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SUMMARY

I. Title
Development of Carbapenem Antibiotics with Broad Spectrum

II. Purpose and Importance of Research

Recently, 1B-methylcarbapenems have received much attention because of
their excellent biological and chemical behavior. Currently, a number of
carbapenem antibiotics such as imipenem, panipenem and meropenem were
launched on the market and several compounds are under clinical evaluation.
However, some problems still remain in these compounds. Imipenem and
panipenem are unstable to the renal dehydropeptidase-I (DHP-I) and have the
convulsive side effect. Meropenem has good stability to DHP-I and an excellent
spectrum against Gram-negative bacteria. However, it is relatively less active
against Gram-positive bacteria than imipenem.

The aim of this research is to develop new 1B-methylcarbapenem 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. For this end, we examined in vivo protective and pharmaco-
kinetics for new leading 1B-methylcarbapenem antibiotics, which is derived from
the first term project. Furthermore, we synthesized the back-up compounds for
leading carbapenems and new carbapenems via chemical modification at C-2

side chain. These synthetic carbapenems were tested for antibacterial activity.

III. Contents and Scope

The leading carbapenem compounds (P-91014, P-91409, P-91022) showed
quite promising possibility in terms of antibacterial activity, DHP-1 stability and
primary pharmacokinetic parameters.

In this project, their in vivo protective test in mouse and pharmacokinetic
test in rat, dog and monkey containing half lifetime, bioavailability were carried

out. And also in vitro activity test for the back-up compounds and new

- 11 -



synthetic carbapenems was carried.

IV. Results and Discussion

Our results from in vivo protective and pharmacokinetic test for the new

leading carbapenems and the efficacy study for resistant strains isolated from

hospital were as following:

1.

3.

Synthesis of back—-up compounds with broad spectrum

Synthesis of new back-up compounds with acid, amidine, oxime by chemical
modification of P91014.
Six leading carbapenems were obtained and research to inhance the activity

is in progress.

. Synthesis of new carbapem derivatives with broad spectrum

Synthesis of new carbapenems having oxime and bicycle as a side chain of
pyrrolidine.
Urea typed carbapenem derivatives were synthesized and their antibacterial

activity test was carried out.
Efficacy study for P-91014, P91409, P91022

For aerobic G-(+) bacteria all carbapenems tested showed excellent efficacy
with 0% resistant rate.

The efficacy sequence for aerobic G-(+) bacteria was IPM! > P91014 =
P91409 > P91022 > MPM® > EPM?*

In particular P91022 exhibites the best efficacy against S. pneumoniae among
aerobic G-(+) strains.

For aerobic G-(-) bacteria except A. baumannii and P. aeruginosa, all
carbapenems tested showed excellent efficacy with 0% resistant rate.

The efficacy sequence for aerobic G-(-) bacteria was MPM > P91022 >
P91014 > EPM > 91409 > IPM.

MPM exhibited the best efficacy with 11.7% resistant rate against S.
pneumoniae among aerobic G-(-) strains, and IPM, P91022, P91014, P91409,

_12_



EPM displayed 18.3%5, 20%, 50%, 50%. 68.3% resistant rates, respectively.
®  For anaerobic G-(+) and G-(-) bacteria all carbapenems tested showed
excellent efficacy with 096 resistant rate.
m  As a result, P91022 showed the best well-ballanced efficacy against both
G-(+) and G-(-) bacteria compared to marketed carbapenems.
* IPM": Imipenem, MPM* Meropenem, EPM’: Ertapenem

4. Pharmacokinetics for P91409 and P91022

= From rat test P91409 was 6 times longer than MPM for half lifetime and 5
times better than MPM for bioavailability. And P91014 was slightly inferior
to MPM within error extent.

m  Pharmacokinetics for P91022 was carried out in rat model.
5. Structural modification of P91022 and P21027

®  P22011 was synthsized by the structural modification of P91022 and it
showed excellent antibacterial activity and stability to DHP-L

m  P22007, P22010 with isoxazoline moiety by the structural modification of
P21027 were selected as leading carbapenems due to excellent efficacy
against ESBL G-(-) and MDR G-(-).

From our results, three domestic patents were to be applied and two
domestic patents were registered. And also on SCI international journals nine

papers were published and one paper was submitted.
V. Future Plan

The new leading carbapenems were found to have the excellent biological
properties. Further advanced biological evaluation and intense structure
optimization for above leading carbapenem compounds will be required and this

will be subjected for the continuing research.

_13_
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A 1A dMEe &

=3

B AT FARAATARANGY 20 AT BABHEL ALAA D
Saod 1A E2E A A AEEAE FHoE 203 AA FAA A

= 5w —

4 FET F Y AAY AT 4988 N2s FUA FRELS A2
e ATolw, B A7 EAAL 1% AT R % $4F) 2F =
@ B Ushis FA8 399 sy FuEde =3se A 2How
st s ol o,

g nAEANA FAlE RozA e SANEHZE e vAAEY 45
< AstAY AT ¢ U= T 3 At a8
= WA E 49 (ife cycle)e] 10-15d A% nkof ¥ 2] gromw A WAel 7
N2 FAAZ 2ol dAF or gk’ FAARE SR dHA 9
o 1 Fgufze wel d¥rA o2 aminoglycosideZl, macrolidel, polyeneA,
peptideA], tetracyclinel, polyether#l, anthracyclineZl, nucleotide#l, phospho-
glycolipidAl, B-lactamAd] 522 /Y.

L
ox

94 FAAY 2HoRE 4 o] I ArHYrt Yo FqAAE A
A zAoE o) I HY AP E = MRSA® Pseudomonas©l Eﬂﬁﬂ A R
Aol e FFAA Aol A sHF AFE FHAlolt) ol WM E u b-
lactam7 FAAE QA 2ZRAL EAo] vy Hu I g7 B T gol
¢F8l7] wEol g del AMEHz glew Ade] AERHE TASH] HE
amino acidE |23+ 49 transpeptidase 715 A 0]'04 bacteria®) A £
BEARE dA = AXse Aoz d4#A ot p-Lactam FEA e FaaE2
bacteria M ZH ] T4 T} FA 7S Pasts Aoz BuHD Aok EHEE9
AZEFE 2 bacteria®t 22 AE F7IAELS w5 5 Aol A3 AxHS
M3 glemz Malsle pH, &%, A45FY 9 ZAsA BT F UH olE

A Z L N-acetylmuramyl pentapeptide®] subunit’} 2% peptidoglycan L&A}
2 o]Fojx it} o]E peptidoglycan ILEA+= D,L-amino acidE&E peptide
bridges FAstal 23 AEHE FAIEZ AE YT dE FEA 93
A dojue AEYS HAZ 5 7 duh o)W B-lactam FAAE Gram (+)F%
Gram (-) bacteria® target sitedl H|7}gZHolm Meixd o=z ATt peptido-
glycan® cross linking?t-¢-& 934 "Ao}?
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SgAA Ao BHAAS AHEE 194089 penicillin, 196013t erythro-
mycin, tetracycline, aminoglycoside”] & 4|, chlorampenicol& A 1930 tH
cephalosporin, quinolone, carbapenem & & o}oj7}1 v}, 20000 d tholl = B-lactam Al
¢} quinoloneAl Ao ito] &uts] e E AoFE AlzmHTE r]Lo] MRSAS
Pseudomonas aeruginosaE YA 71E FAA M WAL YElE #57F oA
FEHA X3 AHoER & AHA 9 ZEstn A A= MELZ
AR o] Jie] M3 ST HI 9

194040l A. Flemingol ¢]3}o] AMNBJ“OI dAE og B-lactamAl FAYA
= FAA Rokd A s FaskA Az
lactam Al A E DHASI 0|9 A S <
A FAAE AEetr] A5 o] A&Ho frh. o9 2 w=¥Y AR F
B2 B-lactam Al AT EEHA o A7ke] we ol o FAFY A7

AN FAE ek 2et Az FAAL AHgol FAF APl wak 7
A Boh Aol A o]l AEHdeR s Ao, maka ofd o
9T 5 Qe ARE FHAY AT AR A% FYHofor e At o
pe=2

Classical

Penam(Penicillins) Cefem (Cephalosporins)

Nonclassical

S
gy S0
Penem (Faropenem) Carbapenem

29 1. Clinically available B-lactams

HUyddor F&H+= enam—°4 TZ2E Ze A AR 4z FAR

1778 B8 15707 /sl F 32707F AlFo] SAstgoH, AgEAEdoes

E%Q% cefem® TZE e FAAE 4z FAMA 2670 BT 1747 /N2

ZF 43707 AEFFEJ Y. vbHo) peneme 7 T8¢ faropenem® © 17§%te], g

I FhatA e Bg-dlE FAARL oluwEd, Sy, WEZA Y] 374vto]l AF3}
Hoj AMEEIL .

HAH4dL 6-aminopenicillanic acid (6-APA), penicillin G, penicillin V% ©]
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LE A o] gk

RETHQ dFgFgel 9ste] dj=FAie] 7hsst o
AMZ2L AYAdA FAA Y ggst FHda77 }%’3}
Aol o)X gty Ed AGZATH A9

3l 7-aminocephalosporanic acid (7-ACA), phenoxymethylpenicillin® 2 FH
7-amino-3-deacetoxycephalosporanic acid (7-ADCA) 2 Aol 7h53t
g3 2 ARz2zAA FAA dF € AHS AF] FHol e
stdch ey #Hd3 ghhiEide) AL s AESH yFAAS B Fo%
Z=7rg Ao Az AT3A Ré}oq o] 4 EH5]- 01—?7} 7%-4 AFAde] dAE AA
ofst= oHE & i UTh

':'
Bl B-lactamA °lF1LEE 7¥57_9}:;__ 7]13-324% SES
=

Hyleo By 2%8A Eéitke Aol ol W3} FhuH| o] Roko A Q2L
FAA i AF7h Bt ojge wH, JdHeR NEL FAAE AEE T
Qe 7sAol B Egu & £ dE olfrel7l= st

olu]#| Y& peudomonasE T I 1T FATH 1T AT EF B9
%’4?‘} P72 JeElWH B-lactamaseE AAsHeE woll g AFA L FEd 9
E AW FA (renal DHP-Do 8k erAAo] A %3t renal DHP-I

A
“Xilﬂ]‘ﬂ cilastatin® B &3] Apgajor sty Ww ojldl HAA SLEH
(convulsive effect)7} Z7] W&o A S oJajr AFHOZ AFRHIL U
o5, A el A wz7)7h T p-lactamA FAA ] wistel e GH
AT

2 dL ojuHdd vt G(-)olle H % 0}3’— G(+)
YetllY 53], Pseudomonas w5 tlsid e A3
Aok 2y AZ2AdE A R A wrzr)y
Aol gk &Ao] oluF o] Hldte Be HE dFoE AHY

olvlH Y WEZA Y] F2-84 FBuA 4 %
2 g4 Attt a9 2k dWEAde P-4 FBRAE Ao
Aot ZF 1p-dWE7E Jlutdly =3 3}ehA
3 sled F1 6a-3| =ZA| W2 7] serine B-lactamasesel] o3 <t
ZAste] Eob. EE C-2 =39 S-C-C-N¢ #ZA& thienamycin¥ ©]v]#

2 dANE fAFT Qo ol FPH e Pseudomonas &Fol WA
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High stability to serine p-lactamases

High chemical stability
High stability to DHP-I

High antimicrobial activity empirically

1% 2. Structure-Activity Relationship (SAR)

A AW E st 2o B

A MY it g FAA T} ZFojoF & £
SE2FE U9sH e FE AAY £ o B APyt AEgsn e wEdorE

3.
e Excellent spectrum vs. both G(+) and Pseudomonas.
¢ (Chemically high stability.
¢ High stability to DHP-1.
* Low convulsive effect.
e Long half life.

® Active to respitory tract infection.

5, AAY FietEde O ST E oluHY o]t ZE e o
Ae w2 ol Faye Yeldd, gstqozy AU DHP-19 thsto
B Qbgety, HZAA fdanst veon, 3 wtAriE zow, 5F7] ZEFI
g4 N5a2HAE Jdedol @t ol HY Huddd digk Ae AT EC]
Zd3t3 9o penicillin resistant Streptococcus pneumonoae (PRSP) S°| f3&
st S5V #FES dd Saofo] A3 A golr] wRoln

3

2 ATE AFHE ojnHde AH¥E Rgde TAl ]iftﬂﬂlgl %
7t 2T E A WelA 71E9 gtuidyd FAARG ¢ A 1B-
methyl 7}t § A4S A so] EA o]t}
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o]0 3 giek.

HAA AbEE I Y A g WA FFIL Ae] Aol ot HA FUF
3 glol AZe EA7 Hn o 53 WA EAVE A4 AerRE a¥EA
T F A methicillin WA Staphylococcus aureus (MRSA), penicillin W43

Streptococcus pneumoniae (PRSP), vancomycin WA  Enterococcus faecium
(VREFM) Sol1, 2384 7+d Fd 4+ extended-spectrum beta-lactamase A3
A Escherichia coli®t Klebsiella pneumoniae, AmpC beta-lactamase 4 1#H3

A 7v7t, carbapenem WA Pseudomonas aeruginosa, Acinetobacter spp. % ©]Th.
ol WA AFEY I dFE ¥ MRSAT 70%, PRSP 78%, VREFM
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17%°] 1, ESBL A4 E. coli®t K. pneumoniages 27} 10%%}+ 26%, ¥ o]l¥ AmpC
beta-lactamase 484 Enterobacter cloacae®} Serratia marcescenst= < 40%°]t}.
Carbapenem W/ Entero- bacteriaceae ol =EA|W, P. aeruginosa %+
199, A. baumannii 3 °l| 6%°]t}.

ESBL AA A 7t 93 #E3 X g = A 3, 44 cephalosporin
A ¢} mono- bactam 5 5% FTFHE 7tz FAIE BEA AHNA AE A
Fado] Adate 92 aHE §oAM, ol Mwd FEe] $43 carbapenem
A Abgo] sl Aok gLo] A2 E E coli® K. pneumoniae ©199] E.
cloacae, S. marcescens %—9] Enterobacteriaceae %= ESBL AA #57F 7}
i L, olE g #FF e Ul difRe Ho] oln Hx ¢hgo] Hixo] =%
Azt 3}‘437— 3}331‘4
& AWWBZETS  Citrobacter freundii, E. cloacae, S. marcescens s
DA AmpC beta-lactamase®] A4 vl &eol Frbst i, H<
coli®} K. pneumoniae %A% plasmid A4 AmpC beta-lactamaseE A A
o] "lgo] F7leta AEd, ol Aol T 7‘“%‘ Az YoM =
A cephalosporin®] 94 &3= e Aoz dEx o] FAV Hx Yt
H Ao NEE beta-lactamased] <¢FA o:'\_:‘_Lx'ﬂ, FaHY7E -
beta-lactam % quinolone® EZE 2 st vt 2F o7 EH 9 beta-lactamased]
A FAHYs We  AAEZE carbapenemAlZF d¥  dEHA Atk
CarbapenemA| ol @A d2dol] o] &= 9+ A2 imipenem?} meropenem?! tl,
o] &2 Stenotrophomonas maltophilia 5°] AA3= metallo-beta- lactamase®]
Halj M= EGsiAE, & gy 3 deide g4 dadS 3n Adrk 2
#H Y imipenem< dehydropeptidase-Io] 2+t cilastatin® 37 Fo o s+
@Ho] 23, meropenem EUE I@SA b uig g go] oksith. 3H
meropenem< 18 G Al e Al &t H o] imipenem E T} kg RS
2 d8A U

= A7 194 A7ZEY =" FHS ey MEEFELS 2984
ZHtoll i3] = imipenem Rt} 2#kA Fo] sl E meropenemB T -5
3+ 1, dehydropeptidase-Ioll BH?‘YH ME o) §- QbS] @Al AFE F ¢ carbapenem
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SN i H
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o i x
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UQL’ u{o
4

A I
osmw xﬂ AR ARHA AN Ed = T
gre} zjoF s}, w3k & 2ol carbapenemo] WAl P. ageruginosa 5
ol F7beka i, oldd WA #FEY WA 7IHE TF
2= olE #Fd dEME AEIY ddE S AFEstoof gk
@ (Nosocomial infection)®] F8 €<¢l#<¢ MRSAE 1960 dd] <QI7Ho]
g Adste FAXEATH 93 7EdEFS X F3 = methicilling

oo %t
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penicillinase
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}%f?} Zo ol WAHE 53 #L AAFE oJFoE AEHY $toy olF
2383 B-lactamA A A, aminoglycoside, macrolide, quinolone & 7

59 FA M= WAL UeEldo] vancomycin o] FHF A&
A= ‘a*o} A} Th Vancomycine 1960@ ol A& /HEH Ao Fojo EHII
red man syndromS¢ 224 So02 27|dE A AL&E% &tirl MRSA A&

Ao Fdg digtez AEHI Jdey ou ws dEFT AAAHo=
vancomycind] tha] WAL 53 MRSAM st 2ustz ok HIZ U9
APEEE ShRboll A 712 oW SqAARE A®57F E7FSE VRSA(Vancomycin-
Hukggloh) 7t AR ALF A E &

Resistant Staphylococcus Aureus; €%

Az HFE v gk MRSAC 93 #Ee X8 g 3Axe BHd W 44

71HE AFAA Y XA £33 o9 =) MRSAVE 28 AT 9l 2EY
e g 29k o] Abel #ArL st o] EH

60°“:' °V‘o‘°] 2853 ot o]} 2o “%“gxﬂ"ﬂ ﬁH??_ wiAd o]

=0

o) h=}

SES 9;% ZAQE &= glow ozte f%“& NzE 7 A
sok @t

. AFAR AA - A3 - 1A BLA

071%4 &9
e £79Y $5E AFAY Fu
. Y FH7E 31,
.« N2ARE L WANE FY
« ABATE FYHEED 7HAI5
o BUAOE HIN5AC] e FE,
Sje] AeplErEe ok 47 BRA7IYe) SFEel vshd Y ol

529k
%7}34‘2. ‘_’301 AA&ATGA o] RokolA AR HF stEAdo] wg =ohx
& 5 k. A BEAL st o8 gokEFoz @A I7tA e A
Zato] o] kEF A pharmacokinetics AT, 5447, metabolite A7, YA
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o} & FAEA o]r] DK-35C (KIST-F A °hHet IH201 (KIST-d3he] Hdd
A AT AW Folm, 19 AgsAte] dFAH £F FREH] =35H
= 5, AAAL T FF FEREZC] JHSHI JdE AAod. FAHoR

el ol He stutAddeEadoEe FPriEL
A7e B s thFAzT|¢0] FHE de oy, A
AL FEEYSAAY 5 AN FYA Bovles GEE k. 539
Aol 2 AA 194 A7 23t 10000Fe] At Aupsdes F45e] &8
B1Es BAsta germ, o F wf 5 54E dee F
Zhabeld 3 AMRSA bl =2 A o] A stEo glof o] E A
of dizk A7l T B, Bot @Y el AT kel e
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AERoRE AT AHUA FAA AL T bt Aol W=
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oA Y ZW

o A sl HA 7
o« 1% o])&x—] ol AV A

FAAE AAZ) GHE B 0%E ANE AEL T AF4T GE o
Zol g vnd Ze AeA 23 FN AFE A2 WaF 2SR in vitro,
in vivo 9% FH AW B FH AY 7 2 7&7 AR A da
A oge ) ool ATE SRS WS AFs T £ A FAA
AT 42T A5 el A8 AR Ao A
= Selx A §@ Bokd FAA ALZ AAE S

9. mah $eleA nRAA AL 024U AATHe ok o] & A
Tulsh A7)re) ATVIe]l 2aHE 18, FF A

ot glo] AR AT
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F2d HH7E 23 e Aotk FAA AT W3 FolE AHET 1950
o] % penicillin®] F%3th7} 1980874 cephalosporin®] L HE ©|3L, 1980
UaRE 38 Ao s 03 quinoloneo] L 43 Z3te) AL WtE RS
Wbty 28y Quinoloned I HA)o] oJEl A Ao vlste] AZtstH, 1541 o]t
o} Aolol Al AFEHA Rite DA ZEHUT

1990 B0} 953 a53 444 L 71zl 2AAA £419 carbapenemo] &%
gozx Z 7|dE Box Q. 5 A 2HoRE A &Aoo s
FEEAE WE FAAE AA zhoR ¥ EF ¥d WAE F MRSAY
Pseudomonas®l ™3l 73 Aol e A sdo] @A 7Hd AlFd FA o]
ok ol d Ao B w p-lactamA FAA S AA A FZE&I} F/do] HwH
A3 g e ded %L?—f o] $435t7] W&ol 7 4 AHgH Ao E3,

=
oA vZIdoez dudE JntEdE B-lactamAl FABA FAME 7}
A:LOH A ALHL Qe FFOZA 17 FAH,
3 g E Yel3

=] 0]
ha | M
2 3le} A oA z}xﬂm fsou Az FEwT
A



p-LactamA A FAA HAJAHHoZ F85 = penam TRE ZE
AZ7A Zhzy FAA 17T B T8 15747F Jhe s
o, AG2A2Zd0R FEEHT cefemd TFE R FAAL 2474 FAA 2670
ATE 117 HeEso] & 43707 A& Hauth "ol penem 4T8¢
faropenem®] © 17igke] zElm FiupHlWe A= FALAICl  imipenem,
panipenem, meropenem?®| 370%to] A F3l=lo] ojnmH Wy wl2Hdute] 2 ALE
Hi o -3 SFE] ALY AFAo] wl g Fo} Aol FElF Aol FI

woh 2 g ol

1994'd  primaxin (o]u|#Hde] AEFH)S A7 mEF A 59 1H SWiwt B2 F
AA FAAZE 290 A FAANZE 799 FAZ AFAE SX34
1996 d ol & HAAA AlGodAM 55989 mjEASE 7 EstGom 19963 WA
o W&t AZE & 1009Y 9] EAE 7|2 o), AATA A o 15092
o MEdS VFstn Ut HEZHYL 19949 dEFH G A HE7| A Z
o 19960 oF 53REe wEg V|Esdon wid oF 30%9 F43% NFAES
A A
X 1. 7k Qe AAAA R (Hgks)
1995 1996 1997 1998 1999 2000°
ol ] # 560 560 530 520 510 500
o 2 3 ) 20 50 100 135 180 235
*Scrip’s yearbook
P29 %]
o Al3], F3}x =9
o A3 9] 1%3le} H3lo] W E BIFIL 7}
e A NHA A2 AF 943,
o FE3 XNmade] FAA o] e A QT
o eI YAFF AL @,
o AL #FE FHoF QI AFAE AT Q.
AR B FAAN AL 280 Qo A3/ nxddy £33
o wet BAEY RS AH sovtz vk FH AALAN wE IHY
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ot A4F A ZWoz 2w 1 Adel WS Fa
k. gAAE WAWE] 3 (ife cycle)o] 10-159 Aol =
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H 2% a4 7Isie &

A1A 9 7sME A%

1976'3°) Woodward: penem® T2Z Aetatg o™’ E£F Merck & Cort
o] AFEd 98] Streptomyces cattleyerdlA EE®H FHxe v WA P-lactam
A A Q0 thienamycine] & AWA P-lactam FAA A7 AZLE JA7E A
Lalel= T

Thienamycin& 724 C-6 $Xo 1-(R)-hydroxyethyl”l& 2zt 3o
C-6 -?4?] o XA e A v dirdoz 108 oY & I¥THE
olz gl C-59 C-69 F& &A= zAA B-lactamA FAA FHE
trans® O]DL C-6%1A ol amino”17} $23 C-291 Xl cysteamine Z+7]7} S}
A9 54< 7HAz ot 28y thienamycine HEF &£3E B
sdHog EoAse gFEFon MAHA RIgon B2 A A
AL FEEEC] g FAEHA HATH

I o]%F clavulanic acid (1976), olivani acid (1976), epithienamycin (1977),
PS-5 (1979), SF 2103 (1982) 2 pluracidomycin (1982) T°] ®i HJOo i &
o] Aoz BEorFs Pl RAFIH T YENTL  MerckAE
thienamycin FE# o) e ATFE ALste] 19793 =do] Hx9 FtutadA 3
A A9l N-formimidoly thienamycin (imipenem, MK-0787)%& 7§2tsle] 1986:d
B Al AEsHA Hdch 2y olrlHYle A E¥|HE  dehydro-
peptidase-1 (DHP-Do|g&tE= &4d 93] {4A EFAEo2 o5 WA 93l
DHP-I inhibitorg] cilastatin® 7 Al&sfiorst 3  FF2AAA A 3t =40
2AA HE g3P2 AUA HAJh o] FAE Ay AT =¥ Ayj=E =
o] 1983d Merck ATFEHEL Cl A9 methyl7l§ =3 1B-methyl
carbapenem? ¥4 3te] DHP-I inhibitor® ZRE 3HA &+ Fhatsld F4A 9
ANPE o)FA HAoen, £F C-19A o8 T/ A7 =4H] FE
243 34 2 DHP-IJ te Aol um =k

422 1B-methylcarbapeneme] A F o] AL Fo glom, 1984d L&
Sumitomo Al A st A= Zeneca’}l licencing® SM-7338 (meropenem)o]
19943 A Fo] &3ttt Thienamycin F=A2 € SankyoAhZt 1987d 7
& Panipenem® 1993d Al#& At oy oln# el Hste] SAHA Aol
gom HAH FLEFHs} Hol dFFoz de AHEEHA XL vk Zeneca®t
MerckA7F 200139 luanch® Ertapeneme ESBL, AmpC Sol& 5% &%&
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YEl Y Peudomonas oFol o3k

HO

HH H
s~ N H
el
H

OOH

Imipenem (Merck, 1986)
0. Chemically & DHP-1 unstable
(with cilastatin)

0. Convulisive effect
0. Short half life

HOH H 0
< N/
S
OOH

Meropenem (Sumitomo/Zeneca, 1994)

0. Weak G(+)
0. Short half life (1hr)

k!

1. A 7hutEy

A X Lederle A7 7
248 Yetdiey & o

01%
J

&

PN
T

Fo Autsd G4 L 3

%Ol 9 biapenem< Pseudomonas o

oz O
U = =4

259

N/_OT

O0H
Panipenem (Sankyo, 1993)

o. Convulsive effect
o. Renal toxicity (with betamipron)

S IPPe Wl
i s N COONa
N_/ NH H
OOH

Ertapenem (Zeneca/Merck, 2001)

0. Weak Pseudomonas
0. Mixed bacterial infections
o. long haif life (4hr)

bEoty 54,

S

g A A

of thaiA
o] Febd Aoz Iy

MerckAhe] dE dx ¥HelALel Banyurltel BO-27272 Pseudomonas W%

EEE Y Foln wHEZH Y vdy 55 T I o g4
g o8 FH Y B-lactamased] HHMHE F& WAL

Jepa,
Uehf DHP-19] h3t o

o

K

AL Ya2dde s7hste Aos ru®Hol gloy o 71x o= sEte] F
oE AR dad
U5 MerckAte] ZD-4433 (Ertapenem)< ©5 WAL 21 e YHHFFE
4o AL Fod dow a7 FAT diEiME olHdryg Sty o
FAd T daiA e olvHdRY E5% AoE BRuEHo o olE A A
2& ¢33 vlF FDAY £3& Aol Al# Fo guh”
dE 9] Eisairtoll A 712 F< ER-357862 Pseudomonas 55 E X2 3l
Rom A AL FA FREFA FNA Pseudomonas TFo| thsiA g £
24& BoFa 9l T a8 FAT diside olvddRgs EIXE

- 32 -



2ydrdg $53 24 YWY Pseudomonas w5 A HEzHdEY ¢
o M E WEzHIro & 485 v, =
AEE f2Adig gdi 55, F3A3A 2 A o
AME G Z4S HoFy 53 o] BFE dAdY Hule E-dg2e &
% ° | 2R oz EEs9e A 55 CAA 149 &<t &
5o Ak gy o] FFELS FA EARS
A o]F Ao the Biuvt gl e ol
AR Fyjisawa Abell A 712 91 FR-218182 Pseudomonas TF°l A=
2 el vlste] thi ¥ &AL Jeglv 23 FdTd e HEAEE
ot 45t E3) MRSAY tisiA wzsvrdg 53 &48 verdnh E3
DHP-1¢] g ¢HAE% mEsyd 2o oi $43t4 ER-357863% Zo] &-A&
29 fvjolM AAAol FL FHE z2txm vk ey HAE {FTEFAI} ol
A WzAde F2 A5 433 2 Holw monkeydlA e SFEFH T
AaA7b Az
d 9] Shionogi AM7F AT F<Q S-4661 AA
CS-4661C 1 kAl W 1@ Lo daFRd tEtd
He dehz gon wWEHds vdrlx 2 B-lactamaseol
Bt FHEdo deidE Wz Hste 5% o4
ol td WA Ld@o] ojmH et wZu o] Hlste] W2 B
o}, =3 glycopeptidedl 3 Al vancomycin®l U} teicoplanin® &%
Al MRSA® dhste] AR EZHE Yepideh Aol e FEsd
1= W29 A9 B53 FXE vepdiddlor, A 428N
d faade ozt AdgdAe siatsEd A Hla
HE ‘/}E]rlﬁﬁ‘:}. BFEH AsE 59 2248
o] 2253 9Pot meropenemJJr oF § tH of] A
Arolm oxazohdmoneol S o]F B3I o] gle #ARE 20004
3¢t o] Fo] WuE Ruvl gl AEold.
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20 ot fob mg %t o 3@ R M0 omo (M &
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doll A AHE wket o] AT Fhuka g S
Ao dd 5o BAFECR Astd A tiRE Aol FEHIAY TdE FF
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FAA Aol AAI Al ¢ .
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Parenteral

HO 0 H HO H H (?)H
Ws _C'!l/\/\ %S—MH
OOH

Biapenem (Lederle) B0-2727 (Banyu) ER-35786 (Eisai)
HO H
N + C' H s NHSO,NH,
NH s 4/ NH
O0OH
FR-21818 (Fujisawa) $-4661 (Shionogi)
Oral
HO HH HO H H HO HH
z H N 5 0
7 “OcH, 7 'C':,} ¢/ S'CK'
OOR OOR OOR
Sanfetrinem Cilexetil (Glaxo) DZ-2640 (Daiichi) C$-834 (Sankyo)

Y 4 AR FQ Ay FAA
2. 478 Fhupsiy)

A4 3247 ABFQA AeZ 4R Sanfetrinem cilexetil (Glaxo-Wellcome
Apeol 1997 o] EA T EAR AdFd HAx, I 28 AU
DZ-2640% (Daiichi’}) 2 double ester prodrug HEIZ o] APHT YA
CL-191,121 (CyanamideAl) HA] 7je] Fo® ejo|th

CS-834” (SankyoAh): parent 332 (R-83201)¢) &7} %ﬁ% A ¢l 5t 1
Imipenem % Panipenem¥ 534, AagzAxd AT 53 48 =2 4

TEFEE UE D QolA @A 94 2900 F5se) gtk

E 2. AR FolAY A FA Fa et FAA

Compound Manufacturer Status
Imipenem Merck Launched 1985
Panipenem Sankyo Launched 1993
Meropenem Sumitomo/Zeneca Launched 1994
CS-834 Sankyo Phase II
Ertapenem Zeneca/Merck Launched 2001
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3. 3 MRSA 7}u}s

o] &4 wl-$- lipophilic
gyE JhabH
g
Fatel
A

] 8.

e L £ R

¥

o) (o]
T?l’ =

ofs
o

vl

1=

o &

s |

|
o]
=

& AT AHH

il

L-786,392 (Merck)

R2

Sk
JeElWZ 9o in vitroolA] MRSAC sl += vancomycin® &
gisiA e oluH ) =

9] MerckAHel 2]
o] FAZE Qlsto
IMRSAE 714}

o

TE o

MRSA®] 25 9
o} olF J-111,225%} J-114,870°] 7}

;ﬂo

B

# 72 FRE UL o 3
it

S

H

nwI

N
\
-
0o  L-763,863 (Merck)
Me
L-695,256; A'=H, R2=53r\’;|'

GONH,
L-742,728; R'=Me, RZ{W/

c®
NH, O
/;:R/S’S—GL . 2HCI /j;li/éé—GH . HCl
OOH OOH
J-111,225 (Banyu) J-114,870 (Banyu)
a9 5 AE F<2A FMRSAF 7k
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A2d U 7eAE 7

ZUle] FulE dol i AFE 1992WE G7 ZEAE Adgto 7 A=Y
KISTE H| %3l KRICT, SolAek LG 33, 9AeF 223 SoA TrEZ
o] MEHJoY o7 71X olf & st KISTS (F)Y37 TEAE F
[H2015 o] AQddA e} A48 F3 Fo g}

HO H 'Z' 0O
: N~ SONH
N_/ S H H
O0OH
1H201

[H201& 2% FAT 2 2% S47AA Aoz fzdds 553 &4
< YetgH 53] Aol Lo B3 FEAFHAA Wz Qo vl 53] 5%
AdE Yehlidd. =3 HA3dE, FASA, AFEA Sl U TEAFAA: <L
A e nAFm Yo7
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H 3% dygsd 8 # 23

A1d a4l e 2 23
PART A

1 ol&gAZANEIA L, o ESAER AN EAAE S 1B-
Mok gol B A7

2 d7AdA FA4E KIST-PI14073 KIST-91408& A AR olasAE
S =9t a2 AT BAHE e AE FERE, IF47 S=EAVE
EQste] ag ST g4E M AE HRE PASAW 2 AH a7 &
AioMe dadded L& 248 a8u aF AT H2A9 A
FEY BHE B Fiou xFdddE A2 24S UEdH

OCH OOH
KIST-P91407 KIST-91408 Ertapenem

wrebA 2 Ao M KIST-PI14073 KIST-91408°] Yete 13 4ol
A9 @43 Ertapenemo] Hetle a3 4T E4E A UEhiRA =
FhatE g o2 X ojagAEdn EedEl e If-HEAEE FAs A st

G C2' A R olx5AE ANFAE JHA= FhbddS shEEd
olaEletE AFAE JHAE At gE ST NE o5 IAAE ¥
o] DHP-1 ¥ awtel o8 #F5dA 1 7 E48& /e hbids 34
3k} Yolr mal st}

7+ 49 FA4

(o]

>

—_—

25AES FAA 8 d7Ad $42 trans-hydroxy-L-proline 12-4¥
a3t} trans-hydroxy-L-proline 19 7}2EA71E w22 A & o}

12 BocoZ ®3I3Y SFE 3& FAIH SHFE 39 IE=EFAVE

il

N

o]
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TBDMSZ R 33 b A 2HZE sodiumborohydride®t lithium chloride® 33}
o 33E 585 ¢AIY. 3FE 5= pyridine sulfurtrioxide complex® DMSO,
triethylamineS CH:Cly -&uldtell A AAIAA ¢ o] AALAHE AXA &
hydroxylamines ©l &3l Y=g SAHoZ WMEEd o]2SAE ATAYA &

A BgE 78 FAash

(0] (0] 0
b c
HOm.C!)\OH a HOw. OCH,3 O ocm_»
NH NH.HCI N_
Boc
1 2 3
o
d OH e
TBSOu.-dL OCH, & TBSO.-I-C!/\ -
N N
“Boc “Boc
4 5
H
0 N-©
i
TBSO.---CRL L TBSOW-CV)\ H
N N
“Boc “Boc
6 7

Reagent and reaction conditions (a) AcCl, MeOH, refiux, 7h (98%) (b) (Boc),0, CHoClo, 1,
2h (70%) (c) TBDMSCI, imidazole, DMF, rt, 2h (30%) (d) NaBH,, LiCI, THF, EtOH, 0°C-1t, 8h (85%)
(€) pr.SO3, TEA, DMSO, CH,Cl,, -5°C, 20min (85%) (f) NH,OH.HCI, pyridine, EtOH, rt, 18h (78%)

Scheme 1. 4 79 &4

WA trans-hydroxy-L-proline 1% MeOHd| €35tz A
thoo] £ &9 Az B¢ HEEFE 5 WAAAAN & S
=% A ether® AZAASE g E 28 devh o] IFFE 29 oirwr|E BIF
71 8 F4 CHLLol £38jA7]13 triethylamineg Z7}s o€ Di-t-buthyl-
dicarbonate® 7}ttt 2|3 AF-2edA 2A1ZE FQF wukete] Hbgo] FAFHW EE
M FEste otp|wy]o] R3HE IFE 3¢ T AFE 39 FH=EANE R
s3] st 28r7lE EYster o] DMFo| & &
i t-buthyldimethylsilylchlorideE Z 7}8tth. A4 2A 7 & Ll
FTAHY o] EF L AL HFe EF EtOACE FEF v £wE 7
AA$ & colunm chromatogrphy HOo 8 AA s HEIE =

2=t
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83
o
30 OcoM 0% FL DA 8 BOHE A3 A7eT L= apos @
3;_‘_
=

H 8AI7F FoF wuksh ammonium chloride F& A& Hr7lsled W& FTHAZ
2 33 gAS 7o 23] 27 EtOAcE 53 v $+9E 7Y %34
AAsA 2d27 S=2N7|2 39" 3FgE 58 devh FFE HE A

717] 93t T CHLClol £3)A1 7)1 triethylamines &7}ttt o} 7]l pyridine
sulfurtrioxide complex& DMSOd| &3jA|71 &8 -5 CollA A3 Hojzm=HArh
o A7bg § 2083 ©] mRkste] W A5 59 CHXLLE F53 5 &1
E Y w3d dHsl= IFYEE 68 ¢

dHs= FE 62 Gy miEol o o9 AAFAAR o] vz A&
t}& pyridine® A 7}8t3 hydroxylamine
hydrochlorideE 2713 ¥ A2o)A 18412k F¢b muksich, 2E|al ¥kgo] T2
W EnE 7 FEed AAT g 2L Yol 2A T Akt 24 A 9
Aol At olF AR o] AZAEF HFA

4. ola8AEANEADE 29 FA

224 33% 7S methylpropiolateE AH-&3F 13-dipolarcyclo addition W85 ©]
f3te] o] ALAIE FHFE 8L FAE H FtHY 2o e BRI 72 allocH
2o B3EZNE X337 98te] Bocg trifluoroaceticacid® A7 g ¥ allylchloro-
formate® o] &3} A alloco @ olu|un7|E B3I} olet Zo] APS &

o] f+ alloce® B33 13-dipolar cyclo addition ¥Hg-ol A allocdll e EE7I
g WEnEs wgol AP AL $Ed alloce® RIdE AL Hsd o
Ay Aztz e EAV g Aeg Jeyd.

