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Abstract: Ten dimeric phthalide racemates (1-10) were isolated from an aqueous extract of the Angelica
sinensis root head (Guitou) by separation techniques of column chromatography over macroporous adsorbent resin,
MCI resin, silica gel, and Sephadex LH-20, together with preparative thin-layer chromatography and reversed
phase HPLC. The racemates were further separated into (+)-/(—)-1-(+)-/(-)-10 with chiral HPLC. Their structures
including absolute configurations were elucidated by comprehensive analysis of spectroscopic data, combined with
electronic circular dichroism (ECD) and NMR calculations as well as single crystal X-ray diffractions. Compounds
(+)-/(-)-1-(+)-/(—)-10 are either new structure or new natural product, named (+)-/(—)-angelidipthalidic acids A-H
[(H)-/(—)-1-(+)-/(-)-8] and (+)-/(-)-angelidipthalidols A and B [(+)-/(-)-9 and (+)-/(-)-10], respectively. Meanwhile,
dimeric phthalide mono- and bis-lactone derivatives with 3.3'a,8.6"- and 3.6', 8.3'a-coupling patterns as well as
determination of their relative configurations are discussed.
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Figure 1 The structures of compounds (+)-/(-)-1-(+)-/(-)-10
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MeOH)}; ‘BT "H NMR #4555 1 #[7, H CD i
2 RER R R, HE N — XX k. BT &
LR AR, RIFH] (H)-1 80 (-)-1 1945 5, sk

Table 1 NMR spectroscopic data of compounds 1-4. Data (J) were measured in acetone-d, (references: d,.p,cocps = 2-050 for 'H and
Fepscocns = 29-840 for °C) for 1-4 at 600 MHz for 'H and 150 MHz for "C. Proton coupling constants (J) in Hz are given in parentheses.
The assignments were based on 'H-"H COSY, HSQC, and HMBC experiments
No. 1 2 3 4
5, 5, 5, 5, 5, 5, 5, 5,
1 170.7 170.2 170.5 170.6
3 90.5 96.2 92.9 88.8
3a 167.6 165.3 161.8 156.0
4A 2.53 m 22.6 2.66 m 25.8 2.70 m 22.8 7.18d (7.8) 123.0
4B 229m 233 m 2.54m
S5A 247 m 233 240 m 23.1 246 m 23.6 7.55t(7.8) 134.3
5B 2.28m 223 m 2.34m
6 5.87 dt (9.6, 3.6) 128.8 5.95dt (9.6, 3.6) 129.6 5.96 m 129.5 7.46t(7.8) 128.9
7 6.03 dt (9.6, 1.8) 117.4 6.04 dt (9.6, 1.8) 117.8 6.11 m 117.7 7.70 d (7.8) 124.6
Ta 122.8 125.2 126.9 127.8
8 1.74 m 43.7 2.10 m 49.9 2.10 m 49.1 1.88 m 50.3
9A 1.40 m 28.7 1.28 m 36.0 1.02m 31.6 1.45m 29.1
9B 1.0l m 1.26 m 0.97 m 1.04 m
10A 1.36 m 213 1.49m 22.4 1.45m 21.6 1.23m 213
10B 1.14m 121m 1.18 m 0.95m
11 0.86t(7.2) 14.4 0.86t(7.2) 14.2 0.84t(7.2) 14.4 0.73t(7.2) 143
1 166.2 166.3 165.8 166.1
3 208.0 208.0 207.6 206.7
3'a 58.8 59.8 58.1 58.0
4'A 2.45m 26.4 2.54m 243 2.04 m 239 2.36 m 27.6
4'B 1.73 m 1.85td (12.6, 3.6) 1.78 m 1.84 m
5'A 2.05m 18.5 2.02m 28.1 1.87m 26.6 2.10 m 17.8
5'B 1.4l m 1.54 m 1.50 m 1.53m
6 2.94m 342 2.99 m 36.0 3.04m 35.6 3.0l m 34.8
7 7.46 d(6.6) 148.6 7.35d (6.6) 146.1 7.52.d (6.6) 146.7 7.81d(7.2) 1512
7'a 137.5 137.0 137.7 136.8
8'A 2.56 m 41.2 2.59m 41.7 243 m 422 230m 41.3
8'B 2.36m 243 m 2.18m 2.24m
9'A 1.47m 26.4 142 m 26.3 1.48 m 27.3 1.38m 26.9
9'B 1.26 m
10’ 1.25 hex (7.2) 22.7 1.23m 22.7 1.23 hex (7.2) 23.0 1.17m 229
11’ 0.841(7.2) 14.3 0.84t(7.2) 14.3 0.83t(7.2) 14.2 0.78 t(7.2) 14.2
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Figure 3 The NOESY correlations (pink double arrows) of 1-8 and 10
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Figure 4 ORTEP diagram of the crystal structures of 1, 8 and 9
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Figure 5 (a) The overlaid experimental CD spectra (full lines) of (-)-1 (red) and (+)-1 (blue) and the calculated ECD spectra (dash lines)
of (3R,3'aS,6'S,85)-1 (red) and (3S5,3'aR,6'R,8R)-1 (blue). (b) The overlaid experimental UV spectra (full lines) of (-)-1 (red) and (+)-1 (blue)

and calculated UV spectrum (dash line) of (3R,3'aS,6'S,8S5)-1
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Figure 6 (a) The overlaid experimental CD spectra (full lines) of (-)-2 (red) and (+)-2 (blue) and the calculated ECD spectra (dash lines) of
(3R,3'aR,6'R,8R)-2 (red) and (3S,3'aS,6'S,8S)-2 (blue). (b) The overlaid experimental UV spectra (full lines) of (-)-2 (red) and (+)-2 (blue)
and calculated UV spectrum (dash line) of (3R,3'aR,6'R,8R)-2
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Figure 7 (a) The overlaid experimental CD spectra (full lines) of (-)-3 (red) and (+)-3 (blue) and the calculated ECD spectra (dash lines)
of (35,3'aS,6'S,8R)-3 (red) and (3R,3'aR,6'R,85)-3 (blue). (b) The overlaid experimental UV spectra (full line) of (-)-3 (red) and (+)-3 (blue)
and calculated UV spectrum (dash line) of (3R,3'aR,6'R,8S5)-3
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Figure 8 (a) The overlaid experimental CD spectra (full lines) of (-)-4 (red) and (+)-4 (blue) and the calculated ECD spectra (dash lines)
of (35,3'aR,6'R,8R)-4 (red) and (3R,3'aS,6'S,85)-4 (blue). (b) The overlaid experimental UV spectra (full lines) of (-)-4 (red) and (+)-4 (blue)
and calculated UV spectrum (dash line) of (3R,3'aS,6'S,8S)-4
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== Exp. UV spectrum of (+)-5
= = =Cal. UV spectrum of (3R,3'aR,6'R,8R)-5
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@
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0 T T T T
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Figure 9 (a)The overlaid experimental CD spectra (full lines) of (-)-5 (red) and (+)-5 (blue) and the calculated ECD spectra (dash lines) of
(3R,3'aR,6'R,8R)-5 (red) and (3S5,3'aS,6'S,8S5)-5 (blue). (b) The overlaid experimental UV spectra (full lines) of (=)-5 (red) and (+)-5 (blue)

and calculated UV spectrum (dash line) of (3R,3'aR,6'R,8R)-5

@

Exp. CD spectrum of (—)-6
- = = Cal. ECD spectrum of (35,3'aS,6'S,8R)-6
Exp. CD spectrum of (+)-6
= = =Cal. ECD spectrum of (3R,3'aR,6'R,85)-6

200 250 300 350 400
Wavelength / nm

(b)
= Exp. UV spectrum of (-)-6
Exp. UV spectrum of (+)-6
40000 - - = = Cal. UV spectrum of (35,3'25,6'S,8R)-6
30000 \
@

