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Nitrogenous compounds from Sargassum pallidum
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Abstract: Objective To study the nitrogenous compounds of Sargassum pallidum. Methods The compounds were separated and
purified by D101 macroporous adsorptive resins, silica gel chromatography, Sephadex LH-20 chromatography, ODS column
chromatography, and HPLC methods. Their structures were identified on the basis of physical and chemical properties and
spectroscopic data ("H-NMR, C-NMR, and MS). Results Ten compounds were isolated from S. pallidum and identified as
(—)-anabellamide (1), (—)-trichosanatine (2), (—)-aurantiamide acetate (3), riboflavin (4), B-adenosine (5), 2’-O-methoxyluridine (6),
cyclo (L-Ala-L-Pro) (7), thymidine (8), 1-(B-D-ribofuranosyl)-1H-1,2,4-triazone (9), and 2,3-dihydro-4 (1H)-quinolone (10).
Conclusion Compounds 1, 2, 4—7, and 9 are isolated from the genus Sargassum (Turn.) C. Ag. for the first time.
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Fig. 1 Structures of compounds 1—10 from S. pallidum
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WA 1. KEEE CFED. [a]y —20.0%Cc
0.075, CHCL;)!"", HR-ESI-MS m/z: 507.228 2 [M~+H]"
(PH591H 507.228 4), 454y "H-NMR A1 "C-NMR %
PariE 2 720H CiH3oN2Ose 'H-NMR (400 MHz,
CDCly) d: 7.69 (2H, dd, J = 7.6, 1.3 Hz, H-12', 16"),
7.66 (2H, dd, J = 7.7, 1.3 Hz, H-12, 16), 7.50 (1H, t,
J=1.3 Hz, H-14), 7.43 (1H, t, J = 7.3 Hz, H-14"), 7.39
(2H, t, J=7.6 Hz, H-13, 15), 7.31 (2H, overlap, H-13’,
15'), 7.20~7.24 (5H, m, H-5~9), 7.26~7.31 (5H, m,
H-5'~9'), 6.66 (1H, d, J = 8.4 Hz, N-Ha), 6.56 (1H, d,
J=6.5 Hz, N-Hb), 4.92 (1H, q, J = 6.8 Hz, H-2'), 4.62
(1H, m, H-2), 4.54 (1H, m, H-1'b), 4.03 (1H, dd, J =
11.3, 4.3 Hz, H-1"a), 3.29 (1H, dd, J = 13.9, 6.5 Hz,
H-3'b), 3.21 (1H, dd, J = 13.9, 7.1 Hz, H-3'a), 3.00
(1H, dd, J = 13.7, 6.4 Hz, H-3b), 2.89 (1H, dd, J =
13.7, 8.4 Hz, H-3a); "C-NMR (100 MHz, CDCl;) 6:
171.9 (C-1, ester C = 0), 167.3, 167.5 (C-10, 10/,
benzamide C = O), 137.2 (C-4), 135.8 (C-4'), 133.3
(C-11), 1342 (C-11"), 132.1 (C-14), 131.4 (C-14),
129.3 (C-5, 9), 128.9 (C-5', 9'), 128.7 (C-13, 15),
128.4 (C-13', 15", 129.2 (C-6', 8'), 128.7 (C-6, 8),
127.4 (C-7"), 127.1 (C-12', 16'), 127.1 (C-12, 16),
126.8 (C-7), 65.4 (C-1), 54.5 (C-2"), 50.3 (C-2), 37.5
(C-3'),37.3 (C-3). LA Xl 5 Sk A5,
WS EW N (0BT .

