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THE CHE:IICAL COLOSITION OF THE EXTRACTIVES FROM 

DOUGLAS FIR (PSEUDOTSLGA TXIFOLIA BRITT.) 

fl.JTRODUCT I ON 

Throughout the Pacific Northwosl are found exlensive 

slands of Douglas fir. Because of its prevalence and excellent 

structura]. qualities Douglas fir is the major lumber species in 

this region and stands second only to Yellow pine in the total 

produc±ion of lumber in the Thiited States (39). In the rapidly 

expanding plywood industry ib is the principal species used, ac- 

counting for over 95 per cent of this country's past and current 

softwood plywood production. Although its use as a pulpwood is 

confined at present almost entirely to the Kraft process, Douglas 

fir is used extensively in the Pulp axd Paper industry. A more 

recent industrial use of this wood is in the production of ethanol 

by the fermentation of wood sugars obtained by the saccharification 

of saw mill wastes. 

The extractives in woods aro those substances which are 

not an integral part of the cell wall and which can be removed from 

the wood by the action of neutral solvents. Although they are, 

in general, relatively minor components they have important bearings 

on the connerioal utilization of woods. In some species, notably 

the Southern pines, the extractives serve as an important source 

of chemicals, both from waste wood and from by-products of pulping 

operations. Recently, work has been done on the extraction of the 

estern pines with the object of simultaneously recovering valuable 

products and drying the lumber (i). The resistance to decay of certain 
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species, which is of prime irnpor*anoe in the uso of wood for 

$truotural purposc, is a direot reu1t of the preonoe of certain 

extractives. In this respect, the durability of Douglas fir 

heartwood is one of the chief reasons for its extensive use for 

structural purposes. Recently attention has been called to the 

similarity in behavior of Douglas fir and pines in the sulfite 

pulping operation (19) (io). In the case of pino heartwood the 

difficulty of pulping by sulfito liquor was found by Erthan (13) 

to be caused by pinosylvin, 3,5-dihydroxystilbene, and its mono- 

methyl ether, which together constitute only 0.8 per cent of the 

wood. Other phenolic compounds, such as rosorcinol, orcinol, 

phioroglucinol, and pyrogallol, were also found to be quite active 

in inhibiting the sulfito digestion, while phenol and pyrocateohol 

had little or no effect. The inhibiting phenols in the pine heart- 

wood could not be extracted directly by ether, but when the wood 

was first extracted with ethanol or acetone, the phenolic compounds 

were soluble in ether. Erdtinan (14) concluded that the phenolic 

compounds were protected in the wood by "membrane substances" which 

were insoluble in ether but soluble in ethanol or acetone. These 

phenolic compounds also explained the resistance of pine heartwood 

to the attack of fungi and insects (13). The various colors, odors, 

and tastos of woods are also due to the extraneous components that 

may be present. 



HISTORICAL 

A number of analyses of the extractive content of Douglas 

fir have been made in the past. The results have been suntiarized in 

a recent review (22) and are reproduced below. 

Solubility, por cent: 
(ii) 

(8)(l0)(l5) (4) Sapwood. Heartwood 
Hot water 2.0-6.6 7.60 5.0 4.2 

Tther 

Alcoho l-benz ene 

Hot water 

Cold water 

0.3-2.6 0.4 1.0 

1.5-5.7 7.20 1.6 3.3 

Heartwood (34) 

Springwood 
4.67 

3 00 

Sumorwood 
3.76 

2 15 

Successive extractions: with ether, 1.05; alcohol, 3.81; 

water, 1.04; total, 5.9 (21). 

Investigations of the chemical nature of the extraneous 

materials of Douglas fir have dealt for the most part with the oleo- 

resin and the essential oils. The olooresin, which is produced only 

by those trees which have been wounded, was first investigated by 

Frankforter and Frary (is). From the crude resin they obtained a 

terpeno which they called tfirpenett. However, Schorger (38) later 
showed this product to be l-O(-pinene. He also found 1-limoneno 

and 1-terpineol in the oleoresin. from the heartwood and l--pinene 
aild probably l-linionene in the sapwood oleoresin. Other examinations 

of the oleoresin have been made by Mahood (31) and by Benson and 

McCarthy (5). The latter authors noted that the rosin left after 



4 

disti11aion of the o].00resin was very imi1ar 'co oontnercial rOEJin. 

Petrov (33) ha given the essential constants of Douglas fir rosin. 

The essential oil obtained from the wood, as distinguished 

from the essential oil of the oleoresin, has been examined by Johnson 

and Cain (24). The oil was found to be composed of l-°(-pinene 3O, 

l-oamphene 67g, 1-limoneno 14%, 1--terpinool 32.2%, and probably 

sorno sesquiterpenes. These.authors also examined the leaf oil and 

the bark oil (26). Jn investigation of the leaf oil has also boon 

made by Schorger (37). 

Besides the essential oil other extraneous components 

have been reported present in the wood. From the resin obtained 

by extracting the wood with alcohol Frankforter and Brown (17) 

isolated a crystalline resin acid, C17H2402, mp. 143.5-4.5° 0, which 

they called Betic acid. The tannin content of Douglas fir sawdust 

was found to be 1.06 per cent (6). A pectin substance has also been 

reported present (2). Previous work also indicates the presence 

of a water-soluble arabogalaotan and mannose-yielding material (22). 