20000

10000 4

200 250 300 350 400
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Figure 10 (a) The overlaid experimental CD spectra (full lines) of (-)-6 (red) and (+)-6 (blue) and the calculated ECD spectra (dash lines)
of (3R,3'aR,6'R,85)-6 (blue) and (35,3'aS,6'S,8R)-6 (red). (b) The overlaid experimental UV spectra (full lines) of (-)-6 (red) and (+)-6 (blue)
and calculated UV spectrum (dash line) of (35,3'aS,6'S,8R)-6
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Table 2 NMR spectroscopic data of compounds 5-7. Data (J)
were measured in acetone-d, for 5-7 (references: 6,y cocp; =
2.050 for 'H and J, =29.840 for *C) at 600 MHz for 'H and
150 MHz for "*C. Proton coupling constants (J) in Hz are given in
parentheses. The assignments were based on 'H-"H COSY, HSQC,

CD3COCD3

and HMBC experiments

No. 5 6 7
Oy O Oy O Oy O

1 170.1 170.2 170.3
3 94.3 92.0 89.0
3a 150.9 152.0 167.3
4 7.27d(7.8) 125.0 7.71d(7.8) 123.1 2.49m 22.5
5A  7.51td(7.8,1.2) 133.1 7.69t(7.8) 134.5 2.48 m 23.4
5B 2.40 m
6 7.47td (7.8,1.2) 129.2 7.54t(7.8) 129.6 5.97 dt (9.6, 3.6) 130.1
7 7.72 d (7.8) 125.1 7.76 d (7.8) 125.1 6.07 dt (9.6, 1.8) 117.2
Ta 129.0 130.0 123.2
8 220 m 513 222 m 542 229 m 45.0
9A 1.00 m 372 126 m 324 1.77m 30.3
9B 0.58 m 0.98 m 0.93m

10A 121 m 21.7 1.10 m 21.6 1.04 m 22.5
10B  0.82m 0.98 m 0.99 m

11 0.62t(7.2) 14.1 0.70t(7.2) 143 0.76t(7.2) 14.5
1 166.1 165.8
3 206.7 206.7 210.5
3'a 59.0 56.9
4'A 251m 25.0 240 m 24.3 2.08 m 21.4
4B  197m 1.99 m 1.56 m
55A 211m 27.2 2.09 m 26.7 230 m 22.6
5B 1.63m 1.66 m 1.32m
6 3.05m 36.5 3.06 m 364 2.67m 43.8
7 7.73 d (6.6) 149.3 7.60 brs 147.1 7.33d(6.6) 142.3
7'a 136.5 132.6 142.9
8'A  236m 419 227m 42.0 2.55m 41.3
8B 2.29m 2.14m
9'A 1.36m 269 1.28 m 26.8 1.6l m 26.3
9'BN 1.26 m

10’ 1.17m 22.8 1.09 m 22.8 1.34 hex (7.2) 229
11" 0.78t(7.2) 142 0.74t(7.2) 142 0.89t(7.2) 14.3

£ HPLC #7315 2 (+)-7 {[a]Z +91.5 (c 0.32, MeOH)}
F1(-)-7 {[a]?® =96.4 (c 0.31, MeOH)}, — 3 [ {4 1 I i
FUEL BRI 101; &£ 525 CD 5T 5 ECD e (| 11) 15

Exp. CD spectrum of (-)-7
= = =Cal. ECD spectrum of (35,3'aR,6'S,8R)-7
Exp. CD spectrum of (+)-7
= = =Cal. ECD spectrum of (3R,3'aS,6'R,85)-7

250 300 350 400

Wavelength / nm

(b)

SE T HIA 3R,3'aS,6'R,8S F1 38,3'aR,6'S,8R # #4 ,
RIE, t & (H)-7F0 (-)-7 B S5 R 15 B8 52, 5 il fn 44
N (H)-H(=)-Z 3 ZERA BERE G [(+)-H1(-)-angelidip-
thalidic acids G].

A0 VH e 4 8 9 TGt L & (TR ), [ady =~ 0 (c 0.10,
MeOH). H#E (+)-HR-ESI-MS m/z 397.200 6 [M+H]"
(C,,H,,0, 1151 397.201 0) FI NMR 3% %4 (% 3), i
EH T AN CH,0,0 HhHE 8 5 7 [ NMR i £ 5
BN 8 AL ZHUR IR 2 MK [0, 7.77 (t, J =
7.8 Hz, H-5), J. 135.5 (C-5)] A1 [6,, 7.52 (d, J = 7.8 Hz,
H-4), 6. 123.4 (C-4)] 43 WAL T 7/ 24N H 3 (CH,-5
A1 CH,-4).  HIBLHERT 8 42 7 B O ) 31 it 07 1444
(AT, 315 8] 2D NMR 3 HT 0 a6E (82). Ttk
7%, R ¥ ROESY i ' H-4/H-8. H-4’A/H-9A F1 H-5'A/
H-9A [¥] NOE #& X W, fify 7€ 8 F¥1AH X #4 24t 1 3 B 7
TE A VA 45 21 8 1) dR AR, 8 XS B ATT SR E I
PRHHRE AR AT, AMBEHRUE F Y B P2 /o 73 (B (17 e i
i, T HAUESE 7 HARXS #4974 41 ORTEP Kl s (K 4).
FAR 8 24 2 T F % il A AU VA 7 R i I 25,
AR SN AR R 23, (B R AE SR IR i R R R L (+)-7
A (=)-7 () VA A -d, 5 9, A5 T8CE I R RT 4 0 g
Rl 7= A2 A 23 B AR 2 IS 724 { o]y 73 3l N+84.7
(c 0.11, MeOH) F1-80.2 (¢ 0.06, MeOH)} . #— K& Hi
EATI H NMR S £ 35 5 8 #H [F, LA IE P A 7=
53 0 8 TR 25 T R LA (+)-8 AT (—)-8, I id S g
CD 5115 ECD #1777 (B 12) 38 58 4aXf 14 B 45 51
N 3R,3'aS,6'R,8S F113S,3'aR,6'S,8R. Kk, 1L &4 (+)-8
A1 (-)-8 IS5 K13 2R E, 73l fir 44 9 (+)-H1 (=)-2 14
T ERAERES H [(+)-F1 (-)-angelidipthalidic acids H].

H0TH T A 9 S T (T ), [a]h =~ 0 (c 0.10,
MeOH). R ¥ (+)-HR-ESI-MS m/z 415.211 3 [M+H]"
(C,,H, 0, 71 5 Af 415.211 5) F1I NMR %% £ 4 (35 3), #i

Exp. UV spectrum of (-)-7
Exp. UV spectrum of (+)-7
= = =Cal. UV spectrum of (3R,3'aS,6'R,85)-7

150004, ",
10000 4

5000

200 250 300 350 400

Wavelength / nm

Figure 11 (a) The overlaid experimental CD spectra (full lines) of (-)-7 (red) and (+)-7 (blue) and the calculated ECD spectra (dash lines)
of (35,3'aR,6'S,8R)-7 (red) and (3R,3'aS,6'R,8S)-7 (blue). (b) The overlaid experimental UV spectra (full lines) of (-)-7 (red) and (+)-7 (blue)

and calculated UV spectrum (dash line) of (3R,3'aS,6'R,8S)-7
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Table 3 NMR spectroscopic data of compounds 8-10. Data (J) were measured in acetone-d, (references: d,.p,cocns = 2-050 for 'H and
Ocpacocns = 29.840 for 1C) for 8 and 9 at 600 MHz for 'H and 150 MHz for "°C, and in methanol-d, (references: 6,.,op, = 3.310 for 'H and
Oepson = 49.000 for C) for 10 at 500 MHz for 'H and 125 MHz for "*C. Proton coupling constants (/) in Hz are given in parentheses. The

