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Car bapenem as Antibacteria Antibiotics 1. Field of The Invention The
present invention belongs to the pharmaceutical fil yfically

rel ates to Cctahydropyrrol o[ 1, 2-a] pyrazi ne Derivatdmmwmummmmmﬂﬁpenenlas
Anti bacteria Antibiotics, or its pharmaceutically acceg&gg&e salts, or its
readily hydrolyzed ester, or its solvate, or its-stereoisorer—and-
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pharmaceuti cal conpositions containing such compounds, and to the use of

t hese conpounds in the manufacyur, . ' for the treatnent and /
or prophylaxis of infectious débéﬂgé&e?l%%ﬁ% of The I nvention

Car bapenens have drawn wi de attention due to their broad anti-bacteri al
spectrum potent anti-bacterial activity and stability towards
(3-lactamase. The carbapenemcurrently in use at clinic include I mpenem

Pani penem, Meropenem Ertapenem Bi oapenem Doripenem and Tebi penem
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Carbapenems have drawn wide attention due to their broad anti-bacterial spectrum, potent
anti-bacterial activity and stability towards p-lactamase. The carbapenem currently in use at clinic
include Imipenem, Panipenem, Meropenem, Ertapenem, Bioapenem, Doripenem and Tebipenem.

European patent application EP0126587 published Meropenem (structure below), which is a
1B-methyl carbapenem, active to gram-positive bacteria, and gram-negative bacteria. It is especially

potent against gram-negative bacteria, stable against DHP-I enzyme, can be used as a single

therapy.
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There are more and more drug-resistant bacteria emerging due partially to antibiotics abuses,
additionally, most of the carbapenems on the market have a human elimination half-life of about 1
hour, require multiple daily doses, and are less tolerable. Therefore, it is important to develop more
potent, stable, and long half-life carbapenem to meet clinical needs.

3. Disclosure of The Invention
The present invention provides Octahydropyrrolo[1,2-a]pyrazine Derivatives of Carbapenem

as Antibacteria Antibiotics, or its pharmaceutically acceptable salts, or its readily hydrolyzed ester,
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or its solvate, or its stereoisomer:



Wherein R is hydrogen or G _6 alkyl; R2 is (1) hydrogen, (2) Ci1-6 al kyl,
C2..8 al kenyl or C2..8 al kynyl, which is optionally substituted by one to
three X1, X1 is independently selected from hal ogen, carboxyl,

hydr oxyl , am no, cyano, nitro, G _6 al koxy, hal ogenated Cl-6 al koxy, Cl 6
al kyl am no, bis-(Cl.6 alkyl)am ne, Cl1.6 al kyl carbonyl, G .6alkyl
carboxyl, C _6 al koxy carbonyl, osar bq{rlmyl , G _6 alkyl carbanoyl, bis-(Cl.6
al kyl) carbanoyl, am no sulf , Cly.6 alkyl am po sulfonyl, bis-(C _6

al kyl) amino sulfonyl, G _6 alky ogﬂ@ﬁ%@{’ Cl-6 al kyl sulfonyl, Cl1-6
al kyl carbonyl am no, guanidino cyclxaaN , aryl or heterocyclic,

C34 cycloal kyl, aryl or hetero&clic brsai d Xl ca gf further substituted
by the follow ng substituents: hal ogen, carboxyl, R@/ oxyl, am no, cyano,
nitro, Cl_§ualky!., carboxy Cl_6 alkyl, hydroxy G .6 alkyl, amno C1_6

al kyl, hal ogenated Cl1-6 al kyl, Cl-6 al koxy, hal ogenated Cl1-6 al koxy, Cl_6
al koxy Cl_q'al Eogeﬁ%t@l.%hﬁdrl' am no, bis-(CG _6 alkyl) amno, bis-(C _6

al kyl) amino CI-6 alkyl, Cl1 6 al kyl carbonyl, Cl1_6alkyl carboxyl, G .6

al koxy car Bofyl, carbanoyl, carbanoyl Cl-6 al kyl, Cl-6 al kyl carbanoyl,
bis-(C1.6 al kyl) carbanoyl, am no sulfonyl, amno sulfonyl C .6 alkyl, G _6
al kyl ami nél)qwytfogayl , bis-(Cl_6 alkyl) amino sulfonyl, Cl1_6 alkyl sulfonyl

am no, Cl-6 al kyl sul fonill , Cl.6 al kyl carbonyl am no or guani di no, (3  C34
cycl oal kyl (2)&fyslalion, Gt alkesty) o1 Cxs alfsyid, Which pt ensieanily subghigad it ene toyhren & + o

Iyl oyl | arm b, IS GAFERARN By o<t (o pken APy e By FRYRS, Hie By Exsc
G116 b ko BBiblen € BRERE S o7 Anfih i AR I ENBHTGRORS,

am no, bis-£C 1 I IS;Jm@_ra kyl rcgﬁﬂﬁ 1 |

car boxyl , gl?glkg} E%%J(%lé%% %&E‘gﬁr@aﬂﬁ? car éh%glall%?_ a 03}%’56%’6‘!(?{1‘%%
car bamoyl , daitsm{dsl,_fniab kealthn@aiCh 3 ramyll .andifid RAIFSALS BiRY(C,.¢ alkyMOarbinof @iMfshylCT, §
al kyl, Cl1-6 al kyl am no sul fonyl, bis-(Cl_6 alkyl) am no sulfonyl, Cl-6

al kyl sul f cabigptl sulfomg] a@iinG, &ikyhlkgllshifonyl, CGGk. 6lksl loptboayl raminar goanidinor Csg
guani dino, (4) -COY, Y is Cl.6 alkyl which is optionally substituted
by one to tdyckwelkyl ardrorigte®cygldd.oal kyl , aryl or heterocyclic which is

optional |y substituted by one to three Y2, Yl represents the above defined
X1 and Y2 repr @se%ioafw PBloetraesyslg oksaid %%)cangf ez,sul?ﬁtlﬂgeqbwhezf?ﬂomngz

is am , G ,6..al kyl ] i S7(,CL. 6 al kvl i D 1. | k which j

5T Sl o S S5, F i S 151,
i i s
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R3 i s hydr ogeRoor, | BRoEATDRXNL R Ol MG aREnGIAURG, J MANERRS LRCES STliSf amino

embodi nent, whérein RL 1s Cl4-alkyl; 'R2 is (1) hydrogen, (2) al Kyl ,

whi ch i s optionaidyly GGybslkyl Watsbnbl Qnealkyd tdrbegylXIC s alkoXy tabbmdeprartdaioll,y
sel ected from hal ogen, carboxyl, hydroxyl, am no, Cl4 al koxy, hal ogenated
Ci 4 al koxy,caftmoyl Kyk abkyl, (8¢ dbiyd -cxBaindyh bisy(O); 3 ralknd), cafiainatl karhino anlamyt) amino
car banoyl, am no sul foni/l , guani dino, C3.6 C)égzl oal kyl, phenyl, 5-6 nenbered
het er oaryl ssHoryl7Cre glat.c61-halkel gagiag jsulfonyl, bis-(€3.6calleyle |agring sulfople fyk allsde

nmenber ed het eroaryl. or_ 3- ered_heterocyclic of the said X1 can be
furt her sub%lffhﬂt%an%ﬁsr?@xqgﬂﬁm%l-&@ Bkkaming gr Slﬁﬂé,hn@m al kyl ,

hal ogenat e 4 al k Cl4 al kox hal pgenat ed 4 al kox Cl4 al kyl ;am no,
s 0aa ol Sttt @ R heSiotxaeuRER M lbpah st I gt Stk A
am no sul fonyl y2am r i gl (3. .
cycl oal lliyl : ghgnﬁ?nﬁ%eéﬁﬁn&%%&eg e‘?‘é?’ég{’?ﬁ‘f‘)’ & 3917%%%&(’%1%?2%0&% (i’cCI'G
which is opfikAnadrboxys hs hikyUt B-IrHY CNE alk9l, taMiRE G2 alkyl, halogenated Cj. alkyl, Ci.s

alkoxy, halogenated C; alkoxy, C;¢ alkoxy Ci.¢ alkyl, Ci.¢ alkyl amino, bis-(Ci.¢ alkyl)
amino, bis-(C; alkyl) amino C; alkyl; Ci-6 alkyl carbonyl, C;alkyl carboxyl, Ci¢ alkoxy
carbonyl, carbamoyl, carbamoyl Ci. alkyl, C;.6 alkyl carbamoyl, bis-(C,-s alkyl) carbamoyl,
amino sulfonyl, amino sulfonyl C;.¢ alkyl, C;.¢ alkyl amino sulfonyl, bis-(C;¢ alkyl) amino
sulfonyl, C;, alkyl sulfonyl amino, C;¢ alkyl sulfonyl, Ci.s alkyl amino carbonyl or

guanidino,



X2 is independently selected from hal ogen, am no, Cl4 al kyl, hal ogenated
Cl4 al kyl, Cl14 al koxy, hal ogenated Cl14 al koxy, Cl14 al kyl am no, bis-(Cl4
al kyl) am no, bis-(Cl4 alkyl) amno Cl.6 al kyl, Cl4 al kyl carbonyl,

car banoyl , carbanoyl Cl14 al kyl, am no sulfonyl, am no sulfonyl Cl4 al kyI
or guanidino, (4) -COY, Yis G4 alkyl V\/mchls optionally

substi t ut egy)bgooye to three Y1, or C3_6 cycloal kyl, phenyl, 5-6 nmenbered
heteroaryl or 3-7 menbered heterocyclic which is optlonally substituted by
one to three Y¥,is ¥l akkpl whizhtis opmmiaﬁprsulmtlml&éd hednto tinet Y2 or €hiegelnalsyl; heyl
above defined X2, (5) -S(0).-Z, mis 1 or 2, Zis gmno, Cl-4 alKkyl

ani no, bi s-O(rhsmr(E;b’Rly@dhic @sommrx@lins@snwem@rwméhr@pm onal | y substit ut ed by
one to three Y1, or cycl oaI kyI hen\y 5-6 red aryl or 3-
menmber ed het erXCSF@F‘?SEHtﬁHP oyg defi "SRy Sé& hree Y2,
Y1l represe bove de i ned X1 and Y2 represents the above defi ned X2
and R3 is @d?@@rﬁ”i‘?‘? 1aﬂo her preferred enbodi nent, wherein Rl is nethyl;

R is (1) hydrgqi%l{ig)ccéél }ﬁho LRE J p&ﬂlﬁaa&ﬂ ¢,2 dhsh &?fi’ﬁ Béfud?ﬁﬁy

to three X1 s’in rom’hal oge car

hydroxyl , agbdifute®&by a{ektbxaﬁreéwl‘ anoag egk18alKkylabik®Xoy he(élécﬁhlSWhlamsﬂapuonauy
bi s-(Cl4 al kyl )am ne, carbanoyl, am no sulfonyl, phenyl, pyridyl,

pi peri di nylsubgiityed by ony to threerY, phoI [ nyI The phenyl, pyridyl,

pi peridinyl, piperazinyl or morpholinyl of the said X1 can be fdrther
substituted byY! teprdsents i abgve dofinadi X eandsY” repiicsgpénithe @bavesdadied Xhaansdgenat ed
Cl4 al kyl , O 4 al koxy, hal ogenated Cl4 al koxy, Cl_4 alkyl amno, bis-(Cl4
al kyl) aR hsoh deagrna)rmﬂcaé%%ﬂwecﬂeagwmyr carbanoyl G4 alkyl, or amno
sul fonyl , en I di nyl, piperazinyl, norpholinyl,
tetrahydro aﬁgrrgrﬁr%@r‘@‘mﬂ"g 'P( 8¥42 t hi azol yl, or cycl opropyl group
which is Oﬂnﬁs 1substl tuted by one to three X2, X2 is independently
sel ected from h, Cl4 al kyl, Cl14 al kyl am no, bis-(Cl4 al kyl) am no,
car banoyl barmyl Cl4 al kyl, am no sul fonyl, (4) -COY, Yis Cl4

al kyl- whi cﬁ I's optionally substi tuted by one to three Y1, or phenyl,
pyridyl, p(pesufbgy) . piperazinyl, norpholinyl, pyrrolidinyl, furanyl,
thlazonI or 4,5- dlhydro thlazolyl which is optlonally substi t ut ed by one
to three YR)CfL allyliwikep engeionhly abstiuteddyfanerto meaX,, C14 al kyl ani no,

bi s- (C14 al kylg( am no, car banoyl uani di no, phenyl ridyl, piperidinyl,
nor phol i nyl byis rindependsptly selectedz om halaggre rrathe: l@@ﬁ@@tl,eammo@rﬁmaa lisepesna,

car byl delpestid ors KGR n oyl sty Dscsyy éky Weptiey G SHSH  carbonyl

carbamoyl, amino sulfonyl, guanidino, Cs.¢ cycloalkyl, phenyl, 5-6 membered heteroaryl or

a‘r%v

3-7 membered heterocyclic,

Ci.6 cycloalkyl, phenyl, 5-6 membered heteroaryl or 3-7 membered heterocyclic of the
said X' can be further substituted by the following substituents: halogen, Ci4 alkyl,
halogenated C,4 alkyl, C,.4 alkoxy, halogenated C;4 alkdxy, Ci4 alkyl amino, bis-(C;4 alkyl)
amino, C;4 alkyl carbonyl, carbamoyl, carbamoyl C;4 alkyl, amino sulfonyl, amino sulfonyl

~ Cj4 alkyl, or guanidino,
(3) Cs.6 cycloalkyl, phenyl, 5-6 membered heteroaryl or 3-7 membered heterocyclic which is
optionally substituted by one to three X,

X2 is independently selected from halogen, amino, C.4 alkyl, halogenated C,4 alkyl, Ci4
alkoxy, halogenated C,4 alkoxy, Ci.4 alkyl amino, bis-(C;4 alkyl) amino, bis-(Ci4 alkyl)
amino C;. alkyl, C;4 alkyl carbonyl, carbamoyl, carbamoyl C;4 alkyl, amino sulfonyl, amino
sulfonyl C;.4 alkyl, or guanidino,

4) -CO-Y,



Zis amno, Cl4 al kyl am no, bis4C 14 al kyl)am no, or Cl4 al kyl which is
optionally substituted by one to three Y1, or phenyl, pyridyl, piperidinyl,
pi perazi nyl, norpholinyl or pyrrolidinyl which is optionally substituted by
one to three Y2, Y1 and Y2 represents the above defined; and R3 is
hydrogen. I n another preferred enbodi nent, wherein Rl is nethyl; R2is (1)

hydrogen, (2) Wekhyl, alkylhywhichiis @ptiomlly. subbtitated By 0pé i@ miaks W's ob©sistoytiedlkpl
one to three X, X1 is independently sel ected from hal ogen, hydroxyl,

di met hyl anmiphenylphfeymeotbepedr hetetqarjither ph@nydenmberady hetdydcyolic twikichk aisd optiomadp
be further substituted by the follow ng substituents: hal ogen, nethyl,

car banoyl , substibated Py opethtaree ¥r ami no sul fonyl, (3) phenyl, pyridyl,

tetrahydrofurapyl, thiazole, 4,5-dihydro-thiazolyl, or cycloprqpyl group
which 15 opt i oNAFIRESEHLss ¢ Vséewd%midﬁtrﬁp@éeﬂ}@zf,heéov%&qfﬁlae ndent | y
sel ected f@ng@l grgenrl\,is I1;le , carbanmoyl, am no sulfonyl, (4) -COY, Y
I s nethyl, Vet Mo’ ‘Irsopropyl which is optionally substituted by one to

three Y1, or p@qg%&nm&y@i ¥yl em%,isi%{g%léf @g;hpﬁﬁiﬁai &y, @rl%géﬁ ri%péﬁ’sﬂaﬁi’

is optionally substituted by one td t , Yi i s 1ndépendent

sel ect ed f rsBatiiee byydionthreeC ¥t hstnOy] cyoﬁb&ﬁl@il,dJalﬁBh,yl,Fﬂle Rdmbda¥d hegtoaryl or 3-7
pi peridi nyl, norpholinyl or pyrrolidinyl, 2 is independently selected

f r om hal ogenembetdiéteroceelwawiniyh is auionalbypgubstitatedydy are tathraoYaul f onyl , (5)
-S(0)mZ, mis or 2, Z is amno, dimefhylamno, dinethylamno methyl,
met hyl pi per azi ¥erepresauis heoatione definddyX " andndf reR3sénss thgaboymedefined Xnandher
preferred egbodi ment, wherein RL is nethyl; R2 is (1) hydrogen, (2) nethyl,
ethyl, or Rs&IWERRESD: which is optional |y substituted by one to two X1, X1

R THMEEE R L R SR
sul fonyl , R! is methyl;

R?is

(1) hydrogen,

(2) C1.4 alkyl, which is optionally substituted by one to three X',

X' is independently selected from halogen, carboxyl, hydroxyl, amino, C;4 alkoxy,
halogenated C;4 alkoxy, C;4 alkyl amino, bis-(C,4 alkyl)amine, carbamoyl, amino sulfonyl,
phenyl, pyridyl, piperidinyl, piperazinyl or morpholinyl,

The phenyl, pyridyl, piperidinyl, piperazinyl or morpholinyl of the said X' can be further
substituted by the following substituents: halogen, C;4 alkyl, halogenated C;4 alkyl, C;4
alkoxy, halogenated C,4 alkoxy, C;.4 alkyl amino, bis-(C;4 alkyl) amino, C;4 alkyl carbonyl,
carbamoyl, carbamoyl Ci4 alkyl, or amino sulfonyl,

(3) phenyl, pyridyl, piperidinyl, piperazinyl, morpholinyl, tetrahydrofuranyl, thiazole,
4,5-dihydro-thiazolyl, or cyclopropyl group which is optionally substituted by one to three X2,

X2 is independently selected from halogen, C;4 alkyl, C 4 alkyl amino, bis-(C;4 alkyl)
amino, carbamoyl, carbamoyl C;.4 alkyl, amino sulfonyl,

4 -CO-Y,

Y is Ci4 alkyl which is optionally substituted by one to three Y!, or phenyl, pyridyl,
piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl, furanyl, thiazolyl or 4,5-dihydro-thiazolyl
which is optionally substituted by one to three Y2,

Y' is independently selected from amino, Ci4 alkyl amino, bis-(C;4 alkyl) amino,

4



(3) -COVY, Y is nmethyl, ethyl or isopropyl, which is optionally
substituted by one to two Y1, or phenyl, pyridyl, piperidinyl, which is
optionally substituted by one to two Y2, Y1l is independently sel ected
from di net hyl am ne, guani di no, phenyl, pyridyl, O norpholinyl, Y2 is

I ndependent|ly sel ected from hal ogen, nethyl, carbanmoyl, or am no sul fonyl,

(4) -S(0) . -carbamays, ghanidirid, pHeny$, pyridnb piperidihy lreidiphalinyhos pyafelididyl) s

hydrogen. Table,1 The conpounds of present invention No. Structural Formula
Cheni cal Name ¥’ @Hindependently sebested fopp halogen)aniar, €5 8liyl, €@yl amino, bis-(Ci4
rrg%/ﬂ;loégte ;%@lb%yﬁgp%ﬁ%@%@mg%mwyml A apinp.sylonyl,

azabi cycl OQSQS §(8}mh£ ot = 1 OPS -carboxylic acid /s ' COCH

Z is amino, Ci4 alkyl amino, bis-(Ci4 alkyl)amino, or C;4 alkyl which is optionally
substituted by one to three Y', or phenyl, pyridyl, piperidinyl, piperazinyl, morpholinyl or
pyrrolidinyl which is optionally substituted by one to three Y?,

Y! and Y2 represents the above defined; and
R’ is hydrogen. |
In another preferred embodiment, wherein
R! is methyl;

R?is
(1) hydrogen,
(2) methyl, ethyl, isopropyl, which is optionally substituted by one to three X',
X! is independently selected from halogen, hydroxyl, dimethylamine, phenyl or pyridyl,
The phenyl or pyridyl of the said X' can be further substituted by the following
- substituents: halogen, methyl, carbamoyl, carbamoyl methyl, or amino sulfonyl,
(3) phenyl, pyridyl, tetrahydrofuranyl, thiazole, 4,5-dihydro-thiazolyl, or cyclopropyl group
which is optionally substituted by one to three X,
X? is independently selected from halogen, methyl, carbamoyl, amino sulfonyl,
(4) -CO-Y,

Y is methyl, ethyl or isopropyl which is optionally substituted by one to three Y*, or
phenyl, pyridyl, piperidinyl, piperazinyl, pyrrolidinyl which is optionally substituted by one to
three Y2, |

Y'is independently selected from dimethylamine, carbamoyl, guanidino, phenyl, pyridyl,
piperidinyl, morpholinyl or pyrrolidinyl,

Y2 is independently selected from halogen, methyl, carbamoyl, carbamoyl methyl or
amino sulfonyl,

(5)-S(O)m-Z, mis 1 or 2,
Z is amino, dimethylamino, dimethylamino methyl, methylpiperazine or morpholine

methyl; and



2 H (4R 5S,69)-6-[(R-1

- hydr oxyet hy1] -3-[ (7S, 8aS) - 2- | sopropyl oct ahydropyrrol o[ 1, 2-c] pyrazin-7-yl t
hi o] - 4- net hy1- 7- oxo- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid N/S
COOH 3 )11 H3C,. CH3 O

(4R, 5S,6S)-3-[ (7S, 8a5) - 2- benzyl oct ahydropyrrol o[ 1, 2- ¢c] pyrazi n-7-yl t hi o] - 6- [
(R -1- hydrm’(yﬁiylaydgeﬂ nmet hy1- 7- oxol - a72bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i
c acid COON
In another preferred embodiment, wherein
R! is methyl;
R?is
(1) hydrogen,
(2) methyl, ethyl, or isopropyl, which is optionally substituted by one to two X',
X' is independently selected from hydroxyl,or phenyl,
The said phenyl of X' can be further substituted by halogen, methyl, carbamoyl, or
amino sulfonyl,
(3) -CO-Y,
Y is methyl, ethyl or isopropyl, which is optionally substitﬁted by one to two Y!, or
phenyl, pyridyl, piperidinyl, which is optionally substituted by one to two Y2,
Y' is independently selected from dimethylamine, guanidino, phenyl, pyridyl, or
morpholinyl,
Y? is independently selected from halogen, methyl, carbamoyl, or amino sulfonyl,
4 -S(O)p-Z, mis 1 or 2,
Z is amino, or dimethylamino; and
R? is hydrogen.

Table 1 The compounds of present invention

No. | Structural Formula Chemical Name

(4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-
methyloctahydropyrrolo[1,2-a]pyrazin-7-ylthio]-7-0xo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

(4R,5S,65)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS)-2-Isopropyl-
octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-4-methyl-7-oxo-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

(4R,58,685)-3-[(7S,8a8)-2-benzyloctahydropyrrolo[ 1,2-a]-
pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

(4R,58,65)-3-[(7S,8a8)-2-acetyloctahydropyrrolo[1,2-a]
pyrazin- 7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

(4R,55,68)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS)-2-isobutyryl-
octahydropyrrolo[ 1,2-a]pyrazin-7-ylthio]-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

6



H3C ----5, . C13

(4R, 5S,6S)-3-[ (7S, 8aS) - 2- acet yl oct ahydropyrrol o[ 1, 2-a] pyrazin-
7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxol-azabicycl o[ 3. 2. 0] hept - 2-en
e- 2-carboxylic acid 5 OHFi3c.. /| COOH (4R 58,65)-6-[(R- 1

-hydroxyet hy1]-3 -[(7S,8

as) - 2-li solut y %?‘I octsahydr opyrd ol of 1, - 1-
azabi oyl [%Céﬁgégg%_@ﬁhi%%g bo%fk? %?Z[g@@ E B%t 4};{&%‘010[?29 0-
P i oct g2 R3-2-2nead-carW§d§:Za'cia 7-yl thi o]
- hydr gxyet rcgéﬁ"h net hy1- 7- O%Zab'@X,gk,%%'-[?R)glﬂ}ﬂB&yeﬁfyﬂIl%h&ﬁﬁﬁ}[o&&w| i c

acid 7 '; i / e'—C(\ [(7S,8aS)-2-picolinoyloctahydropyrrolo[1,2-a]pyrazin-
N 7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
COOH

/ COCH

(4R,55,68)-6-{(R)-1-hydroxyethyl]-4-methyl-7-ox0-3-

CH 0
g H;C/l',. 3 —C(\NJ\Q\ [(7S,8aS)-2-(4-sulfamoylbenzoyl)octahydropyrrolo[1,2-a]
PN NS sonw, | Pyrazin-7-ylthio]-1-azabicyclo[3 .2.0]hept-2-ene-2-carboxylic

acid
O o, 0.0
H,C— ", X7 (4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-7-o0xo0-3-
9 L) S—CI\(\/' “NH, [(7S,8aS)-2-sulfamoyloctahydropyrrolo[1,2-a]pyrazin-
%) 7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
COOH
(4R,58,6S5)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-
10 ’C'/\ [(7S,8aS)-2-(4-sulfamoylbenzyl)octahydropyrrolo[1,2-a]
Ny S SOZNH pyrazin-7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic
COOH ' | acid

Hch (4R,58,65)-3-[(7S,8aS)-2-(2-guanidinoacetyl)octahydropyrrolo

JK/N : ;
11 P p —C@ NH {1,2-a)pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-

oo oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
H

/E)H CH, )0]\/ | (4R,58,65)-3-((7S,8aS)-2-(2-(dimethylamino)acetyl)
12 HC™ %, N N\ | octahydro-pyrrolo[1,2-alpyrazin-7-ylthio)-6-((R)-1-
N D N \) hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-

© ene-2-carboxylic acid

COOH

(4R,58,685)-3-((7S,8aS)-2-(2-(dimethylamino)propionyl)octa-

OH fo)
/l CHj3 |
13 HC™ S’C(\NJH/N\ hydropyrrolo[1,2-a]pyrazin-7-ylthio)-6-((R)-1-hydroxyethyl)-
e % N\/l 4-methyl-7-ox0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic

tOOH acid
(4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-

/;)H CH, o) 0
14 H G, N N\/, (2-morpholinoacetyl)octahydropyrrolo[ 1,2-alpyrazin-7-
Nt/ S’O\i\) ylthio]-7-0x0-1-azabicyclo[3.2.0]hept- 2-ene-2-carboxylic
° tooH acid
(4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-

15 H,C '» _C'ﬁ (1-methylpiperidine-4-carbonyl)octahydropyrrolo[1,2-a]
N/ pyrazin-7-ylthio]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-

COOH carboxylic acid

(4R,58,68)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS)-2-(2-hydroxy-

H c OH
16 ’ N ethyl)octahydropyrrolo[ 1,2-a]pyrazin-7-ylthio]-4-methyl-7-
Ny N
o oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

COOH

The term “Cjgalkyl”, as used hereinbefore, refers to linear, branched groups derived from
removing one hydrogen from hydrocarbons containing 1 to 6 carbon(s). Examples include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, 2-methylbutyl, neopentyl, 1-ethylpropyl, n-hexyl, isohesyl, 4-methylpentyl, 3-methylpentyl,
2-methylpentyl, 1-methylpentyl, 3,3-dimethylbutyl, 2,2-dimethylbutyl, 1,1-dimethylbuytl,
1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl, 2-ethylbutyl, 1,2-dimethylpropyl, et al. the

term “Cj4alkyl” refers to the above examples that contain 1 to 4 carbon(s), for example, methyl, ethyl,
7



COOH (4R 5S,65)-6-[ (R -1 -hydroxyet hyl] - 4-nmet hyl-7- oxo- 3-

[ (7S, 8a45) - 2- pi col i noyl oct ahydr opyrrol o[ 1, 2-c] pyrazi n7-yl t hi o] - 1-azabi cycl o
[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid 8 OHo cu3 143c-, ---f sl.1 y" ", ,,
cy....2n..2 COOH (4R 5S, 6S)-6-[(R) -1-hydroxyet hyl] - 4-nmet hyl- 7- oxo- 3-

[ (7S, 8aS) - 2- (4- sul fanoyl benzoyDoct ahydr opyrrol o[ 1, 2- a]

pyr azi np-prapyt, iMoBlop¥t, aZsuy1Cixehudy13sed- i1 aBk-batygne- 2- car boxylic acid 9 OH
ro43o0"o ES%IY poﬂl zﬁil}; N: Slﬁi] % b

(4R, 5S, 6S) T6e fdri) “Us-shopatiaalsyet hy tjedhenmnbefdre 7refere tBthe cycloalkanes of 3 to 8 carbons
[ (7S, 8aS) - 2-sulf anpbyloct ahydropyrroloﬁl, 2-a] pyrazin7-ylthio]-1-azabicycl o{ 3
. 2. 0] hegtom2 membepedc 4iZpo %yt @s aictppropyl.Sc tylh ocycopeps L, Heyclohexyls eptyl,

cyclooctanyl, methylcyclopropane, dimethylcyclopropane, methylcyclobutane,
dimethylc'yclobutane, methylcyclopentane, dimethylcyclopentane, methylcyclohexane,
dimethylcyclohexane, and so on. The term "Cs.¢cycloalkyl” refer respectively 3 to 6 carbon atom
cycloalkane in above-mentioned examples.