It has been the purpose of this investigation to obtain 

as completo a picture as possible on the chemical nature of the 

heartwood ex'craotives. Since the nature of the essential oil has 

already been established, the present vork has dealt with the non- 

volatile components in the wood. 
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E:PERIin:'AL PROCEDURE 

Raw Material 

During the course of this investigation three different 

samples of Douglas fir heartwood were used. Snplo I was a slow 

growth sample which had seasoned for an unknom period of time, 

sample II was a slow grow±h sample which had been recently cut, and 

sample III was a freshly cut, rapid growth sample (probably from 

a second growth tree). Sample I id II were a yellow-brovii in color 

v?nile sample III had a pink shade. The samples were individually 

split into amall sticks and then disintegrated in a Greundler Peer- 

less Grinder. Microscopic examinations of the wood were made in 

order to make certain of the species. 

The over-all composition of Sample III, as determined by 

the TPI Standard Methods of Wood Analysis, is given below; 

Moisture . . . . . . . . . . . . . . 9.10% 

Ether solubility . . . . . . . . . . 1.32 

Alcohol solubility . . . . . . . . . 5.46 

Hot-water solubility . . . . . . . . 2.82 

Total extractives . . . . . . . . . 9.60 

Ash. . . . . . . . . . . . . . . 0.175 

Lignin (total sample) . s . s 30.15 
(40-60 mesh sample) . . . . 29.35 

Holocellulose . s . . s s s . s 71.4 

P entosan . s a s . s . . . . . 10.11 

Methoxyl . . . . . . . . . . a . . s 4.75 

The solubilities are reported on the basis of the oven-dry imextracted 

wood and were determined successively in the order, ether, alcohol and 

hot-water. All other analyses were reported on the basis of the oven- 

dry extracted wood. 



Ether Soluble Ciponei 

Extraction. 

Samples I and II were used in the investigation of the 

ether $oluble coniponents. Three kiloGrams of air-dry wood meal 

were extracted in 800 gram batches in a continuous Soxhlet-type 

extractor with ether which had been first carefully freed from 

peroxides. The extract was allowed to accumulate in the boiling 

flask, only enough ether being added between charges to compensate 

for losses. After conmletion of the extraction the ether ex'cract 

was dried over anhydrous sodium sulfate, transferred to a weighed 

rlenmeyer flask, and the ether distilled. The extract was taken 

to constant weight by removing the last traees of solvent at room 

temperature under reduced pressure and in an inert atmosphere of 

burner gas. 

Separation of the extract into component fractions. 

The weighed extract was taken up again in peroxide-free 

ether and carefully washed to remove any water soluble componénts. 

In order to separate all the acidic components from the neutral 

materials the washed ether solution was extracted with cold two 

per cent sodium hydroxide. After washing with 25 ml. portions of 

distilled water until the washings were neutral to phenolphthalein, 

the ether layer was transferred to an Erlerimeyer flask and dried 

over anhydrous sodium sulfate for 24 hours. The dried ether solution 

was then transferred to a weighed Erlenmeyer flask, the ether removed 

under reduced pressure, and the neutrals weighed. 
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The iïaler solution of the sodium salts of the free acids 

was acidified to pH 3 with dilu'ce hydrochloric acid and the pre- 

cipikated organic acids were exracbed ith ether until the wa1er 

layer was olear. After drying he &cher so1uion over anhydrous 

sodium sulfa-be, rerrioving he ether under reduced pressure in an 

inert abmosphere, the free acids were weighed. The acidified water 

layer rendned a red color which was not removed with continued 

e:cbractions by ether. Hibbert and Phillips (20) reported a sinilar 

phenonienon when attempting to recover the acidic materials fron 

jack pine wood. The iount of these water soluble materials was 

determined by the difference in weights of the acids and neutrals 

from the washed ether extract. 

The neutral fractions from the separation of 

and neutrals was saponified with 60 ml. of alcoholic potassium 

hydroxide (approximately five er cent) by refluxing on a water 

bath for two hours. At he end of this timo the contents were 

transferred to a separatory funnel, the saponification flask being 

washed first with ether and then with water, and the potassium 

salts of the acids separated from the unsaponifiable material. After 

washing free of excess alkali with 25 ml. portions of distilled 

water, the ether solution was dried over anhydrous sodium sulfate, 

the ether reiîoved, and the unsaponifiable material weighed. The 

acid salts obtained from the sauonifioation were acidified with 

dilute hydrochloric acid and the liberated oranio acids extracted 

with ether. To precipitate oxidized materials, these acids were 

treated with excess petroleum ether. A very small enount of brown 
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sticky ar separated ou-e and was weithed. The pero1eurn ether soluble 

acids were then separated inbo resin acids and fatty acids by the 

preferential esterification method of Wolff and Schoize (41). ily 

a trace of resin acid matter was obtained from the saponified acids 

in the neutral fraction. 

A separation into etroloum ether solubles and insolubles 

was also made on the free acidic materials soluble in the cold dilute 

sodium hydroxide solution. The acids insoluble in petroleum ether 

were separated from the soluble acids and weighed, while the petroleum 

ether soluble acids were obtained by difference. Those acids which 

were soluble in petroleum ether were then separated into fatty 

acids and resin acids by the method of rolff and Scholze (41). The 

fatty acid esters obtained from this separation were combined with 

those obtained from the acids in the saponifiable material. A 

separation of saturated and unsaturated acids based on the difference 

in solubilities of the lead salts in ether was applied to the combined 

fatty acid fraction. The load salts of the higher saturated acids 

are insoluble in cold other, whereas those of the unsaturated acids 

are quite soluble in this solvent. For this purpose, the methyl 

esters of the fatty acide obtained from the separation of the fatty 

and resin acids were saponified with alcoholic potassium hydroxide 

under reflux for two hours. At the end of this time the potassium 

salts of the fatty acids were poured into a boiling solution of load 

acetate and the precipitated lead salts set aside in an ice box 

over night with ether to dissolve the lead salts of the unsaturated 

acids. The lead salts soluble in the ether were transferred to a 



separatory ftmnol and decornposed with dilute hydroch1orc acid. 

