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TEE CONSTITUENTS OF DOÍJGIJ FIR BARK EATRACTIVES 

(ps:uroTsuGA TAXIFOLIA BRITT.) 

INTRODUCTION 

In such industries 88 ku1p and Paper, flywood, and Lumbering, 

much of the waste produced is bark. ost of this material is used as 

fuel or is burned as a means of disposal. The need for more efficient 

utilization of lumber has fostered the development of mechanical de- 

barking methods and has stimulated research to find economically 

sound means for utilizing the bark produced. 

Some recent uses of bark are based upon the mechanical sepa- 

ration of the material into cork, fiber and powder. These fractions 

are employed mainly as fillers in the Linoleum and Plastics indus- 

tries. Another recent industrial use of waste wood and bark is in 

the production of ethanol by the fermentation of sugars obtained by 

saccharification of the wood wastes. c;ther possible means of uti- 

lizing bark may be in the extractives obtained by the action of neu- 

tral solvents on the bark. In the case of the Southern pines, the 

extractives serve as an important source of chemicals both from 

waste wood and from by-products of pulping operations. In general, 

the extractives are present as minor constituents, however, they 

have much influence upon the coiercial utilization of the wood. 

The resistance to decay, the color, odor and the medicinal value of 

various woods and harks are directly due to the extractives present. 
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Douglas fir is the major lumber species in the Pacific north- 

west, and is one of the most important lumber species in the total 

production of lumber and plywood in the United Btates. Because of 

the vast supply of Douglas fir bark available as a source of raw ma- 

terial, this investigation was undertaken to develop further infor- 

mation on the distribution and chemical nature of the materials sol- 

uble in organic solvents and water. Particular emphasis was placed 

upon the waxy components of the bark because of the possible utility 
of these substances. 
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HISTORICAL BACKGROUND 

iot a groat deal of information concerning the extractives 

from Douglas fir bark has been pub1ihed. In previous work upon the 

extractives from Touglas fir bark, arth (18, p. 327) reportad the 

presence of a wax which can be removed by means of hexane. An e8tor 

of xne1isio acid nd an unsaturated alcohol, as well as free inelissic 

acid were indicated s possible constituents of this wax. Weiser 

(19, p. ol) reported the presence of docosanol-i and lignoceryl alco- 

hol in a high boiling, petroleum ether extract of Douglas fir bark. 

Other components which have been ewined include the volatile oils 

obtained from the bark. These were characterized as tarpanes by 

Johnson and Cain (9, p. 495). Since the nature of the essential 

oil has been esta1lished, the present work has not dealt with them 

other than to report the yield obtained. 



EXPERIMENTAL PROCEDURE 

The Sample8 

Samples of the bark used in this investigation were collected 

from trees in the area of Molalla, Oregon in August 1947. These trees 

had been felled one month prior to the time of sarn1ing. The sped- 

meus analyzed were taken from the bases and tops of trees in the 

three ae groups shown in Table 1. 

Age Group 

57-70 years 

0-95 years 

l50-2ó0 years 

Table i 

Average Age of 
Trees Sampled 

b2 years 

86 years 

200 years 

Average height 

2 Top Sample 

30 ft. 

54 ft. 

116 ft. 

Five pounds of Lark were taken from the base of each tree 

and a like quantity was taken frora the top at the average height 

indicated in the table. This same procedure was followed for each 

of five trees in the particular age group; composite samples were 

thereby obtained totaling 25 pounds each. These samples were ground 

to pass a No. 12 Standard U. S. sieve and then air dried to a mois- 

turs content of about 8 per cent. 

ristribution of Extractives 

The distribution of various extractives with respect to age 

groups and position of the bark on the tree was determined in the 
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following manner. Duplicate 40 gram sa:rtples of the air dried bark 

containing a predetermined amount of moisture were extracted suecas- 

sively with hexane (Skelly Solvent 13), and then witì. acetone. Soxhiet 

type extractors were usad in these determinations. The solvents were 

removed from the extractives by evaporating the extract to dryness 

followed by one hour in an oven at 100°C. 

iater soluble contents of the solvent extracted hark residues 
were determined by the Technical Association of the Pulp and Paper 

Industry Method, T 1 in, (ltd). 

Hexane was selected because of its solvent action upon fatty 
acids, oils and waxes; acetone was used as a means of rernovixig the 

more polar substances such as tannins, phiobapheries and resins. íatar 
also removes some tannins along with the salts and carbohydrate mate- 

rials. The experimental findings are shown in Table 2. 

