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Chemical Constituents from the Macroalga Gracilaria lemaneiformis
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Abstract: Nine compounds were isolated from the macroalga Gracilaria lemaneiformis (Bory) Dawson. On the
basis of spectral data, they were identified as (2.5)-1-O-palmitoyl-3-0-3-d-galactopyranosylglycerol (1), (25)-1-O-
palmitoyl-2-O-palmitoleoyl-3-O-B-d-galactopyranosylglycerol (2), (25)-1-O-palmitoyl-2-O-oleoyl-3-O--d-galacto-
pyranosylglycerol (3), palmitic acid (4), linoleic acid (5), uridine (6), adenosine (7), butylisobutyl phthalate (8), and

1,4-dibenzoyloxybenzene (9). All these compounds were obtained from G. lemaneiformis for the first time.
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T 3 15 D 7 SR FH S 1 7 B 56 /A W] AVANCE-600
5, DRX-400 TR REILIRAN , Th2¢ A0 75 fH (ppm) LA
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(25) -1-0-1Z 1A ER-3-0-B-d- Mk Ieg 3= 2L 1% H ih B
(1) TR Y) 5 [a] +8.6° (¢ 1.5, MeOH);
ESIMS m/z 515 [M + Na]*, 531 [M + K]~, 255
[C, H,0,] ,491 [M - H] ,527 [M + Cl] ,/>F
5 492; £ 'H NMR (400 MHz, CD,0D) 1" C
NMR (100 MHz, CD,0D) % H1, .7~ A H il 2 [3,
4.15 (2H, m, H,-1), 3.99 (1H, m, H-2), 3.92 (1H, dd,
J = 10.4, 5.1 Hz, H-3a), 3.65 (1H, dd, J = 10.4,
4.5 Hz, H-3b); 8.66.56 (CH,, C-1), 71.80 (CH, C-2),
69.60 (CH,, C-3)] 5t (8, 2.35 2QH, t, J =
74 Hz, H,-2'), 1.62 (2H, m, H,-3"), 1.28 ~ 1.31
(24H, m, H,4' ~H-15"),0.90 3H, t, J = 6.8 Hz, H,-
16'); 8. 175.45 (C, C-1"), 34.93 (CH,, C-2"), 26.00



168 T B ) 2 4

H19%

Bl 1 RIS LG9 1 ~9 145
Fig. 1 Structures of compounds 1 ~9 from Gracilaria lemaneiformis

(CH,, C-3"), 30.23 ~30.79 (CH,, C4' ~ C-13"),
33.09 (CH,, C-14"), 23.75 (CH,, C-15"), 14.46 (CH,,
C-16")] MR RL[5,, 4.23 (1H, d, J = 7.6 Hz,
H-1"; 8. 105.30 (CH, C-1"), 72.54 (CH, C-2"), 74.80
(CH, C-3"), 70.24 (CH, C-4"), 76.75 (CH, C-5"),
62.46 (CH,, C-6"If55 . FRBIEEE 5 CHk[4 ~
61413 HFEA—F

(2S) -1-0-1% 1§ B&-2-0-1% §§ it BR-3-0-p-d-Mit
M ZLAEHim Z 8 (2) TC Ao SR [aly
+12.5° (¢ 1.5, MeOH); ESIMS m/z 495 [M-
C,H,,0, + Na]*, 497 [M-C, H,,0, + Na]", 751
[M+Na]*, 767 [M + K], 253 [C,, H,0,] , 255
[C,H, 0,1, 763 [M + Cl] %+ FHHh 728; 1
"H NMR (CDCL,, 400 MHz) 1 "C NMR (CDCl,,
100 MHz)iH, s HH (5,440 (1H, dd, J =
2.5,12.0 Hz, H-1a), 420 (1H, dd, J = 6.7, 12.0 Hz,
H-1b), 5.28 (1H, m, H-2), 3.91 (1H, dd, J = 5.1,
10.8 Hz, H-3a), 3.70 (1H, dd, J = 6.8, 10.8 Hz, H-
3b); 8. 62.92 (CH,, C-1), 70.15 (CH, C-=2), 68.08
(CH,, C-3)] FEHEME 5, 2.01 (2H, m, H,-2"), 1.59
(2H, m, H,-3"), 1.25 ~1.30 (24H, m, H,4' ~H,-15"),
0.88 (3H, t, J = 7.0 Hz, H,-16"); 8. 173.93 (C, C-
1"), 3430 (CH,, C-2"), 25.63 (CH,, C-3"), 29.00 ~
29.79 (CH,, C-4' ~C-13"), 31.94 (CH,, C-14"), 22.71
(CH,, C-15"), 14.13 (CH,, C-16")]. k7 Hil Jh BE L[5,

