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Summary: Access to optically active 3- and 3,4-substituted azetidinones and to
B-substituted amino acids is reported with applications in the area of monobactam
antibiotics.

As a group of medicinally important compounds, few if any have commanded the interest
of synthetic organic chemists as the S8-lactam antibiotics. The history of these
fascinating wolecules which spans close to half a century, is adorned with remarkable
achievements and milestone discoveries on several frontier areas of science. Nature
continues to produce novel types of highly bioactive B-lactam type antibiotics, thus
challenging the laboratory scientist in many disciplines. In response, the microbiologist,
the chemist and other experts in related fields have joined forces in their quest to conquer
these structures, with the discovery of innovative isolation techniques and ingeneous
synthetic strategies. Figure | 1llustrates the structures of several generations of
naturally-occurring 8-lactam antibiotics.
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The penicillins and cephalosporins have been subjected to a relentless barrage of
functional group and structural modification over the last several decades. Indeed, much
novel chemistry has emerged as a result of these l;udtes and the benefits to mankind have
been enormous. With the discovery of thienamycin,” a member of the carbapeneam group of
8-lactam antibiotics, and an egtselely potent antibacterisl agent, an enormous potential for
synthetic exploration emerged.”' Great efforts have been made in chemical modification in
order to obtain more stable yet equally potent analogs. On a parallel front, ingeneous
synthetic schepes have been devi!eg which have culminated in a number of elegant syntheses
of thienamycin” and its analogs.”' Structurally-related, but stereoche-lcglly different
analogs have -l’o been found in Nature as exemplified by the olivanic acids” and the
asparenomycins.
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As a result of deductive reasoning, the late R.B. Woodward proposed the structures of
the penems, in which the thiazolidine ring of the penicillgn nucleus was replaced by a A-2
thiszoline moiety.® After a series of elegant syntheses,” it was found that the penems
were endowed with nntiblctef&nl activity, even though the traditionally accepted N-acylamino
side-chain was not present.
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With the emergence of thienamycin, it was not surprising that the 6-a-(a-hydroxyethyl)
penems and thetrlgnllog- became targets for synthesis. Indeed, through the efforts of
several groups, > such new-breed, hybrid 8-lactam antibiotics have proved to possess
remarkable antibacterial activity.

The newest entrlfg in the arsenal of medicinally important B-lactam antibiotics are the
so-called monobactams (Figure 3). Their monocyclic structures baffled those who for years
maintained that the somewhat strained bicyclic structure of B-lactam antibiotices was a
prerequisite for antibiotic activity. Their structural simplicity, compared to other
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older members of this class of compounds, led to expeditious and efficient syntheses of the
3(S)-3-aminoazetidinone ring"’ and its analogs.

The nocr{dicins are another family of biologically active monocyclic B8-lactam
antibiotics. Several other newesostructures have emerged, including some with a cis
junction at the C-3/C-4 positions.

Soon after the discovery of the nocardlcins.zfe¥gral groups reported on their studies
directed toward the synthesis of this antibiotic.”" ' Sexsral workers have reported on
synthetic approaches to the 3-amino nocardicinic acids.2¥- Ring closure was effected by
intramolecular attack of a nitrogen atom on the terminal ggr?gnzgtom bearing a transient or
luitablz gff!xed leaving group. The Mitsunobu procedure,“”'*”’ ths Exgroxumate
method?® '?® and other neutral or base-catalyzed ring closure methods 1 to form
azetidinones have had & great deal of success. The monobactams and the 4-substituted
azetidinone derivatives have also been synthesized by the same ring c}gaure techniques,

particularly via O-alkyl-hydroxamates and hydroxamate sulfonic acids. This follows
initia] observations made with O-alkyl hydroxamic acid derivatives of B-hydroxy amino
acids. The NH hydrogen in these derivatives is much more acidic than in the case of

amides, hence its greater nucleophilic character during the ring closure processi With
other N-protecting groups, cyclization may also be accompanied by side-reactions such as
elimination (giving dehydroamino acids) or aziridine formation (Figure 4).

Figure 4
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Development of a Novel Leaving Group - Applications to the Synthesis of Monobactams.

As discussed above, it is clear that azetidinone formation by intramolecular attack of
an “"amide”-type NH onto the terminal carbon atom of a serine derivative for example depends
not only on the pKa of the NH group, but also on the nature of the leaving group on the
distal carbon atom.

