GOVP1200134231

3

70

Welgy 32T MY A
R&D Project for Discovery of Bioactive Substances

AN e 2R K2 SuSE Y

Development of Remedy for the Infective Disease by Resistant Bacterias

AL7|H
LGCIA B #87|«d T4

% % 7 & ¥



sl

AL HA L] HFRIAME A

]

ol

A

10.

2001.

2

=47
JAT )

3]
2

#3}
H (

o
w4

3]

G
T oH
N W

B B
o Lo
[

AT
A7

2)
)

TR

do = 7!

RN

FRHT o
dorone Mo
Bo T =) — HQE
N <X X 0 ﬂ_,_Al‘wﬂ

- e e - —~
Mo T B K
C._OJlOﬁo,nﬂ —
N
R i
R AR o - BB B
TR N B T o0 R

o T W TPRRER
f e W T
o BB R R R 0
T 0 R A i R go T
ok 0{ 385 B! 5 W Mo

e G0
T oH
N W

BB
Bo o
B BR B

No =
R R
T RH

off B0 of
W o do %0 T
N T
o] 7
B E B oy R Mo T
R R® AT o NN
T W oy TR
RV <R o S o o) o
G5 Ao R0 g RN IE T
oo B/ RO K- 5

o 4o o) B 3 o R0 T %o
oA NRE D ke T R P

] }q zg

fuh B

o K o
T oA
N

- ingin
B B
Ko Lo

3 BE L B

do T T B

~
SGS
T

B BB F B






FHupH S,

-‘Z:,'

;
B9l

o

“r

o
il
)
o
=]

o

Ly

@

-
o}

o

sl

oF!

iy

o
ol
"

Ho

—_—

U

"

o
e}

Ho

Pl

r
ojlznald 7
[=1 I'Hl‘iqllé!J

ofl

g

[o}

<

w—”
=)

Tod

KX
w]

mm

Zl

(o)

o

o

o

Ho_;._
ol
"

Wl
%0
K

o0
)

1l

o)

o

ol

=
X0
or
;onw
or

)

of

e
o}

oll
®

i

ol

Ho

<
oll
®’

o

o}

Ho
10J

3
0

of
__o"w
or

of

of

~
(o]

ol
®

mo
_IO

o

<
ol
W

T

o
Pl






x T ™ o T
i) oo = B )
T T RN el
M R oo T of) o Bo o
Mo % T Ko Mo B0 o TR
°T T o -
o 7, Ay Ay o, —o, ! z,_;al,xy
o ol o T e B
= e el Sl = 9 Lo N T
: PEERLSCE T wPTET
" i o = =k
e TEBERALHE FEE LT gew
~ S %mum HE TR W T+ oF 4o ﬂ%déoorﬁ_o
U NRR R e 5 W.L o o WO ok o
;O_l/\(( N R R _ .vo_v( R —_ i X X
r i E F RN BED W d o w W
= S ek mored R Sior i
o oA RN ok of BT W B 3 kb o R ORP
_ )
s o
B B X C2 PRXE  BPX P
_ K A /B W on
~ K N KR R
s
Lo~ I it L S
o . B B 3 B tiol:e
T o o tfo o bio o bo
[ B B Br OB B RE T

Ris
AA

7l
HIME -
o}

;o&

K

7}
2






oL ATA%S] %3 2 Fay

p-LactamA FWAE 29 HE FT 2FePs e Pag 502 34

Aoz 7% 9 AHEHE FAACIT. 53, ojuHdF mesde

g hotA g B-lactamAl FAA FAME 7HF HeowdAe 58 I

gtk olsh 2& gHE BT 1AW AMAEA AL T+ 9
¥

oA e 2R A7 EARE VAL do F AFdA BHlEe 849
DHP-1°} ti3le] E<F4 3o Cﬂastatinolﬂ‘r‘—‘- 5 oA A9} WL Ed3tejop 30,
HAdE F2adgrst zof xﬂix o2 AEHY, EFWVE goes et 244
d Hz2HAdS FetE ] 2Ee] 1p-HErE E?J%}O% ojml#H o] o]t FAH
< R siAdstd ot olnjle Histe] 1@ FAgTl sty &Ao] HolA
), A8 EFugr)z 2 DHE 2 Avk E=g H2o A It AR
o7 Q3% ZEHE WA o AR FAA M gt 2 ool A
o= dFH Yt

olg} e BHAM E dAFdME 7|E9 olumyoelyt HEZAY Bty $5F

= }\i L
G, AU FF €A 2 Fe RHee vehhe] AAAGAN HFHL A
1612 Fhubsl o FAAE ALsut sk

oI a1 g 2 He

ojvj#F A} Wz el oM FE-2A FudA

dot. F, 6a-3|=EAE 7= serine B-lactamase ©f 3 A&
5

o, 1p-w197)E Fhesid mde) 5829l g @ DHP-1o) Be A4S A
Fach o9k 2o BN ey % ABHAA dAYS FAFEA AF 7
oY SAAE Agalr] Sla s 02 fXe] TEABe] $9% 4 Ao B

g,
mebd, B AFAE shnbld gAAe] C2 AN FERABS FARY
o 129 Wz WEA9eesls C3 9 o|aSAE, oaeAEY



2AFAUL A EYsAY, oJASAZAUY, o LElolEolY, e
ARg, TE UE LM ES EUU $PES FSAL.  BHH AT 3T
50 WAAE inviro FEAAL Bakel 25T FHS YehhE HPEE A
e ool et Pt WATFC o BAAR, FEMY tEEes
4 Y, 58N invivo FEAD 5 FAHGT. ol FolA ABHH, %
Je4, oz 958 542 uehl: HYEES FuEY 2 AEGYRE
SELT

3z ATFYOE 10091719) et UA AFELES FAske] 17 BHAA

s gAsgon S48 BYS Bele 2ol tate] noh WA Qe B
de AASAT o8 2o ATAN 2%0) ME HIE (KP-91014, KP-91409)
2 =239k o5 ¥ B ud H93 2 AABHH SAe beH 2

1. KIST-P91014
= MIC : ojujsjdl, wl=H+] tfH] d5F
m DHP-1: w234 ojd] 2u) &5

® Pharmacokinetic (rat)
BT W2 div] 46 5
AA ol L& @ WzZuyd gy 38 &
® Pharmacokinetic (dog)
HHk7], Aol &8 ¢ dWZHY dd %
® Pharmacokinetic (monkey)
7-7), Aol §&  WEHY oiv] ik EF
= PD50 @ =#l=#H Y ofr] 2-58) % (mouse)
s AF 2 sls
n 7]_%_ /H q.]Bl:zﬂ 63—%—

2. KIST-P91409

s MIC : olus Y, M=y oy 4%
= DHP-1: #l23 dju] 338 -

® Pharmacokinetic (rat)



2)

3)

4)

5)

6)

7)

8)

9

7] w=Z29 Y gy 6u)
Aol &g w2 he] 58] £
PD50 : W24 tiv] €% (mouse)

)% & Pharmacokinetic 535

5 Fo g
=ZAA
Synthesis and Antibacterial Activities of New Carbapenems Having a Prolin
Reverse Amide Moiety at the C-2 Position, Arch. Pharm. Pharm. Med,
Chem. 1998, 331.
Synthesis and Biological Properties of New 1p-Methylcarbapenems, Bioorg.
Med. Chem. Lett. 1998, 8.
Synthesis and Biological Evaluation of Novel 1p-Methylcarbapenems Having a

New Moiety at C-2, Bioorg. Med. Chem. Lett. 1999, 9.

Synthesis and Antibacterial Activity of New Carbapenems Containing
Isoxazole Moiety, Bioorg. Med Chem. Lett. 2000, 10.

Synthesis and Biological Properties of New 1p-Methylcarbapenems Having
Tetrazolothioether Moiety, Bioorg. Med. Chem. Lett. 2000, 10.

Synthesis and Biological Activity of 1B-Methyl-2-[5-isoxazoloethenyl—
pyrrolidin— 3-vylthiolcarbapenems, Bioorg. Med. Chem. Lett. 2000, 10.
Synthesis and Biological Properties of New 1p-Methylcarbapenems Containing
Heteroaromatic Thioether Moiety, Bioorg. Med. Chem. Lett. 2001, in press.
Studies on the Synthesis and Antibacterial Activity of 18-Methyl-2-(5-
substituted thiazolidine pyrrolidin-3-ylthio)carbapenems and Its Related
Compounds, European Medicinal Chemistry, to be submitted.

Synthesis and Antibacterial Activity of 1B-Methylcarbapenem Having a 2,2-
substituted-1,3-diazabicyclo-[3.3.0Joctan-4-one = Moiety and Its Related

Compounds part III, Archive der Pharmazie, to be submitted.



4.

Jm

=9

D 7 FX2A4 9 oole] AzH, dizt=, AW

2) Carbapenem Derivatives and Their Preparation Method, PCT, %% 9].

3 ojFtEd st AEE hutE ), =, 2399

4) Carbapenem Derivatives and Their Preparation Method, US, 2 %3 2]

5) Carbapenem Derivatives and Their Preparation Method, EP, %2R 9].

6) AT 1-Wetd gt A 2 o Az, dEads, A5A 9.

7) Novel 1-Methylcarbapenem Derivatives and Process of Preparation Thereof,
PCT, &R 9.

8) H-FHIZclEEHEHEYI-3-4HLV|E Zte AT I-dHedMLiatE g &
A 9 29 Az, dans, A5A9.

9) Al 1-wietdEsielald F =4 2 29 Xﬂ’“ﬂ“ﬂ* EH?F’J%, A5,

10) Hol&dag X &#AE 7HAe 1- o]
g, 2389,

1) FJEZ2Q2-oelrtdZFolF g & 7HA+ 1-dEAEsaagd fF=A9 19
Az, dEvls, 2499

o)
=
pa

]

oE FhtuY FEAG tstel Bk ASHA ABRY B
[e]

6‘ 1
A FE HAAFIE eFHY, o] EAES ASAR AFedA fAHAE Ao

o E A FHATY HY p-HAG G wAH C2 A EQG A
#7)e) §471%&E 2ok AAA BLHA AF AuAA FFGEY FHA 8
3

o E Afor TEH AEEF2 KP-91014, KP-914098 FA o =23 #=H
sgge @ vy A¥E ANV ARE HEFe] 94 DAY 1YL A=
@ Aol

2 224 % 23 HYBo U ATE 297 A BA
set2d AUAY S ARG Ao FRELL £2Y Holth

...10_



GUHTIHEA %’M!

SUMMARY

I. Title
Development of Remedy for the Infective Disease by Resistant Bacteria

II. Purpose and Importance of Research

P-Lactam antibiotics were in huge clinical use because of their potent
antibacterial activity and safety. Especially, carbapenems such as imipenem and
meropenem, showed a broad antibacterial spectrum and an excellent bactericidal
activity among B-lactams. In spite of its broadest spectrum of antimicrobial
activity of all the B-lactam antibiotics in clinical use, imipenem has two serious
drawbacks. Those are a high sensitivity to renal dehydropeptidase-I (DHP-I)
and a convulsive potential. Meropenem, 1-methylcarbapenem containing a
pyrrolidin-3-ylthio group as C-2 side chain structurally, solved these problems.
But, increasing incidence of resistant bacterial strains to available antibiotics
demands to develop new agents continuously.

The aim of this research is to develop new 1Pp-methyl carbapenem antibiotics,
which is expected to be successful in the world market, possessing improved
antibacterial activities, broad spectrums and lesser side effecs than imipenem or

meropenem.
III. Contents and Scope

The structure—activity relationships of imipenem and meropenem are well
known that the 6a-hydroxyethyl and 1B-methyl group are necessary for high
stability vs. P-lactamases and for the high chemical stability as well as stability
vs. DHP-I, respectively. In looking for this point of view, it seems that the
2-position is the only place for further structural modification without the
decrease in the chemical and biological stability

The structural modification of C2 in carbapenem antibiotics were carried out.

New carbapenem compounds were synthesized by derivatization at C3° in

- 11 -



pyrrolidine moiety of meropenem with isoxazole, isoxazoline, isoxazolidine,
isoxazoloethenyl, isothiazoloethenyl, pyridinylethenyl, and dithiocarbamate. Their
in vitro antibacterial activities against various strains and DHP-1 stability were
evaluated. And also, their in vivo protective test in mouse and pharmacokinetic

test in rat, dog and monkey were carried out.

IV. Results and Discussion

During the last 3 years, over one hundred of new carbapenem compounds
were prepared by coupling of carbapenem nucleus and thiol derivatives at C-2.

The synthesized some carbapenem compounds (KP-91014, KP-91409) showed
quite promising possibility in terms of antibacterial activity, DHP-1 stability and
pharmacokinetic parameters. From our results, seven domestic and four
international patents were to be applied. And also nine papers were published

on international journals.

V. Future Plan

Two carbapenem compounds (KP-91014, KP-91409) were found to have
greater biological properties than those of imipenem or meropenem. Further
advanced biological evaluation and intense structure optimization for above
carbapenem compounds will be required and this will be subjected for the

continuing research.

_12_
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peptideA], tetracyclined], polyetherZ|, anthracycline”], nucleotide”l, phospho-

glycolipidAl, B-lactam#l 2.2 EFHT}.

e o

4 A 22 E ¢4 Ao Aetm FoH W FAAE A

A zAoR I =3 HY UAE T MRSAS Pseudomonasel] tha] 7hst A=
Aol v FAA Mol dA 7 AlFE FAolch ojgt WA E o B-
lactamAl A AT QA F2E&3 FAo| vlud Hu I v @ F ol
¢F5t7] W&o ZF dE AREEHIL dem Mol Ax:Es FAEr] s
amino acid® |ZdFE A2 transpeptidase 7152 A3t bacteriae]l A EH
AEAAAE A == AXe ez gEA Utk p-Lactam FAA Y F73E2
bacteria AEZ¥ ol 47 FA7I5S Falste oE BiuHi vt L/HFTEY
AZEHE 2e bacteriast 22 AZ FIIAEL W FEHL 23 AZXHS
ol &

ZFA I o B WEstE pH, £ %, AFY 59 sl AET F U

.o N-acetylmuramyl pentapeptide®] subunit’} ¢7Z % peptidoglycan I+ =}
2 o]FoA Ju. o]E peptidoglycan TEA= D,L-amino acidEE peptide
bridge® #FAste] #3 AxE g FAHFEE, AX Wi AFE TEA 3|
A dojye AFYS AT & 7 Aok oW B-lactam %L‘ﬂzﬂi- Gram (+)
Gram (-) bacteria®] target siteol] H|7}HHolzm HeH o=z ZAJst peptido-
glycan® cross linking¥-$-<& o A5tA H}?

A AT dAFRAS AyHEE 194099 penicillin, 19603 erythro-
mycin, tetracycline, aminoglycosideZl & A, chlorampenicole #* 1930\ th
cephalosporin, quinolone, carbapenem® & o]oj7}x ¢lt}. 20003 ol = B-lactam Al
¢} quinoloneAl & A2 sgo] s A HAOE ASET vl o] MRSA®
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2% 1. Clinically available B-lactams

AUddoz FL5HE penam94 TZ2E Zt= A ASAA A7
1770 A& 15707F s & 32707 ~ o
E45E cefeme +FRE 2= ZF FALA 2670 78 17707 AN
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High stability to serine B-lactamases

High chemical stability
High stability to DHP-1

HO : e

COOH !
¥

High antimicrobial activity empirically

194 2. Structure—Activity Relationship (SAR)

ol 4 AT Fhets]d GAA L EFojok & 27

9o B A7l A JE WFel=

e Excellent spectrum vs. both G(+) and Pseudomonas.

Chemically high stability.

High stability to DHP-1.

e low convulsive effect.

Long half life.

® Active to respitory tract infection.

2 o FATAAE ouHY o] deln ZE el U]
Ae W2y o)y " E vehdy, ststd o 2w AW DHP-1e st
BT gAY, HAA {FREA o, 1 WU E zZtow, 3F7] AEFol
243 A5 ads Jetyor gtk ol H #HUddd s A AT El
2383l 9o penicillin resistant Streptococcus pneumonocae (PRSP) So] %
3l 357 A5 g Sxefo]l A4 A|Folr] wiiolth
2 AT A#EHE ovude Z2AFL Baste Al vzude GEE
S7kety FEFHEHQ WoA 71E FinidHd AR -5 A 18-
methyl 7HatE|d § A E FAFe] HHoln
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ol YA #FEY I d3ES BEW, MRSAT 70%, PRSP 78%, VREFM
17%°] 3L, ESBL &4 E. coli®t K. pneumoniae™= Z+7Z¢ 10%%} 26%, ¥ol® AmpC
beta-lactamase A4 Enterobacter cloacae$}t Serratia marcescens= °F 40%°]t}.
Carbapenem WX & Entero- bacteriaceae v ZEAX T, P. aeruginosa %<
19%, A. baumannii %°l 6%°] .
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e ERAAN G2 oy FFo diMe g3 FoE s 2 g 17
1} imipenem< dehydropeptidase-Iol E<9tA 3ol cilastatin® 7 FAsjoF =
@dol 9lil, meropenem Rtk I@SA bl digk o] okttt A
meropenem-> 1Al Aol thEt Alg T & o] imipenem H.U % H o

2 dHA Avh
AW 7<Y (Nosocomial infection)9] 8.
penicillinase® A4‘ste A X EAFF T g T
AL 3 Bof

2 X &% =4 methicilling

oo WAL FE5I TS AAIE oBLE AMEHY $o, o]F
penicilling ¥33& B-lactamA A A, aminoglycoside, macrolide, quinolone & 7
o] BE F7F9 FAA deME L& e vancomycin WHol FUd A&
Az Fol AT Vancomycin<e 1960d ol A& 7AL=Eoy Foeo S@FTH
red man syndromS9] 228 S0z 27)oE A AHLHR Zth7k MRSA A&
Ae #9493 digtem AMgFHm Aoy olm mix dEF HAAAHSR
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vancomycin®l e WA & F53IF MRSAC thste] rusn ot HZ Fuy
AP gk BRbol A T)Ee] oW IAAEZE = AEBEJF E7FFE VRSA(Vancomycin-
Resistant Staphylococcus Aureus; €4 3 goh)7l w7 E o] Al ™ & F
AZ oFE v gtk MRSA® ¢k ZES A E7F offga e Hd U o

5

7172 AN AARE E=F 9 o MRSAZE 2.3 Tl Adv #4E e
A5 msdAvte wid 2%bE olate] &byt wAYstH ofd] i A7 H|EoE
609 & odeol g vk osk ol FA P Wil HA FuE o
of g Aol F43] Gl wat A AksAES] HAAT Y ATE o
Al gl JgEa gk a2y A B fedME AugRel A AEE
714E T3kl A2 FE et WS UElA HE2 s 943 AT

AE 2 EAT = glon U2 FF AEE dS 4dE § ¢ i

2. A7 R AA - A Bay

FAAE AAA olekE ANAY 20% AEE AX e AUgAFoE I R
1998 2909 Eolior 2001d2 oF 3209E A2 dd=EHz du. ojst
A & ANFEAFH g2 okFel vlE] HxnA #Fe ALV 28 4A
3 U E v\nA 3 in vitro, in vivo 9 oF 4 A 2 54 AY 7|7HE
Zles AR 7ty AL & I g efidgde] AFE s
I & 5 Aok A A A5 AF s 4

aly

L

N
st
h

¢ AYs 3 Ngd ez o
AAAQ Ndoz Rysti goh F SR b #93 Bokl FAA AR
AAE S AR 5 de Aelth E st felold mRAA AL u)F
FYE AAFSe) oo Aol 2 ATHS Fe] AT £2FE T
), 5 AAA HE ATE AN AV o] A ATE dEL A
ge £02 dolen At glel YRE olAE NAZHY AT we B
) Afgens SUUSt A ATE FET HAVE 23 JE Aol
AA Aol ®3l FolE AHEW 1950 o] F penicillino] FEsH7F 19803 7+

GHE 318 g oz E93 quinolone
I % 2ol A 9otz ZbES dedth. 28y Quinoloned I EA4] o)
g Aol H]ste] Az, 164 ©]3te] Aofod Al AFEEHZA Bie EHo B

e 2 O N oo W oo gt Wb 0 2 M@
O

o
xe
£

199098 = g 53 AAS 7R AAA E419] carbapenem©] 7

stozx 7] ) 1990 d o o] &) = carbapenem

A A NFAZE HF €rd Aow vehdzm v zga st g A
m

Lol &= FAA| eropenem® 37f%to] A F8lx o] o]nlH

.

imipenem, panipenem,
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H 2 =zde ZIsiL sg

A1A =9 JleAd Y

197639l Woodward® penem® T%2 AU om® d MerckAte dF
A E0] carbapenem#| 2] &}1}¢l thienamycing Streptomyces cattleyal A 23 H
TEo2MY Blactam FAA ALE wmAHel FAAze ABIE nA A
o}, Thienamycing 719 pB-lactam FA A 2t+= 28 B-lactamased] thate] <F

=] = [e) o= O] = = L= 1 [e]
Ao, = ¥ SAEHT BT gL ZRE Yy 53] ojEdL
- = O 2~ =l =
Pseudomonas aeruginosa T $-5& a8 E YEWEZ AA A &4
[e] == =]
& AFsan
HO 0. 1976 discovered HO H 0. 1979 discovered
By o. Sep'td from Streptomyces H /\/H H g- 19:5 '1“"‘:"9"
g™~-NHz 4 stable vs. p-lactamase Pants hig rawbacks
o. Broad spectrum NH 0. Chemically unstable

o ) . o COOH o. Enzymatically unstable

COOH {Pseudomonas aeruginosa) (with cilastatin)

o. Chemically unstable o. Convulsive effect
Thienamycin Imipenem o. Short half life
(Merck) (Merck)
HO H oy 0. 1987 discovered HO 0 0. 1984 discovered
0. 1993 launched H N 0. 1994 launched
y) S—CI Drawbacks Pt ) Drawbacks
d N 0. Convulsive effect & NH 0. G(+) ]
COOH N 0. Renal toxicity COOH 0. Short half life
{with betamipron)
Panipenem Meropenem
(Sankyo) (Sumitomo/Zeneca)

29 3. Launched carbapenem antibiotics

Thienamycin ¥ 394 & F U= 8wk} Zo] FZ2A C-6
1-(R)-hydroxyethyl7] & 23 9}
Ao 2 108 o]de =& Y
Ql B-lactamAd AA| E3d+= o}

{o
)
¢
o))
do
N
=2
FT?L'
N
)
g0
rlr
o
o
2

Al cysteamine F717F
thienamycin& 3188 0 21 2o dgiste] 3
Act.
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o] 2%} thienamycin® @& & 2 Asl7] 8] Merck d7+3
N-formimidoly thienamycin (imipenem, MK-0787)% 714 %
A3 3FEAHS Uehl™ B-lactamased AAstE Tol tE
vk Al AN &4 (renal DHP-Dol| tjgk ?_}7‘3/‘3 o] A3t renal DHP-I
AAA Q] cilastatin® &3] AR&-ajoF st

K +
-§\,(N\l/\/\/\s/\'/NH3
© COO'Na’ coo

Cilastatin

2ol ol oln|HANE HAH 23 H (convulsive effect)?} =7 wfj & o
A Ed] oJaix AFHoz AL glom® A el uz77 e B
~lactam#l A A Hlsle] @S GHE 3 gk F 2+ o8 qFAAAY HAH

FUEHE ey Aol

I 2. Convulsive Activity of Antibiotics®
(GABA receptor assay)

S-4661 >500 o0

Panipenem 30 0.38
Imipenem 65 0.53
Cefazolin 25 19
Ceftazidime 110 3.2
Biapenem 340 4.2
Meropenem 460 10

1984d o] o]Z2 Shih$} Christemsen®e C-19] 1B-methyl 712 =<8k 1B-
methylcarbapenemg! MK-591 &Aod AlFsIded oA A Xﬂ ol A

[6)
thienamycin 2.t} 508] ot 3R ov o] & A <Q la-methylcarbapenem Xt} &
gao] $F3tatt
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OH

HH
T NMeZ
N/ S/\Ir
o] NH

COOH
MK-591

T3 C-199Ad o8 FR/ X7 =9EHel FE S gy 2
DHP-1o tj3dt +AAe] vla HAch Methyl”] W4l hydroxy, methoxy, acetoxy
T fluorine X715 717 FEAY 25 FoE&F 3384 Aol FAFA
o™ 1B-substituted methyl group (CHoF, CH:CN, CH:0Ac)-& 1A 9] o] & Al
la-substituted methyl group®l H]3] Gram (+)9} Gram (=) bacteriaol] ¥ &4 &

ATt

198430 AE Sumitomorll| A @A o] AT H=9 Zenekarlel &
19949 HE A #H 3 9= meropenem (SM-7338)P2 ojm e TE <
B g FhutdgA FAAZ AF7hA A" At s b 840 L §d
oz Buk olyyg DHP-IE ¢+F3ty HAH fLads me 22 ¢ &

ul

HzHde %g EFL g3 2ok a) oln#dd vt G(H)d= o #

o 27 %%k b) G(+), G(-) 2 g7 dis] FEAS FEEE o
ghl. 53], MRSAC d&idE onmHyd F5F FIHE YEHUHIX
Pseudomonas T A= ]3‘-’—; T Hxe FaEs Yehdch 2 2!
2= A WeAe w7
do] ojmlH o H|dt] & HE

w3l thienamycin FEAZE
1993 d A &S A Fstg ot ojulH e H|ste] EAA] Ao ‘319-‘34 HAHE
a3yt mol dFAeE A AMEHA FKIh Yt

1. FAHg Hot )

AE Lederle AH7F /A Fo|W biapenem< Pseudomonas 5o talA <

3 F4 S Jetydov A2 A gAA side] FudE ZoE dEATh
MerckAte] 98 &x] ¥<elAlel Banyurltel BO-27278 Pseudomonas 55

EZZ A Foly wZA Y vste T% EE 1 o4 EA4E& vsn

3 ofg] Fefe) B-lactamased] WA E & AL veEl® DHP-14 thd

AEx Wazdde srlete Ao Rasel g’

uj= MerckAt2] ZD-4433 (Ertapenem)< ©% W€ Zti e AdFTFE

ol

[nt

e M
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oz g Fol glow Iy g4 e oWsYRd S5 1
o

FAol disiAe ol HdEYg €5 AoE BuFo v ol dAA U4A
¥ 9531 v FDAY 902 24 Fo gV

A £ 9] Eisairlel A 71 F<l ER-357862 Pseudomonas 5% X E 3}
Rxoem A A FA FREH FolA Pseudomonas w5 A 7HE £
245 2dFa 9l E3 O ST daElAe olnHdRYE E3H g v
E2AHNRY 3 E4E GEWNY Pseudomonas TF| thaiA #HEZFH YR §
Fota 1 9o O 4T dEsiAE dEAYRg Be FA4S Yedg. &
3 DHP-1¢] dish IR EE W2 dEnt thh 58y, 23034 2 A3 o

AETh 53 o] BAL GNFY Fehe B-olwee &)

2l FR-218182 Pseudomonas 5o thalAx =
HZadel Hate] thh @S A4S YEUY 2% Gl deide iR
o9 ¢t 53] MRSA°ﬂ T’HOHH Hezddrc ¢5d S48 Jebdn. =3
& 538t ER-357863% Zo] E-o &k
Aot Y HAHE FLEHsL oln
< #Hol" monkeyol Ao °FE%FH A

=9 &rjelM 2 é 1 T =
# 2 “ﬂiﬂﬂ%ﬂ«l T AR 4TI
Az 7h Az

A9 Shionogi AM7F /Y F2A S-46612 A AA 294 S A3 Fo
T} S-46612 2 44 B I A dAdd Tl gt dutdoz g
el Qo wzZ#Hdd} vxrlx] 2 B-lactamased] tialA & b
o] taiM = =z el viste FF5 ol 4L UFE
Oﬂ e A ‘?—a‘aol °1“]"1H‘°]‘/} nﬂf’.—.&ﬂL“O] 31‘3}04 ‘5%% FH
3t glycopeptidel
MRSAd| djsto] /\]Lﬂ
A2z A
et Y, 53

=
A b dae
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fai)
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oH‘ __‘Q
FiA

:’-; tlo ol
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Parenteral

HO | " O\
r:1 P S—Cz:\/N wsw /‘ijié_s_Cl)L COONa
© coo * COOH COOH
Biapenem (Lederle) BO-2727 (Banyu) Ertapenem (Merck)
HO HOH H I\LCI_ HOH IEI
COOCH COOH COOH
ER-35786 (Eisai) FR-21818 (Fujisawa) §-4661 (Shionogi)
Oral
HO b HO b HO 4 .
N COOR ° COOR © COOR
Sanfetrinem Cilexetil (Glaxo) DZ-2640 (Daiichi) CS-834 (Sankyo)

29 4 A% FU A FAA
2. 278 FHutsiy

A4} 3TAI7E HMaE2 Aoz d#l2 Sanfetrinem cilexetil (Glaxo-Wellcome
Apyo] 19973 el 7H‘£%‘?j’ Hom CS- 834(Sar1kyo/q-) 9} DZ-2640 (DaiichiAl)e]
A 23 ZHeE A 9
Fez 7ol 11335151 AT

SankyoA}e] CS-834+% parent 3% (R-83201)8] #E7l 5578

1M Ed 2 BuydAds S5sld 53] Agzoxd Wade 5% Fa2E yE
Y 2 ATEFEE Ugug®

DaiichiA}¢] DZ-2640 parent 3}%E (DU-6681a)°l Gram(+)9]r (=)ol FH S
k5 2 YElN Y urinary recovery (24.6%)$t A7 EFTFE 5% A2 dHA 9
o} 2

American Cyanamided®] CL-191,121% &2 A9l gk Gram(+)%} (-)d ©]
o gz §AE & S UElY, 53] oral EDy ©] 9383, @A peptidic
prodrugt} bis double ester BEIZ M Fo Uk
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Imipenem Merck Launched 1985
Panipenem Sankyo Launched 1993
Meropenem Sumitomo/Zeneca Launched 1994
DZ-2640 Daiichi Phase I
E-1010 Eisai Phase I
CS-834 Sankyo Phase II
S-4661 Shionogo Phase II/III
Ertapenem Zeneca/Merck FDA review

3. & MRSA 7tvt# 4

MRSAE H#= st= 7HHEd A i A= 7= MerckAtel 2]

3 1094dzt F3H 1099F e FEEAS EFdd oy 54 59 £AR st
| Tadox Aoz gy vk a2 H2 l FMRSAE 7}ute)
W Hokofl glo] U9 Banyurts FHoZ FET e
Ag7tA ] MRSAE X2 ste 7t g +x29 % W o
3= 0}‘* JEIHIHL F2E& FA 8 o
o] S4fel uwf-$ lipophilicet X7 & =Yt H&5F 4 MRSAe EF ¢5E 4
Bl st de Agsnd s A hﬂr °|F J-111,225% J-114,870°] 7+ ¢

AP g}, of

2y r&
BL —iJ

3 EAL Yehlz 9o in vitrool A MRSAY thalA+ vancomycind 5%
3o HE ] daME ovsda 553 £5o FEE HEAT” o5 3%
B2 A AL A7 AEHL e Aoz gHA A
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R? Me

@ /~N
L-695,256; R'=H, sts—N(J

®/A® CONH,
- Rz 28—N N—/
L-742,728; R'=Me, R¥—N~/" @

cl
NH, O
-~
ST g h
N S—G\IH . 2HCI Mol
© COOH
J-111,225 (Banyu) J-114,870 (Banyu)

a3 5 A < FMRSAE FhulE
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A 2" ZlenE 47

ZU o] FiutE e diE AT 1929 % G7 Z2AE Udgoz A F st
KISTE HlZ389 KRICT, TotAlek LG 8%, TdAY, 22 S FEHEA
o] pEEA oY o7 7tx o]fE <lete] KISTH F=Aleke] FF/hE T
DK-35C ®to] AFHAZ dAdAdAA Y dA4E Hd Fo Jom, KISTS (F)¢

37 FEAE 2 IH2010 AGEDAY 75 FA Tl A

HO o HO Ly 0
= Q. e
Ny S neo (st Ng NH 1
g d
coo

COOH
DK-35C 1H201

&
o
et
o
B
=0

22 MNEEo 2 Pseudomonas I
e Y, 2 99 a8 44
4& = ez 4EA o
o HAAFE g3 Fo Ui A¥

DK-35CE Pseudomonas®l] ¢
Fd thalA HWEzH o Hlsld BF
T 2 a8 AT dEide vgih e &
T3 DHP-19 ﬂlﬁﬂ Ae W29 5l

2
>
>,

fo

it
ox
filo

FI
v}
2
o
[e;

ok

]
e 28 AT 9 1w SAFAA AddeE AEAYE FED
3 Aol g el BE SBAGAM Wz Y vs BT
EF, HAd, F454, 4954 Sl o FEAGIA

% AR JehgAch
obAE kRS BAFT b
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A3 E AR Ug

a
N
H

A 1A A5 UL 2 259
1. Meropenem? 34

deds AEdye

BESE AU FAA FAA Y S5 BHE
9 e Aze s SAAE

2 A7 HEEEE ALSEHY 3 oY AZYHES A2
ggst7] s EEFQ] FAAARAE AATHE HoAA g FLodt F AERE
FhatE A A FAAE FA43E FAHL ZA AVIAE 29T 7 ded 2 AAHA
= 7t REs @At FAoln FHAE JiutEld Ede C2 91X =9
3t 2L BHEA ES FAd% e FF o wx e Fhubd ] 233 B
SIFES WAA HFY SFES FA4ste Aotk WEHAYY 4= ol9
U HAHow FAHH hydroxyprolme (1)—% SLEE 3o FE 79 HES
FAdste B4 (Scheme DH SHFE 8= FH IHFE 139 shutdd Eds &4
sta o] F FFES HEAA 4232}3“3 55 A& (Scheme 2).

COOH C'/COOH . COOPMB
HO - — (e —_— .Cl/

TH ':‘PNZ 7 ?\PNZ

c l
(o}
N/ . COOH d COOPMB
——— S -
AcS . | Ac N ACS—CT\[

PNZ 5 PNZ 4 PNZ

Scheme 1. (a) PNZ-CI, 2N NaOH, CH,Cl,, 0-5°C, 2h, 93%,
N~ (b) PMB-CI, Ets;N, DMF, 70°C, 10hr, 88%c. PPhs, DEAD, AcSH,
SH N ' THF, 0-t, 95%, (d) TFA, anisole, rt, 30min, 96%, () CICOOI-Pr,
7 EtsN, (CHg)oNH, -10°C, 96%, (f) 4N NaOH, 0-5°C, 15min, 92%
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H
NH
J
8
HO
/'j:\\:/S—OPO(OPh)Z «/jj(sso <
13 COOPNB “CoOPNB

Scheme 2. (a) i) CDI, CH3CN, rt, 1hr, ii) (PNBO,CCH,COO);Mg, CH;CN, 60°C, 2hr,
88%, (b) 6N HCI-MeOH, 90%, c.Tosylazide, EtsN, CH3CN, rt, 3hr, 83%,

(d) [Rh(OAG),l,, EtOAc/Hex=3/1, reflux, 1hr, e. (PhO),POCI, DIEA, CH3CN,
0-5°C,1h, (f) DIEA, CH3CN, 0-5°C, 70%, g. 40-50psi Hy, 10% Pd/C, 43%

tete Zinleld mals FAsteE WS o s R
BMA (8)2 %E B-keto ester 10& T3t °lE
dolzstdE 112 A4 F, 2F Fusted nddsts
o] &3} ma3ld  3gE 12+ diphenylphosphoryl
Z}vt | ?L%:ﬁi: JolE 130] AAEY ol 1p-mE7tutd g
AR AMSET

1p-wg”
o] et &
tosylazide <}
MerckAte] ®
chloride ¢}
g 7+

_.._4

5
n°l'

q

rr

~ L
EE@ olo r_& il
R oo o H
a2 =
~

O{N

(=
[o:

o oo
to

ol
oL

2. DithiocarbamateA] 7}ul=l4] 4+

2o BanyurtE 7hulslyl m#e] C294x] o vl= dithiocarbamate”] & *| %
N2 =948 F24 169 7hEksd 6ngﬂ ] #A3 A7E S5t BuFg 6k
3 o]z FAE MRSAM Waide $5% A5 Ugldey & AT
TF e £3E dHEWA %’3}‘?2“{ E3) DHP-19] tislte oluls i}
A" Aoz F3) BaAse AL Fod Aoew dHA Ut
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a; R1, R%*=Me

b; R', R?=Et

¢; R, R?= -(CH,),0(CH,),-

d; R', R?= -CH,CH(OH)(CH,),-
e; R1=H, R%=Me

16 17a-k f; R'=H, R2=allyl

g; R'=H, R2=morpholine-4-y|

h; R, R%= -(CH,),-

i; R'=Et, R%= -(CH,),OH

j; R'=H, R%zbenzyl

k; R", R%=allyl

I; R'=H, R?= -4-CH,-Py

m; R'=H, R?= -2-CH,-thiophene
n; R'=H, R?= -2-CH,-1-F-Ph

2 dTedA e o9 e uA
HE L 7lulH o] E Alo]o] wE& WE
#Ag ATE &I (Figure 6).

fo Mo

Bad EXoz slutHd =ao] C29) % 9
718 Y 724 179 FhubsEd sk A o

HO Ly s HO |, HO L )sL
H S N,Me N B s
p S—C'/\ N p. ) p S_Cl/\
N NH Me N £t N NH
© COOH COOH
17a, KIST-P91601 17b, KiST-P91602 17¢c, KIST-P91603
HO 5 HO s HO s
HH H Y HH
B SJLNQ—OH B SJLN.Me 3z _C(\SJLN/\/
S S 1 S i
Nt —Cr!l:\ N7 —Cr!;\ B N-s NH H
d 1< d
COOH COOH COOH
17d, KIST-P91604 17e, KIST-P91605 17f, KIST-P91606
HO s Mo HO s HO |
H H
b SJLN‘N\/' i SJLN /\/OH
e 4 S—Cr\‘;\ # N-Y S—CIG\ O N/ _C'/\
COOH © COOH COOH
17g, KIST-P91607 17h, KIST-P91608 17i, KIST-P91609
HO 4 )SL HO |, HO )SL
A Soaa B G
e 4 NH fi NZ/ H 4 NH B ZN
COOH COOH © COOH
17j, KIST-P91610 17k, KIST-P91611 171, KIST-P91612
HO S HO s F
i K s y &
o e NH b
COOH COOH
17m, KIST-P91613 17n, KIST-P91614

Figure 6. Dithiocarbamate carbapenems
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A F BAR olFiNEd, R WAL J=sAZEY
e Be AA AEUdES 238 FHE AYoln
= 23dE 7Y dE&XAHolE 249 Bl E 23 ] T

Atz e LatulHelEV|E T3 E 74 o]

shakE 179 4
(<& &2ER o
(Scheme 3), & W Z
sedE o sbulsl Y 258 W
t} (Scheme 4).

338 238 A E HAHL FEEAZ
Hhg-gto] ol :=7]E Alloco® ®H I T, FHEEA7|E
NaBH4¢} LiClZ #93tx, 3| =8A7]1§ T4 He
HAE AR o)ek 2 JJrzé%
249 HEeUE S
Ag7)el weh tha Ay
A} (Scheme 3).

COOH a COOH b COOCH;
Hon-Cr — Hon-Cr —_— HO|.-C(
NH No No

p—
o W

nl9, rlo

:_&E?L'

i
)
S

COOCH
e OH d 3
N QT g S R o

Alloc Alloc Alloc
22 21 20

Scheme 3. (a) IN-NaOH, CH,Cl,, Alloc-Cl, 0 °C, 98%,
Hs—Cl/\OH (b) AcCl, MeOH, reflux, 95%, (c) MsCl, CH,Cly, 0 °C, 97%,
N (d) LiBH,, EtOH-THF, -5 °C, 90%, () AcSK, DMF, 60-70 °C, 92%,

(f) 2N-NaOH, MeOH, 0°C, 91%

a2 2359 Fhuted ASEAFHOlE 249 Bl 23S HHS-3lY SFEE 25
2 AT 3FEE 259 F=EA)7]E mesylateE A A jodide 282 W3 F o}
*3 dEFCUELMEIH O E9 vES-Ste] TE 2 7lulelo| EV|E EYsta BRIV E
A At BEHste HE|L7lutolE st 178 #4389t (Scheme 4).

-_36_



COOAIlYI

COOAIVI COOH
28 17a-n

Scheme 4. (a) DIEA, CH3CN, (b) MsCl, EtsN, CHyCly, (c) NH4F.HF, DMF, N-methylpyrrolidon,
(d) KI, DMF, (e) i) NHsSCSNRR;, DMF, ii) BusSnH, cat. Pd(PPhg),, CH2Cly

gAs e o tutdolEA FiutEl g disiA 2019 EFEFFO Ui in
vitro £% ¥ DHP-1 ¢HAEE Ao (X 4. AF 23 234 T g3
Me A mFe gEEo 48 A4S Yehylen PI1601, PI1605, PI1606,
P91610& A3 sFEL ZEdol dadEsE Axg 24& YeEJAG. oF
P91606S ZwdS TS 1 AT 2 130“3&(»1]*1 o gdd g48 ye
Ak ok P91606< DHP-1¢] o 3§ ol v Bt AAs w23
ol vlsieE o dA8=E7 1 o] Bty =3 5o E® IA oA
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¥ 4. gl o 7lutd ol EA FietH 9] in vitro 2% 2 DHP-1

In vitro antibacterial activities against standard strains

A

: : R minimum inhibitory conc.(uég/ml) e
STRAINS - : - :

P916011P91602 [P91603 P91604 P91605IPY1606 P91607{P91608P91609| P91610|P9T611 1 MPM | IPM

S.p.308A | 0.025 |<0.002 [<0.002} 0.025 | 0.007 |<0.002]<0.0021 0.004 [ 0.004 | <0.002| 0.004 f 0.013 | 0.007
S.p.TIA 0.025 1<0.002 [ <0.002 | 0.025 | 0.007 |<0.04:2 1<0.002 | <0.002 | 0.004 | <0.002 | <0.002 § <0.002 | <0.002
S.£MDS8b || 1.563 | 1.563 | 1.563 {12.500 3.125 | 6.230 | 1.563 | 1.563 | 1.563 | 6.250 | 3.125 12.5 | 1.563
S.a. SGS511 | 0.013 ] 0.025 | 0.013 | 0.391 | 0.049 | 0.0604 | 0.025 | 0.025 | 0.007 | 0.098 | 0.025 § 0.195 | 0.025
S. a. 285 0.025 | 0.025 | 0.025 { 0.781 | 0.098 | 0.004 | 0.025 | 0.025 | 0.013 | 0.195 | 0.049 | 0.195 | 0.025
S.a. 50 0.013 1 0.025 [ 0.013 | 0.391 { 0.049 |-<0.002] 0.025 | 0.013 | 0.007 | 0.049 | 0.025 § 0.098 | 0.013
E.c. 078 0.025 ] 0.049 | 0.025 | 1.563 | 0.049 |<04.002] 0.025 | 0.025 | 0.025 | 0.049 | 0.025 |} 0.025 | 0.195
E.c.DCO | 0.049 | 0.098 | 0.049 | 3.125 | 0.098 | <0.062 ] 0.049 | 0.049 | 0.098 | 0.098 | 0.049 § 0.025 | 0.195
E.c.DC2 | 0.0251] 0.049 | 0.049 | 3.125 | 0.049 | 0.004 | 0.049 | 0.049 | 0.098 | 0.098 | 0.049 § 0.025 [ 0.391
E.c. TEM | 0.025 | 0.098 | 0.049 | 3.125 | 0.049 |<0.062[ 0.025 | 0.049 | 0.098 | 0.049 | 0.049 § 0.025 | 0.195
E.c. 1507E || 0.025 ] 0.195 | 0.049 | 3.125 | 0.049 | <0.00621 0.025 | 0.049 | 0.098 | 0.049 | 0.049 | 0.025 | 0.195
P. a. 9027 3.125 1 12.500 | 6.250 }50.000 | 0.391 | G.195 | 3.125 | 6.250 [12.500} 0.781 | 6.250 | 0.195 | 0.781
P. a. 1592E | 1.563 | 12.500 | 6.250 | 50.000| 0.391 | 0.195 | 1.563 | 6.250 |12.500] 0.781 | 6.250 § 0.195 | 0.781
P.a 1771 1.563 112.500 | 6.250 [ 50.000] 0.391 | 0.195 | 1.563 [ 6.250 [12.500| 0.781 | 6.250 § 0.391 | 0.781
P a. 1771M{ 1.563 | 12.500 6.250 125.000{ 0.391 | 0.098 | 0.781 | 3.125 | 6.250 ] 0.391 | 1.563 } 0.049 | 0.195
S.t 0.025 | 0.025 | 0.049 [ 1.563 | 0.098 <0062 | 0.049 | 0.049 | 0.025 | 0.098 | 0.049 ] 0.049 | 0.781

K. 0. 1082E | 0.049 | 0.049 ] 0.098 | 1.563 | 0.195 | 0.604 | 0.049 | 0.049 | 0.049 | 0.195 | 0.098 | 0.098 | 0.391
K. a. 1522E | 0.049 | 0.049 | 0.391 | 3.125 } 0.098 | <0.0¢2 1 0.049 | 0.049 | 0.098 | 0.098 | 0.049 } 0.049 | 0.391
E. c. P99 0.025 | 0.098 { 0.781 { 6.250 | 0.098 | 0.C04 | 0.098 | 0.098 | 0.391 | 0.098 | 0.049 |} 0.025 [ 0.391
E.c.1321E | 0.025 | 0.025 | 0.195 | 1.563 | 0.049 | <0.002| 0.025 | 0.025 | 0.098 § 0.049 | 0.025 § 0.025 | 0.195
DH}.)-.I 0.90 1.01 1.32 0.88 .33 0.52 1.36 0.95 § 0.87 | 0.3¢6 0.85 1.00 0.17

stability*

*Relative t1/2 of hydrolysis to meropenem by partially purified porcine renal DHP-I.
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¥ 5 fEegtutdo|EA shulElg el WA FA e in vitro &%

In vitro antibacterial activities against standard strains, MIC (1 g/ml)

- Compound ok ' Meropenem - Meropenem™

Staphylococcus aureus  6538P
Staphylococcus aureus  giogio
Staphylococcus aureus 77
Staphylococcus aureus 241
Staphylococcus epidermidis 887E
Streptococcus pneumoniaePG-R PN010
Streptococcus pneumoniaePG-R PN020
Enterococcus faecalis 29212

Escherichia coli 10536

Escherichia coli 3190Y

Escherichia coli 851E

Escherichia coli TEM1 1193E
Escherichia coli TEM3 3455E
Escherichia coli TEM9 2639E
Salmonella typhimurium 14028
Klebsiella pneumoniae  2011E
Klebsiella acrogenes SHV-1 1976E
Klebsiella aecrogenes K1+ 1082E
Proteus vulgaris 6059

Morganella morganii  1375E
Citrobacter freundii 8090
Citrobacter diversus 2046E
Enterobacter cloacae IND+VE 1194E
Enterobacter cloacae P99

Serratia marcescens 1826E

Acinetobacter calcoaceticus 15473
Moraxella catarrhalis 25240
Moraxella catarrhalis  MCA027
Pseudomonas aeruginosa1912E
Pseudomonas aeruginosa6B65Y

*Inoculum size effectZ H7] 9J3lo 1000] 2
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2

\ NH
Wb o Ho o O’N+ ,N+
ws_@f} %S_G:J % _CH\)

CooH COOH COoH
29a, KIST-P91401 29b, KIST-P91402 29¢, KIST-P91403
N OH N oH N OF
B H = Y
%S NH %S NH /'j:!:é—s NH
COOH CooH @ Coon
29d, KIST-P91404 2%, KIST-P91405 29f, KIST-P91406
.0, OH o] OEt
"y ) SCE M
: H o)
N o \NH /'j:l:é‘s NH
d d
COOH COOH
29g, KIST-P91407 29h, KIST-P91408

Figure 7. Isoxazolopyrrolidinethio carbapenems

g st Jhubd 29S gAstE IS oAy s maH
o ey £ AT7eAE BMA 8)2 ®H pB-keto ester 108 A3 o=
tosylazide®} ®k&sto] Tiolz3lgE 118 AT 5 2F Zvnjste zssts
MerckAte] P8 o] g3l g) a2lstE §3E 125  diphenylphosphoryl
chloride®} ®WH-&-3t9 ZhutH| A& E Aol E 130] AAHHT o= 1p-w D 7luls )
el 7 Fad FRAE A"

o

Dipolarophile® A}&-& 4 9+ H|E7]1E zE pyrrolidine 38 E 352 34
71 A s, EREFARA J=SAZELD (1) olvxer]E PNZE BH3EF o2
ZVEEA71E WekE &ol A acetyl chloride®t ZH-&A]A UﬂE‘Oﬂ’\EﬂEi ¥ 51351
. o7]e] TBSCIE ZEAA S =8A7]E TBSE HII = o] ~ €| Z& NaBH,
¢ LiICIZ #d3sle £& 82 92 338 It &= 33S Swern oxidation®
2 dH3l=g ¥ & d7] NaHMDS £A3t9] methyl triphenylphophonium ¥+
Wittig #+3-& dto] v L33 E 352 AT} (Scheme 5).
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COH CO2H i COMe CO;Me
HOn- — Hom- — Ho'--CV, — TBSOI'-C"
. . N.
NH N-pnz N-pnz PNZ
1 30 31 32
o)
iv OH v vi =
- TBSO“.CN(\ _— TBSOII-CI\rU\H —_— TBSOI-..C{\‘J/\
“PNZ “PNZ “PNZ
33 35

Scheme 5. Reagents and reaction conditions: (i) p-Nitrobenzyl chioroformate, 2N NaOH, CH,Cly, 0°C, 2h (88%) ;
(i) AcCl, MeOH, reflux, 8h (99%); (i} TBSCI, imidazole, DMF, 0°C to rt, 1.5h (85%); (iv) NaBH,, LiCl,
THF-EtOH, 0°C to rt, 4h (95%); (v) Py.S03, TEA, DMSO, 0°C to rt, 30min (84%); (vi) PhaPCH3Br, sodium
bis(trimethylsilyl)amide, THF, -70°C to rt, 1.5h (57%)

olo} o] Al BEFE uduEdd 359 2] nitrone T nitrile oxide
° =
] =

g WA A7 olaSAEYY-5-A-NBYY EE o|£9AED 5-U-TEa
d SgEEe gAadT

N-Methyl-hydroxylamine®} formaldehyde® sodium acetate &#] 3} Hk$
AlA in situZ nitones AL oS Y| EFE 359 1,3-dipolar cycloaddition %%
< 3t olaRAEE YL EYd 36as EAT. FEAL C4 YA EHE
718 =937 93t TBS7IE "H3Ise AMdE ¢F 37a5 AcSH=
Mitsunobu Z 71 ol A ‘?}7‘4 ;‘qr&hﬂ =, 7t Eslete] olasAEdd-5-d-HEd
Bl & 39a8 AT olASAEA 5-Y-HEY SFEE FA Uyoez
A%ttt Ethyl chloroox1m1doacetate°ﬂ triethylamines ¥H-3-A1# A7 nitrile
oxide®} v]23}3HE 352 1 3-dipolar cycloaddition S+ 40a ¢} 40be] F7He] o)A
AA7F AdET o] F SFES AREIGIR Pt E7F55 ERER
thE Wl ARSstRith B EHUEY C4 fAe HE7E =437l 9t TBSY)
& 2R 353ty AAE &F 4labE 3 =EAV|E mesylationdtd 3 FE 42a,b7t
ANEY o] IHREEL A=vEIGYRE 87l 7HEsidt stgE 4228 343
9l o7 olAEYEH SvjoA AcSKE WA, X 3shd 33E 430] AP Y
o] FFEE 7t olASAIEU-5-4-JEHUHE 4as FAFA
(Scheme 6).
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o-N o-N
i ii iii
— TBSOn- N ~—— HOus- — AcS LA HS N
“PNZ “PNZ N-pnz “PNZ
36a: 37a (from 36a) 39a
35—
o-N o-N
J D—COEt CO,Et J  D>-CO,Et
v vi vii
L—= TBSOn:- N — HOuw- —> MsQur N
“PNZ "PNZ
40a: isomer 1 41a,b 42a,b

40b: isomer 2

lviii

o-N o-N
oJ D>—COEt J D—Co,Et
X
HS ~-— ACS
N-enz N-pnz
44a 43a (from 42a)

Scheme 6. Reagents and reaction conditions: (i) N-Methylhydroxylamine, 35% HCHO, AcONa, 80% EtOH, reflux, 5h
(36a: 43%, 36b: trace); (i) TBAF, THF, rt, 30min (86%); (ii) PPhs, DEAD, AcSH, THF, 0°C to rt (65%); (iv) 2N NaOH,
MeOH, rt, 30min; (v) Ethyl chlorooximidoacetate, TEA, dioxane, CH,Clo, 1t (47%); (vi) TBAF, THF, ice-bath, 30min (85%);
(vii) MsCl, TEA, CHoCl, (42a: 58%, 42b: 36%); (vii) MeCOSK, MeCN, reflux, 5h (73%); (ix) 1N NaOH, MeOH, rt, 30min

o] ASALEY 1Ed JEEAHEIE Ze FFES AU Yste] oA A
3t 42a,be] A 2=HE7]E NaBH.E 3{sty &3 5Us Aoz AEde C4
Ao HE&71E =Y3Att (Scheme 7).

*O N\
42a: isomer 1 i —C‘)\)_/ ’CNJ
- MsOl1- N —-> AcS
42h: isomer 2 “PNZ
45a,b 46a,b 47a,b

Scheme 7. Reagents and reaction conditions: (i) NaBH,, LiCl, THF-EtOH, 0°C to rt, 3h (45a: 71%, 45b: 78%); (ii) MeCOSK,
MeCN, reflux, 5h (46a: 84%, 46b: 86%); (iii) 1N NaOH, MeOH, rt, 30min

ol ASAIE-3-d-HEYUE FAHEY] HAdA= FJEd 1Y C2 A
1,3-dipole® nitrile oxideE® %Y35}e] ethyl propiolate®t 22 dipolarophile®
cycloaddition 3FojoF 3t}

UA FAS ddE= 34F 3
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imide 2@ Egdgolwl e =8 AF|H nitrile oxide?’} AAAEIL in situ®  ethyl
propiolate®} ¥rEAlA HE At 3EE
499) TBS7|1E HE#HR LAY UL E2YUEE ERI I 61 EZA72 A%t
o2 WA F oI FUF wHoezw Yo 3gE 52& FAIH FHAE
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34—-> TBSO- C|/\ —-—» TBSOH- C’/‘\)— -L HOI--CI\‘I/K)Y _L
PNZ “PNZ
49 50
N-Q N-Q  OH N-Q  OH N-Q OH
v vi vii
MsOl'-CI!f‘\)i — MSOII-CB'I)\}j—» AcS—C(l\)—_—/—-» HS-CIL/l\)_/
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Scheme 8. Reagents and reaction conditions: (i) NH,OH-HCI, pyridine, EtOH (60%); (ii) Ethyl propiolate, NCS, TEA, DMF
(50%); (iii) TBAF, THF, ice-bath, 30min (95%); (iv) MsCl, TEA, CH,Cly, ice-bath, 2h (85%); (v) NaBHj, LiCl, THF-EtOH, 0°C
to rt, 3h (74%); (vi) MeCOSK, MeCN, reflux, 5h (80%); (vii) 1N NaOH, MeOH, rt, 30min

H3H ey deF Ao E 579 A FAT o|ASAIEA FELdE
£ 39a, 44a, 47a,b, 54, 56= 2 fgolaZRAooldlF} §u]E oMEYEE
S A} g wreEd wsE 1-wEWEiutE g 58a%t 58d-h7t A HETE o] 3h
T2 Fd A o]lh2AEYUL FF3tn e 58ae FTFE] methyl iodide ==
jodoacetamide® o}AE Sujo A ¥ A Zhzbo] AHSEE 434 dRFE € FH Y
3}3% 58b ¢} 58c9| 3FES FAIA

elA FAEHAR rRIZH A 1-dEetWEselE @ 58a-hE  phosphate
buffer (pH 6.0) £ &toll A o}dS =&A# PNZ ¥ PNBE ©H3I3}3 Diaion
HP-20& 3mAdo=2 3l1 ZHFF-THF EFLAL o]FHo= 3o column
chromatography “jéii AA B o] ASAEHEEdE oA A 1-HEHE T}
vt g 29a-hE FAASEATE (Scheme 9).
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R

Hs_Cr
N
HO 0

PNZ
39a, 44a, 47a,b, 54, 56

_)—OP(OPh),

i
CO,PNB CO,PNB
r"_ 58a: R=N-methylisoxazolidine, isomer 1 ( 61%)
i 58b: R=N,N-dimethylisoxazolidine
“— 58c: R=N,N-acetamidomethylisoxazolidine
58d: R=3-ethoxycarbonylisoxazoline, isomer 1 (58%)
58e: R=3-hydroxymethylisoxazoline, isomer 1 (63%)
58f: R=3-hydroxymethylisoxazoline, isomer 2 (65%)
COOH 58g: R=5-hydroxymethylisoxazole (65%)
29a-h 58h: R=5-ethoxycarbonylisoxazole (60%)

Scheme 9. Reagents and reaction conditions: (i) DIPEA, CH3CN, rt, 1h; (i) iodomethane, acetone, rt;
(i) iodoacetamide, acetone, t, (iv) Zn, phosphate buffer (pH 6.0), THF, rt, Diaion HP-20
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=3

3. olA2AEEYEUE L Fhutd Y9 in vitro &% % DHP-1 4%

P91402| P91403| P91404 | P91405| P91406 | P91407 |P91408) MPM | TP}

S. p. 308A | 0.007 | 0.013 | 0.007 | 0.013 | 0.013 | 0.025 | 0013 | 0.007 | 0.013 } 0.007
S. p. TTA 0.004 { 0.007 | 0.004 | 0.007 | 0.007 | 0.013 | 0.007 | <0.002 |l <0.002 | <0.004
S. f MD8b | 125 12.5 125 6.25 | 12500 | 25.000 | 6.25 | 3.125 | 125 | 1.563
S. a SGbH11| 0.098 | 0.098 | 0.049 | 0.098 | 0.098 | 0195 | 0.098 | 0.025 | 0.195 | 0.025
S. a 285 0.098 | 0.195 | 0.098 | 0.098 | 0.098 | 0.391 | 0.098 | 0.025 | 0.195 | 0.025
S. a 503 0.049 | 0.049 | 0.025 | 0.049 | 0.049 | 0.098 | 0.049 | 0.013 | 0.098 | 0.013

- 078 0.098 | 019 | 0.098 | 0.025 | 0.049 | 0.013 | 0.025 | 0.049 | 0.025 | 0.195
- DC 0 | 0049 | 0.098 | 0.098 | 0.025 | 0.049 | 0.049 | 0.025 | 0.049 || 0.025 | 0.195
- DC 2 | 0098 | 019 | 019 | 0049 | 0.098 | 0.049 | 0.025 | 0.049 | 0.025 | 0.391
- TEM | 0.049 | 0.098 | 0.195 | 0.025 | 0.049 | 0.013 | 0.025 | 0.049 | 0.025 | 0.195
- 1507E | 0.049 | 0.098 | 0.049 | 0.025 | 0.049 | 0.013 | 0.025 | 0.025 | 0.025 | 0.195

O O O O 0N

P. a 9027 0391 | 0391 | 0.195 | 0391 | 0391 | 0.781 | 1.563 | 0.781 | 0.195 | 0.781
P oa 1592E | 0391 | 0391 | 0.391 | 0391 | 0391 | 0.781 | 1563 | 0.781 [ 0.195 | 0.781
P a 1771 0391 | 0391 | 0391 | 0391 | 0391 | 0.781 | 1.563 | 0.781 | 0.391 | 0.781
P oa 1771M) 0195 | 0195 | 0.195 | 0.195 | 0.098 | 0.391 | 0.391 | 0.195 | 0.049 | 0.195
St 0.098 | 0.195 | 0.195 | 0.049 | 0.098 | 0.049 | 0.049 | 0.049 } 0.049 | 0.781
K o0 1082E| 0.098 | 0.391 | 0.195 | 0.098 | 0.195 | 0.098 | 0.098 | 0.098 | 0.098 | 0.391
K a 1522E| 0.098 | 0195 | 0.195 | 0.049 | 0.098 | 0.049 | 0.049 | 0.049 || 0.049 | 0.351
E ¢ P99 0.098 | 0391 | 0.195 | 0.025 | 0.195 | 0.098 | 0.049 | 0.049 | 0.025 | 0.391
E ¢ 1321E | 0.025 | 0.098 | 0.049 | 0.025 | 0.049 | 0.025 | 0.025 | 0.025 | 0.025 | 0.19
DHP-I

e 1.27 1.50 1.66 0.78 1.09 0.94 0.80 0.94 1.00 017
stability

"Relative ti» of hydrolysis to meropenem by partially purified porcine renal
DHP-1
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Figure 8. Isoxazoloethenylpyrrolidinethio carbapenems
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nitrile oxideZ in situ® propargyl alcohol (60)7} ¥+3-&to] o]A2AlZE ol C5 9%
7t A EEAWYER C37 dedsHas X3F FIE 622 It IFE

= H O
625 T4 WHOR J=FEAE BESSI o8 EHALEaAR WS
EHLEATYSBIUE 64a7t AAHT ol Wittig WA AF3 A72 A
2139 phosphonium yilide® ¥ #E Tt oj9k Zo] 33FE 64a%t FELLH 3=

655 Wittig ¥Fg-3te] =d¥ 668 AU 3} E 662 E, 29 EFEE A
Hom o5 ARvEaHIRE sttt &H, SFE 662 o|ASAIE C3
9] dAH Z7]E sodium borohydrideZ 33t H F=2AWE 2 X385 38

= 3} 35
67% AT & glon HIAE 679 F=EAVE ojer]<l tosylate® W3 I
Agg olwiz WgEE o] AKALE C37F oW =WE |2 i]%‘r% 335 698 I
A o+ dtt FEE 66, 67, 69-4 mesylate® FAAQ WHow EE27|E dkA,
X getH Bl B 3FE 70a, b, d7F Fd 2} (Scheme 10).

BrPh, P

HO, N
N a O' A\ b ~N c N
\|I| . S HO\/|§)— cooMe: —p- \/cl)\>_C°°Me — 9 S~coome
CI”” ~COOMe Br: = : =
61 &2 63 64a

CHO
Mso}#{ NI - t d

o-N o-N o-N

e ) f e Nl P—COO0Me
MsOtr- N ~—— MsOr- <—— MsOtr»
“PNZ
68
I it i“

P
o-N N o-N

OH o-N
A ~ e b P—COOMe
MsOur: HS HS
Nepnz Nepnz Nepnz
69 70b 70a
‘ h
PNZ
o-N N
N ~ Scheme 10. (a) TEA, E4,0, (b) PPhs, CBry, CH,Cly, (c) PPh, CHaCN,
HS (d) NaHMDS, THF, (e) NaBH,, (f) TsCI, TEA, cat. DMAP, CH,Cl,
N oz (g) i) CH3NH,, MeOH, ii) PNZCI, DIEA, MeOH
70d (h) i) AcSK, DMF, ii) 1N-NaOH, MeOH

T3] o] AaFAMES] C37F F£holx C5 fX o &¥dAel =dd IFEE

< WA, FYASE F83 5-methylisoxazole (71)°] NBSE =&

2rd 33tE 728 &4
1) 6

l o

T 71 EdudE I ghgste] Ed

_4

rlo
32 _Q
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Scheme 11. (a) NBS, AIBN, CCl,, (b) PPhs, CH5CN,

o] &S A E2 C37F 4, C5 fAdl oldde] E9€ FFES A A
;A= WA, oximidoacetic acid (73)% N-chlorosuccimide® * &8st Q==
dichloroformaldoxime £ in situ® % 7]}t propargyl alcohol(60)3} cycloadditionak
HOBEE 7471 AAEY 3EE 45 9 53 YHoE HEstetn EHE
207 g3 EYALEATULSHEVE 6de’t FAEY. 9, JHE 74
9] 3 =EA71E THPE B33 &, sodium metoxidett 23 F71d7] &4 st
Hetg o JEg-3tH 015‘_—5’?/\}%-"4 37} Uﬂi’\]i 2 gHE l@}ﬂ” 77°] "3’“Q‘:} @r

N
07N\ d o o
Cl —» S>—O0M
THPO = THPO \/|§)_ e ——_> OMe

-N

07\
oM
Scheme 12. (a) NCS, KHCOs, (b) PPhs, CBry, CH,Cl,, (c) DHP, cat. PTA, Et,0, ‘Brph3+p\/|§)— ©
(d) MeOH, KOH, (e) i) cat. PTA, MeOH, i) PPh;, CBr, CH,Cly, (f) PPhg, CH4CN,
64f

o] 22ALE Y C57F Aol C3 Ao LHHAe] EdE SFES FHE)
9 &) 4] = methyl chlorooximidoacetate (61)9} Grignard A] 2kl ethynylmagnesium
bromide (79)& cycloadditiond}e] 3-methoxycarbonylisoxazole (80)% A3t
o] ~H| 27]2 sodium borohydrideZ &3} 3-hydroxymethylisoxazole (81)% &
ARt SFE 812 oA T Yoz EIALIATYFHENE 64g
2 ¥3HJT (Scheme 13).
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MgBr HO

] 2 - U—COZMe _b o\
Il J\

CO,Me = OH
79 81
’}
N
=/ “P'PPhsBr d =~/ B
64g 82

Scheme 13. (a) Et,0, 75%, (b) NaBH,, LiCl, THF-MeOH, 81%, (c) PPhy, CBr,, CHuCly, 47%
(d) PPhs, CH4CN, rt, 92%,

olsh ol dAT AAZ 64c, e-gE IAEHLLH I = 659 Wittig W83}
o =dd 83c, e-g& TASIT FTAE 83L& E, 79 EFE2 AAHULT o]
T2 ARVEIHRYR 33 S3E 839 mesylated: A LYoz g
712 &, AR SHste BE SEE T0c, e-g7t FHEG

(Scheme 14).

A-B ”."‘B
\ ‘k ’, \ '\
r MsO! 7 — hs
—--—> 1
‘BrPh3+P\/l\/ S
64c, e-g 83¢, e-g 70c, e-g
c:A=0, B=N, R=H
e : A=0, B=N, R=C|
f: A=0, B=N, R=0OMe
g : A=N, B=0O, R=H

Scheme 14. (a) NaHMDS, THF, (b) i) AcSK, DMF, ii) 1N-NaOH, MeOH

o] ¢} Zo] FAHT HE T0a-gt g dezAdHo|E 577 7)Z3 35
ph 6.0 pfosphate buffero] 4 PNB¢} PNZE = Diaion HP-202.3 A A3}
HZE EH3te AT olaSAtE:

BE33
Zolddx 31 dB 2 FhatE gl 5971 g EY
(Scheme 15).
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~B, B

A ~-B ~ 5,
N LJ AL —R HO H AL P
N : N
HS —_— S
N\ N b N g NH

CO,PNB COOH

UL

70a-g 84a-g 59a-g

Scheme 15 Reagents and reaction conditions: (a) DIPEA, CH3CN, rt, 1h; (b) Zn, phosphate buffer (pH 6.0), THF, rt, Diaion HP-20
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Halen, 59 FHoA, & A7 F48t= onjHd % dWE2Hde FHE =2
F AN A FAAAZA o)A 2HERS RoFAn. EE DHP-14 o
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olagAE RN IS S YL A Y] in vitro &% ¥ DHP-1 ¢4

K
~

e ruiu'uuuui iu'n i 1it01‘Yz ¢one ‘/J g/m}) g

STRAINS ——“— —I 7**‘_‘*—_—‘
| Po1010| PO10LL | POI0IZ| PII0I3| POLOL4 | PYIOL5) POLOLT| POLOIS | PII0ZL| MPM

S p 308 | 0007 | 0007 | 0007 | 0013 | 0004 | 0007 | 0004 | 0007 | 0025 | 0013 | 0007

S p TIA | <0002 | <0.002 | <0.002 | 0004 | <0.002 | <0.002 | <0.002 | 0.004 | 0013 | <0.002 | <0.004

S fMD8b | 625 | 625 | 3125 | 625 | 3125 | 3125 | 3125 | 3125 | 625 | 125 | 1563

S a SG511 | 0049 | 0049 | 0025 | 0.049 | 0025 | 0013 | 0013 | 0049 | 0195 | 0195 | 002

S. a 285 0045 | 0.049 | 0.025 | 0049 | 0.025 | 0.025 | 0.025 | 0.025 | 019 || 0195 | 0.025
S. a 50 0025 | 0025 | 0025 | 0049 | 0.013 | 0013 | 0013 | 0049 | 0025 § 0098 | 0.013
E ¢ 078 0025 | 0.025 | 0025 | 0049 | 0025 | 0049 | 0025 | 0.098 | 0.098 } 0025 | 0195
E ¢ DCO 0025 | 0025 | 0025 | 0049 | 0025 | 0049 | 0025 | 0391 | 0.098 | 0025 | 0.195
E ¢ DC2 0025 | 0025 | 0049 | 0.098 | 0.049 | 0.098 | 0025 | 0.049 | 0.098 | 0.025 | 0.391
E. ¢ TEM 0025 | 0025 | 0025 | 0.049 | 0025 | 0049 | 0025 | 0391 | 0098 | 0025 | 0.19%
E. ¢ 1507E 0025 | 0025 | 0025 | 0049 | 0.025 | 0049 | 0.025 } 0391 | 0098 }§ 0.025 | 0.19
P.a 9027 0098 | 0098 | 019 | 3125 | 0195 | 0391 | 0781 | 12500 | 3.125 § 0.195 | 0.781
P a 1592E 0195 | 0195 | 0195 | 3125 | 0195 | 0391 | 0781 | 12500 | 3.125 || 0.19 | 0.781
P oa 1771 019% | 0195 | 0195 | 3125 | 0195 | 0391 | 0781 | 12500 | 3.125 § 0391 | 0.781
P. a 1771IM 0098 | 0195 | 0.098 | 1563 | 0.098 § 0.098 | 0195 | 6260 | 0.781 || 0049 | 0.195
St 0025 | 0025 | 0049 | 0.098 | 0049 | 0098 | 0.025 | 0.195 | 0.098 | 0.049 | 0.781
K. 0. 1082E 0049 | 0.049 | 0049 | 0195 | 0049 | 0098 | 0025 | 019 | 0.195 | 0.098 | 0.391
K a 1522E 0049 | 0.049 | 0049 | 0.098 | 0049 | 0.098 | 0025 | 0391 | 0.098 || 0049 | 0.391
E c P9 0049 | 0098 | 0.098 | 0195 | 0.049 | 0.049 | 0.025 | 1563 | 0.195 | 0.025 | 0.391
E. ¢ 1321E 0.025 | 0.025 [ 0025 | 0049 | 0.025 | 0.025 | 0013 | 0195 | 0.049 | 0025 | 0.19%
DHP-1 -

stability 2.68 248 1.59 2.01 1.95 097 1.33 2.14 2.33 1.00 0.17

I o]l Ao tiek Al FAL HFETFol Y &

E} Qow HukA oz p9l012¢) ©]ste] P910147 H.th
ool WB‘HHE g% AT 2 %
2}

v}, w3 S aureus, S pneumoniae, K.
pneumoniae, M. catarrhalis, H. influenzae 59 387 4SS F¥3ts 7579
g43 235 e By oz Auvizbde Fedd stud s (P
aeruginosa)°l et x 93 3= el
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# 8 olasAERAUNLI EdE e AutE g WA T NS in vitro &5

Ceft
S. aureus 6538P >64
S. aureus giogio 32
S. aureus 77 >64
S. aureus 241 >64
S. epidermidis 887E >64
S. pneumoniae™® PNO10 >64
S. pneumoniae™ " PN020 >64
E. faecalis 29212 >64
E. coli 10536, 0.031
E. coli 3190Y 0.016
E. coli 851E 0.063
E. coli 1193E 0.13
E. coli 3455E 0.25
E. coli 2639E 05
S. typhimurium 14028 0.031
K. pneumoniae 2011E 0.031
K. aerogenes 1976E 0.063
K. aerogenes 1082E 0.031
P. vulgaris 6059 0.016
M. morganii 1375E 0.031
C. freundii 8090 05
C. diversus 2046E 05
E. cloacae 1194E >64
E. cloacae P99 >64
S. marcescens 1826E 0.13
H. influenzae”™  HNO03 ND | ND 0.25
H. influenzae®™  FIN0O3 013 | 013 L 0.25
M. catarrhalis 25240 0.031 | =0008 | <0008
M. catarrhalis MCA027 013 | =0008 | <0008
A. calcoaceticus 15473 32 025 ' 0.25
P. aeruginosa 1912E | 1o 2
P. aeruginosa 6065Y '_TZV 4
E 9 PO10149] ratoll o] 25 AFAFAES vUeld Rold. PII014

€ H2EA ous Y dadde) v BF 959 232 e =
PO1014e 7)ol A 3 S48 e JENYT Aol ERolME 3-4u)e] %
& &E YEIIYT olsh 2o ATE WEddy vHoz NAHT gE Be
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W77l BAE BIHoR AHT & A A4 2L 33 doks AlA
% F2aolcl @ Asfolr, b B AFeldE fiERANY FTEHGH 4
42 st

Ty (min) 10.1£0.443 3.46%=0.10 3.99%0.24
AUCi¢ (ug min/mL) 1166924 33023 383£36
CL (mL/min/kg) 17.23+1.42 61.50+3.65 54.16£5.27

? at a single intravenous administration of 20 mg/kg in rat

Table 10 P910142] dog®} monkey 59 tisEolAe *dEFHSA Ad4
FE vEtd Zolth o] A 44 ratdll Ao AFE wijg g E NS BHAF
3 Uk &, HE2AYY AfelE disEER A5E v AAol & &l FIt
Shal gl WA, P91014¢] A fole e EE ZAFH wkhrel Aol & &o] A
st 9tk o]l dHbd o=z Cﬂ%% Z2FE FeFHILA Azge] FIHstE
FHoll v]Fo wlg Eolsty Awxwe A2 woh TEHoln theddlt Wiko 29

A77h Besttn Amdc 2oy szddel gel FAd HEEAR AR
Aot obd E@ol Uehd groln), A&% FER dosert FESA 27 WEe
Genl It el $m ¥ Bk AAW Aol 8T
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3.99+0.24 383436 | 54161527
Rat (20
at (20mg/ke) 3.0 (433) (462)
3560 4049 494
Dog (20mg/k
og (20mg/ke) (40.8) (4500) (4.4)
Meropenem
Monkey (20mg/kg) (30.9) (4160) (48)
Human (20mg/kg) (52.8) (2016) (3.5)
Rat (20mg/ke) 10.1+0.4 1166+92 17.23+1.42
KIST-P91014 | Dog (5mg/kg) 2458+029 | 1085+154 466+0.66
Monkey (10mg/kg) | 1859+315 | 1581+105 6.34+0.42

¥ 11& 2% dATo S aureus, 1¥ 24T P. aeruginosa 52 X%
9l ol th3k P910149] mouseoll A2l in vivo protective test 2ZE YELH

PR

¥ 11. Protective Effects*® of P91014 and Meropenem

S. aureus Y-80-1953 0.20 1.00

P. aeruginosa 1771M 2.31 4.44

“at a single subcutaneous administration in mice.
PPDsy (mg/kg), parenthesis: 95% confidence limits.

Z 114 & 5 & v o] Pol0l4e ¥ $ATY S aureusol] sl
A dZ e vsle] 58 AE 3 X5EAE Y e P ageruginosa
o i 28 A e AREHE eI T. olet Ze] PI1014+= in vivo
M= o)-§- L3 X5 = o] Mg S FREZAZ] JF5AHS Ho

T

‘:o{'

_\'1_[‘

il

T

T, o
-

“I“J—— 1-”:}’
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Figure 9. X-ray structure of P91014
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o-N

\ O\
AN oA
NH NH,
. Hy0 . H0
A e
- low solubility in water
Distl'd H,O || pH 7.5 sodium phosphate buffer 0.1 N ag. HCI

(pH 5.6) or, 0.1-0.2M NaHCO,

0-N o—-N
A A
NH NH
-H20 HCl .H,0
c :Elemental Analysis
HNMR high solubility in water

Scheme 16
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5. olAEolE Ao Z2 A QA Fiuts Ho] A3 AT

1

il
g M

ks g9 ol £2AES o 2EolEE B

e S ELDEEC L =
4 B4e NS Tx-H ARVAS AFHY

=
st 9] A 9 AES
(Figure 10).

LIRS WY

_N -S,
HO s-N HO L HO L b N-R
s A B _ 5 A
S
W MH N/ NH Ny S NH
o] o) : o]
=N

COOH COQH COOH

85a(E), KIST-P91409 85a(Z), KIST-P91410 85b(E), KIST-P91411
HO i iy g HO 1y N-R -
N < N A
N S NH Ny S NH
© COOH COOH
85¢(E), KIST-P91412 85d(E), KIST-P91413

Figure 10. Isothiazoloeyhenylpyrrolidinethio carbapenems

5-X %k o] AElolE Wittig agent® 37 HdlA, Z=294 &F (60)&
BwE2 gl 4kst 2 sodium ditionited) HI7MHFSE AXH UdHI = tE Qo]
87 At olE HA dRUYotE 1 stete] o|iHolE (88)S FASIATH
AEolE9 5l A XEHVE =Y F, T2 IFE 899 Y, REF
&

S AA EHLE AT 2 Wittig agent 92a® H33IA ™ (Scheme 17).
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=CH,0H =—CHO ———

> Na0O;8—S”~ “CHO
60 86 87
lc
N
. N e -N d S
S N\ <_f_ SN e— — p B E— \\
Br\/'Q) HO /= OHC
91 90 89 83
d
S’N Scheme 17. (a) CrO;, H,S04-H,0, 35%, (b) NayS,03, AcOH,
) . \)\> Acetone-H,0, 65%, (c) lig. NHg, 60%, (d) n-BuLi, DMF, THF, 73%,
BrPh; P = (e) NaBH,, THF-MeOH, 83%, () PPhg, CBr,, CH,Cl,, 80%,
92a (9) PPh3, CH4CN, 63%.

(o7

3-A g olAEolE Wittig agentE T3} ¢siME, 3-HeE-2-2 (93)<
SEEE 5t 53 A9 T4 FAL AN 3-vH-olAEolE (96)2 T
Ak, 3-WEr|E RrerEslsle HEnddr)z Wi & sgudyan
E]_]:

&3t Wittig agent 92bE &4 34t (Scheme 18).

&Moo

E_( - = \\/O — NaO3S—S/=\n/

OH
93 94 95 o
lc
5N P*Ph,Br e s-N Br d S’N\
e o O
92b o7 96

Scheme 18. (a) CrO3, HyS04-H,0, 38%, (b) Na,S,05, AcOH, Acetone-H,0, 60%,
(c) lig. NH, 52%, (d) CBr4,CCly, 45%, (g) PPhs, CHsCN, 63%

5 176l Part AfE 3-AF o kE}E Wittig agentS T 9HA
£ QAR £88 3-vWY-5olEnolsEclE (99T AR sl
Sandmyer W§& o &3] 5 A9 ov:E A4VE ABY F, 2B FUW
Pyos & 7, =99y

_59_



. P*PhsBr
)\)—-CH -——> )\)_CHa ——> — —> i
Cl
92¢c

HoN
98 100

Scheme 19. (a) i) NaNO,, HCl, ii) CuCl, (b) NBS, CH,Cly, (c) PhsP, CH3CN

3 YA HwEr) 7} X3E 5-XF o] hEolF Wittig agentE &4 st7] 98l
e, FdHez {83 3-vE-5-olrxmoliEeE (98 FLUEE o
Sendmyer HI82 o] &3l 5 A9 olu=y]|E Alol7]|E X33 FFE 101
FAAT &, SFE 1019 Aotx=7|E JHEEiste] FIREAVIZE WEet L, 71EE

718 dzEH2s, ddusE AX dFEE 1045 §A
=3 H]—tﬂ—]Oi 3]1:&}\]7]% E%ﬁ]_—a—]._]—_l 3L

agent 92dE T3+ (Scheme 20).

-N
Jo—oH —> )\)—CHa > )\)—CHg S /|\>_
EtOOC

HoN HOOC
98

/N f ,N e fN
S N S N S N\
CH; ———o0 CH; ~-— CH;s
'BrPh3+P\/l§)_ 3 Br\)Q)— 3 OH \/I§)_
92d 105 104

Scheme 20. (a) i) NaNO,, HCI, i) CuCN, (b) 2N-NaOH, (c) i) SOCl,, CH,Cl,, ii) EtOH, TEA,
(d) NaBH,4-LiCl, THF, () PhsP, CBry, CH,Cly, (f) PhsP, CH3CN

A5l o]%% aiﬂiza}ﬂi 7 —5}

A=t olE IFEY HAVE

ﬁli-é‘}% El& F7HA 108a-dE T4

g olxEolEgodds EHE S 108a-dE Y
o s

utsld 1102 FASE o8 BehE(0) EAS =R
AAs] HF e 85a-dE FAHHATH (Scheme 21).
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k / g P
—-—> HS
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92a-d 107a-d 108a-d
a:A=S, B=N, R=H .
b : A=N, B=S, R=H HO 1oslc 4B
¢ : A=N, B=S, R=Cl} H H 1§
d : A=S, B=N, R=Me : N =/
N N
ST o oAl “Alloc
MSOl CrN CHO 1~ )—0PO(OPh), 2Rl
“Alioc O oAl 110a-d
106 109 l d B
HO Ly AR
= \ 7/
- Ny ° NH
COOH
Scheme 21. (a) NaHMDS, THF, (b) i) AcSK, DMF, ii) 1N-NaOH, MeOH
(c) DIEA, CH3CN, (d) BudSnH, Pd(PPh3)4, CH2CI2 85a-d

. AT w4 ¢AE S in V1V0°ﬂ}"1-4 —r" 3 A5 7]EH3}71]
ot A2 dE oA Fuige A9 mRstxE o] AEo}
e BHMXM AeldE XFE PI411L o]iEolE 5HHAAI ddd2 X3
" P914099) H] o}°4 AR oz Ax3 F4& YA L™, PI14119] olLE|elE
o] 5W R = 1 422 =% PO412E AAE R Zo] o UA
U ad SA4T 53] 5o dd 242 A i
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£ 12 olaEolZ R & DE 2 Tt 9] in vitro &% R
DHP-1 et =

In vitro antibacterial activities against standard strains

minimum inhibitory cone.(; g/ml)

STRAINS

POL4G9 | P91410 | P91411 | P91412 MPM IPM
Streptococcus pyogenes 308A SRHER! 0.004 0.007 <0.002 0.013 0.007
Streptococcus pyogenes TTA i <0.002 <0.002 <0.002 <0.002 | <0.004
Streptococcus fuecium MD8b R 3.125 3.125 1.563 12.5 1.563
Staphylococcus aureus SG511 04613 0.025 0.025 0.013 0.195 0.025
Staphylococcus aureus 285 RO 0.04% 0.025 0.013 0.195 0.025
Staphylococcus aureus 503 0.0123 0.025 0.013 0.013 0.098 0.013

Escherichia coli 078 0.025 0.049 0.025 0.025 0.195
Escherichia coli DC 0 o 0.049 0.049 0.049 0.025 0.195
Escherichia coli DC 2 ANERLY 0.049 0.049 0.049 0.025 0.391

Escherichia coli TEM fLuls 0.049 0.049 0.049 0.025 0.195
Escherichia coli 1507E (A28 0.049 0.049 0.049 0.025 0.195
Pseudomonas aeruginosa 9027 .3 1.563 1.563 6.250 0.195 0.781
Pseudomonas aeruginosa 1592E IR 0.781 1.563 6.250 0.195 0.781
Pseudomonas aeruginosa 1771 i 3l 0.781 1.563 6.250 0.391 0.781
Pseudomonas aeruginosa 1771M ERPES 0.391 0.391 3.125 0.049 0.195

0.049 0.049 0.049 0.049 0.781
0.049 0.098 0.049 0.098 0.391
Klebsiella aerogenes 1522E 0.049 0.098 0.098 0.049 0.391
Enterobacter cloacae P99 0.195 0.098 0.195 0.025 0.391
Enterobacter cloacae 1321E A 0.049 0.025 0.049 0.025 0.195

Salmonella typhimurium
Klebsiella oxytoca 1082E

1.64 1.42 1.97 1.00 0.17

-t

DHP-I stability*

*Relative t1/2 of hydrolysis to meropenem by partially purified porcine renal DHP-I.

O B K

£ 2% AT L 2% e4T BT 29® 15e o

oL oox 2
ém\.frlorﬁi'

.S aureus, S. pneumoniae, K. pneumoniae, M. catarrhalis,
557 #9e HesE FFC H8F aHE e B of

U, guzde 879 3yl P. geruginosadl titelx vi2sde] v]3to
1
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# 13. o|aHolERd LI ETHE L JufH g WA T e in vitro %

In vitro antibacterial activities against standard strains, MiC (u g/mi)

 Compound | porapy ¥

Staphylococcus aureus  6538P
Staphylococcus aureus  giogio
Staphylococcus aurens 77
Staphylococcus aureus 241
Staphylococcus epidermidis 887E
Streptococcus preumoniaePG-R PN010
Streptococcus pneumoniaePG-R PN020
Enterococcus faecalis 29212

Escherichia coli 10536

Escherichia coli 3190Y

Escherichia coli 851E

Escherichia coli TEM1 1193E
Escherichia coli TEM3 3455E
Escherichia coli TEM9 2639E

Sali Ila typhimurium 14028
Klebsiella pneumoniae  2011E
Klebsiella aerogenes SHV-1 1976E
Klebsiella aerogenes K1+ 1082E
Proteus vulgaris 6059

Morganella morganii  1375E
Citrobacter freundii 8090
Citrobacter diversus 2046E
Enterobacter cloacae IND+VE 1194E
Enterobacter cloacae P99

Serratia marcescens 1826E

Acinetobacter calcoaceticus 15473
Moraxella catarrhalis 25240
Moraxella catarrhalis  MCA027
Psendomonas aeruginosal912E
Pseudomonas aeruginosa6065Y

*Inoculum size effectZ 17| 9l5k] 1004 2o 7l HE

¥ 145 P914099] rat oA GEFHI}H HAIFAAE UEdE Aolth
P914092 t2EZQ olug iz dEzadd HsiA 25 453 235 JEHNU
. &, P910142 W77 M= 7-8uf % e YERY D Ao & &A=
5-6812] =& e YEeElATh o)t #e Ade WEZHYY gHdo® AHHI
RAE B2 vyl EAE FriHoz AAE § JdE /5AHES B FI dre
Aol Al wj-§ FEILoJof & Ado|n, wepx AKHLZ e} dFol T dTE
ANAM e FEFHETA AFE TIP3tk g}
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E 14. KIST-P914099] ANE A Y FEFHEZ 7"

Tz (min) 23.5%6.8 3.46%0.10 3.99+0.24
AUCins (ug min/mL) 1801 =486 33023 383 %36
CL (mL/min/kg) 11.6+27 61.50+3.65° 54.16£5.27

% at a single intravenous administration of 20 mg/kg in rat

¥ 1565 2% $AT9 S pyogenes, S. aureus, 1¥H X479 E coli, P.
aeruginosa 59 WEAQ T didt P914092 mouseo] A2 in vivo protective
test 27%& YEA Ao E 1594 & ¢ Sl HbsE o] POL014E= 1% $A
<3l S, pyogenesel o = WZ#Ade 1241, S. aureusd] WA= o 23 o
H] 5} 35BH A= -?—ZF?} di=Raky L}E}W“C’Uﬂ o $A47A E colidl i3l
& Yehd oY P. geruginosa®] A=
ATk o]t 7ol PI1014% in vivod A E
T FHEARY JteAE BRoF

% 15. Protective Effects® of P91014 and Meropenem

S. pyogenes ATT (0.1%—%.64) (2-53'*7;6”
S. aureus Y-80-1953 (0.611‘?’27.54) (2'71%202)
E. coli 078 (0.1%?3_6“ (0.615}11.90)
P. aeruginosa 1771M (3‘35;11712 ) (3_052%3.75)

%at a single subcutaneous administration in mice.
°PDs (mg/kg), parenthesis: 95% confidence limits.

Age] el et o2 JhA A8 AR
P91409‘: ALz A7E 8T FoAdo] e
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111b(2Z), KIST-P91503

6. dddouidy 2 dE A Juts o] @3 A4
B AFodE 23S 2 MRSAT dis] 3% A8 JedEsE 79t
HYe MEdg HHO0RE XNF7A AT o]aSAESdould L o] hEolEdEld
719] hydrophobicity & S ti3t7l $3te] o] A2 AEF ol hEolES AIEFZHAH
gddd % olAx2dugidoR dgiAste] FiuisdlS dAdsla ol AL A
Atk 53 HAW A M 8% ddTel MRSAC Wigte AR JbE
g AF37] st g8 oA 2l A FEdd diste] #4 AdEE A
3t ot (Figure 11).
HO N R
H H |
H N R2
N S NH
COOH
111a,b
N
HO L HO | g
H =N z =
ng S U N O\
° toom COOH
111a(2), KIST-P91501 111a(E), KIST-P91502
N
HO |, H HO Ly S |
= = N H
Ve U\ "I /‘j;{/}—s NH
9 Loon " Loou

111b(E), KIST-P91504

Figure 11. pyridinylethenylpyrrolidinethio carbapenems

Bl &

i
Sk El L 2

AE EES F71 A stell o | o] E 9}
HhEste] AMEE o, f-EEFAES AotmolM Bl =9 in situd I St
3 Alet=d g E S5 1130 A4 ET S E 1139 7RV E BEYEERY
29 o=r BESSI ofde=R E‘"‘ﬂ%i}ﬂ‘ﬂ Aol Ed 1155 A3t 39
] Alol w7 & ol 2E 3, 3 233 & Efddzavios EAi:=

3-x3% ¥ o Wittig agent 119a,b% L} 3ttt (Scheme 22).

2-vlg-3-%E= (112b)% 22 AE §’r

| ol

s
Nt
lo
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R1

.
. RN ACN R\~ CN e RL_ -~ -CN
e OO I

R0 R*N"S0 R* N e Z

R¥ N
H12a,b 113a,b 114a,b 115a,b
d
1 4 4
PP _9 RN Sy ™o f 0 RN oS ™Son o Ry CO2E!
) ' _ -~ l _ ~— I P
2 2
+Ner R +N o R* "N R* "N
119a, b 118a, b 117a,b 116a, b

a:R", R?= «(CHy)s-
b:R'=H, R%= i-Pr
Scheme 22. (a) i) NaOEt, HCOOE, Et,0, ii) NCCH,CONH,, Piperidine acetate, H,0, 43%,

(b) PBr3, 45%, (c) Zn, AcOH, EtOH, 99%, (d) i) ¢.HCI, ii) CH(OE);, AcOH-PhMe, 52%,
(€) DIBAL, CH,Cly, 86%, (f) SOCl,, CH,Cl,, 99%, () PPhs, CH5CN, 86%

i

Ehs|
120a,
il
dl

L10Y

o]} o] FA 3-X% T ejd Wiitig agent 119a,b2 E=2%

TE 1067 A3 F7] A st WHgdtd Red HdodddE

7} E, Z9] %%%i RAPEIL olgg A=vEIRIAR Fe3d 7%74"

ddyEed deth olE SFEL dAVIE HootAH -
4 121abZ A A

Ui
S
o

r
Mo o
bl
il
1mLEEL
E.&l
2

¢ FHE B

[kl folr

4y E9dE S 121abE Fiuldd A&

A skl 0}‘315145‘%"“’*1 HHSAlA B

2% %"3‘3}31 O]% e} E(0) At ET R3]
11a,bE 4339 th (Scheme 23).

n lob 4
Mo
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dad ’d
or Nt _R? Y k)
z 106 R R’
“CIPh,"P. N o msom Y, o he N
3 R “adloc “afloc
119a, b 120a,b 121a, b
a:R', R%= «(CH,)y- \
b: R'=H, R%= i-Pr R
R1
HO |
= COLAlly!
MSQ,C(NCHO T _p—0opo(Ph) A 1228 b
“Alloc v COAlly! &
106 109 l d
N _R?
HO H H — l
T \ N R1
S
N/ NH
0
COOH
111a, b

Scheme 23. (a) NaHMDS, THF, (b) i} AcSK, DMF, ii) 1N-NaOH, MeOH ’
(c) DIEA, GH,CN, (d) BusSnH, Pd(PPhy),, CH,Cl,

AT AMEzddeaddadaidy Seide oA Fots g tisia 207
ZE2dFo N3 in vitro &% 2 DHP-1 ¢HHEE A¥stgT (F 16). A8 %

B A gol HERe AW ILVIAF 2 a%e
_‘l
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% 16. JAEdddd e dyg e 7hut#A 9 in vitro £% % DHP-1 ¢HAH =

In vitro antibacterial activities against standard strains

Streptococcus pyogenes 308A

Streptococcus pyogenes 77A

Streptococcus faecium MD8b

Staphylococcus aureus SG511

Staphylococcus aureus 285

Staphylococcus aureus 503

Escherichia coli 078 0.195
Escherichia coli DC 0 0.195
Escherichia coli DC 2 0.391
Escherichia coli TEM 0.195
Escherichia coli 1507E 0.195
Pseudomonas aeruginosa 9027 0.781
Pseudomonas acruginosa 1592E 0.781
Pseudomonas aeruginosa 1771 0.781
Pseudomonas aeruginosa 1771M 0.195
Salmonella typhimurium 0.098 0.098 0.049 0.781
Klebsiella oxytoca 1082E 0.098 0.098 0.098 0.391
Klebsiella aerogenes 1522E 0.195 0.391 0.049 0.391
Enterobacter cloacae P99 0.391 0.781 0.025 0.391
Enterobacter cloacae 1321E 0.049 0.098 0.025 0.195
DHP-I stability* 2.22 3.77 1.00 0.17

*Relative t1/2 of hydrolysis to meropenem by partially purified porcine renal DHP-1.

¥ 172 LGCIZF BEf3tz e 2% SATd T8y ZEATT (S
aureus)  MRSAc] di3dle] &4 AAM °

Aol delde 25 43 248 vEgdan, MRSAY diside 54 A
g} FhupHd A Al o]l H 4] s Y
EF 9] Vancomycin®l HIME A %3 AL JeElYAT)

2
i
o
>
=1
o
RN
o
m H
oX
lo
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S.aureus 6538P 0.031 0.031 0.031 0.063 | 0.031 05
S.aureus giorgio 0.016 0.031 0.031 0.031 0.016 1
S.aureus 77 0.13 0.25 0.25 0.25 0.13 1
S.aureus SA011 0.031 0.031 0063 | 0063 | 0031 1
S.aureus SA015 0063 | 0063 | 0063 | 0063 | 0.031 1
S.aureus™ 241 4 8 4 8 16 2
S.aureus™ K311 1 1 1 2 2 2
S.aureus™ K364 16 32 16 32 64 1
S.aureus™" K367 16 32 16 32 64 0.5
S.aureus™™ K372 8 16 8 16 32 0.5
EFL AEE R B SR E HId £83 MRSAC diste &4 A
s AAlstAT (£ 18).
A 23, dxedd 43 et Ade olu ey wZu e v
AMeE W 5T 48 Ui ey MRSA9 Fdel fUdd A=A

e R
Vancomycin®l| BlS|A= HzF ZAHL el 53], 2 ALY e
MRSA®] A9 Ao mE 7z o] nl§ ¥Wzste, Vancomycine] 0.391-1.563
o e AAE VEdY, 2 Alde] SEELS 0.098-509] wWg- & AAE YERA
=3
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4 L

F 18 Aediste Y 44 MRSAY g in vitro &% (rg/ml)

6.2 3.125 25 25 3.125 0.781

1
2 1.563 0.781 125 6.25 0.781
3 25 12.5 50 50 1.563
4 25 125 25 100 3.125 0.781
5 0.098 0.098 0.781 0.098 0.781
6 125 6.25 25 25 1.563
7 25 125 o0 100 0.781
8 25 125 50 50 0.781
9 12.5 6.25 25 25 1.563 1.563
10 12.5 6.25 25 25 3.125 0.781
11 25 125 50 100 3.125 0.781
12 0.195 0.195 0.781 0.098 0.781
13 125 12.5 25 50 0.391
14 0.195 0.195 1.563 0.098 0.781
15 25 125 o0 50 0.781
16 12.5 6.25 25 6.25 0.391
17 25 125 50 50 3.125 0.781
18 25 125 50 50 0.781
19 25 125 25 50 0.781
20 25 125 25 50 0.781

ol¢o} e A2 E uf, MRSAE EX=E dodAe ZBHoZE dAY +&
T MELZ FRE Tdstlok dtH o]d tisiME ASHd B A7 d8
2 Atsdrt

- 71 -



ol FnSAEI ojuhEde] N&A AuAYFE=A A

B oAFAE AT HE FFEL A7) A4 sl mae] o Fnes
g, oNnEY, Hol2ed, Hotd 5 oA He FEAS BAs =93
1 1 FHFAL obdlsh o) YEY

7h olF s Ee]l X3H JulHA I A A
trans-Hydroxy-L-proling Z&2&EZ 2 A}83e] WA proline?] amines
p-nitrobenzyl chloroformate® B 3% & A & &}ol|A methanol® esterification
9 3E=E 1238 2e F Atk FFE 123% triethylamine B7) Fol A
mesylchloride®} ®¥H-8-3t9] 3dE 1242 9L F methanol £ 3ol A ammonium
hydroxide¢t ¥H-&AlA methyl esterZ amide® X33 3I3E 1252 At
Oiﬂﬂu.m&zTiﬂmMVpMMMm*WE AbE-3le] amines deprotection 3F
% dialkylketone (R'3} R?= 7}l ketone) 2.2 7FEZF A A bicyclic 3FE 126
AT, H71el potasium thiocacetate® DMF &u] 3sloA utgAlA 127 e
T ¥ 4N-sodium hydroxide® 7}FE8ste] At 23 g8 Ars ¥
3t bicyclic thiol ¢E 1288 3439 th (Scheme 24).

o o mlm

PNZ N-pnz
123 124

HO,, i HO.. COOCH i MO, COOCH
COOH O‘ & O“ s
N, N
, PNZ

MsO,, >
N ——— N%

- ‘oz \
125 Y r' R
126
o 0
s NH vii HS’C(«NH
© {ﬁ 2 —_— N7<R2
g R R'
27 128

R a,b,c, d, e, f, g= methyl, h= ethyl. R?: a=methyl, b=ethyl,
¢= propyl, d=cyclopropyl, e=allyl, f=phenyl, g=hydroxymethyl, h=ethyl

Scheme 24
() H2804, MeOH. (i) MsCl, TEA, Methylene chioride. (i) NH,OH, MeOH. (iv) Paladium
charcol, THF,MeOH. (v) Anhydrous sodium sulfate, a:Ketone, b: Ethyl methyl ketone, c:
Methyl propyl ketone, d: Cyclopropyl methyl ketone. e: Viiyl methy! ketone. f: Methy! phenyi
ketone. g: Hydroxymethyl methy! ketone. h: Diethyl ketone. (vi) AcSK, DMF:Toluene=1:1,
70%, (vii) 4N NaOH, MeOH
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H#3gE2 18 -methyl-2-thioldl carbapenem +%=#(130)+ ©23 22
B8-S B3 AT 5+ Ao (Scheme 25).

OH
OH N H
ii H I iii
I o . L _)—OP@©Ph) | ——n
d
o
COOPNB COOPNB
12 13
OH o}
H d
N/ S N\,LRZ s N/ N\R,wLRZ
COOPNB COCH
130
Scheme 25

(i) Rhodium acetate, reflux. (i) N,N-diisopropyl ethyl amine, Diphenyl chlorophosphate,
Acetonitrile. (iii) N,N-diisopropyl ethyl amine, 7(a), 7 (b), 7(c), 7(d), 7(e), 7(f), 7(9). 7(h).
(iv) Paladium charcol(10%), Tetrahydrofuran,

AzA  FIE 128 97] &4 3t diphenylchlorophosphate?} HH-g-
13 ARG 47 S3EES G971 EA stelA LR (128)9] thiol
2 XA protecting® carbapenem 3}TE(129)S d=vh IFE129)2
9} palladium catalyst® AF&38lo] deprotection A7 % AA A HEFIFE

(1300 &< =+ 3

) olugEd sFEC] XFd tutEda=A A

E AFoxEeE &9 EAZ 4-hydroxy-pyrrolidine-2-carboxylic acidE& A&
stttk o] 7)o allyl chloroformate®} sodium hydroxideg Al£3l9 amined EZ
3} 2 methanol® HCIE AFR-3lo] carboxyl7] & methyl ester”](132)2 X &35
t}. 4- Hydroxy7l¥ t-butylmethylsilylchloride®} imidazoled A}&-3te] A2l A
ksl o 24 t-butyldimethylsilyl2 HE.33 ¥ ethylene diamine, trimethyl
aluminium< toluene’doll A Aol wHEg S M methyl estergE imidazoline 2=
gtk o] FAAA ALl 7HE 7/, 70°C, 50°C £22 2EE ¥Fo 7}
Ha) WSS 3 A %7 L4 E amine 57| allyle] EIES & &

Ia]
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QA 83 Hg A7HE 23A17FE WS AIZlS w by-product”t B HA 23k
t}. o] imidazolin 3&E(134)8] alkylated 33EE potasium carbonate®
acetonitrile Aol 40 °Col A olE HoF muk Fozx AL F Used old
sodium hydride® A}&3AY €58 =9 4% 9 w&oA s w2742 amine
BE7]9 allylo] EaHel ke 9 @ & U 2¥R L5 v HFE W
SAo] #FAS] olxth t-Butyldimethylsilyl& AA37] 4314 6N-HCl=
methanol Aol 42L& Zeste] mwtgoamn & dAFALH oln vhs F2
1 7

3 A3 4L FAANAC st vk Ao AY A71EYL B FEHAAA
sggo] 2oz s defliedEl ofEgel  wUTh Hydroxy 71 &

methanesulfonyl chloride, triethylamines AF&8te} A& FH3lollA wiHgozH
mesylation 3% 2™ potasium thioacetate A}&-3te] 65°Cell Al ®¥Eg-3lo thioacetyl
33 2(138)2 HETE o] thicacetyldted &S 4N-sodium hydroxide, methanol=
Hhe-3ro 24 thiol 3EE(139)8 TEUT

HAZz33E ¢ 18 -methyl-2-thiolA] carbapenem FZ=A(141)E oA AF
a4 Wy 22 ureAAL E8) A2 F Aok (Scheme 26).
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o] 0 0
HO,, O)\OH A Ho,,,C,)LOH b HO/,,O)kome
NH Nuoc N-aoc
1 131 132
N
i TBDMSO, I/>
c TBDMSO», OMe d . H e
. N _— Nogmer
JAOC AOC
133 134
N
TBDMSO, O)\ HO,,, MsOy,, N
R
N\Aoc
135(a-h) 136(a-h) 137(a-h)

/> . N
i
Hs I/> R: a=CH;, b=iso-propyl,
- - N c=benzyl, d=ethylalcohol,
N ‘AOCR e=CH,CH,SO,NH,,

"AOC
f=H, g=ethyl-pyrrolidine,

138(a-h) 139(a-h) h=Ms
N:> N:>
139 ;;4 N
13 — R T NH R
AOC
COOQallyl
140
Scheme 26

(a) Allylchloroformate, THF/H,0/2hr. (b) H', MeOH/reflux. (c)TBSClimidazole DMF/RT. (d)
ethylenediamine / trimethylaluminum, tolune/RT. () K,CO3/R-X, CH;CN/40°C/2days. (f) 6N-HCI,
MeOH/RT. (g) MsCVTEA, CH,CL/0°C. (h)AcSK, DMF/Tolune / 65°C. (i) 4N-NaOH, McOH/RT
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8. HolZdo] AgA FhatAdf =4 FA

£ doME  4-(tert-Butyl-dimethyl-silanyloxy)-2-formyl-pyrrolidine-1-
carboxylic acid 4-nitrobenzyl ester(34)S &% EZ F3lo] L-cysteine ethyl ester
hydrochloride®} ®H-8-A1A A pyrrolidined] thiazolidineol X3 2 33E(142)¢
Aok 33E(142)9 X ZHethyl ester®  sodium borohydride® FUAA L=Z4
L4(143)E = ethyl ester® ammonium hydroxide®} WHS Al#H olun| =8 %3
(148)E &/43t%itt (Scheme 27).

S
o S p
TBSOw. L a TBsOn, BY b TBSOM. O/\N oH
N N H 5
| | PNZ
PNZ PNZ
34 142 143

S / ’ de l c
TBSOH,.
QA&D\WNHZ
PNz ©

s
TBSO.. 3\/
148 S OXN OAc
MsOx... j\ N H
de N~ COOC,H; PNZ
N, H 144
PNZ

S
MSO”"OANJ\“/NHZ 147 de ‘
N H
PNz © f,g' s
149 MSOI“'O/\Nj\/OAc
N H
f.9 S PNZ
HS
N~ ~COOC,Hs 145
N H
HS\O/(N]YNHZ 146b
N H §

PNZ

S
146¢ HS\O//\Nj\/OH
N H
PNZ
146a

Scheme 27

(a) L-Cysteine ethyl ester hydrochloride, NaHCO3, 60% ethanol, -5°C. (b) NaBH,,
THF:EtOH=4:6, 0°C. (c) (CH3CO),0,EtsN,CH,Cl,, 0°C.(d) TBAF, THF. (e) MsCl, EtzN, CH,Cl,.
(f) AcSK, DMF:Toluene=1:1, 70°C. (g) 4N NaOH, MeOH. (h) NH,OH, MeOH,CH,Cl,, 0°C.

L3k cysteineg AlS-3te] A ®  thiazolidine 3IETE(151)L WA 2
2-bromo ethane sulfonyl chloride® o}d3}t A7 5 mE|dolWg wbg A|H H3d}
T 3E=(152a-b)S A A1, F HAE 98 7}A akylhalide® 271 &)
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st A LB A ddte FFE(152c-g)S T3 T (Scheme 28).

0 s

TBSOI:,_O)\H i TBSO”“OA j J TBSOI: Ox j
—_— N

N, N H '50,C,H,Cl
PNZ PNZ 22y
34 150 151
S
TBSOu. OA j TBSOM.. O/( j
N
N, ) '50,C,H4R
PNZ R 22y
152c-g 152a-b
152a; 13a: R= HN S l l
a; 13a: R=
— !

152b; 153b: R= HN N—<\:> s
152¢; 153c: R=CHj, stO//\ j ~O’< j
152d; 153d: R=CH(CHs), N

N N
152e; 153e: R=CH,CH,0H ‘onz R SOzCzH4R
152f; 153f: R=SO,CH3 153
152g; 153g: R=H ¢-g 153a-b

Scheme 28

(i) L-Cysteine, H,0, 95% ethanol. (j) BrCH,CH,S0,Cl, EtzN, CH,Cly, 0°C. (k) cyclic amine, K,CO3,
CH4CN, 60°C () RX, K,CO3, CH4CN, 60°C,

tert-ButyldimethylsilanylE A A 3}7] ¢ 814 tetrabutyl ammonium fluoride2
THF A}l A WHrsto Z A LS 21239 o o oju] W =4 - hydroxy group
€ methane sulfonylchloride, triethylamines A}-€3le] 9 Ze3lo|A] wutsto =z
A mesylationd} 9 I, potassium thioacetate® AFg3dt]  65°ColA]  wrS-3lo
thioacethyl 33E=Z WEIT} o] thicacethyl 3}3E L AN-FAFUESS WEL
ufstol Al Mg oZH thiol FFEL HEJUT

Phosphate 3t3t=(13)& €7l €A%t Bl FE=4(146a—c, 153a-g)¢ ut
$A1A Protecting® 7Zhul#l Y 38E(154a-¢, 156a-g)S 4ot 9 S =
A FAdL 0-5°Co wrg2xoA 97124 diisopropyl ethylamine2 A}£3}3tc).
# 3FES Hot PA/CE AH8£3}o] deprotecting X171 ¥ HP-20°2.2 A A3 A ).
olZF WE Ux 3t HFFIE(155a—c, 157a-g)S IL F YA (Scheme 29).
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154a; 155a: R=CH,OH
154b; 155b: R=COOC;H;5
155¢: R=CONH,

[{]

156a; 157a: R

/N
0,8H,CH,CN S
_/

156b; 157h R= O,SH,CH,CN N—(N—
’ 292N , \N /

156¢; 157c: R=CHj3

156d; 157d: R=(CHj;),CH
156e; 157e: R=CH,CH,OH
156f;, 157f: R=SO,CHj;
156g; 157g: R=H

Scheme 29

(m) Diisopropylethylamine, CH3CN. (n) Hy, Pd/C, THF:H,O(1:1)
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10. EofEo] Xzd FutdAlyd F=A FA

£ AT+ 4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-methyl ester
1-(4-nitrobenzyl) ester (3) &Y EZ 23t ammonium hydroxide$} #H&-A171 &
benzoyl group®.Z protectingd}$l ™. Lawsson’s reagent® sulfonyl amideZ 34
319 31, ethyl bromopyruvate® o] 83 thiazole =47} X349 3TE(161)S
ARtk FFEA6D] 3H ethyl esterE ammonium hydroxide®} ¥H&A171 3}
HE(163)7} calcium borohydride®t ¥H-8-+171 31%&(169)& cMi’ 3+ hydroxy
gruop mesylationAlZl ¥ cyanide® X33 3IIEE ATt oL EF
potassium thioacetate® A}-&3te] 65°Coll A HHg 3o th10acethy1 JER BE F
AN NaOHE ©]-&3t<] thiol 33E(166a-d)E LTt (Scheme 30).

T3 methyl 4-chloroacetoacetate’ methyl 2-chloroacetoacetates A8 3t
T4 © thiazole SFEA72, 1778 A3, AX¥H methyl esterE calcium
borohydride® reductionA]# 33=(175, 180)S L3t} 3FE(174)+= ammonium
hydroxide¥} ®F-3-Al7A amide’} X3dE IJFEA76)S LU 99 & JFEES
thiol 3}+3&(166e-g)E =21 th (Scheme 31).

3}3tE(3)2 2 ¥ benzoyl protecting, reduction, mesylation, cyanide®2] X]3
B2 2 E3tod carbono| 17] T HolY amide3 382 (185)<L 9S 4 glath o
v Yol ded MHEFH T HHE o8t FFE(189%a-c)E AN
(Scheme 32).

