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Linh vie ky thuat dwoc dé cap

Sang ché @& cap hop chét tetrahydropyrolothiazin, dugc phdm chira hop chét
nay, va chét trung gian va quy trinh hitu dung dé tdng hop hop chit nay. Hop chit nay

12 hitu ich dé diéu tri cac rdi loan sinh 1y,
Tinh trang ky thuat ciia sang ché

Sang ché thudc linh vyc didu tri bénh Alzheimer va cic bénh va rdi loan khac
lién quan dén amyloit B (Abeta) peptit, mdt doan peptit gdy ddc cho than kinh va c6 do
két tu cao cia protein tién chit amyloit (APP). Bénh Alzheimer la rdi loan thoai hoa
than kinh gay hiy hoai ma da anh huong dén hang triéu bénh nhan trén thé gidi. Xét
theo céc chit hién dugc chép nhéan trén thi truong ma chi mang lai loi ich triéu ching
thoang qua cho bénh nhén, vin c6 nhu cu chua dugc dap tmg thoa dang trong viéc

diéu tri bénh Alzheimer.

Bénh Alzheimer khac biét bdi sy san sinh, két tyu, va phéan hiy Abeta trong néo.
Viéc e ché hoan toan hoic mot phﬁn B-secretaza (enzym phén cit protein tién chét
amyloit vi tri B; BACE) ma da thé hién 1a c6 tac dung dang ké dén cac bénh ly lién quan
dén mang tinh bt va phu thude vao mang tinh bot & md hinh chudt nhit da goi ¥ ring
viéc lam gidm mot lugng nhé ham lugng AP peptit ¢o thé din dén viéc lam giam déng
ké ganh ning mang tinh bot va thiéu hut synap than kinh trong thdi gian dai, nhd d6

mang lai 1oi ich diéu trj dang ké, dic biét Ia trong viéc diéu trj bénh Alzheimer.

US 2009/0209755 bdc 16 dan xuit aminodihydrothiazin ngung tu ma c6 hoat tinh
&rc ché BACE va ciing duge boc 16 1 tac nhan didu tri hitu dung d8i v6i bénh thoai hoa
than kinh do AP peptit gy ra, nhu bénh suy giam tri nhé kiéu Alzheimer. Ngoai ra, J.
Neuroscience, 31(46), trang 16507-16516 (2011) da boc 1o (S)-4-(2,4-diflo-5-
pyrimidin-5-yl-phenyl)-4-metyl-5,6-dihydro-4H-[1,3]thiazin-2-ylamin, mdt chét trc ché
BACE hoat dong & CNS st dung qua dudng miéng.

Chét e ché BACE ma c6 hiéu lyc du dé xuyén qua CNS 1 duge mong mudn dé

didu tri cac rdi loan do Abeta peptit gay ra, nhu bénh Alzheimer. Sdng ché @& xult mot



20699

s6 hop chit ma 14 chit tc ché BACE tiém nang. Ngoai ra, sang ché d& xuét mot s hop

chit ma xuyén qua dugc CNS.
Ban chit ky thuit ciia sang ché

Muc dich cta sang ché 14 d& xuét hop chét c6 cong thire I:

Cong thic !
trong d6 R 14 H hodc F; va
A la:
x "“‘ \._“ B E
AN e e &
sz{;}\f COENS eSS shojc  HyCO™ N7 :

hodc mudi duge dung cua no.

Phin md ta con boc 16 phuong phéap diéu tri bénh Alzheimer & bénh nhan, bao
gém budc cho bénh nhan c6 nhu cau diéu trj st dung hop chit c6 cong thic I, hodc

mudi dugc dung ctia n6 voi Iugng hitu hiéu tri ligu.

Phin md ta con bdc 1§ phuong phidp ngin nglra sy tién trién tinh trang ton
thwong nhén thic nhe thanh bénh Alzheimer & bénh nhén, bao gf‘)m budc cho bénh
nhan ¢6 nhu cdu diéu tri st dung hop chét c6 cong thirc I, hodc mubi dugc dung cta né

v6i lugng hitu higu tri ligu.

Phin mé ta con boc 10 phuwong phap trc ché BACE & bénh nhén, bao gbm budc
cho bénh nhéan ¢6 nhu cu diéu tri sit dung hop chét ¢6 cong thirc I, hoidc -mubi duge
dung cua ching véi lugng hitu hi¢u tri lidu.

Phén mé ta con bdc 16 phuong phap e ché sy phan cét ptotein tién chit amyloit
do BACE géy ra, bao gdbm buéc cho bénh nhén ¢6 nhu cau didu tri str dung hop chit c6

cong thire I, hodc muoi duge dung cuia ching véi luong hitu hiéu tri liéu.
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Phin mé ta con bdc 1o phuong phép trc ché viéc san sinh Abeta peptit, bao gdm
budc cho bénh nhan c6 nhu ciu didu tri str dung hop chét ¢6 cong thirc I, hodc mubi

duoc dung ctia ching véi lugng hitu hi¢u tri liu.

Ngoai ra, sang ché d& xuét hop chit c6 cong thirc I hodc mudi duoc dung cia
ching dé sir dung trong phac dd didu tri, cu thé 1a dé diéu tri bénh Alzheimer hodc dé
ngin ngira tién trién cua tinh trang tdn thwong nhan thirc nhe thanh bénh Alzheimer.
Ngoai ra, phin mb ta con bc 1 viéc st dung hop chét c6 cong thirc I, hodc mubi dugc
dung cuia ching, dé san xuét thudc dé didu tri bénh Alzheimer. Phan md ta con boc 10
viéc st dung hgp chéit co6 cong thirc I, hodc mubi dugc dung cua chung, dé san xuét
thudc dé ngin ngira su tién trién cua tinh trang ton thuong nhan thtrc nhe thanh bénh
Alzheimer. Phin mo ta con bdc 19 viée st dung hop chéit c¢6 cong thire I, hodic mudi
duoc dung cia chung, dé san xuét thubc dé wc ché BACE. Phan md ta con bdc 16 viée
st dung hop chét c6 cdng thuc I, hodc mubi dugc dung cua chung, dé san xuét thubc dé

trc ché viéc san sinh Abeta peptit.

Sang ché con dé xuit dugc phdm, chira hop chét ¢ cong thirc I, hodc mudi duoc
dung cta chung, két hop v6i mot hodic nhidu chit mang, chét pha lodng, hoic t4 dugc
dugc dung. Theo mdt phuong an cu thé, duoc phém con chira mdt hodc nhiéu tac nhan
diéu tri khac. Sang ché con bao gbm cac chét trung gian va quy trinh méi dé tong hop
hop chét ¢ cong thie 1.

MO ta chi tiét sang ché

Tinh trang t6n thuong nhan thirc nhe d& dugc xac dinh 1a pha triéu chimg bo
trude tiém tang cia bénh suy gidm tri nhd kém theo bénh Alzheimer dua trén biéu hién
lam sang va tién trién ctia bénh nhén c6 biéu hién tinh trang tdn thuong nhén thirc nhe
thanh bénh suy gidm tri nh¢ Alzheimer theo thoi gian. (Morris, et al., Arch. Neurol., 58,
397-405 (2001); Petersen, et al., Arch. Neurol., 56, 303-308 (1999)). Thuét nglt “ngén
ngura su tién trién cua tinh trang tdn thuong nhéan thirc nhe thanh bénh Alzheimer” bao
gbm viéc 1am cham, 1am nging, hodc thay ddi tién trién cta tinh trang tén thuong nhan

thtrc nhe thanh bénh Alzheimer & bénh nhén.

Hop chét dugc uu tién 1a:
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NiNHz

H;C

hodc mudi dugc dung cua ching, trong d6 bazo twr do dugc déc biét wu tién.

Nhu dugc st dung trong ban mo ta nay, thuat ngit “di€u tri” hodc “d€ difu tri”
bao gdm viéc han ché, viéc 1am chim, ngimg, hodc dao ngugc tin trién hodc mirc do

nghiém trong cua tri¢u chung hodc rdi loan vén c6.

Nhu dugc sit dung trong ban mé ta nay, thuat ngtt "bénh nhan" dugc dung dé chi
nguoi.

Thudt nglt “tc ché viéc san sinh Abeta peptit” dugc ding dé chi viéc 1am giam

ham lugng Abeta peptit in vivo & bénh nhén.

Nhu duge st dung trong ban mo ta nay, thudt nglt “luong hitu hi¢u tri liéu” duge
ding dé chi lugng hodc 1idu hop chét theo sing ché, hoac mudi duge dung cua chung
ma, khi st dung liéu don hodc da cho bénh nhin, mang lai tic dung mong mubdn cho

bénh nhan dang chin doan hojc dicu tri.

Luong c6 hidu qua c6 thé dugc bac sy khim bénh, nhu 1a ngudi c6 hiu biét
trung binh trong linh vye k¥ thudt nay, xéc dinh d& dang bang céach str dung céc k¥ thuat
da biét va bang cach quan sat cic két qua thu duoc trong cac hoan canh tuong tu. bé
xéc dinh luong hitu hiéu tri liéu cho bénh nhan, mét sé yéu t6 s& duge bac sy kham
bénh can nhic, bao gém, nhung khong chi gidi han 6: kiéu bénh nhan; c& nguoi, do
tudi, va tinh trang sirc khde noi chung; bénh hodc rdi loan cu thé mic phai; mirc do méc
bénh hodc mirc dd nghiém trong cia bénh hodc rdi loan; d4p ung cua ca thé bénh nhan;
hop chét cu thé dugc st dung; duong dung; dic tinh sinh kha dung cua ché phém duoc
st dung; ché d6 1iéu dugc chon; viée st dung cac thudc kém theo; va cac tinh huéng

lién quan khéc.
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Hop chit theo sang ché thuong ¢ hiéu qua trong khoang lidu rong. Vi du, liéu
dung mdi ngay thudng ndm trong khoang tir 0,01 dén khoang 20mg/kg thé trong. Trong
mot sd truong hop, lidu ding thip hon gisi han dudi clia khoang liéu néu trén c6 thé
cao hon trung binh, con trong trudng hop khéc thi lidu cao hon c6 thé dugc sir dung ma
¢6 tac dung phu cé thé chép nhén duoc, va do d6 khoang 1idu néu trén khong dugc du

dinh dé gi6i han pham vi cua sang ché theo céch bat ky.

Tét hon néu hop chét theo séng ché duoc bao ché dudi dang duge phdm duoc sir
dung bang duong ding bét ky ma lam cho hop chét sinh kha dung, bao gdm ding qua
duong miéng va dung ngoai duong ti€u hoa. Tét nhét néu, cac dugc phim nay dé ding
qua duong miéng. Dugc phdm va quy trinh bao ché ching da dwoc biét r5 trong linh
vuc. (Vi du, xem, Remington: The Science and Practice of Pharmacy (D.B. Troy,
Editor, 21st Edition, Lippincott, Williams & Wilkins, 2006).

Ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuét nay s& biét rang hop chét
theo sang ché ¢6 thé ton tai & dang déng phan hd bién, nhu duoc biéu thi trén So d A.
Khi vién din dén mot trong cac chit ddng phan hd bién cu thé cia hop chét theo sang
ché, can hiéu ring n6 bao gdm cé hai dang chit ddng phan hd bién va tét ca cac hdn hop

cua chung.

P{E}-;%SN/jNHZ R {E— NI;NH
A Ji R R

Sodd A

R

A

Hop chit theo séng ché, hoic mudi cua chung, c6 thé dugc didu ché bing nhiéu
quy trinh da biét trong linh vuirc, mot ) quy trinh dugc minh hoa trén So dd, Vi du diéu
ché, va Vi du sau ddy. Cac budc tdng hop dic hiéu d6i v6i mdi con dudng da néu co thé
duoc két hop theo cac cach khac nhau, hodc két hop véi cac bude tlr so dd khac, dé diéu
ché hop chét co cong thirc I, hodc mubi cua ching. San phdm ctia mdi budc trong so do6
dudi day c6 thé dugce thu hdi bing céc phuong phap chuén uéc, bao gdm chiét, 1am bay

hoi, két tua, sic ky, loc, nghién, va keét tinh.

-6-
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Mot sé tam hoa hoc 14p thé khong duoc cu thé hoa va mot sé nhom thé di bi loai
b6 trong cac so d6 sau dé cho rd rang va khong duge dy dinh dé giéi han hudng dén
cta so dd theo cach bat ky. Ngoai ra, cdc chit ddng phéan, ddng phan d6i anh, hodc cac
chit ddng phén khong dbi quang riéng biét c6 thé dwoc ngudi c6 hiéu biét trung binh
trong linh vuc k§ thuat ndy tach riéng hodc phan gii tai thoi diém thuan loi bt ky dé
tdng hop hop chét c6 cong thire I béng céc phuong phép nhu k§ thuat két tinh chon loc
hodc séc ky khong dbi xtimg (Vi du, xem, J. Jacques, et al., "Enantiomers, Racemates,
and Resolutions", John Wiley and Sons, Inc., 1981, and E.L. Eliel and S.H. Wilen,”
Stereochemistry of Organic Compounds”, Wiley-Interscience, 1994). Tén goi “chét
ddng phan 17 va “chat ddng phan 2” dwgc dung dé chi hop chit ma rira giai 1an luot ti
phép sic ky thir nhét va tht hai, va néu sic ky khong dbi xing dugc bét du sém trong
khi téng hop, ciing tén goi nay s& duge ap dung cho phin chét trung gian va vi du tiép
theo. Nigoai ra, chat trung gian dugc néu trong so db sau day chira mot sé nhém bao vé
nito. Nhém bao vé khac c6 thé giéng hodc khac nhau trong mdi 14n xuét hién phu thudc
vao didu kién phan tng cu thé va phan tmg cu thé can thuc hién. Cac didu kién bao vé
va loai nhém béo vé da dwoc ngudi cé hidu biét trung binh trong linh vuc k¥ thuit nay
biét rd va dugc néu trong tai liéu chuyén nganh (Vi dy, xem “Greene’s Protective
Groups in Organic Synthesis”, Fourth Edition, Peter G.M. Wuts and Theodora W.
Greene, John Wiley and Sons, Inc. 2007).

