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TOTAL SYNTHESlS AND ABSOUmCONfWURATtONOFf?HIZOBACTIN, 

A STRLtCTUR4LLY NOVEL SlDERopHoRE 

M. J. Smith 

Department of Chemistry, Columbia University, New York, N.Y. 10027, U.S.A. 

Summary: The actual stereoisomer of rhizobactin, hP-[2-[(R)-(l-carboxyethyl)aminoJ-ethyt]-~-(S)-(3- 
carboxy-3-)hydroxy- 1 -oxopropyi)-(S)-/ysine lg, has been synthesized and substantiates the wndusion that 
this siderophore is biochemically related to the pyruvk acid &ived opines. 

The recent isolationt and structure elucidations of rhizobactin, N*-[2-[(l-carboxy-ethyl)amino]- 

ethyl]-his-(S)-(3-carboxy-3-)hydroxy-1 -oxopropyl)lysine, from low-iron cultures of the Gram-negative, 

dinitrogen-fixing, phytosymbiotic bacterium Rhizobium meliloti DM4, disclosed a third general category for 

microbial siderophores (Gr. &dero - iron; phote - bearers). The compound’s ethylenediamine group is novel as a 

natural product and unprecedenred as a iigand in the siderophore series, which characteristically contain catechoi 

or hydroxamate groups.’ It was previously demonstrated that natural rhizobactin contains an L-malic acid 

constituent using a malii clehydrogenase assay on a hydrolyzed specimen. * However, determination of the absolute 

wnfiguration of the two remaining chiral centers and proof of the entire structure awaited total synthesis, which 

is reported in the following. 

It is pertinent that rhirobactin is biihemically related to other unusual Wsubstituted amino acids 

wiiectiveiy referred to as opines, insofar as its strain-qmcific synthesis and utilization is wncerned.t.5 A 

general class of imino add dehydrogenases generate a tie variety of such wmpounds via reducttve amination of an 

a-keio acid with an L-amino acid.8 By anakgy, rhizobactin can be regarded as being Mosynthesbed from 

reductive amination between pyruvic acid / giycine, giving rise to the ‘alanine” moiety, a second reductive 

aminatbn between glycine / lysine, and amidatbn between lysine I L-malii acid. As the stereochemistry of opines 

derived from pyruvic acid is DPt*,Ls~~ ddr the present synthesis employed D-aianine. L-lysine and L-malic 

add as the starting chiral materials. 

The complete synthetic scheme is depiisd below. The four subsections of the molecule (.I_, 5 I: and g) 

were coupled together via one amldatbn and two reductive aminations. The first half of the molecule, comprised of 

malic acid and lysine, was pIepared in the following way. Malic acid 3 was treated with trifluoroacetic anhydride 

to generate the trifluoroacetyl ester, cyclic anhydride, and the residue was dissolved in MeOH to produce the 

desired C-l monomethyl ester.9 This compound was treated sequentially with TBDMS-Cl I imidazole / DMF. 

followed by oxalyl chloride I DMF to provide the TBDMS-protected acid chloride. The acid chloride was treated in 

situ with f@BOC-Lys-OMe 2 to provide the lysyi-malate wuple 5 which was deprotected (CFsCOsH I CH&; HCI 

I MeOH) to afford intermediate 6. 

The second half of the molecule was prepared from acroiein diethyi acetal Z and alanine 9. Ozonolysls of 2, 

folbwed by vacuum diitillation. yielded diethoxyacetaldehyde 8. tt Reductive aminatbnl* of & [Ala-OMeHCi 1Q/ 

NaSHsCw provided the imino ester in good yield, which was protected with a CSZ group 11. Deacetalatlon of fi to 

the wrresponding aktehyde u was achieved by stirring with Ambertysl-15 in acetone. Finally, 12 and B were 

coupled via reductive aminatbn (NaBHsCN) to afford protected rhizobactin Xj. 
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Oeprotection of ti was accomplished in two steps: (1) hydrolysis of the methyl esters using KOO in 020 

(monitoring by ‘H-NW? spectroscopy): (2) hydmgenolysis of the CBZ 9roup using Hs / P&C. Synthetic 

rhizobactin u4) was obtained as its electdcally-neutral, inner salt complexs by passage over OEAE-Sephadex. 

However, the ease by which fully protonatsd rhizobactin,s or its trimethyl ester rearranges into dx-membered 

lactams, has complicated the complete removal of pyrldinium salts. Remedies to thll difficulty are under study. 

The ‘H-NMR spectra for synthetic and natural rhizobactin are virtually superimposable: the minor 6 

discrepancies of ca. 0.1 ppm for the three a-carboxy protons are either due to slightly different sample pi-l’s, 

pyridinium .salts in synthetic rhizobactin, or concentration differences. More importantly, mixing equivalent 

amounts of natural and synthetic rhiiobactin yiekfed a single set of proton resonances. 

