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Chemical constituents from green alga Ulva pertusa
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Abstract: Objective To investigate the chemical constituents from the ethanol extract of Ulva pertusa. Methods The compounds
were isolated and purified by chromatography on silica gel, ODS, Diaion HP-20, Sephadex LH-20, and preparative HPLC methods.
Their structures were elucidated on the basis of spectral data. Results Eighteen compounds were isolated and identified as isophitol
(1), indole-3-carboxylic acid (2), 1-O-palmitoyl-3-O-(6"-sulfo-a-D-quinovopyranosyl) glycerol (3), (2S5)-1-O-palmitoyl-3-O-[a-D-
galactopyranosyl-(1—2)-p-D-galactopyranosyl] glycerol (4), 3-methylsulfoxypropionic acid (5), 3-chloropropionic acid (6), tyrosol
(7), 4-hydroxybenzoic acid (8), 4-hydroxyphenylacetic acid (9), 6-vinyl hexanolide (10), loliolide (11), annuionone D (12), azelaic acid
(13), succinic acid (14), 8-hydroxy-(6E)-octenoic acid (15), 3-ethoxypropionic acid (16), n-butyl B-D-fructopyranoside (17), and
n-butyl pyroglutamate (18). Conclusion Compounds 1—16 are isolated from this alga for the first time, and compounds 5, 6, 10, 15,
and 16 are obtained from natural products for the first time. Compounds 17 and 18 are artifacts of isolation from f3-D-fructopyranoside
and pyroglutamic acid.
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B, FLAZE 2 0 BA T MDY Ui B agll,
P S TR S e VR UL, B AN 7 A S
X TR E R B, N Ay B AR B 3-F -
47- F W o K = /& -9- Bl ( 3-hydroxy-4,7-
megastigmadien-9-one) EAPLARAE I, AR
YAEXS KIS P AL 5 i AN A BE AR e, X
K H RKIER LA 86 S5 AL 52 o #6471
7o, MNP EEEE T 18 MEEY), 25 YT
(isophitol, 1)+ 3-M| W H 2 (indole-3-carboxylic acid,
2). 1-O-FNBREEHE-3-0-(6"- A -a-D- it 20t e
% BE 3 ) H W [1-O-palmitoyl-3-O-(6'-sulfo-0-D-
quinovopyranosyl) glycerol, 3]. (2S)-1-O-1 7 it 2%-
3-O-[a-D- MLt e 2 7L 25 -(1—2)-B-D- Mt e 2 FL A L ]
H o [(29)-1-0O-palmitoyl-3-O-[a-D-galactopyranosyl-
(1—2)-B-D-galactopyranosyl] glycerol, 4], 3-FH &K
FENER (3-methylsulf-oxypropionic acid, 5). 3-5
R (3-chloropropionic acid, 6)+ E&HEE (tyrosol, 7).
K2 FLTEHFER (4-hydroxybenzoic acid, 8). Xf#idk
KPR (4-hydroxyphenylacetic acid, 9). 6-Z/fiE
CL A fiE (6-vinyl hexanolide, 10). 2 %Py fig
(loliolide, 11D [A] H 257 . KAEHi D (annuionone
D, 12). = & (azelaic acid, 13)- BEHIR (succinic
acid, 14). 8 ¥23L-(6F)- ¥ )i R [8-hydroxy-(6E)-
octenoic acid, 15]. 3-ZL5AFE AR (3-ethoxypropionic
acid, 16). 1E T JE-B-D-MLMRNEH (n-butyl B-D-
fructopyranoside, 17). FER AL IET B (n-butyl
pyroglutamate, 18). HH1, 1bEW 1~16 AHH KM
LAgH &R, WEYS. 6. 10, 155116
HIRMRIR = 3 A3 5], &%) 17 A1 18 Jyhit
BOSFE P =21 B-D- ML e s A AR IR T
/B
1 FESHHR

