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Abstract: Eleven monoterpenes including seven new chemical structures or new natural products covering
two pairs of scalemic enantiomers, together with four known analogues, 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, Sephadex LH-20, and Toyopearl HW-40C, together with preparative thin-
layer chromatography as well as reversed phase and chiral HPLC. Their structures were determined by spectroscopic
data analysis, combined with theoretic calculation of electronic circular dichroism (ECD) spectra and single crystal
X-ray diffraction. The new structures or new natural products named (+)-/(-)-angelinones A and B [(+)-/(-)-1 and
(+)-/(-)-2], angelinones C and D (3 and 4), and angelinol A (5), respectively, while the known analogues were 64,9-
dihydroxy-(+)-a-pinene (6), 1,1,5-trimethyl-2-hydroxymethyl-cyclohexa-2, 5-dien-4-one (7), jasminol E (8), and
(+)-trans-sobrerol (9). All the isolates were reported in this plant for the first time, except for the previously reported
6 from an ethanol extract of the aerial parts of A. sinensis, of which the structure was confirmed by X-ray crystal-

lography in this study.
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REME 2T B, RI— L5 1R &2 e
W7 s @ 250 S ah, R AL i 5 i
A% 328 18 T 24 05 1R At 24 R AT, ARG U3 Sk 1 F AR
AR o PR, 1R ot 25 5 F o 2 M 5 i o B
ZIEEZ R R AT AR 2 P RS A
TR T TSk KIBE 0T . A SC CLRkaE 53 4N
A A ECH RN LA K 21 A TR E W S
WD SRS P AR S 4k B RGE 7] — S I A 4
2 5% A5 BT LA 1) 7 AN B 288 45 M AL Y EIURT R
SRPEW) [(H)-/()-1(+)-/()-2 A1 3~5] LA Je 4 A~ B fiT
W (6~9) (B 1) 15 BRI 2516 2558 .

- A5

(+)1()1 1:2

/-\
\./
~

9

e

(H)-2:()-2=2:1
()2 ()2

A

{%

ﬁﬁWﬁf

Figure 1 The structures of 1-9
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Ak 55 2 0 B Ak 18 T B B R Y, 40 A

N H g Ry o AR 2 FE (3 200~3 500 cm™) Al Fk 3
(1 663 cm™). i (+)-HR-ESI-MS FI NMR & %4 (%
1), e H o FH N CH,0, 7£FE-d,F, 11
'H NMR # Box F3EHRE S TR E T 1A =3 B L5
[ [0, 6.46 (1H, q, J = 1.4 Hz, H-6)].3 4™ 5 ki
B H 3L [0, 171 3H, d, J = 1.4 Hz, H,-10), 1.22 (3H,
s, H,-9), 1.02 (3H, s, H,-8)].2 M7 H 2 (6, 3.78 (1H, dd,
J =42, 11.2 Hz, H-7a), 3.41 (1H, dd, J = 8.4, 11.2 Hz,
H-7b), 2.58 (1H, dd, J = 4.2, 16.8 Hz, H-3a), 2.35 (1H,
dd, J = 12.6, 16.8 Hz, H-3b)] F1 1 4~ ¥k F 3 [, 2.01
(1H, ddt, J = 4.2, 8.4, 12.6 Hz, H-2)]. £:"°C NMR I
DEPT i 45 i B 5 _FR B AR R B A5 5 4, B4 1
AN BRI [0, 202.2 (C-4)] 1 1A sp® 4L 7R Bk [0, 36.3
(C-D1fE5 (F ). PLENMR i 5 R 4 515 2 1
CHE A 1,1,5- = F 3 2- 32 3 - 38 £21-2,5- )i -4-
Fid (7)Y AL, AN ) 2 A 32 S 1R 1A sp® Ik R 3
(CH-2) A1 1/~ sp’ S H I (CH,-3) JEIR1E 5 20 A HUAR T
CRIL & W T 18 sp =ik (C-2) Al sp® ¥k FH 3L (CH-3) &
PRAG 5. BHULHER 1270 2,3- A4, 4851
) 2D NMR B i@ A1 i B iE (B 2), 45 31 2 15 3 'H-"H
COSY % XU&H,-3/H-2/H,-7, A} H,-7 5 C-1.C-2 fi1C-3
) HMBC 58 X g FIiE Sk . lﬁh,lﬁ’ﬁﬁ, 4 1,1,5-
— H L -2-F2 B3R O -5- M -4-T . 4 F 1 HPLC (IC
FrEAERE, IECOki-2 831 75 1 3-8 (i i i AR
FE 12218 (4)-1 {[a]® +18.2 (¢ 0.07, MeOH)} Al (-)-1
{[a]p) —21.1 (c 0.18, MeOH)}; Hi T~ 3 i) 'H NMR %
P55 1A, H CD IS i 2k BB GO R, FULAAIE N
16X A AR . (+)-1 81 (-)-1 I CDEFE A, 312 nm
Fe A5 4y i R R IR B O R K ] n- n*E)iJiEI’J (-)-F1
(+)-Cotton RS, [ FH ~F-THI B4 ) i 1) )\ DX A2 o —
H AT RIS 59 2S A 2R, H45 3115 ECD 5 521
CD — U 3+ (B13). Hk, (&Y (H)-1 81 (-)-1
(R 25 K619 BT E, 23 Al dr 448 (+)-F1 ()= 24 VI Rt ) A
[(+H)-H1 (-)-angelinones A].

