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Ah&act-Pinus krer&i Lecomte is a remarkable pine which on anatomical grounds has been considered 
to belong to the subgenus Huploxylon of the pines in spite of the fact that it has leaves in pairs. Some botanists 
prefer to regard P. krempjii to constitute a subgenus or even a genus of its own, “ Ducampopinu.r”. A chemical 
investigation of the wood of “ Ducampopimu krempfii (Lecomte) Chevalier” very clearly shows that this 
species is chemicahy closely related to the Haploxylon pines and not to those of Diploxylon. Like some pines 
of the sections and subsections of Huploxylon the heartwood contains a series of carbon-methylated flavanones 
among which demethoxymatteucinol is particularly interesting because it contains two C-CHs-groups 
and has not been encountered earlier in any pine heartwood. 

THE genus Pinus has been extensively investigated from a chemotaxonomic point of view 
in this laboratory (see previous papers in this series*). Attention was particularly devoted to 
the phenolic heartwood constituents.1 The volatile constituents, especially the monoterpenes 
of the oleoresins of pines, have been studied by Mirov.2 

On morphological grounds the large genus pinus, comprising some hundred species has 
been divided into two subgencra, Diploxylon and Haploxylon. The former have adult leaves 
borne in clusters of mostly two or three but sometimes five, and the latter in clusters of five 
or occasionally one to four. 

The DipZoxyZon pines were found to contain a characteristic, relatively simple pattern of 
phenolic heartwood constituents consisting of pinosylvin (3,5dihydroxystilbene) and its 
methyl ethers, the flavanone derivatives pinocembrin (2,fdihydrochrysin) and pinobanksin 
(2,3dihydrogalangin). The Haploxylon pines contain the same compounds and in addition 
dihydropinosylvin and tlavone derivatives such as chrysin and tectochrysin. Some groups 
of Haploxylon pines, e.g. those belonging to subsection Strobi of the section Cembra and 
subsection Gerardianae of the section Paracembra (according to Shaw’s classification 3, were 
found to contain carbon-methylated flavonoids, e.g. strobopinin and cryptostrobin (6 and 
8-mcthylpinocembrin, respectively) as well as strobobanksin (6-methylpinobanksin) and 
strobochrysin (6methylchrysin). These results indicate that it is possible to distinguish 
between pines belonging to DipZoxyZon and HapZoxyZon by a chemical investigation of their 
patterns of phenolic heartwood constituents. 

Pinus krempfii Lecomte4 differs to such an extent from other pines that some botanists 

* This is Part 35 in the series “The Chemistry of the Order Pinales”. Part 34 appeared in AC& Chem. 
Scund. 18,572 (1964). 

1 H. ERDTMAN, Pure Appl. Chem. 6,679 (1963) and references cited therein. See also R. HEGNAUFIR, Chemo- 
taxonomie f&r Pjitmzen Vol. 1. Birkhkser, BaseI (1962). 

2 N. T. Mntov, U.S. Dep. Agr. Tech. B&l. 1239 (l%l) and references cited therein. 
3 G. R. SHAW, lk Genus Pinus (Publ. Arnold Arboretum No. 5). Cambridge, Mass. (1914). Cf. also 

W. D- and A. B. JACWN, A Hdook of Coniferae (3rd Ed.). Arnold, London (1948). 
4 H. Lacohnx, wtll. kfus&, Paris 9,191 (1921). 
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regard it to constitute a monotypic genus of its o!\n. Duc.an?poi~irtlrs.~- - This remarkable 
pine occurs in the Nhatrang mountains of Annam. It has smooth bark and fairly broad leaves 
(up to 5 mm) in puirs. The distribution of the stomata of the needle\ i\ somew hat unusual 
as are their resin canals. FlorinX nevertheless considered P. kln~l$r to belong to the sub- 
genu5 iiaploqdorl. 

It appeared to be of considerable interest to imcstignte chemicalI> the heartkiooud of thi, 

strange pme in order to find out whether the pattern of constituents agree\ 11 ith the normal 

patterns of DipfosJ’loa or Huplus~lo~~ or M hether it differs from both of the<c subgcner,l. 
Through the good off%zes of Dr. Tai-Cong-Tung. Saigon, we hai e now been able to inbestigatc 
a small amount of the wood of P. krentpfii. Howeher. owing to the greatly imprn\cd analytical 

techniques no\\ available a fairly detailed study of the phenolic ah \iell ah the drtcrpcne acid> 
could be carried out. Sapwood and heartwood \\eere separately invcstigatcd. 

