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R REEE Fusarium oxysporum X RG89 R

EE, RIER, R, ZEMN, 3R, FRGE, xiEE, 2R
SRR EZ K20, U 25 2 8 TR AT O, 28 &8 230012

i E:. BM ARSI NEER Fusarium oxysporum RN, 7735 B Z P EIEZS B F. oxysporum RKEEH
HIBS IR 2. FEZE NG A AT 2 B alifl, KA AT b SISt T e . R IWEE F. oxysporum KIFTIIBEIR 2.1
R R B8 E] 23 MEAW, SAEEN QS)-THER (1), (22E,24R)-7,22-Jf-3p,50,6B-F A =FE (2). F-(S-fili
RAIR-S-ZAIR) (3 H-(L-WEE-L-FHER) (D H-(EER-FER) (5. H-(R-FHIZER-S-KHER) (6). F-(D-li-4-
BRIMAR-L-ANER) (D H-(L-R-4-FHEWER-L- AR ER) (8). H-(FEAR-TEAIR) (9. H-(L-4- -2 fL-L-
SARR) (100, FH-(L-BER-L-HER) D, H-(L-22 - HER) (12). N-G-(1H-HW-3-2) N E) OBt (13D, #5k- 3-
IR (14), 2-WRBER (15) 2-MEMS Kl (16D BafRmsnE (17). (58)-5-((4-F23E 2K L) FIE)-2, 4- Ik M — i (18)+ (38,6S)-3-(2-
THRY)-6-(1-52 2.3)-2,5-NREE 8] (19). F-(HNERR-ZEER) (20). H-(S-THERL-S-FENEARR) 21D, H-(BER-IHEiR) (22).
H-(L-FEHER-L-BRERR) (23). &t BLEaW 2. 6. 144, HAMLEVEAE IRMZER R B T2 E5 5.

KEER: APt WA Fusarium oxysporum Schlecht.; IRAEARE=; (25)-THEER; H-(S-THEER-S-KNRER)
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Secondary metabolites from endophytic fungus Fusarium oxysporum isolated
from Paeonia ostii

WANG Ju-tao, ZHANG Pei-liang, WANG Gang, WANG Guo-kai, LIU Jin-song, XU Feng-qing, LIU Hai-tao,
WU Pei-yun

Anhui Engineering Research Center of Modernized Chinese Material, School of Pharmacy, Anhui University of Chinese Medicine,
Heifei 230012, China

Abstract: Objective To study the secondary metabolites of endophytic fungus Fusarium oxysporum form Paeonia ostii. Methods
The fermentation liquor of the fungal strain F. oxysporum were isolated and purified using various chromatographic methods. The
structures of the compounds were identified by spectrum analysis. Results Twenty-three compounds were isolated from the fungal
and their structures were identified as (2S)-proline (1), (22E,24R)-ergosta-7,22-diene-3p,5a,6 B -triol (2), cyclo-(S-Pro-S-Leu) (3),
cyclo-(L-Ala-L-Pro) (4), cyclo-(Val-Pro) (5), cyclo-(R-Pro-S-Phe) (6), cyclo-(D-cis-Hyp-L-Phe) (7), cyclo-(¢rans-4-hydroxy-
L-Pro-L-Phe) (8), cyclo-(Gla-Tyr) (9), cyclo-(¢trans-4-hydroxy-L-Pro-L-Leu) (10), L,L-cyclo-(Trp-Pro) (11), cyclo-(L-Leu-Gly) (12),
N-(3-(1H-indol-3-yl)propyl)acetamide (13), indole-3-acetic acid (14), 2-piperidone (15), 2-pyrrolidinone (16), thymidine (17),
(55)-5-[(4-hydroxyphenyl)methyl]-2,4-imidazolidinedione (18), (35,6S5)-3-(butan-2-yl1)-6-(1-hydroxyethyl) piperazine-2,5-dione (19),
cyclo-(Ala-Leu) (20), cyclo-(S-Pro-S-Phe) (21), cyclo-(Tyr-Pro) (22), and cyclo-(L-Phe-L-Tyr) (23). Conclusion With the
exception of compounds 2, 6, and 14, the other compounds are isolated from the fermentation liquor of the fungal strain F
oxysporum for the first time.
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UEAESRAT St Fe RN, A BB I A A
Yyrbm A 2 MnE T, BRI BEE - B
T N A LR AR AR b B S AL 5
RN 1 AT SRS . Y Paeonia ostii T. Hong
et J. X. Zhang F7 T2 BUARS . RARAFHE, R Dy A
A, BFHIZ, HMREXHRRSTE, gty
TR AN CEARIIO 516 (5738 IR F=Z5)
HA] CEAD FHRRA LB TR 21

