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Chemical Constituents from Ganoderma hainanense

LUO Ying, MA Qing-yun, HUANG Sheng-zhuo, GUO Zhi-kai, DAI Hao-fu, ZHAO You-xing'
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Abstract: The aim was to understand the chemical constituents of Ganoderma hainanense. Fourteen compounds
were isolated from ethanol extract of G. hainanense. On the basis of spectral data, they were identified as: jacareubin
(1), 6-deoxyjacareubin (2), 7,8-dimethylalloxazine (3), ergosterol peroxide (4), 3p,50,9a-trihydroxyergosta-7,22-
dien-6-one (5), ergosta 7,22-dien-3B-ol (6), ergosta 7,22-dien-3-one (7), 7o-methoxy-5a,60-epoxyergosta-8(14),22-
dien-3f-ol (8), ergosta-7,22-diene-3p,5a-6B-triol (9), 1 H-indole-3-carboxylic acid (10), 3,4-dihydroxybenzoic
acid (11), p-hydroxybenzoic acid (12), methyl 3,4-dihydroxybenzoate (13) and n-hexacosanoic acid (14). All the
compounds were isolated from G. hainanense for the first time.
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Xu et Zhang) T 2011 4E 9 H K H & K E, 4
T P K2 2R LS AR S 08, B A (No. 2011LZ02)FF
TR A A B2 B A B AR T T

1.2 {37

VG Autospec-3000 2 i §i5{% . Bruker AV [l1-500
¥ S 3R S35 A, DL TMS Sy N Ry A 0 335 R IR
(200 ~ 300 H)FI)Z (iSRS GF254 Y1087 51
FEALT.) 7= i s Sephadex LH-20 A Pharmacia 2\ F)
P WEZEJEAT G A I 5%-10% B BLIR- £ 1
RO ER ILBE 55,

135S E

TR R 2(2.5 k)W 5 i Tk oK, AR 73
B 95% L BRI AR 3 K(BFK 3 h). IERAE
23R A 20 LR SR AR R T
KA BRI TR AR ] SR TR (IE T BEAE R, AEH
WA MR AR 21, 18 LR O FRH43(121.8 g)f
IE TR (15.3 g)0 LR OTREHRIT(121.8 )28 T
FERCAT (a3 o3 15, LA -H (1000 1 — 01 1, V/V)
T BE VR, 43 B CSE v 2 AT, e 4 Ui 4R A5 2 10
A 5r(Fr.l ~ Fr.10), Fr.2 (6.7 g4 % FRE A @
TE(AATIHEBE-ZBR 215 10 0 1 — 0 1 1 BREEVED)3k
8 4 AN 43 (Fr2-1 ~ Fr.2-4), Fr.2-2 (1.3 g)% Ji 4
B A (s CEDT- I EE 10 1 RS EE A Y
1(9.0mg). 2(2.5mg). Fr.2-3 (2.8 @)K ZHEIK
AR HR 3 - 1 )R EIL &Y
4 (4.2 mg), 5 (7.8 mg). 6 (6.0 mg). 7 (10.0 mg).

8 (15.0 mg)#l 14 (8.0 mg). Fr.3 (20.5 g)Z i A+
i, DLl - T BERh BE VR AR A 8 N4 (Fr.3-1 ~
Fr.3-8). Fr.3-2 (5.3 )R & rERHE ik (LLATH
Tk DAY T A5 2 Y08 ISR ) T SR U5 A e e (G0 - HH e
11 PEOEEMES Y 3 (2.0 mg), 9 (100.6 mg)Fl
10 (5.6 mg). Fr3-3 (4.0 g)Z& R B REA: A4
HEE-CBROHEE S 01— 10 1 B i SR
FEAIE(95% LBEGE) A 3 25 0 A3k G 11
(12.0 mg). 12 (5.0 mg)#1 13 (6.0 mg).

1.4 HEHEE

BAEIERZZE N  @E@EOHR; 552 CHLOg
ESI-MS m/z: 349 [M + Na]";'H NMR (500 MHz,
DMSO-d,): 8 13.51 (1H, s, OH-1), 7.50 (1H, d, J =
8.7 Hz, H-8), 6.93 (1H, d, J = 8.7 Hz, H-7), 6.57 (1H,
d, J =10.1 Hz, H-13), 6.37 (1H, s, H-4), 5.71 (1H, d,
J=10.1 Hz, H-14), 1.41 (6H, s, H-15, 16); °C NMR
(125 MHz, DMSO-d,): § 159.5 (C-1), 103.7 (C-2),
156.9 (C-3), 94.6 (C-4), 132.5 (C-5), 152.1 (C-6),
113.2 (C-7), 115.9 (C-8), 179.9 (C-9), 78.1 (C-12),
114.5 (C-13), 128.1 (C-14), 27.9 (C-15), 27.9 (C-
16), 156.4 (C-4a), 112.9 (C-8a), 102.2 (C-9a), 146.0
(C-10a), FR%ds 5 3CHk [9] %I, B85 S L P 21
J&5¢ 2 (Jacareubin).,