assignments were based on DEPT, 'H-'"H COSY, HSQC, and HMBC experiments

8 9 10
Ne- 5 5. 5 5 5, 5.
169.7 167.8 172.0
3 88.2 95.3 92.5
3a 157.0 86.9 163.5
4A 7.52d(7.8) 123.4 1.78 m 25.7 2.80 m 20.8
4B 1.38 m 2.67m
5A 7.77t(7.8) 135.5 2.0l m 27.6 2.57m 23.5
5B 1.87m 248 m
6 7.61t(7.8) 130.3 4.39t(4.2) 62.0 6.03 dt (9.6, 4.1) 130.9
7 7.80d (7.8) 126.0 6.83d(4.2) 140.3 6.10 dt (9.6, 2.0) 117.1
Ta 125.5 131.6 124.5
8 2.48d(11.3) 50.1 1.88 m 45.1 3.01dd (10.9, 8.0) 48.5
9A 1.82m 30.2 1.50 m 30.3 3.79 ddd (10.9, 7.4, 3.8) 69.0
9B 0.94 m 1.11 m
10A 0.79 m 22.7 1.39m 21.6 1.00 m 29.1
10B 0.69 m 121 m
11 0.63t(7.2) 14.2 0.86t(7.2) 14.4 0.88t(7.3) 9.7
1’ 166.2 165.1 169.8
3 210.6 115.1 149.8
3'a 57.3 59.9 157.2
4'A 2.15m 21.5 2.38dt(11.4,1.8) 23.0 271 m 20.5
4'B 1.65m 1.32m 231m
5'A 2.37m 22.8 2.00 m 17.2 233 m 22.6
5'B 1.37m 1.35m 2.08 m
6 2.76 m 45.0 3.17m 38.8 2.77m 33.0
7' 7.32d(7.2) 142.2 7.48 d (6.6) 146.2 3.62dd (7.8,2.0) 35.7
7'a 144.5 135.8 124.9
8'A 2.591t(7.2) 41.3 1.88 m 36.2 5.37d(8.9) 115.2
8'B 1.76 m
9'A 1.62 m 26.3 1.52m 25.6 4.60 dt (8.9, 6.7) 68.6
9'B 1.42m
10'A 1.34 m 229 133 m 23.4 1.68 m 31.0
10'B 1.55m
11’ 0.891(7.2) 14.3 0.891t(7.2) 14.2 0.92t(7.4) 10.0
(a) Exp. CD spectrum of (-)-8 (b)
40 - - - Cal. ECD spectrum of (35,3'aR.6'S,8R)-8 50000
Exp. CD spectrum of (+)-8 Exp. UV spectrum of (-)-8
. - = = - Cal. ECD spectrum of (3R,3'aS,6'R,8S5)-8 Exp. UV spectrum of (+)-8
204" = = =Cal. UV spectrum of (3R,3'aS,6'R 85)-8
40000
0
30000
> - Lo
-20 .
! 20000
—40
10000 1
—60 4
T T T 1 0 T T T 1
200 250 300 350 400 200 250 300 350 400
Wavelength / nm Wavelength / nm

Figure 12 (a) The overlaid experimental CD spectra (full lines) of (-)-8 (red) and (+)-8 (blue) and the calculated ECD spectra (dash lines)
of (35,3'aR,6'S,8R)-8 (red) and (3R,3'aS,6'R,8S)-8 (blue). (b) The overlaid experimental UV spectra (full lines) of (-)-8 (red) and (+)-8 (blue)
and calculated UV spectrum (dash line) of (3R,3’aS,6'R,85)-8

EH T HBCN C,H,0,, 81 2 I MEJET. LR 9 AN HEA L [0, 4.39 (1, J = 4.2 Hz, H-6), 6. 62.0 (C-6)]-
1 NMR s (R 1/3), KM ELZRRZ I 14 1 AN EEF W [0, 86.9 (C-3a)] A1 1 AN 4 Bl 2 1% [0,
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115.1 (C-3")] 23 HHUR T 1 1) sp® ¥k F 3L (CH-6) Z= Bk
(C-3a) FI¥RIE (C-3"). HLL, HEWr 92 1 FAMLATAEDY,
i 2D NMR 1S b i e 7 H 45 . M HE 'H-"H
COSY il 48 Y (5 5 H,-4/H,-5/H-6/H-7.H,-4'/H,-5'/
H-6' . H-7'/H-6'/H-8/H,-9/H,-10/H,-11 F! H,-8'/H,-9'/H,-
10"/H,-11", #5€ 9 1153 T AFAE A AR IRAR A 1R 4544
Jr B (K2). fEHMBCi%H, H-75 C-1 M1 C-3a.H-8 5
C-3a Lt H,-9 5 C-3 M RAZ AR M KAS 5, 456 el
AL 2= AL 7%, UE B 9 TR AEAE — /> C-3a Fll C-6 43 il 7 4
M T FEDUERBR R IT. [, R4 H,-4'5 C-3'a, H-7'5
C-1"f1 C-3'a ¢t H,-8'5 C-3"F1 C-3'a [F) HMBC {5 5, 4
B UMM B, e B — A C-3 4 I T 3 Y
SOREKH T, Ah, HH,-4'5 C-3 [ HMBC S 5, i &
AR C-3 18Rt C-3'a 5 C-4MIE . MR 4T 4Lk A
J C-3at5 C-3"MAL 200 FS, HEWX A Fid g 3L = 14
SR TR R, 9 1P NS5 M e v i B 2 B .
79 I ROESY 1% oK 8 i 7~ ] FH R A i A X g 284
M55 o 75N ERVE P 15 2 9 (1 51 5, 48 X- 2R AT 5
KW o3 A SR N P2, /n 23 TRV RE (0 418 BE AR TR 4,
-t AR A BN 18] 4 Fr o o 4 1 HPLC #7415 2
o3 B0 T AR L 42T 121 R (4)-9 {[a]® +52.1 (¢ 0.05,
MeOH)} Al (-)-9 {[a]® =57.5 (¢ 0.04, MeOH)}, i i 5
5 CD 5115 ECD be % (& 13) $i 58 28 %5 14 B4 53 53l
3R,3'R,3aR,3'aR,6R,6'R,8R Fl1 35,3'S,3aS5,3'aS,65,6'S,8S.
R, (LA (-9 R (-)-9 45 #0753 E 8 52, 4379 dr 44
9 (H)-F (=)- 243 ZBR A EREE A [(+)-F1 (-)-angelidip-
thalidols A].

A A 10 D9 6 B F AR WOIR Y, [o]3) ~ 0 (¢ 0.24,
MeOH). tR¥E (-)-HR-ESI-MS m/z 411.181 5 [M-H]"
(C,,H,,0, T 518 411.181 3) I NMR i £ 4% (3% 3), #i
€ H Ay TN C, H,0,. HLHE 10 711 [ NMR % %
P (R 1VFI3), Bon FEZ 10 1) 2 M EHE IR T 51

Exp. CD spectrum of (+)-9

= = = Cal. ECD spectrum of (3R, 3'R,3aR 3'aR 6R,6'R 8R)-9
== Exp. CD spectrum of (—)-9