A S5 £E H RGP A A EL T 2 AR ST RR A
1 BRI WA B R Fusarium oxysporum
Schlecht., X HIEAT A MIWETE, MIZF R
KRR EIBATR B AR by A3 5 23 A Ffk
WE, HRI%EEN 2S)-IHEAR [(2S)-proline, 1]
(22E,24R)-7,22- — J# -3B,50,6B- % fii = B [(22E,
24R)-ergosta-7,22-diene-3B,5a,6B-triol, 2]+ H-(S-fifi
RAIR-S-5AMR) [cyclo-(S-Pro-S-Leu), 3]+ ¥-(L-
RAIR-L-AR) [cyclo-(L-Ala-L-Pro), 4]. ¥-(%i
FR-FH 2 IR) [cyclo-(Val-Pro), 5]+ -(R-FER-S-7
& MR) [cyclo-(R-Pro-S-Phe), 6]. ¥-(D-)ifi-4-¥23%E
FH 2 R -L- 25 & #R) [cyclo-(D-cis-Hyp-L-Phe), 7]
(- -4-F2 B 2 B8 -L- R N 2 ) [cyclo-(trans-
4-hydroxy-L-Pro-L-Phe), 8]. ¥ -(% & M-I & FR)
[cyclo-(Gla-Tyr), 9] ¥-(L-4-J2-F2 3k il B2-L-7 2
R) [cyclo-(trans-4-hydroxy-L-Pro-L-Leu), 10]. ¥5-(L-
R FR-L-I &) [L,L-cyclo-(Trp-Pro), 11]. ¥£-(L-
FRAR-HAR) [cyclo-(L-Leu-Gly), 12]. N-(3-(1H-
U UR-3-3E) P 5E) ZUkIE [N-(3-(1 Heindol-3-yl)propyl)
acetamide, 13]. Mj|WE-3-ZE (indole-3-acetic acid,
14). 2-WRBERHH (2-piperidone, 15). 2-MEAE R (2-
pyrrolidinone, 16} i F%IE (thymidine, 17 (55)-5-
[(4- ¥2 FE 26 L) B 3L 1-2.4- Kk M 2 — Wil ( (58)-5-
[(4-hydroxyphenyl)methyl]-2,4-imidazolidinedione ,
18). (35,65)-3-(2- T #&)-6-(1-52 £ 3E)-2,5-Wk % — 1
[(3S,6S)-3-(butan-2-yl)-6-(1-hydroxyethyl) piperazine-
2,5-dione, 19]. F#-(HAR-=ZIR) [cyclo-(Ala-Leu),
20]. H~(S-FHZ R -S- K N A R) [cyclo-(S-Pro-S-Phe),
21]. H-(FEEIR-IHEIR) [cyclo-(Tyr-Pro), 22]. -
(L-FEHER-L-B 2 R) [cyclo-(L-Phe-L-Tyr), 23].
RIS 2. 6. 14 4, HARUEWIHNE KNZ
TR R B ) B A 3
1 MEE5NEE
11w

WRIAR T B TR B I RPHR B, ol i AR A

TREGRAF AT 5w, SILFM T3 G5
%€ N Fusarium oxysporum ( GenBank: KT271765.1),
DARAF T RBP4 R E RN F A=
1.2 435

