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Abstract ; Eight compounds including two new compounds,namely shushenes A (1) and B (2) ,were isolated from the
fruiting bodies of Ganoderma applanatum. Their structures were identified by means of spectroscopic methods. The struc-
tures of the known compounds are lucidulactone A (3),2,3-dihydroxy-1-(4-hydroxy-3, 5-dimethoxyphenyl ) -1-propa-
none (4) ,6-hydroxy-4H-chromen-4-one (5),1-(4-ethylphenyl)-1,2-ethanediol (6),1-(2-ethylphenyl)-1,2-ethane-
diol (7) and indole-3-carboxaldehyde (8),which were all isolated from this species for the first time. Of note, com-
pounds 1 and 2 were isolated as racemic mixtures, chiral separation followed by computational methods allowed their ab-
solute configuration assignment. In addition, inhibition of compounds 1 and 2 on fibronectin expression was tested by u-
sing an enzyme-linked immunosorbent assay ( ELISA).
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1 (B

Shimadzu UV-2401PC 2248 0] WL 564366 1T
Horbia SEPA-300 Y% 7 2 jie Y6 1% ; Xevo TQ-S Jii ik
Y . Brucker HCT/Esquire Jii 3% 1% &% Agilent Gb230
TOF & /0 B i 7% 1% ; Bruker AM400 £ Avance 600
MHz % 3PRAX(TMS Ky N H5R,6 4 ppm, J g Hz)
FEE GFos, (75 By ¥ VAL T ) s RP-18 (40 ~ 63 pum,
H 7 Daiso) ;MCI gel CHP 20P (45 ~75 pum, H A =
Z2/NFEI PP ) 5 Sephadex LH-20 (25 ~ 100 pm , Phar-
macia A ) , Agilent 1200 % HPLC #ndb &t 1] 87 1@
H LC3000 A HPLC, {44+ 4 Agilent Zorbax SB-C
(250 mm x 9.4 mm,i.d.5 pm) I Daicel Chiralpak
IC(250 mm x 10 mm,i.d.5 pm), CO, fHiE K%
FE AR A R Y VR B0 AL 20 °C KA ((Thermo
Fisher Scientific ), fk 2%+ # {4 Gaussian 09,
Conflex 7 F SpecDis , i+ /F % 7F Linux 24T,

W RZT 2013 45 9 A A AR A A
il 245 A7 BR 2 7] 4 i 28 vh R 2 e B A P F 5 e
Bt R D8, FEIEAR A (CHYX-0590 ) {77 T
Hh R B B B A IS AR ) Ak 2 5 P AR AR Y
S ES Y S S i =

IEHREE /NS 401 (NRK-S2E) i A 3¢
[ A O 0 (ATCC) . DMEM fIGHE 35 97 55 . PBS
(PH7.4,1 x ) JG4 107G (FBS) JREHE BT (5 %
FHEE ) 7 Gibeo 247 7, TGFB1 7 PePro-
Tech 2> &) 7= 5, BEWME #E (MTT) & Amresco 2 6] 77
B, 41 3% 85 M (fibronectin ) ELISA 557 &5 1 5 2073 1#
7,

2 REE5SE

BT R 2 550K 30 kg, B fs HI 80%
BRI (3 x 120 L x 2 h) , {4515 G 42
Y, BIRYHKIREG LR QBRI 3 K, 153
LR CTRAFWER ST 0.9 kg, Hi2 MCI gel CHP 20P 1
JEHT, LI EE-K (20% ~100% ) B BRI 453 7 4>
2048 (Fr. 1 ~Fr. 7). Fr.4(48 g) 47 MCI gel CHP
20P FE( HEE-7K ,20% ~60% ) 15 8 A~414% (Fr. 4. 1

