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Abstract-The blotransformatlon of (+)-9,10-dlhydrojasmomc acid (DJA) was studled m six-day-old barley seedlings, 
Both [Z’“C] and [U-3H]DJA were fed to excised shoots and the formed metabohtes analysed after 72 hr DJA was 
converted into two myor and some mmor metabolites, purified by chromatographlc methods The maJor metabohtes 
were Identified mamiy by spectroscopic mvestlgatibns as ( - )-9, IO-dihydro- I1 <~hydroxyJasmonic acid and its Cr( I i)-fl- 
D-glucopyranoside To a lesser extent (-)-9,10-dlhydro-12-hydroxyJasmomc acid was also found 

INTRODUCTION 

(-)-Jasmonic acid [( -)-JA, l] and Its methyl ester (2) 
were found to be widespread m plants [l] and are 
considered to be members of a new type of endogenously 
occurring plant growth regulators with hormone-hke 
properties [cf. 2, 31. 

(23.9%), El (8 6%), E2 (5.3%), E3 (4 2%), E4 (12 3%), E5 
(4.0%), E6 (29%). Thus, component E4 represents the 
major metabohte in the ethyl acetate extract. The aque- 
ous phase contamed two metabohtes (Wl, W21 m rela- 
tively high amounts (20 5 and 18 3%, respectively) which 
were separated by TLC m system IV. 

A few studies dealing with the biosynthesis ofjasmomc 
acid have been published [4, 51. However, knowledge of 
Its metabolism m plants is very hmlted [6-S]. Reports on 
the plant growth regulatmg activltles of 9,10-dihydroJas- 
momc acid (DJA, rat-3) [9-l l] and recent results demon- 
strating Its natural occurrence m broad bean fruits [12] 
prompted us to start tracer experiments on the meta- 
bolism of radlolabelled rat-3 

In this paper we report studies on the isolation and 
structural elucidation of the maJor metabolitles formed m 
barley shoots from exogenously applied [2-‘“C]( +)- 
DJA. Some preliminary results obtained in experiments 
with [2-14C]( k)-JA are also presented. 

Feeding [2-‘“C]( +)-JA (rat-1) instead of radiolabelled 
rat-3 a similar pattern of metabohtes both m the ethyl 
acetate extract and the aqueous phase was observed 
suggesting the metabohc fates of both compounds being 
closely related to each other m barley shoots However, 
JA was metabolized faster than DJA After 72 hr the 
applied [ 14C]JA had disappeared totally, whereas in the 
corresponding experiment using [14C]DJA ca 24% re- 
mained stdl unmetabohzed and disappeared only after ca 
96 hr. At that time the level of E3 and E4 was decreased, 
and simultaneously more polar products were formed. 

RESULTSANDDISCUSSION 

After a feeding period of 72 hr exogenously applied 
radiolabelled (-!-)-DJA or (-i-)-JA was taken up by ex- 
cised barley shoots m the range of ca 90% The radloac- 
tivlty was almost completely extracted by 80% methanol 
from the plant material After evaporation of methanol 
the remaining aqueous phase was subsequently partl- 
tloned with n-hexane and ethyl acetate (pH 2, 5). The 
racholabelled compounds were found to be distributed to 
ca 60% in the ethyl acetate and to ca 40% in the aqueous 
phase. 

AddItional feeding experiments usmg either [LJ- 
3H]DJA or [2-14C]DJA or a mixture of both gave about 
the same pattern of radlolabelled metabohties. The 
[3H]/[‘4C] ratlo of the isolated metabohtes was nearly 
the same as that of the labelled DJA applied to the plants 
Thus, the basic structure of the maJor metabolites should 
be closely related to DJA The lsolatlon of the metabohtes 
contained in the EtOAc-extract and the remaining aque- 
ous phase was achieved by DEAE-Sephadex A-25 chro- 
matography, preparative TLC, CC on LiChroprep RP 
18, followed by HPLC (see Experimental). 