Ngudi ¢6 hidu biét trung binh trong linh vuc k¥ thuét nay s& biét rang hop chét

theo sang ché chira nhan ma chira it nhét hai tdm khong ddi ximg:

F_C% 12N//ENH2
X

Mic di sang ché bao gdm tit ca cac chét ddng phan ddi anh riéng biét, cling nhu

So dd B

hdn hop cac chit ddng phan dbi anh ctia hop chit nay, bao gdm raxemat, hop chét c6
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cAu hinh tuyét d6i tai cac nguyén tir caccbon dugc dédnh s6 1 va 2 nhu duge minh hoa

trén So dd B 12 hop chét dugc wu tién theo sang ché.

Céc chit viét tit duoc sir dung trong ban md ta dwoc xac dinh theo Aldrichimica
Acta, Vol. 17, No. 1, 1984. C4c chit viét tit khac dugc xac dinh nhu sau: “APP” dugc
ding d& chi protein tién chit amyloit; “BOC” dugc dung dé chi rert-butyloxycarbonyl;
“CSF” dugc dung d& chi dich ndo tiy; “DCC” dugc diung dé chi 1,3-
dixyclohexylcarbodiimit; “DIC” dugc dung dé chi diisopropylcarbodiimit; “DMEM”
dugce ding dé chi mdi trudong Eagle dugc cai bién béi Dulbecco; “DMSO” duge ding
dé chi dimetyl sulfoxit; “EDCI” dwoc ding dé chi 1-(3-dimetylaminopropyl)-3-
etylcarbodiimit hydroclorua; “ee” dugc dung dé chi luong du chit ddng phan dbi anh;
“EtOAc” dugc dung dé chi etyl axetat; “Ex” dugc ding dé chi vi dy; “F12” dugc ding
@ chi méi trudng F12 Ham; “FBS” dugc ding dé chi huyét thanh bao thai bd; “FRET”
duge dung dé chi phép chuyén ning lugng cong hudng huynh quang; “HEK” dugc
dung d& chi than cta phoi ngudi; “HOAc” duge ding dé chi axit axetic; “HOAt” dugc
ding dé chi 1-hydroxy-7-azobenzotriazol; “HOBt” dugc dung dé chi 1-
hydroxylbenzotriazol hydrat; “HPLC’ dugc dung dé chi sic ky long hiéu anwng cao;
“hr dugc dung d& chi gio hoic nhidu giv; “ICse” dugc ding dé chi ndng do ma mot chét
gay ra 50% dap tmg wc ché tdi da c6 thé c6 dbi véi chit d6; “min” duge ding dé chi
phut hozc nhiéu phat; “MTBE” dugc ding dé chi metyl tert-butyl ete; “PDAPP” dugc
dung d& chi protein tién chit amyloit dugc 14y tir tiéu cdu; “Prep” dugc ding dé chi
duge phdm; “RFU” dugc dung dé chi don vi huynh quang tuwong di “Ry” dugc ding dé
chi thoi gian luu; “RT” duge dung dé chi nhiét do trong phong; “SCX” dugc ding dé
chi phép trao ddi ion manh; “SFC” dugc dung dé chi séc ky long si€u téi han; va “THF”

dugc dung dé chi tetrahydrofuran.

Trong so dd dudi day, tit ca cac nhom thé, trir khi c6 quy dinh khac, 13 nhu dugce
xé4c dinh trén day. Cac thudc thir va nguyén liéu ban déu thuong 14 d& dang c6 sin dbi
v&i ngudi ¢6 hidu biét trung binh trong linh vuc k§ thudt nay. Céc chét khéc c6 thé
dugc tao ra bing cac k¥ thuat héa hitu co va hoa di vong tiéu chudn ma tuong tu dé
tdng hop hop chét c6 chu trac twong ty da biét va quy trinh dugce néu trong Phan Vi du

didu ché va Vi du bao gdm quy trinh méi bat ky.

-8-
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So dd 1 thé hién sy hinh thanh oxim (4) va (8). Mbi oxim c6 thé dugc sit dung
dé tao ra isoxazol hai vong (5). Nhom thom dugc thé c6 thé dugc chén tai cac vi tri
khac nhau cta quy trinh tng hop nhu néu trong So dd 1, Budc 1 va Buée 7. “PG” 1a
nhém bao vé dugc phat trién cho nhém amin, nhu carbamat va alyl. Cac nhém nay da

duoc biét rd va dugc danh gia cao trong linh vyc.

Trong phan ng 2 budec, keton cd halogen & vi tri beta (1) c6 thé dugc alkyl hoa
(3, Bu6c 1) bang alyl amin dugc bao vé (2) bang cach st dung bazo vd co nhu kali
cacbonat va sau do, dugc xit Iy bang hydroxylamin hydroclorua va bazo hiru co nhu
pyridin trong dung mdi cho proton phan cuc nhu etanol dé thu dugc oxim (4, Buéc 2).
Sau d6, oxim (4) c6 thé dugc chuyén héa thanh isoxazol hai vong (5) trong 3+2 quy
trinh vong héa bing mot s§ phuong phap nhu gia nhiét oxim (4) trong dung moi khong
phin cyc nhu toluen hodc xylen dé tao ra isoxazol hai vong (5, Bué6e 3). Theo céach
khéc, oxim c6 thé duoc tao thanh bét dau tir dimetyl axetal (6) ma da dugc xu 1y bang
axit nhu axit formic dé tao ra aldehyt (7, Buéc 4). Sau d9, trong budce 5, aldehyt (7) c6

thé dugc chuyén héa thanh oxim (8) bang hydroxylamin hydroclorua va bazo nhu natri

-0-
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axetat trihydrat. Ioxazol hai vong (9) cé thé duoc tao thanh tir oxim (8) nhu néu trong
Buéc 6 bang cach sir dung dung dich trong nuéc chita natri hypoclorua. Sau do, trong
budc 7, isoxazol hai vong dugc bao vé¢ (9) dugce cho phan tng voi thudc thi lithi hiru co

thom hoic thudc thir Grignard dé thu dugc isoxazol hai vong duoc bao vé (5).

So dd 2

P a )
E .' 4 p M‘ - pﬁ N
(L0 wee N T e “F ”\/()
R A ' R oYy -

o
o “f3¢ s L "‘Bf
ilsuauo

Hardc 12

"“\..f’x ™Ry

13

So dd 2 minh hoa con dudng khéc dé téng hop pyrolo thiazin duge bao vé (12).
Isoxazol hai vong dugc bao vé (5) ¢o thé dugc xur 1y bang bot Zn trong axit axetic hogc
bang Raney Nickel trong dung moi phan cuc nhu etanol trong didu kién &p suét hydro
dé thu dugc aminopyrolidin metanol (13, Budc 11). Sau d6, aminopyrolidin metanol
(13) duoc cho phén g véi benzoyl isothioxyanat trong dung méi phén cyc nhu THF,
tiép theo 14 bd sung 1,1-carbonyldiimidazol (CDI) dé thu duoc pyrolidin thiazin dugc
bao vé ngung tu (12, Budc 12). Theo cach khac, amin cla isoxazol hai vong (3) ¢6 thé
duoc cho phan Gng véi benzoyl isothioxyanat dé thu dugc thiourea (10, Buéc 8), va sau
do, trong budce 9, vong isoxazol c6 thé dugc mé vong biang bot kém trong axit axetic aé
thu dwgc hop chit hydroxyl (11). Sau d6, hop chit hydroxyl (11) c¢6 thé dugc xir 1y
bang CDI trong dung mdi nhan proton phan cuc nhu THF hogc 1-clo-N,N,2-
trimetylpropenylamin trong DCM dé tao ra pyrolidin thiazin dugc bao vé ngung tu (12,

Buéc 10). Pyrolidin thiazin ngung tu (12) c6 thé ciing duoc tao thanh tir phan (ng

-10-
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Mitsunobu nhu bing cach sir dung triphenylphosphin va diisopropyl azodicarboxylat
(DIAD).

So dd 3

S,

4 L5t
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Budc 14 1. Logi nhém bdo vé
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So dd 3 thé hién sy chuyén hoa ciia pyrolo thiazin (12) thanh anilin (14, Budc
13) ma sau do, co th8 dugc axyl hoa, tiép theo 1a khir nhém béo vé& va heteroaryl hoa
ctia pyrolidin. Viéc khir nhom bao vé ciia thiazin amin tao ra hop chét c6 cong thic 1.

Viéc khir halogen héa azido duge thyc hién trén pyrolo thiazin thich hop (12) khi
c6 mit ngudn azit, nhu natri azit. Cac phan ing khir halogen héa azido da dugc biét ro
va dugc danh gia cao trong linh vyc. Viéc khir cla chét trung gian azit anilin thu dugc

(14, Bude 13) ¢6 thé bi anh hudng bsi didu kién hydro héa da dugc biét rd va duge néu

-11-
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trong linh vyc hodc b%mg tac nhan khtt da duoc biét 1o trong Iinh vyc, nhu LiAlHa,
NaBHj4, PPhs.

Pyrolidin dugc bao vé BOC cé thé duoc loai nhém bao vé trong diéu kién axit da
dugc biét 15 trong linh vuc (Budc 1 clia Buéce 14). Sau do, pyrolidin dugce loai nhom
bao vé c6 thé dugc heteroaryl hoa trong phén (ng thé 4 nhén thom (SNAr) bing
pyrimidin thom dugc thé bing cach sit dung bazo hitu co nhu diisopropyletylamin,
trietylamin, hodc N,N,N,N’-tetrametylguanidin dé thu duoc hop chit 15 (Buéc 2 cla
Budc 14). Anilin (15) c6 thé dugc két hop véi axit carboxylic thom chira nguyén tir
khac loai (16) trong didu kién két hop (Budc 1 ctia Bude 15). Ngudi c6 hiéu biét trung
binh trong linh vyc k¥ thuat nay s€ biét ring c6 mot s6 phuong phap va thudc thir dé tao
thanh amit thu dugc tir phan (ng cia axit carboxylic va amin. Vi dy, phan ung cua
anilin thich hop (15) v6i axit thich hgp ctia hop chét 16 khi c6 mit thude thir két hop va
bazo amin nhu DIPEA hodc trietylamin, s& tao thanh hgp chit c6 cong thirc I sau day
khir nhém bao vé cla thiazin amin. Thudc thir két hop bao gdm carbodiimit nhu DCC,
DIC, EDCI, va oxim thom nhu HOBt va HOAt. Ngoai ra, mudi uroni hodc phosphoni
cia anion khong 4i nhan nhu HBTU, HATU, PyBOP, va PyBrOP c¢o thé dugc sir dung
thay cho thudc thir phéi hop truyén théng hon. Cac chét phu gia nhu DMAP c6 thé
duge st dung dé ting cuong phan tng. Theo cach khac, anilin amin dugc bao vé (15)
c6 thé duge axyl héa bang céach sir dung duoc thé benzoyl clorua khi c¢6 mit bazo nhu
trietylamin hodc pyridin. Sau dé, thiazin amin dugc bao vé cd thé dugc loai nhém bao
vé bing bazo hitu co nhu pyridin va metylhydroxylamin hydroclorua trong dung moi
nhén proton phéan cyc nhu etanol hodc bazo v co nhu lithi hydroxit trong metanol dé

thu dwgc hop chét cé cong thirc 1.

Trong buéc tly y, mudi dugc dung ctia hop chit c6 cong thirc T ¢ thé duoc tao
thanh bing phan Gmg ctia bazo tu do thich hgp c6 cong thic I véi axit dugce dung thich
hgp trong dung moi thich hop trong diéu kién tiéu chuén. Ngoai ra, su hinh thanh mudi
nay cé thé x4y ra déng thoi khi kht nhém bao vé cia nhém bao vé nito. Sy hinh thanh
mudi nay da dugc biét rd va dugc danh gia cao trong linh vuc. Vi dy, xem, Gould, P.L.,
“Salt selection for basic drugs,” International Journal of Pharmaceutics, 33: 201-217

(1986); Bastin, R.J., et al. “Salt Selection and Optimization Procedures for
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Pharmaceutical New Chemical Entities,” Organic Process Research and Development,
4: 427-435 (2000); va_Berge, S.M., et al., “Pharmaceutical Salts,” Journal of
Pharmaceutical Sciences, 66: 1-19, (1977). Nguoi c6 hidu biét trung binh trong linh
vuc k¥ thuat nay sé& biét ring hop chét c6 cong thuc I d& dang duoc chuyén héa thanh

va c6 thé phan tach & dang mudi dugc dung, nhu mudi hydroclorua.
Vi du thwe hién sang ché
Vi du diéu ché va Vi du
Céc vi du didu ché va vi du sau ddy s& minh hoa sang ché chi tiét hon. Trir khi
dugc chi dan nguoc lai, hop chit dugc minh hoa & ddy duoc néu tén va ddnh sb béng

cach sir dung Symyx® Draw phién ban 3.2 hogc phién ban 4.0 (Symyx Solutions, Inc.)
hodac IUPACNAME ACDLABS.

