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Chemical constituents from Pinus yunnanensis
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Abstract: Objective To study the chemical constituents of Pinus yunnanensis. Methods The whole plant of air-dried P. yunnanensis
was extracted with methnol. The methnol extract was suspended in H,O and extracted with petroleum, ethyl acetate, and n-BuOH,
successively. The compounds were isolated and purified by column chromatography from the petroleum and ethyl acetate fractions,
and identified based on spectral analyses (MS, 1D- and 2D-NMR, IR, UV). Results Fourteen compounds were isolated from P,
yunnanensis and characterized as (7R,8R)-7,8-dihydro-3"-hydroxyl-7-(4-hydroxyl-3-methoxyphenyl)-8-hydroxymethyl-1'-benzofuranpropanol-
4-0-(3-O-methyl-a-L-rhamnopyranoside) (1), pinosylvine (2), stigmast-4-en-3-one (3), kaempferol (4), isopimarinol (5), quercetin (6),
pinocembrin (7), taxifilin (8), 3-hydroxyl-5-methoxy-stilbene (9), 5-O-B-D-glucopyranosyl-thymoquinol (10), icariside E4 (11),
3.,4-dimethoxyphenyl-1-O-B-D-glucopyranoside (12), schizandriside (13), and f-stitosterol (14). Conclusion Compounds 1, 3—7,
and 10—13 are obtained from Pinus yunnanensis Lamb. for the first time.
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(4-hydroxyl-3-methoxyphenyl)-8-hydroxymethyl-1'-
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4). SFHFFAEE (isopimarinol, 5)+ #it & (quercetin,
6). 57- 32 XEMI K E (pinocembrin, 7). M
St E (taxifilin,d 8). 3-FAJk-5-FEJEY IR0
ZJ# (3-hydroxyl-5-methoxystilbene, 9). T BJg-5-
O-B-D-ML IR & % HEEF (5-O-B-D-glucopyranosylthy-
moquinol, 10). ¥EFEE KT E4 (icariside E4, 11).
3,4- "B R FE-1-0-B-D-H & HEH (3,4-
dimethoxyphenyl-1-O-B-D-glucopyranoside, 12).
FiBk ¥ 1 (schizandriside, 13). B-& & HE (B-
stitosterol, 14). A, L&Y 1. 3. 4~7, 10~13
B N s st o B 2. LB FE T
YIRIAC 22 B BEFE N2, AR T ORI 5 s B4

HO HO
) o
OH
H,CO "
9
OCH,
HO
o JCO
HO
HO
00
OH

OH

10

OH

OCH,

13

14

1 &M 1~14 W5
Fig1 Structures of compounds 1—14



22

Chinese Traditional and Herbal Drugs 25 48 % % 18 ] 201749 A

* 3695 °

2T HIR IR
1 XEEHH
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Scientific 23 7 ); Bio-Rad FTS-135 4T #M A (3
EfA R ATD; 2410PC BUER AL (HAR
HAE]D: VG Autospec-3000 HY %Y (BEE VG 24
7]); AM-400 Al DRX-500 8 SR (fEE
i si/Aa); Agilent 1100 Series 2|45 WUAH i
1 (3£ Agilent A7) ); Sephadex LH-20 % Jfi it
JiZ« Lichroprep RP-18gel (fE[EBRIT AR ); Al
TR AN 2 3 R Gy GFasy (5 SEVEAL T
J7): D101 KL i CREERAA T ; A ik (30~
60 C, srfraf, TSR D) Al A B
A R4, HAm o frat.

YRR T 2015 4 7 AR T oEA R
tr, e AP R Bt R B AT 7T BT i o TR AT 7 G
€ N = # ¥ Pinus yunnanensis Lamb., Fr A
(Y-03-01) fFIBCT WHEREE ) I h 25 FU T AR 24 %
2 RESSE

