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BRI L FER o5 %R
kXA, A, E 8, NHER, BHE, BT

( FFFMEIRAKE A S TR, BT FF5FIE/K 161006 )

& E. ZUFE LR A BRI TR RTTRE T (Pinus sylvestris) 1Ryt 42 R W 77 42 B X
P e 8 A 2 103 AT 4 BB, 7 e A €335 T 25 92 €65 335 R 3 R 2 73 45 A 5 335 R R X B2 B
B A T A B Al AL 38 RS RE ('H-NMR fIPC-NMR) Wit A, Ke TIhaWwaEn,
JEXF PRI T A0 TR TS PEEAT T, S5 R R WA R h o B AR B 15 MBS, 4 S e
AR (1) AAMHFRHAS (2) . 18a-acetoxylabd-8( 17) -en-15-oic acid (3) .4-eplimbricataloic acid (4) .15-Z,
FE 18- RS (5) . 15-acetoxy-labda-8(17) , 13E-dien-18-al (6) \7B8-5 3L EMIR (7) . Ta-F2HE i M
2 (8) .endo-peroxide (9) .a-FLFAEE (10) B-7F (il (11) AP W@ —THE (12) 7R, 11R-phytol (13)
IEZ - PUBEEE (14) N-octacosan7B-ol (15), it k&4 9,13,14 F1 15 Jy i R i @ AH Y b 4 B 19 31,
TS PSS SRRV IE Qe A BUR B 7E W E N 5~ 100 mg + mL B 5 K AT 1 FIVRS 5 2 960 B 60400 11 500 1)
9 53% ~T1% 1 56% ~70% ,AEHSE A 50 mg - mL" Fl 100 mg - mL™" I X 4x 3 (0 4 29 BR 12 A0 40 1 8 20 3
51%F1 69% , ZMF 5T EHE— 5 W 1 R P gt i eb i A2 oy, S G 0 a8 o7 F 9 AR A
KR WEFARERNT, AR2E Ry, IEEIE R, AR, TR SE AR, RS
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Chemical constituents in Pinus sylvestris needles

ZHANG Wenzhi®, HAN Song, WANG Jian, FU Meiling, PANG Jinghui, BAI Liming

( College of Chemistry and Chemical Engineering, Qigihar University, Qigihar 161006, Heilongjiang, China )

Abstract: The chemical constituents of Pinus sylvesiris needles collected from Qigihar City in Heilongjiang Province
were studied. The chemical components in the needles were extracted by solvent method. The use of column chromatogra-
phy, prepared TLC, and HPLC technique led to the separation and purification of the chemical constituents in the ex-
tract. The structures for the isolated pure compounds were elucidated by analysis of spectroscopic of MS and NMR ('H-
NMR and 13C-NMR). The antibacterial activity of the extract was also scanned. The results were as follows: 15 com-

pounds were isolated and identified as pinifolic acid (1), monomethyl pinifolate (2), 18a-acetoxylabd-8( 17)-en-15-oic
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acid (3), 4-eplimbricataloic acid (4), 15-ethyl-18-methyl pinifolate (5), 15-acetoxy-labda-8(17), 13E-dien-18-al
(6) , 7B-hydroxydehydroabietic acid (7), 7a-hydroxydehydroabietic acid (8) , endo-peroxide (9), a-cadinol (10) , B-
sitosterol (11), dibutyl phthalate (12), 7R,11R-phytol (13), tetracosanol (14), and N-octacosan7B-ol (15). Com-

pounds 9, 13, 14, and 15 were isolated from the genus Pinus for the first time. The result of antibacterial activity indica-

ted that the inhibition rate of hexane extract to Escherichia coli and Bacillus subtilis was 53%—=71% and 56%-70% , re-

spectively, on the concentration range of 5-100 mg + mL". And the inhibition rate to Staphylococcus aureus was 51%

and 69% on the concentration of 50 mg + mL" and 100 mg + mL", respectively. This research reported the isolated

chemical constituents from Pinus sylvestris needles which will provide theoretical basis for the further investigation of ac-

tive components and application of drugs.