WEY) 2: PR BT E AR (FED. [a]) —22.0°
(¢ 0.05, CHCl;), HR-ESI-MS m/z: 445212 7 [M+H]"
(PF591E 445212 7), 454 "H-NMR F1 "C-NMR %
PariE 2 720 CyyHasN2Oge 'H-NMR (400 MHz,
CD;0D) §: 1.96 (3H, s, CH3), 2.10 (1H, s, NH), 2.75
(1H, dd, J=13.8, 7.7 Hz, H-3), 2.81 (1H, dd, J = 13.8,
6.7 Hz, H-3), 2.94 (1H, dd, J = 13.7, 8.4 Hz, H-3'),
3.08 (1H, dd, J=13.7, 6.7 Hz, H-3'), 3.85 (1H, dd, J =
11.3, 6.1 Hz, H-1), 3.93 (1H, dd, J = 11.3, 4.4 Hz,
H-1), 4.28 (1H, m, H-2), 4.74 (1H, t, J = 7.2 Hz, H-2),
7.07 (1H, tt, J= 6.5, 1.4 Hz, ring B, H-4), 7.21 (4H, t,
J =172 Hz, ring B, H-2, 3, 5, 6), 7.15 (3H, m, ring A,
H-3~5), 7.39 (2H, dt, J = 7.4, 1.4 Hz, ring C, H-2, 6),
7.44 (2H, td, J=7.4, 1.4 Hz, ring C, H-3, 5), 7.48 (1H,
dt, J=7.4, 1.4 Hz, ring C, H-4), 7.65 (1H, d, J = 8.5
Hz, -OH), 7.82 (2H, dt, J = 7.0, 1.6 Hz, ring A, H-2,
6); *C-NMR (100 MHz, CD;OD) J: 20.9 (CHs), 38.2

(C-3/3"), 38.9 (C-3/3"), 51.3 (C-4), 56.8 (C-2"), 66.3
(C-1), 127.7 (ring B, C-3~5), 128.0 (ring C, C-2,
6), 128.6 (ring A, C-2', 6'), 129.6 (ring A, C-3', 5'),
129.6 (ring C, C-3, 5), 130.4 (ring C, C-4), 130.5
(ring B, C-2, 6), 133.0 (ring A, C-4"), 135.5 (ring B,
C-1), 138.6 (ring C, C-1), 139.1 (ring A, C-1'),
155.2 (C=N), 172.0 (C = 0), 172.3 (C=0). Lk I
$od 5 SCikI B S A — S, st A 2k
(—)-HE AL S, o

WEY 3: LEPLRE S (FED. [a]) —32.0°
(¢ 0.05, CHCls), HR-ESI-MS m/z: 445212 8 [M+H]"
(P5518 445212 7), 454 "H-NMR FI PC-NMR %X
P E S TN CoyHasN,O4e 'H-NMR (400 MHz,
CDCLy) d: 3.82 (1H, dd, J = 11.4, 4.3 Hz, H-1), 3.93
(1H, dd, J = 11.4, 49 Hz, H-1), 435 (1H, m, H-2),
2.75 (2H, m, H-3), 4.76 (1H, m, H-2), 3.06 (1H, dd,
J=13.7,8.5 Hz, H-3"), 3.22 (1H, dd, J = 13.6, 5.8 Hz,
H-3'), 7.07 (2H, d, J = 7.8 Hz, H-b, b), 7.15 (2H, t,
J =83 Hz, H-c, ¢'), 7.17 (1H, m, H-d), 7.24 (2H, m,
H-f, f), 7.27 (2H, m, H-g, g'), 7.29 (1H, m, H-h), 7.72
(2H, d, J = 8.0 Hz, H-j, "), 7.44 (2H, t, J = 7.8 Hz,
H-k, k), 7.53 (1H, t, J = 7.5 Hz, H-1), 2.03 (3H, s,
CH;-CO-), 5.95 (1H, d, J = 8.4 Hz, -CO-NH-), 6.75
(1H, d, J = 7.6 Hz, benzoyl-NH); "“C-NMR (100
MHz, CDCly) &: 64.6 (C-1), 49.5 (C-2), 37.4 (C-3),
170.3 (C-1'), 55.0 (C-2"), 38.4 (C-3'), 136.7 (C-a),
129.1 (C-b, b'), 128.6 (C-c, ¢'), 126.8 (C-d), 136.6
(C-e), 128.8 (C-f, 1), 129.3 (C-g, g'), 127.2 (C-h),
133.7 (C-i), 127.1 (C-j, j"), 128.6 (C-k, k"), 131.9 (C-i),
167.1 [m (-CO)], 20.8 (CH3-CO), 170.8 (CH;-CO). LA
EHE SR A BT, s A 3
N (-G B .

