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The synthesis of newpimethylcarbapenemslgé—l) having a 2 3 0
proline reverse amide moiety at the C-2 position and ith&itro l
antibacterial activities are described. The compounds were eval Hoa ) NH, W 8 orvs
ated by the Mueller-Hinton agar dilution method and comparewAcs—q i.f L AcS—C,\‘T -— Acs—q }‘/
with meropenem as control. Aliphatic amid&a-h) are found to PNZ “PNZ “PNZ
show greater antibacterial activity than aromatic amides)( lv, 7arl 8 8
Moreover, C-2 free amino compouridi{) reveals greater activity "
than any other amide compoundsl). N R
y p ) Hs_q Y
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. Scheme 1.Synthesis of 4-mercapto proline reverse amide.
Introduction i) (PhORPONs, N-methylmorpholine; ii)p-methoxybenzyl alcohol,

eN-methylmorpholine; iii) CBCOxH; iv) R-COH, DCC, DMAP;

Since the discovery of th|enamy[i'1]nand the appearanc é{}_ZN NaOH.

of bacteria resistant to penicillins and cephalosphorins, ¢
bapenem antibiotics have become an important clg@skof )
tam antibiotics. In particular, g-methylcarbapenem deriv- Synthesis

atived?3l exhibited an excellent spectrum of activity and . _ .

strong stability against renal dehydropeptidase-I (DHP-I). The synthesis of 4-mercaptoproline reverse amigasi)(
Recently, Sumitomo developed @4nethyl substituted car- Is described in Scheme M-p-Nitrobenzyloxycarbonyl pro-
bapenem with ‘sdimethylaminocarbonyl pyrrolidine-g|  tected 4-thioacetyl prolingf was prepared fromnans-4-hy-
thio group at the C-2 side chain of the carbapenem riffoxy-L-proline by a known procedure reported by Suna-
system, meropenem, which showed a broad and balan@Va’. Isocyanatet was obtained by Curtius rearrange-
activity against Gram-positive and Gram-negative bact@f'er){_ I with retention of stereochemistry at the proline C-2
rial*l. Thus, our early effortd have been directed toward thePosition of3, using diphenylphosphoryl azide aNdnethyl-
synthesis of new B-methylcarbapenems and the elucidatiomorpholine in benzene at 80 °C in moderate yield (68%).

of structure activity relationships. Herein we wish to repol _ NHPNZ NHPNZ
the synthesis of the new carbapenebas-] having a proline 4 £oieeraisconel Acsq RLLLEL N Hs—q
reverse amide moiety at the C-2 position ndtro antibac- Nemethylmorpholine “PNZ “PNZ
terial activities of those compounds (Fig. 1). m &m
Scheme 2Synthesis of 4-mercapto proline amine.
HO HH H HO H H 9 . . . .
s 'UNTR s _O)LN(CHa)z As any attempts _to obtam_ the _key intermediate, arGjne
o N7 NH O 0P N~f NH from isocyanatet directly failed, isocyanaté was treated
COOH COOH with p-methoxybenzyl alcohol to afford themethoxybenzyl
1ad meropenem carbamates as a protected amine compound, which was
further transformed to the amine trifluoroacetic acid by the
. v < 4 . : s v 15 « treatment with trifluoroacetic acid. Amidation of amife

with various aliphatic and aromatic acids in DCC and DMAP
Lo RN o Mo NN » gave 4-thioacetyl reverse amides; subsequent saponification

