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va mubi dugc dung cia chung, cung voi duge phém chira chiing va mo ta viéc s dung
chung trong trj liéu. Hop chit nay 1a chat trc ché enzym MPO va do d6 dic biét hitu dung
trong viéc diéu tri hodc phong ngira ri loan tim mach, vi du, cac tinh trang bénh c6 lién
quan dén chting suy tim va bénh dong mach vanh.
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Linh vie k§ thuit dwge dé cip

Sang ché lién quan dén cac hop chét 1-[2-(aminometyl)benzyl]-2-thioxo-
1,2,3,5-tetrahydro-4 H-pyrolo[3,2-d]pyrimidin-4-on nh4t dinh c6 cong thirc (1),
mo ta chung dé sir dung trong viéc diéu tri bénh hoic tinh trang bénh c¢o lién
quan dén myeloperoxidaza, vi du, cAc tinh trang bénh c6 lién quan dén ching

suy tim va bénh dong mach vanh, va dé cap dén duogc phém chtra chuing.
Tinh trang k¥ thuit ciia sang ché

Myeloperoxidaza (MPO) 1a enzym chtta hem duoc tim thiy & bach ciu
hat trung tinh (bach ciu trung tinh) va bach cdu don nhan. MPO 1a mdt thanh
vién cta ho protein da dang clia peroxidaza dong vét c6 vii ma ciing bao gdm
peroxidaza ura eozin (EPO), peroxidaza tuyén giap (TPO), peroxidaza nuéc bot
(SPS), lactoperoxidaza (LPO), prostaglandin H syntaza (PGHS), va cac chét
khac. Enzym truéng thanh 13 dime ciia cic nira gidng nhau. Mdi nira phén tir
chita hem dugc lién két cong héa tri ma thé hién tinh chét phd khong binh
thudong chiu trach nhiém vé& mau xanh 14 cdy dic trung cia MPO. Su phan cit
clia cau disulphua ndi hai ntra cia MPO tao ra ban enzym ma thé hién tinh chét
phd va tinh chit xtc tic khong thé phan biét duoc véi céc tinh chét nay cua
enzym nguyén ven. Enzym ndy dugc hoat héa bsi hydro peroxit, ngudn cia
ching c6 thé 13 anion superoxit c6 ngudn gbc tir NADPH dugc xic tic béi
superoxit dismuataza (SOD) va anion superoxit c6 ngudn gdc tir xantin duge tao
thanh khi oxidaza va hydro peroxit dugc tao thanh khi oxy héa purin. C4c chit
nén sinh ly chinh cia MPO 1i halua (vi dl_l,A clorua) va gid halua (nhu
thioxyanat), tao thanh axit hypohalous diét khudn nhu axit hipocloro (chit tdy
trang) va axit hypothioxyanous (J. Clin. Biochem. Nutr., 2011, 48, 8-19).

Bach cdu trung tinh déng vai trd diét khudn quan trong bang cach thuc

bao (nhén chim) va giét chét vi sinh vat. Lugng bi nhin chim duoc két hop vao
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khong bao, dugc goi la phagosom, ma dung hgp vé6i cac hat chira
myeloperoxidaza dé tao thanh phagolysosom. Trong phagolysosom hoat tinh

enzym ctia myeloperoxidaza ddn dén su tao thanh ctia axit

hipocloro, hop chit diét khudn tiém ning (Free Radical Biology &
Medicine, 2010, 49, 1834-1845). Axit hipocloro oxy hoa trong ban than no, va
phan mg nhiéu nhat véi thiol va thioete, nhung ciing chuyén hoa amin thanh

cloramin, va clo héa axit amin thom.

MPO ciing c¢6 thé dugc giai phong ra bén ngoai té bao noi ma phéan ng
v6i clorua c6 thé gy ra tén hai cho mé lién ké. Ngoai sy giai phong c6 kiém
soat ndy clia MPO, bach ciu trung tinh ciing ¢6 thé thai mang luéi ADN khong
ngung tu duogc dat rai rdc véi protein ndi bao, vi dy, MPO vao khong gian ngoai
bdo, goi 1a biy ngoai bao trung tinh (NET). C4c NET nay dugc cho 1a déng vai
tro trong viéc bao vé vat chi trong mbi quan hé véi vi sinh vat ngoai bao va
ciing d3 dugc dé xuat 1a co cdu sinh 1y bénh hoc quan trong trong céc bénh viém
cép tinh, vi du, chimg huyét kh6i mién dich xay ra & sy nhiém tring (Nature
Rev. Immunol, 2013, 13, 34) va & su ty mién dich, vi du, & luput ban d6 toan
than (SLE) (J. Immunol., 2011, 187, 538-552). Pang cha y 13, MPO cén thiét
cho su tao thanh NET (Blood, 2011, 117, 953).

Ham lugng toan than cia MPO 13 yéu té nguy co di biét rd dbi véi cac
bénh tim mach khéac nhau (vi du, cac tinh trang bénh c6 lién quan dén chimg suy
tim, hdi ching dong mach vanh cép tinh, nhdi mau co tim, bénh dong mach
vanh én dinh va ching vira xo dong mach (Circulation, 2003, 108, 1440-1445;
N. Engl. J. Med., 2003, 349,1595-604; J. Am. Coll. Cardiol., 2007, 49, 2364—
70). Vai trd cia MPO trong bénh suit nay khong chi lién quan dén sy tén hai
oxy hoa gy ra béi cac san phidm enzym, ma con do su tiéu thu nitric oxit, chit
diéu hoa quan trong cia sy gidn mach va té bao co tim. Quan trong 13, su dong
gop cua MPO vao bénh tim mach khoéng chi théng qua su tham nhép cua bach
cdu trung tinh va bach ciu don nhan vao hé mach va co tim, ma con thong qua
su lang dong chién lugc cia MPO ngoai bao trén proteoglycan 1én mit day bén

ciia mang trong (Science, 2002, 296, 2391).
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Vai trd nguyén nhan ciia MPO d6i véi sy phét trién cta bénh tim mach
cdn dugc hd trg boi bénh suét tim mach thép hon & cac dbi tuong khiém khuyét
MPO (Acta Haematol., 2000, 104, 10—15) va ngudn du trit dong mau qua dong
mach vanh gidm (J. Biomed. Sci., 2004, 11, 59—64) va bénh suét tding & cac dbi
tugng mang dot bién ting chirc ning & ving khai dong MPO (New Engl. J.
Med., 2004, 350, 517; Free Rad. Biol. & Med., 2009, 47, 1584; J. Biol. Chem.,
1996, 271, 14412-14420). Tac dung truc tiép 1én dong chay va sy gidn mach
ciing dugc quan sat thdy sau khi ding MPO & lon (Eur. Heart J., 2011, 33,
1625).

Do d6, su lién két ciia hoat tinh MPO véi cac bénh da dugc ngu y & bénh
tim mach v&i viém vi mach va xo héa phan tmg bao gdm ching suy tim, vi du,
chimg suy tim véi phan suit tdng mau bao tén, chimg suy tim véi phan suét téng
mau giam, hdi ching dong mach vanh cép tinh, nhdi mau co tim, bénh dong
mach vanh 8n dinh va tinh trang bénh c6 li€én quan dén ching vita xo dong

mach.

Mic di d3 tién hanh quy trinh déang ké dé hiéu va diéu tri ching suy tim
(HF), bénh suét va ti 16 tur vong do HF van con cao. Nguyén nhén chinh cta viéc
tai cAu tric tim, ma 12 nén tang cho sy phat trién HF, 13 4p luc thanh tAm thit
tang 1a két qua cia chung ting huyét ap lién tuc, nhdi mau co tim, thiéu ning
van hodc cac vin dé khac. Téi ciu triic tim ding dé chi su thay doi bat ky & ciu
triic, kich thudce, khéi lugng hodc chirc ndng tim va, méc du ban d4u né 14 co ché
bu trir dé duy tri cong sudt tim n6 ¢ thé dan dén su mét bu va sy phat trién HF
(J. Am. Coll. Cardiol., 2000, 35, 569-582 ). Cac quy trinh chinh ma gép phén
vao sy tai cAu tric tim 13 phi dai (phat trién), xo hoa va viém té bao co tim (Var.
Rev. Mol. Cell. Biol., 2006, 7, 589-600; Circ. Res., 2010, 106, 47-57).

Hién nay, nén tang cua su diéu tri HF dya trén su giam di cua ap luc.
thanh tAm thit va né chi yéu bao gbm viéc sir dung chit trc ché cua hé renin-
angiotensin-aldosteron, vi du, angiotensin-enzym chuyén héa-chét &rc ché (ACE-
I), cia chit phong bé gy tiét p-adrenalin va cta thudc 1oi tiéu (Eur. Heart J.,
2012, 14, 803-869). Mic du dugc diéu tri, bénh suat HF van con cao va khoang

50% cua tét ca cac bénh nhén chét trong vong 5 nim sau khi chan doéan lan thir
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nhit (J. Am. Coll. Cardiol., 1999, 33, 734-742). Do d6, c6 nhu ciu buc thiét vé
cac lua chon diéu tri méi tap trung truc tiép vao cac quy trinh phan t va t& bao

chinh géy ra su tai cau trdc tim.

Chiing suy tim c6 thé dugc chia nhé thanh HF véi phan suét téng mau
giam (HFrEF) va véi phan suat tong mau bao ton (HFpEF) (Curr. Heart Fail,
Rep., 2012, 9, 363-368). HFrEF va HFpEF khac nhau vé sinh 1y bénh hoc, dic
diém 1am sang va diéu tri. HFfEF thuong dung dé chi HF tim thu va diéu tri
bang chit trc ché ACE, chét phong bé B va thubc loi tidu di 1am giam thanh cong
ti 1€ tr vong va bénh suét & bénh nhan mic HFrEF. Ngugec lai, dbi véi HFpEF,
ma thudng duoc bidu thi 1a HF tdm truong, cho dén nay khéng ¢6 su didu tri ndo
thé hién mot cach thuyét phuc 13 1am giam ti 1& tir vong hodc bénh suit. Didu nay
gay lo ngai, vi ti 16 médc méi va ti 1& hién hanh ctia HFpEF dang ting 1én, ca &
thoi han tuyét ddi va twong dbi véi HFrEF (Eur. Heart J., 2013, 34, 1424-1431).
Pic diém then chét cia HFpEF la su co lai va su gian ra cda thanh tam thét giam
di. Xo héa tim 1a thanh phan déng gép quan trong ciia su ting cimg ndy cia
thanh tAm thit. Do d6, viéc nhim dich vao sy xo héa tim 1a chién lugc tri liéu
tiém nang ddi véi bénh nhan HEpEF, ciing nhu 14 & bénh nhan HFrEF ma xo héa
dong vai tro quan trong. Hon nita, HFpEF c6 thé chuyén tiép thanh su gifn tim
va thanh HFTEF. Do d¢6 diéu quan trong 12 phai nghién ctru xem viéc hudng dich
dugc ly clia su xo héa tim c6 thé 1am ngimg hozc 1am thuyén giam HFpEF va su

chuyén tiép tiém ning cta né thanh HFrEF hay khong.

Vi mach, din dén sy xo hoéa k& dudng nhu déng vai trd quan trong trong
- su phét trién HFpEF (J. Am. Coll. Cardiol., 2013, 62, 263-271) va d3 chung
minh duoc 1a cd su lién ddi gitta HF va enzym viém, myeloperoxidaza (MPO)
(J. Am. Coll. Cardiol., 2007, 49, 2364-2370). Theo quan diém vé& su xo héa, cd
dir liéu cho thay ring san phdm MPO axit hipocloro (HOCI), 14 khéa chuyén ddi
diéu hoa quan trong didu bién cic protein nén ngoai bio, bao gdm
metalloproteinaza (MMP) (J. Biol. Chem., 2001, 276, 41279-41287; J. Biol.
Chem., 2003, 278, 28403-28409). Piéu nay con dugc hd tro bdi sy thuyén giam
cua su xo hda tdm nhi do angiotensin II gdy ra va hoat tinh MMP giam quan sat

théy & su thiéu hut MPO. Hon nita, viéc bd sung MPO tai td hop vao chudt
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Mpo-/- d4n dén sy xo hoa tim nhi chi ra rang hoat tinh MPO ting 1a da dé gay ra
su xo héa (Nat. Med., 2010, 16, 470-474). G mau hau nhdi mau co tim (MI) con
chudt Mpo-/- ciing thé hién su tai cdu triic tdm that dugc giam bét va chirc ning
duoc cai thién (J. Exp. Med., 2003, 197, 615-624). Cac két qua niy cling nhau
chi ra rang hoat tinh MPO 14 thanh phan d6ng vai tro then chét dbi véi sur tai cdu

tric cua co tim trong diu kién bénh ly.

Su trc ché dugce Iy cta hoat tinh MPO c¢6 thé 1am thuyén giam su xo héa
tim va bao toan chirc ning tim trong didu kién c6 thé 1am khoi phat HFpEF (tim
trrong) va HFrEF (tAm thu). Cu thé 13 sy ting cimg cta tim nhu 13 két qua cta

su x0 hoda bao quat c6 the duge ngan chadn va co the bao toan chirc nang tim.

C6 nhu ciu v& chit trc ché ¢ hoat tinh qua dudong miéng cia MPO dé
didu tri vi du nhu cac tinh trang bénh c6 lién quan dén ching suy tim va bénh
dong mach vanh. Pé lam tdng chi s6 tri liéu cua thudc ndy, cin phai thu dugc
chét e ché MPO chon loc d6i véi MPO hon 1a cac peroxidaza khac, vi du, TPO
@& 1am giam nguy co vé cac van d& c6 hai lién quan dén tuyén giap. Coi nhu 1a
do chon loc cao ddi véi MPO hon 1a TPO ¢6 thé 1am giam nguy co phat trién
cta tuyén gidp (Pharm. Res., 2013, 30, 1513-24. Ngoai ra, diéu mong mudn I3
chét trc ché MPO dé st dung trong tri liéu tim mach s€ lam han ché tinh chét
xuyén qua hang rao mau nio dé 1am gidm thiéu anh huéng ctia n6é & hé than kinh
trung wong (CNS).

W02003/089430, W02005/037835, W0O2007/120097, W02007/120098
va W02007/142576 boc 19 dan xuét thioxantin va viéc sit dung ching 1am chat
trc ché MPO trong tri liéu.

WO02006/062465 va W02007/142577 boc 16 din xuét 2-thioxo-1,2,3,4-
tetrahydro-pyrolo[3,2-d]pyrimidin-4-on dugc yéu ciu bao ho 1a cha?it.t'rc ché cua
MPO. D3 néu rang hop chit nay c6 thé thé hién d6 chon loc chéng lai cic enzym
lién quan, vi du, TPO.

W02009/025618 bdc 10 thioxantin va din xuét 2-thioxo-1,2,3.4-
tetrahydro-pyrolo[3,2-d]pyrimidin-4-on va viéc st dung chét (rc ché MPO &8
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diéu tri bénh teo da hé théng (MSA) va bénh Huntington (HD) va d& bao vé thin
kinh.
~ J. Labelled Compounds and Radiopharmaceuticals, 2012, 55, 393-399,
boc 10 mot sd din xuét thioxantin dugc danh ddu C va *C, dugce triti hoa cling
nhur 12 hop chét pyrolo[3,2-d]pyrimidin-4-on dugc danh ddu "C. Cac hop chit
nay dugc néu 13 céc chit 1am bit hoat cia MPO.
J.Biol. Chem., 2011, 286, 37578-37589, boc 10 cic din xuét thioxantin
nhit dinh. Céc hop chit nay duoc néu 13 1am e ché MPO trong huyét trong va
1am giam sy clo héa protein & mau chudt. Cac hop chit ndy ciing duge cho 1a

chét ¢ ché kém cua TPO.

WO02013/068875 boc 16 dan xuét thiopyrimidon duoc cho 13 chit Gc ché
MPO. |

Muc dich ctia sang ché nay 1a d& xuét chit rc ché MPO méi hiru dung
trong tri li€u. Muc dich khéc 1a dé xuit hop chit mé6i ¢6 dd chon loc duge cai
thién dbi véi enzym MPO hon 1a enzym TPO va/hodc ¢6 tinh chit xuyén qua
hang rao mau nio han ché.
Ban chit k§ thuit ciia sang ché

Sang ché @& xuét hop chét ¢6 cong thirc (I):

0
H
HN | N
Y/
SN
Y @
R1 N\R3
R2

trong do:
R' 12 H, F, Cl hoic CFs,

R?1a H, CH; hodc C,Hs, va
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R’ 1a H, CH;, C,Hs, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
xyclopropyl, xyclopropylmetyl, xyclobutyl, xyclobutylmetyl hodc xyclopentyl,

hodc mudi duoc dung cia chung.

Hop chit ¢6 cong thire (I) 13 chét e ché MPO. Do d6, hop chét c6 cong
thirc (I) c6 thé dugce dung 1am thudc, cu thé 1a dbi vé6i réi loan, bénh hoic tinh
trang bénh chiu trach nhiém dbi véi su trc ché ciia MPO, va cu thé hon 13 tinh
trang bénh tim mach, bao gém bénh dong mach vanh, chiing suy tim (HF),
ching suy tim v6i phan sudt tong mau giam (HFrEF) va chimg suy tim véi phan

suit tdng mau bao tén (HFpEF), trong d6 MPO ¢6 déng vai tro nao doé.

Cén hiéu rang khi cAu hinh tuyét d6i (R hodc S) clia chat déng phan dbi
anh don 1& cua hop chét dugc boc 16 & day duge xac dinh trong ban mo ta nay,
n6 1 nguyén tir cacbon ma R? dugc gin vao ma 13 tm 14p thé (tdm bit dbi

xing) dang xem xét.
MO ta vit tit cac hinh vé

Hinh 1 thé hién cac gia tri lugng tai cia cac chét chi thi sinh hoc lién quan
dén MPO dé dy doan muc do nghiém trong cua tri€éu chiing cia bénh nhan
HFpEF (nhém NYHA). Dé cho 13 rang, cAc gia tri lwong tai clia cac bién con lai
(n=240) dd dugc b qua trong hinh v& nay. Dé dua cac gia tri luong tai di dirge
thé hién trong phéi canh ciia phan con lai ctia dir liéu, cic gia tri lugng tai 16n
nhit va nhé nhét trong bd dir liéu nay duoc chi ra bang dudng chidm chim. Cot

mau den biéu thi gia tri luong tai di véi NT-proBNP dugc thé hién dé so sanh.

Hinh 2 thé hién sy giam phu thudc liéu lugng cia axit uric béi chét Ge ché
MPO AZD3241 & cac Tinh Nguyén Vién Khée Manh. Cac ddi tuong tiép nhan
gia dugc hogc liéu hrgng hang ngay nhét dinh trong thoi gian 10 ngly, va su
khac biét ctia ham lugng urat trong huyét twong so véi dudng co s& duge tinh.
MB&i ky hiéu chi mét dbi tuong.

Hinh 3 thé hién réng MPO da dugc hoat hdéa giy ra su san xuét urat in
vitro. MPO da duoc hoat hoa dugc 1 véi xantin va lugng da chuén do cta Vi du
3: 1-{2-[(1R)-1-aminoetyl]-4-clobenzyl } -2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on trong thdi gian 80 phut, sau d6 ham lugng urat
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dugc dinh Iugng biang LC-MS. Puong chdm chim biéu thi urat tao thanh trong
su ¢6 mat cia MPO chua dugc hoat hoa.

Hinh 4 thé hién mau nhiéuv xa bot tia X dbi v6i Vi du 3(j): 1-{2-[(1R)-1-
aminoetyl]-4-clobenzyl}-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[3,2-
d]pyrimidin-4-on.

Hinh 5 thé hién mAu nhiu xa bot tia X d6i véi Vi du 7: 1-[2-(Aminometyl)-4-
clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[ 3,2-d]pyrimidin-4-on.

M0 ta chi tiét sang ché

Dé tranh su khong rd rang can hiéu ring trong ban mé ta nay khi mot
nhom duge néu 1a "duge xac dinh & trén" thi nhdm nay bao ham dinh nghia xudt
hién dau tién va rong nhét cling nhu 12 mdi va tit ca cac dinh nghia khéc cua
nhém do.

Theo mot khia canh, sang ché dé xuét hop chit c6 cong thuc (I), hodc
mudi duge dung cua chung, trong do6 R! biéu thi H, F, Cl hoic CFs.

Theo phuong 4n khéc, R biéu thi CI.

Theo mdt phuong éan, R? biéu thi H, CH; hodc C,Hs.

Theo phuong 4n khéc, R* biéu thi CH; hodc C,Hs.

Theo phuong an khac nira, R? biéu thi CH;.

Theo mdt phuong an, R? biéu thi H, CH3, C,Hs, n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, xyclopropyl, xyclopropylmetyl, xyclobutyl,
xyclobutylmetyl hoic xyclopentyl.

Theo phuong 4n khéc, R? biéu thi H.

Theo phuong an khéc nita, nguyén tir cacbon ma R* duoc gin vao ¢ ciu
hinh R khi R” biéu thi CH; hogc C,Hs.

Theo mét phuong an, hop chét ¢ cong thire (I) duoc chon tir:

1-{2-[(1R)-1-aminopropyl]-4-clobenzyl}-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;
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1-[2-(1-aminoetyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on;
1-{2-[(1R)-1-aminoetyl]-4-clobenzyl}-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on.
1-{2-[(15)-1-aminoetyl]-4-clobenzyl}-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;
1-{4-clo-2-[1-(metylamino)etyl]benzyl}-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;
1-{4-clo-2-[(etylamino)metyl]benzyl}-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;
1-[2-(Aminometyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on.

1-{4-clo-2-[(metylamino)metyl]benzyl }-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-(2-{[(xyclobutylmetyl)amino|metyl } benzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-{2-[(xyclobutylamino)metyl]benzyl } -2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-{2-[(xyclopentylamino)metyl]benzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;

1-(2-{[(2-metylpropyl)amino]metyl } benzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-{2-[(propan-2-ylamino)metyl]benzyl } -2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;
-1-[2-(aminometyl)-4-(triflometyl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-{2-[(metylamino)metyl]-4-(triflometyl)benzyl }-2-thioxo-1,2,3,5-tetrahydro-
4H-pyrolo[3,2-d]pyrimidin-4-on; va
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muoi duge dung cda ching.

Cén luu ¥ ring mdt hop chét bat ky trong s6 cac hop chit cu thé nay c6

thé duoc loai bé khéi phwong 4n bat ky trong s cac phuong 4n da néu & day.

Theo mdt phuong 4n, sang ché d& xudt quy trinh diéu ché hop chit c6
cong thirc (I) hodc mubi duge dung cia hop chét c6 cong thtc (I), va cac hop

chit trung gian dugc ding trong viée didu ché chung.

