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Linh vuc ky thuit dwoe dé cip

Sang ché d& xuit hop chit hitu co hitu ich dé diéu tri va/hogc phong bénh & nguoi,
va cu thé 1a chat &rc ché virut viém gan B (HBV) bang cach nhim dich trén capsit HBV
dé diéu tri nhim HBV.

Sang ché d& cap dén hop chit c6 cong thic (1):

N
< R>. N N
r® j
(N
WX
\Y/
@

trong do R' dén R, X, Y, W va n 1a nhu duge md ta dudi day hodc mudi duge dung,

hodc chat ddng phén dbi anh hoic chit ddng phan khéng d6i quang cia chiing.

Sang ché & cap dén hop chét heteroaryldihydropyrimidin ngung tu & vi tri 6 ¢
hoat tinh dugc 1y, quy trinh diéu ché chung va dugc pham chira hop chit nay va st dung

ching lam thudc.
Tinh trang k¥ thuit ciia sang ché

HBV la mot loai trong ho virut hepadnaviridae. HBV 1a van dé sirc khoe cong dong
nghiém trong trén toan thé gioi, voi hon 400 tridu ngudi, dic biét 1a & ving Chau A -
Thai Binh Duong bi nhiém man tinh virut ADN ¢6 vo nho nay. Mic du hau hét cac cd thé
dudng nhu khong con bi nhiém sau céc triéu ching cip tinh, 15 dén 40% bénh nhan c6
HBV cudi cling phat trién bénh 14m sang trong thoi gian sdng cta ho, dang chu ¥y nhat la

bénh viém gan, bénh xo gan, va bénh ung thu biéu mé t& bao gan. Hing nam ¢ khoang
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500.000 dén 1 triéu ngudi chét vi bénh gan giai doan cubi do nhiém HBV gy ra.

Vong doi cuia HBV bét dAu bing viéc hat “Dane” lién két voi thy thé chua xac dinh
trén bé mit cua té bao gan. Sau khi di vao, by hé gen ctia virut dugc dua tdi nhén noi, tai
d4y ADN vong déng dong hoéa tri (covalently closed circular DNA-cccADN) duoc tao ra
thong qua viéc sira chita ADN ddi véi ADN vong da thao ctia virut. Khong gidng nhu co
ché cta hdu hét cac virut ADN khéc, cccADN ciia HBV sao chép thong qua qué trinh
phién méa ngugc cua ban sao ARN c6 d¢ dai don vi cia hé gen la 1,1 (ARN tién hé gen).
ARN tién hé gen cua virut tuong tic v6i hai thanh phan khac ctia virut d6 1a protein
capsit va polymeraza, cling nhu mot s6 yéu t6 ctia vat chil, dé tao ra cac hat capsit ma &
dé xuét hién su sao chép ADN cta virut. Héu hét cac ban sao ctia hé gen dd duoc bao
bang capsit sau d6 s& két hop mot cach hi¢u qua véi protein vo & 13p rap va tiét ra
virion; mét lwong nhé cac hé gen nay dugce chuyén vao nhan, noi ma ching dugce chuyén

dbi thanh cccADN.

Hién nay, c6 hai loai chét khang HBV c6 bén trén thi truong, chét tuong tu
nucleosit (tit) hudéng dich polymeraza cta virut (lamivudin, adefovir, tenofovir,
telbivudin va entecavir) va interferon diéu bién chirc ning mién dich & vat chi. Céc dot
bién trong trinh tu so cép clia polymeraza tao ra tinh khang lamivudin va adefovir da
duoc xac dinh trong lam sang va cho thay ting hiéu gi4 virut trong huyét thanh ma 70%
bénh nhén diéu tri da trai qua trong vong 3 nam tir khi bit diu phuong phap diéu tri bénh
bing lamivudin. Mic di tinh khéng véi telbivudin, adefovir, va entecavir hiém xay ra
hon, nhung né vin dugc ghi nhén. Interferon alpha 1a phuong phap diéu tri bénh vidm
gan B chinh khac c¢6 sin, nhung né bi giéi han boi dép Umg kém trong thoi gian dai va
lam gidm céc tac dung phu. Mot vai kidu gen cta virut khong thé hién dap tmg tdt ddi
v6i phuong phap diéu tri bénh bang interferon. Hién nay, tiéu chuin chita khéi trong 1am
sang dbi voi tinh trang nhiém HBYV 1a viéc tiéu va/hodc chuyén héa huyét thanh HBsAg,
Phén 16n (khoang hodc trén 90%) bénh nhan dugc diéu tri déu khong dat dwoc muc tiéu
nay. Nhuoc diém nay cht yéu 14 do sy ¢ mit ctia cccADN cua virut 4n dinh trong nhan
nhung khong tu sao chép, do dé, khdng c6 kha ning tiép can v6i chit twong tu nucleosit

(tit).

Do dd, trong y t€ chdc chan c6 nhu cau vé cac phuong phéap di€u tri cdi ti€n va nhu

cAu vé nhidu phuong phap khac nhau dé phat trién cac liéu phap diéu tri nhiém HBV.
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Protein capsit cia HBV déng vai trd chi yéu trong qua trinh sao chép HBV. HBV
c6 161 hai muoi mat bao gdm 240 ban sao cia protein capsit (hodc 15i). Chirc ning sinh
hoc ndi bat ctia protein capsit 1a hoat ddng nhu protein cdu tric dé bao ARN tién hé gen
bing capsit va tao ra céac hat capsit chua truéng thanh trong té bao chéit. Budc nay 1a diéu
kién can cho qua trinh sao chép ADN cua virut. Capsit HBV tu dong lap rap tir nhiéu ban
sao cua dime 161 c6 mét trong té bao chit. B3 dugce chi ra 1a viée tao ra nhan trime va céac
phan tmg kéo dai sau d6 dién ra bing cach cong thém mat tiéu don dime tai mot thoi
diém cho dén khi két thiic. Ngoai chirc ning ndy, protein capsit didu hoa qué trinh tdng
hop ADN cua virut thong qua céc trang thai phosphoryl héa khac nhau cua vi tri
phosphoryl hoa ndm & dau tin ciing ¢ ctia né. Khi ADN vong tu do ¢6 d6 dai gan diy du
duoc tao ra thdng qua qué trinh phién ma nguoc ciia ARN tién hé gen cia virut, capsit
chua trudng thanh trd thanh capsit truong thanh, Mit khac, protein capsit c6 thé hd tro
qué trinh di chuyén trong nhan ctia hé gen vong ctia virut bang céc tin hiéu dinh vi nhan
nim trong ving gidu arginin thudc ving dau tdn cling ¢ clia protein capsit. Trong nhan,
dudi dang mot thanh phén ctia vi nhidm séc thé cccADN cuia virut, protein capsit c¢6 thé
déng vai trd tao ciu triac va didu hoa chirc ning clia vi nhifém sdc thé cccADN. Protein
capsit con tuong tac véi protein vo 16n cia virut trong luéi ndi bao va kich khai viée giai
phdng céc hat virut nguyén ven khoi té bao gan.

D3 ghi nhén thiy c6 mdt cip chét tc ché khang HBV lién quan dén capsit. Hop chat
clia vi dy, cac dan xudt phenylpropenamit, bao gdm céc hop chat c6 tén 1a AT-61 va AT-
130 (Feld J. et al. Antiviral Research 2007, 168-177), va nhom thiazolidin-4-on cla
Valeant R&D (W02006/033995), dugc chi ra 1a cé tdc dung ngédn viéc bao goi pgARN.
Mot nghién ctru gin day da cho thiy phenylpropenamit, trén thuc té, 14 chit ting tdc do
14p rap capsit HBV, va hoat déng ciia ching din dén viéc tao ra capsit rdng. Cac két qua
rét thd vi ndy cho thiy tAm quan trong ctia céc con dudng dong hoc dan t6i viée 1ap rap

thanh cong cua virut.

Heteroaryldihydropyrimidin hoic HAP, bao gdm céc hop chét c¢6 tén 1a Bay 41-
4109, Bay 38-7690 va Bay 39-5493, dugc phat hién trong qua trinh sang loc dya trén
viéc nudi cdy méd (Deres K. et al. Science 2003, 893). Céc chit twong tw HAP nay tac
dong nhu chét hoat héa di 1ap thé tong hop va co thé kich thich su tao ra capsit khac
thuong, dan dén phéan hiy protein 15i. Chét twong tw HAP con td chirc lai protein 18i tir
céc capsit tién 1ip rap thanh polyme phi capsit, c6 thé théng qua su twong tac ciia HAP
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véi dime tu do capsit *hd hip’, viéc pha v& tam thoi ciia cac lién két don 1¢ gitra cac tiéu
don vi. Bay 41-4109 duoc sir dung cho chudt chuyén gen nhiém HBV hodc cic mé hinh
chudt dugc nhén héa va da cho hi€u qua trong vivo voi tdc dung lam gidm ADN cua
HBV (Deres K. et al. Science 2003, 893; Brezillon N. et al. PLoS One 2011, €25096).
Cling d4 biét rang 13 bis- ANS, mét phan tir nhd ma hoat dong nhu mot dém phan tir gay
anh hudng dén hinh hoc protein capsit binh thudng va viéc hinh thanh capsit (Zlotnick
A. etal. J Virol 2002, 4848-4854).

Ban chit k§y thuit clia sang ché

Muc dich cta sang ché 1a dé xuét hop chét ¢ cong thirc (I):

R,

|NJ\(S
RSN r\}\/>
R j
L,
W, X

@
trong do:
R! 14 hydro, halogen hoic Cjgalkyl;
R? 1a hydro hodc halogen;
R® 14 hydro hoic halogen;
R* 1a Cpalkyl;
R’ 1a hydro, hydroxyCj.salkyl, aminocacbonyl, C;.salkoxycacbonyl hodc carboxy;
R® 1a hydro, C;.6alkoxycacbonyl hodc carboxy-CpHom-;
X  la cacbonyl hodc sulfonyl;

Y  1a-CH,-, -O- hodc -NRR)-,
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trong d6 R’1a hydro, Cy_galkyl, haloC,¢alkyl, Cs.7xycloalkyl-C,Hym-, Cy.
~ salkoxycacbonyl-C,Hypy-,-C{Hy-COOH, -haloC, alkyl-COOH, -(C;.salkoxy)C,.

salkyl-COOH, -C,_4alkyl-O-C_alkyl-COOH, -C;.7xycloalkyl-CHy,-COOH, -
CinHam-Cs_7xycloalkyl-COOH, hydroxy-CHy-, carboxyspiro[3.3] heptyl hoac
carboxyphenyl-C,,H,-, carboxypyridinyl-C,Hym-;

W 13 -CH,-, -C(Cy_galkyl),-, -O- hodc cacbonyl;

n  bing 0 hoic 1;

m  bing tir 0 dén 7;

t béng tir 1 dén 7;

hodc cac mudi duge dung, hodc cac chat dong phan doi anh hodc cac chét déng phan

khoéng doi quang clia no.

Sang ché con d& xudt quy trinh diéu ché cac hop chit nay, cic thudc dua trén hop
chit theo sang ché va quy trinh bao ché cac thudc nay ciing nhu viée stt dung céc hop
chét c6 cong thire (I) hodc cac hop chit khéc ctia sang ché d& diéu tri hoic phong ngira
nhiém HBV.

M@ ta vin tit hinh vé
Fig. 1. CAu truc tinh thé tia X ctia hop chit B1.
M0 ta chi tiét sang ché
Cac dinh nghia
Nhu duge st dung & day, thuat ngit “C.ealkyl” dung dé chi nhom alkyl no, mach
thing hodc mach nhanh chua tir 1 dén 6, cu thé 14 tir 1 dén 4 nguyén tir cacbon, vi du

metyl, etyl, propyl, isopropyl, 1-butyl, 2-butyl, tert-butyl va nhom tuong ty. Nhom “C,.
salkyl” cu thé 1a metyl, etyl, isopropyl va tert-butyl.

Thuét ngit “-CHyy-" mot minh hodc két hop voi nhém khac dung dé chi nhom
alkyl no, mach théng hodc mach nhanh chira m (m#0) nguyén tir cacbon hodc mot lién
két (m=0). Cu thé, “-CHom-" mot minh hodc két hop v6i nhom khac dung dé chi nhém

alkyl no, mach thing hoic mach nhanh chua tir 1 dén 4 nguyén tir cacbon.

Thuat ngtt “-CHy-" mt minh hodc két hop véi nhom khac ding dé chi lién két hoa

hoc hoidc nhom alkyl no, mach théng hoic mach nhanh chira t (t#0) nguyén tir cacbon
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hodic mot lién két (t=0). Cu thé, “-C;H,-” mdt minh hoic két hop véi nhém khéc dung dé
chi nhém alkyl no, mach thing hosc mach nhanh chira tir 1 dén 4 nguyén tir cacbon.

Thuit ngit “C;.¢alkoxy” mét minh hodc két hop voi nhém khic ding d& chi nhém
Ci.salkyl-O-, trong d6 “Cy.galkyl” 1a nhu dugc dinh nghia & trén; vi du metoxy, etoxy,
propoxy, iso-propoxy, n-butoxy, iso-butoxy, 2-butoxy, fert-butoxy va nhom twong tu.

Nhém “C_galkoxy” cu thé 1a metoxy va etoxy va cu thé hon la metoxy.

Thuét ngft “Cs.;xycloalkyl”, mdt minh hodc két hop v6i nhém khac, ding ¢ chi
vong cacbon no chira tir 3 dén 7 nguyén tir cacbon, cu thé 1a tir 3 dén 6 nguyén tir cacbon,
vi du, xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl va nhém twong tu.
Nhoém “Cj_sxycloalkyl” cu thé 1a xyclopropyl, xyclopentyl va xyclohexyl.

Thuét ngit “carboxy” ding dé chi nhém -COOH.

Thuét ngit “cacbonyl” m¢t minh hoéc két hop v&i nhém khac dung dé chi nhom -
C(0)-.

Thuat ngit “sulfonyl” mdt minh hodc két hop véi nhém khac ding dé chi nhém -
S(O)z-.

Thuit ngit “halogen” va “halo” dugc st dung thay cho thé 14n nhau trong ban mo ta

va dung dé chi flo, clo, brom hodc iot.

Thuat ngit “haloC;galkyl” dung dé chi nhém alkyl trong d6 it nhét mét trong céac
nguyén tr halogen cua nhém alkyl duoc thay cho thé bang céc nguyén tir halogen giéng
nhau hoic khac nhau, cu thé 1a nguyén tir flo. Cac vi du vé haloC,galkyl bao gdm
monoflo-, diflo- hodc triflo-metyl, -etyl hodc -propyl, vi du 3,3,3-triflopropyl, 2-floetyl,
2,2,2-trifloetyl, flometyl, difloetyl hodc triflometyl.

Thuit ngtt “C;alkoxycacbonyl” dung @& chi nhém C,_galkoxy-C(O)-, trong d6 “C.
¢alkoxy” 1a nhu dugc dinh nghia & trén.

Thuit nglt “carboxy-CpHom-" dung dé chi nhém “-CpH,m-COOH”, trong d6 “-
CHom-" 14 nhu dugc dinh nghia & trén.

Thuét ngit “Cs.sxycloalkyl-CHom-" ding dé chi nhém “Cj.;xycloalkyl” 1a nhu duoc

x4c dinh & trén trong d6 mot trong cac nguyén tir hydro ctia nhém “Cs_sxycloalkyl” duoc

thay cho thé bang nhém “-CpHpm=".



21530

Thudt ngir “chat ddng phan dbi anh” ding dé chi hai chét dong phén 1ap thé cta hop
chdt ma hinh anh qua guong khéng chdng khit nhau.

Thuét ngit “chit ddng phan khong di quang” ding dé chi chit ddng phén 14p thé co
hai hodc nhiéu tim khong ddi xtiing va cic phén tr cia n6 khong phai hinh anh qua
guong ctia nhau. Céc chit ddng phan khéng déi quang c6 cac tinh chét Iy hoc khac nhau,

vi du di€m ndng chay, diém soi, cac dac tinh quang pho, va céc hoat tinh.

Céc hop chit theo sang ché c6 thé tdn tai dudi dang ctia cac mudi dugc dung cia
chung. Thu4t ngit “mubi dugc dung” ding dé chi cdc mudi cong axit hodc cac mudi cong
bazo théng thudng ma gift dugce hidu qua sinh hoc va céc dic tinh ctia cac hop chét c6
cong thuce (I) hodc cac hop chét khac cta sang ché va duoc tao thanh tir céc axit hitu co
hodc vo co khong doc thich hgp hodc cac bazo vd co hodc hitu co. Céac mudi cdng axit
bao gbém vi du cac mudi thu duogc tir cac axit vo co nhw axit clohydric, axit bromhydric,
axit iothydric, axit sulfuric, axit sulfamic, axit phosphoric va axit nitric, va cac mudi thu
duogc tir cac axit hitu co nhu axit p-toluensulfonic, axit salixylic, axit metansulfonic, axit
oxalic, axit suxinic, axit xitric, axit malic, axit lactic, axit fumaric, va cac axit twong tu.
Céc mudi cdng bazo bao gém cac mudi thu duge tir cac hydroxit amoni, kali, natri va,
amoni hydroxit bac bbn, nhu vi du, tetrametyl amoni hydroxit. Su bién ddi hoa hoc cua
cac hop chit thudc thanh mubi 12 ky thut di dugc cac nha héa hoc duge biét rd dé thu
duoc d6 6n dinh 1y hoc va hoéa hoc cai thién, tinh hut 4m, kha ning chay va d6 hoa tan
cua cac hop chét. Hop chét cta vi du duoc mé ta trong tai lidu: Bastin R.J., ef al., Organic
Process Research & Development 2000, 4, 427-435; hodc trong tai li¢u: Ansel, H., ef al.,
In: Pharmaceutical Dosage Forms and Drug Delivery Systems, 6th ed. (1995), pp. 196 va

1456-1457. Nhém cu thé 1a cac mubi natri ciia cac hop chit c6 cong thire (I).

Céc hop chét c6 cong thitc chung (I) hodc céc hop chét khac cia sang ché ma chira
mot hodc vai tdm khong dbi xtng hodc co thé c6 miat dudi dang raxemat, hdn hop chét
ddng phan khong dbi quang, hoic chit ddng phan don c6 hoat tinh quang hoc. Cac
raxemat c6 thé duogc tach ra theo cdc phuwong phéap da biét thanh cac chit déng phan dbi
anh. Cu thé 13, cac mudi cia chit ddng phan khong d6i quang ma c6 thé duoc tach ra
bing cach két tinh dugc tao thanh tir cac hdn hop raxemic biang phan mg véi axit quang
hoat vi du nhu D- hodc L-axit tartric, axit mandelic, axit malic, axit lactic hodc axit

camphorsulfonic.
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Chiét trc ché capsit HBV

Sang ché @& xuét (i) cac hop chat c6 cong thirc chung ():

R3
R
R
4
R
OO
R2_ N N\/>
R j
((n 'T‘
W X
\Y/
@
trong do:
R' 14 hydro, halogen hogc Cyalkyl;
R? 14 hydro hodc halogen;
R® 14 hydro hodc halogen;
R* 1a Cgalkyl;
R° 1a hydro, hydroxyC,_ealkyl, aminocacbonyl, C;.salkoxycacbonyl hodc carboxy;
R® 1a hydro, C,alkoxycacbonyl hodc carboxy-C,Hom-;
X 1a cacbonyl hodc sulfonyl;
Y  1a-CH,-, -O- hoic -N(R)-,
trong d6 R’ 1a hydro, Cealkyl, haloCalkyl, Cj;xycloalkyl-CyHym-, Ci.
salkoxycacbonyl-C,Hyy-,-C{Hp-COOH,  -haloC,6alkyl-COOH, -(Csalkoxy)C;.
calkyl-COOH, -C;6alkyl-O-C.6alkyl-COOH, -Cjxycloalkyl-C,H,,-COOH, -
CmHon-Cs.7xycloalkyl-COOH, hydroxy-CiHy-, carboxyspiro[3.3] heptyl hodc
carboxyphenyl-CHyp-, carboxypyridinyl-CHom-;
W 14 -CH,-, -C(C;.alkyl),-, -O- hodc cacbonyl;
n  bang 0 hoic 1;



m
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bang tir 0 dén 7;

béang tir 1 dén 7;

hodc cdc mudi dugc dung, hodc cac chat dong phan doi anh hodc cac chat dong phan

khong d6i quang cua nd.

Y%

n

Theo mét phwong 4n khac nita, sang ché dé xudt (ii) hop chit co cong thie I, trong

1a hydro, clo, brom hodc metyl;

1a hydro hogc flo;

1a hydro, clo hoéc flo;

la metyl, etyl hodc propyl;

1a hydro, hydroxymetyl, aminocacbonyl, metoxycacbonyl hodc carboxy;

1a hydro, metyl-O-cacbonyl hodc carboxymetyl;

la cacbonyl hodac sulfonyl;

14 -CH-, -O-, -N(R")-,

trong d6 R’ 1a hydro, metyl, difloetyl, isopropyl, isobutyl, t-butyl, xyclopropyl,
xyclopropylmetyl, metyl-O-cacbonylisopropyl, carboxyetyl, carboxydifloetyl,
carboxypropyl, carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl, = carboxy(gemdimetyl)butyl, = carboxy(metyl)etyl,
carboxy(etyl)etyl, carboxy(metoxy)etyl, carboxyxyclobutyl,
carboxyxyclobutylmetyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxymetylxyclopropyl, carboxyxyclopropylmetyl, carboxyxyclobutylmetyl,
carboxyspiro[3.3] heptyl, carboxymetoxyetyl, carboxymetoxypropyl, hydroxyetyl,
hydroxymetyl(gemdimetyl)butyl, hydroxy(gemdimetyl)etyl, carboxyphenyl,
carboxypyridinyl hodc carboxyphenylmetyl;

la -CH,-, -C(CHj3),-, -O- hoac cacbonyl;

bang 0 hoic 1;

hodc cac mudi duge dung, hodc cac chat dong phan doi anh hodc cac chat dong phan

khong d6i quang cua no.

-10-
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Theo m6t phuong an khéc nita, sang ché dé xuat (iii) hop chét ¢ cong thic (IA),

|
N)\WS
S N\/>
1)
W ON
\Y’J\\O

dA)
trong do:
R' 14 halogen hodc Cgalkyl;
R 1a hydro hoac halogen;
R 1a hydro hodc halogen;
R* 14 Cpalkyl;
R° 1a hydro, hydroxyC.salkyl, aminocacbonyl, C;¢alkoxycacbonyl hodc carboxy;
R® 1a hydro, C,alkoxycacbonyl hodc carboxy-CnHam-;
Y 1a-NR)-,

trong d6 R’1a hydro, Cyealkyl, haloC;_galkyl, Cs.7xycloalkyl-CpHsn-, Ci.
¢alkoxycacbonyl-CHyy-,-CHa-COOH, -haloC,_galkyl-COOH, -(C,.¢alkoxy)C;.
¢alkyl-COOH, -C_¢alkyl-O-C,.¢alkyl-COOH, -Cj.7xycloalkyl-CH,,-COOH, -
CmHam-Cs.7xycloalkyl-COOH, hydroxy-CH,-, carboxyspiro[3.3] heptyl hodc
carboxyphenyl-C,,Hy,-, carboxypyridinyl-CpHom-;

W la -CH,- hoac cacbonyl;
m bangtr 0 &n 7,

t biangtr1dn?7;

-11-
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hodc cdc muoi dugc dung, hodc cac chat dong phan d6i anh hodc cac chat dong phan

khong doi quang cta no.

Theo mdt phuong én khac, sang ché d& xuét (iv) hop chit c6 cong thire (I) hodc (IA)

hodc cac mudi duge dung, hodc cac chat dong phan doi anh hodc céc chat dong phan

khong d6i quang ciia né, trong do:

1a clo, brom hoac metyl;

1a hydro hoac flo;

1a hydro, clo hoac flo;

la metyl, etyl hodc propyl;

14 hydro, hydroxymetyl, aminocacbonyl, metoxycacbonyl hodc carboxy;

1a hydro, metyl-O-cacbonyl hodc carboxymetyl;

1a -NR)-,

trong do R’ 1a hydro, metyl, difloetyl, isopropyl, isobutyl, t-butyl, xyclopropyl,
xyclopropylmetyl, metyl-O-cacbonylisopropyl, carboxyetyl, carboxydifloetyl,
carboxypropyl, carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl,  carboxy(gemdimetyl)butyl,  carboxy(metyl)etyl,
carboxy(etyl)etyl, carboxy(metoxy)etyl, carboxyxyclobutyl,
carboxyxyclobutylmetyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxymetylxyclopropyl, carboxyxyclopropylmetyl, carboxyxyclobutylmetyl,
carboxyspiro[3.3] heptyl, carboxymetoxyetyl, carboxymetoxypropyl, hydroxyetyl,
hydroxymetyl(gemdimetyl)butyl, hydroxy(gemdimetyl)etyl, carboxyphenyl,
carboxypyridinyl hodc carboxyphenylmetyl;

1a -CH,- hodc cacbonyl.

Theo mot phuong an khéc nita, sang ché d& xuét (v) hop chét c6 cong thirc (IAA),
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R (I1AA)
trong do:
R' 14 halogen hoic C,.ealkyl;
R? 1a hydro hoic halogen;
R® 1 hydro hoic halogen;
R* 1aCpealkyl;
R’  1a hydro, aminocacbonyl hogc carboxy;
R® 14 hydro;
R” 1a C.salkyl, haloCygalkyl, Cs.7xycloalkyl, Cs.7xycloalkyl-CyHyy-, -CiHz-COOH, -

m

t

CmHom-Cs.7xycloalkyl-COOH hodc carboxyphenyl;
bing tir 0 dén 7,

béng tir 1 d&én 7;

ho#c cac mudi dugce dung, hodc cac chat dong phan doi anh hodc céc chat dong phan

khong ddi quang cua no.

Theo mdt phuwong 4n khac, séng ché dé xut (vi) hop chit c6 cong thirc (I), (IA)

hoic (IAA) hodc cdc mudi dugc dung, hogc cic chit ddng phan ddi anh hogc céc chat

ddng phan khéng ddi quang ctia né, trong do:

Rl

R2

la clo hodc metyl;

la hydro hodc flo;
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R’ 1 hydro hoic flo;
R* 14 metyl hoic etyl;
R’ 14 hydro, aminocacbonyl hogc carboxy;
R® 1la hydro;

R’ 1a metyl, isopropyl, isobutyl, t-butyl, difloetyl, xyclopropyl, xyclopropylmetyl,
carboxy(gemdimetyl)etyl, = carboxy(gemdimetyl)propyl,  carboxyxyclopropylmetyl,
carboxyxyclobutylmetyl hodc carboxyphenyl.

Theo mot phuong 4n khac nita, sang ché d& xuét (vii) hop chit c6 cong thirc (IB),

(B)
trong do:
R' 14 hydro hoic halogen;
R* 14 hydro hoic halogen;
R® 14 hydro hoic halogen;
R* 1la C.¢alkyl;
R’ 1a hydro;
R® 1a hydro hodc carboxymetyl;
Y la -CH,- hoac -O-;

W 14 -CH,-, -C(Cy.alkyl),- hodc -O-;
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n béng 0 hoac 1;

hodc cac mudi duge dung, hodc cac chit ddng phan dbi anh hodc cac chét ddng phan

khong ddi quang cta no.

Theo mdt phuwong an khac, sang ché dé xuét (viii) hop chét c6 cong thirc (I) hodc
(IB) hozc cac mubi duge dung, hodc cac chit ddng phan dbi anh hoic cac chit ddng phan

khong d6i quang ctia no, trong do:
R' 1a hydro, clo hodc bromo;

R? 1 hydro hoic flo;

R®  1a hydro hoic flo;

R*  1a metyl hoic etyl;

R’  1a hydro;

R® 1a hydro hodc carboxymetyl;
Y la-CH,- hodc -O-;

W la -CH,-, -C(CHj3),- hoac -O-;
n  bang 0 hosc 1.

Theo mot phuong 4n khéc nita, sing ché dé xuét (ix) hop chét c6 cong thirc (ID)

(D)
trong do:

R'  1a halogen hoic C;.galkyl;
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1a hydro hoac halogen;

1a hydro hoac halogen;

1a Cy.galkyl;

1a hydro, aminocacbonyl hodc carboxy;
la hydro hoac C;.¢alkoxycacbonyl

la cacbonyl;

1a -O- hodc -N(R")- hodc -CH,-,

trong do R’ 1a hydro, C,¢alkyl, haloCalkyl, C3.;xycloalkyl, C;;xycloalkyl-
CuHom-, -CH-COOH -CH;,-Cs7xycloalkyl-COOH, hydroxy-CHj-,
carboxyspiro[3.3] heptyl hodc carboxyphenyl-C,Hop-;

bang tir 0 dén 7;

béng tir 1 dén 7;

ho#c cac mudi duge dung, hodc cac chat dong phan d6i anh hodc cac chat dong phan

khong doi quang ctia no.

Theo mot phuong 4n khac, sang ché dé xuét (x) hop chit ¢6 cong thire (I) hogc (ID),

hodc cdc mudi dugc dung, hodc cac chat dong phan d6i anh hodc cic chat dong phan

khong d6i quang cuia nd, trong do:

Rl

1a clo, brom ho#c metyl;

1a hydro hoéc flo;

1a hydro hoac flo;

la metyl, etyl hoac propyl;

la hydro, aminocacbonyl hogc carboxy;
14 hydro hodc metyl-O-cacbonyl;

la cacbonyl;

14 -O-, -N(R")- hoic -CH,-,

trong d6 R’ 1a hydro, metyl, isopropyl, difloetyl, isobutyl, t-butyl, xyclopropyl,
xyclopropylmetyl, carboxy(gemdimetyl)etyl, carboxy(metyl)etyl,
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carboxyxyclopropylmetyl, carboxyphenyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxy(gemdimetyl)propyl, carboxy(gemdimetyl)butyl, carboxyxyclobutylmetyl,
carboxyspiro[3.3]  heptyl,  hydroxyetyl,  hydroxy(gemdimetyl)etyl = hoac
carboxyphenylmetyl.

Theo mot phuong 4n khac nita, séng ché d& xuét (xi) hop chét c6 cong thirc (IE),

(IE)
trong dé:
R' 1a halogen hodc C.¢alkyl;
R* 14 hydro hoic halogen;
R’ 13 hydro hoic halogen;
R* 1a Cygalkyl;
R’ 13 hydro hodc carboxy;
R® 1a hydro hodc carboxy-Cp,,Hym-;
Y 13 -O-,-N(R")- hodc -CH,-,

trong do R’ 1a Ciealkyl, C3sxycloalkyl, -CH,-COOH, -Cs.xycloalkyl-Cp,Hyp-
COOH, -CHy,-C35xycloalkyl-COOH, -(C,.¢alkoxy)C,; ¢alkyl-COOH, -C;_¢alkyl-
O-Cy.6alkyl-COOH, carboxyspiro[3.3] heptyl hodc carboxyphenyl-CpHom-;

Wia -CHz- hOéC -C(Cl-salk}d)z-;

m bing tir 0 dén 7;
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bang tir 1 dén 7;

hodc cac mudi dugc dung, hodc cic chit ddng phan dbi anh hodc cac chit ddng phan

khong doi quang ctia no.

Theo mot phuong 4n khéc, sang ché dé xuét (xii) hop chét c6 cong thie (I) hodc (IE)

hodc cac mudi duge dung, hodc cic chit dong phan d6i anh hodc cac chit dong phan

khong doi quang cta nd, trong do:

Rl

-1a clo hodc metyl;

la hydro hoac flo;

1a hydro hodc flo;

1a metyl hodc etyl;

1a hydro hodc carboxy;

la hydro hodc carboxymetyl;
14 -O-, -N(R")- hoic -CH,-,

trong dé R’ 1a isopropyl, metyl, isobutyl, t-butyl, xyclopropyl, carboxyetyl,
carboxypropyl, carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,

carboxy(metyl)etyl, carboxyxyclobutyl, carboxyxyclopropylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxymetylxyclopropyl,
carboxy(gemdimetyl)propyl, carboxy(etyl)etyl, carboxy(metoxy)etyl,

carboxyxyclobutylmetyl, carboxyspiro[3.3] heptyl, carboxymetoxyetyl,
carboxymetoxypropyl, carboxyphenylmetyl hodc carboxyphenyl;

W la -CHz- hoac -C(CH3)2-.

Theo mdt phuong 4n khac nita, sang ché dé xuét (xiii) hop chit c6 cong thic (IE),
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(E)
trong do:
R' 1a halogen hodc C,galkyl;
R* 13 hydro hosc halogen;
R?® 14 hydro hoic halogen;
R* 1a Cpealkyl;
R’ 14 hydro hodc carboxy;
RS 1a hydro hodc carboxy-C,Hom-;
Y 1a-NR")-,

trong d6 R’ 1a hydro, Cy_galkyl, C;5sxycloalkyl, -CiH-COOH, -CHy,-C34
xycloalkyl-COOH hodc carboxyphenyl;

W la -CH,-;
m bing tir 0 dén 7;
t bing tir 1 d&én 7,
hoic cac mudi duge dung, hodc cac chit ddng phan ddi anh hodc céc chat ddng phan
khéng dbi quang ctia nd.

Theo mdt phuong an khéc, sang ché d& xuét (xiv) hop chét c6 cong thirc (I) hozc
(IE), hoac céc mudi duoe dung, hoic cac chét déng phan d6i anh hodc cac chit déng

phéan khong d6i quang ctia né, trong do:
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R!' laclo hodc metyl,
R* 1a hydro hodc flo;
R® 1la hydro hodc flo;
R' Ia metyl hoac etyl;
R’ 1a hydro hodc carboxy;
R® 1a hydro hodc carboxymetyl;
Y 1a-NR)-,
trong d6 R 1a hydro, metyl, t-butyl, xyclopropyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl, carboxy(metyl)etyl, carboxyxyclopropylmetyl,

carboxyxyclopentyl, carboxyxyclohexyl, carboxyxyclobutylmetyl hoc
carboxyphenyl,

W la -CH,-.

Theo mot phuong 4n khéc nita, sang ché dé xudt (xv) hop chét c6 cong thuc (1),
(IA), IAA), (IB), (ID) hoac (IE) hodc céc mudi duoc dung, hodc céc chét déng phéan dbi
anh hodc cac chit ddng phan khéng dbi quang, trong dé nhém 2-thiazolyl con duge thé
béng C1¢alkyl, va tit ca cac phin tir thé khac 1a nhu dugc xéc dinh & trén.

Theo mot phuwong an khac, sang ché dé xut (xvi) hop chét c6 cong thirc (1), (IA),
(IAA), (IB), (ID) hoic (IE) hodc cac mudi duoc dung, hodc cac chit dong phan ddi anh
hodc cac chit ddng phan khong ddi quang, trong d6 nhém 2-thiazolyl con dugc thé bing
metyl, va tAt ca cac phén ttr thé khac 14 nhu duge xé4c dinh & trén.

Theo mdt phuong an khéc nita, sang ché @& xuit (xvii) cac hop chit co cong thuc

chung (I):
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trong do:
R' 14 hydro, halogen hodc C;.galkyl;
R? 14 hydro hodc halogen;
R?® 14 hydro hoic halogen;
R* 1a Cpealkyl;
R’ 14 hydro hoic carboxy;
R® 1a hydro, Calkoxycacbonyl hodc carboxy-CHym-;
X  la cacbonyl hodc sulfonyl,
Y  1a-CH,-, -O- hoac -N(R")-,

trong dé R’1a hydro, C;.alkyl, C3.sxycloalkyl, C,_alkoxycacbonyl-CHyp-,

-CmHzm-COOH, -(C1_6alkoxy)C1_6alkyl-COOH, -C1_6alkyl-O-Cl_salkyl—COOH, -C3.
7xycloalkyl-C,,Hy,-COOH, -C,Hyp-Cs.7xycloalkyl-COOH, hydroxy-C,,Hom-,
carboxyspiro[3.3] heptyl hoac carboxyphenyl-C,Hyp,-;

W la -CH,-, -C(C,¢alkyl),-, -O- hodc cacbonyl;
n  bang 0 hoic 1;

m  bing tir 0 dén 7;
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hodc cdc mudi duge dung, hodc cac chat dong phan doi anh hodc cac chat ddng phan

khong ddi quang cta no.

W

n

Theo phuong an khéc, sang ché d& xuét (xviii) hop chéit c6 cong thic (I), trong do:
la hydro, clo, brom hodc metyl;

1a hydro hoéc flo;

1a hydro, clo hodc flo;

1a metyl hodc etyl;

1a hydro hodc carboxy;

14 hydro, metyl-O-cacbonyl hodc carboxymetyl;

1a cacbonyl hodc sulfonyl;

1a -CHy-, -O-, -N(R)-,

trong do R’ 1a hydro, metyl, isopropyl, t-butyl, xyclopropyl, metyl-O-
cacbonylisopropyl, carboxyetyl, carboxypropyl, carboxybutyl,
carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl, carboxy(gemdimetyl)propyl,
carboxy(gemdimetyl)butyl, carboxy(metyl)etyl, carboxy(etyl)etyl,
carboxy(metoxy)etyl, carboxyxyclobutyl, carboxyxyclobutylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxymetylxyclopropyl,
carboxyxyclopropylmetyl, carboxyxyclobutylmetyl, carboxyspiro[3.3] heptyl,

carboxymetoxyetyl, carboxymetoxypropyl, hydroxyetyl,
hydroxymetyl(gemdimetyl)butyl, carboxyphenyl hodc carboxyphenylmetyl;

1a -CH,-, -C(CHj3;),-, -O- hodc cacbonyl;

béng 0 hodc 1;

hodc cac muodi duge dung, hodc cac chat dong phan doi dnh hodc cdc chat dong phén

khéng doi quang cuia no.

Theo mot phuong an khac nita, sang ché d& xuét (xix) hop chit c6 cong thic (TA)
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trong d6:
R' 1a halogen hodc C;_¢alkyl;
R* 14 hydro hoic halogen;
R® 13 hydro hodc halogen;
R 1aCgalkyl;
R’ 14 hydro hodc carboxy;
R® 1a hydro, C;.¢alkoxycacbonyl hodc carboxy-Cp,Hym-;
Y 1a-NR))-,
trong do R’1a hydro, C,alkyl, C5;xycloalkyl, C.salkoxycacbonyl-C Hom-,

-CHyi-COOH, -(Cy_galkoxy)C;6alkyl-COOH, -C,.galkyl-O-C,_salkyl-COOH, -Cs.
sxycloalkyl-C,,Hy,-COOH, -C,Hym-C3.7xycloalkyl-COOH, hydroxy-CnHom-,
carboxyspiro[3.3] heptyl hodc carboxyphenyl-C,,Hyp-;

W 1a -CH,- hodc cacbonyl;
m bang tir 0 dén 7;

hodc cac mudi dugc dung, hodc cac chat dong phan doi anh hodc cac chat dong phan

khong doi quang clia no.

-23-



21530

Theo phuong 4n khac, sang ché dé xudt (xx) hop chit c6 cong thire (IA) hodc cac

mubi duge dung, hodc cc chit ddng phan ddi anh hodc cc chit dong phén khong dbi

quang ctia no, trong do:

Rl

1a clo, brom hodc metyl;

1a hydro hoac flo;

1a hydro, clo hoac flo;

la metyl hodc etyl;

la hydro hoac carboxy;

1a hydro, metyl-O-cacbonyl hodc carboxymetyl;

1a -NR"-,

trong d6 R” 1a hydro, metyl, isopropyl, t-butyl, xyclopropyl, metyl-O-
cacbonylisopropyl, carboxyetyl, carboxypropyl, carboxybutyl,
carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl, carboxy(gemdimetyl)propyl,
carboxy(gemdimetyl)butyl, carboxy(metyl)etyl, carboxy(etyl)etyl,
carboxy(metoxy)etyl, carboxyxyclobutyl, carboxyxyclobutylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxymetylxyclopropyl,
carboxyxyclopropylmetyl, carboxyxyclobutylmetyl, carboxyspiro[3.3] heptyl,

carboxymetoxyetyl, carboxymetoxypropyl, hydroxyetyl,
hydroxymetyl(gemdimetyl)butyl, carboxyphenyl hodc carboxyphenylmetyl;

la -CH,- hodc cacbonyl.

Theo mot phuong 4n khac nita, sang ché dé xuat (xxi) hgp chét c6 cong thirc (IAA)
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trong do:
R' 14 halogen hoic Cy.salkyl;
R> 14 hydro hodc halogen;
R® 14 hydro hodc halogen;
R* 1aCyalkyl;
R’ 14 hydro hoic carboxy;
R® 14 hydro;
R” 1a Cisalkyl, C3sxycloalkyl, -CHy-COOH, -C,Hyi,-Cs.7xycloalkyl-COOH hodc

m

carboxyphenyl;

béng tir 1 dén 6;

hodc cac muoi dugc dung, hodc cac chat dong phan doi anh hodc cac chat dong phan

khong doi quang ctia no.

Theo phuong 4n khéc, sang ché dé xut (xxii) hop chit cé cong thirc (IAA) hoic

cac mudi dugce dung, hodc céc chit déng phan dbi anh hodic cac chat dong phan khéng

d6i quang cta no, trong do:

Rl
R2

R3

1a clo hoac metyl;
1a hydro hoac flo;

la hydro hoac flo;
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la metyl hodc etyl;
1a hydro hoac carboxy;
12 hydro;

la  metyl, isopropyl, t-butyl, xyclopropyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl, carboxyxyclopropylmetyl, carboxyxyclobutylmetyl
hoac carboxyphenyl.

Theo mot phuong 4n khéc nita, sang ché @& xudt (xxiii) hop chét c6 cong thuc (IC)

ac
trong do:
R' 14 halogen;
R’  1a hydro;
R® 1la halogen;
R 1a Cealkyl;
R’ 14 hydro;
R® 1a hydro;
R’ 1a hydro;
W 1a-CHy-;

hodc cdc muoi duge dung, hodc cac chat dong phan doi anh hodc cac chat dong phén

khong d0i quang cuta nd.
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Theo mét phuong an khac nita, sang ché d& xuét (xxiv) hop chét c6 cong thire (ID):

D)
trong do:
R' 14 halogen hoic C,.¢alkyl;
R* 14 hydro hoic halogen;
R® 14 hydro hodc halogen;
R 1a Cyealkyl;
R’ 13 hydro hodc carboxy;
R® 14 hydro hodc Cygalkoxycacbonyl;
X  la cacbonyl;
Y  1a-O-hodc -NR)-,

trong d6 R’ la hydro, Cpgalkyl, Cssxycloalkyl, -CyHyn-COOH, -CpHom-Cs.
sxycloalkyl-COOH,  hydroxy-CHom-, carboxyspiro[3.3] heptyl  hodc
carboxyphenyl-CHy-;

m  bing tir 1 dén 6;
t  bang tir 0 dén 6;

ho#c cac mudi dugc dung, hodc cac chat dong phdn doi anh hodc cac chat dong phin

khong d0i quang ctia no.
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Theo phuong 4n khéc, sang ché d& xuit (xxv) hop chét c6 cong thic (ID) hodc céac

mubi duge dung, hodc cic chit ddng phan ddi anh hodc cac chit ddng phén khong dbi

quang cua nd, trong do:

Rl

1a clo, brom hoac metyl;

1a hydro hogc flo;

1a hydro hoac flo;

1a metyl hodc etyl;

la hydro hoac carboxy;

14 hydro hoac metyl-O-cacbonyl,
la cacbonyl,

1a -0-, -NR)-,

trong d6 R’ 1a  hydro, metyl, isopropyl, t-butyl xyclopropyl,
carboxy(gemdimetyl)etyl, carboxy(metyl)etyl, carboxyxyclopropylmetyl,
carboxyphenyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxy(gemdimetyl)propyl, carboxy(gemdimetyl)butyl, carboxyxyclobutylmetyl,
carboxyspiro[3.3] heptyl, hydroxyetyl hodc carboxyphenylmetyl.

Theo mét phuong 4n khéc nita, sing ché @& xudt (xxvi) hop chét c6 cong thic (IE):

(E)
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trong do:

R' 1a halogen hodc Cy.salkyl;

R? 13 hydro hodc halogen;

R? 13 hydro hodc halogen;

R' 1a Cealkyl;

R’ 1a hydro hodc carboxy;

RS 1a hydro hodc carboxy-C,Hom-;

1a -O- hodc -N(R)-,

trong do R’ 1a Ciealkyl, Cssxycloalkyl, -C Hn-COOH, -Cs.xycloalkyl-C Hyp-
COOH, -C,Hyy-Csxycloalkyl-COOH, -(C;alkoxy)C;.¢alkyl-COOH, -C4alkyl-
0-C.6alkyl-COOH, carboxyspiro[3.3] heptyl hodc carboxyphenyl-C,Hyp-;

W 14 -CHy- hoic -C(Cysalkyl)y-;

m

béng tir 0 dén 6;

hodc cac muoi dugc dung, hoac cac chat dong phan doi anh hodc céc chat dong phéan

khong ddi quang cua no.

Theo phuong 4an khc, sang ché dé xudt (xxvii) hop chét c6 cong thire (IE) hoic cac

mubi duge dung, hodc cac chit ddng phan ddi anh hodc cic chit dong phan khéng dbi

quang cua nd, trong do:

1a clo hodc metyl,;

1a hydro hoéc flo;

1a hydro hoac flo;

la metyl hodc etyl;

1a hydro hodc carboxy;

la hydro hodc carboxymetyl;
1a -O- hodc -N(R')-,

trong d6 R’ 14 isopropyl, metyl, t-butyl, xyclopropyl, carboxyetyl, carboxypropyl,
carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,
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carboxy(metyl)etyl, carboxyxyclobutyl, carboxyxyclopropylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxymetylxyclopropyl,
carboxy(gemdimetyl)propyl, carboxy(etyl)etyl, carboxy(metoxy)etyl,
carboxyxyclobutylmetyl, carboxyspiro[3.3] heptyl, carboxymetoxyetyl,
carboxymetoxypropyl, carboxyphenylmetyl hoéc carboxyphenyl,

W 1a -CH,- hodc -C(CH;),-.

Theo mdt phuong an khéc nita, sing ché @& xudt (xxviii) hop chét c6 cong thic

(IE):

(E)
trong do:
R!' 1 halogen hodc Cgalkyl;
R?  1a hydro hoic halogen;
R® 1la hydro hodc halogen;
R* 1a Cyealkyl;
R’ 14 hydro hoic carboxy;
R 1a hydro hoéc carboxy-CHyn-;
Y 1a-O-, -N(R"- hoic -CH,-,

trong do R’ 1a Ci.salkyl, C5sxycloalkyl, -C H,,-COOH, -C;5xycloalkyl-C,Hpn-COOH,
-CHym-C3.7xycloalkyl-COOH, carboxyspiro[3.3] heptyl, -(C.salkoxy)C,.salkyl-COOH,
-C.6alkyl-O-C;_alkyl-COOH, carboxypyridinyl-CyHom- hodc carboxyphenyl-CpHom-;
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W 1a -CH,;- hodc -C(C,.¢alkyl),-;
m  béng tir 0 dén 6;

hodc cac mudi duge dung, hodc céc chat dong phan doi anh hodc cac chat dong phan

khoéng d6i quang cta no.

Theo phuong an khac, sang ché dé xuit (xxix) hop chét c6 cong thic (IE) hoic céc
mubi duge dung, hodc cac chit ddng phan dbi anh hodc céc chit ddng phan khong déi

quang cuia no, trong do:

R' 1a clo hodc metyl;

R’ 1a hydro hoéc flo;

R? 14 hydro hoic flo;

R' 1a metyl hodc etyl;

R’  1a hydro hoic carboxy;

R® 14 hydro hodc carboxymetyl;
Y 1a-O-, -N(R")- hodc -CH,-,

trong d6 R’ 1a metyl, t-butyl, isopropyl, xyclopropyl, carboxyetyl, carboxypropyl,
carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,
carboxy(metyl)etyl, carboxyxyclobutyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxyxyclopropylmetyl, carboxy(gemdimetyl)propyl, carboxy(gemdimetyl)butyl,
carboxy(etyl)etyl, carboxy(metoxy)etyl, carboxyxyclobutylmetyl,
carboxymetylxyclopropyl, carboxyspiro[3.3] heptyl, carboxymetoxyetyl,
carboxymetoxypropyl, carboxyphenylmetyl, carboxypyridinyl hoéc carboxyphenyl;

W 1a -CH,- hoiic -C(CHy),-

Sang ché @ xut (xxx) cac hop chét c¢6 cong thirc chung (I):
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trong do:

R' 1a hydro, halogen hodc C;alkyl;

R* 13 hydro hozc halogen;

R® 13 hydro hozc halogen;

R* 14 Cpealkyl;

R’ 1a hydro ho#c carboxy;

R® 1a hydro, C,.salkoxycacbonyl hodc carboxy-CnHom-;

X  la cacbonyl hoac sulfonyl;

Y  1a-CHy; -O-; -NR’ hogc -N-R*-COOH;
trong do R’ 1a hydro, C;.galkyl, Csxycloalkyl hoic C_galkoxycacbonyl-CpnHom-;
R®1a -C;Hop- -C{H,-Cs 7xycloalkyl-C{H,- hodc phenyl;

W la -CHj,-, -O- hoac cacbonyl;

n b%mg 0 hoéc 1;

m  bang tir 1 d&n 6;

t

béang tir 0 dén 6;

hodc cdc mudi dugc dung, hodc cac chat dong phan doi anh hodc cac chat dong phan

khong d6i quang cua no.
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Theo phuong an khéc, sang ché dé xudt (xxxi) hop chét c6 cong thirc (1), trong do:
1a hydro, clo, brom hoéc metyl;
1a hydro hoéc flo;
1a hydro hoéc flo;
1a metyl hodc etyl;
1a hydro hodc carboxy;
1a hydro, metyl-O-cacbonyl hoac carboxymety],;
la cacbonyl hodc sulfonyl;
1a -CH,~; -O-; -NR” hogc -N-R*-COOH;
trong d6 R” 12 hydro, isopropyl, xyclopropyl hoic metyl-O-cacbonylisopropyl;

R® 1a etyl, propyl, (gemdimetyl)metyl, (gemdimetyl)etyl, (metyl)etyl, xyclobutyl,
xyclopentyl, xyclohexyl, metylxyclopropyl, xyclopropylmetyl, xyclobutylmetyl
hodc phenyl;

1a -CH,-, -O- hoac cacbonyl;

bang 0 hoic 1;

hodc cac muoi dugc dung, hodc cac chat dong phan doi anh hodc céc chat dong phén

khong doi quang cta no.

Theo mdt phuong 4n khéc nita, sing ché dé xut (xxxii) hop chét c6 cong thire (1),

trong do:

R'  1a hydro, halogen hoic C;.galkyl;

R 1a hydro hodc halogen;

R® 14 hydro hoic halogen;

R* 1aCealkyl;

R’ 13 hydro hodc carboxy;

R® 1a hydro, C,_¢alkoxycacbonyl hodc carboxy-C,,Hom-;

la cacbonyl hodc sulfonyl;
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1a -CH,-; -O-; -NR” hoac -N-R%-COOH;
trong do R’1a hydro, C,.alkyl, C;.sxycloalkyl hodc C.galkoxycacbonyl-C,Hyy-;
R%is -CHom-, Csxycloalkyl-CiH,- hodc phenyl;
la -CH,-, -O- hodc cacbony],
bang 0 hoic 1;
bang tir 1 dén 6;

bang tir 0 dén 6;

hodc cac mubi duge dung, hoic cac chat déng phan dbi anh hodc cac chét dc‘A)ng phéan

khong doi quang clia no.

