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Chemical constituents of higher fungus Russula foetens
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Abstract: Objective To study the chemical constituents of Russula foetens. Methods The chemical constituents were isolated by
repeated silica gel and Sephadex LH-20 column chromatography, and their structures were elucidated by 'H-NMR, "*C-NMR,
2D-NMR (IH-IH COSY, HMQC, HMBC, NOESY), HR-MS, CD, and IR. Results Eleven compounds were isolated from the
fruiting bodies of R. foetens. Of which, six marasmane sesquiterpenes: 8f, 13-dihydroxy-marasm-53-methoxy y-acetal (1),
13-hydroxy-marasm-7(8)-en-5-methoxy y-acetal (2), 8B, 13-dihydroxy-marasm-5-oic acid y-lactone (3), 8B, 13, 14-trihydroxy-
marasm-5-oic acid y-lactone (4), 7, 8, 13-trihydroxy-marasm-5-oic acid y-lactone (5), and lactapiperanol A (6); three steroids: (22F,
24R)-ergosta-7, 22-dien-3, 5, 6-triol (7), ergosta-5, 7, 22-trien-3-ol (8), 3-hydroxy-5, 8-epidioxy-ergosta-6, 22-dien (9); and uridine
(10), D-allitol (11) were identified. Conclusion Compounds 1—4, named as russacetal, russacetalen, russunone, and russunoneol
respectively, are new compounds isolated from R. foetens. Compounds 7, 8, 10, and 11 in this fungus are first reported.

Key words: Russula foetens (Pers.) Fr.; russacetal; russacetalen; russunone; russunoneol; (22F, 24R)-ergosta-7, 22-dien-3, 5, 6-triol
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A y- 445 (8B, 13-dihydroxy-marasm-5p-
methoxy y-acetal, 1) 13-F835E-/NEA4E-7(8)-Mi-5-
AR y-24 41 (13-hydroxy-marasm-7(8)-en-5-
methoxy y-acetal, 2). 8B, 13- _Fdt-/N A 4e-5-
AL y- R (8B, 13-dihydroxy-marasm-5-oic acid y-
lactone, 3). 8B, 13, 14-—JRKk/NEz<b-5-Fie it y-
WHE (8B, 13, l14-trihydroxy-marasm-5-oic acid v-
lactone, 4). 7, 8, 13-=JRHk-/N iz rfe-5-Fiehk y- N
fig (7,8, 13- trihydroxy-marasm-5-oic acid y-lactone,
5). lactapiperanol A (6); 3 NMEEERMEY): (22E,
24R)- F fH 55 -7, 22- — -3, 5, 6- —WE [(22E,
24R)-ergosta- 7, 22-dien-3, 5, 6-triol, 7] ZfH{5-5, 7,
22-—Ji-3-1 (ergosta-5, 7, 22-trien-3-ol, 8). 3-F%
K5, 8-k A &AM i -6, 22- )% ( 3-hydroxy-5,
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1, 2g) MEMERAERE, A MEE-PAE (100 @ 0—
70 1 30) REEVEMAGEIAY 3 (9mg); 414 C-2
CEA-FEE 98 12, 3g) MLy 2 Emis (G- H
100 © 5) f32I7E 365 nm AL BATRIEIOEHHAEY) 6
(8mg): M417r C-3 CE-HEE98 15, 5¢) Fifr
AR, SaifuERELEY 7 (30 mg). MALH
D (Gf-HlE 80 120, 23 g) HIEHTHLEY 10
(20 mg) fifk. 4155 F CEU-HRE0 2 100, 7 g
A AT, RIS BE IR SRS S 152
& 11 (22 mg).
3 HmEE

