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Megastigmanes from an aqueous extract of Uncaria rhynchophylla
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Abstract: Five new megastigmanes (1-5) were isolated from a decoction of Uncaria rhynchophylla by separa-
tion techniques of column chromatography using a combination of multiple stationary phases, including macropo-
rous adsorbent resin, MCI resin, silica gel, Sephadex LH-20, and Toyopearl HW-40F, and reversed phase HPLC.
Their structures were characterized by spectroscopic data analysis of HR-ESI-MS, NMR, and CD, in combination
with Mosher's mothed as well as ECD and NMR calculations. The new compounds were named uncarphyllonone A
(2), uncarphyllonols A (2) and B (3), and uncarphabscisic acids A (4) and B (5). Although the structures of 3 and 4
were previously reported, the reported NMR spectroscopic data were incorrect or do not support the assigned
structures in literatures. This is also the first report of discovery of new megastigmane natural products from the
Uncaria genus.
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Figure 1  Structures of compounds 1-5
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Figure 2 The 'H-'H COSY (thick lines), key HMBC (arrows)
correlations of compounds 1-5
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Table 1 NMR spectroscopic data of compounds 1-3 in CD,0OD. Data were measured at 600 MHz for *H and at 150 MHz for 3C. 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
oy O Oc oy O

1 49.6 50.4 40.2
2a 4.04s 78.9 3.64s 85.7 1.59 ddd (13.2, 4.8, 2.4) 48.0
2b 1.43dd (13.2, 12.0)

3 200.4 3.98d (6.6) 83.5 4.05tt (12.0, 4.8) 64.9
4a 5.91d (1.2) 125.4 1.87 dd (12.6, 6.6) 45.1 1.92 ddd (13.2, 4.8, 2.4) 46.8
4b 1.59d (12.6) 1.46 dd (13.2, 12.0)

5 166.5 81.5 77.0
6 80.9 93.0 79.7
7 5.69d (15.6) 129.8 5.65d (16.2) 124.3 5.79.dd (15.6, 1.2) 131.3
8 5.72 dd (15.6, 4.2) 137.3 5.62 dd (16.2, 4.8) 136.3 5.72 dd (15.6, 5.4) 134.0
9 4.26 dq (4.2, 6.6) 68.6 4.24 dq (4.8, 6.0) 69.2 4.23dq (5.4, 6.6) 69.1
10 1.19d (6.6) 23.8 1.19d (6.0) 24.0 1.17 d (6.6) 23.9
11 0.80s 16.2 1.31s 255 0.77s 29.2
12 1.04s 20.7 0.77s 23.9 1.18s 25.2
13 1.86d (1.2) 19.5 1.11d (1.2) 31.1 0.98s 275
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Figure 3 The NOESY correlations (pink double arrows) of

compounds 1-5

(R)}-MPA-1, R =(R)-MPA
(5)-MPA-1, R =(5)-MPA

Figure 4 A5, values (6, -6,°) for (R)- and (S)-MPA-1
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Figure 5 Application of the octant rule of planar cyclohexanone
forl
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Figure 6 (a) The overlaid experimental CD spectrum of 1 and calculated ECD spectra of (2S,6S,9R)-1 (red), and (2R,6R,9R)-1 (blue). (b)
The overlaid experimental UV spectrum of 1 and calculated UV spectra of (2S,6S,9R)-1 (red), and (2R,6R,9R)-1 (blue). (Blue-shifted by

19.5 nm)
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Figure 7 (a) The overlaid experimental CD spectrum of 2 (red line) and calculated ECD spectra of (2R,3S,5S,6S,7E,9S)-2 (red dot), (2R,3S,
5S,6S,7E,9R)-2 (red dash), (2S,3R,5R,6R,7E,9S)-2 (blue dot), and (2S,3R,5R,6R,7E,9R)-2 (blue dash). (b) The overlaid experimental UV
spectrum of 2 (red line) and calculated UV spectra of (2R,3S,5S,6S,7E,9R)-2 (red dash) and (2R, 3S,5S,6S,7E,9S)-2 (red dot). (Blue-shifted

by 20 nm)

Table 2 DP4+ analysis of (2R,3S,5S,6S,7E,9R)/(2R 38,58 6S,7E,95)-2, (35 5R,6S,7E,9R)/(3S,5R 65, 7E,95)-3

(2R,3S,5S,6S,7E,9R)-2

(2R,38,5S,6S,7E,95)-2

(35,5R 68,7E,9R)-3 (35,5R,65,7E,95)-3

DP4+ (H data) 21.45%
DP4+ (C data) 1.28%
DP4+ (all data) 0.35%

78.55%
98.72%
99.65%

98.94% 1.06%
100.00% 0.00%
100.00% 0.00%
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Figure 8 (a) The overlaid experimental CD spectrum of 3 (red line) and calculated ECD spectra of (3S,5R,6S,7E,9R)-3 (red dot), (3S,5R,
6S,7E,9S)-3 (red dash), (3R,5S,6R,7E,9R)-3 (blue dash), and (3R,5S,6R,7E,9S)-3 (blue dot). (b) The overlaid experimental UV spectrum of 3
(red line) and calculated UV spectra of (3S,5R,6S,7E,95)-3 (red dot) and (3S,5R,6S,7E,9R)-3 (red dash). (Blue-shifted by 6.0 nm)
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Table 3 NMR spectroscopic data of compounds 4 and 5 in D,O.
Data were measured at 600 MHz for 'H and at 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

4 5
No- 5, 5. 5, 5.
1 58.5 58.6
2 373d(9.0) 752 3.74d(9.0) 75.2
3 368ddd(96,90,78) 710 3.68ddd(10.2,90,7.8) 710
42 2.48dd (15.0,7.8) 386 249dd (15.0,7.8) 38.6
b 1.96dd (15.0,9.6) 1.98 dd (15.0, 10.2)

5 90.2 90.4
6 82.7 82.7
7 6.28d(16.2) 1209 6.22d (15.6) 1396
8 7.81d(16.2) 1332 6.71d (15.6) 1275
9 150.8 148.0
10 591s 1199 6.00s 124.4
1 170.8 168.8
12 121s 96 1.20s 9.6
13 179.9 180.0
14 1405 178 1395 177
15 2.07s 207 2185 14.0
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Figure 9 (a) The overlaid experimental CD spectrum of 4 (red line), and calculated ECD spectra of (1S,2R,3R,5S,6S,7E,92)-4 (red dash)
and (1R,2S,3S,5R,6R,7E,9Z)-4 (blue dash). (b) The overlaid experimental UV spectrum of 4 and calculated UV spectrum of (1S,2R,3R,5S,6S,

7E,92)-4
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a L = Exp. CD spectrum of §
= = =Cal, ECD spectrum of (15,2R,3R 55,65, 7E,9E)-5
=, == =Cal, ECD spectrum of (1R 25,35,5R 6R TE9E)-§
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Figure 10 (a) The overlaid experimental CD spectrum of 5 (red line), and calculated ECD spectra of (1S,2R,3R,5S,6S,7E,9E)-5 (red dash)
and (1R,2S,3S,5R,6R,7E,9E)-5 (blue dash). (b) The overlaid experimental UV spectrum of 5 and calculated UV spectrum of (1S,2R,3R,5S,6S,

7E,9E)-5
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B B 2 Bk o e 25 WO It S BT ) 9 AiE, b AR IAE T o [ B
FRPE G T T YR A%, FRAS S A NO. ID-S-
2753,
1 EBSESE

T 1B Bk (97.0 kg) B4 J5, F A #i a4 e 3
B 2T, BERE . REZHP-20 KILK R
FEAB 73 B, 4KV F 7K <50% £, 15 F11 95% 2 B e ik, [e
WA G 13 3 A~C =34y« Bt (2.6 kg) 4 MCI %y

