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The synthesis and biological properties of the new penem antibiotic MEN10700 (6) and
of its selected oral prodrug MEN11505 (8f) are described. MEN10700 showed a broad
spectrum of activity, with high potency both on Gram-positive and Gram-negative strains. It
also exhibited good antibacterial activity toward anaerobes and on strains selected for their
resistance to other antibacterial agents (cefotaxime- or ceftazidime-resistant Gram-negative
strains, ciprofloxacin-resistant E. coli, extended spectrum /3-lactamase producing and
cephalosporinase inducible enterobacteria). MEN 10700 showed a very high stability to
enzymatic degradation by renal dehydropeptidase DHP-I. After oral administration in rats of
the pivaloyloxymethyl ester prodrug MEN1 1505, the relative bioavailability of MEN10700
was calculated as F=43%.

The development of bacterial resistance to existing
antibiotics is a phenomenon of concern to the clinician,

being a major cause of failure in the treatment of infectious
diseases. Over the last years, increased resistance to
established antibiotics has provided a continuous drive
to the development of new antimicrobial agents. In
addition, the emergence of opportunistic infections in
immunocompromised individuals has created a need for

effective therapy for unusual pathogens.
Due to their wide spectrum of activity, high potency and

low toxicity, /3-lactam antibiotics still retain a prominent
role among the various classes of antibacterials. Several
/3-lactam antibiotics with improved antibacterial and
pharmacokinetic profile have been introduced in clinical

therapy over the past 20 years.1} Most of them have been
obtained through peripheral modifications of the nuclei of
naturally occurring penicillins and cephalosporins, a

number of compounds belong to the novel classes2) of

carbapenems, trinems and penems. Amongthem, penems
retain the unique feature of being totally synthetic

molecules, lacking a natural counterpart and designed3^ as a
hybrid between penicillins and cephalosporins. Their

antibacterial spectrum includes anaerobic bacteria as well
as Gram-positive and most Gram-negative pathogens: their
small size and compact shape both contribute4^ to the
ability of penem compoundsto rapidly cross the outer
membrane of Gram-negative bacteria. In addition, stability
to /3-lactamases and to the renal dehydropeptidase DHP-I,
and, most notably, the possibility of oral administration,
provide considerable advantages of the penem series.
Among the penems only one compound (faropenem)5'6) is

currently marketed for the oral therapy of respiratory tract,
skin and soft tissue infections; other penems, e.g. ritipenem
acoxil7'8) and sulopenem,9) are in the advanced phases of

Dedication: to the Memoryof Sir Edward Abraham.
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Scheme 1.

Reagents: (i): HSCOCH2X (see Exp. Section); (ii): allyl oxalyl chloride, NEt3, toluene, 30', 5°C;
(iii): P(OEt)3, toluene, 1 10°C, 3-4 h; (iv): NBu4+F, AcOH, THF, 2h, then: CH3SO2C1, NEt3, THF,

0°C, lh, then: CH3NHCH2CONH2, DMSO, rt, 20 h; (v): Nal, DMF, then: CH3NHCH2CONH2, it, 2
h; (vi): NBu/F, AcOH, THF, 20h; (vii): Pd(PPh3)4, PPh3, AcOH, THF, 30f, 40°C.

clinical evaluation. They all share a number of well
established structural features, such as the presence of a
free carboxy group at C-3 and 1-hydroxyethyl at C-6 and
the (SR, 6S, 5R) configuration. A large differentiation is
allowed in the nature of C-2 group. With the aim of
obtaining potent, broad spectrum antibacterial agents by

improving the penetration through the outer membraneof
Gram-negative bacteria, we carried out the synthesis of a
series of penems bearing amino acid related side chains in

position 2 as small, polar groups.10) Amongthem, the 2-
sarcosinamidomethyl derivative 6 (MEN 10700) was
selected for further development. In this paper we will

describe the synthesis and biological properties of MEN
10700 and its selected oral prodrug MEN 1 1505 (8f).

Chemistry

The initial quantity of 6, necessary for screening tests,

was prepared through the classical method11} for penems

(Scheme 1), starting from the reaction of silyl protected 4-
acetoxyazetidinone 1 with (2-fer^-butyldiphenylsilyloxy)-
thioacetic acid to give 2a; following nitrogen acylation to
obtain 3a and ring closure led to the bis-silyl protected
penem 4a. Selective silyl deprotection, followed in

sequence by mesylate formation on the primary alcoholic
group and nucleophilic exchange with sarcosinamide,10)

finally gave the fully protected 2-(sarcosinamido)methyl

penem 4b. Usual deprotections steps allowed to obtain the
desired compound 6 (MEN 10700). This method suffers

however of a number of drawbacks that render it unsuitable
for the preparation of multigram quantities ofpenem 6. The
most critical step is the synthesis of4b from 4a. Insufficient
selectivity is achieved both during silyl deprotection on the
primary alcohol in position 2 and nucleophilic exchange on
mesylate with sarcosinamide: this last reaction step suffers

competition from /3-lactam ring opening by the same
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Scheme 2.

