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Abstract: From an aqueous extract of the stems with hooks of Uncaria rhynchophylla, eight pairs of scalemic
enantiomers of minor lignanoid (+)-/(=)-1 = (+)-/(=)-6+(+)-/(-)-9, and (+)-/(-)-10 as well as two pairs of racemic
enantiomers (+)-/(=)-7 and (+)-/(-)-8 were isolated and chirally separated by column chromatographic techniques
over macroporous adsorbent resin, MCI resin, Toyopearl HW-40, silica gel, and Sephadex LH-20, together with
flash and chiral HPLC techniques. Their structures including the absolute configurations were determined by
spectroscopic data analysis and theoretic calculations of electronic circular dichroism (ECD) spectra. Among them,
chiral separation and absolute configurational determination of the optical active compounds (+)-/(=)-1 = (+)-/(-)-7
are reported for the first time, while the occurrence of scalemic enantiomers (+)-/(=)-9 and (+)-/(-)-10 in nature are
discovered for the first time. Preliminary bioassay showed that (+)-8 and (-)-8 inhibited acetaminophen (APAP)
induced HepG2 cell damage at a concentration of 10 umol-L™.
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'H NMR spectroscopic data of 1-7. Data (6,) were measured in methanol-d, (references: d,,;o, = 3.310 for 'H) at 700 MHz for 1-7. Proton coupling constants (J) in Hz are given in paren-

Table 1

7.0 Hz, H-2"), 4.04 (2H, m, H-1"), 1.12 3H, t,J= 7.0 Hz,

theses. The assignments were based on 'H-'"H COSY, HSQC, and HMBC experiments. * d, for -OEt in 7: 4.18 (2H, m, H-1"), 1.28 (3H, t, J

H_zm)

No.

6.48 s

6.68 s

7.02d(2.1) 7.03d(2.1) 6.95d (2.1)

6.68 s

6.93d (2.1)

2

6.82s

6.85d (8.4) 6.78 d (8.4)

6.85d (8.4)

6.78 d (8.4)

6.68 s

6.82 dd (8.4,2.1)

5.61(6.3)

6.92 dd (8.4,2.1)
4.93d (8.4)

6.91 dd (8.4,2.1)
4,98 d (8.4)

6.68 s

6.82 dd (8.4,2.1)

5.58d (6.3)

6

7.56s

5.59d(6.3)

5.63d(6.3)

3.55ddd (7.0, 6.3, 5.6)
3.88dd (112, 5.6)

3.56 ddd (6.3, 6.3, 5.6)

3.84 dd (11.2, 5.6)

4.14 ddd (7.7, 4.9, 2.8)
3.73 dd (12.6, 2.8)

3.57ddd (7.0, 6.3, 6.3) 4.09 ddd (7.7, 4.9, 2.8)
3.73 dd (12.6, 2.8)

3.87dd (112, 6.3)

3.54 ddd (6.3, 6.3, 5.6)
3.86 dd (112, 5.6)

9a
9b

3.83dd (112, 7.0)

7.19s

3.82dd (112, 6.3)
7.63 brd (2.1)

3.49 dd (12.6, 4.9)

7.57d (2.1)

3.49 dd (12.6, 4.9)
7.64d (2.1)

3.83dd (11.2, 7.0)
7.63d (1.4)

3.83dd (112, 6.3)

7.96d (2.1)

6.44d (2.1)

PX

6.63 d (8.4)

7.02d (8.4)

6.97d (8.4)

6.87d (8.4)

5

6.38 dd (8.4, 2.1)
434d(4.2)

7.16s

7.56 dd (8.4,2.1) 7.58 dd (8.4,2.1) 7.56 dd (8.4,2.1)

7.58d (1.4)

7.93 dd (8.4,2.1)

6

7.63d(16.1)

7'

3.83d(4.2)

6.35d (16.1)

3.82s

8,
3-OCH,
5-OCH,
5-OCH,

8325

3.88s

3.88s

3.82s

3.82s

3.82s

3.82s

392s

3.89s

392s

Table 2 “C NMR spectroscopic data of 1-7. Data (J.) were
measured in methanol-d, (reference: J.,,, = 49.000 for Q) at
175 MHz for 1-7. Proton coupling constants (/) in Hz are given in
parentheses. The assignments were based on HSQC, and HMBC
experiments. ~ J,. for -OEt of 7: 62.1 (C-1"), 14.4 (C-2"), 61.8 (C-

1), 14.6 (C-2")

