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The synthesis of new carbapenems having various (substituted) quaternary heterocyclic
alkylthio groups at the C-2 position is described. The in vitro antibacterial activity and the
dehydropeptidase-I susceptibility were examined. Some of these compounds (e.g., ll, 16,
26 and 27) showed an excellent wide spectrum of in vitro antibacterial activity including ac-
tivity against Pseudomonasaeruginosa and greater stability than imipenem toward the de-
hydropeptidase-I.

The discovery of the potent broad spectrum antibiotic, thienamycin and its relatives have stimu-
lated considerable interest in the synthesis of carbapenem analogs.1*2) Extensive structural modifica-
tion studies of thienamycin resulted in the discovery of iV-formimidoyl thienamycin (MK-0787, imi-

penem)3) which possesses much improved chemical stability and more potent antibacterial activities
than thienamycin. However, the great susceptibility of imipenem toward dehydropeptidase-I (DHP-I)

results in extensive renal metabolism in man which leads to very low urinary recovery,4) To prevent
this metabolic degradation during therapy, cilastatin (MK-0791)5'6) , a substituted aminopropionate
inhibitor of DHP-I, was developed to be co-administered with imipenem. In search of carbapenem
antibiotics with the broad antibacterial spectrum of imipenem and with greater stability toward DHP-I,
we undertook a chemical modification program of the carbapenem molecule, focusing our attention
on the C-2 side chain.

Chemical modification of the amide side chain at the C-7 position of cephalosporins and introduc-
tion of quaternary heterocyclic methyl groups at the C-3 position had led to a number of clinically
useful newclass of cephalosporins, e.g. cefsulodin,70 ceftazidime.8) The conceptual operation of
incorporating the quaternary heterocyclic side chains of cephalosporins into the C-2 position of
the carbapenemmolecules as quaternary heterocyclic alkylthio groups gave rise to a novel class
of carbapenem antibiotics 3. This new class of carbapenems retained the broad antibacterial activity
of imipenem including the excellent anti-pseudomonal activity, and also showed an improved sta-
bilitv toward hvdrolvsis bv DHP-I.
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Chemistry

The bicyclic keto compound 5, first synthesized by the Merck group,9) was used as a common
intermediate for the synthesis of new carbapenems. As shown in Scheme 1, treatment of 5 with di-
phenylphosphoryl chloride in the presence of diisopropylethylamine generated in situ the phosphonate
6,9) which was further converted into the crystalline intermediate 7 in 74% overall yield by addition
of 2-hydroxyethylmercaptan. Conversion of 7 into the mesylate 8 followed by treatment with sodium
iodide yielded the iodide 9 in high yeild. Although direct displacement of the iodide 9 with pyridine

Scheme 1.
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Table 1. In vitro activity.

Com Antibacterial activitya te/ml) dip^Sdase~d R X hydrolysis *S.a. Ex. Exl. S.m. P.v. P.a. ^}ve

ll CH2CH2+tf^ - 0.016 0.03 0.25 0.06 0.03 0.13 0.37

12 ch2ch2n 1 - 0.016 0.016 0.13 0.06 0.016 0.25 -

13 Ch^CHjS^) __ 0.016 0.003 0.25 0.06 0.03 0.25 -

16 CH2-^+J - 0.016 0.016 0.03 0.03 0.016 0.13 0.17

I
CH3

17 ru-L i Na °-03 °-03 0.5 0.13 0.03 32 18.6
CH2-<^N^

18 |^+J - 0.016 0.03 0.13 0.016 0.015 0.5 -

ch3
19 CH2-^jicH3 __ o.O16 0.03 0.13 0.13 0.03 0.5 0.94

20 CH2-/~A Na 0.16 0.03 0.13 0.13 0.25 32 3.84

21 CH2-^jJ __ o.O3 0.016 0.13 0.13 0.13 0.25 -

ch3

22 CH2~vJ Na 0.06 0.03 0.13 0.13 0.25 1 -

CH3
ch3

23 CH2~^+J - 0.008 0.008 0.25 0.03 0.03 0.13 -

CH3
24 CH2CH2-\=|^ - 0.008 0.016 0.06 0.03 0.016 2 -

ch3
25 CH2CH2-^jicH3 __ 0.008 0.016 0.13 0.06 0.13 32 -

26 ch-^ nch3 __ 003 o.O16 0.13 0.06 0.03 2 0.18

H3CY^
27 CH2-4.+J) - 0.016 0.004 0.016 0.008 0.008 0.25 0.28

CH3

28 CH2-/~^ - 0.016 0.008 0.06 0.03 0.03 0.5 -

W
CH3CH3
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Table 1. (Continued)