JEOL AL-400 #% R AR BAEAX CHAH 7 Fra
2341); JEOL IMS-700 T A C H A 7R e tt);
NPL-500 i) 2 0 il dmis . (H AR R AR
2341); Shodex RI-102 il & WUAH (4 7= Z2 9 6 A
oy (HARRJEH THRA&4); COSMOSIL Silica
5SL-II Waters &34 (250 mmX20 mm, 10 pm,
HA Nacalai tesque #%3\2311); PEGASIL ODS t4
A (250 mm X 20 mm, 10 pm, HA Senshu &}
#a2x4L): DOCOSIL ODS i+ (250 mm X 10
mm, 5um, HZA Senshu BlF##kx£4t); Wakopak
Navi C30-5 i (250 mmX 10 mm, 5 um, HA

FoeaiZg Tl ks eth ) s A il F R FLIR A i
Diaion HP-20 ( HA =32 Tolk#k o tt); ik A
TER CHA R R R A 4D i H oDS (H
A Senshu Bl 4h); A RE A B Sephadex
LH-20 (Z£[F Pharmacia A &]); #/)Z &% H ODS
BEAR (RP1g Fass, fEEERTEAR]); CDCl3, CDsOD
A DMSO-ds (HAFealizy TR 4t il
gl A (H ARG 4izh Tl bRt Koy E RS
K HoAth 73 A o pr 4l

LA ZE 2002 4 10 HREE T3 T8 KIEIEL,
2 RKIERF T B EIR S E NGB VAR A 268
HEYIFL A ZE Ulva pertusa Kjellmo bR ALE T 8K
UL, Ya'5 20021001 .

2 REEESE

WALAZE 27 kg, N5 £ & CRERRIRI 2 1K,
BIK 4h, P, IR ENL RS SREC) 1.8
kg BUSFEEY) 1.2 kg, fM7K 3 000 mL fFf#, &
WHIE e BEER CERANIE T BEARE AL 4 1K,
X 2000 mL, ZEHURIEE R, 151E ki i
137.9 g BAER OBy BSHAL 25.7 g 1B T BE3 B30
£17.20.2 g.

HUE S ke 7 B AL, SrEAE GRS, PUIE S ki-
BEBZ g (20010 1014 5214 1214 1:3), fi
PR MG, BERRCFE-FWE (510 10 1), FHEERLREE
Ve, 154 BA5 Fr. 1~24. Fr.6 (180 mg) &%
A4 HPLC ({4i%4: DOCOSIL ODS, Jizhtih
HEE) 1546&% 1 (114 mg). Fr. 14 (7.0 g) &
Sephadex LH-20 #E 3%, DABSER ZFg-HEE (11 1)
Pelbi, 55 B4y Fr. 14-1~14-3, Fr. 14-3 (20 mg)
2 A % HPLC (i k: DOCOSIL ODS, izl
AN HEE-K 95 0 5) &9 2 (3.1 mg). Fr. 23
(1.8 g) % Sephadex LH-20 F €A, DLFHEESE AN
ODS FE i, DLHIEE-/K 80 : 20 FeMi L&) 3(452
mg) A4 (29.0mg).

EEEER 2 B8y B AL, SRERAEGIE, DUIECD
Fi-BERR WS (9: 1. 7:1. 551,31, 1: 1),
BEIR O W BSTR OlR-FlE (90 1.7 1.3 01, 1
D FEERS Ve, 1955 B 405 Fr. 1~20, Fr. 2(734
mg) £ ODS i, PLFFEL-/K 40 60 Helifs s
BIH Sy Fr. 2-1~2-2, Fr.2-1 (214 mg) 2 [kH] &
HPLC (ffifF: PESASIL ODS, VRzIAH A FEE-/K
40 1 60) HbEYI5 (284 mg) 16 (134mg). Fr.5
(951 mg) % ODS H: ik, DIFREE-/K (40 0 60) ¥
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it £3 5 B 4143 Fr. 5-1~5-10, Fr. 5-3 (310 mg) &%
FHHI % HPLC (f4i: PESASIL ODS, JishAH g HE-
7K 30 700 FIEAH % HPLC (434 COSMOSIL
Silica 5SL-II Waters, JialAH N IE Ce-Bi g 16 3 -

