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Abstract: Penem dithiocarbamates 10 were synthesized from the alcohol 6, in high yields and favourable ratio
between the penem and the undesired penam isomers. /n vitro antibacterial activity showed a dependence on
polarity and steric hindrance of the side chain at C-2. Best results were obtained with the piperazino derivatives
10 1-n, while catechol 10 p did not show the expected improvements in anti-pseudomonal activity.

The intense interest in the study of B-lactam antibiotics has led, in the last fifteen years, to the continuous
introduction of new classes of these compounds !: their wide spectrum of activity associated with very low
toxicity levels ensures them an outstanding role in antibacterial chemotherapy.
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Among the wide range of compounds described since the discovery of the natural carbapenem
thienamycin 1 2 in 1976, the highly potent, broad spectrum penem antibiotics 2 3 still retain the unique feature
of being totally synthetic ones, lacking a natural counterpart. The penem skeleton, born as a hybrid between
penicillins and cephalosporins, has been extensively modified in each position since its first syntheses in 1978.4
Early work allowed to establish some general point: the presence of a free carboxy group in position 3, as for
penicillins or cephalosporins; the SR,6S (trans) configuration as for carbapenems. Furthermore, the
thienamycin-like 1(R)-hydroxyethyl side chain at C-6 is now considered to be a fundamental requisite to confer
chemical and B-lactamase stability.

On the other hand, a large differentiation is still possible in the nature of the X substituent in position 2 :
several series of 2-heteroatom 3b or 2-methyl substituted (2, X = CH2Y) 3¢ penems have been synthesized in
recent years.

In the course of our studies on new 2-methyl substituted penems 5, we focused our attention on the
synthesis of (2-thiocarbamoylthio)methyl penems. The presence of a heteroatom in the side chain in position 2
of the penem nucleus had been related 3% to an enhanced chemical reactivity of the B-lactam linkage and

2159



2160 M. ALTAMURA et al.

therefore to a higher biological activity. Several series of penems bearing a nitrogen, oxygen or sulfur atom at
C-2 have been reported and, more particularly, a number of 2-alkylthiomethyl derivatives (3, R = alkyl) have
been synthesized in the past 62, but their preparation is not simple owing to the inclination of these derivatives
to undergo double bond shift (Scheme 1) toward the usually more stable 2-alkylthiomethylene penam (the

"exo" form 4).
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The electron-withdrawing character of the substituent at the exocyclic sulfur seems to play a role 60 in the
penem/penam equilibrium, stabilizing the penem form. We reasoned that the previously unknown penem
dithiocarbamates should give a particularly favourable ratio between the penem and penam isomers.

We synthesized penem dithiocarbamates 10 starting from the well known 2-hydroxymethyl penem 5 7:
the alcohol 5, activated as its mesylate 6 (MsCl, TEA, THF, 30 min, 0°C) 62 or the chloride 7 (CaClz, DMSO
on 6, 20°C, 3 h),5 was allowed to react with alkaline or ammonium dithiocarbamates 8 derived from aliphatic or
heterocyclic amines (DMSO, 20°C, 1 h).9
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The reaction gave, as the unique products, the fully protected penem dithiocarbamates 8. No penam
isomer could be detected from the 1 H and 13 C NMR spectra. Deprotection of the secondary hydroxy group
at C-8 (TBAF-3 H20, AcOH, THF, 20°C, 24 h, 90%) gave, however, a 3:1 mixture of the penem 9 and penam
(4, R = CS-NR3R4, R' = H, R "= CH;CH=CHy) 10. After deallylation at the carboxy group at C-3 (Pd(PPh3)s,
PPh3, sodium 2-ethyl hexanoate, AcOEt, 20°C, 30 min), 1! the isomeric mixture was separated 12 and the
penems 10 tested for antibacterial activity. Principal results are summarized in Table 1.

Penem dithiocarbamates 10 a-p exhibited potent ir vitro antibacterial activity against gram positive
bacteria and heterogeneous methicillin resistant Staphylococcus aureus strains. However, their activity against
gram negative strains was considerably lower. As for the major part of the penems, compounds 10 were
inactive against Pseudomonas aeruginosa.