14 kg T18 2 BEFAFZ I, i 5 A oMk F A%
PEE 3 X, BRIR 4 d, 3 IR ES N 4,33 1% (56
42, 42L), JEit, AFBFRIORL 120 L, $EHGK
HIRRGE, BIREIETHOK, EERAKAEY, B
SRR EE . BERR CBE. IE TR, RIS
R, 1SAMBHNRE 3140 g BEROEERE
296.5 g, IE T IR E 411.0 g« /KIZE 412.0 g. £l
Tk 0 o Rk e A (s, DA EE-BE R T (40 1,
200101000120 1 4) AThEE-TAER (40 1.
201010101 2) REBEM, F4 Sephadex LH-20
A, DAE-H A3 B E4 2 (51.2 mg).
3 (198mg). 4 (23.9mg). 14 (10.8 mg). B L
§R oy HEAT I ST RECRE (1% . Sephadex LH-20 HER
FEEIE . RP-Cg A 4% HPLC 2771,
TEAELLAEY1 (212mg). 5 (13.2mg). 6 (59.5
mg). 7 (18.5mg). 8 (27.5 mg). 9 (7.2 mg). 10 (22.1
mg). 11 (25.7mg). 12 (16.8 mg). 13 (66.1 mg).
3 #ikE

WED 1: TEMRY, (o] -39.78° (c 0.39,
MeOH). 'H-NMR (400 MHz, CD;0D) d: 7.07 (1H, s,
H-2), 7.05 (1H, d, J = 8.3 Hz, H-5), 6.93 (1H, dd, J =
8.3, 2.0 Hz, H-6), 6.57 (1H, s, H-2), 6.56 (1H, s,
H-6'), 5.36 (1H, d, J = 1.7 Hz, H-1"), 3.80 (3H, s,
3-OMe), 3.49 (3H, s, 4-OMe), 2.54 (2H, t, J = 7.7

Hz, H-7"), 1.76 (2H, m, H-8"), 1.19 (3H, d, J = 6.2 Hz,
H-6"); “C-NMR (100 MHz, CD;OD) &: 152.1 (s,
C-3), 146.4 (s, C-4), 146.2 (s, C-4'), 141.9 (s, C-3"),
139.2 (s, C-1), 136.9 (s, C-5'), 129.5 (s, C-1"), 119.7
(d, C-5), 119.1 (d, C-6), 117.1 (d, C-6"), 116.7 (d,
C-2", 111.1 (d, C-2), 101.3 (d, C-1"), 88.2 (d, C-7),
81.8 (d, C-3"), 72.7 (d, C-4"), 70.8 (d, C-5"), 68.0 (d,
C-2"), 65.2 (t, C-9), 62.3 (t, C-9"), 57.4 (g, 3'-OMe),
56.4 (q, 4-OMe) 55.9 (d, C-8), 35.8 (t, C-8'), 32.7 (t,
C-7", 18.0 (q, C-6") LA -3 5 cihnt i, %5
&% 1 N (7R,8R)-7,8-dihydro-3'-hydroxyl-7-(4-
hydroxyl-3-methoxyphenyl)-8-hydroxymethyl-1"-benzo-
furanpropanol-4-O-(3-O-methyl-o-L-rthamnopyranoside) .

th &Y 2: KRR, FAB-MS m/z: 212 [M]
(100). 'H-NMR (400 MHz, CD;0CCDs) 6: 7.55 (2H,
d, J=7.6 Hz, H-2, 6), 7.34 (2H, t, J = 7.4 Hz, H-3, 5),
7.23 (1H, t, J = 7.4 Hz, H-4), 7.09 (2H, s, H-a, b), 6.60
(2H, s, H-2', 6", 6.32 (1H, s, H-4"); "*C-NMR (100
MHz, CD;OCCD;) &: 159.5 (s, C-3', 5'), 140.2 (s,
C-1), 138.2 (s, C-1"), 129.6 (d, C-a), 129.4 (d, C-2, 6),
129.0 (d, C-b), 128.3 (d, C-4), 127.2 (d, C-3, 5), 105.9
(d, C-2',6'), 103.1 (d, C-4"). DA_Hd 5 cmhox e,
YA 2 N ER .