~Fr.4.8), Hrf Fr.4.8(3.5 g) 564 RP-18 £ (!
fig-7K ,40% ~70% ) , P47 il & )= 60 (G 05-H
Ji 8: 1) Fll Sephadex LH-20 ( MeOH ) %% i 1€ 154k
EH2(6.8 mg) 3(10.3 mg) 4(6.3 mg) 5(26.8
mg) F1 8(38.0 mg), Fr.5(32 g) % MCI gel CHP
20P HEZEHT (T EE-7K ,40% ~80% ) 15 6 ~2H 53 (Fr.
5.1 ~Fr.5.6), HA Fr.5.3(2.9 g) £ Sephadex
LH-20( MeOH) 4 fb 154k & 4 1 (5.2 mg) .6 (10.7
mg) F17(8.3 mg) ,
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FAAE TR F AR 01520 ( +)-1 F1(-)-1,
AW EA 2 AFrEdG i HA A e TR
TR 7422150 J7 ¥ (B3LYP-SCRF (PCM) /
6-311G (d, p)//B3LYP/6-311G (d, p) level in
MeOH) , 53 HITH5 T 6ROR H1 6S9R Wl %t BRL{A 11
ECD %, fJLUE T 5H A ECD 5469 (+)-1 1Y
SERAE W) S B (B 2) i g S (+)-1
(6R ,9R)-shushene A, tLPIEALAY( - )-1 H (68,
9S) -shushene A, ESI-MS: m/z 253 [ M-H ], HR-
ESI-MS: m/z 253.1807 [ M-H] (calcd for C,5sH,;0,,

ma:
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(MeOH) Ag,5 +8.41,Aeyg +9.60,Ae,, — 1. 66,
( +)-shushene A;[ a]}'-87.3 (¢ 0.50,MeOH) ,CD
(MeOH) Agy5 —8.39,A8, — 9.62,Agy + 1. 65,
( - )-shushene A;'H NMR (600 MHz,CD,0D) §,:
2.46 (1H,d,J = 17.4 Hz,Ha-2) ,2.00 (1H,d,J =
17.4 Hz,Hb-2) ,5.82 (1H,s,H4),1.97 (1H,over-
lapped ,H-6) ,1.85 (1H, m,Ha-7),1.58 (1H,over-
lapped ,Hb-7) ,1.58 (2H, overlap,H-8) ,1.72 (2H,
t,/] = 7.1 Hz,H-10),3.71 (2H,t,J = 7.1 Hz, H-
11),1.18 (3H,s,H-12),2.05 (3H,s,H-13),1. 10
(3H,s,H-14),1.02 (3H,s,H-15);”C NMR (150
MHz,CD,0D) §.:37.3 (C-1),48.2 (C-2),202.3
(C-3),125.5 (C4),169.7 (C-5),52.6 (C-6),
25.3 (C-7),42.7 (C-8),72.9 (C9),43.9 (C-
10),59.4 (C-11),26.9 (C-12),24.9 (C-13) ,27. 4
(C-14) 29.1 (C-15) , fLEW 1 BYRZRE LB A
TEAN A5 6 45 B i 46 P 35 v A ) B IR 4 28 1 4%

(www. trew. ac. cn)

+)1 GR 9R (+F23R4R
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Fig. 1 Key HMBC and COSY correlations for ( + )-1 and
(+)-2
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Fig. 2 Calculated and experimental ECD for compound ( + )-1

a2 REAEORE M H NMR 3% d & 2
— /A~ ABX 4 %%:[6.98 (1H,] = 2.7 HZ,H-2'>,
6.79 (1H,J = 8.1 Hz,H-5") ,6.83 (2H,J = 8
2.7 Hz,H-6")],”C NMR FI DEPT 45 5 11 /\ﬁz,%
G5, ET 1AW, AN S A AL, 5 S
B3 A2 A RARIX) |, Lh R 4 A 2Bk (1 A4
B, 3 MEIX) o WG 2 A3, AT LRI —
11 NMR 3% B 4k 7 AR o — IX B FAb &

