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Abstract-( f)-(2Z,4E)-5-(1’,2’epxy-2’,6’,6’-trimethyl~clohexyl~3-methyl-2,4-~nt~ienoic acid was metabolized by 
Cercospora cruenta, which has the ability to produce ( + )-abscisic acid (ABA), to give ( f )-(2Z,4E)-xanthoxin acid, ( f )- 
(2Z,4E)-5’-hydroxy-1’,2’epoxy-l’,2’dihydro-~-ionylideneacetic acid, ( f )-1’,2’epoxy-l’J’dihydro-&ionone and trace 
amounts of ABA. 

INTRODUCI’ION 

The (+ )-(l’S,Z’R)-epoxy acid (1) has a similar growth 
inhibitory activity as ABA (2) [l, 21. Milborrow et al. 
reported that one enantiomer of ( f )-( l’SR,2’RS)l is metab- 
olized to ( +)-ABA and the other enantiomer is converted 
to (-)-(2Z,4E)-(l’R,2’S,4’S)-1’,2’-epi-xanthoxin acid (3) 
by plants [3]. The latter (3) was not converted into ABA. 
Fim et al. reported that (-)-(l’SJ’R,4’S)-xanthoxin (4), 
identified in plant extracts, is converted to (+)+)-ABA in 
plant tissue [4]. The fungus Cercospora cruenta IF0 6164, 
which can produce relatively high levels of 
(+)-ABA in culture broth [S], was used to examine the 
metabolism of ( f )-I. In this paper we report the identifi- 
cation of the metabolities formed from (+)-1 by 
C. cruenta. 

RESULTS AND DLSCUSSION 

( f )-Epoxy acid (1) was metabolized by the suspension 
of mycelia of C. cruenta. The separated acidic metabolites 

were analysed by TLC (silica gel, solvent system A; 
benzene-ethyl acetate-acetic acid, 40: 10: 1) to show five 
components (Rf: 0.13 for 7a, 0.18 for 8a, 0.32 for Sa, 0.36 
for 9a and 0.46 for 1) [5]. The separation of the 
metabolites by preparative TLC gave one crystalline acid 
(7a), mp 202-203” (R, 0.13). (+)-1’,2’-Epoxy-1’,2’- 
dihydro-/I-ionone (6) [l, 23 was separated from the 
neutral metabolites. The acidic metabolites were meth- 
ylated with diaxomethane and then separated by TLC into 
individual components (solvent system B; benzene-ethyl 
acetate, 4: 1, R,: 0.15 for 7b, 0.24 for Sb, 0.46 for 5b and 
0.85 for 1 methyl ester). 

Identi$cation of the metabolites 

The ‘H NMR spectrum of 5b, mp 149, [a]n 0” 
(EtOH), was identical with that of (+)-(2Z,4E)-methyl 
traa.s-l’,2’dihydroxy-l’,2’dihydro-/?-ionylideneacetate, 
which was prepared by the treatment of (+ )-1 methyl 
ester with methanolic sulphuric acid [l, 21. The MS of 7b, 
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mp 106-107”, [a]@ (CHCI,), exhibited peaks at m/z: 280 
[M]+,265,248,222,207,180,147,125,123,119,106.The 
presence of methyl 3-methyl-2,4pentadienoate moiety in 
7b was suggested from a peak at m/z 125 and the UV 
absorption at 265 nm (&,,&. An M, of 280 (Ct6Hz404) 
suggested that lbcontains one more oxygen, as a hydroxyl 
group (v -: 3440 cm-‘), than 1 methyl ester. The NMR 
spectrum of 7b showed the presence of three methyl 
groups on the cyclohexane ring at 61.01 (3H), 1.15 (3H), 
1.23 (3H) like those of 1 methyl ester (60.97 (3H), 1.10 
(3H), 1.18 (3H) [l]) and methyl 3-methyl-(22,4E)- 
pentadienoate moiety at 65.70 (lH), 6.28 (lH, d, J 
= 16 Hz), 7.61 (lH, d, J = 16 Hz), 2.01 (3H), 3.70 (3H). 
The ‘H NMR spectrum of the monoacetate, obtained by 
the treatment of 7b with acetic anhydride-pyridine, 
showed the presence of an A&-C-H group at 62.04 (3H) 
and 4.94 I1 HI Oxidation of 7b with chromium trioxide in 
pyridine gave (*)-ABA methyl ester, [a]u 0” (EtOH), the 
NMR snectrum of which was identical with that of an 
authentic specimen. This result means that the hydroxyl 
group is present at the 4’position on the cyclohexane ring 
of 7b. The MS of 8b, [a] ~0” (EtOH), showed peaks at m/z: 
280 [Ml’, 265,262,221,205,154,125,121,105. An M, of 
280 (Cr6Hz404) suggested that 8b contains one more 
oxygen, as a hydroxyl group (v,: 3500 cm-‘), than 1 
methyl ester. The ‘H NMR spectrum of 8b exhibited the 
presence of a methyl 3-methyl-(2Z,4E)-pentadienoate 
moietyat65.70(1H),6.24(1H,d,J = 16Hz),7.58 (lH,d, 
J = 16 Hz), 2.02 (3H) and 3.70 (3H), and three methyl 
groups at 61.06 (3H), 1.07 (3H) and 1.18 (3H) on the 