-BHEEBRAERTER 2) WOEMAK; 5T
A, CH,,05;ESI-MS m/z: 333 [M + Na]";'H NMR
(500 MHz, DMSO-d,): & 13.16 (1H, s, OH-1), 7.69
(1H, dd, J = 7.8, 1.4 Hz, H-8), 7.24 (1H, dd, J = 7.9,
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1.4 Hz, H-6), 7.18 (1H, dd, J = 7.9, 7.8 Hz, H-7), 6.71
(1H, d, J = 10.1 Hz, H-13), 6.39 (1H, s, H-4), 5.59
(1H, d, J = 10.1 Hz, H-14), 1.46 (3H, s, H-15, 16);
“C NMR (125 MHz, DMSO-dj): 8 160.9 (C-1), 104.9
(C-2), 156.7 (C-3), 95.1 (C-4), 146.3 (C-5), 120.1 (C-
6), 124.2 (C-7), 114.9 (C-8), 180.9 (C-9), 78.1 (C-
12), 114.5 (C-13), 128.1 (C-14), 27.9 (C-15), 27.9 (C-
16), 156.4 (C-4a), 120.9 (C-8a), 103.2 (C-9a), 146.0
(C-10a). iR %ds 5 SCHk [10] % A, 2808 0 6-Jfit
4 PG 41 J55¢ 2 (6-Deoxyjacareubin) .

78-—EHE KB (3) B R o X
C,,H,(N,O,; ESI-MS m/z: 265 [M + Na]";'H NMR
(500 MHz, DMSO-dj): 8 7.91 (1H, s, H-9), 7.70 (1H,
s, H-6), 2.48 (3H, s, 8-CH,), 2.46 (3H, s, 7-CH,);
“C NMR (125 MHz, DMSO-dy): & 146.5 (C-2),
160.7 (C-4), 141.7 (C-4a), 130.2 (C-5a), 128.7 (C-
6), 138.4 (C-7), 144.8 (C-8), 125.9 (C-9), 139.0 (C-
9a), 150.1 (C-10a), 20.3 (CH,), 19.7 (CH;), I &
BHE 5 SOk [11] %) R, % o 7,8- S g
(7,8-Dimethylalloxazine),

581t B ZE M EEE (4) M8 K o 1
R, CyH,,0,;ESI-MS m/z: 451 [M + Na]';'H NMR
(500 MHz, CDCL,): 6 6.23 (1H, d, J = 8.5 Hz, H-6),
6.49 (1H, d, J = 8.5 Hz, H-7), 5.16 (1H, dd, J = 15.3,
7.2 Hz, H-22), 5.14 (1H, dd, J = 15.3, 8.2 Hz, H-23),
3.96 (1H, m, H-3), 0.99 (3H, d, J = 6.6 Hz, H-21),
0.81 (6H, d, J = 3.0 Hz, H-26, 27), 0.91 (3H, d, J =
3.5 Hz, H-28), 0.82 (3H, s, H-18), 0.88 (3H, s, H-19);
“C NMR (125 MHz, CDCl,): & 37.0 (C-1), 29.8 (C-
2), 66.6.0 (C-3), 34.8 (C-4), 82.3 (C-5), 135.6 (C-6),
130.9 (C-7), 79.6 (C-8), 51.2 (C-9), 37.1 (C-10), 20.8
(C-11), 39.5 (C-12), 44.7 (C-13), 51.8 (C-14), 23.5
(C-15), 28.8 (C-16), 56.3 (C-17), 13.0 (C-18), 18.3
(C-19), 39.8 (C-20), 21.0 (C-21), 135.3 (C-22), 132.4
(C-23), 42.9 (C-24), 33.2 (C-25), 20.1 (C-26), 17.7
(C-28), 19.8 (C-27). iR%idi 5 3Ciik [12] XFHE, 25
FER 5,8-11 4 A F [ (Ergosterol peroxide).

