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Chemical constituents in stems of Zhuang Medicine Alsophila spinulosa
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Abstract: Objective To study the chemical constituents in the stems of Zhuang Medicine Alsophila spinulosa. Methods The
chemical constituents were isolated and purified by silica gel, polyamide, and Sephadex LH-20 column chromatography. Their
structures were elucidated by physicochemical properties and spectral analyses. Results Sixteen compounds were isolated from the
50% and 95% ethanol extracts and identified as 30-O-B-D-xylopyranosyl-dryocrassol (1), pimaric acid (2), 9a-hydroxy-1f3-
methoxycaryolanol (3), 6B-hydroxy-24-ethyl-cholest-4-en-3-one (4), 1-O-hexadecanolenin (5), clovandiol (6), decumbic acid (7),
n-tetracosane (8), 4-O-B-D-glucopyranosyl-p-coumaric acid (9), (E)-4-O-B-D-glucopyranosyl caffeic acid (10), cyathenosin A (11),
protocatechualdehyde (12), protocatechuic acid (13), stigmastane-3, 6-dione (14), B-sitosterol (15), and daucosterol (16). Conclusion
Compound 1 is a new compound named alspineoside A, and compounds 2—11 are isolated from the stems of 4. spinulosa for the first time.
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T, I35 % Dy AR AL BT AR IE-30-O-B-D-MURAH
( 30-O-B-D-xylopyranosyl-dryocrassol , 1) . A R
(pimaric acid, 2). 9o-F% 18- B 4 2 A 47T S I
(9a-hydroxy-1p-methoxycaryolanol, 3). 6B-F%3&-24-
L FE-JH 5 -4-4%5-3-1  (6B-hydroxy-24-ethyl-cholest-
4-en-3-one, 4). T/ FERH IR (1-O-hexadecano-
lenin, 5). ] &%t % (clovandiol, 6)+ decumbic acid
(7)+ IE=+VU%t (n-tetracosane, 8). X7 5 lR-4-
O-B-D- ML Wi 75 25 B 17 (4-O-B-D-glucopyranosyl-p-
coumaric acid, 9). S EUMNMERR-4-O-B-D-NHE I 7 %
WEH [(E)-4-O-B-D-glucopyranosyl caffeic acid, 10].
R 54 A (cyathenosin A, 11). iU JL 5T (protocate-
chualdehyde, 12). J5i)L7#%I& (protocatechuic acid,
13). & §4¢-3, 6- i (stigmastane-3, 6-dione, 14).
B-7% S W (B-sitosterol, 15) A% b (daucosterol,
160, Mk &W) 1 gtk &, A d e X
A, WWEW 2~ 11 O E IR ZAEY) 7 AR 2
1 X5

Bruker DRX—500 # #3441, Bruker AM—
400 AZ R (Fit: Bruker /A 7] ); Finnigan Trace
DSQ PYBAT %4 (S£[H Finnigan Jih /v ); i
JA BN AT S E I Gl Bl T s bk
W CEZER AR R A F]D; AB-8 KA
P (R R24# IR D5 Sephadex LH-20 (g it
Pharmacia 2 #)); JAHFER CINEEK Silicycle 2]

e i WG =T s i i, & P R 2R
AR A B K E AR W R R
Alsophila spinulosa (Wall. ex Hook.) Tryon )25,
2 EERESEH

JHHE R MRLR 4.0 kg, 485ILL 95% L EER
50% L PE 10 £ VB IEREL, G 4R IR, URik
it DIEIZ) 300 g, DI/KIEAE, HKOH g
(60~90 C). Wi LWE IE T BEZEHL, 13341k
AT 22.4 g, BEIR LTEHAT 19.5 g, 1F T EERRAT 117.5
go A1 VIR AT 28 S ST AT €03 40 B R L 45 i 49 31
A 1 (8 mg). 2(30 mg). 3 (4mg). 4 (25 mg).
5(23 mg). 14 (17 mg). 15 (700 mg). 16 (600 mg).
T PR LR AT 28 S SRR IRAT (il . SRR AT (a3 A
Sephadex LH-20 #4384 &5, #3246 54 6 (5 mg) .
7 (30mg). 8 (40mg). 12 (5mg). 13 (25 mg).
IE T RERAL 2 AB-8 NALIW R R AT 03 73 55, K-
CWFRBFEVENR,  10% SBEDEII 8 7) 28 T B AT: (535
H1 Sephadex LH-20 T t43% 73 & 4lifk,, 73214654 9

