriazol-1-yloxy)tris(dimetylamin)phosphoni hexaflophosphat
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DCM diclometan
DDQ 2,3-diclo-5,6-dixyano-1,4-benzoquinon
DIEA diisopropyletylamin
DMF N,N-dimetylformamit
DMSO dimetyl sulfoxit
dppf 1,1°-bis(diphenylphosphin)feroxen
EDC 1-[3-(dimetylamin)propyl]-3-etyl-carbodiimit hydroclorua
EtOAc etyl axetat
h gio
HATU O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetrametyluronium hexaflophosphat
HOBT 1-hydroxybenzotriazol hydrat
MeCN axetonitril
MeOH metanol
min phut
NBS N-bromosucxinimit
PdCl,(dppf) 1,1"-bis(diphenylphosphin)feroxen]diclopaladi(Il)
Pd,(dba); tris-(dibenzylidenaxeton)dipaladi
Pd(PPhs), tetrakis(triphenylphosphin)paladi
TFA axit trifloaxetic
THF tetrahydrofuran
HPLC sic ky 16ng hiéu ning cao
g2 gam
mL milli lit
pL micro lit
mmol milli mol

Hop chét trung gian 1

4-bromo-2,3-dimetyl-1H-indol-7-carboxamit

Os__NH,

I-1)

Hop chét trung gian 1A: Axit 4-bromo-2,3-dimetyl-1H-indol-7-carboxylic

Os_OH

H
N
CH3 \

CHj Br

(I-1A)

Hbn dich chira hydroclorua ciia axit 4-bromo-2-hydrazinylbenzoic [duoc diéu ché
theo patent M§ sb 8,084,620, hop chét trung gian 46-1, Bude 1] (5,87g, 21,9mmol) trong
axit axetic (73mL) & nhiét d§ 75°C duge xur ly béng 2-butanon (9,8mL, 110mmol). Hdn
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hop nay dugc gia nhiét trong bé diu & nhiét d6 110°C. Sau 18 gid, hdn hop ndy duogc cd
trong chan khong dé thu dugc chét rin mau ndu sim. Phin cén duogc tao hdn dich trong
EtOAc va hop chét khong tan dugc thu gom bang cach loc, rira bing EtOAc va lam khd
trong khong khi. Céc dich lgc duoc cb va ph'?m can duge tao hdn dich lai trong EtOAc.
Chat rén bd sung dugc thu gom bing cach lbc, rira bang FtOAc va l1am khé trong khong
khi. Hai chét rin dugc két hop dé thu dugc axit 4-bromo-2,3-dimety1;1H-indol-7-
carboxylic dudi dang chat rin mau nu (4,63g, hiéu suit 79%). LCMS (M+H)" m/z 268,
270. "H NMR (400 MHz, DMSO-dg) & 13,29-12,97 (m, 1H), 10,87 (br. s., 1H), 7,48 (d,
J=7,9 Hz, 1H), 7,20 (d, /=8,1 Hz, 2H), 2,40 (s, 3H), 2,36 (s, 3H).

Hop chét trung gian 1

Hén hop chira  axit 4-bromo-2,3-dimetyl-1H-indol-7-carboxylic (4,63 g,
17,3mmol), EDC (4,97g, 25,9mmol) {/é HOBT (3,44g, 22,5mmol) trong THF (276mL)
va DCM (69mL) duoc khudy & nhiét d6 phong trong 1 gid, sau d6 xi Iy bing dung dich
nude amoni hydroxit 28% (5,38mL, 138mmol). Hon dich thu dugc duge khudy & nhiét
do phong trong 4 ngay. Hon hop nay duge c6 va phin cin duoc phan 16p giira nudce va
EtOAc. Céc 16p duoc phan tach va pha nuéc dugc chiét lai bang EtOAc. Lép hiru co thu
gom dugc dugc rira béng nude mudi, 1lam khd va co dé thu dugc 4-bromo-2,3-dimetyl-
1H-indol-7-carboxamit duéi dang chét rin mau vang (3,34g, hiéu sudt 72%). Khéi phd
m/z 267, 269 (M+H)". "H NMR (400 MHz, DMSO-de) 6 10,92 (s, 1H), 8,01 (br. s., 1H),
7,48-7,31 (m, 2H), 7,14 (d, J=7,9 Hz, 1H), 2,39 (d, J=0,4 Hz, 3H), 2,34 (s, 3H).

Hop chét trung gian 2

4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxamit

Os_NH,
H
N
CHs3 \
F
CHs g
I-2)

Hop chét trung gian 2A: Axit 4-bromo-2,5-diflobenzoic
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Br
(I-2A)

Dung dich chtra 1,4-dibromo-2,5-diflobenzen (640mg, 2,35mmol) trong dietyl ete
kho (10mL) d 1am lanh trong bé nudc d4 kho-axeton duogc cho phan tmg timg giot vé6i
2,5M n-butyllithi trong hexan (1,04mL, 2,59mmol). Dung dich thu dugc duge khudy &
-78°C trong 30 phut, sau d6 xir Iy bang lwong nhéd nude da kho. Bé 1am lanh dugce loai bd
sau 5 phit va hdn hop nay dugc khudy trong 30 phit nita trong khi dé 4m dén nhiét do
phong. Hbn hop nay dugc pha lodng bang EtOAc va nude. Pha hitu co duge phan tach va
rira hai 1an bang duhg (iich nuéce bdo hoa NaHCO;. Cac pha nuéc thu gom dugc dugc
axit hoa bang dung dich nuéc HCI 1M, dugc chiét hai 1in bang DCM, va céc pha hitu co
thu gom dugce duogc 1am khd va ¢ dé thu duge axit 4-bromo-2,5-diflobenzoic duéi dang

chét rin mau tring (297mg, hiéu sut 53%).

Hop chit trung gian 2B: Axit 4-bromo-5-flo-2-hydrazinylbenzoic hydroclorua

O~__OH
N
HoN”
HCI F
Br
(I-2B)

Hon hop chira axit 4-bromo-2,5-diflobenzoic (2,50g, 10,6mmol) va hydrazin
(3,81mL, 121mmol) trong N-metyl-2-pyrolidinon (2mL) dugc gia nhi¢t & nhiét do 95°C
trong 4 gid. Hon hop lanh dugc rét vao dung dich nuéec HCI 6M da duoc khqu manh
(400mL) va 1am lanh trong bé nuéc da NaCl. Chét két taa thu duoc duge thu gom bing
cach loc dugc rira bang dung dich nudec HCI 6M (200mL) va 1am khd trong chan khong
dé tao ra axit 4-bromo-5-flo-2-hydrazinylbenzoic hydroclorua duéi dang chit rin mau
vang (1,88g, d6 tinh khiét 71%, hiéu suit 44%), dugc st dung ma khéng cin tinh ché

thém.

Quy trinh khac dé didu ché axit 4-bromo-5-flo-2-hydrazinylbenzoic hydroclorua:
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Hdn dich chira axit 2-amino-4-bromo-5-flobenzoic (10,0g, 42,7mmol) trong hén
hop chtra dung dich nuéc HCI 37% (42,7mL) va nudce (14,3mL), duge lam lanh béng bé
nudc dad NaCl, dugc cho phan Ung ting giot v6i dung dich chira natri nitrit (3,24g,
47,0mmol) trong nuéc (15,7mL). Khi bd sung xong, hdn hop nay dugce khudy trong 30
phiit nita. Dung dich chira thiéc(Il) clorua dihydrat (28,9g, 128mmol) trong dung dich
nudc HC1 37% (27,5mL) duoc bd sung ting giot vao. Bé 1am lanh duoc loai bo va hdn
hop nay dugc khudy & nhiét d6 phong trong 45 phut. Hén dich dic duge loc va chit két
tia thu gom dugc duge rira k§ bing nude va lam khd qua dém trong didu kién ap suét
giam. Chét rin thu gom dugc dugc nghién bang MeOH kém theo siéu am, va chat két tia
duoc thu gom bang céch loc, rira bing MeOH va 1am khd. Dich loc dugc ¢, va phén cin
dugc nghién bang DCM. Chét két tia thu dugce duoc thu gom bang cach loc va 1am khd,
va hai mé chit chit két taa dugc két hop dé thu dugc axit 4-bromo-5-flo-2-
hydrazinylbenzoic hydroclorua duéi dang chét rin mau tring (5,37g, hiéu sudt 44%).
Khdi phd m/z 249, 251 (M+H)".

Hop chét trung gian 2C: Axit 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxylic

O+ _OH
H
N
CHz—\
F
CHs Br
(1-2C)

Hon dich dugc khudy chira axit 4-bromo-5-flo-2-hydrazinylbenzoic hydroclorua
(1,00g, 3,50mm01) trong axit axetic (11,7mL) duoc xtr Iy bang 2-butanon (1,26mL,
14,0mmol) & nhiét @ phong. Hon hop ndy duge gia nhiét & nhiét d6 75°C trong 30 phut,
tao ra dung dich mau nau, sau d6 gia nhiét tiép & nhiét d6 110°C. Sau 16 gio, hén hop nay
dugc ¢d, va phan cin dugc tao hdn dich trong EtOAc. Chat két tia duge thu gom bing
cach loc, rira bang EtOAc va 1am khé trong khong khi. Cac dich loc dugc ¢6 va phén cin
duoc tao hdn dich trong EtOAc, tao ra chét két taa bd sung dugc thu gom béng cach loc,
rira bang EtOAc va lam khd trong khong khi. Hai chét chit két ta thu gom dugc duogc
két hop dé thu dugc axit 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxylic dudi dang
chit rin mau nau (0,515g, hiéu suét 51%). Khdi phd m/z 286, 288 (M+H)*. 'H NMR (400
MHz, DMSO-dg) 6 13,84-12,75 (m, 1H), 10,96 (s, 1H), 7,45 (d, J=9,7 Hz, 1H), 2,40 (s,
3H), 2,37 (s, 3H).
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Hop chit trung gian 2

Theo quy trinh dugc sir dung trong budc cudi cing cia quy trinh diéu ché hop
chit trung gian 1, axit 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxylic dugc bién dbi
thanh 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxamit véi hiéu suit bing 75%. Khdi
phd m/z 285, 287 (M+H)". 'TH NMR (400 MHz, DMSO-d) & 10,98 (s, 1H), 8,08 (br. s.,
1H), 7,62-7,44 (m, 2H), 2,39 (s, 3H), 2,35 (s, 3H).

Hop chét trung gian 3

4-bromo-5-clo-2,3-dimetyl-1H-indol-7-carboxamit

O+_NH,

ZT

CH—(
Cl
CHy g

-3)
Hop chét trung gian 3A: Axit 4-bromo-5-clo-2-hydrazinylbenzoic hydroclorua

HCI Cl
Br

(I-3A)

Theo quy trinh khac dugc st dung dé diéu ché mubi HCI ciia axit 4-bromo-5-flo-
2-hydrazinylbenzoic [hop chét trung gian 2B], axit 2-amino-4-bromo-5-clobenzoic dugc
bién dbi thanh axit 4-bromo-5-clo-2-hydrazinylbenzoic hydroclorua véi hiéu suét bang
39%. Khéi phd m/z 265, 267, 269 (M+H)*. 'H NMR (400 MHz, DMSO-dy) & 8,82 (b,
1H), 7,86 (s, 1H), 7,58 (s, 1H).

Hop chit trung gian 3B: Axit 4-bromo-2-(2-(butan-2-yliden)hydrazinyl)-5-

CHs; O.~__OH
PN
S
CH3 N~
Cl
Br
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(I-3B)

Hdn dich dugc khudy chira axit 4-bromo-5-clo-2-hydrazinylbenzoic hydroclorua
(1,50g, 4,97mmol) trong axit axetic (16,6mL) dugc cho phan ting & nhiét 4o phong véi 2-
butanon (1,34mL, 14,9mmol). H3n hop nay duogc gia nhiét trong bé ddu dén nhiét do
75°C trong 30 phut, sau d6 gia nhiét & nhiét ¢ 110°C. Sau 16 gid, hdn hgp nay dugc cd
trong chan khéng va phan cin dugc tao hdn dich trong EtOAc. Chit két tia dugc thu
gom bang cach loc, rira bing EtOAc va lam kho trong khong khi dé thu duogc axit 4-
bromo-2-(2-(butan-2-yliden)hydrazinyl)-5-clobenzoic duéi dang chit rin mau vang
(0,574g, hiéu suit 36%). Khéi phd m/z 319, 321, 323 (M+H)". 'H NMR (400 MHz,
DMSO-dg) & 13,59 (br. s., 1H), 10,66 (s, 1H), 7,89 (s, 1H), 7,82 (s, 1H), 2,33 (q, J=7.5
Hz, 2H), 1,89 (s, 3H), 1,09 (t, /<7,4 Hz, 3H).

Hop chét trung gian 3C: Axit 4-bromo-5-clo-2,3-dimetyl-1H-indol-7-carboxylic

O~_OH
H
N~
CHz—\,
Cl
CHs Br
(I-30)

Hon hop chta axit 4-bromo-2-(2-(butan-2-yliden)hydrazinyl)-5-clobenzoic
(0,574g, 1,80mmol) va TFA (1,11mL, 14,4mmol) trong toluen (4,6mL) dugc gia nhiét &
nhiét d6 90°C. Sau 21 gid, hdn hop nay dugc cb trong chan khong va phan cin dugc tao
hdn dich trong EtOAc. Chét két tia dugc thu gom béng cach loc, rira bﬁng EtOAc va lam
kho trong khong khi @é thu duoc axit 4-bromo-5-clo-2,3-dimetyl-1H-indol-7-carboxylic
du6i dang chit rin mau thdm (0,373g, hiéu sudt 69%). Khdi phd m/z 302, 304, 306
(M+H)". "TH NMR (400 MHz, DMSO-dq) § 13,40 (br. s., 1H), 11,06 (s, 1H), 7,67 (s, 1H),
2,40 (s, 3H), 2,37 (s, 3H).

Hop chét trung gian 3

Theo quy trinh dugc st dung trong budc cubi cing ciia quy trinh diéu ché hop
chét trung gian 1, axit 4-brom6-5-clo-2,3-dimety1—1H—indol-7-carb0xy1ic dugc bién ddi
thanh 4-bromo-5-clo-2,3-dimetyl-1H-indol-7-carboxamit v&i hiéu suit biang 82%. Khdi
phd m/z 301, 303, 305 (M+H)". "H NMR (400 MHz, DMSO-dy) 8‘ 11,08 (s, 1H), 8,13 (br.
s., 1H), 7,76 (s, 1H), 7,51 (br. s., 1H), 2,40 (s, 3H), 2,36 (s, 3H).
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Hop chét trung gian 4

4-bromo-3-metyl-1H-indol-7-carboxamit

CHj Br
(1-4)

Hop chit trung gian 4A: 4,7-dibromo-3-metyl-1H-indol

Br
H
N
N\
CH; Br
(I-4A)

Dung dich chtra 1,4-dibromo-2-nitrobenzen (4,60g, 16,4mmol) trong THF (66mL)
dugc lam lanh & nhiét d9 -78°C dugc cho phan tng trong 10 phit véi 0,5 M (E)-prop-1-
enylmagie bromua trong THF (98,2mL, 49,1mmol). Hén hop thu dugc duge khudy &
nhiét @ -78°C trong 2 gidy, sau d6 & nhiét do phong trong 2 gior. Hon hop nay duge xir 1y
bang dung dich nudec NH,C1 bdo hoa (100mL), sau d6 bing nudce va dung dich nuée HCI
IM (dén @6 pH khoang 1-2), sau d6 chiét bing EtOAc. Pha hitu co dugc rira bang nudce
mubi, 1am kho va c6. Phin cén duoc nap vao cot sic ky trén silicagel (120g), rira giai
bang EtOAc-hexan (gradien tir 5-25%), dé thu duoc 4,7-dibromo-3-metyl-1H-indol
(1,75g, hiéu suit 37%). '"H NMR (400 MHz, CDCl;) & 8,16 (l'H, br. s.), 7,16 (2 H, s),
7,09 (1 H, s), 2,57 (3 H, d, J=1,1 Hz).

Hop chit trung gian 4B: 4,7-dibromo-3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-
1H-indol '

0] Br
M\
CH3~Si/\/ N
CH3/ ‘CH3 \
CHs Br
(I-4B)
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Hoén dich chtra natri hydrua (60% trong dau khoang, 0,254g, 6,36mmol) trong
THF (18,4mL), dugc lam lanh & nhiét d6 0°C, dugc cho phan {ng ting phén vGi dung
dich chtra 4,7-dibromo-3-metyl-1H-indol (1,75g, 6,06mmol) trong THF (1,8mL), sau do6
bang 2-(trimetylsilyl) etoxymetyl clorua (1,19mL, 6,06mmol). H3n hop nay chuyén sang
dung dich mau vang nhat dugc khudy & nhiét do phong trong 3 gio. Sau d6, hdn hop nay
dugc xir 1y bang nuée va chiét bang EtOAc. Pha hitu co dugc rira bing nude mudi, lam
kho va cb. Phin cin dugc nap vao cot sic ky trén silicagel (80g), rira giai bing EtOAc-
hexan (gradien nim trong khoang tir 0-5%), dé thu dugc 4,7-dibromo-3-metyl-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indol duéi dang diu mau vang nhat (2,4g, hiéu suit 95%).
Khéi phd m/z 417, 419, 421 (M+H)". 'H NMR (400 MHz, CDCl,) & 7,21-7,16 (m, 1H),
7,14-7,09 (m, 1H), 6,99 (d, J/=0,9 Hz, 1H), 5,79 (s, 2H), 3,50 (dd, J=8.6, 7,7 Hz, 2H),
2,53 (d, J=0,9 Hz, 3H), 0,92-0,86 (m, 2H), -0,04 (s, 9H).

Hop chit trung gian 4C: Axit 4-bromo-3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-
1 H-indol-7-carboxylic

o O~__OH
\\
CHs;Si/\/ N
CH3 ‘CH3 \
CHs Br

(I-4C)

Dung dich chtta 4,7-dibromo-3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indol
(2,30g, 5,49mmol) trong THF (27,4mL) & nhiét do -78°C duogc xur ly b.;fmg 2,5M n-
butyllithi trong hexan (2,33mL, 5,82mmol). Hdn hop nay dugc khudy & nhiét do -78°C
trong 10 phiit, sau d6 suc bang cacbon dioxit trong 15 phut. Sau d6, hdn hop nay dugc
1am 4m dén nhiét d6 phong, dugc khudy trong 4 gid, va xtt ly bang nude. P pH duge
didu chinh dén 2-3 bang dung dich nwéc HCI 1M va hén hop nay dugc chiét bing
EtOAc. Pha hitu co dugc rira b?mg nude mubi, 1am kho va ¢ dé thu dugc axit 4-bromo-
3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indol-7-carboxylic thé duéi dang diu mau

nau (2,0g, hi¢u suét 95%), dugc st dung ma khong can tinh ché thém.

Hop chit trung gian 4D: 4-bromo-3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-

indol-7-carboxamit
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o Os_NH,
\\
CHa‘/Si/\/ N
CH3 ‘CH3 \
CHs Br

(I-4D)

Theo quy trinh dugc st dung trong bude cudi cing cta quy trinh diéu ché hdp
chit trung gian 1, axit 4-bromo-3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indol-7-
carboxylic dugc bién dbi thanh 4-bromo-3-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-
indol-7-carboxamit v6i hiéu suit bang 36%. Khéi phd m/z 405, 407 (M+Na)*. 'H NMR
(400 MHz, DMSO-dg) 6 7,91 (s, 1H), 7,47 (s, 1H), 7,37 (d, J=0,9 Hz, 1H), 7,26 (d, J=7,7
Hz, 1H), 7,11 (d, J=7,9 Hz, 1H), 5,57 (s, 2H), 3,25 (dd, J=8,7, 7,6 Hz, 2H), 2,47 (d, J=0,9
Hz, 3H), 0,77-0,71 (m, 2H), -0,09 (s, 9H)'.

Hop chét trung gian 4

Dung dich chaa 4-bro\mo-3-mety1-1-((2-(trimetylsilyl)etoxy)metyl)-1H—ind01-7-
carboxamit (0,72g, 1,88mmol), 1,0 M tetra-n-butylamoni florua trong THF (5,63mL,
5,63mmol) va etylendiamin (0,761mL, 11,3mmol) trong DMF (9,4mL) dugc gia nhiét &
nhiét d6 45°C trong 4 ngdy. Luong tetra-n-butylamoni florua khac (2mL) dugc bd sung
va hdn hop niy dugc gia nhiét & nhiét d6 50°C. Sau 5 ngdy, luong etylendiamin khéc
(4,0mL) duoc bd sung va hdn hop nay dugc gia nhiét & nhiét d6 70°C trong 5 gio. Hon
hop nay duoc 1am ngudi dén nhiét do phong, duoc xtr Iy bang nudc va dung dich nude
HCI 1M va chiét bang EtOAc. Pha hitu co dugc rira lién tiép bing dung dich nuéc
NaHCOj; bdo hoa va nude mubi, 1am khd va co. Phén cin duge nap vao cot sdc ky trén
silicagel (24g), rira giai bang EtOAc-hexan (gradien tir 30-60%), dé thu dugc 4-bromo-3-
- metyl-1H-indol-7-carboxamit dudi dang chét rin mau tring nhat (0,35g, hiéu suét 74%).
Khébi phd m/z 253, 255 (M+H)". 'TH NMR (400 MHz, CDCL;) & 10,24 (br. s., 1H), 7,32-
7,29 (m, 3H), 7,22-7,18 (m, 1H), 7,15 (d, /~=1,1 Hz, 1H), 2,60 (d, J/=1,1 Hz, 3H).

Hop chét trung gian 5

4-bromo-2-metyl-1H-indol-7-carboxamit
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(I-5)
Hop chét 4-bromo-2-metyl-1H-indol-7-carboxamit dugc didu ché theo cac quy
trinh duge st dung dé didu ché hop chét trung gian 4 nhung thay thé prop-1-en-2-ylmagie
clorua cho (E)-prop-1-enylmagie clorua. 'H NMR (400 MHz, DMSO-dg) & 11,18 (br. s.,

1H), 8,04 (br. s., 1H), 7,49 (d, /=8,1 Hz, 1H), 7,40 (br. s., 1), 7,20 (d, J=8,1 Hz, 1H),
6,16 (dd, /22,2, 0,9 Hz, 1H), 2,44 (d, J/=0,4 Hz, 3H).

Hop chét trung gian 6

4-bromo-1H-indol-7-carboxamit

ZT

Br
(1-6)
Hop chét trung gian 6A: 4,7-dibromo-1H-indol

Br

ZT

Br
(I-6A)

Theo quy trinh duoc st dung dé didu ché hop chét trung gian 4A nhung thay thé
vinylmagie bromua cho (E)-prop-1-enylmagie bromua, 1,4-dibromo-2-nitrobenzen duoc
bién dbi thanh 4,7-dibromo-1H-indol dudi dang diu mau nau véi hiéu suét béng 47%. 'H
NMR (400 MHz, DMSO-d¢) 8 11,73 (br. s., 1H), 7,54 (t, J/=2,9 Hz, 1H), 7,30-7,24 (m,
1H), 7,22-7,16 (m, 1H), 6,53 (dd, J=3,1, 2,0 Hz, 1H).

Hop chét trung gian 6B: Axit 4-bromo-1H-indol-7-carboxylic
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ZT

Br
(I-6B)

Theo quy trinh duge st dung dé didu ché hop chét trung gian 4C, 4,7-dibromo-
1H-indol dugc bién dbi thanh axit 4-bromo-1H-indol-7-carboxylic v6i hiéu sudt bing
82%. Khdi phd m/z 238, 240 (M-H)". 'H NMR (400 MHz, DMSO-ds) & 13,22 (br. s.,
1H), 11,41 (br. s., 1H), 7,66 (d, J=8,1 Hz, 1H), 7,49-7,47 (m, 1H), 7,35 (d, J=7,9 Hz,
1H), 6,52 (dd, J=3,1, 2,2 Hz, 1H).