2) b &% 7 (23.8 mg). 8 (12.5mg)+ 9 (10.2 mg)
F110 (14.8 mg), Fr. 5-4 (48 mg) & Jx M % HPLC
(3% #: PESASIL ODS, izhAH A H EE-7K 30 2 70)
k&Y 11 (9.5 mg), Fr.5-5 (30 mg) Al 5-6 (51
mg) £ XA HPLC (f4i%4: PESASIL ODS, i
SN HEE-/K 45 0 55) 346E1 12 (12.0 mg) Al
13 (9.9 mg). Fr. 6 (1.0 g) £ ODS H: ik, LLH
fiE-7K (40 : 60) FeMifS 53 BS 4153 Fr. 6-1~6-6, Fr. 6-3
(119 mg) 1 Fr. 6-6 (68 mg) £ [ ki 4¢ HPLC (&
i #: PESASIL ODS, ¥iishtHNHEE-7K 30 1 70) 13
&4 14 (76.4mg) F115 (20.1 mg).

BUE T WS B EAL, 48 Diaion HP-20 A3,
AR -7k S BB, 4993 5203 Fr. 1~4. Fr. 1 (1.9
g) 4 ODS #tail, DIFEE-/K (450 55) Beliiflx
FHH4¢ HPLC ({aifiF: PESASIL ODS, isht N
BE-7K 30 @ 70O LA 9 16(11.1 mg)F1 17(2.1 mg).
Fr.2 (2.6 g) 4 ODS fE:it, PLHFEE-/K (45 :55)
Ve A s AR 1] % HPLC (i Navi C30-5, sl
FHOUHEE-7K 40 2 60) 73465418 (4.8 mg).

3 GEHEE

&Y 1: TSEHIRYI, HR-EI-MS m/z: 296.308 7
[M]", 454 '"H- Fl BC-NMR &2 12N
Ca0H40O (i151H 296.307 9). 'H-NMR (400 MHz,
CDCl3) 6: 5.92 (1H, dd, J = 17.6, 10.8 Hz, H-2), 5.20
(1H, dd, J=17.6, 1.2 Hz, H-1), 5.04 (1H, dd, J = 10.8,
1.2 Hz, H-1), 1.28 (3H, s, H-3'), 0.87 (6H, d, J = 6.8
Hz, H-16, 15"), 0.85 (3H, d, J = 6.4 Hz, H-7'or H-11"),
0.84 (3H, d, J= 6.8 Hz, H-7'or H-11"); 3C-NMR (100
MHz, CDCls) d: 145.1 (C-2), 111.4 (C-1), 73.3 (C-3),
42.8 (C-4), 39.5 (C-14), 37.5 (C-8, 10, 12 or C-6),
374 (C-6 or C-12), 32.9 (C-11), 32.9 (C-7), 28.10
(C-15), 27.8 (C-3"), 24.9 (C-9 or C-13), 24.6 (C-9 or
C-13), 22.8 (C-15', 16), 21.5 (C-5), 19.9 (C-7'or
C-11"), 19.8 (C-11'or C-7"). LA L% 5 SR RE 2
A=, WERHNEY 1T EYEE .

B 2: KB aLE K, HR-EI-MS m/z: 161.047 5
M]*, 454 'H- A1 *C-NMR 1EEEHEN 251
CoH;0,N (i+%51H 161.047 7). 'H-NMR (400 MHz,
CD;0D) ¢: 8.07 (1H, dd, J = 7.2, 1.6 Hz, H-7), 7.93

(1H, s, H-2), 7.43 (1H, dd, J = 7.2, 1.6 Hz, H-4), 7.18
(1H, ddd, J = 12.8, 7.2, 1.6 Hz, H-6), 7.17 (1H, ddd,
J =128, 7.2, 1.6 Hz, H-5); 3*C-NMR (100 MHz,
CD;0D) 6: 169.0 (s, C-10), 137.9 (s, C-8), 133.0 (d,
C-2), 127.3 (s, C-9), 123.2 (d, C-6), 122.0 (d, C-5),
121.8 (d, C-7), 112.6 (d, C-4), 108.7 (s, C-3). LA ¥
P 5o E AR — Y, S EEY) 2 A 3-
UGN