Key words: Pinus sylvestris needles, chemical constituents, antibacterial activity, pinifolic acid, 7-hydroxydehydroabi-

etic acid, cadinol

¥aF# ( Pinus sylvestris var.mongholica) S FR
EZTMIN /NI /N RS NI 2 YA BN SN = T N D
O3 AT T IR AR AL K 5 i IX (b AR ) A g
Z25125,1996) o B oy S A s A E
52 FE I (I 77 55, 1992 5 H B I5 55 20105 # R
FAE 2010 ; X BT 45, 2011 ) F il 28 oy (5K 2%
4 .2006) o BF il B A B (K % 45 20065
Chen et al.,2014) $T% 1k (Ka et al.,2005 ; Jeong et
al., 2009 ) | ¥ ¥ & (B K &A%, 2005) | 4L &
( Karonen et al.,2004) 05 ( B 4E A4 4 ,2009) $iT
O e 5 ( BLRLA46 ,2008) 0 5€ 28 (Lo W
S5, 1995) A AR WS M IR 97 XUTE S AE (R EAE,
2012) HBE ST (RS, 2018) (B2 s IR
(REE5F,2018) M0 T BE (25 ML FH 4%, 2006 )
SELG AR, 2 — R HA e N A R h 25 44

R VNI (3 e N IR o v i 2
PR Wy 1) 24 BTG VEAE T, AS PR ZH X 1~ #8
B TE O 8 2 BB B9 46 27 1043 O T T 1 AT A0
58, N3 B8 2 15 A BARAL &9, 20 i 46 E
PARFER (1) #APFERH R (2) | 18a-acetoxylabd-8
(17 )-en-15-0ic acid ( 3) . 4-eplimbricataloic acid
(4).15-2 FE-18-#5 iF 1R I8 (5) . 15-acetoxy-
labda-8 (17) , 13E-dien-18-al (6) ,78-¥% 3 i 2 W\
R (7) Ta-3EEEBAMER (8) endo-peroxide (9)
a-FEAREE (10) B-47 Hi B (11) SRR HR =T
Bi& (12) . 7R, 11R-phytol (13) . iF — 1 I %z f
(14) N-octacosan7B-ol (15), H L& 9,13,
14 F115 h E RN ZE AP b o A5 3, A [a] v

JRE TE O ot A% B8 R T A B8 A e 23 LA R <6
(7 20 K TR 4 3 B A [ R B AR R T A, AR
SCAR B AR AR I IE C e 2K U AL~ B3 B9 03 1
FIZE G K KA 16 1k

1 MeE 7%

1.1 A 8 R F AR

L1 AR A PR ER I, T 2016 4F 9 J R
BT R VLA F5 I IR, 85 55 M IR K7 sk
ZEH P U € R FHA ( Pinus sylvestris var. mongholi-
ca) £t

1.1.2 #X A A KIGFFEE ( Escherichia coli) %
ZEAU TR ( Bacillus subtilis) 4 8% (0.5 % BR 74 ( Staphy-
lococcus aureus) , i B A 1 55 55 05 /R K2 Akl
R

113 AR ek A IR (st B 2 AR B ok
ARTAEA ) EERER By (Jbat B R A Y HoR
AT A (R T L AL R A
R (BUIR By (b st B A W B R A IR AT
O] B e RORRR (0 A B R S i al (R
HETTRF A B AR A IR ) Ah, A 50 24 R
g3l (CREETTILEAL IR A IR A A .

1.1.4 £ 2 FHME  Bruker AV-600 #% il 2R AL
(25 Bruker 24 7)) ; Agilent 5988A Jif %% ( 3% [
Agilent 23 H] ) ; Waters 2489 15 % ¥ #H (0 1% R 4t
( Waters -4 LA R W) 5200 ~ 300 H g &
HWEE R (F B T ) ; Yanako 5 5 1%
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(L ZE AU A A PR A A ) 5 YXQ-LS-50811 #57 +X
JE I Z8 VK B e (IR S A R W) BT Ik
#)7) ;SW-CJ-LED B TAE & (L8 B ES
ACRAT PR w38 N 7323 7)) 5 MIR-253 HUfd it 8 57
(BRI ARAT)

1.2 R A%

1.2.1 B Ao B TR TSR 11 ke, HITE
K CBERML 3 K, A IF 42 O, 1 26 18 [l ik &
g 13 ERE 304 ¢, HEFWE TKTIEBIESRF
W, AR IE C ke £ TR £ T A IE T B 4% A 3
W o3BG IT A T A A2 IO, D0 78 18 [l e 775 5]
T2 IE O B A Y (85 g) LR SR A2 W) (82
g) FE T REZAEHUY) (44 ¢) 6