Hop chét trung gian 6

Theo quy trinh duoc sir dung trong budc cubi ciing ciia quy trinh didu éhé hop
chit trung gian 1, axit 4-bromo-1H-indol-7-carboxylic dugc bién ddi thanh 4-bromo-1H-
indol-7-carboxamit v&i hiéu suét biang 71%. Khéi phd m/z 239, 241 (M+H)". '"H NMR
(400 MHz, DMSO-dg) 6 11,44 (br. s., 1H), 8,11 (br. s., 1H), 7,62 (d, J/=7,9 Hz, 1H), 7,49-
7,41 (m, 2H), 7,30 (d, J=7,9 Hz, 1H), 6,45 (dd, J=3,1, 2,0 Hz, 1H).

Hop chét trung gian 7

4-bromo-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-indol-7-carboxamit

o Ox__NH,
\\
CHs;Si/\/ N
CH3 \CH3 \
Br

-7)

Theo cac quy trinh dugc sir dung trong budc B dén D ciia quy trinh diéu ché hop
chit trung gian 4, 4,7-dibromo-1H-indol (hop chét trung gian 6A) dugc bién ddi thanh 4-
bromo-1-((2-(trimetylsilyl)etoxy)-metyl)-1H-indol-7-carboxamit dudi dang chét rén.
Khéi phd m/z 369, 371 (M+H)", 391, 393 (M+Na)". '"H NMR (400 MHz, DMSO-d¢) &
7,95 (s, 1H), 7,64 (d, J=3,3 Hz, 1H), 7,50 (s, 1H), 7,33 (d, J=7,7 Hz, 1H), 7,20 (d, J=7.9
Hz, 1H), 6,53 (d, J/=3,3 Hz, 1H), 5,68 (s, 2H), 3,30 (s, 2H), 3,29-3,24 (m, 2H), 0,82-0,69
(m, 2H), -0,09 (s, 9H).
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Hop chét trung gian 8

4-bromo-6-((4-metoxybenzyl)oxy)-2,3-dimetyl- 1 H-indol-7-carboxamit

O._NH, OCHj

CH;—(
CHj3 Br

d-8)
Hop chét trung gian 8A: 2,5-dibromo-1-flo-3-nitrobenzen

Br

NO, F
Br
(I-8A)

Hbn hop chira ddng(Il) bromua (0,713g, 3,19mmol) va tert-butyl nitrit (0,556mL,
4,68mmol) trong axetonitril (5,67mL) dugc gia nhi¢t & nhiét do 60°C trong 10 phut, sau
d6 dugc cho phan ng ting giot v&i dung dich chira 4-bromo-2-flo-6-nitroanilin (0,500g,
2,13mmol) trong axetonitril (8,51mL). Hdn hop nay dugc khudy & nhiét do 60°C trong 30
phut, sau d6 lam ngudi dén nhiét do6 phong, xir Iy bang dung dich nuéc HCI 1M va chiét
bang EtOAc. Pha hitu co dugc rira lién tiép bang dung dich nudec NaHCO; bdo hoa va
nude mudi, 1am khod va cb. Phin cin duoc tinh ché bang sic ky cot trén silicagel (40g),
rira giai béng EtOAc-hexan (5%), dé thu duogc 2,5-dibromo-1-flo-3-nitrobenzen dudi
dang chit rin mau tring nhat (0,534g, hiéu suit 84%). "H NMR (400 MHz, DMSO-de) &
8,25 (t, /2,0 Hz, 1H), 8,15 (dd, J=8,4, 2,2 Hz, 1H).

Hop cht trung gian 8B: 2,5-dibromo-1-((4-metoxybenzyl)oxy)-3-nitrobenzen

B OCH;
NO, 0

Br
(I-8B)

Hén dich ch@a natri hydrua (60% trong diu khoang, 0,637g, 15,9mmol) trong
THF (76mL) duge xir Iy bing (4-metoxyphenyl)metanol (1,89g, 13,7mmol)'va‘1 khudy &
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nhiét d6 phong trong 30 phut. Hon hop nay dugc xir ly bang 2,5-dibromo-1-flo-3-
nitrobenzen (3,40g, 11,4mmol) va khudy & nhiét d6 phong trong 4 gid. Nudc va dung
dich nude NH,Cl bdo hoa duge bd sung vao va hdn hop nay duge chiét bang EtOAc. Pha
hitu co dugc rira b%mg nuée mudi, 1am khod va co. Phin cin dugc két tinh tir EtOAc-
hexan dé thu duogc chit rin mau vang (0,879g). Dich loc tir budce thu gom chit rén duoc
b va nap vao cot sic ky trén silicagel (80g), rira giai bing EtOAc-hexan (bugc gradien
tir 5-20%) dé thu duoc chit rin mau vang bd sung (0,536g) sau khi két tinh tir EtOAc-
hexan. Dich loc dugc két hop v6i hop chit khong tinh khiét bb sung dugc thu hdi tir hdn
hop rira giai sdc ky cot, va qua trinh két tinh dugc lap lai ba 1dn dé thu dugc chit rin mau
vang bé sung. Toan bd cac chét rin dugc két hop dé thu duoc 2,5-dibromo-1-((4-
metoxybenzyl)oxy)-3-nitrobenzen (2,28g, 48%). "H NMR (400 MHz, DMSO-dq) & 7,88
(d, /22,0 Hz, 1H), 7,74 (d, J=2,2 Hz, 1H), 7,42 (d, J=8,6 Hz, 2H), 6,99 (d, J=8,8 Hz,
2H), 5,26 (s, 2H), 3,78 (s, 3H).

Hop chét trung gian 8C: 4,7-dibromo-6-((4-metoxybenzyl)oxy)-2,3-dimetyl-1H-

& OCHj
o

CHj Br

indol

ZTI

CH3 \

(I-8C)

Theo quy trinh duoc str dung dé diéu ché hop chét trung gian 4A, nhung thay thé
(E)-but-2-en-2-ylmagie bromua cho (E)-prop-1-enylmagie bromua, 2,5-dibromo-1-((4-
metoxybenzyl)oxy)-3-nitrobenzen ~ dugc  bién ddi  thanh  4,7-dibromo-6-((4-
metoxybenzyl)oxy)-2,3-dimetyl-1H-indol vé6i hiéu sudt bang 44%. Khdi phd m/z 438,
440, 442 (M-H)".

Hop chét trung gian 8

Theo cac quy trinh dugc str dung dé bién dbi hop chét trung gian 4B thanh hop
chat trung gian 4D, 4,7-dibromo-6-((4-metoxybenzyl)oxy)-2,3-dimetyl-1H-indol duoc
bién d6i thanh 4-bromo-6-((4-metoxybenzyl)oxy)-2,3-dimetyl-1H-indol-7-carboxamit.
Khéi phd m/z 403, 405 (M-H)". '"H NMR (400 MHz, DMSO-dy) § 10,92 (s, 1H), 7,71 (br.
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s., 1H), 7,59 (br. s., 1H), 7,45 (d, J=8,6 Hz, 2H), 7,14 (s, 1H), 6,97 (d, J=8,6 Hz, 2H),

5,22 (s, 2H), 3,77 (s, 3H), 2,35 (s, 3H), 2,30 (s, 3H).
Hop chéit trung gian 9
2,3-dimetyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-indol-7-carboxamit
Os_NH,

H

N

CHy—(

CHs; B

0 0

CHy——4~CHj
CH;  CHs

(1-9)

Hbn hop chira 4-bromo-2,3-dimetyl-1H-indol-7-carboxamit [hop chét trung gian
1] (0,79g, 2,96mmol), 4,4,4°,4°,5,5,5°,5’-octametyl-2,2’-bi(1,3,2-dioxaborolan) (0,75 1 g,
2,96mmol), kali axetat (0,581g, 5,91mmol), va hop chét cong hop PdCly(dppf) DCM
(0,121g, 0,148mmol) trong 1,4-dioxan (9,9mL) dugc suc bang nito trong 2-3 phiit, sau d6
gia nhiét & nhiét do hdi luu trong diéu kién nito. Sau 16 gidy, hdn hop nay dugc 1am ngudi
dén nhiét 6 phong, loc qua dém CELITE®, va c4c chét rin dugc rira bang hdn hop chira
THF va EtOAc. Céc dich loc thu gom duge dugc co va phén cin dugc nap vao cot sdc ky
trén silicagel (24g), rira giai bing EtOAc-hexan (gradien tir 20-40%), dé thu duoc 2,3-
dimetyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1 H-indol-7-carboxamit dudi dang
chét rdn nhu thiy tinh mau vang (0,798g, hiéu suit 69%). Khéi phd m/z 315 (M+H)". 'H
NMR (400 MHz, CDCl3) 6 10,01 (br. s., 1H), 7,48 (d, /=7,5 Hz, 1H), 7,27 (d, J=7,7 Hz,
1H), 5,88 (br. s., 2H), 2,43 (s, 3H), 2,39 (d, /=0,4 Hz, 3H), 1,44 (s, 12H).

Hop chit trung gian 10
2-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1 H-indol-7-carboxamit

Os_NH,

CHs;

7 “zT

B.
o 0
CHy——4CHs
CH; CH,
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(I-10)
Theo quy trinh dugc sir dung dé diéu ché hop chét trung gian 9, 4-bromo-2-metyl-
1 H-indol-7-carboxamit [hop chét trung gian 5] dugc bién déi thanh 2-metyl-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-indol-7-carboxamit v&i hiéu suét bang 68%.
Khéi phd m/z 301 (M+H)". "TH NMR (400 MHz, DMSO-dy) & 10,82 (br. s., 1H), 8,03 (br.
s., 1H), 7,53 (d, J=7,7 Hz, 1H), 7,37 (br. s., 1H), 7,33 (d, J=7,5 Hz, 1H), 6,50 (dd, J=2,2,
0,9 Hz, 1H), 2,44 (d, J=0,7 Hz, 3H), 1,33 (s, 12H).
Hop chét gian 11

4-bromo-2,3-dimetyl-1H-indol-7-cacbonitril

CN
H
N
CHs—\,
CHs Br
(I-11)

Hdn dich chira 4-bromo-2,3-dimetyl-1H-indol-7-carboxamit [hop chit trung gian
1] (5,65g, 21,2mmol) trong THF (151mL) dugc cho phan ung tir tr véi phospho
oxyclorua (13,8mL, 148mmol). Hdn hop thu duogc dugc khudy & nhiét d6 phong trong 23
gio, sau do co. Phén cén dugc tao hdn dich trorig EtOAc va chit két taa dugc thu gom
bang céach loc, rira lién tiép bang nude, dung dich nuée NaHCO; bdo hoa va rira lai bang
nude, va lam kho trong khong khi. Dich loc hitu co dugc ¢o, va phé‘ln cin dugc tao hdn
dich trong nudc. Chéat két tia thu dugc duge thu gom bing cach loc, rira lién tiép bing
nuée, dung dich nuéec NaHCO; bio hoa va lai bing nude, va lam kho trong khong khi.
Hai chit chat két tia dwoc két hop dé thu dugc 4-bromo-2,3-dimetyl-1H-indol-7-
cacbonitril dugi dang chét rin mau vang (4,68g, hi¢u suét 89%). Khéi phé m/z 249, 251
(M+H)". 'H NMR (400 MHz, DMSO-dg) & 11,89 (br. s., 1H), 7,35 (d, J/=7,9 Hz, 1H),
7,26 (d, J<7,9 Hz, 1H), 2,39 (s, 3H), 2,34 (s, 3H).

Hop chét trung gian 12

4-bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril
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CN

ZT

CH3—
F
CH:  Br  (I-12)

Theo quy trinh duge sir dung dé diéu ché hop chit trung gian 11, 4-bromo-5-flo-
2,3-dimetyl-1H-indol-7-carboxamit [hop chit trung gian 2] dugc bién ddi thanh 4-bromo-
5-flo-2,3-dimetyl-1H-indol-7-cacbonitril v6i hiéu suit bing 56%. Khéi phd m/z 267, 269
(M+H)".

Hop chét trung gian 13

(S)-4-(3-aminopiperidin-1-yl)-2,3-dimetyl- 1 H-indol-7-carboxamit

Os__NH,

ZT

(1-13)

Hop chit trung gian 13A: (S)-benzyl (1-(7-Xyano-2,3-dimetyl-1H—ind01—4-
yl)piperidin-3-yl) carbamat

CN
H

N
\
CH
N)J\O
H

(I-13A)

CH,

Hbn hop chira 4-bromo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian
11] (2,50g, 10,0mmol), (S)-benzyl piperidin-3-ylcarbamat (2,47g, 10,5mmol), 2,2’-
bis(diphenylphosphin)—1,1’-binapf1talen (0,312g, 0,502mmol), tris(dibenzylidenaxeton)-
dipaladi (0,460g, 0,502mmol) va Cs,CO; (4,58g, 14,1mmol) trong 1,4-dioxan (143mL)
duoc suc béng nito, sau do6 gia nhiét & nhiét 4o 100°C. Sau 16 gio, hén hop nay dugc lam
ngudi dén nhiét 9 phong, pha lodng bang THF, loc qua dém CELITE®, va céc chét rin
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duogc rira béng THF. Céc dich loc thu gom dugc dugce co va phén cén dugc tién hanh sic
ky trén silicagel (80g), rira giai bing EtOAc-hexan (gradien tir 15-30%), dé thu duoc (S)-
benzyl (1-(7-xyano-2,3-dimetyl-1H-indol-4-yl)piperidin-3-yl)carbamat dudi dang chét
rdn mau vang nhat (2,13g, hiéu sudt 53%). Khéi phd m/z 403 (M+H)". "H NMR (400
MHz, DMSO-de) & 11,43 (s, 1H), 7,40-7,26 (m, 7H), 6,62 (d, /=8,1 Hz, 1H), 5,08-4,94
(m, 2H), 3,79-3,65 (m, 1H), 3,41 (d, J=10,1 Hz, 1H), 3,20 (d, J/~11,0 Hz, 1H), 2,60 (t,
J=10,7 Hz, 1H), 2,43-2,16 (m, 7H), 1,92 (d, J=9,5 Hz, 1H), 1,86-1,78 (m, 1H), 1,71 (d,
J=11,2 Hz, 1H), 1,40-1,26 (m, 1H).

Hop chét trung gian 13

Hon dich chia (S)-benzyl (1-(7-xyano-2,3-dimetyl-1H-indol-4-yl)piperidin-3-
yl)carbamat (1,69g, 3,44mmol) trong 80% dung dich nuéc H,SO4 (11,3mL, 172mmol)
dugc gia nhiét & nhiét d6 60°C. Sau 2,5 gid, hdn hop nay duoc 1am ngudi dén nhiét do
phong, sau d6 rét vao nuée da. P pH ctia hdn hop nay dugc didu chinh dén khoang 9-10
béng dung dich nuéc KOH ddm dic. Hon hop thu duoc duoc chiét bf?lng cloroform-
isopropanol theo ty 1& 3:1. Pha hitu co dugc lam khd va c6 @ thu duoc (S)-4-(3-
aminopiperidin-1-yl)-2,3-dimetyl- 1 H-indol-7-carboxamit dudi dang chdt rin mau nau
(1,66g, do tinh khiét 50%, hiéu suit 99%) duoc sir dung tiép ma khéng cin tinh ché thém.
Khéi phd m/z 287 (M+H)".

Hop chat trung gian 14
(R)-4-(3-aminopiperidin-1-yl)-2,3-dimetyl- 1 H-indol-7-carboxamit

Os__NH,

ZT

CH3—

CHs; N

O"'I/N H2

(I-14)

Theo cac quy trinh duge st dung dé didu ché hop chét trung gian 13 nhung thay
thé (R)-benzyl piperidin-3-ylcarbamat cho (S)-benzyl piperidin-3-ylcarbamat, 4-bromo-
2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian 11] dugc bién d6i thanh (R)-4-
(3-aminopiperidin-1-y1)-2,3-dimetyl-1H-indol-7-carboxamit. Khdi phd m/z 287 (M+H)".
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Hop chét trung gian 15
(RS)-4-(3-aminopiperidin-1-yl)-2,3-dimetyl-1H-indol-7-carboxamit

Os__NH,

ZT

(I-15)

Theo c4c quy trinh dugc sir dung dé diéu ché hop chit trung gian 13 nhung thay
thé (RS)-benzyl piperidin-3-ylcarbamat cho (S)-benzyl piperidin-3-ylcarbamat, 4-bromo-
2,3-diméty1—1H-indol-7-cacbonitril [hop chét trung giaﬁ 11] duoc bién ddi thanh (RS)-4-
(3-aminopiperidin-1-y1)-2,3-dimetyl-1H-indol-7-carboxamit. Khéi phd m/z 287 (M+H)".

Hop chét trung gian 16
(8)-4-(3-aminopiperidin-1-yl)-5-flo-2,3-dimetyl- 1 H-indol-7-carboxamit

Os__NH,

(1-16)

Theo céc quy trinh dugc sir dung dé diéu ché hop chit trung gian 13, 4-bromo-5-
flo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian 12] dwoc bién dbi thanh (S)-
4-(3-aminopiperidin-1-yl)-5-flo-2,3-dimetyl- 1 H-indol-7-carboxamit. Khéi phd m/z 305
(M+H)".

Hop chét trung gian 17

2,3-dimetyl-4-(piperidin-4-ylamino)-1H-indol-7-carboxamit
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Os__NH,

ZT

CHj \

- CHy HN
T

(1-17)

Theo céc quy trinh duge sir dung dé diéu ché hop chét trung gian 13 nhung thay
thé benzyl 4-aminopiperidin-1-carboxylat cho (S)-benzyl piperidin-3-ylcarbamat, 4-
bromo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian 11] dwgc bién dbi thanh
2,3-dimetyl-4-(piperidin-4-ylamino)-1H-indol-7-carboxamit. Khéi phd m/z 287 (M+H)".
'H NMR (400 MHz, DMSO-ds) 6 10,40 (s, 1H), 7,40 (d, J=8,1 Hz, 1H), 7,21-6,95 (m,
2H), 6,08 (d, /=8,4 Hz, 1H), 4,87 (d, /=7,9 Hz, 1H), 3,89 -3,76 (m, 1H), 3,46 (br. s., 1H),
3,00-2,85 (m, 2H), 2,67-2,54 (m, 2H), 2,37 (s, 3H), 2,26 (s, 3H), 1,94 (d, J/=9,5 Hz, 2H),
1,36 (d, /=9,0 Hz, 2H).
Hop chét trung gian 18
5-flo-2,3-dimetyl-4-(piperidin-4-ylamino)- 1 H-indol-7-carboxamit
Os_NH,
H
N

CHs
F

HN
T

(1-18)

CH,

Theo céc quy trinh duge sir dung dé diéu ché hop chét trung gian 13 nhung thay
thé benzyl 4-aminopiperidin-1-carboxylat cho (S)-benzyl piperidin-3-ylcarbamat, 4-
bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chit trung gian 12] duoc bién d6i
thanh 5-flo-2,3-dimetyl-4-(piperidin-4-ylamino)-1H-indol-7-carboxamit. Khéi phd m/z
305 (M+H)".

Hop chét trung gian 22

(RS)-4-(3-aminopyrolidin-1-y1)-2,3-dimetyl-1H-indol-7-carboxamit
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Theo cac quy trinh duge sir dung dé diéu ché hop chét trung gian 13 nhung thay
thé (RS)-benzyl pyrolidin-3-ylcarbamat cho (S)-benzyl piperidin-3-ylcarbamat, 4-bromo-
2,3-dimetyl-1H—indol-7-cacbonitri1 [hop chit trung gian 11] dugc bién dbi thanh (RS)-4-
(3-aminopyrolidin-1-y1)-2,3-dimetyl-1H-indol-7-carboxamit. Khdi phd m/z 273 (M+H)".
'H NMR (400 MHz, DMSO-dg) 6 10,60 (s, 1H), 7,73 (dd, J=8.7, 5,6 Hz, 1H), 7.44 (d,
J=8,1 Hz, 1H), 6,96 (br. s., 3H), 6,44 (d, J=8,1 Hz, 1H), 3,56-3,46 (m, 1H), 3,26-3,08 (m,
3H), 2,82 (dd, J=9.5, 5,3 Hz, 1H), 2,33 (s, 3H), 2,30 (s, 3H), 2,19-2,11 (m, 1H), 1,61-
1,50 (m, 1H).

Hop chit trung gian 23

(R)-4-(3-aminopyrolidin-1-yl)-2,3-dimetyl-1 H-indol-7-carboxamit

(1-23)

Theo céc quy trinh duoc st dung dé didu ché hop chét trung gian 13 nhung thay
thé (R)-benzyl pyrolidin-3-ylcarbamat cho (S)-benzyl piperidin-3-ylcarbamat, 4-bromo-
2,3-dimetyl-1H-indol-7-cacbonitril [hop chit trung gian 11] dugc bién ddi thanh (R)-4-
- (3-aminopyrolidin-1-y1)-2,3-dimetyl- 1 H-indol-7-carboxamit. Khéi phd m/z 273 (M+H)".

Hop chit trung gian 24

(S)-4-(3-aminopyrolidin-1-yl)-5-flo-2,3-dimetyl-1 H-indol-7-carboxamit
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ZT

(I-24)

Theo cac quy trinh duoc sir dung dé diéu ché hop chit trung gian 13 nhung thay
thé (S)-benzyl pyrolidin-3-ylcarbamat cho (S)-benzyl piperidin-3-ylcarbamat, 4-bromo-5-
flo-2,3-dimetyl- 1 H-indol-7-cacbonitril [hop chét trung gian 12] dugc bién ddi thanh (S)-
4-(3-aminopyrolidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit. Khéi phd m/z 291
(M+H)"

Hop chét trung gian 26

(8)-2,3-dimetyl-4-(pyrolidin-3-ylamino)- 1 H-indol-7-carboxamit

(1-26)

Hop chét trung gian 26A: (S)-fert-butyl 3-((7-xyano-2,3-dimetyl-1H-indol-4-
yl)amino) pyrolidin-1-carboxylat

CN
H
N
CHs; \
CH
CH3 HN,,,,' O———%Cf_lS
CN/Q CH,
0]
(I-26A)

Hdn hop chira 4-bromo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian
11] (0,400g, 1,61lmmol), (S)-tert-butyl 3-aminopyrolidin-1-carboxylat (0,336g,
1,80mmol) va 14-dioxan (15mL) dwoc suc bang nito trong 5 phut, 2,2°-
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bis(diphenylphosphin)-1,1’-binaphtalen (0,050g, 0,080mmol), tris(dibenzylidenaxeton)-
dipaladi (0,074g, 0,080mmol) va Cs,CO; (0,732g, 2,25mmol) dugc bd sung vao, va hon
hop nay duge ddy kin trong diéu kién khi nito va gia nhiét & nhiét do 100°C. Sau 19 gio,
hdn hop nay duge 1am ngudi dén nhiét d6 phong. Nude (50mL) va EtOAc (50mL) duge
bd sung vao, va hdn hop nay duge chiét bing EtOAc (3 x 50mL). Dich chiét hitu co thu
gom dugc dugc rira b%mg nudc muéi, lam khd va c6. Phin cén dugc nap vao cot sic ky
trén silicagel, rira giai bang EtOAc-hexan, dé thu dugc (S)-tert-butyl 3-((7-xyano-2,3-
dimetyl-1H-indol-4-yl)amino) pyrolidin-1-carboxylat du6i dang chit rin mau vang hhat
(0,47g, hiéu sudt 79%). Khdi phd m/z 355 (M+H)". 'H NMR (400 MHz, DMSO-dg) &
11,16 (s, 1H), 7,24 (d, J=8,1 Hz, 1H), 6,23 (d, J/=8,4 Hz, 1H), 5,36 (br. s., 1H), 4,25-4,08
(m, 1H), 3,69-3,57 (m, 1H), 3,48-3,37 (m, 1H), 3,38-3,31 (m, 1H), 3,27-3,16 (m, 1H),
2,34 (s, 3H), 2,24 (s, 3H), 2,22-2,13 (m, 1H), 1,97-1,86 (m, 1H), 1,49-1,31 (m, 9H).

