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Abstract—The structure of phanerosporic acid, a f-resorcylate isolated from cultures of Phanerochaete chrysosporium,
has been assigned on the basis of 1its 'H and !*C NMR data and chemical transformations. Its use as a synthon for

macrolide synthesis 1s also described.

INTRODUCTION

Previous 1nvestigations on the products obtained from
wood partly decayed by white-rot fungi such as Phanero-
chaete sp., Sporotrichum sp and Panus sp., led to the
isolation of vartous polymeric lignins, vanillic, 1sovanillic
and veratric acids [ 1, 23; recently Phanerochaete chrysos-
porium inoculated on Betula lutea (yellow birch) wood
tissues gave a derivative of p-benzoquinone: the be-
tulachrysoquinone hemiketal [3], which is probably a
fungal metabolite rather than a product of lignin degra-
dation. There have been no reports of metabolites pro-
duced by P. chrysosporium grown on synthetic substrates.

Here we report the characterization of the most abund-
ant product contained in the ethyl acetate extracts of
cultures of P. chrysosporium. The metabolite for which we
propose the name phanerosporic acid (1), 1s the (R)-2,4-
dihydroxy-6-(14"-hydroxypentadecyl)-benzoic acid. The
absolute configuration at C-14" was deduced as (R) by
means of the Horeau method carried out on the trimethyl
dernvative 3.

Several naturally occurring mould metabolites have
been reported [4] to have structures characterized by the
presence of an aromatic ring fused to a macrolide moiety,
some showing interesting 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. This re-
sorcylate is sumilar in molecular structure, but not
biological activity, to zearalenone, a fungal hormone
produced from Fusarium graminearum [ 5], lasiodiplodin
{61, some resorcylic acid lactones (acttve as plant-growth
regulators) (7], and asperentin [§].

RESULTS AND DISCUSSION

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

*Part 27, in the series ‘Secondary Mould Metabolites’. For
part 26 see Albinati, A., Arnone, A , Assante, G, Meile, 5.V, and
Nasiny, G, (1989) Phytochemustry 28, 923

weeks, one main metabolite (1j was produced, together
with small amounts of other metabolites (see Exper-
mmental). The ethyl acetate extracts of the fungus were
evaporated, dissolved i dichloromethane, and hexane
was added. crude compound 1 precipitated After chro-
matography of the precipitate on buffered silica gel, pure
phanerosporic acid (1) was obtained, which crystallized
from dichloromethane—hexane as white crystals, mp 168°
The molecular formula C,,H ;05 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 (/=2 5 Hz), a C(13')H,CH(14')yOHMe
grouping and methylene protons resonating at éy 2 94
(H,-1’) and between 1.1-17 In addition, 1t presented a
broad signal centred at &y 7 15, which disappeared on
adding D, 0, attributable to the presence in the molecule
of carboxylic and hydroxy protons in rapid exchange
with the water contained in the solvent Accordingly, the
I3CNMR spectrum of 1 (see Experimental) exhbited
signals attributable to a tetrasubstituted aromatic ring
(6.101.72-167.17), to a carboxylic acid (d = 174.07), to an
sp* oxygen-bearing methine and to a methyl carbon, the
remaining resonances (640 20-26.59) betng due to meth-
ylene carbons. Treatment of 1 with pyridine-acetic anhy-
dnde afforded the triacetyl derivative S together with the
decarboxylated compound 7. In the 'HNMR spectrum
of 5, H-14' exhibited a characteristic downfield shift (A
=1.11), this fact indicating the presence in compound 1 of
one aliphatic and, hence, of two phenolic hydroxy groups.
The above NMR data coupled with mass spectral evi-
dence suggest that the structure of 1 consists of a dihy-
droxy benzoic acid nucleus substituted with a 14"-hydroxy-
n-pentadecyl side chain. More conclustve evidence on the
structure of 1 derived from the analysis of the 'H and
13CNMR data (Table 1) of its dimethyl derivative 2
(C14H,05) obtained by reacting 1 with drazomethane
The "HNMR spectrum of 2 revealed the presence of
two OMe groups resonating at §,;3.91 and 3.77 (H;-8 and
H,-10), of two meta-coupled aromatic protons at 8, 6 33
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Ri= Rt= R = R%= H

