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INTRODUCTION 

IN A previous paper1 the underlying cause for “inactivation”, a heat-induced change in the 
surface of wood veneer that inhibits difFusion of moisture into the wood themby causing 
subsequent gluing di%ulties, had been investigated. It was demonstrated, by the use of 
Douglas srt wood (Pseudotsuga menziesii (Mirb.) France), that the formation of an in- 
activated surface could be prevented by extraction with light petroleum, either before or 
afterthewoodwasdlied. 

The objective of the work described here was to examine compositional differences of the 
light petroleum extracts from these veneers in order to tid the agent(s) responsible for 
inactivation. Veneer was collected from British Columbia Coastal and Interior-type Douglas 
ti trees that exhibited no, moderate, or severe susceptibility to the development of 
inactivation gable 1). The Coastal tree chosen for this investigation had shown no effect of 
high temperatun~;~ it provided the nonsusceptible material. Veneer was collected from the 
sapwood, the outermost heartwood (Heart 1) and at an intermediate heartwood (Heart 3) 
position to provide replicates of this type of wood (see Ref. 1 for complete descriptions). 
Since the sapwood, outer heartwood (Heart 1) and intermediate heartwood (Heart 3) 
positions of the tree labelled Quesnel ti had shown varying susceptibility to inactivation,1 
veneer was collected from these positions. A sample was also taken from the very susceptible 
intermediate heartwood (Heart 4) position of the Interior-type specimen called Tree 3 and 
from the anomalous inner heartwood (Heart 5) position of the same tree which was not 
susceptible to inactivation. 



Since it had&m found pcmiie to earat the causal agent of lotion aibr dryins 
the veneer, 8 father was coikctcd from the &art 4 position of Tree 3 and d&d for 
40 min beyond the condition. If component changes taking place in the petroleum 
ether cxtractivcs are tbc causal apt, tbcsc should appear as difkrcnccs in the cxtractivcs 
rcmovcd before and after drying fkom matched spccimcns. 

The following extractivc~ have been found previously in I3011glas fir. Johnson and Cain2 
obtained a 349 per cent yield of voiatilc oil from the wood which contain& 322 per ant 
ac-terpincof, 30 per cent q$ncne, 1 and 6 per cc& camphene. Graham 
~K~3ch~~~ with ctbcq acctonc and o&d water 
from tbrec di%rer& samples of Douglas fk, but did not specify the from which their 
sampks were obtained. They wcrc able to identify abieti$ olcic, iinoleic and iignoccric 
(t~oic) acids, ph~o~l, and a crystalline flavanane. The latter was shown by 
Pew4 to bc dihydxquem&n. Other phenoiics found in the wood have been noted by 
Hcrgcrks Clark et d6 isolated eicosanoic, docosanoic, tetracosanoic, and oleic acids, 
cicosanol, d~o~ol, docosane, ~~~~ and hcxacosanc in a study of the hydrolysis 
ptoducrsofali~~idueofDou~~itr;itwas~~thattbeseoompowtdscamefrorn 

6 I. T. CLARK, 3, R. Hms and E. E. HAMS, J, Anr. Chum. Sm. ‘7% 3729 WMSt. 



the or&in&l Wood. Mamll and W&an7 isolated 4+tolyl)-l-pentan from kr& liquor, 
tedthat itwasfomedfmmy-cmum~. 

~t~~~~~~~ 

RESULTS AND DISCUSSION 

The c&mcts from the various veneer set5 were fhctionated a4amdhg to the method 
outlii in Fig. 1. Yields of the various fractions are given in Table 1. The fractions obtained 
~~~ a variety of ~~q~ as shown in Fig. 1. 

~~~~~ 

I 
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A great variation in extractive yields was found within the species and in di&rent growth 
zones at the same level of a single stem (Table 1). The variation in percentage compositions 
of the major fractions between trees and position with a tree was also remarkable. For 
example, the sample from Tree 3-Heart 4, which showed the highest degree of susceptibility 
to ovation, also had an inor~~ly large s~-vo~~e conteM (19.87 g of volatiles 
compared with 7.37 g of non-vogue per kg of wood). Although there was no apparent 
correlation between the type of volatiles found and inactivation, a second sample from this 
material was examined and found to contain 919 g of total extract per kilogram of wood, 
most of which was non-volatiles. It would appear, then, that the first sample contained a 
“pocket” of volatile material. 