3B,5090-= £ H F A §-7,22-— 1-6- (5)
A ;70 F 30 CpgHO4 s ESI-MS m/z: 467 [M +
Na]"; 'H NMR (500 MHz, CDCL,): & 5.58 (1H, s, H-7),
5.16 (1H, dd, J = 15.2, 8.1 Hz, H-22), 5.22 (1H, dd, J =
15.2, 7.5 Hz, H-23), 3.92 (1H, m, H-3), 1.01 (3H, d,
J=6.6 Hz, H-21), 0.80 (3H, d, J = 6.8 Hz, H-26), 0.82

(3H, d, J = 6.7 Hz, H-27), 0.90 (3H, d, J = 6.8 Hz,
H-28), 0.62 (3H, s, H-18), 0.98 (3H, s, H-19);"C
NMR (125 MHz, CDCl,): § 35.2 (C-1), 29.0 (C-2),
65.0 (C-3), 27.0 (C-4), 74.2 (C-5), 198.6 (C-6), 119.1
(C-7), 163.6 (C-8), 78.3 (C-9), 40.9 (C-10), 27.2 (C-
11), 34.2 (C-12), 44.4(C-13), 51.0 (C-14), 21.7 (C-
15), 24.8 (C-16), 55.4 (C-17), 11.4 (C-18), 20.2(C-
19), 39.7 (C-20), 19.2 (C-21), 134.5 (C-22), 131.7.4
(C-23), 42.2 (C-24), 32.4 (C-25), 18.7 (C-26), 19.0
(C-27), 16.7 (C-28), _L-ib%di 5 SCiik [13] XFHE, %
FE R 3B,50,90- = FEHEA A 15 -7,22- -6 (3,50,
90-Trihydroxyergosta-7,22-dien-6-one).

%= A E-7,22-Z1%-3B-E2 (6) HAEam AR o
T3 CoyHy O3 ESI-MS mi/z: 421 [M + Na]';'H NMR
(500 MHz, CDCL,): & 5.20 (1H, m, H-23), 5.19 (1H,
m, H-22), 5.16 (1H, m, H-7), 3.60 (1H, m, H-3), 1.01
(3H, d, J = 6.6 Hz, H-21), 0.91 (3H, d, J = 6.8 Hz,
H-26), 0.84 (3H, d, J = 6.7 Hz, H-27), 0.82 (3H, d, J =
7.2 Hz, H-28), 0.79 (3H, s, H-18), 0.54 (3H, s, H-19);
“C NMR (125 MHz, CDCL,): & 37.3 (C-1), 29.8 (C-2),
69.8 (C-3), 38.1 (C-4), 40.4 (C-5), 31.6 (C-6), 117.6
(C-7), 139.7 (C-8), 49.6 (C-9), 34.4 (C-10), 21.7 (C-
11), 39.6 (C-12), 43.5 (C-13), 55.3 (C-14), 23.1 (C-
15), 28.2 (C-16), 56.1 (C-17), 12.2 (C-18), 13.2 (C-
19), 40.6 (C-20), 21.3 (C-21), 135.8 (C-22), 132.0 (C-
23), 43.0 (C-24), 33.2 (C-25), 20.1 (C-26), 19.8 (C-
27), 17.7 (C-28). il %ida 5 30k [14] % R, 255
hFZ A 5-7,22- " 5-3B-(Ergosta 7,22-dien-3pB-ol).