W

n

Theo phuong an khac, sang ché dé xuét (xxxiii) hop chit c6 cong thuc (1), trong do:
la hydro, clo, brom hodc metyl;

12 hydro hoac flo;

1a hydro hoéc flo;

14 metyl hodc etyl;

12 hydro hodc carboxy;

1a hydro, metyl-O-cacbonyl hodc carboxymetyl;

la cacbonyl hoac sulfonyl;

14 -CH,-; -O-; -NR” hogc -N-R*-COOH;

trong d6 R” 1a hydro, isopropyl, xyclopropyl hodc metyl-O-cacbonylisopropyl;

R%1a (gemdimetyl)metyl, (gemdimetyl)etyl, (metyl)etyl, xyclobutyl,
xyclopropylmetyl hodc phenyl;

la -CH,-, -O- hodc cacbonyl;

bang 0 hoic 1;

hodc cac muoi duge dung, hodc cic chat dong phén ddi anh hodc cac chat dong phén

khong doi quang cuia nd.

Theo mdt phuong 4n khéc nita, sang ché d@ xut (xxxiv) hop chit c6 cong thirc (IA)
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trong do:
R' 14 halogen hodc Cgalkyl;
R? 14 hydro hoic halogen;
R® 14 hydro hozc halogen;
R 1a Cyealkyl;
R’ 1 hydro hodc carboxy;
R® Ia hydro, C,.¢alkoxycacbonyl hoac carboxy-C,Hym-;
Y 1a-NR hoic -N-R*-COOH;

trong d6 R’ 14 hydro, Cy_alkyl, Cs.;xycloalkyl hoic Ci.salkoxycacbonyl-C,Hpp-;

R%is -CHome, Csxycloalkyl-C{Hy- hodc phenyl;
W 14 -CH,;- hoac cacbonyl;
m bing tir 1 dén 6;
t béang tir 0 dén 6;

hodc cac mudi duge dung, hodc céc chat dong phan doi anh hodc céc chat dong phén

khong ddi quang cia no.

Theo phuong an khéc, sang ché @& xudt (xxxv) hop chét ¢ cong thic (IA) hoic cac

mudi duge dung, hodic cic chit dong phan dbi anh hodc cic chit ddng phan khong dbi

quang cua no, trong do:
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R' 1a clo, brom hodc metyl,;

R> 14 hydro hozc flo;

R 1a hydro hoéc flo;

R* 1a metyl hodc etyl;

R’ 14 hydro hodc carboxy;

R®  1a hydro, metyl-O-cacbonyl hodc carboxymetyl;

Y 1a-NR’ hoic -N-R*-COOH;
trong d6 R” 14 hydro, isopropyl, xyclopropyl hodc metyl-O-cacbonylisopropyl;
R%1a (gemdimetyl)metyl, (gemdimetyl)etyl, (metyl)etyl, xyclobutyl,
xyclopropylmetyl hoac phenyl;

W 1a -CH,- hoéc cacbonyl.

Theo mot phuong an khac nita, séng ché d& xuét (xxxvi) hop chét c¢6 cong thirc
(IAB):

(IAB)
trong do:
R' 1a halogen hodc C;_¢alkyl;
R* 14 hydro hodc halogen;

R® 14 hydro hodc halogen;
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R 14 Cyealkyl;
R’ 1a hydro;
R® 1a hydro;
R® 1a -CmHom-, C37xycloalkyl-Cp,Hym- hodc phenyl;
m  bang tir 1 d&én 6;

hodc cdc mudi dugc dung, hodc cac chat dong phan d6i anh hodc céc chit déng phéan

khoéng do1 quang cua nd.

Theo phwong 4n khac, sang ché dé xuét (xxxvii) hop chit c6 cong thue (IAB) hodc
cac mubi duge dung, hodc cac chit ddng phan dbi anh hodc cac chit ddng phan khong

ddi quang ctia no, trong do:

R' 1a clo hodc metyl;

R?> 14 hydro hoic flo;

R® 1 hydro hodc flo;

R' 1a metyl hodc etyl;

R’ 1 hydro;

R® 14 hydro;

R®  1a (gemdimetyl)etyl, xyclopropylmetyl hoéc phenyl.

Theo mot phuong 4n khéc nita, sang ché dé xuét (xxxviii) hop chit c6 cong thue

(ID):
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trong do:
R' 1a halogen hodc C;_¢alkyl;
R*> 14 hydro hodc halogen;
R® 13 hydro hogc halogen;
R* 14 Cpgalkyl;
R’ 14 hydro hodc carboxy;
RS 1a hydro, C,_alkoxycacbonyl hoac carboxy-C,Hyy-;
X  la cacbonyl hoac sulfonyl;
Y  1a-O-;-NR’ hoic -N-R*-COOH;

trong do R'1a hydro, C,_alkyl hoac C;xycloalkyl;

R1a -CimHam-, Cs7xycloalkyl-CiH,- hodc phenyl,
m  bing tir 1 d&én 6;
t bang tir 0 dén 6;
hodc cac mudi dugc dung, hoac céac chét d@)ng phéan d6i 4anh hodc cac chit déng phéan
khéng d6i quang ctia né.

Theo phuong 4n khac, sang ché dé xudt (xxxix) hop chat cé cong thirc (ID) hodc
cac mudi duge dung, hodc cac chit ddng phan dbi anh hodc cac chit ddng phan khéng

doi quang cta no, trong do:
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R' 1aclo, brom hodc metyl;
R? 14 hydro hodc flo;
R’ 1a hydro hoac flo;
R' 1a metyl hodc etyl;
R’  1a hydro hodc carboxy;
R® 14 hydro, metyl-O-cacbonyl hogc carboxymetyl;
X  la cacbonyl hodc sulfonyl;
1 -O-; -NR hogc -N-R*-COOH;
trong d6 R’ 14 hydro, isopropyl hodc xyclopropyl;
R%1a (gemdimetyl)etyl, (metyl)etyl, xyclobutyl, xyclopropylmetyl hodc phenyl.
Theo mét phuong an khac nita, sang ché d& xuét (x1) hop chét c6 cong thirc (IF)
(IF)
trong do:
R' 1a halogen hoac C,_galkyl;
R? 14 hydro hoic halogen;
R® 13 hydro hodc halogen;
R* 1aCealkyl;
R’ 1la hydro hoac carboxy;
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1a hydro hodc carboxy-C,,Hyy-;
1a -NR’ hogc -N-R*-COOH;
trong d6 R’ 1a C_alkyl hoc Csxycloalkyl;
R%1a -CHy e, C;.7xycloalkyl-CiH,- hoac phenyl;
bang tir 1 dén 6;

béng tir 0 dén 6;

hodc cdc mudi duge dung, hodc cac chat dong phdn doi anh hodc cac chat dong phéan

khong d6i quang cta no.

Theo phuong 4n khac, sang ché dé xuét (xli) hop chit c¢6 cOng thuc (IF) hodc cac

mubi dugc dung, hodc cic chit ddng phan dbi anh hodic cac chét ddng phan khong dbi

quang cua nd, trong do:

Rl

la clo hodc metyl;

la hydrol hoéc flo;

1a hydro hodc flo;

1a metyl hodc etyl;

1a hydro hodc carboxy;

1a hydro hodc carboxymetyl;

1a -NR hogc -N-R*-COOH;

trong d6 R 1a isopropyl hoic xyclopropyl;

R® 1 (gemdimetyl)metyl,  (gemdimetyl)etyl, (metyl)etyl,  xyclobutyl,
xyclopropylmetyl hodc phenyl.

Theo mdt phuong 4n khéc nita, séng ché d& xuét (xxxxii) hop chét ¢6 cong thic (IF)
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trong do:
R' 1a halogen hodc Cy_alkyl;
R? 13 hydro hogc halogen;
R® 14 hydro hoic halogen;
R* 14 Cpealkyl;
R’ 13 hydro hoc carboxy;
RS 1a hydro hoac carboxy-CHym-;
Y 1a-NR’ hoge -N-R*-COOH;

trong d6 R’ 13 hydro hodc C;.;xycloalkyl;

R%1a -CHym-, Cs.sxycloalkyl-CpHypm- hodc phenyl;
m  bing tir 1 dén 6;

hodc cac mudi dugc dung, hodc cac chat dong phan doi anh hodc cac chat dong phan

khong doi quang ctia no.

Theo phuong an khac, sang ché & xuit (xliii) hop chét c6 cong thie (IE) hodc céc
mudi duoc dung, hodc cic chit ddng phan dbi anh hodc cic chit ddng phan khong dbi

quang cua no, trong do:
R' 1a clo hoic metyl;

R? 14 hydro hoic flo;

-41-



21530

R’ 14 hydro hoic flo;
R* 13 metyl hoic etyl;
R’ 14 hydro hodc carboxy;
R® 14 hydro hodc carboxymetyl;
Y 1a-NR” hoic -N-R*-COOH;

trong d6 R” 1 hydro hozc xyclopropyl;

R®1a (gemdimetyl)etyl, (metyl)etyl, xyclopropylmetyl hodc phenyl.

Theo phwong 4n khac, sang ché d& xuét (xliv) hop chit c6 cong thirc (I), cng thirc
(TA), cong thirc( IAA), cong thic (IB), cong thic (IC), cong thirc (ID), cong thuc (IE),
cong thic (IAB), hodc cong thire (IF) hodc cac mubi duoce dung, hoic cic chit ddng phan
d6i anh hodc cac chit ddng phan khong ddi quang ctia né, trong d6 tinh khong ddi xing &
vi tri thit 4 ciia nhan dihydropyrimidin 13 giéng nhu cong thirc cong thirc (I-R) dudi déy,
vaR!, R%L R* RY R, RS, X, Y, W va n 1a nhu dugce x4c dinh theo phuong an bét ky trong

s6 cac phuong an tir (i) dén (xliii) & trén.

R
4
R
o |
R N N\/>
R® j
(n N
W, X

@, (I-R).
Céc hop chét cu thé cua sang ché 1a céc hop chét sau:

Metyl  (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0x0-1,3,4,8,9,9a-hexahydropyrazino[1,2-
c][1,3]oxazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
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Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(4-0x0-6,7,9,9a-tetrahydro-1H-pyrazino[2,1-
c][1,4]oxazin-8-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aR)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aS)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aS)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[ 1,2-a]pyrazin-2-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-
yl]metyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-ylJmetyl]-
4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl (4S)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-yl|metyl]-
4-(3,4-diflophenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl (4R)-4-(2-clo-3-flo-phenyl)-6-[(6-0x0-3,4,7,8,9,9a-hexahydro-1H-pyrido[1,2-
a]pyrazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aS)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl (4R)-6-[[(8aS)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-yl]
metyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl (4R)-6-[[(8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-yl]
metyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aR)-1,3-dioxo-5,6,8,8a-tetrahydroimidazo[1,5-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
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Metyl (4R)-6-[[(8aS)-1,3-diox0-5,6,8,8a-tetrahydroimidazo[ 1,5-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl  (4R)-6-[[(3aS)-1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]thiadiazolo[2,3-a]
pyrazin-5-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat;

Metyl  (4R)-6-[[(3aR)-1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]thiadiazolo[2,3-a]
pyrazin-5-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clophenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metyl-propanoic;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metyl-propanoic;

Axit  3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;

Etyl  (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-metoxy-1,1-dimetyl-2-oxo0-etyl)-3-oxo-
5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Metyl 7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-2,5,6,8-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-8a-
carboxylat;

Metyl este cta axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a|pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic;
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Etyl este cla axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cla axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cla axit (R)-6-[(S)-2-(2-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Metyl este cta axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-oxo-1,5,6,8-tetrahydroimidazo[1,5-
a]pyrazin-8a-yl]axetic;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-oxo-1,5,6,8-tetrahydroimidazo[1,5-
a]pyrazin-8a-yl]axetic;

Etyl este cua axit (R)-6-[(S)-2-(1-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yljmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-3-metyl-butanoic;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-3-metyl-butanoic;

Axit  1-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yllmetyl]xyclopropancarboxylic;
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Axit 1-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yllmetyl]xyclopropancarboxylic;

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-3-metyl-butanoic;

Axit  1-[[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-
a]pyrazin-2-ylJmetyl]xyclopropancarboxylic;

Axit 3-[(25,8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclobutancarboxylic;

Axit  3-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yljmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclobutancarboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4S)-4-(3-flo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic; va

Axit 7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-

a]pyrazin-8-carboxylic.
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Axit 2-[1-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclopropyl]axetic;

Axit 2-[1-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclopropyl]axetic;

Axit  2-[1-[(8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]xyclopropyl]axetic;

Axit  (1R,2R)-2-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit (18,2R)-2-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic; k

Axit (1R,28)-2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit (18,28)-2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit  4-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]butanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-3,3-dimetyl-butanoic;
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Etyl este cla axit (R)-6-[(S)-2-(2-carboxy-etyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic;

Etyl este cha axit (R)-6-[(S)-2-((R)-2-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Etyl este cua axit (R)-6-[(S)-2-((S)-2-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Metyl este cua axit (R)-6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Etyl este cua axit 6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-((R)-2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Metyl este cua axit (R)-6-[(S)-2-((1R,3S)-3-carboxy-xyclopentyl)-3-oxo-
hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic;

Etyl este cua axit (R)-6-[(S)-2-((R)-(S)-3-carboxy-xyclopentyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Metyl este cua axit (R)-6-[(S)-2-((1R,3R)-3-carboxy-xyclopentyl)-3-oxo-
hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic;

Etyl este cua axit (R)-6-[(S)-2-((1R,3R)-3-carboxy-xyclopentyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Metyl este cua axit (R)-6-[2-(4-carboxy-benzyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic;
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Etyl este cta axit (R)-6-[2-(4-carboxy-benzyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Axit 2-[2-[7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]etoxy]axetic;

Axit 2-[3-[7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]propoxyJaxetic;

Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[[2-(5-hydroxy-4,4-dimetyl-pentyl)-3-oxo-
5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Etyl  (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-hydroxyetyl)-3-0x0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-hydroxyetyl)-3-0x0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-ylJmetyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]xyclohexancarboxylic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]xyclohexancarboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clophenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit  2-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yljmetyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-ylmetyl]butanoic;
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Axit  3-[(8aS)-7-[[(4S)-5-etoxycacbonyl-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[4-(4-clophenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metoxy-propanoic;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]spiro[3.3] heptan-6-carboxylic;

Axit 5-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]pentanoic;

Axit 3-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]metyl]xyclobutancarboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl1-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-o0xo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

-50-



21530

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;
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Metyl (8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yljmetyl]-3-0x0-2,5,6,8-tetrahydro-1H-imidazo[1,5-a]pyrazin-8a-
carboxylat;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-1,1-dimetyl-3-ox0-6,8-dihydro-5H-oxazolo[3,4-a]pyrazin-
8a-yl]axetic;

Axit 2-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-1,1-dimetyl-3-ox0-6,8-dihydro-5H-oxazolo[3,4-
a]pyrazin-8a-yl]axetic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-metyl-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yljmetyl]-2-metyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Metyl (4R)-6-[[(8R,8aS)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-ylJmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8S,8aR)-2-tert-butyl-8-carbamoyl-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-propoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit 5-[7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]pyridin-2-carboxylic;
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Etyl este cta axit (S)-6-[(S)-2-(2-carboxy-2,2-diflo-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-(4-metylthiazol-2-
yl)-1,4-dihydropyrimidin-6-yljmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;

Axit 2-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-6-oxo-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-1-
carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isobutyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isobutyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic;

Axit (8S,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic;

Etyl (4R)-6-[[(8R,8aS)-2-tert-butyl-8-(hydroxymetyl)-3-ox0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

-53-



21530

Etyl (4R)-6-[[(8S,8aR)-2-tert-butyl-8-(hydroxymetyl)-3-ox0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Etyl (4R)-6-[[(8aR)-2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat; va

Etyl (4R)-6-[[(8aS)-2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Etyl (4R)-6-[[(8aR)-2-(2-hydroxy-2-metyl-propyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

va Etyl (4R)-6-[[(8aS)-2-(2-hydroxy-2-metyl-propyl)-3-o0xo0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

hodc cac mudi duge dung, hodc cac chét déng phéan d6i anh hodc cac chét déng
phén khong ddi quang ctia nd.

Céc hop chét cu thé cta sang ché 1a cc hop chét sau:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;
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Metyl este cua axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cua axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este ctia axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Metyl este cua axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-3-metyl-butanoic;

Axit 1-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yllmetyl]xyclopropancarboxylic;

Axit 1-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]lmetyl]xyclopropancarboxylic;

Axit 1-[[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-ylJmetyl]xyclopropancarboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-y1-1,4-
dihydropyrimidin-6-yllmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic; va

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;
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Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro- 1 H-imidazo[ 1,5-a]pyrazin-2-
yl]-3,3-dimetyl-butanoic;

Metyl este ctia axit (R)-6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Etyl este ctia axit 6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-((R)-2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Axit 3-[(8aS)-7-[[(4S)-5-etoxycacbonyl-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-o0xo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic;
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Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yljmetyl]-3-o0xo0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-metyl-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Metyl (4R)-6-[[(8R,8aS)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-ylJmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8S,8aR)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-ylJmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit 2-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylmetyl]-6-oxo-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-1-
carboxylic;

Axit (8R,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-

carboxylic;
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Axit (8S,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylmetyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

hodc cac mudi duge dung, hodc cac chét déng phéan dbi anh hodc cc chit déng
phan khéng dbi quang.

Quy trinh téng hop

Céc hop chit ciia sang ché c6 thé duoc didu ché bang cac phuong phap thong
thuong bit ky. Cac quy trinh thich hop d tng hop cac hop chét nay ciing nhu cac
nguyén lidu ban d4u ctia chiing dwoc dé xuit trong céc so dd duéi day va trong cac vi du
thuc hién. T4t ca cac phin tir thé, cu thé, R! dén RS, X, Y, W va n 1a nhu duoc x4c dinh &
trén trir khi ¢6 quy dinh khéc. Ngoai ra, va trit khi ¢6 quy dinh khéc, tit ca cc phan tmg,
céc diéu kién phan (mg, céc chit viét tit va cac ky hiéu c6 nghia di dwoc ngudi c6 trinh
d6 trung binh trong linh vuc k¥ thuat biét rd.

Phuong phép tong hop chung d6i v&i hop chét I (So db 1)

Sodd1
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Hop chat mong muén c6 cong thirc I ¢6 thé dwoc didu ché theo So dd 1. Phan ung
hoa hoc mét 1an trong binh phan ung gilta axetyl axetat II, benzaldehyt III va thiazol
amidin IV tao ra dihydropyrimidin V. (-)-Chat ddng phan di anh ¢ cong thirc Va sau do6
thu duoc bang cach tach khong dbi ximg SFC cta hop chét c6 cong thite V va héa hoc
lap thé ctia n6 duge xéc dinh bang cach so sanh thoi gian luu SFC véi thoi gian luu cta
hop chét cu thé cua né co cong thirc B1 ma hoa hoc lap thé cua né duge xac dinh bﬁng
cach nghién ctru nhiu xa tia X (Fig. 1). Brom héa ciia hop chit ¢6 cong thic Va tao ra
hop chit ¢6 cong thire VI. Két hop hop chét ¢6 cong thirc VI véi amin ngung tu thich hop

c¢6 cong thirc VII tao ra hop chit mong mudn cé cong thue L.
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Dihydropyrimidin V ¢6 thé duoc diéu ché tir trinh tu ngung tu va déng vong cia
axetyl axetat II, aldehyt III va thiazol amidin IV. Phan Umg nay c6 thé duoc thuc hién
trong dung moi rugu thich hgp nhu trifloetanol véi sw ¢6 mit ctia bazo nhu kali axetat

trong cac diéu ki¢n gia nhiét trong vai gio.

(-)-Chét dong phan ddi anh c6 cong thirc Va thu dwgc bing cach tich khong déi
xting SFC ctia hop chit ¢6 cong thirc V.

Bromua c6 cong thirc VI ¢6 thé duoc didu ché bang giita hop chit c6 cong thuc Va
v6i chit phan mg brom héa nhuw N-bromosuxinimit, trong dung mdi khong phan ng

thich hop nhu cacbon tetraclorua & nhiét ¢ nim trong khoang tir 80 dén 100°C.

Hop chit mong mudn c6 cong thirc I ¢6 thé thu.duqc bang céach két hop bromua cé
cdng thitc VI v6i amin dung hop VIIL Phén tmg nay thuong dugc thyc hién trong dung
mdi thich hop nhu 1,2-dicloetan ¢ nhiét d6 trong phong trong vai gidr v6i sur cd mit cua

bazo hitu co nhu N,N-diisopropyletylamin.

Phuong phép téng hop chung ddi véi hdn hop chit ddng phan khong dbi quang cua
hop chét I-I (So @b 1-1)

So dd 1-1

Hop chit mong mubn ¢ cong thirc I-I c6 thé duoc didu ché tuwong tu voi hop chit

mong mudn ¢ cong thirc I khong can tach khong dbi xting SFC ctia dihydropyrimidin V.

Déi v6i so dd 1 hodc so dd 1-1, nhém 2-thiazolyl c6 cong thirc chung (I), (V), (Va),

(Vb), (VI), (VI-I), (I-I) va cac hop chat khac bat ky ciia sang ché nay con c6 thé duoc
thay cho thé bang C_salkyl, nhu metyl.
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Sang ché nay con dé cap dén quy trinh didu ché hop chit c6 cong thic (I) hodc céac

hop chit khac cua sang ché, quy trinh nay bao gdm phan tmg ctia

(a) hop chét ¢ cong thic (A):

"
R%. N
R? :]
(T N
W_ X
e \Y 7. I3 - 9
voi v&i su ¢6 mit cia bazo;

trong do6 R' dén RS, X, Y, W va n dugc x4c dinh & trén trir khi ¢6 quy dinh kh4c.
Trong budc (a), bazo c6 thé 1a vi du N,N-diisopropyletylamin.

Hop chét ¢6 cong thic (I) hodc céc hop chit khac cua sang ché khi dugc didu ché

theo quy trinh néu trén cfing 1a muc dich ctia séng ché.
Dugc phdm va cach ding

Séang ché con dé cap dén hop chét co cong thiee (I) hodc cac hop chét khéc cia séng

ché dé dung 1am hoat chit c6 tac dung didu tri bénh.

Mot phuong 4n khac dé xudt dugc phdm hodc thude chira cac hop chét ciia sang ché
va chit mang khéng c6 tac dung tri bénh, chét pha lodng hodc ta dugc c6 tac dung didu
tri bénh, cling nhu phuong phap st dung cac hop chét ctia sang ché dé didu ché duoc
phim va thubc nay. Trong mdt vi du, cac hop chét c6 cdng thire (I) hodc cac hop chit
khéc cua sang ché ¢ thé duge tao ché phém béng cach tron ¢ nhi¢t do méi truong, & dod
pH thich hop, va & d6 tinh khiét mong mudn, véi cac chét mang chép nhan dugc vé mit

sinh ly, tirc 1a, cac chit mang khong doc véi theé nhan & cac li€u lugng va cac nong 4o
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duoc str dung ¢ dang dung y ly. D6 pH ctia ché phim nay chii yéu phu thudc vao viée st
dung va ndng d6 cu thé cia hop chat, nhung t6t hon 14 nim trong khoang bat ky trong sb
cac khoang tir khoang 3 dén 8. Trong mdt vi du, hop chat c6 cong thire (I) hodc hop chét
theo sang ché dugc phdi tron trong dung dich &ém axetat, & d6 pH=5. Theo mot phuong
an khéc, cac hop chit c6 cong thirc (I) va céc hop chat khac clia sing ché 14 vo tring.
Hop chit nay c6 thé dugc bao quan, ching han, duéi dang ché phdm rin hodc v6 dinh

hinh, nhu ché phém dugc lam dong kho hodc dudi dang dung dich chira nude.

Ché phim dugc phéi tron, duge dinh lidu, va dugc st dung theo cach phi hop véi
thuc hanh thudc tdt. Cac yéu t6 cin c4n nhic trong ngit canh niy bao gdm rdi loan cu thé
duoc diéu tri, nguoi cu thé dugc diéu tri, tinh trang lam sang cta tmg bénh nhan, nguyén
nhan gy rbi loan, vi tri phan phdi chat, phuong phéap sir dung, quy trinh st dung, va cac
yéu t& khac da biét dbi véi cac bac si. “Luong hitu hiéu” cia hop chét dugc sir dung
duoc quan ly boi cac cin nhic nhu vay, va 13 luong t6i thiéu can dé (e ché mic ADN
ctia HBV huyét thanh, hogc su chuyén héa huyét thanh HBeAg thanh HBeAb, hodic su
hao hut HBeAg, hodc su chudn héa mirc alanin aminotransferaza va su cai thién trong
md gan. Hop chét cia vi du, lwong nay c¢6 thé thip hon lwong ma doc ddi véi té bao binh

thuong, hodc toan bd co thé nguoi.

Trong mot vi du, Iugng hitu hiéu vé mit duge ly ctia hop chét theo sang ché duoc
sir dung ngoai duong tiéu hoa trong mdi liéu s& ndm trong khoang tir khoang 0,01 dén
100 mg/kg, theo mot cach khac tir khoang 0,1 dén 20 mg/kg trong luong co thé bénh
nhan trong mdi ngay, v6i khoang ban dau dién hinh ctia hop chit dugc sir dung 14 tir
khoang 0,3 dén 15 mg/kg/ngay. Theo mot phuong an khéc, dang don vi lidu lugng ding
qua duong miéng, nhu vién nén va vién hang, chira hop chit theo sang ché véi luong

nim trong khoang tir khoang 0,1 d&n 1000mg.

Hop chét theo sang ché c6 thé dugc sir dung bang cach thich hop bét ky, bao
gém viéc st dung qua duong miéng, cuc b (bao gém trong miéng va dudi ludi), truc
trang, &m dao, qua da, ngoai rudt, dudi da, trong bung, trong phéi, trong da, trong tuy
mac va ngodi mang cimg va trong miii, va, néu muén dé diéu tri khu trd, 13 sir dung
trong thuong ton. Viéc truyén ngoai tiéu hoa bao gébm viéc sit dung trong co, trong

tinh mach, trong dong mach, trong bung, hogc dudi da.

Hop chét theo sang ché ¢6 thé duoc sir dung & dang ding thuén loi bét ky, ching

-62-



21530

han, vién nén, bt, vién nang, dung dich, thé phén tén, huyén phu, sird, thude phun,
thubc dan, gel, nhii twong, cao dén, v.v.. Céc ché phdm nay c6 thé chira cac hop phén
thong thudng trong duge pham, ching han, chit pha lodng, chét mang, chit bién dbi

d6 pH, chat 1am ngot, chat tao khéi, va cac hoat cht khac,

Ché phim dién hinh dugc bao ché bing cach tron hop chét theo sang ché va chit
mang hoac ta dugc. Céc chét mang va ta dugc thich hop la dd dugc ngudi ¢6 trinh do
trung binh trong linh vyc nay biét rd va dugc md ta chi tiét trong, chfing han, tai liéu:
Ansel, Howard c., et al., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery
Systems. Philadelphia: Lippincott, Williams & Wilkins, 2004; Gennaro, Alfonso R.,
et al. Remington: The Science and Practice of Pharmacy. Philadelphia: Lippincott,
Williams & Wilkins, 2000; va Rowe, Raymond c. Handbook of Pharmaceutical
Excipients. Chicago, Pharmaceutical Press, 2005. Ché phdm cling c6 thé bao gdm mot
hozc nhiéu dung dich dém, chét 1am &n dinh, chit hoat dong bé mit, chit thim uét,
chét lam tron, chit nhii héa, chét tao huyén phu, chit bao quan, chét chéng, oxy hoa,
chét tao mo duc, chit gdy truot, chit hd trg xu ly, chét tao mau, chat 1am ngot, chit
tao hurong thom, chét tao huong vi, chit pha lodng va cac phu gia d3 biét khac d& tao
ra vé bén ngoai wa nhin cia thude (ttc 13, hop chét theo sang ché hodc dugc phdm

chita nd) hozc hd trg viéc bao ché dugc phirn (tirc 14, thude).

Mot vi du vé dang lidu dung qua dudng miéng thich hop la vién nén chira hop
chét theo sang ché véi lwong ndm trong khoang tir 0,1 mg dén 1000mg dugc két hop
v6i lactoza khan véi lwgng nam trong khoang tir 30mg dén 90mg, natri croscarmeloza
voi lugng nim trong khoang tir 5mg dén 40mg, polyvinylpyrolidon (PVP) K30 véi
lugng nim trong khoang tir 5mg dén 30mg, va magie stearat voi lwong nim trong
khoang tlr Img dén 10mg. Cac thanh phin da dugc tao thanh bdt trudce tién duge tron
v6i nhau va sau d6 dugc tron véi dung dich chira PVP. Ché phém thu duoc c6 thé
duoc lam khd, duogc tao hat, dugce tron véi magie stearat va duge nén thanh dang vién
nén bang cach str dung thiét bi théng thuomg. Mot vi du v& ché phdm sol khi ¢6 thé
dugc bao ché bang cach hoa tan hop chit, ching han, tir Smg dén 400mg, hop chét
theo sang ché trong dung dich dém thich hop, ching han, dung dich &m phosphat, bd
sung chit déng truong, ching han, mudi nhu natri clorua, néu muén. Dung dich nay
¢6 thé duoc loc, chfing han, béng céch st dung thiét bi loc kich ¢& 0,2 micron, d& loai

bo céc tap chét va chit ban.
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Do d6, mot phuong an clia sang ché bao gdm dugc phim chira hop chat c6 cong
thire I, hodc chét déng phén 14p thé hodc mudi duoc dung ctia n6. Theo mét phuong én
khéc, sang ché bao gébm dugc phdm chira hop chét c6 cong thitc I, hodc chit dong phén
1ap thé hozic mudi duoc dung ciia né, cing véi chit mang hodc ta dugc duoc dung.

Vi du A va B sau ddy minh hoa ché phdm dién hinh ctia sing ché, nhung chi mang
tinh minh hoa.

Vidu A

Hop chét theo sang ché c6 thé duge sir dung theo cach da bibt tw n6 1am thanh phin
hoat tinh d& bao ché c4c vién nén c6 cac thanh phén sau:

Cho moi mét vién nén

Thanh phén hoat tinh 200 mg
Xenluloza vi tinh thé 155 mg
Tinh bdt ngbd 25 mg
Bot talc 25 mg
Hydroxypropylmetylxenluloza 20 mg
425 mg
ViduB

Hop chét theo sang ché c6 thé duoc st dung theo cach da biét tu né 1am thanh phén

hoat tinh d€ bao che cac vién nang c6 cac thanh phan sau:

Cho mdi mét vién nang

Thanh phan hoat tinh 100,0 mg
Tinh bdt ngd 20,0 mg
Lactoza 95,0 mg
Bot talc 4,5 mg
Magie stearat 0,5 mg
220,0 mg

Chi dinh va phuong phap diéu tri bénh
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Céc hop chit clia sang ché ¢6 thé trc ché qué trinh tdng hgp ADN de novo cia HBV
va lam giam mic ADN ctia HBV. Do d6, céc hop chét ctia sang ché hitu ich d& diéu tri

hozc phong ngira nhiém HBV.
Céc hop chét ciia sang ché hitu ich ding lam chit wc ché capsit HBV.

Séang ché dé cap dén viéc sir dung hop chét c6 cong thirc (I) hodic hop chit theo sang

ché dé diéu tri hoc phong ngira nhiém HBV.

Viée sir dung hop chét c6 cong thirc (I) hodc hop chét theo sang ché dé bao ché
thudc hitu ich dé diéu tri hodc phong cac bénh c6 lién quan dén nhidm HBV ciing 1a mét

muc dich cta sang cheé.

Cu thé, séng ché dé cap dén vide st dung hop chét c6 cong thire (I) hodc hop chét
theo sang ché dé bao ché thudc dé didu tri hodc phong ngira nhiém HBV.

Mot phuong 4n khac bao gdm phuong phap dé diéu tri hodc phong ngita nhiém
HBV phuong phép niy bao gdm phuong phap viéc ding mot luong cho tac dung tri liéu
cua hop chét c6 cong thirc (I), chit ddng phén lap thé, tautome, tién duoc chit hoic mudi

duoc dung cta ching.
Phuong phép diéu tri bénh két hop

Céc hgp chat cua sang ché cé the dugce st dung cung véi interferon, cac interferon
dugc peg hda, Lamivudine, Adefovir dipivoxil, Entecavir, Telbivudine, va Tenofovir

disoproxil dé diéu tri hodc phong ngira nhiém HBV.
Vi du thwe hién sang ché

Sang ché s& dugc hiéu mot cach day di hon bang cach vién din cac vi du sau. Tuy

nhién, khong nén hiéu céc vi du nady lam gidi han pham vi ctia sang ché.
Céc chit viét tit dugc st dung trong ban md ta 13 nhu sau:

[a]p™": quay quang & goc 20°C

BOMCI1 este benzylclometyl

Cal’d thuyét: duoc tinh theo 1y thuyét

CCsp: néng d6 lam chét 50% té bao

CCK-8: b kit-8 dém té bao
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CCly: cacbon tetraclorua
Ct: Ngudng chu ky
d: ngay

DIPEA: N, N-diisopropyletylamin
DCM: diclometylen
PE: ete dau mo

DMSO: dimetylsulfoxit

DEA: dietyl amin
DNA: axit deoxyribonucleic
EtOH: etanol

EtOAc hodc EA: etyl axetat
g: gam
ECs: ndng d6 cho hiéu qua bing 1/2 mirc hidu qua toi da

h hoac hr:  gid

hrs: fealy;

HAP: heteroaryldihydropyrimidin

HATU: 1-[Bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]pyridini 3-oxit
hexaflophosphat

HBeAb: khang thé e viém gan B

HBeAg: khéng nguyén e viém gan B

HBsAg: khang nguyén bé mat viém gan B

HCI: hydro clorua

HPLC: sdc ky 16ng hidu ning cao

HPLC-UV: sic ky 1dng hiéu ning cao c6 bd do tia cyc tim
Hz: hertz

IPA: isopropanol
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LDA.: lithi diisopropylamit

METANOL-d4: metanol dugc do-te-ri hoa

MeOH: metanol
mg: miligam
MHz: megahertz
min: phut
mins: phut

mL: mililit
mm: milimet
mM: mmol/L
mmol: milimol
MS: phd khdi
MW: phéan tir lugng

Na,SOy: natri sulfat

NaOH: natri hydroxit

NBS: N-bromosuxinimit
NMR: cong hudng tir hat nhan
PBS: mubi dém phosphat
PD: duoc luc hoc

PK: dugc dong hoc

HPLC diéu ché: sdc ky 16ng hiéu ning cao diéu ché
rt: nhiét do trong phong
sat. bdo hoa

SFC: séc ky 10ng siéu téi han
TEA: trietylamin

Tet: tetraxyclin
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TFA: axit trifloaxetic
THEF: tetrahydrofuran
pg: microgam

pL: microlit

puM: micromol

UuV: bo do tia cuc tim
OD: mat do quang

pgRNA: ARN tién hé gen

gPCR: phén ung chudi polymeraza dinh luong

qRT-PCR:  phén tng chudi polymeraza dinh lugng theo thoi gian thuc
CYP: xytocrom P450

[Ir(COD),Cl],: bis(1,5-xyclooctadien)diiridi(T) diclorua

Cs,COs. xesi cacbonat

Pd(OAc),. paladi(Il) axetat

NaBHy: natri bohydrua

RuCl;: ruteni(IIl) clorua

Céc diéu kién thir nghiém chung

Céc hop chat trung gian va cac hop chét cudi cing duoc tinh ché bang séc ky cot
nhanh bing céch sir dung mét trong cac cdng cu sau: i) Hé thong Biotage SP1 va mo-dun
hop Quad 12/25. ii) Cong cu séc ky ¢ot nhanh két hop ISCO. Nhan silicagel va kich c& 13:
i) KP-SIL 60 A, c& hat: 40-60 uM; ii) CAS ding ky sb: Silica Gel: 63231-67-4, ¢& hat:
47-60 micron silicagel; iii) ZCX cua Qingdao Haiyang Chemical Co., Ltd, 15: 200-300
hodc 300-400.

Cac hop chit trung gian va céc hop chit cudi cing dugc tinh ché bang HPLC diéu
ché trén cot pha dao bang cach sir dung c6t XBridge™ Prep-C18 (5 pm, OBDTM 30 x
100 mm) cdt hodc cot SunFire™ Prep-C18 (5 um, OBDTM 30 x 100 mm). Hé théng tinh
ché Waters AutoP (Cot: XBridgeTM Prep-C18, 30 x 100 mm, b didu khién miu 2767,

Bom 2525, B do: Micromass ZQ va UV 2487, hé¢ dung moéi: axetonitril va amoni
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hydroxit 0,1% trong nuéc). Ddi véi viée tach khong ddi xtng SFC, c4c hop chét trung
gian duogc tach béng cdt khong ddi xing (Daicel chiralpak IC, 5 pm, 30 x 250 mm) st
dung hé théng Mettler Toledo SFC-Multigram III, hé dung méi: 95% CO, va 5% IPA
(TEA 0,5% trong IPA), 4p suét ngugc 100bar, UV do tim @ 254nm.

Phd LC/MS clia cic hop chit thu dugc bing cich st dung LC/MS (Waters™
Alliance 2795- Micromass ZQ), cac didu kién LC/MS 1a nhu sau (thoi gian vén hanh 6
phut):

Diéu kién axit: A: 0,1% axit formic trong H,O; B: 0,1% axit formic trong axetonitril;

biéu ki¢n bazo: A: 0,1% NH;-H,0 trong H,O; B: axetonitril;

Diéu kién trung tinh: A: H,0; B: axetonitril.

Phd khdi (MS): thuong chi ¢6 ion thé hién khéi lwgng chit géc duge ghi nhan, va
trir khi ¢6 quy dinh khac, ion khdi dugc néu 14 ion khéi duong (MH)".

Ph6 NMR thu dugc bing céch st dung Bruker Avance 400 MHz.

Tinh thé don duoc gén trong vong va duoc lam mat dén 160 K trong dong nito. Di
liéu duge thu trén nhidu xa k& Gemini R Ultra (Oxford Diffraction, UK) véi bic xa Cu-
K-alpha (1,54178A) va dugc xir Iy bing Crysalis-package. Giai phap cdu trac va tinh
chinh duoc tién hanh bang céach st dung phin mém ShelXTL (Bruker AXS, Karlsruhe)

Céc phan tng dugc hd trg vi séng duge tién hanh trong may tdng hop vi song

Biotage Initiator Sixty.

T4t ca céc phan (mg lién quan dén cac chit phan tmg nhay khi dugc tién hanh trong
mdi trudng khi argon. Céc chit phan tmg duoc st dung nguyén dang tit cic nha cung cép

thuong mai ma khéng can tinh ché thém trir khi ¢6 quy dinh khac.

Sang ch€ s& dugc hi€u mot cach day du hon bang cach vién dan cac vi du sau. Tuy

nhién, khong nén hiéu cac vi du nay lam gidi han pham vi cua sang che.
Vidu 1:

Metyl  (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0x0-1,3,4,8,9,9a-hexahydropyrazino[1,2-
c][1,3]oxazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit néu & d& muc nay duoc didu ché theo cac phuong phap tdng hop chung

duoc thé hién trong So d6 1. Phuong phap téng hop chi tiét dwoc dé xudt trong So dd 2.
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So db 2
Diéu ché hop chét A:

Thém ting giot dung dich cla natri metoxit (0,74 g, 14 mmol) trong 10 mL metanol
khd vao dung dich dd khudy cta thiazol-2-cacbonitril (1,5 g, 14 mmol) trong 5 mL
MeOH khd. Hon hop phén tng nay dugc khudy & nhiét d6 trong phong cho dén khi
nguyén lidu ban dau bién mait. Sau do, bd sung amoni clorua (1,5 g, 28 mmol) thanh mot
phan va hdn hop phan tmg nay dugc khudy qua dém. Nguyén li€u khong tan dugce loai bo
béng cach loc va phﬁn dich loc dugc ¢6 tao ra thiazol-2-cacboxamidin hydroclorua (hop
chit A) du6i dang chét rdn mau x4m, chit ndy dugc su dung tryc tiép trong bude tip
theo ma khong can tinh ché thém. MS: theo 1y thuyét 128 (MH"), theo thir nghiém 128
(MH").

Diéu ché hop chét B:

Thém kali axetat (0,20 g, 2,0 mmol) vao dung dich di khudy cua thiazol-2-
cacboxamidin hydroclorua (0,13 g, 1,0 mmol), metyl axetoaxetat (0,12 g, 1,0 mmol) va
2-clo-4-flobenzaldehyt (0,16 g, 1,0 mmol) trong trifloetanol (8 mL). Hon hop phan tng
ndy dugc hdi lwu trong 16 gid. Sau d6 né dugc lam lanh xudng nhiét do trong phong, hdn
hop phan ting nay duogc cd va phan cin dugc hoa tan trong etyl axetat va sau dé rira bang
nude mudi. Lép hitu co duge 1am kho trén natri sulfat. Dung méi nay dugc c6, va phén
cin nay dugc tinh ché bang cach chay sic ky cot (etyl axetat /ete dAu mé theo ty 1€ tir 1/4
dén 1/2) dé tao ra metyl este cia axit 4-(2-clo-4-flo-phenyl)-6-metyl-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic (hop chit B) du6i dang chit rdn mau vang. MS: theo ly
thuyét (MH") 366, theo thir nghiém (MH") 366.

Diéu ché hop chét B1:

Metyl este cua axit (R)-4-(2-clo-4-flo-phenyl)-6-metyl-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic (hgp chat B1) cia chét ddng phan ddi anh thu dugc qua viée tach
khong ddi xting SFC (SFC-Multigram; IC: 5 x 250 mm, 5u) cua metyl este cua axit 4-(2-
clo-4-flo-phenyl)-6-metyl-2-oxazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic (hgp chit B)
rira giai bing dung méi hdn hop ciia 85% CO, siéu téi han / 15% EtOH & téc do 100
mL/phtt. (-)-chdt ddng phan dbi anh B1 mong mubn dugc ria gidi trudc (+)-chit dong
phén d6i anh B2. C4u hinh tuyét dbi cua (-)-chit ddng phan ddi anh B1 dugc x4c dinh
bang cach nghién ctru nhiéu xa tia X (Fig. 1).
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Hop chét B1: [a]p>-55,0 (c 0,845, MeOH).
Hop chét B2: [a]p> +44,6 (c 0,175, MeOH).
Diéu ché hop chét C:

Thém NBS (0,20 g, 1,1 mmol) vao dung dich d3 khudy cta metyl este cua axit (R)-
4-(2-clo-4-flo-phenyl)-6-metyl-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic (0,37
g, 1,0 mmol) trong CCly (5 mL) thanh céc phin. Sau d6 hén hop phan ung nay dugc
khudy & nhiét d trong phong trong 1 gid, dung méi nay dugc loai bé trong chan khong
va phan cin nay duoc tinh ché bang cach chay sic ky cot tao ra metyl este cua axit (R)-6-
bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic
(hop chit C) duéi dang chit rin mau vang. MS: theo ly thuyét 445 (MH"), theo thir
nghiém 445 (MH").

Diéu ché hop chét hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hop chit D):

TOC Boc H
N | N. TFA
[ NaBH,, MeOH [N 1) tiphosgen DCM, TEA [
N
” ” 2) TFA,DCM &L\
(o] o) (0]
| 0 HO
E D

Budc 1: Metyl 4-boc-piperazin-2-axetat (CAS sb: 183742-33-8, Chemfinder) (1,0 g,
4 mmol) da dugc hoa tan trong 10 mL MeOH, sau d6 thém ting phdn NaBH, (1,5 g, 40
mmol) va khudy qua dém. Dung méi ndy dugc loai bo trong chan khéng va phin cin
duoc phén bb gita hdn hop ciia EtOAC va nuéc. Lop hitu co duge tach ra, va sau d6 lam
kho bang Na,SO, va cd tao ra tert-butyl este cta axit 3-(2-hydroxy-etyl)-piperazin-1-
carboxylic dudi dang dau thé (hop chét E), chit nay dugc sir dung truc tiép ma khéng cin
tinh ché thém.

Budc 2: tert-butyl este cia axit 3-(2-hydroxy-etyl)-piperazin-1-carboxylic (58 mg,
0,25 mmol) dd dugc hoa tan trong 4 mL diclometan va ImL DIPEA, va sau d6 1a thém
triphosgen (27 mg, 0,09 mmol) & nhiét d6 trong phong. Hon hop phan tng niy duoc
khudy trong 30 phut, va dung mdi ndy duoc loai bo trong chan khéng. Phéan cin dugc hoa
tan trong 3 mL diclometan va 1 mL TFA. Sau d6 hén hop phin mg nay duoc khudy

trong 1 gid, dung mdi ndy dugc loai bo trong chan khong tao ra mudi ctia axit hexahydro-
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pyrazino[1,2-c][1,3]oxazin-6-on triflo axetitic (hop chit D) duéi dang san phdm tho, chét
nay duoc st dung truc tiép ma khong can tinh ché thém. LC/MS: theo 1y thuyét 157
(MH"), theo thir nghiém 157 (MH").

Diéu ché Vi du 1:

Thém timg giot DIPEA (0,078 mL, 0,45 mmol) vao dung dich di khudy cua metyl
este cua axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic (0,072 g, 0,16 mmol) va mudi cta axit hexahydro-pyrazino[1,2-
c][1,3Joxazin-6-on triflo axetitic (hgp chit D, dang thd, 0,25 mmol) trong 1,2-dicloetan
(5 mL). Hon hop phan tmg nay dugc khudy & nhiét d6 trong phong cho dén khi nguyén
lidu ban d4u bién méat. Hon hop nay duge pha lodng bing EtOAc (50 mL) va rira lién tiép
bang dung dich nuéc NH,CI bdo hoa va nude mudi. Lép hitu co dugce tach ra va sau d6
lam kho b%tng Na,SO;. Dung mdi ndy duge cd trong chan khong va san phdm thd duge
tinh ché bing HPLC didu ché tao ra metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0xo0-
1,3,4,8,9,9a-hexahydropyrazino[1,2-c][1,3]oxazin-2-yl)metyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (Vi du 1) du6i dang chét rin mau vang nhat (11 mg). 'H
NMR (400 MHz, METANOL-d,4) d ppm 7,97 (dd, J = 3,01, 1,00 Hz, 1H), 7,81 (d, J =
3,01 Hz, 1H), 7,46 (dd, J = 8,66, 6,15 Hz, 1H), 7,26 (dd, J = 8,78, 2,51 Hz, 1H), 7,00 -
7,13 (m, 1H), 6,19 (d, J = 1,76 Hz, 1H), 4,19 - 4,48 (m, 4H), 4,11 (d, J = 16,06 Hz, 1H),
3,76 - 3,94 (m, 1H), 3,62 (s, 3H), 3,18 - 3,31 (m, 2H), 2,37 - 2,80 (m, 3H), 2,11 - 2,30 (m,
1H), 1,90 (qdd, J = 14,37, 14,37, 14,37, 9,22, 5,40 Hz, 1 H). MS: theo ly thuyét 520
(MH"), theo thir nghiém 520 (MH").

Vidu 2:

Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(4-0x0-6,7,9,9a-tetrahydro-1H-pyrazino[2,1-
c][1,4]oxazin-8-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit ¢ dé muc ndy duoc diéu ché tuong tu véi Vi du 1 bfmg cach sir dung
1,6,7,8,9,9a-hexahydropyrazino[2,1-c][1,4]oxazin-4-on (WuXi AppTec (Wuhan) Co.,
Ltd, catald s&: WX111240; dé tdng hop hop chit nay, xem tai li¢u: Tang, Pengcho et al.,
PCT Int. Appl., 2012019426) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chét D). Hop chét cta vi du 2 thu dugc duéi dang chit rén mau vang nhat (9 mg). 'H
NMR (400 MHz, METANOL-d,) d ppm 7,96 (d, J = 3,14 Hz, 1H), 7,76 (d, J = 3,14 Hz,
1H), 7,43 (dd, J = 8,72, 6,09 Hz, 1H), 7,24 (dd, J = 8,72, 2,57 Hz, 1H), 6,96 - 7,12 (m,
1H), 6,18 (d, J = 2,26 Hz, 1H), 4,46 - 4,66 (m, 1H), 4,05 - 4,22 (m, 3H), 3,77 - 4,05 (m,
3H), 3,53 - 3,73 (m, 4H), 2,94 - 3,13 (m, 2H), 2,81 - 2,94 (m, 1H), 2,15 - 2,52 (m, 2 H).
MS: theo ly thuyét 520 (MH"), theo thir nghiém 520 (MH").

Vidu 3:

Metyl (4R)-6-[[(8aR)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit & & muc nay dugc diéu ché tuong tu véi Vi du 1 bang céch st dung (S)-
4-N-Boc-2-hydroxymetyl-piperazin (CAS sd: 314741-40-7, Bepharm) thay cho tert-butyl
este clia axit 3-(2-hydroxy-etyl)-piperazin-1-carboxylic(hop chit E). Hop chit & Vi duy 3
thu dwgc dudi dang chat rin mau vang nhat (21 mg). "H NMR (400 MHz, METANOL-d,)
d ppm 7,93 - 8,00 (m, 1H), 7,73 - 7,84 (m, 1H), 7,40 - 7,50 (m, 1H), 7,25 (dd, J = 8,66,
2,64 Hz, 1H), 7,00 - 7,12 (m, 1H), 6,15 - 6,22 (m, 1H), 4,42 - 4,57 (m, 1H), 4,25 (d, J =
16,81 Hz, 1H), 4,13 - 4,22 (m, 1H), 3,99 - 4,13 (m, 2H), 3,78 - 3,90 (m, 1H), 3,56 - 3,67
(m, 3H), 3,29 - 3,39 (m, 1H), 3,25 (d, J = 9,03 Hz, 1H), 2,96 (d, J = 11,04 Hz, 1H), 2,30
-2,61 (m, 2 H). MS: theo ly thuyét 506 (MH"), theo thir nghiém 506 (MH").

Vi du 4:

Metyl (4R)-6-[[(8aS)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chit & d muc nay duogc didu ché tuong tu véi Vidu 1 béng cach sur dung (R)-
4-N-boc-2-hydroxymetyl-piperazin (CAS sb: 278788-66-2, Bepharm) thay cho tert-butyl
este cla axit 3-(2-hydroxy-etyl)-piperazin-1-carboxylic (hop chét E). Hop chét cta vi du
4 thu dugc dudi dang chét rin mau vang nhat (20 mg). "H NMR (400 MHz, METANOL-
ds) d ppm 7,92 - 8,00 (m, 1H), 7,78 (d, J = 3,26 Hz, 1H), 7,44 (dd, J = 8,78, 6,02 Hz,
1H), 7,25 (dd, J = 8,66, 2,64 Hz, 1H), 7,01 - 7,12 (m, 1H), 6,14 - 6,21 (m, 1H), 4,46 (t, J
= 8,53 Hz, 1H), 4,18 - 4,26 (m, 1H), 4,08 - 4,18 (m, 1H), 3,97 - 4,08 (m, 2H), 3,82 - 3,93
(m, 1H), 3,53 - 3,67 (m, 3H), 3,34 - 3,40 (m, 1H), 3,08 (d, J = 10,54 Hz, 2H), 2,46 - 2,60
(m, 1H), 2,28 - 2,44 (m, 1 H). MS: theo ly thuyét 506 (MH"), theo thir nghiém 506 (MH").

Vidu 5:
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Metyl (4R)-6-[[(8aS)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chét & ¢ muc nay duoc diu ché bang viéc tach khoéng dbi ximg SFC cua
metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-
2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hgp chét F). Hop chét cta
vi du 5 thu duoc dudi dang chét rin mau vang nhat (14 mg). 'H NMR (400 MHz,
METANOL-dy) d ppm 7,90 - 7,99 (m, 1H), 7,72 - 7,82 (m, 1H), 7,36 - 7,52 (m, 1H), 7,20
- 7,31 (m, 1H), 7,06 (td, J = 8,41, 2,76 Hz, 1H), 6,18 (s, 1H), 4,18 (d, J = 17,07 Hz, 1H),
3,97 - 4,04 (m, 2H), 3,86 - 3,97 (m, 1H), 3,61 (s, 3H), 3,21 (d, J = 9,29 Hz, 1H), 3,03 -
3,16 (m, 1H), 2,83 - 2,95 (m, 1H), 2,36 - 2,56 (m, 2H), 2,19 - 2,35 (m, 3H), 1,66 - 1,82
(m, 1 H). MS: theo Iy thuyét 504 (MH"), theo thir nghiém 504 (MH").