R Sy e <O G GO A O with aqueous ® NaOH in MeOH gave 4-mercapto proline

reverse amide86-). 4-Mercapto proline amin8&in) for the

synthesis of C-2 free amino carbapendm)(was prepared

Fig. 1. New carbapenems having a proline reverse amide moiety. from isocyanatd according to Scheme 2.
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Table 1.In vitro antibacterial activities of carbapenehas-m(MIC, pg/ml). HO L HO L "
N__R
. N/ OPO(OPh), Sl I s.q :[)I/
Organism la 1b 1c 1d le 1f 1g 0 o “BNZ
COOPNB COOPNB
9 10a-1
S.p.77A 002 001 001 02 01 01 08 lpd,o, H,
S.f.MD8b 125 125 125 50 25 25 50 HO L H
B N R
S.a.SG511 02 02 01 15 04 04 62
S.a. 285 04 02 02 15 08 02 62 GooH
E.c.O55 01 005 005 15 08 04 62 lad
E.c.DC2 02 01 01 15 08 08 31 HO L HO
B NHPNZ Pd/C, H M H NH,
E.ccTEM 01 01 01 31 15 08 62 g 8m s He ) S_C(
N N
P.a.9027 125 50 125 100 125 25 100 o ‘PNz o N N
COOPNB COOH
P.a.1771 62 125 62 100 62 62 100 10m im
S.t. 0.4 0.2 0.2 3.1 15 15 12.5 Scheme 3Synthesis of new carbapenems.
K.0.1082E 02 02 04 62 15 15 25 - ) ) " ol activ
ere was a tendency toward greater antibacterial activity
E. c. P99 04 02 02 62 08 04 125 . : ) ) ;
of aliphatic amidesl@-h than those of aromatic amides
E.c.1321E 01 005 005 15 08 04 62 (1i-1) and the bulkier the size of amide, the lower the activity
against Gram-positive and Gram-negative bacteria. Interest-
Organism  1h  1i 1 1K 1 1m  MPM ingly, C-2 free amino compoundrf)) showed greater activ-
ity than any other amide compoundsa-l). However, all the
compounds synthesized showed poor activities against both
S.p.7tA 02 01 02 04 005 001 <0002 Gram-positive and Gram-negative bacteria compared with
S.f.MD8b 50 50 50 50 125 125 125 meropenem, particularly agairBseudomonas aeruginasa
S.aSG511 15 08 15 08 04 01 01 Thus we could infer from the above results that the introduc-
S a 285 15 08 15 15 04 01 o2 tion of reverse amide to th.e prollne.C—Z position mstgad of
carboxamides was not desirable for improving the antibacte-
E.c. 055 15 0.8 15 15 0.4 0.1 0.01 rial activities.
E.ccDC2 08 15 15 15 08 02 003
E.cTEM 31 08 15 31 04 01 003 Acknowledgments
P.a. 9027 100 50 100 100 125 15 0.2 We are grateful to the Ministry of Science and Technology (MOST) of
P.a. 1771 100 50 100 100 125 3.1 0.2 Korea for financial support, and wish also to thank II-Dong Pharm. Co. for
its donation of Chair Fund to KIST.
S.t. 31 15 31 31 08 02 003
K.o.1082E 62 31 62 125 08 04 005 . .
Experimental Section
E. c. P99 31 15 31 62 08 01 003
Melting points Thomas-Hoover apparatus (uncorrected).— UV spectra
E.c.1321E 15 08 15 15 04 01 0.3

AbbreviationsS. p. Streptococcus pyogenes, S. f. Streptococcus faeciu

Hewlett Packard 8451A UV-VIS spectrophotometer.— IR spectra Perkin-El-

mer 1710 spectrophotometer, KBr discH-NMR spectra Varian Gemini

3%0 spectrometer, TMS int. standard.— MS data Hewlett Packard 59987A
m, S,

electrospray-5989A mass spectrometer.

a. Staphylococcus aureus, E. c. Escherichia coli, P. a. Pseudomonas aerugi-

nosa, S. t. Salmonella typhimurium, K. o. Klebsiella oxytoca, E. c. Enterg;, . . . .
S,4S)-4-Acetylthio-1-p-nitrobenzyloxycarbonylpyrrolidin-2-isocyanate
bacter cloacaeMPM meropenem 521) ) Y P yioxy vipy y

Coupling of thiols8a—| and the carbapenem nucleus and N-Methylmorpholine (51.8 g, 513 mmol) and diphenylphosphorazidate

deprotection op-nitrobenzyloxycarbonyl ang-nitrobenzyl
groups were carried out in the usual malfthéo obtain the
target carbapenem analds-| (Scheme 3).