(15mg). 10 (5mg). 11 (8 mg),
3 HMEFE

AW 1: AR (FEE, Molish W 2 BHPE,
IR veor (cm ): 3 424,2 941, 2 924, 2 867, 1 461, 1 375,
1 043; [a]X +25.9° (c 0.05, MeOH); HR-EI-MS m/z:
560.445 1 [M]" (il5{8 560.444 1), 41N
C35HgOs. "H-NMR (500 MHz, CsDsN) i *C-NMR
(125 MHz, CsDsN) #i WL3€ 1. '"H-NMR 7, R

£1 A& 1K 'H-NMR 1 °C-NMR #iE
Table 1 H-NMR and *C-NMR data of compound 1

{/20A Sn e
1 0.72 (m); 1.59 (m) 40.5
2 1.53 (m); 1.34 (m) 19.0
3 1.12 (m); 1.32 (m) 423
4 — 33.9
5 0.71 (m) 56.4
6 1.24 (m); 1.46 (m) 19.0
7 1.28 (m); 1.43 (m) 335
8 — 42.0
9 1.17 (m) 50.7

10 — 37.6
11 1.23 (m); 1.47 (m) 212
12 1.34 (m); 1.39 (m) 24.2
13 1.27 (m) 49.6
14 — 42.0
15 1.18 (m); 1.27 (m) 33.6
16 1.50 (m); 1.63 (m) 22.9
17 1.17 (m) 54.4
18 — 44.6
19 0.86 (m); 1.50 (m) 41.9
20 1.66 (m); 1.89 (m) 27.8
21 1.89 (m) 433
22 1.89 (m) 38.6
23 0.86 (s) 33.4
24 0.79 (s) 21.8
25 0.79 (s) 159
26 0.93 (s) 16.8
27 0.92 (s) 16.7
28 0.69 (s) 16.1
29 1.23 (m) 19.4
30 3.41 (m); 4.18 (m) 75.2
I 4.72 (d, J=17.5Hz) 106.1
2! 4.06 (m) 75.1
3 4.17 (m) 78.5
4 4.24 (m) 71.3
5' 3.74 (m); 4.39 (m) 67.2
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H 7T ASHIEE: 04 0.69,0.79, 0.79, 0.86, 0.92, 0.93
(s, 6XCHy), 1.23 (m, CH3); £ HSQC i+, 5L
FISCHIAS 5 & dc 16.1 (C-28), 21.8 (C-24),
15.9 (C-25), 33.4 (C-23), 16.7 (C-27), 16.8 (C-26),
19.4 (C-29). oy 4.72 (1H, d, J= 7.5 Hz, H-1") JyH ¥
TS S, O 4.39~3.74 (SH, m) JuHE LAl
FiE5, {6 HSQC i Elrh, 5HACMIRIE S oc
106.1, 75.1, 78.5, 71.3, 67.2 ¥R % L5 P A7AE B-D-
WEIR AR SE o A5 ) 1 3R RK R = & alifb b B )
5 D-ARBER I, RE(EAHTA

gr bR, HEBNZAEYA =i ety Eds
AATPTRE 2R = e B e 6 B, P A e R el e 7Y
FIR =, EH 1AM Bz AW S R AL T
fm A 5 DT E g, I HEA 8L X AlE T
C-30, HIFHFEHMEL 7.5, $Eor B-D-ILRAHE
55 C-30 M. /£ HMBC %K (& 1) |, B
W R 55 op 4.72 (1H, d, H-1") 5 6c 75.2 #%,
Oy 3.41 (1H, m, H-30) F15y 4.18 (1H, m, H-30) S
()3 FE AR 5 O 106.1 AHOG, TESE T HakHEWr. i
A 1 R R AREE-30-0-B-D-ME i AR
KB EY, a A el O A, Sk WA 1.

