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Abstract-The structure of phanerosporic acid, a fl-resorcylate isolated from cultures of Phanerochaete chrysosporrum, 
has been asstgned on the basis of its ‘H and ‘%Z NMR data and chemical transformations. Its use as a synthon for 
macrolide synthesis 1s also described. 

INTRODUCTION 

Previous investigations on the products obtatned from 
wood partly decayed by white-rot fungi such as Phanero- 
chaete sp., Sporotrrchum sp and Panus sp., led to the 
isolation of various polymeric lignins, vanillic, isovanillic 
and veratric acids [ 1,2]; recently Phanerochaete chrysos- 
porium inoculated on Betda lutea (yellow birch) wood 
tissues gave a derivative of p-benzoqumone: the be- 
tulachrysoquinone hemiketal [3], which is probably a 
fungal metabohte rather than a product of hgnin degra- 
dation. There have been no reports of metabohtes pro- 
duced by P. chrysosporium grown on synthetic substrates. 

Here we report the characterization of the most abund- 
ant product contamed in the ethyl acetate extracts of 
cultures of P. chrysosporwn. The metabohte for which we 
propose the name phanerosportc acid (l), is the (R)-2,4- 
dihydroxy-6-( 14’-hydroxypentadecyI)-benzoic acid. The 
absolute configuratton at C-14’ was deduced as (R) by 
means of the Horeau method carried out on the trtmethyl 
denvative 3. 

Several naturally occurring mould metabolites have 
been reported [4] to have structures characterized by the 
presence of an aromatic rmg fused to a macrolide moiety, 
some showmg interestmg biological effects. With the aim 
of obtaining new compounds of this class, we transformed 
the 14’-hydroxy ester 3 into the aromatic macrolide 8, by 
base-catalysed intramolecular ester exchange. Thts re- 
sorcylate is similar in molecular structure, but not m 
biological activity, to zearalenone, a fungal hormone 
produced from Fusartum grammearum [S], lasiodiplodm 
[6], some resorcyhc acid lactones (active as plant-growth 
regulators) [7], and asperentin [S]. 

RESULTS AND DISCUSSION 

When Phanerochaete chrysosporwm was grown on 
MPGA (malt extract-peptone-glucose-agar) for three 

*Part 27, m the series ‘Secondary MouId Metabohtes’. For 
part 26 see Albmatl, A., Arnone, A, Assante, G., Medle, S. V , and 
Nasnn, G , (1989) Phytochemlstry 28, 923 

weeks, one main metabohte (lj was produced, together 
with small amounts of other metabolites (see Exper- 
imental). The ethyl acetate extracts of the fungus were 
evaporated, dissolved m dichloromethane, and hexane 
was added. crude compound I precipitated After chro- 
matography of the precipitate on buffered silica gel, pure 
phanerosporic acid (1) was obtained, which crystalhzed 
from dichloromethane-hexane as white crystals, mp 168” 

The molecular formula C,,H,,O, was assigned on the 
basis of fast atom bombardment (FAB) mass spectro- 
metry. Absorptions m the IR region at 3350 and 
1640 cm- ’ were attributed to the presence of hydroxy 
and carbonyl groups. The ‘HNMR spectrum of 1 (see 
Experimental) in acetone-d, showed two meta-coupled 
aromatic protons (J= 2 5 Hz), a C(13’)H,CH(14’)0HMe 
grouping and methylene protons resonatmg at 6, 294 
(HZ-l’) and between 1.1-l 7 In addttton, tt presented a 
broad signal centred at 6, 7 15, which disappeared on 
adding D,O, attributable to the presence m the molecule 
of carboxylic and hydroxy protons m rapid exchange 
wtth the water contamed in the solvent Accordmgly, the 
i3CNMR spectrum of 1 (see Experimental) exhibited 
signals attributable to a tetrasubstituted aromatic rmg 
(6,101.72-167.17), to a carboxylic acid (&= 174.07), to an 
sp3 oxygen-bearing methme and to a methyl carbon, the 
remammg resonances (6,40 20-26.59) bemg due to meth- 
ylene carbons. Treatment of 1 with pyrtdine-acetic anhy- 
drtde afforded the trtacetyl dertvattve 5 together with the 
decarboxylated compound 7. In the ‘H NMR spectrum 
of 5, H-14’ exhibited a characterisnc downfield shift (A6 
= 1.1 l), this fact indicating the presence m compound 1 of 
one aliphatic and, hence, of two phenohc hydroxy groups. 
The above NMR data coupled with mass spectral evt- 
dence suggest that the structure of 1 conststs of a dthy- 
droxy benzoic acid nucleus substituted with a ll-hydroxy- 
n-pentadecyl stde chain. More conclustve evtdence on the 
structure of 1 derived from the analysis of the ‘H and 
13CNMR data (Table 1) of its dimethyl derivative 2 
(C24H4005) obtained by reacting 1 with diazomethane 