WEY 1 FEHRY), 254 nm Fl 365 nm %
A C T I, FHE-RIR B EEO. (o)
+24.5° (¢ 0.03, CHCl3). HR-ESI-MS m/z: 235.172 4
(IM—OMe]", I 235.169 3), &5 &kt i,
i AN CieHagOs, AMHIEN 4. 'H-NMR
(400 MHz, CDCl3) 6: 1.42 (1H, dd, J = 13.0, 12.9 Hz,
H-1a), 1.56 (1H, dd, J = 12.9, 6.7 Hz, H-1b), 2.54
(1H, ddd, J = 13.1, 6.7, 6.6 Hz, H-2), 0.65 (2H, m,
H-4), 4.57 (1H, s, H-5), 1.91 (1H, brt, J = 7.9 Hz,
H-7), 3.11 (1H, dd, J = 7.9, 11.7 Hz, H-8), 1.52 (1H,
m, H-9), 1.65 (1H, dd, J = 11.9, 5.5 Hz, H-10a), 1.53
(1H, dd, J = 11.9, 1.6 Hz, H-10b), 1.02 (3H, s, H-12),
4.20 (1H, dd, J = 8.2, 9.0 Hz, H-13a), 3.99 (1H, dd,
J=1.4,9.0 Hz, H-13b), 1.08 (3H, s, H-14), 0.99 (3H,
s, H-15), 3.31 (3H, s, -OCH3); "“C-NMR (100 MHz,
CDCls) d: 45.1 (C-1), 44.7 (C-2), 20.6 (C-3), 21.9
(C-4), 105.9 (C-5), 36.3 (C-6), 49.3 (C-7), 72.5 (C-8),
44.1 (C-9), 42.2 (C-10), 37.0 (C-11), 21.6 (C-12), 69.9
(C-13), 32.1 (C-14), 31.5 (C-15), 54.4 (-OCH3).
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(H-9); Oc 44.7 (C-2), 49.3 (C-7), 44.1 (C-9) £H] 3
AR DA BRA A, a1 Mg 1
ANEA 4 REERIIfEmG . "TH-"H COSY €1, H-7
L H-8. H-13 #li%; H-2 5 H-1. H-9 #li%; H9 L
H-8. H-10 fHi%, HMBC 3£ H]-OCH; 5 C-5, H-13
5 C5.6.7.8, H55C3.6.7. 13, H4 5
C-2. 5. 7. 12, H-14 5 C-1. 10, 11. 15, H-15
5 C-1. 10, 11, 14 fA7Eim B AHe (B D (&
FEARB BRI A 12 1N/ TAE

= COSY

—> HMBC

<> NOESY

B1 ka1 EEMEEER
Fig.1 Key NMR correlations of compound 1

& 1 (1) NOESY i (K 1) KH| H4b 5
H-2, H-4b 5 H-9, H;-14 5 H-2 5 NOE #1¢, X
ULAH A/B FRAAHZ, FRNLEES B Hp-4. H-2.
H-9. H;-14 7EMRIIE I (B 1D, FHMN Ha-12 2 a
7. Hs-12 1 H-5 AHOG, $iBH 5 A6k F1¥-OCH;
& B M. H-8 5 H-13a 405, 17 H H-8 5 H-9 %
A NOE 15, #EN H-8 Fl H-9 ANLE—Fif L.
H-7 5 H-4B #12¢, W H-7 & B HH, 1y H-7 5
H-8 % f5 NOE A%, IX@E—0 Ut 8 frfi b fe
Foot B MR R4 Lm e, M THE 1IN
FIXTRI AL . G 1 45028 8B, 13- F -/ <
Le-5B- AL y- 24, W 2, A& N AT
il AR G eI PR e /T S AR ] 3 1

WA 2: EOWARY, [a]h +50.1° (¢ 0.003,
CHCl3). HR-EI-MS m/z: 248.176 9 (IM]", 1514
248.177 6), 43T A CiHp0q AHIFIE N 5,
EI-MS m/z: 248, 233, 216 (100), 201, 188, 145, 133,
'H-NMR (400 MHz, CDCL3) 6: 1.31 (1H, dd, J = 5.2,
12.1 Hz, H-1a), 1.51 (1H, m, H-1b), 2.40 (1H, m,
H-2), 0.77 (1H, d, J = 3.7 Hz, H-4a), 0.93 (1H, d, J =

H;CO H;CQ

2 LEY1~4 5N

Fig.2 Structures of compounds 1—4

3.7 Hz, H-4b), 4.80 (1H, s, H-5), 4.84 (1H, m, H-8),
2.45 (1H, m, H-9), 1.78 (1H, dd, J = 13.3, 6.5 Hz,
H-10a), 1.53 (1H, dd, J = 13.3, 10.3 Hz, H-10b), 1.20
(3H, s, H-12), 4.55 (2H, m, H-13), 1.01 (3H, s, H-14),
0.99 (3H, s, H-15), 3.34 (3H, s, -OCH;). "*C-NMR
(100 MHz, CDCl3) J: 44.2 (C-1), 42.4 (C-2), 34.5
(C-3), 26.1 (C-4), 109.0 (C-5), 24.9 (C-6), 139.1
(C-7), 1152 (C-8), 39.1 (C-9), 482 (C-10), 37.4
(C-11), 21.3 (C-12), 69.0 (C-13), 31.9 (C-14), 32.0
(C-15), 54.5 (-OCH;). M "H-NMR. “C-NMR %4
AL, A 2 R 1 AN AR, O
3.34 (3H, s)\ 6c54.5 &7 1 MHEIEAFEAE, 7 F1 8
B 043k 139.1 F1 115.2, 7T EES, 840
Oy M 4.84 (1H, m), o 747 F1 8 ALAFAE 1 AN,
CEE RSB, WA 2 RN 13-5856- /N %
D:A5e-7(8)-Mi-5- A y- 4, W 2, 1 AN
B, iy N g B 0