DEC. 1987

Antibacterial activitya (wg/ml)
Com-

pound
R

X

Renal
dipeptidase
hydrolysisb

S.a. Ex. Exl S.m. P.v. P.a. ^eT

Imipenem ch2ch2n^nh2 - 0.008 0.016 0.06 0.03 0.03 0.25 1.00

a Determined by serial 2-fold dilution of compoundin Mueller-Hinton agar and inoculation of the agar
surface or broth with an appropriately diluted 18~24 hours broth culture. Agar plates and tubes of
broth were incubated at 37°C for 17 hours, and the lowest concentration causing inhibition of visible
growth was considered to be the MIC.

b Pure hog renal dipeptidase was prepared as described.1^ Solutions of carbapenem (0.10 him) in buffer
(50 him MOPS,pH 7.1) were freshly prepared. The UV/VIS spectrum of a 2.5-ml aliquot was measured
and then 0.025 ml 1 m NH20Hwas added to degrade the ^S-lactam bond. The spectrum was again
measured after 30 minutes at 25°C and again at 5~ 10 minutes intervals until no further decrease in
absorbance was observed. The different spectrum between intact and degraded /3-lactam was used to
calculate a /lmax and s. A similar aliquot of carbapenem solution was incubated at 25°C and the rate
of change in absorbance at ^max was determined. Enzymewas then added to give a rate of at least 10~4
absorbance units per second. The rate of enzymatic hydrolysis was corrected for spontaneous hydrolysis
and then converted using e to nmol/minute/ml of enzyme. All rates are reported relative to that ob-
served with imipenem.
S.a. : Staphylococcus aureus, pen-res A-9606, Ex. : Escherichia coli A-151 19, E.cL : Enterobacter cloacae

A-9695, S.m. : Serratia marcescens A-20019, P.v. : Proteus vulgaris A-21559, P.a. : Pseudomonas aeruginosa.

failed under a variety of reaction conditions, the quaternized intermediate 10 was obtained in high
yield by addition of one equivalent of AgClO4. Catalytic hydrogenation of 10 over Pd/C and purifica-
tion of the crude product by a medium pressure C18 ^Bondapak column (Waters Associates) gave the
zwitterionic compound ll as a white amorphous solid. Similarly, compounds 12 and 13 were prepared
by the reaction sequence described above. Alternatively, ll could be obtained in one pot reaction
by treatment of 7 with (CF3SO2)2O- pyridine at -20°C. Many other carbapenem analogs possessing
the C-2 quaternized heterocyclic alkylthio groups were prepared according to the Scheme 2 as exemplified
by the synthesis of 16. Treatment of the phosphate 6 with 2-mercaptomethyl pyridine gave the car-
bapenem 14 which was then quaternized with methyl iodide or methyl trifluoromethanesulfonate to
produce the quaternized intermediate 15 in high yield. Similar treatment of 6 with other heterocyclic
alkylthiols followed by quaternization and hydrogenolysis produced carbapenems possessing the C-2
quaternized heterocyclic alkylthio groups (Table 1).