B8, KUK FH 7K (20 L)\30% [ (20 L).50% ZBE (20 L)
95% .M (18 L) FIPARH (5 L) ¥elit, 152|547 B1~
B5, B1 (680.0 g) F J AH ik g k47 40 5, 4 3 )2 5 1%
For N, 98 T S 45 2 9 AN 4 4y B1-1~B1-9. Bl1-1
(30.0 g) H Toyopearl HW-40F % i #: 7 i 43 55, 15 5|
6/MIE414> B1-1-1~B1-1-6. B1-1-3 Ji§ Sephadex LH-20
IR A A% AT 7 &, 159 3] B1-1-3-1~B1-1-3-3 =4~
/H4y, B1-1-3-1 (2.56 @) 34 Sephadex LH-20 ¥t i 13 4
BT /> B 15 5 B1-1-3-1-1~B1-1-3-1-3 =M 4, Xf
B1-1-3-1-2 (120 mg) #f 47 il % (YMC KA, 6% &
E) 13 846 49 5 (1.1 mg, t, = 24.0 min). B1-1-3-2
(800 mg) BT EH % (LB LHE: L WE K 14:2:1)
33 1. i 1@k WA 4% (C18 MGII, 40% H i,
0.5%0 H Q) 5L &4 4 (1.3 mg, t, = 12.0 min). i 4>
B1-2 (120.2 g) 7£ Sephadex LH-20 %t i A3 (it _E 3k 47
5388, Mk I H,0H,0-CH,OH (1:1 v/v) fil CH,OH %
Jiit, 5% B1-2-1~B1-2-10. H+1, B1-2-7 (12.3 g) i@t
1B AR R 34T 3k — 22 73 1 (EtOAC-EtOH, 0%~ 100%,
vIv), 155 B1-2-7-1~B1-2-7-10. 7£ Toyopearl HW-40S
%t (CH,OH) I 7 & B1-2-7-1 (894.5 mg) 75 % B1-
2-7-1-1~B1-2-7-1-6, B1-2-7-1-2 (57.3 mg) & i i #H
il % (C18 MGII, 20% H i) 94L& 4 1 (3.5 mg, t, =
46.2 min), B1-2-7-4 (85.6 mg) #f 17 #l % (C18 MGII,
20% I EE) 15 EI4b &4 2 (1.0 mg, t, = 52.1 min) Fl{L &
3 (2.3 mg, t,= 48.0 min).
2 HHERE

& 10 T IR [ K [o]2 +102.8 (¢ 0.18,
MeOH); UV (MeOH) /., (log &) 202 (2.87), 233 (3.10) nm;
CD (MeCN): 211 (de -0.55), 245 (d¢ +3.82), 316 (de
-0.54) nm; IR v, 3 371, 2 974, 2 937, 2 879, 1 674,
1626, 1373, 1 277, 1 220, 1 200, 1 130, 1 070, 1 047,
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1 028, 984, 957, 895, 671 cm®; 'H NMR (CD,OD,
600 MHz).*C NMR (CD,OD, 150 MHz) ¥4 Il % 1.
(+)-HR-ESI-MS m/z 263.125 2 [M+H]" (C,;H,,0,Na it
H1H, 263.125 4).,

& W) 20 o B IR T A [o]2 +23.4 (c 0.08,
MeOH); UV (MeOH) /., (log &) 204 (2.97), 283 (1.70) nm;
CD (MeCN): 191 (4¢ —0.83) nm; IR v, 3 382, 2 963,
2 924, 2 874, 2 853, 1 575, 1 413, 1 370, 1 260, 1 143,
1111, 1 057, 1 020, 973, 801 cm™; '"H NMR (CD,0D,
600 MHz). *C NMR (CD,OD, 150 MHz) ¥ .5 1.
(+)-HR-ESI-MS m/z 265.140 2 [M+Na]" (C;H,,0,Na it
1Y, 265.141 0).