= = = Cal. ECD spectrum of (35,3'S,3aS,3'a$ 65,6'S,85)-9

@ s0-

T T T |
200 250 300 350 400
Wavelength / nm

A Z AR 1A DY AU 43 5 AR T 1 2 AN
TS H SRR AR B S 1A OO0 . U,
HEWT 10 AN R ERAT AR BT i R B 7 R AE T A,
J£19 %] 2D NMR B @ #7982 - #R9E 'H-"H COSY i
W) &2 X g H,-4/H,-5/H-6/H-7 H,-4'/H,-5'/H-6' \ H-7'/
H-6'/H-8/H-9/H,-10/H,-11 A1 H-8'/H-9'/H,-10"/H,-11" ,
JE 10 FAETE A Z K AS & 1 &5 10 7 B (1 2). AR
HMBC ¥+ H-7 5 C-1 f1C-3a.H,-4 5 C-3 F1 C-7a L K
H-8 5 C-3a ) iz @ BB 5, 45 & e 2= 4r
%, W 10 04 — A 9- 32 2 T R AR BK L T, R,
HR4% H,-4'55 C-3'F11 C-7'a H-7'5 C-1'fl C-3'a X H-8'55
C-3'F1C-3'alfiHMBC {55, 45 & eI =008, e
A —A9-FEE T I E NSRBIt . sAh, HH-7"
5 C-3.C-3a 1 C-8 [ HMBC 15 5, #ffi %€ W A Z KT A=
FIGHA 3.7,8.6EF 2. TR, 10 1T T 45 M B o
NUE 2 Fizn . MR 5 10 ff) ROESY %+ H-4'A 15 H-8'
) NOE 28 S W fff s R A XUk Ry Z A4 . R, B H-7"5
H-4A 1 H-8 [) NOE 5 X g5 5 4 Ir i £8 S 5L ) )Y 7o
PRI, T H-5"B 5 H-9 B NOE 58 X &(5 5 R B EAl]
HUe DY TCH ) 53— 22 F-PE HPLC #7415 31 €0 i 0 [
UL FEIT 151 1 (+)-10 {[a]? +120.0 (¢ 0.18, MeOH)}
Fl(-)-10 {[a]? -123.8 (c 0.18, MeOH)}, £ 52l CD
51 ECD 1% ™), 455 1H 5 NMR F1 DP4-+RE % 53
FrCs AR M B F PO (C-9 1 C-9") 7E N I
RUBEAT TR € o AELRFFIR A0 BUASAR T 0% C-9
M C-9OH B fE LR, TH 5 (3R,6'S,7'S,8R,95,9'R)-10.
(3R,6'S,7'S,8R,9S,9'S)-10. (3R,6'S,7'S,8R,9R,9'R)-10 Al
(3R,6'S,7'S,8R,9R,9'S)-10 75 2| (1] ECD i 1) 5 (-)-10 1)
S CD RE VTS R 47 (K 14). BEear %, (-)-10 4
CD i Cotton RN 7= S HL e 25 #g vp DU S 34 38 73 B 44
A1 3R,6'S,7'S,8R, 1M1 C-9 A1 C-9" [ 44 7 xof e B mi 1R /) o
#E— i+ 5 (3R,6'S,7'S,8R,95,9'R)-10. (3R,6'S,7'S,8R,

(b) 20000
Exp. UV spectrum of (—)-9
Exp. UV spectrum of (+)-9
= = =Cal. UV spectrum of (3R,3'R,3aR,3'aR 6R,6'R,8R)-9
.
15000
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< 10000 A
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Figure 13 (a) The overlaid experimental CD spectra (full lines) of (+)-9 (red) and (-)-9 (blue) and the calculated ECD spectra (dash lines)
of (3R,3'R,3aR,3'aR,6R,6'R,8R)-9 (red) and (35,3'S,3aS,3'aS 65,6'S,85)-9 (blue). (b) The overlaid experimental UV spectra (full lines) of
(-)-9 (red) and (+)-9 (blue) and calculated UV spectrum (dash line) of (3R,3'R,3aR,3'aR,6R,6'R,8R)-9
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9S,9'5)-10. (3R,6'S,7'S,8R,9R,9'R)-10 1 (3R,6'S,7'S,8R,
9R,9'S)-10 [¥] 'H F1 °C NMR % ¥, 28 DP4+HE R 4 b7 i
7~ (3R,6'S,7'S,8R,95,9'R)-10 1] 1] G 1 1% 100% (3 4),
W (=)~ (+)-10 4856 14 784 53 51 5 7€ N 3R,6'S,7'S,8R,
9S,9'R f13S,6'R,7'R,8S,9R,9'S. Ak, L&) (+)-10 I
(-)-10 I Z5 R 153 B, 70l dr 448 (H)-F1 (-)-24 13 =
Bk A BiE B B [(+)-F1 (-)-angelidipthalidols B].

B (+)-/(=)-1-(+)-/(-)-6 B P FiE 71 3.37a,8.6/-
BRI RBRATAED, T (H)-/(-)-T R (H)-/(-)-8 NH
BE7Y 3.6',8.3"a-1E 2 [ — KEKAT Y . & ke R, H
R AT B A J 5 F v 245 115 I JR) @ A v 43 15
RIE T 3R 3.3',8.6' - E 1 —
gdiolide R17* chuanxiongdiolide R3™ J% angeolide fiT
Az R EECOT LA PN R A 3.67,8.3"a- BRI R K
chuanxiongdiolide R7%", ¥4 Hfig. H 1, chuanxiong-
diolides R1 F11 R3 J& )it 20k 144, 73 75 # H] CD ¥ 1 F
PE S it 5 ECD B 77 6 € 1 e AT B 48 60 1 AL
angeolide T 4= H li§ Al chuanxiongdiolide R7%" & 4
A&, 43 & T 43 s LB sl CD S5 it
ECD #5E T e 4%t #) . 4% 5 72, chuanxiong-
diolide R7 ) 45 4 S AH X # R  id 53 fh X- S 2 AT 5 7
B —DHRIE . ARYE CHRE LS E S . CD 1% A1
HPLC #f 7> (3 15 00, E A @AY B N BB L 3.3 a,
8.6"- I F2 1Y) — SR BKAT A= W LA w4k A 45 & 1) AR

ZEBK chuanxion-

(a) Exp. CD spectrum of (—)-10
80 - Exp. CD spectrum of (+)-10

= Cal. ECD spectrum of (3R,6'S,7'S,8R,95,9'R)-10

704 = = =Cal. ECD spectrum of (35,6'R,7'R,85,9R,9'S)-10

604 = = Cal. ECD spectrum of (3R,6'S,7'S,8R,95,9'S)-10

- = =Cal. ECD spectrum of (35,6'R,7'R,85,9R,9'R)-10

50 = = =Cal. ECD spectrum of (3R,6'S,7'S,8R,9R,9'R)-10

= = =Cal. ECD spectrum of (35,6'R,7'R,85,95,9'S)-10

40 1 - = -Cal. ECD spectrum of (3R,6'S,7'S,8R 9R,9'S)-10

2 304 Cal. ECD spectrum of (35,6'R,7'R,85,95,9'R)-10

T T T |
200 250 300 350 400
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Figure 14

F), 17 3.6',8.3"a-3E % ) — 2B K chuanxiongdiolide R7 LA
SMHTRRIRAS . 5158, 14 NATERE L T JR A B A &
Porh 2y B ARE T 10 XU BE Y 3.3',8.6'- ) — K
fik angeolide®** . tokinolide B”**”\isotokinolide B®* 24
VA XU & A N s APY. ansaspirolide®*" fl angesinenolide
F®¥ dehydrotokinolide B®**", (3'2)-(35,8S,3'aS,6'R)-4,
5-dehydro-3.3'a, 8.6"-diligustilide™ . gaobennolides A Fll
B DL K A 3.67,8.3"a- 34 5 (1) XA I A — B K E-
23052951 rel-(32)-(3aR,6S,3'R,8'S)-3a.8",6.3"-diligusti-
lide™", H: 1, angeolide® . tokinolide B®*' 1 dehydroto-
kinolide B4 . i X I 2 T 5 1 UE 351 49 41 3 e A 5
W T eI # Y; (3'2)-(3S,8S,3'aS,6'R)-4,5-dehy-
dro-3.3'a,8.6"-diligustilide™ 1) Lt JiE ) & %5 K . CD % H
A B 8 1 Cotton UMV, 282 ECD tF 5 & 1 H 4 X 14
4 ; gaobennolides A I B4 2 ECD 11 &y & 4 %) #4
AU — X5 6 5% P I 30- 22 1) e A Ak oAt 3 R EAT
PEAF 7 ML R RURA E o DRI, AN 10 2 B A B AL IE 2
XU EE Y 1 3.3"2,8.6'- 51 3.6',8.3"a- HE Ft — R EKAT £,

REENHTaEh (2)-80M (E)- 84 A RS NTE A
Mg A S5 KR AT A2 4 X 53 - Diels-Alder # 44 [z B 7
AP B R AEA R T, AR A& iz
i AR LA T AR B AN A EATT TR0 xR
S8 JOHIY i R, DA R ST AR S5 R A4 0] 245 2500 T ) 1
ROEEAE AT BE— 2D RIEFR AT -
(b)