e 3: TOBIRYI, FAB-MS m/z: 579 [M+
Na]*, 454 'H- 1 BC-NMR 3EEEHEMN > 72N
C25H43011SNa. 'H-NMR (400 MHz, CD;0D) ¢: 4.79
(1H, d, J = 4.0 Hz, H-1"), 421 (1H, dd, J = 13.6, 6.4
Hz, H-1), 4.09 (3H, overlapped, H-1, 2, 5"), 4.05 (1H,
dd, J = 13.2, 3.2 Hz, H-3), 3.64 (1H, t, J = 9.2 Hz,
H-3"), 3.42 (1H, dd, J = 9.2, 4.0 Hz, H-2'), 3.41 (1H,
overlapped, H-3), 3.35 (1H, dd, J = 14.4, 2.0 Hz,
H-6"), 3.09 (1H, dd, J = 9.2, 9.2 Hz, H-4'), 2.92 (1H,
dd, J = 14.4, 8.8 Hz, H-6'), 2.37 (2H, t, J = 7.2 Hz,
H-2"), 1.61 (2H, m, H-3"), 1.29 (24H, brs, H-4"~
15"), 0.90 (3H, t, J = 6.4 Hz, H-16"); '*C-NMR (100
MHz, CD;OD) 6: 175.4 (C-1"), 100.0 (C-1"), 75.0
(C-3"), 74.8 (C-4"), 73.6 (C-2"), 70.4 (C-3), 69.7 (C-2,
5", 66.5 (C-1), 54.2 (C-6"), 34.9 (C-2"), 33.0 (C-14"),
30.8-30.2 (C-4", 5", 6", 7",8",9", 10", 11", 12", 13"),
26.0 (C-3"), 23.7 (C-15"), 14.4 (C-16"). VI ¥z 5
SCHRHRIE HE A — Y, WS e A 3 N 1-0-175k
P 5E-3-O-(6"- B A X-o-D- Mt SE UL IR i 2 ) Ho

&) 4: TEOBERY), FAB-MS m/z: 653 [M—
H], 44 'H- A1 BC-NMR 8 HEN 212
C31Hs3014. 'H-NMR (400 MHz, CD;0D) 6: 4.85 (1H,
d, J=3.2 Hz, H-1"), 424 (1H, d, J = 7.2 Hz, H-1"),
4.15 (1H, dd, J = 11.2, 5.2 Hz, H-1a), 4.12 (1H, dd,
J=11.2, 6.0 Hz, H-1b), 3.97 (1H, m, H-2), 3.84 (1H,
dd, J=10.4, 5.2 Hz, H-3), 3.65 (1H, dd, J=10.4, 4.8
Hz, H-3), 2.35 (2H, t, J = 7.2 Hz, H-2""), 1.61 (2H, m,
H-3""), 1.28 (24H, brs, H-4""~15""), 0.89 3H, t, J =
6.8 Hz, H-16""); 3C-NMR (100 MHz, CD;0D) :
175.3 (C-1""), 105.2 (C-1"), 100.5 (C-1"), 74.7 (C-3"),
74.6 (C-5"), 72.5 (C-5"), 72.5 (C-2'), 72.1 (C-3), 71.4
(C-3"), 71.0 (C-4"), 70.2 (C-2"), 70.1 (C-4"), 69.6
(C-2), 67.8 (C-6'), 66.5 (C-1), 62.7 (C-6"), 35.0
(C-2'"), 33.1 (C-14""), 30.8~30.2 (C-4""~13"), 26.0
(C-3""), 23.8 (C-15""), 14.5 (C-16""). LA_- %35 5 ik
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o A — U, st A 4 8 (28)-1-0-1 5
TRt 25 -3-O-[a-D- ML R 2 FLBE 55 -(1—2)-B-D- it Rg 2=
FUBERE] .

& 5: TEEHRY), HR-EI-MS m/z: 136.018 8
[M]", 454 '"H- F1 BC-NMR it EE 212N
C4Hs03S (51 136.019 4). 'H-NMR (400 MHz,
CDCl3) &: 3.15 (1H, dt, J = 13.2, 6.8 Hz, H-3), 2.96
(1H, dt, J=13.2, 6.8 Hz, H-3), 2.78 (1H, t, J = 6.8 Hz,
H-2), 2.66 (3H, s, H-5); '*C-NMR (100 MHz, CDCls)
5: 174.0 (C-1), 49.6 (C-3), 38.2 (C-5), 27.7 (C-2). LA
BRSSO IRIE A Y, SR A S A
3-FH LV AN TR

