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Alkaloids from stems of Nauclea officinalis

YANG Xin-quan', CHEN De-li', MA Guo-xu'-?, XU Xu-dong?, HE Ming-jun'

1. Hainan Branch Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union Medical
College, Haikou 570311, China

2. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing
100193, China

Abstract: Objective To study the alkaloids from the stems of Nauclea officinalis. Methods The chemical constituents were
separated and purified by silica gel, ODS column chromatography, and preparative HPLC. Their structures were determined by UV,
MS, and NMR spectroscopic analyses. Results Thirteen compounds were isolated from the stems of N. officinalis, the structures were
identified as 3-R-3,4-dihydroangustoline (1), blumenol A (2), naucleofficine D (3), 1,2,3,4-tetrahydro-B-carboline (4), 3-S-3,4-
dihydroangustoline (5), latifoliamide D (6), latifoliamide B (7), angustoline (8), 3,14-dihydroangustine (9), 3,14,18,19-
tetrahydroangustine (10), 6'-acetyl-strictosamide (11), vincosamide (12), and strictosamide (13). Conclusion Compounds 2 and 4 are
obtained from the plants of Nauclea L. for the first time. Compounds 2, 4, 6, 7, 9, and 10 are obtained from N. officinalis for the first
time.
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I R A, IR AR D W TR AR
N EE SR 2R YR —B, B

WS HEA: 2016-05-20

P A KT AR R RS . IR TR 2B R N,
WRTE, PERE, BAATEAVER. MBI,
J7 IRV I ROE R iR a8 k. .
R M5 2 MG AN R AE SR KR TT P H T
| A AEAR 25300 SR A 7 10 v 24 11 771 2 A HELR
SR TEARRE R RIEARR BN, mKN ]2
By NSRS PUEE R L, HIT RO,

EEWE: WHYEENFHIIE “Rrergy. B2y gy 2 Ml &= &l — kIR ” (ZDZX2013008-1)
fEZ I Fi4e (1978—), 5, WTEMMA, BIFFFRR, Bid, FENFERAHTEFF K. Tel: 13876521118  E-mail: yangxinquan@sina.com
“BIEEE  FIE (1979—), 5, WA, BIFFR0, EEAFEBELH S K. E-mail: hmj2008@163.com; xdxu2012@163.com



2998 - ¢ $ % Chinese Traditional and Herbal Drugs 5 47 3% % 178 20164 9 §
FIREME AR . ArEmEgE . SRR A R E BE 2042 g0 MIREHKSEUR, BN 2%E5R,

WP T R e SCERIRGE IR A HP b 22 i oy 2 A AR
VIl S =i 5, AR IR TEDI I A B0, e —
WIRE AR ETERL Sy, AR IR ZE AL (1)
WL AT 7T . MR ZEHL 70% L BEFEHA)
(1) S ot I BE IR B A G A R 7y B S e 13
MG, FHod 12 ANEYRE, e B Ak o A
PRAEHE T ARG, 30N 3-R-34-ZAS
AR B ERFEMER (3-R-3,4-dihydroangustoline, 1). It
% (blumenol A, 2). naucleofficine D (3)+ 1,2,3,4-
VU &-B-He Mk (1,2,3,4-tetrahydro-B-carboline, 4) .
3-S-3.4- A IR S AR FE AR B ( 3-S-3,4-dihydro-
angustoline, 5). latifoliamide D (6). latifoliamide B
(7 FHRLEFEMIL (angustoline, 8). 3,14- 4
BeAe DB (3,14-dihydroangustine, 9). 3,14,18,19-
VU S8 5 -, (3,14,18,19-tetrahydroangustine ,
100, 6-CMERKEFELE NBEZ (6-acetyl-
strictosamide, 11). #RH (vincosamide, 12). 5
KELH NBERZ (strictosamide, 13). HA L&
2 M4 NE IRMZEEY) B 1R2], (B 6. T,
9. 10 N IRMIHAF 7> E1F3.
1 UESHR

