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Study on the Chemical Constituents in the Ethyl Acetate Extract of Balanophora involucrate
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ABSTRACT OBJECTIVE: To study the chemical constituents in the ethyl acetate extract of Balanophora involucrate, and to
provide reference for further enriching chemical constituent of the plant and the development and utilization of B. involucrate.
METHODS: The whole plant of B. involucrate was extracted with 75% ethyl alcohol. The extraction was carried out by petroleum
ether, dichloromethane, ethyl acetate and n-butyl alcohol in turn. The chemical compounds from ethyl acetate extract part were
isolated and purified by silica gel column, gel column and semi-preparative HPLC. The structures were identified on the basis of
spectral spectrum (mass spectrum, hydrogen spectrum and carbon spectrum) data and literature reports. RESULTS: Thirteen
compounds were isolated from ethyl acetate extract part of B. involucrate, identified respectively as pyracanthoside (1), 5,7,3’,
5’ -tetrahydroxyflavanone (2) , naringenin (3) , homoeriodictyol (4) , hesperetin (5) , sakuranetin (6) , eriodyctiol (7) ,
aureusidin-6-O-f-D-glucopyranoside (8) , penicillic acid (9) , dihydropenicillic acid (10) , 2-methyl-3-foroic acid (11) ,
5-hydroxymaltol (12) and 5, 7-dyhydroxy chromone (13). Most of them were dihydroflavones. Compounds 2 to 13 are isolated
from Balanophora genus for the first time. CONCLUSIONS: The study enriched the chemical constituents of the Balanophora
genus and lays foundation for quality evaluation of B. involucrate.

KEYWORDS  Balanophora involucrate; Chemical constituent; Structure identification; Dihydroflavones; Ethyl acetate extract

part

T4 §i5 W 9K (Balanophora involucrate Hook.f.) A g $i
%l (Banophoraceae) ¥ i J& (Balanophora ) ¥ -l 2 4F- 4=
A A R LB A ), A4 REANRE SO FE — 3% XSk,
ST T A ARG L X, i S R L)
IR AR TLPE G )1 SR, 2 AR KRR 1 600~
2 000 m FYBAMRIRSE e, 52 A T AL RS SR A RO AR B2
RTBH G AR i A2 (H 7 5D, Z o RIBIHZ, . WER
], RS I AR B PR B ORI S B
TR 55y A WEE Hrh e iy 2
BOHEZEE RN A SRR AR, BT, 2
A SCHRGT AT e 9K L R BRI LA A T T A
EAE T A A FEAR P D /N 43, B Ak 5 S A 32 22
S TSSO AR A A R R B
fRT B AR L IR LR 2 U A BT (BT R TG, S ik
— RGBT ARG M B W) BB Ay, AT 0 T i e g &
iR £ T8 A RGN, AR A K B Ak 24 B AT T R Gt
BIUE , LU Sk WY fR7 B e T A 8 1 S AR R BT R
e LS DR IR AR

1 #7#
1.1 {88

AAPI 3200 571 (MS) 1% (3¢ [+ Sciex 22 7] ) ; Bruker
601 % 1% 3L Ik (NMR) 4 (% k- Bruker 22 &) ; JASCO
V-650 550~ A WL 356 FE AL ( H 4R Jasco 24 1)) ; UltiMate
3000 43 B B w5 OB AH €438 (HPLC) A ( 2[5 Thermo 2%
] ) ; Waters 2545 4= H ghifill #5584 HPLC {% (35 [&] Waters 23
CiD
1.2 #HRE5IEH

o B I PR 25 A1 F 2015 4F 7 H SR AW T AL b A bk
X, 2R VLY H B 24 R 2 X B8 A 4 08 Ry e R B e 9K
(B. involucrate Hook.f.) 1] 4= #F 5 H B A1 £ 15 A €63 4l
(3£ [ Sigma-Aldrich 23 ] ) ; AR 2k 43 B 2 CR
FHE AL 2720 A BR 2 v ) 5 7K O M ek i s 4 AT PR

