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Studies on the Chemical Constituents of Pine Cone of Pinus yunnanensis
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Abstract: Thirteen compounds were isolated and purified from the ethanolic extracts of pine cone of Pinus yunnanensis
by MPLC and column chromatography on silica gel, RP-18 ,MCI, and Sephadex LH-20. On the basis of spectroscopic a-
nalysis, the isolated compounds were identified as 16-nor-15-oxodehydroabietic acid (1) ,16-nor-7,15-dioxodehydroabi-
etic acid (2) ,7a,15-dihydroxydehydroabietic acid (3) ,methyl 15-hydroxy-7-oxodehydroabietate (4) ,imbricatolic acid
(5) ,isokobusone (6) ,alternariol (7) ,matairesinol (8),( + ) -epipinoresinol (9) ,taxifolin 3'-0-glucoside (10) ,pino-
sylvin (11) , ( Z) -3-hydroxy-5-methoxystilbene (12) and coniferaldehyde (13). All compounds were obtained from P.

yunnanensis for the first time and compounds 1,2,6,7 and 9 were obtained from the genus Pinus for the first time.
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Bruker AV-400 F1 Bruker Avance I11 600 MHz %
REICIRCIEAX o HE 8 IEATAE RS (200 ~ 300 ) Al
R OB GF s, Y2075 5 22 m B WA IR W) 4R
77 A A R A Chromatorex C-18 (40 ~ 75 um,
Fuji Silysia Chemical Ltd. , Kasugai, Aichi, Japan ) ;
MCI I 55 84 K} & MCI-gel CHP-20P (75 ~ 150 wm,
Mitsubishi Chemical Corp, Tokyo, Japan ) ; %& IiX N
Sephadex LH-20 ( Amersham Biosciences, Sweden ) ; 1
JEAH (5, 3% ( MPLC ) 2 4 4 Biichi Sepacore System
equipping pump manager C-615, pump modules C-
605, fraction collector C-660 ( Biichi Labortechnik AG,
Flawil, Switzerland ) . 4k & #) % A TLC ( Qingdao
Marine Chemical Inc,China) 244 Agilent 1200 HPLC
series system equipped by Eclipse XDB-C,; column (5
pm,4. 6 x 150 mm) ., & 5] & FEE H,80,/
EtOH i3
1.2 SEIedH#
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BT, DAAT T k- PR A 22 A 746 BE R (ve v =952 5,
90:10,80: 20,70: 30,60: 40,50: 50,0: 100) , #& il &
IEEEN 11 A, Fr1 a3 2 mk e (45 73 TR
=200:1,100:1,50:1,20: 1) #1 Sephadex LH-20 ( &,
i HBE =1: 1) #EENr s alifh, 158k 59 12 (3
mg) . Fr4 2853 2 82 7k K \MCI, Sephadex LH-20 (
fit) RP-18 #2417 15, 15 24k 59 13(7 mg) .1
(12 mg) \5(94 mg) \6(15 mg) , Fr7 ~11 &) kk
JiE (G475 FEEE =200:1.,100: 1.,50: 1) 1 Sephadex
LH-20 ( ) #E 287002, A5 26649 9 (3 mg) (11
(12 mg) . 7(2 mg) .8(617 mg) . 4(82 mg).2(2
mg) 3(57 mg) 10(439 mg) ,
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k&1 kY ;' H NMR (CDCL, 400
MHz) §:7.70 (1H,dd,J =8.4,1.8 Hz,H-12),7. 62
(1H,d,J =1.8 Hz,H-14),7.32 (1H,d,J =8.4
Hz, H-11),2.94 (2H, m, H7), 2.55 (3H, s,-
COMe),2.32 (1H,dd,J =12.4,3.0 Hz, H-1a),
2.19 (1H,dd,J =12.0,2.3 Hz,H-5),1.84 (1H,
m,H-6a),1.76 (2H,m,H-2),1.59 (1H,m,H-3a),
1.47 (1H, m, H-3b), 1.39 (1H, m, H-6b), 1.36
(1H,m,H-1b),1.27 (3H,s,H-19),1.20 (3H,s,H-
20);"”C NMR (CDCl,, 100 MHz) §:198.2 (s, C-
15),183.6 (s,C-18),154.7 (s,C9),135.4 (s,C-
8),134.5 (s,C-13),129.3 (d,C-14),125.8 (d,C-
12),124.6 (d,C-11),47.3 (s,C4),44.1 (d,C-
5),37.6 (t,C-1),37.5 (s,C-10),36.6 (t,C-3),
29.8 (t,C-7),26.6 (q,C-17),24.8 (q,C-20),21.5
(1,C-6),18.3 (1,C-2),16.2 (q,C-19), LI I ¥4
5k R P 1615 -0 R SR T R B
A, LG 1 % R 16-F5-15-A A A

&2 Jaiiky; H NMR (CDCL, 600
MHz) §:8.52 (1H,d, J =1.8 Hz, H-14),8.13
(1H,dd,J =8.4,1.8 Hz,H-12),7.48 (1H,d,J =
8.4 Hz,H-11),2.77 (1H,dd,J =17.4,14.4 Hz H-
6a),2.70 (1H,dd,J =14.4,3.0 Hz, H5),2.61
(3H,s,-COMe ), 2.53 (1H,m, H-1a),2.39 (1H,
dd,J =17.4,3.0 Hz,H-6b),1.83 (1H, m,H-2),
1.77 (1H,m,H-3),1.64 (1H,m,H-1b),1.35 (3H,
s,H-19),1.27 (3H,s,H20), I % 5 3ok
HRAEAY 16-F-7 , 15-— A QI A 7 IR A5 4l e A4S —
B A 2 S50 16-F8-7,15- — F AU S &

&3 LaiikY ;' H NMR (CD,0D,400
MHz) 6:7.43 (1H,d, J =2.0 Hz, H-14),7.34
(1H,dd, J =8.4,2.0 Hz,H-12),7.25 (1H,d, J =
8.4 Hz,H-11),4.72 (1H,d, J =3.2 Hz,H7),
2.54 (1H,dd, J =12.8,2.0 Hz,H-5),2.36 (1H,
brd, J =12.8 Hz,H-1a),2.11 (1H,d,J =4.4 Hz,
H-6a),1.93 (1H,dd,/ =12.8,4.0 Hz,H-3a),1.83
(1H,m,H=2a),1.75 (1H,m,H-2b),1.67 (1H,m,
H-3b),1.64 (1H,m,H-6b),1.50 (3H,s, H-16),
1.50 (3H, s, H-17),1.48 (1H, m, H-1b), 1.26
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(3H, s, H-19), 1.15 (3H, s, H20);" C NMR
(CD,0D,100 MHz) §:182.2 (s,C-18),148.8 (s,C-
9),148.1 (s,C-13),136.7 (s,C-8),127.6 (d,C-
14),125.5 (d,C-12),124.8 (d,C-11),72.8 (s,C-
15),68.5 (d,C-7),48.3 (s,C4),40.9 (d,C-5),
39.0 (t,C-1),38.5 (s,C-10),37.6 (t,C-3),32.3
(t,C-6),31.8 (q,C-17),31.8 (q,C-16),24.7 (q,
C-20),19.7 (1,€2),17.1 (q,C-19) . VI F%H S
SCHR RGBT Ta, 15- 5 L SR T R RS AR
— BB EY 3 KN Ta, 15- R I AN FH
&4 LRy ;' H NMR (CDCy 400
MHz) 6:7.99 (1H,d,J =2.0 Hz, H-14),7.69
(1H,dd,J =8.4,2.0 Hz,H-12),7.30 (1H,d, J =
8.4 Hz,H-11),3.59 (3H,s,-COOMe) ,1.51 (3H,s,
H-16),1.51 (3H,s,H-17),1.28 (3H,s, H20),
1.20 (3H,s,H-19) . LI F¥de5 scmk! $iaE i 15-
R BT A AR A A R PP TR A0 A — B, Ak &
Y4 S5 N 1558587 - A A SR A 1R HH R o
KEMS TERkY ;' H NMR (CDCL, 400
MHz) §:4.82 (1H,brs, H-17a) ,4.48 (1H, brs, H-
17b),3.66 (2H,brt,J =6.5 Hz,H-15),1.23 (3H,
s,H-19),0.58 (3H,s,H-20);"”C NMR (CDCI,,100
MHz) §:183.2 (s,C-19),148.2 (s,C-8),106.4 (t,
C-17),61.2 (t,C-15),56.5 (d,C9),56.3 (d,C-
5),44.1 (s,C4),40.5 (s,C-10),39.5 (t,C-14),
39.1 (t,C-1),38.7 (t,C-7),37.9 (t,C-3),36.3
(t,C-12),30.2 (d,C-13),29.0 (q,C-18),26.0 (t,
C-6),21.1 (t,C-11),19.9 (t,C2),19.8 (q,C-
16),12.7 (q,C20) . LI b%cd 5 3cik' " 4B m
AR A B B 5 %8 WM FESIR .
fKEm6 FTEhkY; ' H NMR (CDCL, 400
MHz) §:5.01 (1H,brs, H-15a) ,4.94 (1H, brs, H-
15b),4.15 (1H,dd,J =10.0,4.5 Hz, H-9),3.07
(1H,td,J =10.0,7.5 Hz,H-2),2.60 (1H,dt,] =
14.0,4.5 Hz, H-7b),2.43 (1H, m, H-11b),2.29
(1H,td,J =11.5,2.0 Hz,H-11a),2.22 (1H,tdd,J
=11.5,9.0,1.5 Hz,H-10b) ,2.06 (1H,t,J =10.0
Hz,H-3b),2.02 (1H,m,H-10a),1.86 (1H,m, H-
5),1.86 (1H,m,H-7a),1.73 (2H, m,H-6),1.42
(1H,dd,J =10.0,7.5 Hz,H-3a),1.02 (1H,s, H-
13),1.01 (1H,s,H-14) . DL 8o 530k "™ il
) SF AR A 3, B &Y 6 e hR%

ZiTR /NS

wEWT PO AMNR;'H NMR (CD,0D,600
MHz) §:7.23 (1H,d,J =2.0 Hz,H-6),6.68 (1H,
d,J =2.5 Hz,H5'),6.59 (1H,d,J =2.5 Hz, H-
3'),6.35 (1H,d,J =2.0 Hz,H4),2.75 (3H,s,H-
7') o VA B S Scik " T A S i P i dE A
— 5 HAE Y T % R AT .

EWS  TEIhkY; 'H NMR (CDCL, 500
MHz) §:6.82 (1H,d,J =7.0 Hz,H-5),6.79 (1H,
d,J =8.0 Hz,H-5') ,6.61 (1H,s,H-2),6.59 (1H,
d,J =7.0 Hz,H-6) ,6.49 (1H,dd,J =8.0,1.5 Hz,
H-6'),6.40 (1H,d,J =1.5 Hz,H-2"),5.59 (2H,
brs,Ar-OH) ,4.14 (1H,dd,J =9.0,7.0 Hz, H9’
a),3.87 (1H,dd,J =9.0,7.0 Hz, H9'b), 3. 80
(3H x2,s,-OMe),2.93 (1H,dd,J =14.0,5.5 Hz,
H-7a),2.88 (1H,dd,J =14.0,7.0 Hz,H-7b) ,2.61
(1H,m,H-7'b),2.56 (1H,m,H-=8),2.53 (1H,m,
H-7'a),2.47 (1H,m,H-8");”C NMR ( CDCl,, 100
MHz) §:178.8 (s,C-9),146.6 (s,C-3),146.5 (s,
C-3'),144.4 (s,C4),144.3 (s,C4"),129.7 (s,C-
1),129.5 (s,C-1'),122.0 (d,C-6),121.3 (d,C-
6'),114.3 (d,C-5),114.0 (d,C-5'),111.4 (d,C-
2),110.1 (d,C2'),71.3 (t,C9'),55.8 (q,-
OMe) ,55.7 (q,-OMe) ,46.5 (d,C-8),40.9 (d,C-
8'),34.5 (t,C7),38.2 (,C-7") . ML ¥R S X
Rk R 0 URA B B AR — 2, ik 8
Y e B IR R o

&MY TR Y; ' H NMR (CDCL, 400
MHz) §:6.77 ~6.95 (6H, m, Ar-H),5.60, 5. 58
(2H,s, Ar-OH) ,4.85 (1H,d,J =5.2 Hz,H-7),
4.42 (1H,d,J =7.2 Hz, H7'),3.92 (3H,s,-
OMe) ,3.90 (3H,s,-OMe) , DA I %4 5 Sciik'™ )7
B +) - IE R EA 2 BB 9 5w
R +)-RMIEE

W& 10 JCEikY; ' H NMR (CD,0D,400
MHz) 8:7.38 (1H,d,J =2.0 Hz,H2'),7.10 (1H,
dd,J =8.0,2.0 Hz,H-6'),6.89 (1H,d,J =8.0
Hz,H-5'),5.92 (1H,d,J =2.0 Hz, H8),5.88
(1H,d,J =2.0 Hz,H-6),4.98 (1H,d,J =11.6
Hz,H2),4.57 (1H,d,J =11.6 Hz, H3),4.82
(1H,d,J =7.6 Hz, H-1""),3.88 (1H,dd,J =
12.0,2.0 Hz,H-6""a) ,3.67 (1H,d,J =6.0 Hz,H-
6''b),3.51 (1H,dd,J =9.2,7.7 Hz,H=2"") ,3. 46
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(1H,t,J =9.3 Hz,H-3""),3.43 (1H, m,H-5""),
3.37 (1H,t,J =9.1 Hz,H4'");"C NMR (CD,0D,
100 MHz) §:198.4 (s,C4),168.7 (s,C-7),165.3
(s,C9),164.4 (s,C5),148.9 (s,C4"),146.5
(s,C-3"),130.0 (s,C-1"),124.6 (d,C-6"),118.1
(d,C2"),116.8 (d,C-5"),104.0 (d,C-1""),101.8
(s,€-10),97.3 (d,C-8),96.3 (d,C-6),84.9 (d,
C-2),78.3 (d,C-5""),77.6 (d,C-3""),74.9 (d,C-
2'"),73.5 (d,C-3),71.5 (d,C4""),62.5 (t,C-
6'") o LI EEHRS Sk i B A % 37-0-
2 BRI A — B, e B 1 10 285 o — S
KZ 3'-0-FEHER

wE&W11 [EBAK; ' H NMR (CD,0D,500
MHz) §:7.46 (2H,d,J =7.5 Hz,H2' H-6"),7.28
(2H,t,J =7.5 Hz,H-3',H-5"),7.18 (1H,t,] =
7.5 Hz,H4'),6.99 (1H,d,J =16.5 Hz, H-7),
6.95 (1H,d,J =16.5 Hz,H-8) ,6.45 (2H,d,J =
2.0 Hz,H-2,H-6),6.15 (1H,t, J =2.0 Hz,H4),
DAt 5 SClikt > 8 iR R AR — 2k, ek A
11 %558 HaRiA &R

& 12 LeihikY;' H NMR (CDCL, 500
MHz) §:7.29 (2H,s,H2" ,H-6'),7.20 (2H,s, H-
3',H-5'),7.19 (1H,s,H4'),6.59 (1H,d,J =
12.0 Hz,H-8) ,6.49 (1H,d,J=12.0 Hz,H-7) ,6. 38
(1H,s,H4),6.30 (1H,s,H-6),6.26 (1H,s, H-
2),4.72 (1H,brs,Ar-OH) ,3.63 (3H,s,-OMe) , L)
B S Sk Y R Y (Z2) 3R -5 - AR T
CIGEAR AR —BL e & 12 8 h (Z2)3-5%
Fe-S5-HEFRE RO

& 13 kY ;' H NMR (CDCI, 500
MHz) §:9.64 (1H,d,J =7.5 Hz,H-3"),7.39 (1H,
d,J] =16.0 Hz,H-1"),7.13 (1H,d,J =8.0,2.0
Hz,H-6),7.06 (1H,d,J =2.0Hz,H2),6.96 (1H,
d,J =8.0 Hz,H-5),6.59 (1H,dd,J =16.0,8.0
Hz, H2'),6.06 (1H, s, Ar-OH), 3.94 (3H, s,
-OMe) o DA b %$cdi 5 3k ™ 230 i ot 3 A — 2
WAL G 13 %08 R .
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