cyclohexane ring The UV spectrum of 8b showed an 
absorption at 266 nm (&,J caused by the 2,4penta- 
dienoate system. The ‘H NMR spectrum of 8b 
monoacetate showed the presence of AC&C-H at 62.05 
(3H) and 4.78 (lH, br q, J = 4 Hz, II’,,, = 16 Hz, axial). 
Oxidation of 8b with chromium trioxide in pyridine gave 
the keto-ester (9b), which was identical with the com- 
pound corresponding to R, 0.46 by co-chromatography 
on TLC (yellow colour by heating after spraying with 5 % 
sulphuric acid). Therefore, the above data suggested that 
the hydroxyl group in 8b is attached to the C-3’ or C-5’ of 
the cyclohexane ring. 

In order to elucidate the stereochemistry of the hydro- 
xyl groups in 7b and 8b, the compounds with 3’-hydroxyl 
and 4’-acetoxy groups on the cyclohexane ring of ( f )-1 
were synthesized. The Wittig reaction of (f)-tratw4’- 
acetoxy-epoxide (10) [6] with methoxycarbonylmethy- 
lenetriphenylphosphorane gave a stereoisomeric mixture 
of (*)-(2Z,4E) and (2E,4+4’-O-acetylxanthoxin acid 
methyl esters, which was separated by preparative TLC to 
give the (2Z,4E)ester (ll), mp 80.5” and the (2E,4E)- 
isomer, mp 92.5”. The ‘H NMR spectrum of 11 was 
identical with that of the acetate of 7b. Also, the reaction 
of ( f )-3’-acetoxy-/Gonone (12) [l] with the phos- 
phorane gave a stereoisomeric mixture of (It )-(2Z,4E) 
and (2E,4E)-methyl 3’-acetoxy+ionylideneacetates 
(13b), which were deacetylated and then epoxidixed with 
mchloroperbenxoic acid to give a stereoisomeric mixture 
of (+)-(2Z,4E)- and (Z&4&methyl 3’-hydroxy-1’,2’- 
dihydro+ionylideneacetates, which were separated by 
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preparative TLC to give (It )-(2Z,4E)-hydroxy ester (14). 
Oxidation of 14 with chromium trioxide in pyridine gave 
( f )-(2Z,4E)-methyl 3’-oxo-l’J’-epoxy-l’J’-dihydro-/I- 
ionylideneacetate (15). The ‘H NMR spectrum of 15 was 
different from that of 9b. This means that the hydroxyl 
group in 8b is located at the S-position of the cyclohexane 
ring. Ohta et al. reported the synthesis of (l’R*,2’S*,5’R*)- 
(3Z)4(5’-hydroxy-2’,6’,6’-trimethyl-1’,2’-epoxy-l’qclo- 
hexyl)-3-buten-2-one (16) and its ‘H NMR data [7]. As 
the signal pattern of 2’,6’,6’-trimethyl protons (6 1.06,1.07 
and 1.18) and the S-methyne proton (63.68) on the 
cyclohexane ring of 8b are different from those of the 
correspondingprotons(61.02,1.12,1.14and3.13)in 160n 
their ‘H NMR spectra, it is suggested that the 5’-hydroxyl 
group of 8b is mm to the epoxy ring. 