No. 1 2 3/4 5 6 7

1 134.2 133.2 128.9 133.9 133.4 124.9
2 110.5 104.2 112.1 110.6 104.2 117.0
3 149.2 149.4 149.3 149.1 149.4 149.1
4 147.7 136.7 148.5 147.8 136.6 145.6
5 116.2 149.4 116.3 116.2 149.4 117.0
6 119.7 104.2 121.7 119.8 104.2 1313
7 89.7 90.3 78.2 90.2 90.0 139.5
8 54.2 54.7 79.9 54.6 55.0 123.3
9 64.7 64.6 62.0 64.6 64.6 168.7
1 124.4 125.2 125.0 125.1 129.9 135.6
2' 128.1 120.8 119.8 120.8 119.0 115.9
3 129.7 130.3 144.7 130.4 130.9 145.1
4’ 165.4 153.9 149.7 153.9 151.9 146.1
s 109.9 1453 117.9 145.2 145.9 116.2
6 133.0 115.3 124.5 115.2 113.7 120.1
7 170.0 169.8 169.6 169.8 146.8 473
8’ 116.5 49.5
9 170.9 174.8

3-OCH, 56.4 56.8 56.5 56.4 56.8

5-OCH, 56.8 56.8
5'-OCH, 56.7 567  56.8
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Figure 2 The 'H-"H COSY (thick lines) and key HMBC (arrows) correlations of 1-7
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Figure 4 a: The overlaid experimental CD spectra (full lines) of (+)-1 (red) and (-)-1 (blue) and calculated ECD spectra (dash lines) of
(7S,8R)-1 (red) and (7R,8S)-1 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-1 (red) and (-)-1 (blue) and calculated UV
spectrum (dash line) of (7R,8S5)-1. (Blue-shifted by 20 nm)
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Figure 5 a: The overlaid experimental CD spectra (full lines) of (+)-2 (red) and (-)-2 (blue) and calculated ECD spectra (dash lines) of
(7S,8R)-2 (red) and (7R,8S5)-2 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-2 (red) and (-)-2 (blue) and calculated UV

spectrum (dash line) of (75,8R)-2
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Figure 6 a: The overlaid experimental CD spectra (full lines) of (+)-3 (red) and (-)-3 (blue) and calculated ECD spectra (dash lines) of
(7R,8S)-3 (red) and (7S,8R)-3 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-3 (red) and (-)-3 (blue) and calculated UV

spectrum (dash line) of (75,8R)-3 (blue). (Red-shifted by 4 nm)
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a
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methoxy-8',9'-dinor-4', 7-epoxy-8,3’-oxyneolignan-7'-oic
acid].

S5 BT T ARIR A 5 N A B e B K,
[e]Z +8.7 (c 0.25, CH,OH). @il (+)-HR-ESI-MS Al
NMR EHHE (£ 1.2) 704, #i5E HorF4L8ch C (H,,0,.
1E W BE-d, $1, 5 1 NMR 1% 4 5 i 4K 2 (ceplignan,
R T ' 2 1 AL TR PSR A [ 7R ) A A
— 2, Hidid 2D NMR EdlE 2 (B 2.3) #iE S A 5
B A=A 25 A4 [F) 1)~ T S5 M A AR X R B . 5 8 F- 1t e il
FE HPLC 43 #7 A1 45 73 15 21 2 5% e T AR B 20 1,201 19
B (+)-5 {[o]} = +43.3 (c 0.10, CH,OH)} Al (-)-5
{[a]}} = —43.1 (¢ 0.06, CH,OH)}, —# ¥ 'H NMR %4
FHIFE CD 1 th 2k 2HARC R, UEH] (+)-5H1 (-)-5 2 XF
ML RIA . ARYE CD G 'L, T (4, 260~300 nm)
Cotton 87 (1 f e L =T BA K2 'L Wiy (4, 220~
240 nm) [P PRI B 2 (+)-5F1 (=)-5 B 24800 F 1Y
53791249 78,8R F17R,8S, F13 2|52 CD Al 5 ECD —
LR (B 8). HUL, (B (+)-5F1 (-)-5 544

30000
=== Exp. UV spectrum of (+)-4

e Exp. UV spectrum of (-)-4
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Figure 7 a: The overlaid experimental CD spectra (full lines) of (+)-4 (red) and (-)-4 (blue) and calculated ECD spectra (dash lines) of
(7R,8R)-4 (red) and (7S,85)-4 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-4 (red) and (-)-4 (blue) and calculated UV

spectrum (dash line) of (7R,8R)-4. (Red-shifted by 4 nm)
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BIFAE N (+)-(78,8R)-A1 (=)-(TR,8S)-E4 A E [(+H)-(7S,
8R)-F1 (-)-(7R,8S)-ceplignan]. & B om i, A& SCHRE
AT E T o B IERIE T (4)-(28,3R)-/(-)-(2R,3S)-IEE
4R K [(+)-(25,3R)-/(-)-(2R,3S)-ceplignan], 1H j& 7£ 4
KRGk % b, IR D ZE ) R A, B G| I B e
JOAH 75 R K o 0 A IR SCERP I S R EOR,
PR AN A8 28 e R A 1) CD 3 22 S 2 25, K/ T 250 nm
1] Cotton 25 B 1t £& (178 2440 [F], — 35 ) NMR 1547 7F B
7S, SSE I R BoR H F YA HPLC 73 5. ixX 4t
B15 (+)-/(=)-5 M GAE . I, SCHRPHRIE (+)-(28,
3R)-HI(-)-(2R,38)- L F AR FK [(+)-(25,3R)-/(-)-(2R,35)-
ceplignan] F) 4 L6 5E 7 5