Phuong 4n khac 14 sin phdm c6 thé thu dugc bing quy trinh hodc vi du

bét ky dugc boc 19 trong ban mo ta nay.

Ngoai ra, vi thuc té 13 cdu hinh tuyét dbi cua chit ddng phan d6i anh cua
hop chat duge boc 16 trong ban mé ta ndy duge x4c dinh biang nghién ctru quang
phd, chir khéng phai 1a bang, vi du, nghién ctru tia X (xem Vi du thue hién 3(b)),
can hiéu rang ki hiéu R va S s& dugc dao nguoc néu két qua tir nghién clru quang

phd vi 1i do nay hay li do khéc duge xéc thuce sai.
SU DUNG TRONG Y HQOC VA DUGC HQC

Hop chét c6 cong thire (I) va mubi dugce dung cda ching hitu dung bai vi

chiing mang hoat tinh dugc ding 1am chit rc ché ciia enzym MPO.

Hop chét c¢6 cong thirc (I) va mudi duge dung ctia ching dugc chi dinh dé
sit dung trong viéc diéu tri hodc phong ngira bénh hodc tinh trang bénh trong d6
su diéu bién hoat tinh enzym myeloperoxidaza (MPO) 1a diéu mong muén. Cu
thé 13, su lién két cta hoat tinh MPO véi bénh di duge ngu ¥ trong bénh tim
mach. Do d6 hop chit dugc boc 10 nay duogc chi dinh cu thé dé su dung trong
viéc diéu tri c4c tinh trang bénh hodc roi loan bénh dong mach vanh va suy tim &
dong vat cé vu bao gém ngudi. Ngoai ra, hop chit dugce boc 16 dugce chi dinh cu
thé @ st dung trong viéc diéu trj cac tinh trang bénh hoic cac réi loan bénh than
man tinh (CKD), hoi ching tim-than (CRS), viém gan nhiém m& khéng do rugu

(NASH) va chimg loan nhip tim & dgng vat c6 va bao gdm ngui.

Tinh trang bénh hodc 16i loan ma c6 thé da duogc dé cdp cu thé bao gém

bénh dong mach vanh, héi ching ddng mach vanh cép tinh, chung suy tim,
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chirng suy tim v&i phén suét tong mau gidm va ching suy tim vé6i phan suét tong

mau bao ton.

Phong ngtra dugc du tinh 1a c6 lién quan cu thé dén viéc diéu tri cho
ngudi bi mic giai doan sém cia, hoic theo cach khéc dugce coi nhu 1a ¢6 nguy
co tang v&, bénh hoic tinh trang bénh dang quan tAm. Ngudi c¢6 nguy co phat
trién bénh hodc tinh trang bénh cu thé thudng bao gbm nhirng ngudi c6 tién st
gia dinh méc bénh hoc tinh trang bénh nay, hodc nhitng ngudi da dugce xac dinh
bang thir nghiém hodc sang loc di truyén hoic dugc xac dinh thong qua cac md
hinh dénh d4u sinh hoc cu thé 13 dac biét d& phat trién bénh hoic tinh trang bénh
nay.

Déi v6i cac chi din tri lidu néu trén, lidu lugng duge dung, tit nhién, s&
thay ddi tuy theo hop chét duge st dung, phuong thirc ding va viéc didu tri
mong mudn. Tuy nhién, nhin chung, két qua théa man thu dugc khi hop chét
dugc dung & liéu luong cla dang rin ndm trong khoang tir 1 mg dén 2000 mg
mdi ngay.

Hop chét c6 cong thirc (I), va dan xuét duge dung cia chiing, c6 thé dugc
dung & dang nguyén ban, hodc & dang dugc pham thich hop trong d6 hop chét
hoic dan xuit duogc tron 13n véi ta dugc, chét pha loang hodc chét mang dugc
dung. Do d6, khia canh khac @& cap dén dugc pham chira hop chit méi c6 cong
thire (1), hodc mudi duge dung ciia ching, trong hén hgp véi ta dugc, chét pha
loing hoidc chit mang dugc dung. Viée dung c6 thé 13, nhung khong gi6i han &,
qua duong tiéu hda (bao gdbm miéng, dudi ludi hodc truc trang), trong mili,
x0ng, trong tinh mach, tai chd hoic cac duong dung ngoai dudng tiéu hoa khac.
Quy trinh thong thudng dé lwa chon va diéu ché cic duge phim thich hop duge
mo ta trong tai liéu, vi du, Pharmaceuticals - The Science of Dosage Form
Designs, M. E. Aulton, Churchill Livingstone, 2™ Ed. 2002. Tét hon 13, dugc
phém chira it hon 80% va t6t hon nita 1a it hon 50% hop cht ¢6 cong thirc (1),

hoac muoi duge dung cua ching.

Theo mét phuwong 4n sang, ché d& xuét hop chét c6 cong thirc (I), hoic

mudi duge dung cta hop chit c6 cong thire (1), dé sir dung trong tri liéu, cu thé
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1a trong viéc ngin nglra hodc diéu tri bénh tim mach & dong vat c6 vu, cu thé 13
nguoi.

Theo phuong 4n khac, sang ché dé xuit hop chat c6 cong thire (I), hodc
mudi dugc dung cda hop chét ¢6 cong thuc (I), dé st dung trong tri li€u, cu thé
1a trong vi€éc ngédn nglra hodc diéu tri tinh trang bénh ma su rc ché cia MPO 13

co loi.

Theo phuong 4n khéc nira, sang ché dé xuit hop chét c6 cong thic (1),
hoic mudi dugc dung ctia hop chit c6 cong thire (1), dé sir dung trong tri liéu, cu
thé 1a trong vi€c ngdn nglra hodc diu tri bénh dong mach vanh & dong vat co6 vu,

cu thé 1a nguoi.

Theo phuong 4n khéc nita, sang ché dé xuit hop chét c6 cong thic (D),
hoic mudi dugc dung ctia hop chit co cong thire (1), dé st dung trong tri liéu, cu
thé 13 trong viéc ngin ngira hogc diéu tri hoi ching dong mach vanh cip tinh &

dong vt c6 v, cu thé 1a nguoi.

Theo phuong 4n khic nita, sing ché dé xuit hop chét ¢6 cong thuc (I),
hoic mudi dugc dung ctia hop chit c¢6 cong thire (I), dé sir dung trong tri liéu, cu
thé 13 trong viéc ngin ngira hoic diéu tri chimg suy tim & dong vat c6 va, cu thé
1a nguoi.

Theo phuong 4n khac nita, sing ché dé xuit hop chét ¢6 cong thuc (1),
hoic mudi dugc dung ctia hop chit c6 cong thire (I), dé sir dung trong tri liéu, cu
thé 13 trong viéc ngin ngira hoic didu tri chimg suy tim v6i phan suit tbng mau
gidm & dong véat c6 va, cu thé 1a nguoi.

Theo phuong 4n khic nita, sing ché dé xuit hop chét c6 cong thuc (1),
hoic mudi dugc dung ctia hop chit c¢6 cong thire (I), dé sir dung trong tri liéu, cu
thé 13 trong viéc ngan ngira hoic diéu tri ching suy tim v6i phén suit tong méu

bao ton & dong vat c6 vi, cu thé 1a nguoi.

Theo phuong 4n khic nira, séng ché dé xuit hop chét ¢6 cong thuc (1),
hodc mubi dugc dung cua hgp chét co cong thire (I), dé sir dung trong tri li€u, cu

the 1a trong viéc ngdn ngira hodc diéu tri CKD & ddng vat c6 va, cu thé 1a ngudi.
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Theo phuong 4n khéc nita, sang ché dé xuét hop chét cé cong thirc (1),
hoic mudi duoc dung ctia hop chét c6 cong thie (I), dé st dung trong trj liéu, cu

thé 1a trong viéc ngén ngtra hodc di€u tri CRS & dong vat c6 v, cu thé 1a nguoi.

Theo phuong 4n khéc nita, sang ché dé xudt hop chit c6 cong thirc (1),
hodc mudi duge dung cta hop chét co cong thue (1), dé sir dung trong tri li€u, cu
thé 1a trong viéc ngin nglra hodc diéu tri NASH & dong vat c6 va, cu thé la
nguoi.

Theo phuong 4n khéc nita, sang ché dé xuét hop chét c6 cong thire (1),
hoic mudi duoc dung ctia hop chét c6 cong thic (I), dé st dung trong tri liéu, cu
thé 13 trong viéc ngin ngira hodc diéu tri chimg loan nhip tim & ddng vat co vu,

cu the 1a nguoi.

Theo mét phuong 4n, sang ché mé ta phuong phap diéu tri, hodc lam
gidm nguy co cda, bénh hodc tinh trang bénh trong do su uc ché cua enzym
MPO 14 c6 loi ma bao gdm bude ding cho ngudi bi mic hodc ¢6 nguy co méc,
bénh hodc tinh trang bénh nay, luong hiru hidu dé diéu tri cta hop chét c6 cong

thirc (I), hodc mudi duge dung ciia ching.

Theo phuong an khac, sang ché mo ta phuong phap diéu tri, hoic lam
giam nguy co méc, rdi loan tim mach, & ngudi mic hodc c6 nguy co méc, bénh
hodc tinh trang bénh nay, trong d6 phuong phép niy bac gdbm bude cho ngudi
nay ding luong hitu hiéu @ diéu tri cua hop chét c6 cong thirc (I), hodc mubi

dugc dung cda ching.

Theo phuong an khac nira, sang ché mé ta phuong phép diéu tri, hodc lam
gidm nguy co mic, bénh dong mach vanh, & ngudi méc hodc ¢6 nguy co méc,
bénh hoic tinh trang bénh nay, trong d6 phuong phip niy bao gdm budc cho
ngudi nay ding luong hiru hiéu dé diéu tri ctia hop chit c6 cong thirc (I), hodc

muoi dugc dung cta chung.

Theo phuong 4n khéc nita, sang ché mo ta phuong phap diéu tri, hodc 1am
gidm nguy co méc, hdi chimg dong mach vanh cip tinh, & ngudi méc hoic c6

nguy co méc, bénh hoic tinh trang bénh nay, trong d6 phuong phéap nay bao
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gdm budc cho ngudi nay dung luong hitu hidu dé didu tri ciia hop chét ¢6 cong

thire (I), hodc mubi duge dung cta ching.

Theo phuong 4n khac nita, sang ché mé ta phuong phap diéu tri, hodc 1am
giam nguy co mac, ching suy tim, & ngudi méc hodc c6 nguy co méc, bénh hoic
tinh trang bénh nay, trong d6 phuong phap nay bao gdm budc cho ngudi niy
dung lugng hitu hi¢u dé diéu tri cua hop chét ¢6 cong thic (I), hodc mudi duge

dung cda chung.

Theo phuong an khéc nita, sang ché mé ta phuong phép diéu tri, hodc lam
giam nguy co mic, ching suy tim véi phan sudt tdng méau giam, & ngudi mic
hoic ¢6 nguy co méc, bénh hodc tinh trang bénh nay, trong d6 phuong phap nay
bao gdbm budc cho ngudi nay ding lwong hitu hiéu dé didu tri cia hop chit co

cong thie (I), hoic mudi duoc dung ctia ching.

Theo phuong 4n khac nita, sang ché mé ta phuong phép diéu tri, hodc 1am
giam nguy co mic, chimg suy tim véi phan suét téng_méu bao ton, & ngudi méc
hodc c¢6 nguy co méc, bénh hoic tinh trang bénh nay, trong d6 phuong phap nay
bao gdbm budc cho ngudi nay ding lwong hitu hiéu dé didu tri cia hop chit co

cong thire (I), hoic mudi duoc dung ctia ching.

Theo phuong 4an khac nita, sang ché mé ta phuong phép diéu tri, hodc 1am
giam nguy co méic, CKD, & ngudi méc hodc ¢6 nguy co méc, bénh hodc tinh
trang bénh nay, trong d6 phuong phap nay bao gdm budc cho ngudi ndy ding
lugng hitu hi¢u dé diéu tri cua hop chét c6 cong thire (I), hoic mudi duge dung

cua chung.

Theo phwong 4n khéc nita, sang ché m6 ta phwong phéap diéu tri, hodc 1am
giam nguy co mic, CRS, & ngudi méc hodc ¢o nguy co mic, bénh hoic tinh
trang bénh nay, trong d6 phuong phap nay bao gdm budc cho ngudi nay ding
luong hitu hi¢u dé diéu trj cua hop chét ¢6 cong thire (I), hodc mubi duqc.dung

cua chung.

Theo phuong 4n khac nira, sang ché md ta phuong phép diéu tri, hodc lam
giam nguy co méc, NASH, & ngudi mic hodc c¢6 nguy co mic, bénh hoic tinh

trang bénh nay, trong d6 phuong phap niy bao gdm budc cho ngudi nay ding
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lugng hitu hi€u dé diéu tri cia hop chit c6 cong thie (I), hoac mudi dugc dung

cua ching.

Theo phuong an khéc nita, sing ché mé ta phuong phéap diéu tri, hoic 1am
gidm nguy co méc, ching loan nhip tim, & ngudi mic hoic ¢6 nguy co mic,
bénh hoic tinh trang bénh nay, trong dé phuong phap niy bao gdm budc cho
ngudi nay ding lwong hiru hiéu dé didu tri cia hop chit c6 cong thire (1), hodc

muoi dugc dung ctia chung.

Theo mot phwong 4n, sang ché d& xuit duge phdm chira Irgng hiru hiéu
dé didu tri ctia hop chét c6 cong thire (I), hoic mubi duge dung ctia hop chét c6

cong thire (1), va chét pha lodng, ta dugc 16ng va/hoic chit mang tro dugc dung.

Theo phwong 4n khac, sang ché d& xuat duoc phidm chira hop chét c6
cong thie (I), hodc mudi duge dung ciia hop chét c6 cong thire (I), trong hdn
hop véi ta dugc, chit pha lodng hodc chit mang dugc dung, dé st dung trong tri
liéu, cu thé 1a trong vi¢c ngidn ngira hodc diéu tri tinh trang bénh ma su tc ché

cua MPO 1a co loi.

Theo phuong 4n khac nita, sang ché dé xuét dugc pham chira hop chit c6
cong thie (I), hodc mudi duge dung ciia hop chét c6 cong thire (I), trong hdn
hop véi ta duge, chit pha lodng hogc chit mang dugc dung, dé sir dung trong tri
liéu, cu thé 13 trong viéc ngin nglra hoic diéu tri bénh dong mach vanh & dong

vat ¢o vu, cu the 1a ngudi.

Theo phuong 4n khac nita, sang ché dé xuét dugc pham chira hop chit c6
cong thire (1), hoic mudi duge dung ciia hop chét cé cong thire (I), trong hdn
hop véi ta duge, chit pha lodng hodc chit mang dugc dung, dé sir dung trong tri
liéu, cu thé 1a trong vi¢c ngan ngura hodc diéu tri hoi chimg dong mach vanh cép
tinh & dong vét c6 v, cu thé 1a nguoi.

Theo phuong 4n khac nita, sang ché dé xudt dugc phdm chira hop chét co
cong thire (I), hoic mubi dugc dung cia hop chét cé cong thirc (I), trong hén
hop v6i ta dugce, chit pha lodng hodc chit mang dugc dung, & sir dung trong tri
lidu, cu thé 13 trong viéc ngan ngira hodc diéu tri chimg suy tim & dong vét c6 vi,

cu the 1a nguoi.
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Theo phuong an khéc nita, sang ché dé xuat dugc pham chira hop chit c6
cong thire (I), hosic mudi duge dung ctia hgp chét co cong thie (I), trong hdn
hop véi ta dugce, chit pha lodng hoic chit mang duoc dung, dé sir dung trong tri
liéu, cu thé 13 trong viéc ngin ngira hodc diéu tri chimg suy tim véi phan suét

tong méu gidm & dong vat c6 v, cu thé 1a nguoi.

Theo phuong an khéc nita, sang ché dé xuat dugc pham chira hop chit c6
cong thirc (I), hosic mudi duge dung ctia hop chit c6 cong thirc (1), trong hén
hop véi tA duge, chit pha lodng hoic chit mang duoc dung, @ sir dung trong tri
lidu, cu thé 13 trong viéc ngin ngira hodc diéu tri chtng suy tim véi phén suét

tong méu bao ton & dong vat c6 vu, cu the 1a nguoi.

Theo phuong 4n khéc nita, sang ché dé xuat dugc pham chira hop chit c6
cong thire (1), hosic mudi dugc dung ctia hgp chét co cong thire (I), trong hdn
hop véi ta dugce, chit pha lodng hodc chit mang duoc dung, dé sir dung trong tri
lidu, cu thé 1a trong vi€c ngdn nglra hodc diéu tri CKD & dong vét c6 vu, cu thé
la nguoi.

Theo phuong an khéc nita, sang ché dé xuét duoc phdm chira hop chét co
cong thire (I), hosic mudi duoc dung ciia hop chét c6 cong thirc (1), trong hdn
hop véi ta duge, chit pha lodng hodc chit mang dugc dung, dé sir dung trong tri
lidu, cu thé 13 trong viéc ngédn nglra hodc diéu tri CRS & dong vat c6 v, cu thé 1a
nguoi.

Theo phuong 4n khéc nita, sang ché dé xuét duoc phdm chira hop chét co
cong thire (I), hodc mudi duoc dung ciia hop chit c6 cong thirc (I), trong hdn
hop véi ta dugce, chit pha lodng hoic chit mang dugc dung, dé sir dung trong tri
lidu, cu thé 1a trong vi¢c ngin nglra hoic diéu tri NASH & dong vat c6 vu, cu thé
1a nguoi.

Theo phuong an khéc nita, sang ché dé xudt duoc phdm chira hop chét co
cong thire (I), hosc mudi dugc dung ctia hop chét c6 cong thirc (I), trong hdn
hop v6i ta dugce, chit pha lodng hodc chit mang dugce dung, dé st dung trong tri
lidu, cu thé 1a trong viéc ngin ngira hoic diéu tri loan nhip tim & ddng vat co vu,

cu thé 1a nguoi.
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Sang ché con d€ xuat quy trinh di€u ché dugc pham nay ma bao gdom

budc tron cac thanh phin.

Theo mdt phuong 4n, ham lugng urat trong huyét twong c6 thé duge dung
1am cong cu phan ting va chit danh diu sinh hoc duoc dong hoc dbi vé6i viée

diéu tri chét trc ché MPO.

Dé dit MPO vao ngit canh cua sinh 1y bénh hoc HFpEF, tap hop chét chi
thi sinh hoc lién quan dén MPO duoc dinh lugng trong huyét trong tir bénh nhan
HFpEF, tic 1a doan h¢ KaRen (Eur. J. Heart Failure, 2009, 11, 198-204). Poan
hé nay biéu thi cic bénh nhin dugc chin doan mic HFpEF ma dugc theo ddi
bién cb 18 thang sau khi tham gia vao nghién ctru. Ngoai dit liéu ECG va siéu
4m tim ky khi tham gia vao nghién ciru, s6 ding ky con bao gdm dir lidu v&
thude, tién st y té va dir liéu hoa hoc 1am sang. Ngoai ham luong ciia MPO va
hoat tinh cta ching, cac chét chi thi sinh hoc sau day dugc dinh lugng (co s& co
gi6i/duong dan trong ngoic don): calprotectin, lipocalin-2 (NGAL), sTNFRI1 (su
tham gia cia bach cdu trung tinh/bach ciu don nhén), arginin (Arg), dimetyl
arginin khong d6i ximg (ADMA) va d6i xing (SDMA), endothelin-1 (strc khoe
mach); urat va alantoin (di hoa purin va tinh trang oxy hoéa), TIMP-1, TIMP-4 va

osteopontin (tai cau triic mo).

Viéc phén tich thanh phan chinh c6 giam sat - su bao vé truc giao dbi vai
c4c cu triic bén bing phan tich binh phwong t6i thiéu mot phan (OPLS) - dugc
thuc hién dé xac dinh va xép hang cac bién (n=256) giai thich mirc d6 nghiém
trong cua triéu chimg ciia bénh (diém NYHA (The Criteria Committee of the
New York Heart Association. Nomenclature and Criteria for the Diagnosis of
Diseases of the Heart and Great Vessels. 9th ed. Boston, Mass: Little, Brown &
Co; 1994: 253-256)). Bo dit liéu dang ky KaRen dugc hop nhét véi dir liéu chét
dénh diu sinh hoc c6 lién quan dén MPO thu dugc tir huyét tuong dugc léy khi
tham gia nghién ctru ctia bénh nhéan. Tét ca dir liéu duoc chia ti 18 thanh bién
thién don vi va tdm trung binh. Ngoai ra, cac bién véi ti 1¢ 16n nhat/trung binh
>10, duoc quy dbi log dé 1am ting tac dung don biy ngang bing clia tit ca cac
bién. Piéu nay tao ra ma tran dir li€u gf‘)m c6 257 bién & 86 bénh nhan ma duoc

dwa di phan tich thanh phin chinh bing cach su dung Simca 13 (Umetrics,

-18-



27550

Ume4, Thuy Dién). Trong phan tich OPLS, céc bién (c4c lugng tai) dong gop
vao dap ung da duoc du doan, trong trudng hop nay 13 diém NYHA, c6 thé dugc
tach khoi cac luong tai thay ddi mot cach doc 1ap cua dap tmg, do d6 tach khoi
cac bién trL_rc‘giao. Céc bién thong tin dén lIugt minh c6 thé twong quan duong
hodc &m véi dép Gmg. DG 16n cla gid tri lugng tai (duong hay dm) cang cao, do
twrong quan v6i dép mg di dugc du doan cang tét. Mdu OPLS du doan diém
NYHA giai thich 50% (R2Y=0,50) ciia su bién ddi cua diém NYHA, véi gia tri
Q2 bang 0,26 sau sy danh gia chéo dao Jack ddy du nhu dugc thuc hién trong
phin mém SIMCA.

Nhu dugc chi ra béi bién d) cta céc gia tri lugng tai thé hién trén Hinh 1,
phan 16n cac chét chi thi sinh hoc lién quan dén MPO 1a cac chit du doan t6t cia
diém NYHA, chimg té ring cAc chét chi thi sinh hoc niy tham gia tich cuc trong
sinh 1y bénh hoc, va khong chi déng vai trd 13m ngudi ngodi cude (nhu c6 thé
dugc goi v bdi cac gia tri lugng tai gin bang khong). Pidu thi vi 13, tit ca cac
chét chi thi sinh hoc chur khong chi 1a osteopontin, Arg, va ADMA thuc hién tdt
hon so véi NT-proBNP trong viéc du doan diém NYHA.