Hop chét trung gian 26B: Mubi TFA ciia (S)-2,3-dimetyl-4-(pyrolidin-3-ylamino)-
1 H-indol-7-cacbonitril

CN

ZT

CHs N\

CHs

HN,,
CNH

(1-26B)

Hén hQ’b chita (S)-tert-butyl 3-((7-xyano-2,3-dimetyl-1H-indol-4-yl)amino)
pyrolidin-1-carboxylat (0,470g, 1,33mmol) va DCM (5mL) duoc 1am lanh dén nhiét do
0°C, duoc xir ly bang TFA (5SmL) va khudy trong 1 gid. H6n hop nay dugc c6 dé thu
dugc mubi TFA cia (S)-2,3-dimetyl-4-(pyrolidin-3-ylamino)-1H-indol-7-cacbonitril th,
duoc sir dung ma khong cin tinh ché thém. Khdi phd m/z 255 (M+H)". '"H NMR (400
MHz, DMSO-dg) 6 11,23 (s, 1H), 8,93-8,72 (m, 1H), 7,27 (d, J=8,1 Hz, 1H), 6,21 (d,
J=8,6 Hz, 1H), 5,48 (br. s., 1H), 4,27 (br. s., 1H), 3,54-3,44 (m, 1H), 3,42-3,33 (m, 1H),
3,31-3,17 (m, 2H), 2,38 (s, 3H), 2,36-2,28 (m, 1H), 2,26 (s, 3H), 2,09-2,00 (m, 1H).

Hop chét trung gian 26

Hdn hop chira mudi TFA cia (S)-2,3-dimetyl-4-(pyrolidin-3-ylamino)-1H-indol-7-
cacbonitril (488mg, 1,33mmol) va 80% dung dich nuéc H,SO, (3mL) dugc gia nhiét &
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nhiét d6 60°C. Sau 2 gid, hdn hgp nay dugc 1am ngudi dén nhiét @6 phong, sau d6 bd
sung tur tur dén dung dich nuéc NaOH 10M & nhiét dcf)' 0°C. Dich nbi dang nudc duogc loai
b6 ra khéi chit rin mau nau dinh thu dugc bing cach ling gan. Nudc duoc bd sung vao
chit ran va hdn hop nay dugc chiét bing EtOAc (4 x 50mL). Dich chiét hitu co thu gom
dugc duge rira bing nuéc mudi, 1am kho va co dé thu duoc (S)-2,3-dimetyl-4-(pyrolidin-
3-ylamino)-1H-indol-7-carboxamit duéi dang chét rén mau da cam (270mg, hiéu suit
75%). Khéi phd m/z 273 (M+H)". 'H NMR (400 MHz, DMSO-dq) & 10,40 (s, 1H), 7,59
(br. s., 1H), 7,42 (d, J=8,4 Hz, 1H), 6,85 (br. s., 1H), 6,05 (d, J=8,4 Hz, 1H), 5,07 (d,
J=6,8 Hz, 1H), 3,99-3,89 (m, 1H), 3,30 (br. s., 1H), 3,04 (dd, J=11,1, 6,1 Hz, 1H), 2,98-
2,88 (m, 1H), 2,82-2,67 (m, 2H), 2,36 (s, 3H), 2,26 (s, 3H), 2,10 (td, J=13,4, 7,5 Hz, 1H),
1,68-1,53 (m, 1H).
Hop chét trung gian 33
(5)-4-(3-(etylamino)piperidin-1-yl)-5-flo-2,3-dimetyl-1 H-indol-7-carboxamit
Os_NH,
N
CHy—(

F
CH; N

H
(I-33)

Theo cac quy trinh dugc str dung dé didu ché hop chit trung gian 26 nhung thay
thé (S)-tert-butyl etyl(piperidin-3-yl)carbamat cho (S)-tert-butyl 3-aminopyrolidin-1-
carboxylat, 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian 12]
dugc bién dbi thanh (8)-4-(3-(etylamino)piperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-
carboxamit.

Hop chét trung gian 34

2,3-dimetyl-4-(piperazin-1-yl)-1H-indol-7-carboxamit
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Os_NH,
H
N
CH3—\
CH3 N
»
H
(I-34)

Hop chét trung gian 34A: 2,3-dimetyl-4-(piperazin-1-yl)-1H-indol-7-cacbonitril

“ CN
CH;—_ |
CHj; N
[u]
(I-34A)

Hbn hop chira 4-bromo-2,3-dimetyl-1H-indol-7-cacbonitril [hgp chét trung gian
11] (100mg, 0,401mmol), piperazin (69,2mg, 0,803mmol), tris(dibenzylidenaxeton)
dipaladi (18,4mg, 0,020mmol), 2,2’-bis(diphenylphosphin)-1,1’-binaphtalen (12,5mg,
0,020mmol) va Cs,COj3 (183mg, 0,562mmol) trong 1,4-dioxan (4mL) trong binh day kin
dugc dua vao ba chu trinh nap chan khong béng nito. Hon hop nay duoc gia nhiét & nhiét
d6 100°C trong 16 gid, sau d6 1am ngudi dén nhiét do phong, loc va chat két tia thu gom
duoc duoc rira béng EtOAc. Dich loc duogc co va phén can dugc nap vao cot séc ky trén
silicagel (12g), rira gii bang MeOH-DCM (gradien nam trong khoang tir 0-30%), dé thu
dugc 2,3-dimetyl-4-(piperazin-1-yl)-1H-indol-7-cacbonitril du6i dang chét rin mau niu
nhat (56mg, hiéu suit 55%). Khéi phd m/z 255 (M+H)".

Hop chét trung gian 34

Hon hop chira 2,3-dimetyl-4-(piperazin-1-yl)-1H-indol-7-cacbonitril (56mg,
0,220mmol) va 80% dung dich nuéc H,SO, (2mL) dugc gia nhiét & nhiét 4o 60°C trong
3 gid. Hon hop nay duoc rét vao nue da va do pH cua hdn hop thu duoc duoc didu
chinh dén khoang 10 bang KOH rin. Sau d6, hdn hop niy dugc chiét ba lan bing hdn
hop chira DCM-isopropanol theo ty 18 3:1. Cac pha hitu co thu gom dugc duge rira bing
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nude, 1am khé va ¢d dé thu duoc 2,3-dimetyl-4-(piperazin-1-yl)-1 H-indol-7-carboxamit

duéi dang chéit ran mau vang (35mg, hiéu sudt 58%). Khdi phd m/z 273 (M+H)*.
Hop chét trung gian 35

(RS)-2,3-dimetyl-4-(3-(metylamino)piperidin-1-yl)-1H-indol-7-carboxamit

ZT

(1-35)

Hop chit trung gian 35A: (RS)-tert-butyl 3-(((benzyloxy)carbonyl)(metyl)amino)-

piperidin-1-carboxylat

CHs

0.0 CH

(0]
’.“)ko
CHs
(I-35A)

Dung dich chura (RS)-fert-butyl 3-(metylamino)piperidin-1-carboxylat (1,60g,
7,47mmol) va DIEA (1,57mL, 8,96mmol) trong DCM (29,9mL) dugc lam lanh dén nhiét
d6 0°C va xir Iy tir tir bang benzyl cloroformat (1,08mL, 7,54mmol). Hon hop thu duoc
duogc khudy & nhiét d6 phong trong 1 gid, sau d6 cd. Phan cén dugc nap vao cot sic ky
trén  silicagel dé thu dugc (RS)-fert-butyl 3-(((benzyloxy)carbonyl)(metyl)a-
mino)piperidin-1-carboxylat dudi dang diu khong mau (2,56g, hiéu suit 98%). Khéi phd
m/z 371 (M+Na)". '"H NMR (400 MHz, CDCL3) & 7,40-7,29 (m, 5H), 5,16 (s, 2H), 4,21-
3,81 (m, 3H), 2,87 (s, 3H), 2,76 (t, J/~=10,9 Hz, 1H), 2,56 (t, J=11,9 Hz, 1H), 1,85 (d,
J=12,3 Hz, 1H), 1,78-1,70 (m, 1H), 1,66-1,60 (m, 1H), 1,45 (br. s., 10H).

Hop chit trung gian 35B: (RS)-benzyl metyl(piperidin-3-yl)carbamat
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H
N
CHs,

(I-35B)

Dung dich chita (RS)-tert-butyl 3-(((benzyloxy)carbonyl)(metyl)amino)piperidin-
1-carboxylat (2,56g, 7,34mmol) trong DCM (14,7mL) dugc 1am lanh dén nhiét d 0°C va
xu ly tr tir véi TFA (2,80mL, 36,7mmol). Hbén hop thu dugce dugc khqu 0 nhiét do
phong trong 16 gid, sau d6 ¢d. Phan can dugc phan 16p gitta dung dich nuéc NaOH 1M
va EtOAc. Pha hitu co dugc rira bang nude mudi, 1am kho va c6 dé thu dugc (RS)-benzyl
metyl(piperidin-3-yl)carbamat du6i dang diu mau vang nhat (1,71g, hiéu sudt 94%).
Khéi phd m/z 249 (M+H)".

Hop chét trung gian 35

Theo céc quy trinh duogc sir dung dé didu ché hop chit trung gian 13 nhung thay
thé (RS)-benzyl metyl(piperidin-3-yl)carbamat cho (S)-benzyl piperidin-3-ylcarbamat, 4-
bromo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian 11] duoc bién dbi thanh
(RS)-2,3-dimetyl-4-(3-(metylamino)piperidin-1-y1)-1H-indol-7-carboxamit. Khdi phd m/z
301 (M+H)". "TH NMR (500 MHz, DMSO-dg) § 10,60 (s, 1H), 7,81 (br. s., 1H), 7,47 (d,
J=8,1 Hz, 1H), 7,10 (br. s., 1H), 6,53 (d, /=8,4 Hz, 1H), 2,70 (br. s., 1H), 2,59 (br. s.,
1H), 2,37-2,29 (m, 10H), 1,97 (d, J/=10,4 Hz, 1H), 1,89 (s, 3H), 1,81-1,65 (m, 2H), 1,13
(br. s., 1H).
Hop chét trung gian 36
(8)-5-f10-2,3-dimetyl-4-(3-(metylamino)piperidin-1-yl)-1 H-indol-7-carboxamit
Os_NH,
N
CHy—(

F
CHs3 N

L)\N/CHs

H

(1-36)
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Theo cac quy trinh dugc st dung dé didu ché hop chét trung gian 13 nhung thay
thé (S)-tert-butyl metyl(piperidin-3-yl)carbamat cho (S)-benzyl piperidin-3-ylcarbamat,
4-bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril [hop chét trung gian 12] dugc bién dbi
thanh  (S)-5-flo-2,3-dimetyl-4-(3-(metylamino)piperidin-1-yl)-1H-indol-7-carboxamit.
Khéi phd m/z 319 (M+H)".

Hop chét trung gian 38

(RS)-2,3-dimetyl-4-(piperidin-3-yl)-1H-indol-7-carboxamit, mudi TFA

O~ _NH,
H
N
CHj3 \
CHj
NH
(1-38)

Hop chét trung gian 38A: tert-butyl 3-(7-carbamoyl-2,3-dimetyl-1H-indol-4-yl)-
5,6-dihydropyridin-1(2H)-carboxylat

O+_NH,
H
N
CH3—4
CH
3 =
N_ _O._ _CHs
T X
o) CH§H3
(I-38A)

Hon hop chita 4-bromo-2,3-dimetyl-1H-indol-7-carboxamit [hop chét trung gian
11 (175mg, 0,655mmol), tert-butyl 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-5,6-
dihydropyridin-1(2H)-carboxylat (203mg, 0,655mmol), 1,4-dioxan (5mL) va nudc (1mL)
dugc suc bang nito trong 5 phﬁt va xir ly bang hop chét cong hop PdCly(dppf) DCM
(32,1mg, 0,039mmol) va Cs,CO3 (640mg, 1,97mmol). Hbén hop néy dugc day kin trong
diéu kién khi nito va gia nhiét & nhiét d6 90°C. Sau 15 gid, hdn hop nay dugce 1am ngudi
dén nhiét do phong va pha loing bing EtOAc (15mL) va nuéc (15mL). Cac 16p dugce
phan tach va 16p nudc duge chiét ba 1in bing EtOAc. Dich chiét hiru co thu gom dugc

dugc lam kho va c6. Phan cdn dugc nap vao ct sac ky trén silicagel, rira giai bang
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EtOAc-hexan, dé thu dugc fert-butyl 3-(7-carbamoyl-2,3-dimetyl-1H-indol-4-y1)-5,6-
dihydropyridin-1(2H)-carboxylat dudi dang chit rin mau vang (174mg, hiéu suit 69%).
Khéi phd m/z 370 (M+H)". 'H NMR (400 MHz, DMSO-dy) & 10,69 (s, 1H), 7,91 (br. s.,
1H), 7,50 (d, J=7,7 Hz, 1H), 7,23 (br. s., 1H), 6,75 (d, J=7,5 Hz, 1H), 6,62 (br. s., 1H),
3,62-3,56 (m, 2H), 2,40-2,29 (m, 5H), 2,13 (s, 3H), 1,97-1,87 (m, 2H), 1,55-1,31 (m,
9H).

~Hop chét trung gian 38B: fert-butyl (RS)-3-(7-carbam0yI—2,3-dimetyl-1H-ind01—4-
yl)piperidin-1-carboxylat

Os__NH,
H
N
CHj3 \
CH;
N_ _O. _CH,
T X
o] CH%Hs
(I-38B)

Hon hop chia fert-butyl 3-(7-carbamoyl-2,3-dimetyl-1H-indol-4-yl)-5,6-
dihydropyridin-1(2H)-carboxylat (94mg, 0,254mmol), DMF (1mL) va MeOH (5mL)
dugc xtr 1y bang paladi cacbon (94mg) va khudy & nhiét do phong trong didu kién khi
hydro. Sau 20 gid, bd sung paladi cacbon (94mg) dugc bd sung va khudy trong didu kién
khi hydro dugc tiép tuc trong téng sb ba ngay. Hon hop nay dugc loc va dich loc duge
c6. Phan cédn duoc hoa tan trong EtOAc, rira bang nudc, va 16p nuée duge chiét ba 1an
bing EtOAc. Cac dich chiét hiru co dugc két hop, rira lién tiép bing nudc mubi va 10%
dung dich nudc LiCl, 1am kho va co dé thu duoc (RS)-tert-butyl 3-(7-carbamoyl-2,3-
dimetyl-1H-indol-4-yl)piperidin-1-carboxylat dué¢i dang chit rin mau vang (72,5mg,
hiéu suit 73%). Khdi phd m/z 372 (M+H)". 'TH NMR (400 MHz, DMSO-d¢) & 10,66 (s,
1H), 7,91 (br. s., 1H), 7,51 (d, /=7,9 Hz, 1H), 7,22 (br. s., 1H), 6,87 (d, J/=7,9 Hz, 1H),
4,15-4,06 (m, 1H), 3,50-3,38 (m, 1H), 2,93-2,73 (m, 2H), 2,60 (s, 6H), 1,96-1,88 (m,
1H), 1,86-1,67 (m, 2H), 1,61-1,47 (m, 1H), 1,40 (s, 9H), 1,28-1,21 (m, 1H). |

Hop chét trung gian 38

Dung dich chuta (RS)-tert-butyl 3-(7-carbamoyl-2,3-dimetyl-1H-indol-4-yl)
piperidin-1-carboxylat (74mg, 0,179mmol) trong DCM (2mL) duoc 1am lanh dén nhiét
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d6 0°C va xir Iy tir tir véi TFA (2mL). Hon hop nay duge khudy & nhiét do phong trong 2
gio, sau do6 co dé thu dugc (RS)-2,3-dimetyl-4-(piperidin-3-yl)-1H-indol-7-carboxamit,
mubi TFA dudi dang chit rin mau vang (76mg, hiéu suit dinh luong). Khéi phd m/z 272
(M+H)". "TH NMR (400 MHz, DMSO-d¢) 8 10,72 (s, 1H), 7,93 (br. s., 1H), 7,54 (d, J=7.9
Hz, 1H), 7,27 (br. s., 1H), 6,89 (d, J=7,9 Hz, 1H), 3,86-3,75 (m, 1H), 3,35 (d, /~=11,9 Hz,
2H), 3,27-3,13 (m, 1H), 3,03-2,84 (m, 1H), 2,41-2,32 (m, 6H), 1,93 (d, J=11,9 Hz, 1H),
1,88-1,70 (m, 2H), 1,30-1,22 (m, 1H), 0,95 (d, /=7,0 Hz, 1H). '

Hop chét trung gian 39
(RS)-3-metyl-4-(piperidin-3-yl)-1H-indol-7-carboxamit

Ox_NH,

7 “zT

CHa
NH
(1-39)

Hop chit trung gian 39A: tert-butyl 3-(7-carbamoyl-3-metyl-1H-indol-4-y1)-5,6-
dihydropyridin-1(2H)-carboxylat

O+_NH,

7 “zT

(I-39A)

Theo quy trinh dugc st dung dé diéu ché hop chét trung gian 38A, 4-bromo-3-
dimetyl-1H-indol-7-carboxamit [hop chit trung gian 4] duoc bién dbi thanh rers-butyl 3-
(7-carbamoyl-3-metyl-1H-indol-4-yl)-5,6-dihydropyridin-1(2H)-carboxylat trong hiéu
sudt 53%. Khéi phd m/z 356 (M+H)". 'TH NMR (400 MHz, MeOH-d,) & 7,42-7,27 (m,
1H), 7,16-7,03 (m, 1H), 6,97-6,73 (m, 2H), 3,75-3,59 (m, 2H), 2,43 (br. s., 2H), 2,30 (s,
3H), 2,02 (br. s., 2H), 1,54-1,37 (m, 9H).
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Hop chét trung gian 39B: 3-metyl-4-(1,2,5,6-tetrahydropyridin-3-yl)-1H-indol-7-

carboxamit

(I-39B)

Theo quy trinh dugc st dung dé diéu ché hop chét trung gian 38 tir hop chit trung
gian 38B, tiép d6 la trung hoa mudi TFA thu dugc, fert-butyl 3-(7-carbamoyl-3-metyl-
1H-indol-4-y1)-5,6-dihydropyridin-1(2H)-carboxylat duoc bién d6i thanh 3-metyl-4-
(1,2,5,6-tetrahydropyridin-3-yl)-1 H-indol-7-carboxamit véi hiéu sudt bang 93%. Khéi
phd m/z 256 (M+H)".

Hop chét trung gian 39

Dung dich chtra 3-metyl-4-(1,2,5,6-tetrahydropyridin-3-yl)-1 H-indol-7-carboxamit
(20mg, 0,078mmol) trong MeOH (3mL) dwoc xir Iy bang paladi cacbon (8,3mg) va
khudy trong diéu kién khi hydro trong 12 gi& & nhiét d6 phong. Hén hop nay duoc loc
qua dém CELITE® va dich loc dugc ¢d dé thu dugc (RS)-3-metyl-4-(piperidin-3-yl)-1H-
indol-7-carboxamit du¢i dang chit rin mau tring (20mg, hiéu suit 99%). Khéi phd m/z
258 (M+H)".

Hop chét trung gian 40

(RS)-2,3-dimetyl-4-(pyrolidin-3-yl)-1H-indol-7-carboxamit

Os_NH;
H
N
CHj \
CH,3
NH
(1-40)

Theo cac quy trinh dugc sir dung dé didu ché hop chit trung gian 38 nhung thay
thé tert-butyl 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-2,5-dihydro-1H-pyrol-1-
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carboxylat cho tert-butyl 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-5,6-
dihydropyridin-1(2H)-carboxylat, 4-bromo-2,3-dimetyl-1H-indol-7-carboxamit [hop chét
trung gian 1] dugc bién dbi thanh (RS)-2,3-dimetyl-4-(pyrolidin-3-yl)-1H-indol-7-
carboxamit. Khoi pho m/z 258 (M+H)". "H NMR (400 MHz, DMSO-ds) § 10,76 (s, 1H),
8,92 (br. s., 1H), 7,96 (s, 1H), 7,58 (d, J=7,9 Hz, 1H), 7,29 (br. s., 1H), 6,99 (d, /=7,9 Hz,
AlH), 4,35-4,17 (m, 1H), 3,69-3,57 (m, 1H), 3,48-3,39 (m, 1H), 3,38-3,30 (m, 1H), 3,27-
3,17 (m, 1H), 2,37 (s, 6H), 2,36-2,29 (m, 1H), 2,15-2,03 (m, 1H).

Hop chét trung gian 51
N-(3-bromobenzyl)acrylamit

Br
Cu
T cH,
(@)

1-51)

Dung dich chira (3-bromophenyl)metanamin (0,500g, 2,69mmol) trong DCM
(13,4mL) & nhiét do 0°C duogc xur ly béng DIFA (0,939mL, 5,37mmol), sau d6 cho phan
tmg tlmg giot véi acryloyl clorua (0,240mL, 2,96mmol). H6n hop nay dwoc khudy &
nhiét do phong trong 3 gid, sau d6 cb. Phan cin dugc nap vao cdt sic ky trén silicagel
(24g), ria giai bang EtOAc-hexan (gradien tir 30-45%), dé thu dwgc N-(3-
bromobenzyl)acrylamit dudi dang chit rin mau tring (0,476g, hiéu sut 74%). Khdi phd
m/z 240, 242 (M+H)". 'TH NMR (400 MHz, CDCLy) § 7,47-7,40 (m, 2H), 7,25-7,19 (m,
2H), 6,35 (dd, J=16.9, 1,3 Hz, 1H), 6,17-6,09 (m, 1H), 5,84 (br. s., 1H), 5,71 (dd, /=10,2,
1,4 Hz, 1H), 4,52 (d, J=5,9 Hz, 2H).

Hop chét trung gian 52
1-(6-bromoindolin-1-yl)prop-2-en-1-on

Br
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Theo quy trinh duoc st dung dé didu ché hop chit trung gian 51, 6-bromoindolin
[dugc diéu ché theo quy trinh cia W02010/093949, vi du 82, Buéc 1] duoc bién dbi
thanh 1-(6-bromoindolin-1-yl)prop-2-en-1-on véi hiéu suit bang 94%. Khdi phd m/z 252,
254 (M+H)". "H NMR (400 MHz, DMSO-dy) 5 8,31 (br. s., 1H), 7,21-7,19 (m, 2H), 6,79-
6,66 (m, 1H), 6,31 (dd, J/~16,7, 2,2 Hz, 1H), 5,84 (dd, /~10,3, 2,2 Hz, 1H), 4,23 (t, J=8,6
Hz, 2H), 3,12 (t, /=8,5 Hz, 2H).

Hop chét trung gian 53
N-(4-bromopyridin-2-yl)acrylamit
Br
)L 3
H
(I-53)

Theo quy trinh dugc sir dung dé diéu ché hop chét trung gian 51, 4-bromo-2-
aminopyridin dugc bién dbi thanh N-(4-bromopyridin-2-yl)acrylamit vé&i hi¢u suit bang
50% sau tinh ché bang HPLC pha d4o diéu ché. Khéi phd m/z 227, 229 (M+H)".

Hop chit trung gian 54

6-bromo-1-(vinylsulfonyl)indolin

Br

Q.0

N-SC_cH,

(I-54)

Dung dich chita 6-bromoindolin [duoc didu ché theo quy trinh cua
W02010/093949, vi du 82, Budc 1] (0,290g, 0,732mmol) trong DCM (3,7mL) duoc lam
lanh dén nhiét 6 0°C va xir Iy bing DIEA (0,205mL, 1,17mmol), sau d6 cho phan tng
ting giot véi 2-cloetansulfonyl clorua (0,092mL, 0,879mmol). Hn hop nay duoc khudy
& nhiét d6 phong trong 18 gio. Hon hop nay dugc c6 va phin cin duoc tién hanh sic ky
trén silicagel (12g), rira giai biang EtOAc-hexan (gradien tir 5-20%), dé thu duoc 6-
bromo-1-(vinylsulfonyl)indolin duéi dang chat rin mau tring (0,148, hiéu suit 70%).
Khéi phd m/z 288, 290 (M+H)". 'H NMR (400 MHz, DMSO-dg) & 7,32 (d, J/=1,1 Hz,
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1H), 7,25-7,17 (m, 2H), 6,94 (dd, J=16,3, 9,9 Hz, IH),.6,32-6,18 (m, 2H), 3,94 (t, J=8,5
Hz, 2H), 3,06 (t, J=8,5 Hz, 2H).
Hop chét trung gian 55
N-(3-bromophenyl)etensulfonamit
Br
Q.0
NS CH2
H
(I-55)

Theo quy trinh dugc sir dung dé diéu ché hop chét trung gian 54, 3-bromoanilin
duogc bién ddi thanh N-(3-bromophenyl)etensulfonamit v6i hi¢u suét bang 17%. "H NMR
(400 MHz, CDCly) 6 7,35-7,29 (m, 2H), 7,20 (t, J=7,9 Hz, 1H), 7,13-7,09 (m, 1H), 6,57
(dd, J~16,4, 9,8 Hz, 1H), 6,37-6,31 (m, 2H), 6,02 (d, /=9,9 Hz, 1H).