Bylabuv-III %] (AL EAERIEHRAFD,
Bruker Avance 111 600 %% i 3 4 i i 4 (4l
Bruker /A #] ), 3£[E Thermo LTQ-Obitrap XL )5 Bk
F4% (3£E Thermo A#]), BS223S /A (dk
BRZ IR RS R 2 7)), Lumtech & RUBAH
B (K501 PYTCIRRFH4 %), RE-2000A LJiE
R RAN (LI IRTE LI R A R AT, il
YMC ODS (250 mmX 10 mm, 5 um, HZA& YMC
~vH]), CBL Photoelectron Technology 75 G 1
ACCREERF IUR G BB AR A R A A o A3 A
(100~200 H, 7 &b THRA D, )2 ik
MR Gy Hy GFass (B BIGHELTAHIRARD,
RIS o brall, 2050 %= H .

PEARZERLZ54F g v i 24 ) 4k, REE TG R
BTt TEAE, & E B AR 2 AR Y
FUHT IR 20 BT AR A R AL 51 48 7 A ER Nauclea
offcinalis Pierrc ex Pitard HZ54% .
2 RRSSE

JHARZER: (50.0 kg) FHRfaHntee, it 80 H i,
2R AR TN 10 R5ARFR 70% S B N IR EL 3 Kk,
BEX 2 h, AIFFRRBGH, R [ESOA R, WA 515 5

W pH {HZ 2.0, #E 12 h JaiE, ERRGE— ¢
TP, F 10% NaOH ¥ pH E4 9.0, KIKH A
. A, BERAER. IETEERER 3R, R
BAEE. ST BEIR CERANIE T BEEAL, 0
JRIRAE RIWOE T, 25T, 19 24 RIS A P,
A RAHERRANRE 197 g ZE P AR E
298 g. BEEIR LBEIRAIIRE 286 g« IE T BESALRH
429 g,

B S R AR E 80 g, Sk AT il /3 55,
DL G BE-FE (100 2 0—0 © 100) BEEEHRM, 15
F| 70 MLsr Fr. 1~70. Lo Fr. 7 4 ODS #E (i,
HEE-7K (65 1 35) SFREBEML, Pl & S ROA 70 &
aifk, B3EY1 (123 mg); B Fr. 30 4 ODS
K, HEE-K (621 38) SERFuEML, “FHl& ik
WA B alifh, BEEY 2 (204 mg); HUFr. 50
2 ODS F:tail, FEE-/K (60 :40) ZEFEHei,
1l 2% e AR A Al SEMGED 3 (10.4 mg);
I Fr. 60 48 ODS fE€filh, HEE-/K (550 45) %5
VML, - & v AR o B Atk BRI A ) 4(17.4
mg) 15 (14.8 mg); HU Fr. 70 & ODS # i, H
BE-7K (42 1 58) SEFEPEL, i 2% ey SO 73 B 4l
th, BEMEEY 6 (102mg). 7 (9.8mg). 8 (11.3
mg). 9 (144 mg) 110 (8.5 mg). HUEHR 2 Fa T
RIZE 80 g, LREMRHFEARE /3B, DL &0 be-F i
(100 : 0—0 : 100> HBHEEGEML, 2] 200 Mo, &
FN 10 AL Fr. A~J. A Fr. D £ ODS (i,
HIE-7K (58 1 42) SEREGe/L, il 2 m RORAH 4 B4l
th, BEMLEY 11 (11.6 mg); HLFr. F 4 ODS H:f
W, HEE- /KRG (550 45) S, H4%mRon
oy Eaife, SEME 12 (7.9 mg); B Fr. H £
ODS F:fhil, HEE-/K (45 1 55) SEEEveMt, Pl
FRGRAR B AL, HELEY 13 (143 mg).
3 HmEE

