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Abstract - Both racemic jasmonic acid /7(¥)-JA_7 and the naturally occurring
(-)~enantiomer / (-)-JA_7 have been reacted with aliphatic, aromatic as well as
acidic amino @cids to form emide-linked derivatives, The diastereoisomeric pro=
ducta of (i)-jasmonic acid with 0~Val, S=Leu, S-~Ile, S~Phe, S-Trp, R=-Val, and
R~Phe could be separated by silice gel chromatography, The synthesized
l-(jasmonoyl )=conjugates have been siructurslly characterized by IS, 1H NuiR, IR
and ORD,

introduction

Investigations on the occurrence cf jasmonic acid and its wethyl ester (JA-Me)
have demongtrated that they are widely distributed in plants 1'5. This new type
of plant growth reguletors Eossessea different blological activities when exo-
genously applied to plants "9. Furthermore, amino acid conjugetes of JA and of
related compounds have been shown to occur naturally 10"13. In order to study
biochemical and physiological aspects of the JA conjugation, the availability of
U=(jasmonoyl)-amnino acids is necesgsary.

Phytohormones cerrying & carboxylic function, e. g. indole=3-acetic acid end
gibberellins, are known to be derivatized with compounds containing amino groups
by promotion with alkyl chlorocarbonates and carbodiimides 14'17. Isobutyl
chloroformate, one of the most powerful resgents in the synthesis of amide
bonds, vas used to activate both racemic JA and its native (-)-form. In the
following the synthesis and separation of diastereoisomeric N=(Jjasmonoyl)-conjue-
gates of (5)= and (R)-amino acids ag well as their structural characterization
are described.

Rosults and Discussion

Lacemic JA was obtaired by alkaline hydrolysis of synthetic (i)-JA-Me and subse-
quent chrometography with solvent i, Purified (3)-JA wag activated with iso~
butyl chloroformate and triethylemine in tetrahydrofuran at -10° C for 1 h., The
aminolysis of the resulting mixed anhydride with the lithium salts of S-Val,
S-lLeu, U=-Ile, O-Phe, S~Trp, R~Val, R-Fhe, S-Agp, and S=Glu in aqueous THF at
4° ¢ for 5 h afforded ~ mixture of the disstereoisomeric conjugates of the a
and b type (Pig. 1). Lnentiomerically pure (~)=JA was activated by the same
procedure followed by the aminolysis with S~alanine methyl ester and
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S-tyrogine ethyl ester in the presence of triethylawine to give the correspon~
ding conjugates 10 and 11 (Fig. 1).

mixture of digsterecisomeric conjugotes
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Pige 1: Synthesis of diestereoisomeric N-(jasmonoyl)-emino acid conjugetes

The diagtereoisomeric mixture of each conjugate obitained after evaporation of
the organic solvent and partitioning the aqusous concentrate at pH 3=-4 with
chloroform were applied onto column chromstography with silica gel., By repeated
chromatography a separation of the N~-/~ (+)~jasmonoyl 7~ and the

¥~/ (=~)-jasmonoyl_7-amino scid conjugntes la/b - Ja/b vas acchieved using
gelyent B, Under these chrometographic conditions, the (+)-diasgtereomers 1la,
28, Ja, 48, and 5a were eluted bvefore the {(-)-diagtercomers l1bv, 2b, 3b, 4b, and
5be uie elution behaviour of the diasstereoisomeric compounda Sa/b and 7a/b was
found to be reverse. The (i)-JA conjugates 8 and 9 with the acidic amino acids
S=-Agp and S~-Glu, regpectively, were purified by silica gel chromatography
using solvent D, The N-[ (~)=jesmonoyl_7~3-emino acid esters 10 &nd 11 were
chromatographed on silica gel with solvent sygstems C and E, The purified and
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geperated compounds were crystallized from either chloroformen~hexane (15, 12)
28, 2b, 3a, 3b, 72, 7Tb, 10) or ethyl acetate-n-hexane (4a, 4b, 5&, 5b, 6a, 6b),
gee Table 1,

The efficlency of the chromatographic separation on gilica gel end the optical
purity of the products wexre checked by reverse-phase HPLC 1 (see Tab, 1 and
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Fige 2: HPLC of diasterecisomeric =-jasmonoyl-conjugates {see Experimental)

In order to confirm the stereochemistry of the JA moiety of the synthesized
conjugates the opticel ro¢tary dispersion has been measured in methanol, As
expected, 211 (=)-JA conjugates show a negative Cotton effect with extrema at
314=31F rr and 268-276 nm for the cerbonyl chromophore (295-300 nm), whereas
the (#)=Jn conjugetes are characterized by a corresponding positive Cotton
effect with the same extreme (see Tabe 1).