Vi du didu ché 1
1-(3-Bromphenyl)-2-(dialylamino)etanon

!

Br: N\/\

Kali cacbonat (38,8g, 28 1mmol) dugc bb sung vao 3-bromphenaxyl bromua (60
g 216mmol) trong axetonitril (430ml), va hdn hop duoc 1am ngudi trong nito dén 0°C.
Dialylamin (34,6ml, 280,63mmol) dugc bd sung timg giot trong 1 gi®d va phén Ung
duge dé Am dén 22°C qua dém. Hon hgp phan tng thd dugc cb va cin dugc phan chia
vao nude (300ml) va MTBE (300ml). Lép nudc dugce loai bo va 16p hitu co duge ria
bang nuéc (100ml, 2 x) va bang nudc mudi (100ml). Lép hitu co dugc 1am kho qua
natri sulfat, loc, va dung mdi dugc lam bay hoi dén khdi lugng khong dbi dé thu duge
hop chét néu & dé niuc (62g, 98%). ES/MS (m/e): 294 (M+1).

Vi du diéu ché 2

Benzyl N-(2,2-dimetoxyetyl)carbamat
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Dung dich chira aminoaxetaldehyt dimetyl axetal (25ml, 229mmol) trong toluen
(120ml) dugce xtr ly & 0°C bing 4,85M dung dich natri hydroxit (70,8ml, 343,5mmol).
Hbn hop dugc khudy & nhiét @6 0°C trong 10 phut va benzyl cloformat (33,8ml,
229mmol) duoc bd sung va giit cho nhiét do bén trong thap hon 20°C trong khi bd
sung. Hon hop dugce 1am 4m dén nhiét do trong phong trong 4 gid. Lop hitu co duge
tach riéng, rira bang nudc mudi, 1am khd qua natri sulfat, va dugc cd dén kho dé thu

duoc hop chét néu & d& muc (54g, 98 %). ES/MS (m/e): 240 (M+H).
Vi du diéu ché 3

Benzyl N-alyl-N-(2,2-dimetoxyetyl)carbamat

Dung dich chtta benzyl N-(2,2-dimetoxyetyl)carbamat (50g, 208,9mmol) trong
toluen (180ml) duoc xir Iy bang kali hydroxit ran (51,6g, 919,69mmol) trong nito. Sau
khi 10 phut, benzyltrietylammonium clorua (0,8g, 3,1mmol) dugc bd sung. Sau 10 phut
nita dung dich chira alyl bromua (33g, 272,8mmol) trong toluen (50ml) dugc bd sung
ting giot trong 10 phut. Hon hop thu dugce dugc khudy & nhiét d§ 50°C trong 48 gio.
Hén hop duoc 1am ngudi dén nhiét dotrong phong va duogc dép tit bang nudc. Lop hitu
co dugc tach riéng, rira bing nudc mudi, 1am khd qua magie sulfat, va dugc co dén kho
@2 thu dugc hop chét néu & dé muc (44g, 75 %). ES/MS (m/e): 280 (M+H).

Vi du diéu ché 4

Benzyl N-alyl-N-(2-oxoetyl)carbamat
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5

Dung dich chita benzyl N-alyl-N-(2,2-dimetoxyetyl)carbamat (30g, 107mmol)
trong axit formic (36,8ml, 860mmol) va nuéc (4,84ml) duoc khudy & & nhiét do trong
phong qua dém. Hon hgp duge cb va pha loang hexan/etyl axetat (1:2) va nuéce. Lép
hitu co duge tach riéng, dugc rira bing nudce mudi dung dich dén d6 pH=6, va lam kho
qua natri sulfat. Dung mdi dugc 1am bay hoi d8 thu dugc hop chit néu ¢ & muc (25g,
99 %). ES/MS (m/e): 234 (M+H).

Vi du diéu ché 5

1-(3-Bromphenyl)-2-(dialylamino)etanon oxim

HO »

Br M

Dung dich chitra 1-(3-bromphenyl)-2-(dialylamino)etanon (60g, 204,7mmol)
trong etanol (720ml) va pyridin (24,8ml, 307mmol) dugc khudy 15 phut & 22°C.
Hydroxylamin hydroclorua (17g, 246mmol) dugc bd sung ting phin vao dung dich
trong 1 gio. Phan tng dugc lam 4m dén 50°C trong 2 gio' va sau d6, dugc gia nhiét dén
70°C trong 16 gid. Dung mdi dugc lam bay hoi va cdn dugc phan chia vao nude
(300ml) va metyl zert-butyl ete (300ml). L6p hitu co duge tach riéng va duge rira bang
nudc (100ml, 2 x) va nudc mubi (100ml). Lép hitu co duge lam khd qua natri sulfat,
loc, va 1am bay hoi dén khé dé thu duoc hop chit néu & d& muc (75,5, 79%). ES/MS
(m/e): 309 (M+1).

Vi du didu ché 6

Benzyl N-alyl-N-[2-hydroxyiminoetyl]carbamat
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Dung dich chira benzyl N-alyl-N-(2-oxoetyl)carbamat (25g, 107mmol) trong
axetonitril (150ml) dugc xtt Iy bang hydroxylamin hydroclorua (9,68g, 139mmol) va
dung dich chira natri axetat trihydrat (16g, 117,9mmol) vao nuéc (75ml). Hon hgp dugc
khudy & & nhiét do trong phong qua dém. Axetonitril dwgc 1am bay hoi va dung dich
trong nudc dugce chiét bing etyl axetat. L6p hitu co dugc tach riéng, 1am kho qua magie
sulfat, va dugc c6 trong chan khong d8 thu dugc hop chit néu & dé muc (24g, 90 %).
ES/MS (m/e): 249 (M+H).

Vi du diéu ché 7

5-Allyl-6a-(3-bromphenyl)-3,3a,4,6-tetrahydro- 1H-pyrolo[3,4-c]isoxazol

:\— O

/

i

Br

1-(3-bromphenyl)-2-(dialylamino)etanon oxim th6 (75,5g, 195,34mmol) duoc
hoa tan trong toluen (600ml) va hdi lwu trong 12 gis. Dung méi dugce 1am bay hoi trong
chdn khéng va can dugc hoa tan trong hon hgp HCl 1IN nuée (1 L) va metyl tert-butyl
ete (300ml). H3n hop dugc khudy trong 15 phut va tao cat (10 g) dugc bd sung. Hon
hop duge khudy trong 20 phit nita va loc qua tao cat. Banh loc duoc rira bing HCI IN
trong nudc (200ml) va metyl zert-butyl ete (200ml). Lép hitu co dugce tach riéng va
dugc rira bing HCI 1IN (2 x 100ml). Lép nude duge két hop va do pH dugc diéu chinh
dén 9 bing NaOH 50% trong lugng. Hén hop nude duge chiét bang metyl fert-butyl ete
(3 x 250ml). Lép hitu co duge két hop, 1am kho qua natri sulfat va loc. Dich loc dugc
lam bay hoi va lam khé trong chan khong dé thu dugc chét rén mau dé (60 g). Chét rén
mau d6 duogc pha lodng bing heptan (600ml) va hdn hgp duogc gia nhiét dén hdi luu
trong 20 phut. Than hoat tinh (2 g) duogc bd sung va hdn hop dugce loc qua tao cat. Dich
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loc dugc ¢o trong ap suit khi quyén dé didu chinh thé tich cubi cing dén 300ml. Dung
dich dugc lam ngudi dén 22°C va dugc khudy trong 3 gid. Chét rdn mau vang nhot
dugc thu gom bang cach loc va 1am khé trong chén khong dén khéi lugng khong dbi dé
thu dugc hop chit néu & & muc (40g, 60%). ES/MS (m/e): 309 (M+1).

Vi dy diéu ché 8

Benzyl 3,3a,4,6-tetrahydropyrolo[3,4-c]isoxazol-5-carboxylat

e

al

Dung dich chita Benzyl N-alyl-N-[2-hydroxyiminoetyl]carbamat (24g,
96,6mmol) trong diclometan (338ml) dugc xir ly timg giot trong 10 phit bang dung
dich trong nuéc chira natri hypoclorua 5% trong lwong (106,08mmol, 143,06ml). Hén
hop thu duge duge khudy & nhiét d6 trong phong qua dém. Phan tng duoc dép tit bang
dung dich trong nuéc 40% chira natri bisulfit (7 g). Lép hitu co duge tach riéng, 1am
khd qua magie sulfat, va dugc c6 trong chan khong. San phim thdé dugc tinh ché qua
silica gel rira giai bing 5% etyl axetat trong hexan @8 thu dwoc hop chit néu & dé muc
(18g, 75 %). ES/MS (m/e): 247 (M+H).

Vi du diéu ché 9

Benzyl 6a-(5-brom-2-flo-phenyl)-3,3a,4,6-tetrahydro- 1H-pyrolo[3,4-c]isoxazol-5-

carboxylat

&

Br

Dung dich hexan 1,6M chura n-butyl lithi (25,4ml, 40,6mmol) dugc bd sung ting
giot vao dung dich & -78°C chira 4-brom-1-flo-2-iodobenzen (12,22g, 40,6mmol) trong
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tetrahydrofuran (60ml) dé thu dugc dung dich mau vang dugc khudy & nhiét d -78°C
trong 15 phut.

Boron triflorua eterat (5,14ml, 40,6mmol) dugc bd sung vao dung dich riéng biét
& -78°C chua benzyl 3,3a,4,6-tetrahydropyrolo[3,4-clisoxazol-5-carboxylat (5g,
20,3mmol) trong tetrahydrofuran (60ml) va hdn hop dugc khudy & nhiét d6 -78°C trong
5 phat. Dung dich nay dugc bd sung vao hdn hop lithi hitu co & -78°C da duge didu ché
truéc thong qua éng théng. Hdn hop phdi hop duge khudy trong 30 phut & -78°C. Hén
hop dugc dugce dép t4t bing amoni clorua trong nudc bdo hoa va lam 4m dén nhiét d6
trong phong. Hon hop dugc chiét bang etyl axetat (3 x) va dich chiét hiru co duogc két
hop, 1am kho qua natri sulfat, loc va dung méi dugc tich loai trong chdn khéng. San
phim thé duoc tinh ché qua silica gel trong 35 phut bing gradien etyl axetat tir 5% dén
100% trong hexan dé thu dwoc hop chit néu & dé muc (2,27g, 27%). ES/MS (m/e):
(Br/®'Br) 421/423 (M+H).

Vi du didu ché 10

Benzyl 1-(benzoylcarbamothioyl)-6a-(5-brom-2-flo-phenyl)-3,3a,4,6-tetrahydro-

pyrolo[3,4-clisoxazol-5-carboxylat

Benzoyl isothioxyanat (2,87ml, 21,28mmol) duoc bd sung ting giot vao dung
dich chta benzyl 6a-(5-brom-2-flo-phenyl)-3,3a,4,6-tetrahydro-1H-pyrolo-[3,4-
clisoxazol-5-carboxylat (5,977g, 14,2mmol) trong tetrahydrofuran (95ml) va duogc
khudy qua dém trong nito. Dung méi dugc tach loai trong chdn khong. San phim tho
duge tinh ché qua silica gel trong 30 phut bang gradien EtOAc tir 5% dén 100% trong
hexan d& thu dugc hop chét néu & dé muc (6,05g, 73%). ES/MS (m/e): ("Br/*'Br)
584/586 (M+H).

Vi du diéu ché 11

[1-Allyl-4-amino-4-(3-bromphenyl)pyrolidin-3-ylJmetanol
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OH
=\_
NH,

Br

Dung dich & 22°C chita S5-alyl-6a-(3-bromphenyl)-3,3a,4,6-tetrahydro-1H-
pyrolo[3,4-c]isoxazol (40g, 129,4mmol) trong axit axetic (400ml) dugc xir ly bang bt
min kém (42,3g, 646,8mmol) mdot 14n. Phan ung duogc khqu manh & nhiét d0 trong
phong trong 1 gi¢. Etyl axetat (400ml) duoc bd sung va hdn hop duge loc qua tdo cat.
Dich loc dugc 1am bay hoi va cin 1am khé trong chan khong. Can dugc phén chia vao
nuée (300ml) va MTBE (300ml). B6 pH dwoc diéu chinh dén 8 béng natri hydroxit
50% trong lugng va 16p hitu co dugc tach riéng, 1am khd qua natri sulfat, va loc. Dich
loc duoc 1am bay hoi va cin lam kho trong chan khong dé thu dugc hop chét néu & dé
muc (41g, 97%). ES/MS (m/e): 311 (M+1).