Reagents: (i): allyl oxalyl chloride, NEt3, toluene, 30', 5°C; (ii): P(OEt)3, toluene, 1 10°C, 6 h

Scheme 3.

reagent.10) In addition, the low stability of penem mesylate,
together with the length of the whole synthetic pathway and

the high cost of some reagents prompted us to look for
shorter and more practicable methods.
A more straighforward reaction pathway can be outlined,

that removes the need for protecting groups in the side-

chain by reacting directly the 4-acetoxy-azetidinone 1 with
Af-thiocarboxymethyl-sarcosinamide to give 2b. Nitrogen

acylation to 3b and penem ring closure should allow to
obtain the protected penem 4b. Again, when we tested this

synthetic route experimentally, selectivity appeared as the
crucial problem, as acylation of 2b with allyl oxalyl
chloride also occurred at the primary amide in the side

chain (Scheme 2), giving a mixture of mono- and di-

acylated azetidinones 3b, 3d, 3e (see Experimental Section
for details). Consequently, when the mixture was heated in
toluene in the presence oftriethylphosphite in order to close
the thiazoline ring, the cyanomethyl substituted penem 4d

was obtained12) together with the desired carboxyamido

substituted penem 4b, probably through elimination13) from

3e or from the corresponding penem4e. Anyattempt to use
the nitrile group in the C-2 side-chain as a temporary

masked form of the primary amide failed, due to the harsh
conditions requested to recover the amide from the

corresponding nitrile.
Although more selective conditions could be found for

acylation of 2b, the method remained, in our hands,

unsuitable for large scale synthesis. On the other hand,

good results were obtained building up the sarcosinamide
side-chain in two steps, that is reacting 1 with the simple

and easily available 2-chlorothioacetic acid14) to give 2c,

acylating the /J-lactam nitrogen to 3c, closing the penem
ring to obtain 4c and finally exchanging chlorine with

sarcosinamide to obtain 4b through the intermediate in situ
formation of the corresponding 2-iodomethyl penem. This
method allowed us the synthesis of multigram quantities of
6 and is presently scaled up.

Finally, prodrugs 7f~h were obtained (Scheme 3)
through acylation of the acid 6 with suitable

halogenomethyl carboxylates 8f~h.
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Biological Properties
The in vitro antibacterial activity of MEN10700 has

been the subject of several studies, carried on with the aim
of evaluating the potency and spectrum of activity of MEN
10700 in comparison to knownantibiotics. In addition,
studies have been carried out on resistant or difficult-to-
treat strains to verify the potential value of the new
compound for future therapy. In these studies, MEN10700
showed a broad spectrum of activity, with high potency
both on Gram-positive and Gram-negative strains. As for
Gram-positive strains,4'10'153 MEN 10700 exhibited potent

activity against methicillin sensitive staphylococci (S.
aureus and S. epidermidis). On methicillin-resistant
staphylococci, MIC90 values were usually rather high

(>32^g/ml). However, a very large range of MICs was
observed against methicillin-resistant S. aureus strains
(MRSA)15) with a number of strains falling within a

reasonable therapeutic window. The activity of MEN10700

against streptococci was usually very high (MIC90 around
0.06/ig/ml for penicillin-sensitive S. pneumoniae, S.
pyogenes, S. agalactiae). A study16) devoted to the

evaluation of activity on penicillin susceptible, intermediate
and resistant S. pneumoniae strains confirmed the
sensitivity to MEN 10700 of highly resistant strains
(MIC90=2 ^g/ml). MEN 10700 showed moderate activity

on E. faecalis (MIC90=8iag/ml) and good activity on
Listeriae (MIC90=0.5/ig/ml). Concerning the Gram-

negative strains, MEN 10700 showed good to excellent

activity against most members of Enterobacteriaceae,4'15'17)
good activity on Haemophilus influenzae (MIC90=
\jiglm\)l%) and on Neisseriae (MlC^^O.OS^g/ml for

N. meningitidis and 0.25 /ig/ml for N. gonorrhoeae)}9)
MEN10700 was inactive on Pseudomonas aeruginosa and
Xanthomonasmaltophilia, as for the other compoundsof

the penemclass (ritipenem, faropenem) and most of the
newer, orally available carbapenems and trinems (CS-834,
sanfetrinem). MEN 10700 exhibited good antibacterial
activity toward Gram-positive and Gram-negative

anaerobes.20) In addition, MEN10700 repeatedly showed
good activity on strains selected for their resistance to other
agents, such as cefotaxime- or ceftazidime-resistant Gram-
negative strains,15'17) ciprofloxacin-resistant E. colt,

extended spectrum jS-lactamase producing and

cephalosporinase inducible enterobacteria.21) In comparison
to the antibacterial agents used as reference compounds,
MEN 10700 showed similar spectrum to imipenem

