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Abstract—Reinvestigation of the monohydroxylactone fraction of an ethanolic extract of Lactarius vellereus resulted
in the isolation of four new monohydroxylactones with the marasmane skeleton. The structures were elucidated by
extensive NMR investigations and in one case confirmed by X-ray measurements.

INTRODUCTION

The chemical defence mechanism of hot tasting mush-
rooms involves an enzymic transformation of the natural
precursor, existing in their tissues, into a series of hot
tasting antifeedant sesquiterpenoids [1-4]. The fact that
this process is an enzymic one is not doubted and our
present paper supports this view. Investigations of sev-
eral species of Lactarius revealed that in all of them the
precursor (velutinal, 1) which possesses the marasmane
skeleton is quickly transformed into sesquiterpenes with
the lactarane skeleton. However, although L. vellereus
has such an enzymic system, in ethanol several lactones
with the unchanged marasmane skeleton can be isolated
[5-9]. Bearing this in mind we decided to reinvestigate
the monohydroxylactone fraction of the ethanolic extract
of L. vellereus, and in addition to the monohydroxylac-
tones with the lactarane skeleton, four new marasmanol-
ides were isolated.

RESULTS AND DISCUSSION

All the new compounds (2-5) exhibited some common
features: their molecular formula, established by HR
mass spectrometry, was C;sH;00;. Their IR spectra
showed the same hydroxylic, carbonyl lactonic and C=C
bands. Also, their UV spectra had the same absorption
characteristic for a cross conjugated carbonyl-gem-cyclo-
propane double bond system. The 'H NMR spectra of
the compounds showed common features such as pairs of
doublets of protons (H-4), lactonic methylenes (H-13,
ABg) and methyl singlets (5 1.5) at H-12 characteristic of
the marasmane skeleton. The additional common feature
was the presence of a vinyl proton absorption which
showed allylic coupling with the H-13 methylene. All the
data allowed assignment, of the marasmane skeleton, for

compounds 2-5 and, therefore, they differed in the posi-
tion of a hydroxyl group. Compounds 2 and 3 when
acetylated in the cold to give monoacetyl derivatives 2a
and 3a, respectively, whereas compounds 4 and 5 failed
to yield acetates. The *HNMR spectrum of 2 exhibited,
instead of the usual three signals (singlets) for the methyl
groups belonging to the marasmane skeleton, only two
singlets and a diprotonic signal of a hydroxymethylene
(03.34 dd). The last signal was shifted downfield by
0.5 ppm in the spectrum of its acetyl derivative 2a. The
13C NMR spectrum of 2 exhibited a triplet for a hy-
droxymethylene carbon at ¢ 71.8. Therefore 2 was as-
sumed to be a 14-hydroxylated derivative as one of the
geminal methyls, ic., from the convex side of the mole-
cule, was oxidized, as was found previously [10]. A NOE
experiment confirmed this assumption because irradia-
tion of the H-14 signal enhanced the signals of H-1e,
H-10a and H-15. Shifts of signals of other protons were
substantiated by decoupling and by 'H-'H and
'H-13C NMR correlation spectra and are all presented
in Table 1.

The 'H NMR spectrum of 3 exhibited signals of three
methyl protons characteristic of the marasmane skeleton,
and one proton doublet at 43.61, which was shifted
downfield in the '"H NMR spectrum of 3a. This was the
signal of the proton attached to the carbon bearing
a secondary hydroxyl group. A signal for a similar car-
bon also existed in 13C NMR spectrum of 3, which was
additionally confirmed by a 'H-'3C NMR correlation
spectrum. Irradiation of the signal of H-8 allowed identi-
fication of the signal of H-9a and irradiation simplified
the signal at 6 3.61, thus allowing location of the second-
ary hydroxyl group at C-9 and not at C-1. Its stereo-
chemistry followed from the small coupling constant
(JHoa, 100 = 2Hz) and the NOE experiment where ir-
radiation of H-10« enhanced the signals of H-9«, H-2«
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Table 1. ' H NMR spectra of 2, 2a, 3, 3a, 3u, 4 and 5 (500 MHz, CDCl;, TMS as int. standard)

Site 2 2a 3 3a 3u 4 5
la 182 (ddd) 180(ddd) 1.68(ddd) 1.70(ddd)  1.76(ddd)  1.75(dd) 1.71 (dd)
b 1.07() 113 () 1.25(2) 1.28 (1) 133 (1) 1.03 (1) 1.58 (d)

2a 245t 2.47 (d) 2.83(d1) 2.78 (dt) 2.85 (dr) 245(dd)  —

4 1.61(d) 1.60(d) 1.48 (d) 1.49 (d) 1.56 (d) 2.00 (d) 1.74 (d)