NMR M Bruker AV III-600. DRX-500 (%
AV-400 BUZ LRGN E , DY EAElE (TMS) N
MR, WFARLFE LL § IR FF LIAH R Ak A2 0 e
NZHR; ik Waters Auto Premier P776 Jfi % {X
Agilent G 6230AA TOF LC/MS Jfi {84 Agilent
UPLC/Q-TOF Jig it i & A Il 5& ;73 #fr ¢ HPLC
Agilent 1100 B (£ 45 G1322A AL <HL. G1311A
PUasE. G1329A HBHEFESE. G1316A HHIRAH.
GI315ADAD Hrill#8), i i H: o Agilent
Zorbax SB-Cig # (150 mm X 4.6 mm, 5pum); il
A HPLC A Agilent 1260 & ({345 G1322A 7E2 /i
SHLLG1311C PUTGEE .G1329B H AT kERS . G1314F
KIS, 2 B EHEH N Agilent Zorbax SB-C g #:
(150 mm X 9.4 mm, 5um); K G (200~300 H)
A1 GF254TLV Pl e iR b 75 S e T AR 7
Sephadex LH-20 Hi%ii#t Amersham Biosciences /A ]
A= RTINS A N4> HT 4l
2 FHE
2.1 HEHREIARE2
211 WAMEES IR T RIS IR A N A
MR PDA R9idteh, AR
SPARE, EHETELZH 6 mm FTFLAHTIL, & H.
2,12 RAEREWIRH &S PRI E &G FREN
K, INZEMEKE S0 L, JRE), 43%EE 500 mL BEES
A, B, KB 20 min. AEHIEER, R
JE B A EIRIRG TR, 150 r/min. 28 CHEFE.
15d JGEUH, 43 B 2R R T . B 2248 95%
CTERBFE RN 30 min, PREGHIRAE 2R, &7
ZRIERF, IIBSER CBRAEE, 0% RIS 14312
B (26g),
22 EERESEH

HORE 26 g, ZRERAEEGE, DU - IREG S
Ve (20 1 1—1: 1) 437 M4k Fr. A~G. Fr. C&
Sephadex LH-20 (MeOH) 5%l Fr. C; f1 Cy, Fr. G4
TR AR s, DU E-TI R (8 1 1) BEBLEE] 3 4
Fr. Cpy~Cy3, Fr. Co, &Ml MAHELE, 45 (A -
K (B) BEFEBENL (15%~35% A, 30 min, 2 mL/min)
ABEULE 13 (7.1 mg) F114 (1.6 mg). Fr. C3 %4
IR ERE, 28 (A) ~7K (B) BEREEERL (10%~
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30%A, 30min, 2mL/min) f3ELEYI6 (6.6 mg).

Fr. D &ERAE S, DUATMEE-PIEE (401D
Velifg#) 3 MRS Fr. Dy ~Ds, Fr. D, 61400
i, O (A K (B) BRFEBEME (5%~25% A,
30 min, 2 mL/min) f521{LE4) 17 (5.6 mg). 9 (6.3
mg) 111 (5.8 mg). Fr. D; &l &WAHLNE (A -
K (B) BEEEVERL (5%~25% A, 30 min, 2 mL/min)
BEILEY 21 (8.5 mg). 22 (4.0mg). 7 (5.8 mg)
8 (15.5mg).

Fr. F &l & MAHEE, 28 (A K (B) B
FEVERL (5%~25% A, 30 min, 2 mL/min) 534k
EW15 (16.4 mg). 16 (6.4 mg). 1 (4.6 mg). 4
(38.3mg) 110 (13.3mg).

Fr. G %4 Sephadex LH-20 (MeOH) #4334
WY Fr. Gi~Gy, Fr. G, &ill&iAEEE, 8 (A -
K (B BEEEBER (5%~25% A, 30 min, 2 mL/min)
BEUEY 2 (4.8 mg). 18 (2.6 mg)+ 19 (1.1 mg)-
20 (1.1 mg) 123 (2.3 mg). Fr. Gs &M%
i (A K (B) BEEESENL (5%~25% A, 30 min,
2 mL/min) 3EMLEY 3 (1.6 mg). 5 (7.9 mg) Al
12 (2.7 mg).

3 HmEE

&Y 1: AR K ESI-MS m/z: 116 [M+H]';
'H-NMR (400 MHz, CD;0D) : 4.34 (1H, t, J = 7.9
Hz, H-2), 3.50 (2H, dt, J = 9.6, 5.2 Hz, H-5), 2.29
(1H, m, H-3a), 2.13~2.03 (1H, m, H-3b), 2.03~1.90
(2H, m, H-4); “C-NMR (125 MHz, CD;0D) J: 168.6
(C-1), 61.7 (C-2), 46.2 (C-5), 28.7 (C-3), 24.2 (C-4).
DL HdE S ikfig A -5, s a1
N QS)-THE -