(excluding Pseudomonas) and compared favourably to third
generation cephalosporins, e.g. cefotaxime. The spectrum

was similar to that of other penems, such as ritipenem and
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Fig. 1. Stability of MEN 10700 to renal

dehydropeptidase DHP-I at 37°C compared with
ritipenem (substrate concentration: 1 and

O.l mg/ml).
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faropenem, with higher activity for MEN 10700 on

Enterobacter and Citrobacter. Against anaerobes, MEN
10700 showed activity similar to that of imipenem, and was
more potent than metronidazole, a "classical" anti-anaerobe
agent, against all species except C. difficile and
P anaerobius. In general MEN10700 was a much better
anti-anaerobe agent than the cephalosporins and

ciprofloxacin. MEN10700 showed a very high stability to
enzymatic degradation by renal dehydropeptidase DHP-L
The stability of MEN10700 to DHP-I was evaluated in
comparison to the penem ritipenem, incubating both
compoundsin the same solution to minimise differences.
Results are outlined in Fig. 1: after 190 minutes incubation
at 37% and at a substrate concentration of 1 mg/ml, 68% of
the initial amount of MEN10700 remained unchanged vs.
35% ofritipenem; at a substrate concentration of 0.1 mg/ml,
residual amounts were 52% for MEN10700 and 13% for
ritipenem after 205 minutes. Literature data22) for imipenem
in comparable conditions gave only 5% of compound

remaining after 3 hours (initial concentration: 1 mg/ml).
After single i.v. administration in rats at a dose of

30mg/kg, MEN 10700 showed a half-life of about 8

minutes, a volume of distribution of 573 ml/kg and a AUC
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Fig. 2. Plasma levels in rats of MEN10700 and
ritipenem after oral administration of the
prodrugs 8f~8g and ritipenem acoxil (dose=

40 mg/kg).

of 655 mg/literXminute; these values were comparedwith
those for the penemritipenem, showing a similar behaviour
for both compounds. As in preliminary tests MEN10700

did not show any valuable absorption after oral
administration in rats, a number of its derivatives were

synthesized and tested to allow oral administration of the
compound.Derivatives were chosen amongthese esters or
carbonates at C-3 carboxy group in which the ester (or
carbonate) moiety could be easily cleaved in vivo by the

hydrolytic action of esterases, therefore acting as MEN
10700 prodrugs. Best results were obtained with the

pivaloyloxymethyl ester 8f (MEN 11505), the (a-
methyl)acetoxymethyl ester 8g and the 1-ethylisopropyl

carbonate 8h. Plasma concentrations of MEN10700 after
oral administration in rats of the prodrugs 8f~h, at a dose
corresponding to 40mg/kg of MEN10700, are outlined in

Fig. 2. An experimental comparison with ritipenem
acoxil,23) the oral prodrug of ritipenem, is also shown in
Fig. 2. 8f (MEN 11505) showed superior AUC values
(283.2mg/literXminute) when compared with 8g
(AUC=105.5mg/literXminute) and 8h (AUO55.9
mg/literXminute) and also with ritipenem acoxil

(AUC=229 mg/literXminute). The relative bioavailability
of MEN10700 after oral administration of MEN11505

was calculated as F=43% vs. F=23% (lit.23) data: F=41%)
for ritipenem acoxil.

Experimental

General Methods
IR spectra were recorded on a Perkin Elmer FTIR 1710

spectrometer. NMRspectra were obtained using a Varian
Gemini 200 spectrometer at 200MHz and 50MHz for !H
and 13C NMR spectra respectively. Mass spectra were

acquired either by positive-ion Thermospray ionization

(TS) with a Hewlett-Packard HP 5988A mass spectrometer,
introducing the sample by flow-injection, or by positive-ion

Electrospray ionization (ES) with a VG Quattro mass
spectrometer, introducing the sample via direct infusion.
Melting points were determined using a Buchi melting

point apparatus and were not corrected. Optical rotations
were obtained with a Perkin Elmer 241 polarimeter. TLC
analyses were performed on Merck silica gel F254 plates.
Analytical HPLCand UVanalyses were performed with a
Perkin Elmer Analyst liquid chromatograph equipped with
a Perkin Elmer 235 diode array detector and work station.
Column chromatography was performed using E. Merck
Kieselgel 60 (70-230 mesh). Ritipenem was synthesised in

our laboratories according to known procedures. DHP-I,
freshly prepared from rat kidney, was supplied by the

Institute of Biochemistry, University of Milan, and stored at
-80°C.