After &t1ing for ten rninu-tes, he lead chloride was rernovod 

and the ether colution washed vih small portions of waber until 

free of chlorides as sho by tests with silver nitrate. The ether 

solution of the acids was thon dried over anbydrous sodimi. sulfate, 

transferred to a weighed Erlerniioyer flask, the ether reroved under 

reduced pressure and in an inert atmosphere of burner gas, and the 

unsaturated acids weighed. In. a similar manner the saturated acids 

were obtained from the decomposition of the insoluble lead salts. 

The unsaponifiable material from the other extract of 

Douglas fir was dissolved in hot 95 per cer± ethanol, diluted with 

water, and set aside to crystallize. The crude phytosterol crystals 

which separated were filtered off. In order to remove all of tl 

phytosterol, the filtrate was treated while hot with 20 ml. of a 

boiling one per cent solution of digitonin in 95 per cent ethanol. 

This solution was added slowly with stirring to the filtrate, the 

mixture allowed to cool, and then set in an ice-box for 48 hours. 

The remainder of the phytostorol was recovered thus as the digitonide. 

The volatile oil in the Douglas fir extract was recovered 

from the filtrate from the phytos-borol precipitate by steam. distil- 

lation. The volatile oil was extracted from the distillate with 

ether, dried over anhydrous sodium sulfate, and weighed. The non- 

volatile portion was removed from the distillation flask, dried, 

and weighed. 

The above scheme of separation is swmnarized in Figire 1. 
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The chemical nature of the cormonent fractions. 

Water solubles. After the separation of the neutrals 

from the acidic materials some 20 per cent of the ether extract 

was found to be no longer soluble in ether and remained in the 

water layer. hen treated with a one per cent gelatin solution 

this water layer gave an immediate precipitate indicating the 

presence of tannin. Treating the solution with hide powder as 

in the conventional tannin assays (3) (P. 112) resulted in complete 

removal of the color from the solution. A quantitative tannin 

determination could not be made directly on the water solution 

because of the presence of sodium chloride from the neutralization. 

However, extraction with ethyl acetato, which is a good solvent 

for tannins, separated the organic matter from the sodiimì chloride. 

After replacing the ethyl acetate by rater and then running a 

standard tannin determination, it was found that 90 per cent of 

the water soluble orgaic matter was absorbed by the hide powder. 

According to the definition of the Association of Offical Agricul- 

turai Chemists 90 per cent of the water soluble components may then 

be classed as a tannin. Since this tannin gave a green black pro- 

cipitate with ferne chloride, an immediate orange precipitate 

with bromine water, and a red precipitate on boilingwith dilute 

sulfuric acid it may be further classed as a phiobatannin. 

Resin acids. i dissolving the resin acid fraction in 

wann ethanol, diluting withwater until turbid, warming to remove 

the turbidity, and allowing the solution to stand, a crystalline 

acid gradually separated. This acid was recrystallized from dilute 



3.2 

ethanol ttntil the melting point was not raised 'by additional 

roorystallizations. The purified resin acid had a melting point 

of 153-5 degrees C, which corresponds to sorne melting points re- 

ported for abietic acid, the resin acid found in pine trees. The 

neutral equivalent of the crystalline acid was found to be 304 as 

compared to the theoretical valuo of 302.4 for abietic acid. A 

sample of technical abictic acid, which was purchased from the 

.Amend Drug and Chemical Co., was recrystallized to a iriaxinrnm 

melting point of 153-5 degrees C. and a mixture of this acid with 

the crystalline resin acid showed no depression of the melting 

point. From these data, it appears that the crystalline resin acid 

in Douglas fir is abietic acid. 

Unsaturated fatty acids. The unsaturated fatty acid 

fraction was liquid at room temperature. Because of the relatively 

small amounts of these acids which were available ño attempt was 

made to separate the mixture of liquid aoids by distillation. Instead 

the mixture was oxidized in a cold alkaline solution with dilute 

potassium permanganate to obtain the crystalline hydroxy derivatives 

of the unsaturated acids, which are readily separated because of 

their different solubilities in water (28) (30, p. 360). From the 

oxidation products a tetrahydroxystearic (sativic) acid, imp. 160-2 

degrees C. (literature value 163.5 degrees C.), and a dihroxysteario 

acid, mp. 131.5 degrees C. (literature values r,e from 131 to 137 

degrees C.), were isolated. Since these acids are obtained from the 

oxidation of linoleic and dele acids respectively, it can be concluded 
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that both linoleic and alele acids were present in the original 

unsathraled fatty acid fraction. In i attenpb o measure he 

relative noun1s of these two acids, the iodine number of the un- 

saturated fatty acid fraction was measured. As determined by the 

Kaufmann niet}iod (23, p. 395) the unsaturated acid mixture from 

sanple I had an iodine number of 73.5, whereas that from sample II 

had a value of 85.6. These values are lower than the theoretical 

values for oleic and linoleic acids (theoretical iodine number 

for oleic acid is 89.9, for linoleio acid is ifli). The neutral 

equivalent of the mixture was found to be 297, as compared to the 

theoretical values of 282 and 280 for oleic and linoleic acids. 

From these data it was obviously impossible to estimate the amounts 

of each acid present in the original mixture. The reason for the 

discrepancies in the iodine number and neutral equivalent is not 

too olear. The lead salt-ether method of separating saturated 

and unsaturated acids is not satisfactory for saturated acids 

below laurio acid. Although the presence of any of these acids 

would lower the iodine number, the neutral equivalent would also 

be low rather than high. Furthermore, the lower members of the 

saturated acids are somewhat volatile and can be removed by steam 

distillation. . steam distilling the unsaturated acïd fraction 

the iodine number was not increased and no acids were found in the 

distillate. The methods of treating the acids in obtaining their 

separation was tried on pure samples of oleic and linoleio acids. 