&) 6: TLtHRYI, HR-EI-MS m/z: 107.998 5
M]*, 454 'H- A1 *C-NMR &3R5 1300
C3Hs0,Cl (iH5{H 107.997 8). 'H-NMR (400 MHz,
CD;0D) §: 3.75 (2H, m, H-3), 2.76 (2H, m, H-2);
BC-NMR (100 MHz, CD;OD) ¢: 173.6 (C-1), 40.2
(C-3), 38.3 (C-2). MRHHLL EEIR L EHAY) 6 N 3-
AN

th&9 7. AtE{Ak, HR-EI-MS m/z: 138.068 0
[M]", 454 'H- F1 BC-NMR & HE e o 1200
CsH100, (iH51H 138.068 1). 'H-NMR (400 MHz,
DMSO-dg) d: 9.11 (1H, brs, 4-OH), 6.97 (2H, d, J =
8.4 Hz, H-2, 6), 6.64 (2H, d, J = 8.4 Hz, H-3, 5), 4.54
(1H, brs, 8-OH), 3.51 (2H, t, J = 7.2 Hz, H-8), 2.58
(2H, t, J = 7.2 Hz, H-7); “C-NMR (100 MHz,
DMSO-de) J: 155.3 (C-4), 129.5 (C-2, 6), 129.3 (C-1),
114.8 (C-3, 5), 62.5 (C-8), 38.2 (C-7). LA FH¥E 5
BRIRIE A —FT, WS e AT T AR

th&Y 8: FotalE Ak, HR-EI-MS m/z: 138.032 2
[M]", 454 '"H- Fl BC-NMR &2 12N
C7HeO; Cit5i{d 138.031 7). 'H-NMR (400 MHz,
DMSO-ds) : 7.78 (2H, d, J = 8.4 Hz, H-2, 6), 6.82
(2H, d, J = 8.4 Hz, H-3, 5); *C-NMR (100 MHz,
DMSO-ds) J: 166.9 (C-7), 161.3 (C-4), 131.2 (C-2, 6),
121.2 (C-1), 114.9 (C-3, 5). LA L% 5 sCiR ks
AU, WS ENAEY 8 NXFREKHE .

th&W 9: TalFE{A, HR-EI-MS m/z: 152.048 0
M]*, 454 'H- A1 *C-NMR 1EHEHEN 251
CsHgO; (iH51H 152.047 3). 'H-NMR (400 MHz,
DMSO-dg) : 7.03 (2H, d, J = 8.3 Hz, H-2, 6), 6.69
(2H, d, J = 8.3 Hz, H-3, 5), 3.41 (2H, s, H-7);
BC-NMR (100 MHz, DMSO-ds) J: 172.8 (C-8), 155.7

(C-4), 130.0 (C-2, 6), 124.9 (C-1), 114.8 (C-3, 5), 39.8
(C-7)o A FH 5 SCik o A — 58, e it
G 9 NXFRIER IR

AP 10: EEHRY), HR-EI-MS m/z: 140.082 9
M]*, 454 'H-F1 BC-NMR iEEdEHEm 2108
CsH20, (514 140.083 7). 'H-NMR (400 MHz,
DMSO-ds) d: 5.79 (1H, m, H-7), 5.13 (1H, dt, J =
17.6, 1.2 Hz, H-8), 4.98 (I1H, dt, J = 10.8, 1.2 Hz,
H-8), 3.90 (1H, m, H-6), 2.19 (2H, t, J= 7.2 Hz, H-2),
1.49 (2H, m, H-3), 1.37 (2H, m, H-5), 1.33 (1H, m,
H-4); *C-NMR (100 MHz, DMSO-ds) 6: 173.9 (C-1),
142.2 (C-7), 112.6 (C-8), 70.6 (C-6), 36.5 (C-5), 33.6
(C-2),24.7 (C-3,4). RIELL L EHR L @b &% 10
6- L) LN .