33HE 99 e vEHAAHEYZ JteEEs FI2E 4R v olF

A allyl bromideE ©]&3le] G 2H 275 EYste] HF 7hutEld e 84
B37E AAT w gol AAFY A FFE 11§ FAH34AS =T 3= 11
J HEdAHE7E 428 dden I3dd 27 mesylV|E EYEAT =
AH mesyl”| & THA] ol EV|2 A &te] 3T E 148 FAHAT
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OH

N~ N-O
| / CO-CH
H a % s b
TBSOum- - . TBSOn. —
N N
“Boc “Bac
7 8
N-O N-O
| )—CO,CHs c | _)—COxH
TBSOIII- —_—— TBSOII'-
“lloc Mlloc
9 10
N-O  OH N-O
1) | )—COAlyl
TBSOn & TBSOu.
MAlloc SAlloc
12 11
f
N-O  owms N- N3
L g [
TBSOu:- X — =  TBSOu.
NAlloc “Alloc
13 14

Reagent and reaction conditions (a) i) NCS, DMF, 1-60°C, 30min i) methylpropiolate, TEA, DMF,
0%C-rt, 2h (60.6%) (b) i) CH,Clo/TFA=1/1, 0°C, 1h i) allylchloroformate, TEA, CHyCls, 1t, 2h (70%) (c)
claisen alkali, MeOH, 0°C, 1h (98%) (d) allylbromide, TEA, DMF, 60°C, 30min (76%) (e) LiCl, NaBH,, THF,
EtOH; (f) MsCl, EtsN, CHoCly; (g) NaNz, CH,CN

Scheme 2. o]ASAIEE Y & A A

S % N-chlorosuccinimide® 7}t 30%7F 229
A wEkg o 60 ‘ColA 3027 mukgt o] 2 2 )CE W3 Imethylpropiolate S
A71e o DMFOl &3)A] 7] triethylamineS 3087 A4 3] "ojmath Abof A
241 et wkEta o] EFE AL EF EtOAcE FE3tn &S 7Y F=3
%~ colunm chromatogaphy Ho.2 AAsH 33FE 8 et} o]A2AE FFE
89 E3® Bocg& AA37 A 0° ClA CHLl/TFA=1/1 &9 147 &
gk F 4 E G FEE9 AAT Og oAl F5 CHLCLO €38224. 0 °C
| A triethylamine& %7}t 1 allyl chloroformate® Z7}sF 5 AF&o A 24 7F
Rt Wrgo] FAHH £ CHLLE o433 523 0 $9E 2 5239
338 95 At}
31388 98 MeOHOl &#3t claisen alkali® Z71d oh& 0 °CollA 3087+
wRtstd w2y a2r]7h 7heEE g of 7)o IN-HCIZ A4 slste 23 &
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dg Wt T EF CHLCLE FF3 £WiE At v%F3d 3= 10s
dth SFE 100 FH2EAMN 2ErE 2443571 s DMFO &siA 71
triethylamine-< gt} o 7] allyl bromideE 2 7}st b wuk

=7
st} uhgol %@E}?ﬁ E3 EtOAcE FE3to £9E 79 %% o3 colunm

chromatography H 2.2 A A3} §]—5L% 11& 4=

33E 95 ALV|FeMdA ¥4 THFO &3jAl7 ] dE THENA lithium
chloride anhydrous ¢ sodium borohydrideE #7}x1%l & EtOHE A3 "HoA=
drh Aoz &9 8AIZE Bt mHEAIZl & wkgo] FAHW BEAH EFS

ok
oFata g #Y 739 AA F ocitric acidg 7He H £ EtOAcE +&
3to] 9E 7 F%3 S colunm chromatography HoE AHA s 334E
128 g+t FFE 128 F4 CHCLol £33t triethylamine® methane-
sulfonylchlorideE 27} tt& 4 %Oﬂ A 2A1ZF Eeb nykek ¥ wbSo] AW E
o}

G

E’Jr CHLCLZ FZ3t] §mE ek 53t AASE SFE 138 d=4 3=
32 o83 mesylVlZ2 REE LFo daelvly 2xetNl g =5t e
15, 162 #4351, 3EE 1565 o}WS Alloco.2 RE 33E 178 FA A

=3

olAN =R XFHUE IFFE 145 FHAANA LA oivloz 3FE 185 &4
3tar o] 3}3E 188 7FA 1 ofHld] allyl chloroformate, isobutylryl chloride,
methanesulfonyl chlorideE 7FA 1 =3l 33&E 20, 218 FAF s
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N-O OMs

| N-Q
TBSO 7 2 7
"N _— TBSOu. !
\AHOC \A"oc
13 15
b
(o
| N-O l
N-O N | N, Alloc
/ P Y
TBSOL. T TBSOu. N
“Alloc Alloc
17
496 N-O  N-Alloc
L
e TBSOun- I
— “Alloc
19
N-O NH, N-O NHCOCH(CH 5),
d W f Ly
14 . TBSO- TBSOn.
N N_
“Alloc MAlloc
20
18 N-O NHSO,CH,4

g
\ C//\/)—/
TBSO.
N

NAlloc
21

Reagent and reaction conditions (a) CHyNH,, THF: (b) Alloc-Cl, EtzN, CH,Cly; (¢) (CHg),NH, THF;
(d) PhsP, H,0, THF; (e) Alloc-Cl, EtyN, CH,Cl,; (f) i-PrCO-Cl, EtsN, CH,Cly; (g) MsCl, Et;N, CH,Cl,.

i

2
=

H

Al A

o

Scheme 3. ©] A=A} e

3IEE 9, 11, 16, 17, 197212 tetrabuthylammonium fluorideE o}-&3le] A&
718 AAT BTAE 2227gE AT FHEFAVE FL 027 mesyl’|E =Y
I olE YA Sa2 REEE o]§3te] C-3 YA whd x3E EHoolMErE EYY
5to] 3T E 24a~g S TP T E 2ac A oA E IS HaHo g =R
371 913t sodium thiomethoxideE ©]&, ol E7|9HS 7}FEHA AL ol &
ol 282715 Zo] 7t5Esrt H7) i) o] zHozE AP A £

sodium thiomethoxide& ©]-83l49 33FE 25aF A3}
O 38 24b7gE 71Ed #HE ¢ NaOHE o]l &3ty 7l¢E3) st 3¢
25b7gE FAAI )

L

e
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N-O N-O

1 1
/ y R a / y R b
TBSOH'- HOllw —_—
N N

~Alloc “Alloc
9, 11, 16, 17, 19~21 22a~g

N-O ; N-O ; N-O

1
MsOun. AcS H
Mlloc NAlloc Nlloc
)
23a~g 24a-g 25a R'= COAllyl 25a~g

25b R'= CO,CH,4

25¢ R'= CH,NCH3Alloc

25d R'= CH,N(CH,),

25e R'= CH,NHAlloc

25f R'= CH,NHCOCH(CHg),
25g R'= CHoNHSO,CHy

Reagent and reaction conditions ; (a) Bu,;NF, THF, 0°C, 1.5h (72%) (b) MsCl, TEA, CH,Cl,, 1t, 2h
(87%) (c) AcSK, CH4CN, reflux, 8h (70%) (d) 1N-Na SMe, allyl alcohol, 0°C, 30min for 58a ; 1N-NaOH,
MeOH, 0°C, 30min for 58b~g

Scheme 4. o] A2 AEH I EUE 29 §A

3p3tE 9 11, 16, 17, 197212 4 THF |33t
lammonium fluoride)& = 7}&t}. 0 “Coll A 15412 B¢ &
£ME Y =39 AASNL B3 EtOAcE FE3o &9E ZY 5T vw
colunm chromatography B2 AAste] 3FE 238 A=t} F4E 229 ==
A71e £L o127 mesyl 71& Y35t ELootAEr|E wAXSeA 2 AT
Az o)lg AT} FIE 228 T4 CHClh £38istar triethylamine®} methan—
sulfonylchlorideE & 7}g th& Ao A 2417 &<k wrke 'r] Hk-go] FZHAEHH
E3} CHLCLE &3 €& 7Y 5539 AA3E 3dE 232 d<

538 23% F4 CHiCNe| £33z potassmmthloacetatea A 743 o8 84
FAE s 7?“‘5}23“:} g0l FAHW £uE Y FTFId AAT A EH
EtOAcE FZ3to] &mE ¢ %3 2 colunm chromatography Ho 2 A A
sl Y EYYe C-3 X wtd x3E gooldErrt =9E FHE 248 &
=t} 335 24F allyl alcohold] &332 1N-sodium thiomethoxideZE 0 0 °Cel /\1
I 3087 mHkste] Whgo] F2 HW IN-HCIZ pH=7Z %Fo] £4. ol
ol

S 72} %39 B3 CHCLE 2T § &9 2 55359 He 3

i TBAF (tetrabuthy-
Hkala wkgo] AW

{
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2. ol2SAEEA S Ed 1B-vidshuta g9 34

ety o

EFEF SgE 25a7ge AZYH AAHL 5 ¢
B3E7199 alloc =

s B9 A3 shislde G4 Bk

lo o
2
A
rE

HO N-O

H
il a
OP(0)(OPh), + HS N

T

~, 1_
O,Allyl Alloc 25a R'= CO,Alyl
25b R'= CO,CH;
25a~9 25¢ R'= CH,NCH,Alloc

25d R'= CH,N(CH,),

25e R'= CH,NHAlloc

25f R'= CH,NHCOCH(CH,),
259 R'= CH,NHSO,CH,

HO N-O

HcfﬂJFW LI HcriJFW
N N_¢ NH
y

OOH

\ 27a R'= CO,Na* (P21027)
H 1
> ’ »—R
N 27b R'= CO,CH, (P2103)
SAlloc
OAllyl OOH 27¢ R'= CH,;NHCH, (P2101)

27d 27b, 27c, 27e~f 27e R'= CH,NH, (P2100)
1
27d R'= CH,N*(CH,), (P2105) 27f R'= CH,NHCOCH(CH,), (P2102)
27g R'= CH,NHSO,CH; (P2104)
Reagent and reaction conditions (a) DIEA, 0°C, 24h; (b) (n-Bu),SnH, cat. (PPh),Pd(0), SEH,
CH,Cl,, 0°C, 2h; (c) Mel, THF, rt; (d) (n-Bu),SnH, cat. (PPh),Pd(0), CH,Cl,, 0°C, 2h

HO

pc
XN

Scheme 5. o] & SAIZH I EH Y 13-WE7tulE Y 27a~ge] A

4

k51
H

FHEd AEI2Fo|ES 34E 25a7gs 7|1Ee AEY FHZ 34

= 27a"gs F4stArh

A= 26a5 T CHXChl &3stm FAdh7]stell A tetrakis(triphenyl-
phosphin)palladium(0)& Zwl# 7}stvd. 28] trybuthyltinhydride® 7}%}31 0 °C

o A 247t £t wWutst) whgo] ZAHW F2BAAY F FHS W=7 93

o

F71%ol= 2 £33t 2-ethylhexanoicacid sodium salt® 7}stx 30%71} A= 3-I0
th o]E FHFE olfd F£2T UL EEL F4E AR FXAHE HP-20
Dianion®. 2 3tz A7/ &vlE 5%9 THF F8&Ao=x 3t colunm chromato-
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graphy 0.2 AA 2 52 Ax3d HAF 7hudd 27as U0

3 E 26b g FF CHXChel &8st Aiui7|stel A tetrakis(triphenyl-
phosphin)palladium(0)& w2 78t} 223 trybuthyltinhydrideE 7Hets 0 °C
oA wpbet & 7] AA P oR sto] 27bTgE E3UTH
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3. Hooldd o|£SAEEIEY BT FA

0 0 R'-R?
o R’—-Rz a NM—CH3
/
acs— T + AP en, acs—( 1" H
MAlloc MAlloc
28 20a3-~¢ 30a~c
‘b
HO 0 R'-R?
: /k/" CHy
OP(O)(OPh), +
0,Ally Alloc
c 31a~c
HO HH R'-R®
: —CHL o

0Allyl Alloc

32a~c

d

H H o R-
| -O)L o
N

33aR'=N, R?=0 (P21025)
33b R'=0, R?=N (P21026)
33a~c 33¢ R'=S, R%=N (P91301)

HO

1

Reagent and reaction conditions (a) isobutylchloroformate, NMM, THF, 0°C-rt, 5h (b) 2N-NaOH,
MeOH, 0°C, 30min (c) i) EtOAc/n-hexane=3/1, cat. Rhy(OAc),, 60°C, h ii) CIOPO(OPh),, DIEA, 0°C,

24h (d) (n-Bu)3SnH, cat. (PPh),Pd(0), CH,Cl,, 0°C, 2h

Scheme 6. 7R Qo] 22 A1E ol AElo}E 18-vw€7luld ] 33a7ce A

CellA]  N-methylmorpholine®} isobuthylchloroformate® A 713tz o 7] o)
THF9] |3A17) 3-amino-5-methyliaoxazole® 27138 5 Aoz 2L & &g
12X ZF &<t wgtgtth ¥eS FZste &ulE AgsEsted AAT F EtOAcE

tod &l i3 colunm chromatography® ©. & A A& 33E
[e3)]

=t

Scheme 69] aZ ¥Hg ZP oz Ao} 33 E 288 4 THF &A1 % (
o 2~
T

F

ge

Eg
OH‘
4o
r |
£
nlo

ol
mlm

=
=

Oa

X

7]

il
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313 30b, 30ct= A7) BEE 30a9 FLS HHoE FAsIAH 2z 7t
vtElde] mda AEge AL Aty wyHoR APt HF JhupH <
33a"cE A3

B Aqoa §A43 27ax 28 FATAA = dZaAdeY olnH g A=
3 A4S Yy 28 SATdAE d2Edd 553 84& ovHdRtge

458 242 YU 28U H5FAAE olmsdely M2t ofF
Az% 4e Udehdth £9 DHP-1E olway Hrks 4Ssht sy no

£ ASE GR4E oG, e :L%} FRFAAE HZAYRT 557
4 un 948 F7de YD S5ddAE A2 F7EL dehiu 13
=

DHP-12 27a¢} vl A EE e

33a9t 33be] FHHS TE FH A AY H=sY 33a7t 43P B FL
2 RAFYn % FAFAAE WEHAYY F5% dFEHSE, 5¥5IE X
AT E A2F FFdS YA DHP-1% olv 3} w25y ¢]

4
2 A2 YRS He] Fu Yk
=
=

ofN [
o
ol 1

&S AEATNANF A5BAE vwsty] A FYE 3BeE 33ash 33b2
9 BEE 5% $@9e Ueian, WEsdelt olusdel v 23 Fw
3 0% $AF 2TA 5% E: A2 24 dehin 9ok X% DHP-1
ANE Weddug $551 ouHy ot 953 AT Aoz Yy
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# 3. 27a"g®] EETF| g MIC data

minimum inhibitory conc.{ug/ml)
Strains
27b 27¢ 27d 27e 27f 27g Imipenem- | Meropenem

S. pyogenes 308A 0.004 | 0.025 0.025 0.007 0.049 0.004 0.004 0.013
S. pyogenes T7A 0.004 | 0.025 0.025 0.007 | 0.049 0.004 <0.002 <0.002
S. faecium MD 8b 6.250 3.125 | 12,500 | 3.125 6.250 3.125 1.563 6.250
*S. aureus SG511 0.195 | 0.049 | 0.195 0.049 | 0.098 0.098 0.013 0.098
*S. aureus 285 0.195 0.098 0.391 0.098 0.195 0.195 0.013 0.195
*S. aureus 503 0.195 0.025 0.098 0.049 0.098 0.098 0.007 0.098
E. coli 078 0.007 0.049 0.195 0.025 0.025 0.013 0.098 0.013
E. coli DC 0 0.013 0.049 0.195 0.049 0.049 0.025 0.195 0.025
E. coli DC 2 0.013 0.049 0.391 0.025 0.025 0.025 0.195 0.025
E. coli TEM 0.013 | 0.049 | 0.195 0.025 0.025 0.013 0.195 0.025
E. coli 1507E 0.013 0.049 0.195 0.025 0.049 0.013 0.098 0.025
P. aeruginosa 9027 1.563 1.563 3.125 0.781 12.500 3.125 0.391 0.195
P. aeruginosa 1592E | 1.563 1.563 3.125 0.781 6.250 3.125 0.781 0.195
P. aeruginosa 1771 3.125 3.125 6.250 1.663 | 12.500 | 6.250 0.781 0.195
P. aeruginosa 1771M| 1.563 0.391 1.563 0.391 0.781 0.391 0.195 0.049
“S. typhimurium 0.013 0.098 0.331 0.049 0.049 0.025 0.781 0.025
K. cxytoca 1082E 0.098 0.098 0.781 0.098 0.098 0.049 0.195 0.049
K. aerogenes 1522 | 0.025 0.098 0.391 0.049 0.049 0.025 0.195 0.049
E. cloacae P99 0.098 0.098 0.195 0.049 0.195 0.098 0.049 0.025
E. cloacae 1321E 0.013 0.025 0.098 0.025 0.025 0.025 0.098 0.025
DHP-1

Susceptibility* 0.79 0.92 1.37 0.93 1.07 0.91 0.18 1.00

1) S.; streptococcus, S.; Staphylococcus, E.; Escherichia, P.; Pseudomonas,
"S.; Salmonella, K.; Klebsiella, "E.; Enteroabacter

2) Imipenem

3) Meropenem

4) Relative ti/z of hydrolysis to Meropenem by partially purified porcine

renal DHP-1
HO 27a R'= CO, Na* (P21027)
H H ",“o @1 27bR'=CO,CH, (P2103)
F _O/\/)’ 27¢ R'= CH,;NHCH, (P2101)
N_ ¢ NH 27d R'= CH,N*(CHy); (P2105)

OOH 27e R'= CH,NH, (P2100)
27f R'= CH,NHCOCH(CHy), (P2102)

27a~
g 27g R'= CH,NHSO,CH; (P2104)
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~co TEAF I MIC data

minimum inhibitory. conc.(ug/mi)

Strains
33a 330 33c Imipenem | Meropenem
S. pyogenes 308A 0.025 0.025 0.007 0.004 0.013
S. pyogenes TIA 0.013 0.013 <0.002 <0.002 <0.002
S. faecium MD 8b 3.125 3.125 3.125 1.563 6.250
*S. aureus SG511 0.195 0.195 0.025 0.013 0.098
*S. aureus 285 0.195 0.195 0.025 0.013 0.195
*S. aureus 503 0.098 0.195 0.013 0.007 0.098
E. coli 078 0.025 0.049 0.049 0.098 0.013
E coli DC 0 0.049 0.049 0.049 0.195 0.025
E. coli DC 2 0.025 0.025 0.049 0.195 0.025
E. coli TEM 0.025 0.049 0.049 0.195 0.025
E. coli 1507E 0.049 0.049 0.025 0.098 0.025
P. aeruginosa 9027 25.000 25.000 0.781 0.391 0.195
P. aeruginosa 1592k 12.500 12.500 0.781 0.781 0.195
P. aeruginosa 1771 25.000 25.000 0.781 0.781 0.195
P. aeruginosa 1771M 0.781 1.563 0.195 0.195 0.049
“S. typhimurium 0.049 0.049 0.049 0.781 0.025
K. cxytoca 1082E 0.098 0.098 0.098 0.195 0.049
K. aerogenes 1522t 0.049 0.049 0.049 0.195 0.049
E. cloacae P99 0.195 0.391 0.049 0.049 0.025
E. cloacae 1321E 0.025 0.049 0.025 0.098 0.025
DHP-1 Susceptibility* 0.45 0.38 1.76 0.18 1.00

1) S.; streptococcus, *S.; Staphylococcus, E.; Escherichia, P.; Pseudomonas,

~S.; Salmonella, K.; Klebsiella, "E.; Enteroabacter

2

) Imipenem
3) Meropenem
)

4) Relative ti;2 of hydrolysis to Meropenem by partially purified porcine

renal DHP-1

HO

Z

N
/S*@fi‘

OOH

33a-~c

O R'-R?

M _p—CHs
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33aR'=N, R>=0 (P21025)
33b R'=0, R?=N (P21026)
33¢ R'=S, R%=N (P91301)
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/'}‘)\g/ %\g “PNB ———— )}(LE/U\K ~PNB
TBDMSO TBDMSO
HH .
v vi -
. —_— {_)—OP(O)(OCsHs),
o
PNB
41 42

Reagents and reaction conditions: (i) CH;CN, reflux, 24 h; (i) Mg(OEt), THF, 0°C, 3 h; (iii) CDI, 15, CH;CN, rt
~ 60°C, 3 h; (iv) CHzPhSO,N,, TEA, CHLCN, 1, 3 h; (v) Rh(OAc),, EtOAc, n-Hexane, refulx, 2 h; (vi)
CIPO(OPh), DIEA, 0°C, 5 h

Scheme 7. 7}ul#l ¥ A& X AT olE 429

mt

73

BMA? Zd HEAEN2HEE =9U5HY] °3‘} AleFo R ALR-3L7] 915t
meldrum’s acid(34)& W &2 3t T24ke] %W ponitrobenzyl (PNB)7|2 X
39 vavsd 372 FAsY T PNBE 2$d shutgdle) C-2 A4 =42
HEHde o= 194 B3 7|2 A}£3 p-nitrobenzyloxy carbonyl (PNZ)# A
of A7 fste] dEg Aol

Meldrum'’s ac1d9} p-nitrobenzyl alcoholE oM EUEZ &8A7]2 EFE

S 24ANZ ¢ SFm sgd. olE A $F3t31 potassium  hydrogen

cabonate 10% F&Ho2 &3 A|ZAT ol& g8 Aoz FE35t FAd
74etA] e T A GEL F71Zo] FIAA AATG pH 28 AP seto]
L2292 free acid BEHZ WIS oIHEA JdEHE FE35le] FFTE 368 AT
BMA 38%& olHEUEZ £33 1,1-carbonyldiimidazol (CDDE 7tsted 742
oA 1A AE ek dteo] FF2EA 7S A3 A7 o7]d mtavls 9 3
B 37S H7en 60 TR 52 2dstdA of 18217 F9F wetste] A4dE 1
AE AFRste] AAGTL JALS 72U, 523 F N ENGEH} ERA FE8H

HEAE 22 33E 398 AT
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= 398 EHOHA =9 wbEdtel topxzstgE S FASAT ol He ¥
oM Holx7t davtag AAHEAN ng wgs doA uiAy 2y &
a7l A% Aol HEARd2HZ SFE 395 HNEYELY &3ty EA

oA =E HItsle] 30EAE WM FH 0 CE 255 X33 triethylamine
(TEA)S A3 H7tete] A7 A= awkstdth ol & 3t $5ste] & Al
AR F oMAEA dER M B2AM AT F A7 E8MFS
RN HAEAZT ARste 1 de &uiE 7Y FHIAG A
chromatography®¥ & 2 A A3l t]jo}x 33E 408 AJych
A/ HNEFANE=1/4 & Ao &tz ZF Fujstel F7F st ?45}5‘ 3}
T 41S FHAET FFE 412 i EtAEY Fulz A& 2ES AH5
o A= A o9 Wreo AAHRYLE AXX ¢z w2 o ‘i‘l% ] o] -§& 3}
Rk

IFE 410] SHHNEHEL Sl E FHd 255 0 TR 2He H
diphenylphosphoryl chloride® 7}3F % N,N-diisopropylethylamine (DIEA)S HA
3 A7tttk Tdd LEoA 5AZ B wRtsln Ay FEFd &HE AA
3}3L column chromatography} &2 A A3t AL EZAHOE 3TgE 428 AU
(Scheme 7).

o AAZ F column
tolz 3FE 40

TBDMSO
TBOMSO H H
z [ T OH
[ )-oroocds + mo—( M1 N_/ S'G‘/\
COPNE ‘PNZ OOPNB  PNZ
42 43 44
TBD HO
MSO HH
ii 3 OMs iii z OMs
- ) S—G/\ )=
OoOPNB  PNZ ooPNB  PNZ
835 46
HO
iv H ';'
- . !
) S—G‘/\
oornB  PNZ
a7

Reagents and reaction conditions: (i) DIEA, CH5CN, rt, 3h; (ii) MsCl, TEA, CH,Cl,, 0°C, 3h;
(iii) NH,F-HF, DMF, N-methylpyrrolidone, rt, 2d; (iv) KI, DMF, rt, 24h

Scheme 8. ¥ Ead 18-WE7utad 479 A
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dEZ28d £7HA 437 FutEY AL T AT OlE 428 83l HEHEH T}
ke S7HA 478 ST AT AT E 428 oHHEUERY &
AN AENN 255 0 T2 ZHsx DIEAE A3 AH7bste 3023 anet
A AEYAEE 438 MHEYEDY A A HHE A7t o] 2= 1
Az AE et 4202 25E FAS 1A T Wit olE et
ZR3e SME AAs D ofMEANER M FH EEA AFGAT. 78
28 B4 FAYEFOR ARAI L TY e &uiE AAE F column

chromatography 2.2 A A sl 3¢ & .
ﬂﬂg 449} MsCl& TEASte] vEEAIA S =FA71E ©]27]¢ mesylate®
gate] 313HE 452 FAAIT. FEE 459 FHutE e C-69 d=FA7]9
E.Eﬂ?l TBDMS7| & ammonium hydrogenedifloride24 A A3ttt 3FE 458
dimethylformamide (DMF)$®} N-methylpyrrolidone®] ZAH|7F 2.7:1 ¢ &ujo] &

& A ]Il ammonium hydrogenediflorideE 7}3+% "Lioﬂﬁ Z%JE?} ﬂ‘&ﬂ‘}i‘:}.

=3l ZFL WS35t mesylateE 22T7|E XF3}H AL
=g 3E 478 FAAsgTh SFE 478 E dAFoAN FAdsE A9 dA 7t
S

i el A FHAZ o] &} (Scheme 8).
A2 AA LEAR Al 439 g A3 27E A e
MYESES FPHoE AUTE RES olgsAth

g dE & (a~)S Aol A DMFoﬂ 23N 71 % potassium carbonateE
25 oA 3087 wutsle] B &S potassium B FEIE WHESAHTH
3 3138 472 DMFo| &3iste] A3 H7te 5 Ao 24
AEtA T B3} oA EMNGER FEF FH FUES FFIAHEFSE
AzAN7T A F g oH &mE LS H3I AASL column chromato-
o2 AAse BrEd sy 33¢E 48a~fE AT

_53_



R,

R2
HO HO N#Z |
HH H H
< . | i z S S/k\N Rs
N/ N N_/ N
0OPNB  PNZ oopng  PNZ
a7 48a-~t
R1
HO N#Z R
H H
ii = S/k\N
S
o=
OOH
49a~f
a, P11120 b, P11121 ¢, P11122 d, P11123 e, P11124 f, P11125

2, =2 HQ o) g

2

Reagents and reaction conditions: (i) K,COj, 21a~f, DMF, it, 2 h; (i} Pb/C, H,, 11, 2 h
Scheme 9. F g v d A 1p-d & 7tul=) ] 49a~f2] A

3}3HE 48a~fE THF9| £3) A|7)1 palladium on activated carbon (Pd/C)&
3 F b gbHo] 50~55psio] HEE FAFHA Ao N2A %t AE wl
el PNZ9 PNBE371E SAlo AASAT 33t P/CE AAsn 52
= l?lu}u %2 A& HP-20 Dianion® & 3t A/ &wE 3~5%< THF &
HNo 2 3to] column chromatography .2 A A SIAT o8 thA 52 A%
3tHE 49a~fE AAT (Scheme 9).
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*3 “3% agar dilution method® ©]&3t9 MIC (Minimal Inhibitory

*%3}"3‘4 TS A AlFe A %3 DHP-10 Wid #<
4 Alde sk EHZ: 2y ouddg HEAY F V& FAsH F2
24& Jegdd HEHE F2A9 goldelE: fEAE 7H 18-wWE JhutsE S
o] &3t A .

55 E ATdA #49 dev 1Weng susde) BEaTe o
MIC 2 DHP-1 tH =& vebd etk £ A4 A4 JAeudA =
oo trifluoromethyl”] 7} X8 49aE A ¢ty BEF SFdS X
2 aPgTel FEAT A4S e E=F opn| )7}

S Y3 49b7d, 49f<] 73’ L7 18A ¢ 49a, 49e] AFHT
L 942 YUt O FAME 497 H5FS TN A%
#e vehgleon oz diside ovAdRTE Axsty
& FEe Jegien aFgddd] dsixe ojmEAdd %
S YehiAnh =3 49f= SE o] dislA ElojrolE
ZBE9 Ao 53 4L UehAT mebs 49f=
3 g5 Bt 149 d7F 2ag gFgEolD
goEt. a8y 492 A3 dudA Jhuisl g goltolEolv HEZREA
Fhate o] vl WA HoZ Az TS dE L U

DHP-10] tisid e 25 dz2Hda 553AY 1 o)y 3 AL E
eBuidlor ojuu o] tial e 5ul ol €53 AATE & Uk
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% 5 v dA 18-dWE et 492719 in vitro &% 2 DHP-1 R &

minimum inhibitory conc.(ug/mi)

Strains

49a | 49b | 49c | 49d | 49e | 49f |tetrazole |thiazole| IPM" | MPM”
S. pyogenes 308A | 0.007 | 0.004 | 0.004 | 0.004 | 0.049 | 0.013 | 0.004 | 0.007 | 0.004 | 0.007
S. pyogenes TIA 0.004 [<0.002{<0.002[<0.002| 0.025 | 0.004 | <0.002 | 0.004 |<0.002 | 0.007
S. faecium MD 8 | 6.250 | 6.250 | 3.125 | 1.563 | 12.50 | 6.250 | 6.250 | 3.125 | 0.781 | 12.500
S. aureus SG511 0.049 | 0.025 | 0.025 | 0.025 | 0.391 [ 0.049 | 0.025 | 0.025 | 0.013 | 0.098
S. aureus 285 0.098 | 0.049 | 0.049 | 0.049 | 0.781 | 0.098 | 0.049 | 0.049 | 0.013 | 0.195
S. aureus 503 0.049 | 0.025 | 0.025 | 0.025 | 0.391 | 0.049 | 0.025 | 0.013 | 0.007 | 0.098
E. coli 078 0.098 | 0.049 | 0.049 | 0.049 | 0.391 {0.098 | 0.025 | 0.013 | 0.098 | 0.025
E. coli DC 0 0.781 | 0.098 | 0.049 | 0.098 | 0.781 | 0.098 | 0.025 | 0.013 | 0.195 | 0.025
E. coli DC 2 0.049 | 0.049 | 0.049 | 0.049 | 0.391 [0.098 | 0.025 | 0.025 | 0.195 | 0.025
E. coli TEM 0.391 | 0.049 | 0.049 | 0.049 | 0.391 [ 0.098 | 0.025 | 0.013 { 0.098 | 0.025
E. coli 1507E 0.781 | 0.049 | 0.049 | 0.098 | 0.391 [ 0.098 | 0.025 | 0.013 | 0.098 | 0.025
P. aeruginosa 9027 | 100 |3.125 | 6.250 | 3.125 | 6.250 | 0.781 | 0.781 | 1.563 | 0.391 | 0.195
P. aeruginosa 15926 | 100 | 3.125 | 6.250 | 3.125 | 12.50 | 0.781 | 0.781 | 3.125 | 0.781 | 0.098
P. aeruginosa 1771 - | 100 | 3.125 | 6.250 | 3.125 | 12.50 | 1.563 | 0.781 | 3.125 | 0.781 | 0.391
P. aeruginosa 177IM| 12.50 | 0.781 | 0.781 | 1.563 | 3.125 [ 0.391 | 0.195 | 0.195 | 0.195 | 0.098
S. typhimurium 0.195 | 0.098 | 0.098 | 0.098 | 0.781 [ 0.195 | 0.025 | 0.025 | 0.781 | 0.049
K. cxytoca 1082F 0.391 | 0.098 | 0.098 | 0.195 | 1.563 [ 0.195 | 0.049 | 0.025 | 0.195 | 0.049
K. aerogenes 1522E | 0.781 | 0.098 | 0.098 | 0.098 | 0.781 | 0.195 | 0.025 | 0.025 | 0.195 | 0.049
E. cloacae P99 1.563 | 0.098 | 0.098 | 0.195 | 1.563 | 0.195 | 0.025 | 0.049 | 0.098 | 0.049
E. cloacae 1321E 0.391 | 0.049 | 0.049 | 0.098 | 0.781 | 0.098 | 0.025 | 0.013 | 0.098 | 0.025

OHP-1

Susceptibilty” 0.81 |0.098| 0.87 | 118 | 1.90 | 1.30 | 0.88 | 1.67 | 0.18 | 1.00

1) IPM; imipenem 2) MPM; meropenem

3) Relative ti2 of hydrolysis to Meropenem by partially purified porcine renal DHP-1
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(@) TEA, Et,0,(b)MeOH, Claisenbase, (c) Allylbromide, K2CO3, DMF, (d) PPhg, CBra, CHoCl, (€) PPhg,
CH3CN, (f) NaHMDS, THF,(g) AcSK, DMF,h) 1N-NaOH, Allylalcohol
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(a) TEA, Et,0,(b)MeOH, Claisenbase, (c) Allylbromide, K2CO3, DMF,(d) PPhg, CBr,, CHyCl,, () PPhs,
CH5CN, (f) NaHMDS, THF,{g) AcSK, DMF,h) 1N-NaOQH, Allylaicohol

Scheme 10. Bl 2313 E 57 2 63 &4
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R: -COOH, CON(CHj),
Reagents and reaction conditions: (a) DIPEA, CH,CN, rt, 1h; (b) Zn, phosphate buffer (pH 6.0), THF, t,
Diaion HP-20

Scheme 11. 1p-" 2 7}u}# ¥ 65a b2 A
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£6 9% 2o 5714 13RI e 5PN
Organism Antibiotics MIC (ug/mL) R (%)
(no. of strain) Range MICa MICsp
P91014 0.03-0.06 0.03 0.06 0
P91409 0.015-0.06 0.03 0.06 0
P91022 0.06-0.12 012 0.12 0
MSSA M 0.015-0.06 0.015 0.03 0
33) MPM 0.06-0.25 012 012 0
EPM 0.25-0.5 0.25 025 0
Oxacillin 0.06-0.5 0.25 05 0
Gentamicin 0.06-128 0.06 64 182
Levofloxacin 0.12-1 0.25 0.25 0
P91014 0.015-0.12 0.03 0.06 0
P91409 0.015-0.120 0.015 0.03 0
P91022 0.06-0.5 012 0.25 0
S. coagulase IPM 0.008-0.03 0.015 0.015 0
23) MPM 0.03-0.5 0.06 012 0
EPM 0121 0.25 05 0
Oxacillin 0.06-0.25 0.06 0.12 0
Gentamicin 0.06-64 1 4 45
Levofloxacin 0.06-8 025 1 91
P91014 <0.008 <0.008 <0.008 0
P91409 <0.008 <0.008 <0.008 0
P91022 <0.008 <0.008 <0.008 0
M <0.008 <0.008 <0.008 0
S. pyogenes
(15) MPM <0.008 <0.008 <0.008 0
EPM 0.008-0.015 0.15 015 0
Penicillin G 0.008-0.015 <0.008 <0.008 0
Erythromycin 0.12-128 012 16 133
Levofloxacin 0.12-2 0.5 1 0
P91014 0.008-0.015 0.008 0.015 0
P91409 0.008-0.015 0.008 0.015 0
P91022 0.008-0.015 0.008 0.015 0
. rM 0.008-0.015 0.008 0.015 0
S. agalactiae
(15) MPM 0.03 0.03 0.03 0
EPM 0.03-0.06 0.06 0.06 0
Penicillin G 0.015-0.06 0.03 0.06 0
Erythromycin 0.06-128 0.06 128 133
Levofloxacin 0.25-05 0.5 0.5 0
P91014 0.008-0.25 0.03 012 0
P91409 0.008-0.25 0.06 012 0
P91022 0.008-0.25 0.008 012 0
S. pneumoniae IPM 0.008-0.5 012 025 0
(22) MPM 0.008-0.5 05 0.5 0
EPM 0.008-1 05 1 182
Penicillin G 0.03-2 1 2 27
Cefotaxime 0.008-2 1 2 13.6
Levofloxacin 1-8 1 2 9.1
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Organism

MIC (ug/mL)

(no. of strain) Antibiotics Ronge MICa MICn R (%)
P91014 28 2 8 0
P91409 28 2 8 0
P91022 432 8 32 0
E. faecalis M 054 1 4 0
(30) MPM 2-16 4 16 0
EPM 4-64 16 32 0
Ampicillin 054 1 4 0
Levofloxacin 1-64 16 o4 18.2
Vancomycin 1-128 2 128 0
P91014 8-128 128 128 100
P91409 4128 128 128 100
P91022 16-128 128 128 100
E. faeci IPM 2-128 128 128 100
. faecium
(29) MPM 16-128 128 128 100
EPM 32-128 128 128 100
Ampicillin 1-128 128 128 9.6
Levofloxacin 1-128 64 64 9.6
Vancomycin 0.5-128 128 128 51.7
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794 B9 3714 oAl dig a3
I i Antibiotics MIC (pg/mL) R (%)
: ain) Range MICs MIC
P91014 0.008-0.06 0.015 0.03 0
P91409 0.008-0.06 0.015 0.03 0
P91022 0.015-0.06 0.03 0.06 0
M. catarrhalis IPM 0.008-0.25 0.06 0.06 0
(24) MPM 0.008-0.03 0.008 0.008 0
EPM 0.008-0.12 0.015 0.03 0
Penicillin G 0.015-32 0.25 05 0
Gentamicin 0.06-0.25 0.25 0.5 0
Levofloxacin 0.15-0.25 0.06 0.06 0
P91014 0124 05 4 0
P91409 0.124 05 4 0
P91022 0.25-8 0.25 4 8.3
. IPM 0.25-8 1 4 42
H. m(%enzae MPM 0.06-1 025 1 167
EPM 0121 0.12 05 0
Ampicillin 0.25-128 32 128 79.2
Cefotaxime 0.008-1 0.03 0.06 0
Levofloxacin 0.03-1 0.03 0.06 0
P91014 0.0154 0.03 0.25 0
P91409 0.03-8 0.06 2 0
P91022 0.008-2 0.03 0.25 0
. IPM 0.06-1 0.12 05 0
E. coli
(30) MPM 0.008-0.5 0.015 0.03 0
EPM 0.008-4 0.008 012 0
Ampicillin 2-128 128 128 60
Cefotaxime 0.015-32 0.06 16 13.3
Levofloxacin 0.06-32 0.06 32 36.7
P91014 0.015-0.12 0.03 0.12 0
P91409 0.03-0.25 0.06 012 0
P91022 0.015-0.25 0.03 0.12 0
C. freundii IPM 0.06-0.5 0.12 05 0
(14) MPM 0.015-0.06 0.015 0.03 0
EPM 0.008-0.5 0.008 0.25 0
Ampicillin 4128 32 128 571
Cefotaxime 0.06-64 0.25 32 7.1
Levofloxacin 0.03-32 0.5 4 7.1
P91014 0.03-0.25 0.06 0.12 0
P91409 0.03-0.5 0.06 0.12 0
P91022 0.015-0.25 0.03 0.12 0
K. pneumoniae IPM 0.06-1 012 05 0
(30) MPM 0.015-0.06 0.03 0.06 0
EPM 0.008-1 0.03 05 0
Ampicillin 16-128 128 128 9.7
Cefotaxime 0.008-128 8 64 133
Levofloxacin 0.06-64 0.06 4 10
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Organism

MIC (pg/mlL)

(no. of strain) Antibiotics Range MICs G R (%)
P91014 0.03-0.12 0.06 0.06 0
P91409 0.03-0.12 0.06 0.06 0
P91022 0.015-0.25 0.03 0.03 0
IPM 0.06-0.5 012 05 0
K. oxytoca
(15) MPM 0.015-0.06 0.03 0.03 0
EPM 0.008-0.25 0.008 0.008 0
Ampicillin 16-128 32 128 80
Cefotaxime 0.015-128 0.03 0.06 6.7
Levofloxacin 0.06-16 0.06 8 13.3
P91014 0.03-05 0.06 0.25 0
P91409 0.03-1 012 1 0
P91022 0,015-2 012 0.5 0
E cloacae IPM 0121 0.25 1 0
(29) MPM 0.015-0.5 0.03 0.25 0
EPM 0.015-2 0.12 2 0
Ampicillin 4128 128 128 3.1
Cefotaxime 0.06-128 1 128 31
Levofloxacin 0.03-8 0.06 4 6.9
P91014 0.03-0.12 0.06 0.12 0
P91409 0.03-0.25 0.06 0.25 0
P91022 0.015-0.12 0.06 0.25 0
E. aerogenes IPM 0.12-05 0.12 05 0
(14) MPM 0.015-0.06 0.03 0.06 0
EPM 0.008-0.5 0.06 05 0
Ampicillin 2-128 128 128 929
Cefotaxime 0.06-32 0.12 32 28.6
Levofloxacin 0.03-0.12 0.06 0.12 0
P91014 0.03-16 0.06 8 7.1
P91409 0.06-16 0.12 16 14.3
P91022 0.03-16 0.03 16 14.3
S. marcescens IPM 0124 0.25 2 0
(14) MPM 0.03-8 0.03 8 14.3
EPM 0.015-16 0.06 16 14.3
Ampicillin 32-128 128 128 100
Cefotaxime 0.12-128 0.5 128 285
Levofloxacin 0.06-8 0.25 8 14.3
P91014 0.06-0.12 0.06 012 0
P91409 0.06-0.25 0.12 0.25 0
P91022 0.015-0.06 0.03 0.06 0
P. mirabilis IPM 0254 2 2 0
(15) MPM 0.015-0.06 0.06 0.06 0
EPM 0.008-0.015 0.008 0.015 0
Ampicillin 1-128 32 128 53.3
Cefotaxime 0.015-0.03 0.03 0.03 133
Levofloxacin 0.06-2 0.06 1 0
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x 8 Uk 714 aggdtel dig 5
; MIC mL
(o, 57 oy Antibiotics - Nﬁ‘g; ) — R (%)
P91014 0.06-0.12 0.06 0.12 0
P91409 0.06-0.12 0.12 0.12 0
P91022 0.03-0.06 0.06 0.06 0
. IPM 0.25-2 1 2 0
P. vulgaris
(15) MPM 0.03-0.06 0.06 0.06 0
EPM 0.008-0.03 0.015 0.015 0
Ampicillin 2-128 128 128 80
Cefotaxime 0.015-0.12 0.03 0.06 0
Levofloxacin 0.03-1 0.03 05 0
P91014 0.12-0.25 012 0.25 0
P91409 0.12-05 0.25 05 0
P91022 0.03-0.12 0.03 0.06 0
M. morganii IPM 0.5-2 1 2 0
(15) MPM 0.03-0.12 0.06 0.12 0
EPM 0.008-0.03 0.008 0.03 0
Ampicillin 64-128 128 128 100
Cefotaxime 0.03-64 0.06 16 6.7
Levofloxacin 0.03-64 05 64 26.7
P91014 0.015-8 0.25 8 0
P91409 0.06-16 0.25 16 154
P91022 0.008-8 0.06 8 0
IPM 0.254 2 2 0
P. spp.
(13) MPM 0.015-2 0.06 2 0
EPM 0.008-16 0.03 16 23.1
Ampicillin 2-128 64 128 61.5
Cefotaxime 0.008-32 0.06 2 7.7
Levofloxacin 0.03-128 8 128 53.8
P91014 1-32 4 16 30
P91409 2-64 8 32 433
P91022 2-128 8 64 433
A. baumannii IPM 0.25-32 1 8 134
(30) MPM 0.25-64 1 8 16.7
EPM 4128 8 64 46.7
Piperacillin 16-128 128 128 76.7
Ceftazidime 4128 128 128 80
Levofloxacin 0.12-16 8 16 70
P91014 0.25-128 8 64 50
P91409 0.5-128 8 64 50
P91022 0.06-128 4 64 20
P. aeruginosa IPM 0.5-128 2 16 18.3
(60) MPM 0.06-128 2 16 11.7
EPM 1-128 32 128 68.3
Piperacillin 2-128 64 128 50
Ceftazidime 0.5-128 8 64 383
Levofloxacin 0.03-128 32 64 61.6
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Organism

MIC (ug/ml)

{no. of strain) Antibiotics Range MICsy MICoo R (%)
P91014 0.06-2 0.06 2 0
P91409 0.06-2 0.06 2 0
P91022 0.06-4 012 4 0
IPM 0.06-2 0.06 2 0
P. spp.
27) MPM 0.064 0.06 4 0
EPM 0.06-4 012 4 0
Ampicillin 0.06-16 012 16 29.6
Cefoxitin 0.06-16 05 8 0
Clindamycin 0.06-128 05 128 222
P91014 <0.06 <0.06 <0.06 0
P91409 <0.06 <0.06 <0.06 0
P91022 0.06-0.12 0.06 0.12 0
C. perfringens IPM 0.06-0.12 0.06 012 0
13 MPM <0.06 <0.06 <0.06 0
EPM 0.06-0.12 0.06 012 0
Ampicillin 0.06-0.12 0.06 0.12 0
Cefoxitin 05-2 1 2 0
Clindamycin 0.064 1 4 30.8
P91014 1-2 1 2 0
P91409 24 2 4 0
P91022 24 4 4 0
C. difficile M 416 8 8 67
(15) MPM 1-2 1 2 0
EPM 48 4 8 0
Ampicillin 05-2 05 1 6.7
Clindamycin 1-128 128 128 86.7
Metronidazole 14 4 4 0
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i el MIC (ug/mL
(ngfg;“g;g;n), Antibiotics r— M(I ;550 ) - R (%)
P91014 0.25-2 0.5 05 0
P91409 0.25-2 0.5 1 0
P91022 0254 05 1 0
. M 0.06-2 0.25 0.5 0
B. fragilis
(34) MPM 0.124 012 0.25 0
EPM 0.12-4 0.25 1 0
Amp-Sulbactam 0.5-16 1 8 59
Cefoxitin 4128 8 32 117
Clindamycin 0.5-128 128 128 62.7
P91014 054 1 2 0
P91409 054 2 4 0
P91022 0.5-8 1 4 0
B. IPM 0.12-16 05 4 6.7
thetaiotaomicron. MPM 0.25-2 0.25 05 0
15) EPM 0.25-8 2 2 0
Amp-Sulbactam 1-64 2 32 20
Cefoxitin 8-64 16 32 46.7
Clindamycin 4128 128 128 100
P91014 051 1 1 0
P91409 05-1 1 1 0
P91022 1-2 1 1 0
’M 0.25-2 0.5 1 0
B. spp.
(1) MPM 0.12-05 05 05 0
EPM 0.5-2 1 2 0
Amp-Sulbactam 0.5-32 8 16 91
Cefoxitin 4-64 16 32 36.4
Clindamycin 0.12-128 128 128 72.7
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# 10. PO1014, P91022, P91409¢] HE|AM 9] *ZF5HEH 2 8°
P91014 91022 P91409 MPM IPM Tianam
T2 (min) 10.1£0.443 | 12.4+4.1 23.5t6.8 3.99£0.24 | 3.46+£0.10 | 38.3t4.1
AUC(ug.min/mL)| 1166+92.4 | 1519+168 | 1801+486 383+36 330+23 4543+143
CL (mL/min/kg)|17.23+1.42| 13.3%15 11.6£27 | 54.16%5.27 | 61.50+£3.65 47+1
® at a single intravenous administration of 20 mg/kg in rat
E 11. Po1409¢] ¢EF#Hd 27 (iv)
Rat Dog
P9o1409 MPM P91409 MPM
(20 mg/kg) (20 mg/kg) (5 mg/kg) (20 mg/kg)
T1/2 (min) 235+6.8 399+4.1 28.9+0.9 3H.6
AUC (pg.min/mL) 18011486 383+36 5277 4049
CL (mL/min/kg) 11.6£2.7 M2+37 950+0.1 5
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12. &7 5] i3 MIC®+ DHP-Io tig 43 A%
Minimum Inhibitory Concentration (ig/mL)