1.2.2 5 B4 IECHAEIY) (85 g) SRk
TESEAT R EE DRI (IEC 8 © LR TR =100 : 0~
0:100) , 22 A% RS 5 Mo (Fr.1-5) ,
Fr3 SR ARG E (IECk : RO =
7:3,4:6,2:8), 5% 3 s (Fr.3.1-3.3),
Fr.3.2 &2 HPLC [ Cosmosil 5C, AR-II( 10 mm X 250
mm) , 7K : EE=5: 95 i 2 mL - min™ |75 34k
AW 1(12.5 mg) LB 2(9.6 mg) AL G 3
(9.4 mg) ,Fr.2 ZRERAH AL B (IECH © 2
ZME=8:2,6:4,4:6,2:8)1RFL5W 4(7.4
mg) L&Y 5(7.8 mg) FIILEH) 6(32.4 mg) ,Fr.4
SRERAHE IS B (IECk ©: LZFROTE=6: 4,
4:6,2:8),15%8 3 s> (Fr.4.1-4.3) Fr.4.2 &
HEE (LR OTE) RBEMEY 7(12.4 mg) L&
Y1 8(32.4 mg) ,Fr.4.3 £ HPLC [ Cosmosil 5C ; AR-
II(10 mm X 250 mm) , 7K : HEE=15: 85, ifi i 2
mL « min" ]/ ELA W 9(23.6 mg) , Fr.1 LK
MO SE(IECkE : ZIROHE=1:9,2:8,3:
7,4:6,2:8) 183 5 NS> (Fr.1.1-1.5) ,Fr.1.2
2t HPLC [ Cosmosil 5C,; AR-II (10 mm x 250
mm) ,7K : HEE=5: 95 Ji# 2 mL - min" ] 1554k
E¥10(23.6 mg) ,Fr.1.3 Zid L5 ( LR ZWE)
BEEW11(17.5 mg) ,Fr.1.4 &t E\EER (2
MR 218 13 2659 12(7.4 mg) , Fr.1.5 4 HPLC
[ Cosmosil 5C,; AR-II( 10 mm X 250 mm) ,/K : H
fE=5:95 Wik 2 mL - min" J18ELE Y 13(15.2

39 %
mg) , L&Y 14(12.3 mg) LGP 15(15.2 mg) .
1.2.3 3 W &£ B IE C ke 26 B LN R

V), C A BE 4354 100,50 .25 ,10.,5 mg + mL”
VSV, T I B TS MR A . SR LB $5 SR AL
SR A IR L KE 323, X 1 3 R TR) ik B A B 25 T
AT 0 BT 9 S ), LA AT VX R AR 3 IR
SEATIELS % A A TR I8 AR R I SR LR
(149 3/4 B, 238 S0k R AF RITBR IE 55, 2018 5 %8
BEAE 2016) I R VE EAR, IR LR A KOHE
EilI R

7K AR (em) = HARTFHI%8-0.4 (PO EAR) ;

X IR B VK AR b PR R AR
TR (%) = éﬂ“ﬁﬁ%%ﬁﬁ .

x100,

2 R 59

2.1 LT

k&1 EOETEMMAE(LRLER) ,mp=
246 ~ 268 C, EI-MS m/z: 336 [M]", 4+ TN
C,,H;,0,, '"H-NMR (600 MHz, CDCl,) &: 0.71
(3H, s, H-20), 0.98 (3H, d, J= 6.6 H,,
H-16), 1.15 (3H, s, H-19), 4.50 (1H, br s, H-
17a), 4.82 (1H, br s, H-17b); “C-NMR (150
MHz, CDCl,) &8:14.7 (q, C-20), 16.3 (q,
C-19), 18.4 (t, C-2), 20.0 (q, C-16), 20.7 (t,
C-11), 26.8 (t, C-6), 30.8 (d, C-13), 35.6 (t,
C-12), 37.1 (t, C-3), 37.8 (t, C-7), 38.0 (t,
C-1), 39.0 (s, C-10), 41.1 (t, C-14), 47.5 (s,
C-4), 49.6 (d, C-5), 57.0 (d, C-9), 107.0 (t,
C-17), 147.9 (s, C-8), 178.6 (s, C-15), 184.4
(s, C-18) ., 53CHk (Carreras et al.,1998) H#ji 3k
A3 WL, BB G 1 AR