Hop chét trung gian 56
N-(3-bromobenzyl)etensulfonamit

Br

L
N\S&

~. CH
(D// \O 2

(1-56)

Theo quy trinh dugc sir dung dé diéu ché hop chit trung gian 54, (3-bromophenyl)
metanamin dugc bién dbi thanh N-(3-bromobenzyl)etensulfonamit véi hiéu sudt bang
41%. Khéi phd m/z 298, 300 (M+Na)*. '"H NMR (400 MHz, CDCls) § 7,50-7,43 (m, 2H),
7,29-7,21 (m, 2H), 6,51 (dd, J/=16,5, 9,9 Hz, 1H), 6,28 (d, J=16,5 Hz, 1H), 5,96 (d, J=9.,9
Hz, 1H), 4,64 (br. s., 1H), 4,20 (d, J=6,2 Hz, 2H).

Hop chét trung gian 57

N-(2-(3-bromophenyl)propan-2-yl)etensulfonamit

Br

ZT

~e
/,S\\ \CHZ

CH )
3 cnd
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(1-57)

Theo quy trinh dugc sitr dung dé didu ché hop chét trung gian 54, 2-(3-
bromophenyl) propan-2-amin duoc bién dbi thanh N-(2-(3-bromophenyl)propan-2-
yl)etensulfonamit v6i hiéu sudt bang 74%. Khéi phd m/z 326, 328 (M+Na)". '"H NMR
(400 MHz, CDCly) & 7,60 (t, /~1,9 Hz, 1H), 7,42 (dddd, J=7.9, 4,9, 1,9, 1,0 Hz, 2H),
7,26-7,21 (m, 1H), 6,37 (dd, J/=16,5, 9,7 Hz, 1H), 6,04 (d, J=16,5 Hz, 1H), 5,72 (d, J=9,7
Hz, 1H), 4,64 (s, 1H), 1,73 (s, 6H).

Hop chét trung gian 58
1-(3 -bromophenyl)-3-metyleanrolidin—2-on

Br

S

(1-58)

Hop chét trung gian 58A: 1-(3-bromophenyl)pyrolidin-2-on
Br '
o
ol
(I-58A)

Hon hop chira dihydrofuran-2(3H)-on (1,51mL, 19,7mmol), 3-bromoanilin
(1,79mL, 16,5mmol), va c6 nudc HCI (0,70mL) dugc gia nhiét & 160°C. Sau 16 gio, hén
hop nay dugc 1am ngudi dén nhiét do phong. Luong dihydrofuran-2(3H)-on (0,5mlL)
khéc dugc bd sung va bude gia nhiét duoc lip lai & nhiét d6 160°C. Sau téng cong 36
gid, hén hop nay duge 1am ngudi dén nhiét d6 phong va phan b giita nuéc va EtOAc.
Pha hiru co duoc rira bing nuéc mudi va cb. Phin cin dugc nap vao cot sic ky trén
silicagel (40g), rira gi4i biang EtOAc-hexan (gradien tir 40-50%), dé thu dugc 1-(3-
bromophenyl)pyrolidin-2-on duéi dang chét rin (4,16g, hidu sudt dinh lugng). Khdi phd
m/z 240, 242 (M+H)". 'H NMR (400 MHz, CDCl;) & 7,80 (t, J=2,0 Hz, 1H), 7,65-7,60
(m, 1H), 7,30-7,27 (m, 1H), 7,26-7,20 (m, 1H), 3,85 (t, /=7,0 Hz, 2H), 2,63 (t, /=8,0 Hz,
2H), 2,23-2,10 (m, 2H). |
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Hop chét trung gian 58B: Etyl 2-(1-(3-bromophenyl)-2-oxopyrolidin-3-yl)-2-

oxoaxetat

Br
0]
0
N -
OCH,CHj4
(0]

(I-58B)

Hbn hop duge khudy chira natri hydrua (60% trong dau khoang, 1,84g, 46,0mmol)
trong THF (43,8mL) dugc cho phan Ung tir tir bing dung dich chta 1-(3-
bromophenyl)pyrolidin-2-on (4,15g, 16,4mmol) va dietyl oxalat (4,45mL, 32,8mmol)
trong THF (21,9mL). Hon hop ndy dugc gia nhiét & nhiét do hoi luu trong 6 gio, sau do
1am ngudi dén nhiét d6 phong va khudy trong 16 gid. Axit axetic (1,03mL, 18,1mmol)
duoc bd sung ting giot va hdn hop nay duoc khudy & nhiét do phong trong 1 gid, sau do
phan bd giita EtOAc va nude. Do pH cia 16p nude duge didu chinh dén 2-3 bang dung
dich nuéc HCI IM va cac 16p dugc phén tach. Pha hitu co duoc rira bang nude mudi, 1am
kho va co. Phan cén duoc nap vao cot sic ky trén silicagel (80g), rira giai bing EtOAc-
hexan (gradien tir 20-30%), dé thu dugc chét rin mau tring dinh. Chét rin nay dugc tao
hén dich trong EtOAc va chét két tiia dugc thu gom bang cach loc dé thu duoc etyl 2-(1-
(3-bromophenyl)-2-oxopyrolidin-3-yl)-2-oxoaxetat duéi dang chét rin mau tring (1,71g,
hiéu suét 31%). Khdi phd m/z 340, 342 (M+H)". "H NMR (400 MHz, DMSO-d¢) & 11,75
(s, 1H), 8,08-8,05 (m, 1H), 7,67 (dt, J=7,0, 2,2 Hz, 1H), 7,44-7,39 (m, 2H), 4,27 (q, J=7,2
Hz, 2H), 3,97 (t, J=7,0 Hz, 2H), 3,07 (t, /=6,9 Hz, 2H), 1,29 (t, /=7,2 Hz, 3H).

Hop chét trung gian 58

Hon dich chra etyl 2-(1-(3-bromophenyl)-2-oxopyrolidin-3-yl)-2-oxoaxetat
(1,71g, 5,03mmol) va dietylamin (1,57mL, 15,1mmol) trong nuéc (10,1mL)’c’r nhiét do
0°C dugc cho phan Ung tr tr v6i dung dich nudc formaldehyt 36,5% (1,52mL,
20,1mmol). Hn hop nay duogc khudy & nhiét ¢ phong trong 21 gid, tao ra chit rin dinh.
Dich nbi trén bé mat duoc loai bod b%lng cach léng gan, va phén cin dugc nap vao cot séc
ky trén silicagel (24g), rira giai bang EtOAc-hexan (gradien nim trong khoang tir 20-
30%), dé thu dugc 1-(3-bromophenyl)-3-metylenpyrolidin-2-on dudi dang chit rin mau
tring (0,497g, hiéu suit 39%). Khéi phd m/z 252, 254 (M+H)". 'H NMR (400 MHz,
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CDCL) 5 7,92 (t, J=1,9 Hz, 1H), 7,76-7,71 (m, 1H), 7,33-7,29 (m, 1H), 7,28-7,23 (m,
1H), 6,19-6,15 (m, 1H), 5,50-5,46 (m, 1H), 3,88-3,81 (m, 2H), 2,92 (tt, /=69, 2,6 Hz,
2H).

Hop chét rung gian 59

Hdn hgp chita 3-metylen-1-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-y1)phenyl)
pyrolidin-2-on, va 3-metyl-1-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl) phenyl)-1H-
pyrol-2(SH)-on

CH;  CHj CH;  CH,

CH3——{~CHj CHy——~CHj
0.0

o._.O

B B :

Qi O
=

Hdn hgp chita 1-(3-bromophenyl)-3-metylenpyrolidin-2-on [hop chét trung gian
58] (0,22g, 0,873mmol), 4,4,4’°,4°,5,5,5’,5 -octametyl-2,2’-bi(1,3,2-dioxaborolan)
(0,233g, 0,916mmol), kali axetat (0,171g, 1,745mmol), va hgp chét cong hop
PdCl,(dppf) DCM (0,036g, 0,044mmol) trong 1,4-dioxan (2,18mL) dugc suc béng nito
trong khoang 2-3 phiit, sau dé gia nhiét & nhiét o 90°C trong diéu kién khi nito. Sau 2

CH,

(1-59)

gid, hdn hop nay dugc 1am ngudi dén nhiét d6 phong va loc qua dém CELITE®. Céc
chét rin dugc rira bing EtOAc, MeOH va axeton, va céé dich lgc thu gom dugc dugc co.
Phén cén dugc tinh ché bang sic ky cot trén silicagel (12g), rira giai bang EtOAc-hexan
(gradien tir 20-30%), dé thu dwgc hdn hop chira 3-metylen-1-(3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)pyrolidin-2-on ~ va  3-metyl-1-(3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)-1H-pyrol-2(5H)-on dudi dang diu khong mau. Khéi phd m/z
300 (M+H)".

Hop chét trung gian 60
1-(3-bromo-2-metylphenyl)-3-metylenpyrolidin-2-on

Br
CHj

53,
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(1-60)

Theo cac quy trinh duoc sir dung dé didu ché hop chét trung gian 58, 3-bromo-2-
metylanilin dugc bién dbi thanh 1-(3-bromo-2-metylphenyl)-3-metylenpyrolidin-2-on.
Khéi phé m/z 266, 268 (M+H)*. 'H NMR (400 MHz, CDCL;) § 7,56 (dd, J=7.6, 1,7 Hz,
1H), 7,19-7,08 (m, 2H), 6,17-6,10 (m, 1H), 5,51-5,43 (m, 1H), 3,76-3,68 (m, 2H), 2,98
(tt, /=6,8, 2,6 Hz, 2H), 2,30 (s, 3H).

Hop chét trung gian 61
N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)metacrylamit

CHy;  CHs
CHy——(~CH,
0. .0
B

CHs

0
NJ\(c:H2
H

CHs
(1-61)

Dung dich chta 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin
[dugc didu ché theo patent My s6 8,084,620, hop chét trung gian 50-1] (0,200g,
0,858mmol), EDC (0,296g, 1,54mmol), HOBT (0,236g, 1,54mmol), axit metacrylic
(0,073mL, 0,867mmol), va DIEA (0,420mL, 2,40mmol) trong THF (7,2mL) va DCM
(7,2mL) dugc khudy & nhiét d6 phong trong 4 ngay. Hdn hop nay duoc ¢d va nap vao cot
sdc ky trén silicagel (24g), rira giai bing EtOAc-hexan (gradien nim trong khoang tir 10-
30%), dé thu dugc  N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)metacrylamit duéi dang chit rin mau tring nhat (0,164g, hiéu suit 64%). Khdi
phd m/z 302 (M+H)". 'TH NMR (400 MHz, DMSO-dg) § 9,34 (s, 1H), 7,50 (dd, J=7.4, 1,4
Hz, 1H), 7,34-7,29 (m, 1H), 7,20-7,14 (m, 1H), 5,84 (s, 1H), 5,50-5,47 (m, 1H), 2,32 (s,
3H), 1,96 (s, 3H), 1,31 (s, 12H).

Hop chét trung gian 62

N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)xyclohex-1-

enecarboxamit
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CH;  CHs
CH3ﬁ—€CH3

C[C
(I1-62)

Theo quy trinh dugc sir dung dé diéu ché hop chét trung gian 61 nhung thay thé
axit xyclohex-1-enecarboxylic cho axit metacrylic, 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)anilin [dwgc diéu ché theo patent My s 8,084,620, hop chét trung
gian 50-1] duoc bién dbi thanh N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)
phenyl)xyclohex-1-enecarboxamit véi hiéu suit bang 55%. Khéi phd m/z 342 (M+H)".
'H NMR (400 MHz, DMSO-dg) & 9,10 (s, 1H), 7,48 (dd, J=7.5, 1,3 Hz, 1H), 7,31 (dd,
J=1,8, 1,2 Hz, 1H), 7,15 (t, J=7,6 Hz, 1H), 6,73-6,68 (m, 1H), 2,31 (s, 3H), 2,29-2,23 (m,
2H), 2,18 (dd, J=5,9, 2,2 Hz, 2H), 1,68-1,54 (m, 4H), 1,30 (s, 12H).

Hop chét trung gian 63

2-xyano-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)axetamit

CH;  CHs
CH3‘7’+CH3
O\B,O

CHj

o)
NJ\/CN
H

(1-63)

Theo quy trinh dugc sir dung dé diu ché hop chét trung gian 61 nhung thay thé 2-
xyanoaxit axetic cho axit metacrylic, 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)anilin [duoc diéu ché theo patent M§ s& 8,084,620, hop chét trung gian 50-1] duoc
bién d6i  thanh - 2-xyano-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)axetamit v6i hiéu suét bang 89%. Khdi phd m/z 301 (M+H)". 'H NMR (400
MHz, DMSO-dg) 6 9,68 (s, 1H), 7,52-7,47 (m, 1H), 7,43-7,38 (m, 1H), 7,18 (t, /=7,6 Hz,
1H), 3,91 (s, 2H), 2,34 (s, 3H), 1,30 (s, 12H).
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Hop chét trung gian 64

1-xyano-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)xyclop-

ropancarboxamit

CH;  CHs
CHz—)—(~CH,
0., 0

CH,

-
CN
v
(1-64)

Theo quy trinh duge sir dung dé didu ché hop chit trung gian 61 nhung thay thé
axit 1-xyanoxyclopropancarboxylic cho axit metacrylic, 2-metyl-3-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolah-Z-yl)anilin [dugc diéu ché theo patent M¥ sb6 8,084,620, hop chét
trung gian 50-1] duoc bién dbi thanh 1-xyano-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)xyclopropancarboxamit véi hiéu suat bang 60%. Khdi phd m/z
327 (M+H)". 'TH NMR (400 MHz, DMSO-d¢) & 9,65 (s, 1H), 7,54 (dd, J=7,5, 1,3 Hz,
1H), 7,30 (dd, J=7,9, 1,3 Hz, 1H), 7,22-7,15 (m, 1H), 2,31 (s, 3H), 1,72-1,66 (m, 2H),
1,66-1,60 (m, 2H), 1,31 (s, 12H).

Hop chét trung gian 65

N-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylamit

CH;  CHs

CHy——~CH;,

0.0
B

O
©\NJ\¢CH2
H

(I-65)
Hop chét trung gian 65A: 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin
" CHs CHs

CHy——(~CHs
0.0

.
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(1-65A)

Hén hop chtra 3-bromoanilin (1,00g, 5,81mmol), 4,4,4°,4°,5,5,5°,5’-octametyl-
2,2’-bi(1,3,2-dioxaborolan) (1,55g, 6,10mmol) va kali axetat (1,14g, 11,6mmol) trong
1,4-dioxan (14,5mL) dugc suc bang nito trong 10 phit. Hdn hop nay dugc xir Iy bing
hop chét cong hop PACly(dppf) DCM (0,114g, 0,140mmol) va suc bang nito trong 5 phut
nita. Hon hop nay dugc gia nhiét dén nhiét do hdi luu trong 2,75 gid, sau d6 lam nguoi
dén nhiét do phong va loc qua dém CELITE®. Cac chét rin dugc rira bang EtOAc va
THEF. Céac dich lgc thu gom dugc dugc co va phén cin duoc nap vao cot sic ky trén
silicagel (40g), rira giai bing EtOAc-hexan (gradien nim trong khoang tir 10-25%), dé
thu dugc 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin dudi dang chit rin mau
tréng nhat (1,27g, hiéu suit dinh luong). Khdi phd m/z 220 (M+H)". 'H NMR (400 MHz,
CDCl) & 7,24-7,13 (m, 3H), 6,82-6,77 (m, 1H), 3,64 (br. s., 2H), 1,35 (s, 12H).

Hop chét trung gian 65

Dung dich chta 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin (0,300g,
1,37mmol) va DIEA (0,311mL, 1,78mmol) trong DCM (9,1mL) duoc 1am lanh trong bé
nudce da va xir Iy bang acryloyl clorua (0,117mL, 1,44mmol). H3n hop nay duoc khudy &
nhi¢t do phong trong 40 phut, sau d6 cd va phin cin dugc nap vao cot sic ky trén
silicagel (24g), rira giai bang EtOAc-hexan (gradien tir 15-40%), dé thu dugc N-(3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl) acrylamit duéi dang chit rin mau
tring (0,292¢, hiéu suét 78%). Khdi phd m/z 270 (M+H)".

Hop chét trung gian 66

N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylamit

CHs3 CHs3

CHz——(~CH,
0.0

CH,

0
N/U\¢C"'2
H

(1-66)

Theo quy trinh duogc sir dung dé didu ché hop chit trung gian 65, 2-metyl-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin [dugc didu ché theo patent My sd
8,084,620, hop chét trung gian 50-1] dugc bién dbi thanh N-(2-metyl-3-(4.4,5,5-
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tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylamit v6i hiéu sudt bing 80%. Khéi phd
m/z 288 (M+H)". "H NMR (400 MHz, CDCl3) & 8,01 (br. s., 1H), 7,64 (d, J=5,9 Hz, 1H),
7,23 (t, J=7,7 Hz, 1H), 7,07 (br. s., 1H), 6,48-6,40 (m, 1H), 6,32 (br. s., 1H), 5,78 (d,
J=9,5 Hz, 1H), 2,49 (s, 3H), 1,36 (s, 12H).
Hop chét trung gian 67
(E)-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)but-2-enamit
CH CH
CH3—37—€CI§|3
o. O
B
CHs

0]
. HJ\/\CH?’

(1-67)

Theo quy trinh dugc sir dung dé didu ché hop chit trung gian 65 nhung thay thé
(E)-but-2-enoyl clorua cho acryloyl clorua, 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)anilin [dugc diéu ché theo patent My s& 8,084,620, hop chit trung
gian 50-1] dugc bién ddi thanh (E)-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yl)phenyl)but-2-enamit v6i hiéu suét bang 85%. Khdi phd m/z 302 (M+H)". '"H NMR
(400 MHz, DMSO-d¢) & 9,28 (s, 1H), 7,46 (d, J=7,5 Hz, 2H), 7,15 (t, J=7,7 Hz, 1H),
6,83-6,66 (m, 1H), 6,21 (d, J/=14,7 Hz, 1H), 2,34 (s, 3H), 1,86 (dd, J=6,9, 1,2 Hz, 3H),
1,30 (s, 12H).

Hop chét trung gian 68

3-metyl-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)but-2-

enamit

(1-68)
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Theo quy trinh duoc sir dung dé diéu ché hop chit trung gian 65 nhung thay thé 3-
metylbut-2-enoyl clorua cho acryloyl clorua, 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)anilin [dugc diéu ché theo patent My sb 8,084,620, hop chit trung
gian 50-1] duoc bién dbi thanh 3-metyl-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)but-2-enamit véi hiéu sudt bing 85%. Khéi phd m/z 316
(M+H)". 'H NMR (400 MHz, DMSO-dg) & 9,14 (s, 1H), 7,44 (d, J=7,3 Hz, 2H), 7,14 (t,
J=7,6 Hz, 1H), 5,95 (br. s., 1H), 2,33 (s, 3H), 2,12 (d, J=1,1 Hz, 3H), 1,86 (s, 3H), 1,30
(s, 12H). |

Hop chét trung gian 69

N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)xyclopropancarboxamit

CHj3 CHj3
CH3ﬁ_€CH3

0. 0
B
@C%
o)
NJW
H
(1-69)

Theo quy trinh dugc st dung dé didu ché hop chét trung gian 65 nhung thay thé
xyclopropancarbonyl clorua cho acryloyl clorua, 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)anilin [dugc diéu ché theo patent My s6 8,084,620, hop chit trung
gian 50-1] duoc bién d6i thanh N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)xyclopropancarboxamit v6i hiéu sut bing 71%. Khdi phd m/z 302 (M+H)". 'H
NMR (400 MHz, DMSO-dg) & 9,50 (br. s., 1H), 7,43 (dd, J=10,0, 7,8 Hz, 2H), 7,13 (t,
J=7,6 Hz, 1H), 2,35 (s, 3H), 1,87 (d, J/=6,6 Hz, 1H), 1,30 (s, 12H), 0,79-0,74 (m, 4H).

Hop chit trung gian 70

N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)propionamit

CH; CHs
CH3——(~CH,
O. 0O
B

CH;

o
NN CHs
H
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(1-70)

Theo quy trinh dugc sir dung dé didu ché hop chit trung gian 65 nhung thay thé
propionic anhydrit cho acryloyl clorua, 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yD)anilin [dugc didu ché theo patent M§ sb 8,084,620, hop chét trung gian 50-1] dugc
bién ddi thanh N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl) phenyl)-
propionamit véi hiéu suét bing 88%. Khdi phd m/z 290 (M+H)". 'TH NMR (400 MHz,
DMSO-dg) 6 9,21 (s, 1H), 7,52-7,34 (m, 2H), 7,14 (t, J=7,6 Hz, 1H), 2,37-2,30 (m, 5H),
1,30 (s, 12H), 1,10 (t, J=7,6 Hz, 3H).

Hop chit trung gian 71

(E)-4-(dimetylamin)-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-y1)
phenyl)but-2-enamit

CH; ~ CH,
CHy——(~CHs
0.0
B
CH,
o CHy
A,
(I-71)

Hon hop chita axit (E)-4-(dimetylamin)but-2-enoic hydroclorua (0,300g,
1,81mmol) va lugng xtc tic DMF (7pL, 0,09 1mmol) trong THF (22,6mL) dugc lam lanh
dén nhiét d6 0°C. Oxalyl clorua (0,153mL, 1,81mmol) dugc bd sung timg giot va hdn
hop ndy dugc 1am 4m dén nhiét 46 phong va khudy trong 2 gid, sau d6 gia nhiét & nhiét
d6 50°C trong 30 phut. Dung dich ndy dwgc 1am lanh & nhiét d6 0°C, dugc xt 1y lién tiép
béng DIEA (0,633mL, 3,62mmol) va 2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yDanilin [dugc didu ché theo quy trinh ciia patent M§ sb 8,084,620, hop chét trung gian
50-1] (0,380g, 1,63mmol), va hdn hop thu dugc dugce khudy & nhiét do phong. Sau 30
phut, hdn hop niy duge phan 16p giita dung dich nuéc NaHCO; bdo hoa va EtOAc. Pha
hiru co duoc rira bﬁng nude mudi, 1am kho va c6. Phin cin dugc nap vao cot sic ky trén
silicagel (24g), rira giai bing EtOAc chira lugng ting din ciia NH; 2M trong MeOH (lan
lugt 1a 0%, 5% va 10%), dé thu duoc (E)-4-(dimetylamin)-N-(2-metyl-3-(4.,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl) but-2-enamit & dang xir6 mau nau (88mg,
hiéu sut 14%). Khéi phd m/z 345 (M+H)". 'H NMR (400 MHz, DMSO-d¢) 8 9,37 (s,
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1H), 7,53-7,42 (m, 2H), 7,15 (t, J=7.6 Hz, 1H), 6,70 (dt, J=15.4, 5,9 Hz, 1H), 6,35 (d,
J=15,2 Hz, 1H), 3,05 (d, J=5,3 Hz, 2H), 2,34 (s, 3H), 2,17 (s, 6H), 1,30 (s, 12H).