75! P91022| P91023 MPM* | IPM’
1 | S pyogens 308A | 0.049 0.007 0.007 0.003
2 | S pyogens T7A | 0.049 | <0.002 0.007 <0.002
3|8 faecium MD8b | 1250 | 3.125 125 0.781
4 | "Saureus SGh11 | 0.098 | 0.049 0.098 0.013
5 | "Saureus 28 | 0195 | 0.049 0.195 0.013
6 | "Saureus 503 | 0.098 | 0.025 0.098 0.007
7 | E coli 035 | 0025 | 0.025 0.025 0.098
8 | E coli DCO | 002 | 0.049 0.025 0.195
9 | E coli DC2 | 002 | 0.025 0.025 0.195
10| E coli TEM | 0.025 | 0.049 0.025 0.098
11 | Ecoli 1507E | 0.025 | 0.049 0.025 0.098
12 | P. aeruginosa 9027 | 0.098 | 3.125 0.195 0.391
13 | Paeruginosa 152E | 0.195 | 3.125 0.098 0.781
14 | P. aeruginosa 1771 | 0391 | 3.125 0.391 0.781
15 | P. aeruginosa 1771M | 0.391 | 0.391 0.098 0.195
16 | ™S, typhimurium 0.049 | 0.049 0.049 0.781
17 | Koxytoca 1032E | 0.049 | 0.098 0.049 0.195
18 | K aerogenes 1522E | 0.049 0.049 0.049 0.195
19 | "Edoace PO | 0.098 | 0.098 0.049 0.098
20 | "Ecloacae 1RIE | 0.025 | 0.025 0.025 0.098
DHP-I Susceptibility’ | 4.57 1.48 1.00 0.15

1. S.; Streptococcus, *S.; Staphylrococcus, E.; Escherichia, P.; Pseudomonas,
*S. ; Salmonella, K.; Klebsiella, "E.; Enteroabacter

2. Imipenem

3. Meropenem

4. Relative ti2 of hydrolysis to Meropenem
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SEH,MC, 50%

Scheme 13. o|ASAE T EJE| A 15-wE7teba ¥ 799 A

_72_



7. ol 2 SAIE Y =V Y DHL JhutH Y

2 9] BanyurtE E% T (Pseudomonas)ol B€3d &5E& Yehls BO-2727
< i Fd deH, 9F 239 C2 YA lipophilicd HAnE I =
&k J-111,2257} =% MR SAoﬂ BE 5% 35S YEidt BT

I
(@]
I
Z— T
X
w
%
o
T
Iz
\
I
o
I
Z— 1 I
Y
®
T =
Iz
\

QTN E HEY nele) C2 AAE o)2AEAL AW =T T2
101a"gel 7S FAD oS HFEY AW PelBYE AYsto] T2
q uuAE a7suzt Sk

/
0 NHGCHg o N
HO W N Tk H \ A
T )
N_) S N7 NH
OOH OOH
101a, KIST-P2209 101b, KIST-P2208
NH, (6] OH
ST )
N_/ S NH
OOH
101c, KIST-P2206 101d, KIST-P2204
OH
0 OH
L )
N_/ S NH
OOH
101e, KIST-P2205 1011, KIST-P2210
HO | N0 OCHs

1T

pq
_
(4]
Z
I

OOH
101g, KIST-P2207

13 8. Isoxazolinopyrrolidinethio carbapenems 10la™g

_73_



o] AZALE-3-4 -1 Ast7] i e S EYd Y C2 A
1,3-dipole= nitrile oxideE =Y3t ethyl acrylate®} 2 dipolarophile® cyclo—-
addition skejof gt}

A A A3 6L =2 HolRlF BHS A F|H nitrile oxide?] AT

g FEEA R RV =" SFE 7o) AP of 7] N-chlorosuccinimide
s}

L1
A
i
tlo
%

2 Egodoell s L A|F)H nitrile oxide?t A E I in situE ethyl acylate$}
HESAIA B5E o]ASAIE-3-d-FEHd 802 FA3AT. FFE 809 Bocs
50%-THF+mc3loll A A A3t o 7)o allocClS w2 AAH 3EE 81 <1, claisen
basestoll A tto 2 wrEIl 7)o 4AEIFE 838 LUtk TBS7|E HEH

sEede) C4 AAE Blez A, ABshe] o 2AE3-U-WEYAL LA 3
2 879 882 747 g4
el o N_O
N— —
| y . ] CO,.CH; b / CO,CHg
T8O T teson-{ TBSOn-{ |
“Boc *Boc “Alloc 81
7 80
N-O N-O
c | COZH d / COZA"yl e
TBSOu. TBSOu. >
“Alloc
“Alloc 82 83
N-O N-O N-O
- / COLAllyl
I )} _COAlyl f [ _P—COAly g 2R
HO.- MsOu. AcS N
N N, “Al
N Alloc 0C
Alloc 85 86
84
N-O N-O
o —C//\),cozAuyl / CO,CH,
———— HS
N HS N
“Alloc “Alloc
87 88

Reagent and reaction conditions (a) i) NCS, DMF, rt-60°C, 30min ii) methylpropiolate, TEA,
DMF, 0°C-rt, 2h (60.6%) (b) i) CH,Cl,/TFA=1/1, 0°C, 1h ii) allylchloroformate, TEA, CH,Cly, tt, 2h
(70%) (c) claisen alkali, MeOH, 0°C, 1h (98%) (d) allylbromide, TEA, DMF, 60°C, 30min (76%) (e)
BuyNF, THF, 0°C, 1.5h (72%) (f) MsCI, TEA, CH,Cl,, rt, 2h (87%) (g) AcSK, CH4CN, reflux, 8h (70%)
(h) IN-Na SMe, allyl alcohol, 0°C, 30min
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£ 13 ol&SAERIEYIHL FutH e ETFF) g MICS DHP-I4]
&)

Minimum Inhibitory Concentration (Ug/mlL)

F&! 101a 101b 101c 101d 101e | MPM® M’
1 | S pyogens 308A | 0.007 0.007 0.004 0.013 0.007 0.007 0.003
2 | S pyogens TIA | 0.013 0.013 0.007 0.007 0.013 0.007 <0.002
3| S faecum MD@b | 3.125 6.250 3.125 6.250 6.250 125 0.781
4 | "Saureus SGb11 | 0.049 0.049 0.049 0.098 0.098 0.098 0.013
5 | “Saureus 285 0.195 0.195 0.098 0.195 0.19 0.195 0.013
6 | "Saureus 503 0.049 0.049 0.025 0.049 0.049 0.098 0.007
7 | E coli 055 | 0.049 0.025 0.025 0.013 0.013 0.025 0.098
8 | E coli DCO | 0.098 0.098 0.049 0.025 0.025 0.025 0.195
9 | E coli DC 2 | 0.098 0.098 0.349 0.025 0.025 0.025 0.195
10 | E. coli TEM | 0.049 0.049 0.049 0.013 0.013 0.025 0.098
11 | Ecoli 1507E 0.049 0.049 0.049 0.013 0.025 0.025 0.098
12 | P. aeruginosa 9027 | 0.781 1.563 0.781 0.781 0.781 0.195 0.391
13 | Paeruginosa 1592E 0.781 1.563 0.781 0.781 0.781 0.098 0.781
14 | P. aeruginosa 1771 | 3.125 3.125 1.563 3.125 3.125 0.391 0.781
15 | P. aeruginosa 1771IM | 0.391 0.781 0.195 0.195 0.391 0.098 0.195
16 | 'S, typhimurium 0.195 0.098 0.098 0.049 0.049 0.049 0.781
17 | Koxytoa 1082E 0.195 0.195 0.195 0.195 0.098 0.049 0.195
18 | K aerogenes 1522E | 0.098 0.098 0.098 0.049 0.049 0.049 0.195
19 | "E.cloacae P99 0.195 0.195 0.195 0.098 0.098 0.049 0.098
20 | “E.cloacae 1321E 0.049 0.049 0.049 0.025 0.025 0.025 0.098
DHP-I Susceptibility* 0.68 0.66 0.55 0.43 0.46 1.00 0.15

1. S.; Streptococcus, *S.; Staphylrococcus, E.; Escherichia, P.; Pseudomonas,
”S. ; Salmonella, K.; Klebsiella, "E.; Enteroabacter

2. Imipenem

3. Meropenem

4. Relative ti» of hydrolysis to Meropenem

_78_



F 14 olaSAEEdEYdES e mETFA e MICS DHP-I

Minimum Inhibitory Concentration (ug/mL)

&5 101f | 101g 79 MPM* PM°
1 | S pyogens  308A | 0007 | 0025 | <0.002 0.007 0.003
2 | S pyogens T7IA | 0025 | 0013 | 0.004 0.007 <0.002
3 |S faecium MD8b | 5000 | 1250 | 6.250 125 0.781
4 | "Saureus SGsl1 | 0781 | 019 | 0.098 0.098 0.013
5 | "Saureus 285 | 1563 | 0391 | 0.098 0.195 0.013
6 | "Saureus 503 | 0781 | 0195 | 0.049 0.098 0.007
7 | E coli 055 | 0013 | 0007 | 0025 0.025 0.098
8 | E coli DCO | 0025 | 0013 | 0049 0.025 0.195
9 | E coli DC2 | 0025 | 0013 | 0.049 0.025 0.195
10 | E coli TEM | 0013 | 0007 | 0.049 0.025 0.098
11 | Ecoli 1507E | 0013 | 0013 | 0.049 0.025 0.098
12 | P. aeruginosa 9027 | 1563 | 159 | 0.391 0.1% 0.391
13 | Paeruginosa 15%E | 3125 | 1563 | 0.391 0.098 0.781
14 | P. qeruginosa 1771 | 1250 | 6250 | 1563 0.391 0.781
15 | P. aeruginosa 177IM | 3125 | 1563 | 0.391 0.098 0.195
16 | ™S typhimurium 0049 | 0025 | 0.098 0.049 0.781
17 | Koxytom  1082E | 0195 | 019 | 0.098 0.049 0.195
18 | K aerogenes 1522E | 0025 | 0025 | 0.098 0.049 0.195
19 | *E.cloacae P9 | 0391 | 0098 | 0.195 0.049 0.098
20 | "Ecloacge  1321E | 0025 | 0.013 | 0.049 0.025 0.098
DHP-I Susceptibility® 1.34 0.41 2.48 1.00 0.15
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HE fFEA9 Az WES  4-hydroxy-1-(allyloxycarbonyl)pyrrolidine—2-
carboxylic methyl ester 1& mesylchloride®} %3l 33E 28 4S5 & YA
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nitrileo] 2&d 3FFE 62 FAAY. 3FE 6& hydroxyamined w3 3
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R: a=COOEt b=CH,0H c=CONH,, d= CONHCHj,

e= CON(CHj), f=CONH(CHy),0H, g= CONH(CH,);OH
h= CONHCH,CH(OH)CH,0H, i= CONHOH
j= CONH(CHz)zNHZ

) MsClI, TEA, CH,Cl, ii) TrSH, NaH, DMF ¢) NaBH,, EtOH iv) MsCl, TEA, CH,Cl,
v , in

Y NaCN, DMSO vi)1) Hydroxyamine.HCI , EtOH2) Ethyloxalyl chloride, THF, reflux
vii) R-NH,, EtOH, reflux viii) NaBH,, THF:EtOH=1;2

ix) Trifluoroacetic acid, Triethyl silane, CH,Cl,
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(i) Rhodium acetate, reflux. (ii) N,N-diisopropy! ethyl amine, Dipheny! chlorophosphate,
CH4CN. (iii) N,N-diisopropyl ethyl amine, 9a-j (iv) Paladium hydroxide/charcol{10%),
Tetrahydrofuran,

SYEZAEAN FFE 118 97 &4 3tol diphenyl chlorophosphate$t ¥H$-A)
A 12& AT 47 SFE 128 G971 EA stold 4w (99 thiol FEA)
¢t BH-E&AA B 53 © carbapenem 3}3E(13)E &t 3} E(13)2 hydrogen
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FE(14E & 5 UG
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2. bl S4l0] AR Tt FEA FA

HE FZAlYd AF ¥HL  4-hydroxy-1-(allyloxycarbonyl)pyrrolidine—-2-
carboxylic methyl ester 1& Qolx] =3 & 59 TAAAHY gon, 3
£ 62 hydroxyamine® ¥rg st E7rAQ ofu] SAVIE 2= 168 A
i1, acyl =¥ sulfonyl halide (R1Z 7}4 amine)E ¥HSAIA 178 o, 53
E 178 trifluoroacetic acid, triethyl silaneZ ©]-&3F deprotection®.Z 18 #74
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R= a) Allyloxycarbonyl b) COCH, ¢) C
d) COOCH,e) CONH,, f) CONHCH, g)CON(CH,),
h) NHCH,CH,OH i) CO-N O
) SO;N(CHg), k) SONH,~

i) MsCl, TEA, CH,Cl, i) TrSH, NaH, DMF iii) LiBH,, EtOH iv) MsCl, TEA, CH,Cl,
v) NaCN, DMSO vi) NH,OH.HCI, EtOH vii) RCOCI, TEA or RSO,Cl, TEA , CH.Cl,
viii) TFA, Et,SiH, CH,Cl,vi) Diisopropylethylamine, 18a-k x) Pd(OH),/C, H,
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e FEAe Az BHHLe  4-hydroxy-1-(allyloxycarbonyl)pyrrolidine-2-
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R, =a)H b) SO,CH, c) (CH,),NSO, d) (CH,),NCO
fo=CN" S g) 0=CN~ NH
H — —

h>*gN\ i)*ﬁ: D
<. _NH
k) EI/H

s m O

i) 4N-NaOH, MeOH i) Ethyl chloroformate, TEA, CH,Cl, iii) MsCl, TEA, CH,Cl,
CH,CN vi) NaN,, DMSO v) PPhg, H,0, THF vi) Corresponding chloride, TEA,
CH,CI, or corresponding imitate, EtOH or 1) p-Nitrophenyl chloroformate, TEA,
CH,Cl, 2) R-NH,, EtOH or thiomorpholine or piperazine, CH;CN

vii) Trifluoroacetic acid, Triethyl silane, CH,ClI, viii)Thiomorphoine or Piperazine,
CH,CN vi) Diisopropylethylamine, 27 x)Diisopropylethylamine, 31 xi) Pd(OH),, H,
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Table 1. SAltjorEo] X84 7hutA Y {249 MIC data
Minimal Inhibitory

DTRAINS KJO-02 KJO—O(Z:O;jgr-l:)rZatiKojrgflséméj)O—OZ Imi-

-01 -02 -03 -04 -05 ‘| penem

1 {Streptococcus pyogenes 308A | 0.013 | 0.004 |<0.002|<0.002| 0.013 | 0.004
2 |Streptococcus pyogenes T7A 0.013 | 0.007 | 0.007 | 0.013 | 0.025 | 0.004
3 |Streptococcus faecium MD8b 12.50| 6.250 | 6.250 | 25.0 | 6.250 | 1,563
4 |Staphylococcus aureus SG511 | 0.098 | 0.049 | 0.049 | 0.391 | 0.195 | 0.013
5 |[Staphylococcus aureus 285 0.195 | 0.195 | 0.098 | 0.781 | 0.781 | 0.013
6 |Staphylococcus aureus 503 0.098 | 0.025 | 0.025 | 0.195 | 0.098 | 0.013
7 |Eschericihia coli 055 0.025 | 0.098 | 0.098 | 0.391 | 0.098 | 0.098
8 |Eschericihia coli DCO 0.049 | 0.098 | 0.098 | 0.781 | 0.391 | 0.098
9 |Eschericihia coli DC2 0.049 | 0.195 | 0.098 | 0.781 | 0.781 | 0.098
10 |Eschericihia coli TEM 0.025 | 0.098 | 0.781 | 0.195 | 0.049 | 0.195
11 |Eschericihia coli 1507E 0.025 | 0.098 | 0.098 | 0.391 | 0.195 | 0.195
12 |Psudemonas aeruginosa 9027 1.563 | 6.250| 6.250 | 100.0 | 50.0 | 0.781
13 |Psudemonas aeruginosa 1592E | 1.563 | 12.5 | 6.250 | 100.0 | 50.0 | 1,563
14 |Psudemonas aeruginosa 1771 3.125 12.5 | 3.125 | 100.0 | 50.0 | 0.781
15 |Psudemonas aeruginosa 1771M| 0.781 | 1.563 | 0.781 | 6.250 | 1.563 | 0.098
16 |Salmonella typhimurium 0.098 | 0.195 | 0.195 | 0.781 | 0.391 | 0.781
17 |Klebsiella oxytoca 1082E 0.098 | 0.781 | 0.098 | 3.125 | 0.781 | 0.391
18 |Klebsiella acrogenes 1522E 0.049 | 0.195 | 0.195 | 0.781 | 0.391 | 0.391
19 |Enterobacter cloacae P99 0.098 | 0.391 | 0.781 | 3.125 | 1.563 | 0.195
20 |Enterobacter cloacae 1321E 0.025 | 0.195 | 0.098 | 0.391 | 0.098 | 0.098
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Table 2. <A}tjo}Eo] 8@ vt FX4 9 MIC data

Minimal Inhibitory

AFRAIDS KJO-02- KJO-(;O%(eOrité;tig(;%i/Zle\iero— Imi-

06 =07 =08 -09 | pénem | penem

1 |Streptococcus pyogenes 308A | 0.004 | 0.025 | 0.049 | 0.098 | 0.013 | 0.004
2 |Streptococcus pyogenes 7T7TA 0.007 | 0.025 | 0.049 | 0.049 | 0.007 | 0.004
3 |Streptococcus faecium MD8b 6.250 1 50.0 50.0 50.0 | 6.250 | 1,563
4 |Staphylococcus aureus SG511 | 0.098 | 0.391 | 0.391 | 0.781 | 0.098 | 0.013
5 |Staphylococcus aureus 285 0.195 | 0.781 | 0.781 | 1.563 | 0.195 | 0.013
6 |Staphylococcus aureus 503 0.049 | 0.195 | 0.195 | 0.391 | 0.049 | 0.013
7 |Eschericihia coli 055 0.049 | 0.195 | 0.195 | 0.391 | 0.013 | 0.098
8 |Eschericihia coli DCO 0.098 | 0.391 | 0.391 | 0.781 | 0.025 | 0.098
9 \Eschericihia coli DC2 0.098 | 0.781 | 0.391 | 0.781 | 0.025 | 0.098
10 |Eschericihia coli TEM 0.049 | 0.391 | 0.391 | 0.781 | 0.025 | 0.195
11 |Eschericihia coli 1507E 0.049 | 0.391 | 0.391 | 0.781 | 0.025 | 0.195
12 |Psudemonas aeruginosa 9027 3.125 100.0| 50.0 | 100.0 | 0.195 | 0.781
13 |Psudemonas aeruginosa 1592E| 3.125 100.0| 50.0 | 100.0 { 0.098 | 1,563
14 |Psudemonas aeruginosa 1771 3.125 100.0| 100.0 | 100.0 | 0.391 | 0.781
15 |Psudemonas aeruginosa 1771M| 0.781 | 0.781 | 3.125 | 3.125 | 0.098 | 0.098
16 |Salmonella typhimurium 0.195 | 0.781 | 0.781 | 1.563 | 0.049 | 0.781
17 |Klebsiella oxytoca 1082E 0.195 | 3.125 | 1.563 | 3.125 | 0.049 | 0.391
18 |Klebsiella aerogenes 1522E 0.098 | 0.781 | 0.781 | 1.563 | 0.049 | 0.391
19 |Enterobacter cloacae P99 0.391 | 3.125 | 0.781 | 3.125 | 0.025 | 0.195
20 |Enterobacter cloacae 1321E 0.098 | 0.391 | 0.391 | 1.563 | 0.025 | 0.098
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Table 3. olv|x A o] g spulEd F=4 ¢ MIC data

Minimal Inhibitory

RIRAINS KJO-02- KJO~(§:20r;(3i)ritggti}z;(§1j§/2mzo—02 Imi-

21 -24 -25 =27 -33 | penem

1 |Streptococcus pyogenes 308A | 0.013 | 0.007 | 0.013 | 0.007 | 0.007 | 0.004
2 |Streptococcus pyogenes T7TA 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.004
3 |Streptococcus faecium MDS8b 6.250 | 6.250 | 3.125 | 6.250 | 3.125 | 1,563
4 |Staphylococcus aureus SG511 | 0.049 | 0.049 | 0.049 | 0.049 | 0.049 | 0.013
5 |Staphylococcus aureus 285 0.098 | 0.098 { 0.098 | 0.098 | 0.098 | 0.013
6 |Staphylococcus aureus 503 0.049 | 0.025 | 0.025 | 0.025 | 0.025 | 0.013
7 |Eschericihia coli 055 0.049 | 0.098 | 0.098 | 0.049 | 0.049 | 0.098
8 |Eschericihia coli DCO 0.098 | 0.098 | 0.098 | 0.098 | 0.098 | 0.098
9 |Eschericihia coli DC2 0.098 | 0.195 | 0.098 | 0.195 | 0.098 | 0.098
10 |Eschericihia coli TEM 0.098 | 0.098 | 0.098 | 0.098 | 0.098 | 0.195
11 |Eschericihia coli 1507E 0.098 | 0.098 | 0.098 | 0.098 | 0.098 | 0.195
12 |Psudemonas aeruginosa 9027 1.563 | 0.781| 1.5663 | 1.563 | 1.563 | 0.781
13 |Psudemonas aeruginosa 1592E| 3.125 1.563| 1.563 | 1.563 | 1.563 | 1,563
14 {Psudemonas aeruginosa 1771 3.125 1.5631 1.563 | 1.6563 | 3.125 | 0.781
15 |Psudemonas aeruginosa 1771M| 0.391 | 0.391 | 0.391 | 0.391 | 0.391 | 0.098
16 |Salmonella typhimurium 0.195 | 0.195 | 0.195 | 0.195 | 0.195 | 0.781
17 |Klebsiella oxytoca 1082E 0.391 | 0.391 | 0.391 | 0.391 | 0.391 | 0.391
18 |Klebsiella aerogenes 1522E 0.098 | 0.098 | 0.195 | 0.781 | 0.391 | 0.391
19 |Enterobacter cloacae P99 0.195 | 0.391 | 0.098 | 0.098 | 0.195 | 0.195
20 |Enterobacter cloacae 1321E 0.098 | 0.098 | 0.195 | 0.195 | 0.195 | 0.098
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Table 4. o}ujx 3-4]o]

A3t FhatE A2 MIC data

Minimal Inhibitory

STRAR® KJO-02- KJO—éorgzitggtig?é%igmﬁero— Imi-

36 -37 -38 -39 [ penem | penem

1 |Streptococcus pyogenes 308A | 0.013 | 0.007 | 0.007 | 0.007 | 0.013 | 0.004
2 |Streptococcus pyogenes 7T7A 0.007 | 0.004 | 0.004 | 0.004 | 0.007 | 0.004
3 |Streptococcus faecium MD8b 6.250 | 3.125 | 3.125 | 3.125 | 6.250 | 1,663
4 |Staphylococcus aureus SG511 | 0.049 | 0.025 | 0.049 | 0.049 | 0.098 | 0.013
5 |Staphylococcus aureus 285 0.098 | 0.049 | 0.098 | 0.098 | 0.195 | 0.013
6 |Staphylococcus aureus 503 0.025 | 0.013 | 0.025 | 0.025 | 0.049 | 0.013
7 |Eschericihia coli 055 0.049 | 0.025 | 0.025 | 0.049 | 0.013 | 0.098
8 |Eschericihia coli DCO 0.098 | 0.049 | 0.098 | 0.098 { 0.025 | 0.098
9 |Eschericihia coli DC2 0.195 | 0.098 | 0.195 | 0.098 | 0.025 | 0.098
10 |Eschericihia coli TEM 0.098 | 0.049 | 0.049 | 0.098 | 0.025 | 0.195
11 |Eschericihia coli 1507E 0.098 | 0.049 | 0.049 | 0.049 | 0.025 | 0.195
12 |Psudemonas aeruginosa 9027 0.781 | 0.781] 0.781 | 0.781 | 0.195 | 0.781
13 |Psudemonas aeruginosa 1592E| 1.563 | 0.781| 1.563 | 1.563 | 0.098 | 1,563
14 |Psudemonas aeruginosa 1771 1.563 1.5631 1.563 | 1.563 | 0.391 | 0.781
15 |Psudemonas aeruginosa 1771M| 0.391 | 0.195 | 0.195 | 0.391 | 0.098 | 0.098
16 |Salmonella typhimurium 0.195 | 0.098 | 0.098 | 0.195 | 0.049 | 0.781
17 |Klebsiella oxytoca 1082E 0.195 | 0.391 | 0.391 | 0.391 | 0.049 | 0.391
18 |Klebsiella aerogenes 1522E 0.195 | 0.098 | 0.098 | 0.195 | 0.049 | 0.391
19 |Enterobacter cloacae P99 0.195 | 0.195 | 0.195 | 0.098 | 0.025 | 0.195
20 |Enterobacter cloacae 1321E 0.098 | 0.098 | 0.098 | 0.195 | 0.025 | 0.098
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Table 5.

obul ol Wrbut o] ke Fhupsly fEA S MIC data

Minimal Inhibitory

Concentration(ig/mL)

STRAINS

KJO-02-|KJO-02 |KJO-02 | KJO-02 |KJO-02 | - Imi-

61 -62 -62Q -63 -63Q | penem

1 |Streptococcus pyogenes 308A | 0.098 | 0.025 | 0.013 | 0.013 | 0.049 | 0.004
2 |Streptococcus pyogenes T7TA 0.195 | 0.049 | 0.025 | 0.049 | 0.098 | 0.004
3 |Streptococcus faecium MD8b 50.0 | 6.250 | 3.125 | 3.125 | 6.250 | 1,563
4 |Staphylococcus aureus SG511 | 0.195 | 0.098 | 0.098 | 0.049 | 0.098 | 0.013
5 |Staphylococcus aureus 285 0.391 | 0.195 | 0.195 | 0.195 | 0.195 | 0.013
6 |Staphylococcus aureus 503 0.098 | 0.098 | 0.049 | 0.049 | 0.098 | 0.013
7 |Eschericihia coli 055 0.025 | 0.025 | 0.049 | 0.013 | 0.049 | 0.098
8 |Eschericihia coli DCO 0.098 | 0.049 | 0.098 | 0.049 | 0.195 | 0.098
9 |Eschericihia coli DC2 0.049 | 0.025 | 0.098 | 0.025 | 0.195 | 0.098
10 |Eschericihia coli TEM 0.049 | 0.049 | 0.045 | 0.049 | 0.098 | 0.195
11 |Eschericihia coli 1507E 0.049 | 0.049 | 0.049 | 0.049 | 0.098 | 0.195
12 |Psudemonas aeruginosa 9027 25.0 6.2501 1.563 | 0.781 | 1.563 | 0.781
13 |Psudemonas aeruginosa 1592E| 25.0 6.250] 1.563 | 0.391 | 3.125 | 1,563
14 |Psudemonas aeruginosa 1771 50.0 12.50| 3.125 { 1.563 | 6.250 | 0.781
15 |Psudemonas aeruginosa 1771M| 1.563 | 0.391 | 0.391 | 0.195 | 0.781 | 0.098
16 |Salmonella typhimurium 0.098 | 0.195 | 0.098 | 0.098 | 0.195 | 0.781
17 |Klebsiella oxytoca 1082E 0.391 | 0.391 | 0.195 | 0.195 | 0.391 | 0.391
18 |Klebsiella aerogenes 1522E 0.098 | 0.098 | 0.098 | 0.098 | 0.195 | 0.391
19 |Enterobacter cloacae P99 0.391 | 0.391 | 0.098 | 0.049 | 0.391 | 0.195
20 |Enterobacter cloacae 1321E 0.049 | 0.098 | 0.049 | 0.025 | 0.098 | 0.098
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Table 6. olv]lxog@7utndo] X3 FiupAld |

i

=A¢] MIC data

Minimal Inhibitory

STRAINS KJO-02- KJO-(S:Zorll(c,lef)rit(;;ti;;}él-l(g);m}zo—OZ Imi-

65 -67 -68 -69 =70 | penem

1 |Streptococcus pyogenes 308A | 0.013 | 0.025 | 0.013 | 0.195 | 0.049 | 0.004
2 |Streptococcus pyogenes 7T7A 0.007 | 0.013 | 0.025 | 0.391 | 0.098 | 0.004
3 |Streptococcus faecium MD&b 6.250 1 .250 | 3.125 | 3.125 | 6.250 | 1,563
4 |Staphylococcus aureus SG511 | 0.195 | 0.195 | 0.098 | 0.098 | 0.098 | 0.013
5 |Staphylococcus aureus 285 0.391 | 0.391 | 0.195 | 0.195 | 0.195 | 0.013
6 |Staphylococcus aureus 503 0.195 | 0.195 | 0.049 | 0.098 | 0.098 | 0.013
7 \Eschericihia coli 055 0.025 | 0.049 | 0.013 | 0.007 | 0.025 | 0.098
8 |Eschericihia coli DCO 0.049 | 0.049 | 0.025 | 0.013 | 0.049 | 0.098
9 |Eschericihia coli DC2 0.049 | 0.049 | 0.025 | 0.013 | 0.049 | 0.098
10 |Eschericihia coli TEM 0.025 | 0.049 | 0.025 | 0.013 | 0.025 | 0.195
11 |Eschericihia coli 1507E 0.025 | 0.049 | 0.025 | 0.013 | 0.025 | 0.195
12 |Psudemonas aeruginosa 9027 3.125 | 6.250| 0.781 | 0.781 | 0.781 | 0.781
13 |Psudemonas aeruginosa 1592E| 3.125 | 25.00| 0.781 { 0.781 | 0.781 | 1,563
14 |Psudemonas aeruginosa 1771 6.250 | 50.00| 1.563 | 1.563 | 6.250 | 0.781
15 |Psudemonas aeruginosa 1771M| 0.781 | 1.563 | 0.195 | 0.195 | 0.391 | 0.098
16 |Salmonella typhimurium 0.098 | 0.098 | 0.049 | 0.049 | 0.049 | 0.781
17 |Klebsiella oxytoca 1082E 0.195 | 0.391 | 0.098 | 0.098 | 0.098 | 0.391
18 |Klebsiella aerogenes 1522E 0.049 | 0.098 | 0.049 | 0.049 | 0.049 | 0.391
19 |Enterobacter cloacae P99 0.098 | 0.391 | 0.049 | 0.049 | 0.049 | 0.195
20 |Enterobacter cloacae 1321E 0.025 | 0.025 | 0.025 | 0.013 | 0.025 | 0.098
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Table 7. otv]=olD7lutRdo] Xgtd sputH Y F =42 MIC data

Minimal Inhibitory

STRAINS Concentration{pug/mL)

KJO-02-{KJO-02 | KJO-02 |KJO-02| Mero~ | Imi-

71 -72 -73 -74 | penem | penem

1 |Streptococcus pyogenes 308A | 0.013 | 0.098 | 0.025 | 0.013 { 0.013 | 0.004
2 |Streptococcus pyogenes 7T7A 0.007 | 0.195 | 0.049 | 0.025 | 0.007 | 0.004
3 |Streptococcus faecium MDS8b 12.50 | 6.250 | 3.125 | 1.563 | 6.250 | 1,563
4 {Staphylococcus aureus SG511 | 0.391 | 0.098 | 0.098 | 0.025 | 0.098 | 0.013
5 |Staphylococcus aureus 285 0.781 | 0.195 | 0.195 | 0.049 | 0.195 | 0.013
6 |Staphylococcus aureus 503 0.195 | 0.049 | 0.049 | 0.013 | 0.049 | 0.013
7 |Eschericihia coli 055 0.025 | 0.049 | 0.013 | 0.025 | 0.013 | 0.098
8 |Eschericihia coli DCO 0.049 | 0.098 | 0.049 | 0.049 | 0.025 | 0.098
9 |Eschericihia coli DC2 0.049 | 0.195 | 0.013 | 0.049 | 0.025 | 0.098
10 |Eschericihia coli TEM 0.049 | 0.098 | 0.013 | 0.049 | 0.025 | 0.195
11 |Eschericihia coli 1507E 0.049 | 0.098 | 0.013 | 0.025 | 0.025 | 0.195
12 |Psudemonas aeruginosa 9027 3.125 | 0.781] 3.125 | 0.391 | 0.195 | 0.781
13 |Psudemonas aeruginosa 1592E| 1.563 | 0.781| 1.563 | 0.391 | 0.098 | 1,563
14 |Psudemonas aeruginosa 1771 6.250 | 3.125] 6.250 | 0.781 | 0.391 | 0.781
15 |Psudemonas aeruginosa 1771M| 0.781 | 0.391 | 0.391 | 0.195 | 0.098 | 0.098
16 |Salmonella typhimurium 0.098 | 0.195 | 0.025 { 0.195 | 0.049 | 0.781
17 |Klebsiella oxytoca 1082E 0.195 | 0.391 | 0.049 | 0.195 | 0.049 | 0.391
18 |Klebsiella aerogenes 1522E 0.098 [ 0.195 | 0.025 | 0.195 | 0.049 | 0.391
19 |Enterobacter cloacae P99 0.195 | 0.195 | 0.049 | 0.049 ;| 0.025 | 0.195
20 |Enterobacter cloacae 1321E 0.049 | 0.098 | 0.013 | 0.025 | 0.025 | 0.098
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A2A A9
PART A

(2S,4R)-4-Hydroxy-2-methoxycarbonylpyrrolidine hydrochloride (2)
trans-4-Hydroxy-L-proline 1 100 g(760 mmol)& MeOH 1Ld| &3t 0 °C
o] A acetyl chloride 81 ml (1140 ml, 15 eq)E A A 3] H7letA o). ok A7 7+

SLE wWHksts SujE WAL 7AYgwE3 g vkg F=Yo diethyletherE 713

Z A7 F AgF35td FFHE 2 135 g (98%)E A}

> rﬁ_

(2S,4R)-4-Hydroxy—1-t-butoxycarbonyl-2-methoxycarbonylpyrrolidine (3)

3138 2 69.2 g (380 mmol)E F CH:ChLol &31% ¥ TEA 1584 ml (1.35
mmol, 3 eqQ)E HA3] Hrtstm 0 Colid F4 CHl; 200 miol Di-tert-butyl
dicarbonate 100 g (0.46 mmol, 1.2 eq)2 #3138 A& A3 F7lstdoh Ao =
&9 F A7 B9 wbgo] FAEA whksled §WlE 2 TR AAT F
EtOAc®t B2 #2331 #7158 FF FAYEFOLRE AXANF AFfsta g
2 A% 2FH39 FFE 3 656 g (70%)L AUTh pale white oil: 'H NMR
(CDCly) & 140, 145 (s, 9H, rotamer), 2.04~2.09 (m, 1H), 226~2.89 (m, 1H),
3.55~3.64 (m, 2H), 3.72 (s, 3H), 4.36~4.47 (m, 2H).

(2S,4R)-4-t-Butyldimetylsilyloxy—1-¢t-butoxycarbonyl-2-methoxycarbonyl-
pyrrolidine (4)

338 3 6561 g (270 mmol)& ¥ FH3IlA DMFe &3]3 ¥ imidazole
239 g (351 mmol, 1.3 eq)& A7}3F & tert-butyldimethyl chlorosilaneS % 7}&Ht}.
Aeow & & 2N 7t wwksle] whgo] F AW DMF9 SHH 7y =3
EtOAcZ FZ38t1 /7] %S ¥F FMUEFORE UEAL F AHsn &)
279t Z85ta] BTE 4 873 g (90%)S AUtk pale yellow oil: 'H NMR
(CDCly) 6 0.05 (s, 6H), 0.86 (s, 9H), 1.40, 145 (s, 9H, rotamer), 1.55~159 (m,
1H), 1.89~1.93 (m, 1H), 350~3.64 (m, 2H), 3.74 (s, 3H), 4.09~4.26 (m, 2H).

(2S AR)-4-t-Butyldimetylsilyloxy-1-£-butoxycarbonyl-2-hydroxymethylpyrroli-
dine (5)

3E 4 875 g (240 mmoD)E AA7IF3HA F4 THF 350 mle] &3jA17)
o}, 9&Z¥3lo A lithium cholride anhydrous 20.35 g (480 mmol, 2 eq)%}
sodium borohydride 18.16 g (480 mmol, 2 eq)E Z7FAzl $& EtOH 700 mlE A
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A8 WojmAr), ALoR 27 oF 8A7 7HF WHHAIZ] F wrgo] 2AHA B8
4 EZAE q4#stz THFS ethyl alcohold #Y EFH38te] A AT ¥ citric acidE
7te H EF EtOAcE FE319 f715& ¥4 FAYEELZ AxAZT. o

2
SE AFetn PG ZFHIJY FFE 5 6772 g (85%) AUtk white oil: 'H
NMR (CDCl) § 0.05 (s, 6H), 0.86 (s, 9H), 1.46 (s, 9H), 1.52~1.60 (m, 1H), 1.8
7~197 (m, 2H), 3.34~3.45 (m, 2H), 3.49~3.69 (m, 2H), 4.08~4.27 (m, 2H).

(2S,4R)-4-t-Butyldimetylsilyloxy-1-t-butoxycarbonyl-2-formylpyrrolidine (6)

33E 5 6772 g (200 mmo)E -10 °Coll Al F4= CH:Cl 400 mlel TEA 836
ml (10.6 mmol, 3 eq) A7} AL £33 & DMSO 400 miel Sulfur-trioxide-
pyridine 955 g (600 mmol, 3 eq)S £33 AL H7do Ao= 2087 iyt
sty M E IS T/ AAAZD F DMS09 58 =9 51 EtOAcE %
3 fF71FE 2FER FolE U F4 FMUEFORE ARAA A4H#S F &
s 7 ZH3ste SFE 6 527 g (80%)2 AUtk pale yelow oil: 'H NMR
(CDClz) 8 0.05 (s, 6H), 0.87 (s, 9H), 1.40, 1.45 (s, 9H, rotamer), 1.91~2.03 (m,
2H), 3.37~3.54 (m, 2H), 4.21~4.37 (m, 2H) 943, 956 (s, 1H).

(2S,4R)-A-t-Butyldimetylsilyloxy—-1-t-butoxycarbonyl-2-hydroximidopyrrolidine (7)

e 6 5271 g (0.16 mol)E EtOH 1.2 Lo £33 $ hydroxyamine
hydrochloride 12 g (0.17 mol, 1.07 eq)& A 7}ste] 3 F pyridine 120 mlE
H7 T A2l A 18AI1F Ft mubate] wkgo] FASH &ulE Y FHH
AAG F BE ¥ 2A7F ¢ wRksit, AAgo] AV AqFste] EE AojFd
318 7 43 g (78%)< Y=tk white powder: '"H NMR (CDCls) & trans 0.06 (s,
6H), 0.90 (s, 9H), 1.45 (d, 9H), 1.75~1.89 (m, 1H), 2.23~2.34 (m, 1H), 3.33~3.45
(m, 2H), 4.34~4.46 (m, 2H), 6.68~6.76 (m, 1H), 7.39~7.72 (m, 1H) cis 0.06 (s,
6H), 0.86 (d, 9H), 1.45 (d, 9H), 1.74~1.81 (m, 1H), 2.22~2.30 (m, 1H), 3.35~3.44
(m, 2H), 4.31~4.36 (m, 2H), 6.67~6.74 (m, 1H), 7.30~7.43 (m, 1H).

(2S,4R)-4-t-Butyldimetylsilyloxy—1-t-butoxycarbonyl-2- (5-methoxycarbonyl-
isoxazol-3-yl)pyrrolidine (8)

3I3HE 7 10 g(29 mmol)& DMF 200 milol £33 F HA7]F3IA
N-chlorosuccinimide 4.26 g (32 mmol, 1.1 eq)S ¥ i 5-1083F wutgcy o2 F
60 CellA 3027 nutsk 3 2 C2 YzhA| 71tk o 7)o methyl propiolate 12.9 ml
(145 mmol, 5 eq)& #7}3 th& DMF 40 mlo] &3j=o] e TEA 446 ml (32
mmol, 1.1 eq)& o 3023t 2H MM Hr4go agx 2 Tl 3087 wwt
T AR 24 Ft wyrgth wkgo] Euw DMF 58 =9 3 EtOAc
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< 2 Holllz 74 FAUEFLE WX AFg &
4 £ E AAZY. 28 colunm chromatography= A A|ste] 3t
g 8% 75 (60.6%) Lt pale yelow oil: 'H NMR (CDCl) & 0.06 (s, 6H),
0.82 (s, 9H), 1.29, 143 (s, 9H, rotamer), 2.03~2.28 (m, 2H), 3.43~3.55 (m, 2H),
394 (s, 3H), 4.39~4.45 (m, 1H), 5.04~5.11 (m, 1H), 6.82, 6.94 (s, 1H).

H
- %5

(2S,4R)-4-t-Butyldimetylsilyloxy—1-allyloxycarbonyl-2-(5-methoxycarbonyl-
isoxazol-3-yl)pyrrolidine (9)

3135 8 6.34 g (14.8 mmol)S CHClyTFA=1/1¢ll 4 Tl 1A &< vt
@ gl BUE $E A% FReC AN 0 ovlel THFE ol &3

2

A

=

71tk AL FE3loA TEA 20 ml (143.6 mmol, 9.8 eqQ)& ¥ I allyl chloro-
formate 1.74 ml (16.3 mmol, 1.1 eq)E Y=t} H294 1543 5 wqk 5& =
Hbgo] FAHY & s 24Y FF 3 S EFH} EtOAcE FE3A F713E€ F
+ FAMYEFoR AT v dHd F AAEFHFIT 29I colunm
chromatography 22 AA3] 33E 9 43 g (70%)E LAtk pale yelow oil:
'H NMR (CDCls) § 0.07 (s, 6H), 0.84 (s, 9H), 2.28~2.33 (m, 2H), 3.48~3.62 (m,
2H), 393 (s, 3H), 450~461 (m, 3H), 5107531 (m, 3H), 5.71~593 (m, 1H),
6.83, 6.97 (s, 1H, rotamer).

(2S,4R)-4-t-Butyldimetylsilyloxy—-1-allyloxycarbonyl-2-(5-hydroxycarbonyl-
isoxazol-3-yl)pyrrolidine (10)

3138 9 43 g (104 mmol)E MeOHo| &8jr17 & 4 F83talA claisen
alkali 85 g& HH3 AH7F3}. <k A7 A wuks gk§o] YW citric acid®
AN e 7 FHE A i E A A 3 T EF EtOAcE FE389 F71%F

& 7 ggeEFez AxsY o7 F Y FHRI}A AAAIL colunm
chromatography8 22 AAsle 3gE 10 404 g (98%)S AUt pale yellow

oil: 'H NMR (CDCl) 8 0.07 (s, 6H), 0.86 (s, 9H), 2.05~2.30 (m, 2H), 3.50~3.63
(m, 2H), 452~465 (m, 3H), 510~532 (m, 3H), 572~592 (m, 1H), 6.90, 6.96
(d, 1H), 865 (bs, 1H).