Vi du diéu ché 12

Benzyl 3-(benzoylcarbamothioylamino)-3-(5-brom-2-flo-phenyl)-4-(hydroxy-
metyl)pyrolidin-1-carboxylat

%f H
O

Hon hop gdém benzyl 1-(benzoylcarbamothioyl)-6a-(5-brom-2-flo-phenyl)-
3,3a,4,6-tetrahydropyrolo[3,4-c]isoxazol-5-carboxylat (6,05 g 10,4mmol) va k&m (bt
min, <10 micron) (6,77g, 103,5mmol) dugc khuéy trong axit axetic (52ml) & nhiét 4o
trong phong qua dém trong nito. Phan ing dugc pha loéng bang etyl axetat va loc qua
tao cat. Dung mdi dugc tach loai trong chan khong va c@n dugc pha loang bang etyl
axetat, nudc va natri bicacbonat trong nuéc bdo hoa. Hdn hop dwogc chiét bing etyl
axetat (3 x), cac 16p hitu co thu gom dugc két hop va 1am kho qua natri sulfat, loc va

dung mdi dugc tach loai trong chdn khong. San phim tho dugc tinh ché qua silica gel
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trong 30 phut bing gradien EtOAc tir 5% dén 100% trong hexan dé thu dugc hop chét
néu & d& muc (5,222g, 86%). ES/MS (m/e): ("°Br/3!Br) 586/588 (M+H).

Vi du diéu ché 13

[(3R,48)-1-Allyl-4-amino-4-(3-bromphenyl)pyrolidin-3-yljmetanol; axit (2R,3R)-2,3-
bis[(4-metylbenzoyl)oxy]butanedioic

H OH
ﬂ% o
NH, 6O
Br

Dung dich chta [1-alyl-4-amino-4-(3-bromphenyl)pyrolidin-3-yl]metanol (77g,
235mmol) trong isopropyl alcohol (914ml) dugc gia nhiét dén 70°C. Axit Di-p-toluoyl-
I -tartaric (86,2g, 223mmol) dugc bd sung va hdn hop duge 1am ngudi dén 22°C trong 2
gio va duogc khudy qua dém. Huyén phu dic duge loc @& thu gom chét rin mau vang
nhot va dugc rira bang ruou isopropylic. Chét rén dugc 1am kho trong chan khéng dé
thu dugc hop chét néu & d& muc (63g, 36%). ES/MS (m/e): 311 (M+1). San phdm dugc
phén tich bang sic ky khong d6i xtng pha dao: Phan tich cua chét ddng phan rira giai
tht nhit (Cot: Chiralpak ID-3 4,6 x 50 mm; rira giai: 70:30, dung dich nuéc amoniac 20
mM bicacbonat axetonitril; luu lwgng: 1,5ml/phut & UV 215 nm) xé4c nhén chét déng

phan dbi anh dugc 1am giau chét ddng phan ddi anh (96% ee) c6 Re = 1,26 phit.
Vi du diéu ché 14

[(3R,4S)-1-Allyl-4-amino-4-(3-bromphenyl)pyrolidin-3-yljmetanol

OH
=\_
NH,
Br
[(3R.4S)-1-Allyl-4-amino-4-(3-bromphenyl)pyrolidin-3-yljmetanol; Axit

(2R,3R)-2,3-bis[(4-metylbenzoyl)oxy]butanedioic (63g, 85,8mmol) dugc két hop véi

-20-



20699

HCI 1IN trong nudc (800ml) va etyl axetat (400ml) va hdn hop dugc khudy trong 15
phut & 22°C. Céc 16p dugc tach riéng va d6 pH cua 16p nude duogc didu chinh dén 10
bang natri hydroxit 50% trong lwgng. Hon hop nudc dugce chiét bang metyl fert-butyl
ete (3 x 250ml). Céac 16p hiru co thu gom dugc lam kho qua magie sulfat, loc va 1am
bay hoi dén kho dé thu dugc hop chit néu & d&& muc (27g, 99%) ES/MS (m/e): 311
(M+1).

Vi du diéu ché 15

N-[(4aR,7aS)-6-Allyl-7a-(3-bromphenyl)-4,4a,5,7-tetrahydropyrolo[3,4-d][1,3]-thiazin-

_\—B%Niuﬁ\@

Dung dich chita [(3R,4S)-1-alyl-4-amino-4-(3-bromphenyl)pyrolidin-3-

2-yl]benzamit

ylJmetanol (27 g; 86,7mmol) trong tetrahydrofuran (270ml) dugc lam ngudi dén -5°C
trong 4p suét nito. Benzoyl isothioxyanat (12,3ml, 91mmol) duogc bd sung timg giot va
gift cho nhiét do thdp hon 0°C. Phan tng duoc dé 4m dén 22°C trong 1 gio. 1,1'-
Carbonyldiimidazol (28,1g, 173,5mmol) dugc bd sung trong mat l4n va phan g dugc
khudy trong 1 gi® & nhiét d 22°C va sau d6, duoc gia nhiét dén hdi luu trong 16 gio.
Dung moi dugc tach loai trong chdn khong va can lam khé trong chan khong. Chét licu
thé dugc phan chia trong metyl zert-butyl ete (500ml) va nuéc (250ml). Lép hitu co
duge tach riéng, 1am khd qua magie sulfat, loc va lam bay hoi dén kho. Chét liéu thd
dugc tinh ché qua silica gel v6i gradien tir 90/10 dén 60/40 metylen clorua etyl axetat
@8 thu duoc hop chét néu & dé muc (27g, 68%). ES/MS (m/e): 456 (M+1).

Vi dy didu ché 16

Benzyl 2-benzamido-7a-(5-brom-2-flo-phenyl)-4,4a,5,7-tetrahydropyrolo[3,4-d]-
[1,3]thiazin-6-carboxylat
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1,1'-carbonyldiimidazol (2,87g, 17,7mmol) dugc bd sung vao dung dich chira
benzyl 3-(benzoylcarbamothioylamino)-3-(5-brom-2-flo-phenyl)-4-(hydroxy-
metyl)pyrolidin-1-carboxylat (5,198g, 8,86mmol) trong tetrahydrofuran (52ml). Hdn
hop duoc khudy trong 1,5 gid & nhiét d trong phong va sau do6, phan ng dugc gia
nhiét & hdi luu qua dém trong nito. Phan ung dugc lam ngudi, pha loang bang nudc, va
dugc chiét bing etyl axetat (3 x). Lép hitu co dugc két hop, 1am khd qua natri sulfat,
loc, va dung méi dugc tach loai trong chdn khong. San phim thé duge tinh ché qua
silica gel 30 phut bang gradien 5% dén 100% EtOAc trong hexan dé thu dugc hop chét
néu & d& muc (2,93g, 58%). ES/MS (m/e): ("’Br/A!Br). 568/570 (M+H)

Vi du diéu ché 17

N-[(4aR,7aS)-7a-(3-Bromphenyl)-4a,5,6,7-tetrahydro-4H-pyrolo[3,4-d][1,3]thiazin-2-

"L

Br

yl]benzamit

Hdn hop & nhiét do trong phong chita N-[(4aR,7aS)-6-alyl-7a-(3-bromphenyl)-
4,4a,5,7-tetrahydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (1g, 2,19 mmol) va axit
N,N-dimetylbarbituric (0,868g, 5,48mmol) trong cloform (22ml) dugc khir khi bang
céch suc nito qua huyén phii dac thu duge & RT trong 5 phut. Hdn hop dugc xtt Iy bang
tetrakis(triphenylphosphin)palladi (0,261g, 219 pumol) va dugc khudy trong 1,5 gio

trong nito.

Trong binh riéng biét, hdn hgp chira N-[(4aR,7aS)-6-alyl-7a-(3-bromphenyl)-
4 4a,5,7-tetrahydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (22,2g, 48,6mmol) va axit
N,N-dimetylbarbituric (19,28g, 121,6mmol) trong cloform (486ml) dugc khir khi bang
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cach suc nito qua huyén phi dic thu duge & RT trong 5 phut. Hon hop dugce xir Iy bang
tetrakis(triphenylphosphin)paladi (5,79g, 4,86mmol) va dugc khudy trong 2 gid trong

nito.

Hai hdn hop phan tng dugc két hop va dung mdi dugc tach loai trong chdn
khéng dé thu dugc san phAm tho. Chét ligu thd duge tinh ché qua silica gel trong 30
phut bang gradien metanol 0,5% dén 10% trong diclometan dé thu dugc hop chit néu &
d& muc (22,4g, 100%). ES/MS (m/e): (Br/*'Br) 416/418 (M+H).

Vi du diéu ché 18

N-[7a-(5-Brom-2-flo-phenyl)-4a,5,6,7-tetrahydro-4H-pyrolo[3,4-d][ 1,3 ]thiazin-2-

Al

Todotrimetylsilan (2,21ml, 15,46mmol) dugc bd sung timg giot vao & nhiét d

yl]benzamit

trong phong dung dich chira benzyl 2-benzamido-7a-(5-brom-2-flo-phenyl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-6-carboxylat (2,93g, 5,15mmol) trong axetonitril
(44ml). Phan tng duoc khudy & nhiét do trong phong trong hai gi¢ va dung méi dugc
tach loai trong chdn khéng. San phdm thd dugc tinh ché bing ¢t SCX bang céch skt
dung 3:1 diclometan: metanol va sau d6, 2:1 diclometan: amoniac 7N trong metanol aé
thu dugc hop chit néu & d& muc (2,098g, 94%). ES/MS (m/e): ("Br/*'Br) 434/436
(M+H).

Vi du diéu ché 19

tert-Butyl (4aR,7aS)-2-benzamido-7a~(3-bromphenyl)-4,4a,5,7-tetrahydropyrolo-[3,4-
d][1,3]thiazin-6-carboxylat

-23-



20699

Q—g«ﬁﬁ@

Dung dich & nhiét d0 trong phong chira N-[(4aR,7aS)-7a-(3-bromphenyl)-
4a,5,6,7-tetrahydro-4H-pyrolo[3,4-d][1,3]thiazin-2-yl]Jbenzamit (22,4g, 36,69 mmol)
trong diclometan (367ml) dugc xt ly bang di-z-butyldicacbonat (8,81g, 40,36mmol)
tiép theo 1a trietylamin (7,67ml, 55,04mmol) va phan tng duoc khudy ¢ & nhiét do
trong phong trong 1 gid trong nito. Dung moi dugc tach loai trong chdn khéng va san
phim tho dugc tinh ché qua silica gel trong 25 phut bang gradien tlr 5% dén 100% etyl
axetat trong hexan dé thu dwgc hop chét néu & dé muc (20,22g, 100%). ES/MS (m/e):
("Br/®'Br) 516/518 (M+H).

Vi du didu ché 20

tert-Butyl 2-benzamido-7a-(5-brom-2-flo-phenyl)-4,4a,5,7-tetrahydropyrolo[ 3,4-
d][1,3]thiazin-6-carboxylat

%5}'%%&&@

Di-t-butyldicacbonat (1,16g, 5,3 1mmol) va trietylamin (1,01ml, 7,25mmol) duoc
bd sung vao dung dich chia N-[7a-(5-brom-2-flo-phenyl)-4a,5,6,7-tetra-hydro-4H-
pyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (2,098g, 4,83mmol) trong diclometan (48ml).
Phén tng duoc khudy trong 1 gid' & nhi€t do trong phong trong nito. Dung moi dugc
tach loai trong chdn khéng va san phim thé dugc tinh ché qua silica gel trong 30 phut
bing gradien 5% dén 100% EtOAc trong hexan d8 thu dugc hop chit néu & dé muc
(2,556g, 99%). ES/MS (m/e): (Br/*'Br) 534/536 (M+H).

Vi du diéu ché 21
tert-Butyl (4aR,7 aS)-7a-(3-aminophenyl)-2-benzamido-4,4a,5,7-tetrahydropyrolo¥[3,4-

- d][1,3]thiazin-6-carboxylat
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Dung dich chura fert-butyl (4aR,7aS)-2-benzamido-7a-(3-bromphenyl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-6-carboxylat (5g, 9,7mmol) va trans-N,N’-dimetyl-
1,2-xyclohexandiamin (220,3mg, 1,5mmol) trong etanol (100ml) dugc xir ly bang natri
azit (1,30g, 19,4mmol). Dung dich trong nuéc chira mudi natri cia axit L-ascorbic (0,66
M, 3,2mL, 2,1mmol) va nuéc (10ml) dugce bd sung va phan bén trén ciia binh dugc suc
bang nito. Hén hop duge xit ly bing dung dich trong nuéc chira ddng(Il) sulfat
pentahydrat (0,33 M, 3,2mL, 1,Immol) va hdn hop dugc gia nhiét ngay trén dia nong
da gia nhiét true & 80°C trong 1,5 gidr trong nito. Thu duge hdn hop ddng nhét khi gia
nhiét. Phan tng duoc lam ngudi va nude da dugc bd sung. Hon hop dugc chiét bing
etyl axetat (3x). Lép hitu co duge két hop va 1am khd qua natri sulfat, loc, va dung moi
duoc tach loai trong chdn khéng dé thu dugc san phim thé azit. San phdm azit thd dugc
két hop v6i paladi 10% trén cacbon (2 g) trong etanol ngudi (150ml) va hdn hop duge
suc bang cach str dung chan khong/nito va sau do, chan khong/hydro. Hén hop duge
khudy & & nhiét d6 trong phong trong 30 psi (206,84271 kPa) ciia hydro trong 2 gio.
Phan tng dugc thong khi va hén hop dugc loc qua tdo cat bang cach st dung
diclometan d& trang banh loc. Dung mdi dugc tach loai tir dich loc trong chdn khéng va
san phdm thd dugc tinh ché qua silica gel bing etyl axetat 50% trong diclometan dé thu

duoc hop chit néu & dé muc (4g, 91%). ES/MS (m/e): 453 (M+H).
Vi du diéu ché 22

tert-Butyl 7a-(5-amino-2-flo-phenyl)-2-benzamido-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-6-carboxylat

o
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Dung dich chita tert-butyl 2-benzamido-7a-(5-brom-2-flo-phenyl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-6-carboxylat (2,556g, 4,8mmol) va trans-N,N’-
dimetyl-1,2-xyclohexandiamin (150mg, 1,Immol) trong etanol (50ml) dugc xit ly bang
natri azit (933mg, 14,3mmol). Dung dich trong nuéc chira mudi natri cua axit L-
ascorbic (0,66 M, 3,2mL, 2,1mmol) va nuéc (1ml) duoc bd sung va phén bén trén cua
binh dugc suc bang nito. Hén hop dugc xir ly bang dung dich trong nuéc chira ddng (II)
sulfat pentahydrat (0,33 M, 3,2mL, 1,Immol) va hdn hop dugc gia nhiét ngay trén dia
noéng da gia nhiét trude ¢ 80°C trong 1,5 gid trong nito. Hbn hop ddng nhit dugc thu
duoc khi gia nhiét. Phan Gng dugc lam ngudi, pha lodng bang nudc d4, va hdn hop
duoc chiét bing etyl axetat (3 x). Lop hitu co duge két hop va 1am khé qua natri sulfat,
loc, va dung moi dugce tach loai trong chdn khong dé thu dugc san phém tho azit. San
phim thd azit dugc két hop véi paladi 10% trén cacbon (1 g) trong etanol ngudi
(150ml) va hdn hop dugc suc bang cach st dung chan khdng/nito va sau d6, chén
khong/hydro. Hon hop dugc khudy & nhiét do trong phong trong ap sudt hydro 30 psi
(206,84271 kPa) trong 5 gid. Phan tmg dugc thong khi, loc qua téo cat, va banh loc
dugc trang bing diclometan. Tach loai dung mdi tir dich loc trong chdn khéng va tinh
ché san phim thd qua silica gel bang etyl axetat 50% trong diclometan dé thu duoc hop
chit néu & d& muc (2,014g, 89%). ES/MS (m/e): 471 (M+H).