F Vidys Vi du 56
Diéu ché metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0x0-1,3,4,7,8,8a-hexahydropyrolo
[1,2-a]pyrazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hop chét
F):
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Hop chit F dugc diéu ché tuong tu vdi hop chét cua vi dul b?mg cach st dung
hexahydropyrolo[1,2-a]pyrazin-6(2H)-on (CAS sb: 117810-52-3, Bepharm; dé téng hop
hop chét niy, xem tai liéu: Alvaro G., Large C. PCT Int. Appl., 2008090115) thay cho
hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hop chét D).

Vidu 6:

Metyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chit & dé muc nay dwoc didu ché bing viéc tach khong dbi ximg SFC cua
metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-
2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hop chit F) trong Vi du 5.
Hop chét ctia vi du 6 thu dugce dudi dang chit rin mau vang nhat (14 mg). "H NMR (400
MHz, METANOL-d4) d ppm 7,87 - 8,01 (m, 1H), 7,71 - 7,81 (m, 1H), 7,36 - 7,49 (m,
1H), 7,19 - 7,29 (m, 1H), 7,06 (td, J = 8,41, 2,51 Hz, 1H), 6,18 (s, 1H), 4,11 - 4,21 (m,
1H), 4,06 (dd, J = 12,55, 3,01 Hz, 1H), 3,95 - 4,02 (m, 1H), 3,89 (dtd, J = 10,73, 7,25,
7,25, 3,64 Hz, 1H), 3,53 - 3,65 (m, 3H), 3,01 - 3,19 (m, 3H), 2,33 - 2,54 (m, 3H), 2,22
(dddd, J = 13,08, 9,38, 7,65, 4,02 Hz, 1H), 2,12 (t, J = 10,92 Hz, 1H), 1,61 - 1,76 (m, 1
H). MS: theo 1y thuyét 504 (MH"), theo thir nghiém 504 (MH").

Vidu7:

Metyl (4R)-6-[[(8aR)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit & @ muc nay dugc didu ché twong ty voi Vi du 1 bﬁng cach st dung 2-
bromo-4-flobenzaldehyt va (8aR)-2,3,4,7,8,8a-hexahydro-1H-pyrolo[1,2-a]pyrazin-6-on
(dé tong hop hop chit, xem tai liéu: Tang P., et al, PCT Int. Appl., 2012019426) thay cho
2-clo-4-flobenzaldehyt va hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hop chit D). Hop
chét ctia vi du 7 thu duoc dudi dang chat rdn mau vang nhat (19 mg). '"H NMR (400 MHz,
METANOL-d,) d ppm 7,95 (d, J = 3,26 Hz, 1H), 7,76 (d, J = 3,01 Hz, 1H), 7,35 - 7,48
(m, 2H), 7,11 (td, J = 8,41, 2,76 Hz, 1H), 6,17 (s, 1H), 4,09 - 4,19 (m, 1H), 4,05 (dd, J =
12,80, 2,76 Hz, 1H), 3,93 - 4,01 (m, 1H), 3,89 (dtd, J = 10,63, 7,23, 7,23, 3,76 Hz, 1H),
3,61 (s, 3H), 2,95 - 3,18 (m, 3H), 2,31 - 2,54 (m, 3H), 2,15 - 2,28 (m, 1H), 2,08 (t, J =
10,92 Hz, 1H), 1,61 - 1,75 (m, 1 H). MS: theo ly thuyét 548 (MH"), theo thtr nghiém 548
(MH).

Vidu 8:

Etyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-ylJmetyl]-
4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit & d muc nay dugc diéu ché tuong tu véi Vi du 1 béng cach sur dung 2-
bromo-4-flobenzaldehyt, etyl axetoaxetat va (8aR)-2,3,4,7,8,8a-hexahydro-1H-
pyrolo[1,2-a]pyrazin-6-on (dé tong hop hop chét, xem tai liéu: Tang P., et al, PCT Int.
Appl., 2012019426) thay cho 2-clo-4-flobenzaldehyt, metyl axetoaxetat va hexahydro-
pyrazino[1,2-¢][1,3]oxazin-6-on (hop chit D). Hop chét cta vi du 8 thu duge dusi dang
chét rdn mau vang nhat (8 mg). '"H NMR (400 MHz, METANOL-d,) d ppm 7,95 (d, J =
3,01 Hz, 1H), 7,76 (d, J = 3,26 Hz, 1H), 7,36 - 7,53 (m, 2H), 7,12 (td, J = 8,34, 2,64 Hz,
1H), 6,18 (s, 1H), 4,11 - 4,17 (m, 1H), 4,05 (q, J = 6,86 Hz, 2H), 3,97 (d, J = 16,81 Hz,
1H), 3,83 - 3,93 (m, 1H), 2,94 - 3,19 (m, 3H), 2,30 - 2,53 (m, 3H), 2,22 (ddd, J = 16,75,
12,86, 3,51 Hz, 1H), 2,07 (t, J = 10,67 Hz, 1H), 1,61 - 1,75 (m, 1H), 1,15 (t, J = 7,15 Hz,
3 H). MS: theo ly thuyét 562 (MH"), theo thir nghiém 562 (MH").

Vidu9:

Etyl (45)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-2-yl]metyl]-
4-(3,4-diflophenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chit & d& muc nay duoc diéu ché tuong ty voi Vidu 1 br?mg cach str dung 3,4-
diflobenzaldehyt, etyl axetoaxetat va (8aR)-2,3,4,7,8,8a-hexahydro-1H-pyrolo[1,2-a]
pyrazin-6-on (dé tong hop hop chét, xem tai liéu: Tang P., et al, PCT Int. Appl.,
2012019426) thay cho 2-clo-4-flobenzaldehyt, metyl axetoaxetat va hexahydro-
pyrazino[1,2-c][1,3]oxazin-6-on (hop chat D). Hop chét ctia vi du 9 thu dwoc dudi dang
chit rin mau vang nhat (11 mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,94 - 8,05
(m, 1H), 7,81 (d, J = 3,01 Hz, 1H), 7,14 - 7,33 (m, 3H), 5,74 (s, 1H), 4,07 - 4,23 (m, 3H),
4,03 (dd, J = 13,05, 2,51 Hz, 1H), 3,83 - 3,94 (m, 2H), 3,09 (t, J = 12,55 Hz, 1H), 2,98 (d,
J = 10,54 Hz, 2H), 2,28 - 2,52 (m, 3H), 2,20 (ddt, J = 17,00, 9,29, 3,80, 3,80 Hz, 1H),
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2,05 (t, J = 10,92 Hz, 1H), 1,59 - 1,73 (m, 1H), 1,24 (t, J = 7,15 Hz, 3 H). MS: theo ly
thuyét 502 (MH"), theo thir nghiém 502 (MH").
Vi du 10:

Etyl (4R)-4-(2-clo-3-flo-phenyl)-6-[(6-0x0-3,4,7,8,9,9a-hexahydro-1H-pyrido[1,2-
a]pyrazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chét & dé muc nay dugc diéu ché twong tu v6i Vi duy 1 bang cach st dung 2-
clo,3-flobenzaldehyt, etyl axetoaxetat va 1,2,3,4,7,8,9,9a-octahydropyrido[1,2-a]pyrazin-
6-on mudi hydroclorua (J & W Pharm Lab, CAS sb: 151665-85-9; d& tdng hop hop chét
nay, xem tai liéu: Ghelardini C. et al. PCT Int. Appl., 2009103176) thay cho 2-clo-4-
flobenzaldehyt, metyl axetoaxetat va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chét D). Hop chét ctia vi du 10 thu dwoc dudi dang chét rén mau vang nhat (6 mg). 'H
NMR (400 MHz, METANOL-d,) d ppm 8,02 (d, J = 3,26 Hz, 1 H), 7,96 (d, J = 3,26 Hz,
1H), 7,23 - 7,38 (m, 2H), 7,10 - 7,21 (m, 1H), 6,23 (s, 1 H), 4,56 - 4,78 (m, 2H), 3,82 -
4,21 (m, 5H), 3,05 - 3,28 (m, 4H), 2,40(m, 2H), 1,5-2,21(m, 4 H), 1,21(m, 3 H). MS: theo
Iy thuyét 532 (MH"), theo thir nghiém 532 (MH").

Vidu 11:

Metyl (4R)-6-[[(8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chét & @& muc nay duoc didu ché tuong tw v6i Vi du 1 bang céach s dung
(8a8)-2,5,6,7,8,8a-hexahydro-1H-imidazo[ 1,5-a]pyrazin-3-on (hop chit H) thay cho
hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hgp chét D). Hop chit ciia vi du 11 thu duoc
du6i dang chét rin mau vang nhat (11 mg). '"H NMR (400 MHz, METANOL-d,) d ppm
7,93 - 8,01 (m, 1H), 7,72 - 7,81 (m, 1H), 7,38 - 7,49 (m, 1H), 7,24 (dd, J = 8,66, 2,64 Hz,
1H), 7,06 (td, J = 8,47, 2,64 Hz, 1H), 6,18 (s, 1H), 4,04 - 4,17 (m, 1H), 3,95 - 4,02 (m,
1H), 3,89 - 3,95 (m, 1H), 3,84 (dd, J = 13,43, 2,38 Hz, 1H), 3,61 (s, 3H), 3,53 (t, J =
8,91 Hz, 1H), 3,11 - 3,21 (m, 1H), 3,06 (dd, J = 9,41, 4,64 Hz, 1H), 2,92 (dd, J = 9,79,
1,51 Hz, 1H), 2,84 (dd, J = 11,17, 2,64 Hz, 1H), 2,38 (td, J = 11,67, 3,51 Hz, 1H), 2,19 -
2,29 (m, 1 H). MS: theo ly thuyét 505 (MH"), theo thir nghiém 505 (MH").

.-\‘H
N
HN H
o7 H ~

DIPEA, CICH,CH,CI

Diéu ché (8aS)-2,5,6,7,8,8a-hexahydro-1H-imidazo[ 1,5-a]pyrazin-3-on (hop chét
H):
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Buéc 1: Thém mubi dihydroclorua cta axit (2S)-piperazin-2-carboxylic (30 g, 0,15
mol) vao dung dich d4 khudy ctia Na,CO; (118 g, 1,11 mol) trong nu6c (600 mL) & 25°C,
tiép theo 1a di-tert-butyl dicacbonat (112 g, 0,56 mol) va tetrahydrofuran (300 mL). Sau
d6, hdn hop nay duoc khudy trong 20 gid nita & nhiét d6 trong phong. Hon hop phan ting
ndy duoc cb trong chan khéng va dung dich tao ra dwgc chiét bing metyl fert-butyl ete
(200 mL) ba 14n d& loai bo cé4c loai khong phén cuc. Lép chita nude duoc lam lanh xudng
duéi 0°C va sau d6 duge xir Iy bang HCI 3,0 M cho dén khi dat dén do pH tir 2 dén 3.
Sau d6, né duoc chiét bing etyl axetat (500 mL) ba lan. Lép hitu co di két hop duge lam
kho béng NaySQOy, va sau d6 dugc loc va c6 trong chan khong tao ra hgp chat I (39 2).

Budc 2: Thém timg giot phirc chat BH;. THF (240 mL, 0,24 mol) vao dung dich ctia
Hop chét I (39 g, 0,12 mol) trong tetrahydrofuran (200 mL) & 0°C trong mdi trudng N,
Sau d6, hdn hop nay dugc dé 4m dén nhiét d6 trong phong va dugc gia nhiét dén nhiét do
hdi luu trong 2~3 gid. Hon hop phan tmg nay dugc dimg bing MeOH (100 mL) & 0°C va
dung dich thu dugc dugc cb trong chan khong. Phén cin dugc hoa tan lai vao trong
MeOH (200 mL) va dung dich nay dugc hoi luu trong khoang thoi gian tir 3 dén 4 gio.
Sau d6, dung méi nay dugc loai bo tao ra san phdm thd (45 g). San phim thé nay dwoc
tinh ché bing cach chay sic ky cot trén silic oxit (ete ddu mo/EtOAc = 10:1 dén 1:1) tao
ra Hop chét J (31 g).

Bud6ce 3: Thém dung dich cta diisopropyl azodicarboxylat (12,46 g, 61,63 mmol)
trong tetrahydrofuran (20 mL) vao dung dich cua Hop chat J (15 g, 47,41 mmol), PhsP
(16,17 g, 61,63 mmol) va phthalimit (9,07 g, 61,63 mmol) trong tetrahydrofuran khan
(230 mL) & 10°C trong mbi trudng N,. Sau d6, hdn hop nay dugce khudy trong 2 gid nita
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& 10°C. Hon hop phan tmg niy dugc dimg bang 1N HCI (100 mL) va sau d6 duge chiét
bang EtOAc (300 mL). Lép hitu co duge 1am kho trén Na,SOy, loc, va sau d6 cb trong
chin khéng tao ra san phdm tho (50 g). San pham thd dugc nghién min véi ete dau
mo/EtOAc (200 mL, V/V=5:1) tao ra san phim thé (25 g) voi viéc loai bod
triphenylphosphin oxit va céc tap chit khac. San phidm thé dugc tinh ché bang cach chay
séc ky cot trén silic oxit (ete ddu md/EtOAc=20: 1) thu duge san phim tinh khiét K (12 )
dudi dang chit rdn mau tring va mét s6 hop chit K khong tinh khiét (4 g).

Bude 4: Thém dung dich rugu metylamin (85 mL) vao dung dich d4 khudy ctua Hop
chat K (12 g, 26,9 mmol) trong etanol (85 mL) & nhiét d§ trong phong. Sau d6, hdn hop
nay duoc gia nhiét dén nhiét do hoi luu trong 3 gio nita. Hon hop nay dugc dé ngudi
xubng nhiét d6 trong phong va sau d6 c6. Phan cin tao ra d dugc hoa tan trong nudc (50
mL), sau d6 duoc axit hoa dén do pH=3 béng dung dich HCI IN, va sau d6 dugc chiét
bing metyl-tert-butyl ete (50 mL) ba lan. B6 pH dugc didu chinh dén 10 bang NaOH rin
va hdn hop niy dugc chiét bing etyl axetat (150 mL) ba 1an. Lép hitu co duoge 1am kho
va loc va dung mdi nay duoc loai bd dudi 4p sudt giam tao ra Hop chit L (6 g san phim

tho).

Budce 5: Thém hop chat L (6 g, 19 mmol, dang thd) vao huyén phu da khudy cia
natri hydrua (1,0 g, 25 mmol) trong tetrahydrofuran (50 mL) & 0°C. Sau d6, hdn hop nay
dugc gia nhiét dén nhiét d6 hdi luu trong 2 giv. Va sau d6 thém NaH nita (1,0 g, 25
mmol) vao hdn hop nay & nhiét d trong phong. Sau d6, hdn hop phén {mg nay duoc hdi
lwu trong 1 gid, phan ting ndy dwoc dimg bing nuéce da (100 mL) va sau d6 duoc chiét
bang EtOAc (300 mL). L6p hiru co duoc bde hoi trong chan khéng tao ra san phdm tho
(5 g). San phim th6é dugc tinh ché bang cach chay séc ky cft trén siliccagel
(EtOAc/MeOH = 200:1) tao ra Hop chat M (2,2 g, 40%).

Budc 6: Thém timg giot 10 mL TFA vio dung dich da khudy cta hop chit M (2,2
g, 9,1 mmol) trong 30 mL cta diclometan. Sau d6 hdn hop phan ting nay duoc khudy
trong 1 gid, dung mdi nay dugc loai bd trong chan khéng tao ra mubi cua axit (8aS)-
2,5,6,7,8,8a-hexahydro-1H-imidazo[1,5-a]pyrazin-3-on triflo axetitic (hop chét H) dudi

dang san phdm tho, chit nay dugc sir dung truc tiép ma khong cin tinh ché thém.

Vidu 12:
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Metyl (4R)-6-[[(8aS)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chit & @& muc nay duoc didu ché tuong tu véi Vidu 11 bang cach sir dung axit
(2R)-piperazin-2-carboxylic thay cho axit (2S)-piperazin-2-carboxylic. Hop chét cta vi
du 12 thu dugc dudi dang chét rdn mau vang nhat (13 mg). 'H NMR (400 MHz,
METANOL-d4) d ppm 7,91 - 8,01 (m, 1H), 7,71 - 7,81 (m, 1H), 7,42 (dd, J = 8,66, 6,15
Hz, 1H), 7,24 (dd, J = 8,66, 2,64 Hz, 1H), 7,05 (td, J = 8,41, 2,51 Hz, 1H), 6,18 (s, 1H),
4,12 (d, J = 17,32 Hz, 1H), 3,95 - 4,05 (m, 1H), 3,91 (d, J = 17,32 Hz, 1H), 3,77 (dd, J =
13,18, 1,88 Hz, 1H), 3,61 (s, 3H), 3,56 - 3,60 (m, 1H), 3,08 - 3,21 (m, 2H), 3,01 (dd, J =
10,79, 2,76 Hz, 1H), 2,74 (d, J = 11,29 Hz, 1H), 2,39 (t, J = 10,92 Hz, 1H), 2,24 (td, J =
11,67, 3,26 Hz, 1 H). MS: theo ly thuyét 505 (MH"), theo thir nghiém 505 (MH").

Vidu 13:

Etyl (4R)-6-[[(8aS)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit & d& muc nay duoc didu ché tuong tu véi Vi du 11 bing cach sir dung 2-
bromo-4-flobenzaldehyt va etyl axetoaxetat thay cho 2-clo-4-flobenzaldehyt va metyl
axetoaxetat. Hop chat ctia vi du 13 thu duoc duéi dang chét rin mau vang nhat (34 mg).
'H NMR (400 MHz, METANOL-d4) d ppm 7,91 - 8,02 (m, 1H), 7,78 (d, J = 3,01 Hz,
1H), 7,34 - 7,53 (m, 2H), 7,12 (td, J = 8,41, 2,76 Hz, 1H), 6,18 (s, 1H), 4,15 - 4,31 (m,
1H), 3,93 - 4,13 (m, 4H), 3,76 - 3,89 (m, 1H), 3,61 (t J = 8,91 Hz, 1H), 3,07 - 3,25 (m,
3H), 2,83 - 3,03 (m, 1H), 2,55 (br. s., 1H), 2,40 (br. s., 1H), 1,14 (t, J = 7,15 Hz, 3 H).
MS: theo ly thuyét 563 (MH"), theo thir nghiém 563 (MH™).

Vi du 14:

Etyl (4R)-6-[[(8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-yl]
metyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chit & @& muc nay dugc didu ché tuong tu véi Vi du 12 béng cach sir dung 2-
bromo-4-flobenzaldehyt va etyl axetoaxetat thay cho 2-clo-4-flobenzaldehyt va metyl
axetoaxetat. Hop chit ctia vi du 14 thu duoc dudi dang chit rin mau vang nhat (34 mg).
'H NMR (400 MHz, METANOL-d,) d ppm 7,92 - 8,01 (m, 1H), 7,78 (d, J = 3,26 Hz,
1H), 7,35 - 7,56 (m, 2H), 7,12 (td, J = 8,41, 2,76 Hz, 1H), 6,18 (s, 1H), 4,17 - 4,32 (m,
1H), 3,96 - 4,16 (m, 4H), 3,89 (dd, J = 13,55, 2,51 Hz, 1H), 3,49 - 3,64 (m, 1H), 3,17 -
3,28 (m, 1H), 2,97 - 3,17 (m, 3H), 2,31 - 2,68 (m, 2H), 1,14 (t, J = 7,15 Hz, 3 H). MS:
theo ly thuyét 563 (MH"), theo thir nghiém 563 (MH").

Vidu 15:

Metyl (4R)-6-[[(8aR)-1,3-diox0-5,6,8,8a-tetrahydroimidazo[ 1,5-a]pyrazin-7-yl]
metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Hop chit & dé muc nay duoc didu ché bang viéc tach khéng d6i xting SFC cua
metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(1,3-dioxo-5,6,8,8a-tetrahydroimidazo[1,5-a]
pyrazin-7-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hgp chat N). Hop
chit cua vi du 15 thu duge dudi dang chit rin mau vang (11 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 7,89 - 7,97 (m, 1H), 7,71 - 7,81 (m, 1H), 7,38 - 7,53 (m, 1H), 7,24
(dd, J = 8,78, 2,76 Hz, 1H), 7,07 (td, J = 8,41, 2,76 Hz, 1H), 6,19 (s, 1H), 4,28 - 4,40 (m,
1H), 4,15 - 4,26 (m, 1H), 3,92 - 4,07 (m, 2H), 3,61 (s, 3H), 3,36 (d, J = 4,77 Hz, 1H),
3,20 - 3,29 (m, 1H), 2,78 - 2,86 (m, 1H), 2,42 (t, J = 11,17 Hz, 1H), 2,29 (td, J = 11,86,
3,64 Hz, 1 H). MS: theo ly thuyét 519 (MH"), theo thir nghiém 519 (MH").

+

X

N
0 H

Vidu 15 Vidu 16

Diéu ché metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(1,3-dioxo-5,6,8,8a-
tetrahydroimidazo[1,5-a]pyrazin-7-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit N):

Hop chat & d& muc ndy duoc didu ché tuong ty v6i Vi du 1 bang cach st dung

6,7,8,8a-tetrahydro-5H-imidazo[1,5-a]pyrazin-1,3-dion (dé téng hop hop chét nay, xem
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tai ligu: WO2010/23480) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét
D).
Vidu 16:

Metyl (4R)-6-[[(8aS)-1,3-diox0-5,6,8,8a-tetrahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat

Hop chit & d& muc nay dugc didu ché béng viéc tich khéng dbi xung SFC cua
metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(1,3-diox0-5,6,8,8a-tetrahydroimidazo[1,5-
aJpyrazin-7-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hgp chit N)
trong Vi du 15. Hop chét ctia vi du 16 thu dugc dudi dang chét rin mau vang (10 mg). 'H
NMR (400 MHz, METANOL-dy4) d ppm 7,90 - 7,97 (m, 1H), 7,76 (d, J = 3,26 Hz, 1H),
7,37 - 7,49 (m, 1H), 7,24 (dd, J = 8,78, 2,76 Hz, 1H), 7,06 (td, J = 8,41, 2,76 Hz, 1H),
6,19 (s, 1H), 4,24 - 4,36 (m, 1H), 4,13 - 4,22 (m, 1H), 4,09 (dd, J = 13,43, 2,89 Hz, 1H),
3,98 - 4,06 (m, 1H), 3,61 (s, 3H), 3,27 (td, J = 12,67, 3,76 Hz, 1H), 3,18 (dd, J = 11,04,
4,27 Hz, 1H), 2,97 - 3,04 (m, 1H), 2,44 (td, J = 11,80, 3,76 Hz, 1H), 2,29 (t, J = 11,17
Hz, 1 H). MS: theo ly thuyét 519 (MH"), theo thir nghiém 519 (MH").

Vidu 17:

Metyl (4R)-6-[[(3aS)-1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]thiadiazolo[2,3-
a]pyrazin-5-ylmetyl}-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-

carboxylat
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Hop chét & dé muc nay duoc diéu ché bang viéc tach khong d6i xung SFC cua
metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]
thiadiazolo[2,3-a]pyrazin-5-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
(hop chét O). Hop chét ctia vi du 17 thu duge dudi dang chét rin mau vang (14 mg). 'H
NMR (400 MHz, METANOL-dy) d ppm 7,93 - 8,00 (m, 1H), 7,77 (d, J = 3,01 Hz, 1H),
7,44 (dd, J = 8,78, 6,02 Hz, 1H), 7,25 (dd, J = 8,66, 2,64 Hz, 1H), 7,06 (td, J = 8,41,
2,76 Hz, 1H), 6,18 (s, 1H), 4,12 - 4,26 (m, 1H), 3,97 - 4,10 (m, 1H), 3,58 - 3,70 (m, 4H),
3,42 - 3,55 (m, 2H), 3,03 - 3,20 (m, 4H), 2,63 - 2,76 (m, 1H), 2,42 (t, J = 10,54 Hz, 1 H).
MS: theo 1y thuyét 541 (MH"), theo thir nghiém 541 (MH").

Vidu 17 Vidu 18

Diéu ché metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(1,1-diox0-2,3,3a,4,6,7-hexahydro-
[1,2,5]thiadiazolo[2,3-a]pyrazin-5-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit O):
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Hop chit ¢ d& muc nay dugc diéu ché tuong tw véi Vi du 1 bang céach st dung
hexahydro-1-thia-2,5,7a-triaza-inden 1,1-dioxit (hop chit P) thay cho hexahydro-
pyrazino[1,2-¢][1,3]oxazin-6-on (hop chit D).

Diéu ché hexahydro-1-thia-2,5,7a-triaza-inden 1,1-dioxit (hop chit P):

Boc

| 1) sulfamit, pyridin, phén tr
[N luong, 150°C [ :L)
- N
N:% 2) TFA, DCM ob
H I H
H,N 0
P

Thém sulfamit (1,5 mmol) vao dung dich di khudy cta tert-butyl este cta axit 3-
aminometyl-piperazin-1-carboxylic (CAS sb: 1376099-80-7, Bepharm) (215 mg, 1,0
mmol) trong 2 mL pyridin. Hon hgp phan ting nay dwoc gia nhiét dén 150°C trong 6 gid
trong vi séng. Dung méi ndy dugc loai bd trong chan khong, va phin cin dugce hoa tan
trong 3 mL diclometan va 1 mL TFA. Hbn hop phan tmg nay dugc khudy trong 1 gio, va
dung mdi ndy duoc loai bd trong chan khong tao ra hop chit P thd, chét nay dugc su
dung truc tiép ma khéng can tinh ché thém. LC/MS: theo 1y thuyét 178 (MH"), theo thir
nghiém 178(MH").

Vidu 18:

Metyl (4R)-6-[[(3aR)-1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]thiadiazolo[2,3-
a]pyrazin-5-yllmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-

carboxylat

Hop chit & d& muyc nay dugc didu ché bang viéc tach khong dbi xung SFC cua

metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(1,1-dioxo-2,3,3a,4,6,7-hexahydro-[1,2,5]
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thiadiazolo[2,3-a]pyrazin-5-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
(hop chit O) trong Vi du 17. Hop chét cta vi du 18 thu duge dudi dang chét rdn mau
vang (28 mg). 'H NMR (400 MHz, METANOL-d4) d ppm 7,97 (d, J = 3,26 Hz, 1H),
7,79 (d, J = 3,26 Hz, 1H), 7,45 (dd, J = 8,78, 6,02 Hz, 1H), 7,25 (dd, J = 8,78, 2,51 Hz,
1H), 7,07 (td, J = 8,41, 2,76 Hz, 1H), 6,19 (s, 1H), 4,32 (d, J = 16,81 Hz, 1H), 4,09 (d, J
= 16,81 Hz, 1H), 3,67 - 3,81 (m, 1H), 3,58 - 3,66 (m, 3H), 3,46 - 3,58 (m, 2H), 3,29 -
3,31 (m, 1H), 3,23 (dd, J = 9,79, 8,78 Hz, 1H), 3,02 - 3,19 (m, 2H), 2,69 (q, J/ = 10,79 Hz,
2 H). MS: theo ly thuyét 541 (MH"), theo thir nghiém 541 (MH").

Vidu 19:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl1]-2,2-dimetyl-propanoic

o \\:gi
OH

Hop chit & dé muc nay dugc didu ché twong tw v&i Vi du 1 bang cach st dung 2-

clo,3-flobenzaldehyt, etyl axetoaxetat va axit 3-[(8aS)-3-ox0-1,5,6,7,8,8a-
hexahydroimidazo [1,5-a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hgp chét Q) thay cho 2-
clo-4-flobenzaldehyt, metyl axetoaxetat va hexahydro-pyrazino[l,2-c][1,3]oxazin-6-on
(hop chét D). Hop chét ctia vi du 19 thu dugc dudi dang chét rin mau vang nhat (12 mg).
'H NMR (400 MHz, METANOL-d,4) d ppm 7,92 - 8,02 (m, 1H), 7,70 - 7,80 (m, 1H),
7,21 - 7,36 (m, 2H), 7,10 - 7,21 (m, 1H), 6,19 - 6,28 (m, 1H), 3,99 - 4,14 (m, 3H), 3,81 -
3,96 (m, 3H), 3,47 - 3,56 (m, 1H), 3,38 - 3,44 (m, 1H), 3,27 - 3,32 (m, 1H), 3,15 - 3,25
(m, 1H), 3,07 - 3,14 (m, 1H), 2,79 - 2,96 (m, 2H), 2,30 - 2,41 (m, 1H), 2,13 - 2,23 (m,
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1H), 1,20 (d, J = 2,76 Hz, 6H), 1,13 (m, 3H). MS: theo Iy thuyét 619 (MH"), theo thir
nghiém 619 (MH").

Diéu ché axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]-
2,2-dimetyl-propanoic (hop chét Q):

H2N O\/ N
?OC "I' HCI [ j
: o}
NS ool [ j Swem O] [ j Sy
. |
[ j \\\\ N NaBH(OAc), HN Cbz
| : g\ﬂ/

|
| R o Cbz
OH OH Cbz

H TFA

Nj j
Pd-C, H, - [H Trphosgen _ [j 1.LiOH H0 [

—_—_—
HN ._{ 2. TFA, CH,CL CH,Cl, N—-Q
0
9\( N—
0 HO
v

u © —/ Y o @

Bude 1: Thém tung giot benzyl cloformat (7,13 g, 41,7 mmol) vao dung dich da
khudy cta (R)-4-N-boc-2-hydroxymetyl-piperazin (CAS sb: 314741-40-7, Bepharm; dé
tdng hop hop chét niy, xem tai liéu: Gao H., Renslo A. R. J. Org. Chem. 2007, 72, 8591-
8592) (6 g, 27,8 mmol) trong NaHCO; bdo hoa (45 mL) va EtOAc (45 mL) & 0°C. Sau
d6, hdn hop phan tng niy duge khudy & nhiét d6 trong phong trong 15 gid. Hén hop
phan tmg nay dugc pha lodng bang EtOAc (60 mL), va 16p hitu co duogce tach ra va 16p
nuéc duge chiét bang EtOAc (35 mL). Lép hitu co da két hop dugc 1am khd bing
Na,S04 va dung dich nay duogc cb tao ra san phém tho. San phém tho duoc tinh ché béng
cach chay séc ky cot trén silic oxit (Ete dau mo: EtOAc = 10:1 dén 1:1) tao ra Hop chit R
(6,7 g).

Buégc 2: Thém ting giot dimetyl sulfoxit (4,47 g, 57,3 mmol) vao dung dich da
khudy cta oxalyl clorua (3,64 g, 28,65 mmol) trong diclometan khan (80 mL) & -78°C.
Sau 10 phut, thém ting giot dung dich ctia Hop chit R (6,7 g, 19,1 mmol) trong
diclometan (20 mL). Sau d6 hdn hop nay dwoc khudy trong 30 phit & -78°C, thém N, N-
diisopropyletylamin (14,78 g, 114,6 mmol) va hdn hop phan tmg nay dugc khudy trong
30 phat. Sau d6 hdn hop phan tmg nay duoc 1am 4m tir tir &n 0°C trong hon 30 phit, hdn
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hop nay duoc pha lodng bing diclometan (80 mL), rira bing dung dich nudc axit xitric
5% (10 mL), nwéc mudi va sau d6 lam khd bing Na,SO,. Sau khi loc, hdn hop nay dugc

¢b trong chan khong dé thu duoc san phdm thé S (7 g).

Budc 3: Thém DIPEA (2,6 g, 27,3 mmol) vao dung dich d& khudy cta mudi etyl 3-
amino-2,2-dimetyl-propanoat hydroclorua (3,4 g, 18,6 mmol) trong DCM khan (100 mL)
& nhiét do trong phong. Sau d6 thém hop chit S (7 g, 20 mmol), tiép theo 1a
NaBH(OAc); (6,3 g, 29,8 mmol) va AcOH (1,5 mL). Hén hop phan tmg nay dugc khudy
trong 16 gio & nhiét d6 trong phong. Thém nudc (100 mL) va hdn hop nay duge chiét
bang DCM (100 mL). Lép hitu co duge 1am khé va cd trong chan khong dén kho tao ra
hop chit tho T (7,3 g).

Budce 4: Thém Pd/C (1 g) vao dung dich ctia Hop chat T (3,3 g, 6,9 mmol) trong
EtOH (100 mL). Sau d6 hén hop nay dugc khudy & 50°C trong 3 gid trong mdi truong
hydro (50 Psi). Hon hop phan {mg nay dugc loc va phan dich loc dwoc cb trong chén
khong thu dugc Hop chit U (1,8 g).

Budc 5: Thém N, N-diisopropyletylamin (3,4 g, 26,2 mmol) vao dung dich ctia Hop
chat U (1,8 g, 5,24 mmol) trong diclometan khan (60 mL) & 0°C. Sau d6 1a thém
triphosgen (783 mg, 2,62 mmol) & 0°C va hdn hop niy duoc khudy & nhiét d6 nim trong
khoang tir 10 dén 15°C trong 16 gid. Thém nudc (50 mL) va hdn hop nay duge chiét
bing diclometan (60 mL), va sau d6 lam kho bing Na,SO,4. Dung méi ndy duogc loai bo
trong chan khong tao ra san phdm thé. San phdm thé dugc tinh ché bang céch chay sic ky

cot trén silic oxit (ete ddu mod: EtOAc=5:1 dén 1:1) thu dwoc Hop chit V (1,3 g).

Budc 6: Thém dung dich cia LiOH-H,0O (215 mg, 5,10 mmol) trong HO (1 mL)
vao dung dich d& khudy ctia Hop chét V (240 mg, 0,64 mmol) trong THF (3 ml) ¢ nhiét
d6 trong phong. Sau d6 hdn hop phan tng nay dugc khudy & nhiét d6 trong phong qua
dém, n6 duoc axit hoa dén d6 pH tir 3 dén 4 bang HCI IN & 0°C. Hdn hop nay sau do6 cd
va dugc 1am kho ding sbi bing toluen tao ra san phdm th, san phim nay di duoc hoa tan
trong diclometan (2 mL) va dugc xur ly béng axit trifloaxetic (2 mL) & nhiét d6 trong
phong. Sau d6, hdn hop phan tng ndy dugc khudy & nhiét do trong phong trong 1 gid,
dung méi nay dugc loai bo trong chén khong tao ra axit 3-[(8aS)-3-oxo-1,5,6,7,8,8a-
hexahydroimida_zo[1,5-a]pyrazin-2-y1]-2,2-dimetyl-propanoic (hop chit Q), axit nay

duoce str dung truc tiép.
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Vi du 20:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clophenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metyl-propanoic

J\KS
N
SR
(en

N

N

o)
OH

0]

Hop chit & && muc nay dugc didu ché twong tu véi Vi du 19 bang céch sir dung 2-
clobenzaldehyt va mudi metyl 3-amino-2-metyl-propanoat hydroclorua (hgp chit W)
thay cho 2-clo-4-flobenzaldehyt va mubi etyl 3-amino-2,2-dimetyl-propanoat
hydroclorua. Hop chit ctia vi du 20 thu dugc dusi dang chat rdn mau vang nhat (20 mg).
'H NMR (400 MHz, METANOL-d,) d ppm 7,96 (d, J = 3,01 Hz, 1H), 7,75 (d, J = 3,01
Hz, 1H), 7,42 (d, J = 7,78 Hz, 2H), 7,14 - 7,36 (m, 2H), 6,22 (s, 1H), 3,97 - 4,16 (m, 3H),
3,79 - 3,97 (m, 3H), 3,43 - 3,59 (m, 2H), 3,26 - 3,43 (m, 2H), 3,05 - 3,26 (m, 2H), 2,80 -
2,99 (m, 2H), 2,65 - 2,80 (m, 1H), 2,35 (t, J = 10,79 Hz, 1H), 2,19 (q, J = 10,46 Hz, 1H),
1,06 - 1,24 (m, 5 H). MS: theo ly thuyét 587 (MH"), theo thir nghiém 587 (MH™).

Diéu ché mubi metyl 3-amino-2-metyl-propanoat hydroclorua (hgp chat W):

o)
SOCl,, MeOH
—_—

HZN/\HLOH HzNﬁ)J\O/

w

Thém tung giot SOCl, (6,17 g, 52,8 mmol) vao dung dich cua axit DL-3-
aminoisobutyric (CAS sd: 144-90-1, Aldrich) (2,7 g, 26,4 mmol) trong MeOH (50 mL) &

0°C trong méi trudng N, Phan tmg nay dwogc hdi luu trong 18 gid. Dung mbi nay dugc
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loai bd trong chan khong tao ra hop chit tho W, chét nay dugc st dung truc tiép trong

budc tiép theo.
Vidu 21:
Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-

dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metyl-propanoic

N)\(s
R,
o
N
o’ N\;\
OH

(o)

Hop chit & d& muc nay duogc diéu ché twong tu véi Vi du 19 b%mg cach sr dung
mudi metyl 3-amino-2-metyl-propanoat hydroclorua (hgp chit W) thay cho mudi etyl 3-
amino-2,2-dimetyl-propanoat hydroclorua. Hop chét ctia vi du 21 thu dugc dudi dang
chét rdn mau vang nhat (10 mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,96 (d, J =
3,26 Hz, 1H), 7,76 (d, J = 3,26 Hz, 1H), 7,21 - 7,36 (m, 2H), 7,10 - 7,21 (m, 1H), 6,24 (s,
1H), 3,98 - 4,17 (m, 3H), 3,79 - 3,98 (m, 3H), 3,42 - 3,58 (m, 2H), 3,24 - 3,42 (m, 2H),
3,08 - 3,24 (m, 2H), 2,79 - 2,96 (m, 2H), 2,73 (ddt, J = 10,63, 7,00, 3,73, 3,73 Hz, 1H),
2,30 - 2,43 (m, 1H), 2,13 - 2,27 (m, 1H), 1,08 - 1,24 (m, 5 H). MS: theo ly thuyét 605
(MH"), theo thir nghiém 605 (MH").

Vidu 22:

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic
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Hop chit & && muc nay dugc didu ché tvong tu v6i Vi du 19 bang cach sir dung 2-
metyl-3,4-diflobenzaldehyt thay cho 2-clo-4-flobenzaldehyt. Hop chét coa vi du 22 thu
duge dudi dang chét rin mau vang nhat (2 mg). '"H NMR (400 MHz, METANOL-d,) d
ppm 7,88 - 8,00 (m, 1H), 7,69 - 7,80 (m, 1H), 6,95 - 7,13 (m, 2H), 5,88 - 5,99 (m, 1H),
4,03 - 4,16 (m, 2H), 3,79 - 3,97 (m, 3H), 3,47 - 3,54 (m, 1H), 3,36 - 3,44 (m, 2H), 3,28 -
3,31 (m, 1 H), 3,07 - 3,24 (m, 2H), 2,76 - 2,94 (m, 2H), 2,57 (d, J = 2,26 Hz, 3H), 2,31 -
2,42 (m, 1H), 2,12 - 2,22 (m, 1H), 1,10 - 1,24 (m, 9 H). MS: theo ly thuyét 617 (MH"),
theo thir nghiém 617 (MH").

Vi du 23:

Etyl  (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-metoxy-1,1-dimetyl-2-oxo0-etyl)-3-0x0-
5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-7-ylJmetyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat
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Hop chat & d& muc nay dugc diéu ché tuong tu vai Vi du 19 b%mg cach str dung
mubi metyl 3-amino-2-metyl-propanoat hydroclorua thay cho mudi etyl 3-amino-2,2-
dimetyl-propanoat hydroclorua. Hop chét ctia vi du 23 thu duge dudi dang chit rén mau
vang nhat (4 mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,94 - 8,03 (m, 1H), 7,72 -
7,82 (m, 1H), 7,22 - 7,38 (m, 2H), 7,11 - 7,20 (m, 1H), 6,25 (s, 1H), 4,10 - 4,22 (m, 1H),
3,85 - 4,02 (m, 2H), 3,76 - 3,84 (m, 1H), 3,74 (d, J = 1,00 Hz, 2H), 3,59 - 3,71 (m, 1H),
3,12 - 3,30 (m, 2H), 2,76 - 3,03 (m, 2H), 2,20 - 2,52 (m, 2H), 1,50 (t, J = 7,78 Hz, 6H),
1,14 (t, J = 7,03 Hz, 3 H). MS: theo ly thuyét 619 (MH"), theo thir nghiém 619 (MH").

Vidu 24:

Metyl 7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-2,5,6,8-tetrahydro-1H-imidazo[1,5-a]pyrazin-8a-

carboxylat

Hop chit & dé muc nay dugc didu ché tuong tu véi Vi du 1 bang cach st dung 2-

clo,3-flobenzaldehyt, etyl axetoaxetat va metyl 3-oxo-1,2,5,6,7,8-hexahydroimidazo[1,5-
a]pyrazin-8a-carboxylat (hop chit X) thay cho 2-clo-4-flobenzaldehyt, metyl axetoaxetat
va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chit cta vi du 24 thu
dugc dudi dang chét ran mau vang nhat (5 mg). 'H NMR (400 MHz, METANOL-d,) d
ppm 7,96 (d, J = 3,26 Hz, 1H), 7,76 (d, J = 3,26 Hz, 1H), 7,27 - 7,35 (m, 1H), 7,26 (s,
1H), 7,16 (s, 1H), 6,22 (s, 1H), 3,97 - 4,14 (m, 3H), 3,87 - 3,95 (m, 1H), 3,78 - 3,85 (m,
1H), 3,67 (s, 3H), 3,46 (d, J = 9,79 Hz, 2H), 3,35 - 3,42 (m, 2H), 2,87 - 2,99 (m, 1H),
2,45 - 2,55 (m, 1H), 2,29 - 2,42 (m, 1H), 1,12 (t, J = 7,15 Hz, 3 H). MS: theo 1y thuyét
577 (MH"), theo thir nghiém 577 (MH").
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Diéu ché metyl 3-oxo0-1,2,5,6,7,8-hexahydroimidazo[1,5-a]pyrazin-8a-carboxylat
(hop chét X):

Cbz-Cl TEA, DCM, 0\]40 "7

nhiét d6 trong phong
LDA, THF LDA, THF, -78°C \(
] Bl
OiN-\Br ° j
o )\ SO
(0]

1) NH,, E{OH, nhiét _‘_
dd trong phong O ] H .
) triph DCM, 0°C
2) Pd/C, MeOH, H,, ) triphosgen - j

nhiét do trong phong j 2) TFA,DCM OJ%[N
N \

AA X

Budcel: 1-tert-butyl este 3-metyl este clia axit piperazin-1,3-dicarboxylic (244 mg,
1,0 mmol) d& duge hoa tan trong 5 mL diclometan, tiép theo 1a bd sung lién tiép TEA
(202 mg, 2,0 mmol) va benzyl cloformat (170 mg, 1,0 mmol) & nhiét d6 trong phong. Sau
d6 phan tmg nay duoc khudy trong 1 gid, hdn hop nay duoc pha losing bing diclometan,
va sau d6 rira bang nudc va nudc mudi. Dung mdi ndy dwgc cb tao ra hop chét thd Y,

chit nay duoc sir dung truc tiép ma khong can tinh ché thém.

Bu6e 2: 1-benzyl este 4-tert-butyl este 2-metyl este cua axit piperazin-1,2,4-
tricarboxylic (hop chét Y) tir budc trén da duoc hoa tan trong 5 mL THF & -78°C, sau d6
thém timg giot LDA (2 M, 1 mL, 2 mmol). Sau d6 hdn hop phan g nay duoc khudy
trong 2 gio ¢ -78°C, thém 2-bromometyl-isoindol-1,3-dion (239 mg, 1 mmol) trong 2 mL
THF. Hén hop phan tng nay dugc khudy qua dém. Dung méi ndy duoc loai bd trong
chéan khong va phén can duogc nghién min vé6i ete ddu mo. Chét rén dugc thu gom béng

céch loc, rira bing nudc va sau d6 1am kho trong chan khong tao ra Hop chit Z.

Buéc 3: 1-benzyl este 4-tert-butyl este 2-metyl este cta axit cua axit 2-(1,3-dioxo-
1,3-dihydro-isoindol-2-ylmetyl)-piperazin-1,2,4-tricarboxylic (hop chét Z) tir Bugc 2 da
dugc hoa tan trong 3 mL dung dich EtOH va 1 mL dung dich N,H,. Hon hop phan tng
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nay duoc khudy & nhiét do trong phong qua dém. Chét rén ndy duoc loc ra va phan dich
loc duoc c6 trong chan khong. Dau thd duge hoa tan trong 10 mL MeOH va khudy véi
50 mg Pd/C trong mo6i truong H, qua dém. Sau khi loc, dung mdi ndy dugce ¢d trong chan
khong tao ra 100 mg hop chét thd AA dudi dang dau, chit nay duogc st dung tryc tiép ma
khong can tinh ché thém trong budc tiép theo.

Budc 4: l-tert-butyl este 3-metyl este clia axit 3-aminometyl-piperazin-1,3-
dicarboxylic (hop chit AA) tir Budc 3 dd duoc hoa tan trong 4 mL diclometan va ImL
DIPEA, sau d6 thém triphosgen (108 mg, 0,36 mmol) & nhiét d trong phong. Sau d6 hdn
hop phan tmg nay dugc khudy trong 30 phut, dung mdi nay dugc loai bd trong chin
khong. Phan cin dugc hoa tan trong 3 mL diclometan va 1 mL TFA. Hon hop phan ting
ndy dugc khudy trong 1 giy & nhiét d trong phong, va dung méi nay duoc loai bd trong
chan khong tao ra hop chit tho X, chit nay duogc st dung truc tiép ma khong cén tinh ché

thém.

Vidu 25:

Metyl este cta axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic

HO
o)

Hop chit & d& muc nay duoc diéu ché tuong tu voi Vi du 1 bang cach st dung axit
4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-yl]benzoic (hgp chit AB)
thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chét cia vi du 25
thu duge dudi dang chat rin mau vang nhat (45 mg). "H NMR (400 MHz, METANOL-d,)
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d ppm 7,93-8,06 (m, 3H), 7,79 (d, 1H), 7,64-7,75 (m, 2H), 7,45 (m, 1H), 7,25 (m, 1H),
7,08 (m, 1H), 6,19 (s, 1H), 4,22 (d, 1H), 3,95-4,15 (m, 4H), 3,53-3,66 (m, 4H), 3,29 (d,
1H), 3,09 (d, 2H), 3,03-3,17 (m, 2H), 2,50-2,63 (m, 1H), 2,35 (br. s., 1H). MS: theo ly
thuyét 625 (MH+), theo thir nghiém 625 (MH").

Diéu ché axit 4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]benzoic (hop chét AB):

ot

N
PPh2 Pth PA(OAG), [ j
Cs,CO, \ N
dioxar N &
90°C
m o)
/o
AC
OYO
N N

oW TFA

_TFA RN

\N —\A
—é HO—:
(0]

Buéc 1: Hon hop coa tert-butyl (8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-
a]pyrazin-7-carboxylat (hgp chit M, 200 mg, 0,83 mmol), xantphos (46 mg, 0,08 mmol),
Cs,CO; (378 mg, 1,16 mmol), Pd(OAc), (18 mg, 0,08 mmol) va metyl este cua axit 4-
iodo-benzoic (282 mg, 1,08 mmol) trong dioxan (6 mL) d4 duoc loai khi ba 14n bing méi
truomg argon. Hon hop nay dugc khudy & nhiét do trong phong trong 5 phit trong moi
truong argon, va sau d6 duge gia nhiét & 90°C qua dém. Hdn hop nay dugc pha loéng
bing EtOAc (20 mL), va loc qua xelit. Phdn dich loc dwoc ¢ va duge tinh ché trén
silicagel tao ra Hop chit AC (240 mg).

Budce 2: Thém dung dich cia LIOH-H,O (215 mg, 5,10 mmol) trong H,O (1 mL)
vao dung dich ctia Hop chdt AC (240 mg, 0,64 mmol) trong THF (3 mL) & nhiét do trong
phong. Sau d6 hén hop phan tng nay dugc khudy & nhiét do trong phong qua dém, no
duoc axit hoa dén d6 pH= 3 dén 4 bang HCI 1 N & 0°C. H8n hop nay sau d6 c¢o va duoc
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lam kho ding soi bang toluen tao ra Hop chit AD (231 mg) chét nay duoc st dung truc
tiép ma khéng cin tinh ché thém trong budc tiép theo.

Budce 3: Thém TFA (2 mL) vao dung dich ctia Hop chit AD (231 mg, 0,64 mmol)
trong diclometan (2 mL) & nhiét do trong phong. HOn hop nay duoc khudy & nhiét do
trong phong trong 1 gio, sau d6 c6 tao ra axit metyl 4-(3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl)benzoic (hgp chit AB) (240 mg).

Vi du 26:

Etyl este cua axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic

HO
0

Hop chit & dé muc nay dugc didu ché twong tw véi Vi du 25 bang cach sir dung 2-
clo,3-flobenzaldehyt va etyl axetoaxetat thay cho 2-clo-4-flobenzaldehyt va metyl
axetoaxetat. Hop chat ctia vi du 26 thu duge dudi dang chét rdn mau vang nhat (76 mg).
'H NMR (400 MHz, METANOL-d4) d ppm 7,85-7,96 (m, 3H), 7,79 (d, 1H), 7,61 (d, 2H)
7,23-7,30 (m, 2H), 7,08-7,19 (m, 1H), 6,16 (s, 1H), 4,62 (d, 1H), 4,43 (d, 1H), 4,22 (m,
1H), 4,02-4,16 (m, 2H), 3,97 (m, 2H), 3,57-3,73 (m, 3H), 3,36-3,49 (m, 1H), 3,02-3,16
(m, 2H), 0,95-1,08 (m, 3H). MS: theo ly thuyét 639 (MH"), theo thir nghiém 639 (MH").

2

Vidu 27:

-100-



21530

Etyl este cta axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-0xo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic

HO

Hop chit & dé muc nay dugc diéu ché tuong tu véi Vi du 25 bf?mg cach str dung 2-
clo,3-flobenzaldehyt, etyl axetoaxetat va axit 3-[(8aS)-3-oxo0-1,5,6,7,8,8a-
hexahydroimidazo [1,5-a]pyrazin-2-ylJbenzoic (hop chit AE) thay cho 2-clo-4-
flobenzaldehyt, metyl axetoaxetat va axit 4-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]benzoic (hgp chit AB). Hop chét cta vi du 27 thu
duoc dudi dang chét ran mau vang nhat (20 mg). 'H NMR (400 MHz, METANOL-d,) d
ppm 8,11 (s, 1H), 7,90 (d, 1H), 7,75-7,82 (m, 2H), 7,66 (d, 1H), 7,37 (m, 1H), 7,23-7,29
(m, 2H), 7,07-7,17 (m, 1H), 6,16 (s, 1H), 4,59 (d, 1H), 4,34-4,45 (m, 1H), 4,15-4,25 (m,
1H), 4,01-4,13 (m, 2H), 3,97 (m, 2H), 3,52-3,67 (m, 3H), 3,36-3,46 (m, 1H), 3,02-3,16
(m, 2H), 1,01 (m, 3H). MS: theo ly thuyét 639 (MH"), theo thir nghiém 639 (MH").

Diéu ché axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]benzoic (hop chit AE):

Hop chit AE duoc didu ché tuong tu voi hop chét cua Hop chit AB trong Vi du 25
bang cach sir dung metyl este ciia axit 3-iodo-benzoic thay cho metyl este cua axit 4-

iodo-benzoic.

