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Abstract: Stereoselective total synthesis of mugineic acid, a unique phytosiderophore from roots of 

barley, has been achieved from (2R,3R)- and (2S,3S)-2,3-epoxycinnamyl alcohols employing the 

phenyl group as the carboxyl synthon. 

Mugineic acid (1) is a typical phytosiderophore that is excreted from roots of barley and promotes 

uptake and transport of iron in higher plants. 2 Interestingly, it has been reported that mugineic acid 

exerts an inhibitory effect against angiotensin-converting enzyme.2c Although the synthesis of 

mugineic acid (1) has been reported from our laboratories, 3~~15 their synthetic routes are not suitable 

for the large scale production of 1 because of their low yields and selectivity. We now report an 

efficient total synthesis of 1 which started from readily available (2R,3R)- and (2S,3S)-2,3- 

epoxycinnamyl alcohol& (5 and 11) employing the phenyl group as the carboxyl synthon. 

The retrosynthesis is outlined in Scheme I. Mugineic acid can be synthesized by coupling of the 

three fragments using reductive N-alkylation reaction. 7 The fragments 3 and 4 will be prepared from 

(2R,3R)- and (2S,3S)-2,3-epoxycinnamyl alcohols, respectively. 8*9 Conversion of the phenyl group 

to the carboxyl one can be achieved by oxidation with ruthenium trichloride-sodium metaperiodate.lO 
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Preparation of the 5-hydroxyhomoserine fragment is outlined in Scheme II. Treatment of 

(2R,3R)-2,3-epoxycinnamyl alcohol (5) with sodium axide according to the literature8 afforded the 

azido alcohol 8, [cz]~~D - 179.0” (c 0.88, CHCl3), in quantitative yield. Reduction of the azlde group, 

protection of the amino group with 2,2,2-trichloroethyl chlorocarbonate (TrocCI), followed 
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(a) NaN3, NH4CI, MeOH, H20, 7O”C, 10h. (b) 10% Pd-C, HC02NH4, MeOH, rt, lh. (c) TrocCI, 
KHC03, EtOAc, H20, rt, lh. (d) Ac20, DMAP, pyridine, CH2Cl2, rt, 19h. (e) RuCl3, Nal04, EtOAc, 
CH3CN, H20, rt, 24h. (f) 0-tert-butyl-N,N’-diisopropylisourea, t-&OH, CH2Cl2, 50=X, 6h. (g) 
E$N, MeOH, H20, -2O”C, 3h then 0°C. 2h. (h) TBSCI, DMAP, Et3N, CH2Cl2, rt, 20h. (i) MOMCI, i- 
Pr2NEt, CH2Cl2, reflux, 17h. (j) AcOH, H20, rt, 24h. 

by acetylation of the hydroxy group 1 1 afforded the fully protected phenylamine 7. [a]25D - 34.0” (c 

1.19, CHCl3), in 93% yield from 6. Oxidation of the phenyl group with ruthenium trichloride-sodium 

metaperiodate was performed with the improved method12 of the literature,10 followed by 

esterification of the resulting carboxylic acid with 0-tert-butyl N,N’-diisopropylisoureal3 to give the 

8-hydroxyhomoserine t-butyl ester derivative 6, [a]26D + 8.2” (c 0.80, CHCl3), in 76% yield 

together with the overoxidation product 9, [a]29D - 13.4 (c 1.10, CHCl3), in 14% yield. Conversion 

of 8 to the alcohol 10 was performed in 4 steps. Deacetylation with triethylamine in aqueous MeOH, 

sequential protection of primary and secondary alcohols with t-butyldimethylsilyl (TBS) and 

methoxymethyl (MOM) groups, and desilylation of the TBS group afforded the alcohol 10, [a128D - 4.8” 

(c 0.89, CHCl3), in 68% overall yield from 6. 