& 1: 33 [ 1A, HR-ESI-MS m/z: 356.147
2 [M+Na]" (CoH9N3O:Na, iH5HAE 356.147 7);
'"H-NMR (600 MHz, DMSO-ds) 6: 5.02 (1H, m, H-3),
5.12 (1H, dd, J = 5.4, 12.6 Hz, H-5a), 3.06 (1H, dd,
J =48, 12.6 Hz, H-5b), 3.89 (1H, dd, J = 4.2, 16.2
Hz, H-6a), 2.94 (1H, m, H-6b), 7.47 (1H, d, J = 7.8
Hz, H-9), 7.02 (1H, t, J = 8.4 Hz, H-10), 7.11 (1H, dt,
J=12,7.8 Hz, H-11), 7.35 (1H, d, J = 7.8 Hz, H-12),
2.89 (2H, dd, J = 10.2, 13.2 Hz, H-14a), 2.81 (2H, dd,
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J=5.4,13.2 Hz, H-14b), 9.04 (1H, s, H-17), 1.49 (3H,
d, J= 7.8 Hz, H-18), 5.27 (1H, q, J = 7.8 Hz, H-19),
8.88 (1H, s, H-21); "*C-NMR (150 MHz, DMSO-ds)
5 133.3 (C-2), 52.6 (C-3), 40.7 (C-5), 21.8 (C-6),
109.4 (C-7), 126.1 (C-8), 119.1 (C-9), 120.2 (C-10),
122.9 (C-11), 112.1 (C-12), 138.5 (C-13), 31.8 (C-14),
139.6 (C-15), 127.5 (C-16), 150.2 (C-17), 24.5 (C-18),
66.9 (C-19), 145.1 (C-20), 149.1 (C-21), 165.5
(C-22). Hdi 5 ki A —50, #Ewes
Y14 3-R-3,4- — EF IR B ERFEMTR .

&Y 2: BEIERK AR, HR-ESI-MS m/z
247.135 3 [M+Na]" (C13H2003Na, TH5H1H 247.136 0);
'"H-NMR (600 MHz, CD;0D) §: 5.87 (1H, brs, H-2),
5.78 (1H, d, J = 16.2 Hz, H-7), 5.78 (1H, dd, J = 4.2,
16.2 Hz, H-8), 430 (1H, m, H-9), 2.50 (1H, d, J =
16.8 Hz, H-2a), 2.16 (1H, d, J = 16.8 Hz, H-2b), 1.90
(3H, s, 13-Me), 1.25 (3H, d, J = 6.4 Hz, 10-Me), 1.04
(3H, s, 12-Me), 1.00 (3H, s, 11-Me); *C-NMR (150
MHz, CD;0D) §: 42.0 (C-1), 50.6 (C-2), 201.5 (C-3),
127.0 (C-4), 167.8 (C-5), 80.0 (C-6), 137.0 (C-7),
130.0 (C-8), 68.7 (C-9), 24.4 (C-10), 23.5 (C-11), 23.8
(C-12), 19.4 (C-13). 4 5 SCk s A —z,
WS e G 2 R

&M 3: R FAE K, HR-ESI-MS m/z: 361.153 4
[M+Na]" (C2H2N203Na, 5 361.153 0);
'H-NMR (600 MHz, CD;0D) §: 11.08 (1H, s, H-1),
5.04 (1H, d, J = 5.4 Hz, H-3), 4.80 (1H, dd, J = 5.4,
12.6 Hz, H-5a), 2.99 (1H, dd, J = 4.8, 12.6 Hz, H-5b),
2.80 (1H, m, H-6a), 2.60 (1H, dd, J = 14.4, 15.0 Hz,
H-6b), 7.37 (1H, d, J = 7.8 Hz, H-9), 6.98 (1H, t, J =
7.8 Hz, H-10), 7.06 (1H, t, J = 7.8 Hz, H-11), 7.31
(1H, d, J = 7.8 Hz, H-12), 2.91 (1H, td, J = 6.6, 13.6
Hz, H-14a), 2.25 (1H, d, J = 12.0 Hz, H-14b), 2.72
(1H, m, H-15), 2.41 (1H, dd, J = 5.4, 8.4 Hz, H-16),
5.30 (1H, t, J= 4.2 Hz, H-17), 6.54 (1H, d, J= 3.6 Hz,
17-OH), 1.46 (3H, d, J = 6.6 Hz, H-18), 5.40 (1H, q,
J = 6.6 Hz, H-19), 4.64 (1H, d, J = 12.6 Hz, H-21a),
3.67 (1H, d, J = 12.6 Hz, H-21b); 3C-NMR (150
MHz, CD;0D) 6: 135.0 (C-2), 53.6 (C-3), 42.5 (C-5),
20.5 (C-6), 108.8 (C-7), 127.0 (C-8), 117.5 (C-9),
118.5 (C-10), 120.7 (C-11), 111.4 (C-12), 135.5
(C-13), 26.8 (C-14), 28.4 (C-15), 46.2 (C-16), 90.8
(C-17), 11.5 (C-18), 119.5 (C-19), 135.0 (C-20), 60.2