The results are summarized in the Tables 1 (phenols) and 2 (resin acids). From the 
heartwood. pinobanksin. strobopinin. cryptostrobin, demethouqm~ltteuclnol. shrbsin and 
tectochrysin could be isolated in a pure form. Of these compounds demrthou! matteucinol 

(6.8-dimethylpinocembrin)’ IS the most interesting since it has not before been lzolatcd from 
any pine heartivood. Its occurrence was not entirely unexpected. ho\\c\cr. s~nc’e mono-C- 
methylated flavonoids ha\e pre\ iously been found in pmeh. 
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* S. wpwood; H. heartwood; -. not present in detectable amounts: (9. Identiticntlon 
uncertam: +, identItled h> TLC; . , isolated. 

J A. CHEVALIER. Rcs. Botm. .lppl. Agr. hop. 24. 1 I IY-M). 
h J. T. BucJ~~ro~.z, .-Im. J. Bot. 38. -I ( 19.5 I ). 
- Y. LX FLRRE. Compt. Kcnd. 236,226 (1953). 
h K. FLORK. KR/. .Sr~ntXa I rr~nsA~~~~c~Xu~/. Hum//. TredJe ser.. 10 I I I. MY ( lY.31 ,. 
‘s. FUJISE and A. NAGASAhl. Bw. /Kurt ~hnr. Gw 69. 1893 (IYMb. and 5 FL,IKF ;und T. h;t HC)I 1. &I 
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TABLET. RELATIWAMO~OPVARIOUSRESINACIDSIN 
mm WOOD OF Pinus krempfii 

Percentage of total 

Acid 
> 

’ Sapwood Heartwood 

Sandaracopimaric 
Pimaric 
Isopimaric 

2 1 
_* _+ 
_* _* 

Levopimaric 
Palustic 1 

25 7 

Dehydroabi&c 63 35 
Abietic 9 57 
Neoabietic present(<05) present(x0.5) 

* Could not be detected. 

Pinocembrin, pinobanksin, pinosylvin, pinosylvin monomethylether could be detected 
by chromatographic methods. There are indications that dihydropinosyl$n is also present 
in the wood. 

These results clearly demonstrate that P. krempfii is chemically closely related to the 
Haploxylon pines and differs distinctly from the D@loxylon pines. 

We have, of course, no reason to express any opinion about the justification of raising 
P. kremp$i to the rank of a subgenus or genus Ducampopinus. This is a matter for the 
botanical taxonomists. We are, however, pleased to find that the chemical method has been 
found to be of great value for the characterization also of this unusual pine. 

Chromatography 
EXPERIMENTAL 

Thin-layer chromatographic (TLC) examinations of phenolic materials were carried out 
on silica gel G impregnated with l-5 % sodium ethylenediamine ktraacetic acid (EDTA) using 
methanol-chloroform (3:lOO) as solvent. The compounds were detected by observing the 
fluorescence in U.V. light and by spraying the plates with bisdiazotized benzidine.1o The 

Trivial name structure 

colour of spot 
C 

Bisdiazotized 

Rf U.V. benzidine 

Pinosylvin 3,5dihydroxystilbene 0.09 
Dihydropinosylvin 3,5-dihydroxydibenzyl 0.12 
Pinobanksin 3,5,7-trihydroxyfiavanone 0.27 
Chrysin 5,7-dihydroxyflavone 0.29 
Pinocembrin 5,7dihydroxyflavanone 
Cryptostrobin 8-methyl-5,7dihydroxySavanone 8:: 
Pinosylvin monomethylether 3-hydroxy-5methoxystilbene 0.43 
Strobopinin 6-methyl-5,7dihydroxySavanone 0.52 
Demethognatteucinol 6,8dimetbyl-5,7dihydroxyflavanone @58 
Tectochrysin 5-hydroxy-7methoxySavone 0.67 

bluish violet 
- 

white (luminous) 
brown 
white (luminous) 
bright brown 
bluish violet 
bl-OWXl 
brOwn 
white (luminous) 

dark violet 
red 
darkred 
red 
violet 
orange 
dark violet 
orange 
yellow 
red 

10 G. LINDSTELPT, Acta Ckm. &and. 4,448 (1950). 
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compounds appear as round spots and the Rf values vary somewhat with the quality and 
the dryness of the adsorbent. The R,-values and the colour of the spots are given in Table 3. 
The impregnation of the silica gel with EDTA was found to improve the separation and 
reduce tailing of the various compounds. 