Antibacterial Activity

In vitro antibacterial activities of new carbapenems havin&
a proline reverse amide are shown in Table 1. The mini
inhibitory concentrations (MICs) of these compounds were

m&!

(140 g, 513 mmol) were added to a solution of comp&i®@3.0 g, 171
mmol) in dried benzene (450 ml) and stirred at 50—60 °C for 10 h. After
cooling, removal of the solvent gave an oily residue, which was chromatogra-
phed on silica gel using ethyl acetatbexane (1:2) to givé, yield 31.5 g
(50.0%).— mp 71-73 °C (dec.).— IR (KBv} 1682 cm* (C=0), 2148
(NCO).—'H NMR (CDC) 3= 2.03-2.36 (m, 1H, k8), 2.35 (s, 3H, COHg),
2.60-2.79 (m, 1H, b8), 3.49-3.54 (m, 1H, H4), 3.90-4.02 (m, 2H, H5),
5.17-5.23 (m, 2HCHz-aromatic), 6.63-6.71 (m, 1H, H2), 7.52 {ds 9.0

Hz, 2H, PNZ H), 8.22 (dJ=9.0 Hz, 2H, PNZ H).

f,4S)—4—Acetylthio—l—p—nitrobenzyloxycarbonyl—2—p—methoxybenzyloxy—
boaminopyrrolidine §)

N-Methylmorpholine (16.6 g, 164 mmol) apdmethoxybenzyl alcohol

determined by the Mueller-Hinton agar dilution method ang2,5 g, 82.0 mmol) were added to a solution of comp@u@D.0 g, 82.0

compared with meropenem as a control.

mmol) in dried benzene (350 ml) and stirred at 60—70 °C for 10 h. After
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cooling, removal of the solvent gave an oily residue, which was chromatogmaer NaSQy. Removal of the solvent gave an oily residue, which was
phed on silica gel using ethyl acetatbexane (1:2) to givé, yield 18.5g chromatographed on silica gel using ethyl acetate/methanol (10:1) to give
(45.0%).— mp 126-128 °C (dec.).— IR (KB 1682 criit (C=0).~'HNMR 10 as an oil, yield 75 mg (20.0%)*H NMR (CDCk) 5 = 1.28 (dJ = 7.2
(CDCl) 8= 2.16-2.18 (m, 1H, §8), 2.34 (s, 3H, COHg), 2.62-2.70 (m, Hz, 3H, 1-CH), 1.33 (d,J = 7.2 Hz, 3HCH3CHOH), 2.00-2.18 (m, 1H,
1H, Hy3), 3.48-3.53 (m, 1H, H4), 3.79 (s, 3HCH,), 3.89-4.05 (M, 2H, HA'), 2.89-2.95 (m, 1H, #'), 3.28-3.36 (m, 2H, HP, 3.69-3.78 (m, 1H,
H5), 5.19-5.27 (m, 2HCHz-aromatic), 5.60-5.71 (m, 1H, H2), 6.85, 7.24H6), 3.85-3.94 (m, 2H, Haind H5), 4.24-4.38 (m, 2H, GEHOH, H1),
(each-d, 4H, PMB H), 7.52, 8.23 (each-d, 4H, PNZ H). 5.09-5.24 (m, 4HCHox2-aromatic), 6.34—6.42 (m, 1H, H57.34-7.52 (m,

5H, PNB 2H, PNZ 2H and nicotyl 1H), 7.62-7.65 (m, 2H, PNB 2H),
(2S,4S)-4-Acetylthio-1-p-nitrobenzyloxycarbonyl-2-aminopyrrolidiye (  7.93-8.03 (m, 1H, nicotyl 1H), 8.14-8.16 (m, 2H, PNZ 2H), 8.70-8.82 (m,