4 142(d) 143 (d) 1.4 (d) 145 (d) 1.47 (d) 1.59 (d) 1.46 (d)

8  5.06(g 5.05(q) 5.11 {g) 5.19 (q) 5.19(q) 529 (p) 5.18(2)

9a  2.54(m) 2.54 (m) 2.43 (m) 2.43 (m) 2.59 (m) — 2.39 (m)
10a  1.93(dd) 192(dd)  3.61(d) 4.67(d) 477 (d) 1.83 (ABg)  2.21(dd)
10b  1.35(dd) 140 (dd)  — - — 188 (ABg) 147(d)

12 148(s) 1.48 (s) 1.46 (5) 149 (s) 1.49 (s) 1.49 (s) 1.56(s)
132 489 488 487 4.89 490 492(ABg) 4.95(ABg)
13b 494 494 494 495 496 499(ABg) 4.85(ABg)
14 334(dd)  382dd)  1.05(s) 1.06 (s) 1.10 (s) 1.11(s) 1.18(s)

15 1.00(s) 1.02 (s) 1.00 (s) 1.02(s) 1.12(s) 0.92 (s) 1.01 (s)

Ac  — 2.09(s) — 2.06 (s) NH 830(s) — —

J(Hz)-2: 10,18 = 13.0; 1¢,2a0 = 7.2; 18,20 = 12.7; 4,48 = 3.8; 8,13a = 1.8; 8,13b = 2.5;

89a = 2.1; 92,10 = 7.6; 92,108 = 13.4; 102,108 =

13.4; 13a,13b = 17.6 (ABg).

2a: 1o, 18 =13.1; 1,20 = 7.2; 1,20 = 12.8; 42,4 = 3.8; 8,13a = 1.8; 8,13b = 2.5;

8,92 = 2.0; 92,10x = 7.6; 92,108 = 13.5; 100,108 =

13.5; 13a,13b = 16.6 (ABq). 92,13a = 3.1;

92,13b = 44. NOE: irradiation of H-14 enhanced 14,10a and 15.

3 1a,18 =12.6; 1a,22 = 6.9; 18,20 = 12.7; 40,45 = 3.9; 8,132 = 1.8; 8,13b = 2.5;

92,100 = 1.2; 90,132 = 3.2; 9¢,13b = 4.5; 13a,13b = 13.3(ABg).

3a: 1a,18 = 13.7; 1a.200 = 7.1; 18,20 = 12.7; 4o, 4 = 3.7; 8,13a = 1.7; 8,13b = 1.5;

92,100 = 2.0; 9a,13a = 3.1; 9,13b = 4.6; 1313a,13b = 16.6 (ABg). 9,132 = 3.1; 9a,13b = 44. NOE:

irradiation of H-10« enhanced 9¢,2x« and la.

3ur 1,18 =12.7; 1a,200 = 6.9; 15,20 = 12.7; 40,48 = 4.0; 8,132 = 1.8; 8, 13b = 2.5;

92,10a = 1.2; 9a,13a = 3.2; 9a,13b = 4.5; 13a,13b =

13.3 (ABg).

4: 1o, 18 = 13.1; 1,20 = 7.5; 18,20 = 13.0; 42,4 = 3.2; 8,13a = 1.8; 8,13b =2.4;
102,108 = 13.3 (ABq); 13a,13b = 13.6 (ABg). NOE: irradiation of 2« enhanced 10« and la.
5: la,18 = 14.0; 10,92 = 1.7; 40,48 = 4.0; 8,13a = 1.8; 8,13b = 2.4; 100,108 = 13.0; 13a,13b = 13.3

(ABg). NOESSY confirmed the stereochemistry.

Fig. 1. Three-dimensional structure of 3u. Crystal data: C3H;005NCly: M, = 436.72, orthorhombic, space group

P2,2,2,, cell constants a = 10.3101(7), b = 11.465(2), c = 16.580(1) A; V = 1959 8(4) A% Z=4d, =148 gem™ 3

F(OOO) = 904; The final R = 0.066, Ry = 0.086 [W = 1/{(¢? + 0.0005 F?)]. X-ray data are deposited at the
Cambridge Crystallographic Data Centre.

and H-1a. It has been assumed that in all the compounds
the six- and five-membered ring junction was cis. Since
3 reacted with trichloroacetyl isocyanate to give a cry-
stalline derivative, X-ray analysis was undertaken and
confirmed our structural assignments (Fig. 1).