WEM 3. BT EMA, FAB-MS m/z: 413
[M+H]" (100). 'H-NMR (500 MHz, CD;0CCD;) d:
5.60 (1H, s, H-4), 1.21 (3H, s, H-19), 0.95 (3H, d, J =
6.6 Hz, H-21), 0.86 (3H, d, J = 7.2 Hz, H-29), 0.85
(3H, d, J = 6.8 Hz, H-26), 0.83 (3H, d, J = 6.8 Hz,
H-27), 0.75 (3H, s, H-18); "“C-NMR (125 MHz,
CD;0CCD3) 6: 198.2 (s, C-3), 171.1 (s, C-5), 124.2
(d, C-4), 56.8 (d, C-14, 17), 54.8 (d, C-9), 46.7 (d,
C-24), 43.1 (s, C-13), 40.5 (t, C-12), 38.6 (s, C-10),
36.9 (d, C-20), 36.6 (t, C-1), 36.5 (d, C-8), 34.5 (1,
C-22), 33.3 (t, C-2), 32.9 (t, C-6), 32.1 (t, C-7), 28.9
(t, C-16, 25), 26.0 (t, C-23), 24.8 (t, C-15), 23.1 (1,
C-28), 21.7 (t, C-11), 20.0 (q, C-26), 19.2 (g, C-27),
18.7 (q, C-21), 17.4 (g, C-19), 12.3 (q, C-18), 12.2 (q,
C-29). UL ¥ 5cmiont i, Seib a3 N
4-57 8 45-3-1

thE&Y 4: FEMAK, FAB-MS m/z: 285 [M—
H] (30), 223 (100), 163 (80), 154 (60). 'H-NMR (400
MHz, CD;0CCDs) 6: 6.25 (1H, d, J = 1.8 Hz, H-6),
6.52 (1H, s, H-8), 8.14 (2H, d, J = 8.8 Hz, H-2/, 6'),
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7.00 (2H, d, J = 8.8 Hz, H-3", 5'); “C-NMR (100
MHz, CD;0CCD;) d: 176.5 (s, C-4), 164.9 (s, C-7),
162.2 (s, C-5), 160.1 (s, C-4"), 157.7 (s, C-9), 146.9 (s,
C-2), 136.6 (s, C-3), 1304 (d, C-2', 6'), 123.3 (s,
C-1), 116.3 (d, C-3', 5", 104.1 (s, C-10), 94.4 (d,
C-8), 99.1 (s, C-6). LA ¥ 5 ekt iR, %mefh
EW 4 MILZER
&Y 5: LEMRY), EI-MS m/z: 287 [M—
*(50), 257 (95), 147 (90), 109 (100). [a]®
+13.72° (¢ 0.56, CHCl;). 'H-NMR (400 MHz,
CDCl3) d: 5.80 (1H, dd, J=17.5, 10.8 Hz, H-15), 5.33
(1H, brs, J = 2.4 Hz, H-7), 495 (1H, d, J = 1.3 Hz,
H-16a), 4.85 (1H, d, J= 1.3 Hz, H-16b), 3.30 (1H, dd,
J =56, 10.8 Hz, H-18a), 3.08 (1H, dd, J = 10.6, 5.7
Hz, H-18b), 0.92 (3H, s, H-19), 0.86 (3H, s, H-17),
0.85 (3H, s, H-20); "“C-NMR (100 MHz, CDCl;) ¢:
151.1 (d, C-15), 135.9 (s, C-8), 122.5 (d, C-7), 109.6
(t, C-16), 71.7 (t, C-18), 52.6 (d, C-9), 46.9 (t, C-14),
43.9 (d, C-5), 40.2 (t, C-1), 38.0 (s, C-4), 37.4 (s,
C-13), 36.8 (t, C-12), 36.3 (t, C-3), 35.7 (s, C-10),
23.8 (t, C-6), 21.8 (q, C-17), 20.9 (t, C-11), 18.9 (t,
C-2), 18.6 (q, C-19), 16.0 (q, C-20). L 4 5 ik
SN, S AW 5 RIS

%é}% 6: KK, FAB-MS m/z: 301 [M—
H] (100). 'H-NMR (400 MHz, CD;0CCDj3) d: 7.80
(1H, d, J = 2.1 Hz, H-2)), 7.68 (1H, d, J = 8.5 Hz,
H-6'), 6.98 (1H, d, J = 8.4 Hz, H-5"), 649(1H d,J=
1.9 Hz, H-8), 6.24 (1H, d, J= 1.9 Hz, H-6); “C-NMR
(100 MHz, CD;0CCDs) &: 176.4 (s, C-4), 164.9 (s,
C-7), 162.1 (s, C-5), 157.6 (s, C-9), 148.3 (s, C-4),
146.9 (s, C-2), 145.8 (s, C-3"), 136.7 (s, C-3), 123.6 (s,
C-1'), 121.4 (d, C-6'), 116.1 (d, C-5"), 115.6 (d, C-2"),
104.0 (s, C-10), 99.1 (d, C-6), 94.4 (d, C-8). UL _E¥¥&
SR Y, St A 6 Al K.

&Y 7 EEM K, ELMS m/z 256 M]"
(100). [a]Z7 =52.11° (¢ 0.21, Acetone). 'H-NMR
(400 MHz, CD3COCD3) d:7.56~7.37 (5H, m, H-2'~
6), 6.00 (1H, d, J = 2.0 Hz, H-8), 5.96 (1H, d, J = 2.0
Hz, H-6), 5.55 (1H, dd, J = 12.9, 2.9 Hz, H-2), 3.15
(1H, dd, J = 17.1, 12.9 Hz, H-3a), 2.80 (1H, dd, J =
17.1, 3.0 Hz, H-3b) ; "“C-NMR (100 MHz,
CD;COCDs3) 6: 196.8 (s, C-4), 167.3 (s, C-7), 165.2 (s,
C-5), 164.1 (s, C-9), 139.9 (s, C-1'), 129.4 (d, C-3"),

129.4 (d, C-5'), 129.3 (d, C-4", 127.2 (d, C-2), 127.2
(d, C-6"), 103.2 (s, C-10), 96.9 (d, C-8), 95.8 (d, C-6),
79.9 (d, C-2), 43.5 (t, C-3). LA b¥u¥s 5 x|,

W BEY T 9 5,7- A
&Y 8: FEMA, FAB-MS m/z: 303 [M—

H] (100). [0]%* +61.2° (c0.19, pyridine). 'H-NMR
(400 MHz, CD;OCCD3) &: 7.07 (1H, brs, H-2'), 6.89
(1H, d, J = 8.1 Hz, H-6"), 6.86 (1H, d, J = 8.1 Hz,
H-5'), 5.96 (1H, d, J = 2.2 Hz, H-8), 5.93 (1H, d, J =
2.1 Hz, H-6), 5.00 (1H, d, J = 11.6 Hz, H-2), 4.60 (1H,
d, J = 115 Hz, H-3); "“C-NMR (100 MHz,
CD;COCDs3) &: 198.1 (s, C-4), 168.0 (s, C-5), 164.9 (s,
C-9), 164.0 (s, C-7), 146.5 (s, C-4"), 145.7 (s, C-3"),
129.6 (s, C-1'), 120.7 (d, C-6'), 115.8 (d, C-2'), 115.7
(d, C-5"), 101.4 (s, C10), 97.0 (d, C-6), 96.0 (d, C-8),
84.4 (d, C-2), 73.0 (d, C-3). LA I %4l 5 skl 120,
YE A 8 NIEM Y & .

&Y 9: Rk, EI-MS m/z 226 [M]
(100). 'H-NMR (400 MHz, CD;0CCDs) &: 7.58 (2H,
d, J=8.6 Hz, H-2', 6'), 7.36 (2H, d, J = 7.8 Hz, H-3,
5), 7.27 (1H, t, J= 7.3 Hz, H-4'), 7.16 (1H, d, J = 16.4
Hz, H-b), 7.14 (1H, d, J = 16.4 Hz, H-a), 6.68 (2H,
brs, H-2, 6), 6.35 (1H, brs, H-4), 3.78 (3H, s,
3-OCH;); “C-NMR (100 MHz, CD;COCD3) 8: 162.1
(s, C-5"), 159.6 (s, C-3'), 140.3 (s, C-1"), 138.2 (s,
C-1), 129.6 (d, C-3), 129.5 (d, C-a, b), 129.4 (d, C-5),
128.4 (d, C-4), 127.3 (d, C-2, 6), 107.0 (d, C-6"), 104.2
(d, C-2"), 101.8 (d, C-4"), 55.4 (q, 3'-OCHj3). P ¥4k
5ot Y, S b 59 9 Ty 3-FR -5 H AR JE
RS

wEY) 10 TEERY), FAB-MS m/z: 327 [M—
H] (100). 'H-NMR (400 MHz, CD;0D) &: 6.92 (1H,
s, H-6), 6.61 (1H, s, H-3), 4.69 (1H, d, J = 7.6 Hz,
H-1'), 3.88 (1H, dd, J = 12.1, 2.0 Hz, H-6"a), 3.70 (1H,
dd, J = 5.1, 12.0 Hz, H-6'b), 3.33~3.44 (4H, m,
H-2'~5"), 3.43 (1H, m, H-8), 2.12 (3H, s, H-7), 1.16
(3H, d, J = 7.0 Hz, H-9), 1.14 (3H, d, J = 6.9 Hz,
H-10); “C-NMR (100 MHz, CD;OD) &: 123.2 (s,
C-1), 151.8 (s, C-2), 113.0 (d, C-3), 138.2 (s, C-4),
149.2 (s, C-5), 120.3 (d, C-6), 16.1 (g, C-7), 27.0 (d,
C-8), 23.6 (q, C-9), 23.7 (g, C-10), 104.4 (d, C-1),
75.2 (d, C-2), 78.3 (d, C-3'), 71.5 (d, C-4"), 78.0 (d,
C-5"), 62.7 (t, C-6). VA i 5chnt g™, %e
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& 11 A K, FAB -MS m/z: 505 [M—
H] (100). [0]?* —50.09° (c 0.22, MeOH). 'H-NMR
(400 MHz, CD;0D) 6: 7.05 (1H, d, J = 8.4 Hz, H-5),
7.00 (1H, d, J = 1.8 Hz, H-2), 6.89 (1H, dd, J = 8.3,
1.8 Hz, H-6), 6.71 (1H, s, H-2"), 6.70 (1H, s, H-6"),
5.53 (1H, d, J=5.9 Hz, H-7), 5.32 (1H, d, J= 1.5 Hz,
H-1"), 3.84 (3H, s, 3-OMe), 3.78 (3H, s, 3'-OMe),
3.40~3.86 (4H, m, H-2"~5"), 2.60 (2H, dd, J = 15.3,
7.4 Hz, H-7"), 1.79 (2H, m, H-8"), 1.21 (3H, d, J=6.2
Hz, H-6"); "C-NMR (100 MHz, CD;0D) 6: 138.8 (s,
C-1), 111.2 (d, C-2), 152.1 (s, C-3), 147.5 (s, C-4),
119.6 (d, C-5), 119.1 (d, C-6), 88.5 (d, C-7), 55.6 (d,
C-8), 65.1 (t, C-9), 129.6 (s, C-1"), 114.1 (d, C-2),
145.2 (s, C-3), 146.5 (s, C-4'), 137.1 (s, C-5"), 117.9
(d, C-6), 32.9 (t, C-7"), 35.8 (t, C-8'), 62.2 (t, C-9"),
101.3 (d, C-1"), 72.0 (d, C-2"), 72.2 (d, C-3"), 73.8 (d,
C-4"),70.8 (d, C-5"), 18.0 (q, C-6"), 56.4 (q, 3'-OMe),
56.7 (q, 3-OMe). LA %t 5 et ), %tk
EY) 1 NEEEIH E4.

A 12: TEEHIRY), FAB-MS m/z: 316 [M]
(10), 339 (100). "H-NMR (400 MHz, CD;0D) 4: 6.83
(1H, d, J= 8.8 Hz, H-5), 6.80 (1H, d, J= 2.7 Hz, H-2),
6.65 (1H, dd, J = 8.8, 2.7 Hz, H-6), 4.76 (1H, d, J =
7.4 Hz, H-1'), 3.87 (1H, d, J = 12, 2.1 Hz, H-6"a), 3.79
(3H, s, 4-OMe), 3.76 (3H, s, 3-OMe), 3.68 (1H, dd,
J =12.0, 2.1 Hz, H-6'b), 3.33~3.44 (4H, m, H-2'~
5; "C-NMR (100 MHz, CD;OCCDs) J: 153.9 (s,
C-1), 104.0 (d, C-2), 151.1 (s, C-3), 146.0 (s, C-4),
113.8 (d, C-5), 109.2 (d, C-6), 103.4 (d, C-1"), 74.9 (d,
C-2'),78.2 (d, C-3"), 71.4 (d, C-4"), 78.1 (d, C-5"), 62.6
(t, C-6'), 57.1 (q, 3-OMe), 56.4 (q, 4-OMe). PL I %4
2 5 3o IR, S b A 12 08 3,4- IR SEE
$E-1-O-B-D-H E HE T

& 13: B AIIRY, FAB-MS m/z: 491
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