(a) Stemrt volatilis. The major component was cqinene although many other &penes 
were detected. Twelve unknown oxygenated terpenes or sesquiterpenes were also detected 
(unknowns A-N, Table 2). There was no pattern within the volatile fraction that was 
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consistent with the susceptibility of the various wood samples to inactivation. All of the 
components found in Tree 3-Heart 4 and Quesnel fir--Heart 3 were present in one or more 
of the samples from the Coast except terpinolene and this was absent from Tree ‘I-Heart 4, 
after heating. 

The volatile fraction did not give the same results with GLC and TLC. The much wider 
range present iu the fraction heated in the chromatograph probably contained products of 
rearrangement or polymerization due to the high temperatures employed. Evidence for this 
was that the material from Tree ?-Heart 4 that was heated for a total of 120 min at 185” 
contained only these higher-boiling materials, most of them unknowns. 

(b) Resin ad&. It was shown that all resin acid methyl ester fractions contained the same 
major components in the same relative amounts. The esters of abietic, dehydroabietic, 
pimaric, and isopimaric acids were present in all fractions, together with traces of dehydro- 
abietic acids and of seven unknown components. On the paper chromatogram three major 
components appeared in all samples. By comparison with published data9 and commercial 
standards, these were shown to be the dehydroabietate, the abietate and the pimarate- 
isopimarate methyl esters. There was complete agreement between these data and those 
obtained from GLC 

(c) Combzneafhrty o&k These acids, analysed by GLC as the methyl esters, were a 
mixture of the saturated monocarboxylic acids containing from 14 to 19 carbon atoms. In 
addition, the esters of oleic, linoleic, and linolenic acids were also found. All materials had 
exactly the same composition except the anomaIous Tree 3-Heart 5, and Tree 3-Heart 4 
which had possible traces of a C, saturated acid in the dried portion, although this was 
probably an artifact The presence of fatty acids with an odd number of carbon atoms was 
not surprising. 

(d) Combkd&&ools UP& Illisclpoltffiobzes. Again, ahftions were found to contain the 
same major components in similar amounts. Compounds ident&d as present were glycerol 
and sitosterol. The presence of another sterol (probably stigmasterol) and other fatty 
alcohol were indicated together with several unidentiikd compounds present in minor 
amounts. There was no minor component rest&ted to the susceptible veneer. 

Paper chromatography showed the presence of glycerol in all fractions. Therefore, the 
fats present in the wood were presumably all glycerides. TLC indicated the pmsence of 
sitosterol and another plant sterol, as well as unidentified alcohols. 

(e) Free fai@ u&k In genera& the major component of the frte fatty acids was linoleate 
although reasonable amounts of stearic and pahnitic acid esters were also found. Table 3 
contains the complete list of all fatty acids found. 

Only in the fatty acids was there a pattern that correlated with the degree of susceptibility 
to inactivation. The Coastal Douglas 8r, which was apparently insusceptible to inactivation, 
containedmaialv~horter-chain,~~a~acids,someClsunsaturatedorsaturated~~and 
only traces of saturated acids above C is. The Quesnel fir, which showed some elfect of over- 
drying (inactivation), contained amounts of the C&, or higher, saturated acids which were of 
greater concentration in the more susceptible material. Tree 3-Heart 4, which was very 
Wceptibletothe development of inactivation, contained a relatively large amount of 
eicosanoic(Caa)anddoco~o~(C2a)acids,andthelatter homologuewaspresentinrelatively 
large amounts in the hearted material* together with some tetracosanoic (Cd acid. The 
anomalous Tree 3-Heart 5 sample contained only traces of fatty acidswithnomeasurable 
amount of any one acid. 

