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Abstract - Both raccmic jasmonic acid r(z)-JA_7 and the naturally occurring 

(-)-cnantiomer [(-)-JA_7 have been reacted with aliphatic, aromatic as well as 
ncidic amino acids to form amide-linked derivatives. !i!he diastereoisomeric pro- 

ducts of (I)-jasmonic acid with C-Val, S-Leu, S-Ile, S-Phe, S-Trp, R-Val, and 

R-Bhe could be separated by silica gel chromatography. 'Che synthesized 
1!-(jesmonoyl)-conjugates have been struc+urslly characterized by W, 'H WUIR, IR 
and ORD. 

Introduction 

Investigations on the occurrence cf jasmonic acid and its methyl ester (JA-Me) 

have demonstrated that they are widely distributed in plants lW5. This new type 
of plant growth regulators 

% 
oasesses different biological activities when exo- 

genously applied to plants ". Furthermore, amino acid conjugates of JA and of 
related compounds have been shown to occur naturally l"-13. In order to study 
biochemical and physiological aspects of the JA conjugation, the availability of 
I?-(jasmonoyl)-amino acids is necessary. 

Bhytohormones carrying a carboqylic function, e. g. indole-3_acetic acid end 

gibberellins, are known to be derivatized with compounds containing amino groups 

by promotion with alkyl chlorooarbonatea and carbodiimides 14-17. Iaobutyl 
chloroformate, one of the most powerful reagents in the synthesis of amide 
bonds, was used to activate both racemic JA and its native (-)-form. In the 
following the synthesis and separation of diastereoisomeric R-(jasmonoyl)-oonju- 

gates of (S)- and (R)-amino acids as well as their structural characterization 
are described. 

Results and Discussion 

Bacemic JA was obtained by alkaline hydrolysis of synthetic (r)-JA-Xe and subse- 
quent chromatography with solvent A. Purified (t)-JA was activated with iao- 
butyl chloroformate and triethylamine in tetrahydrofuren at -10' C for 1 h. The 
aminolysis of the resulting mixed anhydride with the lithium salts of S-Val, 
S-Leu, S-Ile, S-Phe, S-!Prp, R-Val, R-Phe, S-Asp, and S-Glu in aqueous THF at 
4' C for 5 h afforded o. mixture of the diastereoisomeric conjugates of the a 
and b type (Fig, 1). Enantiomerically pure (-)-JA was activated by the same 
procedure followed by the aminolgsis with S-alanine methjil ester and 
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S-tyrosine ethyl ester in the presence of triethylamine to give the correspon- 

ding conjugates z and z (Fig. 1). 

N-U+l-jasmonoyll-S-vaina 

N-[I-I-josmcmoyll-S-M,ne 

N-Wkjasmonoyll-S -leucine 

N-Cl-t-j~monoyll-S-leucinc 

N-Ll*bjosmonoyll-S- isolewme 

N-t(-)-~yll-S-iso(euclm 

N-Cl+jo- yll-s -phenylolanIn 

N-II-)-~sm~noyll-S-phCnylMomna 

5_0 N-t(T)-jo~monoyll-S-try~~n 

52 N-[I-l-j~~~~noyll -S-tryptaphan 

fa N-[W-jasmonoyll- R- phenylalonre 

62 N-t(-I-)~~lI-R-p~ny~lan~ne 

70 N-W-jasmcmoyll-R-volme 

7_b N-U-I-)cnwmnoyll-R-valme 

8 N-ti?l-~asmonoyll’S-arpartr acti 

p N-(I~)-~yll-5-g,ul(rmrc acid 

10 N-U-I-@smWyll-S-Olanv* methyl ester 

1, N-ll-bJWW”,yl,-S-tyrDslne ethyl .3fkr 

FIR. I: Synthesis of diastereoisomeric %J-(jRsmonoYl)-amico acid CoWGateS 

The diastereoisomeric mixture of each conjugate obtained after evaporation of 

the organic solvent and partitioning the aqueous concentrate at pH 3-4 with 

chloroform were applied onto column chromatography with silica gel. 3y repente:! 

chromatography a gepaxation of the N-r(+)-jasmonoyl_jl- and the 
Y-r(-)-jasmonoyl_jr-amino acid conjugates In/b - m vzs acchievcd using 

colvent B, Under these chromatographic conditions, the (+)-diastereomers &, 

2, 2, &, and 2 were eluted before the (-)-diasteroomers lb, 2b, 2, 2, and 

$_* Ihe elution behaviour of the diastereoiaomeric compounds m and 7a/b was 

found to be reverse. The (-+)-JA conjugates 2 end 2 with the acidic amino acids 

S-Asp and S-Glu, respectively, were purified by silica gel chromatography 

using solvent D. The N-[(-)-jasmonoyl-7 -S-amino acid esters E and 11 were 

chromatographed on silica gel tith solvent ayotems C and E. .The purified and 
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separated compounds were crystallized from either chloroform-n-hexane (la, 3 

2, 5, 2, 2, 2, 2, z) or et41 acetate-n-hexane (4a, 4b, 5a, z, &, &), 
see Table 1. 