(2S,4R)-4-t-Butyldimetylsilyloxy—1-allyloxycarbonyl-2-(5-allyloxycarbonyl-
isoxazol-3-yl)pyrrolidine (11)

332 10 404 g (102 mmol)S 80 mlel DMFel &3jA17l & HA 7]/ 3}l
A TEA 2.6 ml (183 mmol, 1.8 eq)E 7} ¥ allyl bromide 1.94 ml (22.4 ml,
22 eq)E AUbgth 65 CollA & 1IN AE mH F wbgo] YW DMFY °F 5
v 29 B3 EtOAcE FE3l9 §715E% 55 FAUEFOZ Hxdte AHF
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$ ¢ ZFF. 283 colunm chromatography® & 22 AA st 3%E 11
3.38 g (76%)% AUtk pale yellow oil: 'H NMR (CDCls) § 0.07 (s, 6H), 0.84 (s,
9H), 2.15~2.33 (m, 2H), 351~3.63 (m, 2H), 4.46~4.60 (m, 3H), 482 (d, 2H), 5.1
0~5.45 (m, 5H), 5.74~594 (m, 2H), 6.85, 6.99 (s, 1H).

(25,4R)-4-t-Butyldimetylsilyloxy-1-allyloxycarbonyl-2-(5-hydroxymethyl-
isoxazol-3-yl)pyrrolidine (12)

3AE 9 98 g (24 mmo)& HAVIFEAA F5 THF 35 midl &332
g8 F®35tel A lithium cholride anhydrous 2.0 g (48 mmol, 2 eq)®t sodium
borohydride 1.8 g (48 mmol, 2 eq)E H7IA 7 & MeOH 70 mlE AA3] Hojx=
dot. Aoz &8 o AT 7t wwAZl & whge] FZHHW £84 =22
o33t THF$ ethyl alcohols 7t 73t AAF & citric acidE 713 H &
3 EtOAcE FE39 f715S FF Y EFORZ HxAZY. o &WE o3
stm 7 FRete ATE 12 812 g (85%)F At white ol 'H NMR
(CDCI3) 8 0.05 (s, 6H), 0.88 (s, 9H), 2.32 (m, 2H), 3.4873.61 (m, 2H), 3.94 (s,
2H), 452 (m, 3H), 5.09~5.34 (m, 3H), 594 (m, 1H), 6.10 (s, 1H).

(2S,4R)-4-t-Butyldimetylsilyloxy -1-allyloxycarbonyl-2-(5-methylaminomethyl-
isoxazol-3-yl)pyrrolidine (15)

'H NMR (CDCl) & 0.08 (s, 6H), 0.88 (s, 9H), 2.23 (m, 2H), 247 (s, 3H),
3477367 (m, 2H), 3.84 (s, 2H), 4497462 (m, 3H), 5.11~5.34 (m, 3H), 594 (m,
1H), 6.0576.18 (d, 1H, J=41.46 Hz).

(2S,4R)-4-t-Butyldimetylsilyloxy—1-allyloxycarbonyl-2-(5-allyloxycarbonyl-
methylaminomethylisoxazol-3-yl)pyrrolidine (17)

'"H NMR (CDCl) 8 0.08 (s, 6H), 0.89 (s, 9H), 2.29 (m, 2H), 3.00 (s, 3H),
3517361 (m, 2H), 4127463 (m, 7H), 511~5.34 (m, 5H), 5.8975.98 (m, 2H), 6.02
(m, 1H).

(2S,4R)-4-t-Butyldimetylsilyloxy-1-allyloxycarbonyl-2-(5-aminomethylisoxazol-
3-yl)pyrrolidine (18)

'H NMR (CDCL) & 0.08 (s, 6H), 0.88 (s, 9H), 2.32 (m, 2H), 3.4873.61 (m,
2H), 394 (s, 2H), 452 (m, 3H), 5.09~5.34 (m, 3H), 594 (m, 1H), 6.10 (s, 1H).
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(2S,4R)-4-t-Butyldimetylsilyloxy-1-allyloxycarbonyl-2-(5-allyloxycarbonylamino-
methylisoxazol-3-yl)pyrrolidine (19)

'H NMR (CDCly) § 0.07 (s, 6H), 0.87 (s, 9H), 2.2372.30 (m, 2H), 3.47°3.59
(m, 2H), 44374.63 (m, 7H), 5.08~5.34 (m, 6H), 5.8975.98 (m, 2H), 6.19 (m, 1H).

(2S,4R)—-4-t-Butyldimetylsilyloxy-1-allyloxycarbonyl-2- (5-isopropylcarbonyl-
aminomethylisoxazol-3-yl)pyrrolidine (20)

'H NMR (CDCly) & 0.08 (s, 6H), 088 (s, 9H), 1.19 (d, 6H, J=6.9 Hz), 2.27
(m, 1H), 242 (m, 1H), 3.4873.61 (m, 2H), 4.4874.62 (m, 5H), 509~5.34 (m, 3H),
594 (m, 1H), 6.10 (d, 1H, J=33 Hz).

(2S5 AR)-4-Hydroxy-1-allyloxycarbonyl-2-(5-allyloxycarbonylisoxazol-3-y1)-
pyrrolidine (22a)

3gE 11 338 g (7.74 mmol)-& 75 THF 80 mlell &3 A2 & &% T&3
o A tetrabutylammonium fluoride 155 ml (155 mmol, 2 eq)E A 7}3th 0 CToll
A ok 1AIZE mRE F nkgo] Eud £ E 79t T/ AAREL EF EtOAcE
FZ3le F715S T FMUEFOR AFso 433 ¥ AgFFAG 18
colunm chromatography® AAste] 43 3FE 22a 18 g (72%)E Atk
pale white oil: 'H NMR (CDCly) 8 2.17~2.44 (m, 2H), 3.12 (bs, 1H), 3.62~3.71
(m, 2H), 446~452 (m, 3H), 479 (d, 2H), 5.10~542 (m, 5H), 569~593 (m,
2H), 6.85, 6.95 (s, 1H).

(2S,4R)-4-Hydroxy-1-allyloxycarbonyl-2-(5-allyloxycarbonylmethylaminom-
ethyl isoxazol-3-yl)pyrrolidine (22c)

'"H NMR (CDCl) 8 236 (m, 2H), 2.65 (m, 2H), 2.99 (s, 3H), 3.6373.73 (m,
2H), 4527462 (m, 7H), 5.0875.36 (m, 5H), 5.7576.08 (m, 5H), 6.17~6.18 (d, 1H,
J=329 Hz).

(2S,AR)-4-Hydroxy - 1-allyloxycarbonyl-2-(5-dimethylaminomethylisoxazol-3-yl)-
pyrrolidine (22d)

'H NMR (CDCl) § 228 (s, 6H), 2117250 (m, 2H), 353 (s, 2H), 3.64 (m,
2H), 455 (m, 3H), 51075.31 (m, 3H), 5727592 (m, 1H), 6.08~6.21 (d, 1H,
J=36.12 Hz).
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(2S,4R)-4-Hydroxy-1-allyloxycarbonyl-2-(5-allyloxycarbonylaminomethyl-
isoxazol-3-yl)pyrrolidine (22e)

'H NMR (CDCl) § 2.36 (m, 2H), 2.70 (m, 2H), 447 (d, 2H, J=6.15 Hz), 4.60
(m, 5H), 51175.35 (m, 6H), 5.8875.96 (m, 2H), 6.11~6.21 (d, 1H, /=309 Hz).

(2S,4R)-4-Hydroxy -1-allyloxycarbonyl-2-(5-isopropylcarbonylaminomethyl-
isoxazol-3-yl)pyrrolidine (22f)

'H NMR (CDCly) & 1.17~1.19 (d, 6H, J=6.92 Hz), 2.06 (m, 1H), 245 (m, 2H),
3.71 (m, 2H), 452 (m, 4H), 524 (m, 2H), 593 (m, 1H), 6.08~6.18 (d, 1H, /=314
Hz).

(2S,4R)~-4-Hydroxy-1-allyloxycarbonyl-2- (5-methylsulfonylaminomethylisoxazol-
3-ylpyrrolidine (22g)

'H NMR (CDCl) 8 222 (m, 1H), 2.37 (m, 1H), 294 (s, 3H), 3.65 (s, 2H),
4.39 (m, 2H), 452 (m, 3H), 509~5.32 (m, 3H), 590 (m, 1H), 6.26 (s, 1H).

(2S,4R)-4-Methansulfonyloxy—1-allyloxycarbonyl-2-(5-allyloxycarbonylisoxazol-3-
yDpyrrolidine (23a)

& 22a 1.7 ¢ (5.2 mmol)¥ F4 CH:Cl 80 mldll &3] A2 & 45 5%
kel Al TEA 087 ml (6.24 mmol, 1.2 eq)E A7}t ¥ methansulfonyl chloride
044 ml (5.7 mmol, 1.1 eq)S F7}3tt}, Ao A 1A17F T w{kgt & jEZo] &
AEA CHLLY 83 &3 §715S FF U EFOLE X AHf3 F
2t FFed EE 23a 182 g (87%)C dEvh pale vellow oil: 'H NMR
(CDCl3) & 250~2.71 (m, 2H), 3.10 (s, 3H), 3.76~3.81 (m, 2H), 454~4.60 (m,
2H), 4.83 (d, 2H), 515~5.46 (m, 6H), 595~6.17 (m, 2H), 6.90, 7.04 (s, 1H).

(2S,4R)-4-Methansulfonyloxy-1-allyloxycarbonyl-2-(5-allyloxycarbonylmethyl-
aminomethylisoxazol-3-yl)pyrrolidine (23c)

'H NMR (CDCly) & 2527265 (m, 2H), 3.01 (s, 3H), 3.06 (s, 3H), 3.7573.80
(m, 1H), 39774.07 (m, 1H), 454 (s, 3H), 4607453 (m, 3H), 514~5.35 (m, 6H),
591 (m, 1H), 6.20 (d, 1H, J=36.57 Hz).

(2S,4R)-4-Methansulfonyloxy -1-allyloxycarbonyl-2-(5-dimethylaminomethyl-
isoxazol-3-yl)pyrrolidine (23d)

'H NMR (CDCly) 8§ 2.31 (s, 3H), 25372.85 (m, 2H), 3.08 (s, 3H), 3.58 (s, 2H),
3.7573.80 (m, 1H), 3.9774.14 (m, 1H), 4.95 (m, 2H), 5.14~5.35 (m, 4H), 5817591
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(m, 1H), 6.20 (d, 1H, J=45.02 Hz).

(2S,4R)-4-Methansulfonyloxy-1-allyloxycarbonyl-2-(5-allyloxycarbonylamino-
methylisoxazol-3-yl)pyrrolidine (23e)

'H NMR (CDCly) & 2497275 (m, 2H), 3.08 (s, 3H), 3.7573.85 (m, 1H),
3987401 (m, 1H), 447 (d, 1H, J=6.1 Hz), 460(m, 4H), 516~535 (m, 7H),
5.8975.97 (m, 1H), 6.16 (d, 1H, J/=33.78 Hz).

(2S,4AR)-4-Methansulfonyloxy-1-allyloxycarbonyl-2-(5-isopropylcarbonylamino—
methylisoxazol-3-yl)pyrrolidine (23f)

'H NMR (CDCly) & 1.1771.19 (d, 1H, /=69 Hz), 2.45 (m, 1H), 2.60 (m, 1H),
272 (m, 1H), 3.09 (s, 3H), 3.09 (s, 3H), 3.81 (m, 1H), 3987414 (m, 1H),
4537460 (m, 4H), 5.16~5.90 (m, 4H), 5.89 (m, 1H), 6.16 (d, 1H), (d, 1H, J=33.78
Hz).

(2S,AR)-4-Methansulfonyloxy-1-allyloxycarbonyl-2-(5-methylsulfonylamino-
methylisoxazol-3-yl)pyrrolidine (23g)

'H NMR (CDCls) & 2,60 (m, 1H), 2.70 (m, 1H), 294 (s, 3H), 3.09 (s, 3H),
3.82 (m, 1H), 398 (m, 1H), 4.28 (s, 2H), 456 (s, 2H), 516~548 (m, 5H), 5.90
(m, 1H), 6.30 (d, 1H, J=25.32 Hz).

(2S,4R)-4- Acetylthio-1-allyloxycarbonyl-2-(5-allyloxycarbonylisoxazol-3-yl)-
pyrrolidine (24a)
3}3HE 23a 1.8 g (45 mmol)2 ¥4 CHsCN 100 mle] &3|AZ

3Foll Al potassium thioacetate 1.03 g (9 mmol, 2 eq)2 A 7Fsto}. 283z oF 8A|7H
719 gF3. wgo] F4sd E3 EtOAcE FE39 f715E ¥+ FAYUE
o2 Azxsty A3 & 7t =F 3ok 282 colunm chromato graphy® A
At &5 3EE 24a 12 g (70%)< AUTH brown oill: 'H NMR (CDCl) &
2.11~2.39 (m, 1H), 2.32 (s, 3H), 2.80~291 (m, 1H), 341~3.44 (m, 1H), 406~
417 (m, 2H), 455~4.60 (m, 2H), 4.85 (d, 2H), 5.13~5.47 (m, 5H), 5.80~6.02 (m,
2H), 6.92, 6.99 (s, 1H).

A271F

(2S,4R)—4-Acetylthio-1-allyloxycarbonyl-2-(5-dimethylaminomethylisoxazol -3~
yl)pyrrolidine (24d)

'H NMR (CDCly) 8 2.13 (m, 1H), 2.28 (s, 6H), 2.77 (m, 1H), 3.37 (m, 1H),
358 (s, 2H), 3.99 (m, 1H), 411 (m, 1H), 455 (m, 2H), 5.0575.31 (m, 3H), 5.85
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(m, 1H), 6.16 (s, 1H).

(2S,4R)-4-Acetylthio-1-allyloxycarbonyl-2-(5-isopropylcarbonylaminomethyl-
isoxazol-3-yl)pyrrolidine (24f)

'"H NMR (CDCly) & 1.1671.18 (d, 2H, J=6.90 Hz), 2.18 (m, 1H), 2.34 (s, 3H),
2.80 (m, 1H), 293 (s, 3H), 340 (m, 1H), 405 (m, 1H), 4.15 (m, 1H), 4.42 (d,
2H, J=6.09 Hz), 455 (m, 2H), 5.0575.33 (m, 4H), 5.87 (m, 1H), 6.28 (s, 1H).

(2S,4R)-4-Acetylthio-1-allyloxycarbonyl-2-(5-methylsulfonylaminomethyl-
isoxazol-3-yl)pyrrolidine (24g)

'H NMR (CDCl3) & 2.18 (m, 1H), 2.34 (s, 3H), 278 (m, 1H), 2.94 (s, 3H),
342 (m, 1H), 4.05 (m, 1H), 4.15 (m, 1H), 4.28 (s, 2H), 456 (s, 2H), 506~534
(m, 4H), 590 (m, 1H), 6.30 (s, 1H).

(2S,4R)-4-Mercapto-1-allyloxycarbonyl-2-(5-allyloxycarbonylisoxazol-3-yl)-
pyrrolidine (25a)
313HE 24a 064 g (1.7 mmoD)E E& FHIINA allyl alcoholel] &3 A7t}

283 o379 1IN sodium thiomethoxide 1.87 ml (1.87 mmol, 1.1 eq)& &3] 4
7hett) A& FESlA 3083 wwkst ¥ £ EtOAcE FE3t9 #7152 7
FHIEFoR dAxsa A#Hg F AGFHEA AASE sFE 26a 05 g
(86%)& ATt

(2S,4R)-4-Mercapto-1-allyloxycarbonyl-2-(5-allyloxycarbonylmethylamino-
methylisoxazol-3-yl)pyrrolidine (25¢)
33E 24cE A& =3 A methyl alcohold] &3jA)zith 2]l o 7]
=
[e)

IN-NaOH (1.1 eq)S HM3] AH7tgth 95 FEstolA 1AL St 2gkd & &
7 EtOAcE FE3td {713 & 75 FAUEFLR Axsty AT F AASTFH
gtof AASHE FE 25cE deH

(2S,4R)-4-Mercapto—-1-allyloxycarbonyl-2-(5-dimethylaminomethylisoxazol-3-y1)-
pyrrolidine (25d)
25c9 FYT wHo=z A

(2S,4R)-4-Mercapto-1-allyloxycarbonyl-2-(5-allyloxycarbonylaminomethyl-

isoxazol-3-yl)pyrrolidine (25e)
25c Y WHow A
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(2S,4R)-4-Mercapto-1-allyloxycarbonyl-2-(5-isopropylcarbonylaminomethyl-

isoxazol-3-yl)pyrrolidine (25f)
25c L3 wHoz A

(2S,4R)-4-Mercapto—1-allyloxycarbonyl-2-(5-methylsulfonylaminomethylisoxazol -
3-yl)pyrrolidine (25g)

25c 4T WHow A
(1R 5S,65)-2-{(3S,55)-(5-Allyloxycarbonylisoxazol-3-yl)-1-(allyloxycarbonyl)-
pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-1-carbapen-2-em—-3-
carboxylate (26a)

FhalH Y] AEFAH o EFFEY N N-disopropylethylamine 057 ml (3.3
mmol, 15 eq)& 7}t 3FE 25aF T+ CHiCN o] &3] A7 A& =9 &=

2 H7pgth 2417 Fo] ukSdS EtOAcet A9 EE FEIY F71F& FHsHH
75 FAUEFORZ Az}l @Mﬁ& F Ay SFsx 2o 3PES colunm
chromatography'3 &2 AA| sty =53 38dE 26a 025 g (25%)S F=T} pale

brown powder: 'H NMR (CDCls) 8 l.27~1.30 (d, 3H, J=6 Hz), 1.37~1.39 (d, 3H,
J=9 Hz), 290 (bs, 1H), 3.27~3.30 (m, 2H), 3.40~350 (m, 1H), 3.80 (bs, 1H),
411~4.28 (m, 4H), 4.45~4.87 (m, 5H), 5.19~548 (m, 8H), 579~6.04 (m, 3H),
6.97 (s, 1H)

(1R,5S,65)-2-{(35,55)— (5-allyloxycarbonylmethylaminomethylisoxazol-3-yl)-1-
(allyloxycarbonyl)pyrrolidin-3—ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-
carbapen—-2-em-3-carboxylate (26¢)

'H NMR (CDCly) & 1.26~1.29 (d, 3H, J=7.25 Hz), 1.35~1.37 (d, 3H, J=6.24
Hz), 2.14 (m, 1H), 3.00 (s, 3H), 2.84 (m, 1H), 3.26 (m, 1H), 3.3273.62 (m, 2H),
371 (s, 1H), 4237426 (m, 2H), 456 (s, 3H), 463 (m, 2H), 472 (m, 2H),
5.0975.47 (m, 6H), 594 (m, 2H), 6.12 (s, 1H).

(1R55,65)-2-{(35,5S)-(5-dimethylaminomethylisoxazol-3-yl)-1-(allyloxy-
carbonyl)pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-
em-3-carboxylate (26d)

'"H NMR (CDCly) & 1.27~1.28 (d, 3H, J=7.08 Hz), 1.33~1.36 (d, 3H, J=6.18
Hz), 1.18 (m, 1H), 2.32 (s, 6H), 2.84 (m, 1H), 3.26 (m, 1H), 396 (m, 2H), 3.62
(s, 2H), 3.81 (m, 1H), 4.26 (m, 2H), 451 (m, 1H), 472 (m, 1H), 4.84 (m, 1H),
5.0975.47 (m, 5H), 594 (m, 2H), 6.20 (s, 1H).
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(1R,5S,6S)2-{(3S,5S)-(5-Allyloxycarbonylaminomethylisoxazol-3-yl)-1-(allyloxy-
carbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-
em-3-carboxylate (26e)

'H NMR (CDClL) § 1.26~1.28 (d, 3H, J=6.84 Hz), 1.33~1.35 (d, 3H, J=6.09
Hz), 218 (m, 1H), 2.74(m, 1H), 2.96 (m, 1H), 3.25 (m, 1H), 358 (m, 1H), 3.65
(m, 1H), 3.75 (m, 1H), 398 (m, 1H), 4.26 (m, 2H), 4.45 (m, 2H), 457 (m, 2H),
4.82 (m, 2H), 5117554 (m, 5H), 5.95 (m, 2H), 6.19 (s, 1H).

(1R,5S,65)-2-{(3S,5S) - (5-Isopropylcarbonylaminomethylisoxazol-3-yl)-1-(allyl-
oxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)—-1-hydroxyethyll-1-methyl-1-carbapen-
2-em—-3-carboxylate (26f)

'H NMR (CDCly) § 1.16~1.18 (d, 3H, J=6.87 Hz), 1.26~1.28 (d, 3H, J=6.84
Hz), 1.33~1.35 (d, 3H, J=6.09 Hz), 2.18 (m, 1H), 243 (m, 1H), 2.74(m, 1H), 2.96
(m, 1H), 3.25 (m, 1H), 3.58 (m, 1H), 3.65 (m, 1H), 3.75 (m, 1H), 3.98 (m, 1H),
4.26 (m, 2H), 445 (m, 2H), 457 (m, 2H), 4.82 (m, 2H), 5117554 (m, 5H), 5.95
(m, 2H), 6.19 (s, 1H).

(1R,55,65)-2-{(3S,55)-(5-methanesulfonylaminomethylisoxazol-3-yl)-1-(allyloxy -
carbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-
em—3-carboxylate (26g)

'"H NMR (CDCly) § 1.25~1.27 (d, 3H, J=5.97 Hz), 1.36~1.38 (d, 3H, J=6.00
Hz), 2187232 (m, 1H), 2747296 (m, 1H), 299 (s, 3H), 3.25 (m, 2H), 3.58 (m,
1H), 3.80 (m, 1H), 398 (m, 1H), 426 (m, 2H), 4.45 (m, 2H), 457 (m, 2H), 4.82
(m, 2H), 5.1675.49 (m, 5H), 5.95 (m, 2H), 6.31 (s, 1H).

(1R,5S,65)-2-{(35,56S)-(5-Hydroxycarbonylisoxazol-3-yl)-1-pyrrolidin-3-ylthio}-
6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em—-3-carboxylic acid (27a)
313E 26a 025 g (043 mmoD)& A 7|F 3tllA F7F AAE CH:Ll 10 ml
of &ajA7)I & FH3tAA tetrakis(tyiphenylphosphine)palladium(0) & vl 2
7FskaL tributyltinhydride 0.38 ml (1.42 mmol, 3.3 eq)E& A7}3tc} 3AI7F £ HE-§
o] E4y9¥ 2-ethylhexanoic acid-sodium salt 0.11 g (0.65 mmol, 1.5 eq)E& 7} H
0%z wRkgth, 11 ¥ FREFE FE3Y CHLLEFL HEL F/RF5E Fsho
wol dHA 52 Ax A7, 52 AxE E43% ¥ ES HP-20 Dianion (5%
THF & 9)& o] &5 HAD 88 52 Ax2 AAst HF 7hatAdd
FE 272 0.1 g (52%)& Y=t brown powder: 'H NMR (D:0) § 1.13 (d, 3H,
J=72 Hz), 1.19~1.21 (d, 3H, J=6.0 Hz), 1.81~1.85 (m, 1H), 2.75~2.80 (m, 1H),
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3.03~3.09 (dd, 1H), 3.31~342 (m, 3H), 3.80~3.88 (m, 1H), 411~417 (m, 2H),
439~445 (t, 1H), 6.79 (s, 1H).

27b : 0.15 g (56%): colorless powder: 'H NMR (D:0) 8 1.09~1.11 (d, 3H, J=7.2
Hz), 1.16~1.18 (d, 3H, J=7.1 Hz), 167~172 (m, 1H), 262~2.72 (m, 1H), 2.92~
294 (dd, 1H), 3.22~3.31 (m, 3H), 3.72~3.77 (m, 1H), 3.85 (s, 3H), 4.07~4.14 (m,
2H), 4.29~4.35 (t, 1H), 7.11 (s, 1H).

(1R 5S,65)-2-{(3S,55)-(5-Methylaminomethylisoxazol-3-yl)-1-pyrrolidin-3-yl-
thio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic acid
(27¢)

1 NMR (D;0) § 1.11~1.14 (d, 3H, J=6.34 Hz), 1.19~1.21 (d, 3H, J=7.18 Hz),
1.76 (m, 1H), 1.88 (m, 1H), 262 (s, 3H), 2.75 (m, 1H), 2.96 (m, 1H), 333 (m,
3H), 3.837 (m, 1H), 4.14 (m, 2H), 4.27 (s, 2H), 4.35 (t, 1H), 6.55 (s, 1H).

(1R 5S,6S)-2-{(3S,5S)- (5-Dimethylaminomethylisoxazol-3-yl)-1-pyrrolidin-3-yl-
thio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylic acid
(27d)

'H NMR (D:0) 8 1.07~1.09 (d, 3H, J=7.14 Hz), 1.13~1.15 (d, 3H, J=6.33 Hz),
1.98 (m, 1H), 2.85 (m, 1H), 3.08 (s, 9H), 3.25 (m, 2H), 3.33 (m, 1H), 352 (s, 2H),
398 (m, 1H), 4.13 (m, 2H), 4.40 (m, 1H), 6.838 (s, 1H).

(1R 5S,6S)-2-{(3S,5S)-(5-Aminomethylisoxazol-3-yl)-1-pyrrolidin-3-ylthio}-6-
[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylic acid (27e)

'H NMR (D-0) & 1.06~1.09 (d, 3H, J=7.20 Hz), 1.15~1.17 (d, 3H, J=5.97 Hz),
1.88 (m, 1H), 2.78 (m, 1H), 3.11 (m, 1H), 3.30 (m, 2H), 3.41 (m, 1H), 3.87 (m,
1H), 4.09 (m, 2H), 4.25 (s, 2H), 4.55 (t, 1H), 6.53 (s, 1H).

(1R 5S,6S)-2-{(3S,5S)-(5-Isopropylcarbonylaminomethylisoxazol-3-yl)-1-
pyrrolidin—3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-
carboxylicacid (27f)

'H NMR (D-0) § 0.95~097 (d, 3H, J=6.93 Hz), 1.06~1.08 (d, 3H, J=7,23 Hz2),
1.12~1.14 (d, 3H, J=6.34 Hz), 1.8972.04 (m, 1H), 242 (m, 1H), 291 (m, 1H)
322 (m, 1H), 3.33 (m, 2H), 367 (m, 1H), 398 (m, 1H), 409 (m, 2H), 438 (s.
2H), 6.33 (s, 1H).
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(1R ,55,65)-2-{(3S,5S)-(5-Methanesulfonylaminomethylisoxazol-3-yl)-1-
pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-
carboxylic acid (27g)

3}3HE 26g 0.26 g (043 mmol)E AA 7]F 3ol F AAE CHLCl: 10 ml
LA DS FE5I A  tetrakis(tyiphenylphosphine)palladium(0)S & vl &
3]’ tributyltinhydride 0.38 ml (1.42 mmol, 3.3 eq)E A7} 1 ¥ F7/T
Z3to] CHXCLES Wl /TS FAsto 2o} 48X 2 dx ALY

zd E¢d 33ES HP-20 Dianion (5% THF F89%)& o] &3t AA
. ES 52 AEE AASY HF shutEdel 3EE 27g 01 g 62%)S 4+
o+ 'H NMR (D:0) & 1.06~1.08 (d, 3H, J=7.16 Hz), 1.10~1.12 (d, 3H, J=6.34 Hz),
1.98 (m, 1H), 2.85 (m, 1H), 2.97 (s, 3H), 3.25 (m, 2H), 3.33 (m, 1H), 357 (m,
1H), 3.98 (m, 1H), 4.13 (m, 2H), 440 (s, 2H), 651 (s, 1H).

\Fiomw

(2S,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5'-methylisoxazolocarbamoyl) -
pyrrolidine (30a)

33HE 28 05 g (1.8 mmol)E ¥ THF 10 mid] €313 & 45 FH3tolA
N-methylmorpholine 0.3 ml (22 mmol, 15 eq)2 Z7}st}t 21
5-methylisoxazole 29a% %< THF 10 mld] &3 F <
N-methyl morpholine 0.32 ml (25 mmol, 15 eq)& ZH7}3c} oA =
Gojre g i Aol 12A17F B mt & &ulE A9 FHE AAGL =
EtOAcE FZ3t9qA FF AU EFORZ AZxste A3 & &0E 2 7T
t}. 283 colunm chromatographyB & AA| st £43 3FE 30a 083 ¢
(59%)5 Q+Erth pale brown oil: 'H NMR (CDCls) & 2.02~2.11 (m, 1H), 2.29 (s,
3H), 2.40 (s, 3H), 2.70~2.77 (m, 1H), 3.35 (m, 1H), 3.93~4.08 (m, 2H), 4.40~4.45
(m, 1H), 459 (m, 2H), 5.18~5.83 (m, 2H), 592~599 (m, 2H), 6.70 (s, 1H), 9.62
(bs, 1H).

(2S,4R)~4-Acetylthio-1-allyloxycarbonyl-2-(3’'-methylisoxazolocarbamoyl) -
pyrrolidine (30b)

o] &4 3029 FAF LA APt 3FE 30b 031 g (24%)E LN
t}: pale brown oil: 'H NMR (CDCls) & 2.02~2.11 (m, 1H), 2.29 (s, 3H), 2.40 (s,
3H), 2.70~2.77 (m, 1H), 3.35 (m, 1H), 3.93~4.08 (m, 2H), 4.40~4.45 (m, 1H),
459 (m, 2H), 518~5.88 (m, 2H), 5.92~5.99 (m, 2H), 6.23 (s, 1H).
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(2S,4R)-4-Acetylthio—1-allyloxycarbonyl-2- (3’ -methylisothiazolocarbamoyl) -
pyrrolidine (30c)

o] 4L 30a9] FAH FUA AFste] 3FE 30c 045 g 68%)F U
t}. 'H NMR (CDCly) & 2.02~2.11 (m, 1H), 2.29 (s, 3H), 2.40 (s, 3H), 2.70~2.77
(m, 1H), 3.35 (m, 1H), 3.93~4.08 (m, 2H), 440~4.45 (m, 1H), 459 (m, 2H),
5.18~5.88 (m, 2H), 592~5.99 (m, 2H), 6.23 (s, 1H).

(2S,4R)-4-Mercapto—1-allyloxycarbonyl-2-(3’ -methylisothiazolocarbamoy1)-
pyrrolidine (31a)

33HE 30a 038 ¢ (1.1 mmol)E MeOH 10 mlol &3¢ F IN-NaOH 1.3 ml
(1.3 mmol, 1.1 eq)& F73tch & FEatellA 127 ¢ wRksta ghgo] F
=¥ IN-HCIZ pH=7¢] HEE 4A4sd b5 8WE A4 5
3} CHLCLE F£3 UL 7 AMUYEFLEZ Axsi 33 7 &9E 2
Foled AASE sl E 3lag d=oh

(2S,4R)-4-mercapto—1-allyloxycarbonyl-2- (3’ -methylisoxazolocarbamoyl) -

pyrrolidine (31b)
o] 42 3lad] FAH# FLsHA A A7t

(2S,4R)-4-Mercapto—1-allyloxycarbonyl-2-(3'-methylisothiazolocarbamoyl)-

pyrrolidine (31c)
o] g2 3lasl FA4# FLA AP

332 3laTct Jhri Y maste] AERLe A7) 26a7g FHYS BUste

32a : 0.1 g (16%): pale yellow powder: 'H NMR (CDCly) & 1.25~1.27 (d, 3H,
J=6 Hz), 1.36~1.38 (d, 3H, J=6 Hz), 1.63 (bs, 1H), 2.42 (s, 3H), 3.25~3.28 (m,
2H), 3.35 (bs, 1H), 3.76 (m, 2H), 4.12~4.27 (m, 4H), 4.45~4.87 (m, 5H), 519~
548 (m, 5H), 5.89~594 (m, 2H), 6.92 (s, 1H).

32b : 95 mg (25%): pale yellow powder: '"H NMR (CDCls) § 1.26~1.28 (d, 3H,
J=6 Hz), 1.35~1.37 (d, 3H, J=6 Hz), 1.65 (bs, 1H), 245 (s, 3H), 3.25~3.29 (m,
2H), 3.33 (bs, 1H), 3.78 (m, 2H), 4.11~4.27 (m, 4H), 4.45~4.89 (m, 5H), 520~
545 (m, 5H), 5.78~5.90 (m, 2H), 6.25 (s, 1H).

32c : 150 mg (52%): pale vellow powder: 'H NMR (CDCl3) & 1.27 (d, 3H, J=6
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Hz), 1.36 (d, 3H, J=6 Hz), 1.67 (bs, 1H), 243 (s, 3H), 3.25~3.30 (m, 2H), 3.38
(bs, 1H), 3.76 (m, 2H), 4.11~4.27 (m, 4H), 445~4.89 (m, 5H), 520~543 (m,
5H), 5.78~5.89 (m, 2H), 6.23 (s, 1H).

(1R,55,6S)-2-{(3S,55)-5-(5'-Methylisoxazolocarbamoyl)pyrrolidin-3-yl-thio}-6-
[(IR)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylic acid (33a)

o] gAML 27b7 g BU A TAste] 3ITE 33a 50 mg (64%)S AUtk
colorless powder: 'H NMR (D:0) & 1.07 (d, 3H, J=6 Hz), 1.13 (d, 3H, /=9 Hz),
2.04~2.10 (m, 1H), 2.30 (s, 3H), 2.82~2.89 (m, 2H), 3.22~3.35 (m, 3H), 3.58~
3.64 (m, 2H), 3.92 (t, 1H), 4.07~4.14 (m, 2H), 463 (t, 2H) 6.54 (s, 1H).

33b, 33c 4719 2& WYoz SASA FAAA.

33b : 45 mg (51%): colorless powder: 'H NMR (D:0) & 1.02~1.04 (d, 3H, J=6
Hz), 1.12~1.14 (d, 3H, /=6 Hz), 2.07~2.11 (m, 1H), 2.11 (s, 3H), 2.82~2.89 (m,
2H), 3.18~3.30 (m, 3H), 3.49~356 (m, 2H), 3.84 (t, 1H), 4.07~4.14 (m, 2H),
463 (t, 2H) 6.17 (s, 1H).

33c : 230 mg (39%): colorless powder: 'H NMR (D:0) 8 1.03~1.05 (d, 3H, J=6
Hz), 1.13~1.15 (d, 3H, /=6 Hz), 2.14~2.20 (m, 1H), 2.18 (s, 3H), 2.82~2.90 (m,
2H), 3.18~3.32 (m, 3H), 3.46~3.53 (m, 2H), 3.80 (t, 1H), 4.07~4.18 (m, 2H),
468 (t, 2H) 6.25 (s, 1H).

Mono-p—nitrobenzylmalonate (36)

CH:CN 400 mLel Meldrum’s acid 34 (30 g, 0.21 mol)S €3 Al 7] p-nitro-
benzyl alcohol 35 (38.25 g, 0.25 mol)& =X <oF 24A7F FoF 3 F
% &% ¥l 10% KHCOs 8942 7hate] =AF CHLLEX Al A3
CollA 2N-HCI& g o2 pH=27}A A3} 3 & oA EAL dE=z F "ﬂ"jr
ST E FF FAUEFOLRE AXAZ F qFeta & 25 w58t 3%
36< 788%9 $&= 3958 g DUTH yellow powder; 'H NMR (CDClz) § 8.14 (d,
2H, J=8.7 Hz), 748 (d, 2H, J=8.7 Hz), 5.22 (s, 2H), 3.37 (s, 2H).

& o
X

Mono-p—nitrobenzylmalonate magnesium salt (37)

THF 160 mLel 3% 36 (30 g, 0.13 mo)& &A1 7] 1583 muksith
TolA Mg(OEt), (7.17 g, 627 mmol, 052 eq)E& Y3 Hs 25 A& %
3 A A B wrgith o]l & oHg & Ao oA EAL olE 100 mL
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E 7hata 0 CollA 1A ¢ aidbste] 313E 37€ 95.8%9 +&= 301 g &
t}: pale yellow powder.

(35,45)-3-[(R)-1-(t-Butyldimetylsilyloxy)ethyll-4-[(R)-1-(p—nitrobenzyl-
acetoxyl)carboxyethyllazetidin—2-one (39)

BMA 38 (86.62 g, 0.22 mol)oll CDI (51.56 g, 0.33 mol, 15 eq)E 7}st A2
o A 1A A X wukA 7} of 7)o 3gHE 37 (13267 g, 027 mol, 1.2 eq)S YL
60 T2 7Fd3laA oF 18A12+E A It &9 & Zdstel FR/ste A7
T o3 F Adg opHEM dEE FY U B2 AFFTh 10% NaHCO:=
AT T B FAVGEFoR AXAT L 433 H 7t SFHE e AA
3t1 column chromatography¥ 22 A A3 FFTE 395 955%2 &= 101.06
g 4k pale yellow oil, 'H NMR (CDCl;) & 8.26 (d, J=8.0 Hz, 2H), 756 (d,
J=8.0 Hz, 2H), 592 (brs, 1H), 5.30 (s, 2H), 4.20 (m, 1H), 3.96 (dd, /=45 Hz, 2.8
Hz, 1H), 3.66 (s, 2H), 2.96 (m, 1H), 2.92 (m, 1H), 1.23 (d, J=7.6 Hz, 3H), 1.10 (d,
J=6.8 Hz, 3H), 0.87 (s, 9H), 0.06 (s, 6H).

(35,4S)-3-[(R)-1-(t-Butyldimetylsilyloxy)ethyl]-4-[(R)-1-methyl-3-diazo-
3-p-nitrobenzyloxycarbonyl-2-oxopropyllazetidin—2-one (40)

338 39 (10 g, 22 mmo)S oHHEYEZ 100 mLol &3 A 713 p-toluene-
sulfonylazide (65 g, 33 mmol, 15 eq)E Y1 30% A= wukAIZIth o7ld TEA
(55 mL, 39.6 mmol, 1.8 eq)Z 0 CollA HH3 H7I5t 3A% A= wpkAI G
74 T3t &WE AATL F oM EA °ﬂ‘?‘ai sl st BER AFHFY. F
FAYEFoRZ AxAZ F oA &WE A FFHSGA AAT F column
chromatography} 22 A A5l 313E 405 90. 844 FE€2 101 g¢ €A} ivory
powder; '"H NMR (CDCly) & 829 (d, J=8.3 Hz, 2H), 7.56 (d, J=8.3 Hz, 2H), 5.88
(s, 1H), 541 (s, 2H), 420 (m, 1H), 3.91-393 (m, 2H), 298 (m, 1H), 1.29 (d,
J=7.2 Hz, 3H), 1.20 (d, J=6.0 Hz, 3H), 0.90 (s, 9H), 0.06 (s, 6H).

p-Nitrobenzyl (1R,5S,6S)-2-keto—6-[1R—-1-(t-buthyldimethylsilyloxy)—
ethyll-1-methylcarbapenam-3-carboxylate (41)

3132 40 (10 g, 19 mmol)& &3 &rj(otAEAL €3 4F=3:1) 200 mLol| &
#2712 Rh(OAc)E vz wd 713t 5 oF 2A12F 5F SFuebA| It o s}
o W2 AATHE B FFIA &ulE AASY IHFE 418 AU FHHE
412 BoAFER o ol AAE 3A ¥ vE o w3 o] &3 AT
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p—Nitrobenzyl (1R,5S,65)-6-[(1R)-1-(t-buthyldimethylsilyloxy)ethyl-2-
diphenylphosphate-1-methyl-1-carbapen—-2-em-3-carboxlylate (42)

sI3tE 41 (237 g, 483 mmoD)E oIHEYUEZ 50 mLol =tk 0 TolA
DIEA (1.01 mL, 579 mmol, 1.2 eq)® Z7}3 3% Diphenyl chlorophosphate (1.1
mL, 531 mL, 1.1 eq)& Z7}3l3 o] &EoA 5A2 A= Ik 7t Y 53
% column chromatography® A A st 3FE 428 H.1%9 T&=2 332 g €
t}: brown oil. '"H NMR (CDCls) & 8.14 (d, J=85 Hz, 2H), 7.56 (d, /=85 Hz, 2H),
7.16-7.57 (m, 10H), 5.17-5.38 (m, 2H, rotamer), 4.21 (m, 1H), 3.72 (m, 1H), 3.50
(m, 1H), 3.22 (m, 2H), 0.86 (s, 9H), 0.07 (s, 6H).