1 &Y 1 MEHFiEER HMBC X
Fig. 1 Structure and key HMBC correlation of compound 1

WEY 2. TEBEBWHRG W (FED. EI-MS
m/z: 302 [M]", 257 [M—COOH]"; %3 T2\ CyH3,0,0
'H-NMR (400 MHz, CDCl3) d: 5.71 (1H, dd, J = 17.2,
10.4 Hz, H-15), 5.14 (1H, s, H-14), 492 (2H, m,
H-16), 1.20 (3H, s, H-17), 0.99 (3H, s, H-19), 0.77
(3H, s, H-20); "*C-NMR (100 MHz, CDCls) 6: 185.3
(C-18), 147.3 (C-15), 137.9 (C-8), 128.3 (C-14), 112.9
(C-16), 51.4 (C-9), 48.7 (C-5), 47.2 (C-4), 38.6
(C-13), 38.1 (C-1), 37.8 (C-10), 37.0 (C-3), 35.6
(C-12), 35.3 (C-7), 29.4 (C-17), 24.8 (C-6), 18.9
(C-11), 18.0 (C-2), 16.7 (C-19), 15.0 (C-20). LA L%k
5 ScmkapE — 8, M A 2 AR .

WEY 3: AaAEHIRE: i (515D, EI-MS m/z:

221 [M—OCH;]", 193, 141, 123; 23 2\ C16Ha50:0
'H-NMR (400 MHz, CDCl3) &: 3.45 (1H, t, J = 3.2
Hz, H-9), 3.14 (3H, s, -OCH3), 1.00 (3H, s, H-13),
0.97 (3H, s, H-14), 0.91 (3H, s, H-15); "*C-NMR (100
MHz, CDCl;) d: 75.2 (C-1), 72.4 (C-9), 50.1 (C-16),
44.7 (C-5), 40.3 (C-12), 39.0 (C-8), 38.5 (C-2), 36.1
(C-11), 35.7 (C-7), 35.3 (C-4), 30.4 (C-14), 28.0
(C-10), 27.9 (C-3), 26.7 (C-15), 20.7 (C-6), 20.6
(C-13). DKt 5 scmkamas — s, see iy
) 3 Ky 9a-FEHE-1B- A e A T e I

&) 4. Jotaad Bk R 45 5 (540D« EI-MS
m/z: 428 [M]", 410 [M—H,0]", 287, 269, 245; 7T
3, CaHis0,. '"H-NMR (500 MHz, CDCls) J: 5.80
(1H, s, H-4), 434 (1H, s, H-6), 1.36 (3H, s, H-19),
0.92 (3H, d, J = 6.5 Hz, H-21), 0.85 (3H, dd, J = 7.0,
7.0 Hz, H-29), 0.83 (3H, d, J = 7.0 Hz, H-27), 0.81
(3H, d, J = 7.0 Hz, H-26), 0.73 (3H, s, H-18);
BC-NMR (125 MHz, CDCl;) d: 200.4 (C-3), 168.6
(C-5), 126.3 (C-4), 73.2 (C-6), 56.1 (C-14), 55.9
(C-17), 53.6 (C-9), 45.9 (C-24), 42.5 (C-13), 39.6
(C-12), 38.6 (C-7), 38.0 (C-10), 37.1 (C-1), 36.1
(C-20), 342 (C-2), 33.9 (C-22), 29.7 (C-8), 29.2
(C-25), 28.2 (C-16), 26.1 (C-23), 24.1 (C-15), 23.1
(C-28), 21.0 (C-11), 19.8 (C-26), 19.5 (C-18), 19.0
(C-27), 18.7 (C-21), 12.0 (C-19, 29). L _F- %4 55 ik
il s, MEER A 4 6p-FRKE-24- 2.3
JIH 55 -4- 45 -3 -1

