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Two new nitrogen-containing compounds from Polygonatum cyrtonema
processed by nine-times steaming and sun-drying
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Abstract: Objective To systematically investigate the chemical constituents of 70% acetone extract of Polygonatum cyrtonema
processed by nine cycles of steaming and sun-drying. Method Compounds were isolated and purified by MCI gel, silica gel,
Toyopearl HW-40C, ODS and semi-preparative HPLC. Their chemical structures were comprehensively elucidated by spectroscopic
methods, such as HRESIMS, NMR, IR, UV and ECD. Results A total of 14 nitrogen-containing compounds were finally isolated and
identified as 6-[(8R,95)-8,9,10-trihydroxybutyl]-3,4-dimethylpyridazine (1), 6-ethyl-3-(hydroxymethyl)-1H-pyridin-2-one (2), (+)-
(1R,3R)-1-methyl-1,2,3 4-tetrahydro-p-carboline-3-carboxylic acid (3), 1H-indole-3-carboxaldehyde (4), cyclo-(L-Leu-L-Phe) (5),
cyclo-(L-Phe-L-Ile) (6), cyclo-(L-Asn-L-Phe) (7), (3S5,65)-3-benzyl-6-(1-hydroxyethyl)-2,5-piperazinedione (8), cyclo-(D-Phe-Gly)
9), cyclo-(L-Tyr-L-Tyr) (10), cyclo-(L-Val-L-Tyr) (11), pedatisectine L (12), cyclo-(Ala-Tyr) (13), and (285,55)-5-[(15)-1-
methylpropyl]-3,6-dioxo-2-piperazinepropanoic acid (14). Conclusion Compounds 1 and 2 were characterized as two new
compounds named cyrtoneine J and cyrtoneine K, while compounds 3 and 5—14 were isolated from the genus Polygonatum for the
first time.
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W B AT T 22 S rb AR B, 0 LM i ) 2R G
WA B W FEARRS B, 9 T 45 BOR AR i 5
BT FE A ES, AT FEN U728 TUI 2 A6 TR 70% A
A SEBEAT R 2 BT, A5 14 4
ERBWEY, 3EEN 6-[(8R.95)-8,9,10-=F%
BT 134 O Rk (6-[(8R,95)-8,9,10-
trihydroxybutyl]-3,4-dimethylpyridazine, 1), 6-Z.3%-3-
¥4 FH L1 H-IEIE2-  [6-ethyl-3-(hydroxymethyl)-1H-
pyridin-2-one , 2]. (+ )-(1R,3R)-1-methyl-1,2,3,4-
tetrahydro-B-carboline-3-carboxylic acid (3). 3-Mj|Wk
F % (1H-indole-3-carboxaldehyde, 4). 3 (L-52 %
& -L- P & 82) [cyclo-(L-Leu-L-Phe), 5]« ¥R (L-H A
HAWB-L-7 75 W2 [cyclo-(L-Phe-L-Tle), 6]+ FR(R%
P iz - 25 & R [cyclo-(L-Asn-L-Phe), 7]- (35,6S)-3-
W -6-(1-F8 £ 5£)-2,5-WR % i [(3S5,65)-3-benzyl-
6-(1-hydroxyethyl)-2,5-piperazinedione, 8], ¥4 (D-
RN-H) K [cyclo-(D-Phe-Gly), 9] FR(H&-F#)
K [eyclo-(L-Tyr-L-Tyr), 10]. ¥ (L-%-L-F%) —Jk
[cyclo-(L-Val-L-Tyr), 11]. pedatisectine L (12). £
(H-B%) Bk [cyclo (Ala-Tyr), 13]. (25,55)-5-[(1S)-1-
methylpropyl]-3,6-dioxo-2-piperazine propanoic acid
(14). A, &Y 1R 2 B e, 45l 4
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Bruker AVANCE I11 500 A% i L4RAX (f A
E 7 /~F]); Bruker maxis HD B AT HS (] JFi it ({2
¥ 41 5. A s Thermo EVO300 B4 4h 6 FE
THRVRAMEIES . Thermo NicoletIS 10 & AR
2L AN (S5 Thermo Scientific 24 F]); Applied
Photophysics ChirascanqCD [5#] — i 4% (3 [H

Applied Photophysics A F]); Hi#t LC-20T A4
AR B CH A B EEA ] COSMOSIL 5Ci5-MS-
e iEHE (250 mmX 10 mm, 5um; HZA Tesque 2
#]); Symmetry Cis (250 mmX4.6 mm, 5pm,; %
/R =% Waters /A ] ); Toyopearl HW-40C( H A TOSOH
AN AEIERER (100~200. 200~300 H, #
SyEPEALT) ); Cis ODS (YMC A#]D; MCI gel
CHP-20 (HA=ZEMEATD; HEE. Ol (il
aff, REE TR THRAFD. abraiati R
R FREM THRARD, ZHIETM (R
WAEMBHEARAFD, ARG (i, —H AR
WO ¥R Bl s R AR AR TR A 7 A

S8 L 28 L 22 26 5K 250 |R A 3 8 )
AR AT T 2024 F 5 HRM4 (S
E230701), F BB Hi 1o il 24 A A PR A w22 6
FAGMEEZEY N Z WK P cyrtonema
Hua., ZM s AR 0RA7 T R HP I 24 K 2 24 2 B o
2SI
2 RESSE

S ZAETERS 40 kg, R 70% 5 /KA HA
LRI 2 Ik, B IFPRIOR, R RS E S
BE (14.24kg), IR E /K HUS 2 Diaion HP-
20 KLU B AR Fi AR €, AR IRAE A K K2 10% -
20%- 30%- 50% L BEHATRE BB, AR IKAT B &
AN EBAL .

10%ZBEHAL (162.21 g) 22 MCI KEtAil, fi
FFEE-7K (0~100%) FEATHEEEBEML, TLC filé
FAHER S, 133 7 M4 5> PR-10-1~PR-10-
7. PR-10-2 (26.7 g) L Toyopearl HW-40C #¥:, fifi
FHEE-7K (10%~100%) #FEHEL, TLC fril &
FHFEL Sy, £33 5 N4> PR-10-2-1~PR-10-2-5.
PR-10-2-2 (1.17g) - ODS #:, i HEE-/K (30%—
100%) BEEESERL, TLC MRA A E 4, 5314
6 #4153 PR-10-2-2-1~PR-10-2-2-6 . PR-10-2-2-3 £ Ik
2221 2 TR 2 B AliAk, B AR 9 F 7K (26 74,
AR 3 mL/min; KK 210 254 nm), 153
&)1 (49.97 mg, r=34.5min). PR-10-2-2-4 %
RGN AR 4 B 4k, JRsh AN EE-K (32
68, MAAE 3 mL/min; Rl 210, 254 nm),
HEMLEY) 2 (4.12mg, RrR=33.2min) A1 13 (16.15
mg, x=40.6min). PR-10-3 (10.5g) I Toyopearl
HW-40C #, £ H HEE-7K (10%~100%) £ 5 ¥ i,
TLC KR & FFAHENR 7, 433 5 M43 PR-10-3-1~
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PR-10-3-5, PR-10-3-1 £ /R & Y- il & AH 7 B 4k,
WM N CIE-/K (16 © 84, AR E 3 mL/min;
MK 210, 254 nm), 152G 14 (11.43 mg,
rR=26.5min), PR-10-4 (17.7g) | Toyopearl HW-
40C #1:, 15 T H EE-7K (10%~100%) 6 5 e, TLC
KR &HMFER D, 435 6 N45 PR-10-4-1~PR-
10-4-6. PR-10-4-2 (231 g) I Toyopearl HW-40C
¥, i HEE-K (30%~100%) BB, TLC 16
WEIFEAHFR 2, 53 4 N4 % PR-10-4-2-1~PR-
10-4-2-4, PR-10-4-2-1 2 X4 25 WUAH 43 B 4lifk,
WA NHEE-/K (36 ¢ 64, AR 3 mL/min; £
M 2100 254 nm), B2MEED 7 (13.50 mg,

®rR=312min) f18 (19.07mg, r=42.4min). PR-
104-2-2 ZIRGFHIE AR B Aifh, WEEA M-
K (22,51 77.5, AR 3 mL/min; A& 2104
254nm), SEMLAE9 (16.56 mg, rR=33.8 min).

20% LA (48.57 ) 4 MCI At i
FEE-7K (0~100%) HEATHRFEBEML, TLC fil&d
R, 193] 8 MMt 5. PR-20-6 (7.03g) L
Toyopearl HW-40C A%, i FIEE-7K (40%~100%)
BEEEVENL, TLC A& MRy, 53] 5 N5
PR-20-6-1~PR-20-6-5. PR-20-6-1 £ {42 il 45 K
B2k, MBI N EE-/K (30 1 70, AR E
3mL/min; P 210, 254nm), HE1HLEY) 10
(1.51 mg, xk=27.2min)- 11 (7.52 mg, &r=30.3 min)
A12 (4.01 mg, ®R=33.9 min).

50% LIEERAL (30.98 g) 4 Toyopearl HW-40C
RO, Ad ] B EE-7K (20%~100% ) BEATHH FEBER
TLC kiR & AHFE L5 152 3 N Bl s PR-50-
1~PR-50-3, PR-50-2 (7.31g) EHEMH:, i —&
Fge-FIEE (20 0 1—1: 1) BAREEBERL, TLC MiR&
HAHFARL S, 192 5 AN2H%r PR-50-2-1~PR-50-2-5.
PR-50-2-2 £ IR & -l 4 WUAH 43 B 44k, s A 8 &

i-7K (20 © 80, FAFAIE 3 mL/min; KK 210,
254nm), FEHLEY S (12.86 mg, ®R=233.3min).
PR-50-2-3 £ IR & - il 4 WA 43 B 44k, s A 8 &

if-/K (22.5:77.5, PRFRE 3 mL/min; AR
210, 254nm), fFEMHLEY 6 (12.73 mg, r=35.1
min). PR-50-3 (2.12 g) | ODS #%, i HIEE-/K
(40%~100%) HEATHEFEBEML, TLC A& IFAHR
war, £33 3 AN PR-50-3-1~PR-50-3-3,
PR-50-3-1 2 IRl % AH 7 B 4L, Fish A &
E-/K (22 1 78, PRFAE 3 mL/min; K 210,

254nm), 1SEMLEY 4 (5.13 mg, tr=28.6 min).,
3 SFHEE

a1 BETOERH AR (FED. (o] -51.84
(c0.598, CH30H); IR v (cm™): 3 346,2927,1672,
1462,1394,1198,1164,1037,879,695, #mxRibé
Pyrh & SRR IR RFE B RE A UV e (nm):
(log €): 207 (3.91), 278 (3.85) nm; CD (MeOH) Amax
(Ag): 211 (40.26),279 (-0.65); HRESIMS i iR
WD T B TI¢ m/iz: 213.123 0 [M+H]* GHEAE R
213.123 3), i€ Hoor+ 0N CioHi16N203. 'H-NMR
R D BRI NMEREARTES [6u 8.17 (1H,
s, H-5)]\ 2 MEHHEASE S [013.57 (1H, dd,J=10.8,
3.9 Hz, H-10a), 3.40 (1H, dd, J=10.8, 6.0 Hz, H-10b),
3.00 (1H, dd, J= 13.8, 3.0 Hz, H-7a), 2.64 (1H, dd, J =
13.8, 9.6 Hz, H-7b)]+ 2 NMXRH % [013.73 (1H, ddd,
J=19.6,6.0,3.0 Hz, H-8), 3.35 (1H, td, /= 6.0, 3.9 Hz,
H-9)]. 2 NH3E [642.43 (3H, s, H-12), 2.42 (3H, s,
H-11)]. '3C-NMR F1 DEPT-135 @ fE7r (£ 1) 44
ISBERAES [0c151.9 (C-6), 150.8 (C-4), 148.9 (C-3),
141.4 (C-5)] 2 MRHEEES [6c75.0(C-9),71.4
(C-8)]s 2 MIH MRS S [dc 63.3 (C-10), 38.2 (C-
7] A2 AHIREBRES [0c21.6 (C-12),21.2(C-11)].

#F1 L5169 'H-NMR #1 BC-NMR % (500/
125 MHz, DMSO-ds)
Table 1 'H-NMR and '*C-NMR data of compound 1
(500/125 MHz, DMSO-ds)

{ZDA OH dc,

1

2

3 148.9, C

4 150.8, C

5 8.17 (s) 141.4,CH
6 151.9, C

7 3.00 (dd, J = 13.8, 3.0 Hz) 38.2, CHz

2.64 (dd, J = 13.8, 9.6 Hz)

8  3.73(ddd,J=96,60,30Hz)  71.4,CH
9 3.35(td, J=6.0,39 Hz) 75.0, CH
10 3.57(dd, J=10.8, 3.9 Hz) 63.3, CH2

3.40 (dd, J = 10.8, 6.0 Hz)
11 2.42(s) 21.2, CHs
12 2.43(s) 21.6, CH3

'H-'"HCOSY &+ (K 1), H-8 5 H-7. H-9
5 H-10 B, U] 1T =B85 BRA7RAE
I IRAZ B 5105 W) stagonoculiazinl A% HE L
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Fig. 1 Structure of compound 1 and its key "H-'"H COSY
and HMBC correlations

P, ANEZ AT HMBC B+ (K 1), H-
11 5 C-4. H-12 5 C-3/C-5. H-5 5 C-3/C-7. H-8
5 C-6 fAEMK, RS i A Mg, H 2 A4
H L7 BDEREAE AR IR IR C-3 FI C-4 37, C-6 fiE
AT =AM B A 1 4 i Bla it
ECD 115 55256 ECD Xt Lk 4T 52 : 4 Gaussian
BAF, K MMEFF ()53 3237K~F, 4 [ 5 keal/mol
IR X (8R,95). (85,95)- (8S,9R). (8R9R)4
P BT GAE R . FrRe BRI Ris % FE
RIS, £ B3LYP/6-31G (d,p) FIZKF FEEATAR
FRBN AT v, FEAE SRR i RS A R
PIIE IR 26 % v A b b K IR B 7 i vk A R AE
B3LYP/6-31G (d,p) 7KV T LLHEE AP 4T ECD
T, SRIGTE SpecDis1701 ¥ rh%t ECD 1545
HATIWA, A Prism BAFFATER. @diHE
(8R,95). (85,95). (8S.9R). (8R,9R) 55zl ECD i
detnr (B 2), MEEY 1 4axnt i B 8R,9S.
gi b, WE THEY 1 M4, 5 Scifinder &I
W& 1 NF G I Hodr 2 8 ZAE TR T,
HREHAIR A8 W 1.

— Experimental ECD Spectrum of 1

. Calculated ECD Spectrum of (8R, 95)-1
154 Calculated ECD Spectrum of (88, 9S)-1
— Calculated ECD Spectrum of (8, 9R)-1
-~ Calculated ECD Spectrum of (8R, 9R)-1

ECD/medg

200 300 400
A/nm
B2 &1 B MIEIRITE ECD ik
Fig.2 Experimental and calculated ECD spectra of
compound 1

A 2: FEETEE RN AR CFED . IR vor (cm™):
3174,2969,2 930, 1579, 1455, 1358, 1282, 1 162,
1126, 1027, 840, RRILAEWF S P LN gy

MEFBERT; UV A (nm): 200 (3.78), 224 (3.73), 285
(3.61); HRESIMS Wil & #E 4 7 5 T 1§ m/z:
176.086 0 [M+Na]" (514 176.0862), #fiEH
2PN CsHNINOz. 'H-NMR i (£ 2) &in 1
MEELES [0u9.48 (1H, s, H-1)]. 2 MEBEAE
5 [0u7.09 (2H, s, H-4,5)]. 1 NMEHEEAES [dus.11
(1H, t, J = 5.8 Hz, 9-OH)]. 1 MERWHHEAGS
[0n4.41 2H,d,J=5.8 Hz, H-9)]. 1 MEHEEES
[0n 2.67 (2H, q, J = 7.5 Hz, H-7)]. 1 MHEEES
[on 1.14 3H, t, J = 7.5 Hz, H-8)]; '*C-NMR i %
(2 8AMES, dc 151.0 (C-2) AL
Z, 0c149.3 (C-3), 149.1 (C-6), 121.7 (C-5), 118.6 (C-
4) NIFETAE S, 6c64.1(C-9) Hyi 4 H S
5, 0c25.0(C-7) NIEHERES, 6c12.5(C-8) AN
AR (S 5. HMBC i &+ (B 3), H-1 5 C-3/C-
5. H-4 5 C-2/C-6. H-5 5 C-3 #i5%, iER] 2-nthe
i BEAZ I AEAE - 'H-"H COSY & (K 3), H-7 5
H-8 #H5%, 44 H-5 5 C-7. H-8 5 C-6 ) HMBC
FHIE, UEBATE 2-MERE R REZ I C-6 1% T 1 N4
FIF ., HMBC #EE+ (- 3), H9 5 C-2/C-4
5, FBIZEMLIE BRI C-3 %R | MR, 4
b, WHE THEY) 2 (45K, B Scifinder K I

&2 AY2H 'H-NMR 71 BC-NMR #ZHE#E (500/
125 MHz, DMSO-ds)
Table 2 'H-NMR and '*C-NMR data of compound 2 (500/
125 MHz, DMSO-de)

[3DA o dc
1 9.48 (s)
2 151.0,C
3 149.3,C
4 7.09 (5) 118.6, CH
5 7.09 (5) 121.7, CH
6 149.1, C
7 2.67(9,J=75Hz) 25.0, CH2
8 1.14 (t, J=7.5 Hz) 12.5, CHs
9 4.41 (d, J = 5.8 Hz) 64.1, CHz
9-OH 5.11 (t, J = 5.8 Hz)

9 1 | e 'H-'H COSY
HO™ ™ NH HOQQL/P%NKHO - -
4 /6 8 o
7 A

5

B3 k&2 EEFIXEE H-"H COSY #1 HMBC #H3%
Fig.3 Structure of compound 2 and its key "H-'"H COSY
and HMBC correlations
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EW 2 ARG Hy o 2 TR R K,
I B )8 W3R 2.

&Y 3: o E AR (FELD, ESI-MS m/z
229.09 [M+H]", 43 F3 C13H12N202. 'H-NMR (500
MHz, CD;0D) ¢: 7.50 (1H, d, J = 7.9 Hz, H-5), 7.36
(1H, d, J=7.9 Hz, H-8), 7.16 (1H, t, J = 7.9 Hz, H-7),
7.07 (1H, t, J = 7.9 Hz, H-6), 4.80 (1H, q, J= 6.9 Hz,
H-1), 437 (1H, dd, J = 12.1, 5.1 Hz, H-3), 3.49 (1H,
dd, J = 16.2, 5.1 Hz, H-4"), 3.11 (1H, m, H-4""),1.78
(1H, d, J = 6.7 Hz, H-10); 3C-NMR (125 MHz,
CD;0D) 6: 171.9 (C-11), 138.6 (C-8a), 131.0 (C-9a),
127.3 (C-4b), 123.6 (C-7), 120.7 (C-6), 119.1 (C-5),
112.4 (C-8), 106.8 (C-4a), 57.8 (C-3), 51.4 (C-1),23.9
(C-4),17.1 (C-10), DL FHds 5 CifEdE A —202,
MEEY 3 A (+)-(1R3R)-1-methyl-1,2,3.4-
tetrahydro-B-carboline-3-carboxylic acid.

G 4. KREPPRES & (FEE, ESI-MS m/z:
146.06 [M+H]*, ¥ CoHNO. 'H-NMR (500
MHz, DMSO-ds) 6: 12.13 (1H, s, H-1), 9.93 (1H, s, H-
10), 8.28 (1H, d, J= 3.1 Hz, H-2), 8.09 (1H, d, J= 7.7
Hz, H-5), 7.51 (1H, d, J = 8.0 Hz, H-8), 7.26 (1H, m,
H-6), 7.22 (1H, m, H-7); '*C-NMR (125 MHz, DMSO-
ds) : 184.9 (C-10), 138.4 (C-2), 137.0 (C-8), 124.1 (C-
9), 123.4 (C-4), 122.1 (C-5), 120.8 (C-6), 118.2 (C-3),
112.4 (C-7)o LA EE @ 5 ORI A IR L,
SEALEW) 4 R 3-M| W R

e 5: AEILEME K (HEE, ESI-MS
m/z:261.15 [M+H]", 273 CisH20N202. 'H-NMR
(500 MHz, DMSO-ds) 8: 8.12 (1H, brs, H-4), 8.08 (1H,
brs, H-1), 7.29~7.13 (5H, m, H-2'~6'), 4.16 (1H, brs,
H-3),3.46 (1H, brs, H-6), 1.41 (1H, brs, H-9), 3.13 (1H,
d, J=12.4 Hz, H-7a), 2.83 (1H, d, J = 12.4 Hz, H-7b),
0.75 (1H, brs, H-8a), 0.09 (1H, brs, H-8b), 0.61 (6H, m,
H-10, 11); '3C-NMR (125 MHz, DMSO-ds) J: 167.5
(C-5), 166.1 (C-2), 136.1 (C-1), 130.4 (C-2, 6'), 128.1
(C-3', 5", 126.7 (C-4"), 55.4 (C-3), 52.2 (C-6), 43.6 (C-
7), 38.4 (C-8), 22.9 (C-9), 22.8 (C-10), 21.4 (C-11).
DL H i iE e S Sk L, et e s N
LR R -L- KN R) o

EY) 6: FEE & CHEE, ESI-MS m/z: 261.15
[M-+H]*, 43 F 3N CisHoN202. 'H-NMR (500 MHz,
DMSO-de) d: 8.11 (1H, brs, H-4), 7.88 (1H, brs, H-1),
7.25~7.17 (5H, m, H-2'~6"), 421 (1H, t, J = 4.4 Hz,

H-3), 3.58 (1H, m, H-6), 1.40 (1H, m, H-8), 3.16 (1H,
dd, J=13.5, 4.0 Hz, H-7a), 2.85 (1H, dd, J= 13.5, 5.0
Hz, H-7b), 0.66 (1H, m, H-9a), 0.60 (1H, m, H-9b),
0.56 (3H, m, H-11), 0.55 (3H, m, H-10); 3C-NMR (125
MHz, DMSO-ds) 0: 166.4 (C-5), 166.4 (C-2), 136.3 (C-
1), 130.4 (C-2',6'), 127.9 (C-3, 5'), 126.5 (C-4"), 58.7 (C-
3), 55.0 (C-6), 37.8 (C-7), 37.6 (C-8), 23.1 (C-9), 14.5 (C-
11), 11.8 (C-10). LA &1t 5 CraEt st b,
E G 6 NINL-RINZIKR-L-F 2 1K)

& 7. AR A (FEE), ESI-MS
m/z: 262.11 [M+H]+, ﬁ’?‘ﬁy\j C13H15N303o 1H-
NMR (500 MHz, DMSO-de) J: 8.14 (1H, s, H-4), 7.88
(1H, s, H-1), 7.30 (1H, m, H-10a), 7.25 (1H, m, H-10b),
7.28 (2H, d, J= 7.5 Hz, H-2', 6'), 7.23 (1H, t, J = 7.5
Hz, H-4'), 7.18 (2H, d, J= 7.5 Hz, H-3', 5'), 4.21 (1H,
t, J=4.5 Hz, H-3), 4.03 (1H, t, J = 5.4 Hz, H-6), 3.10
(1H, dd, J=13.7, 4.5 Hz, H-7a), 2.93 (1H, dd, J=13.7,
4.9 Hz, H-7b), 2.03 (1H, dd, J = 16.4, 5.4 Hz, H-8a),
1.55 (1H, dd, J= 16.4, 7.0 Hz, H-8b); 3C-NMR (125
MHz, DMSO-ds) d: 171.5 (C-9), 166.7 (C-5), 166.5(C-
2), 136.3 (C-1"), 130.2 (C-2', 6'), 128.1 (C-3", 5"), 126.7
(C-4"), 55.2 (C-3), 51.0 (C-6), 38.0 (C-7), 37.9 (C-8)-
DL 2 i i S sCk kB Ot L, B et S T N
WORA TR - R R IR)

&Y 8: HETLEMKm A (HEE, ESI-MS
m/z: 249.12 [M+H]", 7+ XA CisHigN2Os. 'H-
NMR (500 MHz, DMSO-ds) J: 8.03 (1H, d, J=3.0 Hz,
H-1),7.87 (1H, d, J= 3.1 Hz, H-4), 7.28 (2H, d, J="7.5
Hz, H-2', 6'), 7.22 (1H, m, H-4"), 7.19 2H, d, J= 7.5
Hz, H-3',5"), 4.98 (1H, d, J= 6.1 Hz, 8-OH), 3.94 (1H,
ddd, J=17.9, 5.0, 3.0 Hz, H-3), 3.52 (1H, t, J= 3.2 Hz,
H-6), 3.68 (1H, dt, J = 6.6, 3.2 Hz, H-8), 3.09 (1H, qd,
J=13.5,5.0 Hz, H-7), 0.97 (1H, d, J = 6.6 Hz, H-9);
13C-NMR (125 MHz, DMSO-ds) d: 167.4 (C-2), 166.6
(C-5), 137.3 (C-1"), 129.8 (C-2', 6'), 128.2 (C-3', 5"),
126.4 (C-4"), 67.2 (C-8), 60.3 (C-6), 55.8 (C-3), 40.8
(C-7),19.7 (C-9). VA ¥t 5 S ClikiaEl s L,
e B8R (3S,68)-3-"3k-6-(1-F8 £.3%)-2,5- Wk e
.

e 9: At FRE S (FEE), ESI-MS m/z:
205.09 [M+H]", 2 TR N CuHiN0z2. 'H-NMR
(500 MHz, DMSO-ds) 0: 8.15 (1H, s, H-4), 7.88 (1H,
s, H-1), 7.29~7.25 (3H, m, H-2', 4', 6'), 7.17 (2H, m,
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H-3',5), 4.07 (1H, dt, J = 7.4, 3.5 Hz, H-3), 3.37 (1H,
d, J=2.9 Hz, H-6a), 2.76 (1H, d, J = 17.3 Hz, H-6b),
3.09 (1H, dd, J= 13.5, 4.5 Hz, H-7a), 2.88 (1H, dd, J =
13.5, 4.9 Hz, H-7b); 3C-NMR (125 MHz, DMSO-db)
5: 167.2 (C-2), 165.7 (C-5), 136.0 (C-1"), 130.1 (C-
2',6"), 128.2(C-3',5"), 126.8 (C-4"), 55.5 (C-3), 43.7
(C-6), 38.8 (C-7). LA bFudfiidid 5 Lk iE sy
Et, BE SN IND-ZR N -H) =K

&M 10: KPR & (HEE), ESI-MS
m/z:327.13 [M+H]+, ﬁ}%ﬁ C18H18N204o 1H-NMR
(500 MHz, DMSO-ds) J: 9.20 (2H, s, H-4', 4""), 6.84
(4H,d,J=8.5Hz, H-2",2",6',6"), 6.67 (4H,d, J=8.5
Hz, H-3',3",5',5"),3.85 (2H, m, H-3, 6), 2.52 (2H, m,
H-7a, 7'a), 2.10 (2H, dd, J= 13.7, 6.5 Hz, H-7b, 7'b);
BC-NMR (125 MHz, DMSO-ds) 0: 166.2 (C-2, 5),
156.1 (C-4', 4", 130.7 (C-2', 2", 6', 6"), 126.5 (C-1",
1"), 115.0 (C-3', 3", 5', 5"), 55.7 (C-3, 6), 38.8 (C-7,
7. VA R S SO IE IR L, A
T (- — ik

&P 11 ARG S (B, ESI-MS m/z:
263.13 [M+H]", 4T3 CiaH1sN203. 'H-NMR (500
MHz, DMSO-ds) J: 9.13 (1H, s, 4-OH), 8.00 (1H, d,
J=2.1Hz, H-1), 7.87 (1H, d, J = 2.2 Hz, H-4), 6.95
(2H, d,J=8.5Hz, H-2", 6"), 6.61 (2H, m, H-3', 5"), 4.10
(1H, tt, J=4.5, 1.8 Hz, H-6), 3.52 (1H, dt, J=3.8, 1.9
Hz, H-3), 1.73 (1H, m, H-8), 3.01 (1H, dd, J=13.7, 4.5
Hz, H-7a), 2.76 (1H, dd, J = 13.7, 4.9 Hz, H-7b), 0.68
(3H, m, H-10), 0.64 (3H, m, H-9); *C-NMR (125
MHz, DMSO-ds) d: 166.7 (C-5), 166.4 (C-2), 156.1 (C-
4'),(C-2',6'),126.3 (C-1"), 114.7 (C-3',5"), 59.2 (C-3),
55.3 (C-6), 37.2 (C-7), 31.1 (C-8), 18.3 (C-9), 16.4 (C-
10). LA E# @S 5 SO aE PO L, #E S
11 24 cyclo-(L-Val-L-Tyr).

& 12: Ao EN R (HEE, ESI-MS
m/z:277.15 [M+H]", 4> 738 CisHaoN203. 'H-NMR
(500 MHz, DMSO-ds) 6: 9.13 (1H, s, 4-OH), 8.02 (1H,
d,J=2.0 Hz, H-4), 7.85 (1H, d, J= 2.1 Hz, H-1), 6.95
(2H, d, J=8.5Hz, H-2', 6"), 6.61 (2H, d, J= 8.5 Hz, H-
3',5"), 4.11 (1H, tt, J= 4.3, 1.8 Hz, H-6), 3.55 (1H, m,
H-3), 1.41 (1H, m, H-8), 3.04 (1H, tt, J= 13.6, 4.1 Hz,
H-7a), 2.73 (1H, dd, J = 13.6, 4.9 Hz, H-7b), 0.69 (1H,
m, H-9a), 0.60 (1H, overlapped, H-9b), 0.61 (1H,
overlapped, H-11), 0.59 (1H, t,J= 1.7 Hz, H-10); '3C-

NMR (125 MHz, DMSO-ds) 6: 166.4 (C-2, 5), 156.2
(C-4"), 131.3 (C-2', 6'), 126.2 (C-1"), 114.7 (C-3', 5"),
58.8 (C-3), 55.3 (C-6), 37.9 (C-8), 36.9 (C-7), 23.1 (C-
9), 14.6 (C-11), 11.7 (C-10). DA _E#¥aimid 5 ki
TEPUXTEE, #iE A 12 4 pedatisectine Lo

WA 13: IKETPLRES & (FREED, ESI-MS m/z:
235.10 [M+H]", 273N CroHiN203. 'H-NMR
(500 MHz, DMSO-ds) 0: 9.21 (1H, s, 4-OH), 8.02 (1H,
d, J=2.2Hz, H-4), 7.97 (1H, d, J= 2.3 Hz, H-1), 6.93
(2H, d, J= 8.5 Hz, H-2', 6'), 6.65 (2H, d, J = 8.5 Hz, H-
3',5"),4.07 (1H, m, H-3), 3.62 (1H, dd, J="7.1, 2.2 Hz,
H-6), 3.01 (1H, dd, J = 13.6, 3.7 Hz, H-7a), 2.73 (1H,
dd, J=13.6, 4.8 Hz, H-7b), 0.53 (1H, d, J= 6.9 Hz, H-
8); 3C-NMR (125 MHz, DMSO-ds) d: 167.7 (C-5),
166.0 (C-2), 156.2 (C-4"), 131.3 (C-2, 6), 126.0 (C-1"),
114.9 (C-3',5"), 55.6 (C-3), 49.8 (C-6), 37.6 (C-7), 19.8
(C-8)o LA - H¥midid 5 k& 22t bk, et &
)13 4 cyclo(Ala-Tyr).

&Y 14: wEWERY) (FED, ESI-MS m/z:
211.14 [M+H]", 773N CuHieN20s. 'H-NMR
(500 MHz, DMSO-ds) J: 8.07 (1H, d, J = 8.4 Hz, H-
4),7.81 (1H, s, H-1),4.17 (1H, dd, J = 8.4, 5.8 Hz, H-
5), 4.14 (1H, dd, J = 8.7, 3.8 Hz, H-2), 1.79 (1H, m,
H-10), 2.24 (1H, m, H-7a), 1.87 (1H, m, H-7b), 2.09
(2H, m, H-8), 1.41 (1H, m, H-11a), 1.19 (1H, m, H-
11b), 0.85 (3H, m, H-12), 0.86 (3H, m, H-13); 13C-
NMR (125 MHz, DMSO-de) 6: 177.6 (C-9), 172.9 (C-
6), 172.7 (C-3), 56.4 (C-5), 55.1 (C-2), 36.3 (C-10),
29.2 (C-8), 25.2 (C-7), 24.8 (C-11), 15.6 (C-13), 11.4
(C-12). DL RHdR @S SO m T b, #fE b
W 14 N (25,59)-5-[(1S)-1-methylpropyl]-3,6-
dioxo-2-piperazine propanoic acid.

4 g
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