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ALKYLCITRATE-DERIVED METABOLITES FROM 
ASPERGILLUS NIGER 

FARAMAK ALMASSI, EMILIO L. GHISALBERTI,* and CATHERINE Y. ROWLAND 

Department of Chemistry, Uniwsity of Western Australia, N e d l a d ,  Western Australia, Australia GO09 

ABsmcT.-The isolation and identification of a new metabolite, 2-methylene-346- 
hydroxyhexyl)-butanedioic acid 131, and the known metabolites, 2-carboxymethyl-3-hexyl- 
maleic acid anhydride 111, and 2-methylene-3-hexyl-butanedioic acid 121, is described from a 
strain of Aspergillus niger. The biosynthetic implications of the cooccurrence of 1 and 2 are 
discussed. 

As part of a study on the identifica- 
tion of plant-growth regulating sub- 
stances produced by fungi, we have ex- 
amined the secondary metabolites of an 
isolate of Aspergillus niger van Tieghem 
(Deuteromycotina). We now report on 
the isolation and identification of three 
major metabolites that accumulate in 
liquid cultures of this fungus: 2- 
carboxymethyl-3-hexyl-maleic acid an- 
hydride 117, 2-methylene-3-hexyl- 
butanedioic acid 121, and 2-methylene- 
3-(6-hydroxyhexyl)-butanedioic acid 137. 
Although metabolites 1 and 2 have pre- 
viously been found individually in differ- 
ent isolates of A. niger (1,2), their forma- 
tion in the same isolate is interesting 
from a biosynthetic point of view. Me- 
tabolite 3, presumably a catabolite of 2, 
has not been described previously. 

The A.  niger isolate was cultured in 
a liquid medium, either potato dextrose 
broth or Sabouraud broth. After removal 
of the mycelium, the liquid medium was 
extracted with EtOAc and the organic 
extract was separated by chromatography 
to yield three compounds. The metabo- 
lites could be detected on a tlc plate (Si 
gel) by coating the plate with a solution 
of bromocresol purple in EtOH, after 

which they appeared as yellow spots on a 
purple background. 

Spectroscopic properties of the first 
metabolite indicated the presence of a 
2,3dialkyl maleic anhydride group (V 
max 1770 cm-'; 8, 165.1, 2s; 148.0, s; 
135.4,s),substituted byacarboxymethyl 
group (V max 1720 cm-'; 8,173.4, S; sH 
3.59, s) and a hexyl group (a,, 13.8, q; 
and five t between SC 22 and 31). Struc- 
ture 1 was inferred from this information 
and confirmed by comparison of spectro- 
scopic data with that reported in the 
literature (1). Treatment with cyclohexy- 
lamine gave a crystalline triammonium 
salt (1). Although 1 is an oil at mom tem- 
perature, it solidifies on storage at - 10". 

The second metabolite isolated was 
assigned structure 2 (hexylitaconic acid) 
on the basis of its spectroscopic proper- 
ties which clearly showed a 2-methylene- 
3-substituted butanedioic acid structure 
&, 179.6,s; 171.6,s; 137.3,s; 129.7, t; 
6,, 3.40, t; 5.83, s; and 6.52, s). This was 
confirmed by comparison with spectro- 
scopic data reported for this compound 
(2). The optical rotation  fa]^ 4-9") did 
not increase to that reported for 2 ( [ a ) D  
+ 15.3") (2) despite repeated purification 
attempts. 
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The third metabolite showed similar 
spectroscopic properties to those of 2 
with the exception that, in the nmr spec- 
tra, the signals for the terminal methyl 
group (6, 14.0, q; 6,0.85, t) in 2 were 
replaced by those attributable to a pri- 
mary alcohol (6,62.9, t; 6,3.54, t). The 
optical rotation of 3 ({a]D +IOo) was 
similar to that of 2 ({a]D +97 indicating 
that both have the same configuration. 
The absolute configuration of (+)- 
hexylitaconic acid has been assigned as R- 
on the basis of a very weak positive Cot- 
ton effect at 252 nm in the cd spectrum 
of the a-methylene-y-lactone derived 
from 2 (3). However, the fact that 3R- 
hexylitaconic acid ({a]D i- 9- 1 5.3", 
MeOH) and the 3R-( 15-oxo- 
hexadecany1)-derivative ([a}D - 5.9", 
MeOH) (4) ,  differing only at a site far 
removed from the single asymmetric car- 
bon atom, show opposite signs of rotation 
merits further investigation. 