Table 2 

Distribution of Extractives in Douglas Fir Bark 
Per Cent of Oven ïry eiht of Bark 

Age Sum of 
Group Sample Hexarie Acetone iater 3xtractives 
7-70 Top 3.4 13.70 14.75 31.99 

years Bottom 4.76 17.14 7.14 29.04 

Top 3.96 ló.l0 9.61 29.69 
years Bottom S.47 16.48 9.14 31.09 

150-260 Top 3,84 12.60 11.50 27.94 
years Bottom 5.96 16.48 7.20 29.64 

o large difference in the sum of the three extractive con- 

tents was observed between the old and young trees. The sum of the 
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extractive content8 was found to he approximte1y 30 pr cent in the 

top and bottom samples. The hexne extractive wss a light-colored, 

WHX material, meltiri point 9 to b4°c. as eternined by means of a 

Fisher scientific Co. melting pOint block. Yields of thi8 extractive 

varied from 3.54 per cent in the top bark of the yourgest trees te 

5.90 per cent in te bottom hark from the oldest trees. 

Acetone solubles were found to range from 12.00 per cent in 

the bark from the tops of old trees to 17.14 per cent in the bark 

from the bottom of the young trees. 

Water soluble extractives were found to range from 7.14 per 

cent in the bottom bark of the youngest trees to 14.75 per cent in 

the top bark of the youngest trees. 

The distribution data Indicate that the highest content of 

the hexane extractives is found in the bottom bark samles and in- 

creeses in amount with the age of the tree. The bottom bark also 

exhibits the highest acetone soluble portion with the highest per- 

centages being found In the specimens from the youngest trees. The 

highest wuter extractive contents were exhibited by the top bark 

samples with the greatest quantity being present in the youngest 

sample. it is interesting to note that the 3O to 95 year bark did 

not show much difference in the extractive distribution between the 

top and bottom bark samples. 
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Extraotion of the Sample for Analysis 

One kilogram of the bottom sample of bark from trees in the 80 

to 9 year age group was extracted successively with hexane, chloro- 

form, ethyl ether, acetone and water as shown in Table 3. Prior to 

extraction, the sample was air-dried, ground in a Gruendler hammer 

mill and then further round in a Wiley mill to pass a No. 12 Standard 

U. S. sieve. The moisture content at the time of extraction was ó.93 

per cent. The solvents were selected and used in the order given 

because fairly clear cut fractions were found to result when the bark 

was extracted in this manner. The solvents were removed from the 

bark between each successive extraction b spreading out the bark in 

a ventilating hood until the odor of the solvent had disappeared. 

All extractions except the water extraction were carried out in a 

Pyrex glass Soxhiet extractor. The extractor used had a capacity 

of approximately 500 grams of bark and employed three liters of 

solvent. ileating was done by means of au electric hot plate with 

rheostat control. The yields of etraetives are given in Table 3. 

Table 3 

Pouglas Fir Lark Extractives 50 to 95 Year Bark 
Per Cent of Oven Dry eiht of Bark 

Solvent Yield 

1. ilexane 4.18 
2. Chloroform 2,52 
3. Ethyl Ether 5.95 
4. Acetone 7.70 
5. ater o.ó8 

Total 27.03 
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Hexane Soluble Components 

The solution of hexanc soluble extractives vras cooled to room 

temperature and a white crystalline solid wos found to separate out. 

This precipitate was filtered, washed with heiane and dried to con- 

stant weight in a vacuum oven at 50°c. The :ield, 14.2 grams, 

amounted to 36.4 per cent of the extractive and as analyzed as a 

separate fraction, B, of the hexane soluble components. 

The filtrate and washings were reduced in volume to 300 ml. 

by means of a hot water bath and reduced pressure. This concentrate 

was evaporated to dryness and then placed in a vacuum oven at 50°C. 

for one hour. The yield was 24.7 grams, ô3.6 per cent of the ex- 

tractive, and was designated fraction A of the hexane soluble 

components. 

Praction A, Soluble in liexane at Room Temperature 

The weighed extract was placed in a flask with 200 ml. of dis- 

tilled water and steam distilled to remove the volatile oils. The 

volatile oils were extracted from the distillato with ethyl ether, 

dried over anhydrous sodium sulfete, and weighed; the yield was 

1.75 per cent, based on the total hexane soluble components of the 

bark. These oils were not examined further sthco tiiej have already 

been characterized as terpenes by Johnson and Cain (9, p. 495-497). 

After removal of the volatile oils, the light-colored, waxy 

residue was dissolved in ethyl ether and dried over anhydrous sodium 

sulfate. The ether was then removed by means of reduced pressure 
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and a hot water bath, and an analysis vzas made on the residue for the 

usual constants determined on fats and waxes. All titrations were 

performed by means of a Beckmann, type II, pli meter in the manner de- 

scribed by T)ole (3, p. 139). Saponification number and lianus iodine 

number determinations were made according to the methods of the 

Association of Official Agricultural Chemists (2). ie1ting points 

were determined ori a Fisher Scientific Company melting point block. 