W 4: TR R (LD . HR-ESI-MS
m/z: 377.146 1 [M+H]" G5 377.146 1), &4
'H-NMR Il “C-NMR %t #% #i 52 4 T X 4
C17H2N4O6. 'H-NMR (600 MHz, DMSO-dq) 5: 11.35
(1H, s, H-3), 7.89 (1H, s, H-6), 7.93 (1H, s, H-9), 4.26
(1H, m, H-3'), 3.64 (1H, m, H-4"), 3.64 (1H, m, H-2"),
3.64 (1H, overlap, H-5), 3.46 (1H, dd, J = 10.6, 3.8
Hz, H-5"), 4.94 (1H, dd, J = 12.5, 3.0 Hz, H-1'), 4.62
(1H, dd, J = 12.5, 3.0 Hz, H-1"), 2.40 (3H, s, H-8a),
2.48 (3H, s, H-7a); "C-NMR (150 MHz, DMSO-d;) &:
160.0 (C-4), 155.5 (C-2), 150.9 (C-10a), 146.0 (C-8),
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136.8 (C-4a), 135.7 (C-7), 134.0 (C-5a), 132.1 (C-9a),
130.7 (C-6), 117.5 (C-9), 73.6 (C-3"), 72.8 (C-4"), 68.8
(C-2'), 63.4 (C-5"), 473 (C-1'), 20.7 (C-8a), 18.7
(C-7a)o LA Xt 5 Scpkap i SeA 512, s
ENEY 4 W,

wE S AR (HEE). HR-ESI-MS m/z:
268.105 1 [M+H]" (Il 5 {4 268.104 6), 4ify
'H-.NMR il “C-NMR %t 4% #i 5 2 T X 4
CioHi3Ns04. "H-NMR (400 MHz, CD;0D) &: 3.59
(2H, m, H-5'), 4.14 (1H, dd, J = 4.7, 3.0 Hz, H-3"),
520 (1H, s, 3-OH), 4.61 (I1H, t, J = 5.5 Hz, H-2"),
5.43 (1H, s, 2’-OH), 3.97 (1H, q, J = 3.2 Hz, H-4"),
5.87 (1H, d, J = 6.2 Hz, H-1"), 8.35 (1H, s, H-8), 8.14
(1H, s, H-2), 7.34 (2H, s, -NH,); C-NMR (100 MHz,
CD;0D) 8: 61.7 (C-5"), 70.7 (C-3"), 73.5 (C-2'), 85.9
(C-4"), 87.9 (C-1'), 119.4 (C-5), 139.9 (C-8), 149.1
(C-4), 152.4 (C-2), 156.2 (C-6). LA % 5 ik
A, et B 5 N BT

aEw 6: Atk AR (HEE. HR-ESI-MS m/z:
257.080 5 [M—H] ilHAE 257.077 4), 4iH
'H-NMR fl "C-NMR % #5 #i & 2 7 X 4
C1oH14N,06. "H-NMR (400 MHz, CD;0OD) &: 8.08
(1H, d, J= 8.1 Hz, H-6), 5.69 (1H, d, J = 8.1 Hz, H-5),
5.94 (1H, d, J = 3.6 Hz, H-1), 3.97 (1H, m, H-4"), 3.74
(1H, dd, J = 12.3, 2.9 Hz, H-2'), 424 (1H, t, J = 5.6
Hz, H-3"), 3.85 (2H, m, H-5"), 3.52 (3H, s, -OCH;);
BC-NMR (100 MHz, CD;0D) &: 166.4 (C-4), 152.4
(C-2), 142.6 (C-6), 102.7 (C-5), 89.0 (C-1), 86.3
(C-4"), 85.2 (C-2'), 69.9 (C-3"), 61.8 (C-5), 59.0
(2-OCH3). VL -¥dfs 55 ik s A — 5, %
A 6 g 2-0-H AL JRERERZAT