P 45 B0 LA 2 D T8 LR R IR W, ks s
AN TR A . B 3 O NMR 3 (%
1), HEWT 2 /2 110 2-4% 7 ¥ 4, 45 3 2D NMR #4543
Fri‘aiiiE (82), 550215 2 HMBC & H H,-10 5 C-4.
C-5F1C-6 A& H,-7 55 C-1.C-2 fl C-3 A% m FE M 5515
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Table 1

NMR spectroscopic data of compounds 1-3. Data (J) were measured in methanol-d, (references: dy, op,op = 3-310 for 'H and

Oepsop = 49.000 for 1C) for 1-3 at 700 MHz for 'H and 175 MHz for “C. Proton coupling constants (/) in Hz are given in parentheses. The
assignments were based on 'H-"H COSY, HSQC, and HMBC experiments

N 1 2 3
o 5, 5. 5. 5, 5.
1 36.3 36.0 47.6
2 2.01, ddt (12.6, 8.4, 4.2) 47.4 173.7 187.9
3a 2.58,dd (16.8, 4.2) 38.3 6.06, q (1.4) 122.1 5.82,q (1.4) 128.4
3b 2.35,dd (16.8, 12.6)
4 202.2 204.3 212.3
Sa 133.3 2.62, m 38.9 1.84, m 30.1
5b 1.66, m
6a 6.46,q (1.4) 158.3 1.80, dd (13.3,4.9) 48.5 2.28,t(7.0) 56.2
6b 1.72, dd (14.0, 13.3)
7Ta 3.78,dd (11.2,4.2) 63.2 4.28,d(1.4) 61.2 2.10,d (1.4) 14.6
7b 3.41,dd (112, 8.4)
8 1.02, s 20.9 1.31, s 25.9 1.09, s 23.9
9 1.22,s 28.8 1.12, s 27.7 1.24,s 25.8
10a 1.71,d (1.4) 15.6 1.10,d (7.0) 15.3 3.79, dt (14.0, 7.0) 61.8
10b 3.76, dt (14.0, 7.0)
9 , 9 , . (+)-2 F1 (=)-2 I 2 0 K 284 43 33l 9 SR AN 5S. AUk, A&
£y .
o OH . W) ()2 A ()2 SRR LT E, 5 B 42 () F
10 N .
10\/«04 & g ()-Z4 VA H A5 EE B [(+)-F1 (-)-angelinones B].
I 2 3 A3 N A, [0]2 +11.6 (c 0.28, MeOH).
,, 7 ,, , A& (+)-HR-ESI-MS Al NMR i 345 (% 1) #2321
B o XA R, HE 3 5 1H NMR R, %
Y 07 M I 9 590 o, 3 003 S PR 3£ 95 A L R ARy
4 5