Apparently the methods employed leave the acids unchanged as the 
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±reated acids still showed their theorctical iodine number. The 

most probable explanation for the low iodine number and high 

neutral eauivaleri± is thab sorne oxidation a the unsaturated link- 

ages had taken place during the seasoning of the wood. Such an 

action could result in a large decrease in the iodine number wid 

a small increase in the neu4ral equivalent as was observed. The 

substantiating evidence for this explaation is that the acids from 

snple I, which had undergone more extensive seasoning, had an 

iodine number over ten points lower than those from sample II. 
Saturated fatty acids. The saturated fatty acid fraction 

obtained from the ether insoluble lead salts was dissolved in warm 

ethanol. fater was added until the solution became turbid, the 

turbidity reioved by warming, and the solution set aside to crystallize. 
A white granular fatty acid separated from the solution and on re- 
crystallization from dilute ethanol avo a maximum melting point 

of 73-73.5 degrees C. The neutral euivalent of the recrystallized 
product was found to be 359, which is intermediate between behenic 

acid (c22Ho2, neutral equivalent 340.6) and lignoceric acid 

(024114802, neutral equivalent 368.6). These pure acids melt 

at 81-2 arid 84-1 degrees C respectively. However, it has been shown 

(16) that mixtures of these acids can not be separated by crystal- 
ization methods and that when obtained from natural sources the 
melting point is always low. For example an equimolar mixture of these 

wo acidu melts at 75.7 derees C. It is likely, then, that the saturated 
fatty acid fraction consists of a mixture of behenic and lignoceric 
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acids, and possibly other closely re1aod acids. 

Phytosterol. The crude phytos±erol crystals which were 

separated from the neura1 fraction were purified by recrystallization 

from dilute ethanol until they gave a maximum ielting point of 133-4 

degrees C. Vhen treated with acetic anhydride and sulfuric acid 

the crystals gave a violet-red color which changed to blue. This 

color reaction constitutes a positive Lieberinann-]3urehard color 

test for sterols (23, p. 363). The crystals also gave a precipitate 

with digitonin. By boiling vth acetic anhydride the acetate of 

the phytosterol was formed arid was found to melt at 125-6 degrees C. 

The melting points of the phj±ostero1 and its acetate agreed with 

those given for the phy±osterol found in longleaf id shortleaf 

pines (27). A purified snp1e of the pine phytosterol was intimately 

mixed with an equal portion of the phy-tosterol isolated from Douglas 

fir and the three melting points determined simultaneously. All three 

samples melted together. From these results it can be concluded that 
the phrtostero1 is the same sterol or mixture of sterols as is found 

in longleaf anid shortleaf pines. 

Volatile oil. The volatile neutral material was a highly 

aromatic liquid at room temperature. As mentioned in the historical 
review this essential oil haz been previously exemined by Johnson 

and Cain (24) and, therefore, was not further investigated in this work. 

Non-volatile neutrals. The non-volatile material which 

was left after removal of the phytosterol consisted of an orange- brown 

amorphous solid mass from which no crystalline products could be 



isolaied. I-t was probably a polymerization product of the terpene 

hydrocarbons vdth which it was associated. 

The above results of the cOEnposition of the ether extract 

from Douglas fir heartwood are su.nnarized in Table 1. Data are 

included for the extracts from samples I and II. 



TABLE I 

COLOSITION OF ETI EJTRACT FROM DOUGLAS FIR 

Por oonl of to-a1 
ether ex±raot 

ainp1e I Snp1e II 

Free Acids 60.8 63.4 

Fatty acids 16.5 

Resin acids 9.7 

Pot. ether insol. acids 34.6 

Ccnbined acids 5.3 

Fatty acids 4.5 

Resin acids 0.0 

Pet. ether insol. acids 0.8 

Total acids 66,1 

Saturated fatty acids Trace 
(lignoceric and Behenic) 

Unsaturated fatty acids 21.0 
(oleic and linoloio) 

Resin acids 9.7 

(abietic) 

Pet, ether insol, acids 35.4 

Unsapoiifiables 9.9 

Phytosterol 

Volatile oil 

Non-volatile material 

Water solubles (by difference) 24.0 

Phiobatannin 21.6 

Non-tannins 2.4 

17,7 

30.7 
15 O 

4.2 

3.8 

0.0 

0.4 

67.6 

2.8 

18,7 

30 7 

15 4 

11.3 

3.9 

2.4 

5.0 

21.1 

19.0 

2.1 

17 



L3 

Acelone Solublé Goniponents 

Extraction. 

In general an ether extraction of plant materials iso1ate 

only the fats, resins, and volatile oils. The tannins, phiobaphenes, 

and crystalline coloring matters are removed only by moro polar solvents 

such as alcohol or acetone. Acetone, vthich is a relatively cheap 

solvent and which can be easily removed fr the extract at low 

temperatures, is ideally suited for the extraction of these materials. 

Accordingly, one and. one-half kilorans of the rnoit wood meal fr 

snple III was extracted directly th acetone at room temperature in 

a large glass jar. After soaking for two day periods the acetone was 

drained off and fresh solvent added to the od meal. After three 

such extractions the acetone was not appreciably colored id the 

extract was then concentrated to 580 nil. by removing the solvent 

on a water bath. To estimate the ernount of extract obtained an 

aliquot of the concentrated solution was dried to constant weight. 