WEY 3. EORY) . [a]f +42.2° (¢ 0.005,
CH,Cl,). HR-EI-MS m/z: 250.157 4 ((M]", 1844
250.156 9), 7+ TR N CisHpuO;, EI-MS m/z: 250
M]", 232 [M—H,0]", 217 [M—H,0—CHs]", 135
(100), TRV (em™'): 3 423, 2 925, 2 867, 1 758
'H-NMR (400 MHz, CDCl3) 6: 1.68 (1H, dd, J = 6.8,
14.0 Hz, H-la), 1.47 (1H, dd, J = 13.4, 14.0 Hz
H-1b), 2.63 (1H, ddd, J = 6.7, 6.8, 13.4 Hz, H-2), 1.36
(1H, d, J = 4.2 Hz, H-4a), 0.96 (1H, d, J = 4.2 Hz,
H-4b), 2.40 (1H, ddd, J = 9.2, 9.2, 9.3 Hz, H-7), 3.27
(1H, dd, J = 10.2, 9.9 Hz, H-8), 1.59 (1H, m, H-9),
1.66 (1H, dd, J = 14.3, 1.0 Hz, H-10a), 1.58 (1H, dd,
J=14.3,7.3 Hz, H-10b), 1.29 (3H, s, H-12), 4.18 (1H,
dd, J =93, 7.3 Hz, H-13a), 4.71 (1H, t, J = 9.3 Hz,
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H-13b), 1.26 (3H, s, H-14), 1.05 (3H, s, H-15).
BC-NMR (100 MHz, CDCly) J: 41.8 (C-1), 45.2
(C-2), 28.4 (C-3), 29.0 (C-4), 177.9 (C-5), 29.5 (C-6),
43.8 (C-7), 73.6 (C-8), 44.8 (C-9), 44.7 (C-10), 37.0
(C-11), 17.4 (C-12), 71.5 (C-13), 32.8 (C-14), 32.4
(C-15). M 'H-NMR. "C-NMR ##Em] W, 19
3 LA e B ik, I 547 5 177.9 (s),
T 5 TR A ERIE; 8 47 01 3.27 6c73.6 KW 8 4L
WS FRRARIE . SRE S HE, a3 M4t
h 8B, 13- R AL/ A de-5- I y- TR, LA 2,
M AFAEY), AN AR o

& 4. LEMARY), HR-FAB-MS m/z:
267.159 0 (M+H]", VI41H 267.159 6), 41K
C1sHpO40 IR vier (cm™): 3 388, 1751, 'H-NMR (400
MHz, CDCLy) d: 1.62 (1H, dd, J = 14.0, 6.0 Hz, H-1a),
1.31 (1H, dd, J = 14.0, 12.0 Hz, H-1b), 2.62 (1H, m,
H-2), 1.28 (1H, d, J = 4.5 Hz, H-4a), 0.90 (1H, d, J =
4.5 Hz, H-4b), 2.33 (1H, ddd, J = 10.0, 9.5, 7.0 Hz,
H-7), 3.25 (1H, dd, J = 11.0, 9.5 Hz, H-8), 1.51 (1H,
m, H-9), 1.64 (1H, dd, J = 14.0, 2.0 Hz, H-10a), 1.55
(1H, dd, J = 14.0, 7.0 Hz, H-10b), 1.28 (3H, s, H-12),
445 (1H, t, J = 10.0 Hz, H-13a), 4.08 (1H, dd, J =
10.0, 7.0 Hz, H-13b), 3.46 (1H, d, J = 12.0 Hz,
H-14a), 3.43 (1H, d, J = 12.0 Hz, H-14b), 1.05 3H, s,
H-15). “C-NMR (100 MHz, CDCl3) d: 37.5 (C-1),
44.8 (C-2), 27.8 (C-3), 29.2 (C-4), 177.7 (C-5), 29.5
(C-6), 43.0 (C-7), 73.3 (C-8), 44.0 (C-9), 38.1 (C-10),
40.0 (C-11), 16.9 (C-12), 71.5 (C-13), 70.8 (C-14),
26.0 (C-15). b5 4 19 5 47 6c My 177.7, KW H51L
G 3K, 5 ALIRHC N BRAE s 8 4 ¢ 73.3. 6n3.25,
gh P RSEEE, R 8 M B AR
EW 45 3 AR B IEAM, L 14
PRI A RS 22 57K, A5 4 (1 14 437 6l 3.46
1 3.43, 6ck 708, WG 3 1 ouh 1.26, dc
b 31.8, AR TG ILA A, R 14 A1
FRILiEY: . NOESY Bk £ ] H-14 5 H-2 M1 H-9 1
G, FW] HO-CH,-14 64> 110 B 1H . #iE L&
4 18580 8B, 13, 14- = F2 /N R A Jit-5-F 3k -y- N
P, WLE 2, A1 ANEEY, o LR

