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The purpose of this investigation was to determine the
nature of the extractives from red alder bark in an effort to
discover the materials which cause the red stain in red alder
wood.

Samples of bark and wood were obtained and successively
extracted with hexane, benzene, ether, ethanol, and hot water.
The total extractive, content of the bark was 24.01 percent,
while that of the wood was 8.60 percent.

The hexane extract amounted to three percent of the dry
weight of the bark. Sixty percent of this extract was a
saponifiable fatty acid mixture with a neutral equivalent of
290 and a Hanus iodine number of 80.3. Linoleic acid was
shown to be present in this mixture. Saponified alcohols and
other neutral materials composed 29.1 percent of the hexane
extract, and contained a phytosterol, the triterpene alcohol
alnulin, and the triterpene ketone protalnulin.

The ether extract amounted to .8 percent of the bark. The
unsaponifiable materials amounted to 23 percent of the extract
and contained the same compounds present in this fraction of
the hexane extract.

The yield of alcohol soluble material was nine percent of
the dry bark. A water insoluble phlobaphene composed 11.7
percent of the alcohol extract. Paper partition chromatography
showed that the remaining 88.3 percent of the alcohol extract
contained four materials. A standard tannin analysis with hide
powder indicated that 28.7 percent of the alcohol extract was a
water soluble tannin fraction. Part of this tannin was obtained
from the water solution of the alcohol extract by salting out
with sodium chloride. It was shown to be a phlobatannin with a
catechol nucleus. A reducing sugar analysis showed that 32.7
percent of the alcohol extract was free sugars. Chromatography
showed these sugars to be glucose and xylose.
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The remaining 26.9 percent of the alcohol extract was
found to be a phenolic xyloside with properties quite similar
to those of the tannin fraction. This xyloside was best
isolated by extracting the bark with ethyl acetate, pouring
the extract into hexane, dissolving the precipitate in warm
water, and adding lead acetate. The lead salts of the xyloside
were then suspended in methanol and decomposed with hydrogen
sulfide. Evaporating the filtered methanol solution to dryness
left the xyloside as a light orange solid. It gave a green
color with ferric chloride, a red precipitate when heated with
acid, and an intense red color in a basic solution. Its
methoxyl content was 3.66 percent. About one-third of the
xyloside was removed by acid hydrolysis and shown to be xylose.
The infra-red absorption spectras of the phlobaphene, tannin,
and xyloside were quite similar.

The hot water extract was two percent of the dry bark. It
contained an alcohol insoluble tannin-carbohydrate material. A
crude carbohydrate fraction was isolated by treating the extract
with hide powder, concentrating it to a small volume, and
pouring it into a large volume of alcohol. The resultant
reddish powder gave a maximum reducing sugar value of 54 percent
after a six hour hydrolysis period. Chromatographic analysis
showed the presence of glucose, arabinose and a trace of
xylose. A pentosan determination showed the presence of 16.93
pentosans.

The materials present in the extractives from the bark of
red alder which may cause the red stain in the wood are the
tannin-like xyloside and the tannin fraction.
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THE CHEMICAL NATURE OF THE EXTRACTIVES
FROM THE BARK OF RED ALDER, ALNUS RUBRA, BONG.

INTRODUCTION

In recent years an attempt has been made to increase

the use of the hardwoods present in the Pacific Northwest.

Since red alder is the leading hardwood in this area, with

an estimated 2,563,000,000 board feet standing in Oregon

and Washington (1), a large amount of interest has been

shown in its utilization. Red alder has been used for many

years in the manufacture of furniture because it is even

grained and can be easily worked. A relatively new use for

alder is in the manufacture of pulp. As other hardwoods

have become more and more difficult to obtain, pulp mills

have been turning to red alder as an abundant source of

pulp wood.

The red staining material in red alder has long been

a source of trouble in the production of lumber. Special

care is required in drying the wood to prevent undesirable

or uneven colors. If the wood is kiln dried, the initial

temperature will often influence the color of the finished

product. The red staining material has also been reported

as a source of trouble in bleaching pulp made from this

species, although a basic peroxide bleach works fairly well.

The purpose of this research was to investigate the

materials which can be extracted from red alder in an

effort to determine the cause of the red stain. The bark
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was chosen for this purpose since it contains the staining

material in a much higher concentration than the wood.

Red alder, Alnus rubra, Bong., often called Oregon

alder, grows from southeastern Alaska down the coast to

Southern California and eastward to the western slopes of

the Cascades. The most profuse stands are located on

moist river bottom land. Since red alder seeds in quickly

and grows rapidly, it has proved to be a big help in the

reforestation of burned areas, especially in the Coast

Range mountains. The alders provide shelter and mulch,

aiding in the growth of the conifers, which gradually

crowd out the less resistant species.

The trees average about 40 to 60 feet in height and

15 to 20 inches in diameter. Maturity is reached in about

50 years, at which time they are very susceptible to attack

by the fungus, Fomes igniarius, which produces heart rot.

For this reason, few living trees are found over 80 years

of age. The bark of red alder is usually a greyish white,

showing patches of chalky white and seldom reaches a

thickness of greater than one inch.

A search of the literature revealed that no previous

work has been done on red alder bark, but that the extrac-

tives from the barks of grey alder, Alnus incana L., black

alder, Alnus glutinosa L., and green alder, Alnus viridis,

have been investigated (3). The materials which were found
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in the hexane and ether extracts from the bark of each of

these species, are shown in Table 1.

TABLE 1

EXTRACTIVES FROM GREY, BLACK, AND GREEN ALDERS

Grey Alder 
	

Black Alder	 Green Alder

Protalnulin	 Protalnulin	 Protalnulin
Alnulin	 Alnulin	 Alniresinol
Alniresinol	 Material with	 Material with
Chlorophyll	 a melting	 a melting
Fatty Acids	 pt. of 2540 	 pt. of 25L1.°

A more recent work (5) shows that alnulin is identical

with taraxerol, a secondary triterpene alcohol, and that

protalnulin is identical with taraxerone, the corresponding

triterpene ketone.