ﬂ -iol' rﬁ

Phosphate &3&S €7] EAdtA Bl F=4(166a-g, 189a-c)9} HH-S-A]

7] protecting® 7hutEld 3}3HE(198a-g, 199a-—c)S AT 9 FE=A9 =2
9] FAL 0-5°Co wrg2 Lo 7|24 disopropyl ethylamines AF&3FA

(Scheme 33). ¢ FFHES H9t Pd/CE 483} deprotecting A7 F HP-202
2 AR olF WF 7AX dte ElotEo] AFH AIINFES 48 F INU
o}
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O O e}

HO/:,_O)LOMe _a g HOu.. NH, b BzOw., NH,
N, N, N
PNZ PNZ PNZ
3 158 159
] S
c BzOn..O)LNH2 g BzOn.OA\ 1 E e
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Table 19. 7hats|dl F=A¢] MIC data

1 {Streptococcus pyogenes 308A 0.049 0.049 0.013 0.025 0.013 0.004
2 \Streptococcus pyogenes TIA 0.013 0.098 0.098 0.025 0.013 0.004
3 \Streptococcus faecium MDS8b 6.25 | 25000 | 6,250 6,250 6.250 1,563
4 |Staphylococcus aureus SG511 0.098 0.098 0.098 0.098 0.049 0.013
5 |Staphylococcus aureus 285 0.195 0.195 0.098 0.195 0.098 0.013
6 |Staphylococcus aureus 503 0.098 0.391 0.098 0.098 0.098 0.013
7 |Eschericihia coli 055 0.013 0.195 0.781 0.391 0.049 0.098
8 |Eschericihia coli DCO 0.049 0.098 0.195 0.195 | 0.098 0.098
9 |Eschericihia coli DC2 0.098 0.098 0.195 0.391 0.049 0.098
10{Eschericihia coli TEM 0.098 0.391 0.391 0.195 0.098 0.195
11|Eschericihia coli 1507E 0.013 0.195 0.195 0.391 (0.098 0.195
12| Psudemonas aeruginosa 9027 1.563 12.5 25.0 25.0 1,563 0.781
13|{Psudemonas aeruginosa 1592E | 3.125 12.5 125 25.0 1,563 1,563
14|Psudemonas aeruginosa 1771 3.125 6.250 125 25.0 1,563 0.781
15| Psudemonas aeruginosa 1771M| 0.193 0.391 0.781 3,125 0.391 0.098
16{Salmonella typhimurium 0.198 0.391 0.781 0.195 0.195 0.781
17|Klebsiella oxytoca 1082E 0.098 0.098 0.195 0.098 | 0.195 0.391
18|Klebsiella aerogenes 1522E 0.391 0.391 0.391 0.195 0.195 0.391
19| Enterobacter cloacae P99 0.098 0.098 0.195 0.391 0.391 0.195
20|Enterobacter cloacae 1321E 0.098 0.195 0.19 0.098 | 0.049 0.098
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Table 20. 7MY F=A 2 MIC data

1 |Streptococcus pyogenes 308A 0.025 0.013 0.025 0.013 0.004
2 |Streptococcus pyogenes TIA 0.025 0.013 0.049 <0.002 0.004
3 |Streptococcus faeciurm MDSb 3,125 25 1,563 12,500 1,563
4 |Staphylococcus aureus SGbH11 0.098 0.195 0.195 0.098 0.013
5 |Staphylococcus aureus 285 0.049 0.391 0.391 0.098 0.013
6 |Staphylococcus aureus 503 0.025 0.195 0.391 0.098 0.007
7 |Eschericihia coli 055 0.098 0.195 0.098 0.013 0.098
8 |Eschericihia coli DCO 0.098 0.391 0.195 0.025 0.195
9 |Eschericihia coli DC2 0.098 0.391 0.391 0.025 0.391
10|Eschericihia coli TEM 0.098 0.391 0.195 0.025 0.195
11|Eschericihia coli 1507E 0.195 0.195 0.098 0.025 0.098
12|Psudemonas aeruginosa 9027 3,125 125 25.0 0.195 0.391
13|Psudemonas aeruginosa 1592E 3,125 6.25 50.0 0.195 0.781
14|Psudemonas aeruginosa 1771 1,563 6.25 50.0 0.391 0.781
15|Psudemonas aeruginosa 1771M| 0.195 1,563 1.563 0.049 0.195
16|Salmonella typhimurium 0.391 0.391 0.781 0.025 0.781
17|Klebsiella oxytoca 1082E 0.049 0.391 0.195 0.049 0.195
18|Klebsiella aerogenes 1522E 0.025 0.391 0.098 0.049 0.098
19|Enterobacter cloacae P99 0.195 0.781 0.391 0.025 0.049
20|Enterobacter cloacae 1321E 0.025 0.195 0.198 0.025 0.098
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Table 21.

FhatA vl §- =4 ¢ MIC data

1 |Streptococcus pyogenes 308A 0.013 0.195 0.013 0.013 0.013 0.004
2 |Streptococcus pyogenes TTA 0.013 0.098 0.007 0.013 0.013 0.004
3 |Streptococcus faecium MD8b 6.25 | 25,000 | 6,250 6,250 6.250 1,563
4 |Staphylococcus aureus SGbH11 0.098 0.781 0.098 0.098 0.049 0.013
5 (Staphylococcus aureus 285 0.195 0.781 0.098 0.195 0.098 0.013
6 |Staphylococcus aureus 503 0.098 0.785 0.098 0.098 0.098 0.013
7 |Eschericihia coli 055 0.013 | 019% | 0.781 0.013 | 0.049 | 0.098
8 |Eschericihia coli DCO 0.025 | 0.781 3,125 | 0.025 | 0.098 | 0.098
9 |Eschericihia coli DC2 0.025 | 0.098 1,563 | 0.013 | 0.049 | 0.098
10|Eschericthia coli TEM 0.025 | 0.391 3,125 | 0.013 | 0.098 | 0.195
11|Eschericihia coli 1507E 0013 | 019 | 3,125 | 0.013 | 0.098 | 0.195
12|Psudemonas aeruginosa 9027 6.250 25,000 | 100,000 | 0.391 1,563 0.781
13|Psudemonas aeruginosa 1592E | 1.563 25,000 { 100,000 | 0.391 1,563 1,563
14|Psudemonas aeruginosa 1771 1.563 25,000 | 100,000 | 0.391 1,563 0.781
15|Psudemonas aeruginosa 1771M| 0.198 3,125 6,250 0.198 0.391 0.098
16|Salmonella typhimurium 0.049 | 0.391 0.781 0.049 | 0195 | 0.781
17|Klebsiella oxytoca 1082E 0.098 1,563 1563 | 0.049 | 0195 | 0.391
18|Klebsiella aerogenes 1522E 0.049 | 0.781 0.391 0.025 | 0.195 | 0.391
19|Enterobacter cloacae P99 0.049 3,125 0.391 0.049 0.049 0.195
20| Enterobacter cloacae 1321E 0.013 0.195 1,563 0.013 0.049 0.098
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Table 22. 7Hal#H Y] F X242 MIC data

1 |Streptococcus pyogenes 308A 0.013 0.195 0.013 0.013 0.007 0.013

2 |Streptococcus pyogenes T7IA 0.013 0.098 0.007 0.013 0.007 0.004

3 [Streptococcus faecium MD8b 25.0 25,000 | 6,250 6,250 6.250 6.250

4 |Staphylococcus aureus SGH11 0.198 0.781 0.098 0.098 0.049 0.098

5 |Staphylococcus aureus 285 0.195 0.781 0.098 0.195 0.049 0.098
6 |Staphylococcus aureus 503 0.195 0.785 0.098 0.098 0.049 0.781
7 |Eschericihia coli 055 0.195 0195 | 0.781 0.391 0.025 1563
8 |Eschericihia coli DCO 0.391 0.781 3,125 1,663 | 0025 | 1563
9 |Eschericihia coli DC2 0.391 0.098 | 1563 | 0.391 0.025 | 0.781
10|E'schericihia coli TEM 0.198 0.391 3125 | 1,563 | 0.049 | 0.781
11|Eschericihia coli 1507E 0.198 0195 | 3,125 | 1563 | 0049 | 0.781

12|Psudemonas aeruginosa 9027 125 25,000 | 100,000 | 100,000 | 3.125 0.781

13|Psudemonas aeruginosa 1592E | 6.25 25,000 | 100,000 | 100,000 | 1.563 1,563

14| Psudemonas aeruginosa 1771 6.25 25,000 | 100,000 | 100,000 | 1.563 0.781

15| Psudemonas aeruginosa 1771M| 1.563 3,125 6,250 3,125 0.391 0.098

16|Saimonella typhimurium 0.391 0.391 0.781 0195 | 0195 | 0.781
17|Klebsiella oxytoca 1082E 0.781 1,563 1,563 1,563 | 0.195 | 0.391
18|Klebsiella aerogenes 1522E 0.391 0.781 6,250 3,125 0.195 0.391
19| Enterobacter cloacae P99 0.781 3,125 6,250 6,250 0.391 0.195
20|Enterobacter cloacae 1321E 0.198 0.195 1,563 0.781 0.049 0.098
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Table 23. 7034l %4 2] MIC data

1 |Streptococcus pyogenes 308A 0.013 0.007 0.003 0.013
2 |Streptococcus pyogenes TTA 0.013 0.007 0.007 0.013
3 |Streptococcus faecium MDS8b 6.25 3.125 6,250 6,250
4 |Staphylococcus aureus SG511 0.098 0.049 0.098 0.013
5 |Staphylococcus aureus 285 0.195 0.195 0.098 0.049
6 |Staphylococcus aureus 503 0.098 0.098 0.098 0.049
7 |Eschericihia coli 055 0.013 0.025 0.025 | 0.013
8 |Eschericihia coli DCO 0.025 0.013 0.198 0.049
9 |Eschericihia coli DC2 0.025 0.013 0.025 0.013
10 |Eschericihia coli TEM 0.025 0.013 0.098 0.049
11 |Eschericihia coli 1507E 0.013 0.013 0.098 0.049
12 {Psudemonas aeruginosa 9027 0.781 1.563 125 0.781
13 |Psudemonas aeruginosa 1592E 0.781 1.563 125 0.781
14 | Psudemonas aeruginosa 1771 0.391 1.563 125 0.781
15 {Psudemonas aeruginosa 1771M | 0.198 0.391 0.781 0.198
16 (Salmonella typhimurium 0.049 0.391 0.195 0.195
17 |Klebsiella oxytoca 1082E 0.098 0.098 0.195 0.195
18 |Klebsiella aerogenes 1522E 0.049 0.049 0.19 0.195
19 |Enterobacter cloacae P99 0.049 0.049 0.781 0.195
20 |Enterobacter cloacae 1321E 0.013 0.013 0.049 0.025
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Table 24. 7349 F=A4 9 MIC data

1 |Streptococcus pyogenes 308A 0.007 0.007 0.007 0.025 0.013 0.004
2 |Streptococcus pyogenes T7A 0.007 0.007 0.007 0.025 0.013 0.004
3 |Streptococcus faecium MD8b 6.25 1.563 3.125 6,250 3.125 1,563
4 |Staphylococcus aureus SG511 0.098 0.025 0.049 0.098 0.049 0.013
5 |Staphylococcus aureus 285 0.195 0.098 0.098 0.195 0.098 0.013
6 |Staphylococcus aureus 503 0.098 0.025 0.098 0.025 0.049 0.013
7 |Eschericihia coli 055 0.013 | 0025 | 0049 | 0025 | 0025 | 0.098
8 {Eschericihia coli DCO 0.013 | 0025 | 0025 | 0098 | 0025 { 0.098
9 |Eschericihia coli DC2 0.025 | 0098 | 0025 | 0049 | 0.049 | 0.098
10{Eschericihia coli TEM 0.025 | 0025 | 0013 | 0049 | 0025 | 0195
11|Eschericihia coli 1507E 0.013 0.025 | 0.013 | 0049 | 0013 | 0.195
12| Psudemonas aeruginosa 9027 1.563 3125 | 3125 1250 6.25 0.781
13|Psudemonas aeruginosa 1592E | 1.563 3125 | 3125 6.125 6.25 1,563
14{Psudemonas aeruginosa 1771 1.563 3125 | 3.125 6.125 3.125 0.781
15{Psudemonas aeruginosa 1771M| 0.198 0.781 0.391 0.781 0.781 0.098
16{Salmonella typhimurium 0.049 0.049 0.049 0.098 0.025 0.781
17{Klebsiella oxytoca 1082E 0.098 | 0049 | 0025 | 0098 | 0098 | 0.391
18|Klebsiella aerogenes 1522E 0.049 0.049 0.049 0.049 0.098 0.391
19{Enterobacter cloacae P99 0.049 0.098 0.049 0.198 | 0.098 0.195
20{Enterobacter cloacae 1321E 0.013 0.013 0.013 0.025 | 0.025 0.098
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Table 25. 754l /=A< MIC data

1 |Streptococcus pyogenes 308A 0.195 0.007 0.013 0.007 0.025 0.004

2 |Streptococcus pyogenes TTA 0.195 0.004 0.013 0.004 0.025 0.004

3 |Streptococcus faecium MD8b 6.25 6.25 6,250 6,250 6.250 1,563

4 |Staphylococcus aureus SG511 0.098 0.049 0.098 0.098 0.098 0.013

5 (Staphylococcus aureus 285 0.195 0.049 0.391 0.195 0.391 0.013
6 |Staphylococcus aureus 503 0.025 0.049 0.195 0.098 0.098 0.013
7 |Eschericihia coli 055 0.025 0.025 0.195 0.098 0.049 0.098
8 |Eschericihia coli DCO 0.025 0.049 0,391 0.049 0.098 0.098
9 |Eschericihia coli DC2 0.049 0.025 0.391 0.098 0.049 0.098
10|Eschericihia coli TEM 0.025 0.025 0.391 0.049 0.098 0.195
11|Eschericihia coli 1507E 0.049 0.025 0.198 0.098 0.098 0195

12| Psudemonas aeruginosa 9027 6.25 1.563 50.00 6.250 125 0.781

13{Psudemonas aeruginosa 1592E | 3.125 0.781 25,00 3125 25.0 1,563

14|\Psudemonas aeruginosa 1771 6.25 1.563 25.00 6.250 25.0 0.781

15|Psudemonas aeruginosa 1771IM| 0.781 0.391 3.125 0.781 3.125 0.098

16|Salmonelia typhimurium 0.049 0.098 0.195 0.098 0.195 0.781
17|Klebsiella oxytoca 1082E 0.098 0.098 0.195 0.093 0.195 0.391
18|Klebsiella aerogenes 1522E 0.049 0.049 0.195 0.098 0.195 0.391
19|Enterobacter cloacae P99 0.098 0.049 0.391 0.049 0.391 0.195
20|Enterobacter cloacae 1321E 0.013 0.025 0.098 0.049 0.049 0.098

_94_.



A 242 23

(25,4R)-2—Carboxy-4-hydroxy—1-p-nitrobenzyloxycarbonylpyrrolidine (2)
trans-4-Hydroxy—-L-proline 1 (13.0 g, 0.10 mol)E& 2N-NaOH (100 mL)®l
=9] & p-nitrobenzyl chloroformate (23 g, 0.11 mol)& THF (30 mL)ol =] 0
Tl A A7Fetn 4A17F 5 wekstdd ¥k T8 & & & EtOAc® MCE Al
el EFES AAST B T 2N-HCIE 718t 2Hd 38k (pH=2)3t32 EtOAcE
FZ 3 U EtOAcES AZx, Y =383 diethyl ether (300 mL)Z ZAA 33}
o

%g 31 g (90%); white crystals; mp 134-136 C; IR (Nujol) ecm® 3300, 1738,
1660, 1605, 1520; 'H NMR (CDCly) & 825 and 828 (d, 1H), 758 and 7.61 (d,
1H), 5.1-5.4 (quin, 2H), 441 (m, 2H), 3.53 (bs, 2H), 2.31 (m, 1H), 2.1 (m, 1H).

(2S,4R)-4-Hydroxy -2-p-methoxybenzyloxycarbonyl-1-p-nitrobenzyloxy -
carbonyl pyrrolidine (3)

35E 2 (32 g, 0.1 moD)E DMF 200 mLel =] TEA 27 mL (0.2 moD<

7}8t & p-methoxybenzyl chloride 28.2 g (0.18 mol)E ALl A #H7}sk & A A

& 7

gt'

7h2ste]l 60 TellA 12412 F<t b wubsigich whe FR F 34T
EtOAc 200 mL2 #& & & B2 53 A% & ¥ EtOAc & A=z, AAsSH

Stal ether 300 mLE AA S}t AAHE 3& 9=

£ 35 g (80%); pale yellow crystals; mp 83-85 C; IR (Nujol) cm * 3430, 1735,
1705, 1510; 'H NMR (CDCly) & 8.11 and 82 (d, 1H), 7.32 and 7.55 (d, 1H), 7.18
and 7.25 (d, 1H), 6.75 and 6.85 (d, 1H), 5.03-5.38 (quin, 4H), 451 (m, 2H), 3.72
(s, 3H), 3.55-3.68 (bs, 2H), 2.30 (m, 1H), 2.1 (m, 1H).

(25,4S)-4-Acetylthio—2-p-methoxybenzyloxycarbonyl-1-p—nitrobenzyloxy -

carbonyl pyrrolidine (4)

3}3] % 3 (50.8 g, 0.10 mo)E DMFQ} toluene 1:1 ?Z, ol 500 mLol
7

=]
9&5}. ‘?_}—"* zg 3 ‘@7—}/\]7].1_ ether 300 mLE2 F& % %i 53] A& 3 o
z C]’jl 6(]}

FTEot AAAE 458 43 A Fo] e wgoR 3
41 g (81%); brown oil; IR (Neat) cm' 1740, 1715, 1520; 'H NMR (CDCls) 8

8.15-8.28 (dd, 4H), 7.45-7.60 (dd, 4H), 5.15-5.39 (quin, 4H), 4.45 (t, 1H), 4.11 (m,
1H), 3.98 (m, 1H), 3.85 (s, 3H), 3.38 (t, 1H), 2.85 (m, 1H), 2.32 (s, 3H), 2.15 (m,
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1H).

(25,4S)-4-Acetylthio—2-carboxy—1-p—nitrobenzyloxycarbonylpyrrolidine (5)
33HE 4 (49.0 g, 0.10 mol)ell TFA (200 mL)& 7}ste] A2 A 1A17F <t
aRkelgt). vS T8 F 74 T3] TFAE A ASE $2 JFAHE THF (100

mL)oll =9 ¥ TEFEFE FTIHANTIL & (200 mDE FEIHAC o] B FE
MC (300 mL)¢+ EtOAc (300 mL)Z A1d & = & F& tr] 2N-HCIE 4Hd 3t
(pH=2 )3kl EtOAcE F&3te &3 L5EE AF 3 ¥ EtOAcE:S Ux, #¢

Zale] A4E 58 AN,

& 25 g (80%); yellow oil; IR (Nujol) cm ' 1725, 1685, 1660; ‘H NMR (CDCls)

6 815-825 (dd, 2H), 7.45-7.55 (dd, 2H), 510-5.36 (quin, 2H), 448 (t, 1H), 3.42
(dd, 1H), 2.75 (m, 1H), 2.35 (s, 3H), 2.16 (m, 1H).

mono-p—Nitrobenzylmalonate

Meldrum’s acid (144 g, 010 mmol)E CHsCN (100 mL)e] =9 % p-
nitrobenzyl alcohol (18.3 g, 0.12 mmol)2 7}8te] 24417+ &<t 7FE muts et ok
S+ FTE T Y wFeta & IAb E2eFERTE VISt 38 3 & MCE A

3 89 & 0 ColA 2N-HCIZ 243 (pH=2)3te] EtOAcE F& ¥
TFEE AAstL EtOAcE: = AE, Y s53to] A4 24 21g (88%)

mono—-p-Nitrobenzylmalonate magnesium salt
3}13+E mono-p-nitrobenzylmalonate (14.6 g, 0.061 mol)& THF (130 mL)el
o]i 15% 3 magnesium ethoxide (354 g, 0.031 moD)E 7}3to] A 2oA 2412

wEESIATH REE TR F 57 @8 ELER AAsL e d& BY vF

s

(3S,4S )7—3— [(R)-1-(¢t-Butyldimethylsilyloxy)ethyll-4-[(R)-1-(p—nitrobenzyl-
acetoxyl)—carboxyethyll-azetidin-2-one (9)

(3R,AR)-3-[(R)-1-(¢t-Butyldimethylsilyloxy)ethyll-4-[(R)-1-carboxyethyl]-
2-azetidinone 8 (150 g, 0.05 mol)2 CHs:CN (300 mL)ol #EAI7]Z A2l A
carbodiimidazole (9.73 g, 0.06 mo)& 73t} 30% < e = mono-p-nitro-
benzylmalonate magnesium salt (30.0 g, 0.06 mo)< 713l 60 CellA 3A1ZF &<t
7tE kst wE T8 T Y w53t AA glol oF g e® WA
=3
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(35,49)-3-1(R)-1-Hydroxyethyll-4-[(2)-1-(p—nitrobenzylacetoxyl)carb-
oxyethyllazetidin-2-one (10)

318E 9 (0.05 mo)E MeOH (100 mL)el &3¢k & 6N-HCI (60 mL)E 7}
3l AoA 2A1ZF FoF wk Y. ¥hg FE F 0.1N-K:HPO, (120 mL)&
713 g 0 CollA 10%-NaxCOs2 pH=8 =2 T3tz 79t $53te] MeOH
< AAFIT F& JAE EtOAcE FE3t 2 AlF & o EtOAcE:S 2
Z, 7% F=33 diethyl ether/hexane (1:1) 100 mLZ Z A3} 3t 80% TE&=

Colorless crystal.

(35,45)-3-[(R)-1-Hydroxyethyll-4-[(R)-1-methyl-3-diazo-3-p-nitrobenz-
yloxycarbonyl—-2-oxopropyllazetidin—-2-one (11)

33E 10 (146 g, 0.04 mol)& CHsCN (100 mL)el] &3 ¥ tosylazide
(145 g, 0.07 mol)& 7t3te] 108 &<k n¥t3ta TEA 95 mL (0.07 moD)$ #7138t
o AZoA 3AZE Tk mEEEAT. ¥E T2 F Y FFS column
chromatography (EtOAc/Hex=3/1)2 A A5t 82%¢ &% 130 g& I+
Yellow oil.

PMB (1R)5S,6S)-2-(diphenylphosphoryloxy)—-6-[(1R)-1-hydroxyethyll-1-
methylcarbapen—2-em—-3—-carboxylate (13)

33HE 11 (13.0 g, 0.033 moDol EtOAce} Hex 311 €< (100 mL)& 7}sh
o 7}E W4¥t §F rhodium acetate dimerE ZFvwlaF 7}sle] 2A12F B 712 wts)
Ak wE FF F chacoal (2 g)& 7F8tY rhodium acetate dimerE A|AsHZ
celiteld o £ 7t F=FsHoh 2 FAE CHCN (100 mb)o] =0 %
N,N-diisopropylethylamine (6.7 mL, 0.038 mol)2 7}3}i. diphenylchlorophosphate
(9.0 g, 0.036 moD)<& 7Fsted 1A1ZF B¢k wRkstal ofF ¥hgo 2 & 3pA

Allyl (1R ,55,65)-2-{(3S,55) 5-[(allylaminothiocarbonylthio)methyl]l-1-
(allyloxycarbonyl)pyrrolidin-3—-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-
1-carbapen-2-em-3-carboxylate (17f’)

3}3HE(28) (100 mg, 0.173 mmol)E& DMF (3 mL)el =¢I t©& dithio-
carbamate (0.346 mmol, 2.0 eq)& 7}st2 30% &<t A A Ethyl acetate 30 mL
£ 718l F81 €58 156 mLE 7Fslid Tl‘7]%'% w3 &qS FFF (10 mb)
2 AFi {7 Q“UH—**E— 7 NaxSO& AFXAZ F oAFfstn 4y S/
| E AA FUt. ol= column chromatography2 A Aste] 3tz de] oz
E 23Uy (85%).

O
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'H NMR (300 MHz, CDCl); 6 1.26 (d, 3H, /=72 Hz), 1.35 (d, 3H, J=6.3 Hz),
1.88 (m, 1H), 251-2.67 (m, 1H), 3.22-3.40 (m, 3H), 3.46-3.60 (m, 1H), 3.61-3.97
(m, 3H), 4.06-4.15 (m, 1H), 4.21-4.31 (m, 2H), 4.36-4.47 (m, 2H), 4.60-4.87 (m,
4H), 5.21-548 (m, 6H), 5.89-6.04 (m, 3H), 8.71 (brs, 1H).

Allyl (1R,5S5,65)-2-{(3S,5S5)-5-[(dimethylaminothiocarbonylthio)methyl]-1-
(allyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-
1-carbapen—2-em-3—-carboxylate (17a’)

F528; 86%, 'H NMR (300 MHz, CDCl); & 1.28 (d, 3H, J=7.2 Hz), 1.37
(d, 3H, J=6.2 Hz), 1.96 (m, 1H), 252 (m, 1H), 3.22-3.82 (m, 6H), 3.41 (s, 3H),
3.57 (s, 3H), 4.02-4.17 (m, 2H), 4.22-4.32 (m, 2H), 4.60-4.90 (m, 4H), 5.23-5.51
(m, 4H), 591-6.06 (m, 2H).

Allyl (1R ,55,65)-2-{(35,5S5)-5-[(diethylaminothiocarbonylthio)methyl]l-1-
(allyloxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-
1-carbapen—2-em—3-carboxylate (17b’)

FE5&; 89%, 'H NMR (300 MHz, CDCL); & 1.26-1.38 (m, 12H), 1.93 (m,
1H), 252 (m, 1H), 3.20-3.28 (m, 2H), 3.34 (m, 1H), 362 (m, 1H), 3.68-3.82 (m,
2H), 3.97-4.14 (m, 6H), 4.19-4.32 (m, 2H), 458-4.84 (m, 4H), 5.20-5.44 (m, 4H),
5.89-6.02 (m, 2H).

Allyl (1R,5S5,6S)-2-{(35,55)-5-[(N-morpholinothiocarbonylthio)methyl]l-1-
(allyloxycarbonyl)pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-
1-carbapen-2-em—-3-carboxylate (17c’)

$E52; 88%, 'H NMR (300 MHz, CDCL); & 1.26 (d, 3H, J=7.2 Hz), 1.37
(d, 3H, J=6.2 Hz), 1.94 (m, 1H), 252 (m, 1H), 3.22-3.48 (m, 3H), 3.54 (m, 1H),
3.73-3.90 (m, 4H), 3.90-4.40 (m, 10H), 457-4.86 (m, 4H), 523-541 (m, 4H),
5.91-6.03 (m, 2H).

Allyl (1R)5S,65)-2-{(3S,55)-5-[(3-hydroxypyrrolidinylaminothiocarbonyl-
thio)methyl]l-1-(allyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxy—
ethyll-1-methyl-1-carbapen-2—-em—-3-carboxylate (17d")

+=8: 65%, 'H NMR (300 MHz, CDCL); & 1.25 (d, 3H, J=7.2 Hz), 1.34
(d, 3H, J=6.3 Hz), 1.89-2.24 (m, 3H), 252 (m, 1H), 3.21-3.40 (m, 3H), 3.55 (m,
1H), 3.60-4.39 (m, 11H), 4.60-4.85 (m, 4H), 521-548 (m, 4H), 5.90-6.02 (m, 2H).
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Allyl (1R 5S,65)-2-{(3S,5S)-5-[(methylaminothiocarbonylthio)methyl]-1-
(allyloxycarbonyl)pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-
1-carbapen—-2-em—3—carboxylate (17e’)

+E=8; 80%, 'H NMR (300 MHz, CDCl); & 1.27 (d, 3H, J=7.2 Hz), 1.36
(d, 3H, J=6.2 Hz), 191 (m, 1H), 269 (m, 1H), 3.21-3.45 (m, 3H), 3.27 (d, 3H,
J=24 Hz), 355 (m, 1H), 3.69-3.80 (m, 2H), 3.92 (m, 1H), 4.09 (m, 1H), 4.21-4.29
(m, 2H), 4.62-4.87 (m, 4H), 5.25-5.48 (m, 4H), 5.89-6.04 (m, 2H), 8.93 (brs, 1H).

Allyl (1R 5S,65)-2-{(3S,55)-5-[(N-morpholinylaminothiocarbonylthio)—
methyl]-1-(allyloxycarbonyl)pyrrolidin—3—-ylthio}-6-[(1R)-1-hydroxyethyl]l-
1-methyl—-1-carbapen—-2-em-3—carboxylate (17g’)

F5E; 70%, 'H NMR (300 MHz, CDCls); & 1.24 (d, 3H, J=7.2 Hz), 1.33
(d, 3H, J=6.3 Hz), 1.90 (m, 1H), 253 (m, 1H), 3.21-3.39 (m, 3H), 3.48-3.57 (m,
1H), 3.72-398 (m, 8H), 3.98-4.38 (m, 6H), 4.60-4.86 (m, 4H), 5.21-5.46 (m, 4H),
5.89-6.01 (m, 2H), 855 (brs, 1H).

Allyl (1R 5S,6S)-2-{(3S,5S)-5-[(piperidinothiocarbonylthio)methyl]l-1-
(allyloxycarbonyl)pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-
1-carbapen—2-em—3—carboxylate (17h’)

TE5E; 89%, '"H NMR (300 MHz, CDCl); & 1.26 (d, 3H, J=7.2 Hz), 1.35
(d, 3H, J=6.3 Hz), 1.60-1.86 (m, 6H), 1.97 (m, 1H), 251 (m, 1H), 3.21-3.29 (m,
2H), 3.36 (m, 1H), 352 (m, 1H), 3.61-4.41 (m, 10H), 4.61-4.86 (m, 4H), 521-5.48
(m, 4H), 5.91-6.04 (m, 2H).

Allyl (1R 5S,65)-2-{(3S,55)-5-[(2-hydroxyethylethylaminothiocarbonyl-
thio)methyl]-1-(allyloxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1LR)-1-hydroxy—
ethyll-1-methyl-1-carbapen-2-em—-3-carboxylate (17i")

£E8; 73%, 'H NMR (300 MHz, CDCL); & 1.25-1.37 (m, 9H), 1.87-1.98
(m, 2H), 252 (m, 1H), 3.20-3.38 (m, 2H), 356 (m, 1H), 3.80-4.25 (m, 11H),
4.29-4.49 (m, 1H), 4.60-4.85 (m, 4H), 520-5.47 (m, 4H), 5.90-6.03 (m, 2H).

Allyl (1R ,55,65)-2-{(3S,5S5)-5-[(benzylaminothiocarbonylthio)methyll-1-
(allyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-
1-carbapen—-2-em—3-carboxylate (17j’)

+E%; 78%, 'H NMR (300 MHz, CDCL); & 1.26 (d, 3H, J=7.2 Hz), 1.36
(d, 3H, J=6.2 Hz), 191 (m, 1H), 264 (m, 1H), 3.22-3.45 (m, 3H), 3.55-4.16 (m,
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4H), 4.21-4.31 (m, 2H), 4.55-5.06 (m, 6H), 5.28-5.49 (m, 4H), 5.89-6.04 (m, 2H),
896 (brs, 1H).

Allyl (1R,5S,6S)-2-{(3S,55)-5-[(diallylaminothiocarbonylthio)methyl]l-1-
(allyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-
1-carbapen—2-em-3-carboxylate (17k’)

FE58; 8%, 'H NMR (300 MHz, CDCl); & 1.26 (d, 3H, J=7.2 Hz), 1.36
(d, 3H, J=6.3 Hz), 1.88-1.92 (m, 1H), 252 (m, 1H), 3.21-3.29 (m, 2H), 3.38 (m,
1H), 3.46-391 (m, 3H), 3.95-4.17 (m, 2H), 4.21-4.31 (m, 2H), 4.36-4.45 (m, 2H),
4.60-4.88 (m, 6H), 5.20-5.49 (m, 8H), 5.80-6.03 (m, 4H).

(1R ,5S5,65)-2-{(35,5S5)-5-[(Allylaminothiocarbonylthio)methyllpyrrolidin-3-
ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-1-carbapen-2-em-3-carboxylic
acid (17f)

FFEA7) (012 mmoDE CH:Cl (3 mL)o =¢l tg 0 T2 ¥
Pd(PPh3)s 5 mg ® BusSnH (83.8 mg, 0.28 mmol)E 7}sta 302 EoF A
<02 22E 283 308 Ft o AYeh FFF B0 mL x 2) FEF E}%
£d 28 FEAAFRS A= EAF ] uAE AUt 15% acetonitrile 58
HNe gjdoz ALE3le] MPLCHoE EEsle] Mo RAF 1A AU
'"H NMR (300 MHz, D:0); & 1.08 (d, 3H, J=7.2 Hz), 1.15 (d, 3H, J=6.3 Hz), 1.70
(m, 1H), 267 (m, 1H), 3.22-3.35 (m, 3H), 350-359 (m, 2H), 3.72 (m, 1H),
3.86-3.98 (m, 2H), 4.03-4.16 (m, 2H), 4.20 (m, 2H), 5.06-5.14 (m, 2H), 5.74-5.84
(m, 1H).

£y

—(> M o

(1R,55,6S)-2-{(3S,55)-5-[(Dimethylaminothiocarbonylthio)methyllpyrroli—
din-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em—-3-
carboxylic acid (17a)

'"H NMR (300 MHz, D:O); § 1.12 (d, 3H, J/=7.2 Hz), 1.19 (d, 3H, J=6.3
Hz), 1.78 (m, 1H), 2.72 (m, 1H), 3.21-3.39 (m, 3H), 3.35 (s, 3H), 3.45 (s, 3H),
3.56 (m, 1H), 3.60-3.76 (m, 2H), 3.93 (m, 1H), 4.03 (m, 1H), 4.10-4.17 (m, 2H).

(1R 5S5,65)-2-{(35,5S)-5-1(Diethylaminothiocarbonylthio)methyllpyrrolidin-
3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen—-2-em—-3-carb-
oxylic acid (17b)

'H NMR (300 MHz, D:0); & 1.11-1.23 (m, 12H), 1.74 (m, 1H), 2.72 (m,
1H), 3.23-3.30 (m, 2H), 3.38 (m, 1H), 3.52 (m, 1H), 3.67-3.78 (m, 4H), 3.90-3.99
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(m, 4H), 4.00-4.17 (m, 2H).

(1R 5S,65)-2-{(35,55)-5-[(N-Morpholinothiocarbonylthio)methyllpyrrolidin—
3-ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-1-carbapen—-2-em-3—-carb-
oxylic acid (17¢)

'H NMR (300 MHz, D:0); 8 1.10 (d, 3H, J=7.2 Hz), 1.17 (d, 3H, J=6.3
Hz), 1.69 (m, 1H), 2.66 (m, 1H), 3.20-3.30 (m, 2H), 3.37 (m, 1H), 3.48 (m, 1H),
3.62-3.81 (m, 7H), 3.86-4.05 (m, 4H), 4.08-4.25 (m, 3H).

(1R,55,65)-2-{(3S,55)-5-[(3—Hydroxypyrrolidinylaminothiocarbonylthio)-
methyllpyrrolidin-3—-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carba-
pen—2—-em-3-carboxylic acid (17d)

'H NMR (300 MHz, D:0); & 110 (d, 3H, J=7.2 Hz), 1.17 (d, 3H, J=6.3
Hz), 174 (m, 1H), 1.92-2.26 (m, 2H), 2.73 (m, 1H), 3.19-3.37 (m, 3H), 354 (m,
1H), 3.59-3.85 (m, 5H), 3.86-4.02 (m, 3H), 4.10-4.18 (m, 2H), 4.48-455 (m, 1H).

(1R 5S,65)-2-{(3S,5S)-5-[(Methylaminothiocarbonylthio)methyllpyrrolidin—
3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em—-3—carb-
oxylic acid (17e)

'H NMR (300 MHz, D:O); & 1.10 (d, 3H, J=7.2 Hz), 1.18 (d, 3H, J=6.3
Hz), 174 (m, 1H), 2.73 (m, 1H), 3.06 (s, 3H), 3.22-3.38 (m, 3H), 3.54-3.60 (m,
2H), 3.74 (m, 1H), 3.86-4.02 (m, 2H), 4.07-4.15 (m, 2H).

(1R 5S,6S)-2-{(3S,5S)-5-[(N-Morpholinylaminothiocarbonylthio)methyl]-
pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-
3—carboxylic acid (17g)

'H NMR (300 MHz, D:0); 6 110 (d, 3H, J=7.2 Hz), 1.17 (d, 3H, J=6.3
Hz), 1.75 (m, 1H), 2.73 (m, 1H), 3.22-3.36 (m, 3H), 3.51-3.62 (m, 2H), 3.63-3.82
(m, 5H), 3.86-4.07 (m, 5H), 4.08-4.16 (m, 2H).

(1R ,5S,65)-2-{(3S,55)-5-[(Piperidinothiocarbonylthio)methyllpyrrolidin-3-
ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic
acid (17h)

'H NMR (300 MHz, D:O); & 1.10 (d, 3H, J=7.2 Hz), 1.17 (d, 3H, J=6.3
Hz), 1.45-155 (m, 6H), 1.74 (m, 1H), 2.69 (m, 1H), 3.22-3.37 (m, 3H), 352 (m,
1H), 3.65-3.86 (m, 2H), 3.87-3.97 (m, 4H), 3.99 (m, 1H),4.06-4.25 (m, 3H).
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(1R,55,65)-2-{(35,55)-5-[(2-Hydroxylethylethylaminothiocarbonylthio)-
methyllpyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carba-
pen—2-em-3-carboxylic acid (17i)

'"H NMR (300 MHz, D-0); & 110-1.22 (m, 9H), 1.77 (m, 1H), 2.70 (m,
1H), 3.21-3.39 (m, 3H), 354 (m, 1H), 3.69 (m, 1H), 3.74 (m, 1H), 3.78-3.89 (m,
6H), 3.91 (m, 1H), 3.96-4.07 (m, 2H), 4.08-4.20 (m, 2H).

(1R,5S5,65)-2-{(3S,5S5)-5-[(Benzylaminothiocarbonylthio)methyllpyrrolidin—
3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carb-
oxylic acid (17;)

'H NMR (300 MHz, D:0O); 6 107 (d, 3H, J=7.2 Hz), 1.15 (d, 3H, J=6.3
Hz), 162 (m, 1H), 2.63 (m, 1H), 3.10-3.35 (m, 3H), 3.40 (m, 1H), 3.48-3.99 (m,
2H), 4.05-4.15 (m, 2H), 4.75 (m, 1H), 7.21-7.33 (m, 5H).

(1R,55,65)-2-{(3S,5S)-5-[(Diallylaminothiocarbonylthio)methyl]pyrrolidin—
3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carb-
oxylic acid (17k)

'H NMR (300 MHz, D:0O); & 1.12 (d, 3H, J=7.2 Hz), 1.21 (d, 3H, J=6.3
Hz), 1.76 (m, 1H), 2.75 (m, 1H), 3.22-3.42 (m, 3H), 3.61 (m, 1H), 3.69-3.96 (m,
2H), 4.00 (m, 1H), 4.05 (m, 1H), 4.19-4.21 (m, 2H), 4.61-4.83 (m, 4H), 5.11-5.33
(m, 4H), 5.78-5.91 (m, 2H).

(2S, 4R)-1-Allyloxycarbonyl-4-hydroxyproline (18)

trans—4-Hydroxy-L-proline (1) 30.17 g (231.9 mmol)S 2N NaOH (253 mL)
of &35l F< CHoCl 50 mLel £33 allyloxycarbonyl chloroformate 27.8¢g
(2319 mmoD& 0 CTolA 5 TE FASIHA AA3] A7t o] Aejel A 24
k7t AoldE ¥ CHLCl: 70 mLet 2N NaOH 50 mLZ2 FZ3] Ao 84S
IL E&t23dd &3 o5 I& A 40 go.2 AHdsiAA Z2A S dojuidg. o
I F FHFE AAE Ao F FZAstllA dxAA mHAe 314 18 (489 g,
228 mmol, 98%)E& AT}

(3R,5S5)-5-Methoxycarbonyl-3-hydroxy—1-(allyloxycarbony!l)pyrrolidine
3}3E 182 methanol 250 mLZ £3)3}3 acetyl chloride 24.3 mLE & 7}3)
|

A ZhE B nNkel & 8uiE AASFHE AASNTAT e ES
Zbslx A58 100 mLot ¥E3tE NaHCO; o2 AHo|lF H ethyl acetate®

o
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i o

23t §7) $95E B4 NaSO2 2N F AFeta 2 SFate] &)
e Keg)

AAN F3 mjdel oBF (49.8 g, 217.6 mmol, 95%)E AT},

(3R,5S)-3-Methanesulfonyloxy-5-methoxycarbonyl-1-(allyloxycarbonyl)-
pyrrolidine (20)

33HE(19) 115 g (50.0 mmol)S ¥4 CHLClL (200 mL)Z &3)3t2 0 TE
A7)l ¥ triethylamine 8.2 mL (60.0 mmol, 1.2 eq)& HH3] A7tk < 1+
WHHA1 7] T8 methanesulfonyl chloride 4.84 mL (60.0 mmol, 1.2 eq)E& 3]
U &2 HAenx &8 o 2N At H“VI":} g FHS W E
£ 5 988 150 mLE 7F8a CHCLE $23 2 g 7] 45 ¥
AzANZAL o8 ondtm B TR/ §WlE AAstE w9
A 149 g (485 mmol, 97%)E LAt}

B

X,
o

4y o2 r:i o%
N
)
2

O

Z
8
O
o
HU

(3R,5S)-5-Hydroxymethyl-3-methanesulfonyloxy—1-(allyloxycarbonyl)-
pyrrolidine (21)
83E8(20) 124 g (405 mmol)€ F<4 THF 70 mLE &3t 0 TE W7z
AlZ1 & lithium chloride 343 g (809 mmol, 2 eq), sodium borohydride 3.06 g
(80.9 mmol, 2 eq)S 2o FAo}. o 1587 wHAIZ] vk F< ethanol 140 mL
E 0 CE #A3AA HH3] 7Y 228 A271X &8 <oF 427 7b& wRk
0 C7AA W¥ZAAZ B2 10% citric acid F&H o2 Ho] pHE 47+
2 7 A9 TRl $u8 AANFUG. S&F 150 mLE 7Hshn CHCL
z4 8915 ¢ T NaSO2 AEAA F ojostn 7
& TRt FHE AAF TMU‘r °]& column chromatography 2 4 #|3te] w] A
L g, ( o

AT

(35,5S5)-3-Acetylthio-5-hydroxymethyl-1-(allyloxycarbonyl)pyrrolidine
(22)

33E (21) 196 g (7.0 mmol)2 DMF (15 mL)ol =< t©™h& potassium
thioacetate 1.62 g(14.0 mmol, 2.0 eq)E ¥l Fi o]& oF 5A|7F &< 60-70 °Cell
A A 255 Y30 31 495 100 mLE 78yt CHCl: 100 mLE %
g & e F7] E9EFE FF NaSOE AEAZ F AF3sta 7Y S/ &
WEZ AAs FUut ©]F column chromatography @ A A 3te] <dskzdAe] oA
167 g (6.45 mmol, 92.1%)5 LUt
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(35,55)-5-Hydroxymethyl-3-mercapto—1-(allyloxycarbonyl)pyrrolidine (23)

315 E(22) 156 g (6.0 mmol)S methanol 20mLo] =2 ©L 0 CT&E w30
i 2N NaOH (3.3 mL, 6.6 mmoD)E AA3] A7ts] FUt} o] 2%oA 3087
AL 2EE AL27HA SEYL oF 1083 ks FAth Acetic acid 20 mLE
Yol 3 pHZF A4 Y-S #9138 o8 CHXCL 50 mLE %3 Foh. z3kd
NaHCO3; &4 0.8 Ho] & 5 tA] CHLCl 20 mLE FZ38) =k 77 2922
7 NaxSO.2 AN F st g S/t SuE AAs) Fu I8 2
Ao AA 119 g (6547 mmol, 91.1%)S LAt o ol HAZ &x ¢
gh-g-ol o] &3t th

oy

ol

Allyl (1R)5S,6S5)-6-[(1R)-1-(tert-butyldimethylsilyloxy)ethyll-2-[(3S,5S)-
5-(hydroxymethyl)-1-(allyloxycarbonyl)pyrrolidin-3-ylthiol-1-methyl-1-
carbapen-2-em-3-carboxylate (25)

Zhats @ 2921 enol phosphate 33E(24) (398 g, 6.48 mmol)& oAl EY
EZEE0 mL)E Fo]3, YH&25E 0 CTE F442 v DIEA (107 mg, 0.14 mL,
0.83 mmoD)E 7t ™. 7]l thiol 3%E(23) (1.17 g, 54 mmol)& SIHNEYE
3 (20 mL)ell =2 &HE& A3 dolFUh o] EToA AT AL F A29
A IAIE B o AAT ol EAE A€ (100 mL)E 7Fste] H3lz 3 93 E
¥ 789 60 mL)e® Ao FHo {75S st F& FAUER
st EHE A FREY 2AY VEEYY AAE AU column
chromatography® A A|sle] AstzZMel d4 23 g (3.94 mmol, 73.0%)E AU}
'H NMR (300 MHz, CDCls); & 0.09 (s, 6H), 091 (s, 9H), 1.25 (d, 3H, J=6.6 Hz),
1.26 (d, 3H, J=7.5 Hz), 1.68 (m, 1H), 250 (m, 1H), 3.17-3.34 (m, 3H), 359 (m,
1H), 3.70-3.79 (m, 2H), 3.97-4.16 (m, 2H), 4.18-4.29 (m, 2H), 4.60-4.83 (m, 4H),
5.21-5.48 (m, 4H), 5.87-6.02 (m, 2H).

Allyl (1R)5S,65)-6-[(1R)-1-(tert—butyldimethylsilyloxy)ethyl]l-2-[(3S,5S5)-
5-(methanesulfonyloxymethyl)-1-(allyloxycarbonyl)pyrrolidin—3-ylthio]l-1-
methyl-1-carbapen-2-em—-3-carboxylate (26)

35E(25) 174 g (3.0 mmo)S F4 CHCl: 20 mL2 £33tz 0 CE 4
ZFA1Z1 3 triethylamine 0.49 mL (3.6 mmol, 1.2 eq)2 A3 7}t o]o]A
methane~- sulfonyl chloride 0.29mL (3.6 mmol, 1.2 eq)& 7}t 225 HA271X
8 oF 2A1ZF 7 WA Y. CHClL 30 mLE 718t &3l &

2 AFAh 77 §uiEE ZEstd 7 NaSOE A=A F A3t 143
FHete] &ulE AAS FACh A AA 1.84 g (2.79 mmol, 93%)=

nt
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'H NMR (300 MHz, CDCl3); 8 0.09 (s, 6H), 0.90 (s, 9H), 1.23-1.26 (m, 6H), 2.02
(m, 1H), 256 (m, 1H), 3.06 (s, 3H), 3.19-3.35 (m, 3H), 358 (m, 1H), 3.95-4.13
(m, 2H), 4.19-449 (m, 4H), 460-4.82 (m, 4H), 523-5.49 (m, 4H), 5.87-6.02 (m,
2H).

Allyl  (1R,5S,6S)-2-1(3S,55)-5-(methanesulfonyloxymethyl)-1-(allyloxy -
carbonyl)pyrrolidin-3-ylthiol-6-[(1R)-1-hydroxyethyll-1-methyl-1-carba-
pen—2-em-3-carboxylate (27)

33+ 2(26) 1.84 g (2.79 mmol)2 DMF-N-methylpyrrolidone (12 mL-4.5

mL)E%4 2 £33 TBAF (6139 mg, 11.16 mmol, 4 eq)& 7}t 3¥ &
o} Mo HolZ & ethyl acetate 100 mLE 715t HFF oL g &AE F7
2= (30 mL x 3)E AF1 §7] &uj2S FF NaSOE AZRANZ & A3t
et 2839 &2 AAS FUTh ©l= column chromatography 2 A A ste] 7

!1‘.

o] A 141 g (259 mmol, 92.8%6)F 2T

'H NMR (300 MHz, CDCly); & 126 (d, 3H, /=75 Hz), 1.26 (d, 3H, J=6.6 Hz),
2.03 (m, 1H), 257 (m, 1H), 3.04 (s, 3H), 3.21-341 (m, 3H), 366 (m, 1H),
3.94-419 (m, 2H), 4.20-450 (m, 4H), 4.60-4.87 (m, 4H), 523-549 (m, 4H),
5.89-6.05 (m, 2H).

Allyl (1R5S,6S)-2-[(3S,5S)-5—-(iodomethyl)-1-(allyloxycarbonyl)pyrrolidin-
3-ylthio] -6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em—-3—carb-
oxylate (28)

3EE (27) 141 g (259 mmoDE DMF (15 mL)dl =< E]r% potassium
iodide 2.15 g (12.95 mmol, 50 eq)E o] F1 o] ¢ 3A7F FF 50 °CollA A
At L8 YEo] Fu 48 100 mLE 7Metgth. CHoCl 100 mLE F&3 &
F2(30 mL x 3)E AAF1: §7] &S FF NaSO.2 AFAND &
gFstz Y FH8I E9E AAH FAY. ©]E column chromatography® 7
Aste] AgAMe A 1.0l g (1.76 mmol, 68.1%)5F AT}
'H NMR (300 MHz, CDCl); 8 1.28 (d, 3H, J=7.2 Hz), 1.37 (d, 3H, J=6.2 Hz),
195 (m, 1H), 2.63 (m, 1H), 3.23-3.41 (m, 3H), 3.51-3.68 (m, 3H), 3.96-4.18 (m,
2H), 4.21-4.31 (m, 2H), 458-4.87 (m, 4H), 5.27-5.52 (m, 4H), 5.90-6.08 (m, 2H)

o3
nlo
olN r
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(1R 5S,65)-2-1(3'S,5'S)-{5'-(2’'~Methylisoxazolidinio-5’—yl)pyrrolidin—-3' -
ylthiol-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic
acid (29a)

p-Nitrobenzyl (1R,3S,65)-2-[(3'S,5'S)-{5'~(2"" ~methylisoxazolidinio-5'-y1)-
1’-p-nitrobenzyloxycarbonyl}pyrrolidine-3’ ~ylthiol-6-[(1R)-1-hydroxyethyl]-1-
methyl-1-carbapen-2-em-3-carboxylate 58a (0.20 g, 0.28 mmol)& THF 10 mLel
LA 7L zinc 0.8 g 2 A4 =g 20 mL (0.33M, pH 6) & 7} & A9
A 3A17F =<t wurstgdoh ethylacetate® &3] B8-S AAS & 52 4
Az AAE 383 ES HP-20 resin colume chromatograpy (1% -tetrahydro—
furan/ZF )2 8358t (1R5S5,65)-2-[(3'S, 5'S)-{5'-(2’' -methylisoxazolidi-
nio-5"'-yl)pyrrolidine-3’ ~ylthiol-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-
2-em-3-carboxylic acid 30.0 mg (30.4%)<S <At}
'H NMR (D,0) 8 1.26 (d, 3H, J=7.1 Hz, B-methyl), 1.32 (d, 3H, J=6.3 Hz,
CHsCHOH), 1.82-1.85 (m, 1H), 2.51-2.62 (m, 1H), 2.71 (s, 3H), 2.91-3.02 (m, 1H),
3.25-328 (m, 1H), 3.32-349 (m, 1H), 351-361 (m, 1H), 3.68-3.92 (m, 1H),
391-4.01 (m, 1H), 4.21-4.33 (m, 2H), 458-4.66 (m, 1H); FABHRMS m/z Calcd
for CigH2eN305S (M+H)" 398.1750, Found 398.1745.

(1R,5S,6S)-2-[(3'S,5'S)—{5'-(2"’,2"'-Dimethylisoxazolidinio—5"’'~yl)pyrroli-
dine-3'-ylthiol-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em—-3-
carboxylic acid hydrochloride (29b)
p-Nitrobenzyl (1R,5S5,65)-2-[(3'S,5’S)-{5"-(2"'-methylisoxazolidinio-5""~y1)-
1’ -p-nitrobenzyloxycarbonyl}pyrrolidin-3’ -ylthio]-6-[(1R)~1-hydroxyethyl]-1-
methyl-1-carbapen-2-em-3-carboxylate 58b (0.20 g, 0.28 mmol)< acetone 20
mLe] €3] A1Z] ¥ iodomethane 0.47 mL (0.75 mmoD)E 7}3F th& 2441 &<t A
2o wek F A4S Fele] &ulet #F9] iodomethanes A7 sHATH °47l°ﬂ
THF 10 mL®} zinc 0.8 g 2 <A 9+=89 20 mL (0.33M, pH 6)& 713 & 4
A 4A1ZF ZoF wut 3Tt ethylacetate® FE3le] ETES AAsIL 55
JEAZSS AAHE 3F3FEL HP-20 resin colume chromatograpy (1%-tetra-
hydrofuran/ZF5)8 £& 3|43 3 o]2u3 X Amberlyst A-26°1 FHAIA
(IR,5S8,65)-2-[(3'S,5'S)-{5'-(2"",2"" ~dimethylisoxazolidinio-5"' -yl)pyrrolidin-3" -
ylthio]- 6-[(1R)-1-hydroxyethyl]l-1-methyl-1-carbapen-2-em-3-carboxylic acid
hydrochloride salt 36.0 mg (41.0%)S LT}

>
o

o
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(1R,5S,65)-2-1(3'S,5’S)-{5’-(2"’'-Acetamidomethylisoxazolidinio-5"'-y1)—
pyrrolidine-3’-ylthiol-6-[(1R)-1-hydroxyethyl]l-1-methyl-1-carbapen-2-
em-—3-carboxylic acid hydrochloride (29c)
471 33HE 29b9t FAF NS A HAHIFES AU (21%).

'H NMR (D:0) § 123 (d, 3H, J=7.1 Hz, B-methyl), 1.30 (d, 3H, J=6.3 Hz
CH;CHOH), 1.62-1.68 (m, 1H), 1.82-1.85 (m, 1H), 2.38-2.43 (m, 1H), 2.71 (s, 3H),
3.03-3.12 (m, 1H), 3.29-341 (m, 4H), 3.42-355 (m, 2H), 3.89-3.99 (m, 1H),
4.21-4.33 (m, 2H).

(1R,5S5,6S)-2-1(3'S,5'S)-{5'-(2’'-Ethoxycarbonylisoxazolidinio-5"'-yl) -
pyrrolidine-3’-ylthio]-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen—2-
em-3—carboxylic acid (29d)
A7) S3E 29ast T4 WSS AX EHITES AUH (26%).

'H NMR (D:0) & 1.09 (d, 3H, Jj=6.9 Hz, B-methyl), 1.24 (d, 3H, J=6.3 Hz,
CH3;CHOH), 1.28-1.38 (m, 1H), 2.30-2.42 (m, 1H), 2.76-2.82 (m, 1H), 3.02-3.18
(m, 1H), 3.21-3.34 (m, 1H), 3.33-3.40 (m, 3H), 3.41-3.52 (m, 1H), 3.60-3.70 (m,
1H), 3.76 (s, 3H). 4.02-4.18 (m, 2H), 4.90-4.98 (m, 1H).

(1R,55,6S5)-2-1(3'S,5'S)-{5'-(2’'-Hydroxymethylisoxazolidinio—-5'’'-yl) -
pyrrolidine-3’ ~ylthiol-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen—-2-
em—3—carboxylic acid (29e)
A7 SE 29a% TLEE WS AAH EAIFES AU (32%).

ol 1: '"H NMR (D:0) § 1.05 (d, 3H, /=70 Hz, B-methyl), 1.12 (d, 3H, J=6.2
Hz, CH3;CHOH), 1.34-152 (m, 1H), 234-252 (m, 1H), 2.74-292 (m, 1H),
3.01-3.10 (m, 1H), 3.25-3.32 (m, 3H), 3.33-342 (m, 1H), 3.55-3.69 (m, 1H),
3.75-3.86 (m, 1H). 4.01-4.12 (m, 2H), 4.23 (s, 2H), 491-5.02 (m, 1H).

(1R,55,65)-2-[(3'S,5'S){5'-(2’'-Hydroxymethylisoxazolidinio-5''-yl) -
pyrrolidine-3'-ylthio]-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen—-2-
em—3—-carboxylic acid hydrochloride (29f)
271 SHE 29a% SY3 9SS AXH EHIFES AT (3H%).

oldA 2 'H NMR (D:0) § 1.10 (d, 3H, J=7.1 Hz, B-methyl), 1.18 (d, 3H, J=6.3
Hz, CH;CHOH), 1.32-142 (m, 1H), 232-246 (m, 1H), 2.80-296 (m, 2H),
3.10-3.34 (m, 4H), 3.56-3.62 (m, 3H), 4.07-4.15 (m, 2H), 4.27 (s, 2H); FABHRMS
m/z Caled for CisHxN30sS (M+H)" 412.1543, Found 412.1527.
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(1R,5S,6S)-2-1(3’S,5'S)-{5'-(5''"Hydroxymethylisoxazolidinio-5""-y1) -
pyrrolidine-3’-ylthiol-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen—2-
em—3—-carboxylic acid hydrochloride (29g)
A7) SFE 29b9 AT 2 AA BEXHFFES AT (32%).

"H NMR (D;0) & 1.09 (d, 3H, J=7.3 Hz, B-methyl), 1.15 (d, 3H, J=6.3 Hz,
CHsCHOH), 1.60-1.76 (m, 1H), 1.77-1.89 (m, 1H), 252-270 (m, 1H), 2.82-2.91
(m, 1H), 3.14-3.20 (m, 1H), 3.21-3.26 (m, 1H), 3.66-3.80 (m, 1H), 4.08-4.17 (m,
1H), 4.18-4.30 (m, 1H), 461 (s, 2H), 6.38 (s, 1H); FABHRMS m/z Calcd for
C18H24N306S (M+H)" 410.1387, Found 410.1390.

(2S,4R)-4-Hydroxy—1- (4-nitrobenzyloxycarbonyl)proline (30)

trans-4-Hydroxy-L-proline 1 (30.17 g, 231.9 mmol)& 2N NaOH (253 mL)
o 33 &, F4 CHCl; 50 mLel £33 p-nitrobenzyl chloroformate 50 g
(231.9 mmoD)& 0 TellA 5 TE FABHEA AA8] A7Msoh 241 7 X
% CH:CL 70 mL9 2N NaOH 50 mL2 #3512 8842 1 L Zetsa9
g 213 33 40 g0 & AT A HHAES Lot IJES o Fsto
—,—i AARE Mol Fi st AdxAA v uAHAPEGBOE A4

£ 706 g (98.4%); mp 135-137 C; '"H NMR (DMSO-ds); 8 2.05-223 (2H, m,
Ca), 258 (1H, s, -OH), 355 (2H, m, Cs), 437 (1H, m, Cy), 5.31-5.34 (2H, m, Cy),
7.66-8.31 (4H, m, aromatic)

o o (Z
S S

Methyl (2S,AR)-4-hydroxy-1- (4 nitrobenzyloxycarbonyl)pyrrolidine—2-
carboxylate (31)

38 E(30) 706 g (2283 mmol)S methanol 250 mLel £33t acetyl
chloride 243 mLE A 7}gtc}. ok SAIZF 7% 3F wyld & Su& AUSTHE
AANFD 9HEEL JA4AZ H EEE 100 mLet ¥34¥ NaHCO; 4oz A
o]& 9 ethyl acetate® FETU. §7] £WF5 & FF NaSOE AERAIZ %, o
Bt #E FHEY $ulE AAT F #F A2aE28Y (hexane/EtOAc=1:DE
2 Zdte] Ay AHPFECDE 2=
T& 729 g (98.7%); 'H NMR (CDCly) & 2.12-2.35 (2H, m, Ca), 262 (1H, s,
-OH), 357 (2H, m, Cs), 357-3.60 (3H, 2s, ~OCHs), 445 (1H, m Cp), 525-5.34
(2H, m, C4), 7.66-8.31 (4H, m, aromatic)
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Methyl (2S,4R)-4-tert-butyldimethylsilyloxy—1-(4-nitrobenzyloxycarbon-
yl)pyrrolidine—2—carboxylate (32)

3}3HE(31) 156 g (48 mmol)2 DMF 15 mLZ €3tz 0 TE YA
. t-butyldimethylsilyl chloride 8 g (52 mmol, 1.1 eq), imidazole 354 g (52
mmol, 1.1 eq)E YolFh A27tA] &8 oF 157 7H =EkAzl 5 & 80 mLe}
n-hexane 50 mLZ FE3F1 F7] &uFE& ¥3€ NHCl &9 30 mLot 33}
d NaCl €9 30 mLZ AofEth §7] §9F S FF NaSO.2 ARAZ F o3
st 7 TR SHE AANTFE # AZvE Y (hexane/EtOAc=3:1)E
g 35t muyAde] AAPAHAEBDE A=k
& 198 g (94.4%); 'H NMR (CDCL); & 0.06-0.07 (s, t-butyldimetylsilyl), 0.86
(9H, s, t-butyldimetylsilyl), 2.12-2.35 (2H, m, Cs), 357 (2H, m, Cs), 3.57-3.60
(3H, 2s, -OCHs), 445 (1H, m, Cp), 525-5.34 (2H, m, C4), 7.66-831 (4H, m,
aromatic)

(2S,AR)-A-tert-Butyldimethylsilyloxy—-2-hydroxymethyl-1-(4-nitrobenzyl-
oxycarbonyl)pyrrolidine (33)

3}3HE(32) 178 g (405 mmol)& ¥4 THF 70 mLE &3stz 0 CE ¥7Z
AlZ1 % lithium chloride 343 g (80.9 mmol, 2 eq), sodium borohydride 3.06 g
(80.9 mmol, 2 eq)e 2oAFT. ¢ 1583 wHHd & F< ethanol 140 mLE 0
TE FASHEA "A3 A7 g &, ALoA] < 4x7F 7FF wwkA Itk 0 C7HR
YZEAIA 10% citric acid F&Hog2 A9 pHE 4714 2&E H

& AAHEY. d&E 150 mLe CHCl 150 mLE F£3] &
€ 7% NaSO2 AEAZ F AFsta g FFH3H &
chloroform® petroleum ether® A2 A3l vl Mol TAHMAHE(3E <=1}

% 158 g (95.4%); 'H NMR (CDCL); & 0.06-0.07 (6H, s, t-butyldimetylsilyl),
0.86 (9H, s, t-butyldimetylsilyl), 2.10-231 (2H, m, Cs), 355 (2H, m, Cs),
4.15-421 (1H, m, Cy’), 443 (2H, m, Cg), 525-534 (2H, m, C4), 530 (1H, s,
C.-OH), 7.66-8.31 (4H, m, aromatic)

(25,4R)-4-tert-Butyldimethylsilyloxy-2-formyl-(4—nitrobenzyloxycarbon-
yDpyrrolidine (34)

s4E(33) 1002 g (244 mmol)& F CHCl; 80 mLE £33tz 0 C=E
WZHA1Zl 3 triethyl amine 102 mL (731 mmol, 3 eq)S AA3 #7}3ict.
Dimethylsulfoxide 60 mLel =<l pyridine sulfur trioxide complex 116 g (73.1
mmol, 3 eq)'a— A8 A7bgE E‘r% Agow 27 ¢ 258 7+ wukslt, &5 =
T& 9531 & 200 mLE #9¥ ¥ CHLCL 200 mLE 23 & & F7] &0l
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€ FF NaSO2 AxANZ F A3sta 74t
mgAe] TAPLEGBHE A=t

T 841 g (84.3%)

of\

Fotol §ulE AAS Fo}

(ZS,4R)—4kt—Butyldimethylsilyloxy42—vinyl—1‘p—nitrobenzyloxycarbonylpy—
rrolidine (35)

3135 M4ZFH EHIFTES 66%9 TS IS F AU
'"H NMR (CDCly) 8 0.06 (s, 6H), 0.86 (s, 9H), 1.88-2.03 (m, 1H), 2.09-2.23 (m,
1H), 3.44-3.61 (m, 2H), 4.32-4.42 (m, 1H), 4.47-456 (m, 1H), 5.11-5.34 (m, 4H),
7.45 (d, 2H), 8.22 (m, 2H).

(2S,4R)-4-t-Butyldimethylsilyloxy-2-(2’-methylisoxazolidinio-5’~yl)-1-p-
nitrobenzyloxycarbonylpyrrolidine (36a)
(2S,4R)~4-t-Butyldimethylsilyloxy-2-vinyl-1-p-nitrobenzyloxycarbonyl-
pyrrolidine 35 (1.80 g, 460 mmol)€ THF 20 mlLe] &A1z tt& HAVEE
056 g¥ 35% formaldehyde 0.73 mLE 7}38lx 5-102 <9t mukAl#H o) of 7)o
N- methylhydroxylaminehydrochloride 0.59 mg< 80% ethanol 20 mLe] &3} 7]
S9& AM3F] AY Lo H3AZ g 5AT B SHEEFAAY. BS shE}
i ethyl acetate®2 FEF g F715S Y5 =3 ¥ colume chromatograpy =
AA st 3FE (36a) 080 g (43.0%)E At
'H NMR (CDCls) & 0.06 (s, 6H), 0.86 (s, 9H), 1.82-2.03 (m, 1H), 1.96-2.23 (m,
1H), 2.28-2.56 (m, 2H), 2.76-2.83 (m, 4H), 3.34-351 (m, 3H), 4.02-4.22 (m, 1H),
447-456 (m, 1H), 5.11-5.24 (m, 2H), 7.45 (d, 2H), 8.15 (m, 2H).

(2S,4R)-4-Hydroxy-2- (2’ -methylisoxazolidinio—5’-yl)-1-p-nitrobenzyloxy -
carbonylpyrrolidine (37a)

3}3HE(36a) 2.00 g (430 mmol)2 THF 30 mLo] €327 tt& 1M TBAF
49 605 mL (605 mmol, 1.4 F#FHE 713 F 308 = A2olx muk Az
7t F57ste SuE AAST EaE AFE 20 mLE 7St ethyl acetate 40
mlLE F&3 oF #7 F& Y 55T ¥ colume chromatograpy® 3 A5}
(25,4S)-4-hydroxy -2-(2' ~methylisoxazolidinio—5’ -yl)-1-p—nitrobenzyloxycarbon-
yDpyrrolidine 0.85 g (56.3%)2 {3t}
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(25,4S)-4-Acetylthio—2-(2’-methylisoxazolidinio-5’-yl)-1-p-nitrobenzyl-
oxycarbonylpyrrolidine (38a)

3}3E 37a (0.70 g, 2.00 mmol)S F< dichloromethane 30 mLol] £-3]A|7]
T 0 °CE WZAAZ o triethylamine 040 mL (3.00 mmol, 1.5 ZF#H)E A A3
A7} ANZY. oF 158 & wHt A7l thg methanesulfonylchloride 0.22 ml (2.40
H7F N2 F 258 AL7A &9 oF 2N e 1

5 2 & 50 mLZ 7}sta dichloromethane 70

mL2 &3 & §7] & I ¥F3F F column chromatograpy -4 Al3he]
(2S,4R)-4-methanesulfonyloxy-2-(2’'-methylisoxazolidinio-5’ -y1)-1-p-nitrobenzyl-
oxycarbonylpyrrolidine 0.73 g (84.0%)%& <3tk 4719 $FE 073 g (1.70
mmol)2 acetonitrile 20 mLel] £8Az71 & AL 7IFIHAA  potassium
thioacetate 0.23 g (1.99 mol, 1.2 F3)<S 7}t < 5417 &<t 71E FFA A
2EE YFu #AY FHFSY &dWE AASz EF 20 mlE ez
dichloromethane 30 mLZ F&3% & 77 & ¢ 58 & @ a=nEag
g8 AA st (25,4S)-4-acetylthio-2- (2’ -methylisoxazolidinio-5'-y1)-1-p-nitro-
benzyloxycarbonylpyrrolidine 0.58 g (85.5%)< it}
'H NMR (CDCls) § 1.19-2.19 (m, 1H), 2.26 (s, 3H), 2.33-2.46 (m, 2H), 2.56-2.73
(m, 4H), 3.10-3.15 (m, 1H), 3.24-3.32 (m, 1H), 3.70-3.78 (m, 1H), 4.01-4.08 (m,
2H), 4.13-423 (m, 1H), 4.66-4.74 (m, 1H), 5.13 (s, 2H), 746 (d, 2H, /=86 Hz),
8.15 (d, 2H, J=8.6 Hz).

(2S,4R)-4-t-Butyldimethylsilyloxy-2-(3’—ethoxycarbonylisoxazolino-5'~
y1)-1-pnitrobenzyloxycarbonylpyrrolidine (40a,b)
(25,4R)-4-t-Butyldimethylsilyloxy-2-vinyl-1-p-nitrobenzyloxycarbonyl-
pyrrolidine 8.13 g (0.020 mol)2 dioxane 1,000 mL®} dichloromethane 100 mLel
| A7l 3 A2 A ethyl chlorooxyimidoacetate 6.1 g& A A3 713t} 20% &
ot WHHAlZl & dioxane b mLE %37 triethylamine 56 mL €9& A A3 A3}
2-3A1ZF B kA FH T E& 7183 ethylacetate® F&3 g {71
=8 74523 F colume chromatograpy® AAEFY] (25 4R)-4-t-butyl-
dimethylsilyloxy-2-(3'-ethoxycarbonylisoxazolino-5"-yl)~1-p-nitrobenzyloxy-
carbonylpyrrolidine 5.0 g (47.0%)< <At}
'H NMR (CDCly) & 0.06 (s, 9H, J=3.0 Hz), 0.86 (s, 6H), 1.24 (t, 3H), 1.80-1.96
(m, 1HD), 295 (dd, 1H, /=83 Hz, J=8.3 Hz), 3.26-3.32 (m, 1H), 352 (d, 2H, J=3.3
Hz), 4.13 (m, 1H), 4.34 (q, 2H), 440 (m, 1H), 5.15-5.31 (m, 2H), 5.38-556 (m,
1H), 751 (d, 2H, J=8.6 Hz), 821 (d, 2H, /=8.6 Hz).
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(2S,4S)-4-Hydroxy2-(3'-ethoxycarbonylisoxazolino-5’~yl)-1-p—nitroben-
zyloxycarbonylpyrrolidine (41a,b)

3188 (40) 3.38 g (7.74 mmol)E THF (80 mDe] &3l Al & <&
&toll A BusNF 155 ml (155 mmol, 2eq)& A 7Fstc}h. 0=o A oF 1A1ZF awk

I H0¢t EAR F&3sto /7] &

I NazSOu2 ARs] od3g & ¢ S/t 2813 # chromatography 2
Aste] =53 3FTE (4lab)S 1.8 g (72%) A}
'H NMR (CDCl) & 1.36 (t, 3H), 1.74-1.77 (m, 1H), 2.30-247 (m, 1H),
2.84-3.12 (m, 1H), 3.12-3.46 (m, 2H), 3.80-3.88 (m, 1H), 4.03-4.18 (m, 2H), 4.34
(d, 2H), 5.22 (s, 2H), 5.28-542 (m, 1H), 752 (d, 2H, J/=8.8 Hz), 823 (d, 2H,
J=8.8 Hz).

o oy
ol A1 rE ot

(2S,4S)-4-Methanesulfonyloxy-2-(3’'-ethoxycarbonylisoxazolino-5'-yl)-
1-p—nitrobenzyloxycarbonylpyrrolidine (42a,b)

3}3E (41ab) 1.7 g (5.2 mmoDE MC 80 milol €3 Al & 42 5% 3t
o] A triethylamine 0.87 ml (624 mmol, 12eq)& 27}3 F methansulfonyl
chloride 0.44 cc (5.7 mmol, 1.leq)& A7}t A2 A 1AZF &< wyk 3 & 3
$o] 4 MC® H:08 FE3t 77 & 55 NaSO.&2 1AZx38to] o343t
7+t 257349 3eE (42ab) 1.82 g B7T%)E A
'"H NMR (CDCly) 8 1.36 (t, 3H), 1.74-1.77 (m, 1H), 2.30-2.47 (m, 1H), 2.84-3.12
(m, 1H), 3.01 (s, 3H), 3.12-3.46 (m, 2H), 3.80-3.88 (m, 1H), 4.03-4.18 (m, ZH),
434 (d, 2H), 5.22 (s, 2H), 5.28-5.42 (m, 1H), 7.52 (d, 2H, J/=8.8 Hz), 823 (d, 2H,
J=8.8 Hz).

o

(2S,4S)-4-Acetylthio—2-(3’—ethoxycarbonylisoxazolino—5'-yl)-1-p-nitro-
benzyloxycarbonylpyrrolidine (43a)

(2S,4R)-4-t-Butyldimethylsilyloxy-2-(3' ~ethoxycarbonylisoxazolino-5"-yl)-
1-p-nitrobenzyloxycarbonylpyrrolidine 40aZ%¥ 3l3E 37 ¥ 332 3894 <}
=243 HeFAHLE AXAA (2S,4S)-4-acethylthio-2-(3'-ethoxycarbonylisoxazolino-
5'-yl)-1- p-nitrobenzyloxycarbonylpyrrolidine 43aS 2%t
'H NMR (CDCly) & 1.36 (t, 3H), 1.74-1.77 (m, 1H), 2.33 (s, 3H), 2.30-2.47 (m,
1H), 2.84-3.12 (m, 1H), 3.12-3.46 (m, 2H), 3.80-3.88 (m, 1H), 4.03-4.18 (m, Z2H),
434 (d, 2H), 522 (s, 2H), 5.28-542 (m, 1H), 7.52 (d, 2H, /=88 Hz), 8.23 (d, 2H,
J=8.8 Hz).
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(25,4R ¥ 2R,4R)-4-Methanesulfonyloxy—2-(3'-hydroxymethylisoxazolino-
5’—yl)-1-p—nitrobenzyloxycarbonylpyrrolidine (45a,b)

(2S4R % 2R, 4R)-4-Methanesulfonyloxy-2-(3'-ethoxycarbonylisoxazolino-
5'-yl)-1-p-nitrobenzyloxycarbonylpyrrolidine 42a,b (0.80 g, 160 mmol) Z+Z+&
THF 20 mLel £3A121 o W$EFEL 25 0-5 CE ¥Z F litium
chloride 0.13 g& NaBO4 0.12 g2 7}8lth. 5 %94 ethanol 5 mLE A]43] 7}
3t T A2 A 3AIHESE AWAI A Y. B8 7}t ethyl acetate® FEF O
7128 7U%=3 ¥ colume chromatograpy® AA el (2S4R 2 2R4R)-4-
methanesulfonyloxy-2-(3’ ~hydroxymethylisoxazolino-5' -yl)-1-p-nitrobenzyloxy-
carbonylpyrrolidines zHz} < lc}
oldAl 1t & 026 g (72.0%); 'H NMR (CDCly) & 220 (m, 1H), 2.21-2.31 (m,
1H), 280 (dd, 1H, J=751 Hz, J=752 Hz), 3.06 (s, 3H), 3.16-322 (m, 1H),
3.74-3.79 (m, 1H), 3.98 (d, 1H, J=12.4 Hz), 417 (m, 1H), 440 (q, 2H), 5.23 (s,
2H), 5.31 (s, 2H), 7.53 (d, 2H, J=8.69 Hz), 824 (d, 2H, J=8.69 Hz).
oA 2 & 029 g (0.79%); 'H NMR (CDCls) § 240 (m, 1H), 3.04 (s, 3H),
352 (m, 1H), 3.73 (dd, 1H, J=5.02 Hz, J=5.40 Hz), 4.05 (d, 1H, J=11.3 Hz), 4.36
(s, 2H), 4.37 (m, 1H), 4.76 (m, 1H), 525 (s, 2H), 5.39-5.41 (m, 1H), 7.52 (d, 2H,
J=8.20 Hz), 8.25 (d, 2H, J=8.67 Hz).

(25,45 9 2R A4S)-4-Acetylthio—2-(3'-hydroxymethylisoxazolino-5'-yl)-1-
p-nitrobenzyloxycarbonylpyrrolidine (46a,b)

(254R % 2R 4R)-4-methanesulfonyloxy-2-(3'-hydroxymethylisoxazolino-

5’-y1)~1-p-nitrobenzyloxycarbonylpyrrolidine 4ba,b2% ¥ ztz 3}1§E 38acl A <}
Fds wrSIHAHS AHA (2S4S 2 2R 4S)-4-acethylthio-2-(3' -hydroxy-
methylisoxazolino-5’-yl)-1-p-nitrobenzyloxycarbonylpyrrolidine 46a,b< Zrzt A3
=3
o] A 1: 'H NMR (CDCly) & 1.83-1.90 (m, 1H), 2.35 (s, 3H), 2.36-2.48 (m, 1H),
282-292 (m, 1H), 3.14-328 (m, 2H), 3.84-390 (m, 1H), 4.06-4.12 (m, 1H),
414-418 (m, 1H), 446 (s, 2H), 5.13-520 (m, 1H), 523 (s, 2H), 752 (d, 2H,
J=8.7 Hz), 8.25 (d, 2H, J=8.7 Hz).
o] A 2: 'TH NMR (CDCls) 8 1.03-1.85 (m, 1H), 2.33 (s, 3H), 2.38-2.46 (m, 1H),
2.52-2.62 (m, 1H), 2.99-3.05 (m, 1H), 3.15-3.22 (m, 2H), 3.76-3.82 (m, 1H), 4.26
(d, 4H), 4.26 (s, 2H), 4.89-4.96 (m, 1H), 5.21 (s, 2H), 752 (d, 2H, J=8.2 Hz), 8.23
(d, 2H, J=8.2 Hz).
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(2S,4S)-4-t-Butyldimethylsilyloxy—-2-hydroximido-1-(p-nitrobenzyloxy -
carbonyl)pyrrolidine (48)

315 (34) 563g (13.8 mmol)S EtOH 100mlol
hydrochloride 0.98 g (14.1 mmol, 1.07 eq)E #7}3t
A7tete] ALoA 18A1%F T mEkgg, ¥hgo] Eubwd %

A% & H0E ¥l 243 &< mrkete Aol A7|d oA Fste] 33E (48)
(60%)E LAt

'"H NMR (CDCL3) 80.06 (s, 6H), 0.90 (s, 9H), 1.25-1.44 (d, 9H), 1.89-2.16 (m,
1H), 2.23-2.34 (m, 1H), 3.45-3.61 (m, 2H), 446 (s, 1H), 464 (m, 1H), 6.68-6.76
(m, 1H), 7.39-7.72 (m, 1H)

i 35 ofo
:oé
rot
o
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=
&
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(2S,4R)-4-t-Butyldimethylsilyloxy—2-(2’'-methoxycarboylisoxazolo—-4'-yl)-
1-p-nitrobenzyloxycarbonylpyrrolidine (49)
(25,4R)-4-t-Butyldimethylsilyloxy-2-hydroxyimino-1-p—nitrobenzyloxycar-
bonylpyrrolidine-p—nitrobenzyloxycarbonylpyrrolidine 48 (4.50 g, 10.50 mmol)<
DMF 60 mLel] -&8jAl7! th& N-chlorosuccimide 156 g& AA3] 7}t 2&=&
60 ‘CE &9 ¥ 1A B¢k kA Y. g2 ES] 255 05 °Ci WAzl
T ethyl propiolate 1.10 g& A A{3] 718 v &5 %9 /\1 208 %9l
o 7)ol DMF 12 mLZ &3 3R triethylamine 1.6 mL &2 0.5- 1/\] 4
1 F F 2244 308 Tt AEAZ ThE A2l A 3A7F FoF wRkAET &
& 78tz ethylacetateZ2 FE3I oS FU1EFS AYEFT F colume
chromatograpy 2 A At (2S,4R)-4-t-buthyldimethylsilyloxy-2-(2’' -methoxy -
carbonylisoxazolo-4'-yl)-1-p—nitrobenzyloxycarbonylpyrrolidine 49 (2.70 g, 49.0%)
< A
'H NMR (CDCls) & 0.06 (s, 9H, J=3.0 Hz), 0.86 (s, 6H), 1.40 (t, 3H), 2.05 (m,
1H), 234 (m, 1H), 352-3.68 (m, 2H), 4.40 (q, 2H), 4.50 (m, 1H), 5.01-5.35 (m,
3H), 6.82 (d, 1H, J=6.72 Hz), 8.12, 8.20 (dd, 2H, J=8.61 Hz, /=8.61 Hz), 8.83, 8.86
(dd, 2H, J=8.70 Hz, J=8.70 Hz).

(2S,4R)-Hydroxy-2- (2’ -methoxycarboylisoxazolo—4'-yl)-1-p-nitrobenzyl-
carbonylpyrrolidine (50)

(2S,4R)-t-Butyldimethylsilyloxy-2-(2’ ~methoxycarboylisoxazolo-4'-yl)-1-
p-nitrobenzyloxycarbonylpyrrolidine 2.70 g (5.32mmol) 3}3&(49)& THF (80 ml)

of §3 A7 F A& 29 sHolA IN-BuNF 8 miE H7kaeh 0 °ColA ok 14
7o F o] B §uE FY FRH] AARL HO% EOAc F&
stol f71 $& T+ NaSO:E Azl ojze F ast 2RIt 1dz @
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chromatography 2 A A&t &3 3HFE(B0) 1.8 g (86%)& AU

'H NMR (CDClz) & 1.40 (¢, 3H), 2.05 (m, 1H), 2.34 (m, 1H), 3.52-3.68 (m, 2H),
440 (q, 2H), 450 (m, 1H), 5.01-5.35 (m, 3H), 6.82 (d, 1H, J=6.72 Hz), 8.12, 8.20
(dd, 2H, J=8.61 Hz, J=8.61 Hz), 8.83, 8.86 (dd, 2H, J=8.70 Hz, J=8.70 Hz).

(25,4R)-4-Methanesulfonyloxy—-2-(2’-methoxycarboylisoxazolo-4’-yl)-1-p-
nitrobenzylcarbonylpyrrolidine (51)

IAE(BO) 1.7 g (4.3mmol) & MC 80 mlo] &3] Al & dL S8 3tolA

triethylamine 0.77 ml (6.24 mmol, 1.2eq)E #A7}3 % methansulfonyl chloride
0.40cc (5.2 mmol, 1.leq)& Z7}gteh. Ao A 1A1ZF F<t mytk & % whgo] ¥4
| MCe H08 &84 #7] 55 9 NaSOE #Axste 473 & 3¢ 5
F3tol 313E(51) 1.82 g (90%)E At}
'H NMR (CDCl) & 140 (t, 3H), 2.05 (m, 1H), 2.34 (m, 1H), 3.08 (s, 3H),
352-3.68 (m, 2H), 440 (g, 2H), 450 (m, 1H), 5.01-5.35 (m, 3H), 6.82 (d, 1H,
J=6.72 Hz), 812, 820 (dd, 2H, J=861 Hz, /=861 Hz), 8.83, 886 (dd, 2H, J=8.70
Hz, J=8.70 Hz).

(25,4S)-4-Methanesulfonyloxy-2-(2’-hydroxymethylisoxazolo—4'-yl)-1-p—
nitrobenzyloxycarbonylpyrrolidine (52)

FHEGDE £ SFECHIEAR 548 A #F& AAA (2545)-4-

methanesulfonyloxy-2-(2'-hydroxymethylisoxazolo-4’-yl)-1-p-nitrobenzyloxy -
carbonylpyrrolidine2 4l t}.
'"H NMR (CDCl) 6 2.01-2.11 (m, 1H), 2.20-2.30 (m, 1H), 2.80-2.92 (m, 1H), 3.07
(s, 3H), 3.40-348 (m, 1H), 4.00~-4.12 (m, 1H), 4.13-4.24 (m, 1H), 4.70 (s, 2H),
520-531 (m, 2H), 6.19 (s, 1H), 7.26 (d, 1H, J=7.6 Hz), 750 (d, 1H, /=76 Hz),
8.12 (d, 1H, J=76 Hz), 8.21 (d, 1H, J=7.6 Hz).

(25,4S)-4-Acetylthio—2-(2'-hydroxymethylisoxazolo-4’-yl)-1-p—nitrobenz-
yloxycarbonylpyrrolidine (53)
(2S,4R)~-4-t-Butyldimethylsilyloxy-2-(2’'-methoxycarboylisoxazolo-4'-yl) -1~
p-nitrobenzyloxycarbonylpyrrolidine 492 %€ 3}$E 37a, 335 37b 2 3IF=E
45a bl A} FYI WrSHAHE AHA  (254S)-4-acetylthio-2-(2' ~hydroxy-
methylisoxazolo—4' -yl)-1-p-nitrobenzyloxycarbonylpyrrolidine 53& 2%t
'H NMR (CDCly) 8 2.01-2.11 (m, 1H), 2.20-2.30 (m, 1H), 2.32 (s, 3H), 2.80-2.92
(m, 1H), 3.40-348 (m, 1H), 4.00-4.12 (m, 1H), 4.13-4.24 (m, 1H), 470 (s, 2H),
5.20-5.31 (m, 2H), 6.19 (s, 1H), 7.26 (d, 1H, J=7.6 Hz), 750 (d, 1H, J=76 Hz),
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8.12 (d, 1H, J=76 Hz), 821 (d, 1H, J=7.6 Hz).

(2S5,4R)-4-Thioacetyl-2-(2'-methoxycarboylisoxazolo-4'-yl)-1-p—nitro-
benzylcanylpyrrolidine (55)

sIFEGDHE 7Y 33E5(22) 347 sdstA HAs .
'H NMR (CDCly) & 1.40 (t, 3H), 205 (m, 1H), 230 (s, 3H), 2.34 (m, 1H),
3.52-3.68 (m, 2H), 4.40 (q, 2H), 450 (m, 1H), 5.01-535 (m, 3H), 6.82 (d, 1H,
J=6.72 Hz), 812, 820 (dd, 2H, /=861 Hz, J=8.61 Hz), 8.83, 886 (dd, 2H, J=8.70
Hz, J=8.70 Hz).

P—-Nitrobenzyl (1R 5S5,65)-2-[(3'S,5’'S)-{5'-(2''—-methylisoxazolidinio—5' -
y1)-1'-p—nitrobenzyloxycarbonyl}pyrrolidine-3’'—ylthiol-6-[(1R)-1-hydro-
xyethyll-1-methyl-1-carbapen—2-em-3-carboxylate (58a)
(25,4S)-4-Acetylthio—2-(2'-methylisoxazolidinio—5’ ~y1)~1-p—nitrobenzyloxy—
carbonylpyrrolidine 38a (058 g, 1.50 mmol)E& methanol 20 mLo] €317l & 2N
NaOH 15 mLE A-=2dA 78t 308 &< Wk A7l tbg acetic acid 0.60 mL
Vet & SulE Y SF/F3ld FFAZ1Y. Ethyl acetate®} 22 &3t &)
ZFANZ T Ar)o F4  acetonitrile 30 mLE 7}31Z  carbapenem
enolphosphate 57 (0.89 g, 1.50 mmol)3} diisopropylethylamine 0.21 g (1.63 mmol)
S ZFstd 1A B9 b A7 ug 2 §F%% F colume chromatograpy 2
3 353le] p-nitrobenzyl (1R,5S5,65)-2-[(3'S,5'S)-{5"-(2"' ~methylisoxazolidi-
nio-5""-yl)-1’-p-nitrobenzyloxycarbonyl}pyrrolidine-3' ~ylthiol-6-[(1R)-1~
hydroxyethyl]l-1-methyl-1-carbapen-2-em-3-carboxylate 58a (0.50 g, 60.5%)S
AATt
'H NMR (CDChk) & 1.18 (d, 3H), 1.29 (d, 3H), 2.19-2.22 (m, 2H), 2.49-2.52 (m,
3H), 295 (s, 4H), 3.20-3.29 (m, 3H), 348-354 (m, 1H), 3.72-391 (m, 1H),
410-4.26 (m, 2H), 4.65-4.83 (m, 1H), 4.20-454 (m, 4H), 7.45 (d, 2H), 758 (d,
2H), 8.15 (d, 4H).

(T

P-Nitrobenzyl (1R,55,65)-2-[(3’S,5'S)-{5'-(3-hydroxymethylisoxazolino—
5’-y1)-1’-p—-nitrobenzyloxycarbonyl}pyrrolidine-3’-ylthiol-6-[(1R) -1~
hydroxyethyll-1-methyl-1-carbapen—2-em-3-carboxylate (58e)

313 E(58e) 3 E(58a)e FAFATL T WS AEste FA sHA
=3
'"H NMR (CDCls) & 127 (d, 3H, J=7.08 Hz), 1.35 (d, 3H, J=6.22 Hz), 1.88 (m,
1H), 245 (m, 2H), 294 (m, 1H), 3.11 (m, 1H), 3.26-3.38 (m, 3H), 3.58 (m, 1H),
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410 (m, 2H), 4.26 (m, 2H), 4.39 (s, 2H), 5.25 (m, 4H), 548 (m, 1H), 752 (d, 2H,
J=8.65 Hz), 7.65 (d, 2H, J=8.75 Hz), 8.20 (d, 2H, J=2.30 Hz), 823 (d, 2H, J=2.27
Hz),

P-Nitrobenzyl (1R,55,65)-2-1(3’S,5’S)-{5’-(3-hydroxymethylisoxazolino—
5’-yl)-1'-p-nitrobenzyloxycarbonyl}pyrrolidine-3'-ylthio]-6-[(1R)-1-
hydroxyethyll-1-methyl-1-carbapen-2-em—3—-carboxylate (58f)

sIFEG8NHS 313 E(58a)d A AAFY FLT WHE AHEstd &4 sk
t}.
'H NMR (CDCly) § 1.28 (d, 3H, J=7.18 Hz), 1.36 (d, 3H, J=6.21 Hz), 2.21 (m,
1H), 259 (m, 2H), 3.17 (m, 1H), 3.26-3.38 (m, 3H), 3.65 (m, 1H), 4.22-4.39 (s,
7H), 5.00 (m, 1H), 525 (m, 4H), 548 (m, 1H), 753 (d, 2H, J=8.65 Hz), 7.67 (d,
2H, J=8.75 Hz), 8.22 (d, 2H, J=2.33 Hz), 8.23 (d, 2H, J=2.28 Hz),

P—Nitrobenzyl (1R,5S,65)-2-1(3'S,5'S)-{3’-(5-ethoxycarbonylisoxazolo-3'-
y1)-1’-p—nitrobenzyloxycarbonyl}pyrrolidine-3’-ylthiol-6-[(1R)-1-hydro-
xyethyll-1-methyl—1-carbapen—-2-em-3—-carboxylate (58g)

3135 (58g)2 3tAE(G8a)e FAHAAHN LT WS AMEste] A A
=3
'"H NMR (CDCls) & 128 (d, 3H, J=7.15 Hz), 1.37 (d, 3H, J=6.23 Hz), 2.05 (m,
1H), 293 (m, 1H), 3.30 (m, 1H), 3.36 (m, 1H), 3.53 (m, 1H), 3.82 (m, 1H), 427
(m, 2H), 4.73 (s, 2H), 525 (m, 4H), 548 (m, 1H), 758 (d, 2H, J=8.65 Hz), 7.67
(d, 2H, J=8.75 Hz), 822 (d, 2H, J=2.33 Hz), 8.23 (d, 2H, J=2.28 Hz)

P-Nitrobenzyl (1R,5S5,65)-2-1(3’S,5’S)-{3'-(5-hydroxymethylisoxazolo-3'—
y1)-1’-p-nitrobenzyloxycarbonyl}pyrrolidine-3’-ylthiol-6-[(1R)-1-hydro-
xyethyll-1-methyl-1-carbapen-2-em-3-carboxylate (58h)

3E(B8h) 2 3FE(5b8a)d] FAAAN FTAdT WHE AMEst A 4
}.
'H NMR (CDCly) 6 1.26 (t, 3H),1.28 (d, 3H, J=7.15 Hz), 1.37 (d, 3H, J=6.23 Hz),
2.05 (m, 1H), 2.86 (m, 1H), 3.28-3.42 (m, 2H), 3.53 (m, 1H), 3.86 (m, 1H), 3.96
(s, 2H), 4.17 (q, 2H), 431 (m, 2H), 526 (m, 4H), 552 (m, 1H), 756 (d, 2H,
J=8.68 Hz), 7.67 (d, 2H, J=8.76 Hz), 820 (d, 2H, J=2.33 Hz), 823 (d, 2H, J=2.28
Hz),
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(lR,SS,GS)*Z—{(35,58)*5—[(E)—2~(5~Isoxazolyl)ethenyl]~1—(4—nitrobenzyl—
oxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl—1-
carbapen—2-em-3-carboxylic acid (59¢-E)

313HE 84c (432 mg, 0.6 mmol)E THF 12 mLo| &a)A]7) 3, ol
phosphate €% -8 4(0.33 M, pH 6, 40.0 mL)< 7}t AL20A 5471 &
At 75 25 mLe} ethyl acetate 30 mL& 7}5t1 1087 A&
g oldE TFT 10 mLE AL 94 HS Tol fglzg B
acetate 50 mLE AolFt) FE&H 28 TAARSY «=
A Diaion HP-20 #azutEe) =y (3% THF F8d)o2 £ 3te] 59¢S
AA T
4& 85 mg, 35%; yellow solid; ‘H NMR (300 MHz, D-0O); 6 1.10 (d, 3H, J=7.1
Hz), 116 (d, 3H, J/=6.3 Hz), 1.83 (m, 1H), 2.71 (m, 1H), 3.22-3.33 (m, 2H), 3.34
(m, 1H), 358 (m, 1H), 396 (m, 1H), 4.09-4.14 (m, 2H), 4.26 (m, 1H), 6.41 (s,
1H), 6.47 (dd, 1H, J=7.8, 16.1 Hz), 6.71 (d, 1H, J=16.1 Hz), 8.28 (s, 1H).

:

(1R,55,65)-2-[(3S,55)-5-{(E)-2-[5-(3-Methoxycarbonyl)isoxazolyllethen—
y1}-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1 ~hydroxy-
ethyl]l-1-methyl-1-carbapen-2-em-3-carboxlylic acid (59a-E)

'"H NMR (300 MHz, D:0O); 8 1.12 (d, 3H, j=7.1 Hz), 118 (d, 3H, J=6.3
Hz), 1.77 (m, 1H), 2.72 (m, 1H), 3.20-3.34 (m, 2H), 3.36 (m, 1H), 355 (m, 1H),
3.87 (s, 3H), 393 (m, 1H), 410-4.16 (m, 2H), 4.25 (m, 1H), 6.58 (dd, 1H, J=7.3,
16.1 Hz), 6.70 (d, 1H, J=16.1 Hz), 6.79 (s, 1H).
(1R,55,65)-2-[(3S5,565)-5-{(Z)-2-[5-(3—-Methoxycarbonyl)isoxazolyllethen—
yl}-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—-3-ylthiol-6-[(1R)-1-hydroxy -
ethyl]-1-methyl-1-carbapen-2-em-3-carboxlylic acid (59a-Z)

'H NMR (300 MHz, D:0); 8 1.12 (d, 3H, J=7.2 Hz), 1.17 (d, 3H, J=6.3 Hz),
1.76 (m, 1H), 2.70 (m, 1H), 3.20-3.33 (m, 2H), 3.34 (m, 1H), 358 (m, 1H), 3.85
(s, 3H), 391 (m, 1H), 4.09-4.12 (m, 2H), 426 (m, 1H), 641 (dd, 1H, J=9.8, 12.1
Hz), 6.71 (d, 1H, J=12.1 Hz), 6.71 (s, 1H).

(1R,5S,65)-2-[(35,55)-5-{(E)-2-[5-(3-Hydroxymethylcarbonyl)isoxazolyl]-
ethenyl}-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthiol-6-[(1R)-1-
hydroxyethyll-1-methyl-1-carbapen-2—-em—3—-carboxlylic acid (59b-E)

'H NMR (300 MHz, D-0O); 8 1.24 (d, 3H, J=6.9 Hz), 1.32 (d, 3H, J=6.3 Hz),
1.95 (m, 1H), 286 (m, 1H), 3.36-350 (m, 3H), 3.73 (m, 1H), 407 (m, 1H),
421-438 (m, 2H), 442 (m, 1H), 4.71 (s, 2H), 6.59 (s, 1H), 6.68 (dd, 1H, J=7.8,
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159 Hz), 6.83 (d, 1H, J=15.9 Hz).

(1R 5S,65)-2-1(35,55)-5-{(Z)-2-[5-(3-Hydroxymethylcarbonyl)isoxazolyl]l-
ethenyl}-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio]l-6-[(1R)-1-
hydroxyethyl]-1-methyl-1-carbapen—-2-em—3-carboxlylic acid (59b-Z)

'H NMR (300 MHz, D:0); & 1.22 (d, 3H, J=6.9 Hz), 1.33 (d, 3H, J=6.3 Hz),
159 (m, 1H), 2.77 (m, 1H), 3.31-3.60 (m, 4H), 3.89 (m, 1H), 4.15-4.30 (m, 2H),
456 (m, 1H), 4.73 (s, 2H), 6.14 (dd, 1H, J=9.6, 12.2 Hz), 651 (s, 1H), 6.53 (d,
1H, j=12.2 Hz).

(1R ,5S5,6S)2-{(35,55)-5-1(2)-2-(5—{3-[N-Methyl-(4-nitrobenzyloxycarbo-
n-yl)amino]lmethyl}isoxazolyl)ethenyl]l-1-(4-nitrobenzyloxycarbonyl) -
pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen—-2-em—
3-carboxlylic acid (59d-Z)
33HE 59c-E9 FAAUHE T o] FA AT

$E5%; 37%, 'H NMR (300 MHz, D:0); § 1.22 (d, 3H, J=7.1 Hz), 1.30 (d, 3H,
J=6.3 Hz), 1.87 (m, 1H), 2.78 (s, 3H), 292 (m, 1H), 3.30-352 (m, 3H), 3.75 (m,
1H), 4.05 (m, 1H), 4.19-4.28 (m, 2H), 432 (s, 2H), 445 (m, 1H), 6.28 (dd, 1H,
J=8.7, 12.0 Hz), 6.74 (4, 1H, J=12.0 Hz), 6.78 (s, 1H).

(1R ,55,65)-2-[(35,55)-5-{(E)-2-[5-(3~Chloro)isoxazolyllethenyl}-1-(4-
nitrobenzyloxycarbonyl)pyrrolidin-3-ylthiol-6-[(1R)-1-hydroxyethyl]-1-
methyl-1-carbapen-2-em—3-carboxlylic acid (59¢-E)
313tE 59c-E9 AR Zo| FAgstArt

+E4%; 36%, 'H NMR (300 MHz, D:0); & 1.24 (d, 3H, J=7.1 Hz), 131 (d, 3H,
J=6.2 Hz), 1.91 (m, 1H), 2.87 (m, 1H), 3.31-3.50 (m, 2H), 3.48 (m, 1H), 3.76 (m,
1H), 4.07 (m, 1H), 4.19-4.32 (m, 2H), 448 (m, 1H), 6.65 (s, 1H), 6.69 (dd, 1H,
J=79, 165 Hz), 6.81 (d, 1H, /=165 Hz).

(1R,55,65)-2-1(35,55)-5-{(E)-2-[5-(3-Methoxy)isoxazolyllethenyl}-1-(4-
nitrobenzyloxycarbonyl)pyrrolidin-3-ylthiol-6-[(1R)-1-hydroxyethyl]-1-
methyl-1-carbapen—-2-em-3-carboxlylic acid (59f-E)

3tet=E 59c-E¢ AR Zol FAs A
'H NMR (300 MHz, D:0); & 1.21 (d, 3H, J=7.1 Hz), 1.32 (d, 3H, J=6.3 Hz), 1.90
(m, 1H), 2.89 (m, 1H), 3.32-356 (m, 2H), 349 (m, 1H), 3.80 (m, 1H), 398 (s,
3H), 4.09-4.33 (m, 3H), 449 (m, 1H), 6.25 (s, 1H), 6.63 (dd, 1H, J=7.8, 16.3 Hz),
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6.90 (d, 1H, /=163 Hz).

(1R,55,65)-2-{(35,55)-5-[(1E)-2-(3-isoxazolyl)ethenyllpyrrolidin-3-yl-
thio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen—2—-em-3-carboxlylic
acid (59¢g-E)

§]_sl-ﬂ 59¢c— E«] ?51—/\41:11—1:14‘,,}_ 71-0] -%L/kéﬁ].gﬂ}\\:].'
TE5E; 60%, 'H NMR (300 MHz, D:0); 6 1.21 (d, 3H, J=7.1 Hz), 1.30 (d, 3H,
J=6.3 Hz), 1.98 (m, 1H), 2.88 (m, 1H), 3.31-3.52 (m, 2H), 3.45 (m, 1H), 3.77 (m,
1H), 410 (m, 1H), 4.17-4.31 (m, 2H), 450 (m, 1H), 6.64 (dd, 1H, J=7.8, 16.2 Hz),
6.78 (s, 1H), 6.90 (d, 1H, J=16.2 Hz), 861 (s, 1H).

3-Methoxycarbonyl-5-hydroxymethylisoxazole (62)

Propargyl alcohol 4.2 ml (72.2 mmol)®} ethyl ether 200 ml, ethyl chloro-
oximidoacetate 5 g (36.1 mmol)& A<ollA &3 &sfA]F)3L of 7] triethylamine
5 ml¢}t ethyl ether 100 mle] &HE 5A1F T2 7t B 300 mlS ¥ 77 &
2 FH3o g4 F 3 chromatographydte] 3EE (62) 35 g (61.5%)S A
o},

'H NMR (CDCl) & 1.37 (t, 3H), 3.57 (s, 1H), 4.41 (q, 2H), 4.80 (s, 2H), 6.64 (s,
1H)

3-Methoxycarbonyl-5-bromomethylisoxazole (63)
D:]_-é-].u (91) tsL/H H]—HJJ,]_ =] 3} H]—tﬂ o7 61—/\-] o]— 1:]r

3-Methoxycarbonyl-(5-isoxazolylmethyl)triphenylphosphonium bromide
(64)

3h3HE(92) &4 U S F4% Yo E FAdsd
'H NMR (CDCly) & 1.27 (t, 3H), 4.32 (q, 2H), 582 (d, 2H, J=15.87 Hz), 659 (s,
1H), 7.80-7.96 (m, 15H)

(35,55)-3-Acetylthio—-5-[(E)-2-(5-isoxazolyl)ethenyl]-1-(4-nitrobenzyl-
oxycarbonyl)pyrrolidine (70c-E’)

3131 E(83c-E) 1.08 g (2.46 mmol)& acetone/DMF &%-&1] (3:1) 30 mLell
£ potassium thioacetate 0.64 g (5.9 mmol, 24 eq)E& Yol F1 o]& ¢ 5
SFAAT. REE @39 Fi 39 F73e §9WE AAFZ & 50 mL
¢ CHCl 50 mLE F&3 & o8 771 §WEFS ¥ NaSO2 dxA7 F o
H3tn 72 FHst] &2 AAE] FAY. ©o]F column chromatography 2 7 Al



3te] mlAle] Az 096 g (236 mmol, 96%)E AU 719 FFES IFE 23
o ¢} Zo] methanol €mi3lolA 2N NaOH=Z I3t H E4373E<2 70c-E
7 doxm o] FA L2 FhtsE Y] B8 I coupling ¥F-&A Ol in situz Ao
'"H NMR (300 MHz, CDCls); & 1.87 (m, 1H), 2.35 (s, 3H), 2.66 (m, 1H), 3.34 (m,
1H), 4.03 (m, 1H), 411 (m, 1H), 458 (m, 1H), 5.03-5.39 (m, 2H), 6.18 (brs, 1H),
6.38-6.58 (m, 2H), 7.41-7.56 (m, 2H), 8.06-8.24 (m, 3H).

%% 70c-E'sh 2o PHoE FAFHA

rlo

o2 EEE

(35,55)-3-Acetylthio—-5-[(Z)-2—-(5-isoxazolyl)ethenyl]-1-(4—nitrobenzyl-
oxycarbonyl)pyrrolidine (70c-Z"')

'H NMR (300 MHz, CDCl3); 8 1.91 (m, 1H), 2.34 (s, 3H), 2.70 (m, 1H), 3.41
(m, 1H), 4.00 (s, 3H), 4.02 (m, 1H), 412 (m, 1H), 458 (m, 1H), 5.08-5.32 (m,
2H), 6.26-6.58 (m, 2H), 6.53 (brs, 1H), 7.39-7.58 (2H, m), 8.07-8.31 (2H, m).

(3S,55)-3-Acetylthio-5-{(E)-2-[5-(3-hydroxymethyl)isoxazolyllethenyl }-
1-(4—nitrobenzyloxycarbonyl)pyrrolidine (70b-E’)

'"H NMR (300 MHz, CDCls); & 1.92 (m, 1H), 2.34 (s, 3H), 2.69 (m, 1H), 3.43
(m, 1H), 4.05 (m, 1H), 416 (m, 1H), 4.47 (m, 1H), 4.76 (s, 2H), 5.03-5.39 (m,
2H), 6.14-6.39 (m, 2H), 6.48 (brs, 1H), 7.41-7.56 (2H, m), 8.06-8.24 (2H, m).
(3S,5S)-3-Acetylthio-5-[(Z)-2-(5-{3-[N-methyl-(4-nitrobenzyloxy—
carbonyl)aminolmethyl}isoxazolyl)ethenyl]-1-(4—nitrobenzyloxycarbonyl) -
pyrrolidine (70d-Z’)

313+&5(83d-Z) (246 mmol)E& DMF 30 mLe] =9 t©}8 potassium
thioacetate (5.9 mmol, 2.4 eq)E ¥ol F1 °o]& ¢ 5417F 60 °C oA AUt} 2
EE 9o F£3 & 150 mLe CH.CL 50 mLZ #2238 & o 77 92 F
T NaSOE AZFAZ F AFstn g F7/3 &WE AAN FAD o &
column chromatography® ZA|ste] v el AAE At 79 IdFEES 33
& 23°0M ¢t Zo] methanol &vistellA 2N NaOHZE 7tE38tH A3 E<
70d-Z7F @A™ o] FAL FutH] 2] coupling ¥H-S-Alol in situZ 3]s}
Ell=
FE&; 81% 'H NMR (300 MHz, CDCl); § 1.91 (m, 1H), 2.35 (s, 3H), 2.69 (m,
1H), 2.78 (s, 3H), 3.40 (m, 1H), 4.05 (m, 1H), 4.14 (m, 1H), 4.36 (s, 2H), 4.47 (m,
1H), 5.03-555 (m, 4H), 6.19-657 (m, 2H), 668 (brs, 1H), 7.41-767 (m, 4H),
8.06-854 (m, 4H).
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(35,56S)-3-Acetylthio-5-{(E)-2-[5-(3-chloro)isoxazolyllethenyl}-1-(4-
nitrobenzyloxycarbonyl)pyrrolidine (70e-E’)

$E8; 81%, 'H NMR (300 MHz, CDCL); & 193 (m, 1H), 2.35 (s, 3H),
270 (m, 1H), 343 (m, 1H), 4.07 (m, 1H), 418 (m, 1H), 449 (m, 1H), 5.05-5.39
(m, 2H), 6.07-6.39 (m, 2H), 6.47 (brs, 1H), 7.40-756 (2H, m), 8.08-8.34 (2H, m).

(3S,58)-3-Acetylthio-5-{(E)-2-[5-(3-methoxy)isoxazolyllethenyl }-1-(4—
nitrobenzyloxycarbonyl)pyrrolidine (70f-E’)

'"H NMR (300 MHz, CDCl); 8 1.91 (m, 1H), 2.36 (s, 3H), 2.70 (m, 1H), 3.41
(m, 1H), 398 (s, 3H), 4.05 (m, 1H), 417 (m, 1H), 449 (m, 1H), 5.05-5.39 (m,
2H), 6.02-6.29 (m, 2H), 6.27 (brs, 1H), 7.40-756 (2H, m), 8.08-8.34 (2H, m).

5-Bromomethyisoxazole (72)
5-Methylisoxazole 71 (0.98 mL, 12 mmol) & F< Ald3let4 30 mLol] &3}
A

AlZF 7o) N-BE2EEMolv = 214 g (120 mmol) #F <HA 34 HSAlol=
0291 g (12 mmoD& 7bsteTh &S 5A2F B G BFAL F Y2l
AFa AT, AAL Ad FRoe] SUE AAR F B AzniEaes) PPz

QA 5-HE2 R Eo]|ASALE 155 g (80%)= AUTY.
'"H NMR (300 MHz, CDCls) 8 455 (s, 2H), 6.39 (s, 1H), 8.26 (s, 1H).

BR5S)-5-I(E & Z)-2-(5-Isoxazolyl)ethenyll-3-methanesulfonyloxy—-1-(4-
nitrobenzyloxycarbony!l)pyrrolidine (83¢c-E & Z2)

(5-IsoxazolylmethyDtriphenyl phosphonium bromide  64c (897 g, 20.7
mmol)¢+ THF 80 mLE Y2 uS -78 T2 258 50 F9vh Sodium bis-
(trimethylsilyDamide 1M THF 20.7 mL (20.7 mmol)& AA3] A7l8} FA}h. %
£ -30 CT7HA] &8 oF 3083 wwts) & §H oAl -78 TE w@Fo] & U THF
30 mLol =¢ «u3= 3EFE(65 1149 g (309 mmoD)E =EEF %Z]*]?]”‘V‘i
AAE) HAzbs FAG Ae7tA &8 AR 302 JHE wwte) & H 225 0 T
A vkFo] F1 23tE NHCl &4 ¥o] FAH %L%L Fiate] &uiE Zﬂﬂ%
Fa £ 150 mLe CHCl 150 mLZ FE3) & & 77 &9FE& 7 NaSOs
2 AxANZ F dFstn #e FHEt &WE AAS FAY. ©lE column
chromatography & A A ste] wjAe] ox& AT [(6.86 g, 76%),
83c-Z : 3.14 g (7.2 mmol)
83c-E : 372 g (85 mmol], 'H NMR (300 MHz, CDCl); & 2.16 (m, 1H), 2.61
(m, 1H), 3.09 (s, 3H), 3.78 (m, 1H), 4.06 (m, 1H), 471 (m, 1H), 515 (m, 1H),
5.13-5.39 (m, 2H), 6.18 (m, 1H), 6.38-6.58 (m, 2H), 7.41-756 (m, 2H), 8.06-8.24

Nl ol
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(m, 3H)

BR5S)-5-{(E & Z)-2-15-(3—-Chloro)isoxazolyllethenyl}-3-methanesulfon-
yloxy—1-(4-nitrobenzyloxycarbonyl)pyrrolidine (83e-E & 2)

Q_-cl—n 83c-E & ZA %L/H Hh:ﬂﬂr 7Lo] @-}ég].gil:}_
FEL; 85% (E:Z=3:1), 'H NMR (300 MHz, CDCL); & 214 (m, 1H), 263 (m,
1H), 3.09 (s, 3H), 3.86 (m, 1H), 4.08 (m, 1H), 470 (m, 1H), 486 (m, 1H),
5.15-5.38 (m, 2H), 6.15 (m, 1H), 6.31 (m, 1H), 6.43 (brs, 1H), 7.39-756 (m, 2H),
8.09-8.28 (m, 2H).

(3S,5R)-5-{(E & Z)-2-[5-(3-methoxy)isoxazolyllethenyl}-3-methanesul-
fonyloxy—1-(allyloxycarbonyl)pyrrolidine (83f-E & Z2)

313 = 83c-FE & 79 FAUHI Zo] FAsHTh
FES; 71% (EZ=6:1), 'H NMR (300 MHz, CDCl3); & 212 (m, 1H), 2.60 (m,
1H), 3.08 (s, 3H), 3.70 (m, 1H), 3.90-4.10 (m, 1H), 396 (s, 3H), 3.90-4.10 (m,
1H), 453-4.71 (m, 3H), 5.18-5.38 (m, 3H), 5.87-6.05 (m, 1H), 6.10-6.40 (m, 3H).

p-Nitrobenzyl (1R,55,65)-2-{(3S,55)-5-[(E)-2-(5-isoxazolyl)ethenyl]-1-
(4-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-
1- methyl-1-carbapen-2-em-3—-carboxylate (84c-E)

385 (70c-E’) 0.71 g (1.7 mmol)2 methanol 20 mLd] ¢ ©& 0 CT=
w3o] 3 2N NaOH 085 mLE A A8 Asts] Fuh. 2Lz &8 Fx oF
30%7t wyRHal FAth Acetic acid 0.6 mLE 2ol F3 pHY} A LS #93 ¢
& Y S/ giEEe s 14!71 g t}& ethyl acetate 50 mL2 FZ&3] F
Aok, £3E NaCO; §Ho 2 Aoy & H thA] ethyl acetate 50 mLE F&3] F
At 771 8HlFE FF NaSO= 74351«174 T Aqasly Y =8 L=

ZA ol A 060 g (1.6 mmol, 94.1%)S AATH o olAkel AA|

AAS F1 A 24

£ A ¥2 v ¥gdd o]&34t  Enolphosphate 3tEE 57 (1.13 g, 1.
mmol)E oFMEUEZ 20 mLZ £3A)7]3, BHELEE -20 - -10 CTE {422
o DIEA, 0.27 g (036 mL, 2.1 mmoDE 7}8tdth. 7)o thiol 3&E 70c-E
(06 g, 1.6 mmo)E& oA EYUEE 10 mLol| %9 &AL 18 H9 Arsiqar o
=04 307, A2oA 30% Ft ZHAAT oM EAL olE 50 mLE 78l
ol X3 FSUHEF F£E&9 100 mLE Ho] FA. H71=

NaSOs2 et &uiE ZAS FR/3t 2 7E2%e AAE Ay 4
744 BAazviEagug o Festd AAE 84c-ES Aot

0.75 g, (65 %); vellow oil; 'H NMR (300 MHz, CDCls); & 1.27 (d, 3H, J=7.1 Hz),

©
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1.34 (d, 3H, J=6.3 Hz), 1.92 (m, 1H), 2.70 (m, 1H), 3.22-3.45 (m, 3H), 3.75 (m,
1H), 410 (m, 1H), 411-4.32 (m, 2H), 455 (m, 1H), 510-555 (m, 4H), 6.14 (m,
1H), 6.47-6.59 (m, 2H), 7.41-756 (m, 4H), 8.06-8.24 (m, 5H).

p—Nitrobenzyl (1R 5S,65)-2-{(3S,55)-5-[(2)-2-(5-{3-[N-methyl-(4-nitro—
benzyloxycarbonyl)aminolmethyl}isoxazolyl)ethenyll-1-(4—nitrobenzyloxy—
carbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carba-
pen—2-em-3-carboxylate (84d-Z)
3I3HE 84c-E9] A o] FAdstATh

FE5E&,; 64%, 'H NMR (300 MHz, CDCL); & 127 (d, 3H, J=7.2 Hz), 1.39 (d, 3H,
J=6.3 Hz), 1.88 (m, 1H), 2.89 (m, 1H), 3.03 (s, 3H), 3.27-350 (m, 3H), 3.75 (m,
1H), 4.00-4.18 (m, 1H), 4.21-4.33 (m, 2H), 455 (m, 1H), 5.12-556 (m, 6H),
5.90-6.12 (m, 1H), 6.13-6.38 (m, 2H), 7.35-7.70 (m, 6H), 8.10-8.26 (m, 6H).

p-Nitrobenzyl (1R,5S5,65)-2-{(35,55)-5—-{(E)-2-[5-(3—chloro)isoxazolyl]-
ethenyl}-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyll-1-methyl-1-carbapen—2-em—-3-carboxylate (84e-E)
313 E 84c-E9 FAdHI Zo] FAdstth

SE8; 61%, 'H NMR (300 MHz, CDCL); & 1.26 (d, 3H, J=7.2 Hz), 1.37 (d, 3H,
J=6.3 Hz), 1.91 (m, 1H), 2.73 (m, 1H), 3.29 (m, 1H), 3.36 (m, 1H), 3.46 (m, 1H),
3.75 (m, 1H), 3.99-4.18 (m, 1H), 4.22-4.32 (m, 2H), 458 (m, 1H), 5.12-554 (m,
4H), 6.12-6.21 (m, 1H), 6.25-652 (m, 2H), 6.53 (m, 1H), 7.36-7.70 (m, 4H),
8.10-8.24 (m, 4H).