Searation of the extract into ooniponent fractions. 

On pouring the concentrated acetone extract into 200 nil. of 

water a turbid solution was obtained. The remainder of the acetone was 

then ranoved under reduced pressure and the water insoluble components 

floculated by the addi1on of a very small amount of sodium sulfate. 

after the water insoluble material had settled the clear water solution 

was decanted from the insoluble material. In order to ranove the ether 

soluble components both the water soluble and insoluble fractions were 

extracted exhaustively with ether. In this maamier the acetone extract 

was separated into other soluble, ether insoluble - water soluble, 

and ether and water insoluble fractions. 
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As expected from the solubility characteristics of 

tannins, the water solution, when treated with a one per cent 

gelatin solution, gave an immediate floculent precipitate. In 

order to isolate the tannin, the ether e::tracted water solution 

was extracted with ethyl acetate. The bulk of the tannin was re- 

moved by this solvent, the remainder being removed by concentrating 

the water solution under reduced eres sure to a uall volume and 

salting out the tannin with sodium chloride. 

The water and ether insoluble phlobaphene fraction, 
which was originally obtained as a heavy tar, was purified by 

dissolving in acetone and reprecipitating into ethy ether. After 

several such treatments the product was filtered off as an amorphous 

powder and weihed. 

In addition to the components investigated in the first 
part of this work, the ether soluble fraction of the extract was 

found to contain a large amount of a new crystalline p .i oduct. The 

most convenient way found for searatìng this product from the 

normal ether edract components was by fractional precipitation of 
the ether solution with petroleum ether. n amorphous mass of im- 

purities caine down first and was followed by the crystalline material. 
The crude product was then purified by recrystallization from dilute 
ethanol. A search of Beilatein and Chemical Abstracts failed to 
show any substance previously reported which had the properties 
of this crystalline compound from Douglas fir hear-vood. Therefore, 
it has been designated 2udotsujol. 
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The above scheme for fracionaing he acetone extract 

is suxcnerized in Figure 2. 

The chemical nature of the coenponent fractions. 

Tannin and phiobaphene. The tannin which was isolated 

from the water soluble fraction was for the most part still soluble 

in water after its isolation. A water solution of the material gave 

a precipitate with gelatine, a green color with ferne chloride, and 

a precipitate on boiling with dilute sulfuric acid. These tests 

indicated the tannin to be ofthe hlobatannin class. A niethoxyl 

content of 3.4 per cent was found on the tannin which had been 

obtained by salting out from the water solution. Russell (35) has 

stated that the small percentages of methoxyl reported on tannins 

are due to adsorbed solvents and are not an integral part of the 

tannin. However, in this sample the presence of methoxyl can- 

not be attributed to solvents. Because laríer amounts of the cor- 

responding phiobaphene were available the determination of the 

phenolic nucleus was carried out on it rather than on the tannin. 

In order to compare the tuirnin isolated from Douglas fir with other 

tannins the ultraviolet absorption, spectrum was determined by means 

of a Beckman model DU photoelectric quartz speotrophotometer. Bthanol, 

purified by the procedure suggested by Leighton, Crary, and Cohipp 

(29), was used as the solvent. The tannin was found to possess an 

absorption maximum at 287 mp. und to absorb very strongly in the 

neighborhood of 220 n,u. Compared to the spectra of redwood and 

mimosa phiobatannins (9) the shape of this spectral curve is very 

similar. 
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The purified phiobaphene fraction was obtained as a red- 

bron pcxvrder. In order to ascertain the phenolic nucleus present 

in it, a saniple of the phiobaphene was dissolved in 25 per cent potassium 

hydroxide and methylated with dirnthy1 u1fate. The methylated pro- 

duct, which precipitated from solution, was filtered and then oxidized 

with hot alkaline potassium permanganate. Acidification of the fil- 
trale from the oxidation and extraction with ether yielded a crystalline 

dimethyoxybenzoic acid melting at 176-7 degrees G. Lazed melting 

point determinations on this acid with the dimethoxybenzoio acids 

molting at this temperature showed the product to be veratic acid, 3,4- 

dimethyoxybenzoic acid. 11 can be concluded, then, that the catechol 

grouping was present in the original phlobaphene. Other workers have 

shown that phiobaphenes are probably condensation products of the cor- 

responding tannins since thé same phonolic nuclei are found in the two 

materials. Il; is assumed, therefore, that the Douglas fir tnin also 

contains the catochol nucleus. A sample of the phlobaphene, which was 

boiled three times in water to rnove any traces of absorbed organic 

solvents, was found to have a methoxyl conteir of 7.7 per cent. This 

high value of methoxyl compared to the tannin fraction suggests the 
presence of native lignin in the phlobaphene fraction. In isolating 
native lir;nin Brauns (7) purified his material by dissolving in dioxane 

and precipitating into other. The phiobaphene fraction isolated here 

was also soluble in dioxane and was precipitated on the addition of 

ether. Because of the similar solubilities of the t materials no 

method is knovn by which they can be separated. The ultraviolet ab- 

sorption spectrum was measured in the same maimer as with the tannin and 
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was found to be very similar to that of the tannin. It also 

showed a similarity to the sDeotruni reported for native lignin (9). 

The spectra of the tannin and phlobaphene are given in Figure 3. 

Pseudotsugol. After recrystallization from dilute ethanol, 

the crystals of pseudotsugol obtained from the ether extraction 

of the acetone extract were obtained in the form of fibrous white 

r - 25°C. 
needles melting with decomposition at 235-7 degrees C. L 

+ D 
+ 39.8 10 

n. a 50 per cent acetone solution. These crystals were 

first obtained from sample II by extracting the ether extracted wood 

meal with acetone. The amount obtained, however, was very small and, 

therefore, snple III was ethractod directly with acetone in an attempt 

to obtain a larger quantity of the material. hen it was found that 

sple III was particularly rich in pseudotsugol all subsequent work 

was conducted on this snple. 