The term "C,.g alkenyl" , as used hereinbefore, refers straight or branched chain or cyclic
alkenyl containing 2 to 8 carbon atom with double bond(s), such as vinyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 1,3-butadienyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 1,3-pentadienyl,
1,4-pentadienyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 1,4-hexadienyl, cyclopentenyl,
1,3-cyclopentadienyl, cjrclohexenyl, 1,4-cyclohexadienyl, cycloheptenyl, 1,4-cycloheptadienyl,
cyclooctenyl, 1,5-cyclooctadienyl and so on.

The term "C,.g alkynyl", as used hereinbefore, refers straight or branched chain containing 2 to
8 carbon atom with triple bond(s), such as acetylenyl, propynyl, 2-butynyl, 2-pentynyl, 3-pentynyl,
4-methyl-2-pentynyl, 2-hexynyl, 3-hexynyl, S-methyl-2-hexynyl, 2-heptynyl, 5-methyl-2-heptynyl,
2-octynyl, 3-octynyl and so on.

The term "C;.¢ alkoxy" , as used hereinbefore, refers to the term "C;¢ alkyl" structure through
the oxygen atom connected with other groups such as methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, tert-butoxy, secondary butoxy, pentyloxy, isopentyloxy, hexyloxy and so on. The

terms "C,4 alkoxy" refer respectively to in above-mentioned specific examples 1 to 4 atoms.

The term “halo”, as used hereinbefore, include fluorine, chlorine, bromine, and iodine.

The term “halogenated Cj.¢ alkyl”, “halogenated C;.¢ alkoxy” as used hereinbefore, is one or
more hydrogen atoms of C; alkyl or C,.¢ alkoxy substituted by one or more halo. The C alkyl,
C1-¢ alkoxy, and halo are denotes as hereinbefore.

The term“hydroxy Ci.¢ alkyl”, “carboxy C,.¢ alkyl”, “amino C,.¢ alkyl”, “C; alkoxy C;s
‘alkyl”, as used hereinbefore, is one or more hydrogen atoms of C;_¢ alkyl independently substituted

~ by one or more hydroxy, carboxy, amino or C,.¢ alkoxy. The C; alkyl and C;. alkoxy are denotes
as hereinbefore.

The term “aryl”, as used hereinbefore, refers to aromatic rings, include “carbocyclic aryl” and

“heteroaryl”.



COOH (4R 5S,6S)-6-[ (R - 1- hydroxyet hyl] - 4- net hyl- 7- oxo- 3-

[ (7S, 8aS) - 2-(4-sulfanoylbenzyl)octahydlolDyrrOl o[ 1, 2-a] pyrazin-7-ylthio]-
1 -azabicyclo [3 .2.0] hept-2-ene-2-carboxylic acid 11 C143 OH H3C---", NL
ININH, /--Cr:jNH ce- COOH

(4R, 5S,6S)-3-[ (7S, 8aS) - 2- (2- guani di noacet ypoct ahydr opyrrol o

[ 1, 2- c] pyr &hé Rerfn Ytdrbo@ictib-dr{IR) hale MvdhakpetoRy | exathpleetiiylhidd but are not limited to,
oxo- 1 -azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d 12 j)HCH, 143c

(4R, 5S, p®nyB nght8ns) anthra@enl iand pherbathirenyl.acet y 1)

oct ahydro-pyrrol o[ 1, 2-a] pyrazin-7-ylthio)-64(R)-1-_ o

hydr oxyet hylhy -tarmehptgroaryldyeters to &7 th20ymembered cycli gneyn containing one or more

(4R szssC sbrgxaltf%e%éﬁj W‘b@gs?(ctﬁ? rbét%%?%?% ﬁ%é%g IPITORRP XY &Sy by andh 8¢ Pno Thep

A et ny Sl el b OB VG R comaining, o Byt detsraiomy (e 510
memebered heteroaryl) is preferred, examples include but are not limited to, furan, thiophene,
pyrrole, imidazole, pyrazole, triazole, oxazole, isoxazole, thiazole, isothiazole, oxadiazole, tetrazole,
pyridine, pyridazine, pyrimidine, pyrazine, triazine, benzofuran, isobenzofuran, benzothiophene,
indole, isoindole, quinoline, isoquinoline, naphthyridine, acridine. The term “5-6 membered
heteroaryl”, refer respectively to in above-mentioned specific examples 5 to 6 membered atoms.

The term “heterocyclic” refers to 3 to 14 membered cyclic group containing one or more
heteroatoms (called 3-14 memebered heteroaryl), include saturated heterocyclic and unsaturated
heterocyclic. The “heterocyclic” refers to 3 to 7 ring membered cyclic group containing one or more
heteroatoms (ca11¢d 3-7 memebered heterocyclic) is preferred. The examples include but are not
limited to, aziridine, azetidine, pyrrolidine, 2,5-dihydro-pyrrole, 2H-pyrrole, 3H-pyrrole, piperidine,
dihydropyridine, tetrahydropyridine, oxirane, oxetane, dihydropyran, pyran, azepine, oxepine,
thiirane, thietane, tetrahydrothiophene, thiepane, dioxolane, dioxepane, imidazolidine, pyrazolidine,
imidazoline, piperazine, tetrahydro-oxazole, dihydro-oxazole, tetrahydro-isoxazole,
dihydro-isoxazole, tetrahydro-oxazine, dihydro-oxazine, oxazine, thiazoline, thiazolidine,
morpholiﬁe, thiomorpholine.

' The term “carboxyl protecting group”, as used hereinbefore, refers to a protecting group which
can be conventionally used to substitute the acidic proton of a carboxylic acid. Examples of caboxyl
protecting group include, but are not limited to, methoxymethyl, methylthiomethyl,
tetrahydropyranyl, tetrahydrofuranyl, methoxyethylmethyl, benzyloxymethyl, phenacyl, allyl,
p-bromophenacyl, a-methylphenacyl, p-methoxyphenacyl, diacylmethyl, N-phthalimidomethyl,
methyl, ethyl, diphenyl methyl, 2,22-trichloroethyl, 2-haloethyl,  ®-chloroalkyl,
2-(trimethylsilyl)ethyl, 2-methylthioethyl, 2-(p-nitrothiopheny)ethyl, 2-(p-methylthiophenyl)ethyl,
1-methyl-1-phenylethyl, t-butyl, cyclopentyl, cyclohexyl, di-o-nitrophenylmethyl,
9-fluorenylmethyl, 2-(9,10-dioxo)fluorenylmethyl, 5-dithiophenyl, benzyl, 2,4,6-trimethylbenzyl,
p-bromobenzyl, o-nitrobenzyl, p-nitrobenzyl, p-methoxybenzyl, piperonyl, 4-pyridinylmethyl,
trimethylsilyl, triethylsilyl, t-butyldimethylsilyl, isopropyldimethylsilyl, phenyldimethylsilyl,

9



14 OH' Cn, H3CGj',. N /N COOH

(4R, 5S,65)-6-[ (R) - 1- hydroxyet hyl] - 4- met hy1- 3-[ (7S, 8aS) - 2-

(2- nor phol i noacet ypoct ahydr opyrrol o[ 1, 2- a] pyr azi n-7-

yl t hi 0] - 7- oxo- 1- azabi cycl o[ 3. 2. 0] hept - 2-ene-2-carboxylic acid 15 OH jCH3 N
COH (4R, 5S,6S)-6-[ (R) -1- hydroxyet hyl] -4-net hyl-3-[ (7S, 8a5) - 2-

( 1- met hylpiiyRephedyn - fyridil bR dk &6 pateyidigByNded:d seeeadimido, N-hydroxyphthalimido,
pyrazi n- 7->¥Ptﬁai o?,- 7-‘(9;(0- 1- azabi cycl of 3.121?0] hept - ; ene- 2- car boxyl |yc acid 16
yi 043 12BhydroxyHedRth&dbd) - 6- [(-R)yldxime, 2,4-dinitrothiophenyl, 2-alkyl-1,3-oxazoline,
- hydroxyet hyl] - 3-[ (7S, 8aS) - 2- ( 2- hydr oxyet hypoct ahydr opyrrol o[ 1, 2- a] pyr azi n-
7-yl thi é}alkbdré@xwmwxawlslmylaz étaﬂ@ér@ml.,é-ﬁgqmﬁt -tzwﬂwiﬁmbr H@%}rbﬁ“&ﬁb?éméb’l,
l...,1,0n ¢c.N) chylﬂjp ) Th& term"C _6al kyl", as used hereinbefore,
refers DbN/-AHeRropybiegidy 28d 8BL derived from removing one hydrogen from
hydr ocar bo containing.1,.to 6 carbon(s). | es i ncl ude, but are not
Vi ted to hFAPRiviationni the RfeﬁF‘?}dE}Y‘%m‘lg’%éﬁr%@%aﬁ%\ﬁ?’% i sobutyl
sec-butyl, & rbteﬁg;ftyl , h-pentyl, isopentyl, 2-methylbutyl, neopentyl,
1- et hyl propyl’, n-"hexyl, isohesyl, 4-nethylpentyl, 3-nethylpentyl,
2- et hyl pergd: ¢-broRBédtidmgnt yl, 3, 3-di met hyl butyl, 2, 2-di met hyl butyl,
1, 1-di met hyl buyt |, 1, 2-dinmethyl butyl, 1,3-dinethylbutyl, 2,3-dinmethyl butyl,
2- et hyl but yPNBp-gitebberdyidy| propyl, et al. the term"Cl4al kyrrefers to the
above exanples that contain 1 to 4 carbon(s), for exanple, nethyl, ethyl,

TEA : triethylamine

TFA: trifluoroacetyl

THF: tetrahydrofuranyl

DCM: CH,Cl,

DEAD: (C,HsOOCN),

DIEA: diisopropylethylamine

Pd/C: Palladium on Carbon

The present invention provides the method of preparation of compounds of formular ( [ ) by

nucleophilic substitution reaction of compound of formular (II), or its pharmaceutically acceptable
salts, or its readily hYdrolyzed ester, or its solvate, or its stereoisomer with compound of formular

(I, or its pharmaceutically acceptable salts, or its readily hydrolyzed ester, or its solvate, or its

stereoisomer:

OH Rl

H;C

.R? )L
N\) (1) Coor* (III)

The method of preparation is generalized in the following scheme:
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n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl. The term
"C3.8 cycloal ky", as used hereinbefore, refers to the cycl oal kanes of 3 to
8 carbons atom nenbered size, such as cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, cyclooctanyl, nethylcycl opropane,

di met hyl cycl opr opane, nethyl cycl obut ane, di net hyl cycl obut ane,

t ane, di net hyl cycfopent ane, nethyl cycl ohexane, g

flexane, and so on.\The term " C3_6cycl oal kyd~ er §
respectively 3 to 6 carbon atom cyglgal kane in above- ment XD es.
The term "Cm &l k | ", as ¥8&d hdreinhefore, réfeys str@ightegepn®ranched
chain or cyclic al Kenyl containg Zz?gL%'taﬁbonN tgm wth—dotbte>bond(s),
such as vinyl, 1-Ffopepyl codp@ropenyl N 1-buteny|}\gﬂby;enQPTPmmdd

1, 3- but adi enyl , 1ipeWNHenyl, 2-pentenyls~3tpentenyl, 1,3-pentadienyl,

1, 4- pent adi enyl ¢odsoligxenyl ., 2-hexenyl . é;@ﬁxenylFo 4 figxadi enyl

cycl opentenyl, 1, 3-cycl opentadi enyl, c@cro exenyl , 1,£-cyclohexadienyl,
cycl oheptenyl, 1.4 cyc| oheptadienyl, cycloogtenyl, 1,5-cyclooctadienyl and
so on. The m"C2. 8 al kynyl", as used _hereiRbefore, refers straight or

branched chai h°co ) 2 to 8 cargpn Hto triple bond(s), such as
, 2-g§§;bny{, 2- pentynyl
yl, B-hexynyl N-&2 heWnyl : g

acetyl enyl, prop nt

4- et hyl - 2- pent ynyl - met ex b, 2-heptynyl,
5- et hyl - 2- heptynyl, 9998¥ynW~/ 3-octynyl and so %%g \_Ihg'tern1"01.6

al koxy" , as uséd¥mheungenbefore, refers to the €empewid®@ 6 al kyl" structure
t hrough t hgt?(yg@r}eﬁglgﬁbﬁg@@%g ndid h other groups such as net hoxy,

et hoxy, propoxy, 1sopropoxy, butoxy, isobutoxy, tert-butoxy, secondary

but oxy, pem ¥Isebsion bf CpLPoMADR ¥n CRBR)S | veas\treattd veith TRA ahdeCdmepdtd HoThé resulting
al koxy" refer respectively to in above-nentioned specific exanples 1 to 4
at ons. iuteewss Stireddodt, analsientstenhptyatuee fidredvereghti Ak weketibh unixture was Washedevith
bromi ne, and i odine. . The term "hal ogenated Cl1.6 al kyl", "hal ogenated
Cl- 6 al satwpted Bsingcthe organisi layrs twns alriel 9 verranhpdrops Ne: Yl filigesd and comcentrated ugder
al kyl or C1_6 al koxy substituted by one or nore halo. The C1_6 al kyl, Cl1-6
al koxy, redueFdpaessurerta eanerfsvdsspradudi of Sopmened & The terni hydroxy Cl-6

lkyl ", "carb Cl-6 al kyl", "ani 1-6. alkyl", "Cl.6 alk Cl-6 al kyl ",
ot Used noMishy arearafon o compOind 8 frmudul L ore of ci o aliol o
i nd d i . i . .
Koy Thd TEFTRSChBOGH OoBRSil1 URE SisBEONY mehBROPNG «BILE Qi médafic
term " agyH soldfort! SR RQIBAE BEkQFECwas SfeEBatl AnBERRIpErafirf I8por Bsthpiefon of the

"carbocyclic aryl" and "heteroaryl". The term "carbocyclic aryl" have
no het erqaaticinthecoeactinedixtine wigexdtte@ ethnOH, Clh. MHeesbniinePo@aNik Jayers were dried
napht hal enyl, anthracenyl, and phenant hrenyl . The term "heteroaryl"”

ref ers (a,804)fik€redmnt eomentryted undgrediped pressiraitongjve oempoumts O£ fdrautar ¢ Ht)ons
except carbons, the heteroatons neans nitrogen, oxygen, sulfur, and so on.
The "het er 8tep3 " Preparation of Componadre ng at ons cont ai ni ng one or nore

het eroatons (called 5-10 nenebered heteroarylﬁth preferred, exaqg%es

i ncl ude butn grdriedoteastion flask, compoyndapt farmukis{dhlewap disselved in geeignibile and was
pyrazole, .triazaole, oxgzple, .l ole, .thiazole, isothjazole, oxadiazole,
Py Favofitaed it o < i, PHER B resitn < Bys as G Ay Ribedile for
benzofu | n . ' i | S0] qut I.ne,
benzof Ut lnigh CRRORALANA R BRD 4L TLAROE Sio] B SR OLDE R el AU OE e
[ ef e 1 GRARENLYE! ad Bridd (PRONESTRNAIRARH P E6iidehatBd ABLCR AR OpRFRIRERAA
at ons. The” term "heterocyclic” refers to 3 to 14 nenbered cgcllc gr oup
cont ai ngfide PRGBS of TUnEpduatier oat oms (cal | ed 3-14 nenebered heteroaryl),

i ncl ude saturated heterocyclic and unsaturated heterocyclic. The

"het er ocyclStep'4 r Syatlesisof Cdnopoiandd f1g nmenbered cyclic group containi ng one
or nore heteroatons (called 3-7 nenebered heterocyclic) is preferred. The
exanpl es i Adkgrislepnodust Gomostep B i & suxtues ofdetrahydraferanand wagkrrvess typpted ovithdPdi€,

2, 5-di hydro-pyrrole, 2H pyrrole, Sllégérrole, pi peri di ne, di hydropyri di_ne,
t et r ahy dPo PRIt dlack suspenpigh avasskisred ik ampieRy s TAR, undgh hyfrogenegsmeaphere. Upon

oxepine, thij.rane, thietane, tetrahydraothiophene,. thiepape,. B dioxolane,. .

o oxepabenPietiodingis) PRI DY e pd e MHRAZEY e HIGPRD abe e walied with
tetrahy e i £.0- 0 - i soxazol .

e o O PP DU RS8R B s AT, A ALY oy gt st The
t hi azol | i i di i , i | - lvpholized
*Car box e Pl i Pl WPPROHPLE qr O BRIPAMARG g was ofiffink 0l ypholies
group which can be conventionally used to substitute the acidic proton of a
carboxylic acid. Exanples of caboxyl protlecting group include, but are not
limted to, nethoxynmethyl, nethylthionmethyl, tetrahydropyranyl,

v o o B o - o 1



DCM CH2C 2 DEAD: (C2HSQ00) 2 DI EA: dii sopropyl et hyl am ne Pd/ C. Pal |l adi um on

Car bon The present invention provides the nethod of preparation of
conpounds of formular ( | ) by nucleophilic substitution reaction of
conmpound of forrmular ( Il ), or its pharmaceutically acceptable salts, or

its readily hydrolyzed ester, or its solvate, or its stereoisoner with
corrpoung) g (111), or its pharnmaceutically acceptable salts, or

%«E
its rea ié?y % olyzed ester, or its solvate, or its stereoisoner: The

met hod of Wikpah®'| RhandRYeRIeahéd&hboke IhRpfaatito vait®lSIeMERE groupt Ele shnthesis
Preparati on of Conmpound c In a solution of Conpound a in CH2C12 was
t r eat edofoinpdind sased eRampleun(Stdp 1 The). XemuCampandi xtepresemabalogén suell aafluorine,
anbi ent tenperature for overnight. The reaction m xture was washed wth

sat ur at eldoiing, heominpdoding anpiher replaceablsgronp serhpsacidghlgriicous Na2SO4,
Compound. o B BETIopBBATAT R GMTOBBOUNITBRIS Gl Mok Eharpceuticaibhiscepd
ot hanoe: ROt gariB: BtShrEt 28 B iy SalReup e dB8oip Pl Bl e dropagesion of
ext r act Eaprned AR I R R ke 1§ R il SR ool G Dt ey

fil teregy(ﬁcml}zwmlriastsgﬁ,aw}@eﬁs ktefbdBahepr €SSUre to gi ve conpounds of
formular” ( Il ). Step 3 Preparation of Conpound e In a dried reaction

fl ask, compound of formular ( Il ) i ?,GR?\/ed in acetonitrile and was
treated with Conpound d and DI EA H r ;g)ting m xture was stirred at

anbi ent tenperature for overnight. Th ctiddl)m xture was extracted with .
et hyl acetate and washed with water. The organic |ayer was dried over
Na2SO4 , fiwhereiagdRaidlefinatandtost.ed under reduced pressure to give crude
product of Conpound e. Step 4 Synthesis of Conpound f The crude product

from Step FheAn@entib tfurfieer Aflaiind tthé IRWaAY pRAMABELHIVAIE heobptable Suts o fadninlla (1)
Pd/ C. The result black suspension was stirred at ambi ent tenperature under

hydr Oge%%%gl%thﬁélﬁ?g R4 sgﬁémhaﬁ BQEbdiﬁﬁe%@%smﬁ%r%%hm sl RV-eflk e earth metal

filtration an ered dake was wash tetrahydrof’uran an

de-i oni g4, sRh as caldiug, aupabsied shit| dté.abBerastabidlfsagicBds Wuntingiitbn, 368, bpper,
The aqueous | ayer was purified by Prep. HPLC and the product fractions was

conbi nedickeld cobajthualti rmdgartio alaly sali) spcuadammonium WeragmiRisaltdRRucnas REt-autyd
defined as above, L represents suitable |eaving group. The synthesis of
Conpounamines libepgylnpininel m@pbeline, tglu@saminej pheaylplyomd alkyle pstess esthdenedianzjae
such as_fluorine, chlorine, bromne, iodine or, qQther, repl.aceable group such
as aci dNcmetby} gelucosaming,; guanidme: | disthlaming, EicHyiamingnpdigrdehesy!  ammpniim,(

e BRI RS b, SRR S b boB by Bhts
L BB EE L S Yoo S BCTBF ASE L,
st er eoi §ORRAroAfBRic MidRAlt, hydrochloric acid salt, hydrobromide, hydrogen iodate, etc.; inorganic
salts, such as nitrate, perchlorate, sulfate, phosphate, etc.; lower alkyl sulfonate such as mesylate,
triflate salt, ethanesulfonate, etc.; aryl sulfonates, such as benzene sulfonate, toluene sulfonate salt;
organic acid, such as acetate, malate, fumarate, succinate, citrate, tartrate, oxalate, maleate, etc.;

amino acid salts, such as glycine, trimethyl glycine, arginine, ornithine, glutamate, aspartate salt.
The term “readily hydrolyzed ester”, as used hereinbefore, refers to an ester that is
pharmaceutically acceptable and can be hydrolyzed to the corresponding carboxyl acid in vivo. It is
obvious to those skilled in the art that a hydrolysable ester of a compoud of the present invention

can be formed at free carboxyl or hydroxyl of the said compound by using conventional methods.
The invention further claims “solvates” of formula ( ), where "solvate" is referred to a
compound crystal in which a solvent molecule is added to the crystal lattice during the
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(I'') \Wherein, R2 is defined as above. The invention further clains the
foll ow ng pharnmaceutically acceptable salts of fornmula (I ) which contain
al kali metal salts, such as sodium potassium lithiumsalt, etc.; alkaline
earth nmetal salts, such as calcium nagnesiumsalt, etc.; other netal

salts, such as alum num iron, zinc, copper, nickel, cobalt salt; inorganic
al kal i golthiSizatioAChroasss MR kAl TR1E S twated Giiites Balkhown a8 Glpdasest Hithe aolvprt is an
am ne, di benzyl am ne, norpholine, glucosam ne, phenyl glycine al kyl ester,
et hyl eneghsigsoleentNhasodlvgies gtedaosamsoegangusvatiésne, di et hyl ami ne,

triethylam ne, dicyclohexyl amonium N, N-di benzyl ethyl enedi am ne,

chl or opr oc ghdveREALRitREr cleinf! e &kRbistfersNob fotgila (phg?, nidledihy lall @ficAgntiomers,
pi perazi ne, tetramethyl ammonium tris (hydroxynethyl) am no mnet hane;

hal i de &i%t%éomﬁﬁg hscﬁﬁer?,)’f%%i&%‘bhﬁrs?(éisd afd|thans NYSHh&s MaRtdnerfCidbntedlié isomers,
hydr obr om de, g

ydrogen i odate, etc.; 1 norganic salts, such as nitrate,
per chl oglﬁ&@rs@glrﬁ@ﬁ@%tﬁaggphate, etc.; lower alkyl sulfonate such as
nmesylate, triflate salt, ethanesulfonate, etc.; aryl sulfonates, such as
benzene sulThepasent inv@htiem urthet promeethatd 53id oompmind, acitsiphameteutisallycaicaptable
mal ate, fumarate, succinate, citrate, tartrate, oxal ate, nal eate,

tc.,;
ani no asiltd, emits seadiy hiydepdyzgresieneor ity patuatenQr I§ Véieﬁéf’mﬁﬁgiaﬂibﬁé?n%‘ﬁg?g B ey
| ut amat e, t | 1. The term "readily hydrolyzed ester"
Per ef nogrommoped of e Geld inte an forpiation S Rpheleat G iRl atseBalignd
be hydrol yzed o th di b A in Vivo ot i
ot hoseVERta § Balfenh fiegd of RepRRRr BRSO EG H po BN Erdp thofogs fuch s BRY S

presente'_g%%hh&ﬂnﬁ%d%ohprrred at free carboxyl or hydroxyl of the said
conmpoun y using conventional methods. The invention further clains

"sol vat es” ypfien UfiMiseréd lordlly, WheHE beSRIMALR] info totwhtiekhl tsRlid duRARORMs, for
crystal in which a solvent nolecule is added to the crystal lattice during
the cryahalld,i Edldtncapsoless pills) feratitess adndesd o5 Waiear thes aowpuad iar edrinstered
as hydrates; If the solvent is an organic solvent, the solvates are known
as or gaex-gastointestieally, iftven befemuilated itor ddsege forms far injaetions fasesanplentplwiongeady
formula (|1 ), including all of enantioners, diastereoneric isoners,

racem cfarsiojestien, sierile apavarr o sinjestions r epncenigiedniglutiony domuyieqtion; apghepson. Such

epi mers _and_m xtures thereof. The present, i nvention further provides..
Chat o SamMlaBenpSohde BinFBeisHapHtc el PRIy MR By patiehpdien” BRATpEcal

dily _hydral d [ I ' I .
For ml amEtoB iR deReiig e s e i S Pty e RUATIE inghiP ctfier,no or

phar mac I : r clinically acceptable and given to a patient in need of
treat rre(rcal%{'b!tuﬁgdgtllj%vﬁga variety of adm nistration nethods, such as oral, and
ex- gastroi Theyréseal invdhGord Als8Nprovides Whe s T unsdodingsl desaibedl , haréinbefbrebi the
formul ated i nto conventional solid dosage forns, for exanple, tablets,
capsul eganpfatiuge ofs atudicamenafsd the treatmehend { be prophplard ofsinfedtioussdiszases. These
ex-gastrointestinally, it can be fornulated into dosage forns for .

i nj ecti oompirals kavanpétent sctivitiésoagainsidirond rspeeijuse tafobactesiae rintludingwnatany-pesitive
i njection, concentrated solution for injection, and so on. Such

f or nul abhweria, gsmnpegarysrRaisriar asuobi brctetim epIPRIS dactsparasdsclinicat pathegrsr They
phar maceut j cal nuf act yri ng, depending on the properties of conpauds he
F or mul a6 HE s 1hEFAi e SeiPRYts CEepeRi RIS, PyBgecnic MiGEoRRaSRysuch &
i nvention al so aﬁ{OVi des tﬁlie tLFJSte of conpounds descri bed herei nbefore in the
manuf actGPEAEHY MR NP he t r eat ment and / or prophylaxis of

| nf ecti ous fl SeaseRinal\GRPHEAMHIRAS, BRUE HRDERI BhbYd ifsEiBsROR! S It SeHlted

spect rum of I'a, i ncluding grah posi acteria, gramnegative
bacteri %r'o"i‘%’i‘f)lﬂ. Ge ARGLAbIEg ARAREQREC bacteria, and clinical pathogens.
They can be used to treat and / or prophylaxis di seases caused by

pat hogeni ¢ (1) ThO&s ind§5ai8 hefinbefore di3plagercalleardhtivbdcreaiay adtivitytand hdve cixiaties,
The conpounds sai d herei nbefore, when conpared to those disclosed in the
nmost r eltlatyadulirbeusedsafelyntaveat el f el frewsinhyarihs dnfeetipass diseases iy manppals including
conpounds sai d herei nbefore display excellent anti-bacterial activity and

| ow t oxihoman eaused by pathegendc pucroeganis®sely to treat and / or prevent various

i nfectious diseases in m | s.i.n¢l udi ng human.caused.b at hogeni c .
1 oor gani@hihe Compous S BB 48 i EAEH O A RRL D) APGT g bacteris,

activitie ai nst _br.oad spectrum of bacteria, imaclydi am positive,
gram ned;‘éfﬁ'i‘ gg BBy ROSUYVE, § '8?5?3%% @f“ftf‘ﬁlac 4pd Bﬁlteﬁglb%%%i p aﬂl%g%s( 3) The
conpounds sai d-her ej fore aj st a S &3 ARAnasO ahnd 3renal
dehyd'ropept@bﬂasTg:gl %%%%gu:ﬁs %I[](g E%rgﬁhg%gegué{gd Séés%]% g aﬁg%%e%t ﬁeragy. re(nz)
The conpounds sai d herei nbefore have lon& elinination hal f-life,
post-antibiotic effect, and long-lasting anti-bacterial activities,

