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Abstract: A short anda novel approachfor synthesis of nicotianamine, 2’-deoxymugineicacid sad
relatedphytosiderophoreshas beenachievedthrough pcptideintermediates.Selectiveamide reductionin
the presence of ester functionalities by conversionto thioamide and subsequentdesulfurizationwith
Raneynickelwereemployedas key reactions. @ 1997Elsevier ScienceLtd. All rights reserved.

Phytosiderophores,for ex.(1-4), producedin higherplantsas ironchelatingaminoacidspromoteuptake

of iron fromsoil.] The roleof phytosiderophoresis significantin plant physiology and has led several groups

to synthesizethem.2~3A comprehensivereviewof the previoussynthesesis reported.3 Theaimof thecurrent

workwas to attempta novelapproachfor an efficientsynthesisof thesecompoundsviapeptideintermediatesto

a:l’fordstructurallydiverse phytosiderophoreswith sufficientamount of materialfor biologicalstudy. Our

synthetics~ategy tow~ds 3 and 4 is il]ustr-ated in scheme 1. It was anticipatedthat the amine6 could be

coupledto a suitablyprotectedL-asparticacidunit7 togivedipeptide. Selectivedeprotectionof R2groupin the

rwtdtingdipeptideand a secondcouplingreactionwithanotherprotectedunit of L-asparticacidor L-rmdicacid

unit8 to givetripeptide9.

1 Mugineic acid : X=Z=OH, Y=H 5 N-(3-Amino-3-carboxypropyl)
2 3-Epi-hydroxy mugineic acid : X=Y=Z=OH azetidine -2-carboxylicacid
3 2’-Deoxymugineicacid :X=Y=H, Z=OH
4 Nicotianamine :X=Y=H,Z=NH2

Amidecouplingwith

&
02R1
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9 (X= O or NH)
H02

Scheme1
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In all of the previous syntheses, reductivealkylationstep was adoptedfor the couplingof each amino

:Icidmoiety. Weassumedthat it shouldbe moreefficient andsimplerif the selectivereductionof amidegroup

of the tripeptide9 is realized. Selectiveamidereductionsin the presenceof esterswith, for exampleborane

reagentsareoften unselective.4 However,tides have indeedbeen converted to amines in tie p~~nce ‘f

boranesensitivefunctionalitiesby conversion to thioamidesfollowedby destdfurizationwith Raneynickel.5

Wehoped to extend this method to tripeptide9 and subsequentdeprotectionof resultingdiatrtinetriesterto

:Iitrnishthedesiredphytosiderophores.

Basedon this strategywe successfullypreparedthenicotianaminemodelcompound22 (seeref. 15). We

[henmovedonto synthesis of N-(3-arnino-3-carboxypropyl)azetidine-2-carboxylicacid 5 (Scheme2), which

was first isolated from the seeds of Fagus silvatica L which also containnicotianamine.& The known

compound 107 was hydrogenatedand the unstable crude product was treated immediatelyunder O-

l:xmzotriazolyl-N,N,N’, ZV‘-tetramethyluroniumhexafluorophosphate(HBTU)amidecouplingconditions with

theacid 119 to obtaindipeptide12. Thionationwith 2,4-bis(4-methoxyphenyI)-l,3,2,4-dithiadiphosphetane

;!,4-disulphide10(Lawesson’sreagent)gave correspondingendothiopeptide13. Desulfurizationof 13 by

reactionwith Raneynickel and finaldeprotectionwith TFA and Dowexpurificationfurnishedthe desired

product 5; [ct]~zo-79.67c 0.4, H20) [lit.&:[rxl~20-79”(c 1, H@), lit.&: IcxID-81.8”(c 0.06 %0)1. The

:pectralcharacteristicswerematchingwiththeliteraturedata. (39~o overallyieldin 5 steps)
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Scheme2
a) i) H2, Pal/C, EtOAC. ii) 11. HBTU, N-Ethylmorpholine, MeCN, 64%. b) Lawesson’sreagent,

C6H6, 55° C, 16 h, 72%. c) Raney nickel (W-2), EtOH, 50° C, 3h, 859’o.d) TFA & then Wwex

purification, quant.

The synthesisof nicotianaminewas carriedout as shown in Scheme3. Catalytichydrogenationof 10

andimmediatecouplingwith the known acid 141] gave dipeptide 15 in 69%yield. The hydrogenationand

couplingwith the acid unit 11 was repeatedto afford tripeptide16. The tripeptide 16 on reaction with

!I.awesson’sreagentgave 17 followedby desulfurizationwithRaneynickelfurnishedprotectednicotianarnine

andfinal deprotectionwithTFAand purificationon Dowex50Wx 8 resin affordednicotianamine(4); [ct]D20
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-47.4°(Ct3.5,H20) [lit.&:[~]~20 -45°(c 0.2,H20), lit.2: [ct]~28.5-43.4°(c 0.37, H20), lit.12:[CX]~24-51.7Tc

0.37, H20)]. The IH NMRand l~CNMRdatawerein full agreementwith thereportedvalues.(25.5% overall

yieldin7 steps)
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Scheme3

a) i) H2, Pal/C, EtOAc. ii) 14, HBTU,N-Ethylmorpholine,MeCN,69%.b) i) H2, Pal/C,EtOAc.ii)

11, HBTU,N-Ethylmorpholine,MeCN,82%.C)Lawesson’s~%ent, C6H6, go~, 5h, 74%. d) Raney

nickel (W-2),EtOH, 50° C, 3 h, 61?to.e) TFA& thenDowexpurification,quant.

Synthesis of 2’-deoxymugineicacid was realised accordingto Scheme 4. The dipeptide 15 was

subjectedto hydrogenationand couplingwith the acidunit 1813gave tripeptide19. The tripeptide19 was

convertedto the correspondingthioamideby Lawesson’sreagentand subsequentdesulfurizationwas achieved

with Rarrey nickel to afford protected 2’-deoxymugineic acid. Finrdly treatment with TFA and 1?ZOmethanolic

KOH solution at room temperaturefollowed by chromatographyon Dowex 50W x 8 resin gave 2’-
24-62.30(C 0.31, H20)I.~4.~al~_70.50, lit.2: [~lD

deoxymugineicacid (3); [cc]~24-720(C 0.32, H20)[ lit. .

Thespectraldatawere in agreementwiththeliteraturevalues.(26.57. overallyieldin 8 steps)

a) i) H2, pal/C, EtOAC. ii) 18, HBTU, WEthylmorpholine, MeCN, 85%. b) Lawesson’sr~gen6

C6H6, 80T 5h , 78%. c) Raney nickel (W-2),EtOH, rt-90 min. 61%. d) TFA, rt, 3h; 1% KOH,

MeOH, rt, 12h& thenDowexpurification,95%.
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In conclusion, we have developed a novel, simple and straightforwardmethod for the synthesis of

phytosiderophoresand demonstratedby synthesizingthree of the phytosiderophorefamily members. This

methodwill finda greaterapplicationfor thepreparationof analogousphytosiderophores.

Acknowledgements: SSK and HRA4thankJapanSociety for Promotion of Science(JSPS) formcial

support.
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While preparingthenicotianaminemodelcompound22 initiallywe protectedthe -COOHgroupswith

benzyl ester and failed to get desired product duringthe course of desulfurizationstep with Raney

nickel. Subsequentlytert - butylestergroupwas chosen.
1.Lawesson’sreagent,benzene,

W

‘z?+ 02 But 50”C, 17 h

2. Raney nickel,EtOH, rt,
NHBoc 90 ~in,

!
21 3. TFA & Dowexpurification
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