&Y 2 AEKME(ZRLNEE) ,mp=216~218
°C, EI-MS m/z; 350 [M]*, o+ ¥+ K C, H,,0,,
'"H-NMR (600 MHz, CDCl,) &: 0.98 (3H, d, J=
7.1 Hz, H-16), 1.14 (3H, s, H-19), 2.72 (3H,
s, H-20), 3.66 (3H, s, H-21), 4.49 (1H, br s,
H-17a), 4.82 (1H, brs, H-176) ; “C-NMR (150
MHz, CDCl,) &: 14.7 (q, C-20), 16.6 (q,
C-19), 18.5 (t, C-2), 19.9 (q, C-16), 20.8 (t,
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= CH,OAc
Ri “cHo “CooH X
1: R{ = COOH, Ry = COOH 6 7. R= ==QH 9
2: R1 = COOCHs, R2 = COOH 8: R="1"1m0H
3: R4 =CH,0OCOCH3, R, = COOH '
4: R4 = COOH, Ry, = CHO
5: R4 = COOCHgs, R, = COOCH,CH3
c—o X OH
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C-11), 26.8 (t, C-6), 31.0 (d, C-13), 35.8 (t,
C-12), 37.0 (t, C-7), 37.9 (t, C-1), 38.1 (t,
C-3), 39.1 (s, C-10), 41.6 (t, C-14), 47.8 (s,
C-4),49.9 (d, C-5), 51.9 (q, C-21), 57.1 (d,
C-9), 106.9 (t, C-17), 148.0 (s, C-8), 179.35
(s, C-15), 179.4 (s, C-18), 5 ik ( Zinkel et
al., 1985) 18 A9 B4 FE A — 2, B e b &9 2
A monomethyl pinifolate ,

EaEW3 HELEEMA(LRLNE) ,mp=
217 ~ 219 °C, EI-MS m/z; 364 [M]", 5+ FX N
C,,H,,0,, "H-NMR (600 MHz, CDCl,) §: 0.72
(3H, s, H-20), 0.88 (3H, s, H-19), 0.97 (3H,
J= 6.3 Hz, H-16), 2.04 (3H, s, H-22), 3.71
(1H, d, J= 10.9 Hz, H-18a), 3.82 (1H, d, J=
10.9 Hz, H-18b), 4.49 (1H, br s, H-17a), 4.82
(1H, brs, H-17b) ; "C-NMR (150 MHz, CDCL,)
8:14.9 (q, C-20), 17.5 (q, C-19), 18.5 (t,
C-2), 19.9 (q, C-16), 21.0 (q, C-22), 21.1 (t,

Structures of compounds 1-10, 12-15

C-11), 24.3 (1, C-6), 30.9 (d, C-13), 35.8 (t,
C-12), 35.9 (t, C-3), 36.9 (s, C-4), 38.0 (t,
C-7), 38.5 (t, C-1), 39.6 (s, C-10), 41.4 (¢,
C-14), 49.5 (d, C-5), 57.2 (d, C-9), 73.0 (1,
C-18), 106.7 (t, C-17), 148.1 (s, C-8), 171.3
(s, C-21), 179.2 (s, C-15), 5 3CH#k ( Francesca
et al.,1999) il 1y B A — 2, I, 5@k 59 3
9 18a-acetoxylabd-8( 17) -en-15-oic acid,

G4 WOTERMAK(LMRLBE) ,mp=
224 ~ 226 C, EI-MS m/z: 320 [M]*, 2+ 73N
C,,H,,0,, "H-NMR (600 MHz, CDCl,) &: 0.71
(3H, s, H-20), 0.98 (3H, d, J= 6.6 H,,
H-16), 1.14 (3H, s, H-19), 4.49 (1H, br s,
H-17a), 4.83 (1H, br s, H-17b), 9.76 (1H, s,
H-15); “C-NMR (150 MHz, CDCL,) 6: 14.7 (q,
C-20), 16.4 (q, C-19), 18.4 (1, C-2), 20.18 (t,
C-11), 20.2 (q, C-16), 26.8 (1, C-6), 28.9 (d,
C-13), 36.0 (t, C-12), 37.1 (t, C-7), 37.15 (x,
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C-3), 38.0 (t, C-1), 39.0 (s, C-10), 47.5 (s,
C-4), 49.6 (d, C-5), 50.9 (t, C-14), 57.1 (d,
C-9), 107.0 (t, C-17), 147.9 (s, C-8), 183.9
(s, C-18), 203.1 (d, C-15), 5 3CHk ( Zinkel et
al.,1985) Bdi e A& — 8, L, e tb AW 4
4-eplimbricataloic acid,

