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(1. ZEPELGREEEGPEM ARSI R LHE EALRE, S8 230012; 2. PEBZEEERWAEY S THON SEERREALRE, |7RKE
AR 2 E R sk =, R ERL s, T 510650 3. AEEE K YIE, M 510650)

WE: NI BRI (Casuarina equisetifolia) IRy, RAAPEFRIFER . R Z R BHoR, AWHRD A 14
MEEW . GICIRENHT, HE5H#)40 5% 5 A 5-hydroxy-3-methoxyphenyl-6-O-syringoyl-B-D-glucopyranoside (1), /= R 3ZH A
(2), heterophylloside C (3). 6’-O-vanilloylisotachioside (4)« 3,4,5-trimethoxyphenyl-6-O-syringoyl-$-D-glucopyranoside (5). & &
B (6). T &M (7)-3,4- "R HEE (8).FHEMR (9 MK (10).HHE M (11). % MEFTIMEREE (12).(2)-lyoniresinol
2-O-a-rhamnoside (13)#1(-)-9-acetyl-isolariciresinol 9'-O-a-L-thamnopyranoside (14), FH L&Y 14 AFHIARTE R

REEE: AR RS RIER

doi: 10.11926/jtsb.4747

Chemical Constituents of Ethyl Acetate Extract of Casuarina equisetifolia
Roots

GAO Ruanling"?, LUO Yucai**, MA Yongyi**, WANG Guokai'*, ZHOU Zhongyu'*>*

(1. School of Pharmacy, Anhui University of Chinese Medicine, Anhui Province Key Laboratory of Research & Development of Chinese Medicine, Hefei
230012, China; 2. Key Laboratory of South China Agricultural Plant Molecular Analysis and Genetic Improvement & Guangdong Provincial Key Laboratory
of Applied Botany, South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 3. South China National Botanical Garden,

Guangzhou 510650, China)

Abstract: To clarify the chemical constituents in Casuarina equisetifolia, fourteen compounds were isolated by
organic solvent extraction, fractionation, and a variety of chromatographic separation techniques. Based on
spectroscopic data, their structures were identified as 5-hydroxy-3-methoxyphenyl-6-O-syringoyl-S-D-glucopy-
ranoside (1), alpinoside A (2), heterophylloside C (3), 6”-O-vanilloylisotachioside (4), 3,4,5-trimethoxyphenyl-
6-O-syringoyl-$-D-glucopyranoside (5), vanillin (6), syringaldehyde (7), 3,4-dihydroxybenzaldehyde (8), oleanolic acid
(9), betulinic acid (10), S-sitosterol glucoside (11), daucosterol-6’-linoleate (12), (£)-lyoniresinol 2-O-a-rham-
noside (13), and (—)-9-acetyl-isolariciresinol 9’-O-a-L-rhamnopyranoside (14). Among them, compound 14 is a
new lignan derivative.

Key words: Casuarina equisetifolia; Chemical component; Lignan

K WK ¥ (Casuarina equisetifolia) N AR BR ¥ B 776 ME. SR A EN . KRR A
(Casuarinaceae) R JFR BB, J5 /™ TURORHMINE & AEHERZHME, R B m My A2l
KPR, AL REL A6, R DORPT R CPOEARRD) DR, AR ERIEY, 5
W\ ENERVEE . EATH LN WA 4, &R 1B, EHikiE, FRER iR, BURRR 21k
AR B 81 2022-11-10 B2 HH: 2022-12-30
HESWH: K ARFHEIEETIH (31970376);  [H 5 H S W& I H (2021YFC3100401) 55 B
This work was supported by the National Natural Science Foundation of China (Grant No. 31970376), the National Key Research and Development Program of
China (Grant No. 2021YFC3100401).

EHE I R (1997 4, 2, WL, TR KRR . E-mail: 2829420594@qq.com
* JWIRfE#H Corresponding author. E-mail: zhouzhongyu@scbg.ac.cn; wanggk@ahtcm.edu.cn




290 HAH W AR 27

¥31%E

SEXPRREAE BT AL R, ZEYMEAFE 2
FIAEDENE, BFEPUAMD. JTEY duEb. B4R
Pl Rl BRPE S MY E . ER sk
KTARMREM . B HIR . HEY IR AR =4
AT FIRIELY, SRR T A RR AR IR AR =
YIAET 2 o BT HIFRATMR R SR R 7 B 4558 T 4
ANHTIAT 6 AN BRI IR 55 P e b 22 oy 1ol
AW FLAR BEARTEAR R AR I, R EE T
1 MHTHIAREZ, (—-)-9-acetyl-isolariciresinol 9'-O-a-
L-rhamnopyranoside (14), LK 13 NEEMLEY.

1 BPRIATT %

1.1 %

ISR B A MO R} 2 B A ROl B 9 P
i S AR BB BB % T 2020 £ 6 ARA T 4
HARNT.

FEEMTRERL(80~100. 200~300 H). #ERERE
MTiR HSGF254 (M & VL A RER T & A F)s 5 Mt
Ji&¢ Sephadex LH-20 (¥fi 4t Amersham Biosciences).
1.2 B 5EA]

4387 il HPLC (H 4 Shimadzu 2 ), Bt % SPD-
M20A —HAEREFIRGIAS . LC-20AT ¥4 755 22 il
SIL-20A HahiFEds; ity tE e ZORBAX SB-
Aq (5 pm, 4.6 mmx250 mm). FH]4%/%14% F HPLC
(H 4 Shimadzu A 7)), it & CBM-20A F 4045 il 2% -
SPD-20A 5 #1-AT WLYGAS I 28 F LC-6AD ¥ 71l %inids
4%, Bk Cosmosil A 5C18-MS-IT (10IDx
250 mm). % H MPLC Adt i GlFnEE R A R
2N H] 1) LC3000 JAH 54

SFTaA M. E . LIRS, RS
(CREETT A AL TA PR A 7 FREE 7855 A A,
SFTALE AT . EAR R (T ML =GR ) il
G A s CREBE T RRFHERHEA IR AR At
ST HEE, MENE . R AR [ S R fr 3R Sk
B2 (CILYA Al)s L-BRZSWE bR AE 5 (B ik 35 ik 77 A
EFNCIDE
1.3 RS E

AR AR T (726 kg), 90 % Z FFiR
3K, A FF B, IR IR AR AR EUY)IR E 698.36 g.
PEEUIR B FH KRR, BN 20 TR 40 U A i
Wk, PR CWR 1B T EEA AR 3 Ik, G FF&0
LM, IR ARAETT B R ALY 10.05 gv LR

LBRFERH) 35.62 g IE T HEREHLY) 24.89 g. AW
FXARFREAR O QBRI T 5% e, K
A TR T AR O AR

LR CERAEN A TE IR i 3 5, DL &H
F5¢ - FF I 35 JE 790 (100:0~0: 100) B 55 e it , - USCBE R4,
By 1L, @z Eigs, &85 15 M
FI~F15. F2 (2461.4 mg)ZERH:EMT, LA iH#-
LR CFR(250:1~0:100) 46, 43 2MV.2H 73 F2-1~F2-
10, F2-10 &AL EMT, LA O GEE(100:1~
0:100)¥EM, 53| 4H % F2-10-1~F2-10-8, F2-10-7
C A R AL 2T, AU e/ F (L DV, 15
P20 4 F2-10-7-1~F2-10-7-6.. F2-10-7-6 4 HPLC
afift, LLARE-/K(19:81) sl #H, #E#E 2 mL/min,
BLEY) 6 (1r=27.5 min, 7.8 mg). F2-10-8 £ HPLC
aifl, PAZRE-7K(13:87) 833040, Jii#E 2 mL/min,
BALAEW) 7 (1r=57.6 min, 10 mg). F3 (815.1 mg)%&:
FERALE N, PAA I B - 2R £.B6 (250:1~0:100) 3k
fii, 15FIW2H 5> F3-1~F3-10. F3-7 £58 FHE Rk
JEHT, SR R )P, 15 240 5 F3-7-1~
F3-7-4. F3-7-4 2 HPLC 4litk, LLZJE-7K(89:11) M
WA, % 2 mL/min, L5 10 (1r=37.6 min,
2.1 mg). F3-9 &4 BB RAL Z T, & F bt/ FEE
(L: 1), 432 2H 5y F3-9-1~F3-9-3, F3-9-2 £ HPLC
afitk, PAZSE-K(89:11) MiaAH, JiE 2 mL/min, 1§
A 9 (1r=42.6 min, 4.1 mg). F6 (2126.5 mg) 2R
FEZHT, LA - 2R £ B5(250:1~0:100) % fit, 73
B4 7> F6-1~F6-5.F6-1 25 SR K ZEHT, —
AFGE/ (L)L, 132205 F6-1-1~F6-1-4.
F6-1-4 242 HPLC 4lifk, DL ZHE-/K(27:73) i shAH, it
# 2 mL/min, %=10.9 min, 3%t} F6-1-4-1. F6-1-4-1
SIERATEENT, LA - EE(500: )EeMt, 514G
Y1 8 (3.0 mg). F7 (3517.7 me)& MR ENr, LA
M- 212 216 (250:1~0:100) it , S & 12
(301.0 mg). F8 (7421.4 mg)&HH LA, LLH
FiE-7K(20:80~100:0)BE i, 15 21 .2H 5 F8-1~F8-19.
F8-4 24 A JZ 4T, LA &0 ot - F (150:1~0:100)
Ve, 15345 F8-4-1~F8-4-3, F8-4-3 LA 5K
B E T, S b/ B DTN, B REH
F8-4-3-1~F8-4- 3-2, F8-4-3-1 4 HPLC 4iifk, DLFEE-
IK(45:55) iahAH, Ik 2 mL/min, EY 13 (k=
0.9 min, 7.5 mg). F8-5 SRERALZHT, DL S H -
FAE(100:1~0:100)35 5t , 75 21 . 2H 53 F8-5-1~F8-5-4.
F8-5-3 L MH BT JZ T, S b/ HEE(1:1)%kE
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fiit, 453V 2H 5> F8-5-3-1~F8-5-3-3. F8-5-3-1 £ HPLC
afitk, LAFEE-7K (35:65) N3 8l AH, Yiti# 2 mL/min, 15
LAY 1 (r= 27.3 min, 12.5 mg)Fl 2 ((r=29.8 min,
9.3 mg). F8-5-3-3 £ HPLC 4fift, LAHfE-7K(30:70)
NIRENAE, % 2 mL/min, LAY 3 (tr=34.6 min,
3.3 mg)fl 4 (rk=38.1 min, 2.6 mg). F8-8 L E
B, LS B EE(100:1~0:100) 36 i, 75 237 41
/) F8-8-1~F8-8-6. F8-8-4 74 FHERLIA: EMr, —
FURGE/ BB, #3340 5> F8-8-4-1~F8-8-
4-4, F8-8-4-1 & HPLC 4lifk, DLFEE-7K(42:58)H
TENAH, Vi 2 mL/min, 46 &%) 5 (tr=14.5 min,
9.0 mg). F8-11-4 L EMEHERAEZHr, &bt/
FEE(1: )P, 753414 F8-11-4-1~F8-11-4-3,
F8-11-4-2 % HPLC 4fift, DAHEE-IK(27:73) NimaIAH,
i 2 mL/min, f44AY) 14 ((r=46.3 min, 3.5 mg).
F8-17 & MR AT Z T, & b/ EE(1: )5k
fi, LA 11 (111 mg). thEY 1~14 [E5H I
K.

(-)-9-acetyl-isolariciresinol 9’-O-a-L-rhamnopy-
ranoside (14) 533X CagH36011, KT E T L]
%, BT ED: [ald =59.0 (¢ 0.2, MeOH); UV
(MeOH) /Jmax (log €) nm 256 (0.53), 283 (1.65); ESI-
MS m/z: 571 [M + Na]"; HR-ESI-MS m/z: 549.2326

/ /

(o] 6]

(o] \0 0 0/

HO HO
p Sty g
O\ (0] O, 0,
OH OH N OH
HO HO
OH OH
1 2

O/
\
o) 0o 0 [o)
o 0 0,
[0 0 \
\ OH Ie) 0/ \0 0/
HO / OH OH
OH
5 6 7

B 1 k& 1~14 551

Fig. 1 Structures of compounds 1-14

[M + H]" (iH5E : 549.2330); St AREEIE L& 1.
1.4 AW 14 FIBRKR RATAEN R PL

%2 Gou EM 7%, B 2.5 mg (LAY 14 1
T 5 mL 2 mol/L fEEER, 100 ‘CEIJE 4 h, JaJEHRK
T, N S mL ZKIEM, O CFEREEL 3
R, BRK S mL. LR OB A& 14 FIH G,
HICE AT HEE, WRAEE oo™ = -11.0 (c 0.1,
MeOH). KIBEUERGEZE T, AN 1 mLiKRE N
1 mg/mL 7 L->- e 20 16 6 1R SRtk e ¥, 60 °C
BT hy I 2 gl B8 F 2R i JUER B 75 B 1 h,
WERAEET, N 1 mL HEEREMR, IERE
BROBRAR M, BA BRI 4R (21:79:0.1) N B
M, FEAN 1 mL/min. L-fR250E DR RE T VL AT AT
AR, FEAEFH S BOAE T, 5HAEY 14 K
filt s ATAEAL = REAT HEXT o

2 &5

WA 14 RRETEE L, 5% T 5405, ESI
Jo B 7 B B 2y B T m/z 571 [M+ Nal™,
FH4y &N 548, i1 HR-ESI-MS KIS 151
& m/z 549.2326 [M + H]HEH 4 F 2N CasHseOn
(IFEE: 549.2330). 'HNMR &1, KX H 5475

_0
OH
OH
8

79
OH _0 "‘\\O)J\“

13 R=a-L-Rha 14
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1 ALEY) 14 MRZHEIHREIE (500 MH2) A1 #4125 MHz)
Table 1 '"H NMR and '3C NMR (500 and 125 MHz) data of compound 14 in CDCl;
No. S & No. S o
1 127.1 4 144.5
2 6.59 (s) 110.4 5! 6.85 (d, 8.0) 114.6
3 145.1 6 6.63 (dd, 8.0, 1.9) 1224
4 143.9 7' 3.79 (d, 11.1) 47.4
5 6.28 (s) 115.4 8 1.89 (m) 4.1
6 132.9 9 a3.58 (m), b 3.34 (dd, 10.0, 3.2) 677
7 @ 2.77 (dd, 15.8, 10.0), £ 2.86 (dd, 15.8, 5.0) 328 Rhal 4.66 (d, 1.7) 100.2
8 226 m 36.1 Rha2 3.90(dd, 2.8,1.7) 71.0
9 a4.35 (dd, 11.0,4.1), b 3.94 (m) 67.2 Rha3 3.76 (m) 72.0
10 171.7 Rhat 3.41 (t,9.4) 73.6
11 2.08 (s) 21.2 Rha5 3.63 (m) 68.3
1" 136.1 Rha6 1.23 (d, 6.2) 17.5
2 6.59 (d, 1.9) 111.7 3-OCH; 3.86 (s) 56.1
3 146.9 3-0CH; 3.83 (s) 56.1

FR 155 ou 6.85 (1H, d, J = 8.0 Hz), 6.63 (1H, dd,
J=28.0, 1.9 Hz), 6.59 (1H, d, J = 1.9 Hz), 6.59 (1H, s)
A1 6.28 (1H, s), WA 0 Hr, A0 6n 6.85.
6.63. 6.59 A—4 1,34 ZHURKIEIR R FE 5, on
6.59 Fl oy 6.28 A—4H 1,3,4,6 WUEUAR I 2RI 5T 115
5;0u4.66 (1H, d, J= 1.7 Hz)f11.23 (3H, d, J = 6.2 Hz)
N R ZEFERFIE R T15 5 - PC NMR i B8 T 28
MRIES, 454 HSQC, ZEM-hass 12 475 2Lk,
RZERERE 6 MK, ZWEFE 2 NR(oc 171.7,21.2),2
AL, 3 NIEF3E, 3 MREIE. Wk Ot
AL, REHE, Z0hERN S T2 AN
Fo BT RCER, A 14 5 SCHR[ 121308 1)
aviculin 1R AL, ZZ 7 2 A FETFALE ) 14 EE aviculin
Z 7 1 N LF%E: . HMBC i, Hy-9 (6u 4.35,3.94)
ISR IEG 171.7)E W BHAES, £
LRI REAE C-9 (& 2: A)o Hp-9 HIL2EAIHE On
4.35, 3.94 Lt aviculin X} B (&[5 5 (du 3.63, 3.71)
KA RSN, HE—BE R LB R E C-9 7. 'H-
'HCOSY i, ML Ho-7 5 H-8. H-8 5 Ha-9
1 H-8' H-8'5 H-7'"A1 H-9'F BB AHRAS 5, UEA
T 2: A F) Hy-7/H-8/H,-9, H-8/H-8', 1 H-7'/
H-8'/H-9' H e & 14 R

XL o- BRZEHEIIAN p-BR 2BV Bl 2, 1L
EY) 14 RIS SR S o- AN —8, &
LAY 14 BRI R N 8. EY) 14
LRI FTHEAL HPLC 24T, £RE I (A4 22.4 min,
L- SR ZE MR A it RO/ BE INFTR) A 22.5 min, R G
14 TR ERZERE Y LAY,

'HNMR #, H-7'IEAFEIER, 4 11.1 He,
FE H-7'F0 H-8' 4 T B2 - B R AR B - Ho-7
2 NT1ES on 2.86 (dd, 15.8, 5.0)12.77 (dd,
15.8, 10.0), HH A4 15.8 Hz A Ha-7 1 2 ANE
Z Al L R, 5.0 F110.0 Hz 4 Hy-7 2 MES
W5 H-8 () Js #4&, 5.0 Hz &9 H-74 1 H-8 4b-T
SPAREE- BB R, 10.0 Hz & W] H-7a 1 H-8
AbF BT B B AR B (B 2: B). LAY 14
ZRRIK ARG IS T 2 [a]d =—11.0 (¢ 0.1, MeOH),
Xof EeAY & W)(—)-isolariciresinol [][a]b=-30.0 (¢ 12.0,
MeOH)!) b &4)(+)-isolariciresinol [I[a]s=+68 (c
1.0, CHCL)!'0) R B4k &4 14 F 03843 I SLAR R 7Y
Lj(~)-isolariciresinol —%{. Kk, (L&) 14 % E
N (-)-9-acetyl-isolariciresinol 9'-O-a-L-rhamnopyra-
noside (K 1),

TR PG A R i o AN R, 13 N2
WA %€ N 5-hydroxy-3-methoxy-phenyl-6-O-

COSY ==

HMBC 7/~ %\

B 2 {644 14 ) COSY FISEHE HMBC (A) Ko e Kt A 2.(B)
Fig. 2 Key 'H-'H COSY and HMBC (A) with chair conformation of six-

membered ring (B) of compound 14
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syringoyl-f-D-glucopyranoside (1)), & R ZH A
(2)!"8), heterophylloside C!'%), 6'-O-vanilloy-lisotachio-
side (4)?%, 3,4,5-trimethoxyphenyl-6-O-syringoyl-S-D-
glucopyranoside (5)?1. FHEEE (6)*. T & (7).
34-CRFEIRHIE (8)PY. FHURR (9P MERRR
(10)L B M ()P N IEREE (12)°
Fl(£)-lyoniresinol 2-O-a-rhamnoside (13)™,

S5 3R
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