Y2 0y S A A, a2 iy H6' (6,
6.83)/C4' (8.147.3) ,H-5',CH,0-/C-3'{¥) HMBC
FHOG, i — 2P A B 47 C-37 (ka2
SE—AIMNETER, & F R A+ )2 F(-)-
2, R EIRFEIRERTTHRIE, 230 H 5 T 3RAS il
3RAR Z—RpAEXT LAY ECD 3%, &3 3RAR-2 5k G
P +)-2 mRfEm) &8s (8 3) etk &9
( +)2 ~(3R,4R)-shushene B, fb 5¥1( - )2 H
(3S,4S)-shushene B, ESI-MS. m/z 223 [ M-H]",
HR-ESI-MS: m/z223.0610 [ M-H] (caled for C,, H,,
0,,223. 0685), UV (MeOH) A, (log &) 361
(2.40) ,281 (3.53),203 (4.54), [a]}l +92.3 (c
0.10,MeOH) ,CD (MeOH) Ag,y +9.52,Agyy —
6.36,( + )-shushene B; [a ]} —92.8 (¢ 0.25,
MeOH), CD (MeOH) Ag,;;-9. 51, Agyyy + 6. 37,
( - )-shushene B;'H NMR (600 MHz, CD,0D) §,:
4.59 (1H,d,J = 10.4 Hz,H-3),3.51 (1H, m, H-
4),4.55 (1H,t-like,J = 8.6 Hz,Ha-5) ,4.21 (1H,
t-like,J = 9.9 Hz,Hb-5),6.98 (1H,J = 2.7 Hz,
H-2"),6.79 (1H,J = 8.1 Hz,H-5'),6.83 (2H,J
=8.1,2.7 Hz,H-6"),3.87 (3H,s,3'-0CH,) ;" C
NMR (150 MHz,CD,0D) §.:178.8 (C-2),74.1 (C-
3),50.8 (C4),70.9 (C-5),129.3 (C-1"),112.2
(C-2'),149.3 (C-3"),147.3 (C4'),116.5 (C-
5'),121.1 (C-6"),56.5 (3'-OCH,), k& 2 i)
Rl S B A DG TR A 4 1y % 7 8 I RT3 ] A
FIE P4 2% T 28 (www. trew. ac. cn) .
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Fig. 3 Calculated and experimental ECD for compound ( + ) -2

wEW 3 RECBRRE AR, H NMR (600
MHz,DMSO-d,) 8,:4.57 (1H,dd,J = 11.1,7.0
Hz,H-3),3.39 (1H,m,H4),4.46 (1H,m,Ha5),
4.41 (1H,dd,J = 11.1,8.8 Hz,Hb-5),6.69 (2H,
s,H-2",H-6"),6.07 (1H,d,J = 7.0 Hz,3-OH),
8.32 (1H,s,4’-OH) ,3.74 (6H,s,3’,5'-0OCH,);"C
NMR (150 MHz, DMSO-d,) 8.:176.7 (C-2),72.4
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(C-3),49.3 (C4),69.0 (C-5),127.2 (C-1"),
105.3 (C-2',C-6"),148.0 (C-3",C-5"),134.8 (C-
4'),56.0 (3',5'-0CH,) , A b %5cdf A Sciik™® 3t A —
M EEY 3 M lucidulactone A,

WEW 4 R OFOIREA,'H NMR (600
MHz,CD,0D) §,,:5.11 (1H,dd,J = 5.4,3.4 Hz,
H-2),3.87 (1H,dd,/J = 11.6,3.4 Hz,Ha-3) ,3.74
(1H,dd,J = 11.6,5.4 Hz,Hb-3),7.33 (2H,s, H-
2',H-6'),3.88 (6H,s,3",5'-OCH;) ;°C NMR (100
MHz,CD,0D) §.,:200.2 (C-1),76.1 (C-2),66.7
(C-3),127.3 (C-1"),108.4 (C-2",C-6"),149.7
(C-3",C5"),143.2 (C4'),57.5 (3',5'-0CH;) , LA
L HRE A SRR R — 2, Mo etk A 4 o 2,3+
dihydroxy-1-( 4-hydroxy-3, 5-dimethoxyphenyl ) -1-pro-
panone

WEW S RO ECIRE A, 'H NMR (400
MHz,CD,0D) §,:8.12 (1H,d,J = 5.9 Hz,H-2),
6.30 (1H,d,J = 5.9 Hz,H-3),7.41 (1H,d,J =
2.9 Hz,H-5),7.26 (1H,dd, J = 9.0,2.9 Hz, H-
7),7.47 (1H,d,J = 9.0 Hz,H-8);"C NMR (100
MHz,CD,0D) §.:158.1 (C-2),112.1 (C-3),180.0
(C4),126.4 (C4a),108.8 (C-5),156.6 (C-6),
124.8 (C-7),120.8 (C-8),152.1 (C-8a), LI L%K
PEANSCHR FEA—, MO E LAY 5 R 6-hydroxy-
4 H-chromen-4-one,