In Vitro Antibacterial Activity and DHP-I Stability
The MICof these new carbapenems are shown in Table 1. The compoundstested were highly

active against a wide range of Gram-positive and Gram-negativeorganisms with MICvalues com-
parable to imipenem. One general trend in this series of compounds is quite clear: The positive charge
in the quaternized heterocyclic ring imparts better anti-pseudomonal activity to the compounds when
compared to their unquaternized partners. For example, compounds 17 and 20 which possess no
positive charge on the C-2 side chain did not show any significant activity against Pseudomonasaeru-
ginosa strains whereas their positively charged partners 16 and 19 did. The excellent antibacterial
activity of the sulfonium derivative 13 indicates that effect of the sulfonium positive charge is equivalent
to the quaternized nitrogen. Interestingly, the JV-methyl imidazole derivative 22 which contains a
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more basic nitrogen than the pyridine derivatives showed good anti-pseudomonal activity, suggesting
that a more basic functionality on the C-2 side chain provides better anti-pseudomonal activity. In
comparison, the activity of compounds 18 and 19 with 24 and 25 seems to indicate that the position
of the positive charge plays the important role for the anti-pseudomonal activity. In contrast, an

additional methyl group at various positions on the pyridine ring (compounds 27 and 28) did not show
much effect. On the other hand, an additional methyl group at the methylene of the C-2 side chain
(compound 26) resulted in the significantly reduced anti-pseudomonal activity, thus implying the im-
portance of the steric bulkiness surrounding the C-2 side chain. The quaternized thiazole 21 and
imidazole 23 also showed an excellent overall MIC.

Someof the compoundsin this study were also examined for their stability toward DHP-I (Table
1) and their rate of degradation was measured relative to the rate of imipenem. A comparison of
compounds 16 with 17 and 19 with 20 clearly indicates that the quaternization of the pyridine ring
leads to significantly reduced DHP-I susceptibility. Additional methyl groups at the methylene of
the C-2 side chain (26 vs. 19) also seems to lead to more DHP-I stable compounds.*

Experimental

Melting points were determined on a Fisher-Johns apparatus and are uncorrected. The UV
spectra were run in EtOH; IR spectra were recorded on a Beckman5240 spectrophotometer using
KBr pellets; NMRspectra were obtained on a Varian HA-100 spectrometer using (CH3)4Si as an
internal standard. All solid compounds were characterized by UV, IR, NMRand elemental analysis
(C, H, N). Unless stated otherwise, these analyses were within ±0.4% of the theoretical value.
/7-Nitrobenzyl-3-(2-hydroxyethylthio)-6Q:-[ l -(i?)-hydroxyethyl]-7-oxo- l -azabicyclo(3.2.0)hept- 2 - ene-

2-carboxylate (7)

A solution of 1.69 g (4.85 mmol) of Jp-nitrobenzyl-6a-[l-(i?)-hydroxyethyl]-3,7-dioxo-l-azabicyclo-
(3.2.0)hept-2-ene-2-carboxylate (5) in 20 ml of acetonitrile was cooled at 0°C under a nitrogen atmos-
phere. A solution of 726 mg (7.18 mmol) of diisopropylethylamine in 2 ml of acetonitrile was added
followed by a dropwise addition of 1.51 g (5.60 mmol) of diphenylchlorophosphate in 12 ml of ace-
tonitrile over a period of 3 minutes. The resulting solution was stirred at 0°C for 20 minutes to provide
/7-nitrobenzyl-3 -(diphenylphosphoryloxy)-6a-( l -(i?)-hydroxyethyl]-7-oxo- l - azabicyclo(3.2.0)hept - 2 - ene-
2-carboxylate (6). To this solution was added a solution of 726 mg (7.18 mmol) of diisopropylethyl-
amine in 2 ml of acetonitrile followed by a solution of 439 mg (5.63 mmol) of 2-mercaptoethanol in
2 ml of acetonitrile. The reaction solution was stirred at 0°C for 3 hours, diluted with 200 ml of
EtOAc and washed with 200 ml of water, 100 ml of 20% aq H3PO4, and brine. Evaporation of the
dried (MgSO4) solution gave a semisolid which was triturated with methylene chloride and filtered to
yield 1.2 g (61 % yield) of the title product 7 as a white amorphous solid: XH NMR(DMSO-d6) d 1.20
(3H, d, /-6.0 Hz), 2.9-3.2 (9H, m), 5.22 (1H, d, /=8.5 Hz), 8.23 (2H, d, /=8.5 Hz); IR (KBr) cm"1
3500, 1770, 1700.