A^-Thioc arboxymethyl- sarco sinamide
Triethylamine (2.3ml, 18.8mmol) and N,N-

dimethylaminopyridine (0.21 g, 1.71 mmol) were added
in sequence to a mixture of 2.5g (17.1mmol) of

A/-carboxymethyl-sarcosinamide and 40ml of N,N-
dimethylformamide. The mixture was stirred for 15

minutes to obtain a clear solution and cooled to 0°C. 3.8 g

(18.8 mmol) of 4-nitrophenyl chloroformate were added.
After stirring for 2 hours at 0~5°C, the mixture was poured
into iced water, filtered under vacuum, and the obtained
yellowish solid washed on the filter with diethyl ether. The
crude 4-nitrophenyl derivative was dissolved in 150ml of
dichloromethane. Triethylamine (1.1 ml, 7.86mmol) was

added and the solution cooled to 0°C. Gaseous hydrogen

sulphide was bubbled trough the solution for 30 minutes.
The solution was allowed to warmto roomtemperature.
After 2 hours the excess hydrogen sulphide was removed

with the aid of a nitrogen flow. The solution was
concentrated under vacuum to a final volume of 20-30 ml.
Diethyl ether (150ml) was added and the mixture allowed
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to stand overnight at 0~5°C. Af-Thiocarboxymethyl-

sarcosinamide (1.25 g, 45%) was obtained as a yellowish
powder and used without further purification for the
synthesis of 2b. *H NMR (200MHz, DMSO-J6): d 2.78
(3H, s); 3.77 (2H, s); 3.84 (2H, s); 7.62 (1H, brs); 7.86

(1H, brs); 8.96 (1H,brs). MS (TS): mlz 163 (M+H)+.

(3S,4R)-3 -[(R)- 1 (ferr-Butyldimethylsilyloxy)ethyl] -4-(2-
(A^-carbamoylmethyl-Ar-methyl-amino)acetylthio)-2-

azetidinone (2b)

1.24ml (8.88 mmol) of triethylamine were added at 5°C
to a mixture of 1.2 g (7.4mmol) of A^-thiocarboxymethyl-
sarcosinamide in 30ml of acetone. The mixture was

allowed to warm to room temperature. 1.48 g (5.14mmol)
of (3iS,45r)-4-acetoxy-3-(^)- l (^r^-butyldimethylsilyloxy)-
ethyl-2-azetidinone 1 and 4.7ml of water were added in
sequence, obtaining a clear solution. The pH of the solution
was pH=9.1: a few drops of triethylamine were added in
order to reach pH=9.5. The solution was stirred at room
temperature for 3 hours. Acetone was removed by
evaporation under vacuumand the residue taken up with
ethyl acetate. The solution was washed with brine, dried
over anhydrous sodium sulfate and evaporated. Column

chromatography on silica gel (ethyl acetate/cyclohexane
9 : 1 v/v) gave (35,4i?)-3-(J?)-l(te^-butyldimethylsilyloxy)-

ethyl-4-(2-(Ar-carbamoylmethyl"A^-methyl-amino)-

acetylthio)-2-azetidinone as a white foam. Yield: 1.05g
(52%). lU NMR (200MHz, CDC13): 3 1.22 (3H, d,

.7=6.3Hz), 2.45 (3H, s), 3.19 (1H, dd, partially hidden by
the previous peak), 3.43 (2H, s), 3.22 (2H, s), 4.26 (1H, m,
CH3-CH), 5.27 (1H, d, 7=2.4Hz, H-4), 5.71 (1H, brs, one
ofCONH2), 6.39 (1H, s, /Mactam NH), 6.98 (1H, brs, one
ofCONH2). MS (ES): m/z 390 (M+H)+.

(3S,4/Q-l-(Allyloxyoxalyl)-3-[(iQ-l(fgr;-

butyldimethylsilyloxy)ethyl]-4-(2-(Ar-carbamoylmethyl-

ALmethyl-amino)acetylthio)-2-azetidinone (3b)

To a solution of 1.05g (2.70mmol) of (3S94R)-HR>
1(ferf-butyldimethylsilyl'oxy)ethyl-4-(2-å (#-

carbamoylmethyl-A^-methyl-amino)acetylthio)-2-
azetidinone in 10ml toluene, at 5°C, under nitrogen

atmosphere, 0.90ml (6.48mmol) of triethylamine and

0.44g (2.97mmol) of allyl oxalyl chloride ware added in
sequence. The solution was stirred at the sametemperature
for 20 minutes and the reaction course monitored by TLC
(ethyl acetate/cyclohexane 9 : 1 v/v) and HPLC (column:
Bondclone 10 C18, 300X3.9mm; mobile phase:
acetonitrile/water 65:35 v/v; flow: 1ml/minute; A:

220 nm). At the end of the reaction, the mixture was diluted
with toluene, washed with water, dried over anhydrous
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sodium sulfate and evaporated. The crude product was used
for the following step. Separation of the crude product by
column chromatography (ethyl acetate/cyclohexane,

gradient from 25 : 75 to 90 : 10 v/v) allowed to obtain pure
3b, 3d and 3e. The three acylation products could be
identified by TLC (Rf, ethyl acetate/cyclohexane, 50 : 50

v/v) and HPLC(Rt in the conditions given) data and their
structure confirmed by ]H NMRanalysis. 3b; Rf: 0.18; Rt:
8.75; ]HNMR(200MHz, CDC13): 3 0.03 (3H, s), 0.08 (3H,
s), 0.85 (9H, s), 1.22 (3H, d,J=6.3Hz), 2.46 (3H, s), 3.24