RS R T AR A Y 6 N At L e TER K,
3L (+)-HR-ESI-MS A NMR & ¥4 (% 1.2) 247, 1
& H A FUALR N C,H,,0,0 7EH EE-d,F, 6 ) NMR i
s 5 ML A 2 B HROE 1K (TR*,7'E,85%)-4,9-—
FRH-3,5,5 - = A B -4 7- -8, 5 - RSl -7 45 -9 -
R IR [rel-(7R,7'E,8S)-4,9-dihydroxy-3,3’, 5-trimethoxy-
4’ 7-epoxy-8,5'-neolign-7'-en-9'-oic acid]™ {1 A I £ 4%
— 5, KW 65 SCHRIRIE Ab A A AR IR )T 18I 465 # A
FEXF R R, J 6 1) 2D NMR BE 20 64T 1 #iiF (K
2.3). 6 2TVl HPLC 23 B AR 23 15 2] o i
AR LT 23 AL &9 (4)-6 {[a]y = +136.4 (¢ 0.01,
CH,OH)} 1 (-)-6 {[a]¥ =-133.3 (¢ 0.01, CH,OH)}, &
T "H NMR $4f — 202 CD 1 i 28 2 8015 ¢ &, #ilE
(+)-6 A1 (=)-6 X W SR 1A . 3 — 35 Hh, HRAE (+)-6 A1
(-)-6 11 CD 1w 'L WA (A, 260~~300 nm) Cotton %{
JNE P J52 R @ B DT L R L RS (A, 220~~240 nm)
1) G BRI, 5 5E (+)-6 AT (=)-6 1R 20 K 24 53 ) oy
7S,8R 1 7R,8S, H 43 F| Sl CD it 5 ECD — 1 3L
Fr (B19). L, (B9 (+)-6 AT (-)-6 K45 K43 Wl 52
9 (+)-(78,8R)-F1 (-)-(7R,8S)-4,9- - ¥45£-3,5,5"- = FHI 45
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F7,4 - A -8,3 - R IR R 705 -9"- 1R [(+)-(7S,8R)-/
(-)-(7R,85)-4,9-dihydroxy-3,5,5'-trimethoxy-7,4'-epoxy-
8,3'-neolign-7'-en-9'-oic acid], i % N (-)-(7R,8S)-Fll
(+)-(7S,8R)- %) il 1 A NEHZ A [(-)-(7R,8S)-/(+)-(7S,8R)-
uncarneolignic acid A). 5 Z§5 th, AR #fE IUPAC & TR
JIE 2 0T AR 2= 1) i 44 R0, AE (4)-/(-)-6 I R G i
2 H, S SRR E A S A A Y 5T G S R o 4 e
T THBIE,

AN AR T A TG SE TR K5 (+)-HR-ESI-MS
m/z 415.137 6 [M+H]" (C,,H,,0,, it 5 {4 415.138 7) il
NMR i $ 4z 4 (35 1.2), #e 2o P4 A C,H,,0,0
12 FEE-d, 1, 7 1) NMR 35 304 5 SCiR e (7'S,8'R)-4,
5,34 - W2 JE-2, 7 - FR R g e -7-445-9,9"- R IR — L%
BECORI = 23k 1-(3,4- R R AR)-6,7- R E-1,2- A
%5-2,3- R IR ERC VA M EHE — B, 20 T 08 TR
PN B HEE 75 SCERIRGE LA Y B A A R F
H] 25 R4 RO A X # BY, 38— 2D 1 2D NMR 5256 204
SrATEEAT TR (B 2.3). %552, 75 7 [ NOESY i
1, H-8'5 H-2'F1 H-6"2 [A] (1) 52 LI iE H-7"5 H-8' A
A . BT 7R E s EEEE, 5 (7'S,8'R)-
4,53 4'-UF 32,7 - AR G be-7-4%-9,9'- “RIR — LI
i (0 EE i Y {E {[o]2 -82.3 (¢ 0.10, CH,OH)} "2 [f] 7
FEAR K ZE 5, 1IN 7 R AME TR IR &4, IRt — P F
PEIEAH ¥ i % HPLC #0471 20 Al . B S, &%
Pror IR A3 i I T AR Loy LU BT 121 A &9 (+)-7
{[a]? =+120.1 (¢ 0.09, CH,OH)} 1 (-)-7 {[o]2 = -120.0
(c 0.06, CH,OH)}, ‘EfIT11 '"H NMR £ 45 — £, CD i iff
BB R R, UEW] (H)-TH (5)-7 X WER A . (7]
i, (+)-7 A1 (=)-7 ) CD i 75 S 78 (R 5 F B AN K 34
8 [ - BRIE 13 T4 & Cotton 282, BT &
R Fig g AR Y 45 500 09 7'S,8' R FIL T'R,8'S, F145
S5 BCD 19324 (K 10). B, (H)-7 1 (-)-7 1945

b 50000 -
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Figure 8 a: The overlaid experimental CD spectra (full lines) of (+)-5 (red) and (—)-5 (blue) and calculated ECD spectra (dash lines) of
(7S,8R)-5 (red) and (7R,8S5)-5 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-5 (red) and (-)-5 (blue) and calculated UV

spectrum (dash line) of (7R,8S)-5. (Blue-shifted by 10 nm)
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a: The overlaid experimental CD spectra (full lines) of (+)-6 (red) and (-)-6 (blue) and calculated ECD spectra (dash lines) of