R'= Me. R3= Me, RR= RV = H
Ri= RE= R'= Me, R® = il
Rl = R2= R3 = Me, R = Ac
Ri= RE= R*- Ac R*= H

Uy & o =

W

6 R = H
7 R = Ac
8 Rl = R? = Me
i
3 — 9 R'= Me, R2= H
Reagents 1, KOH—MeOH, 11, pyndine —Ac; 0, u1, Na -r- amylate—toluene

Table 1 **C and 'HNMR data for compound 2 in CDCl,
Atom Sc/ppm* 1J (CH) (Hz) >1J(CH) (H2) &y (ppm)t J (HH) (H2)
1 104 58 Sddd: 40 (H-3), 80 (H-5), 40 (OH-2), 40 (H,-1")
2 165 54 Sdd 40 (H-3), 4.5 (OH)
3 98 74 Ddd 1614 45 (H-5), 78 (OH) 633d 26
4 16394 Sdddq ca3 (H-3), ca3 (H-5), 1.5 (OH), 43 (H;-10)
5 11063 Ddt 1607 50 (H-3), 63 (H,-1) 627d 26
6 148 03 Stt 55 (H,-1), 30 (H,-2)
7 171 98 Sq 40 (H;-8)
8 5182 Qs 147.5 3915
10 5522 Qs 144 4 377s
1y 3694 Tm 1290 283m
14 68 04 Dm 1410 375m
15 2345 Qom 1250 118d 62

*Capital letters refer to the pattern resulting from direct bonded (C, H) couplings and small letters to that from (C, H)
couplings over more than one bond The remaiming 12 methylene carbons appears at 8.39 37, 3189, 29 88, 29 69

{7 carbons), 29 54 and 2582

1The protons of the phenolic and the aliphatic hydroxy groups appear at 8,11 75 and 2 00, respectively, and the

remaining 24 methylene protons at 61 1-17

and 6.27 (H-3 and H-5), and of one phenolic hydroxy
proton at dy1175 (OH-2) which must be hydrogen-
bonded with the adjacent CO,Me group. Their assign-
ment, as well as that of the *3C resonances of the aromatic
portion, followed from a series of '*C-{'H} low-power
specific decoupling experiments, the results of which are
reported 1 Table 1, from the multiplicities observed in
the '"H-coupled '3C NMR spectrum and from chemucal
shift considerations. In particular the chelated 2-hydroxy
proton presented two-, three- and four-bond couplings
with the carbons resonating at 8.165 54 (2J =45 Hy),
104 58 (*J=4.0 Hz), 98 74 (3J =78 Hz), and 16394 (*J

= 1.5 Hz) which were therefore assigned to C-2, C-1, C-3,
and C-4 [9] respectively, the methoxy substituents were
placed at C-4 and at the carbonyl C-7 (6-=171.98) as
these carbons presented three-bond couplings of 4.3 and
40 Hz with H;-10 and H,-8, respectively; the side cham
was located at C-6, as irradiation of either H,-1" or H,-2'
caused the quaternary carbon at 3. =148 03 to decouple
to a triplet (*J =55 and *J =3 0 Hz) while the remaimng
methine aromatic carbon which presented, as well as C-1,
three-bond couphngs with H,-1' (?3J=63 and 40 Hz
respectively) was assigned to C-5. Phanerosporic acid
decarboxylates by heating with bases to give the resorcyl-



Phanerosporic acid, a f-resorcylate

ate 6, similar to other analogous natural meta-diphenolic
acids such as corticiolic acid, isolated from Corticium
caeruleum grown on yeast extract medium [10].