The fibrous white needles which were grown on a microscope 

slide from a dilute ethanol solution, were found to have anisotropic 

character. Under the microscope some of the crystals showed oblique 

and some parallel extinction, indicating the crystal system to be 

monoclinic. The extinction anglo of those showing oblique extinction 

was found to be 36 degrees measured to the lcng edge of the crystal. 

An inclined optic axis interference figure was obtained, the dark inter- 

feronce band being east-west when the crystal was north-south. From 

the movement of the Becke line, was estimated to 'be slightly greater 

than 1,658. 

The ultraviolet absorption spectrum of pseudotsugol was ob- 

tained in the sanie manner as with the tannin and phlobaphene and is 
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shown in Figure 3. The compound shows an absorption maxiumum at 

290 ny., th another very strong absorption band in the neighborhood 

of 220 n inflection in the curve near 318 m}Á indicates a con- 

cealed maximum in this region. .n absorption band in this region for 

various compounds related to lignin has been interpreted as due to 
an. unsaturated group, either an ethylenic bond or a carbonyl group, 

in conjugation th a benzene ring. (32). 

A Debye-Scherrer photograph of a powdered sample of pseudotsugol 

was taken on an XRD powder canera. Copper lÇ<nickel filtered radiation. 
from an X-ray tube operated at 32.5 kv. and 18 ma. was used on the 

oscillating specimen for 90 minutes. The dian.eters of the diffraction 
rings were measured, and the calculations of the interplanar spacings 

in .Arigstroms are givén in Table 2. Relative intensities were determined 

visually and are shown in parentheses ( d dence, m medium, 2= faint, 
v.f.= very faint). 

The crystals of pseudotsugol were found to be only sparingly 

soluble in cold water but quite soluble in hot water, very soluble 
in acetone, methanol, and ethanol, moderately soluble in ether, and 

insoluble in petroleum ether and benzeno. In a cold dilute sodium 

hydroxide solution it was very solublo bu quickly darkened on standing. A 

zodium bicarbonate solution was not decomposed on addition of the corn- 

pound. In the presence of bromine water the compound gave an irnitodiate 

brown precipitate. On the addition of a drop of ferne chloride solution 
to a dilute solution of pseudotsugol a blue-green color iimnediately 

developed which quickly changed to a pink-violet on the addition of 
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TABLE 2 

12.38 (a) 3.88 (r) 

11.36 (m) 3.71 (f) 

9.50 (v.f.) 3.60 (r) 

8.23 (v.f.) 3.45 (d) 

7.50 (r) 3.36 (rn) 

6.17 (in) 3.29 (v.f.) 

5.84 (v.f.) 3.22 (m) 

5.66 (r) 3.05 (r) 

5.26 (m) 2.79 (f) 

5.03 (r) 2.70 (r) 

4.87 (r) 2.35 (r) 

4.71 (v.f.) 2.26 (r) 

4.19 (m) 2.05 (t) 

2.00 (T.f.) 
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odiurn carbonate, Poassiu permanganate oxidized the compound. Io 

reaction could be obtained wi±h phenyihydrazine or with 2,4-dinitro- 

phenylhydrazine. O treating a dilu-'ce solution of pseudougo1 with 

lead acetate a pale yellow precipitate was fornied which wa o1ub1e 

in the presence of acetic acid. Concentrated u1furic acid diso1ved 

the material with the production of a yellow color. Although the 

compound neutralized a sodium hydroxide solution, a titration curve 

showed that the acidic properties of pseudotsugol are not strong 

enough to be titrated. The above qualitative reactions of the corn- 

pomd are quite similar to those of a number of crystalline phenolic 

coloring matters which have been isolated from various plants. 

Carbon and hydroen analyses and molecular weight deter- 

minations showed pseudotsugol to have the empirical formula C14H1407. 

The molecular weight was determined by the ebullioscopie method using 

absolute ethanol as the solvent. Because of a tendency of the corn- 

pound to decompose the Rast method was found to 'be unsatisfactory. 

No mothoxyl groups were found on the compound. 

analysis. Calculated for 014H1407; C, 57.2, II, 4.76, Mol. wt. 294 

Found: C, 57.3, 57.0; H, 4.63, 4.79, Mol. wt. 296, 311, 293 

In an attempt to identify franents of the molecule the 

compound was subjected to acid and basic hydrolyses. iVhen treated with 

two per cent sulfuric acid on a 'boiling water bath for three hours 

the compound suffered some decomposition but most of the pseudotsugol 

was recovered unchanged. Thi5 lack of hydrolysis in an acid medium 

indicated that the compound was not a glycoside. After treatment of 
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the compound with a ten per cent potassium hydroxide solution at room 

temperature for two hours only a resinous product could be recovered. 

The action of a fjv per cent sodium carbonate solution at room tern- 

pera-bure for five minutes also failed to yield any crysballine 

hydrolrtic products. 

The tetraao&cate of pseudotsugol was prepared by reacting 

with 5 mols of acetic anhydride per equivalent of hydroxyl on the 

compound in the presence of one mol of pyridino. The reacbion was 

allowed to take place at room temperature for 24 hours. At the end of 

this time the excess acetic anhydride was destroyed by the addition of 

water and after striding for an extended period of -birne the acetate 

separated as a white granular product. Attempts at recrystallization 

from dilute ethanol, ether, and a dioxane-water mixture were unsuc- 

oessful. After washing several times with hob water and drying in a 

vacuum dessica-bor the product melbed at 82-5 degrees C. Carbon and 

hydrogen analyses and an aoetyl determination indicated that the pseu- 

dotsugol had lost one molecule of water during the acetylation. The 

water may have been present on the original compound as water of cry- 

stalliza-bion or the loss may have been due to the splitting oxt of a 

tertiary hydroxyl group during the treatment with acetic anhydride. 