a5 Jota i W R b CArtilik) . EI-MS
m/z: 312 [M—H,0]", 299 [M—CH,0H]", 7> 73
C1oH3304. 'H-NMR (400 MHz, CDCL3) J: 4.21 (1H,
dd, J = 11.6, 4.8 Hz, H-1'b), 4.15 (1H, dd, J = 12.0,
6.0 Hz, H-1'a), 3.92 (1H, m, H-2"), 3.68 (1H, dd, J =
11.2, 4.0 Hz, H-3'b), 3.59 (1H, dd, J = 11.6, 6.0 Hz,
H-3'a), 2.34 (2H, t, J = 7.6 Hz, H-2), 1.61 (2H, q, J =
7.2 Hz, H-3), 1.25 (24H, brs, H-4~15), 0.87 (3H, t,
J = 6.8 Hz, H-16); "*C-NMR (100 MHz, CDCl;) ¢:
174.4 (C-1), 70.2 (C-2), 65.1 (C-1"), 63.3 (C-3"), 34.1
(C-2), 31.9 (C-11), 29.1~29.7 (C-4~14), 24.9 (C-3),
22.7 (C-15), 14.1 (C-16). VL %5 SCk R iE —
P, W B E ) S N B H S .

A 6: LsrRgs W (FEE . EI-MS m/z:
238 [M]", 220 [M—H,0]",202. 4> 13\ Ci5H2605.
'H-NMR (400 MHz, CsDsN) d: 4.14 (1H, t, J = 8.0
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Hz, H-10), 3.58 (1H, s, H-2), 1.20 (3H, s, H-14), 1.11
(3H, s, H-13), 0.90 (3H, s, H-15); “C-NMR (100
MHz, CsDsN) 6: 80.4 (C-10), 74.6 (C-2), 51.2 (C-6),
48.4 (C-11), 45.2 (C-5), 37.3 (C-12), 36.5 (C-9), 35.4
(C-1), 33.8 (C-8), 31.8 (C-14), 29.5 (C-13), 27.9 (C-
4),27.3 (C-3), 25.8 (C-15), 21.3 (C-7). LA _E#di 5 3¢
mRR I S, WA 6 N T R .

WEW T LERARG S (FED. EI-MS m/z:
155 [M—C,Hs]", 142, 97. 73 73X CoH 504, 'H-NMR
(400 MHz, CD;0D) 8: 5.14 (1H, m, H-4), 2.12 (3H, d,
J = 2.0 Hz, H-8), 2.08 (1H, m, H-5a), 1.58 (1H, m,
H-5b), 1.41 (2H, m, H-6), 0.95 (3H, t, J = 7.2 Hz,
H-7); "C-NMR (100 MHz, CD;OD) : 175.2 (C-1),
164.8 (C-9), 150.7 (C-3), 137.3 (C-2), 83.0 (C-4), 35.7
(C-5), 19.1 (C-6), 14.0 (C-7), 10.7 (C-8). LA L Hd 5
SCRRARAE B, W E e AW 7 9 decumbic acid.

&M 8: Bk AR (Afi). EI-MS m/z: 338
M]", 4> T2 C4Hspo 'H-NMR (400 MHz, CDCL) 6:
1.25 (44H, m, H-2~23), 0.87 (6H, t, J = 7.0 Hz, H-1,
24); C-NMR (100 MHz, CDCl3) §: 31.9 (C-12, 13),
29.7~29.4 (C-3~11, 14~22), 22.7 (C-2, 23), 14.1
(C-1, 24). DA% 5 scikapos — s, et
E8 Mk Ik,

& 9. BtEPIRGS & (FED . EI-MS m/z:
326 [M]", 164 [M—162]", 147, 91. 73 12X, C15H,505.
'H-NMR (400 MHz, CsDsN) &: 8.01 (1H, d, J = 16.0
Hz, H-7), 7.55 (2H, d, J = 8.4 Hz, H-2, 6), 7.32 (2H, d,
J = 8.4 Hz, H-3, 5), 6.81 (1H, d, J = 16.0 Hz, H-8),
5.69 (1H, d, J = 7.2 Hz, H-1), 4.56~4.15 (6H, m,
H-2'~6"): “C-NMR (100 MHz, CsDsN) &: 169.5
(C-9), 160.0 (C-4), 143.9 (C-7), 130.1 (C-2, 6), 129.1
(C-1), 118.7 (C-8), 117.2 (C-3, 5), 101.7 (C-1"), 79.1
(C-5"), 78.5 (C-2'), 74.9 (C-3), 71.2 (C-4'), 62.3
(C-6")o VL ¥t 5 3k — 57, s e e s m
9 W 7 5 JR-4-O-B-D-MH e 36 2 B AT

&) 10: AEERG S (TRD . EI-MS m/z:
180 [M—162]", 163, 134. 4 13, C15sH 500, 'H-NMR
(400 MHz, CD;0D) §: 7.54 (1H, d, J = 16.0 Hz, H-7),
7.19 (1H, d, J = 8.4 Hz, H-5), 7.09 (1H, d, J = 2.0 Hz,
H-2), 7.03 (1H, dd, J = 8.4, 2.0 Hz, H-6), 6.30 (1H, d,
J = 16.0 Hz, H-8), 4.85 (1H, d, J = 7.2 Hz, H-1"),
3.91~3.42 (6H, m, H-2'~6'); "C-NMR (100 MHz,
CD;0D) ¢: 170.7 (C-9), 148.8 (C-4), 148.5 (C-3),

146.1 (C-7), 131.1 (C-1), 122.2 (C-6), 117.8 (C-8),
118.0 (C-5), 115.8 (C-2), 103.5 (C-1'), 78.4 (C-5'),
77.5 (C-3'), 74.8 (C-2), 71.3 (C-4"), 62.4 (C-6"). LA L
Hode 5 ScukaaE 83, SMESER A 10 Rt
WINHE R -4-O-B-D-NH I 7] 250 B

& 11 AR (FED. EI-MS m/z: 314
[M]", 194, 181, 154, 137, 4> ¥ 3 C13H 1409, 'H-NMR
(400 MHz, CsDsN) ¢: 8.08 (1H, dd, J = 8.0, 1.2 Hz,
H-6), 7.97 (1H, d, J = 1.2 Hz, H-2), 7.01 (1H, d, J =
8.0 Hz, H-5), 4.75~4.47 (6H, m, H-2'~6"); *C-NMR
(100 MHz, CsDsN) 6: 168.7 (C-7), 151.1 (C-4), 147.8
(C-3), 128.2 (C-1"), 126.9 (C-6), 125.5 (C-1), 110.7
(C-2), 108.3 (C-5), 78.7 (C-5'), 76.4 (C-3"), 74.1
(C-2"), 70.7 (C-4"), 61.9 (C-6")o LA ¥ 5 Lk &
—5, s A 1L R E A

AW 12: TLOIFEPEHIRE & (L8 . EI-MS
m/z: 137 [M—17", 109, 81. 2> T3 C;H403. 'H-NMR
(400 MHz, CsDsN) 6: 9.99 (1H, s, -CHO), 7.88 (1H, s,
H-2), 7.49 (1H, d, J = 1.6 Hz, H-6), 7.29 (1H, d, J =
8.0 Hz, H-5); “C-NMR (100 MHz, CsDsN) d: 191.1
(C-7), 154.4 (C-4), 146.1 (C-3), 130.2 (C-1), 125.4
(C-6), 116.5 (C-5), 115.4 (C-2). LA_F- ¥ 15 SCik ki
— 5, M E Y 12 M JRDLIREE

&) 13: JothadE W RTkh: (L@jﬂo EI-MS m/z:
154 M]", 137 [M—OH]", 109. % 7 C;HeOso
'H-NMR (400 MHz, CD;OD) &: 7.42 (1H, s, H-2),
7.40 (1H, d, J= 7.6 Hz, H-6), 6.78 (1H, d, J= 7.6 Hz,
H-5); “C-NMR (100 MHz, CD;0D) d: 170.3 (C=0),
151.5 (C-4), 146.1 (C-3), 123.9 (C-6), 123.1 (C-1),
117.9 (C-2), 115.7 (C-5). PL_L%ds 5 SCikiE—
HO, MRS 13 N FILKRR

1%‘% 14: TotuE W R i (D EI-MS
m/z: 428 [M]", 400, 399, 287, 245, 43 12\ CaoHug0s0
'H-NMR (400 MHz, CDCL3) d: 0.95 (3H, s, H-19),
0.92 (3H, d, J = 8.4 Hz, H-21), 0.86 (3H, t, J=7.2 Hz,
H-29), 0.84 (3H, d, J= 7.2 Hz, H-26), 0.82 (3H, d, J =
7.2 Hz, H-27), 0.69 (3H, s, H-18); '*C-NMR (100
MHz, CDCls) d: 211.4 (C-6), 209.2 (C-3), 57.5 (C-5),
56.6 (C-17), 56.0 (C-14), 53.4 (C-9), 46.6 (C-7), 45.7
(C-24), 43.0 (C-13), 41.2 (C-10), 39.3 (C-2), 38.0
(C-1, 12), 37.4 (C-8), 37.0 (C-4), 36.0 (C-20), 33.8
(C-22), 29.1 (C-25), 28.0 (C-16), 26.0 (C-23), 24.0
(C-15), 23.0 (C-28), 21.6 (C-11), 19.8 (C-26), 19.0
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(C-27), 18.7 (C-21), 12.5 (C-18), 12.0 (C-29), 11.9
(C-19). LA_E$ds 5 ScikapE — 80, s e sw
14 0 5 i kE-3, 6- i,

&) 15 LEEWNE & Camib, 5 B-&
ST RS SR, 75 3 MR R I R AT R IT
LERB AR R, REGH SAA TR, WSS eEiay 15
H B-4 Hi I

&9 16: (AR (FFEE). EI-MS m/z: 576
[M]", 414 [M—162]", 396, %) T X C35Hg0O0s- H-NMR
(500 MHz, CDCl;+CD;0D) ¢: 5.30 (1H, s, H-6),
4.34 (1H, d, J= 7.5 Hz, H-1"), 3.52 (1H, m, H-3), 0.95
(3H, s, H-19), 0.86 (3H, d, J = 6.5 Hz, H-21), 0.79
(3H, t, J = 7.5 Hz, H-29), 0.78 (3H, d, J = 7.0 Hz,
H-27), 0.76 (3H, d, J = 4.0 Hz, H-26), 0.62 (3H, s,
H-18); "“C-NMR (125 MHz, CDCl;+ CD;0D) &:
140.1 (C-5), 121.9 (C-6), 100.9 (C-1"), 78.9 (C-3),
76.2 (C-5"), 75.6 (C-3'), 73.3 (C-2"), 70.0 (C-4"), 61.7
(C-6), 56.5 (C-17), 55.9 (C-14), 50.0 (C-9), 45.7
(C-24), 42.1 (C-13), 39.5 (C-4), 38.5 (C-12), 37.0
(C-1), 36.5 (C-20), 35.9 (C-10), 33.7 (C-22), 31.7
(C-7, 8), 29.4 (C-25), 29.0 (C-16), 28.0 (C-2), 25.9
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