231 2H, m, H,-2"), 1.59 (2H, m, H,-3"), 1.25 ~1.30
(16H, m, H,4" ~ H,-7", H,-12" ~ H,-15"), 2.01 (4H,
m, H,-8", H,-11"), 5.35 (2H, m, H-9”, H-10"), 0.88
GH, t, J = 7.0 Hz, H,-16"); 3. 173.49 (C, C-1"),
34.18 (CH,, C-2"), 33.57 (CH,, C-3"), 29.00 ~29.79
(CH,, C-4" ~C-7", C-12", C-13"), 27.22, 27.21 (CH,
C-8”, C-11"), 130.01, 129.69 (CH, C-9”, C-10"),
31.80 (CH,, C-14"), 22.71 (CH,, C-15"), 14.13 (CH,,
C-16")] ML F MRS, 4.26 (1H, d, J = 7.3 Hz,
H-1"); 8. 104.05 (CH, C-1"), 71.16 (CH, C-2"),
68.09 (CH, C-3"), 74.54 (CH, C-4"), 73.42 (CH,
C-5"), 62.92 (CH,, C-6"f5 5 il TE M +
Li] " (m/z 735)7E A M55 ik 240 AL B
F;CpH, LiOg &, m/z 4791H1 A2 B F[C,s H,, LiOg
8, m/z 4811, Al BT AT F 52 A2 3711 3.6
5 , EH MR el Tk 356 2 2 A H I 1 1 A, A
TS e Hm e 2 7,

(28)-1-0-#3 1§ B&-2-0-iH BR-3-0-B-d-k IFg 3
AEHMEE(3)  LEERY;[a) +13.2° (c
1.0, MeOH); ESIMS m/z 779 [M + Na]*, 795 [M +
K]", 255 [C;sH;,0,] , 281 [CyxH,;0,] , 791 [M +
Cll , 4 FHA 756, A 1 MERHEBEIEF 1 A1/ Nk
P BE 355 fE'H NMR (CDCLy, 400 MHz) Al
“C NMR (CDCL, 100 MHz)iH, B~ A H M L[S,
439 (1H, dd, J = 3.0, 12.0 Hz, H-1a), 421 (1H, dd,
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J = 6.6, 11.0 Hz, H-1b), 5.34 (1H, m, H-2), 3.89
(1H, dd, J = 5.4, 13.8 Hz, H3a), 3.71 (1H, dd, J =
6.6, 11.0 Hz, H-3b); 8. 62.89 (CH,, C-1), 70.17 (CH,
C-2), 69.12 (CH,, C-3)] A%t WEFHE[3, 2.01 (2H, m,
H,-2"), 1.60 (2H, m, H,-3"), 1.25 ~1.30 (24H, m, H,-
4" ~C-15"), 0.88 (3H, t, J = 7.0 Hz, H,-16"); &
173.91 (C, C-1"), 34.30 (CH,, C-2"), 24.91 (CH,, C-
3"),29.12 ~29.78 (CH,, C4' ~C-13"), 31.94 (CH,,
C-14"), 22.71 (CH,, C-15"), 14.13 (CH,, C-16")].7H
BERE[S, 2.31 2H, m, H,-2"), 1.60 2H, m, H,-3"),
1.25 ~1.30 20H, m, H,4" ~H,-7", H,-12" ~H,-17"),
2.01 (4H, m, H,-8", H,-11"), 5.34 (2H, m, H9", H-
10", 0.88 (3H, t, J = 7.0 Hz, H,-18"); 8. 173.49 (C,
C-1"), 34.18 (CH,, C2"), 2491 (CH,, C-3"),29.12 ~
29.78 (CH,, C4" ~ C-7", C-12" ~ C-15"), 27.25,
27.22 (CH,, C-8", C-11"), 130.02, 129.69 (CH, C-9",
C-10"), 31.95 (CH,, C-16"), 22.70 (CH,, C-17"),
14.13 (CH;, C-18")]. Mk M- ZLAE 3 [3, 4.26 (1H, d,
J = 74 Hz, H-1"); 8. 104.06 (CH, C-1"), 71.25 (CH,
C-2"), 69.12 (CH, C-3"), 74.56 (CH, C4"), 73.47
(CH, C-5"), 61.87 (CH,, C-6")], iR iEHIE S
SCHR[8 HIE A — 3K,

