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Abstract--Seven flavonoids and seven stllbenes were isolated from the heartwood of Pmus arman&i Fr. var. 
mastersmna Hay Among them, trans-3,5-dlmethoxystdbene oxide is a new compound and 3-acetyloxy-5,7- 
dlhydroxyfiavanone is the first report of ~ts occurrence in nature. Comparison of the flavono~d and stdbene 
components in P armand~t, P. momsonicola Hay. and P. parwflora Sieb et Zucc supports the chemotaxonomy of 
three species. 

INTRODUCTION 

Pmus armandu Franchet var mastersmna Hayata. The 
armand pine, is an economically Important conifer in- 
digenous to the southwest region of China. Pmus arman- 
dn IS morphologically as the Talwan endemic P. moms- 
omcola Hay. and Japanese white pine, Pmus parvtflora 
Sleb. et Zucc [1]. We have recently shown that the 
flavonoid constitution of the heartwood of P. rnornsoni- 
cola Is different from that of P. parv~ora [2]. A prehmln- 
ary paper chromatographic study of chemical consti- 
tuents of P armandii has been reported [3]. We here 
describe a detaded investigation of the flavonolds and 
stllbenes of the heartwood of P armandn. 

RESULTS AND DISCUSSION 

The heartwood of P. armandti, collected in the Central 
Range of Tmwan [3], was exhaustively extracted with 
acetone. The concentrated extract was separated by 
chromatography to give seven flavonoids (1-7) and seven 
stilbenes (8-14). Compounds 1-7 were identified as 
chrysin (1) [4], tectocrysin (2) [4], apigenln (3) [5, 6], 
pmocembrin (4) [7, 8], pinostrobin (5) [7, 9], pinobanksin 
(6) [10] and pmobanksm 3-acetate (7) [11] from their 
physical and spectroscopic properties (rap, [ct], IR, MS, 
UV, and 1HNMR). Compound (7), [~t]25+42°, is the 
first report of its occurrence m nature while the synthetic 
sample (the stereochemistry not  defined) has been used as 
an an tHnf lammatory  agent [11]. Compound 7 should 
have the trans configuration as that of pinobanksm by 
evidence of a large couphng constant J2.3 of 12 Hz. Since 
P arman&l contains both flavones and flavanones, it 
belongs to the subgenus Haploxylon [ 12] The flavonoids 
o f P  armandn, P. morrisonicola [2] and P. parviflora [13] 
are listed in Table 1 This comparison supports the 
chemotaxonomic basis of three species. 

Two major stilbene compounds (8), mp 122-123 °, and 
(9), mp 55-56 °, were recognised as mono- and dimethyl 
ethers of trans-pinosylvin [14, 15] as supported by their 
compatible spectral data (IR, MS, UV, IH and 
13C NMR) Ac t s  isomer (10), three dihydro derivatives 
(11-13) and an oxide (14) were also isolated. The struc- 

tures (10-14) were determined by spectroscopic analysis 
and chemical correlation as follows. The cis configur- 
ahon of compound (I0) was inferred by a relatively small 
couphng constant of 12 Hz between two vinyl protons 
[15]. Hydrogenation (Pd/C, EtOAc, 25 °, 4 hr) of stdbene 
(8) afforded a &benzyl (11) [13]. Similarly, either stilbene 
(9) or the cls isomer (10) absorbed one equlvelent o fH 2 to 
give compound (13). Treatment of (9) with rn-chloroper- 
benzoic acid (CH2CI 2, 25 °, 2 hr) produced the oxide (14) 
and trans-2-hydroxy-3,5-dtmethoxystllbene The new 
compound of oxide (14) was also found in the acetone 
extract of P morrisomcola [16] However, whether the 
oxide (14) is a natural product or artifact remains un- 
certain Comparison of the stdbene constitution in P. 
armandu, P mornsomcola and P. parv~flora also indicates 
the species difference (Table 2). While fiavonoids (1, 2 and 
6) are major components in the acetone extract of heart- 
wood of P. momsomcola, the stilbenes (8, 9 and 12) are 
richly present m P. armandzl 