TEIEE 2019EF0EETE

NI
1.3 Hfth

kI GF254 12 Ffil Al (I & b2z Talk B ir) 5 £,
TEAERE (200~300 H, 75 E5¥EAL 1)) s YMC-Pack ODS-
A il 55 C o (0354 AT ODS R H A YMC 23 H] ) 5 Wa-
ters RP C o (3154 (€[5 Waters 23 7] ) o
2 AEEHER
2.1 HWEWHIRERS S

IR o 7 B e K 4k 2.5 ke, B, FH 75% LN
PR RIS U VBRR 2 h, SRBOR 2 A ik . A b
LR BEHERUE IR Z B (316 g) 2R Rk (33
Ay e, DL A - B (50:1.,30:1,20:1,15:1,10: 1,
6:1.3:1.1: 1, /) BB EE VRN, He A AR B AR Ve , 75
A A SE 3.3 .5.5.5.5.5 .5 MR, 1531 36 4~
14y, - Aic N (Fral ~Fr.a36) , & 2 @ iE K0 )5 %
Fr.al fll Fr.a2 53, Fra3~Fr.a5 453§, Fr.a7 fl Fra8 & 7F,
oAt Bk A Sl — A4y, B A5 3 32 4 43 (Frul~
Fr.32) . HUFr.28(482 mg) id il % % HPLC 1 [ H - 7K
(0.03% =] LR ), 10% ~50% , 60 min; i 3 10.0
mL/min] #F 17 4 fk , 15 21L& 4 1[5.1 mg, f &4 B [H]
(t) =22.6 min], HUFr.3(5.23 g)i ODS H T (a3 [ FH -
/K (0.03% =98 212 ) , 30% ~T70% , 300 min; i 3 10.0
mL/min], 153 29 4443 (P.1~P29) . B P.4 i i £ &l
HPLC [ B fE- 7K (0.03% =9 21 ) , 5% ; i ¥ 8.0
mL/min], 1584 5% 11(11.3 mg, £=8.2 min) . fL- &)
12(7.6 mg, x=11.7 min) . HC P.8 i il £ 7 HPLC {X[H
fiz-7K (0.03% —F L 1R , 12% ; i3k 8.0 mL/min], 5 F|4k
419 (3.5 mg, x=12.2 min) {5 ¥ 10(5.6 mg, &=
18.6 min) . HCP.12 33 1l £ % HPLC {3 [ F #%-/K (0.03% =
), 35% ; ik 8.0 mL/min], 15 F k& ¥ 13(27.4
mg, £=22.4 min) . 5 P.16 i i il % % HPLC 1% [ F -
K (0.03% = F LR, 45% 5 i3k 8.0 mL/min], 15 4k &
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Y 2(4.3 mg, =48.6 min) . HUP.18 i i il £ % HPLC
AL H E-7K (0.03% =902 A) ,50% ; 1% 8.0 mL/min],
BELEA 3(7.2 mg, =30.5 min) b4 4(10.6 mg,
%=33.9 min) {454 5(18.3 mg, x=40.6 min)., H{P.23
1od ] 45 %4 HPLC {3 [ i-7K (0.03% —JR LR ) ,60% 3 i
# 8.0 mL/min], 7 #4645 ¥ 6 (3.7 mg, =30.26 min) .
HUFr4(8.12 g) i ODS H e a5 [ H E-7K (0.03% — i &
fi2),30% ~60% ,300 min; Ji i 15.0 mL/min], 35 18 4>
H4r(Q.1~Q.18) o B Q.10 i 1 il £ % HPLC {3 [ H -
7K (0.03% = LER ), 30% ; it 14 8.0 mL/min], {5 8{L &
Y17(2.4 mg,t=28.22 min) .