(7S,8R)-6 (red) and (7R,85)-6 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-6 (red) and (-)-6 (blue) and calculated UV

spectrum (dash line) of (75,8R)-6
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a: The overlaid experimental CD spectra (full lines) of (+)-7 (red) and (-)-7 (blue) and calculated ECD spectra (dash lines) of

(7'S,8'R)-7 (red) and (7'R,8'S)-7 (blue). b: The overlaid experimental UV spectra (full lines) of (+)-7 (red) and (-)-7 (blue) and calculated UV

spectrum (dash line) of (7'S,8'R)-7

F w52 N (+)-(7'S,8'R)-Fl (-)-(7'R,8'S)-4,5,3",4"- I %
Fe2, 7R MR BE-7-H45-9,9- IR — LBEER, th &N
(H)-(7'S,8'R)-Fl1 (=)-(T'R,8'S)- ¥ FE I A IR A — 4.1
[(H)-(7'S,8'R)-/(-)-(7'R,8'S)-uncarcycolignic acid diethyl
ester]o 7 ZLfq i, SCHRCOHRIEY (7'S,8'R)-4,5,3",4"-DUF%
Fe2, 7K R KE-7-075-9,9'- —HRIR — LWERE [(7'S,8'R)-
4,5,3' 4'-tetrahydroxy-2,7"-cyclolign-7-ene-9,9'-dioic acid
diethyl ester] 5 (+)-7 A4 4 #) 74 A0 R, {H LU i Yo 18 77
TR, AT AR SRR SCEE AR OR, A SR B )
[ CDIEES ()-7HF1 (-)-7 12 5 83, NMR % & &
TNFE b B A, OO R R 1 S P R Y E R T
FEVEAFSE

i 37 [a]?+ CD HR-ESI-MS #1 NMR i % 45 73 #7,
I 5 TR IR AE A S 1 0 HOHE LG, BRI LA 3 % 2
X WL AA 53 5N (+)-(78,8R)-AT (=)-(7R,88)-4 A A flg &
[(+)-/(-)-angelignanine M™%, (+)-/(-)-8].(+)-(7'S,8R,8'R)-
A (=)-(7'R,8S,8'S)- 53 ¥4 H-FA G BE [(+)-(7'S,8R,8'R)-/(-)-

(7'R,8S,8'S)-isolariciresinol"**, (+)-/(-)-9], LA K (+)-(8S,
8'S)-Fll (-)-(8R,8'R)-FF ¥£ 7 ¥ 44 i B [(+)-(8S,8'S)-/
(-)-(8R,8'R)-secoisolariciresinol¥, (+)-/(-)-10] .

Xif 0 43 Ak £ W 48 i) APAP 5|2 HepG2 41 Jid 15
5 < F ] RAW264.7 41 73 W TL-6 %8 i [K 1 DL it J I
B A/BL1/359/95 (H3N2) M A% #3955 8 B3 & (CVB3).
1] AS49. H460 A1 MC38 il 787 20 fifw 438 5, LA K 0 6
Fe® - [ 20 BR 175 5 10 FFAORE 44 g Jo ik 481 56 AR A 2
T T WIS, AR (+)-8 Fil ()-8 7E 10 umol-L™
WL, v LS| APAP 51 & (1) HepG2 41 a5 4, 4 Jifd
TE35 2 M\ 57.60% 73 Al $2 =1 A2 69.06% Fi1 76.29% (FH P
2 XA, 20 MR AE TG ZR 4R 15 2 65.87%)

S, TERT T AL b, 1 3 A e K SR B
B B F TR R B E T 10 XA
TR WA, [ R 0T DA SKoS Ak 55 5 119 A1 T8 e AR A TE AL,
FoA 3 LA R LG AE RS R ek . X — IR
S DAt B E B Tk A R i 3R I AR il B AR M A2
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VI E R I AA 0 23 R 5 (1) AR B R, X B B R I AR
WIS R A B ER R T FAb, eaEiE ik
BT AR AR i s v, AMEEA 2> B
AR 2 A, T B SR BLR AT AL AL . [
B, A RANE TR BA I A & TUPAC O B 11 22
WORIAI T 2 O 45 460 Ay 44 1A RS P 2 Jet 4o 5 S [F] 44
SEYIRE ) 44 S5 ) et . PRI, A SO E SR T B
SCHR T H B AE S0 A IR 28 284k & W I R B e RV
8, IR AFESEM RS HAk, TR T
B R A 2 O TR 9, 2 SR T AR, AR =5k
B PIRIE A AR 5 R ARG R A AR B K
VDI B BG4y R AR AP IR R B (+)-8
H1 ()-8 %} APAP £t HepG2 4 i 452 145 A — 5 £ 37 3% 1,
(B REHERR & AN AR BY Bk N (W TEAE A o e )
2, XA NG R ZH DR T AELE, EA15 # kA4
VDB R A3 2 TR AR ELAE B F0T A A v At ol ~F- i
TR TR, EHAF R . RV — G
Y5 FEIU SR G P DR E AN R ) B R R 22—