In studies with [2-‘“C]( +)-DJA (rat-3), m addttion to 
the starting compound DJA SIX radioactive zones 
(El-E6) were found m the ethyl acetate extract by TLC, 
system I, as detected by radioscanning. With respect to 
the total radloactivlty of the methanol extract (100%) 
their relative amounts were: non-metabohzed DJA 

As shown by the followmg data, the structures of the 
maJor metabohtes E4 and W 1 of DJA (rat-3) m barley 
shoots were elucidated (for E4) as a 9 : 1 mixture of (-)- 
(3R, 7R)-9,10-dihydro-1 l<-hydroxyJasmonic acid (5) and 
(-)-(3R, 7R)-9,10-dlhydro-12-hydroxyJasmomc acid (S), 
and (for W 1) as (-)-(3R, 7R)-9,10-dlhydro-115-hydroxy- 
Jasmomc acid 0(1 1)-fi+glucopyranoside (11) 

Thus, the mass spectrum of E4-Me obtained by esteri- 
ficatlon of E4 with diazomethane shows a molecular ion 
at m/z 242 and key fragments of type a and b character- 
izing a hydroxylated dihydroJasmomc acid methyl ester 
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0 0 

1 R = H 3 R=H 
2 R = Me 4 R = Me 

5 R’ = H, Ii’ = H 8 R’ = H, R’ = H 
6 R’ = Me, Rx = H 9 R’ = Mlr, R’ = tt 
7 R’ = Mr. R’ = TM51 10 R’ = Me. R’ = TMSI 

11 K’ = n. R= = n 
12 R’= H.RZ= Ac 
13 R’ = Mr. R’ = AC 

6 R-H 
7 R = TMSI 

13 R = B-D-(2,3,4,6-tetra-O-dcetyl)-glucopyrano~yl 

9 R=n 

10 R = TM% 

h+--cn = b--TMS, 7 m/z 117 (d,) 

OAc 

ALO OAc 

13 m/z 331 (f) 

eilOAC 

Scheme 1 Mass spectral fragmentatmn of the DJA-derlvatwes 
6, 7. and 13 and of the wmers 9 and IO. respectively 

(Scheme 1) The hydroxy group IS located m the side chain 
because IOII h (m/z 1.56) IS not shifted compared with 
methyl Jasmonate or methyl dlhydroJasmonate [ 13, 141 
The exact posmon of the hydroxq group was determined 
by GC/MS of the trlmethylsdyl ether of E4-Me demon- 
stratmg the existence of the two Isomers 7 and 10 which 
are hydroxylated m posltwn <‘- 1 I and C- 12, respectrvely 
The ratlo of 7 to 10 IS m the rnnge of cu 9 1 In component 
7 the r-cleavage at C-1 1 g~ces the complementary key 
Ions c, (m,‘r 197) and d, (m,: 117. base peak) (Scheme 1) 
This IS m accordance to the mdss spectral behavlour of 
branched ahphatlc trm~ethylsll~l ethers [ 151 The C-l? 
hydrovyiated Isomer IO IS characterzed by mns nt WI’: 

103(d2.CHz =bTMS~)and ~II -_ 21 I (c2). which are formed 
by an r-tisslon at C-l? 

in accordance. the ‘H NMR spectrum of E4-Me show- 
ed the occurrence of an isomerto mrxcture of 6 dnd 9 m the 
ratio oft N I7 3 The posttton of the hydroxq group m the 
side cham of each Isome was determmed by analysmg 
the slgnal pattern of the proton(s) attached to the hydroxy 
substituted carbon atom ,md of the methyl group, re- 
spectlvely The maJor component was ldentlfied as the 1 I- 
hydroxy Isomer 6 characterized by the doublet of the 
methyl group at b I 17 and the multlplet (ty) of the 
methme proton H-I I at 3 79 This was proved bq spm 
decouphng. The mmor component, which showed no C- 
methyl sIgnal, but a trlplet (2H) at h3 62, wab recognized 
as the 12.hydroxy Isomer 9 In addition this was proved 
by comparmg the chemical shift values of the I?-protons 
and of the adJacent protons (Identified by d spin 
decouplmg difference spectrum) ulth those of snnple 
alrphatlc alcohols [ 161 

Derlrattves of C-12 hydroxylated Jasmomc acrd, like 
theJasmine ketolactone [I?‘] and I+‘-( 12-acetoxy)Jasmon- 
oyl-phenylalanme methyl ester [1X], have been iholdted 
as endogeneous compounds from Jatrnrrzurn yrrrndrfiorunr 
and Prasr/l\ c hut&a. respectively On the contrary, 
DJA exogenously applied to barley shoots, w‘js mainly 
hydroxylated m posItIon c‘- I 1 