(C-21), 167.8 (C-22). %u¥i 5 Ck i iE A — 351,
WS B S 3 N naucleofficine D.

&) 4: FORAR, HR-ESI-MS m/z: 195.091 4
[M-+Na]" (C11H2N2Na, 1H5EH 195.091 7); 'TH-NMR
(600 MHz, CDCl3) 6: 3.10, 3.60 (% 1H, s, H-1), 3.98
(1H, s, H-2), 3.68 (1H, t, J= 6.1 Hz, H-3), 3.12 (1H, t,
J = 6.0 Hz, H-4), 7.37 (1H, d, J = 7.8 Hz, H-5), 7.24
(1H, t, J = 7.2 Hz, H-6), 7.30 (1H, t, J = 7.2 Hz, H-7),
7.66 (1H, d, J = 7.8 Hz, H-8), 12.2 (1H, s, H-9);
BC-NMR (150 MHz, CDCl3) §: 41.2 (C-1), 42.4
(C-3), 19.5 (C-4), 107.0 (C-4a), 127.2 (C-4b), 118.5
(C-5), 120.7 (C-6), 122.8 (C-7), 111.9 (C-8), 137.5
(C-8a), 128.5 (C-9a). #¥i 5 Uik i A — 212,
LAY 4 N 1,2,3,4-T05-B-IHE.

&Y 5: FFEAEEK, HR-ESI-MS m/z: 356.147 2
[M+Na]" (CoHisN3O:Na, 5 A{H 356.147 7); 'H-
NMR (600 MHz, DMSO-ds) : 5.02 (1H, m, H-3),
5.12 (1H, dd, J = 12.6, 5.4 Hz, H-5a), 3.06 (1H, dd,
J =48, 12.6 Hz, H-5b), 3.91 (1H, dd, J = 4.2, 16.7
Hz, H-6a), 2.94 (1H, m, H-6b), 7.37 (1H, d, J = 7.8
Hz, H-9), 7.00 (1H, dt, J = 1.2, 7.8 Hz, H-10), 7.11
(1H, dt, J = 1.2, 7.8 Hz, H-11), 7.35 (1H, d, J = 7.8
Hz, H-12), 2.89 (2H, m, H-14), 9.03 (1H, s, H-17),
1.64 (3H, d, J = 7.8 Hz, H-18), 5.17 (I1H, q, J = 7.8
Hz, H-19), 8.73 (1H, s, H-21); *C-NMR (150 MHz,
DMSO-ds) J: 133.3 (C-2), 52.6 (C-3), 40.5 (C-5), 21.8
(C-6), 109.4 (C-7), 126.1 (C-8), 119.1 (C-9), 120.2
(C-10), 122.7 (C-11), 112.1 (C-12), 138.5 (C-13), 31.8
(C-14), 139.6 (C-15), 127.5 (C-16), 150.8 (C-17), 24.5
(C-18), 66.5 (C-19), 145.3 (C-20), 149.2 (C-21), 166.0
(C-22). a5 kB A —FY, M e s
)5 N 3-S-3,4- A IR B ERFE AR .