LI I

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 700 %Y #% 1 3L 4R AL (42 [ Bruker 2 7), ¥
SE L E 297 K; LA, "TH NMR BLUSRAR B2 0, 3.310,
BC NMR LLAR F B 6. 49.00 2, Q Exactive Focus
AU %A% (3 [E Thermo Fisher Scientific /A &), SEP LC-
52 B OB L RE A %% MWDUV S AME I 2% (58
NI B A BR A F]). Sephadex LH-20 (Fi 4
Amersham Pharmacia 2 &), Toyopearl HW-40S #t i #
Jlg (H 7 TOSOH 74 ), HP-20 %Y K LW Fff 44 fig . CHP
20P B MCI# Jig (H 4% Mitsubishi Chemical 24 7]), MGII
C18 1 PFP il % 1,3 £3: LA & CD-Ph =14 > ] & € 1%
FE (H A K B 32 bk 30 2 41), XSelect C18 il # 41
FE (35 [ Waters 2 7)), AD-H F1 IG T 1 2 il 4% (0 8% b
(H AR FEB AL 22 Tl pk K th), #E i (200~
300 H) K 2 ik I GF,,, (5 Silg etk T) 4
[0 A2 < RE W B2 U 7 IR ) AR E | o A B 4
Sl o3 BT B S Ak

HRE i) Wi 2 E 256 1, T 2016 4F
8 3 M\ r [ e A 1 AR R AR, v [ R 2 R} 2 B 24 )
T FCRT Sy MR EIIE T 53 %8 € N Uncaria rhynchophylla
(Miq.) Jacks., = 2§ F i AR AR BLAE T 0[5 B2 2 R 2 B 25
Yk ST 25 AR A %, AR A5 No. ID-S-2753.