. . . . 1H, nicotyl H), 8.94-9.03 (m, 1H, nicotyl H).
Trifluoroacetic acid (4.5 ml, 57.9 mmol) was added to a solution of

compound (634 mg, 1.28 mmol) in dichloromethane (10 ml) and stirred at

room temperature for 3 h. The reaction mixture was conceniratetuo  General procedure for the preparation of carbapenéamsm

to give an oily residue. The resulting residue was alkalized with satd. )

NaHCQs and extracted with ethyl acetate. The organic layer was washedl "€ appropriate compour® (0.10 mmol) and 10% Pd/C (35.0 mg) were
with water and dried over N8Qs. Removal of the solvent gave a crudedissolved in THF/phosphate buffer (pH=7) (1:1, 10 ml each). The mixture

compound as an oil, yield 355 mg (83.0%), which was used to the next stéjS hydrogenated at 50-60 psi at room temperature for 3h. The solution was
without purification. filtered through celite and washed with water. The filtrate and washings were

diluted with ethyl acetate. The separated aqueous layer was lyophilized to
give aresidue, which was purified on a Diaion HP-20 column by eluting with
1% THF in water. Fractions having a UV absorption at 298 nm were collected
and lyophilized again to give the title compounas a white powder.

(2S,4S)-4-Acetylthio-1-p-nitrobenzyloxycarbonyl-2-nicotylaminopyrrol-
idine (7i)

1,3-Dicyclohexylcarbodiimide (DCC) (390 mg, 1.89 mmol) &hi-di-
methylaminopyridine (DMAP) (10 mg) were added to a solution of nicoti 1
acid (233 mg, 1.89 mmol) in THF (10 ml) and stirred at room temperatuEe
for 30 min. To this solution was added compoér@55 mg, 1.05 mmol).
After stirring for 6 h, the reaction mixture was filtered and the filtrate was vield 37.206.-*H NMR (D20) 5 = 1.26 (dJ = 7.3 Hz, 3H, 1-Ch), 1.33
evaporated under reduced pressure to give an oily residue. The resulfiaqy = 6.2 Hz, 3H,CHsCHOH), 2.03-2.10 (s and m, 4H, NHOBIz and
residue was chromatographed on silica gel using ethyl acetegeéne (3:1) He), 2.93-2.98 (M, 1H, k), 3.41-3.54 (m, 3H, Hand H6), 3.72-3.78
to give7i as an oil, yield 200 mg (36.0%)*H NMR (CDCk) &= 1.91-1.99 (m, 1H, H3), 4.08-4.10 (M, 1H, H5), 4.27-4.31 (M, 2H, OHOH, H1)
(m, 1H, H3), 2.34 (s, 3H, COHg), 2.54-2.75 (m, 1H, 13), 3.28-3.34 (m, 5’3_5’59 (r’n 1H, H5 e T N
1H, H4), 3.91-4.12 (m, 2H, H5), 5.09-5.21 (m, ZHY>-aromatic), 6.08— ' e
6.14 (m, 1H, H2), 7.26—7.39 (m, 3H, PNZ 2H and nicotyl 1H), 8.00-8.15 (m,
3H, PNZ 2H and nicotyl 1H), 8.62 (d, 1H, nicotyl H), 8.88 (s, 1H, nicoty(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-isopropionylamino-
H). pyrrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acid)

R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-acetylaminopyrrolidin-
-ylthio]-1-methylcarbapen-2-em-3-carboxylic acid)