& 2: AR K. ESI-MS m/z: 453 [M+
Na]"; 'H-NMR (500 MHz, CD;0D) ¢: 5.27 (1H, m,
H-7), 5.19 (2H, m, H-22, 23), 3.97 (1H, m, H-3), 3.54
(1H, m, H-6), 1.05 (3H, s, H-19), 1.02 (3H, d, J= 6.6
Hz, H-21),0.91 3H, d, J = 6.9 Hz, H-26), 0.84 (3H, d,
J=6.8 Hz, H-27), 0.82 (3H, d, J = 6.8 Hz, H-28), 0.62
(3H, s, H-18); *C-NMR (125 MHz, CD;0D) J: 143.7
(C-8), 136.7 (C-22), 132.9 (C-23), 118.7 (C-7), 76.8
(C-5), 73.9 (C-6), 68.2 (C-3), 57.1 (C-17), 55.7
(C-14), 44.5 (C-13), 44.0 (C-9), 44.0 (C-24), 41.5
(C-20), 40.4 (C-13), 40.1 (C-12), 37.9 (C-10), 34.1
(C-25), 33.7 (C-2), 31.4 (C-1), 29.0 (C-16), 23.8
(C-15), 22.8 (C-11), 21.7 (C-21), 20.5 (C-27), 20.1

(C-26), 18.9 (C-19), 18.2 (C-28), 12.8 (C-18). LA %k
oS R E R A Y, WA 2 A
(22E,24R)-7,22-—J7-3P,50,6B-7% 1 = .

&) 3: AR K. ESI-MS m/z: 233 [M+
Na]"; 'H-NMR (400 MHz, CD;0D) §: 4.10 (1H, t, J =
8.0 Hz, H-6), 4.23 (1H, m, H-9), 3.48 (2H, m, H-3),
2.27 (1H, m, H-5a), 1.98 (1H, m, H-5b), 1.96 (2H, m,
H-4a, 10a), 1.86 (2H, m, H-4b, 10b), 1.50 (1H, m,
H-11), 0.92 (6H, m, H-12, 13); "*C-NMR (150 MHz,
CD;0D) d: 172.9 (C-1), 168.9 (C-7), 60.3 (C-6), 54.6
(C-9), 46.5 (C-3), 39.3 (C-10), 29.0 (C-5), 25.7
(C-11), 23.6 (C-12), 23.3 (C-4), 22.2 (C-13), LA_L-%¢
a5 ik A — 5, M A 3 ER-(S-
R -S- T R R) »

&) 4: R K ESI-MS m/z: 169 [M+H]
'H-NMR (400 MHz, CD;0D) 6: 4.26 (1H, m, H-6),
4.19 (1H, m, H-3), 3.52 (2H, dd, J = 8.2, 4.1 Hz, H-9),
2.30 (1H, m, H-7b), 2.12~1.68 (3H, m, H-7a, 8), 1.38
(3H, d, J = 6.9 Hz, H-10); C-NMR (125 MHz,
CD;0D) 8: 172.7 (C-5), 169.1 (C-2), 60.5 (C-6), 52.3
(C-3), 46.5 (C-9), 29.3 (C-7), 23.7 (C-8), 15.8 (C-10).
DL ek A -, M et A 4
NH-(L-TH AR -L-THEIR) »

W& 5: AR . EI-MS m/z: 196 [M]"; 'H-
NMR (400 MHz, CDCl3) 8: 6.86 (1H, brs, H-8), 4.08
(1H, dd, J = 10.0, 6.4 Hz, H-6), 3.83~3.61 (2H, m,
H-5), 3.51 (1H, m, H-9), 2.50~2.14 (2H, m, H-3),
2.12~1.69 (2H, m, H-4), 1.03 3H, d, J = 6.9 Hz,
H-11), 0.98 3H, d, J= 6.8 Hz, H-12); "*C-NMR (125
MHz, CDCly) 8: 169.7 (C-1), 165.5 (C-7), 63.6 (C-9),
58.4 (C-6), 45.7 (C-3), 33.3 (C-10), 29.5 (C-5), 22.1
(C-4), 19.1 (C-11), 17.7 (C-12). LA -5 5 kR s
HA—-F, WEENEY 5 N-(R-THRR-S-
HEIR).