The [xl,, of E4-Me IS slightly negative (- 10 7’) and m 
the same order of magnitude as for (-I-DJA-Me [19] 
The ORD curve showed a negative Cotton effect with 
extrema at 312 nm and 274 nm and zero rotation at 
296 nm as described for (-)-JA-Me [ZO] These results 
mdlcate that from racemlc 3 the (-)-Isomers (- )-9,10- 
dlhydro-1 1 f-hydroxyJasmomc actd (5) and ( -~ 1-Y. lo- 
dlhydro- 12-hydroxyJasmomc acid (8) in ‘1 ratio 01 c‘a 9 1 
are formed preferentially However, the presence of the 
(+)-isomers IS low amounts can not be excluded The 
polar metabohte WI (1 I) could be esterlfied with dtd- 
romethane and acetylatcd, lndrcatmg a free Coot-f- 
group and OH-group(s), respectively By enzymatic hy- 
drolysls wtth /Y-glucosldase tt was cleaved to an aglycone 
cochromatographmg with metabohte E4 (5. 8) m TLC 
and HPLC Addmonally, it gave the same reduction 
product with sodium borohydrlde as E4 By GC:MS of 
the trlmethylsllyl ether, the aglycone uas ldcntlfied as 
component 5 of metabohte E4 The sugar moiety was 
characterized as glucose by glucose-oxldase-peroxldase 
reactlon[21] OnI) treatment with Ii-glucosldase was 
successful m hydrolyslng WI (11). sc-glucosldase was not 
effective, demonstrating a /I-glucoslde Imk,lge 

The posltrve and negative Ion mass spectr,+ of per- 
acetylated WI-Me (13) reveal a glucoslde of a hydrox- 
ylated DJA. as mdlcated bq 101s of t>pe a, b, e and f The 
mas5 spectral behavlour of compound 13 IA m,tlnly 
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characterized by bond cleavages at the glucostdtc linkage 
leading to the key tons e and f (Scheme 1). The presence of 
a glucosyl moiety is evidenced by the appearance of the 
oxonium ton f (m/z 331) and ions dertvmg from this 
fragment (m/z 289, 271, 229, 169, 127, 115, 109,98 [22]). 
While the postttve ton mass spectrum of 13 does not show 
a molecular ton, the negative one displays a [M - l]- ton 
at m/z 571 and intense tons orrgmating by losses of acetyl 
and ketene units (see Experimental). 

Glucosylatton apparently took place only with the C- 
11 hydroxylated DJA (5). The 11-0-glucosyl posttton IS 
proved by GC-MS of the methylated and trtmethylsrlyla- 
ted aglycone (7) and confirmed m ‘H NMR studies of the 
peracetylated Wl (12) by the doublet structure of the 
methyl signals of C-12. The ‘HNMR spectrum addt- 
ttonally shows the existence of a mixture of (1 lR)- and 

(1 lS)-isomers tn the ratto 2.1 or ulce versa m the gluco- 
side by the occurrence of two signals for the methyl group 
of the side cham (6107 and 1 19) as well as for the 
anomertc sugar proton (64.53 and 4.56) A similar but less 
pronounced effect was also observed m the ‘HNMR 
spectrum of the methyl ester of the 9,10-dihydro-ll- 
hydroxyJasmomc acid (6) 

The [a]n of Wl (11) was negative (-35.8”). The ORD 
curve exhibited, hke that of the aglycone E4, a negative 
Cotton effect, supportmg the favoured formation of the 
(-)-tsomers of both metabohtes. The extrema of the 
ORD curve agreed with those reported for E4. 