Su ddng két cum cuia cac chit chi thi sinh hoc lién quan dén MPO véi urat
va san phdm oxy hoéa ciia né alantoin (con dugc ching t6 bdi sy twong quan
dang ké giita urat va tit ca cac chét chi thi sinh hoc don 1é khi dugc phan tich
theo kiéu don bién, Bang 1) cho thdy rang trén thuc té urat c6 thé 13 chit danh

dau sinh hoc d6i véi sy viém va sy giam oxy mo do chtrc nang mach kém.
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Chung t6i gia thiét ring su giam oxy mo, ma mirc d6 clia né s& dugc xac
dinh bing mirc do cia su viém va chirc ning mach, c6 anh huéng 1én néng do
urat trong huyét twong. Chimng thiéu mau o tim dan dén sy méit nhanh cia ATP
va su tich tu tuong Uing cua ham lugng urat & tim chudt (dm. J. Physiol. Heart
Circ. Physiol., 2004, 286, H677-H684; J. Biol. Chem., 1995, 270, 18797-18803).
Ngoai ra, su san xuét urat & co tim ting 1én g6p phan vao ham luong urat toan
thin va tuong quan véi nhém NYHA & bénh nhén suy tim (Cire. J., 2006, 70,
1006-1011).

Myeloperoxidaza ling dong & thanh mach (J. Clin. Invest., 2001, 108,
1759-1770) da duoc chimg minh 13 giy ra sy mat chirc niang mach ca & c4 thé
khoe manh (Eur. Heart J., 2012, 33, 1625-1634) va & c4 thé mdc bénh
(Circulation, 2004, 110, 1134-1139; Circulation, 2006, 113, 1871-1878). Do do
ching t6i d& xuét ring su e ché myeloperoxidaza s& dn dén chirc ning mach
dugc cai thién (nhu dugc ching t6 bai dir li€u tir nguoi thiéu hut MPO, Eur.
Heart J., 2012, 33, 1625-1634), ma s€ 1am cai thién su tudi mau mod va su cung
cAp oxy va bang cach d6 1am giam su san xuat cuc bdc va do d6 1am giam ndng
d6 toan than cua urat. Gia thuyét nay con dugc hd tro bai dir lidu tir cac thir
nghiém 14m sang bang cach sir dung hai chit trc ché myeloperoxidaza khéc biét
(AZD5504 (http://openinnovation.astrazeneca.com/what-we-
offer/compound/azd5904/? sm_au =isHOQK1bJkWQtMf7) va  AZD3241
(Nuclear Medicine and Biology, 2015, 42, 555-560), ca hai chét nay lam giam
theo cach phu thudc liéu lugng ham luong urat & cac d6i twong khoe manh (dix
liéu dugc thé hién dbi véi AZD3241 trén Hinh 2 (ClinicalTrials.gov Identifier:
NCT00914303).

Ngoai vai tro cia MPO trong viéc duy tri ham lugng urat tdng do su tudi
mau kém nhu d3 théo ludn & trén, chiing t6i con dé xuét ring MPO thuec chdt cb
thé tao ra urat bing cach oxy hoa xantin trong su phdi hop véi xantin oxidaza.
Didu nay xay ra khi MPO da dugc hoat héa gip xantin in vitro, va su san xuét

urat ting 1én c6 thé bi (rc ché theo cach phu thudc ndng do boi Vi du 3 (Hinh 3).

Theo phwong 4n khac, ham luong urat trong huyét twong c6 thé duoc

dung 1am cong cu phén ting va chét danh diu sinh hoc dugc dong hoc d6i véi
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viéc didu tri chét wc ché MPO két hop vai cac chét chi thi sinh hoc khac hodc
cac dac diém lam sang dé x4c dinh bénh nhan c6 chirc ndng mach kém (va do d6

muc do viém cao theo phan tich OPLS & trén).

Theo phuong 4n khac nita, sang ché mo ta phuong phap x4ac dinh bénh
nhan thich hop ddi vé6i viéc diéu tri chit tc ché MPO bao gdm viéc do ham

luong urat trong huyét tuong.

Hop chit c¢6 cong thirc (I) dugc liy vi du & day, khi duoc thir nghiém
trong thir nghiém lién két MPO, vi du, Thir nghiém A dugc mé ta dué6i day, tdt
hon 13 ¢6 IC50 nhd hon 50 pM. Hop chét c6 cong thie (I) con thé hién bién
dang dugc 1y hita hen bing cach tach riéng céc tic dung mong mudn va khong

mong muon in vivo.

Cac phuong 4n nay va cac phuong an khac s& dugec mo ta chi tiét hon
duéi day, trong d6 cac khia canh khac s& tré nén rd rang dbi véi nguoi c6 hiu
biét trung binh trong linh vurc khi doc phdn mé ta nay.

DAC PIEM DUCCLY

Hop chit c6 cong thirc (I) hodic mudi dugc dung cua ching dugc tin 1a
hitu dung trong viéc ngan ngira hoic diéu tri tinh trang bénh tim mach, bao gdm
nhung khong gi6i han & bénh dong mach vanh, hoi ching dong mach vanh cép
tinh, ching suy tim, chiing suy tim vé6i phan sudt tdng mau giam va chimg suy

tim v&1 phan suat tdng méau bao ton & dong vat c6 v, cu thé 1a nguoi.

Pé tranh sy khong r6 rang, nhu ding trong ban mé ta ndy, thuit ngit "didu

tri" bao gdm diéu tri tri liéu va/hodc phong ngira.

Khi hop chit hodic mubi duge mé ta & day duge dung duéi dang li€u phap
dé diéu tri r6i loan, "lugng hitu hiéu dé didu tri" 13 luong du dé 1am gidm hoic
lam thuyén gidm hoan toan céc tri€u ching hodc cac anh hudng c6 hai khac cua
rdi loan, chifa tri rdi loan, 1am déo nguoc, lam ngung hoan toan, hoac lam cham

su tién trién cla rdi loan hodc 1am gidm nguy co xau di cua roi loan.

Do d6 hop chit duge mé ta & day duoc chi dinh ca trong diéu tri tri liéu

va/hodc phong ngtra céc tinh trang bénh nay.
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Hop chit duge md ta & ddy c6 vu diém 13 ching c6 thé hitu hiéu hon, it
ddc hon, chon loc tét hon, hiéu nghi€m hon, tao ra it tdic dung phu hon, dugc hép
thu dé dang hon, va/hoidc ¢6 bién dang dugc dong hoc tét hon (vi du, do sinh kha
dung qua dudng miéng cao hon vi/hodc d thanh thai thip hon), so véi céc hop

chét d3 biét trong tinh trang k§ thuét.
LIEU PHAP KET HOP

Hop chét ¢ cong thirc (I), hoic mudi dugc dung cua ching, c6 thé con
dugc ding két hop véi hop chat khac ding @& diéu tri cac tinh trang bénh néu

trén.

Theo phuong 4n khéc, sang ché d& xuit liéu phap két hop trong d6 hop
chét co cong thie (1), hodc mubi duge dung cua chung, va thanh phén hoat tinh
thir hai dugc ding ddng thdi, lién tiép hodc trong hdn hop pha tron, dé didu tri
mot hogc nhidu tinh trang bénh liét ké & trén. Dang két hop niy c6 thé duge
ding két hop v6i mét hodc nhiéu thanh phin hoat tinh khac.

Hop chit dugc mo ta & dy c6 thé duogc dung dé didu tri cac bénh tim
mach, chuyén héa va than két hop véi cac chit 1a:
e  thudc diéu trj bénh tim,

° thudc chéng ting huyét ap,

e thudc loi tiéu,

° tac nhan gay gidn mach mau ngoai vi,
. tac nhan diéu bién lipit,

° thubc chéng tiéu duong,

° thude chéng viém, hodc

°- chit chdng dong.

Vi du vé cac chét trén bao gdm, nhung khong gi6i han &, glycosit cay dia
hoang, chét chong loan nhip tim, cht ddi khang kénh canxi, chét rc ché ACE,
chit phong bé thu thé angiotensin (vi du, Valsartan), chét phong bé thu thé
endothelin, chét phong bé B, thudc loi tiéu thiazit, thudc loi tiéu moc, chit ac ché
téng hop cholesterol, vi du, statin (vi du, Rosuvastatin), chit (e ché hép thu

cholesterol, chit rc ché protein vin chuyén cholesteryleste (CETP), thubc chéng
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tiéu dudng, vi du, insulin va cac chét tuong tu, cac chét teong tu GLP-1,
sulphonamit, chit uc ché dipeptidyl peptidaza 4, thiazolidinedion, chét wc ché
SGLT-2, va thubc chéng viém, vi du, chit di khang NSAID va CCR2, chét
chéng dong, vi du, heparin, chat trc ché thrombin va chét trc ché cua yéu t6 Xa,
chét trc ché két tu tiéu cau, chit dbi khang P2X7 va chét trc ché neprilysin (vi du,

Sacubitril).

Khi dugc ding trong tri liéu két hop, du tinh riang hop chit ¢6 cong thirc
(I) hoic mudi dugc dung cia ching va cac thanh phan hoat tinh khac c6 thé
dugc dung trong hop phan don 1&, cac hop phan hoan toan riéng &, hodc dang
két hop cia ching. Ciing dir dinh rang cac thanh phan hoat tinh c6 thé duoc st
dung déng thoi, cuing mot luc, thee tudn tu, hodc riéng r€&. (Cac) hop phén va
(cac) tan sudt ding lidu luong cu thé cta liéu phap két hop phu thudc vao nhidu
yéu t6, bao gdm, vi du, dudng ding, tinh trang bénh cin diéu tri, kidu bénh nhan,
céc tuong tac c6 thé c6 bat ky giita cac thanh phan hoat tinh khi dugc két hop
vao hop phin don 1¢, twong tac bat ky gifta cic thanh phin hoat tinh khi ching
dugc ding cho con vt méc bénh, va nhidu yéu t6 khac da biét d6i voi thiy thube
(trong trudong hop bénh nhén la ngudi), bac si tha y (trong truong hgp bénh nhin
khong phai 1a nguoi), va nhitng ngudi c6 hiéu biét trung binh trong linh vuc
khéac.

DUGQC PHAM

Sang ché mé ta phuong phéap diéu tri tinh trang bénh ma doi hoi su Grc ché
cia MPO, ma phuong phép nay bao gém budc ding lugng hiru hiéu dé didu tri
ctia hop chit c6 cong thirc (I) cho ngudi méc, hodc d& bj méc, tinh trang bénh
nay.

Hop chét 6 cong thuc (I) thuong duge dung qua dudng miéng, tai chd,
ngoai duong tiéu héa, trong tinh mach, trong co, dudi da hoic theo dudng c6 thé
tiém dugc khéc, ma, tryc trang, am dao, qua da va/hodc duong miii va/hoidc béng
cach x6ng, & dang dugc phim chira thanh phan hoat tinh hodic mudi duoc dung
cua ching, & dang lidu lugng dugc dung. Tuy thudc vao r6i loan va bénh nhan
can diéu tri va duong dung, hop phan c6 thé dugc ding & cac lidu lugng thay

d6i. Quy trinh thong thuong dé Ira chon va diéu ché cac dugce phdm thich hop
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dugc mo ta trong tai liéu, vi du, Pharmaceuticals - The Science of Dosage Form

Designs, M. E. Aulton, Churchill Livingstone, 2" Ed. 2002.

Liéu luong hang ngay thich hop ciia hop chét c6 cong thirc (I) trong viée
didu tri trj liéu cho ngudi 13 khoang 0,0001-100 mg/kg khdi lwong co thé, tt hon
13 0,01-10 mg/kg khdi luong co thé.

Ché phdm ding theo dudng miéng dugc wu tién, cu thé 13 vién nén hoic
vién nang ma c6 thé dugc tao ché phdm bang cic phuong phap da biét ddi vai
ngudi c6 hiéu biét trung binh trong linh vire dé cung cip lidu luvgng ciia hoat chét
nim trong khoang tir 0,007 mg dén 700 mg vi du 1 mg, 3 mg, 5 mg, 10 mg, 25
mg, 50 mg, 100 mg va 250 mg.

Liéu luong va tn suét st dung t8i wu s& phu thudc vao tinh trang bénh cu
thé dugc didu tri va d6 nghiém trong ctia né; kiéu bénh nhan; tudi, gidi tinh, kich
thude va khéi lugng, ché d6 an, va tinh trang strc khoe chung ctia bénh nhan cu
thé; ti 16 khéi luong ndo/co thé; cac thubc khac ma bénh nhan c6 thé dang dung;
dudng ding; ché phdm; va nhiéu yéu t6 khac da biét déi vai thiy thude va nhimg
ngudi ¢ hidu biét trung binh trong linh vuc khAc.

Do do, theo khia canh khéc, sdng ché dé xuit dugc phém chira hop chit
¢6 cong thirc (I), hodc din xudt duoc dung ciia chiing, trong hdn hop véi ta dugc,

chét pha lodng va/hodc chit mang dugc dung.

Hop chét c¢6 cong thirc (I) c6 thé c6 mit trong dugc phdm & ndng d6 nam
trong khoang tir 0,1 dén 99,5%, vi du, tir 0,5 dén 95%, theo khdi lugng cua téng
ché phim.

PIEU CHE HQP CHAT

Theo khia canh khac, sing ché d& xuit quy trinh diéu ché hop chét co

cong thirc (I), hosic mudi duge dung clia ching, ma quy trinh nay bao gém cac

budc:

a) cho hop chét c6 cong thirc (IT) phan tmg véi hop chét c6 cong thire (III):
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() R-NH, (D

R2

trong d6 R', R* vaR’ nhu dﬁqc x4c dinh trong cong thire (I) va diéu kién sao cho
su alkyl hoa khir cia hop chit c6 cong thire (III) tao thanh lién két N-C giita
nguyén tir nito cta hop chit co cong thirc (IIT) va nguyén tir cacbon cia nhém
aldehyt, hoic nhom keton, ctia hop chét c6 cong thirc (II), va noi ma can chuyén
hoéa hop chét thu duge c6 cong thirc (I) thanh mudi duge dung cia chiing, va noi
ma mong mudn tich hop chét thu dugc c6 cong thire (I) thanh cic chit déng

phan quang hoc riéng ré& ciia nd; hodc

b) cho hop chét c6 cong thire (II), trong d6 R' va R* nhu duoce xac dinh
trong cong thire (I), phan Gng véi hydroxylamin hodc mudi ciia ching sau dé
hop chét trung gian oxime dugc tao thanh dugc xir 1y bang chat khir va diéu kién
sao cho lién két don dugc tao thanh giita nguyén tir nito ctia hop chét
hydroxylamin va nguyén tir cacbon cia nhém aldehyt, hodc nhém keton, cua
hop chét c6 cong thirc (II) va dong thoi nhém hydroxyl, ma dugc gin vao
nguyén t nito, dugc thay thé bang nguyén tir hydro, va dan xudt amin bac mot
thu duge tiy ¥ duoc chuyén hoa thanh hop chit amin bac hai dé dua phén tir thé
R®, ma dugc x4c dinh trong cong thirc (I) vao, bing quy trinh alkyl héa khir
thong thudong bing cach sir dung hop chét aldehyt hodc keton thich hop va chit
khir, va khi cAn chuyén hoa hop chét thu duoc ¢6 cong thire (I) thanh mudi duge
dung ciia chiing, va néu mudn tach hop chit thu dugc cé cong thic (I) thanh céac

chat dong phan quang hoc riéng r& cia n6; hodc

C) xir Iy hop chit c6 cong thirc (IV) bang chét phan tmg khir bao vé:
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trong d6 R' va R” nhu dugc x4c dinh troﬁg cong thirc (I) va PG' va PG? 1a cac
nhém bao vé, ma co thé giéng nhau, va din xuit amin bic mdot thu duge tuy ¥
dugc chuyén héa thanh hop chit amin béc hai dé dua phin tir thé R?, ma dugce
xé4c dinh trong céng thirc (I) vao, bing quy trinh alkyl héa khir thong thudng
bang cach sir dung hop chét aldehyt hoic keton thich hop va chét khi, va & do
~ can chuyén hoéa hgp chét thu dugc c¢6 cong thire (I) thanh mudi duge dung cia
ching, va noi ma mong muén tach hop chét thu duoc c¢6 cong thirc (I) thanh cac

chat dong phan quang hoc riéng ré€ cta nd.

Hop chit ¢6 cong thuc (II) va (II1) duge cho phan tng véi nhau trong
diéu kién alkyl hoa khtr. Phan (mg thuong duogc thuc hién & nhiét d6 khong cuc
doan, vi du, 0 - 40°C, trong dung méi vé co ban 14 tro, vi du, N-metylpyrolidon.
Hén hop phan tmg c6 thé con dugc gia nhiét bing cach chiéu xa vi séng & nhiét
do cao hon, vi du, trén 100°C. Cac chit khir thong thuong bao gdm borohydrua,
vi du, natri xyanoborohydrua. Phan tmg khtr ¢6 thé con duge xuc tic bang kim

loai bang cach sir dung, vi du, tetraisopropoxytitan.

Hop chét c6 cong thie (II) va hop chét hydroxylamin duoc cho phan tng
v6i nhau trong diéu kién tao thanh oxime sau d6 1a khir. Phan tmg thudng duogc
thuc hién & nhi€t 4§ khong cuc doan, vi dy, 20 — 70°C, trong dung moéi vé co
ban 1a tro vi du HOAc. Céc chit khu thong thuong bao gf‘)m kim loai, vi du,

kém.

Hop chit c6 cong thire (IV) dugc cho phan tng véi chét phan ung khir
béao vé trong diéu kién thong thuong dé loai bo cac nhom bao vé. Thong thuong,

cac nhém bao vé 13 hai nhém tert-butyloxycarbonyl va cac chét khir bao vé
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thong thudng bao gdm axit, vi du, hydro clorua. Phan tng thudng duge thuc

hién & nhiét do bang khoang 30-50°C, trong dung méi hitu co, vi dy, MeOH.

Hop chét c6 cong thire (I) ¢6 thé duge diéu ché, vi du, bing cach cho hop

chét c6 cong thirc (V) phan Gng vé6i benzoyl isothioxyanat:

o-PG®

R O-pg*

trong d6 R' va R? nhu duoc x4c dinh trong cong thirc (I) va PG® va PG* 1a céc
nhém bao vé, ma c6 thé giéng nhau hodc khong giéng nhau, va, ma c6 thé dugc
nbi hoic khong duge ndi v6i nhau dé tao thanh vong. Diéu kién phan tng 1a didu
kién sao cho vong 2-thiopyrimidinon sdu canh dugc tao thanh, va cudi cing hop
chit trung gian thu dugc dugc xir Iy bang chit phan tng khir bao vé dé loai bo

cac nhém bao vé PG’ va PG* dé tao ra hop chét ¢6 cong thire (II).

Hop chét c6 cong thirc (II) c6 sin trén thi truong, di biét trong linh vuc
hoic ¢6 thé duge diéu ché theo cach thong thudong di biét dbi véi ngudi co hidu

biét trung binh trong linh vuc.

Hop chit c6 cong thic (IV) c¢6 thé duge didu ché, vi dy, bang cach cho
hop chit c¢6 cong thirc (VI) phan tng v6i benzoyl isothioxyanat:

trong d6 R' va R? nhu duoc x4c dinh trong cong thirc (I) va PG! va PG? nhu

dugc xac dinh trong cong thirc (IV) va diéu kién phan tng 1a diéu kién sao cho
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vong 2-thiopyrimidinon sdu canh dugc tao thanh dé taora hop chét c¢6 cong thuc
av).

Trong phan tmg khép vong nhu néu & trén bd sung tir tir hop chét c6 cong
thize (V), hodc hop chét c6 cong thie (VI), va benzoyl isothioxyanat cting nhau
trong dung méi hiru co thich hop, vi du, MeOH, va khudy dén khi phan tmg
hoan thanh, thudng 1a & nhi€t 4o trong phong trong thoi gian tir 5 phut dén 4 giv,
va néu cén, qua dém. Thuong 1a sau d6 bazo, vi du, Cs,COs, dugc bd sung vao
va hén hop c6 thé dugc khudy & nhiét do cao trong thoi gian kéo dai, vi du, &
nhiét dd 60°C trong thoi gian 3-4 gid. Sau khi phan mg hoan thanh, hdn hop
thuong dugc xtr ly bz"ing axit, vi du, HOAc, dé tao ra hop chét yéu cau ¢6 cong

thire (II) hodc c6 cong thuc (IV).

Hop chét c¢6 cong thic (V) c6 thé dugc diéu ché, vi dy, bang cach cho
etyl 3-amino-1H-pyrol-2-carboxylat phan tng v&i hop chét c6 cong thire (VII):
0]
H (VID
0-PG’

g2 O-pG*

trong d6 R' va R? nhu dugc xac dinh trong céng thirc (I) va PG® va PG nhu
dugc xac dinh trong cong thirc (V) va didu kién phan tmg 1a diéu kién alkyl héa
thong thudong. Thong thudng, hop chit amin, nhu mudi hydroclorua, duge xir Iy
bang N,N-diisopropyletylamin va HOAc trong dung mdi hitu co vi du etanol, va
sau d6 hop chat aldehyt ¢6 cong thie (VII) duge bd sung. Sau khi khudy hén
hop mot thoi gian, vi du, & nhiét dd trong phong trong thoi gian 1 gid, chét khir,
vi dy, natri xyanoborohydrua, dugc bd sung va hdn hop thu dugc duge khudy
dén khi phan tng hoan thanh, vi dy, & nhiét d¢ trong phong trong thoi gian 1-20
gid, dé tao ra hop chit c6 cong thirc (V).

Hop chét ¢6 cong thire (VI) ¢b thd duge didu ché, vi du, bang cach cho
phan g trong diéu kién alkyl hoa etyl 3-amino-1H-pyrol-2-carboxylat v&i hop
chét c¢6 cong thirc (VIII):
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(VIID)
H/ PG

R N~pg2
R2

trong d6 R' va R? nhu duoc x4c dinh trong cong thiuc (I) va PG' va PG? nhu
duoc xac dinh trong cong thirc (IV). Thong thudng, hop chit amin dugc dua vao
dudi dang mudi hydroclorua, ma sau d6 dugc xir Iy bang luong du cta N,N-
diisopropyletylamin trudc khi bd sung hop chét aldehyt. Tét hon 13, chit khi, vi
dy, natri xyanoborohydrua, dugc bd sung sau khi hdn hop ciia amino hop chit va
hop chét aldehyt duoc khudy & nhiét do trong phong trong thoi gian kéo dai, vi
du, trong thoi gian 18 gid. Phan mg thuong 1a duge thuc hién trong dung méi
ruou, vi du, MeOH hodc etanol, & nhiét dd trong phong va trong su c6 mat cua
HOAc.

Hop chét c6 cong thire (VII) c6 thé duge diéu ché nhu dugc thé hién trén
So dd 1 duédi day va bang cac phuong phép tuwong tur véi cac phuong phéap duoc

mo ta trong céc vi du.