Compounds 4 and 5 failed to produce acetyl deriva-
tives. Their **C NMR spectra showed the presence of
quaternary carbons substituted with hydroxyls in their
molecules (Table 2). The 'H NMR spectra of both 4 and
5 exhibited signals of protons at C-4 which, together with
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Table 2. '3C(125.7 MHz) NMR spectra of 2, 2a, 3,4 and 5

Site 2 2a 3 4 5
1 388t 3941 437t 446t 4551t
2 430s 430 s 395s 474 d 86.1s
3 3355 333s 322s 329 315s
4 307t 307t 317t 36.2¢ 362t
S 177.7s 1775s 1776 s 177.1s 1769
6 275s 276 s 278 s 284 s 377s
7 1336s 13425 1341s  140.6s 14135
8 117.7d 117.5d 1203d 1176 d 11994
9 382d 38.24d 473d 799 s 472 s
10 425:¢ 429 87.1d 58.11¢ 50.9 ¢
11 406s 40.7 s 417 s 356s 373s
12 168¢ 168 g 16.6 g 173 ¢ 133 ¢
13 69.1t 69.1: 69.11¢ 68.3 ¢ 7291
14 718t 726t 236 g 325¢ 332¢
15 2664 271 ¢ 3004 313 ¢ 335¢
Ac — 2094,1714s — — —

the UV spectral data, confirmed their marasmane skel-
eton. Therefore, the quaternary hydroxyl groups had
to be attached to carbons C-2 or C-9. The distinction
was accomplished by decoupling experiments and
'H-'H NMR correlation spectra. When the signal at
6 5.29 (H-8 vinyl proton) was irradiated only the signals
of the ABg of H-13 (allylic coupling) were simplified.
Therefore, in the molecule of 4 the hydroxyl group is
located at C-9. Conversely, irradiation of the signal at

oR
3 R=H, 3a R=Ac

3u R=0CNHCOCC1,
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0 5.18 in the spectrum of 5 simplified the signals of H-13
(ABg) and the signal of the angular proton at C-9, thus
allowing location of the hydroxyl group in the molecule
of 5 at C-2. A pattern of allylic H-13, H-8 and homoal-
lylic H-13, H-9a couplings was observed in the 'H NMR
spectra of 2, 2a, 3, 3a and 5, whereas in the spectrum of
4 only allylic coupling was exhibited. All the 'H and
13C NMR data unequivocally supported the structures
2-5 and are presented in Tables 1 and 2.

EXPERIMENTAL

Lactarius vellereus was collected in October 1993 in
Zalesie mixed forest near Warsaw and was authenticated
by the mycologist Prof. A Skirgietto (Warsaw Univer-
sity). A specimen (Voucher no. 32660) is deposited at the
Department of Systematics and Geography of Plants,
University of Warsaw.

Isolation of compounds 2, 3, 4 and 5. Prepn of an EtOH
extract of L. vellereus, its purification and coarse
chromatography are as reported previously [10]. The fr.
containing monohydroxylactones [TLC: R, 0.3-0.5,
C¢Hg-Me,CO (4:1)] was collected and the residue
(2.2 g) obtained after evapn of the solvent was re-
chromatographed on silica gel using a hexane-EtOAc
gradient (20-30%) system. The chromatography was
monitored by TLC (hexane-EtOAc, 7:3) and 3 frs were
obtained: 1 (R, 0.41-0.87, 38mg), 2 (R, 0.16-045,
1477 mg), 3 (R, 0.05-0.15, 597 mg). Fr. 3 was by sepd
HPLC using an efficient column (20 x 300 mm) filled

2 R=H,

2a R=AcC

8 R
4 R1=H, R2=0H

5 R1=OH, R2=H
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with LiChrosorb (10 um), which was ecluted with
hexane-EtOAc (4:1). The K’ values reported below were
obtained first using an analyt. column eluted with
hexane-EtOAc (41:9). The following compounds were
obtained.

13,14-Dihydroxy-marasm-7(8)-en-5-oic acid vy-lactone
(1). Compound 1 (120 mg, K’ = 15.5) obtained as oil;
[«]3° = + 83.2° (CHCls, ¢ 1.17); UV A4, nm: 229.7
(£3240), 286.6 (¢396); IRViI™ cm™!: 3440, 1766, 1689.
HRMS: [M]* 24814059, calc. for C,5H;00; [M]*
248.14124. MS 70 eV m/z (rel.int): 248 [M] * (4), 230 (47),
215 (31), 201 (85), 185 (20), 171 (26), 157 (100), 143 (35),
129 (32), 120(23), 105 (24), 91 (28), 77 (12), 65 (4), 55 (7), 43
(10). 171 (26), 157 (100), 143 (35), 129 (32), 120 (23), 105
(24), 91 (28), 77 (12), 65 (4), 55 (7), 43 (10).