Anal Calcd for C18H20N2O7S: C 52.93, H 4.94, N 6.86.
Found: C 52.83, H 4.90, N 6.52.

Jp-Nitrobenzyl-3-(2 - methanesulfonyloxyethylthio) - 6a - [1 - (R) - hydroxyethyl] - 7 - oxo -1- azabicyclo -
(3.2.0)-hept-2-ene-2-carboxylate (8)

To a solution of4.2 g (10.3 mmol) of7 in 200ml ofTHF, there was added at -40°C 1.3 g (ll.3
mmol) of methanesulfonyl chloride followed by a dropwise addition of 1.26 g (12.4 mmol) of triethyl-
amine in 5 ml of THF. The reaction mixture was stirred for 5 hours at -40°C, then for 2 hours at
-30°C under a nitrogen atmosphere and poured into a mixture of EtOAc (700 ml) and 5 % aq phos-

f Similar results have been presented by B. G. Christensen at the North American Medicinal Symposium,
Univ. of Toronto, Toronto, Canada, 1982.
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phoric acid (1,000 ml). The organic layer was washed with brine dried over MgSO4, filtered and
condensed to a syrup. This material was purified by silica gel column chromatography (elution with
methylene chloride - EtOAc (3 : 1)) to give 3.55 g (75 %yield) of the title compound 8 as a white amor-
phous solid: XH NMR (CDC13) d 1.25 (3H, d, /=6.0Hz), 3.05 (3H, s), 3.06-3.40 (5H, m), 4.05-
4.40 (4H, m), 5.25 (1H, d, 7=14.0 Hz), 5.50 (1H, d, /=14.0 Hz), 7.70 (2H, d, /=8.5 Hz), 8.23 (2H, d,
/=8.5 Hz); IR (KBr) cm"1 3400, 1770, 1600.

Anal Galcd for C19H22N2O9S2: C 46.90, H 4.56, N 5.76.
Found: C 46.52, H 4.35, N 5.91.

i?-Nitrobenzyl-3-(2-iodoethylthio)-6a-[ l -W- hydroxyethyl] - 7 - oxo - l - azabicyclo(3.2.0)hept - 2 - ene - 2-
carboxylate (9)

A solution of 350 mg (0.72 mmol) of the mesylate 8 and 216 mg (1.4 mmol) of sodium iodide in
20 ml of acetone was heated at reflux for 4 hours. Evaporation of the acetone gave a white amor-
phous solid which was suspended in ether (10 ml) - water (10 ml). Filtration of the white solid and
vacuum drying produced 300 mg (80% yield) of the title compound 9 as a white amorphous powder.
JH NMR (DMSO-J6) d 1.18 (3H, d, J=6.0Hz), 3.20-3.60 (7H, m), 3.80-4.25 (2H, m), 5.10 (1H, d,
/=5.5Hz), 5.25 (1H, d, /=12.0Hz), 5.45 (1H, d, /=12.0Hz), 7.70 (2H, d :/=8.5 Hz), 8.27 (2H,
d, /=8.5 Hz); IR (KBr) cm"1 3500, 1768, 1700.

Anal Calcd for C18H19N2O6I: C 41.71, H 4.56, N 5.76.
Found: C 42.10, H 3.75, N 5.80.

342-(l -Pyridmium)ethylthio]-6^1 - (^) -hydroxyethyl] -7- oxo - l - azabicyclo(3.2.0)hept- 2- ene- 2-car-
boxylate (ll)

