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A conformationally restricted analogue (5) of N®-acetyl-N®-hydroxyornithine and -lysine was synthesized. The synthesis features an efficient
acylnitroso hetero-Diels—Alder cycloadduct (1) ring opening with palladium(0) and methylnitroacetate.

Over the past several decades, the rise in antibiotic drugHydroxylation of the amino acids, followed by*-acetyla-
resistance has created an increasing need for new antibioticsion, gives theN“-acetyl-N°-hydroxyamino acid precursors
with new modes of action. When designing new antibiotics, necessary for the construction of the siderophores. The final
targeting metabolic processes specific to the pathogenicsynthetic step is carried out by the corresponding siderophore
microorganisms is highly desirable. One such process thatsynthetases. To gain further insight into this final enzymatic
is unique to microbes is the acquisition of metabolically process, and thus the entire biosynthetic pathway, a confor-
essential iron(ll) through the use of siderophor&idero- mationally restricted substrate analog&@ ¢f N“-acetyl-
phores are relatively low molecular weight iron chelators N®-hydroxylysine and -ornithine was constructed.

that are secreted by microbes and used to obtain iron(lll) The synthesis of the conformationally restricted substrate
from the environmert:® Siderophores generally employ two  analogues began witk-acetyl hetero-Diels—Alder derived

or three iron-chelating moieties such as catectwlsydroxy cycloadduct1.** We'> and other¥1” have shown that
acids, or hydroxamic acids. Because siderophores are vitalcycloadducts such a& are prone to reaction with Pd(0),

to a microorganism’s acquisition of iron, fully understanding

their biosynthetic pathway could lead to the development of (9) Leong, S. A.; Mei, B.; Voisard, C.; Buddle, A.; McEvoy, J.; Wang,
; Xu, P.; Saville, BThe Development of Iron Chelators for Clinical Use

new antibiotics with novel modes of action. Bergeron, R. J., Brittenham, G. M., Eds., CRC Press: Boca Raton, 1994;
The biosynthesis of many amino acid based siderophoresp 187.

10) DelLorenzo, V.; Bindereif, A.; Paw, B. H.; Neilands, J. B.
such as ferrichrome, rhodotorulic acid, and aerobactin beglnsBaf:teZ,m 1986, 165, 570.

with the corresponding amino acids (Scheme&1j.Ne- (11) Gross, R.; Engelbrecht, F.; Braun, Mol. Gen. Genet1985,201,
204.
(12) Murray, G. J.; Clark, G. E. D.; Parniak, M. A.; ViswanathaCan.
(1) Neilands, J. BAnnu. Rev. Biochenl981,50, 715. J. Biochem1977,55, 625.
(2) Lankford, C. E.CRC Crit. Rev. Microbiol1973,2, 273. (13) Parniak, M. A.; Jackson, G. E. D.; Murray, G. J.; Viswanatha, T.
(3) Crosa, J. HAnnu. Rewv. Microbiol1984,38, 69. Biochim. Biophys. Actd979,569, 99.
(4) Neilands, J. BAnnu. Rev. Microbiol1981,36, 285. (14) Cycloadduci. was prepared as previously reported: Mulvihill, M.
(5) Roosenberg, J. M.; Lin, Y. M.; Lu, Y.; Miller, M. JCurr. Med. J.; Gage, J. L.; Miller, M. JJ. Org. Chem1998,63, 3357.
Chem.2000,7, 159. (15) Mulvihill, M. J.; Surman, M. D.; Miller, M. JJ. Org. Chem1998,
(6) Emery, T. F.Biochemistryl966,5, 3694. 63, 4874.
(7) Ong, D. E.; Emery, T. FArch. Biochem. Biophys972,148, 77. (16) Miller, A.; Procter, G.Tetrahedron Lett1990,31, 1043.
(8) Siegmund, K.; Platter, H. J.; Dickmann, Biochim. Biophys. Acta (17) Cowart, M.; Bennett, M. J.; Kerwin, J. F., Jr.Org. Chem1999,
1991,1076, 123. 64, 2240.
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inducing cycloadduct ring opening at the-O bond to afford
cyclopentenyl hydroxamic acids. Indeed, treatment of cy-
cloadduct 1 with methyl nitroacetate and Pd(0) in the
presence of CuS@ gave the 1,4yrt® amino acid precursor

amine in a combined vyield of 4998.Hydrolysis of the
methyl ester with lithium hydroxide gave a 91% yield of
carboxylic acidd. Removal of the benzyl and Cbz protecting
groups and reduction of the cyclopentenyl olefin were carried