(3S,55)-5-Hydroxymethyl-3-mercapto—1-(p—nitrobenzyloxycarbonyl)pyrrolidine
(43)
3FE (696 g, 196 mmol)E methanol 80 mLel] %< & 0 TE ¥EFo F
I 1N NaOH (21.6 mL, 21.6 mmol, 1.1 eqQ)& A A3 73] FAH. o] 2=A
303 wyks) Ak 0TolA 1IN-HCl 185 mLE Yo pHE 72 ZEos ¢
3t methyl alcohols A ASATE ©]oJA] ethyl acetate® EE F&3F H
7] &uiEE T FAUEFOLE AN F A G TRt EWE Al
Asf F1 3 E 438 HM8% FEE 583 g AT BG4 R ¢ oY A
AE sA &2 o ¥Egol o] &3Hth brown oil

p—Nitrobenzyl (1R,5S,6S)-6-[(1R)-1-(t-buthyldimethylsilyloxy)ethyl]l-2-
[(35,55)-5-(hydroxymethyl)-1-(p—nitrobenzyloxycarbonyl)-pyrrolidin—3-
ylthio]l-1-methyl-1-carbapen—2-em—3—carboxlylate (44)

FhatH Y 2321 enol phosphate3t&E 42 (14.07 g, 194 mmol 1.1 eq)S oIAE
HEZ (100 mL)Z &3A7] g&, 222 0CE X417 v DIEA (342 g,
46 mlL, 264 mmol 15 eq)E 73 % 3087+ mwrdtAdtl. of7]d thiol 33E 43
(552 g, 177 mmol)& SN EYUEZGO mL)d E3jA17] &AL AH3] Artstat
o] 2xolA NS wukst F A2 1Az B o Zwred o
e 5% F B ofHEA dER FE3AY. FU1F5S 959
EFo® Axsan §WE T FTHIIG 29 VEEYY dAE Oé_?i‘:‘r. 012
column chromatography® AA|sle 3}dE 45 704%9 FE€=2 96 ¢
pale yellow powder; '"H NMR (CDCly) 8 816 (d, J=8.6 Hz, 4H), 7.62 (d, ]=8.6
Hz, 2H), 748 (d, /=86 Hz, 2H), 5.18-546 (m, 4H, rotamer), 4.25 (m, 1H),
3.98-4.11 (m, 3H), 3.62-3.71 (m, 3H), 3.24-3.34 (m, 3H), 251 (m, 1H), 1.72 (m,
1H), 1.25 (d, J=7.0 Hz, 3H), 1.21 (d, J=6.2 Hz, 3H), 0.81 (s, 9H), 0.04 (s, 6H).

ol
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p-Nitrobenzyl (1R,5S,6S)-6-[(1R)-1-(¢-buthyldimethylsilyloxy)ethyl]-2-
[(35,5S)-5-(methanesulfonyloxymethyl)—1-(p-—nitrobenzyloxycarbonyl)-
pyrrolidin—3-ylthiol-1-methyl-1-carbapen-2-em-3-carboxlylate (45)

TBS TBSO

O H H H
- -C‘/\O MSC| TEA b S OMs
N "CH,Cl,, 0°C N_/ _Cl\'l/\
o1.8% PNZ
OOPNB OOPNB
44 a5
338 44 (66 g, 86 mmo)E ¥ CH:xCl; 100 mL& &3jA71aL 0 TE 3

ZYA 7] & triethylamine (1.44 mL, 10.3 mmol, 1.2 eq)2 A 3] A7t 30&7F
FHEA| T o)A whE EE-o] MSCI (0.73 mL, 94 mmol, 1.1 eq)& 7}3H%F o

Z wekA AT B2 AFHs G0 mL x 2) §7] &6iEg st FF
FAUEFoR AR F AFdsn 7Y FHIM WE AAANAG. oE
column chromatography® A A ste] 31¢E 458 91.84%2 TE&= 664 g AAUTH
pale yellow powder; 'H NMR (CDCly) & 818 (d, J=8.0 Hz, 4H), 7.61 (d, J=8.0
Hz, 2H), 749 (d ,J=8.0 Hz, 2H), 5.18-5.43 (m, 4H, rotamer), 4.21-452 (m, 2H),
402 (m, 1H), 3.70 (m, 1H), 3.23-3.36 (m, 3H), 2.99 (s, 3H), 2.60 (m, 1H), 2.00
(m, 1H), 1.21 (m, 6H), 0.81 (s, 9H), 0.03 (s, 6H).

p-Nitrobenzyl (1R,5S,6S)-2-[(3S,55)-5-(methanesulfonyloxymethyl)-
1-(p—nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxy -
ethyl]l-1-methyl-1-carbapen—-2-em-3-carboxlylate (46)

TBSO HO

HoH
Ms NH,FHF B S—C’/\OMS
PNZ DMF-N-methylpyrrolidone N_ ¢/ N‘PNZ

OOPNB . 97.4% OOPNB

46

313 E 45 (94 g, 11.1 mmol)& DMF % N-methylpyrrolidone(65 mL/24 mL)

EF L2 8314712 NHFHF(253 g, 443 mmol, 4 eq)®& 7stAch whg EF
28 29 59 A wHAZ] & ethyl acetate 400 mLE 7}sle H3 o ¥bs
£94& THFA00 mL x 32 AHEL 7] &9EFE FF FHUEFLRE A=
ANZ & dFstn 74 STFS &mE AAsIA. ©1E column chromatography
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2 AAst] TR 462 97.4%9 F &2 792 ¢ AUtk yellow powder; 'H NMR
(CDClL) § 8.18 (d, J=8.2 Hz, 4H), 762 (d, J=8.2 Hz, 2H), 749 (d, J=82 Hz, 2H),
5.18-5.48 (m, 4H, rotamer), 4.15-4.46 (m, 5H), 4.02 (m, 1H), 3.70 (m, 1H), 3.30
(m, 1H), 3.01 (s, 3H), 260 (m, 1H), 2.05 (m, 1H), 1.32 (d, J=6.3Hz, 3H), 1.25 (d,
J=7.1 Hz, 3H).

p-Nitrobenzyl (1R5S,6S)-2-[(3S,5S5)-5-(iodomethyl)-1-(p—nitrobenzyloxy—
carbonyl)pyrrolidin-3-ylthiol-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carba-
pen—2-em—3-carboxlylate (47)

HO HO

HoH
B |
S—C(\

OOPNB 735% OOPNB

46 a7

3138 46 (43 g, 59 mmoDE DMF (50 mL)ol £31A12] ©& potassium
iodide (4.86 g, 29.25 mmol, 50 eq)E Yol Fx o]& 3}F&5< 50 TollA HRHAIA
o B EFES WAA F AESE 100 mLE 7HEg Y CHCL 100 mL2 &
3 & o SF0100 mL x 3)E AHsD F7) EulFE T FAUEFOE
AxAZ T AdFstn g FF/FSIY £vlE AASAT ©]F column chromato-
graphy2 AA st FFE 478 735%9 +&= 327 g AAUTH yellow powder;
'"H NMR (CDCls) & 824 (d, J=8.4 Hz, 4H), 7.66 (d, J=8.4 Hz, 2H), 752 (d, /=84
Hz, 2H), 524-551 (m, 4H, rotamer), 4.20-4.30 (m, 2H), 3.89-4.17 (m, 2H),
3.60-3.72 (m, 2H), 3.32-358 (m, 3H), 3.20 (m, 1H), 260 (m, 1H), 1.99 (m, 1H),
1.37 (d, J=6.2 Hz, 3H), 1.28 (d, J=7.0 Hz, 3H).

lo- e

p-Nitrobenzyl (1R,55,6S5)-2-{(35,55)5-[(4—(trifloromethyl)-pyrimidine—2-
thio)methyll-1-(p—nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyll-1-methyl-1-carbapen—-2-em—3-carboxlylate (48a)

2
HS/|\\N CF,4
S
S
N
SPNZ

R
N DMF, rt
OOPNB OOPNB

“PNZ  42.2.83.6%

47 48a
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4-(Trifloromethyl)-2-pyrimidinethiol (74.2 mg, 0.41 mmol, 1.1 eq)& DMF 5
mLe] €814 7] 2 KoCOsz (62.14 mg, 0.45 mmol, 1.2 eq)E #H7tste] A2 A 30+
7+ wursk ¥ 35HE 47 (287 mg, 0.37 mmol, 1 eq)& DMF 3 mLel &3IA1A &
A3 A7lsle] o] 22X A E wHkAIZIY 933 tF 2 99 10 mL
SN EA ER FEF F FHT (10 mL x =2 AHIH. 77
gAUEFoR AZXAZ F qstn Y FH &WE AAS
t}. o]Z column chromatography® HA#|3le] 3}3E 48aE 83.6%9 T+&E 257
mg AATE pale vellow powder; '"H NMR (CDCl) & 879 (d, J=5.1 Hz, 1H), 8.21
(d J=8.8 Hz, 4H), 764 (d, J=8.8 Hz, 2H), 752 (d, J=8.8 Hz, 2H), 7.27 (d, J=51
Hz, 1H), 5.22-549 (m, 4H, rotamer), 4.01-4.48 (m, 4H), 3.60-3.95 (m, 3H),
3.25-342 (m, 3H), 260 (m, 1H), 2.07 (m, 1H), 1.38 (d, J=6.3 Hz, 3H), 1.29 (d,
J=7.2 Hz, 3H).

By
o

3HE 48b7fE 4719 dwbH e FAWHE o3 sk

48b: 56%, 279 mg: pale yellow powder; 'H NMR (CDCls) & 8.20 (d, J=8.7 Hz,
4H), 793 (d, J=5.7 Hz, 1H), 764 (d, J=8.7 Hz, 2H), 7.25 (d, J=8.7 Hz, 2H), 6.11
(d, J=5.7 Hz, 1H), 5.11-550 (m, 4H, rotamer), 3.99-4.30 (m, 4H), 3.25-3.35 (m,
6H), 2.50 (m, 1H), 1.89 (m, 1H), 1.36 (d, J=5.8 Hz, 3H), 1.24 (d, J=6.9 Hz, 3H).

48c: 71%, 362 mg: pale vellow powder; 'H NMR (CDCl3) 8 819 (d, J=8.7 Hz,
4H), 7.63 (d, J=8.7 Hz, 2H), 750 (d, J=8.7 Hz, 2H), 6.05 (s, 1H), 5.20-550 (m,
4H, rotamer), 3.90-4.25 (m, 5H), 3.26-3.65 (m, 5H), 2.55 (m, 1H), 2.20 (m, 1H),
1.33 (d, J=6.1 Hz, 3H), 1.22 (d, J=7.2 Hz, 3H).

48d: 42%, 172 mg: pale yellow powder; 'H NMR (CDCl) & 820 (d, /=86 Hz,
4H), 763 (d, J=86 Hz, 2H), 755 (d, J/=8.6 Hz, 2H), 5.23-549 (m, 5H, rotamer),
424-441 (m, 3H), 412 (m, 1H), 3.27-368 (m, 6H), 255 (m, 1H), 2.05 (m, 1H),
1.36, (d, J=6.2 Hz, 3H), 1.24 (d, J=6.9 Hz, 3H).

48e: 55%, 281 mg: pale yellow powder; 'H NMR (CDCl3) & 821 (d, J=8.7 Hz,
4H), 765 (d, J=8.7 Hz, 2H), 753 (d, J=8.7 Hz, 2H), 6.08 (s, 1H), 5.22-550 (m,
4H, rotamer), 4.25-4.31 (m, 3H), 3.27-4.01 (m, 7H), 265 (m, 1H), 2.28 and 2.21
(s, 3H), 2.02 (m, 1H), 1.37 (d, J=6.2 Hz, 3H), 1.28 (d, J=7.0 Hz, 3H).

48f: 42%, 310 mg: pale brown powder; 'H NMR (CDCl3) 8§ 821-826 (m, 4H),
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766 (d, J=86 Hz, 2H), 753 (d, /=86 Hz, 2H), 522-553 (m, 4H, rotamer),
4.26-4.30 (m, 2H), 4.03-4.12 (m, 2H), 3.55-3.77 (m, 3H), 3.28-3.40 (m, 3H), 2.55
(m, 1H), 1.76 (m, 1H), 1.36 (d, J=6.2 Hz, 3H), 1.30 (d, J=7.2 Hz, 3H).

(1R ,5S,65)-2-{(3S,55)-5-[(4-(Trifloromethyl)pyrimidine-2-thio)methyl]-
pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-
3-carboxlylate (49a)

Pd-C 250 mg<& Parr-reactor bottlee] 7}stx £HF4 8 mLE AME ¥ 31
& 48a (250 mg, 0.31 mmoDE THF 10 mLE &3JAIAA 7tk $4 7IAE
50~55 psi® FHAIZIAL o] & FAAINEA & 2A7F X wHSAIRA T o H3Fo
otAEAL oE(20 mL x3)2 MHs EF& FHUEAZ Y. HP-20 Diaion resin
S FAAE stz 3~5% THF &H4S AMLuwlE 3t column chromatography®
o2 AAT & A T4 AFZAA FEAHE 49aF 214%9 TEE 33 mg AUtk
colorless powder; '"H NMR (D,0) & 882 (d, J=5.1 Hz, 1H), 7.56 (d, J=5.1 Hz,
1H), 4.12-4.20 (m, 2H), 3.79-3.87 (m, 2H), 3.60 (m, 1H), 3.30-3.51 (m, 4H), 3.18
(m, 1H), 2.67 (m, 1H), 167 (m, 1H), 1.22 (d, /=6.3 Hz, 3H), 1.14 (d, J=7.2 Hz,
3H); “¥C NMR (D:0) & 16.24, 20.45, 32.53, 35.20, 40.76, 42.98, 52.77, 56.38, 58.94,
60.85, 6545, 113.24, 116.96, 133.24, 139.40, 154.13, 160.84, 166.62, 167.92, 176.78;
HRMS caled for CaH23FsNiNaOsS:(M+Na) 527.1011, found 527.1012.

SHHE A9b7TE A7) dRbER]

o

Pgag el meb g

49b: 18.3%, 27 mg: colorless powder; '"H NMR (D;0) & 7.80 (d, J=6.1 Hz, 1H),
6.23 (d, J=6.1 Hz, 1H), 4.08-4.15 (m, 2H), 3.87-391 (m, 2H), 3.19-3.48 (m, 6H),
264 (m, 1H), 1.73 (m, 1H), 1.17 (d, j=6.3 Hz, 3H), 1.09 (d, J=7.1 Hz, 3H); Bc
NMR (D:0) & 16.26, 20.48, 32.70, 3542, 40.58, 42.86, 52.72, 56.30, 59.03, 60.51,
65.46, 102.78, 133.59, 139.00, 155.21, 163.78, 167.94, 169.20, 176.83; HRMS calcd for
CigH26N504S2 (M+H)" 452.1426, found 452.1424.

49¢: 17.3%, 29 mg: colorless powder; 'H NMR (D:0) 8 593 (s, 1H) 4.13-463
(m, 2H), 3.93-3.95 (m, 2H), 3.27-356 (m, 6H), 2.69 (m, 1H), 1.82 (m, 1H), 1.22
(d, J=64 Hz, 3H), 1.14 (d, J=7.2 Hz, 3H); C NMR (D:0) & 16.27, 20.46, 32.65,
35.45, 4048, 42.88, 52.72, 56.30, 59.03, 60.52, 65.61, 96.31, 133.58, 138.97, 166.69,
167.97, 169.19, 176.73; HRMS caled for CioHzNeOQsS: (M+H)" 467.1535, found
467.1526.,
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49d: 13.2%, 21 mg: colorless powder; '"H NMR (D:0) § 547 (s, 1H), 4.12-4.19
(m, 2H), 3.90-3.92 (m, 2H), 3.25-341 (m, 5H), 2.67 (m, 1H), 1.79 (m, 1H), 1.22
(d, J=6.3 Hz, 3H), 1.44 (d, J=7.1 Hz, 3H); "C NMR (D:0) § 16.25, 20.44, 32.56,
35.38, 40.73, 42.90, 52.77, 56.29, 58.93, 60.85, 6546, 81.29, 133.24, 139.40, 163.91,
167.96, 169.10, 176.75; HRMS caled for CioHNeNaOsSs (M+Na)™ 489.1355, found
489.1350.

49e: 21.3%, 31 mg: colorless powder; 'H NMR (D:0) 8 564 (s, 1H), 4.14-4.32
(m, 3H), 3.71-4.00 (m, 3H), 3.32-343 (m, 3H), 293 (m, 1H), 257 (m, 1H), 2.21
(s, 3H), 196 (m, 1H), 1.20 (d, J=6.3 Hz, 3H), 1.12 (d, J=7.1 Hz, 3H); HRMS
caled for CooH2sN4NaOsS, (M+Na)' 489.1242, found 489.1229.

49f: 16.2%, 28 mg: pale red powder; 'H NMR (D:0) & 4.11-4.17 (m, 3H), 3.90
(m, 1H), 3.73 (m, 1H), 357 (m, 1H), 3.24-3.38 (m, 4H), 2.65 (m, 1H), 1.58 (m,
1H), 120 (d, J=6.4 Hz, 3H), 112 (d, J=72 Hz, 3H); HRMS caled for
C1oH26N6O5S2 482.1406, found 482.1213.

3-Ethoxycarbonyl-5-hydroxymethylisoxazole (50)

Propargyl alcohol 4.2 ml (72.2 mmol)®}t ethyl ether 200 ml, ethyl chloro-
oximidoacetate 5 g (36.1 mmol)& A2o|A &£ & A7 7] triethylamine
5 ml$} ethyl ether 100 mt®] &8 5A17F F¢t 7}tk & 300 mls ¥3 #7] &
& H3ste] £uAA ¥ #F chromatographyste] 3}3E 50 35 g (61.5%)S AU
'"H NMR (CDCls) 8 1.37 (t, 3H), 3.57 (s, 1H), 4.41 (q, 2H), 480 (s, 2H), 6.64 (s,
1H).

3-Hydroxycarbonyl-5-hydroxymethylisoxazole (51)
313HE 50 316 g (20.1 mmol)S claisen base 3tolA 7FEa3 acid &
51 264 g (92%)S VAo 'H NMR (CDCls) 8 4.70 (s, 2H), 6.62 (s, 1H).

3-Allyloxycarbonyl-5-hydroxymethylisoxazole (52)
'H NMR (CDCl); 8 458 (m, 2H), 481 (m, 2H), 521 (m, 2H), 6.01 (m, 1H),
6.65 (s, 1H).

3-Allyloxycarbonyl-5-bromomethylisoxazole (53)

33E 52 (230 g, 12.6 mmol)E ¥4 methylene chloride 30 mlell &3] A%
FT 255 90 °C3lo) Al triphenylphosphine 3.8 g (145 mmo)E Y& U & <
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oA CBr4 47 g (142 mmol)& HH3| 713 g 5 oA 308 wukgo.
79 252 RE 292 AARE column chromatography 2 ¥#3led 3}3E 53
1.7 g 56/) A2k 'H NMR (CDCly) § 458 (m, 2H), 481 (m, 2H), 521 (m,
2H), 6.01 (m, 1H), 6.65 (s, 1H).

3-Allyloxycarbonyl-5-isothiazolylmethyltriphenylphosphonium bromide (54)

3= 53 172 g (7 mmol)E& CHsCN 20 mlol €3] Azl 3 triphenyl-
phosphine 2 g (7.6 mmol)S ¥ ¥ 3|7 7€ &7 Al 3 YZste] AAdH 3
38 54 32g g (90%)L od#ste Atk 'H NMR (CDCly) § 458 (m, 2H), 4.81
(m, 2H), 521 (m, 2H), 6.27 (d, 2H, J=14.67 Hz), 7.12 (s, 1H), 7.67 (m, 6H), 7.82
(m, 9H).

(3S,5R)-5-[(E)-2-(3-Allyloxycarbonyl-5-isothiazolyl)ethenyll-3-methane-
sulfonyloxy—1-(allyloxycarbonyl)pyrrolidine (55)
313E 54 30 g (59 mmol)S THF 30 mlel 713 o8 258 -78 C71A 4
ZIA 7 & 2EE FAAZIHA sodium bis(trimethylsilyl)amide 1M THF 6.2 mL
g AA3 Ars) FATh 2EF -30 °C 7H4] &8 oF 3077 uwks] & H ©A
-78 °C2 %3] & & THF 30 mLol =92 aldehyde 8t3E (1.6 g, 5.9 mmol)
BE FAAIEA AAE ArtE] FAY A271A &9 123 308 VM oL
F 5 2EE 0 CAA ¥3o Fa E3tE NHCI ﬁq‘%% wol =A% &
& AAHFT & 50 mL9 CHLCl 50 mLE F&3 & U5 77 &
1 F& ¥ NaSOE AXAIZ F 0434’3}"’ 7“?& 0}04 Lol = ?ﬂlﬂﬁﬁ A

At lH NMR (CDClz) 8 2.16 (m, lH), 261 (m, 1H), 3.08 (s, BH), 3.68-3.78 (m,
1H), 4.00 (m, 1H), 460 (m, 3H), 469 (m, 1H), 5257545 (m, 5H), 598 (m, 2H),
6.48-6.50 (s, 2H), 6.57 (m, 1H).

(35,565)-3-Acetylthio—5-[(E)-2-(3-allyloxycarbonyl-5-isoxazolyl)ethenyl]l-
1-(4—nitrobenzyloxycarbonyl)pyrrolidine (56)

34E 55 1.05 g (246 mmol)S acetone/DMF &3&1 (3:1) 30 mLel =<
t}S potassium thioacetate 0.64 g (5.9 mmol, 24 eq)E 2ol F1 o]& < 5AI7+
BFAAT REE W¥Fo F31 A9 FHIGY E9E AANFEZ E 50 mLe
CHCl 50 mLZ F&3 &+ t& #7] 8935S FF NaSOE dxAZ F 43
3t st FF/eS &ulE AAS F2Aoh. ©]E column chromatography® 7 Al sk
of e ASFE 56 075 g (75%)F Ak 'H NMR (CDCl) 8 1.89 (m,
1H), 2.35 (s, 3H), 270 (m, 1H), 3.38 (m, 1H), 4.00-4.09 (m, 2H), 461 (m, 3H),
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4.88 (m, 3H), 5.3275.47 (m, 4H), 6.05 (m, 2H), 6.54 (s, 2H), 6.60 (m, 1H).

(35,5S)-3-Acetylthio-5-[(E)-2-(3-allyloxycarbonyl-5-isoxazolyl)ethenyl]-
1-(4-nitrobenzyloxycarbonyl)pyrrolidine (62)

'"H-NMR (300MHz, CDCl) & 1.87 (m, 1H), 2.35 (s, 3H), 2.62 (m, 1H), 3.14
(s, 3H), 3.28 (s, 3H), 3.38 (m, 1H), 4.00-4.12 (m, 2H), 461 (m, 2H), 521 (m, 2H),
6.05 (m, 1H), 6.4676.56 (m, 3H).

Allyl (1R,55,6S)-2-{(3S,5S) 5-[(E)-2-(3-allyloxycarbonyl-5-isothiazol -
yDethenyll-1-(4-allyloxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-
hydroxyethyl]l-1-methyl-1-carbapen-2-em-3-carboxlylate (64a)

Alloc (1R5S,6S)-2-(diphenylphosphoryloxy)-6-[(1R)-1-hydroxyethyl)]-1-
methylcarbapen-2-em-3-carboxylate 0.67 g (1.36 mmol)2 24 3lolA F7/F A
H CHsCN 50 mLe) %<9 ¥ 98 Z& sloA] N,N-diisopropylethylamine (0.28
mL, 164 mmoD)g 718tz €& 3gE(94) (046 g, 1.36 mmoDS F7H AAL
CH:CN 10 mLell H3A = &= Hrigch 143 308 Fol %&9<s EtOAc
o 2FEEZ FE23Y F715E HAs T MgSOE AxAAA A2 5412
o 253 3EEL @ m2nEady (3:2-31 EtOAc/hexene)E ©] &3t A A
dtoix 31EE 64a-E 048 g (65%) ¥tk 'H NMR (CDCl) & 128 (d, 3H,
J=7.22 Hz), 1.36 (d, 3H, J=6.24 Hz), 1.89 (m, 1H), 2.18 (m, 1H), 2.74 (m, 1H),
328 (m, 1H), 3.40 (m, 2H), 3.73 (m, 1H), 4.18 (m, 1H), 4.25 (m, 2H), 4.5874.89
(m, 7H), 5.2475.48 (m, 6H), 5.96 (m, 3H), 6.56 (m, 3H).

Allyl (1R5S,65)-2-{(3S,55)-5-[(E)-2-(3-allyloxycarbonyl-5-isothiazolyl)-
ethenyl]-1-(4-allyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxy—
ethyl]-1-methyl-1-carbapen—2-em—3-carboxlylate (64b)

'H NMR (CDCls) & 1.27 (d, 3H, J=7.14 Hz), 1.36 (d, 3H, J=6.25 Hz), 1.89 (m,
1H), 220 (m, 1H), 2.74(m, 1H), 3.13 (s, 3H), 3.2473.30 (m, 5H), 3.73 (m, 2H),
425 (m, 2H), 458 (m, 3H), 472 (m, 1H), 480 (m, 1H), 5247548 (m, 4H), 595
(m, 2H), 6.49 (m, 3H).

(1R 5S,6S)-2-{(35,55)-5-[(1E)-2-(3- Allyloxycarbonyl-5-isothiazolyl)-
ethenyllpyrrolidin-3—-yl}thio-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen—
2—-em-3—carboxylic acid (65a)

64a (100 mg, 0.17 mmol)E CH:ClL (1.70 mldl ], Pd(Phs)s (6.00 mg,
0.0052 mmol)& 7}3tx, 0 CoAlA "BusSnH (0.093 ml, 0.35 mmo)E A7}t 2
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ES 78 vbeS AAAIAL, EF S AcOEL®
7l ¥ DIANION HP-200] 93 AAs|A 84 3
A BAHE 65a (75.7 mg, 96%)E AUt 'H NMR (CDCly) § 1.28 (d, 3H, J=7.22
Hz), 1.36 (d, 3H, J=6.24 Hz), 1.89 (m, 1H), 218 (m, 1H), 2.74(m, 1H), 3.28 (m,
1H), 3.40 (m, 2H), 3.73 (m, 1H), 418 (m, 1H), 4.25 (m, 2H), 4.5874.89 (m, 7H),
5.2475.48 (m, 6H), 596 (m, 3H), 6.56 (m, 3H).

(1R,55,6S)-2-{(35,55) 5-[(1E)-2-(3-Allyloxycarbonyl-5-isothiazolyl) -
ethenyllpyrrolidin-3-y1}thio-6-[(1R)-1-hydroxyethyll-1-methylcarbapen—
2-em-3-carboxylic acid (65b)

'"H NMR (CDCl) 8§ 1.13 (d, 3H, J=7.21 Hz), 1.20 (d, 3H, J=6.36 Hz), 1.87 (m,
1H), 275 (m, 1H), 3.03 (d, 6H, J=7.21 Hz), 3.30 (m, 1H), 3.38 (m, 2H), 3.65 (m,
1H), 3.92 (m, 1H), 4.15 (m, 2H), 4.35 (m, 1H), 6.5976.80 (m, 3H).

(2S,4R)-N-t-Butoxycarbonyl-4-¢t-butyldimetylsilyloxy -2-[1-hydroxy-2-
(methoxycarbonyl)ethylpyrrolidine (66)

THF 50 mlel 1M-sodium hexamethyldisilazide THF €9 91 ml (9.1
mmol)& ~78 °ColA ¥ ¥ methyl acetate 0.72 mlS 3] ¥ 2t
T2E A wWkA|Z$ aldehyde 2 g (6.07 mmoD)& 422 THF &A%
A3l ZFstgth. 30 wRkRo] AgE¥ EARRH FJFEEL FEF  column
chromatography® 2.2 Aol +58 3438 66 232 g (947%)F AUtk 'H
NMR (CDCl3) 8 0.05 (s, 6H), 0.87 (s, 9H), 1.43~1.47 (d, 9H), 1.78~2.06 (m, 2H),
2.37~2.49 (m, 2H), 3.27~3.65 (m, 2H), 3.70 (s, 3H), 3.8~4.26 (m, 2H) 4.23~4.39
(br, 2H).

01

(o8]

S

NG e
offt
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(2S,AR)-N-t-Butoxycarbonyl-4-¢t-butyldimetylsilyloxy -2-[1-¢-butyl-
dimetylsilyloxy-2-(methoxycarbonyl)ethylpyrrolidine (67)

33E 66 109 g (270 mmol) S ¥E& FH3stolA DMFe| &3]3 ¥ imidazole
24 g (351 mmol, 1.3 eq)2 A7} ¥ tert-butyldimethyl chlorosilaneg & 7}3tt}.
AZo8 &Y F 2AZ 7bEF mukste] wkgo] FASHH DMFES ouf 7h=el &3
EtOAcE F&33 f7] §WF e FF FAYEFORE AZXA F AFHsta &1
ERY FFs BHFE 67 126 g (90%)S FETh pale yellow oil: 'H NMR
(CDClz) 8 0.09 (s, 12H), 0.87 (s, 18H), 1.25 (t,-SH), 1.43~1.47 (d, 9H), 2.03~2.37
(m, 4H), 3.40 (m, 1H), 3.99~4.28 (m, 4H), 4.70 (s, 1H), 5.18 (m, 1H).
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(2S AR)-N-t-Butoxycarbonyl-4-t-butyldimetylsilyloxy -2-[1-¢-butyl-
dimetylsilyloxy-2—(hydroxyimido)ethylpyrrolidine (70)

B3E 69 78 g (0016 mol)E EtOH 120 mLel £3)3 F hydroxyamine
hydrochloride 1.2 g (0.017 mol, 1.07 eq)& A 7}5td w3t S pyridine 12 mlE
A7 e Aol 1817 B¢t mutate] wHgo]l AHsd s AW 2%0}01
AAG F BL 93 242 Sk wwtsith Aol AV|E oAHste 2 MolF
3SR 70 63 g (78%)e A=t} white powder '"H NMR (CDCl3) 8§ 0.05 (s, 12H)
0.87 (s, 18H), 1.47 (d, 9H), 1.62~1.67 (m, 2H), 1.76 (m, 1H), 2.19 (m, 1H), 3.29
(m, 2H), 3.70 (m, 2H), 3.95 (t, 1H), 4.3574.49 (m, 2H).

(2S,4R)-N-t-Butoxycarbonyl-4-t-butyldimetylsilyloxy —2-[1-t-butyl-
dimetylsilyloxy—2-(3-hydroxymethylisoxazol-5-yl)ethylpyrrolidine (71)

3FE 145 g (29 mmolS DMF 200 mlel £3is F AA7]|FsleA
N-chlorosuccinimide 4.26 g (32 mmol, 1.1 eq)S ¥ 5-1083F ¥ttt 1 %
60 ColA 3087 wutst & 2 T YA 7Y, o 7]o propargylalcohol 8.2 ml
(145 mmol, 5 eq)E A7} tt& DMF 40 mild] &3] A= TEA 4.46 ml (32
mmol, 1.1 eq)E oF 3083t 2 MAM3F Hrigieh. 2E i 2 ColA 3083 iyt

AL A 247 Fet mukdie} wkge] EuUw DMFe| 53 H:=2 &3 EtOAc
7128 AFEE Hohlln R FAMUEFOR HAxso A3 5

& A A%}t 18] colunm chromatography® A A ste] 33t

B 71 75 g (606%)& @At} pale yelow oil: '"H NMR (CDCL) 8 0.01 (s, 12H),
0.89 (s, 18H), 1.45 (d, 9H), 1.77 (m, 1H), 1.76 (m, 1H), 2.73 (m, 3H), 3.02 (m,
1H), 329 (m, 2H), 3.85 (m, 1H), 442 (m, 2H), 461 (t, 1H), 473 (m, 3H),
6.1176.30 (d, 1H, J=56.13 Hz).

r°l‘

[e]

R

Uhmri

(2S,4R)-N-Allyloxycarbonyl-4-t-butyldimetylsilyloxy -2-[1-¢t-butyl -
dimetylsilyloxy-2-(3-ethoxycarbonylmethylisoxazol-5-yl)ethylpyrrolidine
(72)

& 71 823 g (148 mmol)& CH:Cl/TFA=1/1¢] 4 CellA 1A]3F &<t nwt
ot wrgo] By &ulE Y FHRIA AAT b o7l THFE ¥l &3
A7th, 48 F935t A TEA 20 ml (143.6 mmol, 9.8 eq)E& ¥ allyl chloro-
formate 1.74 ml (16.3 mmol, 1.1 eq)E& ¥t A4 1547 T wwt g 3
Hrgo] AW SWE A FF & e I EtOAcE FEst] /7SS ¥
F sAJEFROoT AZRZ UL o143 = Zet=gstl, 183l colunm
chromatography ™ ©.2 A A3t 313E 72 442 g (70%)E AUk pale yelow oil:
'H NMR (CDCls) 8 0.01 (s, 6H), 0.05 (s, 6H), 0.89 (s, 18H), 1.83 (m, 1H), 2.24
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(m, 1H), 2.73 (m, 3H), 3.39 (m, 2H), 3.83 (m, 1H), 444 (t, 1H), 4.5674.58 (m,
3H), 4.6674.73 (m, 4H), 5.1875.32 (m, 3H), 5.89 (m, 1H), 6.1376.28 (d, 1H, J=45.78
Hz).

(2S,4R)-N-Allyloxycarbonyl-4-hydroxy-2-[1-hydroxy-2-(3-ethoxy—
carbonylmethylisoxazol-5-yl)ethylpyrrolidine (73)

3E 72 451g (7.74mmol)-& ¥4 THF 80mlel &3) A7 & 4% FE3
tetrabutylammonium fluoride 31ml (3lmmol, 2eq)E A 713t} 0CAA < 1A
Rk F wkgol TuUW &uiE Y FRH8MY AASL £ EtOAcE FE35H4
715E ¥ FAUEFLE dxstd A#3 & AYFFIH 2L colunm
chromatography 2 A Al3te] €53 FFE 73 1.97 g (72%)S AJ Y pale white
oil: 'H NMR (CDCly) & 1.38 (t, 3H), 2.0272.08 (m, 3H), 2.76 (m, 1H), 2.86 (m,
1H), 346 (m, 1H), 3.72 (m, 1H), 4.1174.29 (m, 2H), 4.4074.48 (m, 4H), 4.60 (m,

1H), 46674.73 (m, 4H), 5.2275.35 (m, 2H), 5.94 (m, 1H), 6.95 (s, 1H).

of
]

X

L

$o A

(25,4R)-N-Allyloxycarbonyl-4-methansulfonyoxy -2-[1-ethoxycarbonyl-2-
(3-hydroxymethylisoxazol-5-yl)ethylpyrrolidine (74)

3I3tE 73 1.84 g (5.2 mmol)S F4 CH:Clz 80 mlol] &3] A7 F 45 F%
3l A TEA 0.87 ml (624 mmol, 1.2 eq)E A 7}3 ¥ methansulfonyl chloride
044 ml (5.7 mmol, 1.1 eq)E ZH7}stt}h A2l A 1A &t wykg 5 gkgo] F
AEH CHLLo E3 &3t /7158 ¥ FMUEFLRE HAxdd AH3F &
2t FHSW JFE T4 195 g (87%)¢ dErth pale yellow oil: 'H NMR
(CDCly) & 141 (t, 3H), 2.37 (m, 2H), 2.79 (m, 1H), 2.86 (m, 1H), 3.0673.15 (m,
4H), 364 (m, 1H), 3.74 (m, 1H), 402 (m, 1H), 4.24 (m, 1H), 4.3974.46 (m, 3H),
462 (m, 2H), 52475.35 (m, 3H), 594 (m, 1H), 6.91 (s, 1H).

(2S,4R)-N-Allyloxycarbonyl-4-methansulfonyoxy-2-[1-hydroxy -2-(3—
hydroxymethylisoxazol-5-yl)ethylpyrrolidine (75)

3138 74 104 g (24 mmol) & A4V F3tolA F5 THF 35 mldl &A1
dE-FY3lol A lithium cholride anhydrous 2.05 g (48 mmol, 2 eq)$ sodium
borohydride 1.82 g (48 mmol, 2 eq)Z Z7}A 7l & EtOH 70 mlE A A3] "oj=
Aot A202 g8 oF A JME kAl F whgo] FEHY B84 EFES
& 3t31 THFS} ethyl alcohole Z#Y S/3t9 AAR ¥ citric acid& 7H3 H &
¥ EtOAcE FE3t9 #7158 79 FMHEFLE HEAZUY. o &9E A3
sta 7 SRl IFTE 75 80 g (85%)L AUt white oil: 'H NMR (CDCL)
6 1.69 (m, 1H), 2.06 (m, 1H), 247 (m, 1H), 2.79 (m, 2H), 3.03 (s, 3H), 352 (m,
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1H), 39 (m, 2H), 459 (m, 2H), 4.76 (m, 3H), 52475.35 (m, 3H), 592 (m, 1H),
6.21 (d, 1H, J=41.91 Hz).

(2S,4R)-N-Allyloxycarbonyl-4-acethylthio-2-[1-hydroxy-2-(3-hydroxy-
methylisoxazol-5-yl)ethylpyrrolidine (76)

3E 75 1.76 g (45 mmol)S ¥ CHiCN 100 miel &3] A1zl & A4 7 F
3ol A potassium thioacetate 1.03 g (9 mmol, 2 eq)S Z73t} a8la oF 4,
7438 FsT wgo] AW B3 EtOAcE FEF39 {7152 75 FNMUEF
o2 Azxdo AdF3 T 7 ZF3oh 182 colunm chromato graphy® 7 A
3ted £49% }FE 76 116 g (70%)S 43Utk brown oil: 'H NMR (CDCly) &
1.89 (m, 1H), 2.35 (s, 3H), 245 (m, 1H), 25972.71 (m, 2H), 2.79 (m, 1H), 3.12
(m, 1H), 3.82 (m, 1H), 407 (m, 2H), 418 (m, 2H), 462 (m, 2H), 4.73 (m, 2H),
5.2475.35 (m, 2H), 594 (m, 1H), 6.27 (s, 1H).

N

Allyl (1R,55,65)-2-{(35,55)-5-[(-2-(1-hydroxy-2-(3-hydroxymethyliso—
thiazol-5-yl)ethyll-1-(4—-allyloxycarbonyl)pyrrolidin—3-ylthio}-6-[(1R)-1-
hydroxyethyll-1-methyl-1-carbapen-2-em—3-carboxlylate (78)
(35,45)-3-[(R)-1-Hydroxycarbonyl-2-oxopropyll-azetidin-2-one 065 g (2.2
mmol)< EtOAc/n-hexane(3/1) 30 mloll €3§A]7]132 Rhodium acetate dimerE %
W PojF 5 1A HF HEBFAZG dhgo] EUY SuiE Y TR
AASE Do 3FFE allyloxy carbonyl(1R5S,6S)-6-[(1R)-1-hydroxymethyl]-
1-methyl-2-oxo-carbapenem-3-carboxylates © ©]49] AAglo] A4 7|73t
A §4 CHsCN 30 mlell &3jA17 & 45 % stolA N)N-diisopropylethylamine
0.6 ml (35 mmol, 1.6 eq)S 7}3t32 Diphenylchlorophosphate 0.6 ml (2.9 mmol,
13 eq)& A7}ttt wkgo] Euw 7)ol tA] N, N-diisopropylethylamine 0.57
ml (3.3 mmol, 15 eq)& 7}&tx 3FE thiol 772 F CH:CNel &A1 A&

[¢) =2
=y £E2 Hrigit 2417 o] 3 Hg EtOAcst 2882 FEIY. /7S <
Hate ¥ FAUYEFOR Az 43T F Y FHGL BT IdE=EE

Ir

colunm chromatography® .2 AAsle] =3 33F&E 78 0.25 g (25%)& &k
pale brown powder: '"H NMR (CDCly) & 1.2771.30 (d, 3H, J=7.11 Hz), 1.3671.38
(d, 3H, J=6.24 Hz), 1.96 (m, 1H), 2.38 (m, 1H), 2.75 (m, 1H), 2.79 (m, 1H), 3.27
(m, 3H), 353 (m, 1H), 410 (m, 2H), 4.25 (m, 3H), 45874.78 (m, 5H), 5.2675.49
(m, 3H), 595 (m, 2H), 6.26 (s, 1H).
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(1R,5S5,65)-2-{(35,55)-5-[-2-(1-Hydroxy-2-(3-hydroxymethylisothiazol -5—
yDethyllpyrroli-din—-3-yl}thio-6-[(1R)-1-hydroxyethyl]l-1-methylcarbapen—
2-em-3-carboxylic acid (79)

3HHE 78 025 g (043 mmol)E A4 7|7/ 3tilA FF AAE CHLl: 10 ml
of &AL BE& FH3lNA tetrakis(tyiphenylphosphine)palladium(0)& Zulj &
7}8} 3L tributyltinhydride 0.38 ml (1.42 mmol, 3.3 eq)E A 713t} 3417 o WS-
o] EUH FHRTE FE3I}Y CHLLF S WAL THFFTS Fsto] wtol LA
T2 Ax NG 52 Axd 3 3¢ES HP-20 Dianion (5% THF &)
< o] &3ld M AAPY ES B2 AxE A AFE ey sHE 79
01 g (52%)& AE=vh brown powder: 'H NMR (CDCly) & 1.1071.12 (d, 3H,
J=759 Hz), 1.1671.18 (d, 3H, J=6.39 Hz), 1.81 (m, 1H), 2.52 (m, 1H), 2.7572.85
(m, 2H), 3.2173.34 (m, 2H), 3.35 (m, 1H), 351 (m, 1H), 3.61 (m, 1H), 3.87 (m,
1H), 4.10 (m, 2H), 4.13 (m, 1H), 491 (m, 1H), 6.30 (s, 1H).

(2S,4R)-4-t-Butyldimetylsilyloxy - 1-t-butoxycarbonyl-2-(5-ethoxy -
carbonylisoxazolin-3-yl)pyrrolidine (80)

FE 7 10 g (29 mmol)E DMF 200 mldl £33 & AL7]F3olA
N-chlorosuccinimide 4.26 g (32 mmol, 1.1 eq)2 ¥ 5 107 ww3g, 1 F
60 TollA 3087 M 3 2 T2 YzA 7t o7)d ethyl acrylate 12.5 ml
(145 mmol, 5 eq)E A7} S DMF 40 mlol] &35l Q= TEA 446 ml (32
mmol, 1.1 eq)E& ¢ 3027t A AA3s Hrigreh 1ela 2 CTollA 3083 vyt

Foagkgi), wkg-o] EZubd DMFY 58] A Ee] &3 EtOAc
FEZ Fohlla F¢ AU ERORE Hxdte AH(F F
AAZEE, 18} colunm chromatography® A Al ste] 343+
E 100 75 g (60.6%) 4t pale yelow oil: 'H NMR (CDCly) & 0.07 (s, 6H),
0.84 (s, 9H), 1.32 (t, 3H), 1.43~-1.47 (d, 9H), 2.18 (m, 2H), 3.25 (m, 2H), 3.47
(m, 2H), 4.23 (q, 2H), 445 (m, 1H), 460 (s, 2H), 448-490 (m, 1H), 5.28 (m,
2H), 595 (m, 1H).

(2S,4R)-4-t-Butyldimetylsilyloxy—-1-allyloxycarbonyl-2-(5-ethoxy—
carbonylisoxazolin-3-yl)pyrrolidine (81)

s3HE 80 6.55 g (14.8 mmol)& CH:ClyTFA=1/1°] 4 TelAl 1AI3F &<t aink
ok whgol YW SWE Ag FHIY AAT oS dvld THFE %o &3
Azt d8 FH3A TEA 20 ml (143.6 mmol, 98 eq)E& ¥ 3 allyl chloro-

O

l

formate 1.74 ml (163 mmol, 1.1 eq)E Y&t} A2 A 1541 5o =yt 3 £
Hhgo] FAEHE SulE g TF 3 oS £33 EtOAcE FEF3Y F715 & F<r
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FAYEFOE AXE g 94343 F A4S FHIY 282 colunm chromato-
graphy o2 AAst 3FE 81 442 g (70%)& AUtH pale yelow oil: 'H
NMR (CDCly) 8 0.07 (s, 6H), 0.84 (s, 9H), 1.32 (t, 3H), 2.18 (m, 2H), 3.25 (m,
9H), 347 (m, 2H), 4.23 (q, 2H), 445 (m, 1H), 460 (s, 2H), 4.48-490 (m, 1H),
528 (m, 2H), 595 (m, 1H).

(25,4R)-4-t-Butyldimetylsilyloxy-1-allyloxycarbonyl-2—-(5-hydroxy -
carbonylisoxazolin-3-yl)pyrrolidine (82)

3% 81 443 g (104 mmol)& MeOHel &3AZ F L5 FEstA
claisen alkali 85 g& HA3] AH7g}, o XN AR W o
acid® A A7 b8 2 573t &vlE AA & F =3 EtOAcE +
F71%S FF FAUEFoE AZRINY AR} F AY FFHSt AT
colunm chromatography® &2 AA 5ol 31E 82 404 g (98%)S A}t pale
yellow oil: 'H NMR (CDCl3) § 0.07 (s, 6H), 0.84 (s, 9H), 2.18 (m, 2H), 3.25 (m,
2H), 3.47 (m, 2H), 445 (m, 1H), 4.60 (s, 2H), 448-490 (m, 1H), 528 (m, 2H),
595 (m, 1H).