(2H, s), 3.47 (1H, m, H-3), 3.50 (2H, s), 4.35 (1H, m, CH3-
CH\ 4.8 (2H, m, COOC//2CH=CH2), 5.35 (2H, m,

COOCH2CH=C//2), 5.92 (1H, m, COOCH2C//==CH2),

5.95 (1H, d, J=2Hz, H-4), 6.95 and 6.18 (1H each, brs,
CONH2). 3d: Rf: 0.66; Rt: 7.90; *H NMR (200MHz,
CDC13): 3 0.04 (3H, s), 0.05 (3H, s), 0.85 (9H, s), 1.17 (3H,
d,J=6.1 Hz), 2.52 (3H, s), 3.15 (2H, m, H-3), 3.42 (2H, s),
3.64 (2H, s), 4.25 (1H, m, CH3-C//), 4.75 (2H, m,

COOCH2CH=C7/2), 5.23 (1H, d, J=2Hz, H-4), 5.32

(2H, m, COOCH2CH=C//2), 5.95 (1H, m, COOCH2C7/=

CH2), 6.72 (1H, s, /3-lactam NH), 8.45 (1H, brs,

CONHCOCOO-). 3e: Rf: 0.86; Rt: 15.6; ]H NMR

(200MHz, CDCI3): 3 0.03 (3H, s), 0.08 (3H, s), 0.84 (9H,
s), 1.22(3H, d,/=6.3Hz), 2.53 (3H, s), 3.42 (1H, m, H-3),
3.47 (2H, s), 3.63 (2H, s), 4.32 (1H, m, CH3-CT/),
4.77 (4H, m, COOC#2CH=CH2), 5.35 (4H, m,
COOCH2CH=C//2), 5.9 (2H, m, COOCH2C//=CH2), 5.92
(1H, d, J=2.2Hz, H-4). Several different experimental
conditions were tested (Table 1): although the use of
benzene as solvent gave the best selectivity (15 : 1 ratio of

3b vs. 3d+3e), the less toxic toluene was found preferable
(85% total yield, 10 : 1 selectivity).

Allyl (5^,6tS<)-2-(7V-(2-Acetamido)-7V-methyl)-

aminomethyl-6-[(i^)-^r^-butyldimethylsilyloxy)ethyl]-

penem-3-carboxylate (4b) from 3b
The crude 3b (containing about 9% of 3d+3e) coming

from the previous step was dissolved in 14ml of toluene.
1.02ml (5.94mmol) of triethylphosphite were added at
35~40°C, and the solution refluxed for 6 hours, allowed

to cool to 35°C and evaporated under vacuum. Separation
of the residue by column chromatography (ethyl
acetate/cyclohexane 60 : 40 v/v) allowed to obtain allyl

(5JR,65 )-2-(7V-(2-Acetamido)-7V-methyl)aminomethyl-6-
[(i?)-^r/-butyldimethylsilyloxy)ethyl] -penem-3 -carboxylate
4b (yield: 22%; white solid; !H NMR (200MHz, CDC13): d
0.07 (6H, s, Si(CH3)2); 0.87 (9H, s, Si(CH3)3); 1.24 (3H, d,
J=6.2Hz, C#3-CH); 2.36 (3H, s, N-CH3); 3.09 (2H, s,
N-CH2); 3.68 (1H, dd, J=1.6, 4.5Hz, H-6); 3.76 and 3.88

(2H, ABq, J=16Hz, N-CH2); 4.24 (1H, m, H-8); 4.72 (2H,
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Table 1. Acylation of the azetidinone 2b with
allyl oxalyl chloride.

Solvent Base Temp. Time Results
3d+3e

Toluene TEA,2.4eq.

Benzene TEA, 2.4eq.

Toluene DIPEA, 2 eq.

CH2C12 TEA,2eq.

C.H2CI2 TEA,2eq.

CH2C12 Py, 2 eq.

CH2CI2 CaCO3,3eq.

5°C 20 min

5°C 20 min

5°C 20 min

5°C 20 min

-60°C 3 h

5°C 20 min

5°C 20 min

CH2C12 Cs2CO3,2eq. 5°C lh <1:50

Toluene None 5°C 20 min < 1: 50

TEA= triethylamine; DIPEA = diisopropylethylamine;
Py *= pyridine; eq. = equivalents (mol/mol 2b)

m, COOCH2); 5.33 (2H, m, CR=CH2); 5.55 (1H, d,7=1.6
Hz, H-5); 5.70 (1H, brs, CONH); 5.82 (1H, m, CH=CH2);
6.90 (1H, brs, CONH); 13C NMR (50MHz, CDC13): d
-5.1, -4.3, 18.0, 22.4, 25.7, 43.7, 55.1, 61.1, 61.9, 65.1,