Fesu1ts of these determinations were as fol1ows 

Acid number 48.0 

Iodine number 21.9 

Saponification number 138.5 

elting point 50-52°c. 

Color light brown 

Separation of A into Component Fractions 

Ten grams of the wax were dissolved in 400 ml. of ethyl ether 

and free acidic compounds were extracted with four 400-ml. portions 

of aqueous 5 por cent potassium carbonate solution in a separatory 

formol. A three layer system developed in which tue center layer 

consisted of the ether and water insoluble potassium salts of fatty 

acids. The wuter layer and the insoluble salts were drawr off from 

the ether layer and acidified with dilute hydrochloric acid. The 

released acids were then separated from the water by several ex- 

tractions with ether. The ether solution of acids was dried over 

anhydrous sodium sulfate, evaporated to dryness, and the residue 
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dried to constant weight in a vacuum oven at 50°C. The yield was 

29.9 per cent free acidic materisi. 

The ether solution containing the neutral substinces was evap- 

orated to dryness, and the rcsidue was saponified in a solution of 

loo ml. of benzene and 2S0 ml. of 0,7 normal alcoholic pota8siurn 

hydroxide. Miter refluxing the saponification mixture four hours in 

a boi1in water bath, the solution was taken to dryness by means of 

reduced pressure. The residue was then extracted with four 100 ml. 

portions of boilinp ethyl ether to remove the unsapouifiable corn- 

pounds. The ether solution was washed witt: water, dried ove anhy- 

drous sodium st1fate and then evaorated to dryness. The residue of 

unsaponifiables was dried to constant weiht in a vacuum oven at 

a yield of 3.O per cent was obtained. 

Salts of the acids remaining in the soponifioation flask were 

treated with :lilute hydrochloric acid, arid the released acids were 

extracted with three 100 ml. portions of ethyl ether. The ether 

extract was dried over anhydrous sodium sulfate, evaporated to dry- 

nass and taken to eonsttrnt weight in a vacuum oven at 5000. The 

yield of combined acids was 21.7 per cent. Remainirì in the sapon- 

ification flask was a dark-colored residue which was no longer sol- 

uble in ether or hexane. This material was dissolved in acetone, 

dried ovar anhydrous sodium sulfate and evaporated to constant weight; 

the yield obtained was 11.2 per cent. 
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Chemical Nature of the Conponent Fractions of A 

Fiach of the component fractions separated in the rianner de- 

scribed in the forooing section was examined in an effort to identify 
its chemical constituents. 

rree acidic material: An attempt was made to separate fatty 
acids from resin acids by means of the preferential esterification 
method of olff and Sohoize (20), whereby the fatty acids are con- 

verted to methyl esters. The resin acids and phenols are not ester- 
ified. The resin acid8 if present may then he isolated by thG for- 
matiori of their cyclohexylamirie salts which are insoluble in acetone 

(7, p. 335). No precipitate of resin acid salts was obtained, arid 

a 17.4 per cent yield of amorphous phenolic materials resulted. 

Since no crystalline products could be separated b crystallization 
methods, not}Ain further was done witL this fraction. 

The fatty acid esters obtained in this separation were then 

separated into saturated and unsaturated acids by mearas of the lead 

salt-ether method (8, p. 405). This separation is based upon the 

difference in solubilities of the lead a1ts in ether; the lead salts 
of the higher saturated acids are insoluble in cold ether, whereas 

those of the unsaturated acids are quite soluble. A yield of 1.1 

per cent unsaturated acids was obtained. These were brown amorphous 

materials, neutral equivalent 340.1, iodine number 34.0. The neutral 

equivalent obtained on the mixture indicated that acids of higher 

molecular weight than oleic acid (Neutral equivalet 282) were 

pre sent. 
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Because of the relatively small amount of these acids e-mil- 

able, no attempt was made to separate the nixture b:. distillation. 

Instead the mixture was oxidized with dilute cold alkaline perman- 

ganate (li, p. 1ó29) to obtain crystalline hydroxy derivatives which 

may he separated by means of their differenccs in solubility in 

water. The presence of oleic acid was indicated in the unsaturated 

acids by the isolation of dihydroxystearic acid (rn. p. 129-131°C., 

lite'ature values 131-132°C.), 

Tho yie1c of saturated fatty acide obtained from the lead 

salt-ether separation amountud to 11.4 per cent habed upon the yield 

of fraction A. These acids were recrytal1ized from acetone and 

then hoxane; a white crystalline product as obtained, melting point 

73 to 74°C., neutral equivalent 3b0,l. This neutral equivalent is 

intermediate heween behenic acid (C221io2, neutral equivalent 340.6) 

and 1inoeeric acid (C24114802, neutral equivaleit 368.u). These acida 

whoa prepared synthetically i1ielt at 79.9°C. and 84°C. respectively. 