30000

Exp. UV spectrum of (—)-10

Exp. UV spectrum of (+)-10

= = Cal. UV spectrum of (35,6'R,7'R,85,9R,9'S)-10
= = Cal. ECD spectrum of (3R,6'S,7'S,8R,95.9'S)-10
= = Cal. ECD spectrum of (3R,6'S,7'S,8R,9R,9'R)-10
= = Cal. ECD spectrum of (3R,6'S,7'S,8R,9R,9'S)-10
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(a) The overlaid experimental CD spectra (full lines) of (-)-10 (red) and (+)-10 (blue) and the calculated ECD spectra (dash

lines) of (3R,6'S,7'S,8R,95,9'R)-10 (red), (3S,6'R,7'R,8S,9R,9'S)-10 (blue), (3R,6'S,7'S,8R,9S,9'S)-10 (green), (3S,6'R,7'R,8S,9R,9'R)-10 (pink),
(3R,6'S,7'S,8R,9R,9'R)-10 (purple), (35,6'R,7'R,8S,95,9'S)-10 (olive green), (3R,6'S,7'S,8R,9R,9'S)-10 (orang), and (35,6'R,7'R,8S,95,9'R)-10
(cyan). (b) The overlaid experimental UV spectra (full lines) of (-)-10 (red) and (+)-10 (blue) and calculated UV spectrum (dash line) of
(3S,6'R,7'R,85,9R,9'S)-10 (blue), (3R,6'S,7'S,8R,9S,9'S)-10 (green), (3R,6'S,7'S,8R,9R,9'R)-10 (purple), and (3R,6'S,7'S,8R,9R,9'S)-10 (orang)

Table 4 DP4+ analysis of (3R,6'S,7'S,8R,95,9'R)-10, (3R,6'S,7'S,8R,95,9'S)-10, (3R,6'S,7'S,8R,9R,9'R)-10 and (3R,6'S,7'S,8R,9R,9'S)-10

(3R,6'S,7'S,8R,95,9'R)-10

(3R,6'S,7'S,8R,95,9'S)-10

(3R,6'S,7'S,8R,9R,9'R)-10 (3R,6'S,7'S,8R,9R,9'S)-10

DP4 + (H data) /% 100.00 0.00
DP4 + (C data) /% 4.70 0.00
DP4 + (all data) /% 100.00 0.00

0.00 0.00
95.17 0.13
0.00 0.00
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T B EE RN XL P B 3.372,8.6'-F113.6,8.3"a- 1 15
1) — SRERAT A= P R AR o R Y, L SOk v 32 AR A —
ZRBRAT A B G I P R AU T (O-2) X H-8 1) 25 B il 2%
R 2 0-2 FTH-8 B A AH [F I, H-8 % 22 BRiki, 3¢
PRA5 5 A AL R B AL RS ARG (W1 angeolide™
E-2321 Al isotokinolide B™Y, 6, 2.82 1 2.55); 4 0-2
AH-8 B[] AH S, 25 BE i80S 9H 2%, H-8 JLRAE 5 11
b 27 ¥ B A # AB % =5 4% (W tokinolide BP**1F1 rel-
(37)-(3aR,6S,3'R,8'S)-3a.8',6.3"-diligustilide"*", o, , 1.67
F11.60). HZ 2 H-8 HLARAE 5 LA A HIAE I,
2.4~1.8 Z [B] i, HE LA B O-2 % H-8 1 25 B i 2R xt
FURERI A B BEAT X 73 FIARRE, W SCRRHRIE 5 angeolide
A A F A X #9 B 1 (3'7)-(3S,88,3'aS,6'R)-4,5-dehydro-
3.3',8.6-diligustilide F1 chuanxiongdiolide R3™" [{] H-8
HIRAE T A =L 20 0l N 6, 232 M12.23, T 5
tokinolide B> B 44 #H [F] AH %} ¥4 24 [¥) dehydrotokino-
lide B®***'Al chuanxiongdiolide R1*f] H-8 LR 15 5 )
PERERE 53 TN O, 1.94 F1 1.84; IS R % #4284 A [
1) ansaspirolide"*"Fl 24 I XU & A< P4 g AR (O-2 AT H-8 HX
f) A ), e H-8 JL 4R 15 5 AL 2= A 8% 430 9 6, 2.26
F12.08.
TE (+)-/(=)-1-(+)-/(-)-8 2 16 45 58 e FE NMR H 4 vfE
Hf VA (5t b, 256 SOk D HRIEAH AL A9 S HENMR
s, ME R 3.3'a,8.6'-F13.6",8.3"a-3E F4 () — BEEKAT
AW AR R L, AN{E 5 NMR 1 FB H-8 (144 2407 52 A
K, i B 5 C-3 A1 C-9 M6 2= A # %5 V) SR BK, 48 i 45 3K
FUTAH RS TS E NG R DL EH-d, 505
17 -d RHVEFI, © 78 0-2 1 H-8 B i) 41 7] HL P4 3% 5 #f
CFEHLA AR R S OL R, H-8 # 0-2 £ B, SLIR1E 5
AL o, B TE 2.23~2.82 2 [8]; [AIIf, C-3 F1C-9
(1 3L IR 15 5 35 1 DLAE A K 3, A0 60 2 0l Ak 7
Sey 93.7~95.8 F1 5., 35.9~36.9 Z [f] [l angeolide™ .
isotokinolide B, E-232" (3'2)-(3S,85,3'aS,6'R)-4, 5-
dehydro-3.3'a,8.6'-diligustilide I chuanxiongdiolide R3™"];
@ 7E H-8 5 O-2 By A fx HL A 5= 54 2k B ) A4H 5]
0L R, O-2 %) H-8 76 25 B il 28, H-8 LR 15 5 11k
SRRSO, ALTE 1.60~1.94 2 8] (Hl T A3 5 0-2 &
M CFERL R A TR, AHELAE I 58, C-3 F1 C-9 LR1E 5
BIRE T AR 3, AL 73 i AR AE Oy 87.9~90.8 Al
Sy 27.9~30.3 Z [8] (1 1. 4. 7. 8. tokinolide B"**,
dehydrotokinolide B"**”'. chuanxiongdiolide R1“
angeolide fi7 4 H EE"); @ £ H-8 5 O-2 B m) A )¢ HL.TA
B 5 CHEHUR WA SIS OL R, O-2 % H-8 T6 2 B il
RN, AH H-8 &b T 2K 38 5 U 1 25 B i X, H-8 L4
S5 Rk AL RS AR TE S, 2.08~2.26 2 [f]; C-3 F1 C-9

FARAE 5 1A AL 88 43 3 b 7E 6, 90.7~95.2 1 6
31.6~32.6 2 [8] (40 3. 6. ansaspirolide®* A1 24 7| XN &4
AN AR, @ £ H-8 5 O-2 B A [/ L& 5 2
LB 1t [ R LR, H-8 B 0-2 & B, JLIRAS
S EALRE O, HLTE 2.10~2.33 Z [A]; [A A, C-3
1 C-9 ML 4R A 5 35 BLAE A XTI, 62 0 78 4y
ML AE O, 94.3~97.0 f1 6, 35.7~37.2 Z [f] (W12.5.
angesinenolide F™ . gaobennolides A F1 B®”). LA I i
BN, BT A R B AR, B & o H-8 T C-3 (AL 22 A7
BB A — A, (R AN R A BB A1 6, 0
ey BURAZ AT FBIA7 52 SCHLG, DR 0 P B AT 30 i A o
A2 B EG R SR, FEAX M R R AL S v,
M C-9 B S 1) AR A0 Y B AH R /0, BRI C-9
R Ak 27 A5 L ) BT AT PR A X g 2R ) T S R A, B
AR 5 HETE27.9~30.3 Z 7], H-8 5 O-2 B [Aj AH s H.TA
B 5 W C R AR R U0 2R 5, A 7E 31.6~32.6 Z [H],
H-8 1 O-2 B i) AR S HLTA 2= 554 B 1) 1 AH S 21
Oy METE 35.7~37.2 2 [f], H-8 5 O-2 B M [A], {H AR
X 43 T ik 5 4k 2 B B AR O B o G4k, T B C-371)
W EE AL R AR AR S [X 3 B oA T T 28— SRR AT A W ) e
773, TE 6, < 209.0 15 2 3.3'2,8.6"- 3% 4 77 2\ (W11~6.+
chuanxiongdiolide R1%™. chuanxiongdiolide R3"™'
angeolide fiT 4= FBEE™), 7F 6., > 210.0 5 4 3.6",8.3"a-3%
¥ 77 20 (40 7. 8 F1 chuanxiongdiolide R7%); 1H J& X} +
WP BRI R KA A, AR R AT T X 4 i
77 S0 NMR 4L

