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Studies on the chemical constituents of Balanophora harlandii and
its endophytic fungus Penicillium coprophilum Mzz9
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Abstract : This paper investigated the chemical constituents from a valuable traditional Chinese medicine , Balanophora har-
landii, collected in Meizhou, Guangdong Province, as well as the secondary metabolites from the culture broth of its endophyt-
ic fungus Penicillium coprophilum Mzz9. As a result, eleven compounds were isolated and identified by combining various
chromatographic and spectroscopic techniques. Among them, five compounds including lupeol (1) ,8-amyrin (2) , clearosterol
(3) ,lupeol acetate (4) and glycerin linoleate (5) were isolated from the dichloromethane extracts of Balanophora harlandii,
while the other six compounds, including dechlorinated griseofulvin (6) , griseofulvin (7) , dehydrogriseofulvin (8) , oxaline
(9) ,4-megastigmen-3 ,9-dione (10) ,and p-hydroxyacetophenone (11) ,were purified and identified from the culture broth of
P. coprophilum Mzz9. Compounds 1 and 5 were isolated from B. harlandii for the first time ,while compounds 6-11 were identi-
fied for the first time from the endophytic fungus of B. harlandii.
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Shimadzu SPD-M20A #2580 AH 43 A AL ( H A
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AR A R AT o R Ak e (200 ~ 300 H |
300 ~400 H) M GF254 )2 rk I (L8 R FRE IR
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Fig. 1 Chemical structures of compounds 1-11
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wEW1 HAEAR(CHCL); [al] +40.4°
(¢ 0.08,CH,Cl,) ; ESI-MS:m/z 449.1 [M + Na]*;
2 €y HyyO,'"H NMR (400 MHz, CDCL, ) 5:4. 69
(1H,s,H-29a) ,4.57(1H,s,H29b) ,3. 19(1H,dd, J
=11.0,4.8 Hz,H3),2.38 (1H, m, H-19), 1. 92
(1H,m,H-21a),1.67(3H,s,CH,-30) ,1. 03 (3H,s,
CH,-26),0.97 (3H, s, CH,-23),0.95 (3H, s, CH,-
27),0.83 (3H,s, CH,-25),0.79 (3H,s, CH,-28 ),
0.76(3H,s,CH,-24) ;" C NMR (100 MHz,CDCL,)§:
150.9(C-20),109.3(C-29),79.0(C-3),55.3(C-
5),50.4(C-9),48.3(C-18),48.0(C-19),43.0(C-
17) ,42.8(C-14) ,40. 8(C-8),40.0(C-22),38.9(C-
4),38.7(C-1),38.0(C-13),37.2(C-10),35.6(C-
16),34.3(C-7),29.8(C-21),28.0(C-2),27.4(C-
23),27.4(C-15),25.1(C-12),20.9(C-11),19.3
(€-30),18.3(C-6),18.0(C-28),16.1(C-25),15.9

(C-26),15.3(C24),14.5(C27), LI %5
BRLT o R AR — 5, S AL A PR S
KEW2 AEEE(CH,CL) ;[ al]) +321.8°
(¢0.02,CH,CL,) ;ESI-MS:m/z 427.5 [M+H] * ;4%
+5 Cy, Hyy O,'"H NMR (400 MHz, CDCI, ) §:5. 19
(1H,t,] =3.4 Hz,H-12),3.24(1H,m,H-3) ,1. 14
(3H,s,CH,),1.00(3H,s,CH,) ,0.97(3H,s,CH,) ,
0.94(3H,s,CH,),0.88(3H,s,CH,),0.84 (3H,s,
CH,),0.80 (3H,s,CH,),0.75(3H,s,CH,;);" C
NMR ( 100 MHz, CDCL, ) §:145.4 (C-13),121.9 ( C-
12),79.2(C-3),55.4(C-5),47.9(C9) ,47.4(C-
18),47.0(C-19) ,41.9(C-14) ,40.0(C-8) ,38.9(C-
4),38.8(C-1),37.3(C-10),37.2(C22),34.9(C-
21),33.6(C-7),32.9(C-17),32.7(C-29) ,31.3(C-
20),28.6(C-23),28.3(C-28),27.4(C-2),27.2(C-
15),26.4(C-16),26.2(C27),23.9(C-30),23.7
(C-11),18.6(C-6),17.0(C-26) ,15.8(C-24) ,15.7
(C25) o LA bt 5 3Ciik" % BB — 0, % 5E 1%
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WEW3 HEBEK(CHCL); [o]f-31.8°(c
0.2,CH,CL,) ; ESI-MS:m/z 413.4 [M +H] " ; 5+
& C,H,0,"H NMR (400 MHz,CDCI,)8:5.35(1H,
s,H-6),4.73(1H,dd,J =1.4,2.5 Hz,H-27a) ,4. 64
(1H,dd,J =1.4,2.5 Hz,H27b),3.52(1H, m, H-
3),2.27(2H,m,H4a,H-24) ,1.99(2H, m,H4b , H-
7a),1.84 (4H,m, H-7b,H-15a, H-16a, H20) , 1. 57
(3H,s,H-26),1.49(6H, m,H-8,H9, H-11a,H-17,
H-28),0.91(3H,d,J=6.6 Hz,H21),0.80(3H,t,J
=7.4 Hz,H-29) ,0.67(3H,s,H-19) ;" C NMR (100
MHz, CDCl, ) §: 147. 8 (C25),140.9 (C-5),121.9
(C-6),111.6(C-27),72.0(C-3),56.9(C-14),56.2
(C-17),50.3(C9),49.7(C-24) ,42.5(C-13) ,42.5
(C4),40.0(C-12),37.5(C-1),36.7(C-10),35.7
(C-20),33.9(C-22),32.1(C-8),31.9(C-7),29.6
(C-23),28.4(C-16),26.7 (C-28),24.5(C-15),
21.3(C-11),19.6(C-19),18.9(C-21),18.0 ( C-
26),12.2(C29),12.0(C-18) . I ¥ 5 3ciik'™
X FREEAS— 35, S0 A5 1) o A S B