Vidu 28:
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Etyl este cla axit (R)-6-[(S)-2-(2-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5- -
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic

Hop chit & dé muc nay duoc diéu ché twong tu véi Vi du 25 bang cach sir dung 2-
clo,3-flobenzaldehyt va etyl axetoaxetat vé axit 2-[(8aS)-3-ox0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-ylJbenzoic (hgp chit AF) thay cho 2-clo-4-
flobenzaldehyt va metyl axetoaxetat va axit 4-[(8aS)-3-oxo0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]benzoic (hop chit AB). Hop chét ctia vi du 28 thu
duoc dudi dang chét rin mau vang nhat (95 mg). "H NMR (400 MHz, METANOL-d,) d
ppm 7,83-7,93 (m, 2H), 7,80 (d, 1H), 7,53 (m, 1H), 7,24-7,35 (m, 4H), 7,08-7,19 (m, 1H),
6,16 (s, 1H), 4,66 (d, 1H), 4,48 (d, 1H), 4,20-4,29 (m, 1H), 4,06-4,11 (m, 1H), 3,92-4,04
(m, 3H), 3,65 (d, 2H), 3,29-3,55 (m, 3H), 3,13 (m, 1H), 1,02 (m, 3H). MS: theo ly thuyét
639 (MH"), theo thir nghiém 639 (MH").

DPidu ché axit 2-[(8aS)-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]benzoic (hop chat AF):

Hop chit & d&& muc nay duoc diéu ché twong tu v6i Hop chit AB trong Vi du 25
bing cach sir dung metyl este ciia axit 2-iodo-benzoic thay cho metyl este cla axit 4-
iodo-benzoic.

Vi du 29:

Metyl este cla axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic
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Hop chit & dé muc nay duoc diéu ché twong tw véi Vi du 25 béng cach str dung axit
3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]benzoic (hop chit AE)
thay cho axit 4-[(8aS)-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]benzoic
(hop chit AB). Hop chét cua vi du 29 thu dugc dudi dang chit rin mau vang nhat (220
mg). '"H NMR (400 MHz, METANOL-d,) d ppm 8,20-8,26 (m, 1H), 8,03 (d, 1H), 7,85-
7,96 (m, 2H), 7,78 (m, 1H), 7,56 (m, 1H), 7,49 (m, 1H), 7,30 (m, 1H), 7,13 (m, 1H), 6,21
(s, 1H), 4,78 (d, 1H), 4,55-4,63 (m, 1H), 4,36 (dm, 1H), 4,13-4,29 (m, 2H), 3,72-3,90 (m,
3H), 3,65 (s, 3H), 3,51-3,61 (m, 1H), 3,35-3,40 (m, 1H), 3,26-3,31 (m, 1H). MS: theo ly
thuyét 625 (MH"), theo thir nghiém 625 (MH™).

Vi du 30:

Axit 2-[7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-o0xo-1,5,6,8-tetrahydroimidazo[1,5-

a]pyrazin-8a-yl]axetic
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Hop chét & d& muc nay dugc didu ché tuong tu véi Vi du 1 bang céch sir dung axit
4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-yl]benzoic (hop chit AG)
thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chét ctia vi du 30
thu duge dudi dang chat rdn mau vang nhat (48 mg). 'H NMR (400 MHz, METANOL-d,)
d ppm 7,93 (d, J = 3,0 Hz, 1H), 7,73 (d, J = 3,0 Hz, 1H), 7,43 (dd, J = 6,1, 8,7 Hz, 1H),
7,24 (dd, J = 2,5, 8,8 Hz, 1H), 7,06 (d, J = 2,8 Hz, 1H), 6,16 (s, 1H), 4,14 (d, J = 16,6
Hz, 1H), 3,85 - 3,71 (m, 2H), 3,60 (s, 3H), 3,46 (d, J = 9,8 Hz, 1H), 3,30 - 3,15 (m, 3H),
3,06 (d, J = 11,3 Hz, 1H), 2,95 - 2,82 (m, 2H), 2,45 (d, J = 5,0 Hz, 1H), 2,39 - 2,29 (m,
1H), 2,22 (d, J = 11,5 Hz, 1H), 0,83 - 0,53 (m, 4H). MS: theo ly thuyét 604(MH"), theo
thir nghiém 604(MH").

Diéu ché axit 4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]benzoic (hop chit AG):

Boc Boc
(Boc),0 [ j\( [ j%; _LiAH, [ j%/ Dess-Martin [0] [ j{
E - o
j\f( Boc [¢]

Boc o Boc OH
Al AJ

I'I:’oc Ilaoc
N
NaBH,CN N z NaH [ _RuCl, [ OH —> [
Xyclopropylamin ¥ N Nalo,
v 8
Boc v o) N\

AL AM AN AG

Buée 1: Thém (Boc),0 (19 g, 86mmol) vao dung dich cta 1-tert-butyl este 3-metyl
este cua axit piperazin-1,3-dicarboxylic (10,6 g, 43mmol) trong 250 mL diclometan &

-104-



21530

0°C. Hon hop phan tng nay dugc khudy trong 4 gid & nhiét do trong phong, va sau do6
dugc 1am dimg bing nudce va sau d6 duoc chiét bang diclometan. Sau dé 16p hitu co dugce
lam khé trén Na,SO, khan, phz‘?ln dich loc duge cd. Phan cin dugc tinh ché béng cach

chay séc ky cot silicagel tao ra Hop chit AH (tao ra 13,6 g, 92%).

Budce 2: Thém LDA méi duge didu ché (2M trong THF, 38 mL) vao dung dich cua
Hop chat AH (13,4g, 38,9 mmol) trong 200 mL THF khan & -78°C. Hon hop phan ung
nay dugc khudy trong 30 phut & -78°C va sau d6 dugc lam 4m dén nhiét d¢ trong phong
trong 30 phut. Hon hop niy duogc lam lanh xudng -78°C va thém dung dich cua alyl
bromua (6,7 mL, 77,9 mmol) trong 10 mL THF. Sau d6 hdn hop nay duoc lam 4m dén
nhiét d6 trong phong va khudy qua dém, dung mdi ndy dugc loai bo dudi ap suét giam.
Phén can duoc tinh ché béng cach chay séc ky cot silicagel dé tao ra Hop chét Al (tao ra
13,6 g, 91%).

Buéce 3: Thém LAH (2M trong THF, 1,3 mL) vao dung dich ctia Hop chit AI (1,0 g,
2,6 mmol) trong 20 mL THF khan & -78°C. Hon hop phan tmg nay dugc khudy trong 30
phut & -78°C va sau d6 dugc lam 4m dén nhiét d6 trong phong va khudy qua dém. Thém
Na,SO, khan. Sau 1 gid, phan dich loc duge ¢6. Phin cin duge tinh ché bang cach chay
séc ky cot silicagel dé tao ra Hop chit AJ (taora 0,7 g, 75%).

Budce 4: Thém Dess-Martin periodinan (6 g, 14,1 mmol) vao dung dich ctia Hop
chit AJ (3 g, 8,4 mmol) trong 50 mL diclometan khan & 0°C. Han hop phan Ung nay
dugc khudy trong 2 gid & nhiét do trong phong, va sau d6 dugc lam dimg bing nude.
Phan dich loc duge chiét bang diclometan, va sau d6 1am kho bing Na,SO, khan, va phin

dich loc duoc ¢o tao ra Hop chat AK ma khéng can tinh ché thém.

Buéc 5: Thém lién tiép axit axetic va xyclopropylamin (0,29 mL, 4,2 mmol) vao
dung dich da khudy ctia Hop chit AK (1,5 g, 4,2 mmol) trong diclometan (15 mL). Hon
hop phan Ung niy dugc khudy trong 2 gi0 & nhiét d9 trong phong, sau d6 thém natri
triaxetoxybohydrua (520 mg, 8,4 mmol) va hn hop phan tng nay dugc khudy trong 3
gio & nhiét d§ trong phong. Hon hop phan tmg nay duoc dimg bing dung dich NH,Cl
bdo hoa. Sau d6 thém nude (20 mL) tiép theo 1a diclometan (40 mL). Lép hitu co dugc
tach ra va sau dé rira bﬁng nudc muéi, va sau d6 lam kho béng Na,SO,. Phan dich loc

duoc cb tao ra Hop chit AL ma khong can tinh ché thém.
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Budgc 6: Thém NaH (0,26 g, 9,4 mmol) vao dung dich ctia Hop chit AL (1,5 g, 3.8
mmol) trong 20 mL THF khan ¢ 0°C. Hdn hop phan ung niy dugc khudy qua dém &
85°C. Sau d6 phéan mg nay dugc 1am lanh xuéng nhiét d6 trong phong, dugc dimg bing
nude va duge chiét bﬁng diclometan. Lép hitu co duge 1am khé trén Na,SO,4 khan va sau
d6 cb trong chan khong. Phan cin duogc tinh ché bang cach chay sic ky cot silicagel tao

ra Hop chit AM (tao ra 1,0 g, 82%).

Bude 7: Thém RuCl;-H,O (18 mg, 0,086 mmol), tiép theo 1a NalO4 (2,7 g, 12,6
mmol) vao dung dich ctia Hop chit AM (700 mg, 2,2 mmol) trong H,O (1 mL) va
CH;CN (6 mL) trong moi trudng nito. Phan tng nay duoc khudy & nhiét do trong phong
qua dém. Hén hop nay dugc pha lodng bing nudc va etyl ete, loc qua tdm xelit, va tAm
niy dugc rira bang etyl ete. Lop nude duge chiét bang diclometan. Céc 16p hitu co di thu
gom dugc lam kho béng Na,SOy, va co tao ra Hop chit AN (tao ra 450 mg, 60%).

Budge 8: Thém TFA (2 mL) vao dung dich ctia Hop chit AN (600 mg, 1,76mmol)
trong diclometan (8 mL) & 0°C. Sau d6 hdn hop phan tmg nay dugc khudy trong 2 gio &
nhiét do trong phong, hdn hop nay dwoc cb tao ra Hop chit AG ma khong cén tinh ché
thém.

Vidu31:

Axit 2-[7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo0-1,5,6,8-tetrahydroimidazo[1,5-a]

pyrazin-8a-yl]axetic

Hop chit & d& muc nay dugc diéu ché tuong tu v6i Vi du 30 bang céch sur dung axit

2-(2-isopropyl-3-0x0-5,6,7,8-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-8a-yl)axetic (hop chét
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AO) thay cho axit 4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
ylJbenzoic (hop chit AG). Hop chit cta vi du 31 thu dugce dudi dang chit rin mau vang
nhat (8 mg). "H NMR (400 MHz, METANOL-d4) d ppm 7,94 (d, J = 3,0 Hz, 1H), 7,73
(d, J = 3,3 Hz, 1H), 7,43 (dd, J = 6,0, 8,8 Hz, 1H), 7,24 (dd, J = 2,8, 8,8 Hz, 1H), 7,11 -
7,02 (m, 1H), 6,16 (s, 1H), 4,18 - 4,04 (m, 2H), 3,79 (d, J = 16,6 Hz, 2H), 3,61 (s, 3H),
3,47 (d, J = 9,5 Hz, 1H), 3,29 - 3,24 (m, 1H), 3,20 (d, J = 9,5 Hz, 1H), 3,09 (d, J = 11,5
Hz, 1H), 2,90 (d, J = 15,6 Hz, 2H), 2,38 - 2,12 (m, 3H), 1,18 (d, J = 7,0 Hz, 3H), 1,12 (d,
J = 6,8 Hz, 3H). MS: theo ly thuyét 606(MH"), theo thir nghiém 606(MH™).

Piéu ché axit 2-(2-isopropyl-3-oxo0-5,6,7,8-tetrahydro-1H-imidazo[1,5-a]pyrazin-
8a-yl)axetic (hop chit AO):

Hop chét & && muc nay dugc didu ché tuong tw véi Hop chit AG trong Vi du 30
bang cach sir dung iso-propyl amin thay cho xyclopropyl amin.

Vi du 32:

Etyl este cua axit (R)-6-[(S)-2-(1-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic

Hop chit & d& muc nay duoc didu ché tuong tu véi Vi du 19 bang céach sir dung
mudi metyl 2-amino-2-metyl-propanoat hydroclorua thay cho mubi etyl 3-amino-2,2-
dimetyl-propanoat hydroclorua. Hop chat ctia vi du 32 thu dugc dudi dang chét rén mau
vang nhat (60 mg). '"H NMR (400 MHz, METANOL-d,) d ppm 7,98 (d, 1H), 7,79 (d,
1H), 7,23-7,38 (m, 2H), 7,09-7,23 (m, 1H), 6,25 (s, 1H), 4,23 (br. s., 1H), 4,06 (m, 3H),
3,78-3,97 (m, 2H), 3,59-3,71 (m, 1H), 3,14-3,29 (m, 2H), 2,89-3,14 (m, 2H), 2,54 (br. s.,
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2H), 1,40-1,57 (m, 6H), 1,04-1,19 (m, 3H). MS: theo Iy thuyét 605 (MH"), theo thir
nghiém 605 (MH").
Vidu 33:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1 H-imidazo[ 1,5-a]pyrazin-2-
yl]-3-metyl-butanoic

Hop chit & d& muc nay dugc didu ché tuong tw v6i Vi du 19 bang cach st dung 2-
clo-4-flobenzaldehyt, metyl axetoaxetat va axit 3-[(8aS)-3-oxo0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]-3-metyl-butanoic (hgp chit AP) thay cho 2-clo-3-
flobenzaldehyt, etyl axetoaxetat va axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hop chat Q). Hop chét ctia
vi du 33 thu dugc dudi dang chét rin mau vang nhat (381 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 8,00 - 8,01 (d, J = 4,0Hz, 1H), 7,90 - 7,91 (d, J = 4,0Hz, 1H),
7,55 (m, 1H), 7,29 (m, 1H), 7,13 (m, 1H), 6,20 (s, 1H), 4,76 (d, J = 16,0 Hz, 1H), 4,60 (d,
J =16,0 Hz, 1H), 4,12 (m, 1H), 4,02-4,06 (m, 1H), 3,70-3,80 (m, 3H), 3,65 (s, 3H), 3,32-
3,44(m, 2H), 3,20 (m, 2H), 3,09 - 3,05 (d, J = 16,0Hz, 1H), 2,79-2,83 (d, J = 16,0Hz,
1H), 1,47 (s, 6H). MS: theo ly thuyét 605 (MH"), theo thir nghiém 605 (MH").

Diéu ché axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl1]-3-
metyl-butanoic (hop chit AP):
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Hop chit & dé muc nay duoc didu ché tuong tur véi Hop chit Q trong Vidu 19 béng
cach st dung mubi metyl 3-amino-3-metyl-butanoat hydroclorua (hop chit AP-1) thay

cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Didu ché mudi metyl 3-amino-3-metyl-butanoat hydroclorua (hgp chit AP-1):

0
NG 89k Meo
N oH —————~ ></M

HCI
AP-1

Hop chét AP-1 dugc diéu ché tuong tu voi hop chit cia Hop chit W trong Vi du 20
bang cach sir dung axit 3-amino-3-metyl- butyric thay cho axit DL-3-aminoisobutyric.

Vi du 34:

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-3-metyl-butanoic

OH

Hop chét & dé muc nay duogc diéu ché tuong ty véi Vidu 19 br?mg cach sur dung axit
3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl1]-3-metyl-butanoic
(hop chat AP) thay cho axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hop chit Q). Hop chét cta vi du 34 thu duoc dudi
dang chét rin mau vang nhat (26 mg). 'H NMR (400 MHz, METANOL-dy) d ppm 7,99-
8,00 (d, J = 4,0Hz, 1H), 7,83- 7,84 (d, J = 4,0Hz, 1H), 7,35 (m, 2H), 7,20 (m, 1H), 6,25
(s, 1H), 4,20-4,40 (m, 2H), 4,10 (m, 2H), 3,94 (m, 2H), 3,70 (m, 2H), 3,29 (m, 5H), 3,02-
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3,06(d, J = 16,0Hz, 1H), 2,80 - 2,84 (d, J = 16,0Hz, 1H), 1,46 (s, 6H), 1,11-1,15 (4,
J1=8,0Hz, J,=16,0Hz, 3H). MS: theo ly thuyét 619 (MH"), theo thir nghiém 619 (MH").
Vi du 35:
Axit  1-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-

1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yllmetyl]xyclopropancarboxylic

L

N
v,
SR

OH

Hop chit & dé muc nay dugc diéu ché tuong tu véi Vi du 19 bang cach st dung 2-

clo-4-flobenzaldehyt, —metyl axetoaxetat via mubi metyl 1-(aminometyl)
xyclopropancarboxylat hydroclorua (hgp chit AQ) thay cho 2-clo,3-flobenzaldehyt, etyl
axetoaxetat va mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua. Hop chét cta vi du
35 thu dugc dudi dang chdt rin mau vang nhat (760 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 8,00 - 8,01 (d, J = 4,0Hz, 1H), 7,90 - 7,91 (d, J = 4,0Hz, 1H),
7,55 (m, 1H), 7,29 (m, 1H), 7,13 (m, 1H), 6,20 (s, 1H), 4,77 (d, J = 16,0 Hz, 1H), 4,59 (d,
J =16,0 Hz, 1H), 4,19 (m, 1H), 4,07-4,10 (m, 1H), 3,73-3,77 (m, 3H), 3,65 (s, 3H), 3,36-
3,50(m, 4H), 3,15 - 3,24 (m, 2 H), 1,29 (m, 2H), 1,02 (m, 2H). MS: theo ly thuyét 603
(MH"), theo thtr nghiém 603 (MH").

Piéu ché mudi metyl 1-(aminometyl)xyclopropancarboxylat hydroclorua (hop chét
AQ):

Hop chit & d& muc nay dugc didu ché tuong tu voi Hop chit W trong Vi du 20
bang cach st dung axit 1-(aminometyl)xyclopropancarboxylic (CAS sb: 139132-50-6,
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J&K; dé téng hop hop chat ndy, xem tai liéu: Mertin A., et al. Synlett, 1991, 2, 87-9) thay

cho axit DL-3-aminoisobutyric.
Vi du 36:
Axit  1-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-

dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
ylJmetyl]xyclopropancarboxylic

L)
L

(o)
_0
OH

Hop chit & dé& muc nay dugc didu ché tuong ty véi Vi du 19 bang cach st dung
mudi metyl 1-(aminometyl)xyclopropancarboxylat hydroclorua (hgp chit AQ) thay cho
mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua. Hop chét cta vi du 36 thu dugc
duéi dang chit rin mau vang nhat (170 mg). "H NMR (400 MHz, METANOL-dy) d ppm
8,00 - 8,01 (d, J = 4,0Hz, 1H), 7,92 - 7,91 (d, J = 4,0Hz, 1H), 7,38 (m, 2H), 7,26 (m, 1H),
6,27 (s, 1H), 4,77 (d, J = 16,0 Hz, 1H), 4,59 (d, J = 16,0 Hz, 1H), 4,11 (m, 1H), 4,07-
4,10 (m, 3H), 3,72-3,78 (m, 3H), 3,36-3,47(m, 4H), 3,15 - 3,24 (m, 2 H), 1,29 (m, 2H),
1,13(t, J;=8,0Hz, J,=16,0Hz, 3H), 1,02 (m, 2H). MS: theo ly thuyét 617 (MH"), theo thir
nghiém 617 (MH").

Vidu 37:

Axit  1-[[(8aS)-7-[[(4S)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]metyl]xyclopropancarboxylic
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Hop chit & d& muc nay dugc didu ché twong tu véi Vi du 19 bing cach st dung 2-
metyl-3,4-diflobenzaldehyt, metyl axetoaxetat va axit 3-[(8aS)-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[ 1,5-a]pyrazin-2-yl]-3-metyl-butanoic (hgp chit AP) thay cho 2-clo-3-
flobenzaldehyt, etyl axetoaxetat va axit 3-[(8aS)-3-oxo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hop chét Q). Hop chit ciia vi du 37 thu dugc
dudi dang chét rin mau vang nhat (153 mg). "H NMR (400 MHz, METANOL-d,) d ppm
8,00 - 8,01 (d, J = 4,0Hz, 1H), 7,90 - 7,91 (d, J = 4,0Hz, 1H), 7,26 (m, 1H), 7,10 (m, 1H),
5,95 (s, 1H), 4,74 (d, J = 16,0 Hz, 1H), 4,57 (d, J = 16,0 Hz, 1H), 4,10 (m, 2H), 3,70-
3,80 (m, 3H), 3,66 (s, 3H), 3,36-3,42(m, 2H), 3,20 (m, 2H), 3,09 - 3,05 (d, J = 16,0Hz,
1H), 2,79-2,83 (d, J = 16,0Hz, 1H), 2,53 (s, 3H), 1,47 (s, 6H). MS: theo ly thuyét 603
(MH"), theo thir nghiém 603 (MH").

Vidu 38:

Axit 1-[[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]metyl]xyclopropancarboxylic
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Hop chit & dé& muc nay dugc diéu ché tuong ty véi Vi du 35 béng cach st dung 2-
metyl-3,4-diflobenzaldehyt thay cho 2-clo-4-flobenzaldehyt. Hop chit ctia vi du 38 thu
duoc dudi dang chét rin mau vang nhat (54 mg). '"H NMR (400 MHz, METANOL-d,) d
ppm 8,00 - 8,01 (d, J = 4,0Hz, 1H), 7,90 - 7,91 (d, J = 4,0Hz, 1H), 7,26 (m, 1H), 7,12 (m
1H), 5,95 (s, 1H), 4,74 (d, J = 16,0 Hz, 1H), 4,56 (d, J = 16,0 Hz, 1H), 4,07-4,17 (m, 2H)
3,70-3,77 (m, 3H), 3,66 (s, 3H), 3,35-3,46(m, 4H), 3,15 - 3,22 (m, 2H), 2,51 (s, 3H), 1,29
(m, 2H), 1,02 (m, 2H). MS: theo ly thuyét 601 (MH"), theo thir nghiém 601 (MH").

H

b

Vi du 39:

Axit 3-[(25,8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-o0xo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclobutancarboxylic
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Hop chit & dé muc nay duoc diéu ché tuong tu voi Vi du 19 béng cach st dung 2-
clo-4-flobenzaldehyt, metyl axetoaxetat va metyl frans-3-amino-xyclobutancarboxylat
hydroclorua (CAS sb: 74316-29-3; dé téng hop hop chét nay, xem tai li€u: Grygorenko
0. O, et al. Synthetic Communications, 2011, 41, 1644-1649) thay cho 2-clo-3-
flobenzaldehyt, etyl axetoaxetat va etyl 3-amino-2,2-dimetyl-propanoat hydroclorua. Hop
chét ctia vi du 39 thu duoc dudi dang chit rin mau vang nhat (44 mg). '"H NMR (400
MHz, METANOL-d,) d ppm 7,97 (dd, J = 4,0, 3,3 Hz, 1H), 7,77 (dd, J = 3,1, 1,4 Hz,
1H), 7,43 (ddd, J = 8,7, 6,1, 2,5 Hz, 1H), 7,20-7,28 (m, 1H), 6,99-7,13 (m, 1H), 6,18 (s,
1H), 4,58-4,73 (m, 1H), 4,11 (dd, J = 16,9, 4,6 Hz, 1H), 3,73-3,97 (m, 3H), 3,61 (s, 3H),
2,82-3,28 (m, SH), 2,74 (d, J = 11,8 Hz, 1H), 2,15-2,65 ppm (m, 6H). MS: theo Iy thuyét
603(MH"), theo thir nghiém 603(MH™).

Vi du 40:

Axit 3-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-o0xo-5,6,8,8a-tetrahydro- 1 H-imidazo[ 1,5-a]pyrazin-
2-yl]xyclobutancarboxylic

Hop chit & d@& muc nay duoc didu ché twong ty véi Vi du 19 bﬁng cach st dung 2-
clo-4-flobenzaldehyt, metyl axetoaxetat va metyl cis-3-amino-xyclobutancarboxylat
hydroclorua (CAS s6: 1212304-86-3; dé téng hop hop chit nay, xem tai liéu: Grygorenko
O. O., et al. Synthetic Communications, 2011, 41, 1644-1649) thay cho 2-clo-3-
flobenzaldehyt, etyl axetoaxetat va etyl 3-amino-2,2-dimetyl-propanoat hydroclorua. Hop
chét ctia vi du 40 thu duge dudi dang chét rin mau vang nhat (5 mg). 'H NMR (400 MHz,

-114-



21530

METANOL-d,) d ppm 7,92-8,02 (m, 1H), 7,77 (dd, J = 3,1, 1,4 Hz, 1H), 7,38-7,48 (m,
1H), 7,24 (d, J = 6,3 Hz, 1H), 6,98-7,15 (m, 1H), 6,18 (s, 1H), 4,58-4,75 (m, 1H), 4,04-
4,19 (m, 1H), 3,72-3,97 (m, 3H), 3,61 (s, 4H), 2,81-3,27 (m, 6H), 2,33-2,63 ppm (m, SH).
MS: theo ly thuyét 603(MH"), theo thir nghiém 603 (M.

Vidu4l:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic

H?[ )

N

N_go

5
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Hop chat & d& myc nay duge diéu ché tuong tw véi Vi du 19 bing cach sir dung
metyl axetoaxetat thay cho etyl axetoaxetat. Hop chét cta vi du 41 thu duoc duéi dang
chét rin mau vang nhat (250 mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,97 (d, J
= 3,3 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,09-7,36 (m, 3H), 6,23 (s, 1H), 4,04-4,15 (m,
1H), 3,78-3,98 (m, 3H), 3,61 (s, 3H), 3,36-3,55 (m, 3H), 3,04-3,28 (m, 2H), 2,76-2,99 (m,
2H), 2,12-2,45 (m, 2H), 1,15-1,25 ppm (m, 6H). MS: theo ly thuyét 605(MH"), theo thir
nghiém 605(MH").

Vidu 42:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1 H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic
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Hop chit & dé muc nay dugc diéu ché twong ty v6i Vi du 19 béng cach str dung 2-
clo-4-flobenzaldehyt va metyl axetoaxetat thay cho 2-clo-3-flobenzaldehyt va etyl
axetoaxetat. Hop chét ctia vi du 42 thu duoc duéi dang chit rdn mau vang nhat (260 mg).
'H NMR (400 MHz, METANOL-d4) d ppm 7,97 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,3 Hz,
1H), 7,42 (dd, J = 8,5, 6,0 Hz, 1H), 7,24 (dd, J = 8,7, 2,6 Hz, 1H), 7,06 (td, J = 8,4, 2,8
Hz, 1H), 6,17 (s, 1H), 4,09 (d, J = 16,8 Hz, 1H), 3,79-3,98 (m, 3H), 3,61 (s, 3H), 3,51 (t,
J = 8,9 Hz, 1H), 3,36-3,44 (m, 1H), 3,04-3,26 (m, 3H), 2,75-3,00 (m, 2H), 2,11-2,43 (m,
2H), 1,20 ppm (d, J = 3,0 Hz, 6H). MS: theo ly thuyét 605(MH"), theo thtt nghi¢ém
60S(MH™).

Vidu43:

Axit 3-[(8aS)-7-[[(45)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]
pyrazin-2-yl]-2,2-dimetyl-propanoic
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Hop chit & dé& muc nay dugc diéu ché twong ty véi Vi du 19 b?mg cach str dung 2-
metyl-3,4-diflobenzaldehyt va metyl axetoaxetat thay cho 2-clo-3-flobenzaldehyt va etyl
axetoaxetat. Hop chét ctia vi du 43 thu duoc dudi dang chét rin mau vang nhat (110 mg).
'H NMR (400 MHz, METANOL-dy) d ppm 7,95 (d, J = 3,3 Hz, 1H), 7,75 (d, J = 3,3 Hz,
1H), 6,96-7,09 (m, 2H), 5,93 (s, 1H), 4,04-4,16 (m, 1H), 3,78-3,98 (m, 3H), 3,62 (s, 3H),
3,36-3,56 (m, 3H), 3,05-3,26 (m, 2H), 2,74-2,97 (m, 2H), 2,57 (d, J = 2,3 Hz, 3H), 2,36
(td, J = 11,7, 3,6 Hz, 1H), 2,18 (t, J = 10,9 Hz, 1H), 1,20 ppm (d, J = 3,3 Hz, 6H). MS:
theo Iy thuyét 603(MH"), theo thir nghiém 603(MH").

Vi du 44:

Axit 3-[(8aS)-7-[[(4S)-4-(3-flo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic
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Hop chét & dé muc nay dugc didu ché tuong tu voi Vi du 19 bang cach sir dung 2-
metyl-3-flobenzaldehyt va metyl axetoaxetat thay cho 2-clo-3-flobenzaldehyt va etyl
axetoaxetat. Hop chit cta vi du 44 thu duoc duéi dang chét rin mau vang nhat (74 mg).
'H NMR (400 MHz, METANOL-d,) d ppm 7,95 (d, J = 3,0 Hz, 1H), 7,74 (d, J = 3,3 Hz,
1H), 7,03-7,21 (m, 2H), 6,88-6,99 (m, 1H), 5,98 (s, 1H), 4,03-4,17 (m, 1H), 3,79-3,99 (m
4H), 3,62 (s, 3H), 3,41-3,56 (m, 2H), 3,07-3,26 (m, 2H), 2,75-2,98 (m, 2H), 2,53 (d, J =
2,0 Hz, 3H), 2,29-2,45 (m, 1H), 2,18 (t, J = 11,2 Hz, 1H), 1,20 ppm (d, J = 3,3 Hz, 6H).
MS: theo 1y thuyét 585(MH"), theo thir nghiém 585(MH™).

2

Vi du 45:

Axit 7-[[(4R)-4-(2-clo-4-flo-pheny])-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-8-carboxylic
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Diéu ché Vi du 45:
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AQ Vi du 45

Thém dung dich cta metyl 7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-8-carboxylat (hgp chit AQ, 150 mg, 0,25 mmol) trong
tetrahydrofuran (1,5 mL) vao lithi hydroxit monohydrat (52 mg, 1,25 mmol) trong nudc
(1,5 mL). Sau d6 hdn hop phan tmg niy dugc khudy & nhiét do trong phong trong 2 gido,
hén hop phan tmg nay dugc trung hoa bing dung dich hydroclorua 1IN dén do pH= 3,0.
Hon hop nay duge chiét ba 14n bang etyl axetat (30 mL). Pha hitu co di thu gom dugc
lam kho béng Na,SOy, loc va sau d6 c6. Phin can dugc tinh ché bing HPLC didu ché tao
ra hop chét c6 cong thire Vi du 45 dudi dang hdn hop clia hai chit ddng phan khong dbi
quang (5 mg). 'H NMR (400 MHz, METANOL-d4) d ppm 8,06 - 7,95 (m, 1H), 7,87 (s,
1H), 7,55 - 7,44 (m, 1H), 7,32 - 7,23 (m, 1H), 7,15 - 7,03 (m, 1H), 6,18 (s, 1H), 4,37 -
4,21 (m, 1H), 4,09 - 3,91 (m, 1H), 3,91 - 3,77 (m, 2H), 3,62 (d, J = 2,0 Hz, 4H), 3,52 -
3,39 (m, 2H), 3,22 - 2,96 (m, 2H), 2,75 - 2,58 (m, 1H), 2,50 - 2,42 (m, 1H), 0,74 (d, J =
1,5 Hz, 4H). MS: theo ly thuyét 589 (MH"), theo thir nghiém 589 (MHM).

Diéu ché 7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylat (hop chit AQ)

Hop chit & d& muc nay duoc diéu ché tuong ty véi Vi du 1 béng cach s dung
metyl  2-xyclopropyl-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-8-carboxylat
(hop chit AR) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chét D).

Piéu ché cis-metyl 2-xyclopropyl-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-8-carboxylat (hop chit AR)
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Buéce 1: Thém ting giot brom (8,8 g, 55 mmol) trong tetraclometan (10 mL) vao
dung dich cta dimetyl maleat (7,2 g, 50 mmol) trong tetraclometan (150 mL) & 0°C trong
mdi trudng nito. Hon hop phan tmg nay dugc khudy & 0°C qua dém. Hon hop phan tng
nay dugc dimng bang cach bd sung nudc da, va sau d6 rira bang dung dich Na,SO;. Pha
hitu co duoc rira béng nudce, tach ra, lam kho béng Na,SO4 va sau d6 co tao ra hgp chét

thé AS (15,2g, dang tho).

But6e 2: Thém tiung giot N,N-dibenzyletylenediamin (8,4 g, 35 mmol) va trietyl
amin (9,7, 70 mmol) trong benzen (20 mL) vao dung dich ctia Hop chit AS (10,6 g, 35
mmol) trong benzen (120 mL) & 40°C trong mdi trudng nito. Hon hop phan tmg nay
duoc khudy trong 10 phiit va dwoc gia nhiét dén hdi luu qua dém. Hdn hop phan tmg nay
dugc 1am lanh xudng bing cach bd sung nudce da, va sau dé duge chiét ba lan bang ete
dau mé/ etyl axetat = 10/ 1 (50 mL), pha hitu co di thu gom dugc lam khé bing Na,SO,,
loc va sau d6 cb. Phén c3n nay duoc tinh ché bang cach chay sic ky cot tao ra Hop chit

AT (3,39).
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Buéc 3: Thém di-fert-butyl dicacbonat va paladi hydroxit trén cacbon (1,0 g) vao
dung dich ctia Hop chit AT (4,5 g, 11,8 mmol) trong THF (60 mL). Hon hop phan tng
ndy duoc gia nhiét dén 45°C qua dém dudi méi trudng ap suét hydro. Hdn hop phan ung
nay duge loc va cb. Phan cin nay duoc tinh ché béng cach chay séc ky cot tao ra Hop
chat AU (3,6g).

Budce 4: Thém ting giot natri hydroxit (98 mg, 2,46 mmol) trong nuée (1 mL) vao
dung dich ctia Hop chat AU (760 mg, 1,89 mmol) trong metanol (4,0 mL) & 55°C. Hon
hop phan ting nay duge khudy & 55°C trong 2 gid. Hon hop phan tng nay duoc lam lanh
xudng va dugc trung hoa dén d6 pH= 3,0, va sau d6 duoc chiét béng etyl axetat (30 mL)
ba 1an. Pha hitu co d3 thu gom dugc lam kho6 béng Na,SOy, loc va sau dé ¢b tao ra hop

chit thd AV (660 mg).

Buéc 5: Thém xyclopropyl amin (120 mg, 2,0 mmol), HATU (950 mg, 2,5 mmol)
va diisopropyletylamin (0,5 mL) vao dung dich ctia Hop chit AV (776 mg, 2,0 mmol)
trong diclometan (8,0 mL). Hon hop phan tmg nay dugc khudy & nhiét do trong phong
qua d&m. Hdn hop phan ting nay duge dimg bing cach bd sung nudc da, va sau d6 dugce
chiét bang diclometan (30 mL) ba 1dn. Pha hitu co d3 thu gom dugc lam kho béng
Na,SOy, va sau d6 loc va cd tao ra hop chét thd AW (578 mg).

Bud6c 6: Thém Hop chit AW (128 mg, 2,0 mmol) vao hén hop cta phenylsilan (1,5
mL) va [Ir(COD),Cl], (7 mg, 0,01 mmol) trong diclometan (1,5 mL). Hon hop phan tng
ny dugc khudy & 40°C qua dém. Hdn hop phéan tng nay duoc ¢d va sau d6 duoc pha
lodng bing diclometan (20 mL), sau d6 dugc dimg bing cach bd sung 3 giot hydroclorua
trong dung dich dioxan (3N). Hon hgp phan tmg nay dugc rira bing nude. Pha hitu co
duogc tach ra va dugc lam kho trén Na,SO,, va sau d6 loc va c6. Phan cin nay duoc tinh
ché bang cach chay séc ky cot tao ra hop chat thd AX (70 mg).

Budc 7: Thém 4-nitrophenyl cloformat (70 mg, 0,35 mmol) va diisopropyletylamin
(5 giot) vao dung dich ctia Hop chét AX (72 mg, 0,174 mmol) trong diclometan (2,0 mL).
Sau d6 hdn hgp phan tmg ndy dugc gia nhiét &én 40°C trong 2 gid, hdn hop nay duoc cb
va phan cin nay duoc tinh ché bang cach chay sic ky cot tao ra Hop chit AY (81 mg).

Buéc 8: Hon hop ctia Hop chit AY (578 mg, 1,0 mmol) va TFA/DCM=2/1 (9 mL)
dugc khudy & nhiét do trong phong trong 2 gid. Hdn hop phén tng nay dugc ¢ va thém

toluen d& dong bay hoi dé loai bo axit trifloaxetic. Phin cin dugc hoa tan trong
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diclometan (8,0 mL), va sau d6 thém diisopropyletylamin (2 mL). H5n hgp phan (mg nay
dugc gia nhiét dén 40°C trong 3 gid. Hn hop phan tng nay duge cb tao ra Hop chit AR
(239 mg, dang tho).

Vi du 46:

Axit 2-[1-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]xyclopropyl]axetic

OH

Diéu ché Vi du 46:
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46

Hop chit & d& muc nay dugc diéu ché twong tw v&i Vi du 1 bang cach sir dung axit
4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]butanoic (hop chét 46-
A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chat D). Hop chét cua vi du
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46 thu dugc dudi dang chit rin mau vang nhat (65 mg). 'H NMR (400 MHz,
METANOL-d4) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,42 (dd, J =
6,1, 8,7 Hz, 1H), 7,24 (dd, J = 2,8, 8,8 Hz, 1H), 7,05 (dt, J = 2,5, 8,4 Hz, 1H), 6,17 (s,
1H), 4,15 - 4,02 (m, 1H), 3,96 - 3,71 (m, 3H), 3,66 - 3,53 (m, 4H), 3,22 - 3,07 (m, 2H),
2,90 (d, J = 11,0 Hz, 1H), 2,80 (d, J = 9,0 Hz, 1H), 2,68 - 2,56 (m, 1H), 2,55 - 2,46 (m,
1H), 2,37 (dt, J = 3,1, 11,6 Hz, 1H), 2,18 (t, J = 10,9 Hz, 1H), 1,03 - 0,81 (m, 4H), MS:
theo ly thuyét 603 (MH"), theo thir nghiém 603 (MH").

Pidu ché axit 4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]butanoic (hop chit 46-A):
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46-B 46-C 46-A

Budce 1: Thém axit 4-aminobutanoic (103 mg,1 mmol) fert-butyl (3S)-3-formyl-4-
metyl-piperazin-1-carboxylat (hop chat S, 346 mg, 1 mmol) trong diclometan (3 mL) va
Et;N (0,5 mL). Hon hop phan tmg nay duoc khudy trong 1 gid & nhiét d§ trong phong,
sau d6 ¢ dudi ap suat giam. Sau d6 thém metanol (5 mL) va natri Xyanobohydrua (248
mg, 4 mmol) va hdn hc_rp phan tng niy dwoc khudy trong 3 gio nita ¢ nhiét d§ trong

phong. Hon hop nay dugc cd dudi ap sudt giam tao ra hop chét tho 46-B.

Budc 2: Hop chét 46-B trong THF (10 mL) duoc thém kali zert-butoxit (224 mg, 2
mmol), hdn hop phan tng nay dugc khudy & 80°C trong 4 gid. Dung dich nay duoc lam
ngudi xubng nhiét d6 trong phong va duoc axit héa dén do pH= 5 bing dung dich nuéc
HCI. Hdn hop nay sau d6 dugc chiét bang etyl axetat 3 1dn. L6p hitu co dd thu gom dugc
rira bang nuéc mudi, lam kho bing Na,SO,, va ¢b dudi 4p sut gidm tao ra hop chét thd
46-C (301mg).

Buéc 3: Dung dich d4 khudy ctia hop chit 46-C (301 mg, 0,92mmol) dugc hoa tan
trong diclometan (4 mL) va duoc xir ly bang axit trifloaxetic (2 mL) & nhiét d trong

phong. Sau d6 hdn hop phan tng niy dugc khudy & nhiét d6 trong phong trong 1 gio,
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dung moéi ndy dugc loai bo trong chin khong tao ra axit 4-[(8aS)-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]butanoic (hgp chit 46-A), axit nay dugc st dung
truc tiép.

Vidu 47:

Axit 2-[1-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]xyclopropyl]axetic

HO

Diéu ché Vi du 47:
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Hop chit & d& muc nay duoc diéu ché twong tu vai Vidu 1 béng cach sur dung axit
2-[1-[(8aR)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2yl]xyclopropyl]axetic
(hop chét 47-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chit D). Hop
chét cta vi du 47 thu dugc duéi dang chét rin mau vang nhat (62 mg). '"H NMR (400
MHz, METANOL-d4) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,42 (dd,
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J=6,1,8,7Hz, 1H), 7,24 (dd, J = 2,8, 8,8 Hz, 1H), 7,05 (dt, J = 2,5, 8,4 Hz, 1H), 6,17 (s,
1H), 4,15 - 4,02 (m, 1H), 3,96 - 3,71 (m, 3H), 3,66 - 3,53 (m, 4H), 3,22 - 3,07 (m, 2H),
2,90 (d, J = 11,0 Hz, 1H), 2,80 (d, J = 9,0 Hz, 1H), 2,68 - 2,56 (m, 1H), 2,55 - 2,46 (m,
1H), 2,37 (dt, J = 3,1, 11,6 Hz, 1H), 2,18 (t, J = 10,9 Hz, 1H), 1,03 - 0,81 (m, 4H). MS:
theo 1y thuyét 603 (MH"), theo thir nghiém 603 (MH™).

Pidu ché axit 2-[1-[(8aR)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-
2yl]xyclopropyl]axetic (hop chit 47-A):

Hop chét 47-A dugc diéu ché tuwong tu voi hop chét ctia hop chét Q trong Vidu 19
biang cach sir dung mudi metyl 2-(1-aminoxyclopropyl)axetat hydroclorua (dé tong hop
hop chét, xem tai liéu: Sandstroem A., et al, Bioorganic & Medicinal Chemistry, 16(10),
5590-5605; 2008) thay cho mubi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vi du 48:
Axit  2-[1-[(8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-

1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]xyclopropyl]axetic

HO

Diéu ché Vi dy 48:
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48

Hop chit & d muc nay dugc didu ché tuong tu véi Vidu 1 béng cach str dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chét C-1) va axit 2-[1-[(8aR)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2yl]xyclopropyl]axetic (hop chét 47-A) thay cho metyl este cla axit (R)-6-
bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic
(hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chét D). Hop chét coa
vi du 48 thu dugc duéi dang chét rin mau vang nhat (76 mg). '"H NMR (400 MHz,
METANOL-d,) d ppm 7,95 (s, 1H), 7,76 (s, 1H), 7,37 - 7,23 (m, 2H), 7,21 - 7,10 (m, 1H)
6,24 (s, 1H), 4,04 (d, J = 7,0 Hz, 3H), 3,95 - 3,77 (m, 3H), 3,66 - 3,54 (m, 1H), 3,20 -
3,08 (m, 2H), 2,95 - 2,86 (m, 1H), 2,86 - 2,74 (m, 1H), 2,67 - 2,57 (m, 1H), 2,55 - 2,45
(m, 1H), 2,42 - 2,30 (m, 1H), 2,23 - 2,12 (m, 1H), 1,13 (t, J = 7,2 Hz, 3H), 1,01 - 0,81 (m
4H). MS: theo ly thuyét 617 (MH"), theo thir nghiém 617 (MH").

b

3

Piéu ché etyl (4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chit C-1):

Hop chét C-1 duge diéu ché twong ty véi hop chit cua hop chét C bing cach st
dung etyl axetoaxetat va 2-clo-3-flobenzaldehyt thay cho metyl axetoaxetat va 2-clo-4-
flobenzaldehyt.

Vidu 49:

Axit (18,2R)-2-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-2-yl]xyclopentancarboxylic
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Hop chit & dé muc nay duoc diéu ché tuong tw véi Vi du 1 bang cach sir dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va axit (1R,2R)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hop chit 49-A) thay cho
metyl este cta axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic (hgp chit C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chit D). Hop chit ctia vi du 49 thu duge duéi dang chét rén mau vang nhat (48 mg). 'H
NMR (400 MHz, METANOL-d,) d ppm 7,96 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,3 Hz,
1H), 7,27 (s, 2H), 7,21 - 7,12 (m, 1H), 6,24 (s, 1H), 4,47 - 4,38 (m, 1H), 4,17 - 3,98 (m,
3H), 3,97 - 3,86 (m, 2H), 3,83 - 3,75 (m, 1H), 3,59 (s, 1H), 3,25 - 3,11 (m, 2H), 3,03 -
2,94 (m, 1H), 2,93 - 2,82 (m, 1H), 2,77 - 2,68 (m, 1H), 2,45 - 2,35 (m, 1H), 2,29 - 2,17
(m, 1H), 2,11 - 1,84 (m, 3H), 1,82 - 1,68 (m, 3H), 1,13 (t J = 7,2 Hz, 3H). MS: theo ly
thuyét 631 (MH"), theo thir nghiém 631 (MH").
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Ditu ché axit (IR2R)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic (hgp chét 49-A):

Hop chit 49-A dugc diéu ché twong tu v6i hop chit cua hop chit Q trong Vi du 19
bing cach sir dung etyl (1R,2R)-2-aminoxyclopentancarboxylat (Accela Chembio Co.,
Ltd, SY024586) thay cho mubi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vi du 50:

Axit  (1R,2R)-2-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-

a]pyrazin-2-yl]xyclopentancarboxylic

S &

C-1
7 50

OH

Hop chit & d muc nay duogc diéu ché tuong ty véi Vidu 1 bz"mg cach str dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va (1S,2R)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl]xyclopentancarboxylic axit (hop chat 50-A) thay cho metyl este cua
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axit  (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic (hop chdt C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chat D).
Hop chét coa vi du 50 thu dugc dudi dang chét rin mau vang nhat (30 mg). 'H NMR
(400 MHz, METANOL-d,) d ppm 7,97 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H),
6,97-7,39 (m, 2H), 6,24 (s, 1H), 4,42 (d, J = 9,8 Hz, 2H), 3,73-4,19 (m, 5H), 3,52 (m,
4H), 3,12-3,23 (m, 2H), 2,66-2,96 (m, 2H), 2,11-2,47 (m, 3H), 1,60-2,05 (m, 4H), 1,13
ppm (t, J = 7,2 Hz, 3H). MS: theo 1y thuyét 631 (MH"), theo thir nghiém 631 (MH").

Pidu ché axit (18,2R)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic (hop chét 50-A):

Hop chét 50-A dugc didu ché tuong tu véi hop chét ctia hop chit Q trong Vi du 19
bang cach sir dung mudi etyl (1S,2R)-2-aminoxyclopentancarboxylat cua axit trifloaxetic
(hop chit 50-B) thay cho mubi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Diéu ché mudi etyl (1S,2R)-2-aminoxyclopentancarboxylat ctia axit trifloaxetic

(hop chat 50-B):

NHBoc N H2 TFA
TFA
/o 0
4
O\\ O\\
50-B

(1R,25)-2-(Boc-amino)xyclopentancarboxylat (CAS: 1140972-29-7, TCI) (1 mmol)
da dugc hoa tan trong CH,Cl, (3 mL) tiép theo 14 thém tir tir TFA (1 mL) & 0°C. Hdn hop
phan ting nay duoc khudy & nhiét do trong phong trong 1 gid va sau d6, dung mdi nay
dugc loai bd trong chan khong tao ra san phdm thd 50-B, san phim nay dugc sir dung
truc tiép trong bude tip theo.

Vidu51:

Axit (1R,28)-2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-2-yl]xyclopentancarboxylic
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Hop chét & ¢& muc nay dugc didu ché twong tw v&i Vi du 1 bang cach st dung mudi
TFA cta axit (1R,2S)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yllxyclopentancarboxylic (hgp chdt 51-A) thay cho hexahydro-pyrazino[1,2-
c][1,3]oxazin-6-on (hgp chét D). Hop chat cta vi du 51 thu dugc duéi dang chit rén mau
vang nhat (68 mg). 'H NMR (400 MHz, METANOL-dy) d ppm 8,07 - 7,89 (m, 1H), 7,78
(d, J=3,0Hz, 1H), 7,44 (t J = 6,9 Hz, 1H), 7,25 (dd, J = 2,5, 8,8 Hz, 1H), 7,06 (dt, J =
2,5, 8,4 Hz, 1H), 6,18 (s, 1H), 4,41 (q, J = 8,6 Hz, 1H), 4,19 (d, J = 16,8 Hz, 1H), 4,05 -
3,79 (m, 3H), 3,64 - 3,57 (m, 4H), 3,27 - 3,14 (m, 1H), 3,10 (dd, J = 4,3, 9,0 Hz, 1H),
2,99 (br. s., 1H), 2,94 - 2,77 (m, 2H), 2,48 (br. s., 1H), 2,29 (br. s., 1H), 2,08 - 1,84 (m,
3H), 1,84 - 1,69 (m, 3H). MS: theo ly thuyét 617 (MH"), theo thir nghiém 617 (MH™).

Piéu ché mudi TFA cia axit (1R2S)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hgp chét 51-A):
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Hop chit 51-A dugc diéu ché tuong tw v&i hop chét cua hop chit Q trong Vidu 19
bing cach st dung etyl (1R,2S)-2-aminoxyclopentancarboxylat (Accela Chembio Co.,
Ltd, CAS: 197916-36-2) thay cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vidu 52:

Axit (18,28)-2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0xo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-

a]pyrazin-2-yl]xyclopentancarboxylic

Br O%
OH N’Q
R 0]
(0]

7 52
OH

Hop chit & & muc nay duogc diéu ché tuong tu véi Vidu 1 béng cach sir dung mudi
TFA cua axit (18,25)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]xyclopentancarboxylic (hgp chdt 52-A) thay cho hexahydro-pyrazino[1,2-
c][1,3]oxazin-6-on (hop chét D). Hop chét cta vi du 52 thu dugc dudi dang chét rin mau

vang nhat (1,7 mg). 'H NMR (400 MHz, METANOL-d,) d ppm 1H NMR (MeOD,
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400MHz): d = 7,97 (d, J = 3,0 Hz, 1H), 7,77 (d, J = 3,0 Hz, 1H), 7,42 (dd, J = 6,0, 8,8
Hz, 1H), 7,24 (dd, J = 2,8, 8,8 Hz, 1H), 7,06 (dt, J = 2,8, 8,4 Hz, 1H), 6,18 (s, 1H), 4,50 -
4,25 (m, 1H), 4,09 (d, J = 17,1 Hz, 1H), 3,98 - 3,72 (m, 3H), 3,61 (s, 3H), 3,52 (t, /= 8,9
Hz, 1H), 3,26 - 3,01 (m, 2H), 2,96 - 2,72 (m, 3H), 2,41 - 2,17 (m, 2H), 2,05 - 1,84 (m,
3H), 1,81 - 1,67 (m, 3H). MS: theo ly thuyét 617 (MH"), theo thir nghiém 617 (MH").

Piéu ché mudi TFA coa axit (1S,2S)-2-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hop chét 52-A):

Hop chit 52-A dugc diéu ché tuong tu v6i hop chét cia hop chit Q trong Vi du 19
bang cach st dung etyl (1S,2S)-2-aminoxyclopentancarboxylat (Accela Chembio Co.,
Ltd, CAS: 752181-59-2) thay cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vidu 53:

Axit  4-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]butanoic

OH

Diéu ché Vi du 53:
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Hop chit & d& muc nay duogc diéu ché twong ty véi Vi du 1 béng cach str dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chét C-1) va axit 4-[(8aS)-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]butanoic (hgp chit 46-A) thay cho metyl este ctia axit (R)-6-bromometyl-
4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic (hop chit C) va
hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D). Vi du 53 thu dugc dudi dang
chat rdn mau vang nhat (2 mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,97 (d, J =
3,0 Hz, 1H), 7,76 (d, J = 3,3 Hz, 1H), 7,27 (s, 2H), 7,16 (s, 1H), 6,24 (s, 1H), 4,18 - 4,01
(m, 3H), 3,92 (d, J = 16,8 Hz, 3H), 3,49 (s, 1H), 3,30 - 3,25 (m, 1H), 3,25 - 3,15 (m, 2H),
3,12 - 3,04 (m, 1H), 2,97 - 2,81 (m, 2H), 2,33 (s, 3H), 2,26 - 2,14 (m, 1H), 1,85 (d, J =
7,0 Hz, 2H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 605 (MH"), theo thir nghi¢ém
605 (MH").