(2S,AR)-4-t-Butyldimetylsilyloxy —1-allyloxycarbonyl-2-(5-allyloxy -
carbonylisoxazolin-3-yl)pyrrolidine (83)

33E 82 406 g (102 mmol)2 80 ml¢] DMFe| €3A1Z § A 7]/}l
A TEA 2.6 ml (183 mmol, 1.8 eq)S A7} 5 allyl bromide 1.94 ml (22.4 ml,
22 eq)E H7t3ch 65 CTolAM o 1A AE wyt $ whgo] v DMF ¢F 5
vl Ax9 B3 EtOACE FE39 #§71F5S FF FIUEFLRE Axste o373
% 7+et =83t 2832 colunm chromatographyH oz 2 AA S 33E 83
338 g (76%)% 2tk pale yellow oil: 'H NMR (CDCls) 8 0.07 (s, 6H), 0.84 (s,
9H), 250~2.66 (m, 2H), 3.26~3.35 (m, 2H), 369 (m, 1H), 4.03 (m, 1H), 460~
468 (d, 2H), 469~4.70 (d, 2H), 490 (m, 1H), 512 (m, 1H), 525~5.35 (m, 5H),
590~594 (m, 1H).

(2S,4AR)-4-Hydroxy—1-allyloxycarbonyl-2-(5-allyloxycarbonylisoxazolin—3-
yDpyrrolidine (84)

335 83 339 g (7.74 mmol)S ¥ THF 80 mldl &3} Al & 4§ FE3
o A tetrabutylammonium fluoride 155 ml (155 mmol, 2 eq)E& &7}st} 0 1
Al ek 1A1ZF Wk 3 ubgo] Eud &E 7o FFsH AASL £ EtOAcE
F239 4715 75 FAVEFOE Az 93T F AESHIH. 28

colunm chromatography & At <53 314E 84 1.8 g (72%)S AU} pale
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white oil: 'H NMR (CDCls) § 250~266 (m, 2H), 3.26~3.35 (m, 2H), 369 (m,
1H), 4.03 (m, 1H), 460~468 (d, 2H), 469~4.70 (d, 2H), 490 (m, 1H), 512 (m,
1H), 5.25~5.35 (m, 5H), 590~5.94 (m, 1H).

(2S,4R)-4-Methansulfonyloxy—-1-allyloxycarbonyl-2-(5-allyloxycarbonyl-
isoxazolin—3-yl)pyrrolidine (85)

3gE 84 1.7 g (5.2 mmol)S ¥4 CHyCl, 80 mlol &3] A7 §F 43 F%3
oA TEA 0.87 ml (6.24 mmol, 1.2 eq)—e— A7k & methansulfonyl chloride 0.44

ml (5.7 mmol, 1.1 eq)& FH7}3tct ALoA 1A S¢F WHke & ¥b-&o] FAF
W CHLLS 3 F&319 —rr7]—*— —‘?--’F gAYEFOoR Az2dy A% = 3
o ZH3H IS 85 1.82 g (87%)S A=t} pale vellow oil: 'H NMR (CDCls)

6 252~2.66 (m, 2H), 3.06 (s, 3H), 328~335 (m, 2H), 3.69 (m, 1H), 403 (m,
1H), 4.60~4.68 (d, 2H), 4.69~4.70 (d, 2H), 490 (m, 1H), 5.12 (m, 1H), 5.25~5.35
(m, 5H), 590~5.94 (m, 2H).

(2S,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5-allyloxycarbonylisoxazolin-
3-yl)pyrrolidine (86)

313E 85 1.8 g (45 mmol)g F< CH:CN 100 midl &3] A7l & 24 7]
3}ol A potassium thioacetate 1.03 g (9 mmol, 2 eq)& & 7Fstc;. 18l oF 8*]
ZtE RS w80l 23 B EtOAcE FE39 {715 FF 4t
o2 AxsY 9343 3 A} FHIo. 18] colunm chromato graphy 73741]
ste] &% IYE 86 1.2 g (70%)S ATh: brown oil: 'H NMR (CDCly) 8 2.11
(m, 1H), 2.34 (s, 3H), 2.67 (m, 1H), 3.27~3.34 (m, 3H), 3.88 (m, 1H), 4.10 (m,
1H), 4.55~4.69 (m, 4H), 4.86 (m, 1H), 5.05 (m, 1H), 5.21-5.39 (m, 4H), 5.87~5.94
(m, 1H).

E
nqm

(2S5,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5-ethoxycarbonylisoxazolin—3—
yD)pyrrolidine (86b)

9 Wi 59 A FAHaYD 'H NMR (CDCls) 8 1.33 (t, 3H), 2.08 (m,
1H), 2.34 (s, 3H), 262 (m, 1H), 3.27~3.34 (m, 3H), 392 (m, 1H), 4.10 (m, 1H),
4.21~4.28 (m, 2H), 458~4.60 (m, 2H), 4.80 (m, 1H), 5.05 (m, 1H), 521-5.31 (m,
4H), 594 (m, 1H).

(2S,AR)-4-Mercapto—1-allyloxycarbonyl-2-(5—-allyloxycarbonylisoxazolin—

3-yDpyrrolidine (87)
338 064 g (1.7 mmoD)E €S F93tol A allyl alcoholo] &3jAIZ1th. 1¥
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(2S 4AR)-4-Mercapto—1-allyloxycarbonyl-2-(5-ethoxycarbonylisoxazolin-3-
yD)pyrrolidine (88)

TEE o Fgstd AANA ¥ oF wES AAETh

(25,4R)-4-t-Butyldimetylsilyloxy—1-allyloxycarbonyl-2-(5-hydroxy—
methylisoxazolin-3-yl)pyrrolidine (89)

338 81 98 g (24 mmoD)S AA7|F3lolA F THF 35 mlell &3iA210.
2 &£esto) A lithium cholride anhydrous 2.0 g (48 mmol, 2 eq)® sodium
borohydride 1.8 g (480 mmol, 2 eq)E& A7FA2 ¥ EtOH 70 mlE A A{3] Hojx
A} Aoz &7 oF A JhEF mHkAIZl § whgo] FAHW B84 2SS
o33t THF$} ethyl alcohole ZY FH3td AAE F citric acidg 713 H =
7 EtOAcE FE3t {7158 FF FAUEFLE AXAH. o] W& o3}
st3 73t FHE $FE 89 75 g (85%)L A3th white oil: 'H NMR (CDCL)
6 0.05 (s, 6H).

(2S,AR)-4-t—Butyldimetylsilyloxy-1-allyloxycarbonyl-2-(5-dimethylamino—
methylisoxazolin—-3-yl)pyrrolidine (97a)

'H NMR (CDCl3) & 0.07 (s, 6H), 0.87 (s, 9H), 2.18 (m, 2H), 2.28 (s, 6H), 2.43
(m, 1H), 251 (m, 1H), 2.72 (m, 1H), 3.01 (m, 1H), 351 (m, 2H), 4.03 (m, 1H),
4.45 (m, 1H), 459 (s, 2H), 472 (m, 1H), 4.82 (m, 1H), 519~5.35 (m, 2H), 590~
594 (m, 1H).

(2S,AR)-4-Methansulfonyloxy—1-allyloxycarbonyl-2-(5-hydroxymethyl-
isoxazolin—-3-yl)pyrrolidine(up) (97d)

e WA 59 A FAe 'H NMR (CDCly) 8 2.05 (m, 1H), 2.54 (m,
2H), 2.93~3.05 (m, 2H), 3.07 (s, 3H), 353~359 (m, 1H), 3.69 (m, 1H), 4.09 (m,
1H), 461 (s, 2H), 472 (m, 1H), 4.89 (m, 1H), 5.23~5.35 (m, 3H), 592 (m, 1H).

(2S,4R)-4-Methansulfonyloxy—1-allyloxycarbonyl-2-(5-hydroxymethyl-

isoxazolin-3-yl)pyrrolidine(dnn) (97e)
ool Wyl 29 &4 FAsYcE 'H NMR (CDCl) § 2.05 (m, 1H), 254 (m,
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2H), 2.93~3.05 (m, 2H), 3.07 (s, 3H), 353~359 (m, 1H), 369 (m, 1H), 4.09 (m,
IH), 461 (s, 2H), 472 (m, 1H), 4.89 (m, 1H), 5.23~5.35 (m, 3H), 592 (m, 1H).

(2S,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5-allyloxycarbonylmethyl-
aminomethylisoxazolin—3-yl)pyrrolidine (98a)

fo Wi 59 A 48t 'H NMR (CDCl) 8 212 (m, 1H), 234 (s,
3H), 266 (m, 2H), 2.85 (m, 1H), 3.04 (sm, 4H), 3.31 (m, 2H), 354 (m, 1H), 4.00
(m, 1H) 4.10 (m, 1H), 4.58~4.60 (m, 4H), 4.78 (m, 2H), 5.21-5.34 (m, 4H), 587~
596 (m, 2H).

(2S,4R)—-4-Acetylthio-1-allyloxycarbonyl-2-(5-dimethylaminomethyl-
isoxazolin-3-yl)pyrrolidine (98b)

29 W 59 A F4sdch 'H NMR (CDCl) 8 2.03 (m, 1H), 229 (s,
6H), 2.35 (s, 3H), 238 (m, 1H), 255 (m, 1H), 265 (m, 1H), 285 (m, 1H), 3.18
(m, 1H), 3.28 (m, 1H), 3.96 (m, 1H), 4.12, (m, 1H), 458~4.60 (m, 2H), 4.7874.83
(m, 2H), 5.21-5.34 (m, 2H), 594 (m, 1H).

(2S,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5-allyloxycarbonylamino—
methylisoxazolin—-3-yl)pyrrolidine (98c¢)

9 s Fd A TG 'H NMR (CDCl) § 212 (m, 1H), 2.34 (s,
3H), 266 (m, 2H), 2.85 (m, 1H), 3.04 (m, 1H), 3.31 (m, 2H), 354 (m, 1H), 4.00
(m, 1H) 4.10 (m, 1H), 458~4.60 (m, 4H), 4.78 (m, 2H), 5.21-5.34 (m, 4H), 587~
596 (m, 2H).

(25,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5-hydoxymethylisoxazolin-3—
yDpyrrolidine (98d)

1o} Wyn 59 8A Ak 'H NMR (CDCl) 8 2.05 (m, 2H), 234 (s,
3H), 268 (m, 1H), 297 (m, 1H), 3.02 (m, 1H), 3.27~3.32 (m, 1H), 3.60 (m, 1H),
3.77 (m, 1H), 4.03 (m, 1H), 418 (m, 1H), 458 (m, 2H), 480 (m, 2H), 5.21-5.35
(m, 2H), 594 (m, 1H).

(25,4R)-4-Acetylthio—1-allyloxycarbonyl-2-(5-hydoxymethylisoxazolin—-3—
yl)pyrrolidine (98e)

o) Wi 59 8A F4sach 'H NMR (CDCl) 8 2.05 (m, 2H), 2.34 (s,
3H), 2.68 (m, 1H), 297 (m, 1H), 3.02 (m, 1H), 3.27~3.32 (m, 1H), 360 (m, 1H),
3.77 (m, 1H), 4.03 (m, 1H), 418 (m, 1H), 458 (m, 2H), 480 (m, 2H), 5.21-5.35
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(m, 2H), 594 (m, 1H).

(2S,4R)-4-Mercapto—1-allyloxycarbonyl-2-(5-allyloxycarbonylmethyl-
aminomethylisoxazolin-3—-yl)pyrrolidine (99a)

FAW PYOE PAH] AR 23 G w3 ANAAG

(2S,AR)-4-Mercapto-1-allyloxycarbonyl-2-(5-dimethylaminomethyl-
isoxazolin—3-yl)pyrrolidine (99b)

FU3 oz s FASA &1 o u

oo
tlo
[«

A

b o,
(2S,AR)-4-Mercapto—1-allyloxycarbonyl-2-(5-allyloxycarbonylamino—
methylisoxazolin—-3-yl)pyrrolidine (99c)

F9% WHoE BT FARA @¥u g e AR,

(2S,4R)-4-Mercapto-1-allyloxycarbonyl-2-(5-hydoxymethylisoxazolin—-3-
yl)pyrrolidine (99d)

FAT RO FAs FANA &I vhe WSS AN

(2S,4AR)-4-Mercapto—1-allyloxycarbonyl-2-(5-hydoxymethylisoxazolin—-3-
yl)pyrrolidine (99e)

FAF PHOE FAte FARA B3 o

b o,

oft

o]
Ll

o

A A]

dlo

Allyl (1R,55,6S)-2-{(3S,5S)-(5-Allyloxycarbonylisoxazolin-3-yl)-1-(allyl-
oxycarbonyl)pyrrolidin-3—ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-
carbapen—2-em—3-carboxylate (100f)
(35,45)-3-[(R)-1-Hdroxycarbonyl-2-oxopropyll-azetidin-2-one 065 g (2.2
mmol)< EtOAc/n-hexane(3/1) 30 mlol] &3jA17] rhodium acetate dimerE Zwj
= QolE 5 17 7 S FAAY. o] YUY SulE 7S Fstke Al
At @) 3FE  allyloxycarbonyl (1R,5S,6S)-6-[(1R)-1-hydroxymethyl]-1-
methyl-2-oxo-carbapenem—-3-carboxylate: © o]Ate]l AHAAglo] A4 7]F3hol A
4 CHCN 30 mlo] €327l = 48 =% 3lolA N,N-disopropylethylamine
0.6 ml (35 mmol, 1.6 eq)e 7}33L diphenylchlorophosphate 0.6 ml (2.9 mmol, 1.3
eq)L Z bt ¥k 2o] Eubd o 7)o thA] N N-diisopropylethylamine 0.57 ml
(3.3 mmol, 15 eq)& 713t2 3FE thiol& F4 CHCNel &3 A A& =

= —_—
$E2 H7leh 2407 ol w8 oS EtOAcs £FEZ 28T 47132 Ash
o P4 FAUEFoR Az oHF F 7Y FFRIT ¥ JYEBL
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colunm chromatographyd 0.2 A A sl &3 3TE 100f 025 g (26%)S I+
t}: pale brown powder: 'H NMR (CDCly) § 1.27~1.30 (d, 3H, J=6.48 Hz), 1.35~
1.37 (d, 3H, J=6.27 Hz), 1.86 (m, 1H), 2.71 (m, 1H), 3.27~3.36 (m, 5H), 3.88 (m,
1H), 412 (m, 1H), 4.23~4.25 (m, 2H), 459~4.69 (m, 6H), 4.87 (m, 1H), 5.18 (m,
1H), 5.25~5.34 (m, 6H), 597 (m, 1H).

Allyl (1R 5S5,65)-2-{(3S,5S)-(5-allyloxycarbonylmethylaminomethyl-
isoxazolin—-3-yl)-1-(allyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]l-1-methyl-1-carbapen-2-em-3-carboxylate (100a)

FU% PPoz FA4stdct. 'H NMR (CDCl) 8§ 1.27~1.29 (d, 3H, J=7.14
Hz), 1.36~1.38 (d, 3H, J=6.27 Hz), 2.06 (m, 1H), 2.64 (m, 2H), 3.02 (m, 4H), 3.30
(m, 3H), 3.74 (m, 3H), 4.13 (m, 1H), 427 (m, 1H), 459~4.62 (m, 5H), 4.80 (m,
3H), 5.24~5.35 (m, 6H), 5.93 (m, 3H).

Allyl (1R,55,65)-2-{(35,5S)-(5-dimethylaminomethylisoxazolin-3-yl)-1-
(allyloxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-
1-carbapen—2-em—3-carboxylate (100b)

TYd Bygoz FAsAT 'H NMR (CDCl) § 1.27~129 (d, 3H, J=7.14
Hz), 1.36~1.38 (d, 3H, J=6.27 Hz), 2.06 (m, 1H), 264 (m, 2H), 3.02 (m, 4H), 3.30
(m, 3H), 3.74 (m, 3H), 413 (m, 1H), 427 (m, 1H), 462 (m, 3H), 4.80 (m, 3H),
5.24~5.35 (m, 4H), 593 (m, 2H).

Allyl (1R,55,6S)-2-{(3S,56S)-(5-allyloxycarbonylaminomethylisoxazolin—3-
yl-1-(allyloxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methyl-1-carbapen-2-em-3-carboxylate (100c)

FUF wPez FAskEch 'H NMR (CDCL) § 1.27~1.29 (d, 3H, J=7.13
Hz), 1.36~1.38 (d, 3H, J=6.24 Hz), 1.88 (m, 1H), 2.24 (m, 1H), 2.69 (m, 1H), 3.02
(m, 1H), 3.26 (m, 3H), 3.32 (m, 2H), 3.71 (m, 1H), 401 (m, 1H), 4.12 (m, 1H),
427 (m, 1H), 457~4.62 (m, 4H), 471 (m 1H), 4.80 (m, 3H), 5.24~5.49 (m, 7H),
5.93 (m, 3H).

Allyl (1R,5S5,65)-2-{(3S,5S)-(5-hydroxymethylisoxazolin-3-yl)-1-(allyl-
oxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyl}l-1-methyl-1-
carbapen—2-em-3-carboxylate (100d)

=A% WwHoz FAsEch 'H NMR (CDCL) & 1.27~129 (d, 3H, J=7.12
Hz), 1.35~1.37 (d, 3H, J=6.16 Hz), 2.1272.31 (m, 2H), 2.53 (m, 1H), 2.69 (m, 1H),
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3.07 (m, 2H), 3.26 (m, 1H), 3.38 (m, 1H), 346 (m, 2H), 3.57 (m, 1H), 3.76 (m,
2H), 401 (m, 1H), 427 (m, 2H), 461~4.85 (m, 6H), 524~5.49 (m, 4H), 596 (m,
2H).

Allyl (1R,5S,6S)-2-{(3S,55)-(5-hydroxymethylisoxazolin-3-y1)-1-(allyl-
oxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-
carbapen-2-em-3-carboxylate (100e)

s9% ez A4t 'H NMR (CDCl) § 1.27~129 (d, 3H, J=7.12
Hz), 1.35~1.37 (d, 3H, J=6.16 Hz), 2.1272.31 (m, 2H), 2.53 (m, 1H), 2.69 (m, 1H),
3.07 (m, 1H), 326 (m, 1H), 3.38 (m, 1H), 346 (m, 2H), 357 (m, 1H), 3.76 (m,
2H), 401 (m, 1H), 4.27 (m, 2H), 461~4.85 (m, 6H), 5.24~549 (m, 4H), 596
(m, 2H)

Allyl (1R,5S,6S)-2-{(3S,55)-(5-methyloxycarbonylisoxazolin-3-yl)-1-
(allyloxycarbonyl)pyrrolidin—-3-ylthio}-6-[(1R)-1-hydroxyethyl]l-1-methyl-
1-carbapen—2-em-3-carboxylate (100g)

sdg oz A4t 'H NMR (CDCl) 8 1.25~1.27 (d, 3H, J=6.46
Hz), 1.35~1.37 (d, 3H, J=6.28 Hz), 201 (m, 1H), 2.72 (m, 1H), 3.26~3.39 (m,
5H), 3.76 (m, 1H), 3.80 (s, 3H), 412 (m, 1H), 4.27 (m, 2H), 459~4.62 (m, 2H),
476 (m 1H), 4.87 (m, 1H), 512 (m, 1H), 5.25~5.49 (m, 4H), 5.97 (m, 2H).

(1R 5S,6S)-2-{(3S,5S)-(5-Hydroxycarbonylisoxazolin-3-yl)-1-pyrrolidin—
3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-
carboxylic acid (101f)

FFE 025 g (043 mmo)S A4 71F oA SF AAEY CHCl 10 miel
2317 98 Feso) A tetrakis(tyiphenylphosphine)palladium(0)& v 7}
3}3 tributyltinhydride 0.38 ml (1.42 mmol, 3.3 eq)Z Z7}3tt} 347 Fof wh3-o]
EUd SRFE F259 CHLLE L W ZHFTS Fsto Bo} Ay 542
Az ANt 52 dxd" 243 33%2 HP-20 Dianion (5% THF F&%4)& ©]
g3t AAZY B B2 AxE2 AAINY HF skl SdE 101f 01 g
(52%)S dE=v: brown powder: 'H NMR (D:0) § 0.95~1.15 (d, 3H, J=7.12 Hz),
1.17~1.19 (d, 3H, J=6.31 Hz), 1.61~165 (m, 1H), 255 (m, 1H), 2.88 (m, 1H),
288 (dd, 1H), 3.07 (m, 1H), 3.19~3.39 (m, 3H), 3.76 (m, 1H), 393 (m, 1H),
4.07~4.13 (m, 2H), 4.81~4.85 (t, 1H).
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(1R,5S,65)-2-{(35,5S)-(5-Methylaminomethylisoxazolin-3-yl)-1-pyrrolidin—
3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-
carboxylic acid (101a)

TUE ez gk 'H NMR (D:0) 8 1.10~1.13 (d, 3H, J=7.2 Ha),
1.18~1.20 (d, 3H, J=6.3 Hz), 1.72 (m, 1H), 257 (m, 1H), 2.67 (s, 3H), 291 (m,
2H), 3.13 (m, 2H), 3.28~3.34 (m, 4H), 3.78 (m, 1H), 4.13 (m, 3H), 4.93 (m, 1H).

(1R 5S,65)-2-{(3S,5S)-(5-Dimethylaminomethylisoxazolin-3-yl)-1-pyrroli-
din-3-ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-
carboxylic acid (101b)

FYE dgoz FAsH. 'H NMR (D:0) § 1.09~1.12 (d, 3H, J=7.16 Hz),
1.17~1.19 (d, 3H, J=6.3 Hz), 1.69 (m, 1H), 2.57 (m, 1H), 2.84 (m, 8H), 3.19~3.34
(m, 7H), 3.78 (m, 1H), 4.13 (m, 3H), 5.13 (m, 1H).

(1R,55,65)-2-{(3S5,5S) - (5- Aminomethylisoxazolin—-3-yl)-1-pyrrolidin—-3-yl-
thio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen—-2-em-3—-carboxylic
acid (101c)

F4F Yoz g4 'H NMR (D:0) 8 1.08~1.10 (d, 3H, J=7.14 Hz),
1.15~1.18 (d, 3H, J=6.33 Hz), 1.72 (m, 1H), 252 (m, 1H), 2.92 (m, 2H), 3.06 (m,
2H), 3.25~3.32 (m, 4H), 3.74 (m, 1H), 4.07~4.13 (m, 3H), 4.85 (m, 1H).

(1R,5S5,65)-2-{(35,55)-(5-Hydroxymethylisoxazolin—-3-yl)-1-pyrrolidin-3—
ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3—-carboxylic
acid (101d)

TUF PPoz FAsAT. 'H NMR (D:0) § 1.13~1.15 (d, 3H, J=7.18 Hz),
1.20~1.22 (d, 3H, J=6.31 Hz), 1.90~2.01 (m, 1H), 2.82~295 (m, 2H), 3.18~3.40
(m, 4H), 3.58 (m, 1H), 3.66~3.70 (m, 2H), 4.02 (m, 1H), 4.13~4.16 (m, 2H), 4.48
(m, 1H), 4.75 (m, 1H).

(1R ,5S5,65)-2-{(3S5,55)-(5-Hydroxymethylisoxazolin-3-yl)-1-pyrrolidin-3-
ylthio}-6-[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-3-carboxylic
acid (101e)

TYE PHez FAsH. 'H NMR (D:0) § 1.13~1.15 (d, 3H, J=7.18 Ha),
1.20~1.22 (d, 3H, J=6.31 Hz), 1.90~2.01 (m, 1H), 2.82~295 (m, 2H), 3.18~3.40
(m, 4H), 358 (m, 1H), 3.66~3.70 (m, 2H), 4.02 (m, 1H), 413~4.16 (m, 2H),
4.48 (m, 1H), 4.75 (m, 1H).
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(1R 55,6S)-2-{(3S,56S)- (5-Methoxycarbonylisoxazolin-3-yl)-1-pyrrolidin-
3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen—2-em—3-
carboxylic acid (101g)

=93 wHoz FAsech. 'H NMR (D:0) & 1.08~1.10 (d, 3H, J=7.22 Hz)

1.156~1.17 (d, 3H, J=6.36 Hz), 1.74~1.78 (m, 1H), 265 (m, 1H), 312 (m, 1H)
3.22~3.32 (m, 4H), 3.68 (s, 3H), 3.74 (m, 1H), 4.07~4.13 (m, 2H), 425 (m, 1H).
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PART B

(25,4R)-4-Mesyloxy—1-(allyloxycarbonyl)pyrrolidine-2-carboxylic acid
methyl ester (2)

4-3to| =EEA - EEd-12-T}o] 725 A AA=-1-GH 2H g
(1) 925 g(041 mo)™ Ego|doelwl 650 mL(049 moD)E FAHE wHEA FZto]
E 600 mL2 &3% & 0 T2 YA dHadEd Z28o= 560 (049
mol)& A7betx 1A7HS WA 7Y wHS-E 2 A e F2eel= 500
500 mLE& o] &3td §71%5& FE31, 10% 42F vlo|7l2RUYolE &9 400 mL
2 Aot F715E FF A2FAHCER AR, AqHsle &ulE ZEFFHT £,
AzvtEIHE 3Tt =T cdyHe AAE FFE(2) 232 g(93.2%)
< 92t '"H NMR (CDCl) § 227 (m, 1H), 2.75 (m, 1H), 3.06(s, 3H), 3.77 and
3.80 (2Zs, 3H), 3.82-3.97 (m, 2H), 442 (m, 1H), 4.57 (d, 2H, J=5.8 Hz), 5.25 (m,
3H), 592 (m, 1H).

N

(25,45)-4-Tritylthio—1-(allyloxycarbonyl)pyrrolidine-2—-carboxylic acid
methyl ester (3)

2% stol=de]l= 11.6 g(0.29 mol, 60% 2.4 HEHE 0 T= JZ2Hd XA
DMF 600 mLel #H7tstx, Egsidwed2te 80.0 g(0.29 mo)& H7Hg ¥,
& ZYAITI T (2S4R)-4-HASA-1(EESAFIE R D) T S| d-2- 725 A A
e o ~E|(2) 75.7 g(0.25 mol)& DMF 150 mL2 €327, ©tEoizl g EFE2
A3 A7kete] 3ARME WHAIZITE H3 G4 FEAS B3 olE ofAHolER &
ot fF718HE AF HICER Az sty &g AYEFIE ol A=nE
a9 R FEEeste =@ o d¥HY AA" FFER) 1006 g825%)S AUk
'H NMR (CDCl3) § 2.01 (m, 1H), 255 (m, 1H), 3.16 (bs, 1H), 354 (bs, 1H), 3.77
and 3.80 (2s, 3H), 397 (m, 1H), 442 (m, 1H), 455 (d, 2H, J=55 Hz), 526 (m,
2H), 598 (m, 1H) 723 (m, 9H), 7.48 (m, 6H).

2 (0 8B M

(25,4S)-2-Hydroxymethyl-4-tritylthio—1-(allyloxycarbonyl)pyrrolidine (4)
Y EEZ3tol=glol= 479 g(0.22 mol)ol EHIEZ3ol=&FE 200 mLE A7t
st 0 T2 WA F (2S49)-4-EEE - 1-(ZE€ 372 ) Egd-2-
FIEE A DA = o] ~E(3) 107.3 g(0.22 mo)E HIEZSol=2F T 700 mLE
a5t WZEHAN & HHMs| Hrste BAE HA2oR wyk WA Y.

ofj

gate] 4 4F AuolEZ AZ, Rse] £9)E AYEFAAYG. 2=

Ao

o
=
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nEagg2 B3l =@ oddge e HAE FEM@) 794 g(785%)<
A9t 'H NMR (CDCl) § 1.98 (m, 1H), 2.75-2.82 (m, 2H), 3.01 (m, 1H), 3.55
(bs, 2H), 3.78 (m, 1H), 455 (d, 3H, J=5.9 Hz), 525 (m, 3H), 590 (m, 1H), 7.27
(m, 9H), 7.47 (m, 6H).

(2S5,4S)-2-Mesyloxymethyl-4-tritylthio—1-(allyloxycarbonyl)pyrrolidine (5)
(2S4S)-2-3to]l =2 A HE 4-EFLE Q- 1-(FEZA7I2RD)F & U(4) 689
g(0.15 mo)# Egddolwl 242 mL(0.18 moD)E AAE wWEdA E2ol= 400
mLE &8st 0 TE W¥A4AZ F vWegdzdE2eel= 206 g(0.18 mo)E A
3 H7gY o8 0 TE 1ANZS mdtstn wWEd E2do|= 200 mLot &
200 mLE& ol&3le §712S F&3t1, 10% AFHOIZIEZRYe]E &< 300 mL
AF AACER X, AdFfstd &ME HYEET
3 azvEaYyz BFIFste] =@ odyHe] A" IFEB) 755
g(93.6%)s |AUTt. 'H NMR (CDCly) & 191 (bs, 1H), 2.11 (bs, 1H), 2.75-2.82
(bs, 2H), 2.99 (s, 3H), 3.95 (bs, 1H), 401 (m, 1H), 422 (bs, 1H), 455 (bs, 3H),
531 (m, 2H), 591 (m, 1H), 7.27 (m, 9H), 7.48 (m, 6H).

(2S,4S)-2-Cyanomethyl-4-tritylthio- 1-(allyloxycarbonyl)pyrrolidine (6)

(2S4S)-2-HAEAmE-4-ELHE Q- 1-(ZESAFIZR D) I EH((B) 592
g(0.11 mo)#F AF Aotvto]l= 10.8 g(0.22 mol)< tholWd HZAlol= 300 mL=
gaste] 75 TR HAIZ AT, 27k ES B3 o€ ohAlElo]E 300 mLE
T W F&5e] B B2 f7)50 JdE tolHE AFZAtol=E AAZH. #7]
SME B 4AF Ao ER AZF dHstd £HE AAEEE F, ZAEvEIY
gz 2E35ste 38 oA AAH FFE(6) 459 g(89.1%)S AU
'H NMR (CDCl3) § 1.88 (m, 1H), 2.19 (m, 1H), 2.82 (d, 2H), 2.85-3.01 (m, 2H),
3.88 (m, 1H), 455 (d, 2H, J=5.9 Hz), 529 (m, 2H), 588 (m, 1H), 7.27 (m, 9H),
7.47 (m, 6H).

(2S,4S)-2-[(5-Ethoxycarbonyl)-1,2,4-oxadiazole-3-ylmethyl]-4-tritylthio-
1-(allyloxycarbonyl)pyrrolidine (7)

33E 6 (234 g, 005 mo)T F=FEAolTl slol=gFEeolE (104 g, 0.15
moDE &g (250 mL)el A7IE F, & (70 mL)ol AEJIERYIE (159 g,
0.15 mo)E &3ANA olF AL HH3| H/e F 60 TR 20 NS 7HE
etz Wk 9 & OB (200 mL)E HHSES F31, 6N-E4 FE&A4eE FA4
gich o olAlElolE (200 mL)E FE3 7] &WiE 35 wiadlg ¥
ER AZ, dFdste] v A FHS F o ol AA #A glo] Ao &

Il
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FEL HED sloj=2 F (200 mL)E 3472 e Fretol= (560
mL, 005 moD& A7}ste 24 7H5<t 7tE &F AlZY ¥8 24§ yAsidF
I o] BEgE 10% xFulolFtERUE FEHE HILe
(200 mL)2 F=3to 7] &ujl& I+ nvf2dlg HdFEHER
o &WE Y FFHEIL, AFvEIYAR AHAS =49 1A SEE 7
(223 g, 765%)E AUth 'H NMR (CDCls) & 1.48 (t, 3H, J=7.4 Hz), 1.85 (bs,
1H), 2.16 (bs, 1H), 2.85-2.98 (bs, 3H), 355 (bs, 1H), 3.89 (bs, 1H), 4.01 (bs, 1H),
4.26-451 (bs, 4H), 5.31 (m, 2H), 591 (m, 1H), 7.26 (m, 9H), 7.47 (m, 6H).

(25,4S)-2-[(5-Carbamoy!)-1,2,4-oxadiazole-3—ylmethyl]-4-tritylthio-1-
(allyloxycarbonyl)pyrrolidine (8c)

ARrE (20 mL)ol 3gFE 7 (117 g, 1.50 mmo)E A 7tataL, o
EUYolsy (28%, 10 mL)E A7tsld 60 CTE 3 A1ZHE<t 7FE gk A 7ig
S 6N-EA FEAoZ ST od ofAMHOE B0 mL)E F W FE3
7] W& ZFeted 4 AFAUER Ax, dFste] {7 §WE 2
AN ZAEE AZnE T2 A st =T oA FAE 8¢ (085
g, 78.1%)% ¥t 'H NMR (CDCl) & 1.82 (bs, 1H), 2.11 (bs, 1H), 2.71-291
(bs, 3H), 3.25 (bs, 2H), 4.01 (bs, 1H), 451 (bs, 2H), 535 (m, 2H), 590 (m, 1H),
6.55 (bs, 1H), 6.78 (bs, 1H), 7.26 (m, 9H), 7.47 (m, 6H).

_—

Q
QS &

LA

o2
oo 2

[

ol\

it
En
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(25,4S)-2-[(5-Methylcarbamoyl) 1,2,4-oxadiazole-3—ylmethyl]-4-trityl-
thio—1-(allyl-oxycarbonyl)pyrrolidine (8d)

£ 825%. '"H NMR (CDCl) & 1.80 (bs, 1H), 2.11 (bs, 1H), 2.71-2.94 (bs,
3H), 3.03 (s, 3H), 3.25 (bs, 2H), 401 (bs, 1H), 453 (bs, 2H), 5.35 (m, 2H), 591
(m, 1H), 6.59 (bs, 1H), 7.26 (m, 9H), 7.47 (m, 6H).

(25,45)-2-[(5-N-Dimethylcarbamoyl)-1,2,4-oxadiazole-3-ylmethyl]-4-
tritylthio-1-(allyloxycarbonyl)pyrrolidine (8e)

£ 778%. 'H NMR (CDCly) 8 1.77 (bs, 1H), 2.16 (bs, 1H), 2.73-2.91 (bs,
3H), 3.01 (s, 6H), 3.29 (bs, 2H), 4.11 (bs, 1H), 455 (bs, 2H), 5.35 (m, 2H), 591
(m, 1H), 6.39 (bs, 1H), 7.25 (m, 9H), 7.46 (m, 6H).

(25,4S)-2-[(5-(2-Hydroxyethylcarbamoyl)-1,2,4-oxadiazole-3-ylmethy1]-
4—-tritylthio—1-(allyloxycarbonyl)pyrrolidine (8f)

£ 735%. 'H NMR (CDCly) & 1.84 (bs, 1H), 2.28 (bs, 1H), 254 (m, 1H),
2.60-2.72 (bs, 3H), 3.55-3.68 (t, 2H, J=7.0 Hz), 3.77-3.85 (m, 3H), 34.05 (bs, 1H),
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450 (bs, 2H), 5.25 (m, 3H), 586 (m, 1H), 7.24 (m, 9H), 7.46 (m, 6H).

(2S5,4S)-2-[(5-(3-Hydroxypropylcarbamoyl)-1,2,4-oxadiazole-3-ylmethyl]-
4-tritylthio—1-(allyloxycarbonyl)pyrrolidine (8g)

& 80.7%. '"H NMR (CDCls) & 1.80 (bs, 1H), 1.95 (bs, 2H), 2.06 (bs, 1H),
2.65-2.79 (bs, 4H), 3.01 (bs, 1H), 3.22 (bs, 1H), 355 (bs, 2H), 3.78 (bs, 2H), 3.94
(bs, 1H), 455 (bs, 2H), 525 (m, 2H), 596 (m, 1H), 7.23 (m, 9H), 7.46 (m, 6H).

(25,4S)-2-[(5- (2,3 -Dihydroxypropylcarbamoyl)-1,2,4-oxadiazole-3-yl-
methyl]-4-tritylthio-1-(allyloxycarbonyl)pyrrolidine (8h)

& 80.7%. 'H-NMR (CDCls) & 1.75 (bs, 1H), 2.05 (bs, 1H), 2.62-2.87 (bs,
2H), 3.01-3.38 (bs, 4H), 355 (bs, 2H), 3.78 (bs, 2H), 3.94 (bs, 1H), 455 (bs, 2H),
5.25 (m, 2H), 592 (m, 1H), 7.23 (m, 9H), 7.44 (m, 6H).

(25,4S)-2-[(5-(Hydroxycarbamoyl)-1,2,4-oxadiazole -3-ylmethyl]-4-trityl—-
thio—1-(allyloxycarbonyl)pyrrolidine (8i)

& 762%. 'H NMR (CDCls) & 1.70 (bs, 1H), 2.19 (bs, 1H), 2.27 (m, 1H),
2.63-2.90 (bs, 3H), 3.83 (bs, 1H), 449 (bs, 2H), 5.26 (m, 3H), 5.838 (m, 1H), 7.27
(m, 9H), 7.47 (m, 6H).

(2S,4S)-2-[(5-(2- Aminoethylcarbamoyl)-1,2,4-oxadiazole—3-ylmethyl]l-4-
tritylthio—1-(allyloxycarbonyl)pyrrolidine (8j)

& 75.1%. 'H NMR (CDCly) & 1.80 (bs, 1H), 1.98 (bs, 2H), 2.05 (bs, 1H),
2.63-2.75 (bs, 3H), 3.04 (bs, 1H), 3.22 (bs, 1H), 3.58 (bs, 2H), 3.75 (bs, 2H), 3.98
(bs, 1H), 455 (bs, 2H), 5.25 (m, 2H), 590 (m, 1H), 7.23 (m, 9H), 7.46 (m, 6H).

(25,45)-2-[(5-Hydroxymethyl)-1,2,4-oxadiazole-3-ylmethyl]-4—tritylthio—
1-(allyloxycarbonyl)pyrrolidine (8b)

o et& (50 mL)¢+ BlEZSel=2 F& 50 mL)Y EF& A FFE 7 (11.67
g, 20.0 mmo)E {3272, 0 TE Yz3ted 42§ REstol=gtol= (114 g 30.0
mmo)E HH3| H7F 3ok AL F B (40 mL)E FIF3, IN-E2 789

A5e 3 dE ofAEolE (100 mL)E F&3H. 4o #715& ¥ 4

FAFER ZﬂZ‘- q3sle] f7] EmlE BHFHFALG. JFHES A2vtE 29
W2 A =T 294 HEE 8b (739 g, 665%)F ATk 'H NMR
(CDCls) 8 1.72 (bs, 1H), 2.12 (bs, 1H), 2.75-2.99 (bs, 5H), 3.25 (bs, 2H), 4.05 (bs,
1H), 4.53 (bs, 2H), 5.35 (m, 2H), 590 (m, 1H), 7.26 (m, 9H), 7.47 (m, 6H)
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(25,45)-2-[(6-Ethoxycarbonyl)-1,2,4-oxadiazole-3—-ylmethyl]-4-thiol -
(allyloxycarbonyl)pyrrolidine (9a)

SI3HE 7 (058 g, 1.0 mmoD)E wgd ZF=2gol= 2 mL)Z £33ty 0CE
WA 713, Egog A (013 g, 1.1 mmol)¥} EFEF L Zo}AE AA= (2 mL)
£ A7bete] 30EFAd =k ARtk AgoeR &WlE AASH, oY oiAEHoE
(10 mL)E 21 10% 4Fulo|7l2RdlolER FA43e ¥ §71%5& FE3H #
718WE FF 42F AFCER AR AqRsty §uE AYFEET F ARvED
A= AAE 9a (024 g 720%)) =32 29L& Ak 'H NMR (CDCl) 8
141 (t, 3H, J=7.4 Hz), 1.80 (bs, 1H), 1.94 (bs, 1H), 2.55-2.72 (bs, 2H), 3.01-3.35
(bs, 2H), 3.55 (bs, 1H), 3.89 (bs, 1H), 4.01 (bs, 1H), 4.26-4.51 (bs, 4H), 5.31 (m,
2H), 591 (m, 1H).

(25,4S)-2-[(5-Hydroxymethyl)-1,2,4-oxadiazole 3-ylmethyl]l-4-thiol-1-
(allyloxycarbonyl)pyrrolidine (9b)

FE5EL 387%, 'H NMR (CDCly) 8 1.72 (bs, 1H), 2.12 (bs, 1H), 2.75-2.99
(bs, 5H), 3.25 (bs, 2H), 4.05 (bs, 1H), 453 (bs, 2H), 5.35 (m, 2H), 590 (m, 1H).

(25,4S5)-2-[(6—Carbamoyl)-1,2,4-oxadiazole-3-ylmethyl]l-4—thiol-1-(allyl-
oxycarbonyl)pyrrolidine (9c)

FE82 354%, 'H NMR (CDCly) & 1.80 (bs, 1H), 2.11 (bs, 1H), 2.71-2.91
(bs, 3H), 3.25 (bs, 2H), 4.01 (bs, 1H), 4.56(bs, 2H), 5.35 (m, 2H), 593 (m, 1H),
6.55 (bs, 1H), 6.78 (bs, 1H).

(25,4S)-2-[(5-Methylcarbamoyl)-1,2,4-oxadiazole-3—-ylmethyl]l-4-thiol-1-
(allyloxycarbonyl)pyrrolidine (9d)

TEES 485%, '"H NMR (CDCl) & 1.77 (bs, 1H), 2.11 (bs, 1H), 2.71-2.94
(bs, 3H), 3.03 (s, 3H), 3.25 (bs, 2H), 4.05 (bs, 1H), 459 (bs, 2H), 5.35 (m, 2H),
588 (m, 1H), 6.59 (bs, 1H).

(25,45)-2-[(6-N-Dimethylcarbamoyl)—1,2,4-oxadiazole-3-ylmethyl]-4-
thiol-1-(allyloxycarbonyl)pyrrolidine (9e)

FELL 414%, 'H NMR (CDCl) 6 1.78 (bs, 1H), 2.11(bs, 1H), 2.75-2.96 (bs,
3H), 3.01 (s, 6H), 3.29 (bs, 2H), 411 (bs, 1H), 455 (bs, 2H), 5.35 (m, 2H), 586
(m, 1H), 6.39 (bs, 1H).
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(25,4S)-2-[(5-(2-Hydroxyethylcarbamoyl)-1,2,4-oxadiazole-3-ylmethyl]-4—
thiol-1-(allyloxycarbonyl)pyrrolidine (9f)

TEEL 38.1%, 'H NMR (CDCly) 8 1.84 (bs, 1H), 2.28 (bs, 1H), 254 (m,
1H), 2.60-2.72 (bs, 3H), 3.55-3.68 (t, 2H, J=7.0 Hz), 3.77-3.85 (m, 3H), 4.05 (bs,
1H), 450 (bs, 2H), 525 (m, 3H), 5.86 (m, 1H).

(25,45)-2-[(5-(3—-Hydroxypropylcarbamoyl)—1,2,4-oxadiazole—3—-ylmethyl]-
4-thiol-1-(allyloxycarbonyl)pyrrolidine (9g)

FE8L 367%, 'H NMR (CDCly) & 1.84 (bs, 1H), 1.99 (bs, 2H), 2.09 (bs,
1H), 2.65-2.79 (bs, 4H), 3.05 (bs, 1H), 3.22 (bs, 1H), 3.55 (bs, 2H), 3.78 (bs, 2H),
394 (bs, 1H), 455 (bs, 2H), 525 (m, 2H), 590 (m, 1H).

(25,4S)-2-[(5-Dihydroxypropylcarbamoyl)-1,2,4-oxadiazole-3-ylmethyl]-4—
thiol-1-(allyloxycarbonyl)pyrrolidine (Sh)

FELL 41.0%, 'H NMR (CDCL) § 1.75 (bs, 1H), 2.05 (bs, 1H), 2.62-2.87
(bs, 2H), 3.01 -3.38 (bs, 4H), 3.55 (bs, 2H), 3.78 (bs, 2H), 3.94 (bs, 1H), 4.55 (bs,
2H), 5.25 (m, 2H), 592 (m, 1H).