&Y 6: A K. ESI-MS m/z: 267 [M+
Na]"; "H-NMR (400 MHz, CDCl;) 6: 7.38~7.14 (5H,
m, H-2'~6'), 6.46 (1H, s, H-8), 4.22 (1H, m, H-9),
3.76~3.26 (2H, m, H-3), 3.23~3.03 (2H, m, H-10),
2.93 (1H, dd, J = 10.5, 6.5 Hz, H-6), 2.26~1.89 (2H,
m, H-4), 1.86~1.60 (2H, m, H-5); *C-NMR (150
MHz, CDCly) 6: 169.4 (C-7), 164.9 (C-1), 135.3
(C-1"), 130.0 (C-2'), 128.8 (C-3'), 127.6 (C-4'), 59.1
(C-9), 57.8 (C-6), 45.2 (C-3), 40.6 (C-10), 29.0 (C-5),
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21.8 (C-4). VA FHdE 5 ik s A — 8", i
SEEY 6 NI-(R-IHER-S-K N EIR) -

&Y 1. Atk AR . EI-MS m/z: 260 [M]"; 'H-
NMR (400 MHz, CD;OD) &: 7.30~7.19 (5H, m,
H-12~16), 423 (2H, m, H-3, 8), 3.60 (1H, dd, J =
12.4, 3.9 Hz, H-9a), 3.27 (1H, m, H-9b), 3.19 (1H, dd,
J =13.7, 5.1 Hz, H-10a), 3.00 (1H, dd, J = 13.7, 4.7
Hz, H-10b), 2.79 (1H, t, J = 8.5 Hz, H-6), 2.23 (1H,
m, H-7a), 1.91 (1H, m, H-7b); "*C-NMR (100 MHz,
CD;0D) &: 171.1 (C-5), 167.8 (C-2), 136.9 (C-11),
131.3 (C-12, 16), 129.8 (C-13, 15), 128.6 (C-14), 68.6
(C-8), 59.7 (C-3), 57.3 (C-6), 54.1 (C-9), 41.0 (C-10),
38.1 (C-7)o VA_EXHR 5 Scikfas 3 A — 5", s
SEAE T NH-(D-IR-Z IR FR-L-2K R IR) -

& 8: AR A . EI-MS m/z: 260 [M]"; 'H-
NMR (400 MHz, CD;OD) &: 7.29~7.23 (5H, m,
H-2'~6"), 4.49 (1H, m, H-2), 4.37 (1H, m, H-8), 4.28
(1H, t, J = 4.9 Hz, H-4), 3.71 (1H, dd, J = 13.0, 5.1
Hz, H-3b), 3.28 (1H, d, J = 13.0 Hz, H-3a), 3.17 (2H,
dd, J =33, 5.2 Hz, H-10), 2.07 (1H, dd, J = 13.0,
6.0 Hz, H-5a), 1.37 (1H, m, H-5b); "*C-NMR (150
MHz, CD;OD) &: 171.3 (C-1), 167.2 (C-7), 137.5
(C-17), 131.1 (C-2, 6), 129.6 (C-3', 5"), 128.2 (C-4"),
68.6 (C-4), 58.4 (C-2), 57.7 (C-8), 55.3 (C-5), 39.0
(C-10), 38.1 (C-3). LA 3t 5 ki s A —5,
MU SEALEY) 8 NI -(L- S -4- 32 L & R -L- 2K T
L)

&Y 9: AR A, ESI-MS m/z: 243 [M+
Na]™; 'H-NMR (400 MHz, CDCls) 8: 7.02 (2H, d, J =
8.5 Hz, H-2', 6), 6.72 (2H, d, J = 8.5 Hz, H-3', 5'),
4.16 (1H, t, J = 4.2 Hz, H-6), 3.42~3.15 (2H, m,
H-7), 2.88~2.66 (2H, m, H-3); "*C-NMR (150 MHz,
DMSO-d) &: 167.4 (C-4), 165.7 (C-1), 156.3 (C-4"),
131.1 (C-2', 6), 125.7 (C-1"), 115.0 (C-3', 5'), 55.8
(C-6), 43.7 (C-3), 38.2 (C-7). LA L Hdi 5 SCHliR R IE 5
A5, WA A 9 N -(BRRIR- TR IR) -

&Y 10: AR A, EL-MS m/z: 226 [M];
'H-NMR (400 MHz, CD;0D) &: 4.52 (2H, m, H-6, 8),
4.26~4.04 (1H, m, H-3), 3.66 (1H, dd, J = 12.8, 4.7
Hz, H-9a), 3.44 (1H, d, J = 12.8 Hz, H-9b), 2.28 (1H,
dd, J = 13.3, 6.5 Hz, H-7a), 2.09 (1H, m, H-7b),
1.95~1.77 (2H, m, H-10), 1.65~1.33 (1H, m, H-11),
0.96 (6H, m, H-12, 13); "“C-NMR (125 MHz,