Y - e v o = N Y




St aphyl occocus aureus, Methicillin-resistant Staphyl ococcus

Epi derm di s(MRSE), Methicillin Sensitive Staphyl ococcus Epi derm di s( MSSE) ,

Ent erococcus faecali, Enterococcus faecom Streptococcus pneunoni ae,

Streptococcus agal actiae, Streptococcus pyogenes, Streptococcus viridans,

Kl ebsi el | a pneunoni ae (non-enzyne producing strain) , Kl ebsiella

oxyt oc P - ' [ Iargmgq brganel | a norganii;

These E({fg éielrr0 ?glﬁg% E{I?qgg}r’gﬁggéelgafbregﬁ?g‘gi ji ngé It:}%\i\?aﬂiybHospi tal of )

Car di ovasc)dhe bbmpasal saidteaghlsdforedal¢ loigefintimdtionXialftlifg, pdasmititddtic effect, and

Affiliated to the Fourth MIlitary Medical University. Test Conpounds:

The conlpogiakting antifhectpridsetivities therefoomit iy morsreopaendentito apply sbinicallyd t hei r

chem cal names and structures can be found in the preparation section of,

each conpo(Mdhemsmpeandnsaithersinbefore pisrielively sy tn Sawkasize; withdugh pwity, high

ger see r f.erencel Cl(iﬂni.cal and Laboratory
Y

Met hods:, ar, diluti.on nethod,
St andar¥gldy ﬂgﬁi%ﬂ‘ﬁ‘tg@m ‘W@llh??'oa‘é‘ta&’ %bﬂarr%ﬁ'f iRfpstHg PR-Susceptibility
> ' L.‘e QMo (60 ' .tandard-Seventh

Tests for ¢
7 Clinical and

Edi-tion. cE PoctHe Tt —Ivir= A7, oo, 2, Vayne, P

Labor at or yraiaiddaifls | nstitute, 2006. Experinental Results and concl usions:
Tabl e 2Conparison of in vitro Anti-Bacterial Activities M C90 (11g/ L)
Bacteri a Mstaphflbedvcls awens Mé&aipltindesistiaitt aphgtwovsusiBygdatnidis(MRSSE K Méthicillih a

oxytoca (non-enzynme producing strain) Salnonella Klebsiella pneunoniae
( non- enSensitivpr Stipbylogosus aEpidevbidipdMSISED, Hintgaedccus! faecali, Enterococcus faecom,
Streptococcus pneumoniae, Streptococcus agalactiae, Streptococcus pyogenes, Streptococcus
viridans, Klebsiella pneumoniae (non-enzyme producing strain) , Klebsiella oxytoca(non-enzyme
producing strain), Salmonella , Morganella morganii;
These bacteria are all purchased from Beijing Fuwai Hospital of Cardiovascular Diseases,
Shanghai Renji Hospital, Xijing Hospital Affiliated to the Fourth Military Medical University.
Test Compounds:
The compounds in the present invention are prepared in-house, and their chemical names and
structures can be found in the preparation section of each compound;
Meropenem, Etapenem: Purchased form commercial sources;
Test Methods:
Agar dilution method, see reference Clinical and Laboratory Standards Institute. Methods for
Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically; Approved
Standard-Seventh Edition. CLSI Document M7-A7. Vol26, no.2, Wayne, PA: Clinicai and
Laboratory Standards Institute, 2006.

Experimental Results and conclusions:

Table 2 Comparison of in vitro Anti-Bacterial Activities

. MICg() (ug/ mL)
Bactena Meropenem Etapenem Compoud 1
Enterococcus faecalis 4 8 2
MRSE 2 2 2
Klebsiclla oxytoca 0.125 0.25 0.06
(non-enzyme producing strain)
Salmonella 0.125 0.25 0.125
Klebsiella pneumoniae 0.015 0.06 0.015

(non-enzyme producing strain)
Morganella morganii 0.125 0.25 0.125
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2 0.125 0.125 0.015 0.125 8 2 0.25 0.25 0.06 0.25 2 2 0.06 0.125 0.015
0.125 Streptococcus -agal acti ae0. 0080. 0150. 008 Strept ococcus

pneunoni ae0. 250. 250. 125 Tabl e 3 Conparison of in vitro Anti-Bacteri al
Activities Table 4 Conparison of in vitro Anti-Bacterial Activities
Strept ococcus agal acti ae Streptococcus pneunoni ae Streptococcus viridans
0. 030. 060. 06GtEBEcOB U agaactze. 1250. 12509-998 0. 060. 50. B6d3 060. 06 0.008

Streptococcus pneumoniae 0.25 0.25 0.125
Table 3 Comparison of in vitro Anti-Bacterial Activities
. MIC (ng/mL)
Bacteria Meropenem  Etapenem Compoud2 Compoud 6 Compoud 7
Enterococcus faecali 2 8 1 1 2
Streptococcus 0.008 0.008 0.004 <0.002 0.004
pheumoniae
Table 4 Comparison of in vitro Anti-Bacterial Activities
. MIC (pg/mL)

Bacteria Meropenem  Etapenem  Compoud4 Compoud5 Compoud 8
Streptococeus 0.03 0.06 0.06 0.06 0.06
agalactiae
Streptococcus 0.25 0.5 0.125 0.125 0.125

pneumoniae
Steptococeus ¢ ¢ 0.5 0.06 0.06 0.06
viridans

Table S Comparison of in vitro Anti-Bacterial Activities

Bacteria MIC (pg/mL)
Meropenem Etapenem Compoud 3 Compoud 9 Compoud 16
MRSE 0.5 2 0.5 —
Streptococeus 0.03 0.25 0.03 — S
agalactiae ,
Enterococeus 0.25 0.25 S 0.125 —
faecom
Staphyloccocus 0.125 0.125
aureus
Streptoc.occus 0.06 0.06
pneumoniae
Table 6 Comparison of in vitro Anti-Bacterial Activities
MIC (pg/mL)
Bacteria Meropenem  Etapenem Compoud Compoud Compoud
12 13 14
Enteroc;occus ) 8 1
faecali
MSSE 0.06 0.25 0.125
Streptococeus 0.008 0.015 0.015 — —
pyogenes
Streptococeus 0.03 0.06 _ 0.03 0.06
agalactiae

As shown in Tables 2 to 6, the compounds of the invention demonstrate superior or equivalent
antibacterial activities against bacteria tested, when compared with meropenem, they are more

effective than ertapenem.

4. Examples

The present invention will be further illustrated with the following examples. However
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As shown in Tables 2 to 6, the conpounds of the invention denonstrate
superior or equivalent antibacterial activities against bacteria tested,
when conpared with nmeropenem they are nore effective than ertapenem 4.
Exanpl es The present invention will be further illustrated with the

foll owi ng exanpl es. However 15 the scope of this invention is not Iimted
In any ﬁ%ys Bﬁ e b BINS IFVGHTINES nof Bmitd irPhhP Way2dotheed etdifiples.OARy YaViafibis hRd
one ski d n the art are intended to be incCluded within the scope of the
pr esent moaifRAtib b ST énelski&Pir theia¥0 afd intended to be included within the scope of
(4R5S, 6S) - 6- 1(R) - 1- hydr oxvet hv1ll-4- et hyl- 3- 1( 7S, 8aS) - 2- net hvl oct ahvdr opyrr
ol opvr atherprésent ivienfien.- oxo- 1- azabi cycl o 13. 2. 01 hept-2-ene-2-carb oxvlic
acid (Corrpound 1 Setp 1Prearat|on of 28 4R) math I

4- hydr okyay g tipn :D:8165)-H5) drgxyet

ii). .""COO—ll\lCOMHHCI _
(2S, 4R ‘ 5 AL 564 ' Ot
of anhydr8 8 net ha(til(i at 0 C was treat ed dropw se with thi onyI chl ori de
(250.0 %c—g—ﬁ—%}’—?—ihe resulting m xture was heated to reflux for 2 hours.
The sol vent and excess thionyl chloride was ran»;oved under reducedOpressure

to affoH®, 312.4 g of desiffed product ¢f b yi el Se NPT emn

of net hyl , 4R) - 1Js(oatzchl rogcetyl) - 4- hydr oxyp¥rr. é Mle- Fesgarb
To a solu MO}(Z cézhhwdrvg_%gy'rr ol i calr:mate
hydr ochl or ide(312. 4 g, 72 HoHyYlin 3.5 L of a s THFa %h»a n
i ce-bath was sl o y added chl orﬁgcetyl chloride (213.4 g, 1.89 L% The
resul ting mxtu ~was heated to flux for 2 ur e _sol vent excess

el ¢
chl or oacet yispehl o | vva @m)ve u der reduced - pressyre\to giv ired
product 3 - Setyp t—nc%g—af N FhcdRh

(7R, 8aS) - 2- nzyl oxy exahydKB i 0{9&!["1 P pyrazlkn/ gd- di B

HS
< TFA S CHj,l S .
N N
1 K/ frA l\JI\/ K/ h
‘\/NBoc NH N\
OH CH
J, 30 OH
H3C ‘. " OH CH
CH 3
;Q‘ OPOPR), CH3/Z" ’ - H3C/l"’ —C(\N/
O ' N S
COOPNB N/ S% H, | N/ N\/I
0 Pd/C o
COOPNB COOH

Setp 1 Preparation of (25,4R)-methyl 4-hydroxypyrrolidine-2-carboxylate

hydrochloride
HO, HO,
oo 2n L
N~ TCOOH ooy N~ COMe
H H HCI

To a solution of (2S,4R)-4-hydroxypyrrolidine-2-carboxylic acid (250.4 g, 1.91 mol) in 1.5 L
of anhydrous methanol at 0 °C was treated dropwise with thionyl chloride (250.0 g, 2.1 mol). The
resulting mixture was heated to reflux for 2 hours. The solvent and excess thionyl chloride was
removed under reduced pressure to afford 312.4 g of desired product (90.0% yield).

Setp 2 Preparation of methyl (25,4R)-1-(2-chloroacetyl)-4-hydroxypyrrolidine-

2-carboxylate
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To a solution of (2S, 4R) - net hyl
1- (2-chl oroacetyl) - 4- hydr oxypyrrol i di ne-2-carboxylate (350.2 g, 1.58 nol)
in 1.5 L of nethanol was sequentially treated with benzylam ne (338.6 g,
3.16 nol ) and TEA (159.7 g, 1.58 nol). The resulting m xture was heated to
reflux for 3 hours. After renoving the solvent under reduced pressure, the
resi due was extracted with CH2C12. The organic mgtract was dried over
anhydrous Na2SO4 and coH€entrated un liced pressure. The residue was
further recrystallized frpm\CH2C12 to gi pr odum@Mg (77.8%yield).
Setp 4 Preparation of (7R G(szenzy‘l—qr%t;aﬁy’dr opyR'r olccl)[21, 2-a] pyrazin-7-ol
H HCl
(7R, 8aS) - 2- benzyl- 7- hydr oxyhexahydr opyrrol o[ 1, 2- g] pyrazi ne- 1, 4- di one(320. 2
g, 1.23 nolp esusides 52324)@}-9&{}@[\&1&%&% Frblidih 8.2 SPb il hgérokhlbhaé{mA g,
al um num hydride (186.7 g, 4.92°nol) in"6:0 L of anhydfous THF. The
resul ti ng2 mot}finres Wasg aibydibad THE ad) °Cah labXteibath evip eloily hedddodhl@oaddng ichride
hours. After cooling to 0 C, the excess lithium alum num hydri de was
car ef ul (2}3d4upnidedol Tle aileng niktere wacheata toirgflur forRawouis. [The rselventrmhdtereess
filtered cake was washed several tinmes with THF. The conbi ned THE sol ution
was condderopestyd shipsiderwasagmoxed prdes sedusedpeessuie tq siye dlgaireghprogdect B8 (184
from et hy]I61 acetate to afford desired product 143.8 g (52.8%yield). Setp 5
Prepar aYf¥h of (7R 8aS)-oct ahydropyrrol o[ 1, 2-al pyrazin-7-ol formate

(1455 g, SOB:E oA R R HERAD P N IRBER Ry B BAH i Patiing: o
car bon (35.121_&}m€nd formc acid (33.1g, 0.72 nol). The resulting black
S'S

suspensi on Wa irred at 40 C for 10 hours under hydrogen pressure (1
atm . The catal yst was rempgved by filtering thr,_lgygh a short pad of Celite

and the filtered cake was rimsed with agphyhy) ona “met hanol . The filtrate was
concentrated under reduced &H?GMEO orese proddct {120, 4 g (98.5% yi el d)
whi ch was used directly in ndkt Sté&p witThoutr > urt hr rification. Setp 6

Preparation of (7R, 8aS)-ter il CH3;0H NBn
7- hydr oxyhexahydr.opyrrol o[ 17 2- a] pyr azi ne- 2(1H) Qarboxyl at e To a

Ut i 7 _ | | _ 02700k § e
064 ol 1S SRR ABKHSARY 11 Blokodee EAPY IRy Pdich PRl (Fed
treat edg W 3§ mbbAn(1L83; 8f fethhnSwaPs uelggatll%tlre)ﬁédr\ﬁ/itﬂ%eﬁﬁﬂaxﬁﬁe NB38.6 g, 3.16 mol)

di-tert-butyl dicarbonate (138.2 g, 0. was added to the reaction

m Xt ur eandTITBAr 3017 @) 158X inél)e Thasresilting eflixfiire -wWdd Keakedl tof réfix’ for IM@urs. After
reaction mxture was washed twice with saturated NaHCO3 sol uti on and one

ti me w temoyirignthe sdlventrwslat tddugedpressres thasestliub edhscxemactad twithr GHsCRaPIgCdrganic

filtered and concentrated under reduced pressure t om%i ve product 135.7 ¢
( 87. 5% itraryas &iadpvepprtpysrensiNm S0 aqdreongergyatedandeprpdyred pressure. The residue was

7- (benzgoyl t hi 0) hexahydr opyrrql o1l, 2-al - razine-2(1H) - carboxyl ate Ph3P

( ¥ her recr)ystaﬁlazeg ?rompéHzaz to é‘we productp3y20£.a2 g (7e7.82°/(o yll_cia)ld). y
Setp4 Preparation of (7R,8aS5)-2-benzyloctahydropyrrolo[1,2-a]pyrazin-7-ol
HO, HO,
LiAlH,
o —_——
N THF N
O)\/NBH | K/NBn

(7R,8aS)-2-benzyl-7-hydroxyhexahydropyrrolo[ 1,2-a]pyrazine-1,4-dione(320.2 g, 1.23 mol)
was added in protions to a refluxing solution of lithium aluminum hydride (186.7 g, 4.92 mol) in
6.0 L of anhydrous THF. The resulting mixture was maintained at refluxing temperature for another
2 hours. After cooling to 0 °C, the excess lithium aluminum hydride was carefully quenched with
water. The reaction mixture was filtered and the filtered cake was washed several times with THF.
The combined THF solution was concentrated under reduced pressure and the residue was

recrystallized from ethyl acetate to afford desired product 143.8 g (52.8% yield).
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DEAD PhCOSH DCM LNBoc Tri phenyl phosphine (264.9 g, 1.02 nol) in 700
m. of CH2Cl2 was cooled to -10 C and stirred for 15 mn. The resulting
solution was treated with DEAD (175.9 g, 1.01 nol) and stirred for 1 hour
fol |l owed by adding thiobenzoic acid (138.8 g, 1.01 nol). The resulting

m xture was stirred for additional 1 hour and treated dropwise with (7

R, 8aS)-ter YlPreparation of (7R,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-ol formate

7- hydroxyhtesig);l%/dropl;/rrol o[ 1,(2- ai]lsg;)yraziyne-g)(,ll-l) -[car t])g);(yl ate (135.7 g, 0.56
mol) in 300 mL of CH2Cl2HOThe reaction m xtume@ was stirred at -10 C for 6

hours. The solvent was renmpwved under reduced pressure and the residue was
extracted with ethyl acetate ) The ext_r_Iéif_EJas concentrated and the residue
was purified by flash colunil cAromat ogiiaghy on i) cacgel to give product
137.7 g (67.8%yield). Setp'g MEsparation of L _NH
S- (7S, 8aS) - oct ahydropyrrol o[ 1, 2- a] pyrazi n-7-y1 benzot hi oate A

sol uti on offy(a/P1&fR) oft@RESaQ}lQéﬂenzyloctahydropyrrolo[1,2-a££yrazin-7-ol (143.8 g, 0.65 mol) in
7- (benzoyl t hi 0) hexahydr opyrrol o[ 1, 2-c] pyrazi ne-2(111)- carboxylate (137.7
g, 0. 38miapoli (1.0CHiREE Reqi@dbaliy)ddsd Patiadibmecort carbor(X38g) arelafoediovdcich(33.1g, 0.72
trifluoroacetic acid (173.3 g, 1.52 nol). The resulting m xture was stirred
at 0 C fioh). Thtoasnking theckr wapanision wasxatinied 2h48 "E€rfor L& hewrswinder lydsegep presswisr(1
o e s bt s bbb ot i or bad SPCHAE ahd o e BAQE'

S oTut Pakedcr ;%%%f%é@%ﬂ%ﬁﬁ%;ﬁ%ﬁ%%] b 0053 eelL Ve HR el Bt 19, gt
3.59 0 j . . 1 20

(Sory OpigtfietTRiale (9B STYiehd) o] wlkhdqilofiy iRt SEB WithoM futhdihbr{fation.

stirred at (Qufsf q{regz‘/ﬁrtﬁhQJ?t(7R,§Q§)-fe'?ﬁHﬁtij7‘-h%ﬁxﬁgr@xﬂmrﬂﬁﬂiﬁﬂ)[M%pﬁfakﬁl@’

dried over arthydrous Na2SO4 "and concentfated un reduced pressure to
afford crugelgy-esibekylfd ch was used directly in next step without further
purification. Setp 10 Preparation of

(7S, 8aS) - 2- et hyl oct ahydriapyrrol o[ 1, 2- a] Pﬁ/r azi neg7-t hi ol The crude
product of previous step was—di ssol ved i P%#t hanof—gand was added to a
saturat ed nethanolic KOH sdl upjon at 0 C THhe geaktilqn nmixture was stirred
at 0 Cfor 2 hours. The reacdlioh HCOQHre wag adj usffed to pH=6 to 7 with 1IN

HC1 solution. Methanol was r NHd and t he residue Bextracted with
CH2Cl12, dried over anhydrous Na2SO4 and concentrated under reduced pressure

to give progueiolfidPof(7RIEE)-oc ?&oﬁﬂn@bﬁpﬁhﬁiﬁ&ﬁh—@fol formdté OI2O0ZY) 0.64 mol) in
(4R, 5S,6S)-6-[ (R) - 1- hydroxyet hyl] - 4- net hy1- 3-

[ (7S, 8as)o slnaitChCls tvalhyoblepior1101°6 i 4,salt-dde bath and treated with TEA (135.5 g, 1.34 mol).
pyrazin-7-ylthio]-7-oxo-1-azabicyclo [3.2. 0{ - hept-2-ene-2-carboxyl ate OH
H3C OOAfEPEIRGIZ for 10 min, di-tert-butyl dicarbonate (138.2 g, 0.64 mol) was added to the reaction

mixture. The reaction mixture was stirred at -10 °C for 4 hours. The reaction mixture was washed
twice with saturated NaHCO; solution and one time with brine. The resulting mixture was dried
over anhydrous Na,SOy, filtered and concentrated under reduced pressure to give product 135.7 g
(87.5% yield).

Setp 7  Preparation of (7S,8aS)-fer-butyl 7-(benzoylthio)hexahydropyrrolo[1,2-a]-

pyrazine-2(1H)-carboxylate

HO, Ph,P
7 DEAD S

PhCOSH 4
— 2y
DCM

N
K/NB N
” K/NBoc

Triphenylphosphine (264.9 g, 1.02 mol) in 700 mL of CH,Cl, was cooled to -10 °C and stirred

for 15 min. The resulting solution was treated with DEAD (175.9 g, 1.01 mol) and stirred for 1 hour
18



CH3 COOPNB )1, COO PNB In a dried reaction flask, 0.52 g of

(7S, 8a5) - 2- net hyl oct ahydr opp-rol o[ 1, 2-c] pyrazine-7-thiol (3 mmopl) was

di ssolved in acetonitrile. To this solution was added 4-nitrobenzyl

(4R, 5R, 65) - 3- (di phenoxyphosphoryl oxy) - 6-[ (R) - 1- hydr oxyet hyl] - 4- met hy1- 7- oxo
-1-azabicyclo [3.2. 0] hept-2-ene-2-carboxylate (1.78 g, 3 mmol) and DI EA
(0.39 gfol[%w%y%ddﬂ?ﬂﬁ@@éﬁ&blgrhcm ngﬁ\'}g g}"@?@)l%bﬁ.r He MsufifHY RiMtuleeWRE @Y for

for overnight. e reaction mXxtu extracted with ethyl acetate and
washed wddiffonst €. THoar Or giadii Ctrbay®r dapwidd edwiver (ARBySIFOLHuNA2 SGhydroxy-
fitered and concentrated under reduced pressure to give crude product 1.39
g (90% kéxahghropyriralb[ Iv2rs]pysezihed2 (1 £Qchrpokylatedt 35.3 tge . Svinadlp irt 30UmLheiTCH,Cl,. The
purification. Setp 12 Preparation of

(4R, 5S, BEYtiG m{xRre Wasstirmes petlAy €] for6 kewtsy Thessolyeps was gymaored under reduced pressure

15, 2, 0] SHEiE o G wa gl FET RS, dekie! TS coRowald 9 heleeibiepyes
?T oty s SaR it Dol o° oTHR et R bR AR I SHRE R ™
For 2 hour Sutrf o HERRioh ofS.Cls S EL B FRREH A Raty Rl yeIRAE RS L €

de-ionized water. The conbined filtrate wag=sxtracted with ethyl acetate.
The product in agueou yer was purified prep. HPLC and t he product
fractions was freeze- d to give solid predyct_(21 ng, 1%yield).

) 11l NWVR (400MHz, D20)

Formul a: C 18H27N304SNBT-\Y . 381. 49LG: \VE: (
4.13 (t, 1H), 4.07 (dd, 1 mﬂ_ﬁ—» »3029 [da,_ 1H), 3.21 (t, 1H)),
1HY,

2.88-2.94 (m 3H), 2.76 (! IH) )}2.57DCHH, 1H), 2 RE-2A 34 (m 1H),
2.17-2.22 (m 6H), 1.96 (t, . 14-1.22 (m 4H) \ 1,88 gq_l 3H, ). Exanple
2Preparation of (4R 5S,6S)-6-1 NBofydr oxvet hy11- 3- I( 7S, aé) - 2-1 sopr opyl -
octahyd ro pyrro lo 11, 2-al pyrazin-7-vlthiol-4-nethyl-7-o0xo-1-azabicyclo
[ 3. 2. 01heptA 2sodytion2-of BF.BaRyerrdusdi d-(erseybhieshexshydropyrrolo[1,2-a]pyrazine-2(1H)-
carboxylate (137.7 g, 0.38 mol) in CH,Cl, (600 mL) was cooled to 0 °C and treated with
trifluoroacetic acid (173.3 g, 1.52 mol). The resulting mixture was stirred at 0 °C for 4 hours. The
reaction mixture was trituated with diethyl ether and the resulting precipitate was collected by
filtration to afford product 89.8 g (86.8% yield).
Setp 9 Preparation of S-(75,8aS8)-2-methyloctahydropyrrolo[1,2-a]pyrazin-7-yl

benzothioate

< CH, I s
— O
0
\__NH TFA N~

To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (3.59 g, 10
mmol) in CH,Cl, (100 mL) at 0 °C was treated with TEA (2 g, 20 mmol) and iodomethane (1.42 g,
10 mmol). The resulting mixture was stirred at 0 °C for overnight. The reaction mixture was washed
with brine, dried over anhydrous Na,SO, and concentrated under reduced pressure to afford crude
product which was used directly in next step without further purification.

~Setp 10 Preparation of (75,8aS)-2-methyloctahydropyrrolo[1,2-a]pyrazine-7-thiol
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COOPNB Setp 1-8 Procedures were sane as step 1-8 in Exanple 1. Setp 9
Preparation of S-(7S,8aS)-2-isopropyl octahydropyrrol oll, 2-al pyrazin-7- vyl
benzot hi oat e To a sol ution of

S- (7S, 8a8) - oct ahydropyrrol o[ 1, 2-c] pyrazi n-7-yl1 benzothioate (3.59 g, 10
mml) in CH2C12 (100 nlL) was treated with TEA (2 g, 20 mvol ) and

2-chl oropropane (0.785 g, A&xmmol). The resulting m xture was stirred at 0
C for overnight. The reac m xture was washed with brine, dried over

anhydrous Na2SO4, filtered-ald concentrated undéfyreduced pressure. The
yS.i n next step vvith?ﬁﬂlrrther purification.

crude residue was used direct

Setp 10 Preparation of (o) —_— N

(7S, 8aS)-2-i sopropyl oct ahydr opyrr opg[ 1, 2-a] pyrazing-7-thiol HS N N- (LN
The crude product of previous st s dissolved in kanol and was added
to a saturated nethanolic KOH solwiB at 0 C. The reaction m xture was

stirred at 0 C for 2 hours. The reaction m xture was adjusted to pH=6 to 7
wi t h 1N HCThs @tude mrodudvitfmaexdbusistep maswissalved ih trethanek antliwasvaddesixtor asaterdted
with CH2Cl2, dried over anhydrous Na2SO4 and concentrated under reduced

pr essur methanefic/KOBF ssdutian @ 08€ . Jhe zempgion mxtgreyasmtisisd ahf i 6rfont haursi Thegseqtion|

4R, 5S,69)-6-[ (R) - 1- hyd t hyl] .- 3- 8as)-2- i I t .
pyr T of oMt s et 8 PR iy oA o Mo B Dot mevaiatng g idue
e 2 e AL D Mo BRI R yent press
(7S, 8aS}O- vé gl%gﬁé}gyé%)gkfé%ﬂropyrrol o[ 1, 2-a] pyrazine7-thiol (3 mmol) was

Ire.

di ssol ved®i ntacetoni To this solution was added 4-nitrobenzyl

4R, 5R, 6S ' ; - -
( ) S3ed fif pb?fmxam%pbm &b9%1 @rﬁ,sﬁks%sl{rggrgnyﬁma&w grgigh%fl 3(- 0x0

-1-azabi cycl o] 3. 2. O] hept - 2- ene- 2-¢ oxyl ate , 3 nrno EA
(0.39 g, 3 [ﬂm;da)S'-%—ZTnhetHyﬁiiQili)QnommM.EZWyﬁtzimT-@ﬁhﬁi]-‘Hﬂiﬂ-mtzabiequsam;ﬁe
for overnight. The reaction m xture was extracted with ethyl acetate and
washed wi t thepa2ane-2¥¢mrboxylate ¢ | ayer was dri ed over anhydrous Na2SO4,
fitered and concentrated under reduced pressure to give crude product 1.30
g (80%yield) which was usedPdirecm]y in next step without further
purification. SetPSJI2Prepaati f- 0 OH .y
(4R 58S, 6S) - 6- [ (R) - 17hydr oxyet QHO)18a0)2- i sgpriopyl - ogt ahydropyrrol o
[1, 2-al pyrazin-7-WiHQ] - 4-0 et hypdope®Xxo- 1-az4biTcy _L@_/STN
hept - 2- ene- 2- car box}ﬂi/ acid —— 5 N N

NS COOPNB

In a dried reaction flask, 0.52 g of (75,8aS)-2-methyloctahydropyrrolo[1,2-a]pyrazine-7-thiol
(3 mmol) was dissolved in acetonitrile. To this solution was added 4-nitrobenzyl
(4R,5R,6S)-3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo0-1 -azabicyclp [3.2.
0]hept-2-ene-2-carboxylate (1.78 g, 3 mmotl) and DIEA (0.39 g, 3 mmol). The reaction mixture was
stirred at ambient temperature for overnight. The reaction mixture was extracted with ethyl acetate
and washed with water. The organic layer was dried over anhydrous Na;SO,, fitered and
concentrated under reduced pressure to give crude product 1.39 g (90% yield) which was used
directly in next step without further purification.