Sodd 1

Br Br

Burorc 2

0-PG° 0-PG’

BIIO’C 1

O-pG* g2 9-pG’

Ix) X) (VID)

Budce 1: Hop chét c6 cong thie (X), trong d6 R', R%, PG’ va PG* nhu da
dugc xac dinh tir trude, c6 thé thu duoc bang cach cho phan tmg hop chit c6
cong thie (IX) trong d6 R' va R* nhu di duge xac dinh tir truée v6i ruou hodc
diol thich hop, vi dy, etan-1,2-diol trong su ¢ mat cua axit, vi du, axit 4-
metylbenzensulfonic, trong dung méi thich hop, vi du, toluen. Hop chit c6 cong
thirc (IX), trong dé R! va R? nhu d3 dugc xac dinh tir trude, 13 da biét trong linh
vuc hodc co thé dugc didu ché theo cach thong thuong da biét béi nha héa hoc

c6 hiéu biét trung binh trong linh vuec.
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Budce 2: Hop chit ¢6 cong thirc (VII), trong d6 R', R*, PG’ va PG* nhu da
duge x4c dinh tir trude, c6 thé thu duge bang cach xir Iy hop chit c6 cong thirc
(X) trong d6 R', R?, PG’ va PG* nhu di duogc xé4c dinh tir truéc, bang bazo
manh, vi dy, buthyllithi trong dung méi tro, vi du, THF, va sau d6 xir Iy hdn hop
thu duoc bang DMF. Tét hon 14 phéan tmg dugc thuc hién & nhiét do thp, vi du,
& nhiét do
—78°C.

Hop chét ¢6 cong thirc (VIII) c6 thé duge didu ché nhu dwgc thé hién trén
So dd 2 dudi day va bing cac phuong phap tuong tu véi cac phuong phap duge

md ta trong céc vi du.

So db 2

/@;Bf Budc 1 QBr Budc 2 Br
H
NH N. _O N. _O
R’ 2 R’ NI g7 R' s”
/‘\ R’ /&\

XD (XII) (XIID)

Budc 3 Br  Budc4 x5 Buéc5 Ho
: ——= || PG : PG
NH _ / /
1 2 1 N 1 N
R i R PG> R PG’
R R? R?

(X1v) XV) (VIID)

Budc 1: Hop chit c6 cong thirc (XII) c6 thé thu duge bing cach cho hop
chét c¢6 cong thirc (XI), trong d6 R' nhu da duge xac dinh tir trudce, phan ing véi
mot trong sb cac chit ddng phan ddi anh ciia 2-metylpropan-2-sulfinamit trong
su ¢6 mit ciia bazo, vi du, xesi cacbonat trong dung méi hitu co, vi du,
diclometan. Hgp chét c6 cong thire (XI), 1a da biét hodc c6 thé dugc diéu ché
theo cach thong thudong da biét bi nha héa hoc c¢6 hiéu biét trung bihh trong linh

vuc.

Budc 2: Hop chét ¢6 cong thirc (XIII), trong d6 R' va R? nhu d3 duoc x4c
dinh tir trude, c6 thé thu dwgc bang cach cho phan tng hop chit c¢6 cong thirc
(XII) v6i chit phan tmg Grignard, vi du, R*MgBr, trong d6 R* nhu d3 dugc x4c
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dinh tir truGce, trong dung mdi tro, vi du, diclometan, va tiy y tach hop chit trung
gian thu dugc thanh cic chit déng phan khong d6i quang ciia nd bing cac

phuong phép thong thudng, vi du, bang cach sic ky trén silicagel.

Budc 3: Hop chét c6 cong thire (XIV), trong d6 R' va R? nhu d3 dugc xac
dinh tir truérc, ¢6 thé thu dugc biang cach xir Iy hop chét c6 cong thire (XIII) bing
chét phéan tmg khir bao vé, vi du, hydro clorua trong dung méi hitu co, vi duy,
MeOH. Thuodng 13, bd sung axit trong khi dé ngudi va sau d6 khudy dung dich
thu duge dén khi phan Gmg hoan thanh vi du & nhiét d6 trong phong trong thoi
gian 1-3 gio.

Budc 4: Hop chit c6 cong thirc (XV), trong d6 R, R*, PG’ va PG* nhu da
dugc xéac dinh tir trudc, c6 thé thu duoc bang cach xir 1y hop chét c6 cong thire
(XIV) bang chit phan tng thich hop dé dua lién tiép cac nhém bao vé thich hop
PG' va PG* 3, Thuong 13, hop chét amin dugc xit 1y lién tiép bang hai phan cia
di-tert-butyl dicacbonat trong su c6 mdt cia N,N-dimetylpyridin-4-amin. Phan
ung thuong dugc thuc hién trong dung moéi hitu co, vi du, diclometan hodc 2-
metyltetrahydrofuran, & nhiét do nam trong khoang tir khodng nhiét do trong
phong dén khoang 80°C.

Budc 5: Hop chit ¢6 cong thirc (VIII), trong d6 R', R?, PG! va PG? nhu
dd dugc xac dinh tir trude, c6 thé thu duge b.%mg cach xtr ly hop chét co cong
thirc (XV) bang khi tdng hop trong sur ¢6 mit ctia chit xuic tac, ma c6 thé 13, vi
du, hon hop cta diaxetoxypaladi, di((3S,55,7S)-adamantan-1-yl)(butyl)-phosphin
va tetrametyletylendiamin, trong dung moi hitu co, vi dy, toluen. Thuong la,
phan tng dugce thuc hién & ép sut khoang 5 bar va & nhiét do khoang 100°C
trong thoi gian khoang 21 gid. Theo cach khac, hop chit c6 cong thirc (XV)
duge xir Iy bang cacbon monoxit trong su ¢6 mit cia diclobis (p-dimetylamino
phenylditbutylphosphin) paladi (II), trietylsilan va bazo, vi du, N,N- .
diisopropyletylamin. Phan tng d6 thuong dugc thuc hi¢n trong DMSO lam dung
mdi va n6 thudong dugc thuc hién ¢ nhiét do cao va & ap sut tang trong thoi gian
kéo dai, vi du, & nhiét 3o bing, hodc hon, 90°C, & ép suét béng khoang 4-5 bar
va trong thoi gian 24 gid.
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Su bao vé€ va su khit bdo v€ clia cdc nhém chic dugec mod ta trong
Protective Groups in Organic Synthesis, 4™ Ed, T.W. Greene va P.G.M. Wauts,
Wiley-Interscience (2006) va Protecting Groups, 3" Ed, P.J. Kocienski, Georg
Thieme Verlag (2005).

- Phuong 4n khac bao ham muédi duoc dung ctia hop chét co cong thire (1).

Mubi ctiia hop chit c6 cong thirc (I) c6 thé c6 lgi do mot hogc nhiéu tinh
chét hoa hoc hodc vat 1y ciia nd, vi du, 6 6n dinh & cac nhiét 6 va do 4m khéc
nhau, hodc dd hoa tan mong mudn trong H20, diu, hodc dung méi khac. Trong
mot sb trudong hop, mubi co thé dugc sir dung dé hd trg qua trinh tach hogc tinh
ché hop chét. Trong mot ) phuong an (cu thé 13 khi mubi duoc dy dinh dé ding
cho dong vat, vi dy, nguoi, hodc la chét phéan Ung dé sur dung trong viéc tao ra

hop chét hodc mudi du dinhding cho dong vat), mudi 13 dugc dung.

Thuét ngit "duoc dung" dugce ding dé xac dinh gbc (vi du, mudi, dang
lidu luong, hoic ta duoc 16ng) 13 thich hop dé st dung tudn theo danh gia y té
cén than. Nhin chung, géc dugc dung c6 mot hodc nhiéu loi ich ¢6 nhiéu gia tri
hon so v&i tac dong bét lgi bat ky ma gbe nay c6 thé c6. Céc tac dong bét lgi ¢6
thé bao gé)m, vi dy, tinh doc qua murc, kich Ung, ddp tng di Uing, va cac van dé
va bién ching khac.

Khi hop chit c6 tinh bazo di, mudi duge dung bao gdm, nhung khong

gi6i han &, mudi cdng axit v co hodc hiru co.

DPé xem thém v& cac mubi thich hop, xem tai liéu Berge et al., J. Pharm.
Sci., 1977, 66, 1-19 hodc Handbook of Pharmaceutical Salts: Properties,
selection and use, P.H. Stahl, P.G. Vermuth, [UPAC, Wiley-VCH, 2002.

Khi chét ddng tao thanh axit & thé rin & nhiét d6 trong phong va khéng ¢
hodc chi ¢6 su chuyén proton mot phén gitra hop chit c6 cong thirc (I) va chit
ddng tao thanh axit ndy, dong tinh thé ctia chat dong tao thanh va hop chét c6
cong thirc (I) c6 thé thu dugc chir khong phai 1a mudi. Tét ca cac dang ddng tinh

thé nay ctia hop chit c¢6 cong thire (I) dwgc bao ham trong sang ché.
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Ciing can hiéu rang cac hop chit nhit dinh c6 cong thirc (I) ¢ thé ton tai
& dang duogc solvat hda, vi du, hydrat, bao g@)m solvat ciia mubi dugc dung cda

hop chét c6 cong thirc (I).

Theo phuong an khac, cac hop chét nhit dinh c6 cong thirc (I) c6 thé tdn
tai dudi dang chét triét quang va hdn hop triét quang, chit ddng phan ddi anh
don 1&, cdc chit ddng phan khong d6i quang riéng 1é va hdn hop ddng phan
khong dbi quang. Céc hop chét nhét dinh c6 cong thirc (I) ciing c6 thé chira cac
lién két (vi dy, lién két cacbon-cacbon, lién két cacbon-nito, vi du, lién két amit)
trong do su quay lién két bi han ché quanh lién két cu thé d6, vi du, su han ché
bét ngudn tir sy c6 mit cua lién két vong hoic lién két kép. Cac chat ddng phan
lap thé c6 thé dugce tach béng cach sir dung k¥ thuit thong thudng, vi du, sac ky
hodc két tinh phéan doan, hodc cac chét déng phan lap thé nay cé thé duoc tao ra

bang céach tdng hop chon loc 1ap thé.

Theo phuong 4n khéc, hop chit c6 cong thirc (I) bao ham dan xuét dugc
danh ddu ddng vi (hoic "duoc danh diu phong xa") bt ky ctia hop chit ¢6 cong
thirc (I). D4n xuit ndy 13 din xuit ciia hop chit co cong thirc (I) trong d6 mot
hodc nhiéu nguyén tir duoc thay thé bing nguyén tir c¢6 nguyén tir khéi hodc sb
khéi khac véi nguyén tir khdi hodc sé khbi thuong duge tim thdy trong tu nhién.
Vi du v& chit ddng vi ma c6 thé dugc két hop bao gdm *H (con duoc viét 13 "D"
dbi vai doteri).

Theo phuong 4n khac, hop chét c6 cong thirc (I) c6 thé dugc ding & dang
tién duogc chit ma bi phé v trong co thé nguoi hodc dong vat dé tao ra hop chit
c6 cong thire (I).

Céc dang khac nhau cia tién dugc chat da dugc biét trong linh vuc. Vi du
vé din xuét tién dugc chit, xem tai liéu: Nature Reviews Drug Discovery 2008,
7,255 va céc tai liéu tham khao dugc vién din trong do.

Hop chét trung gian ciing c6 thé tdn tai & dang dong phan dbi anh va c6
thé dugc ding dudi dang chit ddng phan ddi anh di dugc tinh ché, cac chét
ddng phan khong di quang, chit triét quang hoic hdn hop.
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HOAT TINH DUGC

Phuong phap xac dinh hoat tinh e ché MPO dugc boc 16 trong WO
02/090575. Hoat tinh dugc cua hop chit dugce boc 10 trong ban mo ta nay duogc
thir nghiém trong sang loc sau ddy (Thir nghiém A) trong d6 hop chét dugc thir
nghiém trong su c6 mat cia ascorbat, ma phan ng véi axit hipocloro (HOCI) c6
ngudn gbc tir MPO d& tao thanh dehydro-ascorbat. Su mét ascorbat duoc theo
ddi bang cach do dd hap thu & 260 nm.

Chét dém thir nghiém: 100 pM axit dietyl triamin pentaaxetic (DTPA)
trong chit dém gém c6 10 mM Na,HPO,/NaH,PO,4, 3 mM KCI trong 140 mM
NaCl, d6 pH 7.4.

Dung dich enzym: MPO duoc tinh ché tir dong té bao ngudi HL60, 1,38
nM (ndng d6 cubi cung 0,7 nM) va L-ascorbat, 100 pM (ndng d6 cudi cing 50
uM) trong chit dém thir nghiém

Dung dich chit nén: H,0,, 98 uM (ndng do cudi cling 49 uM)

B4 sung bén muoi pl dung dich enzym vio 0,6 pl hop chit dugc pha
lodng theo day trong DMSO. Po do hép thu & 260 nm dé thu duoc gia tri khong
c¢6 hop chat. Sau 10 phit nita, bd sung 40 pl dung dich chit nén va ghi lai do hip
thu & 260 nm gitta 4 va 40 phut dé thu duoc sb ghi dong hoc cta hoat tinh
enzym. Thu dugc gia tri IC50 cta hop chét dugc thir nghiém bang cach ghi lai
d6 hip thu & 260 nm 20 phit sau khi bd sung chit nén va tinh bang cach st dung
cac quy trinh tidu chuin.

Dé phat hién hoat tinh e ché peroxidaza tuyén giap (TPO), su san xuét
axit hypoiodous (HOI) dugc dinh lugng. HOI dugc phat hién bang cach cho né
phan g véi méthionin, ma duoc chuyén hoa thanh dehydro-methionin, ma dén
lugt né dugc phat hién bang cach cho n6 phan tng véi iodua du & d6 pH axit.
Phan tng nay chuyén héa I" thanh 13" ma c6 do hép thu & 353 nm. Tém lai, 0,6
ul hop chit dugc pha lodng theo diy trong DMSO dugc bd sung vao 25 pul 50
nM TPO & ngudi ti t6 hop dugc biéu hién & baculovirut (thu duge tir RSR Ltd,
Cardiff, Anh) trong chit dém thu nghiém (100 mM Na,HPO4/NaH,PO,, d6 pH
7,4), sau d6 do hép thu & 353 nm dugc doc dé thu duoc gia tri khong c6 hop
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chét. Phan tng enzym dugc bt diu bang cach bd sung 25 pl hdn hop gdm co
2mM methionin, 20 uM Nal va 100 pM H,0, trong chit dém thu nghiém, va
dugc 1am ngimg bang cach bd sung 10 pl catalaza, 0,25 mg/ml. Sau 5 phut nira,
25 pl 600 mM axit Sulphuric sau d6 1a 25 pl 100 mM KI duoc bd sung, va do
hép thu & 353 nm duge doc 5 phit sau su bd sung nay. Gia tri IC50 ciia hop chit

dugc thir nghiém duoc thu 14y bing cach sir dung cic quy trinh tiéu chuan.

Nhin chung, hop chit dugc boc 16 trong ban mé ta ndy, ma duogc thi
nghi€ém, c6 d9 chon loc cao dang kinh ngac d6i v6i enzym MPO hon 13 enzym
TPO nim trong khoang tir 220-1600 dbi véi ti 1& IC50 (TPO)/IC50 (MPO). Phin
16n hop chét (80%) chimg t6 ti 1é trong tng ciia cac gia ri IC50 clia cic enzym
nay ma cao hon 500. Mit khac, hop chét trong tinh trang k¥ thuat theo WO
2006/062465, ma dugc thir nghiém, chimg t6 ti 1 twong tng nim trong khoang
tir 1 - 92 va phén 16n céc hop chit nay (92%) c6 ti 1é ma nhé hon 50. Theo do,
hop chit dugc boc 16 trong badn mo ta nay thé hién d6 chon loc MPO/TPO cao
hon x4p xi mudi 14n so v6i d6 chon loc ctia hop chét trong tinh trang k§ thuat

theo WO 2006/062465.
Céc gia tri IC50 (MPO va TPO) dbi véi Hop chéit vi du duoc néu trong
Béng 2 dudi day. Ngoai ra, ti 16 TPO véi MPO, ma ching to d§ chon loc dbi véi

MPO hon 14 TPO, dbi véi mbi Hop chét vi dy, duoc néu trong Bang 2.

Béang 2:
| Sutc ché ciia MPO | Su trc ché ciia TPO | IC50 (TPO)/ICS0
Vidyso IC50 (uM) IC50 (uM) (MPO)
1 0,0086 44 512
2 0,007 8.8 1257
0,007 43 614
4b 0,042 63 1620
5 0,019 8,9 468
6 0,022 10 455
7 0,015 i 710
3 0,013 13 952
9 0,029 16 552
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10 0,01 11 1100
11 0,014 19 1357
12 0,054 46 852
13 0,024 38 1609
14 0,04 28 . 697
15 0,049 11 224

Vi du thye hién sing ché

Cac vi du sau ddy la cac vi du khong 1am gidi han sdng ché.

Céc chir viét tit sau ddy dugc st dung trong ban md ta ndy:

APCI
aq
Cs,CO;
CH,CL,
DIPEA
DMAP
DMF
DMSO
Et,0
EtOAc
EtOH

FA

HOAc
HPLC
HCl

KHSO,

st ion hoa héa hoc 4p xuét khi quyén
trong nudc

xesi cacbonat

diclometan
N,N-diisopropyletylamin
N,N-dimetylpyridin-4-amin
N,N-dimetylformamit
dimetyl sulfoxit

dietyl ete

etyl axetat

etanol

axit formic

gio

axit axetic

sdc ky 16ng cao ap

hydro clorua

kali hydrosulfat

-37-




27550

K,CO; kali cacbonat

MeCN axetonitril

MeOH metanol

MgSO, magie sulfat

min phut

MS phd khéi

Na,SO4 natri sulfat

NaHCO; natri bicacbonat
NMP N-metylpyrolidon
NH; amoniac

NH,OAc amoni axetat

NMR cong hudng tir nhan
r.t. nhiét d§ trong phong
sat. bao hoa

TEA trietylamin

TFA axit trifloaxetic

THF tetrahydrofuran
TMEDA tetrametyletylendiamin

Céc quy trinh thi nghiém chung sau ddy dugc sir dung:

) May Téach Pha dung trong thi nghiém la c6t May Tach Pha
ISOLUTE®.

(i)  Séc ky nhanh Pha Thing dugc thuc hién bang cach sir dung hé
" théng Tinh Ché SP1™ cia héng Biotage™ bang cach st dung FLASH+™
(40M, 25M hodc 12M) hoic SNAPTM KP-Sil Cartridges (340, 100, 50 hodc 10)

silic oxit pha thuong.
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(iii) Tinh ché bing HPLC dao pha diéu ché dugc thuc hién bing cach
sit dung cot Kromasil® prep C8 10 pM 250x50 mm thudng 1a bing cach sir
dung gradien cia MeCN trong nuéc/MeCN/HOAc 95/5/0,2 lam pha dong, hodc

cot SunFire™ Prep C18 5 uM OBD 19x150 mm bang céch sir dung gradien ctia
MeCN trong nuéc/MeCN/FA 95/5/0,2 1am pha dong, hodc bang cach sir dung
gradien cia MeCN trong nuéc/MeCN/NH4OAc 0,1 M Iam pha dong.

(iv)  Céc phép do 'H NMR duoc thuc hién trén cic quang phd ké Varian
INOVA 400, 500 va 600 hoic cic quang phd ké Bruker Avance 400, 500 va 600
hoat dong & tin s& "H 14n Iuot 12 400, 500 va 600 MHz. Céc thi nghiém thudng
duoc ghi lai & nhiét d6 25°C.

(v)  Nhin chung, tit ca cac dung méi dugc dung 14 loai phan tich va cic dung

mdi khan c6 trén thi truong thuong duge dung cho cac phan ing nay.

Phén tich nhiu xa tia X duoc thuc hién theo phuong phap tiéu chudn, ma
c6 thé duoc tim thiy & vi du Kitaigorodsky, A1 (1973), Molecular Crystals and
Molecules, Academic Press, New York; Bunn, C.W. (1948), Chemical
Crystallography, Clarendon Press, London; hodc Klug, H.P. & Alexander, L.E.
(1974), X-ray Diffraction Procedures, John Wiley & Sons, New York.

Dir liéu nhiéu xa bot tia X dugc do bz"mg Corundum lam tham chiéu ndi
tai. Miu nhiéu xa bot tia X (trong ban md ta nay dugc goi 1a XRPD) duge xac
dinh bing cach dat miu Ién vt giit nén khong, tinh thé silic don 1¢, va trai mau
ra thanh 16p méng.

Nhiéu xa bot tia X duogc ghi lai bang Theta-Theta PANalytical X'Pert PRO
(chidu dai buéc séng ciia tia X 1,5418 A b xa Cu dugce loc bing niken, Dién
ap 45 kV, phat xa soi nung 40 mA). Phan ky kha bién tu dong va khe chdng
phan tan dugc sir dung va mau dugc quay trong qua trinh do. Cac mau dugc quét
tir 2 - 50° 2-teta bang cach st dung chiéu réng budc 0,013° va thoi gian dém

44,37 s, cﬁng v6i bd phat hién PIXCEL (chiéu dai hoat dong 3,35° 2-teta).

M4u nhiéu xa bot tia X (XRPD) thu duoc trong hinh hoc Bragg-Brentano.
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D3 biét ring mAu nhifu xa bot tia X ¢ thé thu duge ma cé mot hoic
nhiéu sai sb do tuy thudc vao diéu kién do, vi duy, thiét bi hodc may dugc dung
(Jenkins, R & Snyder, R.L. ‘Introduction to X-Ray Powder Diffractometry' John
Wiley & Sons 1996; Bunn, C.W. (1948), Chemical Crystallography, Clarendon
Press, London; Klug, H. P. & Alexander, L. E. (1974), X-Ray Diffraction
Procedures). Nguoi ¢ hiéu biét trung binh trong linh vuc nhiéu xa bot tia X s&
nhan ra ring cudng d6 twong ddi cia cac dinh c6 thé bi 4nh hudng boi, vi du, hat
¢6 kich thude trén 30 micromét va cac ti 1€ mat khong don nhéit ma c6 thé anh
huéng dén viée phén tich cdc miu. Ngoai ra, can hiéu ring cuong do c6 thé dao
dong tuy thudc vao diéu kién thi nghiém va viéc chuén bi miu (vi dy, su dinh
huéng dugc wu tién). Céc dinh nghia sau diy duoc ding dbi véi cuong d6 twong
ddi (%): 25 — 100%, vs (rat manh); 10 — 25%, s (manh); 3 — 10%, m (trung
binh); 1 — 3%, w (yéu).