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 1n 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 [11]. At-
tempts to obtan cyclization using pellets of Phanero-
chaete chrysosporium or Fusarium graminearum grown on
Iiquid 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 15hr [12]. Compound 8 was so
obtained in moderate yield (32%). Its structure was
derived from the following evidence: the mass spectrum
displayed a molecular ion at m/z 390 (C,,H,50,), 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 f-resorcylate macrolides 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 biological point of view phanerosporic acid,
but not macrocyclic derivatives 8 and 9 has antibactenal
activity. All three compounds 1, 8 and 9 showed a
stimulatory effect on root elongation of Lepidium sativum
(see Experimental).

EXPERIMENTAL

Mps: uncorr. UV absorptions were measured for solns 1n 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 13C nucler with TMS as nt.
standard. Flash CC was performed on Merck silica gel
(0 040-0.063 mm). TLC with Merck HF, o, silica gel. The purity
of products was checked by TLC, NMR and MS, and deemed
sufficient for the purpose of structural elucidation.

Isolation and purification of metabolite 1 The strain Phanero-
chaete chrysosporium CBS 481.83 was inoculated in 20 Roux
flasks containing MPGA (100 ml) (malt extract—peptone-giu-
cose~agar 40 4-40-15 g/1). After 21 days at 24°, the flasks were
extracted twice with EtOAc containing 1% MeOH. The crude
extracts were chromatographed on a column of flash silica gel
(containing 3% NaH,PO,) using CH,Cl,-MeOH (15:1) as
eluent The mam fraction (2g) was crystallized from
CH,Cl,-hexane to give pure phanerosporic acid 1 (1.2 g).

Phanerosporic acid (1). White crystals, mp 168°, [«],—6.10°
(MeOH, ¢0.5); (Found: C, 69 5; H, 9.6, C,,H;,0; requires' C,
69.44, H, 9 54%), EIMS m/z 336 (28) [M —447, 318 (20), 138 (56),
124 (100), 110 (9), FABMS m/z' 380, UV 4,,nm: 210, 255, 295
(€26 100, 10000, 4500); IR v,,.,cm~ ! 3350 (OH), 1640 (CO),
NMR (Me,CO-dg) 715 (br signal, COOH +30H), 6 30 and
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6.23 (2H, 4, J=2.5 Hz, H-3 and H-5), 372 (1H, m, H-14'), 2.94
(2H, m, H,-1"), 1.7-1.1 (24H, m, 12CH,), and 1.12 (3H, 4, J
=61Hz, H;-15) '3CNMR (Me,CO-dg): 617407 (s, C-7),
167.17 and 163.34 (s, C-2 and C-4), 149.89 (5, C-6), 111.61 (d, C-5),
104.35 (s, C-1), 101.72 (d, C-3), 67.71 (d, C-14'), 3726 (z, C-1"),
2397 (g, C-15'). The remaining 12 methylene carbons resonate
at 540.20, 32.81, 30.54, 30.48, 3040, 3035 (5 carbons), 3020,
and 26.59.

Phanerosporic acid 4-methyl ether methyl ester (2). Compound
1 (200 mg) was dissolved in CH,Cl,~-MeOH and treated with
CH,N,-Et,0 at 0° overmight Evapn of the solvent and
PLC in CH,Cl1,-MeOH (15:1) gave 2 (180 mg) as crystals mp
53° (from CHCL;), EIMS m/z: 408 [M]™* (1), 376 (5), 332 (8), 182
(26), 151 (17), 138 (100); (M * found. m/z 408.2887, C,,H,,O5
requires 408 2875); UV A_,.nm: 212, 256, 295 (13850, 6900,
2700), IR v,,.cm™' 3350 (OH), 1650 (ester CO) 'H and
I3CNMR: see Table.

Phanerosporic acid 2,4-dimethyl ether methyl ester (3) Com-
pound 2 (200 mg) was dissolved in dry Me,CO (10 ml) and
refluxed (5 hr) with K,CO; (800 mg) and MeI (1 ml). Filtration of
the solid and evapn of the solvent afforded 3 as an oil; [a]p
--3.49° (CHCl;; ¢0.1); EIMS m/z: 422 [M]* (16), 390 (21), 210
(100), 191 (66), 151 (32); UV A, nm: 202, 245, 275 (£26 900,
47600, 29000); IR v,_,,cm™!: 3440 (OH), 1730 (CO); 'HNMR
(CDCl,): 66.33 and 6.31 (2H, d, J=2.1 Hz, H-3 and H-5), 387,
3.80 and 3.78 (9H, s, 30Me), 3.78 (1H, m, H-14'), 2.53 (2H, m, H,-
11,170 (1H, br s, OH), 1 6-1.1 (24H, m, 12 CH,), and 1.17 (3H, 4,
J=62 Hz, H,-15.

