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Abstract: This study utilized a chiral liquid chromatography-mass spectrometry (LC-MS)-guided isolation
strategy to accurately capture angular-type pyranocoumarins (APs) in Peucedani Radix (Chinese name: Qianhu).
Sixteen APs were successfully purified from the ethyl acetate extract of Peucedani Radix through deploying various
techniques such as silica gel, ODS, Sephadex LH-20, and achiral (chiral) semi-preparative liquid chromatography.
After extensive structural measurements, such as 'H and "C NMR spectroscopy, their structures were identified as
(3'S)-3'-(2-methyl-butyroyl)-4'-ox0-3',4'-dihydroseselin (1A), (3'R)-3'-(2-methyl-butyroyl)-4’-ox0-3',4'-dihydrose-
selin (1B), (3'S)-3'-isovaleryl-4'-oxo-lomatin (2A), (3'R)-3'-isovaleryl-4’-oxo-lomatin (2B), (3'S)-3’-angeloyloxy-
4'-0x0-3',4'-dihydroseselin (3A), (3'R)-3"-angeloyloxy-4'-ox0-3',4'-dihydroseselin (3B), (3'S, 4'S) -praeruptorin B
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(4A), (3'R,4'R) -praeruptorin B (4B), (3'S,4'S) -praeruptorin E (5A), (3'R,4'R)-praeruptorin E (5B), 3'-isovaleryl-
4'-angeloyl-cis-khellactone (6), 3'-angeloyl-4'- (2-methyl-butyroyl) -cis-khellactone (7), (3'S, 4'S) -praeruptorin A
(8A), (3'R,4'R) -pracruptorin A (8B), (3'S, 4'S) -khellactone (9A), and (3'R, 4'R) -khellactone (9B), respectively.
Thereof, compounds 1A and 1B were new compounds, while compound 2A represents a new configuration for a

known planar structure. Compounds 2A and 2B were isolated for the first time from Peucedani Radix. Above all,

chiral LC-MS-guided isolation strategy is advantageous at rapid capturing new compounds from herbal medicines,

providing an effective means for the separation of novel structures, especially new enantiomers.

Key words: Peucedani Radix; chemical component; angular-type pyranocoumarins; chiral LC-MS-guided

isolation; enantiomer

VA 1% — 3% (liquid chromatography-mass spec-
trometry, LC-MS) BCHEER, 456 1 UM (4 1% 5 K 1) 43
5 RE 7 R T (Y S5 48 5 E ThRe, £E 25 o A B
3 HTCURIER B 3 A URAR B 72N . BEE
AXCES B A& 1) R BB 705 VB R AN W B, BALC-
MS Jy At i) 3 ) 70 19 SR ROR AR iy 1 25 SRR
A E Y R RE . Ma %P8 T 43 T micro-
phyline A F1 microphyline D (1] )51 1% 24 fif # 4, % A
P2 A S, A B % b itk 2% 2K 136.0 Da (C, H,)
Pt & P15 B . MRIE LC-MS KL 25 3, S ) o4 3 A/
ML B A R 2 B AR B T 1S5 AN 25 K 3 A0 BRI e 2k
WIS, Pang M F LC-MS 43 # 1l 35 £, 12 2. 1
HRAL, PRIH TR I m/z 7E 400~ 800 2 [H] [T 7, MR It v
T BRI AARRAEEN —EE RGN =
Rik.

HUHH (Peucedani Radix) A< EHEY) H AL HTEH T
TR, B2 R S o A B R R RS
¥ (angular-type pyranocoumarins, APs). I AX 2 2 i
FRY] APs KU G RA LR L0 RS0 ML T
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R ORI PRAR o IX LS AR 2 B AMAFLE & B 22
S, M HAFAERETEZE 5. W0 (H)- e &K (d-PA,
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(3'R,4'R)-praeruptorin A), H ¥ H d-PA )& & = T [-
PA, I H &7 5K I 5 {0 3% P 58 T -PANO™ . RS2 A
WA 5T 2 B CHIRALPAK® AD-RH 25 F- 1 485 4% 7] LA
S APs 0 B S A8 A4 (G 0o U DR, AR S
By F 1 LC-MS 73 #T T & 1 8 8 Hh APs 840 &4 S 3
XoT BILAA 1) 3 ) 43 B A2 K 45 58, L 15 5] 16 1> APs
Kt &, GFETHX AR, b, LAY 1A B T
WEW, B 2A N E AT S R i 8L, (&4
2A 2BV E IRMATHI R 2> AR 2] (LS 1A 2 454
WK1,
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1A 2-methyl-butyroyl S
1B 2-methyl-butyroyl R
2A isovalery N
2B isovalery R

Figure 1  Structures of compounds 1A, 1B, 2A, and 2B
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8 I IR 6T BT A AL 2 A B A T A3 AU R R
APs 7E L 55 B 15 A 55 T2 A [M+H]  [M+NH,]"\ [M+
Na] “FI[M+K] 55N 45 55 1 U, 75 MS' B3 b4 i 22 3
FZE17.5 16 Da IR 115 5. BFE T4 hlk i 3
fif# B (CID), i (£ BHZ LR PR _F C-3 781 C-4"4b A8 v
F U, FEHE miz 245,227 B 243 S HFETE A 1. R
PAEAF 2, S A S SR B A i . — SR SR S B
JOE T BEALHEAT JEFE LC-MS 4047, KILZFR 2.1
WAL AEEEE I APs RUAY . WO L1 £ 16 4k
2: 5 W5y B, KR AETF - F 1% LC-MS I8 i, &K I Fr.
2C.Fr. 3D.Fr. 5B fil Fr. 9F 1 /77 APs Kb &4, IF H.
22 N — 5% ot i S A AR [T IS B, SR Sephadex LH-20.
ODS . - il & WUAH €38 S 1 (5 3% 55 07 0 B sk &
Wi AT oy B AL
2 HFEHEE

B 1.2 AEH AR, ESI-MS m/z 367.115 0 [M+
Na]’, 7313 H C,H,,0,, (Caled.: 367.115 2, -0.54 ppm).
bGP 1&2 1E B35 R B A5 5 PR N —AME S,
{H,/27E 'H NMR (CDCl,, 600 MHz) #1"°C NMR (CDCl,,
150 MHz) EliE&d, £ 5 os 4R A S 5 . i
— B ML AP0 1 1 HSQC A1 HMBC 3%, X A% il &
PREHE AT A8 '"H NMR (CDCL,, 600 MHz): 6, 7.61
(1H, d, J = 9.5 Hz), 7.55 (1H, d, J = 8.6 Hz), 6.87 (1H,
d, J = 8.7 Hz), 6.31 (1H, d, J = 9.5 Hz), 5.56 (1H, s),
2.56 (1H, m), 1.78 (1H, m), 1.56 (1H, m), 1.56 (3H, s),
1.39 (3H, s), 1.27 (3H, d, J = 6.9 Hz), 0.98 (3H, t, J =
7.4 Hz); "C NMR (CDCl,, 150 MHz): J. 184.4, 175.3,
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162.1, 159.7, 153.8, 143.0, 134.6, 115.0, 114.3, 113.0,
108.4,82.5,76.2,41.2,26.4,26.8,11.8,19.6, 16.9, H4
P A5 5 4R 0 L R ) APs 28, REAZ N 4'-0x0-3",4'-
dihydroseselin. £ HMBC 3%+ ([ 2), M52 F] 5, 1.78.
1.56 56, 175.3 (C-1") #i2%; 6,, 0.98 5 6. 41.2 (C-2") #H
xK; oy 127 RN 5 6. 1753 (C-1") F 6. 26.8 (C-3") #H
9%, AT AR N 375 1) RO Dy 2- PP - T Mg 4R A, Atk
HE A B W1 P IS5 8 04 37- (2-methyl-butyroyl) -
4'-0x0-3',4'-dihydroseselin. 3t — R 4& F- 1k (i 4 b
) B I R) RO TR L, K 1A T IB 23 3l 45 58 (3'S)-3-
(2-methyl-butyroyl)-4'-oxo0-3',4"-dihydroseselin #1 (3'R)-
3'-(2-methyl-butyroyl)-4'-0x0-3',4'-dihydroseselin.

M Bt A 1 5 — 445 5 3 )& 4 'H NMR (CDCL,,
600 MHz): ¢, 7.61 (1H, d, J= 9.5 Hz), 7.55 (1H, d, J =
8.6 Hz), 6.87 (1H, d, /= 8.7 Hz), 6.31 (1H, d, /= 9.5 Hz),
5.56 (1H, s), 2.38 (2H, m), 2.19 (1H, m), 1.56 (3H, s),
1.39 (3H, s), 1.04 (3H, d), 1.03 (3H, d); "C NMR (CDCl,,
150 MHz): 6. 184.4, 175.3, 162.1, 159.7, 153.8, 143.0,
134.6, 115.0, 114.3, 113.0, 108.4, 82.5, 76.2, 43.2, 26.4,
25.9,22.6, 19.6, 22.6. HRHE LA A5 5 HEN Y dL R
APs &, B}% N 4'-oxo-lomatin. 7E HMBC i (K2), W
255, 2.38 5 0, 22.6 (C-4") Fl 5. 22.6 (C-5") HI%, F&
B 377 1) RO O St T 43, DA B 5 SR O
i# 3'-isovaleryl-4'-oxo-lomatin & A — £, R FHEE
AT B PR B I IR AU TET AR, R 2A KT 2B 73 ) 45 E N
(3'S)-3'-isovaleryl-4'-oxo-lomatin. (3'R)-3'-isovaleryl-4'-
oxo-lomatin.

B A& 10 2 1 45 0 22 AR B 9 57 A 1)
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Figure 2 The key HMBC and 'H-'H COSY correlations of com-
pounds 1 and 2

1&2 1A&2A
1A&2A
A |
1B&2B
B ~ JW__ 1B&2B
[
0.0 5.0 10.0 15.0 20.0 25.0 30.0
tr / min

Figure 3 Chromatography spectra of compounds 1 and 2 in dif-
ferent separation conditions. A: Mobile phase ACN-H,0 = 955,
CAPCELL CORE RP C18 column (150 mm x 2.1 mm, 2.7 pm),
flow rate 0.2 mL-min"'; B: Mobile phase ACN-H,0 = 50:50, CHI-
RALPAK® AD-RH (150 mm x 4.6 mm, 3 pm), flow rate 0.5 mL-
min™'; C: Mobile phase EtOH-Hexane = 50: 50, CHIRALPAK® IC

(150 mm x 4.6 mm, 5 pm), flow rate 0.5 mL-min™'
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HEWIABAF N EY), &Y 2A 3 11 1H 245 14
MR R BL, 4659 2A 2B N B IRONET 5 R 43 25 43 )
AHFFRAALTFE T 0T APs J4b 2 B4y, B o Al
252500 R IR IR N 8 W RO ) FH 245 T 3R

LI E

By #E IT-TOF-MS & 4t . &% H: LC-20AD, 14 73 #7714
TR €0 AR B i3 LC-20AT 7Y - 1] £ 78 3 AR € 1% 1%
(H A & /A #); Thermo-Fisher U3000 XU = 7t 43 #7 4
W AH 1 4 (32 [E Thermo-Fisher 24 &); Phenomenex
Luna C18 (2) -l % = R AH i 4% (250 mm x 10 mm,
5 um, 3 [E Phenomenex /A #]); CAPCELL CORE RPC18
g (150 mm x 2.1 mm, 2.7 um, HAFEEAF]); &
AT %R CHIRALPAK® AD-RH (150 mm x 4.6 mm,
3 um) ATIE A T2 6 A CHIRALPAK® IC (150 mm x
4.6 mm, 5 pm), H A KA 7] XS105 B H T 4341 K
“F (Hfi 1 Mettler Toledo 2 &)); i 75 I IE Vo 4% (P 2 22
FIEAT]; B0 (7% E Eppendorf A #]); HER (200~
300 H) #1 GF254 fif: IR f il A (75 B4 1)), ODS
C,q (40~63 pm, 7 [H Merck 2 7]); Sephadex LH-20 (i
#. GE Healthcare Bio-Sciences /A i)

PEHC A BT oK S A g &R L 4
g 0 IE T B S R 3 D o i Al (0 Bl R 2 IR A B
PR A A B R N 0l G £l A % 1 0E ST
T 3% [ Thermo-Fisher /A @ ; /K 4 SEIG = H il 18 4l /K
(18.2 MQ-cm).
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BT 20224 11 I B 2B M 254 i, it
IR F 25 B B B2 4 8 < T BHE Y A AL |
Peucedanum praeruptorum Dunn [f] T 5 HR , FF i As A<
AR T AL R R 2 K 5 R AR bl (AR 5
2022-SYL-QH1).

1 FEFMHFMFHELC-MS ST

JEF P LC-MS 3 #T 7E 538 UHPLC-IT-TOF-MS %
4t 52 . CAPCELL CORE RPC il ¥ (150 mm x
2.1 mm, 2.7 pm, H AT A A, fishAH: 0.1% H IR
K (A)-Z I (B); Ve FER: 0~4.0 min, 50%~57% B;
4.0~10.0 min, 57%~67% B; 10.0~20.0 min, 67%~68%
B;20.0~25.0 min, 68%~95% B; 25.0~35.0 min, 95% B;
iR, 35 °C; ik, 0.2 mL-min”. FELWE % B 7 IE (ESI)
BT, B3 2 AR R, MS! TR
Y6 A m/z 100~ 1 000, MS® Jiit #2414 ¥ il 9 m/z 50~
1 000, MS® Jii &4 Bl N m/z 50~1 000, Wi% = HL K
3N 4.5 kV F-3.5kV; 4 (N, s, 1.5 L'min’;
TSR R 7, 100 MPa; £l FL e, 1.56 kv 1 24 i %
A (CDL) AN # 8L IE FE - 200 °C; Aif i T il &
(CID) R, 70%.

JE TP -TF- 1 LC-MS 43 #T7E U3000 ¥ AH {5185 5 1k
IT-TOF-MS & %t il 58, % F SCHR! B b A 4% 1% 2 07
M %A
2 RSB

AA T AR 3L 5 ke, KB, FH 9 fi% & 95% L BN
PR E 3 K, IR 1 ho FEEOHE T B 7, K
UAE A B & b R OB IR T REREAT A
W, VR 45 25 U TS B A R R AL (193.83 g)s &
HAL (11.00 @)« L8 L ERHBAL (7.78 g) M IE T B &R AL
(30.31 g).

LR e AL (7.78 g) F Rk AT €045 3E 47 4>
2 A B - 28 A8 (200110 1) & F b R
(202102 1) 43 il 3k 47 86 B e B, Fd i TLC kiR &
HHIERR Y, B A8 11 ANR 9 (Frs. 1~11),

Fr. 5 (78.00 mg) F| A} Sephadex LH-20 ¥ & i, )
TR -HEE (301) Vel 2] 6 AL (Frs. SA~SF),
Horr Fr. 5B (52.80 mg) 28 SR 2= i) 4% UM 0 (2 -
7K =50:50, 3 mL-min™', 280 nm) 2li{b 75 F4k &9 1&2
(3£22.90 mg) 13 (23.17 mg). tL&41.2 %@ i [+
FHERE A (ZF5-7K = 50:50, 0.5 mL-min”, 280 nm)
S E 1A 2A (35 19.42 mg, £, = 10.69 min) fl 1B.
2B (3£ 1.20 mg, £, = 12.04 min), L& 3 3t SOAHF 1%
il (2 f5-7K = 50:50, 0.5 mL-min”', 280 nm) 7 &
5% 3A (20.00 mg, £, = 10.30 min) f13B (1.22 mg, ¢, =
12.24 min),

Fr. 2 (544.13 mg) # | Sephadex LH-20 % &, —
A -HEE (3:1) Vel 2 6 ML (Frs. 2A~2F),
Fr. 2C (346.40 mg) i#id ODS ¥ (FEE-/K = 3:1) Pelifs
B 34N (Frs. 2C.1~2C.3), HA1 Fr. 2C.1 (133.35 mg)
22 [ A 2 i) 46 UM BB (257K = 60240, 3 mL-min™,
280 nm) 554 M7 (Frs. 2C.1A~1D), i/ Fr. 2C.1B
LAY 4 (23.18 mg), i — ik IEAH TR A (8
K EE-E %t = 25275, 0.5 mL-min™', 280 nm) 4 & 15 5|
1k 4 1 4A (16.00 mg, 1, = 14.02 min) f1 4B (5.00 mg,
t, = 11.25 min)o i % Fr. 2C.1C (94.00 mg) i it 1E A4
F MG (/KO- % = 25175, 0.5 mL-min”,
280 nm) 4 B4l L5 F] 5A (1.27 mg, t, = 14.45 min).5B
(27.02 mg, t, = 9.67 min)+6 (7.07 mg, £, = 19.92 min) I
7 (13.57 mg, t, = 23.18 min).

Fr. 3 (1.37 g) FI Al Sephadex LH-20 4 i, b —
A e (3:1) BEBLAF ] 7 N4 (Frs. 3A~3G).
Fr. 3D (67.12 mg) % Sephadex LH-20 A3 €2 1 F. 7 43 25
4% 3 N4> (Frs. 3D.1~3D.3), Fr. 3D.2 (45.36 mg)
20 & WU 3 (C . £ HF-7K = 70130, 3 mL-min”,
280 nm) 4i1b 15 2L &8 (35.50 mg). HE— Pt
AHF AR (Z55-/K = 50150, 0.7 mL-min”, 280 nm)
4 575 %1 8A (30.00 mg, ¢, = 6.47 min) 1 8B (2.18 mg,
fy = 8.35 min).

Fr. 9 (136.10 mg) | Sephadex LH-20 # &1}, —
A LE-HEE (3:1) YEAS R 8 ML/ (Fr. 9A~9H), FL
o Fr. 9F (18.00 mg) £ S AH Y- il 8 VAH il (LG -7K =
50:50, 3 mL-min™, 280 nm) 13 2{L 549 (6.26 mg), i
HEAF A JOK ORE-C5E = 25275, 0.5 mL'min”,
280 nm) 43 %5 4l 1L 15 £ 9A (1.08 mg, £, = 12.43 min) Fl
9B (4.11 mg, t, = 15.28 min).
3 HkE

AR SCHRU> 1 TR, A/ #A Y APs S Bl S A4 A
H A (d-APs) 18 &8 KT 72 igfA (1-APs), I HAE &
PR L, 3B L 3R M RS R, B 4, (3°S-
APs) < £, (3'R-APs). WU G 1A.2A.3A . 4A 5A.
8A 1 9A % 5 4 3'S-APs (d-APs), tt. &%) 1B.2B.3B.
4B.5B.8B 119B % i€ N 3'R-APs (I-APs). I4t, it
H-3"F H-4 "8 & 1 ORI 16 2% A0 8% 1T LLH) By C-3 %0 C-
47K cis-BLH trans-F I,

th&EM1.2 AR R; ESI-MS m/z 367.115 0 [M+
Na]', 731N C ,H,,0,, (Caled.: 367.115 2, -0.54 ppm).
'HNMR (CDCl,, 600 MHz) £1"*C NMR (CDCl,, 150 MHz)
B W& 1.

&3 Ek A, ESI-MS m/z 365.098 8 [M+
Na]', 7313~ C,,H,O,, (Caled.: 365.099 6,-2.19 ppm).
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Table 1 'H NMR (CDCl,, 600 MHz) and "C NMR (CDCl,,
150 MHz) data of compounds 1A/1B and 2A/2B

1A/1B 2A/2B

sl §F 5” (5(‘

2 159.7 159.7
3 6.31(IH,d,J=9.5Hz) 1143 6.31(1H,d,J=9.5Hz) 1143
4 7.61(H,d,J=9.5Hz) 143.0 7.61(1H,d,J=9.5Hz) 143.0
5 7.55(1H,d,J=8.6Hz) 1346 7.55(1H,d,J=8.6Hz) 134.6
6
7
8

[

6.87(1H,d,J=8.7Hz) 1150 6.87(1H,d,J=8.7Hz) 115.0

162.1 162.1

108.4 108.4
9 153.8 153.8
10 113.0 113.0
2 82.5 82.5
3 5.56(1H,s) 762 5.56 (1H,s) 76.2
4 184.4 184.4
5 156 3H,s) 264 1.56 (3H, s) 26.4
6 139(H,s) 19.6  1.39 (3H,s) 19.6
1" 175.3 175.3
2" 2.56 (1H, m) 412 238 (2H,m) 432
3" 178 (1H, m) 268 2.19 (1H, m) 259

1.56 (1H, m)

4" 098 3H,t,J=7.4Hz) 11.8 1.04 3H,d) 22.6
5" 127(GH,d,J=69Hz) 169 1.03 (3H,d) 22.6

'H NMR (CD,0D, 400 MHz): 6, 7.91 (1H, d, J= 9.5 Hz,
H-4),7.80 (1H, d, J= 8.6 Hz, H-5),6.99 (1H, d,J= 8.6 Hz,
H-6), 6.35 (1H,d,J=9.5 Hz, H-3), 6.28 (1H, q,J= 7.4 Hz,
H-3"), 5.71 (1H, s, H-3"), 2.03 (3H, d, J = 7.2 Hz, H-4"),
1.98 (3H, s, J = 1.4 Hz, H-5"), 1.61 (3H, s, H-6"), 1.43
(3H, s, H-5"); "C NMR (CD,OD, 100 MHz): 6. 160.0
(C-2), 114.3 (C-3), 143.5 (C-4), 134.7 (C-5), 114.3 (C-
6), 161.6 (C-7), 107.2 (C-8), 152.7 (C-9), 112.6 (C-10),
81.6 (C-2'), 76.0 (C-3"), 184.5 (C-4"), 18.9 (2'-CH,), 24.7
(2'-CH,), 166.4 (C-1"), 126.1 (C-2"), 139.2 (C-3"), 14.4
(4"-CH,), 18.1 (5"-CH,). LA b4 5 Skl i i 5 A
— 35, ARAE v A b OR B (R R T AR, R 3A
F13B 43 5% 58 N (3'S)-3-angeloyloxy-4'-0x0-3',4'-dihy-
droseselin 1 (3'R)-3'"-angeloyloxy-4'-0x0-3',4'-dihydro-
seselin.

th&¥4 kK, ESI-MS m/z 449.156 7 [M+
Na]', 2 73N C,,H,, 0., (Calcd.: 449.157 1, -0.89 ppm).
'H NMR (CDCl,, 600 MHz): 6,, 7.59 (1H, d, J= 9.5 Hz,
H-4),7.35(1H, d,J=8.6 Hz, H-5), 6.81 (1H, d,/=8.6 Hz,
H-6),6.70 (1H, d,J=4.9 Hz, H-4"),6.22 (1H, d,J=9.5 Hz,
H-3), 6.12 (1H, m, H-3"), 6.03 (1H, m, H-3"), 5.45 (1H,
d, J=4.9 Hz, H-3"), 1.97 (6H, m, H-5", 5"), 1.85 (3H, q,
H-4"), 1.83 (3H, q, H-4"), 1.49 (3H, s, H-6"), 1.45 (3H, s,
H-5'); C NMR (CDCl,, 150 MHz): §. 159.9 (C-2), 113.4
(C-3), 143.3 (C-4), 129.3 (C-5), 114.5 (C-6), 156.8 (C-7),
107.7 (C-8), 154.2 (C-9), 112.6 (C-10), 77.6 (C-2"), 70.3
(C-3"), 60.3 (C-4"), 22.7 (2'-CH,), 25.5 (2'-CH,), 166.6

(C-1"), 127.5 (C-2"), 140.0 (C-3"), 20.6 (4"-CH,), 15.9
(5"-CH,), 166.4 (C-1"), 127.1 (C-2"), 138.6 (C-3"), 20.5
(4"-CH,), 15.7 (5"-CH,)o LA b %4l 55 STk i A
— B, MRS TV B A b 00 Ok B B R AT AR, R 4A
F1 4B 737 %52 N (3'S,4'S)- AAERT # 2. & A1 (3'R,4'R)-
HAERTHH 2.5

th&¥s5  EEREK; ESI-MS m/z 451.174 8 [M+
Na]', 73¥ W C,,H,,0,, (Caled.: 451.172 7, 4.65 ppm).
'H NMR (CDCl,, 600 MHz): 6,, 7.59 (1H, d, J= 9.5 Hz,
H-4),7.35(1H, d,J=8.6 Hz, H-5),6.79 (1H, d,J=8.6 Hz,
H-6), 6.61 (1H, d, J = 4.8 Hz, H-4"), 6.22 (1H, d, J =
9.5 Hz, H-3), 6.12 (1H, m, J = 7.3, 1.5 Hz, H-3"), 5.39
(1H, d,J=4.8 Hz, H-3"),2.28 (1H, m, H-2"), 2.18 (1H, m,
H-2"), 2.12 (1H, m, H-3"), 1.96 (3H, m, H-4"), 1.86 (3H,
t, H-5"), 1.47 (3H, s, H-6"), 1.44 (3H, s, H-5"), 0.96 (3H,
d, H-4") 0.94 (3H, d, H-5"); "C NMR (CDCl,, 150 MHz):
J. 159.9 (C-2), 113.3 (C-3), 143.3 (C-4), 129.3 (C-5),
114.5 (C-6), 156.8 (C-7), 107.5 (C-8), 154.1 (C-9), 112.6
(C-10),77.7 (C-2"),70.2 (C-3"), 60.7 (C-4"), 22.8 (2'-CH,),
25.3 (2'-CH,), 166.5 (C-1"), 127.1 (C-2"), 139.8 (C-3"),
15.9 (4"-CH,), 20.6 (5"-CH,), 171.9 (C-1"), 43.3 (C-2"),
25.5 (C-3"), 22.6 (4"-CH,), 22.6 (5"-CH,). VL ¥l 5
SCHRUHR A B A — B, AR T A B £k B I 1)
Mg AR, K SA HSB 7)) % 5 N (3'S,4°S)- F 4L AT 1]
FEM 3RAR-HALLHITHEE,

&6 HEFK; ESI-MSm/z 451.175 3 [M+
Na]’, 71N C,,H,,0,, (Calcd.: 451.172 7, 5.76 ppm)s.
'H NMR (CDCl,, 600 MHz): d,, 7.59 (1H, d, J = 9.5 Hz,
H-4),7.35 (1H, d,J=8.6 Hz, H-5), 6.80 (1H, d,J=8.6 Hz,
H-6),6.63 (1H,d,J=4.9 Hz, H-4"),6.22 (1H, d, J=9.5 Hz,
H-3), 6.03 (1H, m, H-3"), 5.37 (1H, d, J = 4.9 Hz, H-3"),
222 (2H, dd, J=7.1, 1.9 Hz, H-2"), 2.10 (1H, m, H-3"),
1.99 (3H, dd, J = 7.2, 1.6 Hz, H-4"), 1.86 (3H, t, H-5"),
1.45 (3H, s, H-6'), 1.42 (3H, s, H-5"), 0.95 (6H, t, J =
6.5 Hz, H-4", H-5"); *C NMR (CDCl,, 150 MHz): J..
159.9 (C-2), 113.4 (C-3), 143.3 (C-4), 129.4 (C-5), 114.5
(C-6), 156.8 (C-7), 107.5 (C-8), 154.2 (C-9), 112.6 (C-
10), 77.5 (C-2"), 70.3 (C-3"), 60.3 (C-4"), 22.4 (2'-CH,),
25.5 (2'-CH,), 171.9 (C-1"), 43.2 (C-2"), 25.5 (C-3"),
22.5 (4"-CH,), 22.6 (5"-CH,), 166.9 (C-1"), 127.6 (C-2"),
138.0 (C-3"), 15.7 (4"-CH,), 20.5 (5"-CH,). LA L¥dE 5
SCHRPOHR T He AR — B, WU E AL E W) 6 4 3'-isovaleryl-
4'-angeloyl-cis-khellactone. 1 5% B 55 44 44 o B RORT
B, FH 2050 1A R0 D00 HE DL S 5 12 Ak & W 7 TR 450

th&WT  AEKAK; ESI-MSm/z 451.175 0 [M+
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Na]’, /¥ h C,,H,,0,, (Caled.: 451.172 7, 5.10 ppm).
'H NMR (CDCl,, 600 MHz): ¢,, 7.53 (1H, d, J = 9.5 Hz,
H-4), 7.29 (1H, d, J = 8.6 Hz, H-5), 6.73 (1H, d, J =
8.6 Hz, H-6), 6.54 (1H, d, J = 4.8 Hz, H-4"), 6.15 (1H, d,
J =9.5 Hz, H-3), 6.05 (1H, m, H-3"), 5.33 (1H, d, J =
4.9 Hz, H-3"), 2.30 (1H, m, J = 6.9 Hz, H-2"), 1.90 (3H,
dd, H-4"), 1.80 (3H, s, H-5"), 1.65 (1H, m, H-3"), 1.36
(1H, m, H-3"), 1.41 (3H, s, H-6'), 1.37 (3H, s, H-5"),
1.12 (3H, d, J = 7.0 Hz, H-5"), 0.83 (3H, t, J = 7.5 Hz,
H-4™); “C NMR (CDCl,, 150 MHz): J. 159.8 (C-2),
113.3 (C-3), 143.3 (C-4), 129.3 (C-5), 114.5 (C-6), 156.8
(C-7), 107.6 (C-8), 154.1 (C-9), 112.6 (C-10), 77.6 (C-2"),
70.3 (C-3"), 60.6 (C-4"), 22.6 (2'-CH,), 25.4 (2'-CH,),
166.5 (C-1"), 127.1 (C-2"), 139.7 (C-3"), 15.9 (4"-CH,),
20.6 (5"-CH,), 175.3 (C-1"), 41.3 (C-2"), 26.5 (C-3™),
11.7 (4"-CH,), 16.4 (5"-CH,), VA b % ¥ 5 SC kPR i
TR —F, W% 2B Y T N 3'-angeloyl-4'-(2-methyl-
butyroyl)-cis-khellactone. H J X ft S5 #4) 4% A & Bl of
L, FH 2056 11 0 0 M DL 5 1 A B 7 TR 454