To a solution of 327 mg (0.63 mmol) of the iodide 9 in 20ml of THF there was added at 0°C
100 mg (1.26 mmol) of pyridine followed by a solution of 139 mg (0.67 mmol) of silver perchlorate in
1 ml of THF. The mixture was stirred for 1 hour at 0°C and then for 2 hours at room temp. The
solvent was evaporated in vacuo affording compound10 as a slightly yellow gumwhich was digested
with 300 mg of Celite to give an amorphous solid. IR (KBr) cm"1 3400, 1770, 1700, 1100. Without
any further purification, compound 10 was hydrogenated. Thus, to a suspended mixture of com-
pound 10 in 50ml of ether and 50 ml of THF there was added a solution of 126 mg (1.26 mmol) of
potassium bicarbonate and 110 mg (0.63 mmol) of dibasic potassium phosphate in 50 ml of water.
Then, 350 mg of 10%palladium on charcoal was added and the mixture was hydrogenated at 2.8
kg/cm2 on the Parr shaker for 60 minutes. The mixture was filtered and the catalyst was washed
with water (2x 10 ml). The combined filtrate and washings were extracted with ether (2x 100 ml)
and lyophilized to give a yellow powder. The crude yellow powder was purified on a C18 ^Bondapak
reverse phase column (8 g) (Waters Associates), eluting with water under 0.56 kg/cm2 pressure. Each
15 ml fraction was assayed by high pressure liquid chromatography, and fractions having an UV
absorption at XmsiX 300 nm were collected and lyophilized to give 40 mg (19 % yield based on compound
9) of the title product ll as a white amorphous solid: XH NMR(D2O) 3 1.20 (3H, d, /=6.0 Hz), 2.90~
3.70 (7H, m), 3.75-4.20 (2H, m), 7.70-8.80 (5H, m); IR (KBr) cnr1 3400, 1760, 1590; UV ^max
(EtOH) nm (s) 296 (7,696).

Anal Calcd for C16H18N2O4Sà"2H2O: C 51.84, H 5.40, N 7.56.
Found: C 50.91, H 5.08, N 7.17.

3- [2-( l -Tetrahydrothiophenium)ethylthio] -6a-[ l -(.R)-hydroxyethyl]-7-oxo- l -azabicyclo[3.2.0]hept - 2-'
ene-2-carboxylate (13) and 3-[2-(A^Methylpyrrolidinium)ethylthio]-6a-[l -(JR)-hydroxyethyl]-7-oxo- l-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (12)

These compoundswere prepared as amorphous solids in the same manner as that described in
detail for ll in yields of 18 and 23 %, (based on compounds), respectively.

Compound 13: !H NMR (D2O) 8 1.23 (3H, d, /=6.0Hz), 2.25-2.45 (4H, m), 3.0-3.70 (llH,
in), 3.95-4.30 (2H, m); IR (KBr) cm"1 3400, 1760, 1590; UV ^max (EtOH) nm (e) 289 (6,200).

Compound 12: XH NMR (D2O) 5 1.23 (3H, d,/==6.0Hz), 2.1-2.4 (4H, m), 3.10 (3H, s), 3.1~
3.4 (12H, m), 3.95-4.30 (2H, m); IR (KBr) cm"1 3400, 1760, 1590; UV ^raax (EtOH) nm (e)
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297 (6,877).

z?-Nitrobenzyl- 3 - (pyridine- 2 - yl - methanefo^
hept-2-ene-2-carboxylate (14)

To a cooled (0°C) solution of 925 mg (2.65 mmol) of the keto intermediate 5 in 14 ml of acetonitrile
was added a solution of 377 mg (2.92 mmol) of diisopropylethylamine in 1 ml of acetonitrile followed
by 786 mg (2.90 mmol) of diphenylchlorophosphate in 1 ml of acetonitrile under nitrogen atmosphere.
The resulting solution was stored for 15 minutes at 0°C, there was then added a solution of 377 mg
(2.92 mmol) of diisopropylethylamine in 1 ml of acetonitrile followed by 350 mg (3.0 mmol) of 2-
mercaptomethylpyridine10) in 1 ml of acetonitrile. The reaction solution was stirred for 2 hours at
-10°C. The precipitate was collected by filtration and washed with 20 ml of methylene chloride to
give 650 mg (54% yield) of the title product 14 as a yellow powder: XH NMR(DMS(W6) d 1.26 (3H,
d, /=7.0Hz), 2.7-3.5 (4H, m), 3.9-4.3 (2H, m), 4.2 (2H, s), 5.42 (2H, ABq, /=14.4Hz), 7.2-8.8
(8H, m); IR (KBr) cm"1 3400, 1775, 1690.