The 1 H NMR spectrum of 2 revealed the presence of 
two OMe groups resonatmg at 6n3.91 and 3.77 (H,-8 and 
H,-lo), of two meta-coupled aromatic protons at 6n6 33 
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Reagents I, KOH-MeOH, 11. pyndme- Ac 20, m,Na -I- amylate-toluene 

Table 1 13C and ‘H NMR data for compound 2 III CDCI, 

Atom Wppm* ‘J (CH) (Hz) ’ ‘J (CH) (Hz) I%, Wm)t J (HH) (Hz) 

1 104 58 Sdddr 4 0 (H-3), 8 0 (H-5), 4 0 (OH-2), 4 0 (Hz-l’) 

2 165 54 Sdd 4 0 (H-3), 4.5 (OH) 

3 98 74 Ddd 1614 4 5 (H-5), 7 8 (OH) 633d 26 
4 163 94 Sdddq ca3 (H-3), ca3 (H-5). 1.5 (OH), 4 3 (H,-10) 

5 11063 Ddt 160 7 5 0 (H-3), 6 3 (Hz-l’) 62ld 26 

6 148 03 Stt 5 5 (Hz-l’), 3 0 (H,-2’) 

7 171 98 Sq 4 0 (H,-8) 
8 51 82 Q.7 147.5 391 F 

10 55 22 Qs 1444 3 77 s 

1’ 36 94 Ttil 1290 2 83 In 

14 68 04 Di?l 1410 3 75 m 

15’ 23 45 Qm 1250 118d 62 

*Capital letters refer to the pattern resultmg from rhrect bonded (C, H) couphngs and small letters to that from (C, H) 

couphngs over more than one bond The remammg 12 methylene carbons appears at 6,39 37, 31 89. 29 88, 29 69 

(7 carbons), 29 54 and 25 82 

tThe protons of the phenohc and the ahphatrc hydroxy groups appear at 6,ll 75 and 2 00, respectrvely, and the 

remammg 24 methylene protons at 6 1 1-l 7 

and 6.27 (H-3 and H-5), and of one phenohc hydroxy = 1.5 Hz) which were therefore assigned to C-2, C-l, C-3, 
proton at 6,ll 75 (OH-2) which must be hydrogen- and C-4 [9] respectively, the methoxy substltuents were 
bonded with the adjacent CO,Me group. Their asslgn- placed at C-4 and at the carbonyl C-7 (6,= 171.98) as 
ment, as well as that of the 13C resonances of the aromatlc these carbons presented three-bond couplmgs of 4.3 and 
portton, followed from a series of ‘3C-{1H} low-power 4 0 Hz with H,-10 and H,-8, respectively; the side cham 
specific decouplmg experiments, the results of which are was located at C-6, as lrradlatlon of either Hz-l’ or H,-2’ 
reported m Table 1, from the multlplicttles observed in caused the quaternary carbon at 6, = 148 03 to decouple 
the ‘H-coupled 13CNMR spectrum and from chemical to a triplet (*J= 5 5 and 3J = 3 0 Hz) while the remammg 
shift considerations. In particular the chelated 2-hydroxy methme aromatlc carbon whtch presented, as well as C-l, 
proton presented two-, three- and four-bond couplmgs three-bond couphngs with Hz-l’ (3J=63 and 40 Hz 
with the carbons resonating at 6,165 54 (‘J =4 5 Hz), 
104 58 (“J= 4.0 Hz), 98 74 13J = 7 8 Hz), and 163 94 (4J 