9 P. DANIELS and C. Fhza., Ada Gem. sbmd. la.1530 (l!X2). 
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TABLET. FkEI3FAlTYAClISFOUNDIN~OLEUMRTHERRXIltA~FROMVARlous#)9moNs wcOAsrALAND 

INlRRlORDOUGLASFiR 

sampla’ Cl2 Cl4 Cl6 cl6 Cl8 cl8 cl8 cl8 c, c22 c24 

coastfir 

!$zzY + t + ++ ++ t ++ t ++ ++ + 
Heatt3 ++ + ++ ++ ++ t t t t 

Interior6r 

~pwood ++ ++ ++ ++ ++ t 
Heart1 ++ ++ ++ +I- + 
Heart3 + + ++ ++ ++ ++ ++ t : 

Intcrior~ 
Tree3 

izif 
+ + + + ++ ++ ++ ++ 

Traces only-no ckar evidence of any one acid 
Heart4drkdandcxtracted t ++ ++ ++ ++ t t ++ ++ 

l FordmcriptionofsampksaecRcf.landandTabk1. +* Identified by GLC using known standards. 
++Larsspeak. 
+ Smallpeak. 
tPmultonlyintreceamount. 

The thin-layer chromatogram gave results that agreed with those of the gas-liquid 
chromatograph. For example, the Coast-Sapwood sample showed definite spots for C12, 
C14, C16, Cls and Cm acids with the last a very faint spot. Tree ?-Heart 4 showed spots 
for C12, Cl6 Cl6 Cls and clearly visible spots for CzO and C,. 

These results show that the discrepancy between the results of Graham and Kurth3 and 
D&sler and Shiu$* noted in the introduction, could have been another man&station of the 
diEerent fatty acid balance between types of Douglas fit. Graham and Kurth, who found 
oleic, linoleic, and lignoceric acids, could have studied the Interior-type tree. Conversely, 
D&x&r and Shiti who found steak acid could have studied a Coastal-type tree. 

CONCLUSIONS 

The total petroleum ether extract yield and the yields of steam volatiles, fatty acids, resin 
acids, combined acids, and unsaponiables varied greatly between trees and within tree 
samples, 

Steak, oleic, and smaller amounts of linoleic and linolenic acids were common to all 
samples. The Coastal Douglas fir contained these acids and the lower, even-numbered 
homologues with from ten to sixteen carbon atoms. The Interior tree samples, while they 



too contained these homologues, also contained the higher eveu-numbered homologues, 
Czs to C;. aloud several ~rn~ne~~ of the mmaming fractions (steam volatile& resin 
acids, wm~~~aadunsa~~bl~~~i&n~,tfrerewerenodiff erencesbetween 
fractions from each of the two types of Douglas I[ir. The steam volatiles contained the 
&wpenes OL- and &pinene, camphene, ~aphe~~~, and mne as major components, 
toge&er wltb small or trace amounts of most of the other common cyclic terpenes (perhaps 
from isomer&&on) and approximately twelve unknown oxygenated terpenes or scsquiter- 
penes. Resin acids present were tbe common abietic, dehydr~~c, pimaric, and im 
pimaric. Insigniftcant amounts of waves were present so thecombined acids were present as 
glycerides. These acids were odd and even carbon number fatty acids from Cl4 to Cis 
inch&e. Glycerol was ideuti&d fern the saponification of these fats. The unsaponiflables 
inclti sitosterol, another astir sterol drably hostel) and other ~~~~ 
alcohols. 

The twqtition and description ofveneer ~~1~~~ been described.” Twelve veneer 
sheets from each wood sample were extracted for 12 br in two lots of light petroleum, main- 
tained just below the boiling point. The solvent was combined and mcovemdonaiIash 
evaporator under vacuum. The veneer was washed with fresh solvent, the wa&ings were 
addedtothcmainbody,andasmaliX~o~tofwaterwasremovedusinga~to~funmt. 
The viscous, brown extract was lyophii and kept at about - 36”. 