Vi du diéu ché 23

tert-Butyl (4aR,7aS)-2-benzamido-7a-[3-[(5-flopyridin-2-carbonyl)amino]phenyl]-
4 .4a,5,7-tetrahydropyrolo[3,4-d][ 1,3]thiazin-6-carboxylat

%Z*;%gé%

Huyén phi dic chira ters-butyl (4aR,7aS)-7a-(3-aminophenyl)-2-benzamido-
4 4a,5,7-tetrahydropyrolo[3,4-d][1,3]thiazin-6-carboxylat (93mg, 0,21mmol), axit 5-
flopyridin-2-carboxylic (31,9mg, 0,23mmol), 1-hydroxy-benzotriazol hydrat (56,7mg,
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0,41lmmol) va 1-(2-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (40mg,
0,21mmol) trong diclometan (4ml) chtra dimetylformamit (1 ml) dwogc xur ly bang
diisopropyletylamin (179,2puL, 1,03mmol) va hén hop thu dwoc duoc khudy & nhiét do
trong phong qua dém. Phan mg hdn hgp dugc pha lodng diclometan (Sml) va natri
bicacbonat trong nudc bdo hoa (15ml). Lép hitu co duge tdch riéng va duge rira bing
natri clorua trong nuéc bdo hoa (10ml), lam kho qua natri sulfat, loc, va dung mdi duoc
tach loai trong chdn khéng dé thu dugc thd hop chét néu & d& muc (105mg, 89%).
ES/MS (m/e): 576 (M+H).

Vi du diéu ché 24

N-[3-[(4aR,7 aS)-2-Benzamido-4a,5,6,7-tetrahydro-4H-pyrolo[3,4-d][1,3]thiazin-7 a-
yl]phenyl]-5-flo-pyridin-2-carboxamit; axit 2,2,2- triflo axetic

H;\;ENi %

tert-Butyl (4aR,7aS)-2-benzamido-7a-[3-[(5-flopyridin-2-carbonyl)amino]-
phenyl]-4,4a,5,7-tetrahydropyrolo[3,4-d][1,3]thiazin-6-carboxylat (105mg, 0,1 8mmol)
duoc hoa tan trong diclometan (2ml) va dugc xir ly bing axit triflo axetic (500 pL,
6,6mmol). Dung dich mau vang thu dugc dugc khudy trong 4 gid & nhiét do trong
phong va dung moi duoc tach loai trong chdn khong dé thu dugc san phim tho néu & dé
muc (190mg, 100%). ES/MS (m/e): 476 (M+H).
Vi dy diéu ché 25

N-[(4aR,7aS)-7a-(3-Aminophenyl)-4a,5,6,7-tetrahydro-4H-pyrolo[3,4-d][1 ,3]-thiazin-
2-yl]benzamit
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Axit triflo axetic (25ml) duge bd sung vao dung dich chita fert-butyl (4aR,7aS)-
~ 7a-(3-aminophenyl)-2-benzamido-4,4a,5,7-tetrahydropyrolo[3,4-d]-[ 1,3 Jthiazin-6-
carboxylat (4g, 8,84mmol) trong diclometan (100ml) va hén hop dugc khudy & & nhiét
dd trong phong trong nito trong 4 gid. Dung mdi dugc tach loai trong chdn khdng va
san pham tho duge tinh ché bang cot SCX bing cach sir dung 3:1 diclometan: metanol
va sau do, 2:1 diclometan: amoniac 7N trong metanol dé thu dugc hop chit néu & @&
muc (2,49g, 80%). ES/MS (m/e): 353 (M+H).
Vi du diéu ché 26

N-[7a-(5-Amino-2-flo-phenyl)-4a,5,6,7-tetrahydro-4H-pyrolo[3,4-d][ 1,3]thiazin-2-

o

Axit triflo axetic (10ml) dwgc bd sung vao dung dich chira rers-butyl 7a-(5-

yl]benzamit

amino-2-flo-phenyl)-2-benzamido-4,4a,5,7-tetrahydropyrolo[3,4-d][ 1,3 ]thiazin-6-

carboxylat (2,013g, 4,28mmol) trong diclometan (30ml) va hdn hop duoc khudy & &
nhiét do trong phong trong nito trong 4 gid. Dung moi dugc tach loai trong chdn khong
va san phdm tho dugc tinh ché bing cot SCX bing cach sa dung 3:1
diclometan:metanol va sau d6, 2:1 diclometan: amoniac 7N trong metanol dé thu duoc

hop chét néu & d& muc (1,555g, 98%). ES/MS (m/e): 371 (M+H).
Vi du diéu ché 27

N-[(4aR,7aS)-7a-(3-Aminophenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-2-yl]benzamit
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Dung dich chta N-[(4aR,7aS)-7a-(3-aminophenyl)-4a,5,6,7-tetrahydro-4H-
pyrolo[3,4-d][1,3]thiazin-2-yl]benzamit  (2,49g, 7,06mmol), 5-flo-2-clopyrimidin
(3,74g, 28,26mmol), va diisopropyletylamin (6,16ml, 35,32mmol) trong 1,4-dioxan
(60ml) duoc gia nhiét &&n hdi lru trong 4 gid trong nito. Phan tmg duge lam ngudi, pha
lodng bing nudc va dugce chiét bing etyl axetat (3 x). Dich chiét hitu co thu gom dugc
lam kho qua natri sulfat, loc va dung mdi dugc tach loai frong chdn khong dé thu duoc
san phdm thd. San phdm thd dugc tinh ché qua silica gel 25 phut trong bang gradien 5%
dén 100% etyl axetat trong hexan dé thu dugc hop chét néu & d& muc (2,51g, 79%).
ES/MS (m/e): 449 (M+H).

Vi du diéu ché 28

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-pyrolo-[3,4-
d][1,3]thiazin-7a-yl]phenyl]-5-flo-pyridin-2-carboxamit

Dung dich chia N-[3-[(4aR,7aS)-2-benzamido-4a,5,6,7-tetrahydro-4H-
pyrolo[3,4-d][1,3]thiazin-7a-yl]phenyl]-5-flo-pyridin-2-carboxamit; axit 2,2,2-triflo
axetic (150mg, 254 pmol), 5-flo-2-clopyrimidin (68mg, 51 pmol) va diiso-
propyletylamin (98 pL, 56 pmol) dugc gia nhiét trong dimetyl sulfoxit (Sml) qua dém &
nhiét do 40°C. 5-flo-2-clopyrimidin (68mg, 51 umol) va diisopropyl-etylamin (98 uL,
56 umol) dugc bd sung vao va hdn hgp duge gia nhiét qua dém & 50°C. 5-flo-2-
clopyrimidin (68mg, 51 umol) va diisopropyletylamin (98 pL, 56 umol) dugc bd sung

va hdn hop dugc gia nhiét qua dém & 50°C trong dém thir ba. Phan uing dugc lam
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ngudi, pha lodng bing nudc natri cacbonat bao hoa (50ml) dé thu duogc huyén phu dic
ma duoc loc va 1am kho trong 10 chén khong & 50°C trong 4 gio @& thu duoc hop chét

néu & dé& muc (60mg, 41%). ES/MS (m/e): 449 (M+H).
Vi du diéu ché thay thé 28

N-[(4aR,7aS)-7a-(3-Aminophenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetra-
hydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (282mg, 628,73 pmol) va axit 5-
flopyridin-2-carboxylic (106,46mg, 754,47 umol) dugc két hop trong diclometan (3ml)
va dimetylformamit (0,5ml). 1-Hydroxybenzotriazol (112,70mg, 817,35 pmol) va sau
d6, 1-(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (159,07mg, 817,35 pmol)
duge bd sung va hdn hop thu duge dugce khudy trong 5 gi® & nhiét o trong phong trong
nito. Phan Gng hdn hop dugc pha lodng bing nude va dd pH dugc diéu chinh bing
NaOH IN dén ~12. Han hop duoc chiét bing etyl axetat (3 x). Dich chiét hitu co dugc
két hop, 1am khd qua natri sulfat, loc va dung mdi dugc tach loai trong chdn khong dé
thu dugc san pham thd. San phim thd duogc tinh ché qua silica gel trong 20 phit gradien
bang 5% dén 100% etyl axetat trong hexan dé thu duoc hop chit néu & dé muc (327mg,
91%). ES/MS (m/e): 571 (M+H).

Vi du diéu ché 29

N-[7a-(5-Amino-2-flo-phenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-2-yl]benzamit

Dung dich chtta  N-[7a-(5-amino-2-flo-phenyl)-4a,5,6,7-tetrahydro-4H-
pyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (705mg, 1,90mmol), 5-flo-2-clopyrimidin
(1,01g, 7,61mmol), va diisopropyletylamin (1,66ml, 9,52mmol) dugc gia nhiét trong
1,4-dioxan (20ml) dén hdi luu trong 4 gid trong nito. Phan tmg dugce lam ngudi, pha
lodng bang nudc, va duge chiét bang etyl axetat (3 x). L6p hitu co duoc két hop, lam

kho qua natri sulfat, loc va dung mdi dugc tach loai trong chdn khong dé thu dugc san

-30-



20699

phim thd. San phim thd dugc tinh ché qua silica gel trong 25 phut bang gradien 5%
dén 100% etyl axetat trong hexan dé thu dugc hop chét néu & d& muc (590mg, 66%).
ES/MS (m/e): 467 (M+H).

Vi du didu ché 30

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo-[3,4-
d][1,3]thiazin-7a-yl]phenyl]-5-metoxy-pyrazin-2-carboxamit

F@g&@@
Was

N-[(4aR,7aS)-7a-(3-Aminophenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetra-
hydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (400mg, 891,81 pmol) va axit 5-
metoxypyrazin-2-carboxylic (165mg, 1,07mmol) dugc két hop trong diclometan (4ml)
va dimetylformamit (0,5ml). 1-Hydroxybenzotriazol (160mg, 1,16mmol) va sau do, 1-
(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (226mg, 1,16mmol) dugc bb
sung va hdn hgp thu dugc dugce khudy trong 5 gid & nhiét d6 trong phong trong nito.
Phan trg hén hop dugc pha lodng bing nuéc va dd pH duoc didu chinh dén ~12 bang
NaOH 1 N. Hdn hop duoc chiét bang etyl axetat (3x). Dich chiét hiru co thu gom duoc
lam khd qua natri sulfat, loc va dung mdi duoc tach loai trong chdn khéng. San phim
tho duoc tinh ché qua silica gel trong 20 phut bing gradien 5% dén 100% etyl axetat
trong hexan dé thu duoc hop chit néu ¢ d& muc (482mg, 92%). ES/MS (m/e): 585
(M+H).

Vi du diéu ché 31

N-[3-[2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-d][1,3]-
thiazin-7a-yl]-4-flo-phenyl]-5-flo-pyridin-2-carboxamit
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N-[7a-(5-Amino-2-flo-phenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (302mg, 647 pmol) va axit 5-flopyridin-2-
carboxylic (110mg, 777 umol) dugc két hop trong diclometan (3ml) va
dimetylformamit (0,5ml). 1-Hydroxybenzotriazol (116mg, 842 umol) va sau do, 1-(3-
dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (164mg, 842 umol) duoc bd sung
va hdn hop dugc khudy qua dém & nhiét do trong phong trong khi quyén nito. Hdn hop
phan tng duoc pha lodng bang nuéc va dd pH duge diéu chinh bang NaOH IN dén ~12
va sau dé, dugc chiét bing etyl axetat (3 x). L6p hitu co duge két hop va loc dé thu
gom chét liéu khong tan. Chét rin dugc rira bing nudc va etyl axetat va lam khd trong
chan khong dé thu dugc hop chét néu & d& muc. Lép hitu co tir dich loc duge lam kho
qua natri sulfat, loc va dung méi dugc tach loai trong chdn khéng. Can dugc tinh ché
qua silica gel bang 20 phut 5% to 100% etyl axetat trong hexan gradien dé thu duoc
hop chat néu & d& muc véi hidu suét phéi hop(275mg, 72%). ES/MS (m/e): 590 (M+H).

