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Corticrocin is synthesized by mycelia of Piloderma croceum in contrast to mycorradicin, 
which is deposited into the vacuoles of maize root cells upon colonization with arbuscular 
mycorrhizal fungi. Corticrocin is formed only when P. croceum is grown in darkness. This 
indicates that the compound is unlikely of a carotenoid origin which also follows from the 
chemical structure. Corticrocin is deposited at the surface of the fungal hyphae. The all-£- 
geometry of the polyunsaturated chain is confirmed by comparing the spectral and chromato­
graphic properties of the natural product with a synthetic reference.

In troduction

The mycelia of Piloderma  (= Corticium ) cro­
ceum  form  bright yellow hyphae when colonizing 
roots of Norway spruce, Scots pine, w orthleberry 
(Vaccinium vitis-idaea) and o thers (Erdtm an, 
1948). The pigm ent was purified, identified as all- 
£'-tetradeca-2,4,6,8,10,12-hexaene-l,14-dioic acid 
(1) and term ed corticrocin (E rdtm an, 1948). The 
recently characterized mycorradicin (2) (Klingner 
et al., 1995a), the m ajor com ponent of the yellow 
pigm ent form ed in maize and o ther grasses upon 
colonization by arbuscular mycorrhizal fungi, is 
also a dicarboxylic acid with 14 C-atom s in total. 
M ycorradicin is deposited into the vacuoles of the 
root cells in large quantities during the course of 
this symbiosis (K lingner et al., 1995b). In contrast 
to corticrocin (1 ), the polyene chain of m ycorradi­
cin (2 ) is substituted by two m ethyl groups and the 
latter is probably of carotenoid origin. Corticrocin 
unlikely is an isoprenoid as these m ethyl groups 
are missing. The structure elucidation of cor­
ticrocin by Erdtman  (E rdtm an, 1948) was based 
on its acidic nature, its U V-spectrum  and its be­
haviour towards oxidation and hydrogenation. In 
1954, the com pound was synthesized indepen-
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Scheme 1. Chemical structure of corticrocin 1, mycor­
radicin 2 and intermediates (3, 4) of the first syntheses 
of corticrocin (Shaw and Whiting, 1954; Weedon, 1954).

dently by two research groups (Shaw and Whiting, 
1954; W eedon, 1954), who used the rearrangem ent 
of tetradeca-2,12-diene-6,8-diyne-l,14-dioic acid 
(4), resp. its 4,10-diene-6,8-diyne isom er (3), in al­
kaline solution to obtain the all-£-polyene chain. 
The melting point of the dim ethyl esters of the 
natural and the synthetic products com pared well 
and it was undepressed in a m ixture of the two 
com pounds (Shaw and W hiting, 1954; W eedon,
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1954). D ifferences were, however, observed in the 
UV- and infrared-spectra of the two products 
(Shaw and W hiting, 1954), which disappeared af­
ter further recrystallization from  acetic acid. Since 
the techniques in structure elucidation and isomer 
separation were not so advanced as nowadays, 
Erdtman  (E rdtm an, 1948) and the o ther groups 
(Shaw and Whiting, 1954; W eedon, 1954) may 
have missed some structural features. Therefore, 
the structure of corticrocin, in particular its all-E- 
geometry, was reexam ined, and the findings were 
corroborated  by chrom atographic and spectro­
scopic data. Additionally, experim ents on the light 
dependence of its biosynthesis and on its deposi­
tion in the hyphae will be presented  in the p re­
sent com m unication.

M aterials and m ethods

General

H PLC: Kontron m odel 200, column: LiChrocart 
R P  18 (125 mm, M erck); solvent: M e 0 H /H 20  2:8 
(5 m in), linear gradient to 100% M eO H  (15 min), 
100% M eO H  (10 m in), flow: 1 ml/min; Hewlett- 
Packard 1040A diode-array detector. -  CC: silica- 
gel 60, 63 -200  (M erck). -  UV: Lam bda 15 UV/ 
VIS spectrophotom eter (Perkin E lm er) and D U  
7000 (Beckm an). -  Fluorescence-spectra: Jobin- 
Yvon JV 3D  fluorom eter, solvent: M eO H . -  MS: 
Finnigan-M AT 4510 GC/MS, solid probe (E l: 70 
eV). -  NM R: B ruker AM -300 ( !H: 300 MHz, 13C: 
75 M hz). All solvents w ere dried and distilled 
prior to use. All glassware was dried carefully and 
reactions were carried out in inert (A r) a t­
m osphere.