respectively) was asslgned to C-5. Phanerosporlc acid 
decarboxylates by heating with bases to give the resorcyl- 
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ate 6, similar to other analogous natural meta-diphenolic 
acids such as corticiolic acid, isolated from Cortrcium 
caeruleum grown on yeast extract medium [lo]. 

In order to transform the open chain compound 1 into 
a macrolide, attempts were made to protect the two 
phenolic hydroxy functions. By reaction of 1 with diazo- 
methane, compound 2 was obtained with the phenolic 
OH m position 2 unprotected; by reaction of 1 with two 
equivalents of methyl iodide in the presence of potassium 
carbonate-acetone, trimethylated compound 3 was ob- 
tained, besides small amounts of the desired 2,4-dimeth- 
oxy acid, therefore lactonization methods by simulta- 
neous activation of both hydroxyl and carboxylic func- 
tions (Corey-Nicolau system) were unsuitable [ll]. At- 
tempts to obtam cyclization using pellets of Phanero- 
chaete chrysosporium or Fusarium graminearum grown on 
hquid medium were unsuccesful, as only decarboxylated 
product 6 was obtained. 

The cyclization was finally obtained by intramolecular 
transesterification of the corresponding dimethyl ether, 
methyl ester 3. The reaction was performed in dilute 
solution in toluene, in the presence of sodium t-amylalco- 
holate, at reflux for 15 hr [12]. Compound 8 was so 
obtained in moderate yield (32%). Its structure was 
derived from the followmg evidence: the mass spectrum 
displayed a molecular ion at m/z 390 (Cz4H3s0.,), indi- 
cating loss of methanol from the parent compound 3; and 
in the ‘H NMR spectrum (see Experimental) H-14’ exhi- 
bited a characteristic downfield shift of 1.38 ppm com- 
pared with 3, this fact confirming the lactone ring forma- 
tion. Because active /I-resorcylate macrohdes have free 
phenolic OH groups, attempts were made to demethylate 
macrolide 8. Demethylation of 8 with boron trichloride 
gave only the monomethyl-derivative 9, while open pro- 
ducts were obtained by reaction with boron tribromide. 

From a biologtcal point of view phanerosporic acid, 
but not macrocyclic derivatives 8 and 9 has antibactertal 
activity. All three compounds 1, 8 and 9 showed a 
stimulatory effect on root elongation of Lepidium satiuum 
(see Experimental). 

EXPERIMENTAL 

Mps: uncorr. UV absorptions were measured for solns m 95% 
EtOH. Mass spectra were taken at 70eV on an Instrument 
equipped with a FAB source. NMR spectra were recorded at 
300.13 MHz for ‘H and 75.47 for r3C nuclei wtth TMS as mt. 
standard. Flash CC was performed on Merck stlica gel 
(0 04&0.063 mm). TLC wrth Merck HF,,, silica gel. The purity 
of products was checked by TLC, NMR and MS, and deemed 
sufficient for the purpose of structural eluctdatton. 

Isolatton andpurtjicaiton of metabohte 1 The stram Phanero- 
chaete chrysosporrum CBS 481.83 was maculated m 20 Roux 
flasks contalmng MPGA (100 ml) (malt extract-peptone-glu- 
case-agar 40 4.40.15 g/l). After 21 days at 24”, the flasks were 
extracted twrce with EtOAc contamlng 1% MeOH. The crude 
extracts were chromatographed on a column of flash srhca gel 
(contammg 3% NaHzPO,) usmg CHzCIz-MeOH (15:l) as 
eluent The mam fractron (2 g) was crystallized from 
CH,CI,-hexane to give pure phanerosportc acid 1 (1.2 g). 