&Y 11: TR, HR-EI-MS m/z: 196.110 6
[M]", 454 'H- F1 BC-NMR i EE 2 12N
Ci1iH160; GiH5i1E 196.109 9). 'H-NMR (400 MHz,
CDCl3) d: 5.69 (1H, s, H-7), 433 (1H, m, H-3), 2.47
(1H, dt, J = 14.0, 2.4 Hz, H-4), 1.98 (1H, dt, J = 14.4,
2.4 Hz, H-2), 1.79 (3H, s, H-11), 1.78 (1H, dd, J =
14.0, 4.0 Hz, H-4), 1.53 (1H, dd, J = 14.4, 4.0 Hz,
H-2), 1.47 (3H, s, H-9), 1.27 (3H, s, H-10); '3C-NMR
(100 MHz, CDCl3) 0: 182.4 (C-6), 171.8 (C-8), 112.8
(C-7), 86.7 (C-5), 66.8 (C-3), 47.3 (C-2), 45.6 (C-4),
36.0 (C-1), 30.7 (C-10), 27.0 (C-11), 26.5 (C-9). L\ E
il 5 ORI E B A — ), HUSE AT 11 K
AN,

&9 12: TfEE, EI-MS m/z: 224 [M]',
i H- Al BC-NMR B B4 49 4> 7 R
C13H2003. 'H-NMR (400 MHz, CD;0D) §: 7.16 (1H,
d, J=15.6 Hz, H-7), 6.17 (1H, d, J = 15.6 Hz, H-8),
3.76 (1H, m, H-3), 2.29 (1H, ddd, J = 14.4, 4.8, 2.0
Hz, H-4a), 1.65 (1H, dd, J = 14.4, 8.8 Hz, H-4b), 1.57
(1H, ddd, J = 12.8, 3.2, 1.6 Hz, H-2a), 1.28 (1H, dd,
J=12.8, 2.8 Hz, H-2b), 2.28 (3H, s, H-10), 1.19 (3H,
s, H-12), 1.18 (3H, s, H-13), 0.95 (3H, s, H-11);
BC-NMR (100 MHz, CDs;OD) &: 200.2 (C-9), 145.4
(C-7), 133.9 (C-8), 70.9 (C-6), 68.8 (C-5), 64.4 (C-3),
47.7 (C-2), 41.4 (C-4), 36.1 (C-1), 29.8 (C-12), 27.5
(C-10), 25.2 (C-11), 20.1 (C-13). LL -%¥5 5 ik
I8 B A — 2, MUEENEY 12 Nin H
T KAEEE Do

&M 13: ik, FAB-MS m/z: 189 [M+
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H]Y, 454 'H- Ml BC-NMR 8 EE N 251N
CoH1604. 'H-NMR (400 MHz, CD;OD) §: 2.28 (4H,
d, J=7.2 Hz, H-2, 8), 1.60 (4H, m, H-3, 7), 1.35 (4H,
m, H-4, 6), 1.35 (2H, s, H-5); 3C-NMR (100 MHz,
CD;0D) ¢: 177.3 (C-1, 9), 34.9 (C-2, 8), 30.0 (C-4, 5,
6), 26. 0 (C-3, 7)o LA E ¥ 5 Sk i FE A — 521,
WS e EW 13 AT IR

&Y 14: EEFEE, EI-MS m/z: 101 [M—
OH]", %54 'H- Al BC-NMR ¥ a2 72N
C4HsO4. 'H-NMR (400 MHz, CD;0D) J: 2.56 (2H, s,
H-2); '3C-NMR (100 MHz, CD;0D) ¢: 176.0 (C-1),
29.8 (C-2). LA E¥R 5 SOl E B A — 5122, i
EAEY) 14 HTEFATE

&Y 15: KO, FAB-MS m/z: 157 [M—
H]» 454 'H- M1 BC-NMR & ¥dEHEN 2> 738
CsH1403. 'H-NMR (400 MHz, CD;OD) §: 5.54 (1H,
m, H-7), 5.50 (1H, m, H-6), 4.12 (1H, d, J = 6.0 Hz,
H-8), 4.12 (1H, d, J = 6.4 Hz, H-8), 2.29 2H, t, J =
7.2 Hz, H-2), 2.10 (2H, m, H-5), 1.61 (2H, m, H-3),
1.41 (2H, m, H-4); 'C-NMR (100 MHz, CD;0D) 4:
177.1 (C-1), 132.1 (C-6), 130.0 (C-7), 58.5 (C-8), 34.7
(C-2), 30.1 (C-4), 28.0 (C-5), 25.6 (C-3). L\ E#iE 5
SCHRIRE B A —B), W e A 15 T 8- k-
(6E)-"F Il -