Thus, structural elucidation proved (-)-3R, 7R)-9,10- 
dthydro-1 1 <-hydroxyJasmonic acid 0( 1 I)-P-D-ghCOpyr- 

anostde (11) to be the major component of the metabohte 
Wl The minor metabolites have only partly been charac- 
terized up to now. E5 consrsts of three ammo acid 
conjugates of compound 3 The metabolite fraction E3 
contains also cotqugates of this type derived from metab- 
ohte E4. Amino acid conmgates of Jasmomc acid and 
related compounds have already been shown to occur 
naturally [13, 18, 23, 241. Addttronally, fraction E3 
contains a compound having a cyclopentanol moiety, 
and thus, being structurally related to cucurbtc acid, 
another plant growth regulator of the Jasmomc acid type 
ortgmally isolated from Cucurbtta pepo [20,25] Further- 
more, an O--gfucoside of this metaboiite E3 is formed 

(W2) 
Esters of E3, E4 and DJA were found as m metabolic 

studies usmg (-)-JA m tissue cultures of tomato, where a 
glucosyl ester of JA represents the major metabohte [8]. 
The identificatron of~the mmor metaboiites formed from 
DJA and of the JA metabolites m barley shoots and other 
plant systems is in progress 

EXPERIMENTAL 

Rad~ochetmcals [2-i4C]( +)-DihydroJasmornc acid (2 1 mCi/ 

mM) and [2-‘“C]( k)-jasmomc acrd (2 0 mCr/mM) were ob- 
tamed by synthetrc procedures already reported 126, 271. [U- 

3H]DthydroJasmonic acid was prepared by tritium exchange 

LX] Radioactivity was measured‘ by Iiquid‘ scintillation coun- 

ting, TLC plates were monitored with a radioscanner 
Plant maternal and feedrng expervnents. Caryopses of barley 

(Hordeum uulgare L cv ‘Certma’) were germinated at 25-28” 
under greenhouse condrtrons m soil for 5 to 6 days The roots 
were cut off and 10 g (fr wt) shoots of ca 8 cm length were placed 

mto a beaker contammg 5 mg [r4C]-1abelled DJA or JA (total 

radioactivity about 1O’dpm) m 10 ml H,O Feedmg exper- 

iments with 5 mg [U-3H]DJA were performed with a total 

radioactivity of ca 10’ dpm The mcubation was performed at 

20” for 72 hr, m some cases for 24, 48 and 96 hr Large scale 

feeding expertments were carried out with 440 mg (+)-DJA 

supplied to 880 g barley shoots for 72 hr. 

Isolation ofradtofabelled metabolttes After feedmg the barley 

shoots were rinsed with H,O, and the washings combmed with 

the remauung feeding soln Ahquots were analysed for radioac- 

tivity which was used for calculation of the rate of uptake After 

homogemzatton of the shoots m MeOH the plant material was 

extracted with 80% MeOH The methanohc phase was coned in 

U~CUO and the remammg aq phase frozen overmght, thawed and 

the ppt filtered off The filtrate was extracted x5 with n-hexane, 

which was discarded 

The aq phase was acidified to pH 2 5 and extracted with 

EtOAc The dried EtOAc layer (Na,SO,) and the remammg aq 

phase were evapd All extracts were analysed for radioactivity 

The EtOAc-extract (E) and the aq phase (W) were separated by 

TLC on analytical and prep scale and yielded non-metabolized 

DJA (R,=O92) as well as its radioactive metabohtes El (R, 
=002), E2 (R,=O 12) E3 (R,=O33), E4 (R,=O55), E5 (RI 
= 0 73) and E6 (R, = 0 82) using system I and W 1 (R, = 0 63) and 

W2 (R, = 0 78) using system IV 

The radioactive extracts also served as internal marker added 

to the correspondmg extract of the non-radioactive large scale 

feedmg experiments, m which 880 g barley shoots were extracted 

as described above The EtOAc-extract (residue 165 g) was 

purified by CC on DEAE-Sephadex A-25 (50 x 2 0 cm) using a 

gradient of HOAc m 80% aq MeOH [29] The greatest 
proportion of radioactivity was eluted from the column with 

0 5 M HOAc m MeOH This fraction (77 mg) was subJected to 

prep TLC, system II, yielding mainly 2 radioactive zones, 

correspondmg to E4 (R,=O 50) and non-metabolized DJA (R, 
= 0 86) which gave by MeOH elution 24 mg E4 and 28 mg DJA, 

respectively 
Further purification of E4 was achieved by CC (20 x 1 1 cm) 

on LiChroprep RP 18 using a discontmous gradient of MeOH m 
0 2% HOAc, givmg 10 4 mg E4 m the 50-60% MeOH contam- 

mg fraction It was methylated with CH,N, and finally separ- 

ated by prep HPLC, system I At R, = 14 1 mm, 4 7 mg of E4-Me 

were received for identification About l/10 equivalent ofE4--Me 

was trimethylsdylated for CC/MS analysis. 
The fraction correspondmg to DJA was methylated, too, and 

further purified by prep TLC, system V, yielding 11 2 mg DJA- 
Me at R,.=O 54, identified by CC/MS R, value (3.4 mm) and 
fragmentation pattern were identicalwith those ofauthentic rac- 