Table 1. In vitro antibacterial activity of penem dithiocarbamates

New penem dithiocarbamates

OH

NRR,
/l ”'/E(S Il CHS-Q,
Y N
o) COONa
10 a-p
Compound MIC (ug/mL)?
-NR3R4 S.a. S.a. MR Ec. E.c.DC2 Ps.aer. Ps.aer.f3
a -N(CHz) 0,03 0,06 32 0,12 >32 1
b -N(CH3)CH2CONHz| 0,12 0,03 8 0,5 >32 4
¢ -N(CHCH20H)2 0.25 0,5 32 4 >32 2
d -N(CH,CH2OAc), 0,12 0,5 >32 2 >32 >32
e -N(CH3)Ph 0,03 0,25 >32 1 >32 >32
f -N(CH3)CH2Ph 0,06 0,5 >32 1 >32 32
g -N(CH3)OCH;Ph 0,03 0,12 >32 2 >32 32
h -N(CH3)Pyb 0,06 0,5 >32 1 >32 >32
i -N(CH3)CHoCH,Py b 0,06 0,12 >32 2 >32 >32
i __N’:] 0,03 0,12 >32 0,5 >32 >32
k -~ ©o 0,03 0,06 32 0.5 >32 0,5
./
I —N XN-m 0,12 0,25 8 4 >32 4
7/
m N N-cH, 0,03 0,06 4 0,5 >32 4
7/
H,
n N 0,03 0,03 4 2 >32 4
/Ny,
o -N N-coch, 0,12 0,12 16 4 >32 16
/
OH
/\ 0,25 1 >32 0,5 >32 -
p —N NCO OH
N/
Ampicillin/Sulbactam | 0,25 0,12 8 1 32 0,25

a. Minimum Inhibitory Concentrations (MIC's) were determined by a standard agar dilution method. Abbreviations: §. a.:
Staphylococcus aureus ATCC 25923; S. a. MR: heterogeneous methicillin resistant Staphylococcus aureus MR 013; E.c.:
Escherichia coli ATCC 25922; E. c.DC2 Escherichia coli, hyperpermeabile strain; Ps. aer.. Pseudomonas aeruginosa ATCC 27853;
Ps. aer. B-: Pseudomonas aeruginosa VRS (B-lactamase lacking hyperpermeabile strain).

b. Py = 2-pyridyl-
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A problem of permeability through the gram negative outer membrane could be involved in the generally
low activity of penem dithiocarbamates against E. coli (see for comparison data relative to E. coli
hyperpermeabile strain), while both permeability barriers and the B-lactamase action could be responsible of
the inactivity against Pseudomonas aeruginosa (see data for standard and B-lactamase lacking hyperpermeabile
Pseudomonas strains).

Modification of the side chain in aliphatic compounds 10 a-d gave a slight improvement only in the case
of the N-methyl-N-(2-glycinamido) derivative 10 b, whereas introduction of a free (entry 10 ¢) or masked
(entry 10 d) hydroxy group in the dithiocarbamate side chain did not improve the gram negative activity while
slightly lowering the gram positive one. Also N-alkyl-N-aryl compounds 10 e-i suffered from the lack of
activity against some important gram negative strains. Best results were obtained in the heterocyclic series and
especially with the polar piperazino derivatives 10 I-n, bearing a second nitrogen atom on the heterocyclic ring.

To potentially improve the gram negative activity of our derivatives, we synthesized the catechol
compound 10 p. Many monobactams, penicillins and cephalosporins and a series of carbapenems 13 bearing a
catechol moiety have been described recently, considering the potential ability of catechol-linked molecules to
get access to bacteria using the tonB dependent iron uptake system 14, To our knowledge, however, no
synthesis of catechol penem has been reported yet.

Scheme 2
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The preparation of 10 p (Scheme 2) is not trivial, due to the difficulty to find suitable protecting groups
for the catechol subunit. In fact, deprotection of catechol dibenzyl ether at the various stages (8, 9 or 10 q) of
the synthetic sequence did not give any result, although different catalysts and experimental conditions were
exploited. Moreover, contemporary unmasking in 9 r of the bis allyl carbonate at the catechol moiety and the
allyl ester at C-3 (Pd(PPh3)4, PPh3, AcOH, dry CH2Cl; or THF) gave a complex mixture in which 10 p was
undetectable. On the other hand, the use of acetate as protecting group for the phenolic hydroxyl was
discouraging due to the lability of catechol diacetate in the course of the synthetic sequence.

Finally, the synthesis of 10 p was achieved in the simplest mode, by reacting the unprotected
dithiocarbamate 11 p with the mesylate 6 and following the usual sequence without the use of any catechol
protecting group. Unfortunately, the sodium salt 10 p did not give the expected improvements in terms of
anti-pseudomonal activity.

In conclusion the synthesis of penem dithiocarbamates 10 could be achieved in high yields and with a
favourable ratio between the penem and penam isomers. Although the antibacterial activity is still
unsatisfactory, further research on modifications of the piperazino side chain of 10 I-n might lead to an
improvement of the activity against gram negative strains and also to a better understanding of the influence of
the C-2 side chain on the biological activity of 2-substituted penem derivatives.
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