(25,4S)-4-Acetylthio-1-p-nitrobenzyloxycarbonyl-2-p-nitrobenzylamino- _ Yield 35.1%.—H NMR (D20) = 1.13[d,J= 6.6 Hz, 6H, COCHCHa)2],
pyrrolidine (m) 1.24 (d,J = 7.1 Hz, 3H, 1-Ch), 1.30 (d,J = 6.3 Hz, 3H,CH3CHOH),
, _ 2.02-2.10 (m, 1H, ), 2.57-2.63 [m, 1H, COH(CHz)2], 2.89-2.94 (m,
N-Methylmorpholine (552 mg, 5.46 mmol) amenitrobenzyl alcohol 1H, Hp4'), 3.40-3.50 (m, 3H, Hand H6), 3.67-3.73 (m, 1H, B34.01-4.05
(417 mg, 2._73 mmol) were added to a s_olutlon of compdufido g, 2.73 (m, 1H, H5), 4.24-4.28 (m, 2H, GBHOH, H1), 5.49-5.55 (m, 1H, 45
mmol) in dried benzene (20 ml) and stirred at 60—70 °C for 10 h. After
cooling, removal of the solvent gave an oily residue, which was chromatogra-
phed on silica gel using ethyl acetatbexane (1:2) to givém, yield 640  (1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-cyclopropionylamino-
mg (45.0 %).-*H NMR (CDCh) & = 2.10-2.15 (m, 1H, §), 2.36 (s, 3H, pyrrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acia)
COCHg), 2.69-2.73 (m, 1H, b8), 3.51-3.55 (m, 1H, H4), 3.92-3.93 (m, 1H, 1
H5), 3.98-4.02 (M, 1H, H5), 5.17-5.21 (m, &HHx2-aromatic), 5.72-5.74 _ Yield 35.3%.—H NMR (D20) 6 = 0.77-0.80 (m, 2HCH,-cyclopropyl),
(m, 1H, H2), 7.49-7.51 (m, 4H, PNZ H), 8.17-8.19 (m, 4H, PNz H).  0.98-1.08 (m, 2HCHj,-cyclopropyl), 1.42-1.46 (m, 1H, GIM-cyclo-
propyl), 1.26 (dJ = 7.3 Hz, 3H, 1-Ch), 1.32 (d,) = 7.2 Hz, 3HCHsCHOH),
2.02-2.16 (m, 1H, k'), 2.89-2.96 (m, 1H, &), 3.40-3.49 (m, 3H, H2
and H6), 3.92-4.08 (m, 2H, Hand H5), 4.26—4.40 (m, 2H, GEHOH,
The solution of R NaOH (0.3 ml) was added dropwise to a solution of41), 551-5.57 (m, 1H, Hp
appropriate alkylthio compouriti(0.45 mmol) in methanol (10 ml) at 0 °C
and stirred for 30 min at the same temperature. After additioNdfQI
(0.6 ml), the reaction mixture was concentratagacuato give an oil residue  (1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-aminoacetylamino-
and extracted with ethyl acetate. The organic layer was washed with wadgfrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acial)
and dried over N&8Qs. Removal of the solvent gave a crude compd@ind . 1
which was used to the next step without purification. Yield 74.2%.~H NMR (D20) & = 1.26 (dJ = 7.2 Hz, 3H, 1-Ch), 1.32
(d,J = 6.3 Hz, 3HCH3CHOH), 1.96-2.12 (m, 1H, 44'), 2.90-3.02 (M, 1H,

p-Nitrobenzyl-(1R,5S,6S)-6-[(1R)-1-hydroxyethyl]-2-[(3S,5S)-(5-nicotyl- E%‘?f‘ff_&b_’f.ﬂm{f?’Z'Sé”fg‘é C@QENHZ)’ gﬁ5—321-8|_1| fméle!jl' |_5|369
amino-1-p-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio]-1-methylcarbapen- "™ .11 (m, 1H, H5), 4.23-4.30 (m, 2H, 4CHH an ), 5.61-5.
2-em-3-carboxylatel(Qi) m, 1H, H8).