The efficiency of the chromatographic separation on silica 
purity of the products were checked by reverse-phase HPLC 
Pig. 2). 

Pig, 2: IIPLC of dinstereoisomeric X-jasnonoyl-conjugates (see Experimental) 

In order to confirm the stereochemistry of the JA moiety of the synthesized 
conjugates the optical rotary dispersion has been measured in methanol. As 

expected, all (-)-Jh conjugates show a negative Cotton effect with extrema at 
314-316 VW and 268-276 nm for the carbonyl chromophore (295-300 nn), whereas 

the (+)-;a conjugates are characterized by a corresponding positive Cotton 
effect with the same extrema (see Tab. 1). 

The mass spectral fragmentation of the synthetic K-(jasmonoyl)-amino acid 
derrvatives la-11 ia shown in figure 3. -- 

As given In !i?b, 2, the positive ion mass spectra I9 (10-16 ev) of all compounds 
investigated yield a [h-7'*- ion together with fragments originating from 
[IW$O_TC*- and f%-HCO2ft7 +*-ions, The fragment ions a, (b-H), (e+H), (c-h), 

and i/(i+H) corrprise the jasmonic acid moiety, whereas the ions at (f+H), 

(h+2H), (k-H), m, and (n+H) contain the amino acid residue. 
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On the contrary, the negative ion mass spectra (2-4 eV)20 of la-11 exhibit a -- 
CM-l-7'-ion, which in the cases of 2, 2, &, and&b represents the base peak 
(see Tab. 3). In addition, some resonance-stabiiiee! negative ions 21 of type 
f-b _7', re -7'; fi=7EI_7-, and [k-H 7" are observed. The leucine, trypto- 
phen, and glutamic acid derivativea 2, 2, and 2, yespeotively, show a signifi- 
cant ion at m/z 234 originated by loss of R3 from the [&HCO2R'_7-*-ion (see 

Fig. 3). 

ba 
i 

C 

h 

Fig.A General fragmentation pattern of PJ-(jasmonoyl)-amino acid conjugates 

This ion representing M loss of isopropyl in & and 2 also appears in the cor- 
responding positive ion mass spectra, It should be mentioned that an ion at 

m/z 234 cannot be observed in the spectra of the isoleucine conjugates 2 and 

2 because of structural reasons. The negative ion mass spectra of the leuclne 
and isoleucine compounds show remarkable differences from each other. !?hile 

in 2a and 2 the resonance-stabilized ion o-. 4 the +ype [h-m-7' at m/z 126 re- 
presents the base peak, the r&1_7=ion is the base peak of the isoleucine 

derivatives 2 and 2 (see Tab. 3). 

Selected '11 IWR data of the X-(jasmonoyl)-amino acid esters are given in 
Table 4. 

Rxperimental 

Eaterials 

(-f)-JA-he was purchawed from Firmenich (Geneva); isobutyl chloroformate from 
Merck (Darmstadt); Amberlite IRC-50 from SERVA (Heidelberg); S-valioe (S-Val), 
S-leucine (S-Leu), S-phenylalanine (S-Phe), S-aspartic acrid (S-Asp), S-glutamic 
acid (S-Glu), R-Val, and R-Phe from Reanal (Rudapest); S-isoleucine (S-Ile), and 

S-tryptophan (S-Trp) from Elerck; S-alanine methyl ester (S-AlaXe), ar,d 
S-tyrosine ethyl ester (S-TyrOZt) frcm SCRYA; silica gel 50 0 for TLC erld 
silioa gel 60 (0,063_0.2 mm) for CC from Merck, Tetrahydrofurcn (TXF) was 
freshly distilled;all other solvents were redistilled before use. (-)-JA has 
been isolated from the fu=Js Botry odiplodia theobromae by 11.-a. XnEfel according 
to 2'. 



Synthesis of Ntia~~oyi)~no acid conjugates 5805 

Hethode 

The following solvent systems were used for both TLC (20 x 20 cm9 0.3 mm) and 

column ahromatography (CC)t 

A n-hexan%-BtOAa-HOlla = 60 t 40 t 1 (v/v) 
B CHC13-BtOAo-HOAo ~14: 681 " 

C CHCITEtOAo-HOAo =17: 3tl II 

D CHClpRtCAo-HeO =12r 3t5rl " 
E n-hexan%-BtOdc - 2: 3 " 

For analytical deteutlon the TLC plates were eprayed with aniealdehyde reagent 

and heated for 5 - 10 miza at 120' C 22. 