Figure 2 The 'H-"H COSY (thick lines) and key HMBC (arrows)

correlations of 1-5
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MeOH)}, — 3 [ "H NMR i ¥4 5 5 2 A [, 1 e e
EFF5 M &, B CD 2 2546 &K, Bk e
e L RE RS AG AA o R FH R IRAH [R] R D72 (1 4)
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PERBRERE R Q0. 3 — D ARE 3 i =B EL
FEHE 1 B ZE B [0, 187.9 (C-2)] A B HE % [0, 212.3
(C-A)] A 22 R AR B 25 18 KRG O, T 3 72 2 & kg
A CUR TR 45 A T2 B I i L F2 30 4% 2 C-10 R AT
A4, JFiEE 2D NMR G747 (12) A3 208fE. J0HAZ,
'H-"H COSY i 1 48 X g H-6/H,-5/H,-10, &5 & &A1
WAL R, A 3 85 0 TP AR AE 5 Tk (R 2 (CH-6)

(b) 100007 === Experimental UV spectrum of (+)-1

=== Experimental UV spectrum of (-)-1
= = =Calculated UV spectrum of (25)-1
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T T ]
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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
(25)-1 (red) and (2R)-1 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-1 (red) and (-)-1 (blue) and calculated UV spec-

trum (dash line) of (25)-1. (Blue-shifted by 9 nm)
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(a) 8 = Exp. CD spectrum of (+)-2
#Y = = = Cal. ECD spectrum of (5R)-2

Exp. CD spectrum of (—)-2
= = =Cal. ECD spectrum of (55)-2

T T T T !
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Wavelength / nm

b
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= Exp. UV spectrum of (-)-2
- = = Cal. UV spectrum of (5R)-2
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30004
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Figure 4 (a) The overlaid experimental CD spectra (full lines) of (+)-2 (red) and (-)-2 (blue) and calculated ECD spectra (dash lines) of
(5R)-2 (red) and (55)-2 (blue). (b) The overlaid experimental UV spectra (full lines) of (+)-2 (red) and (-)-2 (blue) and calculated UV

spectrum (dash line) of (5R)-2. (Blue-shifted by 5 nm)

FHIEMF2 LA 900, [FRF, /£ HMBC 1 ', H,-7 5 C-1.
C-2fi1C-3, H,-8 Al H,;-9 5 C-1.C-2 Al C-6, LA K H,-5 5
C-1.C-4 HI C-6 [A S AL FEAH RAT 5, 45 e AT
N, HAE 340 1,1,2-= F B3R A R B 4% H 3% £ 3
WA C-6 Lo EH Z M F IO AR I, & T
PE HPLC 4 73 73 1 s 3 9 80— (il i i Ak & 40 i
1 SEES CD 515 ECD EL AL (1&5) 45 5 FL 4 1 3L 0y
6S. L, (a3 KIS 45 DA e, Jf a4 83 5
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H 3L [0, 6.96 (d, J = 9.8 Hz, H-2), . 160.3 (C-2)] I
[0, 6.17 (d, J = 9.8 Hz, H-3), J. 126.1 (C-3)] 43 5l B AR
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Fy I FE T K 4 4 4 /2 jasminol E ) 2,3- — i EATAED,
J+45 %) 2D NMR @b e (B12). JBHE, 7410
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¥, WAL T WU DL LA R A2 B . R, fk

(a) 154

Exp. CD spectrum of 3
- = = Cal. CD spectrum of (65)-3
b = = =Cal. CD spectrum of (6R)-3
1.04°,
.

