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Aktrmct-Feeding of ( f babscisic tid to Leaves of Xanrkium str~~~tt ‘urn resultad in formation of a new mctabolite. 
The compound was identified as 7’-hydroxy ( -hR-abscisic acid by high resolution mass spectromctry of its methyl 
ester and monoacetate, and by optical rotary dispersion. The numbering system for abscisk acid has been extended to 
include the exocyclic methyl groups. Feeding raczmic [2-‘qb6cisk acid to xonthium leaves resultal in co 20% 
conversion of the tadiolabcllcd compound into the new mctabolite. Evidence is presented that, in Xonrhium, only the 
synthetic (-)R-cnantiomcr of ab&sic acid is hydroxylatai at the 7’qosition. 

thTRODUCllON 

In Xan&nm sr Mum, ABA (1) is wrabolid via two 
major pathways. One route involves conjugation of the 
free acid to form ABA-glucose ester [I]. A second 
pathway consists of oxidation at the 8’-methyl group 
followed bycyclization to form phasckacid [Z 33. During 
the course of our experiments, we observed that a 
significant fraction of fed racemic [2-“C]ABA was 
metabolized via a third route to a previously unidcntitkd 
compound [4]. Recently, Lehmann ef ol. [S, 61 have 
reported the formation of a new mctabolitc, 2’- 
hydroxymcthyl-ABA, after fading [2-“C]ABA (prc- 
sumably as a raamic mixture) to cell suspension cultures 
of various plant specks. 

We report here the structural determination of our 
unidcntiticd mctabolite in Xunlhiumas 7’-hydroxy ( -bR- 
ABA (2). Isolation of the l’-cpimcr of 2 was claimed by 
Lchmann ef 01. [S]. We present evidence that, in 
Xun~hium, 7’-hydroxy ( -hR-ABA is not a mctabolite of 
cndogenous ( + )-S-ABA, but rather occurs as an artifact 
of feeding the unnatural (-)-R-isomer of ABA. In 
addition. we propose IO extend the numbering system for 
ABA IO include the previously unnumbered cxocyclic 
methyl groups. 

REsUt.TS AND Dt!XtJSSIOS 

The new metabolitc (2) was isolated from Xunthium 
leaves after fading ( f )[2-“C]ABA via the pctiolcs. The 
leaves were extracted with acetone followed by puti- 
cation by reverse phase HPLC. The mctabolitc was 
converted IO its methyl ester with ethereal diaxomcthanc 
and then chromatographcd using normal phase HPLC to 
give pure 3. 

Although the use of ‘H NMR was limited due to the 

tTo whom corrupondcnr should be ddrcssat. 

small amount of 3 available. the spectrum showed only 
four of the five methyl resonances normally present in 
ABA methyl ester. Rcsonurts for the 8’ and Q methyl 
groups (a 1.08 and l.l’l)and mcthoxy protons (63.72) wcrc 
similar to those obvrvcd for ABA methyl ester. However, 
only one vinylic methyl signal (6206) was observed in 3. 
strongly suggesting that one of the vinylic methyl groups 
of ABA (either the 7’ or 6 methyl) had kn modified. 

The high resolution mass spectrum of 3 gave a weak 
molecular ion at m/z 294 (C,,H,,O,) showing that 3 
contained an additional oxygen comparai to McABA. 
The principal fragmentation pattern is the ckavagc of 

C.H. from the six-membered ring (D [7]) to give m/z 238 
and the subsequent 10~s of methanol and water to give 
strong fragment ions at m/z 206 (88%) and m/z 188 
(100%). Both these fragments still contain an additional 
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oxygen when compared to the corresponding fragments 
in &ABA, indicating that the 4-gcnnIimethyl groupsare 
not modified in 3. Similarly, the strong fragment ion at 
m/z I25 (b, S27a indicates that the side chain in 3 is 
unchanged from ABA methyl ester, eliminating mod% 
cation of the &methyl group. Combined with the NMR 
data, this strongly suggests hydroxy~tion a( the 2’.methyl 
position. To confirm this, the monoacetate 4 was syn- 
thesized by treating 3 with acetic anhydridbpyridint 
using conditions thar were known not to aoctylate the 
more highly hindered l’-hydroxyl group [G. Boyn, 
unpu~~~ nsults]. After Puritan by normal phase 
HPLC, 4 gave a molecular ion in the low resolution mass 
spectrum at m/z 336 indicating the addition of one 
aottoxy group to ABA methyl ester. Although it was not 
possible lo obtain a mokcular ion, high resolution masr 
spactros~opy cfmrly delinmtal the entire fra~entation 
pattern for 4. As was obscrval for 3, the principal 
flirtation pattern is the cleavage of &HI from the 
parent ion (a) followed by losses of methanol, water and 
acetic scid. Ions at m/z I25 (b, 44%) and m/z 280 (5%) 
co&m that the side chain and 6’gcmdimcthyl groups 
remain unmodified. A key fmgmcnt ion at m/r 263 (3 P/,) 
comJponding to the loss of CHzOAcfrom the parent ion 
con&m.s Ihe location of the new hydroxyl group at the 2’. 
methyl position. 