An earlier study (6) of red alder wood gave the per-

centage extractives as well as holocellulose, lignin and

other analyses. Another worker reported a variation in the

tannin content of red alder during the year (2).

This investigation was undertaken with the hope that

the determination of the nature of the colored materials

present in the extractives from red alder bark might aid in

the solution of the problems associated with the red stain-

ing material in the wood. This, in turn, would promote in-

creased utilization of the Northwest T s leading hardwood.
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EXPERIMENTAL PROCEDURE

I. COLLECTION OF SAMPLES

The samples used in this investigation were obtained

on July 18, 1951, from a tree standing near Woods Creek, on

Woods Creek Road, about 15 miles west of Corvallis, Oregon.

The tree was felled and three 12 inch cross sectional disks

were cut from the butt of the tree. The bark was peeled

from the wood immediately; since the sap was still flowing,

it could be removed quite easily. A bright red-orange

stain from the bark rubbed off on the outside of the wood.

During the same day, the bark was ground in a hog and then

in a Rietz Disintergrator to pass a 20 mesh screen. Some

of the wood which was free from the bark stain was also

ground to pass a 20 mesh screen. Samples, which were to

be used in the determination of the amount of each extract,

were stored in a refrigerator while still green. The rest

of the bark and wood was placed in the sun to air-dry.



II EXTRACTIVE CONTENT OF THE BARK AND THE WOOD

The relative amounts of the total extractives from

the bark and the wood were determined. Since none of the

material used in these analyses was allowed to dry, the

bark had a moisture content of 33 percent; that of the wood

was 38 percent. The solvent extractions were run in dupli-

cate on 50 to 60 gram samples contained in cloth bags in

Pyrex glass Soxhlets. Each sample was extracted for eight

hours, at which time no appreciable amount of material was

removed, as determined by evaporating the fresh solvent to

dryness.

The extractions on the bark were run in the following

order: hexane, benzene, diethyl ether, 95 percent alcohol,

and hot water. The ether contained about three and one-

half percent alcohol; the hexane was Skelly-B, a commercial

petroleum fraction with a boiling point range of 60 to

70° C. The hexane and benzene extractions were not carried

out on the wood, because preliminary investigations showed

that less than one percent of the bark was removed by

these solvents. After the alcohol extractions, the samples

were removed from the cloth bags, placed in extractors

used for tannin analyses and extracted with hot water for

ten hours. In each case, the extract was poured into a

tared glass dish and the solvent evaporated on a hot water



bath. The material was then dried in a 105° C. oven for

one hour and the amount of residue was determined by

weighing.

A green tacky material was obtained from the hexane

and benzene extractions. The solution from the ether

extract was yellow in color but removal of the solvent

left a brown residue. A red sticky material, which was

hard to dry, was removed by alcohol. The water extract

was a reddish cloudy solution that formed a red powdery

material when dried.

Table 2 shows the results of these analyses.

TABLE 2

EXTRACTIVE CONTENT OF RED .ALDER BARK AND WOOD

Percent
Solvent	 Percent Wood Extract 	 Bark Extract

Hexane	 Not determined	 3.28
Benzene	 Not determined	 .75
Ether	 1.15	 .22
95% ethyl alcohol	 3.81	 11.21
Hot water	 3.6/4-	 8.55

Total	 8.60	 24.01



III CONSTITUENTS OF THE EXTRACTIVES FROM RED ALDER BARK

Hexane Solubles.

Fcrty-five hundred grams of air-dried bark were

divided into seven batches, and each was extracted with

hexane in a large Soxhlet-type extractor until there was

no noticeable color in the extracting solvent. The hexane

was removed under reduced pressure to give a green sticky

cake which amounted to three percent of the oven dry weight

of the unextracted bark. A two and one-half gram sample

of this extract was dissolved in ether and washed with

five percent potassium carbonate. The free acid materials

removed by the carbonate amounted to 7.)A percent of the

hexane extract. The free acids were not investigated

separately.

Saponifiables. Three grams of the hexane extract

were saponified by refluxing for four hours with three

grams of potassium hydroxide in 100 milliliters of alcohol

and about ten milliliters of benzene. The solvent was

removed on a hot water bath and replaced with water. This

aqueous suspension was transferred to a separatory funnel

and shaken with diethyl ether to remove the alcohols and

other neutral compounds. The potassium salts of the

acidic materials remained in the water layer.



The water solution was acidified with concentrated

hydrochloric acid and the organic acids were then extracted

with ether. Removal of the ether on a hot water bath and

in a vacuum oven at 40° C. yielded a green viscous oil,

which amounted to 70.6 percent of the hexane extract.

Some of this green oil was treated with methanol and sul-

furic acid according to the method of Wolff and Scholze

(16). Fatty acids will form methyl esters under these

conditions and can therefore be separated from acids which

do not form methyl esters so readily. The partially meth-

ylated mixture was dissolved in ether, treated with

alcoholic potassium hydroxide and washed with water to

remove the potassium salts of the unmethylated acids.

This water solution was then acidified and extracted with

ether. Removal of the ether left a green flaky residue

which amounted to 10.0 percent of the hexane extract.

This material was not investigated further.