" Setp 12 Preparation of (4R,5S,6S5)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-
methyloctahydropyrrolo[1,2-a]pyrazin-7-ylthio]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid

OH PH cn,

CH, P/
S 2 /
N/ — N N
o N\/’ Pd/C 0)
COOPNB COOH
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OH CH3OH NH2 H3C Pd/ C0 COOPNBCOOH The crude product (2.0 g, 3.68 nmml) from
step 11 of Exanple 2 was dissolved in a 1:1 mxture of THF and water (20
m.) and 10% Pd/C (1 g) was added. The resulting black suspension was
stirred at anbient tenperature under hydrogen pressure for 2 hours. The
catalyst was filtered off and rinsed with THF and de-ioni zed water. The
conbi ned f iThé caide ceXx3.0aceesma ) florfitshep 1126a¢ dissolvdd e #r1OUHELtute oA IME Qg

| ayer was purified by prep. HPLC and the product fractions was freeze-dried
to gi vewstet (20 mi)cndtl 007 ®drE) wad .added;i Bleddesulfing bldck :sufiRndiba MNR0stisidd| at \Aimbient
409. 54LC- MS: 410( M+11) 1H NMR (400MHz, D20) 4.05-4.15 (m 211), 3.73 él
1H,), 3tegperatire vpfer hydwzer pmxsx(rmfomours Eh; C(atiiéb’st was Yiltewd off @1cbdnsedwith BHF
2.94-3.01 (m 211), 2.78 (t, H)., 2.40-2.48 m3
1.22-1.a4 él?rfonmﬂ WiteFt?T}Qf‘d comned 1ﬁ1§8te( was @Fsract@m gthybagsiateatl uct in

byr szt rAeg Ryd s RIS e VAT Ho4 BRh A e 501&‘8aﬁfrsf‘zngqr§9&? givs solid;

hept - 2- acid (Conpound 3) Setp 1-8 Procedures were sane
as step &%&(21 ﬁlélgamwé ?f Setp 9Preparation of

S-(7S, 8F§)nui’ab€'i\8H§|7N§U4§hyd'M8NM0|3@ﬂ 4o2- afi ey Az 382 (M penzot hi oat e To
a sol ut| on of S-(7S, 8a8)-octahydropyrrol o[ 1, 2-c] pyrazin-7-yl benzot hi oate

(3.59 g'H NMRy@00MHa, D1 2.161@01 i), #.07a@d} 1R} 847vt,tIH)TBAY(@JIIHRG. :nm@J JH),
and benzyl bromde (1.71 g, 10 mmol ). The resulting m xture was stirred at
0 C f or2.882r%i (ghBH) 1226 (matt).@5hiddt Uy 2282 84 $me tiHN) 2. 17-B2R {m, 6H).i kb Gy EH),
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The

crude rb%i‘ﬂ@@(ﬁhﬁhs’e@s tHB&ed1y in next step without further purification.

(ﬁ{)“drer RIPI4UGE Of n‘“&e t'ho- it
m Xt ur eczw 3"3&“‘&;‘?%@‘%9“& ?Er 2 hours. The reaction m xture was adj usted
to pH=6"T1 J tion. Methanol was renoved and the residue was

extracte ith CH2C12, dried aver ydrous Na2SO4 and concentrat ed under
reduced ssure to give )\d
pr oduct ( ) zyI oct ahydropyrr o o[ yrazi ng-? th| (1. 19,
539%) . bp 1 gtA on of 4-nit®ob —<:
(4R, 5S,695)-3-[ (7S, 8asa 2- benzyl oct ahydropyrr al pyrazi H t hi 0]
-6-1(R) - 1- hydroxyet hyl] -4-methyl-7-oxo- azabl cyclo [3.2.0] hept 2 -ene-
2-car boxyl etie g
H,C 7 ' Q
= OP(OPh) OH
N 2 H,C -,
0 COOPNB ch~ /k Y —C’A
_ N~ “pac. O
COOH

COOPNB

Setp 1-8 Procedures were same as step 1-8 in Example 1.
Setp 9 Preparation of S-(75,8a8)-2-isopropyloctahydropyrrolo[1,2-a]pyrazin-7-

yl benzothioate

NH TFA

To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (3.59 g, 10
mmol) in CH,Cl, (100 mL) was treated with TEA (2 g, 20 mmol) and 2-chloropropane (0.785 g, 10
mmol). The resulting mixture was stirred at 0 °C for overnight. The reaction mixture was washed

with brine, dried over anhydrous Na;SOy, filtered and concentrated under reduced pressure. The
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In a dried reaction flask, 0.74 g of

(7S, 8a5) - 2- benzyl oct ahydropyrrol o[ 1, 2-a] pyrazine-7-thiol (3 mmopl) was

di ssolved in acetonitrile. To this solution was added 4-nitrobenzyl

(4R 5R, 6S) - 3- (di phenoxyphosphoryl oxy)-6- [(R) -1 -hydroxyet hyl ]

-4-met hyl- 7- oxo- 1- azabi cycl o- [3 . 2. 0] hept-2-ene-2-carboxylate (1.78 g, 3
mol ) agdadlsiué Gad Asc difecTydh ﬁext-E wigtdt fuethenpusifitaiomas stirred at

anbi ent tenperature for overnight. The reaction mxture was extracted with
et hyl acet Sefp BndPrgsirationof (TXRiH2-isThopylogtatiydropyreclofib2-alpyrerineviethiol
anhydrous Na2SO4, fitered and concentrated under reduced pressure to give
crude product 1.56 g (8/. ield) which was use directly in next step

wi t hout further purifi 12Preparatio m
ym 2- @), _@yrazin-7-yl thio]

(4R 5S, 6S) - 3-[ (75, 8a8) - 2- be
-6-1(R) - 1- hydroxyet hyl ] - 4- thylz oR0- -azab| cyclo\_[__3 ] hept 2 -ene2
-carb oxylic acid OH CH3,Bn H Pd The crude product

) 13 i paiogel 4o o e e L o o
2 vasTSUREKRH ?"{m‘g‘fﬁt %%1%; a%aalggn H}H’E&f g@fﬁw‘ﬂé gﬁ e85 “fg;ﬁrjg;f%ﬂmée
lcgrrte)lr neai%/tflfet‘?’%ﬁ%J &Flactoed V\Ilﬂ{lfl1 S}?ﬁl %%e{[ce itﬁ%(%he [S)rr uct 1n aqueestl)%s
to gi ve 2 F*'téc‘%dﬁ‘%ﬁl??*?%p el Egeé%“gﬁfP% R wﬁéﬁﬁ@éz‘i?ﬁs%‘%%ifs%%@&aﬁ%“&d
{57, SOLG I sty dgp R (400, DLCMSO06) 72007, 33 (m S, 8
5153 17 (Shp S LeGptrai 40iGabRT (LS5 451 - “("%*52“'?‘”‘5“7“3”?*‘7‘2? _ry
50 2% ol ol e ot st
(4R, SS 6S) ept2rgedaerboxyate y| oct ahydr opyrrol 011, 2- al pyr azi n7-yl t hi ol - 6- 1
R) - 1- hydroxyet hyl I -4-m et hylofr 0X04- azabi cyclo 13.2.01

hept - 2- ene- 2- car boxyl i c anCdJ( Co uhdo4) CH®HO CPC(HCPlOZCH
);_\Ei%—op(oph)2 CH3/’ o /k
S N
\E}?ﬁN—< o COOPNB N %
—/ E— COOPNB

In a dried reaction flask, 0.60 g of (7S,8aS)-2-isopropyloctahydropyrrolo[1,2-a]pyrazine-
7-thiol (3 mmol) was dissolved in acetonitrile. To this solution was added 4-nitrobenzyl
(4R,5R,6S)-3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo-
[3.2.0]hept-2-ene-2-carboxylate (1.78 g, 3 mmol) and DIEA (0.39 g, 3 mmol). The reaction mixture
was stirred at ambient temperature for overnight. The reaction mixture was extracted with ethyl
acetate and washed with water. The organic layer was dried over anhydrous Na;SOy, fitered and
concentrated under reduced pressure to give crude product 1.30 g (80% yield) which was used
directly in next step without further purification.

Setp 12 Preparation of (4R,5S,65)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS)-2-isopropyl-
octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-4-methyl—7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-

carboxylic acid

OH OH

: CH
J;—é— ~C,/\ /k H H3C JJ;‘?: —C‘/\ NJ\
N . Y
“piC. O N N\)
COOPNB COOH

The crude product (2.0 g, 3.68 mmol) from step 11 of Example 2 was dissolved in a 1:1
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cH3 COOPNB COO PNB Setp 1-8 Procedures were sane as step 1-8 in Exanple 1.
Setp 9Preparation of S (7S, 8aS)-2-acetyl octahydropyrrol o[ 1, 2-a]pyrazin-7-yl
benzot hioate 0 A0 N NH TFA\/ \ _/ To a sol ution of

S- (7S, 8aS) - oct ahydropyrrol o[ 1, 2-c] pyrazi n-7-yl1 benzothioate (3.59 g, 10
mmol) in CH2C12 (100 nmL) was treated with TEA (2 g, 20 nmmol) and acetyl

chl or i dgixée 68 THF &l Watel {20 P ai® $O¥tPINO (IMoXivd§ BddAS THE tdstRfhgack stspefsion
hours. The reaction m xture was washed with brine, dried over anhydrous
Na2SO4, whd $tireaded aaibdertt acraperatuad anlden hgdrogee pusade fore? hons. Théeatalystdwas Slerdde
was used directly in next step without further purification. Setp 10

Pr epar atff and gfnsed with THF and de-ionized water. The combined filtrate was extracted with ethyl
1-1( 7S, 8aS) - 7- ner capt ohexahydr opyrrol o[ 1, 2-al pyrazi n2( 1H) -yl ] et hanone

The cr udfetag: ddgaqrodict i aqpeous lasies pragparified Sy prerl HPLGend 4he prodyet fiadions ag
to a sagurated. nethanalic KOH spol uti at C. The reaction m xture was

st i rredﬁ%ftze'émédf(bgwﬁ Sﬁlb‘ijp@.ﬁuﬁtt{zg%é%%ﬁle xture was adjusted to pH=6 to 7
wi th IN;.HC1,soluti an. th I ve .t reghdue was extracted
with W}a’dbiz@dﬁg@oé‘geanﬁh@ r'vg\tﬁg%ﬁg§goo4 g‘rggp@dr%?@%%gt)ed under reduced

pressur gy NaRi(¥6oMERABGD) 4.05-4.15 (m, 2H), 3.73 (t, 1H,), 3.54 (d, 1H), 3.37-3.47 (m, 2H), 3.29
1-[ (7S, 8aS) - 7- ner capt ohexahydr opyrrol o[ 1, 2- a] pyr azi n- 2( 1?—|) -yl ] et hanone
(1.06 g(ddpB¥), 3.14-3.28(m, JH), PreRa0A(mePHYR. 78 @) TH))R&523/69 (m, 1H), 2.40-2.48 (m, 3H),
(4R, 5S, 6S) - 3- R7S, 8aS) - 2- acet yl oct ahydropyrrol o[ 1, 2-al pyrazin-7-ylthio] -6-
[ (R) - 1- h@2H M y(et, YDA 47 (b 3RE)) 1.08 &k 3H)- azabi cycl o [3.2.0] hept-2 '

- ene2-car boxyl at e COOPNB In a dried reaction flask, 0.6 g of
(7S, 8a pleet ¥1 0 reparation r of o (RS (78 8aS¥2+henzyloctahwdrg
di ssolved in acetonitrile. To this | ut i op_was added 4-njLrobenzyl
(4R 5R m_z_‘glﬂ-vlthio]-&[(R)-?-hvdroxvethvlf—g-methvl-7-oxo-1-aza%9cvclo?§.&.0 hept-2-ene-2-

(di phenox hcls ho oxy)-6:L{R)-1- hydroxyet hyl] - 4-net hyl-7- oxo- 1- azabi cycl o
[3.2.0?—‘&@%’!&@1@'@@—%9«%1" 1CAcic B0 ate (1.78 g, 3 nmol) and DIEA (0.39 g, 3

mol ). The reaction m xture was stirr t anmbi ent tenperature for

over ni g?@l%s reaction m xtgre\was, e acted with ethyl ae e and washed
W th wat®&e- ani c Iayerie rm&\ous Na2SO4, fHrtered and
concentr at edoum;??a,(]# pressuré to give cr pNoBuct—i>4 WS%
yield) which was usedsdiréctly in next step wi t hott! furt her purification.
Setp 12Pr eBar ation of

(4R, 5S, 68)J§- [ ( ,38308) - 2-acetyl oct ahydropyrrol o[ 1, 2-al -

pyrazi nHEL Y1tk

- 6-0 ) - 1- roxyet hy11- 4- met hyl - 7- of8- 1- @mabi cycl o
[3.2.0] hep OPé‘[?‘ghga@gegF cn(f -Bn

ne- /licgaéid Bn » —C\/\N
0 COOPNB s J Ny N
> 0

I _Hy o
COOPNB Pd/C COOH

o

Setp 1-8 Procedures were same as step 1-8 in Example 1.
Setp 9 Preparation of S-(75,8aS)-2-benzyloctahydropyrrolo[1,2-a]pyrazin-7-yl

benzothioate

NHTFA ———>

To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (3.59 g, 10
mmol) in CH;Cl, (100 mL) was treated with TEA (2 g, 20 mmol) and benzyl bromide (1.71 g, 10
mmol). The resulting mixture was stirred at 0 °C for overnight. The reaction mixture was washed
with brine, dried over anhydrous Na;SOy, filtered and concentrated under reduced pressure. The
crude residue was used directly in next step without further purification.

Setp 10 Preparation of (75,8aS5)-2-benzyloctahydropyrrolo[1,2-a]pyrazine-7-thiol
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CHCH3I'l H, Pd/ C COOPNBCOOH The crude product (0.7 g, 1.28 mml) from
step 11 of Exanple 4 was dissolved in a 1:1 mxture of THF and water (20
m.) and 10% Pd/C (0.3 g) was added. The resulting bl ack suspensi on was
stirred at anbient tenperature under hydrogen pressure for 2 hours. The
catalyst was filtered off and rinsed with THF and de-ioni zed water. The

conbined filtrate was ed W th ethyl acetate. The product in agueous

| ayer was purified by p HPLC and t he prodHg actions was freeze-dried
to give solid product (47hy, Qﬁ&ﬁl d). e fO0\t he am de bond on the
Ni n

oct ahydropyrrol o[ 1, 2-a] - pyrazin gN-BH NvR=exhNpi t¥"Bho conforners.
Formul a: C 19H271\ 1305SMbl . W 40HOLC— V5. 410( MF 1H NVR (400 Hz,
D20) 4. 42 1{d .crfiieSibdud? of g)?gviélﬁb stép Yl dissdlvel it mbthao) ardtfvas 8ddedé A shturated
0.5H), 8 3.81 (d, 0.5H), 3.67-3.71 (m 1H), 8 3.31 (d, 1H), 8 3.17-3.24
(m 1. 5kkethan@iPROM Qut{on atD. BHThe SealtidiPmixtureOwasttirred a0 6C for 2 hawdy. Tig rpactieon
(t, 0.5H), 8 2.33-2.39 (m 1H), 8 2.10-2.22 (m 1H), 8 2.03-2.13 (m 1H)

2. 04 (dmighle, was ddjusted] toopHtrto 4pyith 8 10! godutiogm-Metimnghiag rgnweéip%d;liiﬂ sidye
(4R 5S,69)-6-1(R) - 1-hydroxyet hy11-3-1( 7S, 8a9) - 2-i,sobut yryl.oct.ahydr opyrral o
[ 1, 2- al Wa§ psipackedwigh Pﬁ#zgiza drigd e‘(%fﬂhﬁﬂe%- 2t aaélflc,‘%?eﬁfi‘é.dz".“éir LR
hept - 2- ene- 2- P(ORh) 2 COOP, -4.%., - p.

Pr oced ur%&vwéu%téﬁékaé&g‘?e&ﬁﬂﬁ%%{?% I -<_1J_p y?afzmeg- t'emﬁgfgll"r%gghsr%/ffon of

S- (7S, 8aS) -2:i spbuys yryl yd , iQl) ¢y, ' -
To a sol ut |S<2§FP if ?%%agééf}ﬂo‘g{'gﬁ%g% l;./(uh ébﬁb@%[@f’gﬂgﬁn ?’?%%N‘%&M"
benzot hypat ind7-Pithibf- -1-H fihd}-4-d @Ry r-bx¥asaabaytR(B. 20 Hepi-2Aene2
g, 20 %?%ﬁﬁZl??ogﬁ?l&?gmL?gﬁgﬁl 07 g, 1)(3 rrm};I ). Thggr?gsul ti]ng )
m xt ur ev@sbéiyldteed at 0 C for 2 hours. The reaction mxture was washed

with brine, dried over anhydrous Na2SO4, filtered and concentrated under
reduced pressure. The crude r dueGHas used directly in next step without

further purification. SetpHO P ti &n of OH

1- 1( 7S, 8a$) - 7- mer capt ohexahydr opydr gAo[F Pl pyr azj n2( 18§ y1] - 2- net hyl pr opa
n- 1- one ThEsgruge productg’of pievi ous st epHinas diesol ved~ tBvanol
and was added to %&'ﬂ\at ed net handtT¥NEOH sol uti g

RC -\ he reaction
m xture was stirre t ONCBfor~—2 hours. The reacti t ure was adj ust ed

nm
to pHE6 to 7 with 1IN sol uti on. Methanol was renovedCSRBNBhe residue was

extract ed Wt ngstP o ih&d goMeg gfa*gg,ﬁ'%s@-btggécyggr%%h?&@pf&%meaﬁ%ﬁ&mm%ol

(0]

reduced pr essurrg_cfo give pr éguct
(3 mmol) was dissolved in acetonitrile. To this solution was added 4-nitrobenzyl
(4R,5R,65)-3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1 -azabicyclo-
[3.2.0]hept-2-ene-2-carboxylate (1.78 g, 3 mmol) and DIEA (0.39 g, 3 mmol). The rea(':tion mixture
was stirred at ambient temperature for overnight. The reaction mixture was extracted with ethyl
acetate and washed with water. The organic layer was dried over anhydrous Na;SOs, fitered and
concentrated under reduced pressure to give crude product 1.56 g (88% yield) which was used
directly in next step without further purification.
Setp 12 Preparation of  (4R,5S,65)-3-[(7S,8aS)-2-benzyloctahydropyrrolo-
[1,2-a]pyrazin-7-ylthi0]-6-[(R)—1-hydroxyethyl]-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept-2-ene-

2-carboxylic acid

OH
OH oy J CH _Bn
/l 3 CH3 ,". N

CH; ., _Bn g

/ S—</\,/\N N / N\)
e NI B o
COOPNB Pd/C COOH

The crude product (0.59 g, 1.0 mmol) from step 11 of Example 3 was dissolved in a 1:1
mixture of THF and water (20 mL) and 10% Pd/C (1 g) was added. The resulting black suspension
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Setp 11 Preparation of 4-nitrobenzyl

(4R, 5S,6S)-6-[ (R) - 1- hydroxyet hyl11-3-[ (7S, 8aS) - 2- i sobutyryl oct ahydropyrrol o
[1, 2-a] pyrazin-7-ylthio]-4-nmethyl-7-oxo-1-azabicyclo [3.2.01-

hept - 2- ene- 2- carboxyl ate COOPNB In a dried reaction flask, 0.68 g of

1-[ (7S, 8aS) - 7- ner capt ohexahydr opyrrol o[ 1, 2- a] pyr azi n-

2(1H) - Yis sirfaat 0aibie admberafiee ﬁﬁde?‘ﬁ?ﬂﬁog@@%régklﬁé V2 Roli. FRE ARSI Whefiltdied
this solution was added 4-nitrobenzy

(4R, 5R, @Band-rimded e thoTyiFhasdp deiotizxty yvater.[ THY) edmbiyied aMty st hyds] exdragridhwith ethyl
7- 0x0- 1-azabi cycl o-[ 3. 2. 0] hept - 2- ene- 2-car boxylate (1.78 g, 3 nmmol) and

DI EA ( Cactitey, The prodiic) in Tpeeous dayer ovas rpuxified &y vaep. HPLC edd dbe prdduenfractions was
tenperature for overnight. The reaction mxture was extracted with ethyl
acet at effesgerdrigd fogivaselid preduct (76 me, d6Yarield ayer was dried over anhydrous

or oduct Forms: cCo@BiSl cy Mk Bk dad Sasea Ly FE: BPSORHRext ot ep w t hout
(iR Do ERNMIR (SRR, D MSELE) 12437 SRR HIRB Shtedtn 201 éa@gwwy%ﬂa
[1,2-a] (npylr 3@173 ¥ (Rl 9t fa50380d Jiré?%ﬂz 12}%%?230_*{ b Qud %ﬁ . gn SIN

hept - 2- ene- carboxyli'c acid COOPNB e cru e pro

mol ) {3, osrssme(m HPB. Bxanpl@: GH)RS.83i580 (e SH), M. 20-2: 72 (i 1 r@s@fz 512

water (20 nmL) and 10% Pd/C (1.0 g§ was adged %’he resu(tl ngyb | ac " ),
suspens.bh2uagms 1 H,reel7-atl | gmhBHNt1. 7% b2 (at, UHE, 10 ed8 imd6HYyen pr essure for 2
hour s. The cat aI yst was fil tered of f and r| nsed vmth THF and de-ioni zed

bond on t‘ngOCt ahﬁg‘rﬁopyrrol 0[1 2 a] pyra2| ne ri ng 111 NVR exh| b| ts tvvo
conf or C2111311\ 1305SMol . W : 437.55LC- MS: 438(M+11) 1H NWR
(400 MHz, D20) 6 4.44 (d, 0.5H), .31(d, 0.5H), 6 4.04-4.14 (m 2.5H), 8
3.96 (d H, 8 3.65-3.67 ¢m 8 3.27 (dd, 1H), 8 3.16-3.21 (m

1.5 Q% Es' m 3.5HPNG 2367 S 8 2.58 (tHS 8 2.44 (t,
05|I:I)D 8 2 éﬁ% 1Hy_6é.12 2. 2 (\% 02-2—94£2 o.sﬁ\&mkl)os(
115124(rﬁ AT1Y, 8O (d, 3H), 8 0.91 0°\96/ 6H) . ExarrpNLI,N‘/{

6Preparation of (4\%’58 6S) - 3-1( 7S, 8aS) - 2- benzovl oct ahydr opyrr ol 011, 2- al -
pyrazin-7-vithiol -6-1(R)-1-hydroxvethyll-4-nethyl-7-oxo-1-azabicyclo
[3.2.01 heﬁf{ 2- He-g- car boxylic acid (Conmpound 6) COOH Setp 1-8
Pr ocedures g} stepo}iL 8 |n Exarrpl e 1 Setp 9 ‘épar@;l on of

S- (7S, 8aS) - ocC %@Mddopyrr 30[ -a py azi nCH;ﬂ zot hi oate

0 COOPNB
Y
N 4 N N
Pd/C
COOPNB COOH

Setp 1-8 Procedures were same as step 1-8 in Example 1.

Setp 9 Preparation of $-(75,8a8)-2-acetyloctahydropyrrolo[1,2-a]pyrazin-7-yl

©\rm *CIQY*EH

NH TFA

benzothioate

To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (3.59 g, 10
mmol) in CH,Cl, (100 mL) was treated with TEA (2 g, 20 mmol) and acetyl chloride (0.78 g, 10

mmol). The resulting mixture was stirred at 0 °C for 2 hours. The reaction mixture was washed with
brine, dried over anhydrous Na;SOy, filtered and concentrated under reduced pressure. The crude

residue was used directly in next step without further purification.
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To a solution of S-(7S,8a5)-octahydropyrrolo[1,2-a]pyrazin-7-yl
benzothioate (3.59 g, 10 nunol) in CH2Cl2 (100 nm.) was treated with TEA (2
g, 20 mmol) and benzoyl chloride (1.4 g, 10 mmol). The resulting m xture
was stirred at O C for 2 hours. The reaction m xture was washed with brine,
dri ed over anhydrous Na2SO4, filtered and concentrated under reduced
pressure. u i Vi Si@gg_ di i i pﬁq{z _urt her
purificati gg&) ﬁfsﬁ%’%%‘?’ﬁﬁ%ﬂﬁ on 1:7 %Eﬁ%bﬁhe&ﬁhﬂﬁ%by%ﬁﬂlmtﬂ i
[ (7S, 8aS) - iﬂ@tﬂﬁm‘,mahydr opyrrol oll, 2- al pyrazi n2(1H) -y1] (phenyl ) net hanon
e The ‘crude product of previous step was dissolved in nethanol and
met hanol i ¢ KOH solution at 0 C. The reaction
m xture was stirred at fgr 2 hours. The reaction mxture was adjusted
to pH=6 to 7 with 1N ) th hgnol wadiSr ed ang, the residue was
extracted with CH2CL2, dried oweyy angydreus—Ma2S0OA4_a entrated under
reduced pressure to give product Y1/86 g, 719%. mﬂegarati on of
4-ni trobenzyl (4R, 5S, 6S)-3-1(7S, 8aS) - 2-benzoyl oct ahydr o-
pyrrol o[ 1, halcRedsibiuct of IpkdViels fefd W dissblyeld axiretiandll ardt was Bdded foaxertdrated a
bi cyclo[ 3. 2. 0] hept - 2-ene-2-carboxyl ate In a dried reaction flask,
0. 78 g mkthanolic KOH solution at 0 °C. The reaction mixture was stirred at 0 °C for 2 hours. The reaction
((7S, 8aS) - 7- mer capt ohexahydropyrrol o[ 1, 2-a] pyrazi n2(11/) -y1) (phenypmet hanon
e (3 mmmigtuncasastidiustdd/wdpHT6 e dtvath 1NiHE! sofwionhMethkasoliwas temenedandedhe residue
flhgldf. ng;g{] %}ﬁéﬁ&@p@@@;d 'é&ﬂége? ?aﬁﬁ%?@@@%@? [a%ld %)éxgen?rateh gr?lzierlreduced pressure
. 2. 0] hept -.2- ene- 2- te (1.78 no nd_ Dl NS
The reat:$¥h Pm%k%f@&&?éxi'?ﬂ ali’t(g}exgl??@%ép%'trrohge[rlr%éag%%'é@ﬁ%\ugtrhﬁﬁ %ﬁ]@dfsh%
reacti og (ylxture was extracted wth ethyl acetate and washed with water.
The org 3hl"' | ayer was dried over anhydrous Na2SO4, fitered and concentrated
under redu e | 16% 6.8)-33(73,$a85 % ¥d @) 160talidd 16 Py idFo-
used dir ecﬁ%ﬁ’ ?{n ﬁ%ﬁé‘?@'ﬁ%ﬁfﬁgﬁ?@lﬂ ﬁgerjsf)u%)l fgﬁ(catti(agz. Set%lp 12E:$ryuep2¥ati on
of (4R BQ-efyrazin{7iABeRs- dydxyetaiy4neplyl- Bbod-1-aZabicyclo[3.2.0] hept-2-ene-
pyrazi n-ﬁ?-y thi o] - 6?’[t( R) - fﬁtmxye’?ﬁyl??y& met’;]yl - 7- oxo- | -cgzabi cycl o[ 3. 2. 0]
hept - 2- 2rarBoxyltae boxylic acid OH0.,"00H H3CG-j%, H2 , Pd/CN 0 COOPNBCOOH
The crude product (0.8 g, 1.32 nmmol) fromstep 11 of Exanple 6 was
dissolved in a 1:1 m xture of 9FHF apd, water (20 nlL) and 10% Pd/C (0.4 g)
was added. The resul ting blmck™ nsi §n was stiomed e{{ anbi ent 0
t emper at ure under hydrogen pres e/ QP(PPh)ou&ﬁ/l]jhe cat al yst fl[]lw;ered
of f and rinse#SwitR THF agd defi oniged water. The g_i@%re s
extracted with %e te. The pr&EB i n aquegusN+@yer ugh fied by
prep. HPLC and the product fractions was freeze-&ied hgogiye solid product
55 ng (8. 7% vyield).