Vi du diéu ché 32

N-[(4aR,7aS)-7a—(5-Amino-2_—ﬂo-pheny1)-6-(5-ﬂopyrimidin-z-yl)-4,4a,5,7 -tetra-
hydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit, (chit ddng phan 1)

Raxemic N-[7a-(5-amino-2-flo-phenyl)-6-(5-flopyrimidin-2-y1)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-2-ylJbenzamit (1,694g, 3,63mmol) dugc tinh ché
bit dbi xtmg bing HPLC (C6t: Chiralcel OJ, 8 x 35 cm; rira giai: 90% metanol (0,2%
dimetyletylamin) va 10% axetonitril; luu lugng 400ml/phut & buge séng UV 280 nm).
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Phan tich chit ddng phén thtr nhit rira giai (Cot: Chiralcel OJ-H 0,46 x 15 cm; rira gidi:
10:90 axetonitril:metanol (v4i 0,2% dimetyletylamin); luu luwong: 0,6ml/phiut & budc
séng UV 280 nm) xé4c nhén chit ddng phéan dbi anh dugc 1am giau chit déng phan dbi

anh (99% ee) v6i R¢ = 6,70 phit, (723mg, 43%). ES/MS (m/e): 467 (M+H).
Vi du diéu ché 33

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-pyrolo[ 3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-metoxy-pyrazin-2-carboxamit, (chét dong phan 1)

2w

N-[(4aR,7aS)-7a-(5-Amino-2-flo-phenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (0,361g, 0,77mmol, chit ddng phan
1) duge hoa tan trong hdn hop chua diclometan (4ml) va DMF (0,5ml). Axit 5-
metoxypyrazin-2-carboxylic (240mg, 1,55mmol), 1-hydroxybenzotriazol (210mg,
1,55mmol) va 1-(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (300mg,
1,55mmol) dugc bd sung vao hdn hop va hdn hop duoc khudy qua dém & nhiét do trong
phong. Phan tng dung dich duoc bd sung truc tiép 1én cot nap 12 g silica gel va dugc
tinh ché bing cach st dung cdt 40 g silica gel va ria giai bang 0-100% etyl
axetat/hexan gradient. San pham dugc hoa tan trong etyl axetat (200ml), duoc rira nap
NaOH 1H (2 x 50ml), va bing nudc mudi (1 x 50ml). Phép tinh ché trén silica gel dugc
lap lai nhu néu trén dé thu dugc hop chét néu & d& muc (350mg, 74%). ES/MS (m/e):
603 (M+H).

Vi du diéu ché 34

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-pyrolo[3,4-
d][1,3]thiazin-7a-yl]phenyl]-5-xyano-pyridin-2-carboxamit
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_|\5_ Nj\
F‘<\: [(j P
NH
Al
SN
N-[(4aR,7aS)-7a-(3-Aminophenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetra-
hydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (0,30g, 0,67mmol) dugc hoa tan trong
diclometan (10ml) va axit S5-xyanopyridin-2-carboxylic (129mg, 0,87mmol), I-
hydroxybenzotriazol (185mg, 1,34mmol) va 1-(3-dimetylaminopropyl)-3-etyl-
carbodiimit hydroclorua (169mg, 0,87mmol) dugc bd sung. Diisopropyletyamin
(0,35ml, 2mmol) dugc bd sung va phan tng dugc khudy & nhiét d6 trong phong qua
dém. Chét lidu nay dugc tinh ché truc tiép bang séc ky silica gel rira giai bang 0-100%
etyl axetat hexan gradien dé thu dugc hop chit néu ¢ d& muc (360mg, 88%). ES/MS
(m/e): 579 (M+H).

Vi du diéu ché 35

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-pyrolo[3,4-
d][1,3]thiazin-7a-yl]phenyl]-3,5-diflo-pyridin-2-carboxamit

N-[(4aR,7aS)-7a-(3-Aminophenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetra-
hydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (0,30g, 0,67mmol) dugc hoa tan trong
diclometan (10ml) va axit 3,5-diflopyridin-2-carboxylic (138mg, 0,87mmol), 1-
hydroxybenzotriazol ~ (185mg,  1,34mmol) va  1-(3-dimetylaminopropyl)-3-
etylcarbodiimit hydroclorua (169mg, 0,87mmol) dugc bd sung. Diisopropyl-etylamin
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(0,35ml, 2mmol) duoc bd sung va phan tng duoc khudy & nhiét d§ trong phong qua
dém. Phan ung dugc tinh ché tryc tiép bang silica gel sic ky rira giai bang 0-100% etyl
axetat hexan gradien dé thu dugc hop chét néu & dé muc (330mg, 84%). ES/MS (m/e):
590 (M+H).

Vi du diéu ché 36

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-pyrolo[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-xyano-pyridin-2-carboxamit, (chit ddng phan 1)

CHO

Y
X-CN

N-[(4aR,7aS)-7a-(5-Amino-2-flo-phenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (0,180g, 0,39mmol, chét ddng phan
1) dugc hoa tan trong hdn hgp chua diclometan (2ml) va DMF (0,25ml). Axit 5-
xyanopyridin-2-carboxylic (114mg, 0,77mmol), 1-hydroxybenzotriazol (106mg,
0,77mmol) va 1-(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (150mg,
0,77mmol) dugc bd sung va phan tng duge khudy & & nhiét d6 trong phong qua dém.
Hon hgp dugc pha loang bang nude (10ml), etyl axetat (10ml) va duoc bd sung vao
dung dich chira NaOH 1H (100ml). Hn hgp dugc chiét bang EtOAc (2 x 100ml) va
16p hitu co dugc két hop va rira bang nuéc mudi. Lép hitu co dugc lam kho qua
MgSOs, loc va ¢d. Cén dugc tinh ché qua silica gel séc ky bang cach sir dung gradien 0-
100% etyl axetat hexan dé thu dwogc hgp chét néu & d& muc (133mg, 57%). ES/MS
(m/e): 597 (M+H).

Vi du diéu ché 37

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-pyrolo[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-3,5-diflo-pyridin-2-carboxamit, (chat ddng phan 1)
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HEt

N-[(4aR,7aS)-7a-(5-Amino-2-flo-phenyl)-6-(5-flopyrimidin-2-yl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][1,3]thiazin-2-yl]benzamit (0,180g, 0,39mmol, chét ddng phan
1) dugc hoa tan trong hdn hgp chia diclometan (2ml) va DMF (0,25ml). Axit 5-
xyanopyridin-2-carboxylic (114mg, 0,77mmol), 1-hydroxybenzotriazol (106mg,
0,77mmol) va 1-(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (150mg,
0,77mmol) dugc bd sung va phan tng dugc khudy & & nhiét d6 trong phong qua dém.
Hdn hgp dugc pha lodng bang nudc (10ml) va etyl axetat (10ml) va sau do, poured into
dung dich chira NaOH 1H (100ml). Hén hgp dugc chiét bang EtOAc (2 x 100ml). Dich
chiét hitu co duge két hop va rira bang nuéc mubi. Lép hitu co duge 1am khd qua
MgSOs, loc va ¢d. Cén dugc tinh ché qua sic ky silica gel bing cach sir dung gradien 0-
100% etyl axetat hexan dé thu dugc hop chit néu & d& muc (190mg, 80%). ES/MS
(m/e): 608 (M+H).

ViduA

N-[3-[2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-d][ 1,3]-thiazin-
7a-yl]-4-flo-phenyl]-5-flo-pyridin-2-carboxamit

F{Z& P

= NHp

Hon hop chtta N-[3-[2-benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetra-
hydropyrolo[3,4-d][1,3]thiazin-7a-y1]-4-flo-phenyl]-5-flo-pyridin-2-carboxamit
(293mg, 497 umol), O-metylhydroxylamin hydroclorua (430mg, 4,97mmol) va pyridin
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(402ul, 4,97mmol) dugc gia nhiét trong etanol (13ml) dén 70°C trong binh nén day kin
trong 2,5 gi¢. Dimetyl sulfoxit (3ml) dugc bd sung va hdn hop duoc gia nhiét & 70°C
qua dém. Dimetyl sulfoxit (10ml) dugc bd sung va tiép tuc gia nhiét & 70°C trong 4 gio.
O-metylhydroxylamin hydroclorua (208mg, 2,48mmol) va pyridin (201pl, 2,48mmol)
duoc bd sung va hdn hop duoc gia nhiét dén 60°C trong 3 gid va hdn hgp duge khudy
trong 3 ngdy & nhiét d§ trong phong. Trong binh ri€ng biét, hdn hop chtra N-[3-[2-
benzamido-6-(5-flopyrimidin-2-yl)-4.a,5,7-tetrahydropyrolo[3.-d][ 1,3]thiazin-7a-yl1]-4-
flo-phenyl]-5-flo-pyridin-2-carboxamit (276mg, 468 pmol), O-metylhydroxylamin
hydroclorua (405mg, 4,68mmol) va pyridin (478ul, 4,68mmol) dugc gia nhiét trong
etanol (15ml) va dimetyl sulfoxit (4ml) & 70°C trong binh nén day kin qua dém.
Dimetyl sulfoxit (10ml) dugc bd sung va tiép tuc gia nhiét & 70°C trong 4 gid. O-
metylhydroxylamin hydroclorua (195mg, 2,34mmol) va pyridin (189ul, 2,34mmol)
duoc bd sung va gia nhiét tiép tuc & 70°C trong 3 gio, tiép theo 1a khudy hdn hop trong
3 ngay & nhiét do trong phong. Hai hdn hop phan tng dugc két hop va hau hét dung
moi duoc tach loai trong chdn khong. San phém thd dugc tinh ché trén cot SCX béng
cach st dung 3:1 diclometan:metanol va sau d6, 2:1 diclometan: amoniac 7N trong
metanol. San phim thd duge tinh ché tiép qua silica gel trong 20 phut bang gradien tir
0,5% dén 10% amoniac metanol 7N trong diclometan gradien d8 thu dugc hop chit néu
& d& muc (451mg, 96%). ES/MS (m/e): 486 (M+H).

Vidul

N-{3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4a,5,6,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a(4H)-yl]phenyl}-5-flopyridin-2-carboxamit hydroclorua

Ty

H-ClI

NH,

Hén hop chtta N-[3-[(4aR,7aS)-2-benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][ 1,3]thiazin-7a-yl]phenyl]-5-flo-pyridin-2-carboxamit  (320mg,
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560 pmol), O-metylhydroxylamin hydroclorua (485mg, 5,60mmol) va pyridin (453pl,
5,60mmol) trong etanol (15ml) dugc gia nhiét & 65°C trong lo dong kin trong ndm gio.
Phan trng dugc 1am ngudi va dung mdi duoc tach loai trong chdn khéng. San phém thd
dugc tinh ché qua silica gel trong 30 phut bing gradien 0,5% dén 10% amoniac 7N
trong metanol diclometan gradien dé thu dugc N-[3-[(4aR,7aS)-2-amino-6-(5-
flopyrimidin-2-yl)-4.a,5,7-tetrahydropyrolo[3.-d][1,3]thiazin-7a-yl]phenyl]-5-flo-
pyridin-2-carboxamit (219mg, 84%). Chét liéu dugc hoa tan trong diclometan (1ml) va
metanol (0,5ml) va hydro clorua 1M trong dietyl ete (0,47ml, 470 umol) dugc bd sung.
Dung mdi dugc tach loai trong chdn khong dé thu dugc hop chét néu & d& muc (228mg,
81%). ES/MS (m/e): 468 (M+H).

Vidu2

N-{3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4a,5,6,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a(4H)-yl]phenyl}-5-metoxypyrazin-2-carboxamit hydroclorua

Wea

Hon hop chia N-[3-[(4aR,7aS)-2-benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][ 1,3]thiazin-7a-yl]phenyl]-5-metoxy-pyrazin-2-carboxamit
(479mg, 819 pmol), O-metylhydroxylamin hydroclorua (709mg, 8,19mmol) va pyridin
(6631, 8,19mmol) trong etanol (20ml) duoc gia nhiét & 50°C trong binh nén day kin
qua dém. Dimetyl sulfoxit (4ml) dugc bd sung va hdn hgp dugc gia nhiét dén 70°C
trong 4 gio dé thu dugc dung dich. Phan Gng dugce lam ngudi va héu hét dung méi duoc
tach loai trong chdn khéng. Nudc dugce bd sung va d6 pH dugc didu chinh dén ~12
bing natri hydroxit IN. Hén hop dugc chiét bing etyl axetat (5 x). Dich chiét hiru co
thu gom dugc 1am khd qua natri sulfat, loc va dung mdi dugc tach loai trong chdn
khong. San phim thd duoc tinh ché qua silica gel 30 phut bang gradien 0,5% dén 10%

amoniac metanol 7N trong diclometan gradient. Hoén hgp duge tinh ché lai trén cot
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SCX béng cach str dung 3:1 diclometan:metanol va sau d6, 2:1 diclometan:amoniac 7N
trong metanol dé loai cin dimetyl sulfoxit. Hon hop dugc tinh ché 14n cubi qua silica
gel 20 phut bang tir gradien 0,5% dén 10% amoniac metanol 7N trong diclometan &
thu duoc N-[3-[(4aR,7aS)-2-amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-
tetrahydropyrolo[3,4-d][ 1,3]thiazin-7a-yl]phenyl]-5-metoxy-pyrazin-2-carboxamit.
Chét liéu duogc hoa tan trong diclometan (1ml) va metanol (0,5ml) va hydro clorua 1M
trong dietyl ete (0,66ml, 660 pmol) dugc bd sung. Dung mdi dugc tach loai trong chdn
khong dé thu dwgc hop chét néu & d& myc (329mg, 78%). ES/MS (m/e): 481 (M+H).