(1R ,5S,65)-2-{(35,55)-5-[(1E)-2-(5-Isothiazolyl)ethenyllpyrrolidin-3-yl-
thio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2—-em-3-carboxylic
acid (8ba-E)

3155 (110a-E) 480 mg (0.88 mmol)& A4 dtellA F7/ AAE CHCH: 10
mLE Tolm AL = 3oA tetrakis(triphenyl-phosphine)palladium ()& Zvj
2 7}8b 2 tributyltinhydride 0.48 mL (1.77 mmol)S A7}ttt 1A)17F F-of) S/
100 mLE Y3 F&394 CHLH: 32 Wz & 3¢ #3hel CHXCH: 10 mL
2 FH FEIAA EFS Wol dEA FEUR AT T2 dxd BT &
%8 HP-20 Diaion resin (3% THF 8 9)& o]&3toA AAdY && 52
Az=2 AASS 3FE (85a-E) (31%) At
'H-NMR (300MHz, CDCly); & 1.06-1.08 (d, 3H, j=7.21 Hz), 1.15-1.17 (d, 3H,
J=6.04 Hz), 1.57 (m, 1H), 2.65 (m, 1H), 3.02-3.08 (dd, 1H, /=3.79 Hz and J=3.34
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Hz), 3.28-3.36 (m, 3H), 3.78 (m, 1H), 3.95 (m, 1H), 4.05-4.12 (m, 2H), 6.29-6.34
(dd, 1H, j=7.7 Hz and J=7.7 Hz), 6.72-6.83 (d, 1H, J=185 Hz), 7.19 (s, 1H), 8.27
(s, 1H)

(1R,5S5,65)-2-{(3S5,55)-5-[(1E)-2—-(3-Isothiazolyl)ethenyllpyrrolidin-3-yl-
thio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic
acid (85b-E)

'"H-NMR (300MHz, CDCl); & 1.13-1.15 (d, 3H, J=7.3 Hz), 1.19-1.21 (d,
3H, J=6.3 Hz), 1.86 (m, 1H), 2.76 (m, 1H), 3.25-3.40 (m, 3H), 3.65-3.71 (m, 1H),
3.82-4.07 (m, 1H), 4.13-4.18 (m, 2H), 4.37 (m, 1H), 6.51-659 (dd, 1H, /=823 Hz
and J=822 Hz), 6.88 (d, 1H, J=15.83 Hz), 749 (d, 1H, J=4.78 Hz), 880 (d, 1H,
J=4.12 Hz)

(1R ,5S,65)2-{(35,55)-5-[(1E)-2-(5-Chloro—-3-isothiazolyl)ethenyllpyrroli—
din-3-ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-1-carbapen-2-em-3-
carboxylic acid (85c-E)

'H-NMR (300MHz, CDCly); & 1.07-1.11 (d, 3H, J=7.18 Hz), 1.14-1.18 (4,
3H, /=6.37 Hz), 1.81 (m, 1H), 2.73 (m, 1H), 3.24-3.38 (m, 3H), 3.56-3.60 (m, 1H),
396 (m, 1H), 4.11-4.17 (m, 2H), 4.27 (m, 1H), 6.44-652 (dd, 1H, J=7.83 Hz and
J=7.78 Hz), 6.88-6.74 (d, 1H, J=15.9 Hz), 7.44 (s, 1H)

(1R 55,6S)-2-{(3S5,55)-5-[(1E)-2—-(5-1Isoxazolyl)ethenyllpyrrolidin—-3-yl-
thio}-6-[(1R)-1-hydroxyethyll-1-methyl—-1-carbapen-2-em-3-carboxylic
acid (85d-E)

'H-NMR (300MHz, CDCL); & 1.04-1.07 (d, 3H, J=7.16 Hz), 1.12-1.14 (d,
3H, J=6.34 Hz), 1.55 (m, 1H), 2.58 (m, 1H), 3.04 (m, 1H), 3.24-3.38 (m, 3H), 3.80
(m, 1H), 4.06-4.14 (m, 2H), 4.22 (m, 1H), 584-591 (dd, 1H, J=9.67 Hz and
J=11.03 Hz), 6.69-6.73 (d, 1H, J=11.4 Hz), 7.14 (s, 1H), 831 (s, 1H)

Propargyl aldehyde (86)

4-Neck-2] flaskell 33%-propargyl alcohol 60 (360 ml, 2 mol)E c-HSO04
135 ml& & 200 midl A7 &He Y3 vaccum trap 270S AXTFHE 30
mmHg 4#3telA CrOs 210 g (2.1 mol) C-HxSOs 135 ml & 400 mle &AL
2-10 °C stelld 2-3A12F &<t HHs] st Al7|9A 271¢] vacuum trapel EF

4 34 IPEE B B de F AT (35%).

ol
o
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Sodium cis—propenal-3—-thiosulfate (87)

2L.-flask®ll propynal 86 (97 g, 1.8 mol), acetic acid 111 g (1.8 mol), acetone
185 ml, & 370 ml& ¥ & -50 °C& A Al71HA sodium thiosulfate(5H20)
505 g (2.0 moD)E& & 600 mloll &322 &AL HAs 7M. Ak 5 308 Tt
wRketd 3 AAo] AE "Hrh o} F 7R acetone 400 mlE A A F Ax 3

FT (60-65%).

Isothiazole (88)

Sodium cis—propenal-3-thiosulfate 87 (486 g, 0.26 mol)€ Liquid NH; 1 L
|| 60 °C stollA HH3s] 7hgh F 2A1F Foff A3 25 &4 NHzS A
A AN g 3 ethyl ether®2 FE3] &W-& AAAND F F2oA 2EFTFH
3t bp=111-115°C ¢} isoxazol 88 (13 g, 60%)S A gich
'H-NMR (300MHz, CDCl); 6 7.31 (m, 1H), 857 (s, 1H), 870 (d, 1H, J=4.75
Hz)

5-Fomylisothiazole (89)

Isothiazole 88 (2 g, 235 mmol)S THF 25-30 midl £3A12 2 dryiceZ
Ab8-8te] -70-78 °CE WZhA1ZI ¥ 1.6M-Buli 16 mlE 3] A&, 208 Fof F
+ DMF 19 g& & 2ZA ghdel 7kgk & 1A1ZF 2 & 2N-HCLS o
2 7Fg $o0| ethyl ether2 F=3th A A ¥ ohgub$
'"H-NMR (300MHz, CDCl); & 7.78 (s, 1H), 866 (s, 1H)

5-(Hydroxymethyl)isothiazole (90)

5-Fomylisothiazole 89 (3.0 g)& F4 ethyl ethero] &3] 3 15 eq.9] NaBH;
9} methanols AM&ste] Y A% F column® 2 A A8} T
'"H-NMR (300MHz, CDCl); & 356 (s, 1H), 502 (s, 2H), 7.12 (s, 1H), 837 (s,
1H)

5-(Bromomethyl)isothiazole (91)

3EE 90 (146 g, 12.6 mmol)S ¥4 methylene chloride 30 mlel] &3} A7
£ 52 -20 °C3alell A triphenylphosphine 3.8 g (145 mmo)E ¥ & o1& § &
oA CBr: 47 g (142 mmol)& A3 7l thE & =94 30% npkgioh
o FHEHE &9E AAIF column chromatography® #elsle] 5§E 91
26 g, 56%)< LA}
-NMR (300MHz, CDCl3); & 4.74 (s, 2H), 7.27 (s, 1H), 8.42 (s, 1H)

oSy M
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(5-Isothiazolylmethyl)triphenylphosphonium bromide (92a)
SEM1) 126 g (7 mmoDS CHsCN 20 mile] €3] A7l % triphenyl-
phosphine 2 g (7.6 mmol)<S ¥ ¥ 3A17 714 37/ A7 & Jsie AAdd 3
FE(92a) 2.8 g (90%)S < F3te] At}
'"H-NMR (300MHz, CDCl3); & 6.27 (d, 2H, J=14.67 Hz), 753 (s, 1H), 767 (m,
6H), 7.82 (m, 9H), 8.27 (s, 1H)

5-Chloro—3-methyltriphenylphosphonium Bromide isothiazole (92c)
3-Bromomethyl-5-chlorothiazole 100 (0.38 g, 1.79 mmol)< acetonitrile 10

mloll &38JA1 )% triphenylphosphine 0.7 g& Y1 3A|7F ¢ 719 &7 A1719 salt

AAol WA o3 & AZx3S phosphonium salt(92¢) 1.1 g2 AAr}.

'H-NMR (300MHz, CDCl); 8 6.22 (d, 2H, J=14.5 Hz), 7.6-7.88 (m, 16H)

3-Methyl-5-methyltriphenylphosphonium Bromide isothiazole (92d)
3-Methyl-5-bromomethylthiazole(105) 1.2 g3 acetonitrile 20 ml 2 tri-

phenylphosphine 1.7 g9 E%ES 247+ &<t 71498F AlA  triphenylphos-

phonium salt (92d) 1.4 g< fAth

'H-NMR (300MHz, CDCls); & 2.36 (s, 3H), 6.24 (d, 2H, J=14.5 Hz), 7.6-7.88 (m,

16H)

3-Methylisothiazole (96)

3-Methyl-5-aminoisothiazole 2.9 g (0.25 mol)2 C-H:SO4 135 mlol] &3} A
255 0°CE A ¥ NaNO; 1.9 g& d#3) 7Istohs 1A2F &< nwt

309%-H3POz 45 ml CuzO 0.1 g& &3t -10 - -20 °CE JZ3 &

o] 30% %<t 7}l ice bathdloll A 30%-NaOH €42 pH=9-10 X & 34

ethyl ether2 %3} 3-methylisothiazole(96) 1.2 g2 A}

'"H-NMR (300MHz, CDCls); & 2.46 (s, 3H), 7.20(d, 1H, J=5.35 Hz), 8.64 (d, 1H,

J=4.62 Hz)

Y

o}

N7l

9 Job do

3-Bromomethylisothiazole (97)

3-Methylisothiazole 96 (294 g, 30 mmol)< CCl; 70 mio] &3] A7 ¥
NBS 5.3 g (30 mmol), AIBNS ©|& 8-20A17F 714 &FAlA radical ¥+ o=F
B} 3-bromomethylisothiazole(97) 2.6 g& AU}t (50%).
'H-NMR (300MHz, CDCls); & 461 (s, 1H), 7.52(d, 1H, J=5.35 Hz), 864 (d, 1H,
J=4.62 Hz)
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3-Methyl-5-chloroisothiazole (99)

3-Methyl-5-aminoisothiazole 98 (4.65 g, 30 mmol)2 6N-Hcl 20 mlol &3
N F 2EL 0°CE A % NaNO: 225 g& & bdmlol |33 &4 33
thiazole &%l A3} &9th & 2% A 6N-HCI 15 mid] CuCl 3.3 g& &3}
A 7hslx 308 E<¢F IHHAIZ g 50%-NaOHE Ao 2 3 pH=112 /A, EtOAc
2 Z23le 22 38 E 3-methyl-5-chloroisothiazole 99 (3 g, 56%)<& A glth.
'"H-NMR ((300MHz, CDCls); 8 246 (s, 3H), 6.92 (s, 1H)

3-Bromomethyl-5-chloroisothiazole (100)

3-Methyl-5-chloroisothiazole 99 (4.0 g, 30 mmol)< CCl; 70 mlol] &3] A7)
% NBS 53 g (30 mmol), AIBNS ZFu|2 A}&3te] 8-20A17F 78 FFAI AT
Radical #+-& %2 £¥ 3-bromomethyl-5-chloroisothiazole 100 (3.2 g, 50%)& <4
ATt
'H-NMR (300MHz, CDCL); & 4.46 (s, 3H), 7.23 (s, 1H)

3-Methyl-5-bromoisothiazole

3-Methyl-5-aminoisothiazole 98 (2.7 g, 0.24 mol)S 50%-HBr 15 miell &
A7l & £58 0°CE& A ¥ NaNO: 18 g& & 5 mlol) &3] A2l 48 A
3] thiazole &Kol A3} s}t o] &M 50%-HBr 12 mlol] CuBr 76 g& &
AAM Zrstal 302 G AR v 50%-NaOHE e = pH=11 #A3 %
steam-distillation© 2 %€ 3-methyl-5-bromoisothiazole 2.8 g (67%)<% <}
'H-NMR (300MHz, CDCly); & 248 (s, 3H), 6.96 (s, 1H)

2O

4
)

3-Methyl-5—-cyanoisothiazole (101)

3-Methyl-5-bromoisothiazole 049 g (3 mmol)Z CuCN 0.4 g (45 mmol)<
e g 180 C2 2=2& AsA7I" %71 200 °C o] 471A A5dt. 208
| 533t 3-methyl-5-cyanoisothiazole 101 (0.32 g, 88%)& ARt}
'H-NMR (300MHz, CDCl3); & 2.58 (s, 3H), 7.59 (s, 1H)

&
N
=
3

3-Methyl-5-ethoxycarbonylisothiazole (103)

3-Methyl-5-cyanoisothiazole 101 (0.7 g, 5.6 mmol)& 2N-NaOH 10 mi £ <
of 7k F 2AZF 5 JME BRF WAANZ F FF st EtOAcE FF 3%
th, €ME AAXNZ F SOCLS EtOHEZHE 3-methyl-5-ethoxycarbonylisothia—-
zole(103) 0.8 g& AUt
"H-NMR (300MHz, CDCls); & 1.40 (t, 3H), 255 (s, 3H), 4.38 (q, 2H), 755 (s,
1H)
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3-Methyl-5-hydroxymethylisothiazole (104)
3-methyl-5-ethoxycarbonylisothiazole 103 (1 g, 58 mmol)® THF 10 ml,

LiCl 0.62 g, NaBHy 0.6 g¢] &% €45 0 °CE ¥Z Alx] & EtOH 12 ml& 7138}

I 3AIZF Bk wwt & B3 EtOAcE HE FZ%3}9 3-methyl-5-hydroxymethyl-

isothiazole(104) 0.6gS A ATh.

'H-NMR (300MHz, CDCl); & 2.48 (s, 3H), 4.89 (s, 2H), 6.92 (s, 1H)

3-Methyl-5-bromomethylisothiazole (105)
3-Methyl-5-hydroxymethylisothiazole 104 (0.55 g, 4.4 mmol)& MC 20 ml®]

£33 A7l & -20 °CE W7z} AlZ135 triphenylphosphine 1.2 g# CBry 15 g2 ¥

308 E<F w3 e column chromatography® %8 3-methyl-5-bromo-

methylthiazole(105) 1.2 g& AUt}

'H-NMR (300MHz, CDCl3); & 2.48 (s, 3H), 4.68 (s, 2H), 7.05 (s, 1H)

ki

(3S,5R)-5-[(E)-2-(5-Isothiazolyl)ethenyl]l-3-methanesulfonyloxy-1-(allyl-
oxycarbonyl)pyrrolidine (107a-E)

313 E(92a) 26 g (5.9 mmoD)S THF 30 mlel 73 o8 &2 %=& -78 C7HA

WA 7 3 25E FAAF)HA sodium bis(trimethylsilyl)amide 1M THF 6.2

g AA3E A7 FAY 2=F -30 °C 74X &8 oF 3087 s & H o

Al -78 °CE 3ol & t}S THF 30 mLell =21 aldehyde 3+3HE 106 (1.6 g, 5.9

mmol) & 255 FAAFIAA A8 Hrta) FAY A2714] &8 1A17F 302 7h

F uwdts] & ¥ 258 0 °C7HA ¥ F31 E£31d NHL L £98 9o FA
2 2835t 298 AAHNFT E 50 mL CH.Cl 50 mLE &3] & o2 &

H =
0 FE& FF NaxSO2 A=A § AH3tn #ZY S/t §9E AAs
ZF9t}. ©o]& column chromatography® AAste] wAel 3}8+E(107a) 16 g
(76%)< |t

"H-NMR (300MHz, CDCL); § 2.17 (m, 1H), 2.63 (m, 1H), 3.08 (s, 3H), 3.68-3.78
(m, 1H), 4.05 (d, 1H, J=115 Hz), 460-4.72 (m, 3H), 5.06 (m, 1H), 525 (m, 2H),
591 (m, 1H), 6.10-6.18 (dd, 1H, J=7.28 Hz and J=7.25 Hz), 6.48-6.72 (m, 1H),
7.02-7.11 (m, 1H), 8.38-8.43 (ds, 1H, /=7.18 Hz)

(3S,5R)-5-[(E)-2-(5-Chloro—-3-isothiazolyl)ethenyl]-3-methanesulfonyloxy—
1-(allyloxycarbonyDpyrrolidine (107c-E)

'"H-NMR (300MHz, CDCly); & 2.12-2.19 (m, 1H), 2.60 (m, 1H), 3.07 (m,
1H), 3.08 (s, 3H), 3.72 (m, 1H), 4.03 (m, 1H), 4.68-4.82 (m, 3H), 522-5.37 (m,
3H), 5.86-6.04 (m, 1H), 6.38 (m, 1H), 6.60 (m, 1H), 7.17 (s, 1H)
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(3S,5R)-5-1(Z)-2-(3-Isothiazolyl)ethenyll-3-methanesulfonyloxy—1-(allyl-
oxycarbonyl)pyrrolidine (107d-Z)

'"H-NMR (300MHz, CDCls); & 1.84-1.98 (m, 1H), 2.37-240 (m, 1H),
261-2.82 (m, 1H), 3.08 (s, 3H), 3.72-3.78 (m, 2H), 403 (m, 1H), 4.48-468 (m,
3H), 5.12-5.37 (m, 3H), 5.76-6.04 (m, 1H), 6.38-6.54 (m, 1H), 6.60-6.82 (m, 1H),
7.24-7.36(s, 1H), 8.60 (m, 1H)

(35,65)-3-Acetylthio-5-[(E)-2-(3-isothiazolyl)ethenyll-1-(allyloxycarbon-
yl)pyrrolidine (108a-E’)

339 E(107a-E) 083 g (246 mmol)¥ acetonitrile 20 mio) =9 =
potassium thioacetate 0.34 g (2.95 mmol, 1.2 eq)E ¥o] Fa o]& <k 57+ IFF
AR 25F HFo F1 Y FHsY e AASFL B 50 mL9 CHLCL
50 mLE F&3 € s #F7] &9 F& 5 NaSO2 AZAZ7 3 od3stz 7
F FFste] &H9E AAS FAT ©lE column chromatography 2 A A &he] w] A
o] 33E(108a-E’) 0.79 g (2.36 mmol, 95.9%)E AJYrt
"H-NMR (300MHz, CDCl3); & 1.87-192 (m, 1H), 235 (s, 3H), 2.70 (m, 1H),
3.37-3.43 (dd, 1H, J=6.47 Hz and J=6.46 Hz), 3.95-4.09 (m, 1H), 4.10-4.16 (m,
1H), 457-472 (m, 3H), 5.21-5.33 (m, 2H), 590 (m, 1H), 6.17-6.25 (dd, 1H, J=7.03
Hz and j=7.03 Hz), 6.45-6.72 (m, 1H), 7.3-7.10 (d, 1H, J=21.08 Hz), 8.38 (s, 1H)

(35,5S5)-3~Acetylthio-5-[(Z)-2-(5-isothiazolyl)ethenyll-1-(allyloxycarbon—
yl)pyrrolidine (108a-Z')

'"H-NMR (300MHz, CDCly); ¢ 1.78-1.90 (m, 1H), 2.34 (s, 3H), 2.78 (m,
1H), 3.39-3.46 (m, 1H), 4.01-4.15 (m, 2H), 4.89-4.89 (m, 1H), 5.20-5.36 (m, 2H),
5.84-592 (m, 1H), 5.81-588 (dd, 1H, J=8.85 Hz and J=8.87 Hz), 658-6.68 (m,
1H), 7.04-7.12 (d, 1H, J=20.7 Hz), 8.40 (s, 1H)

(35,55)-3-Mercapto-5-[(E)-2-(5-isothiazolyl)ethenyll-1-(allyloxycarbon—
yl)pyrrolidine (108b-E)

315 (108b-E’) 0.79 g (2.36 mmol)< methanol 20 mLd] =
w30l F1 2N NaOH 1.2 mLE AMA3] A7be] £ Ae7tx &8 F1
7 wurs) FAo. 2N-HCl 1.2 mLE ¥9o] F1 pH7} A AL Fels o
3 TSt tiRESY &9E AAZ S ethyl acetate 50 mLE
Z3tE Na)CO; &40 2 Mo] & F thA] ethyl acetate 50 mL=
r of F& F4 NaSO4=2 743:’\]9(1 % dqdHfsty #Ag FHIY EdE AA
5 PN q

Q
[
FI AT ZAe AA 3FE(108b-E) 062 g& AAth 9§ o) HAE 3t

ro
)
oo
o
o
it
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(3S,55)-3-Acetylthio—5-[(E)-2-(5-chloro—-3-isothiazolyl)ethenyll-1-(allyl-
oxycarbonyl)pyrrolidine (108c-E’)

'H-NMR (300MHz, CDCL); & 1.82-1.94 (m, 1H), 2.35 (s, 3H), 2.62-2.81
(m, 1H), 3.36-3.40 (dd, 1H, /=628 Hz and J=6.25 Hz), 3.96-4.09 (m, 1H),
4.09-4.18 (m, 1H), 4.58-468 (m, 3H), 5.20-5.32 (m, 2H), 5.88-592 (m, 1H),
6.32-6.62 (m, 1H), 7.19 (s,1H)

(35,56S8)-3—Acetylthio-5-[(E)-2-(3-isothiazolyl)ethenyl]-1-(allyloxycarbon-
yl)pyrrolidine (108d-E’)

'H-NMR (300MHz, CDCl3); & 1.84-1.98 (m, 1H), 2.36 (s, 3H), 2.61-2.82
(m, 1H), 3.29-348 (m, 1H), 3.70-3.82 (m, 1H), 3.94-4.18 (m, 2H), 4.48-4.68 (m,
2H), 5.12-5.37 (m, 2H), 5.76-6.04 (m, 1H), 6.38-6.54 (m, 1H), 6.60-6.81 (m, 1H),
7.24-7.36 (d, 1H, J=4.70 Hz), 852-8.65 (d, 1H, /=3.23 Hz)

Allyl (1R,5S,6S)-2-{(3S,55)-5-[(E)-2-(5-isothiazolyl)ethenyl]l-1—(4-allyl-
oxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-1-
carbapen—-2-em—3—-carboxlylate (110a—E)

Alloc (1R 5S,6S)-2-(diphenylphosphoryloxy)-6-[(1R)-1-hydroxyethyl)]-1-

methylcarbapen—-2-em-3-carboxylate 0.67 g (1.36 mmol)& A% 3dlollA S/ AA
¥ CHsCN 50 mLel =< ¥ €8 S 3dtA N,N-diisopropylethylamine (0.28
mL, 1.64 mmol)< 7}t B2 3}3E(108a-E) (046 g, 1.36 mmol)S 7/ AA
¥ CHi;CN 10 mLol 57'54"1 =¥ &EF 147P3“:‘r. 1A1ZE 30% Fof ¥hgdE
EtOAcst £28EZE F&ot {71 S FAstd FF MgSO.E AZAAA A &
A7t E<d FgES @ azvEIHY (3:2-3:1 EtOAc/hexene)E o] &34
AA A A FFE (110a-E) 048 g (65%) LUt}
'H-NMR (300MHz, CDCl); & 1.28 (d, 3H, J=5.77 Hz), 1.37 (d, 3H, J=6.23 Hz),
1.82-1.96 (m, 1H), 2.64-2.72 (m, 1H), 3.23-3.32 (m, 1H), 3.34-346 (m, 1H),
3.62-3.78 (m, 1H), 3.92-4.08 (m, 1H), 4.32 (d, 2H, J/=6.8 Hz), 457-4.65 (m, 3H),
464-482 (m, 2H), 5.22-529 (m, 3H), 542-548 (d, 1H, J=17.15 Hz), 5.83-6.04
(m, 2H), 6.28-6.38 (dd, 1H, J=7.39 Hz and J=7.39 Hz), 6.49-6.56 (m, 1H), 7.04 (s,
1H), 8.34 (s, 1H)

Nelye) Je]
S

-

|
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(1R 5S,65)-2-{(35,5S)-5-1(12)-2-(3-Cyclopentanopyridinyl)ethenyllpyrroli-
din—-3-yl1}thio—6-[(1R)-1-hydroxyethyll-1-methylcarbapen—-2-em-3—-carb—
oxylic acid (111a-1Z)

122a-1Z (100 mg, 0.17 mmo)E CH:Clz (1.70 ml°l| =°oji, Pd(Pha)s (6.00
mg, 0.0052 mmoDE 78k, 0 CTolA "BusSnH (0.093 ml, 0.35 mmol)—e— A7 8o
2 XA A Fek wusE &8 s BEE AAA I, 2FE AcOEt
Z AAFAY EFL 52142 A7l & DIANION HP-20¢] &3] A= ]OHH 3 A
A AAE 111a-1Z (75.7 mg, 96%)E AU
'H NMR & (D:0), 800 (s, 1H), 7.44 (s, 1H), 6.71 (d, J=114 Hz, 1H), 5.85 (dd,
J= 114 Hz and 10.0 Hz, 1H), 441 (m, 1H), 4.10-4.17 (m, 2H), 3.88 (m, 1H), 3.45
(m, 1H), 3.12-3.38 (m, 3H), 2.88 (t, J=7.6 Hz, 4H), 267 (m, 1H), 2.03 (quintet,
J=76 Hz, 2H), 1.75 (m, 1H), 1.20 (d, Jj=6.3 Hz, 3H), 1.10 (d, J=7.1 Hz, 3H)

(1R 5S,65)-2-{(3S,55)-5-[(1E)-2-(3-Cyclopentanopyridinyl)ethenyllpyrroli—
din-3-yl}thio 6-[(1R)-1-hydroxyethyll-1-methylcarbapen-2-em—-3—carb-
oxylic acid (111a-1E)

111a-1Z& AZx% Y3 543 My o = 122a-1E (954 mg, 0.16 mmol) =
FH 771%e &2 574 mgs I
'H NMR & (D:0), 808 (s, 1H), 764 (s, 1H), 666 (d, J=15.8 Hz, 1H), 6.25 (dd,
J= 158 Hz and 8.1 Hz, 1H), 4.01-4.29 (m, 3H), 352 (m, 1H), 3.13-3.40 (m, 3H),
2.61-2.85 (m, 5H), 1.88-2.08 (m, 2H), 1.71 (m, 1H), 1.19 (d, /=6.3 Hz, 3H), 1.12
(d, J=7.2 Hz, 3H)

o}

(1R 5S,65)-2-{(35,56S)-5-1(12)-2-(3-6-isopropylpyridinyl)ethenyllpyrroli—
din-3-yl}thio-6-[(1R)-1-hydroxyethyll-1-methylcarbapen-2-em-3—carb-
oxylic acid (111b-1Z)

111a-1ZE A =3 Wiz A3 wHo= 122a-17Z (100 mg, 1.67 mmol)E
B 82%9 FE€5 6562 mge Itk
'H NMR & (D:0), 812 (d, J=2.1 Hz, 1H), 750 (dd, j=8.2 Hz and 2.1 Hz, 1H),
722 (d, J=8.2 Hz, 1H), 6.65 (d, J=11.4 Hz, 1H), 5.79 (dd, =114 Hz and 10.2 Hz,
1H), 431 (m, 1H), 3.98-4.10 (m, 2H), 3.83 (m, 1H), 3.40 (m, 1H), 3.29 (m, 1H),
3.10-3.22 (m, 2H), 2.91 (quintet, /=6.9 Hz, 1H), 2.63 (m, 1H), 1.10 (d, /=59 Hz,
3H), 1.07 (d, /=6.9 Hz, 6H), 1.03 (d, J=7.1 Hz, 3H)

- 132 -



(1R,55,65)-2-{(35,55)-5-[(1E)-2- (3-6-isopropylpyridinyl)ethenyllpyrroli-
din—3-yl}thio-6-[(1R)-1-hydroxyethyll-1-methylcarbapen-2-em-3-carb—
oxylic acid (111b-1E)

111a-1Z& Az Wiz A Bioz 122b-1E (100 mg, 0.17 mmol) &
FH 50%¢9 &2 392 mgs EA.
'H NMR 6§ (D:0), 824 (d, J=2.1 Hz, 1H), 7.75 (dd, J=8.3 Hz and 2.1 Hz, 1H),
7.18 (d, J=8.3 Hz, 1H), 6.63 (d, J=15.7 Hz, 1H), 6.24 (dd, /=157 Hz and 8.1 Hz,
1H), 4.19 (m, 1H), 3.98-4.11 (m, 2H), 3.89 (m, 1H), 350 (m, 1H), 3.29 (m, 1H),
3.11-3.21 (m, 2H), 2.88 (quintet, /=6.9 Hz, 1H), 2,61 (m, 1H), 1.71 (m, 1H), 1.12
(d, J=6.4 Hz, 3H), 1.07 (d, /=6.9 Hz, 6H), 1.05 (d, /=8.3 Hz, 3H)

2,5,6,7-Tetrahydro-2-oxo—1H-1-pyridine-3—-carbonitrile (113a)

NaH (238 g, 0992 mol)E < ether (1000 mDell HEAZNZ 0 TolA
EtOH (3 mDE 7tgrh. o] @Ee] cyclopentanone 112a (50 g, 0.594 mol)¥
ethyl formate (66 g, 0.891 moD)S AA3] A7}t L2 Aoz 2UF
1271 7F weretd of3héle] AolR sodium salt® F5 ether® ARolF3 735l
AZAA, T2 vkrgo] AL 3T YA AL sodium saltE & 300 mlol] Zolx
2- cyanoacetamide (50 g, 0.595 mol)#} glacial acetic acid (42 ml), piperidine (72
ml), & (1000 ml) E%E A %3 piperidine acetate (42 m)E 7}t 3, 4A17F B¢+
7t #FTh Acetic acid (65 mDE gHg A 7tsta, AAE ZARLES oA
T EBEZ NojFn st AFRAA =FAe uA|BAHE 113a (683 g, 43%)
g 4tk

=

'H NMR (trifluoroacetic acid-CDCls) & 12.35 (br s, 2H), 806 (s, 4H), 3.11 (t,
J=75 Hz, 2H), 294 (t, J=7.5 Hz, 2H), 2.31 (quinet, J 7.5, 2H)

6—-Isopropyl-1,2—-dihydro-2-oxo—3—-pyridinecarbonitrile (113b)

113aE A% =2z 5ds ¥ o2 3-methyl-2-butanone 112b (10 g,
116.1 mmol)Z F¥ 42%° &2 793 g& AUrh
'H NMR (CDCly) 6 7.85 (d, J=7.5 Hz, 1H), 6.23 (d, J=75 Hz, 1H), 3.00 (quinet,
J= 6.9 Hz, 1H), 1.35 (d, J/=6.9 Hz, 6H)

2-Bromo—6,7-dihydro-5H-1-pyridine-3-carbonitrile (114a)

2z E8 239 phosphorus tribromide (5 ml, 0527 mol)E % 3, hot plate
Aol A murelH A #E W 7MA] 2E2E &dWZE of7|d pyridone %3 113a
(367 g, 0023 moDE =F4 7t 9027 71E uwtst ¥ wSE& YZAA 72,

CHXCLE 7Hlv. =AH2HA 453 88 #3Hd 73 HCl & F=Fh

#

O

b
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F71 §MFE FF NaxSOE HARAZ 3, dFsta 7Y 2550 02 24 4)
A A 1A AAE 114a (230 g, 45%)E AU c)

'H NMR (CDCly) 8 7.76 (s, 1H), 3.10 (t, J=7.8 Hz, 2H), 3.02 (t, J=7.5 Hz, 2H),
2.24 (quintet, J=7.6 Hz, 2H)

2-Bromo-6-isopropyl-3-pyridinecarbonitrile (114b)

114a& Az Wy 593 2Poz 113b (779 g, 0048 mo)2 EE
47%9) F&Z 517 g& YA
'H NMR (CDCly) & 7.85 (d, J=7.9 Hz, 1H), 7.27 (d, J=7.9 Hz, 1H), 3.11 (quintet,
J=69 Hz, 1H), 1.31 (d, J=6.9 Hz, 6H)

6,7-Dihydro—5H-1-pyridine-3-carbonitrile (115a)

Bromopyridinecarbonitrile %% 114a (7.70 g, 0.035 mol)Z EtOH (35 ml)
o =21 ¥, Zn (9.70 g, 0.380 mol), acetic acid (22 ml, 0.3795 mol)= 7V3} i, 458
Zr e #RdY HgES ALetx ’51?‘51—?‘, celite2 3}t Zng AAszm &
# CHLLE FE2FT #7] §WM3 S ¥F NaSOE AZFA 7 3, oddatn 79
Fiotd SulE AANA A 1 "g d& 115a (492 g, 9%)E It}
'H NMR (CDCls) 8 862 (d, J=1.8 Hz, 1H), 7.73 (d, J=1.8 Hz, 1H), 3.10 (t, J=75
Hz, 2H), 3.01 (t, J=7.5 Hz, 2H), 2.20 (quintet, J=7.5 Hz, 2H)

6-Isopropyl-3—-pyridinecarbonitrile (115b)

11525 A=3 WY 9 WHo= 114b (506 g, 0.023 mo)E EE
69%9 F&Z 227 g& AU
'"H NMR (CDCl) 6 8.82 (d, J=2.2 Hz, 1H), 7.89 (dd, J=5.4 Hz and 2.2 Hz, 1H),
7.30 (d, J=5.4 Hz, 1H), 3.14 (quintet, J=6.9 Hz, 1H), 1.31 (d, J=6.9 Hz, 6H)

Ethyl-6,7-dihydro-5H~1-pyridine-3-carboxylate (116a)

Pyridinecarbonitrile #%A 115a (258 mg, 179 mmol)E& & (1.8 mbD3
c-HCl (1.8 mDE 7}, 6217 §< 719 @F 8. 2sdstel 22 AAF 3,
toluene (5 mbel #FHAZ F 4F9 TsOH FEAsteld EOH (044 ml),
(EtO)sCH (357 ml, 21.5 mmol)& 7}8t1, Zut2 2 9o spote] flojd w7t 71 3k
FAY (1.5-2 days). W28 22717 23]
sk, 23 CHLLE &Y #7) gd=2
g TR &uE AANA >

%, ¥4 sodium acetate 84S 7}
24 NSO AZ A7 5, o378
E 116a (177 mg, 52%)5 4

_lé
k-
;J_d“
ox
o

al
o}
'H NMR (CDCly) & 897 (br s, 1H), 8.08 (s, 1H), 4.39 (q, J=7.1 Hz, 2H), 3.07 (t,
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J=75 Hz, 2H), 299 (t, J=75 Hz, 2H), 2.18 (quintet J=7.5 Hz, 2H), 1.40 (t, J=7.1
Hz, 3H)

Ethyl-6-isopropyl-3-pyridinecarboxylate (116b)

116aE A =x3 WE3 FL3 wioz 115b (219 g, 150 mmoD)E HE
86%2 &2 249 g& AU
'"H NMR (CDCly) & 9.14 (d, J=2.1 Hz, 1H), 821 (dd, /=82 Hz and 2.1 Hz, 1H),
726 (d, J=8.2 Hz, 1H), 4.39 (q, J=7.1 Hz, 2H), 3.11 (quintet, J=6.9 Hz, 1H), 1.40
(t, J=7.1 Hz, 3H), 1.32 (d, J=6.9 Hz, 6H)

3-Hydroxymethyl-ethyl-6,7-dihydro—-5H-1-pyridine (117a)

Ester + 54 116a (175 mg, 0.92 mmol)E CH:Cl: (5 mlel =olx, -78
ol 4] DIBAL (2.3 ml, 2.30 mmol; 1.0M in hexane)& X7}t wgEFE9 =2
Z -78 T 2 #AstHA], 2087 wHtg & MeOHS AcOEtE 7hs) wh&
Al € A2A 1A FeF wHtst = P4 E JAAES AHA AA
Z3le] B4 1A YAE 117a (1183 mg, 86%)2 AUH
8.16 (s, 1H), 7.52 (s, 1H), 4.63 (s, 2H), 4.19 (br s, 1H), 2.04-2.17 (m,
2H), 2.92 (t, J=8.3 Hz, 2H), 2.90 (t, J=8.2 Hz, 2H)

3-Hydroxymethyl-6-isopropylpyridine (117b)

117aE A x3 Hyy FL3 HHo=Z 116b (241 g, 1246 mmo)E FH
86%< &= 241 g& AATh
'"H NMR & 840 (d, /=2.2 Hz, 1H), 766 (dd, /=8.0 Hz and 2.2 Hz, 1H), 7.18 (d,
J= 80 Hz, 1H), 467 (s, 2H), 3.37 (br s, 1H), 3.04 (quintet, /=6.9 Hz, 1H), 1.27
(d, J= 6.9 Hz, 6H)

3-Chloromethyl-ethyl-6,7-dihydro-5H-1-pyridine HCI salt (118a)

Alcohol %] 116a (1.19 g, 7.98 mmol)E CHCly (16 mbell =e]i, A9
A SOClz (0.60 ml, 814 mmol)E A7}gth A-oA 4A)7F T gy &uj&
AAdFFMNA AASL FAE EROE oA A uAH AAPE 118a (158 g,
97%)E AUt
'H NMR & 853 (s, 1H), 8.17 (s, 1H), 469 (s, 2H), 351 (t, J=8.3 Hz, 2H), 3.15
(t, /=82 Hz, 2H), 2.38 (m, 2H)
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3-Chloromethyl-6-isopropylpyridine HCI salt (118b)

118a% A =3 Yz FUd wH o2 117bE ¥¥H 99%9 &= 216 g2
AR
' NMR & 889 (d, /=19 Hz, 1H), 844 (dd, J=8.3 Hz and 1.9 Hz, 1H), 7.76 (d,
J= 83 Hz, 1H), 479 (s, 2H), 3.71 (quintet, J=6.9 Hz, 1H), 1.45 (d, /=6.9 Hz, 6H)

3-Triphenylphosphonium—-ethyl-6,7-dihydro-5H -1-pyridine HC1 salt (119a)

Chloride & %4 118a (155 g, 759 mmoD)E CH:CN (152 mbDel] =o]x
PPhs (2.39 g, 9.11 mmol)E 7}sl 3417k E<F 7} g7 ¥ %:;iz 29 A7t
A A%% EOE 7beti 3T 497 saltE EpORE AojF3, 7y 7x30A
A 14 PAHE 119a (324 g, R2%)E AU

3-Triphenylphosphonium—-6-isopropylpyridine HCI salt (119b)

11922 Az W3 543 P2 117bE FH 74%9 &= 359 g&
AAH.
'Y NMR & 9.01 (d, j=84 Hz, 1H), 857 (s, 1H), 7.75-7.98 (m, 9H), 7.60-7.75 (m,
6H), 7.55 (d, J=8.4 Hz, 1H), 6.30 (d, J=15.3 Hz, 2H), 3.66 (quintet, J=6.9 Hz, 1H),
1.36 (d, /=69 Hz, 6H)

(25,4S)-4-Methanesulfonyloxy—(1Z &  1E)-2-(3-cyclopentanopyridyl)-
ethenyl-1-(4-allyloxycarbonyl)pyrrolidine (120a-1Z & 1E)

0 ColA pyrrolidine mesyl alcohol F=#] 106 (155 mg, 0.55 mmol), EtzN
(0.23 ml, 1.66 mmol® CHxClz (1.10 mD) &) Py.SO; (265 mg, 1.66 mmoDE =
o] DMSO (059 ml, 831 mmol) €& ZH7It}. 1083 22 2EoA wgtdhs
Aeoz 237 3087 wutgld wSETE CH.LLE 7HeE, 3 CHLChE
3 f7] £MES B2 AF 3, B NaSOuE AZEAN 3, 435t 3
Z5Hstdl gvlE AANAH LR aldehyde +=A= AHA gLl %ﬂ}i o}-g-gk-&-of
Abgglt)y, 78 Coll A phosphine salt 119a (310 mg, 0.67 mmol)®] THF (3.50 ml
Gj_E/}QHoﬂ NaHMDS (150 ml, 146 mmol; IM in THF)E H7HIY. HE2EE 0

l

CTg €8 T (A7 5ok awE ¥ Al -8 T2 WS E g oA &
& aldehyde TrEi]%* THF (350 mDo] = A7 -50 - -60 T ApelolA 1
Alzb EoF marst & 23 NHCl 898 7Hs) 9865 AAAT L, 3 AcOEt

2 2230 57 &9EFS FF NaSO2 dx2Az F, 4343 7% F73h
2ul2 AAS ¥, column chromatographyo) 23] 120a-Z<} 120a-E (151 mg,
70%; Z°'E = 4654)8 4t

120a-Z : 'H NMR 8 826 (s, 1H), 758 (m, 1H), 651 (m, 1H), 587 (m, 1H),
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560 (dd, /=115 Hz and 9.3 Hz, 1H), 5.07-5.46 (m, 3H), 491 (m, 1H), 4.38-4.69
(m, 2H), 3.99 (m, 1H), 3.72 (m, 1H), 3.05 (s, 3H), 3.02 (t, J=8.8 Hz, 2H), 2.96 (t,
J=8.2 Hz, 2H), 252 (m, 1H), 1.95-2.22 (m, 2H), 1.84 (m, 1H).

120a-E : 'H NMR § 830 (s, 1H), 7.53 (s, 1H), 6.49 (m, 1H), 6.08 (m, 1H), 5.87
(m, 1H), 5.08-5.39 (m, 3H), 4.47-4.78 (m, 3H), 4.01 (m, 1H), 3.72 (m, 1H), 3.08
(s, 3H), 3.00 (t, J=7.6 Hz, 2H), 293 (t, J=7.3 Hz, 2H), 261 (m, 1H), 2.07-2.22
(m, 3H)

(25,4S)-4-Methanesulfonyloxy-(1Z &  1E)-2-[3-(6-isopropylpyridyD)]-
ethenyl-1-(4-allyloxycarbonyl)pyrrolidine (120b-17 & 1E)

120a-17Z & 1EE A=x% #Hyy 4 HHo= 119b (357 g, 7.51 mmol)
25Y 58%° ¢EE 143 g2 AT (Z'E=55:45).
120b-Z : 'H NMR § 845 (m, 1H), 765 (m, 1H), 7.17 (d, J=8.1 Hz, 1H), 6.46
(m, 1H), 589 (m, 1H), 560 (dd, /=115 Hz and 9.4 Hz, 1H), 5.01-5.39 (m, 3H),
491 (m, 1H), 4.37-4.70 (m, 2H), 3.93 (m, 1H), 3.71 (m, 1H), 3.07 (m, 1H), 3.04
(s, 3H), 2.58 (m, 1H), 1.70 (m, 1H), 1.31 (d, J=6.9 Hz, 6H)
120b-E : 'H NMR & 848 (d, J=1.6, 1H), 747 (dd, J=80 Hz and 1.6 Hz, 1H),
712 (d, J= 8.0 Hz, 1H), 650 (m, 1H), 6.08 (m, 1H), 583 (m, 1H), 5.08-5.45 (m,
3H), 4.45-4.76 (m, 3H), 4.02 (m, 1H), 4.70 (m, 1H), 3.07 (s, 3H), 3.05 (m, 1H),
259 (m, 1H), 2.14 (m, 1H), 1.29 (d, j=6.9 Hz, 6H)

(2S,4S)-4-Thioacetyl-(12)-2-(3-cyclopentanopyridyl)—ethenyl-1-(4-allyl-
oxycarbonyl)pyrrolidine (121a-1Z)

Mesylate 120a-1Z (634 mg, 1.62 mmol)Z acetone-DMF (3:1)o] &#EA]Z]
S potassium thioacetate (554 mg, 1.62 mmol)E 7}t 14417+ FoF 71HE /3
o RESAS A27bx] A3 F ofFstn AhEFsld &ME AAT F column
chromatography©l] 98] 121aS <t} (517 mg, 82%).
'H NMR & 822 (s, 1H), 748 (m, 1H), 645 (m, 1H), 585 (m, 1H), 572 (dd,
J=115 Hz and 9.3 Hz, 1H), 505-5.36 (m, 2H), 476 (m, 1H), 4.39-4.64 (m, 2H),
4.03 (m, 1H), 391 (m, 1H), 3.35 (m, 1H), 2.98 (t, /=88 Hz, 2H), 2.90 (t, J=8.2
Hz, 2H), 2.65 (m, 1H), 2.33 (s, 3H), 2.05-2.21 (m, 2H), 1.81 (m, 1H)

(2S5,4S)-4-Thioacetyl-(1E)-2-(3—-cyclopentanopyridyl)-ethenyl-1-(4-allyl-
oxycarbonyl)pyrrolidine (121a-1E)

121a-1Z& A= Py 43 Loz 120-1E (1.02 g, 260 mmol)Z
HE 83%9 €2 839 mgg AU
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'H NMR & 829 (s, 1H), 750 (s, 1H), 6.44 (m, 1H), 6.15 (m, 1H), 5.83 (m, 1H),
5.06-547 (m, 2H), 441-4.68 (m, 3H), 410 (m, 1H), 398 (m, 1H), 347 (m, 1H),
296 (t, J=76 Hz, 2H), 288 (t, J=7.3 Hz, 2H), 266 (m, 1H), 2.30 (s, 3H),
2.01-2.20 (m, 2H), 1.85 (m, 1H)

(25,4S5)-4-Thioacetyl-(12)-2-[3- (6-isopropylpyridyl)1-ethenyl-1-(4-allyl-
oxycarbonyl)pyrrolidine (121b-1Z)

121a-1Z& A =x3 Uiy 543 Wy o g 120b-1Z2 5 121b-1Z<8 A4
1=

(2S,4S)-4-Thioacetyl~(1E)-2-[3~(6-isopropylpyridyl)]1-ethenyl—-1-(4-allyl-
oxycarbonyl)pyrrolidine (121b-1E)

121a-1EE A|x3g UHs 593% 4He 2 120b-1E (628 mg, 1.59 mmol) 2
FH 80%2 +F&F 477 mge 43U
'"H NMR § 849 (d, J=2.0 Hz, 1H), 761 (dd, /=82 Hz and 2.0 Hz, 1H), 7.12 (d,
J= 82 Hz, 1H), 646 (m, 1H), 616 (m, 1H), 588 (m, 1H), 5.08-5.35 (m, 2H),
4.49-4.63 (m, 3H), 408 (m, 1H), 4.00 (m, 1H), 3.37 (m, 1H), 3.05 (quintet, J=6.9
Hz, 1H), 2.65 (m, 1H), 231 (s, 3H), 1.85 (m, 1H), 1.29 (d, J 6.9, 6H)

Alloc (1R)5S,65)-2-{(35,55)5-[(12)-2-(3—cyclopentanopyridyl)ethenyl]-1-
(4-allyloxycarbonyl)pyrrolidine-3-yl}thio-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen—-2-em-3-carboxylate (122a-17)

121a-1Z (514 mg, 1.32 mmo)E MeOH (2.64 mbell =olx 0 CTolA 2N
NaOH &< (067 ml) & Z7tch vh-gAS e 250N 2087 mukd &
AcOHE F3sta 245 fFate] 8vlE& AAJT fojz 7alo)] 23 AcOEtE 7t
&5 AcOEtE FE3ta #7] %S £ NaSOE AN 3 Afstn 7
FHstel §ulE AAHAH dojz thiol FEAE ZHE g wkSe Al
Enol phosphate 109 (793 mg, 1.59 mmol), DIEA (0.28 mmol, 159 mmol)& =2
CH:CN (.00 ml) &<He 9eA 22 thiol FE=AS CHCN &4L 0 CollA 7}
Prh. B2EEAA A7 Eok AR S b WS AA XTI AcOEtZ
FEUW 7] 8MFE 5 NaSO2 AFAZ 3 od3daa ggEFete g
£ AAZ ¥, column chromatographyol &3l 122a-1Z& AU} (526 mg, 57%).
'H NMR § 821 (s, 1H), 7.32 (m, 1H), 6.42 (m, 1H), 561-6.06 (m, 3H), 545 (m,
1H), 5.01-5.37 (m, 3H), 4.61-4.88 (m, 3H), 4.35-4.60 (m, 2H), 4.16-4.29 (m, 2H),
399 (m, 1H), 361 (m, 1H), 3.19-347 (m, 3H), 299 (t, J=8.8 Hz, 2H), 291 (4,
J=8.2 Hz, 2H), 261 (m, 1H), 2.03-2.22 (m, 2H), 1.35 (d, J=6.3 Hz, 3H), 1.25 (d,
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J=7.0 Hz, 3H)

Alloc (1R )5S8,65)-2-{(35,55)-5-[(1E)-2-(3—cyclopentanopyridyl)ethenyl]-1-
(4-allyloxycarbonyl)pyrrolidine-3-yl}thio-6-[(1R)-1-hydroxyethyl]l-1-
methylcarbapen—2-em-3-carboxylate (122a-1E)

122a-1Z& Az iz s WHo R 121a-1E (533 mg, 1.37 mmol) &
HE 58%9 +&F 457 mge AU}
'H NMR ¢ 821 (s, 1H), 7.51 (s, 1H), 6.46 (m, 1H), 6.15 (m, 1H), 5.72-6.01 (m,
2H), 540 (m, 1H), 5.02-5.33 (m, 3H), 4.78 (m, 1H), 465 (m, 1H), 4.43-4.60 (m,
3H), 4.15-4.31 (m, 2H), 4.09 (m, 1H), 3.65 (m, 1H), 3.27-3.45 (m, 2H), 3.22 (m,
1H), 2.78-3.07 (m, 4H), 2.65 (m, 1H), 2.01-2.22 (m, 3H), 1.85 (m, 1H), 1.31 (d,
J=6.3 Hz, 3H), 1.24 (d, /=7.2 Hz, 3H)

Alloc (1R)5S,65)-2-{(35,55)-5-[(12)-2-(3-6-isopropylpyridyl)ethenyl]-1-
(4-allyloxycarbonyl)pyrrolidine-3-yl}thio—6-[(1R)-1-hydroxyethyl]l-1-
methylcarbapen—2-em—-3-carboxylate (122b-17)

122a-1ZE Az $HI U3 WHoZ 121b-1Z (612 mg, 1.63 mmoD)E
FH 69%<9 & 674 mgs AT
'H NMR 6 843 (m, 1H), 754 (m, 1H), 717 (d, J=7.9 Hz, 1H), 648 (m, 1H),
5.62-6.03 (m, 3H), 544 (m, 1H), 4.98-547 (m, 3H), 4.58-4.77 (m, 3H), 4.30-4.56
(m, 2H), 4.13-4.31 (m, 2H), 400 (m, 1H), 361 (m, 1H), 3.17-3.48 (m, 3H), 3.06
(quintet, /=6.9 Hz, 1H), 268 (m, 1H), 1.87 (m, 2H), 1.36 (d, /=59 Hz, 3H), 1.32
(d, J=6.9 Hz, 6H), 1.27 (d, /=7.1 Hz, 3H)

Alloc (1R,5S5,6S)-2-{(35,55)-5-1(1E)-2-(3-6-isopropylpyridyl)ethenyl]-1-
(4-allyloxycarbonyl)pyrrolidine-3-yl}thio-6-[(1R)-1-hydroxyethyl]l-1-
methylcarbapen-2-em-3-carboxylate (122b-1Z)

122a-1Z& AZx3F B3I L3 Uy o2 121b-1E (457 mg, 1.22 mmol) =
e 42%9] &2 303 mge LA
'H NMR § 848 (m, 1H), 7.64 (m, 1H), 7.13 (m, 1H), 6.46 (m, 1H), 5.74-6.03 (m,
2H), 544 (m, 1H), 5.08-5.37 (m, 3H), 4.82 (m, 1H), 475 (m, 1H), 4.49-4.69 (m,
3H), 417-4.34 (m, 2H), 411 (m, 1H), 3.67 (m, 1H), 3.30-3.49 (m, 2H), 3.25 (m,
1H), 3.05 (quintet, /=69 Hz, 1H), 2.70 (m, 1H), 1.88 (m, 1H), 1.69 (br s, 1H),
1.38 (d, J=6.4 Hz, 3H), 1.33 (d, J=6.9 Hz, 6H), 1.28 (d, /=8.3 Hz, 3H)
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(2S,4R)-4-Hydroxy—-1-(p-nitrobenzyloxycarbonyl)pyrrolidine-2-carboxylic
acid methyl ester (123)

3}$HE(2)8 methanol (30 mDol €313l con-HaSOs 2 mlE #H7F8E & 34]
HE ot refluxdtil methanolS 7“’&—2— 3l t}2 ethyl acetate® 7}38}il 10% $Z2=
Z3}3F T extractiondte] Aol {4 1.0 g (85%)2 A
'H-NMR(DMSO-4): & 212 (1H, m, Cs-Ha), 2.35 (IH, m, C3-Hb), 262 (1H, s,
OH), 357 (2H, m, Cs-Ha), 3.57 and 3.60 (3H, 2s, OCH3), 4.45 (2H, m, C.-Hb,
C+H), 525 and 5.13, 534 (2H, s and dd, OCH>), 8.21, 760 and 818, 756 (4H,
2dd, phenyl).

(2S,4R)-4-Mesyloxy-1-(p—nitrobenzyloxycarbonyl)pyrrolidine-2-carboxylic
acid methyl ester (124)

31HE(123) (317 g, 9.78 mmol)2 anhydrous methylene chloride (22 ml)ol
23|33 triethyl amine (2.68 ml, 150 mmol)¥ 0TelA 10& S+ Iy}
Dropping funnel¥ %3t methanesulfonyl chloride (2.66 g, 2.05 ml, 146 mmol)&
A7 st 1A ZE weksteth v EFE AU 222 mbE e T HF718
fEFH AT S FEsta 57189 F S IN HCIF H02 RolE 5 4573
o AAs] Aol solid 3.70 g (9.20 mmol, 94%)S LU Th
mp: 78.0-80.0TC
'H-NMR(CDCls): ¢ 233 (1H, m, Cz-Ha), 270 (1H, m, Cs-Hb), 3.06 (1H, s,
SO:CH3), 3.67 and 3.78 (3H, 2s, OCHs), 3.86 (2H, m, Cs-H), 4.01 (1H, m, C4~H),
4.55 (1H, m, Cz-H), 5.25 and 5.13, 534 (2H, s and dd, OCH2), 7.49 and 8.23 (4H,
2dd, phenyl)

(25,4R)-2-Carbamoyl-4-mesyloxy—-1-(p—nitrobenzyloxycarbonyl)pyrrolidine
(125)

3}55(124) (228 g, 567 mmolol ammonium hydroxide (28%, 10 ml)<}
methanol (5 mD)< 7}slz A&oA 10A17F &b kst AXAES filter AZF
3te] 2.0 g (5.17 mmol, 91%)2] oj¥lA TAHE AR
mp: 142-144C
'H-NMR(DMSO-¢): 6 2.33 (1H, m, C3-Ha), 270 (1H, m, Cs-Hb), 3.09 (1H, s,
S0:CHs), 3.86 (2H, m, Cs-H), 4.01 (1H, m, C+~H), 455 (1H, m, Ce-H), 5.05 and
5.32 (2H, s and dd, OCHgy), 6.90 and 7.40 (2H, ss, NH), 7.49 and 823 (4H, 2dd,
phenyl)
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(55,7R)-2,2-Dimethyl-7-mesyloxy-4-oxo-1,3—-diazabicyclo[3.3.0]loctane
(126a)

3}3HE(125) (20 g, 517 mmol)& methanol (40 ml)3} tetrahydroxyfuran (40
mlol] @E A7l & palladium charcoal (1 g)& 7}sta 50 psiolA 1417 &<t
hydrogenations 3ttt FHAAHAES FEFA7]2 olAlE (20 ml)@ anhydrous
sodium sulfate (2 g)< ¥ 1 2A7HE¢F reflux3tith P85S F=A7]3 silica-
gel column®. 2 #gdted 1.09 g (4.39 mmol, 84.9%)¢ EA3FES A3
'H-NMR(CDCL): & 145 (3H, s), 150 (3H, s), 230 (1H, m), 256 (1H, m), 3.10
(3H, s), 3.88 (2H, m), 4.10 (1H, m), 6.39 (1H, s)

Hg

olr

312 126b-126hE 126a FALHT SUF BHo= }od ok

rnol'

(5S,7S)-2,2-Dimethyl-7-acetylthio—4-oxo-1,3-diazabicyclol[3.3.0]Joctane
(127a)

3138 (126a) (2 g, 8.05 mmolE dimethylformamide (22 mDe] =< %
potassium thioacetate (2.0 g, 3 eq)E 7}g F 70 TolA 2A12E Rkt
A ete] ©

—_

Ethyl acetate® AAEE extractiondt ¥ column chromatography =
WAl o] Jiquid 1.5 g (81.6%)& LAt}

'H-NMR(CDCls): 8 1.45 (3H, s), 1.50 (3H, s), 2.30 (3H, s, CHsCOS), 2.36 (1H,
m), 256 (1H, m), 3.88 (2H, m, Cs-H), 4.10(1H, m, C;-H)

1A

ol

b

o

838 127b-127he SEE 127a FATHEH SLT WHo=

(5S,7S)-2,2-Dimethyl-7-mercapto-4-oxo—1,3-diazabicyclo[3.3.0loctane
(128a)

3132 (127a) (15 g, 805 mmol)-& methanol 20 mlell =<2 F 0 TollA 4N
sodium hydroxide (2 ml)E 718tz 20% %<t murslAth 2N HCIZ F3HA]7]1L
anhydrous magnesium sulfate® ZAZ A7l ¥ column chromatography® 4 A3}
o] A Jiquid 1.2 g (80%)< LAt}

'H-NMR(CDCly): & 1.07 (3H, q, CH:CHs), 1.45 (3H, s), 1.50 (3H, s), 1.57 (1H, d,
SH), 2.36 (1H, m), 256 (1H, m), 3.35 (2H, t, CH;CH3), 3.88 (2H, m, Cs-H), 4.10
(1H, m, C2-H)

g34E 128b-128h+ SHEE 128a FAHEH TU3 WHoR

o
o
ot
S
4%
)
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p-Nitrobenzyl (1R,5S,65,5'S,7S')-2-{2,2-dimethyl-4-ox0-1,3-diazabicyclo—
[3.3.0loctane-7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen-2-em-3-
carboxylate (129a)

Diazo B -keto ester(11) (25 g, 4.6 mmol)2 ethylacetate : hexane = 3 : 1
(20 ml) &9 £33l rhodium acetate (27 mg)S 713 ¥ 158 =< refluxst
Aot vkgo] & #H ¥ FHFAIZ AF FE e bicyclo keto esteroll anhydrous
acetonitrile (20 mDE w3 A& 7|HFdNA 0 CTE2YZA3 F NN'-diisopropyl-
ethylamine (2.16 ml, 8 mmol), diphenylchlorophosphate (1.6 g, 1.2 ml, 6 mmol)<
A3 7heth. 3 AlZE § NN’ -diisopropylethylamine (1 mDE A A3 718tz 3
4E(128a) (1 g, 54 mmol)¥ anhydrous acetonitrile (5 ml)ol| F3 F X3} 7}
o}, SAIHE R minkek § At &S A E S column chromatography® A A
to] A solid 1.2 g (2.2 mmol, 48%)& A th
'"H-NMR(CDCL): & 1.15 (3H, t, CH:CH3), 1.32 (3H, s ,CHs), 143 (3H, s, CHzy),
1.37 (3H, d, CH:CHCOH), 1.41 (3H, d, 8 -methyD), 2.05 (1H, m), 2.2 (1H, s, OH),
256 (1H, m), 3.05 (1H, m), 3.35 (2H, m), 3.8 (2H, m, Cs-H), 4.1 (1H, m, C,-H),
425 (1H, m), 7.80 and 8.20 (4H, dd, phenyl)

p—Nitrobenzyl (1R,55,65,5’'S,7S’)-2-{2-ethyl-2-methyl-4-oxo—1,3~diaza—
bicyclo[3.3.0Joctane—7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen—-2-
em—3-carboxylate (129b)

33E (128b)E 7FAZ (1292)9] AW A 2 WHoz 13 g (47%)S
AU

p-Nitrobenzyl (1R,55,6S,5'S,7S’)-2-{2-methyl-2-propyl-4-oxo-1,3-diaza-
bicyclo[3.3.0loctane-7~ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen-2—
em—3-carboxylate (129c)

33 E (1280)8 7HAx (129a)9 FAWHI 22 wWyHoz 14 g (46%)S
aA T

p—Nitrobenzyl (1R,55,6S,5'S,7S")-2-{2-cyclopropyl-2-methyl-4-oxo0-1,3~
diazabicyclo[3.3.0Joctane-7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen-
2-em-3-carboxylate (129d)

3EE (12808 7MAx (1292)9) HAWHY 22 WHOR 13 g 45%)%
Aok
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p-Nitrobenzyl (1R,55,65,5’S,7S’)-2-{2-methyl-2-vinyl-4-oxo-1,3-diaza—
bicyclo[3.3.0loctane-7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen—-2-
em-3-carboxylate (129e)

FEE (128e)E 7HA1Z (1292)¢] FAAUH A 22 WHo = 1.3 g(46%)& o
AT

p—Nitrobenzyl (1R,55,65,5'S,7S’)-2-{2-methyl-2-phenyl-4-oxo0-1,3-dia—
zabicyclo[3.3.0Joctane-7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen—2-
em-3—carboxylate (129f)

sgE (1280D)& 7HA3 (1292)9 FAAUHIA 22 WHo=E 12 g (4%)E
A

p-Nitrobenzyl (1R,55,65,5'S,7S")-2-{2-hydroxymethyl-2-methyl-4-oxo-
1,3-diazabicyclol3.3.0loctane—-7-ylthio}-6-(1-hydroxyethyl)-1-methylcarba-
pen—2-em-3—carboxylate (129g)

8= (1289)8 7HAa (129a)9] &AW F 22 WHoz 15 g (49%)<
aArt.

p-Nitrobenzyl (1R,55,65,5’'S,7S’)-2-{2,2-diethyl-4-oxo0—1,3~-diazabicyclo—
[3.3.0loctane—7-ylthio}-6—-(1-hydroxyethyl)-1-methylcarbapen-2-em—-3-
carboxylate (129h)

stetE (128WE 7HA1 (1292)9 FAAWHIA 22 WHo R 12 g (46%)E
AR

(1R,55,6S,5'S,7S’)-2-{2,2-Dimethyl-4-oxo0—-1,3-diazabicyclo[3.3.0loctane-7-
ylthio}-6—-(1-hydroxyethyl)-1-methylcarbapen—-2-em—-3—carboxylic acid
(130a)

33E(129a) (0.1 g, 0.18 mmol)E tetrahydroxyfuran (22 ml)¢t saturated
sodium phospate solution (22 mDel =% % palladium charcol (0.1 g)& 7}stx
50 psi FALNA 308 E9¢ hydroxygenations A|ZATh wFE £ Z catalystS
filterdl o BE ZFAE=A|A D& HlGEo ethyl acetateE 7}eta A At &
23l d 8 N=E polychromatography (dianion HP-20 resin)® A &3 & EAE
o] i H H NS FEAAXI Y FAET 20 mg (0.05 mmol, 27%)S LA}
'H-NMR(D:0): 8 (ppm) = 1.25 (s, 3H), 1.32 (s, 3H), 1.35 (d, 3H, 1-CHs, J=7.2
Hz), 145 (d, 3H, CHs;CHOH, J=6.2 Hz), 204 (m, 1H, C3-Ha), 246 (m, 1H,
C’s-Hb), 2.80 (s, 3H), 3.05 (m, 1H), 3.33 (dq, 1H, C;-H), 3.87 (m, 2H, C’5-H),
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410 (m, 1H, C's-H), 4.25-4.35 (m, 2H, Cs-H and CH3CHOH), 4.43 (t, 1H).

(1R,5S5,65,5’S,7S’)-2-{2-Ethyl-2-methyl-4-oxo0-1,3—diazabicyclo[3.3.0]-
octane—7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen-2-em-3—carboxylic
acid (130b)
sh3HE(129b) S AME-3te]  (130a)e] FHAWHA 2

(30%)& LUt
Amax @ 298nm
"H-NMR(D-0): 8 (ppm) = 099 (3H, t) 1.32 (s, 3H), 1.35 (d, 3H, 1-CH3, J=7.2
Hz), 1.45 (d, 3H, CHsCHOH, J=6.2 Hz), 1.66 (2H, q) 2.04 (m, 1H, Cs-Ha), 2.46
(m, 1H, C’5-Hb), 2.80 (s, 3H), 3.05 (m, 1H), 3.33 (dq, 1H, C;-H), 3.87 (m, 2H,

s~H), 410 (m, 1H, C'4s-H), 4.25-435 (m, 2H, Cs-H and CH3;CHOH), 4.43 (t,
1H).

j=13
=

Yoz A

flo
M

(1R,5S5,6S,5’S,7S’)-2-{2-Methyl-2-propyl-4-oxo-1,3-diazabicyclo[3.3.0]-
octane—7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen-2—-em-3—carboxylic
acid (130c¢)

= (129002 AHE3ste (130a)9] AU 2
(34%)= AT
Amax : 298nm
"H-NMR(D:0): 6 (ppm) = 099 (3H, ), 1.32 (s, 3H), 135 (d, 3H, 1-CHs, J=7.2
Hz), 145 (d, 3H, CHxCHOH, J=6.2 Hz), 1.56 (2H, q), 2.04 (m, 1H, C3-Ha), 2.46
(m, 1H, C’3-Hb), 2.80 (s, 3H), 3.05 (m, 1H), 3.33 (dq, 1H, C;-H), 3.87 (m, 2H,
C's~H), 410 (m, 1H, C'y;-H), 4.25-4.35 (m, 2H, Cs-H and CH;CHOH), 4.43 (t,
1H).

al-
=

oz 3

rlo
Me

(1R,5S5,6S,5'S,7S')-2-{2-Cyclopropyl-2-methyl-4-oxo-1,3—-diazabicyclo-
[3.3.0]octane-7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen-2-em-3-
carboxylic acid(130d)

32 (129d)E AH&sted (130a)9 FHA¥H3 2 wyoz FARw
(35%)& LU}
Amax : 298nm
"H-NMR(D-0): 8 (ppm) = 0.21-0.82 (4H, bs), 1.32 (s, 3H), 1.35 (d, 3H, 1-CHjs,
J=72 Hz), 145 (d, 3H, CH;CHOH, J=6.2 Hz), 1.98 (1H, m), 2.0 4(m, 1H, Cs-Ha),
246 (m, 1H, C’'3-Hb), 2.80 (s, 3H), 3.05 (m, 1H), 3.33 (dgq, 1H, C;-H), 3.87 (m,
2H, C's-H), 4.10 (m, 1H, C's,-H), 4.25-4.35 (m, 2H, Cs-H and CH3CHOH), 4.43
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(t, 1H).

(1R,55,65,5'S,7S")-2-{2-Methyl-2-vinyl-4-oxo0-1,3-diazabicyclo[3.3.0]-
octane—7-ylthio}-6-(1-hydroxyethyl)-1-methylcarbapen—2-em-3-carboxylic
acid (130e)

stehE (129e)2 AF&3ted (130a)9 #AHHET 2L WUygoz FINET
(31%6)S LA
Amax @ 298nm
'H-NMR(D:0): 8 (ppm) = 1.32 (s, 3H), 1.35 (d, 3H, 1-CHs, J=7.2 Hz), 145 (d,
3H, CH:CHOH, J=6.2 Hz), 204 (m, 1H, Cs-Ha), 246 (m, 1H, C’s-Hb), 2.80 (s,
3H), 305 (m, 1H), 333 (dq, 1H, Ci-H), 3.87 (m, 2H, C's-H), 410 (m, 1H,
C's-H), 425-4.35 (m, 2H, Cs-H and CH3CHOH), 4.43 (t, 1H), 567 (m, 1H). 7.01
(m, 1H).

(1R,55,65,5'S,7S’)-2-{2-Methyl-2-phenyl-4-oxo—-1,3-diazabicyclo[3.3.0]-
octane—7-ylthio}-6(1-hydroxyethyl)-1-methylcarbapen-2-em-3-carboxylic
acid (130f)

e (1290 AF&stel (130a)9 FAEAWET 22 Wie= IARET
(31%)& AU
Amax @ 298nm
'H-NMR(D:0): & (ppm) = 1.32 (s, 3H), 1.35 (d, 3H, 1-CHs, J=7.2Hz), 145 (d,
3H, CHsCHOH, J=6.2 Hz), 2.04 (m, 1H, Cs-Ha), 2.46 (m, 1H, C’3-Hb), 2.80 (s,
3H), 3.05 (m, 1H), 3.33 (dq, 1H, C;-H), 3.87 (m, 2H, C’s-H), 4.10 (m, 1H,
C'y~H), 4.25-4.35 (m, 2H, Cs-H and CH;CHOH), 4.43 (t, 1H), 7.2-7.5 (5H, m)

(1R,55,65,5'S,7S ) -2-{2-Hydroxymethyl-2-methyl-4-ox0—1,3-diazabicyclo-
[3.3.0Joctane-7-ylthio}-6(1-hydroxyethyl)-1-methylcarbapen-2-em—-3-
carboxylic acid (130g)

shE (129¢)8 AF&3ste] (130a)9] FAWURHTG 2L WHo=z F4
(36%)& ATt
Amax : 298nm
'H-NMR(D;0): & (ppm) = 1.32 (s, 3H), 1.35 (d, 3H, 1-CHs, J=7.2 Hz), 1.45 (d,
3H, CHsCHOH, J=6.2 Hz), 2.04 (m, 1H, Cs-Ha), 246 (m, 1H, C’s-Hb), 2.80 (s,
3H), 3.0 5(m, 1H), 3.33 (dq, 1H, C;-H), 343 (s, 2H), 3.87 (m, 2H, C’s-H), 4.10
(m, 1H, C's~H), 4.25-4.35 (m, 2H, Cs-H and CHsCHOH), 4.43 (t, 1H).

al
=

Mo
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(1R,55,65,56’S,7S’)-2-1{2,2-Diethyl-4-oxo0-1,3~diazabicyclol[3.3.0loctane—7-
ylthio}-6-(1-hydoxyethyl) -1-methylcarbapen-2-em-3-carboxylic acid
(130h)

3t3tE (1290 & AFE3te] (130a)e) FdHHa 22 HyHoz A
(35%)2 LA
Amax @ 298nm ‘
'"H-NMR(D:0): & (ppm) = 0.91 (3H, t), 097 (3H, t), 1.32 (s, 3H), 1.35 (d, 3H,
1-CHs, J=7.2 Hz), 145 (d, 3H, CH;CHOH, J=6.2 Hz), 1.78 (4H, q), 2.04 (m, 1H,
Cs-Ha), 246 (m, 1H, C's-Hb), 2.80 (s, 3H), 3.05 (m, 1H), 3.33 (dg, 1H, C;-H),
387 (m, 2H, C's-H), 410 (m, 1H, C's~H), 4.25-435 (m, 2H, Cs-H and
CH3CHOH), 4.43 (t, 1H).

juis
=

A

(2S, 4R)-1-Allyloxycarbonyl-4-hydroxypyrrolidine-2—carboxylic acid (131)
Sodium hydroxyxide (7.50 g, 0.23 moll &(100 mD$} tetrahydroxyfuran

(150 mDell =°]i trans-4-hydroxy-L-prolin(1) (10.00 g, 0.08 mol)& 7}3F 3o

A& Fg3sle] A allylchloroformate (9.06 g, 0.23 mol)S Hrbstx mwutslgc}. 24

Zho] At Fof 2N HC 150 mD)E 7}3F & ethylacetate® extractiond}i A2FE =

Aol F31 AEAA FFHEADE LA

T& 1 934%

"H-NMR(CDCl+DMSO-¢) & = 599~5.80 (m, 2H, CH=CHy), 5.35~4.90 (m, 3H,

CH=CH:0H), 4.61~450 (m, 2H), 4.33~4.20 (m, 2H), 350~399 (m, 2H), 225~

2.12 (m, 1H), 2.03~1.90 (m, 1H)

(25,4R)-4-Hydroxypyrrolidine—1,2-dicarboxylic acid-1-allyl ester—2-methyl
ester (132)

(2S,4R)-4-Hydroxy-2-hydroxymethylpyrrolidine-1-carboxylic acid allyl ester
(131) (30.00 g)° methanol (250 m)E Y3 HCI gasE Eo] oA 2417 Fot
refluxA 71t} o] & Z+4F= AT ethyl acetate® extractiondte] 33E(132)
A
& 91.50%

'H-NMR(CDCl;) 6= 5.81~568 (m, 1H, CH=CH,), 5.22~5.05 (m, 2H, CH=CHy),
4.47~432 (m, 4H), 3.75 (s, 1H), 3.62, 354 (s, 3H), 3.53~3.40 (m, 2H), 2.21~2.16
(m, 1H), 1.99~1.90 (m, 1H)
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(25 4R)-4—(tert-Dimethylsilyloxy)pyrrolidine—1,2-dicarboxylic acid—1-allyl
ester-2-methyl ester (133)

Methyl (2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxylic acid-1-allyl ester-2-
methyl ester(132) (15.00 g, 0.07 mol)ol DMF (50 ml)2 %3 imidazole (11.20 g,
0.19 mol), ¢t-butyl dimethylsilylchloride (11.15 g, 0.074 mol)& ¥ F A&l
1441ZF ¥ A]J71t}. Ethyl acetate® 4¥ A X extractiondtld DMFE A A +
AFEERE HFL Y ST/t FFEA3IDE AT
F& 1 92.1%

'H-NMR (cis‘trans=1:1) (CDCly) 8 5.77~5.81 (m, 1H, CH=CHy), 5.07~552 (m,
2H, CH=CHy), 4.33~4.51 (m, 4H), 3.63, 3.60 (s, 3H OCHs), 3.50~3.44 (m, 2H),
1.95~2.12 (m, 1H), 1.93~1.94 (m, 1H),/0.83 (s, 9H), 0.11 (s, 6H)

“C-NMR

17350, 173.32, 155.12, 154.49, 133.178, 132.985, 11752, 117.19, 70.724, 70.01, 66.24,
66.12, 58.24, 58.03, 55.43, 54.97, 52.45, 52.40, 40.18, 39.18, 25.96, 18.22, 18.19

(2S,4R)-2-[4-(t-Butyldimethylsilyloxy)pyrrolidine-yl)-4,5-dihydroxyimida—
zole—-1-carboxylic acid allyl ester (134)

(25 4R)-4-(t-Dimethylsilyloxy)pyrrolidine-1,2-dicarboxylic acid-1-allyl ester-2-
methyl ester(133) (1.00 g, 350 mmol)& toluene (10 ml)ol] 4dojA "Hojrdl £ 22
A 7E FoF Ao wHAIZY,  E3} methanol(5:2)S (20 mD¥ L 308 A= 3
FAZG AgE FTol2 AL F Ad F methanols 7Y FTHFE AAT F
methylene chloride® extractiondti ©]|& 7 S/HSY =4 33E(134)0] 4
o] 2 .

F& 1 93.2%

'H-NMR (CDCl;) 6 = 581~5.87 (m, 1H,CH=CHy), 5.14~5.26 (m, 2H, CH=CHy),
430~458 (m, 4H), 353~355 (m, 1H), 3.26~3.40 (m, 2H), 3.23~3.25 (m, 4H),
2.11~220 (m, 1H), 2.00~2.02 (m, 1H), 0.8 (s, 9H), 0.1 (s, 6H)

BC-NMR

172519, 156.307, 132.998, 117.884, 70.81, 66.539, 59.915, 59.090, 42.114, 41.303,
38.501, 26.037, 18.269
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4—-(t-Butyldimethylsilyloxy)-2-(1-methyl-4,5-1H-imidazole-2—-yl)pyrroli—
dine-1-carboxylic acid allyl ester (135a)
(2S,4R)-2-14-(t-Butyldimethylsilyloxy)pyrrolidine-yl)-4,5-dihydroxy -
imidazole-1-carboxylic acid allyl ester(134) (055 g, 1.45 mmol)el DMF (40 ml)
E Y31 potasium carbonate (0.30 g, 2.18 mmol)¥} iodomethane( 0.25 ml1.74
mmol) & H7tsto}. 24178 40 °Coll A S-S methylene chloride® extraction
3t AFEE HoE T 4Y v53t 33E0A3Ba)E AU
F& 1 80.1%
'"H-NMR (CDCly) 6 5.79~581 (m, 1H, CH=CH>), 5.14~5.20 (m, 2H, CH=CH>),
429~440 (m, 4H), 350~352 (m, 1H), 3.22~3.25 (m, 2H), 3.27~3.30 (m, 4H),
247 (s, 3H), 2.10~2.19 (m, 1H), 2.04~2.09 (m, 1H), 1.99 (s, 9H), 0.08 (s, 6H)

(2S,4R)-4-(t-Butyldimethylsilyloxy)-2-(1-isopropyl-4,5-dihydroxy-1H-
imidazole—-2-yl)pyrrolidine—1-carboxylic acid allyl ester (135b)
(2S,4R)-2-14-(t-Butyldimethylsilyloxy)pyrrolidine-yl)-4,5-dihydroxy -
imidazole—-1-carboxylic acid allyl ester(134) (055 g, 1.45 mmol)ol DMF (40 ml)
£ Y1 potassium carbonate (0.30 g, 2.18 mmol)¥} 2-iodopropane (0.17 ml, 1.74
mmol) S H7Fekth 2A1 7% 40E oA W RS methylene chloride® extraction
St A EE HoFE T Y w539 FFEA3BD)E AT
'"H-NMR (CDCl;) & = 5.81~5.87 (m, 1H,CH=CH>), 5.14~5.26 (m, 2H, CH=CH>),
430~458 (m, 4H), 353~3.55(m, 1H), 3.26~3.40 (m, 2H), 3.23~3.25 (m, 4H),
297~299 (m, 3H), 211~220 (m, 1H), 2.00~2.02 (m, 1H), 1.05~1.02 (m, 6H),

0.8 (s, 9H), 0.1 (s, 6H)

(2S,4R)-4-(t-Butyldimethylsilyloxy)-2-(1-phenyl-4,5-dihydroxy-1H-
imidazole-2-yl)pyrrolidine—-1-carboxylic acid allyl ester (135c)
(2S,4R)-2-[4-(¢t-Butyldimethylsilyloxy)pyrrolidine-yl)-4,5-dihydroxy -
imidazole-1-carboxylic acid allyl ester(134) (0.55 g, 1.45 mmol)el DMF (40 ml)
£ 4 1 potassium carbonate (0.30 g, 2.18 mmol)3} benzyl bromide (0.21 ml, 1.74
mmol)S H7Fgeh 2A st 40=d4 W HHst F methylene chloride® extraction
33 AFER e §F Y 539 FFEA35)E EATH
'"H-NMR (CDCl;) 6 = 7,04~7.06 (m, 2H), 656~658 (m, 1H), 6.40~6.43 (m,
2H), 581~587 (m, 1H, CH=CHy), 514~526 (m, 2H, CH=CHy), 4.30~458 (m,
4H), 353~35 (m, 1H), 3.26~340 (m, 2H), 3.23~325 (m, 4H), 2.11~2.20 (m,
1H), 2.00~2.02 (m, 1H), 0.8 (s, 9H), 0.1 (s, 6H)
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4-(t-Butyldimethylsilanyl)-2-[1-(2-hydroxyethyl)-4,5-dihydroxy-1H-
imidazole—2-yllpyrrolidine—carboxylic acid allyl ester (135d)
(2S,4R)-2-[4-(t-Butyldimethylsilyloxy)pyrrolidine-y1)-4,5-dihydroxy-
imidazole-1-carboxylic acid allyl ester(134) (0.10 g, 0.26 mmol)°l| acetonitrile (30
mDE Y& % potassium carbonate (0.073 g, 053 mmol)®} 2-bromoethyl
alcohol(0.03 ml, 0.39 mmol)E F7}gt}h. 30~40 °CollA 26A17t FoF mukst o
ethyl acetate® extraction¥ ¥ AFEZ AolFi A% 53 3FFE135D)ES
dAt
& 1 69.1%
'H-NMR (CDCls) 8§ = 581~587 (m, 1H, CH=CHgy), 514~526 (m, 2H,
CH=CH), 4.30~458 (m, 4H), 3.65~3.67 (m, 2H), 353~35 (m, 1H), 3.26~3.40
(m, 2H), 3.23~3.25 (m, 4H), 272~274 (m, 2H), 211~220 (m, 1H), 2.00~2.02
(m, 1H), 0.8 (s, 9H), 0.1 (s, 6H)

(2S,4R)-4—-(t-Butyldimethylsilyloxy)-2-[1-(2-sulfonylethyl)-4,5-dihydroxy -
1H-imidazole—-2-yllpyrrolidine—1-carboxylic acid allyl ester (135e)
(2S,4R)-2~-[4-(+-Butyldimethylsilyloxy)pyrrolidine-yl)-4,5-dihydroxyimida-
zole—-1-carboxylic acid allyl ester (134) (0.55 g, 1.45 mmol)]l DMF (40 mDE 2
I potassium carbonate (0.30 g, 2.18 mmol)¥} 2-bromoethanesulfonyl acid amide
(033 g, 174 mmol)S H7}stck,  2A7FESH 40 °CellA w¥Hg & methylen
chlorideZ extractiondt3 AFEE HojE & 7+ 5F3o FEA35e)E LA
=3
'H-NMR (CDCl) &= 5.81~5.87 (m, 1H, CH=CHz), 5.14~5.26 (m, 2H, CH=CHy),
430~458 (m, 4H), 3.53~355 (m, 3H), 3.26~3.40 (m, 2H), 3.23~3.25 (m, 4H),
310~3.13 (m, 2H), 2.11~220 (m, 1H), 2.00~2.02 (m, 1H), 0.89 (s, 9H), 0.10
(s, 6H)

2-[1-Allyloxycarbonyl-4—(t-butyldimethylsilanyloxy)pyrrolidine-2-yl]-4,5-
dihydroxy—-imidazole—1-carboxylic acid allyl ester (135f)

(2S AR)-2-[4-(tert-Butyldimethylsilyloxy)pyrrolidine-yl)~4,5-dihydroxyimida-
zole—1-carboxylic acid allyl ester(134) (0.10 g, 0.27 mmol)°l methylene chloride®
Y 31 triethylamine® allyl chloroformate® A 7}%th. methylene chloride® © 7}
gk T extractiondti et w3 FFE (1360 LUk
F& 1 980%

'"H-NMR (CDCly) 8 = 581~587 (m, 2H, CH=CHy), 514~5.26 (m, 4H,
CH=CH2), 4.30~4.58 (m, 6H), 3.53~3.55 (m, 1H), 3.26~3.40 (m, 2H), 3.23~3.25
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(m, 4H), 2.01~2.20 (m, 1H), 200~2.02 (m, 1H), 0.8 (s, 9H), 0.1 (s, 6H)

4-(tert-Butyldimethylsilanyloxy)-2-[1-(pyrrolidine-1-ylethyl)—4,5-dihydro-
xy ~1H-~imidazole-2-yllpyrrolidine-1-carboxylic acid allyl ester (135g)
4-(t-Butyldimethylsilanyl)-2-[1-(2-hydroxyethyl)-4,5-dihydroxy-1H-
imidazole—2—yl]pyrrolidjne—carboxylic acid allyl ester(135d) (1.00 g, 2.40 mmol)l
methylene chloride (30 ml)& 22 3 diisopropylethylamine (1.05 ml, 6.00 mmol),
trifluoromethanesulfonic anhydride (0.49 ml, 2.88 mmol)E €& =9 3stolA H7}

‘5‘}‘7 3/\]?} HU‘] 21t} methylene chloride® extractiondti 74 553t 33
T8 1 67.2%

'H-NMR (CDCls) & = 550~5.70 (m, 1H, CH=CH>), 5.16~5.23 (m, 2H, CH=CH>),
430~4.42 (m, 4H), 3.46~349 (m, 1H), 3.20~3.24 (m, 2H), 3.26~3.30 (m, 4H),
3.17 (s, 3H, OMs), 2.11~2.23 (m, 5H), 2.00~2.03 (m, 1H), 1.60~1.62 (m, 4H)

(25,4R)-4-Hydroxy—2-(1-methyl-4,5-dihydroxy-1H-imidazole-2-yl)pyrro—

lidine-1-carboxylic acid allyl ester (136a)
(2S,4R)-4~(t-Butyldimethylsilyloxy)-2-(1-methyl-4,5~-dihydroxy-1H-

imidazole-2-yl)pyrrolidine-1-carboxylic acid allyl ester (135a) (1.00 g, 270

mmol)el methanol (50 mD)E Y3 6N-HCl (1.3mDE 713 3 241 7bE<k wuksh

. 0.IN NaHPO; (3.3 mDE ¥ol531 6N Sodium hydroxyxide ¥ 33 F

methanol=S A A 83l chloroform & 2 extractiondte] 3}3HE(136a)E L th

& 1 75.2%

"H-NMR (CDClz) 8 5.79~581 (m, 1H, CH=CH>), 5.14~520 (m, 2H, CH=CHy),

429~440 (m, 4H,) 350~352 (m, 1H), 322~3.25 (m, 2H), 3.27~3.30 (m, 4H),

2.47 (s, 3H), 2.10~2.19 (m, 1H), 2.04~2.09 (m, 1H)

(25,4R)-4-Hydroxy-2—-(1-isopropyl-4,5-dihydroxy-1H-imidazole—-2-yl1) -
pyrrolidine—1-carboxylic acid allyl ester (136b)
(2S,4R)-4~(t-Butyldimethylsilyloxy)-2-(1~isopropyl-4,5-dihydroxy-1H-
imidazole-2-yl)pyrrolidine-1-carboxylic acid allyl ester (135b) (1.07 g, 270
mmol)ol methanol (50 mDE ¥ 6N HCl (1.3 mD)& 73 5 2A)17+5<9F wwkst
. 0.IN NapHPO,; (3.3 mDE % olF3 6N sodium hydroxyxide 2ol ZF3}3k
methanol 8 #7831 chloroform® 2 extractiondto] 332 (136b)E AU Th
T& 1 75.1%
'H-NMR (CDCl) & 5.79~5.81 (m, 1H, CH=CH,), 514~5.20 (m, 2H, CH=CH>),

ot
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4.29~440 (m, 4H), 350~352 (m, 1H), 3.22~325 (m, 2H), 3.27~3.30 (m, 4H),
297~299 (m, 3H), 2.10~2.19 (m, 1H), 2.04~2.09 (m, 1H), 1.05~1.01 (m, 6H)

2-[1-(2-Benzoyloxyethyl)-4,5-dihydroxy—1H-imidazole-2-yl]-4-(t-butyldi-
methylsilanyl)pyrrolidine—1-carboxylic acid allyl ester (136d)
4-(t-Butyldimethylsilanyl)-2[1-(2-hydroxyethyl)-4,5-dihydroxy-1H-
imidazole-2-yllpyrrolidinecarboxylic acid allyl ester(135d) (0.20 g, 0.48 mmol)®l
methylene chloride (20 mD)E Y2 % benzoyl chloride (0.08 ml, 0.72 mmol)& *
Mia=y
1A17+E Wwrst & methylene chloride® extractiondtx 7Y ®&E3lo] 33E
(136d)E LAt
T& : 89.0%
'H-NMR (CDCl;) & = 800~8.03 (m, 2H), 7.63~7.65 (m, 1H), 7.45~7.47 (m,
2H), 581~587 (m, 1H,CH=CHj), 514~526 (m, 2H, CH=CH), 4.30~4.58 (m,
4H), 3.65~3.67 (m, 2H), 353~355 (m, 1H), 3.26~3.40 (m, 2H), 3.23~3.25 (m,
4H), 2.72~2.74 (m, 2H), 2.11~2.20 (m, 1H), 2.00~2.02 (m, 1H), 0.8 (s, 9H), 0.1
(s, 6H)

(2S,4R)-4-Mesyloxy—2-(1-methyl-4,5-dihydroxy -1H-imidazole-2-yl)pyrro-
lidine-1-carboxylic acid allyl ester (137a)
(2S,4R)-4-Hydroxy—2-(1-methyl-4,5-dihydroxy-1H-imidazole-2-yl)pyrroli-
dine-1-carboxylic acid allyl ester(136a) (0.11 g, 0.43 mmoD)E YLF ¥ slolA 4
€ ¥ triethylamine (0.07 ml, 0.51 mmol) methanesolfonic chloride (0.04 ml, 0.52
mmol)E HH3] wojrmdr}h o]Z HCle2 AFA3lE & methylene chloride®
extractiondte] 3g=(137a)S LU
& 1 90.2%
'"H-NMR (CDClz) 8 550~5.70 (m, 1H, CH=CHy), 5.16~5.23 (m, 2H, CH=CHy),
4.30~4.42 (m, 4H), 3.46~349 (m, 1H), 3.20~324 (m, 2H), 3.26~3.30 (m, 4H),
3.17 (s, 3H, OMs), 2.98 (s, 3H, NMs), 249 (s, 3H), 2.11~2.23 (m, 1H), 2.00~2.03
(m, 1H)

(25,4R)-4-Mesyloxy-2- (1-isopropyl-4,5-dihydroxy-1H-imidazole-2-yl)—
pyrrolidine-1-carboxylic acid allyl ester (137b)
(2S,4R)-4-Hydroxy-2-(1-isopropyl-4,5-dihydroxy-1H-imidazole-2-y1) -
pyrrolidine—1-carboxylic acid allyl ester(136b) (0.12 g, 0.43 mmol)E 483}
oA 492 ¥ triethylamine (0.07 ml, 0.51 mmol) methanesolfonic chloride (0.04
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ml, 052 mmol)&E H3] Holxgith o]E HCIe®E AA3s F  methylene
chloride® extractiondts] 33HE(137b)S LAtk

T& 1 87.1%
'H-NMR (CDCls) & 550~5.70 (m, 1H, CH=CHy), 5.16~5.23 (m, 2H, CH=CH>),
430~4.42 (m, 4H), 346~349 (m, 1H), 3.20~3.24 (m, 2H), 3.26~3.30 (m, 4H),
3.17 (s, 3H, OMs), 2.30~2.99 (m, 3H), 298 (s, 3H, NMs), 2.11~2.23 (m, 1H),
2.00~2.03 (m, 7TH)

<.

(25,4S)-4-Acetythio-2-(1-methyl-4,5-dihydroxy -1H-imidazole-2-yl)pyrro-
lidine—1-carboxylic acid allyl ester (138a)
(25,4R)-4-Methyloxy-2-(1-methyl-4,5-dihydroxy-1H-imidazole-2-y1)-
pyrrolidine-1-carboxylic acid allyl ester(137a) (0.10 g, 0.30 mmol)°l toluene‘DMF
(1:1) (530 ml)E ¥ 3 potassium thioacetate (0.04 g, 0.38 mmol)e A7k & 65°C
o A} 5A17tE<t 7FE %) Ethyl acetate® 4¥ A% extractiondr ¥ 3+3%(138a)
AU
T&  89.1%
'H-NMR (CDCl;) 6 580~584 (m, 1H, CH=CH,), 520~524 (m, 2H, CH=CHy),
440~445 (m, 4H), 340~345 (m, 1H), 3.22~324 (m, 2H), 3.25~3.35 (m, 4H),
294 (s, 3H, NMs), 247 (s, 3H), 2.32 (s, 3H), 2.10~2.15 (m, 1H), 2.01~2.05 (m,
1H)

(25,4S)-4-Acetythio—2-(1-isopropyl-4,5-dihydroxy-1H-imidazole-2-yl) -
pyrrolidine-1-carboxylic acid allyl ester (138b)
(25,4R)-4~-Methyloxy-2-(1-isopropyl-4,5-dihydroxy-1H-imidazole-2-yl1)-
pyrrolidine-1-carboxylic acid allyl ester(137b) (0.11 g, 0.30 mmol)®l toluene:DMF
(1:1) (50 ml)E < 3L potassium thioacetate (0.04 g, 0.38 mmoD)E H7I3F ¥ 65 °C
oA SAIZEFEo 7FE st} Ethyl acetate® 4¥ A X extractiondt ¥ 3+E(138b)
SAA
T 1 89.0%
'"H-NMR (CDCly) & 580~5.84 (m, 1H, CH=CHy), 520~524 (m, 2H, CH=CHy),
440~445 (m, 4H), 3.40~3.45 (m, 1H), 3.22~3.24 (m, 2H), 3.25~3.35 (m, 4H),
2.99~297 (m, 3H), 294 (s, 3H, NMs), 2.32 (s, 3H), 2.10~2.15 (m, 1H), 2.01~
2.05 (m, 7H)
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(2S,4S)-4-Mercapto—2- (1-methyl-4,5-dihydroxy-1H-imidazole-2-y1)pyrro—

lidine—1-carboxylic acid allyl ester (139a)
(2S,4S)-4-Acetylthio-2-(1-methyl-4,5-dihydroxy-1H-imidazole-2~-yl) -

pyrrolidine-1-carboxylic acid allyl ester(138a) (270 mg, 0.83 mmol)ol methanol

(25 mDE ¥ 4N sodium hydroxyxide( 0.17 mDE H7}5Fe] 2A17HE 9 A 20 A

W HEEE ¥ methanol A4 % 4N HCI (0.17 ml) ¥ % ethyl acetate® extraction

ste] 31E(1392) 8 AUt

& 1 87.2%

'H-NMR (CDCls) & 5.84~590 (m, 1H, CH=CH>), 5.23~5.30 (m, 2H, CH=CHy),

438~450 (m, 4H), 340~342 (m, 1H), 3.22~324 (m, 2H), 3.26~3.33 (m, 4H),

2.91 (s, 3H, NMs), 248 (s, 3H), 2.11~2.14 (m, 1H), 1.95~2.00 (m, 1H)

(25,4S)-4-Mercapto—-2-(1-benzyl—-4,5-dihydroxy—-1H-imidazole—2-yl)pyrro—

lidine—1-carboxylic acid allyl ester (139c)
(25,4S)~-4-Acetylthio-2-(1-benzyl-4,5-dihydroxy - 1H-imidazole-2-yl)pyrroli-

dine-1-carboxylic acid allyl ester(138c) (281 mg, 0.83 mmol)®| methanol (25 ml)

£ 93 4N sodium hydroxyxide (0.17 mD)E H718te] 2A7HEQF A0 A muksh

3 methanol AA F 4N HCI (0.17 mD)¥Y €& % ethyla cetate® extractionsts] 3}

HEA390)E L.