Mialysis. Calculated for C14HC6 (CH3CO)4: C, 59.4; H, 4.50 Acetyl, 

38.8 Found: C, 59.l H, 4.98, Acetyl 39.4 

Methylation studies on pseudotsugol. In order to oxidize 

the compound without destrong the phenolic nucleus or nuclei it was 

first necessary to protect the phenolic hydroxyl groups. This was 

accomplished by methyla-bion with diazomethane. I-b was found that 
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comp1eI;e mothylation of the phonolic hydroxyl groups was diffiouU 

to carry oul in an other solùtion of diazoniethaio. It has recently 

been pointed out, however, that certain hydroxyl cnpounds which are 

stable towards ethereal diazomethane solutions are readily inethylated 

if methyl alcohol is added (36). The stability to ethereal diazo- 

methane of phenolic groups ortho to a ketone group is assuned to be 

due to chelation between the two groups. In the case of pseudotsuol 

it was also noied that the addition of methyl alcohol enhanced the 

methylation. The final procedure adopted for the inethylation was to 

treat a solution of 5 grams of pseudotsugol in 50 ml. of methanol 

with an ether solution of diazornothane from 45 grams of nitrosoinethy- 

lurea. The reaction was allowed to proceed for 48 hours in an ice box. 

After evaporation of the ether and diazorn&chane the methylated product 

gradually crystallized from the methanol solution. Since the product 

was insoluble in a dilute sodium hydroxide solution complete inethy- 

lation of all phenolic groups was iñdicated. On recrystallization 

from methanol and drying in a vacuum dessicator light yellow gramilar 

crystals were obtained which started to melt at 140 degrees C. but 

quickly transformed to needles, finally melting at 159-61 degrees C. 

The product contained 29.4 per cent methoxyl, indicating that 3 phe- 

noue or enolic groups had been inethylated. A Rast molecular weight 

determination with camphor gave a value of 331, which is a check on 

the original molecular weight determination. 

The methylated product showed a characteristic color reaction. 

On the addition of a drop of concentrated sulfuric acid to a glacial 

acetic acid solution of the product a deep violet color formed innedi- 
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a±ely. On addition of water the color rapidly faded. The color 

reaction is probably due to the foriation of an oxonium salt which 

is not stable in the presence of water. 

The diazoinethane product was oxidized with a hot alkaline 
potassium permanganate solution. Acidification of the filtrate and 

ectraction .th ether yielded a crystalline acid which melted at 179- 

80 degrees C. and tended to sublime just below the melting point. The 

neutral equivalent and methoxyl content indicated the acid to be a 

diìnethoxybenzoic acid. Llixed melting points of this acid with the di- 
methoxybenzoic acids melting at this temperature showed lowerings with 
all except veratric acid, 3,4-dirnethoxybenzoic acid. It was concluded, 

therefore, that pseudotsugol contains at least one ring attached to 
the rest of the molecule through a carbon and in which the 3 and 4 

positions contain hydroxyl groups. This portion of the molecule ac- 
counts for only two of the three Dhenolic or enolic grou.ps which ap- 
pear to be present. 

The above chemical data obtained for pseudotsugol and its 
derivatives indicate that it is a tetrahydroxycatechol compound con- 

taming besides the two catechol hydroxyls one other hydroxyl roup 

which is phenolic or enolic in character. The ultraviolet absorption 
spectrum further indicates an unsaturation, either an ethylenic double 
bond or a carbonyl group, in conjugation with an aromatic ring. It 
is interesting to note that the compound absorbs ultraviolet radiation 
in the serie regions as the tannin and phlobarhene which aro associated 
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with it. Furthermore, the phiobaphene (and presumably the tannin) 

and pseudotsugol each contain the catechol grouping in their mole- 

cules. 

A sunmiary of the composition of the acetone extract of 

sample III is given below: 

Tannin 

Per cent 

1.7 

PhiobaDhene and native lignin (?) 3.7 

Ether soluble 

Pseudotsugol 

94.6 

24 

Normal ether extract 70.6 



Water Soubie Cpó±a 
1xtraction and separation of fractions. 

The previous other and acetone extractions served to re- 

move the fats, resins, taimin, phiobaphene, aid crystalline coloring 

matter from the wood. Eov:over, the extraneous polysaocharide 

materials in voods are not removed by these solvents but can be 

extracted with water. Accordingly, the acetone extracted wood 

from sample III was extracted tvice with water at roi temperature 

in large glass jars. On concentrating the extract on a water bath 

and under reduced pressure to a small volume and then adding ap- 

proximately four volumes of ethanol, over 70 per cent of the extract 

was obtained as a floculent light colored precipitate. This preci- 

pitate was separated by centrifuging. By dissolving the precipitate 

in a little water, adding ethol to the point where only a very 

small uount of precipitate was formed, and then recentrifuging, 

most of the colored impurities were carried dow'n with this first 
precipitato. Subsequent precipitation and separation of the re- 

mainder of the material gave a practically pure white material. ).fter 

washing the product twice with ethtiol and tce with ether it was 

obtained as a white powder. The material not precipitated from the 

concentrated extract by ethanol was found to be a brown semi-resinous 

product. It was not further investigated but presumably consisted 

of tthumic acidstt and any taruiin it removed by the acetone extract. 
The chemical natur e of the pr ecipitat ed o arbohydrate 

The precipitated white powder showed the following pro- 
+ pertiess [°1 +23.8 10 , it did not reduce a hot Fehling's 
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solution but if first hydrolyzed with a few drops of sulfuric acid 

it thon showed a strong reducing power, it darkened noticeably around 

255 degrees C. but did not melt below 285 degrees C. 