It has been shown however, that mixtures of these acids cannot be 

satisfactorily separated by crystallization iiìethods or fractional 

distillation of estera, and that when obtained from natural sources, 

the melting point is always low (4, p. 215). equimoleoular mix- 

ture of lignoceric acid and behenic acid incite at 74.°c. (12, p. 121). 

A p-bromo phenacyl ester of the acids was prepared, melting point 

8o to 88°c. The p-bromo ester of pure ligroceric acid melts at 90 

to 91°c. (12, p. 121). 

Neutral fraction of J: The combined acids obtained by 
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saponification of te neutral fraction were recrystallized from ace- 

tone and hexane. A white crystalline solid was obtained, melting 

point 73 to 74°C., iodine number 0.2, neutral equivalent 33.7. 

These data indicated that the combined acids were essentially the 

same mixture of near homologues of lignoceric acid found in the free 

acids. 

The unsaponifiables from the neutral fraction were dissolved 

in acetone and cooled in the refrigerator. A white crystalline solid 

precipitated from the solution and was filtered off, melting point 

68 to b9°C. An acetyl number determined by the method of Lewkowitsch 

(8, p. 403) indicated that the material was an alcohol, molecular 

weight 3ó0.ô. Oxidation of the alcohol to an acid by fusion with 

alkali (14, p. 1738) yielded a crystalline acid, melting point 71°C., 

neutral equivalent 371. These values indicate that the alcohol is 

possibly a mixture of near homoloues of lignoceryl alcohol, C24H)O 

(4, p. 2l). An ether extraction of the alkaline fusion mixture 

prior to acidification yielded only traces of residue in the ether 

extract. This indicated a practically coraplete conversion of the 

alcohols to acids and also indicated the absence of hydrocarbons in 

the unsaponifiables. 

The filtrate from the precipitate of alcohols was evaporated 

to dryness and the residue was dissolved in hot 9 per cent ethanol, 

diluted with water and set aside to crystallize. A yield of 0.3 per 

cent white needle shaped crystals was obtained. These were recrys- 

tallized from dilute ethanol and a melting point of 134 to 135°C. 
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was obtained. A violet color appeared when the Liebernann-13urohard 

Test (8, p. 3o3) was aprlled, and crystals were obtained with digi- 

tonin solution. These data indicated that the material was a 

pLytosterol. By boi1in the p1ytostero1 wit. acetic anhydride, the 

acetate was formed and was found to melt at 124 to 12°C. A puri- 

fied sample of the phytosterol was thtinate1y mixed with an equal 

portion of the phytosterol isolated from ou1as fir wood (b, p. 409), 

and the three me1tin points were determined together. All three 

ne1t simultaneously. From these results it can be concluded that 

this phytostorol or mixture of phytosterols is similar to the one 

found in )ûujlas fir wood. 

Phetiolic material in unsaponifiablos of fraction A: As was 

previously mentioned in the foregoing section dealinr, with the sep- 

aration of A into component fractions, a yield of 11.2 per cent of 

an amorphous substance was obtained in the saponification flask. 

This material was found to he insoluble in hot methanol; soluble in 

aqueous 3 per cent sodium hydroxide and acetone. Attempts to crys- 

tallize it from various solvents were nsucceasfu1; apparently it 

consisted of oxidized or polymerized substances o" a phenolic nature 

as indicated by the solubility in dilute alkali and the formation of 

a dark color with dilute ferric chloride in an acetone-water solution. 

3ince the presence of phenolio, amorphous material of this 

type is enerally undesirable in waxes used cornercially, an effort 

was made to remove lt from the whole wax fraction A. Five grams of 

A were placed in 100 ml. of boiling methanol, and the phenolic 



substances went to the bottom of the beaker. By decanting off the 

hot methanol solution, evaporatig it to dryness and then to constant 

weight in a vaouin oven, 62.7 per cent of A could be obtained in the 

form of a light-colored wax which possessed properties of possible 

commercial significance. The following constants were determined 

upon the wax purified in this manner. 

Acid number 34,4 

Iodine number b.1 

Saponification number 191.0 

e1ting point 9-ó3°c. 

Color light yellow 

A summary of the separation scheme used in the analysis of 

A, the fraction of hexane soluble extractives soluble at room tern- 

perature, is shown in Figure 1. The yields of the various constit- 

uents found are presented in Table 4. 
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Figure 1 

Separation of Hexane Soluble Extract, Fraction L 
Per Cent Based on Total Hexarie Extract 

Douglas Fir Bark 

Hexane 

Extraote1 Bark Extract 

t 

jCool to 2S°C. 