Vidu 54:

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic
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Hop chét & & muc nay duoc diéu ché twong ty véi Vi du 1 bang cach st dung muébi
TFA cua axit 4-[(8aS)-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]-2,2-
dimetyl-butanoic (hop chit 54-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on
(hop chit D). Hop chit ciia vi du 54 thu duge dudi dang chét rin mau vang nhat (23 mg).
'H NMR (400 MHz, METANOL-d,) d ppm 8,01 (d, J = 3,0 Hz, 1H), 7,90 (d, J = 3,0 Hz,
1H), 7,53 (dd, J = 5,9, 8,7 Hz, 1H), 7,29 (dd, J = 2,6, 8,7 Hz, 1H), 7,17 - 7,06 (m, 1H),
6,20 (s, 1H), 4,77 - 4,64 (m, 1H), 4,57 - 4,42 (m, 1H), 4,27 - 4,12 (m, 1H), 4,07 (dd, J =
3,3, 14,8 Hz, 1H), 3,75 - 3,62 (m, 5H), 3,58 (t, J = 9,0 Hz, 1H), 3,51 - 3,37 (m, 2H), 3,27
- 3,02 (m, 4H), 1,95 - 1,82 (m, 1H), 1,80 - 1,66 (m, 1H), 1,31 - 1,19 (m, 6H).. MS: theo ly
thuyét 619 (MH"), theo thtr nghiém 619 (MH").
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Piéu ché mudi TFA coa axit 4-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-butanoic (hgp chat 54-A):

KOH/H20 TMSCHN2 o PPhy/l
0”0 HO g

°<

4.8 -C
Boc H .TFA
THFALIOH j
D —— N
2, TFADCM
v—4
N—& o
?E ] °
/ OH

% o

54
H

M 54-A
54-E

Bude 1: Hon hop cua 2,2-dimetylbutyrolacton (6,84 g, 60 mmol) va KOH (3,36 g)
trong HyO (60 mL) dugc gia nhiét & nhiét do hdi luu trong 2 gid. Dung dich nay dugc
lam ngudi xudng nhiét do trong phong va duoc axit héa dén d6 pH=5 bang dung dich
nude HCL Hon hop nay sau d6 duge chiét bing etyl axetat 3 14n. Lép hitu co di thu gom
duoc rira bang nudc mudi, 1am kho bing Na,SO,, ¢b dic dudi ap suat giam tao ra axit 4-

hydroxy-2,2-dimetyl-butanoic 54-B (4 g).

Budc 2: Thém dung dich hexan (2,0 M) trimetylsilyldiazometan (12,5 mL, 25
mmol) vao hdn hop cla hop chit 54-B (2,2 g, 16,6 mmol) trong etyl ete (16 mL) va
metanol (24 mL) & 0°C. Hn hop phan tmg nay duoc khqu ¢ 0°C trong 1 gio. Dung méi
nay dugc bdc hoi va phin cin duge hdp phu trong etyl axetat, dugc rira lién tuc bang
dung dich nudc HCI lodng, dung dich NaHCO; bdo hoa va nude mudi. Hdn hop nay lam
kho bang Na,SO, va ¢b tao ra metyl este cla axit 4-hydroxy-2,2-dimetyl-butyric 54-C
(1,5 g).

Budce 3: Thém PhsP (136 mg, 0,52 mmol), imidazol (71 mg, 1,04 mmol), va I,
(132 mg, 0,52 mmol) vao dung dich ctia rugu ¢ cong thirc 54-C (45 mg, 0,34 mmol)
trong THF (4 mL) & 0°C. Sau 1 gid, hdn hop phan tmg nay dugc dimg bing dung dich
Na,S,0; bdo hoa. Lép nuée duge chiét hai 14n bang hexan. Lép hitu co duge 1am kho

béng Na,SO, va ¢b trong chan khong tao ra hop chét 54-D dudi dang san phém tho.

-135-



21530

Buéc 4: Thém NaH (48 mg, 2 mmol) vao dung dich da khudy cua hop chit M
(256 mg, 1 mmol) trong DMF (2 mL ) & nhiét d trong phong. Hon hop phan tmg nay
duge khudy 20 phit & nhiét do trong phong, sau d6 thém hop chét 54-D (256 mg, 1
mmol). Sau d6 hdn hop phan ting nay dugc khudy trong 4 gi & nhiét d6 trong phong,
thém EA va hén hop nay rira bang nudc va nudc mudi. Han hop nay 1am khé bing
Na,SOq, va ¢6 dusi 4p suét giam tao ra san phim thé, san phim nay dugc tinh ché bing

cot tao ra hop chat 54-E (150 mg).

Bude 5: Thém LiOH (96 mg 2,4 mmol) vao dung dich di khudy cta hop chit 54-E
(150 mg, 0,4 mmol) trong THF (5 mL) va nu6e (2 mL). Sau d6 hdn hop phan ung nay
dugc khudy & 80°C trong 18 gid, hdn hop nay duge c6 dudi ap sut giam tao ra san phim
tho, san phdm nay da dugc hoa tan trong DCM (4 mL) va duoc xir ly bang TFA (4 mL).
Hén hop nay dugc khudy trong 2 gid & nhiét do trong phong, sau d6 hén hop nay duoc ¢d

dudi 4p sudt giam tao ra san phdm thd 54-A axit nay dugc str dung truc tiép.
Vidu 55:
Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-

dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-3,3-dimetyl-butanoic

OH

Diéu ché Vi du 55:
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Hop chét & d& muc nay duoc didu ché twong tu v6i Vi du 1 bing cach sir dung mudi
TFA cha axit 4-[(8aS)-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]-3,3-
dimetyl-butanoic (hop chit 55-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on
(hop chét D). Hop chit cia vi du 55 thu duge dudi dang chét rin mau vang nhat (22 mg).
'H NMR (400 MHz, METANOL-d,) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,3 Hz,
1H), 7,50 - 7,35 (m, 1H), 7,29 - 7,20 (m, 1H), 7,12 - 7,01 (m, 1H), 6,18 (s, 1H), 4,20 -
4,06 (m, 1H), 3,94 (s, 3H), 3,61 (s, 4H), 3,19 (d, J = 14,6 Hz, 3H), 3,08 - 2,99 (m, 1H),
2,97 - 2,82 (m, 2H), 2,47 - 2,34 (m, 1H), 2,27 (s, 3H), 1,07 (s, 6H). MS: theo ly thuyét
619 (MH"), theo thir nghiém 619 (MH").

Diéu ché mubi TFA cua axit 4-[(8aS)-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]-3,3-dimetyl-butanoic (hop chit 55-A):
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Buéc 1: Thém 4,4-dimetyl-2-pyrolidinon (2,52 g, 22,3 mmol) vao hdn hop ctia HCI
ddc (50 mL) va nude (50 mL) va hdn hop tao ra duge hdi luu & 120°C trong 20 gio. Sau
d6 n6 dugc 1am lanh xubng nhiét do trong phong, hdn hop niy dugc rira hai 1in bing
diclometan. Lép nuée duoc bde hoi tao ra hydroclorua cta axit 4-amino-3,3-dimetyl-

butyric 55-B (3,4 g) dudi dang chét rdn mau tring.

Budc 2: Aldehyt S (346 mg, 1 mmol) trong diclometan (3 mL) va Et;N (0,5 mL)
duoc thém hop chét 55-B (131 mg, 1 mmol). Hén hop phan tmg nay dugc khudy trong 1
gi0' & nhiét do trong phong, sau d6 ¢ dudi &p suit giam. B sung metanol (5 mL), tiép
theo 13 bd sung natri xyanobohydrua (248 mg, 4 mmol).. Sau d6 hén hop phan {mg nay
duoc khudy & nhiét do trong phong trong 1 gi®, hdn hop nay duoc c6 dudi &p suét giam
tao ra san phdm thé 55-C.

Bude 3: Hop chét 55-C trong THF (10 mL) dugc bd sung kali fert-butoxit (224 mg,
2 mmol), sau d6, hdn hop phan tng nay dugc khqu & 80 °C trong 4 gid. Dung dich nay
dugc lam ngudi xuéng nhiét d6 trong phong va duoc axit héa dén do pH=5 béng dung
dich nuéc HCL. Hén hop ndy sau d6 dugc chiét bing etyl axetat 3 1an. Lép hitu co dd thu
gom duoc rira bang nudc mudi, lam kho bang Na,SO,, va cd duéi &p suét giam tao ra san

phim thé 55-D.
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Buéc 4: Thém axit trifloaxetic (2 mL) vao dung dich di khudy cua hop chit 55-
D(301mg, 0,92mmol) trong diclometan (4 mL) ¢ nhiét d6 trong phong. Sau d6 hdn hop
phan tmg nay duoc khudy & nhiét do trong phong trong 1 gio, dung méi nay duogc loai bo
trong chan khong tao ra san phim thd 55-A, san phdm nay duoc st dung truc tiép.

Vi du 56:

Etyl este cua axit (R)-6-[(S)-2-(2-carboxy-etyl)-3-oxo-hexahydro-imidazo[ 1, 5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic
F
Z e
N
/IR/S
W,
Diéu ché Vi du 56:
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Hop chit & & muc nay dugc didu ché tuong tw véi Vi du 1 bang céch st dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chét C-1) va mudi TFA cla axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]propanoic (hgp chit 56-A) thay cho metyl este cua

-139-



21530

axit  (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic (hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chit D). Vi
du 56 thu dugc dudi dang chit rin mau vang nhat (60 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 7,95-8,00 (m, 1H), 7,79 (d, 1H), 7,25-7,36 (m, 2H), 7,12-7,22 (m,
1H), 6,25 (s, 1H), 4,24 (d, 1H), 4,06 (m, 3H), 3,86-4,00 (m, 2H), 3,50-3,62 (m, 2H), 3,36-
3,50 (m, 1H), 3,24 (m, 1H), 3,15 (m, 1H), 3,04 (d, 2H), 2,56 (m, 3H), 2,40 (br. s., 1H),
1,13 (m, 3H). MS: theo ly thuyét 591 (MH"), theo thir nghiém 591 (MH").

Diéu ché mudi TFA cua axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]propanoic (hop chét 56-A):

¥ D D

0.0 0.0
OYO /\“/Ol T T n TFA
Nj 0 H?[Nj LIOH H?[Nj TFA H?[Nj
H
4 8 8 8y
H “o
o Ho HO
/ [e) [e] 0
M 56-B 56-C 56-A

Budc 1. Thém metyl acrylat (534 mg, 6,20 mmol) vao dung dich d& khudy cua hop
chit M (150 mg, 0,62 mmol) trong THF (3 mL) & nhiét d6 trong phong, tiép theo 1a mot
lugng nho ciia NaOH duéi dang cht xtic tac. LC-MS chi ra hop chit M duge di tisu thy
hoan toan va san phém 56-B da dugc tao thanh. Hon hop tao ra duoc khuéy ¢ nhiét d6
trong phong trong 6 gid. Hon hop phan tmg niy sau d6 cb va sir dung tryc tiép trong

budc tiép theo ma khéng can tinh ché thém. Lugng san phim thd nay 1a 180 mg.

Bude 2. Thém dung dich ctia lithi hydroxit monohydrat (116 mg, 2,75 mmol) trong
H,0 (1 mL) vao dung dich ciia hop chit 56-B (180 mg, 0,55 mmol) trong THF (3 mL) &
nhiét do trong phong. Hon hop tao ra duge khudy & nhiét do trong phong trong 3 gio.
LC-MS thé hién nguyén liéu ban diu 56-B di tiéu thu hoan toan. Hn hop nay duoc didu
chinh d¢én d6 pH= 4~5 bang HCI 1 N, sau d6 c6. Phin cin duoc sir dung tryc tiép trong
budc tiép theo va lugng san phim thd 56-C bang 300 mg.

Bu6e 3. Thém axit trifloaxetic (3 mL) vao dung dich ctia 56-C (san phdm thd 300
mg, 0,55 mmol) trong diclometan (3 mL) & nhiét do trong phong. Hon hop tao ra duge
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khudy & nhiét do trong phong trong 2 gid. Hon hop phan tng nay dugc ¢b va phédn cin
nay dugc st dung truc tiép trong bude tiép theo. Luong san phdm tho 56-A bang 350 mg.

Vidu 57:
Etyl este cua axit (R)-6-[(S)-2-((R)-2-carboxy-1-metyl-etyl)-3-oxo0-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic

F

L
F O 288
0 ©i0| \ . DIPEA [)Né\/”\)\,}(}

&N
o \ ,.Q
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C-1 57-A
HO 57
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Hop chit & d& muc nay duoc diéu ché tuong ty véi Vi du 1 bé‘mg cach sir dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va mubi TFA cua axit (3R)-3-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]butanoic (hop chéit 57-A) thay cho metyl este cua
axit  (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic (hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D). Vi

-141-



21530

du 57 thu dugc dudi dang chit rin mau vang nhat (48 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 8,02 (d, 1H), 7,91 (d, 1H), 7,33-7,41 (m, 2H), 7,21-7,29 (m, 1H),
6,27 (s, 1H), 4,72 (d, 1H), 4,54 (d, 1H), 4,27-4,38 (m, 1H), 4,03-4,19 (m, 4H), 3,60-3,74
(m, 3H), 3,38-3,48 (m, 1H), 3,04-3,25 (m, 3H), 2,56-2,66 (m, 1H), 2,47-2,56 (m, 1H),
1,27 (d, 3H), 1,13 (m, 3H). MS: theo ly thuyét 605 (MH+), theo thir nghiém 605 (MH").

Piéu ché mudi TFA cua axit (3R)-3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl]butanoic (hop chét 57-A):

Hop chét 57-A dugc diéu ché twong tu v6i hop chét cia hop chét Q trong Vi du 19
bang cach sir dung mubi metyl (3R)-3-aminobutanoat hydroclorua (hop chit 57-B) thay
cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Diéu ché mubi metyl (3R)-3-aminobutanoat hydroclorua (hgp chét 57-B):

Hop chit 57-B duoc diéu ché tuong tu véi hop chét cta hop chit W trong Vi dy 20
bang céch sir dung axit (R)-3-aminobutanoic thay cho axit DL-3-aminoisobutyric.

Vi du 58:

Etyl este cua axit (R)-6-[(S)-2-((S)-2-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic

Diéu ché Vi du 58:
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Hop chat & d& muc nay duge didu ché tuong tw v6i Vi du 1 bang cach st dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va mudi TFA cua axit (35)-3-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]butanoic (hop chét 58-A) thay cho metyl este cua
axit  (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic (hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Vi
du 58 thu dugc dudi dang chit rin mau vang nhat (50 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 8,01 (d, 1H), 7,90 (d, 1H), 7,33-7,40 (m, 2H), 7,21-7,28 (m, 1H),
6,27 (s, 1H), 4,66 (d, 1H), 4,49 (d, 1H), 4,34-4,42 (m, 1H), 4,20-4,20 (m, 1H), 4,04-4,19
(m, 4H), 3,56-3,66 (m, 3H), 3,42-3,50 (m, 1H), 3,22 (m, 1H), 3,01-3,13 (m, 2H), 2,50-
2,62 (m, 2H), 1,23 (d, 3H), 1,13 (m, 3H). MS: theo ly thuyét 605 (MH"), theo thir nghiém
605 (MH").

Diéu ché mudi TFA cua axit (3S)-3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl]butanoic (hop chit 58-A):

Hop chét 58-A duogc didu ché tuong tu v6i hop chit ctia hop chit Q trong Vidu 19
bing céch sir dung mudi metyl (38)-3-aminobutanoat hydroclorua (hgp chét 58-B) thay

cho muéi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.
Piéu ché mubi metyl (3R)-3-aminobutanoat hydroclorua (hgp chat 58-B):

Hop chét 58-B dugc didu ché tuong tu véi hop chit cua hop chit W trong Vi du 20

bang cach sir dung axit (S)-3-aminobutanoic thay cho axit DL-3-aminoisobutyric.

Vi du 59:

-143-



21530

Metyl este cua axit (R)-6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1 ,4-dihydro-

pyrimidin-5-carboxylic

OH

Diéu ché Vi du 59:
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Hop chit & dé muc nay duoc diéu ché twong tu véi Vi du 1 b:?lng cach str dung mudi
TFA cua axit 1-[[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-yl]metyl]
xyclobutancarboxylic (hop chit 59-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-
on (hop chét D). Hop chit cia vi du 59 thu duge dusi dang chit ran mau vang nhat (15
mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,96 (d, 1H), 7,76 (d, 1H), 7,42 (m, 1H),
7,24 (m, 1H), 7,06 (m, 1H), 6,17 (s, 1H), 4,08 (d, 1H), 3,90 (d, 2H), 3,82-3,86 (m, 1H),
3,66-3,72 (m, 1H), 3,61 (s, 3H), 3,54 (d, 1H), 3,47 (m, 1H), 3,14-3,23 (m, 1H), 3,05 (m,
1H), 2,90 (d, 1H), 2,80 (d, 1H), 2,39-2,47 (m, 2H), 2,31-2,39 (m, 1H), 2,16 (m, 1H),
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1,99-2,09 (m, 3H), 1,89-1,98 (m, 1H). MS: theo ly thuyét 617 (MH"), theo thir nghiém
617 (MH").

Diéu ché mudi TFA cla axit 1-[[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo [1,5-
a]pyrazin-2-ylJmetyl]xyclobutancarboxylic (hgp chat 59-A):

Hop chét 59-A duoc diéu ché tuong tu véi hop chét ciia hop chit Q trong Vi du 19
bang cach sir dung etyl este cua axit 1-aminometyl-xyclobutancarboxylic (¢ tong hop
hop chdt ndy, xem tai liéu: Cao, Sheldon X. et al PCT Int. Appl. (2009), WO
2009067547) thay cho mubi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vi du 60:

Etyl este cia axit 6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-((R)-2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic

OH

Diéu ché Vi du 60:
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Hop chit & dé muc nay duoc didu ché tuong tw véi Vi du 1 bang cach sir dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hgp chit C-1) va mudi TFA coa axit 1-[[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]metyl]xyclobutancarboxylic (hop chét 59-A) thay
cho metyl este cua axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic (hgp chit C) va hexahydro-pyrazino[1,2-¢][1,3]oxazin-
6-on (hop chat D). Vi du 59 thu duoc duéi dang chét rin mau vang nhat (15 mg). 'H
NMR (400 MHz, METANOL-d4) d ppm 7,96 (d, 1H), 7,76 (d, 1H), 7,23-7,35 (m, 2H),
7,16 (m, 1H), 6,24 (s, 1H), 4,02-4,13 (m, 3H), 3,81-3,97 (m, 3H), 3,65-3,74 (m, 1H),
3,43-3,57 (m, 2H), 3,20 (m, 1H), 3,05 (m, 1H), 2,92 (d, 1H), 2,83 (d, 1H), 2,31-2,48 (m,
3H), 2,17 (br. s, 1H), 1,92-2,12 (m, 4H), 1,09-1,17 (m, 3H). MS: theo ly thuyét 631
(MH"), theo thir nghiém 631 (MH").

Vi du 61 (hdn hop cta 2 chit ddng phan):

Metyl este cua axit (R)-6-[(S)-2-((1R,3S)-3-carboxy-xyclopentyl)-3-oxo-
hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic va metyl este cta axit (R)-6-[(S)-2-((1S,3R)-3-carboxy-
xyclopentyl)-3-oxo-hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-
2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic

Diéu ché Vi du 61:
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Hop chét & dé muc nay dugc diéu ché twong tu véi Vi du 1 béng cach sur dung mudi
TFA cia axit cis—3-[(8aS)-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[l,5-a]pyrazin-2-
yllxyclopentancarboxylic (hop chit 61-A) thay cho hexahydro-pyrazino[1,2-
c][1,3]oxazin-6-on (hop chit D). Hop chét ctia vi du 61 thu duoc dudi dang chit rin mau
vang nhat (30 mg). 'H NMR (400 MHz, METANOL-d4) d ppm 7,97 (m, 1H), 7,76 (d,
1H), 7,42 (m, 1H), 7,24 (m, 1H), 7,06 (m, 1H), 6,17 (s, 1H), 4,24-4,35 (m, 1H), 4,10 (d,
1H), 3,82-3,94 (m, 3H), 3,61 (s, 3H), 3,53 (m, 1H), 3,03-3,23 (m, 2H), 2,77-2,93 (m, 3H),
2,36 (m, 1H), 2,04-2,23 (m, 2H), 1,67-2,00 (m, SH). MS: theo ly thuyét 617 (MH"), theo
thir nghiém 617 (MH").

Piéu ché mudi TFA cia axit cis-3-[(8aS)-3-o0x0-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hop chit 61-A):

Hop chét 61-A dugc didu ché tuong tu véi hop chét cua hop chit Q trong Vidu 19
bang cach sir dung mudi hydroclorua cta cis-metyl 3-aminoxyclopentancarboxylat metyl
este (hop chit 61-B) thay cho mubi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Diéu ché mubi hydroclorua ciia cis-metyl 3-aminoxyclopentancarboxylat metyl este
(hop chét 61-B):

Hop chat 61-B dugc didu ché twong tu véi hop chét ctia hop chét W trong Vi du 20
bang cach sir dung axit cis-3-aminoxyclopentancarboxylic (Accela Chembio Co., Ltd,

CAS: 49805-32-5) thay cho axit DL-3-aminoisobutyric.

Vi du 62 (hdn hop ciia 2 chit ddng phan):
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Etyl este cta axit (R)-6-[(5)-2-((1R,3S)-3-carboxy-xyclopentyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic va etyl este cia axit (R)-6-[(S)-2-((1S,3R)-3-carboxy-
xyclopentyl)-3-oxo-hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo -phenyl)-
2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic

Diéu ché Vi du 62:
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Hop chit & d& muc ndy dugc diéu ché tuong tu v6i Vi du 1 bang cach sir dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va mudi TFA cla axit cis-3-[(8aS)-3-ox0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hop chdt 61-A) thay cho
metyl este cla axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
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pyrimidin-5-carboxylic (hop chét C) va hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hop
chét D). Hop chét cta vi du 62 thu duoc dusi dang chét rin mau vang nhat (50 mg). 'H
NMR (400 MHz, METANOL-d4) d ppm 7,97 (m, 1H), 7,76 (d, 1H), 7,23-7,34 (m, 2H),
7,09-7,19 (m, 1H), 6,24 (s, 1H), 4,23-4,34 (m, 1H), 4,01-4,15 (m, 3H), 3,83-3,95 (m, 3H)
3,53 (m, 1H), 3,04-3,23 (m, 2H), 2,77-2,95 (m, 3H), 2,36 (m, 1H), 2,03-2,22 (m, 2H),
1,90-2,00 (m, 2H), 1,68-1,90 (m, 3H), 1,13 (m, 3H). MS: theo Iy thuyét 631 (MH"), theo
thir nghiém 631(MH").

2

Vi du 63 (hdn hop cta hai chat ddng phan):

Metyl este cua axit (R)-6-[(S)-2-((1R,3R)-3-carboxy-xyclopentyl)-3-oxo-
hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic va metyl este cta axit (R)-6-[(S)-2-((1S,3S)-3-carboxy-
xyclopentyl)-3-oxo-hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl] -4-(2-clo-4-flo-phenyl)-
2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic

Diéu ché Vi du 63:
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Hop chit & dé muc ndy duoc diéu ché twong tur v4i Vidu 1 béng cach str dung mudi
TFA cta axit trans-3-[(8aS)-3—ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]
xyclopentancarboxylic (hop chat 63-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-
6-on (hop chét D). Hop chét cita vi dy 63 thu dugc du¢i dang chét rin mau vang nhat (10
mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,97 (d, 1H), 7,76 (d, 1H), 7,42 (m, 1H)
7,24 (m, 1H), 7,06 (m, 1H), 6,17 (s, 1H), 4,39 (d, 1H), 4,10 (d, 1H), 3,84-3,92 (m, 3H),
3,61 (s, 3H), 3,49-3,53 (m, 1H), 3,18 (d, 1H), 3,06 (d, 1H), 2,89 (br. s., 3H), 2,38 (d, 1H),
2,07-2,19 (m, 3H), 1,86-1,97 (m, 3H), 1,70 (br. s., 1H). MS: theo ly thuyét 617 MH,
theo thtr nghiém 617 (MH").

b

Piéu ché mudi TFA cia axit rans-3-[(8aS)-3-oxo-1,5,6,7.8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hgp chét 63-A):

Hop chét 63-A dwoc diéu ché tuong tu vi hop chét ctia hop chét Q trong Vi du 19
bing cach sw dung mudi trans-metyl 3-aminoxyclopentancarboxylat metyl este
hydroclorua (hgp chit 63-B) thay cho muéi etyl 3-amino-2,2-dimetyl-propanoat

hydroclorua.

Diéu ché mudi trans-metyl 3-aminoxyclopentancarboxylat metyl este hydroclorua

(hop chit 63-B):

Hop chit 63-B dugc didu ché tuong tu v6i hop chét cia hop chit W trong Vi du 20

bang cach sir dung axit trans-3-aminoxyclopentancarboxylic (4 téng hop hop chat nay,
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xem tai liu: Allan, Robin D.; Fong, Joyce Australian Journal of Chemistry (1986), 39(6),
855-64.) thay cho axit DL-3-aminoisobutyric.

Vi dy 64 (hdn hop ciia hai chit ddng phén):

Etyl este cua axit (R)-6-[(S)-2-((1R,3R)-3-carboxy-xyclopentyl)-3 -oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1 ,4-dihydro-
pyrimidin-5-carboxylic va etyl este cta axit (R)-6-[(S)-2-((1S,35)-3 -carboxy-
xyclopentyl)-3-oxo-hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl] -4-(2-clo-3-flo-phenyl)-
2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic

Diéu ché Vi du 64:

F

“ o) cl
| SIS
o cl ‘\_\k N \S>
N DIPEA H W,
oL TS T O
NJ\(S <N
Br H I\}J o OH \N"&
o]
c-
63-A OH

H&n hop cta hai chit ddng phan trans trén 0
xyclopentan . 64
Hon hop cuia hai chat dong phéan trans trén

xyclopentan

Hop chit & dé muc nay duoc diéu ché tuong ty véi Vi du 1 bang cch s dung etyl

(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
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carboxylat (hop chét C-1) va mudi TFA cia axit trans-3-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]xyclopentancarboxylic (hop chit 63-A) thay cho
metyl este cta axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic (hgp chit C) va hexahydro-pyrazino[1,2-c][1,3]Joxazin-6-on (hgp
chit D). Hop chét cta vi du 64 thu duoc dudi dang chét rin mau vang nhat' (10 mg). 'H
NMR (400 MHz, METANOL-d,) d ppm 7,97 (m, 1H), 7,76 (d, 1H), 7,24-7,34 (m, 2H),
7,12-7,19 (m, 1H), 6,24 (s, 1H), 4,34-4,42 (m, 1H), 4,02-4,14 (m, 3H), 3,83-3,94 (m, 3H),
3,51 (m, 1H), 3,14-3,22 (m, 1H), 3,04-3,10 (m, 1H), 2,82-2,94 (m, 3H), 2,36 (m, 1H),
2,05-2,20 (m, 3H), 1,81-1,98 (m, 3H), 1,65-1,74 (m, 1H), 1,13 (m, 3H). MS: theo ly
thuyét 631 (MH"), theo thir nghiém 631 (MH").

Vidu 65:

Metyl este cua axit (R)-6-[2-(4-carboxy-benzyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic

OH

biéu ché Vi du 65:
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F

TFA ©\
H
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OH o)
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6
65-A s

OH
0]

Hop chét & dé muc nay duoc diéu ché tuong tw véi Vi du 1 bang cach sir dung mudi
TFA cta axit 4-[(3-0x0-1,5 ,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl)metyl]benzoic
(hop chit 65-A) thay cho hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hop chét D). Hop
chat ciia vi du 65 thu duge dudi dang chét rin mau vang nhat (90 mg). "H NMR (400
MHz, METANOL-d,) d ppm 8,00-8,06 (m, 3H), 7,91 (m, 1H), 7,53 (m, 1H), 7,40-7,45
(m, 2H), 7,30 (m, 1H), 7,08-7,15 (m, 1H), 6,20 (d, 1H), 4,75 (m, 1H), 4,48-4,62 (m, 3H),
4,12-4,25 (m, 2H), 3,68-3,78 (m, 2H), 3,65 (d, 3H), 3,44-3,58 (m, 2H), 3,16-3,28 (m, 2H),
3,09-3,15 (m, 1H). MS: theo ly thuyét 639 (MH"), theo thir nghiém 639 (MH").

DPiéu ché mubi TFA coa axit 4-[(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl)metyl]benzoic (hop chit 65-A):

Hop chit 65-A duoc didu ché tuong tu v6i hop chét ciia hop chét Q trong Vi du 19
bang cach sir dung metyl este cua axit 4-aminometyl-benzoic hydroclorua thay cho mudi
etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vidu 66:

Etyl este cia axit (R)-6-[2-(4-carboxy-benzyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic
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Hop chét & & muc nay duoc diéu ché tuong tw v6i Vi du 1 bang cach s dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1 ,4-dihydropyrimidin-5-
carboxylat (hop chét C-1) va mubi TFA cla axit 4-[(3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl)metyl]benzoic (hop chit 65-A) thay cho metyl este
cua axit (R)-6-bromometyl—4-(2-c10-4-ﬂo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-
5-carboxylic (hop chit C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D).
Hop chét cta vi du 66 thu duge dudi dang chét rin mau vang nhat (82 mg). 'H NMR
(400 MHz, METANOL-d4) d ppm 7,99-8,07 (m, 3H), 7,90 (m, 1H), 7,40-7,46 (m, 2H),
7,32-7,39 (m, 2H), 7,21-7,29 (m, 1H), 6,26 (d, 1H), 4,75 (m, 1H), 4,47-4,61 (m, 3H),
4,13-4,25 (m, 2H), 4,06-4,13 (m, 2H), 3,68-3,78 (m, 2H), 3,44-3,58 (m, 2H), 3,18-3,31
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(m, 1H), 3,07-3,17 (m, 2H), 1,13 (m, 3H). MS: theo Iy thuyét 653 (MH"), theo thir
nghiém 653 (MH").
Vi du 67:

Axit 2-[2-[7-[[(4R)-4-(2-clo-3-ﬂo-phenyl)—S-etoxycacbonyl-2-thiazol-2-yl- 1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5 -a]pyrazin-2-

yl]etoxy]axetic

Diéu ché Vi du 67:

& L T

ZT

[0} 7 Cl
H N
o~ : . + DIPEA N H N\/>
s ) g]
N o) N
Br H N\\/> N——&
o (o}
C-1 OH
67-A (0] 67
(o}
OH

Hop chit & dé muc nay duogc diéu ché tuong ty v&i Vi du 1 béng cach str dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va axit 2-[2-(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl)etoxy]axetic (hop chit 67-A) thay cho metyl este cua axit (R)-6-
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bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic
(hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D). Hop chét cta
vi du 67 thu duoc dudi dang chit rdn mau vang nhat (2,5 mg). 'H NMR (400 MHz,
METANOL-d4) d ppm 8,00 - 8,01 (d, J = 4,0Hz, 1 H), 7,90-7,89 (d, J = 4,0Hz, 1 H),
7,35-7,38 (m, 2 H), 7,24 (m, 1 H), 6,26 (s, 1 H), 4,66 (m, 1 H), 4,51 (m, 1 H), 4,05-4,40
(m, 5 H), 3,70-3,83 (m, 3 H), 3,52-3,70 (m, 3H), 3,40 (m, 3H), 3,32 (m, 2 H), 1,13 (m,
3H). MS: theo ly thuyét 621 (MH"), theo thir nghiém 621 (MH™).

Diéu ché axit 2-[2-(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yletoxyJaxetic (hop chat 67-A):

?oc
?oc —< >— >\-C| HaN A~ §
N oH j BH, THF
- . 0 N
0 N_{ -
N TEA, DCM TEA, CH,NO, o THF
_0
HO
N+
0”0 67B 67-C
H o TFA

'] L
=R =B

7-D ’ 67-E
6 °l< 67-A

Budce 1: Thém hdn hop ciia metyl (£)-4-Boc-piperazin-2-carboxylat (CAS: 129799-
08-2, 2,44¢, 0,01 mol), TEA (1,52g, 0,015 mol) trong DCM (10 mL) véao dung dich cua
(4-nitrophenyl) cacbonocloridat (2,42 g, 0,012 mol) trong DCM (10 mL). Sau 1 gi &
nhiét d trong phong, 16p hitu co dugc rira bing nuée va dung dich natri bicacbonat bio
hoa, lam kho béng natri sulfat. Sau khi loai bo dung mdi, thu dugc san phém tho 67-B va
dugce str dung trong budc tiép theo ma khong can tinh ché. MS: theo ly thuyét 410 (MH"),
theo thir nghiém 410 (MH").

Budc 2: Hon hop cta hgp chit 67-B (1,0 g, 2,44 mmol), 2-aminoetanol (1,0 g, 16,4
mmol), TEA (0,49 g, 4,88 mmol), nitrometan (2 mL) dugc gia nhiét & 130°C b?mg Vi
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song trong 3 gid. Sau khi loai bd dung mdi, phan cin nay duoc xtr Iy bang nude, duoc
chiét bang etyl axetat. Loai bé dung méi tao ra san phém thé 67-C. MS: theo ly thuyét
300 (MH"), theo thir nghiém 300 (MH").

Buéc 3: Hon hop cua hop chét 67-C (730 mg, 2,44 mmol) va BH3.THF (1M, 4,88
mL). Sau khi khudy trong 24 gi® & nhiét do trong phong, hdn hop niy dugc xir ly bing
dung dich nudc natri bicacbonat bdo hoa, dugc chiét bing etyl axetat. Sau khi loai bo
dung mdi, thu dugce san phim 67-D. MS: theo 1y thuyét 286 (MH+), theo thir nghiém 286
(MH).

Budc 4: Thém hdn hop ctia hop chat 67-D (0,5 g, 1,75 mmol) trong THF (15 mL) ¢-
BuOK (0,294g, 2,63 mmol). Sau khi khudy trong 30 phut, thém #-butyl bromoaxetat (0,68
g, 3,5 mmol) vao hdn hop. Sau d6, hdn hop nay duoc khudy trong 2 gio nita ¢ nhiét do
trong phong, dugc dimg bing nuéce, dugce chiét bang etyl axetat. Sau khi loai bo dung
mdi, thu dugc san phim thd 67-E va duoc sir dung trong budc tiép theo. MS: theo 1y
thuyét 400 (MH"), theo thir nghiém 400 (MI").

Buéc 5: Hon hop ctia hop chit 67-E (0,70 g, 1,75 mmol) trong DCM (5 mL) duoc
xir ly bang TFA (2mL). Sau khi khudy trong 1 gio & nhiét d6 trong phong, dung méi va
phén cin TFA dugc loai bo dudi ap suit giam dé tao ra san phim 67-A. MS: theo ly
thuyét 244 (MH"), theo thir nghiém 244 (MH").

Vidu 68:

Axit 2-[3-[7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]propoxy]axetic
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Hop chét & d& muc nay duoc didu ché tuong tw véi Vidu 1 béng cach st dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va axit 2-[3-(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl)propoxyJaxetic (hgp chit 68-A) thay cho metyl este cua axit (R)-6-
bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1 ,4-dihydro-pyrimidin-5-carboxylic
(hop chit C) va hexahydro-pyrazino[1,2-¢][1,3]oxazin-6-on (hgp chit D). Hop chit cta
vi du 68 thu dugc dudi dang chit rin mau vang nhat (6,5 mg). '"H NMR (400 MHz,
METANOL-ds) d ppm 7,99 - 7,98 (d, J = 4,0Hz, 1 H), 7,81-7,82 (d, J = 4,0Hz, 1 H),
7,32 (m, 2 H), 7,21 (m, 1 H), 6,25 (s, 1 H), 3,90-4,35 (m, 6 H), 3,56 (m, 3 H), 3,10-3,40
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(m, 4H), 2,60 (m, 2H), 1,85 (m, 2H), 1,15 (m, 3H). MS: theo ly thuyét 635 (MH"), theo
thtr nghiém 635 (MH").

Piéu ché  axit 2-[3-(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-
yl)propoxyJaxetic (hop chit 68-A):

Hop chét 68-A dugc diéu ché tuong tu v&i hop chét cua Hop chét 67-A bing cach
sit dung 3-aminopropan-1-ol thay cho 2-aminoetanol.

Vidu 69:

Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[[2-(5-hydroxy-4,4-dimetyl-pentyl)-3-oxo-
5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-7-ylJmetyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat

OH

Diéu ché Vi du 69:
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Hop chét & dé myc nay duge didu ché twong ty voi Vi du 1 bing céch sit dung 2-(5-
hydroxy-4,4-dimetyl-pentyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-on (hop
chét 69-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chét
ctia vi dy 69 thu dugc dudi dang chit rin mau vang nhat (55 mg). '"H NMR (400 MHz,
METANOL-d,) d ppm 7,97 - 7,98 (d, J = 4,0Hz, 1 H), 7,80-7,81 (d, J = 4,0Hz, 1 H),
7,45-7,48 (m, 1 H), 7,27 (m, 1 H), 7,08 (m, 1H), 6,18 (s, 1 H), 3,80-4,40 (m, 4 H), 3,65 (s
3 H), 3,55 (m, 1H), 3,10-3,30 (m, 6 H), 2,50 (m, 2H), 1,50 (m, 2H), 1,25 (m, 2H), 0,89 (s,
6H). MS: theo ly thuyét 619 (MH"), theo thir nghiém 619 (MH™).

b

Pidu ché 2-(5 -hydroxy-4,4-dimetyl-pentyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-3-on (hop chit 69-A):

] TFA
Nj d
Je .
N TFA —-Q
o — EN o
69-B 69-A

tert-Butyl 2-(5-hydroxy-4,4-dimetyl-pentyl)-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo
[1,5-a]pyrazin-7-carboxylat (hop chdt 69-B) (1 mmol) di duoc hoa tan trong CH,Cl, (3
mL) tiép theo 1a thém tir tir TFA (1 mL) & 0°C. Hén hop phéan tmg nay dugc khudy &
nhiét d6 trong phong trong 1 gid va sau d6, dung méi ndy duoc loai bod trong chan khong

tao ra san pham thd 69-A, chét nay duoc sir dung truc tiép trong bude tiép theo.
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Diéu ché tert-butyl 2-(5-hydroxy-4,4-dimetyl-pentyl)-3-oxo-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-carboxylat (hop chét 69-B):
Hop chét 69-B duoc diéu ché twong tu v&i hop chét ctia Hop chét 67-D bing cach
st dung 5-amino-2,2-dimetyl-pentan-1-ol thay cho 2-aminoetanol.
Vidu 70:

Etyl  (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-hydroxyetyl)-3-ox0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-2-thiazol-2-yl-1 ,4-dihydropyrimidin-5-carboxylat

Diéu ché Vi du 70:

F j ~o N
@i N | J\(s
o YN a N
P )ilN . gN—-QO DIPEA Nj H N\ \/7
N)\(S HO 21 N
Br : N\\/)
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Hop chit & & muc nay duoc diéu ché tuong tw véi Vi du 1 bang cach st dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va 2-(2-hydroxyetyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-

70

alpyrazin-3-on (hop chét 70-A) thay cho metyl este cua axit (R)-6-bromometyl-4-(2-clo-
4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic (hop chit C) va
hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chit D). Hop chit cua vi du 70 thu duoc
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duéi dang chit ran mau vang nhat (45 mg). '"H NMR (400 MHz, METANOL-d,) d ppm
8,01 - 8,02 (d, J = 4,0Hz, 1 H), 7,91-7,92 (d, J = 4,0Hz, 1 H), 7,38 (m, 2 H), 7,27 (m, 1
H), 6,27 (s, 1 H), 4,55-4,78 (m, 2 H), 4,10-4,25 (m, 4 H), 3,72 (m, 5 H), 3,45 (m, 2H),
3,10-3,35 (m, 7 H). MS: theo 1y thuyét 563 (MH"), theo thir nghiém 563 (MH").

Diéu ché 2-(2-hydroxyetyl)-1,5 ,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-on (hgp
chét 70-A):

1 .TFA
Nj N
2:1\1 gNj
N-—g TFA
(o} _— gN-_&o
HO HO
67-D 70-A

tert-Butyl 2-(2-hydroxyetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
7-carboxylat (hop chét 67-D) (1 mmol) d3 dugc hoa tan trong CH,Cl, (3 mL) tiép theo 1a
thém tlr tir TFA (1 mL) & 0°C. Hon hop phan tmg nay dugc khudy & nhiét d6 trong phong
trong 1 gi& va sau d6, dung mdi nay duoc loai bd trong chan khong tao ra san phim tho

70-A, san phdm nay duoc sir dung truc tiép trong budc tiép theo.
Vidu71:

Etyl (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-hydroxyetyl)-3-0x0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
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Diéu ché Vi dy 71:
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Hop chit & d& muc ndy dugc didu ché tuong tw véi Vi du 1 bang cach sir dung axit
2,2-dimetyl-5-(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-yl)pentanoic  (hgp
chit 71-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chat D). Hop chét
cua vi du 71 thu dugce dudi dang chét rin mau vang nhat (45 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 8,01 - 8,02 (d, /= 4,0Hz, 1 H), 7,91-7,92 (d, J= 4,0Hz, 1 H), 7,53
(m, 1 H), 7,40 (m, 1 H), 7,10 (m, 1H), 6,20 (s, 1 H), 4,52-4,75 (m, 2 H), 4,10-4,25 (m, 2
H), 3,65 (m, 5 H), 3,45 (m, 1H), 3,10-3,35 (m, 4 H), 1,55 (m, 4H), 1,20 (s, 6H). MS: theo
ly thuyét 563 (MH"), theo thir nghiém 563 (M.

Diéu ché axit 2,2-dimetyl-5-(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-
yD)pentanoic (hgp chat 71-A):
Boc
|

DoL0 . &J

_é N
———
o N

3

69-8

Budce 1: Hon hop clia tert-butyl 2-(5-hydroxy-4,4-dimetyl-pentyl)-3-oxo-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-7-carboxylat (hgp chit 69-B) (0,4g, 1,1 mmol) va
pyridini dicromat (1,7 g, 4,4 mmol) trong DMF (10 mL) dugc khudy trong 12 gio, sau do

dwgc xir 1y bing nuéc, 4 pH duge didu chinh <7 bing axit axetic, dugc chit bing etyl
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axetat. Sau khi loai bé dung méi, thu dugc san phdm thd 71-B. MS: theo ly thuyét 370
(MH"), theo thir nghiém 370 (MH").

Buéc 2: Hon hop ctia hop chat 71-B (0,41g, 1,1 mmol), TFA (2 mL) trong DCM (2
mL) dugc khudy trong 1,2 gi0 ¢ nhi¢t d6 trong phong. Sau khi loai b dung méi va TFA,
san phidm thd 71-A thu duoc va duoc str dung trong buédc tiép theo. MS: theo ly thuyét
270 (MH"), theo thir nghiém 270 (MH").

Viduy 72:

Axit 4—[(8aS)-7-[[(4R)—4-(2-clo-4-ﬂo-phenyl)-5-metoxycacbonyl-2-thiazol—2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a] pyrazin-2-

yl]xyclohexancarboxylic

Diéu ché Vi du 72:

F
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OH
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Hop chit & d& muc nay duoc didu ché tuong tw v6i Vi du 1 bang cach sit dung mudi
TFA cla  axit cis-4-[(2R)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-2-
yllxyclohexancarboxylic (hop chit 72-A) thay cho hexahydro-pyrazino[1,2-
c][1,3]oxazin-6-on (hgp cht D). Hop chét ctia vi du 72 thu duge dudi dang chit rén mau
vang nhat (30 mg). "H NMR (400 MHz, METANOL-dy) d ppm 7,97 (d, J = 3,3 Hz, 1H),
7,77 (d, J = 3,0 Hz, 1H), 7,42 (dd, J = 8,8, 6,3 Hz, 1H), 7,24 (dd, J = 8,8, 2,5 Hz, 1H),
7,06 (td, J = 8,5, 2,6 Hz, 1H), 6,17 (s, 1H), 4,10 (d, J = 16,8 Hz, 1H), 3,79-3,97 (m, 3H),
3,55-3,70 (m, 4H), 3,48 (t J = 8,9 Hz, 1H), 3,11-3,26 (m, 1H), 3,03 (dd, J = 9,3, 4,0 Hz,
1H), 2,71-2,96 (m, 3H), 2,04-2,42 (m, 5H), 1,77 (br. s., 2H), 1,46-1,62 ppm (m, 3H). MS:
theo ly thuyét 631 (MH"), theo thir nghiém 631 (MH").

Didu ché mudi TFA cua axit cis-4-[(2R)-3-o0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]xyclohexancarboxylic (hgp chit 72-A):

Hop chét 72-A dugc didu ché twong tw véi hop chat ctia hop chit Q trong Vi du 19
bing cach sir dung metyl cis-4-aminoxyclohexancarboxylat hydroclorua (CAS: 61367-
16-6, TCI) thay cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vidu 73:

Axit 4-[(8aS)—7-[[(4R)—4-(2-clo-4-ﬂo-phenyl)—5-metoxycacbonyl-2-thiazol-2-yl-1 ,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a] pyrazin-2-

yl]xyclohexancarboxylic

Diéu ché Vi du 73:
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Hop chit & dé muc nay dugc diéu ché twong tu v&i Vidu 1 béng cach str dung mudi
TFA cla axit trans-4-[(2R)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yllxyclohexancarboxylic (hgp chit 73-A) thay cho hexahydro-pyrazino[1,2-
c][1,3]Joxazin-6-on (hop chét D). Hop chét ctia vi du 73 thu dugc duéi dang chét rén mau
vang nhat (46 mg). "H NMR (400 MHz, METANOL-dy) d ppm 7,97 (d, J = 3,0 Hz, 1H),
7,77 (d, J = 3,0 Hz, 1H), 7,42 (dd, J = 8,8, 6,3 Hz, 1H), 7,24 (dd, J = 8,5, 2,8 Hz, 1H),
7,06 (td, J = 8,5, 2,5 Hz, 1H), 6,17 (s, 1H), 4,10 (d, J = 17,1 Hz, 1H), 3,78-3,97 (m, 3H),
3,61 (s, 3H), 3,41-3,52 (m, 1H), 3,19 (d, J = 11,0 Hz, 1H), 3,03 (dd, J = 9,5, 4,0 Hz, 1H),
2,75-2,94 (m, 2H), 2,36 (dd, J = 11,7, 7,9 Hz, 2H), 1,93-2,24 (m, 5H), 1,77 (br. s., 2H),
1,53 ppm (d, J = 10,0 Hz, 3H). MS: theo ly thuyét 631 (MH"), theo thir nghiém 631
(MH").

Diéu ché mudi TFA cua axit trans-4-[(2R)-3-o0x0-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl]xyclohexancarboxylic (hop chit 73-A):

Hop chét 73-A dugc didu ché tuong tw v6i hop chit ctia hop chit Q trong Vidu 19
bang cach str dung metyl este clia axit metyl-frans-4-amino-xyclohexancarboxylic (CAS:
61367-07-5, TCI) thay cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vi du 74:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clophenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic
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Diéu ché Vi du 74:
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Hop chit & d& muc nay dugc didu ché tuong tu véi Vi du 1 béng cach sir dung
metyl (4R)-6-(bromometyl)-4-(2-clophenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chét C-2) va axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hgp chit Q) thay cho metyl este clua axit (R)-6-
bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic
(hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chét cua
vi du 74 thu dugc dudi dang chit rén mau vang nhat (6 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 7,97 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,3 Hz, 1H), 7,41 (td, J =
7.4, 1,8 Hz, 2H), 7,19-7,33 (m, 2H), 6,21 (s, 1H), 4,08 (d, J = 17,1 Hz, 1H), 3,79-3,96 (m,
3H), 3,60 (s, 2H), 3,51 (t, J = 9,2 Hz, 1H), 3,37-3,42 (m, 1H), 3,07-3,28 (m, 3H), 2,74-
2,94 (m, 2H), 2,12-2,41 (m, 4H), 1,39 (d, J = 6,3 Hz, 2H), 1,18 ppm (d, J = 4,0 Hz, 3H).
MS: theo Iy thuyét 587 (MH"), theo thir nghiém 587 (MH).
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Pidu  ché metyl  (4R)-6-(bromometyl)-4-(2-clophenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chit C-2):

Hop chét C-2 dugc diéu ché twong tw véi hop chét cua hop chét C bang cach st
dung 2-clobenzaldehyt thay cho 2-clo-4-flobenzaldehyt.

Vidu 75:

Axit 2-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]metyl]butanoic

OH

Diéu ché Vi du 75:

75-A oH

Hop chit & d& muc nay dugc didu ché tuong ty voi Vidu 1 bﬁng cach sir dung mudi
TFA  cua  axit  2-[[(8aS)-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
yl]metyl]butanoic (hop chat 75-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on
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(hop chat D). Hop cht ctia vi du 75 thu duge dudi dang chét rin mau vang nhat (50 mg).
'H NMR (400 MHz, METANOL-d,) d ppm 7,96-7,97 (m, 1H), 7,92 (d, J = 3,3 Hz, 1H),
7,54 (dd, J = 8,8, 6,0 Hz, 1H), 7,30 (dd, J = 8,7, 2,6 Hz, 1H), 7,12 (td, J = 8,3, 2,6 Hz,
1H), 6,20 (s, 1H), 4,64-4,81 (m, 2H), 4,46-4,60 (m, 1H), 4,01-4,26 (m, 2H), 3,60-3,78 (m,
5H), 3,35-3,57 (m, 3H), 3,03-3,29 (m, 3H), 2,62 (dtd, J = 14,1, 8,4, 5,5 Hz, 1H), 1,50-
1,74 (m, 2H), 0,99 ppm (t, J = 7,4 Hz, 3H). MS: theo ly thuyét 605 (MH+), theo thu
nghiém 605 (MH").

Piéu ché mudi TFA cta axit 2-[[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-ylJmetyl]butanoic (hgp chét 75-A):

Hop chét 75-A dugc diéu ché tuong tu v6i hop chét cua hop chét Q bang céch sir
dung metyl 2-(aminometyl)butanoat (dé tong hop hop chét nay, xem tai li¢u: Kaptein,
Bernardus; et al PCT Int. Appl. 2005, WO 2005085462) thay cho muéi etyl 3-amino-2,2-
dimetyl-propanoat hydroclorua.

