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Among the nonclassical 8-lactam antibiotics, penems are rec-

ognized as potent antimicrobial agents.! More recently, Sch
29482 (1a) has been reported to be an orally active penem.”? The
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methodology for the synthesis of this important class of compounds
is limited, and the more widely used method involves an intra-
molecular thiocarbonyl Wittig cyclization developed by Wood-
ward.!'7 We were interested in devising a more efficient penem
synthesis to be used for the large-scale preparation of 1a.

In this communication we disclose a high-yielding one-step
penem cyclization reaction starting from an azetidinone trithio-
carbonate, which is based on the reaction of oxalimides with
triethyl phosphite. The synthesis of 1b is described below as a
representative example of the new process.

The reactivity of the imidocarbonyl group of N-oxalyl-
azetidinones® suggested to us that such systems would behave as
a-keto ester equivalents and hence would have potential synthetic
applications in 8-lactam chemistry.* Accordingly, 4-acetoxy-N-
allyloxalylazetidin-2-one (2)® was treated with 1 equiv of triethyl
phosphite under high dilution conditions. The products from this
reaction were characterized® as the cyclopropane compounds 3a
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(12%) and 4a (30%). A single-crystal X-ray analysis confirmed
the structure and relative stereochemistry of 4a unequivocally.

The formation of the cyclopropanes 3a and 4a as the sole
isolatable products from this reaction requires the intermediacy
of a carbene since an isolated olefinic bond is involved in the
transformation. The initial reaction of 2 with triethyl phosphite
would be expected to afford betaine Sa by a two-electron transfer
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from the phosphorous atom to the imide carbonyl oxygen.
Analogous adducts have been demonstrated in the case of qui-
nones!'® and a-keto esters.®® The betaine Sa, under the thermal
conditions of the reaction, generates the transitory carbene 6a by
eliminating triethyl phosphate. The carbene in 6a adds intra-
molecularly!! to the isolated double bond of the allyl group to
afford the isomeric 2,3-cyclopropano-v-lactones 3a and 4a in a
ratio that favors the sterically less hindered 4a.

If more than one carbene-reactive functional group is present
in the oxalimide substrate, the ratio of the products arising from
intramolecular competitive reactions will depend on the relative
reactivity of the functional groups. An example of such a situation
is observed in the application of the above reaction for the synthesis
of penems.

Azetidinone trithiocarbonate 7!2 is reacted with allyloxalyl
chloride in the presence of diisopropylethylamine. The resulting
allyloxalimide 8 is treated under high dilution conditions with
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triethyl phosphite in boiling chloroform.!* The desired penem
1b is isolated in 50% yield by a simple silica gel filtration of the
reaction mixture.

The stoichiometry of the reaction requires 2 equiv of triethyl
phosphite, which has to be added at a slow rate in order to obtain
optimum yields of 1b; a fast addition of the phosphite favors
byproduct formation. No Cs epimer'? of penem 1b was detectable
in the cyclization product.

Several byproducts are formed in this reaction. Thus, chro-
matography of the crude reaction product afforded the isomeric
2,3-cyclopropano-v-lactones 3b and 4b (12%), the reduced product
9 (7%), and the phosphite ylide 10b (30%). Triethyl thiophosphate
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and triethyl phosphate are also formed in the reaction. The
stereochemistry of the cyclopropane was assigned on the basis of
the chemical shift of the methine proton; thus, the methine in 4b
is deshielded by 0.21 ppm by the thione group, relative to the
methine in 3b. In the pathway 8 — Sb — 6b the carbene in-
termediate inserts intramolecularly to form 3b and 4b or reacts
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syringe pump.
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with excess triethyl phosphite to form the ylide 10b. The reduction
product 9 probably arises via reaction of 6b with solvent.
Regarding the mechanism for the formation of penem 1b, we
propose that the carbene in 6b adds intramolecularly to the thione
group'* to form an intermediate episulfide 11. Since episulfides
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are readily desulfurized to olefins by triethyl phosphite,! the
second molecule of the latter reagent used in the reaction de-
sulfurizes 11 to form 1b. The fact that 1b is the major product
when the reaction is run according to the conditions described
earlier' implies that, among the pathways available for the carbene
in 6b to react, the rate of addition to the thione group is fast
provided the intermolecular process leading to 10b is physically
controlled by adjusting the rate of addition of triethyl phosphite.