1 R#RSESE

PEECAN I 43 B i AR WL AT B B3 H 4 (223 g)
£t Sephadex LH-20 #¢ i A% 4 3%, I EH-7K (1:1) Rl
AR, 7 B3RS 405 B3-1~B3-15. H, B3-12 (7.0 g)
28 IEAH Flash 73 B, — %0 B Jt - BE (0%~ 100%, v/v)
B EE VR, 79 B3-12-1~B3-12-31. B3-12-3 (391 mg)
£ Toyopearl HW-40S ¥ i £ (0 3% (= & W e - 7,
131, v/v), 3 %] B3-12-3-1~B3-12-3-9, H 1 B3-12-3-4
(110 mg) £ A1 -1l % HPLC (MGII C18 i+, 56%
FEE, 3.0 mL-min™) 4 &3 % B3-12-3-4-1~B3-12-3-4-3.
B3-12-3-4-3 (24.8 mg) 4 Jx M - il % HPLC (PFP & 3%
¥, 50% HEZ, 3.0 mL-min™) 5 &, 5 2LE10 (1, =
31.0 min, 0.2 mg), I H F ¥ 1E 41 - ] % HPLC (IG F
PSR, IE O k-2 82201, 3.0 mL-min™) 74y, 3575
(+)-10 (¢, = 7.1 min, 0.06 mg) A (-)-10 (¢, = 8.2 min,
0.14 mg). B3-12-3-5 (120.1 mg) £ Jz A 2 i % HPLC
(MGII C18 i+, 61% H i, 3.0 mL-min™") 7 &5 5 £
B3-12-3-5-1~B3-12-3-5-5, B3-12-3-5-3 (20.1 mg) £ X
AH - 1 % HPLC (PFP 1 44, 58% H %, 3.0 mL-min™)
7y B 155 B3-12-3-5-3-1~B3-12-3-5-3-4, B3-12-3-5-3-2
(9.2 mg) £ [ M1 4 HPLC (XSelect C18 i, 53%
H i, 3.0 mL-min™) 7 B2 ED T (1, = 14.7 min,
4.1 mg), F 1 IF A 2 %1 % HPLC (AD-H T4 (5 8 4%
E k-2 %301, 3.0 mL-min™) #%4>, 3843 (+)-7 (4, =
11.8 min, 1.4 mg) 1 (-)-7 (¢, = 35.2 min, 1.4 mg), B3-
12-4 (817 mg) 4 Sephadex LH-20 #t Ji¢ ¥ {4 3% /3 &5
(M- — S P bR, 50511, viviv), 133 B3-12-4-1
1 B3-12-4-2, F # B3-12-4-2 (810 mg) £ Toyopearl
HW-408 B A i oy 8 (& - EE, 101, vv) 3K
4 B3-12-4-2-1~B3-12-4-2-9. B3-12-4-2-3 (156.7 mg)
26 A 2 1] 4% HPLC (MGII C18 & 3k, 54% HE,
3.0 mL-min™) 43 & 753 % B3-12-4-2-3-1~B3-12-4-2-3-4,
B3-12-4-2-3-1 (14.8 mg) 4 /% #H -l £ HPLC (PFP &
A, 54% FIEE, 0.1%0 — 9 42, 3.0 mL-min") 7 &5 /3
F| B3-12-4-2-3-1-1. B3-12-4-2-3-1-2 MiAL &5 W0 2 (¢, =
24.5 min, 0.8 mg). &%) 24 A0 ¥ & HPLC (CD-
Ph C18 ta il kE, 59% HIEE, 0.1%0 — % £, 3.0 mL-min™)
F 1 B33 (+)-2 (¢, = 46.2 min, 0.45 mg) fl (-)-2
(t, = 48.4 min, 0.35 mg). B3-12-4-2-3-1-1 (3.3 mg) #—
2 SO 1] 4 HPLC (XSelect C18 hiti b, 45% FHEE,
0.1%0 — 3 £ 18, 3.0 mL-min™) 24675 E]9 (¢, = 10.6 min,
1.6 mg), J-HF 1 1EAH -1l 4 HPLC (Chiralpak AD-H F*
PR R, IEC k-2 88301, 3.0 mL-min™) #7143 5
(+)-9 (t, = 13.6 min, 0.96 mg) Ml (-)-9 (z, = 15.9 min,
0.64 mg). B3-12-4-2-3-2 (28.4 mg) 4 A4 HPLC
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(PFP 135 4, 54% FE, 0.1%0 — 9 £ TR, 3.0 mL-min™)
4y 8545 3| B3-12-4-2-3-2-1~B3-12-4-2-3-2-3, B3-12-4-
2-3-2-3 (2.3 mg) £ Jx #H *- il % HPLC (PFP & 3 A4,
3.0 mL'min") R B 4lift, 15 25 6 (1, = 40.1 min,
1.0 mg), ¥ — 5 F 4 IEAH i % HPLC (Chiralpak
AD-H F 54, IECki- 4B 401, 3.0 mL-min™)
P72 315 (-)-6 (1, = 40.8 min, 0.65 mg) Al (+)-6 (1, =
44.8 min, 0.35 mg). B3-12-4-2-4 (143.4 mg) £ ki >F
il #& HPLC (MGII C18 i ¥, 54% H i, 3.0 mL-min™)
2y B435) B3-12-4-2-4-1~B3-12-4-2-4-5, B3-12-4-2-4-2
(46.3 mg) 4 [ M 2K 4 HPLC (PFP (il 41, 54% I E,
0.1%0 — 9 L8, 3.0 mL-min™) 73 E 1525 (1, = 18.3 min,
35.1 mg), £ T IEAH -] & HPLC (Chiralpak AD-H
FrE @ik, IECki- 248231, 3.0 mL-min") #5453k
2 (+)-5 (t, = 26.6 min, 20.3 mg) Fl (-)-5 (¢, = 30.3 min,
14.0mg). B3-12-4-2-4-3 (23.5 mg) £ [ 214 HPLC
(PFP & 3, 54% HEE, 0.1%0 — 3 £ &, 3.0 mL-min™)
4y B 153 B3-12-4-2-4-3-1~B3-12-4-2-4-3-4, B3-12-4-
2-4-3-4 (9.0 mg) £ J #H 2+ 1l % HPLC (CD-Ph C18 {3
¥, 53% HEE, 0.1%0 — % £ IR, 3.0 mL-min™) 2lifk, 153
8 (t, = 63.6 min, 8.0 mg), H H 14 IEAH ¥ il % HPLC
(Chiralpak AD-H F £ i 3 4%), LAIE O ki- 4B (211,
3.0 mL-min™) AN, 5> 15 E] (+)-8 (¢, = 19.0 min,
4.0 mg) Al (-)-8 (f, = 23.2 min, 4.0 mg). B3-12-4-2-5
(56.3 mg) £ AH -1l % HPLC (MGII C18 fAifi +E, 55%
FEE, 0.1%0 — R £ 12, 3.0 mL-min™) 7355, 1553V 44
B3-12-4-2-5-1~B3-12-4-2-5-5, B3-12-4-2-5-4 (1.1 mg)
28 J A0 2 1] 4% HPLC (PFP (i 4%, 55% H I, 0.1%0 —
4, 3.0 mL-min™) 4 &, I F I #H 2 il % HPLC
(XSelect C18 i i ¥, 32% £ &, 0.1%0 = % 2. R,
3.0 mL'min™) 4fi{b 15 £ 1 (¢, = 17.8 min, 0.3 mg), Bl /54
F% IE AR 244 HPLC (Chiralpak 1G Tt (il 4k, 1IE T
Bi- 201, 3.0 mL-min™) #5433k (-)-1 (¢, = 7.0 min,
0.15 mg) Al (+)-1 (¢, = 20.0 min, 0.18 mg). B3-12-4-2-
5-5 (1.9 mg) £ Jx #H 2 %1 % HPLC (PFP (it 4, 64%
i, 0.1%0 — 9 &R, 3.0 mL-min™") 4 55453 2] 3 A1 4 (1) 78
W) (1, = 17.7 min, 0.8 mg), 4k 2 F T 11 15 A 2 1] %
HPLC (Chiralpak AD-H FP i, IF O ki- 48211,
3.0 mL-min™) 4> &, K K 3k 153 (+)-4 (¢, = 10.1 min,
0.12 mg). (+)-3 (t, = 11.3 min, 0.21 mg). (-)-3 (¢, =
15.6 min, 0.37 mg) Al (-)-4 (¢, = 10.0 min, 0.14 mg)-
2 HEHEE