Culture conditions

The axenic isolate of Piloderma croceum  var. 
EVA was kindly supplied by Prof. T. U nestam , S- 
U ppsala and grown on 1.5% agar in a medium 
containing per 1 in g: m alt extract 1.5, D-glucose 
5, (N H 4)2H P 0 4 0.25, M g S 0 4 x 7 H 20  0.15, CaCl2 
0.05, NaCl 0.025 and 1.2 ml FeCl3 (1% solution). 
100 îg thiam ine-HCl.

M easuring the form ation o f  corticrocin

Freeze dried hyphae w ere ground with a m ortar 
and extracted with M eO H  by stirring at room  tem ­
perature. A fter centrifugation (10 min, 12 000 x g)

and filtration, excess of C H 2N2 in E t20  was added 
followed by evaporating the solution to dryness. 
Polar im purities were rem oved by flash-chroma- 
tography on RP18 with M eO H . Spectra were re ­
corded from this m aterial.

Isolation o f  crude corticrocin

Freeze dried hyphae (108.3 mg) were extracted 
with hot acetone as described by Erdtman  (E rd t­
man, 1948). Corticrocin (0.8 mg, 60% purity as d e­
term ined by HPLC-analysis at 210 nm) crystal­
lized from the filtrate in orange needles. The crude 
product was esterified with C H 2N 2 and the result­
ing dimethyl ester was used for com parison with 
the synthetic reference. B oth com pounds showed 
identical chrom atographic (H PLC) behaviour and 
spectroscopic (U V  and MS) properties.

all-E-Deca-2,4,6,8,-tetraene-l,10-dioic 
acid dimethyl ester (6 )

Z^is-M ucondialdehyde (5) (100 mg, 0,91 mmol) 
(Bohn and Koßmehl, 1974) and carbom ethoxy- 
m ethylenetriphenylphosphorane (1.5 g, 4.5 mmol) 
(Isler et al., 1957) were dissolved in 30 ml toluene. 
The reaction m ixture was heated to reflux for 8 h. 
The solvent was rem oved in vacuo and the residue 
chrom atographed on silicagel (100% E t20 )  to give 
171.1 mg (85% ) 6 . U V  Xmax (M eO H ) nm (e): 327 
(sh, 28700), 339 (42850), 356 (43050); EIM S m /z  
(rel. int.): 222 [M]+ (20), 207 [M -CH3]+ (1), 191 
[M -OCH3]+ (11), 158 (23), 131 (8 6 ), 103 (100), 77 
(42), 51 (48); ’H -N M R  (CDC13): 6  7.31 (2H, dd , 
J  =15.3 and 10.9 Hz, H-3 and H -8 ), 6.59 (2H, m, 
H-5 and H -6 ), 6.43 (2H, m, H-4 and H-7), 5.95 
(2H, d, J  =15.3 Hz, H-2 and H-9), 3.74 (6H, s, 
O C H 3); 13C-NM R (CDC13): 167.2 (s, C = 0 ), 143.6 
(d, C-3 and C-8 ), 139.0 (d, C-5 and C-6 ), 133.6 (d, 
C-4 and C-7), 122.5 (d, C-2 and C-9), 51.7 (q, 
C H 3).

all-E-Deca-2,4,6,8-tetraene-l,10-diol (7)

The dim ethyl ester 6 (100 mg, 0.45 mmol), 
dissolved in 30 ml E t20 , was added dropwise at 
-4 0  °C to a solution of 240 mg L iA lH 4 
(6.31 mmol) in 40 ml THF. A fter stirring for 4h at 
this temp, and hydrolysis with ice cold 2 n  H 2S 0 4 
the mixture was extracted with C H 2C12, the o r­
ganic phase was dried with M g S 0 4 and the solvent
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evaporated  in vacuo to yield 24 mg (32% ) of crude 
diol (7). Since the com pound tends to polymerize, 
when isolated, the product was used w ithout fur­
ther purification. EIM S m /z  (rel. int.): 166 [M]+ 
(26), 148 [M -H201 + (8 ), 135 (35), 114 (44), 91 
(100), 79 (87), 67 (74).

alI-E-Deca-2,4,6,8-tetraene-l,10-dial (8 )