General procedure for preparation of compouBdsm

To a solution ofp-nitrobenzyl-(R,5S,6%3-diphenylphosphoryloxy-6- ) ) )
[(R-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxyl@téprepared  (1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-aminopropionylamino-
from 0.68 mmol of diazo keto ester) aNgN\-diisopropylethylamine (106 Pyrrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acia
mg, 0.82 mmol) in acetonitrile (10 ml) was added diphenylchlorophosphate_ . 1 _ _
(213 mg, 0.82 mmol) at 0 °C undep.Mfter stirring for 3 h, the reaction Yield 79.0%.—H NMR (D20) 5= 1.28 (dJ = 7.2 Hz, 3H, 1-CH), 1.32
mixture was cooled to —30 °C. (d, J = 6.3 Hz, 3H,CH3CHOH), 1.99-2.22 (m, 1H, #&4'), 2.81 (t, 2H,

N,N-Diisopropylethylamine (106 mg, 0.82 mmol) and compo8@indas COCHCHzaNH?2), 2.90-3.01 (m, 1H, i¥), 3.32 (t, 2H, C@H2CH2NH?2),
added to this mixture, and then stirred at room temperature for 8 h. TB&9-3.50 (m, 3H, H6 and H23.70-3.78 (m, 1H, HB 4.02-4.11 (m, 1H,
reaction mixture was diluted with ethyl acetate, washed with water and driei®), 4.21-4.29 (m, 2H, G€HOH and H1), 5.50-5.57 (m, 1H, H5
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(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-isonipecotylaminopyr-
rolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acif)(

Yield 49.4%.-*H NMR (D20) = 1.24 (dJ = 7.2 Hz, 3H, 1-Ch), 1.32
(d, J = 6.3 Hz, 3H,CH3CHOH), 1.72-1.81 (m, 1H, &), 1.84-1.92,
2.03-2.15 (each m, 4kH2x2-nipecotyl), 2.67-2.72 (m, 1H, GIMH-nipe-
cotyl), 2.98-3.09 (m, 1H, i), 3.11-3.16 (m, 2HCH2-nipecotyl), 3.38—
3.54 (m, 5HCHz-nipecotyl, H6 and H}, 3.78-3.81 (m, 1H, HR 4.04—4.12
(m, 1H, H5), 4.24-4.29 (m, 2H, GBHOH and H1), 5.22-5.27 (m, 1H,
H5').— MSm/z438 (M).

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-(2-pyrrolidinyl)-
carbonylaminopyrrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic
acid (Lg)

Yield 33.7%.-*H NMR (D20) = 1.25 (d,J = 7.2 Hz, 3H, 1-Ch), 1.35
(d,J = 6.2 Hz, 3H,CH3CHOH), 1.87-2.05 (m, 4H, NEH2CH-pyrrolid-
inyl), 2.04-2.08 (m, 1H, K'), 2.82-2.92 (m, 1H, k'), 3.38-3.41 (m, 2H,
H2'), 3.42-3.62 (m, 3H, NHCEH:-pyrrolidinyl and H6), 3.72-3.78 (m, 2H,
H3" and H5), 4.23-4.28 (m, 3H, NBHCH2-pyrrolidinyl, CHsxCHOH and
H1), 5.65-5.71 (m, 1H, Hp

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-(2-furanyl)-carbonyl-
aminopyrrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic aditi)(

Yield 27.2%.-*H NMR (D20) 8 = 1.25 (d,J = 7.2 Hz, 3H, 1-Ch), 1.34
(d,J=6.2 Hz, 3HCH3CHOH), 2.02-2.14 (m, 1H,4#4'), 2.86-2.96 (m, 1H,
Hbd'), 3.30-3.42 (m, 2H, HR, 3.58-3.68 (m, 1H, H6), 3.74-3.78 (m, 2H,
H3'and H5), 4.06-4.12 (m, 2H, GBHOH and H1), 5.59-5.65 (m, 1H, H5
6.52 (s, 1H, furanyl H), 7.02-7.10 @iz 7.4 Hz, 1H, furanyl H), 8.02-8.10
(d,J = 7.8 Hz, 1H, furanyl H).