Insoluble 4ax lax Fraction A, 
Fraction B, 3b.4 

i 

team Dietillation 
I 

Non Volatiles Volatile Oil. 
¡K2CO3 1.1% 

Salta of Free Acid. Neutral. 
ethanol Hot Alcoholic 

_____________ 1124 KOH 

Methyl Esters Salts of Combined Unsaponifiables 
of Fatty Acids Wax Acids Ether 

Hot Cyclohexyl- Dil. ECl Phenollo 
Alcoholic amine Ether Materials 
KOH Acetone 7.1% 

Phenollo 
K Salts Materials Lignooerio Acid 

of Fatt Acids 101% 13.8% 

Lead L Wax Alcohols 
Acetate Resin Acids Phytosterols 

(None) Acetone 
Pb Salts of Dil. Ethanol 
Fatty Acids 

_______________ Digitonin 

Cold Liooery1 Aloohol Phytosterols 
Ether 22.2 0.2% 

Unsat. Acids Saturated Acids 
Oleio Acid Liçooerio Acid 

0.7% 7.3 
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Table 4 

Composition of }{exane Soluble xtractive, 
Fraction A, Soluble at 25°c. 

Per Cent of Fraction A 

Free Acide 

Saturated fatty acids 11.4 
(Lignoceric acid) 

Unsaturated acids 1.1 
(Oleic acid present) 

Tcsin acids 0.0 

Total 12.5 

Combined Acids 

Saturated fatty acids 21.7 
(Lignocerio acid) 

Unsaponifiables 

Fatty alcohols 34.7 
(Lignoceryl alcohol) 

Phytosterols 0.3 

lotal 35.0 

Phenolio Material 28.6 
Loss (difference) 2.2 

Fraction B, Insoluble in hexane at Room Temperature 

This fraction of hoxane soluble extractives had separated 

from the hexane upon cooling the extract to room temperature as 8h0Wn 

previously in Figure 1. The yield obtained after drying to constant 

weight in a vacuum oven at 50°c. was 3ó.4 per cent of the hexano ex- 

tractivcs. In appearance it was a light yellow, waxy material; con- 

stants determined on the crude wax were as follows Z 
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Acid number 

brime number 17.7 

Sapon1ficatio nuraher 219.0 

Ae1tirg point 61-67°C. 

Thia material was found to he soluble in thcr, clloroforrn, 

boiling acetone, and partially solub]e in boiling methanol. Extrae- 

tion of an ether solution of the wax with 5 per cert aqueous sodium 

bicarbonate in a separatory funnel dissolved 20.1 per cexit. Potas- 

slum oarbonate in the sanie concentration dissolved 41.7 per cent. 

Boiling methanol was fornid to dissolve most of thc waxy constituents, 
but an wnorphous phenolic fraction was insoluble. A sample of the 

wax was purified by dissolving it in boiling methanol and filtering 
on a steam heated funnel. The r6sidue remaining in the beaker was 

extracted several times with boiling methanol in this manner. The 

filtrate waa evaporated to dryness and taken to constant weight in 

a vacuum oven at S0°c. A yield of 68.4 per cent methanol soluble 

wax was obtained. Its properties as a wax were improved over the 

crude material in that it was now found to have a higher melting 

point and a lihter color. Constants determined on the purified wax 

were as follows: 

Acid number 20.7 

Iodine number 2.4 

Saponification number 203.1 

Melting point 8-70°c. 

Color light yellow 
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The analysis for constituents of fraction B was carried out on 

the crude wax rather than that purified by means of boiling methanol 

because it was found that a portion of the combined acids and alcohols 

remained in the material insoluble in boiling methanol. 

Separation of B into Component Fractions 

This fraction of hexane soUible extractives was separated into 

compoint fractions and analyzed in the same manner wnich was employed 

in examining fraction A, discussed in the foreoing section. out- 

line of the analytical scheme is shown in Figure 2. The yields of 

the various constituents obtained are presented in Table 5. 

The analytical data obtained indicate t}.at fraction B of the 

hexane soluble extractives differs in the following respects from 

fraction A, the portion soluble in hoxane at room temperature. 

Fraction B contains much more of the free fatty acirIs as would be 

expected from the morcase in solubility of fatty acida in hexano 

with increases in temperature (12, p. 204). Phytosterola and oleio 

acid were not indicated in fraction 9, possibly because of their solu- 

bility in hexano and the relatively sm8ll amounts of these materials 

found in the extractives. 