& | 76.9%

'"H-NMR (CDCls) 6 5.84~590 (m, 1H, CH=CH>), 5.23~530 (m, 2H, CH=CHy),

4.38~450 (m, 4H), 3.40~3.42 (m, 1H), 3.22~3.24 (m, 2H), 3.26~3.33 (m, 4H),

2.98~2.97 (m, 3H), 291 (s, 3H, NMs), 2.11~2.14 (m, 1H), 1.95~2.00 (m, 7H)

4-[2-Allyloxycarbonyl-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-aza-bicy—
clol3,2,1]lhept-2-en-3-ylsulfanyl]l-2-(1-methyl-4,5-dihydroxy-1H-imida—
zole—2-yl)-pyrrolidine—1-carboxylic acid allyl ester (140a)

Diazo azetidinone(13) (270 mg, 0.32 mmol)®)| ethylacetatethexane (3:1) (20
ml) rhodium acetate)& catalyst2 H7Msk ¥ 308 7IE 7S O @Y 738
o] bicyclic keto ester3l&E& WS acetonitrile®} N,N-diisopropylethylamine
(0.15 ml, 0.32 mmol)¥} dihenylchlorophosphite (0.18 ml, 0.32 mmoD)& Y i <4
FEstoll A 2A1ZF FoF wwk § § 7)o (2S,4S)-4-mercapto-2-(1-methyl-4,5-
dihydroxy—1H—imidazole—2~yl)pyrrolidjne—1-carboxylic acid allyl ester(139a) (75
mg, 028 mmoDE ¥-& ¥ 37t &< nwt o} Ethyl acetate® extractiondt
ZAEEFeted FEE040a)F 2
& 1 80.1%
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'H-NMR (CDCls) & 591~596 (m, 2H, CH=CHy), 520~547 (m, 4H, CH=CH),
460~4.80 (m, 6H), 430~4.32 (m, 1H), 422~4.28 (m, 3H), 3.95~3.98 (m, 1H),
3.70~3.74 (m, 1H), 350~354 (m, 1H), 3.256~3.35 (m, 4H), 295 (s, 3H, NMs),
2.83~2.92 (m, 1H), 250 (s, 3H), 2.23~2.26 (m, 2H), 0.85~0.87 (d, 3H), 1.32~1.34
(d. 3H)

4-[2-Allyloxycarbonyl-6-(1-hydroxyethyl)-4—-isopropyl-7-oxo—1-aza-bicy—
clo[3,2,1]hept-2-en—-3-ylsulfanyl]l-2- (1-methyl-4,5-dihydroxy-1H-imida-
zole—-2~-yDpyrrolidine—1-carboxylic acid allyl ester (140b)
Diazo azetidinone(13) (270 mg, 0.32 mmol)ell ethyl acetatethexane (3:1) (20

ml) rhodium acetateE catalyst®Z Z7}3 3 30% 71<€ 3753 42 74 £53519

bicyclic keto ester 3IEES WEIL acetonitrile® N N-diisopropylethylamine
(0.15 ml, 0.32 mmol)¥} diphenyl chlorophosphlte (018 ml, 0.32 mmoD)E Y1 <&
= FE3tA 2417 B muk & F of7)el] (2S,4S)-4-mercapto-2-(1-isopropyl-
4,5—d1hydroxy—1H—lrmdazoleAZ—yl)pyrrohdme—1*carboxylic acid allyl ester(139b)
(83 mg, 0.28 mmo)E& ¥ % 3A17F F¢F Wtk 3t} Ethyl acetate® extractiondt
T FEFFE S E140b)E IA

T8 70.3%
'"H-NMR (CDCl;) & 591~5.96 (m, 2H, CH=CHy), 5.20~547 (m, 4H, CH=CH>),
460~480 (m, 6H), 430~4.32 (m, 1H), 4.22~428 (m, 3H), 3.95~398 (m, 1H),
3.70~3.74 (m, 1H), 350~354 (m, 1H), 3.25~335 (m, 4H), 2.95 (s, 3H, NMs),
294~29 (m, 3H), 2.83~2.92 (m, 1H), 223~226 (m, 2H), 1.05~1.07 (m, H),
0.85~0.87 (d, 3H), 1.32~1.34 (d. 3H)

6-(1-Hydroxyethyl)-4-methyl-3-[5-(1-methyl-4,5-dihydroxy-1H-imida—
zole-2-yl)pyrrolidine-3-ylsulfanyl]l-7-oxo-1-bicyclo[3,2,0lhept-2-en-2-
carboxylic acid [141(a)]

4~[2-Allyloxycarbonyl-6-(1-hydroxyethyl)-4-methyl-7-oxo~1-aza-bicyclo-
[3,2,11hept-2-en-3-ylsulfanyl]-2-(1 -methyl-4,5-dihydroxy-1H-imidazole-2-y1)-
pyrrolidine~1-carboxylic acid allyl ester(140a) (11 mg, 0.02 mmol)°] methylene
chloride (15 mD$ tetrakis(triphenylphosphine)palladium(0)& catalyst® n-tri-
butyltinhydride (12 mg, 0.04 mmoD& H& FHateIA QojF 243 Ft wt
T SHFTE YL extractiondtd EFS oA FAAZXIY AF FFE
6-(1-hydroxyethyl)-4-methyl-3-[5-(1-methyl-4,5-dihydroxy-1H-imidazole-2-
yDpyrrolidine-3-ylsulfanyl]-7-oxo-1-bicyclo[3,2,0]Jhept-2—en—-2-carboxylic acid
[141(a)]S 45 -+ AU
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T8 1 41.5%

'H-NMR (CDCls) & 4.69~4.80 (m, 1H), 430~434 (m, 1H), 3.90~3.92 (m, 1H),
3.60~3.67 (m, 1H), 329~337 (m, 4H), 3.14~3.18 (m, 1H), 298 (s, 3H, NMs),
2.80~2.83 (m, 1H), 251 (s, 3H), 1.99~2.01 (m, 2H), 1.09~1.12 (d, 3H), 1.14~1.18
(d, 3H)

6—-(1-Hydroxyethyl)-4-isopropyl-3-[5-(1-methyl-4,5-dihydroxy-1H-imida-
zole-2-yl)pyrrolidine-3-ylsulfanyll-7-oxo-1-bicyclol3,2,0Jhept-2-en—-2-
carboxylic acid [141(b)]
4-[2-Allyloxycarbonyl-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-aza-bicy—
clol3,2,1lhept-2-en—-3-ylsulfanyl]-2-(1-methyl-4,5-dihydroxy-1H-imidazole-2-
yl)pyrrolidine-1-carboxylic acid allyl ester(140b) (13 mg, 0.02 mmol)°l
methylene chloride (15 mD$} tetrakis(triphenylphosphine)palladium(0)E catalyst=
n-tributyltinhydride (12 mg, 0.04 mmo)E ¥2 F®3 A YolFzm 247 Ft
Wk FF F{FTE I extractiondste] EFS Wolx FAARSY HAF FFE
6-(1-hydroxyethyl)-4-isopropyl-3-[5-(1-methyl-4,5-dihydroxy—-1H-imidazole-2-
yDpyrrolidine-3-ylsulfanyl]l-7-oxo-1-bicyclol3,2,0lhept-2-en-2-carboxylic acid
[141(D)]S €& + UATh
T& ! 38.0%
'H-NMR (CDCls) 8 4.69~480 (m, 1H), 4.30~434 (m, 1H), 3.90~3.92 (m, 1H),
3.60~3.67 (m, 1H), 3.29~3.37 (m, 4H), 3.14~3.18 (m, 1H), 2.99~3.01 (m, 3H),
2.98 (s, 3H, NMs), 2.80~2.83 (m, 1H), 251 (s, 3H), 1.99~2.01 (m, 8H), 1.09~
1.12 (d, 3H), 1.14~1.18 (d, 3H)

6-(1-Hydroxyethyl)-4-methyl-3-[5-(1 -phenyl-4,5-dihydroxy-1H-imida-
zole—2-yl)pyrrolidine-3-ylsulfanyl]l-7-oxo-1-bicyclol3,2,0lhept-2-en-2-
carboxylic acid [141(c)]

4-[2-Allyloxycarbonyl-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-aza-bicy -
clo[3,2,1]hept-2-en-3-ylsulfanyl]l-2-(1-phenyl-4,5-dihydroxy—-1H-imidazole-2-
yDpyrrolidine-1-carboxylic acid allyl ester(140c) (24 mg, 0.02 mmol)°] methylene
chloride (15 ml<$} tetrakis(triphenylphosphine)palladium(0)E catalyst® n-tri-
butyltinhydride (12 mg, 0.04 mmoD)E €& F8sloA HolF1 2A17F b gt
¢F FHRTE Y1 extractiondtd EFS wolA FAAZRIY HET IFE
6-(1-hydroxyethyl)-4-phenyl-3-[5-(1-phenyl-4,5-dihydroxy-1H-imidazole-2-yl)-
pyrrolidine-3-ylsulfanyl]-7-oxo-1-bicyclo[3,2,0lhept-2-en—-2-carboxylic acid
[141(0)]& £ & A
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& 1 402%

'H-NMR (CDCls) & 7,04~7.06 (m, 2H), 656~6.58 (m, 1H), 640~6.43 (m, 2H),
469~480 (m, 1H), 430~4.34 (m, 1H), 3.90~392 (m, 1H), 360~3.67 (m, 1H),
329~337 (m, 4H), 3.14~318 (m, 1H), 298 (s, 3H, NMs), 2.80~2.83 (m, 1H),
251 (s, 3H), 1.99~2.01 (m, 2H), 1.09~1.12 (d, 3H), 1.14~1.18 (d, 3H)

6-(1-Hydroxyethyl)-3-{5-[1-(2-hydroxyethyl)-4,5-dihydroxy-1H-imida—
zole-2-yllpyrrolidine-3-ylsulfanyl} ~4-methyl-1-azabicyclo[3,2,0lhept-2-
en-2-carboxylic acid [141(d)]

4-[2- Allyloxycarbonyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo-1 ~azabicyclo-

[3,2,0]hept-2-en-3-ylsulfanyl]-2-[1-(2-hydroxyethyl)-4,5-dihydroxy- 1H-imidazole
~92-yllpyrrolidine-1-carboxylic acid allyl ester(140d) (12 mg, 0.02 mmol)°ll
methylene chloride (15 mD$} tetrakis(triphenylphosphine)palladium(0)E catalyst=
n-tributyltinhydride (12 mg, 0.04 mmoDE ¥& FBatelA HolFi 24%F Eof
WY IF ZFFE YT extractiondto] BFS @olrd FHAAZES HAF Y=
6-(1-hydroxyethyl)-3-5-[1-(2-hydroxyethyl) -4 5-dihydroxy-1H-imidazole-2-yl1]-
pyrrolidine-3-ylsulfanyl}-4-methyl-1-azabicyclo[3,2,0]hept -2-en-2-carboxylic acid
[141(d)]& €& F A
& . 388%
IH-NMR (CDCly) & = 469~480 (m, 1H), 430~4.34 (m, 1H), 3.90~3.92 (m,
1H), 3.60~367 (m, 3H), 3.29~3.37 (m, 4H), 3.14~3.138 (m, 1H), 298 (s, 3H,
NMs) 2.80~2.83 (m, 3H), 251 (s, 3H), 1.99~201 (m, 2H), 1.09~1.12 (d, 3H),
1.14~1.18 (d, 3H)

6-(1-Hydroxyethyl)-4-methyl-7-oxo-3-{5-[1-(2-sulfonylethyl)-4,5-dihy -
droxy—lH—imidazole—2*yl]pyrrolidine—B—ylsulfanyl}~ 1-azabicyclol3,2,0]-
hept-2-en-2-carboxylic acid [141(e)]

4-[2-Allyloxycarbonyl-6-(1-hydroxy) -4-methyl-7-oxo~-1-azabicyclo [3,2,0]-
hept-2-en-3-ylsulfanyl]-2-[1-(2-sulfonylethyl) -4 5-dihydroxy-1H-imidazole-2-
yllpyrrolidine-1-carboxylic acid allyl ester(140e) (13 mg, 0.02 mmol)°ll methylene
chloride (15 ml¢} tetrakis(triphenylphosphine)palladium(0)E catalyst® n-tri-
butyltinhydride (12 mg, 0.04 mmoDE #& FE3telA BolFa 242 Eob wwt
$% Z B2 YT extractiondte] BES wold 52 Azxde HF sdE<)
6—(l—hydroxyethyl)—44methy1—7—oxo—3*5—[1-(2~sulfonylethyl)—4,5—dihydroxyle*
imidazole-2-yllpyrrolidine-3-ylsulfanyl}-1 ~aza-bicyclo[3,2,0lThept-2-en-2-carb-
oxylic acid [141(e)]E& A h
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TE& 1 34.3%

'H-NMR (CDCly) & = 4.69~4.80 (m, 1H), 4.30~4.34 (m, 1H), 3.90~3.92 (m,
1H), 360~3.67 (m, 3H), 3.29~3.37 (m, 4H), 3.14~3.18 (m, 3H), 298 (s, 3H,
NMs) 2.80~2.83 (m, 1H), 251 (s, 3H), 1.99~2.01 (m, 2H), 1.09~1.12 (d, 3H),
1.14~1.18 (d, 3H)

3-[5-(4,5-Dihydroxy-1H-imidazole—2-yl)pyrrolidine-3~ylsulfanyl]-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3,2,0]Jhept-2-en-2-carboxylic
acid [141(f)]
2-1-Allyloxycarbonyl-4-[2-allyloxycarbonyloxycarbonyl-6-(1-hydroxyethyl)-
4-methyl-7-oxo-1-aza-1-bicyclo[3,2,0lhept-2-en-3~-ylsulfanyllpyrrolidine-2-yl-
4 5~dihydroxyimidazole-1-carboxylic acid allyl ester(140f) (13 mg, 0.02 mmol)°l
methylene chloride (15 ml)$} tetrakis(triphenylphosphine)palladium(0)& catalyst=
n-tributyltinhydride (12 mg, 0.04 mmo)E L& FTH3toA HolFx 247+ T
Tk 35 FFFE Y2 extractiondtd EFE WolA FAAZRGA HF IFE
3-[5-(4,5-dihydroxy-1H-imidazole-2-yl)pyrrolidine-3-ylsulfanyl]-6-(1-hydroxy -
ethyl)-4-methyl-7-oxo-1-azabicyclol3,2,0lhept-2-en-2-carboxylic acid [141(f)]<
aE F dJrh
T&  320%
'H-NMR (CDCly) 6 = 4.30~458 (m, 2H), 353~355 (m, 1H), 3.26~3.40 (m,
2H), 3.23~3.25 (m, 4H), 2.11~2.20 (m, 1H), 2.00~2.02 (m, 1H), 0.8 (s, 9H), 0.1
(s, 6H)

6-(1-Hydroxyethyl)-4-methyl-7-oxo0-3-{5-[1-(2-pyrrolidine-1-ylethyl) -
4 5-dihydroxy-1H-imidazole-2-yllpyrrolidine-3-ylsulfanyl}-1-azabicyclo-
[3,2,0lhept-2—-en—2—-carboxylic acid [141(g)]
4-[2-Allyloxycarbonyl-6-(1-hydroxyethyl) -4-methyl-7-oxo-1-aza-bicyclo—
[3,2,0lhept-2-en-3-ylsulfanyll-2-[1-(2-pyrrolidine-1-yl-ethyl)-4,5-dihydroxy-1H-
imidazole-2-yllpyrrolidine-1-carboxylic acid allyl ester(140g) (13 mg, 0.02 mmol)
o]  methylene chloride (15 mD9} tetrakis(triphenylphosphine)palladium(0)€
catalyst® n-tributyltinhydride (12 mg, 0.04 mmol)E €& FH3 oA HolF3 2
A7 Fob ANk 3% Z={FFE YW extractiondty] EFE WolA] FAAZSY F
% 3}3tE  6-(1-hydroxyethyl)-3-[5-(1-methanesulfonyl-4,5-dihydroxy~1H-imid-
azole-2-yl)pyrrolidine-3-4-methyl-7-oxo-1-azabicyclo[3,2,0lhept-2-en-carboxylic
acid [141()]& €& F U
& 322%
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'"H-NMR (CDCl;) & = 4.30~4.42 (m, 2H), 346~349 (m, 1H), 3.20~3.24 (m,
2H), 3.26~3.30 (m, 4H), 3.17 (s, 3H, OMs), 2.11~2.23 (m, 5H), 2.00~2.03 (m,
1H), 160~1.62 (m, 4H)

6—-(1-Hydroxyethyl)-3-[5-(1 -methanesulfonyl-4,5-dihydroxy—-1H-imida~-
zole—2-yl)pyrrolidine-3-4-methyl-7-oxo—1-azabicyclol3,2,0]hept-2-en—
carboxylic acid [141(h)]
4-[2-Allyloxycarbonyl-6-(1-~hydroxyethyl)-4-methyl-7-oxo~-1-aza-bicyclo-

[3,2,0lhept-2-en-3-ylsulfanyl]-2-(1-methanesulfonyl-4,5-dihydroxy-1H-imid-
azole-2-yl)pyrrolidine-1-carboxylic acid allyl ester (13 mg, 0.02 mmol)°
methylene chloride (15 ml)$} tetrakis(triphenylphosphine)palladium(0)E catalyst=
n-tributyltinhydride (12 mg, 0.04 mmo)& €& FTHIIIA BojFz 247+ ot

wet 3% FHFE P extractionste] EFE ol FAARIY HF SFE
6-(1-hydroxyethyl)-3-[5-(1-methanesulfonyl-4,5-dihydroxy-1H-imidazole-2-yl)-
pyrrolidine—3-4-methyl-7-oxo-1-azabicyclo[3,2,0]Jhept-2-en-carboxylic acid
[141(W]& €& & AR

£ 1 320%
'"H-NMR (CDCl) & = 4.69~4.80 (m, 1H), 4.30~4.34 (m, 1H), 3.90~3.92 (m,
1H), 3.60~3.67 (m, 1H), 3.29~3.37 (m, 4H), 3.14~318 (m, 1H), 298 (s, 3H,
NMs), 2.80~2.83 (m, 1H), 1.99~2.01 (m, 2H), 1.09~1.12 (d, 3H), 1.14~1.18 (d,
3H)

2-[4-(tert-Butyldimethylsilanyloxy)-1-(4-nitrobenzyloxycarbonyl)pyrroli-
din—2-yllthiazolidine-4—carboxylic acid ethyl ester (142)
4-(tert-Butyldimethylsilanyloxy)-2-formylpyrrolidine-1-carboxylic acid 4-
nitrobenzyl ester(34) (7.38 g, 0.018 mmol)°l 95% Ethanol (40 mD< ¥ 3 Sodium
bicarbonate (1.51 g, 0.018 mmol)¥} L-cysteine ethyl ester hydrochloride (3.34 g,
0.018 moD& H7Igth 24417 & wRkg 3 FFAIA ethanols AAT
ethyl acetate® FE&3t1 A2FEZ HojF T 4 5539 313E(142)8 AAUh
T&  77.3%
'H-NMR (CDCl): & = 0.05 (s, 6H), 098 (s, 9H), 1.20 (t, 3H), 2.01 (bs, 2H),
2.88 (m, 1H), 3.02 (d, 1H), 3.17 (t, 1H), 3.25 (bs, 1H), 4.05 (q, 2H), 4.23 (t, 1H),
4.35 (bs, 1H), 5.06 (g, 2H), 7.46 (d, 2H), 8.16 (d, 2H)
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4-(tert-Butyldimethylsilanyloxy)-2-(4-hydroxymethylthiazolidin—-2-y1)-
pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester (143)
2-[4-(tert-Butyldimethylsilanyloxy)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—
2-yllthiazolidine-4-carboxylic acid ethyl ester(142) (2.20 g, 4.08 mmol)e] THF/
ethanol (4:6 B]& 2 30mDE %3 sodium borohydride (0.62 g, 16.30 mmol)E& 37}
b 3AITE Fk Aol A wuke 2 &S DA FHAL ethyl acetatest AEE
2 AAE F 7715E 2 5559 3HE143)8 At
& 67.3%
'H-NMR (CDCl): & = 0.05 (s, 6H), 0.98 (s, 9H), 2.01 (bs, 2H), 2.88 (m, 1H),
3.02 (d, 1H), 3.17 (t, 1H), 3.25 (bs, 1H), 3.45 (d, 2H) 4.23 (t, 1H), 4.35 (bs, 1H),
5.16 (q, 2H), 746 (d, 2H), 8.16 (d, 2H)

2-(4-Acetoxymethylthiazolidin-2-yl1)-4-(tert—butyldimethylsilanyloxy)-
pyrrolidine—-1-carboxylic acid 4-nitrobenzyl ester (144)
4-(tert-Butyldimethylsilanyloxy)-2-(4-hydroxymethylthiazolidin-2-yl)-
pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester(143) (1.30 g, 2.71 mmol)ell
dichloro methane (30 m)E Y& % triethylamine (0.57 ml, 4.07 mmol)3} acetic
acid (0.38 ml, 4.07 mmoDE FH7Istth 0 °CollA 2417 &< ddk 3 u&
dichloromethane® F&3% ¥ AFEE AT I w5314 sFE144)s ¢
ATt
& 169.1%
'H-NMR (CDCl): 6 = 0.05 (s, 6H), 0.98 (s, 9H), 201 (bs, 2H), 2.09 (s, 3H)
2.88 (m, 1H), 3.02 (d, 1H), 3.17 (t, 1H), 3.25 (bs, 1H), 345 (d, 2H) 4.23 (t, 1H),
4.35 (bs, 1H), 5.06 (q, 2H), 7.40 (d, 2H), 812 (d, 2H)

2—-(4-Acetoxymethylthiazolidin—2-yl) -4-methanesulfonyloxypyrrolidine—-1-
carboxylic acid 4-nitrobenzyl ester (145)

2-(4~Acetoxymethylthiazolidin-2-yl)-4-(tert-butyldimethylsilanyloxy)-
pyrrolidine~1-carboxylic acid 4-nitrobenzyl ester(144) (0.89 g, 1.66 mmol)e] THF
(40ml)E Y Ftetrabutyl ammonium fluoride (2.49 ml, 2.49 mmol)& F7}gc}t. 30
E Eor Ao L3 & ethyl acetate® FZ3t1 2FEE HAo)E T 4 =
=3t 4L 3E (067 g, 157 mmol)ol dichloromethane (30 mDE ¥
triethylamine (0.23 g, 1.73 mmol)¥ methanesulfony! chloride (0.13 g, 1.73 mmol)
& FH7Feg 1A17F F<¢F wHksE ¥ dichloromethane (40 mD2 313 AFE=
AolE ¥ 85 E3te] 33E145)S A

TE 1 69.0%
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'H-NMR (CDCL): & = 201 (bs, 2H), 2.09 (s, 3H), 2.88 (m, 1H), 3.01 (s, 3H)
3.07 (d, 1H), 317 (t, 1H), 3.36 (bs, 1H), 345 (d, 2H) 4.23 (t, 1H), 4.32 (bs, 1H),
506 (g, 2H), 7.41(d, 2H), 8.18 (d, 2H)

2-(4-Hydroxymethylthiazolidin—-2-yl)-4-mercaptopyrrolidine—-1-carboxylic
acid 4-nitrobenzyl ester (146a)
2-(4-Acetoxymethylthiazolidin-2-yl) -4-methanesulfonyloxypyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester(145) (0.58 g, 1.15 mmol)9] DMF/Toluene (1:1
20ml)E Y 1, potassium thioacetate (0.39 g, 3.45 mmol)& YolF T 70 ColA 3
AN 7b ¢ 2wt ¥ diethyl ether® F&38t31 A2FEZ HNoE: I AgE=39
de 3FTgE (046 g, 099 mmol)ol methanol (20 mDE ¥ 2, 4N sodium
hydroxide (0.60 ml)<€ 15% &< WEHAZl & 4N HCl (060 mhe & F3A7 F
AP ES3aL, ethyl acetate® FE38H3 2582 Aol § AGEH3e IFE
(146a)s 23Ut

& 1 789%
'"H-NMR (CDCL): & = 201 (bs, 2H), 2.88 (m, 1H), 3.07 (d, 1H), 3.17 (t, 1H),
3.36 (bs, 1H), 3.45 (d, 2H) 4.23 (t, 1H), 4.32 (bs, 1H), 5.21 (q, 2H), 7.41 (d, 2H),
8.18 (d, 2H)

2-[4-Methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—-2-y1]-
thiazolidine-4—carboxylic acid ethy! ester(147)
2-[4-(tert-Butyldimethylsilanyloxy)-1-(4-nitrobenzyloxycarbonyl)pyrroli-
din-2-yllthiazolidine-4-carboxylic acid ethyl ester(142) (1.00 g, 1.85 mmol)°l
THF (40 m)Z % I tetrabutyl ammonium fluoride (2.78 ml, 2.78 mmol)& #H7}3s+
o}, 308 9 /“ioﬂ/ﬂ WHEek § ethyl acetate® FE31 A5 EZ HojE
74t FE3le] A FI}FE (072 g, 1.69 mmol)el dichloromethane (30mDE ¥
triethylamine (0 14 ml, 1.86 mmol)3 methanesulfonyl chloride (0.14 ml, 1.86
mmol)E 7}t 1A FoF 3w & dichloromethane (40 mD2 F&3l1 A&
+EZ AoFE F AgsHato Qa%(llﬂ)% 2
TE 1 672%
'H-NMR (CDCls): 6 = 120 (t, 3H), 2.01 (bs, 2H), 2.88 (m, 1H), 3.01 (s, 3H),
3.06 (d, 1H), 3.17 (t, 1H), 3.25 (bs, 1H), 4.05 (q, 2H), 4.23 (t, 1H), 4.35 (bs, 1H),
5.06 (q, 2H), 7.46(d, 2H), 8.26 (d, 2H)
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2-[4-Mercapto—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazolidine—4-

carboxylic acid ethyl ester (146b)
2-[4-Methanesulfonyloxy-1-{(4-nitro—benzyloxycarbony!)pyrrolidin-2-yll-

thiazolidine-4-carboxylic acid ethyl ester(147) (063 g, 1.24 mmol)o] 3&E

(146a)¢] A ¥4 U WP S o83t FJFE (146b)2 AUt}

T& I 752%

'H-NMR (CDCL): 6 = 1.20 (t, 3H), 2.01 (bs, 2H), 2.88 (m, 1H), 3.06 (d, 1H),

3.17 (t, 1H), 3.25 (bs, 1H), 4.05 (q, 2H), 4.23 (t, 1H), 4.35 (bs, 1H), 5.06 (q, 2H),

7.46(d, 2H), 826 (d, 2H)

4-(tert-Butyldimethylsilanyloxy)—2-(4—-carbamoyl-hiazolidin-2-yl)pyrroli—
dine-1-carboxylic acid 4-nitrobenzy! ester (148)
2-[4-(tert-Butyldimethylsilanyloxy)-1-(4-nitrobenzyloxycarbonyl)pyrroli-
din-2-yllthiazolidine-4-carboxylic acid ethyl ester(142) (1.50 g, 2.78 mmol)?l
dichloromethane (40 mDE& Y3 0 TCollAl ethyl chloroformate (0.29 ml, 3.06
mmoD)E ¥ wyHsch 108 FH o] ammonium hydroxide (1.3 mD<S H71g ¥ 1
Al 7bE ¢t mHkgtY, dichloromethane® F&3 & s SA1A 33E(148)S 4
=3
F&: 75.1%
'"H-NMR (CDCl): 8 = 005 (s, 6H), 0.98 (s, 9H), 2.09 (bs, 2H), 2.38 (bs, 1H),
3.02 (d, 1H), 3.17 (t, 1H), 3.25 (bs, 1H), , 423 (t, 1H), 4.35 (bs, 1H), 525 (q,
2H), 5.80 (bs, 1H), 5.80 (bs, 1H) 7.56 (d, 2H), 8.16 (d, 2H)

A

2—(4-Carbamoylthiazolidin—2-yl)-4-methanesulfonyloxypyrrolidine—1-carb-

oxylic acid 4-nitrobenzyl ester (149)
4~(tert-Butyldimethylsilanyloxy)-2-(4-carbamoylthiazolidin-2-yl)pyrroli-

dine-1-carboxylic acid 4-nitrobenzyl ester(148) (1.07 g, 2.08 mmol)ol] 3% &

(145)9 AL EH TLF YHE ol &3t sFE (149)& A

F& L T27%

'H-NMR (CDCly): & = 209 (bs, 2H), 238 (bs, 1H), 3.02 (d, 1H), 3.17 (t, 1H),

3.01 (s, 3H), 325 (bs, 1H), 423 (t, 1H ), 435 (bs, 1H), 525 (g, 2H), 5.80 (bs,

1H), 5.80 (bs, 1H), 7.56 (d, 2H), 8.16 (d, 2H)
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2—-(4-Carbamoylthiazolidin—2-yl)-4-mercaptopyrrolidine—1-carboxylic  acid

A- nitrobenzyl ester (146¢)
2~(4-Carbamoylthiazolidin—2-y1)-4-methanesulfonyloxypyrrolidine-1-carb-

oxylic acid 4-nitrobenzyl ester(149) (0.72 g, 1.51 mmol)°ll 335 (146a)2] A I+t

Ha T4 e o835 IEE (1460)= AT

T& 1 69.2%

'H-NMR (CDCLy): 6 = 209 (bs, 2H), 2.38 (bs, 1H), 3.02 (d, 1H), 3.17 (t, 1H),

3.25 (bs, 1H), 4.23 (t, 1H), 4.35 (bs, 1H), 5.25 (q, 2H), 5.80 (bs, 1H), 7.56 (d,

2H), 8.19 (d, 2H)

4-(tert-Butyldimethylsilanyloxy)-2-thiazolidin—-2-yl-pyrrolidine-1-carb—

oxylic acid-4-nitrobenzyl ester (150)
4-(tert-Butyldimethylsilanyloxy)-2—formylpyrrolidine-1-carboxylic acid 4~

nitrobenzyl ester(34) (2.7 g, 556 mmol)°ll 95% ethanol (40 mD)S Y3 E(20 ml)

#} L-cysteine (0.74 g, 6.12 mmol)& #H7}stth.  24A7F 5<QF uwtst & 445/
AN A ethanol& A7 3 % ethyl acetate® FE31 A2FEE AAE T 7Y =

ated EE(150)0S AU

T& 1 872%

'H-NMR (CDCly): & = 0.05 (s, 6H), 098 (s, 9H), 2.01 (bs, 2H), 2.88 (m, 1H),
3.02 (d, 1H), 3.17 (bs, 2H), 3.25 (bs, 2H), 4.23 (t, 1H), 435 (bs, 1H), 5.06 (q,
2H), 7.46 (d, 2H), 8.13 (d, 2H)

2-[3-(2-Bromoethanesulfonyl)thiazolidin—-2-yl]-4- (tert-butyldimethyl-
silanyloxy)pyrrolidine—1—-carboxylic acid 4-nitrobenzyl ester (151)
4-(tert-Butyldimethylsilanyloxy) -2-thiazolidin-2-yl-pyrrolidine-1-carboxylic
acid 4-nitrobenzyl ester(150) (2.27 g, 4.85 mmol)9] dichloromethane (25 mh& %
31 triethylamine (0.81 ml, 5.82 mmol)¥ 2-bromoethanesulfonyl chloride (0.61 ml,
582 mmol)ES H7Fete] 308 F¢E 0TolA :wbd ¥ saturated sodium
bicarbonate™ ethyl acetate® FZste] 3E(151)2 IATh
& 1 76.9%
'H-NMR (CDCL): & = 0.05 (s, 6H), 0.98 (s, 9H), 2.01 (bs, 2H), 288 (m, 1H),
3.02 (d, 1H), 3.17 (bs, 2H), 3.25 (bs, 2H), 3.33 (t, 2H ), 343 (t, 2H), 4.23 (¢, 1H),
4.35 (bs, 1H), 5.06 (q, 2H), 7.78 (d, 2H), 813 (d, 2H)
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4—(tert—Butyldimethylsilanyloxy)—-2-[3-(2-thiomorpholin-4-yl-ethanesul -
fonylDthiazolidin—-2-yl]l-pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester
(152a)
2-[3-(2-Bromoethanesulfonyl)thiazolidin-2-yl]-4-(tert-butyldimethylsilan-
yloxy)pyrrolidine—1-carboxylic acid 4-nitrobenzyl ester(151) (1.11 g, 1.87 mmol)
of THF (20 ml)E& Y I potassium carbonate (0.52 g, 3.78 mmol)¥} thiomolpoline
(0.21 g, 2.05 mmol)S H7}8te] A7+ 71 37/ A7 F ethyl acetate® F&
3t gr=(152a)8 |UHh
& 1 80.1%
'"H-NMR (CDCL): & = 0.05 (s, 6H), 0.98 (s, 9H), 201 (bs, 2H), 2.88 (m, 1H),
2.98 (bs, 4H), 3.02 (d, 1H), 3.17 (bs, 2H), 3.25 (bs, 6H), 3.33 (t, 2H), 3.43 (t, 2H),
4.23 (t, 1H), 4.35 (bs, 1H), 5.06 (q, 2H), 7.78 (d, 2H), 8.13 (d, 2H)

4-Mercapto—2-[3-(2-thiomorpholin-4-yl-ethanesulfonyl)thiazolidin—-2-yl]-

pyrrolidine—-1-carboxylic acid 4-nitrobenzyl ester (153a)
4-(tert-Butyldimethylsilanyloxy)-2-[3-(2-thiomorpholin-4-yl-ethanesulfon-

yD)-thiazolidin-2-yllpyrrolidine-1-carboxylic acid 4-nitrobenzyl ester(152a) (1.98

g, 299 mmol)& FE(146a)9 FAYHFL TET FHoz FAstd IHFE

(153a)& |}

F& 1 70.3%

'H-NMR (CDCLk): & = 201 (bs, 2H), 2.88 (m, 1H), 2.98 (bs, 4H), 3.02 (d, 1H),

3.17 (bs, 2H), 3.25 (bs, 6H), 3.33 (t, 2H), 343 (t, 2H), 4.23 (t, 1H), 4.35 (bs, 1H),

512 (q, 2H), 7.73 (d, 2H), 8.19 (d, 2H)

4—(tert—Butyldimethylsilanyloxy)-2-{3-[2-(4-pyrimidin—-2-yl-piperazin-1-
yDethanesulfonyllthiazolidin—2-yl}pyrrolidine-1-carboxylic acid 4-nitro-
benzyl ester (152b)
2-[3-(2-Bromoethanesulfonyl)thiazolidin-2-yl]-4-(tert-butyldimethyl-
silanyloxy)pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester(151) (1.11 g, 1.87
mmol)9] THF (20 mD)& Y3 2-piperazin—1-yl-pyrimidine( 0.332 g, 2.05 mmol)%
H7Fsle] 3X7FE¢E 78 F A 7] & ethyl acetate® F3dlo] I E(152b)E 4
At
& 1 789%
'H-NMR (CDCL): 8 = 0.05 (s, 6H), 098 (s, 9H), 2.01 (bs, 2H), 2.38 (bs, 4H),
2.88 (m, 3H), 298 (bs, 4H), 3.02 (d, 1H), 3.17 (bs, 2H), 3.35 (bs, 7H), 3.33 (bs,
2H), 4.83 (t, 1H), 5.05 (bs, 1H), 524 (bs, 2H), 6.83 (bs, 2H), 7.45 (d, 1H), 7.78
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(d, 2H), 813 (d, 2H)

4-Mercapto—-2-{3-[2- (4-pyrimidin—-2-yl-piperazin—1-yl)ethanesulfonyllthia—

zolidin-2-yl}pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester (153b)
4~(tert-Butyldimethylsilanyloxy)-2-{3-[2-(4-pyrimidin-2-yl-piperazin-1-yl)-

ethanesulfonylithiazolidin-2-yl}pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester

(152b) (094 g, 1.46 mmol)= 3}3E(146a)e] T4 FLd Fyoz FA3)

o 313E (1563b)& LA

F& 1 780%

'H-NMR (CDCls): § = 2.01 (bs, 2H), 2.38 (bs, 4H), 2.88 (m, 3H), 2.98 (bs, 4H),

3.02 (d, 1H), 3.17 (bs, 2H), 3.35 (bs, 7H), 3.33 (bs, 2H), 4.83 (t, 1H), 512 (bs,

1H), 5.23 (bs, 2H), 6.81 (bs, 2H) 7.45 (d, 1H), 7.78 (d, 2H), 8.17 (d, 2H)

4-(tert-Butyldimethylsilanyloxy)—-2-(3-methylthiazolidin-2—yl)pyrrolidine—
1-carboxylic acid 4-nitrobenzyl ester (152c)
4-(tert-Butyldimethylsilanyloxy)-2-thiazolidin-2-yl-pyrrolidine-1-carboxylic
acid 4-nitrobenzyl ester(150) (1.85 g, 3.96 mmol)ol dichloromethane (25 ml)& %
I pyridine (0.38 g, 4.75 mmol)™ iodomethane (0.24 g, 4.75 mmol)S A 7}3te] 30
T &% 0 TollAM :urgt ¥ saturated sodium bicarbonate® ethyl acetate® F&
st 3 EE(162008 LA
T& 1 82.0%
'H-NMR (CDCly): & = 0.05 (s, 6H), 098 (s, 9H), 2.01 (bs, 2H), 2.08 (m, 1H),
288 (m, 1H), 3.02 (d, 1H), 3.17 (bs, 2H), 3.28 (s, 3H), 3.45 (bs, 2H), 4.23 (4,
1H), 4.35 (bs, 1H), 5.16 (q, 2H), 7.67 (d, 2H), 8.18 (d, 2H)

4-(tert-Butyldimethylsilanyloxy)-2-(3-isopropylthiazolidin-2-yl)pyrroli—
dine-1-carboxylic acid 4-nitrobenzyl ester (152d)
4-(tert-Butyldimethylsilanyloxy)-2-thiazolidin-2-yl-pyrrolidine-1-carboxylic
acid 4-nitrobenzyl ester(150) (1.69 g, 3.61 mmol)o] dichloromethane (25 ml)Z
2 37 pyridine (0.34 g, 4.34 mmol)¥ iodo isopropane (0.34 g, 4.34 mmol)& H7}3
o 24N 7F FoF Ao A nukdt & saturated sodium bicarbonate® ethyl acetate
= FEto] FEA52d)E AT
T&  822%
'H-NMR (CDCL): 6 = 005 (s, 6H), 098 (s, 9H), 1.08 (d, 6H), 2.01 (bs, 2H),
2.08 (m, 1H), 2.78 (m, 1H), 3.02 (d, 1H), 3.17 (bs, 2H), 3.28 (m, 1H), 345 (bs,
2H), 4.26 (t, 1H), 4.35 (bs, 1H), 5.16 (q, 2H), 7.69 (d, 2H), 8.18 (d, 2H)
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4-(tert-Butyldimethylsilanyloxy)-2-[3-(2-hydroxyethyl)thiazolidin-2-y1]-
pyrrolidine—1-carboxylic acid 4-nitrobenzyl ester (152e)
4-(tert-Butyldimethylsilanyloxy)-2~thiazolidin-2-yl-pyrrolidine-1-carboxylic
acid 4-nitrobenzyl ester(150) (1.89 g, 4.04 mmol)9l| dichloromethane (25 mDE ¥
a1 pyridine (0.38 g, 4.85 mmol)¥} 2-bromoethyl alcohol (0.32 g, 4.85 mmol)S &
7beto] 24417 Bk A2oA mute ¥ saturated sodium bicarbonate¥} ethyl
acetate®= FE3t9 3FE(152e)E LAUT
T8 1 765%
'H-NMR (CDCL): & = 0.05 (s, 6H), 098 (s, 9H), 2.01 (bs, 2H), 2.08 (m, 1H),
2.89 (m, 1H), 3.02 (d, 1H), 3.17 (bs, 2H), 3.24 (t, 2H), 3.28 (t, 2H), 3.45 (bs, 2H),
423 (t, 1H), 4.35 (bs, 1H), 5.16 (q, 2H), 7.67 (d, 2H), 8.18 (d, 2H)

4-(tert-Butyldimethylsilanyloxy)-2-(3-methanesulfonylthiazolidin—2-yl1) -
pyrrolidine—-1-carboxylic acid 4-nitrobenzyl ester (152f)
4~(tert-Butyldimethylsilanyloxy)-2-thiazolidin-2-yl-pyrrolidine-1-carboxylic
acid 4-nitrobenzyl ester (150) (2.27 g, 4.85 mmol)° dichloromethane (25 mDE&
2 31 pyridine (0.46 g, 5.82 mmol)¥} methanesulfonyl chloride (0.67 g, 5.82 mmol)
£ #H7bsteo] 308 &< 0 ColA mwket ¥ saturated sodium bicarbonate® ethyl
acetate® FE3to] FFFE(1520)E AT
& 1 737%
'H-NMR (CDCl): & = 005 (s, 6H), 098 (s, 9H), 2.01 (bs, 2H), 2.08 (m, 1H),
2.89 (m, 1H), 3.02 (d, 1H), 3.11 (s, 3H), 3.17 (bs, 2H), 3.45 (bs, 2H), 4.23 (t, 1H),
4.35 (bs, 1H), 5.16 (q, 2H), 7.67 (d, 2H), 8.18 (d, 2H)

4-Mercapto—-2-(3-methylthiazolidin—2-yl)pyrrolidine-1-carboxylic acid 4-

nitrobenzyl ester (153c)
4~(tert-Butyldimethylsilanyloxy)-2-(3-methylthiazolidin-2-yl)pyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester(152c) (1.56 g, 3.25 mmol)< 3}3E(146a)2

TR 43 WHo R st SFEE (153c)& LA

TE . 64.3%

'H-NMR (CDCl): 6 = 201 (bs, 2H), 208 (m, 1H), 2.78 (m, 1H), 3.02 (d, 1H),

3.17 (bs, 2H), 3.28 (s, 3H), 345 (bs, 2H), 4.23 (t, 1H), 4.35 (bs, 1H), 5.16 (q,

2H), 7.62 (d, 2H), 820 (d, 2H)
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2-(3-Isopropylthiazolidin—2-yl)-4-mercaptopyrrolidine—1-carboxylic acid 4-

nitrobenzyl ester (153d)
4-(tert-Butyldimethylsilanyloxy)—-2-(3-isopropylthiazolidin-2-yD)pyrroli-

dine-1-carboxylic acid 4-nitrobenzyl ester(152d) (151 g, 296 mmol)& 3H3E

(146a)2] AL AF FAI BHoZ HAs e FFE (163d)S EuTh

T& . 674%

'H-NMR (CDCly): § = 1.08 (d, 6H), 2.01 (bs, 2H), 2.08 (m, 1H), 2.78 (m, 1H),

3.02 (d, 1H), 3.17 (bs, 2H), 328 (m, 1H), 345 (bs, 2H), 4.26 (t, 1H), 4.35 (bs,

1H), 5.16 (q, 2H), 7.69 (d, 2H), 8.18 (d, 2H)

2-[3-(2-Hydroxyethyl)thiazolidin-2-yl]-4-mercaptopyrrolidine—1-carboxylic

acid 4-nitrobenzyl ester (153e)
4-(tert-Butyldimethylsilanyloxy)-2-[3-(2-hydroxyethyl)thiazolidin-2-y1]-

pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester(152e) (1.58 g, 3.09 mmol)S 3+

FE(146a)9] AW HT =ds WHom A5ty 33E (163e)S dgth

& . 61.7%

'"H-NMR (CDCl): & = 201 (bs, 2H), 2.08 (m, 1H), 2.89 (m, 1H), 3.02 (d, 1H),

3.17 (bs, 2H), 3.24 (t, 2H), 3.28 (t, 2H), 3.45 (bs, 2H), 4.23 (t, 1H), 4.35 (bs, 1H),

516 (q, 2H), 7.67 (d, 2H), 8.18 (d, 2H)

A-Mercapto-2—-(3-methanesulfonylthiazolidin-2-yl)pyrrolidine—1-carboxylic

acid 4-nitrobenzyl ester (153f)
4-(tert-Butyldimethylsilanyloxy)-2-(3-methanesulfonylthiazolidin-2-y1)-

pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester(152f) (1.95 g, 3.57 mmol)= 3}

FE(146a)0 FHAUH T TS PR FAsto sgE (1630 EATH

& ! 68.0%

"H-NMR (CDCL): & = 201 (bs, 2H), 208 (m, 1H), 2.89 (m, 1H), 3.02 (d, 1H),

311 (s, 3H), 3.17 (bs, 2H), 345 (bs, 2H), 4.23 (t, 1H), 435 (bs, 1H), 512 (q,

2H), 7.66 (d, 2H), 8.19 (d, 2H)

4-[6-(1-Hydroxyethyl)-4-methyl-2-(4-nitrobenzyloxycarbonyl)-7-oxo-bi-
cyclol3.2.0]lhept-2-en—3-ylsulfanyll-2-(4-hydroxymethyl-thiazolidin—-2-yl)-
pyrrolidine—1-carboxylic acid 4-nitrobenzyl ester (154a)
3-(Diphenoxyphosphoryloxy)-6-(1-hydroxyethyl)-4-methyl-7-oxo-bicyclo-
[3.2.0)hept—2-ene-2-carboxylic acid 4-nitrobenzyl ester (054 g, 0.91 mmol)el
acetonitrile (10 m)& ¥i1 0 ColA diisopropylethylamine (0.13 g, 1.00 mmol)3
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2~(4—hydroxymethylthiazolidim2—yl)—&mercaptopyrrolidine—l—carboxylic acid 4-
mtrobenzyl ester(146a) (0.36 g, 0.91 mmol)S H7}s = 1A+ Z¢+ wulstc}, o
+ ethyl acetate® FE3 §F AYE52A7 I E (154a)2 At
& ! 79.3%

'H-NMR (CDCls): 6(ppm) = 125 (d, 3H, 1-CHs J=7.2Hz), 133 (d, 3H,
CHsCHOH, J=6.2 Hz), 1.66 (bs, 1H), 2.04 (m, 1H, Cs-Ha), 2.46 (m, 1H, C’s~Hb),
305 (m, ZH), 333 (dgq, 1H, Ci-H),345 (d, 2H), 3.36 (bs, 3H), 3.87 (m, 2H,
C's~H), 410 (m, 1H, C's-H), 425-435 (m, 2H, Cs~H and CH;CHOH), 4.43 (t,
1H). 7.21 (d, 2H), 741 (d, 2H), 8.18 (d, 4H)

6-(1-Hydroxyethyl)-3-[5-(4-hydroxymethylthiazolidin -2-y1)pyrrolidin-3-
ylsulfanyl]—4—methyl—7—*0x04bicyclo[3.2.O]hept—2—ene~2—carboxylic acid
(155a)
4-[6-(1-Hydroxyethyl)-4-methyl-2-(4-nitrobenzyloxycarbonyl)-7-oxo-
bicyclo[3.2.0]hept—2ven~3-ylsulfanyl]—2—(4~hydroxymethyl—thiazolidin—Z—yl)pyrroli~
dine-1-carboxylic acid 4-nitrobenzyl ester(154a) (0.60 g, 0.81 mmol)l THF(10
mbD et (10 mD# Pd/C (0.30 g)& B¥IA $43SAXE ol &3t 147+ Sot
9-3- A1 21Tt o] F ol diethyl ether$} B8 o] L3} =
I A 3IFE (155a)F 4.
TE 1 479%
'H-NMR (D,0) : 6 (ppm) = 125 (d, 3H, 1-CHs;, J=7.2Hz), 1.33 (d, 3H,
CHCHOH, J=6.2 Hz), 166 (bs, 1H), 204 (m, 1H, Cs;Ha), 2.46 (m, 1H,
C’s~Hb), 3.05 (m, 2H), 3.33 (dg, 1H, C;-H), 3.45 (d, 2H), 3.36 (bs, 3H), 3.87 (m,
Z2H, C's-H), 410 (m, 1H, C's-H), 4.25-4.35 (m, 2H, Cs-H and CHsCHOH), 4.39
(t, 1H).

2-[4-[6-(1-Hydroxyethyl)-4-methyl-2- (4-nitrobenzyloxycarbonyl)-7-oxo-
bicyclol3.2.0]hept-2-en-3-ylsulfanyl]l-1-(4-nitrobenzyloxycarbonyl)pyrroli-
din—2-yllthiazolidine-4-carboxylic acid ethyl ester (154b)

3—(Diphenoxyphosphoryloxy)—6~(l—hydroxyethyl)—4~methyl—7~oxo—bicyc10*
[3.2.0lhept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (0.55 g, 0.93 mmol)o] o}
AEUOIEE (10 mDE Y3 0 TAA diisopropyl ethyl amine (0.13 g, 1.02
mmol)¥} 2-[4-mercapto-1-(4-nitrobenzyloxycarbonyl) —pyrrolidin-2-yl]thiazolidine-
4-carboxylic acid ethyl ester(146b) (0.41 g, 093 mmol)& 73 ¥ 1A7F Eof
WREETE o] ethyl acetate® $£3 F A% 2 AA 342 (154p)2 AT}

€ 726%
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'H-NMR (CDCls): 8 (ppm) = 1.05 (t, 3H), 1.25 (d, 3H, 1-CHs, J=7.2Hz), 1.33 (d,
3H, CHsCHOH, 2H)/=6.2 Hz), 1.66 (bs, 1H), 2.04 (m, 1H, C3~Ha), 246 (m, 1H,
C’s-Hb), 3.05 (m, 1H), 3.33 (dg, 1H, C;-H), 345 (d, 2H), 3.36 (bs, 1H), 3.87(m,
2H, C’s-H), 406 (m, 1H, C's;-H), 415 (g, 2H), 425 (bs, 2H, Cs-H and
CH3CHOH), 443 (t, 1H), 7.21 (d, 2H), 7.44(d, 2H), 8.16 (d, 4H)

2—-{4-12-Carboxy-6—-(1-hydroxyethyl)-4-methyl-7-oxo-bicyclo[3.2.0}hept—
2—-en—3-ylsulfanyllpyrrolidin-2-yl}-thiazolidine—4—-carboxylic acid (155b)
2-[4-[6-(1-Hydroxyethyl)-4-methyl-2-(4-nitrobenzyloxycarbonyl)-7-oxo-
bicyclol[3.2.0]Jhept-2-en—3-ylsulfanyl]-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-
yllthiazolidine~4-carboxylic acid ethyl ester(154b) (0.62 g, 0.79 mmol)o| THF(10
mD¢ E(10 mDF Pd/C(0.19 g)& ¥ iA FAagEEFAE o]l &3e A7 &<t
HhE&- A7tk o] %o diethyl ether®t &5 ©] &3l F&3 ¥ E5S ¢ ¥4AA
1A 3tgE (155b)5 43Ut
TE& 1 42.3%
'"H-NMR (D:0): & (ppm) = 1.05 (t, 3H), 1.25 (d, 3H, 1-CHs, J=7.2Hz), 1.33 (d,
3H, CH;CHOH, J=62 Hz), 166 (bs, 1H), 2.04(m, 1H, Cs-Ha), 246 (m, 1H,
C’3-Hb), 3.05 (m, 1H), 3.33 (dq, 1H, C;-H), 345 (d, 2H), 3.36 (bs, 1H), 3.87 (m,
2H, C's-H), 406 (m, 1H, C’s-H), 415 (q, 2H), 425 (bs, 2H, Cs-H and
CH3;CHOH), 4.43 (t, 1H)

2—(4-Carbamoylthiazolidin—-2-yl)-4-[6-(1-hydroxyethyl)-4-methyl-2-(4-
nitrobenzyloxycarbonyl)-7-oxo-bicyclo[3.2.0]hept-2-en—-3-ylsulfanyllpyrro-
lidine-1-carboxylic acid 4-nitrobenzyl ester(154c)
3-(Diphenoxyphosphoryloxy)-6-(1-hydroxyethyl)-4-methyl-7-oxo-bicyclo-
[3.2.0lhept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (0.62 g , 1.04 mmol)ol o}
MEUOIEY (10 mDE ¥ 0 CTollA diisopropylethylamine (0.15 g, 1.14 mmol)
=} 2“(4—Carbamoyl*th1azohdm—2~yl)*4—mercapto—pyrrohdme*1—carboxyhc acid 4-
mtrobenzyl ester(146¢) (0.43 g, 1.04 mmol)S H7}3 & 1A+ Z¢F mykgich, o]
% ethyl acetate® FZ3I & A F=AF 3TE (1540)E 2T
& 1 70.1%
'H-NMR (CDCls): & (ppm) = 125 (d, 38H, 1-CHs, J=7.2Hz), 1.33 (d, 3H,
CHsCHOH, J=6.2 Hz), 1.66 (bs, 1H), 2.04 (m, 1H, Cs-Ha), 2.46 (m, 1H, C’'3-Hb),
3.05 (m, 1H), 3.33 (dq, 1H, Ci-H), 345 (d, 2H), 3.36 (bs, 1H), 3.87 (m, 2H,
C's-H), 406 (m, 1H, C'4,-H), 425 (bs, 2H, Cs~H and CHsCHOH), 443 (t, 1H).
6.22 (s, 1H), 6.81 (s, 1H), 7.18 (d, 2H), 7.49 (d, 2H), 8.19 (d, 4H)
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3-[6-(4-Carbamoylthiazolidin-2-yl)pyrrolidin-3-ylsulfanyl]-6-(1-hydroxy—
ethyl)-4-methyl-7-oxo-bicyclol[3.2.0]Jhept-2—-ene-2-carboxylic acid (155¢)
2-(4-Carbamoylthiazolidin-2-yl)-4-[6-(1-hydroxyethyl)-4-methyl-2-(4-
nitrobenzyloxycarbonyl)-7-oxo-bicyclo[3.2.0]Jhept-2-en-3-ylsulfanyllpyrrolidine-1-
carboxylic acid 4-nitrobenzyl ester(154c) (0.71 g, 0.94 mmol)el THF (10 ml <}t
E(10 mD3 Pd/C (021 @& 2IA TSI E o] &3to 1A 5 v
AlZith o] %9 diethyl ether®} & ©|&3td FE53 & 852 544974 AlA 1
A 3EE (155c)8 AT
TE L 346%
'H-NMR ([D:0): &(ppm) = 125 (d, 3H, 1-CHs, J=7.2Hz), 133 (d, 3H,
CHs{CHOH, J=6.2 Hz), 1.76 (bs, 1H), 2.04 (m, 1H, Cs-Ha), 246 (m, 1H, C's-Hb),
3.05 (m, 1H), 333 (dq, 1H, Ci-H), 3.45 (d, 2H), 356 (bs, 1H), 3.87 (m, 2H,
C’s-H), 4.06 (m, 1H, C's~H), 4.25 (bs, 2H, Cs-H and CH3CHOH), 443 (t, 1H).

6-(1-Hydroxyethyl)-4-methyl-7-0x0-3-{5~-[3-(2~thiomorpholin-4-yl-
ethanesulfonyl)thiazolidin-2-yllpyrrolidin-3-ylsulfanyl}bicyclol[3.2.0]Jhept—-2-
ene-2-carboxylic acid (157a)

3l E 163aE AME3te] 154a9 §HS HHo=Z HFsto = (156a)S
ARl o] & 3FE 155a¢t T APWHo= 1
& 453%
'"H-NMR (D:0): S (ppm) = 125 (d, 3H, 1-CHs, J=7.2Hz), 133 (d, 3H,
CH;CHOH, J=6.2 Hz), 1.76 (bs, 1H), 204 (m, 1H, Cs-Ha), 246 (m, 1H,
C’s-Hb), 290 (bs, 4H) 3.05 (m, 1H), 3.33 (bs, 5H), 3.45 (bs, 6H), 3.56 (bs, 1H),
3.87 (m, 2H, C's-H), 4.06 (m, 1H, C'4+H), 425 (bs, 2H, Cs-H and CH3;CHOH),
443 (t, 1H).

6-(1-Hydroxyethyl)-4-methyl-7-0x0-3-(5-{3-[2-(4-pyrimidin—-2-yl-pipe—
razin—1-ylDethanesulfonyllthiazolidin-2-yl}—pyrrolidin—-3-ylsulfanyl)bicyclo—
[3.2.0lhept-2—-ene—2-carboxylic acid (157b)

157a%} Fds WPoz APt sFE (157b)E AU
& : 35.9%
'H-NMR (D:0): 6 (pm) = 125 (d, 3H, 1-CHs J=7.2Hz), 133 (d, 3H,
CH3CHOH, J=6.2 Hz), 1.76 (bs, 1H), 2.04 (m, 1H, C3-Ha), 2.46 (m, 1H, C’s-Hb),
2.90 (bs, 1H) 3.05 (m, 1H), 3.36 (bs, 9H), 345 (bs, 6H), 3.56 (bs, 1H), 3.87 (m,
2H, C's-H), 406 (m, 1H, C's-H), 4.25 (bs, 2H, Cs-H and CH3;CHOH), 4.43 (t,
1H), 6.71 (bs, 2H), 7.21 (d, 1H)
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6-(1-Hydroxyethyl)-4-methyl-3-[5-(3-methylthiazolidin-2-yl)pyrrolidin—3-
ylsulfanyl]-7-oxo-bicyclo[3.2.0]hept-2—-ene—2-carboxylic acid (157¢)

157a%} 43 WP o2 AYste &d%E (15700 |t
FE 1 41.2%
'"H-NMR (D:0): & (ppm) = 125 (d, 3H, 1-CHs, J=7.2Hz), 133 (d, 3H,
CHs«CHOH, J=6.2 Hz), 1.76 (bs, 1H), 2.04 (m, 1H, Cs-Ha), 2.46 (m, 1H, C’3-Hb),
2.85 (bs, 2H), 3.05 (m, 1H), 3.33 (dq, 1H, C,-H), 3.40 (s, 3H), 3.45 (d, 1H), 356
(bs, 1H), 3.87 (m, 2H, C's-H), 406 (m, 1H, C's+-H), 425 (bs, 2H, Cs—H and
CH3;CHOH), 4.40 (t, 1H).

6-(1-Hydroxyethyl)-3-[5-(3-isopropyl-thiazolidin-2-y1)—pyrrolidin—-3-yl-
sulfanyll-4-methyl-7-oxo-bicyclol3.2.0]lhept-2-ene-2-carboxylic acid
(157d)

157a¢t 54 & Wy 2 AJso 3FE I571d)E 2T
& 1 432%
'H-NMR (D:0): 8 (ppm) = 1.02 (d, 6H), 124 (d, 3H, 1-CHs, J=7.2Hz), 1.33 (d,
3H, CHCHOH, J=6.2 Hz), 189 (bs, 1H), 2.04 (m, 1H, Cs-Ha), 246 (m, 1H,
C’3-Hb), 2.85 (bs, 2H), 3.11 (m, 1H), 3.36 (dq, 1H, C;-H), 3.40 (m, 1H), 3.45 (d,
1H), 356 (bs, 1H), 3.87 (m, 2H, C’s-H), 4.06 (m, 1H, C's~H), 4.25 (bs, 2H, Cs-H
and CHsCHOH), 4.34 (t, 1H).

6-(1-Hydroxyethyl)-3-{5-[3-(2-hydroxyethyl)thiazolidin-2—-yllpyrrolidin—
3-ylsulfanyl}-4-methyl-7-oxo-bicyclo[3.2.0Jhept-2—-ene-2—-carboxylic  acid
(157¢)

157a%t 543 YHow AR sFE (157e)E LA
T& 1 345%
'H-NMR (D:0): & (ppm) = 123 (d, 3H, 1-CHs, J=7.2Hz), 134 (d, 3H,
CH;CHOH, J=6.2 Hz), 1.76 (bs, 1H), 2.04 (m, 1H, Cs-Ha), 2.46 (m, 1H, C's-Hb),
2.88 (bs, 2H), 3.05 (m, 1H), 3.30 (dq, 1H, C;-H), 3.36 (t, 2H), 340 (t, 2H), 3.45
(d, 1H), 356 (bs, 1H), 3.87 (m, 2H, C's-H), 4.03 (m, 1H, C'4+-H), 425 (bs, 2H,
Cs-H and CH3CHOH), 4.36 (t, 1H).
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6-(1-Hydroxyethyl)-3-[5-(3-methanesulfonylthiazolidin—2-yl)pyrrolidin—3-
ylsulfanyll-4-methyl-7-oxo-bicyclol3.2.0]Jhept—-2-ene-2-carboxylic acid
(1571)

157a%t T4 Loz Ayt 33gE 157HE AATh
F& 1 40.1%
'H-NMR (D:0): & (ppm) = 126 (d, 3H, 1-CHs, J=7.2Hz), 137 (d, 3H,
CH;CHOH, J=6.2 Hz), 1.96 (bs, 1H), 2.04 (m, 1H, Cs3-Ha), 246 (m, 1H, C’3-Hb),
2.85 (bs, 2H), 3.05 (m, 1H), 3.15 (s, 3H), 340 (dg, 1H, Ci:-H), 3.45 (d, 1H), 3.56
(bs, 1H), 387 (m, 2H, C's-H), 4.06 (m, 1H, C'ys-H), 425 (bs, 2H, Cs-H and
CHsCHOH), 4.40 (t, 1H).

2-Carbamoyl-4-hydroxypyrrolidine-1-carboxylic acid 4-nitrobenzyl ester
(158)

4-Hydroxypyrrolidine-1,2-dicarboxylic acid 2-methyl ester 1-(4-nitrobenzyl)
ester (3) (10.00 g, 0.03 mol)ol] NH;OH %3} £ 4(50 ml)$¢ methanol (50 mD)E 7}
3 Fo] Ao A wukstth 24A2ke] A o] nAE LEHET F EE 4o F
o AzAA SFE (158 EAh
F& 1 769%
'H-NMR (CDCly) & 7.49 and 823 (4H, 2m), 5.05 and 532 (2H, s and m), 4.55
(1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m)

4-Benzoyloxy—-2—-carbamoylpyrrolidine—1-carboxylic acid  4-nitrobenzyl
ester (159)

2-Carbamoyl-4-hydroxypyrrolidine-1-carboxylic acid 4-nitrobenzyl ester
(158) (8.0 g, 0.026 mololl pyridineg < (50 mD)< 713 £ 0 C, 24 &9718
o A1 benzoyl chloride (3.3 ml, 0.029 mol)S A3 Hoj=g ) 308 H ol sodium
bicarbonate (20 ml)E Mo}l ethyl acetate®} H.0Z FE3t4 31gE (159)=
2
& 1 889%
'"H-NMR (CDCly) 6 749 and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 5.05
and 5.32 (2H, s and m), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 2.85 (2ZH, m)

4-Benzoyloxy—-2-thiocarbamoylpyrrolidine-1-carboxylic acid 4-nitrobenzyl
ester (160)

4-Benzoyloxy-2-carbamoylpyrrolidine-1-carboxylic acid 4-nitrobenzyl ester
(159) (7 g, 0.017 mol)¢l tetrahydrofuran (50 ml)& 373t & Lawsson’s reagent
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(4.1g, 0.0lmo)E 23 FHRAAHT. 1A FHel ethyl acetate?t H 0% F=3to] 3}
FE (16002 AUk

TFE 1 947%

'H-NMR (CDCl3) & 7.49 and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 5.05
and 5.32 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m)

2-[4-Benzoyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-4-

carboxylic acid ethyl ester (161)
4-Benzoyloxy-2-thiocarbamoylpyrrolidine-1-carboxylic acid 4-nitrobenzyl

ester (160) (5 g, 0.01 moll ethanol (40 ml)S *7}8 3 ethyl bromopyruvate

(1.8 ml, 0.013 moD)E ¥ A2oA wHkAZ T 1A]ZE Holl ethanols 74573

o AAT F ethyl acetate®} H-OZ FZ3o] 35E (161)2 AAUT.

T& 1 89.1%

'H-NMR (CDCly) & 7.49 and 823 (4H, 2m), 7.55 (1H, m), 7.52 (4H, m), 7.27

(1H, s) 5.05 and 532 (2H, s and m), 455 (1H, m), 410 (2H, q), 401 (1H, m),

3.86 (2H, m), 2.85 (2H, m), 1.43 (3H, m)

2-[4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-4-
carboxylic acid ethyl ester (162)
2-[4-Benzoyloxy—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yl]thiazole-4-
carboxylic acid ethyl ester (161) (4 g, 7.6 mmol)ol methanol (40 ml)S H7}3k
2 4N NaOH (1.9 ml, 76 mmoDh< 0T ¥ mukA#HTE 30% $o 4N HCI
(19 ml, 76 mmoD)E Z3tA1Z] ¥ methanol® ZAFFAZAY. Ethyl acetates}
H.02 F&3to 33E (162)2 I3t
TE 968 %
"H-NMR (CDCly) 6 749 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 532 (2H, s
and m), 455 (1H, m), 410 (2H, @), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m),
1.43 (3H, m)

2—(4-Carbamoylthiazol-2-yl)-4-hydroxypyrrolidine-1-carboxylic acid 4-

nitro benzyl ester (163)
2-[4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-4-car-

boxylic acid ethyl ester (162) (3.0 g, 7.1 mmoD)E ©]-&3dle] 3T E (158)9 THA

W FUd YHoRE dAst S3EE (163)2 dAH

TE 781 %

'"H-NMR (CDCly) 6 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s
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and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m)

2-(4-Carbamoyl-thiazol-2—-yl)-4-methanesulfonyloxypyrrolidine—1-carb—

oxylic acid 4-nitrobenzyl ester (164)
2-(4-Carbamoylthiazol-2-yl)-4-hydroxy—pyrrolidine-1-carboxylic acid 4~

nitrobenzyl ester (163) (25 g, 6.4 mmol)?] dichloromethane (20 mD)<S ¥ 3, 0 T,

A& B9 7])8bel A triethylamine (0.98 ml, 7.0 mmol)3} methanesulfonyl chloride

(054 ml, 70 mmoD)e H7Fetgth ALoA 308 B @A F

dichloromethane® H;0Z F&3t9 33E (1648 LAt

& 90.3%

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s

and m), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85 (2H, m)

4—-Acetylsulfanyl-2—-(4—-carbamoylthiazol-2-yl)pyrrolidine—1-carboxylic acid

4-nitrobenzyl ester (165)
2-(4-Carbamoylthiazol-2-yl)~4-methanesulfonyloxy-pyrrolidine-1-carboxylic

acid 4-nitrobenzyl ester (164) (3 g, 6.4 mmol)°ll N,N-dimethylformamide (10 ml)

9} toluene (10 ml)& ¢31, potassium thioacetate (2.18 g, 0.019 mol)& FH7}3t%

ok 70 T ZA3eNA 3417 S AHEAIZL F ethyl acetate$t H02 F&35te] 3}

FE (165)S dAT.

F& 1799 %

'"H-NMR (CDCls) 6 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 2.33 (3H, s)

2-(4-Carbamoylthiazol-2-yl)-4-mercaptopyrrolidine-1-carboxylic acid 4-

nitrobenzyl ester (166a)
4-Acetylsulfanyl-2-(4-carbamoylthiazol-2-yl)pyrrolidine—1-carboxylic acid

4-nitrobenzyl ester (165) (2.5 g, 55 mmol)] methanol (30 m)& #H7}s F 4N

NaOH (1.38 ml, 55 mmol)< 0 Ceol Y3 WHEAIZ T 30& o 4N HCI (1.38

ml, 55 mmol)Z %53AZl ¥ methanolS FLFHFAIHTE Ethyl acetate®} H0Z

FZ3le] 3FE (166a)S AT

& 89.3%

'H-NMR (CDClz) 8 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m)
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2-[4-Methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yll-

thiazole-4-carboxylic acid ethyl ester (167)
2-[4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-4-car-

boxylic acid ethyl ester (162) (3 g, 7.1 mmol)< o] &3l (164)9 FA LRI =

A WP eR FAste sSFE (1672 A

T& 1 879%

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 410 (2H, q), 401 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85

(2H, m), 1.43 (3H, t)

2-[4-Acetylsulfanyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-

A-carboxylic acid ethyl ester (168)
2-[4-Methanesulfonyloxy—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthia-

zole—4-carboxylic acid ethyl ester (167) (3 g, 6 mmol)& o] &3t (165)2 A

T T4 BHoE FAsA SEE (168)S ATt

& 1 783%

'H-NMR (CDCls) 6 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 532 (2H, s

and m), 455 (1H, m), 410 (2H, @), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m),

2.31 (3H, s), 143 (3H, 1)

2-[4-Mercapto—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2—-yllthiazole—4-

carboxylic acid ethyl ester (166b)
2-[4-Acetylsulfanyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-

4-carboxylic acid ethyl ester (168) (25 g, 5 mmol)S ©]&3lo (166a)9) T4+

Wi s o2 dAste F3EE (166b)= EUTh

& 87.0%

'H-NMR (CDCl3) 6 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 532 (2H, s

and m), 455 (1H, m), 410 (2H, @), 401 (1H, m), 3.86 (2H, m), 2.8 5(2H, m),

143 (BH, t)

2-(4-Hydroxymethylthiazol-2-yl) -4-methanesulfonyloxypyrrolidine—1-
carboxylic acid 4-nitrobenzyl ester (169)

Calcium borohydride (0.46 g, 6.6 mol)oll tetrahydrofuran (10 ml-< H7}3F
3 2-[4-methanesulfonyloxy—-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yl]thia-
zole~4-carboxylic acid ethyl ester (167) (3 g, 6 mmol)®l tetrahydrofuran (10 ml)
< J7tE €95 0 C, 2AEH7] stelA ¥t 208 st wykAzl & 1N HCI
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2 F3A# . Ethyl acetate$} H:OZ F+F39 FTE (1692 9.

TE& 1 769%

'"H-NMR (CDCl3) 6 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s
and m), 5.18 (2H, s), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85
(2H, m)

4-Acetylsulfanyl-2-(4-hydroxymethylthiazol-2-yl)pyrrolidine—1-carboxylic

acid 4-nitrobenzyl ester (170)
2-(4-Hydroxymethylthiazol-2-yl)-4-methanesulfonyloxypyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (169) (25 g, 55 mmol)< ©]-&3l4 (165)9]

FAUET A WHoE FAsA sIEE 17005 AU

F& 1829 %

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 727 (1H, s), 5.05 and 5.32 (2H, s

and m), 5.18 (2H, s), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 2.31

(3H, s)

2—-(4-Hydroxymethylthiazol-2-yl)-4-mercaptopyrrolidine-1-carboxylic acid

4-nitrobenzyl ester (166c)
4-Acetylsulfanyl-2-(4-hydroxymethylthiazol-2-yl)pyrrolidine-1-carboxylic

acid 4-nitrobenzyl ester (170) (2.0 g, 4.6 mmol)-2 ©°]-&3}l] (166a)2] A=

Y3 wHoR FAS FFEA66c)E AT

T& 1 84.6%

'H-NMR (CDCl;) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 5.32 (2H, s

and m), 5.18 (2H, s), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 2.85 (2H, m)

4-Acetylsulfanyl-2-(4-methanesulfonyloxymethylthiazol-2-yl)pyrrolidine—

1-carboxylic acid 4-nitrobenzyl ester (171)
4~-Acetylsulfanyl-2-(4-hydroxymethylthiazol-2-yl)pyrrolidine-1-carboxylic

acid 4-nitrobenzyl ester (170) (2.0 g, 46 mmol)S ©]&3te] (164)8 TAHE

T IR gAey FFE 17TDE 4T

F& 1874 %

'H-NMR (CDCl3) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 5.32 (2H, s

and m), 489 (2H, s), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85

(2H, m), 231 (3H, s)
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4-Acetylsulfanyl-2-(4-cyanomethylthiazol-2—-yl)pyrrolidine1-carboxylic

acid 4-nitrobenzy! ester (166d’)
4-Acetylsulfanyl-2-(4-methanesulfonyloxymethylthiazol-2-yl)pyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (171) (2.0 g, 3.9 mmol)°l dimethylsulfoxide

(156 ml)E 23, sodium cyanide (0.21 g, 4.3 mmol)S ¥, 70 CTollA FHHA|Z T}

3A1zke] At H | diethyl ether®t H:02 F&3to 3EE (166d)S AU

TE 1699 %

'"H-NMR (CDClz) 8 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 401 (1H, m), 3.89 (2H, s), 3.86 (2H, m), 2.85 (2H, m), 2.31

(3H, s)

2—-(4-Cyanomethylthiazol-2-yl)-4-mercapto—pyrrolidine-1-carboxylic  acid

4-nitrobenzy! ester (166d)
4-Acetylsulfanyl-2-(4-cyanomethylthiazol-2-yl)pyrrolidine-1-carboxylic acid

4-nitrobenzyl ester (166d’) (15 g, 3.4 mmol)< o]-&3l (166a)8] TAHI =

dE WPor FAHste sE166d)S LA

T& 1 83.8%

'H-NMR (CDCl;) & 749 and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s

and m), 455 (1H, m), 401 (1H, m), 3.89 (2H, s), 3.86 (2H, m), 2.85 (2H, m)

4-Benzoyloxy—2-(4-ethoxycarbonylmethylthiazol-2-yl)pyrrolidine—1-carb-

oxylic acid 4-nitrobenzyl ester (172)
4-Benzoyloxy—-2-thiocarbamoylpyrrolidine—1-carboxylic acid 4-nitrobenzyl

ester (160) (5 g, 0.12 mol)°l methanol (30 ml)<& %3, methyl 4-chloroaceto-

acetate (2.0 ml, 0.17 moD)& H7}3k & 7tESFA AT

24A17F FH ol methanols Z¢EF3t #AAT & ethyl acetate?} H:0F FZE314

SIFgE (172)% A

TE 782 %

'H-NMR (CDCly) & 7.49, and 823 (4H, 2m), 755 (1H, m), 752 (4H, m), 7.27

(1H, s), 505 and 532 (2H, s and m), 455 (1H, m), 4.10 (2H, q), 401 (1H, m),

393 (2H, s), 3.86 (2H, m), 2.85 (2H, m), 1.43 (3H, t)

4-Hydroxy 2-(4-methoxycarbonylmethylthiazol-2-yl)pyrrolidine—1-carb-

oxylic acid 4-nitrobenzyl ester (173)
4-Benzoyloxy-2-(4-ethoxycarbonylmethylthiazol-2-yl)pyrrolidine-1-carb-

oxylic acid 4-nitrobenzyl ester (172) (5.0 g, 95 mmol)2 °]E3td (162)9] A
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O

HO 5]/} %‘?——l
T& 1 90.3%

'H-NMR (CDCl;) & 749 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s
and m), 455 (1H, m), 410 (CH, @), 4.01 (1H, m), 393 (2H, s), 3.86 (2H, m), 351

(3H, s), 2.85 (2H, m), 143 (3H, )

ro

g

ndt

st FFE073)E AU

,d
o %

4-Methanesulfonyloxy—2-(4-methoxycarbonylmethylthiazol-2-yl)pyrroli-

dine—1-carboxylic acid 4-nitrobenzyl ester (174)
4-Hydroxy-2-(4-methoxycarbonylmethylthiazol-2-yl)pyrrolidine-1-carboxylic

acid 4-nitrobenzyl ester (173) (4 g, 95 mmol)& o] &3l (173)9] FARYUAL F

de Aoz FAsA FFE (17 EAh

& 1 845%

'H-NMR (CDCls) 8 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 5.32 (2H, s

and m), 455 (1H, m), 410 (2H, q), 4.01 (1H, m), 3.93 (2H, s), 3.86 (2H, m), 3.51

(3H, s), 3.10 (3H, s), 2.85 (2H, m), 143 (3H, t)

2-[4-(2-Hydroxyethyl)thiazol-2-yll-4-methanesulfonyloxypyrrolidine—-1-

carboxylic acid 4-nitrobenzyl ester (175)
4-Methanesulfonyloxy—-2-(4-methoxycarbonylmethylthiazol-2-ylpyrrolidine—-

1-carboxylic acid 4-nitrobenzyl ester (174) (4.0 g, 8.0 mmol)2 ©] &3t (169)2

FAYH A PR FAst FFE 1752 EUth

TE 1768 %

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 532 (2H, s

and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.76 (2H, t), 3.10 (3H, s), 2.85

(2H, m), 2.70 (2H, t)

2-14-(2-Hydroxyethyl)thiazol-2-yll-4-mercaptopyrrolidine-1-carboxylic
acid 4-nitrobenzyl ester (166e)
2-[4-(2-Hydroxyethyl)thiazol-2-y1ll4-methanesulfonyloxypyrrolidine-1-carb-
oxlic acid 4-nitrobenzyl ester (175) (3.0 g, 6.4 mmol)& o] &3to] (165)9} (166a)
o Y HY T3 WP g FAste] sIFE (166e)S LUTH
'H-NMR (CDCl3) 8 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s
and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.76 (2H, 1), 2.85 (2H, m), 2.70
(2H, t)
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2—(4-Carbamoylmethylthiazol-2-yl)4-methanesulfonyloxypyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (176)
2—-(4-Ethoxycarbonylmethylthiazol-2-yl)-4-methanesulfonyloxypyrrolidine—1-

carboxylic acid 4-nitrobenzyl ester (174) (4.0 g, 8.0 mmoDE °]&3l4 (158)<

AU FAg HHo R FAgst FE (176)= EATH

£ 1 694%

'"H-NMR (CDCls) 8 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 451 (2H, s), 401 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85

(2H, m)

2-(4-Carbamoylmethylthiazol-2-yl)-4-mercaptopyrrolidine—1-carboxylic

acid 4-nitrobenzyl ester (166f)
2-(4-Carbamoylmethylthiazol-2-yl)-4-methanesulfonyloxypyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (176) (3.0 g, 6.2 mmol)S o} £3ta] (165)%

(166a)¢] FATHEA L Wz dAsto FFE (1660)= AUt

'"H-NMR (CDCl3) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 451 (2H, s), 4.01 (1H, m), 3.86 (2H, m), 2.85 (2H, m)

2-[4-Benzoyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—-2-yl]-5-methyl-

thiazole—4-carboxylic acid methyl ester (177)
4-Benzoyloxy—2-thiocarbamoylpyrrolidine-1-carboxylic acid 4-nitrobenzyl

ester (160) (5.0 g, 0.12 mol)°l methanol (30 ml)<= ¥ i, methyl 2-chloroaceto-

acetate (2.0 ml, 0.17 moD)& 7tk & 7FEEFA AT

2477 ol methanols #4=F3to] AAI F ethyl acetatedt HOZR FZ319

stE (177 = 23U

& 75.0%

'"H-NMR (CDClz) 6 749 and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 5.05

and 5.32 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.51 (3H, s),

2.85 (2H, m), 2.35 (3H, s)

2-[4-Hydroxy—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yl]-5-methylthia-
zole-4-carboxylic acid methyl ester (178)
2-[4-Benzoyloxy—-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yl]-5-methyl-
thiazole-4-carboxylic acid methyl ester (177) (4.0 g, 7.6 mmol)< ©]&3}lo] (162)
o FAUYT FHT WHoR FA4sA sFE 178)2 ¥
& 1 92.6%
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'H-NMR (CDCIz) & 7.49 and 823 (4H, 2m), 5.05 and 532 (2H, s and m), 455
(1H, m), 401 (1H, m), 3.86 (2H, m), 351 (3H, s), 2.85 (2H, m), 2.35 (3H, s)

2-[4-Methanesulfonyloxy -1-(4-nitrobenzyloxycarbonyl)pyrrolidin—2-yl1-5-

methyl-thiazole-4-carboxylic acid methyl ester (179)
2-[4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yl]-5-methylthia-

zole—4-carboxylic acid methyl ester (178) (25 g, 59 mmol)& ©] &3t (164)9

AT FdE YRR FAe FE 1792 A

& 1 833%

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 5.05 and 5.32 (2H, s and m), 455

(1H, m), 401 (1H, m), 3.86 (2H, m), 3.51 (3H, s), 3.10 (3H, ), 2.85 (2H, m), 2.35

(3H, s)

2-(4-Hydroxymethyl-5-methylthiazol-2-yl)-4-methanesulfonyloxypyrroli-

dine—1-carboxylic acid 4-nitrobenzyl ester (180)
2-[4-Methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yl]l-5-

methylthiazole-4-carboxylic acid methyl ester (179) (25 g, 050 mmol)& ©]&3}

o (169)9 FAAWH FU WP r FA sty IFE (180)& AU

F& 1 741%

'H-NMR (CDCls) 8 7.49 and 823 (4H, 2m), 5.05 and 5.32 (2H, s and m), 5.18

(2H, s), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85 (2H, m), 2.35

(3H, s)

2-(4-Hydroxymethyl-5-methylthiazol-2-yl)-4-mercaptopyrrolidine—1-carb—
oxylic acid 4-nitrobenzyl ester (166g)

2-(4-Hydroxymethyl-5-methylthiazol-2-yl)~-4-methanesulfonyloxypyrroli-
dine-1-carboxylic acid 4-nitrobenzyl ester (180) (2.0 g, 4.2 mmol)S ©]-&3}¢]
(165)9F (166a)°] TALHI FLT FHoz T FE (166g)S AU
'H-NMR (CDCL) & 7.49 and 823 (4H, 2m), 5.05 and 532 (2H, s and m), 5.18
(2H, s), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 2.35 (3H, s)

4-Benzoyloxypyrrolidine—1,2-dicarboxylic acid 2-methyl ester 1-(4-nitro-
benzyl)ester (181)

4-Hydroxypyrrolidine—1,2-dicarboxylic acid 2-methyl ester 1-(4-nitrobenzyl)
ester (3) (10.00 g, 0.03 moDE o] &3to] (159)9 FHFHI FdT YHo= §
dete] 3 E (181)& LUt
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T& 910 %
'H-NMR (CDCly) 6 7.49 and 823 (4H, 2m), 7.55 (1H, m), 7.52 (4H, m), 5.05
and 5.32 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.65 (3H, s),
2.85 (2H, m)

4-Benzoyloxy—-2-hydroxymethylpyrrolidine-1-carboxylic acid 4-nitrobenzyl
ester (182)

4-Benzoyloxypyrrolidine-1,2~dicarboxylic acid 2-methyl ester 1-(4-nitro-
benzylester (181) (10 g, 0.023 moD)< ©]&3}d (169)8] FALHI FU3 9
o= Ao sE (182)& AT
T& 1 76.9%
'H-NMR (CDCl) & 7.49 and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 5.05
and 532 (2H, s and m), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 3.70 (2H, d),
2.85 (2H, m)

4-Benzoyloxy—-2-methanesulfonyloxymethyl-pyrrolidine-1-carboxylic acid

4-nitrobenzyl ester (183)
4-Benzoyloxy—-2-hydroxymethylpyrrolidine-1-carboxylic acid 4-nitrobenzyl

ester (182) (8.0 g, 0.020 moD)& ©]l&3l (164) FAAWHIA FLg HHoz g

st 33E (183)2 |t

TE 189 %

'H-NMR (CDCly) & 7.49 and 823 (4H, 2m), 7.55 (14, m), 7.52 (4H, m), 5.05

and 532 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 3.70 (2H, d),

3.10 (3H, s), 2.85 (2H, m)

4-Benzoyloxy—-2-cyanomethylpyrrolidine-1-carboxylic acid 4-nitrobenzyl
ester (184)

4-Benzoyloxy-2-methanesulfonyloxymethylpyrrolidine-1-~carboxylic acid 4-
nitrobenzyl ester (183) (8.0 g, 0.017 mol)& ©]&-3to] (166d)e] TAWHI FAeH
WHoE FAt FHE (184S Ao
T&  78.0%
'H-NMR (CDCly) & 7.49 and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 5.05
and 532 (2H, s and m), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 3.32 (2H, d),
2.85 (ZH, m)
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4-Benzoyloxy—2—carbamoylmethylpyrrolidine-1-carboxylic acid 4-nitro-
benzyl ester (185)

4-Benzoyloxy-2-cyanomethylpyrrolidine-1-carboxylic  acid  4-nitrobenzyl
ester (184) (6.0 g, 0.015 moDl)l tetrahydrofuran (30 ml)& ¥ I, c-HSOs (5 ml)
S HA3] "ojmgr} 24 7F Ho| 4N NaOHZE £33 X171 3 ethyl acetate®t H.0O
2 F&3td stgE (189)& Aok
F&  75.9%
'H-NMR (CDCly) 6 7.49 and 823 (4H, 2m), 7.55 (1H, m), 752 (4H, m), 5.05
and 532 (2H, s and m), 455 (1H, m), 441 (2H, d), 401 (1H, m), 3.86 (2H, m),
2.85 (2H, m)

4-Benzoyloxy—2-thiocarbamoylmethylpyrrolidine—1-carboxylic acid 4-

nitrobenzyl ester (186)
4-Benzoyloxy-2-carbamoylmethylpyrrolidine-1-carboxylic acid 4-nitrobenzyl

ester (185) (6.0 g, 0.014 moD& °] &3t (160)8] 4L UM Wiz &

48t e (186) L3t

& 1899 %

'H-NMR (CDCly) & 749 and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 5.05

and 5.32 (2H, s and m), 455 (1H, m), 4.01 (1H, m), 3.94 (2H, d), 3.86 (2H, m),

2.85 (2H, m)

2-[4-Benzoyloxy—-1-(4—nitrobenzyloxycarbonyl)pyrrolidin-2-ylmethyllthia-

zole—4—carboxylic acid ethyl ester (187)
4-Benzoyloxy—2-thiocarbamoylmethylpyrrolidine-1-carboxylic acid 4-nitro-

benzyl ester (186) (5.0 g, 0.011 mol)?} ethyl bromopyvrates ©]-&3to] (160)<]

G LT dHoE FAsA IE 187)E AU

& 1 828%

'"H-NMR (CDCls) 8 7.49 and 823 (4H, 2m), 7.55 (1H, m), 7.52 (4H, m), 7.27

(1H, s), 5.05 and 5.32 (2H, s and m), 455 (1H, m), 4.10 (2H, q), 401 (1H, m),

394 (2H, d), 3.86 (2H, m), 2.85 (2H, m), 143 (3H, t)

2-[4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—2-ylmethyllthiazole—-
4-carboxylic acid ethyl ester (183)

2-[4-Benzoyloxy—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-ylmethyllthia-
zole-4-carboxylic acid ethyl ester (187) (5.0 g, 9.3 mmoDS °]&3l (162)9 &
A 4 IR FAdste] s (188)= dAth
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T& 1 91.0%

'H-NMR (CDCl3) 6 749 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 532 (2H, s
and m), 455 (1H, m), 410 (2H, q), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85
(2H, m), 143 (3H, t)

2-[4-Mercapto—1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-ylmethyllthia-
zole—4—-carboxylic acid ethyl ester (189a)
2-[4-Hydroxy—-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—-2-ylmethyllthiazole—4-
carboxylic acid ethyl ester (188) (2.0 g, 46 mmol)S ©]&3lo] (1652 (166a)2]
FATEH LT HHoR FA4ste sFEE (189a)& AU
'H-NMR (CDClz) 6 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s
and m), 455 (1H, m), 4.10 (2H, q), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85
(2H, m), 143 (3H, t)

2-(4-Carbamoylthiazol-2-ylmethyl)-4-hydroxypyrrolidine-1-carboxylic

acid 4-nitrobenzyl ester (190)
2-[4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-ylmethyllthiazole—4-

carboxylic acid ethyl ester (188) (2.0 g, 46 mmol)E o]&3ta (158)9) A =

I FdEH YHor FA4%e SFE (19002 AUt

TE& 1 76.6%

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (2H, s

and m), 455 (1H, m), 4.01 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85 (2H, m)

2-(4-Carbamoylthiazol-2-ylmethyl)-4-methanesulfonyloxypyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (191)
2-(4-Carbamoylthiazol-2-ylmethyl)-4-hydroxypyrrolidine-1-carboxylic  acid

4- nitrobenzyl ester (190) (1.5 g, 3.7 mmol)& °]&3te] (164)¢] FAWMET Y

g o s FAste s (19D 2UTh

& 839 %

'H-NMR (CDCls) & 7.49 and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 5.32 (2H, s

and m), 455 (1H, m), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 3.10 (3H, s), 2.85

(2H, m)
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2-(4-Carbamoylthiazol-2-ylmethyl)-4-mercaptopyrrolidine—1-carboxylic
acid 4-nitrobenzyl ester (189b)

2-(4-Carbamoylthiazol-2-ylmethyl) -4-methanesulfonyloxypyrrolidine—1-
carboxylic acid 4-nitrobenzyl ester (191) (1.5 g, 3.1 mmol)& o]&3sto] (165)9
(166a)2] T4y 5L WHoz At 33E (189h)S ATt
'H-NMR (CDCl3) 8 7.49 and 823 (4H, 2m), 7.27 (1H, s), 505 and 532 (CH, s
and m), 455 (1H, m), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85 (2H, m)

4-Benzoyloxy—2-(4-ethoxycarbonylmethylthiazol-2-ylmethyl)pyrrolidine—1-

carboxylic acid 4-nitrobenzyl ester (192)
4-Benzoyloxy—-2-thiocarbamoylmethylpyrrolidine-1-carboxylic acid 4-nitro—

benzyl ester (186) (5.0 g, 0.011 mol)®} methyl-4-chloroacetoacetate2 ©]-83}¢]

(172)9] FABYF L3 PP oz FAsI FFE (1925 AT

T& 1 755%

'H-NMR (CDCly) & 749, and 823 (4H, 2m), 755 (1H, m), 7.52 (4H, m), 7.27

(1H, s), 5.05 and 5.32 (2H, s and m), 455 (1H, m), 410 (2H, @), 4.01 (1H, m),

394 (2H, d), 3.86 (2H, m), 2.85 (2H, m), 1.43 (3H, t)

2-(4-Ethoxycarbonylmethylthiazol-2-ylmethyl)-4-hydroxypyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (193)
4-Benzoyloxy-2-(4-ethoxycarbonylmethylthiazol-2-ylmethyl)pyrrolidine-1-

carboxylic acid 4-nitrobenzyl ester (192) (25 g, 45 mmol)S ©]&3ta (162)9

FAHY FAdS I oR FAS SFFE (193)8 i

& 84.8%

'H-NMR (CDClz) & 7.49, and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s

and m), 455 (1H, m), 410 (2H, @), 4.01 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85

(2H, m), 143 (3H, t)

2-(4-Ethoxycarbonylmethylthiazol-2-ylmethyl)-4-methanesulfonyloxy—

pyrrolidine-1-carboxylic acid 4-nitrobenzyl ester (194)
2-(4-Ethoxycarbonylmethylthiazol-2-ylmethyl)~4-hydroxypyrrolidine—1-

carboxylic acid 4-nitrobenzyl ester (193) (2.0 g, 445 mmol)& ©} &3t (167)9)

FAAEI FLE PR FAst FFE (199 A

T& 1 83.2%

'H-NMR (CDCls) & 7.49, and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 532 (2H, s

and m), 455 (1H, m), 410 (2H, g), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 3.10
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(3H, s), 2.8 5(2H, m), 143 (3H, t)

2-(4-Carbamoylmethylthiazol-2-ylmethyl)-4-methanesulfonyloxypyrroli—-

dine—1-carboxylic acid 4-nitrobenzyl ester (195)
2-(4-Ethoxycarbonylmethylthiazol-2-ylmethyl) -4-methanesulfonyloxypyrroli-

dine-1-carboxylic acid 4-nitrobenzyl ester (194) (2.0 g, 3.8 mmol)& ©]&35}4

(158)¢] P4 FUT Wy o s FAste FFE (195 AT

T&  685% '

'H-NMR (CDCls) & 7.49, and 823 (4H, 2m), 7.27 (1H, s), 505 and 5.32 (2H, s

and m), 455 (1H, m), 421 (2H, d), 401 (1H, m), 3.86 (2H, m), 3.10 (3H, s), 2.85

(2H, m)

2-(4-Carbamoylmethylthiazol-2-ylmethyl)-4-mercaptopyrrolidine—-1-carb-

oxylic acid 4-nitrobenzyl ester (189c)
2-(4-Carbamoylmethylthiazol-2-ylmethy!l)-4-methanesulfonyloxypyrrolidine—

1-carboxylic acid 4-nitrobenzyl ester (195) (1.5 g, 3.0 mmol)& ©]&3tod (165)<

(166a)9] AL A TLT Hgoz 45t IeEE (189c)= AAUTH

'H-NMR (CDCls) & 7.49, and 823 (4H, 2m), 7.27 (1H, s), 5.05 and 5.32 (2H, s

and m), 455 (1H, m), 421 (2H, d), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m)

3-[5-(4-Carbamoylthiazol-2-yl)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin—-3-
ylsulfanyll-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-
ene—2—carboxylic acid 4-nitrobenzyl ester (196a)
3-(Diphenoxyphosphoryloxy)-6-(1-hydroxyethyl) -4-methyl-7-oxo-1-azabi-
cyclo[3.2.0Jhept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (13) (2.18 g, 3.7
mmol)ol] acetonitrile® ¥, 0 C, @& EH 784 disopropylethylamine (0.7
ml, 40 mol)E& ¥ ¥ 2-(4-carbamoylthiazol-2-yl)~4-mercaptopyrrolidine-1-
carboxylic acid 4-nitrobenzyl ester (166a) (1.5 g, 3.7 mmol)2 ZHH3| "HojrFH o}
1A2F Holl ethyl acetate®t H 02 F&3to] FFE (196a)S AUt
=8 1 67.0%
'H-NMR (CDCl) 6 818 (4H, m), 741 (2H, d), 7.29 (2H, d), 727 (1H, s), 5.05
and 5.32 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m),
2.46 (1H, m), 204 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)
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2-{4-[6-(1-Hydroxy-ethyl)-4-methyl-7-oxo—1-azabicyclo[3.2.0]lhept-2-en—
3-ylsulfanyllpyrrolidin-2-yl}thiazole-4-carboxylic acid amide (198a)
3-[5-(4-Carbamoylthiazol-2-y1)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-
ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo—-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitrobenzyl ester (196a) (0.2 g, 0.26 mmol)°l tetrahydrofuran
(10 mD$F H:0 (10 mD& ¥, Pd/C (020 g H7Me § F43 WEFAE o
£3te] 1A 7F B & A7 1A Holl ethyl acetated} HOZR &3 5 E&
£ s 9AAA 1A 3 E (198a)F diTh
TE 1 428%
'H-NMR (CDCl) & 7.27 (1H, s), 5.05 and 532 (2H, s and m), 455 (1H, m),
401 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 2.46 (1H, m), 2.04 (1H, m), 1.76 (1H,
bs), 1.34 (3H, d), 1.23 (3H, d)

3-[5-(4-Ethoxycarbonylthiazol-2—-yl1)—1-(4—-nitrobenzyloxycarbonyl)pyrroli—
din-3-ylsulfanyl]l-6—(1-hydroxyethyl)-4-methyl-7-oxo—-1-azabicyclo[3.2.0]-
hept-2-ene—2—carboxylic acid 4-nitrobenzyl ester (196b)
2-[4-Mercapto-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-yllthiazole-4-carb—
oxylic acid ethyl ester (166b) (1.0 g, 2.25 mmol)< ©]-&3ta] (196a)9] A 3}
TES WP R A5t EE (196b)2 BT
F& 1 759%
'H-NMR (CDCl3) & 8.18 (4H, m), 741 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 505
and 5.32 (2H, s and m), 455 (1H, m), 410 (2H, q), 401 (1H, m), 3.86 (2H, m),
2.85 (2H, m), 246 (1H, m), 204 (1H, m), 1.76 (1H, bs), 143 (3H, t), 1.34 (3H,
d), 1.23 (3H, d
2-{4-16-(1-Hydroxyethyl)-4-methyl-7-oxo—-1-azabicyclo[3.2.0]hept-2-en—
3-ylsulfanyllpyrrolidin-2-yl}thiazole-4—carboxylic acid ethyl ester (198b)
3-[6-(4-Ethoxycarbonylthiazol-2-y1)-1-(4-nitrobenzyloxycarbonyl)-pyrroli-
din-3-ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-~azabicyclo[3.2.0]Jhept-2-
ene-2-carboxylic acid 4-nitrobenzyl ester (196b) (0.5 g, 0.63 mmol)< ©]-& 3}
(198a)9] FALEH L3 Wgoz FAste FFE (198b)S LA
& 394%
'H-NMR (CDCl) & 7.27 (1H, s), 505 and 532 (2H, s and m), 455 (1H, m),
4.10 (2H, q), 4.01 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 2.46 (1H, m), 2.04 (1H,
m), 1.76 (1H, bs), 1.43 (3H, t), 1.34 (3H, d), 1.23 (3H, d)
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6-(1-Hydroxyethyl)-3-[5-(4-hydroxymethylthiazol-2—-yl)-1-(4-nitrobenzyl-

oxycarbonyl)pyrrolidin—-3-ylsulfanyl]l-4-methyl-7-oxo-1~azabicyclo-

[3.2.0]hept-2-ene-2—-carboxylic acid 4-nitrobenzyl ester (196c)
2-(4-Hydroxymethylthiazol-2-v1)-4~mercaptopyrrolidine—1-carboxylic acid

4-nitrobenzyl ester (166¢) (1.0 g, 255 mmol)< ©]|&3te] (196a)9 FA LRI} =

dg WP o s FAdstd sFE (1960)S LU

T& 1 654%

'H-NMR (CDCL) & 818 (4H, m), 741 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 5.05

and 532 (2H, s and m), 518 (2H, s), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m),

2.85 (2H, m), 2.46 (1H, m), 2.04 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

6-(1-Hydroxyethyl) -3-[5-(4-hydroxymethylthiazol-2-yl)pyrrolidin—-3-yl-

sulfanyll-4-methyl-1-azabicyclol3.2.0]lhept-2-en-7-one (198c)
6-(1-Hydroxyethyl)-3-[5-(4-hydroxymethylthiazol-2-yl)-1-(4-nitrobenzyl-

oxycarbonyl)pyrrolidin~3-ylsulfanyll-4-methyl-7-oxo-1-azabicyclo[3.2.0Jhept-2-

ene-2-carboxylic acid 4-nitrobenzyl ester (196c) (0.2 g, 0.54 mmol)S ©]8 3}«

(198a)e] &4 iy I3 WHoR &35ty gFE (198c)& AT

& 1 37.4%

"H-NMR (CDCly) § 7.27 (1H, s), 5.05 and 5.32 (2H, s and m), 518 (2H, s), 4.55

(1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 246 (1H, m), 2.04 (1H, m),

1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

3-[5-(4-Cyanomethylthiazol -2-y1)—-1-(4 nitrobenzyloxycarbonyl)pyrrolidin—

3-ylsulfanyll-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0lhept-

2-ene—2—carboxylic acid 4-nitrobenzyl ester (196d)
2-(4-Cyanomethylthiazol-2-yl)-4-mercaptopyrrolidine-1-carboxylic acid 4-

nitrobenzyl ester (166d) (1.0 g, 2.45 mmol)< ©]€3le (196a)8] TA LYY <

g Ages gt sgE (196d)s LUt

T 65.8%

'"H-NMR (CDClz) & 818 (4H, m), 741 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 5.05

and 5.32 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.89 (2H, s), 3.86 (2H, m),

2.85 (2H, m), 2.46 (1H, m), 2.04 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)
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(2-{4-[6-(1-Hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-en-

3-ylsulfanyllpyrrolidin—2—-yl}thiazol-4—yl)acetonitrile (198d)
3-[5-(4-Cyanomethylthiazol-2-y1)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-

ylsulfanyl]-6—-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-

carboxylic acid 4-nitrobenzyl ester (196d) (0.2 g, 0.27 mmol)& o] &3}lo] (198a)

of AN Tdg Aoz FAst FFE (198d)& L3t

& 1 399%

'H-NMR (CDCls) & 7.27 (1H, s), 505 and 532 (2H, s and m), 455 (1H, m),

401 (1H, m), 3.89 (2H, s), 3.86 (2H, m), 2.85 (2H, m), 246 (1H, m), 2.04 (1H,

m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

6-(1-Hydroxyethyl)-3-[5-[4-(2-hydroxyethyl)thiazol-2-yl]l-1-(4-nitro-
benzyloxycarbonyl)pyrrolidin—-3-ylsulfanyll-4-methyl-7-oxo—-1-azabicyclo—
[3.2.0lhept—-2—ene—2—carboxylic acid 4—-nitrobenzyl ester (196e)
2-[4-(2-Hydroxyethyl)thiazol-2-yl]-4-mercaptopyrrolidine-1-carboxylic acid
4-nitrobenzyl ester (166e) (1.0 g, 2.45 mmol)S ©]-&3ta] (196a)8] FALHY T
Adg WP oz FAst SFFE (196e)= AU
TE& 1731 %
'H-NMR (CDCl:) & 818 (4H, m), 741 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 5.05
and 5.32 (2H, s and m), 455 (1H, m), 4.01 (1H, m), 3.86 (2H, m), 3.76 (2H, t),
2.85 (2H, m), 2.70 (2H, t), 246 (1H, m), 2.04 (1H, m), 1.76 (1H, bs), 1.34 (3H,
d), 1.23 (3H, d)

6-(1-Hydroxyethyl)-3—-{5-[4-(2-hydroxyethyl)thiazol-2-yllpyrrolidin-3-yl-

sulfanyl}-4-methyl-1-azabicyclol3.2.0]lhept-2-en-7-one (198e¢)
6-(1-Hydroxyethyl)-3-[5-[4-(2-hydroxyethyDthiazol-2-y1]-1-(4-nitrobenzyl-

oxycarbonyl)pyrrolidin-3-ylsulfanyll-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-

ene-2-carboxylic acid 4-nitrobenzyl ester (196e) (0.2 g, 0.27 mmol)S ©]&3}

(198a)2] AU Tde PPoz FAste] 3E (198e)S LU

& 1 323%

'H-NMR (CDCls) & 7.27 (1H, s), 505 and 5.32 (2H, s and m), 455 (1H, m),

401 (1H, m), 3.86 (2H, m), 3.76 (2H, t), 2.85 (2H, m), 2.70 (2H, t), 2.46 (1H, m),

2.04 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)
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3-[5-(4-Carbamoylmethylthiazol-2-yl1)-1-(4-nitrobenzyloxycarbonyl)pyrro-

lidin-3-ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo-

[3.2.0Jhept—-2-ene—2-carboxylic acid 4-nitrobenzyl ester (196f)
2-(4-Carbamoylmethylthiazol-2-yl)~-4-mercaptopyrrolidine-1-carboxylic acid

4-nitrobenzyl ester (166f) (1.0 g, 2.7 mmol)S ©o]&3o (196a)¢] FAXHY =

At IHo R FAske FE (1960)S LA

& 1766 %

'H-NMR (CDCl;) 6 818 (4H, m), 741 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 5.05

and 532 (2H, s and m), 455 (1H, m), 451 (2H, s), 401 (1H, m), 3.86 (2H, m),

2.85 (2H, m), 2.46 (1H, m), 204 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

2-(2-{4-[6-(1-Hydroxyethyl) -4-methyl-7-oxo-1-azabicyclo[3.2.0lhept—2-

en—3-ylsulfanyllpyrrolidin-2—-yl}thiazol-4-yl)acetamide (198f)
3-[5-(4-Carbamoylmethylthiazol-2-y1)-1-(4-nitrobenzyloxycarbonyl)pyrroli-

din-3-ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-

ene-2-carboxylic acid 4-nitrobenzyl ester (196f) (0.2 g, 0.26 mmol)& ©} &35}

(198a)°] FAWHF FAe HPo 2 f4d3te] dFE (198D AUt

F& : 401%

'H-NMR (CDCly) & 7.27 (1H, ), 5.05 and 532 (2H, s and m), 455 (1H, m),

451 (2H, s), 401 (1H, m), 3.86 (2H, m), 285 (2H, m), 2.46 (1H, m), 2.04 (1H,

m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

6-(1-Hydroxyethyl)-3-[5-(4-hydroxymethyl-5-methylthiazol-2-y1)-1-(4-

nitrobenzyloxycarbonyl)pyrrolidin-3-ylsulfanyl]l-4-methyl-7-oxo-1-azabi-

cyclol3.2.0lhept-2—-ene-2-carboxylic acid 4—-nitrobenzy! ester (196g)
2-(4-Hydroxymethyl-5-methylthiazol-2-yl)-4-mercaptopyrrolidine-1-carb-

oxylic acid 4-nitrobenzyl ester (166g) (1.0 g, 2.45 mmol)& ©]&3ted (196a)2] &

A FYT Ao E FAs FFEE (196g)S AT

T& : 81.0%

'"H-NMR (CDCl) ¢ 818 (4H, m), 7.41 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 505

and 532 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m),

246 (1H, m), 2.35 (3H, s), 2.04 (1H, m), 1.76 (1H, bs), 1.34 (BH, d), 1.23 (3H, d)
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6-(1-Hydroxyethyl)-3-[5-(4-hydroxymethyl-5-methylthiazol-2—yl)pyrroli-
din—3-ylsulfanyl]-4-methyl-1-azabicyclo[3.2.0]Jhept-2-en—7-one (198g)
6-(1-Hydroxyethyl)-3-[5-(4-hydroxymethyl-5-methylthiazol-2-y1)-1-(4-
nitrobenzyloxycarbonyl)pyrrolidin-3-ylsulfanyl]-4-methyl-7-oxo-1-azabicyclo-
[3.2.0]lhept—-2-ene-2-carboxylic acid 4-nitrobenzyl ester (196g) (0.2 g, 0.27 mmol)
S o]&3te] (198a)9 FAWHI 9% HHo=E P43t FFE (198g)s AU
=3
F& :29.9%
'H-NMR (CDCly) & 7.27 (1H, s), 505 and 532 (2H, s and m), 455 (1H, m),
4.01 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 246 (1H, m), 2.35 (3H, s), 2.04 (1H,
m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

3-[5-(4-Ethoxycarbonylthiazol-2-ylmethyl)—1-(4—nitrobenzyloxycarbonyl) -
pyrrolidin—-3-ylsulfanyll-6—-(1-hydroxyethyl) -4-methyl-7-oxo—-1-azabicy -
clo[3.2.0lhept-2—-ene-2—carboxylic acid 4 -nitrobenzyl ester (197a)
2-[4-Mercapto-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-2-ylmethyllthiazole~
4-carboxylic acid ethyl ester (189a) (1.0 g, 2.2 mmol)& ©]&34 (196a)2] T4
W A e R At SEE (197a)S AT
& 1660 %
'H-NMR (CDCls) & 818 (4H, m), 741 (2H, d), 7.29 (2H, d), 7.27 (1H, s), 5.05
and 532 (2H, s and m), 455 (1H, m), 410 (2H, q), 401 (1H, m), 3.94 (2H, d),
3.86 (2H, m), 2.85 (2H, m), 246 (1H, m), 2.04 (1H, m), 1.76 (1H, bs), 1.43 (3H,
t), 1.34 (3H, d), 1.23 (3H, d)

2-{4-[6-(1-Hydroxyethyl)-4-methyl-7-oxo—-1-azabicyclo[3.2.0lhept—-2-en-
3-ylsulfanyllpyrrolidin-2-ylmethyl}thiazole-4—-carboxylic acid ethyl ester
(199a)
3-[5-(4-Ethoxycarbonylthiazol-2-ylmethyl)-1-(4-nitrobenzyloxycarbonyl) -
pyrrolidin-3-ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]-
hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (197a) (1.0 g, 2.25 mmol)< °]
&3t (198a)9] FAWHFA 43 oz FAsY FE (199a)S |UTH
F& 1 339%
'H-NMR (CDCL) & 7.27 (1H, s), 505 and 5.32 (2H, s and m), 455 (1H, m),
410 (2H, q), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85 (2H, m), 2.46 (1H,
m), 2.04 (1H, m), 1.76 (1H, bs), 1.43 (3H, t), 1.34 (3H, d), 1.23 (3H, d)
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3-[5-(4-Carbamoylthiazol-2-ylmethyl)-1-(4-nitrobenzyloxycarbonyl)pyrro-

lidin—-3-ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo—

[3.2.0] hept—-2—ene—-2-carboxylic acid 4-nitrobenzyl ester (197b)
2~(4-Carbamoylthiazol-2-ylmethyl) -4-mercaptopyrrolidine-1-carboxylic acid

4- nitrobenzyl ester (189b) (1.0 g, 2.7 mmol)& ©]&3to] (196a)¢] AU HT =

AT W ow FAs IFE (197b)S A}

TE 1 674%

'H-NMR (CDCl;) & 8.18 (4H, m), 741 (2H, d), 729 (2H, 4), 7.27 (1H, s), 5.05

and 532 (2H, s and m), 455 (1H, m), 401 (1H, m), 3.94 (2H, d), 3.86 (2H, m),

2.85 (2H, m), 246 (1H, m), 2.04 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

2-{4-16-(1-Hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]lhept-2-en—

3-ylsulfanyllpyrrolidin-2-ylmethyl}thiazole-4-carboxylic acid amide (199b)
3-[5-(4-Carbamoylthiazol-2-ylmethyl)~1-(4-nitrobenzyloxycarbonyl)pyrroli-

din-3-ylsulfanyl]-6-(1-hydroxyethyl)-4-methyl-7-oxo—-1-azabicyclo[3.2.0]hept-2-

ene-2-carboxylic acid 4-nitrobenzyl ester (197b) (0.2 g, 0.26 mmol)-& ©] &3}

(198a)e] FALR I T3 Wioz At FFE (199b)e L3

T8 322%

'H-NMR (CDCly) & 7.27 (1H, s), 505 and 532 (2H, s and m), 455 (1H, m),

401 (1H, m), 3.94 (2H, d), 3.86 (2H, m), 2.85 (2H, m), 246 (1H, m), 2.04 (1H,

m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)

3-[5-(4-Carbamoylmethylthiazol-2-ylmethyl)-1-(4—-nitrobenzyloxycarbon-

yDpyrrolidin—3-ylsulfanyll-6- (1-hydroxyethyl)-4-methyl-7-oxo—1-azabi—

cyclol[3.2.0lhept—2-ene-2-carboxylic acid 4-nitrobenzyl ester (197¢)
2-(4-Carbamoylmethylthiazol-2-ylmethyl)-4-mercaptopyrrolidine-1-carboxy -

lic acid 4-nitrobenzyl ester (189c) (1.0g, 2.3 mmol)& ©]&3ta] (196a)9] A

Wi T3 HHe R At SFFE (1970)8 |uH.

& 1 718%

'H-NMR (CDCl) 6 8.18 (4H, m), 741 (2H, d), 729 (2H, d), 7.27 (1H, s), 5.05

and 532 (2H, s and m), 455 (1H, m), 421 (2H, d), 401 (1H, m), 3.86 (2H, m),

2.85 (2H, m), 2.46 (1H, m), 2.04 (1H, m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)
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2-(2-{4-16-(1-Hydroxyethyl)-4-methyl-7-oxo—1-azabicyclo[3.2.0]hept-2-
en-3-ylsulfanyllpyrrolidin-2-ylmethyl}thiazol-4-yl)acetamide (199c)
3-[5-(4-Carbamoylmethylthiazol-2-ylmethyl)-1-(4-nitrobenzyloxycarbonyl)-
pyrrolidin-3-ylsulfanyl]l-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]-
hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (197¢) (0.2 g, 0.26 mmol)< ©]
g3te] (198a)] AU TY3 dew FAste FFE (1990 EAT
T& : 344%
'H-NMR (CDCly) & 7.27 (1H, s), 505 and 5.32 (2H, s and m), 455 (1H, m),
421 (2H, d), 401 (1H, m), 3.86 (2H, m), 2.85 (2H, m), 246 (1H, m), 2.04 (1H,
m), 1.76 (1H, bs), 1.34 (3H, d), 1.23 (3H, d)
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s PD50 : W23 thu] €5 (mouse)

» % & Pharmacokinetic 438 %
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AN AT AAES AR FHED QLo DF AT

—

ATAL) 54 2 T4
X A
& AT AAAZE Adste] wEZEA MRSA
A FAAE Adstd Hid FAS 1F, 7
EE8t 2 DACA ZIgA golay 2 FEIE BEe I
¥ QA

[s] j=3e) RN % LULA i
ek ool s dFEz S
OAN=EA WA 9 AZZAZAA FAA e AAAGo] EsdE G o]
EW AFstEols dgast AF Afgel ¥e Ao sluiEy 24

T obz 5] AEFT Al vt 9z, 238 MRSA N2EAE HZo
g’\] % Ertapenem 3+ 70 el 9ith,

ZhebA g A FEAZ MRSA A& 529 g4 Adsd 3
S HRT 5 92 AoR dyw

3t }\] ;g- /16]

.

el

& 1986\ a5 E Al#tE Jhetdly] A ImipenemS 1998 T ol 69 & 9]
AAANEE ol Fdom ol AATEA AF 79 na3s Ay £Eoz
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gstel o] Hoke] AF7t BEHoln opx FEHI olFoiX T Y=
A9 MRSA ARS8 A FAAY A% A7 405 a7z )

oL AFAwe] g 2 4
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HEZu g4 FA44 Agdy
¢ AAHcE g NEHE HEUEA FAA] 44 2 FA
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& HEZEEA FA44 KR-31001, KR-32002, KR-31004%
MRSA o 3t Fagd e A%
& S Add &

ol
oX,
Ofs
ok
&
ok

- 207 -~



23 A &
sholeld N @ Fhutsld FAA AwAT

& clgolbd Ay fEAY 3
¢ 4E=&53 KR-31001 ¥ KR-31017¢ =&
& AT FAe) AT HEA 150 ANE FAT
& ols9) r ANL AAF

3RE

WzAololE @ JHubsd GRS A
& HzAololE Rl =S G A kA FAA];

KR-32111, KR-32112, KR-32148, KR-32116, KR-32006, KR-

KR-330075< 34 ?‘51»

& TAE 3FE invitro & MRSA a8 A

& °l59 23 kg ANE HAF
WzAololEE2 9 Ed X & FlvA Q) FAA AR

AN xzM ool g X8 FhuiH v FAA;

o
%

33006,

KR-33001, KR-33027, KR-33051, KR-33052, KR-33040 5% MRSA& 7}

wlol Y &= o] ¥4
¢ A IFEY in vitro 3 MRSA Fd&ZA 9 AlY
4 DHP-1 ¢t4 %= 2 bioavailability 2] A] & A A

Wz ololE R oA g )= X3 FhutA g FAA AT

@ Y xHololE ZolAElt] = X3 FluiH Y A A, KR-33051, KR-33052,
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A4 hvtEd FEA9 ¥4 A
7748 A E MRSASE A& 7F53 CS-834E =2W3l FE4
KR-33046, KR-33047, KR-33048% A3
¢ o|=° Ui kE A HA

IV. a7 25 9 &89 a3 39

1439 %

HEzurg A FAA A2
& AAZFCE AL ANEHE HEDGUEA FAA 24 2 44T
& 4% HEZEGEA FHAE A FA o) F4F
¢ s EINEA A4A KR-31001, KR-32002, KR-310045 #/dste &

A=
MRSA °ll g FaH 4P 3 a7} vl et

& Ads 4

- 208 -



¢ FAWL Ad(Heterocycles)ol 23x &
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olgddHd X3 FnisAdd FAA ALAT
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I

SUMMARY

Title :

Research about development to next generation resistant bacteria infection

disease candidate material

II. Purpose and Importance of Research

Purpose

The purpose of this research is to develop new lead compound of MRSA
target B -lactam antibiotics and to commercialize and license to domestic and
foreign companies.
Importance

The incidence resistant to bacterial strains is increasing continuously due
to abuse and misuse of antibiotics such as penicillins and cephalosporins.
especially, it is needed a special efficacy for respiratory infection disease and
meningitis desperately because of the advent of gram-positive bacteria with
strong resistant to commercially available antibiotics. as several nembers of
quinolone and cephalosporin antibiotcs have already been launched in world
market, new derug of these analogs will show lower world markets.

However, new drugs of carbapenem and penem are expected to share
higher world markets because only one oral penem and three parental
carbapenem and one MRSA carbapenem such as Ertapenem are commercilly
available. since Imipenem was launched in 1986, its world market has been
increased dramatically every year and was sold 550 million dollars in 1996.
Therefore, the study of this field is demanded desperately. Especially, the
development of MRSA carbapenem antibiotics is required because only one

MRSA carbapenem is launched in world market yet.

III. Contents and Scope:

First vear

Research about development of tetrabactam carbapenems
@ Design and synthesis of tetrabactam carbapenems
@ Total synthesis of four tetrabactam carbapenems derivatives
€ The tetrabactam carbapenems such as KR-31001, KR-32002,
KR-31004, was screening against MRSA strains
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@ This synthetic method was published in world journal
Secand yvear
Research about development of carbapenems substituted arylethenyl at
C-2 position
@ synthesis of carbapenems substituted arylethenyl at C-2 position
@ Lead compound generation of KR-31001 and KR-31017
@ Synthesis of 150 derivatives
@ Screenig test and pharmacokinetic test of the lead compounds
Third year
Research about development of carbapenems substituted benzothiazol
hydxyalkyl at C-2 position
€ Synthesis of carbapenems substituted benzothiazolhydxyalkyl at C-2
position as KR-32111, KR-32112, KR-32148, KR-32116, KR-32006,
KR-33006, KR-33007
¢ KR-21
& DHP-1 stablity test
Research about development of carbapenems substituted benzothiazolo
pyrrolidine at C-2 position
€ Synthesis of carbapenems substituted benzothiazolopyrrolidine at C-2
position as KR-33001, KR-33027, KR-33051, KR-33052, KR-33040
@ Screenig test against MRSA strains and pharmacokinetic test
€ DHP-1 stablity test

Research about development of carbapenems substituted benzothiazolo
azetidine at C-2 position
€ Synthesis of carbapenems substituted benzothiazoloazetidine at C-2
position as KR-33028, KR-33051, KR-33052, KR-33040
@ Screenig test against MRSA strains and pharmacokinetic test
& DHP-1 stablity test

Research about development of oral carbapenems
€ Design and synthesis of oral carbapenems modified by CS-834 as
KR-33046, KR-33047, KR-33048
@ Screenig test against MRSA strains and pharmacoKinetic test
& DHP-1 stablity test
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IV. Results and Discussion
First year
Research about development of tetrabactam carbapenems
€ Synthesis of tetrabactam carbapenems
@ Total synthesis of four tetrabactam carbapenems derivatives
€ The tetrabactam carbapenems such as KR-31001, KR-32002,
KR~-31004, was screening against MRSA strains to give low avtivity
& This synthetic method was published in Heterocycles
Secand year
Research about development of carbapenems substituted arylethenyl at
C-2 position
&€ Synthesis of carbapenems substituted arylethenyl at C-2 position
@ Lead compound generation of KR-31001 and KR-31017
@ Synthesis of 150 derivatives
@ In vitro anti MRSA activity of KR-31001 and KR-31017 shown 2-4
fold high than vancomycin
€ DHP-1 sthility: stable
€ Pharmacokinetic parameter: good
€ The lead compounds was unstable in water
Third year
Research about development of carbapenems substituted benzothiazol
hydxyalkyl at C-2 position
€ Synthesis of carbapenems substituted benzothiazolhydxyalkyl at C-2
position as KR-32111, KR-32112, KR-32148, KR-32116, KR-32006,
KR-33006, KR-33007
€ KR-32148 was most active among the 7 compounds in in vitro test
€ In vitro anti-MRSA activity(Hoechst strains) of KR-32148 shown
4-fold higher than vancomycin
€ DHP-1 stablity : stalble
Research about development of carbapenems substituted benzothiazolo
pyrrolidine at C-2 position
@ Synthesis of carbapenems substituted benzothiazolopyrrolidine at C-2
position as KR-33001, KR-33027, KR-33051, KR-33052, KR-33040
€ KR-32148 was most active among the 5 compounds in in vitro test
€ In vitro anti-MRSA activity(Hoechst strains) of KR-32027 shown
4-16 fold higher than vancomycin
€ DHP-1 stablity test(KR-33027): stable
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@ Bioavailablity: good
€ KR-33027 was decided lead compound
Research about development of carbapenems substituted benzothiazolo
azetidine at C-2 posttion
@ Synthesis of carbapenems substituted benzothiazoloazetidine at C-2
position as KR-33028, KR-33051, KR-33052, KR-33040
€ KR-32028 was most active among the 4 compounds in in vitro test
€ In vitro anti-MRSA activity(Hoechst strains) of KR-32028 shown
5-18 fold higher than vancomycin
& DHP-1 stablity test(KR-33028): stable
€ Bioavailablity: good
€ KR-33028 was decided lead compound
Research about development of oral carbapenems
@ Design and synthesis of oral carbapenems modified by CS-834 as
KR-33046, KR-33047, KR-33048
€@ In vitro antivacterial activity(standard 20 strains) of KR-33048 shown
less active than CS-834
€ DHP-1 stablity test(KR-33048): stable
@ Bioavailablity: good

V. Future Plan
Hereafter completed domestic patent application of KR-33027 and
KR-33028 that choose lead material former official will execute test, and
progress research to develop little more superior activity than this in
structure modification similar to these at next generation 2 steps and will
be choose candidate product to apply domestic or foreign countries

licensing.
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Table 2. 19963 AlA A A <du] Y

Augmentin Penicillin SKB 1,354 ATE

1
2 Ciprofloxacin Quinolone Bayer 1,290 7
3 Clarithromycin Macrolide Abbott 1,150 ”
4 Cefatriaxone Cepha Roche 993 FALE
5 acxifj roxime ’ Glaxo 639 ATE
6 Azithromycin Macrolide Pfizer 619 7
7 Imipenem Carbapenem Merck 555 FAE
8 Cefaclor Cefa Lilly 542 T8
9 Ceftazidime " Glaxo 449 FAHE
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Vancomycin, Teichoplanin DNA gyrase
Penicillins Quinolones
Carbapenems

Monobactams
Cephalosporins

Cell wall

Folic acid

metabolism
Trimethoprim
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DNA-directed
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Protein synthesis
(308 inhibitors)
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Spectinomycin
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Figure 1. Sites of action of various antimicrobial agents;
PABA, p-aminobenzoic acid; DHFA, dihydrofolic acid; THFA,
tetrahydrofolic acid.
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lactam 3} E- B -lactamased] &3] HHHOoZ E3FH AU AEUd Eol7td

L A4FEAA FaiEd PBPset Z2eHA XA Hol AEuUldA g4& o
A FEEHAl Ak wbH A E Yo A PBPset ARe B-lactam SIREEL 1YW UdA
T A8k o] peptidoglycan®] #4& Asiste] AETE FUoZM FAA A
55S YeldA B9 (Figure 3).

(A) Gram-positive bacteria

Diffusion Penicillin- Inhibition of
B-Lactam through ——>  binding p:}‘,’rt"ﬁ;ﬂfa”
J peptidoglycan proteins + Activation of
* autolytic
' enzymes
Fails to
B-Lactamase bind to
PBPs
due to poor
/ ! Cell
Cell survives af‘znlty death
Cell
survives
(B) Gram-negative bacteria
Porins Periblasmi Penicillin- Inhibition of
B-Lactam —= (Rate dependent ___ Feriplasmic__ _ i 4ing . peptidoglycan
on compound Space proteins synthesis
and membrane) L
B-Lactamase
(Plasmid or Cell
chromosomal) death
\j
Slow B-Lactamas B-Lactam -~ Cel_l
entry destroyed survives

Figure 3. The interaction of B -lactam antibiotics with Gram-positive
and Gram-negative bacteria.
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Figure 4. Anti-MRSA Carbapenem Antibiotics in Clinical Trials
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o] &= Y8 BAAR tiFHIL Yo oA
7h A, &% FEEUoRL ALY EFHE /AT F e FHE

T 917 wioltl olgt e AL whaE] AxAA A" SAAE gEE FA)
2 o] Hof gtow, B-lactamH FAA F carbapenemAlN A AFELoE
F39 Ao glenz %}gi B L%Lﬂ AyE Ao JAF. Table 314
A7

Penicillins Cephaosporins Penems Carteperems

Table 3. Launching materials of 8 -lactam antibiotics.

A A28 B-lactam (trinem)“3829 GV-104326 (sanfetrinem sodium)®

3 2R 28 e GV-118819 (sanfetrinem cilexetiD® 7} Glaxooll 23] 74
o] gz Ut o] T GV-118319« A T8 FAAZAN NS X PF
Rnon, =3 GV-1043269 WEA]7] Al olrld FEAE A GV-12960645 3}
FELE JHEEHY o AdPo] JAF U
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GV-104326(Sanfetrinem sodium)

R=Na GV-129606
GV-118819(Sanfetrinem cilexetil) (Glaxo, '95)
R= —CHCH;0C0,(CgH11)

(Glaxo, '92)

TA-949

(323&324,93) (Tanabe, '94)
N
_</ j
S

L-084 ; R= —CH,0COt-Bu
L-036;R=H
(Lederle, '94)

|

o] 9]¢] ATE carbapenem® FH EBEAZE (CS-83446 L-08447 So] /=
of glom C-291x19 A&71E WHAZ FEA9 FHFEE0] TakedaZF o] 9
3 AFHA L gIvh E=3 CS-834E 7B FAoZ 3 TA-M949% dA d+7t
o] FoiX 3 QL o] F CS-834t YA I4e HyFold L-084% A IS 3
Fol At

a8 3 dx ZBo] EE XX = ggkon) 1990t 2HE AY3 (tetracyclic 8-
lactam) SFFEET FAAZA Y 7t5Ao] AF HolAz g ¥
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j
i
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A48 A3 B-lactam 3FE2] AA

EA ARE vl sk A7 ALE ATE carbapenem FAAE AT H
W ATE FAAL FAAC 8 K
AF7F APFHAR T Yt} L= o

d = 7]

o & B

2 S ge BN AAH FHE AN
ATE AAZ ALl A58 oz Iy

o3

AA

H B-lactam 3HEES A 8}
t} ol2 93l AA Mol AWF o]YF 38E CS-834, meropenem 1
T AY3 3ITE sanfetrinem?] FZE AFAZ ANZL FE9 A198 B -lactam

1m

.?_
SIFEES AN B sdth. 2 F2E ol add Yel|AY (Figure

\/
N

Bicyclic OwH Qt}H Tricyclic
OH ¥ OH ? OH
)I,‘. ' S ) s, I S /' ., I 73 O/

o CO,H e} CO,H O CO,H
Meropenem CS-834 Sanfetrinem
Tetracyclic

| Il Il : Target compound

Figure 5. Proposed tetracyclic 8 -lactams.

WA 33FE I meropenem? C-19% WE7]E AH3 olnfo] =33} T3]
27 Booz AZdduma Sk HUE M= ojUd AR CS-834e WS
ofulol= B} ma] FEete] AP IFFES A Sy adu mxTos

ol 4% 33tE CS-834¢] olmfol=32k 4t 3HE sanfetrinem®] ® 5A]7]

AgAZ deje 3FE 1L AsA = 2ot
o] & 71 $AHAH O F (CS-8349 sanfetrinem® 23 Hejel 33E IS TA
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A5d wzAolopE7]7t AgA FHutdAd FE A

& FE RHAFT 9gom MerckAolAE 19991l 2-mercaptobenzothiazolo
methylethenyl carbapenem +%#7} =3 MRSA° £& 435 & HAFda 33
=3
o] 9leo] LederleA}ol Al &= thiazoloazetidine carbapenem =191 L-0847}
prodrug type ester® X &A1A ATEoZ AL JhdHA st AA A4 340l
298 ;. A SumitomoAtell = pyridinothiazolE = X 8" SM-17,466<
sl WA TR olue FHS FAAR AR JMEstvn Rusid
B AFe s o8l dt thiazole ™= benzothiazole groupS carbapenem -+
| A 7= Aol 2B IAHT T MRSATO £2 4858 RAgFE A
Jotsle] the3 e N =2 3 Y benzothiazole group®] X 3E FEje] 7wl

OH
Thu J, %N]@
H N N S .
s I e
o S o R

COZR COZH
(Sumitomo.’99) Merck ('99)
Z N7 CONH
OH + 2
how H oo \ j/Q
B N z
4 s— \
DOy 7 4
O
CO,R CO,H
L-084 ; R = —CH,0CO¢Bu SM-17466
L-036;R=H (Sumitomo, '94)

(Lederle, '94)

Stol A Absl 2 wpsh o] Fhelmye] 2w P Kolo}E: E: WEAo]
o}z7)2 A e 2TPHE L MRSAY T& kEE YRk Ao
Jeid glold B AFAE 12 T& FEINEL YT A= A58 #

AstAA A2 Fee Fiaksy F2E AASA HA
WA MerckAtoll A st shulslde] 29 X7} mercaptobenzothiazolo
methylethenyl7]| 2 X389 3} ES W3] A3 23 benzothiazol”]| ¢} ethenyl
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HAw ATE dAAAE NEH carbapenem Y EL o7 yehux] &u gt
ojg} L WMo E AFoME CS-8349 7 -lactam¥ sanfetrinem®] H EA]
7NE A A SFES FASTA A

Figure 694 A3 33-E9 FAASEE MFH o2 Yo @A 27t
At AL S SFEQY HIE FA7) At Bae] o|5Z2%e Adsid e st
rgor AZdE 493 lactam FEEY AAAR IVE Ys F Ut SgE IV
= AE 99 C-C 2%& Adsld B-lactam¥} o|Y3 AE FE2RE FAHT
< 9t B-lactam 3 FE< 4-acetoxy-azetidinone (4-AA)S AE3}E o] glo] o
Fom o] KoletEz, o|dF AE FFEL THHoE FATL & Jod F
A3 H o2 4-AAS FAAF vhEE A ¢ o AAHT o|d3 AE 3
= Ve VI o|FZEHE Astste] WEA YIS Sto]=EEA7E EY3td 248 F
ATt EZ isoindolone VI 33&E VI ¥xH Diels-Alder #H8-& o]&3to] 3
AT 5 Y8 AR qAFT. wXH SR Diels-Alder ¥Fg9 AFAQ VIS
VI ofutol= 313EFS] &3} gEgoa A5 & AS Aolg dAX F4&

&3t

- 243 -



NR
OTBS

“ OGH;,
NH O
o

v
Q
@R NR
Z OCH,4
Vi o
v
}g-NR
P
J :> WOH
Vil Vill

Figure 5. General retrosynthesis of tetracyclic 8 -lactam.