tEY) 5: R i CREED, mp 170~172 °C,
C15H204, FAB-MS m/z: 267 [M+H] . '"H-NMR (400
MHz, CD;OD) 6: 1.41 (1H, s, H-la), 0.92 (1H, s,
H-1b), 2.16 (1H, m, H-2), 1.40 (2H, s, H-4), 2.25 (1H,

dd, J = 10.0, 20.4 Hz, H-8), 1.44 (1H, m, H-9), 1.71
(1H, s, H-10a), 0.92 (1H, s, H-10b), 0.74 (3H, s,
H-12), 3.66 (2H, m, H-13), 0.91 (3H, s, H-14), 1.01
(3H, s, H-15). "*C-NMR (100 MHz, CD;0D) J: 49.6
(C-1), 44.0 (C-2), 27.9 (C-3), 26.4 (C-4), 179.5 (C-5),
32.6 (C-6), 79.6 (C-7), 73.4 (C-8), 44.2 (C-9), 45.9
(C-10), 37.4 (C-11), 16.8 (C-12), 75.3 (C-13), 28.6
(C-14), 26.0 (C-15). L F¥udh 5 scikapis —a,
WUEA A 5 7, 8, 13- =3I/l -5 BRI
y-W R

& 6: AR, EI-MS m/z: 282, 264, 251,
232, 217. '"H-NMR (400 MHz, CDCl3) d: 1.44 (1H,
dd, J = 13.2, 12.7 Hz, H-1a), 1.58 (1H, dd, J = 12.7,
6.8 Hz, H-1b), 2.54 (1H, ddd, J = 13.2, 6.8, 6.6 Hz,
H-2), 0.56 (1H, d, J = 5.1 Hz, H-4a),0.85 (1H, d, J =
5.1 Hz, H-4b), 4.63 (1H, s, H-5), 3.18 (1H, dd, J =
11.7, 9.3 Hz, H-8), 1.77 (1H, m, H-9), 1.74 (1H, dd,
J = 14.1, 2.3 Hz, H-10a), 1.54 (1H, dd, J = 14.1, 7.8
Hz, H-10b), 1.07 (3H, s, H-12), 4.26 (1H, d, J = 9.5
Hz, H-13a), 3.94 (1H, d, J=9.5 Hz, H-13b), 1.01 (3H,
s, H-14), 1.11 (3H, s, H-15), 3.35 (3H, s, H-16).
BC-NMR (100 MHz, CDCl3) 6: 106.4 (C-5), 77.6
(C-13), 73.2 (C-8), 54.6 (C-16), 452 (C-2), 45.1
(C-1), 422 (C-10), 41.9 (C-6), 38.7 (C-9), 37.0
(C-11), 322 (C-15), 31.8 (C-14), 22.3 (C-3), 21.2
(C-12), 17.7 (C-4)o LA EXcdfa 5 scmkais— 5™, %
Y EWEWY) 6 A lactapiperanol Ao

W&y 7. AEEAE. "HINMR (400 MHz,
CsDsN) 6: 5.73 (1H, dd, J = 4.8, 2.4 Hz, H-7), 5.24
(1H, dd, J = 15.4, 7.3 Hz, H-23), 5.19 (1H, dd, J =
15.4, 7.8 Hz, H-22), 4.82 (1H, m, H-3), 4.31 (1H, brs,
H-6), 0.67 (3H, s, H-18), 1.53 (3H, s, H-19), 1.07 (3H,
d, J = 6.5 Hz, H-21), 0.96 (3H, d, J = 6.8 Hz, H-28),
0.87 (3H, d, J = 6.6 Hz, H-27), 0.86 (3H, d, J = 6.6
Hz, H-26); “C-NMR (100 MHz, CsDsN) d: 32.6
(C-1), 33.8 (C-2), 67.6 (C-3), 41.9 (C-4), 76.2 (C-5),
74.3 (C-6), 120.4 (C-7), 141.6 (C-8), 43.8 (C-9), 38.1
(C-10), 22.4 (C-11), 39.9 (C-12), 43.8 (C-13), 55.3
(C-14), 23.5 (C-15), 28.4 (C-16), 56.3 (C-17), 12.5
(C-18), 18.7 (C-19), 40.7 (C-20), 20.1 (C-21), 136.2
(C-22), 132.2 (C-23), 43.1 (C-24), 33.4 (C-25), 20.6
(C-26), 19.8 (C-27), 17.8 (C-28). VL I %¥is 55 STk
8P, WEE AW TN (22E, 24R)-F A1 157,
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22-4#-3, 5, 6-— ¥,

