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Abstract: From an aqueous extract of the Angelica sinensis root head (guitou), nine pairs of lignanoid
enantiomers [(+)-/(=)-1-(+)-/(-)-9], including three pairs of new structures [(+)-/(-)-1-(+)-/(-)-3] and two pairs of
chiral separated enantiomers for the first time [(+)-/(-)-4 and (+)-/(-)-5], were isolated and chirally separated by
column chromatography over different types of resin, normal and reversed phase silica gels, together with HPLC
techniques using reversed phase and chiral columns. Their structures were determined by spectroscopic data analysis,
theoretic calculation of electronic circular dichroism (ECD) spectra, and single-crystal X-ray diffraction. The chiral
separated new enantiomers named (+)-/(=)-angelignanins Q-T [(+)-/(=)-1-(+)-/(-)-4] and (+)-/(-)-daphneresinol
[(H)-/(=)-5], respectively.

Key words: Umbelliferae; Angelica; Angelica sinensis root head; aqueous extract; lignanoid; (+)-/(-)-angelig-

nanins Q-T

Wk H #1: 2024-04-15; 12181 H 1 2024-04-17.
& E: FxERREIE S RBIE [82293681 F182293685 (82293680)]; H [F P52 Fh 2 it 5% 2 5 i E R 05 TRE BT E (2021-12M-1-028).
*JBAE A Tel: 86-10-83154789, Fax: 86-10-63017757, E-mail: guonina@imm.ac.cn;
Tel: 86-10-63025166, Fax: 86-10-63017757, E-mail: shijg@imm.ac.cn
DOI: 10.16438/7.0513-4870.2024-0365



- 2078 - 242224 Acta Pharmaceutica Sinica 2024, 59(7): 2077-2086

TR (Umbelliferae) >4 IH J& #5474 H Angelica
sinensis (Oliv.) Diels #& H A7 %M LI L I 2 1L 1
T S T RO R 2 A B A, RO, &
M E LR . T YH TR, B
[ 48 A7 1) A% 0 T R s ML AR LA (5], BT b0 o 49 o 4
H7 KT T G R T BRI Y
VAR B AR R A2 07, R iM, SRR E LT,
FE BRI AN AL 36 FH AR B s s>, 24 38 2% A Ak 2 T
FRIR, AR I LA K I 5 AN A B4y B A A S ]
BRI AN 2 B 55 B A LR PUR 2R U A 4R
2 ARG LA K B v O i I A 0 5 2 b 2 R I Ty K,
F, NS FRIR O S e TR R RS
ENNITR N ) N NSRS N S S E S
SERIFE BRI 200 /M52 AP, I R I IX B 43 (1
EREFMAGIAEDONEELHESY, RECHRKE
I, SR AR DA 78 = B AR “ 42 )3 7 T AR 2> 563 “ 15
SKTEENE 25 AL, HL UL 2B B BRIV ON 3, X
5T DA R B AL 7 RN K LUK RLE A F I 2575
A TEAAFFE . Rk, 1 X 25 11 24 40 2
5 M L AGHEYE 2 R R G AL P 22— AR
FUREALTT R 7K AKIR I AT, JF IR AR
TRCER F 53 19 4 3 R 45 ) 365 0, DR A T b 4 7 JE 3k
IR A 27 1 a0 B L i 8 2 B R TR TR ON I 9T B g A
fith HISCPIEARIE T AL 26 00T WA TE P B 22
PRI T B 28 K I 26 55 68 /N T 45 M Ak & W BB R AR 7
W, 25 2 HAGE WD, LLRGH oG M ] A8 2 B
PEFRGE G R o A SCHGE [R] —H2 B T I 9 A IR 2 26
KB [(+)-/(=)-1~(+)-/(-)-9] (B 1) 153 B« F iR
RV T R B o o o, 306 DT 4 R A [(+)-/
(=)-1~=(+)~/(=)-3], 2 % 8 IR 52 T PR 4% 43 0 46565 )
RUHf 3 BT BRAA [(+)-/(-)-4 AT (+)-/(-)-5].