CD;0D) d: 173.2 (C-2), 169.1 (C-5), 69.2 (C-6), 58.8
(C-3), 55.3 (C-9), 54.7 (C-8), 39.4 (C-10), 38.2 (C-7),
25.9 (C-11), 23.4 (C-12),22.3 (C-13). DL EHHE S
RikTROE S A — M, s et A 10 AFR-(L-4-J%-
PR ER-L- AR -

WEP11: TRy, ESI-MS m/z: 306 [M+
Na]"; '"H-NMR (400 MHz, CDCls) &: 8.34 (1H, s,
H-1), 7.59 (1H, d, J = 7.9 Hz, H-5), 7.39 (1H, d, J =
8.1 Hz, H-8), 7.23 (1H, t, J = 7.6 Hz, H-2), 7.14 (1H,
t,J=7.5 Hz, H-7), 7.09 (1H, d, J = 2.3 Hz, H-6), 5.77
(1H, s, H-12), 437 (1H, dd, J = 11.1, 3.7 Hz, H-11),
4.07 (1H, t, J = 8.0 Hz, H-14), 3.76 (1H, dd, J = 15.1,
3.8 Hz, H-10), 3.70~3.54 (2H, m, H-17), 2.97 (1H,
dd, J = 15.1, 10.8 Hz, H-10), 2.32 (1H, dt, J = 12.6,
7.1 Hz, H-19a), 2.08~1.96 (2H, m, H-18), 1.91 (1H,
ddd, J = 12.6, 8.8, 4.6 Hz, H-19b); "*C-NMR (125
MHz, CDCLy) d: 169.5 (C-16), 165.7 (C-13), 136.8
(C-9), 126.8 (C-4), 123.5 (C-2), 122.8 (C-7), 120.1
(C-6), 118.6 (C-5), 111.7 (C-8), 110.0 (C-3), 59.4
(C-14), 54.7 (C-11), 45.6 (C-17), 28.4 (C-10), 27.0
(C-19), 22.7 (C-18). VA F3dfs 5 ik s A — 5,
WS e A 11 ALV BR-L- IR -

& 12: A K. ESI-MS m/z: 171 [M+
H]"; "H-NMR (400 MHz, CD;0D) 8: 4.01 (1H, d, J =
17.8 Hz, H-6a), 3.90 (1H, m, H-3), 3.83 (1H, d, J =
17.8 Hz, H-6b), 1.83 (1H, m, H-8), 1.68 (2H, m, H-7),
0.97 (6H, t, J = 7.0 Hz, H-9, 10); *C-NMR (125 MHz,
CD;0D) d: 171.7 (C-2), 169.0 (C-5), 54.9 (C-3), 45.4
(C-6), 43.9 (C-7), 25.4 (C-8), 23.5 (C-9), 22.2 (C-10).
DL $odie 5 scmk s S A -3, M et A 12
NH-(L- AR - H AR

WEM13: LEMIRY . ESI-MS m/z: 217 [M+
H]": '"H NMR (400 MHz, CDCl;) 6: 8.04 (1H, s, H-1),
7.61 (1H, d, J=7.8 Hz, H-3), 7.39 (1H, d, /= 8.1 Hz,
H-6), 7.22 (1H, t, J= 7.5 Hz, H-4), 7.14 (1H, t, J= 7.4
Hz, H-5), 7.05 (1H, s, H-9), 5.49 (1H, s, H-13), 3.61
(2H, q, J = 6.5 Hz, H-12), 2.98 (2H, t, J = 6.7 Hz,
H-10), 1.92 (3H, s, H-15), 0.86 (2H, m, H-11); “C-
NMR (150 MHz, CDCl3) 8: 170.2 (C-14), 136.3 (C-9),
127.5 (C-4), 122.4 (C-8), 122.1 (C-5), 119.7 (C-7),
118.9 (C-6), 113.2 (C-3), 111.4 (C-2), 39.9 (C-12),
29.9 (C-10), 25.4 (C-11), 23.6 (C-15). LA ¥l 53¢
pAIRIE A Y, WA 13 N N-(3-(1H-
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&Y 14: LEOMRY) . ESI-MS m/z: 174 [M—
H]"; 'H-NMR (400 MHz, CD;0D) 8: 7.55 (1H, d, J =
7.9 Hz, H-4), 7.35 (1H, d, J = 8.1 Hz, H-7), 7.19 (1H,
s, H-2), 7.11 (1H, t, J = 7.5 Hz, H-6), 7.02 (1H, t, J =
7.5 Hz, H-5), 3.66 (2H, s, H-10); *C-NMR (125 MHz,
CD;0D) 8:174.5 (C-11), 136.4 (C-8), 127.3 (C-9),
123.3 (C-2), 121.8 (C-6), 120.0 (C-5), 119.1 (C-4), 111.3
(C-7), 107.8 (C-3), 32.1 (C-10). LA E#¥E 5 CikdkiE
AR, B E ) 14 J905|-3- 21