The biosynthesis ofhexylitaconic acid 
121 has been studied indirectly in work 
on the biosynthesis of canadensolide {4] 
and related metabolites from Penicillium 
canadense (5-7). It was found that 2, aris- 
ing from hexylcitric acid {5] ,  was effi- 
ciently incorporated into canadensolide 
and its congeners. The production of 1 
and 2 in the same isolate points to a 
biogenetic relationship between the two 
metabolites and suggests the possibility 

that 1 (or its corresponding diacid 161) is 
derived from hexylcitric acid 151 and is a 
likely precursor of hexylitaconic acid 127. 
This transformation has a precedent in 
the conversion ofcis-aconitic acid {n into 
itaconic acid {S} in A. terreus (8). How- 
ever, the latter reaction shows a point of 
sterochemical distinction in that addi- 
tion of hydrogen occurs from the 2-si73- 
re face of cis-aconitic acid (numbering as 
in 1). For a similar formation of (+)- 
hexylitaconic acid {a], the addition of 
H +  must occur from the opposite face of 
the corresponding double bond (2-re, 3-si 
face). (+)-Hexylitaconic acid has the ap- 
propriate configuration (R) to act as a 
precursor of the canadensolides (e.g., 4). 

The production of 1-3 was investi- 
gated under two different growth condi- 
tions. Higher yields of 1 were obtained if 
the fungus was grown on a nutrient-poor 
medium (potato dextrose broth, 1/5 nor- 
mal concentration) in still cultures. Bet- 
ter yields of 2 and 3 were obtained when 
the fungus was grown in shake cultures 
on a Sabouraud liquid medium at 25" 
over six days. It is worth noting that 74 
mg of 2 were obtained from 5.2 liters of 
A. nigw K-88 cultivated on Czapek-Dox 
medium over 10 days (2). In our case, the 
best yield obtained was 100 mg liter-', 
representing a seven-fold increase. 

(+)-Hexylitaconic acid 127 has been 
shown to stimulate the root growth of 

6 R=hexyl 
7 R=H 

4 2 R=heryl 
8 R=H 
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lettuce seedlings, at concentrations of 2 to 
20ppm, toamaximumof25O% relative to 
controls(2). Growthofriceshootsand roots 
were promoted at the same concentrations. 
Higher concentrations (lOCr500 ppm) 
inhibited the growth of shoots and roots of 
both plants. These effects mimic the action 
of indole acetic acid (9). 

In the present work, compounds 1- 
3 did not significantly inhibit thegrowth 
of three fungal plant pathogens, 
Gaeumannomyces graminis var. tri t ici ,  
Rhizoctonia solani, and Phytophthora 
cinnamomi, at concentrations up to 100 
ppm in the antibiotic disk assay. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.-EX- 
perimental details have been recorded previously 
(10). Si gel 100, C-18 reversed phase (Fluka) was 
used for reversed-phase chromatography. Detec- 
tion of metabolites on tlc plates (Si gel) was 
achieved by coating the plates with a solution of 
bromocresol purple (4 g in 50% aqueous MeOH, 
pH 10). The A. nigw isolate (accession code: A .  
niger 5, no. 22) was obtained from the fungal 
culture collection at the Department of Botany, 
University of Western Australia. 

GROWTH OF A. NIGER.-The organism was 
cultured in two media; (a) potato dextrose broth 
(PDB) at 115 (5 g liter-') of the normal concentra- 
tion, and (b) Sabouraud broth (40 g dextrose, 10 g 
peptone in 1 liter of H,O adjusted to pH 5.6). In 
the first case, the inoculated culture was allowed to 
stand at 25". Mycelial growth was slow and, typi- 
cally, production of metabolites reached its maxi- 
mum after 4 weeks. When the fungus was grown 
on Sabouraud broth and the culture was shaken at 
25', equivalent amounts of metabolites were pro- 
duced after an incubation period of 6 days. 

ISOLATION AND SEPARATION OF METABO- 
LIm.-The culture broth (1 liter) from a 9-week- 
old sporulating culture of A .  niger, grown on l l  
SPDB, was extracted with EtOAc, the organic 
layer dried over MgSO,, and the solvent was 
removed under vacuum. The oily extract (422 mg) 
was chromatographed on Si gel 60 (vlc) with 
gradient elution from petroleum ether to CH,CI,- 
EtOAc (3: 1) to give 3 fractions: 1 (1 39 mg), 2 (67 
mg), and 3 (25 mg). Similar extraction ofa 6-day- 
old culture, grown on Sabouraud broth (2 liters), 
yielded 580 mg of crude extract. Separation of a 
portion (150 mg) of this extract was achieved by 
reversed-phase silica chromatography and gradi- 
ent elution from H,O-MeOH (1:l) to MeOH. In 
this way, three fractions were obtained which, in 

order of elution, corresponded to 3 (31 mg), 1 (4 
mg), and 2 (40 mg). Mixed fractions of 1 and 2 
were also obtained. The fortuitous observation 
that 2 is selectively dissolved in CHCI, in prefer- 
ence to 1 allowed a facile separation of the two 
metabolites. Acidification of the broth left after 
the first extraction and re-extraction with EtOAc 
gave a further quantity (201 mg) of crude extract 
containing 1 and 2. 