wEW4 PEEA(CHCL) [l +112.4°
(¢0.2,CH,ClL,) ;ESI-MS:m/z491.8 [M + Na] * ;%%
+7 C, H,, 0,,"H NMR (400 MHz, CDCL,) §: 4. 68
(1H,s,H-29a) ,4.57 (1H,s,H29b) ,4.45(1H, m,
H-3),2.04 (3H, s, CH,C00),1.69 (3H,s),1.03
(3H,s),0.94(3H,s),0.86(3H,s),0.84(3H,s),
0.77(3H,s) ;" C NMR (100 MHz, CDCL,)§:171.2
(CH,C0) ,151.2(C-20) ,109.6(C-30) ,81.2(C-3),
55.6(C-5),50.6(C-9),48.5(C-18),48.2(C-19),
42.2(C-17) ,42.0(C-14) ,41.1(C-8),40.2(C-22),
38.6(C-1),38.3(C-13),38.0(C4),37.3(C-10),
35.8(C-16),34.4(C-7),30.1(C-21),28.2(C-23),
27.6 (C-15),25.3 (C-12), 23.9 (C2), 21.5
(CH,CO),21.2(C-11),19.5(C-29),18.4(C-6),
18.3(C-28),16.7 (C-24),16.4(C-25),16.2 (C-
26),14.7(C-27) o VL -%¥e 5 Sck™ f B LA —
BB Y LR YRR IR I .

wEWS KAMRY (MeOH); [al] +
147.2°(c 0.03, MeOH ) ; ESI-MS: m/z 377.7 [ M +
Na]*;4F= C,,H,0,,'H NMR (400 MHz, CDCI,)
5:5.38 ~5.35(4H, m, H9', 10", 12", 13") , 4.21
(1H,dd,J =11.6,4.6 Hz,H-1b) ,4. 15(1H,dd, ] =
11.7,6.0 Hz, H-1b),3.91 ~3.96 (1H, m, H2),

3.68 ~3.72(1H,dd,J =11.8,5.3 Hz,H-3b),3.58
~3.62(1H,dd,J =11.8,5.8 Hz,H-3a),2. 77 (2H,
t,/=6.8 Hz,H-11") ,2.34(2H,t,/ =7. 4 Hz,H2") ,
2.05(4H,m,H-8",14") ,1.62 ~1.65(2H,m,H-3") ,
1.37 ~1.30(14H, m,H4" 5’ 6' 7' 15" 16" 17"),
0.87(3H,t,J=7.0 Hz,H-18") ;°C NMR (100 MHz,
CDCL,)8:174.5(C-1"),130.4(C9" or 13"),130.2
(C-13" or9'),128.3(C-12" or 10"),127.9( C-10" or
12"),70.5(C2) ,65.4(C-1),63.5(C-3),34.4(C-
2'),31.7(C-16"),29.8.29.6.29.4 29.3( x2) (C-
4" 5"6'.7'15"),27.4(C-8" or 14") ,27.4(C-14" or
8),25.8(C-11"),25.1(C-3"),22.8(C-17"),14.3
(C-18") o LA L% 45 Scifond M A — 30, e
ZACE W R R H IS
3.2 gEEIKALEEE P. coprophilum Mzz9 X, F
MO EE