& 15: LMY .. EL-MS m/z: 99 [M]';
'H-NMR (400 MHz, CDCl;) §: 6.82 (1H, brs, H-1),
327 (2H, q, J = 4.9, 3.7 Hz, H-6), 2.31 (2H, t, J= 6.3
Hz, H-3), 1.94~1.41 (4H, m, H-4, 5); "*C-NMR (100
MHz, CDCls) d: 172.7 (C-2), 42.3 (C-6), 31.6 (C-3),
22.3 (C-5), 20.9 (C-4). LA LHdls 5 CHR IR TG F A —
P, WM A 15 2-WRIER .

&Y 16: TEOHARYI . ESI-MS m/z: 85 [M]';
'H-NMR (400 MHz, CDCl;) d: 6.28 (1H, brs, H-1),
3.40 (2H, t, J = 6.9 Hz, H-5), 2.29 (2H, t, J = 8.1 Hz,
H-3), 2.20~2.06 (2H, m, H-4); "*C-NMR (150 MHz,
CDClLy): d: 179.3 (C-2), 42.3 (C-5), 30.1 (C-3), 21.0
(C-4)o VA EHH 5 ki 3 A — 8, et
EW 16 2 2-ME RS J5E R o

&Y 17: AEK K. ESI-MS m/z: 127 [M+
H]": '"H-NMR (400 MHz, DMSO-ds) J: 10.94 (2H,
brs, 1, 3-NH), 7.24 (1H, s, H-6), 1.72 (3H, s, H-7);
BC-NMR (125 MHz, DMSO-d;) J: 165.1 (C-4), 151.3
(C-2), 137.6 (C-6), 107.5 (C-5), 11.6 (C-7). LA L%ids
SRR A 5, s A 17 el
WANE .

th&918: AN K. ESI-MS: m/z 207 [M+
H]"; '"H-NMR (400 MHz, CD;0D) &: 7.03 (2H, d, J =
8.4 Hz, H-3, 3'), 6.70 (1H, d, J= 8.4 Hz, H-2, 2"), 4.29
(1H, t, J = 5.0 Hz, H-6), 2.96 (2H, m, H-5); "*C-NMR
(125 MHz, CD;0D) §: 177.6 (C-7), 159.8 (C-4), 157.5
(C-8), 131.9 (C-2, 2, 127.1 (C-1), 116.2 (C-3, 3),
61.1 (C-6), 37.2 (C-5). VA FHdl 5 CkifkE A —
FP, WUEEE 18 9 (58)-5-[(4-FRFE R H
F£1-2,4- e b — i .

th&W19: AMK K. ESI-MS m/z: 237 [M+
Na]"; 'H-NMR (400 MHz, CD;0D) ¢: 4.17 (1H, m,
H-11), 3.78 (1H, m, H-3), 3.55 (1H, m, H-6), 2.11~

1.95 (1H, m, H-7), 1.69~1.46 (2H, m, H-8), 1.26 (3H,
d, J = 6.6 Hz, H-12), 1.04 (3H, d, J = 7.0 Hz, H-10),
0.92 (3H, t, J = 7.4 Hz, H-9); "C-NMR (125 MHz,
CD;0D) d: 170.3 (C-2), 169.4 (C-5), 68.9 (C-11), 61.9
(C-6), 61.0 (C-3), 40.8 (C-7), 26.0 (C-8), 20.1 (C-12),
15.9 (C-10), 12.0 (C-9). LA 20 HE 5 SRR A —
Y, O E LAY 19 4 (35,68)-3-(2- T H)-6-(1-
¥ 2.35)-2,5-WRE i .