0,5—/'73/'\
004/

% M i)
< — —————— ———
054 %
1.0
1.5~ T T T !
200 250 300 350 400

Wavelength / nm
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&5 Tkl i (CH,CL-CH,0H, 1:1), [a]?
+17.5 (¢ 0.63, MeOH). ¥ (+)-HR-ESI-MS I NMR
WERE (R 2) #e Ko AN CH,0,. LEWS
f NMR #0405 5 1 BRI, o5 W1 i 22 00 02 5 ) — AN 3%
SR 3L [6,4.03 (dd, J = 6.3, 9.8 Hz, H-4), 6. 71.0 (C-
4] BT 1 HIEA BRI, H 5 C-3 f1 C-6 JLRAE 5 4
JRMALFS T A0, —4.8 F1-21.4, 1fj C-5 Z FRMALEE T A0,
+2.5. FHOLHEWT S 2 11 4-F2 AT A, JFiE it 5 1)
2D NMR #HE fif b7 13 LR IE, 505052 7% 2] 'H-'H COSY
T rf 22 Y H-4/H,-3/H-2/H,-7 X HMBC i 1 H,-10 55
C-4.C-5 F1 C-6 [M %@ FEAH RAZ 5 IS R (B12). 1E
5% NOE 2 ¥ | 8 55 H-4 IF, H-2 5 B 2 14 25 ; 53 4,
FEH: 'H NMR 3% 1 H-3b B 5 5 20 P 1E (Jy,, = 9.8 Hz
My 5 = Jysy = 12.6 Hz), SR EI O IR 2 15 XA 3
b, H-4 AT H-2 40 T HE a- 5 . HH A E 5 AR
XA RN E 1 R . & F Y HPLC i 70 #r, (A 2
Folt - 1 €0 0 R RO B AR, 45 R B OR 5 N B (R g 1)
&), il it 95 CD 511 5 ECD L #2 (18 6) fi e
Y X K8 My 28,4R . 1E 5 ¥ CH,CL,-CH,OH (1:1) %
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Figure 5 (a) The overlaid experimental CD spectrum (full line) of 3 and calculated ECD spectra (dash lines) of (65)-3 (red) and (6R)-3
(blue). (b) The overlaid experimental UV spectrum (full line) of 3 and calculated UV spectrum (dash line) of (65)-3
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Hh 75 ) B, R AR B0 XS R O AT I A A IE T
76 X6F K HY AR &5 A4 4 ORTEP B s (B 7), Flack %
$90.02 (18). HIL, 545 F9 13 LA €, o 44 8 24
FLik I A (angelinonol A).

& B [a]? HR-ESI-MS. 1D £l 2D NMR % ¥} 4% /3

B, 5 SCHRIRTE AL S P IR B LU, e AL S
GERY ) ) %58 N 6,9- - FE e -(4)-a-TR I (6)+1,1,5-=
FH L -2-F2 B -3 20-2,5- — Jfi-4-Td™Y (7)~jasminol EF”
(8) A (+)- e KA IREES (9); Horb 6 W 7E M L #5731
CTESERU) 43 2545 3P, A SO ORI A 8 X0 2%

Table 2 NMR spectroscopic data of compounds 4-7. Data (J) were measured in methanol-d, (references: 6., = 3.310 for 'H and
Oepsop = 49.000 for "C) for 4 and 5 at 700 MHz for 'H and 175 MHz for "*C, respectively, and for 6 and 7 at 500 MHz for 'H and 125 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. 4 5 6 7
Oy O Iy O Oy O oy O
41.2 353 2.41,dd (7.0, 1.0) 51.1 40.1

2 6.96,d (9.8) 160.3 1.55, m 46.4 143.5 171.0
3a 6.17,d(9.8) 126.1 2.17,ddd (12.6, 6.3, 2.8) 335 524, m 119.1 6.42,t(1.5) 122.6
3b 1.37,dt (9.8, 12.6)
4a 189.1 4.03,dd (9.8, 6.3) 71.0 2.33, m 32.7 189.3
4b 2.24, m
5 135.0 135.8 2.10, m 44.1 133.5

161.1 5.08, brs 137.1 3.87,s 79.1 6.75,q(1.5) 156.6
Ta 4.40,s 59.1 3.74,dd (10.5,4.2) 63.7 434 4.38,d(1.5) 60.9
7b 3.29,dd (10.5,9.1)
8 1.30, s 254 0.85, s 23.0 0.97, s 18.3 1.26,s 26.5
9a 1.30, s 254 1.03,s 29.7 4.17,d (11.0) 69.9 1.26,s 26.5
9b 4.11,d (11.0)
10 1.97,s 11.2 1.70, brs 19.3 1.67,q(2.0) 22.8 1.85,d (1.5) 15.5

@

Exp. CD spectrum of §
14, = = = Cal. ECD spectrum of (25,4R)-5

e = = = Cal. ECD spectrum of (2R.45)-5
8
/\
.
.
o .

Ag

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

(b) 15000+

—— Exp. UV spectrum of §
= = =Cal. UV spectrum of (25,4R)-5

10000 .