22 UEVHMEHERE

AT AR LA 0 BRAR I SO R T B e [ 5240
T MS| A g 3L R A 3% (CH-NMR) | 8% #E 6 IR 05
(“C-NMR) X3 B 1521 1 13 MU S W T 45 % 5E

AW 1 B A T0E RV R s hRR- 8k S R 5 58
A=A DL R K (U V) £ 278.9 nm HLF-HL B
J5 (ESI) -MS: J&i fif F (m/z) 485.3[M+CI1] ™ ; 4> 7 =X .
C.H»0,,, 4 i : 450, 'H-NMR (DMSO-ds, 600 MHz)
ou:12.14(1H,s,5-0H),9.11(1H,s,4’ -OH) ,9.05(1H,s,
3’ -OH),6.87(1H,brs,H-2"),6.74(1H,brs,H-5" ,H-6" ),
5.88 (1H, d, J=2.2 Hz, H-8) , 5.86 (1H, d, J=2.2 Hz,
H-6),5.37(1H,dd,J=12.0,2.4 Hz,H-2) ,4.86 (1H, brs,
H-1"),3.65(1H,brd,J=11.4 Hz,H-6" b),3.42(1H,brd,
J=10.8 Hz, H-6" a), 3.20 (1H, dd, J=17.4, 12.0 Hz,
H-3a) , 3.02-3.18 (4H, m, H-2"-5" ) , 2.66 (1H, dd, J=
17.4, 2.4 Hz, H-3b) ; "C-NMR (DMSO-ds, 150 MHz) §:
196.4(C-4),166.7(C-7),163.5(C-5),162.9(C-8a),145.7
(C-3"),145.2(C-5' ), 129.5(C-1"),118.0(C-4" ), 115.4
(C-2"),114.4(C-6" ), 101.8(C-5),97.0 (C-1") , 95.8
(C-6),95.0(C-8),78.5(C-2),76.8(C-5"),74.9(C-3"),
73.1(C-2"),70.3(C-4"),61.2(C-6"),42.1(C-3), LA ki
TR 5 SCHRARGE B A — S B R A R
pyracanthoside,

A 2 IR B T0E BRI AR s SRR - Sy PR 5
UV,..: 278.9 nm; ESI-MS m/z 311.2[M+Na]"; 2r 72X :
CisH..0s, 43 F i : 288, 'H-NMR (DMSO-d;, 600 MHz)
54:6.87(1H,s,H-4'),6.74(2H,s,H-2' ,6'),5.88(2H,s,
H-6,8),5.38 (1H, dd, J=12.6, 3.0 Hz, H-2) , 3.19 (1H,
dd,J=17.4,12.6 Hz, H-3b) , 2.67 (1H, dd, J=17.4, 3.0
Hz, H-3a) ; “C-NMR (DMSO-d;, 150 MHz) d¢: 196.4
(C-4) , 166.7 (C-7) , 163.5 (C-9) , 162.9 (C-5) , 145.7
(C-5"),145.2(C-3"),129.4(C-1"), 118.0(C-4" ), 115.3
(C-6"),114.4(C-2" ), 101.8 (C-10) , 95.8 (C-6) , 95.0
(C-8),78.5(C-2),42.1(C-3) . VAl I i Hd 5 SC ik
TR A — 3, W e G 2 R 5,7,37 5 DR
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A5 3 IR B TCE R s Fh R -k Sz FHAE: 5
UV, ..: 212.3,222.3, 290.6 nm; ESI-MS m/z 295.2 [M+
Na]"; 433X : CsHOs, 47 F 1 : 273, 'H-NMR (DMSO-
ds, 600 MHz) d4: 12.15 (1H, brs, 5-OH) , 10.79 (1H, brs,
7-OH),9.60 (1H, brs, 4’ -OH) , 7.31 (2H, dd, J=8.4, 3.0
Hz, H-2' ,H-6" ), 6.79 (2H, dd, J=8.0, 3.0 Hz, H-3' ,
H-5"),5.94(1H,d,J=2.2 Hz,H-8),5.93(1H,d,J=2.2
Hz,H-6),5.43(1H,dd,J=13.2,3.0 Hz,H-2a),3.27(1H,
dd, J=17.4,13.2 Hz, H-3a) , 2.67 (1H, dd, J=17.4, 3.0
Hz, H-3e) ; "C-NMR (DMSO-d;, 150 MHz) 6 c: 196.4
(C-4) , 166.7 (C-7) , 163.6 (C-5) , 163.0 (C-9) , 157.8
(C-4"),128.9(C-1"),128.4(C-2",6'),115.2(C-3",5"),
101.8 (C-10) , 95.8 (C-6) , 95.0 (C-8) , 78.4(C-2) , 42.0
(C-3)o LA F#din 5 SCHRH B 50 B A — 3, B s e
G 3 At =