% 5 85-7,22-Z 1%-3-F (7) (ERER 5
T2, CyH,, 05 ESI-MS m/z: 419 [M + Na]*;'H NMR
(500 MHz, CDCl,): & 5.20 (1H, m, H-23), 5.19 (1H, m,
H-22), 5.16 (1H, m, H-7), 3.60 (1H, m, H-3), 1.02 (3H,
d, J = 6.2 Hz, H-21), 1.01 (3H, s, H-19), 0.93 (3H,
d, J = 6.8 Hz, H-28), 0.84 (3H, d, J = 6.7 Hz, H-27),
0.82 (3H, d, J = 7.2 Hz, H-26), 0.58 (3H, s, H-18); °C
NMR (125 MHz, CDCl,): § 38.3 (C-1), 43.0 (C-2),
212.1 (C-3), 44.4 (C-4), 38.9 (C-5), 30.2 (C-6), 117.1
(C-7), 139.7 (C-8), 49.0 (C-9), 34.6 (C-10), 21.9 (C-
11), 39.5 (C-12), 43.4 (C-13), 55.2 (C-14), 23.1 (C-
15), 28.2 (C-16), 56.1 (C-17), 12.3 (C-18), 12.6 (C-
19), 40.6 (C-20), 19.8 (C-21), 135.7 (C-22), 132.1 (C-
23), 43.0 (C-24), 33.2 (C-25), 17.7 (C-28), 20.1 (C-
27),21.3 (C-26). FiR%ds 5 S0k [14] Hial—3, %
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RN A 15-7,22- " )¢-3 [(Ergosta 7,22-dien-3-one).
7o-FH & E-5a,60-I8 F Z f §-8(14),22- " 15-
B-EEB) LAY 47 F 2L CyoH,O55 ESI-
MS m/z: 465 [M + Na]"; '"H NMR (500 MHz, CDCL,):
8 5.23 (1H, m, H-23), 5.18 (1H, m, H-22), 4.16 (1H,
d, J = 3.2 Hz, H-7), 3.92 (1H, m, H-3), 3.41 (3H, s,
OCH,), 3.19 (1H, d, J = 3.2 Hz, H-6), 1.01 (3H, d, J =
6.7 Hz, H-21), 0.91 (3H, d, J = 6.8 Hz, H-28), 0.86
(6H, s, H-18, 19), 0.83 (3H, d, J = 6.5 Hz, H-26),
0.82 (3H, d, J = 6.5 Hz, H-27); °C NMR (125 MHz,
CDCl,): § 32.3 (C-1), 31.3 (C-2), 68.9 (C-3), 39.8
(C-4), 65.3 (C-5), 58.7 (C-6), 72.8 (C-7), 122.6 (C-
8), 40.4 (C-9), 36.1 (C-10), 19.4 (C-11), 36.6 (C-
12), 43.3 (C-13), 153.4 (C-14), 25.0 (C-15), 27.4 (C-
16), 56.9 (C-17), 18.3 (C-18), 16.7 (C-19), 39.4 (C-
20), 21.4 (C-21), 135.5 (C-22), 132.3 (C-23), 43.0 (C-
24), 33.2 (C-25), 20.1 (C-26), 19.8 (C-27), 17.7 (C-
28), 54.7 (OCH,). iR %diE 5 STk [15] % 1, 480
R To-H AR -5 0,60- P4 A7 A (5 -8(14),22- —H5-3 BT
(7a-Methoxy-50a,60-epoxyergosta-8(14),22-dien-3p-ol) -
= A 8-7,22- = #-3B,5a-6B-= 2 (9) SR
WK ;2072 CogHyO5 s ESI-MS mi/z: 453 [M + Na]';
'H NMR (500 MHz, CD,0D): & 5.23 (1H, d, J =
5.2 Hz, H-7), 5.12 (1H, m, H-23), 5.11 (1H, m, H-22),
3.91 (1H, m, H-3), 3.49 (1H, d, J = 5.0 Hz, H-6), 0.98
(3H, s, H-19), 0.94 (3H, d, J = 6.6 Hz, H-21), 0.83
(3H, d, J = 6.8 Hz, H-28), 0.71 (6H, d, J = 6.3 Hz,
H-26, 27), 0.52 (3H, s, H-18); °C NMR (125 MHz,
CD,0D): § 30.4 (C-1), 32.8 (C-2), 67.3 (C-3), 39.3
(C-4), 76.0 (C-5), 73.1 (C-6), 117.5 (C-7), 143.4 (C-
8), 43.2 (C-9), 37.0 (C-10), 22.0 (C-11), 38.9 (C-12),
43.7 (C-13), 54.7 (C-14), 22.9 (C-15), 27.9 (C-16),
56.0 (C-17), 12.2 (C-18), 18.3 (C-19), 40.4 (C-20),
21.1 (C-21), 135.5 (C-22), 132.1 (C-23), 42.8 (C-24),
33.1 (C-25), 19.9 (C-26), 19.6 (C-27), 17.5 (C-28),
AR EE S Sk [16] X RR, S 27 AR 169-7,22-
Jfi-3B,50-6B- — % (Ergosta-7,22-diene-3p, Sa-6B-triol).
J-BIRREER (10)  JoEilik; 791X CGHNO,;
ESI-MS m/z: 184 [M + Na]";'H NMR (500 MHz,
CDCL,): & 7.95 (1H, s, H-2), 8.07 (1H, d, J = 7.1 Hz,
H-4), 7.20 (1H, m, H-5), 7.18 (1H, m, H-6), 7.44 (1H,
d, J = 7.3 Hz, H-7); °C NMR (125 MHz, CDCL,): &
169.2 (COOH), 133.4 (C-2), 127.5 (C-3), 122.4 (C-4),

123.6 (C-5), 122.0 (C-6), 112.9 (C-7), 108.7 (C-3a),
138.2 (C-7a), iRkl 5 SCHR [17] %R, 550 h 3-
5| W FH 1% (1 H-Indole-3-carboxylic acid).