5000

; T T "
250 300 350 400
Wavelength / nm

Figure 6 (a) The overlaid experimental CD spectrum (full line) of 5 and calculated ECD spectra (dash lines) of (25,4R)-5 (red) and (2R,
45)-5 (blue). (b) The overlaid experimental UV spectrum (full line) of 5 and calculated UV spectrum (dash line) of (25,4R)-5

Figure 7 ORTEP diagrams of the crystal structures of 5 and 6
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TSR RAAIE 1 &5 A RN 448 %o 4 28 A4 45 44 1¥) ORTEP
KU1 & 7 i, Flack 2%04-0.02 (7).

K2, LRI FT S B YA Sk TR AR R R I
H 25 2 R B 2R & . SRR S R AR
T8 5 ¥ S R (verbenone) #54b BR 4 A A B 1T
TS5 5 1A [F A& 9, SR SCRk b BE AR i e I 4
X RE B AR R D 8 R R S AL S, AR
AR TE W RAIR LD B IR P oy B 5T 4 e A . R g
RILTFN2 2 LI ik RS & (2020 1) MITERAEAE, T
FABA) 3 KN S LLER—FPE A A T SUAF A, R I I e &
o) B 8 SR TR ) SR T 2E P I AR VR BB ARV TE AR E 10
SEAR PRI, A SC AR A R AR SRR
W . HAN, FEAH RAW 264.7 40 il 43 i TNF-a A1
BT JE 1E TREK-1 BH Wi o S R AMEE Y | 5T (-)-1.
(7)-2 F1 3~9 k4T T H)8 e, J B R K I IH O 1,
BN BEHEBR 7R FL A A B b i RS PE AR . R,
A DRI e Bl 1) 24 B M B R UE 3k I PR T R BT
R, AR B e — P AL

LI ER Sy

AUTOPOL V B4 Jig 5t il 7€ 1% (35 [ Rudolph 2 7),
Nicolet impact 5700 %Y & 37 i 4% e 21 4 6 i 4% (35
Thermo Electron Corporation 2 &), JASCO V-650 1 45
SN EREA JJASCO J-815 % CD il & 4% (H 48 JASCO 2
#]), Bruker 500 Bruker 700 2 #% #Z L HR 1 (4 [F Bruker
AT B3 SYS-600 RUAZ R ILIRAY (3¢ E Varian A #]), Q
Exactive Focus ! i 1% 1% (3% [E Thermo Fisher Scientific
A]), XtaLAB Synergy B HLEATHHX (H A Rigaku 2 7)),
SSI-1500 %Y /& 2% AH 215 4% (3£ [ Scientific Systems
7). Sephadex LH-20 (¥fi #t Amersham Pharmacia 2
), Toyopearl HW-40C %t i #4 flii (H X TOSOH A H)),
HP-20 %1 K FL W Bt B i - CHP 20P £ MCI# fig (H 4%
Mitsubishi Chemical 7z ), MGII C18 2 ] £ £2 i £
PFP C18 il & (il A (H A KR E M A &), 1IC Tk
Pl £ AT (H AR RIS A ), A AR (200~
300 H) Jid 2 Al IR GF,,, (F Sl T &
7)o FTA R T AR, S HAE AT, R
ISP T e RN 220

HAKT 2016 4E 10 A E HfraE R, mhEE
S RE e 2 VDRI ST S AR BT 9T 03 E N 24 H Angeli-
casinensis (Oliv.) Diels 3k, 4= 25 FEARAE T R [E 5 221 2
Wt 25000 F2 B 24 FH AR A = (FR A5 ID-S-2751).
1 RESSS