Figure 2 

Separation of Hexane Soluble Extract, Fraction B 
Per Cent Based on Total Hexarie Extract 

Wax Fraction B 

Insoluble in Hexane at 2°C. 
3ô.4 

Distillation 

Non Volatile. Volatile Oils 
(None) 

K2c03 

Sait. of Free Acids Neutrals 

Methyl Esters 
of Fatty Acidi 

IHot 

lAloohollo 

K Salt. 
of Fatty Acidi 

Methanol Hot Alcoholic 
H2SO4 ROH 

Salti of Combined Unsaponifiahles 
Wax Acidi 

lEther 

olohexyl- Dii. HC1 
in. Ether 
e tone 

Ph en olio 

Materials 
7 

Ii._A I 

Lignoceria Acid 

7 .3' 

Wax Alcohols 

Phenoiio 
Materials 

3 i% 

iu . 

lAcetone 

I 

Aoetate Resin Acids 
IDi1. Ethanol (None) 

Pb Salts of 

I 
t Fatty Acids 

Lignoceryl Phytoiterol 

Alcohol Cold (None) 

7b Eth e r 

Uniat. Acide 
Saturated Acids (None) 
Lignooerio Acid 

8.8% 



21 

Table 5 

Fexane Soluble Extractive 
Coìiposition of Fraction B, Insoluble at 25°C. 

(Per Cent of Fraction B) 

1ree Acids 

Saturated fatty acida 24.0 
(Lignoceric acid) 

Unsaturated acids 0.0 
Resin acids 0.0 

Total 24,0 

Combined Acids 

Saturated fatty acids 20.0 
(Lioceric acid) 

Unsaponifiable s 

Fatty alcohols 21.0 
(Lignoceryl alcohol) 

Phenolic rnaterial 27.5 
Loss (difference) 7,5 

Chloroform Soluble Components 

Sorno of iht phenolic materials in the bark were extracted by 

hexane as wos indicated in Tables 4 and 5, but these substances were 

found to be much more soluble in chloroform and were investiated 

further as the chloroform extractives. 

The bark which had previously beau extracted with exane was 

spread out in a ventilating hood until the odor of hexano had dis- 

appeared. It was then replaced in the extractor and extracted with 

chloroform for six huurs. iost of the chloroform as removed from 

the extract by distillation ovar a hot water bath, and the residue 

was taken to constant weight. i yield of 30.4 grams or 3.27 per cent 
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was obtained, 

It wac found that 23.1 per cent of the chloroform extractives 

were soluble in hexane and proved to be of th same nature as the 

}iexon olub1es previously extracted. Evidently, the hexane extrac- 

tion had been incomplete, and the chloroform, being an excellent sol- 

vent for waxy materials, had removed the remaining portion of the 

hexane soluble material. This hexane soluble portion of the chloro- 

form extractives was included in the yield of hexane soluble extrae- 

tives presented in Table 3. 

The 76.9 per cent of the obloroform soluble extractives which 

remained was a dark brown amorphous substance. This material was ex- 

tractod in a beaker with several portions of hot water to remove 

small amounts of water soluble materials, especially dihydroquercetin, 

which was found to be present in the subsequent ether extraction of 

the bark. The water washings were decanted; the residue was dissolved 

in ether, and then dried over anhydrous sodium sulfate. Constants 

determined on the material were as follows: 

Acid number o,0 

Iodine number 20.2 

Saponification number 216.0 

Melting point $7°C. 

It was found to he soluble in heuzene, acetone, and ethyl 

ether. When dissolved in ether and extracted with aqueous 5 per cent 

potassium carbonate in a separatory funnel, b.4 per cent was dis- 

solved1 sodium bicarbonate in the same concentration removed ó.2 per 
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cent. In alcoholic solution with ferric chloride, a greenish black 

coloration was produöed, indicatiri phenolic constituents. This was 

also indicated by the appreciable soluhility in potas3ium carbonate. 

No crystalline products could be obtained from a variety of 

solvents. A methoxyl determination by a revised method of Zeisel 

(16, 2 in) indicated a methoxyl content of 5.43 per cent. Lethylation 

of the material in 25 per cent potassium hydroxide with dimethyl 

sulfate indicated an increase of 4.77 per cent methoxyl more than the 

unmethylated material. This was eqiivalent to 2.2 per cent free 

hydroxyl groups. 

Five grams of the extractive was then refluxed in a two per 

cent alcoholic solution of hydrochloric acid. vaporation of the 

alcohol filtrate yielded a dark residue with a distinct odor of 

vamillin. Hydrochloric acid and phlorolucinol reagent produced a 

bright red coloration which is indicative of the presence of vanillin. 

This was su;estive that a glucoside, coniferin, or its polymeriza- 

tion products were present in the chloroform extractive, since its 

presence has been shown in some conifers (lo, p. 4t5), (17, p. 13). 

iowever, confirmatory evidence for the presence of coniferin could 

not be obtained either in the preliminary water washings of the chloro- 

form extractive or in the hydrolyzed residue. The exact nature of 

this extractive remains to be determined. 

