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REGIO- AND CHEMOSELECTIVE EPIMERIZATION OF cis-3-AMINO-[3-
LACTAMS TO THE trans-ISOMERS: A NEW SYNTHESIS OF AZTREONAM

Takeo Kawabata, Kazuhiro Itoh, and Tamejiro Hiyama*
Sagami Chermnical Research Center, 4-4-1 Nishiohnuma, Sagamihara, Kanagawa 229, Japan

The title isomerization reaction was effected with trifluoroacetic acid and shoun
to be applicable to the synthesis of an optically active monobactam antibiotic,
aztreonam.

Development of monobactam antibiotics!2 has stimulated much interest in the synthesis
and the biological estimation of 3,4-disubstituted B-lactams. To evaluate the structure-activity
parameter in particular,12 both 3,4-trans- and 3 4-cis--lactams are needed as the biological test
samples. Although considerable efforts have been focused on the synthesis of optically active
3,4-cis-3-amino-B-lactams,3 the trans-isomers have remained relatively unaccessible4 We
report herein a method for the synthesis of optically pure 3,4-trans-3-amino-f-lactams by regio-
and chemoselective epimerization of the corresponding cis-B-lactams. The novel epimerization
approach coupled with the cis-selective synthesis of monobactams’ allows us synthesize all
stereoisomers of monobactams.

In the course of the synthesis of a monobactam antibiotic carmonam,’ we studied the
hydrolysis of a t-butyl ester 1. After treatment of 1 with trifluoroacetic acid in dichloromethane
and then with excess diazomethane, we isolated the methyl ester 2 as the sole product in 89%
yield. The relative configuration of 2 was determined to be trans on the basis of J34 =2.0 Hz in
1H NMR spectrum.b Clearly the epimerization has occurred at C3 only.” Noteworthy is that
no epimerization at C4 was observed even though C4-H is expected to be more acidic than C3-H 8
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The substituent on the amide nitrogen slightly affected the equilibrium of the
isomerization. For example, epimerization of the racemic N-p-anisidine derivative 3 monitored
by TH NMR was not completed: at room temperature, the ratio of 3 to 4 (and reaction time) was
38:62 (6 h) and 28 : 72 (20 h); at the reflux temperature, the equilibration of 14 : 86 was attained in
5 h and did not shift further after 20 h (13 : 87).
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To test the functional group compatibility of the epimerization, we treated the N-benzyl-
oxycarbonyl derivative 59 with trifluoroacetic acid and then with excess diazomethane. Hereby
the corresponding methyl ester 6 only was isolated. Thus, an electron-withdrawing Z group on
the 3-amino substituent has totally inhibited the epimerization. Retention of the configuration
at C3 was observed again in the reaction of 3-benzyloxyazetidinone 710 with trifluorcacetic acid.
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The mechanism of the epimerization is proposed in Scheme I Protonation at

dibenzylamino group readily takes place to increase the acidity of C3-H over C4-H. Subsequent
intramolecular prototropy affords an enol form of the azetidinone. Tautomerization of the enol
gives thermodynamically favorable trans-B-lactam. It is worthy to note that triflucroacetic acid is
a pertinent Br¢nsted acid which causes enolization only at C3 with C4 configuration totally intact.
Trimethylsilyl triflate and sodium hydroxide (70 °C) induced random epimerization of both C3
and C4 chiral centers.11,12

Scheme 1
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The novel epimerization reaction leading to trans-B-lactams was applied to the preparation
of a key synthetic intermediate 14 of monobactam antibiotic, aztreonam!3 (Scheme In).
Commercially available (5)-1-phenylethylamine was transformed to a glycylglycine derivative 9
(77% overall yield). Dianion formation followed by oxidative coupling with N-iodosuccinimide
(NIS) gave, after chromatographic separation, cis-B-lactam 10 (43% yield) in an optically pure
form. Treatment of 10 with trifluroacetic acid in dichloromethane at room temperature and
then with excess diazomethane gave rise to a trans-B-lactam 11 in 81% yield. Removal of the
benzyl protecting group by catalytic hydrogenolysis14 followed by t-butoxycarbonylation gave 12
in 64% yield. Reduction of 12 with sodium borohydride in aqueous tetrahydrofuran, tosylation
of the resulting alcohol,!®> and subsequent substitution with iodide ion afforded an iodide 13.
The iodomethyl moiety of 13 was converted into methyl with sodium cyanoborohydride.
Finally, the chiral auxiliary was removed under the Birch conditions to afford the monobactam
intermediate 14 in 59% yield. [a]p?® -67.1° (c 0,14, MeOH) [lit,!3 [a]p?® -68.4°(c 2.8, MeOH)].
Other spectral data of 14 were fully identical with those reported.13
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In summary, 3,4-trans-3-amino-B-lactams are readily accessible through epimerization of
the corresponding cis-B-lactams. Salient features of the present method are high regio- and
chemoselectivity. Thus, trans-B-lactams were obtained without any loss of optical purity of C4
chiral center, and the epimerization reaction was successfully applied to the preparation of the
key synthetic intermediate 14 of monobactam antibiotic, aztreonam. In addition, the new
epimerization methodology presented here coupled with cis-selective B-lactam formation allows
us to prepare all the stereoisomers of 4-substituted 3-amino-B-lactams (e.g. 1, 2, 10, and 11).
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