G 4 IR CTCE TR R s TR IR -8k B P 5
ESI-MS m/z 325.3 [M+Na]"; 43 F X : CsHwOs, 43 F 12
302, UV(MeOH),..: 288.3 nm; 'H-NMR (DMSO-d;, 600
MHz) 8y 12.16 (1H, brs, 5-OH) , 10.79 (1H, brs, 7-OH) ,
9.15(1H,s,4' -OH),7.09(1H,d,J=1.8 Hz,H-2" ), 6.90
(1H,dd,J=8.4,1.8 Hz,H-6'),6.79(1H,d, J=8.4 Hz,
H-5'),5.89(1H,d,J=2.4 Hz,H-8) ,5.88(1H,d,J=2.4
Hz,H-6),5.42(1H,dd,J=13.2,2.4 Hz,H-2), 3.88(3H,
s,3'-OCH,),3.32(1H,dd,/=17.4,13.2 Hz,H-3a) ,2.71
(1H, dd,J =17.4, 2.4 Hz, H-3b) ; "C-NMR (DMSO-d;,
150 MHz) §¢: 196. 4 (C-4) , 166.7 (C-7) , 163.5 (C-5) ,
162.9(C-9),147.6 (C-3" ), 147.0(C-4" ), 129.4(C-1") ,
119.7(C-6" ), 115.2(C-5" ), 111.2(C-2" ), 101.7(C-10) ,
95.8 (C-6) , 95.0 (C-8) , 78.7 (C-2) , 42.1 (C-3) , 55.7
(3" -OCH,) . LA F 8 5 SOk el 8 B A — 3, ik
YEALEY) A NS

G 5 IR B A EIRSE Al 5 Eh IR - By SO P 5
UV e 212.3, 222.3, 290.6 nm; ESI-MS m/z 295.2[M +
Na]"; 7 F 3 : CiHuOe, 7+ F 1t : 302, 'H-NMR (DMSO-
ds, 600 MHz) d4: 12.13 (1H, s, 5-OH) , 10.85 (1H, brs,
7-OH),9.12(1H,s, 3’ -OH) ,6.93(2H, m, H-2' ,H-6" ) ,
6.87(1H,d,J=7.8 Hz,H-5' ) ,5.89 (2H, m, H-6, H-8) ,
5.43 (1H, dd, J=12.0, 2.4 Hz, H-2) , 3.19 (1H, dd, J=
16.8,12.0 Hz, H-3a) ,2.71(1H, dd,J=17.0, 2.4 Hz, H-3
B),3.77 (3H, s, 4 -OCH,) ; "C-NMR (DMSO-d;, 150
MHz) 6 c: 196.3 (C-4) , 166.7 (C-7) , 163.5(C-5) , 162.8
(C-9),147.9(C-4" ), 146.5(C-3" ), 131.2(C-1") , 117.7
(C-6"),114.1(C-2"),112.0(C-5" ), 101.8(C-10) , 95.8
(C-6) , 95.0 (C-8) , 783 (C-2) , 42.1 (C-3) , 55.7
(7-OCHs) o LA b 858l 5 STk B E5 i A — 35, i
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EEY 5 B X,