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-nicotylaminopyrrolidin-
3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acid)(

Yield 85.0%.-*H NMR (D20) & = 1.28 (d,J = 7.2 Hz, 3H, 1-Ch), 1.33
(d,J=6.3 Hz, 3HCH3CHOH), 2.26-2.28 (m, 1H, #4'), 3.01-3.06 (m, 1H,
Hu4'), 3.42-3.53 (m, 3H, HZand H6), 3.77-3.83 (m, 1H, H34.09-4.13
(m, 1H, H5), 4.29-4.31 (m, 2H, GBHOH and H1), 5.78-5.80 (m, 1H, H5
7.64-7.69 (m, 1H, pyridyl H), 8.30 (d,= 8.7 Hz, 1H, pyridyl H), 8.79 (s,
1H, pyridyl H), 8.99 (s, 1H, pyridyl H).

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-isonicotylaminopyrrol-
idin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acig)(

Yield 75.7%.~'H NMR (D20) & = 1.27 (dJ = 7.2 Hz, 3H, 1-Ch), 1.31
(d,J = 6.3 Hz, 3HCHsCHOH), 2.22-2.31 (m, 1H,44'), 2.98-3.07 (m, 1H,
Hpd'), 3.40-3.45 (m, 3H, H2and H6), 3.76-3.83 (m, 1H, H34.08-4.14
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(m, 1H, H5), 4.29-4.31 (m, 2H, GBHOH and H1), 5.78-5.79 (m, 1H, H5
7.85 (d,J = 5.7 Hz, 2H, pyridyl H), 8.30 (d,= 5.7 Hz, 2H, pyridyl H).

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-nipecotylaminopyrrol-
idin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic acik)

Yield 68.4%.-'H NMR (D20) & = 1.27 (dJ = 7.2 Hz, 3H, 1-Cl), 1.32
(d,J= 6.3 Hz, 3HCH3CHOH), 2.26-2.36 (m, 1H, 44'), 3.00-3.08 (m, 1H,
Hp4'), 3.42-3.47 (m, 3H, HZand H6), 3.73-3.82 (m, 1H, H34.08-4.12
(M, 1H, H5), 4.29-4.31 (m, 2H, GAHOH and H1), 5.80-5.91 (m, 1H, 5
8.81, 8.90, 9.23 (each-s, 3H, nipecotyl HMS m/z433 (M).

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-(4-amino)-benzoyl-
aminopyrrolidin-3-ylthio]-1-methylcarbapen-2-em-3-carboxylic adit) (

Yield 41.1%.-'H NMR (D20)6=1.28 (dJ=7.2 Hz, 3H, 1-CH), 1.33
(d,J=6.3 Hz, 3BHCH3CHOH), 2.20-2.29 (m, 1H, #4'), 2.95-3.04 (m, 1H,
Hp4'), 3.40-3.44 (m, 3H, HZand H6), 3.74-3.83 (m, 1H, H34.03-4.12
(m, 1H, H5), 4.23-4.30 (m, 2H, GABHOH and H1), 5.71-5.80 (m, 1H, Hp
7.15 (d,J = 8.2 Hz, 2H, aromatic H), 7.84 (@= 8.2 Hz, 2H, aromatic H).

(1R,5S,6S)-6-[(1R)-1-Hydroxyethyl]-2-[(3S,5S)-5-aminopyrrolidin-3-yl-
thio]-1-methylcarbapen-2-em-3-carboxylic acithf)

Yield 8.8%.—~*H NMR (D20) & = 1.28 (d,J = 7.2 Hz, 3H, 1-CH), 1.34
(d,J = 6.2 Hz, 3HCH3CHOH), 2.08-2.11 (m, 1H, #'), 2.51-2.56 (m, 1H,
Hpd'), 3.32-3.49 (m, 2H, HR, 3.52-3.59 (m, 1H, H6), 3.61-3.70 (m, 1H,
H3), 4.04-4.18 (m, 1H, H5), 4.24-4.32 (m, 2H, £HOH and H1),
5.72-5.81 (m, 1H, HE
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