Vi du 76:

Axit  3-[(8aS)-7-[[(4S)-5-etoxycacbonyl-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic

OH

Piéu ché Vi du 76:

-169-



21530

F

X
F [n TFA /\OJ;(-\IN
0 : /\ j N)\(S
P O e O I L R
| J\(s ° Ej
N 1 & N
Br H N\/> O:§<

OH

c3

Q OH 76

Hop chit & dé muc nay dugc diéu ché tuong tu véi Vidu 1 b%mg cach sir dung etyl
(4S)-6-(bromometyl)-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chidt C-3) va axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hop chit Q) thay cho metyl este cua axit (R)-6-
bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic
(hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chat cia
vi du 76 thu dugc dudi dang chét rdn mau vang nhat (132 mg). '"H NMR (400 MHz,
METANOL-d,) d ppm 7,95 (d, J = 3,3 Hz, 1H), 7,75 (d, J = 3,3 Hz, 1H), 7,08-7,23 (m,
2H), 6,95 (t, J = 8,8 Hz, 1H), 5,99 (s, 1H), 4,02-4,17 (m, 3H), 3,79-4,00 (m, 3H), 3,36-
3,57 (m, 2H), 3,26-3,33 (m, 1H), 3,17-3,25 (m, 1H), 3,11 (dd, J= 9,3, 4,0 Hz, 1H), 2,78-
2,99 (m, 2H), 2,53 (d, J = 2,0 Hz, 3H), 2,39 (dd, J= 11,2, 8,2 Hz, 1H), 2,14-2,26 (m, 1H)
1,21 (d, J = 2,8 Hz, 6H), 1,15 ppm (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 599 (MH"),
theo thir nghiém 599 (MH)).

b

DPidu ché etyl (4S)-6-(bromometyl)-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chit C-3):

Hop chét C-3 dugc didu ché tuong tu v6i hop chét cia hop chit C bang cach sir
dung 2-metyl-3-flobenzaldehyt thay cho 2-clo-4-flobenzaldehyt va etyl axetoaxetat thay
cho metyl axetoaxetat.

Vidu 77:

Axit 3-[(8aS)-7-[[4-(4-clophenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic
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Diéu ché Vi du 77:
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Hop chit & d& muc ndy duoc didu ché tuong tw véi Vi du 1 bang cach st dung
metyl 6-(bromometyl)-4-(4-clophenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat
(hop chat C-4) va axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-
y1]-2,2-dimetyl-propanoic (hgp chét Q) thay cho metyl este cua axit (R)-6-bromometyl-4-
(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-carboxylic (hop chit C) va
hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chét D). Hop chét ctia vi du 77 thu duoc
du6i dang chit rin mau vang nhat (60 mg). 'H NMR (400 MHz, METANOL-d,) d ppm
7,99 (dd, J = 3,1, 1,4 Hz, 1H), 7,80 (d, J = 3,3 Hz, 1H), 7,26-7,42 (m, 4H), 5,64-5,82 (m,
1H), 4,06 (dd, J = 16,8, 4,3 Hz, 1H), 3,72-3,90 (m, 3H), 3,69 (s, 3H), 3,37-3,61 (m, 2H),
3,00-3,24 (m, 2H), 2,55-2,97 (m, 3H), 2,11-2,39 (m, 2H), 1,19 ppm (dd, J = 4,4, 2,9 Hz,
6H). MS: theo ly thuyét 587 (MH"), theo thir nghiém 587 (MH").
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Didu ché metyl 6-(bromometyl)-4-(4-clophenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chit C-4):

Hop chat C-4 dwoc diéu ché tuong tu v6i hop chét cua hop chit C bing cach sir
dung 4-clobenzaldehyt thay cho 2-clo-4-flobenzaldehyt ma khéng can tach SFC khong
d6i xtmg ctia chat trung gian dihydropyrimidin trong So db 1-1.

Vidu 78:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-

yl]-2-metoxy-propanoic

Piéu ché Vi du 78:
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Hop chét & dé muc nay dugc diéu ché tuong tu véi Vi du 1 bang céch st dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hgp chdt C-1) va mudi TFA cua axit 2-metoxy-3-(3-oxo-1,5,6,7,8,8a-
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hexahydroimidazo[1,5-a]pyrazin-2-yl)propanoic (hgp chét 78-A) thay cho metyl este clia
axit  (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic (hop chit C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D).
Hop chit cta vi du 78 thu dugce dudi dang chét rdn mau vang nhat (25 mg). 'H NMR
(400 MHz, METANOL-d4) d ppm 8,01 (d, J = 3,3 Hz, 1H), 7,92 (d, J = 3,0 Hz, 1H),
7,33-7,43 (m, 2H), 7,19-7,30 (m, 1H), 6,27 (s, 1H), 4,76 (d, J = 16,1 Hz, 1H), 4,58 (d, J
= 16,1 Hz, 1H), 3,96-4,21 (m, 6H), 3,41-3,83 (m, 10H), 3,10-3,31 (m, 5H), 1,13 ppm (t, J
= 7,2 Hz, 3H). MS: theo ly thuyét 621 (MH"), theo thir nghiém 621 (MH").

Piéu ché mudi TFA cua axit 2-metoxy-3-(3-o0x0-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-2-yl)propanoic (hgp chit 78-A):

Hop chit 78-A duoc diéu ché twong ty v6i hop chét ctia hop chét Q trong Vi du 19
bang céch sit dung metyl 2-(aminometyl)butanoat (dé téng hop hop chit nay, xem tai
liéu: Liang, Congxin; Feng, Yangbo U.S. Pat. Appl. Publ. 2007, US 20070072934) thay
cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Vidu 79:

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]spiro[3.3] heptan-6-carboxylic

OH

Piéu ché Vi du 79:
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Hop chit & dé& muc nay dugc didu ché tuong ty véi Vidu 1 béng cach str dung mudi
TFA cua axit 2-[(8aS)-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]spiro
[3.3]heptan-6-carboxylic (hgp chidt 79-A) thay cho hexahydro-pyrazino[1,2-
c][1,3]oxazin-6-on (hop chat D). Hop chét cua vi du 79 thu dugc dudi dang chét rdn mau
vang nhat (7 mg). 'H NMR (400 MHz, METANOL-dy4) d ppm 8,00 - 7,92 (m, 1H), 7,77
(d, J = 3,3 Hz, 1H), 7,42 (dd, J = 6,3, 8,5 Hz, 1H), 7,24 (dd, J = 2,5, 8,8 Hz, 1H), 7,06
(dt, J =2,5, 8,4 Hz, 1H), 6,18 (s, 1H), 4,33 - 4,20 (m, 1H), 4,10 (dd, J = 4,4, 16,9 Hz,
1H), 3,96 - 3,73 (m, 4H), 3,66 - 3,58 (m, 3H), 3,57 - 3,46 (m, 1H), 3,21 - 2,97 (m, 3H),
2,95 - 2,80 (m, 2H), 2,73 (d, J = 10,3 Hz, 1H), 2,44 - 2,05 (m, 8H). MS: theo ly thuyét
626 (MH"), theo thir nghiém 626 (MH").

Diéu ché mudi TFA cla axit 2-[(8aS)-3-o0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]spiro[3.3] heptan-6-carboxylic (hgp chit 79-A):

Hop chét 79-A dugc didu ché tuong tur v6i hop chit ctia hop chét Q trong Vi du 19
bing cach st dung mudi metyl 2-aminospiro[3.3] heptan-6-carboxylat hydroclorua
(PharmaBlock (Nanjing) R&D Co. Ltd, PBLG1036) thay cho mubi etyl 3-amino-2,2-
dimetyl-propanoat hydroclorua.

Vidu 80:

Axit 5-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-

yl]pentanoic
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Hop chit & d& muc nay duoc diéu ché twong ty véi Vidu 1 b::ing cach sur dung mudi
TFA  cua axit 5-[(8aS)-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl]
pentanoic (hop chat 80-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chit D). Hop chét ctia vi du 80 thu dugc dudi dang chét rén mau vang nhat (18 mg). 'H
NMR (400 MHz, METANOL-d,) d ppm 8,02 (d, J = 3,0 Hz, 1H), 7,92 (d, J = 3,0 Hz,
1H), 7,54 (ddd, J = 1,5, 6,0, 8,8 Hz, 1H), 7,30 (dd, J = 2,5, 8,5 Hz, 1H), 7,22 - 7,09 (m,
1H), 6,20 (s, 1H), 4,76 (d, J = 16,1 Hz, 1H), 4,66 - 4,39 (m, 1H), 4,20 (td, J = 3,4, 11,7
Hz, 1H), 4,10 (td, J = 4,1, 14,8 Hz, 1H), 3,83 - 3,56 (m, 6H), 3,54 - 3,38 (m, 1H), 3,30 -
3,10 (m, 5H), 2,43 - 2,28 (m, 2H), 1,62 (dd, J = 3,1, 5,9 Hz, 4H). MS: theo ly thuyét 605
(MH"), theo thir nghiém 605 (MH").
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Diéu ché mubi TFA cuia axit 5-[(8aS)-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl]pentanoic (hop chit 80-A):

Hop chét 80-A dugc diéu ché tuong tu véi hop chét ctia hop chit Q trong Vi du 19
bang cach sir dung mudi metyl 5-aminopentanoat hydroclorua thay cho mudi etyl 3-
amino-2,2-dimetyl-propanoat hydroclorua.

Vidu 81:

Axit 3-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
ylJmetyl]xyclobutancarboxylic

OH

Diéu ché Vi du 81:

F

it o ©icx
F SIS
@[C. Y SN
o~ f §N N N o DIPEA Lo N\\/)
LA |®
vl on =y

cA1 81-A
81

OH
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Hop chit & dé muc nay duogc diéu ché tuong tu véi Vidu 1 béng cach sur dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chdt C-1) va mudi TFA coa axit 3-[(3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl)metyl]xyclobutancarboxylic (hgp chét 81-A) thay
cho metyl este ciia axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic (hop chit C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-
6-on (hop chét D). Hop chit ctia vi du 81 thu duoc dudi dang chét rin mau vang nhat (7
mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,99 (d, J = 3,0 Hz, 1H), 7,84 d J=
2,3 Hz, 1H), 7,43 - 7,28 (m, 2H), 7,27 - 7,13 (m, 1H), 6,25 (s, 1H), 4,52 - 4,33 (m, 1H),
4,32 - 4,18 (m, 1H), 4,07 (q, J = 7,0 Hz, 3H), 3,68 - 3,47 (m, 2H), 3,32 - 2,98 (m, 7H),
2,65 (d, J = 7,5 Hz, 3H), 2,44 - 2,27 (m, 2H), 2,10 - 1,98 (m, 2H), 1,13 (t, J = 7,2 Hz,
3H). MS: theo ly thuyét 631 (MH"), theo thir nghiém 631 (MH").

Piéu ché mubdi TFA cla axit 3-[(3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-2-yl)metyl]xyclobutancarboxylic (hop chét 81-A):

Hop chit 81-A duogc didu ché tuong tu véi hop chét cta hop chit Q trong Vi du 19
bang cach st dung mubi metyl 3-(aminometyl)xyclobutancarboxylat hydroclorua (hop

chét 81-B) thay cho mudi etyl 3-amino-2,2-dimetyl-propanoat hydroclorua.

Piéu ché mubi metyl 3-(aminometyl)xyclobutancarboxylat hydroclorua (hop chét
81-B):

SOCl,, MeOH
H,N . HCI
o\
0
0
81-B

Hop chét 81-B dugc didu ché twong tu v6i hop chét ctia hop chit W trong Vi du 20
bang cach str dung axit 3-(aminometyl)xyclobutancarboxylic (PharmaBlock (Nanjing)
R&D Co. Ltd, CAS: 1310729-95-3) thay cho axit DL-3-aminoisobutyric.

Vi du 82A va 82B (hai chit dong phan don dugc tach ra):

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-8-carboxylic; va
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Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-8-carboxylic

Diéu ché Vi du 82A va 82B:
;
F X
AN R - S )\Q SRR,
NJ\(S <(” o 2. Tach khong dbi ximg o~ ”j N ° . j
Br H N\\/> Q:N \N‘z
c4 82-C N—<

o
Hbn hop ctia hai chét ddng phan trans <( ° <(
82A-1 & 82B-1) chét ddng phan don

LiOH chira nuéc LiOH chira nuée

L L
o | S . P O/‘?:;\,q
i, ?@@ 1@' 9

S¢ 1
<r 82A & 82B <(
Thém diisopropyletylamin (1,0 mL), kali iodua (125 mg, 0,75 mmol) va hop chét
C-1 (250 mg, 0,55 mmol) vao dung dich dd khudy ctia trans-metyl 2-xyclopropyl-3-oxo-
1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chét 82-C, 176 mg, 0,5

mmol) trong dimetylformamit khé (3,0 mL). H3n hgp phan tng nay dwoc x8i bing nito
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va dugc gia nhiét dén 55°C trong 2 gid. Hn hop phan ung ndy duoc dimg bing cach bd
sung nudc d4, dugc chiét ba lan béng etyl axetat (30 mL). Pha hitu co dugc tach ra, lam
kho béng Na,S0,, loc va cd. Phan cin duoc tinh ché béng HPLC tao ra hdn hop cta hai
chit ddng phén, c4c chét nay dugc phan giai tiép bang SFC tao ra hai chét ddng phén don:
82A-1 (rra giai nhanh, 77,3 mg, hidu suit: 25%) va 82B-1 (rra gidi chdm, 93 mg, hiéu
suét: 30%) c6 isopropanol 30% (DEA 0,05%)/CO; trén c6t ChiralPak AD-3. MS: theo ly
thuyét 617 (MH"), theo thir nghiém 617 (MH").

Dung dich ctia hgp chit 82A-1 (77,3 mg, 0,125 mmol) trong tetrahydrofuran (0,62
mL) dugc thém lithi hydroxit monohydrat (52,7 mg, 1,25 mmol) trong nuéc (0,62 mL).
Sau d6 hdn hop phan tng nay dugc khudy & 35°C trong 2 gid, hdn hop nay dugc trung
hoa bing dung dich hydroclorua 1N dén d¢ pH= 3,0. H3n hop nay dugc chiét ba 14n bing
etyl axetat (30 mL). Pha hitu co d& thu gom duoc lam kho béng Na,SOy, loc va sau do co.
Phén can duge tinh ché b%lng HPLC diéu ché tao ra hop chét ¢6 cong thirc Vi du 82A
(56,2 mg). "H NMR (400 MHz, METANOL-d,) d ppm 7,97 (d, J = 3,0 Hz, 1H), 7,78 (d,
J = 3,0 Hz, 1H), 7,34 - 7,27 (m, 2H), 7,16 (s, 1H), 6,25 (s, 1H), 4,31 (d, J = 17,3 Hz, 1H),
4,‘10 - 4,00 (m, 2H), 3,91 (d, J = 16,8 Hz, 1H), 3,86 - 3,75 (m, 2H), 3,62 - 3,54 (m, 1H),
3,46 (dd, J = 5,4, 9,7 Hz, 1H), 3,32 - 3,28 (m, 1H), 3,21 - 3,08 (m, 1H), 2,90 (br. s., 1H),
2,55 (br. s., 1H), 2,46 (t, J = 4,9 Hz, 1H), 1,13 (t, J = 7,2 Hz, 3H), 0,77 - 0,66 (m, 4H).
MS: theo ly thuyét 603 (MH"), theo thir nghiém 603 (MH).

Vi du 82B (68,3 mg) dugc diéu ché tuong tu véi hop chét cua vi du 82A. 'H NMR
(400 MHz, METANOL-d,) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,77 (d, J = 3,0 Hz, 1H),
7,29 (s, 2H), 7,21 - 7,13 (m, 1H), 6,22 (s, 1H), 4,24 (d, J = 17,1 Hz, 1H), 4,08 - 3,95 (m,
3H), 3,89 - 3,77 (m, 2H), 3,60 - 3,52 (m, 1H), 3,43 (dd, J = 5,3, 9,5 Hz, 1H), 3,32 - 3,28
(m, 1H), 3,22 - 3,12 (m, 1H), 3,06 (br. s., 1H), 2,66 (br. s., 1H), 2,50 - 2,42 (m, 1H), 1,12
(t, J = 7,0 Hz, 3H), 0,73 (s, 4H). MS: theo ly thuyét 603 (MH"), theo thi nghiém 603
(MHM). |

Diéu ché mubi trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo

[1,5-a]pyrazin-8-carboxylat cia axit trifloaxetic (hop chét 82-C)
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82C
Hon hop clia hai chit ddng phén trans
Buéc 1: Hon hop cta hop chit AV (6,5 g, 16,7 mmol) va dung dich phuc chét
boran-THF 1,0 M trong THF (40 mL, 40 mmol) dwoc khudy & 32°C qua dém. Hon hop
phan tmg nay duge c6. Phan cin dugc hoa tan trong etyl axetat (60 mL) va thém 2,0 mL
dung dich hydro clorua (4,0 M trong dioxan ). Hon hgp nay duogc chiét ba 1dn bing etyl
axetat (50 mL). Pha hitu co d4 thu gom duoc 1am kho bing Na,SOy4, loc va ¢d. Phin cin

duoc tinh ché b%lng cdt tao ra hop chét 82-C-1 (4,0 2).

Buéc 2: Thém timg giot dimetyl sulfoxit (3,3 mL, 47 mmol) trong diclometan kho
(2,0 mL) vao dung dich cta oxalyl clorua (2,0 mL) trong diclometan kho (60 mL) trong
mdi trudng nito & -78°C. Sau khi thém, hdn hop phan tmg nay dwoc khudy trong 1 i & -
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78°C. Sau d6 thém ting giot hop chit 82-C-1 (4,0 g, 10,7 mmol) trong diclometan kho
(6,0 mL) vao hdn hgp phan ung nay va khudy trong 1 gio nita & -78°C. Phén Ung nay
duoc dimg bing cach bd sung tirng giot trietylamin (12 mL, 86 mmol) trong hon 30 phut.
Hon hop tao ra dwoc lam 4m dén nhiét do trong phong, va pha hitu co dugc rira bang
nudc da, tach ra va lam kho béng Na,SOy, sau d6 loc va co tao ra hop chét tho 82-C-2

(3,72 g, dang tho), hop chét nay dugc st dung truc tiép.

Buée 3: Thém xyclopropylamin (260 pL, 3,75 mmol), mot lugng chat xuc tac cla
axit axetic (2 giot) va natri triaxetoxybohydrua (1,06 g, 5 mmol) vao dung dich ctia hop
chat 82-C-2 (930 mg, 2,5 mmol) trong diclometan (10 mL). Hén hgp phan tng nay duoc
khudy & nhiét do trong phong qua dém. Phan tmg nay dugc dimg bing céch bd sung nude
da, dugc chiét hai l4n bing diclometan (30 mL) va pha hitu co dugc rira bing dung dich
natri bicacbonat va lam khd bang Na,SO,, sau d6 loc va ¢ tao ra hop chét tho 82-C-3
(1,03 g, dang tho).

Buéc 4: Hon hop ciia hop chit 82-C-3 (1,03 g, 2,5 mmol) trong diclometan (15 mL)
dugc thém diisopropyletylamin (1,0 mL) va 4-nitrophenyl cloformat (1,0 g, 5,0 mmol).
Hon hop phan tmg nay duge khuéyi & 40°C trong 2 gid. Phan ing nay dugc dimg bing
cach bd sung nudc d4 va duge chiét hai 1An biang diclometan (30 mL). Pha hitu co duoc
rira béng dung dich natri bicacbonat va lam kho b%lng Na,SO,, sau d6 loc va cd. Phan cin

duoc tinh ché bang cot tao ra hop chit 82-C-4 (1,4 2).

Bué6e 5: Hon hop ciia hop chit 82-C-4 (1,4 g, 2,42 mmol) va TFA/DCM=2/1 (6
mL) duoc khudy & nhiét do trong phong trong 30 phut. Hon hop phan tmg nay duogc ¢d
va thém toluen dé ddng bay hoi dé loai bo axit trifloaxetic. Phin cin dugc hoa tan trong
diclometan (15 mL), va sau d6 thém diisopropyletylamin (2 mL). Hon hgp phan ting nay
dugc gia nhiét dén 40°C qua dém. Thém di-fers-butyl dicacbonat (1,1 g, 5,0 mmol) vao
hdn hop phan tmg nay va khudy trong 5 gi¢ nita. Hn hop phéan g nay dwoc dimg bing
céch bd sung nudc d4, duge chiét hai l4n bing etyl axetat (30 mL). Pha hitu co duoc tich
ra, lam kh6 bang Na,SOy, loc va c6. Phin cin duge tinh ché bing cdt tao ra hop chit 82-
C-5 (680 mg).

Bud6c 6: Hon hop ctia hop chit 82-C-5 (170 mg, 0,5 mmol) va TFA/DCM=2/1 (3
mL) dugc khudy & nhiét do trong phong trong 30 phtit. Hon hop phan tng nay duoc cd
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va thém toluen dé ddng bay hoi dé loai bo axit trifloaxetic tao ra hop chit thd 82-C, hop
chét nay duoc sir dung truc tiép.

Vi du 83A va 83B (hai chit ddng phan don duoc tach ra):

Axit (8R,8aS)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit (8S,8aR)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic

Diéu ché Vi du 83A va 83B:
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Hai hop chit & & myc dugc diéu ché twong tw véi Vi du 82A va 82B bing cach sir
dung metyl (4S)-6-(bromometyl)-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chét C-5) thay cho etyl (4R)-6-(bromometyl)-4-(2-
clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hop chét C-1).

Vi du 83A thu dugc dudi dang chit rin mau vang nhat (99 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 7,95 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,14 - 7,07 (m,
1H), 7,06 - 6,98 (m, 1H), 5,93 (s, 1H), 4,29 (d, J = 17,1 Hz, 1H), 3,88 (d, J = 17,3 Hz,
1H), 3,79 (br. s., 2H), 3,62 (s, 3H), 3,55 (s, 1H), 3,46 (d, J = 5,5 Hz, 1H), 3,26 (d, J = 9,8
Hz, 1H), 3,20 - 3,09 (m, 1H), 2,85 (d, J = 10,8 Hz, 1H), 2,56 (d, J = 2,3 Hz, 3H), 2,54 -
2,42 (m, 2H), 0,78 - 0,68 (m, 4H). MS: theo ly thuyét 587 (MH"), theo thir nghiém 587
(MH.

Vi du 83B thu dugc dudi dang chét rén mau vang nhat (72,9 mg). 'H NMR (400
MHz, METANOL-d4) d ppm 7,94 (d, J = 3,3 Hz, 1H), 7,75 (d, J = 3,3 Hz, 1H), 7,09 (d,
J=4,8 Hz, 2H), 5,90 (s, 1H), 4,21 (d, J = 17,1 Hz, 1H), 3,97 (d, J = 17,1 Hz, 1H), 3,88 -
3,76 (m, 2H), 3,61 (s, 3H), 3,58 - 3,50 (m, 1H), 3,46 - 3,40 (m, 1H), 3,28 (s, 1H), 3,21 -
3,12 (m, 1H), 3,08 - 2,99 (m, 1H), 2,63 (d, J = 3,3 Hz, 1H), 2,56 (d, J = 2,3 Hz, 3H),
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2,50 - 2,42 (m, 1H), 0,79 - 0,66 (m, 4H). MS: theo 1y thuyét 587 (MH"), theo thir nghiém
587 (MH").

Vi du 83A dugc tong hop tir hop chét 83A-1 (rira giai nhanh) va Vi du 83B duoc
tong hop tir hop chit 83B-1 (rira giai cham) trén c6t ChiralCel OJ-H rira giai bing
metanol 25% (DEA 0,05%)/CO,.

Didu ché metyl (4S)-6-(bromometyl)-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-
1,4-dihydropyrimidin-5-carboxylat (hop chit C-5):

Hop chit C-5 dugc didu ché tuong tu véi hop chit ciia hop chit C bing céch sir
dung 3,4-diflo-2-metylbenzaldehyt thay cho 2-clo-4-flobenzaldehyst.

Vi du 84A va 84B (hai chit dong phan don duoc tich ra):

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic; va

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-o0xo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-8-carboxylic

Diéu ché Vi du 84A va 84B:
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Hai hop chit & dé& muc duoc didu ché twong ty véi Vi du 82A va 82B béng cach su
dung metyl 2-isopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-carboxylat
(hop chit 84-C) thay cho frans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chit 82-C).

Vi du 84A thu duge duéi dang chat rin mau vang nhat (20,3 mg). 'H NMR (400
MHz, METANOL-d,) d ppm 8,11 (d, J = 3,0 Hz, 1H), 8,01 (d, J = 3,0 Hz, 1H), 7,39 (4,
J = 2,0 Hz, 2H), 7,28 - 7,21 (m, 1H), 6,32 (s, 1H), 4,38 (d, J = 17,3 Hz, 1H), 4,08 (d, J =
6,5 Hz, 4H), 3,93 - 3,82 (m, 2H), 3,62 - 3,47 (m, 3H), 3,24 - 3,14 (m, 1H), 3,10 - 3,04 (m,
1H), 2,69 (d, J = 3,5 Hz, 1H), 1,25 - 1,11 (m, 9H). MS: theo ly thuyét 605 (MH"), theo
thir nghiém 605 (MH").

Vi dy 84B thu dugc duéi dang chit rin mau vang nhat (32,5 mg). 'H NMR (400
MHz, METANOL-d4) d ppm 8,10 (s, 1H), 8,02 (s, 1H), 7,38 (d, J = 4,3 Hz, 2H), 7,29 -
7,23 (m, 1H), 6,30 (s, 1H), 4,36 (d, J = 16,6 Hz, 1H), 4,14 - 4,03 (m, 4H), 3,87 (d, J =
3,3 Hz, 2H), 3,56 (d, J = 9,8 Hz, 2H), 3,50 - 3,44 (m, 1H), 3,20 (s, 2H), 2,77 (d, J = 3,5
Hz, 1H), 1,24 - 1,10 (m, 9H). MS: theo ly thuyét 605 (MH"), theo thir nghiém 605 (MH").
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Vi du 84A duoc téng hop tir hop chit 84A-1 (rfra giai nhanh) va Vi du 84B duoc
tong hop tir hop chét 84B-1 (rira gidi chdm) trén cot ChiralPak AD-3 rira gidi bing
isopropanol 30% (DEA 0,05%)/CO,.

Piéu ché metyl 2-isopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-
carboxylat (hop chét 84-C):
Hop chét 84-C dugc diéu ché trong ty v6i hop chét cua hop chét 82-C bing cach st

dung isopropylamin thay cho xyclopropylamin.

Vi du 85A va 85B (hai chét ddng phan don duoc tach ra):

Axit (8R,8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit (8S,8aR)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic

Piéu ché Vi du 85A va 85B:
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Hai hop chit & dé muc dugc diéu ché twong tir véi Vi du 82A va 82B béng céch sir
dung metyl (4S)-6-(bromometyl)-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chédt C-5) thay cho etyl (4R)-6-(bromometyl)-4-(2-
clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hgp chit C-1) va
metyl 2-isopropyl-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop
chit 84-C) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-8-carboxylat (hop chét 82-C).

Vi du 85A thu duoc dudi dang chét rdn mau vang nhat (3,6 mg). '"H NMR (400
MHz, METANOL-d,) d ppm 8,10 (d, J = 3,3 Hz, 1H), 7,99 (d, J = 3,0 Hz, 1H), 7,26 -
7,19 (m, 1H), 7,14 - 7,04 (m, 1H), 6,01 (s, 1H), 4,34 (d, J = 17,1 Hz, 1H), 4,11 (s, 1H),
3,98 (d, J = 17,3 Hz, 1H), 3,85 (d, J = 4,8 Hz, 2H), 3,65 (s, 3H), 3,61 - 3,54 (m, 1H),
3,50 (s, 2H), 3,22 - 3,13 (m, 1H), 3,03 - 2,96 (m, 1H), 2,70 - 2,60 (m, 1H), 2,56 (d, J =
2,3 Hz, 3H), 1,20 (dd, J = 6,8, 14,3 Hz, 6H). MS: theo ly thuyét 589 (MH"), theo thi
nghiém 589 (MH").

Vi du 85B thu dugc duéi dang chit rin mau vang nhat (2,3 mg). '"H NMR (400
MHz, METANOL-d,) d ppm 8,07 (d, J = 3,0 Hz, 1H), 7,96 (d, J = 3,3 Hz, 1H), 7,25 -
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7,17 (m, 1H), 7,16 - 7,07 (m, 1H), 5,99 (s, 1H), 4,30 (d, J = 16,8 Hz, 1H), 4,16 - 3,99 (m,
2H), 3,92 - 3,82 (m, 2H), 3,65 (s, 3H), 3,59 - 3,53 (m, 1H), 3,51 - 3,43 (m, 2H), 3,24 -
3,09 (m, 2H), 2,78 - 2,68 (m, 1H), 2,55 (d, J = 2,3 Hz, 3H), 1,19 (d4, J = 6,8, 14,1 Hz,
6H). MS: theo ly thuyét 589 (MH"), theo thir nghiém 589 (MH").

Vi du 85A dugc tong hop tir hgp chit 85A-1 (rira giai nhanh) va Vi du 85B duogc
tdng hop tir hop chit 85B-1 (rira giai chim) trén cot ChiralPak AD-3 rita giai bing 20%
isopropanol (DEA 0,05%)/CO,.

Vi du 86A va 86B (hai chit ddng phan don dugc tach ra):

Axit  (8R,8aS)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit  (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic

Diéu ché Vi du 86A va 86B:
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Hai hop chit & @& muc dugc diéu ché tuong ty véi Vi du 82A va 82B béng cach st
dung metyl este cua axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic (hop chét C) thay cho etyl (4R)-6-(bromometyl)-4-(2-
clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hgp chit C-1) va
metyl 2-tert-butyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop
chit 86-C) thay cho frans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-8-carboxylat (hop chit 82-C).

Vi du 86A thu dugc dudi dang chit rin mau vang nhat (64,8 mg). 'H NMR (400
MHz, METANOL-d,) d ppm 7,98 (d, J = 3,0 Hz, 1H), 7,80 (d, J = 3,3 Hz, 1H), 7,52 -
7,45 (m, 1H), 7,24 (dd, J = 2,6, 8,7 Hz, 1H), 7,06 (d, J = 2,8 Hz, 1H), 6,19 (s, 1H), 4,32
(d, J = 17,3 Hz, 1H), 3,97 (br. s., 1H), 3,82 - 3,72 (m, 2H), 3,65 - 3,58 (m, 4H), 3,57 -
3,51 (m, 1H), 3,42 - 3,36 (m, 1H), 3,19 - 3,09 (m, 1H), 2,99 - 2,89 (m, 1H), 2,65 - 2,53
(m, 1H), 1,41 (s, 9H). MS: theo ly thuyét 605 (MH"), theo thir nghiém 605 (MH™).

Vi du 86B thu dugc dudi dang chit rin mau vang nhat (71,1 mg). 'H NMR (400
MHz, METANOL-d4) d ppm 7,97 (d, J = 3,0 Hz, 1H), 7,78 (d, J = 3,0 Hz, 1H), 7,46 (dd,
J = 6,1, 8,7 Hz, 1H), 7,25 (dd, J = 2,6, 8,7 Hz, 1H), 7,13 - 7,05 (m, 1H), 6,15 (s, 1H),
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4,25 (d, J = 17,3 Hz, 1H), 4,03 (br. s., 1H), 3,86 - 3,72 (m, 2H), 3,65 - 3,57 (m, 4H), 3,55
- 3,48 (m, 1H), 3,41 - 3,36 (m, 1H), 3,19 - 3,05 (m, 2H), 2,75 - 2,62 (m, 1H), 1,40 (s, 9H).
MS: theo ly thuyét 605 (MH"), theo thir nghiém 605 (MH").

Vi du 86A dugc tdng hop tir hop chit 86A-1 (rira giai nhanh) va Vi du 86B duoc
tong hop tir hop chit 86B-1 (rra giai chim) trén ¢t ChiralPak AD-3 rita gidi bing
isopropanol 25% (DEA 0,05%)/CO,.

Diéu ché metyl 2-fert-butyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo|[1,5-a]pyrazin-8-
carboxylat (hop chét 86-C):

Hop chét 86-C duoc diéu ché twong tw v&i hop chét ctia hop chit 82-C bing cach st
dung tert-butylamin thay cho xyclopropylamin.

Vi du 87A va 87B (hai chit ddng phan don dugc tich ra):

Axit (8R,8aS)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl|metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit (88,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic

L
7<o

Diéu ché Vi du 87A va 87B:
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Hai hop chit & dé muc dugc didu ché tuong ty véi Vi du 82A va 82B bang cach st
dung metyl 2-fert-butyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-8-carboxylat
(hop chit 86-C) thay cho trans-metyl  2-xyclopropyl-3-oxo0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chit 82-C).

Hop chit 87B-1 (Chéit ddng phén don. Céng thirc cau tao 1a mot trong hai cong thirc
cdu tao thé hién & trén): Metyl (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-pheny])-5-
etoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylat; hodc Metyl (8R,8aS)-2-tert-butyl-7-
[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-
yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylat

Hop chét 87B-1 thu dwoc dudi dang chit rin mau vang nhat (316 mg). '"H NMR
(400 MHz, METANOL-d4) d ppm 7,97 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H),
7,34 - 7,23 (m, 2H), 7,16 (t, J = 8,5 Hz, 1H), 6,22 (s, 1H), 5,51 (s, 2H), 4,14 (d, J = 17,1
Hz, 1H), 4,08 - 4,00 (m, 2H), 3,89 (s, 1H), 3,81 - 3,69 (m, 5H), 3,58 - 3,52 (m, 1H), 3,35
(br. s., 1H), 3,27 (d, J = 9,5 Hz, 1H), 3,16 - 3,04 (m, 1H), 2,95 (d, J = 12,3 Hz, 1H), 2,52
(dt, J = 3,4, 12,0 Hz, 1H), 1,39 (s, 9H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo Iy thuyét 633
(MH"), theo thir nghiém 633 (MH")
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Vi du 87A thu duge dudi dang chit rAn mau vang nhat (52,7 mg). '"H NMR (400
MHz, METANOL-d,) d ppm 7,98 (d, J = 3,0 Hz, 1H), 7,79 (d, J = 3,0 Hz, 1H), 7,35 -
7,27 (m, 2H), 7,17 (s, 1H), 6,25 (s, 1H), 4,39 - 4,28 (m, 1H), 4,09 - 4,01 (m, 2H), 3,99 -
- 3,86 (m, 1H), 3,76 (d, J = 9,8 Hz, 2H), 3,64 - 3,58 (m, 1H), 3,57 - 3,51 (m, 1H), 3,40 -
3,36 (m, 1H), 3,13 (br. s., 1H), 3,00 - 2,84 (m, 1H), 2,63 - 2,47 (m, 1H), 1,41 (s, 9H),
1,13 (t, J = 7,2 Hz, 3H). MS: theo Iy thuyét 619 (MH"), theo thir nghiém 619 (MH").

Vi du 87B thu dugc dudi dang chit rin mau vang nhat (61,3 mg). '"H NMR (400
MHz, METANOL-d,) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,77 (d, J = 3,0 Hz, 1H), 7,36 -
7,26 (m, 2H), 7,21 - 7,14 (m, 1H), 6,22 (s, 1H), 4,27 (d, J = 16,8 Hz, 1H), 4,09 - 3,97 (m,
3H), 3,86 - 3,71 (m, 2H), 3,65 - 3,55 (m, 1H), 3,55 - 3,46 (m, 1H), 3,39 - 3,34 (m, 1H),
3,20 - 3,02 (m, 2H), 2,66 (br. s., 1H), 1,40 (s, 9H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly
thuyét 619 (MH"), theo thir nghiém 619 (MH")

Vi du 87A duoc tong hop tir hop chit 87A-1 (rira giai nhanh) va Vi du 87B dugc
tdng hop tir hop chit 87B-1 (rira giai chim) trén cdt ChiralPak AD-3 rira giai bing
isopropanol 30% (DEA 0,05%)/CO,.

Vi du 88A va 88B (hai chét ddng phan don dugc tach ra):

Axit (8R,8aS)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl
-2-thiazol-2-yl-1,4-dihydropyrimidin-6-ylmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit (8S,8aR)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl
-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic
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Diéu ché Vi du 88A va 88B:
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Hai hop chit & @& muc duoc diéu ché twong tu v&i Vi du 82A va 82B béng cach su
dung metyl (45)-6-(bromometyl)-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chat C-5) thay cho etyl (4R)-6-(bromometyl)-4-(2-
clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hop chit C-1) va
metyl 2-tert-butyl-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-8-carboxylat (hop
chit 86-C) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-8-carboxylat (hop chét 82-C).

Vi du 88A thu dugc dudi dang chét rin mau vang nhat (37,2 mg). "H NMR (400
MHz, METANOL-d4) d ppm 7,97 (d, J = 3,3 Hz, 1H), 7,78 (d, J = 3,0 Hz, 1H), 7,14 -
7,09 (m, 1H), 7,08 - 6,99 (m, 1H), 5,94 (s, 1H), 4,32 (d, J = 17,1 Hz, 1H), 3,91 (d, J =
17,1 Hz, 1H), 3,79 - 3,71 (m, 2H), 3,66 - 3,58 (m, 4H), 3,56 - 3,50 (m, 1H), 3,36 (d, J =
9,8 Hz, 1H), 3,17 - 3,06 (m, 1H), 2,89 (d, J = 11,3 Hz, 1H), 2,56 (d, J = 2,3 Hz, 4H),
1,40 (s, 9H). MS: theo Iy thuyét 603 (MH"), theo thir nghiém 603 (MH").

Vi dy 88B thu dugc dudi dang chit rin mau vang nhat (61,2 mg). '"H NMR (400
MHz, METANOL-d4) d ppm 7,95 (d, J = 3,3 Hz, 1H), 7,77 (d, J = 3,3 Hz, 1H), 7,14 -
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7,02 (m, 2H), 5,91 (s, 1H), 4,25 (d, J = 17,1 Hz, 1H), 4,01 (d, J = 17,1 Hz, 1H), 3,85 -
3,72 (m, 2H), 3,66 - 3,56 (m, 4H), 3,54 - 3,46 (m, 1H), 3,37 (br. s., 1H), 3,20 - 3,02 (m,
2H), 2,69 (d, J = 10,3 Hz, 1H), 2,56 (d, J = 2,5 Hz, 3H), 1,40 (s, 9H). MS: theo 1y thuyét

21530

603 (MH"), theo thir nghiém 603 (MH").

Vi du 88A duogc tdng hop tir hop cht 88A-1 (ria giai nhanh) va Vi du 88B duoc
téng hop tir hop chit 88B-1 (rira giai chim) trén ¢t ChiralPak AD-3 rira giai bing

isopropanol 30% (DEA 0,05%)/CO..

Vi du 89:

Metyl

dihydropyrimidin-6-yl]metyl]-3-ox0-2,5,6,8-tetrahydro-1H-imidazo[1,5-a]pyrazin-8a-

carboxylat

Diéu ché Vi du 89:
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Hop chit & d& muc nay dugc didu ché tuong tu véi Vi du 1 bang céach sir dung mudi
metyl 3-ox0-1,2,5,6,7,8-hexahydroimidazo[1,5-a]pyrazin-8a-carboxylat TFA (hop chét
X) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D).

Vi du 90A va 90B (hai chit ddng phan don dugc tach ra):

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-1,1-dimetyl-3-0x0-6,8-dihydro-5H-oxazolo[3,4-a]pyrazin-
8a-yl]axetic; va

Axit  2-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-1,1-dimetyl-3-0x0-6,8-dihydro-5H-oxazolo[3,4-

a]pyrazin-8a-yl]axetic

Piéu ché Vi du 90A va 90B:
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Hai hop chit & d& muc duge diéu ché tuong tu véi Vi du 82A va 82B bé‘mg cach sur
dung metyl este ctia axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic (hop chdt C) thay cho etyl (4R)-6-(bromometyl)-4-(2-
clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat (hgp chit C-1) va
metyl 2-(1,1-dimetyl-3-ox0-5,6,7,8-tetrahydrooxazolo[3,4-a]pyrazin-8a-yl)axetat (hop
chit 90-C) thay cho trans-metyl 2-xyclopropyl-3-o0xo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-8-carboxylat (hop chét 82-C).

Vi du 90A thu dwoc dudi dang chét rin mau vang nhat (13 mg). 'H NMR (400MHz,
MeOD) 6 ppm 7,92 (d, J = 3,3 Hz, 1H), 7,71 (d, J = 3,0 Hz, 1H), 7,43 (dd, J = 6,0, 8,8
Hz, 1H), 7,23 (dd, J = 2,5, 8,8 Hz, 1H), 7,06 (dt, J = 2,5, 8,4 Hz, 1H), 6,16 (s, 1H), 4,21
(d, J = 16,3 Hz, 1H), 3,87 - 3,71 (m, 3H), 3,61 (s, 3H), 3,52 (d, J = 11,5 Hz, 1H), 3,37
(br, 1H), 2,94 (d, J = 11,3 Hz, 1H), 2,63 (d, J = 16,1 Hz, 1H), 2,46 - 2,30 (m, 2H), 1,47
(s, 3H), 1,42 (s, 3H). LC/MS: theo 1y thuyét 592 (MH+), theo thir nghiém 592 (MH+).

Vi du 90B thu dugc dudi dang chat rdn mau vang nhat (25 mg). "H NMR (400MHz,
MeOD) & ppm 7,96 (d, J = 3,0 Hz, 1H), 7,75 (d, J = 3,0 Hz, 1H), 7,54 (dd, J = 6,3, 8,8
Hz, 1H), 7,21 (dd, J = 2,8, 8,8 Hz, 1H), 7,06 (dt, J = 2,5, 8,4 Hz, 1H), 6,16 (s, 1H), 4,09 -
3,90 (m, 2H), 3,89 - 3,71 (m, 2H), 3,66 - 3,55 (m, 4H), 3,36 (br, 1H), 2,82 (d, J = 8,3 Hz,
1H), 2,72 (d, J = 16,8 Hz, 1H), 2,43 (d, J = 11,3 Hz, 1H), 2,31 (dt, J = 4,0, 11,9 Hz, 1H),
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1,57 (s, 3H), 1,47 (s, 3H); LC/MS: theo 1y thuyét 592 (MH+), theo thir nghiém 592
(MH-+).

Vi du 90A dugc tdng hop tir hop chét 90A-1 (rira giai nhanh) va Vi du 90B duoc
tbng hop tir hop chit 90B-1 (rira giai chdm) trén cot ChiralPak AD-3 rira giai bing
isopropanol 30% (DEA 0,05%)/CO,.

Pidu ché metyl 2-(1,1-dimetyl-3-0x0-5,6,7,8-tetrahydrooxazolo[3,4-a]pyrazin-8a-
yl)axetat (hop chit 90-C):

-BuLi (1,2
Aoy dmmiwe o Y

duong luong) TBSC], imidazol.

, DIPA (1,2 duong Y0 °¢° o DMF, nhiét d
1u0'ng) N o’ 20% Pd(OH),/C, H, o7 trongphong, 16
(o} —_—— [ H gm
BOMCI, (15 N MeOH, nhiét do
duong luong), )\ trong phong, 2 )\
-78°C,nhiet O @ gio 0”0
do trong phong, ﬂ\ >|\
18 gior
AH 90-C-1 90-C-2

>f > e >

(e} o Y o) 0

Y ! %
[ j% CH,MgBr, THF [N TBAF [ on I, PPh,, imidazole N
OTB R
S ]QTBS THF, nhiét d6 N [ ]Q

-40°C, nhiét d6 N THF, 80°C, 2 gior N
trong phong, 1 (o} ’ ’
trong pgtll((;ng 16 O)—o gid 0 o }_ 0

90-C-5
- 90-C-6
90-C-3 90-C-4

H

HCI 3M trong MeOH [ jgz

0

DMSO0, 80°C, 16 git [ j§<\ Hdi luu, 18 gio 3_ [
s

90-C-7 90-C

Bude 1: Thém tung giot n-BuLi (2M, 18 mL, 1,2 duong lugng) vao dung dich cua DIPA
(3,67 g, 36 mmol, 1,2 duong lugng) trong THF (18 mL) & -78°C trong hon 15 phut va
hdn hop nay duoc khudy trong 15 phut nita & -78°C. Sau d6 thém timg giot hop chit AH
(10,3 g, 30 mmol, 1,0 duong lugng) trong THF (30 mL) vao phan ing nay & -78°C, sau
khi b sung xong, hdn hop nay duoc khudy trong 30 phut & -78°C. Thém ting giot
BOMCI (7 g, 45 mmol) trong THF (20 mL) trong hon 20 phit & -78°C, hén hop phan

g nay duoc khudy trong 16 gio va nhiét d6 phan img duoc 1am 4m dén nhiét d6 trong
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phong trong khoang thoi gian nay. Phan tmg nay dugc ding bang 1M HCI (50 mL), duoc
chiét bang EA (100 mL) hai 14n, 16p hitu co duge lam khd va cd, phan cin nay duogc
dugc tinh ché trén silicagel (BA/PE: 0%-20%) tao ra hop chét 90-C-1 dudi dang diu
khong mau (8,2 g).

Budc 2: Hon hop ciia hop chét 90-C-1 (8,2 g, 17,6 mmol) va Pd(OH),/C (500 mg, 20%)
trong MeOH (100 mL) dwoc khudy & nhiét do trong phong trong 2 gid trong mdi trudng
hydro, sau d6 chit rin duoc loc ra, phé"m dich loc dugc ¢o va phén can nay dugc duoc
tinh ché trén silicagel (EA/PE: 0%-40%) tao ra hop chit 90-C-2 duéi dang diu khong
mau (6,1 g).

Budce 3: Thém tir tir TBSCI (1,65 g, 0,11 mol, 1,1 dwong lugng) vao dung dich caa 90-C-
2 (3,74 g, 0,01 mol, 1,0 dwong lwong) va imidazol (0,81 g, 0,012 mol, 1,2 duong luong)
trong DMF (20 mL) ¢ nhiét d6 trong phong, sau d6 hdn hop nay dugc khudy & nhiét do
trong phong trong 16 gid, duge pha lodng bing EA (50 mL) rira béng nude (50 mL) va
nude mudi (50 mL), 16p hitu co dugce lam kho trén Na,SO,4 va ¢ tao ra hop chét 90-C-3
dudi dang ddu khong mau (4,4 g). MS: theo ly thuyét 489 (MH"), theo thir nghi€ém 489
(MH").

Budce 4: Thém timg giot CH3sMgBr (3,2M, 15 mL, 5,0 duong luong) vao dung dich cta
90-C-3 (4,4 g, 9 mmol, 1,0 duong lugng) trong THF (50 mL) & -40°C trong hon 15 phit,
sau d6, hdn hgp phan ung nay dugc khudy trong 16 gid va nhiét d6 phan tng dugc lam
4m dén nhiét d6 trong phong trong khoang thoi gian ndy. Phan tng nay duoc dimg bang
1M HCI (50 mL), dugc chiét bﬁng EA (100 mL), 16p hitu co dugc lam khd va co, va
phén cin dugc tinh ché trén silicagel (EA/PE: 20%-40%) tao ra hop chit 90-C-4 duéi
dang diu khéng mau (1,9 g). MS: theo ly thuyét 415 (MH"), theo thir nghiém 415 (MH").

Budc 5: Dung dich ctia 90-C-4 (1,86 g, 4,5 mmol, 1,0 duong lugng) va TBAF a1M,9
mL, 2,0 dwong lugng) trong THF (20 mL) dugc khudy & nhiét d6 trong phong trong 2 gio,
dugc pha lodng bang EA (50 mL), rira bing nudc (50 mL) va nuée mudi (50 mL), 16p
hitu co dugc lam kho bing Na;SO, va ¢d, phin cin nay dugc dugc tinh ché trén silicagel
(EA/PE: 30%-70%) tao ra hop chit 90-C-5 duéi dang ddu khong mau (1,2 g). MS: theo
ly thuyét 301 (MH"), theo thir nghiém 301 (MH™).

Buéc 6: Dung dich cua 90-C-5 (0,9 g, 3 mmol, 1,0 duwong luong), PPh; (1,57 g, 6 mmol,
2,0 duong lugng) va imidazol (0,41 g, 6 mmol, 2,0 duong lugng) trong THF (20 mL)
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duoc hdi luu trong 1 gio, sau d6 thém iot (1,3 g, 4,5 mmol, 1,5 dwong lugng) va hdi luu
trong 2 gid. Sau d6 phan Umg ndy duoc pha lodng bing EA (50 mL), rira bang nudce (50
mL) va nuwéc mudi (50 mL), 16p hitu co duge lam khd (Na,SO,) va cd, phdn cin nay
duge dugc tinh ché trén silicagel (EA/PE: 0%-25%) tao ra hop chit 90-C-6 duéi dang
dau khong mau (0,61 g). MS: theo Iy thuyét 411 (MH"), theo thit nghiém 411 (MH").

Bu6c 7: Hon hop ciia 90-C-6 (0,61 g, 1,5 mmol, 1,0 duong lurong) va KCN (0,195 g, 3
mmol, 2,0 duong lugng) trong DMSO (10 mL) dwoc khudy & 80°C trong 16 gio. Sau do6
phan ting ndy dugc pha lodng bang EA (50 mL), rtra bang nude (50 mL) va nude mudi
(50 mL), 16p hitu co duge lam khé trén Na,SO, va ¢6, phan cin ndy dugc duge tinh ché
trén silicagel (EA/PE: 0%-25%) tao ra hop chit 90-C-7 duéi dang dau khong mau (0,41
g). MS: theo ly thuyét 310 (MH"), theo thir nghiém 310 (MH").

Buéc 8: Hon hop cua 90-C-7 (0,41 g, 1,3 mmol, 1,0 duwong lugng) trong HCI/MeOH (3M,
10 mL) duoc khudy & 80°C trong 16 gio. Sau d6 phan (mg ndy dugc cb tao ra hop chit
90-C duéi dang chét rin mau tring (0,36 g). MS: theo ly thuyét 243 (MH"), theo thir

nghiém 243 (MH").

Vidu 91A va 91B (hai chét ddng phéan don duoc tach ra):

Axit (8R,8aS)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit (SS,8aR)-2-tert—butyl—7-[[(4R)-4-(2-clo-3-ﬂo-phenyl)-S-etoxycacboriyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo
[1,5-a]pyrazin-8-carboxylic

Diéu ché Vidu 91A va 91B:
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Hai hop chit & dé muc duogc didu ché tuong tu véi Vi du 82A va 82B bﬁng cach st
dung metyl 2-metyl-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-carboxylat
(hop chidt 91-C) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chét 82-C).

Vi du 91A thu dugc dudi dang chit rin mau vang nhat (26 mg). "H NMR (400MHz,
MeOD) 7,97 (d, J = 3,3 Hz, 1H), 7,77 (d, J = 3,0 Hz, 1H), 7,36 - 7,26 (m, 2H), 7,22 -
7,11 (m, 1H), 6,25 (s, 1H), 4,30 (d, J = 17,3 Hz, 1H), 4,04 (q, J = 7,2 Hz, 2H), 3,95 -
3,82 (m, 3H), 3,61 - 3,45 (m, 2H), 3,31 - 3,11 (m, 2H), 2,93 - 2,81 (m, 4H), 2,49 (br, 1H),
1,13 (t J = 7,0 Hz, 3H). LC/MS: theo ly thuyét 577 (MH+), theo thir nghiém 577 (MH+).

Vi du 91B thu dugc dudi dang chét rin mau vang nhat (38 mg). "H NMR (400MHz,
MeOD) 7,96 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,39 - 7,25 (m, 2H), 7,17 (td,
J=2,0,75, 9,1 Hz, 1H), 6,21 (s, 1H), 4,24 (d, J = 16,8 Hz, 1H), 4,04 (q, J = 7,1 Hz,
2H), 3,98 - 3,78 (m, 3H), 3,60 - 3,42 (m, 2H), 3,31 - 3,16 (m, 2H), 3,04 (d, J = 10,3 Hz,
1H), 2,83 (s, 3H), 2,61 (br, 1H), 1,12 (t, J = 7,0 Hz, 3H). LC/MS: theo ly thuyét 577
(MH+), theo thtr nghiém 577 (MH+).

Vi du 91A duoc téng hop tir hop chit 91A-1 (rira giai nhanh) va Vi du 91B duoc
téng hop tir hop chat 91B-1 (rtra gidi chim) trén cot ChiralPak AD-3 rira giai bing
isopropanol 30% (DEA 0,05%)/CO,.
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DPiéu ché metyl 2-metyl-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-
carboxylat (hop chit 91-C):

Hop chét 91-C duge diéu ché twong tu v6i hop chat ctia hop chit 82-C bing cach st
dung metyl amin thay cho xyclopropylamin.