Phanerosportc aced (1). White crystals, mp 168”, [a],-6.10” 
(MeOH, ~0.5); (Found: C, 69 5; H, 9.6, C,,H,,O, requires C, 
69.44, H, 9 54%); EIMS m/z 336 (28) [M-44], 318 (20), 138 (56)) 
124 (lOO), 110 (9), FABMS m/z 380, UV I,,,nm: 210, 255, 295 
(~26100, 10000, 4500); IR v,,,cm-t. 3350 (OH), 1640 (CO); 
NMR (MezCO-d,) 67 15 (br signal, COOH +30H), 6 30 and 

6.23 (2H, d, 5=2.5 Hz, H-3 and H-5), 3 72 (lH, m, H-14’), 2.94 
(2H, m, Hz-l’), 1.7-1.1 (24H, m, 12CH,), and 1.12 (3H, d, J 
=6 1 Hz, Hs-15’) t3CNMR (Me,CO-d,): 6174.07 (s, C-7), 
167.17 and 163.34 (s, C-2 and C-4), 149.89 (s, C-6), 111.61 (d, C-5), 
104.35 (s, C-l), 101.72 (d, C-3), 67.71 (d, C-14’), 3726 (t, C-l’), 
23 97 (q. C-15’). The remammg 12 methylene carbons resonate 
at 640.20, 32.81, 30.54, 30.48, 3040, 3035 (5 carbons), 3020, 
and 26.59. 

Phanerosportc actd 4-methyl ether methyl ester (2). Compound 
1 (200 mg) was dissolved in CHzClz-MeOH and treated with 
CHzNz-Et,0 at 0” overnight Evapn of the solvent and 
PLC m CHzClz-MeOH (15: 1) gave 2 (180 mg) as crystals mp 
53” (from CHCI,), EIMS m/z: 408 [M]’ (I), 376 (5), 332 (8), 182 
(26), 151 (17), 138 (100); (M+ found. m/z 408.2887, Cz4H,s0, 
requires 408 2875); UV I,,,nm: 212, 256, 295 (~13 850, 6900, 
2700), IR v,,,cm -I: 3350 (OH), 1650 (ester CO) ‘H and 
t3C NMR see Table. 

Phanerosporic acid 2,4-dtmethyl ether methyl ester (3) Com- 
pound 2 (200 mg) was drssolved m dry Me&O (10 ml) and 
refluxed(5 hr) with K&O, (800 mg) and Me1 (1 ml). Filtratton of 
the sohd and evapn of the solvent afforded 3 as an 011; [a]n 
-3.49” (CHCI,; ~0.1); EIMS m/z: 422 [M]’ (la), 390 (21), 210 
(lOO), 191 (66), 151 (32); UV I,,,nm: 202, 245, 275 (s26900, 
47 600, 29 000); IR v,,,cm -l: 3440 (OH), 1730 (CO); ‘HNMR 
(CDCI,): 66.33 and 6.31 (2H, d, J=2.1 Hz, H-3 and H-5), 3 87, 
3.80and 3.78(9H,s,30Me),3.78(1H,m,H-14’),2.53(2H,m,Hz- 
l’), 1 70 (lH, br s, OH), 1 61.1 (24H, m, 12 CH,), and 1.17 (3H, d, 
5=62 Hz, H,-15’). 

Reaction of 3 with (+)-2-phenylbutyrtc anhydrtde (+)-2- 
Phenylbutync anhydrrde (170mg) was added to a soln of 3 
(120 mg) m dry pyridme (0 5 ml) The soln was kept for 20 hr at 
room temp., (+)-Zphenylbutyrrc acid with [aIn+ 17” (pyrrdme; 
~4.5) was obtained upon work-up of the reactron mixture 
according the method of ref. [13]. 