2-Carboxymethyl-3 -hexyl maleic anhydride 
[l].-Oil that solidified when stored at -10'; Rl 
0.68 (Si gel; diisopropyl ether-EtOAc, 3:7 with 2 
drops of HOAc). Ir u max 3600-3400, 1770, 
1720 cm-'; 'H nmr (300 MHz, CDCI,) 6 0.88 

5'),2.51(2H, dd,J=7.6and 7.9 Hz, H2-l'), 3.5 1 
(2H, s, H-1"), 10.52 ( lH,  s, OH); "C nmr (75.5 

27.4(t),29.0(t),29.0(t),31.l(t), 135.4(s), 148.0 
(s), 165.1 (2s, C-1, C-4), 173.4 (s, C-2"); eims mlz 
222(M+-18)(2), 194(8), 170(13), 166(13), 152 
(66), 140 (lo), 126 (76), 125 (151, 124 (23), 44 
(SO), 43 (100). 

2-Methy[ene-3-~y[butanedioic acid (bexyli- 
taconicacid) [2].-Gum, R10.5 (Si gel, diisopropyl 
ether-EtOAc, 4:6 and a drop of HOAc); [ a ] ~  +9" 
( ~ 0 . 8 ,  MeOH). Ir v max 3600-3400, 1770, 
1720 cm-'. The nrnr and ms parameters corre- 
sponded closely to those in the literacure (2). 

2- Metby kne-3 -( 6-hydmXyhexanyl) -butanedioic 
a c i d [ 3 ] . 4 u m ,  Rf0.2 (Si gel, diisopropyl ether- 
EtOAc, 4:6 and a drop of HOAc); [a]D +loo 
( ~ 0 . 4 ,  MeOH). Ir u rnax 3600-3400, 1770, 
1720 cm-'; 'H nmr (300 MHz, MeOH-d,) 6 1.3 
(6H, s), 1.45 (2H, m), 1.65 (2H, s), 1.85 ( lH,  m), 
3.45 ( lH,  t,]=7.0 Hz, H-3), 3.54 (2H, t,]=7.0 
Hz, H,-6'), 5.70 (1 H, s, H-l"a), 6.30 (lH, d J =  1 
Hz, H-1"b); "C nmr(75.5 MHz, CDC1,)G 26.7 (t, 
C-4'), 28.6(t,C-3'), 30.3 (t, C-2'), 32.2 (t, C-l'), 

(3H, tJ=6.7 Hz, H3-6'), 1.3-1.6(8H, H-2'-H- 

MHz, CDCI,) 6 13.8 (9, C-6'), 22.3 (t), 24.8 (t), 

33.5 (t, C-5'), 48.3 (d, C-3), 62.9 (t, C-6'), 126.7 
(t,C-l''), 141.2(s,C-2), 169.9(~,C-1), 177.33(~,  
C-4); eims mlz 212 (M+-18) ( l ) ,  199 (M+-31) 
(5), 182(3), 166(16), 152(11), 149(12), 148(13), 
143 (15), 138 (13), 130 (46), 129 (58), 112 (95), 
95 (30), 84 (41), 55 (loo), 43 (70). 

LITERATURE CITED 

1. H.-L. Weidenmiiller, F. Cavagna, H.-W. 
Fehlhaber, and P. Priive, Tetrahdon Lett., 
3519 (1972). 
A. Isogai, M. Washizu, K. Kondo, S. 
Murakoshi, and A. Suzuki, A p 2 .  Biol. C h . ,  
48,2607 (1984). 
A. Isogai, S. Sakuda, J. Nakayama, M. 
Washizu, K. Shindou, S. Watanabe, and A. 
Suzuki, Proc. Plant Growth Regul. Sor. Am., 
14,250 (1987). 

4. S. Huneck and G. Snatzke,]. Hattwi Bot. 
Lab., 48, 211 (1980). 

5. N.J. McCorkindale, W.P. Blackstock,G.A 

2. 

3. 



836 Journal of Natural Products mol. 57, No. 6 

Johnston, T.P. Roy, and J.A. Troke, Int. 
Symp. Ckm. Nut. P d ,  1, 151 (1978). 
N.J. McCorkindale, J.L.C. Wright, P.W. 
Brian, S.M. Clarke, and S A .  Hutchinson, 
Tetrahednm Lett., 727 (1968). 
R.C. Andemnand B. Fraser-Reid, Tetrak- 
dnm Lett., 3233 (1978). 
B.M. Rami, F. Ronchetti, G. Russo, and L. 
Toma, J.  Ckm. Sw., Ckm. Cmmun., 1050 
( 1981 1. 

6. 

7. 

8. 

9. I.D.J. Phillips, “Introduction to the Bio- 
chemistry and Physiology of Plant Growth 
Hormones,” McGraw Hill, New York, 
1971, p. 11 .  
F. Almassi, E.L. Ghisalberti, M.J. Narbey, 
and K. Sivasithamparam,]. Nut. Prod., 54, 
396 (1991). 

10. 

Receiwd I2 November I993 