&M 16: LlE R, FAB-MS m/z: 119 [M+
H]', 44 'H- A1 BC-NMR BEEEHEM 2> 7 RN
CsH1003. "H-NMR (400 MHz, CD;0D) d: 3.68 (2H, t,
J = 6.4 Hz, H-3), 3.50 (2H, q, J = 7.2 Hz, H-4), 2.52
(1H, t, J = 6.4 Hz, H-2), 1.17 (t, J = 7.2 Hz, H-5);
BC-NMR (100 MHz, CD;0D) ¢: 175.0 (C-1), 67.2
(C-4), 67.0 (C-3), 35.8 (C-2), 15.4 (C-5). ML L%
FE B 16 N 3-LEHIENR

&Y 17 TtalEik, FAB-MS m/z: 235 [M—
HI, 454 'H-F1 BC-NMR X3 HEM 2> 71 A
Ci0H2006. 'H-NMR (400 MHz, CD;0D) §: 3.91 (1H,
d, J=9.6 Hz, H-3), 3.84 (1H, m, H-5), 3.78 (1H, dd,
J=19.6,3.2 Hz, H-4), 3.76 (1H, dd, J = 12.4, 1.6 Hz,
H-6), 3.75 (1H, d, J = 11.2 Hz, H-1a), 3.70 (1H, d, J =
11.2 Hz, H-1b), 3.66 (1H, dd, J = 12.4, 2.0 Hz, H-6),
3.51 (2H, m, H-1'), 1.56 (2H, m, H-2'), 1.38 (2H, m,
H-3"), 0.94 (3H, t, J = 7.2 Hz, H-4"); *C-NMR (100
MHz, CD;0D) 6: 101.4 (C-2), 71.4 (C-4), 70.9 (C-5),
70.5 (C-3), 65.0 (C-6), 63.4 (C-1), 61.5 (C-1), 33.3

(C-2),20.5 (C-3"), 14.3 (C-4"). LA IS5 CikikiE
FEAR—FPY, WMUE A 17 NIET H-B-D-Nk iR
KB
& 18: TLEEA, FAB-MS m/z: 186 [M+
H]", 454 'H- 1 BC-NMR £ #4708
CoH1503N. 'H-NMR (400 MHz, CD;0D) 6: 4.28 (1H,
dd, J = 8.8, 4.4 Hz, H-5), 4.17 (2H, t, J = 6.6 Hz,
H-1'), 2.48 (1H, m, H-4), 2.33 (2H, m, H-3), 2.14 (1H,
m, H-4), 1.65 (2H, m, H-2), 1.41 (2H, qt, J=17.3, 7.3
Hz, H-3'), 0.95 (3H, t, J = 7.3 Hz, H-4"); '3C-NMR
(100 MHz, CD;0D) ¢: 180.6 (C-2), 173.7 (C-6), 66.2
(C-1"), 57.0 (C-5), 31.7 (C-2"), 30.3 (C-3), 25.9 (C-4),
20.1 (C-3"), 14.0 (C-4")o LA L2045 SRR A —
S, WA A 18 NERERIE T HiE.
S 3k
[1]  FHMg, 28, Bt LA 241 5 2 F s 1
PHAEE [J]. MRS, 2000, 24(3): 25-28.
21 A, R, B8, % FLAZGEE R TR
[]. HHEZEARE, 2008, 43(8): 582-584.
[3] Qi HM, Huang L' Y, Liu X L, et al. Antihyperlipidemic
of high
polysaccharide extracted from Ulva pertusa (Chlorophyta)
[J]. Carbohydr Polym, 2012, 87(2): 1637-1640.
[4] Qi HM, Zhang Q B, Zhao T T, et al. Antioxidant activity

of different sulfate content derivatives of polysaccharide

activity sulfate content derivative of

extracted from Ulva pertusa (Chlorophyta) in vitro [J]. Int
J Bio Macromol, 2005, 37(4): 195-199.

[5] Song L, Chen X L, Liu X D, et al. Characterization and
comparison of the structural features, immune-
modulatory and anti-avian influenza virus activities
conferred by three algal sulfated polysaccharides [J]. Mar
Drugs, 2016, 14(1): 4.