FRHE & (4) To AR s ESIMS m/z 279
[M + Na],535[2M + Na]*", 255 [M - H] , 511
2M - H] , % T & & 256;'H NMR (CDCL,
400 MHz):  2.32 2H, t, J = 7.6 Hz, H,-2), 1.61
(2H, m, H,-3), 1.23 ~1.28 (24H, m, H,4 ~15), 0.86
BH, t, J = 7.2 Hz, H;-16); "C NMR (CDCl,
100 MHz): 8 180.05 (C, C-1), 34.08 (CH,, C-2),
24.67 (CH,, C-3), 29.04 ~29.66 (CH,, C4 ~ C-13),
31.89 (CH,, C-14), 22.67 (CH,, C-15), 14.10 (CH;,
C-16), FRPEEEE 5 SCHR[O 14RE 1Y — 2L

TFil B (S) To PR Y s ESIMS m/z 319
M + K]",279 [M - H] ,559 2M - H] 4T
4 280;'H NMR (CDCl,, 400 MHz): § 2.34 (2H, t,
J = 7.6 Hz, H,-2), 1.63 (2H, m, H,-3), 1.25 ~1.30
(14H, m, H,-4 ~H,-7, H,-15 ~ H,-17), 2.04 (4H, m,
H,-8, H,-14), 5.35 (4H, m, H9, H-10, H-12, H-13),
2.75 (2H, H,-11), 0.87 (3H, t, J = 7.2 Hz, H,-18);
"C NMR (CDCL, 100 MHz): 8 180.03 (C, C-1),
34.06 (CH,, C-2), 24.64 (CH,, C-3), 29.04 ~29.63
(CH,, C4 ~7, C-15), 27.18, 27.15 (CH,, C-8, C-14),
130.00, 129.80, 127.86, 127.68 (CH, C9, C-10, C-

12, C-13), 25.60 (CH,, C-11), 31.49 (CH,, C-16),
22.56 (CH,, C-17), 14.06 (CH,, C-18), FiRJkiE%k
Hit -5 30 3 R 0o L U A — B

R¥E(6) TR A [a]y +3.4° (¢ 0.5,
MeOH); ESIMS m/z 245 [M + H]", 267 [M +
Na]",243 [M - H] ,279 [M + Cl] , > TF&NH
244;'H NMR (CD,0D, 400 MHz): & 5.67 (1H, d,
J = 8.0 Hz, H5), 8.01 (1H, d, J = 8.0 Hz, H6),
589 (IH,d, J = 4.4 Hz, H-1'), 4.13 ~4.18 (2H, m,
H2', H-3"), 4.00 (1H, m, H4"), 3.72 (1H, dd, J =
32,124 Hz, H5'a), 3.83 (1H, dd, J = 2.4, 12.4 Hz,
H-5'b)o iR IEEEE 5 SCRR 11 4RE B — 2L