EEENBIRBEEY L AL ERHA; UV
(CH,OH) /. (log &) 205 (5.20), 262 (4.66), 283 (4.53) nm;

max

IR v, 3364,20954,2925,2 871, 2854, 1 683, 1 609,

max

1557, 1 519, 1 490, 1 450, 1 436, 1 380, 1 329, 1 256,
1206, 1 180, 1163, 1 126, 1098, 1 067, 1 033, 973, 930,
801, 776, 724, 648 cm™; '"H NMR (CD,OD, 700 MHz) %{
¥, W 1; °C NMR (CD,OD, 175 MHz) ¥4, W% 2;
(-)-HR-ESI-MS m/z 315.0871 [M-H] (C,.H,,0,, it 5L
H 315.087 4). tb &) (+)-1: [a]y = +153.9 (c 0.01,
CH,OH); CD (CH,OH): 206 (A¢ +4.34), 224 (Ae —3.06),
260 (A +5.21), 297 (Ae =0.05), 344 (Ae +0.14) nm; tL &
Y (=)-1: [a]? = -154.6 (¢ 0.01, CH,0OH); CD (CH,OH):
207 (Ae =2.35), 223 (Ae +2.27), 259 (Ae =3.59), 298 (Ae
+0.20), 353 (Ae +0.12) nm.

FEENMAREST 2 HEALELHEK; UV
(CH,OH) /__(log &) 208 (4.69), 270 (4.11), 299 (3.71) nm;
IR v, 3352,20959,2924,2873,2 854, 1 685, 1 616,
1603, 1 568, 1 522, 1 498, 1 465, 1 429, 1 405, 1 377,
1326, 1260, 1207, 1 186, 1 142, 1 117, 1 065, 1 029,
945, 901, 840, 801, 774, 724, 686, 667 cm™; 'H NMR
(CD,0D, 700 MHz) #(#&, .5 1; "C NMR (CD,OD,
175 MHz) ¥4, W% 2; (+)-HR-ESI-MS m/z 377.122 4
[M+H]" (C,,H,,0,, T 5 {8 377.123 1). L&Y (+)-2:
[a]® = +23.1 (c 0.02, CH,0H); CD (CH,OH): 216 (A¢
+1.72), 232 (A¢ - 1.15), 266 (As +1.62), 292 (Ae +0.83),
333 (Ae +0.12) nm; & W (-)-2: [a]f = -23.1 (c 0.01,
CH,OH); CD (CH,OH): 217 (Ae -2.48), 231 (Ag +2.61),
266 (Ae =3.15), 294 (Ae —1.60), 332 (Ag +0.13) nm.

REY 34 KRG E K K, UV (CH,0H) 4,
(log &) 205 (4.98), 222 (4.80), 258 (4.32), 288 (4.12),
299 (3.95) nm; IR v, 3 341, 2 955,2 925, 2 854, 1 688,
1 608,1 593, 1 551, 1 521, 1 508, 1 448, 1 434, 1 383,
1316, 1275, 1239, 1204, 1161, 1 129, 1 093, 1 033,
945, 898, 859, 824, 801, 786, 771, 749, 724, 686, 636 cm’’;
'H NMR (CD,OD, 700 MHz) % #%, W.% 1, "C NMR
(CD,0OD, 175 MHz) 4%, W.% 2; (-)-HR-ESI-MS m/z
331.082 1 [M-H] (C,H,0,, i1 51H331.082 3). L&)
(+)-3: [¢]¥ = +33.3 (¢ 0.01, CH,0OH); CD (CH,OH): 221
(Ae +2.59), 241 (Ae —0.12), 260 (Ae +0.49) nm; fL &
Y (-)-3: [a]¥ = -33.3 (c 0.01, CH,OH); CD (CH,OH):
220 (Ae —1.63), 240 (Ae +0.55), 264 (Ae —0.43) nm; 1k
EW (+)-4: []X = +6.7 (¢ 0.01, CH,OH); CD (CH,0H):
222 (Ae =2.15), 247 (Ae +0.49), 296 (Ae +0.30) nm; 1k
EW (-)-4: [a]¥ = -6.7 (¢ 0.01, CH,0H); CD (CH,OH):
206 (Ae —2.90), 222 (Ae +2.52), 254 (Ae —0.51), 290
(Ae -0.45) nm,