Preparation of the aldehyde fragment 14, the right-hand constituent of 1, is summarized in 

Scheme Ill. Reductive ring opening of (2S,3S)-2,&epoxycinnamyl alcohol (11) was performed with 

sodium bis-methoxyethoxyaluminum hydride (Fted-Al),g then acetylation of the diol function 

Scheme Ill 
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(a) Red-AI, DME, 0°C 0.5h then rt, 4Sh. (b) Ac20, DMAP, Et3N, CH2Cl2, rt, 8h. (c) RuCl3, Nal04, 
EtOAc, CH3CN, H20, rt, 22h. (d) 0-tert-butyl-N,N’-diisopropylisourea, CH2Cl2, rt, 18h. (e) Et3N, 
MeOH, H20, -2O”C, 8h. (f) TBSCI, imidazole, DMF, 5O”C, 40h. (g) AcOH : THF : H20 = 9:1:2. rt, 20h. 
(h) (cOcl)2, DMSO, Et3N, CH2Cl2, -78°C --t 0°C 2h. (i) XI, NaHC03, dioxane. H20, rt. 16h. (j) O- 
ten-butyl diisopropylisourea, CH2Cl2, refiux, 8h. (k) 10% W-C, H2, EtOAc, rt, 1 h, then addition of 
AcOH (1 eq.). 
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afforded the phenyipropanoi derivative 12, [a]**D - 54.1’ (c 0.55, CHCi3), in 81% yield. 

Transformation of the phenyi group to the carboxyiic acid was performed via the same sequence of 

reactions described above (7 --f 8) to give the t-butyi ester derivative 13, [a]25D - 39.4” (c 1 .ll, 

CHCi3). in 80% yield. Hydrolysis of the acetyi group of 13, stiyiatbn of the dbi function with TBSCI, 

selective desiiyiation of the primary protective group, and Swern oxidation afforded the aidehyde 14, 

[u1*4~ - 37.10 (C 0.59, ciici3), in 52% yield. 

(S)-Azetidinecarboxyiic acid (2) was converted to its t-butyi ester in 3 steps according to the 

iiterature,14 which was transformed to the acetic acid salt 15, [a]24D - 37.S” (c 0.56, CHCi3), in 

85% yield from 2, as shown in Scheme iii. 

Construction of 1 from each fragment described above (10, 14, and 15) is outlined in Scheme IV. 

Treatment of the alcohol 10 under Swern oxidation conditions followed by reductive N-aikyiation with 

acetic acid salt 15 afforded an inseparable mixture of the key intermediate 16a and its C-2’ epimer 

16b in a ratio of 8:l in 81% yield (91% conversion yield ) along with recovery of the alcohol 10 in 

12% yield. Removal of the Trot group with zinc in acetic acid followed by reductive N-aikyiation with 

the aidehyde 14 afforded the protected mugineic acid 17, [a]24D - 47.2O (C 0.89. CHCi3), in 74% yield 

and its C-2’ epimer 18, [a]25D + 12.8” (c 0.69, CHCi3). in 9% yield after column chromatographic 

separation. Removal of ail the protecting groups of 17 with constant boiling hydrochloric acid in the 

presence of anisole followed by purification using Dowex 50W x 4 resin and ODS silica gel column 

chromatography afforded mugineic acid (1) mp 200 - 203°C (dec), [a]24D - 64.6 (c 0.43, H20), in 

92% yield. The synthetic mugineic acid (1) was identical with the natural one by comparisons of 

spectra.’ 6 

Thus, we have completed an efficient synthesis of mugineic acid (1) in 15 steps in an overall yield 

of 29%, based on (2Ft,3R)-2,3_epoxycinnamyi alcohol (5). The overall procedures will be suitable for 

the large scale production of the unique phytosiderophore 1. The methodology involving the use of the 

phenyi group as the carboxyi synthon will be useful for the synthesis of the other compounds of 

mugineic acid type.’ 7 
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(a) (COCi)2. DMSO, E$N, CH2Ci2, -78” C + 0°C. 2h. (b) 15, 1M NaBH3CN in THF, MeOH. 0°C 16h. 
(c) Zn, AcCH. THF, rt. 4h. (d) 14, 1M NaBH3CN in THF, AcCH (1 eq), MeOH, 0°C 3h then rt, Bh. (e) 
constant boiling HCI, anisoie, THF, rt, 40h. (f) Dowex 50W x 4 (H20 then 15% aqueous pyridine). (g) 
ODS silica gel, H20. (h) recrystallization from H20-EtOH. 
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