Further, it was confirmed that the above acidic metab- 
olites, !!a, 7a,8r and 9a, were formed from the precursor 
(Itbl by C. cruenta. ( f)-[2-14C]-Epoxy acid (1) was 
metabolized by C. cruenta to acidic metabolites, which 
were methylated with diazomethane and then separated 
by preparative TLC into each component. The incorpor- 
ation of the radioactivity into the acidic metabolites are 
shown in Table 1. The separated ABA methyl ester were 
counted as the corresponding cis and trans-l’#diol 

Table 1. Incorporation of (f)-2-‘*C-epoxy acid (1) (30 mg, 
405.0 x lo3 dpm) into acidic metabolites by Cercospora cruentcr 

(1 1.) 

Radioactivity Incorporation 
Metabolites (1O-3 x dpm) ratio (%) 

Recovered ( f )-1 92.9 
Dihydroxy acid Me ester (Sb) 68.0 21.8 
Xanthoxin acid Me ester (7b) 95.8 30.7 
5’-Hydroxyepoxy acid Me 

ester (8b) 88.0 28.2 
S-Oxo-epoxy acid Me ester (9b) 11.7 3.8 
ABA Me ester 1.8 0.6 

methyl esters obtained by sodium borohydride reduction 
according to Milborrow’s method [3]. The incorporation 
of (f )-[2-‘*Cl-1 into ABA (0.6%) was low and the 
detection of ABA in the cold acidic metabolites was 
difficult [S]. The amount of ABA contained in the broth of 
C. cruento cultured by the addition of (f )-1 (l-5 
mg/lOOml) was decreased to 14-15% compared with 
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Metabolism of ( + ) and ( -)-epoxy acids (1) by C. cruenta. ( + )- 
Epoxy acid (1) (50 mg, as an aqueous sodium salt) was added to 
11. of the suspension of mycelia of C. cruenta. After incubation 
for 2 days, the acidic metabolites were separated and then 
methylated with ethereal CH,N,. The ester&d metabolites were 
separated by the TLC to give 7.0 mg of (-)(2Z,4E)-xanthoxin 
acid methyl ester (Ib), mp 134-135”; CD [f&,, - 1950, CO],,, 
+4674 c%l, - 31150 (c 0.07 %; EtOH) and 3.6 mg of the 
dihydroxyester (Sb), mp 147-149”. Similarly, the treatment of 
(-)-epoxy acid (l), which was also prepared by us [l], with 
mycelia of C. cruento gave (+ )-(2Z,4&xanthoxin acid methyl 
ester (‘lb), mp 135136”. [~]g +43” (c 17~ CHCI,). 

the liquid medium (100 ml) for 5 days at 28” (1500 lux). To each of 
the culture broth were added 2 ml of water (control), 1 mg and 
5mgof(f)epoxyacid(l)as2mlofanaq.solnofsodiumsalt 
respectively. After incubation for 5 days, acidic metabolites were 
separated from each of culture broth and then methylated with 
ethereal CH,N,. Each of the methyl ester fractions was analysed 
by GC with the same column and column conditions as used for 
7b, R,: 5.8 min for 1 methyl ester, 10.6 min for Sband 7b, 13.3 min 
for ABA methyl ester. The amounts of ABA methyl ester were 
1000 pg (100%) for control [S], 140 Pg (14%) for the addition of 
1 mg of (&)-1 and 15Opg (15%) for 5mg of (k)-1. 

Incorporation of( f )-(2Z,4E)-[2-‘4C]-epoxy acid (1) into acidic 

metabolites by C. cruenta. (k)-[2-‘4C]-Epoxy acid (1) (30 mg, 
total 405.0 x lo3 dpm, as an aqueous sodium salt), which was 
prepared by the reaction of (+)-6 with [2-“C]-methoxy- 
carbonylmethylenetriphenylphosphorane [l, 21, was added to 
11. of the suspension of mycclia of C. cruenta. After incubation 
for 3 days, the acidic fraction was separated from the culture 
broth by the ordinary manner. The recovery of the radioactivity 
was 90.7 y0 (367.3 x lo3 dpm) for the acidic fraction, which was 
diluted with 1 mg of cold (+bABA and then methylated with 
ethereal CH,N,. The methyl ester fraction was separated by prep. 
TLC to each component, Sb, 7b, 8b, 9b and ABA methyl ester. 
The incorporation of radioactivity into these compounds is listed 
in Table 1. The reduction of the ABA methyl ester with NaBH4 in 
70% EtOH, followed by separation by prep. TLC, gave the 
corresponding cis- and trans-l’,l’diol esters [3]. The combined 
radioactivity ofthe diol esters was 1.8 x lo3 dpm (0.6 % incorpor- 
ation to ABA). 
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