Traditionally less emphasis has been placed on the development of leaving groups in
nucleophilic displacement reaction. In recent years, trig}atel have proven to be excellent
leaving groups, and many applications havs been reported. Recently, we reported on the
O-imidazolylaulfonate(imidazylate) group, 0 which by virtue of its structure and
functionality, presents a different notion of reactivity as a leaving group, bringing into
play, kinetic and thermodynamic parameters (Figure 5).

It therefore occurred to us that the imidazylate group might be an excellent leaving
group for the intramolecular formation of azetidinones. In this regard it was of interest
to see if an amide function could be used as an internal gxcleophlle without the unwanted
side-reactions of elimination and/or aziridine formation. As a prototype for this
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Figure 5
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thie reaction, we chose Nl'Cbz-L-urlne p-methoxyphenylamide (Figure 6). When treated with
sulfonyl (bi--lddnole)s in DMF containing !gdiul hydride, lnoo“ conversion into the
corresponding azetidinone took place at -40°, Oxidative removal®” of the p-methoxyphenyl
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group gave the knovn.” crystalline 3(5)-3-benzyloxycarbonylamino agzetidinone in good
overall yield. It was therefore evident that the imidazylate group was nicely suited for
this type of ring-closure in spite of the low nucleophilicity of the NH group of the amide.
It 1s also important to note that little if any elimination was observed under the
conditions of the reaction. Furthermore, no detectable epimerization had taken place at the
3-position. The same strategy has also been successfully applied for the synthesis of
3~aminonocardicinic acid in our laboratories, and other applications are undoubtedly
possible in this field.

An approach to the Monobactams from Carbohydrate Precursors

In examining the stereochemical features of 4-substituted uetldﬂnonel. and in relating
their functionsl characteristics to appropriate synthetic precursors, it occurred to us
that relstively easy access could be envisaged by considering open—chain, amino sugar
derivatives. We have prex&oully demonstrated the utility of carbohydrates in a formal
synthesis of thienaaycin.

Thue, by taking azthreonan®’’ as an initial target, we can see that the three carbon

atowms of the 8-lactam ring could converge with C-1-C-3 of 2-smino-2-deoxy-D-glucose
(Figure 7). Therefore, the main challenge resided in being able to effectively chain-extend
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from the aldehyde end, thus introducing the C-4 substituent as well as & locus for ring
closure. It was anticipated that a Grignard reaction might in fact prove to be
stereoselective, particularly in view of a Cram-type approach. Hg n the readily available
aldehydo derivative of 2~benzyloxycarbonylamino-2-deoxy-D-glucose’> was treated with various
Grigmrd reagents, preponderant to exclusive attack took place from the anticipated face of

;Mehyde carbonyl to give the corresponding B8~hydroxy amino sugar derivatives (Figure
8). In the case of the methyl derivative, a 4:1 ratio of {somers was obtained. The
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major product was correlated with authentic L-threonine. With ethylmagnesium bromide, the
corresponding ethyl derivative was obtained in a 9:1 ratio. The major isomer was then
transformed into the corresponding optically active 3-amino-4-ethyl azetidinone derivative
by a sequence involving introducton of a potential S-amino group 's s azide), oxidative
degradation of the polyol, and ring closure by the Ohno procedure (Figure 9). It should
be noted that a n mber of other B-lactam ring closure methods were attempted, but with
limited success." Also, the biologically active trans-3-(S)-N-substituted-4-(S)-ethyl-2-
oxo-l-azetidine-l-sulfonic scid is described as the DL-compound. Hence our approach
provides access to an optically active {mmediaste precursor.
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Figure 9
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Bulkier Grignard reagents gave higher stereoselection (~100:1) as is evident in the
case of phenylmagnesium bromide. In this case, oxidative de“adntlon should lead to
L-phenylserine, an amino acid which is not readily available ®.

The above described strategy uses a portion of the carbohydrate framerwork, its
inherent functionality and stereochemistry to control a new asymmetric center. It provides
easy access to B-substituted amino acids, with excellent stereochemical outcome. There is a
disadvantage in that three carbon atoms of the original carbohydrate (C-4-C-6) have to
be sacrificed during the oxidative degradation process which generates the
2,3-disubstituted-2~amino acids. However, in view of the fact that the starting sugar is
readily available and inexpensive, and the obvious synthetic applications, the burning-off
of two asymmetric centers can perhaps be tolerated in this case.
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