The mass gpeciral fragmentation of the synthetic I'-(jasmonoyl)-amino acid
derivatives la=11 is shown in figure 3.

Ag given in 4cbh, 2, the positive ion mass spectra 19 (10-16 eV) of all compounds
investigated yieléd a [—M_7+ﬂ- ion together with fragments originating from
[‘n.n20_7+‘_ and [‘M—HCOQR;7+'-i°nS- The fragment ions a, (b-H), (e+H), (c-H),

and i/(i4H) comprise the jasmonic acid moiety, whereas the ions at (f+H),
(a+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)‘?O of la-11 exhibit &
['M-1 7 “~ion, which in the cases of 3ay 3b, 62, mnd 6b represents the base peak
(see Tab, 3). In addition, some resonance-stab:.;..‘.'M negative iona21 of type
[ 75 e 75 [b-2877, and [k-H 77° are observed, The leucine, trypto-
phan, and glutamic acid derivatives 2, 5, and 3, respectively, show 8 gignifi=-
cant ion at m/z 234 originated by loss of R from the ['M-HCOZR 77 *~ion (see
Fig. 3).

e—\

0\ !

7
:I.
=

Fige 3: General fragmentation pattern of N-(jasmonoyl)-amino acid conjugates

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

u/z 234 cannot be observed in {the gpectra of the igoleucine conjugates 38 and
3b because of siructural reasons, The negative ion mess spectra of the leucine
and isoleucine compounds show remarkeble differences from each other, hile

in 2a and 2b the regonance-stebilized ion of the type [ h=20_7" at m/z 128 re-
presenis the base peak, the /[ M-1_7 -ion is the base peak of the isoleucine
derivatives 3a and 3b (see Tab. 3).

Selected 'H NMMR data of the N=(jasmonoyl )=amino acid estersg are given in
Table 4.

Experimental
Uaterials

(¥)=Jr-lle was purchased from Firmenich (Geneva); isgobutyl chloroformate from
Merck (Darmstadt); Amberlite IRC=-50 from SERVA (Heidelberg); S~valine (S=Val),
S-leucine (S-Leu), S-phenylalanine (S-Phe), S-aspartic acid (S-isp), S—-glutamic
acid (S-Glu), R=-Vel, and R-Phe from Reanal (Rudapest); S-isoleucine (S-Ile), and
S-tryptophan (S-Trp) from lerck; S-alanine methyl egter (S-Alallie), and
S-tyrogine ethyl ester (S-Tyr0Zt) frcm SERVA; silica gel 50 ¢ for TLC snd

silica g=1 60 (0.063=0,2 mm) for CC from lerck, Tetrahydrofurcr (THF) was

freshly distilled;all other solvents were redistilled before use, (~)~JA hesg
been igolated from the fungus Botryodiplodis theobromee by il,~D, Xnbfel according

to 21-
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Nethods

The following molvent asystems were umed for both TLC (20 x 20 cm, 0.3 mm) and
column chromatography (CC):

4 n~hexane-EtOAc~-HOAc =60 : 40 3 1 (v/v)
B CHC14~EtOAo~HOAo =143 631 n
C  CHC1;~EtOAc~HOAc =173 311 "
D CHCl;~EtOAc-MeOB~HOAc =12 3 355 : 1 "
E n=hexane~EtOAc = 23 3

For analytical detection the TIC plates were sprayed with anisaldehyde reagent
and heated for 5 - 10 min at 120° ¢

MS: The poaitive (10 -~ 16 eV) and the negative (2 - 4 eV) ion masg spectra were
obtained with an electron attachment mass spectrograph built by the Research
Institute 'Manfred von Ardemme', Dresden.