W& 6: FEOFHRDIRG A (HEE, HR-ESI-MS
m/z: 326.137 4 [M+Na]" (CioH7N3ONa, it & 1H
326.137 2); 'H-NMR (600 MHz, DMSO-ds) 6: 11.80
(1H, s, H-1), 5.19 (1H, dd, J = 3.6, 4.2 Hz, H-3), 4.78
(1H, m, H-5a), 2.96 (1H, m, H-5b), 2.91 (1H, m,
H-6a), 2.70 (1H, m, H-6b), 7.38 (1H, dd, J = 2.4, 7.8
Hz, H-9), 7.04 (1H, t, J = 7.8 Hz, H-10), 6.99 (1H, t, J =
7.8 Hz, H-11), 7.33 (1H, dd, J = 2.4, 7.8 Hz, H-12),
3.32 (1H, m, H-14a), 2.96 (1H, m, H-14b), 9.24 (1H,
s, H-17), 2.20 (1H, s, H-19), 8.72 (1H, s, H-21);
BC-NMR (150 MHz, DMSO-ds) d: 126.8 (C-2), 53.6
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(C-3), 42.2 (C-5), 20.4 (C-6), 111.4 (C-7), 127.0
(C-8), 116.5 (C-9), 117.7 (C-10), 118.5 (C-11), 114.5
(C-12), 134.5 (C-13), 28.7 (C-14), 138.8 (C-15), 119.4
(C-16), 151.0 (C-17), 18.2 (C-19), 135.1 (C-20), 148.4
(C-21), 166.1 (C-22). #¥i 5 sCikfiE HA—5 1,
W% 2 G 6 N latifoliamide D

thEY 7. mEEPRRSE CFED,
HR-ESI-MS m/z: 375.178 3 [M—|-Na]+ (C21H24N203Na,
54 375.178 7); 'H-NMR (600 MHz, DMSO-dj) o:
11.24 (1H, s, H-1), 5.03 (1H, dd, J = 3.6, 4.2 Hz, H-3),
4.86 (1H, m, H-5a), 2.86 (1H, m, H-5b), 2.79 (1H, m,
H-6a), 2.66 (1H, m, H-6b), 7.48 (1H, dd, J = 2.4, 7.8
Hz, H-9), 7.14 (1H, t, J = 7.8 Hz, H-10), 7.09 (1H, dd,
J=2.4,78 Hz, H-11), 7.32 (1H, dd, J = 2.4, 7.8 Hz,
H-12), 2.62 (1H, m, H-14a), 2.58 (1H, m, H-14b),
2.74 (1H, dd, J = 4.8, 10.2 Hz, H-15), 4.20 (1H, d, J =
11.4 Hz, H-17a), 3.65 (1H, d, J = 11.4 Hz, H-17b),
1.69 (1H, d, J = 7.2 Hz, H-18), 5.70 (1H, q, J = 7.2
Hz, H-19), 497 (1H, s, H-21) 1.47 (3H, s, H-1);
BC-NMR (150 MHz, DMSO-de) J: 137.8 (C-2), 54.2
(C-3), 39.7 (C-5), 204 (C-6), 116.8 (C-7), 127.0
(C-8), 106.5 (C-9), 118.7 (C-10), 120.5 (C-11), 111.5
(C-12), 136.1 (C-13), 26.3 (C-14), 35.8 (C-15), 69.4
(C-16), 21.0 (C-18), 126.8 (C-19), 135.1 (C-20), 73.4
(C-21), 161.6 (C-22), 19.4 (C-1"). HH 5 LR g
A—FIB), e G 7 4 latifoliamide B

&) 8: KR ETURLR A CHEZ), HR-ESI-MS
m/z: 354.126 0 [M+Na]" (CH;7N:ONa, it {H
354.126 6); '"H-NMR (600 MHz, DMSO-ds) J: 11.83
(1H, s, H-1), 4.45 (2H, m, H-5), 3.11 2H, t, J = 7.2
Hz, H-6), 7.60 (1H, d, J = 7.2 Hz, H-9), 7.09 (1H, d, J =
7.2 Hz, H-10), 7.29 (1H, t, J = 7.2 Hz, H-11), 7.47
(1H, d, J = 7.2 Hz, H-12), 7.27 (1H, s, H-14), 9.27
(1H, s, H-17), 1.55 (3H, d, J = 6.0 Hz, H-18), 5.35
(1H, q, J = 7.2 Hz, H-19), 5.56 (1H, s, 19-OH), 8.78
(1H, s, H-21); *C-NMR (150 MHz, DMSO-d;) d:
127.8 (C-2), 136.3 (C-3), 40.2 (C-5), 20.0 (C-6), 114.4
(C-7), 125.3 (C-8), 119.5 (C-9), 119.7 (C-10), 124.3
(C-11), 111.5 (C-12), 138.5 (C-13), 93.7 (C-14), 138.4
(C-15), 118.8 (C-16), 149.0 (C-17), 25.1 (C-18), 63.7
(C-19), 134.8 (C-20), 147.4 (C-21), 161.1 (C-22). #{
P 5 SCERIRIE A — Y, MU A 8 MR
(BRI IN T