A standard pentosan determination showed the presence of 

4.6 per cent pentosan in the material. Using the method of Dickson, 

torson, and Link (12) the powder was found to contain 3.8 per cent 

uronic acid anhydrides. Oxidation with nitric acid gave muoio acid, 

mp. 213-4 d. . Since muoio acid is obtained from the oxidation of 

galactose it can be concluded that a galactose yielding material is 

present in the white powder. A subsequent analysis according to the 

Bureau of Standards method (40, p. 218) showed that 81.4 er cent of 

the precipitated carbohydrate material was a galactan. In order to 

test for the presence of glucose the filtrate from the mucic acid 

determination was neutralized vith potassium carbonate arid then treated 
with acetic acid until a strong odor of acetic acid was obtained. 

If glucose is present potassium acid saecharate should be formed under 

these conditions. However, none ofthis material could be isolated. 
Tet f the presence of mannose wore carried out by hydrolyzing 

the material with tv per cent sulfuric acid until a reducing sugar 

determination indicated 94.5 per cent complete hydrolysis based on 

galactose. Nearly 14 hours of refluxing in a boiling water bath were 

necessary to reach the degree of hydrolysis. The hydrolyzate, after 
neutralization with barium carbonate and concentration under reduced 

pressure, was treated with phenythydrazine in acetic acid. Afta' 

standing in an ice box for 24 hours no crystals of mannoso phenyl- 
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hydrazono could be obtained. Under identical conditions the mannose 

from a known mixture of 90 per cent galactose and 10 per cent 

mannose could be readily detected. The absence of mannose in this 

polysacchardie which aptears to be contrary to another report (22) 

may possibly be due to the method of extraction. The present carbo- 

hydrate material was obtained by a cold water extraction. No in- 

dication of the method of extraction was given in the other report 

but it is quite possible that hot water was used. 

The analysis of the precipitated carbohydrate fraction 

is given below. 
Per cent 

Pentosan 4.6 

Uroiüc acid anhydride 3.8 

Galnotan 81.4 

Undetermined 10.2 
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DISCUSSION 

The general survey of the extractives in Douglas fir 

heartvood ha revealed oer'tain interesting points. In he ether 

extract it was found that only the fatty acids vare preeift both 

in the combined nd unoombined states, the rezín acids being isolated 

only a the free acids. 5inoe tannins are soluble only to a limited 

extent in ether the isolation of a considerable portion of the ether 

extract as tannin was not expected. However, frmi the behavior of 

the tannin during its isolation it appears that the tannin must have 

been chemically bound to sQne other component and was erbraoted 

with it. T]jj5 chemical linkage was presumably hydrolyzed during 

isolation of the Thus, the taimins, which were originally 

readily soluble in ether and not washed out by water, were now readily 

soluble in water and not exraoted by ether. Although no tet for 

tiins were made, it is possible that the "dark red aqueous solution" 

from the ether extract of Jack pine, which Hibbert and Phillips (20) 

found could not be extracted with ether after removal of the acids, 

was also tannin maorial. 

As is generally true, the type of wood sample which is 

selected for analysis appears to have a marked bearing on the corn- 

ponorrs which aro isolated. Thus, from a comparison of the other 

extract from srnples I end II it wld appear that seasoning de- 

creases the amount of petroleum ether soluble resin acids which can 

be isolated. A more striking example is the amount of pseudotsugol 

in different samples. In a slaw growth sample (sample II) only a 



very is11 a2nount of the acetone exiract was found to contain this 

component, whereas in a rapid growth ssmple (sample III) some 24 

per cent of the acetone extract (approximately 0.8 per cent on the 

basis of the oven dry wood) was isolated as this component. 

The fact that psoudotsugol could not be ecracted. 

directly from the wood with ether but was easily extracted with 

ether from an acetone extract of the wood suggestthe possibility 

that Erdtman 's so-called "membrane substances" (previously referred 

to in the historical survey) prevent the ether from originally dis- 

solving the pseudotsugol. From the analysis of the acetone extract 

it would appear that in the case of Douglas fïr these "membrane 

substances" can only be tannins and/or phlobaphenes and/or 

native liiin. 
The close similarities observed between the crystalline 

coloring matters in wood and their accompanying tannin has led to 

the belief that they are structurally related. The compounds are 

generally found closely associated in the voods and very often contain 

the same phenolic nucleus or nuclei, ifl the case of the Douglas fir 
it has been noted that pseudotsugol absorbs ultraviolet radiation in 

similar wave bands as the tannin and that both materials contain a 

catechol nucleus. 

The major constituent of the water solubles was found to 

be a galactan. Mixtures of galactens have been found in larch wood 

and other conifers. The galactan isolated from ouglas fir differs 
from the galactan in larch by its lower paitosan content and its 
slightly greater optical rotation. 
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SUMMARY 

Three specimens of Douglas fir heartwood were 

examined for the chemical composition of their extractives. 

In addition to the volatile oil which had. previously been 

examined, the materials found in the present investigation 

were: oloic, linoleic, behenio, ].ignoceric, ath abietic 

acids; phytosterol; a catechol tannin and phlobaphene a 

new crystalline catechol compound which has been designated 

pseudotsugol; and a galactan. 
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