PAEwRFeas B, UE KA EE S H A2 R Wk
LI — SEBRRAG S i oy, SR T 2405 S R s A A 2
FROF (M5 AE 22 R . U, 3K 28 R ER S 4 3 BA
HMH TR I R B AR, LRI 3 A7 7E AR A R V%
TR A I TR A 5 R AR i 6 RN 8, X R AN E
N A gy B G 2 O R SR T AR R TR I Bk
05, A5 2 VA g A7 RS FH D7 920 AR DG R AR A B A
Je L2 T T TE S ), BRI T Rk 27 Ak 0 R 75 gk
— B IRNRFCRRE ) . R SR 8 RO
tokinolide B #1445 21| 5 1 4% ¥4 B AH [R] 19 40 8 g VR &
W, SR SCHRU A 6 LR AT 4R o B e 4a
X R R, A ST R AR AW B0 4 5 e Ho A v, HL
B Y I T AR 4> 1 ECD T 5 4 ) kg
(+)-/(-)-9 & Bk chaxiongnolide B™' 2 #MX A [ 3a,3"- 3
-3.3'a,8.6"- B XN G AL R EKAT AR, Hop sl
XRLER TR MR E . AN, T
SLIKIRBA R (4)-1(=)-1-(+)-/(-)-10 J& T & 4, 4
B B RE SR R, B AT 1 RAW 264.7 211 il
43 ¥ TNF-o F1{R 4" APAP 5| 2 HepG2 2 i 451 4% 15 FH 25
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PRAMERY b 0 ek 1.3~5 A7 LL R 323 J5 1 (+)-/
(2)-1(H)-/(=)-3-(+)-/(=)-5 Fl (+)-/(=)-T BEA4T T W15 0
i, S A B RA L M, (E RS REHERR AR S A A Y |
8 7E T PR AR (B 108 A BB A IR A5 L B8
i JE IR AR T -

MG

AUTOPOL V ZJie 5t I 7€ 4% (3£ [H Rudolph 2 ),
Nicolet impact 5700 %4 {# 57 - 45 4§ 21 41 6 15 43 (32
Thermo Electron Corporation 2 &), JASCO V-650 71 4
SR EREA JJASCO J-815 2 CD il 2 4% (H 4% JASCO 2
F]), Bruker 500 B4 k% 4 3L R AX (45 [H Bruker 23 7)) 534
SYS-600 & #% 1 3L 4R A (3% [ Varian A 7)), Q Exactive
Focus T Jii 14X (3 [ Thermo Fisher Scientific 2 &),
XtaLAB Synergy % ¥ 7 5 {X ( H Z Rigaku 2 7),
SSI-1500 Y & R AH £ 385 4% (3% [ Scientific Systems
~7]). Sephadex LH-20 (% #t Amersham Pharmacia 24
F]), HP-20 28 KL B 4% i - CHP 20P 2 MCI# fig (H
% Mitsubishi Chemical 24 7)), PFP C18 - ffil] £ 2 115 44
(HAKE RS, ICF & i i G FiE
il £ E A (H AR ZEIE 2 \)), A AR (200~300
H) Kz ek R GF,, (5 SR T 7).
IRz SalEa e IR SRS ) A NS | A Y I %31 o B
AT 4l ol e i 4l

LT 20164F 10 H I H Hl A EE, ddb EEy
RE =B 25 WA 70 T S MREI I 7T 52 % 58 N 24 Angelica
sinensis (Oliv.) Diels 3k, £ Z5FE ARAT T [ 5 2 F) 2
W 25008 52 Bt 24 FH IR A = (B 452 ID-S-2751).
1 #RESE

T893k 97 kg B 0 LA, FH ZS TR K I & SR L,
BRI 7K 21300 L, 2 W6 )5 4% 22 5T 30 min, F2HC3 X,
kg, A IR VB, gk s SO R AR 120 Lo AR
HP-20 K FLW B B i (75 kg) K € ilh 20 B, 4K vk K
(650 L).50% Z. I (500 L) F195% Z | (250 L) ¥ it o
e B0 73 ol ek s [0 AT 7D 459 B AR BB 4 (A~ C)o
Hor, B4 (1.6 kg) F/K¥ f# 5, 1 CHP 20P A MCI
B i A € 3% 43 B85, MK 7K (200 1)< 30% B (60 L)+
50% % (60 L) F195% . (60 L) P, o Bt i 7
VR E (BT 715 322> B1~B4. 404> B4 (10 g) F1C
(135 g) B It)E, ARERR: AL 4> 85, LA - 2 2
i A 56 B e i, 48 TLC B HPL.C M 4 3% 41 1 ik
3 A R A AL PRI e B 2 < RISV ¥ ) , 13 2I4H 4 C 1~
C20. Cl4 (1.08 g) &HER A (il 4 B, LA S H k-
LR BN B AR BE Ve A3 B C14-1~Cl14-6. H
W, 2H 7> C14-4 (120 mg) £l & 2 B CH M- 2

IR B8, 1:1) Fl A4 % HPLC (PFP C18 (it #+, 58%
F I, 2.0 mL-min™) K% 4 % 15 2] 10 (7, = 15.3 min,
3.9 mg), B 5 AT 1 IEAH il % HPLC (IG FE i i,
1EChi-Z 8%, 311, 2.0 mL-min™) #7337 (-)-10 (1, =
27.2 min, 1.8 mg) F (+)-10 (¢, = 34.5 min, 1.7 mg). 4l
43 C19 (3.1 g) 4 Sephadex LH-20 %t /5 F: (01 73 55, £
- - EE (5:5:1) BERAS 2] C19-1~C19-6. H
1, C19-2 (114 mg) £ il 2% 8 2 B (= &0 - T4 i,
10:1) A1 A ¥ % HPLC (PFP C18 2 i 4, 68% H I,
3.0 mL-min™) f&K X 7> B 14 2 5 (¢, = 28.2 min, 7.7 mg)
A2 (¢, = 31.4 min, 10.2 mg), F43 5 FH F-PE 1EAH -1 %
HPLC (IG FH i, 1E Cbi-Z8%, 1021, 2.0 mL'min™)
553 3845 (-)-2 (£, = 24.5 min, 4.1 mg) 1 (+)-2 (t, =
25.3 min, 4.6 mg) & (-)-5 (¢, = 25.1 min, 2.8 mg)
(+)-5 (t, = 28.2 min, 3.2 mg). #14> C20 (6.8 g) L HEfiE
FE S 7 85, DA G0 e Rl FR A 9 751006 B e e, 45 2
C20-1~C20-7; C20-3 (175.4 mg) F £ Sephadex LH-20
HE AT B 1l 2y B, A k- - RE (5:5:01) e, 752
C20-3-1~C20-3-4. 1, C20-3-2 (165.3 mg) & HHF
il # HPLC (PFP C18 a3 44, 70% H %, 2.0 mL-min™)
Sy 135 4 (1, = 48.2 min, 41.0 mg) F18 (¢, = 59.1 min,
1.5 mg); 4 H FP£ 1EAH - 1 % HPLC (IG F 7 1 1% A,
IE -2 8%, 1021, 2.0 mL-min™") #5593 3K15 (+)-4 (¢, =
38.9 min, 9.4 mg) 1 (-)-4 (¢, = 44.1 min, 9.6 mg).
73 C20-4 (265.1 mg) £ SephadexLH-20 %t X A% 4 8% 4y
B, AR - (50501) P, 15 3] C20-4-1~
C20-4-3; H: 1, C20-4-2 (165.3 mg) 2 & H 2 #] %
HPLC (PFP C18 & #E, 70% H %, 2.0 mL-min™) 43 215
#3 (t, = 32.7 min, 11.1 mg).9 (¢, = 41.2 min, 1.6 mg).
1 (1, = 48.5 min, 68.0 mg) M7 (¢, = 51.3 min, 7.6 mg),
T AR 1,37 F19 43 5 FH T4 1EAH 2 1] & HPLC (IG T+
PR RERE) P74 AIE k- 4B (1011, 2.0 mL-min™)
NIREN ARG (-)-1 (£, = 22.3 min, 19.9 mg) H (+)-1
(ty = 30.1 min, 20.1 mg), (-)-7 (¢, = 24.4 min, 3.1 mg)
Al (+)-7 (t, = 35.2 min, 3.2 mg); LAIE S 4i- 4 BF (811,
2.0 mL-min™) NSRS (-)-3 (£, = 37.9 min, 3.4 mg)
Al (+)-3 (t, = 41.2 min, 3.3 mg); PLIE O bi- 4B (911,
2.0 mL-min™) AR (+)-9 (£, = 30.2 min, 0.5 mg)
H(=)-9 (1, = 36.3 min, 0.4 mg). Hr, (+)-7F1 (=)-7 )"
L& P2 A — A E 720, 43 0 2] 4 HPLC (IG 1%
it Ak, IEC k-2 8%, 101, 2.0 mL-min™) 43 & 13 5|
(+)-8 (t, = 27.4 min, 1.1 mg) 1 (-)-8 (¢, = 28.9 min,
0.6 mg). fEZE I AFH 3 =HE—DF=W, H A
il % HPLC (PFP C18 th ik, 72% H %, 2.0 mL-min™) 4
B35 6 (1, = 26.2 min, 4.4 mg), J F Tk 1E A7 2 1] %
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HPLC (IC FH: ki, IF S hi- 4B, 8:1,2.0 mL-min™)
75> 3K 43 (+)-6 (t, = 24.6 min, 1.8 mg) 1 (-)-6 (f, =
41.0 min, 1.4 mg).