Hop chét trung gian 72

N-metyl-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)acrylamit

CH CH

CH3ﬁ3_éC|§|3

o.__O
B
CHj3
i
_CH;

I

CHs
(1-72)

Hop chét trung gian 72A: N,2-dimetyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)anilin
CH;  CHs

CHz——~CHs
0,0

N-CHs
H

(I-72A)

Hoén hop chira 3-bromo-N,2-dimetylanilin (1,90g, 9,50mmol), 4,4,4°,4°,5,5,5°,5°-
octametyl-2,2°-bi(1,3,2-dioxaborolan) (2,53g, 9,97mmol) va kali axetat (1,86g,
19,0mmol) trong 1,4-dioxan (23,7mL) dugc suc bang nito trong 10 phat. Hén hop nay
dugc xtr 1y bang hop chit cong hop PACly(dppf) DCM (0,194, 0,237mmol) va hdn hop
nay duqc suc b?lng nito trong 5 phit nita, sau d6 gia nhiét & nhiét d6 hodi luu. Sau 2,75
gi&, hén hop ndy dugc 1am ngudi dén nhiét do phong, loc qua dém CELITE®, va cac
chét rin dugc ria b?mg EtOAc. Céc dich loc thu gom duge dugce cd va phén cin dugc
nap vao cdt sic ky trén silicagel (40g), rira giai bang EtOAc-hexan (gradien tir 5-15%),
dé thu dugc N,2-dimetyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin dudi dang
chit rin dang sap mau tring nhat (2,26g, hiéu suit 96%). Khéi phd m/z 249 (M+H)". 'H
NMR (400 MHz, CDCl;) 6 7,21-7,12 (m, 2H), 6,72 (dd, J=6,5, 2,8 Hz, 1H), 3,63 (br. s.,
1H), 2,90 (s, 3H), 2,36 (s, 3H), 1,35 (s, 12H).

-88-



26768

Hop chét trung gian 72

Theo quy trinh duge sir dung dé diéu ché hop chét trung gian 51, N,2-dimetyl-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin dugc bién dbi thanh N-metyl-N-(2-
metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylamit duéi dang chét rin
mau tring v6i hiéu sudt bang 98%. Khéi phd m/z 302 (M+H)". 'H NMR (400 MHz,
CDCl) 6 7,77 (dd, J=7,3, 1,3 Hz, 1H), 7,25-7,16 (m, 2H), 6,37 (dd, J=16,8, 2,1 Hz, 1H),
5,90 (dd, J=16,9, 10,3 Hz, 1H), 5,47 (dd, J=10,3, 2,2 Hz, 1H), 3,25 (s, 3H), 2,38 (s, 3H),
1,37 (s, 12H).

Hop chét trung gian 73

N-metyl-N-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylamit

CH;  CHs

CHy——~CHj
0,0

O
@\N/U\;CHZ

CH,
(1-73)
Hop chéit trung gian 73A: N—mety1-3-(4,4,5,5-tetrametyl-1,3,2-di0xab0rolan—2-
yl)anilin
CH;  CH,

CHsﬁ—éCHz
0.0

O

H
(I-73A)

Theo quy trinh duge st dung dé didu ché hop chit trung gian 72A, 3-bromo-N-
metylanilin dugc bién dbi thanh N-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)anilin v6i hiéu sudt bang dinh lwong. Khdi phd m/z 234 (M+H)". 'H NMR (400 MHz,
CDCly) 8 7,25-7,15 (m, 2H), 7,07 (d, J/=2,4 Hz, 1H), 6,73 (ddd, J=7,7, 2.6, 1,3 Hz, 1H),
4,02-3,43 (b, 1H), 2,87 (s, 3H), 1,35 (s, 12H).

Hop chit trung gian 73
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Theo quy trinh duoc st dung dé didu ché hop chéit trung gian 72, N-metyl-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin dugc bién ddi thanh N-metyl-N-(3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylamit v&i hiéu suit bing 88%.
Khéi phd m/z 288 (M+H)". 'H NMR (400 MHz, CDCl3) § 7,77 (d, J=7,3 Hz, 1H), 7,62
(d, /~1,5 Hz, 1H), 7,42 (t, J=7,7 Hz, 1H), 7,26-7,23 (m, 1H), 6,37 (dd, J=16,7, 2,0 Hz,
1H), 6,06 (dd, J~=16,7, 10,6 Hz, 1H), 5,51 (dd, J=10,3-, 2,0 Hz, 1H), 3,36 (s, 3H), 1,36 (s,
12H).

Hop chét trung gian 74
N-(2-flo-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)-N-metylacrylamit

CH;  CHs
CHy——~CHj

o. 0O
B
C[FJL
_CH,
N
CH,
(1-74)

Hop chét trung gian 74A: 2 N-(3-bromo-2-metylphenyl)formamit

Br
F

%

N
N"So

(I-74A)

Dung dich chta 3-bromo-2-floanilin (1,00g, 5,26mmol) trong axit formic
(1,99mL, 52,6mmol) dugc gia nhiét & nhiét d6 90°C trong 16 gid. Hon hop niy duge lam
ngudi dén nhiét 4o phong va phan bd gitra EtOAc va nude. Pha hiru co duge rira lién tiép
bang dung dich nuéc NaHCO; bdo hoa va nudc mudi, 1am khd va cb dé thu duge N-(3-
bromo-2-flophenyl)formamit du6i dang chit rin mau be (1,02g, hiéu sut 89%). Khdi
phd m/z 218, 220 (M+H)". 'H NMR (400 MHz, CDC13) o 8,50 (s, 1H), 8,40-8,17 (m,
1H), 7,53-7,41 (m, 1H), 7,31 (ddd, J=8,0, 6,6, 1,4 Hz, 1H), 7,05 (td, J/=8,2, 1,4 Hz, 1H).

Hop chét trung gian 74B: 3-bromo-2-flo-N-metylanilin

-90-



26768

@F
N-CHs

H
(I-74B)

Dung dich chira N-(3-bromo-2-flophenyl)formamit (1,00g, 4,59mmol) trong THF
(15mL) duoc lam lanh dén nhiét do 0°C, cho phan img timg giot v6i phirc chét boran-
metyl sulfua (6,88mL, 13,8mmol) va gia nhiét & nhiét o 70°C trong 2 gi¢r. Hon hop nay
duogc 1am ngudi dén nhiét do phong va xir Iy bang MeOH, dugc khudy & nhiét d6 phong
trong 30 phut, sau d6 cho phan tng tir tir bang dung dich nuwéc HCI 1M. Hén hop nay
duoc gia nhiét dén 70°C trong 1 gidy, sau d6 1am ngudi dén nhiét d6 phong, xi Iy bing
dung dich nudc NaOH 1M va chiét bang EtOAc. Dich chiét hitu co dugc rira bang nuéc
mubi, 1am kho va c6. Phin cin dugc nap vao cot sic ky trén silicagel, rira giai bing
EtOAc-hexan, d& thu dugc 3-bromo-2-flo-N-metylanilin duéi dang dau khong mau
(0,800g, hiéu suit 85%). Khéi phd m/z 204, 206 (M+H)". "H NMR (400 MHz, CDCl;) &
6,92-6,86 (m, 1H), 6,84-6,78 (m, 1H), 6,63-6,56 (m, 1H), 4,03 (br. s., 1H), 2,88 (d, /~4,6
Hz, 3H).

Hop chét trung gian 74C: 2-flo-N-metyl-3-(4.,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yl) anilin

CH;  CHj

CH3——(-CHs
0.0

@F
N-CHs
H

(I-74C)

Theo quy trinh duoc sit dung dé didu ché hop chét trung gian 72A, 3-bromo-2-flo-
N-metylanilin  dugc bién dbi thanh 2-flo-N-metyl-3-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)anilin véi hiéu suét bing 71%. Khdi phd m/z 252 (M+H)". 'H NMR
(400 MHz, CDCly) 6 7,02 (d, J=7,3 Hz, 2H), 6,85-6,73 (m, 1H), 4,07-3,85 (m, 1H), 2,86
(s, 3H), 1,38-1,32 (m, 12H).

Hop chét trung gian 74
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Theo quy trinh dugc sir dung dé didu ché hop chit trung gian 72, 2-flo-N-metyl-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin duoc bién ddi thanh N-(2-flo-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)-N-metylacrylamit v&i hiéu suit bing
56%. "H NMR (400 MHz, CDCl3) § 7,74 (s, 1H), 7,33-7,27 (m, 1H), 7,22-7,06 (m, 1H),
6,37 (d, J~16,7 Hz, 1H), 6,16-5,87 (m, 1H), 5,52 (d, J=10,1 Hz, 1H), 3,30 (s, 3H), 1,38
(s, 12H). |

Hop chit trung gian 75

N-metyl-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)
etensulfonamit

CH;  CHj
CHy——~CHj,
0.0

CHs;
e
N’éVCHZ

CHs
(1-75)

Dung dich chira N,2-dimetyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin
[hop chét trung gian 72A] (0,500g, 2,02mmol) trong DCM (10,1mL), dugc lam ngudi
dén nhiét do 0°C, dugc xir ly béng DIEA (0,530mL, 3,03mmol), sau d6 2-cloetansulfonyl
clorua (0,254mL, 2,43mmol) dugc bd sung timg giot. Hon hop nay dugc khudy & nhiét
d6 phong trong 3 gid, sau d6 cd. Phan cin dugc nap vao cot sic ky trén silicagel (24g),
rira giai bing EtOAc-hexan (gradien nim trong khoang tir 10-20%), dé thu duogc N-
metyl-N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)etensulfonamit
du6i dang chit ran dang sép mau trang (0,432g, hiéu sudt 63%). Khéi phd m/z 338
(M+H)*. "TH NMR (400 MHz, CDCl3) & 7,75 (dd, J=7,3, 1,3 Hz, 1H), 7,27-7,23 (m, 1H),
7,21-7,15 (m, 1H), 6,62 (dd, J=16,5, 9,9 Hz, 1H), 6,23 (d, J=16,7 Hz, 1H), 6,02 (d, J/=9.,9
Hz, 1H), 3,15 (s, 3H), 2,61 (s, 3H), 1,35 (s, 12H).

Hop chit trung gian 76

N-metyl-N-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)etensulfonamit
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CH,
(1-76)

Theo quy trinh dugc st dung dé didu ché hop chét trung gian 75, N-metyl-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin [hop chét trung gian 73A] dugc bién
d6i thanh N-metyl-N-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)pheny1)-
etensulfonamit v6i hiéu suét bing 61%. Khbi phd m/z 324 (M+H)". "TH NMR (400 MHz,
DMSO-d¢) 8 7,62-7,54 (m, 2H), 7,51-7,37 (m, 2H), 6,86 (dd, J/=16.4, 10,0 Hz, 1H), 6,14
(d, J/~10,1 Hz, 1H), 6,02 (d, J=16,5 Hz, 1H), 3,18 (s, 3H), 1,30 (s, 12H).

Hop chét trung gian 77

N-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)etensulfonamit

CH; CHs

CHy——~CHj
0,0

CH,
O\'\ ,/O
N/SWCHZ

H
1-77)

Theo quy trinh dugc st dung dé& diéu ché hop chét trung gian 75, 2-metyl-3-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)anilin [duoc diéu ché theo quy trinh cia
patent My s 8,084,620, hop chit trung gian 46-1, Buéc 1] duge bién dbi thanh N-(2-

metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)etensulfonamit véi hiéu suét
bing 49%. Khéi phd m/z 324 (M+H)". '"H NMR (400 MHz, DMSO-d¢) & 9,24 (s, 1H),
7,52-7,47 (m, 1H), 7,27 (d, J=6,6 Hz, 1H), 7,19-7,13 (m, 1H), 6,83 (dd, J/=16,5, 9,9 Hz,
1H), 5,99-5,89 (m, 2H), 2,44 (s, 3H), 1,30 (s, 12H).

Hop chét trung gian 78

N-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)etensulfonamit

-93-



26768

CH;  CHs
CH3——~CH;,
o._0

7

(N e
N/s\?CHZ

H
(1-78)

Theo quy trinh dugc st dung dé didu ché hop chét trung gian 75, 3-(4.4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)anilin [hop chét trung gian 65A] dugc bién dbi thanh
N-(3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)etensulfonamit v&i hiéu suét
bang 40%. Khéi phd m/z 310 (M+H)". 'H NMR (400 MHz, CDCL;) § 7,63 (d, J=7,0 Hz,
1H), 7,47 (d, J=2,2 Hz, 1H), 7,44-7,40 (m, 1H), 7,40-7,34 (m, 1H), 6,57 (dd, J=16,5, 9,9
Hz, 1H), 6,34-6,26 (m, 2H), 5,97 (d, J=9,9 Hz, 1H), 1,36 (s, 12H).

Hop chét trung gian 79

4,4,5,5-tetrametyl-2-(3-(vinylsulfonyl)phenyl)-1,3,2-dioxaborolan

CH; CH,
CHy——(~CHs

(1-79)
Hop chét trung gian 79A: (3-bromophenyl)(2-cloetyl)sulfan

Br

(I-79A)

Hbén hop chta 3-brombenzenthiol (1,09mL, 10,6mmol), 1-bromo-2-cloetan
(1,76mL, 21,2mmol) va K,CO; -(1,46g, 10,6mmol) trong DMF (10,6mL) dugc gia nhiét &
nhiét 6 60°C trong 5 gio. Hdn hop nay dugc 1am ngudi dén nhiét d6 phong va khudy qua
dém. Sau 16 gid, hdn hop nay duge phan 16p giita nude va ete. Pha hitu co dugc rira bang

nuée mudi, 1am kho va c¢b dé thu dugc (3-bromophenyl)(2-cloetyl)sulfan duéi dang dau
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khong mau (2,63g, hiéu sudt 99%), duoc sir dung ma khong can tinh ché thém. '"H NMR
(400 MHz, CDCl) & 7,53 (t, J/~1,8 Hz, 1H), 7,38 (ddd, J=8.,0, 1,8, 1,0 Hz, 1H), 7,31
(ddd, J=7,8, 1,8, 1,0 Hz, 1H), 7,22-7,15 (m, 1H), 3,65-3,60 (m, 2H), 3,27-3,22 (m, 2H).

Hop chét trung gian 79B: 1-bromo-3-((2-cloetyl)sulfonyl)benzen

Br

©\S/\/CI

7\

(I-79B)

Dung dich chtra (3-bromophenyl)(2-cloetyl)sulfan (2,63g, 10,5mmol) trong DCM
(10,5mL) dugc lam lanh dén nhiét d6 0°C va cho phan tng tirng phan véi dung dich chira
axit m-cloperoxybenzoic (6,01g, 26,1mmol) trong DCM (40mL). Hdn dich thu dugc
dugc khudy & nhiét o 0°C trong 4 gid. Hdn hop nay dugc pha lodng bang DCM, xtr ly
bing dung dich nuéc NaHCO; bdo hoa va natri thiosulfat. Pha hitu co dugc phén tach,
rira bing nudc mubdi, 1am kho va c¢b. Phin cén duge nap vao cdt sac ky trén silicagel
(40g), rtra giai bang EtOAc-hexan (gradien tir 5-30%), dé thu dugc 1-bromo-3-((2-
cloetyl)sulfonyl)benzen duéi dang chét rin mau tring (2,93g, hiéu sudt 99%). Khéi phd
m/z 283, 285 (M+H)". '"H NMR (400 MHz, CDCL;) & 8,08 (t, J=1,9 Hz, 1H), 7,86 (dddd,
J=14,5, 7.9, 1,8, 1,1 Hz, 2H), 7,49 (t, /=7,9 Hz, 1H), 3,81-3,76 (m, 2H), 3,59-3,52 (m,
2H).

Hop chét trung gian 79

Hon hop chira 1-bromo-3-((2-cloetyl)sulfonyl)benzen (0,500g, 1,76mmol),
4,44°.4°,5,5,5°,5 -octametyl-2,2’-bi(1,3,2-dioxaborolan) (0,470g, 1,85mmol), kali axetat
(0,346g, 3,53mmol) va hop chit cong hop PdCl,(dppf) DCM (0,036g, 0,044mmol) trong
1,4-dioxan (4,41mL) dugc suc bing nito trong khoang 2-3 phit, sau d6 gia nhiét & nhiét
@5 hdi lwu. Sau 2,5 gio, hdn hop nay dugc 1am ngudi dén nhiét d6 phong va loc qua dém
CELITE®. Céc chét rin dugc rira béng EtOAc, va céac dich loc thu gom dugc dugce co.
Phin cin duoc nap vao cot sic ky trén silicagel (24g), rira giai bing EtOAc-hexan
(gradien nim trong khoang tir 10-25%), d& thu duoc 4.,4,5,5-tetrametyl-2-(3-
(vinylsulfonyl)phenyl)-1,3,2-dioxaborolan dudi dang chit rin dang sép mau vang nhat
(0,196g, @0 tinh khiét 80%, hiéu sudt 30%), duoc st dung ma khéng cin tinh ché thém.
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Khéi phd m/z 295 (M+H)". 'TH NMR (400 MHz, CDCL;) § 8,33 (s, 1H), 8,09-8,02 (m,
1H), 8,01-7,95 (m, 1H), 7,60-7,51 (m, 1H), 6,73-6,63 (m, 1H), 6,48 (d, /=16,5 Hz, 1H),
6,04 (d, J=9,7 Hz, 1H), 1,36 (s, 12H).

Hop chét trung gian 80
N-(xyanometyl)-2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

CH;  CHs
CHz——(~CHs

o, .0
B

CHj

H

N.__CN

~
O

(1-80)
Hop chit trung gian 80A: 3-bromo-N-(xyanometyl)-2-metylbenzamit

Br
CH3

H

N._CN

~
o

(I-80A)

Dung dich chtra axit 3-bromo-2-metylbenzoic (0,500g, 2,33mmol), EDC (0,669¢g,
3,49mmol), HOBT (0,534g, 3,49mmol), va DIEA (1,22mL, 6,98mmol) trong THF
(14,5mL) va DCM (14,5mL) dugc khudy & nhiét do phong trong 30 phut, sau d6 xir Iy
bang 2-aminoaxetonitril hydroclorua (0,237g, 2,56mmol). Hén hop nay duoc khudy &
nhiét @6 phong trong 5 gid, sau d6 phén bd giira dung dich nudc bao hoa NaHCO; va
EtOAc. Pha hitu co duoc 1am khé va ¢d, va phan cin dugce tinh ché bang séc ky cot trén
silicagel (24g), rira giai bing EtOAc-hexan (gradien tir 20-40%) dé thu dugc 3-bromo-N-
(xyanometyl)-2-metylbenzamit dudi dang chit rin mau tring (0,554g, hiéu suit 94%).
Khéi phd m/z 253, 255 (M+H)". 'TH NMR (400 MHz, CDCl;) & 7,67 (dd, J=8,0, 1,0 Hz,
1H), 7,30 (dd, J=7,7, 0,9 Hz, 1H), 7,14-7,08 (m, 1H), 6,14 (br. s., 1H), 4,38 (d, J=5,9 Hz,
2H), 2,48 (s, 3H).

Hop chét trung gian 80
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Theo quy trinh duge st dung dé diéu ché hop chét trung gian 65A, 3-bromo-N-
(xyanometyl)-2-metylbenzamit dugc bién ddi thanh N-(xyanometyl)-2-metyl-3-(4.4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit dugi dang chit rin mau vang vé6i hiéu suét
bang 91%. Khdi phd m/z 301 (M+H)". "H NMR (400 MHz, DMSO-d¢) & 8,96 (t, J=5,6
Hz, 1H), 7,69 (dd, J=7.5, 1,5 Hz, 1H), 7,37 (dd, J=7,6, 1,4 Hz, 1H), 7,30-7,18 (m, 1H),
4,28 (d, J=5,5 Hz, 2H), 2,45 (s, 3H), 1,31 (s, 12H).

Hop chét trung gian 81

8-flo-1-metyl-3-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)quinazolin-2,4(1H,3 H)-dion

CH3 CH3
CHs CH,

o._ O
B
CHs

.6
CH; F

(1-81)

Hop chit trung gian 81A: 2-amino-N-(3-bromo-2-metylphenyl)-3-flobenzamit

CHa
oS ;
N
H
H,N

F
(1-81A)

Dung dich chira 8-flo-1H-benzo[d][1,3]oxazin-2,4-dion (2,00g, 11,0mmol) va 3-
bromo-2-metylanilin (4,11g, 22,1mmol) trong 1,4-dioxan (20mL) trong binh ddy kin
dugc gia nhiét & nhiét d6 110°C trong 4 ngay. Hon hop ndy duoc 1am ngudi dén nhiét do
phong va xtr Iy bing dung dich nudc K,CO5; 10% va khudy trong 30 phit. Hon hop nay
dugc chiét ba 1an bang DCM, va cac pha hitu co thu gom duge dugc rira bing nudc, lam
kh6 va cb. Phin cin dugc nghién bing ete, va chét két tia dugc thu gom bing céch loc dé
tao ra dudi dang chét rdn mau xam (2,50g). Dich loc dugce co va phz‘in can dugc nghién lai

thanh bot voi ete dé tao ra chit rin mau xam (23 Omg). Hai chét ran dugc két hop dé thu
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dugc 2-amino-N-(3-bromo-2-metylphenyl)-3-flobenzamit duéi dang chit rin mau xam
(2,73g, hiéu suét 78%). Khdi phd m/z 323, 325 (M+H)". '"H NMR (400 MHz, CDCL;) &
7,69 (d, =7,9 Hz, 1H), 7,65 (br. s., 1H), 7,50-7,46 (m, 1H), 7,32 (d, J=8,1 Hz, 1H), 7,19-
7,11 (m, 2H), 6,73-6,64 (m, 1H), 5,69 (br. s., 2H), 2,44 (s, 3H).

Quy trinh khic dé diéu ché 2-amino-N-(3-bromo-2-metylphenyl)-3-flobenzamit:

Hon dich chtra 8-flo-1H-benzo[d][1,3]oxazin-2,4-dion (3,00g, 16,6mmol) trong
xylen (50mL) duoc xir Iy bing 3-bromo-2-metylanilin (3,08g, 16,6mmol) va gia nhiét
dén nhiét d6 hoi luu. Sau 6 gid, hdn hop nay duoc dé ngudi dén nhiét d6 phong qua dém.
Hbn dich thu dugc dugc pha lodng bing hexan va chat két tia dugc thu gom bing cach
loc, rira bang hexan va lam kho trong khong khi dé thu dugc 2-amino-N-(3-bromo-2-

metylphenyl)-3-flobenzamit dudi dang chét rdn mau tring (4,50g, hidu sut 84%).

Hop chit trung gian 81B: 3-(3-bromo-2-metylphenyl)-8-floquinazolin-
2,4(1H,3H)-dion

Br
CHs
o
N
PN
H o F
(I-81B)

Dung dich chta 2-amino-N-(3-bromo-2-metylphenyl)-3-flobenzamit (5,70g,
17,6mmol) trong THF (100mL) dugc xir ly bang bis(triclometyl) cacbonat [triphosgen]
(6,282, 21,2mmol) & nhiét d6 phong va khudy trong 15 phtit. Hon hop ndy duogc pha
lodng biang EtOAc, mot cach cin than duoc xir ly bang dung dich nuéc bio hoa NaHCOs
va khudy & nhiét ¢6 phong cho téi khi ngirng thoat khi. Pha hitu co dugc phén tach va rira
lién tiép bang dung dich nuéc NaHCO; bio hoa, nudc va nude mubi, va 1am khd va cb.
Phén cén duogc nghién bang ete dé thu dugc 3-(3-bromo-2-metylphenyl)-8-floquinazolin-
2,4(1H,3H)-dion dudi dang chét rén mau tréng nhat (6,00g, hi¢u sut 97%). Khéi phé) m/z
349, 351 (M+H)". 'TH NMR (400 MHz, CDCL;) & 8,59 (d, /~17,6 Hz, 1H), 7,99 (d, /=8,1
Hz, 1H), 7,70 (dd, J=7.8, 1,2 Hz, 1H), 7,54-7,43 (m, 1H), 7,28-7,21 (m, 2H), 7,21-7,17
(m, 1H), 2,28 (s, 3H).
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Hop chit trung gian 81C: 3-(3-bromo-2-metylphenyl)-8-flo-1-metylquinazolin-
2,4(1H,3H)-dion

Br
CHs
0
N
o7y
CH; F

(I-81C)

Dung dich chta 3-(3-bromo-2-metylphenyl)-8-floquinazolin-2,4(1H,3 H)-dion
(4,80g, 13,8mmol) trong DMF (25mL) dugce xtr ly béng Cs,CO; (13,4g, 41,2mmol). Hon
dich dugc khudy & nhiét 6 phong va cho phan tng timg giot nhanh véi iodometan
(4,30mL, 68,7mmol) va khuéy nhanh & nhiét do phong trong 1 gid. Hon hop nay duoc
pha lodng bing EtOAc va nuéc (200mL). Pha hitu co dugc phan tich va rira lién tiép
bang nudc va nude mudi, sau d6 lam khé va cb dé thu dugc 3-(3-bromo-2-metylphenyl)-
8-flo-1-metylquinazolin-2,4(1H,3H)-dion dudi dang chit rin nhu thiy tinh mau da nau
vang nhat (4,80g, hiéu sudt 96%). Khéi phd m/z 363, 365 (M+H)".