7b. AH4 3 p-lactam FFES AA FA

(1) Normal electron demandZ 53 ¥ AU Diels-Alder ¥H-$

ok UER 34 A= weEl 3-isoindolone FE=A] VIS Aol Z Q3
Diels—Alder w29 AT A = dienophile ¥#& 7] 3 ¥32 AAEHT A
Z malonic acid® pyridined] *Io]x acrolein (1)2 H713 & IF wHksl

trans-2,4-pentadienoic acid (2)°'2 53%9 $&=2 A3 lithium aluminum hydride
(LIAIH)E 89389 frans 2.4-pentadienol (3)& T ¥4z & 3FE 3'—
phosphorous tribromide® # &3l trans-2,4-pentadienyl bromide (4)& 56% <

2 d& F (N)-benzylmethylamine® N-&Z 3} w88 XPA|A olFl 33L& SE
9% F&= FA4T F+ I of7l FFE 55 acryloyl chloride®}t pyridinestol
A o}A 3t BFgA]A Diels-Alder ATA] 68 78%<2 F&F AU} Diels-Alder ¥+
<9 AFAQ 33E 62 methanol &m3tell A 160-180°CE A 3tHA] autoclave
oA ®F$A7]®  normal electron demand® Diels-Alder %¥-go] Z3Eo

isoindolone 33%% 72 A=A (cisitrans = 221)C.8 AZH I ES A& F AN

% TR RN
t} (Scheme 1)® o] & ZXo] & FIE 7akx cis FHE FHsln o, FAo]
e 3138 7bE trans DEHE H3n Y= Ao HolA X-ray FF < A3
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5] 5 o (Figure 9).

CO,H
\/l(i <c;o H 2 (i) LiAIH,, E4O
x 2 > i =
H - WOH - o
1 pyridine {if) PBr3, Et,0
2 (53%)
H H 0
> H —
3 :R=0OH (55% pyridine
4:R=Br (ée%; ) 5 (30%) CH,Cl,
o, /Ph o. /—Ph
j’N MeOH o )N
P ————
J 160~180 °C H
6 (78%) 7a:7b (95%)
(cis:trans = 2:1)

Scheme 1. Synthesis of 2-(1-phenylethyl)-2,3,3a,4,5,7a-hexahydro-1H-

3-isoindolone (7)

olWf WAHE cis Ta 9 trans Tb oA AABEL ofzfd] UEHAT

(Figure 7).

i F/I HO
V N

Ph ' —_—

| A
N—
k%\/ ﬂPh = _

exo
6 N ',{ H P
o |—
\N N—\
z Ph
p . i
trans 7b

Figure 7. Intramolecular Diels-Alder reaction via two different transition states

Diels-Alder?+-$-¢} % diene® dienophile®] endod E]Z ZAd sl Aol &
3 AEHE Yz 9 Ao E 9a A 9t) Diels-Alderit$
B

4 — L4
o] ATAR] FFHE 62 w9 A3y F AAYE FFENA FAHNER cis FH Y
stgtEol oA B8 trans FEi¢l 3EE 7bE dimethyl sulfoxide (DMSO) &



A3kl A potassium hydroxide®t 8+2-A1 719 cis FEQ) 3E 7a (7a7b = 21)E
AT vt 3 gE Taw o9} 722 Hkgolk olF ¥ WEst gl o9} 7
= /‘P“i nFo] cisHE S IFES d9dA o ER MAHE FHE He
= A ¢ T AU

N-Isopropyl isoindolone %A 109 T4 & ¢3dle] Scheme 194 A3
trans-2,4-pentadienyl bromide (4)%} isopropylamineS N-&Z 3} W& A|#H I} E
8% 91, AAT glo] acryloyl chloride®} ‘ﬂg/\lﬁ F Ao ZA 62%9 FE&=
Diels-Alder #F-8-9 A3 98 AUt 222 &¥HE 7%+ 22 normal electron
demand® ¥ Diels-Alder HH-§AlFA =4 o] i%’f—l 10a9} S4o] &2 &
10b (cis'trans = 22D)& 90%9 +&Z d& F UAJTH (Scheme 2).

HZNJ\ S e SO J\ \/U\C|

WBr
e _—_—m
pyridine
a4 8 CHZC|2

Q N MeOH N
- H
_ -
| 160~180 °C H
x

9 10a:10b (90%)
(62%, 2 steps) (cis:trans = 2:1)

Scheme 2. Synthesis of 2-isopropyl-2,3,3a,4,5,7a-hexahydro-1H-3-

isoindolone (10)

(2) A g3 dEA AFANS S B3I WEA AE SH3E07,22)9] FA.

4-AASL WA old3 EFE 87 EYS #38H9 isoindolone 3H3E
7aE m-chloroperoxybenzoic acid (mCPBA)S 37 mwksle] o ZA|3l wk-gA]HA
FHol & a-FA FFE 11ad FHo| FE - ZA F3FE 11bE 1:39 H
2 9o FAAHNEZ d2 p-dZA FF¥E 11bE p-toluenesulfonic acid
monohydrate (TsOH.H:0) &A3toll A methanolS 7+3te] o FAE-S /&3t o
Ex g3e 3EES A gy o wkSeME vt d3te FEE A S5
7]7]' =99 IFFES FAHER AX X3t dstA E= Fo| A FA gl g

d FIE127 AR A= FFE 132 &AL FFE 128 Swern A3 BHE
{trlﬂuoroacetlc anhydride (TFAA), dimethyl sulfoxide (DMSQO), triethylamine
(TEA), CHCl;, -78°CIAA & T 43}t (Scheme 3).
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% J—Ph —Ph
N/—Ph mCPBA N N

CH,Cl, (96%)

B
N %

7a 11b 11a
@3 : 1)
}—-—ph Route A Route B ’.}-—Ph
N p-TSOHH,0 N
MeOH
Y "OH “OCH,
OCHs OH
12 (95%)
Swern :
[01]
7—Ph
N
“OCH,
o}
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Scheme 3. Synthesis of 5-methoxy-2-(1-phenylethyl)perhydro-1,4-
isoindoledione (13).
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Figure 8. Regioselective ring opening of epoxide (Steric effect).

222 methanolo] YAl He Ho A ZATE A Aot FH=
Uﬂi/\lﬂﬂ YA &2 FFE 128 d& F AfTh oY AgdHEd LS AE
Al @ 3EE 129 AstEQ WEA] AE SFE 139 =dE HEATA &
XHé}t— Fa97ke] 'H NMRelA 2ty g7t tripletd & B2 E<lstir

B~ ZA 3FE 11bS A Zuisto] A methanold} WHEAF APHoR WHE
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E 11bZE titanium isopropoxide &}3}to] acetic acid9} WHEA|F1H o Z A gho] 7))
g EA o277 =Y E oMM EA gEE 3FE 145 91% Ol’*«] FEE o
& 5 Y™ o)u acetic acid® Scheme 391438 AxgxrY AL HE o
AA wol YA FoR7} AL &S FAS A AFAEE Mt dstE A A

gAgAE Ad FE 4E L& F UM ol EA LFE IFFE 4%
jodomethane® silver oxide EA) 3kl A ¥H§ A A Uﬂ‘gﬂ 7t AHFHo R =99 WE
Al olAEIOE SEE 162 AFHUTG” HEA o}AHOIE 33E 15 methanol
o] =] sodium methoxideE 713 % 10°ColA HEAIA otAE7IE AAT H=
A 3L 3FTE 162 Tt WX How HEA dme 3EE 168 Swemn
Asabe A BEHEE WEA AE SFE 17 497 F 13%Y FE2 HA4T
2 At} (Scheme 4). 23} ojw g HEA 7= sanfetrmem«] o-FEHt= o
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Scheme 4. Synthesis of 4-methoxy-2-(1-phenylethyl)perhydro-1,5-
isoindolone (17)
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Figure 9. X-ray crystallography of C18H23NO4 (14)

Table 4. The crystallographic and experimental data for C18H23NO4 (14).

Empirical formula
Formula weight
Temperature
Crystal system
Space group

Unit cell dimensions

Volume, Z
Density (calculated)
Absorption coefficient
Crystal size

range for data collection
Limiting indices
Reflections collected
Absorption correction
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I > 2 (D]

C18H23NO4
317.37
290(2) K
Monoclinic
P2(1)
a = 7.4933(13) A,
b = 76732(11) A,
c = 29.052(5) A,
1670.4(5) A3 , 4
1262 mg / m’
0.089 mm-1
02 04 04 mm
2.10 to 27.50
-1 h 9 -1 k9 -1 1 37
2995 / 2952 [R(int) = 0.0139]
None

90
89.996(16)
90

i

Il

1l

Full matrix least squares on F2
2952 / 1/ 416
1.080

R1 = 0.0498, R2 = 0.1080
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R indices (all data)
Extinction coefficient
Largest diff. peak and hole

R1 = 0.0856, R2 = 0.1279
0.0309(19)
0.160 and -0.156 e A-3

Table 5. Atomic coordinates and equivalent isotropic displacement parameters
for C18H23NO4 (14).

Atom X y z Uleq)/A2
oD -0.1040(5) 0.9202(7) 0.1156(1) 0.063(2)
0(2) 0.5255(6) 0.5876(6) 0.1733(1) 0.056(2)
0(3) 0.6155(7) 0.5246(7) 0.2442(1) 0.073(2)
04) 0.6074(6) 0.9490(7) 0.1731(2) 0.062(2)
N() 0.1417(6) 1.0966(7) 0.1079(2) 0.043(2)
C(1) 0.0347(9) 0.9881(9) 0.1305(2) 0.047(2)
C(2) 0.1051(9) 0.9618(9) 0.1802(2) 0.050(2)
C@3) 0.0798(10) 0.7831(9) 0.2009(2) 0.056(2)
C(4) 0.2099(9) 0.6520(9) 0.1825(2) 0.051(2)
Cc®) 0.3998(9) 0.7151(7) 0.1901(2) 0.046(2)
C(6) 0.4336(8) 0.8805(8) 0.1632(2) 0.039(2)
C(7) 0.2971(8) 1.0235(7) 0.1754(2) 0.039(2)
C(® 0.2939(8) 1.1575(8) 0.1352(2) 0.044(2)
C 0.0951(9) 1.1730(8) 0.0632(2) 0.050(2)
C10) 0.1973(9) 1.0863(10) 0.0243(2) 0.056(2)
can 0.2510(11) 0.9160(11) 0.0278(2) 0.077(3)
C12) 0.3373(12) 0.8336(13) -0.0088(3) 0.096(4)
C(13) 0.3654(11) 0.9217(18) -0.0487(3) 0.103(4)
C(14) 0.3106(12) 1.0879(16) -0.0529(3) 0.083(3)
C(15) 0.2245(11) 1.1726(11) -0.0168(2) 0.062(3)
C(16) 0.1119(10) 1.3692(9) 0.0649(2) 0.066(3)
can 0.6265(10) 0.4995(8) 0.2036(2) 0.055(3)
C(18) 0.7496(9) 0.3767(9) 0.1818(2) 0.059(2)

Note. Uleq) is defined as one third of the trace of the orthogonalized Uij tensor.

Table 6. Selected bond lengths ( A ) for C18H23NO4 (14).

Bond length / A Bond length / A
O()-C(1) 1.241(7) 0(2)-C(5) 1.443(8)
0©2)-camn 1.344(6) 04)-0(6) 1.433(7)
0(4)-H4A) 0.8200 N(1)-C(1) 1.329(8)
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N(1)-C(8) 1.465(6) N(1)-C(9) 1.467(6)
C(1)-C(2) 1.549(7) C2)-C(3) 1.509(10)
C@2)-C(7) 1.521(10) C(2)-H(2A) 0.9800
C(3)-C4) 1.498(10) C(3)-HEA) 0.9700
C4)-C(5) 1.519(9) C(5)-C(6) 1.511(8)
C(5)-H(A) 0.9800 C(6)-C(7) 1.542(8)
C(6)-H(6A) 0.9800 C(7-C(8) 1.556(8)
C(7)-H(7A) 0.9800 C(8)-H(8A) 0.9700

Table 7. Selected bond angles ( ) for C18H23NO4 (14).
Bond angle / Bond angle /

C(A7)-0(2)-C(5) 119.2(5) C(6)-0O(4)-H(4A) 109.5
C()-N(1)-C®) 113.8(4) C(D-ND)-C(©) 22.9(4)
O(1)-C(1)-N() 126.5(5) O()-C(1)-C(2) 123.8(7)
N(D-C(1)-C(2) 109.6(5) C(3)-C(2)-C(7N) 116.0(6)
C(3)-C(2)-C(7) 116.0(6) C3)-C(2)-C) 116.6(5)
C(7)-C(2)-C(1) 101.3(6) C(3)-C(2)-H(2A) 107.5
C("-C(2)-H(2A) 107.5 C(1)-C(2)-H(2A) 107.5
C(4)-C(3)-C(2) 112.7(7) C(2)-C(3)-H(3A) 109.0
C(2)-C(3)-H(3B) 109.0 C(3)-C(4)-C(5) 110.1(5)
C(5)-C(4)-H(4B) 109.6 C(5)-C(4)-H4C) 109.6
0(2)-C(5)-C(6) 106.6(6) 0(2)-C(5)-C(4) 110.3(5)
C(6)-C(5)-C4) 110.5(4) 0(2)-C(5)-H(5A) 109.8
C(6)-C(5)-H(5A) 109.8 C(4)-C(5)-H(5A) 109.8
04)-C(6)-C(5) 110.9(4) 0O4)-C(6)-C(7) 107.2(4)
C5)-C®)-C(D 111.6(6) 0(4)-C(6)-H(6A) 109.0
C(5)-C(6)-H(6A) 109.0 C(7)-C(6)-H(6A) 109.0
C(2)-C(N-C(6) 115.3(5) C(2)-C(7)-C(8) 105.1(4)
C(6)-C(7)-C(8) 108.0(5) C(2)-C(7)-H(7A) 109.4
C(6)-C(7)-H(7A) 109.4 C(8)-C(7)-H(7A) 109.4
N(1)-C(8)-H(8A) 1114 N(1)-C(8)-C(7) 101.9(5)
C(7)-C(8)-H(8A) 1114 C(7)-C(8)-H(8B) 1114

N-ofolxxz
ot WA 33E 10aE mCPBAZ o FA]33t4 18a% 18b
b

4ol FE4 18a%t =40

=37 18bE 1:29
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Scheme 49} 7L°] acetic acidQ} titanium isoporopoxideE H7}3dlo] oA EA
< 3FE 198 89%9 F&E AU o] v FFE 149 22 I
71 &) =] ?ii—‘j—i Ze JAEE Ad Aolgt dgAstATh oA E A %
19°)] iodomethane®} silver oxideE® DMF A 44412 wH-&A1A wE 3} 1
3lo] WlEA] olAElolE FTE 208 36%ZE AU AAHE oA EA]
E 20< sodium methoxidei sl oA 87| E AAST Swern 4F3RES
HEA AE 33E 228 F AB%Y TEE FATE + A (Scheme 5).
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(o:p=1:2)
CH3l, Agzo
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0] OAc
22 (86%) 21 (91% 20 (86%)

Scheme 5. Synthesis of 2-isopropyl-4-methoxyperhydro-1,5-isoindoledione (22)

(3) Inverse electron demandZ %3 ¥ A ul Diels-Alder 93
2-1o14 = EAJ Diels-Alder ¥-8£ normal electron demand® Z&
Diels-Alder %F3-9] A7 622 8E JAPAA o|FTAFTY A7} oz
AE FEHE F4sA L, 2-3dX= °l ZAdo] otutol=71¢t AT AAZE H
2= Diels-Alder ¥Fg-2] A+A 262 FA szt 3T
ok ¢} Zo] dienophile E#E& (N)- benzylmethylarmne-‘Jr allyl bromide® N-%&
A3t &S JIAAA olwl FFE 24E 80%9 F&= FASITE 28l diene
BE9o] 348 Scheme 1914 A3 trans-24-pentadienoic acid (2)& &2E2
2 3} oxalyl chloride® AMHE3t9] trans-2,4-pentadienoyl chloride (23)E 52% 9]
TEE AU IFE 23S IA FAAS obdl FFE 249 pyridine E A ol A
2 3-8 Z3PAA Diels-Alder ¥+-8-9] A A9l diene?} dienophiled 3+
d 3FE 258 52%9 FE&2 IE F AUt Diels-Alder ¥H&-9 AT
255 methanol &2 3}o] autoclaved] Al 160-180 °C& 20417+ HH-&-

L 2

o

- 253 -



AlA EZY Diels-Alder ¥H8-S A]7]9 inverse electron demand® wWhgo] A3z
3A3E 262 FAEE S AU Isoindolone FFEAC 33 E 26 cis® transe ¥
7} 1:1¢ BFES AEgFH o7 AL 4 ATt (Scheme 6).

Ph/'\N/\/
AN —_—
Ph7NH,  + g NF H
24 (80%)
o) O
WLOH (cocl, WLCI pyridine
e en -
CH,Cl,
2 23
N/""Ph —Ph
H MeOH

N
H ° ‘ /J— ©
160~180 °C |
N

26a: 26b (93%)
(cis:trans = 1:1) 25 (52%)

Scheme 6. Synthesis of 2-(1-phenylethyl)-2,3,3a,4,5,7a-hexahydro-1H-1~
isoindolone (26)

(4) A A9A oL A3 A WSS T3 W EA AE FHFE 299 FA
Isoindolone 3}3% 26aE mCPBAZ ¥HS-A|7]H FAlo] & o FA] 31

27ast S4do] 22 EZ 27b7F 111 8Bl &2 A AFH o= Aot ozl o2

Al B E 278 # AutEadgeE s £ 44L p-TsOH. H0 Z9)3td]

methanolZ2 ¥H&AIA HEA d3E 3IFE 288 L3, Swern A3} A A

Aele HEA AE SFE 298 U%Y TEE AT = dAH (Scheme 7).

o> e o

to

- 254 -



-, P
>, ~

J—Ph /—Ph

N mCPBA N p-TSOHH,0
(0] (0] -
benzene MeOH

Y

0]
26a 27a:27b (95%)
(B =1:1)
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29 (94%)
Scheme 7. Synhesis of 7-methoxy-2-(1-phenylethyl)perhydro-1,6-
isoindololedione (29)

B~ ZAl B3HE 27be] WEAZE =4 uo] AAsES s Ay

B Scheme 304 ¢} Zo] YA EFH 93 Fols & = B A= whgo] A
Be Aolzgt R ou, dAdde 2 YAFNE ¢ $& Aolgln AN A A=
2 REgo] AFEHAT. o] AL AHI Fludr)e] REZH (AR A3 YAE
B Boe AAEFH7F A A L8 ring junctionZ o] o EFA|Fo] TAL W
A =7 dFoltt (Figure 10). ﬁX}EJJr-J 7192 Scheme 794+ 3H3HE 179]
v 229 FA49 Beoe 2 AgA F 2% FEE WEA AE FHIEE 292

%

/—Ph
O
A
- (0] )
B

Route A Route B
p-TsOHH,O
MeOH

2
.

/—Ph /—Ph
N
“OCH,
OH OCH3
28 30

Figure 10. Regioselective ring opening of epoxide(27b)
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(5) tert—Butoxycarbonyl-4R-methoxy-5-oxoperhydro—2-isoindole (40)2]
4

2-1~2-49 A& o]dg ojulo]=r]E Ad HEA
92 FAF}AI, 2-594F olutol=r] diAl olHly|E A
3tAY. WA Scheme 1A &A3 ZAo] & y-lactam 33 E 7avte 7MA 1
tetrahydrofuran (THF)3}ol A LiAIH:E 57/ mytA#A Se7|71 3938 23 oinl
SIgHE 312 73%9 FE&E 4yu. 2d9x 3FFE 312 benzyl chloroformate
(CbzCD %t toluenedll Al 3F wwtste] wlZAvEr]|7l Chz7|2 AE=E 3FgE 322
0%z L& F AAT AR SFE 329 o]F AT mCPBAR | ZA]3}3}0]
3tetE 33 (e:8= 12)& B%Y F&2 At AAHE B-FA 35E 33bS
acetic acid® = i2igtste] e A9 APAHH S A ol EA =g F
dE 4E I& F UG oMHEA] EFE FFYE 34F iodomethaned} silver
oxide &Ajstel] g2oA wEAA HEAZIZF EdE WHEA] olMEHoE 3}FTE
35 FA4dAY. 283 sodium methoxide®Z 2] 3} :Q}ﬂg 359 olNE7E
YRS geto] v EA °L§’—'% hghE 36= Al @Al 2A F 71% TEE A
o HEA 432E 35E 362 Swern A3} H*%o}oi Cbzﬂi B353te 313E 37
< 91% FE= Zﬂ}_f’é T Uy Chz7l2 HIEslE wEA A& IFE I7TS
4-acetoxyazetidinone (4-AA)# HAZF THEAA 123 &S APA R oY 4t
ol ZAHA gfot At FH O FHFES AR ZFFATE ol 2L o]F= o}
AoEgdES ChzaFo s 2udlelx Xstal, ¢ BR3s 255 Jd93A HA
o 1A HEA 3L 3IE 36 20% Pd(OH)/C“E— Zul 2 At
AlA Cbz7]17F BRS3tE WEA ¢3ZE SIFE 388 A2 o]Z & BocZlZ A
ste] F dAld 87%<9 F&E RislE wWEA 3L FFIE 39 FAIII
Boc7l2 R3S 3td 3M3E 398 Swern bt BbgS st AME SR E FAEE 9
g AFAL HEA AE JFE 408 93% &2 FAIFI T (Scheme 8).
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Scheme 8. Synthesis of tert-butoxycarbonyl-4K-methoxy-5-oxoperhydro-2-
isoindole (40)

(6) tert-Butoxycarbonyl-4-oxoperhydro-2-isoindole (44a)¢] $Al.

v
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ol =EAI7IE A 33tE 4atE o] &3t (Scheme 9).

o. j—Ph —Ph /—Ph
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[@] (ol OH
o) OH
44b (81%) 42a: R=H 42b : R=H
N : :
44a (87%) 43a : R=Boc 43b : R=Boc

(85%, 2 steps) (83%, 2 steps)

Scheme 9. Synthesis of tert—butoxycarbonyl-4-oxoperhydro-2-isoindole (44a)
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sanfetrinemoll 4 B -22718 £Yste W S0 o7 /X2 21 FHo I’ &
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A7t 24 FFEF wsiA Hzm, 1 o]Fel 4-AAVE HATEHO] Aol AEelA
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O Ph | |
!
N snCl, Q, N 45 g NH
— I»-
DIPEA (4-AA)
I OCHj; o
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17 SnCl,
[®)
. A : favorable attack B -

Figure 11. Schematization of the proposed transition states.

Scheme 494 4% 33E 178 Tin(IV) chloride®t Z# o] E 3} vlLA
L F 4-AASE T8ColA 10417 Bt WHSAA 77%9) &2 3}TAE46 (a:f =
1119y AT a2FdA FFE 462 0°C ol potassium carbonate®}
triethylamines ©]8-3}4 t-butylbenzyloxalyl chloride® X3+ WH-&-A|#H 24to|nj=
SIFE 4TS 62%2 FANIY. SAon= I E 472 Zul =] hydroquinone
A8kl A triethyl phosphite$t xylene &4 &7 wwtste] g sl wkgo] 2
FE ALHUZ 33 E 488 87%2 FE&E IS F gunk®

SEoln= FHAE o83 mest W A4 carbapenem FHFTE 9 Ut
2l 1mE s WH{(E) HCOCOzallyl, toluene, reflux; (ii) SOCl, 2,6-lutidine, THF;
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(iii) PPhs, 2,6-lutidine, Nal})*o.2 w&< =z
o},

Og(—‘_‘.
ol
2
lo
v
o\

e A%

et

24 3

ue3ld FFE 489 B -lactam TVt = RS WA & 95 =
Z71¢] ammonium hydrogenfluoride®} 1-methyl-2-pyrrolidinone (NMP), DMF
ARgsle] 78AIZE WFEsle TBS7IE BRI ¢S S3FE 498 7TT%Y F
2 AL F AsY IFFE 49+ t-butylbenzylZ7l & A A7) Yl 10% Pd/C
Zoj2 AFEEte] Aol F4a3 s NAAA T "a”‘} Ao sF=2
A3, sodium 2-ethylhexanoate (SEH)E ©¢| &3l UEHF & 35S 502 FAdsH
Aot 35E 502 FAeo] Ax FEAdoZE MPLC (medlum pressure liquid
chromatography)® #2& £ W& AxA7id A9 ZHAo= = AdS p-
lactam 3}3HE 505 F @A 39%¢ F&E 95 T AR (Scheme 10).

2 o mo M ox
Q

“
0
-

> —Ph
N OTBS
/l,,_. OAc SnCly, DIPEA /(')TBS
+ — ",
;NH CH,Cly ’ OCHj;
OCHs o NH O
(0] o
17 45 (4-AA) 46 (77%)
B:o=19:1)
CICOCO,TBB
K,CO3,TEA P(OEt)3, hydroquinone
CH,Cl, o xylene, reflux o

CO,TBB
47 (62%)

(1) (NHq)HF,, NMP, DMF

'

(ii) 10% Pd/C, H,
SEH, n-PrOH

48 (87%)
49 : R=t-butylbenzy!
50 : R=Na

( TBR= ;/\@_é ) (39%, 2 steps)

Scheme 10. Synthesis of sodium (1S,5R,65)-6-[(1R)-hydroxyethyl]-[4-methoxy-
2-(1-phenylethyl)perhydro-1,5-isoindole]-carbapen-2-em-3-carboxylate (50).
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Axe= 2 vMEA AEZEFHR dHFoR oulol= AZE A
3t 335 292 chlorobenzeneo| *olil, -25°C WelolA Tin(IV) chloride® #o|
Y8 AAE] AMe ¥ SHE 45 (4-AA)E &%) &ujd o HH3] A
7yat Atk 0°C2 4L3l9 disopropylethylamine (DIPEA)S 7}8li BL&%o|A 10
A zZF 8kg-A1Z]l & X3} Rochelled 3 NaHCO; &3 **o“‘ﬂ?% 7betel WH&E FAA
2l & IJFE 51E 67%e &2 A9 33 1o ©lg AZ3F t-butyl-
benzyloxalyl chloride® 7P°}°4 N-o}2 3} ‘?l%% Z\lfs@ 3}l triethyl phosphite®}
hydroquinone& AR-&38to] 7 uwtsto] 123}t §Hg-& PAIA HI5stE ALLS
B-lactam 3Z3E 528 61%9 FEE d& T dAt. HEstd TBSYE
tetrabutylammonium bromide (TBABr)9Jr potassium fluoride (KF)& A}8-3l &
B33sty, AAHE FFTE 53 10% Pd/CE 43 Ht$A 7 & SEHE AF&3)
o YEE €& AxsA. ‘3"3% AFHgE B -lactam 3t3E-S MPLCE AAst1
WE Axsty ERHsts A AA FgE bH4E F 94 21%Y FE&2 P4 T
F AR (Scheme 11).

ae
A
e

=

=

/—Ph
N

oTBS i
O 45.snCl,DIPEA — J, (i) Cicoco,TBB

L
Y

(il) P(OEt);

OCH,  chlorobenzene

0
29 51 (67%)

(i) TBABr, KF, AcOH

-
y

(ii) 10% Pd/C, H,, SEH

0
52 (61%) 53 : R=t-butylbenzyl
54 : R=Na
(21%, 2 steps)

Scheme 11. Synthesis of sodium (1S, 5R, 6S5)-6-[(1R)-hydroxyethyl]-[7-
methoxy—2-(1-phenylethyl)perhydro-1,6-isoindole]-carbapen-2-em—-3-carboxylate
(54).

ofatol = FEA e FASEE v uEy] 93te] Scheme 8914 &4 3 Cbz7]
2 HBH353E olnx HWEA AE FFE 372 Tin(lV) chlorideE ©]&3t 45
(4-AA)SF €23 wrgE JPA|7|H 3FgE 555 9L £ Add F3FE 55
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t-butylbenzyloxalyl chloride® o}d3} w¢S 28A#H &S
A& F triethyl phosphite®t hydroquinones ©]&-3to] i12]3s
4 dst: H922 94 251 B-lactam L7 A
(Scheme 12).

NCbz
NCbz
oTBS
45, SnCly ),' CICOCO,TBB
.' OCH3 .
OCH3 NH O
o
37 55 (65%)
P(OEt)3

CO,TBB
56 (79%) 57

Scheme 12. Synthesis of tetracyclic compound.

Cbz7|Z H3538lE 3HE 72 oYl F=RAE 45 F Aenz F0A Y
o}
=

2335717} Boc71®2 A38E 3}FTE 408 Tin(V) chlorideE o] &3l &3 g
< AP 28y Boc712 B3 3tE 3H5E9 Tin(IV) chlorideE o} &3 ¥H&
AN+ B-lactam TE7F € FFEES FALER dAHG. ol A A
Tin(IV) chlorided] A BocZE o] AAXHA AAHH ofylozZ Qlste] S -lactam 1L
7] Z7A9Q t-butylmagnesium chloride&

5}

27t 7] HEoln. 4 2ARG=
=]

0] &3} enolateE AAA7IE WHEo] 3FE 4094 = Bo aFAHQA AR ¥
SEs)
S 2AL A3 A B WA diisopropylamine (DIA)E THFe| =9 %

0°CZ Wztsti t-butylmagnesium chlorideE A A 3] 2718t ykst & Boc7l &
B339 otuxe wEA AE FFE 40 HUtEAT old FHA R FEE 58]
AR EAR Y, o] FFEAME wHEAZI} FtRE7e 44 427 magnesium¥
Aot ZeAoz wYstA Aol o]2A =W Figure 9 oA & FHz w30
Aol §-47 FJFES FAPNER AL F Uk 0% F &9E AAs L o
2] toluenee 7}3te] 4-AA9 BHgAlA @rﬂ“ 595 FA AT <M Tin(dV)
chlorideol| A &} o] A -z ?}%01 "37‘430101/} w2 3sA
TE 59E 6% FEE 4L F AUUTh
71

B -
& whgoz HysiHon -4
B-42 33E 59 t-butylbenzyloxalyl chlorides} P%A

i‘ll"#
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phosphite &A3}A xylene &vlZ 35 wHAlA EFHs= AHYS B -lactam 3+
FE 60 51%Y FE€E 45 F AAT FFE 602 TBSE.E7E ammonium
hydrogenfluoride® A A3t 3E 612 ARow A 2E7E 10% Pd/C, H.2

Afell A wr-gAlA AAs I, SEHE 7Fste] MPLCE & WS AZ3dYH Boc7|&2 o}
Yol BE3sle AMYE B-lactam I HE 625 F A 36%E T + ddot
(Scheme 13).
oTBS
NBoc NBoc .. OAc
CIMg—<—- 45 /’;NH
OCH - o~ o -
o 3 DIA, toluene O I\Ag
40 58
NBoc
QTes (i) CICOCO,TBB
K OCH >
oS : (ii) P(OEY),
d
59 (76%)
(i) (NHa)HF, NMP

v o

(i) 10% Pd/C, Hy, SEH

61 : R=t-butylbenzy!
62 : R=Na
(36%, 2 steps)

Scheme 13. Synthesis of sodium (1S,5R,6S)-6-[(1R)-hydroxyethyl]-[tert-butoxy
carbonyl-(4R,5R)-5-hydroxy-4-methoxyperhydro-2-indole]-carbapen-2-em-3-car
boxylate (62).

=3 IJFE 60 trimethylsilyl trifluoromethanesulfonate (TMSOTE) <}
2,6-lutidines AF8-3le] °Coll A ®WFSA1A H3E3lE BociE8<S AA3E, benzoyl
chloride$t #F-&A1A olqlel]l WizA77L 22 FFE 632 55%9 F&= FA3)
At} 3FE 638 ammonium hydrogenfluoride2 TBS7)& g@rR 3 3}e & =43}
Ly 7‘1‘“53’\] 711 SEHZ A #std HEF 4 e T8 655 33%2 +&2
FA5AH. HFE 6565 MPLCE AAsStn WE AX3lo Mo ZAL At
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(i) (NH )HF,, NMP

[
_—

(ii) 10% Pd/C, H,, SEH

64 : R= t-butylbenzyl
65:R=Na
(33%, 2 steps )

Scheme 14. Synthesis of sodium (1S5R,6S)-6-[(1R)-hydroxyethyl]-[benzoyl-
(4R 5R)-5-hydroxy-4-methoxyperhydro-2-indole] -carbapen-2-em-3-carboxylate
(65).

T UE e A B
Fgdst7l At v 2L UEHE AAEA
chlorideE 23l 4~AA5'Jr ddst e 2
Tin(IV) chloride2% 93}

=
T
A JA ol 55 stEH

2 g7t g8 3gE
o}, 313 E 44aE t—butylmagnesmm
3y 9] Xlﬁﬂﬂzl &k,

=

A Boc7lZ2 R33lE olgd3 3§ELS THFY =9 3, lithium
bis(trimethylsilyl)amide (LiIHMDS)E 7}3ted -78°C ol 4] kinetic enolateZ 4] s}
I 4-AAE MA3] 7Hetd e, FEY FFE 66a, 66b (B = 221)E AT}
3 E 66aa 7}7<]J~ t-butylbenzyloxalyl chloride®} 9+-&A]7 Scheme 1494 2}t
2o e s 12 vhES FPATIHE 40%Y FE2 ALY FFEE 678 S
T AN Bocﬂi BostE A3 33 E 67 E’*Eii’rﬁ}7 a3 S A

Bl BT 692 T WA 6% FASAT. =3 FTE 67¢ TMSOTER
BocZ1E<& A A3 benzoyl chloride®t ¥FHEA1#A wlzd 15 0] 1?} 33E 70
g2 FASATH TBSLEH ola8 1§S FAS WHoR 9RE

= wEGl AL Ab opololZoluA WEAAE 1A
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ko A3 33HE 722 31%Y S22 AFZT F AT (Scheme 15).
A slale A3 33EQ sanfetrinem® 7% NMR dHio|HE H| X

oTBS
NBoc J NBoc
45, LIHMDS (i) CICOCO,TBB
> NH O -

0 THF d (il) P(OEt),
44a 66a (59%)

o}
66b (22%)

oTBS NBoc () (NHyHF2, NMP

", -

| (ii) 10% Pd/C, H,, SEH
o] C0,TBB
67 (40%)

68 : R= t-butylbenzyl
69 : R=Na

(i) TMSOTH, 2,6- lutidine (36%, 2 steps)

(i) Benzoyl chloride, DIPEA

o)
oTBS (i) (NH4)HF, NMP
)’I,. - )
| (ii) 10% Pd/C, SEH

o COo,TBB

70 (52%)

71 : R= t-butylbenzyl
72:R=Na
(31%, 2 steps)

Scheme 15. Synthesis of sodium (1S,5R,6S)-6-[(1R)-hydroxyethyl]-2-(benzoyl-
4-oxoperhydro-2-indole) -carbapen-2-em-3-carboxylate (72).

. 2 o

ore] gt ofnlolrrle] AL Uxo ojo]AEZ
o & IFE 77 108 EXU Diels-Alder ¥-§& ©
ol

[n
i<
B

)
o FAsAg o

ofo
ol
S5

713 & diene® dienophile®] normal electron demand® ©|
ol A" sEE 73 102 74z AR, el /de <l

o2 oA A3he] o]FolA FIHA| IFE 177 222 AFH UG,
= A2} ofutol= 3HE 297F A HAT oA
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3HHE 26°] inverse electron demand® #AFU] Diels~Alder ¥+8-0] 3o AA
H, AYAHHQA A ZAFe Ao s o]Foixth 18I Chz7]9 Boc|E B
5

33 3terE 373 400 Z+7k 2 473 o] A shA &) 9 o}
A g o2 HEAYIF EUEA 23 BocZlE2 R33E TE 4davt &L
WS Sl g HATH
e Al A3 o) ¥ E (17, 22, 29, 37, 40, 44a)S LYAHHHA WY
o2 43} vde IPYAMNA f-EZo] XFE AA¥ B-lactam FTFE (50, 54,
5

inhibitory concentration)& 2] % 3}9c}.
3 Z3%E Table 99 101 HERHAT. FAHE tetracyclic carbapenem 3}
StE(Table 8)5& 7|EF3Fo]| thsle] o} 31

H
we YHEE wol Fgon -
MRSAZA Haie vjus GHEE BolEYort oz Awsrle nEsta
¥ % gk
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Table 8. Bicylic compounds and tetracyclic compounds.

o}
N
Benzylmethyl,
i-Pr OCH

0
7—Ph
N
o
OCH,
)

NR
Boc
Cbz OCH;
0
Boc NBoc
| A
o)
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Table 9. Antibacterial Activity of Tetracyclic Compounds

MIC( £ /ml)

St MD 50 100 100 6.25 12.50 12.50
S.a. SG 6.25 6.25 3.125 0.098 0.195 0.195
S.a. 28 6.25 6.25 3.125 0.098 0.195 0.098
E.c. 078 50 3.125 100 0.025 0.049 0.013
E.c. DCO 100 100 100 0.025 0.049 0.025
E.c. TEM 100 50 100 0.013 0.049 0.025
E.c. 1507E 100 50 100 0.013 0.049 0.013
P.a. TEM 100 100 100 6.25 12.5 0.781
P.a. 1771M 25 6.25 100 0.781 1.563 0.049
St. o0 12.5 100 0.049 0.195 0.013
K.o. 1082 6.25 100 100 0.195 0.391 0.049
K.a. 1522 100 100 100 0.025 0.098 0.025
E.c. P99 50 100 100 0.195 0.391 0.013

a . Standard 14 strains in KRICT
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Table 10. Anti-MRSA Activity of Tetracyclic Compounds

MIC( ¢ /ml)

KR-31001

KR-31002

S.a. 88E 25 25 0.391 0.781
S.a. 121E 125 125 0.781 0.195
S.a. 208E 125 125 0.781 0.098
S.a. 256E 25 25 0.781 0.098
S.a. 694E 25 25 0.781 0.391
S.a. 695E 25 25 0.781 0.195
S.a. 705E 12.5 125 0.781 0.391
S.a. 706E 125 125 0.781 0.391
S.a. 771E 125 125 0.781 0.195
S.a. 714E 12.5 125 0.781 0.391
S.a. 725E 12.5 125 0.781 0.391
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2. 224 % ofdelHY Ay ATEoF
7 AizRololErI2 Agd A2 Jhuied G A9 A4

X AEAA AFE st Lol st Ee] 28 Ao Aol =

=
zspololErZ ABd SPTol ITFFAT L MRSA & FEE UEuE 3
o2 A YodH B AL 712 B FRBHL UL U )57
g fAsEA ARe PHle Aty F2E A AT

HA MerckAtell Al Zpggk FHals o] 2 91 X7} mercaptobenzothiazolo
methylethenyl 712 X|&3¥ ggES HR3] 43 ZI} benzothiazol 7|19+
ethenyl7] 7} MRSAS] a8 £ 4F5E Holw ZFoZ Ay M E
ATl M= ofet FAFEE FEol ATk 2] FZoA thiomethylne 71& AAS W=z
XelER dHIZIZ A3d MEL FHY FhvtEd I3FES AASA HAXZ,
5o 2 shutsde] 294 71 £& 848 BAFE pyrrolidinef =4

g} g
3tH A MRSAO <& veld Aoz oAas = benzothiazole 71& 7)o =<
Tzx9 FFES ASA HIJow olF 19 o HEMNUT

ol5 33 EL pyrrolidine®] 29X benzothiazole 717} A X g3 & )
¢} benzothiazolohydroxymetyl 7|7} %x|3® & Z8]3 benzothiazoloethenyl 717}
AgE 37HA FE Y ZhetE Y FEAE @48t L FEE dolRVIE S

ol BFFEEL ofF LHAR &E& Aow FALEHJ oW 9o FAHE
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COH R COH
New New
Aryl ethenyl carbapenems Benzothiazolopyrrolidine carbapenems
B o
o}
,, D
e el e S A T
N S ~
o 7 TGN N/ ws R
CO,H /\ (o] NH
R COH
New New
Benzothiazolohydoxymethyl pyrrolidine Benzothiazoloetnhnyl pyrrolidine
carbapenems carbapenems

bgelEY sy FEAL G0y 770 R vhst 2e] shulsd
291700] R2 EAHE 2d7o) AHLAE AN T2 G fEAE T
qean Z7te e FEES AYstact

A A 1
OJ_N )~ TCHR
COM
77

7] 4Rk RE ot E&= FEHE oY E YEH o7 Wk
3oz A3 APl FIHE (e vzE H HdEHY F)0EA
HEZHYE, HolHUERHYY, Aotxrdld, EYEFLEME LSS orsta &
Zold7le A4, 3 B dA4A5H 2L JHEZAAE yold Fide 5 BT
671¢] BFAAE Zke RwAlol &8 WAZEIrF LT, vlojate] e Ee Egola}
o2 WIZESFAVIEA JqEEY FHE, Hod, HelEd, vEd, yug,
Hxgeod, MEEo}EH TS grisiy o|FZHA S EFLE) Ev A=(Z) FH=
SAgs o olF EFX(E) FHIF utEAs L M 4 EE SATHoR
E&Hs dox a7 Fole EvtEaEHdol2(d EF =& Z¥F), #HE,
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T, ofd GEEF Tt 4P FRE Fol e
25, 92, ElselCzdny 3 Edwest = 2gnEE)Y
(el : opAElo|E, Wz E l

ol]E ZH|o]E %)ojr},

[ -— O

=g A E-1-mE-2-7ut A ] -3-FHE A H o E(F A THE olE FEv dHZo}
2 stEagystol =9} Wittig WEAA Aury 759 2o 2H4F =4 e =
Asts HE7E AAToEZN S48t AT ES F53h
2 oQge) e duAgl wedon dAsd dow 2o
OTBS /C')TBS OTBS
A Iz, PPhg PPhy | ArCHO .
vy T T oo N T W
o
(o) Cop~F CO,\F Co, ~F
73 74 (100%) 75 (75~85%)
x x
Pd(PPhs) NeHA
NH, F. HF OJ;QACHN = A 2 ScHar
CO,~\F CO,; Na
76 (65~70%) 77 (40~50%)

Scheme 16 General synthesis of arylethenyl carbapenems(77)

B AT ggE Yo ASEHE ol e dEHECHE JtR2gH sl =
= dF&el #9 et 2o 4 28 ZiedH] de WHer 393 A
zaed, 2 48 23 FEo AAS 7 stk

EYALYEIATIFA0E WE X3{AE zte=

et s E <l S 74
& B3 (Uyeo S. et al, Tetrahedron Lett. 1994, 35, 4377)° W&} 5 F J=
allyl (1S, 5R, 6S) 2-hydroxy-6-((1R)-t-butylokmethylsilyloxyethyl)-1-methyl-2-
carbapnem-3-carboxylateE 29059 EHIEAAELE A LA AZX3Y
=3

Fhatel e F7hA 747 old EE H=Rold stEAY
2 HFg gui(d - JEFERE W 12-tFE 2o, WA, EFAS) |

Do FAZRG 12-oFARE 5) EA3] FhA 747 FHE2G o]
ol 4 1A 4A7EL XNEFFo2N & Al
E& A &) e 27FA o]Ae] ful EFE(A 1 AL, o HolAH o]
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e dz, 44, g2zedqe oHE JHMEUEY WEe )R §3A794
A7 ZzotEagse os RAste] £5F oldelHd uHELS A=Y

=

S =EA7|0 HRS g2 A &ui(d @ dHZ, HEGSI =R T,
Urg ¥ Eolu = tu ol Ectn =)ol A Hast J7](of @ EF e Doln, Tio]
2zZzd oyl 1-WE-2-9 &= 5)9 EA3te] 0°C WA 30°CY 2EA]
29 WA 445t R FHOIEF ool HEGREAGEFEFLIol=ERE A
gozM 7hsettt

F71ARE 7Y AAE FAY FHoR FT F vt p-HERAAY =
T3t Fujibg o2 FAANA AATT Jon dHIE FIIA B 29 H(4
LM ELL, 2-olE Al A, EE olEe YEF 9 ZEY) EAEH EgHEEs
A-ZHEFIAA EE HEIHI 2 EELdEadR850)F 9SAA AAAI L
A48 71A MPLC B & AlEste HFALES AASI 243 =2 524
ZHol v AR nALEH ] Ly 77 SFES F5ET F Ao
g o] Aduk(77)9 wtEAS SFEL theH Z2o

(1S, 5R, 63)-2-(B)-(4 -1 EZH ) Hd-6-(1I'R)-1'-3| == Ao &-1-7]
Y-2-7huh 9 -3-7H R A

(1S, 5R, 6S)-2-(E)-(3'-UEZ-4'-F2 29 d)dH2-6-(1'R)-1"-3| =& A]
o 21w -2-7he o 9 -3-7H A2

(1S, 5R, 69)-2-(E)-(2'-UEZ#H D) EHD-6-(1'R)-1"-3| =& Ao &-1-7]
Y-2-7huhs Y -3-7H 2 A

(1S, BR, 6S)-2-(E)-(3'-HEZHAL)NEHD-6-(1'R)-1"-3| =5 A | & -1-1
Y-2-7huhel 9-3-74 2

(1S, 5R, 6S)-2-(E)-(2'6'-tholHEZHA ) HE-6-(1'R)-1' -3 =F A &
1012 Ak s Y371 E A

(1S, 5R, 6S)-2-(E)-2'-HEZ-5-F2E2F ) HE-6-(1'R)-1"-3| =FA]
N D172 -2-7hutsf 9 -3-7} 2 A4 ;

(1S, 5R, 6S)-2-(E)-(2'-HE=Z-3'-HFA#H )8l d-6-(1'R)-1"-3]| = FA]
N D172 -2- 7} 9 -3-7} B4

(1S, 5R, 69)-2-(E)-(3' 5 -t HEZ-2'-3| =Z A H D) 8 2-6-(1'R)-1"~
3= Z A o W-1-v] P -2-7huk o W -3-7H H A 4

(1S, 5R, 65)-2-(E)-(4'-Aletx=dHd) Hld-6-(1'R)-1"-3| =EA| o & -1-1
Y-2-7hubsl 9 -3-7 B A

(1S, 5R, 63)-2-(B)-(3'~Alehw3)ol el d-6-(1'R)-1'-3| =5 A D17
Y-2-7hehsl 9-3-7h B A
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(1S, 5R, 6S)-2-(E)-2'-3|=&A# D)o el d-6-(1'R)-1'-3| =2 Ao & -1~
Sl i e S

(1S, 5R, 6S)-2-(E)-(3'-3| =& A8 D)o el d-6-(1'R)-1"-3| =E A| o & -] -
W e -2-7hek A -3-7F R A AT

(1S, BR, 69)-2-(E)-(3'-EdZFo2vd Q)8 d-6-(1'R)-1'-3]| =& A
oE-1-vE-2-7utH | -3-7F 2 A A

(1S, 5R, 6S)-2-(B)-(F&-2-A)Neld-6-(1'R)-1'-3| =E A & -1-v &
~2-7heke N -3 TR A

(1S, BR, 6S)-2-(E)-(5'-F2ZEd-2'-d)ol g E-6-(1'R)-1'-3| =2 A| 9| &
~1-M € -2-7huk e g -3-7H 5 A4 A

(1S, R, 69)-2-(E)-(5'-B2RE -2~ HE-6-(1'R)-1'- 5| =& Ao &
~1-m e -2-7puk | -3- 7 R A A

(1S, BR, 6S)-2-(E)-(Ele}&-2'-A)ol 8l d-6-(1'R)-1'-3| =ZE Aol -] - &
-2-7hat sl -3-7L 5 A 4t

(S, 5R, 6S)-2-(E)-(MZE 2 -2'-L)o el d-6-(1'R)-1"-3| =2 A -1~
A -2-7hek e 3=k S A A

(1S, BR, 6S)-2-(E)-(MlZEo}E-2'-L) el d-6-(1'R)-1"-3| =2 A -1~
HE -2-7tup s @ -3-7F A 4L

(1S, 5R, 63)-2-(E) (-2 -l 8l 2-6-(1'R)-1"-3| =E A o & -1-H] &
-2-74ul ) Q) -3-7HE A4

(1S, 5R, 6S)-2-(E)-(H&d-4'-d) Bl 2-6-(1'R)-1'-3| =& | | & -1-v]| &
-2-7ha A -3-FHE A 4L

(1S, 5R, 69)-2-(E)-(6'-#lEx 2 d-2'-d) Hl 2-6-(1'R)-1'-3| =2 Aol &
~1-v g9 -2-7hut s -3-FHE A AL

(1S, 5R, 68)-2-(BE)-(d gud-5-d)o el d-6-(1'R)-1'-3| = EA| o & -1 -
g-2-7hut A -3-7} 5 A4t

(1S, 5R, 6S)-2-(E)-(B-UZEEo}&-2'-d)Eld 6-(1'R)-1'-3| == A] o))
d-1--mw e -2-7pat A -3- 75 A4 Folm 1 ghe A H 3P ELS T3 547
o] sgEe 79 FFE WEE ® 110 JElH
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Table 11. Synthetic Structures and Compound Numbers of Arylethenyl
Carbapenems
KR-32001 KR-32002 KR-32009 KR-32010 KR-32039
* T 20 OH Cl e OH
JM 3 BTSN Iy AL J
< 4 ) 7 Nef? NO: Nl 4 S ¢
ooo=a & c/oom ° COONa 9 toona coota
KR-32040 KR-32041 KR-32042 KR-32048 KR-32025
H oH o " oH /ciH Y
Loony | X [ A tu g | AN
g Nwg”/ NOz & N/ g oo d /2 COONa
COONa COONa 2 COONa
KR-32047 KR-32050 KR-32024 KR-32028 KR-32058
OH Br
oH OH oH )'- g >
AL - AL AL g™ N/\ oH /(‘):“ ,s
™ c,ooua N - e ° COONa e d
COONa COONa COONa
KR-32083 KR-32082 KR-32062 KR-32102 KR-32103
A 20| A a0 | Al BT BTN
4 4
o " COONa o " COONa N CIOONa [oF] N c/ooN NO; o M C/OONa NO,
KR-32070 KR-32069 KR-32091 KR-32104 KR-32017
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KR-32099 KR-32052 KR-32053 KR-32043 KR-32019
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EF S T}

Table 12. Anti-MRSA Activity of Aryethenyl Carbapenems

s AF
N—
CO,Na

MIC(ug/ml) In vitro Antibacterial Activity against MRSA Strains
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0.781 0.049 0.049 0.04%9 0195 0.195 0.195 0.391 0.195
0.781 0.049 0.049 0.049 0.195 0.195 0.098 0.098 0.195
0.781 0.049 0.049 0.025 0.098 0.098 0.098 0.098 0.195
0.781 0.781 1.563 1.563 1.563 3.125 3.125 3.125 6.250
0.781 1.563 3.125 3.125 1.563 3.125 3.125 6.250 6.250
0.781 1.563 1.563 3.125 1.563 3.125 3.125 6.250 6.250
0.781 0.391 0.391 0.098 0.781 3.125 0.391 0.781 1.563
0.781 0.391 0.391 0.049 0.195 0.195 0.195 0.195 0.195
0.781 1.563 3.125 6.250 3.125 3.125 3.125 12.500 6.250
0.781 0.098 0.098 0.049 0.195 0.391 0.391 0.195 1.563
0.781 0.098 0.098 0.098 0.195 0.391 0.391 0.195 0781
0.781 0.098 0.098 0.098 0.391 0.391 0.391 0.781 0.781
0.781 1.563 3.125 3.125 1.563 3.125 3.125 12.500 6.250
0.781 0.098 0.195 0.781 0.195 0.195 0.391 0.781 0.781
0.781 0.098 0.195 0.195 0.195 0.195 0.195 0.781 6.250

82

3.125 6.250
0.781 0.195 0.195 0.195 0.391 3.125 3.125 3.125 6.250
0.781 0.098 0.195 0.098 0.391 3.125 3.125 1.563 3.125
0.781 3.125 3.125 12.500 [ 12.500 | 25.000 [ 25.000 100.000 100.000
0.781 3.125 6.250 | 12.500 [ 25.000 | 25.000 | 50.000 | >100.000 | >100.000
0.781 0.391 6.250 6.250 | 25.000 | 50.000 | 50.000 | >100.000 | >100.000
0.781 0.391 0.391 0.781 1.563 6.250 12.500 25.000 25.000
0.781 1.563 0.195 0.781 0.781 6.250 6.250 3.125 6.250
0.781 3.125 6.250 | 12.500 | 25.000 | 25.000 6.250- | >100.000 | >100.000
0.781 3.125 0.195 3.125 0.391 6.250 [ 25.000 6.250 6.250
0.781 0.781 0.195 0.781 0.781 3.125 6.250 3.125 6.250
0.781 1.563 1.563 0.781 1.563 6.250 6.250 3.125 100.000
0.781 3.125 6.250 | 12.500 | 12.500 | 25.000 | 12.500 | >100.000 | >100.000
0.781 0.391 0.195 0.391 0.781 3.125 6.250 3.125 6.250
0.781 0.391 0.195 0.391 0.781 3.125 6.250 3.125 6.250
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. 3.125 ; 6.250
0.781 0.391 0.195 0.391 0.781 3.125 1.563 3.125 6.250
0.781 0.195 0.098 0.391 0.391 3.125 1.563 1.563 6.250
0.781 12.500 6.250 12.500 | 25.000 50.000 | 12.500 | 50.000 >100.000
0.781 50.000 | 12.500 | 12.500 | 25.000 50.000 | 25.000 | 100.000 | >100.000
0.781 50.000 6.250 25.000 | 25.000 | 100.000 | 25.000 | 100.000 | >100.000
0.781 1.563 0.391 6.250 1.563 6.250 3.125 6.250 12.500
0.781 1.563 0.195 6.250 0.781 6.250 3.125 3.125 6.250
0.781 50.000 6.250 12.500 | 50.000 50.000 | 25.000 | 100.000 | >100.000
0.781 0.391 0.781 12.500 0.781 25.000 3.125 6.250 6.250
0.781 0.781 0.781 3.125 0.781 25.000 3.125 6.250 12.500
0.781 0.391 3.124 6.250 6.250 3.125 12.500 | 50.000 25.000
0.781 50.000 | 12.500 | 25.000 | 25.000 | 100.000 | 25.000 | 100.000 | >100.000
0.781 0.391 0.391 1.563 0.781 3.125 3.125 3.125 6.250
1.563 0.391 3.125 1.563 0.781 3.125 3.125 3.125 6.250

) ] . 0.195
0.781 0.025 | 0.049 | 0.098 | 0.195 | 0.098 | 0.025 0.098 | 0.049
0.391 0.025 | 0.049 | 0.049 | 0.049 | 0.098 | 0.013 0.098 | 0.049
0.391 0.195 | 3.125 | 3.125 | 3.125 | 6.250 | 0.781 6.250 | 0.098
0.781 0.098 | 12.500 | 25.000 | 25.000 | 25.000 | 1.563 | >25.000 | 0.098
0.781 0.098 | 12.500 | 3.125 | 12.500 | 25.000 | 0.781 | >25.000 | 0.098
0.781 0.098 | 0.195 | 0.195 | 0391 | 0781 | 0.195 | 25.000 | 0.098
0.781 0.098 | 0.195 | 3.125 | 0.098 | 0.195 | 0.025 0.195 | 0.098
0.781 0.098 | 25.000 | 25.000 | 25.000 | 50.000 | 3.125 | >25.000 | 0.098
0.391 0.025 | 0.098 | 0.098 | 0.098 | 0.195 | 0.013 0.195 | 0.049
0.781 0.049 | 0.098 | 0.098 | 0.391 | 0.195 | 0.025 0.195 | 0.049
0.391 0.049 | 1.563 | 1.563 | 3.125 | 3.125 | 0.195 3.125 | 0.049
0.781 0.098 | 12.500 | 12.500 | 25.000 | 25.000 | 3.125 | >25.000 | 0.098
0.781 0.025 | 0.098 | 0.098 | 0.195 | 0.195 | 0.013 0.195 | 0.049
1.563 0.049 | 0.098 | 0.098 | 0.195 | 0.195 | 0.013 0.195 | 0.049
0.781 1.563 0.195 3.125 0.391 0.781 0.098
0.781 1.563 0.391 3.125 0.781 0.391 0.098
0.781 1.563 0.195 3.125 0.195 0.781 0.098
0.781 6.250 12.500 6.250 12.500 25.000 0.195
0.781 6.250 50.000 6.250 50.000 >100.000 0.195
0.781 6.250 25.000 6.250 25.000 50.000 0.195
0.781 1.563 0.781 3,125 3.125 1.563 0.195
0.781 3.125 0.781 6.250 0.391 0.781 0.195
0.781 3.125 50.000 12.500 50.000 100.000 0.195
0.781 1.563 12.500 3.125 0.391 0.781 0.098
0.781 1.563 3.125 3.125 0.391 0.781 0.098
0.781 1.563 3.125 3.125 1.563 6.250 0.098
0.781 6.250 50.000 6.250 50.000 100.000 0.195
0.781 1.563 0.781 3.125 0.391 100.000 0.098
1.563 1.563 0.391 3.125 0.691 1.563 0.098
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deE dEE7 KR-32001% KR-320178 LG biotecho] B-3lx
© MRSATF diste] Z+zF AJgstdvt. 2 23 KR-32017¢] KR-320018.th
T3 FA4 S BHo 21 vancomycin® B]| 238t staphylococus aureus ¢ ¥
TFole sty i dFqME b F4E BogFoc a8y W
43 staphylococcus epidermis % enterobacter faecalis®] 3= -3 FA S B
Fol Bol dedo] glv SIFEYSE ¢ & U2, 2 A2FAE E 139 UrE]rlH?i

Table 13. Anti-MRSA Activity of Arylethenyl Carbapenem against LG
Biotech Strains

/C,’“ KR-32001 Ar= ——<j>—~o2

. Ar
N~/ N
o 4
CONa KR-32017 Ar=—<s]©

MIC(ug/ml) In vitro Antibacterial Activity against MRSA Strains
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BUAY. BE vkl Zo] KR- 3201701 H]E’_%é}?_ vancomycin®] Y imipenem,
meropnem®]| H|3te] EF3 FTEAH S YEHE A2 JEht o] Eope] X&)
= F&3A AlgE & S Aoz JJr?_‘rﬂoqﬂr
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Table 14. Anti-MRSA Activity of Arylethenyl Carbapenem against KIST Strains

/‘,’“ KR-32001 Ar= ‘-©—N02

- Ar
N—7
N
CO;Na KR-32017 Ar=—<’s:©
MIC(pg/ml) In vitro Antibacterial Activity against MRSA Strains

Table 15. Anti-ORSA Activity of Arylethenyl Carbapenem against KRICT

Strains
/"’“ KR-32001 Ar= —@—mz
. - AAr
N—/ N
CO;Na KR-32017 Ar= —(’SD

MIC(pg/ml) In vitro Antibacterial Activity against QRSA Strains
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o 2 KR-320017 KR-32017¢] tj3st <53t A8 A3E X 169
EfUigith Al8%5E2% ICR mouse® AME3l9 1 AMETFEE  staphylococcus
pyogenese 77TAE A+&3te] imipenem¥ H) W&ol Al g3}t

KR-320012 ZSFAHS.O)3te £ A3 Cmax’t Tﬂfé Aol Hlste] 4 )
e ¥/ YEst L AUCEEe] Suljo]d BojFo] AA o] &-&0] imipenemo] Hs) 2
3 e & F Jdn oE AT FAP.0)I}EEL WolE Cmaxit
8.03(mg/mb)e] 3L AUC#e] 10.19(mg h/mDE JE} AFLoZE= AHEsx g
Aoz vehgth

KR-32017% TETFASIA S ¢ Cmax 3ol & A4 vlete] 3 MAE
=A YEwt AUC g2 2viold =4 Yely o] B2 =3 A o]&go] 53
o= ‘45}"‘*5}

Table 16. Bioavailability of Arylethenyl Carbapenems, KR-32001 and KR-32017

/‘,’" KR-32001 Ar= —Qno

Ar
N/

N
CONa KR-32017 Ar= ‘—<’SD

Imipenem KR-32001 KR-32001 KR-32017
S.C. S.C. P.O. S.C.
11.24 48.11 8.03 27.76
0.25 0.17 0.21 0.17
0.27 0.44 0.77 0.36
6.43 30.38 10.19 14.35

. Organism : S. pyogenese 77A, animal : ICR mouse (Dose, 40mg/kg) b. 0-4h

KR-32001% KR-32017¢] ti3 DHP-1& 4 thd AP LS A3t
#1790 2 AFHE e e d®2 EZ2E meropenemS 7| F O
2 JeEhl 9tk KR-320012 w2 o] uls] 05308 otAEr} A B =
imipenem®| H]&|AE 2 HlA T <k 3} Zi a L}E}

KR-32017& Al@Fd &

rﬁ
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1 o}
L
SN
m{m
ru{n
=
i
30 _E,
>
oo
ol
!
,
L

2 Uehgth o3 RalHx @ AL BAs AP o] wzsde] Ha
DHP-1 Sh4 =7k 06u) B4R Row Yegt e} 2y 2o A
£ 198 HHF Ao HolY ot HBY ¥HAW F§Bo] THo gomz
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KR-320170] 3kt <tAAdo] A7 =of B <t

=2
gstal Aejddol -3 =4S oAl dAsta ofE T B2 st

Table 17. DHP-1 Stability of Arylethenyl Carbapenems, KR-32001 and

KR-32017

t": of Hydrolysis(hr) Relative t'; of hydrolysis(hr)
1.82 0.18
10.08 1.00
5.39 0.53

tY2 of Hydrolysis(hr) Relative t'2 of hydrolysis(hr)
2.08 0.20
10.25 1.00
6.08 0.59
20.3 1.98

T=30°C, Substrate =25 pg/ml (50mIM, PH=7.0, MOPS buffer)

a. all component
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(1) Benzothiazolo hydroxyalkyl type carbapenems

oldofeld FlulH ] fEAEo] Fuldl Wl 233} conjugations o] 33 o
2 obAsA] HE3 ML BAs7] 9989 benzothiazolo hydroxymethy 7] & 7huls )
o] 291A°] =43t conjugations AAT Rdoz FAse BUTH FAAHL
2-formyl carbapenem 79 9] 1 3—benzothiazole% n-butyl lithium® & lithiationd} <
WAl A FEE 798 58%9 AT olF dEFRIZINE AAFI] At
1M-tetrabutyl ammomumﬂuondeg Z—H’h/‘]ﬂ dAe) 2 A 80ast 80bE Zzt
21%, 18% & He712 Zyor Este A

Do Azt ol dAAE YubAl W<l Eetebs FuiEolA 4 B3I
718 AASE FA) sodium 2-ethylhexanoate(SEH)ZE 28 AH JEF ¢
uhE g 3 5HE KR-321113 KR-32112& 2442 55%, 49%9] &8 43t ol ¢

Aol AdAe doivxe ZFASA Akt oL %& B/ Z3 KR-320115
e @2 MRSA 384 & Yel Az KR-321110] KR-321128cF 194 £
FEAe vehdidleon A tiE ety gL 78k

I ARE FEo YR o] FHEEY A FEAALS A FS
=

BuLi/THF/-78°C
58%

PPHy/ Pd(PPhs),

SEH/CH,Cl,

up part , 21% 80a up part ,55%, KR-32111
down part, 18%  gob down part, 49%, KR-32112

Scheme 17. Synthesis of benzothiazolo hydroxymethylcarbapenems
(KR-32111 and KR-32112)

KR-321113% KR321129) <FaddA 23 £ AH}E F2 E3A7] g
t}&3 Zo] 2-methyl- 8 -naphthothiazole?] 7} £ ¢ KR*32148% st B7]
2 9. do M FAFE A 2-formyl carbapenemoﬂ 2-methyl- 8 —naphtho-
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thiazoleZ lithiumdiisopropyl amide® lithiationdte] A LoA WL AlA F3E 80
= 13%9 F&2 41, dutEg WwHoz 4F HIIJ|E AASY FLE 81S
49%° TE&E AU ol o AAE HEHA &yt oHAA ] ETFES Z
gHg EistollA gE7IE AASY JEEAY Jhutdd 33E KR-032148%
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S
THF/rt

LDAITHF/-78°C

13% 49%

PPHy/ Pd(PPhs),
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13%
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Scheme 18. Synthesis of benzothiazolohydroxymethyl carbapenems (KR-32148)
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Scheme 19. Synthesis of pyridinbenzothiazolo hydroxymethyl-
carbapenems(KR-32166)
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[Ea=

= o] vancomycin® = oFstA YElY Bo &
o= EAS HAIIE FATh
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T8S0, 4 D /</ >
”mo <s TBSO, "‘l/@ 20%/HC/MeOH HO’IM
1 S
S
N H BULiTHF/-78°C W\ N oH
Boc ) OH 100% H Hei
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85 86 87

AcSK/ DMF
PNZCV/ (i-Pr)NEt  HO, (>_{’\IIL MSCIEtN/ICH,Cl,  MsO, N

|
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CH,CI
Gl N H f}l OH
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o D
PNZ N OH

)
PNZ

up-part, 28% 90a

down-part, 26% 90b
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Scheme 20. Synthesis of benzothiazolopyrrolidine derivatives(91a and 91b)

Hsb‘(r\lf@ PNB-enolphosphate

OH
< 100 : _C’}\FN
N OH NG O NH S
BNz (i-Pr),NEt
:p,91 ag1b up-part 17% , 92a
own,

down part, 41%, 92b

10% Pd/C / THF/EtOH %, N
N S g
0.1N-MOPS buffer g NH S

up-part , 44%, KR-33006
down part, 45%, KR-33007

Scheme 21. Synthesis of benzothiazolopyrrolidine carbapenems
(KR-33006 and KR-33007)
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(2) Benzothiazolopyrrolidine carbapenems

Scheme 23] YEeElWH KR-330082 benzothiazolopyrrolidine”] 7} | 3% 51
spacer’} KR-330078.t} 3ty Eojd 7ivted S48 43t = ¥H L Scheme
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Scheme 22. Synthesis of benzothiazolopyrrolidine derivatives(99)
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HS N PNB-enolphosphate __! OH N/Q
S N/ S

ENZ OH (i-Pr),NE g NH
B
s CO,PN
29 101
SRS
10% PA/C / THF/EtOH ‘CMS
s
0.1N-MOPS buffer g N 7 NH
CO,H
31%
KR-33008

Scheme 23. Synthesis of benzothiazolopyrrolidine carbapenems(KR-33008)

(3) Benzothizolothiomethyl pyrrolidine * 3 carbapenems

el w3 KR-330082 benzothiazolomethyl hydroxymethyl pyrrolidine
FEAZ Fdstd oFE HUg 23 3 ZAH(E FA XA, ol hydroxy
717F MRSA¥o| 8&3tA Z&3tx Este A= #o3te] hydroxy 71E AASE
I obst FAME el FiatEld REAE st FEWHIME AAstY BU)E
39tk & scheme 25, 26 i 279 YERH KR-330xx, KR-330xx, %
KR-330xx9] 3}&ES At B7|2 st

9] FAAHL scheme 24014 HE= HF9} Zo] L-proline 1028 acetyl
chloride$®} methanol 3 ¥FZAlA L-proline methyl ester 103& AZA o g7 3HA s}
I, 7]l allyloxycarbonyl chloride® @754 HEEA1A o177} AOC 712
Bate 3 1045 78%9 &= At 3E= 1049 ¢E7]8 TBS 7|2 2
33} 1059 33ES 91 o]E sodium borohydride® 33t hydroxymethyl
proline 33E 1068 =& &= AZIFI. FTE 1069 hydroxy 71
methansulfonyl chloride® mesylationtlzu 33& 1072 A3t o] 7)o sodium
iodide® 7}38l¢] acetonecl A ¥+3H jodomethyl =4 108& HB%Y F&= o
ol Z o}

ol & A oA & iodomethy!l A 1081 47} A e
2-mercaptobenzothiazol & K2COz EA8loll A acetone RujZFd A 71Este] 313E

110, 111 % 112& Z4z 2 8% & + AU tH(scheme 24).

it il
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102 103
TBSO,,, %
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N O
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O.—
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A, 48h, Acetone

0
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95%

/

, KoCO3, 3h, Acetone
72%

A 3h, Acetone

NH,

N
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JAN
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, KoCO;4
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N
HS—¢ D
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*
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Scheme 24. Synthesis of benzothiazolothiomethy! pyrrolidine derivatives
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33E 1098 98 <l HHoF TBS7|E AAs 9 1139 ggEs ¢
o] 7] 9] mitzunobu ‘?l%% o] &3}e] stereochemistry”’} ¥t E % thioacetate 3}
B 1148 42%9) &2 AZFdrt. olE JlsEdEte] AFH o R thiol $FHE
1158 oo % Ay 27FA1¢] AOC-enolphosphate 1559 ¥F-E-A|#  7F}ul# |
FEA 116& 35%9] &2 ATt olE TgtE SuistdA durzl WHe=
H33tste] KR-330272 & JBP‘%iD‘r. o] ¢g 7tk 23 MRSA #Fol
e 5 E Ve of o gk A AFH FEE A Y
AA st 2% AF{E e ] } Az EAZ AAQsA HAoh 1 AHE F
A oAl AHE7E e

2 -10 Nﬂ

HO,,,

TBSOII., D’\ N
N
Q’\S—f :@ TBAF, AcOH N S_</S D
O
0’&0/\/// S 0°C —»1t, 18h, THF O&O/\/
99%
109 113

AcS
PPh;, DEAD, CH,COSH \E% N 2N-NaOH, MeOH
N o s

S T, 30'
0T, 1.5h ~ 1t, 2h, THF oA A 0¢, 30
© 00%
42% 100%
114
OH
HS AOC-Enol Phosphate, DIPEA /'
N
[ g L Ty
1 20°C> rt, 2h, dry CHCN O Coo SN S
AOC >\ ‘aoc
35%
115 116
oH

(PPhy)4Pd, PPhs, SEH
. N/ Ty\
tt, 4h, dry CH,Cl,

CONa N

60%
KR-33027

Scheme 25. Synthesis of KR-33027

4-Aminobenzothiazolo pyrrolidine =4 1102  tetrabutylammoiun
fluoride2 TBS 7I& AAsIA IFFE 117 6% F&E=2 I T oE
mitzunobu ¥H3- S 2 thioacetate 712 X3 333 EF 118% 5% F& = A%}

Rt o] F ZFFE8) sk thiol 3HEE 1198 A#H o= d2 F enolphosphate
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o ¥ AA FhutEd SEE 1208 22 FEE dE F UM o] dwkAe
WHo2 BHE7]E AASIY sodium 9L E ® KR-330352 93 th(scheme 25).

Benzimidazolothiomethyl pyrrolidine # %A 1112 AOC 7|2 X353}
12191 3 3FELS A tetrabutylammonium fluoride® TBS 7|5 AA st Aoz
122 3}l3-Eo] mitzunobu ¥-8- 2 Z thioacetate 3+gE 1232 78%< &2 4
=3

olE 7l i35l enolphosphate®} HHSAl7| 1 B R F3} AlFH KR-33044E
A t}.(scheme 26).

4-Nitrobwnzothiazolo pyrrolidine %2 1128 &2E2 = 3o gorjel
AR W o2 wEg Al A KR-330432 34 3199t (scheme 27).

TBSO,, Nz HO-. I
N N PPhs, DEAD, CH3COSH
Ay e Dy T
O, h % -
OJ\o/\/ 5 0°C —=it, 18h, THF ol Az S 0C, 1.5 - rt, 2h, THF
86% 85%
110 117
AcS . NH, M2 poC-Enol Phosphate, DIPEA
b’\s—( _2N-NaOH, MeOH \[’y\s—< 155
N s 20°C— rt, 2h, dry CH;CN
ol\o/\/ oc 30'
100% 13%
119
118
OH OH
/"’4, NH;
. /', NH;
Da N (PPhy)4Pd, PPhy, SEH :
d Y Ny T e
Coz/\l/ AOC rt, 4h, dry CH,Cl; o] CoNa H S
25%
120 KR-33035

Scheme 25. Synthesis of KR-33035
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111 80%
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TBAF, ACOH D’\ N
0°C —-rt, 18h, THF ,/li S_%D
! ’ (o] ANF )
89% O AOC
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AcS HS,
N X N
\E,}’\S ¢ D 2N-NaOH, MeOH Q/\S%N
N < 30
OJ\O Z |\ 0¢C, 30 /|\ oc A
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N
N~ s—<
o co /\// N N rt, 4h, dry CH2C[2
2 A )
AQC AOC 39%
125

TBSO,,

N
0
OJ\O/\/ O;\O N
121

PPh3, DEAD, CH3COSH

0T, 1.5h - rt, 2h, THF
78%

AOC-Enol Phosphate, DIPEA

155

e

QC
30%
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Scheme 26. Synthesis of KR-33044
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oA o N oA\ox\/ 49%
12 86% 126
N ses o
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N 155 S
N STy N T I
: ]
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47% 2/\/ AOC AOC
129 130

X
(PPhg)4Pd, PPh3, SEH

| s
N~/ Ty\ N
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Scheme 27. Synthesis of KR-33043

(4) Benzothiazolo pyrrolidine carbapenems(KR-33001 and KR-33010)
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Scheme 28. Synthesis of KR-33001
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d A8 o1, ol& EFZE(: WEE, oe2)grstoA 2N-FAGESE &
S A= 715t 0CAA 1587 BH3AIA Aol &3 g EQ 83 ’—‘w 1402 A4 ith

°]& enolphosphate ¢} WHEAIA S3E 1365 €1 F44U HHez ¥
B33 A]A KR-33010& &Astgdd. o=
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iil) TBSCI
136 i) 138
76% 137 40%
0 39
iy PNZCt L _ DASSK __@”“%
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Scheme 29. Synthesis of KR-33010

(5) Benzothiazoloazetidine X3 Carbapenems (KR-33028, KR-33051 and
KR-33052

Benzothiazoloazetidine 23 Carbapenems?] KR-33028, KR-33051 & x
KR-33052<% 3A3l7] 938t Scheme 309 wa} WA thiol 3tE 15645 A3}
At} Thiol 3EE 1549 WL 3FE 1422 F A3 epichlorohydrines
benzyl amine I WF3dle] LEIFE 1439 FHELS I F  97]9
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332e Az F Yt o] AojctAErE B4 WA FAJUEF ¢
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o] 2 N
VAN —_— Ph/\N/\r/\CI Ph ” Cl
OTMS
OH Pet ether
142 143 144
NaOM TBSClim.
reflux/ 3days Fh MeOH Ph DMAP/DMF
145 146

120°C/DMF
20% Pd/C TBSO—<>N—<’
T80~ N ’ 850~ NH  ————> D\R
Ph
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147 *S—<’ JI\/E\R
X ==
150a,150b,150c,150d
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Rd=H Xd=0 R
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Scheme 30. Synthesis of benzothiazoloazetindinethiol derivatives(154)

Scheme 30°] wat Azxd s 1549 olAEUMRlE FHAEE
enolphosphate 1559} ¥FS-A17A shutd 4 335 1568 ¥ ol&g Az T4
oz gBrasl uheS AlA KR-33028% KR-33051 283 KR-33052F = lel
t}. o]E 3}FES oz pAME A KR-33028°] MRSAC wiste] -3 *EZ
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J 0-Ph XN g XN
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Rb=5-Cl  Xb=S 222‘3/ Pd(PPhg),
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OH OH
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COAlyt d S
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Foody, SO
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Scheme 31. Synthesis of KR-33028, KR-33051 and KR-33052

5-Methyl-4-mercaptopyrrolidinone type carbapenems

uieA

Azl 9 CS-8349] WO ® Aziridine 258 A dAMddgdor
Thiol& TAIAT. T4 E Tiolse PNB-Enol Phosphate®} Diisopropylethylamine
ZA) 3t couplingdte] Protection® carbapenem(157a-d)E 50%<¢ &2 A st
i, 4-Nitrobenzyl7|&= Pd/CEAE] 43t WHg3te] HA AASI, Sodium
2-ethylhexanoate(SEH)E  7}8} 1, reverse phase column chromatography3dt<
KR-33046, KR-33047, KR-33048 8 & KR-330492 A3ttt

OH OH

ST
N OP(O)(OPh), —_— N/ S‘*g

© CO,PNB © COR

b ( 157a-d.R=PN8
KR-33046-9. R = Na

(a) 7a~d, DIPEA, CH3CN, 2h, (b) Pd/C, H2, THF/EtOH/0.1M MOPS buffer, 12h.

Scheme 32. Synthesis of 5-Methyl-4-mercaptopyrrolidinone carbapenem
(KR-33046, KR-33047, KR-33048 and KR-33048)
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+ 5-Methyl-4-mercaptopyrrolidinone(165a-d)¢] ¥4 &
enantiomerically puredt Aziridine® 2% ¥ wWE < 9t} (S)-phenylethylamine
2,3~dibromopropionateE K:CO; &A]3}el A ¥Fg-31% Aziridine ester(158, 159)E
rle) H&2 AFHorn AL & vk Aziridine B-keto ester(160, 161)=
aziridine ester(158, 159)% ethylacetate?} LIHMDS Z5-€ £} lithium enolate
o} wk&sto] Z+ZF A 4~ At} Aziridine £ -keto ester(160, 161)= NH4Cl &)
3toll NaBH,Z reductiond}e] diastereomeric £ %<2 hydroxy aziridine(162a-b%}t
162c-d)& L1, Zz2 Adygsd Agoezm 44 T F Uk

5-Methyl-4-hydroxypyrrolidinone(163a—-d)& aziridine propionate(162a—d)
& a3t wgez 2z FAgEt olg¥A Aozl 5-Methyl-4-hydroxy
pyrrolidinone(163a—d)2 Mitsunobu ®FHS-& &3] thioacetate(164da-d)Z HHE 11,
thioacetate(164a-d)+=  2N-NaOH=Z A acetyl”ZlE AAZS SHst=
5-methyl-4-mercaptopyrrolidinone(165a—d)& &4 3hch.

Ph
OH ¢ O d O
Z‘i\‘/’\/cozEt —— HowC T _ R'S%
\(Ph H
Loe b 162a 163a 164a. R = Ac
R (1:1) * 165a.R' = H
H Ph
o
\r OH c Lo ° d R'St-
158.R = OEt N CoEt NH NH
160. R = CH,CO,Et
H
162b 163b ,
e Q 164b.R' = Ac
165b. R = H
Ph
OH . o o 0
NUA_cogEt HO“"C&/; _ R'S—CJ:
\rph ﬁ s’ 5'.
Lo b 162¢ 163c . ( 164c.R=Ac
LA__)J\R (2:1) * 165¢.R'=H

H Ph

0 o)
159.R = N T S woCE S SE
a (, .R=OEt Q/V\/C%Et —NH \—NH

161. R = CH,CO,Et

H 162d 163d

<

164d.R' = Ac
165d.R'=H

(a) EtOAc, LiHMDS, THF, -78 °C, 1.5h, (b) NH.Cl, NaBH,, H,O/EtOH, lh, (c) Pd(OH),, H,
(60psi), EtOH, 12h, (d) PPhs, DEAD, AcSH, DMF/THF, 3h, (¢) 2N-NaOH, MeOH, 0.5h.

Scheme 33. Synthesis of 5-methyl-4-mercaptopyrrolidinone
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KR-33028& FH3te] tte FazAe drstger 1 235 Hol 1A 49s)

712 3o}

(5) Pyrrolidine?] 9] benzothiazole &% X &3 carbapem3 A Al

¥ 220l oA dwdt 3, 4. ol ek & pyrrolidineZ] o] benzothiazol 7]
7} 2 2gE Jhabs g gAAQl KR-33001% KR-330100] thsle) FazxAS 4
Ptk KR-330013 KR-330102 1A o]d&AA ol KR-33001¢) Ht} £ 3
Yelz 9o <ol o] Hoechst, LG MRSA, QRSA, KIST MRSA
of st zZ+zt At 1 A# ol MY FEAAE HEEAT Y
ted 3~18u}e} 4% FFHo] UdebdS & 4 AR KIST MRSAC dishA
2~4v) E@5&A JEgt. KR-33001 FE3le] g2 FaH M A Ao
ol A Al AdgEr|2 g

LN o
2t go ¥R

jﬂr&ialmr#ﬁ
O

(6) DHP-I stability of KR-33001, KR-33006, KR-33033 and KR-33008
v Ede wlgted 3 FdEE JEY KR-33001, KR-33006,

KR-33007 27|32 KR-33008°] tj3 DHP-I &4l 3 oA T AP E AAFHE
tl, HTEZZE Imipenem¥ MeropenemS AHE38+9 3, Meropenem % %2

DHP-1 tH =& 7FX|¥ DHP-I inhibitorE AME-3tXA] @3 AIEE £ &= RAo=R
dHA gl
Meropenem® ®|@ A<l DHP-I stability® X 239 Yehid=dl
KR-330012 0.36, KR-33006°] 049, KR-330072 0.48, KR-33008< 15022 Att)
ARl A EE HoFE=dH KR-33008°] 7HE b4 sttt
KR-33001¢°} in vitro activity> 7F¥ €4 JeEluil oy DHP-I A =+ Ao
o2 A vE F2E AP0 R ol djEslool 2 For ATFHIAUT

2

(7) Oral carbapenem %3] KR-33046, KR-33047, KR-330489] o3 °ks
| 7}

4

KR-330463 KR-33047 &]3. KR-330482 (CS-834¢9F #AL% #+2E zZk+
Ao g C-2 YA pyrrolidinone®] 5 $1xl| chiral methyl7| & Z+2z * 33k &)
olt}. { 24ay o|Eo Wi Z|EFF 2070 thEtd in vitro activityS &A%+

o

AFAZ RAF YEd HuEd CS-8349 A FAME activitys RS &
48 478 BAFX E3rh zam o]E EAEo] 3 MRSA TFol| taiA
24 JeElER A¥ste] Bt 3E 24b, ¥ 24c, ¥ 24del A Hoechst, LG
MRSA, KIST MRSAC disixe vaEdrt 2~38 54 etz Ao

ol YA o] EF KR- 330401 7V $-wstnh. 3k R KIST MRSAC
el Aol A Bty ®E 2595 o]E DHP-I stabilityE A3 el

0.
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KR-330463 KR-33048°] Meropenem®.t} <F4 st 4i ). X 260 o=
pharmacokinetic A 8& 39+, Meropenemol| ® -33048¢°] 4] AHx )
o] &&°] Y353t o] 3§Eo| oral o2 AL ST 2T 4 AR

I8 in-vitro activity 7} H]JJ_‘:'X‘ A CS-8349 Hls) BF58tAY dEste] AR
Hol Wolx 22 o o4 Adstx] g}

8) A=EA KR-330277% KR-330282 24 AA
* 279+ KR-33027% KR-330289] 7|EF& 2025 Wk in-vitro
activity & A @ ZAAE BAFzm Q. % AT dEarE HmEA
meropenem® vancomycin®| ®]3] 73+ 7T A UL TF FAFNE
MRSA%O]UE H I EA N ¥ 8 FFEA o) .
& 282 °|=¢ DHP-I stability A1@Z7E 23 3m glth. KR-330279|
o] igﬂt‘yoﬂ Hlsl 1580 kst z, KR-330282 06W12 o7k <53l Imipenem
0.19%) o H] 8 #& HolmE ko2 Algo] JtHE Aoz FkdEr)
#E 29¢ olg F MY MA=EZ g FEs A

ox

. m]o o
T o
e
N
R
e

F =K1 = AA% 2948 4
EFU Sl T} Bl Z2 <2l meropenem®] H3 KR-33027& SAbetA vheElbm
KR-330282 5¥jo]d A o] &&o] £4 Vel w9 953 B ols ==
AR
3E 29= KR-33028& LGCId B 7| #3 &L A% 2345 B
AFL vk 2 AT dete] 59 Gzl YL MAFT u =3
Staphylococcus penumonia®] EH% ZEe A4S BoFa glo] 357 79 X
2o BHE% 2%S YehiE FEYL =9 Exow g1 9o
9 2 <%
AEEZ KR-33027% KR-330289] <kg A
o In vitro activity
- I FATY 5% FFE4 (Meropeneme] 104))
- S. pneumonia®l] 734 (KR-33028)
o ¥ MRSA
~ Hoechst w7l théto] vacomycinolY} meropenemol] ®]&] 3~208] $2-3t
goEA
— LG MRSA w50 tiste] vmEdo] Hls) 3~8u) 953 3+734

- QRSAte] HlaLEdd ws) 5~208) Fg &4
- KIST MRSA w0 s 2~3u] €%
© DHP-I stability
- KR-330272 W 2# ol Hs) 154 <A
- KR-330282 WlZ#H o] vl 061 €5
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o ¢E#3 Al (Pharmacokinetics)
- KR-330272 Y2393 55
- KR-33028<2 W23 3 vjxnl 154)
o KR-33028 : Staphylococcus pneumonia®] ™% 73 &4 (&

4)

o

%Y Az
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Table 18a. In vitro Anti-MRSA Activity of KR-32117, KR-32114, KR-32148 and
KR-32166 against Hoechst Strains

N H H ‘ Q N
- ;E%\AZD g)o\/«: AT T

O

COzNa
Up KR-32117 . KR-32166
Down KR-32114 KR-32148
MIC(ug/mé)
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Table 18b. In vitro Anti-MRSA Activity of KR-32117, KR-32114, KR-32148 and
KR-32166 against Yeunse University MRSA

OH
Snes wod oo

O

COzNa
Up KR-32117 KR-32148 KR-32166
Down KR-32114
MIC(gg/ml)
25.000 12.500 0.391 0.781 6.250 0.391
25.000 25.000 0.391 0.781 3.125 0.391
0.098 0.049 0.098 0.098 0.391 0.025

12.500 25.000 0.781 50.000 50.000 100.000

100.000 100.000 0.391 25.000 50.000 50.000

50.000 50.000 0.391 0.781 3.125 0.391

25.000 12.500 50.000 25.000 50.000 25.000

50.000 25.000 1.563 1.563 3.125 0.781
3.125 1.563 0.098 1.563 3.125 0.731
12.500 1.563 0.098 1.563 3.125 0.781

a. A MRSA strains in &4
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Table 19a. In vitro Anti-MRSA Activity of KR-33006, KR-33007, KR-330008
against Hoechst MRSA

OH OH OH
/"',,4 WND /ND
e JS NH S §-s NS

CO;Na
o
MIC(ug/ml)
0.098 0.098 0.049 0.781 0.195
0.049 0.098 0.025 0.781 0.098
0.098 0.049 0.025 0.781 0.098
0.049 0.049 0.013 0.781 0.098
0.391 0.391 0.195 0.781 1.563
0.391 1.563 0.098 0.781 1.563
0.391 0.781 0.19 0.781 1.563
0.098 0.098 0.049 0.781 0.195
0.098 0.098 0.049 0.781 0.195
0.195 0.195 0.049 0.781 0.391

a. Hoechst MRSA strains in KRICT
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Table 19b. In vitro Anti-MRSA Activity of KR-33006, KR~-33007, KR-330008
against LG MRSA

OH OH on
)/,," —C/\(ND /ND

Ne/ o NNH S fs—nn S

© COZNa
Up KR-33006 KR-33008
Down KR-33007

MIC(pg/mb)

0.391 0.391 0.195 0.781 1.563
0.049 0.195 0.049 0.781 0.098
1.563 3.125 1.563 0.781 6.250
1.563 1.563 1.563 0.781 3.125
0.391 0.391 0.195 0.781 1.563
0.043 0.049 0.025 0.781 0.098
0.049 0.049 0.025 0.781 0.098
0.049 0.049 0.025 0.781 0.098
0.098 0.195 0.049 0.781 0.391
0.098 0.195 0.049 0.781 0.391

a. LG MRSA in LG biotech
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Table 19¢c. In vitro Anti-MRSA Activity of KR-33006, KR-33007, KR-330008
against QRSA

Peaents ae
N/ TN NH S f-s=_ N °
© CO,Na
Up KR-33006 KR-33008
Down KR-33007
MIC(ug/mk)
0.196 0.195 0.049 0.781 0.391
0.098 0.098 0.049 0.781 0.195
0.195 0.195 0.049 0.781 0.391
0.098 0.098 0.049 0.781 0.195
0.195 0.195 0.049 0.781 0.391
0.098 0.195 0.049 0.781 0.391
0.098 0.098 0.049 0.781 0.195
0.195 0.195 0.049 0.781 0.391
0.781 1.563 0.781 0.781 1.563
12.500 12.500 6.250 0.781 12.500

a. QRSA strains in KRICT
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Table 19d. In vitro Anti-MRSA Activity of KR-33006, KR-33007, KR-330008
against KIST MRSA

OH OH OH
)’,,,‘ —CZ\«ND /N:©
Ny o NH S §~s NH S
© CO,Na
Up KR-33006 KR-33008
Down KR-33007
MIC(ug/ml)
6.250 12.500 6.250 0.781 25.000
6.250 6.250 3.125 0.781 25.000
12.500 25.000 12.500 0.781 50.000
25.000 25.000 25.000 0.781 50.000
0.391 0.195 0.098 0.781 0.391
6.250 12.500 6.250 0.781 25.000
12.500 25.000 12.500 0.781 50.000
12.500 25.000 12.500 0.781 50.000
12.500 12.500 6.250 1.563 25.000
12.500 12.500 6.250 0.781 25.000

a. KIST MRSA in KIST
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Table 20a. In vitro Anti-MRSA Activity of KR-33028, KR-33051, KR-33052 and
KR-33040 against Hoechst MRSA

3 N X=S,R=H,  KR-33028
-<> A= X=S, R=5-Cl, KR-33051
N S N%X // 3 [l

o} X=S, R=6-OEt, KR-33052

CONa X=0,R=H,  KR-33040
MIC(zg/me)
0.049 0.049 0.098 0.098 0.781 0.781
0.025 0.049 0.049 0.049 0.781 0.195
0.025 0.049 0.049 0.049 0.781 0.098
0.013 0.049 0.049 0.195 0.391 0.098
0.195 0.391 0.391 0.098 0.391 1.563
0.049 0.098 0.098 0.195 0.781 0.781
0.098 0.195 0.195 0.049 0.781 0.391
0.049 0.098 0.098 0.049 0.781 0.391
0.049 0.098 0.098 0.098 0.781 0.195
0.049 0.098 0.098 0.098 0.781 0.391

a. Hoechst MRSA in KRICT
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Table 20b. In vitro Anti-MRSA Activity of KR-33028, KR-33051, KR-33052 and
KR-33040 against LG MRSA

OH

)5 SO & PR Rt
F Lo R e

MIC(ug/me)

0.098 0.391 0.195 0.391 0.781 1.563
0.025 0.049 0.049 0.049 0.781 0.195
0.781 0.781 1.563 1.563 0.781 3.125
0.781 0.781 1.563 1.563 0.781 6.250
0.391 0.195 0.195 6.250 0.781 0.781
0.025 0.049 0.049 0.391 0.781 0.098
0.025 0.049 0.049 12.500 0.781 0.098
0.025 0.049 0.049 12.500 0.781 0.098
0.049 0.098 0.049 6.250 0.781 0.391
0.049 0.098 0.049 0.098 0.781 0.781

a. LG MRSA in LG biotech
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Table 20c. In vitro Anti-MRSA Activity of KR-33028, KR-33051, KR-33052 and
KR-33040 against QRSA

OH

A

X=8, R=H, KR-33028

Ner
4 _ - -
ﬂi}—s—cN—(XD R X=S,R=5:Cl, KR-33051

o]

X=8, R=6-OEt, KR-33052

CONa X=0,R=H,  KR-33040
MIC(pg/mé)
0.049 0.098 0.098 0.098 0.781 1.563
0.025 0.098 0.098 0.098 0.781 0.391
0.049 0.195 0.195 0.19% 0.781 0.781
0.049 0.098 0.098 0.098 0.781 0.391
0.049 0.098 0.098 0.098 0.781 0.195
0.049 0.098 0.098 0.098 0.781 0.391
0.049 0.098 0.098 0.049 0.781 0.391
0.049 0.098 0.098 0.098 0.781 0.391
0.195 0.391 0.391 0.391 1.563 1.563
0.391 0.781 0.781 1.563 1.563 6.250

a. QRSA strains in KRICT
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Table 20d. In vitro Anti-MRSA Activity of KR-33028, KR-33051, KR-33052 and
KR-33040 against KIST MRSA

ps N X=S,R=H,  KR-33028

I S—<>N—<’ | R X=8, R=5-Cl, KR-33051

o X X=S, R=6-OEt, KR-33052
COzNa

X=0, R=H, KR-33040

MIC(ug/me)

6.250 12.500 12.500 12.500 0.781 25.000
0.781 3.125 3.125 12.500 0.781 6.250

12.500 50.000 50.000 50.000 0.781 50.000
12.500 50.000 50.000 50.000 0.781 50.000
0.049 0.098 0.098 0.098 0.781 12.500
3.125 12.500 12.500 12.500 0.781 25.000
12.500 50.000 50.000 25.000 0.781 50.000
12.500 50.000 50.000 50.000 0.781 50.000
6.250 12.500 12.500 12.500 1.563 25.000
6.250 50.000 50.000 25.000 1.563 25.000

a. KIST MRSA in KIST
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Table 2la. In vitro Anti-MRSA Activity of KR-33027, KR-33043, KR-33044 and
KR-33035 against Hoechst MRSA

b
“, N~ X=S, R=H, KR-33027
| s s i} R X=N, R=5-NO,, KR-33043
N NH XN L R, AT
d oo X=N,R=H,  KR-33044
COONa X=8, R=5-NHj, KR-33035

MIC(ug/me)
0.098 50.000 0.195 0.391 0.781 0.781
0.049 12.500 0.098 0.098 0.781 0.195
0.049 6.250 0.098 0.098 0.781 0.098
0.025 3.125 0.049 0.049 0.391 0.098
0.195 50.000 0.391 0.781 0.391 1.563
0.098 25.000 0.391 0.391 0.781 0.781
0.195 25.000 0.391 0.391 0.781 0.391
0.049 12.500 0.195 0.195 0.781 0.391
0.049 12.500 0.195 0.195 0.781 0.195
0.098 25.000 0.195 0.195 0.781 0.391

a. Hoechst MRSA in KRICT
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Table 21b. In vitro Anti-MRSA Activity of KR-33027, KR-33043, KR-33044 and
KR-33035 against LG MRSA

/l, N x X=§, R=H, KR-33027

s— || SR N P
)jr\:éi Sﬂ:\ XTNF X=N, R=5-NO, KR-33043
O

X=N, R=H, KR-33044
X=8, R=5-NH,, KR-33035

MIC(ug/mt)
0.098 50.000 0.781 0.391 0.781 1.563
0.025 6.250 0.098 0.098 0.781 0.195
0.781 100.000 3.125 3.125 0.781 3.125
0.781 50.000 3.125 3.125 0.781 6.290
0.391 12.500 0.391 3.125 0.781 0.781
0.025 6.250 0.098 0.781 0.781 0.098
0.025 6.250 0.098 0.098 0.781 0.098
0.025 6.250 0.098 0.098 0.781 0.098
0.049 12.500 0.195 0.19 0.781 0.391
0.049 12.500 0.195 0.195 0.781 0.781

a. LG MRSA in LG biotech
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Table 21c. In vitro Anti-MRSA Activity of KR-33027, KR-33043, KR-33044 and
KR-33035 against QRSA

g
, N— X=S,R=H,  KR-33027
| s s I}‘R X=N, R=5-NO,, K

VL I A =N, R=5-NO,, KR-33043
G X=N,R=H,  KR-33044

COONa X=8, R=5-NH,, KR-33035

MIC(ug/mb)
0.098 12500 | 0.195 0.195 0.781 1.563
0.049 12500 | 0.391 0.195 0.781 0.391
0.098 25.000 | 0.195 0.391 0.781 0.781
0.098 25.000 [ 0.195 0.195 0.781 0.391
0.098 12500 | 0.195 0.195 0.781 0.195
0.098 12500 | 0.195 0.195 0.781 0.391
0.098 12500 | 0.195 0.195 0.781 0.391
0.098 25.000 | 0.195 | 0.195 0.781 0.391
0.391 50.000 | 0.781 0.781 1.563 1.563
0.391 50.000 | 1.563 1.563 1.563 6.250

a. QRSA strains in KRICT
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Table 21d. In vitro Anti-MRSA Activity of KR-33027, KR-33043, KR-33044 and
KR-33035 against KIST MRSA

OH

e IS At e

J X=N,R=H,  KR-33044

COONa X=8, R=5-NHy, KR-33035

MIC(ug/me)

6.250 100.000 | 12.500 12.500 0.781 25.000
1.563 100.000 3.125 3.125 0.781 6.250
12500 | 100.000 | 25.000 12.500 0.781 50.000
12.500 | 100.000 | 25.000 12.500 0.781 50.000
0.098 25.000 6.250 0.391 0.781 12.500
3.125 100.000 | 12.500 12.500 1.563 25.000
12500 | 100.000 | 25.000 12.500 0.781 50.000
12,500 | 100.000 | 25.000 12.500 0.781 50.000
6.250 100.000 | 12.500 6.250 1.563 25.000
3.125 100.000 | 12.500 6.250 0.781 25.000

a. KIST MRSA in KIST
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Table 22a. In vitro Anti-MRSA Activity of KR-33001 and KR-33010 against
Hoechst MRSA

1"
N N
S _@.(/ g_s_o ..... ¢ :@
N~ NH S NH S
o
COONa
KR-33001 KR-33010

MIC(ug/mb)

a. Hoechst MRSA strains in KRICT
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Table 22b. In vitro Anti-MRSA Activity of KR-33001 and KR-33010 against

LG MRSA
g N
COONa
KR-33001 KR-33010
MIC(ug/mb)

0.049 0.391 0.781 1.563
0.049 0.098 0.781 0.195
0.781 0.391 1.563 3.125
0.781 1.563 0.781 3.125
0.391 0.781 0.781 0.781
0.049 1.563 0.781 0.098
0.025 0.049 0.781 0.098
0.049 0.098 0.781 0.098
0.049 0.098 0.781 0.781
0.049 0.098 0.781 0.781

a. LG MRSA strains in LG biotech
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Table 22c. In vitro Anti-MRSA Activity of KR-33001 and KR-33010 against
QRSA

OH
jreenanss i oree

COONa
KR-33001 KR-33010

MIC(pg/mb)
0.098 0.098 0.781 0.781
0.195 0.098 0.781 0.781
0.195 0.098 0.781 0.391
0.149 0.098 0.781 0.781
0.195 0.098 0.781 1.563
0.195 0.098 0.781 3.125
0.049 0.098 0.781 0.391
0.049 0.098 0.781 0.391
3.125 0.781 1.563 3.125
3.125 1.563 1.563 3.125

a. QRSA in KRICT
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Table 22d. In vitro Anti-MRSA Activity of KR-33001 and KR-33010 against
KIST MRSA

OH

. N
;C}@*D A tne s
0

COONa

KR-33001 KR-33010
MIC(ug/mb)

6.250 6.250 0.781 25.000
1.563 6.250 0.781 6.250
12.500 25.000 0.781 50.000
12.500 25.000 0.781 50.000
6.250 0.195 0.781 12.500
6.250 6.250 1.563 25.000
12.500 12.500 0.781 50.000
12.500 25.000 0.781 50.000
6.250 6.250 1.563 25.000
6.250 6.250 0.781 25.000

a. KIST MRSA in KIST
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Table 23. DHP-1 Stability of KR-33001, KR-33006, KR-33007, KR-33008

OH OH
OH N
- : LD :
. )
—-S S -S
=D el e
o
COONa
KR-33001 Up KR-33006 KR-33008

Down KR-33007
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Table 24a. In vitro Antibacterial Activity of KR-33046, KR-33047 and KR-33048

agianst Standard Strains

Ny
o] o] s 0
S —Se -
N —Cf\ﬁ : % NH
O s
COzNa‘\
KR-33046 KR-33047 KR-33048

MIC(pg/me)

0.013 0.025 0.025 0.013 0.013
0.025 0.049 0.025 0.007 0.013
6.250 6.250 6.250 6.250 1.5631
0.195 0.391 0.195 0.098 0.098
0.391 0.781 0.195 0.195 0.098
0.195 0.195 0.195 0.049 0.049
0.098 0.049 0.025 0.025 0.098
0.781 0.098 0.025 0.025 0.391
0.098 0.049 0.025 0.025 0.098
0.098 0.098 0.013 0.025 0.391
0.098 0.049 0.013 0.025 0.195
50.000 25.000 25.000 0.195 25.000
50.000 25.000 25.000 0.098 50.000
50.000 25.000 25.000 0.195 50.000
1.563 1.563 1.563 0.098 0.781
0.195 0.195 0.049 0.049 0.195
1.563 3.125 0.195 0.049 1.563
0.195 0.195 0.025 0.049 0.781
1.563 3.125 0.391 0.098 3.125
0.098 0.098 0.025 0.025 0195
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Table 24b. In vitro Anti-MRSA Activity of KR-33046, KR-33047 and KR-33048
against Hoechst MRSA

OH

/l/,, 0 0 gs o)
—Sh -_
o} g
CONa~
KR-33046 KR-33047 KR-33048

MIC(ug/mb)

a. Hoechst MRSA strains in KRICT
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Table 24c. In vitro Anti-MRSA Activity of KR-33046, KR-33047 and KR-33048
against QRSA

/]OH
0 o} O
© CO,Na~
KR-33046 KR-33047 KR-33048
MIC(ug/mé)
0.391 1.563 0.781 0.781 0.391
0.391 1.563 0.781 0.781 0.195
0.781 3.125 0.781 0.781 0.391
0.391 1.563 0.781 0.781 0.195
0.731 1.563 0.781 0.781 0.391
0.781 1.563 0.781 0.781 0.391
.
0.781 1.563 0.781 0.781 0.195
0.781 1.563 0.781 0.781 0.391
1.563 3.125 1.563 0.781 1.563
3.125 6.250 1.563 0.731 12.500

a. QRSA strains in KRICT
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Table 24d. In vitro Anti—-MRSA Activity of KR-33046, KR-33047 and KR-33048
against LG MRSA

/;DH

OWS "jC,fHo . go ‘s _go
CO,Na <
KR-33046 KR-33047 KR-33048
MIC{ug/mk)

1.563 3.125 0.781 0.781 1.563

0.781 0.391 0.391 0.781 0.098

0.781 0.391 0.391 0.781 6.250

6.250 25.000 12.500 0.781 3.125

1.563 12.500 1.563 0.781 1.563

0.195 0.781 0.195 0.781 0.098

1.563 1.563 0.391 0.781 0.098

1.563 1.563 0.195 0.781 0.098

0.391 0.781 0.391 0.781 0.391

0.391 0.781 0.391 0.781 0.391

a. LG MRSA in LG biotech
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Table 24d. In vitro Anti-MRSA Activity of KR-33046, KR-33047 and KR-33048
against KIST MRSA

A
CO,Na*
KR-33046 KR-33047 KR-33048
MIC(zg/me)
50.000 >50.000 >50.000 0.781 25.000
25.000 50.000 50.000 0.781 25.000
50.000 >50.000 >50.000 0.781 50.000
| 50.000 >50.000 >50.000 0.781 50.000
0.781 1.563 0.781 0.781 0.391
50.000 >50.000 >50.000 0.781 25.000
>50.000 >50.000 >50.000 0.781 50.000
50.000 >50.000 >50.000 0.781 50.000
50.000 >50.000 >50.000 1.563 25.000
25.000 >50.000 50.000 0.731 25.000

a. KIST MRSA in KIST
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Table 25. DHP-1 Stability of KR-33046, KR-33047 and KR-33048

(0] 0 § S (0]
S — Qi —
N~¢ NH § NH NH
COzNa ‘$
KR-33046 KR-33047 KR-33048
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Table 25. Pharmacokinetics of KR~33046, KR-33047 and KR-33048

OH

/l,"

O S
COoNa ¥

KR-33046

15.9612.40

25541285

é—s"'-%o

KR-33047

26.68+2.81

%—S—?(HO

KR-33048

9.15%0.17

0.21£0.04 0.29+0.04 0.17£0.00 0.2120.04
0.36+0.05 0.34£0.03 0.45%0.09 0.28%£0.01
8.6510.98 14.88+1.92 19.37x£2.37 498%0.16
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Table 27. In vitro Antibacterial Activity of KR-33027 and KR-33028 against
Standard Strains

OH OH

J/,,' _</N® )’ N
' : =0
N~ S‘Qn:\ s g =

° COONa COyNa

MIC(ug/ml)

>0.002 >0.002 6.250 0.013 0.391
>0.002 >0.002 0.391 0.007 0.391
1.563 0.781 1.963 6.250 0.391
0.049 0.013 1.563 0.098 0.391
0.098 0.025 1.563 0.195 0.391
0.049 0.013 1.563 0.049 0.391
12.500 1.563 25.000 0.025 |>100.000
25.000 6.250 >100.000 | 0.025 |>100.000
0.098 0.013 3.125 0.025 |>100.000
12.500 3.125 >100.000 | 0.025 | 100.000
25.000 6.250 >100.000 | 0.025 |>100.000
50.000 100.000 | >100.000 | 0.195 |[>100.000
100.000 50.000 | >100.000 [ 0.098 [>100.000
50.000 100.000 50.000 0.195 | >100.000
6.250 6.250 50.000 0.098 |>100.000
6.250 0.781 >100.000 | 0.049 | >100.000
3.125 1.563 3.125 0.049 |>100.000
25.000 6.250 >100.000 | 0.049 |>100.000
100.000 6.250 >100.000 { 0.098 |>100.000
12.500 1.563 >100.000 | 0.025 |>100.000
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Table 28. DHP-1 Stability of KR-33027 and KR-33028

s—CN%ZD

COONa CO;Na

KR-33027 KR-33028
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Table 29. Pharmacokinetics of KR-33027 and KR-33028

y
-, N AN N
| s~ O T
N Y S NH S = S
COONa CO;Na
KR-33027 KR-33028

13.04£0.65 38.03+3.71 14.07£0.28

0.17%0.00 0.29+0.04 0.25=0.05
0.48*0.05 1.00£0.07 0.28£0.02
8.02*=073 40.80+4.68 7.82£0.41
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Table 30. In vitro Antibactertal Activity of KR-33028 Against Standard
Strains Tested in LGCI

1 |S. aureus 6538 0.063 0.016
2 IS, aureus giorgio 0.031 0.008
3 |S. aureus 77 0.13 0.063
4 |S. aureus 29213A 0.031 0.016
5 |S. aureus 241 2 1

6 |S. epidermidis 241 1 0.5
7 |S. pneumonia PNO10 0.063 0.13
8 |S. Pneurnonia PN020 0.013 0.25
9 |E. faecalis 29212 1 1

10 |E.coli 10536 4 0.13
11 |E.coli 3190Y 1 0.063
12 |E.coli 851E 4 0.063
13 {E.coli EM1 1193E 8 0.13
14 E.coli EM3 3455E 3 0.13
15 |E.coli EM9 2639E 3 0.13
16 |S. typhimuriu 14028 8 0.13
17 |K. pneumonia 2011E 16 0.13
18 |K. aerogenes HV-1 1976E 16 0.13
19 |K. aerogenes K1+ 1082 16 013
20 |P. vulgaris 6059 8 0.5
21 M. morganii 1375E 4 1

22 |C. freundii 8090 4 0.25
23 |C. diversus 2046E 4 0.13
24 |E. cloacae +VE 1194E 12 0.25
25 |E. cloacae P99 3 0.13
26 |S. marcescens 1826E 32 1

27 |A. calcoacetic 15473 3 0.25
28 |M. catarhalis 25240 0.031 0.008
29 |M. catarhalis MCAO027 0.13 0.031
30 |P. aeruginesa 1912E >64 1

31 [P. aeruginesa 6065Y >64 2
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o

1) §473=2 € o A9 FA4Y 2 F549
Scheme 34 2 369 ¥ AxE 2 9o Figure 119 48 71A 23
2 7)el oY 7R 9] BAEE AFESte] TH $ ']Oﬂ pyrrolidine § A& X 3A]A
132 =S 3Adste] Rtk Pyrrolidine X452 Scheme 25 % Scheme 37¢
= WS AREEle] FAd sk z}z} o] Exﬂ S WEZFS 17HA# ¢ MIC
A¥E otd E 30 (83E1a, Za)Oﬂ el gict. MRSAo] W3t 32 cipro-
floxacin®. th= Hojd I 8& (MICsy 1-2)BF 3 3 Aol TREF p
AERTE 2-48 ASE MRSAA o U4 FAHTE HAFS ¢ F U} w2t
B

oo
o Z

°|

.

A #FZo)E pyrrolidine FrEA 3 BTE o Al=dte B oHo|t}
0 9]
DBU N OH
w ?\f ey
RON N N N
Tavo *? it

Scheme 34

1. Acrylonitrile NC O
NaOH-H20 NaOEt
OEt __60°C OEt  EtOH
HzN/\[( 2. Boc,0, MDC N/\n/ —
0]

|
tBoc O tBoc

BocNH

1. NaBH,, EtOH OH 1. PyrSO, HN NOR
2. LiAH, THE 2. RONH, .
3. Boc,0 N 3.HCI
| N
tBoc H
Scheme 35
0
T 1 HN N~
F ) DBU OH
7 Y oH OH  MecN o < ]
e
SN N * 80°C NN
| N~ R
R' H
NH,
Scheme 36
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1. Acrylonitrile NC
OEt NaOH-H20
HzN/\”/ 60°C

0 2. Boc,O, MDC
tBoc O
H,N
1. NaBH,, EtOH OH
2. LiAH,, THF
N
H
Scheme 37

Figure 11
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# 30. Pyrrolidine =419 A& AW (n vitro) I8 (MIC, ug/ml)

S. aureus

6538p . :
S.aureus giorgio 0.13 <0.008 0.25
S.aureus 77 0.13 0.016 0.25
S.aureus 241 1 2 64
S.epidermidis 887E 0.063 <=0.008 0.13
S. epidermidis 178 2 2 128
E. faecalis 29212 0.25 0.031 05
B. subtilis 6633 0.063 0.016 0.031
M.luteus 9341 0.031 1 2
E. coli 10536 0.25 <0.008 0.016
E.coli 3190Y 0.13 <0.008 <=0.008
E. coli 351E 05 0.031 <=0.008
E. coli TEMS3 3455E 4 05 0.25
E. coli TEMbS 3739E 2 0.25 0.13
E. coli TEM9 2639E 2 0.13 0.016
P.aeruginosa 1912E 4 05 0.25
P. aeruginosa 8 1 0.25
10415 >128 8 4
P.aeruginosa
6065Y
A. calcoaceticus 0.5 0.25 0.25
15473 05 0.031 0.031
C. diversus 1 0.13 0.016
2046E 0.25 0.016 <=0.008
E.cloacae 1194E 2 0.5 0.13
E.cloacae P99 1 0.13 0.016
K.aerogenes 8 2 0.031
1976E 8 2 0.063
Kaerogenes 4 0.0 0.031
1082E 63
P.ooulgaris 6059
S.marcescens
1826E
S.typhimurium 14028

CFLX; ciprofloxacin
S. aureus 241; MRSA
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5. Trinemol #3 A+
7}. Coupling

4 cyclohexenylation® F33l= do e AE AH|dtodor ).
lithium enolate® &3 ¥FgolA EFTE

o]
=
e (R) REAACIYEAE ersl 9 & Ado} AAH +g

@ (26q)
TBSO TBSO
Y Bonc OLi ,THF hd
—
NH -78°C.6h NH O

O o)

purification : column (30% EA / n-Hex)
recrystain(ether / pet-ether)

yield : 56%, (R)/(S) =ca. 1

pure (R) isolated : 18% yield

oTBS
oTBS P(OEt)s oTBS
HH CH,=CHCH,0COCOCI hydroquinone
: Y ——— -

NH O KoCQj3, pyridine, MC o xylene
o m2h 0°  COCO,AIl  reflux, 6h S COLAll

purification : column (8% EA / n-Hex)
yield : 36% (2 steps )

a8u, AAEE 99 productel Falo] Be Aol A8sgornz g @
B oI HAAE YA && EFEC uYd wes I OdS AHNEL Bgay
toolw &S o Egoh A7kE Zo) Aas £ glgled He dgd=
halogenation®ll A oS3 e A& Eol7] At pNB =A% FA4359
Y. 2yt allylZl B0 ring® 4 w89 WhgAo] dojxth 3] AWA uwhge g
Al Ao o] HYow F A vkgolA yield7d ARs vt

oTBS 1. CICOCO:R {5 eq)
W KoCOs, pyr, MC, 1t, 2h
NH O 2. P(OEY)3, hydroquinone
o xylene, reflux, 5h
mixture 14% yield for 2 steps(R: ~CH,CH=CHy)

6% vyield for 2 steps(R: -pNB)
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1}. Epoxidation

mCPBA (1 eq), MC (o)
__>
0°C -> rt -> reflux
16 h o COzAIll

single compd but stereochem unknown
purification : column (10% EA / n-Hex)
identification : 500 MHz NMR / GC-MS

25}
3
¢,
Wy,
A
i

4 4 gisleh o

a8y g-old A A= epoxidationS 3 A

ool 8.ofFstih

mCPBA, MC
’

o] COLAl
# | mCPBA condition additive side-product
1 2.2eq 0°C to reflux(10h) acid® M 2tE
2 1.1eq 0°C to reflux(10h) #1722
3 1.1eq 0°C to reflux(5h) NaHCO;(1.2eq) o,B~epoxidation
4 1.0eq 0°C to reflux(12h) #1130 Y

mCPBA, MC
y» side-product

(acid?)