Ethyl Ether Soluble Cornpcnents 

After the bark had been successively extracted with hexane and 
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chloroform, t as removed from the extractor and placed In a fuxne 

hood, where it renìairied unt1 th odor of chloroform had diaappeared 

from the bark. An extr8otiorA with ethyl ot!er wa then made. Upon 

ooipleton of sven hour refluxin period, the etr extruct was 

concentrated to 800 ml. and dried over anhydrous sodium sulfate. 

This solution was then taken to dryness by means of * hot water bath, 

and the residue was dried to a constant weiht ì.n a vecuum oven at 

50°C. The ie1d of crude ether extractives was 5. per cent bused 

on the oven dry weii'ht of 'inoxtraoted bark. 

In appearance the ether extractive was a 1iht tari colored 

powder which melted with decomposition at 222-230°C. It was soluble 

in acetone, alcohol, and hot water. From a dilute alcohol or hot 

water o1ution lt crystallized in the form of needle shaped crystals. 
Further purification was accomplished by the use of activated char- 

coal in a hot water solution of the compound. This treatment yielded 

a white crystalline product with a melting point 240 to 242°C. 

The compound gave a greenish black coloration with ferric 
chloride in aqueous solution. On reduction in alcoholic solution 

with magnesium and hydrochloric aaid, an intense purple-red color 

developed. T'ois color reaction is suggestive of a flavanone struc- 
turs. Pew (13, ?. 3031) and Graham (o, p. 409) kìave characterized 

a flavanone, dihydroquercetin, which occurs in Pouglas fir wood. A 

mixed niting point with the dihydroquercetin from the wood indicated 
that the compound in the hark W88 identical. Oxidation of the 

flavanone 'uy ?ew's method (13, p. 3031) yielded quercetin (melting 
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point 3l to 317°C. dec.) which verified the identity of the flavanone 

as dihydroquercetin. 

The ether extractive was found to be predominately dihydro- 

quereetin. An eiact percentage was difficult to obtain because it was 

not known how much dihydroquercatin was included in the material ab- 

sorbed by the charcoal during purification. A 95 per cent recovery 

was obtained from the charcoal treatment. 

Acetone Soluble Conponenta 

The fourth successive extraction of the 'bark was made with 

acetone, which is a solvent for tannins, phiobaphenes, and coloring 

matters. After concentrating the extract to 800 ml. by means of 

reduced pressura and a hot water bath, an aliquot portion was dried 

to constant weirht. The yield of acetone extractives was found to 

be 7.7 per cent based upon the oven dry weicht of the bark. 

Separation of the xtraot into Component Fractions 

The concentrated acetone extract was poured into a liter of 

distilled water and the solution was subjected to distillation under 

reduced pressure to remove the acetone. After the precipitated 

material had settled, the clear liquid was decanted off, and the 

preciDitated phlobaphene material was dried to constant weight in 

a vacuum oven at 80°c. The water soluble portion was then analyzed 

for tannins according to the method of the American Leather Chemists 

AssocIation (1). In this rithod the tannins are determined by ab- 
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sorption on hide powder, and the non-tannins are obtained by differ- 

ence. Results of this determination are shown in Table 6. 

Table b 

Acetone Extraotivo8, Per cent of Extractive by ieight 

Tannins 23.8 
rofl_TajflS (water soluble) 12.1 
Non-Tannins (phiobaphenes) ö4,l 

The water solution of the material save . Drecipitate with 

gelatine, a green color with ferne chloride, ad a precipitate in 

boiling dilute sulfuric acid. These tests inicatod the tannin to 

be of the phiobatarinin classification. 

Vater Soluble Components 

The final extraction on the bark was made with distilled 

water. This extraction vas carried out in a covered, enaml-ware 

kettle equipped with a copper steam coil, which maintained the mix- 

ture at 70 to 8000. Seven extractions were made using a four liter 

portion of water for each extraction. Each portion of water was in 

contact with the bark for six hours. After each extraction the mix- 

ture was filtered, an the oombined filtrates from the seven ex- 

traotinrs were reduced in volume to 22O ml. by means of reduced 

nressure and a hot water bath. An aliquot portion of the concen- 

trated extract was evaporated to constant weir,Lt, and the total water 

extractives based on the oven dry weight of bark was found to be 

ó.o8 per cent. 



27 

The concentrated extraot wts tLen analyzed for tannins by 

the method of the Anrioaxi Leather uhemists Association (1). By 

means of this method the tannins are absorbed on specially prepared 

hide powders the non-tannins remain in solution and are determined 

by difference. Results of the tannin analysis are shown in Table 7. 

The tannin solution íave a green color with ferne chloride, a pre- 

cipitate with gelatine and a precipitate when boiled with dilute 

sulfuric acid. These tests indicated that the tannin was of the 

phiobatannin class, similar to th tannin removed by acetone. 