2 HEHEE

AN AR 1: TC AT db, mp 175~176 °C; [a] 0 (¢
0.10, MeOH); UV (MeOH) /__ (log &) 206 (4.74), 288
(4.11) nm; IR v, 3 428, 3 051, 2 959, 2 874, 2 636,
1762, 1717, 1 615, 1 466, 1 404, 1 380, 1 342, 1 247,
1217, 1126, 1 074, 1 043, 1 015, 988, 950, 893, 829,
757,708, 670,577 cm™'; '"H NMR (acetone-d,, 600 MHz).
“C NMR (acetone-d,, 150 MHz) (4% WL 3% 1. (+)-HR-
ESI-MS m/z 421.197 4 [M+Na]* (C,,H,,O,Na it 5 {8
421.198 6). X-ray 9 4h 17 55 £ 4 C,,H,,0,, M = 398,
L & (monoclinic), a = 9.732 9 (2) A, b =18.198 7
B) A, c=125733(3) A, a=90°, f=102.279 (2)°, y =
90°, V=2 176.11 (8) A’, p = 1.216 g-cm”, spacegroup
P2/c, T=120 K, Z = 4, u(Cu Ka) = 0.680 mm™, W4
19 753 /> B AT S Bt , e 3 843 AN L AT A Ak,
R, =0.023 9, R,= 0.059 3 [> 20(])], wR,= 0.157 6 [[ >
20(I)], R, = 0.067 7 (all data), wR, = 0.169 6 (all data),
F?=1.026; CCDC: 2201 773, (+)-1: [o]?° +112.0 (¢ 0.70,
MeOH); CD (MeOH): 221 (de +5.35), 238 (de —0.22),
252 (de +0.49), 271 (de —0.54), 303 (s +8.31) nm; (-)-
1: [a]® -=120.1 (¢ 0.69, MeOH); CD (MeOH): 222 (de
-5.63), 238 (e +0.82), 252 (de —0.24), 271 (e +1.17),
303 (4e —10.59) nm.

SN T A 20 8 TG € BB K [alf) 0 (c 0.10,
MeOH); UV (MeOH) /_ (log &) 204 (4.53), 290 (3.98)
nm; IR v, 2 963, 2 931, 2 874, 2 615, 1 702, 1 668,
1 645, 1 603, 1 406, 1 366, 1 331, 1 253, 1 223, 1 207,
1136, 1 058, 969, 879, 845, 787, 744, 710, 683, 613 cm™;
'H NMR (acetone-d,, 600 MHz). ""C NMR (acetone-d,,
150 MHz) ¥ #% W% 1. (+)-HR-ESI-MS m/z 399.215 5
[M+H] * (C,H,,04 it 5 {5 399.216 6). (+)-2: [aly
+127.9 (¢ 0.58, MeOH); CD (MeOH): 222 (de +3.73),
236 (de +1.18), 249 (de +1.78), 273 (de —0.95), 303 (4
+10.72) nm; (-)-2: [a]® - 135.9 (¢ 0.56, MeOH); CD
(MeOH): 223 (de =2.57), 234 (de —0.75), 246 (ds —1.43),
273 (e +1.36), 303 (4e —10.91) nm.

AN H AR 30 B T8 E TE M K [aly 0 (c 0.10,
MeOH); UV (MeOH) /. (log &) 204 (4.25), 285 (3.64)
nm; IR v, 3 182, 2 959, 2 873, 1 752, 1 716, 1 614,
1 465, 1 415, 1 377, 1 283, 1 246, 1 191, 1 079, 1 057,
1 016, 950, 904, 873, 823, 759, 716, 670 cm™; 'H NMR
(acetone-d,, 600 MHz).""C NMR (acetone-d,, 150 MHz)

B4l W& 1. (+)-HR-ESI-MS m/z 399.216 4 [M+H]"
(C,.H,, 0,518 399.216 6). (+)-3: [¢]Z +38.7 (c 0.34,
MeOH); CD (MeOH): 207 (de —10.37), 217 (4 —8.16),
230 (de —12.31), 278 (de —4.97), 309 (de —1.52) nm; (-)-
3: [a]® -42.0 (¢ 0.33, MeOH); CD (MeOH): 207 (de
+10.29), 217 (de +8.27), 230 (de +10.26), 278 (de +4.33),
310 (4e +1.10) nm.

S0 e AR 40 B BT8O T M R o]y 0 (e 0.10,
MeOH); UV (MeOH) /,___(log &) 206 (4.29), 227 (3.94),
284 (3.12) nm; IR v, 3 060, 2 958, 2 873, 1 767, 1 716,
1 613, 1 467, 1 403, 1 380, 1 342, 1 283, 1 262, 1 230,
1172,1130,1097, 1015, 999, 953, 922, 757, 694, 676,
585, 529, 473 cm’; 'H NMR (acetone-d,, 600 MHz).
“C NMR (acetone-d,, 150 MHz) 4 W% 1. (+)-HR-
ESI-MS m/z 419.182 6 [M+Na] " (C,,H,,O,Na i & {&
419.182 9). (+)-4: [a]® +13.7 (¢ 0.94, MeOH); CD
(MeOH): 210 (de —14.30), 242 (de +6.14), 276 (4e =0.71),
295 (de +1.4) nm; (-)-4: [a]2 —10.4 (c 0.73, MeOH); CD
(MeOH): 210 (de +11.48), 242 (ds -3.73), 276 (de +0.53),
295 (de -0.86) nm.

AN S: ABTEETERA; [y 0 (¢ 0.10, MeOH);
UV (MeOH) 4, (log &) 205 (4.21), 226 (3.85), 284 (2.98)
nm; IR v, 3077,2958,2935,2873,1767,1743,1715,
1613,1467,1404,1380,1288,1272,1237,1174,1093,
1 065, 1 019, 993, 949, 921, 758, 723, 697, 656, 581,
473 cm’; '"H NMR (acetone-d,, 600 MHz). "C NMR
(acetone-d,, 150 MHz) ##&, W.% 2. (+)-HR-ESI-MS
m/z 419.182 6 [M+Na]" (C,,H,,O.Na i1 514 419.182 9).
(+)-5: [a]? +42.6 (c 0.97, MeOH); CD (MeOH): 210 (4
+15.60), 242 (de -3.80), 279 (de +2.59), 300 (de +0.57),
310 (de +0.70) nm; (-)-5: [a]X —39.1 (¢ 0.53, MeOH);
CD (MeOH): 210 (de —14.83), 241 (de +5.25), 279 (de
-2.73), 299 (de —0.48), 310 (4 —0.72) nm.