Anal Calcdfor C22H21N3O6S: C 58.01, H 4.65, N 9.23, S 7.04.
Found: C 57.56, H 4.92, N 8.94, S 7.03.

3 -(Ar-Methylpyridine-2-yl-mefo^^

ene-2-carboxylate (16)
To a solution of 650mg (1.39 mmol) of compound 14 in 100ml of acetone was added 4ml of

methyl iodide. The reaction mixture was stirred for 3 days at roomtemp. The precipitate was
collected by filtration and washed with acetone (10 ml) to give 500 mg (60% yield) of the quaternized
pyridine (15) as a slightly yellow solid: *H NMR (DMSO-</6) 5 1.26 (3H, d, /=^7.0 Hz), 3.9-4.2 (2H,
m), 4.4 (3H, s), 4.78 (2H, s), 5.2 (1H, d, 7=3.9 Hz), 5.50 (2H, ABq, /=14Hz), 7.8-9.4 (8H, m); IR
(KBr) cm"1 3400, 1765, 1690.

Anal Calcd for C23H24N3O6SI: C 46.24, H 4.05, N 7.03, S 5.37.
Found: C 46.62, H 4.27, N 6.80, S 5.30.

To a solution of 1.0g (1.167mmol) of compound 15 in 90ml of THF and 90ml of ether was
added 215 mg (2.15 mmol) of KHCO3 and 374 mg (2.1 mmol) of K2HPO4 in 90 ml of water followed
by 1.0 g of 10% palladium on charcoal. The mixture was hydrogenated at 3.2 kg/cm2 on the Parr
shaker for 45 minutes. The mixture was filtered through a Celite pad and the catalyst was washed
with water (2 x 10 ml). The combined filtrate and washings were extracted with ether (2 x200 ml)
and lyophilized to give a yellow solid which was purified on a C18 >Bondapak (Waters Associates)
reverse phase column (10 g), eluting with 5 % acetonitrile in water under 0.56 kg/cm2 pressure. Each
15 ml fraction was assayed by high pressure liquid chromatography and fractions having UV absorp-
tion at ^max 300 nm were collected and lyophilized to give 390 mg (44% yield) of the title product.
Recrystallization of this material from water - acetone - EtOHproduced fine needles: MP194-
196°C (dec); *H NMR (D2O) 3 1.30 (3H, d, /=6.2Hz), 3.2 (2H, q, /-9.0 and 3.6Hz), 3.46 (1H, q,
/=6.0 and 2.7 Hz), 4.1-4.16 (3H, m), 4.60 (3H, s), 7.9-8.9 (4H, m); IR (KBr) cm"1 3400, 1755, 1590;
UV ^max (H2O) nm (e) 292 (8,092).

Anal Calcd for C16H18N2O4Sà"2H2O: C 51.87, H 5.44, N 7.56.
Found: C 51.37, H 5.69, N 7.37.

In a similar manner, 18, 19, 21, 23, 24, 25, 26, 27 and 28 were prepared and the spectroscopic
data are as follows :

18: *H NMR (D2O) 5 1.25 (3H, d, /=7.0Hz), 3.12 (2H, dd, /-7.9Hz), 3.42 (1H, q, /-7.2
and 1.6Hz), 3.9-4.6 (3H, m), 4.25 (2H, s), 8.0-9.0 (4H, m); IR (KBr) cm"1 3400, 1750, 1580; UV
^mas (H2O) nm (s) 298 (8,058).

Anal Calcd for C16H18N2O4Sà"2H2O: C 51.87, H 5.44, N 7.56.
Found: C 51.95, H 5.66, N 7.56.

19: *H NMR (D2O) d 1.25 (3H, d, /=6.0Hz), 2.7-3.2 (2H, m), 3.40 (1H, q,7=9.0 and 2.5
Hz), 3.9-4.2 (2H, m), 4.40 (3H, s), 4.72 (2H, s), 8.10 (2H, d, /=6.0Hz), 8.72 (2H, d, /=6.0Hz);
IR (KBr) cm"1 3400, 1755, 1640; UV ^max (H2O) nm (e) 296 (7,782), 258 (6,913).