T3k 97 kg M e, FHZE TR /K B SE L, B
K 21300 L, 2 J5 4% 22 B3 30 min, $2HL3 K, i

UE, B YRR, 0K TS A 120 Lo W48 HP-20
KL PR B i (75 kg) FE €140 85, MK K (650 L)«
50% 2. I (500 L) F195% Z. B (250 L) ¥ehi . e i i
3 IR [l WAL 3 7914 B AR B2 38 7 (A~C). H, B
#5r (1.6 kg) /KW & J5, F H CHP 20P % MCI # Ji§
FE B3 20 85, U 7K (200 L)<30% Z.B% (60 L)+ 50%
LT (60 L) F195% £ (60 L) 3 i, e it 0 43 531 ek [
o] i 75 770 45 B 414> B1~B4. B2 (435 g) Fi] Sephadex
LH-20 #E e b 1 73 55, DLH BE AN K ORI 7, B 5 B
Jit, 22 2 E A I, A FHE o AH R 23, [T RS,
75 5741 4y B2-1~B2-17. B2-4 (38.6 g) H] Toyopearl
HW-40C #E AT (5385 73 55, DL I AN K g ¥ 770 86 2
Jiit, 155 B2-4-1~B2-4-16. B2-4-6 (4.8 g) I} Sephadex
LH-20 %8 (i, DLF B2 AR R 5 770 0 B e i, 43 34
B2-4-6-1~B2-4-6-10; H: 1, B2-4-6-4 (240 mg) 1Kk &
% 2 O (L8R ZHE- 2 E-7K, 14:201) RS 2 il
#% HPLC (MGII C18 ta i 4, 18% 4,15, 3.0 mL-min™)
Sr S, 1335 (¢, = 28.2 min, 4.7 mg) 19 (¢, = 32.4 min,
10.2 mg). B2-4-7 (2.5 g) 1 Sephadex LH-20 #t i #: {1
W, DL R R K R I 00 B e I, 75 31 B2-4-7-1~B2-
4-7-6; Hirh, B2-4-7-6 (180 mg) & Ik £ ] 4% 1 2 1%
(LR O WE- L WE-IK, 14220 1) A AH F i % HPLC
(MGII C18 i 4+, 16% .M, 3.0 mL-min™") 7 &5 £ £
1 (¢, = 34.1 min, 3.1 mg).4 (¢, = 27.3 min, 2.6 mg). 3
(t, = 24.7 min, 1.1 mg) 1 8 (¢, = 29.5 min, 3.5 mg).
FHIEAHFPE ) 4 HPLC (IC e i kE, IE V-2, 311,
2.0 mL-min") #5435 1 3£ 45 (+)-1 (¢, = 15.4 min, 0.6 mg)
AT (5)-1(t, = 17.5min, 1.8 mg). F Sephadex LH-20 %tk
FEERE 7> B B2-4-9 (1.4 g), LA BERN K NI 7186 FE e,
4% B2-4-9-1~B2-4-9-5; H 1, B2-4-9-4 (160 mg) # X
S &R RS (LR Ol K, 14:201) FlAE Y
il #& HPLC (MGII C18 ta i 4+, 22% 4./, 3.0 mL-min™)
Y ESIFH2 (1, = 26.3 min, 5.4 mg); B )5 FH IEAH T4k il
#% HPLC (IC foiffi A, 1IE ki~ 4 FF, 311, 3.0 mL-min™)
P 3-143 (+)-2 (£, = 18.8 min, 2.4 mg) 1 (-)-2 (¢, =
22.0 min, 1.5 mg). F Sephadex LH-20 #% i #F & 3 43
B9 B2-4-12 (1.2 g), LA EE MK g 77 66 52 e e, 45 51
B2-4-12-1~B2-4-12-4; 71, B2-4-12-4 (180 mg) KIk &
il 5 v 2 B (LR OB CIE-7K, 14:201) Rl 4%
HPLC (MGII C18 i fE, 24% 2., 3.0 mL'min™") 73 515
#6 (¢, = 14.2 min, 6.8 mg) 17 (¢, = 17.5 min, 4.9 mg).
2 HFEHEE

2 B Bk 1 E B F R Y UV (MeOH)
.. (log €) 236 (3.78) nm; IR v_ 3411, 2963, 2928,
2888, 1663, 1466, 1451, 1419, 1368, 1292, 1265,
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1237, 1175, 1139, 1063, 1013, 977, 916, 878, 780,
717, 674, 626, 564, 470 cm™; '"H NMR (methanol-d,,
700 MHz). ”C NMR (methanol-d,, 175 MHz) £ .3
1; (+)-HR-ESI-MS m/z 169.122 2 [M+H]" (C, H,,0, it
HE, 169.122 3). (+)-1: [a]*, +18.2 (¢ 0.07, MeOH);
CD (MeOH): 313 (de —0.25) nm; (-)-1: [«]*, —21.1 (c
0.18, MeOH); CD (MeOH): 312 (e +0.18) nm.