The remaining 60.6 percent of the saponifiables was

obtained as methyl esters of fatty acids. Resaponifica-

tion gave a light-yellow, viscous oil which had a neutral

equivalent of 290 and an iodine number of 80.3, as obtained

by the Hanus method (8, P3W. A comparison of these

values with the values obtainable for the common 18 carbon

fatty acids is given in Table 3.
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TABLE 3

NEUTRAL EQUIVALENTS AND IODINE NUMBERS FOR FATTY ACIDS

Fatty Acids 
	

Neutral Equivalent 	 Iodine	 Number

Ztearic Acid	 28L.	 0
Oleic Acid	 282	 90
Linoleic Acid	 280	 181
Mixture Obtained	 290	 80.3

A three gram sample of the fatty acid material was

oxidized with cold, dilute potassium permanganate, using

the method devised by Lapworth and Mottram (9). All of

the product obtained was soluble in boiling water and

could be crystallized from alcohol. The resulting white

crystals melted at 170-172° C. This showed it to be tetra-

hydroxy stearic acid, which was produced by the oxidation

of linoleic acid. If oleic acid had been present, it

would have produced dihydroxy stearic acid under these

conditions, but this product was not detected. No satu-

rated fatty acids could be crystallized out of the

original oil.

Unsaponifiables. Neutral materials and the saponi-

fied alcohols were soluble in ether after the saponifi-

cation. The ether was dried with sodium sulfate and

evaporated on a hot water bath to give an orange crystal-

line residue, which amounted to 29.1 percent of the hexane

extract. When this material was dissolved in hot ethyl
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acetate and allowed to cool, a small amount of material

crystallized out as fine white needles. Following recrys-

tallization, twice from ethyl acetate, once from ethanol,

and once from acetone, it melted at 260-261° C. Some of

this same material could also be isolated by crystalliza-

tion from an acetone solution of the total hexane extract,

showing that some, if not all of this material, was not

combined as an ester.

No optical rotation could be detected for this

compound in a chloroform solution. The material absorbed

bromine from a carbon tetrachloride solution, indicating

unsaturation. It was quite soluble in methanol and

chloroform, and crystallized well from ethyl acetate,

acetone or ethanol. An acetate derivative was prepared

by heating 200 milligrams of the material with acetic

anhydride and pyridine. After recrystallization from

ethanol, the acetate melted at 292° C. A material called

alnulin, which was isolated from the barks of grey and

black alder, has the following properties (3): melting

point 260° C., no optical rotation, and an acetate deriva-

tive with a melting point of 293° C. Since the material

isolated from red alder bark has properties identical with

all those given for alnulin, it was concluded to be

alnulin. A recent work showed that alnulin from black

alder bark was identical with taraxerol, an unsaturated,
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pentacyclic, triterpene, secondary alcohol (5).

The ethyl acetate solution of the remaining unsaponi-

fiables was concentrated and placed in a refrigerator. A

large amount of a second white crystalline material sepa-

rated from the orange solution. After recrystallization

from ethyl acetate, twice from ethanol and twice from

acetone, the crystals melted at 236° C. More of this

material was also separated from later fractions because

of its lower solubility in hexane. The optical rotation

in chloroform wasCajn + 2.5°. A 2,4-dinitrophenylhydra-

zone was prepared and crystallized from ethanol as fine

yellow needles. It was recrystallized from acetone to

give clear, cubic crystals with a melting point of 127-

128° C.

This carbonyl compound is fairly soluble in acetone

or ethanol, and soluble in hot hexane or hot ethyl acetate.

A substance present in the barks of grey, black and green

alders, named protalnulin has a melting point of 236° C.

and similar solubilities, but no derivatives were reported

(3). Since the properties of the material present in red

alder corresponds to all the properties given for protal-

nulin, the two materials are probably identical. Protal

nulin has been reported to be identical with taraxerone

the triterpene ketone corresponding to the triterpene

alcohol taraxerol (5).
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The next material which separated from the ethyl

acetate solution, after more concentration and cooling,

was also a white crystalline substance. It was fairly

soluble in acetone or ethanol, but only slightly soluble

in hexane. After several recrystallizations from hexane,

ethanol and acetone, it melted at 254° C. Attempts were

made to prepare the common alcohol or ketone derivatives,

but none could be obtained. A material was reported to

be present in the barks of black alder and green alder

with a melting point of 254° C., but since no derivatives

were mentioned (3), the establishment of its identity with

the material present in red alder bark was not possible.

The orange solution which remained after the separa-

tion of most of these three compounds was then evaporated

to dryness, and the residue was treated with 20 milli

liters of hot hexane. While the solution was still warm,

it was filtered to remove the insoluble material. The

hexane solution was cooled, and the fine white crystals

which separated were recrystallized from acetone, hexane,

and ethanol. The resulting white needles melted at 134--

135° C. They gave a positive Liebermann-Burchard test for

sterols. A mixed melting point was run with the phyto-

sterol isolated from white fir bark and no depression in

the melting point was observed. The acetate derivative,

made by heating with acetic anhydride and pyridine, had
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a melting point of 117-118° C.

The material previously removed by its insolubility

in 20 milliliters of hot hexane was added to the filtrate

from the first crystallization of the phytosterol. This

solution was dark orange in color and still contained

appreciable amounts of all the four isolated compounds.

More of each substance was isolated by repeated recrystal-

lization from ethanol, acetone and hexane. The remaining

orange colored material was not characterized. No quanti-

tative fractionation of the unsaponifiable material from

the hexane extract was possible, because no one solvent

would separate all of each compound, and at least four or

five recrystallizations were necessary to purify each of

the compounds.

A brief outline of the separation of the hexane unsa-

ponifiable material is given in Figure 1. The components

of the hexane extract are summarized in Table 4.

TABLE 4
COMPONENTS OF THE HEXANE EXTRACT

Component	 Percent

Saponifiables	 70.6

Fatty- Acids	 60.6
Non-fatty Acids	 10.0

Unsaponifiables and Neutral 	 29.1



FIGURE 1

SEPARATION OF THE HEXANE EXTRACT
UNSAPONIFIABLE MATERIALS
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Ether Solubles.