The crude diol (7) (50 mg, 0.3 mmol) was dis­
solved in 5 ml acteone. M n 0 2 (0.9 g, 10.3 mmol) 
was added and the m ixture was stirred at room  
temp, for 2 h. A fter filtration the solvent was evap­
orated  in vacuo. The rem aining oil was chrom ato­
graphed on silicagel, deactivated with 10% H 20 , 
using a gradient of cyclohexane/Et20  (8:2, v/v) to 
E t20  (100% ) as eluent, to give 6 mg (12% ) of the 
dialdehyde (8). U V  A.max (M eO H ) nm (e): 334 (sh, 
19100), 346 (26300), 361 (28200); EIM S m /z  (rel. 
int.): 162 [M]+ (40), 133 [M -CH O ]+ (28), 115 (34),
94 (97), 77 (100), 51 (54); 'H -N M R  (acetone-d6 ): 
Ö 9.62 (2H, d, 7=7.9 Hz, H -l and H-10), 7.4 (2H, 
dd, 7=15.2 and 10.4 Hz, H-3 and H -8 ), 6.97 (2H, 
m, H-5 and H -6 ), 6.84 (2H, m, H-4 and H-7), 6.25 
(2H, dd, 7=15.2 and 10.7 Hz, H-2 and H-9); 13C- 
NM R (CDC13): 193.8 (d, 2 C = 0 ), 151.3 (d, C-3 
and C-8 ), 141.3 (d, C-5 and C-6 ), 135.7 (d, C-4 and 
C-7), 134.0 (d, C-2 and C-9).

all-E-Tetradeca-2,4,6,8,10,12-hexaene-l,14-dioic 
acid dim ethyl ester (9)

Carbom ethoxy-m ethylenetriphenylphosphorane 
(45 mg, 0.13 mmol) is added to a solution of the 
dialdehyde (8 ) (6  mg, 0.037 mmol) in 5 ml toluene.

The mixture is refluxed for 9 h. U pon cooling of 
the solution the diester (9) p recip itates as yellow 
solid. It is recrystallized from m ethanol to yield
6.3 mg (63% ) of corticrocin dim ethyl ester. UV 
?imax (CHCI3) nm (e): 374 (60300), 393 (93500), 416 
(93700); Xmax (M eO H ) nm ( e ) :  371 (68400), 388 
(107200), 409 (107200): EIM S m /z  (rel. int.): 274 
[M]+ (26), 243 [M -OCH3]+ (6 ), 215 [M -C O O C H 3]+ 
(9), 183 (34), 155 (100), 153 (45), 59 (6 1 );1 H -N M R 
(CDCI3 ): 6 7.32 (2H, dd, 7=15.2 and 11.4 Hz, H-3 
and H-12), 6.6  (2H, dd, 7=14.8 and 10.5 Hz, H-5 
and H-10), 6.45 (2H, m, H7 and H 8 ), 6.41 (2H, m, 
H 6 and H9), 6.37 (2H, dd, 7=14.8 and 11.4 Hz, H4 
and H l l ) ,  5.89 (2H, d, 7=15.2 Hz, H2 and H13), 
3.73 (6H, s, O C H 3); 13C-NM R (CDC13): 167.6 (s, 
2 C = 0 ), 144.4 (d, C3 and C12), 140.4 (d, C5 and 
CIO), 135.6 (d, C7 and C8 ), 134.1 (d, C6 and C9),
131.3 (d, C4 and C l l ) ,  120.8 (d, C2 and C13), 51.7 
(q, 2 O C H 3).

Results and Discussion

A fter a lag phase of 3 - 5  d, P. croceum  linearly 
grew in the dark on agar plates for a t least 7 weeks 
(Fig. 1). Fungi on illum inated plates (lower light 
intensity of 15 (iE m -2  s -1) showed sluggish 
growth, which ceased after 2 0 -2 5  d. A lm ost no 
growth was observed at 45 ^iE m r 2 s -1 (Fig. 1).