In a dried reaction flask, 0.6 g of (7S,8aS)-2-acetyloctahydropyrrolo[1,2-a]pyrazine-7-thiol (3

mmol) was dissolved in acetonitrile. To this solution was added 4-nitrobenzyl (4R,5R,6S)-3-
(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo0-1-azabicyclo[3.2.0]hept-2-ene-
2-cérboxylate (1.78 g, 3 mmol) and DIEA (0.39 g, 3 mmol). The reaction mixture was stirred at
ambient temperature for overnight. The reaction mixture was extracted with ethyl acetate and
washed with water. The organic layer was dried over anhydrous Na,SOy, fitered and concentrated
under reduced pressure to give crude product 1.43 g (88% yield) which was used directly in next
step without further purification.

Setp 12 Preparation of (4R,5S,65)-3-[(7S,8aS)-2-acetyloctahydropyrrolo[1,2-a]-
pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-

carboxylic acid
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Due to the am de bond on the octahydropyrrolo[1,2-c]- pyrazine ring, I|II
NVR exhibits two confornmers. Fornmula: C241129N305SMbl . W: 471. 57LC- MS:
472(MHH+)  NWR (400 MHz ,D20) 7.39-7.45 (m 3H), 7.31-7.34 (m 2H), 4.58
(d, 0.511), 4.44 (d, 0.5H), 4.13 (t, 1H, 4.07 (dd, 1H), 3.61-3.74 (m 2H),
3.28-3.32 (m 111), 2.93-3.20 (m 2.5H), 2.86 (d, 0.5H), 2.82 (d, 0.5H),
2.68 (t, 0.511), 2462 (t, 114), 2.39 (m O0.5H),0R.14-2.27 (m 2.5H),

1.25-1.35 (m 0 5K, 198 (d, 3H), 1j’\o5-1. 1, h 3. 51D . Exanpl ej\
Preparation of™3 ~ N N

(4R, 5S, 6S)-6-1(R) ;@?ﬁ@m - met hyle 2. oxg=% 7§,'§$;<@

pi col i novl oct ahyd®opyr &&NEL 2- pyrazi M- vit hi oltgokr azabi cycl o 13.2.01
hept - 2- ene- 2- car boxvl i ¢ acid (Conpound 7) COOPNB COOH Setp 1-8
Procedur es TRe e RAPBIES @weg, 128 thihoB¥XRoml fepl 11 T EXAPIEARAS dRB0IOEd in a 1:1
S- (7S, 8aS) - 2- pi coli noyl oct ahydropyrrol 011, 2-"al pyrazi n-7-y1 benzot hi oate

To a somyttirenofoTHE ardd, waad) (2Uc hil)y sidopevs edal 10.3- g mak aadded.7THE. resulting black
benzot hioate (3.59 g, 10 nmol) in Cl112Cl2 (100 m_g was treated with TEA (2
g, 20 msuspdnsivndwimestireed atcdmhimentdempdratiirg und€ hydodgen préssureefon 2t hovgs. rifhet eatadyst
was stirred at 0 C for 2 hours. The reaction m xture was washed with brine,

dri ed ovesfiligied aff ond rinecziowith THE andrdsdonired watse divecambined ftlspteveag gxtiarted with
BL?,SfS :J(r:%bylg;:gtagersgfgg pfgfq%i; gjggqﬁﬁ%ﬁg'gqg wgsI Irn?r%igdy b)lf Breg.eﬁ&’L%t a%Pd T\./l\1ne tprr](())ci'llfct I‘rla{ét}orr]les"r

[ (7S, 8a5) - 7- mer capt ohexa ropyr.rolol1.2-al pyrazin-2(1H) -

yl | (pyr\”%ﬁ %962?')?11“)6 CE%%(ﬁSE%ng%Ct(R#Hig’gilﬁgle@bduct of previous step was
di ssol ved i ak I AL |
at o c Dt L ARlachd ey SANER bidp Rl B e AR, 1 R Bl k8D
m Xt ur ecopdSmped usted to pH=6 to 7 with 1IN HCl sol ution. Methanol was
renoved and the residue was extracted with CH2Cl2, dried over anhydrous
Na2SO4 Borehutan CeyHpNi@S unddol. Wed woedopr e S<LMS: 4a0@MYH Hpr oduct (2. 23 g,
85%) .

'"H NMR (400 MHz, D;0) & 4.42 (d, 0.5H),  4.27 (d, 0.5H), 5 4.07-4.15 (m, 2H), 5 3.97 (d, 0.5H),

8 3.81 (d, 0.5H), & 3.67-3.71 (m, 1H), & 3.31 (d, 1H), 8 3.17-3.24 (m, 1.5H), § 2.90-2.99 (m, 2.5H),
8 2.72 (t, 0.5H), & 2.61 (t, 1H), & 2.48 (t, 0.5H), § 2.33-2.39 (m, 1H), § 2.10-2.22 (m, 1H), &
2.03-2.13 (m, 1H), 5 2.04 (d, 3H), 8 1.17-1.27 (m, 4H), 51.09 (d, 3H).

carboxylic acid (Compound 5)

. 0]
HS
@\(Sm %Cl Q\(Sp‘\ P T p
— N N
N  NH TFA 0 N\ /Ng_ \_/4§7

O

OH CH,4

H3C/'/" 9
1 _)—OPOP), /;)H .
0 COOPNB  H;C™™.
N/
0

", 0 j’H CH, 9
N Y
N H _C’/\
S
J;Qﬁ S—C]\‘:\) Pd/C o N Y N \)

COOPNB COOH

| Setp 1-8 Procedures were same as step 1-8 in. Example 1.
Step 9 Preparation of S—(7S,8aS)-2-isobutyryloctahydropyrrolo[1,25a]pyrazin-7-yl

benzothioate
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Setp 11 Preparation of 4-nitrobenzyl

(4R, 5S,6S)-6-1(R) - 1- hydroxyet hyl] - 4- met hy1- 7- oxo3-

[ (7S, 8aS) - 2- pi col i noyl oct ahydropyrrolo [1, 2-a] _
pyrazin-7-ylthio]-1-azabicyclo [3.2.0] hept-2- ene-2-carboxylate OHCH3 HS

H3COOHr, " OP(OPh) 2r, COOPNB COOPNB In a dried reaction flask, 0.79 g of
[ (7S, 8aS) - 7- ner capt ohexahydr opyrrol o[ 1, 2 a] pyrazi n2(1H)-yl} (pyridin-2-yl)nme
t hanone (3 mmol) di ssolved in acetopitril o this solution was added
4-ni trobenzyl s cl gkg»ﬂ 0

(4R 5R, 65) - 3- (di phenokyp @a‘ Ok Vvl oxy) -6- ) - 1- hydr oxyethy 1]N4X et hy1-

7- ox0- 1- azabi cycl 0-[3°2. 0] Itpt I;]‘}é{ gﬁé- 2- car boxyl ate (1.78 \g—J3ﬁ§ﬁﬂ ) and
DIEA (0.39 g, 3 mmol). The reaction mxture was stirred at anbfient

t enper at ur gf pr nhARL: - ' ' [ in€X{T BehRthivatt N3eohyl 10
acetate an owgssﬁglgl%\%lvi !t)%@tvgfq-(g?‘?) #ﬁ%&%ﬁﬂdf}%y@?ﬁi d?i ed over amydrgus
Na2SO4, nﬁﬂ%ﬁﬁle@'[{é;ﬂg' (QDNGEN wad uRdied R8I TERAAD G A0 Mi@SH e isobugirylechdoritibe(1.07 g,
product 1.33 g (73%yield) which was used directly in next step w thout

f urt her 1Qmdl). Cieiresulting mixdetepasstitredpa02Ci fon2diours. The reaction mixture was washed
(4R, 5S,6S)-6-[ (R) - 1- hydroxyet hyl] - 4- net hyl - 7- oxo- 3-[ (7S, 8aS) - 2-

pi col i nwithdrinahguedpyerrashydions %@$Opﬁ1@2¢¢1m gonasnited pnderatsduced) pyessyrer The
hept - 2- ene- 2- car boxylic_acid, COCH The crude .product (0.8 g, 1.32
mrol ) f erwde sesisye Wes ypededigaelly én mextstepayithoyt (uther pur ICf._tlgn.m xture of THF and

20 10% Pd/ C ! dded. T | t] .
enspenst oo drppatztgn St s S0 R EitheRfal B mb A Skt (
h . Th j| ff dri d with d de-ionized
ours $h?(£mi|]#§%'e¥}|ﬁﬁﬁd ahf’lr-ﬁﬁle 0 and rinsed with THF an e-ionize

wat er . te was extracted with ethyl acetate. The product

in aqueous |ayer was paryfied by prep. HPLC ands{he product fractions was
freeze-dried to give rb@_ﬁo (8.2%yiLEe§>)—.\ ODue to the am de
bond on the octahydropyrrol p[ 1)2xa] -NpYr azi-ne—i nG;N1H exhibits two
conforners. Formul a: C231128N405SMYW : )472. 56LC- I\/S:\—rff’g.??ﬂﬂ*) 1H NMR (400
MHz, D20) 8.46 (d, 1H), 7.89 (t, 1H), 7.40-7.47 (m 2H), 4.58 (d, 0.5H),
4.41 (d, O-19e)orudt fdddetlo} drviodd Btep val Hisdoltdd (Mmethdab) and k6 alded . DEjturated
3.26-3.30 (m 1H), 3.13-3.22 (m 1.5H), 2.90-3.07 (m 2.5H), 2.69 (d,

0.5H), RicBRnblic KOIbdlutich &8 Z. @he eactiddinixtAre3®adstided(atD °C. 6+ ho@rs1Pheread@ion
(m 2.5H), 1.23-1.32 (m 0.5H), 1.16 (d, 3H), 1.04-1.10 (m 3.5H). Exanple
8 Pr epandttusnwad adjused 8, pE¥F6 o [(WRrh 1NN enlytéarnMethanokwyas rpmevedgndathe residue
[ (7S, 8aS)- 2-(4-sul fanoyl benzoyboct ah droIQIyrroI o 11, 2-al

pyr azi nwas gxtrastestiwith £356xs depd overanbydreps NaaSOveand ooneentigted ynder redpepd pressure
( Conpound 8) ducts(?tﬁ g1-6§ Procedures were sane as step 1-8 in Exanple 1.

to give pro %).
Setp 11 Preparation of 4-nitrobenzyl (4R,5S,65)-6-[(R)-1-hydroxyethyl]-3-[(7S,8a5)-2-
isobutyryloctahydropyrrolo[1,2-a] pyrazin-7-ylthio]-4-methyl-7-0xo-1-azabicyclo[3.2.0]-

hept-2-ene-2-carboxylate

/QH CH,
Hye™™ OP(OPh)
Hsp‘\ o COOPNB  H,C™ ™ ’C‘ANJ\K
. . S
N N N/ N
/ 0)
COOPNB

In a dried reaction flask, 0.68 g of 1-[(7S,8aS)-7-mercaptohexahydropyrrolo[ 1,2-a]pyrazin-

2(1H)-yl]-2-methylpropan-1-one (3 mmol) was dissolved in acetonitrile. To this solution was
added 4-nitrobenzyl (4R,5R,6S)-3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-
7-0x0-1-azabicyclo-[3.2.0]hept-2-ene-2-carboxylate (1.78 g, 3 mmol) and DIEA (0.39 g, 3 mmol).

The reaction mixture was stirred at ambient temperature for overnight. The reaction mixture was
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Setp 9 Preparation of isobutyric 4-sulfanoyl benzoic anhydride 00 O )L OHC
00 H2No2sH2No2s To a solution of 4-sul fanoyl benzoic acid (11.2 g, 56
mmol) in CH2Cl2 was cooled to -10 C and treated with TEA (12.5 g, 124 mmol)
foll owed by dropw se addition of isopropylchloroformate (11.5 g, 93 mmol).
The resulting m xture was stirred for 2 hours at -10 C. The reaction

M Xt ur eexifastedaatieethyl Adetan@afd vakked With avgéan The lodyiic 1ger s deied\oRér anhydrous
anhydrous Na2SO4, filtered and concentrated under reduced pressure to give
pr oductN#SeR, fitefedl@idydontehtratcdainaed fduepbprassucntoodive crude product 1.51 g (88% yield)
S- (7S, 8a5) - 2- (4-sul fanoyl benzoyl ) oct ahydropyrrol o[ 1, 2-a] - pyrazin-7-yl
benzot hwhigh evas gggiNigectly in mext stepoyithoubfurider purification.

S- (7S, 8aS) - oct ahydropyrrol o[ 1, 2-cdpyrazin-7-y1 benzot hi oat e .S()3' 59 ¢ 0
ol ) 0 CRBRLER | POeATRfiond (RARAN i ITreD Gy b s pydrobSmHiogtar

st rr echuroB o fogf 2 HRYRA Tyhehich s Hheptl T e iEn A Mol Pt A e o
dried Oé/aq,i)q%gﬂya%d)us Na2SO4, filtered and concentrated under reduced

pressuré€. crude residue was used directly in next step without further
purification. Setgqu 11lPreparation of o

OH
4-[(7S, 8aS)-7- nedcapt o s ahydr op rrolo 1, 2- ],d,yrazi
: nam oe N (0] N égqgj;pr/o\d{)ct of
Ve inN\m%dhanIP% wa d t0 \aNaturat ed
h

2-carbonylib en
previ ous step was

met hanol ic KOH s®lution at 0 C e reaction ®ixture was stirfred at 0 C for
2 hours. The reaction SAPRBire was adjusted to p11=6°F8 7 with 1IN HCL

sol ution. h I V&ﬁl v i Wﬁ . b 2 (i Rur
dried over ng}ﬁ @Qrggﬁqs {Z"gg’ %ﬁﬁ%&@ﬁﬁr@figg&ﬁl er _lgéﬁ%?c‘i&glr"ggg‘ﬂ? gh't o gl Ve
product o PHAING waled %20 mISFARI 160 RO 8td)Aasfddéd. "THe &Qﬁﬂé%’ black suspension was
(4R, 5S,6S)-6-| (R) - 1- hydroxyet hyl1l- 4- et hyl - 7- ox03-[ (7S, 8aS) - 2- (4- sul fanoyl b
enzoyl ) aitedhut Attt e perhfire udder hydesten plesgtire op P -Houds Atheconedl st was filtered off
[ 3. 2. 0] hept - 2- ene- 2- car boxyl at e

and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.

The product in aqueous layer was purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 52 mg (3.4% yield).

Due to the amide bond on the octahydropyrrolo[1,2-a]- pyrazine ring, 'H NMR exhibits two
conformers.
Formula: C;1H3N305S Mol.Wt: 437.55 LC-MS: 438(M+H")
'H NMR (400 MHz, D,0) & 4.44 (d, O.SH); 3 4.31 (d, 0.5H), o 4.04-4.14 (m, 2.5H), 6 3.96 (d,
O.SH), 8 3.65-3.67 (m, 1 H), § 3.27 (dd, 1H), & 3.16-3.21 (m, 1.5H), 3 2.86-2.96 (m, 3.5H), 6 2.67 (t,
0.5H), 6 2.58 (t, 1H), & 2.44 (t, 0.5H), & 2.31-2.38 (m, 1H), 3 2.12-2.26 (m, 1H), 6 2.04-2.08 (m,
1H), § 1.15-1.24 (m, 4H), 81.07 (d, 3H), 4 0.91-0.96 (m, 6H).
Example 6 Preparation __of _(4R.55,65)-3-[(7S5.8aS)-2-benzoyloctahydropyrrolo[1,2-a]-

pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xo-1-azabicyclo[3.2.0]hept-2-ene-2-

carboxvlic acid (Compound 6)
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OH HSI,0 H3C ,--N O SO 2NH 2 In a dried reaction flask, 0.79 g of

4-[ (7S, 8aS) - 7- mer capt ooct ahydr opyrrol o[ 1, 2- a] pyr azi ne- 2-

car bonyl ] benzenesul fonanmi de (3 mmol ) was dissolved in acetonitrile. To this

sol ution was added 4-ni trobenzyl (4R 5R, 6S) - 3- (di phenoxyphosphoryl oxy) - 6-

[(R)-1- hydroxyet hyl] - 4- met hy1l- 7- oxo- 1- azabicyclo [3 .2

. 0] hept - 2: ene- 2- car boxyl ate (1. 78)g @[;/I) and DIEA (0.39 g, 3 mmol ). The
Fethyl(a

reactio xture was stirred at erature for ra ght. The
reactio t S extract c ta andomashggwm er.
ntrated

The organic ay r dri ed anhydr ou§ tered . amy c
under reducel pre¥ urEHtWAgl ve cruae product 1 g 75% yi el d) whi
used directly in next step without further purificatt
Pr epar at i ogy of

(4R, 5S, ? -4.6- > D hydroxyet hy1] - 4-met hyl - 7- oxo- 3-[ (7S, 8aS) -

2-(4-sulfa y b P)lgctahydt%byrr&{o 11, 2 al o

pyrazin-7- })@; azabi c;y@lfé 6] h - -- -carboxylic acid H
Lp... SN H2 P&

BSozNH de product (0.9 g, 1.4
rrrml) fro ep Exanpl g di ss I?I/edJ 1 m xture of THF and
water (20 nmiL) and 10% Pd/ C (0.4 g) cumeNAdded. The resul ting bl ack
suspension was stirred at anbient tenperature under hydrogen pressure for 2
hours. The cgtal yst was f||tereH of fyand ri nsedo\Mth THF and de-ioni zed

wat er . The—ee%ﬁ—ﬁed—t-tltrat{ec 1S ex r*‘act ed acetate. The product

i N aqueous Ié‘(ﬁer was purifi &d b L a roduct fractions was
freeze-dried to give solid preg Tﬂ Ong Due to the am de
bond on the octahydropyrrol o[l 2- a] copMr azi ne r| ng, 111 NVR exhibits two
confornmers. Formula: C24H30N4A07S2MD1. W: 550. 65LC- Ms: 551( M+H+) 1H NMR (400
MHz, D20) Setph B8 (Rrocedires svere Sam¢ dsistep 8 ingExamgple(ld, 0.5H), 8 4. 42 (d,
05H) 8403412(m2H) 8 3.62-3.68 5
3.26-3.30 O#ip 18), Prspamatiom ) of S-S -28b°219?|11)09ta383'(°rnyf§93ﬁ1|)2' @?76%'7(36

0.5H), 8 2 ?lm)gt 05H) 8 2.58-2.65 (m 1H), 8 2.37-2.41 (m O0.5H),
62. 14 2benzo 1.23-1.32 (m 0.5H), 81.18 (d, 3H), 8 1.04-1.09 (m

3. 5H). o
©Ysm @Aa QTSQDN °

To a solution of S-(75,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (3.59 g, 10
mmol) in CH,Cl, (100 mL) was treated with TEA (2 g, 20 mmol) and benzoyl chloride (1.4 g, 10
mmol). The resulting mixture was stirred at 0 °C for 2 hours. The reaction mixture was washed with
brine, dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure. The crude
residue was used directly in next step without further purification.

Setp 10 Preparation of [(7S5,8aS)-7-mercaptohexahydropyrrolo[1,2-a]pyrazin-

2(1H)-yl](phenyl)methanone

©\H/S Hs
o= p
n_/

—  /

The crude product of previous step was dissolved in methanol and was added to a saturated

methanolic KOH solution at 0 °C. The reaction mixture was stirred at 0 °C for 2 hours. The reaction
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Exanpl e 9Preparation of (4R 5S, 6S)-6-1(R)-1-hydroxvethyl |

-4-met hyl-7-oxo- 3- (7S, 8aS) - 2-sul f anoyl oct ahydropyrrol o[ 1, 2-al

pyrazi n-7-ylthiol-1-azabicyclo 13. 2. 01lhept-2-ene2-carboxylic acid (Conpound
9) Setp 1-8 Procedures were sane as step 1-8 in Exanple 1. Setp 9
Preparation of

S- (7S, 83Rkur J/z{éh%l bl o' RS Fvh ith) mr}mr%ldt@w fupsminbl Aas aneVedriartd eesidue
[1, 2-a] pyrazin-/-yl benzothioate To a solution of 4-nitrobenzyl

al cohol whRextictd with 8H50B) Jriédioat ahlpyiirsus Ne S0a and cohedtrbted @nderanductd ppasswe
treated with a CH2C12 sol ution of chlorosul fonyl isocyanate (2.5 g, 17.9
nol ) . fbhgve pedudti(h86 gl Xt1%).e was stirred at 0 C for 1 hour and used

directly in next reaction with purification. above saql ution vvai
sl oW y add8&dtp olla s®repdrationf of 4-nitrobenzyl (4R,SS. 6S)-3 [(7S 8aS5)-2-benzoyloctahydro-

i) iﬁx?r?m%ﬁ,a“ Fir?‘?yr%hﬁ%ﬁ?léﬂaﬁéﬁye?aﬁé‘*be” 5 peBaardia ol abiepe

was stl %\ q] aﬁsg 2 hours and at anbient tenperarure for addltlonal 10
hour s. %“er' EREIOINAY xt ure was washed with brine, dried over anhydrous
Na2SO4, filtered and concentraHed wwler reduced pressure. The crude residue
was purified by flash colu < t ogRPaphy on siljica gel to afford product
2.18 g (35.2%Yi ). o Setp 10 Prep&fithn of 4-fiitrobenzyl

(7S, 8aS) - 7- mersgpt ojexahydr opyf'r ol éc}or%ma] H,C™ . J\@

pyrazi n-2( 1H) - yl 'su/f on ar bamat e —Q(\
'enzyl oxy)car bonyl ] sul f tahyd By«#ol o-

[1,2-a] pyrazin-7-yl beaZothioate (2.18 g, 4.19 rrm)l) WE&HOHNB SOl ved |n

nmet hanol and was added to a saturated nethanolic gr((%ry(ﬁol Utlloﬂﬁ? C. The

reaction nilkedried ygastien flaske - §tg o (%%r)Z-RgerRIoh eRVTolaH - Fr IR AR wa

dj ust H=6 toq 7 with I

resi duo -t Kby tiipoRe H o) i diroBidom aapaolie TRASEOTRiE s i

conce g;gg@g SHZ f e RS S R RRUALBE CHAT b ey LR Hethyl-7-0x3e1-P

4R, 58 N Th
E(4 ni tr zyI écat %?tcgb‘ul%alﬁn%y ]'m(%t gh?g{fog)gﬁglg?‘[lt%? g, 3 mmol). The

pyr azi Nyehedfb famxﬁr}e Ry X Giirfeda g0 anbieat admpatafitd€nt oleraipht. zrhmmnyh ahixtuPEIGHS
0 H3C It 0OP(CPh)2JOH 0-13s0"o WOMB H3C NO 02NH COOPNB In a dried

react i oexfrachakwith.ctid®d agetafe aixdnwhslmedbevnﬁyWater The organic layer was dried over anhydrous
(7S, 8aS) - 7- mer capt ohexahydropyrrol o[ 1, 2-c] pyrazin-2(111) -yl sul f onyl car ba

e (6.55Na¥D, fuered mncEpor(czntxarte% undez redueed pr%érgem givs| cpede PRdugtde g (% gte o
this solution was_ added 4-ni trobenﬁ 4R, 5

(di phendhjgnsassed eré‘i@V’)ln@e[‘Yﬁp Witk %‘!} @PH F%tlon

}nig{'?t e SBaciton. RrtRona rs (RS HST- ETERES:FPendilocPis 3@9@1#1' ot
acet at 0P Sri’aﬁﬁaﬂéﬁ”gﬁﬁ-ﬁ’ﬁﬁ @r‘?’xrﬁ'ﬁ?%l'r" By MR TS S T2

Na2SO4, &h;e‘ ﬁ? @ d concentrat ed under reduced pressure to give crude
pr oduct ZPB 3 Yoyi el d) which was used directly in next step w thout

further puribHcati 'c‘%P Setpolz Preparation of oH o
(4R 58,6985 (R hydrox

yat hyll] - 4- met hyl - 7- oxo-3-1( 7 CHas) -
2- sulfam);’/ oc r 0 o 2- yraHkn 7-l§ﬁFt hi- azaﬁ@}’ﬁ? 3.
hept - 2- ene- 2- N 4c o S N\)

COOPNB COOH

The crude product (0.8 g, 1.32 mmol) from step 11 of Example 6 was dissolved in a 1:1
mixture of THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black
suspension was stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst
was filtered off and rinsed with THF and de-ionized water. The combined filtrate was extracted with
ethyl acetate. The product in aqueous layer was purified by prep. HPLC and the product fractions
was freeze-dried to give solid product 55 mg (8.7% yield).