Since the quantitative determination of the percent-

age extractives showed that a yield of only 0.75 percent

benzene solubles could be obtained, they were not investi-

gated separately, but were removed, together with the 0.22

percent ether solubles, by an ether extraction. The com-

bined extract was less than one percent, therefore, only

a brief examination of the more easily obtainable mate-

rials was undertaken.

Forty-five hundred grams of air-dried bark which had

previously been extracted with hexane, were divided into

seven batches and each was extracted with commercial ether,

containing 3.5 percent alcohol, in a large Soxhlet extrac-
tor. The combined extracts were evaporated to dryness on

a hot water bath and then in a vacuum oven at 400 0., to

yield a soft green residue, which amounted to 0.8 percent

of the oven-dry weight of the bark.

A solution of 28 grams of the extract, 28 grams of

potassium hydroxide, 300 milliliters of alcohol, and 50

milliliters of benzene was refluxed for five hours. The

alcohol and benzene were evaporated on a hot water bath

and the residue was dissolved in water. The water sus-

pension was placed in a separatory funnel and extracted

with several portions of diethyl ether. After the ether
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extract had been dried with sodium sulfate, the ether was

removed on a hot water bath and the residue dried in a

vacuum oven at 40° C. The orange crystalline material,

which was obtained, amounted to 23.3 percent of the ether

extract. This unsaponifiable material was dissolved in

300 milliliters of hot ethanol and the solution allowed to

cool. Fine white needles separated, and melted at 133-

134° C. after they were recrystallized from ethanol and

acetone. This substance was identical with the phyto-

sterol present in the hexane extract.

As the remaining alcohol solution was concentrated

and cooled in the refrigerator, a large amount of white

crystalline material separated. This was shown to be

protalnulin. The alcoholic filtrate was evaporated to

dryness and dissolved in hot hexane. When the solution

was cooled, more protalnulin separated.

The hexane solution was then concentrated to about 20

milliliters and the precipitate which formed was removed

by filtration. More of the phytosterol was present in the

material soluble in the hexane and was crystallized by

cooling the solution in a refrigerator. The material

which had been filtered from the 20 milliliters of hexane

solution was dissolved in acetone and fractionally crys-

tallized to give alnulin. Further concentration of the

acetone solution resulted in the isolation of a crystalline



material which melted at 254° C. The material remaining

in solution was composed of an orange colored substance

and traces of each of the four compounds previously

isolated.

A simplified chart showing the separation of the

ether extract unsaponifiables is shown in Figure 2. This

separation is somewhat different than the one used on the

hexane extract and gave a better separation of the dif-

ferent components. The saponifiable material was not

investigated.

17



FIGURE 2

SEPARATION OF THE ETHER EXTRACT

UNSAPONIFIABLE MATERIAL
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Alcohol Extract.

Four hundred and sixty grams of bark, which had been

previously extracted with hexane and ether, were placed in

a large Soxhlet-type extractor. The bark was then extrac-

ted with 95 percent ethanol for about 50 hours, to give

1900 milliliters of a dark red-brown solution. Evapo-

rating the alcohol from a 100 milliliter aliquot, and

drying the residue to constant weight in an oven at

105° C., showed that the solution contained 2.2 grams of

solids per 100 milliliters. Thus, a yield of nine percent

of the oven-dry weight of the bark was obtained.

Phlobaphene. Five hundred milliliters of water were

added to 400 milliliters of the alcohol extract. Removal

of the alcohol in a current of air caused the phlobaphene

to precipitate. The aqueous suspension was centrifuged to

remove the last traces of the phlobaphene. After the

water soluble material had been decanted, the phlobaphene

was washed with water and again centrifuged. Repeating

this procedure gave a substance free from water soluble

materials. To remove traces of ether soluble material,

the moist phlobaphene was dissolved in 20 milliliters of

acetone and poured into 400 milliliters of absolute ether.

The precipitated phlobaphene was filtered on a Buchner

funnel and dried in a vacuum desiccator. A light-tan
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powder, which amounted to 11.7 percent of the alcohol

extract, was the final product.

Methanol, ethanol or dioxane readily dissolved the

phlobaphene to give dark red-brown solutions. Ferric

chloride imparted a green color to a dilute alcoholic

solution of this substance, indicating the presence of a

catechol nucleus. The methoxyl content, as determined in

accordance with T.A.P.P.I. procedure T 2m-L3 (12), was

4.14 percent. Since this value is somewhat higher than

those usually reported for phlobaphenes, further purifi-

cation of this material was attempted. However, extraction

with benzene, ether and hexane did not decrease the

methoxyl content of the phlobaphene.

The infra red absorption spectra, shown in Figure 3,

was determined on the dry phlobaphene mulled in Nujol.

The presence of a benzene nucleus was indicated. The

absorption peak at 1700 cm -1 is characteristic of a

carbonyl group. The hydroxyl band had a greater intensity

than is usual for this type of material.

Water Soluble Components ,. The material remaining in

the water solution, after the removal of phlobaphene,

amounted to 88.3 percent of the alcohol extract. This

cloudy, red solution gave a green color with ferric chlo-

ride, and reduced Fehlings solution. Changing the pH of

the solution produced variations in the color from dark
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red at pH ten, to yellow-red at pH three. If the acidic

solution was heated, a red precipitate formed.

Paper partition chromatography was used to obtain an

indication of the number of substances present in the

water solution of the alcohol extract. The method de-

veloped by Wise, Green and Rittenhouse (15) for the

analysis of sugars, using a solvent system of 40 percent

butanol, ten percent ethanol and 50 percent water, was

found to be satisfactory. One and one-half inch strips

of Whatmann No. 1 filter paper were used as the adsorption

medium. A solution of silver nitrate in ammonium hy-

droxide was used to develop the chromatograms.