WEW6 REAKA,'H NMR (400 MHz,
CD,0D) 6,:7.29 (2H,d,J = 8.0 Hz,H-2,H-6),
7.18 (1H,d,J = 8.0 Hz,H-3,H-5) ,4.66 (1H,t,J
= 5.6 Hz,H-7),3.60 (2H,d,J = 5.6 Hz,H-8),
2.64 (2H,q, J = 7.6 Hz,H9) ,1.23 (3H,t, J =
7.6 Hz, H-10) ;" C NMR (100 MHz, CD,0D) §.:
140.5 (C-1),127.5 (C-2,C-6),128.7 (C-3,C-5),
144.8 (C4),75.9 (C-7),68.8 (C-8),29.5 (C-
9),16.2 (C-10), L4 I ¥4 Asc k™ HeAs — 3%, )
WEMEY 6 & 1-(4-ethylphenyl) -1 ,2-ethanediol ,

WEWT WEMKAK,'H NMR (400 MHz,
CD,0D) 8,:7.19 (1H,d,J = 7.2 Hz,H-3),7.25
(2H,overlapped, H4 ,H-6) ,7. 12 (1H,d,J = 7.2
Hz,H-5),4.69 (1H,t,J = 5.6 Hz, H-7),3.62
(2H,d,J = 5.6 Hz,H-8),2.66 (2H,q, J = 7.6
Hz,H9),1.24 (3H,t, J = 7.6 Hz, H-10);" C
NMR (100 MHz,CD,0D) §.:145.5 (C-1),143.3
(C2),129.3 (C-3),128.0 (C4),126.9 (C-5),

124.8 (C-6),76.1 (C-7),68.8 (C-8),29.9 (C-
9),16.2 (C-10), LA b Hdhs fScmk" A —2k, ik
WEMNEY 7 H 1-(2-ethylphenyl ) -1 ,2-ethanediol ,
wEws8 HEOKA,'H NMR (600 MHz,
CD,0D) §,:8.11 (1H,s,H2),8.14 (1H,d,J =
8.0 Hz,H4),7.28 (1H,t-like,/ = 7.5 Hz,H-5),
7.24 (1H,t-like,J = 7.5 Hz,H-6),7.50 (1H,d,J
= 8.0 Hz,H-7),9.85 (1H,s,3-CHO) , L I ¥t i
SCHRT AR — B, O E LA 8 IR

4 FEENK

4.1 MTT &N E 4G 5E 5 14

P18 B KR B /NS T B 40 ] (NRK-52E)
FIFHBERE TS 165, % 10% FBS () DMEM {55
IR AN, SR H Y S R T 96 fLak v (40
M B 3 x 10 4~/mlL, 100 pl/fL), B T 5%
CO,,37 ClHIR AP F 85 72 LIF, 4L
JIA 200 WL 47 25 f4 8 i DMEM EBE s 57 5k (O 5
FBS) VR SEYR 20 , T30 N il A it (9 25 1 0T
ZH(HInJe Mg B8 e DMEM {IRBE R SR 58) . 25 H
H RS U 3 NI AL R dn e IR AR b
A 24 h 5, &AL A 20 wl (9 5 mg/mL {4 MTT
VW, RS TR 4 h JR 3 96 fLART A, AR S
AL 150 wL () DMSO ¥ 4h i, I35 7500
fift I, BT 490 nm TR IHE: OD H,
4.2 ELISA ;%iME£Fi%E ZE 3 (fibronectin) {43 it

AR BOGIH  B /NS B K4 ig NRK-52E F|
FHBEREE AL S , P& 10% FBS i) DMEM M 5% 3%
FEA AN, AR5 R X ) s Ah T 96 FLAR (4R
WeRE RS x10" 4A~/mL, 100 wl/AL) , & T 5% CO,,
37 CHHERFEMA T 24 h )55k i, L4 4
FLIMAAS [F) e B #4459 (2450 HIE L% 7 DMEM
TRMERE TR B A R ) FEHT 1 h 5, i i
(A9, 2m TCF-B1) Fist i (k& 9+
Hm TGF-1) £:fLIMA 5 ng/mL ) TGF-81, %5 H
XFHRSL CA AL &9, AN n TGE-B1, HANTJE i i# 48
fit DMEM fIOHERS SR 0L ) o 25 A R S se g 21
HUCE 3 AN L. FFAMETERFRAE TR E 24 h 5,
UK SR AL A0 M 1K, 4 °C, 12000 rpm 25 .0 20
min J&5 , B3, 547 ELISA 5286 ( S0k AR A7 20
CHIVKAET) o ELISA S22 4 IR EQ DU L8R
FRZF % 5 (1 ELISA 357 & e Btk A7,
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4.3 ZiFEFHE