21: XH NMR (D2O) <5 1.28 (3H, d,7=7.0Hz), 3.12 (2H, d, /=7.0Hz), 3.44 (1H, dd, /=1 and
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3.0 Hz), 4.20 (3H, s), 4.24 (2H, m), 4.76 (3H, m), 8.12 (1H, d, J=4Hz), 8.24(1H, d, J=4Hz); IR(KBr)
cm"1 3400, 1740, 1580; UV ^max (H2O) nm (e) 292 (7,285).

23: *H NMR (D2O) 8 1.12 (3H, d, /=7.0Hz), 3.08 (1H, dd, /=13.0 and 6.4Hz), 3.15 (1H,
dd, /=13.0 and 6.4Hz), 3.45 (1H, dd, /=3.2 and 4.5 Hz), 3.85 (6H, s), 4.1-4.3 (2H, m), 4.40 (1H,
d, /-13.5Hz), 4.52 (1H, d, /-13.5Hz), 7.40 (2H, s); IR (KBr) cm"1 3500, 1750, 1590; UV ;max
(H2O) nm (s) 296 (8,411).

Anal Calcd for C15H19N3O4Sà"H2O: C 51.68, H 5.67, N 12.06, S 9.50.
Found: C 49.43, H 5.94, N ll.46, S 9.03.

24: *H NMR (D2O) 8 1.30 (3H, d, /=3.0Hz), 3.0-3.5 (7H, m), 4.3 (3H, s), 4.0-4.5 (3H,
m), 7.90 (2H, d), 8.70 (2H, d); IR (KBr) cm"1 1750, 1640.

25: *H NMR (D2O) 8 1.25 (3H, d, /-6.2Hz), 3.1-3.6 (7H, m), 4.0-4.3 (2H, m), 4.32 (3H, s),
7.8-8.9 (4H, m); IR (KBr) cm"1 3400, 1750, 1590; UV imax (H2O) nm (s) 300 (8,108).

26: *H NMR (D2O) 8 1.32 (3H, d, J=1.0Hz), 1.63 (3H, d, /=7.2Hz), 2.5-4.6 (6H, m), 4.32
(3H, s), 8.2-8.9 (4H, m); IR (KBr) cm"1 3400, 1750, 1590; UV ^max (H2O) nm (s) 296 (7,573).

Anal Calcd for C17H20N2O4Sà"H2O: C 54.38, H 5.77, N 7.46.
Found: C 54.39, H 5.98, N 7.68.

27: *H NMR (D2O) 8 1.24 (3H, d, J=1.0Hz), 2.62 (3H, s), 3.2-3.5 (3H, m), 4.2-4.4 (2H, m),
4.45 (3H, s), 4.50 and 4.59 (1H, each ABq, /=12.6 Hz), 7.82 (1H, q, /=7.0 and 6.5Hz), 8.35 (1H, d,
/=7.0Hz), 8.65 (1H, d, /=6.5 Hz), 7.82 (1H, q); IR (KBr) cm"1 3400, 1750, 1580; UV ^max (H2O)
nm (s) 296 (8,014).

Anal Calcd for C17H20N2O4Sà"iH2O: C 57.85, H 5.85, N 7.94.
Found: C 58.60, H 5.86, N 7.87.

28: *H NMR (D2O) 8 1.28 (d, 3H, J=7.0Hz), 2.86 (3H, s), 3.20 (2H, dd, /=10 and 3.5Hz),
3.42 (1H, dd, /=5.4 and 3.5 Hz), 4.20 (3H, m), 4.32 (3H, s), 4.35 (2H, s), 9.88 (1H, dd, /=7.2 and
6.5Hz), 8.5 (1H, d, /=8Hz), 8.70 (1H, d, /=8Hz); IR (KBr) cm"1 3400, 1760, 1590; UV ^max

(H2O) nm (e) 298 (8,391).
Anal Calcd for C17H20N2O4Sà"H2O: C 55.73, H 5.41, N 7.65, S 8.74.

Found: C 55.50, H 6.05, N 7.74, S 8.68.