4 and ht data [13] 
The aq residues, obtained after EtOAc-extraction of several 

feeding studies were combined and subJected to prep TLC, 

system IV, resultmg m 2 radioactive bands W 1 and W2 W 1 was 

eluted with MeOH and rechromatographed on cellulose plates, 
system VI (R,=O 80) After extraction with MeOH, Wl was 

separated on a DEAE-Sephadex A-25 column (50 x 1 1 cm) by 

elution with 0 5 M HOAc m 80% aq MeOH and subsequently 

purified by prep HPLC, system II (R, = 7 4 mm) HPLC gave 
12 2 mg Wl, which was characterized by [aIn, ORD and enzy- 
matic tiydrolysis as weil‘ as iMs‘ after methyiation and pcr- 

acetylation and ‘H NMR after peracetylation Prior to ‘H NMR 

purification of the acetylated Wl by prep TLC had been 

performed m system II1 (R,=O 53) 

TLC Silica gel GF,,, for analytical and PF,,,= 1 mm for 

prep TLC Solvent systems (I) CHCl,-EtOAc-HOAc (5.4 I), 
x 3, (II) CHCI,-EtOAc-HOAc (5 4 l), twice, (III) 

CHCI,-EtOAc-HOAc (5.4 l), once, (IV) PrOH-H,O (3 l), 
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x 3,(V)n-hexane-EtOAc-HOAc(60 40. I), once Cellulose MN 

300, Macherey Nagel, 1 mm, prewashed with t- 

RILCIH-HOA~-H~~O (1 I~ I~!, \y\tem Vl,~/-RuOH_ HOAc-W,Q 

(3 1 1) Detectton by rddloscanmng or spraymg slth dmsdlde- 

hyde reagent and hcatmg for 5-10 mm dt 120 L30] 

Hydrolvtrc o/ rhe yluco~ldr I1 Ahquots of WI wele enzymatl- 
tally hydrolysed with ~ellulase (24 hr, 37 ‘. Mcllvam buffer, pH 

= 3 0). the resultmg aglycone wds extracted with FtOAc, the 

sugar component m the aq layer determmed by glucose-oxldasc- 
peroxidase reaction L21] 

The aglycone wa< compared by TLC, system II and HPLC, 

sysicm !:I -with ihc mctabohtes occunng m ihe CiOAc-exir‘ict 

Fmally it wds methyl,tted and tr~methylsdyldted (U-Prep) for 

GC,‘MS analysis In ddditlon, d pdrt of WI wds treated m 
Mcllvam buffer with z-gluco\lddse from least ‘It pH =60, 

another one with P-glucoslddse from dlmonds at pH = 5 0 fol- 

lowed by glucose determmdtlon dccordmg to the de\crlhed 
method 

207(17), 193(16), 169(39), l56(b. 17). 151 (48), 142,(20), 133(15). 

127(11), 115(12), 109(20),98(17),81(15),MS(2--4eV.negative 

mns) M/Z (r~eJ mt j 57 I_ CM- L] (6). 529 [Mu-- Ar] (41),~4X7 [Mu 

- Ac- CHZCO] (29). 455 [M Ac CH,CO ~-~ MeOH] (82). 

413 [M-Ac-ZCH,CO-MeOH]- (100). 371 [M-Ac 
-3CH,CO- MeOH]- (61),353(13).31 I (21),2~7(24),201 (26), 

IX c lL7,!_ I67 13rL),. I 55 i,mj.. 143 (33) I 2% (Ihj, ILI 9 (19 j. I 13 li7!, LO1 

(40). 97 (68) Another part of WI 11 (2 mg) was hydrolysed. the 

agiyiycm~wss Im~~ryl~i~i~u’~-iclni-~ilrrcrilylsllyia~~~~n~~~r~~~~~~I~’ 

CC, MS Its GC’MS ddtd were lden:lcal with those ofcompound 
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