59 20: AHERA. ESI-MS m/z: 185 [M+
H]"; 'H-NMR (400 MHz, CDCl;) d: 4.01 (1H, m,
H-3), 3.92 (1H, dd, J= 9.5, 3.4 Hz, H-6), 1.78 (2H, m,
H-8), 1.59 (1H, t, J = 9.2 Hz, H-9), 1.46 (3H, d, J =
7.0 Hz, H-7), 0.93 (6H, dd, J = 14.0, 5.9 Hz, H-10,
11); “C-NMR (100 MHz, CDCl;) &: 169.4 (C-2),
169.1 (C-5), 53.4 (C-6), 50.8 (C-3), 43.2 (C-8), 24.3
(C-9), 23.3 (C-10), 21.2 (C-11), 20.3 (C-7). LA -%¥
5k g A — MY, s e A 20 AR
RIR-FATR)

&Y 21: LEHRYI. ESI-MS m/z: 267 [M+
Na]"; 'H NMR (400 MHz, CDCl3) d: 7.46~7.03 (5H,
m, H-2'~6"), 5.73 (1H, s, H-8), 4.27 (1H, dd, J = 10.6,
3.9 Hz, H-9), 4.07 (1H, t, J = 7.9 Hz, H-6), 3.64~3.57
(2H, m, H-3), 3.71~3.34 (1H, m, H-10a), 2.79 (1H,
dd, J = 14.5, 10.4 Hz, H-10b), 2.32 (1H, dt, J = 13.4,
4.6 Hz, H-5a), 2.05~1.97 (1H, m, H-5b), 1.97~1.83
(2H, m, H-4); "C-NMR (150 MHz, CDCl3) &: 169.6
(C-7), 165.2 (C-1), 136.0 (C-1"), 130.0 (C-2"), 129.0
(C-3"), 127.7 (C-4), 59.3 (C-9), 56.3 (C-6), 45.6
(C-3), 36.9 (C-10), 28.5 (C-5), 22.7 (C-4). LA L%k
SRR IE I A -3, W e A 21 RS-
TR R-S- RN R) «

&9 22: AR A, ESI-MS m/z: 283 [M+
Na]"; "H-NMR (400 MHz, CDCl;) d: 7.08 (2H, d, J =
8.1 Hz, H-5, 9"), 6.80 (2H, d, J = 8.4 Hz, H-¢', -8),
5.66 (1H, s, N-H), 4.21 (1H, dd, J = 10.8, 3.9 Hz,
H-2'), 4.08 (1H, t, J = 7.9 Hz, H-2), 3.60 (2H, t, H-5),
3.55-3.41 (1H, m, H-3), 2.74 (1H, dd, J = 14.6, 10.4
Hz, H-3'), 2.34 (1H, m, H-3a), 2.07~1.97 (1H, m,
H-3b), 1.97~1.85 (2H, m, H-4); *C-NMR (150 MHz,
CDCl3) d: 169.6 (C-1), 165.3 (C-1'), 155.4 (C-7"),
130.5 (C-5', 9'), 127.6 (C-4"), 116.3 (C-6, 8'), 59.3
(C-2), 56.3 (C-2'), 45.6 (C-5), 36.0 (C-3'), 28.5 (C-3),
227 (C-4). GEEHFCHIRIEY, Mt adW
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b &4 23: HEK K. ESI-MS m/z: 333 [M+
Na]; 'H-NMR (400 MHz, CD;OD) §: 7.24~7.15
(3H, m, H-3"~5"), 7.14 (2H, dd, J = 7.2, 2.4 Hz,
H-2", 6"), 7.01~6.81 (2H, m, H-2', 6'), 6.73~6.59
(2H, m, H-3', 5"), 3.55~3.37 (1H, m, H-6), 3.05 (1H,
m, H-3), 2.85 (2H, dd, J = 13.9, 4.7 Hz, H-6a), 2.75
(2H, dd, J = 14.0, 4.6 Hz, H-3a); BC-NMR (100
MHz, CD;OD) &: 170.0 (C-2), 169.8 (C-5), 158.0
(C-4"), 136.6 (C-1"), 132.5 (C-2", 6"), 131.1 (C-3",
5", 129.6 (C-2', 6"), 126.9 (C-1',4"), 116.2 (C-3", 5"),
57.0 (C-6), 56.5 (C-3), 39.6 (C-3a), 39.2 (C-6a). %
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