On the basis of precedents, there are two other possible
mechanisms for the cyclization reaction. One of them involves
an ylide intermediate 12. Cyclic trithiocarbonates react quan-
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titatively with triethyl phosphite to generate phosphite ylides.!¢
Conceivably, if the oxalimide 3 had reacted according to this
precedent to form 12, the ylide could undergo an internal Wittig
cyclization at the reactive oxalimido carbonyl to form 1b.
However, the intermediacy of 12 was ruled out on the basis of
the stability of trithiocarbonates 3b, 4b, and 9 to further reaction
with triethyl phosphite. The other mechanism is an intramolecular
Wittig cyclization involving the phosphite ylide 10b, which was
isolated as a major byproduct of the reaction. No penem 1b
formation was detectable when a solution of 10b was heated under
the present reaction conditions.

In conclusion, the above described oxalimide cyclization reaction
offers many advantages over Woodward’s phosphorane cyclization
for the synthesis of penems.!’
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Resistance to transport of ions across membranes, classically
studied by dc resistance! and ac impedance methods,? is influenced
by many factors, including the ion size, charge and concentration,
the presence of carrier species (i.e., antibiotics in lipid bilayers),
and of course the nature of the membrane. A membrane can be
fabricated to have certain characteristics such as low resistance
to transport of small ions and high resistance to large ions
(dialysis), but once prepared, the membrane characteristics are
fixed. Until now, no membrane has been devised whose resistance
to ion transport between two contacting solutions could be varied
in situ without altering the contacting solution conditions such
as changing pH or adding carrier species. We report here de-
velopment of a membrane in which the ionic resistance as mea-
sured by impedance methods can be dynamically varied by
electrochemical control of redox states within the membrane.

Ion movement through membranes containing fixed ionic sites
is dependent on the nature and number of such charged sites;
changing these factors will change the membrane ionic resistance.
If the charge on an ionic polymer site is altered by an electro-
chemical reaction, such an electrochemical reaction can be made
the basis for changing the membrane resistance. The most drastic
effect is expected on going between charged and neutral mem-
branes. Poly(vinylferrocene), poly(tetrathiafulvalene), and
poly(pyrrole) are examples of redox polymers whose films, de-
posited on solid electrodes, can be cycled electrochemically between
charged-site and neutral states. All of these materials show
electrochemical evidence of ion exclusion upon reduction to the
neutral polymer.*® Impedance measurements® of a film of
poly(pyrrole) electrochemically polymerized onto platinum show
that the neutral (reduced) polymer has a much higher resistance
in 1.0 M aqueous KClI solution than the charged (oxidized)
polymer.

The preceding films*-¢ were deposited on solid, nonporous
electrodes. If a porous electrode is instead embedded inside a redox
polymer membrane, and this membrane/electrode is used to
separate two pools of electrolyte solution, control of the ion flow
through the membrane can be achieved by control of the polymer
redox state. To demonstrate this, we used a gold minigrid sheet
(Buckbee-Mears 2000 Ipi), epoxied between two glass slides
predrilled with 0.24-cm? area holes, as the porous electrode and
electropolymerized poly(pyrrole) as the redox membrane. Anodic
polymerization of pyrrole as described by Diaz® (except with 0.1
M TEAP instead of 0.1 M TEABF, as supporting electrolyte)
was carried out for ca. 6 min to fill the holes in the gold minigrid
with polymer as seen by optical and scanning electron microscopy
(total thickness ca. 15 um). The resulting freshly prepared
electrode/membrane was mounted in the cell (see Figure 1), and
the change in its in-phase impedance at 2 Hz (which is propro-
tional to the ionic resistance) was monitored by using two large
area Pt electrodes (a) and a PAR HR-8 lock-in amplifier. As
shown by Buck and co-workers,? a cell like this with pools of
non-redox-active ionic conductors (electrolyte solution) blocking
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