0°C, 2h —= t, Bh—= reflux, 18h
o CO,pNB

t}. Halogenation

21H bromo ether® A+ WL Pt AAHELS NMRF} mass data
2 bromination°®] HFHASE & & Yoy, EorAHE Y PJHEEL debromina-
o]z AP 2L mass datad RoEE ¢

tion®] 3% o] major product® Bro]

T AT

- 339 -



Co-solvents = THF% 0] B}
column #23l4 massE &
A FL3 dataZs

peakst

il

23 A bromohydring 9& <

OoTBS

OTBS

oTBS Br
NBS(1.3eq), MeOH

Y

o OMe
0°C, 4.5h

o} CO,All

confirmed by nmr
but unstable

T Qs in situ B

NBS(1.3eq), H,0(1.3eq), DMSO

unknown-
0°C, 3h compound
COLAll

RET LS

T
M—J/P Bro] 71 A<

of ®
A

A2l mass
2 57) epghe}.
NBS, THF:H,0(8:5) ”
3h
M*/Z peak
2 Br& 5% mass peaksT 2Z R &
22 94 2 WS JYsA
O
N—i I
Ze)
o) (1.1eq), MeOH
- OMe
CO,pNB  0°C, 1.5h —>1t, 3h o] CO,pNB
no vinyl proton peaks
2 methoxy peaks
DBUE ©] %39 iodine% eliminationdt: ¥+3-& Adstgiort 2
SAn
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DBU, ether
OMe ——— - unknown compound
0°C

d CO,pNB
YA HSE o @2 222 ogy Zo| Agsd=dH, A g A
= Y3lE olefin ¢ proton peaks”} AFElX L YEtE oA wHEo] A HATH
g i F A wk$-& TLCA A 20% EA/n-Hexane®] A bromine-compound®

o
¥ REZ} 025 (34 @A)l vjsiH A non-polardt 054 (F2 &4
o

o m,
o,

32

o2 oo e

ul- A
et spotol telM Bestgch 296 e R A71A etk 2] o

A
oA sl olefin ¢ ¥ TLE proton peaks’t HEIYE & &1 mass

dataz |3}t

oTBS «Br DBN, ether
-30°C, 20h t, 2.5h
OMe —————— OMe
55% yield 62% yield
© CO2PNE COZpNB o CO,pNB
o-bromo-p-methoxy cpd(?) B-methoxy cpd(?)

2}. Dihydroxylation using OSO4

Os0y4, NMO(1.2eq),
acetone:H,0(15:5)

-
_—

60°C, 17h
23% yield
SM: recovery o-orientation of OH's:
confirmed by NOE

Bz,0(1.1eq), Et;N(2.4eq) OBz
DMAP(cat), MC )
- “OH
0°Ctort, 10h
COLAll

monobenzoate 46%(Rs: 0.31)
dibenzoate 15%(R; : 0.38)

8 7ppm FZ(doublet) for dibenzoylation compound
but no peaks around 7 ppm for monobenzoylated cpd

a8y dol 3l& hydroxy group2 methylationdtE dlo] o}lF BE o

Q
A
21E A BERAT AEekA & sk sl
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MeOTf(25eq), base

- decomposed

“\OBZ
“OH MCF(3.7 Et,NPh(7.4 DMAP, B
(3.7eq), Et; (7.4eq), , enzene‘ unknown
(o] COLAIl i 50°C 65°C 85°C = compounds
— —_ — - without methoxy
12h 8h 1day 1day group

reflux . MCF Benzene

ad 3 $gle] silver-assisted methylation® A%

St olge ATE AL AL BeF 2

Mel!(20eq), DBU, Ag,0, DMF
*»

80°C, 1 day (6 %)

methoxy peak at 3.6ppm but no good integration of peaks
molecular ion peak at 584.15(desired value: 553.72)

th oo Pd ZustolA] X @2 35 1A} dibenzoate® T3St

Bz,0, Et;N, DMAP, MC

0°C to rt, 2day
>

64 % yield
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A2d 23d U §

'H NMR spectra % “C NMR spectral Varian Gemini 200 (200 MHz),
Bruker AM-300 (300 MHz) Z1#]3 AMX-500 (500 MHz) spectrometer® A}-&3}
o Ao YE FFEZAZ TMS (tetramethylsilane)E A28} chemical shift
E 2733 At =3 chemical shift®] 9% % (s = singlet, d = doublet, t = triplet,
g = quartet, quin = quintet, br = broad, m = multiplet), &% & At & Ve
A,

Infrared spectra (IR)¥= Bio-Rad Win IR spectrometer® AF&38te] 993, high

resolution mass spectrat= VG QUATTRO quadrupole tandem Micromass

.

Autospec Mass spectrometer& A}-8-314] electron impact (EI), chemical ionization
(CI) E+ fast atom bombardment (FAB) ¥ el2 Z2Asgct =3 ==
(melting point) Thomas-Hoover capillary melting apparatus® ZA Fgon =
e #gEL BASA gt

T84S XT3 BE WSEL AL o2 JFHAA 9 S
t}. Tetrahydrofuran®} diethyl ether: sodium¥ benzophenone FA Z&3}4
A8k 3L, dichloromethane® dimethyl sulfoxide® calcium hydride &A Z &3
o Abgstdth 2 99 SviEx Hao wa AFAste A&3t

TLC plate== Merck 60 F254 precoated silica gel plateE A}&3tg o, # a2
nfE 298 AI7ALE Merck 2307400 meshs A3} o).

MPLC= 254 nm %717} 2% Buchi 688 chromatographs o] £33t}

trans—2 4-Pentadienoic acid (2)¢] A
3-7 ZZ£3el pyridine (50 mL)E H7}8tE malonic acid (104.00 g, 1.0
moD)E 2¥Hdl ZAA 7k & oA] pyridine (55 ml)E 7}tk Ao A acrolein

o7l A& 28 1AZEe 3 mwksle] wge FA4stn
455 (500 g)oll 7ketn & HoSOs (65 mL)E HH3S 7Fste] A shstgich.
$9435< dichloromethane® 2 AW F&38 31 F4 MgSO.&E A%

5 HY w8 s ds 10°CE WZdse] 4" 2L qHstd
A .

T& 5210 g (53%)

TLC Rf = 0.15 (EtOAc/Hex, 1/1)

'H NMR(200 MHz, CDCls)8  5.81 (t, J = 102 Hz, 2H), 6.15 (d, J = 154 Hz
1H), 6.52 (m, 1H), 7.55 (q, J = 11.1, 154 Hz, 1H).

“¥C NMR (50 MHz, CDCly) 1188, 1224, 1354, 1454, 170.0.
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MS (EL 70 eV) m/z 98 (M+) 84 (35), 51 (33), 49 (100).

trans-2,4-Pentadien-1-ol (3)9] A

trans-2,4-Pentadienoic acid (2) (50.00 g, 051 mol)E H< diethyl ether (250
mL)ell *5o]3 LiAlHs (24.00 g, 0.64 mol)E diethyl ether (650 mL)ol] o] A A3
Zbetsieh vEG g 1AZF ¢ &% wwtstan Lol tA] 1AZHES mEkg &
BEEol SZHYW EE MA3 FHEEAN B LiAIHE TOH/\] . BEg- Ao
10/o HoSO4§ A x18] 7hete] & gdo] =W diethyl ether®< v‘:}ﬂl%},ﬂ 8-

< diethyl ether® HF %39 /7152 F3tAh oA £33 NaHCO:S 23

Ei ARSI B4 MgSO.2 Axste Y 5 T Y FF (86788°C/66
mmHg)ste 54 & 3& Aot

4§ 2362g (55%)

TLC Rf = 050 (EtOAc/Hex, 1/3)

'H NMR(200 MHz, CDCl) 8 4.13 (d, J = 5.2 Hz, 2H), 5087523 (m, 2H), 582
(m, 1H), 6.1576.42 (m, 2H).

®C NMR (50 MHz, CDCls) 629, 119.6, 130.7, 131.4, 140.1.

MS (EL 70 €V) m/z 84 (M+), 67 (20), 55 (36), 43 (100).

trans-2,A-pentadienyl bromide (4)¢] A

trans-2,4-Pentadien-1-ol (3) (2620 g, 0.31 moldl < diethyl ether (300
ml)E 7}stal 0°CE ¥Z+3 ¥ phosphorus tribromide (89.71 mL, 0.93 moD)E& A
M3 H7bste] wabstrh 2417 F A& 8 weAS sheta 1087 myte &
diethyl etherZ& #& 3ty % & diethyl ether® %389 5} =
3} NaHCO:$t &5 22 AH3tn F4 MgSOE %3 & 249 &sto o
TRES Y FF (716778°C/93 mmHg)dte] EHE 48 oA
T& 2568 g (56%)
TLC Rf = 05 (EtOAc/Hex, 1/15)
'"H NMR(200 MHz, CDCls)8  4.02 (d, J = 7.2 Hz, H), 5147532 (m, 2H), 592
(m, 1H), 6.2676.38 (m, 2H).
BC NMR (50 MHz, CDCls) 33.1, 120.0, 123.8, 133.9, 137.0.
MS (EI, 70 eV) m/z 147 (M+) 84 (13), 43 (100), 41 (11).

trans-2,4-Pentadienyl(1-phenylethyl)amine (5)¢] 34

(] L

(N)-Benzylmethylamine (2.90 g, 23.93 mmol) F< dichloromethane®) l-'?‘ol
0°CE WZtdt ¥ trans-2,4 pentadienyl bromide (4) (7.04 g, 47.86 mmol)& &

—\?H
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dichloromethane®] =< &8 M3 Hrsty 2= 1A a3t w
SLerE Heow sty 2A7ES wHHd ¥ ¥3} NaHCO; AFEE A3
I B4 MgSO2 ARSI 7158 4 5551 5HE 55 41 olE AA

87 o the whgel ALgsHelth

& 447 g (90%)
TLC Rf = 0.2 (EtOAc/Hex, 1/2)
'H NMR(200 MHz, CDCls)8 137 (d, J = 6.5 Hz, 3H), 1.62 (bs, 1H), 3.14 (d, J
= 65 Hz, 2H), 381 (g, J = 65 Hz 1H), 5017520 (m, 1H), 576 (m, 1H),
6.0776.43 (m, 2H), 7.2277.37 (m, 5H).
BC NMR (50 MHz, CDCl3) 242, 49.0, 57.5, 116.3, 126.9, 1284, 132.0, 13256, 136.7,
145.3.
MS (EI, 70 eV) m/z 187 (M+), 146 (13), 88 (24), 43 (100).

N-(trans-2,4-Pentadienyl)-N—-(1-phenylethyl)acrylamide (6)2] &4

3gE 5 (1.0 g, 535 mmol)E F4 dichloromethaneo] ] pyridine (0.87
mL, 10.62 mmol)S 7}sted 0°C2 WZ3d ¥ acryloyl chloride (1.13 mL, 13.32
mmol)E dichloromethaned] %<9 £A& A3 H7kArh 1415t mukgk &
715 & E3} NaHCO:9t &, 25382 AMFsn F< MgSOE AZRsY 4 &
T 2o IAE & ZEvEIHIE At £4E 65 AT

:

& 1.01 g (78%)

TLC Rf = 05 (EtOAc/Hex, 1/4)

'"H NMR(200 MHz, CDCl3)6 145 (d, J = 6.9 Hz, 3H), 35973.88 (m, 2H), 5.04
(d, J = 98 Hz, 1H), 5.15 (s, 1H), 548 (m, 1H), 5.69 (t, J = 55, 6.9 Hz, 1H), 597
(m, 1H), 6.1376.26 (m, 2H), 6.38 (s, 1H), 7.1977.42 (m, 5H).

BC NMR (50 MHz, CDCls) 166, 44.7, 51.3, 117.4, 1274, 128.3, 1304, 132.2, 1357,
166.6.

MS (EI, 70 eV) m/z 241 (M+), 136 (36), 105 (72), 82 (88), 55 (100).

2-(1-Phenylethyl)-2,3,3a,4,5,7a~hexahydro-1H-3-isoindolone (7)9] &4

& 6 (760 mg, 3.15 mmol)& methanol (80 mL)ell *°]il autoclaveo] Al
1607180°CE FA13haA 18N Bek wdatginy. Wg8718 Y7hste] stalA
SiZ AAGL ¢ ARV EIYIE FA st ZHE 7S AT}

7a (cis isomer)
78486 mg (64%)
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TLC Rf = 020 (EtOAc/Hex, 1/4)

'H NMR(200 MHz, CDCls)é 151 (d, J = 7.1 Hz, 3H), 1.74 (m, 1H), 1.9172.07
(m, 3H), 263 (dd, J = 3.3, 94 Hz, 1H), 2.6872.85 (m, 2H), 341 (t, J = 94 Hz,
1H), 5257554 (m, 2H), 582 (m, 1H), 7.2377.34 (m, 5H).

BC NMR (50 MHz, CDCls) 159, 20.1, 21.2, 31.4, 40.6, 46.6, 48.0, 126.4 (d), 126.,
128.0, 129.3, 139.9, 174.7.

MS (EI, 70 eV) m/z 241 (M+), 226 (61), 150 (26), 105 (100), 80 (41), 79 (68), 77
(67).

7b (trans isomer)

4239 mg (31%)

TLC Rf = 0.25 (EtOAc/Hex, 1/4)

'H NMR(200 MHz, CDClz) 8 144 (d, J = 7.1 Hz, 3H), 151 (d, J = 7.1 Hz, 3H),
1.77 (g, J = 43 Hz, 1H), 1.8872.05 (m, 3H), 2127230 (m, 3H), 252 (m, 1H),
2547267 (m, 3H), 290 (dd, J = 39, 9.6 Hz, 2H), 3.0173.12 (m, 2H), 548 (dd, J =
6.5, 7.1 Hz, 2H), 569 (m, 1H), 583 (m, 1H), 7.26 ~7.29 (m, 5H).

BC NMR (50 MHz, CDCly) 156, 16.1 (d), 20.2, 21.4, 21.7 (d), 25.8, 31.3, 39.2 (d),
40.6, 449, 46.0 (d), 467, 483, 1252 (d), 126.3, 1264, 126.6, 126.8, 126.9, 127.0,
128.1, 129.3, 139.8, 174.1, 174.7.

MS (EI, 70 €V) m/z 241 (M+), 226 (61), 120 (29), 105 (100), 79 (59), 77 (66), 43
(73).

Isopropyl-(trans—2,4-pentadienyl)amine (8)2] #4

Isopropylamine (5.00 g, 8459 mmol)®l dichloromethane (100 mL)& 7+skaL
trans-2,4-pentadienyl bromide (4) (24.87 g, 169.18 mmol)€ dichloromethane (50
mL)ol] E9l &g 0 oColA HA3 Hrbstgdh. ¥hgo] fA=AE &wjE A2
A Aur e AAL F AAT flo] ohF whgolA AMEstH

N-Isopropyl-N-(trans-2,4-pentadienyl)acrylamide (9)¢] 34
N-Isopropyl-(trans-2,4-pentadienylamine (8)2 0°CE Wz F &l

triethylamine (21.69 mL, 169.18 mmol)& A}A1&] 7}8ta acryloyl chloride (17.88

mL, 211.48 mmoD)& ¥4 dichloromethane (50 mL)ol| ¥ A 7}stith. whgo] &

2 HW 7152 £3 NaHCO:S B, 2222 A25n 25 MgSO:2 2z
5 2 sEAY. Pl FHEL B ARREIGN YAsd HAE 9%
Atk
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T8 1264 g (62%, 2 steps)

TLC Rf = 0.25 (EtOAc/Hex, 1/4)

'H NMR(200 MHz, CDClz)s 1.27 (d, J = 65 Hz, 3H), 1.28 (d, J = 6.7 Hz, 3H),
3.90 (m, 2H), 4.21 (m, 2H), 4.82 (q, J = 104, 15.0 Hz, 1H), 5.10 (m, 2H), 561 (d,
J =151 Hz, 2H), 6.15 (m, 1H), 6.3576.62 (m, 3H).

13C NMR (50 MHz, CDCls) 22.3, 474, 50.2, 116.7, 1245, 1475, 132.1, 133.0, 138.3,
166.8.

MS (EL 70 eV) m/z 241 (M+).

2-Isopropyl—2,3,3a,4,5,7a—hexahydro-1H-isoindolone (10)¢] 34

3FHE 9 (10.00 g, 55.78 mmol)e] methanol (500 mL)< 7}t 1607180 °C
autocalveoll A 18A17F WHS-S AT WS AS 7 5=y & Z2vlETTY
A2 Az HHE 102 A0

T& 901 g ( 90%)

10a (cis isomer)

TLC Rf = 0.1 (EtOAc/Hex, 1/4)

'H NMR(200 MHz, CDClz) 8 1.05 (d, J = 6.4 Hz, 3H), 1.10 (d, J = 6.7 Hz, 3H),
1.6072.00 (m, 5H), 2.60 (m, 1H), 2.80 (m, 1H), 293 (dd, J = 1.8, 82 Hz, 1H), 3.40
(dd, J = 65, 84Hz, 1H), 435 (dq, J = 6.9, 9.1 Hz, 1H), 556 (m, 1H), 581 (m,
1H).

BC NMR (50 MHz, CDCI3) 22.1, 256, 41.2, 44.3, 46.1, 50.9, 128.9, 130.3, 174.6.

10b (trans isomer)

TLC Rf = 0.15 (EtOAc/Hex, 1/4)

'H NMR(200 MHz, CDClz)8 1.05 (d, J = 65 Hz, 3H), 1.11 (d, J = 6.6 Hz, 3H),
1.4071.60 (m, 1H), 2.0072.30 (m, 3H), 240 (m, 1H), 2.81 (m, 1H), 3.95 (m, 1H),
435 (dq, J = 7.1, 95 Hz, 1H), 562 (m, 1H), 580 (m, 1H).

5-(1-Phenylethyl)perhydrooxirenol[2,3-elisoindol-4-one (11)¢] A
3= 7a (500 g, 2072 mmol)E 5 dichloromethane (40 mL)ol] o]z
Dean-Stark & & mCPBA (7.15 g, 4244 mmol)E 7}38te] &7 wubstgd ol 24
7F & wrgdle wzbstm %8 NapS:0:2 weS Z£Z3 F dichloromethane o2
28 X3} NaHCO;, 2522 A¥d B¢ MgSOE Ax3 ¥
2 &9

tes @ a=Z2vfEad 92 AAStY 245 (11a:llb
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1la (-l FA} 313HE)

& 122 g (23%)

TLC Rf = 0.2 (EtOAc/Hex, 3/1)

'H NMR(200 MHz, CDCly)8 192 (m, 1H), 150 (d, J = 7.1 Hz, 3H), 1.6371.76
(m, 2H), 2.0272.27 (m, 2H), 2.70 (dd, J = 4.1, 9.0 Hz, 1H), 270 (dd, J = 4.1, 90
Hz, 1H), 322 (s, 1H), 340 (t, J = 9.0 Hz, 1H), 545 (q, J = 7.1 Hz lH),
7.2177.29 (m, 5H).

“C NMR (50 MHz, CDCly) 160, 17.7, 22.3, 29.8, 39.1, 43.0, 483, 50.1, 52.4, 1265,
127.1, 128.2, 1394, 174.9.

MS (EL 70 eV) m/z 257 (M+), 242 (53), 105 (100), 91 (52), 79 (64), 77 (77).

11b (-9l ZA] 33E)

+& 389 g (73%)

TLC Rf = 05 (EtOAc/Hex, 3/1)

'H NMR(200 MHz, CDClz) 6 147 (d, J = 7.1 Hz, 3H), 1.6071.98 (m, 4H), 2.56 (d,
J =39 Hz, 2H), 272 (d, J = 9.0 Hz, 2H), 3.04 (s, 1H), 346 (dd, J = 7.9, 106
Hz, 1H), 547 (q, J = 6.9 Hz, 1H), 7.29 (m, 5H).

BC  NMR (50 MHz, CDCl) 157, 162, 20.6, 30.1, 39.1, 44.1, 488, 52.4, 54.2,
1265, 127.4, 284, 140.1, 174.1.

MS (EI, 70 eV) m/z 257 (M+), 242 (92), 166 (51), 105 (100), 104 (70), 79 (65),
77 (66).

4-Hydroxy -5-methoxy-2-(1-phenylethyl)perhydro—1-isoindolone (12)¢]
A

o] A 33E 11b (186 mg, 0.72 mmol)E methanoldl =oli 0°CE ¥z
p-TsOHH:0Z 7}3te] Aoz SRl 2412 5 vbgE& HaAgA 7|1
NaHCO:Z 7}3 & methanols A7 383l ethyl acetate® 23] &% F 425 E
23l F4 MgSO.2 AZXIAT AAS 7Y =5t ol &7 &
nf2ag 2 Ao EHE 128 4Uh

& 153 mg (95%)

TLC Rf = 0.15 (EtOAc/Hex, 3/1)

'H NMR(200 MHz, CDCls)8 099 (m, 1H), 147 (m, 1H), 150 (d, J = 7.3 Hz,
3H), 1.97 (dd, J = 3.3, 13.0 Hz, 1H), 2.19 (m, 1H), 237 (d, J = 142 Hz, 1H),
259 (t, J = 65 Hz, 1H), 2.76 (t, J = 9.4 Hz, 1H), 2.86 (td, J = 3.3, 9.4 Hz, 1H),
299 (d, J = 9.8 Hz, 1H), 329 (d, J = 5.3 Hz, 1H), 3.34 (s, 3H), 547 (q, J = 7.3
Hz, 1H), 7.2877.33 (m, bH).
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BC NMR (50 MHz, CDCI3) 15.6, 20.8, 24.4, 39.4, 41.5, 43.6, 489, 55.9, 73.2, 82.3,
126.7, 127.1, 128.2, 139.8, 173.5.
MS (EI 70 eV) m/z 289 (M+).

5-Methoxy—2-(1-phenylethyl)perhydro—-1,4-isoindoledione (13)¢] ¥4
Trifluorocetic anhydride (0.14 mL, 1.00 mmol)ol %< dichloromethane (1 mL)
S 718tz 78°CE WZhd & DMSO (0.11 mL, 150 mmoD)E A A3 & 7tst o)
308 F HEA %}:’% 3132 12 (145 mg, 0.50 mmol)E 4 dichloromethane (1
mL)d Fo 99 BHo] AA3F] sletm 3083 wukstA . vk TEA (0.27
mL, 211 mmoD)& 7}t F SEoA 1A%t wRke F Z3 NHCIE 7hspo] v
$& 734t wrg NS ethyl acetate® FE3t1 &, F3} aHCO3, AFEER
At F MgSOE dxe = 724 &3t do42

IR E BAS 5HE 13e ATk

& 141 mg (99%)

TLC Rf = 04 (EtOAc/Hex, 3/1)

'H NMR(200 MHz, CDCl;)8 145 (d, J = 7.0 Hz, 3H), 155 (td, J = 3.8, 12.8
Hz, 1H), 1.93 (m, 1H), 2.14 (m, 1H), 244 (dd, J = 2.2, 142 Hz, 1H), 2.84 ~ 298
(m, 2H), 3.09 (m, 1H), 333 (s, 3H), 363 ~ 3.75 (m, 2H), 530 (q, J = 7.0 Hz,
1H), 7.12 = 7.33 (m, 5H).

BC NMR (50 MHz, CDCls) 215, 22.8, 345, 44.1, 49.2, 51.5, 784, 79.7, 84.1, 126.3,
1272, 1355, 173.2, 201.9.

MS (EI, 70 eV) m/z 287 (M+).

4-Hydroxy-1-oxo-2-(1-phenylethyl)perhydro-5-isoindolyl acetate (14)¢]
44

o ZA] 3}3E 11b (3.00 g, 11.65 mmol)E acetic acid (6 mL, 116.54 mmol)°l
o] 3l titanium isopropoxide (1.79 mL, 5.83 mmol)ZE A-&oA H7}ste] 32°Cel A
6417 a3t sin)h Wb d S TLCEZ #913lal acetic acidE 7“"0}01]*1 =7 A

3k 3 X3} NaHCOz= '55}0} At} HES-M-S ethyl acetate® 23] F&3t1 &,
AFER AHT F FF MgSOE dxs4d. d48 2 w559 dojz &%
=S &

4 ARvtEadIE Gt EXE 148 A3t

T&3.36 g (91%)

TLC Rf = 0.28 (EtOAc/Hex, 1/3)

'H NMR(200 MHz, CDCls)& 115 (m, 1H), 144 (d, J = 6.6 Hz, 3H), 153 (m,
1H), 1.73 (dd, J = 3.2, 124 Hz, 1H), 1.93 (s, 3H), 2.0772.14 (m, 2H), 2.36 (d, J =
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6.6 Hz, 1H), 252 (t, J = 6.4 Hz, 1H), 2.87 (t, J = 10.0 Hz, 1H), 299 (d, J = 100
Hz, 1H), 3.33 (dd, J = 5.1, 10.0 Hz, 1H), 443 (td, J = 3.7, 104 Hz, 1H), 538 (q,
J =73 Hz, 1H), 7.1677.32 (m, 5H).

BC NMR (50 MHz, CDCls) 157, 20.7, 21.0, 264, 41.1, 41.6, 43.7, 49.1, 72.2, 758,
126.8, 127.3, 128.3, 139.9, 170.8, 173.5.

IR (CDCly) 1661, 1740, 2873, 2954, 3006, 3362 cm .

HRMS (ED m/z caled for C18H23N104 317.1627, found 317.1629.

Anal. Caled for C18H23NO4: C, 68.1; H, 7.3; N, 44. Found: C, 67.9; H, 7.2; N,
4.5.

4-Methoxy—-1-0x0—2-(1-phenylethyl)perhydro-5-isoindolyl acetate (15)¢]
44

oM EA ¢HE 3EE14 3.00 g, 945 mmoD)E F4 DMF (15 mL)d =olx
ol A iodomethane (4.76 mL, 75.62 mmol)¥} silver oxide (3.72 g, 16.07 mmol)
b & 44A 7 AT BES-ebd & w38 dichloromethane 2 2 3] 4 3}
A= =@ 3AE AFste 7Y 53R 55 AL ehthyl acetate
SNty B3 A9 EE AFHStY ¢ MgSOE AxsAY. 77158 2Y &5

S3 Pzl EHEL @ AR AAS THEISE @

0%,
ro

D

2
)

& 3.07 g (98%)

TLC Rf = 0.65 (EtOAc/Hex, 1/3)

'H NMR(200 MHz, CDCls)é 1.17 (m, 1H), 143 (d, J = 6.7 Hz, 3H), 1.55 (m,
1H), 1.77 (dd, J = 3.0, 123 Hz, 1H), 1.94 (s, 3H), 2.0472.21 (m, 2H), 234 (d, J =
6.7 Hz, 1H), 252 (t, J = 6.7 Hz, 1H), 2.86 (m, 1H), 291 (d, J = 10.0 Hz, 1H),
296 (s, 3H) 3.29 (dd, J = 5.1, 100 Hz, 1H), 441 (td, J = 3.7, 10,4 Hz, 1H), 538
(q, J = 7.3 Hz, 1H), 7.1477.33 (m, 5H).

BC NMR (50 MHz, CDCly) 155, 21.2, 21.9, 265, 41.7, 42.1, 447, 49.1, 685, 72.2,
76.1, 127.2, 1279, 1285, 139.2, 170.7, 173.6.

IR (CDCls) 703, 1236, 1435, 1284, 1739 cm .

HRMS (EI) caled for 331.1784, found 331.1782.

5-Hydroxy-4-methoxy—-2-(1-phenylethyl)perhydro-1-isoindolone (16)¢ %
A

HE A olAEHOlE FIE 15 (3.07 g, 9.26 mmol)E methanol (20 mL)ol| o]
I 0°CE dZ+sl & sodium methoxide (1.01 g, 1852 mmol)E 73l 10°CE <
234 1A & B8-S FHS L A E AUFEEHST F ethyl acetate= 3|4

o
=
o B3 222 ARAYL #715S T MeSOE Azen 2 wHol



re
_‘11
F%Oi
E i

FE¢ @ azvEagYR PAste] £4E 162 AU

& 245 g (91 %)
TLC Rf = 0.3 (100% EtOAc)
'H NMR (200 MHz, CDClz)6 1.17 (m, 1H), 143 (d, J = 6.7 Hz, 3H), 155 (m,
1H), 1.77 (dd, J = 3.0, 12.3 Hz, 1H), 2.04221 (m, 2H), 2.34 (d, J = 6.7 Hz, 1H),
252 (t, J = 6.7 Hz, 1H), 2.86 (m, 1H), 292 (d, J = 10.0 Hz, 1H), 2.96(s, 3H),
329 (dd, J = 5.1, 100 Hz, 1H), 441 (td, J = 3.7, 104 Hz, 1H), 538 (q, J = 7.3
Hz, 1H), 7.1477.33 (m, 5H).
BC NMR (50 MHz, CDCls) 155, 21.2, 21.9, 265, 41.7, 42.1, 44.7, 49.1, 68.7, 72.2,
76.1, 127.2, 127.9, 1285, 139.2, 173.6, 201.3.
IR (CDCls) 1243, 1374, 1692, 1743, 3464 cm™..
HRMS (ED calcd for 289.1678, found 289.1677.

4-Methoxy-2-(1-phenylethyl)perhydro—1,5-isoindoledione (17)2] 3+Al.
Trifluorocetic anhydride (0.59 mL, 4.15 mmol)& <= dlchloromethane 6 mL)

of xolx 78°CE ¥zt & DMSO (0.45 mL, 6.22 mmol)E 713 & 3087 =
sttt mMEA €3 3EE 16 (600 mg, 2.07 mmol)S <= dichloromethane (2
mL)oll =<2l &Hg MM HrE F oA 308 mwslz TEA (112 mlL, 871
mmol)& M8 Zhstdvh 1417 & £33 NHCIE 7Hste W8S 2233 ethyl
acetate® 23 F&3% T & F 3 NaHCO;3# i%%i AF3ATY. 7158 5
MgSO.2 A= ¢ F%3t dojd EFEL @ IA2uEadgz AAsid

a4 Y
%‘;GE 17’“ /\}\q.

£ 535 mg (90%)
TLC Rf = 05 (100% EtOAc)
'H NMR (200 MHz, CDCl3)8 152 (d, J = 7.3 Hz, 3H), 1.91 (m, 1H), 2.2472.33
(m, 2H), 2.4072.57 (m, 2H), 2.74 (m, 1H), 291 (d, J = 11.8 Hz, 1H), 2.94 (s, 3H),
3.38 (dd, J = 53, 10.3 Hz, 1H), 558 (q, J = 7.1 Hz, 1H), 7.25"7.35 (m, 5H).
PC NMR (50 MHz, CDCly) 15.1, 239, 36.9, 414, 42.8, 44.1, 49.0, 59.0, 83.0, 1270,
127.7, 1285, 1399, 172.8, 208.7.
HRMS (ED caled for 287.1521, found 287.1521.

2-Isopropyl-2,3,3a,4,5,7a-hexahydro-1H-3-isoindolone (18)¢] &4

3l3tE 10a (1.1 g, 6.14 mmol)E dichloromethane®] 0|3 Dean- Star k %X
¥ mCPBA (212 g, 12.28 mmol)& 7}8te] $-5F wulsldoh 2417 & b ol g 1
2ot E3F NapS:0s& 7F8to] w82 243 dichloromethane® 2 ZEI T
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L3} NaHCOs;, 2552 At B4 MgSOE A 6} it RS A
Ao EFES A AZvlEIHIRE A 0}04 2AE (18a18b = 1:2) &

2 %

o
o},

& 1.11 g (93%)

18a (-9 % A] 33HE)

TLC Rf = 045 (EtOAc/Hex, 1/2)

'"H NMR (200 MHz, CDClz»)8 107 (d, J = 65 Hz, 3H), 111 (d, J = 6.5 Hz,
3H), 141 (d, J = 45, 128 Hz, 1H), 1.6271.79 (m, 2H), 2.077221 (m, 2H), 2.69
(dq, J = 4.5, 90 Hz, 1H), 3.14 (t, J = 41 Hz, 1H), 3.29 (m, 1H), 341 (quin, J =
9.2 Hz, 1H), 4.30 (quin, J = 6.7 Hz, 1H).

BC NMR (50 MHz, CDCls) 18.1, 195, 19.8, 22.7, 30.1, 39.6, 42.1, 42,5, 50.6, 53.0,
174.9.

MS (EI 70 eV) m/z 195 (M+).

18b (-} FA 33=)

TLC Rf = 05 (EtOAc/Hex, 1/2)

'"H NMR (200 MHz, CDCly)8 1.11 (d, J = 6.7 Hz, 3H), 1.13 (d, J = 69 Hz,
3H), 1647198 (m, 4H), 247 (m, 1H), 281 (d, J = 75 Hz, 1H), 287 (d, J = 37
Hz, 1H), 3.11 (dd, J = 1.6, 102 Hz, 1H), 326 (t, J = 3.1 Hz, 1H), 349 (dd, J =
7.7, 10.2 Hz, 1H), 4.37 (quin, J = 6.7 Hz, 1H).

BC NMR (50 MHz, CDCI3) 159, 19.1, 19.7, 20.3, 29.8, 39.0, 43.3, 43.5, 52.3, 54.3,
173.5.

MS (EL 70 eV) m/z 195 (M+).

4-Hydroxy-2-isopropyl-1-oxoperhydro—5-isoindolyl acetate (19)¢] A4
o] EA] 512 18b (690 mg, 353 mmohE SAE 140149 2 WPow W

$< A¥ste 54z 198 dAh

€ 801 mg (89%)
TLC Rf = 0.3 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDClz)8 1.09 (d, J = 6.7 Hz, 3H), 1.11 (d, J = 6.7 Hz,
3H), 159 (m, 1H), 1.85 (dd, J = 37, 12.6 Hz, 1H), 2.04 (s, 3H), 2.22 (m, 1H),
228 (m, 1H), 254 (t, J = 6.8 Hz, 1H), 2.77 (bs, 1H), 319 (t, J = 9.7 Hz, 1H),
3.31 (m, 1H), 4.33 (q, J = 69 Hz, 1H), 455 (dq, J = 3.9, 7.5 Hz, 1H).
BC NMR (50 MHz, CDCls) 196, 207, 21.1, 2656, 40.5, 42.0, 42.4, 43.1, 72.7, 76.0,
171.0, 173.2.
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MS (EL 70 eV) m/z 255 (M+).

2-Isopropyl-4-methoxy-1-oxoperhydro-5-isoindolyl acetate (20)¢] 34
Ol EA 4FL FFE 19 (435 mg, 1.70 mmol) & 1590419 72L& "o g wt

S8 APt HHE 208 LAH.

& 394 mg (86%)

TLC Rf = 04 (EtOAc/Hex, 1/2)

'H NMR (200 MHz, CDCls)é 1.11 (d, J = 69 Hz, 3H), 1.15 (d, J = 6.9 Hz,
3H), 1.27 (dq, J = 4.1, 90 Hz, 1H), 157 (m, 1H), 1.85 (m, 1H), 2.04 (s, 3H), 2.17
(m, 1H), 2.28 (m, 1H), 251 (t, J = 6.5 Hz, 1H), 2.87 (t, J = 94 Hz, 1H), 3.17 (d,
J = 103 Hz, 1H), 324 (td, J = 45, 10.2 Hz, 1H), 4.38 (quin, J = 6.6 Hz, 1H),
469 (dq, J = 4.1, 69 Hz, 1H).

BC NMR (50 MHz, CDCls) 194, 195, 20.6, 21.1, 27.0, 39.4, 41.9, 429, 60.6, 75.2,
81.6, 169.8, 172.9.

5-Hydroxy ~2-isopropyl-4-methoxyperhydro—1-isoindolone (21)¢] 4.

HEA] ol Elo]E 3E8E 20 (200 mg, 0.74 mmol)2 methanol (2 mL)dll 5°]
I 0°CE ¥7Zre & sodium methoxide (80 mg, 1.48 mmoDE 7}3le 3H3HE 1634
Ze wioz veSs JPAA EHEF 215 Iy

+& 164 mg (91%)

TLC Rf = 0.2 (100% EtOAc)

'H NMR (200 MHz, CDCls)s  1.10 (d, J = 6.7 Hz, 3H), 1.15 (d, J = 6.9 Hz,
3H), 1.17 (dg, J = 4.0, 89 Hz, 1H), 1.53 (m, 1H), 1.92 (m, 1H), 217 (m, 1H),
2.28 (m, 1H), 251 (t, J = 6.6 Hz, 1H), 282 (t, J = 9.0 Hz, 1H), 324 (d, J = 103
Hz, 1H), 3.31 (td, J = 4.5, 10.2 Hz, 1H), 4.34 (quin, J = 6.4 Hz, 1H), 465 (dg, J
= 4.0, 6.7 Hz, 1H).

BC NMR (50 MHz, CDCls) 196, 19.7, 20.9, 29.8, 39.2, 42.3, 4255, 43.1, 60.7, 731,
80.2, 173.6.

2-Isopropyl-4-methoxyperhydro—-1,5-isoindoledione (22)°] &4
HEA] 43L& 3FE 21 (873 mg, 3.84 mmoDS 1704} e oz Hg

sto] 2HE 228 AT

& 744 mg (86%)
TLC Rf = 0.3 (100% EtOAc)
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'"H NMR (200 MHz, CDCl)8 1.13 (q, J = 6.7 He, 6H), 1.98 (m, 1H), 2.2672.50
(m, 3H), 2.5272.73 (m, 2H), 3.21 (d, J = 10.3 Hz, 1H), 3.36 (d, J = 53 Hz, 1H),
342 (s, 3H), 348 (d, J = 9.2 Hz, 1H), 440 (m, 1H).

BC NMR (50 MHz, CDCls) 19.4, 19.5, 235, 36.7, 41.3, 41.4, 42.3, 43.8, 59.1, 835,
172.6, 208.6.

trans—2,4-Pentadienoyl chloride (23)¢] A

trans-2,4-Pentadienoic acid (2) (24.00 g, 0.25 mol)& oxalyl chloride (100 mL)
o molm AL 1AIZF kst WS- T stavt B AAEE 2 w53
of BAHE 238 43 AAT flo] the vk&o AM&stnh

& 1850 g (52%)

TLC Rf = 0.15 (EtOAc/Hex, 1/1)

'H NMR (200 MHz, CDCls) 8 5.7375.89 (m, 2H), 6.15 (d, J = 15.0 Hz, 1H), 6.39
(m, 1H), 7.40 (m, 1H).

BC NMR (50 MHz, CDCls) 1205, 127.2, 1359, 154.7, 166.2.

N-(1-Phenylethyl)-2-propen—1-amine (24)2] ¥4

(N)-Benzylmethylamine (31.00 mL, 240 mmol)2 ¥4 dichloromethane (300
mL)el] Zo]3 A 7]F3lelA] allyl bromide (1040 mL, 120 mmol)E 7}3tth.
AFeo A 12A17F e A7l & 23} NaHCO:8t 2882 AlFHs 794 MgSO&
Az g9 w538 Aol EFES ¥ AZrEIHIAR FA st IEE
245 AAoh

52
ot

£ 134 g (80%)
TLC Rf = 04 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDCls)8 1.35 (d, J = 65 Hz, 3H), 3.08 (d, J = 59 Hz,
2H), 3.79 (q, J = 6.5, 13.2 Hz, 1H), 5.0275.16 (m, 2H), 5.88 (m, 1H), 7.2277.32 (m,
5H).
BC NMR (50 MHz, CDCly) 24.3, 50.7, 58.7, 116.1, 127.3, 127.4, 128.7, 136.4, 147.4.

N-Allyl-N-(1-phenylethyl)-trans-2,4-pentadienamide (25)¢] &4

o}wl 3}3E 24 (1500 g, 93.02 mmol)E F< dichloromethaneo] *°¢]iL (°CE
WZbe & pyridine (14.14 mL, 175 mmol)& 7}3tarl T2 %A trans-pentadienoyl
chloride (23) (186 mmoDE < dlchloromethane (250 mL)ol =< &AE& A A3

A 7rst A 2"]” % wrgole] 9L (170 mL)E 7tstd Htg& FAstn Est
NaHCOs& 7+H& % 23] %—%3}9?\ . S8 dA=2 diethyl ether® WA FE3t1 &
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I~

282 AHste] #% MeSO:2 d2d T 4 5FAUT oW E¢EL B

5t
Az ez AAs FEE 255 AU

< 1130 g (52%)
TLC Rf = 05 (EtOAc/Hex, 1/4)
'H NMR (200 MHz, CDCl) 8 154 (d, J = 6.8 Hz, 3H), 3.90 (dd, J = 16, 68
Hz, 2H), 412 (g, J = 6.7 Hz, 1H), 5.03 (dd, J = 10.2, 16.8 Hz, 2H), 5.26 (dd, J =
3.3, 17.1 Hz, 2H), 544 (dd, J = 10.2, 149 Hz, 1H), 558 (m, 1H), 637 (d, J =
149 Hz, 1H), 643 (dd, J = 10.2, 17.2 Hz, 1H), 7.21 (d, J = 7.2 Hz, 2H), 7.3577.46
(m, 2H).
BC NMR (50 MHz, CDCls) 163, 45.3, 50.9, 116.1, 123.2, 123.8, 127.0, 127.2, 128.1,
135.0, 140.5, 142.7, 166.5.

2-(1-Phenylethyl)-2,3,3a,4,5,7a—hexahydro-1H-1-isoindolone (26)9] %4
3R 25 (3.10 g, 12.85 mmol)E methanol (50 mL)°l| %< ¥ autoclavedl] %

xshed 1607180°Cel 4] 20417 mubatith TLCZE whge] shAde Qlsha wrgel

S ¢ 523 F @ mzaEaHdeR AAEH HHE 268 AU

£ 289 g (93%)
TLC Rf = 0.35 (EtOAc/Hex, 1/4)
'H NMR (200 MHz, CDCl;) 8 1.0871.30 (m, 2H), 152 (d, J = 48 Hz, 3H), 1.92
(m, 2H), 2.46 (m, 1H), 259 (dd, J = 20, 6.4 Hz, 1H), 3.05 (m, 1H), 341 (q, J =
17, 48 Hz, 1H), 548 (q, J = 1.7, 48 Hz, 1H), 58776.00 (m, 2H), 7.2777.36 (m,
5H).
BC NMR (50 MHz, CDCly) 204, 249, 36.1, 417, 51.4, 60.0, 126.2, 1265, 127.3,
134.0, 1365, 174.9.
MS (EI 70eV) m/z 241(M+).

5-(1-Phenylethyl)perhydrooxirenol2,3-elisoindol-6-one (27)2 &4

3132 26a (2.80 g, 11.60 mmol)Z benzene (12 mL)e] =] mCPBA (4.00
g 2320 mmoDE 7}3he] 247} Fol @E wukaAd. wheole wWzhsm
dichloromethane 2.2 3 A3 3 15% NaS:OsF& A3 F3 NaHCO;, A25EZE Al
3ol 4 MgSOs2 AFRFth Afde A9 w5313 dojxl EFEF& & =2
FulEa a2 FA st BEAHE 278 A
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T& 2.87 g (95%)

27a (-9 FA 33HE)

TLC Rf = 0.1 (EtOAc/Hex, 1/2)

'"H NMR (200 MHz, CDCl) 6 1.15 (dt, J = 1.8, 48 Hz, 1H), 1.28 (dd, J = 4.0,
125 Hz, 1H), 146 (d, J = 7.1 Hz, 3H), 1547213 (m, 3H), 240 (d, J = 95 Hz,
1H), 297 (dd, J = 44, 9.0 Hz, 1H), 3227350 (m, 3H), 549 (q, J = 7.0 Hz, 1H),
7.2077.34 (m, 5H)

BC NMR (50 MHz, CDCls) 205, 21.8, 235, 359, 51.3, 527, 59.8, 636, 1263,
126.7, 1275, 136.1, 174.8.

27b (-ol FA =)

TLC Rf = 0.3 (EtOAc/Hex, 1/2)

'"H NMR (200 MHz, CDCls)8 096 (dt, J = 1.5, 6.1 Hz, 2H), 150 (d, J = 7.1
Hz, 3H), 1.7071.79 (m, 2H), 2.29 (m, 1H), 2.54 (dd, J = 44, 9.8 Hz, 1H), 3.06 (d,
J = 84 Hz, 1H), 3.1873.33 (m, 2H), 343 (dd, J = 1.1, 39 Hz, 1H), 548 (q, J =
7.1 Hz, 1H), 7.2377.36 (m, S5H).

6-Hydroxy-7-methoxy-2-(1-phenylethyl)perhydro-1-isoindolone (28)¢] %
A

% p-TsOHH:O (13 mg, 0.06 mmoD)E 7}3ld F2o02 F23 F 1A%
Ath £3} NaHCO3E 7}ste] 8-S T2 & w3 dS 51
2 3Asle] B3 £FE2 Mz 55 MgSO= Ax
dojxl TFEL ¢ ABnEINTZ AAste] Ao 24 3ltE 28

& 165 mg (92%)

TLC Rf = 0.2 (EtOAc/Hex, 1/1)

'H NMR (200 MHz, CDCls) 8 1.2071.27 (m, 2H), 151 (d, J = 7.1 Hz, 3H), 1.777
1.82 (m, 2H), 2437256 (m, 3H), 2.90 (bs, 1H), 3.0973.18 (m, 2H), 3.41 (s, 3H),
366 (t, J = 7.3 Hz, 1H), 550 (q, J = 7.2 Hz, 1H), 7.2477.32 (m, 5H).

BC NMR (50 MHz, CDCl) 202, 225, 276, 388, 486, 52.2, 60.7, 77.1, 126.3,
126.9, 127.7, 136.9, 176.5.

7-Methoxy -2~ (1-phenylethyl)perhydro-1,6-isoindoledione (29)¢} 374
Trifluoroacetic anhydride (0.20 mL, 1.38 mmol)& 5 dichloromethane (3
mL)el] Zolxm -78°CE W¥zst 3 DMSO (0.15 mL, 2.07 mmol)& 7 ek & 3087

A= |
arstdt. WEE gz FI3FE 28 (200 mg, 069 mmoDE FF
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£ 182 mg (94%)
TLC Rf = 04 (EtOAc/Hex, 1/1)
'H NMR (200 MHz, CDCl3) 8 152 (d, J = 7.2 Hz, 3H), 1.7671.86 (m, 2H), 2.19
(tt, J = 46, 16.3 Hz, 1H), 2.4272.67 (m, 3H), 3.03 (dd, J = 46, 80 Hz, 1H), 3.46
(s, 3H), 349 (d, J = 6.7 Hz, 1H), 394 (d, J = 44 Hz, 1H), 552 (q, J = 7.2, 13.7
Hz, 1H), 7.2877.35 (m, 5H).
BC NMR (50 MHz, CDCl3) 20.1, 28.0, 375, 38.8, 49.2, 52.2, 58.7, 61.0, 80.8, 126.5,
127.1, 1279, 1359, 1745, 207.2.

2-(1-Phenylethyl)-2,3,3a,4,5,7a-hexahydro-1H-isoindole (31)¢] %4
FE 7a (500 mg, 2.07 mmol)E ¥ THF (5 mL)d] Zolm #g&He °C=
Wzkgk & LiAlH: (319 mg, 8.30 mmol) S 2Wd] Z2A 7}stz 37 mukstgdch 14]

(s}
5 O_o) 0
ZF ¥ drgds A

[e]
=
o) Heo 2 YZ4stsm E& HA3F] /st wr8S F23 F ethyl
At FNEE 2FEE AZSIT T4 MgSOE AX3 T 73
= o

acetate® F &5} = e
FES W AREIYYE HA S EHEILS

FH3}e dojn

T8 343 mg (73 %)

TLC Rf = 0.32 (EtOAc/Hex, 3/1)

'H NMR (200 MHz, CDCl)§8 137 (d, J = 6.7 Hz, 3H), 147 (m, 1H), 167 (m,
1H), 1.8971.98 (m, 3H), 2.03 (t, J = 81 Hz, 1H), 2.14 (dd, J = 6.1, 9.3 Hz, 1H),
2.37 (m, 1H), 261 (m, 1H), 273 (t, J = 75 Hz, 1H), 318 (t, J = 6.7 Hz, 1H),
559 (m, 1H), 5.78 (m, 1H), 7.2777.33 (m, 5H).

BC NMR (50 MHz, CDCly) 23.0, 23.1, 26.2, 35.1, 37.3, 58.7, 58.8, 66.0, 126.7,
1272, 1276, 128.2, 128.6, 145.8.

MS (EI, 70 eV) m/z 227 (M+), 212 (100), 150 (45).

Benzyl 2,3,3a,4,5,7a-hexahydro-1H-2-isoindole carboxylate (32)¢] ?J’”

313 31 (307 g, 1350 mmoDd F4 toluene (20 mL)& 7}t
CbzCl (2.89 mL, 20.25 mmol)& 7}g ¥ 80°Coll A 2417t 73t wbe &2
ALo® WAL 4 FE3Y £0E AAG T w=HL cthyl acetateZ 3

shal &3 2FE2 AFSATh §715E T4 MeS0.2 428 F s 553k

2

X2

NFU

=
A3
4
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(3]
=1

rlo
rlol

FELS F 2RI E Al EHE 325 A3

& 313 g (90%)
TLC Rf = 06 (EtOAc/Hex, 1/4)
'H NMR (200 MHz, CDCls)8  1.6871.93 (m, 2H), 2.24 (s, 2H), 253 (m, 1H), 2.88
(m, 1H), 3.3173.56 (m, 2H), 3.6973.92 (m, 2H), 534 (d, J = 2.2 Hz, 2H), 584 (m,
1H), 596 (m, 1H), 7.4677.56 (m, 5H).
MS (EI, 70 eV) m/z 257 (M+), 122 (12), 90 (100), 44 (31).

Benzyl perhydrooxireno[2,3-elisoindole-5—carboxylate (33)¢] A
33HE 32 (1.52 g, 592 mmol)E < dichloromethane (15 mL)o] o]z A
o4 mCPBA (2.03 g, 11.81 mmo)E 7}3t4 2417+ B¢t &F LﬁPo}%iD}. qk-g- A
< YZAI713 238 NagS:03 NaHCOs, 23 2582 HAHST F4 MgSO.E 7
ZPth A4 7 FwFY Ao EHES B ARMEIYHZ AA S
52X E 33a, 33b (e¢: A= 12)5 |JYTh

=
1o
)

2}

33a (a-olFA 313HE)

&497 mg (32 %)
TLC Rf = 047 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDCly) & 1.2571.51 (m, 2H), 1.73 (td, J = 5.1, 154 Hz, 1H),
196 (m, 1H), 212 (d, J = 151 Hz, 1H), 2.62 (bs, 1H), 3.137326 (m, 3H),
3447354 (m, 2H), 3.72 (q, J = 10.2 Hz, 1H), 5.12 (s, 2H), 7.34 (s, 5H)
®C NMR (50 MHz, CDCly) 21.0 (d), 235 (d), 345 (d), 353 (d), 462 (d), 50.9
(d), 52.2 (d), 66.4, 127.6, 128.2, 136.7, 150.7.
MS (EL 70 eV) m/z 273 (M+), 181 (11), 138 (12), 91 (100), 65 (13).

33b (—oFA] 33HE)

£1.06 g (66%)
TLC Rf = 05 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDCls) 6 1.32 (m, 1H), 153 (m, 1H), 1.64 (s, 1H), 1.8471.95
(m, 2H), 2.23 (bs, 1H), 268 (q, J = 6.1 Hz, 1H), 297 (dd, J = 39, 9.3 Hz, 1H),
3.20 (s, 1H), 3.29 (m, 1H), 3.3873.45 (m, 2H), 368 (m, 1H), 5.13 (s, 2H), 7.36 (s,
5H).
BC NMR (50 MHz, CDClz) 19.0, 205, 33.1 (d), 36.4 (d), 481 (d), 49.0 (d), 518,
53.1, 66.4, 1275, 128.1, 136.6, 1545.
MS (EL 70 €V) m/z 272 (M+), 91 (100), 65 (29), 41 (22).
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Benzyl 4-hydroxy-5-methoxycarbonyloxyperhydro-2-isoindole carboxylate
(340)9] A

Z3¢E3 33b (615 mg, 2.24 mmol)E acetic acid (1.30 mL, 22.56 mmol)°l] =
o] I titanium isopropoxide (0.43 mL, 1.44 mmol)Z A A 3] A 718t 32°Coll A 18
AIZE kst wkg-o] A ¥ acetic acid®E 7Y 2"‘—’0]—04 AASEIL ethyl
acetateZ 3|4 3le] X3} NaHCO:8} 2FEZ A HI 3 FF MgSO2 dAZE3A
o A9 e F FFte Ao EFES # ABvEIYYER A HEHE

E At

4% 731 mg (97%)

TLC Rf = 055 (EtOAc/Hex, 3/1)

'H NMR (200 MHz, CDCl)8 153 (m, 1H), 1.74"1.77 (m, 3H), 1.93 (m, 1H),
2.07 (s, 3H), 2407255 (m, 2H), 3.19 (sep, J = 7.7, 11.0 Hz, 1H), 3.357353 (m,
2H), 3.83 (dd, J = 86, 11.0 Hz, 1H), 461 (td, J = 4.1, 10.2 Hz, 1H), 512 (s, 2H),
7.3377.37 (m, 5H).

BC NMR (50 MHz, CDCL) 215 (d), 249, 36.7 (d), 449 (d), 47.3 (d), 495 (d),
66.7, 70.8 (d), 76.6 (d), 127.6, 127.8, 1283, 136.7, 155.2 (d), 170.9 (d).

Benzyl (4R, 5R)-4-methoxy-5-methylcarbonyloxyperhydro—2-isoindole
carboxylate (35)2] A

Ol EA] €EE 34 (389 mg, 1.17 mmol)E F4 DMF (2 mlL)d o)z
iodomethane (0.36 mL, 5.83 mmol)#} silver oxide (407 mg, 1.76 mmol)E 7}3}
32°Cell A 48A17F wwbeldTh. wkg- S dichloromethane . 3A3l3 AAHE =&
Aol A= °43'+“5‘}°E] 7 F53A Y. FE5 NS ethyl acetateZ 3]sl B
FEE AFHso F4 MgSOE 74330}03‘:} Oiﬂr T oA A FFst Eo
TEES B A2 EIYIERE AAS H5HE 3HE A

R e

£ 304 mg (75%)

TLC Rf = 0.35 (EtOAc/Hex, 1/1)

'"H NMR (200 MHz, CDCl)8 151 (m, 1H), 1.69 (s, 2H), 1.92 (m, 1H), 2.07 (s,
3H), 2.15 (m, 1H), 243 (bs, 1H), 3.07 (td, J = 3.9, 88 Hz, 1H), 323 (q, J = 9.8
Hz, 1H), 345 (s, 3H), 349 (s, 2H), 363 (dd, J = 2.2, 6.7 Hz, 1H), 3.68 (dd, J =
24, 7.1 Hz, 1H), 478 (m, 1H), 5.15 (s, 2H), 7.3377.36 (m, 5H).

BC NMR (50 MHz, CDCL) 21.3 (d), 25.1 (d), 36.2 (d), 435 (d), 47.9 (d), 48.0 (d),
60.1 (d), 66.5 (d), 749 (d), 79.3 (d), 1275, 1276, 128.2, 136.7 (d), 1549 (d), 169.9.
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Benzyl (4R, 5R)-5-hydroxy-4-methoxyperhydro—2-isoindole carboxylate
(36)9] ¥4
HEA] olAHo]E 3}FE 35 (1.01 g, 2.89 mmol)E methanol (5 mL)d| Zo]x
WZ+3k 3 sodium methoxide (391 mg, 7.24 mmol)E 7}ste] 10°Cell A 1A13¢F
sl WA S ZQF H53}al ethyl acetate® 3l B3 AFEE AF
o £ FF MgSO2 AZxs3 3 53t o4z £FES & ==
ntEIRE JAste 545 36 EATH

T& 858 mg (97 %)

TLC Rf = 04 (EtOAc/Hex, 1/3)

'H NMR (200 MHz, CDCls) 8 1.4771.67 (m, 3H), 1.82 (m, 1H), 2.03 (td, J = 9.8,
11.2 Hz, 1H), 242 (bs, 1H), 285 (t, J = 92 Hz, 1H), 3.19 (q, J = 49 Hz, 1H),
3307341 (m, 2H), 349 (s, 3H), 355 (s, 2H), 3.71 (t, J = 11.2 Hz, 1H), 512 (s,
2H), 7.33 (s, 5H).

BC NMR (50 MHz, CDCly) 21.8, 154 (d), 37.1 (d), 434 (d), 475 (d), 494 (&),
60.4 (d), 66.5, 73.3 (d), 83.3 (d), 127.5, 127.7, 128.2, 136.7 (d), 155.1.

MS (EIL 70 eV) m/z 305 (M+), 90 (100), 65 (20), 41 (12).

Benzyl 4-methoxy-5-oxoperhydro—2-isoindole carboxylate (37)2] A

Trifluorocetic anhydride (1. 87 mL, 13.26 mmol)E F< dichloromethane (10
mL)ol} Folxm -78°CZ WZt3 & DMSO (141 mL, 19.89 mmoDE 7}t & 3083t
A wEA d2E FTE 36 (1.80 g, 6.63 mmol)S F 4 dichloromethane
(BmL)oll =<9 fdL MM 7tk 308 F TEAS 7tstz 1A & x3
NH4CIZE 7}3te] w82 F43 & ethyl acetate® 23] F&31] &, ¥3} NaHCO;
o 28 EE AFH3T MgSOE AxS T 7+ s5st9th dojxdl EFEE &
IAZvtEIYHAR GAstY X E 375 AU

& 164 g (91%)
TLC Rf = 05 (EtOAc/Hex, 1/3)
'H NMR (200 MHz, CDCls)8 1.97 (m, 5H), 243 (t, J = 59 Hz, 2H), 259 (m,
1H), 3.37 (s, 3H), 3457354 (m, 4H), 5.12 (s, 2H), 7.3077.33 (m, 5H).
BC NMR (50 MHz, CDCly) 25.8, 35.3 (d), 36.0, 46.8, 47.5, 48.2, 28.6, 49.1, 585,
66.5, 82.6, 1275, 127.7, 128.1, 136.4, 154.7, 209.0.

(AR)-A-Methoxyperhydro-5-isoindolo (38)2] %A

HEA G432 3TE 36 (2. 06 g, 6.75 mmol)S methanol (10 mL)el ol
20% PA(OH)2/C (274 mg)S 713 3 Agold 43 ve-& APsAT. 18A17
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FHee 225D AYER TS ARG F oAS 4d HFe] AL |
54 93¢ ST 38% AAT Yol G w3l Agsach

tert-Butoxycarbonyl-(4R 5k)-5-hydroxy-4-methoxyperhydro-2-isoindole
(39)9] &4

HEA 43 3YgE 38S methanol (15 mL)o] Foli (Boc)O (1.09 g, 5.01
mmol) & 7}3te] 2A17F Fob kel whS @E T Y FEstY o3 =
ES @ 22vEIYIRE HA s EXHE 395 4k

4 789 mg (87%, 2 steps)
TLC Rf = 0.35 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDCl)8 1.21 (t, J = 7.1 Hz, 1H), 143 (s, 9H), 1.5171.65
(m, 2H), 1.89 (m, 1H), 1.98 (q, J = 4.7 Hz, 1H), 2.36 (bs, 1H), 2.72 (s, 1H), 2.84
(t, J = 97 Hz, 1H), 312 (q, J = 10.7 Hz, 1H), 3.1973.33 (m, 2H), 3.38 (d, J =
7.3 Hz, 1H), 356 (d, J = 1.6 Hz, 3H), 3.60 (d, J = 12.1 Hz, 1H).
MS (EIL, 70 eV) m/z 271 (M+), 138 (13), 57 (100).

tert-Butoxycarbonyl-(4R)-4-methoxy—-5-oxoperhydro—2-isoindole (40)2] %
A

Trifluorocetic anhydride (0.42 mL, 2.91 mmol)& < dichloromethane (6 mlL)
of Eolx -78°CE Yz}3 & DMSO (0.63 mL, 872 mmoDE 73 & 3083 L
bt gt WEA ¢2e 33E 39 (742 mg, 1.45 mmo) & 7hEhe] 379 2 Wy
o2 Hkg3le EHE 408 4%l

T
i

iy

£ 685 mg (93 %)
TLC Rf = 05 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDCl) 8 123 (dd, J = 3.7, 7.1 Hz, 1H), 1.44 (s, 9H), 1.67
(m, 1H), 1.9172.01 (m, 2H), 244 (t, J = 7.1 Hz, 2H), 3.2473.36 (m, 3H), 3.39 (s,
3H), 353 (d, J = 81 Hz, 2H).
MS (EIL 70 eV) m/z 269 (M+), 213 (10), 57 (100), 43 (22), 41 (40).

2-(1-Phenylethyl)perhydro—4-isoindolol(41a), 2-(1-Phenylethyl)perhydro-
5-isoindolol (41b)9] A

LiAlH, (2.11g, 820 mmol)E& F<4 THF (30 mL)ol =o]x o ZA] 353E& 11b
(247 g, 1853 mmol)E THF (10 mL)Oﬂ  &dS AA 3] FHrpstAnh. 3AX3HE
¢k 37/ TS & Hdeow YZhEe % %%:% 7}ste] kel ethyl acetate

2 FEAY. A715E LFER /‘1]73.8}5'_ B MgSO.2 dzste #% 5%

of
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ol
1=

flo
ot

= FES ¢ AzvEad R FAse] S3E 41a, 41bE A7t <o
41a

T& 127 g (63%)

TLC Rf = 0.1 (EtOAc/MeOH, 4/1)

'H NMR (200 MHz, CDCl)é 134 (d, J = 67 Hz, 3H), 1.387155 (m, 4H),
1.6771.86 (m, 3H), 1.9972.06 (m, 2H), 2.3072.52 (m, 2H), 262 (t, J = 75 Hz, 1H),
2.85 (dd, J = 6.7, 9.6 Hz, 1H), 3.38 (q, J = 6.7 Hz, 1H), 3.81 (m, 1H), 7.2877.30
(m, 5H).

MS (EI, 70 eV) m/z 245 (M+), 230, 168, 118, 105, 91, 77, 57, 41.

41b

T& 041 g (20%)

TLC Rf = 0.15 (EtOAc/MeOH, 4/1)

'"H NMR (200 MHz, CDCl)é 134 (d, J = 65 Hz, 3H), 1407157 (m, 4H),
1797191 (m, 3H), 2407247 (m, 2H), 2.62 (s, 1H), 2.69 (t, J = 59 Hz, 2H), 291
(dd, J = 29, 96 Hz, 1H), 3.03 (dd, J = 6.7, 10.0 Hz, 1H), 345 (d, J = 65 Hz,
1H), 3.65 (td, J = 4.3, 9.2 Hz, 1H), 7.2377.31 (m, 5H).

MS (EIL 70 eV) m/z 246 (M+), 230, 168, 105, 91, 79, 55, 41.

Perhydro-4-isoindolol (42a)9] 34

ofu| = dF:L 3FE 4la (1.00 g, 408 mmol)E methanol (10 mL)ol] =
20% PA(OH)/CE 7tsk & AgollA 48t &g st 18217 & 6k
FTAsta AgtolER AFfste FujE AAST #AY FFst AAT glo] o
g8 ARg-3lA T

o]

oo o

Perhydro-5-isoindolol (42b)¢] &A
olujx= 437 L 3FFE 41b (380 mg, 1.54 mmol)E methanol (5 mL)o| =o]x
20% PA(OH)/CE 713 5 AdolM F4s 98-S APsAvt. 42a0 M9k 2

ez wes Ay

tert-Butoxycarbonyl-4-hydroxyperhydro-2-isoindole (43a)¢] 4
obul = A FE FFE 42a (178 g, 8.16 mmol)E methanol (10 mL)ol] =9]
(Boc)0 & 7Fg & 2A17F mutsgicth Hb3- a8 7t FEES Ao EFE

# AZvtEOYE GASY HHE 4325 AT

o
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£ 836 mg (85 %)
TLC Rf = 0.3 (EtOAc/Hex, 1/1)
'H NMR (200 MHz, CDCl)é 143 (s, 9H), 1.5071.54 (m, 2H), 1.63 (m, 1H),
1.8071.94 (m, 2H), 2.06 (bs, 2H), 442 (bs, 1H), 3.06 (q, J = 9.6 Hz, 1H), 3.28
(quin, J = 5.1, 15.4 Hz, 2H), 3.3873.59 (m, 2H).
BC NMR (50 MHz, CDCl) 8 194, 24.4, 26.3, 33.0 (d), 36,7 (d), 455 (d), 48.3
(d), 48.7 (@), 67.9 (d), 79.0, 155.0.
MS (EIL, 70 €V) m/z 241 (M+), 185, 168, 166, 140, 124, 95, 79, 57, 41.

tert-Butoxycarbonyl-5-hydroxyperhydro-2-isoindole (43b)2] &4
29237 42bE 43a9 7L WHo g ure3lo ERE 43bE At

4 310 mg (83 %)
TLC Rf = 04 (EtOAc/Hex, 1/1)
'H NMR (200 MHz, CDCl3) 8 1.2271.40 (m, 2H), 1.42 (s, 9H), 1.51 (dd, J = 35,
136 Hz, 1H), 1.7171.87 (m, 2H), 2.01 (bs, 1H), 2.07 (m, 1H), 2.42 (bs, 1H), 3.10
(q, J = 11.0 Hz, 2H), 3.22 (t, J = 3.9 Hz, 1H), 3.30 (m, 1H), 341 (q, J = 6.5 Hz,
1H), 3.83 (m, 1H).
BC NMR (50 MHz, CDCl) & 237, 284, 322, 335, 358 (d), 366 (d), 486 (d),
50.4 (d), 66.0 (d), 79.1, 150.9.
MS (EL 70 €V) m/z 241 (M+), 185, 168, 166, 140, 124, 95, 79, 57, 41.

tert-Butoxycarbonyl-4-oxoperhydro—2-isoindole (44a)2] A
Trifluoroacetic anhydride (O 9% mL, 664 mmoh)E FF dichloromethane (6
mL)d] Holx -78°CE YzZg 3 DMSO (0.72 mL, 9.96 mmo) & 7+ F 30&3t
wHkE Y, dFE SHYE 43a (800 mg, 3.32 mmol)E F< dichloromethane (3
mL)ol =9 &9 AMA3] H7lg £ oAl 30&E wHkstz TEA (1.79 mL, 13.94
mmol)S 7FeAth 1A & ¥3 NHCIE 7F8te] wh8& F 23t ethyl acetate
5

2 F£3 3 B ¥3 NaHCO:s# AFEEZ AMHIIT 5715 74 MgSO4E
AZHT 4G x5 dojx EFBL ¥ AzvEadez AAde =HE
44aE At

& 691 mg (87 %)

TLC Rf = 045 (EtOAc/Hex, 1/2)

1H NMR (200 MHz, CDCI3) 1.38 (s, 9H), 1.68 (bs, 1H), 1.85 (t, J = 59 Hz,
3H), 232 (q, J = 6.1 Hz, 2H), 2647284 (m, 2H), 3.04 (q, J = 69 Hz, 1H),
3.1873.40 (m, 2H), 3.78 (dd, J = 4.7, 9.9 Hz, 1H).
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BC NMR (50 MHz, CDCl3) 8 23.3 (d), 24.7, 28.3, 39.8 (d), 40.8 (d), 454 (d), 49.0
(d), 51.0 (d), 79.3, 209.5.

tert-Butoxycarbonyl-5-oxoperhydro-2-isoindole (44b)2] A
Z4E 72 43b (300 mg, 1.24 mmo)E 44ac A} 7o Whgo R wrSsle] B3
£ 44bE 43U

& 241 mg (81%)
TLC Rf = 0.5 (EtOAc/Hex, 1/2)
'H NMR (200 MHz, CDCl)6 1.39 (s, 9H), 1.7772.03 (m, 2H), 2.30 (t, J = 6.7
Hz, 3H), 242 (dd, J = 65, 14.2 Hz, 2H), 263 (m, 1H), 3.02 (q, J = 104 Hz, 1H),
3.28 (m, 1H), 344 (dd, J = 6.7, 99 Hz, 2H).
“C NMR (50 MHz, CDCl:) 8 264, 284, 359 (d), 386 (d), 39.8, 40.9, 49.9, 794,
158.5, 210.8.

(3R,45)3-[(1R)-tert-Butyldimethylsilyloxyethyll-4—-(2R)—-[4-methoxy-2-(1-
phenylethyl)perhydro-1,5-isoindoledioxo]—azetidin—-2-one (46)9] A
HEA AE 33E 17 (108 mg, 0.38 mmol)S T dichloromethane (2 mL)dj
Zoli, -25°CE YZ+ek & tin(IV) chloride (0.13 mL, 1.13 mmol)& 1087t 7153
AREEFR Y. 108 3 4-AA (109 mg, 0.38 mmol)E F<% dichloromethane (0.5 mL)
=2 &AE AMAE Jtetn 0°CE 239t wg-ddl DIPEA (0.17 mL, 0.99
mmol)E& 7 dichloromethaned] *< 1587 718 & mwrstgdoh 10A)7F &
*3} Rochelled (3 mL)# X3 NaHCO; (3 mL) &% FE&H oz dleS FZHA Y
3L, IAZE FoF A2olA wket Aot AdE F71E S ethyl acetateR A FHEA
AgtolER oJ#sta 10% citric acid, £3 NaHCO: A2FEZ A F st H4

MgSO'Z Aze gt 4712 2 $23 1 9 TFEL @ aAzvsagys

2

rﬂ?i‘

4% 151 mg (77 %)
46a (-¥32 33 E)
TLC Rf = 0.3 (100% EtOAc)
'"H NMR (200 MHz, CDClz) ¢ 0.07 (s, 6H), 0.86 (s, 9H), 1.13 (d, J = 651 Hz,
3H), 153 (d, J = 69 Hz, 3H), 202 (m, 1H), 2.28 (m, 1H), 2527268 (m, 2H),
2.7472.89 (m, 2H), 2.96 (m, 1H), 3.10 (s, 3H), 3.29 (d, J = 9.4 Hz, 1H), 341 (q, J
= 10.2 Hz, 1H), 390 (d, J = 7.3 Hz, 1H), 420 (m, 1H), 551 (g, J = 7.3 Hz, 1H),
6.34 (s, 1H), 7.2377.39 (m, 5H).
BC NMR (50 MHz, CDCL) 8) -5.2, -4.2, 156, 17.8, 22.6, 2.7, 38.6, 39.7, 43.9, 49.0,
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495, 51.2, 59.2, 62.7, 64.8, 82.1, 127.0, 127.7, 1286, 139.5, 168.1, 173.7, 208.8.
MS (CD m/z 515.

(3S4AR)-1-[4—(tert-Butylbenzyloxy)oxalyll-3-[(1R)-tert-butyldimethylsilyl
oxyethyll-4-(2R)-[4-methoxy-2-(1-phenylethyl)perhydro-1,5-isoindoledi~
oxoazetidin—2-one (47)9] FA

ofufol= 3}HE 46a (260 mg, 051 mmol)E < dichloromethane (2 mL)el
I 0 cCY¥geE & K2C03 (70 mg, 051 mmol)¢+ TEA (0.20 mL, 1.53 mmol)
A A3 7k 108 ¥ t-butylbenzyloxalyl chloride (322 mg, 1.26 mmol)&
4 dichloromethane (0.5 mL)o] %< €H& AA3] 7letx 1A & ZTAHOE
FgdG 713t pH 7002 2FHEACE S A8 ethyl acetateR 3|4t &
A2FE2 AFsI, T4 MgSO2 Az F 7 w5340 43 e
S @ AZMEIYIRE FASIY FHE 47 A

s

&ode o oo Jir

& 289 mg (62 %)
TLC Rf = 0.3 (EtOAc/Hex, 1/1)
'H NMR (200 MHz, CDCl3) & 0.01 (s, 3H), 0.60 (s, 3H), 0.79 (s, 9H), 1.23 (d, J
= 59 Hz, 3H), 1.30 (s, 3H), 154 (d, J = 7.1 Hz, 3H), 1.70 (m, 1H), 2.35 (m, 1H),
250 (m, 1H), 2.63 (m, 1H), 2.8672.98 (m, 2H), 3.17 (d, J = 114 Hz, 1H), 429 (m,
1H), 4.71 (m, 1H), 5.30 (s, 2H), 550 (q, J = 7.3 Hz, 1H), 7.2577.41 (m, 9H).
B“C NMR (50 MHz, CDCly)é -53, -4.5, 156, 176, 21.6, 220, 31.1, 34.3, 345,
394, 44.0, 47.1, 49.0, 53.2, 59.3, 61.0, 65.0, 685, 764, 817, 1254, 126.7, 127.6,
128.6, 128.9, 130.7, 139.5, 151.8, 156.6, 159.6, 163.4, 173.5, 206.9.

tert-Butylbenzyl-(1S,5R,6S5)-6-[(1R)—tert-butyldimethylsilyloxyethyl]-[4-
methoxy-2-(1-phenylethyl)perhydro-1,5-isoindole]-carbapen-2-em-3-carb-
oxylate (48)¢9] ¥4

33HE 47 (200 mg, 0.27 mmol) & xylene (1.5 mL)°ll =] triethyl phosphite
(0.24 mL, 1.36 mmol)®} hydroquinone (2 mg, 0.01 mmol)& 71§ F 4A7F &<

g5 stk HEg9d & xylened Y F=3l1 ethyl acetate®E 3} 2] 8}
B3 ~2FEZ AHE F FEF MgSOE AZ8A9Y. 77158 44 5552 49
A ETFEL # AZvEIYAR FAStY SHE 48% AU

£166 mg (87 %)
TLC Rf = 0.45 (EtOAc/Hex, 2/1)
'H NMR (200 MHz, CDCl;) & 0.05 (s, 3H), 0.06 (s, 3H), 0.84 (s, 9H), 1.19 (d, J
= 6.1 Hz, 3H), 1.32 (s, 9H), 1.50 (d, J = 6.9 Hz, 3H), 2.08 (m, 1H), 249 (m, 1H),
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2.6572.83 (m, 2H), 3.02 (q, J = 3.3 Hz, 2H), 3.11 (s, 3H), 4.1374.23 (m, 2H), 4.69
(s, 1H), 517 (s, 2H), 538 (q, J = 6.3 Hz, 1H).

“C NMR (50 MHz, CDCl) 8 -5.2, ~44, 160 (d), 164, 17.8, 22.1, 256 (d), 239,
31.2, 344, 396, 40.2, 42.1, 49.1, 542, 56.1, 604, 635 (d), 655, 66.8, 72.0, 1252,
126.4, 127.7, 128.6, 131.9, 139.3, 1444, 151.1, 160.6, 173.8, 175.2.

MS (CD m/z 701 (M+).

HRMS (CD) caled for C41H56N206Si 700.3907, found 700.3901.

tert-Butylbenzyl (1S,5R,6S)-6-1(1R)-hydroxyethyll-[4-methoxy—-2-(1-phe—
nylethyl)perhydro-1,5-isoindolel-carbapen-2—-em-3-carboxylate (49)2] #A

313E 48 (150 mg, 021 mmoD)E F4 DMF (1 mL)®} NMP (0.3 mL)ol] =¢!
% ammonium hydrogenﬂuoride (61 mg, 1.07 mmoD) & 7}sle] 2ol 78417

e At B2 71ste] g8 F438l1 ethyl acetate® F&E311 E3 A FEE A
HE 5 F MgS0= 74}—‘3}04 4 FEHAGY oA EFES #F AZvED

Fag)
Ao 2 AAstel FHE 498 A

& 97 mg (77 %)

TLC Rf = 06 (EtOAc/MeOH, 9/1)

I'H NMR (200 MHz, CDCl3) ¢ 1.22 (s, 9H), 1.32 (d, J = 65 Hz, 3H), 147 (d, J
= 6.9 Hz, 3H), 2.17 (s, 1H), 2.37 (m, 1H), 2.8172.89 (m, 2H), 2.9173.03 (m, 1H),
3.28 (s, 3H), 348 (m, 1H), 3.70 (s, 2H), 3.75 (m, 1H), 419 (m, 1H), 443 (d, J =
6.7 Hz, 1H), 494 (d, J = 64 Hz, 1H), 517 (s, 2H), 7.1877.21 (m, 4H), 7.4077.42
(m, 5H).

“C NMR (50 MHz, CDCL)6 204, 209, 285, 31.3, 346, 41.8, 43.7, 44.3, 484,
50.2, 57.2, 584, 59.8, 63.4, 67.9, 79.8, 113.1, 125.8, 126.3, 1265, 127.3, 129.4, 134.4,
151.2, 163.8, 165.5, 173.9.

MS (CI) m/z 587 (M-+).

HRMS (CI) caled for C35H42N206 586.3043, found 586.3039.

Sodium (1S,5R,6S5)-6-[(1R)-hydroxyethyll-[4-methoxy-2-(1-phenylethyl)-
perhydro-1,5-isoindole]-carbapen—2-em—-3-carboxylate (50)¢9] A

338 49 (42 mg, 0.07 mmol)g n-propanol (0.5 mL)e] o]l 10% Pd/C
TEA (24 L, 0.11 mmoD)< 7}gt & AdelAM 43 918& Ayt 1A% &+
RbE-o] @2 & FHsta ATo|EE Tl of35hal acetone® A A ST of o
%3}l acetone (2 mL)¥ SEH (14 mg, 0.08 mmol)E 7}38F F A2 30%
ghelal WHES FASAY HEAs Ao 7Y FFH% F EL e

MPLC# ¥ W% dzstel #4449 234 332 502 A3k
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T& 17 mg (50%)

TLC Rf = 0.6 (CH3CN/H:0, 8/1)

'H NMR (200 MHz D:0)6 226 (d, J = 6.3 Hz, 3H), 1.45 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H).

“C NMR (50 MHz, D:0)6 209, 283, 4338, 484, 52.2, 57.4, 58.1, 60.0, 69.9, 79.3,
114.3, 126.3, 126.5, 127.3, 136.2, 138.9, 164.1, 168.6, 174.1.

MS (CD m/z 463 (M-+).

HRMS (CD) calcd for C24H27N2NaO6 462.1767, found 462.1754.

(3R ,4S)3-[(1R)-tert-Butyldimethylsilyloxyethyll-4-(2R)-[7-methoxy-2-(1-
phenylethyl)perhydro—1,6-isoindoledioxo]-azetidin—2-one (51)¢] A

398 29 (112 mg, 0.39 mmoDE T chlorobenzene (1.5 mL)o| =%
-257-30 °C& WJyZstx tin(IV) chloride (0.14 mL, 1.17 mmol)& 5%+ &7}34
wHHEHE T 108 F 4-AA (112 mg, 0.39 mmol)E < chlorobenzene (0.5 mL)el
=2 &dg A3 Hrlsta, 0°CE 239 mykstsvh 108 ¢ DIPEA (0.17
mL, 0.98 mmol)2 < chlorobenzene (0.6 mL)ol| =<l £H4& 75k & 547
otk 2 3} Rochelled (3 mL)¥ ¥3} NaHCOs; (3 mL) £% 84L& 7t
sted HHS-& FAAZ|Z AT B A2oA mwutsidd AAdE F71EES ethyl
acetate® Ao|FHA AFolEE Edte oAFAd 1, A 10% citric acid, E3}
NaHCOs:%t 28 E2 A Fste] ¢ MgSO2 AXF4Y #715¢ 24¢ 55319
de EFES # AERVEIHIARE At 5HE 515 ¢

T& 135 mg (67%)

TLC Rf = 05 (EtOAc/Hex, 1/1)

'H NMR (200 MHz, CDClz)6  0.08 (d, J = 2.6 Hz, 6H), 0.89 (s, 9H), 1.21 (d, J
= 6.2 Hz, 3H), 152 (d, J = 7.2 Hz, 3H), 1.6471.96 (m, 4H), 2.70 (q, J = 7.9, 132
Hz, 2H), 3.16 (q, J =22, 3.6 Hz, 1H), 3.34 (s, 3H), 361 (t, J = 58 Hz, 1H), 424
(quin, J = 3.7, 6.2 Hz, 1H), 435 (d, J =22 Hz, 1H), 549 (q, J = 7.5 Hz, 1H),
7.3177.59 (m, 5H).

B¥C NMR (50 MHz, CDCly)§ -46, 175, 205, 224, 259, 27.2, 381, 435, 477,
93.1, 54.2, 56.7, 58.1, 59.7, 62.3, 72.2, 126.3, 126.7, 127.3, 136.1, 168.6, 174.1, 204.0.

tert-Butylbenzyl (1S,5R,6S)-6-[(1R)-tert-butyldimethylsilyloxyethyll-[7-
methoxy-2-(1-phenylethyl)perhydro-1,6-isoindole]-carbapen—2-em-3-carb-
oxylate (52)¢] A4

33HE 51 (120 mg, 0.23 mmol)2 cyclohexane (1 mL)3¥ dichloromethane (1
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mL)d] %ol K.COs (32 mg, 0.23 mmol)¢t TEA (89 L, 0.69 mmol)< 7+ #,
t-butylbenzyloxalyl chloride (178 mg, 0.70 mmoD& 7t3tgith. A& 30& nigt
5 ALE (2 mL)& 718t dichloromethane2 2 &} ¥ FZ3to] F4 MgSO.&

Az 72Y o 2oy EFES FL @ AvtEaAAE A
(o3
h =

b

o] 33E S F4 xylene (1.5 mL)o| *9]3 triethyl phosphite (0.20 mL, 1.15
mmol)$ hydroquinone (1 mg, 0.01 mmol)& 7}3 F #F urkstsivh whgdS
WZHEl 3 ethyl acetate® 3418 F B3 A2gFE2 AFHI S F4 MgSOE A=
At g 7Y st @ FZvtEIIR A EHE 528 EU.

499 mg (61%, 2 steps)

TLC Rf = 04 (EtOAc/Hex, 1/2)

1 NMR (200 MHz, CDCla) 6  0.08 (s, 6H), 0.89 (s, 9H), 1.22 (s, 9H), 1.24 (d, J
= 65 Hz, 3H), 221 (dd, J = 34, 6.7 Hz, 1H), 2.3 1(m, 1H), 295 (dd, J = 6.3, 95
Hz, 1H), 3.0173.02 (m, 2H), 3.31 (s, 3H), 414 (m, 1H), 440 (m, 1H), 442 (m,
1H), 5.03 (m, 1H), 5.21 (s, 2H), 7.2377.26 (m, 2H), 7.4077.43 (m, 2H), 7.4477.48
(m, 3H), 7.7077.74 (m, 2H).

tert-Butylbenzyl (1S,5R,6S)-6-[(1R)-hydroxyethyl]-[7-methoxy-2-(1-phe-
nylethyl)perhydro-1,6-isoindole]-carbapen-2-em-3-carboxylate (53)¢ ¥4

zE3ld 3FE 52 (150 mg, 0.21 mmol)E DMF (1 mL)el o] TBABr
(244 mg, 0.95 mmol)¢} KF (55 mg, 0.95 mmol)E 73t acetic acid (74 L, 1.26
mmo)E H7E F 40°ColM 8Alz wwkEith & st wEEE
ethyl acetate® F%3to] ¥3} NaHCO3, 3 25 EZ AFHT & FF
Az 7Y & Qh 2ol EFES # A2 EIHIAR AA

4§ 56 mg (45%)

TLC Rf = 0.7 (EtOAc/MeOH, 9/1)

' NMR (200 MHz, CDClz) 8 1.22 (s, 9H), 1.32 (d, J = 6.5 Hz, 3H), 1.47 (d, J
= 69 Hz, 3H), 2.17 (s, 1H), 2.37 (m, 1H), 2.8172.89 (m, 2H), 2.9173.03 (m, 1H),
3.98 (s, 3H), 348 (m, 1H), 3.70 (s, 2H), 3.75 (m, 1H), 419 (m, 1H), 443 (d, J =
6.7 Hz, 1H), 494 (d, J = 6.4 Hz, 1H), 517 (s, 2H), 7.1877.21 (m, 4H), 7.4077.42
(m, 5H).

BC NMR (50 MHz,CDCls) 8 204, 20.9, 28.5, 31.3, 34.6, 41.8, 43.7, 44.3, 484, 50.2,
57.2, 584, 59.8, 63.4, 67.9, 79.8, 113.1, 1258, 126.3, 126.5, 127.3, 1294, 1344, 151.2,
163.8, 1655, 173.9.
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Sodium (1S, 5R, 6S)-6-[(1R)-hydroxyethyl]-[7-methoxy-2-(1-phenylethyl)
perhydro—1,6-isoindole]-carbapen-2-em-3-carboxylate (54)¢] ¥4

33E 53 (47 mg, 0.08 mmol)€ n-propanol (0.5 mL)d] =eo]i 10% Pd/C (13
mg), TEA (14 L, 0.11 mmol)& 7}3 & 4 7IAE FHAA Fdel A 242
UYL, AaolEE Este o731 acetone (2 mL)eE AFI FT ofdoj
SEH (16 mg, 0.10 mmol)f"- Zhsta 1A1ZE wat ek, g e A 2oA 3
star, Boll o] MPLCE & Wedzxstd AN ZAN 3FE 48 28 -
At

& 17 mg (46%)
TLC Rf = 0.7 (CHCN/H:0, 4/1)
'H NMR (200 MHz, D:0) 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 2.9, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H).
MS (CD) m/z 462 (M+).

(3R ,4S)3-[(1R)-tert-Butyldimethylsilyloxyethyl]-4-(2R)-[tert—butoxycar-
bonyl- (4R ,5R)-5-hydroxy-4-methoxyperhydro—-2-isoindole]-azetidin-2-
one (59)° 4

DIA (0.09 mL, 063 mmol)€ %% THF (1 mL)°l *olx 0°CE ¥z4% *
t-butylmagnesium chloride (1.0 M in THF, 0.56 mL, 0.56 mmol)& A14]3] 7}stx
Hhg ol S 3087 murat gtk WS 3gE 40 (100 mg, 0.37 mmol)E THF
(05 mL)dl =9l g48 527k HH3) spstu medch 0% F &S TH3)
o 7t &3] At toluene (1 mL)E 7H3le] 5°C2 S8 = 4-AA (45)
(107 mg, 0.37 mmol)E toluene (0.5 mL)el =9 |4 A3 7}t 5A1Z
3 wreS EAstn I ¥£3 NHCIE 7}e F ethyl acetateZ FE39 E3 4w
22 qHsgdn #7152 5 MgSOE ARSI A §Fsh 44K &
S @ aRvEaYIR JAd EXE 598 AT

¥
We o

€ 140 mg (76%)

TLC Rf = 0.2 (EtOAc/Hex, 1/2)

'H NMR (200 MHz, CDCls) 8 0.03 (s, 3H), 0.05 (s, 3H), 0.84 (s, 9H), 1.23 (d, J
= 6.1 Hz, 3H), 146 (s, 9H), 1.60 (m, 1H), 1.78 (m, 1H), 2.03 (m, 1H), 2.39 (m,
1H), 267 (m, 1H), 1.8272.86 (m, 2H), 3.15 (m, 1H), 326 (s, 3H), 3.43 (s, 2H),
35673.63 (m, 2H), 393 (t, J = 2.7 Hz, 1H), 415 (quin, J = 6.1 Hz, 1H), 588 (s,
2H).

BC NMR (50 MHz, ,CDCl) 8  -5.3, -45, 17.6, 22.1, 252, 281, 29.3 (d), 33.7 (d),
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444 (d), 45.8 (d), 49.0, 50.2, 51.5, 57.3, 589, 61.3, 65.6, 154.3, 168.4, 211.4.
MS (CI) m/z 497 (M+).
HRMS (CI) caled for C25H44N206Si 496.2969, found 496.4960.

tert-Butylbenzyl  (1S,5R,6S)-6-[(1R)-tert—butyldimethylsilyloxyethyll-2-
[tert—butoxycarbonyl-(4R,5R)-5-hydroxy-4-methoxyperhydro-2-indole]—
carbapen-2-em-3-carboxylate (60)2] A

5}&l % 59 (300 mg, 0.60 mmol)E& <J~dichloromethane (1 mL)ol =o]lx 0°CZE
¥Z§ & KoCO3 (83 mg, 0.60 mmoD)9t TEA (0.23 mL, 1.81 mmol)& A A3 7}
3t 108 3 ¢-butylbenzyloxalyl chloride (385 mg, 1.51 mmol)E 7}3led 1A 7F
gkt g HE 473 2 W o R AAStn AMdE sFES xylene
(15 mL)o} =o°]3 hydroquinone (3 mg, 0.02 mmol)¥} triethyl phosphite (0.25
mL, 142 mmol)E 7}3}4 47\171}%?} 35 wnkelich wb&e) A4S ERlsta ®
SHE Wztelt A 55 F dojd EFES @ AZ2vEOYgHE £ 2 A
At 53 E 60 0491‘4.

il

m°"

—

£ 51 mg (51%, 2 steps)
TLC Rf = 05 (EtOAc/Hex, 1/3)
'"H NMR (200 MHz, CDCl) 8  0.05 (s, 6H), 0.92 (s, O9H), 1.21 (s, 9H), 1.23 (d, J
= 6.4 Hz, 3H), 151 (s, 9H), 245 (dd, J = 2.7, 65 Hz, 1H), 288 (t, J = 10.1 Hz,
2H), 2.93 (dd, J = 5.7, 74 Hz, 1H), 3.31 (s, 3H), 3.81 (m, 1H), 3.94 (m, 1H), 4.18
(m, 1H), 443 (d, J = 64 Hz, 1H), 503 (dd, J = 5.1, 6.2 Hz, 1H), 517 (s, 2H),
7.2177.23 (m, 2H), 7.4077.42 (m, 2H).
BC NMR (50 MHz, CDCls) 8  -4.6 (d), 17.5, 227, 259, 285, 31.3, 404, 44.3, 45.8,
46.8, 53.6, 58.4, 59.4, 634, 64.4, 784, 859, 113.1, 1256, 1294, 134.3, 136.5, 151.2,
1554, 1634, 164.7, 173.0.
HRMS (CI) caled for C38H58N207Si 682.4013, found 682.4004.

tert—Butylbenzyl(1S,5R,6S)-6-[(1R) -hydroxyethyll-2-[tert—butoxycarbon—
y1-(4R 5R)-5-hydroxy—-4-methoxyperhydro-2-indole]-carbapen-2-em-3-
carboxylate (61)2] A

33E 60 (112 mg, 0.16 mmol)S DMF (1 mL)<h NMP (0.2 mL)ol| =o]lx
ammonium hydrogenfluoride (47 mg, 0.82 mmol)E 7}3+ 3 Ab2o|A 78417 alwt
kAT E& 7heto] WbE& FZH St ethyl acetate® FET ¥ 3L
F71F€ 7 MgSOE %3t A4S et w58t Ao EFES & =2
2utEIY 2 AA St 54E 61 AUTH
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& 67 mg (72%)

TLC Rf = 0.55 (EtOAc/MeOH, 9/1)

'H NMR (200 MHz, CDClz)é  1.19 (s, 9H), 1.30 (d, J = 65 Hz, 3H), 152 (s,
9H), 2.19 (m, 1H), 2.79 (t, J = 45 Hz, 1H), 291 (m, 1H), 301 (g, J = 54 Hg,
1H), 329 (s, 2H), 3.80 (dd, J = 2.4, 65 Hz, 1H), 392 (q, J = 59 Hz, 1H), 4.23
(m, 1H), 444 (m, 1H), 495 (t, J = 5.1 Hz, 1H), 521 (s, 2H), 7.1977.22 (m, 2H),
7437751 (m, 2H).

BC NMR (50 MHz,CDCl) 6 214, 28.3, 289, 31.3, 40.1, 44.3, 45.8, 46.8, 50.2, 57.4,
585, 634, 67.9, 784, 859, 1135, 1257, 129.7, 1345, 1367, 151.2, 155.4, 1655,
173.9.

HRMS (CD caled for C32H44N204 568.3148, found 568.3104.

Sodium (1S,56R,6S)-6-[(1R)-hydroxyethyll-[tert—butoxycarbonyl-(4R 5R)-
5-hydroxy-4-methoxyperhydro—-2-indole]-carbapen-2-em-3-carboxylate
62)°] &7

338 61 (28 mg, 0.05 mmol)S n-propanol (0.5 mL)ol| *olx 10% Pd/C3
TEA 8 L, 0.07 mmoD-g& 7} & AgellA F43 8bg& st SEH (10
mg, 0.06 mmol)E 7}8te] AU EE e SIFE 549 T2 Wye=E 9
AYA)AH MPLCst Yeizste] Ao AAstd F&E 628 AU

& 11 mg (50 %)

TLC Rf = 0.6 (CH3CN/Hz0, 9/1)

'H NMR (200 MHz, D:0)8 132 (d, J = 65 Hz, 3H), 145 (s, 9H), 2.10 (m,
1H), 2.29 (m, 1H), 2.78 (d, J = 10.8 Hz, 2H), 2.87 (dd, J = 5.9, 7.6 Hz, 1H), 3.07
(m, 1H), 3.23 (s, 3H), 354 (m, 1H), 3.78 (m, 1H), 4.2374.26 (m, 2H), 4.44 (dd, J
= 49, 6.2 Hz, 1H).

BC NMR (50 MHz, D:0) 8 21.3, 281, 30.0, 39.2, 43.5, 44.7, 485, 5b2.1, 55.3, 68.1,
76.9, 79.3, 114.3, 138.6, 152.8, 164.5, 168.9.

MS (CD m/z 445 (M+).

HRMS (CI) caled for C21H29N2 NaO7 444.1872, found 444.1795.

tert-Butylbenzyl (1S,5R,6S)-6-[(1R)-tert-butyldimethylsilyloxyethyl]-2-
[benzoyl-(4R,5R)-5-hydroxy-4-methoxyperhydro—-2-indole]-carbapen-2-
em-3—carboxylate (63)9] A

3}3HE 60 (100 mg, 0.15 mmol)E F< dichloromethane (1 mL)e] =o]x 0°C
2 Yz}3te] 26-lutidine (42 L, 0.37 mmol)“% TMSOTf (55 L, 0.31 mmol)E 7138}
0%z wdtstdo. 23} NaHCO:E 7hsted whe-& FZ3t3 pH 7002 2HE

fd
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% cthyl acetate® At 2FEBZ AHF T ¢ 5=3AT BocZl7F AIAH
o}yl I} EL AA Qo] ¥4 dichloromethane (1 mL)o| =ojx 0°CE W§Z3}
ol DIPEA (37 L, 0.23 mmol)& 7} ¥ benzoyl chloride (23 L, 0.19 mmol)é g
7t 1A7F & %38 NaHCOfS— 7}8te] W28 FZAHS}A ethyl acetate® F
FEZ AFId FF MgSOE AxXEAT. 4L 7t 3’:7‘0}04
o azuaeEadgdz AAsted 548 638 4k

%=

T F S &
o
oé H==

rlo

& 55 mg (55 %)

TLC Rf = 025 (EtOAc/Hex, 2/1)

'H NMR (200 MHz, CDCl;) 8 0.05 (s, 6H), 091 (s, 9H), 1.19 (s, 9H), 1.23 (d, J
= 6.5 Hz, 3H), 201 (m, 1H), 2.17 (m, 1H), 243 (m, 1H), 293 (dd, J = 5.9, 74
Hz, 1H), 297 (dd, J = 1.7, 45 Hz, 1H), 3.0073.18 (m, 2H), 3.24 (s, 3H), 3.84 (q,
J =59 Hz, 1H), 408 (dd, J = 1.7, 6.7 Hz, 1H), 425 (m, 1H), 451 (dd, J = 51,
7.6 Hz, 1H), 519 (s, 2H), 7.1877.21 (m, 4H), 7.4077.51 (m, 5H).

BC NMR (50 MHz, CDCls) &  -44, 175, 227, 259, 29.8, 32.1, 347, 40.1, 43.3,
45.2, 50.1, 537, 56.3 (d), 625, 634, 64.4, 789, 113.1, 125.7, 1266, 128.1, 1294,
130.2, 134.2 (d), 136.5, 151.2, 163.8, 164.7, 168.9.

tert-Butylbenzyl (1S,5R,6S)-6-[(1R)-hydroxyethyll-2-[benzoyl-(4R 5R)-5-
hydroxy-4-methoxyperhydro-2-indole]-carbapen-2-em—-3—carboxylate (64)
9 3} xg

ammonium hydrogenﬂuorlde (16 mg, 0.29 mmol) 7hel & /é%‘ﬂ] A 78X 1
At & 718t W88 FZ33 ethyl acetate® FEI F 3 =2
At F71%S FF MgSOE A&xdAY. dds Ay 553

S @ AZEDHH R FA st EHE 645 AU

€ 20 mg (61 %)

TLC Rf = 0.3 (EtOAc/Hex, 2/1)

'"H NMR (200 MHz, CDCls)é  1.19 (s, 9H), 1.32 (d, J = 6.6 Hz, 3H), 2.02 (m,
1H), 241 (m, 1H), 2.83 (dd, J = 59, 76 Hz, 1H), 281 (m, 1H), 2.9373.19 (m,
2H), 321 (s, 3H), 3.83 (q, J = 59 Hz, 1H), 407 (q, J = 6.7 Hz, 1H), 423 (m,
1H), 445 (dd, J = 4.9, 6.1 Hz, 1H), 521 (s, 2H), 7.1877.21 (m, 4H), 7.3877.45 (m,
5H).

BC NMR (50 MHz, CDCls)d  21.2, 30.2, 321, 351, 40.4, 428, 453, 50.3, 554,
555, 61.8, 62.3, 679, 79.1, 114.1, 1257, 127.1, 1281, 1295, 1302, 1342, 134.3,
1362, 151.2, 164.0, 165.7, 168.9.
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Sodium (1S,5R,6S5)-6-[(1R)-hydroxyethyll-Ibenzoyl-(4R 5R)-5-hydroxy-4-
methoxyperhydro—2-indole]l-carbapen-2-em-3—-carboxylate (65)2] 4
313+E 64 (18 mg, 0.03 mmol)E n-propanol (0.5 mL)l lr~<>] 10% Pd/C}
TEA (56 L, 0.04 mmol)= 7}3F 3 AF<tof A ol A3t Th SEH (6
mg, 0.03 mmo)E 7}t AYRd E 549 Ze& WHOoRE WES
ol

AYAA MPLCSIZ WE7dzxste] gde A4

F& 7 mg (54 %)

TLC Rf = 0.6 (CHsCN/Hz0, 8/1)

'H NMR (200 MHz, D:O)é 132 (d, J = 6.5 Hz, 3H), 2.02 (quin, J = 6.3 Hz,
1H), 2.25 (dt, J = 2.3, 10.8 Hz, 1H), 2.87 (dd, J = 5.9, 7.6 Hz, 1H), 3.0273.14 (m,
2H), 3.22 (s, 3H), 3.84 (g, J = 59 Hz, 1H), 401 (q, J = 65 Hz, 1H), 422 (m,
1H), 445 (dd, J = 4.9, 6.1 Hz, 1H), 7.3377.41 (m, 5H).

HRMS (CI) calcd for C23H25N2Na06 448.1610, 448.1699, found 448.1687.

(3R,AS)3-[(1R)-tert-Butyldimethylsilyloxyethyll-4-(2R)-[tert-butoxy
carbonyl-4-oxoperhydro—2-indole]-azetidin-2—-one (66a)2] &4
35HE 44a (220 mg, 0.92 mmol)E F4 THF (2 mL)el =o]i -78°C&

3 & LiHMDS (1.0 M in THF, 1.84 mL, 1.84 mmol)E * A3 7}slxn w¥h-gf
3083 wWukslg ol g do] 4-AA (45) (264 mg, 0.92 mmol)E THF (1 mlL)
5 & ABE A3 147}0} Jth 1417 ¥ % E£3F NH4ACIE 7}3P°4 ‘?l%,—:: 75
il ethyl acetate® FZ3 & IN-HCl, ¥3} NaHCO; &+
o
%)

O

HU
X
b
=
32
)
o
_\L
fu of ot 2 ﬂllo £

==
F£ MgSO2 Ax3tan 7Y 53t doljzxl EFES # A=vEIHY
Aste] 33E 66aS LAt

66a

%% 254 mg (59%)

TLC Rf = 0.3 (EtOAc/Hex, 2/1)

'H NMR (200 MHz, CDCl) 8 0.03 (s, 3H), 0.04 (s, 3H), 0.83 (s, 9H), 1.19 (d, J
= 59 Hz, 3H), 142 (s, 9H), 1.6071.74 (m, 2H), 1.88 (s, 2H), 2.042.08 (m, 2H),
257 (m, 1H), 267(m, 1H), 2.87(dd, J = 24, 6.8 Hz, 1H), 3.03(m, 1H), 3.31(m,
1H), 3.36(m, 1H), 351 (m, 1H), 40974.22 (m, 2H), 594 (s, 1H).

BC NMR (50 MHz, CDCly)8 -5.1, -4.4, 17.8, 224, 22.8, 25.6, 28.3, 415, 425,
46,5, 488, 49.2, 514 (q), 60.8 (d), 65.7, 79.7, 154.3, 163.8, 209.8.

HRMS (CI) caled for C24H43N205Si 467.2941, found 467.2942.
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tert-Butylbenzyl (1S5R,6S)-6-[(1R)-tert-butyldimethylsilyloxyethyl]-2-
[tert—-butoxycarbonyl-4-oxoperhydro-2-indole]-carbapen-2-em-3-carb-
oxylate (67)2] A

3l E 66a (240 mg, 051 mmoD)E FFE 60449 2 WHow B
PAA ERE 675 AU

Al

T

o

€ 134 mg (40 %)

TLC Rf = 04 (EtOAc/Hex, 1/3)

'H NMR (200 MHz, CDClz) 8 0.07 (s, 6H), 0.83 (s, 9H), 1.0371.07 (m, 2H), 1.19
(s, 9H), 122 (d, J = 65 Hz, 3H), 1.42 (s, 9H), 1.8171.83 (m, 2H), 1.99 (m, 1H),
213 (m, 1H), 286 (dd, J = 2.1, 89 Hz, 1H), 292 (dd, J = 63, 7.6 Hz, 1H),
4017403 (m, 2H), 415 (dd, J = 49, 6.1 Hz, 1H), 424 (m, 1H), 521 (s, 2H),
7187720 (m, 2H), 7.3977.44 (m, 2H).

BC NMR (50 MHz, CDCly)é -43, 17.5, 225, 259, 27.4, 281, 32.3, 325, 34.1,
419, 421, 45.1, 471, 534, 572, 632, 64.5, 79.3, 1107, 125.7, 129.5, 1339, 1332,
151.9, 152.6, 165.1, 166.5.

MS (CI) m/z 653 (M+).

tert-Butylbenzyl (1S,5R,6S)-6-[(1R)-hydroxyethyll-2-[tert-butoxycarbon-
yl-4-oxoperhydro—2-indolel-carbapen-2-em-3-carboxylate (68)2] 34
3}3HE 67 (120 mg, 0.18 mmol)E DMF (1 mL)2} NMP (0.2 mL)ol| =o°]i 64

el 2o IRlez vheE WPAA HHE 685 LA

& 63 mg (64%)

TLC Rf = 06 (EtOAc/MeOH, 9/1)

'"H NMR (200 MHz, CDCly) 6 1.1071.16 (m, 2H), 1.24 (s, 9H), 1.35 (d, J = 66
Hz, 3H), 143 (s, 9H), 1.8171.89 (m, 2H), 2.02 (m, 1H), 2.18 (m, 1H), 2.64 (m,
1H), 281 (dd, J = 5.7, 74 Hz, 1H), 285 (dd, J = 2.1, 49 Hz, 1H), 407 (dd, J =
47, 6.1 Hz, 1H), 427 (m, 1H), 521 (s, 2H), 7.1977.23 (m, 2H), 7.3877.45 (m, 2H).
BC NMR (50 MHz, CDCls) 8 20.8, 27.3, 28.1, 31.8, 41.1, 41.7, 47.2, 50.3, 54.9,
62.4, 67.9, 80.1, 111.6, 127.8, 128.9, 136.4, 139.1, 1659, 166.7.

Sodium (1S,5R,6S)-6-[(1R)-hydroxyethyll-2-(tert—butoxycarbonyl-4-oxo—
perhydro-2-indole) —carbapen—-2-em—-3-carboxylate (69)¢] &4
33HE 68 (49 mg, 0.09 mmol)2 n-propanol (0.5 mL)o| =o]x 6504} 22

WRez BEs JAPAA FHE 695 A}
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& 23 mg (57 %)
TLC Rf = 0.6 (CH3CN/Hz0, 9/1)
'H NMR (200 MHz, D:0)8  1.0971.17 (m, 2H), 1.36 (d, J = 6.6 Hz, 3H), 143 (s,
9H), 1.9172.08 (m, 4H), 2.66 (t, J = 11.4 Hz, 1H), 2.8372.87 (m, 2H), 3.83 (dt, J =
24, 65 Hz, 1H), 407 (m, 1H), 409 (dd, J = 4.7, 6.1 Hz, 1H), 427 (m, 1H).
BC NMR (50 MHz, D:0)6 209, 27.8, 289, 33.1, 41.5, 43.1, 47.0, 50.2, 52.3, 548,
61.9, 68.2, 79.9, 112.5, 142.0, 152.0, 165.1, 171.5.

tert-Butylbenzyl (1S5R,6S)-6-[(1R)-tert-butyldimethylsilyloxyethyl]l-2-
[benzoyl-4-oxoperhydro-2-indole]-carbapen—2-em—3-carboxylate (70)¢} 3

S13HE 67 (222 mg, 0.34 mmol)& ¥ % dichloromethane (2 mL)ol *o]i 0°C
2 YZ+rsla 26-lutidine (0.15 mL, 1.30 mmol)3} TMSOTS (0.21 mL, 1.15 mmol)
g 78t wbg-g A F AAF §le] dichloromethane (1.5 mL)E 7}t o).
Hkg-ol g 0°CE YZ+sle DIPEA (0.08 mL, 0.46 mmol)-& 7}8t3L benzoyl chloride
(0.05 mL, 041 mmoD)E 7}3tsict 1A & 23} NaHCOge 7}t wbeS FZ23)
3l ethyl acetateZ2 F&3 & B3 L2FEZ A& 4+ MgSO2 AZRR
AAdg A FF3 4L EFES B AERvEIYIHE AASY FEHE 708

At

& 116 mg (52 %)
TLC Rf = 0.2 (EtOAc/Hex, 1/2)
'"H NMR (200 MHz, CDCl3) 6 0.05 (s, 6H), 0.78 (s, 9H), 1.0371.05 (m, 2H), 1.21
(s, 9H), 1.22 (d, J = 6.6 Hz, 3H), 1.25 (m, 1H), 1.8372.14 (m, 4H), 2.61 (m, 1H),
2.86 (dt, J = 49, 114 Hz, 1H), 295 (dd, J = 5.9, 7.7 Hz, 1H), 2.97°3.14 (m, 2H),
411 (dd, J = 48, 6.1 Hz, 1H), 419 (m, 1H), 443 (m, 1H), 522 (s, 2H), 7.1977.23
(m, 4H), 7.4077.49 (m, 5H).
¥C NMR (50 MHz, CDCls) 6 -4.3, 17.1, 23.1, 25.9, 27.7, 32.0, 32.3, 35.4, 43.1, 43.4,
472, 478, 534, 57.8, 64.0, 645, 111.1, 125.7, 1264, 128.1, 129.7, 1304, 1325, 1334,
152.1, 163.9, 166.0, 169.2.
MS (CD) m/z 654 (M").

tert—Butylbenzyl (1S,5R,6S)-6-[(1R)-hydroxyethyll-2-[benzoyl-4-oxoper—
hydro—-2-indole]l-carbapen—2-em-3-carboxylate (71)¢] A

33HE 71 (100 mg, 0.15 mmolS DMF (1 mL)?} NMP (0.2 mL)o] =ojx
ammonium hydrogenfluoride (43 mg, 0.53 mmol)& 7}35fe] Hb
SHE 4o A 9} e oz wreS APA| A BAE 71 49
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F& 48 mg (60%)

TLC Rf = 0.55 (EtOAc/MeOH, 9/1)

'"H NMR (200 MHz, CDCl3)§ 1.0971.13 (m, 2H), 1.25 (s, 9H), 1.33 (d, J = 66
Hz, 1H), 1.9872.19 (m, 4H), 267 (dt, J = 1.7, 11.3 Hz, 1H), 2.79 (dd, J = 5.7, 7.8
Hz, 1H), 2.81 (m, 1H), 2.9773.15 (m, 2H), 4.05 (dd, J = 4.9, 6.2 Hz, 1H), 421 (m,
1H), 450 (m, 1H), 5.21 (s, 2H), 7.2077.23 (m, 4H), 7.4177.50 (m, 5H).

B¥C NMR (50 MHz, CDCly) & 215, 27.1, 32,0, 32.4, 346, 43.1, 435, 46.4, 47.2, 50.4,
57.6, 62.6, 63.7, 68.0, 1109, 126.1, 127.1, 1284, 129.9, 130.5, 1332 133.8, 1347,
1521, 165.9, 166.5, 169.1.

MS (CD m/z 525 (M").

Sodium (1S,5R,6S)-6-[(1R)-hydroxyethyll-2-(benzoyl-4-oxoperhydro-2-
indole)-carbapen—-2-em—3-carboxylate (72)2] %A
3= 71 (40 mg, 0.08 mmol)S n-propanol (0.5 mL)o| =o]lx FFE 6594

g2 oz ghgdte FHE 728 Add.

N

s

<€ 17 mg (Bl %)

TLC Rf = 0.5 (CH3CN/H:0, 8/1)

'"H NMR (200 MHz, D:0) 1.0571.10 (m, 2H), 1.32 (d, J = 6.5 Hz, 3H), 1.8372.06
(m, 4H), 2.5474.67 (m, 2H), 292 (dd, J = 4.7, 6.2 Hz, 1H), 3.4273.62 (m, 2H), 4.11
(d, J = 1.7 Hz, 2H), 4157427 (m, 2H), 7.4177.48 (m, 5H).

BC NMR (50 MHz, D-:O) 21.1, 27.2, 31.6, 432, 447, 462, 51.1, 52.7, 55.9, 62.1,
68.1, 112.2, 126.9, 1283, 131.1, 1346, 137.9, 165.1, 169.2, 170.9.

MS (CD m/z 444 (M+).