Reaction of 3 with (+)-2-phenylbutyric anhydride (+)-2-
Phenylbutyric anhydnde (170 mg) was added to a soln of 3
(120 mg) in dry pyridine (0 5 ml) The soln was kept for 20 hr at
room temp., ( +)-2-phenylbutyric acid with [a]p+ 1 7° (pyridine;
c4.5) was obtained upon work-up of the reaction muxture
according the method of ref. [13].

Phanerosporic acid-2,4-dimethyl-ether, methyl ester, 14'-acetate
(4). Compound 3 (100 mg) was dissolved in dry pyridine (3 ml)
and treated with Ac,O (6 mi) The soln was left to stand at 0°
overnight, then the mixture was poured nto 1ce-H,O, neutral-
ized and extracted with EtOAc prep TLC (hexane-EtOAc, 2.1)
gave 4(80 mg) as an o1l; IR v,,,,cm ™1+ 1740, 1730 (CO), 'H NMR
(CDCl,) 66 31 (2H, s, H-3 and H-5), 4 86 (1H, m, H-14"), 3.85 and
380 (9H, s, OMe), 2 53 (2H, m, H,-1), 200 (3H, 5, OAc), 1.7-1.0
(24H, m, 12 CH,), and 120 (3H, d, J=61 Hz, H,-15).

Phanerosporic acid tracetate (5) Phanerosporic acid 1
(200 mg) was dissolved m dry pyridine (2 ml) and treated with
Ac,0 (4 ml). The soln was left to stand at 0° for 24 hr, the mixt
was then poured into 1ce-H,O, neutralized and extracted with
EtOAc. Prep. TLC (hexane-EtOAc, 2-1) gave 5 (80 mg) and 7
(70 mg). Compound 5, 'HNMR (Me,CO-dg). 66,99 (1H, d, J
=22 Hz, H-5), 6.88 (1H, d, J=2.2 Hz, H-3), 483 (1H, ddq, J
=72, 5.4 and 6.2 Hz, H-14), 2.77 (2H, m, H,-1"), 2.27, 2.21 and
196 (9H, s, 3 OAc), 1 7-11 (24H, m, 12 CH,), and 1.17 (3H, d, J
=6.2 Hz, H;-15") Compound 7, 'HNMR (Me,CO-d,): 66 85
and 6.76 (3H, m, ArH), 483 (1H, ddgq, J=17.2, 54 ad 6.2 Hz, H-
14, 2.63 (2H, m, H,-1"), 2.24 and 1.96 (9H, s, 3 OAc), 1 7-11
(24H, m, 12 CH,), and 1 17 (3H, 4, J=6.2 Hz, H;-15").