Hop chét trung gian 81

Hén hgp chira 3-(3-bromo-2-metylphenyl)-8-flo-1-metylquinazolin-2,4(1H,3 H)-
dion (4,80g, 13,2mmol), 4,4,4°,4°,5,5,5°,5’-octametyl-2,2’-bi(1,3,2-dioxaborolan) (4,36g,
'17,2mmol), kali axetat (3,89g, 39,6mmol) va hop chit cong hop PdCl(dppf) DCM
(0,540g, 0,661mmol) trong 1,4-dioxan (65mL) dugc gia nhiét dén nhiét do hdi huru trong
2 gio. Sau khi 1am ngudi dén nhiét ¢ phong, hdn hop nay dugc loc qua dém CELITE®
va cac chét rén dugc rira bing EtOAc. Dich loc dugc pha lodng bing EtOAc, rira bing
nude, va lam khé va cb. Phin cin duoc nap vao cdt sic ky trén silicagel (80g), rira giai
biang EtOAc-hexan (gradien tir 20-50%), dé thu dugc 8-flo-1-metyl-3-(2-metyl-3-
(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan—2-yl)phenyl)quinazolin-2;4( 1H,3H)-dion dudi
dang chit rin mau tring (4,61g, hiéu suét 85%). Khéi phd m/z 411 (M+H)". 'H NMR
(400 MHz, CDCl;) 6 8,14-8,08 (m, 1H), 7,93 (dd, J=7.5, 1,3 Hz, 1H), 7,48 (ddd, J=14,0,
8,0, 1,5 Hz, 1H), 7,34 (t, J<7,6 Hz, 1H), 7,27-7,20 (m, 2H), 3,88 (d, J=7,9 Hz, 3H), 2,36
(s, 3H), 1,36 (s, 12H).

Hop chét trung gian 82
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1-metyl-3-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)
quinazolin-2,4(1H,3H)-dion

CH; CH,
CHy~—{cH,
0.0

CH,
0
oél\rg
CH,

(1-82)

Hop chét trung gian 82A: 2-amino-N-(3-bromo-2-metylphenyl)benzamit

dj;@

(I-82A)

Dung dich chtra axit 2-aminobenzoic (5,00g, 36,5mmol) va thionyl clorua (8,68g,
72,9mmol) trong toluen (50mL) dugc gia nhiét & nhiét ¢ hdi luu trong 60 phiat Hn hop
nay dugc co va phﬁn cin dugce tao hdn dich trong THF (50mL), dugc 1am lanh trong bé
nude da va xir Iy bing 3-bromo-2-metylanilin (20,35g, 109mmol). Hon dich thu duoc
dugc gia nhiét & nhi¢t do hdi leu trong 2 gio. Hon hop nay duge lam ngudi dén nhiét do
phong va xtr Iy bing dung dich nudc K,CO; 10% (50mL), dugc khudy manh trong 15
phut, va chiét bang EtOAc. Pha hitu co dugc 1am khé va c6. Phin cén dugce tinh ché bang
sic ky cOt trén silicagel dé tao ra 2-amino-N-(3-bromo-2-metylphenyl) benzamit duéi
dang chét rin mau vang nhat (4,70g, hiéu sut 42%). Khéi phd m/z 305, 307 (M+H)". 'H
NMR (400 MHz, CDCls) 8 7,72 (d, J=7,9 Hz, 1H), 7,67 (br. s., 1H), 7,54 (dd, J=8,3, 1,2
Hz, 1H), 7,48 (dd, J=7.9, 0,9 Hz, 1H), 7,36-7,31 (m, 1H), 7,15 (t, J/=8,0 Hz, 1H), 6,81-
6,73 (m, 2H), 5,59 (br. s., 2H), 2,45 (s, 3H).

Quy trinh khac dé diéu ché 2-amino-N-(3-bromo-2-metylphenyl)benzamit:

Hoén dich chira IH-benzo[aﬂ[1,3]0xazin-2,4-dion (5,00g, 30,7mmol) va 3-bromo-
2-metylanilin (5,70g, 30,7mmol) trong xylen (50mL) dwgc gia nhiét & nhiét do hdi luu
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trong 8 gidr. Dung mdi duoc loai bd bang cach chung cét va phan cin duge tinh ché bang
sic ky cot trén silicagel (120g), rira giai bang EtOAc-hexan (gradien ndm trong khoang
tir 0-50%), d& tao ra 2-amino-N-(3-bromo-2-metylphenyl)benzamit du6i dang chit rin
mau tréng nhat (2,30g, hi¢u suét 24%).

Hop chét trung gian 82B: 3-(3-bromo-2-metylphenyl)quinazolin-2,4(1H,3 H)-dion

Br
CH3
o8
0
O~ 'N
H
(I-82B)

Dung dich chira 2-amino-N-(3 -bromo-2-metylphehyl)beniamit (2,00g, 6,55mmol)
trong THF (50mL) dwoc xir 1y bang bis(triclometyl) cacbonat [triphosgen] (2,92g,
9,83mmol) va gia nhiét & nhiét o hdi luu trong 60 phut Hdn hop nay dugce 1am ngudi
dén nhiét d6 phong va xur Iy bing dung dich nudc bdo hoa NaHCO;, duge chiét bing
EtOAc, va céc pha hitu co thu gom dugc dugce rira hai lan béng bdo hoa NaHCO3, sau do
béng nudc, 1am khd va cb. Phin cén dugc nghién bing DCM dé tao ra chit rdn mau tréng
duogc thu gom bang cach loc. Phin cin thu duoc tir quy trinh ¢6 dich loc dugc nghién
bang DCM dé tao ra tiép chét rdn mau tring dugc thu gom bang cach loc. Hai chit rdn
dugc két hop dé tao ra 3-(3-bromo-2-metylphenyl)quinazolin-2,4(1H,3H)-dion duéi dang
chét rin mau tring (2,10g, hiéu sudt 97%). Khéi phd m/z 331, 333 (M+H)". 'H NMR
(400 MHz, MeOH-dy) 6 8,07 (dd, J=7,92, 1,32 Hz, 1H), 7,65-7,75 (m, 2H), 7,21-7,32 (m,
4H), 2,20 (s, 3H). '"H NMR (400 MHz, CDCl;) & 9,38 (br. s., 1H), 8,19 (dd, J=7,9, 1,1
Hz, 1H), 7,76-7,69 (m, 1H), 7,69-7,60 (m, 1H), 7,35-7,17 (m, 3H), 7,04-6,97 (m, 1H),
2,28 (s, 3H).

Hop chat trung gian 82C: 3-(3-bromo-2-metylphenyl)-1-metylquinazolin-
2,4(1H,3H)-dion
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Hoén dich chtra 3-(3-bromo-2-metylphenyl)quinazolin-2,4(1H,3H)-dion (23,02g,
69,5mmol) va Cs,CO3 (34,0g, 104mmol) trong DMF (70mL) dugc lam lanh trong bé
nuée da duge cho phan tmg timg phan véi iodometan (5,22mL, 83mmol). Hon hop nay
dugc lam 4m dén nhiét d6 phong va khudy trong 30 phut. Hon hop nay dugc loc va dich
loc duge c6. Phin cin dugc phan 16p gitta EtOAc va nudc, tao ra chét két tua duge thu
gdm bang cach loc. Chét rin thu gom duge duge rira bang nudc va lam khé qua dém
trong chan khong dé tao ra chit rin mau trz“'lng. Pha hitu co cta dich loc dugc phan tach,
rira ba 1an béng dung dich nuée LiCl 10%, sau d6 rira hai lan bﬁng nudc, lam kho va cd
dé thu dugc chét rin bd sung. Hai chit rin dugc két hop dé tao ra 3-(3-bromo-2-
metylphenyl)-1-metquuinazolin-2_,4(1H,3H)-dion. dudi dang chét rin mau tréng (15,56g,
hiéu sudt 92%). Khéi phd m/z 345, 347 (M+H)".

Hop chét trung gian 82

Hon hop chira 3-(3-bromo-2-metylphenyl)-1-metylquinazolin-2,4(1H,3H)-dion
(36,39g, 105mmol), 4,4,4°4°,5,5,5°,5 -octametyl-2,2°-bi(1,3,2-dioxaborolan) (40,2g,
158mmol), hop chit cong hop PdCly(dppf) DCM (4,30g, 5,27mmol) va kali axetat
(31,0g, 316mmol) trong 1,4-dioxan (500mL) va DMSO (50mL) dugc gia nhiét & nhiét do
hdi luu trong 24 gid. Hop chit cong hop PACly(dppf) DCM (1,47g) dugc bd sung vao va
hdn hop nay dugc gia nhiét & nhiét do hdi Iuu trong 6 gid nita. Hon hop lanh dugce loc
qua dém CELITE® va dich loc dugc co. Phin cin ling dugc pha lodng bang EtOAc,
duge lic voi nude, va ca hai pha duge loc qua dém CELITE® dé loai bo chét két tia mau
den. Pha hitu co chira dich loc dugc phéan tach, rira lién tiép b?mg nude va nude mubi,
1am kho va c6. Phéan cin dugc tinh ché bang sic ky cot trén silicagel (cot 2 330g), rira
giai bang EtOAc-hexan (gradien tir 20-100%)). Phan cén thu dugc tir quy trinh ¢d dong
chira san phdm dugc nghién bang EtOAc dé tao ra chét rdn duoc thu gom bang cach loc.
Dich loc dugc cd va két tinh tir EtOAc dé tao ra chét rin. Nude cai thu duge tir sy két
tinh nay dugc cb va phan cén duoc tinh ché bing sic ky cot trén silicagel (330g), rira gidi
bing EtOAc-hexan (gradien tir 20-50%), dé tao ra chét rén bd sung. Ba chét rin duoc két
hop dé tao ra 1-metyl-3-(2-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)pheny1)-
quinazolin-2,4(1H,3H)-dion du6i dang chét rin mau tring (21,2g, hiéu suit 51%). Khdi
phd m/z 393 (M+H)". 'H NMR (400 MHz, CDCl;) & 8,35 (d, /=7,9 Hz, 1H), 7,64 (ddd,
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J=8.,5, 7,3, 1,5 Hz, 1H), 7,59 (dd, J=7,4, 1,4 Hz, 1H), 7,33-7,27 (m, 1H), 7,24-7,17 (m,
1H), 7,12 (d, J=8,1 Hz, 2H), 3,55 (s, 3H), 1,59 (s, 3H), 1,39 (s, 12H).
Hop chit trung gian 83

5-flo-2,3-dimetyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)- 1 H-indol-7-

carboxamit

ZT

CHy—§
CHy g
o0
CHs——4—CH,
CHy  CHs

(1-83)

Theo quy trinh dugc sir dung dé diéu ché hop chét trung gian 9, 4-bromo-5-flo-
2,3-dimetyl-1H-indol-7-carboxamit [hop chét trung gian 2] dugc bién dbi thanh 5-flo-
2,3-dimetyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-indol-7-carboxamit ~ v&i
hiéu suét bang 38%. Khdi phd m/z 333 (M+H)". 'H NMR (400 MHz, MeOH-d4) § 7,27
(d, J/=10,1 Hz, 1H), 2,39 (s, 3H), 2,24 (s, 3H), 1,44 (s, 12H).

Hop chét trung gian 89

(8)-4-(3-(Xyclopropylamino)piperidin-1-yl)-5-flo-2,3-dimetyl-1 H-indol-7-

carboxamit

O+__NH,

ZT

CHs; \
F
CHs; N
LA
H
(I-89)

Hop chit trung gian 89A: (S)-tert-butyl 3-(xyclopropylamino)piperidin-1-

carboxylat
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OOC

CH3
CHs3
El
(I-89A)

Dung dich chua (S)-fert-butyl 3-aminopiperidin-1-carboxylat (1,00g, 4,99mmol),
(1-etoxyxyclopropoxy)trimetylsilan (0,870g, 4,99mmol) va axit axetic (2,86mL,
49,9mmol) trong MeOH (15mL) dugc xir ly biang natri xyanoborohydrit (0,471g,
7,49mmol) va hdn hop niy dugc khudy & nhiét 4o 60°C trong 14 gid. Hon hop ndy duoc
1am ngudi dén nhiét 6 phong, pha lodng bang EtOAc, rira bing dung dich nude bdo hoa
NaHCO3, 1am khé va cb. Phan cdn duoc nap vao cot sic ky trén silicagel, rira giai bing
EtOAc-hexan (gradien nim trong khoang tir 0-100%) dé thu duoc (S)-tert-butyl 3-
(xyclopropylamino)piperidin-1-carboxylat du6i dang dau khong mau (180mg, hiéu suét
15%). Khéi phd m/z 241 (M+H)". '"H NMR (400 MHz, MeOH-d,) & 4,19-4,09 (m, 1H),
3,84 (d, J~12,8 Hz, 1H), 2,83 (ddd, J=13,5, 10,9, 3,1 Hz, 1H), 2,71-2,60 (m, 2H), 2,18
(tt, J=7,0, 3,6 Hz, 1H), 2,05-1,96 (m, 1H), 1,75-1,66 (m; 1H), 1,52-1,40 (m, 11H), 1,37-
1,27 (m, 1H), 0,53-0,47 (m, 2H), 0,38-0,33 (m, 2H).

Hop chit trung gian 89B: (S)-tert-butyl 3-(((benzyloxy)carbonyl)(xyclopropyl)am-

ino)piperidin-1-carboxylat

(I-89B)

Dung dich chira (S)-ters-butyl 3-(xyclopropylamino)piperidin-1-carboxylat
(180mg, 0,749mmol) va benzyl (2,5-dioxopyrolidin-1-yl) cacbonat (560mg, 2,25mmol)
trong THF (2mL) dugc xtr 1y bing TEA (313uL, 2,25mmol) va hdn hop nay duge khudy
& nhiét d§ phong trong 14 git. Hon hop nay duoc pha lodng bing EtOAc, rira bing dung
dich nu6c bdo hoa NaHCO;, 1lam khd va cd. Phin cén duoc nap vao cot sic ky trén

silicagel, rira giai bang EtOAc-hexan (gradien ndm trong khoang tir 0-100%), sau d6 tinh
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ché bing HPLC pha ddo diéu ché sau d6 @& thu dugc (S)-fert-butyl 3-
(((benzyloxy)carbonyl)(xyclopropyl)amino)piperidin-1-carboxylat duéi dang dau khong
mau nh6t (200mg, hi¢u suét 71%). H NMR (400 MHz, MeOH-d,) 6 7,44-7,26 (m, SH),
5,12 (s, 2H), 4,00 (d, J=11,4 Hz, 2H), 3,62-3,45 (m, 1H), 3,10 (t, /11,9 Hz, 1H), 2,72-
2,50 (m, 2H), 2,10 (qd, J=12,5, 3,9 Hz, 1H), 1,89 (d, J/=11,7 Hz, 1H), 1,74 (d, J~=13,6 Hz,
1H), 1,55-1,38 (m, 10H), 0,90-0,77 (m, 2H), 0,74-0,61 (m, 2H).

Hop chét trung gian 89C: (S)-benzyl xyélopropyl(piperidin-3-yl)carbamat
H
N
L,
o)\o/\©

(1-89C)

Dung dich chta (S)-fert-butyl 3-(((benzyloxy)carbonyl)(xyclopropyl)amino)-
piperidin-1-carboxylat (200mg, 0,534mmol) trong DCM (1mL) duoc xir Iy bing TFA
(0,50mL, 6,49mmol) va hdn hop nay dé yén & nhiét do phong trong 30 phit. Dung dich
dugc ¢6 va phan cin duge hoa tan trong DCM, rira bang dung dich nuéec NaHCO; bdo
hoa, 1am khd va c¢d dé thu dugc (S)-benzyl xyclopropyl(piperidin-3-yl)carbamat duéi
dang dau khéng mau (140mg, hiéu suit 96%). Khébi phd m/z 275 (M+H)". 'H NMR (400
MHz, MeOH-d,) 8 7,43-7,16 (m, SH), 5,11 (s, 2H), 3,66 (dtd, /~=11,7, 7,9, 4,0 Hz, 1H),
2,96-2,86 (m, 3H), 2,56-2,49 (m, 1H), 2,41 (td, J/=12,7, 2,9 Hz, 1H), 2,10-1,98 (m, lH),.
1,87 (dd, /=12,3, 3,1 Hz, 1H), 1,81-1,72 (m, 1H), 1,60-1,46 (m, 1H), 0,83-0,76 (m, 2H),
0,70-0,62 (m, 2H).

Hop chit trung gian 89

Theo cac quy trinh dugc sir dung dé diéu ché hop chét trung gian 13, (S)-benzyl
xyclopropyl(piperidin-3-yl)carbamat va 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-
cacbonitril [hop chdt trung gian 12] dugc bién dbdi thanh  (S)-4-(3-
(xyclopropylamino)piperidin-1-yl)-5-flo-2,3-dimetyl-1 H-indol-7-carboxamit. Khdi phd
m/z 345 (M+H)".

Hop chét trung gian 90

5-flo-2,3-dimetyl-4-(piperazin-1-yl)-1H-indol-7-carboxamit
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CHy N
)
H
(1-90)

Hop chét trung gian 90A: tert-butyl 4-(7-xyano-5-flo-2,3-dimetyl-1H-indol-4-
yl)piperazin-1-carboxylat

ZT

070 N\ep,
(I-90A)

Hdn hop chira 4-bromo;5-ﬂo-2,3-dimetyl-1H—ind01-7-cacbonitril [hop chét trung
gian 12] (0,200g, 0,749mmol), tert-butyl piperazin-1-carboxylat (0,146g, 0,786mmol),
Cs,CO; (0,488g, 1,50mmol), 2,2°-bis(diphenylphosphin)-1,1’-binaphtalen (0,023g,
0,037mmol), va tris(dibenzylidenaxeton)dipaladi (0,034g, 0,037mmol) trong 1,4-dioxan
(5mL) dugc suc bang nito va gia nhiét qua dém & nhiét d6 95°C. Hon hop nay dugc lam.
ngudi dén nhiét d6 phong, loc qua dém CELITE® va cb. Phén cén dugc nap vao ¢t sic
ky trén silicagel, rira giai bing EtOAc-hexan (gradien nim trong khoang tir 0-100%), dé
thu dugc tert-butyl 4-(7-xyano-5-flo-2,3-dimetyl-1H-indol-4-yl)piperazin-1-carboxylat
duéi dang chit rdn mau vang (0,194g, hiéu suit 70%). Khéi phd m/z 373 (M+H)".

Hop chét trung gian 90

Hén hop chira fert-butyl 4-(7-xyano-5-flo-2,3-dimetyl-1H-indol-4-yl)piperazin-1-
carboxylat (0,195g, 0,524mmol), clotrimetylsilan (5,00mL, 39,Immol), va nudc
(2,50mL, 139mmol) dugc khuéy & nhi¢t d§ phong trong hai ngay. Lép bén trén dugc loai

bd béng cach léng gan va l&p nudc con lai dugc co dé thu dugc mubi 5-flo-2,3-dimetyl-
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4-(piperazin-1-yl)-1H-indol-7-carboxamit HCI duéi dang chit rdn mau nau (166mg, hiéu
sudt 97%), duoc sir dung ma khong cin tinh ché thém. Khéi phd m/z 291 (M+H)".
Hop chét trung gian 91

4-bromo-5-flo-3-metyl-2-(triflometyl)-1 H-indol-7-carboxamit

Ox_NH;,
H
N
CF—(
F
CHs; g
(I-91)

Hop chét 4-bromo-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxamit dugc diéu
ché theo cac quy trinh dugc sir dung dé diéu ché hop chét trung gian 2, thé 1,1,1-triflo-2-
butanon trong 2-butanon. Khéi phd m/z 339, 341 (M+H)". '"H NMR (400 MHz, MeOH-
ds) 8 7,75 (d, J=9,7 Hz, 1H), 2,70 (q, J=1,7 Hz, 3H).

Hop chét trung gian 95

4-br0mo-6-ﬂ0-2,3-dimetyl- 1H-indol-7-carboxamit

Os_NH,
H F
CHs \
CHj Br
(I-95)

Theo cac quy trinh duoc sir dung dé didu ché hop chét trung gian 2 tir hop chét
trung gian 2A, axit 4-bromo-2,6-diflobenzoic dugc bién ddi thanh 4-bromo-6-flo-2,3-
dimetyl-1H-indol-7-carboxamit. Khdi phd m/z 285, 287 (M+H)". 'H NMR (400 MHz,
MeOH-d,) 6 7,08 (d, /=12,0 Hz, 1H), 2,44 (d, J/=0,5 Hz, 3H), 2,36 (s, 3H).

Hop chét trung gian 97

4-bromo-3-xyclopropyl-5-flo-2-metyl-1H-indol-7-carboxamit
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7 “zT

CH,

Br

(1-97)

Theo cac quy trinh dugc sir dung @& diéu ché hop chit trung gian 2 tir hop chit
trung gian 2B, 1-xyclopropylpropan-2-on dugc biéﬁ d6i thanh 4-bromo-3-xyclopropyl-5-
flo-2-metyl-1H-indol-7-carboxamit. Khéi phd m/z 312, 314 (M+H)". '"H NMR (400 MHz,
MeOH-dy) 6 7,49 (d, J=9,5 Hz, 1H), 2,49 (s, 3H), 1,93 (br. s., 1H), 1,04 (d, J=6,5 Hz,
2H), 0,68 (d, /=4,3 Hz, 2H).

Hop chét trung gian 99

4-bromo-5-flo-3-(4-flophenyl)-2-metyl-1H-indol-7-carboxamit

O~ __NH,
H
N
CHa— O
F
O Br
F
(1-99)

Theo cac quy trinh dugc sit dung dé diéu ché hop chit trung gian 2 tir hop chét
trung gian 2B, 1-(4-flophenyl)propan-2-on duwoc bién d6i thanh 4-bromo-5-flo-3-(4-
flophenyl)-2-metyl-1 H-indol-7-carboxamit. Khdi phd m/z 365, 367 (M+H)". 'H NMR
(400 MHz, MeOH-d,) & 7,51 (d, J=9,9 Hz, 1H), 7,38-7,30 (m, 2H), 7,18-7,09 (m, 2H),
2,31 (s, 3H).

Hop chit trung gian 101
4-bromo-5-flo-2-(4-flophenyl)-3-metyl-1H-indol-7-carboxamit

Os_NH,

H
N
{1
F
CH3 Br
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(I-101)

Theo cac quy trinh duge sir dung @ diéu ché hop chét trung gian 2 tir hop chét
trung gian 2B, 1-(4-flophenyl)propan-1-on dugc bién dbi thanh 4-bromo-5-flo-2-(4-
flophenyl)-3-metyl-1H-indol-7-carboxamit. Khéirphcl) m/z 365, 367 (M+H)". '"H NMR
(400 MHz, MeOH-d,) 6 7,67-7,61 (m, 2H), 7,56 (d, J=9,9 Hz, 1H), 7,31-7,24 (m, 2H),
2,64 (s, 3H).