Four separate spots appeared when the water soluble

components of the alcoholic extract were chromatographed,

indicating the presence of four compounds. The first spot

did not move from the starting point. The next two spots

had Rf values of between 0.2 and 0.3; that of the last

spot was approximately 0.7.

Attempts were then made to determine the nature of

the four materials whose presence were indicated by the

chromatogram.

Tannin. Most tannins found in nature can be extracted

by alcohol and are soluble in water. Therefore, the first

material looked for in the water solution from the alcohol

extract was tannin. A tannin determination by the hide



powder method of the American Leather Chemists' Association

(13) was made on an aqueous solution of the water soluble

components. The results showed that 28.7 percent of the

total alcohol extract was tannin. The paper chromatogram

which was made for the remaining non-tannin solution did

not have a spot at the starting point. This indicates

that the spot which appeared at the starting point on the

chromatogram of the water soluble components, was caused

by the tannin.

Bark tannins are usually isolated by either an ethyl

acetate extraction or a sodium chloride precipitation from

the bark hot-water extract (7, 8). Therefore, a 300

milliliter solution of the water soluble components of the

alcohol extract was placed in a separatory funnel and

shaken with two 250 milliliter portions of ethyl acetate.

The aqueous layer was removed and extracted for 11 hours

with ethyl acetate in a liquid-liquid extractor. After

the ethyl acetate solutions had been combined, a 100

milliliter aliquot was placed in a tared dish, the solvent

removed on a steam bath, and the residue dried to constant

weight in an oven at 105° C. The yield of ethyl acetate

extracted material was 33.5 percent of the total alcohol

solubles.

A chromatographic analysis showed that the ethyl

acetate extract contained all of the four components.
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The spot with an Rf of approximately 0.7 had the highest

intensity. The two spots with lower Rf values were much

less intense. Since it was evident that this fraction

was not pure tannin, it was not used for any tannin

analyses.

The aqueous solution which remained after the ethyl

acetate extraction was saturated with sodium chloride.

The reddish material that precipitated was removed by

centrifuging, and washed thoroughly with a saturated

sodium chloride solution. The precipitate was then

treated with 50 milliliters of methanol, and the insoluble

sodium chloride was filtered off. The methanol solution

was placed in a tared dish, the solvent removed by a

current of air, and the residue dried to constant weight

in a vacuum oven at 30° C. This material amounted to

8.95 percent of the alcohol extract. Chromatographic

analysis showed that it was almost entirely tannin, but

contained a slight trace of free sugar. An outline of

this method of separation is given in Figure 4.
The tannin was further purified by placing it in a

Somhlet extractor and extracting with ethyl acetate,

benzene, ether and hexane. The final product was a fine,

reddish powder that was readily soluble in hot water,

giving a reddish solution that turned dark red when base

was added. When the solution was acidified, it became
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yellow, and in a few hours gave an insoluble, red mate-

rial. The insoluble material also separated on boiling

a concentrated aqueous solution of the tannin for a short

period of time. The tannin fraction was soluble in

ethanol, methanol and dioxane, but insoluble in dry ethyl

acetate.

The methoxyl content of the purified tannin was 3.52

percent, as determined by the T.A.P.P.I. procedure T 2m-43

(12). An aqueous solution of the tannin gave a green

color with ferric chloride and a precipitate with bromine

or gelatin.

The infra red absorption spectra for the tannin

mulled in Nujol is shown in Figure 3. It indicated the
presence of a benzene nucleus. The carbonyl band at

1700 cm-1 was less intense than the corresponding band

for the phlobaphene. A strong band was present at the

characteristic hydroxyl frequency.

Free Sugars. The non-tannin materials left after the

hide powder analysis for tannin, amounted to 59.6 percent

of the total alcohol extract. Since two of the three

spots obtained on the chromatogram of this solution could

be due to free sugars, a reducing sugar determination was

run on the water soluble components of the alcohol extract.

It was not run directly on the non-tannin solution because

of the probable loss of material on the hide powder used
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to obtain this solution.

A 300 milliliter aqueous solution of the water soluble

material from the alcohol extract was treated with 50 mil-

liliters of a saturated neutral lead acetate solution.

The insoluble lead salts were removed by centrifuging and

were washed twice with water in the centrifuge. The

washings were added to the solution of the soluble mate-

rials. In order to remove the excess lead from the sugar

solution, ten grams of dipotassium phosphate were added,

and the insoluble lead phosphate was removed by centri-

fuging. The precipitate was washed twice with water in

the centrifuge. The combined lead-free water solutions

of the free sugars amounted to L$0 milliliters. Chromato-

graphic analysis revealed that only the two lower-Rf-value

spots were now present. A ten milliliter aliquot of this

solution was diluted to 100 milliliters with 0.01 N

sulfuric acid and analyzed for reducing sugar by the

Shaffer-Somogyi method (11). This analysis showed that

32.7 percent of the alcohol extract was reducing sugar,

calculated on the basis of glucose.

A 50 milliliter aliquot of the sugar solution was

refluxed for one hour with two percent hydrochloric acid.

This solution was neutralized with potassium hydroxide

and analyzed for reducing sugar. A value less than 30

percent was obtained, indicating that all the free sugars
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were monosaccharides.

The free sugars could also be separated by removing

the other materials by means of an n-amyl alcohol extrac-

tion. A 100 milliliter aqueous solution containing 1.53

grams of water soluble components of the alcohol extract

was shaken with five 60 milliliter portions of n-amyl

alcohol. A 25 milliliter aliquot of the water layer was

evaporated to dryness on a steam bath and dried to constant

weight in an oven at 105° C. This showed that the mate-

rial remaining in the water layer amounted to 33.3 percent

of the total ethanol extract. Chromatographic analysis

showed that the water layer contained only free sugars.