" Due to the amide bond on the octahydropyrrolo[1,2-a]- pyrazine ring, 'H NMR exhibits two
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NO 2 H2 -0.- Pd/C COOPNB COH The product (1.4 g, 1.84 mol)
fromstep 11 of Exanple 9 was dissolved in a 1:1 m xture of THF and wat er
(20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspensi on was
stirred at anbient tenperature under hydrogen pressure for 2 hours. The
catalyst was filtered off and rinsed with THF and de-ioni zed water. The
conbi neghnfdrderat € was extracted with ethyl acetate. The product in aqueous
| ayer was purified by prep. HPLC and the product fractions was freeze-dried
to gi veFaaluld QaiidgNedsS280 Migl. \a54%1y5 2l d)LcmsmmaMﬁszesmoesszlvol w

446. 54LC—IVB 447( MFH+) 1HWVR: (400 MHz, DLC- VSO d6) 8: 6. 6 92
(s, 1H) Hma(eowmmnm 7391@5(@, 3bhy 7.33- T3 (m.PH), ,4]58304) 3515 (&0 1208

é@anpfef ié) (pr@aft&g,(gﬁ blﬁ) 052393 (m Mo 5 s 4 (& 180 2.0: 3%((dm 250, 2.86 (@,

pyrac UG éiﬁé?ﬁ?%?g@[ borbe AT R Rt 235G BB (s g7

3. 2. Olhgg%{%’ Ege@ie Eiw?)ﬂl@c?’gﬁgd (Conpound 12) Step 1-8 Pr ocedur-es wer e

sanme as S p 9Preparat| on of

00 rrL was treated vvlth TEA (5 n1_ 35. 7 mml) and
chl oroasﬁd;{Cog@bnnddf (1.35 g, 11.9 mmol ). The resulting m xture was
stirred at anbient tenperature for overnight. To the reaction m xture was
added di net hyl am ne hydrochl oride s (0.97 g, 11.9 mmol) and TEA (1.7 ni,
11.9 my The resul ting nixtur$ ajed 1o reflux and gg,irred until

the reagti gn conpl eted. The di’” m xJj ur was ped with?@}!-qtedo
aqueous NaHCER Lon and dri ed®ove Nanh us Na2SO4 d
and concentrate delyy educed ure. The r due s purifiedby f

col umm chr omat ogr aphy/ orfF8i | i ca gel to give product A. g (41.2% . Stép 20
Preparat i on, of 2- ]Sdl met hyl am no) 1-[(7S,8aS)-7-nerca hexahydropyrrol —

HCJ’ Q
i OP(OPh), H, c
o COOPNB N
COOPNB
j)H CH, O
u H,C J;’{?* @Nk@
2 - S l
N~/ N >
Pd/C 0 \)
COOH

Setp 1-8 Procedures were same as step 1-8 in Example 1.
Setp 9 Preparation of S-(75,8a8)-2-picolinoyloctahydropyrrolo[1,2-a]pyrazin-7-yl

benzothioate

Yo, Q*QY“‘

\/TFA ' \

"To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (3.59 g, 10
mmol) in CH,Cl, (100 mL) was treated with TEA (2 g, 20 mmol) and benzoyl chloride (1.4 g, 10
mmol). The resulting mixture was stirred at 0 °C for 2 hours. The reaction mixture was washed with

brine, dried over anhydrous Na;SO,, filtered and concentrated under reduced pressure. The crude
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11, 2- al pyrazi n-2(1H) -yl | et hanone To a sol ution of

S- (7S, 8a5) - 242- (di met hyl am no) acetyl i oct ahydropyrrol o[ 1, 2-c] pyrazin-7-yl
benzot hioate (1.70 g, 4.9 mmol) in methanol was added to a saturated

met hanolic KOH solution at O C. The reaction m xture was stirred at 0 C for
2 hours. The reaction m xture was adjusted to pH=6 to 7 with 1N HCl

sol ut i oRsidewaaneld diretly aimexe stepMdthobiefurtherd sliridicasien.ext ract ed with CH2C12,
dri ed over anhydrous Na2SO4 and concentrated under reduced pressure to give
product (0S8 d0 SFigparatiost ep [(AS,BaHpamar¢aptolxixally dwopyoideldy2-a]pyrazin-2(1H)-
(4R, 5S,6S5)-3-[ (7S, 8aS) - 2-[ 2- (di net hyl am no) acet yl oct ahydropyrrol o [1, 2-a]
pyrazi n- 7-yll(pyridin-2-gl)methanoneny dr oxyet hyl | - 4- net hy1- 7- oxo- 1- azabi cycl o
-[3.2.0] hept-2-ene-2-garboxyl ate In a dried reaction flask, 0.97 g
of '

2- (di met hyl am no) - 1- [ mer capt ohexa rrolo[ 1, 2-c] pyrazin-2(1H
)-yll ethanone (4.0 muol) 1.09 g, 8 nunlpol S ssolved in
acetonitrile (100 nL). To this ¥ol uNidn was adde N{ niN bel\?zyl (4R, 5R, 6S) -

3- (di phenoxyphosphoryl oxy)-6-[ (R=1 - hydNoxyet hyl ] /N
-4-met hyl- 7- oxo- 1- azabi cycl o- [3 . 2. OKNhept-2- ene-2-carbixyl/ate (2.38 g, 4
mml ). The reaction mixture was stirred—at anbient tenperature for 24 hours
under ni t r Ghe rratenmroine rof praitieusr g tvias dissdlxed ire mettmnekandawhe dddeidt th acsdtyrhted
acetate and washed with water. The organic layer was dried over anhydrous
Na2 S04, methanoeledK Q@hidsodwivneat0r°6: dle tradiion mixtursetasptiersd at @ °€ dord heurs Theaeaction
product 1.62 g (69% vyi el dI)I whi ch was used directly in next step w tﬂout,
furt her n%pqef\yq:saq@wd to pH=g gb7 Meithol N Fj—g;laqqhg}pnoMethanol was removed and the residue

byt ani VR GHERe R CH Ry a56d Tt oy VST g 2Ry R e e Gucsf ol
3.2 .0 -2 - | id COO PNB Th d 1.62 g,
[2. 76 rm%)l£9$$r8%3%?2.23%ﬁ%%)?g:én;)fea% was di ssolved in aell:orlomyi%uge of EIJ'HF

and wat er @\%g,sﬂt) p%]ﬂ.é;ﬁ%/ﬁ B?h&iﬁ@béuﬁ%gm.@s,adﬂGﬂgeggﬂﬁggﬁg‘ghwn%me@ﬁﬁ-%oxo-2

suspensi on stirred at anbient te rature u en“pressure for
hours. 3herss bolnisy 1dctARyRIr6 Py @blo[ BRG] by ragRid7-Wthiv] fibkzadbie) c 3.2 OThepr 2-
wat er . Tjkllg conbi %lgd P?)I?t r at eﬁrvvagy ext r[act éi(ijiw th \g!t hyI] acet at e#thgm?Jﬁﬂoduct

i n agueens2dcasbxylsas purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 287 ng (23%yiel d). Due to the am de
bond on the octahydropyrrol oPH, 2- @, pyrazine ring, H NVR exhibits two

conf or meH ormul a: C211 Wt 452.57:?*‘\/5: 453 (MrH+) 1HNVR
(400 MHz, DOy~ 4.939(d, r2Z9P@Pe. SHYy 409 (I 1H), 4.

3.84(d, 0.5 3 3.69 (m H) 5(d, 2H), 3.
1.5H), 2.83-2.95(m )Z. .
2.33-2.41(m 7H), 0672.31 (m 2H), 1.14-1.18(m 4H),
Exanpl e 11Preparation of

g;}?} (5) S;/ ? rSZJ l‘ng El_ai- Qigigcé Fl@@ti‘o%‘lﬁaikg | a9 hy Lo M 703435 9Ph &rptbR&aBydropyrrolo[ 1,2-a]pyrazin-
pyr azi naMmyuiipaidif-2 1 ihetharvndr @xm@idly Was Aigselvey | in 7aceroditiile@ ZRD ity Gblafidn 2vas
A hept - 2- ene-2-carboxylic acid (Conmpound 13) Step 1-8 Procedures were sane
as st epadded idniobemiyk 14RSReS)-3-Riphpasaphosphofyloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-
S- (7S, 8aS) - 2- (2- (di net hyl am no) propi onyl ) Cct ahydr opyrrol o

11, 2- al 7{xpdzazabicyglo-[BErbertiZeertce2-carboxylate (1.78 g, 3 mmol) and DIEA (0.39 g, 3 mmol).

The reaction mixture was stirred at ambient temperature for overnight. The reaction mixture was

extracted with ethyl acetate and washed with water. The organic layer was dried over anhydrous
NayS0,, fitered and concentrated under reduced pressure to give crude product 1.33 g (73% yield)
which was used directly in next step without further purification.

Setp 12 Preparation of (4R,5S,6S5)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-[(7S,8a8)-2-
picolinoyloctahydropyrrolo[1,2-a]pyrazin-7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic

acid
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To a solution of S-(7S,8a5)-octahydropyrrolo[1, 2-c]pyrazin-7-yl
benzothioate (4.27 g, 11.9 mmol) in CH2C12 (200 nL) was treated with TEA (5
m., 35.7 nmmol) and 2-chl oropropionyl chloride (1.51 g, 11.9 nmmol). The
resulting mxture was stirred at anbient tenperature for overnight. To the
reaction m xture was added di net hyl am ne hydrochloride salt (0.97 g, 11.9
mol ) in 20,pL of CH2C12 and TEA (1.7 nmi, 11.9 I} Tbﬁ resultlng o xture
was heated yo refftsx and stirfed untlﬁ the reag on cafpf et e N

_J
react i omls@i Xt was ur at ed aqueou utTon and|
brine, driedloyet, r Qus
pressure. e residue was purifie

fiphicered and g rate re d
by flash colunn chr opabggr aphy on silica
gel to give prodyQOPNB59 g (37.2% yield). Step 10 Preparatl on of
[2);/§ glz ?ﬁt 2{;[&?'&?% ggg%t g) 152" BhfoRPEBREREMN I SHPELIHIE 7L Wvad di¥solved in a 1:1
S- (7S, 8ampiture- Bﬁ‘mﬁ ARd hyétalm(mhm)oawnn% PAr@hwar gﬁ)(ﬁafsoit&{e&; Thaleyuladd dlabky
1 benzothioate (1.59 g, 4.4 mol ) dissolved in nmethanol was added to a
sat ur at agpéemidnawad btirrddChi @nbieht lempatatie Gnddinieydregent prossurd for  RowssTlst ¢atalpst
at 0 Cfor 2 hours. The reaction mxture was adjusted to pH=6 to 7 with 1IN
HC1 sol wes Sheredeffirad sinsedhwith diland denignizad wates Iﬁmcomnf@x lﬁra@t\fé@ axfragted with
CH2C12, dried over anhydrous Na2SO4 and co frated 3‘% duce ressure
to gi veetybwsgtate. (Télegvp%wtm@aueous I@waaammpﬁ@gby BfePoHl rREpd}eE fHactions

4R, 55, 6 S,.8aS) - 21 I I t h d I

El 2-a] WB%’I*&%%”‘F“;}I?S e ngr"dflf'l?l)by‘i‘g%g%&?@ ﬁf/): ]O n¥4! et h?l}l_?rg%r 10 O

?IZ 22 lkcygl (9) u% tg th‘ alti'l?({%t B&Ide& ﬁlezoc?aﬁlyﬁgﬁéwo?f ?—a]- pyraziné: '?in@ i NIRRT S@Hids Wo
2- (di rre (ﬂ}ﬂ)ﬁﬁ’g §IO) 1-[ (7S, 8aS) - 7- mer capt ohexahydropyrrol o[ 1, 2- a] pyr azi n-2( 11
/')-yl]ethanone (3.56 mml) and DI EA (1.03 g, 8 mml) was dissolved in

acet oni Foinh24: XO0MIN, OB hi sSHRILW: 97066 addEdavIBE 473henEY !

(4R 5R, 65) - 3- (di phenoxyphosphoryl oxy)-6- [(R) -1 -hydroxyet hyl ]

- 4- et hiH-NMR)(éO(lMHz,dDjCDyﬁ 46 (4,3 H)27 8P piH)27 606-47 gar Hdx w8t @, 02H)14.41 (d,
3.56 mmol ). The reaction mxture was stirred at anbient tenperature for 24

hoErls ubdéb), ﬁDﬁﬂg@eﬁn,aZHbs?pﬁeﬁé( 1 (whd . YBadt460, 9 SHuBeonhs0 éli(ilt d Hot 23-RiZ2n(m,
i Th

Sy dr oS TREBRBA0T (Ch 1l 29 (o hSE 7 A 600 RHe? S AR e seladt Gngh 3.

W thout quﬁrfrﬁe&n%ﬁﬁé %%?Iﬁé%@fzwgﬁﬁe‘?‘ﬂ ch%mn next step

&5[% ﬂ%ﬁr 139 e]t 11-4-methyl-7-0x0-3- 75,8a.5)-

=1-yrtiro]-o0- =7

- 0X0- Q%@thﬁ%ﬁbﬂeﬁz&lﬁk%@hr@pﬁpﬁo?1 fﬂf&@ﬁ%hlﬁvﬁﬁi‘oﬂ-l azabicyclo]3.2.0]hept-2-ene

-2-carboxylic acid (Compound 8

O O
0 0 @\‘(SW
Pk eaasiitet
—/
H,NO,S >

————>  H,NO,8

| | HS
S
\E»" o \EI?—\N 0 );“c’%-op(oph)2
0 N N N
_—

COOPNB
SO,NH, SO,NH,
/PH CH, 0
S /
N/ N N
o \) SO,NH, Pd/C _SO,NH,
COOPNB COOH

Setp 1-8 Procedures were same as step 1-8 in Example 1.
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COOH COOPNB The product (1.51 g, 2.52 mmol) fromstep 11 of Exanple
11 was dissolved in a 1:1 mxture of THF and water (20 nlL) and 10% Pd/ C
(0.4 g) was added. The resulting black suspension was stirred at amnbi ent
t enperature under hydrogen pressure for 2 hours. The catal yst was filtered
off and rinsed with THF and de-ionized water. The conbined filtrate was

extracted Wiy ePphyharafith It RoblhliRidd-SsibGhoylBerouemitiydrideer was purified by
prep. HPLC and the product fractions was freeze-dried toogl ve solid product

140 ng (12%vyiel d). Due t@ the amgﬁb nd on the

oct ahydropyrrol o[ 1, 2-c] - RyL& '@Qe ridg g NVR exhi bv%\’zénforrrers.
Formul a: C22H34N405SMWbl @ 466. 59LC--M5—467( MFH) i (400 IMHz, D20) 5:
4.40-4.43(m 0. 5H),N¢#sZ2F36(m 1.5H), 4.06- 4,8a( , 3.85-3.95 (m

0.5H), 3.67-3.82( '5H), 3.29(d, 1H), 3.18-3.25(m 1.5H), 2.96-3.02(m

2.5H), 2. 7302 @fhftion & SkilfanZoydten2o3cnd (11.5¢) S@mBHIPiBEHa¢ L s oled-tp -24 (¢
2H) 1.37-1.42(m 3 1.13-1.26(m 4|__tD 1.08(d, 3H) Exanple 12: Peparatjon of
(4R, 5S, &%) tr@ter With %ﬂﬂg&gl,eﬁﬁmoh phiawsd b}gdrppwgpgiggt)tmg_of isopropylchloroformate

(2-mor phal i noacet vf I oct ahydropyrrol ol 1, 2- al zi n- 7-vlthipol - 7-0xo- 1-azabi c
ycl of 3. d1gsdfmmehehbe resiifpg %?W%W%Stwarfg&ﬁﬁmi Y- l¥)Sbe E%’ EaphgLugtipEvas
were sane.as step . 1-8 | anple.1., Ste p t]

S- (7S, 83@3}1—6;- Wf—ﬁnﬁlﬁﬁﬁoﬂ%ngéec wcoé?}gﬁyﬁ?sgﬁﬁergo%&[ &‘?}g’-dg‘}“ﬁyyaaﬁsﬁ“-’ 71_’11>t/efed and
benzot hj [ % vi

S (7S, %‘3@‘3‘5?%%‘&“&%%@??%‘?@?%6?@]%ier%fé’ duct 7 28 8 s il oate (4.27 g, 11.9
mol ) in Cigefpl 214 ZOQ{r?Qramﬁ tof €BLGS,845)-D-(F Al famoyiben2sy1)octriydyopyitolo[1,2-a]-
2-chl oroacetyl chloride (1.35 g, 11.9 nmmol) in 20 nL of CH2Cl2. The

resul ti pgrazincyyl Bentshivhte red at anbient tenperature for overnight. To the

reaction m xture was added norpholine (1.03 g, 11.9 mmol) in 20 nL of
CH2Cl12. The resulting m xture was heated to regftux and stirred until the

reaction conpleted. The reaction m xture was edgwi th saturated aqueous
NaHCO3 sol u%liﬁg and brine, d ai over anhydrou apSoOf, Yidtergd and
concent r at ed2U duced p slur es, The resi due was fi y flash

col um chr omat ogr onosi lica g4l t\ig}-ug product 2.40\gA 56 ield).
Step 10 Preparation of T1-[ (7S, 8aSp-7- captmeé&Rahydr opyrrol of al
pyrazin-2(1H)-y1] - 2- noP i noet hanone “—/

S- (7S, 8a8) - 2- ( 2- nor phol i poacet ypoCt ahydropyrrol o[ 1, 2-c] pyr azi n-7- %d,NH,
benzot hi oate (2.60 g, 6 nmol ) di ssolved in nethanol was added to a

saturated nethanolic KOH solution at 0 C. The reaction mxture was stirred

at 0 C for To howlionThE S-€8etaShactahydropiaraleld Zaelpiiged’ b hspehioate7(3q% 1. 10
0 50 A b ER0l e LeTed and g et epkucavas o5 Laghel Ve
to g Ve 4hh aﬁjlgitflbc(.ril'z'o?cgatgiydggg/o(Zﬂl g, 10 mmol). The resulting mixture was stirred at 0 °C for 2
hours. The reaction mixture was washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated under reduced pressure. The crude residue was used directly in next step without
further purification.

Setp 11 Preparation of 4-[(7S,8aS)-7-mercaptooctahydropyrrolo[1,2-a]pyrazine-

2-carbonyl]benzenesulfonamide

SO,NH,
SO,NH,

The crude product of previous step was dissolved in methanol and was added to a saturated

methanolic KOH solution at 0 °C. The reaction mixture was stirred at 0 °C for 2 hours. The reaction
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Step 11 Preparation of 4-nitrobenzyl

(4R, 5S,6S)-6-[ (R) - 1- hydr oxyet hyl] - 4- net hyl - 3-

[ (7S, 8aS) - 2- (2- nor phol i noacet yl ) oct ahydropyrrol o[ 1, 2-a] pyrazin-7-ylthio]-7-
0x0- 1-azabi cycl o[ 3. 2. 01lhept - 2- ene- 2- car boxyl ate OH H3C HS oCOOPNB N 0O In
a dried reaction flask, 1.29 g of

1-[ (7S, Bad)re ivdreidpapddoioepiayy oy Dpuithr IV ¢{Cl, sdhutidpy Methanad] d&h remdved and the residue
2- nmor phol i noet hanone (4.52 nmol) and DIEA (1.03 g, 8 mmol) was dissolved in
acet oni was éxxfat@dmilh CH Gl sdriddutveo antasiacitiabiab SOk tand bemcepirated under reduced pressure
(4R, 5R, 65) - 3- (di phenoxyphosphoryl oxy) - 6-[ (R) - 1- hydr oxyet hy1] - 4- met hy1- 7- oxo
- 1- azablogjd IUOdll!@.@-f‘ﬁ)Ehg%%)-Z- ene- 2-carboxyl ate (2.69 g, 4.52 mmml). The

L?E?LLZE 2SHBSPhcPespathiion ko ﬁ&?&ﬁ%@%&@%&@%@rﬁ&ﬁ%ﬂ%%m‘éﬁﬂyiéfwé
fitered amlasiedheialaealiapins S oriB ol Ch g Fanir iR a3 b RY
g (48%yi f’llgﬁ"?-“lwggﬁ%eﬁ%%&%ﬁgxﬂ&‘reeCt ly in next step without further

purifi cat epar at’i on of
(4R, 5S, 63) - 6-[ (R) - 1- hydr oxy Bhy1]CHs net hy1- 3-[ (7S, 8aS) - 2- ( 2-

mor phol I deC ) 0¢3 ahy dHgpyr [ 1,%-a]

pyrazin-7- hi Q=4 - oxo- 1- azghi\g 06‘[(91.’122 0] $ept -, ene-2-carBoxylic acid
OH CH3 CH3 N8 ofhe pLgdugl (@3%.9, 3. 16 n K,
of Exanple 12 was lved in a TP xture fNT awr@)t’:r

10% Pd/ C (0.4 g) wa dded. The resulting bl gék H\wgs

SYspensro SUINT esoaH,
anbi ent tenperature unstenHhydrogen pressure for 2 ¢@PN8. The catal yst was

i Ef?ﬂe o vk BRE B0 b AT of TSRS B Bl g 2o Pagpeine s
pur 1 e B BBt BBMc! B iAW LG ckBld 9825 il Rudlhdfea

oct ahydy [ Vi i [ . it by -1-
For mil o TR SRl A b o S R B e BB T3
8: 4. 404Abic9clf3.2.0]épRDefe-2Qafidkylate (B78.glB (imol2khd BIELS (039 §. SHhmol). The
3.75(d, 0.5H), 3.55-3.65 (m 51-1), 3.35-3.91(m 2.514), 3.17-3.26 (m 1H),
3. 05- 3. fhétion thikthde was 8bir2dOat {mbiedt Sdrf)pePatb@- for 6@vefmght). Bid) reactdn MisWfenwas
6H) 2.34-2.45 (m 1H) 2.11-2.21(m 2H) 1.11-1.20 (m 4H 1.05 (d, 3H).

1HNVR:  ¢xaGoteNtwith Bthg) ag:tatd and (whsh@l Bith water. The organic layer was dried over anhydrous

Na,S0Oq, fitered and concentrated under reduced pressure to give crude product 1.54 g (75% yield)
which was used directly in next step without further purification.

Setp 13 Preparation of (4R,5S5,65)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-[(7S,8aS)-
2-(4-sulfamoylbenzoyl)octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene

-2-carboxylic acid

, OH
CH/?H & I o & i
3 e, N H 3 %, N
S 2 S
e e *@ L s *@
omi N SONH, pg/C OJ;Q7 \) SO,NH,
COOPNB COOH

The crude product (0.9 g, 1.4 mmol) from step 12 of Example 8 was dissolved in a 1:1 mixture
of THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspension was
stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst was filtered off
and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.
The product in aqueous layer was purified by prep. HPLC and the product lfractions was
freeze-dried to give solid product 50 mg (8.0% yield).

~ Due to the amide bond on the octahydropyrrolo[1,2-a]- pyrazine ring, 'H NMR exhibits two
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4.25(d, 0.511), 4.03-4.11(m 2H), 3.93(d, 0.5H), 3.75(d, 0.5H),

3.55-3.65(m 5H), 3.35-3.91(m 2.511), 3.17-3.26(m 1H), 3.05-3.15(m O0.5H),
2.86-2.94(m 2.5H), 2.59-2.62(m 0.5H), 2.46-2.59(m 6H), 2.34-2.45(m
11-1), 2.11-2.21(m 2H), 1.11-1.20 (m 4H), 1.05 (d, 3H). Exanple 13
Preparation of

(4R, 5S, @nforfiredd R) - 1- hydr oxvet hv11- 3-[ (7S, 8aS) - 2- ( 2- hydr oxvet hyf | oct ahydr opy
rrol oll, 2-al

pyr azi nEdtmpla: hCodhdNs@0hy| - abWét: 155(60hi cyECMS: X 1QMHEDY - 2- ene2- car boxyl i c

acid (Conpund 16 Setp 1-8 Procedures were sane as step 1-8 in Exanple 1.
Step 9 P BMRAHOGNMHE DO) 6 7.88 (d, 2H), 8 7.51 (dd, 2H), & 4.58 (d, 0.5H), & 4.42 (d, 0.5H), &

> (75, 85 42 & M @Y §E D) ety %039?_(2{ P, %‘ﬂg—%fs 2 5 314322 (m,
ol )+ oEDAI IAR2ITHRS b BTA TSt s B 258 Gy i a2t G
Cot) o Go iR 14228 3u02, st 81240003 m VAT BT A KAGITS MO PR, BSBECC Lo

washed pkdipRat W at ed FapHeRnNa-EDS (GR|5816.59:%-RRIL1 HyidRExy dhvIRd-A¥AYI-7-0x0-3-
anhydr ous NaZ2s4, filtered and concentrated under reduced pressure. The

r esi duej(n$8a9-2-siilfanolycthhediopyerdle 2o ratingr -Dazshicyde{3@e0hept-2elie
product 2.26 g (62%yield). Step 10 Preparation o

2- [ (7S, BadiboXylieadd $Cotmpoandd opyrrol o 1, 2- al pyrazi n2(1H) -yl ] ethanol HS N
OHOH S- (7S, 8ag) - 2-(£u2- hydr oxyet hypoct ahydr opyrrol o[ 1, 2-a] pyrazin-7-yl
benzot hi oadetp(8 2d rgcedurgy wergsamejassiep dofini Exampladnol was added to a

sat ur at ed t hanol i ¢ KOH sol yti C e reactiQn m xture stirred
at 0 C for S8tpndyr i’."elaf’rréﬂrﬂgaeiJ i o%ﬁ?é&ﬁ-@ell\&vl@-l&&ﬁo eraongeanhony eifamgylgctar
HC1 solwution. nQl s Lempved. and the residue was extracted with

CHZClZ,H%irrlggﬁrrg\? {rleéi%r rzb“az'y Mﬁgﬂt& concentrated under reduced pressure

to give product (0.77 g, 529%. Step 11 Preparation of 4-nitrobenzyl
(4R, 5S,6S)-6-[ (R) - 1- hydroxyet hy11-3-[ (7S, 8aS
W-mm et hyl - 7-

(2- hydr oxyet hyl ) oct ahydropyrrolo [1, 2-a] pyr

0xo0-1-azabi cyclo [3. 1- hept - 2- ene- 2-car boxyl at €&
S N 0
m \\/N\S\:O 0
0 N NHTFA —  » HN\(
\.__/ 02N O

~ To a solution of 4-nitrobenzyl alcohol (2.73 g, 17.9 mmol) in acetonitrile was cooled to 0 °C
and dropwise treated with a CH,Cl; solution of chlorosulfonyl isocyanate (2.5 g, 17.9 mmol). The
resulting mixture was stirred at 0 °C for 1 hour and used directly in next reaction with purification.

The above solution was slowly added to a solution of S-(7S,8aS)-octahydropyrrolo-

[1,2-a]pyrazin-7-yl benzothioate (4.27 g, 11.9 mmol) and TEA (5 mL, 35.7 mmol) in CH,Cl, (100
mL). The resulting mixture was stirred at 0 °C for 2 hours and at ambient temperarure for additional
10 hours. The reaction mixture was washed with brine, dried over anhydrous Na,;SQy, filtered and
concentrated under reduced pressure. The crude residue was purified by flash column
chromatography on silica gel to afford product 2.18 g (35.2% yield).

- Setp 10 Preparation of 4-nitrobenzyl (78,8a8)-7-mercaptohexahydropyrrolo[1,2-a]-
pyrazin-2(1H)-ylsulfonylcarbamate
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OHCH3 0OH H3C tl CH3 HSOP(OPh) 2 CH32, OHOHCOOPNB O , -N In a dried
reaction flask, 0.77 g of

2-[ (7S, 8aS) - 7- ner capt ohexahydr opynol o[ 1, 2- c] pyrazi n(1H) -yl ] et hanol (3. 83
mmol) and DIEA (1.03 g, 8 nmol) was di ssolved in acetonitrile (100 nL). To
t hi ssol uti onwasadded4- ni tr obenzyl (4R, 5R, 65) - 3- (di phenoxyphos-

phoryl oxy)-6-[ (R)-1 ~hydroxyethyl] -4-nmethyl-7-oxo-1 -azabicyclo [3 .2 .0]
hept - 2- ene- 2- car boxe (MAP) (2.27 g, 4.83 mmol ) .ygThe reaction mxture
was stirred at anbi én enPerature for 24 hours 46 r nitrogen

at mosphere. The reactiongm xtuxe was extracted with eth cetate and
washed with water. The organiX |ayeyOowas dried over an drcpgu%/éﬁazsm,
fitered and concentrated undeﬁ\r/ed"ép:é’dooressure to give udlgiﬁpr uct 1.23
g (59%yield) which was used di rcHNy{ln next 5t ep vvi(gplou t‘{éyrj
purification. Stepl2 Pr epo 2 \Q\/O

(4R, 5S,6S)-6-[ (R) - 1- hydr oxyet hy®&l-8=( 7S, 8aS) - 2-

(2- hydr oxyet hyl ) - oct ahydropyrrolo [1,2-a] pyrazin-7-ylthiol -4-m

et hyl - 7- ox@=(15328)a2-E¥ q(4nit@beizylixygnibctyHadfanoytjpctabydropyrralot §il,2-@fpyCrEnAxd
COOH The product (1.23 g, 2.25 mmol) fromstep 11 of Exanple 13 was

di ssol vbehzbthicatel (2181 gt 418 wmohHmaandssebitedr in aEthanpl and wapmddpdctq @. spypted
was added. The resulting bl ack suspension was stirred at eyrbignt .
Gitgst hoprs: The reastion

T e et ot re T 2 ot o Pe et or e The ronbl nel Tol 1 b, fog.
ext r act BEXHFE; ‘Hase‘i‘ﬁ%teg@e?alg?% to %ﬁ’g‘a’b f@gﬂeé\fsq%ﬁmé’q S’g%ﬁaé"%? ?ﬁ?g F e%‘éetdp%{dﬁp %:Ngetstfl%l)?
0 iy PR SRprI TP EBRAE: 4t EoUBRuaR KR g phftsl Bt taasue
THNVR, &g@g?%é%%_%ﬁg?%%gs% 12 (m 2H),3.52-3.68 (m 3H), 3.21-3.27 (m

1H), 3. 8 (d, 1H), 2.76-2.90 (m 3H), 2.48-2.57 (m 3H),

2.11-2. 34 (Q@ip 41D . Prefraiol of M-nikidbenyl0§4R,5885)-63 [ (R)-hydréxyeticyl]-Bidethyl-3-

The foll ow ng compounds can al so be prepared according to the nethod

descr i bgdssas)e-[NIinérabéizgloxgyaobomid]solfapoglestahydrepptrobe]1,2-a]pyrazin-7-ylthi
0]-7-oxo0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate

CH
H CJ/" ’ it
N 0 3 OP(OPh OH
\_N~s%0 Ny OPOP, CH, o\\s,,oj\
\ % PR IS

O,N > /

’ \Q\/O o N N NO,

COOPNB

In a dried reaction flask, 2.725 g of 4-nitrobenzyl (7S,8aS)-7-mercaptohexahydropyrrolo-
[1,2-a]pyrazin-2(1 H)-ylsulfonylcarbamate (6.55 mmol) and DIEA (2.17 g, 13 mmol) was dissolved
in  acetonitrile. ~To  this solution was added  4-nitrobenzyl  (4R,5R,65)-3-
(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-
2-carboxylate (4.28 g, 7.21 mmol). The reaction mixture was stirred at ambient temperature for 72
hours under nitrogen atmosphere. The reaction mixture was extracted with ethyl acetate and washed
with water. The organic layer was dried over anhydrous Na,SOy, fitered and concentrated under
reduced pressure to give crude product 1.4 g (28% yield) which was used directly in next step
without further purification.