wEwme HEER(CH,CL) [l +230.7°
(¢ 0.04,CH,Cl,) ; ESI-MS:m/z 341.7 [M + Na] *;
43 F5L C,H,;0,,'H NMR (400 MHz, CDCl;)§:6. 22
(1H,d,J=1.6 Hz,H-5) ,6.03(1H,d,J =1. 5 Hz,H-
7),5.52(1H,s,H=2"),3.90(3H,s,1’-OCH,) , 3. 88
(3H,s,6-0CH, ) ,3.61 (3H,s,4-0CH,),3.04 (1H,
dd,J=16.6,3.2 Hz,H4'a) ,2.70 ~2.76(1H,m, H-
5°),2.39(1H,dd,J =16.7,4.6 Hz,H4'b),0. 94
(3H,t,J =6.7 Hz,5'-CH,) ;" C NMR (100 MHz,
CDCL,)8:197.5(C-3"),192.6(C-3),176.2(C-7a) ,
171.5(C-6),170.6 (C-1"),159.3 (C4),104.9 ( C-
2),104.5(C-3a),93.5(C-5),90.0(C-2) ,88.7(C-
7), 56.8 (4-OCH, ), 56.5 (1'-OCH, ), 56.2 ( 6-
OCH,),40.2(C4"),36.7(C-5"),14.4 (5'-CH, ),
DA Sm A Seikt o R SR — L, IR 2 X ek
i ATES A BT e, XA AR A TR A A, AR
F/NA0.15 mm x0. 12 mm x0. 1 mm, 5545 3 N
1.408 cm’, f IS H0.3 KK a=5.644 55(16)
A,b=32.5525(8)A,c=8.175 4(2) A, i1 H a =
v=90°,8 =90.598°(3), J& HA}t i &, KB 1
502.10(7) A°, i RZER VLR 2a, % %A & 25
RIREHR

WEWT AEEKR(CH,CL) [l +433.6°
(¢0.02,CH,Cl,) ; ESI-MS:m/z 375.6 [M + Na] *;
= C,H,ClO,,'H NMR (400 MHz, CDCl,) §:
6.16(1H,s,H-5),5.53(1H,s,H-2") ,4.04(3H,s,
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6-OCH,),4.02 (3H, s, 4-0CH, ), 3.61 (3H,s, 1'-
OCH;),3.03 (1H,dd, J = 16.4 Hz, H4'a),2.84
(1H,m,H-5") ,2.40(1H,dd,J =16.5,4.6 Hz, H4'
b),0.96(3H,d,J=6.7 Hz,5'-CH;) ;" C NMR (100
MHz,CDCl, ) §:197.2(C-3"),192.6 (C-3),171 ( C-
1'),169.9 (C-7a),165(C-6),158.4(C4),105.0
(C-3a),104.0(C2"),90(C-2),89.7(C-5),57.3
(4-0CH, ), 56.8 (6-0OCH, ), 56.6 (1'-OCH, ) , 40. 2
(C4"),36.6(C-5"),14.4(5'-CH;) . LI B
Bk R AR — B R A N K R

wEWS HEER(CHCL); [a]] +69.2°
(¢ 0.01,CH,CL,) ;ESI-MS.m/z 349.1 [M-H] ", 4+
& C,,H,, ClO,,'H NMR (400 MHz, CDCL, ) §:6. 24
(1H,s,H4'),6.12(1H,s,H-5),5.81 (1H, s, H-
2'),3.84(3H,s,4-0CH,),3.67 (3H,s,6-0CH, ),
3.41(3H,s,1'-0CH, ), 1.26 (3H,s,5'-CH, ) ;" C
NMR (100 MHz, CDCl, ) §:199.9 (C-3"),199.9 ( C-
3),168.0(C-6),167.0(C-1"),163.4(C-7a),157.3
(C4),156.3(C-5"),129.7(C4"),108.8(C-2"),
107.7(C-3a),93.7(C-5),91.2(C-2),75.0(C-7),
56.0(4-0CH,),55.9 (6-0CH,),55.8 (1’-OCH, ),
19.2(5°-CH,) o A b %04 A0 Sciik' ™ 4 i s A —
B AR ZE Y IR E KRR