AMIE AR 6: B TJE 0 TE B K [aly 0 (¢ 0.10,
MeOH); UV (MeOH) /4, (log &) 205 (4.47), 227 (4.08),
282 (3.26) nm; IR v, 3 505, 3 061, 2 958, 2 873, 2 635,
1762,1714,1614,1466,1405,1378,1331,1281,1248,
1198,1174,1139,1109,1087,1019,959,919, 759, 694,
663, 586 cm™; "H NMR (acetone-d,, 600 MHz).""C NMR
(acetone-d,, 150 MHz) ¥ W7 2. (+)-HR-ESI-MS m/z
397.201 0 [M+H]" (C,,H,,O,1151£97.201 0). (+)-6: [a]
+72.2 (¢ 0.18, MeOH); CD (MeOH): 236 (ds +18.49),
274 (de +4.17) nm; (-)-6: [a]y —77.7 (c 0.14, MeOH);
CD (MeOH): 235 (de —11.86), 274 (de -2.89) nm.

Ah T AR T B BTG E BB K [a]y 0 (c 0.10,
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MeOH); UV(MeOH) /. (log €) 215 (3.91), 286 (3.44)
nm; IR v, 3 456, 3 206, 3 052, 2 958, 2 873, 1 757,
1708, 1 618, 1 574, 1 465, 1 399, 1 380, 1 299, 1 256,
1217, 1182, 1 136, 1 082, 1 018, 980, 954, 870, 759,
709, 555 cm™; 'H NMR (acetone-d,, 600 MHz).""C NMR
(acetone-d,, 150 MHz) % 4 W. % 2. (+)-HR-ESI-MS
m/z 399.216 6 [M+H]" (C,H, 0, i 5 {f 399.216 6).
(+)-7: 0] +91.5 (¢ 0.32, MeOH); CD (MeOH): 243 (4e
+7.55), 268 (e +5.04), 290 (de +6.60) nm; (-)-7: [a]X
-96.4 (¢ 0.31, MeOH); CD (MeOH): 243 (de - 6.41),
268 (ds —4.34), 290 (de =5.77) nm.

AN AR 8: TE AT d, mp 204~205 °C; [a]? 0 (¢
0.10, MeOH); UV (MeOH) /__ (log €) 204 (4.29), 229
(3.90), 277 (3.08), 284 (3.07) nm; IR v__ 3 507, 3 085,
2958, 2 872, 2 653, 2 595, 1 765, 1 706, 1 680, 1 613,
1466, 1430,1378,1352,1329,1302,1262,1228,1194,
1180, 1 135, 1 089, 1 008, 964, 876, 791, 761, 727, 694,
641, 570, 538 cm™; 'H NMR (acetone-d,, 600 MHz).
C NMR (acetone-d,, 150 MHz) $## W% 3. (+)-HR-ESI-
MS m/z 397.200 6 [M+H]" (C,,H,,0, i 5 {4 397.201 0).
X-ray B g fiT 55 BodlE - €, H,.0,, M = 396, ¥4} i &R
(monoclinic), a = 14.569 7 (2) A, b= 12.1464 (2) A, c =
24.967 8 (3) A, o =90°, f = 105.405 0 (10)°, y = 90°,
V=4259.79 (11) A’, p = 1.236 g-cm”, spacegroup P2,/c,
T=100K, Z=8, u(CuKa) =0.694 mm™"'. Y428 2634
SR ATSHE, Hor 8 269 ML TR, R, = 0.030 5,
R, =0.036 4 [I > 20(])], wR,= 0.092 6 [I > 20(])], R, =
0.041 5 (all data), wR, = 0.096 6 (all data), F* = 1.064;
CCDC: 2 201 774. (+)-8: [a]% +84.7 (¢ 0.11, MeOH);
CD (MeOH): 223 (de +31.29) nm; (-)-8: [a] -80.2 (¢
0.06, MeOH); CD (MeOH): 222 (de —17.82) nm.

AN AR 9: T AT i, mp 183~184 °C; [a]? 0 (¢
0.10, MeOH); UV (MeOH) 4__ (log &) 210 (4.05), 275
(2.32)nm; IR v 3444,2959,2872,1777,1739, 1688,
1660, 1465,1433,1384,1330,1308,1273,1249,1201,
1182,1127,1110,1085,1065,1037, 1012, 994, 984,
957, 940, 883, 755, 638, 600 cm™; 'H NMR (acetone-d,,
600 MHz)."”C NMR (acetone-d,, 150 MHz) 4 W3 3.
(+)-HR-ESI-MS m/z 415.211 3 [M + H]" (C,,H,,0, i &
ff415.211 5)o X-ray @ AT Co,H, 0, M = 414,
FRHE AR (monoclinic), a=12.573 70 (10) A, h=8.791 70
(10) A, c=18.8453 (2) A, a=90°, §=94.999 0 (10)°, y =
90°, =2 07531 (4) A’, p = 1.327 g-ecm”, spacegroup
P2,/n, T=100.1 (5) K, Z = 4, u(Cu Ka) = 0.771 mm',
W £E 38 356 A L SR TS A, L 4 212 AN BT AT S 4L

W5, R, = 0.090 5, R, = 0.046 4 [I > 20(])], wR,= 0.124 9
[ > 2a(D)], R, = 0.049 7 (all data), wR, = 0.128 5 (all
data), F*=1.039; CCDC: 2 201 775. (+)-9: [a]? +52.1
(c 0.05, MeOH); CD (MeOH): 213 (de +4.24), 234 (4
-1.40), 268 (de —0.91) nm; (-)-9: [a]¥ -57.5 (c 0.04,
MeOH); CD (MeOH): 212 (de —4.24), 233 (de +1.41),
269 (4e +0.91) nm.

Ah 3 BE A 10: TG €4 85 B IR 905 [l 0 (c 0.24,
MeOH); UV (MeOH) A (log ¢) 203 (3.61), 279 (3.70)
nm; IR v, 3410,3052,2962,2933,2877,1747,1 684,
1651,1461,1434,1373,1302,1276,1249,1218, 1 140,
1094,1070,1016,970,938,897, 884, 724,703,656 cm™;
'H NMR (methanol-d,, 500 MHz).""C NMR (methanol-d,,
125 MHz) ¥4 0.3 3. (-)-HR-ESI-MS m/z 411.181 4
[M-H] (C,,H,,0, i1 5{EH411.181 3). (+)-10: [o]2 +120.0
(c 0.18, MeOH); CD (MeOH): 225 (de —7.87), 268 (de
-4.95), 298 (de +20.86) nm; (-)-10: [a]? —123.8 (¢ 0.18,
MeOH); CD (MeOH): 225 (4e +8.01), 269 (de +5.74),
298 (4e -20.71) nm.

3 ECD.UVHAINMRiZit+&E

i F Gaussian 16 A1 (1) GMMX £k, £ MMFF94
ST R R RS T T AR
MR, 32X AEE /N T 3.0 keal-mol ' IR A %o N
FH Gaussian 16 2 J7 « % % 72 iR 515 1l CPCM # 7Y
(conductor-like polarizable continuum model) FEFLATFIRL
i, 7£ B3LYP/6-31+G(d,p) 7KV ERFATH RIL R, WL R
RAT A Rt — AR AT B A RS IR 2% = 4y
fii. 7E B3LYP/6-311+G(d,p) /KF- I, 115 Gibbs H H
7E 3.0 keal-mol™ A FIALAGHE R &30 S e i IR 1
SRFEAVEL TORIE . IR RN BUR 222 7 A=,
T IBCE- 54k, WA 15 2 B vF F A ECD AUV il
Kl (6=0.30eV). £ MPWIPW91/6-311+G(d,p) /K°F- I,
F GIAO 577+ 5 Gibbs [ H AE7E 3.0 keal-mol™” A
MO S NMR, S8 BCT 540 306 15 B 3
THE I 'HA °C NMR $048, 2 DP4-+HER 43 BT

{162 TR A1 L) 5 9 S M T, WA KSR
BT8R E Ry SRR 22 A Be i B4 5 VHIUR 2 SO E B T
H BG5S S0 Sl KU EYIRNRS, AT 25 T4
A TRt L 53 (A1) A7 73 B9 S B R AR R L A Bl T /)N B
B A5 558 .

Fl S AR 7 B A ai e
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