Wl Z(1,3)El o} & -2-F1 B A2 dd 3ol =,

HzEolE (5.0 g)& FF HEZS=2Z2FT (50 mDel ol -T8C=E
=2% JEHF (277 mDE A8 H7bsta 4087 weksiitt. vk
LEolulol= (87 mDE F4 HEZSFI=2HFFE G mhell o 5%

oAl 30%zt wukETh TP ERFIFEGFO|=E Jrete W
olAHolER £33 F B3 AFEZ AH}Z F4 Finiay)
agly T} dojx FAAE # ARnEIYGIYRE By 2 A
=gl mA 3EE (5.09 g, 85%)S LA
'"H NMR (200 MHz, CDCL)S 7.55~761(m, 2H), 7.99(m, 1H), 822(m, 1H),
10.15(s, 1H)

L N
>
o

2
&

2N g R
il
o=l

\l
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-2-7t2 ¥ g sol =

A (700 mg)et HWEZFolrlol= (122 mDS =74 1 Az
) ﬂol BEAA BANE B 2A] HFE (793 mg, 5%)E AU

'H NMR (200 MHz, CDCls)8  7.38~7.52(m, 2H), 7.90(t, J=85 Hz, 2H), 8.01(s,
1H), 10.09(s, 1H)

4d (1S, 5R, 6S)-2-EALEIALIEL Q=W E 6-((1I'R)-1-t-2gow=
AL S A)AE)-1-HD-2-7ul A @ -3-7} B A G o] = (74) 9] FA
HEZ2vE (140 mDWelr LH(1S, 5R, 69)-2-3|=2A 0
“6-(A'R)-1-t-FE ML AL Ao d)-1- o & -2-Fu} | ¥l -3-7} 2 A g o] E 73
(22 g)o] &4 ol2x- E97) 8o A W&%}UJH Egogoldl (85 ml)E H7bst
At wHEde 50 CE WZslm 20= (155 g)9 EalddzAasd (22 o) 7}
Eo A 1AZEESE WubEIGITh o 7)o] HMAIHE E AT olul= (195 m)E
7FStaL B2 EC A 3027 Huke F -20 °CE $&3tn, EFHdEAA (146 g)
Hhede A EEsln cddeEze Aoz
gote] AAY F ANg FAEEen AxAA g
4(54 g, 100%)& AU}
'H NMR (200 MHz, CDCly) & 0.02(s, 6H), 0.82(s, 9H), 1.12(d, J=6.3 Hz, 3H),
1.32(d, J=7.7 Hz, 3H), 2.62(d, J=9.1 Hz, 2H), 2.80(m, 1H), 3.19(m, 1H), 4.07(m,
1H), 4.18~4.29(m, 3H), 5.11~5.32(m, 2H), 5.43~5.60(m, 1H), 7.42~7.89(m, 15H)

~ M
=2
3@

&2 (1S, 5R, 6S)2-(BE)-U'-HE=ZAD)dHd2-6-(((1'R)-1-t-2d g
S Ao E)-1-vd-2-F}ut 5 D -3-F} B A @ o] E(75) 9] A
12- ZA 58 (20 mDF} 12-tlZ 228 (20 ml) ol A
g3 4-HEZHAY dHIo]l= (895 mg)E 7t £48 B BEY7|sto A 447t
)

42 1
e b @7 masAch RS FYsEen 59 wAlE Agsa 2
aertEadde 22 % YAs] w@ 29 EARTE (325 g 7%

At}

'H NMR (200 MHz, CDCls) 8 0.07(s, 6H), 0.87(s, 9H), 0.88(s, 3H), 1.26(d, J=6.3
Hz, 3H), 324(dd, J=2.8, 6.2 Hz, 1H), 347(t, J=7.3 Hz, 1H), 4.18~4.30(m, 2H),
4.77(tt, J=14, 53 Hz, 2H), 5.27(d, J=10.4 Hz, 1H), 5.46(d, J=17.1 Hz, 1H), 5.98(m,
1H), 6.80(d, J=16.5 Hz, 1H), 7.59(d, J=9.0 Hz, 2H), 8.02(d, J=16.7 Hz, 1H), 8.18(d,
J=8.7 Hz, 2H)

O

871 HAAFE 759 ALYl Fote FHu] 2 D 2A A Wittig
hya
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a2 (1S, 5R, 6S)-2-(E)-3'-HeEz-4-Z2 27 d)dHd-6-((1I'R)-1-t—F
2w e Ad 8o g)-1-We-2-Fups 9 -3-7H S A o] E(75) 9] FA

FFUEZ 4-ZFW =Y Eol= (133 mg)9t 3FE 74(500 mg)E WHE
NA FASFE 75200 mg, 56%)S AAT
'H NMR (200 MHz, CDCl)é 0.08(s, 6H), 0.88(s, 9H), 0.97(d, J=7.5 Hz, 3H),
127(dd, J=6.1 Hz, 3H), 2.08(m, 1H), 2.99(dd, J=1.9, 6.3 Hz, 1H), 3.61~3.79(m,
2H), 4.19~4.32(m, 2H), 4.76(m, 1H), 5.32(d, J=10.5 Hz, 1H), 549(d, J=16.9 Hz,
1H), 5.94(m, 1H), 6.72(d, J=16.3 Hz, 1H), 7.47~751(m, 2H), 7.63(m, 1H), 7.93(d,
J=16.3 Hz, 1H)

o2l (1S, 5R, 6S)-2-(E)-(2'-UE=zsd)dHYE -6-((1'R)-t-5-Evaddd
S Ao )-1-v 2 -2-7Fhuts Y -3-7L 5 A G o] E(75) 9] ¥4
2-UEzd 2L ste]= (109 mg)T 3FE 740500 mg)s w&AH EA
33 E 75 (281 mg, 84%)S AU}
'H NMR (200 MHz, CDCly)é 0.06(S, 6H), 0.82(d, J=6.1 Hz, 3H), 0.88(s, 9H),
1.13(d, J=6.3 Hz, 3H), 2.78(dd, J=1.8, 6.1 Hz, 1H), 3.07(q, J=6.3 Hz, 1H), 3.25(dd,
J=1.8, 6.3 Hz, 1H), 4.08~4.16(m, 2H), 466~4.79(m, 2H), 5.25(d, J=10.6 Hz, 1H),
5.44(d, J=17.3 Hz, 1H), 594(m, 1H), 7.07(d, J=18.1 Hz, 1H), 7.25~7.59(m, 2H),
7.72~8.10(m, 3H)

44 (1S, 5R, 65)2-(E)-QB'-HEZAD)duHL-6-((1'R)-1-t-F2d 2
Aol e)-1-vl 2 -2-7huts @ -3-7L B o] E(75) 9] ¥4
FFUEZH=gdel= (109 mg)9t SEE 74 (500 mg)= WHEAHA EA
3138 75(261 mg, 78%)& ¥
'H NMR (200 MHz, CDCl3) 8 0.07(8, 6H), 0.85(d, J=6.3 Hz, 3H), 1.26(d, J=6.9 Hz,
3H), 3.23(dd, J=1.8, 6.1 Hz, 1H), 3.26(quin, J=8.1 Hz, 1H), 4.17~437(m, 2H), 47
4~4.80(m, 2H), 5.27(d, J=10.8 Hz, 1H), 5.46(d, J=16.0 Hz, 1H), 5.80~6.05(m, 1H),
6.80(d, J=16.2 Hz, 1H), 7.49(t, J=7.9 Hz, 1H), 7.80(d, J=7.9 Hz, 1H), 8.02(d, J=16.2
Hz, 1H), 8.08(d, J=6.1 Hz, 1H)

kg (1S, 5R, 6S)-2-(E)-(2',6' el EZH D)l el L-6-((1'R)-1-t-H2

g Aa Ao e)-1-wd-2-7n}u Q- 3-7} B A H o] E(75) 9] TFA
26-thol UE R Wl =g M (282 mg)St FFE 74 1 9& WHEAHA

AL E 75 (394 mg, 54%)S

'H NMR (200 MHz, CDc13)a 0.07<s, 6H), 0.73(d, J=7.3 Hz, 3H), 0.88(s, 9H),

1.22(d, J=6.5 Hz, 3H), 2.42(quin, J=8.7 Hz, 1H), 3.23(dd, J=2.7, 65 Hz, 1H), 392~

=
=
g

=
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4.23(m, 2H), 452~4.74(m, 2H), 520(d, J=10.6 Hz, 1H), 5.35(d, J=17.1 Hz, 1H),
58L(m, 1H), 6.79(d, J=12.4 Hz, 1H), 7.10(d, J=12.4 Hz, 1H), 7.62(t, J=8.3 Hz, 1H),
8.05(d, J=8.1 Hz, 2H)

4€ (1S, 5R, 65)-2-(E)-(2'-UEZ-5-Z2 29 ) e 2-6-(((1'R)-1-t-2
U2 2d S Ao d)-1-m2-2-7pu}u 9 -3-FF R G o] E(75) 9] A
2HEE-S-Z22 =Y sto]= (133 mg)9 I3FE 74 (500 mg)L ¥He
A A ZASIE 75 (189 mg, 53%)S AU
'H NMR (200 MHz, CDCls)d 0.09(s, 6H), 0.89(s, 9H), 1.19(d, J=6.1 Hz, 3H),
1.27(d, J=6.3 Hz, 3H), 3.26(dd, J=2.6, 5.9 Hz, 1H), 3.47(quin, J=7.5 Hz, 1H), 4.12~
4.28(m, 2H), 4.73~4.81(m, 2H), 532(d, J=10.6 Hz, 1H), 546(d, J=17.1 Hz, 1H),
5.94(m, 1H), 7.28(d, J=83 Hz, 1H), 7.89(d, J=2.0 Hz, 1H), 7.95(d, J=85 Hz, 1H),
8.08(d, J=2.6 Hz, 1H), 8.12(d, J=2.4 Hz, 1H)

4™ (1S, 5R, 6S)-2-(E)-(2'-UEZ-3'-dEA Q)] 6| Q-6-(((1’R)-1-t-2-
20vadd S g)-1-vd-2-78 9 9d-3-71 2 A g o] E(75) 9] FA
27HER-Z-HEAN2LdE = (260 mg) FHFE 741 )& WA A
ZA3HEE 75 (432 mg, 61%)S ATt
'H NMR (200 MHz, CDCl3) 6 0.09(s, 6H), 0.89(s, 9H), 1.19~1.28(m, 6H), 3.25(dd,
J=2.7, 65 Hz, 1H), 342(quin, J=7.6 Hz, 1H), 3.90(s, 3H), 4.18(m, 1H), 457(d,
J=5.9 Hz, 1H), 4.78(m, 1H), 5.02(m, 1H), 5.27(d, J=12.2 Hz, 1H), 547(d, J=16.1
Hz, 1H), 5.89(m, 1H), 6.58(d, J=16.5 Hz, 1H), 6.96(d, J=8.1 Hz, 1H), 7.28~7.40(m,
1H), 7.96(d, J=16.5 Hz, 1H)

2¥ (1S, 5R, 6S)-2-(E)-(3'5 -To|UEZ-2'-5o| =ZA])# Q8] 2—6-
(1'R)-1-t-F 2D A A S Aol & )-1-w]| D -2-7}vl 5] I -3-7} B2 g o] =(75
)] 3

35-telHER-2-sto| =AMz gy stol= (152 mg)d FTE 74 (500
mg)E RE3AA EAZFEE 75 (202 mg, 54%)S Ao
'H NMR (200 MHz, CDCls)é 0.09(s, 6H), 0.89(s, 9H), 1.28(d, J=6.1 Hz, 3H),
1.29(d, J=7.3 Hz, 3H), 327(dd, J=24, 59 Hz, 1H), 35l(quin, J=7.5 Hz 1H),
3.99(m, 1H), 4.13(d, J=6.1 Hz, 1H), 4.26(m, 1H), 4.80(t, J=5.1 Hz, 1H), 5.32(d,
J=10.6 Hz, 1H), 549(d, J=17.1 Hz, 1H), 599(m, 1H), 7.18(d, J=16.5 Hz, 1H),
8.08(d, J=16.7 Hz, 1H), 855(d, J=2.8 Hz, 1H), 8.64(d, J=2.6 Hz, 1H)

dd (1S, 5R, 6S)-2-(E)-(A'-Aotx=sD)o g2 -6-(((1'R)-1-t-R2 D W2 A
S A E)-1-WE-2-71ul A A -3-7} B A o] E(75)¢] FA
4-Alopiewl =g slo] = (188 mg)9t TS 74 (1 g)& WA A %A 33}
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= 75 (590 mg, 92%)S LUk

'"H NMR (200 MHz, CDCl3) 6 0.08(s, 6H), 0.88(s, 9H), 1.22~147(m, 6H),
3.24(dd, J=2.7, 6.2 Hz, 1H), 3.43(m, 1H), 4.21(m, 2H), 4.78(m, 2H), 5.23~5.43(m,
2H), 592~6.05(m, 1H), 6.76(d, J=17.0 Hz, 1H), 7.29~7.64(m, 4H), 8.00(d, J=17.0
Hz, 1H)

g¥ (1S, 5R, 65)-2-(E)-@'-Aetx=s)ddd-6-((1'R)-1-t-F+dwa
S5 A E)-1-med-2-7t @ -3- 7 A H o] E(75) 9] §A
-Alol=wlzddstol= (188 me)¢t 3HTE 74 (1 g)& W3AA ZAS
&E 75 (497 mg, 78%)& VAL
'H NMR (200 MHz, CDCl:) 8 0.07(s, 6H), 0.87(s, 9H), 3.24(dd, J=2.6, 6.1 Hz, 1H),
3.46(m, 1H), 4.18~4.31(m, 2H), 459~4.82(m, 1H), 5.14~5.41(m, 2H), 591(m, 1H),
6.59(d, J=12.0 Hz, 1H), 6.81(d, J=114 Hz, 1H), 7.40~7.73(m, 2H), 7.88~8.18(m,
2H)

&4 (1S, 5R, 6S)-2-(E)-(2'-3slo]| =& A #H Q) €d-6-((1'R)-1-t-K- L ] v
dA49 S A 2)-vE-2-7up o A -3-F1 B 2 G o] E(75) 9] FA

-3l =sAdzLEstol= (88 mg)9 EHTE 74 (500 mg)S HHEAA
A 3}eE 75 (163 mg, 52%)S AUt
'H NMR (200 MHz, CDClz) 8  0.09(s, 6H), 0.89(s, 9H), 1.25(d, J=2.8 Hz, 3H),
1.27(d, J=4.7 Hz, 3H), 3.20(m, 1H), 353(m, 1H), 4.14~4.27(m, 2H), 4.75(m, 2H),
5.89~6.05(m, 1H), 6.79-6.90(m, 2H), 7.10(d, J=7.5 Hz, 1H), 7.25(d, J=16.5 Hz, 1H),
7.54(d, J=75 Hz, 1H), 7.86(d, J=16.5 Hz, 1H)

3]

2 (1S, 5R, 6S)-2-(E)-(3'-3stol=ZFAl#H )l €D -6-((1'R)-1-t-F-E v

dALZ A d)-1-v D -2-7}up s @ -3- 7L B A g o] E(75) 9] A
3~‘1EiMHﬂZ°Ltﬂ‘} 1= (175 mg)et 3HEE 74 (1 g)& S AA A

TE 75 (334 mg, 53%)S AUt}

'H NMR (200 MHz, CDC13)8 0.07(s, 6H), 0.87(s, 9H), 1.20~1.30(m, 6H),

2.93(dd, J=26, 6.1 Hz, 1H), 3.09(m, 1H), 4.05~4.23(m, 2H), 4.41(m, 1H), 4.55(d,

J=55 Hz, 1H), 4.74(m, 1H), 5.18~532(m, 2H), 5.84(m, 1H), 6.03(d, J=12.4 Hz,

1H), 6.72~6.81(m, 2H), 7.13~7.25(m, 2H), 7.40(d, J=6.3 Hz, 1H)

@ (1S, 5R, 65)-2-(B)-G'-EdEFo v d)ol 6l 6-((1I'R)-1-t-%
QoA LA S Aol D)-2-7vks ¥l -3-7H A e ol E(75) 9] A
SFEYEFLE2vEWl 2ol =(138 meg)9t B E 74 (550 mg)g W&

XA EASIEE 75 (265 mg, 69%)2 AU

)
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'H NMR (200 MHz, CDCly) o 0.10(s, 6H), 0.89(s, 9H), 0.91(d, J=6.3 Hz, 3H),
1.27(d, J=6.9 Hz, 3H), 2.03(m, 1H), 2.97(m, 1H), 4.23~4.34(m, 2H), 454~4.70(m,
2H), 5.23~5.35(m, 2H), 5.84(m, 1H), 6.69(m, 1H), 6.86(m, 1H), 7.25~7.54(m, 4H)

&4 (1S, 5R, 6S)-2-(E)-(FF&-2-Q)H2-6-((1'R)-1-t-2 L2 a1
AN E) -1-vle-2-Fups @ -3- 7} B A G o] E(75) 9] A

-FEME 2GS lE (138 me)E TE 74 (1 9 WS AA HA3F
£ 75 (508 mg, 85%)<% A}
'H NMR (200 MHz, CDCl)8  0.06(s, 6H), 0.87(s, 9H), 1.22(d, J=7.5 Hz, 3H),
1.26(d, J=6.5 Hz, 3H), 3.18(dd, J=24, 6.7 Hz, 1H), 3.37(q, J=6.7 Hz, 1H), 410~
427(m, 2H), 4.64~4.78(m, 2H), 517~549(m, 2H), 5.83~599(m, 1H), 6.33~
6.44(m, 2H), 6.58(d, J=16.3 Hz, 1H), 7.34~7.41(m, 1H), 7.70(d, J=16.7 Hz, 1H)

44 (1S, 5R, 6S)-2-(E)-G'-F22€A-2'-A)lHL-6-(((1'R)-1-t-%<2 ]
2 dd A D)-1-v e -2-FhupH @ -3-F1 B L H o] E(75) 2] §A
5-F2Z-2-FAsEALHG = (211 mg)E SFE 74 (1 o) €L
ANA BABTE 75 (551 mg, 83%)S AUt
'H NMR (200 MHz, CDCls) & 0.08(s, 6H), 0.88(d, J=3.7 Hz, 4H), 1.27(d, J=6.3 Hz,
9H), 3.06(dd, J=2.2, 5.1 Hz, 1H), 3.19(d, J=4.8 Hz, 1H), 3.37(t, J=8.7 Hz, 1H), 4.11
~4.31(m, 4H), 452(d, J=5.1 Hz, 3H), 4.75(t, J=6.1 Hz, 2H), 5.09~550(m, 5H),
575~591(m, 3H), 6.59(d, J=11.8 Hz, 2H), 6.71~6.95(m, 8H), 7.55(d, J=16.1 Hz,
1H)

g (IS, 5R, 68) 2-(B) (5'-B 22 d-2'-3)d 8 d-6-((1'R)-1-t-3 = 1)
WAL S A )-1-v D -2-Fpup e J-3-7 H- A F o] E(75) 2] FA
5-HEE-2-HQMAL LSS (274 m)E HBE T4 (I )3} WA
A EAZTE 75 (592 mg, 82%)& At
'H NMR (200 MHz, CDCls) & 0.07(s, 6H), 0.87(d, J=4.0 Hz, 9H), 1.23(d, J=9.2 Hz,
3H), 1.26(d, J=5.9 Hz, 3H), 3.05(dd, J=2.4, 59 Hz, 1H), 3.36~341(m, 1H), 4.10~
430(m, 2H), 4.44~453(m, 2H), 5.08~549(m, 2H), 577~591(m, 1H), 655~
6.95(m, 3H), 7.54(d, J=15.9 Hz, 1H)

&g (1S, 5R, 6S)-2-(E)-(Elo}Z-2'-A)g H2-6-(((1'R)-1-t-FE]qa 2

&) E)-1-WD-2- 71 J-3-I71 8 2 F o E(75)9) FA
2-glotEstRaddstol= (163 mg)E FTE 74 (1 o) w3 A A A3

TE 75 (397 mg, 64%)S ATk

'H NMR (200 MHz, CDCl)8 0.08(s, 6H), 0.89(s, 9H), 1.27(d, J=6.7 Hz, 6H),
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3.25(dd, J=2.6, 6.1 Hz, 1H), 3.44(q, J=7.1 Hz, 1H), 4.19~4.82(m, 4H), 5.21 ~5.52(m,
2H), 593~5.86(m, 1H), 7.05(d, J=165 Hz, 1H), 7.30(d, J=34 Hz, 1H), 7.81(d,
J=16.5 Hz, 1H), 8.05(d, J=16.5 Hz, 1H)

&g (1S, 5R, 6S)2-(E)-(xE]3-2"-A)o g 2-6-(((1'R)-1-t-F-=D t] v

dAE KA D)-1-v 2 -2-Fhut | @ -3-7L KA H ol E(75) 9] &4
2-HlZE LA HE AL H o]l (117 mg)E FFE 74 500 mg)T HHEA

A EASFE 75 (260 mg, 76%)S LAt

"H NMR (200 MHz, CDCls) & 0.09(s, 6H), 0.91(s, 9H), 0.95(d, J=75 Hz, 6H), 3.2

1~3.46(m, 2H), 4.16~4.27(m, 2H), 4.77~4.84(m, 2H), 5.27~5.55(m, 2H), 5.96~

6.12(m, 1H), 7.02(d, J=16.1 Hz, 1H), 7.26~7.34(m, 4H), 7.67~7.78(m, 2H)

&4 (1S, 5R, 6S)-2-(E)-(MzEolZ-2'-)o g2 -6-(((1'R)-1-t-3 & ] v
dAd Ao d)-1-WE-2-7 vl ] -3-7H A G o] E(75) 9] FA

-l ZEolE7E 2L H S0l = (117 me)E FEE 74 (500 mg)T #gA
A ZASTE 75 (287 mg, 84%)& LUt}
'H NMR (200 MHz, CDCl)6 0.07(s, 6H), 0.87(s, 9H), 1.26(d, J=6.1 Hz, 3H),
1.28(d, J=7.3 Hz, 3H), 3.25(dd, J=2.8, 59 Hz, 1H), 3.45(t, J=75 Hz, 1H), 4.21~
427(m, 2H), 4.69~4.89(m, 2H), 5.29(d, J=105 Hz, 1H), 548(d, J=17.2 Hz, 1H),
6.00(m, 1H), 7.11(d, J=165 Hz, 1H), 7.32~7.49(m, 2H), 7.83(d, J=7.9 Hz, 1H),
7.95(d, J=7.8 Hz, 1H), 8.14(d, J=16.5 Hz, 1H)

g (1S, 5R, 6S)-2-(B)-(FAgd-2'-)d gl 2-6-(((1'R)-1-t-REya A
3 A E)-1-WE-2-Ftuts 9 -3-7H B A g o] E(75) 9] A

2-9 875 =g Hdol= (69 mg)E 3TE 74 (450 mg)H HHEAIA E
AsEE 75 (119 mg, 43%)S AUk
'H NMR (200 MHz, CDCl)é 0.06(s, 6H), 0.86(s, 9H), 1.23(d, J=5.7 Hz, 3H),
1.26(d, J=6.1 Hz, 3H), 3.22(dd, J=2.6, 6.4 Hz, 1H), 347(q, J=7.7 Hz, 1H), 4.15~
4.48(m, 4H), 5.11~5.28(m, 2H), 568~5.99(m, 1H), 6.90(d, J=165 Hz, 1H), 7.04~
7.19(m, 1H), 7.50~7.63(m, 2H), 8.15(d, J=165 Hz, 1H), 853~856(m, 1H)
44 (1S, 5R, 6S)-2-(E)-(FAdd-4"-A)g2d-6-(((1I'R)-1-t-2da g2 2
A5 ADed)-1-v e -2-FHut | P -3-7H B A g o) E(75) 2] A
4-9 2 A7t E gy stel = (77 mg)E SFE 74 (500 mg)# HHEAA 75
EATE (178 mg, 58%)S At}
'H NMR (200 MHz, CDCl;)é 0.07(s, 6H), 0.87(s, 9H), 1.27(d, J=6.3 Hz, 6H),
3.23(dd, J=2.4, 59 Hz, 1H), 3.45(t, J=9.2 Hz, 1H), 4.07~4.25(m, 2H), 4.67~4.86(m,
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2H), 5.27(d, J=104 Hz, 1H), 545(d, J=17.3 Hz, 1H), 596(m, 1H), 6.68(d, J=16.5
Hz, 1H), 7.30(d, J=5.9 Hz, 2H), 8.04(d, J=16.5 Hz, 1H), 855(d, J=5.9 Hz, 2H)

4d (1S, 5R, 65)-2-(E)-(6'-" 2] 2] 9-2-A)o e 2-6-(((1'R)-1-t-5- L r]
22 S K)ol @)-1-w D -2-7hvk s 9 -3-74 2 A e o] E(75)9) FA

6-H LA A F-2-H BB FOIE (87 mp)E HRE T4 (500 mg)F w3
AA ZASEE 75 (230 mg, 73%)S A}
'H NMR (200 MHz, CDClz)8 0.07(s, 6H), 0.88(s, 9H), 1.24(d, J=6.3 Hz, 3H),
1.90(s, 3H), 2.51(s, 3H), 2.95(dd, J=2.5, 65 Hz, 1H), 3.61~3.80(m, 2H), 4.18~
423(m, 1H), 445~457(m, 2H), 516~532(m, 2H), 578~592(m, 1H), 6.18~
6.47(m, 2H), 7.11~7.14(m, 3H)

&€ (1S, 5R, 6S)-2-(E)-(6’-9 v d-5-)N el 2-6-(((1'R)-1-t-¥ 2] v
24d 524 D)-1-vD-2-sut o @ -3-7 - A #l o] E(75) 9] FA

Aud-5-7t 5L d 3ol = (78 mg)E FHFHE 74 (500 mg)F wHEAIA
ZAFE 75 (190 mg, 62%) At}
'H NMR (200 MHz, CDCly) & 0.07(s, 6H), 0.87(s, 12H), 1.26(d, J=65 Hz, 3H),
3.24(dd, J=2.6, 6.2 Hz, 1H), 347(t, J= 87 Hz, 1H), 4.22(q, J=2.6, 6.7 Hz, 2H),
476(t, J=4.3 Hz, 2H), 5.27(d, J=10.4 Hz, 1H), 545(d, J=17.1 Hz, 1H), 5.93(m, 1H),
6.65(d, J=16.9 Hz, 1H), 8.00(d, J=16.9 Hz, 1H), 8.81(s, 2H), 9.07(s, 1H)

¢4 (1S, 5R, 6S)-2-(E)-(8-UZEEo}&-2'-A)d H2-6-(((1'R)-1-t-3¢€
e A LX) d)-1-w 2 -2-7tutH 1 -3- 71 F A G o] E(75) 2] §&A
B-UZEEo}EF-2-7I 522U dto]l = (306 mg)E FFTE 741 g)T WHSA
A ZASFTE 75 (608 mg, 81%)S AU
'H NMR (200 MHz, CDCls) & 0.64(s, 6H), 0.98(s, 9H), 1.31(d, J=6.1 Hz, 3H),
1.33(d, J=7.3 Hz, 3H), 3.27(dd, J=2.8, 6.5 Hz, 1H), 352(m, 1H), 4.22~4.27(m, 2H),
478~4.86(m, 2H), 532(d, J=104 Hz, 1H), 541(d, ]J=16.9 Hz, 1H), 6.03(m, 1H),
7.24(d, J=16.3 Hz, 1H), 7.54~7.72(m, 1H), 7.84(d, J=4.9 Hz, 2H), 7.94(d, J=7.3 Hz,
1H), 8.22(d, J=16.5 Hz, 1H), 8.76(d, J=7.9 Hz, 1H)

4Y (1S, 5R, 68)-2-(B)-(@-JEzs D)ol ed6-(1'R)-1-5| =S Ao &1 -
w2 -2-7huks 9 -3- AR A o E(76)9] HEA T
NN-tu ot Eetm= (6 mDel] FFE 75 (445 mg)E Holx 1-7
2-ggde (12 m) EAstel FEErie]ET o= (230 mg)E sheln AL
oAA T8AZE WAFAT. 7o) B 3 mDe sl wee *#ow o oAl

B Gm)E FEF F 4713 THNALE A AR 47128 T4

iul

==
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Adojzl ZALE A
ﬂﬁ‘r%‘% 76 (210 mg,

gatul v o este] oddatsial o e AYEHE
744 Z9 ARvEIYIAR st =T AA9
60%)S LA

'"H NMR (200 MHz, CDCl3)¢ 1.28(d, J=7.3 Hz, 3H), 1.36(d, J=6.3 Hz, 3H),
3.29(dd, J= 2.6, 68 Hz, 1H), 352(quin, J=85 Hz, 1H), 4.23(d, J=2.6 Hz, 1H),
429(t, J=2.8 Hz, 1H), 4.68~4.90(m, 2H), 5.29(d, J=104 Hz, 1H), 5.46(d, J=17.4 Hz,
1H), 5.98(m, 1H), 6.80(d, J=16.5 Hz, 1H), 7.58(d, J=8.7 Hz, 2H), 8.01(d, J=16.5 Hz,
1H), 8.17(d, J=8.7 Hz, 1H)

e ¥R

],

[«0

A7 3EE 769 AlZzH

Mol &
g Y3 HT BANFES &

=
. [>]
.

s

ad (1S, 5R, 6S)-2-(E)-3'-UEz-4'-Zz2¥4d)d8d-6-(1'R)-1-3| =%
Ao g -1-vj 2 -2-7hup o @ -3-71 5 A H o] E(76) 2] &4

313HE 75 (142 mg)E YR gHlo|EF o gtol=e WMEAA FASTE 76
(53 mg, 47%)% AP
'H NMR (200 MHz, CDClk)s 1.28(d, J=75 Hz, 3H), 1.38(d, J=6.3 Hz, 3H),
3.29(dd, J= 2.6, 6.3 Hz, 1H), 3.52(m, 1H), 4.24(m, 1H), 4.80(m, 2H), 5.28~5.53(m,
2H), 598(m, 1H), 6.72(d, J=16.2 Hz, 1H), 7.26~7.61(m, 3H), 7.92(d, J=16.2 Hz,
1H)

8 (1S, 5R, 6S)-2-(E)-2'-UEZH ) e 2-6-(1'R)-1-s|=F A 2-1-
W -2-7ut 5 @ -3-7L 5 A #H ol E(76) 9] A

388 75 (132 mg)S YEEHlo|ZFoato| =9 w3 AA FAS}SE 76
(51 mg, 50%)& A
'H NMR (200 MHz, CDCl3) 6 1.05(d, J=6.8 Hz, 3H), 1.18(d, J=6.1 Hz, 3H), 3.25~
381(m, 2H), 4.01~4.14(m, 2H), 6.65(d, J=165 Hz, 1H), 7.37(t, J=8.0 Hz, 1H),
755(d, J=7.9 Hz, 1H), 7.68(d, J=79 Hz, 1H), 7.90(d, J=7.9 Hz, 1H), 8.05(s, 1H)

o4 (1S, 5R, 69)-2-(B)-('-UEZs )l dd-6-(1'R)-1-F = A o &1
W e -2-7u ) ¥ -3-7} B A F o] E(76) 9] TA

S E 75 (101 mg)E YRFHlolEFoglol=e} Wt AA EAFTE 76
(40 mg, 52%)S VIY.
'H NMR (200 MHz, CDCls)é 1.29(d, J=7.3 Hz, 3H), 1.37(d, J=6.3 Hz, 3H),
3.28(dd, J= 22, 6.7 Hz, 1H), 3.53(m, 1H), 4.22~4.28(m, 1H), 468~4.91(m, 2H),
5.31(d, J=10.6 Hz, 1H), 547(d, J=17.3 Hz, 1H), 6.02(m, 1H), 6.81(d, J=16.3 Hz,
1H), 7.50(t, J=7.9 Hz, 1H), 7.80(d, J=7.5 Hz, 1H), 7.98(d, J=16.5 Hz, 1H), 8.11(d,
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J=8.1 Hz, 1H), 8.26(m, 1H)

4 (1S, 5R, 6S)-2-(E)-(2',6'-thol Y EZ 3 Q) HE2-6-(1'R)-1-3| = F A 9]
d-1-W e -2-7haps P -3-71 B A P o) E(76) 9 FA

SE 75 (250 mg)E YEFHo|EFodlol=g g AA EAAE 76
(149 mg, 75%)S ot}
'H NMR (200 MHz, CDCl3)é 1.32(d, J=6.3 Hz, 3H), 1.37(d, J=6.1 Hz, 3H),
3.33(dd, J= 24, 6.7 Hz, 1H), 3.57(quin, J=7.6 Hz, 1H), 411~4.32(m, 2H), 4.64~
4.88(m, 2H), 527(d, J=10.6 Hz, 1H), 543(d, J=17.3 Hz, 1H), 5.94(m, 1H), 7.12(d,
JF16.7 Hz, 1H), 7.31(d, J=155 Hz, 1H), 7.65(d, J=8.3 Hz, 1H), 8.07(d, J=7.9 Hz,
1H), 8.13(d, J=8.1 Hz, 1H)

4 (1S, 5R, 6S)-2-(E)-@'-UE=zZ-5-ZZ2#dd)ddH2-6-(1'R)-1-3| ==
Aol -1-vld -2-7}vl 8 §] -3-71 B A F o] E(76) 9] §A

}%E 75 (101 mg)E FEEHo|EF o= WA A BEANEE 76
(52 mg, 66%)= LA

&g (1S, 5R, 6S)-2-(E)-(2'-UEZ-3'-yEAHI)g g2 -6-(1'R)-1-3| ==
Aol g -1-v g -2-7} 6l dl Y -3-7} B A G o] E(76) 9] FA

}EE 75 (98 me)s YEREHOIEFEo|=g wSAA FEASTFE 76
(55 mg, 71%)& APt
'H NMR (200 MHz, CDClz)é 1.23(d, J=7.3 Hz, 3H), 1.36(d, J=6.3 Hz, 3H),
3.29(dd, J= 2.6, 6.5 Hz, 1H), 3.47(quin, J=7.9 Hz, 1H), 3.90(s, 3H), 4.21~4.29(m,
2H), 469~484(m, 2H), 5.29(d, J=10.6 Hz, 1H), 547(d, J=17.1 Hz, 1H), 6.03(m,
1H), 6.60(d, J=165 Hz, 1H), 6.96(d, J=7.7 Hz, 1H), 7.31~7.44(m, 2H), 7.94(d,
J=16.3 Hz, 1H)

42 (1S, 5R, 6S)-2-(E)-(3' 5 -to|HUE=Z-2-3o]=E A Q) 6l d-6-
(1I'R)-1-3| =ZF A 2-1-v & -2-7}u} ] Y -3-7H B A G o] E(76) 2] FA

&= 75 (85 mg)E dERFH)IEF o= BHEAA EARFTE 76
(44 mg, 64%)< LA
'H NMR (200 MHz, CDCl)é 1.29(d, J=7.1 Hz, 3H), 1.38(d, J=6.1 Hz, 3H),
332(dd, J= 43, 7.1 Hz, 1H), 3.43(m, 1H), 4.15~4.31(m, 2H), 478~4.87(m, 2H),
5.35(d, J=10.1 Hz, 1H), 550(d, J=17.3 Hz, 1H), 6.02(m, 1H), 7.26(d, J=16.6 Hz,
1H), 8.08(d, J=16.6 Hz, 1H), 8.57(d, J=2.6 Hz, 1H), 8.65(d, J=2.6 Hz, 1H)

- 385 -



add (1S, 5R, 6S)-2-(E)-4' Ao Q) HL-6-(1'R)-1-3| =F Ao & -1~
wj el -2-s}ulu 9 -3- 71 R A G ol E (76)9] A

stHE 75 (577 mg)E Y EFHo|EF o glol=o HhEA|HAH
(115 mg, 26%)& LAt}
'"H NMR (200 MHz, CDCl)s 1.30(d, J=7.3 Hz, 3H), 1.39(d, J=6.1 Hz, 3H),
3.30(dd, J= 2.6, 6.8 Hz, 1H), 354(quin, J=7.5 Hz, 1H), 4.24~4.28(m, 2H), 4.68~
493(m, 2H), 5.31(d, J=10.6 Hz, 1H), 6.04(m, 1H), 6.78(d, J=16.5 Hz, 1H), 7.60(q,
J=8.7 Hz, 4H), 8.00(d, J=16.5 Hz, 1H)

Fl

A3 E 76

&E (1S, 5R, 6S)2-(E)-(3'- Aol Q) e d-6-(1'R)-1-3| = Z A o & -1
W -2-Fhal s il -3-7} B A g o] E(76) 9] A

SIAE 75 (479 me)E YR FHlo|ZF e dlol=e} HL A EAFTE 76
(188 mg, 51%)< 4t}
'H NMR (200 MHz, CDCl3)é 1.27(d, J=7.3 Hz, 3H), 1.36(d, J=6.3 Hz, 3H),
1.60(brs, 1H), 3.27(dd, J=2.7, 6.8 Hz, 1H), 351(m, 1H), 4.21~4.29(m, 2H), 470~
4.84(m, 2H), 527~552(m, 2H), 5.80~6.07(m, 1H), 6.69~6.77(d, J=164 Hz, 1H),
7.39~7.71(m, 4H), 7.88~7.96(d, J=16.4 Hz, 1H)

& (1S, 5R, 65S)-2-(E)-2'-FFo]| =2 A A Q) H2-6-(1'R)-1-3| =ZA| o &
—1-vied-2-7}ul ) ¥ -3-71 A o] £(76) 9] T A

}EE 75 (123 mg)E YEFHlo|EFodtol=9l utSAA HASALE 76
(64 mg, 68%)% AAth
'"H NMR (200 MHz, CDCls)é 1.39(d, J=7.3 Hz, 3H), 150(d, J=6.1 Hz, 3H),
3.36(dd, J= 2.6, 6.8 Hz, 1H), 3.71(quin, J=8.6 Hz, 1H), 4.28~4.44(m, 2H), 475~
5.01(m, 2H), 5.42(d, ]J=10.3 Hz, 1H), 5.61(d, J=17.3 Hz, 1H), 6.12(m, 1H)

4¥ (1S, 5R, 6S)-2-(E)-@'-so|=ZA Q) g2 -6-(1'R)-1-5| == A o] &
-1-vj 2 -2-7}ul o @ -3-71 B A P o] E(76) 9] T4

BEE 75 (334 me)E FEFHIEFogol=s} WA A EASFE 76
(92 mg, 36%)% ATk
'H NMR (200 MHz, CDCl)é 1.39(d, J=7.3 Hz, 3H), 150(d, J=6.1 Hz, 3H),
337(dd, J= 26, 6.3 Hz, 1H), 3.75(m, 1H), 4.24~4.42(m, 2H), 4.77~5.03(m, 2H),
541(d, J=10.7 Hz, 1H), 563(d, J=17.1 Hz, 1H), 6.12(m, 1H), 6.94(d, J=12.3 Hz,
1H), 7.03(d, J=12.1 Hz, 1H), 7.21~7.34(m, 1H), 7.69(m, 1H), 8.01(m, 1H)
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a2 (1S, 5R, 6S)-2-(E)-@F'-EdZFe2vWEdd)dHg2-6-(1'R)-1-3)| ==
Ao g -1-vl & -2-7}vt s J-3-71 B A F o) E(76) 2] FA

HAE 75 (M4 mg)e YEFu|EFoTdo|=gl wrsAA ZATE 76
(34 mg, 46%)S LA
'H NMR (200 MHz, CDClz)é 1.27(d, J=74 Hz, 3H), 1.36(d, J=6.3 Hz, 3H),
327(dd, J= 24, 6.8 Hz, 1H), 353(quin, J=74 Hz, 1H), 4.20~4.28(m, 2H), 4.63~
487(m, 2H), 5.30(d, J=10.3 Hz, 1H), 547(d, J=17.2 Hz, 1H), 593~6.07(m, 1H),
6.80(d, J=16.2 Hz, 1H), 7.44~7.66(m, 4H), 7.92(d, J=16.2 Hz, 1H)

a4 (1S, 5R, 6S)-2-(BE)-(F&-2-Q)dH2-6-(1'R)-1-3| =ZA oD -1-9 &
—2-7hat s -3-FH 5 A g o] E(76)9] A

33E 75 (87 mg)E dEuHoEF ooz HHSAA
(38 mg, 58 %)& AUt}
'H NMR (200 MHz, CDCls) 3§ 1.19(d, J=7.3 Hz, 3H), 1.31(d, J=6.3 Hz, 3H),
1.83(bs, 1H), 3.19(d, J=7.1 Hz, 1H), 3.27~3.43(m, 1H), 4.12~4.20(m, 2H), 4.63~
4.80(m, 2H), 519~545(m, 2H), 587~5.96(m, 1H), 6.37~6.40(m, 2H), 6.53(d,
J=16.3 Hz, 1H), 7.37(bs, 1H), 7.65(d, J=16.1 Hz, 1H)

f

AsdE 76

aE (1S, 5R, 65)-2-(E)-G'-222EHA-2'-A)dHL-6-(1'R)-1-3] == A o
d-1-vd-2-7has 9 -3-71 5 A o) E(76) 2] §A

33E 75 (176 mg)E dEFutolEFFoTdol=e wigAA BANYE 76
(99 mg, 72%)= LUt}
'H NMR (200 MHz, CDCly) 8 1.24(d, J=7.3 Hz, 3H), 1.35(d, J=6.3 Hz, 3H),
1.76(bs, 1H), 3.24(dd, J=2.6, 6.9 Hz, 1H), 3.44(t, J=7.5 Hz, 1H), 416~4.31(m, 2H),
465~489%(m, 2H), 529(dd, J=1.2, 104 Hz, 1H), 5.46(dd, J=1.2, 17.1 Hz, 1H),
598(m, 1H), 6.73(s, 1H), 6.82(d, J=3.1 Hz, 1H), 6.95(dd, J=1.1, 3.9 Hz, 1H), 7.54(d,
J=16.5 Hz, 1H)

4™ (1S, 5R, 6S)2-(E)-(6'-B2RHA-2'-A) o HLd-6-(1'R)-1-3 =F Ao
gd-1-vlgd-2-7tute Y -3-71 B A H o] E(76) 9] A

HE 75 (154 mg)E FEFHo|EFogtolme MEAA EANTE 76
(86 mg, 70%)< A3Uth.
'H NMR (200 MHz, CDCly)s 1.25(d, J=7.3 Hz, 3H), 1.37(d, J=6.3 Hz, 3H),
1.78(bs, 1H), 3.25(dd, J=2.6, 6.9 Hz, 1H), 3.45(q, J=75 Hz, 1H), 4.17~4.32(m, 2H),
466~491(m, 2H), 524~553(m, 2H), 6.79(d, J=16.1 Hz, 1H), 6.75~6.98(m, 2H),
7.55(d, J=6.1 Hz, 1H)
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a4 (1S, 5R, 6S)-2-(E)-(Ho}E-2"-A)AH2-6-(1'R)-1-J =F A 2 -1-
g -2-7tuk i -3- 71 B2 g o] E(76) 9] FA

e 75 (150 mg)S FEwrlelEFodol=g fhgAA ZASLE 76
(62 mg, 54%)S AU
'H NMR (200 MHz, CDCl)é 1.29(d, J=7.3 Hz, 3H), 1.37(d, J=6.3 Hz, 3H),
2.24(bs, 1H), 3.30(dd, J= 2.6, 6.7 Hz, 1H), 3.50(q, J=7.3 Hz 1H), 4.23~4.30(m, 2H),
469~4.92(m, 2H), 5.27~553(m, 2H), 591~6.08(m ,1H), 7.05(d, J=165 Hz, 1H),
7.31(d, J=3.2 Hz, 1H), 7.82(d, J=3.2 Hz, 1H), 8.04(d, J=16.5 Hz, 1H)

24 (1S, 5R, 6S)-2-(E)-(xE o aA-2"-A)f el 2-6-(1'R)-1-3| =FA| o] &
~-1-vw @ -2-7puts 9 -3-F1 B A G ol (76) 2] TA

3E 75 (73 mg)E FEwHlo|EFdol=g vEEAAH
(47 mg, 83%)& |UTh
'H NMR (200 MHz, CDCl)é 1.27(d, J=7.3 Hz, 3H), 1.35(d, J=6.3 Hz, 3H),
3.25(dd, J= 24, 69 Hz, 1H), 3.41~352(m, 1H), 4.22~4.24(m, 2H), 4.74~4.84(m,
2H), 5.26~552(m, 2H), 594~6.09(m, 1H), 6.99(d, J=16.1 Hz, 1H), 7.23~7.31(m,
4H), 7.64~7.76(m, 2H)

Az EE 76

<2

2d (1S, 5R, 65)-2-(E)-3'-#MEEo}E-2"-U)ol el 2 -6-(1'R)-1-3| =F A o}
g-1-vwg-2-7lu} ¥ 9 -3-71 B A g o) E(76) 2] A

398 75 (89 mg)E YEwHlolEF2FPol= WEAA EAIEE 76
(25 mg, 54%)S AU}
'H NMR (200 MHz, CDCly) 6 1.38(d, J=6.3 Hz, 6H), 3.07(dd, J=2.6, 65 Hz, 1H),
3.31~357(m, 2H), 4.31(q, J=7.0 Hz, 1H), 459~4.66(m, 2H), 520~5.39(m, 2H),
5.81~594(m, 1H), 693(d, J=16.1 Hz, 1H), 7.26~7.45(m, 3H), 7.85(d, J=7.5 Hz,
1H), 7.99(d, J=7.3 Hz, 1H)

ad (1S, 5R, 65)-2-(E)-G'-Fad-2-d)Ead-6-(1'R)-1-3]| =F A q &
-1-v € -2-7}ut= 9 -3-71 2 A G o] E(76) 2] HA

3EE 75 (119 meg)e dEEvlolEFFgol=9 whEAA
76(75 mg, 83%)< AATH
'H NMR (200 MHz, CDCly) 8 1.28(d, J=7.3 Hz, 3H), 1.36(d, J=6.3 Hz, 3H), 3.27(d,
J=6.9 Hz, 1H), 353(t, J=8.1 Hz, 1H), 4.23(d, J=9.0 Hz, 1H), 4.68~4.90(m, 2H),
527(d, J=106 Hz, 1H), 546(d, J=17.1 Hz, 1H), 599(m, 1H), 6.91(d, J=16.6 Hz,
1H), 7.15(t, J=6.1 Hz, 1H), 752(d, J=7.4 Hz, 1H), 7.64(t, J=74 Hz, 1H), 8.15(d,
J=16.6 Hz, 1H), 856(d, J=3.1 Hz, 1H)

=

A 33
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49 (1S, 5R, 6S)-2-(E)-(H g d-4"-d)ol ¥ 2 -6-(1'R)-1-3] = EA] ol & ~] -1
g -2-7hat e {1 -3-7HE A G o] E(76) 2] I A

e 75178 mg)E YEwHlolEF o golzet W3AA ZAINYE 76
(113 mg, 84%)& LU
'H NMR (200 MHz, CDCl3) s 1.27(d, J=7.3 Hz, 3H), 1.36(d, J=6.1 Hz, 3H),
245(bs, 1H), 3.27(dd, J= 2.2, 6.9 Hz, 1H), 351(t, J=7.9 Hz, 1H), 4.22~4.28(m,
2H), 470~4.82(m, 2H), 528(d, J=104 Hz, 1H), 546(d, J=17.5 Hz, 1H), 5.95(m,
1H), 6.68(d, J=16.5 Hz, 1H), 7.30(d, J=5.5 Hz, 2H), 8.03(d, J=16.5 Hz, 1H), 8.54(d,
J=5.1 Hz, 2H)

o+ (1S, 5R, 6S)-2-(E)-(6'-"1E99 dA-2'-A)e el 2 -6-(1'R)-1-3| =F A 9]
g -1-v g -2-Fhup s ] -3-71 B 2 A o] =(76)2] ¥A

S E 75 (265 mg)E YRFHlo|EFelolmet BHGAIA ZASLE 76
(122 mg, 71%)& A
'H NMR (200 MHz, CDCly) 6 1.31(d, J=6.3 Hz, 3H), 1.72(s, 3H), 2.16(bs, 1H),
253(s, 3H), 3.00(dd, J=2.6, 6.7 Hz, 1H), 4.17~4.27(m, 2H), 4.40(d, J=5.5 Hz, 2H),
7.35~7.65(m, 3H)

22 (1S, 5R, 6S)-2-(E)-(d v d-5-A) H2-6-(1'R)-1-S =F Ao D-1-
v g -2-7kup) 9 -3-7 B A H o) E(76)9) §

8% 75 (119 mg)e ¢REFuto|ESF e gto)=d EAIAH EAINTE 76
(56 mg, 62%)% AU}
'H NMR (200 MHz, CDCly) 8 1.27(d, J=6.5 Hz, 3H), 1.35(d, J=6.3 Hz, 3H), 3.29(q,
J=6.5 Hz, 1H), 3.47(m, 1H), 4.09(q, J=7.1 Hz, 1H), 4.26(d, J=9.2 Hz, 1H), 4.67~
4.82(m, 2H), 5.28(d, J=10.2 Hz, 1H), 5.45(d, J=17.1 Hz, 1H), 595(m, 1H), 6.66(d,
J=16.7 Hz, 1H), 7.98(d, J=16.7 Hz, 1H), 8.80(s, 2H), 9.07(s, 1H)

g (1S, 5R, 6S)-2-(E)- (B -UZEEo}E-2'-A) HL2-6-(1'R)-1-3| =FA]
of & -1-W e -2-7hut# @ -3-71 H A o] E(76) 9] ¥4

3}3E 75 (560 me)E G R EHlo|EF o o= WS AIA EAINZFE 76
(90 mg, 22%)& AUk,
M NMR (200 MHz, CDCl)& 099(d, J=7.1 Hz, 3H), 143(d, J=65 Hz, 3H),
3.37(dd, J=2.8, 7.3 Hz, 1H), 356(m, 1H), 426~4.36(m, 2H), 4.78~5.00(m, 2H),
5.30(d, J=10.4 Hz, 1H), 557(d, J=17.3 Hz, 1H), 6.15(m, 1H), 7.27(d, J=16.3 Hz,
1H), 7.59~7.75(m, 2H), 7.8%(d, J=45 Hz, 2H), 7.95(d, J=5.7 Hz, 1H), 8.26(d, ]J=16.3
Hz, 1H), 8.80(d, J=7.1 Hz, 1H)
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(1S, 58, 6S)-2-(E)-@-YEZAD)AHgL-6-(1'R)-1"-3| =Z A dD-1-wj &
—2-7Md @ -3-7 R A ol e, YEFY(KR-32001) 2 gE Al AW

Hez2de 2 mDE F74 76 (180 mg)dl 7lstzm olzz 2] 7)ol &
EfHdELd (12 mg# eI & Edddz2A0295(0) (130 mg), A0<
~2-

u

=
_L4

LAt ool E (75 mg)E 718t LA 24 7F mutstdc) e 22
FEIIL, B dEddzE FA8e, Qolx E=22 MPLCE AA| S e |
Azt =@ aA)de] AT E (107 mg, 63%)2 ATk

'H NMR (200 MHz, D,0)é 1.09(d, J=7.2 Hz, 3H) , 1.19(d, J=6.5 Hz, 3H) ,
3.31(dd, J=2.8, 6.3 Hz, 1H), 343 (¢, J=7.4 Hz, 1H), 4.06~4.12 (m, 2H) , 6.76(d,
J=16.8 Hz, 1H), 7.55(d, J=8.7 Hz, 2H), 7.72(d, J=16.8 Hz, 1H) 8.06(d, J=8.7 Hz,
2H)

H

ol

Rbg Y] 8 wkgzAd A olErE A A5l

i

7
s

o

2

s
|

2

I
Gy

=

o
2

& o

=
=
=

EogY

tio

(1S, 5R, 6S)-2-(E)-3'-HEZ-4"-Z 2 2 Q) H2-6-(1'R)-1"-3]| =& A o]
2-1-vE-2-7hus @ -3-7t B A o] E, V}EF A (KR-32009)9] A

T FHA 76 (4l mg)E 2Ug-2-dBArwoolE EH st HED
& EguidEaagda gy vEAA AR (32 mg, 84%)2 A4}

1S, 5R, GS)—Z*(E)—(Z'—qﬁiﬁ]‘é)q]E“‘é“ﬁ‘(l’R)*l'*%]E%"]Q]E]a—lﬁﬂl‘%
—2-7tats g -3-7t R Aol e, YEFY (KR-42040)2] A

A FA 76 (125 mg)e 2UE-2-d Dl noole ZR5te] H =Dl
2 BERELE AR ES A BASTE (48 mg, 40%)L AQ o)
'H NMR (200 MHz, D:0) 8 1.08(d, J=6.1 Hz, 3H), 1.22(s, 3H), 2.82(dd, J=2.0, 6.1
Hz, 1H), 4.03(quin, J=6.1 Hz, 1H), 4.18(s, 1H), 4.50(s, 1H), 6.15(d, J=115 Hz, 1H),
6.80(d, J=12.3 Hz, 1H), 7.16(d, J=7.9 Hz, 1H), 7.32~7.53(m, 2H), 7.95(d, J=7.9 HZ,
1H)

(1S, 5R, 65)-2-(E)-B'-HEZ#HA )N EH2-6-(1'R)-1"-3| == A o D -1-wj &
“2-7PbA g -3 EA F ol B, U EF Y (KR-32042)9) &4

A A 76 (111 mg)& 2U8-2-od D8 ool E Z)5e) 8 ERY)
& Edddzaadet g S AA BASEE (43 mg, 41%)2 A
'H NMR (200 MHz, D;0) 8 1.05(d, J=6.9 Hz, 3H), 1.18(d, J=6.1 Hz, 3H), 3.26~
3.33(m, 2H), 4.01~414(m2H), 664(d, J=166 Hz, 1H), 7.38(t, J=7.9 Hz, 1H),
754(d, J=169 Hz, 1H), 7.69(d, J=6.9 Hz, 1H), 7.90(d, J=7.9 Hz, 1H), 8.06(s, 1H)
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(1S, 5R, 6S)-2-(E)-(2',6'-tolUEZA D)5 d-6-(1'R)-1"-3| =Z A] o] & -
1-Wd -2-7hi A -3-7t2 B4 g ol &, yE=F A (KR-32102)9] A

A FHA 76 (140 mg)E LUE-2-d B FRwmoflo] E EA 5} Bl Eay
& Efdd 2292859 H3AA BASEE (78 mg, 58%)S It
'H NMR (200 MHz, D:0)é 1.14(d, J=5.8 Hz, 3H), 1.32(s, 3H), 2.97(m, 1H),
3.32(dd, J=19, 6.3 Hz, 1H), 409~4.18(m, 2H), 6.05(d, J=11.1 Hz, 1H), 658(d
J=8.5 Hz, 1H), 6.98(d, J=6.5 Hz, 1H), 7.15(s, 1H), 8.08(d, J=11.2 Hz, 1H)

i

(1S,5R,65)-2-(E)-(2'-UE=Z-5'-Zz 27 Q) e 2-6-(1'R)-1"-35| = Z Ao} &
-1-v2-2- Flated-3-71 B Aol e, JEFA(KR-32069)9 A

T FA 76 (156 mg)S Atg-2-ddIAloo]|E E&A3}d HEg7)
2 EfUd 22A038EH HEA A FASLEE (58 mg, 52%)& Atk
'H NMR (200 MHz, D:0)8 1.07(d, J=7.6 Hz, 3H), 1.17(d, J=6.1 Hz, 3H), 3.28(dd,
J=19, 6.1 Hz, 1H), 3.32(m, 1H), 4.05~4.14(m, 2H), 6.93(d, J=15.2 Hz, 1H), 7.31(d
J=7.9 Hz, 1H), 7.48(d, J=15.9 Hz, 1H), 7.65(s, 1H), 7.83(d, J=9.0 Hz, 1H)

td

(1S, 5R, 6S)-2-(E)-2'-UEZ-3'-WEA A ) &6l d-6-(1'R)-1"-3] = Z ] o}
g 1-vWE-2-htH 9 -3-71 5 A P ol E, JEF I (KR-32091)9] FA

T F7kA 76 (51 mg)E AT e-2-d A noo]E EA 5 HEG
2 Eddd 203857 A A EASILE (11 mg, 22%)S A9
'H NMR (200 MHz, D:0)8 098(d, J=7.2 Hz, 3H), 1.16(d, J=6.1 Hz, 3H), 3.27(m,
2H), 4.06(m, 2H), 6.33(d, J=16.2 Hz, 1H), 6.99(d, J=7.9 Hz, 1H), 7.21(d, J=7.9 Hz
1H), 7.37(t, J=7.9 Hz, 1H), 7.55(d, J=16.2 Hz, 1H)

b

(1S, 5R, 65)-2-(E)-(3'5'-TolUEZ-2"-3| = £ A ] Q) B 2 -6-(1'R)-1"-3]

EFA L -1-Ld 274 g -3-7t E A Y o] E, YEF A (KR-32104)9] FA4
AT FAA 76 (45 mg)E LHR-2-J LA olE EAst] HEER

£ Efud 2A939ES A A EASEE 8 me, 19%) 23t

'H NMR (200 MHz, D:0)8 1.27(d, J=7.2 Hz, 3H), 1.35(d, J=6.4 Hz, 3H), 351(m,

2H), 4.25(m, 2H), 7.04(d, J=17.0 Hz, 1H), 7.84(d, J=17.0 Hz, 1H), 869~8.76(m

2H)

e

(1S, 5R, 6S)-2-(E)-('-Alotx# Q) H2-6-(1'R)-1'-3 =Z Ao & -1-1| &
~2-7hHa i -3-7t B A e ol &, JEF Y (KR-32048)9] &4

AT F7A 76 (115 me)e AtE-2-d Al ool E A5} HE}LT)
= Eeldd F2UBREDR WA BANTE (24 mg, 2298 AU
'H NMR (200 MHz, D:0) & 1.05(d, J=7.2 Hz, 3H), 1.17(d, J=6.5 Hz, 1H), 3.27(dd,
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J=25, 65 Hz, 1H), 3.37(t, J=7.6 Hz, 1H), 4.01~4.13(m, 2H), 6.67(d, ]J=165 Hz,
1H), 7.5(q, J=8.5 Hz, 4H), 7.63(d, J=16.5 Hz, 1H)

(1S, 5R, 6S5)-2-(E)-@'-Alolx=dd)o el d —-6-(1'R)-1"-3| =F Ao D-1-v| &
~2-7hut | W -3-FH 2 A F ol E 1V} EF I (KR-32047)9 A

A E=7+4 76 (61 mg)E AT -2-d Aol E &t HEZT
2 egdddzaadget gy EAA EAFTE (24 mg, 42%)S AUt
'"H NMR (200 MHz, D:0)8 1.06(d, J=7.2 Hz, 3H), 1.17(d, J=6.1 Hz, 3H), 3.28(dd,
J=2.2, 65 Hz, 1H), 3.39(t, J=9.0 Hz, 1H), 4.02~4.14(m, 2H), 6.68(d, J=15.9 Hz,
1H), 7.32~7.71(m, 5H)

(1S, 5R, 6S)-2-(E)-(2'-3|=ZA#H )8 d-6-(1'R)-1"-3| =Z X d d-1-|
d-2-7hips 3 -3- It 5 Ao E, YEFA(KR-32025)9 &4

A FUA 76 (412 mg)E AUg-2-dE Ao o]E EA| sl HE=Z
2 EfEd 292 eER HSAA FASEE (22 mg, 56%)S AT
'H NMR (200 MHz, D;0)8 1.03(d, J=7.2 Hz, 3H), 1.17(d, J=65 Hz, 3H), 3.28(d,
J=6.7 Hz, 1H), 3.37(m, 1H), 3.82~4.08(m, 2H), 6.24~6.78(m, 3H)

(1S, 5R, 6S)-2-(E)-(3'-3sl=FAl#dd)dEH2-6-(1'R)-1"-s| =EF A d-1-1]
gd-2-Fluts 9 -3-71 3 A g ol e, YEFA(KR-32028)2 A

A F7HA 76 (55 mg)E AP -2-oHHAIdolE &5t HEZ T
2 EdHd 232 FH A A ZASTE (32 mg, 61%)S AU
'"H NMR (200 MHz, D;0)8 1.11~1.16(m, 3H), 1.30(s, 2H), 1.83(s, 1H), 2.98(bs,
1H), 3.04(m, 1H), 4.10(m, 1H), 4.29(s, 1H), 4.38(s, 1H), 4.72(s, 1H), 4.97(s, 1H),
5.96(d, J=16.3 Hz, 1H), 6.48~7.01(m, 5H)

(1S, 5R, 6S)2-(BE)-@'-EdEFozdv g d)odea<d-6-(1'R)-1'-3]| == A] 4]
g-1-vd-2-7ut 9@ -3-71 B A g o]l E, YEF I (KR-32050)2] A4

A Z=7H4 76 (102 mg)S AT2-2-d gl o o] E EX)slo] HEZY)
2 Egud 2A3485H H3AA ZASEE (9 mg, 9%)2 AU
'H NMR (200 MHz, D;0)8 1.05(d, J=6.9 Hz, 3H), 1.16(d, J=5.7 Hz, 3H), 3.07(dd,
J=2.4, 57 Hz, 1H) 3.35(m, 1H), 4.02~4.11(m, 2H), 6.50(d, J=17.7 Hz, 1H), 6.63(d,
J=15.3 Hz, 1H), 6.88(d, J=17.7 Hz, 1H), 7.35~7.65(m, 3H)

(1S, 5R, 6S)2—(E)-(F&-2'-)AH2-6-(1'R)-1"-3| =F A D -1-¥| 2 -2

FhutA 9 -3-71 52 ¥ ol E, JYEFH(KR-32043)9] A
T A 76 (22 mg)S AT R-2-oE Al ol E &3t HEET
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& Efsd ZapgsES HeAA EAREE (4 mg, 19%)2 Ach

'H NMR (200 MHz, D;0) & 1.06(d, J=7.5 Hz, 3H), 1.17(d, J=6.1 Hz, 3H), 3.27(dd,
J=2.9, 7.0 Hz, 1H), 3.31~342(m, 1H) 4.00~4.19(m, 2H), 6.36~6.39(m, 2H), 6.59(d,
J=16.2 Hz, 1H), 7.33~7.42(m, 2H)

(1S, 5R, 65)‘2—(E)—(5'—§iiq911—2'—%)°“ﬂ]‘é‘ﬁ—(l'R)*l'“é’]E%A]q]%
-1-m2-2-7hitA Y -3-FH B A Fol =, JEFA(KR-32052)¢] 34

T FHA 76 (62 mg)E ATL-2-dBAA o] E )8t H E gy
2 E¥d 293859 BSAA FATE (36 mg, 58%)S AT
'H NMR (200 MHz, D:0) 8 1.04(d, J=7.2 Hz, 3H), 1.17(d, J=6.5 Hz, 3H), 3.11(dd,
J=22, 65 Hz, 1H), 3.27(t, J=8.7 Hz, 1H), 409~4.17(m, 2H), 6.69(d, J=16.2 Hz,
1H), 6.78~6.94(m, 2H), 7.28(d, J=16.3 Hz, 1H)

(1S, B5BR, 6S)-2-(E)-(6'-BzZREd-2'-A) e8| 2-6-(1'R)-1'-3| =2 Ao &
-1-W 2 -2-7hup A ) -3-71 8- A ol E, YEFH(KR-32059)9) §A

NF FA 76 (49 mg)e AUe-2-d A woolE ZA st HETT
2 Eud ZA2AZHEY HEAA EAFTE (9 mg, 19%)S At
'H NMR (200 MHz, D:0)6 1.04(d, J=7.2 Hz, 1H), 1.16(d, J=6.1 Hz, 1H), 3.24(dd,
J=2.2, 65 Hz, 1H), 337(t, J=8.7 Hz, 1H), 4.04~4.13(m, 2H), 6.78(d, J=16.1 Hz,
1H), 6.79(d, J=3.6 Hz, 1H), 6.93(d, J=3.2 Hz, 1H), 7.28(d, J=16.6 Hz, 1H)

(1S, 5R, 6S)2-(E)-(Elo}&-2'-A)olHY-6-(1'R)-1"-3| = Z A& -1-W &
—2-7tute g -3-7H S A Y ol E, Y EF U (KR-32079)2] &4

AF A 76 (45 mg)E 2e-2-d @A o]lE EA 5 HETT
= EFVd xAA3eEs A BASTEE (29 mg, 65%)S A
'H NMR (200 MHz, D:0)6 1.05(d, J=7.2 Hz, 3H), 1.18(d, J=6.5 Hz, 3H), 3.25~
391(m, 2H), 404~4.21(m, 2H), 6.78(d, J=16.2 Hz, 1H), 7.34(d, J=2.9 Hz, 1H),
7.60(d, J=3.2 Hz, 1H), 7.72(d, ]J=16.6 Hz, 1H)

(1S, 5R, 6S)-2-(E)-(M=E] 23 -2'-A)o g d-6-(1'R)-1"-S| == A o -] - ¥
H-2-7hate 9 -3-71 5 A g ol E, V}EFU(KR-32068)2] IFA

A FA 76 (46 mg)E LUL-2-dPIAx o olE EA st BELT
2 Efd 2294859 B A ZASTE (27 mg, 63%)S AT
'H NMR (200 MHz, D:0)6 124(d, J=7.3 Hz, 3H), 130(d, J=6.1 Hz, 3H), 3.24~
3.30(m, 1H), 3.34~3.42(m, 1H), 4.22~4.25(m, 2H) 6.99(d, J=160 Hz, 1H), 7.25~
7.30(m, 4H), 7.78~7.89(m, 2H)
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(1S, 5R, 68)-2-(E)-(MxEol&-2'-A)d el d-6-(1'R)-1"-3| = =E Ao & -1
d-2-7hut g -3-7h 52 o E, YEF A (KR-32017)9] @4

N S0A 76 46 (19 mg)s& ATF-2-9d Al olE &A)3}d dHE
712 EPd zaddetEd B3 AA BASEE (11 mg, 62%)2 AU
'H NMR (200 MHz, D:0)8 1.00(d, J=7.6 Hz, 3H), 1.19(d, J=6.1 Hz, 3H), 3.26(dd,
J=2.3, 6.5 Hz, 1H), 4.03(d, J=10.8 Hz, 1H), 4.12(t, J=5.8 Hz, 1H), 7.87(d, J=16.3
Hz, 1H), 7.26~7.33(m, 2H), 7.87(d, J=7.4 Hz, 1H), 8.01(d, J=75 Hz, 1H)

(1S, 5R, 6S)-2-(E)-(dd-2"-d)eld-6-(1'R)-1'-3 =F Aol 2-1-v 2
~2-7tatH 1 -3-7HE- A F ol B JEFY(KR-32012)9] A

MF A 76 (18 mg)E AT L -2-d Al do]E Ex)ste] BlET)
& Efd 2@ eE5d eAA BASEE (13 mg, 77%)E 2
'H NMR (200 MHz, D:0)8 1.08(d, J=7.2 Hz, 3H), 1.17(d, J=6.3 Hz, 3H), 3.29(dd,
J=2.2, 95 Hz, 1H), 3.38(t, J=7.1 Hz, 1H), 4.09~4.19(m, 2H), 6.69(1H, J=16.5 Hz,
1H), 7.15(t, J=56 Hz, 1H), 7.48(d, J=8.0 Hz, 1H), 7.67(t, J=7.8 Hz, 1H), 7.75(d,
J=16.6 Hz, 1H), 8.30(d, J=4.9 Hz, 1H)

(1S, 5R, 6S)-2-(E)-(FA#HIA-4"-)HL-6-(1'R)-1"-3| =Z Ao D-1-W &
-2-7hutE g -3-71 B A G ol & VEF YU (KR-32038)2 A

A FA 76 (107 mg)E AU -2-od Ao o] E &3l H EZ)
& Egdd 2203 HEY S AA FASEE (14 mg, 14%)2 AT
'H NMR (200 MHz, D;0)6 0.76(d, J=7.2 Hz, 3H), 1.09(d, J=65 Hz, 3H), 291(t,
J=85 Hz, 1H), 3.19(dd, J=2.6, 6.8 Hz, 1H), 3.98~4.08(m, 2H), 6.49(d, J=15.9 Hz,
1H), 6.62(d, J=15.9 Hz, 1H), 7.23(d, J=6.1 Hz, 2H), 8.29(d, J=5.4 Hz, 2H)

(1S, 5R, 6S)-2-(E)-(M29 g d-2'-A)o el d-6-(1'R)-1'-3 =E A | & -] v
d-2-7tuted -3-7} B H ol JEFY

AN FHA 76 (67 mg)E AvL-2-d g olE &5le] HETY
2 Egdd Zadde Y BSAA EAFEE (20 mg, 31%)S A4
'H NMR (200 MHz, D:0)8 1.13(d, J=65 Hz, 3H), 1.33(s, 3H), 2.33(s, 3H),
296(dd, J=2.5, 6.1 Hz, 1H), 4.09(t, J=6.1 Hz, 1H), 4.26(s, 1H), 4.73(s, 1H), 6.21(d,
J=16.7 Hz, 1H), 6.56(d, J=16.6 Hz, 1H), 7.01(t, J=7.6 Hz, 3H), 7.52(t, J=7.6 Hz,
1H)

(1S, 5R, 65)-2-(E)-(A&vld-5'-A)o el 2-6-(1'R)-1"-3| =F Ao D-1-w &2

—2-7hH g -3-7 R A g ol JEFA(KR-32007)9 A
AT F7HA 76 (56 mg)E AU 2-odlgdi ool EXatd HEZH
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& Eid 2292 GEH TSAIA ZAFSHE (20 mg, 38%)S AT

'H NMR (200 MHz, D:0)8 1.07(d, J=7.2 Hz, 3H), 1.17(d, J=6.1 Hz, 3H), 3.30(dd,
J=25, 6.3 Hz, 1H), 350(m, 1H) 4.04~4.17(m, 2H), 6.63(d, J=16.6 Hz, 1H), 7.68(d,
J=17.0 Hz, 1H), 8.73(s, 2H), 8.79(s, 1H)

(1S, 5R, 6S)2-(E)-(f-UYZEEo}&E-2'-A)dEHY-6-(1'R)-1'-3| =F A &
-1-92-2-7u A -3-7H 5 Aol g, HEFY

A FA 76 (71 mg)S &UF-2-A A do]E EA|ste] HEZ
& EgAd 22983853 A A EASTE (26 mg, 38%)S LA
'H NMR (200 MHz, D:0) 8 0.80(d, J=7.9 Hz, 3H), 1.08(d, J=5.8 Hz, 3H), 3.45(dd,
J=2.7, 75 Hz, 1H), 358(m, 1H), 7.31(d, J=16.5 Hz, 1H), 7.65~7.77(m, 2H), 7.91(d,
J=46 Hz, 2H), 8.01(d, J=5.8 Hz, 1H), 831(d, J=16.5 Hz, 1H), 891(d, J=7.3 Hz,
1H)

Allyl (4R,6R)-3-12-(1,3-benzothiazol-2-yl)-1-hydroxyethyll-4-methyl-7-
oxo—-6-[(1R)-1-[{(tert—butyldimethylsilyl)oxy }ethyll-1-azabicyclo[3.2.0]-
hept-2-ene-2—-carboxylate(79) 2] A

Benzothiazole 0.24m{(2.16 mM)E F<4 THF 6mlol] %< & -78C= 4
A 712 1.6M-n-BulLi 1.34m0(2.2 mM)E AH3] 7138 tbg LA 3087 mwk
3t o}
2-formyl 7}v}| vl 5}{"% 78 550mg(1.44 mM)E F< THF 4mlel] = A A3 7}

3 g XA 1587 uwrsli, 23+ NHCl T894 718t 9g& FZ2A
At W %ﬂl EAE 7}*}01 3|8 & FE3519 F7]F S MgSOE AZEAIA 7
23 e columm AA Hex : EA =1 : D39 EFH3FTE 79 370mg(50%)

TLC : Rr =03 (Hex :EA =1:1)

'H NMR(CDCl;, 200MHz) & 0.08(S, 6H), 0.88(S, 9H), 1.10(d, J=7.7Hz, 3H), 1.25(d,
J=6.5Hz, 3H), 2.97(m, 1H), 3.41(m, 1H), 391(m, 1H), 4.26(m, 1H), 4.78(m, 2H),
5.42(m, 2H), 5.90(m, 3H), 7.67(m, 2H), 7.83(m, 2H)

Allyl (4R,6R)-3-[2-(1,3-benzothiazol-2—-yl)-1-hydroxyethyl]-6-[(1R)-1-
hydroxyethyl]-4-methyl-7-oxo—1-azabicyclo[3.2.0lhept-2—-ene-2-carboxyl-
ate(80a)(80b)2l A

E4EZA 79 370mg(0.716 mM)S &3 2L HHoE NgA A EASHEE
up 80a 61mg(21%), dn 80b 52mg(18%)<& A gth.
(up)
'H NMR(CDCl3, 200MHz)é 1.12(d, J=75Hz, 3H), 1.31(d, J=6.5Hz, 3H), 2.81(m,
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1H), 3.41(m, 1H), 3.75(m, 1H), 4.23(m, 1H), 4.77(m, 2H), 5.43(m, 2H), 5.92(m,
3H), 7.71(m, 2H), 7.83(m, 2H)

(Dn)

'H NMR(CDCls, 200MHz)8 1.13(d, J=7.4Hz, 3H), 1.29(d, J=6.2Hz, 3H), 2.79(m,
1H), 3.43(m, 1H), 3.85(m, 1H), 4.27(m, 1H), 4.75(m, 2H), 551(m, 2H), 6.01(m,
3H), 7.74(m, 2H), 7.85(m, 2H)

Sodium (4R,6R)-3-[2-(1,3-benzothiazol-2-yl)-1-hydroxyethyll-6-[(1R)-1-
hydroxyethyll-4-methyl-7-oxo—1-azabicyclo[3.2.0]lhept-2-ene—2—-carboxyl-
ate(KR-32111) and KR-32112)9] %4

(up)

E9EZ 80a 57mg (0.142mM)€& &7 22 WHe R v A FA3GE
KR-32111 30mg (55%)-& AT,
'H NMR(D:0, 200MHz) ¢ 1.13(d, J=75Nz, 3H), 1.33(d, J=6.0Hz, 3H), 2.88(m, 1H),
3.41(m, 1H), 3.88(m, 1H), 4.25(m, 1H), 6.42(S, 1H), 7.65(m, 2H), 7.79(m, 2H)

(dn)

254 80b 47mg (0.117mM)S ¢ 22 WHoz HEAA EXIFE
KR-32112 22mg (49%)< {3t}
'"H NMR(D:0O, 200MHz)s 1.11(d, J=7.6Hz, 3H), 1.30(d, J=6.2Hz, 3H),
2.91(m, 1H), 3.40(m, 1H), 3.86(m, 1H), 4.20(m, 1H), 6.33(S, 1H), 7.56(m, 2H),
7.75(m, 2H)

Allyl (4R,6R)-3-(1-hydroxy—2-naphthol1,2-dl[1,3]thiazol-2-ylethyl)-4-
methyl-7-oxo—6-[(1R)-1[{(tert—butyldimethylsilyl)oxy }ethyl]-1-azabicyclo—
[3.2.0lhept-2-ene-2-carboxylate(80)¢] A
N,N-Diisopropyl amine 0.4mf(2.8%8 mM)E ¥
st 25M-n-Buli 1.44md (3.6 mM)E #
It
2-methyl- 8 —naphthothiazole 480mg (2.4mM)& 4 THF 4miol] =] HA3) 7}
$ F2Z0A 3087 ARESEA T
~formyl carbaperrem 3}3E 78 1.11g(2.88 mM)S H< THF 10mlol =< A3
% F2xoA 1587 wekslal Sat. NHCl =890 2 dre& FAAZ
Aol EAE 7Fste] AT F FE35ho] MgSO.2 AXAA Y 3o
X ZAALE Hex © EA = 4 ¢ 1% columm AASe 5A3E 210mg (13%)S
=3
TLC : Rr = 0.3 (Hex/EA = 4/1)

z 4

z
1L HE

i

-

s

O

Nr_o‘_{:

e a2 (= N
Eg ol

32 2 oo o
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'H NMR(CDCl;, 200MHz) 8 0.08(S, 6H), 0.85(S, 9H), 1.10(d. J=7.3Hz, 3H), 1.21(d.
J=6.6Hz, 3H), 2.98(m, 1H), 3.21(m, 3H), 3.84(m, 1H), 4.27(m, 1H), 4.76(m, 2H),
5.48(m, 2H), 5.98(m, 2H), 7.15(m, 1H), 7.61(m, 2H), 7.85(m, 2H), 8.25(m, 1H)

Allyl (4R,6R)-6-[(1R)-1-hydroxyethyll-3-(1-hydroxy-2-naphtho[1,2-d]-
[1,31thiazol-2-ylethyl)-4-methyl-7-oxo—1-azabicyclo[3.2.0]lhept-2-ene-2-
carboxylate(81)2] A

otA dojz 3H3E 100mg(0.172 mM)& H< THF 3miol =2 ¥ AcOH
2719} IM-TBAF 027m¢(0.27 mM)S A2 AH3] 718 v d=dA 22

12

e 2L FAR 343ty X3 NaHCO3 89, brine £22 AHT F #71F
MgSO.E AZRANA 2 553tk dojz JAFE Hex : EA =1 1 1 columm
Aste] 22 313E 81 39mg (49%)& AT

TLC : Re = 0.3 (Hex/EA = 1/1)

'H NMR.(CDCls, 200MHz)8 1.10(d, J=7.1Hz, 3H), 1.30(d, J=6.2Mz, 3H), 2.81(m,
1H), 3.21(m, 3H), 3.76(m, 1H), 4.23(m, 1H)  4.79(m, 2H), 547(m, 2H), 5.88(m,
2H), 7.11(m, 1H), 7.65(m, 2H), 7.81(m, 2H), 8.27(m, 1H)

oxl mlo

Sodium (4R,6R)-6-[(1R)-1-hydroxyethyll-3-(1-hydroxy 2-naphthol1,2-d]-
[1,3]thiazol-2-ylethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]Jhept-2-ene-2-
carboxylate(KR-32148)¢°] %A
22523 39mg(0.084 mM)S CH:Cly 3méell olil PPhs 2.2mg, Pd(PPhs)s
25mg, SEH 13.8mg(0.084 mM)& A URE 718 & Ao A 241 St wuketsd
o}
gkgdlo] B 3mE sl F&sz £35S MPLCE AAlste EAISEE
KR-32148 5mg (13%)< did.
TLC : Rf = 0.7 (CH:CN/H:0 = 4/1)
'H NMR(CDCls, 200MHz) 8 1.10(d, J=7.3Mz, 3H), 1.30(d, J=6.1Hz, 3H), 2.88(m,
1H), 3.20(m, 3H), 3.81(m, 1H), 4.25(m, 1H), 5.57(m, 1H), 7.15(m, 1H), 7.62(m, 2HO
7.85(m, 2H), 8.31(m, 1H)

Allyl (4R,6R)-6-[(1R)-1-{(triethylsilyl)oxy}ethyll-3—-{1-hydroxy-2-[5-(iso-
nicotinoylamino)—1,3-benzothiazol-2-yllethyl}-4-methyl-7-oxo—-1-azabicy—
clo[3.2.0lhept-2-ene—2-carboxylate(83) 2] A

ZEA9 2-formyl 7HetElY 78 315mg (0.8 mM)E F=x| 82 & &
e 2u| 2 urgAA columm FA(EA)SHY EZ313E 83 138mg (26%)S &
c}.

)
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TLC : Rt = 0.35 (EA)

'H NMR (CDCl;, 200MHz)8 065(m, 6H), 0.75(t, 9H), 1.10((d, J=7.4Hz, 3H),
1.23(d, J=6.2Hz, 3H), 2.97(m, 1H), 3.44(m, 1H), 3.92(m, 1H), 4.04(m, 1H), 4.77(m,
2H), 5.45(m, 2H), 5.95(m, 2H), 7.32(S, 1H), 7.75(m, 4H), 8.89(m, 2H)

Allyl (4R,6R)-6-[(1R)-1-hydroxyethyl]-3-{1-hydroxy-2-[5-(isonicotinoyl-
amino)—1,3-benzothiazol-2-yllethyl}-4-methyl-7-oxo-1-azabicyclo[3.2.0]-
hept-2-ene—2-carboxylate(84)¢] €A

452 83 182mg (0274 mM)S ¢ 22 ZH|2 204 1A 5
HhSA] 713 22 W o2 work-updt ¥ EAZE columm A A|dte] =233 E 84
120mg (80%)S AU}
'"H NMR (CDCl;, 200MHz)s 1.11(d, J=777Hz, 3H), 1.33(d, J=6.7Hz, 3H), 2.79(m,
1H), 3.21(m, 3H), 3.76(m, 1H), 4.22(m, 2H), 4.77(m, 2H), 5.32(m, 2H), 5.95(m,
1H), 7.19(S, 1H), 7.77(m, 4H), 8.85(m, 2H)

Sodium (4R,6R)-6-[(1R)-1-hydroxyethyll-3-{1-hydroxy-2-[5-(isonicotino-
ylamino)-1,3-benzothiazol-2-yllethyl}-4-methyl-7-oxo-1-azabicyclo-
[3.2.0lhept-2-ene-2-carboxylate(KR-32166) 9] %A
£4=4 84 120mg (0.219 mM)E o4 2L Ex|s} 2
A ZA33E KR-32166 63mg (54%)S A glth
'H NMR(D:0, 200MHz) 5§ 1.10(d, J=7.1Hz, 3H), 1.30(d, J=6.2Hz, 3H), 2.88(m, 1H),
3.18(m, 2H), 3.28(m, 1H), 3.75(m, 1H), 4.25(m, 1H), 556(m, 1H), 7.19(S, 1H),
7.75(m, 4H), 8.91(m, 2H)

tlo

PPz whga

—

tert-Butyl (2R,4S)-2-[(R)-1,3-benzothiazol-2-yl(hydroxy)methyl]l-4-[(tert—-
butyldimethylsilyl)oxyl-1-pyrrolidinecarboxylate(86) 2] &4
Benzothiazole 0.52m¢ (4.8 mM) 2} 2-formylpyrrolidine 38E 85 1.32g (4
mM)& ARE-Ste] 4 2 wgloz wSAA EHIFE 86 1.74g (93%)S 2
=3
TLC : Rt = 04 (Hex/EA = 4/1)
'H NMR (CDCls, 200MHz) 8 0.05(S, 6H), 0.91(S, 9H), 1.39(S, 9H), 1.91(m, 2H)
3.01(m, 2H), 4.25(m, 2H), 4.61(m, 1H), 7.61(m, 2H), 7.81(m, 2H)

(35,5R)-5-[(R)-1,3-Benzothiazol-2-yl(hydroxy)methyl}- 3-pyrrolidinol
hydrochloride(87)2] g4
=454 86 1.74g (3.74 mM)< 20% HCI/MeOHE 9 15miel]l =0l A2

o A WA} wRM F owkg el ZQE FHAIA AAHA & HAHSYE 87 143g
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(100%0°14) e LA
'H NMR (CDCls, 200MHz) & 1.94(m, 1H), 3.18(m, 1H), 3.35(m, 2H), 4.54(m, 2H),
7.58(m, 2H), 7.78(m, 2H)

4-nitrobenzyl (2R,4S)-2-[(R)~-1,3-benzothiazol -2-yl(hydroxy)methyll-4-
hydroxy—1-pyrrolidinecarboxylate(88a and 88b)2] %4

2Ed 87 143g(4.99mM)E CH:Cl, 20mel] =o]x p-Nitrobenzylchloroformate
1.29g (5.99mM)3} N N-Diisopropylethylamine (12.97mM)< 7}al 1 A wwk3)
At

kSl EAE 718t A5t 23 & {715 ¥£3} NaHCO; &9, 242F
=02 MFst Y FEFAA columm AA (EA/Hex = 2/1)3te] 2 3EE up
88a 572mg (27%) dn 88b 562mg (26%)& A UTt.

(up)

'H NMR (CDCls, 200MHz) 8 2.25(m, 1H), 3.20(m, 1H), 3.41(m, 2H), 4.22(m, 1H),
4.53(m, 1H), 5.10(S, 2H), 5.30(m, 1H), 7.25(m, 4H), 7.72(m, 2H), 7.99(m, 2H)

(Dn)

'H NMR (CDCls, 200MHz) 6 1.90(m, 1H), 2.21(m, 1H), 3.50(m, 1H), 3.79(m, 1H),
4.41(m, 2H), 5.23(m, 3H), 7.45(m, 4H), 7.90(m, 2H), 8.20(m, 2H)

4-Nitrobenzyl (2R,4S)-2-[(R)-1,3-benzothiazol-2—-yl(hydroxy)methyl]-4-
[(methylsulfonyl)oxy]l-1-pyrrolidinecarboxylate(89a and 89b)<] A4
(up)
E4EZ 88a 562mg(1.31 mM)< CH:Cly 10méel] £3iA17] & 0C=
I EtN 0.26me(1.83 mM)3 MsCl 0.12m8(1.57 mM)E A3 713 o
2A1ZE B mukstgith HES-8- o] CHoChLE 7hete] 343 3 =&
S X3 NaHCO; 843 AFEZ AFH31 MgSOE AZANA 7Y ¥
o Ao FAE columm A (Hex : EA =1 : 1)3te] 534318 =
(82%6)& Ut
TLC : Rf = 0.35 (EA/Hex = 2/1)
'"H NMR (CDCls, 200MHz) 8 241(m, 1H), 2.65(m, 1H), 3.02(S, 3H), 3.40(m, 1H),
4.22(m, 2H), 4.80(m, 1H), 5.10(m, 1H), 5.30(S, 2H), 7.50(m, 4H), 8.02(m, 4H)
(Dn)
E¢=4 88b 552mg (1.29 mM)E 99 2 HHoz w3 AHA =433
= 89 IB7mg (B5%)S LA
TLC : Rf = 03 (Hex : EA =1 : 2)
'H NMR (CDCl3, 200MHz) 8 2.20(m, 1H), 2.42(m, 1H), 3.01(S, 3H), 3.61(m, 1H),
4.19(m, 2H), 458(m, 1H), 519(m, 1H), 531(S, 2H), 7.44(m, 4H), 7.98(m, 2H),

o 2
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8.22(m, 2H)

4-Nitrobenzyl (2R, AR)-4-[acetylsulfanyl)-2-[(R)-1,3-benzothiazol-2-yl-
(hydroxy)methyl]-1-pyrrolidinecarboxylate(90a and 90b)<] &4

(up)

E94E2  89a 772mg (1.52mM)E DMF 10mee] =% ¥ AcSK 348mg
(3.04mM)& 7F3taL 80Tl 8AIZE FeF wwkstgint. RIS HE EAR A3 &
A2FEE AYA AFEL F71FE MgSOE AFRAA Y 55319 do4d =
AFE columm A (Hex : EA = 2 : D)3te] 523518 E 90a 208mg (28%)& A
=2
TLC : Rt = 05 (Hex : EA =1 :2)

'"H NMR (CDCls, 200MHz) 8 2.32(S, 3H), 2.41(m, 2H), 3.01(m, 1H), 3.75(m, 2H),
4.16(m, 1H), 4.58(m, 1H), 5.22(S, 2H), 7.41(m, 4H), 8.02(m, 4H)

(Dn)

Z2E 3 89b 357mg (0.703 mM)E ¢ #2 WHoE g AA A3
E 90b 83mg (26%)S ASTh
TLC : Rr = 045 (Hex : EA =1 : 2)

'H NMR (CDCls, 200MHz) 8 2.13(m, 2H), 2.26(S, 3H), 2.38(m, 1H), 3.35(m, 1H),
3.79(m, 1H), 4.02(m, 1H), 4.42(m, 1H) 5.09(S, 2H), 6.98(m, 1H), 7.38(m, 4H),
7.89(m, 2H), 8.19(m, 1H)
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4-Nitrobenzyl (2R,4R)-2-[(R)-1,3-benzothiazol-2-yl(hydroxy)methyl]-4-
sulfanyl-1-pyrrolidinecarboxylate(91a and 91b)<¢] &4

(up)

Z%¢EZ 90a 135mg (0.277 mM)E MeOH 5mie] =9 £ 0C=2 yzisiz
2N-NaOH 0.34m¢ (0.68 mM)E #H 3] 7Fsk 42 0ToA 1A+ B¢+ wuks}
0CelA IN-HCl 0.7mE 7t3te 5383 & MeOHEZE 7% 5347
o EANATL [HFE 2FEE A AAHR g =
140mg (100% °]/4)< Aot
TLC ' Rt = 045 (Hex : EA =1 : 2)

(Dn)

2= 90b 88mg (0.18mM)S 91 22 Woz wgAA AR &
< EX3FE 91b 82mg (93%)2 AUtk
TLC : Ry =04 (Hex : EA =1:2)

4-Nitrobenzyl (6R)-3-[((5R)-5-[(R)-1,3-benzothiazol-2-yl(hydroxy)meth—
yll-1-{[(4-nitrobenzyl)oxylcarbonyl}pyrrolidinyl)sulfanyll-6-[(1R)-1-
hydroxyethyll-4-methyl-7-oxo-1-azabicyclo[3.2.0]lhept—-2—-ene—2-carboxyl-
ate(92a and 92b)e] A

(up)

PNB-enolphosphate 100 156mg (0.262 mM)<S CH:CN 7méel] =<9 3 -2
0C=2 WZsta DIPEA 68u4 (0.39 mM)E 71k thd thiol 91a 140mg (0.314mM)
£ CHsCN 3mtell 3o HAH3] 78 Fdo. 25F 0C7HA MA3] &due 0T
AAM 2417 FF WREEA
W3-l EAE 7t Mg & {7152 23 NaHCO; €9, brine £2.2 A
A3t MgSOE AZAA Y 5% 42 columm AA (Hex : EA = 1 : 2)3}
o E433HE 92a 3Bmg (17%)S ATt
TLC : Rf = 0.35 (EA)

'H NMR (CDClz, 200MHz)é 1.19(d, J=7.1Hz, 3H), 1.31(d, J=6.1Hz, 3H), 1.70(m,
2H), 3.30(m, 4H), 4.17(m, 4H), 4.42(m, 1H), 5.23(m, 5H), 7.38(m, 6H), 7.56(m, 2H)

8.01(m, 4H)

(Dn)

PNB-enolphosphate 100 83mg (0.1 4mM)# thiol 91b ¥ ¢} Z& Wy o=
HHEAl A H2A355HE 92b 45mg (41%6)S AT
TLC : Rf = 0.35 (EA)

'H NMR (CDCls, 200MHz) & 1.25(d, J=7.3Hz, 3H), 1.37(d, J=6.3Hz, 3H), 2.25(m,
2H), 3.29(m, 3H), 3.50(m, 1H), 4.20(m, 4H), 4.41(m, 1H), 5.32(m, 5H), 7.41(m,
6H), 7.91(m, 2H), 8.21(m, 4H)
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(6R)-3-({(5R)-5-[(R)-1,3-Benzothiazol-2-yl(hydroxy)methyllpyrrolidinyl}-
sulfanyl)-6-[(1R)-1-hydroxyethyll-4-methyl-7-oxo-1~azabicyclo[3.2.0]-
hept—2-ene-2-carboxylic acid(KR-33006 and KR-33007)¢] 4
(up)
29232 92a 30mg (0.038 mM)S THF 2t EtOH 3mlol 1)
Pd/C 10mg® 0.IM-MOPS buffer & 2mE 78t Fa7l2 T4

o A
2o A mukstdarh B EA S celiteR o#E T SulE B FEAZ O

& B 10mE 3o MPLCE AASz FAAZAA HHIFFE KR-33006 8mg
(44%)& LUt
'H NMR (CDCls, 200MHz) & 1.08(d, J=7.3Hz, 3H), 1.20(d, J=6.6Hz, 3H), 2.55(m,
2H), 2.99(m, 1H), 3.05(m, 3H), 3.88(m, 2H), 4.25(m, 2H), 4.65(m, 1H), 7.61(m,
2H), 7.80(m, 2H)

(Dn)

Z9-E4 92b 40mg (0.051 mM)S 9 Z2& HHoE ul
& KR-33007 1lmg (45%)S LA
'H NMR (CDCls, 200MHz) 6 1.10(d, J=7.3Hz, 3H), 1.22(d, J=6.5Hz, 3H), 2.65(m,
2H), 2.91(m, 1H), 3.09(m, 3H), 3.80(m, 2H), 4.23(m, 2H), 4.62(m, 1H), 7.55(m,
2H), 7.78(m, 2H)

AA 515

oo

tert-Butyl (2R,4S)-2-[(1S)-2-(1,3-benzothiazol-2-yl)-1-hydroxyethyl]-4-
[(tert—butylidimethylsilyl)oxyl-1-pyrrolidinecarboxylate(93) 9] %4

2-Formyl pyrrolidine 33E 85 630mg (191 mM)3 2-methyl
benzothiazole 0.29m¢ (2.29 mM)2 Al&3}o] <47 & WPoz wgs AlA 3
3158 93 825mg (90%)& AUt
TLC : Ry = 045 (Hex : EA =4 :1)
1 NMR (CDCls, 200MHz) 8 0.01(S, 6H), 0.75(S, 9H), 1.39(S, 9H), 1.69(m, 2H),
3.05(m, 2H), 3.23(m, 2H), 3.35(m, 1H), 4.28(m, 1H), 4.43(m, 1H), 7.55(m, 2H),
7.84(m, 2H)

tert-Butyl (2R,4S)-2-[(1S)-2-(1,3-benzothiazol-2-yl)-1-hydroxyethyl]-4-
hydroxy-1-pyrrolidinecarboxylate(94) 2] &4

2924 93 825mg (1.72 mM)Z IM-TBAFE A}&35to] <@t 28 3Ho
2 uke A A EH3EE 94 522mg (83%)S AU
TLC : Re = 0.05 (Hex : EA =1 : 2)
'H NMR (CDCls, 200MHz) 8 1.39(S, 9H), 1.75(m, 2H), 3.23(m, 2H), 3.40(m, 2H),
351(m, 1H), 4.38(m, 1H), 4.45(m, 1H), 7.55(m, 2H), 7.75(m, 2H)
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tert-Butyl (2R,4S)-2-[(1S)-2-(1,3-benzothiazol-2-yl)-1-hydroxyethyll-4—
[(methylsulfonyl)oxyl-1-pyrrolidinecarboxylate(95) 2] A4

E4EF 94 580mg (1587 mM)& AH&3te Iz e Wyoz ukgAlA
EA318E up 2% Dn 95 513mg (73%)S <t
TLC : Rt = 04 (Hex : EA =1:2)
'H NMR (CDCls, 200MHz) ¢ 1.39(S, 9H), 2.11(m, 2H), 3.10(S, 3H), 3.17(m, 1H),
3.34(m, 2H), 359(m, 2H), 3.96(m, 1H), 4.18(m, 1H), 545(m, 1H), 7.41(m, 2H),
7.85(m, 2H)

(3R,5R)-5-[(1S)-2-(1,3-Benzothiazol-2-yl)-1-hydroxyethyllpyrrolidinyl-

methanesulfonate hydrochloride(96)¢] A
S4EZ 95 513mg (1.16 mM)S 43 22 @y o 2 20% HC/MeOHZ

AREste] WHEAIA EHEHFE 96 335mg (76%)& AUt

TLC : Rr = 0 (EA/Hex = 2/1)

'H NMR (DMSO-ds, 200MHz) 8 2.31(m, 2H), 3.11(S, 3H), 3.19(m, 1H), 3.31(m,

2H), 3.61(m, 2H), 3.91(m, 1H), 4.20(m, 1H), 5.43(m, 1H), 7.40(m, 2H), 7.89(m, 2H)

4-Nitrobenzyl (2R,4R)-2-[(1S)-2-(1,3-benzothiazol-2-yl)-1-hydroxyethyl]-
4-[(methylsulfonyl)oxyl-1-pyrrolidinecarboxylate(97)¢] A

2274 96 328mg (0.863 mM)S AFE3te] U3 22 Wi o g WA
A 313E 97 305mg (68%)% LAt
TLC : R = 0.2 (EA/Hex = 2/1)
'H NMR (CDCl3, 200MHz) 8 1.65(m, 1H), 2.39(m, 2H), 2.98(S, 3H), 3.21(m, 2H),
3.65(m, 1H), 4.09(m, 2H), 4.60(m, 1H), 5.18(S, 2H), 5.38(m, 1H), 7.42(m, 4H),
7.82(m, 2H), 8.19(m, 2H)

4-Nitrobenzyl  (2R,4S)-4-(acetylsulfanyl)-2-[(1S)-2—-(1,3-benzothiazol-2-
y1)-1-hydroxyethyll-1-pyrrolidinecarboxylate(98)¢] A

SLE24 97 285mg (0545 mM)E AtE3le] 3 2 wEo s whgAlA
EX 335 98 193mg (70%)S At}
TLC : Rt = 0.6 (EA/Hex = 2/1)
'H NMR (CDCls, 200MHz) 8 2.05(m, 1H), 2.34(S, 3H), 2.61(m, 1H), 3.22(m, 3H),
3.85(m, 1H), 4.18~4.60(m, 3H), 5.20(S, 2H), 7.41(m, 4H), 7.88(m, 2H), 8.21(m, 2H)

4-Nitrobenzyl (2R,4S)-2-[(1S)-2-(1,3-benzothiazol-2-yl)-1-hydroxyethyll-
4-sulfanyl-1-pyrrolidinecarboxylate(99)¢] A

S¢E4 98 160mg (0318 mM)S Ag3to] ¥ 7S ¥ o g HEAA
EA433HE 99 120mg (82%)& 4Tt
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4-Nitrobenzyl  (4R,6R)-3-1((3S,5R)-5-1(1S)-2-(1,3-benzothiazol-2-yl1)-1-
hydroxyethyll-1-{[(4-nitrobenzyl)oxylcarbonyl}pyrrolidinyl)sulfanyl]l-6-
[(1R)-1-hydroxyethyll-4-methyl-7-oxo—-1-azabicyclo[3.2.0lhept-2-ene-2-
carboxylate(101)2] ¥4

ZWE 2 ¢l PNB-enolphosphate 100 119mg (0.2 mM)3 thiol 99 120mg
(0.26mM)E At83ted < 2L Wyoz w3AlA EA55E 101 108mg (68%)
S AT

=

TLC : Re = 0.2 (EA)

'H NMR (CDCl;, 200MHz)é 1.08(d. J = 75Hz, 3H), 1.18(d. J = 6.3Hz, 3H),
2.62(m, 1H), 3.25(m, 6H), 3.51(m, 1H), 4.22(m, 6H), 518(m, 4H), 545(m, 1H),
7.41(m, 6H), 7.60(m, 2H), 7.85(m, 2H), 8.19(m, 4H)
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(4R,6R)-3-({(3S,5R)-5-[(1S)-2—-(1,3-Benzothiazol-2-yl)-1-hydroxyethyll-
pyrrolidiny }sulfanyl)-6-[(1R)-1-hydroxyethyl]l-4-methyl-7-oxo—1-azabicy -
clo[3.2.0]hept—2—ene—2-carboxylic acid(KR-33008)2] 4

E2EZ 101 Omg (0112 mM)E AREste] b3t 22 W os wk3AA
=2 33E KR-33008 17mg (319%6)-8 At
'H NMR (D20, 200MHz) 8 1.21(d, J = 7.2Hz, 3H), 1.32(d, J = 6.7Hz, 3H), 2.42(m,
2H), 291(m, 1H), 3.15(m, 5H), 3.55(m, 1H), 3.75(m, 1H), 4.17(m, 1H), 4.24(m,
1H), 7.41(m, 2H), 7.72(m, 2H)

Methyl (2R ,4R)-4-hydroxy-2-pyrrolidinecarboxylate HCI salt(103)2] 4]

o} HO,, 0

HO/'.D)L AcCl ’ 'N
o MeOH N o—

H oHCI

trans-4-Hydroxy-L-proline 101(10g, 76.3mmol)-S&- methanol 100mLe] =©]
I 0°Coll A AcCl(8.1ml, 11.45mmoD)& A A3 H7tstdth. oF 8AZF dF muk &
SME =589t WS T5 Yol diethyletherE 73] A&EA|7] & o3l 34
9] 3A3}3HE(13.88g, >100%)& LAt
MS (EI, 70 eV) m/z 180 (M+), 162, 145, 128, 118, 101, 86, 69, 68, 43

1-Allyl 2-methyl (2R,4R)-4-hydroxy-1,2-pyrrolidinedicarboxylate(104)2}
4

0 = HOy, 0
Ho’uw T\ ococ, Tea ’ w
o— S

N 0°C, 2h, dry CH,Cl N
eHCI r & 2~2
(o] O/\/

trans-4-Hydroxy-2-methylester-1-proline salt(28¢g, 154.18mmol)& CH:Cl,
400mLell =9°]3 Triethylamine(64.47ml, 46256mmol)& 7}3F & 0°CelA Alloyl
Chloride(18ml, 169.6mmo)& A3 #7}etdth. 241+ mwk F offste] THE
AT & FE3GY. S w29 diethylacetate®} H.0& 7F8) 531
NaHCOs& 4oz Ax F Axsta st 79t wF3te] =@ Ao HH3)
FES A
T&(78%)
TLC Rf = 0.35 (EtOAc/Hex, 3/1)
MS (EL 70 eV) m/z 214 (M+)
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1-Allyl 2-methyl (2R AR)-4-tert-Butyldimethylsilyloxy-1,2-pyrrolidinedi—
carboxylate (105)¢] 34

HO, 0 TBSO,,, o
m TBSClI, Imidazole N .
N7 t, 18h, dry DMF N2
, 18h, dry
oA~z NN

Z4EAH(Rg, 3734mmol)E DMF 100mLe] =o°]x TBSCI9.76mg,
56.02mmol), Imidazole(0000mg, 0000mmol)S 7}3F & A 2oA 1847 myr &
H0& 7tsl] wh§& S8t EAR F2313 Brineo 2 A3 §F 7R3ty oF4s
o 7St w58t 2y AR EIYGYRYEOE AASY FH3FES AU
4-£(80%)

TLC Rf = 055 (EtOAc/Hex, 3/1)
MS (EI, 70 eV) m/z 343 (M~+)

Allyl (2R AR)-4-tert-Butyldimethylsilyloxy-2-(hydroxymethyl)-1-pyrroli—-
dinecarboxylate
(106)9] A4

a TBSO,,,

TBSO,,
Z N NaBHj, LiCl E%
o— N OH

-20°C—5°C, 5h, THF-EtOH

N
O’ko/\/

LiCI(1155g, 2725mmol)& THF 150mlel  >o]x  NaBH4(10.17g,
2725mmoD) e 7H& F ALolA 3087 mukgth k& THF 50mLel x¢ %%
2 (37.56g, 109mmol)&  (°Cell A 7+t &
< 30EFeH HA3] 7 o

dlo

>
rlo
lo

Ag shste] wrge Fuate 1ANEL WAH ¥ SUE A selq AAsw
CHCLS H0% 7H %33 Brineo.2 A% § Az3t3 ojnste] 44 55
o] B4 FEL Ak

&(93%)
TLC Rf = 0.80 (EtOAc/Hex, 1/1)
MS (EI 70 eV) m/z 315 (M+)
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Allyl (2R AR)-4-tert—Butyldimethylsilyloxy-2—{[(methylsulfonyl)oxy]-
methyl}-1-pyrrolidinecarboxylate(107)2] 34

TBSO,, TBSO,,
MsCl, TEA E}A
E%OH sC N OMs

N
0°C, 2h, dry CH,Cl,
OJ\O/\/ 2 O’ko/\/

9= 2 (945mg, 3.00mmol) & CH:Clg 15mLel] Zoln
Triethylamine(0.54ml, 3.00mmol)< 7Fg ¥ 0°ColA Mesyl Chloride(0.28ml,
3.60mmo)E A A3 H7FSHTE 2413E < wwk F kg e H,0& V| F&3}
3 NaHCO:5& 9, Briner 22 AF F dxsta A7ty 3y w58 Zd =2
ZolEaHaHe s FAstd FAIFES A
T&(97%)
TLC Rf = 055 (EtOAc/Hex, 3/1)
MS (EI, 70 eV) m/z 393 (M+)

{0

O

Allyl (2R AR)-4—-tert-Butyldimethylsilyloxy-2-(iodomethyl)-1-pyrrolidine—
carboxylate(108)2] %4

E% Nal E%
N OMs N I

A, 48h, Acetone

2 E 2 (700mg, 1.78mmol)S  Acetone 8mLd] Fo]i  Nal(347mg,
3mmol)& 7+g F 48A17HE e wrRkshTh whgo] FAHW Hoz WA
|ol& 7t st A A Az, B
489 Brineco® AlF F Ax3)
AHo 2 AA st HHIGIES LA
T8 (>100%)

TLC Rf = 0.85 (EtOAc/Hex, 1/6)

1H NMR (200 MHz, CDCl3) 0.05 (s, 6H) 0.8 (s, 9H) 2.27 (d, J = 6.5 Hz, 3H),
145 (d, J = 7.1 Hz, 3H), 1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 2.9, 59 Hz,
2H), 3467352 (m, 2H), 4.0374.11 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H)

MS (EIL 70 eV) m/z 425 (M+)

N

_\
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Allyl (2R 4AR)-2-[(1,3-benzothiazol -2-ylsulfanyl)methyll-4-teri-Butyldi-
methylsilyloxy—1-pyrrolidinecarboxylate(109)¢] %4

TBSO,,

N
Oom D e A
' {0

N
N
4, 3h, Acetone <)
OJ\O/\/ OJ\O/\/

2924 (850mg, 2.00mmol)S Acetone 17mLo] Folil 2-mercapto-
benzothiazole(330mg, 2.00mmol), K:CO3(300mg, 2.2mmol)& 7+3 $ 3AIZt w3}
A}, Hkgo] EAEO ALow WA EWlE ZY stA AAT F AbS
of EAS H,OS 718l 23813 Brineo® AT HAz:stn oAdsted 2 5
3 g 2y IRuEaguEoeR A EHFES 40
F&(72%)

TLC Rf = 050 (EtOAc/Hex, 1/7)

1H NMR (200 MHz, CDCly) 2.27 (d, J = 6.5 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 5.13 (q, J = 6.9, 14.2 Hz, 1H)

MS (EIL 70 eV) m/z 464 (M+)

M 12

Allyl (2R AR)-2—{[(4—amino—1,3-benzothiazol-2-yl)sulfanyllmethyl}-4-tert-
Butyldimethylsilyloxy-1-pyrrolidinecarboxylate(110)2] ¥4

NH;

N
O’\ HS_<S:© » KzCO; TBSO/"'D/\ N
N I S_</

N
A 3h, Acetone S
OJ\O/\/ 04\0/\/

TBSO,,

2222 (100mg, 0.24mmol)2 Acetone 5mLe| o] 6-amino—2-

kg oo EAS H.0S 7Hell %3812 Brine 2 AlF st A
=25 e 7y aERuEI9 Yo s st RAstE
+£(81%)

TLC Rf = 0.18 (EtOAc/Hex, 1/4)

1H NMR (200 MHz, CDCly) 2.27 (d, J = 6.5 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3.4673.52 (m, 2H),

to N
Ol
28
i
&
)
ol
28
£
)
i
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4037411 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H)
MS (EI, 70 eV) m/z 479 (M+), 422, 298, 284, 240, 196, 182, 156, 142, 108, 73, 59

Allyl (2R AR)-2-[(1H-benzimidazol-2-ylsulfanyl)methyll-4—-tert-Butyldi—
methylsilyloxy-1-pyrrolidinecarboxylate(111)2] 4

A, 3h, Acetone

TBSO,, E>’\ HS—¢ ‘  KsGOs TBSO,,, N
' LT

OJ\O/\/HN

024 (1.8g, 4.24mmol)S Acetone 30mLe] o3 2-mercapto-
benzimidazole(530mg, 3.53mmol), K:CO3(536mg, 3.88mmol)E& 7}3 F 3|7+ ugk
Tt wkSol FAH Hd2o2 YA 7| &g ZY stellA AAY F
Ao EAS HOE 7}8] 5381 Brinee 2 A& Azxsty oFsie 7t
23 v 2y aZvEIHAHo R ARt EHIFES A

£(99%)
TLC Rf = 0.60 (EtOAc/Hex, 1/2)
1H NMR (200 MHz, CDCly) 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 2.9, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 5.13 (q, J = 6.9, 14.2 Hz, 1H)
MS (EI, 70 eV) m/z 447 (M+), 390, 346, 298, 284, 240, 200, 150, 108, 88, 75, 61

off ol

Allyl (2R,AR)-A-tert-Butyldimethylsilyloxy-2-{[(4-nitro-1H-benzimidazol-
2-yl)sulfanyllmethyl}-1-pyrrolidinecarboxylate(112) ¢} &4

NO,

TBSO, N NO
[% HST—?N‘\é - K2COs TBSOn N ’
N Ws—(
A 3h, Acetone N
OJ\O/\/ » 3h, o J\O N
EE2(1.8¢g, 4.24mmol)< Acetone 30mLel] Zoli

2-mercapto-5-nitrobenzimidazole(689mg, 3.53mmol), K2CO03(536mg, 3.88mmol)E
748 & 3A7F ke gl dkgo] FAE Hd2od WZA L §vlE #Y o
o A AAZ & wrgdeo EAS H0L 718 &8t Brineo 2 Al F 3}, A=x3
I A7t A FEIF oS ZY aRvEINHYHOZ Azt EAAES
AR

J{N'
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T&(99%)

TLC Rf = 040 (EtOAc/Hex, 1/2)

1H NMR (200 MHz, CDCls) 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
40374.11 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)

MS (EI 70 eV) m/z 492 (M+), 435, 391, 329, 298, 284, 240, 196, 156, 142, 108,
86, 75, 59

Allyl 2-[{(2R,4R)-1-[(allyloxy)carbonyll-4-tert-Butyldimethylsilyloxy -
pyrrolidinyl}methyl)sulfanyl]-1H-benzimidazole~1-carboxylate(111)9] 34

TBSO/,. I TBSO/I,,
D,-\ N —\_ococa, TEA D,\ N
N S HND o N s /: D
N

oN\F

£2E 2 (353mmo)E  CHxCl; 15mLell  3590]3  Triethylamine(1.48ml,
10.59mmol)& 7}§ 3 0°CellA Alloyl Chioride(0.45ml, 4.24mmol)& A A3 A 7}sf
Aok 2 gk F st 1AE AAS L SWiE &Y e S
diethylacetate®} Ho0& 718 FZ5t31 NaHCO; & Ao g2 AH & Azxsty o3st
of Zt 55t w@A dite) HHIFEL AU
T&(80%)
TLC Rf = 0.90 (EtOAc/Hex, 1/2)
1H NMR (200 MHz, CDCl3) 2.27 (d, J = 6.5 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3.467352 (m, 2H),
4.0374.11 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H)
MS (EL 70 eV) m/z 531 (M+), 516, 474, 430, 390, 329, 298, 284, 234, 196, 175,
156, 142, 108, 73

Allyl 2-[{(2R,4R)-1-[(allyloxy)carbonyl]-4-tert-Butyldimethylsilyloxy—
pyrrolidinyl}methyl)sulfanyll-4 nitro—1H-benzimidazole—1-carboxylate(126)

o #4

TBSOy,, NO2 =\_ TBSO, NO,
E% o ococ, TEA E% N
N — s—

N
HN 0°C, 2h, dry CH,Cl, N
OJ\O/\/ OJ\O/\/ o ;\O A
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&2 (353mmol)S  CHoCl; 15mLel *o]i  Triethylamine(1.48ml,
10.59mmol)& 7}t 3 0°Cell A Alloyl Chloride(0.45ml, 4.24mmol)E& A A3] A 7}3})
ATt 2712 wRE & ot TAE AASL SE FHEAT e FF A
diethylacetate$} H:O& 718l F&3F3 NaHCOs&do 2 ANFH F dxsta o st
o] 7+t =ZFle] wokal olabe] ZAEES ool

T£(86%)
TLC Rf = 0.80 (EtOAc/Hex, 1/2)
1H NMR (200 MHz, CDCls) 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 5.13 (q, J = 6.9, 142 Hz, 1H)
MS (EI 70 eV) m/z 576 (M+), 561, 519, 475, 435, 377, 329, 298, 284, 240, 196,
156, 142, 108, 73

Allyl (2R, AR)-2-1(1,3-benzothiazol-2-ylsulfanyl)methyl]-4-hydroxy-1-
pyrrolidinecarboxylate(113)¢] 34

TBSO,, HO/I'D/\ N
E»’\S _</ D TBAF, AcOH Ny s—</:©

oi\ 0°C —»rt, 18h, THF oA Az

95 2 (660mg, 1.42mmol)-2 THF 85mlel o] 0°Cel A
14.2mmol), TBAF(5.68ml, 5.68mmol/1Mol THF solution)& 7}3F &
NN

[o)

i
rlo
lo
f g
fo
i

E &84 18X wkgtth Sat. NaHCO:F8§ & 7heto whg
H0& 713l #2319 Brine2 2 A X @oh Axsta o Fapo] 2k
Y aznEIdAEer FAsto] EHETdES AU

+(100%)
TLC Rf = 0.15 (EtOAc/Hex, 1/1)
1H NMR (200 MHz, CDCl) 227 (d, J = 65 Hz, 3H), 1.45 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
40374.11 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H)
MS (EI 70 eV) m/z 350 (M+)
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Allyl (2R ,4AR)-2-{[(4-amino—1,3-benzothiazol-2-yl)sulfanyllmethyl}-4-
hydroxy—1-pyrrolidinecarboxylate(117)9] %4

T8SO,, NH, HO/,' \ NHZ
A e PP
S
S oG
OJ\O/\/ 0°C —t, 18h, THF OJ\o/\/

292 A (1.26g, 2.63mmol)2 THF 13mldl =o]i 0°CelA4 AcOH(1.51m],
26.3mmol), TBAF(10.51ml, 10.51mmol/IMol THF solution)& 7tg & A0 =% &
T2 &84 18A17F mukstth Sat. NaHCO;5£ A& 7tste] §bg-& F &5l EA
9} H;0& 7t8] F23%to] Brineo 2 AF 3o Azxsta ool et 553 U
7z Az EaddEoer AAS G EXFES AUTH
+8(86%)

TLC Rf = 0.20 (EtOAc/Hex, 3/1)

1H NMR (200 MHz, CDCl) 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)

MS (EL 70 eV) m/z 365 (M+), 196, 182, 170, 151, 137, 126, 108, 61

o
=
1

Allyl 2-[({(2R,AR)-1-[(allyloxy)carbonyl]-4-hydroxypyrrolidinyl}methyl)-
sulfanyl]l-1H-benzimidazole—1-carboxylate(122)¢] 4

N
E»’\s ¢ :@ TBAF, AcOH S‘«j@

N

N N
N 0°C —rt, 18h, THF

ANNF e N hoc

2922 (150g, 2.82mmol)S THF 15mlo] *Holxm 0°CellAd AcOH(1.61ml,
28.2mmol), TBAF(11.28ml, 11.28mmol/1Mol THF solution)& 7}%* T ALo=F &2
TE 284 18Xz Zutgth Sat. NaHCO;F& A& 7h3dte] REg-&

s} H.0S 718 %3t Brineo 2 A H S Axstn d#ste] I ¥5F =
Ze FEnEddYPes AAsY EHFES U

T£(89%)

TLC Rf = 0.15 (EtOAc/Hex, 1/2)

1H NMR (200 MHz, CDCls) 227 (d, J = 65 Hz, 3H), 1.45 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 5.13 (q, J = 6.9, 142 Hz, 1H)

MS (EI, 70 V) m/z 417 (M+), 360, 316, 298, 284, 259, 248, 234, 201, 190, 175,
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150, 137, 126, 108, 90, 68

Allyl 2-[{(@2RAR)-1-[(allyloxy)carbonyll-4-hydroxypyrrolidinyl}methyl) -
sulfanyl]l-4-nitro-1H-benzimidazole-1-carboxylate(127)2] &4

HO/, NOZ

TBSO//,D/\ I E% N
N
TBAF, AcOH S—
N ﬁ N s

N
N °C —|
OJ\Q/\/ AOC 0°C —-rt, 18h, THF OJ\O/\/ A

oC

252 (1.75g, 3.04mmol)E THF 20milol o] 0°ColA AcOH(1.74ml,
30.43mmol), TBAF(12.17ml, 12.17mmol/IMol THF solution)& 7} & AH2o=
2EE &#A 18A1Z7r mHkgt) Sat. NaHCOsF+£ & 715te] wte8 FE3 3
EASt H:0& 718 #%3le] Brinee® AF3Id. Axslu o33t 74 53
U 29 AZvtEagduyg o AA s AN ES AT

£(49%)
TLC Rf = 0.70 (EtOAc/Hex, 3/1)
1H NMR (200 MHz, CDCls) 227 (d, J = 6.5 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 5.13 (g, J = 6.9, 14.2 Hz, 1H)
MS (EI 70 eV) m/z 462 (M+), 445, 405, 377, 361, 321, 267, 246, 220, 195, 183,
170, 154, 138, 126, 108, 80, 68

Allyl (2R AS)-4—(acetylsulfanyl)-2-[(1,3-benzothiazol-2-ylsulfanyl)-me-
thyll-1-pyrrolidinecarboxylate(114)2] 4

AcS
' N PPhs, DEAD, CH,COSH \E% N
E,\}’\s-(’ :@ N s

S ; S
C, 1. - =
OJ\O S 0C, 1.5h ~ 1t, 2h, THF 0N GN\F

3454 (500mg, 143mmoD)& THF 80mlel o]  PPhs(600mg,
DS 713 % 0°Col A DEAD(0.38ml, 2.42mmol)E 7}ate] 3087+ wuksic),
Al CH3COSH(0.16ml, 2.28mmol)S Z7tste] 108-7F mukst & A2
20%3—@ WRkE o At A & E AARNY. ZEH AZnEIHAHOE A
ﬂ%

TLC Rf = 0.80 (EtOAc/Hex, 2/1)
1H NMR (200 MHz, CDCls) 8 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
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1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)
MS (EL 70 eV) m/z 408 (M+)

Allyl (2R AS)-4-(acetylsulfanyl)-2—{[(4-amino-1,3-benzothiazol-2—-yl)—sul-
fanyllmethyl}-1-pyrrolidinecarboxylate(118)2] 4

HO), NH, AcS NH;
Q/\S _</N:© PPhs, DEAD, CH;COSH \Er}’\s _{‘D
s 3 R
oA g 0°C, 1.5h ~ rt, 2h, THF 04\0/\/
E4EZ(822mg, 2.25mmol)E THF 10.0mlel =oj32  PPh3(708mg,

.
748k & 0°Col A DEAD(0.39ml, 2.48mmol)E 7}8to] 30%-37F nwrstot
CHsCOSH(0.21ml, 2.93mmol)& A 7}ste] 10837 wHkgE 3 A2 A
W
H

[\"]

"5

o

{1

o,
(X o

207 wbg o AgsilM JvilE AATH. ZE AzuEadgayes AHA
stol EH5EdES AU
A~ 0

TLC Rf = 0.80 (EtOAc/Hex, 3/1)

1H NMR (200 MHz, CDCl3) 6 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 2.9, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)

MS (EI 70 eV) m/z 423 (M+), 348, 242, 196, 182, 163, 152, 137, 123, 108, 80

Allyl 2-[({(2R,AS)-4-(acetylsulfanyl)-1-[(allyloxy)carbonyllpyrrolidinyl}-
methyl)sulfanyl]-1H-benzimidazole-1-carboxylate(123)2] A

HO,,,

AcS
N PPh,, DEAD, CHsCOSH p’\ N
E»’\S v D 3 3 N s

o N
0T, 1.5h ~ rt, 2h, THF O O/\/ A

N
N

oc
25 2 (1.05g, 2.52mmol)2 THF 156miel *o]3 PPhs(793mg, 3.02mmol)
g 748 F 0°ColA DEAD(0.44ml, 277mmolE 7}eho] 3087 mitdth § L&

oA CHsCOSH(0.23ml, 3.28mmol)& & 7}sle] 108¥7F wukst § H-2oA 2083t
e 7ZAgstol A SuE AT B azoEadgTHoz AR s B2

TLC Rf = 0.85 (EtOAc/Hex, 1/1)
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1H NMR (200 MHz, CDCly) 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 2.9, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H)

MS (EI 70 eV) m/z 475 (M+), 432, 400, 356, 243, 234, 201, 190, 175, 166, 152,
131, 118, 108, 90, 80, 68

Allyl  2-[({(2R,AS)-4-(acetylsulfanyl)-1-[(allyloxy)carbonyllpyrrolidinyl}-
methyl)sulfanyll-4-nitro-1H-benzimidazole—1-carboxylate(128)2] %4

NO»

HO, NO2 AcS
E% N PPhs, DEAD, CHyCOSH \E% N
N s—¢ N s

N o T N

2 (656mg, 1.42mmol)& THF 10.0ml¢] 0] PPhs(469mg,
Fst & 0°Coll Al DEAD(0.26ml, 1.64mmol)& 7}ste] 3087 wwr3ict.
CHsCOSH(0.14ml, 1.94mmol)-g& A 7}ste] 1083F wykgt & A 2of A

\1”“{“

il

flo

k1

2
BT > oo px

087 TR G AL SuIE AAVTY Y A=vhEadugoz A
sl 2HRFEL AY

+&(59%)

TLC Rf = 0.45 (EtOAc/Hex, 1/1)

1H NMR (200 MHz, CDCls) 2.27 (d, J = 6.5 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)

MS (EI, 70 eV) m/z 520 (M+), 432, 377, 361, 243, 201, 190, 166, 153, 131, 118,
108, 80, 68

Allyl (2R AS)-2-1(1,3-benzothiazol-2-ylsulfanyl)methyl]-4-sulfanyl-1-
pyrrolidinecarboxylate(115)2] A

AcS HS

z’y\ N 2N-NaOH, MeOH ‘(y\ _<N©
s—< - s—<
N s 0c, 30" N s

AOC AOC

Z94E2(250mg, 059mmol)E MeOH  1.3mlel  Fojz  0°CellA
2N-NaOH(0.30ml, 0.59mmol)E 7}3+ ¥ 2083+ mxksitt. AcOH, EA, H08 &%
fAe st wrg& FH53 FEI F Sat. NaHCO:;F £ 9, Briness 22 Al 3
got. xSt g Fsta e w&Hd F g WS niE o] &3ttt
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TLC Rf = 0.80 (EtOAc/Hex, 3/1)

Allyl (2R AS)-2-{[(4—amino—-1,3-benzothiazol-2-yl)sulfanyllmethyl}-4-sul-
fanyl-1-pyrrolidinecarboxylate(119)2] %4

AcS NH, HS NH;
N 2N-NaOH, MeOH ‘[‘y\ N
s—< - s—=<
N s 0C, 30" N S
AOC AOC

29 E A (814mg, 1.92mmol)E& MeOH 8mlel o]z (0°ColA 2N-NaOH
(1.06ml, 2.11lmmol)E 78 ¥ 20%7F wHkdith AcOH, EA, H:09 &£3&4& 7t
% Sat. NaHCO3;F&9% Brines o2 AH3Y, A=z

Sk & T} wkgd HIE o] &5t

Allyl  2-[({(2R4S)-1-[(allyloxy)carbonyll-4-sulfanylpyrrolidinyl}methyl)-
sulfanyl]l-1H -benzimidazole—1-carboxylate(124)¢] 34

\

\L——y\ :© 2N-NaOH, MeOH ‘(V :©

07cC, 30
OC AOC AOC

2924 (555mg, 1.17mmol)S MeOH bmlol =oli 0°CellA] 2N-NaOH
(O52ml 104mm01)€ 78k & 20%-7+ mwrstth. AcOH, EA, H.09 E&& 95 7t
0}04 (NN %—‘E_é}i 23 % Sat. NaHCO:;F+€ 9, Brines 22 A Hgo. =%

&3 T g2 g uE o] &3t
TLC Rf = 040 (EtOAc/Hex, 1/1)

Allyl  2-[{(2R,4S)-1-[(allyloxy)carbonyl]-4-sulfanylpyrrolidinyl}methyl)-
sulfanyll-1H-benzimidazole-1-carboxylate(129)¢] &4

HS NO2
2N-NaOH, MeOH ‘['>/\ N
S—< e N S—<’N
|
AOC AoC AOC

\

07T, 30

2 E 2 (200mg, OSSmmol)% MeOH 2mle] =o]x 0°CellA 2N-NaOH
(0.16ml, 0.32mmol)E& 7}3 ¥ 2087k @utditl AcOH, EA, H0¢ E£F-8&AL 7
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sted BF3-S FH3la &3 T Sat. NaHCO:5 89 Brined o2 A3ty Az
sto] AFsta At FEF F uhg whgo] uE o] &3t
TLC Rf = 044 (EtOAc/Hex, 1/1)

Allyl  (4S,6R)-3-({(3S,5R)-1-[(allyloxy)carbonyll-5-[(1,3-benzothiazol -2-
ylsulfanyl)methyllpyrrolidinyl}sulfanyl)-6-[(1S)-1-hydroxyethyl]l-4-meth—
yl-7-oxo—1-azabicyclo[3.2.0lhept-2—ene-2—-carboxylate(116) 9] A

OH

HS .
‘['y\ N:© AOC-Enol Phosphate, DIPEA g S
s—< > ‘[’>/\ N
N S 20°C— t, 2h, dry CHsCN N~/ s—<
| ) / N S
AOC €O\ “Aoc

Enol phosphate(299mg, 0.60mmol)€ CH3:CN 15mlLo] *=o]3 (0°CollA
CHsCN 15mLel *<91 98 32(200mg, 0.55mmol)e 7}st < DIPEA(0.19ml.