The 5 gpecira were recorded on the Brukex spectrometer WP 200 at 200,13 MHz,
The chemical shifts were meagured using tetramethylsilane (TMS) as the internal
gtandard,

IR: Specord 75 IR (VEB Carl Zelss, Jena), The spectra were recorded in KBr discs
(la - 10) end 0}1013 (11)s The preaence of charaoteristic functions was cone
firmed by the expected adsorptions at 3450 - 3300 om™ (OH), 1790 = 1750 om™"
(ketone, ester), 1710 - 1690 cu™! (acid), 1620 - 1610 cu™' (amide), end
1560 - 1530 om ' (amide).

The melting points were determined on a Boetius hot-gtage microscope and are
cerrected,

ORD: Opticel rotation curves were recordedby a Jagco ORD/UV.5 apectropolarimeter
in methanolic solution at room temperature,
The specific rotations were determined in methanol.

HPLC: Analytical HFLC waz performed with an Hewlett Packard 1090 fitted with a
4 x 200 mm MOS (RP 8)-colmnn (0,005 mm). Solvent : MeOH-H,0 (0.1 % H3P0,)
= 40 ¢ 60 (v/v), 1 ml min~? s detection at 210 nm (photodiocdeaxray).

Hydrolysis of (¥)-~JA~Me

500 mg (2 mmol) synthetic (%)=Ja-Me dissolved in 5 ml MeOH were heated under
reflux with 1 XN NaOH (10 ml) for 1 h, After evaporation the aqueous phase was
adjusted to pH 3 = 4 with 2 ¥ HC1 and extracted five times with 5 ml 63013.

The residue of the combined and evaporated organic phases was purified on silica
gel chromatography using solvent A, The fractions were tested by TLC (systems A
and B), The fractions containing the (%)-JA were collected, eveporated and dried.

Preparation of the amino acid lithium salts

Agueous solutions of the (S)- and (R)~amino acids (4 mmol) were subjected to
Amberlite IRC~50 (25 ml gel, Li*~form), The Li-salts of the corresponding amino
acid were eluted by washing with 50 ml H?_o. The eluates were lyophilized and
stored at 4° ¢,
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General procedure of the synthesis of the conjugates 1 - 9

Purified (i')-JA (210 mg, 1 mmol) was dissolved in 5 ml dry THF containing

0,15 ml (1,08 mmol) triethylamine, Under stirring at -10° Cs 0,74 ml (1,07 mmol)
isobutyl chloroformaete were added, After 60 min the precipitete was filtered
off, The filtrate was mixed with a solution of 3,5 mmol amino acid lithium salt
in H20 or aqueous THF at 4° ¢, After stirring for 5 h the reaction mixture was
diluted with 15 ml E,0, evaporated, and the agueous concentrate acidified to

PH 3 = 4, filtered and extracted with 10 x 10 ml CHClB. The combined organic
phases were taken to dryness, The residue was submitted to silica gel chromato-
grephy (100 g, 15 x 950 mm) using the solvent systems B (conjugetes 1 - 7) and
D (compounds 8 and 9), respectively. The rechromatographed diastereomers 1a - yi:
were crystallized from CH013-n-hexane (JA conjugateas of Val, Leu, Ile) or EtOAc-
n~hexane (conjugates with Phe and Trp).

Synthesis of the conjugates 10 and 11

87.6 mg (0,417 mmol) (=)=JA were activated with 0,446 mmol isobutyl chloroformate
and 0,451 mmol triethylamine in dry THF as described for (t)-JA. The filtrated
solution of the mixed anhydride wag added to 1,5 mmol S-amino acid alkyl ester

(155 mg S=-AlaOMe or 313 mg S-TyrOEt) dissolved in 4 wl THF conteining 0,25 ml
triethylamine and the solution stirred for 5 h at 4° ¢, after evaporation the crude
product was loaded onto a silica gel column (8 x 900 mm) equilibrated in solvent

Ce The eluted fractions containing the conjugate were collected and concentrated
in vacuo, The rechromatography of the obtained reaidue on another silica gel column
(solvent E) ylelded 88,9 mg 10 and 122 mg 11, respectively., The conjugate 10 was
crystallized from CHCl 3-n-heme.
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