Ngudi ¢6 hiéu biét trung binh trong linh vuc ciing s& nhén ra ring vi tri
phan xa c6 thé bi anh hudng bdi chidu cao chinh x4dc ma tai d6 miu nim trong
nhidu xa ké va su dinh ¢& & mérc khong cta nhiéu xa ké. Tinh phing bé mit cta
méu ciing ¢6 thé ¢ anh huéng nhé. Do d6 dit liéu mau nhifu xa duoc thé hién
khong dugc 1y dudi dang gia tri tuyét di. Théng thuong, sai sd do cia goc
nhidu xa trong biéu db nhiéu xa bot tia X ¢ thé x4p xi cong hoic trir 0,2° 2-teta,
va mirc d sai sb do nay can phai dugc tinh dén khi xem xét dit liéu nhiéu xa bot

tia X.

Tén TUPAC héa hoc duoc tao ra bang phan mém ACD/Labs 2012 cung
cip boi Advanced Chemistry Development, Inc. Toronto, Ontario, Canada M5C
1BS.

Vidul

1-{2-[(1R)-1-aminopropyl]-4-clobenzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;
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'(a) tert-Butyl [(1R)-1-(2-bromo-5-clophenyl)propyl]carbamat

Bb sung TEA (1,42 ml, 10,21 mmol) va di-fert-butyl dicacbonat (0,82 g,
3,74 mmol) vao dung dich cua (R)-1-(2-bromo-5-clophenyl)propan-1-amin
hydroclorua (thu dugc theo cach tuong tu nhu hop chét trung gian (R)-1-(2-
bromo-5-clophenyl)ethanamin thu dugc trong Vi du 3(c) nhung bing cach sir
dung etylmagie bromua chi khong phai 1a metylmagie bromua) (0,97 g, 3,40
mmol) trong CH,Cl, (15 ml). Khudy hdn hop & nhiét d6 trong phong qua dém va
sau d6 rira bang dung dich trong nuéc cia KHSO,. Chiét pha nudc bing CH,Cl,
(20 ml) va ¢ cac dung dich hitu co két hop trong chin khong. Tinh ché phan
cin trén cot silicagel bang cach sir dung hdn hop ciia heptan va EtOAc (gradien,
tir 0 dén 15% EtOAc) lam dung mdi rira giai, thu duoc 1,42 g (hiéu sut dinh
lwong) hop chit néu & dé muc dudi dang chit rin mau tring. MS (APCI+) m/z
349 [M+H]

(b) bi-tert-butyl [(1R)-1-(2-bromo-5-clophenyl)propyl]imidodicacbonat

Bé sung vio dung dich cia fert-butyl [(1R)-1-(2-bromo-5-
clophenyl)propyl]carbamat (1,19 g, 3,40 mmol) trong 2-metyltetrahydrofuran
(32 ml) di-tert-butyl dicacbonat (1,49 g, 6,81 mmol) va DMAP (0,83 g, 6,81
mmol). Khudy hén h(_)‘p & nhiét d9 50°C va sau d6 bd sung di-tert-butyl
dicacbonat (0,75 g, 3,40 mmol) va mot phén khéc cia DMAP (0,42 g, 3,40
mmol). Sau khi khudy 4 gio nira & nhiét d6 50°C, bd sung mét phin khac nita
clia di-tert-butyl dicacbonat (0,37 g, 1,70 mmol) va khudy hén hop & nhiét do
50°C qua dém. BS sung thém di-tert-butyl dicacbonat (0,75 g, 3,40 mmol) va
DMAP (0,42 g, 3,40 mmol) va tiép tuc khudy trong thoi gian 30 phut. Rira hdn
hop bang dung dich trong nuéc cia KHSO, (1 M), 1am khé qua may tach pha va
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sau d6 1am bay hoi. Tinh ché san phdm tho trén cot silicagel bang céch sir dung
hdn hgp chira heptan va EtOAc 1am dung mdi rira giai (gradien, tir 0 dén 12%
EtOAc). Thu duge 1,10 g (hiéu sudt 72%) hop chit néu & dé muc dudi dang dau
khong mau. 'H NMR (400 MHz, DMSO0-d6): § 0,93 (t, 3H), 1,37 (d, 18H), 1,8 -
2,19 (m, 2H), 5,17 (dd, 1H), 7,33 (dd, 1H), 7,57 (d, 1H), 7,65 (d, 1H).

(c) Di-tert-butyl [(1R)-1-(5-clo-2-formylphenyl)propyl Jimidodicacbonat

Hoa tan hdn hop ctia di-tert-butyl [(1R)-1-(2-bromo-5-clophenyl)propyl]-
imidodicacbonat (1,05 g, 2,34 mmol), diaxetoxypaladi (0,053 g, 0,23 mmol),
di((35,5S,7S)-adamantan-1-yl)(butyl)phosphin (0,26 g, 0,70 mmol) va TMEDA
(0,26 ml, 1,75 mmol) trong toluen (4 ml) va bit kin dung dich thu dugc trong ndi
hdp. Lam ddy ndi hdp bang khi tdng hop (cacbon monoxit/hydrogen, 1:1) & ap
sudt 5 bar va sau d6 gia nhiét trong bé du trong thoi gian 21 gid & nhiét do
100°C. Tinh ché san phdm thé bing cach sic ky trén silicagel bang céch sir dung
gradien ctia heptan va EtOAc lam dung moi rira giai (tir 0 dén 18% EtOAc) dé
thu duge 0,53 g (hiéu suit 57%) hop chit néu & dé muc. '"H NMR (400 MHz,
DMSO-d6): 8 0,95 (t, 3H), 1,35 (s, 18H), 1,85 - 2,02 (m, 1H), 2,03 - 2,19 (m,
1H), 5,90 (dd, 1H), 7,60 (dd, 1H), 7,69 (d, 1H), 7,87 (d, 1H), 10,22 (s, 1H).

(d) Etyl 3-[(2-{(1R)-1-[bis(fert-butoxycarbonyl)amino]propyl}-4-clobenzyl)amino]-
1H-pyrol-2-carboxylat

B6 sung viao hdn hop cua etyl 3-amino-1H-pyrol-2-carboxylat
hydroclorua (0,29 g, 1,53 mmol) va EtOH (99,5%, 4 ml) DIPEA (0,46 ml, 2,66
mmol) va di-tert-butyl [(1R)-1-(5-clo-2-formylphenyl)propyl]-imidodicacbonat
(0,53 g, 1,33 mmol) hoa tan trong EtOH (99,5%, 2,5 ml). Khuéy hén hop & nhiét
d6 trong phong qua dém. B6 sung HOAc (0,23 ml, 4,00 mmol) va khudy hdn
hop & nhiét do trong phong trong thdi gian 2,5 gior sau d6 bd sung timg phin
natri xyanotrihydroborat (0,088 g, 1,40 mmol) trong khodng thoi gian 3 phut.
Sau d6 khudy hdn hop phéan ung & nhiét d6 trong phong trong thoi gian 45 phut
va sau d6 pha lodng bang nudc. Sau khi chiét hai 1dn bing EtOAc, két hop céc
dung dich hitu co va sau d6 rira hai 1an bang dung dich trong nudc cua axit xitric
(0,5 M), hai 1an bing dung dich trong nudc cia bicacbonat va cubi cling bang

nude mudi (nira bio hoa). Lam khé dung dich trén MgSO, va loai bé dung méi
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bing cach 1am bay hoi dé tao ra 0,68 g (hiéu suit 95%) hop chit néu & d& muc.
'H NMR (400 MHz, DMSO-d6): & 0,91 (t, 3H), 1,27 (t, 3H), 1,32 (s, 18H), 1,98
- 2,05 (m, 1H), 2,09 - 2,23 (m, 1H), 4,16 - 4,28 (m, 3H), 4,41 (dd, 1H), 5,26 -
5,33 (m, 1H), 5,43 (s, 1H), 5,82 (bs, 1H), 6,68 (t, 1H), 7,32 (s, 2H), 7,42 (s, 1H),
10,77 (s, 1H). |

(e) Di-tert-butyl [(1R)-1-{5-clo-2-[(4-0x0-2-thiox0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-
d]pyrimidin-1-yl)metyl]phenyl} propyl]imidodicacbonat

B6 sung timg giot benzoyl isothioxyanat (0,20 ml, 1,51 mmol) vao dung
dich cia etyl 3-[(2-{(1R)-1-[bis(tert-butoxycarbonyl)amino]propyl}-4-
clobenzyl)amino]-1H-pyrol-2-carboxylat (0,68 g, 1,26 mmol) trong MeOH (4
ml) duge bd sung. Khudy hdn hop & nhiét d6 trong phong trong thoi gian 3 gio
va sau d6 bd sung Cs,CO; (0,86 g, 2,64 mmol). Gia nhiét hdn hop & nhiét do
65°C trong thoi gian 2 gid va sau d6 dé ngudi xudng nhiét do 10°C. B sung tir
tir HOAc (0,32 ml, 5,67 mmol) sau d6 bd sung tir tir nuée (8 ml). Chiét hdn hop
bing EtOAc va lam khé dung dich hiru co (Na,SO,). Loai bo dung méi bing
cach lam bay hoi va thu dugc 0,94 g (hiéu suit dinh lugng) hop chét néu & dé

muc.

Bé sung HCI (1,25 M trong MeOH, 7,05 ml, 8,81 mmol) vao hdn hop thd
cia di-tert-butyl  [(1R)-1-{5-clo-2-[(4-0x0-2-thiox0-2,3,4,5-tetrahydro-1H-
pyrolo[3,2-d]pyrimidin-1-yl)metyl]phenyl} propyl]imidodicacbonat (0,69 g, 1,26
mmol). Khudy hén hop & nhiét d6 50°C trong thoi gian 1 git va sau d6 dé nguoi
xudng nhiét 6 10°C. B sung tir tir nude (2 ml) va sau d6 13 dung dich trong
nuée cia NH3 (25%, 0,63 ml, 8,81 mmol) dé diéu chinh do pH v& 9,2. Thu gom
chét két tia tao thanh bang cach loc va rira bang hdn hop clia nuéc va MeOH
(2:1, 2 ml). Thu duoc 0,15 g (hiéu suét 34,6%) hop chit néu & dé muc véi do doi
ddng phan dbi anh bing 98,8%. "H NMR (400 MHz, DMSO-d6): § 0,91 (t, 3H),
1,52 - 1,72 (m, 2H), 4,08 (t, 1H), 5,73 (dd, 2H), 6,03 (d, 1H), 6,59 (d, 1H), 7,11
(dd, 1H), 7,30 (d, 1H), 7,58 (d, 1H). [a]p2 = +37,2° (c=0,5, EtOH). MS (APCI+)
m/z 349 [M+H]".
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Vidu?2

1-[2-(1-aminoetyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[3,2-
d]pyrimidin-4-on;

0
H
HNT Y N
A A~s
s” N
o NH,
CH

(a) 2-(2-Bromo-5-clophenyl)-2-metyl-1,3-dioxolan

Hoa tan 1-(2-bromo-5-clophenyl)etanon (8,29 g, 35,50 mmol) trong
toluen (180 ml) trong binh thét c¢b day tron dugc 1dp véi biy Dean-Stark. B
sung etan-1,2-diol (5,96 ml, 106,51 mmol) va axit 4-metylbenzensulfonic (0,67
g, 3,91 mmol) va gia nhiét hdn hop phan tmg & dong hdi hru trong thoi gian 3,5
gio. D& hdn hop phan ung ngudi xubng nhiét d6 trong phong, bd sung dung dich
trong nude cia K,CO; (1 M) va cac 16p duoc tach riéng. Chiét pha nudc bing
toluen va rira cac 16p hiru co két hop bing nudc va bing nuéec mudi. Lam kho
dung dich (MgSO,), loc va loai bo dung mdi dudi ap sut giam dé tao ra 9,29 g
(hiéu suit 94%) hop chét néu & && muc. 'H NMR (500 MHz, CDCI3): & 1,80 (s,
3H), 3,78 (m, 2H), 4,08 (m, 2H), 7,13 (m, 1H), 7,52 (m, 1H), 7,66 (m, 1H).

(b) 4-Clo-2-(2-metyl-1,3-dioxolan-2-yl)benzaldehyt

Du6i khi nito va & nhiét d6 -78°C, bd sung timg giot butyllithi (2,5 M trong hexan,
14,73 ml, 36,82 mmol) vao dung dich cta 2-(2-bromo-5-clophenyl)-2-metyl-1,3-
dioxolan (9,29 g, 33,47 mmol) trong THF (100 ml) trong thdi gian 30 phat va khudy
dung dich thu dwoc & nhiét d6 -78°C trong thoi gian 30 phut. B sung timg giot DMF
(3,87 ml, 50,21 mmol) & nhiét do -78°C. Sau khi hoan thanh viéc b6 sung, dé phén Gng
Am 18n dén nhiét d6 trong phong va tiép tuc khudy trong thoi gian 10 phit. Lam dimg
hdn hop phéan tmg bing dung dich trong nudc ctia NH4Cl (bdo hoa) va cac pha duoc
tach riéng. Chiét pha nudc hai 1an bang EtOAc. Rira céc 16p hitu co két hop bing nudce
mubi, 1am kho (MgSOy) va loai bd dung méi dudi 4p sudt giam. Tinh ché san phdm
bang séc ky nhanh (silicagel, rira giai bang gradien ctia EtOAc va heptan tir 10% dén
© 20%) dé tao ra 5,95 (hiéu suit 78%) hop chét néu & d& muc dudi dang diu khong mau
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trong subt. '"H NMR (500 MHz, CDCI3): § 1,68 (s, 3H), 3,64 - 3,66 (m, 2H), 3,94 -
3,97 (m, 2H), 7,24 - 7,28 (m, 1H), 7,52 - 7,54 (m, 1H), 7,74 - 7,77 (m, 1H), 10,52 -
10,53 (m, 1H).

(c) Etyl 3-{[4-clo-2-(2-metyl-1,3-dioxolan-2-yl)benzyl]amino }-1 H-pyrol-2-carboxylat

Hoa tan etyl 3-amino-1H-pyrol-2-carboxylat hydroclorua (3,65 g, 19,17
mmol) trong EtOH (99,5%, 100 ml) va bb sung DIPEA (3,34 ml, 19,17 mmol)
sau d6 1a HOAc (1,99 ml, 34,85 mmol) vao dung dich nay. Pé hén hop phan
ung ngudi xuéng nhiét d 10°C va sau d6 bd sung 4-clo-2-(2-metyl-1,3-
dioxolan-2-yl)benzaldehyt (3,95 g, 17,43 mmol) hoa tan trong EtOH (99,5%, 10
ml). D hdn hop phan tmg dat dén nhiét d9 trong phong trong thdi gian 1 gio. BS
sung natri xyanotrihydroborat (1,31 g, 20,91 mmol) va khuéy hdn hop & nhi¢t do
trong phong trong thoi gian 18 gi. Lam dimg hdn hop phan tng bing nudc (50
ml) va diéu chinh d6 pH v& ~11 bang NaOH. Chiét hdn hop hai 14n bing EtOAc.
Rira cac 16p hitu co két hop bang nudc mubi, 1am kho (MgSO,) va loai bo dung
moi dudi 4p sudt gidm. Tinh ché san phidm bang sic ky nhanh (ding dong,
heptan/ EtOAc, 90/10) dé tao ra 4,61 g (hiéu suat 72%) hop chit néu & dé muc
dudi dang gém khéng mau. 'H NMR (400 MHz, CDCI13): § 1,3 - 1,37 (m, 3H),
1,71 (s, 3H), 3,79 - 3,85 (m, 2H), 4,05 - 4,1 (m, 2H), 4,25 - 4,35 (m, 2H), 4,51 -
4,57 (m, 2H), 5,64 - 5,71 (m, 1H), 6,66 - 6,73 (m, 1H), 7,2 - 7,24 (m, 1H), 7,4 -
7,45 (m, 1H), 7,57 - 7,6 (m, 1H).

(d) 1-[4-Clo-2-(2-metyl-1,3-dioxolan-2-yl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-
4H-pyrolo[3,2-d]pyrimidin-4-on

B sung timg giot benzoyl isothioxyanat (1,70 ml, 12,64 mmol) vao dung dich ctia
etyl 3-{[4-clo-2-(2-metyl-1,3-dioxolan-2-yl)benzyl]amino } -1 H-pyrol-2-carboxylat
(4,61 g, 12,64 mmol) trong MeOH (14 ml) va khudy hén hop phan tmg & nhiét d6 trong
phong trong thoi gian 10 phit. B sung mot phén khéc cia benzoyl isothioxyanat (0,17
ml, 1,26 mmol) va khudy phan tng trong thdi gian 30 phit. B sung Cs,COs (8,85 g,
27,17 mmol) va khudy hén hop & nhiét d6 60°C trong thoi gian 1,5 gid. Loai bo dung
mdi dudi 4p sudt giam. BS sung nude (30 ml) va EtOAc (70 ml) va tach chat két taa
duoc tao thanh trong pha hitu co bang cach loc. Sau khi rira chét rin nay bang Et,0, thu
duoc 4,71 g (hiéu sult 99%) hop chit néu & dé muc dudi dang chit rin mau tring. 'H

NMR (600 MHz, DMSO-d6): § 1,75 (s, 3H), 3,78 - 3,83 (m, 2H), 4,05 - 4,11 (m, 2H),
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5,63 - 5,67 (m, 1H), 6,56 - 6,63 (m, 1H), 6,93 - 6,98 (m, 1H), 7,17 - 7,22 (m, 1H), 7,45
-7,5 (m, 1H). MS (APCI-) m/z 376 [M-HJ".

(e) 1-(2-Axetyl-4-clobenzyl)-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-d]pyrimidin-4-

on

B& sung TFA (9,26 ml, 124,65 mmol) vio huyén pht ctia 1-[4-clo-2-(2-metyl-1,3-
dioxolan-2-yl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-d[pyrimidin-4-on
(4,71 g, 12,47 mmol) trong CH,Cl, (25 ml). Khudy hdn hop phan tng & nhiét do trong
phong trong thoi gian 2 gidr va sau d6 bd sung dung dich trong nuée ciia NaOH (3,8 M)
cho dén khi dat dén d6 pH bang x4p xi 11. Tach chét rin tao thanh bing cach loc va rira
san phdm bang CH,Cl, va sau d6 bang Et,0. Thu duoc 3,49 g (hiéu sudt 84%) hop chit
néu & dé& muc dudi dang chét rdn mau tring. '"H NMR (600 MHz, DMSO-d6): & 2,69 (s,
3H), 5,63 - 5,7 (m, 1H), 5,79 - 5,83 (m, 2H), 6,79 - 6,86 (m, 1H), 6,89 - 6,95 (m, 1H),
7,4 -17,5 (m, 1H), 7,96 - 8,04 (m, 1H). MS (APCI-) m/z 332 [M-H]".

® 1-[2-(1-Aminoetyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[ 3,2-

d]pyrimidin-4-on

B& sung hydroxylamin hydroclorua (0,78 g, 11,18 mmol) vao hdn hop cia 1-(2-
Axetyl-4-clobenzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[3,2-d]pyrimidin-4-on (3,39
g, 10,16 mmol), HOAc (20 ml) va NMP (40 ml) va sau d6 khudy hdn hop & nhiét do
60°C trong thoi gian 18 gid. B6 sung kém (1,02 g, 15,59 mmol) va khudy hén hop phan
mg & nhiét d6 60°C trong thoi gian 4 gid. B4 sung mdt phan khéc cta kém (1 g, 15,30
mmol) va sau d6 khudy hdn hop & nhiét 6 60°C trong thoi gian 4 gid nita. BS sung
mot phan khac ciia kém (1 g, 15,30 mmol) va sau khi khudy 20 git nita & nhiét do 80°C
bb sung mdt phan khéc nira ciia kém (3 g, 45,89 mmol). Sau d6 khudy hdn hop & nhiét
d6 80°C trong thoi gian 40 gid va loc chét rén con lai ra. Tinh ché san phim bing
HPLC diéu ché (3 14n phun) trén cot C8 bing cach sir dung gradien cta 0-70% MeCN
trong hdn hop ctia nuée/MeCN/HOAc (95/5/0,2) trong 15 phut (su rira giai bt dau voi
0% MeCN trong thoi gian 5 phut). Thu duge 0,86 g (hiéu sudt 25%) hop chit néu & dé
muc. "H NMR (600 MHz, DMSO-d6, 40°C): § 1,33 - 1,37 (m, 3H), 4,38 - 4,45 (m,
1H), 5,64 - 5,85 (m, 2H), 6,01 - 6,05 (m, 1H), 6,59 - 6,64 (m, 1H), 7,1 - 7,15 (m, 1H),
7,27 - 7,31 (m, 1H), 7,64 - 7,66 (m, 1H). MS (APCI-) m/z 333 [M-H]J.
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Vidu3

1-{2-[(1R)-1-aminoetyl]-4-clobenzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on.

(a) S-(E hodc Z)-N-(2-Bromo-5-clobenzyliden)-2-metylpropan-2-sulfinamit

Hoa tan 2-bromo-5-clobenzaldehyt (4 g, 18,23 mmol) trong CH,Cl, (130 ml) va bd
sung (S)-2-metylpropan-2-sulfinamit (2,32 g, 19,14 mmol) sau d6 la xesi cacbonat
(5,94 g, 18,23 mmol) vao dung dich nay. Lam hdi luu hén hop qua dém va sau d6 pha
lodng bang nude mudi va CH,Cly. Lam khé 16p hitu co qua méy tach pha va sau d6 1am
bay hoi. Tinh ché san phim bing cach sic ky trén silicagel béng cach sir dung hdn hop
chira EtOAc va heptan 1am dung méi rira gii (gradien, 0%-25% EtOAc) dé tao ra 5,60
g (hiéu sudt 95%) hop chit néu & d& muc dudi dang chit rin. 'H NMR (400 MHz,
DMSO-d6) 6 1,21 (s, 9H), 7,61 (dd, 1H), 7,84 (d, 1H), 7,98 (d, 1H), 8,75 (s, 1H).