2in 70% yield (Scheme 2). To our knowledge, this represents out simultaneously under hydrogenation conditions to form

Scheme 2
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N°-acetyl-N°-hydroxyornithine and -lysine

the most efficient example of ring opening of this type of
cycloadduct with Pd(0) and a carbon nucleophile. Prior to
unmasking the amino acid functionality through a titanium-
(li-mediated nitro reduction, the hydroxamic acid required
protection to avoid reduction of itsNO bond. Remarkably,
even in the presence of several other reactive centes in
protection of the hydroxamic acid was achieved. In addition
to some minor alkylation and decarboxylation byproducts,
protection of the hydroxamic acid was completed in 53%
yield to give O-benzyl hydroxamat8.

Reduction of the nitro group with titanium(lll) and sodium
borohydride was followed by Cbz protection of the resulting
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the desired conformationally restricted siderophore compo-
nent analogue5 in quantitative yield as a mixture of
diastereomers at the-amino (C-2) position.

Analogue 5 will be a valuable tool in studying the
biosynthesis of siderophores. The effects of some other
substrate analogues on aerobactin synthetaseAsuobacter
aerogenes$2-1 have been investigated, and all of tife
acetyl-N-hydroxylysine analogues were found to be sub-
strates for the synthetase enzythddowever, all of the
analogues were also linear and closely resembled the parent
Né-acetylN¢-hydroxylysine. By creating a cyclic, conforma-
tionally restricted analogue (5), the specificity of the aero-
bactin synthetase enzyme can be tested further. Additionally,
substrate analogugmimics not onlyN¢-acetylN¢-hydroxy-
lysine but alsd\’-acetyl-N-hydroxyornithine, allowing for
research into ornithine-based siderophore synthetases, such
as ferrichrome and rhodotorulic acid synthetases. The use
of substrate analogug in the investigation of siderophore

(18) Ten mole percent of CuSQvas used in the reaction. When a
stoichiometric amount of copper was used, the yield was somewhat lower
at 62%. In both cases, the copper salt did not completely dissolve, indicating
a catalytic role of the copper. Although the exact role of Cuy®Qhe ring
opening reaction is unclear, in the absence of copper, lower yields of
hydroxamic acid? were obtained.

(19) Thesyn-stereochemical assignment was based upotHH¢MR
coupling pattern. The C(5) methylene protons of 1,4-disubstituted cyclo-
pentene systems have a very characteristic coupling pattern. The C(5)
protons ofsyn-1,4-aminocyclopentenols have a characteristic overlapping
ddd pattern, with approximat&values of 3.9, 3.9, and 14.7 Hz and 7.8,
7.8, and 14.7 Hz for theis- andtrans-methylene protons, respectively.
There is normally a difference in chemical shift ranging from 0.8 to 1.3
ppm between each respective C(5) proton. The C(5) protomsfl,4-
aminocyclopentenols have a characteristic ddd pattern, with approximate
values of 3.9, 7.1, and 13.6 Hz with a smaller chemical shift, ranging from
0.2 to 0.35 ppm between the two C(5) protons. Hydroxamic adids the
following H NMR pattern: 6 1.66 (overlapping ddd) = 5.7, 5.7, 13.5
Hz, 1H) and 2.35 (overlapping ddd,= 8.4, 8.4, 13.5 Hz, 1H), clearly
displayingcis-coupling.

(20) Zhang, D.; Miller, M. JJ. Org. Chem1998,63, 755—759.

(21) Appanna, V. D.; Viswanatha, FEBS Lett.1986,202, 107.
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biosynthesis will be reported in due course. With a greater Center at Notre Dame for NMR facilities, Dr. W. Boggess
understanding of the biosynthesis of siderophores (obtainedand N. Sevova for mass spectrometry facilities, and Maureen
through the use of substrate analogues sud) asmes the  Metcalf for assistance with the manuscript.

possibility of finding new metabolic targets for much needed

novel antibiotics. Supporting Information Available: Experimental pro-
cedures and characterization data for prod@et®. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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