(25,4S)-2-1(5-(Hydroxycarbamoyl)-1,2,4-oxadiazole-3-ylmethyl]-4-thiol -
1-(allyloxycarbonyl)pyrrolidine (9i)

FE&2 382%, 'H NMR (CDCly) & 1.70 (bs, 1H), 2.19 (bs, 1H), 2.27 (m,
1H), 2.63-2.90 (bs, 3H), 3.83 (bs, 1H), 4.49 (bs, 2H), 5.26 (m, 3H), 5.88 (m, 1H).

(25,4S)-2-1(5-(2- Aminoethylcarbamoyl)-1,2,4-oxadiazole-3-ylmethyl]-4-
thiol-1-(allyloxycarbonyl)pyrrolidine (9j)

FEEL 451%, '"H NMR (CDCl; & 1.82 (bs, 1H), 2.01 (bs, 2H), 2.05 (bs, 1H),
2.63-2.75 (bs, 3H), 3.04 (bs, 1H), 3.25 (bs, 1H), 3.58 (bs, 2H), 3.75 (bs, 2H), 3.98
(bs, 1H), 4.55 (bs, 2H), 525 (m, 2H), 5.87 (m, 1H).

p—Allyl (1R,5S,6S)-6-[(1R)-hydroxyethyll-3-[5-(4-ethoxycarbonyl-1,2,4—
oxadiazole—-2-ylmethyl)-1- (allyloxycarbonyl)pyrrolidin—-3-ylthiol-1-methyl-
carbapen—2-em-3-carboxylate (13a)

p-4E  (1RS5S6S)-3-(tho| AL ZAFEHZA)-6-[(R)-1-3te] =& E]-1-7
gilalA-2-91-3-7t 224 olE 11 (055 g, 091 mmol) & oFHEUCIEZ (50
mL)E &3AA 0 TE dZA 7} tholojrz2Ho|Holl (013 g, 1.0 mmoD)&E
H7lsta, ofAlEUClEE (10 mL)E 3EE 9a (041 g, 091 mmol)E &3t
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A7beE F, 2 AbEet w3, whgFAA s z% AESHE AAS L 2
obAlElolE (40 mL)Z &35kl £ (30 mL)E AAET /715E do ¥ vk
g dFEoER Ax, o3fstu §ug AEeET F, ARvEIHIRZ HAL
13a (038 g, 70.7%)% <¥Ack. 'H-NMR (CDCk) 8 125 (d, 3H, J=66 Hz),
1.31-1.37 (dd, 6H, J=6.6 Hz), 1.98 (bs, 1H), 2.14 (m, 1H), 246 (m, 1H), 295 (m,
2H), 345 (d, 2H, J=96 Hz), 401-4.18 (m, 4H), 443 (bs, 1H), 511-555 (m, 2H),
709 (s, 1H), 7.23 (d, 2H, J=7.3 Hz), 745 (d, 2H, J=7.3 Hz), 821 (d, 4H, J=7.3
Hz). -IR (KBr): 3410 (OH), 3230 (NH), 1720, 17051660 (C=0) cm ',

33E(13b) WA SFFEA3NDE A7 SFEA32)Y FAEALYRA 22 LYoz A
glsto] A = At

(1R ,5S5,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-ethoxycarbonyl-1,2,4-oxa—
diazol-2-ylmethyl)pyrrolidin-3—-ylthiol-1-methylcarbapen-2-em-3-
carboxylic acid (14a)

313HE 13a (0.24 g, 4.06 mmol)Z Pd/C (10%) (0.1 g)& EﬂEE‘r ’SPOICE'%E}
et ZAHOE &89 (pH=7) (111, 20 mL)9] &&=
A IAZE B¢ FASNEES AlZIYH B EE F o] o He)
dEFsH, dE JdHEZ (2x20 mL)EZ2 AdFm EFS o
Diaion HP-20 column®&Z AA|5}3, UVE o] &3t 298 nm<! L
AAZANA B89 HF STE 14a (0046 g, 241%) 20 'H NMR (DO) §
1.06 (d, 3H, J=6.5 Hz), 1.15 (d, 3H, J=5.7 Hz), 1.29 (t, 3H, J=6.1 Hz), 2.04 (bs,
1H), 2.86 (m, 1H), 3.01-3.13 (bs, 2H), 353 (bs, 2H), 3.70 (bs, 1H), 4.10 (m, 2H),
415 (q, 2H, J=6.1 Hz), 451 (bs, 1H), 7.11 (s, 1H). -IR (KBr): 3470 (OH), 3230
(NH), 1710, 1690, 1660 (C=0) cm .

(1R,5S5,65)-6-[(1R) Hydroxyethyl]-3-[5-(4-hydroxymethyl-1,2,4-oxa—
diazol-2-ylmethyl)pyrrolidin—3-ylthiol-1-methylcarbapen-2-em—3-
carboxylic acid (14b)

£ 25.0%. -UV Amax: 298nm. 'H NMR (D:0) & 1.11 (d, 3H, J=6.5 Ha),
1.19 (d, 3H, J=6.2 Hz), 1.85 (m, 1H), 2.46-2.67 (bs, 2H), 2.90 (m, 1H), 3.01-3.13
(bs, 2H), 3.20-3.30 (m, 3H), 353 (dd, 1H, J=5.4 and 5.8 Hz), 397 (bs, 1H), 4.10
(bs, 2H), 4.43 (m. 1H) -IR (KBr): 3510 (OH), 3300 (NH), 2990, 1710, 1690 (C=0)

-1
cm .
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(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-carbamoyl-1,2,4-oxadiazol-2-
ylmethyl)pyrrolidin-3-ylthio]l-1-methylcarbapen-2-em-3—carboxylic acid
(14¢)

4§ 31.2%. -UV Amax: 298 nm. 'H NMR (D:0) 8 1.08 (d, 3H, J=7.2 Hz),
117 (d, 3H, J=6.3 Hz), 1.71 (m, 1H), 2.55-2.66 (m, 2H), 3.05 (dd, 1H, J=6.9 and
6.9 Hz), 3.23 (t, 1H, J=75 Hz), 3.32 (bs, 2H), 3.55 (g, 1H, J=5.9 Hz), 3.75 (t, 1H,
J=71 Hz), 411 (bs, 2H), 443 (m, 1H) -IR (KBr): 3480(OH), 3260(NH), 1670
(C=0) cm™

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-methylcarbamoyl-1,2,4—
oxadiazol-2-yl-methyl)pyrrolidin-3—-ylthio]l-1-methylcarbapen-2-em—-3-
carboxylic acid (14d)

$& 343%. -UV Mmax: 298 nm. 'H NMR (D:0) § 1.07 (d, 3H, J=6.9 Hz),
1.16 (d, 3H, J=6.4 Hz), 169 (m, 1H), 255-2.72 (m, 2H), 2.88 (s, 3H), 3.05 (dd,
1H, J=6.9 and 6.9 Hz), 325 (t, 1H, J=7.5 Hz), 3.34 (bs, 1H), 357 (q, 1H, J=59
Hz), 375 (t, 1H, J=7.1 Hz), 411 (bs, 3H), 444 (m, 1H) -IR (KBr): 3540 (OH),
3270 (NH), 1705, 1665 (C=0) cm

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-N-dimethylcarbamoyl-1,2,4-
oxadiazol-2-yl-methyl)pyrrolidin-3-ylthiol-1-methylcarbapen—-2-em-3-
carboxylic acid (14e)

2g 341%. -UV Amax: 296 nm. 'H NMR (D:0) & 1.07 (d, 3H, J=6.9 Hz),
1.16 (d, 3H, J=6.4 Hz), 1.79 (m, 1H), 2.65-2.78 (m, 2H), 2.92 and 2.96 (2s, 6H),
3.09 (dd, 1H, J=6.7 and 6.7 Hz), 3.27 (t, 1H, J=7.5 Hz), 3.34 (bs, 1H), 357 (q, 1H,
J=59 Hz), 3.75 (t, 1H, J=7.1 Hz), 3.99 (m, 1H), 4.11 (bs, 2H), 444 (m, 1H). -IR
(KBr): 3510(0H), 3300(NH), 1710, 1690 (C=0) cm .

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-(2-hydroxyethylcarbamoyl-
1,2,4-oxadiazol - 2—-ylmethyl)pyrrolidin—3-ylthiol-1-methylcarbapen-2-em-3-
carboxylic acid (14f)

2§ 238%. -UV Amax: 298 nm. ‘H NMR (D:0) & 1.09 (d, 3H, J=6.5 Hz),
1.16 (d, 3H, J=6.0 Hz), 1.68 (m, 1H), 1.88 (m, 1H), 2.81 (m, 1H), 3.23-3.36 (bs,
2H), 357-3.64 (m, 2H), 3.67-3.77 (m, 2H), 3.81 (t, 2H, J=7.1 Hz), 3.98 (m, 2H),
4.09 (m, 2H), 444 (bs, 1H). -IR (KBr): 3510 (OH), 3270 (NH), 1710, 1680 (C=0)

-1
cm .
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(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-(3-hydroxypropylcarbamoyl-
1,2,4-oxadiazol-2-ylmethyl)pyrrolidin-3-ylthiol-1-methylcarbapen-2-em—-3-
carboxylic acid (14g)

48 269%. -UV Amax: 208 nm. 'H-NMR (D:0) 8( 1.09 (d, 3H, J=6.5 Hz),
1.16 (d, 3H, J=6.0 Hz), 1.55-1.79 (bs, 3H), 1.89 (m, 1H), 2.81 (m, 1H), 3.21-3.39
(bs, 2H), 3.57-3.67 (m, 2H), 3.69-3.79 (m, 2H), 3.81 (t, 2H, J=7.1 Hz), 3.98 (m,
2H), 4.09 (m, 2H), 4.45 (bs, 1H). -IR (KBr): 3510 (OH), 3250 (NH), 1715, 1685
(C=0) cm.

(1R,55,6S)-6-[(1R)-Hydroxyethyl]l-3-[5-(4-(2,3~dihydroxypropycarbamoyl-
1,2,4-oxa-diazol-2-ylmethyl)pyrrolidin—-3-ylthiol-1-methylcarbapen—-2-em-
3-carboxylic acid (14h)

4% 165%. -UV Amax: 298 nm. '‘H NMR (D:0) & 1.11 (d, 3H, J=6.5 Hz),
117 (4, 3H, J=6.0 Hz), 169 (m, 1H), 1.89 (m, 1H), 2.10 (m, 1H), 2.81 (m, 1H),
3.23-3.36 (bs, 2H), 3.47-358 (m, 2H), 3.61-3.75 (m, 2H), 3.80 (t, 2H, J=7.1 Hz),
398 (m, 2H), 4.09 (m, 2H), 443 (bs, 1H). -IR (KBr): 3500 (OH), 3270 (NH),
1705, 1660 (C=0) cm .

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-hydroxycarbamoyl-1,2,4—
oxadiazol-2-yl-methyl)pyrrolidin-3-ylthio]l-1-methylcarbapen—2-em—-3-
carboxylic acid (14i)

& 232%. -UV Mmax: 298 nm. ‘H NMR (D:0) & 1.12 (d, 3H, J=7.0 Hz),
1.19 (d, 3H, J=6.3 Hz), 1.71 (m, 1H), 2.55-2.66 (m, 2H), 3.05 (dd, 1H, J=6.9 and
6.9 Hz), 3.23 (t, 1H, J=7.5 Hz), 3.32 (bs, 2H), 3.55 (q, 1H, J=5.9 Hz), 3.75 (t, 1H,
J=71 Hz), 411 (bs, 2H), 443 (m, 1H) -IR (KBr): 3550 (OH), 3260 (NH), 1670
(C=0) em .

(1R,55,6S)-6-[(1R)-Hydroxyethyll-3-[5-(4-(2—aminoethylcarbamoyl-1,2,4—
oxadiazol-2-ylmethyl)pyrrolidin—3-ylthiol-1-methylcarbapen—-2-em-3-
carboxylic acid (14j)

& 27.2%. -UV Mmax: 298 nm. 'H NMR (D:0) & 1.08 (d, 3H, J=65 Hz),
1.14 (d, 3H, J=6.0 Hz), 169 (m, 1H), 1.89 (m, 1H), 2.71 (m, 1H), 3.22-3.39 (bs,
2H), 3.57-3.64 (m, 2H), 3.67-3.77 (m, 2H), 3.81 (t, 2H, J=7.1 Hz), 3.98 (m, 2H),
409 (m, 2H), 445 (bs, 1H). -IR (KBr): 3550 (OH, NH»), 3270 (NH), 1710, 1680
(C=0) em™.
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(25,4S)-2- (N-Hydroxyacetamidine)-4-tritylthio—~1-(allyloxycarbonyl) -
pyrrolidine (16)

(254S)-2- Aot emE-4-E EE 2 -1-(FEFA 2RI EYH (6) (234 g,
0.05 mol)¥} FFZ=EAelwl Fat (104 g, 0.15 moDE &S (250 mL)E &3 A7
, 2F7t2RUCIE (159 g, 015 moD)E & (70 mL)Z &3iAA A2 A7}
T 60 T 2 20N WAL vheFE $ F (200 mL)E A 7FshaL, 6N-
A Fgoloz FAFEIT o]F od oA HCIE (300 mL)E FE8H, ¥ &
F Ao ERZ Az, dFsd g AYEEY F ARvEIdE AAE 3¢
B 16 (193 g, 77.19%)9] =4 ©d& Ik 'H NMR (CDCl) § 1.81 (bs, 1H),
219 (m, 2H), 2.73-2.82 (bs, 3H), 3.88 (bs, 1H), 455 (d, 2H, J=5.9 Hz), 4.71 (bs,
1H), 522 (m, 2H), 5.88 (m, 1H), 7.23 (m, 9H), 7.47 (m, 6H).

e o K

(2S,4S)-2—-(3-Allyloxycarbonylamino—2-hydroxyimino)ethyl-4-tritylthio—1-
(allyloxycarbonyl)pyrrolidine (17a)

(25,4S)-2-(N-8to] =& Ao} Eotn d)-4-E HE - 1-(LE KA 7I2 R E)
2 d (16) (1.00 g, 20 mmo)® Eg o do}dl (030 mL, 22 mmoDE HEd Z
Zato]l= (20 mL)ol &8st 0CE WA F, 42 SREFXEVE (027 g,
2.2 mmoDE A3 HUIIoh wHSFZAA B (200 mL)et WEA F 2] =(100
mL)E 231 §71%L Bgdth f7180E FF &F AW ER WZE, oHstd
sujs A= & AZntETRZ AAD JEE 17a (1.03 g, 83%)e =&
A 9de A9t 'H NMR (CDCl) 8 1.82 (bs, 2H), 2.19 (m, 1H), 224 (m, 1H),
2.63-2.85 (bs, 3H), 3.88 (bs, 1H), 455 (bs, 2H), 472 (d, 2H, J=5.9 Hz), 5.20-5.44
(m, 4H), 5.85-5.98 (m, 2H), 7.23 (m, 9H), 7.47 (m, 6H).

(25,4S)-2-(3-Acetylamino-2-hydroxyimino)ethyl-4-tritylthio—1—(allyloxy -
carbonyl)pyrrolidine (17b)

(25,49)-2-(N-3to] =Z Al ok A Eo}r| ) -4-E & HE| 2 -1 (LB A7t 2R )Y
274 (16) (1.00 g, 20 mmo)# Eg o &olwl (0.26 g, 26 mmoDE HEA 2=
Zol= (10 mL)E &3&)ste] 0CE WAz & otdE F=2Fel= (017 g, 22
mmo)E HA3| Hrisich ¥ 2244 HEA F2gol= (30 mL)SH & (30 mL)
2 A7lsle §712L B T, 5 AF AHOER AR dFsd &uE
JrZ3 ¥ AZuEaYE AAE FEE 17b (089 g, 825%)9 =T U=
aAgtl ‘H NMR (CDCly) & 1.82 (bs, 1H), 2.03 (s, 3H), 219 (m, 1H), 254 (m,
1H), 2.63-2.85 (bs, 3H), 3.88 (bs, 1H), 455 (bs, 2H), 5.25 (m, 3H), 590 (m, 1H),
7.23 (m, 9H), 7.47 (m, 6H).
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(25,45)-2-[2-(Cyclopropancarbonylamino)-2-hydroxyiminoJlethyl-4-trityl-
thio—1-(allyloxycarbonyl)pyrrolidine (17c)

(25,4S)-2-(N-3lo] EZA| o} Ectud)-4-EZEE| 2 -1 (ZESA7I2 R D) &
2 (16) (1.00 g, 20 mmo)¥F} Ego|Eoly (026 g, 26 mmol), Alo]EZZZ
7IE2R Y 2 gol= (023 g, 219 mmo)E AFE3le 17by FA4HEH 2L W
2 17c (1.0 g, 88%)2 <4rh 'H NMR (CDCly) 8 0.82 (bs, 3H), 112 (bs, 2H),
1.82 (bs, 1H), 2.29 (m, 1H), 254 (m, 1H), 2.63-2.89 (bs, 3H), 3.83 (bs, 1H), 4.55
(bs, 2H), 5.25-5.34 (m, 3H), 5.88 (m, 1H), 7.24 (m, 9H), 7.45 (m, 6H).

(25,45)-2-(2-Hydroxyimino-2-methoxycarbonylamino)ethyl-4—-tritylthio—1-
(allyloxycarbonyl)pyrrolidine (17d)

(2S5,4S)-2-(N-3to]| EZ Aol Eoln|dl)-4-EZHE 2 -1-(ZE A 7L ER )T
E9d (16) (1.00 g, 20 mmo)¥} EEoldl (0.26 g, 26 mmoDE HEAN 22
ZHol= (10 mL)E 833t 0 T2 WAAIZ F 4-UoEZHY F22 X2 o|E
(044 g, 22 mmo)E HA3| A7tste] 1A17F &< wywk s}, whg , B (30
mL), Al2d Z2gdol= (50 mL) &1 F715& EEed. /7] &
AHolER Az AHste £ulE AUFET F, 0 o4y HA glo
mL)Z 65 TZ 3A1tE wHEAIZIt Ao Met s ZAYTHE A
ol HCIE (60 mL)Z %39 §71%& ¥4 2F
HE AdsEe 3 a2vEadqyzE FAAE 17d (093 g, 835%)9 =& o
< 99tk 'H NMR (CDCL) & 1.84 (bs, 1H), 228 (bs, 1H), 254 (m, 1H),
2.60-2.72 (bs, 3H), 3.85 (bs, 1H), 3.90 (s, 3H), 450 (bs, 2H), 525 (m, 3H), 5.86
(m, 1H), 7.24 (m, 9H), 7.46 (m, 6H).
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(25,4S)-2-(3~Aminocarbonylamino-2-hydroxyimino)ethyl-4—tritylthio—1-
(allyloxycarbonyl)pyrrolidine (17e)

(25,4S)-2-(N-3to| EZA| oA Eotn|t])-4-EHEH 2 -1-(ZE A7l 2R ) 7]
£9d (16) (1.00 g, 2.0 mmoD)@} Eglo"olyl (030 mL, 22 mmo) T 4-1olE
2Hd ZREXEMIE (044 g, 22 mmo)E 17d¢} 2L WH 28T, o
< (20 mL)® dEYols (10 mL)Z 60TCoA 3A7HS BESA|7] 3, 6N-F4F &
Ho 7 FAstete o€ ofMHIE (100 mL)E FE3e, ¥4 42F AucE=R
Ax, qdFsn g FEEEd F, AZoEIHYE HARD 17e¢ (089 g,
815%)9) =& 9L Ak 'H NMR (CDCL) 8 1.82 (bs, 2H), 2.19 (m, 1H),
2.27 (m, 1H), 2.63-2.99 (bs, 3H), 3.84 (bs, 1H), 455 (bs, 2H), 4.72 (bs, 2H), 5.26
(m, 2H), 5.85 (m, 1H), 7.24 (m, 9H), 7.45 (m, 6H).
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(25,4S)-2-(3-Methylaminocarbonylamino—2-hydroxyimino)ethyl-4-trityl-
thio—1-(allyloxycarbonyl)pyrrolidine (17f)
(25,48)-2-(N-3to] =2 Al o} Eo}lu ©l)-4-ERE| 2 -1-(LH A 712 B )Y

2749 (16) (1.00 g, 2.0 mmol)# Egd&oel (0.26 g, 2.6 mmol) I 4-Ho] ER
ZzzsavolE (044 g, 22 mmolE 17d9t 22 HHo A s, 2M W&
g Weolyl (0074 g 24mmol)dte] AAE 17f (085 g, 762%)8 =T 2
< 49t 'H NMR (CDCly) 8 170 (bs, 1H), 219 (bs, 1H), 2.27 (m, 1H),
63-2.90 (bs, 3H), 2.98 (s, 3H), 3.83 (bs, 1H), 4.49 (bs, 2H), 526 (m, 3H), 5.88
m, 1H), 6.44 (bs, 1H), 7.27 (m, 9H), 7.47 (m, 6H).

e o mL it

o N

(2S,45)-2-(3,3-Dimethylaminocarbonylamino-2-hydroxyimino)ethyl-4-
tritylthio—1—(allyloxycarbonyl)pyrrolidine (17g)

(25,4S)-2~(N-8to] =& x| o}A| Eolu] ) -4-EZ HE L - 1-(LBSA 72 R )]
2949 (16) (1.00 g, 2.0 mmoD)¥ Ego=olwl (040 g, 4.0 mmol), tho|HE7t=
B Zggol= (039 g, 359 mmo)E AE3dte] 17be] FAHF 2 HHo=
17g (0.86 g, 75.1%)E AT 'H NMR (CDCl3) 8 1.87 (bs, 1H), 2.18 (m, 1H),
247 (m, 1H), 2.63-2.89 (bs, 3H), 3.01 (s, 6H), 3.84 (bs, 1H), 455 (bs, 2H), 504
(bs, 1H), 5.26 (m, 2H), 5.85 (m, 1H), 7.24 (m, 9H), 7.45 (m, 6H).

(25,4S)-2-[3-(2-Hydroxyethylcarbonylamino)-2-hydroxyiminolethyl-4-
tritylthio—1-(allyloxycarbonyl)pyrrolidine (17h)
(25,45)-2-(N-8to] EZ A oA Eolnd)-4- ES DE| -1 (L E A 7L 2R )]
244 (16) (1.00 g, 2.0 mmo)™ E g o|dolwl (0.26 g, 2.6 mmol)T} 4-Uo] EZH|
d Z22X=dolE (044 g, 22 mmo)E 17d%t 2 WHe= FAL, o=e
o7l (0.15 g 2.4 mmol)T E o Eoldl (0.44 g, 2.2 mmolE o && (10 mL)o| &
dsle] wrestoz 17ds} 7L o= FAst AAE 17h (0.838 g, 74.9%)9
=T 9298 Atk 'H NMR (CDCL) & 1.85 (bs, 1H), 2.19 (m, 1H), 2.27 (m,
1H), 2.63-2.94 (bs, 3H), 2.99 (t, 3H, J=5.1 Hz), 355 (t, 3H, J=5.1 Hz), 3.84 (bs,
1H), 455 (bs, 2H), 5.16-5.33 (m, 3H), 5.85 (m, 1H), 7.24 (m, 9H), 7.45 (m, 6H).

(25,4S)-2-{2-Hydroxyimino—[(morpholin-4-carbonyl)aminolethyl-4-trityl-
thio—1-(allyloxycarbonyl)pyrrolidine (17i)

(25,48)-2-(N-3to] =& Ao} A Eotu el )-4-EHE 2 -1-(F B SA7I2R)A E
9 (16) (1.00 g, 20 mmo)# E o dolal (040 g, 40 mmol), 4-EEHUIE2R
d Zzgtol= (054 g, 359 mmol)E AH&3te] 17be] FAHF 2L WHoR 17
(099 g, 80.7%)5 LAt 'H NMR (CDClz) & 1.85 (bs, 1H), 2.25 (bs, 1H), 2.56
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(m, 1H), 2.63-2.75 (bs, 3H), 3.50 (bs, 4H), 3.72 (bs, 4H), 3.84 (bs, 1H), 4.55 (bs,
2H), 5.05 (bs, 1H), 5.25 (m, 3H), 596 (m, 1H), 7.23 (m, 9H), 746 (m, 6H).

(25,45)-2-(3-Dimethylsulfamoylamino-2-hydroxyimino)ethyl-4-tritylthio—-
1-(allyloxycarbonyl)pyrrolidine (17j)

(25,49)-2-(N-3lo]| =E Aol M| Eolultl)-4-EZHE| e -1(ZH A2 R )FH &
Zld (16) (1.00 g, 20 mmol)@ E o "olwl (040 g, 40 mmol), Tlo|HE TR
d 2= (052 g, 359 mmoDE AH8-3te] 8bel AWM ZE& HHO=Z 17j

(0.98 g, 80.7%)2 ¥t 'H NMR (CDCly) § 1.85 (bs, 1H), 2.25 (bs, 1H), 2.56
(bs, 1H), 2.63-291 (bs, 3H), 3.02 (s, 6H), 3.79 (bs, 1H), 450 (bs, 2H), 525 (m,
3H), 595 (m, 1H), 7.24 (m, 9H), 7.46 (m, 6H).

(2S,4S5)-2-(3-Allyloxycarbonylaminosulfamoylamino—2-hydroxyimino)ethyl-
4—-tritylthio—1-(allyloxycarbonyl)pyrrolidine (17k)

dHELYE (013 mL, 22 mmoDE HAAE e F2etol= (10 mL)ol &3}t
o 0 CE YZA7 2, E22HAFTY o] AA¢HolE ( 019 mL, 2.2 mmol)E &7}
gk 1AZHS wHHE F(254S)-2-(N-sto] E2 A opA Eolu ) 4-Ea HE 2 -
I-(€EEA7IE2R )9 E8d (16) (1.00 g, 20 mmoDE wWEHH F=ZFgol= (10
mL)o] &8st AH7tgch Ao 2 3A7HEeE wwkele WEHA FEFol= (40
mL)% & (40 mL)Z 75§ FEt, F4 45 HAUHOER Ax AFdsa &

e AFEST §F, A2EIYIRE FAE 17k (073 g, 582%)9 =4 oo

(2S,4S5)-2-(3-Allyloxycarbonylamino—2-hydroxyimino)ethyl-4-mercaptan—
1-(allyloxycarbonyl)pyrrolidine (18a)

3135 17a (059 g, 1.0 mmoDE HWEH F=Zgtol= (2 mL)Z &3ste] 0 T
2 YAz, EFoEAdd (013 g, 1.1 mmol)I EFZF 2 ZolAE A= (2
mL)E Z7}eted 308F<t myk At ZgoR §uiE AASIH, dE obA EH o
E (10 mL)E B3 10% agvrlo|7lIZERYo|lER FA3S & {7 &&
F718WME F o7 HUCER Ax, AFda &9E AUYFEE F, AEVE
a2 AAE 18a (021 g, 61.2%)8 =T4 29< A3t 'H NMR (CDCl)
6 1.89 (bs, 2H), 2.40-2.55 (bs, 3H), 2.84 (bs, 1H), 3.05-3.18 (bs, 1H), 4.01 (bs,
1H), 4.55 (bs, 2H), 4.72 (bs, 2H), 5.26-5.55 (m, 4H), 5.85 (m, 1H).

3138 18b-kE 18ast & WMo E A sta] 17b-kZHE Ayth
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(25,4S)-2-(3-Acetylamino-2-hydroxyimino)ethyl-4-mercaptan—1-(allyl-
oxycarbonyl)pyrrolidine (18b)

48 537%. 'H NMR (CDCl) & 1.89 (bs, 1H), 2.03 (s, 3H), 2.23 (m, 1H),
254 (m, 1H), 2.66-2.89 (bs, 3H), 4.01 (bs, 1H), 459 (bs, 2H), 526 (m, 3H), 591
(m, 1H).

(25,45)-2-[2-(Cyclopropancarbonylamino) -2-hydroxyiminolethyl-4-
mercaptan—1-(allyloxycarbonyl)pyrrolidine (18c)

28 471%. 'H NMR (CDCly) & 0.87 (bs, 3H), 1.11(bs, 2H), 1.99 (bs, 1H),
229 (m, 1H), 254 (m, 1H), 2.63-2.89 (bs, 3H), 3.89 (bs, 1H), 455 (bs, 2H),
5.25-5.34 (m, 3H), 5.89 (m, 1H).

(25 ,4S)-2- (2-Hydroxyimino-2-methoxycarbonylamino)ethyl-4-mercaptan -
1-(allyloxycarbonyl)pyrrolidine (18d)

#& 51.4%. '"H NMR (CDCly) 6 2.01 (bs, 1H), 2.28 (bs, 1H), 2.56-2.89 (bs,
4H), 3.86 (bs, 1H), 3.90 (s, 3H), 450 (bs, 2H), 5.25 (m, 3H), 5.86 (m, 1H).

(2S,4S)-2-(3- Aminocarbonylamino-2-hydroxyimino)ethyl-4-mercaptan—1-
(allyloxycarbonyl)pyrrolidine (18e)

& 50.4%. 'H NMR (CDCly) & 1.98 (bs, 1H), 219 (m, 1H), 2.27 (m, 1H),
2.60-2.95 (bs, 3H), 3.98 (bs, 1H), 455 (bs, 2H), 4.88 (bs, 2H), 529 (m, 2H), 588
(m, 1H).

(25,4S)-2—(3-Methylaminocarbonylamino—2-hydroxyimino)ethyl-4-
mercaptan—1—(allyloxycarbonyl)pyrrolidine (18f)

& 496%. 'H NMR (CDCly) & 1.98 (bs, 1H), 245 (bs, 1H), 2.60-2.96 (bs,
4H), 2.99 (s, 3H), 3.85 (bs, 1H), 4.49 (bs, 2H), 529 (m, 3H), 5.88 (m, 1H), 6.49
(bs, 1H).

(25,4S)-2-(3,3-Dimethylaminocarbonylamino—2-hydroxyimino)ethyl-4-
mercaptan—1-(allyloxycarbonyl)pyrrolidine (18g)

g 493%. 'H NMR (CDCly) & 1.95 (bs, 1H), 2.23 (m, 1H), 255 (m, 1H),
265-2.93 (bs, 3H), 3.01 (s, 6H), 3.84 (bs, 1H), 455 (bs, 2H), 5.04 (bs, 1H), 5.26
(m, 2H), 5.85 (m, 1H).
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(25,45)-2-[3-(2-Hydroxyethylaminocarbonylamino)-2-hydroxyiminolethyl-
4-mercaptan—1-(allyloxycarbonyl)pyrrolidine (18h)

4£& 39.7%. 'H NMR (CDCl;) & 1.88 (bs, 1H), 2.19 (m, 1H), 2.27 (m, 1H),
2.63-2.94 (bs, 3H), 3.05 (t, 3H, J=5.1 Hz), 359 (t, 3H, J=5.1 Hz), 3.839 (bs, 1H),
455 (bs, 2H), 5.19-5.38 (m, 3H), 5.87 (m, 1H).

(25,4S)-2-[2-Hydroxyimino-3—(morpholin-4-carbonyl)amino)ethyl-4-
mercaptan-1-(allyloxycarbonyl)pyrrolidine (18i)

& 50.8%. 'H NMR (CDCls) & 1.87 (bs, 1H), 2.25 (bs, 1H), 259 (m, 1H),
2.69-2.88 (bs, 3H), 3.47-3.58 (bs, 4H), 3.72-3.86 (bs, 4H), 3.99 (bs, 1H), 455 (bs,
2H), 5.05 (bs, 1H), 5.29 (m, 3H), 599 (m, 1H).

(25,45)-2-(3,3-Dimethylsulfamoylamino-2-hydroxyimino)ethyl-4-
mercaptan-1-(allyloxycarbonyl)pyrrolidine (18j)

4€ 39.4%. 'H NMR (CDCly) 6 1.89 (bs, 1H), 2.29 (bs, 1H), 2.56 (bs, 1H),
2.69-2.98 (bs, 3H), 3.01 (s, 6H), 3.98 (bs, 1H), 454 (bs, 2H), 528 (m, 3H), 5.96
(m, 1H).

(25,45)-2-(3-Allyloxycarbonylaminosulfamoyl-2-hydroxyimino)ethyl-4-
mercaptan-1-(allyloxycarbonyl)pyrrolidine (18k)

& 354%. 'H NMR (CDCly) § 1.92 (bs, 1H), 229 (bs, 1H), 2.56 (bs, 1H),
2.69-2.98 (bs, 3H), 3.98 (bs, 1H), 454 (bs, 2H), 5.28 (m, 3H), 590 (m, 1H).

Allyl (1R,5S,6S)-6-[(1R)-hydroxyethyll-3-[5-(3-allyloxycarbonylamino—2-
hydroxyimino)ethyl-1-yl}-1-(allyloxycarbonyl)pyrrolidin-3-ylthio]-1-
methylcarbapen-2-em-3-carboxylate (19a)

dd (1R5S,65)-3-(Holdld XA HZA])-6-[(R)-1-3to] =& A o E]-1-H & 7}
vh#-2-91-3-7l 2 5 #olE 11 (050 g, 1.0 mmoD)E A EUHOIEE (10 mL)E
£3AA 0 TE YA gololazzHodolyl (0.13 g, 1.0 mmol)E & 713}
I, JMNEYEH (5 mL)E 3}¢E 18a (0.35 g, 1.0 mmol)E &35t A7&
3, 3AREERE wRtstdF 3, AN SulE ZFAFTHE AASIL AE obAlE
°oJE (40 mL)E &35t & (30 mL)E RojFH F71FE 4o FF mfads
AHIER Hx, AFdx §ug AYeHT F AZvEIHIHZ AAY 19a
(0.38 g, 686%)9 w=&d mAE A%tk 'H NMR (CDCly) & 1.25 (d, 3H, J=7.2
Hz), 1.35 (d, 3H, J=6.3 Hz), 1.98 (bs, 1H), 2.46 (m, 2H), 2.95 (dd, 1H, J=3.3 and
3.3 Hz), 331 (dd, 1H, J=25 and 2.6 Hz), 340 (m, 2H), 3.61 (bs, 1H), 4.11-4.19
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(m, 3H), 455 (d, 2H, J=5.4 Hz), 4.72-4.79 (m, 4H), 5.26-555 (m, 7H), 585 (m,
3H). IR (KBr): 3410 (OH), 3230 (NH), 1720, 1705,1660 (C=0) cm .

33 % 19b-ki= 1929 TAWHEFY 22 Wy oz HEste FAHAL

o

(1R 5S,65)-6-[(1R)-Hydroxyethyll-3-[5-(3—amino-2-hydroxyimino-1-yl)-
pyrrolidin—3-ylthiol-1-methylcarbapen—-2-em-3-carboxylic acid (20a)

313+E 19a (024 g, 0.05 mmol)3} Pd/C (10%) (0.1 g)& HEZS | EZ2FT
guje} TAFHOE AE8 (pH=7) (1:1, 20 mL)e] EFE &3)A 713, 50 psiol
A A B FARIES AZY 9EEE F, olF AqFsta /U] EWE &
AdEFaH, dE dEHEZ 2x20 mLE EFE FE3I4Y. EF5S #std Diaion
HP-20 column® 2 RAA s, UVE o] &3te] 298 nmQl F&E Hoba FHAUAZRA
7A Ao HZ HFE 2a (003 g 179%) 4tk UV Amax: 298 nm. 'H
NMR (D-0) & 1.11 (d, 3H, J=6.9 Hz), 1.19 (d, 3H, J=5.9 Hz), 1.79 (bs, 2H), 2.65
(m, 1H), 2.86 (m, 2H), 3.21-343 (bs, 2H), 3.53 (bs, 1H), 3.70 (bs, 1H), 4.10 (m,
9H), 451 (bs, 1H). -IR (KBr): 3378, 2970, 1745, 1666, 1592, 1392 cm .

(1R ,5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(3-acetylamino—2-hydroxyimino-
1-yl)pyrrolidin-3-ylthiol-1-methylcarbapen—2-em-3-carboxylic acid (20b)

£ 29.6%, UV Amax: 298 nm. 'H NMR (D:0) § 1.10 (d, 3H, J=7.1 Hz), 1.18
(d, 3H, J=6.3 Hz), 1.67 (m, 1H), 1.90 (s, 3H), 2.74 (m, 1H), 2.86-2.96 (m, 2H),
3.21-3.44 (bs, 3H), 358 (dd, 1H, J=5.4 and 5.8 Hz), 3.87 (bs, 2H), 4.11 (bs, 2H),
443 (m. 1H). IR (KBr): 3410, 1686, 1594, 1392 cm .

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(3—cyclopropancarbonylamino-2-
hydroxyimino—1-yl)pyrrolidin-3-ylthiol-1-methylcarbapen-2-em—-3-
carboxylic acid (20c)

& 242%, UV Amax: 298 nm. '"H NMR (D:0) 8 0.79 (bs, 2H), 0.98 (bs,
2H), 1.18 (d, 3H, J=7.1 Hz), 131 (d, 3H, J=6.5 Hz), 1.67 (m, 1H), 1.90-1.99 (bs,
2H), 2.63-2.74 (bs, 3H), 2.96 (m, 1H), 3.21-3.44 (bs, 2H), 3.59 (dd, 1H, J=5.4 and
58 Hz), 3.87 (bs, 1H), 4.11 (bs, 2H), 442 (m. 1H). -IR (KBr): 3390 (NH), 1745,
1680, 1650, 1410, 1166 cm .
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(1R 5S5,6S)-6-[(1R)-Hydroxyethyll-3-[5-(3-methoxycarbonylamino-2-
hydroxyimino—1-yl)pyrrolidin-3-ylthiol-1-methylcarbapen—2-em—-3-
carboxylic acid (20d)

€ 29.4%, UV Mmax: 298 nm. '"H NMR (D:0) & 1.14 (d, 3H, J=7.2 Hz), 1.25
(d, 3H, J=6.6 Hz), 1.77 (m, 1H), 2.44-257 (m, 2H), 296 (m, 1H), 3.21-3.44 (bs,
2H), 354 (bs, 1H), 3.83 (bs, 1H), 3.90 (s, 3H), 3.98 (bs, 1H), 4.14 (bs, 2H), 4.43
(m. 1H). -IR (KBr): 3400, 1755, 1690, 11639, 1415 cm ..

(1R 5S,65)-6-[(1R)-Hydroxyethyll-3-[5-(3—aminocarbonylamino—2-
hydroxyimino—-1-yl)pyrrolidin—-3-ylthiol-1-methylcarbapen-2-em—3-
carboxylic acid (20e)

& 204%, UV Mmax: 298 nm. 'H NMR (D:0) 8( 1.12 (d, 3H, J=7.2 Hz),
125 (d, 3H, J=6.6 Hz), 1.79 (m, 1H), 2.45-2.59 (m, 2H), 2.96 (m, 1H), 3.28-3.44
(bs, 2H), 354 (bs, 1H), 3.83 (bs, 1H), 3.99 (bs, 1H), 4.14 (bs, 2H), 4.45 (m, 1H).
-IR (KBr): 3388 1757, 1689, 1591, 1409 cm™.

(1R 55,6S)-6-[(1R)-Hydroxyethyll-3-[5-(3-methylaminocarbonylamino—2-
hydroxyimino—1-yl)pyrrolidin-3—-ylthiol-1-methylcarbapen-2-em-3-
carboxylic acid (20f)

$€ 21.9%, UV Amax: 298 nm. 'H NMR (D:0) & 1.13 (d, 3H, J=7.3 Hz), 1.20
(d, 3H, J=6.6 Hz), 1.77 (m, 1H), 2.55 (s, 3H), 259-2.75 (m, 2H), 2.80-2.96 (m,
2H), 3.28-3.44 (bs, 2H), 3.54 (bs, 1H), 3.88 (bs, 1H), 3.93 (bs, 1H), 4.16 (bs, 1H),
4.45 (m, 1H). -IR (KBr): 3397, 1759, 1680, 1591, 1411 cm L.

(1R ,5S,6S)-6-[(1R)-Hydroxyethyll-3-[5—-(3,3-dimethylaminocarbonylamino—
2-hydroxyimino-1-yl)pyrrolidin-3—-ylthio]-1-methylcarbapen-2-em-3-
carboxylic acid (20g)

$€ 22.0%, UV Mmax: 298 nm. '"H NMR (D:0) § 1.13 (d, 3H, J=7.3 Hz), 1.20
(d, 3H, J=6.6 Hz), 1.80 (m, 1H), 2.59-2.71 (m, 2H), 2.80-2.90 (m, 2H), 2.95 (Zs,
6H), 3.22-3.42 (bs, 2H), 354 (bs, 1H), 3.88 (bs, 1H), 3.93 (bs, 1H), 4.16 (bs, 1H),
4.45 (m, 1H). -IR (KBr): 3397, 1759, 1680, 1591, 1411 em

(1R,5S,6S)-6-[(1R)-Hydroxyethyl]-3-{5-[3-(2-hydroxyethylamino—
carbonyl)-2-hydroxy-imino-1-yl)pyrrolidin-3-ylthiol-1-methylcarbapen—
2-em-3—-carboxylic acid (20h)

& 216%, UV dmax: 298 nm. 'H NMR (D:0) 8 1.13 (d, 3H, J=7.2 Hz), 1.20
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(d, 3H, J=6.3 Hz), 1.77 (m, 1H), 2.54-2.72 (m, 2H), 2.80-2.92 (m, 2H), 2.9 (t, 3H,
J=5.1 Hz), 3.28-3.44 (bs, 2H), 354 (bs, 1H), 3.70 (t, 3H, J=5.1 Hz), 3.93 (bs, 1H),
4.16 (bs, 2H), 441 (m, 1H). -IR (KBr): 3397, 1756, 1685, 1595, 1401 cm .

(1R 5S,65)-6-[(1R)-Hydroxyethyl]-3-{5-[3— (morpholin4 -carbonyl)amino-2-
hydroxyimino—1-yl)pyrrolidin-3-ylthiol-1-methylcarbapen-2-em—-3-
carboxylic acid (20i)

4§ 20.8%, UV Amax: 298 nm. 'H NMR (D:0) & 1.12 (d, 3H, J=7.2 Hz), 1.26
(d, 3H, J=6.4Hz), 1.78 (m, 1H), 2.45-259 (m, 2H), 2.90 (m, 1H), 3.15 (bs, 4H),
3.28-3.44 (bs, 2H), 355 (m, 1H), 3.75 (bs, 4H), 3.88 (bs, 1H), 3.99 (bs, 1H), 4.16
(bs, 2H), 445 (m, 1H). -IR (KBr): 3372, 1752, 1688, 1586, 1400 cm .

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-3-[5-(3,3-dimethylsulfamoylamino—-2-
hydroxyimino-1-yl)pyrrolidin-3-ylthio]-1-methylcarbapen-2-em—3-
carboxylic acid (203)

4§ 20.0%, UV Amax: 298 nm. 'H NMR (D:0) & 1.13 (d, 3H, J=7.3 Hz), 1.20
(d, 3H, J=6.6 Hz), 1.83 (m, 1H), 259-2.71 (m, 2H), 2.83-2.91 (m, 2H), 2.99 (s,
6H), 3.22-3.42 (bs, 2H), 3.54 (bs, 1H), 3.88 (bs, 1H), 3.93 (bs, 1H), 4.16 (bs, 1H),
445 (m, 1H). -IR (KBr): 3390, 1760, 1680, 1591, 1411, 1129 cm .