Phanerosporic actd-2,4-drmethyl-ether, methyl ester, 14’-acetate 
(4). Compound 3 (100 mg) was dissolved in dry pyrrdme (3 ml) 
and treated with Ac,O (6 ml) The soln was left to stand at 0 
overnight, then the mixture was poured mto Ice-H,O, neutral- 
ized and extracted with EtOAc prep TLC (hexane-EtOAc, 2.1) 
gave 4 (80 mg) as an oil; IR vmalcm-t. 1740,173O (CO), ‘H NMR 
(CDCl,) 66 31(2H, s, H-3 and H-5), 4 86 (lH, m, H-14’) 3.85 and 
3 80 (9H, s, OMe), 2 53 (2H, m, HZ-l’), 2 00 (3H, s, OAc), 1.7-1.0 
(24H, m, 12 CH,), and 1 20 (3H, d, J=6 1 Hz, H,-15’). 

Phanerosportc actd trtacetate (5) Phanerosporic acid 1 
(200 mg) was dissolved m dry pyrrdme (2 ml) and treated with 
Ac,O (4 ml). The soln was left to stand at 0” for 24 hr, the mtxt 
was then poured mto me-H,O, neutralized and extracted with 
EtOAc. Prep. TLC (hexane-EtOAc, 2.1) gave 5 (80 mg) and 7 
(70mg). Compound 5, ‘HNMR (Me,CO-d,). 66.99 (lH, d, J 
=22Hz, H-5), 6.88 (lH, d, J=2.2 Hz, H-3), 483 (lH, ddq, J 
=7.2, 5.4 and 6.2 Hz, H-14’), 2.77 (2H, m, Hz-l’), 2.27, 2.21 and 
196 (9H, s, 3 OAc), 17-l 1 (24H, m, 12 CH,), and 1.17 (3H, d, J 
=6.2 Hz, H,-15’) Compound 7, ‘HNMR (Me&O-d,): 66 85 
and 6.76 (3H, m, ArH), 4 83 (lH, ddq, J=7.2, 5 4 ad 6.2 Hz, H- 
14’), 2.63 (2H, m, HZ-l’), 2.24 and 1.96 (9H, s, 3 OAc), 17-l 1 
(24H, m, 12 CH,), and 1 17 (3H, d, J=6.2 Hz, H,-15’). 

5-(14’-hydroxy-n-pentadecyl)-Resorcmol 6. Phanerosportc 
acrd (160 mg) was treated wrth a soln of KOH (200 mg) m MeOH 
(6 ml) at 80” for 6 hr. The reaction mixture was neutrahzed with 
HOAc, extracted wtth EtOAc; evapn of solvent and prep. TLC 
(hexane-EtOAc, 1 2) gave 6 (120 mg) mp 135 [a]o-23.72” 
(CHCI,; c 0.1); EIMS m/z. 336 [M]’ (25), 166 (14), 137 (36), 124 
(100); UV I,,,nm 207,220 sh, 280 (~23 300,4000,3000); IR v,,; 
3400 and 3000 (OH), ‘HNMR (Me&O-d,) S6 21 (H, s, ArH), 
3.75 (lH, m, H-14’), 2.46 (2H, m, HZ-l’), 1.8-1.0 (24H, m, 12 CH,), 
1.12 3H, d, J=6.2 Hz, H,-15’). 
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2,4-Dtmethoxy-6 (14’-hydroxy-pentadecyl)-benzorc acid lactone 
(8) Metalhc sodium (300 mg) was added to t-amyl alcohol 