M ycorradicin in grasses colonized by the arbus- 
cular mycorrhizal fungus G lom us  is deposited into 
the vacuole of the cortex and the endoderm is cells 
of roots during the course of its form ation (Kling- 
ner et al., 1995b). In contrast, corticrocin was visi­
ble as yellow pigm ent in granular form  at the sur-
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Fig. 1. Growth of Piloderma croceum under vari­
ous light conditions. Growth represents the arith­
metic means of the increase in diameter. Twelve 
cultures, grown on agar plates, were analyzed. 
Bars indicate standard deviations.
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face of the hyphae (Jülich, 1984). D ark  but not 
light grown P. croceum  showed such corticrocin 
depositions on or at the cell wall of the hyphae 
(Fig. 2). Cultures incubated in light were greyish- 
white. In contrast, carotenoid synthesis in o ther 
fungi such as Neurospora, Phycom yces and Fu­
sarium  is light dependent and m ediated by the B/ 
U V  photoreceptor (D e Fabo et al., 1976; Seger and 
Schmidt, 1994). This indicated that corticrocin 
from P. croceum  unlikely belongs to this class of 
pigments.

M ethanolic crude extracts from dark grown P. 
croceum  showed a distinct absorption spectrum  
with maxima at 365, 380, and 402 nm. Com pared 
to the spectrum  of m ycorradicin (K lingner et al.,

Fig. 2. Deposition of corticrocin in P. croceum. 
a) dark grown hyphae with depositions of yellow grains 
at the the outer surface of the hyphae. b) hyphae grown 
under illumination with 45 (J.E m -2 s-1 exhibiting no visi­
ble grain depositions.

1995a), the maxima were shifted by about 5 nm 
to longer wavelengths, but the spectra showed the 
same fine structure. The fluorescence emission 
spectrum  of the extracts had maxima at 498, 536, 
575 and 610 nm -  the maxima of mycorradicin at 
498 and 533 nm show com parable values (K ling­
ner et al., 1995a). In crude preparations, cor­
ticrocin was less sensitive to exposure to white 
light (-15%  decrease in absorbance after 24 h illu­
m ination with a conventional 40 W fluorescence 
bulb) than m ycorradicin (K lingner et al., 1995b).

A small sample of corticrocin was isolated from 
freeze dried hyphae of P. croceum  following the 
procedure of Erdtman  (E rdtm an, 1948). Enough 
m aterial was obtained by this way for H PLC  
analysis, UV- and mass spectroscopy, however, not 
for recording NM R spectra. Therefore, a synthetic 
reference was prepared to confirm the proposed 
chemical structure of the natural product.

The multistep syntheses of corticrocin, pub­
lished earlier (Shaw and Whiting, 1954; W eedon, 
1954), gave rise to ra ther small overall yields. 
Thus, a different reaction sequence for the p repa­
ration of the natural product was tried, as outlined 
in Scheme 2. A ll-£-m ucondialdehyde (5) (Bohn 
and Koßmehl, 1974) was reacted with carbom eth- 
oxy-m ethylenetriphenylphosphorane to give the 
dimethyl ester 6  of all-£-deca-2,4,6,8-tetraene- 
1,10-dioic acid. R eduction of the diester with Li- 
A1H4 and oxidation of the resulting diol 7 with 
M n 0 2 yielded the dialdehyde 8 . Finally, cor­
ticrocin dimethyl ester 9 was obtained by a second 
Wittig reaction in 2% overall yield. The structure 
of the product was ascertained to be the all-is-tet- 
radeca-2,4,6,8,10,12-hexaene-l,14-dioic acid di­
methyl ester by UV-, NM R- and m ass-spectra. The 
assignment of the N M R resonances is based upon 
C H -correlation and long range experim ents. The 
symmetry of the com pound, docum ented by the 
presence of only eight signals in the 13C- and seven 
in the 'H -spectrum , as well as the H-H-coupling 
constants prove the all-E-geom etry of the six 
double bonds.

The crude natural product, obtained as de­
scribed above, was esterified with diazom ethane. 
HPLC-analysis proved that a single product re ­
sulted from this reaction. The dim ethyl ester of the 
natural product was identical with the synthetic 
reference, which was unequivocally shown by 
com paring their chrom atographic (H PLC ) and
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H3COOCv Scheme 2. Synthesis of corticrocin 
dimethyl ester (a = Ph3P=CH- 
COOCH3/toluene, b = LiAlH4, c = 
M n 0 2).

spectroscopic (UV, MS) properties. Thus, Erdt- 
m a n ’s structure of corticrocin was confirmed. The 
com pound is not related to m ycorradicin and is

most likely a product of the polyketide m etabo 
lism (Gill and Steglich, 1987).
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