A& 9: ERFH KA, HR-ESI-MS m/z: 338.1350
[M-+Na]® (CH17N3Ona, 115AH 338.135 4); 'H-
NMR (600 MHz, CD;0D) ¢: 5.02 (1H, m, H-3), 3.07
(1H, dd, J = 4.2, 12.6 Hz, H-5a), 5.16 (1H, dd, J = 4.8,
12.6 Hz, H-5b), 2.97 (1H, m, H-6a), 2.97 (1H, m,
H-6b), 7.55 (1H, d, J = 7.8 Hz, H-9), 7.12 (1H, t, J =
8.4 Hz, H-10), 7.21 (1H, dt, J = 1.2, 7.8 Hz, H-11),
7.38 (1H, d, J= 7.8 Hz, H-12), 2.87 (1H, dd, J = 12.6,
16.2 Hz, H-14a), 3.78 (1H, dd, J = 5.4, 16.2 Hz,
H-14b), 9.14 (1H, s, H-17), 5.59 (1H, d, J = 11.4 Hz,
H-18a), 5.82 (1H, d, J = 17.4 Hz, H-18b), 6.92 (1H, q,
J=7.8 Hz, H-19), 8.75 (1H, s, H-21); *C-NMR (150
MHz, CD;0D) 6: 131.3 (C-2), 51.6 (C-3), 40.2 (C-5),
21.0 (C-6), 109.2 (C-7), 125.1 (C-8), 118.5 (C-9),
120.0 (C-10), 122.5 (C-11), 111.1 (C-12), 137.5
(C-13), 31.5 (C-14), 143.2 (C-15), 126.5 (C-16), 150.2
(C-17), 120.5 (C-18), 129.9 (C-19), 131.9 (C-20),
149.1 (C-21), 165.5 (C-22). #di5 CHRRIE FEA —
U, WS E WA 9 8 3,14- AL B BRI

&Y 10: LI EH K, HR-ESI-MS m/z:
340.142 0 [M-+Na]" (C20HoN3ONa, 1151H 340.142 4);
'H-NMR (600 MHz, CD;0D) ¢: 5.01 (1H, m, H-3),
3.07 (1H, dd, J = 4.2, 12.6 Hz, H-5a), 5.16 (1H, dd,
J=4.8,12.6 Hz, H-5b), 2.97 (1H, m, H-6a), 2.97 (1H,
m, H-6b), 7.55 (1H, d, J = 7.8 Hz, H-9), 7.12 (1H, t,
J=8.4Hz H-10), 7.21 (1H, dt, J = 1.2, 7.8 Hz, H-11),
7.39 (1H, d, J = 7.8 Hz, H-12), 2.83 (1H, m, H-14a),
3.75 (1H, dd, J = 5.4, 16.2 Hz, H-14b), 9.10 (1H, s,
H-17), 1.29 (1H, t, J = 7.8 Hz, H-18a), 2.82 (1H, q, J =
7.8 Hz, H-19), 8.45 (1H, s, H-21); '3C-NMR (150
MHz, CD;0D) §: 132.3 (C-2), 51.6 (C-3), 40.1 (C-5),
21.0 (C-6), 109.1 (C-7), 126.7 (C-8), 118.5 (C-9),
120.0 (C-10), 122.3 (C-11), 111.3 (C-12), 137.5
(C-13), 31.2 (C-14), 144.2 (C-15), 125.5 (C-16), 148.2
(C-17), 14.5 (C-18), 23.3 (C-19), 136.5 (C-20), 151.1
(C-21), 164.5 (C-22). ud-5 SClRkHfoE A — 5,
W EAL AW 10 4 3,14,18,19-TU 16 ARl .