(b) (S)-N-[(1R)-1-(2-Bromo-5-clophenyl)etyl]-2-metylpropan-2-sulfinamit

Hoa tan S-(E hodc Z)-N-(2-Bromo-5-clobenzyliden)-2-metylpropan-2-sulfinamit
(5,41 g, 16,78 mmol) trong CH,Cl, (200 ml) du6i khi nito va bd sung metylmagie
bromua (11,18 ml, 33,55 mmol) & nhiét d6 -45°C vao dung dich thu duoc. Khudy hdn
hop gitra -40°C va -50°C trong thoi gian 4 gid va sau d6 dé cho tir tir dat &n nhiét d6
trong phong qua dém. B sung dung dich NH4CI (bdo hoa, 50 ml) sau d6 1a nude (100
ml). Téach riéng céc 16p bang cach sir dung may tich pha va chiét 16p nude ba 1an bang
CH,Cl, (150 ml). C6 céc 16p hiru co két hop trong chan khéng. Tinh ché phan cin bing
cach séc ky trén silicagel bang cach sir dung hdn hop chira heptan va EtOAc (gradien,
tir 10% dén 60% EtOAc). Gom cac phan doan chira chit ddng phan khéng d6i quang
chinh - ma duoc rira giai 14n cudi tir cot - va loai bé dung méi bang cach 1am bay hoi.
Thu duge 5,28 g (hiéu sut 93%) hop chét néu & d& muc. "H NMR (400 MHz, DMSO-
de6): 6 1,15 (s, 9H), 1,30 (d, 3H), 4,65 (m, 1H), 6,10 (d, 1H), 7,30 (d, 1H), 7,65 (d, 1H),
7,70 (s, 1H). MS (APCI+) m/z 340 [M+H]".
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CAu hinh tuyét d6i hop chit néu & d& muc duoc xac dinh bing quang phd ludng
séc tron dao dong (VCD) bing céach sir dung nguyén liéu thu duoc tir thi nghiém tuong
tu nhu trong Vi du 3(b). Dua trén Kkét qua tir viéc so sanh phé thi nghiém thu dugc véi
cac phd mé phong cia hai chit' déng phan khong d6i quang c6 thé c6 bing cach sir
dung phép tinh 1y thuyét phiém ham mat 3, c6 su thdng nhét rd rang gitta phd thi
nghiém va phd mé phong ciia chit ddng phan khong d6i quang c6 cAu hinh R & nguyén
. tir cacbon khong dbi xtmg.

(¢) (R)-1-(2-Bromo-5-clophenyl)ethanamin

X ly  (S)-N-[(1R)-1-(2-Bromo-5-clophenyl)etyl]-2-metylpropan-2-
sulfinamit (5,25 g, 15,50 mmol) bang dung dich MeOH ctia HCI (1,25 M,150
ml, 187,50 mmol) & nhiét do trong phong trong thoi gian 1,5 gio. Loai bé dung
mdi bang cach 1am bay hoi. Hoa tan phan con lai trong CH,Cl, (200 ml) va rira
dung dich bang NaHCO; trong nudc (100 ml). Chiét pha nuée bang CH,Cl,
(200 ml) va cb cac 16p hitu co két hop trong chan khong dé tao ra 4,02 g (hiéu
sudt dinh lrong) hop chét néu & d& muc, ma dugc ding trong bude tiép theo ma
khong can tinh ché thém. "H NMR (400 MHz, CDCI3): § 1,40 (d, 3H), 4,40 (q,
1H), 7,10 (d, 1H), 7,40 (d, 1H), 7,60 (s, 1H).

(d) tert-Butyl [(1R)-1-(2-bromo-5-clophenyl)etyl]carbamat

B4 sung vao dung dich caa (R)-1-(2-bromo-5-clophenyl)ethanamin (3,64
g, 15,52 mmol) trong CH,Cl, (150 ml) TEA (2,58 ml, 18,63 mmol) va di-tert-
butyl dicacbonat (3,73 g, 17,07 mmol). Khudy hdn hop & nhiét d§ trong phong
trong thoi gian 3,5 gid va sau d6 rira bang dung dich trong nuéc ctia KHSO,
(1M, 100 ml). Chiét pha nuéc bang CH,Cl, (100 ml) va ¢ cac dung dich hitu co
két hop trong chén khéng dé tao ra 5,83 g (hiéu suat dinh lugng) hop chét thd
néu & d& muc. "H NMR (400 MHz, CDC13): § 1,25-1,50 (d, 3H), 1,60 (s, 9H),
4,75-5,00 (m, 1H), 7,10 (dd, 1H), 7,30 (m, 1H), 7,50 (d, 1H).

(e) Di-tert-butyl [(1R)-1-(2-bromo-5-clophenyl)etylJimidodicacbonat

B6 sung vao dung dich coa tert-butyl [(1R)-1-(2-bromo-5-
clophenyl)etyl]carbamat (5,19 g, 15,51 mmol) trong 2-metyltetrahydrofuran
(150 ml) di-tert-butyl dicacbonat (5,08 g, 23,26 mmol) va DMAP (2,84 g, 23,26
mmol). Khudy hdn hop & nhiét d6 trong phong trong thoi gian 16 gio sau d6 bb
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sung thém di-tert-butyl dicacbonat (1,69 g, 7,75 mmol) va DMAP (0,95 g, 7,75
mmol). Khudy hén hop & nhiét dd 50°C trong thoi gian 4,5 gid va sau d6 cd
trong chan khong. Hoa tan phan con lai trong CH,Cl, (150 ml) va rtra dung dich
bing KHSO, (1M, 100 ml) bang cach sir di_mg may tach pha. Chiét pha nuéc
bing CH,Cl, (20 ml) va ¢6 cac dung dich hitu co két hop trong chan khong. Tinh
ché san phim tho hai 1an bang sic ky trén silicagel bang cach sir dung hén hop
cua heptan va EtOAc lam dung méi rira giai (gradien, tir 30% dén 70% cua
EtOAc). Thu dugc 5,05 g (hiéu sut 75%) hop chét néu & & muc. 'H NMR (400
MHz, DMSO-d6): 6 1,2-1,4 (m, 21H), 4,70 (m, 1H), 7,25 (dd, 1H), 7,55 (d, 1H),
7,65 (d, 1H).

(f) Di-tert-butyl [(1R)-1-(5-clo-2-formylphenyl)etyl]imidodicacbonat

Hoa tan di-tert-butyl [(1R)-1-(2-bromo-5-clophenyl)etyl]imidodicacbonat
(4,27 g, 9,83 mmol), diaxetoxypaladi (0,22 g, 0,98 mmol), di((3S,5S,7S)-
adamantan-1-yl)(butyl)phosphin (1,06 g, 2,95 mmol) va TMEDA (1,10 ml, 7,37
mmol) trong toluen (18 ml) va bit kin dung dich thu dugc trong ndi hap. Lam
dy ndi hip bang khi tdng hop (cacbon monoxit/hydrogen, 1:1) & 4p sudt 5 bar
va sau do gia nhiét trong bé diu trong thoi gian 21 gior & nhiét do 100°C. Tinh
ché san phim thd bing céach sic ky trén silicagel bang cach st dung gradien cua
heptan va EtOAc 1am dung mai rira giai (tir 0 dén 20% EtOAc) dé thu duoc 2,15
g (hiéu suét 57%) hop chét néu & dé muc. "H NMR (400 MHz, DMSO-d6): &
1,34 (s, 18H), 1,58 (d, 3H), 6,06 (q, 1H), 7,61 (dd, 1H), 7,67 (d, 1H), 7,87 (d,
1H), 10,14 (s, 1H).

(2) Etyl 3-[(2-{(1R)-1-[bis(tert-butoxycarbonyl)amino]etyl } -4-
clobenzyl)amino]-1H-pyrol-2-carboxylat

B& sung vao hdn hop ciia etyl 3-amino-1H-pyrol-2-carboxylat hydroclorua (1,14 g,
5,99 mmol) va EtOH (99,5%, 20 ml) N-etyl-N-isopropylpropan-2-amin (1,82 ml, 10,42
mmol) sau d6 la di-tert-butyl [(1R)-1-(5-clo-2-formylphenyl)etyl]-imidodicacbonat
(2,00 g, 5,21 mmol) hoa tan trong EtOH (99,5%, 5 ml). Khuiy hén hop & nhiét do
trong phong qua dém. BS sung HOAc (0,90 ml, 15,63 mmol) va khudy hén hop & nhiét
d6 trong phong trong thoi gian 6 gidr sau d6 bd sung timg phn natri xyanotrihydroborat

(0,34 g, 5,47 mmol) trong khoang thdi gian 3 phut. Sau d6 khudy hén hop phéan tmg &
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nhiét d6 trong phong trong thoi gian 1 gid va sau d6 pha lodng bang nudc. Sau khi chiét
v6i hdn hop cna EtOAc (25 ml) va toluen (25 ml), chiét dung dich trong nuéc bang
EtOAc (25 ml). Rira cac dung dich hitu co két hop hai 14n bang dung dich trong nudc
clia axit xitric (0,5 M, 25 ml), hai 14n bing dung dich trong nuéc ciia bicacbonat va
cubi cing bing nudc mudi (nira bdo hoa). Lam khé dung dich trén MgSOy4 va sau d6
loai bé dung méi bang cach 1am bay hoi & nhiét 6 40°C @ tao ra 2,93 g (hiéu suét
dinh luong) hop chit néu & dé muc. '"H NMR (400 MHz, DMSO-d6): & 1,27 (t, 3H),
1,31 (s, 18H), 1,59 (d, 1H), 4,21 (m, 3H), 4,37 (dd, 1H), 5,43 (m, 1H), 5,51 (q, 1H),
5,82 (bs, 1H), 6,69 (t, 1H), 7,32 (s, 2H), 7,43 (s, 1H), 10,79 (s, 1H). MS (APCI+) m/z
522 [M+H]".

(h) Bi-tert-butyl [(1R)-1-{5-clo-2-[(4-0x0-2-thiox0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-
d]pyrimidin-1-yl)metyl]phenyl}etyl]imidodicacbonat

B6 sung timg giot benzoyl isothioxyanat (0,79 g, 4,81 mmol) vao dung dich cia
etyl 3-[(2-{(1R)-1-[bis(tert-butoxycarbonyl)amino]etyl } -4-clobenzyl)amino]-1H-pyrol-
2-carboxylat (2,79 g, 4,01 mmol) trong MeOH (12 ml). Khudy hén hop & nhiét do
trong phong qua dém va sau d6 bd sung Cs;CO; (2,74 g, 8,42 mmol). Gia nhiét hdn
hop & nhiét 36 60°C trong thoi gian 3 gio va sau do dé nguoi xubng nhiét d6 10°C. BS
sung tir tir HOAc (1,03 ml, 18,05 mmol) sau d6 13 bd sung tir tir nu6c (24 ml). Thu gom
chét két taa tao thanh béng cach loc va sau d6 rira béng MeOH dé tao ra 2,09 g (hiéu
sudt 97%) hop chit néu & d& muc dudi dang chét rdn mau be. 'H NMR (400 MHz,
DMSO-d6): & 1,33 (s, 18H), 1,67 (d, 3H), 5,48 - 5,7 (m, 3H), 5,91 (d, 1H), 6,67 (d,
1H), 7,25 (dd, 1H), 7,32 (d, 1H), 7,48 (d, 1H), 12,43 (s, 2H). |

MS (APCI+) m/z 533 [M-HT.

(1) 1-{2-[(1R)-1-Aminoetyl]-4-clobenzyl}-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on

Bb sung HCI (1,25 M, 24,37 ml, 30,46 mmol) vao hdn hop tho ctia di-terz-butyl
[(1R)-1-{5-clo-2-[(4-0x0-2-thioxo0-2,3,4,5-tetrahydro-1 H-pyrolo[3,2-d]pyrimidin-1-
yl)metyl]phenyl}etyl]imidodicacbonat (1,67 g, 1,74 mmol). Khudy hén hop & nhiét do
50°C trong thoi gian 1 gid va sau d6 1am ngudi bang bé d4. Bb sung nude (3 ml) va bd
sung tir tir dung dich trong nudc cia NH3 (25%) dén d6 pH 9,3. Thu gom chét két tna
tao thanh béng cach loc @ thu duoc 0,39 g (hiéu suit 67%) hop chét néu & d& muc dudi
dang chét rin mau be voi do doi ddng phan dbi anh bing 99,9%. "H NMR (400 MHz,
DMSO0-d6): & 1,32 (d, 3H), 4,36 (m, 1H), 5,74 (dd, 1H), 6,04 (d, 1H), 6,59 (d, 1H),
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7,11 (dd, 1H), 7,31 (d, 1H), 7,65 (d, 1H). [a]p>° = +76,8° (c=0,3, MeOH). MS (APCI+)
m/z 335 [M+H]".
() Bb sung 1-{2-[(1R)-1-Aminoetyl]-4-clobenzyl}-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on (vi du, 3j, duoc diéu ché nhu mé ta & trén) (690 g, 2,06
mol), etanol (11040 ml) va nude (2760 ml) vao binh 50 1 dudi khi nito. Gia nhiét bdt
nhio dong va di chuyén tu do dén nhiét d 70 °C trong thdi gian 2,5 gid. D& phan tng
ngudi xudng nhiét do trong phong sau khi khuidy & nhiét d@d 70 °C trong thoi gian 2,5
gidr. Loc hdn hop (mét x4p xi 2 gid vao may loc) va sau d6 rira bang 20% nudc/etanol
(690 m1/2760 ml). Sau d6 1am khé chét rin trong 10 trong chan khéng & nhiét 6 50 °C
trong thoi gian 3 ngay dé tao ra 633 g (hiéu sudt 91%). '"H NMR cho thdy 9 tinh sach
>95%. Thir nghiém 'H NMR cho thdy do tinh sach 101% +/-2%, LC cho thiy db tinh
sach 99,7%, chudn d9 Karl Fischer cho théy 0,86% nudc, ham luong Pd cho thiy 3
phdn triéu va do tinh sach bat d6i ximg cho thdy 99,9% do tinh sach ddng phan dbi anh.
Phat hién thiy phan can rin két tinh bang XRPD va biéu d6 nhiéu xa dién
hinh duoc thé hién trén Hinh 4. Cac vi tri dinh dic trung dugc liét ké dudi day.

Mau XRPD 2-teta (°) 7,4 (vs), 9,0 (s), 10,8 (vs), 14,8 (vs), 20,2 (vs), 22,7 (vs),
23,5 (vs), 25,0 (vs), 30,7 (vs).

Chu hinh tuyét dbi ctia hop chit néu & d& muc dugc x4c nhan bang phan
tich tia X tinh thé don ctia mudi mesylat ctia Vi du 3.
Vi dy 3. Phuong phép diéu ché thay thé

1-{2-[(1R)-1-aminoetyl]-4-clobenzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on.

H

HNT Y N

A A
S N

(a) S-(E hodc Z)-N-(2-Bromo-5-clobenzyliden)-2-metylpropan-2-sulfinamit

Khqu huyén phu cda xesi cacbonat (148,5 g, 0,46 mol), 2-bromo-5-
clobenzaldehyt (100,0 g, 0,46 mmol) va (S)-2-metylpropan-2-sulfinamit (55,1 g,
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0,46 mol) trong toluen (600 ml) trong thdi gian 2 gid & nhiét do 40+5°C sau d6
dé ngudi xudng nhiét d6 30+5°C. Loc hdn hop va rira banh bang toluen (200
ml). Két hop céc dich loc va cb trong chin khong. B6 sung heptan (1 1) va cb
hdn hop trong chan khong. Lip lai budce nay cho dén khi ham luong cia toluen
khong 16m hon 15,0%. Dé dung dich ngudi xubng nhiét do 15+5°C va khudy
trong thoi gian 1 gid. Loc hdn hop va rira banh bang heptan. Lam khé chit rin
trong chan khong dé tao ra hop chét néu & dé muc (141,0 g; hiéu suét 95,2%).

(b) (S)-N-[(1R)-1-(2-Bromo-5-clophenyl)etyl]-2-metylpropan-2-sul finamit

Nap MeMgBr (2,8 M trong 2-MeTHF, 0,34 mmol) vao dung dich cua S-(E hoac
Z)-N-(2-bromo-5-clobenzyliden)-2-metylpropan-2-sulfinamit (100,0 g, 0,31 mol) trong
DCM (1,5 1) & nhiét d§ 0+5°C trong thoi gian 12 gio. Sau 14 gid nita bd sung amoni
clorua trong nudc (20% theo khéi lwong, 2 1) & nhiét d6 0£10°C. Rira 16p hitu co hai
14n bang dung dich NaCl bio hoa (500 ml) va cb trong chin khong. Nap heptan (500
ml) va hdn hop ¢ trong chén khéng. Lip lai bude ndy cho dén khi ham luong cua ca
DCM va 2-MeTHF khéng 16n hon 5,0%. Bb sung ete ddu mé 60-90°C (800 ml) va gia
nhiét lugng dugce chira nay dén nhiét d6 70-80°C sau d6 dé ngudi xuéng nhiét 36 31-
35°C. Loc hdn hop va rira bang ete dau mé 60-90°C (100 ml). Sau khi 1am khé trong
chan khéng & nhiét d6 40°C thu dugc 74,0 g, (hiéu sudt 70,5%) hop chit néu & d& muc.

(¢) tert-Butyl [(1R)-1-(2-bromo-5-clophenyl)etyl]carbamat

BS sung HCl dic (5740 ml, 6,8 mol) vio (S)-N-[(1R)-1-(2-Bromo-5-
clophenyl)etyl]-2-metylpropan-2-sulfinamit (720 g, 2,1 mol) va 2-MeTHF (3,6 1) trong
thdi gian 1 gid & nhiét d6 25+5°C. Khudy dung dich trong thdi gian 2 gid sau d6 bd
sung NaOH trong nuée (15% theo khdi lwong, 1,8 1) cho dén khi dat &n d6 pH bing 9.
Bb sung BOC,0 (485,3 g, 2,2mol) & nhiét d6 20+10°C va khudy hdn hop trong thoi
gian 4 gi. Hon hop dwoc phan tach va 16p hitu co duge rira bang NaOH trong nudc
(4% theo khéi lwong, 2,0 1) sau d6 bang NaCl trong nudc (20% theo khébi luong, 2,0 1),
hai 14n. C6 16p hitu co trong chan khong va bd sung heptan (3,6 1). C6 lai hdn hop nay.
Lap lai quy trinh nay cho dén khi ham luc_mg 2-MeTHF khong 16n hon 5,0%. D& dung
dich ngu6i xubng nhiét 46 10+5°C. Loc hdn hop va rira bing heptan. Sau khi 1am kho
trong chan khéng & nhiét d6 40°C thu duoc 645,0 g (hiéu suit 90,7%) hop chét néu &

de muc.

(d) Di-tert-butyl [(1R)-1-(2-bromo-5-clophenyl)etyl]imidodicacbonat
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Gia nhiét fert-butyl [(1R)-1-(2-bromo-5-clophenyl)etyl]carbamat (640 g 1,913
mol), DMAP (350,1 g, 2,870 mol) va 2-MeTHF (3,8 1) dén nhiét d6 75-80°C. B sung
timg giot BOC,0 (542,1 g, 2,487 mol). Khudy dung dich & nhiét d9 75-80°C trong thdi
gian 4 gid sau d6 d& nguodi xubng nhiét d6 25-30°C. Rira 16p hitu co bing NaOH trong
nudce (4% theo khdi lugng, 2 1) sau d6 14 hai 14n bang NaCl trong nuéc (20% theo khi
luong, 2 1). C6 16p hitu co trong chan khong sau d6 bd sung EtOH (3,2 1). C6 hdn hop
trong chan khong. Lap lai quy trinh nay cho dén khi ham lugng 2-MeTHF khéng 16n
hon 5,0%. Gia nhiét dung dich dén nhiét d6 40+5°C va bd sung nuée (1,6 1). Dé hén
hop ngudi xubng nhiét d6 10+5°C. Loc hdn hop va rira bang EtOH:nuéce 1:1 (1,9 1).
Sau khi 1am kho trong chan khong thu dugc hop chét néu & dé muc, 770,0 g, (hiéu suét
92,0%).

(e) bi-tert-butyl [(1R)-1-(5-clo-2-formylphenyl)etyl]imidodicacbonat

Khudy manh hdn hgp ctia DMSO (800 ml), N-etyl-N-isopropyl-propan-2-
amin (48,1 ml, 276,0 mmol) va trietylsilan (103 ml, 644,0 mmol) va dit trong
chan khong (100 mbar) va nén lai bang nito, ba 1dn. Chuyén hén hop vao binh
chira di-tert-butyl [(1R)-1-(2-bromo-5-clophenyl)etyl]imidodicacbonat (80,00 g,
184,0 mmol). B& sung bis(di-tert-butyl(4-dimetylaminophenyl)phosphin)
diclopaladi(Il) 6,514 g, 9,20 mmol). Nén lugng dugc chira nay bang nito dén 4ap
suét 2 bar va x4 tré lai 4p suét khi quyén ba 14n, sau d6 nén bang cacbon monoxit
dén 4p sut 2 bar va giai phong trd lai 4p suat khi quyén ba 14n. Nén binh dén ap
sudt 4 bar bang cacbon monoxit, bit diu khudy manh va sau d6 gia nhiét dén
nhiét d6 90°C trong thoi gian 24 gio. Pé luong dugc chira nay ngudi xubng nhiét
d6 20°C va loc. Ly 16p bén dudi ra va bd sung vao hdn hgp ctia heptan (400 ml)
va nuée (400 ml). Giir lai 16p bén trén va chiét 16p bén dudi bang heptan (200
ml). Liy 16p bén dudi ra. Két hop hai 16p bén trén va rira bing nuéc (400 ml)
sau d6 co thanh diu chira hop chét néu & dé muc, (66,5 g, hidu suit 94,0%).

() 1-{2-[(1R)-1-Aminoetyl]-4-clobenzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[ 3,2-
d]pyrimidin-4-on .

Bb sung 4,0 M HCI trong metanol (79,2 ml, 316,8 mmol) vao bot nhdo cua di-tert-
butyl [(1R)-1-{5-clo-2-[(4-0x0-2-thiox0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-
1-yl)metyl]phenyl}etyl]imidodicacbonat (30,0 g, 52,1 mmol) trong metanol (200 ml) &
nhiét do 40-45°C. Khudy hdn hop & nhiét 6 40-45°C trong thoi gian 1 gio sau d6 dé
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ngudi xuéng nhiét d6 20-25°C. Bb sung nuéc (96,5 ml). DPé dung dich ngudi xuéng
nhiét 6 0-10°C va bd sung amoni hydroxit (56,6%, 31,5 ml, 448 mmol) dén 3o pH
8,5-10. Loc bot nhfo va rira bang metanol (60 ml) sau d6 1a nuéc (60 ml) sau d6 1a
metanol (60 ml). Sau khi lam kh6 & nhiét 3§ 70°C trong chan khong thu duge 16,14 g
(hiéu suét 92,2%) hop chét néu & d& muc.

Vidu4a
1-{2-[(1S)-1-aminoetyl]-4-clobenzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on;

H
N

HN |
S/]\N /

Cl NH,

CH,

Hai chét ddng phan ddi anh ciia 1-[2-(1-aminoetyl)-4-clobenzyl]-2-thioxo-1,2,3,5-
tetrahydro-4H-pyrolo[3,2-d]pyrimidin-4-on (vi dy, 2) dugc thu 14y bang sic ky bét dbi
xtmg bang cach st dung cot Chiralpak® IA (250%4,6 mm, 5 pm) bing cach str dung
pha dong chira heptan, EtOH va TEA (80/20/0,1). Bét dau véi 0,66 g ciia hop chét triét
quang theo Vi du 2, thu duoc 0,28 g hop chit néu & d& muc véi d6 dbi dong phéan dbi
anh bing 84%. [a]p> = -14,9° (c=0,5, MeOH).