The water soluble extractives were also analyzed for reducing 

and non-reducing sugars. A 400 ml. aliquot of the water soluble 

extractives was treated with 50 ml. of saturated lead acetate solu- 

tion to precipitate the tannins. The precipitate was filtered off, 

arad the excess lead in the filtrate was precipitated by adding 10 

grams of dipotassium phosphate and again filtering to remove the 

precipitated lead phosphate. This clarified, deleaded solution was 

then analyzed for reducing sugars by means of the omogyi method 

(15, p. 599), employing copper reagent which was reduced by the 

reducing sugar. The difference betweer: a blank and the titration 

of a determination was equivalent to the copper reduced and thua 

to the reducing sugars. A 0.005 N sodium t}iioaulfate solution was 

used for the titration. 

To determino the total suars an aliquot portion of the 

clarified, deleaded solution was hydrolyzed with dilute hydrochloric 

acid. A reducing surar determination was then made upon the 



hydrolyzed solution. The per cent of non-reducing sugars Is the 

difference between reducin sujars and the total sugars. Results of 

the sucar analyses are shown In Table 7. 

Table 7 

Composition of dater Soluble Lxtractives 
(Per Cent of }'xtractives) 

Tannins 35.6 
Non-Tannins (soluble) 7.Q 
Non-Tannins (insoluble) 7.4 

Reducing Sugars 18.2 
Non-Reducing Sugars 10.8 

Total Surs (s glucose) 29,0 
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Suxnnìary and T)iscussiori 

ihen determined by the methods indicated, the guiri of the ex- 

tractiva contents of the selected Douglas fir bark samples was found 

to be approxinately 30 per cent. These saniples of bark were selected 

with respect to age groups and position of the bark on the tree 

trunks. Although t}e sums of the extractives in each case were found 

to be similar1 the distribution of the extractives varied with re- 

apect to solubility in different solvents. 

(axy constituents soluble in hexano were found to be present 

in the highest percentage in the bark samples taken from the base 

of the oldest trees. water soluble extractives were found in great- 

est amount in the youngest bark samples taken from the top portion 

of the tree trunks. Acetone solubles were found in the highest yield 

in the bottom bark of the youngest trees. 

Douglas fir bark was extracted with solvents in the following 

orderz hexane, chloroform, ethyl ether, acetone, and distilled water. 

Materials found in the hexano extractives wer* lignoceric acid 

(c241148o2 and near homologues), liìoceryl alcohol (C24Hso0 and near 

homologues), lignoceryl cerate, oleic acid, and a mixture of phenolic 

materials non-crystallizable from a variety of solvents. The removal 

of the phenolic materials from the hexane extractive yielded a wax 

consisting mainly of free and combined lignoceric acid and li?noceryl 

alcohol. This wax had a light color and high melting point. Chloro- 

form was found to be a good solvent for the amorphous phenolic sub- 

stances which were removed in part by hexane. A subsequent extraction 
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with ethyl ether removed dihydroquereotin in almost pure form. Ace- 

tone was found to remove tannins and phiobaphenes. A water extrae- 

tion of the bark removed suars nd tannins; the tannins were of the 

phlobatannin class. 

Warth (18, p. 327) reported the presenoe of free and combined 

melissic acid and an unidentified, unsaturatod alcohol in a }lexane 

extract of Douglas fir bark. These substances were not found in the 

samples examined in this investigation. .eiissic acid t'as a neutral 
equivalent of 4ob.8 as compared with 3ô3.b for 1inoceri acid. This 

difference in neutral equivalents made the possibility for the pres- 

enoe of melissic acid rather reiote because the neutral equivalent 

of the saturated acids isolated in this invastigation ranged from 

3ó0.l to 3o.3. No unsaturated fatty alcohols were found in the 

hexane extractives; it is possible that the unsicuration observed by 

arth was due to the phytosterol constituents in the alcohol frac- 
tiori, which he did not describe otìer than to report that an unsatu- 

rated alcohol was present. 

Pleiser (19, p. al) reported the presence of d000sanol-1 in a 

hexane extract of )ouglas fir bark. It is highly probably that some 

docosanol-i was present in the alcohol fraction. however, it seems 

improbable that a pure fraction of an individual, long chain alcohol 

such as docosanol-1 could be isolated as such by crystallization 
from the linooeryl alcohol near homologues. It has been shown that 
almost without exception, long chain fatty acids and alcohols ob- 

tained in nature are mixtures of near homo1oues which cannot be 
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effectively separated by crystl1ization or distillatIon procedures. 

From the iata obtained T)ouglas fir bark appears to be a rich 

source of extrictives; snc of those extractives have comnercial 

value and could therefore aid in attaining niore complote utilization 

of the trees taken for lumber or pulp. 
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