HO

HO

(+)-3 7R, T'R,8S,8'S
(-)-3 7S, 7'S,8R.8R

LER TS

EEEHRE L NEATE R K. R (+)-
HR-ESI-MS m/z 313.104 3 [M+Na]" (C,H,,O,Na, it %
fH 313.104 6) 1 NMR B H 85 (38 1), #f e =0 7 4k
N C,H O, 7ECD,0DH, 11]'H NMR 45 o 45 1)
HFETE 1 AN 4-F2 K3 [0, 6.94 (2H, d, J = 9.0 Hz, H-2
F1H-6), 6.59 (2H, d, J = 9.0 Hz, H-3 Al H-5)].1 /> 3’-H
A4 LRI [0, 6.59 (1H, d, J = 9.0 Hz, H-5'), 6.48
(1H, dd, J = 9.0, 2.0 Hz, H-6'), 6.47 (1H, d, J = 2.0 Hz,
H-2'), 3.69 (3H, s, 3-OCH,)] 1 1 A~ HUAR M 7 B
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Figure 1 The structures of (+)-/(-)-1 = (+)-/(-)-9
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Table 1

NMR spectroscopic data of compounds 1-5. Data (J) were measured in methanol-d, (references: 6

= 3.310 for 'H and

HCD20D

Ocpsop = 49.000 for "C) for 1 and 2 at 500 MHz for 'H and 125 MHz for "°C, respectively, and for 3-5 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 experi-

ments
No 1 2 3 4 5
oy O Oy O Iy O Oy O Oy O
1 135.6 134.5 133.8 133.7 6.83dd (7.8,2.4) 121.7
2 6.94 d (9.0) 129.2 6.70d (2.0) 112.7 6.89d(1.8) 110.4 7.02d(1.8) 111.7 137.2
3 6.59d (9.0) 115.4 148.8 149.0 148.8 6.94d(2.4) 113.0
4 157.5 146.0 147.0 147.2 149.0
5 6.59d (9.0) 1154 6.67d(8.5) 116.0 6.75d (8.4) 116.0 6.75d(8.4) 115.8 145.8
6 6.94d (9.0) 129.2 6.63d(8.5,2.0) 121.3 6.78 dd (8.4, 1.8) 119.6 6.86dd (8.4,1.8) 120.7 6.71d(7.8) 116.3
7 4.78 d (8.5) 78.3 2.87dd(5.0,2.5) 61.5 4.72d(4.8) 88.5 4.88m 73.9 3.71t(6.0) 63.6
8 434 m 77.2 4.13ddd (6.6,6.6,4.8) 78.8 4.45td (6.6, 3.6) 86.3 1.95m 439
9a 3.76 dd (12.0,3.6) 62.0 3.70dd (11.4,4.8) 59.7
9b 3.51dd (12.0, 6.6) 3.61dd (11.4,4.8)
1 132.7 134.5 134.3 129.9 137.8
2’ 6.47 d (2.0) 114.0 6.70d (2.0) 112.7 7.03d(1.8) 111.2 7.22d(1.8) 112.2 6.94d(2.4) 112.9
3 148.3 148.8 148.9 151.8 148.8
4! 145.9 146.0 146.9 151.7 145.7
5 6.59 d (9.0) 115.7 6.67d(8.5) 116.0 6.78 d (7.8) 1159 7.05d(8.4) 117.6 6.69d (7.8) 116.1
6’ 6.48 dd (9.0, 2.0) 122.4 6.63d(8.5,2.0) 121.3 6.85dd (7.8, 1.8) 120.3 7.10dd (8.4,1.8) 1234 6.83dd(7.8,2.4) 121.3
7 2.99 ddd (8.5, 6.5,6.0) 56.3 2.87dd(5.0,2.5) 61.5 4.82d(3.6) 759 7.58d(15.6) 145.8 3.98d (12.0) 52.1
8'a 4.09 dd (11.0, 6.0) 65.8 4.34m 772 4.45ddd (7.8,6.6,3.6) 83.9 6.37d(15.6) 118.0 2.64m 45.0
8'b 3.90 dd (11.0, 6.5)
9'a 2.14t(7.0) 439 2.08ddd (13.2,7.8,6.6) 34.6 175.8 3.54dd (11.4,2.4) 60.1
9 2.14t(7.0) 2.04 dt (13.2, 6.6) 3.38dd (11.4,6.0)
3-OCH, 3.77s 56.3 3.84s 564 3.82s 56.3 3.84s 56.5
3-OCH, 3.69s 56.2 3.77s 56.3 3.86s 564 3.90s 56.6 3.83s 56.4

Figure 2 The 'H-'H COSY (thick lines) and key HMBC (arrows) correlations of 1-5
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Figure 3 (a) The overlaid experimental CD spectra (full lines) of (+)-1 (red) and (-)-1 (blue) and calculated ECD spectra (dash lines) of
(78,7'S)-1 (red) and (7R,7'R)-1 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-1 (red) and (-)-1 (blue) and calculated

UV spectrum (dash line) of (7R,7'R)-1
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Figure 5 The key NOESY correlations (pink double arrows) of

compounds 2 and 3
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Figure 6 (a) The overlaid experimental CD spectra (full lines) of (+)-2 (red) and (-)-2 (blue) and calculated ECD spectra (dash lines) of
(7R,7'S,85,8'R)-2 (red) and (7S,7'R,8R,8'S)-2 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-2 (red) and (-)-2 (blue) and
calculated UV spectrum (dash line) of (7S,7'R,8R,8'S)-2 (blue). (Blue-shifted by 9 nm)
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Exp. CD spectrum of (+)-3
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Figure 7 (a) The overlaid experimental CD spectra (full lines) of (+)-3 (red) and (-)-3 (blue) and calculated ECD spectra (dash lines) of
(7R,7'R,8S,8'S)-3 (red) and (7S,7'S,8R,8'R)-3 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-3 (red) and (-)-3 (blue) and
calculated UV spectrum (dash line) of (7S,7'S,8R,8'R)-3 (red-shifted by 3.5 nm)

a 31 = Exp. CD spectrum of (+)-4
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Figure 8 (a) The overlaid experimental CD spectra (full lines) of (+)-4 (red) and (-)-4 (blue) and calculated ECD spectra (dash lines) of
(7'E,7S,8S)-4 (red) and (7'E,7R,8R)-4 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-4 (red) and (-)-4 (blue) and calcu-

lated UV spectrum (dash line) of (7'E,7S,8S5)-4

F A5 2 (3¢ #) 4 HPLC, Chiralpak 1G T 14 & 3% 432,
2.0 mL-min™, JESIAN IE O bi- 48 7:3), 15 25 Bk
(+)-5 {[a] = +14.6 (c 0.13, MeOH)} 1 (-)-5 {[a]} =
-16.4 (¢ 0.13, MeOH)}, & I CD it £k 2 5i 18 K R,
4395 TR 8'R FN 8'S # B i iH 5 ECD i — £ (| 9).
DR, (+)-5 F1 (-)-5 (285 46045 B e , AR 3 SCERET i
B ¥] 25 #4) daphneresinol A ) KR, 7 5 @5 2 4 (+)-/
(-)-1EFi A B [(+)-/(-)-daphneresinol], RA %N (+)-
(8'R)-F1 (-)-(8'S)-3",4- — H 5 Jk-4"5,7,9,9'- L £ JE-1,7-
ZIR2,7- AR FEE [(+)-(8'R)-F1 (-)-(8'S)-3,4-dime-
thoxy-4',5, 7,9, 9'-pentahydroxy-1, 7-seco-2, 7'-cyclone-
olign].

i i [o]2 HR-ESI-MS. 1D A1 2D NMR it % 4 2>
T, 35 5 SCER T A6 & P B BoE LA, 455 52l CD
515 ECD B4 1 75 1%, 0 UE 3 Al 4 % 2 0k e 4k
73 BN (+)-/(-)-ferulasinkin AP [(+)-/(=)-6]~ (+)-/(-)-
ferulasinkin C™ [(+)-/(-)-7]+ (+)-/(-)-(75,7'S,8R)-/(7R,
7'R,85)-2,3-diguaiacyl-4-hydroxyl tetrahydrofuran®™ [(+)-/

(-)-8] % (+)-/(-)-xanthiifructin C®* [(+)-/(-)-9]. H T
(+)-/(=)-8 7E SCHRCSHp Sl [ 43 1 45 W S L 4 x ¥ AL e
WINR T4 5, S AHRA L, 255 5] iR A
TRVE, AR 4 TUPAC 11 FH 55 iy 44 FILIUBY, 4 15012 %F
WL (1) 2 FRAE SUN R Gt 44 (+)-/(-)-(7S,7'S,.8'R)-/(TR,
7'R,8'S)-3,3"- " FH A JE-4,4' 8- = ¥2 FE-8,9- —[%-7,9'-FF
AT

M2 ERTIARE PSR b, R TSk K R
Tt — 5y BRI F AR 3 B %2 7 9 X KRR
R WAR . Hor, (4)-/(-)-1 2 — XRS5 5 A ek,
G54 TR IR SRAUAE 0, B 24 VA LE S kAR
WHRL/ECRI . ()-/(-)-1 SRS BV AR R R b, £71E
AR SEARE N KT (4)-/(-)-2 I BRA B SR 45k 2
E AT I 3K 7 7K 2 U Hh R B 9-F-7,7- 34 -8,9-
BN E, UEB VK7 R AETE R B R I 4540 5 1 s
PRIE AN I sy . R IR BRI T 45 K&
IF) & R AN B oy TR 45 1 22 RV, (R R, T
BTN LAY A5 D, BRI R R EAT I PR T
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Figure 9 (a) The overlaid experimental CD spectra (full lines) of (+)-5 (red) and (-)-5 (blue) and calculated ECD spectra (dash lines) of
(8'R)-5 (red) and (8'S)-5 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-5 (red) and (-)-5 (blue) and calculated UV spec-

trum (dash line) of (8'R)-5 (blue-shifted by 5.5 nm)

S ARy ] WK U ARl Rl g (14 24 B 2 A TR A 22 Tl g
SEIRH TR IR B R, (AT 4K AR 03 B R AR
s B A 2 RV ) O DR L 45 ), i3 — DR
ANIRTC.

KIS ER

AUTOPOL V A Jig 5t il 7€ 4% (35 E Rudolph 2 /),
Thermo Nicolet 1S50 FT-IR & {3 5% 7% i {X . Q Exactive
Focus T4 Jii i {3 (3% [E Thermo Fisher Scientific 2 &),
JASCO V-650 B 5 16 1% 4% . JASCO J-815 24 CD i 52
X (H A JASCO 72 1), Bruker 500 5% 700 %Y k% 1 3L HR1X
(## 5 Bruker 24 7)), SYS-600 k% G HLARAY (36 F Varian
/2 #]), Angilent 1100 %Y &5 %00 AH €415 4% (3 [E Angilent
A7) Sephadex LH-20 (¥ii #t Amersham Pharmacia A
#]), Toyopearl HW-40C F1 HW-40S #E iz & f§ ( H A
TOSOH 2 #]), HP-20 %Y K FL W B #4 i A1 CHP 20P %Y
MCI# g (H < Mitsubishi Chemical 23 &), C18 MB300-
40/75 AR (HAE LR SEH BRA 7)), MGIT C18.
PFP C18 fil AQ C18 il & (0 1% 4% LA &% CD-Ph F- 14 2
il & AT (H AR E kU th), AD-H G Tl
R OTERE (HARZER A A, HE O REAL (200~300 H)
o O TR L GF,, (5 Sy vE L T 7). P
A G TR B, 390 B AR T, 0 o
aioR o al,

L5k T 2016 4F 10 Ay 5 Hli s, b EE
SRV 25 T T B BRI 7T 51 4 58 S 24 H Angelica
sinensis (Oliv.) Diels 3k, ZEZFEA R AE T o [H & 7 R} 2%
Wt 2500 T2 B 24 FH AR A = (FR A5 ID-S-2751).

1 E#BSESE

FEHRURIIE 7 B AR W 3P, B2-10 (1.18 g) &

Toyopearl HW-40C i (3 73 25, LL50% FHBE N

Pelii, 198 B2-10-1~B2-10-7. F£ 1, B2-10-2 (57.6 mg)
%t Sephadex LH-20 %t i% # 1% 70 &5 (W 3 46 H,0)
2 #| B2-10-2-1~B2-10-2-4. B2-10-2-2 (21.7 mg) &
Toyopearl HW-40S #E B A+ (43 4 25 (3048 H,0) 15 2
B2-10-2-2-1~B2-10-2-2-4 174 it /4 4 (3.9 mg). 414
B2-10-5 (75.0 mg) £ MB300-40/75 % C18 S ¥ FE i K
5 B8, DUAS R LA 7K« H B A sl ARG P e i, 73 2]
B2-10-5-1~B2-10-5-8. FH, B2-10-5-3 (26.7 mg) &}
il # HPLC (MG II C18 (i 4E, 18% £}, 1.8 mL-min™)
43 B 45 3 AN 414 B2-10-5-3-1 Fl1 B2-10-5-3-2, J5 &
(17.0 mg) £ | % HPLC (CD-Ph i, 35% H %,
2 mL'min") 7 &, 3 24LAE 1 (¢, = 28.1 min, 2.5 mg)
A2 (t, = 31.2 min, 1.5 mg). 1% ¥ % HPLC (CD-Ph
i K, 15% 2%, 2 mL-min™) Y5, 53 (-)-1
(t, = 44.0 min, 1.0 mg) F1 (+)-1 (¢, = 47.9 min, 0.6 mg)-.
TH e 1A 2 4 2 i 4 HPLC (Chiralpak AD-H F- 4 €2 i
B, IEC%t- 28 7:3, 2 mL-min™) #545, 313 (-)-2
(t, = 21.9 min, 0.7 mg) 1 (+)-2 (t, = 23.9 min, 0.7 mg)-.
41 4y B2-10-5-5 (12.4 mg) £ ¥ il % HPLC (MG II
C18 i ¥, 12.5% £ M, 2 mL-min™") 43 & 15 21| 4 JiE
9 (t, = 34.0 min, 1.4 mg), it — & & 2l % HPLC
(Chiralpak IG FH: L, IE W bi-ZFF2:1, 2 mL'min™)
553 3843 (+)-9 (¢, = 16.5 min, 0.7 mg) 1 (-)-9 (¢, =
20.2 min, 0.7 mg).

2H.73 B2-12 (0.79 g) 4 Sephadex LH-20 % Jig #1: €7
B (50% FH ) 2 B, 49 %) B2-12-1~B2-12-5, H: 1 B2-
12-5 (0.44 g) 4 MB300-40/75 %4 C18 Sz A A 1% 70 55
(7K - B B B I ) 75 3 B2-12-5-1~B2-12-5-5., B2-
12-5-1 (36.4 mg) £ 2414 HPLC (AQ C18 thifid:, 21%
M, 2.25 mL-min™) 43 B5 15 274 e 44 5 (¢, = 33.7 min,
2.5 mg); 5 £ - % HPLC (Chiralpak IG T £ fa ik 4,
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IECki- 28 7:3, 1.25 mL-min™) #7435 (+)-5 (1, =
31.6 min, 1.3 mg) Al (-)-5 (¢, = 34.9 min, 1.1 mg). B2-
12-5-2 (41.4 mg) £ 2F-#4% HPLC (PFP C18 il 4+, 16%
G, 2.25 mL-min™) 43 55 £3 £ B2-12-5-2-1 F1{H Jig 44 7
(t, = 31.6 min, 3.3 mg); 7 £ -1l % HPLC (Chiralpak
AD-H FHE &, IECki- 48 1001, 2.5 mL 'min™)
P54y 343 (+)-7(t, = 24.0 min, 1.3 mg) M (-)-7 (¢, =
37.5 min, 1.7 mg). B2-12-5-2-1 (34.1 mg) £ 2 il %
HPLC (AQ CI18 i 4, 30% FHEE, 2.25 mL-min™) 4} &5
33 ek 6 (¢, = 23.2 min, 3.8 mg); 6 H T 1k 1IEAH 2
# 4 HPLC (Chiralpak AD-H F 1 i 4%, 1E & ki -7
PEE5:2, 2 mL-min™) #5453 3543 (+)-6 (¢, = 35.3 min,
1.6 mg) f1 (-)-6 (z, = 38.5 min, 2.0 mg). B2-12-5-3
(29.7 mg) 4 - % HPLC (PFP C18 f& it ¥+, 16% &
Ji§, 2 mL-min™") F12 % HPLC (AQ C18 {114+, 32%
ZE, 2 mL-min™) 264k 18 29 JiE 4k 3 (¢, = 27.4 min,
1.2 mg), ¥ — & H - il % HPLC (Chiralpak AD-H F
PE A, IE k- 48201, 2 mL-min™) #§ 43 3%
2 (+)-3 (t, = 18.8 min, 0.5 mg) 1 (-)-3 (¢, = 30.8 min,
0.5 mg).