To determine what two sugars were present, several of

the more common natural-occurring sugars were chromato-

graphed on the same strip of paper as the free sugars.

The spots for glucose and xylose were exactly opposite

the two spots produced by the free sugars. This shows

that glucose and xylose are present as free sugars in the

alcohol extract of red alder bark.

Complex Phenolic Xyloside. Subtracting the 32.7

percent reducing sugar content from the 59.6 percent non-

tannin material, left 26.9 percent of the alcohol extract

not accounted for. The chromatogram spot with an Rf of

approximately 0.7 also needed an explanation. A high

intensity was noticed for this spot on the chromatogram
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for the material extracted by ethyl acetate from a water

solution of the water soluble components of the alcohol

extract. However, tannin and some free sugars were also

present in this fraction. Since the pure tannin was not

soluble in dry ethyl acetate, it was thought that a direct

ethyl acetate extraction on the bark would remove the

unknown material in a pure state. Therefore, 500 grams of

bark, that had been previously extracted with hexane and

ether, were extracted with dry ethyl acetate in a large

Soxhlet-type extractor. The red-colored extract was

concentrated to 150 milliliters and poured slowly into

one liter of hexane with vigorous agitation. The light

flocculent precipitate was allowed to settle, removed on

a Buchner funnel and immediately placed in a vacuum

desiccator to dry. The dried material was a light, cream-

colored powder, which amounted to 0.9 percent of the oven-

dry weight of the bark. This material was extremely

hydroscopic and, if exposed to undried air for more than

a few seconds, it darkened and became sticky. Several

attempts were made to crystallize this material from

alcohol, acetone and many other solvents, but they all

resulted in a sticky material forming on the bottom of the

container. When the paper chromatography method of

analysis was applied to this material, it showed the

presence of a large amount of free sugars along with
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the unknown material of high Rf.

A solution of 300 milligrams of the ethyl acetate

extract in 20 milliliters of water was placed in a separa-

tory funnel and extracted with 200 milliliters of n-amyl

alcohol. The amyl alcohol was washed four times with

fresh portions of water and the combined water solutions

were evaporated to dryness on a hot water bath and dried

to constant weight in an oven at 105° C.

The material which was preferentially soluble in

water amounted to 50.5 percent of the total ethyl acetate

extract of the bark. Chromatographic analysis showed the

water extract to be composed of the free sugars, glucose

and xylose. A similar analysis showed the unknown mate-

rial to be present in the amyl alcohol layer. Fifty

milliliters of water were added to the amyl alcohol

extract, and the alcohol removed with a current of air.

Enough sulfuric acid was added to this water solution of

the unknown material to give a two percent sulfuric acid

solution. This solution was refluxed for one hour,

extracted with three 20 milliliter portions of n-amyl

alcohol, and the combined alcohol extracts were evapo-

rated, dried and weighed in a tared dish. This showed

that only 67 percent of the hydrolyzed unknown material

was now preferentially soluble in amyl alcohol. By dif-

ference, 33 percent of the hydrolyzed material was present
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in the water layer. Chromatographic analysis showed that

the water solution contained only xylose. Since this

xylose was obtained by hydrolyzing the unknown material,

the unknown material was concluded to be a xyloside.

The amyl alcohol separation indicated that approxi-

mately one-third of the molecule of the xyloside was

removed by hydrolysis. This meant that the molecular

weight of the xyloside was approximately three times the

molecular weight of xylose anhydride, assuming one xylose

unit per molecule. A molecular weight of about 400 for

the xyloside, or about 265 for the aglycon, was calcu-

lated. A diagram of this method of separation and the

results obtained is given in Figure 5.
Some of the dry ethyl acetate extract from red alder

bark was dissolved in warm water and treated with neutral

lead acetate. The lead salts of the xyloside were removed

by centrifuging, and washed twice with water and twice

with methanol in the centrifuge. The material was then

suspended in methanol and decomposed with hydrogen sulfide

gas. After removing the lead sulfide by filtration, the

methanol was vacuum evaporated at room temperature. The

residue was broken loose, washed out with hexane, filtered

and washed with hot benzene on a Buchner funnel, and dried

in a vacuum desiccator. The product was a light red-orange

powder which was not as hydroscopic as the xyloside-sugar
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mixture. Attempts were made to crystallize it from a

variety of solvents without success. The methoxyl content

was 3.66 percent, as determined by the T.A.P.P.I. method

T 2m-43 (12). If it is assumed that only one methoxyl

group is present per molecule of xyloside, then a molecular

weight of about 850 for the xyloside is obtained by calcu-

lation. Since this value was about twice the value ob-

tained by the relative amount of xylose present, the

material seems to have two xylose units, 2 aglycon units,

one methoxyl group, and a calculated molecular weight of

about 850.

The dry powder, obtained by the direct ethyl acetate

extraction of the bark, was used to determine the pro-

perties of the phenolic xyloside. It was not completely

soluble in cold water, but dissolved in hot water to give

a yellow solution. The solution gradually changed to a

red color when allowed to stand for several days, or in a

few hours if the solution was heated. Acidification of

an aqueous solution of the xyloside produced a light

yellow color. Boiling this solution gave an insoluble,

red, phlobaphene-like material.

The color of the xyloside in an aqueous solution was

dependant on the pH. It was yellow at pH's below about

4.5, but became red at a pH close to 4.8. As the basicity

was gradually increased, the red color of the solution



became more intense, until at pH's above 8, it gave a

very dark red solution. The color developed by this

material in a basic solution was much darker than the

colors developed by the tannin or the phlobaphene. It

was also darker than the colors produced in basic solu-

tions by catechin or dihydroquercetin.