Vi du 92A va 92B (hai chit ddng phan don dugc tach ra):

Metyl  (4R)-6-[[(8R,8aS)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-ylJmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat; va

Metyl  (4R)-6-[[(8S,8aR)-2-tert-butyl-8-carbamoyl-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yljmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat

CL, X
o ol 0

/\0);?"‘ |

0 NJ\(S 0 )HJV\N\)\WS
U, hH Y ) H2N| il
HN <J:Nj /f]:N]
N——{\o

7<

Diéu ché Vi du 92A va 92B:

F F

F o TFA Q ¢l O@ECI
Nod e s DUy
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HoiY HolD

+ H,oN

* 2. Tach khong dbi ximg 0
o TN ¥ Nj J,. N N N
NJ\WS N“A H N7 ] H;N/K[ ]
gr M N\/) 7< ° N vON
N—Ao N—éo
C1 92-C 92A & 92B 7<

Hbn hop ciia hai chit ddng phan trans

Hai hop chit & dé muc duoc diéu ché twong tw v&i Vi du 82A va 82B bing cach st
dung trans-2-tert-butyl-3-oxo0-1,5,6,7,8,8a-hexahydroimidazo[ 1,5-a]pyrazin-8-
cacboxamit (hop chdt 92-C) thay cho frans-metyl 2-xyclopropyl-3-o0xo0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hgp chit 82-C). San phidm thd dugc tinh
ché bang HPLC tao ra hdn hop ctia hai chit dong phan, cac chét nay dugc phan giai tiép
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bang SFC tao ra hai chit ddng phan don: 92A (rtra giai nhanh) va 92B (rira giai cham) c6
isopropanol 30% (DEA 0,05%)/CO, trén cot ChiralPak AD-3.

Vi dy 92A thu duge duéi dang chét rdn mau vang nhat (30 mg). 'H NMR (400MHz,
MeOD) & = 7,97 (d, J = 3,0 Hz, 1H), 7,74 (d, J = 3,3 Hz, 1H), 7,37 - 7,21 (m, 2H), 7,20 -
7,08 (m, 1H), 6,20 (s, 1H), 4,18 (d, J = 17,1 Hz, 1H), 4,02 (q, J = 7,0 Hz, 2H), 3,84 -
3,72 (m, 3H), 3,55 (t J = 8,8 Hz, 2H), 3,14 (dt, J = 3,5, 12,7 Hz, 1H), 3,05 (d, J = 9,3 Hz,
1H), 3,00 - 2,89 (m, 1H), 2,45 (dt, J = 3,5, 11,9 Hz, 1H), 1,40 (s, 9H), 1,12 (t, J = 7,2 Hz,
3H). MS: theo Iy thuyét 618 (MH"), theo thir nghiém 618 (MH").

Vi du 92B thu dugce dudi dang chit rin mau vang nhat (30 mg). '"H NMR (400MHz,
MeOD) 8 = 7,98 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,36 - 7,23 (m, 2H), 7,20 -
7,09 (m, 1H), 6,25 (s, 1H), 4,24 (d, J = 17,3 Hz, 1H), 4,04 (q, J = 7,1 Hz, 2H), 3,85 -
3,68 (m, 3H), 3,57 (t J = 8,8 Hz, 1H), 3,37 - 2,35 (m, 1H), 3,20 - 2,99 (m, 2H), 2,85 -
2,69 (m, 1H), 2,32 (dt, J = 3,4, 12,0 Hz, 1H), 1,49 - 1,34 (s, 9H), 1,13 (t, J = 7,0 Hz, 3H).
MS: theo ly thuyét 618 (MH"), theo thir nghiém 618 (MH").

DPiéu ché trans-2-tert-butyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-
cacboxamit (hop chét 92-C):

>|/

(0] O 0 T:A
\oﬁ __tioH Ho)l;i HATU, NHCI _TRADCM _ HNT Nj

] oo ) *N

N N—4
7< (o]
92-C-1 92-C-2 92-C-3 92-C

Hdn hop ciia hai chit dng phan trans Hdn hop cua hai chit ddng phén trans

Budc 1: Thém lithi hydroxit monohydrat (124 mg, 3 mmol) trong nuéc (1 mL)vao
dung dich cua hop chit 92-C-1 (355 mg, 1 mmol) trong THF (5 mL) . Sau d6 hdn hop
phan g nay dugc khudy & 35°C trong 2 gid, hdn hop nay duoc trung hoa bing dung
dich hydroclorua IN dén d¢ pH= 3,0. H3n hop nay dugc chiét bing etyl axetat (30 mL)
ba lan. Pha hitu co da thu gom dugc lam kho b%mg NaySOy, loc va sau d6 ¢ tao ra hgp
chét 92-C-2 dué6i dang chét rdn mau tring (340 mg). MS: theo ly thuyét 356 (MH"), theo
thir nghiém 356 (MH").

Buéc 2: Hon hop ctia hop chit 92-C-2 (340 mg, 1 mmol), HATU (380 mg, 1 mmol)
NH,Cl (275 mg, 5 mmol) va DIPEA (775 mg, 6 mmol) trong THF(10 mL) dugc khudy

b
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50°C trong 2 gi®. Sau d6 nguyén liéu khong tan duoc loc ra va phﬁn dich loc duoc cd.
Phin c3n nay duge dugc tinh ché trén silicagel (EA/PE: 0%-40%) tao ra hop chét 92-C-3
duéi dang chét rin mau tring (200 mg). MS: theo Iy thuyét 355 (MH"), theo thir nghiém
355 (MH)).

Budc 3: Hn hop ctia hop chit 92-C-3 (200 mg, 0,6 mmol) trong DCM /TFA (5 mL,
2:1) dugc khudy & nhiét d6 trong phong trong 2 gidy, sau d6 hdn hop nay duoc ¢ dudi ap
sudt giam tao ra hop chit 92-C duéi dang diu mau vang nhat (200 mg), axit nay duoc sir
dung truc tiép trong budc tiép theo. MS: theo Iy thuyét 255 (MH™), theo thir nghiém 255
MH).

Piéu ché trans-T-tert-butyl-8-metyl 2-tert-butyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7,8-dicarboxylat (hop chat 92-C-1):

Hop chét 92-C-1 dugc didu ché twong tu véi hop chét cua hop chit 82-C-5 bing

cach str dung fert-butylamin thay cho xyclopropylamin.
Vi du 93:
Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-propoxycacbonyl-2-thiazol-2-yl-

1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic

~~"0 N
| J\rs
[Njﬂ ',
N
N-QO
X
OH

Diéu ché Vi du 93:
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Hop chét & d& muc nay duoc diéu ché twong tu vai Vidu 1 bﬁng cach st dung axit
3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-propoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic  (hgp chét C-6) va axit 3-[(8aS)-3-ox0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hop chit Q) thay cho
metyl este clia axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic (hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chit D). Hop chét cta vi du 93 thu dugce dudi dang chat rin mau vang nhat (6 mg). 'H
NMR (400MHz, MeOD) 6 = 7,96 (d, J = 3,0 Hz, 1H), 7,75 (d, J = 3,0 Hz, 1H), 7,34 -
7,21 (m, 2H), 7,15 (dt, J = 1,6, 8,5 Hz, 1H), 6,24 (s, 1H), 4,19 - 4,06 (m, 1H), 4,03 - 3,81
(m, 5H), 3,51 (t, J = 8,9 Hz, 1H), 3,45 - 3,37 (m, 1H), 3,33 - 3,29 (m, 1H), 3,25 - 3,15 (m,
1H), 3,11 (dd, J = 4,0, 9,5 Hz, 1H), 2,97 - 2,78 (m, 2H), 2,41 - 2,29 (m, 1H), 2,19 (, J =
10,9 Hz, 1H), 1,59 - 1,47 (m, 2H), 1,21 (d, J = 2,8 Hz, 6H), 0,76 (t, J = 7,4 Hz, 3H). MS:
theo 1y thuyét 633 (MH"), theo thir nghiém 633 (MH™).

Pidu ché propyl (4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chit C-6):

Hop chit C-6 dugc diéu ché tuong ty v&i hop chéit cta hop chit C bang céch sir
dung n-propyl axetoaxetat thay cho metyl axetoaxetat.

Vi du 94:

Axit  4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic
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Hop chit & d& muc nay duoc didu ché tuong tw véi Vi du 1 bang cach sir dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat (hop chit C-1) va mudi TFA cua axit (3R)-3-[(8aS)-3-0x0-1,5,6,7.8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]butanoic (hgp chit 54-A) thay cho metyl este cia
axit  (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic (hgp chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop chit D). Vi
du 57 thu dugc dudi dang chit rin mau vang nhat (48 mg). 'H NMR (MeOD, 400MHz):
=197 (d,J=3,3 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,02-7,39 (m, 3H), 6,24 (s, 1H),
3,99-4,16 (m, 2H), 3,73-3,95 (m, 3H), 3,47 (t, J = 9,0 Hz, 2H), 3,02-3,25 (m, 3H), 2,68-
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2,97 (m, 2H), 2,10-2,48 (m, 3H), 1,76 (br. s., 2H), 1,23 (s, 6H), 1,13 ppm (t, J = 7,2 Hz,
3H). MS: theo 1y thuyét 633 (MH"), theo thir nghiém 633 (MH)).
Viduy 95:

Axit 5-[7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]pyridin-2-carboxylic

Piéu ché Vi du 95:

. —

N

/”\(S 7\
N =N

Br N/ 0

Cc 95-A

Hop chit & d& muc nay dugc diéu ché twong tu véi Vidu 1 béng cach str dung mudi

TFA cua axit 5-(3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl)pyridin-2-
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carboxylic (hop chdt 95-A) thay cho hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chét D). Hop chét cta vi du 95 thu dugc dudi dang chét rin mau vang nhat (48 mg). 'H
NMR (400 MHz, METANOL-d,) d ppm 9,02 (s, 1H), 8,17 (s, 2H), 8,01 (s, 1H), 7,88 (s,
1H), 7,51-7,54 (m, 1 H), 7,30-7,28 (m, 1 H), 7,10-7,13 (m, 1 H), 6,20 (s, 1H), 4,41-4,63
(m, 2H), 4,17-4,35 (m, 3H), 3,51-3,75 (m, 7 H), 3,01-3,12 (m, 2H). MS: theo ly thuyét
626 (MH"), theo thir nghiém 626 (MH").

Diéu ché axit 5-(3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-2-yl)pyridin-
2-carboxylic (hop chét 95-A):

.TFA

ZT

M sy 3 &
Q Q p“* o p*

95-A-1 0—  g5.A2

Budce 1: Dung dich ciia 5-bromopyridin-2-carboxylic axit (5,0g, 24,75 mmol) trong
MeOH (30 mL) dugc bd sung thionyl clorua (10 mL) ting giot & 0°C. Sau d6, hdn hop
nay duoc khudy trong 12 gior & 60°C. Sau khi loai bé dung mdi va thionyl clorua con lai,
thu dwoc san phdm thé metyl 5-bromopyridin-2-carboxylat va san phdm nay dugc sir

dung trong budc tiép theo ma khong can tinh ché thém.

Budce 2: Hdn hop cta metyl 5-bromopyridin-2-carboxylat (hop chat 95-A-1, 0,72 g,
3,28 mmol), fert-butyl 3-oxo-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-carboxylat
( hop chét raxemic M, 0,40 g, 1,64mmol), bis(dibenzylidenaxeton) paladi (94,4 mg,
0,164 mmol), (+)-2,2’-bis(diphenylphosphino)-1,1’-binaphtyl (196,8 mg, 0,33 mmol),
xesi cacbonat (160,4 mg, 4,92 mmol) trong dioxan (3 mL) dugc khudy trong 3 gio &
130°C trong vi s6ng. Sau khi loai bé dung méi, phan cin dugc tinh ché bang cot dé tao ra
san phim 95-A-2 duéi dang chit rin mau tring. MS: theo ly thuyét 377 (MH"), theo thir
nghiém 377 (MH").
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Bude 3: Hon hop cia hop chit 95-A-2 (0,24 g, 0,64 mmol), lithi hydroxit (0,13g,
3,2 mmol) trong nude (2 mL) va MeOH (5 mL) dugc khudy trong 12 gio & nhiét d6 trong
phong. Hon hop phan ting nay sau d6 trung hoa bang HC1 1 N dén d6 pH= 6, duoc chiét
bang etyl axetat. Lép hitu co duge 1am kh trén natri sulfat. Sau khi loai bo dung méi,
phan cin nay dugce xir ly bing TFA (2 mL) trong DCM (10 mL). Sau d6 hdn hop phan
g nay dugc khudy trong 30 phut, dung méi nay dugc loai bo tao ra san pham thd, san
phdm nay dugc sir dung truc tiép trong budc tiép theo. MS: theo 1y thuyét 263 (MH"),
theo thir nghiém 263 (MH).

Viduy 96:

Etyl este cuwa axit (S)-6-[(S)-2-(2-carboxy-2,2-diflo-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic

Diéu ché Vi du 96:
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F

¢
TFA
F n 0
F [ j ~o N
¢ | J\(s
o N
N—j\\ DIPEA H r\}\/>

/\o)i\lN + =§<F [e] —_ [Nj
N)\(S 1) F NN
Br H N|\/>

OH \N—'{

96-A

OH

Hop chit & d& muc nay duoc diéu ché tuong ty véi Vidu 1 béng cach str dung etyl
(45)-6-(bromometyl)-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-
S-carboxylat (hgp chat C-7) va mudi trifloaxetat cua axit 2,2-diflo-3-((S)-3-oxo0-
hexahydro-imidazo[1,5-a]pyrazin-2-yl)-propionic (hgp chét 96-A) thay cho metyl este
cia axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-
5-carboxylic (hop chét C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hgp chét D).
Hop chét cta vi du 96 thu dugc dudi dang chét rin mau vang nhat (15 mg). '"H NMR
(400 MHz, METANOL-dy4) d ppm 8,01 (d, 1H), 7,90 (d, 1H), 7,26 (m, 1H), 7,07-7,15 (m,
1H), 5,94-5,98 (m, 1H), 4,69 (d, 1H), 4,51 (d, 1H), 4,05-4,20 (m, 4H), 3,86-3,98 (m, 2H),
3,62-3,80 (m, 4H), 3,41-3,52 (m, 1H), 3,07-3,22 (m, 3H), 2,52 (d, 3H), 1,15 (m, 3H). MS:
theo ly thuyét 625 (MH"), theo thir nghiém 625 (MH").

Diéu ché mudi trifloaxetat cta axit 2,2-diflo-3 -((S)-3-ox0-hexahydro-imidazo[1,5-

a]pyrazin-2-yl)-propionic (hop chit 96-A):

F_ F Boc H TFA

Boc
[ j [N] Pd-C,H, TI'IPhOSgen TFA, CH,Cl,
R oz
NaBH(OAc), HI!J (.l‘.bz
Cbz

0 0

s 96-A-1 96-A-2 96-A-3 96-A
Buge 1. Thém DIPEA (142 mg, 1,10 mmol)vio dung dich d& khudy cua mudi
hydroclorua cua axit 3-amino-2,2-diflo-propionic (400 mg, 1,10 mmol) trong DCM (5
mL) & 0°C, sau d6 tiép theo 1 dung dich cta hop chét S (350 mg, 1 mmol) trong DCM
( 5 mL). H3n hop phan tmg nay dugc khudy & 0°C trong nim phat. Sau dé, thém
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NaBH(OAc); vao hdn hgp nay. Hon hop tao ra duoc khqu ¢ nhi€t do trong phong qua
dém. Hon hop phan tmg nay dugc phéan bd gita hdn hop ctia DCM va nude. Lép hitu co
dugc tach ra, lam kho bing Na,SOy, cb trong chin khong va duoc phén tach tao ra hop
chit 96-A-1 (320 mg).

Budc 2. Hon hop ctia hop chat 96-A-1 (320 mg, 0,70 mmol) va Pd/C (30 mg) trong
MeOH (5 mL) duogc khqu trong binh cdu hydro & nhiét do trong phong qua dém. Hén
hop phan tmg niy dugc loc va phan dich loc duge ¢b. Thu duge san phim thé 96-A-2
(226 mg) va san phdm nay duogc st dung trong budc tiép theo ma khong cin tinh ché

thém.

Budce 3. Thém DIPEA (0,6 mL, 3,50 mmol) vao dung dich cia hop chit 96-A-2
(san phdm tho 226 mg, 0,70 mmol) trong diclometan (3 ml) & 0°C, sau d6 1a thém
triphosgen (103 mg, 0,35 mmol) vao hdn hop phan tmg nay. Hon hop tao ra dugc lam 4m
dén nhiét d6 trong phong va khudy qua dém. Hon hop phan tmg nay dugc c6 va phin cin
nay duoc sir dung tryc tiép trong budc tiép theo. Luong san phdm thd 96-A-3 biang 340
mg.

Bu6c 4. Thém axit trifloaxetic (5 mL) vao dung dich ctia hgp chit 96-A-3 (san
phdm thé 340 mg, 0,70 mmol) trong diclometan (2 mL) & nhiét do trong phong. Sau do6
hdn hop phan tng nay dwoc khudy trong 1,5 gi0, dung moi nay dugc loai bo tao ra san
phim thé 96-A (260 mg), san phdm nay dugc st dung truc tiép trong budc tiép theo.

Diéu ché etyl (4S)-6-(bromometyl)-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat (hop chét C-7):

Hop chit C-7 dugc diéu ché tuong tu véi hop chét cua hop chét C br?mg cach su
dung 3,4-diflo-2-metylbenzaldehyt va etyl axetoaxetat thay cho 2-clo-4-flobenzaldehyt

va metyl axetoaxetat.
Vi du 97A va 97B (hai chit ddng phan don duoc tach ra):

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-(xyclopropylmetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic; va
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Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yllmetyl]-2-(xyclopropylmetyl)-3-oxo-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic

Diéu ché Vi du 97A va 97B:

H TFA ©i
\O N

Py JI j 1DPEA 0 +
o N + J\(s
[ N'& 2. Tach khong dbi ximg i:) ” q \>
s ) W
NN o o
Br H N\/> \
c- N N'&

97-C ° [e]
97A-1 & 97B-1 (2 chét ddng phan don)

H8n hop ciia 2 chit ddng phan trans

V\z

LiOH chira nudc LiOH chira nudc

F : F
o := Cl (e} H Cl
o N o SN
| J\(S o] | NJ\r S
N
N H \\/) H o/lk[Nj " N|\/>
j { N
N N—QO
ﬂ> ° 97A & 97B &

N.
Hai hop chét & & muc duoc diéu ché tuong tu véi Vi du 82A va 82B bang cach sir dung

trans-metyl 2-(xyclopropylmetyl)-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-
carboxylat (hgp chit 97-C) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chat 82-C).
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Vi du 97A thu dwoc dudi dang chét rdn mau vang nhat (25 mg). "H NMR (400 MHz,
METANOL-d4) d ppm 7,98 (d, J = 3,0 Hz, 1H), 7,78 (d, J = 3,0 Hz, 1H), 7,35 - 7,26 (m,
2H), 7,20 - 7,11 (m, 1H), 6,25 (s, 1H), 4,30 (s, 1H), 4,10 - 3,99 (m, 2H), 3,95 - 3,86 (m,
2H), 3,81 (d, J = 11,5 Hz, 1H), 3,68 (d, J = 8,0 Hz, 1H), 3,65 - 3,58 (m, 1H), 3,37 - 3,34
(m, 2H), 3,25 - 3,16 (m, 1H), 3,25 - 3,16 (m, 1H), 3,15 - 3,07 (m, 2H), 2,91 (d, J = 11,5
Hz, 1H), 2,60 - 2,49 (m, 1H), 1,13 (t, J = 7,2 Hz, 3H), 1,03 - 0,93 (m, 1H), 0,61 - 0,53 (m,
2H), 0,28 - 0,23 (m, 2H). MS: theo 1y thuyét 617 (MH"), theo thir nghiém 617 (MH").

Vi du 97B thu duoc duéi dang chit rdn mau vang nhat (19 mg). 'H NMR (400 MHz,
METANOL-d,) d ppm 7,33 - 7,23 (m, 3H), 7,15 (t, J = 8,3 Hz, 1H), 6,22 (s, 1H), 4,12 -
4,02 (m, 3H), 3,95 - 3,84 (m, 3H), 3,52 (t, J = 8,9 Hz, 1H), 3,44 - 3,38 (m, 1H), 3,29 (s,
1H), 3,24 - 3,09 (m, 2H), 2,93 (d, J = 11,0 Hz, 1H), 2,84 (d, J = 8,5 Hz, 1H), 2,48 (d, J =
0,8 Hz, 3H), 2,37 (dt, J = 3,4, 11,6 Hz, 1H), 2,18 (t, J/ = 10,9 Hz, 1H), 1,21 (d, J = 3,0
Hz, 6H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 617 (MH"), theo thtr nghiém 617
(MH).

Vi du 97A duoc tdng hop tir hop chit 97A-1 (rira giai nhanh) va Vi du 97B duogc
tébng hop tir hop chit 97B-1 (rira giai chim) trén ¢t ChiralPak AD-3 rira giai bang
isopropanol 30% (DEA 0,05%)/CO,.

Piéu ché frans-metyl 2-(xyclopropylmetyl)-3-oxo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-8-carboxylat (hop chat 97-C):

Hop chét 97-C dugc didu ché twong tu véi hop chét ctia hop chit 82-C bing céch st
dung xyclopropylmethanamin thay cho xyclopropylamin.

Vidu 98:

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-(4-metylthiazol-2-
yl)-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]
pyrazin-2-yl]-2,2-dimetyl-propanoic
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[j O luj\ﬁ/
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OH

98
OH

Hop chit & d& muc nay duogc diéu ché tuong tu véi Vidu 1 béng cach sir dung etyl
(4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-(4-metylthiazol-2-y1)-1,4-
dihydropyrimidin-5-carboxylat (hop chit C-8) va axit 3-[(8aS)-3-0x0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-2-yl]-2,2-dimetyl-propanoic (hgp chit Q) thay cho
metyl este cua axit (R)-6-bromometyl-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic (hop chit C) va hexahydro-pyrazino[1,2-c][1,3]oxazin-6-on (hop
chét D). Hop chit cta vi du 93 thu duge dudi dang chét rin mau vang nhat (60 mg). 'H
NMR (400MHz, MeOD) & = 7,33 - 7,23 (m, 3H), 7,15 (t, J = 8,3 Hz, 1H), 6,22 (s, 1H),
4,12 - 4,02 (m, 3H), 3,95 - 3,84 (m, 3H), 3,52 (t, J = 8,9 Hz, 1H), 3,44 - 3,38 (m, 1H),
3,29 (s, 1H), 3,24 - 3,09 (m, 2H), 2,93 (d, J = 11,0 Hz, 1H), 2,84 (d, J = 8,5 Hz, 1H),
2,48 (d, J = 0,8 Hz, 3H), 2,37 (dt, J = 3,4, 11,6 Hz, 1H), 2,18 (t, J = 10,9 Hz, 1H), 1,21
(d, J = 3,0 Hz, 6H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 633 (MH"), theo thi
nghiém 633 (MH").
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Diéu ché etyl (4R)-6-(bromometyl)-4-(2-clo-3-flo-phenyl)-2-(4-metylthiazol-2-yl)-
1,4-dihydropyrimidin-5-carboxylat (hop chit C-8):

Hop chét C-8 dugc diéu ché tuong tu voi hop chét cua hop chét C béng cach sur
dung 4-metylthiazol-2-cacbonitril va etyl axetoaxetat thay cho thiazol-2-cacbonitril va
metyl axetoaxetat.

Vi du 99:

Axit 2-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-6-oxo0-1,3,4,7,8,8a-hexahydropyrolo[1,2-a]pyrazin-1-
carboxylic (hn hop ctia hai chit ddng phén)

F

o ol - fk[n ~o | : ]N
: o s
~o \ + j 1. DIPEA o N/K(
- = | H |
J;EN\J\(S A Ho/k[N N\/>
H \ / j
N

2. LiOH

"N

9-A
9 \——& 99

c1 _ o .
Hdn hop clia 2 chét ddng phan trans Hdn hop cia 2 chit ddng phén trans

Hai hgp chit & d& muc duoc didu ché twong tw vai Vi du 82A va 82B béng cach st
dung axit trans-6-o0x0-2,3,4,7,8,8a-hexahydro-1H-pyrolo[1,2-a]pyrazin-1-carboxylic (hop
chét 99-A) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chat 82-C) khong cin tach khong d6i
xtmg ctia hai chit ddng phan trans. Vi du 99 thu duoc duéi dang hdn hop ciia hai chit

d6ng phan (chét rdn mau vang nhat, 79 mg). 'H NMR (400MHz, MeOD) & = 7,95 (d, J =
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3,0 Hz, 1H), 7,75 (d, J = 3,3 Hz, 1H), 7,35 - 7,26 (m, 2H), 7,17 (t, J = 8,2 Hz, 1H), 6,22
(s, 1H), 4,25 (d, J = 17,1 Hz, 1H), 4,08 - 4,01 (m, 3H), 3,98 (s, 2H), 3,20 - 3,09 (m, 3H),
2,61 (t, J = 12,7 Hz, 1H), 2,52 - 2,42 (m, 2H), 2,34 - 2,23 (m, 1H), 2,08 - 1,97 (m, 1H),
1,12 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 562 (MH"), theo thir nghiém 562 (MH").

Diéu ché axit trans-6-0x0-2,3,4,7,8,8a-hexahydro-1H-pyrolo[1,2-a]pyrazin-1-
carboxylic (hop chét 99-A):

Boc O OEt Boc O 0
- /\ﬂ/ N | _
[ o/ Ph O/ H,, Pd-C [ (o]
. OEt o
N .~/Y |

|
Boc o} Boc (0]

82-C-2

Hbn hop cia 2 chit ddng phan trans

99'A'1 99'A'2

0
TFA : DCM=2: 1 [ o TFA pcMpIPEA  ©
E— _—
N /\n/o\/
H
o
99-A-3 000

Hbn hop clia 2 chit ddng phan trans

Budc 1: Thém TEA (6,6 g, 64,5 mmol) va etyl (triphenylphosphoranyliden)axetat
(12,3 g, 35,5 mmol) vao dung dich di khudy ctia hop chét 82-C-2 (12 g, 32,3 mmol)
trong DCM (100 mL) . H3n hop ndy dwoc khudy & nhiét d6 25°C trong 15 gid. Thém
nude (100 mL), va hdn hop nay duge chiét bing DCM (100 mL). L6p hitu co dugc tich
ra va lam kho bing Na,SO,. Dung médi nay dugc loai bo va phin cin dwoc tinh ché bing
cdt tao ra hop chat 99-A-1 (10 g). 'H NMR (400MHz, CDCl3) 6 = 4,90 - 4,76 (m, 1H),
4,71 - 4,48 (m, 1H), 4,24 - 4,08 (m, 2H), 4,03 - 3,90 (m, 1H), 3,85 - 3,71 (m, 5H), 3,21 -
2,87 (m, 2H), 2,31 (dq, J = 8,5, 16,5 Hz, 2H), 2,22 - 2,05 (m, 1H), 1,98 - 1,80 (m, 1H),
1,57 - 1,40 (m, 21H), 1,33 - 1,23 (m, 3H).

Buéc 2: Thém Pd/C (10 g) vao dung dich da khudy ctia hop chit 99-A-1 (20 g, 45,2
mmol) trong MeOH (600 mL). H8n hop nay dugc khudy & nhiét d6 30°C (50 Psi) trong
15 gio. Hon hop nay dugce loc va dung moi ndy dugce loai bd trong chan khong tao ra san

phim thd, san pham nay dugc tinh ché bang cdt tao ra hop chit 99-A-2 (17 g, dang tho).
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Budc 3: Thém TFA (180 mL) vio dung dich da khudy ciia hop chat 99-A-2 17 g,
38,2mmol) trong DCM khan (90 mL) . Sau d6 hdn hgp phan tmg nay dugc khudy trong 3
gi%, dung mdi ndy dugc loai bd trong chan khong tao ra san phdm tho 99-A-3 (19 g, dang
tho).

Budc 4: Thém DIPEA (16 g, 125,6mmol) vao dung dich d khudy ctia hop chét 99-
A-3 (11 g, 25,1 mmol) trong DCM khan (250 mL) . Sau d6 hén hgp nay dugc hdi luu
trong 4 gid, dung mdi ndy dugc loai bd tao ra san phdm thd 99-A (7 g), axit ndy duge st
dung truc tiép trong budc tiép theo.

Vidu 101A va 101B (hai chét ddng phan don dugc téch ra):

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isobutyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic; va

Axit (88,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]Jmetyl]-2-isobutyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-8-carboxylic

Piéu ché Vi du 101A va 101B:

-216-



F

F X
F
i ntea o) C[m it e
~N N H o~ H
0 ¥ a SN o~ : ° N
1. DIPEA 0 | IN + | S
o N + "N 2. Téch khong dbi xim s £ N
| 5 ' ® ¢ 0 N In N\/>
)i”\)\“/s ’£O \o)l":,., N N\/> ~o j
Br N\/> Qi j \ N
c-1 N Y
101-C Nf& '&

o
. . A a o
Hbn hop ciia hai chit déng phan trans S 101A-1 & 101B-1 (2 chit ddng phén don) §*

‘ LiOH chira nuéce 1 LiOH chira nuéc

os o
/\O)?L/‘\)INYS /O\o)iN\JN\(S
SRR, BOSRY,
HO g] /\k[Nj

by oy

F

N

N
f (@) j
101A & 101B

Hai hop chét & & muc dugc diéu ché tuong ty voi Vi du 82A va 82B bing cach sir dung
trans-metyl 2-isobutyl-3-0x0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-8-carboxylat
(hop chit 101-C) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chit 82-C).

Vi du 101A thu duge dudi dang chit rén mau vang nhat (10 mg). "H NMR (400
MHz, METANOL-d,) d ppm 7,98 (d, J = 3,3 Hz, 1H), 7,78 (d, J = 3,3 Hz, 1H), 7,34 -
7,27 (m, 2H), 7,19 - 7,13 (m, 1H), 6,25 (s, 1H), 4,31 (d, J = 17,1 Hz, 1H), 4,09 - 4,01 (m,
2H), 3,94 - 3,86 (m, 2H), 3,83 - 3,76 (m, 1H), 3,60 - 3,48 (m, 2H), 3,29 (d, J = 9,5 Hz,
1H), 3,25 - 3,16 (m, 1H), 3,10 - 2,98 (m, 2H), 2,90 (d, J = 11,0 Hz, 1H), 2,57 - 2,45 (m,
1H), 1,99 - 1,88 (m, 1H), 1,13 (t, J = 7,0 Hz, 3H), 0,95 (dd, J = 4,9, 6,7 Hz, 6H). MS:
theo ly thuyét 619 (MH"), theo thir nghiém 619 (MH").

Vi du 101B thu dwoc duéi dang chdt rin mau vang nhat (14 mg). 'H NMR (400
MHz, METANOL-d,) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,36 -
7,27 (m, 2H), 7,19 - 7,14 (m, 1H), 6,21 (s, 1H), 4,24 (d, J = 16,8 Hz, 1H), 4,07 - 3,93 (m,
3H), 3,92 - 3,82 (m, 2H), 3,59 - 3,45 (m, 2H), 3,29 - 3,18 (m, 2H), 3,03 (dd, J = 7,5, 11,0
Hz, 3H), 2,66 - 2,56 (m, 1H), 1,98 - 1,88 (m, 1H), 1,12 (t, J = 7,0 Hz, 3H), 0,94 (d, J =
6,8 Hz, 6H). MS: theo Iy thuyét 619 (MH"), theo thir nghiém 619 (MH").
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Vi du 101A dugc tong hop tir hop chit 101A-1 (rira giai nhanh) va Vi du 101B
dugce tong hop tir hop chat 101B-1 (rira giai cham) trén cot ChiralPak AD-3 rira giai bing
isopropanol 30% (DEA 0,05%)/CO,.

Piéu ché trans-metyl  2-isobutyl-3-ox0-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]
pyrazin-8-carboxylat (hop chit 101-C):

Hop chét 101-C duogc didu ché twong tw véi hop chét cia hop chit 82-C bing cach
str dung 2-metylpropan-1-amin thay cho xyclopropylamin.

Vi du 102A va 102B (hai chit ddng phan don dugc tach ra):

Axit (8R,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic; va

Axit (88S,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-

carboxylic

Piéu ché Vi du 102A va 102B:
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Hai hop chét & d& muc duoc diéu ché twong tw v6i Vi du 82A va 82B béng céch sir
dung trans-metyl 3-oxo-1,5,6,7,8,8a-hexahydrooxazolo[3,4-a]pyrazin-8-carboxylat (hop
chat 102-C) thay cho trans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo
[1,5-a]pyrazin-8-carboxylat (hop chit 82-C).

Vi du 102A thu dugc dudi dang chét rén mau vang nhat (29 mg). 'H NMR (400
MHz, METANOL-dy4) d ppm 7,97 (d, J = 3,3 Hz, 1H), 7,78 (d, J = 3,0 Hz, 1H), 7,35 -
7,27 (m, 2H), 7,20 - 7,13 (m, 1H), 6,26 (s, 1H), 4,63 - 4,53 (m, 1H), 4,44 (dd, J = 6,0, 9,3
Hz, 1H), 4,28 (d, J = 17,1 Hz, 1H), 4,15 - 3,97 (m, 4H), 3,77 (dd, J = 2,3, 13,3 Hz, 1H),
3,47 (d, J=9,8 Hz, 1H), 3,30 (d, J = 3,5 Hz, 1H), 2,96 (dd, J = 2,1, 12,2 Hz, 1H), 2,68 -
2,58 (m, 1H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 564 (MH"), theo thut nghiém
564 (MH").

Vi dy 102B thu dugc duéi dang chét rin mau vang nhat (27 mg). 'H NMR (400
MHz, METANOL-dy) d ppm 7,95 (d, J = 3,3 Hz, 1H), 7,77 (d, J = 3,0 Hz, 1H), 7,35 -
7,28 (m, 2H), 7,20 - 7,14 (m, 1H), 6,23 (s, 1H), 4,61 - 4,53 (m, 1H), 4,40 (dd, J = 6,3, 9,3
Hz, 1H), 4,23 - 4,17 (m, 1H), 4,13 - 4,02 (m, 4H), 3,80 (dd, J = 2,5, 13,6 Hz, 1H), 3,46 (d,
J = 9,8 Hz, 1H), 3,39 - 3,27 (m, 1H), 3,08 (dd, J = 2,3, 12,3 Hz, 1H), 2,73 (dt, J = 3,6,
12,2 Hz, 1H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 564 (MH"), theo thit nghiém
564 (MH").
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Vi du 102A dugc tdng hop tir hop chit 102A-1 (rira giai nhanh) va Vi du 102B
dugc téng hop tir hop chit 102B-1 (rira giai chdm) trén ¢t ChiralPak AD-3 rira giai bing
isopropanol 30% (DEA 0,05%)/CO..

DPidu ché trans-metyl 3-ox0-1,5,6,7,8,8a-hexahydrooxazolo[3,4-a]pyrazin-8-
carboxylat (hop chét 102-C):

o
Boc O N
e
Boc O o NO, ,!1 | _ (¢} H O|
f\ll | Ve /©/ [ (0] N N. O/
[ o c” o N TFAIDCM p c]) o DIPEA, DCM (
-~ I —_— B v o
N Pyridin, DCM Boc o ¥ Hdi lwu )
I ) ;
o

Boc Y
° L
82-C-1 102C-1 \©\ 102-C-2 NO, 102-C
NO.

2 Han hop ciia hai chit ddng phan trans

Buée I: Thém dung dich ctia (4-nitrophenyl) cacbonocloridat (6,95g, 34,5 mmol) trong
DCM (20 mL) vio dung dich di khudy ctia hop chat 82-C-1 (8,6 g, 23 mmol) va pyridin
(3,64 g, 46 mmol) trong DCM (80 mL) & 0°C. Sau d6, hdn hop nay duoc dé 4m dén nhiét
d¢ trong phong va khudy trong khoang thdi gian 2~3 gid. Dung mdi nay duoc pha lodng
bang DCM (100 mL) va hdn hop nay dugc rira lién tuc bang 0,6N HCI (50 mL),
NaHCOj; chita nudce (50 mL) va nude mudi. Lép hitu co duge lam kho trén Na,SO,, loc
va cd trong chan khong. San phdm thé thu duge dugc tinh ché bang cach chay séc ky cot
trén silic oxit dé tao ra san phim & d& muc 102-C-1 (9,5 g). '"H NMR (400 MHz, CDCly)
d ppm 8,30 (d, J = 8,8 Hz, 2H), 7,43 (t, J = 8,5 Hz, 2H), 5,30-5,09 (m, 1H), 4,88-4,71 (m,
1H), 4,54 — 4,23 (m, 2H), 4,08-3,93 (m, 1H), 3,91-3,77 (m, 5H),3,33-2,97 (m, 1H), 3,33-
2,97 (m, 1H), 1,51-1,47(t, 18 H)

Buée II: Thém TFA (70 mL) vao dung dich cta hop chat 102-C-1 (9,5 g, 17,6 mmol)
trong DCM (70 mL) & nhiét d6 trong phong. Sau d6, hén hop nay dugc khudy trong
khoang thodi gian 3 gid. Dung méi ndy duge loai bd dudi ap sudt gidm tao ra san phdm
thd 102-C-2 (10 g san pham thd) dudi dang mudi TFA, mubi nay dugc sir dung trong
bude tiép theo ma khéng cén tinh ché thém.

Budc III: Thém DIPEA (28 mL) vao dung dich di khudy ctia hop chit 102-C-2 (san
phim thé, 10 g, 17,6 mmol) trong DCM (160 mL) & nhiét d6 trong phong. Sau d6 hdn
hop nay dugc gia nhiét dén hdi lwu va khudy trong khoang thoi gian 4 gid. San phdm thd
duoc tinh ché bang cach chay sic ky cot trén silic oxit tao ra hop chét & d& muc 102-C (2
g). MS: theo ly thuyét 201 (MH"), theo thir nghiém 201 (MH").
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Vi du 103A va 103B (hai cht ddng phéan don duoc tach ra):

Etyl  (4R)-6-[[(8R,8aS)-2-tert-butyl-8-(hydroxymetyl)-3-oxo-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat; va

Etyl  (4R)-6-[[(8S,8aR)-2-tert-butyl-8-(hydroxymetyl)-3-oxo0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat
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Diéu ché Vi du 103A va 103B:
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Hén hop ciia hai chét ddng phan trans 103A & 103B (2 chét déng phan

Hai hop chét & d& muc duoc didu ché tuong tw v6i Vi du 82A-1 va 82B-1 béng cach
st dung trans-2-tert-butyl-8-(hydroxymetyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-3-on (hop chit 103-C) thay cho trans-metyl 2-xyclopropyl-3-oxo0-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hgp chét 82-C).

Vi du 103A (rira gidi nhanh trén cft ChiralPak AD-3 c¢6 isopropanol 30% (DEA
0,05%)/CO,) thu dugc dudi dang chat rin mau vang nhat (43 mg). '"H NMR (400 MHz,
METANOL-d,) d ppm 7,95 (d, J = 3,0 Hz, 1H), 7,74 (d, J = 3,0 Hz, 1H), 7,35 - 7,26 (m,
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2H), 7,19 - 7,11 (m, 1H), 6,25 (s, 1H), 4,43 (d, J = 17,6 Hz, 1H), 4,13 - 4,01 (m, 3H),
3,97 - 3,84 (m, 1H), 3,75 (dd, J = 4,0, 12,5 Hz, 1H), 3,69 - 3,60 (m, 2H), 3,58 - 3,51 (m,
1H),3,28 (dd, J = 7,2, 8,7 Hz, 1H), 3,01 (dt, J = 3,1, 12,4 Hz, 1H), 2,81 - 2,71 (m, 1H),
2,53 - 2,41 (m, 2H), 1,39 (s, 9H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo Iy thuyét 605 (MH"),
theo thir nghiém 605 (MH").

Vi du 103B (rtra giai chdm trén cot ChiralPak AD-3 rira giai bang isopropanol 30%
(DEA 0,05%)/CO,) thu dugc dudi dang chit rin mau vang nhat (25 mg). "H NMR (400
MHz, METANOL-dy) d ppm 7,98 - 7,92 (m, 1H), 7,77 - 7,70 (m, 1H), 7,33 - 7,23 (m,
2H), 7,19 - 7,11 (m, 1H), 6,24 (s, 1H), 4,53 (d, J = 17,8 Hz, 1H), 4,08 - 3,95 (m, 3H),
3,74 - 3,62 (m, 4H), 3,57 - 3,47 (m, 1H), 3,26 (dd, J = 7,4, 8,7 Hz, 1H), 3,07 - 2,99 (m,
1H), 2,94 (d, J = 11,8 Hz, 1H), 2,61 (dt, J = 3,5, 11,8 Hz, 1H), 2,50 - 2,40 (m, 1H), 1,39
(s, 9H), 1,16 - 1,10 (m, 3H). MS: theo ly thuyét 605 (MH"), theo thir nghiém 605 (MH").

DPidu  ché trans-metyl  3-oxo-1,5,6,7,8,8a-hexahydrooxazolo[3,4-a]pyrazin-8-
carboxylat (hop chit 102-C):

o e >
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92-C-1 103-C-1 103-C-2 103-C
H&n hop ciia hai chit ddng phan trans Hén hop ciia hai chit ddng phan trans

Budce I: Thém LiOH.H,O (1,26 g, 30 mmol) trong H,O (10 mL) vao dung dich cta
hop chét 92-C-1 (3,55 g, 10 mmol) trong metanol (40 mL) & nhiét do trong phong. Sau
d6 hdn hop nay dugc khudy & nhiét do trong phong trong 5 gio, metanol duogc loai bo
duéi 4p suét giam va hdn hop nay dugc diéu chinh dén d6 pH=>5 bing dung dich HCI 2N.
Hon hop nay duoc chiét bing etyl axetat (50 mL, 3 14n). Pha hitu co da thu gom dugc
lam kho va c6 dé tao ra san phdm thé 103-C-1 (3,14 g), san phdm nay dugc ding trong
budc tiép theo ma khong cén tinh ché thém. MS: theo 1y thuyét 342 (MH"), theo thir
nghiém 342 (MH").

Budc II: Thém BH;. THF (1M trong THF, 30 mL) vao dung dich ctia hop chét 103-
C-1 (3 g, 8,8 mmol) trong THF (20 mL) & nhiét do trong phong. Sau d6 hdn hop phan
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ting ndy dwoc hdi luu trong 3 gid, hdn hop phan ng nay duge lam lanh xudng 0°C.
Thém tir tir metanol vao hdn hop phan tng trudc ddy dé dimg phan ung. Dung méi nay
duoc loai bo va phén can nay duoc tinh ché béng cach chay séc ky cot dé tao ra san phém
103-C-2 (2,47 g). MS: theo ly thuyét 328 (MH"), theo thir nghiém 328 (MH").

Budc III: Thém TFA (2 mL) vao dung dich dang khudy ctia hop chét 103-C-2 (2 g,
6,1 mmol) trong CH,Cl, (20 mL) & nhiét d9 trong phong. Sau 3 gid, LC-MS chi ra ring
céc nguyén liéu ban diu da ding hét. Dung méi nay duoc loai bd tao ra san phdm tho
103-C, san pham nay dugc ding trong bude tiép theo ma khong cin tinh ché thém. MS:
theo ly thuyét 228 (MH"), theo thir nghiém 228 (MH").

Vi du 104A va 104B (hai chit ddng phan don dugc tach ra):

Etyl (4R)-6-[[(8aR)-2-isopropyl-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]
pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-

carboxylat; va

<
Etyl (4R)-6-[[(8aS)-2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a] /K
pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5- \\*

\
carboxylat

Piéu ché Vi du 104A va 104B:
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Hai hop chét & dé muc duge didu ché tuong tu v4i Vi du 82A-1 va 82B-1 béng cach
st dung 2-isopropyl-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-on (hop chét 104-C)
thay cho #rans-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-
8-carboxylat (hop chit 82-C).

Vi du 104A (rlra giai nhanh trén cgt ChiralPak AD-3 c¢6 isopropanol 30% (DEA
0,05%)/C0O,) thu dugc dudi dang chét rin mau vang nhat (71 mg). '"H NMR (400 MHz,
METANOL-d4) d ppm 7,96 (d, J = 3,3 Hz, 1H), 7,75 (d, J = 3,0 Hz, 1H), 7,32 - 7,24 (m,
2H), 7,15 (t, J = 8,3 Hz, 1H), 6,24 (s, 1H), 4,12 - 4,01 (m, 4H), 3,94 - 3,85 (m, 2H), 3,80
(dd, J = 2,0, 13,3 Hz, 1H), 3,51 (t, J = 8,9 Hz, 1H), 3,18 - 3,04 (m, 2H), 2,99 (dd, J = 2.8,
10,8 Hz, 1H), 2,79 - 2,67 (m, 1H), 2,29 (t, J = 10,9 Hz, 1H), 2,25 - 2,17 (m, 1H), 1,20 -
1,10 (m, 9H). MS: theo ly thuyét 561 (MH"), theo thir nghiém 561 (MH").

Vi du 103B (rtta giai chim trén cot ChiralPak AD-3 rira giai bang isopropanol 30%
(DEA 0,05%)/CO,) thu dugc duéi dang chét rin mau vang nhat (77 mg). '"H NMR (400
MHz, METANOL-d4) d ppm 7,96 (d, J = 3,1 Hz, 1H), 7,75 (d, J = 3,3 Hz, 1H), 7,33 -
7,23 (m, 2H), 7,15 (t J = 8,5 Hz, 1H), 6,24 (s, 1H), 4,13 - 4,00 (m, 4H), 3,94 - 3,83 (m,
3H), 3,45 (t J = 8,9 Hz, 1H), 3,22 - 3,12 (m, 1H), 3,00 (dd, J = 4,0, 9,3 Hz, 1H), 2,93 -
2,80 (m, 2H), 2,34 (dt, J = 3,4, 11,6 Hz, 1H), 2,15 (t, J = 10,9 Hz, 1H), 1,18 - 1,09 (m,
9H). MS: theo ly thuyét 561 (MH"), theo thir nghiém 561 (MH").

biu ché 2-isopropyl-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-on (hop chét
104-C):

Boc y TFA
N N
j TFA j
T O
N
< (0] <N o)
104-C-1 104-C
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tert-Butyl 2-isopropyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-7-
carboxylat (hop chat 104-C-1) (1 mmol) d& duoc hoa tan trong CH,Cl, (3 mL) tiép theo
1a thém tir tr TFA (1 mL) & 0°C. Sau d6 hdn hop phan ting nay dugc khudy & nhiét do
trong phong trong 1 gid, dung mdi ndy dugc loai bd trong chan khéng tao ra san phdm
thd 104-C, axit nay dugc st dung truc tiép trong budc tiép theo.

Piéu ché tert-Butyl 2-isopropyl-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-carboxylat (hop chét 104-C-1):

Hop chét 104-C-1 dugc diéu ché twong tu véi hop chét cua Hop chét 67-D bing
cach sir dung iso-propyl amin thay cho 2-aminoetanol.

Vi du 105A va 105B (hai chat ddng phan don duoc tach ra):

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(2,2-difloetyl)-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo
[1,5-a]pyrazin-8-carboxylic; va

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic

Diéu ché Vi du 105A va 105B:
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Hai hop chét & d& muc dugc diéu ché twong tu véi Vi du 82A-1 va 82B-1 bing céch
st dung 2-(2,2-difloetyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-on (hgp chét
105-C) thay cho tramns-metyl 2-xyclopropyl-3-oxo-1,5,6,7,8,8a-hexahydroimidazo[1,5-
a]pyrazin-8-carboxylat (hop chét 82-C).

Vi du 105A (rtra gidi nhanh trén ¢4t ChiralPak AD-3 cé isopropanol 30% (DEA
0,05%)/CO,) thu dwgc dudi dang chit rdn mau vang nhat (22 mg). "H NMR (400 MHz,
METANOL-d4) d ppm 7,97 (d, J = 3,3 Hz, 1H), 7,77 (d, J = 3,0 Hz, 1H), 7,34 - 7,26 (m,
2H), 7,19 - 7,12 (m, 1H), 6,25 (s, 1H), 6,17 - 5,83 (m, 1H), 4,31 (d, J = 17,1 Hz, 1H),
4,08 - 4,00 (m, 2H), 3,96 - 3,86 (m, 2H), 3,80 (dd, J = 2,0, 13,6 Hz, 1H), 3,74 - 3,68 (m,
1H), 3,66 - 3,56 (m, 3H), 3,28 - 3,16 (m, 1H), 2,95 - 2,87 (m, 2H), 2,53 (dt, J = 3,4, 12,0
Hz, 1H), 1,13 (t, J = 7,2 Hz, 3H). MS: theo ly thuyét 627 (MH"), theo thir nghiém 627
(MH).

Vi du 105B (rtra giai chim trén c6t ChiralPak AD-3 rira giai bang isopropanol 30%
(DEA 0,05%)/CO,) thu dwoc dudi dang chit rin mau vang nhat (22 mg). 'H NMR (400
MHz, METANOL-d,) d ppm 7,96 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,0 Hz, 1H), 7,35 -
7,27 (m, 2H), 7,17 (t, J = 8,1 Hz, 1H), 6,21 (s, 1H), 6,16 - 5,83 (m, 1H), 4,23 (d, J = 16,6
Hz, 1H), 4,06 - 4,00 (m, 2H), 3,98 - 3,81 (m, 3H), 3,72 - 3,66 (m, 1H), 3,65 - 3,55 (m,
3H), 3,29 - 3,17 (m, 2H), 3,04 (d, J = 10,3 Hz, 1H), 2,66 - 2,54 (m, 1H), 1,12 (t, J = 7,2
Hz, 3H). MS: theo ly thuyét 627 (MH"), theo thir nghiém 627 (MH").

biéu ché 2-(2,2-difloetyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-on (hop
chét 105-C):
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tert-Butyl 2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-7-
carboxylat (hop chét 105-C-1) (1 mmol) d& dugc hoa tan trong CH,Cl, (3 mL) tiép theo
1a thém tir tir TFA (1 mL) & 0°C. Sau d6 hdn hop phan tng nay dugc khudy & nhiét do
trong phong trong 1 gid, dung moi nay dugc loai bd trong chan khéng tao ra san phdm

thd 105-C, dung mdi nay duoc sir dung truc tiép trong budc tiép theo.

DPidu ché tert-butyl 2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-carboxylat (hop chét 105-C-1):

Hop chét 105-C-1 dwoc diéu ché tuong tu véi hop chét ciia Hop chat 67-D bing

cach sir dung 2,2-difloethanamin thay cho 2-aminoetanol.

Vi du 106A va 106B (hai chat ddng phan don dugc tach ra):

Etyl  (4R)-6-[[(8aR)-2-(2-hydroxy-2-metyl-propyl)-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-ylJmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat; va

Etyl  (4R)-6-[[(8aS)-2-(2-hydroxy-2-metyl-propyl)-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yllmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat

L
S 5

Diéu ché Vi du 106A va 106B:
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Hai hop chit & @& muc duge diéu ché twong tw v6i Vi du 82A-1 va 82B-1 bing cach
st dung 2-(2-hydroxy-2-metyl-propyl)-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyrazin-3-
on (hop chit 106-C) thay cho frans-metyl 2-xyclopropyl-3-o0xo-1,5,6,7,8,8a-
hexahydroimidazo[1,5-a]pyrazin-8-carboxylat (hop chét 82-C).