3A—REFRB A1) LGOS0 T
R C,HO,;ESI-MS m/z: 177 [M + Na]";'H NMR
(500 MHz, CDCL,): & 7.25 (1H, d, J = 3.0 Hz, H-2),
6.95 (1H, dd, J = 8.9, 3.0 Hz, H-6), 6.76 (1H, d, J =
8.9 Hz, H-5);°C NMR (125 MHz, CDCl,): & 124.5
(C-1), 116.7 (C-2), 145.5 (C-3), 150.2 (C-4),
113.7 (C-5), 118.7 (C-6), 170.2 (C-7), I & ¥
P 55 SCHR [18] XF R, %85 Oy 3,4- 7 BEOR H IR
(3,4-Dihydroxybenzoic acid).

MEERFR 12)  TO4; 57X CHO;;
ESI-MS m/z: 161 [M + Na]";'H NMR (500 MHz,
CDCl,): & 7.89 (2H, d, J = 8.7 Hz, H-2, 6), 6.82 (2H,
d, J=8.7 Hz, H-3, 5); °"C NMR (125 MHz, CDCL,): &
121.2 (C-1), 131.7 (C-2, 6), 114.7 (C-3, 5), 161.4 (C-
4), 168.8 (C-7). - id%ds 53¢k [19] XJI#, 455 hy
X LK B R (p-Hydroxybenzoic acid).

3A-ZHEEXHFRBRE 13) LR
2 CHyO,; ESI-MS m/z: 191 [M + Na]';'H NMR
(500 MHz, CDCL,): 6 6.81 (1H, d, J = 2.0 Hz, H-2),
7.40 (1H, dd, J = 8.3, 2.0 Hz, H-6), 7.42 (1H, d, J =
8.3 Hz, H-5), 3.83 (OCH;), "C NMR (125 MHz,
CDCL,): & 122.6 (C-1), 115.9 (C-2), 151.8 (C-3),
146.2 (C-4), 123.7 (C-5), 117.5 (C-6), 169.0.2 (C-7),
52.4 (OCH,). b iR%ii 5 SCHik [20] %R, 2556 K 3,4-
T RIIEH R H S (Methyl 3,4-dihydroxybenzoate).,

EZ+X 8 a4  EOHRY; 571
R CyH5,0,; ESI-MS m/z: 419 [M + Na]';'H NMR
(500 MHz, CDCL,): 8 2.35 (2H, t, J = 7.4 Hz, H-2),
1.63 ~ 1.25 (46H, m), 0.88 (3H, t, J = 7.2 Hz), "C
NMR (125 MHz, CDCL,) & v B 1 4> K s H
FAGS (14.1), —BEH AT H 35 5(29.1~29.5, C,-
Cy3) [ 33.59 (C-2), Lid%hdin 5 30k [21] XFRE, 48

FE M IE 7S EERR (n-Hexacosanoic acid).

2 g5

iz JH R AR 7 2 W o 8 T B, & mk i
Sephadex LH-20 #1:)JZ 41, NI g R 2 £ BESE HUY)
AR E T 14 MG, T OGRS
NMR )54 09 43 B LA S 55 SCHER s x5 1 43 51
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WERNEPARESE 1), 6-AERHaO)ERLR
(2). 7,8-H LMK (3), 5,8-1d A 1 BE (4).
3B,50,90- = ¥5 I A2 1 §5-7,22- 4-6-T (5). % A
£§-7,22-05-3B- (6) A2 A £51-7,22-—45-3-d (7).
Ta-H A JE-50,60- 24 S0 247 f1 1S -8(14),22- — Ji-3B-
(8) A2 ff1 1§-7,22- —J5-3B,50,6B- =¥ (9). 3-M[i
fig (10).3,4- " FRFIRHR (11) XTI F R (12).
34- " RILFEHF IR (13) AIIE - oNkeRR (14).
VLB S B N R 2y A 3], Horp
IRIF LA 2 B 53 (1 FN 2) 78 AT R 2 J@ 58 R
a8 o X R B B AR R BRI R 2 AN
5%%5H@ﬁﬁ?iiﬁiiﬂﬂ¥iﬂ§i?nw@ﬂééﬁié% &3 %l

e MBS ARz —", ARRAE
(ﬁzmw F2G PR FHAT KR A i 98 R TE S, i
] P9 — LE SR B A R 2 IR A B 5T AR X 3
T e R 2 AE R i R X A I A R R IR 2
MBI 2 12l AR SR 45 5 ] v g R 2
TREETF & A AR AL 2 8

&2 3k
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