Setp 12 Preparation of (4R,5S,65)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xe-3-[(7S,8aS5)-
2-sulfamoyloctahydropyrrolo[1,2-a]pyrazin-7-ylthio]-l-azabicyclo[3.2.0]hept-2-ene-2-carboxyl

ic acid

38



NO Structural Formula NO Structural Fornmula 17 OH----f CH3 OH OH --1
CH30 COCH 31 COCH 18 OH--t CH3 a

O

OH
H,C J, 0\\/ J CH, O 0
O H;C™ ., N~ SNH
Y H, S
COOPNB PA/C “o0H

The product (1.4 g, 1.84 mmol) from step 11 of Example 9 was dissolved in a 1:1 mixture of
THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspension was
stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst was filtered off
and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.
The product in aqueous layer was purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 280 mg (35% yield).

Formula: C;7H26N406S, Mol. Wt: 446.54 LC-MS: 447(M+H")

'HMR: (400 MHz, DLC-MSO _d6) 5: 6.74 (s, 2H), 4.92 (s, 1H), 3.84-3.91 (m, 2H), 3.46 (d, 2H),
2.87-2.97 (m, 3H), 2.62-2.67 (m, 1H), 2.23-2.33 (m, 2H), 2.03-2.09 (m, 2H), 1.1 (d, 3H), 1.0 (d,
3H).

Example 10 Preparation of (4R,55.65)-3-[(75.8a5)-2-[2-(dimethylamino)acetylloctahydro-

pyrrolo[1,2-a]pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-1-azabicyclo[3.2.0]hept

-2-ene-2-carboxylic acid (Compound 12

Step 1-8 Procedures were same as step 1-8 in Example 1.
Step 9  Preparation of S§-(75,8aS)-2-[2-(dimethylamino)acetyl]octahydropyrrolo[1,2-a]-

pyrazin-7-yl benzothioate

QWWW_ame

H HCI

To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (4.27 g, 11.9
mmol) in CH,Cl, (200 mL) was treated with TEA (5 mL, 35.7 mmol) and chloroacetyl chloride
(1.35 g, 11.9 mmol). The resulting mixture was stirred at ambient temperature for overnight. To the
reaction mixture was added dimethylaminé hydrochloride salt (0.97 g, 11.9 mmol) and TEA (1.7
mL, 11.9 mmol). The resulting mixture was heated to reflux and stirred until the reaction completed.
The reaction mixture was washed with saturated aqueous NaHCO; solution and brine, dried over
anhydrous Na,SO,, filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel to give product 1.70 g (41.2%). |

Step 10 Preparation of 2-(dimethylamino)-1-[(7S5,8aS)-7-mercaptohexahydropyrrolo-
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32 OH --f, CH3 COOH 0 / COOH 19 OHH3C O N..--C(:)" / COOH 33

H3COH

1.,

[1,2-a]pyrazin-2(1H)-yl]ethanone
QYSW o U\
0] N N N N"<_ /
_/ —<‘N< —/ N

To a solution of S-(7S,8aS)-2-[2-(dimethylamino)acetyl]octahydropyrrolo[1,2-a]pyrazin-7-yl
benzothioate (1.70 g, 4.9 mmol) in methanol was added to a saturated methanolic KOH solution at
0 °C. The reaction mixture was stirred at 0 °C for 2 hours. The reaction mixture was adjusted to
pH=6 to 7 with IN I—ICI solution. Methanol was removed and the residue was extracted with CH,Cl,,
dried over anhydrous Na;SO4 and concentrated under reduced pressure to give product (0.99 g,
83%).

Step 11 Preparation of 4-nitrobenzyl (4R,5S,65)-3-[(7S,8aS)-2-[2-(dimethylamino)acetyl-
octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo
-[3.2.0]hept-2-ene-2-carboxylate

/QH CH, o
H3C ," 11
O Qostoms o 0" o 4
_/ N/ N 5 Nt/ NJ
N -

COOPNB
In a dried reaction flask, 0.97 g of 2-(dimethylamino)-1-[(7S,8aS)-7-mercaptohexahydro-

pyrrolo[1,2-a]pyrazin-2(1H)-yl]ethanone (4.0 mmol) and DIEA (1.03 g, 8 mmol) was dissolved in
acetonitrile (100 mL). To this solution was added 4-nitrobenzyl (4R,5R,65)-
3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xo-1-azabicyclo-[3.2.0]hept-2-
ene-2-carboxylate (2.38 g, 4 mmol). The reaction mixture was stirred at ambient temperature for 24
hours under nitrogen atmosphere. The reaction mixture was extracted with ethyl acetate and washed
with water. The organic layer was dried over anhydrous Na,SOy, fitered and concentrated under
reduced pressure to give crude product 1.62 g (69% yield) which was used directly in next step
without further purification.

Step 12 Preparation of (4R,5S,65)-3-[(7S,8a5)-2-[2-(dimethylamino)acetyl]octahydro-
pyrrolo[1,2-a]pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xo0-1-azabicyclo[3.2.0]hept

-2-ene-2-carboxylic acid
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The product (1.62 g, 2.76 mmol) from step 11 of Example 10 was dissolved in a 1:1 mixture of
THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspension was
stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst was filtered off
and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.
The product in aqueous layer was purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 287 mg (23% yield).

Due to the amide bond on the octahydropyrrolo[1,2-a]- pyrazine ring, '"H NMR exhibits two
conformers.

Formula: CyHpN4OsS — Mol.Wt.: 45257  LC-MS: 453(M+HY)

'HNMR: (400 MHz, D,0) &: 4.39(d, 0.5H), 4.25(d, 0.5H), 4.09 (t, 1H), 4.04 (d, 1H), 3.84(d, 0.5H),
3.60-3.69 (m, 1.5H), 3.55(d, 2H), 3.27(d, 1H), 3.09-3.19 (m, 1.5H), 2.83-2.95(m, 2.5H), 2.69-2.75
(m, 0.5H) 2.57(t, 1H), 2.48 (t, 0.5H), 2.33-2.41(m, 7H), 2.06-2.31 (m, 2H), 1.14-1.18(m, 4H), 1.06
(d, 3H).

Example 11  Preparation of (4R,55,65)-3-[(7S.8a8)-2-[2-(dimethylamino)propionyl]octa-

hydropvrrolo[1,2-alpyrazin-7-ylthio]-6-](R)-1-hydroxyethyl]-4-methyl-7-0x0-1-azabicyclo[3.2.

O]hept-2-ene-2-carboxylic acid (Compound 13)

Step 1-8 Procedures were same as step 1-8 in Example 1.
Step 9 Preparation of S-(75,8a8)-2-(2-(dimethylamino)propionyl)Octahydropyrrolo
[1,2-a]-pyrazin-7-yl benzothioate

0
S
e T U0
O N NHTFA ____ ' 0 N N /
\N/ ——/ N\

H HCI
To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (4.27 g, 11.9
mmol) in CH;Cl, (200 mL) was treated with TEA (5§ mL, 35.7 mmol) and 2-chloropropionyl
chloride (1.51 g, 11.9 mmol). The resulting mixture was stirred at ambient temperature for
overnight. To the reaction mixture was added dimethylamine hydrochloride salt (0.97 g, 11.9 mmol)

in 20 mL of CH,Cl, and TEA (1.7 mL, 11.9 mmol). The resulting mixture was heated to reflux and
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stirred until the reaction completed. The reaction mixture was washed with saturated aqueous
NaHCOj solution and brine, dried over anhydrous Na;SQOy, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel to give product
1.59 g (37.2% yield).
Step 10 Preparation of 2-(dimethylamino)-1-((75,8aS)-7-mercaptohexahydropyrrolo
[1,2-a]- pyrazin-2(1H)-yl)propan-1-one

N
\

@\"/S Hsm o
U QﬂN J;‘ , - - N\_/N~/§‘ /
p— N
\
S-(78,8aS)-2-[2-(dimethylamino)propionyl]octahydropyrrolo[ 1,2-a]pyrazin-7-yl benzothioate
(1.59 g, 4.4 mmol) dissolved in methanol was added to a saturated methanolic KOH solution at 0 °C.
The reaction mixture was stirred at 0 °C for 2 hours. The reaction mixture was adjusted to pH=6 to
7 with IN HCI solution. Methanol was removed and the residue was extracted with CH,Cl,, dried
over anhydrous Na;SO4 and concentrated under reduced pressure to give product (0.91 g, 81%).
Step 11  Preparation of 4-nitrobenzyl (4R,5S,65)-3-[(7S,8a5)-2-[2-(dimethylamino)-
propionyljoctahydropyrrolo[1,2-a]pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate

/f,)H CH;
4 0
H,C™ ™ i OH 0]
HS 3 CH |
OP(OPh / 3
W o J;Qﬁ ( )2 CH3/”-. _C(\N/U\(N\
N N O S
] JS\N/ COOPNB e J N\)
\ COOPNB

In a dried reaction flask, 0.91 g of 2-(dimethylamino)-1-[(7S,8aS)-7-mercaptohexahydro-
pyrrolo[1,2-a]pyrazin-2(1 H)-yl]ethanone (3.56 mmol) and DIEA (1.03 g, 8 mmol) was dissolved in
acetonitrile (100 mL). To this solution was added 4-nitrobenzyl
(4R,5R,65)-3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-1-azabicyclo-
[3.2.0]hept-2-ene-2-carboxylate (2.11 g, 3.56 mmol). The reaction mixture was stirred at ambient
temperature for 24 hours under nitrogen atmosphere. The reaction mixture was extracted with ethyl
acetate and washed with water. The organic layer was dried over anhydrous Na,SQ,, fitered and
concentrated under reduced pressure to give crude product 1.51 g (71% yield) which was used
directly in next step without further purification.

Step 12 Preparation of (4R,55,65)-3-[(75,8a8)-2-[2-(dimethylamino)propanoyl]
42



22 OH --1, CH3 N/ SO COOH 36 OH H3Cj',. CH3 COCH N 23 OH -1, cH3 /0
CoONH2 COOH 37 OHH3C j',.. CH3 ¢c,? "1 -..... -- ..

octahydro-pyrrolo[1,2-a]pyrazin-7-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xo-1-azabi
cyclo[3.2.0]hept-2-ene-2-carboxylic acid

A J\r' e L &'
COOPNB COOH

The product (1 51 g, 2.52 mmol) from step 11 of Example 11 was dissolved in a 1:1 mixture of
THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspension was
stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst was filtered off
and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.
The product in aqueous layer was purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 140 mg (12% yield).

Due to the amide bond on the octahydropyrrolo[1,2-a]- pyrazine ring, 'H NMR exhibits two
conformers.
Formula: C2oH34N405S Mol.Wt: 466.59 LC-MS: 467(M+H")
'HNMR: (400 MHz, D,0) 8: 4.40-4.43(m, 0.5H), 4.29-4.36(m, 1.5H), 4.06-4.14(m, 2H), 3.85-3.95
(m, 0.5H), 3.67-3.82(m, 1.5H), 3.29(d, 1H), 3.18-3.25(m, 1.5H), 2.96-3.02(m, 2.5H), 2.73-2.85(m,
6.5H), 2.59-2.63(m, 1.5H) 2.35-2.38(m, 1H) 2.12-2.21(m, 2H) 1.37-1.42(m, 3H) 1.13-1.26(m, 4H)
1.08(d, 3H)
Example 12: Peparation of (4R.55,65)-6-[(R)-1-hvdroxyethyl]-4-methyl-3-[(7S.8aS)-2-

2-morpholinoacetyl)octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-7-oxo-1-azabicyclo[3.2.0]hept-

2-ene-2-carboxylic acid (compound 14

Step1-8 Procedures were same as step 1-8 in Example 1.
Step9  Preparation of S-(78,8a8)-2-(2-morpholinoacetyl)octahydropyrrolo

[1,2-a]pyrazin-7-yl benzothioate

QWW QYW

NH TFA

To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (4.27 g, 11.9
mmol) in CH,Cl, (200 mL) was treated with TEA (5 mL, 35.7 mmol) and 2-chloroacetyl chloride

(1.35 g, 11.9 mmol) in 20 mL of CH,Cl,. The resulting mixture was stirred at ambient temperature
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for overnight. To the reaction mixture was added morpholine (1.03 g, 11.9 mmol) in 20 mL of
CHéClz. The resulting mixture was heated to reflux and stirred until the reaction completed. The
reaction mixture was washed with saturated aqueous NaHCOj3; solution and brine, dried over
anhydrous Na;SQOy, filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel to give product 2.40 g (56% yield).
Step 10  Preparation of 1-[(7S,8aS)-7-mercaptohexahydropyrrolo[1,2-4]
pyrazin-2(1H)-yl]-2-morpholinoethanone

© N\__/N_/<—‘1\1/_\__/—\o N\——/N—/<—NQ\0

S-(78,8aS)-2-(2-morpholinoacetyl)octahydropyrrolo[ 1,2-a]pyrazin-7-yl benzothioate (2.60 g,
6.67 mmol) dissolved in methanol was added to a saturated methanolic KOH solution at 0 °C. The
reaction mixture was stirred at 0 °C for 2 hours. The reaction mixture was adjusted to pH=6 to 7
with 1IN HCI solution. Methanol was removed and the residue was extracted with CH,Cl,, dried
over anhydrous Na,SO4 and concentrated under reduced pressure to give product (1.29 g, 68%).

Step 11 Preparation of 4-nitrobenzyl (4R,5S5,65)-6-[(R)-1-hydroxyethyl]-4-methyl-3-
[(75,8aS5)-2-(2-morpholinoacetyl)octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-7-oxo-1-azabicyclo-
[3.2.0]hept-2-ene-2-carboxylate

OH CH
» HC S0 PH
A CH 0
HS N/ OP(OPh), CHs/l," 3 J\/ (\o

W 0 S S N N

N N-/<_ — COOPNB N/ X

\ / N O - 0] \/l

\_/ COOPNB

In a dried reaction flask, 1.29 g of 1-[(7S,8aS)-7-mercaptohexahydropyrrolo[1,2-a}pyrazin-
2(1H)-yl]- 2-morpholinoethanone (4.52 mmol) and DIEA (1.03 g, 8 mmol) was dissolved in
acetonitrile (100 mL). To this solution was added 4-nitrobenzyl
(4R,5R,6S)-3-(diphenoxyphosphoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo-
[3.2.0]hept-2-ene-2-carboxylate (2.69 g, 4.52 mmol). The reaction mixture was stirred at ambient
temperature for 24 hours under nitrogen atmosphere. The reaction mixture was extracted with ethyl
acetate and washed with water. The organic layer was dried over anhydrous Na,SOy, fitered and
concentrated under reduced pressure to give crude product 1.36 g (48% yield) which was used

directly in next step without further purification.
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Step 12  Peparation of (4R,5S,65)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-(2-
morpholinoacetyl)octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-7-0x0—1-azabicyclo[3.2.0]hept-2-

ene-2-carboxylic acid

OH PH e, 0 0
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N/ s N N\/)
o N_J o

COCH

The product (1.36 g, 2.16 mmol) from step 11 of Example 12 was dissolved in a 1:1 mixture of
THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspension was
stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst was filtered off
and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.
The product in aqueous layer was purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 171 mg (16% yield).

Due to the amide bond on the octahydropyrrolo[1,2-a]- pyrazine ring, '"H NMR exhibits two

conformers.
Formula: C3H34N4O06S Mol.Wt: 494.60 LC-MS: 495(M+H")
'HNMR: (400 MHz, D,0) 3: 4.40(d, 0.5H,), 4.25(d, 0.5H), 4.03-4.11 (m, 2H), 3.93 (d, 0.5H),
3.75(d, 0.5H), 3.55-3.65 (m, 5H), 3.35-3.91(m, 2.5H), 3.17-3.26 (m, 1H), 3.05-3.15(m, 0.5H),
2.86-2.94 (m, 2.5H) 2.59-2.62 (m, 0.5H) 2.46-2.59(m, 6H) 2.34-2.45 (m, 1H) 2.11-2.21(m, 2H)
1.11-1.20 (m, 4H) 1.05 (d, 3H).
'HNMR: (400 MHz, D,O) §&: 4.40(d, 0.5H), 4.25(d, 0.5H), 4.03-4.11(m, 2H), 3.93(d, 0.5H),
3.75(d, 0.5H), 3.55-3.65(m, 5H), 3.35-3.91(m, 2.5H), 3.17-3.26(m, 1H), 3.05-3.15(m, 0.5H),
2.86-2.94(m, 2.5H), 2.59-2.62(m, 0.5H), 2.46-2.59(m, 6H), 2.34-2.45(m, 1H), 2.11-2.21(m, 2H),
1.11-1.20 (m, 4H), 1.05 (d, 3H).
Example 13  Preparation of (4R.5S,65)-6-[(R)-1-hydroxyethyl]-3-[(7S.8aS)-2-(2-hydroxy-
ethyl)octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-4-methyl-7-0xo-1-azabicyclo[3.2.0]hept-2-ene-
2-carboxylic acid (Compund 16)

Setp 1-8 Procedures were same as step 1-8 in Example 1.

Step9 Preparation of S-(75,8a5)-2-(2-hydroxyethyl)octahydropyrrolo[1,2-a]pyrazin-

7-yl benzothioate
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To a solution of S-(7S,8aS)-octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (4.27 g, 11.9
mmol) in CH,Cl, (200 mL) was treated with TEA (5 mL, 35.7 mmol) and 2-bromoethanol (1.35 g,
11.9 mmol). The resulting mixture was heated to reflux and stirred until the reaction completed. The
reaction mixture was washed with saturated aqueous NaHCO; solution and brine, dried over
anhydrous Na,SOys, filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel to give product 2.26 g (62% yield).

Step 10 Preparation of 2-[(7S,8aS)-7-mercaptohexahydropyrrolo[1,2-a]pyrazin-

2(1H)-yl] ethanol

AR -
° NS N T N\—JN_\—OH

S-(78,8aS)-2-(2-hydroxyethyl)octahydropyrrolo[1,2-a]pyrazin-7-yl benzothioate (2.26 g, 7.37
mmol) dissolved in methanol was added to a saturated methanolic KOH solution at 0 °C. The
reaction mixture was stirred at 0 °C for 2 hours. The reaction mixture was adjusted to pH=6 to 7
with 1IN HCI solution. Methanol was removed and the residue was extracted with CH,Cl,, dried
over anhydrous Na,SO4 and concentrated under reduced pressure to give product (0.77 g, 52%).

Step 11 Preparation of 4-nitrobenzyl (4R,5S,65)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS)-2-
(2-hydroxyethyl)octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-4-methyl-7-oxo-1-azabicyclo[3.2.0]-

hept-2-ene-2-carboxylate

/', 3
H,C™" 2 g on
Hspﬂ Ny OO cH FC(\N/\/OH
S
NG N 0 COOPNB S N/ N\)
— OH > COOPNB

In a dried reaction flask, 0.77 g of 2-[(7S,8aS)-7-mercaptohexahydropyrrolo[1,2-a]pyrazin-
(1H)-yl]ethanol (3.83 mmol) and DIEA (1.03 g, 8 mmol) was dissolved in acetonitrile (100 mL). To
this solution was added 4-nitrobenzyl (4R,5R,65)-3-(diphenoxyphos-
phoryloxy)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0xo0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate
(MAP) (2.27 g, 4.83 mmol). The reaction mixture was stirred at ambient temperature for 24 hours
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under nitrogen atmosphere. The reaction mixture was extracted with ethyl acetate and washed with
water. The organic layer was dried over anhydrous Na,;SOy, fitered and concentrated under reduced
pressure to give crude product 1.23 g (59% yield) which was used directly in next step without
further purification. |
Stepl2 Preparation of (4R,5S,65)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS5)-2-
(2-hydroxyethyl)-octahydropyrrolo[1,2-a]pyrazin-7-ylthio]-4-methyl-7-oxo-1-azabicyclo[3
.2.0]hept-2-ene-2- carboxylic acid

OH oy | jH CH;y
3 /I
. CH3/ZI,, /\/OH H3C ‘ N /\/OH
s L )<
N/ N @ N N
o
COOPNB COOH

The product (1.23 g, 2.25 mmol) from step 11 of Example 13 was dissolved in a 1:1 mixture of
THF and water (20 mL) and 10% Pd/C (0.4 g) was added. The resulting black suspension was
stirred at ambient temperature under hydrogen pressure for 2 hours. The catalyst was ﬁltefed off
and rinsed with THF and de-ionized water. The combined filtrate was extracted with ethyl acetate.
The product in aqueous layer was purified by prep. HPLC and the product fractions was
freeze-dried to give solid product 101 mg (11% yield).

Formula: C;9H29N30sS Mol. Wt: 411.52 LC-MS: 412(M+H")

'HNMR: (400 MHz, D,0O) &: 3.98-4.12 (m, 2H),3.52-3.68 (m, 3H), 3.21-3.27 (m, 1H),
3.09-3.10 (m, 1H), 2.98 (d, 1H), 2.76-2.90 (m, 3H), 2.48-2.57 (m, 3H), 2.11-2.34 (m, 4H),
1.92-2.01 (m, 1H), 1.05-1.19 (m, 4H), 1.03 (d, 3H).

The following compounds can also be prepared according to the method described

above:
Table 3 The compounds of present invention
NO. | Structural Formula NO. | Structural Formula
OH OH
CH CH 0
ch/lf,, ’ N H3C/!c, ? P
17 =T =00
o N N\) o N N\)
COOH COOH
OH
| CH3 OH CH3 [0}
18 HiC /l". : —C(\N/\Cl 1 H;C/l'., —C(\NJ\N/\
&Y AN RSN
COOH COOH
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COOH N/ COOH OH--130CH3IO N?2,....... )--0 COCH CLAI M5 1. A
conmpound of forrmula (I), or its pharmaceutically acceptable salts, or its
readily hydrol yzed ester, or its solvate, or its stereoisonmer thereof:
Wherein R1 is hydrogen or ClL.6 alkyl; R2 is (1) hydrogen, (2) Cl1.6 alkyl,
C2-8 al kenyl or C2-8 al kynyl, which is optionally substituted by one to

three XbpAIMs

1. A compound of formula (I), or its pharmaceutically acceptable salts, or its readily
hydrolyzed ester, or its solvate, or its stereoisomer thereof:

¢)

H;C _R?
N~/ N

° COOR? (D)
Wherein
R! is hydrogen or Cy.¢ alkyl;
R?is
- (1) hydrogen,
(2) C1. alkyl, Cp.g alkenyl or C,.5 alkynyl, which is optionally substituted by one to three X!,

X! is indeendently selected from halogen, carboxyl, hydroxyl, amino, cyano, nitro, Ci.¢
alkoxy, halogénated Ci.¢ alkoxy, Ci.¢ alkyl amino, bis-(C.¢ alkyl)amine, C, alkyl carbonyl,
Cicalkyl carboxyl, Ci.¢ alkoxy carbonyl, carbamoyl, Cy alkyl carbamoyl, bis-(Ci alkyl)
carbamoyl, amino sulfonyl, C;¢ alkyl amino sulfonyl, bis-(Cy.s alkyl) amino sulfonyl, Ci
alkyl sulfonyl amino, Ci.¢ alkyl sulfonyl, Cis alkyl carbonyl amino, guanidino, Cs.g
cycloalkyl, aryl or heterocyclic,

Cs.g cycloalkyl, aryl or heterocyclic of said X! can be further substituted by the following
substituents: halogen, carboxyl, hydroxyl, amino, cyano, nitro, Cy. alkyl, carboxy Ci- alkyl,
hydroxy Ci.¢ alkyl, amino Cj alkyl, halogenated Ci alkyl, C;.¢ alkoxy, halogenated C;.¢
alkoxy, C1.¢ alkoxy C.¢ alkyl, Ci. alkyl amino, bis-(C;. alkyl) amino, bis-(C. alkyl) amino
Cis alkyl, Ci alkyl carbonyl, C.ealkyl carboxyl, Ci alkoxy carbonyl, carbamoyl,
carbamoyl C . alkyl, Cy.¢ alkyl carbamoyl, bis-(Ci.¢ alkyl) carbamoyl, amino sulfonyl, amino
sulfonyl Cy.¢ alkyl, C; alkyl amino sulfonyl, bis-(Ci¢ alkyl) amino sulfonyl, Ci.¢ alkyl
sulfonyl amino, Cy.¢ alkyl sulfonyl, C;.¢ alkyl carbonyl amino or guanidino,

(3) Cs.3 cycloalkyl, aryl or heterocyclic which is optionally substituted by one to three X2,

X2 is independently selected from halogen, carboxyl, hydroxyl, amino, cyano, nitro, Ci.¢
alkyl, carboxy Ci. alkyl, hydroxy Ci.¢ alkyl, amino Cy.s alkyl, halogenated Ci alkyl, Ci.6
alkoxy, halogenated Cj. alkoxy, Ci alkoxy Ci alkyl, Ci alkyl amino, bis-(Ci- alkyl)
amino, bis-(C1.¢ alkyl) amino Cy alkyl, Ci. alkyl carbonyl, Cyalkyl carboxyl, Cy¢ alkoxy
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X1 is independently selected from hal ogen, carboxyl, hydroxyl, am no,
cyano, nitro, Cl-6 al koxy, halogenated G .6 al koxy, Cl..6 al kyl am no,
bis-(Cl1_6 al kyl)am ne, Cl1_6 al kyl carbonyl, C _6al kyl carboxyl, Cl..6

al koxy carbonyl, carbamoyl, G _6 al kyl carbamoyl, bis-(Cl_6 al kyl)

car banoyl, am no sul fonyl, Cl1.6 alkyl am no sulfonyl, bis-(CG _6 alkyl)

am no sul f%unyﬁ%hﬁzaﬁ{oﬁy,lc 0, Ay G, kA @E%Yﬁoy&,%iﬁ-@@}{{ alk ) carbateyl,
carbonyl am no, “guani di ho, C3-8 cycl60al Kyl, aryl or heterocyclic,