Pure referen@ samples w&e used for characteriration ofunknowns by varlous chromato- 
graphic techniques (see Fig. 1). These were obtained from the following sources; terpenes 
from IL & IL Laboratories, Inc. ; abktic acid fatty acids and their esters from tuition 
Biochemicals Co. 

(a) Sfm vo~%ti~~. The extract was steam distilled ~til no further material came over. 
The distillate was washed with ether into a separatory funnel at 1” and separated, The water 
phase was chilled and washed with ether twice more. The ether ~~ were combined, 
dried over Nazso,O and the ether removed on a flash evaporator at 21“ in a tared flask. This 
fMonwas examined by gas-liquid c~o~~~aphy (GLC) using the method of Haslam 
and Je&.“s Also, the of this fraction were examined by GLC 
usinga 12ftx*iu. (0 tb14pcrcentsiliconegumQF-lonGas 
chroIllC~at1160°andaflowrateof60mtper~ofh~~. 

(b) II4sxe8. The dried non-volatile extract from the previous separation was dissolved 
in acetone and kept at about - 12” for four hr. The precipitate (waxes) was recovered by 
centrifuging. The yields were too small for further investigation. 

(c) Fw acti. The residual extract was recovered from the acetone of the wax precipita- 
tion, dissolved in ether (25 ml) aud washed with 5 per cent potassium carbonate sohrtian 
(3 x 20 ml). The free acids were recovered from the aqueous layer by a&ill&ion, ether 
cxtractlm drying with sodium sulpha@ and evaporation. The fhtty acids were separated 
from the resin acids by the method of Wolff and &h&e11 in which tbe fatty acid methyI 

1s J. H&SLAM and A. R. Jaws, AAaljrJt 87,658 (1962). 
‘111. worm and El. E+IcHwq -ezr* 3s, 369 (1914). 
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esters are formed. After the separation, the resin acids were methylated with dime 
in ether. 

GLC of the fatty acid methyl esters was accomplished using two techniques: (a) a 
10 ft x + in. (O.D.) S.S. Column packed with polyester LAG2R-446 (30 per cent) on Gas 
Chrom CLA at 230” and 144 ml/min of helium, and (b) a 6 fi x + in. (O.D.) aluminum column 
packed with silicone oil SE-30 on flrebrick with the temperature increasing linearly from 
150” to 300” in 15 min at a helium flow rate of 75 ml/min. Thin-layer chromatography (TLC) 
was carried out on silica gel SG-DF5 (Camag) with hexane : ether : acetic acid (85 : 15 : 1) as 
developing solvent and concentrated sulphuric acid : nitric acid (1: l), followed by heat, as 
detecting reagent. 

The resin acid methyl esters were examined by the paper chromatographic (PC) technique 
of Daniels and EnzelLg GLC was also employed, using a 6 ft x + in. (O.D.) S.S. column 
packed with neopentyl glycol adipate (15.9 per cent) on Gas Chrom CLA at 220” and a 
helium flow rate of 140 ml/min. 

(d) Saponification of fats; unsaponifiables. The ether layer from the free acid separation 
was evaporated and the residue sapon&d by refluxing with 5 per cent ethanolic potassium 
hydroxide (100 ml). The ethanol was evaporated and the residue partitioned between ether 
and water. The water layer was acidified to yield the combined acids. They were taken up in 
ether and methylated with boron trifluoride-methanol reagent.r2 The combined alcohols 
from the fat sapon%cation and the unsaponifiables were determined by PC with Whatman 
No. 1 paper, butanol: acetic acid: water (4:l: 5 upper phase) developer, and periodate 
permanganate spray detecting reagent. The temperature programmed GLC method de- 
scribed above and TLC on silica gel SGDFS using ether: hexane: acetic acid (50: 5O:l) as 
developing solvent, together with the previously described detecting reagent, were also used. 
The combined acids from the saponification of the fats were examined by the GLC methods 
described above. 

l2 L. D. hhmx~~~ and A. A. scmirrz, Anal. Chetn. 33,363 (1961). 