The xyloside was soluble in methanol, ethanol, n-amyl

alcohol and dioxane. It was also dissolved by acetone or

ethyl acetate if some water were present. When a drop of

ten percent ferric chloride was added to a dilute aqueous

solution of the xyloside, a green color was produced. An

excess of hide powder adsorbed some of the compound from

solution. The xyloside gave a cream-colored precipitate

when treated with lead acetate. Since no color was pro-

duced when the xyloside was treated with magnesium and

concentrated hydrochloric acid, it was not a flavone or

flavanone. The Wilson boric acid test for flavones (14)

was negative.

Attempts were made to prepare an acetate derivative

by treating the material with acetic anhydride and sodium

acetate, but the light colored material obtained was also

hydroscopic and could not be crystallized from a variety

of solvents. Three grams of the xyloside were methylated

with 60 milliliters of dimethyl sulfate and an equivalent

amount of potassium hydroxide. The product was soluble



in ether, but no crystalline material could be obtained.

Six grams of the compound were methylated with diazo-

methane, but the product could not be crystallized.

The infra red absorption spectra was determined on

the xyloside in a Nujol mull, and is shown in Figure 3.
A carbonyl band appeared at 1700 cm- 1 0 the same place

that it appeared in the tannin and phlobaphene. The

presence of a benzene nucleus and hydroxyl groups was

indicated. Paper partition chromotography, using the

method previously described, showed the compound to have

a Rf value close to 0.7, which would indicate that the

material had a molecular weight lower than the tannin or

phlobaphene, since the latter two substances did not move

from the starting point.

The properties of this complex phenolic xyloside

were similar to a low molecular weight tannin material,

but further work is needed to establish its structure.

A comparison of the properties of the xyloside with the

properties of the alcohol soluble tannin is given in

Table 5.
Table 6 gives the percentage composition of the

alcohol extract.
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TABLE 5

A COMPARISON OF THE XYLOSIDE AND TANNIN

36

Test or property 

Ferric chloride

Base

Heating with acid

Solubilities

Chromatography

Infra red spectra

Xyloside

Green color

Dark red color

Red insoluble
material

Soluble in most
alcohols, di-
oxane and hot
ethyl acetate.

Rf about 0.7

Carbonyl at
1700 cm-1

Tannin

Green color

Dark red color

Red insoluble
material

Soluble in most
alcohols, di-
oxane. Not
soluble in dry
ethyl acetate.

Rf 0

Carbonyl *t
1700 cm-1

Combined with sugar 	 Yes	 Possibly

Methoxyl content	 3 .66%
	

3.52%

TABLE 6

COMPOSITION OF THE ALCOHOL EXTRACT

Component Percent

Phlobaphene 11.7
Tannin 28.7
Free sugars - glucose and xylose 32.7
Phenolic xyloside (by difference) 26.9

100.0
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Hot Water Extract.

One thousand grams of air-dried bark which had been

previously extracted with hexane, ether and 95 percent

ethanol were placed in a three liter stainless steel

beaker and extracted with five two liter portions of cold

water and three two liter portions of hot water. The 16

liters of combined extract were concentrated to 500 milli-

liters in a vertical, long tube, natural circulating-type,

vacuum evaporator. The temperature did not exceed 50° C.

during the concentration. A 50 milliliter aliquot was

placed in a tared dish, evaporated to dryness and weighed,

to give a yield of 2.2 percent water soluble material.

Carbohydrate Material. The hot water extract was

treated with an excess of hide powder to remove the tannin.

The hide powder and adsorbed tannin were removed by fil-

tration and the filtrate was then concentrated to about

100 milliliters in a current of air and poured into three

liters of ethanol. The precipitate was filtered on a

Buchner funnel, washed with ethanol and quickly placed in

a vacuum desiccator to dry. A reddish colored carbohy-

drate material, which amounted to 61.4 percent of the hot

water extract, was obtained.

After drying, the crude carbohydrate material could

not be completely dissolved in hot water, but gave a
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cloudy red-brown solution and a dark insoluble suspended

material. A fractional precipitation of the aqueous

suspension by the slow addition of ethanol was attempted,

but no distinct separation could be effected. The mate-

rial was hydrolyzed for a half hour with two percent

hydrochloric acid. This converted about 19 percent of the

crude carbohydrate to insoluble material and an additional

six percent became insoluble when the solution was neu-

tralized with dilute potassium hydroxide. The filtered

solution was concentrated to a small volume, and poured

into a large volume of ethanol to give a red-orange solu-

tion and a white precipitate. The precipitate was removed

by filtration and dried to a fine white powder, which

amounted to 47 percent of the crude carbohydrate material.

Although this method of purification gives a white,

tannin-free carbohydrate fraction, it results in the loss

of some of the polysaccharides by conversion to alcohol

soluble monosaccharides. Some of the tannin appeared to

be chemically combined to the carbohydrate material

because it could not be completely removed with hide

powder, or separated from the carbohydrate by fractional

precipitation, but could be removed after acid hydrolysis.

The purified carbohydrate darkened at about 200° C.

and decomposed at 260° C. It had an optical rotation of

LOU D  +174°.
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The crude carbohydrate was used to determine the

percent reducing sugar. After hydrolysis, the Shaffer-

Somogyi procedure (35) demonstrated the presence of 54.0

percent reducing sugar, expressed as glucose. Maximum

reducing sugar was obtained after six hours hydrolysis as

Shown in Table 7.

TABLE 7

REDUCING SUGAR DETERMINATIONS

Length of Hydrolysis
(In Hours)

Percent Reducing Sugar
(As Glucose)

0 7.8
1
2

27.4
50.0

4
6

51.2
54.o

8 50.6

A pentosan determination on the crude carbohydrate,

using the method of the Association of Official Agri-

cultural Chemists (10), gave 16.93 percent pentosan.