B2-13 (1.46 g) £ hif e AL (il 2 55, DL &0 e Al
PR 8 700 BE R L, 45 31 B2-13-1~B2-13-18, H
B2-13-2 (16.0 mg) & -1l & HPLC (MG II C18 ti i,
25% &, 2 mL'min™) 73 25153 B2-13-2-1~B2-13-2-3,
B2-13-2-1 (5.6 mg) f§ £ -1l % HPLC (MG Il C18 f&
W, 35% FEE, 2 mL-min™) 4 25 43 B e 14 8 (1, =
21.5 min, 1.2 mg), it — & A > il % HPLC (Chiralpak
IG FHOIEH:, IE A ki-48E2:1, 2.0 mL-min™) #7433k
3 (+)-8 (t, = 24.9 min, 0.6 mg) Al (-)-8 (¢, = 28.9 min,
0.5 mg).

2 HHWEE

EEmATHAR 1 BT ETERK; [a]y 4.0 (¢
0.25, MeOH); UV (MeOH) /__ (log &) 203 (4.71), 225
(4.34), 279 (3.90) nm; IR v, 3 332, 2 957, 2 920, 2 582,
1681, 1602, 1519, 1454, 1417, 1262, 1207, 1 130,
1 033, 803, 621 cm™; 'H NMR (methanol-d,, 500 MHz)
“C NMR (methanol-d,, 125 MHz) #(#& I.5& 1; (+)-HR-
ESI-MS m/z 313.104 3 [M+Na]" (C,;H,,O.Na i} 5 &,
313.104 6)o (+)-1: [0’ +8.0 (c 0.06, MeOH); CD (MeOH):
200 (e +2.13), 234 (4 +0.49), 287 (4e +0.09) nm. (-)-
1: TEEFS, mp > 300 °C; [a]2 -8.3 (¢ 0.10, MeOH);
CD (MeOH): 200 (ds —2.76), 234 (de —0.60), 280 (de
~0.16) nm; X-ray #5474 #idls: C,H 05, M =290, H.
FHH AR, a=8.9883(2) A, 5h=9.0185(2) A, c=9.3629
(3) A, a=90°, f=115.131 (3)°, y = 90°, V" = 687.12 (3)

A’ p=1.403 g-em”, ZHIEE P2, T =100.00 (10) K, Z =
2, u (CuKa)=0.865 mm™". W 12 929 4™ i T 5 4%
i, Horbt 2 725 ML AT S EOEE, R, = 0.041 8, R, =
0.030 4 [I > 26(I)], wR, = 0.076 5 [ > 2a(I)], R, = 0.033 2
(4 #0 B HE), wR, = 0.077 7 (4 E8 ¥, F° = 1.107;
CCDC: 2344834,

ANIH TR A 20 F BTG E TE K K [o]f ~0 (c 0.14,
MeOH); UV (MeOH) 4, (log £) 202 (5.07), 229 (4.46),
281 (4.09) nm; IR v, 3 357,2 957, 2920, 2 851, 1 682,
1524, 1 467, 1 375, 1 279, 1 206, 1 131, 1 035, 801,
723,607 cm™; "H NMR (methanol-d,, 500 MHz).""C NMR
(methanol-d,, 125 MHz) #(## . % 1; (+)-HR-ESI-MS
m/z 369.130 3 [M+Na]" (C,,H,,O,Na it % 1H, 369.130 9).
(+)-2: [a]% +8.6 (¢ 0.07, MeOH); CD (MeOH): 207 (4
+2.49), 238 (s +2.13), 287 (de +0.37) nm; (-)-2: [a]¥
-8.6 (¢ 0.07, MeOH); CD (MeOH): 207 (e —1.65), 237
(de =1.29), 286 (de =0.28) nm.