95 55 20 WAk 20 T8 B F B R Y UV (MeOH)
A (log €) 234 (3.96) nm; IR v__ 3395, 2964, 2 927,
2873, 2853, 1666, 1629, 1566, 1458, 1367, 1230,
1129,1103,1 049, 1019, 881 cm™; 'H NMR (methanol-
d,, 700 MHz)."”C NMR (methanol-d,, 175 MHz) %4 L.
# 1; (+)-HR-ESI-MS m/z 169.122 3 [M+H]' (C, H,,0, it
B, 169.122 3). (+)-2: [o]? +82.8 (¢ 0.15, MeOH); CD
(MeCN): 209 (de +5.94), 228 (de +4.92), 316 (e —0.32),
351 (de +0.51) nm; (-)-2: [a]? -80.6 (¢ 0.06, MeOH);
CD (MeCN): 210 (de —4.88), 229 (de —3.83), 317 (de
+0.05), 357 (de —0.32) nm.

&3 AR A, [a]? +11.6 (c 0.28, MeOH);
UV (MeOH) Z_ (log &) 227 (3.49), 286 (1.96) nm; CD
(MeCN): 223 (4e +0.60) nm; IR v, 3 378, 2 962, 2 919,
2872, 1685, 1617, 1434, 1377, 1367, 1320, 1278,
1259,1169,1 113, 1047,893 cm™; "H NMR (methanol-
d,, 700 MHz)."”C NMR (methanol-d,, 175 MHz) %4 L.
% 1; (+)-HR-ESI-MS m/z 169.122 3 [M+H]" (C,H,,0,
THHAE, 169.122 3).

W& 4 T OFHMARY); UV (MeOH) 4, (log
€) 240 (3.59) nm; IR v, 3399, 2969, 2932, 2 885,
1660, 1621, 1465, 1446, 1405, 1377, 1330, 1303,
1 144, 1064, 1 007, 835, 726, 605, 551 cm™; 'H NMR
(methanol-d,, 700 MHz)."C NMR (methanol-d,, 175 MHz)
BHs W% 2. (+)-HR-ESI-MS m/z 167.106 8 [M+H]"
(C,,H,s0,1H 518, 167.106 7).

&M 5: Tkt fh, mp 186~187 °C; [a]X +17.5
(c 0.63, MeOH); UV (MeOH) /___(log &) 205 (3.65), 270
(1.95) nm; CD (MeCN): 206 (de +0.83) nm; IR v, 3 252,
2951, 2887, 1576, 1464, 1450, 1362, 1073, 1036,
1014, 1000, 938, 921, 888, 859, 728, 676, 632 cm’;
'H NMR (methanol-d,, 700 MHz). *C NMR (methanol-
d,, 175 MHz) #i W% 2. (+)-HR-ESI-MS m/z 193.119 8
[M+Na]" (C,H,,O,Na it 5 1H, 193.119 9). X-ray H.a4fiT
SR C,H,,0,, M =170, F. 7} & (monoclinic), a =
5.930 9 (10) A, b =7243 9 (2) A, ¢ = 12.107 6 (3) A,
a=90°, f=98377 (2), y=90°, V="514.63 (2) A’, p =
1.099 g-cm”, spacegroup P2, T = 100 (10) K, Z = 2,

w(Cu Ka) = 0.59 mm™". WAL 8 261 X 5 & A7 5 H 4
(reflections collected), 2+ 2 076 4~ 1] I £ # (indepen-
dent reflections), R, = 0.046, R, = 0.04 [/ > 20(])],
wR, = 0.106 7 [I > 20(])], R, = 0.041 5 (all data), wR, =
0.108 5 (all data), F° = 1.078, Flack parameter = 0.02 (18).
CCDC: 2172 811,