TLC analyses of the methylated resin acids were carried out on sib er nitrate impregnated 

silica ge1.l I 
The gas-liquid chromatographic (GLC) examinations of resin acid methyl esters were 

carried out on a deactivated silicon rubber (I :,, E 301) column.” 

Extraction and Isolation of Componerlts 

The sapuood (225 g) and heartwood (280 g) of a small section of the wood of Pitrm 
krenlpfii were separately extracted according to the following procedure. 

The ground wood was exhaustively extracted with boiling acetone for 24 hr in a So\hlrt 
apparatus. The acetone solution was filtered and concentrated to a brownish syrup. This 
syrup was extracted v.ith boiling ether (2 x 50 ml) leaving an ether-insoluble part (.-l). The 
ether solution \vas estracted with aq. NazCOJ (IO”,,. 3 “50 ml). The combined aqueous 
solutions were acidified and worked up in thr usual \+ay yielding a carbonntc-soluble fraction 
(B). The ether solution ~\a:, then extracted wrth aq. NaOH (5”“. 3 x 50 ml). The combmed 
alkaline fraction\ were acidified yielding the alkali-soluble fractron (C’). The cxtractcd ether 
solution wa\ concentrated to a yellowish, oily. neutral fraction (D). 

1. Supwood. The ether-insoluble fraction (PI, 0.206 gj was nnulysed for phenolic com- 
pounds by means of TLC. None of the phenolic compounds listed In Table 1, \terc dctccted. 

The sodium carbonate-soluble fraction (R, 0.285 g) \vas analysed for phenolic compouncl~ 

by means of TLC (set Tvblr I ) and after csterification u ith ethureal dtazomethane for rc\rn 
acid methyl esters by mean\ of TLC and GLC (see Table 3). Thr rclntivc amounts of the 
various resin acid esters W’CI’C c&mated from the arcns of’ the GLC peak>. 

The sodium hydroxide-soluble fraction (C. O-05 I g) was analyzed for phenolic compoundo 
by means of TLC. The results are given in Table 1. 

The “neutral” fraction (D. O-394 g) has not bocn investigatrd. 
2. I-Jca,‘f~\ oo~/. A TLC analysis of the ether-insoluble fraction (:f, I *I 33 g) indicated the 

prcsencc of small amounts of phrnolic compound\ (WC Tnhtc I L 
7 he sodium carbonate fraction (H. L-719 g) contained both phenohc compounds and 

resin acids. In ordty to get an approkimatc cstunation of the retatt\e amount\ of thr<c t\ro 
types ofcompounds a small amount of the fmctron (W119 g) in pyridinc (0.2 ml) MW tre,.ned 
\vrth Rcsameth~~ldisilr~zaI~t: 10. I ml) according to the‘ method c>f Walss UI crl.” 1 he silylcthcri 
and 5ilylestrrs thus obtained b\cre analyscd by GLC (temp. 190 ) under the conditions 
described in Ref. Il. The rc::ths were identihcd by cnmpari+n \\ith nuthcntic muerials. 
The rclatiie retention times for the hilyl cstcrs of resin act& \icrc \hortcr than tlro~ of the 
\ilyl ethers of the phcnolic compounds. Wc hope to discuss the GLC-.lnalysis ~~f\it>~l den\ ;!- 
ti\e\ of various wood conhtitucnts 111 more detail in a ,ep:uatr pa?cr. 

Fraction B W.LS sho\\n to contarn about 13.5 per cent of re\in acids. 76.2 per cent of 
phenolic compounds and 9.3 per cent of unknovin constituent\. The results of scpar;ttc 
analyses for phenolic compounds (TLC) and for rc\in acids (TLC and G1.C of a mcthytatcd 
sample) are shown in Tables 1 and 2. respectively. 