A1 6 IR B0 (0 T0 A BRI K 5 BRI -85 K S g P
PE; UV, 215.1,289.9 nm; ESI-MS m/z 287.1[M+H]"; 5%
F 2 : CHLOs, 43 T & : 286, 'H-NMR (DMSO-d;, 600
MHz)d,:12.12(1H,s,5-OH) ,9.60(1H,s,4’ -OH) , 7.33
(2H, dd,J=8.4,2.0 Hz,H-2' ,H-6' ), 6.79(2H, dd, J=
8.4,2.0 Hz,H-3' ,H-5'),6.10(1H,s,H-8),6.08(1H, s,
H-6),5.49(1H,dd,J=13.2,3.0 Hz,H-2),3.33(1H, dd,
J=17.4,13.2 Hz, H-3) , 3.17 (1H, dd, J=17.4, 3.0 Hz,
H-3) , 3.78 (3H, s, -OCH;) ; “C-NMR (DMSO-d;, 150
MHz) ¢: 197.0 (C-4) , 167.4 (C-7) , 162.9 (C-5) , 163.2
(C-9),157.8(C-4"),128.7(C-1"),128.4(C-2",6"),115.2
(C-3",5"),104.0(C-10), 94.6 (C-6) ,93.8(C-8) , 78.6
(C-2),42.0(C-3),55.9(—OCH,) . DL F %45 SCiik i
TE R A — 2, O E G 6 AR AR .

AW T B T RO AR 5 Fh R - S FEE 5
UV : 220.1,301.4 nm; ESI-MS m/z 311.2[M+Na]"; 43+
X ¢ CeHuOs, 4 T & : 288, 'H-NMR (DMSO-d;, 600
MHz)6,:6. 82(1H,brs,H-2'),6.70(2H,s,H-5' ,H-6" ),
5.79 (1H, d, J=2.0 Hz, H-6) , 5.77 (1H, d, J=2.1 Hz,
H-8),5. 18(1H,dd,J=12. 8,3.0 Hz,H-2),2.97(1H,dd,
J=17.1,13.0 Hz, H-3a) , 2.61 (1H, dd, J=3.1 Hz, 17.1
Hz, H-3¢) ; "C-NMR (DMSO-d;, 150 MHz) 6 ¢: 196.8
(C-4) , 166.7 (C-7) , 163.5 (C-5) , 162.9 (C-9) , 145.7
(C-4"),145.2(C-3'),129.5(C-1"),118.0(C-6" ), 115.3
(C-5"),114.4(C-2" ), 101.8 (C-10) , 95.0 (C-6) , 95.8
(C-8),78.5(C-2),42.1(C-3) . VA b %ds 5 SCifik 238 =
Bt BEA— B e B TR R

G 8 A AR s SRR -BE M U FHE ; UV
253.8,269.7,338.2 nm; ESI-MS m/z 451.2 [M+H]"; 2> 1
X : CHL0., 43 T & : 450, 'H-NMR (DMSO-ds, 600
MHz)dy:7.41(1H,d,J=1.8 Hz,H-2' ), 7.18(1H,dd, J=
8.4,1.8 Hz,H-6' ) ,6.82(1H,d, J=7.8 Hz,H-5" ) , 6.50
(1H,s,H-10),6.37 (1H, brs, H-5) , 6.31 (1H, brs, H-7) ,
5.10(1H,d,J=17.2 Hz) , R4 H-2" 4k 8% AT R0 it Ak
G XU Z F B (E A RS R H-2" R 6w 8.48) P,
“C-NMR (DMSO-ds, 150 MHz) d c: 178.4 (C-3) , 167.3
(C-4) ,167.3(C-6) , 156.8 (C-8) , 147.6 (C-4' ) , 145.5
(C-3"),145.4(C-2),124.1(C-6" ), 117.5(C-2" ), 115.8
(C-5" ), 110.3 (C-10) , 103.5(C-9) , 99.5 (C-1" ) , 97.4
(C-7),92.1(C-5),77.1(C-5"),76.6(C-3"),72.9(C-2"),
69.2(C-4"),60.3(C-6"),23.3(C-1") . LA F%d 5 ik
IES B A B, MEEA Y8 N MR R
6-O-B-D- LR & 1T