A 11: AR AR, HR-ESI-MS m/z: 563.204 7
[M+Na]® (CasH3:N,OoNa, itEH{H 563.204 4);
"H-NMR (600 MHz, DMSO-ds) 5: 10.96 (1H, s, N-H),
4.99 (1H, m, H-3), 4.80 (1H, dd, J = 6.6, 12.6 Hz,
H-5a), 2.99 (1H, J = 5.4, 12.6 Hz, H-5b), 2.82 (1H, m,
H-6a), 2.61 (1H, m, H-6b), 7.36 (1H, d, J = 7.2 Hz,
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H-9), 6.97 (1H, t, J = 7.2 Hz, H-10), 7.07 (1H, t, J =
8.4 Hz, H-11), 7.33 (1H, d, J = 8.4 Hz, H-12), 2.49
(1H, m, H-14a), 1.87 (1H, dt, J = 6.6, 14.4 Hz,
H-14b), 2.61 (1H, m, H-15), 7.22 (1H, s, H-17), 5.34
(1H, dd, J = 2.4, 17.2 Hz, H-18a), 5.31 (1H, dd, J =
2.4, 11.4 Hz, H-18b), 5.59 (1H, dt, J = 11.2, 17.4 Hz,
H-19), 2.58 (1H, m, H-20), 5.18 (1H, d, J = 2.4 Hz,
H-21), 4.50 (1H, d, J = 7.8 Hz, H-1'), 2.85 (1H, m,
H-2'), 3.08 (1H, m, H-3"), 3.02 (1H, m, H-4'), 3.38
(1H, m, H-5"), 4.22 (1H, dd, J = 2.4, 12.8 Hz, H-6'a),
4.11 (1H, dd, J = 6.6, 12.8 Hz, H-6'b), 1.99 (3H, s,
COCH3); 'BC-NMR (150 MHz, DMSO-ds) 6: 134.5
(C-2), 52.4 (C-3), 42.4 (C-5), 20.6 (C-6), 108.5 (C-7),
126.9 (C-8), 117.9 (C-9), 118.5 (C-10), 121.0 (C-11),
111.3 (C-12), 136.2 (C-13), 25.6 (C-14), 23.4 (C-15),
107.5 (C-16), 146.5 (C-17), 119.9 (C-18), 133.9
(C-19), 43.1 (C-20), 96.5 (C-21), 163.5 (C-22), 99.4
(C-1'), 72.5 (C-2'), 76.4 (C-3), 69.9 (C-4), 73.5
(C-5"), 63.4 (C-6"), 170.2, 20.8 (COCH3). ¥4 -5 SCiik
RIEFEA—FH), MEEAEY 11 8 6'- LTk
KBEACH NI .