th&M8 kK ESI-MS m/z 409.125 5 [M+
Na]’, 7313~ C, H,,0,, (Calcd.: 409.125 8, -0.73 ppm).
'H NMR (CD,0D, 600 MHz): 6,, 7.87 (1H, d, J= 9.5 Hz,
H-4),7.55(1H,d,J=8.7 Hz, H-5), 6.87 (1H, d, J=8.7 Hz,
H-6), 6.56 (1H, d, J = 4.8 Hz, H-4'), 6.25 (1H, d, J =
9.5 Hz, H-3), 6.21 (1H, m, J = 7.3 Hz, H-3"), 5.40 (1H,
d, J = 4.8 Hz, H-3"), 2.07 (3H, s, H-2"), 1.95 (3H, m, H-
4"), 1.86 (3H, m, H-5"), 1.48 (3H, s, H-6"), 1.44 (3H, s,
H-5"); "C NMR (CD,0D, 150 MHz): §. 162.0 (C-2), 114.1
(C-3), 145.7 (C-4), 131.0 (C-5), 115.7 (C-6), 158.0 (C-
7), 108.0 (C-8), 155.1 (C-9), 113.5 (C-10), 78.7 (C-2"),
71.4 (C-3"), 62.3 (C-4"), 22.9 (2'-CH,), 25.3 (2'-CH,),
167.7 (C-1"), 128.2 (C-2"), 140.9 (C-3"), 16.0 (4"-CH,),
20.6 (5"-CH,), 171.6 (C-1"), 20.7 (2"-CH,). LA _F % #5
55 SCHRU R T A — B, AR T A b A OR B
[ AT T AR, 5 8A FIT 8B 43 Jill % 5E A (3'S,4'S)- A FE I
B E A (3'RA'R)-FALERT 2 .

EM9 L EMRY); ESI-MS m/z 285.073 9
[M+Na] *, 4 7 X N C,,H,0,, (Calcd.: 285.073 3,
2.10 ppm). 'H NMR (CD,OD, 600 MHz): 6, 7.88 (1H,
d, J = 9.5 Hz, H-4), 7.46 (1H, d, J = 8.6 Hz, H-5), 6.78
(1H, d, J = 8.6 Hz, H-6), 6.26 (1H, d, J = 9.5 Hz, H-3),
5.11 (1H, d, J = 4.9 Hz, H-4"), 3.77 (1H, d, J = 4.9 Hz,
H-3"), 1.44 (3H, s, H-6"), 1.43 (3H, s, H-5'); "C NMR
(CD,0OD, 150 MHz): 6. 163.4 (C-2), 112.7 (C-3), 146.3
(C-4), 130.1 (C-5), 115.8 (C-6), 157.9 (C-7), 112.8 (C-

8), 155.8 (C-9), 113.7 (C-10), 80.2 (C-2"), 73.1 (C-3"),
62.1 (C-4"), 26.9 (2'-CH,), 21.5 (2-CH,). L E¥#i 5
SCERPAHR A B A — B, AR T A ) DR B I )
A TR AR, 4 9A FI1 9B 43 7 4 5E Iy (3'S,4'S)- LAk A i
H(3'RA'R)-HUAK TS .

{E&E TTmk: M ST L &Y B il SCE S 55 TR
FENERAR T B G A 43 B AR S MR AT R R AR IB B B
W6 5 DTSRI AR T AT SE A PRk XSO A BT SCE [ B AR
HAB SO AR G AR AR STRT FU AN B 7T 7 S it

FEEHRS: (E#H A A 205
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