Vidu3

N-[3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-flo-pyridin-2-carboxamit hydroclorua

Y

H-Cl

= NH,

Raxemic N-[3-[2-amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo-[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-flo-pyridin-2-carboxamit (451mg, 929 pmol)
duoc tinh ché bt déi xung bing SFC (Cot: Chiralcel OD-H (5 um), 2,1 x 25 cm; rira
giai: 40 % metanol (0,2% isopropylamin) trong CO2; luu luong 70ml/phut & bude song
UV225 nm). Phan tich khong déi ximg chit ddng phén rtra gii tht nhat: Cot: Chiralcel
OD-H (5 pm), 4,6 x 150 mm; rira giai: 40% metanol (0,2% isopropylamin) trong COo;
luu lvong Sml/phit & bude séng UV225 nm xac nhan chit ddng phan dbi anh dugc 1am
gidu chit ddng phan déi anh (>99% ee) c6 R = 1,01 pht (175mg, 360 pmol). Chét liéu
(bazo tu do, chit ddng phan 1) dwgc hoa tan trong diclometan (1ml) va metanol (0,5ml)
va hydro clorua 1M trong dietyl ete (0,36ml, 360 pmol) duoc bd sung. Dung méi dugc
tach loai trong chdn khéng dé thu dugc hop chit néu & & muc (183mg, 38%). ES/MS
(m/e): 486 (M+H).

Vidu4
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N-[3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-metoxy-pyrazin-2-carboxamit hydroclorua

F{I\/g_ N/i H-Cl

NH,

H3C

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-metoxy-pyrazin-2-carboxamit (0,350g,
0,58mmol, chit ddng phéan 1) dugc hoa tan trong THF (2ml) va sau d6, metanol (4ml)
va etanol (4ml) duge bd sung. O-Metylhydroxylamin hydroclorua (495mg, 5,81mmol)
va pyridin (470ul, 5,81mmol) dugc bd sugn vao hdn hop va phan tmg duge lam 4m dén
50°C va dugc khudy qua dém. Silica gel (~10 g) dugc bd sung vao phan tmg va hdn
hop duoc ¢6. Miu, dugc lam khd trén silica gel, dugc nap 1én hop réng va duge tinh
ché rtra giai bang 0-10% gradien amoniac metanol 7N trong diclometan. San phim
dugc tinh ché 14n thtr hai trén c6t SCX bang cach sir dung 3:1 diclometan:metanol va
sau d6, 2:1 diclometan:amoniac 7N trong metanol. San phdm dugc tinh ché 1an cudi
cung trén silica gel bing 0% dén 10% gradien amoniac 7N metanol trong diclometan dé
thu dugc bazo tu do cia hop chit néu & d& muc. Chét liéu duoc hoa tan trong
diclometan (5ml) va hydro clorua 1M trong dietyl ete (0,20ml, 660 pumol) dugc bd
sung. Dung moéi dugc tach loai trong chdn khong dé thu duoc hop chit néu & d& muc
(71mg, 23%). ES/MS (m/e): 498 (M+H).

Vidu5

N-[3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a-yl]phenyl]-5-xyano-pyridin-2-carboxamit hydroclorua
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— H-ClI
F{E— Nj\NHz
|

N

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-7a-yl]phenyl]-5-xyano-pyridin-2-carboxamit (360mg,
0,59mmol) dugc hoa tan trong etanol (10ml) va diclometan (Zml). O-metyl-
hydroxylamin hydroclorua (504mg, 5,91mmol) va pyridin (478ul, 5,91mmol) dugc bd
sung va phén ung dugc khudy & & nhiét do trong phong cubi tudn (70 giod). Phan tng
duge 1am 4m dén 60°C va dugc khudy trong 24 gio. Phan ung duge ¢d dé thu dugc san
phidm thdé va dugc tinh ché qua silica gel sic ky bang cach st dung 0-10% gradien
amoniac 7N metanol trong diclometan dé thu dugc bazo tu do cia hop chét néu & dé
muc. Chét lidu dugc hoa tan trong diclometan (Sml) va hydroclorua 1M trong dietyl ete
(0,54ml, 540 pmol) dugc bd sung. Dung moi dugc tach loai trong chdn khong dé thu
dugc hop chit néu & dé muc (240mg, 75%). ES/MS (m/e): 475 (M+H).

Vidu6

N-[3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a-yl]phenyl]-3,5-diflo-pyridin-2-carboxamit hydroclorua

O F

’z

NS

H-ClI

NH,

I
F

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-7a-yl]phenyl]-3,5-diflo-pyridin-2-carboxamit - (330mg,
0,53mmol) dugc hoa tan trong THF (10ml) va etanol lodng (10ml). O-metyl-
hydroxylamin hydroclorua (453mg, 5,32mmol) va pyridin (430pl, 5,91mmol) dugc bd

sung va phan Ung dugc khudy & & nhiét d§ trong phong cudi tudn (70 gid). Phan ung
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duoc 1am 4m dén 60°C va dugc khudy trong 24 gid. Hon hop duge cb trén silica gel
(~10 g) va dugc tinh ché qua sic ky silica gel bing cach st dung 0-10% gradien
amoniac 7N metanol trong diclometan dé thu dugc bazo tu do cia hop chét néu ¢ dé
muc. Chét lidu duoc hoa tan trong diclometan (5ml) va hydro clorua 1M trong dietyl ete
(0,49ml, 490 pmol) dugc bd sung. Dung méi dugc tich loai trong chdn khong dé thu
duoc hop chét néu & d& muc (159mg, 54%). ES/MS (m/e): 486(M+H).

Vidu7

N-[3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-xyano-pyridin-2-carboxamit hydroclorua

Ty

’

H-ClI

NH
= 2

NS

N

N-[3-[(4aR,7aS)-2-Benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-7a-yl]-4-flo-phenyl]-5-xyano-pyridin-2-carboxamit  (133mg,
0,22mmol, chit ddng phan 1) dugc hoa tan trong THF (1ml) va pha lodng metanol
(3ml) va etanol (3ml). O-metylhydroxylamin hydroclorua (190mg, 2,2mmol) va pyridin
(180ul, 2,2mmol) dugc bd sung. Phan tng duge 1am 4m dén 50°C va dugc khudy qua
dém. Hon hop dugc ¢d trén silica gel (~10 g) va dugce tinh ché qua silica gel sac ky rira
giai bang 0-10% gradien amoniac 7N metanol trong diclometan. Chét liéu dugc tinh
ché 13n thtt hai trén c6t SCX bing céch sit dung 3:1 diclometan:metanol va sau do, 2:1
diclometan:amoniac 7N trong metanol. Hén hgp dugc tinh ché 14n cudi cing trén silica
gel bing 0% dén 10% gradien amoniac metanol 7N trong diclometan dé thu dugc bazo
tu do cua hop chét néu & d& muc. Chét liéu dugc hoa tan trong diclometan (Sml) va
hydroclorua 1M trong dietyl ete (0,27ml, 270 pmol) dugc bd sung. Dung mdi duge tach
loai trong chdn khong d8 thu dugc hop chit néu & d& muc (114mg, 97%). ES/MS (m/e):
493 (M+H).

Vidu8
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N-[3-[(4aR,7aS)-2-Amino-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydropyrolo[3,4-
d][1,3]thiazin-7a-yl]-4-flo-phenyl]-3,5-diflo-pyridin-2-carboxamit hydroclorua

F{E&;\é&;c
£,

N-[3-[(4aR,7aS)-2-benzamido-6-(5-flopyrimidin-2-yl)-4,4a,5,7-tetrahydro-
pyrolo[3,4-d][1,3]thiazin-7a-yl]-4-flo-phenyl]-3,5-diflo-pyridin-2-carboxamit (190mg,
0,31mmol, chit ddng phan 1) dugc hoa tan trong THF (1ml) va pha lodng metanol
(3ml) va etanol (3ml). O-Metylhydroxylamin hydroclorua (267mg, 3,1mmol) va pyridin
(253pl, 3,1mmol) duge bd sung va phan tng dugc lam 4m dén 50°C va dugc khudy qua
dém. Phan tng dugc tinh ché trén cot SCX bang cach sir dung 3:1 diclometan:metanol
va sau d6, 2:1 diclometan:amoniac 7N trong metanol. Chét liéu duge tinh ché 1an cubi
cung trén silica gel bing 0% dén 10% gradien amoniac 7N metanol trong diclometan aé
thu dugc bazo tu do cia hop chit néu & d& muc. Chit liéu dugc hoa tan trong
diclometaﬁ (5ml) va hydroclorua 1M trong dietyl ete (0,20ml, 200 umol) dugc b sung.
Dung mdi dugc tach loai trong chdn khong dé thu dwoc hop chit néu & & muc (101mg,
60%). ES/MS (m/e): 504 (M+H).

Quy trinh thtr nghiém in vitro:

Déi véi cac thir nghiém enzym va t& bao in vitro, hop chét thir nghiém duoc didu
ché trong DMSO @& tao ra 10 mM dung dich gbc. Dung dich gdc dugc pha lodng hang
loat trong DMSO @ thu dugc dudng cong pha lodng mot phan mudi véi ndng d6 hop
chét cudi cung ndm trong khoang tir 10 mM dén 0,05 nM trong dia day tron 96 16 truée
khi thuc hién céc thir nghiém enzym va té bao nguyén ven in vitro.

Thir nghiém tc ché proteaza in vitro:

Biéu hién BACEI ctia ngudi
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BACE! ctia ngudi (sb hiéu luu gitr: AF190725) dugc tach dong tir ADN bd thé
clia ndo toan phéan bang RT-PCR. Trinh tu nucleotit twong (ng véi trinh ty axit amin #1
dén 460 duoc chén vao ADN bd thé ma hoa polypeptit IgGi (Fc) clia ngudi (Vassar et
al. 1999). Protein dung hop cia BACE1(1-460) va Fc cia nguoi, dugc goi Ia
huBACEl:Fc, dugoc x4y dung thanh vat truyén pJB02. BACE1(1-460):Fc
(huBACE1:Fc) cia ngudi dugc biéu hién thoing qua vao té bao HEK293. 250 ug ADN
bd thé ctia mdi clu tric duge két hop v6i Fugene 6 va dugce bd sung vao 1 lit té& bao

HEK293. Bbn ngay sau khi chuyén nhiém, thu 14y mdi truong diéu kién dé tinh ché.
Tinh ché hluBACE1:Fe.

huBACE1:Fc dugc tinh ché bing sic ky Protein A. Enzym dugc bao quan ¢ 80°C &

dang cc phan phan uéc nho.
Thir nghi¢ém BACE1 FRET

Dung dich pha loang hang loat cta hop chit thir nghiém dwoc didu ché nhu néu
trén. Hop chét duge pha lodng tiép 20x trong dung dich dém KH>POs. Mudi pL mbi
dung dich pha logng dugc bd sung vao mi 18 trén hang A dén H cua dia mau den lién
két protein thip tuong Gng chira hdn hop phan tng (25 pL chitra 50 mM KH>PO4, pH
4,6, 1 mM TRITON® X-100, lmg/mL Albumin huyét thanh bo, va 15 uM co chét
FRET) (Xem Yang, et. al., J. Neurochemistry, 91(6) 1249-59 (2004)). Cac chét duoc
tron déu trén may lic dia trong 10 phat. 15 pL chira 200 pM BACE1(1-460):Fc. Xem
(Vasser, et al., Science, 286, 735-741 (1999)) trong dung dich dém KH2PO4 dugc bd
sung vao dia chura co chit va hop chét thir nghiém dé khoi mao phan tmg. RFU cia hdn
hop tai thoi diém 0 dugce ghi tai bude song kich thich 355 nm va budc séng phat xa 460
nm, sau khi tron nhanh trén may lic dia. Dia phan ung dugc boc bang 14 nhom va gitt
trong 10 4m béng tdi & nhiét do trong phong trong tir 16 dén 24 giv. RFU tai cudi thoi
diém 1 dugc ghi lai gidng cac cai dat kich thich va phét xa dugc sir dung tai thoi diém
0. Su khéc biét ciia RFU tai thoi diém 0 va thoi diém 0 12 dai dién cia hoat tinh cla
BACEI theo hop chit diéu tri. Sy khac biét RFU dugc v& so dd theo ndng dd chét &rc
ché va dudng cong duge didu chinh bing phuong trinh logistic bbn thong sb dé thu
dugc cac gia tri ECso va ICso . (Xem Sinha, et al., Nature, 402, 537-540 (2000)).
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Hop chét tiéu biéu sau diy dugc thir nghiém co ban nhu néu trén va thé hién hoat
tinh sau day d6i véi BACEL:

Bang 1
Vidu# BACEI ICso (nM)
1 0,610 (+ 0,0948, n=8/9)
2 0,482 (+ 0,0580, n=6/7)
3 0,554 (+ 0,0674, n=3)
4 0,569 (+ 0,0796, n=2)
5 0,450 (+ 0,0911, n=4)
6 0,739 (+ 0,181, n=7)
7 0,358 (n=1/3)
8 0,730 (+ 0,0951, n=3)

Gia tri trung binh + SEM; SEM = sai s6 chuén clia gia tri trung binh

Dit liéu nay thé hién ring hop chit trong Bang 1 rc ché hiéu qua hoat tinh

enzym BACE] tai t& hop tinh ché in vitro.
Thir nghiém trén té bao nguyén ven dé do hoat tinh wrc ché Beta-Secretaza
Thir nghiém trén té bao nguyén ven HEK293Swe

Thir nghiém trén té bao nguyén ven thong thudng @& do hoat tinh wrc ché beta-
secretaza st dung dong té bao than cia phdi ngudi HEK293p (s6 hiéu luu gitt ATCC
CRL-1573) bidu hién 8 dinh ADN bb thé ctia ngudi APP751 chita dot bién kép ton tai
trong tu nhién Lys651Met652 thanh Asn651Leu652, thuong duogc goi la dot bién
Swedish (luu y 1a HEK293Swe) va da duoc thé hién 13 san sinh qua mic Abeta (Citron,
et al., Nature, 360, 672-674 (1992)). Thir nghiém san sinh Abeta In vitro dd dugc néu
trong tai liéu k§ thuét chuyén nganh (Xem Dovey, et al., Journal of Neurochemistry, 76,
173-181 (2001); Seubert, et al., Nature, 361, 260 (1993); va Johnson-Wood, et al.,
Proc. Natl. Acad. Sci. USA, 94, 1550-1555 (1997)).
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Céc t& bao (HEK293Swe & muc do 3,5x10* té bao/1, chira 200 puL mdi trudng
nudi cdy, DMEM chtra 10% FBS) dugc @ & nhiét d6 37°C trong 4 dén 24 giy khi ¢6
mat/khdng c6 mit chét {rc ché (pha lodng trong DMSO) & ndng d6 mong muén. O thoi
didm cudi cua viéc 0, méi truong diu kién dugc phan tich dé xac nhan hoat tinh beta-
secretaza, vi du, bang cach phan tich Abeta peptit. Abeta peptit toan phén (Abeta 1-x)
duge do bing ELISA banh kep, bang cach sir dung 266 don dong lam khang thé bt gitt
va 3D6 biotinyl héa 1am khang thé thong bao. Theo cich khéc, Abeta 1-40 va Abeta 1-
42 peptit dugc do bing ELISA banh kep, bang cé4ch st dung 2G3 don dong 1am khéng
thé bt gitt dbi v6i Abeta 1-40, va 21F12 don dong 1am khéng thé bat git déi véi Abeta
1-42. Ca hai phép ELISA Abeta 1-40 va Abeta 1-42 déu str dung 3D6 biotinyl héa 1am
khang thé thong bao. Nong d6 Abeta dugc giai phong trong mdi trudng didu kién sau
khi xir ly bang hop chét twogn mg véi hoat tinh cia BACEI trong diéu kién nay.
Pudng con wc ché 10 diém duge vE so dd va dugc diéu chinh bing phwong trinh
logistic bén thong s6 @& thu duoc céac gia tri ECso va ICso d6i véi tac dung lam giam
Abeta. Cac hop chét tiéu biéu sau day dugc thir nghiém co ban nhu néu trén va thé hién

hoat tinh sau day d6i v6i tic dung lam gidm Abeta:

Béang 2

HEK 293 Swe A-beta (1- | HEK 293 Swe A-beta (1-42)
40) ELISA ELISA

Vide ey v ICso (nM)

1 0,619 0,437

2 0,324 0,289

3 1,26 0,299

5 0,0887 0,0785

6 0,220 0,211

Gié tri trung binh + SEM; SEM = sai s6 chuén cua gia trj trung binh

Dir liéu nay thé hién rang hop chét theo Bang 2 ¢ ché hiéu qua viéc san sinh

Abeta nguyén thé & té bao nguyén ven.
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Thir nghiém té bao than kinh PDAPP so cdp

Thir nghiém x4c nhan trén té bao nguyén ven cling dugc thuc hién trén cidc moi
truong nudi cdy té bao thin kinh so cAp dugc sinh ra tir phoi chudt nhét chuyén gen
PDAPP. Céc té bao vé than kinh so cp dwoc chuan bi tir phéi PDAPP vao ngdy 16 cia
tudi phoi va duoc nudi cdy trong cac dia 96 16 (15 x 10* té bao/Id tron DMEM/F12 (1:1)
thém 10% FBS). Sau 2 ngdy in vitro, mdi truong nudi cdy dugc thay thé bang
DMEM/F12 khong chira huyét thanh (1:1) chtta thanh phan bd sung B27 va 2 uM
(ndng d6 cudi) Ara-C (Sigma, C1768). Vao ngdy 5 in vitro, té bao than kinh dugc G &
nhiét do 37°C trong 24 gio khi c6 mat/khong c6 mat chit ac ché (pha lodng trong
DMSO) & ndng do mong mudn. G thoi didm cubi cta viée 1, mdi trudong didu kién dugce
phén tich dé x4c nhan hoat tinh beta-secretaza, vi du, bé‘mg cach phén tich Abeta peptit.
Abeta peptit toan phin (Abeta 1-x) dugc do bang ELISA banh kep, bang céch sir dung
266 don dong 1am khang thé bét giit va 3D6 biotinyl héa 1am khang thé thong béo.
Theo cach khac, Abeta 1-40 va Abeta 1-42 peptit duge do bing ELISA banh kep, bang
cach sit dung 2G3 don dong 1am khang thé bat gitt ddi v6i Abeta 1-40, va 21F12 don
dong 1am khang thé bt gitr dbi voi Abeta 1-42. Ca ELISA Abeta 1-40 va Abeta 1-42
d&u st dung 3D6 biotinyl 1am khéng thé thong béo. Néong dd Abeta giai phong trong
mdi truong diéu kién sau khi xtr Iy bang hop chét twogn tmg véi hoat tinh BACEL trong
diéu kién nay. Puong cong trc ché 10 diém dugc vé va dugce diéu chinh bang phuong
trinh logistic bén thong s dé thu dugc cac gia tri ECso va ICso ddi v6i téc dung lam
giam Abeta . Cac hop chét tiéu bidu sau day dugc thit nghiém co ban nhu néu trén va

thé hién hoat tinh sau day ddi véi tac dung 1am gidm Abeta:
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Béang 3
Té bao than kinh PDAPP T& bao thin kinh PDAPP
Vi du A-beta (1-40) ELISA A-beta (1-42) ELISA
ICs0 (nM) ICso (nM)
1 0,487 (+ 0,0946, n=2) 0,591 (+ 0,268, n=2)
2 0,244 (n=1/2) 1,22 (+ 0,967, n=2)
3 0,309 (+ 0,0478, n=2) 0,184 (+ 0,0234, n=2)
4 0,134 0,131
5 0,132 (+ 0,0717, n=2) 0,0813
6 0,279 (+ 0,0607, n=2) 0,308 (+ 0,115, n=2)
7 0,0873 0,0649
8 0,285 0,29

Gia tri trung binh + SEM; SEM = sai s6 chuén cia gi tri trung binh

Dit liéu nay thé hién ring hop chét trong Bang 3 wc ché hiéu qua viéc san sinh

Abeta & té bao nguyén ven.
U ché Beta-Secretaza In vivo

Mot s6 m6 hinh dong vat, bao gém chuot nhit, chuot lang, chd, va khi, ¢ thé
duoc s dung dé sang loc hoat tinh trc ché beta-secretaza in vivo sau khi diéu tri bang
hop chit. Cac dong vét duoc st dung theo sang ché c6 thé 1a dong vat kiéu dai, chuyén
gen, hodc thiéu gen. Vi dy, mo hinh chuot nhit PDAPP, dugc chudn bi nhu duoc néu
trong tai liéu Games et al., Nature 373, 523-527 (1995), va dong vat khong chuyén gen
hodc thiéu gen khac 14 hitu dung dé phan tich su tc ché san sinh Abeta va sAPPbeta in
vivo khi c6 mit hop chit tc ché. N6i chung, céc con chudt nhit PDAPP tir 2 dén 12
thang tudi, chudt nhét thiéu gen hodc dong vat khong chuyén gen dugc cho sir dung hop
chét dugc bao ché trong chét din, nhu dau ngd, xyclodextran, dung dich dém phosphat,
PHARMASOLVE®, hoic chét din thich hop khac. Tir mdt dén 24 gior sau khi st dung

hop chét, cac con vat bi giét, va ndo cling nhu dich ndo tiy va huyét thanh dugc tach
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loai @& phén tich v& cic doan Abetas, C99, va sAPP. (Xem May, et al., Journal of
Neuroscience, 31, 16507-16516 (2011)).

Déi vai cac nghién ciru dugce 1y in vivo tiéu chuén, cac con vét duge cho st dung
nhiéu ndng dd hop chit va so sanh véi nhém ddi ching dugc diéu tri bing chit dan
dugc cho st dung tai cac thoi diém nhu nhau. Dbi voi mot sé nghién ciru trong mot giai
doan, md ndo, huyét thanh, hoac dich ndo tuy thu dugc tir cadc con vét dugce lya chon,
bét dau tai thoi diém 0 dé xéac 14p gia tri ban dAu. Hop chét hodc chit dén thich hop
duoc sit dung cho nhém khéc va bj giét & cac thoi diém khéc nhau sau khi st dung. Mo
nio, huyét thanh, hoac dich ndo tiy thu dugc tir cadc con vét dugc lua chon va dugce
phén tich xem ¢6 mét san phim phén cit APP, bao gdm Abeta peptit, SAPPbeta, va cac
manh APP khac, vi du, b%mg thir nghi€ém ELISA banh kep cu thé. Tai cudi thoi gian th
nghiém, cdc con vt bi giét va mo ndo, huyét thanh, hodc dich ndo tuy dugc phén tich
xem c6 mit Abeta peptit, C99, va sAPPbeta, néu thich hgp. Md ndo clia cac con vt
chuyén gen APP c6 thé con duge phan tich vé lugng mang tinh bdt beta-amyloit sau khi
didu tri bing hop chit. "Abeta 1-x peptit" nhu dugc st dung trong ban mo ta nay dugc
dung dé chi tdng s céc loai Abeta bét dau bing gbc 1 va két thuc bing dAu tan cing C
16n hon gbc 28. Viéc ndy xay ra trong hau hét cac loai Abeta va thudng dugce goi 1a

"Abeta toan phan".

Céc dong vat (chudt nhit PDAPP hoic chuyén gen APP khéc hodc khong
chuyén gen) dugc cho st dung hop chit tc ché c6 thé minh hoa hién tugng gidm Abeta
hoac sAPPbeta trong md ndo, huyét thanh hodc dich nfo tiy va hién tugng gidm mang
tinh bot beta amyloit trong m6 ndo, khi so voi d6i chimg dugc didu tri bing chét dan
hodic dbi ching tai thoi diém khong. Vi du, 3 gio sau khi st dung hop chét theo Vi du 1
v6i lidu 1, 3, hogc 10mg/kg qua dudng miéng cho chudt nhit PDAPP céi con nhd, ham
luong Abeta 1-x peptit 1an Iuot gidm khoang 34%, 48%, va 53% trong ddi hai ma cia
ndo, va khoang 43%, 59% va 66% trong vd ndo, so vdi chudt nhét dugc didu tri bﬁng

chét dan.

Vi du, 3 gio sau khi str dung hop chét theo Vi du 3 véi liéu 1 hodc 3mg/kg qua
dudng miéng, ham lugng Abeta 1-x peptit 14n luot giam khoang 38% va 50% trong ddi
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hai ma cua ndo, va khoang 34% va 53% trong vé ndo, so v6i chudt nhit duge diéu tri

bang chét dn.

Xét theo hoat tinh cta hgp chét theo Vi du 1 va 3 dbi véi enzym BACE in vitro,
c4c tac dung 1am giam Abeta 13 thdng nhét véi tac dung e ché BACE in vivo, va ciing
thé hién sy xuyén qua CNS cta hop chit theo Vi du 1 va 3.

Céc nghién ctru nay cho thiy ring hop chét theo sang ché trc ché BACE va, do

dé6, hitu dung dé 1am gidm ham lugng Abeta.
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YEU CAUBAO HOQ

&

1. Hop chat c6 cong thirc:

trong d6 R 1a H hodc F; va

A la:
~ N 1 N,
e Ne; LT
Fw‘L&:l;: PR I “"*j vhode  HaCO~ TN :

hodc mudi dugc dung cua nd.

2. Hop chét hodc mudi theo diém 1, trong d6 hop chét nay c6 cong thirc:

Neasd

3. Hop chét theo diém 2, trong d6 hop chét ndy c6 cong thuc:

4. Dugc pham, chira hop chét hoic mudi dugc dung cia né theo diém bit ky trong cac

diém 1-3 v6i mot hodc nhiéu chit mang, chét pha lodng, hoic t4 dugc dugc dung.

-51-