&Y 12: AEKA, HR-ESI-MS m/z: 521.195 6
[M+Na]" (CaH30N20sNa, i+5H 1 521.196 1);
'H-NMR (600 MHz, DMSO-de) J: 10.96 (1H, s, N-H),
491 (1H, m, H-3), 5.00 (1H, dd, J = 5.4, 12.6 Hz,
H-5a), 2.89 (1H, dd, J = 5.4, 12.6 Hz, H-5b), 3.00
(1H, m, H-6a), 2.61 (1H, m, H-6b), 7.43 (1H, d, J =
8.4 Hz, H-9), 6.97 (1H, td, J= 1.2, 8.4 Hz, H-10), 7.07
(1H, td, J = 1.2, 8.4 Hz, H-11), 7.33 (1H, d, J = 8.4
Hz, H-12), 2.51 (1H, m, H-14a), 1.30 (1H, dd, J =
11.4, 13.2 Hz, H-14b), 2.73 (1H, m, H-15), 7.32 (1H,
s, H-17), 5.34 (1H, dd, J = 2.4, 17.2 Hz, H-18a), 5.17
(1H, dd, J = 2.4, 11.4 Hz, H-18b), 5.48 (1H, dt, J =
11.2, 17.4 Hz, H-19), 2.68 (1H, m, H-20), 5.41 (1H, d,
J=2.4Hz, H-21),4.52 (1H, d, J = 7.8 Hz, H-1"), 3.04
(1H, m, H-2"), 3.18 (1H, m, H-3"), 3.12 (1H, m, H-4"),
3.21 (1H, m, H-5"), 3.67 (1H, m, H-6'a), 3.44 (1H, m,
H-6'b); '3C-NMR (150 MHz, DMSO-ds) 6: 136.2
(C-2), 52.4 (C-3), 42.4 (C-5), 20.6 (C-6), 108.5 (C-7),
126.2 (C-8), 117.9 (C-9), 118.5 (C-10), 121.2 (C-11),
111.1 (C-12), 136.2 (C-13), 31.0 (C-14), 25.8 (C-15),
107.2 (C-16), 146.5 (C-17), 119.9 (C-18), 133.9
(C-19), 42.4 (C-20), 94.9 (C-21), 162.5 (C-22), 97.9

(C-1'), 73.2 (C-2'), 77.2 (C-3'), 69.9 (C-4), 76.5
(C-5"), 61.1 (C-6"). i 5 STk Fa A —51, #
KB A 12 NE BT,

A 13: A, HR-ESI-MS m/z: 521.195
6 [M—+Na]" (C6H30N20sNa, TH5HAE 521.196 1);
'H-NMR (600 MHz, DMSO-ds) 6: 11.06 (1H, s, N-H),
5.01 (1H, brd, J = 4.2 Hz, H-3), 4.79 (1H, dd, J = 5.4,
12.6 Hz, H-5a), 2.99 (1H, m, H-5b), 2.80 (1H, m,
H-6a), 2.61 (1H, m, H-6b), 7.35 (1H, d, J = 8.4 Hz,
H-9), 6.97 (1H, td, J = 0.6, 7.2 Hz, H-10), 7.07 (1H,
td, J = 1.2, 7.2 Hz, H-11), 7.33 (1H, d, J = 8.4 Hz,
H-12), 2.51 (1H, m, H-14a), 1.89 (1H, td, J= 5.4, 13.2
Hz, H-14b), 2.60 (1H, m, H-15), 7.22 (1H, d, J = 1.8
Hz, H-17), 5.34 (1H, dd, J = 1.8, 20.4 Hz, H-18a),
5.32 (1H, m, H-18b), 5.58 (1H, dt, J = 9.6, 17.4 Hz,
H-19), 2.58 (1H, m, H-20), 5.31 (1H, m, H-21), 4.91
(1H, d, J = 5.4 Hz, 2'-OH), 4.89 (1H, d, J = 5.4 Hz,
3-OH), 4.87 (1H, d, J = 5.4 Hz, 4-OH), 4.56 (1H, t,
J = 5.4 Hz, 6-OH), 4.42 (1H, d, J = 7.8 Hz, H-1"),
2.81 (1H, m, H-2"), 3.11 (1H, m, H-3"), 2.79 (1H, m,
H-4"), 3.05 (1H, m, H-5'), 3.67 (1H, m, H-6'a), 3.42
(1H, m, H-6'b); "*C-NMR (150 MHz, DMSO-ds)
134.8 (C-2), 52.7 (C-3), 42.2 (C-5), 20.6 (C-6), 108.8
(C-7), 127.2 (C-8), 117.9 (C-9), 118.5 (C-10), 121.3
(C-11), 11.3 (C-12), 135.5 (C-13), 25.7 (C-14), 23.4
(C-15), 107.8 (C-16), 146.8 (C-17), 119.9 (C-18),
133.2 (C-19), 42.8 (C-20), 96.2 (C-21), 162.8 (C-22),
98.9 (C-1'), 72.6 (C-2"), 77.2 (C-3"), 69.8 (C-4"), 76.7
(C-5"), 61.2 (C-6"). i 5 SCikHhoE Fa A —g10), #
BRAE 3 N KT B
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