Hop chét trung gian 103

5-flo-2,3-dimetyl-4-(1,2,5,6-tetrahydropyridin-3-yl)- 1H-indol-7-carboxamit, mudi
TFA

pdu

CHj \
CHj

NH
(1-103)

Hop chét trung gian 103A: fert-butyl 3-(7-carbamoyl-5-flo-2,3-dimetyl-1H-indol-
4-y1)-5,6-dihydropyridin-1(2H)-carboxylat

Ox_NH,
H
N
CHs \
F
CH
3 7
N_ _O. _CHjs
T X
o] CH§H3
(1-103A)

Hbn hop chtra 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxamit [hop chét trung
gian 2] (120mg, 0,421mmol), fert-butyl 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-
5,6-dihydropyridin-1(2H)-carboxylat (130mg, 0,421mmol), K;PO, (179mg, 0,842mrf101)
va 1,1°-bis(di-fert-butylphosphino)feroxen paladi diclorua (13,7mg, 0,021mmol) trong
THF (2mL) va nuée (0,2mL) duge suc bang nito va khudy & nhiét do 60°C qua dém. Hon
hop nay dugc lam ngudi dén nhiét do phong, loc qua dém CELITE® va co. Phén cén
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dugce nap vao cdt sic ky trén silicagel, rira giai bing EtOAc-hexan (gradien nim trong
khoang tir 0-50%), dé thu dugc tert-butyl 3-(7-carbamoyl-5-flo-2,3-dimetyl-1H-indol-4-
yl)-5,6-dihydropyridin-1(2H)-carboxylat duéi dang chit gébm mau vang (135mg, hiéu
suit 74%). Khdi phd m/z 388 (M+H)".

Hop chit trung gian 103

Dung dich chta tert-butyl 3-(7-carbamoyl-5-flo-2,3-dimetyl-1H-indol-4-yl)-5,6-
dihydropyridin-1(2H)-carboxylat (69mg, 0,178mmol) va TFA (0,5mL, 6,49mmol) trong
DCM (1,5mL) dwoc khudy & nhiét d6 phong trong 30 phut. Hdn hop nay dugc cd dé thu
dugc 5-flo-2,3-dimetyl-4-(1,2,5,6-tetrahydropyridin-3-yl)-1H-indol-7-carboxamit, mudi
TFA, du6i dang chit rin mau nau nhat (70mg, hiéu sut 88%). Khbi phé m/z 288
(M+H)". "H NMR (400 MHz, MeOH-d,) & 7,37 (d, /~11,1 Hz, 1H), 6,01 (tt, /=3,9, 1,9
Hz, 1H), 4,03-3,80 (m, 2H), 3,57-3,39 (m, 2H), 2,72-2,62 (m, 2H), 2,40-2,36 (m, 3H),
2,22 (s, 3H). |

Hop chét trung gian 104

(RS)-5-flo-2,3-dimetyl-4-(piperidin-3-yl)-1 H-indol-7-carboxamit, mubi TFA

Os__NH>
H
N
CHj; \
F
CHj
NH
(1-104)

Theo céc quy trinh dugc sir dung dé diéu ché hop chit trung gian 38, 4-bromo-5-
flo-2,3-dimetyl-1H-indol-7-carboxamit [hop chit trung gian 2] dugc bién dbi thanh mubi
(RS)-5-flo-2,3-dimetyl-4-(piperidin-3-yl)-1H-indol-7-carboxamit TFA. Khdi phd m/z 290
(M+H)". "H NMR (400 MHz, MeOH-d4) & 7,39-7,32 (m, 1H), 4,11-3,99 (m, 1H), 3,68-
3,58 (m, 1H), 3,55-3,44 (m, 2H), 3,16-3,03 (m, 1H), 2,44 (s, 3H), 2,40 (s, 3H), 2,23-1,86
(m, 4H).

Hop chét trung gian 108

5-flo-2,3-dimetyl-4-(1,4,5,6-tetrahydropyridin-3-yl)-1H-indol-7-carboxamit, mudi
TFA
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Theo céc quy trinh duoc sir dung dé didu ché hop chit trung gian 26, tert-butyl 5-
(7-carbamoyl-5-flo-2,3-dimetyl-1H-indol-4-yl)-3,4-dihydropyridin-1(2H)-carboxylat
dugc bién ddi thanh mudi 5-flo-2,3-dimetyl-4-(1,4,5,6-tetrahydropyridin-3-yl)-1H-indol-
7-carboxamit TFA. Khéi phd m/z 288 (M+H)".

Hop chét trung gian 109

Etyl 4-bromo-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxylat

OxO-_CHy
H
N
F3C \
F
H3C Br
(1-109)

Hop chét trung gian 109A: axit 4-bromo-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-

carboxylic
Os_OH
H
N
FsC—\
F
HC gy
(I-109A)

Hén hop chtra axit 4-bromo-5-flo-2-hydrazinylbenzoic, HCI1 (5,0g, 17,51mmol),
va 1,1,1-triflo-2-butanon (6,62g, 52,5mmol) trong TFA (8,0mL) dugc khudy & hdi luu
trong 18 gid. Hbn hop nay dugc cd. San phim thd dugc bd sung vao DCM va chit két
ta dugc thu gom bing cach loc va 1am kho trong mdi trudng c6 dd chan khong cao dé
thu dugc axit 4-bromo-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxylic (3,86g,
10,22mmol, hiéu suit 58,3%) du6i dang chit ran mau tring. 'H NMR (400MHz,
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metanol-dy) & 7,75 (d, J=9,3 Hz, 1H), 2,69 (q, /~=1,7 Hz, 3H). LCMS: 1,07 phat, M+H
hop chét khong ion hoa.

Hop chét trung gian 109

Hon hop chira axit 4-bromo-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxylic
(3,86g, 11,35mmol) va axit sulfuric (0,605mL, 11,35mmol) trong EtOH (80mL) duogc
khudy & hdi luu trong ba ngay. Hon hop nay duoc ¢d. Hon hop ndy dugc pha lodng bang
EtOAc (65mL) va rira bang nuéc HCI 1,0M (65mL) va dung dich chira dung dich nudc
bicacbonat bdo hoa natri (2 x 65mL). Lép etyl axetat duge lam kho trén natri sulfat va co.
San phidm thd dugc sic ky nhanh ISCO (silicagel/hexan-EtOAc 100:0 dén 0:100
gradien). Thu dugc etyl 4-bromo-5-flo-3-metyl-2-(triflometyl)-1H-indol-7-carboxylat
(1,80g, 4,65mmol, hiéu sudt 40,9%) du6i dang chét rin mau triing. 'H NMR (400MHz,
metanol-d,) o 7,81 (s, 1H), 4,49 (d, /=7,1 Hz, 2H), 2,76-2,65 (m, 3H), 1,46 (t, J/=7,2 Hz,
3H). LCMS: 1,26 phut, M+H hop chit khéng ion hoa.

Vi du 78 (tham chiéu)

(RS)-2,3-dimetyl-4-(3-(N-metylacrylamido)piperidin-1-yl)-1H-indol-7-carboxamit

Ox_NH,
H
N
CH3—Q
CH: N
(13
CH
NJV/ )
CHs
(78)

Dung dich chta (RS)-2,3-dimetyl-4-(3-(metylamino)piperidin-1-yl)-1H-indol-7-
carboxamit [hop chét trung gian 35] (60,0mg, 0,114mmol) trong 1:1 DCM-THF
(2,08mL) dugc lam lanh dén nhiét do 0°C va xu ly 'bﬁng DIEA (33,8uL, 0,194mmol).
Acryloyl clorua (13,0pL, 0,159mmol) dugc bd sung tir tir va hdn hop nay duoc khudy &
nhiét d6 0°C. Sau 1 gid, hdn hop nay duoc cd va phin cin dugc nap vao cdt sic ky trén
silicagel (4g), rira giai bang EtOAc-hexan (gradien tir 50-70%), dé thu duoc (RS)-2,3-
dimetyl-4-(3-(N-metylacrylamido)piperidin- 1-yl)- 1 H-indol-7-carboxamit dudi dang chat
rén (23mg, hiéu sudt 53%). Khéi phd m/z 355 (M+H)". "H NMR (400 MHz, CDCL;) 3
10,17-9,93 (m, 1H), 7,24 (br. s., 1H), 6,76-6,52 (m, 2H), 6,34 (d, /=16,7 Hz, 1H), 6,08-
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5,57 (m, 3H), 5,07-4,14 (m, 1H), 3,43 (br. s., 2H), 3,00 (d, J=6,8 Hz, 3H), 2,80-2,56 (m,
1H), 2,54-2,43 (m, 3H), 2,38 (s, 3H), 1,95 (br. s., 3H), 1,83-1,60 (m, 2H).
Céc hop chit theo cac vi du khac duge didu ché bang quy trinh md ta trong vi du
78 hodc cac quy trinh tuong tu, str dung hop chit ban diu dugc chi dinh, duge thé hién

trong bang 3.

Bang 3
Vidu Ciu tric Hop chét ban ddu | Khéi phd
Oy _NH; :
H
N
A : m/z 359
8 F Hop chat trung gian 16 f
CHy N »® 8¢ (MH)
O
O\NJK/CHZ
H
O«_NH,
H
N
CH3 \
F 4 , m/z 345
100 CHy Hop chat trung gian 24 (MH)
R
HN _ch,

Vi du 103 (tham chiéu)

(RS)-2,3-dimetyl-4-((1-propioloylpyrolidin-3-yl)amino)-1H-indol-7-carboxamit

OsNH,
H
N
CHs \
BN
\
\CH
(103)

Dung dich chira (RS)-2,3-dimetyl-4-(pyrolidin-3-ylamino)-1H-indol-7-carboxamit
[hop chét trung gian 19] (35mg, 0,096mmol), HATU (73mg, 0,19mmol), DIEA (51pL,
0,29mmol) va axit propiolic (7,4mg, 0,11mmol) trong DMF (1,4mL) dugc khudy & nhiét
d6 phong. Sau 4 gid, hdn hop nay duge loc va tinh ché bing HPLC pha dao didu ché dé
thu dugc (RS)-2,3-dimetyl-4-((1-propioloylpyrolidin-3 -yl)amino)-1H—ind01-7-¢arb0xamit
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(7,1mg, hiéu suét 23%). Khbi phd m/z 325 (M+H)". '"H NMR (500 MHz, DMSO-dg) 8
10,44 (s, 1H), 7,64 (br. s., 1H), 7,44 (d, J=8,5 Hz, 1H), 6,88 (br. s., 1H), 6,15 (dd, J=18.9,
7,9 Hz, 1H), 5,20 (br. s., 1H), 4,52-4,40 (m, 1H), 4,29-4,17 (m, 1H), 4,11 (br. s., 1H),
3,83-3,51 (m, 3H), 2,38-2,19 (m, 7H), 2,12-1,98 (m, 1H).

Vi du 104 (tham chiéu)
(RS)-4-(1-(but-2-ynoyl)piperidin-3-yl)-3-metyl-1H-indol-7-carboxamit

Os__NH,

7 “zT

CHj

(104)

Dung dich chira (RS)-3-metyl-4-(piperidin-3-yl)-1H-indol-7-carboxamit [hop chit
trung gian 39] (10,0mg, 0,039mmol), BOP (20,6mg, 0,047mmol), DIEA (68uL,
0,39mmol) va axit but-2-ynoic (6,5mg, 0,078mmol) trong THF (2mL) dugc khudy &
nhiét do phong. Sau 2 gid, hdn hop nay duge loc va tinh ché bing HPLC pha d4o diéu
ché dé thu duogc (RS)-4-(1-(but-2-ynoyl)piperidin-3-yl)-3-metyl-1H-indol-7-carboxamit
(2,8mg, hiéu suét 21%). Khéi phd m/z 324 (M+H)". '"H NMR (500 MHz, DMSO-dg) &
10,84 (d, J=15,3 Hz, 1H), 7,99 (br. s., 1H), 7,63 (t, J=8,5 Hz, 1H), 7,28 (br. s., 1H), 7,12
(d, J~12,8 Hz, 1H), 6,96 (dd, J=19,8, 7,6 Hz, 1H), 4,50-4,39 (m, 2H), 4,36 (t, /~11,3 Hz,
2H), 3,37 (br. s., 1H), 3,32-3,25 (m, 1H), 3,24-3,15 (m, 1H), 2,81-2,70 (m, 2H), 2,05 (s,
3H), 1,92 (s, 3H). '

Céc hop chét theo cac vi du khac duoc diéu ché bang cac quy trinh dugc mo ta
trong vi du 103 va 104 hodc céc quy trinh twong tur, str dung hop chét ban diu dugc chi
dinh va axit carboxylic thich hop, duogc thé hién trong bang 4.
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Béang 4
Vi du CAu tric Hop chit ban ddu | Khéi phd
O._NH,
H
N
CHj \
£ . m/z 385
125 Q Hop chat trung gian 36 (M+H)*
Hy
S:E /j\ £ . m/z 385
126 Hop chat trung gian 16 (M+H)*
7 Z F Z . m/z 399
127 O\ Hop chat trung gian 36 (M+H)*
7 Z “F £ . m/z 399
128 Hop chat trung gian 16 (M-+H)*
O\NJ\A
H
7 1 z : m/z 399
130 Q Hop chat trung gian 33 (M+H)*
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F
CHs N o
L,
H\

O<__NH,
H
N
CH3 \
CH F m/z 357
z . 'z
135 3 N Hop chat trung gian 24 (MH)
0O
HN
N\
"~ CH,
O_NH,
H
N
CH3 \
136 Hop chét trung gian 16 ?11\22 _&_?)Z

Vi du 138 (tham chiéu)

(RS)-2,3-dimetyl-4-(3-(N-metylvinylsulfonamido)piperidin-1-yl)-1 H-indol-7-

carboxamit

Dung dich chtra (RS)-2,3-dimetyl-4-(3-(metylamino)piperidin-1-yl)-1H-indol-7-
carboxamit [hop chit trung gian 35] (60mg, 0,11mmol) trong 1:1 DCM-THF (2,08mL)
dugc 1am lanh dén nhiét d6 -20°C va xtr Iy bang DIEA (40pL, 0,23mmol). Dung dich
chira 2-cloetansulfonyl clorua (21pL, 0,21mmol) trong DCM (296uL) duoc b sung tir tir
va hdn hop nay dugc khudy & nhiét d6 0°C. Sau 1 gid, hdn hop nay dugc cb. Phan cin
dugc nap vao cdt sic ky trén silicagel (4g), rira giai bang EtOAc-hexan (gradien tir 25-
50%), dé thu dugc (RS)-2,3-dimetyl-4-(3-(N-metylvinylsulfonamido) piperidin-1-y1)-1H-
indol-7-carboxamit dudi dang chdt rin (20mg, hiéu suit 44%). Khéi phd m/z 391
(M+H)". "TH NMR (400 MHz, DMSO-dy) 8 10,61 (s, 1H), 7,81 (br. s., 1H), 7,48 (d, J=8,1
Hz, 1H), 7,12 (br. s., 1H), 6,84 (dd, J~=16,4, 10,0 Hz, 1H), 6,59 (d, /=7,9 Hz, 1H), 6,14-

o, P
N’S\¢CH2

|
CHs

(138)
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5,99 (m, 2H), 4,00-3,84 (m, 1H), 3,21 (d, /=10,8 Hz, 2H), 2,74 (s, 4H), 2,55 (br. s., 1H),

26768

2,33 (d, J=12,3 Hz, 6H), 1,88-1,58 (m, 4H).

Céc hop chét theo cac vi du khac duge didu ché bang quy trinh mo ta trong vi du
138 hodc cac quy trinh tuong tur, bf?lng cach sir dung cac hop chit ban dau dugc chi dinh,

duoc thé hién trong bang 5.

Bang 5
Vidu Céu tric Hop chit ban ddu | Khéi phd
O«_NH,
H
N
CHy—
. . /z 395
146 F Hop chit trung gian 16 | 7/Z 27
Q 0
QN)s”V/CHz
H

Céc hop chit theo cac vi du khac duge diéu ché bang cic quy trinh mé ta néu trén,

bang cach str dung cic hop chét ban ddu va cic quy trinh duge chi dinh, duoc thé hién

trong bang 9.
Bang 9
Vi du Chu tric Hop g‘;ﬁt ban| oy trinh | Khéi phé
O~__NH,
H
N
CHs N\ J3
200 F tIr{u(;% ;};:1 () m/z411
CHj LNJ\ o 89 (NI+H)+
NJ\
CH3
O~__NH,
H
N
CH3 \
F Hop chét
CH _ °P &4 m/z 357
201 3 [Nj trungoglan (©) (M+H)
N
O)\
CHs
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O<__NH,
H
N
‘ CHs \ F Hop Cl}ét m/z 342
216 CH, truri% §1an (2) (M+H)*
=z
N N
o
o)
O~__NH,
H
N
CH3 A
217 N r op CIIZL @ | me34
raxemic CH, 1%)4% (M+H)"
N A
N CH,
0]
O-__NH,
H
N
218 CHa—
chat dong F Viduy (b) m/z 344
phan d5i anh CHs 217 (M+H)"
don (pic 1)
S
CH,
0]
O<_NH,
H
N
219 CHy—
chat dong F Vidu (b) m/z 344
phéan d6i anh CH,3 217 M+H)"
don (pic 2)
S
CH,
8]
O~_NH,
H
N
CH3 A
220 3 Jop °II§L © | me3s6
raxemic CH3 1% f (M+H)"

(a) Puoc didu ché theo quy trinh duoc sir dung dé diéu ché hop chét theo vi du 78 hodc cac quy)|

trinh trong tu.

(b) Puoc diéu ché bing sic ky 16ng siéu t6i han cta hop chét raxemic. CAu hinh tuyét d6i khong

duoc thé hién.

(c) Puoc didu ché theo quy trinh dugc sir dung dé diéu ché hop chét theo vi du 103 hoic céc quy]

trinh trong tu.
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Vi du 223

(S)-4-(3-(but-2-ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit

O _NH,
H
N
CH3 \ )
CH F
N)\
H CH,
(223)

Hop chit trung gian 223A: 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril

CN
H
N
H5C \
F
H3C Br
(223A)

Dung dich ddng nhit chira 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-carboxamit
(3,43g, 12,0mmol) trong tetrahydrofuran (25mL) & nhiét d6 phong dugc bd sung ting
giot phosphoryl triclorua (2,24mL, 24,1mmol) qua bom tiém. Hon hop phan tng dugc
khudy trong thoi gian 3,5 ngay. Hon hop phan tmg khong ddng nhét dugc co trong diéu
kién 4p suit giam. Phan cin ling dugc pha lodng bing etyl axetat, va chit rén thu duoc
dugc thu gom bing céch loc chan khéng, rira bang etyl axetat, va lam kho dé tao ra 4-
bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril (2,56g, 9,58mmol, hiéu suét 80%) dudi
dang chit rin mau vang. Hop chét thu dugc c¢6 thoi gian lvu UPLC = 1,31 phit - cot:
PHENOMENEX® Kinetex C18 2,1 x 50 mm (gradien 1,5 phut); dung moéi A = 10%
AcCN, 90% H,0, 0,1% TFA; dung méi B = 90% AcCN, 10% H,0, 0,1% TFA. LC/MS
M+1 =268,2.

Hop chét trung gian 223B: (S)-benzyl (1-(7-xyano-5-flo-2,3-dimetyl-1H-indol-4-
yl) piperidin-3-yl)carbamat
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CN
H
N
H3C \
F
HsC
NJ\O/\©
H
(223B)

Hon hop chira 4-brorﬁo-5-ﬂb-2,3-dimetyl-1H-indol-7-cacbonitri1 (2,37g,
8,86mmol), (S)-benzyl piperidin-3-ylcarbamat (2,49g, 10,6mmol), va (S)-benzyl
piperidin-3-ylcarbamat (2,49g, 10,6mmol) trong dioxan (50mL) duoc loai khi bang chan
khéng va nito (3 lan). BINAP (0,276g, 0,443mmol) dugc bd sung tiép bang Pd;(dba);
(0,405g, 0,443mmol), va hén hop ndy duogc loai khi (3 14n). Hon hop phan tng dugc
ngam trong bé dau & 103°C va khuéyAtrong khoang 36 gio. Sau khi 1am ngudi dén nhiét
d6 phong, hdn hop phan ting dugc pha lodng bing etyl axetat, rira bang nudc, va rira
bang nudc mudi. Lop hiru co duge thu gom, va cac 16p nude duoe chiét hai 14n bang etyl
axetat (2 14n). Lép hitu co thu gom duoc duge 1am kho trén natri sulfat khan va ¢6 trong
didu kién 4p suét giam. Phan cén duoc tinh ché bang sic ky silicagel nhanh c6 sir dung
hdn hop chira etyl axetat trong hexan dé thu dugc (S)-benzyl (1-(7-xyano-5-flo-2,3-
dimetyl-1H-indol-4-yl)piperidin-3-yl)carbamat (1,08g, 2,57mmol, hiéu suit 29%) dudi
dang chét rin mau vang nhat. Hop chét thu duoc c6 thoi gian luu UPLC = 1,40 phut -
cot: PHENOMENEX® Kinetex C18 2,1 x 50 mm (gradien 1,5 phut); dung méi A = 10%
MeCN, 90% H,0, 0,1% TFA; dung m6i B = 90% MeCN, 10% H,0, 0,1% TFA. LC/MS
M+1=421,5.

Hop chéit trung gian 223C: (S)-4-(3-aminopiperidin-1-yl)-5-flo-2,3-dimetyl-1H-

indol-7-carboxamit

(223C)

-120-



26768

Hén hop chira (S)-benzyl (1-(7-xyano-5-flo-2,3-dimetyl-1H-indol-4-yl) piperidin-
3-yl)carbamat (1,00g, 2,38mmol) va dung dich nu6c axit sulfuric 90% (14,1mL,
238mmol) dugc ngam trong bé diu & nhiét do 60°C va khudy trong 60 phat. Hon hop
phan g, dugc 1am ngudi .dé’n nhiét 6 0°C, duoc bd sung natri hydroxit (10M) (47,6mL,
476mmol) timg giot ddng thoi khudy. Mot vai giot dung dich natri hydroxit khac dugc bd
sung cho t6i khi d6 pH bing khoang 7. HOn hop nay duoc chiét bing etyl axetat, thu
dugc hdn dich. H8n hop nay dugc loc trong diéu kién 4p sudt giam, va chit rin duoc rira
k§ bing nuéc, lam khd trong diéu kién ép sut giam dé thu duoc (S)-4-(3-
aminopiperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (0,724g, 2,37mmol, hi¢u
sudt 99%) duéi dang chit rin mau niu vang nhat. Hop chét thu dugc c6 thoi gian luu
UPLC = 0,767 phut - cot: PHENOMENEX® Kinetex C18 2,1 x 50 mm (gradien 1,5
phit); dung moéi A = 10% AcCN, 90% H,0, 0,1% TFA; dung mé6i B = 90% AcCN, 10%
H,0, 0,1% TFA. LC/MS M+1 =305,2.

Vi duy 223

Hdn hop chita (S)-4-(3-aminopiperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-
carboxamit (0,171g, 0,562mmol), axit but-2-ynoic (0,094g, 1,124mmol), HATU (0,470g,
1,24mmol), va bazo Hunig (0,343mL, 1,97mmol) trong N,N-dimetylformamit (5,0mL)
dugc khudy & nhiét do phong trong 60 phut. Phan tich HPLC chi ra rang phan tng xay ra
hoan toan. Hon hop nay duge pha lodng bang etyl axetat, rira bing nudc, rira bing dung
dich nudec lithi clorua 10% (2 14n), rira bang nude mudi va lam khé trén natri sulfat khan,
cb trong diéu kién 4p suat giam, tiép d6 1a tinh ché bing sic ky silicagel nhanh sir dung
hdn hop chira etyl axetat trong hexan tao ra (S)-4-(3-(but-2-ynamido)piperidin-1-yl)-5-
ﬂo-2,3-dimetyl-lHéindol-7-carboxamit (0,130g, 0,351mmol, hi¢u suét 63%) dudi dang
chdt rin mau tring. Hop chit thu duoc c6 thdi gian lvu UPLC = 1,00 phut - cot:
PHENOMENEX® Kinetex C18 2,1 x 50 mm (gradien 1,5 phut); dung mé6i A = 10%
MeCN, 90% H,0, 0,1% TFA; dung m6i B = 90% MeCN, 10% H,0, 0,1% TFA. LC/MS
M+1 =371,4. "H NMR (500MHz, DMSO-d¢) § 10,61 (s, 1H), 8,46 (d, J=6,3 Hz, 1H),
7,90 (br. s., 1H), 7,42-7,37 (m, 1H), 7,31 (br. s., 1H), 3,96-3,84 (m, 1H), 3,13 (d, J=7,6
Hz, 1H), 3,05-2,93 (m, 2H), 2,80 (br. s., 1H), 2,36 (s, 3H), 2,33-2,29 (m, 3H), 1,93 (s, |
3H), 1,87 (d, J=8,5 Hz, 1H), 1,71 (br. s., 2H), va 1,32 (br. s., 1H).