65.7, 71.8, 118.6, 121.1, 131.5, 155.7, 159.5, 172.8, 172.9;

MS (TS): m/z 470 (M+H)+) and the corresponding nitrile
4d (allyl (5R,6S)-2-(iV-(cyanomethyl)-7V-methyl)-

aminomethyl-6- [(i?)-^rf-butyldimethylsilyloxy)ethyl] -
penem-3-carboxylate: yield: 42%; !H NMR(200MHz,
CDC13): 3 0.08 (6H, s, Si(CH3)2); 0.88 (9H, s, Si(CH3)3);

1.24 (3H, d, Jr=6.2Hz, CH3-CH); 2.46 (3H, s, N-CH3);

3.55 (2H, s, N-CH2); 3.66 (1H, dd, 7=1.6, 4.5Hz, H-6);

3.76 and 3.88 (2H, ABq, 7=16Hz, N-CH2); 4.24 (1H, m,
H-8); 4.70 (2H, m, COOCH2); 5.30 (2H, m, CH=C#2);

5.54 (1H, d, 7=1.6Hz, H-5); 5.92 (1H, m, C//=CH2); MS

(ES), m/z 470 (M+H)+.

(3iSr,4i?)-3-[(^)-^rt-Butyldimethylsilyloxy)ethyl]-4-(2-
chloroacetylthio)-2-azetidinone (2c)

To a solution of 50 g (0.174mol) of (35r,46')-4-acetoxy-
3-(^)- l (^r/-butyldimethylsilyloxy)ethyl-2-azetidinone 1 in
anhydrous dioxane (400ml), at 20°C, under nitrogen

atmosphere, were added 83.3 g (0.261 mol) of zinc iodide
and, after 15 minutes stirring, 38.3g (0.346mol) of 2-

chlorotioacetic acid. The mixture was cooled to 12°C and a

OCT. 2000

solution of 26.5 ml (0.190mol) of triethylamine in 50ml of
dioxane was added dropwise over 1 hour. After stirring for
2 hours at the same temperature, 5.0ml (0.036mol) of
triethylamine were added dropwise. The mixture was

stirred for 30 minutes, poured in a cold 3% NaHSO3
solution in water and extracted with ethyl acetate. The
organic phase was washed with 3% NaHSO3, 5% NaHCO3,
water, 10% NaCl and dried over anhydrous Na2SO4.

Evaporation of the solvent under vacuumgave an orange-
yellow solid. Addition of pentane and filtration through a
buchner funnel gave a pale yellow solid that was washed
with pentane on the filter giving a white solid. Yield: 57 g
(97%). mp: 81.4°C; ]H NMR (200MHz, CDC13): d 0.07
(3H, s, Si-CH3); 0.08 (3H, s, Si-CH3); 0.88 (9H, s,

Si(CH3)3); 1.21 (3H, d,.7=6.3Hz, C#3-CH); 3.23 (1H, dd,

J=2.3, 4.0Hz, H-3); 4.22 (2H, s, S-CO-C#2C1); 4.27 (1H,
qd, J=3.7, 6.3Hz, CH3-C#); 5.32 (1H, d, J=2.3Hz, H-4);
6.4 (1H, brs, N-H); 13C NMR (50MHz, CDC13): 9 -5.1,
-4.3, 17.9, 22.3, 25.7, 48.0, 52.4, 64.6, 65.4, 166.1, 194.8;

MS (TS): mlz 338 (M+H)+, 355 (M+NH4)+.

(3^4iQ-i-(Allyloxyoxalyl)-3-[(fl)-ferf-

butyldimethylsilyloxy)ethyl]-4-(2-chloroacetylthio)-2-

azetidinone (3c)
To a solution of 19g (0.056mol) of 2c in anhydrous

toluene (150ml), at 0~3°C, under nitrogen atmosphere,

14.1 ml (0.113mol) of allyl oxalyl chloride were added.
The solution was stirred for 5 minutes at the same
temperature and a solution of ll.7ml å (0.084mol) of
triethylamine in toluene (10ml) added dropwise. The

mixture was stirred for 90 minutes at the same temperature.
3.9ml (0.028mol) of triethylamine were added and the

mixture stirred for other 90 minutes, filtered, and the filtrate
washed several times at 5°C with 5% aqueous NaHCO3,
with water and with 10% NaCl. After drying over

anhydrous Na2SO4the mixture was filtered and the toluene
solution used for the following step. Alternatively, 3c could
be isolated in 98% yield as a brown viscous oil. lU NMR
(200MHz, CDC13): 3 -0.09 (3H, s, Si-CH3); -0.04 (3H,

s, S1-CH3); 0.85 (9H, s, Si(CH3)3); 1.24 (3H, d, J=63Hz,

C//3-CH); 3.52 (1H, t, J=3.0Hz, H-3); 4.26 (2H, s,

S-CO-C7/2C1); 4.38 (1H, qd,.7=3.0, 6.3Hz, CH3-C#);