Sodium hydroxide-soluble fraction (C . 3.844 g): When the heart\\ ood estract was trcatcd 

1’ T. NORI~V and L. Wmt FLT, Acru C&w. Scum/. 17,1828 (1963). 
lz A. C. Wms. JR., R. E. LUNDIU and D. J. STERN. ~atmhrhw~ Lcrrcrs 513 f 19f43. 
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with aq. NaOH according to the general procedure described above a yellow crystalline 
precipitate was deposited which was separated by filtration and then treated with aqueous 
sulphuric acid (2 N). The product was recrystallized from chloroform-light petroleum 
(b.p. 40-60”) yielding pure tectochrysin (0.453 g), m.p. 163-U%.* 

Part of fraction C (l-542 g) in chloroform (5 ml) was adsorbed on silica gel (110 g, pre- 
viously impregnated with l-65 g of the disodiumsalt of ethylenediaminetetraacetate, EDTA, 
and dried at 120” for 12 hr). Elution with the solvents indicated gave the following fractions: 

1. Chloroform (Ch.) (425 ml), 0.0 g; 2. Ch. (80 ml), 0.017 g; 3. Ch. (60 ml), O-275 g; 
4. Ch. (30 ml), 0.360 g; 5. Ch. (60 ml), O-255 g; 6. Ch. (100 ml), O-050 g; 7.2% methanol (M.) 
in Ch. (600 ml), 0.130 g; 8.5 % M. in Ch. (450 ml), 0200 g; 9.10 % M. in Ch. (600 ml), O-057 g. 

Fraction 1 did not contain any phenolic material as shown by TLC analysis. Fraction 2 
was crystalline. Recrystallization from methanol yielded pinostrobin, m.p. 98+100”, 
[ct]n - 51” (c, O-59 in CHCl,). 

Fraction 3 was crystalline and recrystallization from methanol yielded demethoxy- 
matteucinol, m.p. 206-207”, [aID -50” (c, 2.18 in acetone) (Lit.g: m.p. 202”, [&, -5O”, 
in acetone). The compound was easily characterized by its NMR spectrum (recorded on a 
Varian A-60 instrument; solvent 80 % hexadeuterosulphoxide in deuterochloroform). The 
shifts are given in ppm 6 from TMS (internal standard). The spectrum showed the following 
signals: 8 748 (5 H, narrow signal group) due to the aromatic protons of ring B; 6 5.50 
(1 H, part of an ABX-spectrum; JAx 5 c/s, JBx 11 c/s) due to the C(2)-proton; 6 3-O (2 H, the 
AB part of the ABX spectrum; since the A and B protons have similar chemical shifts the AB 
coupling constant could not be observed); S 2.00 (6 H singlet) due to the C(6)- and C(8)- 
methyl groups. 

The mother liquors from the crystallizations of demethoxymatteucinol were analysed by 
TLC and the following compounds were detected; pinostrobin, demethoxymatteucinol, 
strobopinin, cryptostrobin, pinosylvin monomethylether and pinocembrin. 

Fraction 4 on standing &posited crystals which were recrystallized from aq. acetic acid 
(5Oya yielding strobopinin as yellowish needles, m.p. 224225”, [cc]u - 20” (c, O-80 in MeOH). 
The mother liquors contained pinostrobin, demethoxymatteucinol, strobopinin, crypto- 
strobin, pinosylvin monomethylether and pinocembrin. 

Fraction 5 on recrystallization from aq. acetic acid (50%) gave cryptostrobin, m.p. 
1965-W-5”, [I& -32” (c, 148 in MeOH). The mother liquors contained strobopinin, 
cryptostrobin, pinosylvin monomethylether, pinocembrin and chrysin. 

A TLC analysis of fraction 6 (a brownish oil) showed the presence of pinosylvin mono- 
methylether, pinocembrin, and chrysin. 

Fraction 7 was crystalline. Recrystallization from chloroform yielded chrysin, m.p. 
271-273”. The mother liquors were analysed by TLC and the following compounds were 
detected: pinosylvin monomethylether, pinocembrin, chrysin, pinosylvin and possibly also 
pinobanksin and dihydropinosylvin. 

The oily fractions 8 and 9 were analysed by TLC and chrysin, pinosylvin and possibly 
also pinobanksin, dihydropinosylvin were detected in the mixture. One further spot with Rf 
value OW (colour with bisdiazotized benzidine, dark brown) was also detected. 

The neutral fraction (D, 3.114 g) was analysed for the presence of resin acid methyl esters 
by TLC and GLC. However no such esters could be detected and the fraction has not been 
investigated further. 

* AI] compounds isolated (except dcmethoxymattcucinol) were identified by direct COIII~~WIU with 
authentic samples (mixed m.p., i.r. and u.v.). 


