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Abstract - The chemical components of Paxillus involutus were isolated from the 

freshly collected fruit bodies. Mainly on the basis of the NMR and ESI-MS data, 

the structures of the unknown pigments were determined as 4-(3,4-

dihydroxyphenyl)-2-(4-hydroxyphenyl)-2-(2-pyrrolidon-5-yl)-4-cyclopentene-

1,3-dione and (4Z)-5-hydroxy-2-(3,4-dihydroxyphenyl)-5-(4-hydroxyphenyl)-2,4-

pentadien-4-olide, respectively. 

 

Paxillus involutus (Eng. Brown Roll-rim) is a fair-sized mushroom widely distributed not only in Europe. 

Following the time of the controversial opinions on the usability of the mushroom for edible purposes,
1
 

its hemolytic properties were proven in a number of scientific publications, including those based on 

clinical observations
2
 and biochemical tests in vitro.

3
 The chemical composition of the mushroom is still 

poorly recognized and there is even no suggestion about the chemical structure, the hemotoxic activity 

relationship. In our previous paper dealing with the search of P.involutus metabolites,
4
 in which the 

structure of involutone, a previously unknown phenolic pigment, was proved, it was pointed out that 

some artefacts formation occurred due to the enzymatically catalyzed transesterification and 

transglucosylation reactions with a contribution of the alcohol used in the extractive treatment of the 

freshly collected fruit bodies. 

In the experiments discussed in this paper, the set of pigments occurring in the methanolic extract of 

lyophilized P. involutus was resolved chromatographically on four main compounds, the most abundant 

involutin
5
 and the second one involutone,

4
 both of them already described in the literature, and two others 

(1 and 2, respectively) of unknown structures. All of them were found to reveal the antioxidative activity,
6
 

the highest being observed in the case of involutin. The purified pigment 1 was an optical inactive (in 

MeOH or MeCN), deep yellow solid, melting with decomposition at 198 ºC. The 
1
H NMR and 

13
C NMR
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spectra of 1 (
1
H and 

13
C assignments were based on COSY, HMQC and HMBC experiments) appeared to 

be very similar to those of involutone,
4
 differing only by the presence of additional signals, which 

indicated a pyrrolidonyl ring to be a component of the molecule, instead of the Csp
3
-OH group. This 

conclusion was in agreement with the absorption pattern of the IR spectrum.
7
 The ESI-MS spectrum  

exhibited a pseudomolecular ion peak at m/z 380 [M+H]
+
 and a more abundant one at m/z 378 [M-H]

-
, the 

HR-ESI-MS measurement of which enables us to calculate the molecular formula C21H17NO6 of 1. The 

ESI-CID-MS/MS fragmentation spectrum recorded for the anion of m/z 378 showed that the pigment 

molecular ion easily lost a fragment corresponding to the pyrrolidonyl ring and the resulting ion of m/z 

295 underwent further fragmentation, which was similar to that observed for the cation of m/z 295, 

obtained as a fragmentation ion of involutone, [M+HH2O]
+
. Additionally, the anion of m/z 295 easily 

lost a hydrogen atom, yielding a radical-anion of m/z 294, the fragmentation of which followed a similar 

pathway to that determined for the parent ion of m/z 295, the only difference being that the m/z values of 

the corresponding fragmentation ions were each diminished by one mass unit.  

On the basis of the presented arguments as well as of 
1
H, 

13
C shift correlations, being found as a result of 

the two dimensional NMR experiments (summarized in Figure 1), the structure of 1 was determined as 4-

(3,4-dihydroxyphenyl)-2-(4-hydroxyphenyl)-2-(2-pyrrolidon-5-yl)-4-cyclopentene-1,3-dione. 

It is interesting to note that 1 was found to exist in the form of two conformers, quite stable at room 

temperature, due to the likelihood (as it followed from the Dreiding models inspection) of a strong 

hydrogen bond formation by the amide proton alternately to one of the two carbonyl oxygens of the 

cyclopentenedione ring. As a consequence of such a stereochemical inhomogeneity, most of the signals of 

the proton and carbon NMR spectra were duplicated. The pattern of the duplicated signals (except for H-

5’) appeared to be temperature dependent. At 25 C, the 
1
H NMR spectrum of 1 dissolved in DMSO-d6, 

exposed two signals of the proton N-H at 8.07 and 7.94 ppm, which broadened and moved at 60 C to 

7.95 and 7.83 ppm, respectively, while at 80 C they almost disappeared. Similarly, the resonance pattern 

of the proton H-5 changed with an increase of temperature. First, a shift of the two singlets was observed 

from 7.70 and 7.62 ppm (at 25 C) to 7.58 and 7.52 ppm (at 40-60 C), respectively, then, at 100 C, the 

signals combined into a singlet, which occurred at 7.50 ppm.  

The ESI-MS spectrum of the fourth pigment, 2, displayed the pseudomolecular ion peaks at m/z 311 

[MH]
-
, m/z 313 [M+H]

+
 and m/z 335 [M+Na]

+
, indicating the molecular weight of the compound to be 

312. The HR-ESI-MS of the last two cations gave the molecular formula C17H12O6 of 2. According to the 

1
H NMR and 

13
C NMR data, the molecular structure is composed of olefinic and aromatic carbons only 

and the only carbonyl carbon (the chemical shift of which was found at  167.18 ppm) was an element of 

the lactone function. Additionally, it followed from the proton coupling pattern and chemical shifts that 

the molecule is composed of 3,4-dihydroxyphenyl and 4-hydroxyphenyl substituents, which are attached 
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to the carbon chain made of two vinyl groups and lactone carbonyl.
8
 On the basis of the presented 

observations, the two most probable structures for 2 were considered, both of them differing from one 

another in the localization of the four OH groups in the molecule of 2,5-diphenyl-2,4-pentadien-4-olide 

skeleton. To solve this problem, the chemical shift values for hydrogens and carbons of these structures 

were calculated using the ChemDraw Ultra 11.0 program and compared with those determined for the 

original samples of 3-hydroxy-5-(3,4-dihydroxyphenyl)-2-(4-hydroxyphenyl)-2,4-pentadien-4-olide 

(trihydroxypulvinone
9
) and of 2. It followed from the comparison of the calculated results (the most 

significant differences of chemical shifts
8
 were observed in the case of H-5 or 3, H-2’, C-2, C-4 and C-5) 

with the experimental data, that a structure of 5-hydroxy-2-(3,4-dihydroxyphenyl)-5-(4-hydroxyphenyl)-

2,4-pentadien-4-olide should be attributed to the pigment marked as 2. The conclusion was confirmed by 

1
H, 

13
C shift correlations, being determined on the basis of the 2D NMR experiments and, additionally, 

the (4Z) configuration of 2 resulted from the through-space interactions (NOESY) of H-3 with H-2’ and 

H-6’ only (Figure 1). 

 

       Figure 1. The selected shift correlations in the structure of pigments 1 and 2 

         resulting from HMBC (       ) and NOE (         ) experiments. 

 

The results of searching for the chemical components responsible for the hemolytic properties of P. 

involutus, which were discussed in the initial manuscript of this paper, and were deleted in proof (leading 

to the isolation, spectral characterization and molecular formula, C28H51NO6, determination of the 

hemotoxin, which in turn can be hydrolyzed without loss of activity to a mixture of C22H42O4 and C6H8O3, 

accompanied by ammonia elimination), will be published separately. 
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