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THE CONSTITUENTS OF THE EXTRACTIVES
FROM POMDEROBA PINE BARK (PIBU3 PONDEROBA, LAWS,)

INTRODUCTION

The purpose of this investigation was to determine

by chemieal analysis the constituents of the extractives

of ponderosa pine bark (Pinus ponderosa, Laws.). At

present it is estimated that approximately three billion
board feet of ponderosa pine lumber are produced annually
(28, p.1). