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Chemical Constituents of the Rhizomes of
Sparganium stoloniferum

Soo Yong Shin®, Sang Hak Doh and Kuk Hyun Shin*

College of Pharmacy, Dongduck Women's University, Seoul 136-714, Korea
*Natural Products Research Institute, Seoul National University, Seoul 110-460, Korea

Abstract — The present study was carried out to evaluate biologically active components of the rhizomes
of Sparganium stoloniferum and to supply the preliminary data for the chemotaxonomy and the medicinal
application. Extraction and systematic fractionation of the rhizomes by column chromatography led to the
isolation of six compounds from ethylacetate and n-butanol soluble fractions. Elucidation of the chemical
structures of these compounds by physicochemical and spectral analysis demonstrated that compound I,
10, I, IV, V and VI were B-sitosterol, B-sitosterol-3-8-D-glucuronopyranoside, 3-(4-hydroxyphenyl)-2-pro-
penoic acid, sorbose, 1-O-B-D-glucopyranosyl-(2S, 3R, 4E, 87)-2-[(2(R)-hydroxyeicosanoyl)amido]-4,8-
octadecadiene-1,3-diol, and B-sitosterol-3-O-B-D-glucopyranoside, respectively.

Keywords (1 Sparganium stoloniferum, B-sitosterol, B-sitosterol-3-B-D-glucuronopyranoside, 3-(4-hy-
droxyphenyl)-2-propenoic acid, sorbose, 1-0-B-D-glucopyranosyl-2S, 3R, 4E, 87)-2-[(2(R)-hydroxyeicosanoyl)
amido]-4,8-octadecadiene-1,3-diol, B-sitosterol-3-O-3-D-glucopyranoside.

EX2(Sparganium  stolowiferum Buch. -Ham.)& 2, 858, 1, AHEol, SYotrlol, ol A%t
5 +2#H(Sparganiaceae)oll &3 U FE(TH)SE of BXEstH, vl M NS TH o
AEECHERIIE FEth o] SAFTESTHR, 29 AR T Bxsin ittt o] A8
Spargam1 Rhizomays W(FER), ANSEH=R), & sPdo] Jog wWo] Fekg TEl, E70E 5 AlY
THTEREE A CE=ele) $h.13® A ZRA AL 20)= 50~100 cmolth ¥& A
Spargamaceaeoﬂ &3 A8 AAAC 15 205 Poz | 7~12 mmoli, FEY JHE gERE
of FxHo| Jlon, sejuetells 345 (Sparganium o] EE A %715‘_‘3} A3, A% Fd 7
stoloniferum Buch. -Ham.)& H|Fslo] FEYBEAE o] glow, ¥o] Ftal A9 UYL Hzth £&
(Sparganium angustifolivm M), ANZAE(Spar- 6~729) M1 M= 57] FF-2] QoA e} B
gamum japonicum sparganium Roppeps 5 1 Foll 1~3719) AAFEE @ Ao whe 2AT3]
& 3%o] At Yok Fzo] BX Hojgve 3 21 AEE Qv £E9 3RS 3~7 34
T T AT AHoEe 48, W, T, ofF BAR)3, ol oF 2 mm M &2 otk ¢
=9 3HEe FiE EAFEPH )P Zolk= 3 mm

E

rr o4

P2 gl 87 Fole o] ARelAR olch. AEFER= olod TROR H49 PR o
(R3}) 027408919 (B2) 02-762-8322 o e cRP@EEICcE Sa@EEmre] k>
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AE ATEE= succinic acid, B-sitosterol, dauco-
sterol, methyl benzoate, formononetin, sanleng acid,
5-ene-methyl-cholate-3-O-B-D-glucurono-pyranosyl-(1 —
4)-0-L-rhamnopyranoside, 5-ene-methyl-cholate-3-O-
D-glucuronoside, pyrrole carboxylic acid ester, phe-
nylpropanoid glycosidesge| Eargo|glct 1o

£ BioMe dellr B3, A, 19, A8
o A8 Tl AMgET Y= E4HS-(Sparganii Rhi-
zoma)C ZHE 22 S THTORA AEEF
sk} F-84 AAEA e AT 7IZAEE A
T BERoR QRIS ARl 659 48 EY
sfo] 1 skEtrEE Tt

ey

¢

ZAZoA s o 1 7S Bl S
A AEsl] A3 AFE ARSI 35S HEE
st padd Baath A2 'H 2 “C-
NMR-& Varian Gemini 2000, FAB-MS+= JEOL
JMS-AX505 WAE, EL-MSt JEOL JMS-AX505WA
% ARSI

£ 9l 28 - $4% =45E EtOHE 3/
38 T8I MBS B ¥ 32 F o] F
Zag e} 79k 5%3H) EtOH extract(yield :
4.69%)Z 43Jrt. o] EtOH extract® &WEES &
&to] hexane 7144 & ¥4 F A%
EtOAc, n-BuOH ¥ E7k #8007 23 35t
g 2 BT 2 gldose A4 AAE Y
g A3t @37} 9% EtOAc ¥ n-BuOH 7H- &%
& silica gel column chromatographyéhil oizl
subfraction=2 44}t TLC patterns ZH= Z7)E]
a5t

MEe| 22| - EtOAc 7H- ¥8(70 g¥5 subfraction
No. 1% silica gel column chromatographys ©1-&
slo] $u 2 (CHCl;: MeOH=96:4, gradient) £
A A& FFE-S hexane®Z AlAG3t] WAl 3
A A< Compound 1(74.2 mgyg ¥Jch. EtOAc
£3) 2 subfraction No. 32 Sephadex LH-20 column
chromatographyS ©]-83}%] MeOH : CHCly(1:2)8-+)
2 £2AMA ¥4 FFES MeOHE A2H A
Compound II(32 mglE €32, subfraction No. 4

ABNE W 717] -2 Aol AR EUNTE 7
°
=
5
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£ Sephadex LH-20 column chromatographys ©|
83153 MeOH : CHCL(1:2)87)% $&EA1A ¥ 3%
E& acetone®® A ZAAst] WA FAHY AHQ
Compound III(8.0 mg) = ¥}t n-BuOH #& (50
g/ subfraction No. 12 silica gel column chromato-
graphy S ]88t} 4ol 2(CHCl,: MeOH=98:2, gra-
dient) €EA1A B2 ILEES MeOHZ AZ7Ysto]
WA A A%

Compound IV(26.2 mg)E YUl n-BuOH #3
% subfraction No. 3& Sephadex LH-20 column
chromatographyZ ©}831%) MeOH S92 $&FA)1A
Ae 3E-S MeOHE A3l B 74Y 2
79l Compound V(11.0 mg)E ¥31°H, subfraction
No. 42 Sephadex LH-20% A}F&38}9 silica gel
column chromatographys 892 (CHCl,-MeOH, gradi-
ent) 2EAA B2 ILES MeOHE AFH3] ¥
o) TR AAQ Compound VI(13.1 mgys AU}

Compound 1:White needles(thexane), mp:132~
134°C. Liebermann-Burchard test, positive. IRv ,
(KBr, cm™) : 3400(-OH), 1640(C=C), 1050(C-O).

EI-MS(70 eV) [m/z] (rel. int. %) : 414[M]*(100.0),
396IM-H,01"(75.9), 381 [M-H,0-CH,*(29.5). 'H-NMR
(300MHz, CDCly) & :0.68@3H, s, CHy), 1.00GH, s,
CHy, 3501H, m, H-3), 535(1H, m, H-6). “C-
NMR(75MHz, CDCly) §:12.0(C-18)” 12.3(C-29),”
19.1(C-21), 19.3(C-26),” 19.5(C-19)” 20.1(C-27), 213
(C-11), 23.5(C-28), 24.5(C-15), 26.5(C-23), 28.6(C-
16), 29.6(C-25), 30.3(C-2), 32.1(C-8), 32.2(C-7), 34.3
(C-22), 36.5(C-20), 27.0(C-10), 37.5(C-1), 39.4(C-12),
40.0(C~4), 42.5(C-13), 46.1(C-24), 50.4(C-9), 56.3(C-
17), 56.9(C-14), 72.2(C-3), 121.9(C-6), 141.0(C-5)@, b,
interchangeable)

Compound II: colorless gum, Liebermann-Bur-
chard test, positive.

IRv,, KBr, cm™):3423(-0H), 1510, 1460(C=C),
1736(C=0), 1265, 1072(C-O).

EI-MS(70 eV) [m/z] (rel. int. %) : 414[M*1(2.3), 396
(13.0), 255(13.0)

'H NMR(pyridine-d,, 300MHz) §:0.67(3H, S, 18-
CH,), 0.96(3H, s, 19-CHy), 5.30(1H, d, /=69 Hz,
anomeric), 5.37(1H, m, H-6).

3C_NMR(pyridine-ds, 75MHz): 12.01(C-18)° 12.18
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(C-29),2 19.06(C-21), 19.24(C-26)b), 19.45(C-19)b),
19.99(C-27), 21.36(C-11), 23.42(C-28), 24.55(C-15),
26.46(C-23), 28.58(C-16), 29.53(C-25), 30.36(C-2),
32.12(C-8), 32.23(C-7), 34.27(C-22), 36.44(C-20),
36.98(C-10), 37.67(C-1), 39.42(C-12), 40.05(C-4),
42.55(C-13), 46.09(C-24), 50.47(C-9), 56.36(C-17),
56.93(C-14), 64.72(C-4), 71.73(C-2), 75.17(C-3),
78.40(C-3), 78.6(C-5), 10286(C-1), 121.91(C-6),
141.05(C-5), 173.60(gIcUA), (a, b interchangeable)

Compound III: mp:212~213°C. IRv,, (KB,
cm™) : 3380(-OH), 1670(C=0). EI-MS(70eV) [m/
zl(rel. int. %): 164[M]*(100.0).

'H-NMR(300 MHz, DMSO-dg):8 6.27(0H, J=
16.0 Hz, H-8), 6.792H, d, J=85Hz, H-3,5), 7.48
(2H, d, /=85Hz, H-2.6), 7.49(H, d, /=16.0 Hz,
H-7). "*C-NMR(75 MHz, DMSO-dg): 8 115.76(C-
8), 115.86(C-3 and C-5), 126.92(C-1), 130.80(C-2
and C-6), 143.70(C-7), 160.55(C-4), 168.30(COOH)

Compound IV : White needlesqMeOH). mp : 149~
151°C.

Molish test, positive. IRv_, cm™(KBr): 3440
(-OH), 1120, 1060(C-0).

EI-MS(70 eV) [m/z] (rel. int. %) : 181[M+1]*.

'H-NMR(300 MHz, DMSO-dg): 8 3.52~3.74(m,
sugar).

Compound | (R = H)
Compound il (R = GlcUA)
Compound VI (R = Glu)

*ig. 1 —Structures of isolated compounds.

Compound !

PC.NMR(75MHz, DMSO-dg) : 863.05(C-1), 64.80
(C-2), 70.20(C-3), 70.48(C4), 70.91(C-5), 101.22(C-6).

Compound V:white amorphous powder(MeOH)
Molish test, positive.

IRv,,, cm'(KBr):3400(-OH), 1637(c, P-unsa-
turated C=0), 1540(C=C), 1080(C-O). Positive
FAB-MS  [m/z] : 792[M+Na]*, 770[M+H]*, 752
[M+H)-H,01", 590[[M+H)-H,0]-162]*. 'H-NMR
(300 MHz, DMSO-dg):86 0.82(6H, t, [=6.8Hz,
CH;x2), 1.20(m, H-11~17, H-4'~19), 1.40(m, H-
3b), 1.52(m, H-3a), 1.90(m, H-10), 1.96(m, H-
6,7), 2.94(dd, /=7.8Hz, 8.44Hz), 3.01-3.51(m, H-
3"~6"), 3.66(dd, 10.1, 3.7, H-16), 3.78(m, H-2),
3.94(dd, 10.1, 5.8, H-la), 4.98(t, 5.1 H-8,9), 4.11
(d, J=7.8Hz, H-1", anomeric), 5.33(dd, 15.1, 7.5,
H-4), 553(dtd, 15.1, 62, 1.5, H-5). *C-NMR(75
MHz, DMSO-dg):8 13.90(CH,x2), 22.16, 24.61,
26.41, 26.73, 28.73, 28.80, 28.82, 19.15, 31.38(C-
11~17, C-4"~19"), 27.70(C-10), 31.78(C-6), 34.54
(C-3'3, 3h), 52.78(NH-C), 61.08(C-6"a, 6™), 68.84
(C-1a, 1b), 70.01(C4", 7054(C-3), 71.11(C-2), 7340
(C-2"), 76.54(C-5"), 76.89(C-3"), 103.50(C-1", amo-
meric), 128.9(C-4), 131.24(C-5), 173.80(C-1").

Compound VI : white amorphous powder (MeOH)
mp:298~300°C, Liebermann-Burchard test : positive.

COOH OH
fo) OH
HO.
Ho/©/\/ m{/
HO

Compourd IV

Compound V
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Molish test: positive. IRv,,, (KBr, cm™): 3400(-OH),
1650(C=C), 1100~1000(glycoside). EI-MS(70 eV)
[m/z] (rel. int. %):414IM-CH,,051*(87.8), 396[M-
CeH,0s-H,01°(75.6),  381[M-C4H,,05-H,0-CH,]*
(41.5). 'H NMR (pyridine-d;, 300 MHz) §:0.67,
1006 XCH,), 5.01(1H, d, /=6.9Hz, anomeric), 5.38
(1H, m, H-6). “C-NMR(pyridine-d,, 75MHz): &
12.0(C-18),Y 12.3(C-29),” 19.1(C-21), 19.3(C-26),”
19.5(C-19),Y 20.1(C-27), 21.3(C-11), 23.5(C-28), 24.5
(C-15), 26.5(C-23), 28.6(C-16), 29.6(C-25), 30.3(C-
2), 32.1(C-8), 32.2(C-7), 34.3(C-22), 36.5(C-20),
37.0(C-10), 37.5(C-1), 39.4(C-12), 40.0(C-4), 425
(C-13), 46.1(C-24), 50.4(C-9), 56.3(C-17), 56.9(C-
14), 62.9(C-5), 71.7(C-4), 75.3(C-2), 78.2(C-3),°
785(C-3),2 786(C5), 102.6(C-1), 121.9(C-6), 141.0
(C-5) (a, b, ¢ interchangeable)

Compound IT ¥ VIS tP1eE8l - 332 11
VIZ TLCMMerck, Kieselgel 60)° spot3t & =
HClo] ¥31¥ chamberellX] 3% A3 & 7ujol
EFOoT Azl WWhrralEd I B 2EES
spot3}3. CHCly: MeOH : H,0(26:14:5) 27182
3l AN F 20% H,S0,2 HAAA FE e
1 TA20] glucuronic acidRf=035)% 31LE VR
glucose(Rf=0.25)7} 7AF o4& RIS}

% %

HEE W oF

Compound [& WA2] /AR OE mpE 132~
134°Col™, Liebermann-Burchard testolA] positive
o], IR spectrume H¥ 3400 cm ' OH &
band$} 1640 cm'ollA olefinic absorption band
1050 cm oA C-09) T4 FA=E bandSo] #
ZE ek, MS spectrumol A mfz 414914 sterol®l]
#F3t= molecular ion peak7t ElEF o
fragmention peak’} m/z 396, 381 ¥ 2550 vjeht
I Pk 'HNMR spectrumellA= 18-CH, ¥
19-CH;®| chemical shift’} 2+t & 0.68 X & 1.00
of] YJehtar, § 5.35904 olefinic proton®] “ER=
Aoz Hol AlgteroldS AT F Yo
BC.NMR spectrumo] “}EPt carbon peakE-2 7|
B B-sitosterold] T Yxjsigon? 7
ZFE% Co-TLC3}1L mass spectral peakel] 2J3}ed
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Compound E2 B-sitosterol¥} stigmasterol 2F(2:1)2]
SHEZ I T

Compound TI= colorless gum AE S 3EE=E
Liebermann-Burchard test®} Molish testellA] positive
o)1, IR spectrumelA] 3423 cm™'elA OH &<
band, 1510 ¥ 1460 cm ') C=CEF=, 1736 cm™
o4l C=0 &5 band, 1265, 1072 cmoflA] glyco-
sidic C-09) stretching vibration® & <13+ &<
band7} #Z=H Ak MS spectrum®lA molecular
ion peak’} UERFA] 9F31 1 mold] o] BojAuzt
ion peak’} my/z 414°l Y}ER}D fragment ion peak
7} compound 12} T3 m/z 396, 381 L 2559
et gl 1819

"TH-NMR spectrumellA] § 0.6791A%E § 1.00 A}
olol methyl group® & 3.91614 § 4.48 Alolo &
proton®} § 5.30(d, J=6.9Hz)°| anomeric proton
peak”}, 8 5.37° olefinic proton®] WER}L it

PCNMR spectrumel Al § 64.72, 7173, 75.17,
78.60, 102.868) 2 peak’} WEHJI, § 173.609
peak® carboxyl carbonyl7|& ERIg 4 Qch. &=
gk Ak ZlEl] Aol AERE 33HE-E compound 1
9] mp, co-TLC, MS spectrums Bluwslod v]gH7}
compund IS &1 3igon, T FEL glucuronic
acidd-& EFZE9 coTLCEI] 1), o]y
spectral data 41& F3)A compound II7t B-
sitosterol-3-B-D-glucuronopyranosideg}-& 781t

Compound [+ H8 FHH] ZHAPOZE mpe
212~213°Co)™, IR spectrum®l*] hydroxyl”] 2}
carbonyl7]ell 7103t FAE YD, MS
spectrum® 4] molecular ion peak?! m/z 164°]A]
#2E . 'H-NMR spectrum®] o4 aromatic
ddel § 6.79Q2H, d, J=85 Hz), 748(2H, d, J=
85 Hz)olA 1, 4X]$ benzened] 7])<l3F= ortho
couple® proton signalo] &1, § 6277 & 749
o)A J=16.0 Hz) trans¥ olefinic proton®] TAE
9lom, BC-NMR spectrume]] “}ERA carbon peak
55 B9 7] Ru¥ phenyl propanoid®] 4F<%! p-
hydroxy cinnamic acid® $738t1 £3X¢] spectral
dataZ wlwsld ATE FAGEH

Compound IV W19l R4} HAACE mpe
149~151°C¢] ™, Molish testel|A] positivec]) i, IR
spectrumell A= 3440 cm™olA OH &< band$}
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1120, 1060 cm el C-08] F5% F%== band
Eo] #&AFUTE. MS spectrumeX] molecular ion
peak’} m/z 180014 YERIH, 'H-NMR spectrume]]
A= § 352-3.74 M & protond FESIFTE S
BCNMR spectrumell A & 63.05, 64.80, 70.20, 70.48,
7091, 101.229] AFHQ] ol P signateo]
HEEHTE o] spectral data A S F3HA
compound IVi= sorbose 2 F33I31t}

Compound V& 4 FA¥ ZHAASZ, Molish
testoll X positives WERS, IR spectrums 2
3400 cm™o4 OH §4bands} 1637 cm'oll4 C=0
F% band, 1540 cmollN C=CEF, 1080 cm™'o
A C-08 FFE FHHE bandEe] TEEHTH
BC.NMR spectrumoil4] sugar region° a}@3s}=
signalo] & 103.5, 76.89, 76.54, 73.40, 70.01, 61.08
o}y o] o] I B-glucopyranoside® 2 F93}
Soh H-1"d 4.11(d, J=7.8Hz)]3} H-2"(§ 2.94(dd,
J=78 Hz, 844 Hz)l= 99 coupling constantS
Vel § 52.782 nitrogen® 2R carbond] &£
AE dA) F F e, § 173.80 amide carbonyl
7]ol th-g3h= signals AAFSH

'"H-NMR spectrumell] & 1.202) #3t signal®) §
0.82(6H, t, J=6.80 Hz)2) triplet& &t 7]o14+9] long
aliphatic chain®] Sl AJAFSIH aliphatic long
chain® 258} glycosphingolipid 2] &A17} F39e}
45 alkene bond”7} & vicinal coupling constant(/,s
=151Hz)2} C-6(6 31.78)2] chemical shift ZH-E
double bond’} trans¥olgf= A& A et 4
U 0 2 trans ©|FA3S t-g carbon signal <
chemical shift’} § 32~33°14 cis form®] H$+= 6
27~289 vEhA 8ok C-7(6 27,78 C-10(8
26.1)9) carbon signal® Ho} 81 9= FE3 2149
olefinic protong-& AA}Et™ alkene bond’} cis®
9)-& AJA}gto)  Positive FAB-MS:= my/z 792
[M+Nal*, 769[M*]1 ¥ 752[M+H)-H,0]*2] peak=
o] e m/z 589[(M+-H,0)-162]"14 [M*]2+
B} 3112 hexose unit’} AAE peaks #Z g &
vk & 339 CH signale] & 7L1114 C-2'9)
acyl moietyell M Z3E peak’t BEE J]E}
proton @ C-NMR signalso] 312309 njwg
o Arisaema amurenseo\X E2)3H} 1= cerebro-
side I# d28l= Zoz 2l Eo] compound V9

TZ%  1-0-B-D-glucopyranosyl-(2S,3R 4E,82)-2-[(2(R)-
hydoxyeicosanoly)amido]-4,8-octadecadiene-1,3-diol =
A

Compound VI= #733% SAFLZE mpe 298~
300°Ce}1., Liebermann-Burchard test®t Molish test
oA positiveE YERT, IR spectrumolA] 3400
cm oAl OH &< band, 1640 cm™of double bond
9] &4 band ¥ 1100~1000 cm'ol| glycosidic C-O
9] stretching vibration® 2 213t &= band’} Vel
t}, MS spectrumell] molecular ion peak’ WERG
A oka 1 mol?] Fo] HoJAuzt ion peak’} myz
4140 Yyeh4o] fragment ion peak’} compound I3}
ZUg m/z 396, 381 2 2550 Yehtar gk E)

'H NMR spectrume)*] & 0.67°4%E § 1.00
Atolel]l methyl group® & 3.83°14 & 4.60 Alo]o
2 proton®} § 5.01¢| anomeric proton peak”}
doublet® 2 Hol § 538 olefinic proton®] }E}
Ui ek A JhEREA e AdEHE dEES
compound 172 mp, co-TLC, MS spectrum$ H]
23le] BIEE7F compund 14& E1 siglod, @
HEL D-glucosedS F5F co-TLCEI BRI
1 3o A& anomeric proton?] coupling
constant’} 6.90 HzZ YER}= 20 F Rol 1mol.2
glucose”} B glycosidic 2EE 32 A& & F 3
th. BC-NMR spectrumel] UEPG carbon peaks
< 7] 21¥ B-sitosterol-3-0-B-D-glucopyranoside
9 B3R AP oE R compound VIE B-
sitosterol-3-O-B-D-glucopyranoside® #4313t}

a4 £

=45 EtOH $%E°] EtOAc ¥38% n-BuOH
FHPoRAE 659 AES o5Ee 3%t ol&y
xS o33 A8 W UV IR, EI-MS, FAB-
MS, 'H-NMR, *C-NMR % spectral data 34
Z8)4 B-sitosterol(l), B-sitosterol-3-B-D-glucuronopy-
ranoside(I), 3-(4-hydroxyphenyl)-2-propenoic acid(II),
sorbose(IV), 1-O-B-D-glucopyranosyl-(2S,3R,4E,87)-
2-[(2(R)-hydroxyeicosanoyl)amido]-4,8-octadecadiene-
1,3-diol(V) 2 B-sitosterol-3-O-B-D-glucopyranoside
A2 TGO, cerebroside(V)$+ phenylpropa-
noid(= o] AEeM= ML oR Bius= E4o|th

i M
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