Vidu 4b

1-{2-[(1S)-1-Aminoetyl]-4-clobenzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on

Cl NH,

CH,

Bét dau véi 2,0 g 2-bromo-5-clobenzaldehyt va bang cach sir dung quy trinh tuong
ty nhu md ta trong Vi du 3 nhung st dung chit ddng phan d6i anh R cia 2-
metylpropan-2-sulfinamit chir khong phai 14 chit ddng phan ddi anh S tao ra 0,40 g hop
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chit néu & d& muc véi d6 doi ddng phan dbi anh bing 99,2%. 'H NMR (400 MHz,
DMSO0-d6) § 1,34 (d, 3H), 1,91 (s, 3H), 4,41 (q, 1H), 5,57 - 5,87 (m, 2H), 6,04 (d, 1H),
6,60 (d, 1H), 7,13 (dd, 1H), 7,31 (d, 1H), 7,66 (d, 1H). [a]p™ = -43,9° (c=0,5, MeOH).

Vidu5

1-{4-clo-2-[1-(metylamino)etyl ]benzyl}-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[ 3,2-
d]pyrimidin-4-on;

Cl 'CH

Tao huyén phu  1-(2-Axetyl-4-clobenzyl)-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on (0,29 g, 0,88 mmol) trong EtOH (99,5%, 2,0 ml) va bd
sung tetraisopropoxytitan (0,52 ml, 1,79 mmol) va methanamin (2 M trong THF, 2,68
ml, 5,36 mmol) vao hdn hop nay. Khudy hdn hop & nhiét do trong phong trong thoi
gian 4 gi¢ va sau d6 bd sung natri tetrahydroborat (66,9 mg, 1,77 mmol). Sau khi khudy
& nhiét do trong phong trong thdi gian 30 phut, bd sung nuéc va NH3 (2 M trong
MeOH) d diéu chinh d6 pH v& 11. Khudy huyén phu & nhiét do trong phong trong thoi
gian 30 phut va sau do loc chét két tia ra va rira béng MeOH va EtOAc. Léy dich locra
dudi 4p suét giam va sau d6 tinh ché san phim bing HPLC diéu ché trén ¢t C18 bing
cach sir dung gradien (0-30% MeCN trong nuéc, MeCN va FA, 95/5/0,2) lam pha
ddng. Thu duoc 0,13 g (hidu sut 43%) hop chét néu & d& myc. 'H NMR (500 MHz,
DMSO0-d6): 81,35 (d, 3H), 2,29 (s, 3H), 4,14 (q, 1H), 5,73 (q, 2H), 6,00 (d, 1H), 6,65
(d, 1H), 7,18 (dd, 1H), 7,32 (d, 1H), 7,60 (d, 1H), 8,17 (s, 1H), 12,50 (s, 1H). MS
(APCI+) m/z 349 [M+H]".

Vidub6

1-{4-clo-2-[(etylamino)metyl]benzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[ 3,2-
d]pyrimidin-4-on;
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(a) 1-Bromo-4-clo-2-(dietoxymetyl)benzen

Nap binh phén tng (5 1) bang trietyl orthoformat (379 ml, 2278 mmol)
du6i khi nito va sau d6 trong khi khudy, bd sung timg phin 2-bromo-5-
clobenzaldehyt (250 g, 1139 mmol) trong thoi gian 50 phut. Lam ngudi binh
phéan Gng trong qué trinh bd sung dé gitr nhiét d6 phan tng & dudi 21°C. Khudy
hdn hop & nhiét dd 17°C trong thoi gian 3 gio, bd sung mot phan khac cia trietyl
orthoformat (100 ml, 601 mmol) va sau d6 tiép tuc khudy trong thoi gian 3,5
nita. BS sung heptan (300 ml) va loc hdn hop qua xelit. Rira banh loc bang
heptan (200 ml) va 1am bay hoi céc dung dich két hop. Lam ddng bay hoi phan
cin bdn lan bing heptan (200 ml) va sau d6 tinh ché timg phin bing sic ky
nhanh silicagel bang cach str dung hdn hop chita EtOAc va hexan 1am pha dong
(gradien, 0%-50% EtOAc). Thu dugc 280 g (hiéu suit 84%) hop chit néu & dé
muc. 'H NMR (400 MHz, DMSO-d6): & 1,13 (t, 6H), 3,43 - 3,69 (m, 4H), 5,51
(s, 1H), 7,36 (dd, 1H), 7,48 (d, 1H), 7,63 (d, 1H).

(b) 4-Clo-2-(dietoxymetyl)benzaldehyt

Nap binh phan tmg (5 1) bing 1-bromo-4-clo-2-(dietoxymetyl)benzen
(251 g, 855 mmol) va 2-metyltetrahydrofuran (3 1) duéi khi nito va dé hdn hop
ngudi xubng nhiét 4 — 60°C. B sung n-butyllithi (2,5 M trong hexan, 342 ml,
855 mmol) vao dung dich nay qua 6ng dan. Sau khi khudy trong thoi gian 40
phut, bd sung DMF (73 ml, 940 mmol) trong khoang thdi gian 12 phit. Nhiét do
ctia hdn hop ting 1én dén -49°C trong qué trinh bd sung nay. Khudy hdn hop
trong thoi gian 40 phut va sau d6 tang nhiét do 1én 0°C. Sau khi khudy 30 phit
nita, bd sung nudce (300 ml) trong thodi gian 5 phut sau d6 13 dung dich nira bao
hoa cta nude mudi (1,5 1). Cac 16p duge tach riéng va pha nuéc duge chiét bang
2-metyltetrahydrofuran (1 1). Rua cac dung dich hitu co bang nuéc mudi bo

hoa, 1am kho (MgSO,) va lam .bay hoi qua d€m & nhiét 4o 30°C. Thu duoc 193 g
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hop chit néu & d& muc dué6i dang diu mau nau nhat véi do tinh sach 87% (hi€u
sut thuc té 81%). "H NMR (400 MHz, CDCI3): & 1,15 (m, 6H), 3,50 - 3,70 (m,
4H), 5,90 (s, 1H), 7,40 (dd, 1H), 7,70 (d, 1H), 7,80 (d, 1H).

(¢) Etyl 3-{[4-clo-2-(dietoxymetyl)benzyl]amino}-1H-pyrol-2-carboxylat

Nap binh phan tmg (10 1) bing 4-clo-2-(dietoxymetyl)benzaldehyt (181 g, 649
mmol) v MeOH (1 1) va bd sung DIPEA (92 g, 714 mmol) hoa tan trong MeOH (100
ml) vao hdn hop niy. Bb sung etyl 3-amino-1H-pyrol-2-carboxylat hydroclorua (132 g,
648 mmol) cung véi MeOH (700 ml). Khudy hdn hop & nhiét d@ 20°C qua d&m va sau
d6 bd sung HOAc (78 g, 1298 mmol). Bb sung natri xyanoborohydrua (41 g, 649
mmol) trong vai phin trong khoang thdi gian 7 pht c6 khudy va 1am ngudi, sao cho

' nhiét 36 khong tang lén trén 27°C. Khudy dung dich trong thoi gian 40 phit va sau d6
bd sung nude (1,8 1). Chiét hdn hop hai 1dn bang CH,Cl, (1 1) va 1am khd (K»COs) céc
dung dich hiru co két hop va c6 dén thé tich 1300 ml. Sau bbn ngay c6 hdn hop trong
su c6 mit cia MeOH dé tao ra dung dich MeOH (xdp xi 1 1) cia hop chét néu & dé
muc. Nguyén liéu dugc dung trong budc tiép theo ma khong can tinh ché thém. 'H
NMR (400 MHz, MeOH-d4): 51,20 (t, 6H), 1,30 (t, 3H), 3,25 (m, 1H), 3,40-3,60 (m,
5H), 4,20 (q, 2H), 4,40 (s, 2H), 5,60 (d, 1H), 5,65 (s, 1H), 6,70 (d, 1H), 7,20 (m, 1H),
7,30 (d, 1H), 7,50 (d, 1H).

(d) 1-[4-Clo-2-(dietoxymetyl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on

B sung tir tir benzoyl isothioxyanat (89 g, 677 mmol) vao dung dich MeOH (x4p
xi 1 1) cta etyl 3-{[4-clo-2-(dietoxymetyl)-benzyl]amino }-1H-pyrol-2-carboxylat (550
mmol) sao cho nhiét dd phan ing dugc giir trong khoang tir 17°C dén 22°C. Khudy hén
hop trong thoi gian 15 phut va bd sung mot phan khac ctia benzoyl isothioxyanat (13,5
g, 82,5 mmol) va sau khi khudy tiép trong thoi gian 50 phit, bd sung mét phan khac
nita cuia benzoyl isothioxyanat (8 g, 50 mmol). Khu4y hdn hop trong thoi gian 30 phit
va sau d6 bd sung Cs,COs3 (383 g, 1177 mmol) trong khoang thdi gian 15 phut. Nhiét
d6 dugc tang 1én dén 30°C trong thdi gian 30 phut va sau d6 dén 40°C trong thoi gian
20 phut. Khudy hén hop & nhiét d6 50°C trong thoi gian 4 git va sau d6 & nhiét do
10°C qua dém. BS sung HOAc (140 ml) & nhiét do 10°C trong khoang thoi gian 20
phut va sau d6 nhiét do ctia hdn hop dugc ting 1én dén 19°C. B sung tir tir nude (1,4 1)
vao chét két toa tao thanh va tach nguyén liéu rin bang cach loc. Rira banh loc bing
toluen (2 1) va sau d6 1am kho trong chan khéng trong thoi gian 3 ngay. Thu dugc 201 g
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(hiéu sut 80%, hai budc) hop chét néu & d& muc. 'H NMR (600 MHz, DMSO-d6):
1,20 (m, 6H), 3,50-3,70 (m, 4H), 5,80 (s, 2H), 6,00 (s, 1H), 6,75 (d, 1H), 7,30 (m,
1H), 7,50 (s, 1H), 11,70-12,70 (b, 2H). MS (APCI+) m/z 395 [M+H]".

(e)  5-Clo-2- [(4-0x0-2-thiox0-2,3,4,5-tetrahydro-1 H-pyrolo[3,2-d]pyrimidin-1-
yl)metyl]benzaldehyt

Bb sung 1-[4-c10-2-(dietoxymetyl)benzyl]-2-thjoxo-1,2,3,5-tetrahydro-4H—
pyrolo[3,2-d]pyrimidin-4-on (1 g, 2,54 mmol) vio hdn hop da dugc 1am ngudi cia TFA
(1,89 ml, 25,39 mmol) va CH,Cl, (8 ml). L4y bé da ra va khudy hén hop & nhiét do
trong phong trong thoi gian 2,5 gid. Tach chét két tia tao thanh bang cach loc va rira
bang CH,Cl, dé thu dugc 0,69 g (hiéu sut 85%) hop chét néu & dé muc duéi dang chét
rin. 'H NMR (500 MHz, DMSO-d6): § 6,02 (s, 2H), 6,09 (s, 1H), 6,88 (d, 1H), 7,31 (t,
1H), 7,60 (dd, 1H), 8,09 (d, 1H), 10,24 (s, 1H), 12,41 (s, 1H), 12,51 (s, 1H). MS
(APCI+) m/z 320 [M+H]".

(H 1-{4-Clo-2-[(etylamino)metyl]benzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on

Hoa tan 5-clo-2-[(4-0x0-2-thioxo-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-
yDmetyl]benzaldehyt (22 mg, 0,68 mmol) va ethanamin (2 M trong THF, 3,39 ml, 6,79
mmol) trong MeOH (5 ml) trong 1o vi séng. Gia nhiét hdn hgp phén tng bang cach
chiéu xa vi séng & nhiét d6 100°C trong thoi gian 5 phit va sau d6 & nhiét o 140°C
trong thoi gian 75 phut. BS sung natri tetrahydroborat (205 mg, 5,43 mmol) va khuly
hdn hop phan tmg & nhiét 0 trong phong trong thoi gian 3 ngay. Lam dimg hdn hop
bing cach bd sung nude. Lam bay hoi dung mdi va tinh ché san phdm thd bang HPLC
didu ché bing cach st dung gradien ctia 0-30% MeCN trong nuéc/MeCN/FA
(95/5/0,2). "H NMR (600 MHz, DMSO-d6): § 1,10 (t, 3H), 2,65 (g, 2H), 3,85 (s, 2H),
5,76 (s, 2H), 6,10 (d, 1H), 6,69 (d, 1H), 7,19 (dd, 1H), 7,30 (d, 1H), 7,45 (d, 1H). MS
(APCI+) m/z 349 [M+H]".

Vidu7
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1-[2-(Aminometyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on.

)

| H

HN

Ay

S N

B6 sung 5-clo-2-[(4-0x0-2-thioxo-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-
yl)metyl]benzaldehyt (xem Vi du 6(e)) (194 mg, 0,61 mmol) vio hdn hop clia
hydroxylamin hydroclorua (46 mg, 0,67 mmol) va HOAc (hi¢u sudt 80%, 4 ml). Khudy
hdn hop & nhiét @6 trong phong trong thoi gian 5 gid va sau d6 bd sung k&m (198 mg,
3,03 mmol). Khudy hdn hop phan tng & nhiét d6 60°C trong thdi gian 2 gio. Bb sung
dung dich trong nudc ciia NaOH (1 M) dé diéu chinh d6 pH v& 12. Loai bo dung mdi
dudi 4p sudt giam va tinh ché phan can bing HPLC diéu ché trén cot C8 bang cach sir
dung gradien cua 5-45% MeCN trong nudc, MeCN va chit d&&m FA (95/5/0,2). 'H
NMR (500 MHz, MeOH-d4) & 4,40 (s, 2H), 5,75 (s, 2H), 6,15 (d, 1H), 6,97 (d, 1H),
7,31 (d, 1H), 7,34 (dd, 1H), 7,53 (d, 1H). MS (APCI+) m/z 321 [M+H]".

Vi du 7. Phuong phép diéu ché thay thé

1-[2-(Aminometyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[ 3,2-
d]pyrimidin-4-on.

Gia nhiét huyén phu cta 5-clo-2-[(4-0xo0-2-thioxo-2,3,4,5-tetrahydro-1H-
pyrolo[3,2-d]pyrimidin-1-yl)metyl|benzaldehyt (xem Vi du 6(¢)) (500 g) va
hydroxylamin hydroclorua (88,1 g, 1,1 duong lugng) trong DMF (5000 ml) &
nhiét d6 50°C trong thoi gian 3 gid. P phan tmg ngudi xudng nhiét d6 18-25°C
qua dém va loai bd dung méi trong chan khong (nhiét o bé nudc 16n nhét 55°C)
va bd sung nudc (7500 ml) vio phin cin. Sau d6 bd sung NaOH 1 M (trong
nuée) vao huyén phi dé didu chinh do pH vé 10 (2000 ml duge sir dung). Sau
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khi khudy trong thoi gian 1 gid, loc chét rin, rira bang nudce (2 x 1785 ml) va hut
kho. Lam kho thém trong 16 chan khong & nhiét do 45°C tao ra hop chét trung
gian oxime dudi dang chit rin mau tring (395,0 g). B sung k&m (50 g) vao
huyén phu ctia mé két hop ciia nguyén -liéu nay (450,7 g) trong axit axetic (6760
ml) & nhiét d6 18-25°C. Sau d6 phan tng 4m 1én dén nhiét 46 50-60°C. B sung
timg phan kém nira (830,3 g, tong cong 1a 880,3 g, 10 dwong luong) & nhiét d6
50-60°C. Khudy phan tng & nhiét d6 50°C trong thoi gian 18 gid. Loc (néng)
phan tng va cb dich loc trong chan khéng (nhiét d6 bé nudc 16n nhit 55°C).
Chét ran thu dugc duge tao thanh bdt nhio trong 20% HCI (trong nudc, 3755
ml) trong thdi gian 1 gior & nhiét do 18-25°C sau d6 loc, rira bang 20% HCI
(trong nuée, 1500 ml) sau d6 1a nuée (2 x 1500 ml) va hut khd. Sau d6 hép thu
chét rin trong nude (9014 ml) vA MeCN (3155 ml). Piéu chinh do pH v& 9-10
bang cach bd sung NaOH 1 M (trong nude, 1120 ml). Khudy huyén phu dic
trong thoi gian 30 phit va loc chat rén, rira bing nude (2 x 1300 ml) va hat kho.
Lam khé thém trong 16 chan khéng & nhiét o 45°C tao ra chit rin mau tring
(390,9 g, hiéu sudt 91%). Hoa tan mé két hop ciia nguyén lidu nay (1098,1 g)
trong DMSO (5490 ml) & nhiét d6 100-105°C. Dé dung dich ngudi xudng nhiét
dd 70-80°C va loc sach vao binh tht hai. Diéu chinh nhiét d6 ciia dung dich vé
75-80°C va bd sung timg giot EtOH (6560 ml) & nhiét d6 75-80°C trong thoi
gian 1 gid (su két tinh dién ra trong thoi gian bd sung). Khudy huyén phu & nhiét
do 70°C trong thoi gian 14 gid trude khi lam ngﬁcf)i xubng nhiét d6 18-25°C &
tbc d0 10°C/gid sau d6 khudy trong thdi gian 1 gid. Loc chéit rén, rira bang
etanol (4 x 3660 ml) va hiat khd. Lam kho thém trong 10 chin khong tao ra hop
chét néu & @ muc dudi dang chit rin mau tring nhd (870 g). Huyén phu cia
(635,6 g) ciia nguyén li€u nay trong nudce (9534 ml)/MeCN (3432 ml) dugc axit
hoa dén d6 pH 1 bang HCI 2 M trong nuée (1907 ml). Sau khi khudy & nhiét do
18-25°C trong thoi gian 1 gid, loc chét ran, rira bing nudce (3180 ml sau d6 2 x
1990 ml) va hut khd. Tao huyén phi banh uét trong nude (9534 ml)/EtOH (3432
ml) va diéu chinh d6 pH v& 9-10 (theo ddi bing may do d6 pH) bing cach bd
sung NaOH 1 M trong nuéc (~2 1). Khudy huyén pht & nhiét 6 18-25°C trong
thoi gian 1 gio duy tri d6 pH & 9-10 nhu yéu ciu (bang cach sir dung NaOH 1 M

trong nudc). Loc chét rin, rira bang nudce (3150 ml sau d6 13 2 x 1574 ml) va hit
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kho. Lam kho thém trong 10 chén khéng & nhiét d6 45°C tao ra hop chat néu &
d& muc duéi dang tinh thé mau tring (533,9 g)."H NMR (500 MHz, MeOH-d4)
§ 4,40 (s, 2H), 5,75 (s, 2H), 6,15 (d, 1H), 6,97 (d, 1H), 7,31 (d, 1H), 7,34 (dd,
1H), 7,53 (d, 1H). MS (APCI+) m/z 321 [M+H]".

LC cho thdy do tinh sach 98,4% véi khong c6 do khong tinh khiét don >0,5%.
Chuan d6 Karl Fischer cho thdy 1,19% nuéc.

Phat hién thdy phan cin rén két tinh bing XRPD va biéu dd nhiéu xa dién hinh
dugc thé hién trén Hinh 5. Céc vi tri dinh dic trung dugc liét ké dudi day.

Mau XRPD 2-teta (°) 6,5 (m), 9,0 (m), 12,8 (vs), 16,8 (m), 18,0 (s), 23,5 (s),
25,6 (s), 26,3 (W), 30,5 (w), 34,0 (w).

Vidu$8

1-{4-clo-2-[(metylamino)metyl]benzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on;

H
HN N
Ay
SN
|\
a >Ny

3

Gia nhiét hdon hop ctia 5-clo-2-[(4-ox0-2-thioxo-2,3,4,5-tetrahydro-1H-pyrolo[3,2-
d]pyrimidin-1-yl)metyl]benzaldehyt (xem Vi du 6(e)) (1,00 g, 3,13 mmol) va
methanamin (20 ml, 40,00 mmol) trong 10 vi séng & nhiét d§ 100°C trong thoi gian 20
phiit. Pha lodng hdn hop bing MeOH va khudy & nhiét d6 trong phong sau d6 bd sung
timg phan natri tetrahydroborat (0,95 g, 25 mmol) trong thoi gian 5 phit. Sau khi khudy
& nhiét do trong phong trong thdi gian 1 gid, gia nhiét hdn hop dn hdi lwu trong thoi
gian 2 gid. Bb sung mot phén khéc cla natri tetrahydroborat (0,47 g, 12,5 mmol) va
1am héi Iuu hén hop trong thoi gian 15 phiit nita. Loai bé dung mdi bing cach 1am bay
hoi va bd sung nuée (20 ml) va dung dich trong nuée cia HC1 (1 M, 10 ml) vao phan
cin dé diéu chinh d6 pH vé 1. Lam ngudi hdn hop béng bé d4 va loc chit két tua tao
thanh ra va rtra bing nudc (100 ml). Lam ngudi dich loc bang bé d4 va diéu chinh do
pH dén d6 pH 9 béng céch sir dung dung dich NH3 trong nuéc (12%, 6 ml). Tach chét
két tia biang cach loc. Sau khi 1am kho trong chan khéng, thu dugc 700 mg (hiéu suat -
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67%) san phdm mong mudn dudi dang chét rdn mau tring. '"H NMR (400 MHz,
DMSO0-d6): 6 2,34 (d, 3H), 3,78 (s, 2H), 5,72 (s, 2H), 6,04 (t, 1H), 6,66 (d, 1H), 7,16
(dd, 1H), 7,27 (d, 1H), 7,41 (d, 1H). MS (APCI+) m/z 335 [M+H]".