(300 ml), and heated to complete dlssolutlon The resultmg soln 

was added to compound 3 (100 mg) dissolved m dry toluene (1 I), 
distillbd’ d.urmg a period- 01-6~ hr and- Zwrni ot-distlll’ate were 

collected Excess of HOAc was added, and the solvent removed 

in uacuo ExtractIon of the residue with CH,Cl,, evapn of the 

solvent and flash CC usmg hexane_EtOAc (4 I) gave macrohde 

8 (30 mg 32%) as an 011, [u],-21’ (CHCI,; c 0 43), EIMS m/z 
390 [M]’ (73), 346 (6). 196 (loo), 178 (1 I), 165 (18), 152 (61), 
UV i,,,nm 208,254 sh, 280 (~26 600,4600,2750); IR v,,, cm- ’ 
1720 (lactone CO), ‘H NMR (CDCI,) 66 34 and 6 31 (2H, d, J 
=2 2 Hz, H-3 and H-5), 5 16 (IH, tq, J=6.5 and 6 2 Hz, H-14’, 

3 81 and 3 79 (6H, s, 2 OMe), 2 57 (2H, m, HZ-l’), 1 9-l l(24H, m, 

12 CH,), and 1 33 (3H, d, J=6 2 Hz, H,-15’, 13CNMR (CDCI,) 

6 168 13 (s, C-7), 161 17 and 157 76 (s, C-2 and C-4), 142 54 (s, C- 

6), 117 33 (5. C- 1). 105 41 dnd 96 25 (d, C-3 and C-5), 72 04 (d, C- 
14’, 55 82 and 55 34 (q. 2 OMe), 36 24 (t, 13 CH,). and 19 73 (4, C- 
15’) 

2-Hydroxy, 4-methoxy-6-(l4’-hydroxy-penfadecyI)-benzmc aud 
lactone (9) Compound 8 (12 mg) was dissolved m dry CH,Cl, 

(5 ml) and treated with BCI, (0 II ml) at -3o”, after 1 hr H,O 

was added and the product extracted with Et,0 Evapn of the 

solvent and prep TLC m hexane-EtOAc (7 3) gave 9 (5 mg), mp 

50”, EIMSm/z 376 [Ml’, 337,182,139 (lOO), ‘H NMR (CDCI,) 

bl20(lH,brs.OH-2),63Sand631(2H,d,J=25Hz,H-3and 
H-i),. E 20 (.l_H_. q_. .l = 6 5 a_nn 6 Z H-Z,_ H; 1_q,. 3 80, (.X!!. 4,. Cl&&+. 

3 L8 and 260 (2&l, m~HZ-C’),~ ! 9-I 1_ (24!-l_ m, 12 C)l&, md ! 33 

(3H, d, 5=62 Hz, H,-15’) 

Antlfunyal and antrbacterlal tests were performed usmg paper 

discs (6 mm@) soaked with 200 pg of the test compound dlssolv- 

ed m &OH_. dazed ard pl.?cfiF in .~J&&P, dh~e twdt~un A_!h 

24 hr phanerosporlc acid only produced a clean growth mhlbl- 

tin. haln (.6 mm. my &xJ~~ c~mwnj.aga~nst. R&&l>~.cer+~~, % 

subtrils, Escherlchla coil, Saccharomyces cereursrae, Asperyrllus 
nrger, Ophrostoma ubm, Ustllago may&, Cladosporlum cucumer- 
mum, C cladosporlotdes, and Botrytrs cmerea 

Bioassay on Lep&um saluum for growth actlvlty 600 fig of 

the tested compounds (1,g and 9 respectively) were dissolved m 

3 ml Me&O Solutions have been used to soak a filter paper disc 

(Whatman no 4 placed m a Petrt dash mm) previously sterlhzed 

After evaporating the solvent, 7 ml of demmerahzed H,O were 

added Lepuhum Saturn seeds were surface sterlhzed m NaOCl __ - 
1% for 3mm, rmsed.twlce m sterile H,U, and’pfacedm the moist 

Petri chamber (50 seeds/dish) After 72 hr the roots elongation 

was measured dlscardmg 10 values mm and 10 values max The 

value obtamed IS the average of three separate experiments (150 

seeds) carried out with every metabohte tested For compounds 

1, 8 and 9 the average lengths were 33, 295 and 39 mm 

respectively versus control (17 5 mm) 
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