(1R ,5S5,65)-6-[(1R)-Hydroxyethyll-3-[5-[3-allyloxycarbonylaminosulfa—
moylamino—2-hydroxyimino—1-yl)pyrrolidin—-3-ylthio]-1-methylcarbapen—
2-em—3—carboxylic acid (20k)

& 158%, UV Amax: 298 nm. 'H NMR (D:0) 8 1.12 (d, 3H, J=7.2 Hz), 1.25
(d, 3H, J=6.6 Hz), 1.88 (m, 1H), 2.46-2.59 (m, 2H), 296 (m, 1H), 3.27-3.49 (bs,
2H), 359 (bs, 1H), 3.88 (bs, 1H), 3.94 (bs, 1H), 4.14 (bs, 2H), 445 (m, 1H). -IR
(KBr): 3380 1753, 1689, 1591, 1410, 1220 cm .

(2S,4S)-4-Tritylthio—1-(allyloxycarbonyl)pyrrolidine-2-carboxylic acid (21)

Her-g (500 mholl &3i8 SFE 15 0 T2 ¥4 4N-NaOH (38 ml, 0.15
mol)oll HA3] H7IA71 3, 5AIZHE AEANA wwk A7 & 4N-HCI (38 mDE ¥
3 AA, olE FF AT ZAIES E (300 mD o€ ofAEHICIE (200 mDE
5, AAES 3% & EZ Ao & g AF3t &<k LA mp 202-203 T
ol FFE 21 (394 g 822%)F AUtk 'H NMR (CDCly) & 1.98 (m, 1H),
2.75-2.82 (m, 1H), 3.01 (m, 1H), 3.55 (bs, 2H), 3.98 (m, 1H), 455 (d, 2H, J=59
Hz), 525 (m, 2H), 590 (m, 1H), 7.27 (m, 9H), 7.47 (m, 6H).
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(25,4S)-2-(2-Hydroxyethylcarbamoyl)-4—tritylthio—1-(allyloxycarbonyl)—
pyrrolidine (22)

BAE WEd Z2del= (300 mhel & 21 (237 g, 0.05 mol)E £-3)3t4]
0 CE YA 7l EFelgol®l (74 mL, 0.055 moDE A71slH, dEEE2X 2
o] E (525 mL, 0.055 mol)E #7tste] 30%& Wyt Al =, WJ el A ol g
< o9 (3.3 mL, 0.055 mo)E ZH3to] 1A+ B2 10% AFHhol
Zh2HUY0lE &AF 3 AFER HAFI, {7 %“Ha T4 AFHIoER
Az3te] 29 FFE TF3Y, FHES HEs A ZnEIHA R GASt =
T o AN BFE 22 (231 g, 89.5%)F AATh 'H NMR (CDCly) 8 1.95 (bs,
1H), 2.20 (bs, 1H), 2.75-2.86 (bs, 1H), 2.96 (bs, 1H), 3.55 (t, 2H, J=5.6 Hz), 4.01
(m, 1H), 411 (t, 2H, J=5.6 Hz), 450-4.62 (bs, 3H), 528 (m, 2H), 587 (m, 1H),
7.27 (m, 9H), 7.48 (m, 6H).

NlO ml
E
T
o
R,
rloi
m°1'

(25,45)-2-(2-Mesyloxyethylcarbamoyl)-4-tritylthio—-1-(allyloxycarbonyl) -
pyrrolidine (23)

A" LA F2eol= (200 mDl FE 22 (206 g, 0.04 mo)E B33t
0 CE YA 71z Eg o dold (59 mL, 0.044 moD)E H7isiH, HRdEL Z
Zol= (501 g, 0.044moD)E AH7}ste]  1A1ZFE it ok ERES 10% &FH
olFtZHOlE fAF 3 AFER AT, {7 EWE FF LFAHAHIE
2 Azxse g SHZ T3, 29dES AR ZEetEaHI 2 A 6o
wghd QAN §FE 23 (218 g, 91.7%)E ¥tk 'H NMR (CDCls) 8 1.99 (bs,
1H), 221 (bs, 1H), 2.75-2.82 (bs, 1H), 2.96-3.08 (bs, 4H), 3.55 (t, 2H, J=5.6 Hz),
401 (m, 1H), 425 (t, 2H, J=5.6 Hz), 450-459 (bs, 3H), 528 (m, 2H), 588 (m,
1H), 7.27 (m, 9H), 7.48 (m, 6H).

(25,45)-2—-(2-Azidoethylcarbamoyl)-4-tritylthio-1-(allyloxycarbonyl)—
pyrrolidine (24)

41 DMSO (300 mDel 33E 23 (315 g, 0.053 moD)# 4F ¢oFAol= (13.8
g, 021 mol) A7}a 70 CTE BAIZHS 71E @y 3 3 4L ES F 1 dEolAH
°]E (300 mLx2)2 F&3t. f715S & (200 mLx2)3 ¥3 A7EZ Mol F1
F7] &0iE T4 AFAHCER dxsd A FHE F3H, I9ES A
1A ZZvEadgdd R AAs TN o dA FFTE 24 (245 g, 854%)F V2
t}. '"H NMR (CDCl) & 2.13 (m, 1H), 2.82 (m, 1H), 2.95-3.08 (m, 1H), 3.39-3.48
(m, 5H), 4.05 (bs, 1H), 455 (m, 2H), 529 (m, 2H), 5.88 (m, 1H), 7.27 (m, 9H),
7.46 (m, 6H).
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(2S,4S)-2-(2-Aminoethylcarbamoyl)-4-tritylthio-1-(allyloxycarbonyl)-
pyrrolidine (25)

HEZ sto]l=2F & (10 mL)ol 3H3E 24 (1.29 g, 24 mmol), EFHEx A
(0.70 g, 26 mmol) 3 & (0.44 mL, 24.0 mmol)E & 7}3}e] 4A7F< 40 TE 44
7+ 7FE DHHAIRl 3 WA B (20 mL)# o2 olAHolE (30 mL)E F

0, §715& 23 £25EF 2 AAF3, 7] §WE FF L2AER Ax
3o 7 FFE FE8H, B ES HYstA AN EIHYIRE A St =T

A4 FFE 25 (107 g 864%)2 ¥tk 'H NMR (CDCl) & 1.88 (m, 1H),
2.19 (m, 1H), 2.82-2.94 (bs, 2H), 2.95-3.08 (bs, 1H), 3.30-3.48 (bs, 4H), 4.02 (bs,
1H), 455 (bs, 2H), 5.22 (m, 2H), 584 (m, 1H), 7.27 (m, 9H), 7.46 (m, 6H).

(25,4S)-2-(2-Allyloxycarbonylaminoethylcarbamoyl) -4-tritylthio-1-(allyl-
oxycarbonyl)pyrrolidine (26a)
AAE WEdA FZo]= (20 mhol 3H3HE 25 (1.3 g, 25 mmol) &

o 0 CE ¥ZA7Ia2 Egodelrl (0.37 mL, 2.75 mmolDE 7‘47}3}”4, oY F=2
ZXa2wolE (034 g, 275 mmoD)E A7tetd 1A 7S At EFES =
mL), Wed 2ol (100 mL)E £33 , §713L ¥3 A2FEE HojFa,
f71 &ulE F AFAMUE 2 Pz Z:‘%‘ %‘— 2 &3, FAES A
74A Aazvlead 2 AAst =T 9dA 3 26a (1.30 g, 87.1%)E 4
t}. 'H NMR (CDCL) 8 1.85 (bs, 1H), 2.22 (m, lH) 2.63-2.80 (bs, 1H), 3.28-3.55
(bs, 5H), 359 (bs, 1H), 404 (m, 1H), 450-4.62 (bs, 4H), 520-544 (m, 4H),
5.80-5.98 (m, 2H), 6.24 (bs, 1H), 7.23 (m, 9H), 7.47 (m, 6H).

ol H:l

26bs} 26ct B3I HEQ FER=E ALEslY 26a o FAAAAF 22 WH
o2 Az

(25,4S)-2-(2-Methylsulfonylaminoethylcarbamoyl) -4-tritylthio—1-(allyl-
oxycarbonyl)pyrrolidine (26b)

£ 825%. 'H NMR (CDCly) 8 1.91 (bs, 1H), 2.13 (m, 1H), 2.83-3.12 (bs,
6H), 3.25-3.48 (bs, 4H), 3.93 (m, 1H), 455 (bs, 2H), 5.25 (m, 2H), 588 (m, 1H),
6.44 (bs, 1H), 7.23 (m, 9H), 7.47 (m, 6H).

(25,45)-2—(2-N,N-Dimethyaminosulfonylaminoethylcarbamoyl)—4-trityl—-
thio—1-(allyloxycarbonyl)pyrrolidine (26c¢)

& 81.8%. 'H NMR (CDCly) & 1.94 (bs, 1H), 2.22 (m, 1H), 278 (s, 6H),
2.90-3.22 (bs, 2H), 3.20-3.32 (bs, 3H), 3.36-351 (bs, 2H), 393 (m, 1H), 455 (bs,
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2H), 5.25 (m, 2H), 5.88 (m, 1H), 6.74 (bs, 1H), 7.23 (m, 9H), 7.47 (m, 6H).

(25,45)-2—-(2-N,N-Dimethylaminocarbonylaminoethylcarbamoyl)—4-trityl-
thio—1-(allyloxycarbonyl)pyrrolidine (26d)

A HEd E2gel= (30 mDol FEFE 25 (1.03 g, 20 mmo)E £3
0 CTE YA 2 EE]°ﬂE‘°}t” (0.30 mL, 2.2 rnmol)E Z*7}°}U4 J}f’/} Lo
2

= (30 mL), g ia]rc’]‘: (50 mL)i 3‘01—1— , %7129‘ Jﬁ_i} AEEER
F, 771 §WE FF LAFAHUCNER HAxdo Y

o] FAES oeg (20 mL)ol &3iste] N, N-thole€ otdl (2 mL)E 73}
o IAZHE AgoA mukstn 6N-FAF §Ao g2 FA3 AZIth oY oMAHoE
(100 mL)% %3} 2382 AojFx {7 £W& FF AFHEVIER HE35
Y FHE FFY ZAES AR AR EIYYE FAste =84 2d
A 3EE 26d (099 g, 816%)5 2tk 'H NMR (CDCly) 8 1.92 (bs, 1H), 2.19
(m, 1H), 2.83-2.89 (bs, 1H), 2.96 (2s, 6H), 3.04 (bs, 1H), 3.29-3.56 (bs, 5H), 4.01
(m, 1H), 455 (bs, 2H), 5.26 (bs, 2H), 585 (m, 1H), 6.86 (bs, 1H), 7.24 (m, 9H),
7.45 (m, 6H).

26e-gT HFT o}HE ALE3Ete] 26de] FAFAH Fe BPoes Az

(25,4S)-2-[2-(1-Morpholinocarbonylamino)ethylcarbamoyl) -4—tritylthio—1-
(allyloxycarbonyl)pyrrolidine (26e)

£ 76.2%. 'H NMR (CDCly) & 1.90 (bs, 1H), 2.22 (m, 1H), 2.73-2.80 (m,
1H), 2.93-3.03 (bs, 2H), 3.21-352 (bs, 8H), 3.65 (bs, 4H), 3.96 (m, 1H), 4.49 (bs,
2H), 526 (m, 2H), 5.88 (m, 1H), 6.84 (bs, 1H), 7.27 (m, 9H), 7.47 (m, 6H).

(25,4S)-2-[2-(1-Thiomorpholinocarbonylamino)ethylcarbamoyl]-4-trityl-
thio—1-(allyloxycarbonyl)pyrrolidine (26f)

£ 751%. 'H NMR (CDCly) 6 1.92 (bs, 1H), 2.20 (m, 1H), 2.52 (bs, 4H),
2.73-2.82 (m, 1H), 2.95-3.05 (bs, 2H), 3.29-350 (bs, 4H), 3.62 (bs, 4H), 3.95 (m,
1H), 4.49 (bs, 2H), 5.26 (m, 2H), 5.67 (bs, 1H), 5.88 (m,1H), 6.80 (bs, 1H), 7.27
(m, 9H), 7.47 (m, 6H).

(25,4S)-2-[2-(1-Piperazinocarbonylamino)ethylcarbamoyl]-4-tritylthio—1-

(allyloxycarbonyl)pyrrolidine (26g)
& 749%. 'H NMR (CDCl3) & 1.92 (bs, 1H), 2.23 (m, 1H), 2.73-2.82 (bs,

- 156 -



1H), 2.93-3.05 (bs, 2H), 3.21-3.65 (bs, 12H), 3.96 (m, 1H), 4.49 (bs, 2H), 526 (m,
2H), 5.70 (bs, 1H), 5.84 (m, 1H), 6.77 (bs, 1H), 7.27 (m, 9H), 7.47 (m, 6H).

(25,4S)-2-12-(3—-Methylureido)ethylcarbamoyl]l—4-tritylthio-1-(allyloxy—
carbonyl)pyrrolidine (26h)

AAE vdad F22tol= (20 mDol 33FE 25 (080 g, 1.60 mmol) & &3
st 0 T2 WAAI7|2 Efd"Eobdl (043 mL, 3.20 mmol)JJr ofo] At o] E
(023 mL, 3.20 mmoD)E A 7}3te] 5A17HE mut dok. EFES E (20 mb),
g F28ol= (30 mL)E F3X, §71F5S EF X3 £FEE AT, 77
£uE B 2FAUEER AR Y FHE FFIH, J4ES HeA2
AutEadg 2 AR =FA oAdA FFTE 26h (081 g, 88.1%)F LUT
'H-NMR (CDCly) & 1.92 (bs, 1H), 2.15 (m, 1H), 2.71-3.06 (5H), 3.16-3.30 (bs,
3H), 3.74 (bs, 2H), 3.97 (m, 1H), 442 (m, 1H), 526 (m, 2H), 598 (m, 1H), 6.79
(bs, 1H), 7.23 (m, 9H), 7.48 (m, 6H).

(25,4S)-2-1(2-Allyloxycarbonylformidoyl)aminoethylcarbamoyl]-4-trityl-
thio—1-(allyloxycarbonyl)pyrrolidine (26i)

o gbL Lujol 33E 25 (1.03 g, 2.0 mmoD)E £33t oE EEo|HHE
o= F2eol= (024 g, 2.2 mmoDE A 7Fg 3 323 &<t 74
L2 AYFTFHE AASS BT Z9ES ¢ o] FAgle] W E=o]
= (20 mL)¥ Ego€oldl (030 mL, 2.2 mmol) A7t3te] Wz A
Zx2HolE (027 g 22 mmol) H7tste] 1Ak iyt Ao &=
ZF2golE (100 mL)E H3F3 10% AF Hlol7l2RUojES} X3 LAFEZ A
o] 31, FUFE T4 AFAHIER AxdY Y FHRE FFeH, TAES
Ae71d azetEad g2 A = o dAyd HFE 261 (1.00 g, 79.8%)=
d9th 'H NMR (CDCl) & 1.82 (bs, 1H), 2.19 (m, 1H), 2.80-2.92 (bs, 1H),
3.02-3.17 (bs, 1H), 3.33-3.56 (bs, 3H), 3.78 (bs, 2H), 3.96 (m, 1H), 4.55 (bs, 2H),
472 (d, 2H, J=59 Hz), 520-5.44 (m, 4H), 5.85-598 (m, 2H), 7.23 (m, 9H), 7.47
(m, 6H), 892 (s, 1H).

N
b
.
i

AQ oPME oluHolE solmzIRol=E Al 269 T Y}
Ze don Az

(25,4S)-2-[(2-Allyloxyacetamidoaminoethylcarbamoyl)aminoethylcarba-

moyll-4-tritylthio—1-(allyloxycarbonyl)pyrrolidine (26j)
=& 702%. 'H NMR (CDCly) & 1.85 (bs, 1H), 2.19 (m, 1H), 2.24 (s, 3H),
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2.80-2.92 (bs, 1H), 3.02-3.17 (bs, 2H), 3,30-3.56 (bs, 4H), 3.96 (m, 1H), 4.45 (bs,
2H), 4.70 (d, 2H, J=5.9 Hz), 520-5.44 (m, 4H), 585-6.04 (m, 2H), 6.66 (bs, 1H),
7.23 (m, 9H), 7.47 (m, 6H).

26k 1H-9 & &-1-7l2 8 2olujq] slojmzF2eto]=8 AME3sHY 2619 &4
A ZE MU R AxHJUTH
(25,45)-2-[(2- Allyloxyguanidinoethylcarbamoyl)ethylcarbamoyl]-4-trityl-
thio-1-(allyloxycarbonyl)pyrrolidine (26k)

% 75.1%. 'H NMR (CDCly) & 1.89 (bs, 1H), 2.19 (m, 1H), 2.80-2.92 (bs,
1H), 2.95-3.07 (bs, 2H), 3.30-3.59 (bs, 4H), 3.96 (m, 1H), 4.25-4.58 (bs, 4H), 4.72
(d, 2H, J=59 Hz), 520-557 (m, 6H), 575-5.98 (m, 3H), 7.23 (m, 9H), 7.47 (m,
6H), 892 (bs, 1H), 896 (bs, 1H).

(2S,45)-2-[2-(Thiomorpholin—4-yl)ethylcarbamoyl]-4-tritylthio—1-(allyl-
oxycarbonyl)pyrrolidine (281)

338 23 (12 g, 20 mmol)# B2 2 ¥d (041 g, 40 mmoDhe EF}EES 4
ol A 20 AIZHE mukEtnm IN-94F 291 (30 mL), o€ kA EHelE (50 mL)Z
H}F1, F715S B 25AVoER AxSY Y FRE FF9H, I9ES
AEytd a2elEaHH 2 AAslY =@M odA sHEE 281 (1.03 g, 8.9%)E
At 'H NMR (CDCl) & 1.88 (m, 1H), 2.19 (m, 1H), 252 (bs, 1H), 2.55-2.98
(bs, 7H), 3.08 (bs, 2H), 3.25-3.44 (bs, 4H), 3.95 (m, 1H), 415 (m, 1H), 445 (m,
2H), 5.29 (m, 2H), 5.88 (m, 1H), 6.74 (bs, 1H), 7.27 (m, 9H), 7.47 (m, 6H).

H rlo

28mE= Y H I E ALE5te] 28] o A A 22 AYPoz AxHIUAC

(25,45)-2-[2-(Piperazine—1-y)ethylcarbamoyl]}-4-tritylthio—1-(allyloxy—
carbonyl)pyrrolidine (28m)

£ 72.4%. 'H NMR (CDCly) & 1.87 (bs, 1H), 2.18 (m, 1H), 2.37-255 (bs,
6H), 2.77-2.89 (bs, 1H), 2.94-3.01 (bs, 2H), 3.22 (bs, 2H), 3.55 (bs, 4H), 4.01 (bs,
1H), 4.43 (bs, 2H), 5.04 526 (m, 2H), 5.85 (m, 1H), 6.68 (bs, 1H), 7.24 (m, SH),
7.45 (m, 6H).
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Allyl (1R,5S5,65)-6-[(1R)-hydroxyethyll-2-[5-(2-allyloxycarbonylamino-
ethylcarbamoyl)]-1-(allyloxycarbonyl)pyrrolidin-3-ylthiol-1-methyl-
carbapen-2-em-3-carboxylate (29a)

3} E 26a (058 g, 1.0 mmo)E WEadl F2dol= 2 mL)Z &3t 0 C
2 YzZA7z, Edde A (013 g, 1.1 mmo)¥ EIZFLEoAE A=
(2mL)& 7‘*7}0}04 30%S m A7 M, o]l& Gz &ulE AAGFL o€ ohAl
HolEE B3 10% AFHol7lERYoER 2433 3 f7&2L FEF32 FF
AF AU ER AZF, o3ty &dE 7B FFAIIH o ol AAFHA glol
4 (1R5S,65)-3-(Hol AL LA L HFA)-6-[(R)-1-3te] =& Ao E]-1-H 2 7}n}
H-2-A-3-7l2EAFolE 11 (050 g, 1.0 mmol)S oA EYVC|EH (10 mL)Z &
;MAA 0 T2 YA Zoh tholol Az 2o}l (0.13 g, 1.0 mmol)& A 7}sliL,
ol EYolE™ 5 mLE MZE FTE 27a (036 g, 1.0 mmol) & &3t A7}
3 F 3AZE Tob mwksle Fa, vk FEA §WE AAFHFE A7 oE
O}"ﬂﬂlo]‘f 40 mLE &3fstqd & 30 mL= ’“‘Oi—v—‘:‘r F71%E do 7 ma
& AFoER Ax oysly W& AYEET F, AZuEaRIAR E3Fe)
of =@ mAe] AP 3}FE 28a (045 g, 71 1% Atk 'H NMR (CDCly)
5 1.25 (d, 3H, J=7.1 Hz), 1.36 (d, 3H, J=6.4 Hz), 2.21 (bs, 1H), 2.46 (bs, 1H), 2.95
(dd, 1H, J=3.3 and 3.3 Hz), 3.06-3.55 (bs, 7H), 3.90 (bs, 2H), 4.15 (bs, 1H), 4.19
(bs, 1H), 4.45-4.69 (bs, 6H), 5.26-555 (m, 6H), 5.75-6.01 (bs, 3H). IR (KBr):
3410 (OH), 3230 (NH), 1720, 1705,1660 (C=0) cm L

H -

29b-m= 9o 71&% 2929 FAEARFH 22 MHoE AEHIAUG

Allyl (1R,5S5,65)-6-[(1R)-hydroxyethyll-2-[5-(2-methylsulfonylamino—
ethylcarbamoyl)]-1-(allyloxycarbonyl)pyrrolidin—3-ylthio]-1-methyl-
carbapen—-2-em-3-carboxylate (29b)

£ 639%. 'H NMR (CDCls) 8 1.26 (d, 3H, J=7.1 Hz), 137 (d, 3H, J=6.2
Hz), 191 (m, 1H), 2.39 (bs,1H), 2.86 (m, 1H), 2.99 (s, 3H), 3.21-342 (bs, 4H),
354 (m, 2H), 3.82 (bs, 1H), 3.99 (bs, 1H), 4.18 (m, 2H), 4.42 (m, 1H) 4.49-4.68
(bs, 4H), 5.25-5.53 (m, 4H), 5.75-6.01 (bs, 2H).

Allyl (1R 5S5,6S)-6-[(1R)-hydroxyethyl]-2-[5-(2-N,N-dimethylamino—
sulfonylamino—ethylcarbamoyl)]—1-(allyloxycarbonyl)pyrrolidin—-3-ylthio]-
1-methylcarbapen—-2-em-3-carboxylate (29c)

$& 64.3%. '"H NMR (CDCl) 8 125 (d, 3H, J=7.1 Hz), 1.35 (d, 3H, J=6.2
Hz), 2.06 (m, 1H), 2.39 (bs, 1H), 2.80 (m, 1H), 2.89 (s, 6H), 3.21-3.33 (bs, 2H),
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3.38-354 (bs, 3H), 358 (m, 1H), 3.82 (bs, 1H), 3.99 (bs, 1H), 418 (m, 2H), 4.40
(m, 1H), 4.49-4.68 (bs, 4H), 525-5.53 (m, 4H), 5.70-5.99 (bs, 2H).

Allyl (1R,5S,6S)-6-[(1R)-hydroxyethyll-2-[5-(2-N,N-dimethylamino—
carbonylaminoethylcarbamoyl)]-1-(allyloxycarbonyl)pyrrolidin-3-ylthio]-1-
methylcarbapen—2-em-3—-carboxylate (29d)

& 725%. 'H NMR (CDCls) 8 128 (d, 3H, J=7.0 Hz), 1.37 (d, 3H, J=6.1
Hz), 198 (m, 1H), 2.30 (bs,1H), 2.86 (m, 1H), 2.87 (s, 6H), 3.21-3.36 (bs, 2H),
3.40-355 (m, 3H), 3.60 (m,1H), 3.82 (bs, 1H), 3.99 (bs, 1H), 4.18 (m, 2H), 4.42
(m, 1H), 4.49-4.68 (bs, 4H), 5.25-553 (m, 4H), 5.70-5.96 (bs, 2H).

Allyl (1R ,5S,6S)-6-[(1R)-hydroxyethyll-2-[5-{2-(1-morpholinocarbonyl-
amino)ethylcarbamoyl}]-1-(allyloxycarbonyl)pyrrolidin-3-ylthio]l-1-methyl-
carbapen—-2-em-3-carboxylate (29e)

€ 69.9%. 'H NMR (CDCly) & 1.26 (d, 3H, J=7.0 Hz), 138 (d, 3H, J=6.0
Hz), 191 (m, 1H), 2.39 (bs,1H), 3.21-352(bs, 9H), 3.54-3.62 (bs, 6H), 3.82 (bs,
1H), 4.03 (bs, 1H), 418 (m, 2H), 442 (m, 1H), 4.49-4.68 (bs, 4H), 5.25-553 (m,
4H), 5.75-5.97 (bs, 2H).

Allyl (1R,55,6S)-6-[(1R)-hydroxyethyll-2-[5-{2-(1-thiomorpholino-
carbonylamino)ethylcarbamoyl)]-1—(allyloxycarbonyl)pyrrolidin—3-ylthiol-
1-methyl-carbapen-2-em-3-carboxylate (29f)

4& 659%. 'H NMR (CDCL) & 1.26 (d, 3H, J=7.0 Hz), 1.38 (d, 3H, J=6.0
Hz), 2.46 (m, 1H), 251 (bs, 4H), 2.79-2.85 (m, 1H), 3.03-3.16 (bs, 4H), 3.28-3.44
(bs, 3H), 3.54-3.65 (bs, 4H), 3.69 (m, 1H), 3.85 (bs, 1H), 3.99 (bs, 1H), 4.16 (bs,
1H), 4.45 (m, 1H), 4.45-4.67 (bs, 4H), 5.29-5.53 (m, 4H), 5.75-6.01 (bs, 2H).

Allyl (1R,5S,6S)-6-L(1R)-hydroxyethyll-2-[5-{2-(1-piperazinocarbonyl-
amino)ethylcarbamoyl)]1-1-(allyloxycarbonyl)pyrrolidin-3-ylthio]-1-methyl-
carbapen-2-em-3-carboxylate (29g)

48 684%. 'H NMR (CDCls) 8 126 (d, 3H, J=6.7 Hz), 1.35 (d, 3H, J=6.2
Hz), 1.97 (m, 1H), 2.34 (m, 1H), 2.70 (m, 1H), 3.10 (bs, 1H), 3.15-3.26 (bs, 5H),
3.30-3.49 (bs, 6H), 3.59 (bs, 2H), 3.94 (m, 1H), 412 (bs, 2H), 4.19 (m, 1H), 4.29
(m, 1H), 4.45-4.69 (bs, 6H), 5.26-5.55 (m, 6H), 5.75-6.01 (bs, 3H).

- 160 -



Allyl (1R 5S,6S)-6-[(1R)-hydroxyethyll-2-[5-(2-methylaminothiocarbonyl-
aminoethyl-carbamoyl)]-1-(allyloxycarbonyl)pyrrolidin-3-ylthio]l-1-
methylcarbapen-2-em—-3—-carboxylate (29h)

4& 655%. 'H NMR (CDCl) § 126 (d, 3H, J=69 Hz), 1.35 (d, 3H, J=6.3
Hz), 1.99 (m, 1H), 2.45 (m, 1H), 2.89 (bs, 3H), 3.11-3.39 (bs, 4H), 3.44-3.69 (bs,
3H), 3.80 (m, 1H), 391 (m,1H), 4.06 (m,1H), 4.16 (m, 1H), 4.33 (m, 1H), 4.47-4.69
(bs, 4H), 5.26-5.55 (m, 4H), 5.71-5.98 (bs, 2H).

Allyl (1R,55,6S)-6-[(1R)-hydroxyethyll-2-[5-(2-formidoaminoethylcarba—
moyl)]-1-(allyloxycarbonyl)pyrrolidin -3-ylthio]-1-methylcarbapen—2-em-
3-carboxylate (29i)

& 66.4%. 'H NMR (CDCl:) 8 126 (d, 3H, J=6.9 Hz), 1.35 (d, 3H, J=6.1
Hz), 1.90 (m, 1H), 250-2.69 (m, 2H), 3.05-3.33 (bs, 5H), 3.42 (m, 1H), 3.55-3.66
(bs, 2H), 3.70 (bs, 1H), 401 (m, 1H), 431 (m, 1H), 4.45-4.69 (bs, 4H), 5.26-5.55
(m, 4H), 5.75-5.99 (bs, 2H), 7.88 (d, 1H J=6.2 Hz).

Allyl (1R 5S,6S)-6-[(1R)-hydroxyethyll-2-[5-(2-acetamidoaminoethyl-
carbamoyl)]-1-(allyloxycarbonyl)pyrrolidin-3-ylthiol-1-methylcarbapen-2-
em-3-carboxylate (29j)

g 624%. 'H NMR (CDCls) 8 1.27 (d, 3H, J=6.9 Hz), 1.36 (d, 3H, J=6.1
Hz), 1.99 (m, 1H), 2.15 (s, 3H), 259-2.67 (m, 1H), 3.03 (m, 1H), 3.08-3.39 (bs,
5H), 3.53 (m, 1H), 3.69 (bs, 1H), 3.80 (m, 1H), 4.01-4.15 (bs, 2H), 4.35 (m, 1H),
445-4.69 (bs, 6H), 5.16-5.55 (m, 6H), 5.70-5.99 (bs, 3H).

Allyl (1R,5S,6S)-6-[(1R)-hydroxyethyll-2-[5-(2-guanidinoethylcarba—
moyl)]-1-(allyloxycarbonyl)pyrrolidin-3-ylthio}-1-methylcarbapen—2-em-
3-carboxylate (29k)

%8 66.0%. '"H NMR (CDCls) 8 126 (d, 3H, J=69 Hz), 1.35 (d, 3H, J=6.1
Hz), 1.98 (m, 1H), 259-2.69 (m, 1H), 3.03 (m, 1H), 3.08-3.62 (bs, 7H), 4.01-4.31
(bs, 3H), 4.35 (m, 1H), 4.45-4.89 (bs, 8H), 5.08-5.55 (m, 8H), 5.75-6.03 (bs, 4H).

(1R,5S,6S)-6-[(1LR)-Hydroxyethyll-2-[5—(2-aminoethylcarbamoy1)-

pyrrolidin-3-ylthiol-1-methylcarbapen—2-em-3-carboxylic acid (30a)
313t% 29a (031 g, 050 mmol)¥ PA(OH): (10%)E& HEZHSIo| =273 Z

FHolE &% (pH=7)(1:1, 10 mL)9] EFE| &ajA7]1, 50 psidlA 1A &

[e)
FREWEES AN WEFA F, o1F oiBstn f7] 49E AATHAA,

e i

- 161 -



e dHZ 2x20 mLE EFE FEI} EFE Tt HEHSol=2FE 2%
o] F8&He] &ELu|E X837 thololo]&(Diaion) HP-20 HH o2 A A3, UV
g o] €3] 298 nmdl ¥ Hopx FHAZANA N HF FHE 30as ¢
At & 21.8%. -mp 150-165 °C (dec.). -UV Amax: 298 nm. -1H NMR (D:0)
8 1.11 (d, 3H, J=6.8 Hz), 1.17 (d, 3H, J=5.9 Hz), 1.78 (bs, 1H), 2.63 (m, 1H), 2.94
(m, 1H), 3.01-348 (bs, 5H), 3.53-3.65 (bs, 2H), 3.70 (bs, 2H), 4.01 (m, 1H), 451
(bs, 1H). -IR (KBr): 3480, 1745, 1666 cm *. ~HRMS(FAB) Caled for Ci7H2sN4OsS
398.1625, Found (M+H)+ 398.1999.

30b-m= #° 71€d 30a8] FAHFAF Z2 Yoz AxHAU

(1R,5S5,6S)-6-[(1R)-Hydroxyethyl}-2-[5-(2-methylsulfonylaminoethyl-
carbamoyl)pyrrolidin—-3-ylthiol-1-methylcarbapen-2-em—3-carboxylic acid
(30b)

& 24.4%. -mp 163-175 °C (dec.). UV Amax: 298 nm. -'H NMR (D;0) &
1.10 (d, 3H, J=7.1 Hz), 1.16 (d, 3H, J=6.2 Hz), 1.90 (m, 1H), 2.13 (bs, 1H), 2.86
(m, 1H), 2.97 (s, 3H), 3.03 (bs, 2H), 3.18-3.40 (bs, 4H), 3.54 (dd, 1H, J=5.2 and
56 Hz), 3.89 (bs, 1H), 4.04 (bs, 2H), 442 (m, 1H). -IR (KBr): 3390 (NH), 1710,
1680, 1410, 1166 cm. -HRMS(FAB) Calcd for CisHxNsO:S: 476.1401, Found
(M+H)+ 476.1392.

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-2-[5-(2-N,N-dimethylaminosulfonyl—
aminoethylcarbamoyl)pyrrolidin—-3-ylthiol-1-methylcarbapen-2-em-3-
carboxylic acid (30c)

F& 294%. -mp 145-168 °C (dec.). ~UV Amax: 298 nm. -'H NMR (D;0) &
1.10 (d, 3H, J=7.0 Hz), 1.16 (d, 3H, J=6.3 Hz), 1.93 (m, 1H), 2.13 (bs, 1H), 2.65
(s, 6H), 2.86 (m, 1H), 3.02 (bs, 2H), 3.21-3.44 (bs, 4H), 3.59 (dd, 1H, J=5.4 and
5.8 Hz), 3.87 (bs, 1H), 4.11 (bs, 2H), 4.42 (m, 1H). -IR (KBr): 3390 (NH), 1715,
1690, 1400, 1166 cm'. -HRMS(FAB) Caled for CioHzNsO:S; 505.1666, Found
(M+H)+ 505.1700.

(1R ,5S,6S)-6-[(1R)-Hydroxyethyll-2-[5-(2-N,N-dimethylaminocarbonyl-
aminoethylcarbamoyl)pyrrolidin—3-ylthio]-1-methylcarbapen—-2-em—-3-
carboxylic acid (30d)

4 & 252%. -mp 155-171 °C (dec.). -UV Amax: 298 nm. —'H NMR (D:0) &
1.14 (d, 3H, J=7.0 Hz), 1.25 (d, 3H, J=6.2 Hz), 1.73 (m, 1H), 257 (bs, 1H), 2.68
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(s, 6H), 2.96-3.18 (bs. 4H), 3.21-3.44 (bs, 3H), 3.60 (bs, 1H), 3.83 (bs, 1H), 4.14
(bs, 2H), 449 (m, 1H). -IR (KBr): 3400, 1755, 1700, 1670, 1415 cm ',
~HRMS(FAB) Calcd for CaoH3iN506S 469.1995, Found (M+H)+ 469.1968.

(1R 5S,6S)-6-[(1R)-Hydroxyethyll-2-[5-{2- (1 -morpholinocarbonylamino)—
ethylcarbamoyl)pyrrolidin—-3-ylthiol-1-methylcarbapen-2-em-3-carboxylic
acid (30e)

$€ 202%. -UV Amax: 298 nm. —'H NMR (D:0) 8 1.06 (d, 3H, J=6.9 Hz),
1.13 (d, 3H, J=6.2 Hz), 1.93 (m, 1H), 246 (m, 1H), 3.03-3.30 (bs, 8H), 3.34-3.50
(bs, 2H), 3.54-3.69 (bs, 5H), 3.85 (bs, 2H), 3.99 (bs, 1H), 4.16 (bs, 1H), 4.45 (m,
1H). -IR (KBr): 3390, 1720, 1700, 1680, 1591, 1400 cm .

(1R ,55,6S)-6-[(1R) Hydroxyethyll-2-[5-{2-(1-thiomorpholinocarbonyl-
amino)ethylcarbamoyl}pyrrolidin—-3—ylthiol-1-methylcarbapen-2-em—-3-
carboxylic acid (30f)

%8 215%. -UV Amax: 298 nm. -'"H NMR (D:0) § 1.06 (d, 3H, J=6.6 Hz),
1.13 (d, 3H, J=6.1 Hz), 1.87 (m, 1H), 246 (m, 1H), 251 (bs, 4H), 2.79-2.85 (m,
1H), 3.03-3.16 (bs, 4H), 3.28-3.44 (bs, 3H), 3.54-3.65 (bs, 4H), 3.69 (m, 1H), 3.85
(bs, 1H), 3.99 (bs, 1H), 4.16 (bs, 1H), 4.45 (m, 1H). -IR (KBr): 3390, 1720, 1690,
1680, 1591, 1390 cm .

(1R 5S,65)-6-[(1R)-Hydroxyethyll-2-[5-{2-(1-piperazinocarbonylamino)-
ethylcarbamoyl}pyrrolidin—3—ylthio]-1-methylcarbapen—2-em—-3-carboxylic
acid (30g)

28 21.9%. -UV Amax: 298 nm. —H NMR (D:0) & 1.03 (d, 3H, J=6.7 Hz),
1.10 (d, 3H, J=6.2 Hz), 1.87 (m, 1H), 246 (m, 1H), 2.85 (m, 1H), 3.05-3.46 (bs,
10H), 354 (bs, 2H), 3.69 (m, 2H), 3.85 (bs, 1H), 4.02 (bs, 2H), 4.18 (m, 1H), 4.45
(m, 1H). -IR (KBr): 3390, 1740, 1715, 1680, 1411 cm™.

(1R 5S,65)-6-[(1R)-Hydroxyethyll-2-[5-(2-methylaminothiocarbonyl -
aminoethylcarbamoyl)pyrrolidin—-3—ylthiol-1-methylcarbapen-2-em-3-
carboxylic acid (30h)

28 238%. -UV Amax: 298 nm. —'H NMR (D:0) 8§ 1.07 (d, 3H, J=7.0 Hz),
1.17 (d, 3H, J=6.2 Hz), 1.87 (m, 1H), 2.45-259 (m, 1H), 2.88 (bs, 3H), 3.15-3.39
(bs, 4H), 3.44-369 (bs, 3H), 3.80 (m, 1H), 391 (m,1H), 4.06-4.12 (bs, 2H), 4.45
(m, 1H). -IR (KBr): 3400, 1730, 1680, 1586, 1400 cm
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(1R 5S5,6S)-6-1(1R)-Hydroxyethyll-2-[5-(2-N-acetformidoaminoethyl-
carbamoyl)pyrrolidin—3-ylthio]-1-methylcarbapen—2-em-3-carboxylic acid
(30i)

& 243%. -mp 148-162 °C (dec.). UV Mmax: 298 nm. —'H NMR (D:0) 8
1.03 (d, 3H, J=6.8 Hz), 1.11 (d, 3H, J=6.2 Hz), 1.56 (m, 1H), 2.50-2.59 (m, 1H),
2.95-3.10 (bs, 2H), 3.12-3.24 (bs, 2H), 3.27-3.40 (bs, 2H), 3.55-3.66 (bs, 2H), 3.70
(bs, 1H), 4.16 (m, 2H), 441 (m, 1H), 7.68 (d, 1H J=6.2Hz). -IR (KBr): 3397,
1756, 1685, 1655, 1401 cm’'. -HRMS(FAB) Calcd for CigHzN:O0sS 425.1736,
Found (M+H)+ 425.1800.

(1R,5S5,6S)-6-[(1R)-Hydroxyethyl]-2-[5-(2-N-acetylacetamidoaminoethyl-
carbamoyl)pyrrolidin—3-ylthio]-1-methylcarbapen—2-em-3-carboxylic acid
(303)

F& 22.2%. -mp 196-205 °C (dec.). ~UV Mmax: 298 nm. ~H NMR (D;0) &
110 (d, 3H, J=7.0 Hz), 118 (d, 3H, J=6.3 Hz), 160 (m, 1H), 2.05 (s, 3H),
2.59-2.67 (m, 1H), 299 (m, 1H), 3.08-3.39 (bs, 4H), 3.41-3.53 (m, 2H), 359 (bs,
1H), 3.73-3.89 (bs, 1H), 4.01-4.15 (bs, 2H), 4.45 (m, 1H). -IR (KBr): 3490, 1740,
1700, 1650, 1400 cm ' -HRMS(FAB) Calcd for CioHoNz0sS 439.1889, Found
(M+H)+ 439.1992.

(1R,55,6S)-6-[(1R)-Hydroxyethyl]l-2-[5-(2-guanidinoethylcarbamoyl) -
pyrrolidin—3-ylthiol-1-methylcarbapen—-2-em—-3—-carboxylic acid (30k)

48 20.0%. -mp 193-205 °C (dec.). ~UV Amax: 298 nm. -'"H NMR (D:0) 8
1.02 (d, 3H, J=7.3 Hz), 1.10 (d, 3H, J=6.4 Hz), 1.88 (m, 1H), 255-2.61 (m, 1H),
3.10-3.45 (bs, 6H), 3.55 (m, 1H), 3.88 (bs, 2H), 4.03 (bs, 2H), 445 (m, 1H). -IR
(KBr): 3980, 1710, 1640, 1580, 1405 cm'. -HRMS(FAB) Calcd for CisHzsNeOsS
440.1842, Found (M+H)+ 440.1799.

(1R,55,6S)-6-[(1R)-Hydroxyethyll-2-[5-{2- (thiomorpholino-1-yl)ethyl-
carbamoyl)pyrrolidin-3—-ylthiol-1-methylcarbapen—2-em-3-carboxylic acid
(331

€ 20.1%. -UV Mmax: 298 nm. —'H NMR (D:0) 8 0.98 (d, 3H, J=7.1 Hz),
1.06 (d, 3H, J=6.4 Hz), 1.78 (m, 1H), 2.65-2.79 (bs, 5H), 2.90-3.01 (bs, 2H),
3.05-3.38 (bs, 5H), 3.55-3.60 (bs, 3H), 3.65 (bs, 1H), 3.80-3.88 (bs, 2H), 4.03 (bs,
2H), 4.45 (m, 1H). -IR (KBr): 3470, 1730, 1685, 1580, 1425 cm .
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(1R 5S,6S)-6-[(1R)-Hydroxyethyll-2-[5-{2-(piperazine—-1-yl)ethylcarba-
moyl)pyrrolidin—3—ylthiol-1-methylcarbapen-2-em—-3-carboxylic acid (33m)

$¢ 169%. -mp 166-175 °C (dec.). ~UV Amax: 298 nm. —'H-NMR (D:0) &
1.02 (d, 3H, J=7.1 Hz), 1.08 (d, 3H, J=6.4 Hz), 1.88 (m, 1H), 2.45-2.49 (m, 1H),
2.60-2.69 (bs, 4H), 3.07-3.15 (bs, 4H), 3.25-3.39 (bs, 4H), 3.66-3.78 (m, 2H), 3.89
(m, 2H), 4.03 (m, 2H), 426 (m, 1H), 4.45 (m, 1H). -IR (KBr): 3370, 1755, 1690,
1580, 1430 cm . -HRMS(FAB) Caled for CxHzN;0sS 467.2203, Found (M+H)+
467.2230.
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