= 4ZAFAT EAS H 0L 718 %3819 Brine2 3@ AHd1 Axsdo] ou3t
T 2 w55t 29 AZnEIYY PR HFAste EH3lg
F8(35%)

TLC Rf = 0.25 (EtOAc/Hex, 2/1)

IH NMR (200 MHz, CDCls) 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 5.13 (q, J = 6.9, 14.2 Hz, 1H)

MS (EL 70 eV) m/z 615 (M+)

i
fllo
ne
32
i)

Allyl (4S,6R)-3-[((3S,5R)-1-[(allyloxy)carbonyll-5-{[(4—amino-1,3-benzo-
thiazol-2-yD)sulfanyllmethyl}pyrrolidinyl)sulfanyll-6-[(1S)-1-hydroxy -
ethyl]-4-methyl-7-oxo0~1-azabicyclo[3.2.0lhept—-2-ene-2-carboxylate(120) 2]
¥4

OH
HS e . NH,
t'y\ %N@ AOC-Enol Phosphate, DIPEA g 5
S — Ty\ N
N s 20°C tt, 2h, dry CHsCN gN / y s
AOC C02\ ‘aoc

Enol phosphate(872mg, 1.75mmol)€ CHsCN 10mLel 3so]lx  (°Col A
CH:CN 5mLo =<9 &2E2(1.92mmol)S 713t th8 DIPEA(0.61ml. 3.50mmol)<
7hetth, S22 XA 20859 g & A 244 2A7F wwdle] vhee oA A

=

o EASH HXOS 718 %314 Brinee & Al¥atn Adzste] Qs & 719t &2

- 417 -



st 29 ARvEINHYPORE FASY FHIFES AU

T&(13%)

TLC Rf = 0.15 (EtOAc/Hex, 3/1)

1H NMR (200 MHz, CDCls) 227 (d, J = 6.5 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 2.9, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 5.13 (q, J = 6.9, 14.2 Hz, 1H)

MS (EI, 70 eV) m/z 630 (M+)

Allyl 2-({[(2R,AS)-1-[(allyloxy)carbonyll-4-({ (4S,6 R)-2-[(allyloxy)carbon-
y11-6-[(1S)-1-hydroxyethyll-4-methyl-7-oxo—-1-azabicyclo[3.2.0]hept—2-
en—3-yl}sulfanyl)pyrrolidinyllmethyl}sulfanyl)-1H-benzimidazole-1-carb—
oxylate(125)9] €A

OH
A,

7\’>/\ N AOC-Enol Phosphate, DIPEA
- = H T
N o

20°C—> rt, 2h, dry CH,;CN S—</N

N
Aoc  AGC € Nhoc  Aoc

Enol phosphate(531mg, 1.06mmol)S CH3CN 6mLel =o]jiz 0°Col
CHisCN 2mLel =<l &%E2(1.17mmol)S 713 & DIPEA(0.37ml. 2.12mmol)
7hgtth F& A 2085 mRkek & A2 A 2A17F mdksle] whbg-g A
th. EAY} H,0& 7138 F5319] Brineo 2 Al Hsls Azxste] oqust & 7% 5
sto] 2y AEnEdd Y oR QA s SHIFES AU
T£(30%)

TLC Rf = 045 (EtOAc)

1H NMR (200 MHz, CDClz) 8 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 513 (aq, J = 6.9, 14.2 Hz, 1H)

MS (EI 70 eV) m/z 682 (M+), 554, 513, 405, 363, 349, 316, 271, 240, 200, 186,
166, 150, 119, 82, 68

e ¥ o x

ok
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Allyl 2-({l(2R,4S)-1-[(allyloxy)carbonyll-4-({(4S,6 R)-2-[(allyloxy)carbon—
yl1-6-[(1S)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0lhept-2—-
en—3-yl}sulfanyl)pyrrolidinyllmethyl}sulfanyl)-4-nitro-1H -benzimidazole—
1-carboxylate(130)2] 34

OH
/' NO,
t‘>/\ AOC-Enol Phosphate, DIPEA
20°C—> rt, 2h, dry CHsCN N/ T>/\
AOC

COz/\/ Aoc AOC

Enol phosphate(173mg, 0.35mmol)S CH3CN 2mLel] o]z |
CHsCN ImLel| =<1 &2E3(0. 38mrnol)—°— 7}gk th& DIPEA(0.12ml. O70rnrnol)
7tgth, S22 oA 2085 mEke & A 2oA] 2/ 7F wuksle] weS A A
Tt EAS HO& 718 %319 Brinee 2 Al ¥t Axsle] o3t 3?— zet 5
e 2 AZnEaf Iy o R A sl EAH3TES dUTh

£(47%)
TLC Rf = 0.65 (EtOAc)
1H NMR (200 MHz, CDCl3) 8 2.27 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)
MS (EL 70 eV) m/z 727 (M+) 554, 513, 405, 363, 349, 316, 271, 240, 200, 186,
166, 150, 119, 82, 68

He 2 g

Sodium (4S,6R)-3-({(3S,5R)-5-[(1,3-benzothiazol -2-ylsulfanyl)methyl]-
pyrrolidinyl}sulfanyl)-6-[(1S5)-1-hydroxyethyll-4-methyl-7-oxo0-1-aza-bi—
cyclo[3.2.0lhept-2—-ene—2—carboxylate(KR-33027)2] A

)’” i
(PPhg)4Pd, PPhj, SEH

- N
N~ —[—>/\S_< :@ rt, 4h, dry CH,Cl, . i U\S%S:Q

CON
€0 Roc OzNa

E¢E4(97mg, 0.16mmoD)& CH:Cl: ImLe]l 0|3  PPhs(8.26mg,
0.032mmol), [PPhslsPd(9.61mg, 0.008mmol), SEH(53.18mg, 0.32mmol)S LA =
7bete] A2 A 4A 7 mukdtth H,0& be) 7 shel A &ul2 A AS T Ether
g 7het H0F S FE3te] 9343 & 284 3AE AATT. MPLCE 31
Freez dryE 3}o] A3 v]Ae] EXSFES AL}

£(60%)
TLC Rf = 0.65 (CHsCN/H:0, 4/1)

‘{

i
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'"H NMR (300 MHz, D:0)68 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (q, J = 6.9, 142 Hz, 1H)

MS (EL 70 eV) m/z 535 (M+)

Sodium (4S,6R)-3-[((3S,5R)-5-{[(4—amino-1,3-benzothiazol-2-yl)sulfanyl]-
methyl}pyrrolidinyl)sulfanyl]-6-[(1S)-1-hydroxyethyll-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept—-2-ene—2-carboxylate(KR-33035) ¢} ¥4

OH OH
/' NH, /' NH,
(PPhs)sPd, PPhy, SEH s .
N N : N /
g / Ty\3—< t, 4h, dry CH,Cly o 4 N
C S CONa
%\ aoc H

£924(149mg, 024mmolE CHClL 2mLel 0|7  PPhy(12.4mg,
0.047mmol), [PPhs]sPd(14.4mg, 0.012mmol), SEH(79.8mg, 0.48mmol)& &A= 7}
ste} Ao A 4A7F wEETh H0S 7hs) et stel A &S AASI Ethers
7bete] H:0%3 & &3] 43¢ F B84 2AE AAEH. MPLCE 38FiL Freez
dryE st dg m e RAELES A

& (25%)
TLC Rf = 055 (CH3CN/H20, 4/1)
'"H NMR (300 MHz, D:0O)¢& 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (g, J = 6.9, 14.2 Hz, 1H)
MS (EI, 70 eV) m/z 550 (M+)

Sodium (4S,6R)-3-({(3S,5R)-5-[(1LH-benzimidazol-2-ylsulfanyl)methyllpy—
rrolidinyl}sulfanyl)-6-[(1S)-1-hydroxyethyll-4-methyl-7-oxo—-1-aza-bi-
cyclo[3.2.0lhept-2-ene-2-carboxylate(KR-33044) 2] ¥4

OH OH

) PPhy),Pd, PPh;, SEH

%i%w R vy Rg=es Sasng

CO,Na
COZ/\/ AOC AOC © H

/

2923 (212mg, 0.3lmmol)S CHxCle 2mLe] Fo]il  PPh3(24.39mg,
0.093mmol), [PPhsl.Pd(27.94mg, 0.024mmol), SEH(155mg, 0.93mmol)& <A =
74ste] A LoA 4X 7 wEkdT H0S 7he) 2 Sl A & E Al A skl Ether
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g 73t HO0E S FE3te] oIg & B84 1AE AAZY. MPLCE 31
Freez dry & 3o} 3 vA9 EAFES ATk

£ (39%)
TLC Rf = 0.60 (CH3CN/Hz0, 4/1)
'H NMR (300 MHz, D:0)8 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4037411 (m, 2H), 513 (q, J = 6.9, 14.2 Hz, 1H)
MS (EIL 70 eV) m/z 640 (M+)

Sodium (4S,6R)-6-[(1S)-1-hydroxyethyll-4-methyl-3-[((3S,56R)-5-{[(4-
nitro—1H-benzimidazol-2-yl)sulfanyllmethyl}pyrrolidinyl)sulfanyl]l-7-oxo—
1-azabicyclo[3.2.0]Jhept—2-ene—-2-carboxylate(KR-33043)¢] A

OH OH

/' NG, /' NO;,

(PPhy)4Pd, PPhs, SEH

| s
N/ T>/\ N . ;r\é\ T>/\
d S\ 1, 4h, dry CHyCly

N CO,Na
€0\ ‘aoc AOC oNa

2 E2(1534mg, 0.2lmmol)E& CH:Clz 2mLe]l o] PPhs(16.59mg,
0.063mmol), [PPhslsPd(18.93mg, 0.016mmol), SEH(105mg, 0.63mmol)E TAIHE
7hete] Aol A 4A1ZF mErgY H0e 7hsl 4k sl &viE Al A st Ether
£ 7Ieto] H OS2 FE3 933 §F £84 1AE AAEH MPLCE 3tz
Freez dryE st €% m Aol EZIFES AU
T8(29%)

TLC Rf = 0.70 (CHsCN/H:0, 4/1)

'H NMR (300 MHz, D:0)8 227 (d, J = 65 Hz, 3H), 145 (d, J = 7.1 Hz, 3H),
1.89 (m, 1H), 261 (m, 2H), 298 (dd, J = 29, 59 Hz, 2H), 3467352 (m, 2H),
4.0374.11 (m, 2H), 513 (q, J = 69, 142 Hz, 1H)

MS (EIL 70 eV) m/z 685 (M+)

(25,4R)-2-(1,3-MzM o] o} Z-2-U)—-4-tert-FHE o] v B A A A JEHd
(132)9] A

(25,4R)-1-tert-FE S A 7t B d-4-tert-FE tho| | 2 A S A -2-9] &2 A7 52 o
EA3DE EFA0mDo =olA Hrpsinh 5027 wukste] £ F 7FEshe] 44
© fi =1l 2 =1

B BRAZAG WAL LB FoIF



Jol e ZHetatol A HEAF I FAE
22 AFse B¢ 3viadees 2
S AEstA 2HazveEasE FA

B o

]_

ol

o guE astels 2
o] TA3HHE(132)(1.02g, 59.5%)S BATH
IH-NMR(CDCls, 200MHz)é 0.08(s, 6H), 0.89(s, 9H), 2.05-2.14(m, 2H),
2.34-2.48(m, 1H), 2.75-2.99(bs, 1H), 3.05-3.15(m, 2H), 4.45(bs, 1H), 491(t,
J=7.8Hz, 1H), 7.28-747(m, 2H), 7.83-7.85(m, 2H): MS(m/z) 334(M"), 319, 227,
176.

(2R, 4R)-2-(1,3- Wl M olo}E-2-A)4-tert- F 2T ol W22 A S A y&&d
(138)9] §4

He  (2RA4R)-1-tert-HE LA 7R Y -4-tert-F B oW E AL SA|-2-9 &
L EAH ) E13N(L11lg, 143 2 E)E A8 47 4T WY <
sl ZTABEE (138) (0.375g, 40%)S AAot
'H-NMR(CDCls, 200MHz)8 0.07(s, 6H), 0.89(s, 9H), 2.03-2.16(m, 1H),
2.35-2.47(m, 1H), 2.78(m, 1H), 2.97-3.14(m, 2H), 4.46(bs, 1H), 4.91(t, J= 7.8Hz,
1H), 7.29-7.47(m, 2H), 7.83-7.94(m, 2H): MS(m/z) 334(M"), 227, 202, 175.

(2S4R)-1-(4-o| ESZH A S A 7LD )-2-(1,3- WMol o} & -2-U)-4-tert—#
doolv2Ad LA 8L d132-D] §A4

(2S 4R)-2-(1,3- sl ZH o] o} & -29)-4-tert-H BT ol HEA L&A I EHYH

(132) (1.01g, 302 “‘FAE) m2 tholwd Zolutol=(15ml)oll &3AI71 2, dE
2 ‘%éﬂ/«] % 4- Uro]E e AF R I EEFo] =(0.78g, 362 LI EH)S 7tg o
o]o] Al thoe]olo] i 011%‘0}“1(063 ml, 3.62 2P H)S AH3 stk & A2
o7 252 2#A 3 /\]{ SoF kst gith. S B Hge & stste S-S
ZAA 73, 2AdER 23] 223Ut F715S EolM AFER AHSY F

gantadEos Azste] pastola FEAATG Feige dusta BHa =
Eady s AR st e43 T4 382 132-1)(1.55g, 100%)E A%t
'H-NMR(CDCl;, 200MHz)8 0.08(s, 6H), 0.87(s, 9H), 2.23-2.27(m, 1H),
2.29-2.45(m, 1H), 3.06-3.83(m, 2H), 4.54(bs, 1H), 5.07(AB-q, J= 65Hz, 2H), 5.42(t,
J= 7.4Hz, 1H), 7.04(d, J= 8.6Hz, 1H), 7.27-8.23(m, 7H): MS(m/z) 513(M"), 456,
412.

(ZRAR)-1-(4-thol E2 WA S A 7ER D) -2-(1,3- WA A o] o} & -2~ ) 4—tert— 3
MR AL LA N EAAB-D FA

(ORAR)-2-(13-MZA o] 0}Z-2-2) d-tert FLThol B RL A HEeld
(138) (0375, 112 R )& A3 3 &3 $A8 PHo2 Wgsto] FANLE
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(138-1) (0.439g, 76.3%)= 24U}

'H-NMR(CDCls, 200MHz) & 0.09(s, 6H), 0.88(s, 9H), 2.04-2.30(m, 1H), 2.45(m,
1H), 3.67-3.83(m, 2H), 4.54(bs, 1H), 5.07(AB-q, J= 65Hz, 2H), 542(t, J= 7.4Hz,
1H), 7.04(d, J= 8.0Hz, 1H), 7.27-8.24(m, 7H): MS(m/z) 513(M"), 457, 413.

(25,4R)-1-(4-Hol EZWM AL A7} 1 D)-2-(1,3-MZ R o]0} & -2-U)-4-3} o] =
SN S D132-2)9) TA
(25 4R)-1-(4-Lho EZ 18 A1 7h 2 )2 (1,3- M 24 0] o} F-2-9) -4 -tert-
Fattel MY a8 PEUAIZ-DO565, 11 Yl B)S T HEdstol=z
FAU0mD A2 ¥ LB Wrsm 24H063ml, 110 Lel B)3} e}
JERF 1EFEY HEFRIYRFET G| E} Sl £9(44ml, 44
7 Fe mukel g
S EEREIEET
4

F=(132-2)(410mg,

1:)
o
e
tlo
e
_>|~1_|4
)
o o
fru
)
_(.;}L
3
i)
rlI
{ olo
fo
Hi
il
o
rlo
o
fu
N o
e
SN

2

B oo RO
<
ol

Al

=

934%)& AU

'H-NMR(CDCls, 200MHz)6 2.21-2.38(m, 1H), 2.60(m, 1H), 3.84-3.88(m, 2H),
4.66(bs, 1H), 507(AB-q, J= 65Hz, 2H), 542(t, J= 7.4Hz, 1H), 7.04(d, J= 8.0Hz,
1H), 7.27-8.24(m, 7H): MS(m/z) 399(M"), 381, 162.

(CRAR)-1-(4- ol EZMA S A 7R Y)-2-(1,3-ME R o] o} Z-2-A)-4-5}o] =
ZA9E2(138-2)9 A

(2RAR)-1-(4-o| EZ M A S A7} B d)-2-(1 3-dl =4} o] o} & -2-2 ) -4-tert-
FETo e 2E S A 22]9(138-1)(043g, 0.84 D E)S AL L3ste] <7 Z U3
A WA A FAEE(138-2)(330mg, 98.2%)E AA )
'H-NMR(CDCl;, 200MHz)8 2.22-2.39(m, 1H), 258(m, 1H), 3.84-3.92(m, 2H),
4.65(bs, 1H), 5.06(AB-q, J= 65Hz, 2H), 544(t, J= 7.4Hz, 1H), 7.04(d, J= 8.0Hz,
1H), 7.27-8.24(m, 7H): MS(m/z) 399(M"), 381, 186.

(2S4R)-1-(4-Hol E2 WA S A 7R Q)-2-(1,3-d xR o|o}Z-2-9)-4-v| A
ELYEI133)9 FA

(254R)-1-(4-Hol EZM A S A 71 1 d)-2-(1,3- 9l 24 o] o} F-2- 2 )-4-3} o)

EFAYE8H(132-2)(410mg, 1.03 ZFE)E& ¥5 tolZZ 2 e (10mDol] £

713, €522 974N F Efodelnl(0.22ml, 155 Y E)E 7teta o]ojA

HAEZYEEFo|=(02Iml, 1.55 FHE)E 3] 7ttt v exg A

2 3N FE wRkste] & F Eg lsle] WSS FA AT 2AF
2 A

o
tol #7132 Fotel 2222 Adad # ¥ 25 Faniads

oft

A
23 #=
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o7 Azxde] $WZ Yol FEIIAG. FAES APIAZREDYAR A
Asted FA3EHE(133)(408mg, 82.9%)S LAUTH

'H-NMR(CDCl;, 200MHz) & 2.43-2.62(m, 1H), 2.72-291(m, 1H), 3.08(s, 3H),
3.92-4.17(m, 2H), 5.06(AB-q, J= 65Hz, 2H), 5.45(m, 1H), 7.04(d, J= 8.4Hz, 1H),
7.42-8.18(m, 7H): MS(m/z) 477(M"), 382, 201.

(2RAR)-1-(4-Yol EZ2MA A1 710 d)-2-(1,3-MER o] o} E-2-)-4-v &4
E49 29 d(139)9 4

(2R4R)-1-(4-Uol EZ A S A7} 9 )-2-(1,3- Wl 24 o] o} £ -2- ) -4-3} 9]
=249 &8 w(138-2)(330mg, 0.83 Z#E)E A&t} o FLSA wkEsto
A 32 (139)(396mg, 99.9%)S AATH
'H-NMR(CDCls, 200MHz)§ 2.43-2.62(m, 1H), 2.72-2.91(m, 1H), 3.08(s, 3H),
3.94-4.18(m, 2H), 5.06(AB-q, J= 65Hz, 2H), 545(m, 1H), 7.04(d, J= 8.4Hz, 1H),
7.42-8.18(m, 7TH): MS(m/z) 477(M"), 382, 201.

L

(25,4S)-1-(4-JolE=W A S AR D) -2-(1,3- xR o|o}&£-2-Y)-4-v P&
I Ed90134)9 g4

(2S4R)-1-(4- Vel E2dE A 7R D) -2-(] 3-wl =M o] o} F-2- ) -4-H &
HEATFET(133)(387mg, 081 LI EH)E oM EUCEHU5mDY &A1 F
FEFEA o]l L oA H 0] E(278mg, 243 HEE)E Jhete] 4A3F F9 e EFAIR
o}, t&%%‘—% Aol EZ AEsle o Fsta odE Fetstal A FEsTh A E
¢ a2t d R FAs (2549)-1-(4- | E2WA LA 7R E)-2-(1,3-
Hﬂa@%}o}o}g——zm)—4—O}A1151*x}°u4%316(264mg, 71.2%)S Aok 2947 o
352 (238mg, 052 ZE8)S wWeEE Gmbod £8A713, d5EE d4A
N-FASI G EF "T‘%°“(029m1 057 2 &S A3 7hetAio. & =
% %24H0.03ml, 057 HHE)E 7tetth =t |
%%'?—'6}04 AASL ZANER FEAT K715 E A5EE A

o7 Axsdt

(134)(246mg, 100/0 g 4t} 9]
W-g-of] AF&3sjjoF gttt
'H-NMR(CDCls, 200MHz) 8 1.88(bs, 1H), 2.05-2.42(m, 1H), 2.95-3.08(m, 1H),
3.39-3.56(m, 2H), 4.18-4.51(m, 1H), 5.06(AB-q, J= 65Hz, 2H), 5.29(bs, 1H), 7.02(d,
J= 8.4Hz, 1H), 7.24-8.23(m, 7H): MS(m/z) 415(M"), 382, 248.

—_—

i 3
e o nustd wadgos Fupw

(2R4S)-1-(4- Yol E2MA S AR E)-2-(1,3- MR oo} &-2-U) 4V E
¥ E2d(140)9 4
(2RAR)-1-(4-Uol EZ Wl A LA 7} B 9)-2-(1,3- Ml Mol o} &-2-4)-4- v &
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LEQELEU}E:LH]JJE A3t (2R4S)-1-(4- ‘/PolEi‘ﬂé‘%"]ﬂi
FE-2-)-4-obE o] 2 9 &8 H(263mg, 69.42%)<
§}J%(260mg, 057 28 &)e MEE Gmho A7z, IEEZ Y
IN-FFBGES + °“(032m1 063 He=)& H39 7}3&25}. T =
T &% HAI F 22H0.04ml, 063 HEBE)S stEtaTh weEe b
% FFst] AAsL 2AAAEZ FEIAY. FU1EL

% = }Vﬂ EEFSto] A% FAFEE(140)(238mg,
10026)& LAt ©] e o8 BHAstd HFPoR Ful2 g whgd A&
o &t

'H-NMR(CDCls, 200MHz) & 1.84(bs, 1H), 2.05-2.42(m, 1H), 2.95-3.09(m, 1H),
3.39-3.48(m, 2H), 4.26(m, 1H), 5.06(AB-q, J= 65Hz, 2H), 5.29(bs, 1H), 7.02(d, J=
84Hz, 1H), 7.35-8.22(m, 7TH): MS(m/z) 415(M"), 382, 248.

o wrgelg xﬂa}o}eé P
ol

=
Off HJ
g
“J

24
I
N
=
E?~
Olv

[}

A-tpolE=WA  (4R,65)-3-[((3S,55)-5-(1,3-MxH o] o} & -2-9)-1-{[4-1} ]
E2dA)SAIFIR I E A Y)HEL)}-6-[(IR)-1-3to]| =Z Ao D ]-4-vj & -
T-54-1-olAnlo]A}o] Z 2[3.201B €} -2-91-2-F1 B A Y o] E(135)9] A
(25,49)-1-(4-Ho| EZM A S A 7L B d)-2-(1,3- 2R o] o} 2-2-Y)-4-H 7+
E9E8d(134)(216mg, 052 ZE)E FF tholud Zolulo]| = (5ml)ol] & 38)A7)
I -30°CE ¥AA F 4-YolEZHlE (4R6ES)-3-[(TolAL A TATH)S
Al1-6-[(1R)-1-3} o] =& A o @ ]-4-T| & -7-3 & -] - o} 2}ut o] A}o] 2 2 [3.2.0] R EF-2- AN
~2-7+5 29 0] E(100)(309mg, 052 U E)S 713 T} thololo] A Z 2 Hoj "ol
(0.12ml, 058 L &)S AA3] 71atdnh 587 5 XA wurste] F3 247t
&t 0°Coll A ®EZAIZ T pH=7 EAHOE &8 HAL Jlete] WS ZEA7) 1,
Ziold 2 33 FE3AT F715E 2ol AFER AHES 3 B4 g}
avlgos Axde] Adsteld FEsTh JES AeEstA Y ZalE e
gz AAst A 33FE(135)(211mg, 53.4%)S AL
'H-NMR(CDCl;, 200MHz)é 126(d, J= 7.4Hz, 3H), 134(d, J= 64Hz 3H),
2.14-236(m, 2H), 292-3.07(m, 1H), 3.30-343(m, 1H), 352-365(m, 1H),
3.61-3.90(m, 1H), 4.15-4.30(m, 3H), 5.06(AB-q, J= 65Hz, 2H), 5.17-5.45(m, 3H),
7.02(d, J= 84Hz, 1H), 7.33-8.19(m, 11H): MS(FAB, m/z) 760(M"), 674, 607.
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4-JolEzMA  (4R,65)-3-[((3S,5R)-5-(1,3- Mz MR o]0} & -2-A)-1-{[4-1} 0]
EZfA)S ARG EAAdA)AEZEL} 6 [(IR)-1-3ol =EA A D]-4-vd -
7-% Z=—1-o}A 8ol Alo] 2 [3.2.0] R E}-2- N -2-FH - A H o] E(141) 9 §A
(2RA4S)-1-(4- ol EZ M A LA 7} B d)-2-(1,3- Wl 2 o] o} Z-2-L)-4-H 7}
E3 2 9(140)(225mg, 054 22 )& F4 tolwEZoluto]=(5mloll &3 A]7]
I -30°CE WAAZ 3 4-YolEEwlA (4R6S)-3-[(Gel ASAIZ X H)S
A1-6-[(1R)-1-3lo]| =& A o & ]-4-™| & -7-& & -1 -o} puf o] Alo] F Z[3.2.0] A EF-2-<
-2-7}E-A 8 o] E(100)(321mg, 054 L& E)& 713 b tholojolnZ 2 H o do}rl
(0.13ml, 059 L BE)S HH3) 7tk 587 F 2EAA wwste F31 2417
EoF 0°Coll Al ¥HSAZ T pH=7 ZAFHE &F8AE Jhste whgS F8A7
Al E 2 33 FE39 f71F S RotM &F
avlgor Axste ZYgstA FEskd &
2 AAs TA 3H3E(141)(245mg, 59.8%)
'H-NMR(CDCls, 200MHz)8 1.23(d, J= 7.4Hz, 3H), 1.31(d, J= 6.4Hz, 3H),
2.05-2.35(m, 2H), 292-300(m, 1H), 3.29-339(m, 1H), 3.49-359(m, 1H),
3.61-3.80(m, 1H), 4.15-4.30(m, 3H), 5.06(AB-q, J= 65Hz, 2H), 5.11-5.40(m, 3H),
7.02(d, J= 8.4Hz, 1H), 7.33-8.19(m, 11H): MS(FAB , m/z) 760(M"), 674, 607.

mlo

(4R,6S)-3-1[(35,55)-5-(1,3-Hl =R olo}Z - 2-A)H EZ D Y]H EL}-6-[(1R)-1
~gtol =E A d]-4-Hd-7-& & -1-oL&ulo] Ao] 2 [3.2.0]1 A &-2-A-2-7HE
A (KR-33001)2} A4
4 JolEZMA (4R,6S)-3-[((35,558)-5-(1,3-#l Aol o} &-2-4)-1-{[4- 1}l
EzdA)e 7R ) S22 ) A FL}-6-[(IR)-1-3te ]| =EA A D ]-4-P & -7-5
A -1-o}Apulol Abo] E 2[3.2.0] B EF-2-N-2-7F A # 0] E(135)(91mg, 0.12 EE)S
Ha gEZGsto|maFACmDe AESGmhl A F 10% ZeHE7FHE(140mg) o
012 MOPS ¢Z896mD< 7HlFE vhg F4F4S 2obA 10AFL A2A
aEkst gt BeES AgolEE o]&dd oAFsn WEEE FES AFEAH
ABAF FU| &S ZLEA FFdT AA}L F& FE&A4S MPLC(CI8-
AAH, B/ EUCEY, 9/1)S FHANA AANL FE FAEE F2UFE
of A A4 EA 3EE(KR-33001)(47mg, 84%)< LAt
'H-NMR(D:O, 200MHz)s 1.23(d, J= 7.3Hz, 3H), 131(d, J= 64Hz, 3H),
2.05-2.39(m, 2H), 3.05-3.19(m, 1H), 3.36-3.45(m, 2H), 3.71-3.85(m, 1H), 4.12(m,
1H), 4.18-4.35(m, 2H), 5.15(t, J= 17Hz, 1H), 7.46-7.72(m, 2H), 8.05(t, J= 6Hz, 2H).
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(4R,65)-3-1[(3S,5R)-5-(1,3- M =R o]0} Z-2-A)s] S A 5 Q}-6- [(1R)—
1-stol =5 A dd]-4-mQ-7-8 4&-1- ol A u}o] ALo] E 2 [3.2.01F €}-2-M-2-7}
A4 (KR-33010)9 A

4-olE2WlA  (4R,65)-3-[((3S,5R)-5-(1,3-l =M o] o} & -2-)-1-{[4-1}
E2d)SAPR Y 2 d ) 39 )-6-[(1R)-1-8to] =E A o) & ]-4-w) & —7-
Sa-1-oppatol Al o] 2 Z[32.0] Y EF-2- A -2-7H 2 A #H o] E(141)(54mg, 0071 2
e T HEH}IZZHFACmD) ANPLEmhe =9 T 10% TaFIE
(0mg)¥} 0.1%F MOPS &#ZE£9C2mDe 7l8iE e F2EHS %‘OPH 10712k
d AEolM wEteith EES AEo|EE o] &3le] o}
7

o]

2 FET
AR At Fo §718WE Bgetels FFHetd AAs D ‘éf TFE4E
MPLC(C18-942d, B/-MHEYEL, 9/1)= Eﬂr*lﬁ AAsE & BAES
saAEs A nAFe] FA 3FE(KR-33010)(11mg, 33%)< 2t

'H-NMR(D-0, 200MHz) & 1.23(d, J= 7.3Hz, 3H), 131(d, J= 64Hz, 3H),
2.05-2.39(m, 2H), 3.05-3.19(m, 1H), 3.36-3.45(m, 2H), 3.71-3.85(m, 1H), 4.12(m,
1H), 4.18-4.35(m, 2H), 5.15(t, J= 17Hz, 1H), 7.46-7.72(m, 2H), 8.05(t, J= 6Hz, 2H).

WA o] ok Z ol A E] Y 7w o]

1-(MEdoln)3-F 27 -2-Z 2% 2(143)9] A4

¥ E 2235 =7 (142)(31.3ml, 04 =) W Ao} (437ml, 045)LS G0
H2(400mDoll 7hata Ao A 48417 Fot kel whgo] A=W AW
AAE AHstn EFAAAM AAA s BEATE(T1g, 5%)S FS5390}

N-(3-3-222-2-[(EdW2A L) A ]-1-Z 2 3o} vl (144) 9] A
1-(Ado}v)3-F 2 2-2-Z2 9-2(143)(30g, 0.1278)e A gog=
(200mDell dEF F N-EZwddLolA Eolulo] =(184g, 0.14%)& 7Fstx 3A 7
FRAAT Fehe Feow YAY F A4E LAE oAFste] A
N FE53ste] TAETE(144) 36.2¢(88%)S FE35t ).

1-93-3-[(EMBLL)S Ao A E d(145) 9 &4
(Hﬂé_‘—s—ﬁii—z—[(éalvﬂ%e‘%‘)i/\l]—l—uiﬂo}ﬂl(144)(362g, 0.133
ofA E L}O]E‘“"(ZOOmI)Oﬂ &AM & Eeldobl(26ml, 0.186%)% 7lstm
6}0# 34 & FART g d s FEoz JAANA Y48 nAE o)
04 Hﬂa 3‘% %‘% ¥°‘o}°ﬂﬁ %%} 9. Zzel qfAHEE stetd A4
sl A gEete &5 EASEE

o>' -{o{

3:&

oll
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1-914-3-okA 8] & (146) 2] T4
-9 -3-[(E g 24 2)S A JobA Bl (145)(26g, 0.11%)
o &3r F AFHiSAtel=(10mg)= ZHetn A2olA 1A%
Zetell M sFetan g APAHEE Jste] EEES
%’3}04 SME AAsA A7 HFdHE2E
Z3te] FASEE(146)(13g, 722%0)E F53HAth

o]-ﬂ Ko
o?
=
&3
ol
ol
2

1-91 & -3-[(tert—H- & o} o] v & A &)L Ao} A} E] €1 (147) 9] A
1-d A -3-0} A E] Y1 2(146)(13g, 0L ) oW g L Eo}luto] = (30ml)ol

=l ¥ ojH|thE 10.85g, 1602 & E) # tert-FE oW B A EE o] =(18g, 120
e E)E 7heko] A2oA 18A1ZE Bk wutstA Y. w3 g S i’}_ﬂ]%‘i SRR
A2EER 53 AH F #71FE F FAvavesE dEA vs &9 2%
sl A FHAT e HEAIEgolEd o deRAFSE FHNA £
TEe AAT F SME #AYSAM THstd BAFF =147 (5g, 68%)S T5F
SH ot

3-{[tert- € (t}o] 91 2) 2 A8 Al Jo} A 1 (148) 8] A
1-9d-3-[(tert-H ool ¥ 2 2 &) Al o} A B 1 (147) (15, 5422 E)e v

S @30mDel %Q ¥ 20% ZabEsto] SE AL =(15¢) FHEt R A ukS T

o) &30 S0psie] 2% oA 4AZF Bk whe A A whgo] kAW Az
ExS EFHAA S AR oAde gYgselN sEse ARG

Z v 51
(148)(9.1g, 90%)S F53t4 ).

O

i&‘mé

i

2-(3-[tert—3 & (ol M 22 ) A ]-1-obA ] 9 2 }-1,3- Wl 24 o] o} & (151a) 9]
4

3-([tert-H 2 (Thol W 2) 2 2] -A1 ) ob A B 2 (148)(5.02g, 268 ) 87 2-(7f
Y43 9)-13-9 2o o E(150a)(5.81g, 205D E)S  rhol v Fohuto] =(30ml)
of 5% 120CAA WA waoch WeAS ZUALE NN F £FER 5

3 AFEL 7715E Fo FAvtadle ez A2A0 U SulE 29stelM
ERpiias FoAE2E A7l ZHARvEINRAR A ZASEE

(16al)(44g, 51%)S +53t49
'"H-NMR(CDCls, 200MHz) 6 0.06(s, 6H), 0.88(s, 9H), 4.03(m, 2H), 4.34(m, 2H),
479(m, 1H), 7.06(m, 1H), 7.28(m, 1H), 757(d, J= 8.9Hz, 2H).

5-222-2-{3-[tert-F 2 (ol vl A L) S A ]-1-o A E| D A }-1,3-W =44 o] o}
Z(151b)9 #A

3-{[tert-F 2 (thol W B)H E] S Al Job Al E] T1(148)(2.95g, 15.8¢ e &)H 5-F
22-2-(WEd g d)-1,3-MER 0] o} F(150b)(3.66g, 15.8H&E)S A&t o3
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At EFHle] Alokst Wyo R WA EASFYE(151b)(3.74g, 67%) S35
o},

"H-NMR(CDCls, 200MHz) &0.08(s, 6H), 0.91(s, 9H), 4.07(m, 2H), 4.3%(m, 2L,
4.83(m, 1H), 7.07(m, 1H), 7.49(m, 2H).

32 off

6-ll A -2-(3-[tert-F2 (o]l WI 2 B ) S A ]-1-o} A E] D A }-1,3-wl 24 o] o}
Z(1510)9 ¥4

3-{[tert-F 2 (tho] s &) ]S A }ob A E] A (148)(3.1g, 166Z )T 6-9
A =2-(d2d ¥ d)-1,3- Ml &R 0] o} &(150c)(4.0g, 166H e B)S AL g3t o3 &
g =H o] Aok ez whAA A S EE(151c)(1.54g, 26%)S 53
'H-NMR(CDCl;, 200MHz) 6 0.08(s, 6H), 0.90(s, 9H), 141(t, J= 6.9Hz, 3H),
4.05(m, 4H), 4.39(m, 2H), 4.81(m, 1H), 6.89(d, J= 8.7Hz, 1H), 7.13(s, 1H), 7.49(d,
J= 8.7Hz, 1H).

A

2-(3-[tert-# 2 (ol R D) S A ]-1-obA H D)1 3- W= SRS (519 T

A

=

3-{ltert-F = (ol @) L&A }ol A E| T (148)(4.0g, 2212 E)F 2-(H
QAT E)-13- M= SAE(150d)(4.1g, 22123 B)E A}gste] U7 B3 Zu)9
Alernt o g WA A A SHE(151d)(3.2g, 48%)S FE38HTh
'H-NMR(CDCl;, 200MHz) 6 0.09(s, 6H), 0.91(s, 9H), 4.13(m, 2H), 4.41(m, 2H),
4.80(m, 1H), 7.18(m, 3H), 7.39(d, J= 9.1Hz, 1H).

1-(1,3-i =4 o] o} & -2-A)-3-oLA €] AL (152a) 9] FA
2-{3-[tert-FE (ol L) A ]-1-clAEHAL}-1,3- 9 Z R o]0} =
(151a)(4.3g, 1342 2)S Bl Estol =2 FH100mDe] 59 F ZAH7.7ml, 1342
J2)3 18 g EFHS E%E%%*—‘?"Q_B}O]E(Sélml, 5490 B)S Ftatm Lo A 44
&t upkeE o o}, A& ZANER N F 23 Fx F_AY LAFE £
MR AFsta F7] F Fiulavlg ez AxRAA fRWE A F
A= oA = A ZAPIetEadgz AAsS  FA g
(152a)(2.7g, 98%)e SEst¢ich
'H-NMR(CDCls, 200MHz) & 4.09(m, 2H), 4.42(m, 2H), 486(m, 1H), 7.09(m, 1H),
7.31(m, 1H), 7.59(d, J= 7.9Hz, 2H).

IU]O OIN' rE :1
ttjo oo

1-[(5-222-13-MxRo]o}=)-2-A]-3-o}L A E) D & (152b) 9] FA
S-FEEZ-2-(3-[tert-FB(che| W2 A L) A ]-1-o} A Bl H D }-1,3- 4l 24} o]

°t&(151b) (37g, 104 &) 28 Bu9] A2 ALgate] o7 £U3 Wwygo

2 A A #A5HE(152b)(2.38g, 95%) S F531% T

'H-NMR(CDCls, 200MHz) &4.09(m, 2H), 441(m, 2H), 490(m, 1H), 7.03(d, J=
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8.4Hz, 1H), 7.47(d, J= 8.4Hz, 1H), 7.55(s, 1H).

1-[(6-015 41,3 Bz 0] o} £)-2-A]-3-ohAE D2 (1520)9) FA

6o %A1 -2-{(3-[tert- & (ko] W B A ) S A - 1-o} A &) G U }-1,3- B2 A o]
}Z(151c) (15g, 412 e )3} 2 Bul9 Ak Abgate] 23 HAF W
WA A EA SR (15200093, 9196 +53
'H-NMR(CDCl;, 200MHz) &141(t, J= 7.1Hz, 3H), 4.02(m, 4H), 4.40(m, 2H),
4.86(m, 1H), 6.89(d, J= 8.8Hz, 1H), 7.12(s, 1H), 7.46(d, J= 8.8Hz, 1H).

1-[(1,3- M=K AE)-2-¥]-3-ol A D & (152d) 9] FA
2-{3-[tert-FE (GolmE A L) S A ]-1-otAHHL}-1,3-4

(151d)(3.2g, 1052 2)H 2L =H 9 AlFS Abgste] 43 FAdT &

SAA EASFE1L2d)(254g, 99%) & FE3HAT

'H-NMR(CDCls, 200MHz) 6 4.18(m, 2H), 4.48(m, 2H), 4.89(m, 1H), 7.18(m, 3H),

7.37(d, J= 79Hz, 1H).

=

11% N

_9./\]_

2
oF

(i

3-otAld o] & -1-[(1,3-MEH o] o} ZF)-2-A o} A Bl D (153a) 2] §A
1-(1,3-#lZ o] o} & -2-)-3-o} Al Bl T &-(152a)(2.75¢, 13.3E 2 &)& HEZ
ol =2 FHA00mDol Folx 0TE ¥A4T F EALEAA(699g, 26723 E)
3} tholofolhZ 2 Holx o] 7L E A H o] E(5.25ml, 26,72 E)E AR st 1
A7F ot B LT mutalgul o] wgdld] o] QoM EAH1IImI, 26.727
B)& A3 /M v F22E 2EE &8 247 Tt wukste] FAth whg o

= ol

{i m[o
N
_O‘L
.&
M
> °
rSL‘
ol

|
b
l

)
ul%d
2
>
oo -
g%
l-M
i‘&
°1N
BN
¥
ofo
2
F>
nu
m{n

e FESFAY. A7 Ey7t ofgE FAbEo]
Lo AA} FsstEE IR AFEE T
'H-NMR(CDCls, 200MHz) &2.37(s, 3H), 4.20(m, 2H), 451(m, 1H), 4.72(t, J=
8.1Hz, 2H), 7.18(d, J= 7.7Hz, 1H), 7.42(m, 2H), 7.60(m, 1H).

3-otAlEHol o -1-[(5-EF == -1,3-WEMN oo} E)-2-A]oLAE D (153b) 2] &4

1-[(6-822-13-dlxMolol&)-2-4]-3- A E|d &(152b)(2.5g, 10427

)3 43 22 299 AkE ARGt U dHoeER weAA mBANEE
(153b)(2.73g, 88%)& F53tAth

'H-NMR(CDCl;, 200MHz) 8237(s, 3H), 409(m, 2H), 4.05(m, 1H), 467(t, J=

8.1Hz, 2H), 6.01(m, 1H), 7.09(d, J= 85Hz, 1H), 7.52(d, J= 83Hz, 1H), 7.59(s, 1H).

- 430 -



3-otA 2R o] & -1-[(6-9 EA-1,3-ul =M 0] o} Z)-2- Ao} A E] A (153¢c) 2] T4
1-[(6-9 B A -1,3- ¥l & o] o} & )-2- A ]-3-0o} A E] U &(152¢)(1.02¢g, 4.1%#

2)3 e Bno AYE Algdte] U FUd WwHoR wEAA FAGEE

(153¢)(1.06g, 76%)& 539t

'H-NMR(CDCls, 200MHz) &141(t, J= 6.9Hz, 3H), 2.36(s, 3H), 4.05(m, 4H),

446(m, 1H), 4.63(t, J= 7.9Hz, 2H), 6.93(d, J= 8.7Hz, 1H), 7.13(s, 1H), 7.50(d, J=

8.7THz, 1H).

3-obA @ Rko] ©.-1-[(1,3-4 %A}&) 2-A1obAE 9 (153d) 9] A

1-[(1,3-M =8 A12E)-2-4]-3-oLA 8 &(152d)(252¢, 132¥d=)3 22
2u]o] AeFS A3 23 %%‘3 PRow weAA EASTEI53D(22e,
67%)% FS3tarh
'H-NMR(CDCls, 200MHz) 62.36(s, 3H), 419(m, 2H), 4.48(m, 1H), 470(t, J=
8.3Hz, 2H), 6.01(m, 1H), 7.18(m, 3H), 7.40(d, J= 7.7Hz, 1H).

1-(1,3- il =3} o] 0} Z-2-U)-3-o} A E] A 0] &(154a) 9] 73

3-obA " ato] @ -1-[(1,3- s Z M o] o} &)-2- L]} A Bl A (163a)(4.9g, 18.7%
2)S Wg2Uomlol £:A7 F 0CE Wdsn 2-x=27 FAUEF F89
(11ml, 2298 2)S 71ste] FUoh 5 A 3083 sty F1 1-2
2 A st Fsetn £WE gl sEsdh orld 2dddEE
7}kl AT AFETS B2 A T Fgavtavgo® AxF A9k
sl A &ulE FEse] EA 3 E(154a)(4.2g, 100%)E FS53FATH
'H-NMR(CDCl;, 200MHz) 62.11(d, J= 87Hz, 1H), 3.95(m, 1H), 4.20(m, 2H),
471, J= 8.2Hz, 2H), 7.20(m, 3H), 7.39(d, J= 7.9Hz, 1H).

1-6-2=2-1,3 xR olo}Z&-2-94)-3-olA e d R o] &(154b) 9] T4

3-olE ol 2 -1-[(6-FEZZ-1,3-d =M olo}E)-2-Y]otA B €1 (153b)(2.7¢,
9030 )3 7 EH|e] A %S Algste] byt FUI WP oR WEAA EAS
3E(154b) (2.25g, 97%)& FS53A o
'H-NMR(CDCls, 200MHz) 62.10(d, J= 88Hz, 1H), 3.97(m, 1H), 4.20(m, 2H),
466(t, J= 8.0Hz, 2H), 6.93(d, J= 86, 1H), 7.43(d, J= 8.3Hz, 1H), 7.50(s, 1H).

1-(6-9) & A]-1,3-M =5 o] o} & -2- A )-3-o} A E| A M o] &(154c) o] §F73
3-otAE Mo} 9 -1-[(6-° B A -1,3- Ml FZRo]c}E)-2-d]ot Al H

(153¢)(0.96g, 3.112 g &)7 2 Buj9 A|FS ALE3ste 43 T4 PHe=

S AA TABFFE(54c) (0.62g, 75%)S F53A .

'H-NMR(CDCls, 200MHz) §1.40(t, J= 7.1Hz, 3H), 2.08(d, J= 87Hz, 1H), 2.34(s,

3H), 3.39(m, 1H), 4.09(m, 4H), 4.65(t, J= 8.1Hz, 2H), 6.90(d, J= 8.5Hz, 1H), 7.15(s,

e ot
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1H), 7.48(d, J= 8.8Hz, 1H).

1-(1,3- M= S A & -2-)-3- oL A E| DA o] & (154d) 9] ¥
3-obAEMpol & -1-[(13- M= %A E)-2-AJobA | I (153¢)(252g, 1322

)z g 2ulo) Aokg Agste ¢n T wyom WA ZASGE

(154d)9) $A(2.21g, 67%)S FS3tAT.

'H-NMR(CDCls, 200MHz) &2.12(d, J= 89Hz, 1H), 3.95(m, 1H), 4.18(m, Z2H),

4.70(t, J= 8.1Hz, 2H), 7.20(m, 3H), 7.40(d, J= 7.7Hz, 1H).

2-(M2 A3 d)-1,3-d Mol o} & (150a) 9] 73
-t Z+E Wl ZRpo] o} & (33.45g, 2002 e E)S  wIEE(300mDel  BIMAIFIL
N,N-t}o]opoj Az 2 o eo}l(140ml, 800H =) 8.2 ¢ =3} € (37.4ml, 600 2
)8 718 3 2417 B9 HE $FAAT wedg dRes WAL, EHE
Atstol A &S T xadEz st T3 Fx FEY, 2F5E L2 AF
gt §712e B5 davtadges #Axse §WE AR F dsAd 2
dazrteady 2 FAse 2-(AEAdTd)-1,3-szM o]0} &(149a)(30.85g, 85%)
FE31gTh dojA 2-(Wg A vbd)-13-dEH oo}

3 %(1492)(3085¢, 170. 22 E]E)

o HgAZEgo|=(350mhel 23T deERE WA F m-ZERE (IS

HZAHEE 70%)(44g, 178742 E)E& HEd Z2eo]=100mhl FsiAA HA

3 sbstgnh. W de SexdA 3087 wNrd F X3 Fx FEAL Jheko
A

%
3 §7125 2gste] 2FEE AHsn 75 dvtadigezs A6
&g ZgstelM sFesoh FAES A7
T A3 EE(150a)(28.2g, 84%)S F53HA

'H-NMR(CDCl3, 200MHz) & 2.99(s, 3H), 7.43(m, 2H), 7.95(m, 3H).

ot

>

N

k
i

APazutEadd R A5

- e-2-(4adAdsd)-13-WFzMo]lolE(150b) A4
5-Z 2 2-9-m 7 EwZM0]o}E(10.0g, 502 E)S wEHEB0mD &34
713, N,N-T} 1o}olii§ﬂoﬂao}t"(348ml 2002 2] )% a9 =32 (9.5ml, 150
2 2)S 7HE & 2A7F B 71D BFAZAT v A Aeos WAL, &
2 el &3 T xAdER A5 23 Fx F8Y, £FE TOE
ARsd. 47158 B¢ FAviadge s dxsted §HE
ZHAZEIY IR 4 Al 3} 5-Zrr-2-(Medsd)-13-WzRololE
(149b)(767g, 71%)L FE39th Aolxl 5-F22-2-(MEA 7d)-13- M elo}
Z(149b)(767g, 3562 E)S WEAF 2o =(100mDo] &AL EF=2 ¥
ZHAZ] & m-ZRERAANEIHEE 70%)(0.04g, 3672 E)S )

A2 2etol
=@omhel S3AA HAS Atk BweAS LRI 08T AAE F 3t
2 #8498 /15t AT #7152 Fstel 2TER AdeR FF B
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vtavlg o2 Axste] SWlE Adstel w5sAd. AoEs aalﬂ%‘ e
2utEag 2 gAste] EA 352 (150b)(7.65g, 94%)= TS5 A

'H-NMR(CDCls, 200MHz) & 3.08(s, 3H), 747(d, J= 87Hz, 1H), 7.93(d, J= 8.7Hz,
1H), 8.05(s, 1H).

6-°l 5 A 2-(WaAdsd)-1,3-AMx=R o] o} (150c) 9 #A
6-°l B A -2-0 ZHE Wl 24 o] o} Z(10.6g, 50L # E)S uﬂ 2 (80mb)ol &3 A
713, NN-tholofo] AZZHo| & o}l (34.8ml. 2008 & &)=2 8.2 =3+ € (9.5ml, 150
1 &)E 71 F 2A7 E<t 7FE S$RAAEG g S *J%g Wz A7)
T 2AER 43t x5t Fx T8 &
AR F71&5E B Sdvtavlegoz Adxso &0E g
ZBAZuE Y2 A A 8o 6-o EA-2- (vl Ad vl d)-1 3-dl A ool =
(149¢)(10.93g, 97%)S FE53A. AR 6o FA-2-(WMEAH gd)-13-dFH 0]
sE=

°HE(1490)(1093g, 8522 2)& LA 2etel=100mD) $3hA71 A22
YA & m-ZEZ AN RA(EE 70%)(12.3g, 502 E)S HEAE 2ol
=@0mDel £ AA BAT FsATh BsAS FLEAN 0B wRF F Ea}
2z £898 el FAAANTL §715¢ LYste] £TBE AH}L B P
dadigez Azste guE AYsA sEaA 2elBe AYstad BUa

ZrlEadf 2 AAste] FA S E(150c)(10.94g, 94%)S =3t
'H-NMR(CDCls, 200MHz) & 147(t, J= 7.1Hz, 3H), 3.06(s, 3H), 414(q, J= 6.9Hz,
13.8Hz, 2H), 7.15(d, J= 9.1Hz, 1H), 7.41(s, 1H), 7.92(d, J= 9.1Hz, 1H).

2-( 249 4d)-1,3- W= 5A£(0150d) 2 A4
221&(50g, 3312 E)S A& 100mDe] &A1 7]1xL, NN-
tholofol 2o Aol wl(231ml, 1322 & E)3 22 =3 E(6.18ml, 9.3 &)=
7} T ME FFAAC HEAE F2or YHAI L, SHE AR
st A BEe & 2AE R FAste 23} T8, 29E -f_r“—oi A 8
o 715 S 75 FuadEee® dxstd guiE AAS F A2 Z2H
2 AA st 2-(WE2dud)-13-M=SALE(149d)(5.81g, 97%)= +

st Aol 2-(MEA I )-1,3- Hﬂi%/\}z(149d)(55g, 331dEE)E Agd
2ol =(100mDell &3 71 dEEE WA F g2zt At
A F 2 2ol =(30ml) el %H AlA HHE 7hek ek

&

13]
=
dg § LRl 08 TR F X3 %—za FEAE Skl F712 57
7 o}

of¥ f“lo

Olfo BN

(150d) (5.1g, 85%)2 F=3tgich.
'H-NMR(CDCls, 200MHz) & 314(s, 3H), 7.40(m, 2H), 7.60(d, J= 7.7Hz, 1H),
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7.79(d, J= 8.1Hz, 1H).

Ela= (55,65,4R)-3-{[1-(1,3- W= o] o} & -2-U)-3-otA B DA D } -6~
[(IR)-1-3te] =2 A 2] -4-F1 2 - 7-§ A-1-opAuto] #o] 2 2[32.01 R E-2-4
-2-7HE- A4 ol E(156a)9 F4

4-4F (4R 69)-3-[(Thol M S A Z 2 E ) A]-6-[(IR)-1-3Fe| =5 A B]-
4-w) D -7- 8 &-1-op vl o] Abo] F 2[3.2.0]  E-2- A -2-7H 52 ¥ ©] E(155)(5.58¢,
108422 2)8 ok EUl 2 (7T0mDel &34A7 -20T= ¥7F A F NN-tol
ofo] & Z & g o & o}1(2.92ml, 168“‘?43)% 7heta o71e] 1—(13— Mol obE-2-
2)-3-o} A B 1% 0] & (1542)(2.01g, 9.04B & &) & oA EUIEZI0mDe] 831417
8] sk FAT

Rrgade] £ 0TE &3 4T o o A
N7z 2BE2 AFst] FAT /713¢ 5 FAtadger A2 § £
e Al sFstn At BPARnEIYAR AAS & =
(156a)(2.84g, 65%)% +53Th
'H-NMR(CDCl;, 200MHz) 6 1.03(d, J= 7.2Hz, 3H), 1.15(d, J= 6.1Hz, 3H), 3.21(m,
2H), 421(m, 5H), 465(m, 4H), 537(m, 2H), 601(m, 1H), 7.18(m, 1H), 7.32(m,
2H), 7.63(d, J= 85Hz, 1H).

g  (55,65S4R)-3-{[1-(G-ZFF&-13-WFMHolo}&-2-A)-3-olAEHAL]L 3
d}-6-[(IR)-1-3Fo) EZ Al 2]-4-W 2 -7-& 5 -1-oLAulo]| o] 2 2[3.2.0]F E
~2-dl-2-7} 24 H o] E(156b) 9| ¥4

4-244 (4R,69)-3-[(tho] 5 A 323
g]-4-1 g -7-8 & -1-ol&puto| Alo] F 2[3.2. O]%
mg, 0.95% 2] &)} 1-6-222-13-
(154b)(225mg, 0882 E)& A&t I FLE
AN #A FA 3HEHE(156b)(203mg, 42%)E& T55HA
'H-NMR(CDCl;, 200MHz) 6 1.07(d, J=7.4Hz, SH), 1.17(d, J= 6.3Hz, 3H), 2.88(m,
1H), 3.21(m, 1H), 3.68(m, 1H), 4.19(m, 5H), 461(m, 3H), 5.31(m, 2H), 5.95(m,
1H),7.08(d, J= 8.4Hz, 1H), 7.42(d, J= 8.5Hz, 1H), 7.59(s, 1H).

)% A]-6-[(AR)-1-3}o] = Z A of
—d-2-7} 82 g ] E(155a) (473
olo}E-2-9)-3-ok A El A stol &

2o Aokt WHoR W

g (55,65,4R)-3-{[1-(6-1 F5A-1,3-zH o] o} Z-2-2)-3-oLAE A A ] 5t
1}-6-[(IR)-1-3tol =2 A e &]-4-¥ 2 -7-S4-1-otAuto]| R 2 R[320]HAE
~2--2-7H A g o] E(156c) 2 #4

4-2F  (4R69)-3-[(Tho] NS A £ 2 FH) LA -6-[(1R)-1-3to] = Z A <l ]~
4-7 g -T-& & -1-o}Autol }O]iE[SZO] E-2-q-2-7} 24 ] o] E(155)(186mg,
0370 2)st  1-(6-FA-13- Aol o} E-2-)-3-obA B el &(154c) (87
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mg, 037T2eE)s AHgste] o] 13 U3 Bujo Aoz LEo R WA
F A 892 (156¢)(86mg, 45%)S 53T

'H-NMR(CDCl;, 200MHz) 6 1.17(d, J=7.1Hz, 3H), 1.29(m, 6H), 3.18(m, 2H),
423(m, 7H), 461(m, 3H), 532(m, 2H), 592(m, 1H), 6.85(m, 1H), 7.09(s, 1H),
7.48(d, J= 89Hz, 1H).

4-yolEzWA  (55,654R)-3-{[1-(1,3- =2 X} Z-2-2)-3-o} A €] d A | A 5}
9}-6-[(1R)-1-3tol =EA o d]-4-W| D -7-& 2 -1-o} A Hlo] o] 2 2 [320]RE
-2-A-2-7F 82 E(156d) 2 A

1-(1,3- M2 5AE-2-9)-3- LA E M 0] 2(154d)(160mg, 078 L] =)&
T MAEYCIELGmDA &AZI 20CR WAz T 4-UelERWE
(4R6S)~3—[(E} Ol AMSAEALZE)EA]-6-[(1R)-1-3to| = F Al o D]-4- D -7-8 A&~

O}X}B}OIA}OIEE[SZO]%E 2-<1-2-7} 54 ¢ ©] E(100)(464mg, 078U E)E 7}

O NN-thojotojxz 2ol Holrl(0.18ml, 1.012 2 &) HH3] 7tstdct. 5
T SR mRtsta 2EE S8 0TA 447 B9 WA AT
4ZE&APH NE 7Hat] WEE FEAI I, 2L R 38 25

Bo £FER AAT tE FF v adEez AT F 2Yet
FTEIL FAES HdYstA ZHARREDNYZ AAstd ®A4 3HEE(156d)
(386mg, 90%)E& F53Ar).
'H-NMR(CDCls, 200MHz) & 1.27(d, J=71Hz, 3H), 1.35(d, J= 6.3Hz, 3H), 3.25(m,
2H), 4.23(m, 5H), 4.64(m, 2H), 5.39(q, J= 14.0Hz, 51.3Hz, 2H), 7.22(m, 4H), 7.66(d,
J= 83Hz, 2H), 8.21(d, J= 8.7Hz, 2H).

HEEF  (55,654R)-3-{[1-(1,3- Mz M olo}ZF-2-)-3-o}AE AL} D }-6-
[AR)-1-3tel=F A E]-4-v 2D -7-2 & -]1-0o} A} Bl o] o] L 2[3.20]RE-2-a
-2-71 ¥ 2 ¥ o] E(KR-33028)2] A

g (55,654R)-3-{[1-(1,3- s Z A o] o} Z-2-U)-3-olA E| A AT 5 9 }-6-
[AR)-1-3le| =5 Al D]-4-H D -7-L& & -]-o}z}ul o] #po] F 2[3.2.0]F E-2-<l-2-7}
Aol E(156a)(284g, 58402 &) w2aAF2eo|=(70mhol LA 73 Ea
HdZ2H(158mg, 062 &), HEFIA(EdHASE2)Be5(174me, 0.152

8), $EE 2-o YAl imol o] = (964mg, 58U H)E 42 shekn ALl 2 A7
Bob Wakstglch Weho] BEOMDE Adto] 2Esn 2L Reste] gl 2

AE2ol=2 AT & IF 718902 72st <
MPLC(C-18 &473, &84l : 20% oA EUo|E" Sga)z AA s de B
HE WEAREY FA mA A E A 3132 (KR-33028)(590mg, 22%)S #5314
o},

lH~NMR(DzO, 200MHz) ¢0.77(d, J= 69Hz, 3H), 1.12(d, J= 65Hz, 3H), 2.61(m,

y X
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1H), 318(m, 1H), 352(m, 3H), 3.82(m, 3H), 4.05(m, 1H), 6.85(m, 1H), 7.14(m,
1H), 7.31(m, 2H).

YEF (5S,654R)-3-{[1-G-F22-13-M%xMolo}&£-2-2) 3-olA E]|d A |-
3}9}-6-[(AR)-1-3to] =& Al o] D]-4-W| D -7-& A -1-o} A u} o] o] 2 2[3.2.0] 3
E-2-A-2-7} 54 ¥ o] E(KR-33051)9] A4

dd  (5S,654R)-3-{[1-G-FR22-13-d xR 0]o}F-2-Y)-3-o}A E| YA
FH}-6-[(1R)-1-3to] E=Z A o D]-4-T| & -7-& 2 -] -0} x}uto] M o] 2 2[3.2.0] N E -2
-d-2-7F5 A ¥ ] E(156b)(203mg, 0428 &)E Al&3te] &3 SAs Zujo) Aok
& ARt 22 W o R whgAA HEA 3 E(KR-33051)(64mg, 13%)S S35}
ATk
'H-NMR(D:0, 200MHz) &1.09(d, J= 7.1Hz, 3H), 1.43(d, J= 6.2Hz, 3H), 2.71(m,
2H), 2.92(m, 1H), 3.05(m, 2H), 3.32(m, 1H), 3.75(m, 1H), 4.22(m, 2H), 691(d, J=
8.3Hz, 1H), 7.34(m, 1H), 7.59(m, 1H).

YEH (55,65,4R)-3—-{[1-(6-91 §A]-1,3-Ml =R o] o} Z-2-9)-3-o} A E| A A | &
%2d}-6-[(IR)-1-3 o) =& A | D]-4-v] D -7-& 5 -1-o} Al o] o] E 2 [3.2.0]1
E-2-d-2-7tE A ¥ 0] E(KR-33052) 2] A

&2 (55,654R)-3-{[1-(6-l &2 ~1,3- Wl 2 M 0] 0} 2-2-A)-3-o} A E] A |4
B }-6-[AR)-1-3to| =FA A = ]-4- WD -7-2 & -1-o} xrlol o] 2 2[320] A E-2
~A-2-7H5 2 E 0] E(156c)(380mg, 0.74Z ] E)E Algsto] 43 SAe Zu|of A
kS AbEdtel e WP WA A FA 3T E(KR-33052)(100mg, 27%)S <
=3t
'H-NMR(D:0, 200MHz) §123(d, J= 7.3Hz, 3H), 137(m, 6H), 2.75(m, 2H),
2.94(m, 1H), 3.03(m, 2H), 343(m, 1H), 3.77(m, 1H), 4.12(m, 4H), 6.78(m, 1H),
7.11(m, 1H), 7.41(d, J= 87Hz, 1H).

Ethyl N-[(S)-(-)- @ -methylbenzyl]l-aziridine-2-(S)-carboxylate (158) and
Ethyl N-[(S)-(-)- @ -methylbenzyll-aziridine-2-(R)-carboxylates (159)¢)
A

2 mL (1551 mmol)¥] 2,3-dibromopropionate 30 mL% CH;CNo| =o]x
0CE W¥Zd ¥ 64 g (4651 mmol)9 KoCOz¢t 2.3 mL (1551 mmoD) ] (S)-(-)-
a -methylbenzyl amineg 7}slx, Ao 20A]17F wukelt), wlgodle oubeln
ZdEEe  F  silica gel columne® At Ethyl N-[(S)-(-)-a-
methylbenzyll-aziridine-2-(S)-carboxylate (158) 150g (44%)$ Ethyl N-[(S)-
(-)- @ ~methylbenzyl]-aziridine-2-(R)-carboxylate (159) 1.56g (46%)E A=

Ethyl N-[(S)-(-)- @ -methylbenzyll-aziridine-2-(S)-carboxylate (158) R;
=051 (EtOAc/Hexane=3/7); 'H-NMR (CDCls, 200 MHz) & 7.33(m, 5H), 4.23(m,
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2H), 2.54(q, J=6.6 Hz, 1H), 2.20(dd, J=3.2, 64 Hz, 1H), 2.10(d, /=22 Hz, 1H),
1.59(dd, J=1.0, 6.3 Hz, 1H), 1.48(d, J=6.6 Hz, 3H), 1.13(t, J=7.2 Hz, 1H)

Ethyl  N-[(S)-(-)- @ ~methylbenzyl]-aziridine-2—(R)-carboxylate ~ (159)
R=0.33 (EtOAc/Hexane=3/7); '"H-NMR (CDCls, 200 MHz) & 7.25(m, 5H), 4.13(q,
J=7.2 Hz, 2H), 256(q, J=6.6 Hz, 1H), 2.32(dd, J=3.2, 6.4 Hz, 1H), 2.05(d, J=2.2
Hz, 1H), 1.76(dd, J=1.0, 6.3 Hz, 1H), 1.45(d, J=6.6 Hz, 3H), 1.21(t, J=7.2 Hz, 1H)

Ethyl 3-0x0-3-[1-(17(S)- @ ~methylbenzyl)-aziridin—2(S)-yl]l-propionate
(160)

9.95 mL2 LiHMDSZ 15 mL¢ THFe| 3olx, -78 TE Wzt 1 mL
(9.94 mmol)9] EtOAcE 7}tz F2%olA 3083t Zykg ¥ 1.09 g (4.97 mmol)
9] 158€ 10 mL9Y THFY =< 7tstz 204 147 wdtgit), A20 =2 27

I g JI3E EtOAcE FE383, £23EZ Ao & #71FE ©H Eo}
MgSO.2 AZz3:, d}stn Z¢s5F F silica gel flash chromatographysted

088 g (68%)9] 1602 A=

Ri=0.42 (FtOAc/Hexane=1/4); '"H-NMR (CDCls, 200 MHz) & 7.31-7.26(m,
5H), 4.10(q, J=7.2 Hz, 2H), 3.36(d, J=5.4 Hz, 2H), 2.58(q, J=6.5 Hz, 1H), 2.34(d,
J=3.0 Hz, 1H), 2.21(dd, J=30, 7.0 Hz, 1H), 1.86(d, J=7.0 Hz, 1H), 1.44(d, J=65
Hz, 3H), 1.21(t, J=7.2 Hz, 3H); “C-NMR (CDCls, 50 MHz) & 200.8, 167.0, 1434,
1283, 127.2, 1263, 694, 61.0, 44.3, 440, 349, 23.3, 13.8; HRMS(ED caled for
CisH1aNOs; 261.1364, found 261.1373.

Ethyl 3-0x0-3-[1-(1'(S)- @ ~methylbenzyl)-aziridin-2(R)-yll-propionate
(161)

9ot =% wHoz 75%¢ 161Z FA . R=04 (EtOAc/Hexane=1/4);
'H-NMR (CDCls, 200 MHz) & 7.37-7.26(m, 5H), 4.19(q, J=7.2 Hz, 2H), 3.42(d,
J=11.2 Hz, 2H), 259%q, J=6.5 Hz, 1H), 2.34(dd, J=3.0, 6.8 Hz, 1H), 2.11(d, J=3.0
Hz, 1H), 1.72(d, J=6.8 Hz, 1H), 1.42(d, J=6.5 Hz, 3H), 1.28(t, J=7.2 Hz, 3H);
BC-NMR (CDCls, 50 MHz) & 2014, 167.0, 1434, 128.2, 1271, 1264, 689, 61.0,
449, 436, 34.0, 230, 13.8; HRMS(ED) caled for CisHiNOs 261.1364, found
261.1366.

Ethyl 3(R)-hydroxy—-3-[1-(1’(S)- @ -methylbenzyl)-aziridin-2(S)-yll-propio
nate (162a) and Ethyl 3(S)-hydroxy-3-[1-(1'(S)- @ -methylbenzyl)-
aziridin—-2(S)-yl]l-propionate (162b)

156 g (5.96 mmol)e 160< 95 mi®] ag. EtOH (EtOH/H0=75/20)° =]
i 638 g (0.11 mol)¢] NHCIE 7}sti 1.13 g (29.84 mmol)] NaBH.E 3¥iol 2
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=]
MgSO:2 #AZsta, dHstn AdsEg
0.65g(41%)¢] 162a%} 0.68g(44%)9] 162bE €=t

Ethyl 3(R)-hydroxy-3-[1-(1'(S)- @ -methylbenzyl)-aziridin-2(S)-yl]- pro-
pionate (162a) R=0.2 (EtOAc/Hexane=1/2); 'H-NMR (CDCls, 200 MHz) &
7.38-7.21(m, 5H), 4.27(q, J=7.1 Hz, 2H), 4.05(q, J=6.5 Hz, 1H), 3.17(s, 1H),
265(dd, J=2.7, 43 Hz, 2H), 257(q, /=65 Hz, 1H), 1.75(dd, J=1.7, 3.0 Hz, 2H),
1.45(d, J=65 Hz, 3H), 1.28(t, J=7.1 Hz, 3H); HRMS(ED calcd for Ci;sHzNOs;
263.1521, found 263.1520.

Ethyl 3(S)-hydroxy-3-[1-(1'(S)~ @ -methylbenzyl)-aziridin-2(S)-yll-pro-
pionate (162b) R=0.18 (EtOAc/Hexane=1/2); '"H-NMR (CDCl;, 200 MHz) &
7.38-7.25(m, 5H), 4.19(q, J=7.1 Hz, 2H), 3.91-3.80(m, 1H), 2.82(d, /=6.3 Hz, 1H),
262(dd, j=2.8, 4.3 Hz, 2H), 2.55(q, /=65 Hz, 1H), 1.75(dd, J=1.7, 3.1 Hz, 2H),
1.43(d, J=6.5 Hz, 3H), 1.28(t, J=7.1 Hz, 3H); BC-NMR (CDCls, 50 MHz) & 1710,
1438, 1279, 1267, 1264, 63.7, 67.8, 60.2, 434, 40.2, 30.5, 23.1, 13.8; HRMS(ED
caled for CisH»NOs; 263.1521, found 263.1518.

Ethyl 3(R)-hydroxy-3-[1-(1’(S)- @ -methylbenzyl)-aziridin-2(R)-yll-propio
pate (162¢) and Ethyl 3(S)-hydroxy-3-[1-(1'(S)- @ -methylbenzyl)—
aziridin—2(R)-yl]l-propionate (162d)

Aot Fds o r FAAT

Ethyl 3(R)-hydroxy-3-[1-(1'(S)~ @ -methylbenzyl)—aziridin-2(R)-yll-pro-
pionate (162c) R=0.24 (EtOAc/Hexane=1/2); '"H-NMR (CDCl, 200 MHz) &
7.34-7.26(m, 5H), 4.06(q, J=7.1 Hz, 2H), 3.77(m, 1H), 2.49(q, /=65 Hz, 1H),
2.25(s, 1H), 2.15(d, J=7.7 Hz, 1H), 2.06(d, J=5.7 Hz, 1H), 1.96(d, /=35 Hz, 1H),
1.65(m, 1H), 1.49(d, J=6.5 Hz, 3H), 1.44(d, J=6.5 Hz, 3H), 1.19(t, J=7.1 Hz, 3H);
BC-NMR (CDCls, 50 MHz) & 171.1, 144.0, 1283, 127.2, 126.7, 69.3, 66.7, 60.0,
413, 40.0, 309, 222, 13.9; HRMS(ED caled for CisHxuNOsz; 263.1521, found
263.1509.

Ethyl 3(S)-hydroxy-3-[1-(1'(S)- @ -methylbenzyl)-aziridin-2(R)-yll-pro-
pionate (162d) R=0.14 (EtOAc/Hexane=1/2); "H-NMR (CDCl;, 200 MHz) ¢
7.34-7.25(m, 5H), 4.06(q, J=7.1 Hz, 2H), 3.75(dd, J=5.1, 12.0 Hz, 1H), 2.97(s, 1H),
253(g, J=65 Hz, 1H), 2.21(dd, J=2.0, 50 Hz, 2H), 1.96(d, J=35 Hz, 1H),
1.69-1.62(m, 1H), 1.48(d, J=65 Hz, 1H), 1.43(d, J=6.5 Hz, 3H), 1.20(t, J=7.1 Hz,
3H); BC-NMR (CDCls, 50MHz) & 1717, 1439, 128.3, 127.1, 1266, 69.3, 66.9, 60.3,
41.1, 39.1, 30.8, 225, 13.9; HRMS(ED calcd for CisHaNOs 263.1521, found
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263.1502.

5(S)-Methyl-4(R)-hydroxypyrrolidinone(163a)

1.13 g (4.32 mmol)9] 162aE 21 mL< EtOHe| *olx 350 mge Pd(OH):
74at A 60psie] FAdlel] 12417F Wuksly wkgAS osli, MeOHE A ojF
7t w33, o AL silica gel flash chromatographyste] 0.38 g(77%)9]
163a2 dEvh. Ri=03 (MeOH/EtOAc=1/9); 'H-NMR (CDs;OD, 200 MHz) &
404-397(ddd, J=30, 4.0, 68 Hz, 1H), 356-3.45(dq, J=3.0, 65 Hz, 1H),
2.74-2.62(dd, J=6.8, 17.1 Hz, 1H), 2.23-2.13(dd, J=4.0, 17.1 Hz, 1H), 1.20(d, J=6,5
Hz, 3H); “C-NMR (CDiOD, 50 MHz) & 1779, 745, 60.4, 40.3, 19.7; HRMS(ED
caled for CsHoNOz, 115.0633 found 115.0632.

o it

5(S)-Methyl-4(S)-hydroxypyrrolidinone (163b)

et 2& Ao r FAAF

R=0.2 (MeOH/EtOAc=1/9); 'H-NMR (CDs;OD, 200 MHz) & 4.34-4.27(dd,
J=2.6, 44 Hz, 1H), 3.83-3.71(dd, J=5.0, 6.5 Hz, 1H), 2.70-2.58(dd, J=6.2, 17.1 Hz,
1H), 2.25-2.15(dd, J=2.6, 17.1 Hz, 1H), 1.19(d, /=65 Hz, 3H); “C-NMR (CD:OD,
50 MHz) & 1788, 70.0, 56.6, 41.6, 14.6; HRMS(ED) calcd for C5HINO2, 115.0633
found 115.0634.

5(R)-Methyl-4(R)-hydroxypyrrolidinone (163c)

foh Ze wYos GAE

R=0.2 (MeOH/EtOAc=1/9); 'H-NMR (CD:OD, 200 MHz) &
434-428(ddd, J=25, 50, 60 Hz 1H), 3.83-371(dg, J=50, 65 Hz, 1H),
2.70-2.59(dd, J=6.1, 17.0 Hz, 1H), 2.25-2.15(dd, J=2.6, 17.0 Hz, 1H), 1.20(d, J=65
Hz, 3H); ®C-NMR (CDsOD, 50 MHz) & 1787, 70.0, 56.5, 41.6, 14.6; HRMS(ED
caled for CsHoNO:, 115.0633 found 115.0632.

5(R)-Methyl-4(S)-hydroxypyrrolidinone (163d)

At e WHo=m TS
R=0.2 (MeOH/EtOAc=1/9); 'H-NMR (CD:OD, 200 MHz) & 4.01(dt, J=3.1, 4.1
Hz, 1H), 356-345(dq, J=3.1, 65 Hz, 1H), 2.74-262(dd, J=6.7, 17.2 Hz, 1H),
2.23-2.13(dd, j=4.1, 17.2 Hz, 1H), 1.20(d, J=65 Hz, 3H); “C-NMR (CDsOD, 50
MHz) & 1781, 753, 61.2, 41.2, 205 HRMS(ED caled for CSHINO2, 115.0633
found 115.0633.
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5(S)-Methyl-4(S)-acetylthiopyrrolidinone (164a)
310 mg (2.76 mmol)¢] 163aE THE/DMF (11.5/2 mL)d| =o]3, 0 Tl A

870 mg (3.31 mmol)¢] PPh:E& 7}8tal, 052 mL (3.31 mmol)e] DEADE 7}sti 30
270 mukrslc) o 7)o 0.39 mL (359 mmol)&] AcSHE 7}8ta A 2olx 2417

Hk-g-ol 8 7}el=231 31 silica gel flash chromatographyste] 255 mg (54%)
9] 164aE A+Ev}. R=05 (MeOH/EtOAc=1/30); ‘H-NMR (CDCls, 200 MHz) &
6.86(s, 1H), 4.35-4.24(dd, J=2.6, 44 Hz, 1H), 4.10-4.03(dd, J=5.0, 6.5 Hz, 1H),
2.84-2.71(dd, J=8.3, 18.0 Hz, 1H), 2.36(s, 3H), 2.40-2.27(dd, J=7.1, 16,7 Hz, 1H),
1.18(d, J=6.6 Hz, 3H); BC-NMR (CDCls, 50 MHz) 6194.4, 175.1, 534, 43.1, 36.6,
29.8, 18.5; HRMS(ED calcd for C/HuNO:S, 173.0510found 173.0507.

5(S)-Methyl-4(R)-acetylthiopyrrolidinone (164b)

Aok 2L Yoz FAE

R=05 (MeOH/EtOAc=1/30); 'H-NMR(CDCl;, 200 MHz) & 6.21(s, 1H),
3.79-3.60(m, 2H), 2.95-2.82(dd, J=6.8, 17.1 Hz, 1H), 2.35(s, 3H), 2.40-2.26(dd,
J=4.0, 17.1 Hz, 1H), 1.30(d, J=6.1 Hz, 3H); ®C-NMR (CDCls, 50 MHz) & 194.2,
174.8, 56.0, 43.0, 36.8, 30.0, 19.9; HRMS(EID) calcd for C;Hi1NO2S, 173.0510, found
173.0513.

5(R)-Methyl-4(S)—acetylthiopyrrolidinone (164c)

Aok 22 WHow 4%

R=05 (MeOH/EtOAc=1/30); 'H-NMR (CDCl;, 200 MHz) & 6.05(s, 1H),
3.79-3.63(m, 2H), 295-2.82(dd, J=6.7, 17.2 Hz, 1H), 2.34(s, 3H), 2.39-2.24(dd,
J=4.1, 17.2 Hz, 1H), 1.30(d, J=6.1 Hz, 3H), BC-NMR (CDCl3, 50 MHz) 6194.1,
174.2, 559, 43.0, 36.8, 29.9, 19.9, HRMS(EID calcd for C;H;iNO:S, 173.0510, found
173.0503.

5(R)-Methyl-4(R) -acetylthiopyrrolidinone (164d)

ot 2 WHoR FAUE

Re=05 (MeOH/EtOAc=1/30); 'H-NMR (CDCl;, 200 MHz) & 6.33(s, 1H),
435~4.28(ddd, J=25, 50, 6.0 Hz, 1H), 4.15-4.00(dq, J=5.0, 6.0 Hz, 1H),
2.84~2.71(dd, J=84, 17.2 Hz, 1H), 2.36(s, 3H), 2.40-2.28(dd, /=84, 16.6 Hz, 1H),
1.18(d, J=6.5 Hz, 3H); ®C-NMR (CDCls, 50 MHz) §194.6, 1755, 52.3, 42.1, 36.7,
30.4, 17.6; HRMS(EID) calcd for CyHuNO:S, 173.0510, found 173.0503.

5(S)-Methyl-4(S)-thiopyrrolidinone (165a)
135 mg (0.77 mmol) & 162a= 8 mLe MeOHel| =ola, 0 ColA 0.38
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mL9 2N-NaOHE 7}stz 30&7+ 3¥rgk & 0.04 mL (0.85 mmol)®l AcOHE 7t
3la, NaxSOs2 Axstn 3 & 795 F3ste] 120 mg (100%)9] 163aE A=t
R=04 (MeOH/EtOAc=1/30); 'H-NMR (CDsOD, 200 MHz) &
3.96-3.83(quin, J=6.4 Hz, 1H), 3.78-3.68(dd, J=5.7, 135 Hz, 1H), 2.87-2.74(dd,
J=76, 17.0 Hz, 1H), 2.33-2.22(dd, J=5.8, 17.0 Hz, 1H), 1.24(d, /=6.4 Hz, 3H)

5(S)-Methyl-4(R)-thiopyrrolidinone (165b) ¢} Z& Wwyloz AT R=04
(MeOH/EtOAc=1/30); 'H-NMR (CD:OD, 200 MHz) & 3.59-3.47(quin, J=6.5 Hz,
1H), 3.13-3.01(dd, J=84, 152 Hz, 1H), 2.84-271(dd, J=7.1, 168 Hz, 1H),
2.37-2.24(dd, J=8.6, 16.8 Hz, 1H), 1.27(d, J=6.5 Hz, 3H)

5(R)-Methyl-4(S)-thiopyrrolidinone (165c)

Aok e oz FAT

R=04 (MeOH/EtOAc=1/30); 'H-NMR (CDsOD, 200 MHz) ¢
360-3.47(quin, J=6.2 Hz, 1H), 3.14-3.03(dd, j=84, 151 Hz, 1H), 2.85-2.73(dd,
J=8.2, 16.8 Hz, 1H), 2.38-2.26(dd, /=86, 16.8 Hz, 1H), 1.28(d, /=6.2 Hz, 3H)

5(R)-Methyl-4(R)—thiopyrrolidinone (165d)

Aot e wygo= FA4E

Ri=04 (MeOH/EtOAc=1/30); 'H-NMR (CDsOD, 200 MHz) )
3.92-3.83(quin, J=6.5 Hz, 1H), 3.76-3.65(dd, J=7.1, 135 Hz, 1H), 2.85-2.73(dd,
J=77, 16.8 Hz, 1H), 2.34-2.23(dd, J=5.9, 16.8 Hz, 1H), 1.24(d, /=6.4 Hz, 3H)

4-Nitrobenzyl (1R, 5S, 6S)-6-[(R)-1-hydroxyethyl]l-1-methyl-2-[(S)-2(S)-
methyl-5-oxopyrrolidin-3—-ylthiol-1-carbapen-2-em-3-carboxylate (157a)
140 mg (091 mmobD2l 165aE 0 TolA 7 mLe CHiCNel Io]i, 430
mg (0.72 mmol)®] Enol phosphate carbapenem¥} 0.12 mL (1.00 mmol)¢] DIPEA
2 718tz 0-5 TolAl 2A)%F mHkslal, Phosphate buffer solution (pH=7.0)& 7}3k
1, EOR FZ33, 23EE AdF F F715E Td EoF MgSO2 H=xs),
Z Adojx FAME silica gel flash chromatographydtel 166
mg (48%)¢} 157aS L=t}
R=0.3 (MeOH/EtOAc=1/10); '"H-NMR (CDCls, 200 MHz) & 8.23(d, J=8.7
Hz, 2H), 7.68(d, J=8.6 Hz, 2H), 555-5.24(dd, J=13.8, 49.2 Hz, 2H), 4.24(dd, /=25,
90 Hz, 1H), 42-397(m, 3H), 3.46-3.35(m, 1H), 3.28(dd, J=2.5, 7.1 Hz, 1H),
2.83-2.70(dd, J=7.9, 17.1 Hz,1H), 2.45-2.32(dd, j=8.3, 17.1 Hz, 1H), 1.34(d, J=6.3
Hz, 3H), 1.28(d, j=7.3 Hz, 3H), 1.24(d, J=6.3 Hz, 3H); BC-NMR (CDCls, 50 MHz)
8§ 17477, 173.0, 159.9, 150.0, 147.2, 1426, 1279, 124.3, 123.3, 65.1, 59.5, 56.1, 53.6,
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438, 42,0, 355, 21.1, 171, 164; HRMS(FAB+) caled for CoeHzN3O7S, 476.1491,
found 476.1494.

4-Nitrobenzyl(1R, 5S, 6S)-6-[(R)-1-hydroxyethyll-1-methyl-2-[(R)-2(8)-
methyl-5-oxopyrrolidin-3-ylthio]-1-carbapen-2-em-3-carboxylate (157b)

oo} e wog P43 R=0.3 (MeOH/EtOAc=1/10); 'H-NMR (CDCl,
200 MHz) & 8.23(d, J=87 Hz, 2H), 766(d, /=9.0 Hz, 2H), 553-5.22(dd, J=133,
466 Hz, 2H), 4.25(dd, J=2.6, 9.3 Hz, 1H), 419(q, J=6.5 Hz, 1H), 3.63(q, J=6.1 Hz,
1H), 352-3.30(m, 2H), 3.26(dd, J=2.6, 7.3 Hz, 1H), 2.94-2.81(dd, J=80, 17.1 Hz,
1H), 251-2.39(dd, J=6.7, 17.1 Hz, 1H), 1.38(d, J=6.1 Hz, 3H), 1.31(d, J=7.4 Hz,
3H), 1.28(d, J=7.1 Hz, 3H); BC-NMR (CDCl;, 50 MHz) & 174.1, 1725, 159.2,
1475, 1422, 1356, 127.4, 1265, 122.0, 121.5, 1189, 71.8, 634, 58.3, 55.7, 50.5, 43.8,
41.7, 36.8, 24.7, 199, 14.1;, HRMS(FAB+) caled for CaeHzeN307S, 476.1491, found
476.1504.

4-Nitrobenzyl(1R, 5S, 6S)-6-[(R)-1-hydroxyethyll-1-methyl-2-[(S)-2(R)-
methyl-5-oxopyrrolidin-3-ylthio]-1-carbapen—2-em-3-carboxylate (157¢)

Ao 2o WPez Y

R=0.3 (MeOH/EtOAc=1/10); '"H-NMR (CDCl3;, 200 MHz) & 822(d, J=87
Hz, 2H), 7.65(d, J=8.9 Hz, 2H), 6.23(s, 1H), 554-519(dd, J=13.8, 56.0 Hz, 2H),
430-4.24(dd, J=2.4, 9.3 Hz, 2H), 3.68(q, J=6.0 Hz, 1H), 3.50-3.39(m, 1H), 3.34(m,
1H), 3.30(dd, J=25, 6.7 Hz, 1H), 2.93-2.80(dd, /=85, 17.4 Hz, 1H), 2.44-2.32(dd,
J=70, 174 Hz, 1H), 1.36(d, J=6.3 Hz, 3H), 1.31(d, J=6.3 Hz, 3H), 1.27(d, J=7.2
Hz, 3H); ®C-NMR (CDCls, 50 MHz) & 1745, 1729, 159.9, 1487, 1472, 1427,
127.9, 1254, 1234, 65.2, 59.8, 58.0, 55.7, 45.3, 43.8, 36.8, 215, 205, 166, 13.9;
HRMS(FAB+) caled for CoeHzN307S, 476.1491, found 476.1434.

4-Nitrobenzyl(1R, 5S, 6S)-6-[(R)-1-hydroxyethyll-1-methyl-2-[(R)-2(R)~
methyl-5-oxopyrrolidin-3-ylthio]l-1-carbapen—-2-em-3-carboxylate (157d)

Ao} 22 wHo R FAT

R=0.3 (MeOH/EtOAc=1/10); '"H-NMR (CDCl;, 200 MHz) & 806(d, J=8.7
Hz, 2H), 7.50(d, J=9.0 Hz, 2H), 5.37-5.06(dd, J=13.8, 47.6 Hz, 2H), 4.06(dd, J=24,
9.2 Hz, 1H), 4.03-379(m, 3H), 3.25-3.16(m, 1H), 3.09(dd, J=25, 76 Hz, 1H),
2.70-258(dd, J=7.4, 169 Hz, 1H), 2.32-2.21(dd, J=5.7, 169 Hz, 1H), 1.17(d, J=6.1
Hz, 3H), 1.15(d, J=6.2 Hz, 3H), 1.09(d, /=6.5 Hz, 3H); 13C—NMR (CDCls, 50 MHz)
s 1734, 1724, 1586, 147.7, 142.2, 137.7, 1275, 1266, 1219, 1214, 1186, 72.9,
634, 585, 54.3, 505, 42.3, 417, 36.2, 24.7, 19.7, 149; HRMS(FAB+) calcd for
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CooHa6N307S, 476.1491, found 476.1486.

Sodium (1R, 5S, 6S)-6-[(R)-1-hydroxyethyl]l-1-methyl-2-[(S)-2(S)-meth-
yl-5-oxopyrrolidin-3-ylthio]l-1-carbapen-2—-em—-3—carboxylate (KR-33046)

134 mg (0.28 mmol)® 157aE THF/EtOH/0.1M-Mops Buffer (4.5/7/11.5
mL)oll =o]i 50 mg® Pd/CE 7}t Hy T3l A 156417 mukght), gEg-A &
o33l MeOHZ HolFE & #3533, ZHA o] 47 mg (0.28 mmol)e] SEHE
7t Aol 108 nftd § £5& FHEoF EtOAcE HoFx, Eo43 &
& MPLCE AHAst Z2AZ3 59 mg (58%)2] KR-330468 d=1t}.

R=0.5 (H:0/CH:CN=1/4); 'H-NMR (CDCls, 200 MHz) & 4.06-3.82(m,
4H), 3.27-3.16(m, 1H), 3.23(dd, J=2.6, 6.2 Hz, 1H), 2.65-2.56(dd, J/=8.2, 17.1 Hz,
1H), 2.24-2.16(dd, J=7.5, 17.1 Hz, 1H), 1.06(d, J=6.1 Hz, 3H), 0.98(d, /=6.5 Hz,
6H); “C-NMR (CDCl, 50 MHz) & 1788, 178.1, 164.1, 1315, 119.8, 654, 56.2,
54.8, 50.5, 41.9, 36.2, 20.7, 17.1, 16.2; HRMS(FAB+) calcd for CisHxN20OsNaS,
363.0990, found 363.0993.

N’

Sodium (IR, 5S, 6S)-6-[(R)-1-hydroxyethyll-1-methyl-2-[(R)-2(S)-meth-
yl-5-oxopyrrolidin—3-ylthio]-1-carbapen—2-em-3—-carboxylate (KR-33047)

Aok & oz AT

R=05 (H.O/CHiCN=1/4); 'H-NMR (D0, 200 MHz) & 3.77(q, J=6.4 Hz,
1H), 3.94(dd, Jj=2.5, 9.4 Hz, 1H), 3.42(dq, J=6.0, 11.2 Hz, 1H), 3.39-3.33(m, 1H),
3.18-3.15(dd, J=2.5, 6.0 Hz,1H), 3.11-3.01{dt, J=7.5, 164 Hz, 1H), 2.79-2.70(dd,
J=79, 185 Hz, 1H), 2.22-2.14(dd, J=5.3, 185 Hz1H), 1.06(d, /=64 Hz, 3H),
1.02(d, J=6.1 Hz, 3H), 0.94(d, J=7.1 Hz, 3H); “"C-NMR (D;O, 50 MHz) & 1684,
166.9, 164.4, 135.1, 114.8, 74.2, 68.1, 585, 486, 46.9, 358, 34.2, 26.5, 25.0, 10.0;
HRMS(FAB+) caled for CisH20N20sNaS, 363.0990, found 363.0975.

Sodium (1R, 5S, 6S)-6-[(R)-1-hydroxyethyll-1-methyl-2-[(S)-2(R)-meth-
yl-5-oxopyrrolidin—-3-ylthio]l-1-carbapen—2-em-3—-carboxylate (KR—-33048)

Aot 7 Yo dAAE

Ri=0.5 (H,O/CH3CN=1/4); 'H-NMR (D:0O, 200 MHz) & 4.27-4.20(m, 2H),
3.76-3.72(dd, J=3.9, 65 Hz, 1H), 3.59-3.65(q, J=5.0 Hz, 1H), 3.47-3.44(dd, J=2.8,
59 Hz, 1H), 3.41-331(m, 1H), 3.03-2.89(dd, /=86, 17.9 Hz, 1H), 2.39-2.29(dd,
J=19, 185 Hz, 1H), 2.22-2.14(dd, j=5.3, 179 HzI1H), 1.28(d, /=65 Hz, 6H),
1.20(d, J=7.1 Hz, 3H); “C-NMR (D:0, 50 MHz) & 1781, 176.8, 1755, 139.3, 981,
65.3, 61.5, 59.1, 56.1, 44.5, 429, 36.3, 20.3, 19.7, 16.1; HRMS(FAB+) calcd for
CisHaoN20sNaS, 363.0990, found 363.0990.
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Sodium (1R, 5S, 6S)-6-[(R)-1-hydroxyethyll-1-methyl-2-[(R)-2(R)-meth-
yl-5-oxopyrrolidin—-3-ylthio]-1-carbapen-2-em-3-carboxylate (KR-33049)

Aok 2 Wygoe=m FAE

Ri=0.5 (H:0/CHiCN=1/4); 'H-NMR (DO, 200 MHz) & 4.28-4.10(m, 4H),
345(dd, J=25, 51 Hz, 1H), 338(m, 1H), 3.00-2.88(dd, Jj=6.8, 17.1 Hz, 1H),
2.51-2.41(dd, J=4.3, 17.1 Hz, 1H), 1.33(d, J=4.3 Hz, 3H), 1.31(d, J=7.8 Hz, 3H),
1.201.31(d, J=6.8 Hz, 3H); “C-NMR (D:0, 50 MHz) & 177.2, 176.3, 170.2, 1396,
109.8, 659, 59.2, 56.8, 53.8, 43.9, 43.1, 405, 27.2, 20.8, 165, HRMS(FAB+) calcd
for CisH20N20sNaS, 363.0990 found 363.0989.

UEE  (5S,654R)-3-{[1-(1,3- A=A E-2-9)-3-olAE P AT 2) -6
[AR)-1-38to| =Z X d]-4-D-7- & -1-olAul o] Ro| F2[320]1RE-2-d
-2-7} 84 9 o] E(KR-33040)2] A

4-olERWA  (BSESAR)-3{[1-(1,3- M= AFE-2-9)-3-oba B Fl A4
Hd}-6-[UR)-1-3to] EEA A F]-4-H & -7-8 2 -] -o}lxuto] Ro] ZF 2[320] P E -2
-l-2-7H A g 0] E(156d)(370mg, 0.67Z & E)E F4 HEZS o= FH(12m) T
o &2 (20mhell =2 F 10% ZEHE7HE(820mg)F 0.18 MOPS &8 (& 1L9)
0054 4-EFXdZ2H4343 00559 4-Exdzasiad JESFIS =9 &

MA6mDE 7H GF FL2FAE 23 10/ Bk A4 watEg) =
= AZoEE o)&dte] osti wHEER FEI AFSFAT. ol Fof §7]
EWE A FFsI AAT g, F& FE9E MPLC(IC-18 9424, ¢34
P 20% M EYUCIEY £RA)E FAANA HASL FADZSY AN mAd

EA 3}3E(KR-33040)(91mg, 31%)S 539tk
'H-NMR(D:0, 200MHz) 60.98(d, J= 7.3Hz, 3H), 1.12(d, J= 65Hz 3H), 321(m,
1H), 3.22(m, 1H), 4.15(m, 5H), 4.49(m, 2H), 7.17(m, 4H).

- 444 -



B AdTe A Z2AE Z24E 197 Al dfos ATl He
g FEES e ginbaEdA A e FREE sPEd. 349t A7 g
goZ 370 AE 2009448 At g AFEA S FAHs 1A EAAAE AAE
Fom ¢ B4e UelE stEdd didte] 2o AddE AdEd ANde 4
Alstgeh ol e AFARE 459 A=FES =E6eH o F IFES
of g skt Ay FAL 9&F 2o
1. KR-32001

o In vitro ¥ MRSA Al g :
Hoechst, LG MRSA, QRSA®| 3] 53 <5
KIST MRSA°| W3] €%
o Bioavailability Al ¥ (Imipenem¥ ®] L) :
Cmax 4.3}
AUC 4.7+
o DHP-I ¢t % €5 ¢
Meropenem®| ]3] 0.5}
© Chemical stability

Meropenem?®l] H]d] ¥%

2. KR-32017
o In vitro & MRSA A§ :
Hoechst, LG MRSA, QRSA¢] &) $-38F <5
KIST MRSA°| 3] €%
o Bioavailability A1 % (Imipenem¥ ¥®]i) :
Cmax 2.54]
AUC 2.24)
o DHP-I ¢t = 9
Meropenemel] H| 3 24}

o Chemical stability : =% E<A
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3. KR-33027

o In vitro 3 MRSA Al§
Hoechst, LG MRSA, QRSA+ vancomycin®] B]8] 3~20u] -3 379
KIST# o tiaixd e d5

o Bioavailability %< (Meropenem} H| ) :

Cmax 1.14)
AUC %%
o DHP-I ¢t4 % : Meropenemeol H]3] 1.54)
o Staphylococcus pneumoia®] ©f 3] 73+ 7=
o Chemical stability : ¢4
o Water solubility : W24 B A&
4. KR-33028

o In vitro & MRSA A ¥
Hoechst, LG MRSA, QRSA+ vancomycin®] B8} 3~20u] $-43 374
KIST#o tairdes %
53] WA S. pneumoniad] $-53F k&
Agot) o5 100789 Al'¥ vancomycin}t A
o Bioavailability - (Meropenem¥} H|iZ) :
Cmax 2.74)
Auc 4.7
o DHP-1I ¢+4 % : Meropenemd| H]&] 27+ I %
o Chemical stability : ¢FA

o Water solubility : Meropenem®l| H|&} $-

r&&’
Ol!
ok
b4t
H
2
Am
)
i
i
e
ok

ol¢} Z AFZAHAZE 4WY I 53 EF &4
AHoIT, Ea 299 AFARTEAN AAFRG.
1. S=535&4 A2000-40396%, 2001.7.14 £,
ot Hd A g FEA R 2o AR, ol F&, AAE, AA, B,
ZHA, z,O: ]/H, LA, AEA AdA
2. 53 EY A2000-46447%, 2000.8.10 &Y
Ty FAEA) FHA 2 2o AZW, olBa, W, A=, 2L
3, AA, 4, A, PeA, S, 485
3. #FEEY A2001-48742%., 2001.8.13 %1
2-MzAololE: FiubeEld RFEA R 2o AR, AE, olFs, BAdA,

484, A4, A=
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FoE3Z Y A2001-567403, 2001.9.14 =9
WzsololE ol AE Y FhubA Y FEA L 9] Az, BB

, o];‘a ‘H, 7]
A, A8, AR, A, AAE, YAF

, = =

Do Kyo Pyun, Hee-Jung Jung, Hyun Jung Kwak, Jae Hak Kim, Eun Jung
Kim, Bong Jin Kim, Moon Hwan Kim and Cheol Hae Lee, Heterocycles,
2001, 55(7), 1253-1261.

6. Hyun J. Kwak, Do K. Pyun, Jae H. Kim, Eun J. Kim, Hee J. Jeong, Bong J.

Kim and Cheol H. Lee, Bioorg. Med Chem. Leett, 2000, 10, 333-336.

oI} z:}% AFARNE FHae] 2 W, ATAGAL AFHNT BEE 100%

A 24 d9rjodx=

e}

g%t Ade 18-vEztutadA SFFES FHst FEaFAE FIT A
18-vEstutbdA g&Ee & MRSAC w3t F+x2-84 JABJAE ols)st
vy Fo348E AT

ANZe B9 tetrabactam FHH WS AlAl AxZ Ao AFTsALH ol F

A& o NAFozH sttt ojupx] g3t

AhEhd e ATFAAE Edststd S dAAAY dE 2 549 7les A
stdom, olet e METSH ANFYARE FHHoE BASt 484 2
ZR7 AT TE&H O feed-back & F & AAZE TF=3AT.

A e.FEoZ % AT Edo] AZe 7 vHEAE ol ZE U
A Bt AEE S o= AV HAH

A FAol 9l o] FoX & e A FAAE 1R FAVeE LTEE
2 B 47y 2742 §47€S 2 IRAFHoY, 53] 2 ;‘311]7} 7ot &
* 71€4d EAE MNZEs= know-howE FZH T

2 A7y 23E 229 AEEZY st A4 A8 S S FEELAH dA
sto] AAFozHN By F3F<Q AT vl 7o Ao R AlRET
ot 2 A FHstH E d, Sl At ZivtEd FAA e g #A
< Azstdoen, g3t oFst AES ooF T AL #HH FHEAEY FF
AT Bo AAZAR 43 AT A& st Alsd
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ojv] Il EAEHAEHU] &5d HAEEZ KR-320018 KR-320179 &A%
A By IAE TAS Ho Tx: ABoT FHL HAGUA AAD

&=
A FEAE st & Ao
AxE2 KR-330273% KR-330289 o
A& 22T g ARo|t},

AE=E2 KR-33027% KR-33028¢] ot F+xw oz Hr} &Ao] 23
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