&M 6: Jotkt db, mp 202~203 °C; [a]X +51.2
(c 0.26, MeOH); UV (MeOH) 4, (log €) 206 (3.75) nm;
CD (MeOH): 205 (4e +6.96) nm; IR v, 3244, 3 130,
2923, 2886, 2038, 1469, 1436, 1381, 1364, 1183,
1170,1073,1 023,991,784 cm™; '"H NMR (methanol-d,,
500 MHz)~ °C NMR (methanol-d,, 125 MHz) %(## .3
2o (+)-HR-ESI-MS m/z 191.104 3 [M+Na]" (C,,H,,0,Na
THEAE, 191.104 3). X-ray H 5 AT £ C H,0,, M =
168, IE4Z &4 & (orthorhombic), a = 7.384 40 (10) A, b =
117113 (2) A, c=23.171 1 (4 A, a =90°, = 90°, y =
90°, V=2 003.86 (6) A’, p = 1.115 g-cm™, spacegroup
P212,2,, T=100 (10) K, Z =8, 1(Cu Ka) = 0.606 mm'.
£E 12 769 IR F AT 8 2 (reflections collected), Frf
3933 /Mo 4 (independent reflections), R, = 0.039 5,
R, =0.037 4 [I > 20(])], wR, = 0.092 2 [] > 20(])], R, =
0.047 8 (all data), wR, = 0.096 8 (all data), F* = 1.082,
Flack parameter = -0.02 (7). CCDC: 2 158 233,

WA 7 T OFE M AR Y ; 'H NMR (methanol-
d,, 500 MHz)."”C NMR (methanol-d,, 125 MHz) %4z It.
% 2; (+)-HR-ESI-MS m/z 167.106 5 [M+H]" (C,H,,0,
HEAY, 167.106 7).

& 8: Tt FE MR Y); "H NMR (methanol-d,,
700 MHz) ¢ 1.84 (2H, t, J = 7.0 Hz, H,-2), 2.48 (2H, t,
J=17.0Hz, H,-3),4.29 (2H,'s, H,-7), 1.22 (6H, s, H,-8, H,-
9), 1.83 (3H, s, H,-10); "C NMR (methanol-d,, 175 MHz)
d36.5 (s, C-1), 38.5 (t, C-2), 35.2 (t, C-3), 202.2 (s, C-4),
133.9 (s, C-5), 163.1 (s, C-6), 59.5 (t, C-7), 26.8 (q, C-8
1. C-9), 11.5 (g, C-10); (+)-HR-ESI-MS m/z 169.122 4
[M+H]" (C,,H,,0, 1t 518, 169.122 3).

&9 AR E; [a]X +151.6 (c 1.25, MeOH);
'"H NMR (methanol-d,, 700 MHz) § 5.56 (1H, m, H-2),
2.11 (1H, m, H-3a), 1.78 (2H, m, H-3b, H-4), 1.96 (1H, m,
H-5a), 1.37 (1H, m, H-5b), 3.96 (1H, dd, J= 2.2, 3.9 Hz,
H-6), 1.76 (3H, brs, H,-7), 1.17 (6H, brs, H,-9, H,-10);
"C NMR (methanol-d,, 175 MHz) § 135.4 (s, C-1),
126.1 (d, C-2), 28.0 (t, C-3), 39.7 (d, C-4), 34.2 (t, C-5),
69.2 (d, C-6), 21.2 (q, C-7), 72.8 (s, C-8), 27.1 (q, C-9),
26.9 (q, C-10); (+)-HR-ESI-MS m/z 193.119 8 [M+Na]"
(C,,H,;O,Na it 5ifH, 193.119 9).
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J% FHl Gaussian 16 % [1) GMMX 54, /£ MMFF94
I35 15 R A SRR 7 O & M R R R AT
%, 15 B H X BE B /N T 3.0 keal-mol AR B S .
H Gaussian 16" f8 7, % V2 R 59% 1 CPCM #4474
(conductor-like polarizable continuum model) 4 1) ¥ 7
R, 7E CAM-B3LYP/6-31+G(d,p) /KF -, %1% 3K45
(Ry#e) Rtk — AR A IS BRI R I HL IR 2528 3 AT
7E CAM-B3LYP/6-311++G(2d,p) /K*F- L, 15 Gibbs H
FH B8 7E 3.0 kcal-mol™ LA N HI AL 10 #4) B2 ) 4% B Kk 45 B
BVRT R 7R . BRI R %S
Sy AR, @B 44, AR B BT E I ECD
AMUVERE (6=0.30eV).

B TTBk: A RIS SE IR Vet B 0, DL R AE
R E R BRIR A 4 3T SE IR T B o B AR AR 2 e 2
H TSI L MRS B 2 5 2 MR I
Aoy S RN R ST IR AR T 2 P AR R 4 BT
LUK IEURH M R 2
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