The relative stereochemistry of the two unknown chiral centers thus must either be l)rra,L’vS or La’*,DlYs, 

thereby creating a “pseudo” Cs axis of symmetry and conferring chemical equivalence on the four methylene 

protons of the ethylenediamine constituent. In order to facilitate comparison of absolute configurations of the 

synthetic and natural specimen, it was necessary to introduce a chromophore close to the chiral center. N- 

Benzoates of secondary amines are not suited since they lead to rotational isomers, Le.. in the present case possibly 

to a total of 4 isomers. Rhizobactin was therefore converted into its readily accessible (but relatively unstable) 

bfs-N2,@-2,Cdinitrophenyl derivative: max (1:l MeCN / Hz0 + 0.1% TFA) 386 nm (e 2.09.104).ta The CO 

curves of the synthetic and natural derivatives were virtually superimposable; CO (1:l MeCN I Ha0 + 0.1% TFA): 

292&e-27), t%%(Ae+&), 380&E-12); the fact that the CD extrema do not coincide with the UV maximum is 

due to coupling between the two proximal chromophores. The absolute configuration of natural rhizobactin is thus 

established as being Dsta,Lty*,Lmatab. This result further substantiates the conclusion5 that rhizobactin is 

biochemically related to the opines, kr it conforms to the Ds k .L smino edd rule for pyruvlc acid derived opines. By 

analogy, the evident chelating activity of many opines srg9ests that they possess a hitherto unrecogfntzed biilcgtcal 

functkm, namely fron (metal bn) assimilation. Anally, the des@n of the above synthetic scheme should facilitate 

scale-up procedures. as well as the preparation of rhizobactin analoes, both essential to clarify the biological mode 

of action of this important siderophore. 

Experimental: NMR data was acquired on a Bruker WM-250 spectrometer operating at 250.13 MHz. NMR 

chemical shifts were calibrated against CDCis (7.24ppm) or external 2,2-dimethyl-2-silapentane-5-sulfonic 

acid (OSS. Oppm), as hdkated. FAB mass spectra were recorded on a VG analytical 7070 EQ using Xe gas and m- 

nltrobenryl alcohol (NBA) as matrix. UV measurements were performed on a Perkin Elmer 320 UV 

spsctrophotometer. CO spectra were recorded on a JASCO 5QOA spectropolarimeter driven by a JASCO OP 500N 

data process. Pertinent chemical data on selected compounds are provided below. 

Compound &- Cil,‘H-NMR (CDW: 4.6 (dd. J=8,7Hz, lH, a-H), 3.7 (s, 3H, Ct&e), 2.7 (m, J&,7Hr, 2~. p- 

CHa, 1.9 (2~. 18H. Si-t-Bu), 0.2 (s, 8H, SCCHs). 

Compound & Cff, ‘H-NMR (CDCl& 8.1 (m. 1H. NH), 5.1 (d. lH, NH), 4.8 (dd, J&fHz, fH, o-H), 4.3 (m, 

fH* o-H), 3.7 (28, 8H, CMe’s), 3.2 (m, 2H, t-CHs), 2.8 (m, J=5,7Hz, 2H, ~&cH~), 1.8 to 1.2 (fold, 15H, 5_, 

1”. and bCH$s, t-Bu). 0.9 (8, SH, Si-t-Bu), 0.1 (2s, BH, Si-CH3). 

Compound il. Ok. ‘H-NMR (CDCl3): (two conformers) 7.3 (m, 5H. phenyl), 5.1 (m, 2~. CH~), 4.8+4.5 (21, 

J&Hz, lb ~W. 4.4+4.3 (2q, J=7Hz, 1H. a-H). 3.8 to 3.3 (fold, SH, CCHs’s. NC&, DMe), 1.4 (t, 3H, CH3), 

1.2 to 1.0 (fold, 8H, W&z). 

Compound l2- oil, ‘H-NMR (CDCl3): (two conformers) 9.8 (2s. 1H. CHO), 7.3 (m, 5H, pheny)), 5.1 (2s, 

2H0 CH2), 5.0+4.8 (N J=7*, 14 a-H), 3.9 (m, 2H, NCHp). X7+3.8 (2s, 3H, ore), 1.4 (d, 7~. CH3). 
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Compound XI. Oil. ‘H-NW (CD%): (two conformers) 7.3 (m, 5H, phenyl), 6.1+6.0 (2s. 1H. NH), 5.1 (m, 

2H, CHp). 4.4 (dd, J=4,7Hz, a-H), 4.4+4.3 (2q, J=7Hz, a-H), 3.8 to 3.4 (fold, lOH, OMe’s, a-H), 3.2 (m, 

4H, NCHsCHsN). 2.8+2.6 (2m, 2H, e-CHs), 2.5 (m. J=4,7Hr, 2H, j%CHs), 1.7 to 1.2 (fold, 9H, j3-, y-, and S- 

CHs’s, CHs, J=7Hr). FABMS (NBA): 554 (M+H), 576 (M+Na). 

Synthetic rhlzobactfn, Compound 1p. rH-NMA (DsO. DSS): (pH oa. 2.5, 5 eq. of a pyrHC1 as contaminant) 

4.57 (dd, J=5,7Hz, lH, a-H), 3.9 (q, J=7Hz, lH, a-H), 3.8 (1, lH, a-H), 3.5 (8, 4H. NCHsCHsN), 3.2 (m, 2H, 

e-CHs), 2.7 (m, J=5,7Hz, 2H, j%CHs), 1.9 (m, 2H. fi-CHs), 1.7 to 1.2 (fold, 7H, T- and GCHs’s, CH3 J=irHz). 

Natural rhizobactin. ‘H-NW (DaO, DSS): (pH ca. 3.0) 4.44 (dd, Ja5,7Hz, 1 H, a-t-i), 3.8 .(q, Jm7Hz, lH, a- 

H), 3.7 (1, 1H, a-H), 3.5 (8, 4H, NCHsCHsN), 3.2 (m, 2H. &Hz), 2.7 (m. J=5,7Hz, 2H, j%CHs), 1.9 (m, 2H, 

j%CHs). 1.7 to 1.2 (fold, 7H, r and 6CH2’8, CH3 J-7Hz). 
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