C3. . 8 cycl oghiky|sulfedil axﬁrnohﬁﬂ@hglcm:.& hikyRfC sadlklyéniaasulfenylybisHEr.¢ alkyl) amino
substituted by the follow ng substituents: hal ogen, carboxyl, hydroxyl,

am no, cyansulfonylt r@,¢ Gikyb salfeyyl, amamopoXys @lkyb salfepyl, Crnpdabkyly anting cartopy! or
amno Cl1-6 al kyl, hal ogenated Cl-6 al kyl, Cl1-6 al koxy, hal ogenated Cl-6

al koxy, C .gwnglinggxy C1 6 al kyl, C1_6 al kyl amino, bis-(Cl.6 alkyl) am no,
bis-(C1_6 al kﬁ(% amno Cl1_6 alkyl, Cl1.6 al kyl carbonyl, Ci.6alkyl carboxyl,
Cl.6 al kox&“)c Xnyl , carbanoyl, carbanoyl Cl.6 alkyl, Cl1_6 alkyl

car banoyl, bisz(.C} 6 gl kyl.) ,carbanmoy] , i.n | f i n ul

kgL 6 ar Ryt Caefhy AR R OOBy sp e o ¥ e Yo Gy BBy b
al kyl sulfo ' ly2car bonyl am no or
guani di no, é}%ete?g@ygﬁ%ﬁggfEb{f&ﬂa&?&}:ﬂ%ﬁﬂ%ﬁ%?&%{@oﬁt% ¥M’1i ch is optionally
substituted byydngytRnishh@8bo¥d definedR' il VhetpReaes tiel abosetefatedX ] r om

hal ogen, carboxyl,” hydroxyl, am no, cyano, nitro, Cl-6 al kyl, carboxy Cl-6
al kyl, hydioxg(©l-8, mlikylor 2am no C1-6 al kyl, hal ogenated Cl1-6 al kyl, Cl-6
al koxy, hal ogenated Cl-6 al koxy, Cl-6 al koxy Cl1-6 al kyl, Cl-6 al kyl am no,
bi s- (Cl. 6 al kyF)isaarhino, Obis sliytiangna,| kig4(§ 1-antkyldangnos oniCeypl alkyb1which ik pptionally
carbonyl, G _6al kyl carboxyl, Cl-6 al koxy carbonyl, carbanpyl irﬂgar barroa/l
G 6 al kyl , substitsted! oy pne 40 Barro W ; obiCs-s (cxaloalks). lapyl) orchetergryshic, whichy$ optionally
sul fonyl, amno sulfonyl G 6_alkyl, C 6 alkyl amno sulfonyl, bis-(C _6
al kyl )~ ani n¥betituted iy onedq TgeeViey| “sul fonyl anino, CL1.6 alkyl sulfonyl, G _6

ont 1 onal 1y subdt ey BRASRped £)ad? Kprend tdpeste Refbi T 1o

het erocycl i3 .\ | S i i d by one to three Y2, Y1
represents?ﬁ%\ﬂ%‘ﬁg%éen(ggﬁé %%g%gl%én%@ggﬁgﬁdfesents t he above defined X2, (5)
-S(0).-Z, i cdmBburd claimed IS cRIh NQ,orGls fhaambydutiaalynaccebiable SltsPor its readily
al kyl )am no, or _6 alkyl which is optionally substituted by one to three
Y1, or G3drobred eadrkyt its solydte, @k ithetesofsopmti ¢ whi ch is optional ly substituted
by one to three Y2, Y1 represents the above defined XI and Y2 represents

t he aboWhedgihii ned X2; and R3 is hydrogen or the carboxyl protecting group.
2. A conpound claimed in claim1, or its pharmaceutically acceptable salts,
or its readdligCnyalkplyzed ester, or its solvate, or its stereoisomer:
Wherein Rl i,s Cl4 alkyl; R2 is (1) hydrogen, (2) Cl.4 alkyl, which is
optional |y Bubstituted by one to three X, X1 is independently sel ected
from hal ogeny, ¢ rboxyl, hydroxyl, am no, Cl4 al koxy, hal ogenated Cl4

al koxy, c14 M@?geélm no, bis-(C 4 alkyl)amne, Cl4 al kyl carbonyl,

car banoyl , @f&gggﬁ%%&l%oﬁg@e&?lgg%ﬁt%dﬁySﬁfézio(m{e'éﬂ" phenyl, 5-6 nember ed

het er oar yl ere C3_ 6 cycl oal kyl, phenyl, 5-6

menber ed het er ogr ¥l i@EpedidéntEADIBEEE fth HaRipkR) t&bOkyl! hed®ayK alinead, balkoxy,
further substituted bypt he fol |l ow ng substituents: hal ogen, Cl-4 al kyl,

hal ogenat edp4idochapddk ), &Hkéx3! €oX Yalkflahmg)biedC Gl Allaljamiye, Ci4 akyytarbonyl,
am no, bis-(Cl4 al kyl) am no, Cl4 al kyl carbonyl, carbanoyl, carbanoyl Cl4

al kyl , anmi nearbathbynymincasilfonyk Wubnidido, C34 catloglkyl, ghegylahicdinembexed)he@o@yl or
cycl oal kyl, phenyl, 5-6 nenbered heteroaryl or 3-7 nmenbered heterocyclic
whi ch i s 503-7Toptmberad hytegagelid,t ut ed by one to three X2,

Cs. cycloalkyl, phenyl, 5-6 membered heteroaryl or 3-7 membered heterocyclic of the
said X' can be further substituted by the following substituents: halogen, Ci.4 alkyl,
halogenated Cy4 alkyl, Cy.4 alkoxy, halogenated C.4 alkoxy, C14 alkyl amino, bis-(Ci alkyl)
amino, C14 alkyl carbonyl, carbamoyl, carbamoy!l C;4 alkyl, amino sulfonyl, amino sulfonyl
C,4 alkyl, or guanidino,

(3) Cs.¢ cycloalkyl, phenyl, 5-6 membered heteroaryl or 3-7 membered heterocyclic which is
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X2 is independently selected from hal ogen, am no, Cl-4 al kyl, hal ogenated
Cl4 al kyl, Cl4 al koxy, hal ogenated Cl14 al koxy, Cl4 al kyl am no, bis-(Cl4

al kyl) amno, bis-(GC 4 alkyl) amno Cl-6 al kyl, Cl4 al kyl carbonyl,

car banoyl , carbanoyl Cl1-4 al kyl, am no sul fonyl, am no sul fonyl Cl4 al kyl,
or guanidino, (4) -COY, Y is Cl4 al kyl which is optionally substituted
by one to I |, phenyl, 5-6 nenbered heteroaryl or
3-7 nenberé@i(ﬁ%%lg%%%sgg tigaébﬁlﬂﬁ t?g%z%zii onal ly substituted by one to three
Y2, Y1 represert & ihiipealieils sdrticddebmhalagesh, ¥dincs 101 @ ik, shaldpen@bd Ty alkfl, Ked
X2, (5) -S(0).-Z, mis 1 or 2, Z is amno, Cl4 alkyl am no, bi.sé:(CM

al kyl ) am nalkeay, Gilbgendtgd Cphiatkoxiys Coptallgi adnhino s bisg(Cis walled) bimm dis-(C thallsel)
Y1, or C3-6 cycloal kyl, phenyl, 5-6 nenbered heteroaryl or 3-7 nenbered,
het er ocycl iamindCelh alkyl, Episi bl icpsponylpearbame deasharaend (i allgl canipp sulfonyl,\gmino
represents the above d?fined | and Y2 represents the above defined X2; and
R3 is hydrcydanyl Cis atkyl,or U clained in claim?2, or its

phar maceutiéf:)ab?/ acceptable salts, or its readily hydrolyzed ester, or its
sol vat e, o‘ i 'giereoisoner: Wherein Rl is methyl; R2 is (1) hydrogen, (2)
Cl4 al kyl, whi IS, 0ptk{10 A | i I . lohkkyl,
i ndependent |y ge e%’f‘e@k#dr%challs?ggﬁfwx%l%gﬁﬁ?@%géggwgnﬁ(hg Céf4c§$l ko>)<,y,
hal ogenat edhieddl, 33-kOxemberedl Heteydardmon03-7bifen{teted akteyddyalic Nehick afsb apuivrally
am no sul fonyl’ phenyl, pyridyl, piperidinyl, piperazinyl or norpholinyl,
The phenyl ,substitusi by ope pethirel Y| , pi perazi nyl or norpholinyl of the said Xl
can be further §ubsti tuted by the fol | ow n%&substi tuents: hal ogen, Cl4

al kyl, hal ogenX¥t exprcseats ghaghove defined Xosnd Y higprsgeratheboradefined sy, c14 al kyl
am no, bis-(Cl4 al kyl) am no, Cl4 al kyl carbonyl, carbanoyl, carbanoyl Cl4
al kyl, or &Wi-RtOkodfmayl or23) phenyl, pyridyl, piperidinyl, piperazinyl,

hol i |, rahyd , thi , - di -t hi il . ]
Z‘Qéf’oﬁr 'SB_% | o Zh,%%%pé,ﬁf i R0 e A e Ky n O OF B WA sty i§ptiapatly
i t Cl4 | i 1.S- 1.
ey e awbsthlef S hd IRV OA5 e, CORaBARN, pidebh 6 SemBEA fetelbaytidr 47
Y is Cl4 al &%J?F&@a ﬁ@tef(fcaﬂm fvﬁfaﬁ!ié ééptﬁhigﬁ}tf 'Fdagﬁﬁ@edba@ SRolkipret yPee Y1, or

phenyl, pyri pi peri di ny pi perazi nyl, norphdlinyl, pyrrolidinyl,
fiumyl, thi azg! ydpresentd the Shdvedetndd Kbzl Yirephuseis it abpié defledyX suidbt i t ut ed
by one to three Yéi Y1l is independently selected fromam no, Cl4 al kyl
ami no, bi sR®@GiKydabgenl ) ami no, carbanoyl, guanidino, phenyl, pyridyl,
pi peridinyl, norpholinyl or pyrrolidinyl, Y2 is independently sel ected
from hal 0gén A esmpayndGildinzddkin ¢laiBl 2, akr kitsl phamnacsutipally. accentableksalts, aitpgeadily
carbannﬁ; car banoyl Cl14 al kyl ,or amno sulfonyl, (5) -S(0).-Z, mis 1 or
2, drelyzed et @uiits solval. OBt HSIEOBPRErC14 al kyl ) ami no, or Cl4 al kyl
whi ch i oFtionaIIy substituted by one to three Y1, or phenyl, pyridyl,
piperid%ﬂ§‘?npiperazinyl, mor phol i nyl or pyrrolidinyl which is optionally
substitutngby Qpe;.to three Y2, yl and -2

is methyl;

R?is
- (1) hydrogen,
(2) C14 alkyl, which is optionally substituted by one to three X',

X' is independently selected from halogen, carboxyl, hydroxyl, amino, C;4 alkoxy,
halogenated Cj4 alkoxy, Ci4 alkyl amino, bis-(Ci4 alkyl)amine, carbamoyl, amino sulfonyl,
phenyl, pyridyl, piperidinyl, piperazinyl or morpholinyl,

The phenyl, pyridyl, piperidinyl, piperazinyl or morpholinyl of the said X! can be further
substituted by the following substituents: halogen, C;4 alkyl, halogenated C,4 alkyl, Ci4
alkoxy, halogenated C;.4 alkoxy, C;4 alkyl amino, bis-(Cy4 alkyl) amino, C.4 alkyl carbonyl,
carbamoyl, carbamoyl C;4 alkyl, or amino sulfonyl,

- (3) phenyl, pyridyl, piperidinyl, piperazinyl, morpholinyl, tetrahydrofuranyl, thiazole,
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Y represents the above defined; and R3 is hydrogen. 4. A conpound
claimed in claim3, or its pharnmaceutically acceptable salts, or its
readily hydrol yzed ester, or its solvate, or its stereoisoner: Werein R
is methyl; R2 is (1) hydrogen, (2) nmethyl, ethyl, isopropyl, which is
optionally substituted by one to three X, Xl is independently sel ected
from hal 0ggR. 4iRydb ik olydi il ioRYINy #ibksti e 2
pyridyl of Q{Shdéﬂgd;%S gPﬁ)X(J:lo }(Izéhpg%m%ﬂlﬁ%?hgfo usp Gﬂglg?li{ %Su%g by}} t hguﬁ‘ui(gaﬁ)ovm nge’”thr@er ’
substituents: Xaiogdependeithyselectar hammalogeaaChanikyl, Gratdilyl,antio,abis-(0;4 alkyl)
sul fonyl, (3) phenyl, pyridyl, tetrahydrofuranyl, thiazole,

4, 5- di hydr antihé,aaiayioyl, csarbayoybGr-opid/], amnesulfoinglh i s optional |y substituted
by one to three X2, X2 is independently sel ected from hal ogen, nethyl,

car banoyl , (ArReYssul fonyl, (4) -CO Y, Y is nethyl, ethyl or isopropyl

which is optiopally suypstituted by one to th Y1, h |, i dyl .

pi peri di Ryl . ptpérazi #gﬁ",‘l’v{?}‘l;?brlﬁlopé??ﬂ]/nliy WgFtHH{eﬁg’yoﬂ‘?‘i %Lﬁ??eq{)s{uﬁrs ‘Mfﬂ@ﬂf}yl

one to three_ Y2 Y1 is ind dent | | ected f %ﬁgg th ) .

g 3; P glm’)é' ] iwg@w%wmr&agx@ lrrll}oei"g@(ﬂtng p}%gfl@léffd, é‘?ﬁl{/\yﬂ i Bﬂg‘iﬁ %é—?iﬂa}lra?‘d-thxazolyl
i di o . rom hal ogen, ne :

car banoyl , c}g?%grgﬁf)h%%%%% gﬁidﬁ% tiﬁi‘?ﬁw . (5) -5 0)gm Z, mi g 1 or 2,

Z is amno, di wtibmh&%ﬁeﬂ&nﬂs&i s@dded &hhamimd, hgl, alEt line,PBiAT) Nailigl) amino,

nor phol i ne nethyl; and R3 is hydrogen. 5. A conmpound claimed in claim
4, or its patrarmytwuagidinoy pkegt plyabllepipatidiayl, atorpicinybadbyiryolidygd,ol yzed
ester, or its solvate, or its stereoisoner: Werein RLis nethyl; R2 is (1)

hydrogen, (2) Weisiptepeatently, sebactddsiopm delogen,eimiiod, Cs: disyl Enaklkyl eming, bisc(Cad
by one to ta\i\l,?yl)xalrhin)(gL ce{rlganllg)g,e ga?ggrr?g)}ll 14illel(|yleg;[ aencliin]:)rsglrfr‘]or?)x,d roxyl, or phenyl,
(5)-S(O)-Z, mis 1 or 2,

Z is amino, Ci4 alkyl amino, bis-(Ci.4 alkyl)amino, or C;4 alkyl which is optionally
substituted by one to three Y', or phenyl, pyridyl, piperidinyl, piperazinyl, morpholinyl or
pyrrolidinyl which is optionally substituted by one to three Y2,

Y! and Y? represents the above defined; and
R? is hydrogen.

4, A compound claimed in claim 3, or its pharmaceutically acceptable salts, or its readily
hydrolyzed ester, or its solvate, or its stereoisomer:
Wherein
R! is methyl;
R?is
(1) hydrogen,
(2) methyl, ethyl, isopropyl, which is optionally substituted by one to three X!,
X! is independently selected from halogen, hydroxyl, dimethylamine, pheny] or pyridyl,
The phenyl or pyridyl of the said X' can be further substituted by the following
| substituents: halogen, methyl, carbamoyl, carbamoyl methyl, or amino sulfonyl,
(3) phenyl, pyridyl, tetrahydrofuranyl, thiazole, 4,5-dihydro-thiazolyl, or cyclopropyl group
which is optionally substituted by one to three X?,

X? is independently selected from halogen, methyl, carbamoyl, amino sulfonyl,

4)-CO-Y,
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The said phenyl of X1 can be further substituted by hal ogen, nethyl,
car banoyl, or am no sulfonyl, (3) -COY, Yis nethyl, ethyl or

i sopropyl, which is optionally substituted by one to two Y1, or phenyl,
pyridyl, piperidinyl, which is optionally substituted by one to two Y2,
Y1l is independently sel ected from di net hyl am ne, guani di no, phenyl,

pyridyl, or noYpbahdthyll ethyP ot $sopropgpevhienis! optivakiee sewsktitutedrbhalnegs nhreeﬂ"hy)k
carbam)yl or amino sulfonyl, (4) -S(0)mZ, mis 1 or 2, Z1s amno, or

di nmet hyl arviphenylapytids® plperhgmtrlqucrazﬁyl pyraitioylnehich a;lcnmdnaliy subatituted, byameito s
pharmaceutical |y acceptable salts, or its readily hydrolyzed ester, or its
sol vate, orthieed st ereoi soner, and the said conpound i s sel ected from t he

f ol | owi ngs: (4R, 58S, 1 - hydroxyet hyl] -4-nmethy 8
as)-2 - et hyl ot &Hg}é?paﬁ%r&lmss étfd f?‘%]j‘ﬁ%ﬂréﬁ%‘iﬂﬁleﬂif %rﬁmf}] gua?an% phfnyl "oyridsy,

-azabicycl g car boxyl ic acid, (4R, 5S, 6S) - 6-
[(R- 1 hf&é i@ﬁgﬁg?l%pho@?yl Off’%nlgdlgg) sopropyl -oct ahydropyrrolo [1
20]pyra2|n72 t zahicyc 2

hept Y ene- 2- Cgl‘ %40 :i(ﬁq ?lnd%n 1sgl3él:te§ 4@% é}aéq.ag)e:ﬁlgﬁlt&}@f, J:a?ba[rﬁoyl, chl)amoyl methyl or
[(78 8as) a&nﬂ@mw@ptahydropyrrol o[l ,2 -a] -pyrazin-7-ylthio] - 6- [(R)-

1 -hydroxyet hyl] -4-nethyl-7-oxo- 1 -azabicyclo [3 .2 . 0] hept-2

- ene- 2- car f0x§(0)a-Aan i 1 or 2,( 4R, 5S,65)-3 - [(7S, 8 aS)-2

-acetyloctahydropyrrolo [1 ,2 -a] pyrazin-7 -ylthio] -6- [(R- 1

-hydroxyeth ylZ% is zanmeo,hsmnexh}d&mml imgthislamjed angtleyl, Methydpiphepgine2or- moephpline

-carboxylic acid, (4R 5S5,68)-6- [(R- 1 -hydroxyethyl] -3 - [(7S,8

aS) - 2- |sobd{“’3ﬂf‘ Fa‘@ ctahydropyrrolo [1 ,2 -a] pyrazin-7 -ylthio] -4-nmethyl-7

-0oxo- 1 aﬁabl clo [3 2 . 0] hept-2 -ene-2 -carboxylic acid,

(4R, 5S, 65) - 315 y%é 8 aS) 2 -benzoyl oct ahydropyrrolo [1 ,2 a]

- t R

-Qﬁraﬁ.zwcl (57 Moy lajc.laelﬁ%%gféét? %%Jcem“caﬁﬁ Rl G by oty
[(R) - IhyaRygreeset byliks sol@a@efh?t's]s't&re - [(7S, 8 aS)-2 .

-picoli r?] oyl oct ahydropyrrol o pyra2| n-7-ylthio]l- 1 -azabicyclo [3 .2

. 0] hepwheregne-2 -carboxylic acid, (4R 5S,65)-6-[(R) - 1 -hydroxyethyl]

_ 4- et hyl - 7-ox0-3 - [(7S, 8a5)-2-(4-su| fam)yl benzoyDoct ahy dropyrrolo [1

, 2- a] pyr azRhis#ngthylhi o] -1 -azabicyclo [3 .2 . 0] hept-2-ene-2 -carboxylic
acid, (4R 55, 65)-6-[(R)- 1 -hydroxyethyl] -4 met hyl-7-o0x0-3 - [(7S, 8 aS)-2
- sulfam)yRotSt ahydropyrrolo [ 1 ,2-a]pyrazin-7-ylthio] - 1 -azabicyclo [3
.2 .0] hept-2-ene-2 -carboxylic aci d, (4R 5S,6S)-6-[(R) - 1 -hydroxyethyl]
_4- et hy1- @) dx¢rogen, [ (7S 8 as)- 2 (4- sul f amoyl benzypoct ahyd ropyrrolo [ 1

a(2:i g] pyr azbn metﬁ/yl e%ﬁ] or 1:sLopr%§y fi}éﬁ 1S oétlonaﬁy SlﬁJStltutg({ byzor?ent%_t\?vb%r boxyl i c

731 thi o] - [ (R B eePkydrd SREERh HoB R PR 1P L0 eyt o 15 2

0] hept -2-ene-ghe %&%&M}l‘ &t &¢idn t(e4ﬁr§1§r @gﬁs't@uted Q) 71§elo$na§)e'ﬂ?yl egrbamoyl, or
(di met hyl am no) acetypoctahydro -pyrrolo yraz 0) -
amino sulfonyl,
3) -CO-Y,
Y is methyl, ethyl or isopropyl, which is optionally substituted by one to two Y!, or
phenyl, pyridyl, piperidinyl, which is optionally substituted by one to two Y2,
Y' is independently selected from dimethylamine, guanidino, phenyl, pyridyl, or
morpholinyl,
Y? is independently selected from halogen, methyl, carbamoyl, or amino sulfonyl,
(4)-S(O)p-Z, mis 1or2,
Z is amino, or dimethylamino; and
R? is hydrogen.
6. A compound claimed in claim 5, or its pharmaceutically acceptable salts, or its readily
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6-((R - 1 -hydroxyethyl)-4-nethyl-7-oxo- 1 -azabicyclo [3 .2.

Q hept - 2- ene-2-carboxylic acid, (4R 5S,6S)-3 - ((7S, 8

aS) - 2- (2- (di met hyl ami no) pr opi onypoct a- hydropyrrolo [1 , 2-a] pyrazin-7-ylt
hio)-6-((R)- 1 -hydroxyethyl)-4-nmethyl-7-oxo- 1 -azabicyclo [3 .2 .0]
hept -2 -ene-2-carboxylic acid, (4R 5S,68)-6-[(R)- 1 -hydroxyethyl]

- 4- met hiwlkrSlykdd/ &t&a8) itd-soRrat®iophie! steresisahypand aiy %@Qbﬁ‘fﬁoﬁﬂl@ if selected from the
, 2- a]pyra2|n 7- yIthl o] -7-oxo- 1 -azabicyclo [3 .2 .0] hept- 2-ene-2

-carboxﬁdlllom:gsid (4R, 5S,65)-6-[ (R - 1 hydroxyet hyl] -4-methyl -3

-[ (7S, 8a5) - g 1 -methy IE eridine-4-car bongl éoct ahydropyrrol o [
, 2-¢] pyr azi4R. 78 §$)t¢n[@§) I7 ﬁﬁ@xthylhimﬂwm [47$.8aS)2-giethyloctahydropyrrolo[1,2-a]pyra

h(e7ts ﬁnla%}@n? lrllo%%? @Y‘ﬂ?@%&l&‘%@‘& quax{rlg% idpgrydégixﬁ-ew 3y,: L g] _
-4- 2- b | 4 bd. .
s e hes- [@é droxie Yi?ls?fiﬁﬁs%aﬁgﬁiweae”ieﬁﬁﬁxﬁfgﬁ}%&l’(ﬁnﬁc IByeagin-7-
L6, or g B 1{9%07%2& P%Lzh% RESRIARR Al B arBlibSefi£adi |y hydrol yzed

ester, s sol’'vate, or its stere oner, ara terizéd in that the said

dosage f or mmsmss) N$(78IBASPD b@ﬁiﬁo@mgrdm%ld[@ 2la)GR a7 Sylthio]-6-f R)A-Hykdiget

of the treatnent or prevention of infectious diseases conprising a compound

cl ai medhylp4ahehyts7-dx® 1 -azabicydo 320 hemedénes2chporyiveqeidbl e salts, or its
readily hydrol yzed ester, or its solvate, or its stereoi soner. 9. A
met hod of HRPA6SE3-HTSBaSk2acctploetatlydopywelolil, Zra{pyrazin-geyifhid]si-H&)-d -hydroxyeth
nucl eophilic substitution reactionin between an internediate of formula (
11 ) andl-4rmethylefrEetilzzabigycl pBr%]hsptc?f Pig-2-carbpgliedqid: R1, R2 and R3 are

s Uiy et T s o
ngdir gl éé’?@f?ﬁ? %éfhp’ﬁ% k%%lo[ﬁ% ﬁ)b]hepts 2- e;léa EeOIbSog)(y ic a01 . R2 Vherein,
(4R,55,65)-3 -[(7S,8aS)-2-benzoyloctahydropyrrolo [1,2-a]-pyrazin-7-ylthio]-6-[(R)-1-hydroxye
thyl]-4-methyl-7-ox0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-[(7S,8aS)-2-picolinoyloctahydropyrrolo[
1,2-a]pyrazin-7-ylthio]-1-azabicyclo[3.2.0}hept-2-ene-2-carboxylic acid,
(4R,5S,65)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-[(7S,8aS)-2-(4-sulfamoylbenzoyl)octahy
dropyrrolo[1,2-a]pyrazin-7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,58,6S5)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-[(7S,8aS)-2-sulfamoyloctahydropyrrolo[
1,2-a]pyrazin-7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-7-0x0-3-[(7S,8aS)-2-(4-sulfamoylbenzyl)octahyd
ropyrrolo[1,2-a]pyrazin-7-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,5S,65)-3-[(7S,8aS)-2-(2-guanidinoacetyl)octahydropyrrolo[ 1,2-a]pyrazin-7-ylthio]-6-[(R)-
1-hydroxyethyl]-4-methyl-7-oxo0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,5S,6S)-3-((7S,8a8)-2-(2-(dimethylamino)acetyl)octahydro-pyrrolo[ 1,2-a]pyrazin-7-ylthio)-
6-((R)-1-hydroxyethyl)-4-methyl-7-oxo0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,58,6S5)-3-((7S,8aS)-2-(2-(dimethylamino)propionyl)octa-hydropyrrolo[ 1,2-a]pyrazin-7-ylt
hio)-6-((R)-1-hydroxyethy!)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
(4R,58,68)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-(2-morpholinoacetyl)octahydropyrr
olo[l,2-a]pyrazin-7-ylthio]-7-oxo-1-azabicyclo[3.2.0]hept- 2-ene-2-carboxylic acid,
(4R,58,65)-6-[(R)-1-hydroxyethyl]-4-methyl-3-[(7S,8aS)-2-(1-methylpiperidine-4-carbonyl)oct
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ahydropyrrolo[1,2-a]pyrazin-7-ylthio]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, and

(4R,58,65)-6-[(R)-1-hydroxyethyl]-3-[(7S,8aS)-2-(2-hydroxy-ethyl)octahydropyrrolo[1,2-a]pyr
azin-7-ylthio]-4-methyl-7-oxo0-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.

7. A pharmaceutical dosage form comprising a compound claimed in claims 1-6, or its
pharmaceutically acceptable salts, or its readily hydrolyzed ester, or its solvate, or its stereoisomer,
characterized in that the said dosage form contains one or more pharmaceutical carriers.

8. A method of the treatment or prevention of infectious diseases comprising a compound
claimed in claims 1-6, or its pharmaceutically acceptable salts, or its readily hydrolyzed ester, or its
solvate, or its stereoisomer.

9. A method of preparation of a compound of formula (1) comprising a nucleophilic

substitution reactionin between an intermediate of formula (II) and an intermediate of formula (III)

H;C

_R? )L
N\) (1) COOR’® (1I)

Wherein, R',R? and R® are defined as in claim 1, and L is a leaving group.
10. A compound of formula (II), or its pharmaceutically acceptable salts, or its readily

hydrolyzed ester, or its solvate, or its stereoisomer:

N’Rz
{Q o

Wherein, R? is defined as in claim 1.
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