MS: The positive (10 - 16 eV) and the negative (2 - 4 eV) ion maa% spectra were 
obtained with an electron attachment ma86 epectrograph built by the Reeearch 
Inetitute %fanfred van AMennet, Dreaden, 

!l%e 'H BXR spectra mere reoorded on the Bruker epebtrometer WP 200 at 200,13 MRp. 
The chemical ehifts were meaerrred ueisg tetrauethyleilane (TMS) aa the internal 

standard. 

IR: Speoord 75 IR (VEB Carl Zeiee, Jena), The epeotra were recorded in KBr disc% 
(& - a) and CHC13 (u)* The preeence of aharaoteriatia fuxkctione was con- 
firmed by the expected adaorptioaa at 3450 - 3300 mu-' (OH), 1790 - 1750 otn-' 

(Petone, e%terzl 1710 - 1690 cm-' (aoid), 7620 . 1610 d’ (amide), and 
1560 - 1530 cm (amide). 

The melting points were determined on a Boetiue hot-&age microecope and are 
cerrected. 

ORBt Cptioal rotation curve8 were recordedby a Jasco ORB/TJL5 epeotropolarimeter 

in methanolic solution at room temperature. 
The specific rotations were determined in methanol. 

RPLC: Analytical HPLC was performed with an Hewlett Packard 1090 fitted with a 

4 x 200 ma MCS (RP EL)-column (0,005 mu). Solvent t XeCH-E20 (0.1 % H3PC4) 
= 40 t 60 (v/v), 1 nrl a&x?, detection at 210 nm ~photo~ode~)~ 

IWdrolyeia of (f)-JA-Me 

500 mg (2 mmol) eynthetio (f)-JA-Me diesolved in 5 ml BBeOH were heated under 
refluz with I H BaOH (10 ml) for t h. After evaporation the aqueous phase waa 
adjusted to pH 3 - 4 with 2 B HCl and extracted five times with 5 ml CRC13* 
The residue of the oombi.ned and evaporated organic phase% wae purified on silica 

gel chromatography wing solvent A, The fraction% were teeted by TLC (eystema A 
and B). The fraotione containing the (g)-JA were colleoted, evaporated and dried. 

Preparation of the amino acid lithium salts 

Aqueoue eolutione of the (S)- and (R&amino aaide (4 mmol) were eubjeoted to 

Amberlite -50 (25 ml gel, Li+-form), The Li-ealts of the corresponding amino 
aaid were elated by uaahi.n& with 50 ml H20. The eluatea were lyophilleed and 
etored at 4' C. 
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Geueral procedure of the synthesie of the conjugate0 1 - 2 

Purified (-+)-JA (210 mg, 1 mmol) was diesolved in 5 ml dry m oontaining 
0.15 ml (1.08 ussol) triethylamine~ Under stIrrIng at -10’ C, 0.14 ml (1.07 -1) 
lsobutyl chloroformate were added. After 60 min the preoipitate was filtered 

off. !l!he filtrate was mixed with a solution of 3.5 mm01 amino sold lithium salt 
in H20 or aqueous ICHF at 4’ CL After stirring for 5 h the reaction mixture was 

diluted with 15 ml H20, evaporated, and the aqueous conoentrate acidified to 

PH 3 - 4$ filtered and extracted with 10 x 10 ml CHC13. The oomblned organio 
phases were taken to dryness. The residue was submitted to silloa gel chromato- 

graphy (100 g, 15 x 950 nun) using the solvent systema B (ooujugatee i - 1) aud 
D (compounds g and x), respectively. The recrhrouatographed diaetereomers & - z 
were erystallised from CBC13-n-hexaue (JA oonjugatea of Val, Leu, Ile) or EtOAo- 

n-hem (oonjugatea with l?he and l!rp). 

Synthesis of the conjugates g and 11 

87.6 ug (0.417 mmol) (-)-JA were aotivated tith 0.446 mu01 lsobutyl ohlorofonmte 

and 0,451 mm01 triethglaulne in dry !l!HF as described for &-JL The filtrated 
solution of the mixed auhydride was added to 1.5 muol S-amino aoid alkyd ester 

(155 mg S-AlaOMe or 313 ng S-!PyrOEt) dissolved in 4 ml l!BF contaiulng 0.25 ml 
triethylamlne and the solution stirred for 5 h at 4’ C. After evaporation the crude 

product was loaded onto a silica gel column (8 I. 900 mm) equilibrated In solvent 
C. The eluted fraotions containing the aoujugate were collected aud oonoentrated 

in vaouo. The reohromatography of the obtained residue on another silioa gel column 

(solvent E) yielded 88.9 ug s and 122 mg 2, reepeotively. The conjugate E was 
orystallised from CHCITn-hexane. 
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