WA T: A CFED. [a]p —18.5°(c 0.1,
CH;0H), HR-ESI-MS m/z: 169.098 0 [M+H]" (i}
SAH 169.097 7), &4 "TH-NMR il C-NMR %4/ i
TN CHpN,O, . 'H-NMR (400 MHz,
CD;0D) 6: 4.26 (1H, m, H-2), 4.19 (1H, m, H-2'),
3.52 (2H, m, H-5), 2.31 (1H, m, H-3a), 1.90~2.04
(3H, m, H-3b, 4), 1.38 (3H, d, J = 6.9 Hz, H-3');
BC-NMR (100 MHz, CD;OD) ¢: 172.8 (C-1), 169.2
(C-1"), 60.6 (C-2), 52.3 (C-2'), 46.6 (C-5), 29.3 (C-3),
23.8 (C-4),15.9 (C-3")o LA A ds 5 STk i Fe A —
HY, MR A T IR (L-RRIR-L-IHEIR) -

& 8: AENE (FEE). HR-ESI-MS m/z:

241.081 4 [M—H] I 51{H 241.082 4), &4
'H-NMR fll PC-NMR %t #% #i & 2 T X 4
C1oH14N>0s. '"H-NMR (400 MHz, CD;0OD) &: 7.81
(1H, d, J= 1.3 Hz, H-6), 6.28 (1H, t, J = 6.8 Hz, H-1"),
440 (1H, m, H-3'), 3.90 (1H, dd, J = 6.8, 3.4 Hz,
H-4'), 3.79 (1H, dd, J = 12.1, 3.2 Hz, H-5), 3.73 (1H,
dd, J = 12.0, 3.7 Hz, H-5"), 2.22 (2H, m, H-2), 1.87
(3H, d, J = 1.1 Hz, 5-CH;3); "C-NMR (100 MHz,
CD;0D) d: 12.6 (5-CH3), 41.3 (C-2'), 63.0 (C-5"), 72.4
(C-3"), 86.4 (C-1'), 89.0 (C-4"), 111.7 (C-5), 138.3
(C-6), 152.5 (C-2), 166.6 (C-4). LA - Hd 5 ki
FA— ), B E S 8 s A T
& 9. HMRY (PR . "H-NMR (400
MHz, CD;0D) 8: 8.31 (1H, s, H-3), 8.18 (1H, s, H-5),
5.96 (1H, d, J= 6.5 Hz, H-1"), 4.74 (1H, t, J= 5.7 Hz,
H-4'), 433 (1H, dd, J= 5.1, 2.6 Hz, H-3'), 4.17 (1H, d,
J = 2.6 Hz, H-2), 3.89 (1H, dd, J = 12.5, 2.5 Hz,
H-5a), 3.75 (1H, dd, J = 12.5, 2.5 Hz, H-5'b);
BC-NMR (100 MHz, CD;0D) ¢: 153.6 (C-3), 142.2
(C-5), 91.4 (C-1"), 88.3 (C-4"), 75.6 (C-3"), 72.8 (C-2"),
63.6 (C-5". LA %5 scikipia A —500, Hek
EEY) 9 Jy 1-(B-D-ribofuranosyl)-1H-1,2,4-triazone .
& 10: FOMPRY (HEE) . HR-ESI-MS
m/z: 146.060 6 [M+H]" (iF5{E 146.060 6), &5é
'H-NMR Al PC-NMR %#fa#f 1 73 7384 CoH7NO.
'H-NMR (400 MHz, CD;0D) &: 7.98 (1H, d, J = 7.2
Hz, H-2), 6.35 (1H, d, J = 7.2 Hz, H-3), 8.27 (1H, dd,
J =84, 1.4 Hz, H-5), 7.43 (1H, dt, J = 8.4, 1.2 Hz,
H-6), 7.72 (1H, dt, J = 8.3, 1.3 Hz, H-7), 7.59 (1H, d,
J = 8.3 Hz, H-8); “C-NMR (100 MHz, CD;0D) ¢:
141.6 (C-2), 109.9 (C-3), 180.9 (C-4), 126.8 (C-5),
125.5 (C-6), 133.7 (C-7), 119.6 (C-8), 141.7 (C-9),
126.3 (C-10). A% 5 ScikapE 24— 507, i
A 10 Jy 2,3- A -4(1H)-ME T .
S Ak
1] ok, T 2257, e, & JRIE e D R8N
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AU YE [0]. T2, 2009, 40(12): 1879-1882.
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YoMl b ARG HRA, 1977.
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