4.70-4.82 (2H, m, COOCH2); 5.22-5.46 (2H, m,
CH=CH2); 5.80-6.06 (1H, m, C#=CH2); 5.97 (1H, d,

J=3.0Hz, H-4); 13G NMR (200MHz, CDC13): d -5.2,
-4.3, 17.8, 21.7, 25.6, 47.9, 53.8, 64.7, 66.3, 67.4, 120.1,

130.5, 154.5, 159.0, 162.9, 190.7; MS (TS): m/z 468

(M+NH4)+.
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Allyl (5R,6S)-2-Chloromethyl-6-[(R)-tert-

butyldimethylsilyloxy)ethyl] -penem-3 -carboxylate (4c)
To the toluene solution (250ml) containing crude 3c

(0.055mol) was added triethylphosphite (20.7ml,
0.121mol) and the mixture refluxed for 3 hours. The
solution is allowed to cool to room temperature, most of the
solvent evaporated under vacuum and the residue, dissolved
in 320ml of iV,A^-dimethylformamide, was used for the

following step without any purification. Alternatively, 4c
could be isolated in 82% yield as a yellow oil.24)

Allyl (5i^6S)-2-(N-(2-Acetamido)-JV-methyl)-

aminomethyl-6- [(i?Wer/l-butyldimethylsilyloxy)ethyl] -
penem-3-carboxylate (4b) from 4c

To the solution of 4c in 320ml of N,N-
dimethylformamide, obtained as described for the previous
step, at roomtemperature, under nitrogen atmosphere, were
added 16.9g (0.114mol) of sodium iodide. After 30
minutes, 9.78g (O.lll mol) of sarcosinamide were added
and the mixture was stirred for about 2 hours. At the end of
the reaction, the mixture was poured into iced 3% aq.
NaHSO3 (200ml) and extracted three times with ethyl
acetate. The organic phase was washed with 5% aq.
NaHCO3 (3X70ml), with water and with brine. After

drying over anhydrous Na2SO4,the solvent was evaporated
under vacuum, giving an orange-red oil, that was
crystallised by the aid of cold cyclohexane/ft-hexane 1 : 5
v/v, filtered and washed with hexane. Yield: 10.8 g (42%
overall yield from 2b). White solid.

(5^> ,66> )-2 -(iV-(2-Acetamido)-A^-methyl)aminomethyl-6-
[(li?)-hydroxyethyl]-penem-3-carboxylic Acid 6 (MEN
10700)

The synthesis of 6 from 4b through 5 has already been
described.10) Compound 6 was obtained after freeze-drying
as a white powder; mp: 133.5-170.6°C (dec); optical

rotation: [a]50=+103° (c=0.01 g/ml, water); *H NMR
(200MHz, DMSO-d6): d 1.15 (3H, d, J=6.35Hz, CH3~

CH), 2.29 (3H, s, N-CH3), 3.03 (2H, ABq, C-CH2-N),

3.70 (1H, dd, J=635Uz, J=1.50Hz, H-6), 3.79 (2H, s,

N-CH2), 3.94 (1H, m, H-8), 5.17 (1H, d, OH), 5.53 (1H, d,
J=1.50Hz, H-5), 7.06 (1H, brs, CONH), 7.18 (1H, brs,
CONH), 13.45 (1H, brs, COOH); 13C NMR (50MHz,

D2O): 3 24.9 (CH3-CK), 46.1- (N-CH3), 57.4 (CH2-2'),

60.5 (N-CH2), 68.1 (C-5), 69.5 (C-8), 75.1 (C-6), 135.7 (C-
2), 141.1 (C-3), 169.7 (COOH), 173.7 (CONH2), 180.2 (j8-

lactam C=O); IR (KBr, cm"1): 3600-3200 (OH), 3343
(NH2), 3182 (NH2), 2972 (CH3 in N-CH3) 2700-2500
(COOH), 1777 (/J-lactam C=O), 1692 (C=O in CONH2
(amide band I) and COOH), 1611 (C=C, five- membered
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ring), 1575 (CONH2, amide band II), 1454 (CH2), 1374

(C-N stretch, amide band III), 1289 (C-O(H) stretch); UV
(Amax, H2O): 194, 250, 316nm; MS (ES+): mlz 316 (MH+),
338 (MNa+).

