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Abstract; Monocyclic B-lactams 6 activated by a hydroxycyclobutenedione moiety have been
prepared as potential antibacterial agents from the natural amino acids, (L)-serine and (L)-threonine.
These B-lactams were devoid of useful antibacterial activity.

The discovery of monocyclic lactam antibiotics, such as the monobactams! (1) and lactivicin2
(2), resulted in intense research efforts directed towards the identification of unique antibacterial
agents, such as general structures 3 and 4, by the introduction of a variety of activating groups
containing an anionic substituent (X = OS03-, OCH2CO2", etc.) onto the monocyclic lactam
skeleton.3

RCONH R CH3CONH o O RCONH R RCONH v
N © /
N\ o N\ N

o SOy ° X ©
COy
monobactams lactivicin

1 2 3 4

X
Y= CH2, O efc.

We recently reponrted the synthesis and antibacterial activity of a-acylamino-y-lactams 5, whose

lactam amide is activated by the hydroxycyclobutenedione moiety.4 Cycloserine derivative 5a
exhibited weak antibacterial activity and limited chemical stability in aqueous solution,4@ whereas y-
lactam 5b showed a lack of antibacterial activity and good stability in aqueous solution.4b In this
paper, we describe the synthesis of a-acylaminc-N-(hydroxydioxocyciobutenyl)-B-lactams 6.
The hydroxycyclobutenedione unit in 6 is expected, by virtue of its electonegative effects, to activate
the lactam amide via delocalization of the lone pair on the ring nitrogen, while simultaneously serving
as the source of the anionic center. These two parameters are considered to be essential for the
manifestation of useful antibacterial properties in f-lactam antibiotics.3€,5
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The synthetic approach, which was successfully applied to the preparation of y-lactam 5b,4b
was considered initially for the construction of the B-lactam ring system. With the use of iodobenzene
bis(trifluoroalcetate),6 N-Boc-(L)-asparagine (7) was converted to B-aminopropionic acid 8, which
was treated, without purification, with bisallyl squarate 9 to provide B-
(allyloxydioxocyclobutenyl)aminopropionic acid 10,7 a potential synthetic intermediate for the B-
lactam synthesis. Attempted intramolecular acylation of this cyclobutenylamino acid 10 to B-lactam
11 failed under the conditions (dicyclohexyicarbodiimide (DCC)/CH2Cl2) which were successtul for
the y-lactam synthesis.4d Other conditions (e.g. DCC/N-hydroxysuccinimide/triethylamine,
(PhO)2PONg3 PPh3/2-pyndyldisulfide, N-methyl-2-chloropyridinium iodide) were also attempted
without success. Interestingly, the simple B-cyclobutenylaminopropionic acid 13,7 which was
prepared from B-alanine 12 underwent cyclization, using DCC/N-hydroxysuccinimide/triethylamine8
as activating agents, and furnished B-lactam 147 in 24 % yield.
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Because of the failure to generate a-Boc-amino-B-lactam 11 by an intramolecular acylation
process, an alternative synthetic approach was investigated. Successful realization of a-Boc-amino-
B-lactam 11 involved cyclization of the serine derivative 19 under Mitsunobu conditions,® a process
which was originally developed for B-lactam construction by Miller and co-workers.10

Protection of N-Boc-(L)-serine (15) with t-butyldimethylsilyl chloride afforded the O-silylserine
derivative 167, which was condensed with aminoallyloxycyclobutenedione 1711 using the DCC/N-
hydroxysuccinimide/triethylamine system, to furnish cyclobutenylamide 187 in 36 % yield. Removal of
the silyl protecting group with tetrabutylammonium fluoride produced the serine derivative 19.7,12
Because of the imide-like-NH of 19, it was considered to be sufficiently acidic!3 for intramolecular
alkylation to occur under Mitsunobu conditions.10 Cyclization to the a-Boc-amino-p-lactam 11,7.14
indeed, proceeded smoothly with the use of triphenylphosphine and diisopropyl azodicarboxylate
{DIAD) in THF. Removal of the Boc group in 11 was effected by treatment with trifluoroacetic acid
(TFA) and anisole to provide a-amino-N-{cyclobutenyl)-B-lactam 20 as a TFA salt, which was in turn
acylated with phenoxyacety! chloride to give a-acylamino-f-lactam 22a. The allyl group in 22a was
then cleaved using the Pd(PPh3)4-catalyzed deprotection reaction152 in the presence of N-
methylaniline15b to afford the target B-lactam 6a7 as a potassium salt, after purification on C-18
reverse phase silica gel. The corresponding 3(S)-aminothiazolylmethoxyiminoacetamido-B-lactam
6b7 was prepared similarly from 3-amino-2-azetidinone 20 by acylation with
aminothiazolylmethoxyiminoacetic acid active ester 2116 to 22b, followed by cleavage of the ally!
group. The aminothiazolylmethoxyiminoacetamido (ATMO) group was introduced as the C-3
substituent as this type of side chain is known generally to improve antibacterial activity in many f-
lactam systems.17

Since the clinically proven monobactam antibiotic, aztreonam 1 (R= 2-aminothiazolyl-4-yl-
methoxyimino-, R'=CH3) possesses an a-methyl substituent at the 4-position of the azetidinone, 1
introduction of the a-methyl group into the 4-position of N-(hydroxydioxocyclobutenyl)-2-azetidinone
was conducted with the expectation that it would improve the antibacterial properties of the system,
particularly against Gram-negative organisms.

The approach used for the synthesis of 6a was applied to Boc-(L)-threonine (23). The
allyloxydioxocyclobutene derivative 267 was prepared from Boc-(L)-threonine (23) in three steps via
intermediates 24 and 25.7 In contrast to the serine series, cyclization of the threonine derivative 26
under Mitsunobu conditions (PPh3 / DEAD) produced a noticeable amount of what appeared to be
(H-NMR) the dehydro compound 27 along with the desired B-lactam 28.7 The target 4a-methy!
analog 6c’ was obtained as a potassium salt from 28 by the same three step process (through 29
and 30) described earlier for the serine series.

The cyclobutenedione-activated §-lactams 6 were found to be more iabile than the y-lactam
5b4b but more stable than the cycloserine analog 5a42 in pH 7 buffer solution, T1/218 being about 3
days for 6a and 7 days for 6¢. However, these monocyclic B-lactams 6 did not possess any useful
antibacterial activity against a number of bacteria tested (e.g. Streptococcus pneumoniae,
Staphylococcus aureus, Escherichia coli).
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Reagents and Conditions:

i) tBuMe2$iCI/ Im / DMF (16 y 59%, 24. y.59%); ii) a) DCC / N-hydroxysuccinimide / CHoClo,
b) 17/ EtaN / CHoClp (18. y 36%, 25. y.12%); iii) TBAF-HOAC / THF (19" y.76%, 26" y.71%);
v) PPh3z / DIAD or DEAD / THF (11. y.35%, 28. y 26%); v) TFA-anisole ;

vi) PhROCH2COCI / EtgN 7 CHoClg for 22a and 30 ; compound 21/ EtzN / CH2Clo for 22b,
vil) a) Pd(PPh3)4 / CH2Clo / N-methylaniline, b) pH7 potassium phosphate buffer
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