e s EETEMMKR(LRLEE) ,mp=
209 ~ 211 °C, EI-MS m/z: 378 [M]*, TR N
C,,H,,0,, '"H-NMR (600 MHz, CDCl,) &: 1.26
(3H, d, J= 7.1 Hz, H-22), 3.66 (3H, s,
H-23), 4.13 (2H, t, J= 7.1 Hz, H-21), 4.49
(1H, br s, H-17a), 4.81 (1H, br s, H-17b);
BC-NMR (150 MHz, CDCL,) &: 14.3 (q, C-22),
14.7 (q, C-20), 16.6 (q, C-19), 18.5 (t, C-2),
20.0 (q, C-16), 20.8 (t, C-11), 26.8 (t, C-6),
31.0 (d, C-13), 35.8 (t, C-12), 37.0 (t, C-3),
37.1 (t, C-7), 38.1 (t, C-1), 39.1 (s, C-10),
41.7 (t, C-14), 47.8 (s, C-4), 49.9 (d, C-5),
51.9 (q, C-23), 57.1 (d, C-9), 60.1 (t, C-21),
106.9 (t, C-17), 148.0 (s, C-8), 173.3 (s,
C-15), 179.4 (s, C-18), 5 3CHR (5K 255 ,2006)
BHEEEA — 3, BB E Y 5 M 15-2 H-18-41
iR HH B

ke e WEEATERMMK(LIKRLER),
mp=233 ~ 234 C, EI-MS m/z: 346 [M]", /3T
XN CyH,,0,, '"H-NMR (600 MHz, CDCI,) §:
0.70 (3H, s, H-20), 0.97 (3H, d, J= 6.6 H,,
H-16), 1.04 (3H, s, H-19), 4.59 (1H, br s,
H-17a), 4.86 (1H, brs, H-17b), 9.24 (1H, s,
H-18) ; "C-NMR (150 MHz, CDCl;) §: 14.2 (q,
C-19), 14.7 (q, C-20), 16.5 (q, C-16), 17.7
(t, C-2), 21.1 (q, C-22), 21.1 (t, C-11), 26.7
(t, C-6), 32.3 (t, C-3), 37.5 (t, C-7), 37.8 (t,
C-12), 38.2 (t, C-1), 38.4 (s, C-10), 47.6 (d,
C-5), 49.9 (s, C-4), 56.2 (d, C-9), 61.4 (t, C-
15), 107.4 (t, C-17), 118.2 (d, C-14), 142.6
(s, C-13), 147.2 (s, C-8), 171.1 (s, C-21),
206.4 (d, C-18) ., 5 3CHK (k7% 55,2006 ) i dis 3
AR —F, % E LAY 6 N 15-acetoxy-labda-8
(17) ,13E-dien-18-al,

fk&W 7 k(LR AER) , mp=105 ~
107 °C, EI-MS m/z; 316 [M]", 43 FxH €, H,0;,
"H-NMR (600 MHz, CDCl,) §: 1.23 (2 x 3H, d,
J=6.9 Hz, H-16/17), 1.29 (2 x 3H, s, H-19/
20), 2.88 (1H, m, H-15), 4.91 (1H, dd, J=
7.5, 2.0 Hz, H-7), 7.10 (1H, dd, J=8.2, 1.5
Hz, H-12), 7.16 (1H, d, J=8.2 Hz, H-11),
7.38 (1H, d, J=1.5 Hz, H-14); “C-NMR (150
MHz, CDCl,) 6: 15.7 (q, C-19), 17.8 (t, C-2),
23.3 (q, C-16), 23.5 (q, C-17), 24.9 (q, C-
20), 32.2 (t, C-6), 33.1 (d, C-15), 35.7 (1, C-
3), 37.0 (s, C-10), 37.4 (t, C-1), 42.8 (d, C-
5), 46.5 (s, C-4), 70.1 (d, C-7), 123.6 (d, C-
11), 124.6 (d, C-12), 125.3 (d, C-14), 136.8
(s, C-8), 146.0 (s, C-13), 146.4 (s, C9),
183.3 (s, C-18) . 5 3CHA (R AL, 2011) %k
PEEEA—3 it BB 7 8 18- R B A
WA .

e 8 TEEMAK(LIRLNBE), mp=
107 ~ 110 C, EI-MS m/z: 316 [M]*, /27K
C,Hy O,, "H-NMR (600 MHz, CDCl,) &: 1.16
(3H, s, H-20), 1.23 (2 x 3H, d, J=7.0 Hz,
H-16/17), 1.26 (3H, s, H-19), 2.87 (1H, m,
H-15), 4.53 (1H, brs, H-7), 7.13 (1H, dd, J=
8.2, 1.8 Hz, H-12), 7.18 (1H, d, J=1.8 Hz, H-
14), 7.19 (1H, d, J=8.2 Hz, H-11); “C-NMR
(150 MHz, CDCl,) &: 16.6 (q, C-19), 18.6 (t,
C-2),23.9 (q, C-17), 24.1 (q, C-16), 24.2 (q,
C-20), 30.9 (t, C-6), 33.5 (d, C-15), 36.3 (t,
C-3), 37.4 (s, C-10), 37.7 (t, C-1), 39.8 (d,
C-5), 47.0 (s, C-4), 68.3 (d, C-7), 124.2 (d,
C-12), 126.7 (d, C-11), 128.3 (d, C-14),
135.6 (s, C-8), 146.6 (s, C-9), 146.7 (s,
C-13), 182.8 (s, C-18) . 5 3CHK (5K 45 ,2006)
A, HI, BEEMEY 8 Ta- R E A
PAFE .

k&% 9 Al RY, EI-MS m/z: 334
(M]*, 4+ FxX N C,yH,0,, '"H-NMR (600 MHz,
CDCl,) &; 0.58 (3H, s, H-19), 0.99-2.49 (15H,
m), 1.04-1.13 (2 x 3H, d, J= 7.0 Hz, H-16/
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H-17), 1.16 (3H, s, H-18), 2.51 (1H, qd, J=
7.0 Hz, H-15), 4.60 (1H, brs, H-12)5.84 (1H,
s, H-14); "C-NMR (150 MHz, CDClL,) 8. 15.1
(q, C-16), 16.3 (q, C-17), 17.0 (CH,), 20.1
(q, C-20), 20.4 (q, C-19), 21.6 (CH,), 25.0
(CH,), 31.0 (CH), 32.1 (CH,), 36.2 (CH,),
36.6 (CH,), 36.8 (CH), 43.2 (CH), 48.8 (C),
50.0 (C), 74.6 (s, C-8), 76.9 (d, C-12), 124.6
(d, C-14), 149.1 (s, C-13), 184.2 (s, C-18),
53CHK ( Ayer & Macaulay, 1987 ) JE A48 — 2, H 1t
WEALEY 9 A endo-peroxide

&Y 10 % @k Y, EI-MS m/z; 222
(M]", 4> 73X N C H, O, '"H.NMR (600 MHz,
CDCl,) 8: 0.77 (3H, d, J= 6.9 Hz, H-14), 0.92
(3H, d, J= 7.2 Hz, H-13), 1.05 (1H, m, H-7),
1.11 (3H, s, H-15), 1.22 (1H, m, H-9), 1.24
(1H, m, H-1), 1.41 (1H, m, H-9), 1.59 (2H,
m, H-2), 1.67 (3H, s, H-11), 1.72 (1H, m,
H-6), 1.79 (1H, m, H-10), 1.98 (2H, m, H-
3), 2.00 (2H, m, H-9), 2.18 (1H, m, H-12),
5.50 (1H, br s, H-5); “C-NMR ( 150 MHz,
CDCl,) 6. 15.8 (q, C-14), 21.0 (q, C-15), 21.7
(q, C-13), 22.0 (t, C-2), 22.8 (t, C-8), 23.2
(d, C-11), 29.9 (d, C-6), 30.7 (t, C-3), 37.2
(q, C-12), 42.0 (t, C-9), 46.1 (d, C-7), 50.8
(d, C-1), 72.1 (s, C-10), 122.1 (d, C-5),
133.8 (s, C-4), 5 XCH#k (Bottini et al., 1987;
Tanaka et al., 1997 ) FEA — 2, KL, K2k &9
10 K a-FhFAEE

ke 11 HERK(ZROBE), mp =
139 ~ 142 °C, EI-MS m/z: 414 [M]", TN
C,H,, 0, "H-NMR (600 MHz, CDCl,) &: 0.68
(3H, s, H-18), 0.82 (3H, d, J= 7.0 Hg,
H-27), 0.83 (3H, d, J= 7.0 Hz, H-26), 0.84
(3H, d, J= 7.0 Hz, H-29), 0.93 (3H, d, J= 6.8
Hz, H-21), 1.01 (3H, s, H-19), 3.54 (1H, m,
H-3), 5.35 (1H, br d, J= 3.6 Hz, H-6);
"C-NMR (150 MHz, CDCl,) &: 11.9 (q, C-29),
12.0 (g, C-19), 18.8 (q, C-21), 19.0 (q,
C-26), 19.4 (q, C-18), 19.8 (t, C-1), 21.1 (t,

C-2), 23.1 (q, C-27), 24.3 (d, C-14), 26.1 (1,
C-15), 28.2 (t, C-11), 29.2 (1, C-12), 30.5 (1,
C-28), 31.7 (t, C-16), 31.9 (t, C-22), 34.0 (d,
C-25), 36.2 (d, C-24), 36.5 (d, C-23), 37.3
(d, C-20), 39.8 (d, C-17), 42.3 (s, C-13),
42.32 (s, C-10), 45.8 (1, C-7), 50.1 (d, C-8),
56.1 (d, C-9), 56.8 (t, C-4), 71.8 (d, C-3),
121.7 (d, C-6), 140.8 (s, C-5), 5 3CHR (HEM
far 4% 2008 ; ik A4S 2000) FeAR —2, I, 21k
G110 B

k& W 12 A WIRY, EI-MS m/z: 278
[M]*, 4+ F XK C4H,0,, 'H-NMR (600 MHz,
CDCL,) &; 0.70 (3H, d, J=6.8 Hz, H-4"), 1.19
(2H, m, H-3"), 1.45 (2H, m, H-2'), 4.06
(2H, m, H-1"), 7.25 (1H, d, J=7.2 Hz, H-4),
7.47 (1H, d, J=7.2 Hz, H-3); “C-NMR (150
MHz, CDCL,) & 12.7 (q, C-4"), 18.3 (t, C-3"),
29.7 (t, C-2'), 64.3 (1, C-1"), 127.9 (d, C-3),
130.0 (d, C-4), 131.6 (s, C-2), 166.4 (s,
C-1) ., 5 3CHik ( Hoang et al., 2008 ) & A — 3,
B, S e A 12 AR R — T g,

EY 13 RE AR, EI-MS m/z: 296
(M]*, 4 &N C,H,O0, "H-NMR (600 MHz,
CDCI,) &: 0.84 (3H, d, J=6.8 Hz, H-19), 0.86
(3H, J=6.5 Hz, H-18), 0.88 (2 x 3H, d, J=6.5
Hz, H-16/H-17), 1.25 (8H, m, H-6, 8, 10,
12), 1.14 (2H, m, H-14), 1.28 (4H, m, H-9,
13), 1.37 (2H, m, H-7, 11), 1.39 (2H, m,
H-5), 1.53 (1H, m, H-15), 1.67 (3H, s,
H-20), 2.00 (2H, m, H-4), 4.16 (2H, m, H-
1), 5.41 (1H, m, H-2); "C-NMR (150 MHz,
CDCL,) 8: 16.2 (q, C-16), 19.7 (q, C-17), 19.8
(q, C-18), 22.7 (q, C-19), 23.7 (q, C-20),
24.5 (1, C-9), 24.8 (t, C-13), 25.1 (t, C-5),
28.0 (d, C-15), 32.7 (d, C-7), 32.8 (d, C-11),
36.7 (t, C-6), 37.3 (1, C-12), 37.4 (t, C-10),
37.42 (t, C-8), 39.4 (t, C-14), 39.9 (t, C-4),
59.5 (t, C-1), 123.1 (d, C-2), 140.4 (s, C-3).
5530k ( Brown et al.,2003) 3EA — 30, A, %5
&% 13 °& 7R, 11R-phytol ,
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EY 14 HEOMAKR(LRAER) ,mp=T75 ~
77 C, EI-MS m/z: 340 [M]*, ¥k C,,H,,0,
"H-NMR (600 MHz, CDCl,) &; 0.88 (3H, d, J=
6.8 Hz, H-24) Jy K i FH B S (55, 1.30~1.62
(CH,), 3.64 (2H, m, H-1) A58 AHERN AT
{55 ;"C-NMR (150 MHz, CDCl,) & 14.1 A=A i
HILER(S 5, 22.7~33.2 (22 x CH,), 63.1 K5
FAHIE IR A5 5 o 5 S0k (TR 15 55,2004 ) SR —
., FIE, A 14 9 IE T U BERE