EXPERIMENTAL 

Plant material The heartwood of Pmus armandn Fr var 
masters,ana Hay was collected m Gu-Kuang County, Talchung, 
m August t984 A voucher specimen, identified by Dr Ta-Wel 
Hu, has been deposated m the herbarium of the Talwan Forestry 
Institute The heartwood was shced, air-dried (1 2 kg) and ex- 
tracted x 4 with Me2CO The combined extracts (39 0 g) were 
subjected to CC on 350 g of SIO2 by eluhon wxth the gradients of 
hexane, EtOAc and Me2CO The components of each fraction 
were analysed by TLC, and the appropriate fractions were 
combined for further purification, by HPLC or by recrystalhs- 
atlon, to give flavonolds 1-7 (4 1 g) and stllbenes 8-14 (16 2 g) 

3~Acetyloxy-5,7-dlhydroxyflavanone (7) Colourless crystals, 
mp 173-175 °, [~t]25 +42 ° (MeOH, c 1.7) MS m/z (rel rot) 314 
[M +] (28), 272 (11), 255 (13), 254 (62), 243 (12), 208 (7), 195 (6), 
166 (21), 153 (100), 152 (23), 124 (9), 120 (60), 118 (27), 103 (4), 91 
(32) IR v KBr cm- 1 3420, 1750, 1630 2~  °H nm (e): 328 (4 300), 290 
(17 000), 223 (16 000), 209(25 500), in the presence of AICI3, 378 (2 
860), 314 (21 000), 215 (24 000), 205 (26 000), In the presence of 
AICIs-HC1 , 380 (3 570), 314 (23 000), 215 (23 600), 205 (26 000) 
1HNMR (CDC13, 300MHz)" 62.00 (3H, s), 530 (1 H, d, J 
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Table 1 Flavonolds m the heartwood of P armandu Fr vat mastersmna. P morr~somcola 

Hay and P par~lflora Sleb et Zucc 

Compound P armandu P morr~sont~ola P par~tflora 

Chrysln (1) *(9 51) *(50 10) * 
Tectochrysln (2) *(0 59l '13 75) 
Strobochrysm *(0 13) 
Cryptochrysln *(0 03) 
Aplgenm (3) *(0 30) *(0 101 
Genkwanm *(O 131 
Gelangm "10 12) 
Izalplnm *(0 18) 
Plnocembrm (4) *(2 61) *(0 15) * 
Pmostrobm (5) *(0 18) *(0 26} 
Porto! *(0 08} 
Pmobanksm (6) *(2 85) *(3 131 * 
Pmobanksm 3-acetate (7) *(3 56) 
&Met hyl-pmobanksm *(046) 
6-Methyl-pmobanksm 3-acetate *(0 32~ 
Strobopmm * 
Cry pt ost robm * 

* Indicates presence and indicates absence of the specified fla~onmd The number m 
parenthes~s Indicates relative percentage content 



Flavonoids and stdbenes from armand pine 

Table 2. Stllbenes In the heartwood of P armandu, P morrtsomcola, and P parvlflora 
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Compound P armandn P morrlsomcola P, parwflora 

trans-Pmosylvin 
trans-Pmosylvln monomethyl ether (8) *(42 80) 
trans-PInosylvln dlmethyl ether (9) *(14 20) 
c/s-Plnosylvm *(0 12) 
cls-Pinosylvln dimethyl ether (10) *(0.12) 
Dlhydropmosylwn (!1) *(0 15) 
Dlhydropinosylwn monomethyl ether (12) *(19 02) 
Dlhydroplnosylvln dimethyl ether (13) *(0 35) 
trans-PInosylvln oxide &methyl ether (14) *(0 12) 

*(0 09) * 
*(38 87) * 

*(0 22) 
*(001) 
*(001) 

*(0 08) 
*(0 07) 

* Indicates presence and - -  indicates absence of the specified stllbene The number in parenthesis 
lndacates relative percentage content. 

=12 Hz, H-2), 5 77 (1 H, d, J = 1 2  Hz, H-3), 597 (1H, d, J 
=2  Hz), 600 (1H, d, J = 2  Hz, H-8), 742 (SH, brs) 

trans 3,5-Dlmethoxystdbene oxide (14) Oily sample, R s 0 53 
(4% EtOAc-hexane), [ct]2o S 0 ° (CHC13, c 1 0) MS m/z (rel. Int.) 
256 [M +] (100), 255 (27), 24l (11), 239 (25), 238 (27), 227 (14), 225 
(10), 208 (3), 165 (11), 91 (17) IR (neat) 1602, 1470, 1205, 1160, 
1085 cm- 1 1H NMR (CDC13, 300 MHz) 63 78 (6H, s), 3 81 (2H, 
s), 6 41 (1H, t, J =2  Hz), 6 49 (1H, d, J =2  Hz), 7 34 (5H, m) 
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