Some of the hydrolyzed crude carbohydrate was analyzed

by paper partition chromotography, using the method of

Wise, Green, and Rittenhouse (15). Three spots appeared;

the last one 24 hours after the developer had been applied.

The first spot corresponded to glucose and was the most

intense. The second spot corresponded to either arabinose

or mannose or possibly both of these sugars. Since about

one-third of the reducing sugars present was shown to be
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pentosans, the second spot is most likely due to arabinose.

However, this does not rule out the possibility of mannose

being present. The third spot corresponded to xylose, but

had a very low intensity, indicating that only a trace of

xylans are present in the carbohydrate materials. None of

the sugars were determined quantitatively.

Tannin Analyses. To obtain a relative measurement of

the tannin contents, tannin analyses were run on both the

bark and the wood. The samples were composed of unex-

tracted material which had been stored in a refrigerator

while still green. The method of the American Leather

Chemist l s Association (13) was used for the tannin

analyses. A nine hour extraction period gave the maximum

yield of soluble tannin. The low tannin content of the

wood caused some difficulty in its analysis, since a small

volume of water or a large sample had to be used in the

extraction to obtain the required tannin concentration of

four grams per liter. The results of the analyses are

given in table 8.



TABLE 8

TANNIN ANALYSIS OF BARK AND WOOD

Constituent
Bark

(%)
Wood

(%)

Total solids 15.92 3.43

Soluble solids 14.10 2.94

Non-tannin 9.90 2.20

Tannin 4.20 .74



DISCUSSION

Using the three solvents, hexane, benzene and ether

did not effect as useful a separation of the extractives

from red alder bark, as their use does in separating the

extractives from the conifers and other resinous trees.

The hexane removed most of the material soluble in these

non-polar solvents, and left only a small amount to be

extracted by the benzene and ether. A detailed investi-

gation of the small quantity extracted by the two latter

solvents was not warranted, so the two were combined and

only the more easily separated unsaponifiable material was

investigated. This unsaponifiable material was found to

contain the same compounds that were present in the hexane

extract with some variation in amount.

Alnulin, a triterpene alcohol, and protalnulin, a

triterpene ketone were found in both the hexane and ether

extract. These two compounds have both been detected in

the extractives from the barks of grey and black alders.

The unreactive material with a melting point of 254° C.

resembles a similar material found in the barks of black

alder and green alder. The compound alniresinol, which

is found in the barks of grey alder and green alder, was

not detected in this bark. A phytosterol was found in red

alder bark but has not been discovered in the barks of the

other alders.
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Only seven percent of the hexane extract consisted of

free acids. Linoleic acid was shown to be present in the

saponified acid fraction. The iodine number and neutral

equivalent of this fraction indicated that saturated fatty

acids with at least 18 carbon atoms might be present, but

they were not isolated.

The alcohol extract was found to be composed of a

mixture of five compounds, all of which are colored, or

are capable of becoming colored when heated. The use of

paper chromatography was an extremely valuable aid in the

separation and analysis of these compounds. Several dif-

ferent methods of separation were required to obtain the

pure materials and to obtain a quantitative measurement

of the amount of each.

A complex phenolic xyloside was isolated by means

of its lead salt and was shown to be closely related to

tannin. It amounted to about 27 percent of the alcohol

extract. Some of its properties that are similar to those

of a tannin are: gave a green color with ferric chloride,

formed red insoluble material when heated with acid, and

gave similar infra red spectras. Tests indicated that it

is not a flavanone or flavone. The infra red spectra

showed the presence of a carbonyl group of some type.

Its ability to form dark red colors, even more so than

the tannin, indicated that it might be the chief cause of



the red stain in the wood. This postulation is further

strengthened by the fact that the stain in the wood

exhibits the same color changes with variation in pH

that this xyloside does.

Glucose and xylose amounted to about one-third of

the alcohol extract. The phlobaphene, which amounted to

11.7 percent of the alcohol extract, had a methoxyl content

of 4.14 percent.

A phlobatannin accounted for 28.7 percent of the

alcohol extract. Additional tannin was present in the

water extract and appeared to be combined with the carbo-

hydrate material, making it alcohol insoluble.

The carbohydrate material obtained from the hot

water extract could not be completely purified by pre-

cipitation from alcohol or hide powder treatment.

Hydrolysis for short periods removed the tannin, but

also resulted in hydrolysis of the carbohydrates. The

unpurified carbohydrate material gave a reducing sugar

value of 7.8 percent without hydrolysis and 54 percent

after six hours hydrolysis, and was shown to contain

glucosans, arabans, xylans and possibly mannans.

Tannin analyses showed that the bark contained 4.2

percent tannin and the wood 0.74 percent tannin, calcu-

lated on the oven-dry weight of the materials.
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SUMMARY

Samples of red alder bark and wood were obtained

from a freshly felled tree in July 1951, while the sap

was still flowing. A quantitative determination of the

amount of material extracted by hexane, benzene, ether,

95 percent ethanol and hot water was made on the bark.

The determination was repeated on the wood, but the

hexane and benzene extractions were omitted.

The hexane extract of the bark was shown to contain

alnulin, protalnulin, a phytosterol, and linoleic acid.

Alnulin, protalnulin and the phytosterol were also

isolated from the ether extract.

Some difficulty was encountered in the separation of

the components of the alcohol extract, but it was shown

to contain tannin, phlobaphene, glucose, xylose and a

complex phenolic xyloside. Analysis of the hot water

extract indicated that it contained tannin and carbo-

hydrate material. Glucosans, arabans, and xylans were

shown to be present in the carbohydrate material. Standard

tannin analyses were run on the bark and the wood.
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