[6] ShiJM, Cheng C L, Zhao H T, et al.In vivo anti-radiation
activities of the Ulva pertusa polysaccharides and
polysaccharide-iron (III) complex [J]. Int J Biol
Macromol, 2013, 60(6): 341-346.

[71 BianJ, Chu Z Y, Bao L L, et al. Effect of polysaccharide
from Ulva pertusa on immune function in mice [J]. Chin
J Biochem Pharm, 2006, 27(5): 276-279.

[8] Wang C Y, Han L, Kang K, et al. Secondary metabolites
from green algae Ulva pertusa [J]. Chem Nat Compd,
2010, 46(5): 828-830.

[9] RUE%E, SRV, B 5. GEEFLA AR S s i
7 [1]. FEPZAE, 2007, 32(15): 1536-1538.

[10] Ali I, Manzoor Z, Koh Y S. 3-Hydroxy-4,7-

megastigmadien-9-one, isolated from Ulva pertusa,



T4

Chinese Traditional and Herbal Drugs

Ha8% E28 201711 H - 4631 -

[12]

[16]

LPS-induces
down-regulating mitogen-activated protein kinase and
NF-xB pathways [J]. J Bacteriol Virol, 2016, 46(3):
167-172.

inhibits inflammatory  response by

Ali I, Manzoor Z, Koo J E, et al. 3-Hydroxy-
4,7-megastigmadien-9-one, isolated from  Ulva
pertusa, attenuates TLR9-mediated inflammatory

response by down-regulating mitogen-activated protein
kinase and NF-xB pathways [J]. Pharm Biol, 2016,
55(1): 435-440.

Ahmad V U, Ali M S. Terpenoids from marine red alga
Laurencia pinnatifida [J]. Phytochemistry, 1991, 30(12):
4172-4174.

WO, R W, S, A OHIGA KA g
WA [J]. EZ4, 2016, 47(18): 3159-3163.

Sakamoto B, Hokama Y, Horgen F D, et al. Isolation of a
sulfoquinovosyl monoacylglycerol from Bryopsis sp.
(Chlorophyta):
possible

Identification of a factor causing a

species-specific  ecdysis  response  in
Gambierdiscus toxicus (Dinophyceae) [J]. J Phycol, 2000,
36(5): 924-931.

Murakami N, Morimito T, Imamura H, et al. Enzymatic
transformation of glyceroglycolipids into sn-1 and sn-2
lysoglyceroglycolipids by use of Rhizopus arrhizus lipase
[J]. Tetrahedron, 1994, 50(7): 1993-2002.

Doi J T, Goodrow M H, Musker W K. Neighboring group

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

participation in organic redox reactions.11. Anchimeric
assistance by the carboxylate anion in aqueous iodine
oxidations of 3-(alkylthio) propanoates [J]. J Org Chem,
1986, 51(7): 1026-1029.

EReK, B R, AR, & MBI 2 5 T
7% [J]. FREEZY, 2011, 42(5): 848-851.

EE5H, W FH, P & RRLRRLEEIT
(D) [7]. FEZY, 2015, 46(23): 3471-3474.

Kimura J, Maki N. New loliolide derivative from the
brown alga Undaria pinnatifida [J]. J Nat Prod, 2002,
65(1): 57-58.

MR, SH =, WL, & KRERRMZER LR
2 [J]. HHEZY, 2015, 46(5): 633-638.

T, UK. BB BT (7], TP,
2015, 46(12): 1742-1748.

M, B, I, & &FEH BRI
SRS [J]. FRELZY, 2016, 47(11): 1841-1844.

Suzuki Y, Seki T, Tanaka S, et al. Intramolecular
tsuji-trost-type allylation of carboxylic acids: asymmetric
synthesis of highly m-allyl donative lactones [J]. J Am
Chem Soc, 2015, 137(30): 9539-9542.

Zhang C Z, Xu X Z, Li C. Fructosides from Cynomorium
songaricum [J]. Phytochemistry, 1996, 41(3): 975-976.
Tang Y P, Yu B, Hu J, et al. The chemical constituents
from the bulbs of Ornithogalum caudatum [J]. J Chin
Pharm Sci, 2001, 10(4): 169-171.