AMTH AR 3 &R E BB K [a]y ~0 (c 0.12,
MeOH); UV (MeOH) 4___ (log &) 204 (5.20), 230 (4.81),
279 (4.62) nm; IR v, 3 352,2957,2 919, 2 851, 1 741,
1682, 1605, 1 518, 1 466, 1 433, 1 378, 1 261, 1 205,
1183,1151,1127,1102,1037,801, 723 cm™; 'H NMR
(methanol-d,, 600 MHz)."C NMR (methanol-d,, 150 MHz)
B4l W% 1; (+)-HR-ESI-MS m/z 385.124 8 [M+Na]"
(C,,H,,0.Nait5ifH, 385.125 8), (+)-3: [a] +6.0 (c 0.05,
MeOH); CD (MeOH): 206 (de +1.70), 279 (de +0.14) nm;
(-)-3: [a]y 6.0 (c 0.05, MeOH); CD (MeOH): 206 (de
~1.74), 283 (4e —0.16) nm.

AN T BE AR 4 B O3 B IIR Y [@]E ~0 (c 0.28,
MeOH); UV (MeOH) 4__ (log &) 204 (4.72), 231 (4.38),
285 (4.32), 318 (4.28) nm; IR v, 3 399, 2 961, 2 923,
2852, 1687, 1599, 1509, 1464, 1422, 1261, 1 157,
1137, 1 030, 982, 854, 818 cm™'; '"H NMR (methanol-d,,
600 MHz).""C NMR (methanol-d,, 150 MHz) %4 L3 1;
(+)-HR-ESI-MS m/z 413.120 3 [M+Na] " (C,,H,,0.Na,
HEAE413.120 7). (+)-4: [a]* +46.3 (¢ 0.10, MeOH); CD
(MeOH): 206 (Ae —1.40), 231 (Ae +1.08), 273 (Ae +0.31),
292 (Ae —=0.58) nm; (-)-4: [a]? -48.1 (¢ 0.14, MeOH);
CD (MeOH): 228 (Ae —2.51), 273 (Ae —0.86) nm.

A0 TiE R 5 R B RR 5 [aly) ~0 (¢ 0.25,
MeOH); UV (MeOH) 4__ (log &) 204 (5.44), 238 (4.68),
280 (4.33) nm; IR v, 3 304, 2 955,2 921, 2 851, 1 681,
1601, 1515, 1465, 1431, 1377, 1261, 1206, 1 131,
1036, 1 029, 802, 722, 653 cm™; '"H NMR (methanol-d,,
600 MHz)."”C NMR (methanol-d,, 150 MHz) ¥#is 1.3 1;
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(+)-HR-ESI-MS m/z 401.157 0 [M+Na]" (C,,H,,O,Na it
A, 401.157 1). (+)-5: [a]¥ +14.6 (¢ 0.13, MeOH); CD
(MeOH): 213 (1e+3.29), 250 (de —0.16), 284 (4e +0.41) nm;
(-)-5: [a]® -16.4 (¢ 0.11, MeOH); CD (MeOH): 213
(4e =3.96), 249 (4e +0.06), 285 (4 —0.66) nm.
3 ECDMUViEitE

J%; il Gaussian 16 /£ () GMMX #5ik, /£ MMFF94
I35 T R SRR R T7 O A& Y R R R AT
R, 152 AT BE R /N T 3.0 keal - mol ' UL A M G . L
FH Gaussian 16™'F2 /7 . % i 72 pf 575 Al CPCM 455 1Y
(conductor-like polarizable continuum model) 15 41} ¥ 7
L, 7F B3LYP/6-31+G(d,p) /KT I, 548 R 3R 154
Rt — B NACAR B R I B IR G2 A . 12
B3LYP/6-311++G(d,p) 7KV |, i+ 5 Gibbs H H fig £
3.0 keal'mol™ AN IR AL G & R S Be &= VIR T
5 SRS o B . ARIE AR A RV BIR 2% 2 O A
,E B, LA 1S B ESTHE R ECD fluv
W [(6=0.30 eV)].

YR Tk: A1 8 Th 7 T SR B0 Vv VB o T, LA R A2
o8 E s BRI 25 5 BT SRR T B 0 AT KR A Y 4R AN
EER; SRR 03T 22 SR8 St R A2 510 7 Bk, &
NBEAR TTAL 2 L IR R T 2F P NIN R A7 Bt 2 A SR DR 2 A
IR

F S 1 A T A 2 ok %
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