~ Quy trinh khac dé diéu ché hop chit theo vi du 223
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Hop chét trung gian 223D: 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril

CN
H
N
H3C \
F
HsC Br
(223D)

Binh ciu 3 ¢ dung tich 100mL dugc bd sung 4-bromo-5-ﬂq-2,3-dimetyl-lH-
indol-7-carboxamit (40,4g, 142mmol) va diclometan (810mL). Hon hop khong dong nhét
thu duge duoc bd sung timg giot pyridin (50g, 2,5 dwong lugng) va phosphoryl triclorua
(19,8mL, 213mmol) & nhiét do phong trong 2 phat. Hon hop phan tng duoc khudy trong
thoi gian 20 phut. Dung méi dugce loai bo trong diéu kién ap suét giam, nudc duge bd
sung vao phan cén, va hdn hop nay dugc khudy trohg 30 phut. Chét két taa dugc thu gom
bang cach loc va lam kho dé tao ra 4-bromo-5-flo-2,3-dimetyl-1H-indol-7-cacbonitril

(35g, 131mmol, hiéu suit 92%) dudi dang chét rin mau nau vang nhat.

Hop chit trung gian 223E: (S)-tert-butyl (1-(7-xyano-5-flo-2,3-dimetyl-1H-indol-
4-yl) piperidin-3-yl)carbamat

CN
H
N
H3C \
F
HsC
3 CJ\ Q0 ChHy
CH
oS
(223E)

Hdn hgp chtta (S)-fert-butyl piperidin-3-ylcarbamat (33,9g, 169mmol), 4-bromo-
5-flo-2,3-dimetyl-1H-indol-7-cacbonitril (41,13g, 154mmol), xesi cacbonat (100g,
308mmol), va BINAP (9,59g, 15,40mmol) trong 1,4-dioxan (1380mL) dugc loai khi ,
bang cach suc nito trong 5 phut. Hon hop nay dugc bd sung Pdy(dba); (7,05g,
7,70mmol), va hdn hop phan tng dugc khuy & hdi luu trong 24 giv. Hdn hop phan tng
dugc pha loang bing etyl axetat (750mL) va rira bang nude (1000mL), rira bang nude
mudi (100mL), va 1am kh trén natri sulfat khan, c¢6 trong diéu kién 4p suét giam tao ra
san phdm th6é dudi dang chat rin mau ndu, dugc cho di qua dém (5”) silicagel véi etyl

axetat (900mL) dé loai bé cac chit vo co bt ky. Sau d6, san phim thé mau hoi d6 dugc
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tinh ché bang cach tai két tinh tir axetonitril dé tao ra hai nhom (S)-tert-butyl (1-(7-
xyano-5-flo-2,3-dimetyl-1H-indol-4-yl)piperidin-3-yl)carbamat (53g, 108mmol, hiéu suit
86%).

Hop chit trung gian 223F: (S)-4-(3-aminopiperidin-1-yl)-5-flo-2,3-dimetyl-1H-

indol-7-carboxamit

HiC N

O,

223F)

Binh cdu 3 ¢b dung tich 100mL duoc bd sung axit sulfuric (90g). Dung dich dugc
gia nhiét d&én nhiét do 60°C. (S)-tert-butyl (1-(7-xyan0-5-ﬂ0-2,3-dimetyl-1H-indol-4-yl)
piperidin-3-yl)carbamat (21g, 54,3mmol) dugc bd sung timg phan trong thoi gian 1,5 gid.
Hdn hop phan tng duoc khudy & nhiét o 60°C trong 1 gid. Hén hop phan tng dugc bd
sung vao nudc d4 va 1am 4m dén nhiét d6 phong ddng thoi khudy. Pha nude duoc chiét
béng diclometan (3 14n) dé loai bd cac tap chét hiru co. Pha nuéc dugce diéu chinh dén do
pH=8, va dung dich dugc chiét bing etyl axetat (2 14n). Lép hitu co thu gom duoc dugc
rira bang nudec mudi (500mL), 1am kho trén natri sulfat khan, va ¢ trong didu kién 4p
sudt giam dé fhu duge  (S)-4-(3-aminopiperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-

carboxamit (13,6g, 44,7mmol, hiéu suét 82%) duéi dang chét rdn mau vang.
Vidu 223

Binh cau 3 ¢6 dung tich 50mL duoc bd sung (S)-4-(3-aminopiperidin-1-y1)-5-flo-
2,3-dimetyl-1H-ihd01—7-carboxamit (33,2g, 109mmol) trong N,N-dimetylformamit
(364mL), axit but-2-ynoic (11,9g, 142mmol), HATU (62,2g, 164mmol), va bazo Hunig
(38,1mL, 218mmol) (nhiét d9 ting 1én 35°C). Dung dich thu dugc dugc khudy & nhiét do 4
phong trong 1,5 gid. Hon hop nay duge pha loang bang etyl axetat (250mL) va rira bing
nuéce (500mL). Pha hitu co dugce phén tach, va 16p nudc dugc chiét bang etyl axetat (2 x
250mlL) (viéc tach 16p duoc tro gitp bing cach bd sung luong nhé NaCl). Dich chiét hiru
co thu gom dugc dugc rira bang nude (voi lwgng nhd NaCl) (4 x 500mL), rira bang nude

mudi (500mL), va 1am khd trén natri sulfat khan, co trohg diéu kién 4p suit giam tao ra
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san phim thd, dugc tinh ché bang cach tai két tinh tir etyl axetat dé thu dugc (S)-4-(3-
(but-2-ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit (31g, 83mmol,
hiéu suét 76%) durdi dang chét rin mau tréng.

Céac hop chét theo cac vi du khac dugc diéu ché bing cac quy trinh md ta néu trén
hodic cac quy trinh tuong tur nhu cac quy trinh da biét trong linh vuc nay, bang cach st
dung cac hop chit ban dau thich hop, dugc thé hién trong bang 10.

Bang 10
, Hop chat
Vidy CAu tric Danh phap trung gian Khéi phé
"_ban dau
—< ! (S)-5-flo-2,3-dimetyl-4-(3-
242 propiolamidopiperidin-1- 16 Z"l\ff}%z
(NJ\ o yl)-1H-indol-7-carboxamit
/l\\CH

(R)-4-(3-(but-2-
243 ynamido)piperidin-1-yl)-5- 12 m/z 371
Q flo-2,3-dimetyl-1H-indol-7- (M+H)"

N .
J\ carboxamit

4-(1-acryloylpyrolidin-3-
250 yl)-5-flo-3-metyl-2- 9] m/z 384
(triflometyl)-1H-indol-7- (M+H)"
carboxamit
N

O CH
o NH,

J

4-(1-acryloylpyrolidin-3-
252 yl)-5-flo-2,3-dimetyl-1H- 2
indol-7-carboxamit

m/z 330
(M+H)"

oj/
o
T
N

Thir nghi€ém sinh hoc
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Céc dac tinh duogc 1y cia cac hop chét theo sang ché nay c6 thé dugce xac nhan
b%mg nhiéu thir nghiém sinh hoc. Céc thir nghiém sinh hoc dugc dua ra 1am vi du sau day

duogc thuc hién bai cac hop chét theo sang ché.
Thir nghiém enzym Btk tai td horp cia nguoi

Céc dia 384 giéng c6 day hinh chit V dugc bd sung cac hgp chat thir nghiém, Btk
tai td hop cia nguoi (InM, Invitrogen Corporation), peptit dugc phat huynh quang
(1,5uM), ATP (20uM), va dung dich dém thtr nghiém (20 mM HEPES c6 d6 pH=7.4, 10
mM MgCl,, 0,015% chét hoat dong bé mit Brij 35 va 4 mM DTT trong 1,6% DMSO), c6
thé tich cudi cing bang 30pL. Sau khi i & nhiét d6 phong trong 60 phit, phan tng dugc
két thic bang cach bd sung 45uL EDTA 35mM vao mdi mau. Hon hop phan tng duge
phan tich trén Caliper LABCHIP® 3000 (Caliper, Hopkinton, MA) bang cach tach dién
di cta co chit phat huynh quang va san phim dugc phosphoryl hoa. Dit lidu wc ché dugc
tinh to4n bing cach so sanh véi cac phan tng dbi ching khéng cé enzym (ddi véi kha
nang trc ché 1 100%) va phéan tmg d6i ching khong c6 chit tre ché (ddi v6i kha ning e
ché 13 0%). Pudng cong dép tng liu dugc tao ra dé xac dinh ndng do can dé wrc ché 50%
hoat tinh Btk (ICs,). Cac hop chit duoc hoa tan véi ndng do 10mM trong DMSO va danh
gia & mudi mot ndng do.

Thir nghiém Ramos FLIPR

Céc té bao Ramos RA1 B (ATCC CRL-1596) & mat do 2 x 10° té bao/mL trong
RPMI khéng c6 dé phenol (Invitrogen 11835-030) va HEPES 50mM (Invitrogen 15630-
130) chira 0,1% BSA (Sigma A8577) duoc bd sung vao mot nira thé tich dung dich dém
mang canxi (kit khdi BD ddi véi céc thir nghiém nhay véi probenecid, #640177) va @ &
nhiét d6 phong trong béng tbi trong 1 gid. Céc té bao mang da duge nhudm duge tao vién
(Beckmann GS-CKR, 1200 vong/phiit, nhiét do phong, 5 phiit) va tao hdn dich lai & nhiét
do phong trong RPMI kfléng c6 d6 phenol véi HEPES 50mM va 10% FBS cho t6i khi
dat mat do 1 x 10° t& bao/mL. 150pL phin dung dich (150.000 té bao/giéng) dugc dat
vao cac dia thir nghiém phu poly-D-lysin c¢6 96 giéng (BD 35 4640) va ly tAm nhanh
(Beckmann GS-CKR 800 vong/phut, 5 phut, khong dimg). Tiép theo, 50uL dich pha
loang hop chét trong 0,4% DMSO/RPMI khong c6 d6 phenol + HEPES 50mM + 10%
FBS dugc bd sung vao cac giéng va dia ndy dugc G & nhiét d6 phong trbng bong t6i trong

1 gior. Dia thir nghiém duge ly tim nhanh nhu trén trude khi do ndng do canxi. Str dung
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FLIPR1 (Thiét bi phan tir), cic t& bao dugc kich thich bang cach bb sung IgM khang
ngudi ciia dé (Invitrogen AHI0601) dén khi ndng do dat 2,5 pg/mL. Viéc thay d6i ndng
d6 canxi ndi bao duoc do trong 180 gidy va phén trim (rc ché dugc xac dinh d6i v6i ndng

do pic canxi xuét hién khi chi ¢6 mit su kich thich.

Bang 12 duéi day dua ra cac tri s6 ICsy e ché Btk va Ramos d6i v6i Vi du sau
ctia sang ché duoc do trong thir nghiém v& enzym Btk tai t6 hop & ngudi va thir nghiém
Ramos FLIPR. Céc hop chét theo sang ché, nhu duge diéu ché theo cac vi du sau, c6 tri

$6 ICs, trc ché Btk nho hon 700nM.

Bang 12
Vidy | TrisdICs irc | Triso ICsy irc che Ramos
: che Btk (nM) (nM)
89 1,0 29
100 1,0 120
120 4,5 36
125 0,14 9.8
126 0,06 2,8
127 0,17 24
128 0,06 10
130 0,21 25
135 0,30 27
136 0,050 5.8
146 0.20 5,0
200 0,27 34
201 260 (22% @300)
202 120 >300
216 0,20 1,9
217 0,19 1
218 5.8 (40% @300)
219 0,052 4.8
220 39 (28% @300)
223 0,11 11
242 0.1 ND
243 0.2 A
250 8.5 ND
252 2,7 ND

Céc hop chét theo sang ché c¢6 hoat tinh &rc ché Btk, va do do6, ¢6 thé dugc sir dung
dé diéu trj cac bénh Iy lién quan dén hoat tinh Btk.

Bénh khép géy ra béi colagen & chudt nhét

Chudt nhit duc DBA/1 (8-10 tuén tudi; Harlan) dugc tao mién dich tiém duéi da &
d4u phia dudi vao ngay 0 va tao mién dich lai vao ngay 21 vé6i 200 pg colagen typ II clia

bo duge tron voi hé bd tro Sigma hoan nguyén (SAS; Sigma-Aldrich). Hang ngay, liéu
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qua dudng miéng (PO) dugc bit ddu ngay v6i hop chét theo vi du 223 hodc metotrexat
(1mg/kg) trong PEG400:nuée (80:20) va tiép tuc cho dén khi két thuc nghién ciru (38
ngay).

Sau khi tao mién dich véi lidu 16n, chudt nhit duge kiém tra ba 1in mot tudn dé
phét trién va mirc d§ nghiém trong ctia chimg viém & chan. M3i chan duoc danh sb diém
bing mit thudng theo so dd sau: +0 = khoe manh; +1 = mot (hodc nhidu) khép ngén
chan bi vi€m; +2 = viém tir nh¢-trung binh & bé mit ban chan va do day cta chan dugc
tdng 1€n nhiéu nhit; +3 = viém tir trung binh-ndng & bé mit ban chan va do day cua chan
tang 1én dang ké; +4 = cting khép mit ca chan (kha ning van dong cua chi bi giam déng
ké v& d0 cong/dd gian). Cac sb diém trén 14m sang & ca bdn chan duge tong két dbi véi

moi con chudt, va tri so trung binh duoc tinh d6i vdi mdi nhém diéu tri.
Két qua

Khi diéu tri bing hop chét theo vi du 223 nhén thiy kha ning trc ché dép ung lidu
dbi v6i bénh théy r0 rang trén 1am sang, 1a 21%, 83%, va 93% vé sb diém trung binh trén
lam sang & giai doan cudi cia nghién ctru lan luot & cac néng do 0,1, 0,5, va 2,5mg/kg
qua dudng miéng QD. Tréi lai, khi diéu tri bing metotrexat & ndng d6 1mg/kg, thi tiéu

chuén cham s6¢ bénh viém da khép dang thap, chi e ché 58% sb didm trén 14m sang.
Chudt nhit NZB/W bi bénh luput ban do ¢ tu thé nim sép:

Chudt nhét NZB/WF1 c4i, 24 tuin tudi dugc cho ding liéu qua dudng miéng, mot
1An mdt ngdy, trong 16 tudn va bao gdm céc nhém didu tri sau day: hop chit theo vi du
223 & ndng d6 0,2, 0,5 va 1,5mg/kg trong chit din thubc (80:20 PEG400:nudc), chi cb
chit din thudc, hoic prednisolone & ndéng d6 10mg/kg. Protein niéu dugce do bing cich
sit dung thir nghiém so mau d6i véi albumin (Siemens Albustix Reagent Strips for

Urinalysis).

O giai doan cudi ciia nghién ctru, than duogc loai bo trong 10% Dung dich dém
formalin trung hoa dé danh gia md. Cac md than da cb dinh dwoc xir 1y thong thuong va
nhiing trong ‘parafin. Cic phin thin duoc nhudém bing axit periodic Schiff va
hematoxylin (PASH) va hematoxylin va eosin (H&E) dé danh gia mirc d6 trdm trong cua
bénh viém than. Lam md nhém diéu tri, mac d trAm trong ctiia bénh viém than dugc
d4anh gia bang cach sir dung tiéu chuin sau day. Dbi vai tdn thuong cau than: 1-Day nén

mang nang cudn mao mach va/hodc tang sinh t€ bao mang nang cudn mao mach; 2 - Tao
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hinh Iudi liém- Ling/tao cuc té bao trong khong gian Bowman; 3 - Loc té bao - bao gdm
té bao don nhan trong tiéu ciu than; 4 - Xo hoa nang Bowman. Déi véi ton thuong 6ng
than: 1 - Loc t& bao don nhén; 2 - Tén thuong té bao biéu md 6n than trAm trong; 3-Cuc
protein. Pdi véi tén thuong éng than k&: 1 - Xo hoa; 2 - Loc té bao don nhan. Mdi nhém
nho dugce chi ra sé diém tir 0 dén 4. Téng sb didm ciia mdi con chudt nhét 1a téng s cta

9 nhém nho néu trén.
Két qua

Khi diéu tri bang hop chit theo vi du 223 nhan thdy rang kha ning trc ché protein
niéu trAm trong phu thudc lidu, 1 thuc do bénh viém than co ban, & giai doan cudi cia
nghién ctru, 12 42%, 17%, va 8% & chudt nhét c6 protein niéu trdm trong (>300mg/dL)
lan luot & cac néng do of 0,2, 0,5 va 1,5mg/kg. Nham muc dich so sanh, 75% cac con vt
d6i chimg diing chét dan thudc c6 protein niéu trAm trong. Panh gid m6 than tir con chudt
d6i ching dung chét din thudc nhan thdy rang xuit hién chimg viém than thuc day, kém
theo su phi dai ming nang cuén mao mach cua tiéu cu than, cuc/hinh ludi 1iém té bao
dang chu y va xo héa nang. Té bao biéu mé hinh ng bi tdn thuong lién tuc va cuc
protein xudt hién rat nhidu. Ngoai ra, c6 nhiéu té bao don nhan trong dich loc k& cta
nhiéu than d3 duoc thir nghiém. Cac két qua cua nghiéﬁ ctru ndy chi ra rang téng sb diém
vé& mirc dd trAm trong ciia mo than viém cia ba nhém chudt nhét duge diéu tri bﬁng 0,2,
0,5 va 1,5mg/kg hop chét theo vi du 223 1an luot 12 6,4, 7,5, va 5,0. Nham muc dich so
séanh, cac nhom chudt nhét dugc diéu tri bang prednisolone hogc chi bang chét din thudc
co téng s6 diém vé mtrc do trAm trong cia mo than viém 14n luot 12 7,8 va 21,0. Tém lai,
cac két qua ctia nghién ctru nay chi ra ring viéc diéu tri bang hop chét theo vi du 223 &
toan bd céc liéu déu tao ra su bao vé chéng lai viém 6ng-ké& va cau than cling nhu viém

dich loc.
Bang 13

Téc dung ctia hop chét theo vi du 223 trong bénh viém thén & chudt nhit NZB/W
bi bénh luput ban d6 & tu thé ném sap

£ 3R A . an S6 diém vé mirc d6 z £ X A

So diém ve mirc do A Lt Tong so diem ve
trim trong ciia bénh tram trong cua mirc 39 trim trong

A . RS DR bénh viém ong-ké s A A n

Diéu tri viém cau thian * than ciia mé than viém

(Triso tl:ung binh (Tris 5 trung binh (Tri so tr:ung binh
nhém) nhém) nhém)
Khéng c6 thudc (chit 9,0 12,0 21,0
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dan thudc)

0,2mg/kg hop chét
theo vi du 223 2.4 4,0 6,4

0,5mg/kg hop chét
theo vi du 223 3.7 38 7,5

1,5mg/kg hop chit
theo vi du 223 2.2 2.8 5,0
10mg/kg 45 33 78

Prednisolone
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YEU CAUBAO HQ
1. Hop chét c6 cong thic (I):
L
H
R1 \
= Ra
R2 A
4y
hodc mudi dugc dung hodc solvat cua né, trong do:
X 1a CRy;
@ Q é fe)
Ala: , "Q , hodc QZ ;

Q, la -C(O)CH=CH,, -C(O)CH=CHCH,N(CH3),, -C(O)C=CR;, -
C(O)C=C(phenyl), -C(O)C=C(C,; hydroxyalkyl), -C(O)C=CSi(CH;);, hodc -
S(0),CH=CH,;

R, 12 H, -CHj, -CF;, hoic phenyl dugc thé bang 0 hozc 1 Ryy;

R, 1a H, -CHjs;, xyclopropyl, hodc phenyl dugc thé béng 0 hodc 1 Ry, véi diéu kién
1a it nhat mot trong s cac nhom Ry va R, 1a -CHs;

R; 1a F hoéc CI;

R4 1a H hoédc F;

R, mdi khi c¢6 mit, doc 1ap 1a H, C,4 alkyl, hodc xyclopropyl; va
Rz 1a F, Cl, -CN, -CF3, hoic C;_3 alkoxy.

2. Hop chét theo diém 1 hodc mubi duoc dung hodc solvat ctia n6, trong d6 R; 1a CHz va

R, 1a CHs.
3. Hop chét theo diém 1 hodc mubi dugc dung hodc solvat ctia no, trong d6 R3 1a F.

4. Hop chét theo diém 1 hoic mudi duge dung hodc solvat cuia nd, trong d6 R, mdi khi c6

mat 1a H hodc C,_, alkyl.
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5. Hop chit theo diém 1, trong d6 hop chét nay c6 cong thuc sau:

O ~NH2

6. Hop chét theo diém 1 hodc mudi dugc dung hodc solvat ctia nd, trong d6 hop chét nay
dugc  chon tr  (S)-4-(3-acrylamidopiperidin-1 -yl)-5-ﬂo-2,3?dimetyl- 1H-indol-7-
carboxamit; (S)-4-(3-acrylamidopyrolidin-1-yl)-5-flo-2,3-dimetyl- 1 H-indol-7-
carboxamit; (S)-5-flo-2,3-dimetyl-4-(3-(N-metylbut-2-ynamido)piperidin-1-yl)-1H-indol-
7-carboxamit; (S)-5-flo-2,3-dimetyl-4-(3-(pent-2-ynamido) piperidin-1-yl)-1H-indol-7-
carboxamit; (S)-5-flo-2,3-dimetyl-4-(3-(N-metylpent-2-ynamido)piperidin-1-yl)-1H-
indol-7-carboxamit; (S)-5-flo-4-(3-(hex-2-ynamido)piperidin-1-yl)-2,3-dimetyl-1H-
indol-7-carboxamit; (S)-4-(3-(N-etylbut-2-ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-
1H-indol-7-carboxamit;  (S)-4-(3-(but-2-ynamido)pyrolidin-1-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit; (S)-4-(3-(3-xyclopropylpropiolamido)piperidin-1-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit; (S)-5-flo-2,3-dimetyl-4-(3-(vinylsulfonamido)piperidin-
1-yl)-1H-indol-7-carboxamit; (S)-4-(3-(N-xyclopropylbut-2-ynamido)piperidin-1-yl)-5-
flo-2,3-dimetyl-1H-indol-7-carboxamit; 4-(4-(but-2-ynoyl)piperazin-1-yl)-5-flo-2,3-
dimetyl-1H-indol-7-carboxamit; 4-(4-acryloylpiperazin-1-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit; 4-(1-acryloyl-1,2,5,6-tetrahydropyridin-3-yl)-5-flo-2,3-dimetyl-1H-
indol-7-carboxamit; (RS)-4-(1-acryloylpiperidin-3-yl)-5-flo-2,3-dimetyl-1H-indol-7-
carboxamit; 4-(1-acryloylpiperidin-3-yl)-5-flo-2,3-dimetyl-1H-indol-7-carboxamit, cac
chit dong phan d6i anh don; (RS)-4-(1-(but-2-ynoyl)piperidin-3-yl)-5-flo-2,3-dimetyl-
1H-indol-7-carboxamit; va (S)-4-(3-(but-2-ynamido)piperidin-1-yl)-5-flo-2,3-dimetyl-
1H-indol-7-carboxamit. -

7. Dugc pham chira hop chét theo diém bét ky trong s6 cac diém tir 1 dén 6 hodc mubdi

dugc dung hodc solvat cia n6; va chat mang dugc dung.
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