Vi du 106A (rira giai nhanh trén c6t ChiralPak AD-3 cé isopropanol 30% (DEA
0,05%)/CO,) thu dugc duéi dang chét rin mau vang nhat (18 mg). "H NMR (400 MHz,
METANOL-dy) d ppm 7,96 (d, J = 3,0 Hz, 1H), 7,76 (d, J = 3,3 Hz, 1H), 7,33 - 7,24 (m,
2H), 7,15 (t, J = 8,2 Hz, 1H), 6,25 (s, 1H), 4,14 - 4,01 (m, 3H), 3,97 - 3,88 (m, 2H), 3,80
(dd, J =2,0, 13,3 Hz, 1H), 3,75 - 3,69 (m, 1H), 3,36 (d, J = 4,3 Hz, 1H), 3,24 - 3,15 (m,
2H), 3,13 - 3,07 (m, 1H), 3,01 (dd, J = 2,9, 10,9 Hz, 1H), 2,76 (d, J = 11,3 Hz, 1H), 2,36
(t J = 10,9 Hz, 1H), 2,22 (dt, J = 3,1, 11,6 Hz, 1H), 1,22 (s, 6H), 1,13 (t, J = 7,2 Hz, 3H).
MS: theo ly thuyét 591 (MH"), theo thir nghiém 591 (MH™).

Vi du 106B (rtra giai chdm trén cot ChiralPak AD-3 rira giai bang isopropanol 30%
(DEA 0,05%)/CO,) thu dugc duéi dang chét rin mau vang nhat (26 mg). "H NMR (400
MHz, METANOL-d4) d ppm 7,97 (d, J = 3,3 Hz, 1H), 7,76 (d, J = 3,3 Hz, 1H), 7,34 -
7,24 (m, 2H), 7,16 (t, J = 8,2 Hz, 1H), 6,24 (s, 1H), 4,13 - 4,01 (m, 3H), 3,96 - 3,84 (m,
3H), 3,66 (t, J = 9,2 Hz, 1H), 3,30 - 3,16 (m, 3H), 3,14 - 3,03 (m, 1H), 2,95 - 2,83 (m,
2H), 2,36 (dt, J = 3,4, 11,6 Hz, 1H), 2,22 (t, J = 10,9 Hz, 1H), 1,21 (s, 6H), 1,13 (t, J =
7,0 Hz, 3H). MS: theo 1y thuyét 591 (MH"), theo thir nghiém 591 (MH).

Diéu ché 2-(2-hydroxy-2-metyl-propyl)-1 ,5,6,7,8,8a-héxahydroimidazo[1 ,5-a]
pyrazin-3-on (hop chéit 106-C):
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tert-Butyl 2-(2-hydroxy-2-metyl-propyl)-3-oxo-5,6,8,8a—tetrahydro-lH-imidazo
[1,5-a]pyrazin-7-carboxylat (hgp chit 106-C-1) (1 mmol) d& duoc hoa tan trong CH,Cl,
(3 mL) tiép theo 14 thém tir tir TFA (1 mL) & 0°C. Sau d6 hén hop phan tng nay dugc
khudy & nhiét do trong phong trong 1 gio, dung méi nay duoc loai bo trong chan khong

tao ra san pham thé 106-C, dung mdi ndy dugc sir dung tryc tiép trong budc tiép theo.
Piéu ché tert-butyl  2-(2,2-difloetyl)-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-carboxylat (hop chét 106-C-1):
Hop chat 105-C-1 dugc diéu ché twong tu voi hop chét ciia Hop chét 67-D bing

cach str dung 1-amino-2-metyl-propan-2-ol thay cho 2-aminoetanol.

Vidu107:  Thir nghiém trc ché HBV

Céc té bao va didu kién nudi cdy:

HepG2.2.15 va HepDEI19 la cac dong té bao da duoc chuyén nhiém bn dinh chira hé
gen HBV. Ca hai dong té bao thu dugc tir dong té bao u nguyén bao gan Hep G2
(American Type Culture Collection, ATCC® HB-8065™) bang céch quy trinh da cong
bd va dugc md ta 1an lugt trong céc tai lidu tham khio: MA Selles e al. Proc. Natl. Acad.
Sci. USA 1987, 84, 1005-1009 va H Guo et al. Journal of Virology 2007, 81, 12472-
12484. Ca hai dong té bao nay duoc gilt trong moi trudng Eagle duoc bién dbi Dulbecco
(DMEM)-F12 dugc bd sung 10% huyét thanh bao thai bé, 100 U/mL penixillin, 100
pg/mL streptomyxin, va 0,5 mg/mL G418.

Trong khi céc té bao HepG2.2.15 chi yéu hd trg su sao chép HBV va su san sinh
cac hat virut, thi cac té bao HepDE19 c6 thé dugc kich thich bing tetraxyclin. Viéc bd
sung 1pg/mL tetraxyclin trong méi trudng nudi cdy s& trc ché su sao chép HBV trong cac
té bao HepDE19, trong khi d6 viéc thay d6i sang méi truong khong cd tetraxyclin s& lam

cho quy trinh nay tiép tuc dién ra.

Hoat tinh khdng HBV trong vitro:
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Céc té bao HepG2.2.15 duoc gieo mam vao dia 96 15 (3 x 10* t& bao trong 100 pL.
mdi trudng trong mdi 18) va duge 0 qua dém & 37 °C. Céc hop chét thir nghiém duoc pha
loding theo day vé&i hé s6 pha loéing 1 10 mii 1/2 14n trong trong DMSO, sau d6 pha lodng
100 14n trong mdi trudng nudi cdy. Bb sung 100 pL hop chét da dugc pha lodng vao cac
dia dé dat dén ndng d6 DMSO cubi cung 1a 0,5% trong moi 15. Nam ngay sau khi xir ly

hop chét, phan dich ndi nuéi cdy dwoc thu gom dé phan tich thém.

Dé phat hién PCR dinh lugng ddi véi ADN HBV ngoai bao, 100 pL phan dich ndi
nudi cdy dwoc thu gom va dugc xir ly trong hé théng tinh ché MagNA Pure 96 Axit
Nucleic (Roche Applied Science) dé chiét bang ADN virut. Cic miu da chiét dugc dinh
lugng ADN HBV bing qPCR. Ndng do hop chét cho hiéu qua tc ché 50% su sao chép
HBV (ECs) dugc x4c dinh nhu dugc thé hién trong Bang 1.

Céc hop chét cta sang ché dugc thir nghiém vé kha ning rc ché hoat tinh HBV va
kha ning hoat héa nhu dugc mo ta & ddy. Céc hop chit theo vi du duoc kiém tra trong
cac thtr nghiém & trén dugc mo ta & day va duge phat hién c6 ECsy <0,2 uM trong thir
nghiém HepG2.2.15. Cu thé, cac hop chit co cdng thitc (I) hodc cac hop chét khac cta
sang ché dugc phat hién thdy c6 ECs; <0,02 uM trong thir nghiém HepG2.2.15.

Bang 1: S6 liéu hoat tinh khang HBV cua cac hop chét cu thé trong céc t& bao
HepG2.2.15

Vi du sb ECso (M) Vi du sé ECso (M)
1 0,104 2 0,054
3 0,023 4 0,003
5 0,159 6 0,014
7 0,014 8 0,011
9 0,064 10 0,057
11 0,001 12 0,149
13 0,066 14 0,002
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15 0,110 16 0,041
17 0,039 18 0,108
19 0,003 20 0,052
21 0,016 22 0,003
23 0,003 24 0,001
25 0,002 26 0,002
27 0,003 28 0,030
29 0,007 30 0,095
31 0,100 32 0,199
33 0,030 34 0,008
35 0,011 36 0,006
37 0,017 38 0,005
39 0,030 40 0,034
41 0,014 42 0,006
43 0,006 44 0,016
45 0,026 46 0,026
47 0,051 48 0,022
49 0,008 50 0,015
51 0,031 52 0,030
53 0,019 54 0,008
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55 0,005 56 0,026

57 0,032 58 0,019

59 0,011 60 0,006

61 0,012 62 0,006

63 0,012 64 0,008

65 0,009 66 0,004

67 0,438 68 0,143

69 0,013 70 0,005

71 0,014 72 0,009

73 0,009 74 0,036

75 0,024 76 0,007

77 0,146 78 0,387

79 0,008 80 0,032
81 0,010 82A/82B 0,145/0,002
83B 0,009 84A/84B 0,045/0,001

85A/85B 0,259/0,006 86B 0,004

87A/87B 0,062/0,001 87B-1 0,004

88A/88B 0,677/0,005 89 0,007
90A/90B 0,096/0,300 91A/91B 0,150/0,002

92A/92B 0,078/0,0007 93 0,012
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94 0,004 95 0,011

96 0,150 97A/97B 0,037/0,0009

98 0,011 99 0,014
101A/101B 0,040/0,0008 102A/102B 0,147/0,014
103A/103B 0,140/0,010 104A/104B 0,131/0,004
105A/105B 0,188/0,003 106A/106B 0,032/0,003

Tinh gdy ddc te bao va chi sd chon loc:

Céac té bao HepDE19 dugc gieo mim vao dia 96 15 (5 x 10° t& bao cho mdi 13) va
duge xur ly béng cac hop chit dé x4c dinh ECso. Nam ngay sau khi xir ly, kha ning séng
s6t t€ bao dugc x4c dinh bang cach bd sung 20 L chit phan tmg CCK-8. Hai gi&y sau khi
U & nhiét d6 37°C, do hip phu & budce séng 450 nm va 630 nm (ODyse va ODg30) duge ghi
lai bang bd doc dia. Xéac dinh ndng d6 gdy chét 50% té bao chii (CCs) clia timg hop chét.

Hi€u qua twong doi ctia hop chat trong viéc (rc ché qua trinh sao chép virut so véi

hi¢u qua kich thich qua trinh chét t& bao dugc xac dinh bﬁng chi s chon loc (gié tri CCsyg

/gia tri ECsg). Dua vao céc so ligu CCsq va ECs, xac dinh dugc cac chi s6 chon loc.

Céc két qua CCso va chi sb chon loc tuong ung dugc dua ra trong Bang 2.

Bang 2: CCs, va chi s6 chon loc ctia mot sb hop chét cu thé

) Chi sb chon loc ) Chi s6 chon loc
Viduso | CCso (uM) Viduso | CCso (uM)
(CCso/ECsp) (CCso/ECsp)
4 79 23872 11 52 30635
14 23 13016 19 >100 >30303
21 >100 >6211 22 >100 >34482
24 53 37857 26 28 18620
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34 81 10655 35 >100 >9259
36 >100 >18181 38 100 21276
41 >100 >7194 42 >100 >15625
44 >100 >6369 54 >100 >12500
55 >100 >20000 59 >100 >9091
60 68 11333 61 >100 >8333
62 >100 >16667 63 91 7583
64 67 8375 65 >100 >11111
66 60 15000 70 63 12600
71 >100 >7143 73 70 7778
76 >100 >14286 79 52 6500
81 85 8500 82B >100 >50000
83B >100 >11111 84B >100 >100000
85B >100 >16667 868 >100 >25000
87B >100 >100000 88B >100 >20000
89 75 10714 91B >100 >50000
92B 66 94285 93 86 7167
94 48 12000 97B >100 >100000
98 73 6636 99 >100 >7142
101B >100 >100000 102B >100 >7142
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104B 27 >6750 105B >100 >33333

106B 65 21666

Vidu 108: D¢ 6n dinh chuyén héa trong ti thd & ngudi

Céc ti thé & ngudi (BD Gentest) dugc U trude bing hop chit thir nghiém trong 10
phit & 37°C trong 100 mM dung dich dém phosphat, pH 7,4. C4c phan tmg duogc bat du
bang cach bd sung hé théng tai sinh NADPH hodc NADPH thu dugc thé tich 1 cubi cung
1a 400 pL. Di v6i hé¢ NADPH, cac phin @ cudi ciing chira 1 uM hop chét thir nghiém,
0,5 mg/mL protein ti thé gan, 1 mM NADPH trong 100 mM dung dich dém phosphat, pH
7,4. D6i v6i hé tai sinh NADPH, cac phdn 4 cudi cing chira 1 pM hop chét thir nghidm,
0,5 mg/mL protein ti thé gan, 3 mM glucoza 6-phosphat, 1 mM NADP, 3 mM MgCl, va
0,05 mg/mL glucoza 6-phosphat dehydrogenaza trong 100 mM dung dich dém phosphat,
pH 7,4. Sau thoi gian 4 13 0, 3, 6, 9, 15 va 30 phut & 37°C, 1 thu mdi miu & timg thoi
diém va 50 pL ctia mdi mau duge loai bd va duoc chuyén vao 150 pL. dung dich metanol
ma dugc gilt & nhiét do 4°C va chira 2 pM tolbutamit 13 chét chudn ndi. Sau khi két tia
va ly tdm, luong hop chit dugc giit trong cac miu duoc x4c dinh bang LC-MS/MS. Céc
ddi chimg khong chita NADPH hodc hé tai sinh NADPH & thoi didm t=0 30 phut ciing

dugc diéu ché va dugce phan tich.

Céc két qua nghién ciru v& d6 dn dinh chuyén héa trong ti thé & nguoi duge dua ra

trong Bang 3.
Bang 3 D6 6n dinh chuyén hoa trong ti thé & nguoi
) D6 thanh thai trong ti thé ) Do thanh thai trong ti thé
Vi du so Vidu so .

& ngudi (mL/phut/kg) & ngudi (mL/phat/kg)

19 0,4 20 0,1

21 2,7 25 0,4

28 4,4 29 0,3
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30 1,7 31 0,3
32 1,6 33 2,5
34 1,8 35 0,3
36 4.4 37 2,5
38 2,0 39 0,4
41 2,0 42 2,0
43 3,1 44 1,7
45 0 46 0

47 0 48 3,8
49 0 50 3,6
51 2,0 52 0,0
53 5,1 54 4.6
55 0,0 56 0,0
59 2,3 60 0,0
61 0,4 62 1,7
63 5,3 64 5,6
65 6,2 66 7,1
67 4,7 68 4,5
72 5,2 73 8,1
74 1,0 75 0,0
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76 0,8 78 6,7
79 3,6 80 8,3
81 0,1 82A/82B 1,7/2,7
83A/83B 0,0/2,9 84A/84B 0,0/3,6
85A/85B 4,9/0 868 4,7
87B 5,0 88B 4,5
90A/90B 0,3/0 91B 5,8
99 6,1 101B 6,1
102B 6,2

Vidu 109: D¢ hoa tan Lysa

Céc mau duge didu ché thanh hai ban sao tir dung dich gbc DMSO 10 mM. Sau khi
lam bay hoi DMSO béng thiét bi 1am bay hoi chan khong ly tdm, phin cin nay dugc hoa
tan trong dung dich dém phosphat 0,05 M (pH 6,5), khudy trong 1 gi¢ va sau d6 lic trong
2 gio. Sau mot d€m, dung dich nay duoc loc béng cach sir dung dia loc vi chuén do. Sau
d6, dich loc va phan pha logng 1/10 ctia né dugc phén tich bang k¥ thuat do UV truc tiép
hodc bang HPLC-UV. Ngoai ra, dudng cong dinh c& 4 diém dwoc xdy dung tir dung dich
gbc 10 mM va dugc st dung dé xac dinh db tan cta céc hop chét. Cac két qua dugc tinh
theo pg/mL. Néu phin traim miu do dugc theo thir nghiém trong dung dich sau khi bay
hoi chia cho lugng mau tdi da thu dugc 16n hon 80%, thi do tan dugc ghi nhan s& 16n hon

tri s6 nay.
Céc két qua Lysa dugc néu trong Bang 4.

Bang 4: S6 liéu vé d6 tan ciia mot sd hop chét cu thé

Vidusb Lysa (ng/mL) Vi du sb Lysa (ug/mL)

19 >727,0 20 >780,0
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21 >786,0 28 337
30 610 31 >775,0
32 >701,0 33 >748,0
34 326 35 >754,0
36 485 37 422
38 627 39 >770,0
41 >804,0 42 >785,0
44 207 45 >690,0
46 >744 47 >767
48 >807 49 312
50 339 51 589
53 >723 54 387
55 470 56 >740
59 >685 60 436
61 >742 62 374
63 >751 64 >669
65 194 67 >T794
68 >794 71 232
72 551 73 564
74 >716 75 >T774
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76 565 78 >793
79 180 80 >616
81 279 82A/82B >765/>760
83A/83B >740/780 84A/84B 570/770
85A/85B >660/770 868 >740
88B >745 90A/90B >730/>740
91B >705 95 307
99 >710 102B >665

Vidy 110:  Thir nghiém sang loc gdy cim Ung séc t6 té bao P450 (Cyp450) gdy cam
ung mARN

Nguyén ligu

MBoi truomg nudi ciy té bao

Céc té bao gan ngudi bao quan dong lanh (Life Technologies, Carlsbad, USA) duogc
rd déng va nudi cdy trong dia 96 18 phu colagen I véi mat d6 1a 52.000 té bao /13. Sau khi
cac t€ bao bam chit, mdi trudng dugc thay ddi va cac t& bao dugc nudi cly so bd qua

dém qua dém trong méi trudng duy tri té bao gan (HMM; Lonza, Thuy Si).

Céc hop chit thir nghiém dugc cho tiép xtc cac t& bao vao sang ngay hom sau &
néng d6 da dinh (1én d¢n 10 uM) trong méi trudng nudi cdy HMM chira gentamyxin va
DMSO 0,1 % cb dinh. Tuong tu, cac dich pha lodng cta chét gdy cam ung duong
omeprazol (cht gdy cam ing nguyén miu ctia CYP1A2 & ngudi; ndng do cudi cung: 1
va 10 uM), phenobarbital (chdt gdy cam tmg nguyén méu ctia CYP2B6 & nguoi; ndng do
cudi cing: 100 va 1000 pM) va rifampixin (chét gy cdm Ung nguyén miu ctia CYP3A4
& ngudi; ndng d6 cubi cing 1 va 10 pM) duoc didu ché tr 1000 1in dung dich gbc
DMSO trong HMM chira gentamyxin. Viéc thay d6i mdi trudng sau d6 duge tién hanh
va cac té bao dugc cho tiép xic trong 24 gid 1an lugt v6i cac hop chét thir nghidm, cac

hop chit gy cam ung dwong, hosic méi trudmg dén thude (0,1 % DMSO).
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Khi két thiic giai doan tiép xtc véi hop chét, moi trudng nay duoc loai bd va cac té
bao dugc phan lap bing cach sir dung 100 pL/16 dung dich &ém lam tan mé phéan tach
MagNA Pure LC ARN (Roche Diagnostics AG, Rotkreuz, Thuy ST). Sau d6, lam kin céc
dfa va dong lanh & nhiét d6 -80°C cho dén khi xtr ly tiép.

Phén lap mARN, xi Iy va qRT-PCR

Viéc phén 1&p mARN dugc tién hanh bang cach st dung hé théng MagNA Pure 96
(Roche Diagnostics AG, Rotkreuz, Thuy ST) va bd kit twong tmg ding dé phan lap ARN
té bao véi thé tich 16n (Roche Diagnostics AG, Rotkreuz, Thuy ST) tir c4c mAu d4 rd dong,
pha loding 1:1 bang PBS. Thé tich dich tan té bao va thé tich rira giai duge sir dung 13 100
uL. 20 pL huyén phu chita ARN thong tin thu duge sau d6 dugc st dung dé phién ma
nguoc biang cach sir dung 20 uL chét phién ma hodc bo kit téng hop cADN mach thir
nhit (Roche prime Supply, Mannheim, Dirc). CADN thu duge duge pha lodng bang 40
nL H,O trude khi sir dung cho qRT-PCR. qRT-PCR duogc tién hanh bing cich st dung
doan mdi xubi va doan mdi nguoc, UPL tuong tmg (tit ca cua Microsynth, Balgach,
Thuy ST) va hdn hop chu ting cuong Tagman Fast (Applied Biosystems), trén may ABI
7900 (Applied Biosystems).

Tinh toan

Gia tri Ct trong qRT-PCR cho c4c P450 tuong tmg trong mdi so sanh véi gia tri Ct
cia RN18S1 (microsynth, Balgach, Thuy Si) cia cing mét miu. Bang cach nay, tinh
dugc gia tri Act twong Ung. St dung gia tri trung binh ctia tit ca céc gid tri Act cho miu
d6i chimg chira cht dan, tinh duge gié tri AAct cho timg miu (gid tri AAct(miu) = Gia tri
Act (mAu) - gi tri trung binh Act clia tit ca cic ddi chimg chira chét din). Gi4 trj thé hién
murc dd gdy cdm tng don 1¢ ctia mau twong mg dugc tinh bing 24(-AAct). Gid trj thé
hién mirc d6 gdy cam tng don 1¢ sau d6 dugc tinh trung binh cho timg diéu kién xir 1y

(thuong thi n=3 ban sao miu sinh hoc).

Céc gid tri thé hién mirc d¢ twong déi cho didu kién hop chét gay cam tng duong
twong Ung (10 pM omeprazol cho CYP1A2; 1000 uM Phenobarbital cho CYP2B6; 10
uM rifampixin cho CYP3A4) sau d6 dugc tinh tir cac gia tri thé hién mirc d6 gdy cam

ung nhu sau:

Mitc d6 gy cam tmg twong ddi (%) = 100x(T-V)/(P-V)
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T: mutc d§ gdy cam tmg trong diéu kién c6 hop chat thir nghiém
P: mirc do gy cam tng khi c6 mit hop chit gdy cam tmg duong
V: muic d gdy cam mg ctia d6i chimg chira chit d4n
Céc két qua gy cam tmg CYP3A4 duogc néu trong Bang 5.

Bang 5: Cac gia trj thé hién mirc d gdy cam tmg tuong ddi clia mét s hop chit cu thé

cho 10 pM rifampixin

Vi du sé % ddi chimg dwong (10 pM Rifampixin)
11 17
19 1
21 2,4
22 0
25 0
27 0,2
30 7,3
34 0,2
36 6
38 0,2
42 0,6
43 0,2
45 20
54 0
55 0,1
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59 2,2
62 0
73 0
76 1,3

82B 6

86B 11

87B 4,0

88B 3,7

91B 1,7
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YEU CAU BAO HO
1. Hop chét c6 cong thirc (I):
R3
R
R
4
R
OO
R N N\/>
R j
(T '}1
W, X
@
trong do:
R' 1a hydro, halogen hoac C,galkyl;
R Ia hydro hodc halogen;
R® 1a hydro hoac halogen;
R* 1aCgalkyl;
R’ 1a hydro, hydroxyC_salkyl, aminocacbonyl, C;_salkoxycacbonyl hodc carboxy;
R® 1a hydro, C,_¢alkoxycacbonyl hodc carboxy -C,,Ham-;
X la cacbonyl hodc sulfonyl;
Y 14 -CH,-, -O- hodc -N(R)-,
trong do R 1a hydro, Cj.ealkyl, haloC;galkyl, Cs;xycloalkyl-C,Hym-, C;.
salkoxycacbonyl-CrHyy-,-CiHy-COOH,  -haloC,alkyl-COOH, -(C;4alkoxy)C;.
¢alkyl-COOH, -C,alkyl-O-C;4alkyl-COOH, -Csxycloalkyl-C,H,,-COOH, -
CmHam-Cs7xycloalkyl-COOH,  hydroxy-CiHy-, carboxyspiro[3.3]heptyl hodc
carboxyphenyl-C,Hjn,-, carboxypyridinyl-C,Hpm-;
W la -CH,-, -C(C;alkyl),-, -O- hoac carbonyl;
n  béng 0 hoic 1;
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m  bang tir 0 dén 7;
t béang tir 1 dén 7;

hodc mudi duge dung, hoic cac chit dong phan dbi anh hodc céc chit ddng phan khong

d6i quang ciia no.

2. Hop chét theo diém 1, trong do:

R! 1a hydro, clo, brom hoéc metyl;

R? 12 hydro hogc flo;

R 1a hydro, clo hoéc flo;

R* ié metyl, etyl hodc propyl;

R’ 1a hydro, hydroxymetyl, aminocacbonyl, metoxycacbonyl hodc carboxy;
R® 13 hydro, metyl-O-cacbonyl hodc carboxymetyl;

X la cacbonyl hodc sulfonyl;

Y  1a-CH,-, -O-, -NR)-,

trong d6 R’ 13 hydro, metyl, difloetyl, isopropyl, isobutyl, t-butyl, xyclopropyl,

xyclopropylmetyl, metyl-O-cacbonylisopropyl, carboxyetyl, carboxydifloetyl,
carboxypropyl, carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,

carboxy(gemdimetyl)propyl, carboxy(gemdimetyl)butyl, carboxy(metyl)etyl,
carboxy(etyl)etyl, carboxy(metoxy)etyl, carboxyxyclobutyl, carboxyxyclobutylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxymetylxyclopropyl,
carboxyxyclopropylmetyl, carboxyxyclobutylmetyl, carboxyspiro[3.3Jheptyl,
carboxymetoxyetyl, carboxymetoxypropyl, hydroxyetyl,
hydroxymetyl(gemdimetyl)butyl, hydroxy(gemdimetyl)etyl, carboxyphenyl,

carboxypyridinyl hodc carboxyphenylmetyl;
W la -CH;-, -C(CHj3),-, -O- hoac carbonyl;
n bang 0 hoic 1;

hodc mubi duge dung, hodc cac chét déng phéan d6i anh hodic cac chat dc‘“)ng phén khong

doi quang cua no.

3. Hop chét theo diém 1, trong d6 hop chit nay c6 cong thirc (IA):
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trong do:
R' 1a halogen hoac Cy_galkyl;
R* 1a hydro hoac halogen;
R’ 13 hydro hoic halogen;
R 13 Cjgalkyl;
R’ 1 hydro, hydroxyC.alkyl, aminocacbonyl, Ci-¢alkoxycacbonyl hodc carboxy;

m

t

1a hydro, C,.alkoxycacbonyl hodc carboxy -C,,Hyy-;

13 -NR-,

trong do R’ 1a hydro, C,salkyl, haloC;galkyl, Cj;xycloalkyl-CHyy-, C;.
¢alkoxycacbonyl-CHop-,-CiHy-COOH, -haloC;.alkyl-COOH, -(C;.salkoxy)C;.
¢alkyl-COOH, -C;4alkyl-O-C¢alkyl-COOH, -C;;xycloalkyl-C,H,,-COOH, -
CmHom-C37xycloalkyl-COOH, hydroxy-CiHy-, carboxyspiro[3.3]heptyl hoac
carboxyphenyl-C,,H,-, carboxypyridinyl-C,Hpp-;

la -CH,- hoéac carbonyl;
béng tir 0 &n 7;

bang tir 1 dn 7;

hodc mubi dugc dung, hodc céc chét d@)ng phéan dbi anh hodc cac chit déng phén khong

ddi quang ctia no.
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Hop chat theo diém 1 hodc 3 hosc mudi duogce dung, hodc cac chit ddng phan déi

anh hozc cac chat ddng phan khéng ddi quang ciia no, trong dé:

la clo, brom ho#c metyl;

1a hydro hodc flo;

1a hydro, clo hoac flo;

la metyl, etyl hodc propyl;

1a hydro, hydroxymetyl, aminocacbonyl, metoxycacbonyl hoac carboxy;

1a hydro, metyl-O-cacbonyl hodc carboxymetyl;

1a -NR"-,

trong d6 R 7 1a hydro, metyl, difloetyl, isopropyl, isobutyl, t-butyl, xyclopropyl,
xyclopropylmetyl, metyl-O-cacbonylisopropyl, carboxyetyl, carboxydifloetyl,
carboxypropyl, carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl, = carboxy(gemdimetyl)butyl,  carboxy(metyl)etyl,
carboxy(etyl)etyl, carboxy(metoxy)etyl, carboxyxyclobutyl,
carboxyxyclobutylmetyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxymetylxyclopropyl, carboxyxyclopropylmetyl, carboxyxyclobutylmetyl,
carboxyspiro[3.3]heptyl, carboxymetoxyetyl, carboxymetoxypropyl, hydroxyetyl,
hydroxymetyl(gemdimetyl)butyl, hydroxy(gemdimetyl)etyl, carboxyphenyl,
carboxypyridinyl hodc carboxyphenylmetyl;

la -CH,- hodc carbonyl.

Hop chét theo diém 1 hoic 3, trong d6 hop chit nay c6 cong thirc (IAA):
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trong do:
R' 1a halogen hodc C.galkyl;
R* 14 hydro hoic halogen;
1a hydro ho#c halogen;
R* 14 Cealkyl;

t

1a hydro, aminocacbonyl hoéc carboxy;
14 hydro;

la Cygalkyl, haloCy_galkyl, C55xycloalkyl, Cs.sxycloalkyl-C,Hypm-, -CiHy-COOH, -
CmHom-Cs.7xycloalkyl-COOH hoéc carboxyphenyl;

bang tir 0 dén 7,

bang tir 1 &n 7,

hozc mudi duoc dung, hodc cac chit ddng phan dbi anh hodc céc chit ddng phan khong

doi quang cua nd.

6.

Hop chét theo diém bét ky trong s6 cac diém 1, 3 hodc 5 hodc mudi duge dung,

hodc céc chit ddng phan dbi anh hozic cac chit déng phan khong dbi quang ctia né, trong

do:

Rl

R2

la clo hodc metyl;

1a hydro hoéc flo;
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R® 14 hydro hoic flo;
R* 14 metyl hoic etyl;
R’ 1a hydro, aminocacbonyl hoéc carboxy;
R® 1a hydro;
R’ 1a metyl, isopropyl, isobutyl, t-butyl, difloetyl, xyclopropyl, xyclopropylmetyl,

carboxy(gemdimetyl)etyl, carboxy(gemdimetyl)propyl, carboxyxyclopropylmety],
carboxyxyclobutylmetyl hodc carboxyphenyl.

7. Hop chét theo diém 5 hodc mudi dugc dung, hoic céc chit déng phén dbi anh

hogic céc chit ddng phan khéng dbi quang ciia nd, trong do:
R' 1 clo hodc metyl;

R® 13 hydro hoic flo;

R® 14 hydro hoic flo;

R 13 metyl hodc etyl;

R la hydro hodc carboxy;

R® 14 hydro;

R’ 14 metyl, isopropyl, t-butyl, xyclopropyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl, carboxyxyclopropylmetyl, carboxyxyclobutylmetyl hoic
carboxyphenyl.

8.  Hop chit theo diém 1, trong d6 hop chét nay c¢6 cong thirc (IB):
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trong do:
R' 1a hydro hodc halogen;
R* 1a hydro hodc halogen;
R 1a hydro hoac halogen;
R* 1a Cpealkyl;
R’  1a hydro;
R® 14 hydro hoidc carboxymetyl;
Y la-CH,- hodc -O-;
W 1a -CH,-, -C(Cgalkyl),- hodc -O-;
n  bing 0 hoic 1;

hodc mudi duge dung, hode c4c chit ddng phan dbi anh hodc cac chit ddng phan khong

doi quang cta no.

9. Hop chét theo diém 1 hodc 7 hodc mudi dugc dung, hodc cac chét déng phén d6i

anh hodc céc chit ddng phan khong dbi quang cua nd, trong do:
R' 1a hydro, clo hoac brom;
R* la hydro hoéc flo;

R’ Ia hydro hodc flo;
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R*  1a metyl hodc etyl;

R’ 1la hydro;

R® 14 hydro hodc carboxymetyl;
Y 1a-CH,- hodc -O-;

W 1a -CH;-, -C(CHj),- hodc -O-;
n béng 0 hoac 1.

10. Hop chét theo diém 1, trong d6 hop chit nay c6 cong thuc (ID):

(D)
trong do:
R' 14 halogen hoic Cysalkyl;
R® 14 hydro hodc halogen;
R® 1a hydro hoac halogen;
R 1 Crealkyl;
R’ 1a hydro, aminocacbonyl hoéc carboxy;
R® 1a hydro hodc C;_salkoxycacbonyl
X  la cacbonyl;

Y 14 -O- hodc -N(R")- hodc -CH,-,
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trong do R’ 1a hydro, C;.salkyl, haloC,_alkyl, C;5xycloalkyl, C; xycloalkyl-
CiHom=, -CH,-COOH -C,,H,,-C;.7xycloalkyl-COOH, hydroxy-CH,;-,
carboxyspiro[3.3]heptyl hoac carboxyphenyl-CHop-;

bang tir 0 d&én 7;

bang tir 1 d&én 7;

hodc mudi duge dung, hodc cac chét déng phéan dbi anh hodc cac chit déng phéan khong

doi quang cua no.

11.

Hop chét theo diém 1 hodc 9 hodc mudi dugce dung, hodc cac chét déng phéan dbi

anh hodc céac chit ddng phan khong dbi quang cta nd, trong do:

12.

la clo, brom hodc metyl;

1a hydro hoéc flo;

1a hydro hoéc flo;

la metyl, etyl hodc propyl;

12 hydro, aminocacbonyl hodc carboxy;
1a hydro hodc metyl-O-cacbonyl;

la cacbonyl;

1a -O-, -N(R")- hoic -CH,-,

trong d6 R’ 1a hydro, metyl, isopropyl, difloetyl, isobutyl, t-butyl, xyclopropyl,
xyclopropylmetyl, carboxy(gemdimetyl)etyl, carboxy(metyl)etyl,
carboxyxyclopropylmetyl, carboxyphenyl, carboxyxyclopentyl, carboxyxyclohexyl,
carboxy(gemdimetyl)propyl, carboxy(gemdimetyl)butyl, carboxyxyclobutylmetyl,
carboxyspiro[3.3]heptyl, hydroxyetyl, hydroxy(gemdimetyl)etyl hodc
carboxyphenylmetyl.

Hop chit theo diém 1, trong d6 hop chét nay ¢6 cong thirc (IE):
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trong do:
R'  1a halogen hoic Cyalkyl;
R> 1a hydro ho#c halogen;
R? 13 hydro hodc halogen;
R* 1aCpealkyl;
R’ 14 hydro hodc carboxy;
R 1Ia hydro hoéc carboxy-C,,Hyp-;
Y 1a-O-,-NR")- hoic -CH,-,

trong d6 R T 1a Cisalkyl, Cssxycloalkyl, -CiHy-COOH, -Cj.;xycloalkyl-CHjp-
COOH, -CHjn-Csaxycloalkyl-COOH, -(C;galkoxy)C,¢alkyl-COOH, -C,galkyl-
0-Cy.alkyl-COOH, carboxyspiro[3.3]heptyl hodc carboxyphenyl-C,Hj -

W 14 -CH;- hoac -C(Cyalkyl),-;
m  bing tir 0 dén 7;
t bang tir 1 dén 7;

hozc mudi dugc dung, hodc céc chit ddng phan déi anh hodc cic chit ddng phan khong

doi quang cua no.

13.  Hop chét theo diém 1 hozc 11 hodc mubi dugc dung, hoic céc chét ddng phan dbi

anh hoic céc chit ddng phan khong ddi quang ctia no, trong do:
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R' 14 clo hodc metyl;

R* 1a hydro hodc flo;

R’ 14 hydro hodc flo;

R* 13 metyl hoic etyl;

R° la hydro hoac carboxy;

R® 1a hydro hodc carboxymetyl;
Y  13-0O-, -N(R"- hoic -CH,-,

trong d6 R 7 12 isopropyl, metyl, isobutyl, t-butyl, xyclopropyl, carboxyetyl,
carboxypropyl, carboxybutyl, carboxy(gemdimetyl)metyl, carboxy(gemdimetyl)etyl,
carboxy(metyl)etyl, carboxyxyclobutyl, carboxyxyclopropylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxymetylxyclopropyl,
carboxy(gemdimetyl)propyl, carboxy(etyl)etyl, carboxy(metoxy)etyl,
carboxyxyclobutylmetyl, carboxyspiro[3.3]heptyl, carboxymetoxyetyl,
carboxymetoxypropyl, carboxyphenylmetyl hodc carboxyphenyl;

W la -CH2- hOETlC -C(CH3)2-.

14. Hop chét theo diém 1, trong d6 hop chét ndy c6 cong thirc (IE):

(E)
trong do:

R' 1a halogen hoac C,¢alkyl,
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R? 1a hydro hoéc halogen;

R? 13 hydro hoic halogen;

R* 13 Cyealkyl;

R’ 1a hydro hoac carboxy;

RS 1a hydro hoéc carboxy-C Hym-;
Y 1a-NR)-

trong d6 R T1a hydro, Cysalkyl, C;.sxycloalkyl, -CiH,-COOH, -C,H,,-Cs.
sxycloalkyl-COOH hoéc carboxyphenyl;

W la -CH,-;
m  bing tir 0 dén 7;
t bang tir 1 dén 7;

hodc mubi duge dung, hozc céc chit ddng phan dbi anh hoic cac chit ddng phan khong

doi quang clia nd.

15. Hop chét theo diém 1 hodc 13 hodc mudi duoc dung, hoic cac chat déng phéan dbi

anh hoc cac chét déng phan khong d6i quang cia no, trong do:
R'  1a clo hodc metyl;

R* 13 hydro hoic flo;

R? 14 hydro hoic flo;

R* 13 metyl hoic etyl;

R’ 14 hydro hoic carboxy;

R®  1a hydro hodc carboxymetyl;

Y 1a-N®R-,

trong d6 R "la hydro, metyl, t-butyl, xyclopropyl, carboxy(gemdimetyl)etyl,
carboxy(gemdimetyl)propyl, carboxy(metyl)etyl, carboxyxyclopropylmetyl,
carboxyxyclopentyl, carboxyxyclohexyl, carboxyxyclobutylmetyl hoic
carboxyphenyl,

W la -CH,-.
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16. Hop chét theo diém 1, trong d6 hop chit nay c6 cong thuc (IAA):
8
¥
R _N
RS j
N
N—\
/0
R (IAA)
trong do6:
R' 1a halogen hodc C,_¢alkyl;
R* 14 hydro hodc halogen;
R’ 1a hydro hodc halogen;
R* 14 Crgalkyl;
R’ 14 hydro hodc carboxy;
R® 14 hydro;
R7 1a Ci.salkyl, haloC,.galkyl, Cs.sxycloalkyl, CpH,,-COOH, -C,Hyp,-Cs.7xycloalkyl-
COOH hoac carboxyphenyl;
m  bing tir 1 dén 6;

hodc mubi duge dung, hoic cac chit déng phan dbi anh hoic céc chit ddng phin khong

dodi quang ctia no.

17.

Hop chét theo diém 1, trong d6 hop chét nay c6 cong thic (IAB):
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(IAB)
trong do:
R! 1a halogen hodc C_galkyl;
R? 14 hydro hodc halogen;
R 1a hydro hoéc halogen;
R* 14 Cealkyl;
R® 1la hydro;
R® 1la hydro;
R® s -CmHom-, Csoxycloalkyl-CpHyp- or phenyl;
m  bang tir 1 dén 6;
hodc mudi duge dung, hodc cac chét déng phéan dbi anh hodc céac chit déng phén khong
d6i quang ctia né.
18. Hop chét theo diém bét ky trong s6 cc diém 1 dén 14, hop chét nay dugc chon tur:
Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(6-0x0-1,3,4,8,9,9a-hexahydropyrazino[1,2-
c][1,3]Joxazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[(4-0x0-6,7,9,9a-tetrahydro-1H-pyrazino[2,1-
c][1,4]oxazin-8-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
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Metyl (4R)-6-[[(8aR)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(8aS)-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(8aS)-6-0x0-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-2-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-2-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-2-
yljmetyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Etyl (4R)-6-[[(8aR)-6-0x0-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-2-
yl]lmetyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-S-carboxylat;
Etyl (4S)-6-[[(8aR)-6-0%0-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-2-
yl]metyl]-4-(3,4-diflophenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Etyl (4R)-4-(2-clo-3-flo-phenyl)-6-[(6-0x0-3,4,7,8,9,9a-hexahydro-1H-pyrido[1,2-
a]pyrazin-2-yl)metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(8aS)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Etyl (4R)-6-[[(8aS)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yllmetyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Etyl (4R)-6-[[(8aR)-3-0x0-1,2,5,6,8,8a-hexahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-bromo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
Metyl (4R)-6-[[(82aR)-1,3-diox0-5,6,8,8a-tetrahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8aS)-1,3-diox0-5,6,8,8a-tetrahydroimidazo[1,5-a]pyrazin-7-
yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;
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Metyl (4R)-6-[[(3aS)-1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]thiadiazolo[2,3-
a]pyrazin-5-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat;

Metyl (4R)-6-[[(3aR)-1,1-diox0-2,3,3a,4,6,7-hexahydro-[1,2,5]thiadiazolo[2,3-
a]pyrazin-5-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clophenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metyl-propanoic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2-metyl-propanoic;

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;

Etyl (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-metoxy-1,1-dimetyl-2-ox0-etyl)-3-ox0-
5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-7-yl|metyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Metyl 7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-o0x0-2,5,6,8-tetrahydro-1H-imidazo[1,5-a]pyrazin-8a-
carboxylat;

Metyl este cta axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cua axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic;
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Etyl este cta axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este ctia axit (R)-6-[(S)-2-(2-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Metyl este cua axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo-1,5,6,8-tetrahydroimidazo[ 1,5-
a]pyrazin-8a-yl]axetic;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-0xo0-1,5,6,8-tetrahydroimidazo[1,5-
a]pyrazin-8a-yl]axetic;

Etyl este cua axit (R)-6-[(S)-2-(1-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yljmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-3-metyl-butanoic;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-3-metyl-butanoic;

Axit  1-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yllmetyl]xyclopropanecarboxylic;

Axit 1-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]metyl]xyclopropanecarboxylic;
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Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-3-metyl-butanoic;

Axit  1-[[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]metyl]xyclopropanecarboxylic;

Axit 3-[(2S,8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclobutancarboxylic;

Axit  3-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclobutancarboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;

Axit  3-[(8aS)-7-[[(4S)-4-(3-flo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic; va

Axit 7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-
a|pyrazin-8-carboxylic.

Axit 2-[1-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]xyclopropyl]axetic;
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Axit 2-[1-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclopropyl]axetic;

Axit  2-[1-[(8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]xyclopropyl]axetic;

Axit (1R,2R)-2-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit (18,2R)-2-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1, 5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit (1R,2S5)-2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit (18,2S)-2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-
a]pyrazin-2-yl]xyclopentancarboxylic;

Axit  4-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]butanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-3,3-dimetyl-butanoic;

Etyl este cua axit (R)-6-[(S)-2-(2-carboxy-etyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic;
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Etyl este cia axit (R)-6-[(S)-2-((R)-2-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Etyl este cua axit (R)-6-[(S)-2-((S)-2-carboxy-1-metyl-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Metyl este cta axit (R)-6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Etyl este cua axit 6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-((R)-2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Metyl este cla axit (R)-6-[(S)-2-((1R,3S)-3-carboxy-xyclopentyl)-3-oxo-
hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic;

Etyl este cua axit (R)-6-[(S)-2-((R)-(S)-3-carboxy-xyclopentyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-

pyrimidin-5-carboxylic;

Metyl este cua axit (R)-6-[(S)-2-((1R,3R)-3-carboxy-xyclopentyl)-3-oxo-
hexahydro-imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic;

Etyl este cua axit (R)-6-[(S)-2-((1R,3R)-3-carboxy-xyclopentyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Metyl este cua axit (R)-6-[2-(4-carboxy-benzyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cua axit (R)-6-[2-(4-carboxy-benzyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-

carboxylic;
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Axit 2-[2-[7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]etoxy]axetic;

Axit 2-[3-[7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]propoxy]axetic;

Metyl (4R)-4-(2-clo-4-flo-phenyl)-6-[[2-(5-hydroxy-4,4-dimetyl-pentyl)-3-oxo-
5,6,8,8a-tetrahydro-1H-imidazo[1,5-a] pyrazin-7-yl]metyl]-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Etyl = (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-hydroxyetyl)-3-0x0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl|metyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Etyl  (4R)-4-(2-clo-3-flo-phenyl)-6-[[2-(2-hydroxyetyl)-3-0x0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-ylJmetyl]-2-thiazol-2-yl-1,4-dihydropyrimidin-5-carboxylat;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]xyclohexancarboxylic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]xyclohexancarboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clophenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit 2-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yllmetyl]butanoic;

3-[(8aS)-7-[[(4S)-5-etoxycacbonyl-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic acid;
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Axit 3-[(8aS)-7-[[4-(4-clophenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2-metoxy-propanoic;

Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]spiro[3.3 Jheptan-6-carboxylic;

Axit 5-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]pentanoic;

Axit  3-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yllmetyl]xyclobutancarboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo-5,6,8,8a-tetrahydro-1 H-imidazo [1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-xyclopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-y1-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-

a]pyrazin-8-carboxylic;
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Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3 -flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(48)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylJmetyl]-2-isopropyl-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8a8S)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-pheny])-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Metyl (8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-2,5,6,8-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-8a-

carboxylat;
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Axit 2-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yljmetyl]-1,1-dimetyl-3-ox0-6,8-dihydro-5H-oxazolo[3,4-a]pyrazin-
8a-yl]axetic;

Axit 2-[(8aR)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-1,1-dimetyl-3-0x0-6,8-dihydro-5H-oxazolo[3,4-
a]pyrazin-8a-yl]axetic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-metyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-metyl-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Metyl (4R)-6-[[(8R,8a8S)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(88S,8aR)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-propoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-ylJmetyl]-3-0xo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yljmetyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit 5-[7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl1-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]pyridin-2-carboxylic;

Etyl este cta axit (S)-6-[(S)-2-(2-carboxy-2,2-diflo-etyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(3,4-diflo-2-metyl-phenyl)-2-thiazol-2-yl-1,4-
dihydro-pyrimidin-5-carboxylic;
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Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-(4-metylthiazol-2-
y1)-1,4-dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-
a|pyrazin-2-yl]-2,2-dimetyl-propanoic;

Axit 2-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-6-oxo0-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-1-
carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-isobutyl-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-isobutyl-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-
a]pyrazin-8-carboxylic;

Axit (8R,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic;

Axit (8S,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic;

Etyl (4R)-6-[[(8R,8aS)-2-tert-butyl-8-(hydroxymetyl)-3-ox0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yljmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Etyl (4R)-6-[[(8S,8aR)-2-tert-butyl-8-(hydroxymetyl)-3-oxo0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;
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Etyl (4R)-6-[[(8aR)-2-isopropyl-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat; va

Etyl (4R)-6-[[(8aS)-2-isopropyl-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydropyrimidin-5-
carboxylat;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-(2,2-difloetyl)-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Etyl (4R)-6-[[(8aR)-2-(2-hydroxy-2-metyl-propyl)-3-ox0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-ylJmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

va Etyl (4R)-6-[[(8aS)-2-(2-hydroxy-2-metyl-propyl)-3-oxo0-5,6,8,8a-tetrahydro-
1H-imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

hoic mudi duoc dung, hodc cac chit ddng phan dbi anh hogic cac chét ddng phan
khong di quang ctia né.

19.  Hop chét theo diém bt ky trong sb cac diém 1 dén 15 hoic 17, hop chat nay duoc
chon tur

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic;

Axit  3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-etoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-ylmetyl]-3-0x0-5,6,8,8a-tetrahydro- 1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;
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Metyl este cta axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl1-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cta axit (R)-6-[(S)-2-(4-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Etyl este cta axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
aJpyrazin-7-ylmetyl]-4-(2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Metyl este cta axit (R)-6-[(S)-2-(3-carboxy-phenyl)-3-oxo-hexahydro-imidazo[1,5-
a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-pyrimidin-5-
carboxylic;

Axit  3-[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-0x0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-3-metyl-butanoic;

Axit  1-[[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-
2-yl]metyl]xyclopropanecarboxylic;

Axit 1-[[(8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yllmetyl]xyclopropanecarboxylic;

Axit  1-[[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-
2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yllmetyl]xyclopropanecarboxylic;

Axit 3-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-2-
yl]-2,2-dimetyl-propanoic; va

Axit 3-[(8aS)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-3-ox0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-2-yl]-2,2-dimetyl-propanoic;
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Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0x0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-3,3-dimetyl-butanoic;

Metyl este cua axit (R)-6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Etyl este cua axit 6-[(S)-2-(1-carboxy-xyclobutylmetyl)-3-oxo-hexahydro-
imidazo[1,5-a]pyrazin-7-ylmetyl]-4-((R)-2-clo-3-flo-phenyl)-2-thiazol-2-yl-1,4-dihydro-
pyrimidin-5-carboxylic;

Axit  3-[(8aS)-7-[[(4S)-5-etoxycacbonyl-4-(3-flo-2-metyl-phenyl)-2-thiazol-2-yl-
1,4-dihydropyrimidin-6-yl]metyl]-3-oxo-5,6,8,8a-tetrahydro-1H-imidazo[ 1,5-a]pyrazin-
2-yl]-2,2-dimetyl-propanoic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-xyclopropyl-3-oxo0-5,6,8,8a-tetrahydro- 1 H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-xyclopropyl-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-y1lJmetyl]-3-ox0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl1-1,4-
dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-o0xo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4S)-4-(3,4-diflo-2-metyl-phenyl)-5-metoxycacbonyl-2-thiazol-2-
yl-1,4-dihydropyrimidin-6-yl]metyl]-2-isopropyl-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-metoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-o0xo0-5,6,8,8a-tetrahydro-1H-

imidazo[1,5-a]pyrazin-8-carboxylic;
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Axit (8S,8aR)-2-tert-butyl-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-
thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-2-tert-butyl-7-[[(4S)-4-(3,4-diflo-2-metyl-pheny])-5-
metoxycacbonyl-2-thiazol-2-yl-1,4-dihydropyrimidin-6-yl]metyl]-3-o0x0-5,6,8,8a-
tetrahydro-1H-imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-metyl-3-oxo0-5,6,8,8a-tetrahydro-1H-imidazo[1,5-
a]pyrazin-8-carboxylic;

Metyl (4R)-6-[[(8R,8aS)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Metyl (4R)-6-[[(8S,8aR)-2-tert-butyl-8-carbamoyl-3-0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-7-yl]metyl]-4-(2-clo-4-flo-phenyl)-2-thiazol-2-yl-1,4-
dihydropyrimidin-5-carboxylat;

Axit 4-[(8aS)-7-[[(4R)-4-(2-clo-4-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-o0xo-5,6,8,8a-tetrahydro-1H-imidazo[1,5-a]pyrazin-2-
yl]-2,2-dimetyl-butanoic;

Axit (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylmetyl]-2-(xyclopropylmetyl)-3-oxo-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-2-(xyclopropylmetyl)-3-oxo0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

Axit 2-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-6-oxo-1,3,4,7,8,8a-hexahydropyrrolo[1,2-a]pyrazin-1-
carboxylic;

Axit (8R,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-

carboxylic;
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Axit (8S,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-ylJmetyl]-3-oxo-5,6,8,8a-tetrahydro-1H-oxazolo[3,4-a]pyrazin-8-
carboxylic;

Axit  (8R,8aS)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-(2,2-difloetyl)-3-o0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic; va

Axit  (8S,8aR)-7-[[(4R)-4-(2-clo-3-flo-phenyl)-5-etoxycacbonyl-2-thiazol-2-yl-1,4-
dihydropyrimidin-6-yl]metyl]-2-(2,2-difloetyl)-3-o0x0-5,6,8,8a-tetrahydro-1H-
imidazo[1,5-a]pyrazin-8-carboxylic;

hodc mudi duge dung, hoic cac chit déng phan dbi anh hodc céc chat déng phén
khong ddi quang ctia né.

20.  Quy trinh diéu ché hop chit theo diém bAt ky trong sb cac diém 1 dén 19, quy
trinh nay bao gém phan tng cua hop chét ¢ cong thic (A):

H
RS N
R? j
(%['T
A
VOl

trong d6 R' dén R®, X, Y, W va n 1a dugc xé4c dinh theo diém bét ky trong s8 céc didm tir
1 dén 18.

véi su ¢ mét cia bazo;

21.  Duoc phim chira hop chét theo diém bt ky trong s6 cac diém tir 1 dén 19 va chit

mang khong c6 tac dung tri li€u.
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Fig. 1
< B

Céu triic tinh thé tia X ctia hop chit Bl
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