& 9: oA RS i 5 UV a: 227.8 nm; ESI-MS
m/z 193.1[M+Na] "5 43 7 3 : CG:H.Os, 4> T & : 170,

TEIEE 2019EF0EETE

'H-NMR (MeOD-d,, 600 MHz)6:5.38 (1H,s,H-6) ,5.26
(1H,s,H-6),5.12(1H, s, H-2) ,3.91 (3H, s, —OCH,) ,
1.73 (3H, s, H-7) ; “C-NMR (MeOD-d,, 150 MHz) § c:
181.7(C-3),173.3(C-1),140.3(C-5) , 116.1(C-6) , 104.7
(C-4),89.9(C-2),60.5(C-8),17.6(C-7), LA ¥ 53
FR AR RO AR — B, i E LB 9 R penicillic ac-
id

AW 10: TC AR5 5 UV, e 227.8 nm;
ESI-MS m/z 173.1[M+H]"; 4> F = : CH.,0., 43 F & -
172, 'H-NMR (MeOD-d,, 600 MHz) ¢ 4: 5.21 (1H, s,
H-2),3.93(3H,s,—OCH,),2.12(1H,m,H-4),1.04(3H,
d, J=17.2 Hz, H-7) , 0.88 (3H, d, J=7.2 Hz, H-6) ;
“C-NMR (MeOD-d;, 150 MHz) d c: 182.2 (C-3) , 173.5
(C-1),107.2(C-4),90.1(C-2),60.3(C-8),34.7(C-5),
16.8(C-7),16.0(C-6) . LA I %di 5 SCHR 8 5 4 2
A B G 10 A HF R

AW 11: TR IRES & UV,: 212.6, 274.8 nm;
ESI-MS m/z 127.0 [M+H] " ; 43 F 20 : CGHOs, 73 1 & -
126, 'H-NMR (DMSO-ds, 600 MHz) §,: 8.02(1H,d,J=
5.4 Hz, H-4) , 6.33 (1H, d, J=5.4 Hz, H-3) , 2.34 (3H,
s,-CH,) ; "C-NMR (DMSO-d;, 150 MHz) d¢:172.6(C-5),
154.7(C-4),149.2(C-1),143.0(C-2) , 113.6(C-3) , 14.0
(—CHs) o VA E 88 5 SR P g s A — 2, i e
TEALA P 11 Sy 2-H JE-3- kg FH R

& 12: LA 454 ; UV, 212.6, 274.8 nm;
ESI-MS m/z 165.1 [M+Na]"; 4> ¥ X : C:H:O,, 43 T 1 :
142, 'H-NMR (DMSO-d;, 600 MHz) 6 4: 8.95 (1H, s,
5-OH),8.78(1H,s, 3-OH), 7.95(1H, s, H-2) ,2.22(3H,
s, —CH,) ; "C-NMR (DMSO-d;s, 150 MHz) J ¢: 168.5
(C-4) , 149.2 (C-3) , 144.3 (C-6) , 141.4 (C-5) , 139.0
(C-2),14.4(—CH,) . VA FEHE 15 SOk 18 145 4 A
— 3, KB AW 12 8 5-hydroxymaltol .,

A5 13: L TJCE BUR K UV, 204.5, 256.1,
295.6 nm; ESI-MS m/z 179.1[M+H]"; 4> F X : CH,O., 43
T 178, 'H-NMR(DMSO-d,, 600 MHz)dy:12.70(1H,
s,5-OH),10.89(1H, brs, 7-OH),8.19(1H,d,/=6.0 Hz,
H-2),6.36(1H,d,J=2.4 Hz,H-8) ,6.28 (1H, d, J=6.0
Hz, H-3) , 6.20 (1H, d, J=2.4 Hz, H-6) ; "C-NMR
(DMSO-d;, 150 MHz) dc:181.8(C-4),164.9(C-7),162.2
(C-5), 158.4 (C-9) , 157.8 (C-2) , 110.8 (C-3) , 105.5
(C-10),99.5(C-6),94.6(C-8) . LA I #4153k 8™
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5,7- 5L
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