S E AR S S #HEO L EEHE; UV
(CH,OH) 2_._ (log &) 205 (5.67), 229 (5.32), 272 (5.15),

‘max
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301 (4.67) nm; IR v, 3 363, 2 942, 2 838, 2 639, 1 683,
1612, 1602, 1519, 1499, 1 464, 1 429,1 385, 1 323,
1276, 1243, 1207, 1184, 1 162, 1 115, 1 061, 1 032,
966, 935, 895, 855, 808, 773, 749, 700, 665, 631 cm™;
'H NMR (CD,OD, 700 MHz) ¥ #%, W.% 1; "C NMR
(CD,0OD, 175 MHz) (¥, .3 2; (-)-HR-ESI-MS: m/z
345.097 5 [M-H] (C,H,,0, 11 51K, 345.098 0). L&
Y (+)-5: [a]¥ = +43.3 (c 0.10, CH,0OH); CD (CH,OH):
213 (Ae +1.38), 229 (Ae —1.07), 269 (As +1.17), 291 (Ae
+1.04) nm; 1L &40 (-)-5: [a]X = —43.1 (c 0.06, CH,OH);
CD (CH,0H): 212 (A¢ —8.10), 256 (Ae +4.73), 304 (Ae
~5.04), 234 (Ae —4.40) nm.

BN AR EW6: AL ERM A, UV
(CH,OH) A, (log &) 207 (5.28), 240 (4.90), 321 (4.88) nm;
IR v, 3 358,2926,2852,1684,1637,1611, 1 520,
1 497, 1 465, 1 430, 1 376, 1 330, 1 274, 1 262, 1 206,
1145, 1 117, 1 065, 1 028, 985, 949, 903, 841, 826, 801,
771,723 em™; 'TH NMR (CD,0D, 700 MHz) %#, .3 1;
“C NMR (CD,OD, 175 MHz) ¥4, L5 2; (+)-HR-ESI-
MS m/z 403.138 1 [M+H]" (C,H,,0,, 514 403.138 7).
L&Y (+)-6: [a]? = +136.4 (¢ 0.01, CH,OH); CD
(CH,OH): 240 (A +1.43), 324 (Ae —0.88) nm; k&4
(-)-6: [a]® = —133.3 (c 0.01, CH,0OH); CD (CH,OH):
206 (Ae —4.08), 240 (As -2.82), 319 (Ae +2.15) nm.

HMIE BEAR 70 A B E TE R K UV (CH,OH) 4,
(log &) 204 (4.46), 255 (4.23), 289 (3.80), 311 (3.87), 342
(3.94)nm; IR v, 3356,2981,2933,1699, 1635, 1 609,
1586, 1 519, 1 447, 1 372, 1 258, 1 200, 1 115, 1 079,
1 023, 924, 867, 816, 776, 719 cm™; '"H NMR (CD,OD,
700 MHz) %4, W% 1; "C NMR (CD,0D, 175 MHz)
B¥5, WK 2; (+)-HR-ESI-MS m/z 415.137 6 [M+H]"
(C,H,0,, it 514 415.138 7). L&MW (+)-7: [a]2 =
+120.1 (¢ 0.09, CH,OH); CD (CH,OH): 253 (Ae -5.45),
292 (Ae +1.53), 313 (Ae —0.85), 348 (Ae +3.60) nm; 1L &
W (-)-7: [a]X = -120.0 (¢ 0.06, CH,OH); CD (CH,OH):
217 (Ae —1.81), 254 (A¢ +8.17), 292 (Ae -2.15), 313 (Ae
+1.57), 348 (Ae =5.41) nm.

3 ECDHMUViLHtHE

J% FHl Gaussian 16 % [1) GMMX 58k, /£ MMFF94
gy 713 R H 2R R 7 A0 E R AT
2 5PN EEE /DT 3.0 keal mol ' MR M R . N
F Gaussian 16V #2 /7 . % FF iz o 575 A1 CPCM ## #4
(conductor-like polarizable continuum model) 5 48] ¥ 7
RN, 7E B3LYP/6-31+G(d,p) 7K F |, X 48 & 3K 151
R E— IR BN R PR 2% 2 0 A . 12

B3LYP/6-311++G(d,p) /K V- I, it 5 Gibbs H i fig £
3.0 keal-mol™ EA N (AL A R0 S PR B RE & VIR T
AN TR . MR R AL R BUR 2% B 5 A i
H,JE PG, SR B B TR ECD AUV
P (6=0.30eV),

{E& STlk: D s Ie vevh EAE T, B2
BUBGE R FRIR 22 A 5T SR T B 0 A SR 1 R 43 S A
B8 AR K 0 B 3 A 2 SR S s 5 95 45 11 5T AR AL
SIS, NI T SRR T .

FEEHRS: (E#H A A 205
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