e 15 HEOME(LROER) ,mp=T74 ~
75 °C, EI-MS m/z; 410 [M]*, ¥ N C,H,0,
'"H-NMR (600 MHz, CDCl,) &: 0.95 (3H, d, J=
6.8 Hz, H-28), 0.98 (3H, d, J= 6.8 Hz, H-1),
1.34 (34H, m, 17 x CH,), 1.51 (8H, m, 4 x
CH,), 1.70 (4H, m, 2 x CH,), 2.14 (2H, m, H-
8),2.36 (2H, m, H-6), 3.66 (1H, br m, H-
7a) ; "C-NMR (150 MHz, CDCl,) &: 14.1 (C-1,
C-28), 22.7 (CH,), 25.7 (CH,), 29.3 (CH,),
29.4 (CH,), 29.6 (5 x CH,), 29.7 (13 x CH,) ,
31.9 (2 x CH,), 37.5 (CH,), 72.0 (d, C-7), 5
SCHk (Jameel et al., 2014 ) JEA — | H I, %@ 1k
&%) 15 3 N-octacosan7B-ol .
22 I EEMLRER

AN T B TE ) BE 26 U 6 K T #1112
LA T 0 < 0 ) 2 35K TART 17%) 9110 R 995 P S 2 4 2R
TR, GREW, EC AR LR —=F
9 JL DA 39 3 s AN () R R ) ) 80R  FErh ) AE T
W EESO IR N, TE O 25 U 6E K i T R A T 2
PR B B IR KT 50% , W JEAE 50 mg - mL!
F1100 mg « mL ™" I 4 B €2, 7 4 35K TR 1 00 i 25 53
SE 51%F 69% , M BEJE I FE 5 ~25 mg - mL' B,
Xof 4 80 A K R A AR

3 W5 &R

FEFRAE o —FPAs @ A 9, H wiE Py oh X I
BRI Y O 5% i E A T HE R T RORS T Y
GC-MSHMAIT , FEE R UK Z8 S 2805 £ il 25 34
YERWFSR EZE T FHiME (5785 ,2006; Chen

x1 ECHRFEBRYHINEEME
Table 1

Antibacterial activity of hexane extract

P12 Inhibition rate (%)

R
Concentration . I . 4T
MU R WRERE O
(mg - mL") S ; 2 R T
Escherichia Bacillus .
. e Staphylococcus
coli subtilis aurelss
100 71 70 69
50 69 68 51
25 63 62 JG None
10 58 60 JG None
5 53 56 JG None

et al.,2014) P41k (Ka et al.,2005; Jeong et al.,
2009) Hi % (Karonen et al.,2004) AWEE (% 4 A%
2009) FIeie a5 (BN 55,2008 ) 55 5 I, bR T 5K %%
R HRIE T RN EE P Ak 2 o3 1 438, A, XA
B iR AL A W 1) 53 B I B Al R AE T SR A DA
i, ASBEE R W R P E0:, LAJCOK & B R %
F KPR A b b i b2 B A AT BB, I X
BURE VAT T 80 B AL, 15 BN R AR M 19 1F C %
LR BEFINE T BEAICY, R A A5 82 6%
IR RO AR 2 3% 6 1 O o A B o 1 1 2% B 1F
110y B alifh 38 ARG TS S D R | 20 I s 4L
PB4y B A B AL G Wb AT T 45, m
PTG PESCI Ao K, IE e U E Wl 5,
10.25.50.100 mg - mL" s}, X KAz T B A4 9900 7l 343
K 53% 58% 63% .69% FI1 T1% ; % Ak 5 25 F AT B4
HA IR 5 R 56% 60% .62% 68% Fil 70% ; 1EHk
4 50 mg + mL" 1 100 mg » mL I X6 4 (0,76 4
BREA B HI 253508 519%F1 69%

AHI T 45 R B, i 2 X IF O bl 2K LY Ak 2
W4T B o B R atifh It g g e A 5 15 Mk
G, A 4 G Y R E XY o
AR, BT IE O BB — W E T
FEl A K AT T A 0 2 L AT 181 0 4 0 8 7 B
PRELAG AN [) 72 B A 40 0 VR, A B 9 485 SR ] oy
TR IR S AR P R 25 ) 0 i — 25 T ST RN O R R
HEHE S SEIARYE
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