S-(14'-hydroxy-n-pentadecyl)-Resorcinol 6. Phanerosporic
acid (160 mg) was treated with a soln of KOH (200 mg) in MeOH
(6 ml) at 80° for 6 hr. The reaction mixture was neutrahized with
HOAGC, extracted with EtOAc; evapn of solvent and prep. TLC
(hexane-EtOQAc, 1 2) gave 6 (120 mg) mp 135 [o]p—23.72°
(CHCly; ¢ 0.1); EIMS m/z. 336 [M]* (25), 166 (14), 137 (36), 124
(100); UV A,,,,nm 207, 220 sh, 280 (¢23 300, 4000, 3000); IR v,,;
3400 and 3000 (OH), '"HNMR (Me,CO-d¢) 8621 (H, s, ArH),
3.75(1H, m, H-14'), 2.46 (2H, m, H,-1'), 1.8-1.0 (24H, m, 12 CH,),
1.12 3H, d, J =6.2 Hz, H;-15).
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2,4-Dimethoxy-6 (14'-hydroxy-pentadecyl)-benzoic acid lactone
(8) Metallic sodium (300 mg) was added to t-amy! alcohol
(300 ml), and heated to complete dissolution The resulting soln
was added to compound 3 (100 mg) dissolved 1n dry toluene (1 1),
distilled during a period of" 6 hr and Z0U ml ol distillate were
collected Excess of HOAc was added, and the solvent removed
in vacuo Extraction of the residue with CH,Cl,, evapn of the
solvent and flash CC using hexane-EtOAc (4 1) gave macrohde
8 (30 mg 32%) as an o1l, [« —21° (CHCL;; ¢ 043), EIMS m/z
390 [M]* (73), 346 (6), 196 (100), 178 (11), 165 (18), 152 (61),
UV j .nm 208, 254 sh, 280 (¢26 600, 4600, 2750); IR v, ,cm ™!
1720 (lactone CO), 'HNMR (CDCl,) 86 34 and 6 31 (2H, d, J
=22 Hz, H-3 and H-5), 516 (1H, tq, J=6.5 and 6 2 Hz, H-14',
381and 379 (6H,s,2 OMe), 2 57 (2H, m, H,-1'), 1 9-1 1 (24H, m,
12 CH,), and 1 33(3H, 4, J =6 2 Hz, H,-15, 13C NMR (CDCl,)
6168 13 (s, C-7), 161 17 and 157 76 (s, C-2 and C-4), 142 54 (s, C-
6), 117 33 (s, C-1), 10541 and 96 25 (d, C-3 and C-5), 7204 (d, C-
14,55 82 and 55 34 (q,2 OMe), 36 24 (1, 13CH,).and 19 73 (¢, C-
15%)

2-Hydroxy, 4-methoxy-6-{14'-hydroxy-pentadecylybenzoic acid
lactone (9) Compound 8 (12 mg) was dissolved 1n dry CH,Cl,
(5 ml) and treated with BCl; (0 11 ml) at —30°, after t hr H,O
was added and the product extracted with Et,O Evapn of the
solvent and prep TLC in hexane~-EtOAc (7 3) gave 9 (5 mg), mp
50°, EIMS m/z 376 [M]*, 337,182, 139 (100), 'H NMR (CDCl,)
8120 (1H, br s, OH-2), 635 and 6 31 (2H,d, J=2 5 Hz, H-3 and
H-9), S 20 (1H, g, =65 and 6 2 Hz, H-14), 280.(3H, 5, OMe),
318and 260 2H, m, H-1'), 19-11(24H_m, 12.CH,) and 133
(3H, d, /=62 Hz, H;-15)

Antifungal and antibacterial tests were performed using paper
discs (6 mm ¢) soaked with 200 ug of the test compound dissolv-
ed . EtOH, dried and placed in switahle clbire medium,. After
24 hr phanerosporic acid only produced a clean growth mhibi-
tan.hala (A mm.ray of araar crown).aganst. Racillus.cereus, B
subtifis, Escherichia coli, Saccharomyces cerevisiae, Aspergillus
miger, Ophiostoma ulmi, Ustilago maydis, Cladosporium cucumer-
inum, C cladosporioides, and Botrytis cinerea

Bioassay on Lepidium sativum for growth actuvity 600 ug of
the tested compounds (1, 8 and 9 respectively) were dissolved 1n

A ARNONE et al.

3 ml Me,CO Solutions have been used to soak a filter paper disc
(Whatman no 4 placed 1n a Petrt dish mm) previously stenihized
After evaporating the solvent, 7 ml of demierahzed H,O were
added Lepidium satiwum seeds were surface sterihized in NaOCl
1% for 3 min, rinsed twice 1n sterile H, G, and placed’in the moist
Petr1 chamber (50 seeds/dish) After 72 hr the roots elongation
was measured discarding 10 values min and 10 values max The
value obtained 1s the average of three separate experiments (150
seeds) carried out with every metabolite 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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