$0#i R Fl GraphPad Prism 5 S8 1122 543 7,
2 ] LA R FH B R 22 5 22 73 #1 ( One-way ANOVA) |
PLP<0.05 HEAGI¥ER.
4.4 ZRHWETE

AN R Z B K T — RN HA Pt
BTG PR A 2R 2 A 1 e R 2 R R
PR KB E R N TIHRRRZE P H
BRI AR WA B R AR, AT A
UAFFE h AT 0L &9 1 64T T AR R 36 T D3t
9 T HEBRAL A 1 40 A 2 M et SR A T, FReAT
T EUES T ARG YR B /NG b R 2 s 2 A5 H A
SO 25 LR IIAE 20 wWM R EE RS 0 /NS
B AL 3G T M IAE A . MR AR R Z  H
20 L AP J5T ) S 22 AR T W O A ] i i B R
B, 47 3% 2R 2 40 AR 5 B A R S
BE IR A P ) £ 3 25 1 1 52 ) 2 0 R e 12 1
WSk —. WILEREW (+)-1
(-)-1 JCAu s 5L I, AR A ELISA W2 T
HXF TGF-B1 i T B /NG b B 20 i 43 WA 48 3% 2 1
(ER 25 R — MM A YA L EE A
WA M

High: FERFRILAADF R AT S
BT RFFLEANE R EEREELSH P oM
KPR B,

S 30k

1 Shiao MS. Natural products of the medicinal fungus Ganoder-
ma lucidum ; occurrence , biological activities, and pharmaco-
logical functions. Chem Rec,2003,3.:172-180.

2 Luo Q,Wang XL, Di L,ez al. Isolation and identification of
renoprotective substances from the mushroom Ganoderma lu-
ctdum. Tetrahedron ,2015,71 .840-845.

3 Luo Q,Di L,Dai WF,et al. Applanatumin A, a new dimeric

10

11

13

meroterpenoid from Ganoderma applanatum that displays po-
tent antifibrotic activity. Org Lett, 2015,17.:1110-1113.

Luo Q,Tian L, Di L,et al. ( £ )-Sinensilactam A,a pair of
rare hybrid metabolites with Smad3 phosphorylation inhibi-
tion from Ganoderma sinensis. Org Lett ,2015,17 :1565-1568.
Zhou FJ,Nian Y, Yan YM, et al. Two new classes of T-type
calcium channel inhibitors with new chemical scaffolds from
Ganoderma cochlear. Organ Lett ,2015,17 ;3082-3085.

Wang XF (E#HJ5),Yan YM (&K H]), Wang XL( E.0»
) ,et al. Two new compounds from Ganoderma lucidum. J
Asian Nat Prod Res (PN RIR=HI2::8) ,2014,17(4) :1-
4.

Gao HX, Ding AW, Tang YP, et al. Chemical constituents
from the rhizomas of Phragmites communis. Chin J Nat Med,
2009,7 :196-198.

Abdel-Rahman AH, Hammouda MAA , EI-Desoky SI. Synthe-
sis of some new azole, azepine, pyridine , and pyrimidine de-
rivatives using 6-Hydroxy-4H-4-oxo [ 1 |-benzopyran-3-car-
boxaldehyde as a versatile starting material. Chem Inform,
2005,36(22) :20-27.

Yang WQ, Qin XD, Shao HJ, et al. New phenyl-ethanediols
from the culture broth of Boletus edulis. ] Basic Microbiol,
2007 ,47:191-193.

Yayli N. Isolation and characterization of dibenzoated aromat-
ic compounds. Turkish J Chem ,1993,17.208-214.

WulY (REE),Wu YB (RE5#),Yi) (F4). Chemi-
cal constituents in leaves of Magnolia officinalis var. Biloba.
Chin Tradit Herb Drugs (Hp&iz4) ,2013,44 :2965-2968.
Yan YM, Ai J,Zhou LL,et al. Lingzhiols, unprecedented ro-
tary door-shaped meroterpenoids as potent and selective in-
hibitors of p-Smad3 from Ganoderma lucidum. Org Lett,
2013,15.5488-5491.

Dou M, Di L.,Zhou LL,et al. Cochlearols A and B, polycyclic
meroterpenoids from the fungus Ganoderma cochlear that
have renoprotective activities. Org Lett, 2014, 16. 6064-

6067.