BRE(7) TR A [aly - 47.2° (¢ 0.3,
MeOH); ESIMS m/z 268 [M + H]", 290 [M +
Na]®,266 [M - H] , 302 [M + Cl] ,4rF&H
267;'HNMR (DMSO-d,, 600 MHz): 3 8.13 (1H, s,
H-2), 8.34 (1H, s, H-8), 7.31 (2H, br s, NH,), 5.88
(1H, d, J = 6.2 Hz, H-1), 4.61 (1H, dt, J = 5.1,
6.2 Hz, H2'), 4.14 (1H, ddd, J = 3.2, 4.6, 5.1 Hz,
H-3"),3.96 (1H, dt, J = 3.2,3.6 Hz, H4'),3.67 (1H,
ddd, J = 3.6, 4.5, 12.0 Hz, H-5"a), 3.55 (1H, ddd,
J =3.7,7.2,12.0 Hz, H5'b), 5.42 (1H, d, J =
6.2 Hz, OH2"), 5.16 (1H, d, J = 4.6 Hz, OH-3"),
539 (1H, dd, J = 4.5, 7.2 Hz, OH-5"); "C NMR
(DMSO-d,, 150 MHz): & 152.39 (CH, C-2), 149.09
(C, C4), 119.37 (C, C-5), 156.17 (C, C-6), 139.92
(CH, C-8), 87.94 (CH, C-1"), 73.48 (CH, C-2"), 70.66
(CH, C-3"), 85.90 (CH, C4"), 61.68 (CH,, C-5"), I
IR TS A 5 SCHR 12 140E 1 — 3.

PE_HBTEERTHE(8) R B AR
¥);ESIMS m/z 279 [M + H]", 301 [M + Na]’,
579 [2M + Na]™,4rF &K 278;'H NMR (CDCL,
400 MHz): 8 7.53 2H, m, H-3, H-6), 7.72 2H, m, H-
4, H-5),431 QH, t,J = 6.7 Hz, H,-1"), 1.72 2H, m,
H,2), 1.44 2H, m, H,-3"),0.96 GH, t, J = 7.4 Hz,
H,-4"),4.09 2H, d, J = 6.7 Hz, H,-1"), 2.04 (1H, m,
H-2"),0.99 (6H, d, J = 6.7 Hz, H,-3", H,4"); "C
NMR (CDCl,, 100 MHz): & 132.21 (C, C-1, C-2),
128.82 (CH, C-3, C-6), 130.87 (CH, C-4, C-5),
167.74 (C, C-7, C-8), 71.8 (CH,, C-1), 30.5 (CH,,
C-2"), 29.73 (CH,, C-3"), 13.69 (CH,, C-4'), 65.6
(CH,, C-1"), 27.7 (CH, C-2"), 19.2 (CH,, C-3", C-
4", IR IEEEE S SCER[13 1 HE I — 3
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1,4-ZFFEXO) TR AR ; EIMS m/z
(%) 290 [M", 34.2], 199 [(M - benzyl)*, 2.2], 91
[Benzyl ", 10071, 43T & & 290;'H NMR (CDCL,
400 MHz): 8 6.89 (4H, s, H-2, H-3, H-5, H-6), 7.37
(4H, dt, J = 2.0, 7.2 Hz, H2', H6', H2", H6"),
740 (4H, dd, J = 7.2, 2.0 Hz, H3', H-5', H3",
H-5"), 7.30 QH, tt, J = 2.0, 7.2 Hz, H4', H4"), 5.00
@H, s, H,-7', H,-7"). iR B e S5 SCmk 1414
T HEA—3,

2 ZERATIE

e i CBER IR, SR B 241 ik | &
[ B TR UR i AN S8 ¥ N 1P
BEGEIE JHPLC S5 (035 70 B T~ Be , AT I RV i 3 2
WA T 6 ML EYIQ ~6, 9), NLIR LR
AR T 3 AR B . JE I RS R S T
B 5 SCHEREAR X EG , 73501 48 58 2+ (28)-1-O-F i R -
3-0-B-d-ML MK FLAE H MR ) . (28)-1-O-FR R -2-
O-F7 MM BR-3-O-B-d-it e 2 LB H- i i (2) L (29)-
1-O-45 i BR -2 - O-1H R -3 -O- B -d-M IR 1 L% H- I 155
@) FFHR@) LR (S) IR H (6) SR (7) 4B —
IR T Hg S THEE®)FI 1,4- —FA A ©9), XLl
B E RIS Ay B E
FUBENR R H il g Sy e e i £ Z R AR

W A8 B, 2 LB IR 197 IR H b R EL A
HIV 5] FUE TE M DU DR A T A,
TSRS SR MR EE A0 K A Ko KA BR 25 H
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