Pivaloyloxymethyl (5i?,6S)-2-(7V-(2-Acetamido)-7V-

methyl)-aminomethyl-6-((i^)- l -hydroxyethyl)-penem-3 -
carboxylate (8f, MEN1 1505)

lg (3.17mmol) of 6 was dissolved, under nitrogen

atmosphere, in 20ml of anhydrous Af,7V-dimethyl-
formamide. 525mg (3.8mmol) of potassium carbonate,

1.02g (3.17mmol) of tetrabutylammonium bromide

and 0.92ml (6.34mmol) of chloromethyl pivalate were
added in sequence. After stirring at room temperature for 6
hours, the reaction mixture was poured into iced brine
(25ml) and extracted with ethyl acetate (5X80ml). The
organic phase was dried over anhydrous Na2SO4 and
evaporated under vacuum, giving a crude oil that was

washed several times with hexane and purified by column
chromatography (ethyl acetate/methanol 95 : 5 v/v),

allowing to obtain 8f as a white solid. Yield: 710mg (52%);
mp: 94~95°C (dec); optical rotation: [d\^=+111.6°

(c-0.01 g/ml, methanol); lU NMR (200MHz, DMSO-d6):
d 1.14 (3H, d, O73-CH, 7=6.2Hz); 1.15 (9H, s, (CH3)3C);
2.26 (3H, s, N-CH3); 2.98 (2H, AB system, C-CH2-N);
3.77 (1H, dd, H-6); 3.79 (2H, s, N-CH2); 3.95 (1H, m, H-
8); 5.20 (1H, d, OH); 5.57 (1H, d, H-5); 5.75 and 5.84

(2X1H, 2Xd, AB system, COOCH2OCO); 6.99 (1H, brs,

CONH); 7.17 (1H, brs, CONH); IR (KBr, cm"1): 3600-
3100 (OH), 3364 (NH2), 3197 (NH2), 2979 and 2874 (CH3
in N-CH3), 2801 (C-N stretch in tertiary amine, N-CH3
and -N-CH2), 1796 (/3-lactam C=O), 1752 (C=O stretch in
C=C=C=O), 1719 (C=O stretch in CH2OCOtBu), 1651
(C-0 in CONH2 (amide band I); UV (Amax, H2O): 208,
247, 326 nm; MS (ES+): m/z 430 (MH+), 452 (MNa+). A
similar procedure allowed to obtain 8g (mp: 147~148°C
(dec); ]H NMR (200MHz, CDC13): d 1.33 (3H, d,

C#3-CH, J=6.2Hz); 1.54 (3H, d, O73-CH, J=5.4Hz); 2.1
(3H, s, CH3CO); 2.37 (3H, s, N-CH3); 3.05 (2.H, s,

N-CH2); 3.60-3.85 (total 3H, m); 4.23 (1H, m, H-8); 5.59
(1H, d, H-5); 5.95 (1H, brs, CONH); 6.88 (1H, brs,

CONH), 6.92 (1H, m)) and 8h (mp: 130-131°C (dec); ]H
NMR (200MHz, CDC13): 3 1.31 (3H, d, C//3-CH); 1.35

(2X3H, 2d, (C//3)2CH); 1.58 (3H, d, C#3-CH-O); 2.37

(3H, s, N-CH3); 3.09 (2H, s, N-CH2); 3.71 (1H, dd, H-6);
3.82 (1H, Abq, NCH2); 4.23 (1H, m, H-8); 4.91 (1H, m,

(CH3)2C7/); 5.56 (1H, d, H-5); 6.85 (1H, m).
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Stability of 6 and Ritipenem to Dehydropeptidase-I
(DHP-I)

Aliquots of0.5 ml ofa solution containing 2.00mg/ml of
6 and 2.00mg/ml of ritipenem in 0.025 m Tris-HCl buffer
(pH=7) were added with 0.5ml of rat DHP-I and the
samples incubated at 37°C for different times. Control:

aliquots of 0.5ml of the same solution were added with

0.5 ml of water and stored at 37°C. For the parallel study at
a substrate concentration of 0.1 mg/ml, 1 ml of the solution
containing 6 and ritipenem was diluted to 10ml with
0.025m Tris-HCl buffer (pH=7). The stability was
followed for about 3 hours, analysing the residual 6 and
ritipenem by HPLC (column: Lichrosorb RP-18 5/a,

250X4.6mm, Merck; mobile phase: 0.02m potassium
dihydrogen phosphate buffer pH=3/acetonitrile 93 : 7 v/v;
flow rate: 1 ml/minute; A: 320nm; Rt (minute): 9.3 for 6
and 3.3 for ritipenem).

Plasma Levels of 6 (MEN 10700) after Oral

Administration in Rats of 8f~h
Sprague Dawley male rats, with a weigh range of

350-400 g, were dosed orally by gavage with a quantity of
8f-h corresponding to 40mg/kg of 6 and dissolved in
sterile saline at a concentration of (2mg of 6)/ml. The
volume administered was 10ml/kg. Blood samples of

approximately 0. 15-0.25 ml each were collected from each
rat after 5, 10, 15, 20, 30, 45, 60, 90, 120 minutes in

heparinized tubes by means of a cannula inserted in the
jugular vein. The blood was centrifuged for 10 minutes at
4°C, the blood cells discarded and the plasma obtained was
stored at -20°C pending analysis. Plasma concentrations
of 6 were determined by HPLC (column: Supelcosil LC-1,
5/im, 250X4.6mm; mobile phase: 0.066m phosphate
buffer pH=7.0/acetonitrile 95 : 5; flow: 1ml/minute; A:

306 nm).
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