14-Acetoxy-13-hydroxy-marasm-1(8)-en-5-oic acid -
lactone (2a). Compound 2a was prepd by standard
acetylation of 2. Oil; [«]3° = + 64.4° (CHCl;, ¢ 1.3);
IRV cm ™1 1768, 1737, HRMS: [M]* 290.15145, calc.
for C;,H,,0, 290.15181. MS 70eV, m/z (rel. int.): 290
[M]7 (60), 248 (16), 230 (94), 215 (64), 201 (100), 185 (43),
172 (42), 157 (97), 143 (58), 129 (49), 120 (77), 115 (27), 111
(23), 105 (43), 91 (49), 77 (29), 69 (25), 55 (27), 43 (98).

10B, 13-Dihydroxy-marasm-7(8)-en-5-oic acid y-lactone
(3). Compound 3 (158 mg, K’ = 17.8) obtained as oil;
[a]3° = + 61.8° (CHCl,, ¢ 1.57) ; UV Ap, nm: 229.7
(£2195) , 2824 (£151) ; IRVE™ cm~!: 3452, 1767, 1692.
HRMS: [M]*248.14171, calc. for C;sH,,0; [M]
+248.14124. MS 70 eV m/z (rel.int.): 248 [M]* (100), 233
(40), 230 (14), 215(16), 192 (30), 187 (25), 177 (82), 163 (45),
147 (26), 138 (32), 131 (25), 119 (31), 91 (400), 77 (23), 72
(16), 65 (10), 53 (10), 43 (25).

10B-Acetoxy-13-hydroxy-marasm-1(8)-en-5-oic acid y-
lactone (2a). Compound 2a was obtained by acetylation
of 3 under standard conditions. Oil; [«J3° = + 29.5
(CHCl,, ¢ 1.1); IRVIm™ cm™1: 1769, 1734, HRMS: [M]*
290.15146, calc. for C;,H,,04 290.15181. MS 70 eV m/z
(rel. int.): 290 [M]* (1), 248 (21), 230 (94), 215 (87), 201
(46), 187 (30), 171 (47), 157 (47), 143 (32), 120 (48), 105 (28),
91 (42), 77 (26), 43 (100).

10B-[N-Trichloroacetyl-carbamate}-13- hydroxy-mar-
asm-7-en-5-oic acid y-lactone (3). Compound 3 was prepd
from 3 and trichloroacetyl isocyanate under standard
conditions. Mp 203-208% [a]d®= + 10.5° (CHCl;;
c0.8); IR vEBr em~1: 3160, 2966, 1799, 1753, 1731, 1684,
HRMS: [M — CCI;CONCO]* 248.14742, calc. for
CisH,00; 248.14124. MS 70¢V m/z (rel. int) : 436
[M]* (0.1), 322 (0.1), 248 (9), 230 (100), 215 (73), 201 (33),
188 (21), 171 (20), 157 (20), 143 (11), 120 (20), 105 (8),
91 (11).

9a,13-Dihydroxy-marasm-7(8)-en-5-oic acid y-lactone
(4). Compound 4 (33 mg, K’ = 14.6) obtained as oil;
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[«]2° = +291° (CHCls, ¢ 1.63); UV Ay, nm: 231.1
(£3191), 275.5 (e 562); IRvi™ 3400, 1766, 1688. HRMS:
[M]* 248.1420, calc. for C;sH200; [M]* 248.14124.
MS 70 eV m/z (rel. int.): 248 [M]* (48), 233 (36), 230 (32),
215 (100), 203 (32), 192 (35), 187 (32), 174 (44), 164 (33),
149 (32), 133 (24), 119 (37), 105 (50), 91 (50), 77 (44), 69
(19), 55 (28), 43 (42).

20,13-Dihydroxy-marasm-7(8)-en-5-0ic acid y-lactone
(5). Compound 5 (33mg, K'=64) obtained as oil;
[«]2° = + 33.4°(CHCl;, ¢ 1.7); UV App nm: 196 (¢ 5760),
227 (£2555), 285 (€696); IR vim cm™*': 3452, 1760, 1616;
HRMS: [M]* 248.1430, calc. for C;sH00; [M]*
248.14124; MS 70 eV m/z: 248 [M]* (84), 233 (71), 215
(28), 205 (62), 190 (37), 175 (31), 159 (41), 156 (41), 145 (35),
131 (24), 119 (55), 105 (81), 91 (61), 77 (37), 55 (28), 43
(100).
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