AEWS8: ki R , MRE L)
BT, Fosg WEL09¢ . "H-NMR (400 MHz,
CDCly) d: 5.56 (1H, dd, J = 2.5, 5.7 Hz, H-6), 5.38
(1H, m, H-7), 5.19 (2H, m, H-22, 23), 3.62 (1H, m,
H-3). *C-NMR (100 MHz, CDCl5) 8: 38.3 (C-1), 31.9
(C-2), 70.4 (C-3), 42.0 (C-4), 139.7 (C-5), 119.5 (C-6),
116.2 (C-7), 141.3 (C-8), 46.2 (C-9), 38.3 (C-10), 21.5
(C-11), 39.0 (C-12), 43.1 (C-13), 54.5 (C-14), 22.9
(C-15), 28.2 (C-16), 55.6 (C-17), 12.0 (C-18), 16.2
(C-19), 40.7 (C-20), 21.5 (C-21), 135.5 (C-22), 131.9
(C-23), 43.1 (C-24), 34.1 (C-25), 19.9 (C-26), 20.3
(C-27), 17.5 (C-28). LA ¥l 55 scikiin —x1,
WO E B I8 N 2 A 1S -5, 7, 22-= -3 .

& 9: Lk (A, FHE-R L
W, BB, WMEHE, 365nm KNG T
T, 254 nm FHKRKG, TN CisHyOs,
EI-MS m/z: 428 [M]", 395 (100). 'H-NMR (400 MHz,
CDCly) d: 3.92 (1H, m, H-3), 6.24 (1H, d, J = 8.4 Hz,
H-6), 6.46 (1H, d, J = 8.4 Hz, H-7), 5.25 (1H, dd, J =
15.3, 7.4 Hz, H-22), 5.13 (1H, dd, J = 15.3, 7.4 Hz,
H-23); "“C-NMR (100 MHz, CDCL) J: 34.8 (C-1),
30.2 (C-2), 66.4 (C-3), 37.0 (C-4), 79.4 (C-5), 135.4
(C-6), 130.7 (C-7), 82.1 (C-8), 512 (C-9), 36.9
(C-10), 20.6 (C-11), 39.4 (C-12), 44.6 (C-13), 51.7
(C-14), 28.6 (C-15), 23.4 (C-16), 56.3 (C-17), 12.97
(C-18), 18.1 (C-19), 39.6 (C-20), 20.9 (C-21), 135.2
(C-22), 132.4 (C-23), 42.8 (C-24), 33.1 (C-25), 19.6
(C-26), 19.9 (C-27), 17.5 (C-28). LA %l 5 ik
SR, M E Y 9 o 3535, 8- A A A
§5-6, 22- "o

WA 10: Tot AR CHHIEE), Figs A Fysy 39 52
TR LT AN, 43 T2 CoH1oN,0g. 'H-NMR (400 MHz,
CD;0D) 6: 8.01 (1H, d, J = 8.1 Hz, H-6), 5.89 (1H, d,
J =44 Hz, H-1"), 5.69 (1H, d, J = 8.1 Hz, H-5), 4.14
(2H, m, H-2'), 4.00 (1H, m, H-3"), 3.77 (2H, m, H-5").
BC-NMR (100 MHz, CD;0D) &: 166.2 (C-4), 152.5
(C-2), 142.7 (C-6), 102.7 (C-5), 90.7 (C-1'), 86.4 (C-4"),
75.7 (C-3"), 71.3 (C-2"), 62.3 (C-5")o LA F%d 5 Sk
S, WSE RS 10 9 JREESERT .

AW 11 Okt KD, 2013k CeH 406
EI-MS m/z: 183 [M+H]". >*C-NMR (100 MHz, D,0)

0:73.6 (C-3,4),72.0 (C-2,5), 65.9 (C-1, 6). PL %k
5 ok — 80, MR A Y 11 4 DRI
.
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