wEWY  HERE K (CH,CL) ;[ o]y -281.2°
(¢ 0.01,CH,CL,) ;ESI-MS:m/z 448.4 [M +H] " ;%%

F3 C,,H,sN,0, ' H NMR (400 MHz,CDCI,)§:7. 58
(1H,d,J=7.7 Hz,H4),7.09(1H,t,J =7.7 Hz, H-
5),7.28(1H,t,J =7.7 Hz,H-6) ,6.98 (1H,d, J =
7.7 Hz, H-7),5.12 (1H, s, H8),8.31 (1H, s, H-
15),7.52(1H,s,H-18),7.25(1H, s, H20) ,6. 12
(1H,br s, H22),5. 10 (1H, br d,J = 14.0 Hz, H-
23a),5.05 (1H,br d, J = 18.3 Hz, H23b), 12.05
(1H,br s,NH-14) ,7.43(1H,s,H-18) ,6. 08 (1H,br
s,H22),1.27(3H,s,H-24),1.33(3H, s, H25),
3.74(3H,s,27-0CH, ) ,3.64 (3H,s,26-0CH, ) ;" C
NMR (100 MHz,CDCl;)8:101.7(C-2),52.6(C-3),
146.8(C-3a),123.7(C4),123.0(C-5),128.8(C-
6),112.3(C-7),146.8(C-7a),107.0(C-8),125.0
(C-9),157.6(C-10),123.0(C-12),166.2(C-13),
110.3(C-15),126.4 (C-16),136.9 (C-18),134.7
(C-20),42.6(C-21),142.9(C-22),114.3(C-23),
24.3(C-24),23.9(C-25),55.9(C-27),65.5(C-
26) o LA bR A Scmkt Y il A — 3, IR 28 X
LIRS A AT e, DU R AR 1 B R AR
IRBERE N 1,327 g/em’, 25 (A B fy P212121, (il 2
.3 kK a=10.804 1(2)A,b =13.247 4(2)
K c=15.6498(2) A Hliffi a =B =y =90°, JB IFAC
LB 2239.90(6) A, S RGE R WL 2b, %0
ZAE WA oxaline

2 EW6(a)F19(b) MEBRAKLE
Fig.2 The X-ray structures of compounds 6 (a) and 9 (b)

WEW 10 RH AR (CH,CL) s [ald +
161.9°(¢ 0.07, MeOH) ; ESI-MS: m/z 230.2 [ M +
Na]* ;2= C3H,,0,,'H NMR (400 MHz, CDCL,)
5:1.02(3H,s,H-11),1.06(3H,s,H-12) ,1.25(2H,
m,H-7),1.70 (1H, m, H-6) ,1.99 (3H, s, H-13) ,
2.06(1H,s,H-2a) ,2.38(1H,s,H-2b) ,2. 14(3H,s,
H-10),2.53 (2H, m, H-8),5.84 (1H,s,H4);" C
NMR (100 MHz, CDCl,)§:36.5(C-1),23.7(C-2),

199.2(C-3),125.8(C4),164.9(C-5),50.4(C-6) ,
42.7(C-7),47.2(C-8),207.8(C-9),24.8(C-10),
27.5(C-11),29.0(C-12),30.3(C-13) . DL %9
FISCHR™ i A — 2, B E AW 4-me-
gastigmen-3 ,9-dione ,

&1 wEEkY) (CH,CL, ) ;ESI-MS:m/z
135.1 [M - H]"; 2> T3 CH0,;'H NMR ( 400
MHz,CDCl; ) 6:7.90 (2H,d,J =7.7 Hz,2,6-H) ,
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6.92(2H,d,J =7.8 Hz,3,5-H),2.58 (3H, s, 8-
CH,);"”C NMR (100 MHz, CDCl, ) 8:198.4 (C-7),
161.3(C4),131.4(C2,C6),130.1(C-1),115.7
(C-3,C5),26.5(C-8), UL 1% 5 k! i
FEAR B, S A B W R R LT
4 itig

AW AT B IS T T AR =24 s 2
LA IR — S e B B 1 A 2 oy, ISR A
AU B R MNAZAE Y h oy B aliAk A5 2] 17 ¥R N
A U PR — bR A A R T R AR AR g
PRI . SRR E T 1AM A, R AT
Ak S PR R h A B A5 2 S ME A,
1.2 4 S =128,3 RiRIE,5 A HLIE T AR RS,
HALE 1 FAb &8 5 ey IR LT &g 38 h o 25 15
#,EE T ZEYA R WA 8B &
ITS JEL K P31 % 58 M2z9 & P. coprophilum , 31 M iZ ¥k
WL ORERARR P EEET 6 Mead, H
6 ~8 R K AR MY, 9 AWk, 10 il
11 AFRZE, YR IR NLL A e IR N A B 4 2515
|, REIA GO HA GNP R, KR
o — M F I RIG YT 3 B e (AR 2002
PEERAY . (L&Y 9 & —Fh g 6, ge g
R R AR g L ARSI N, A
1 ~11 % MDCK 41 d v 45 kF 50 pg/mlL, ifE—4
SR JH AR M7 v A A 0 1 LA T R 3 RO B T
P B T WA AL A WTE 50 peg/mL 11k 5 415 N
R REA 17 75 B SO 40 MO A4S, FIE A 1 ~ 11
TEIZHR 15 B N VA B S B9 e HR 7R 9 s B E o
L6 TAE Ry it —2 R G ST 21 4 g PR H P A R 4
T 52 I A BRI JF & RV 40 & e A )
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