Metabolite 2 showed a dramatic shift in chromato- 
graphic bchaviour on HPLC and TLC after treatment 
with diazom&anc. indicating that it exists as the free 
acid. Therefore, the structure of 2 is 3-methyl-5-(f’- 
hydroxy-2’-hydroxymcthyl-8-dimcthyl-4’-oxoqclohex- 
2’-enylbpcnta-ZZ,QEdienoic acid as characterized by its 
methyl ester 3. A similar compound, i.e. its l’-cpimer, has 
been reported as a novel mttabolite of ABA (racemic 
mixture ?) fed to all suspension cultures of various plant 
species [S, 61. 

It should bt pointed out that the trivial name 2’- 
hydroxymethyl-ABA (41, is an incorrect usage ofchemical 
nomenclature, since the parent compound ABA already 
contains a methyl group at the t’qosition. A corrazt 
nomcnclalure (but also more cumbersome) would be 2’- 
hydrox~thyl-~demtthyl-ABA. Instead, we would like 
to propose an extended numbering system for ABA ((1-J as 
shown in I. This includes the exocyclic methyl groups. 
Using this system, 2 is named 7’-hydroxy ( -)-R-ABA and 
the compound previously refcrrai to as 6’-hydroxymcthyl- 
ABA (93 would be named 8’-hydroxy ABA. 

The ORD spectrum of 3 strongly suggests the origin of 
2 In higher plants. The rotation maxima of 3arc of similar 
~~itude as those for ( + FABA, but with opposite sign 
(Table 1). This indicates rhat 2 results from metabolism of 
the ( -)-isomer of ABA rather than from the naturally 

Tabk 1. Optical wary dispersion 
of (+bS-ABA (1) and the mthyl 
ester of ‘I’-hydroxy (-b&ABA (31 

occurring (+bisomcr. To confirm that 2 is indtad an 
artifact of feeding the unnatuml ( -)-isomer of ABA, the 
following feeding experiment was done: (a) 0.0148 mg 
(f )-[2-‘*C)ABA as a radiotracer; (b) 2 mg (&)-ABA; (c) 
I mg (+)-ABA; and (d) a 5”, ethanol control without 
added exogenous ABA. The four samples were purified 
separately by HPLC using treatment (a) as a guide to 
locate the active fractions. The amount of metabolite 2 
was estimated in the various treatments after mcthylation 
by the relative peak heights on normal phase HPLC 
(using ABA methyl ester as the standard) or, in the case of 
treatment (b), by Gc (with a &me ionization detector) of 
the acylated derivative 4. The results of this expcrimcnr 
are summarized in Table 2. Ca 20% of the fed ( f )-ABA 
was converted to 2, while less than 1”; of the ( +)-ABA 
WBS similarly metabolized. Since (+)-ABA is 
~rnrne~)y obtained by thechemical separation of ( + )- 
from ( -)-ABA, it is possible that a slight contamination 
of [ -)-ABA in the ( + )=ABA may have gone undetazttd. 
Therefore, the actual conversion of ( + )-ABA to 2 may 
have been even less. If all of 2 formed in lrcatmcnt (b) 
came from the (-tisomcr, this would indicate a 46*, 
conversion of (-)-R-ABA via the 7‘.hydroxylation 
pathway. Similar results were obtained when ( -). and 
( + )-[2-‘*C]ABA were fad separately to Xonthium leaves. 
Whereas phaseic acid was the major metabolize (44 ‘(;) of 
the ( + )-isomer, 68 Y0 of the ( -)-isomer was conjugated to 
form the glucose ester and 24% was metabolized to ?‘- 
hydroxy (-)-R-ABA. Other met&o&s of (+)-ABA 
included: ABA-glucose ester (12 %), dihydrophascic acid 
(7 %), and conjugates of phase& and dihydrophascic acids 
(24 “i;3. 

It is interesting to spazulate at this point on a 
bio&mical mechanism for the hydroxylation of ABA at 
the ‘Y-position. If one considers the three point model of 
Ggston [lo] for the attachment of an optically active 
substrate to the enqme surface, and postulates that the 
oxygcnasc thar forms Il’-hydroxy ABA from ( + )-S-ABA 
in the phascic acid pathway recognizes the I’-hydroxyl 
and F-ketone fu~tio~iti~ as two points of attachment 
(see Fig. 1). then molecular mod& suggcsc that due to 
inversion of the cyclohcxane ring, the same enzyme may 
hydroxylate the IT’-methyl position in the unnatural (-b 
R-isomer. Thus, we may be observing the response of an 
enzyme system to a synthetic compound that it was never 
intended to encounter. Whether this is thecase. or if there 
is a second enzyme system capable of hydroxy~ting ABA 
at the ‘1’-position, remains to be established. 

Xnnrhiwn strumariw L., Chicago swain. was grown in a 
greenhouse as prev~ousiy dcscribaf (1. 33. (f &?-“C]ABA 

Table 2. Conversion of ditTcrcnt stereoisomers of ABA fed to 
x@uhlwt leovcs (0 2 

Treatment 

a (f: t[“C]ABA, 0.0148 mg 
b. ( f bAa*. 2.0 mg 
c. (+tABA. I.Omg 
d. Control. 0 mg 

Conversion 
2 (mgl f “0) 

0.0024 16 
0.46 23 
0.038 0.4 
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