Vidu9

1-(2-{[(xyclobutylmetyl)amino Jmetyl } benzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

H
HNT Y N
S)\N /

(a) Etyl 3-{[2-(1,3-dioxolan-2-yl)benzyl |]amino }-1 H-pyrol-2-carboxylat

Xur ly dung dich etyl 3-amino-1H-pyrol-2-carboxylat hydroclorua (5,66 g,
29,69 mmol) trong EtOH (30 ml) bang DIPEA (6,22 ml, 35,63 mmol) va khudy
trong thoi gian 10 phut trude khi bd sung HOAc (4,08 ml, 71,25 mmol) va natri
xyanoborohydrua (2,80 g, 44,53 mmol). Sau d6 bd sung timg giot dung dich 2-
(1,3-dioxolan-2-yl)benzaldehyt (5,29 g, 29,69 mmol) trong EtOH (20 ml) trong
khoang thoi gian 15 phut. Khudy huyén ph thu dugc & nhiét do trong phong
qua dém. Lam bay hoi hdn hop phan tmg trong chan khéng va xi 1y phan cin
bang nude (200 ml) va chiét bang diclometan (3 x 150 ml). Loc dung dich hitu
co qua cot silicagel bing cach sir dung gradien ciia EtOAc va CH,Cl, (0-100%
EtOAc). Thu duge 12,63 g hop chit néu & dé muc dudi dang san phim tho.
(b) Etyl 3-{(benzoylcarbamothioyl)[2-(1,3-dioxolan-2-yl)benzyl]amino}-1H-pyrol-2-
carboxylat

Tao huyén phu etyl 3-{[2-(1,3-dioxolan-2-yl)benzyl]amino} -1 H-pyrol-2-
carboxylat (12,63 g,-39,92 mmol) trong CH,Cl, (60 ml) va xir Iy huyén phu nay
bang DIPEA (7,09 ml, 39,92 mmol). Khudy hdn hop trong thoi gian 0,25 giv &
nhiét d6 trong phong va sau d6 bd sung benzoyl isothioxyanat (5,37 ml, 39,92
mmol). Sau khi khudy trong thoi gian 18 gid, loai bé dung méi trong chan
khong. Thu dugc 24,8 g hop chat th néu & dé muc ma dugc ding ma khong cin

tinh ché trong budc tiép theo.
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(o) 1-[2-(1,3-bioxolan-2-yl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[ 3,2-
d]pyrimidin-4-on

Hoa tan etyl 3-{(benzoylcarbamothioyl)[2-(1,3-dioxolan-2-yl)benzyl]amino}-1H-
pyrol-2-carboxylat (24,8 g, 51,72 mmol) trong MeOH (100 ml) va xtr ly dung dich nay
béng natri hydroxit (10,34 g, 258,6 mmol). Gia nhiét hdn hop dén hdi lvu nhe va khudy
trong thoi gian 3,5 gio. Sau khi 1am ngudi, loai bé dung méi trong chan khéng. Hip thu
phin can trong nudc, trung hoa biang cach sir dung HCI (2 M) va chiét hdn hop bing
CH,Cl, (3 x 50 ml). Rira dich chiét két hop bang nuée (2 x 30 ml), 1am khdé (MgSOy),
loc va 1am bay hoi. Khudy phdn cin v6i Et,O va thu gom chét két tiia va 1am kho trong
chan khong. Thu dugc 1,2 g (hiéu sudt 12,3% qua 3 budc) hop chit néu & & muc. MS
(APCI+) m/z 330 [M+H]".

(d) 2-[(4-Ox0-2-thioxo-2,3,4,5-tetrahydro-1 H-pyrolo[3,2-d]pyrimidin-1-
yl)metyl|benzaldehyt

B6 sung dung dich TFA (5,0 ml, 64,90 mmol) trong CH,Cl, (30 ml) vao dung dich
cua 1-[2-(1,3-dioxolan-2-yl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[ 3,2-
d]pyrimidin-4-on (1,2 g, 3,64 mmol) va khudy hdn hop qua dém. Lam hdi luu hdn hop
phan g trong thoi gian 7 gidr va sau d6 ¢d trong chan khéng. Bb sung toluen dé 1am
ddng bay hoi TFA. Khudy chit tho khd véi Et,O @ nghién nhé san phdm ma duoc thu
gom bing cach loc va 1am khé trong chan khong. Thu dwoc 1,02 g (hiéu sut 98%) hop
chét néu & d& muc dudi dang chit rin. MS (APCI+) m/z 286 [M+H]".

(e) 1-(2-{[(Xyclobutylmetyl)amino Jmetyl } benzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on

Khudy dung dich  2-[(4-0x0-2-thioxo0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-
d]pyrimidin-1-yl)metyl]benzaldehyt (100 mg, 0,35 mmol), DIEA (0,184 ml, 1,05
mmol) va xyclobutylmethanamin (128 mg, 1,05 mmol) trong NMP khé (3 ml) trong
thoi gian 60 phut sau d6 xir 1y bang natri borohydrua (19,89 mg, 0,53 mmol) va khudy
& nhiét d6 trong phong trong thoi gian 30 phuat. Hap thu dung dich bang trong luc 1én
trén cot 10 g SCX d3 truong nd trudc trong NMP va sau d6 rira ¢6t bang MeOH (100
ml). Rira giai san phdm thd bang cach sir dung dung dich NH3 trong MeOH (3 M, 50
ml). Loai bo dung mdi trong chan khéng va tinh ché phan cin trén cot C8 rira giai véi
gradien cua MeOHntrong nude (0,1% TFA). San phidm dugc tao thanh bdt nhio trong
diclometan (2 ml) d& tao ra 48 mg (hiéu suit 38%) hop chit mong mudn dudi dang chét
ran. "H NMR (400 MHz, DMSO-d6): & 1,70-3,20 (m, 9H), 4,35 (m, 2H), 5,78 (s, 2H),
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6,06 (m, 1H), 6,78 (d, 1H), 7,29 (t, 1H), 7,35 (m, 2H), 7,54 (d, 1H), 8,8 (b, 2H). MS
(APCI+) m/z 355 [M+H]".

Vidu 10

1-{2-[(xyclobutylamino)metyl]benzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[ 3,2-
d]pyrimidin-4-on;

o)
H

HN |N
Py /

Thu dugc hop chét néu & d& muc dudi dang chét rin & hiéu suét 49% bét dAu tir 2-
[(4-0x0-2-thioxo0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-yl)metyl |benzaldehyt
(100 mg, 0,35 mmol) va xyclobutanamin (249 mg, 3,50 mmol) bang cach st dung quy
trinh duge md ta trong Vi du 9. "H NMR (400 MHz, DMSO-d6) & 1,74 - 1,94 (m, 2H),
2,17-2,30 (m, 4H), 3,88 (s, 1H), 4,26 (s, 2H), 5,78 (s, 2H), 6,04 (t, 1H), 6,77 (d, 1H),
7,26 - 7,39 (m, 3H), 7,52 (dd, 1H), 9,09 (s, 2H), 12,41 (s, 1H), 12,52 (s, 1H). MS
(APCI+) m/z 341 [M+H]".

Vidull

1-{2-[(xyclopentylamino)metyl|benzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on;

Thu dugce hop chét néu & d& muc dusi dang chét ran & hiéu sult 54% bit dau tr 2-
[(4-0x0-2-thioxo0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-yl)metyl|benzaldehyt
(100 mg, 0,35 mmol) va xyclopentanamin (0,35 ml, 3,50 mmol) bang cach st dung quy
trinh dwgc md ta trong Vi du 9. '"H NMR (400 MHz, DMSO-d6): § 1,40-2,80 (m, 8H),
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3,70 (m, 1H), 4,37 (m, 1H), 5,79 (s, 2H), 6,04 (t, 1H), 6,79 (d, 1H), 7,20-7,40 (m, 3H),
7,54 (d, 1H) 8,85 (b, 2H). MS (APCI¥) m/z 355 [M+H]".

Vidu 12

1-(2-{[(2-metylpropyl)amino]metyl } benzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

0]
H
HN N
A A
S N
Tl
N

Thu dugce hop chét néu & dé muc dudi dang chét rin & hidu suét 71% bét diu tir 2-
[(4-0x0-2-thioxo0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d|pyrimidin-1-yl)metyl|benzaldehyt
(100 mg, 0,35 mmol) va 2-metylpropan-1-amin (0,35 ml, 3,50 mmol) bang cach sir
dung quy trinh duge mé ta trong Vi du 9. 'H NMR (400 MHz, DMSO0-d6): 6 1,00 (d,
6H), 2,05 (m, 1H), 2,95 (m, 2H), 4,40 (m, 2H), 5,79 (s, 1H), 6,06 (dd, 1H), 6,78 (d,
1H), 7,28 (t, 1H), 7,36 (m, 2H), 7,58 {(dd, 1H), 8,78 (b, 2H). MS (APCI+) m/z 343
[M+H]".

Vidu13

1-{2-[(propan-2-ylamino)metyl|benzyl } -2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[ 3,2-
d]pyrimidin-4-on;

Thu dugc hop chét néu & & muc dudi dang chit rin & hidu sudt 33% bét dau tir 2-
[(4-0x0-2-thiox0-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1 -yl)metyl]benzaldehyt
(100 mg, 0,35 mmol) va 2-metylpropan-1-amin propan-2-amin (0,45 ml, 5,61 mmol)
bing céch sir dung quy trinh duge mé ta trong Vi du 9. 'H NMR (400 MHz, DMSO-
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d6): § 1,36 (d, 6H), 3,55 (m, 1H), 4,39 (m, 2H), 5,79 (s, 1H), 6,05 (d, 1H), 6,78 (d, 1H),
7,27 (t, 1H), 7,36 (m, 2H), 7,54 (dd, 1H), 8,76 (b, 2H). MS (APCI+) m/z 329 [M+H]".

Vidu 14

1-[2-(aminometyl)-4-(triflometyl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-pyrolo[ 3,2-
d]pyrimidin-4-on;

H
HN N
A My
s” N
I\
FF _F NH2
F

(a) 1-Bromo-2-(dietoxymetyl)-4-(triflometyl)benzen

Khudy dung dich 2-bromo-5-(triflometyl)benzaldehyt (0,60 ml, 3,95 mmol), trietyl
orthoformat (1,316 ml, 7,90 mmol) va tetrabutylamoni tribromua (0,019 g, 0,04 mmol)
trong EtOH (hiéu sut 99,5%, 6 ml) & nhiét dd trong phong trong thoi gian 8 gid. Bd
sung thém trietyl orthoformat (1,32 ml, 7,90 mmol) va tetrabutylamoni tribromua
(0,019 g, 0,04 mmol) va khudy hdn hop phéan tng trong thoi gian 15 gio nita.

Loai bd dung méi dudi 4p suét giam va bd sung dung dich trong nuéc coa
NaHCOs bdo hoa va EtOAc vao phén can. Cac 16p duoc tach riéng va pha nude dugc
chiét hai 14n bang EtOAc. Rira cic 16p hitu co két hop bang nudc mudi, 1am khé bang
may tach pha va loai bo dung mdi dudi &p sudt giam dé thu dwoc 0,94 g (hiéu suét
72%) hop chét néu & dé muc. '"H NMR (500 MHz, CDCI3): § 1,27 (t, 6H), 3,58 - 3,73
(m, 4H), 5,67 (s, 1H), 7,45 (dd, 1H), 7,69 (d, 1H), 7,93 (d, 1H).

(b) 2-(Pietoxymetyl)-4-(triflometyl)benzaldehyt

B6 sung timg giot butyllithi (2,5 M trong hexan, 15,47 ml, 38,67 mmol)
vao dung dich cua 1-bromo-2-(dietoxymetyl)-4-(triflometyl)benzen (11,5 g,
35,15 mmol) trong THF (130 ml) & nhiét d -78°C duéi khi nito va khudy dung
dich thu dugc & nhiét do -78°C trong thoi gian 30 phut. BS sung timg giot DMF
(4,06 ml, 52,73 mmol) & nhiét d6 -78°C. D& hdn hop phan tmg 4m 1én dén nhiét
do trong phong va khudy trong thoi gian 2 giv. Bb sung dung dich trong nudc

ctia NH,C1 bdo hoa va cac pha dugc tach riéng. Chiét 16p nuéc hai l1an biang
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EtOAc. Rira céc 16p hitu co két hop bang nude mubi, 1am kho (méy tach pha) va
loai bd dung méi dudi ap suit giam. Thu duge 9,0 g (hiéu sudt 33%) hop chét

néu & dé muc.

() Etyl 3-{[2-(dietoxymetyl)-4-(triflometyl)benzylJamino} -1 H-pyrol-2-

carboxylat

Hoa tan etyl 3-amino-1H-pyrol-2-carboxylat (5,02 g, 32,58 mmol) trong
EtOH (99,5%, 110 ml) va b sung DIPEA (5,67 ml, 32,58 mmol) sau d6 la
HOAc (3,73 ml, 65,16 mmol) vao dung dich thu dugc. Dé hdn hop phan img
ngudi xubng nhiét d -10°C va sau d6 bd sung natri xyanotrihydroborat (2,46 g,
39,09 mmol). Sau d6 bd sung tir tir 2-(dietoxymetyl)-4-(triflometyl)benzaldehyt
(9 g, 32,58 mmol) hoa tan trong EtOH (hiéu suit 99,5%, 10 ml). Khudy hdn hop
phan Gng & nhiét do 0°C va sau do khudy trong thoi gian 16 gid, trong thoi gian
d6 dé nhiét do tang 1én dén nhiét do trong phong. B6 sung nude va chiét hdn hop
béng toluen. Chiét pha nudc thém hai lan bing toluen va rira cac 16p hitu co két
hop bing nuéc mudi, lam khd qua may tich pha va loai bé dung moi dudi ap
sut giam. Tinh ché san phim bing HPLC diéu ché bang cach sir dung cot C8 va
bang cach st dung hdn hop chira gradien (50%-100%) MeCN trong nudc,
MeCN va chit dém amoni axetat (0,1 M). Sau bdn 14n phun, thu dugc 4,5 g
(hiéu suét 33%) hop chit néu & d& muc. "H NMR (500 MHz, CDCI3): § 1,25 (td,
4H), 1,34 (t, 3H), 3,51 - 3,7 (m, 5H), 4,31 (dd, 2H), 4,57 (s, 2H), 5,60 (dd, 1H),
5,66 (s, 1H), 6,68 (s, 1H), 7,53 (d, 1H), 7,58 (d, 1H), 7,85 (s, 1H), 8,09 (d, 1H).
MS (APCI+) m/z 414 [M+H]".

(d) 1-[2-(Dietoxymetyl)-4-(triflometyl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on

Hoa tan etyl 3-{[2-(dietoxymetyl)-4-(triﬂometyl)benzyl]amiﬁo}-1H—
pyrol-2-carboxylat (4,3 g, 10,38 mmol) trong MeOH (40 ml) va bd sung benzoyl
isothioxyanat (1,40 ml, 10,38 mmol) vao dung dich thu dugc. Khqu hdn hop
phan ung & nhiét d§ trong phong trong thoi gian 15 phat va sau do6 bd sung
Cs,COs (7,27 g, 22,31 mmol). Khudy hdn hop & nhiét do 60°C trong thoi gian 6
gio va sau do loai bd dung moéi dudi ap sudt giam. B sung nuéc va diclometan

va chiét pha nudc thém hai 14n bing CH,Cl,. Két hop cac 16p hitu co va loai bd
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dung mdi duéi ap sudt giam. Nghién nhé phén cin bang Et,0. Khudy huyén phu |
tao thanh trong thoi gian 4 gio va tach chit rén bing cach loc. Rira chét rin bang
Et,O dé tao ra 3,46 g (hiéu suit 78%) hop chét néu & d& muc. 'H NMR (500
MHz, DMSO-d6): § 1,22 (t, 6H), 3,55 - 3,72 (m, 4H), 5,89 (s, 3H), 5,95 (s, 1H),
6,94 (d, 1H), 7,24 (s, 1H), 7,59 (d, 1H), 7,83 (s, 1H), 12,38 (s, 2H). MS (APCI-)
m/z 426 [M-H]".

(e) 2-[(4-Oxo-2-thioxo-2,3 ,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-yl)metyl]-5-
(triflometyl)benzaldehyt

Pé hén hop ctia TFA (2,90 ml, 39,07 mmol) va CH,Cl, (12 ml) ngudi xubng nhiét
d6 0°C va bd sung 1-(2-(dietoxymetyl)-4-(triflometyl)benzyl)-2-thioxo-2,3-dihydro-
1H-pyrolo[3,2-d]pyrimidin-4(5H)-on (1,67 g, 3,91 mmol) vao dung dich nay. Ly bé
d4 ra va khudy hon hop & nhiét do trong phong trong thoi gian 2,5 gio. Loc chét rin thu
duoc va rira bang CH,Cl, dé thu duge 1,31 g (hiéu sult 95%) hop chit néu & d& muc.
'H NMR (500 MHz, DMS0-d6): § 6,09 - 6,16 (m, 3H), 7,08 (d, 1H), 7,31 (t, 1H), 7,89
(dd, 1H), 8,41 (d, 1H), 10,34 (s, 1H), 12,44 (s, 1H), 12,52 (s, 1H). MS (APCI+) m/z 352
[M-HT.
® 1-[2-(Aminometyl)-4-(triflometyl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on

B6 sung  2-[(4-Oxo-2-thioxo-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-
yl)metyl]-5-(triflometyl)benzaldehyt (195 mg, 0,55 mmol) vao hdn hop cua
.hydroxylamin hydroclorua (42 mg, 0,61 mmol) trong HOAc (hi¢u suat 80%, 4 ml).
Khu4y hon hop & nhiét do trong phong trong thoi gian 1 gid va bd sung kém (181 mg,
2,76 mmol). Sau khi khudy & nhiét d6 60°C trong thoi gian 1,5 gid, 1am ngudi hdn hop
va didu chinh @6 pH v& 12 bang NaOH trong nuéc (1 M). Thu gom chét két taa thu
dugc bing cach loc. Tinh ché san phdm bing HPLC didu ché trén cot C8 bang cach sir

| dung gradien cua 5-45% MeCN trong nudc, MeCN va FA (95/5/0,2). Thu duge 70 mg
(hiéu suét 36%) hop chit mong mudn. 'H NMR (500 MHz, DMS0-d6): § 4,37 (s, 2H),
5,81 (s, 2H), 6,11 (s, 1H), 6,93 (d, 1H), 7,36 (s, 1H), 7,63 (d, 1H), 7,89 (s, 1H), 8,36 (s,
2H), 12,47 (s, 1H), 12,56 (s, 1H).

Vidu 15

1-{2-[(Metylamino)metyl]-4-(triflometyl)benzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on

-68-



(@)
H
HN N
P,
S N
F N
CH,
F

Hoa tan  2-[(4-Oxo-2-thioxo-2,3,4,5-tetrahydro-1H-pyrolo[3,2-d]pyrimidin-1-
yl)metyl]-5-(triflometyl)benzaldehyt (214 mg, 0,61 mmol) va methanamin (2 M trbng
MeOH, 3,03 ml, 6,06 mmol) trong MeOH (5 ml) va chuyén dung dich thu duoc vao lo
vi séng. Gia nhiét hdn hop phéan tmg & nhiét 46 100°C trong thoi gian 5 phut va sau d6
pha loang bang THF (5 ml). B sung natri tetrahydroborat (183 mg, 4,85 mmol) trong
céc phan nhoé trong thdi gian 2 phut. Khudy hdn hop phan tmg & nhiét d6 trong phong
trong thoi gian 30 phit va sau d6 1am dimg bing cach bd sung nudc. Lam bay hoi dung
méi va tinh ché san phédm thd bang HPLC didu ché trén cot C18 bang cach sir dung
gradien ctia 15-55% MeCN trong nuéc, MeCN va chit dém 0,1 M NH4OAc (95/5/0,2),
sau d6 tinh ché lai bing cach sir dung gradien ctia 0-30% MeCN trong nude, MeCN va
FA (95/5/0,2). Thu dugc 62 mg (hiéu sudt 28%) hop chat néu & d& muc. "H NMR (500
MHz, DMSO0-d6) & 2,42 (s, 3H), 3,94 (s, 2H), 5,85 (s, 2H), 6,10 (d, 1H), 6,88 (d, 1H),
7,32 (d, 1H), 7,51 (d, 1H), 7,76 (s, 1H), 8,19 (s, 1H). MS (APCI+) m/z 369 [M+H]".
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YEU CAU BAO HQ
1. Hop chét c6 cong thirc (I):
O
N
HN | ‘
PN
S N
’ M
R1 N ~ RS
R’

trong do:
R'1a H, F, Cl hoic CF;,
R? 13 H, CH; hoic C,Hs, va,

R? 12 H, CH;, C,Hs, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
xyclopropyl, xyclopropylmetyl, xyclobutyl, xyclobutylmetyl hodc xyclopentyl,

hodc mudi duge dung ctia né.

2. Hop chét theo diém 1, trong d6 R' 1 CL.
3. Hop chét theo diém 1, trong d6 R* 1a CH.
4. Hop chat theo diém 1, trong do R*1a H.

5. Hop chét theo diém 1, trong d6 R’ 13 H.

6. Hop chét theo diém 1, trong d6 nguyén tir cacbon ma R? dugc gén vao c6 cdu
hinh R khi R” 1a CH; hogc C,Hs.

7. Hop chét theo diém 1, trong d6 hop chét ndy dugc chon tir:

1-{2-[(1R)-1-aminopropyl]-4-clobenzyl }-2-thioxo-1,2,3,5-tetrahydro-4 -
pyrolo[3,2-d]pyrimidin-4-on;

1-[2-(1-aminoetyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on;
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1-{2-[(1R)-1-aminoetyl]-4-clobenzyl } -2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on.

1-{2-[(1S)-1-aminoetyl]-4-clobenzyl} -2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;
1-{4-clo-2-[1-(metylamino)etyl]benzyl}-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-{4-clo-2-[(etylamino)metyl]benzyl } -2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;
1-[2-(aminometyl)-4-clobenzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-pyrolo[3,2-
d]pyrimidin-4-on.

1-{4-clo-2-[(metylamino)metyl]benzyl }-2-thioxo-1,2,3,5-tetrahydro-4 -
pyrolo[3,2-d]pyrimidin-4-on;

1-(2-{[(xyclobutylmetyl)amino]metyl} benzyl)-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;
1-{2-[(xyclobutylamino)metyl]benzyl}-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;
1-{2-[(xyclopentylamino)metyl]benzyl}-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;

1-(2-{[(2-metylpropyl)amino]metyl } benzyl)-2-thioxo-1,2,3,5-tetrahydro-4 H-
pyrolo[3,2-d]pyrimidin-4-on;

1-{2-[(propan-2-ylamino)metyl]benzyl }-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;
1-[2-(aminometyl)-4-(triflometyl)benzyl]-2-thioxo-1,2,3,5-tetrahydro-4H-
pyrolo[3,2-d]pyrimidin-4-on;
1-{2-[(metylamino)metyl]-4-(triflometyl)benzyl } -2-thioxo-1,2,3,5-tetrahydro-
4H-pyrolo[3,2-d]pyrimidin-4-on

hoac mudi dugce dung cua ching.
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8. Dugc phdm chira hop chét theo diém bét ky trong s cac diém tir 1 dén 7,
hoic mudi duge dung cia ching, tiy ¥ két hop vé6i ta duge, chit pha loang hoac

chit mang dugc dung.

-72-



27550
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Urat duoc tao thanh ( uM)
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