& W3 T IR [ [o]2 -14.7 (c 0.11,
MeOH); UV (MeOH) %, (log &) 203 (2.03) nm; CD
(MeCN): 196 (4¢ -5.97) nm; IR v, 3 375, 2 969, 2 929,
2 867, 1 461, 1 370, 1 118, 1 071, 1 045, 1 032, 981,
958, 937, 742, 642 cm™; 'H NMR (CD,0D, 600 MHz).
“C NMR (CD,OD, 150 MHz) % #& WL % 1; (+)-HR-
ESI-MS m/z 267.155 7 [M+Na]* (CH,,O,N, it 5 f&,
267.156 7).

& W4 T ROIR B 4 [«] -91.5 (c 0.07,
MeOH); UV (MeOH) /., (log &) 194 (2.59), 258 (3.01) nm;
CD (MeCN): 254 (4¢ -2.41) nm; IR v, 3 370, 2 982,
2940, 1 762, 1 679, 1 604, 1 452, 1 403, 1 382, 1 337,
1248, 1 182, 1 139, 1 059, 1 021, 944, 900, 877 cm?;
'H NMR (D,0, 600 MHz)."C NMR (D,0, 150 MHz)
95 WL 3£ 3; (+)-HR-ESI-MS m/z 335.109 7 [M+Na]*
(CysHp0;Na it 541, 335.110 1).

& 5: BB E KR K [o]2 —60.0 (c 0.05,
H,0); UV (H,0) 4, (log &) 205 (3.84), 254 (sh, 3.48),
313 (sh, 3.15) nm; CD (MeOH): 208 (de +2.13), 246 (de
-1.74) nm; IR v, 3 355, 2 935, 2 858, 1 760, 1 611,
1569, 1 452, 1 405, 1 379, 1 358, 1 258, 1 204, 1 184,
1135, 1 059, 1 025, 946, 898, 848, 774, 702, 675, 625,
584 cm™; '"H NMR (D,0, 600 MHz). *C NMR (D,0,
150 MHz) %45 . % 3; (+)-HR-ESI-MS m/z 311.113 9
[M-H] (C,;H,,0, 715 1H, 311.113 6).

3 ECD.UVHMINMRIZItE

J%; FHl Gaussian 16 %/ [1) GMMX 54, 7£ MMFF94
I 13 R A SR RIS 7 A& P B R R AT
Z, 13 B BE BN T 3.0 keal-mol* AL A R . B
H Gaussian 16 1% /7 &% J& iz B& 5% Al CPCM #5 A
(conductor-like polarizable continuum model) 1% 1 5 7]
RN, E B3LYP/6-31+G(d,p) 7K, X 48 & 315 1 #4
R — BT B R e PR %G8 o A o HE

B3LYP/6-311+G(d,p) /K ¥ L, it & Gibbs B tH f& 7E
3.0 kcal-mol™ LA N IR AL A 1 S O &S RE 2 AR 9
FEFNE T 5REE . AR LA A R B IR 2% 8 o A i,
TG4, U515 2R THE ) ECD A1 UV i K]
(¢=0.30eV). 7 MPW1PW91/6-311+G(d,p) /KT I, Hi
GIAO kP #I1 5 Gibbs H H E7F 3.0 keal-mol™ APy
FIAE A A B NMR, B8 A 3240, 0613 213
W E B H AT PC NMR $045, F 2 DP4+IE 2R 4y, i3t
AT HRIIE .

1E& ik A @ 75T S0 % Uk B A, DA
[ A2 5 B o ey SRER =2 67 5% 0 AL 2 L B0 2 B A S
B RIRE AT S LIRS RSBV RIS, T
MELESE 7MY o B S5 &R 5 Bh I 1k

ARG
FIEEMSE: fE B LR PR
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