Acknowledgments

The authors thank the Analytical Research Department for the elemental analyses and IR, UVand NMR;
the Microbiological Department for in vitro antibacterial assays. The authors are also grateful to Drs. D. N.
McGregor, R. B. Morin and R. A. Partyka for helpful discussions during this work.

References

1) Albers-Schonberg, G.; B. H. Arison, O. D. Hensens, J. Hirshfield, K. Hoogsteen, E. A. Kaczka,
R. E. Rhodes, J. S. Kahan, F. M. Kahan, R. W. Ratcliffe, E. Walton, L. J. Ruswinkle, R. B. Morin
& B. G. Christensen: Structure and absolute configuration of thienamycin. J. Am. Chem. Soc. 100:
6491 -6499, 1978

2) Andrus, A.; F. Baker, F.A. Bouffard, L. D. Cama, B. G. Christensen, R.N. Guthikonda, J. V.
Heck, D. B. R. Johnson, W. L. Leanza, R. W. Ratcliffe, T. N. Salzmann, S. M. Schmitt, D. H. Shih,
N. V. Shah, K. J. Wildonger & R. R. Wilkening: Structure-activity relationships among some totally
synthetic carbapenems. In Recent Advances in the Chemistry of jS-Lactam Antibiotics. Eds., A. G. Brown

& S. M. Roberts, pp. 86-99, Royal Society of Chemistry, London, 1984
3) Leanza, W. J.; K. J. Wildonger, T. W. Miller & B. G. Christensen: iV-Acetimidoyl- and Af-form-
imidoylthienamycin derivatives : Antipseudomonal /3-lactam antibiotics. J. Med. Chem. 22 : 1435- 1436,

1979

4) Kropp, H.; J. G. Sundelof, J. S. Kahan, F. M. Kahan & J. Birnbaum: MK0787(iV-formimidoyl thiena-
mycin): Evaluation of in vitro and in vivo activities. Antimicrob. Agents Chemother. 17: 993- 1000, 1980

5) Kropp, H.; J. G. Sundelof, R. Hajdu & F. M. Kahan: Metabolism of thienamycin and related car-
bapenem antibiotics by the renal dipeptidase, dehydropeptidase-I. Antimicrob. Agents Chemother. 22 *

62-70,1982

6) Graham, D. W.; W. T, Ashton, L. Barash, J. E. Brown, R. D. Brown, L. F. Canning, A. Chen, J. P.



VOL. XL NO. 12 THE JOURNAL OF ANTIBIOTICS 1715

Springer & E. F. Rogers : Inhibition of the mammalian /3-lactamase renal dipeptidase (dehydropeptidase-
I) by (Z)-2-(acylamino)-3-substituted-propenoic acids. J. Med. Chem. 30: 1074- 1090, 1987
Tsuchiya, K. ; M. Kida, M. Kondo, H. Ono, M. Takeuchi & T. Nishi: SCE-963, a new broad-spectrum

cephalosporin : In vitro and in vivo antibacterial activities. Antimicrob. Agents Chemother. 14 : 557- 568
1978

Harper, P. B.; S. M. Kirby & C.H. O'Callaghan: In vitro properties of GR 20263-a highly active
broad-spectrum cephalosporin with antipseudomonal activity. In Current Chemotherapy and Infectious
Disease. Vol. I. Eds., J. D. Nelson & C. Crassi, pp. 269-271, American Society for Microbiology, Wash-

ington, D.C., 1980
Ratcliffe, R. W.; T. N. Salzmann & B. G. Christensen: A novel synthesis of the carbapen-2-em ring

system. Tetrahedron Lett. 21 : 31-34, 1980
Fisher, A. ; M. J. King & F. P. Robinson: Inductive substituent constants from dissociation of methyl-

substituted 3-picolinium ions. Can. J. Chem. 56: 3068-3077, 1978
Hitchcock, M. J. M.; C. A. Farrell, S. Huybensz, B. Y. Luh & D. J. Phelps: Affinity purification of

renal dipeptidase solubilized with detergent. Anal. Biochem. 163 : 219-223, 1987


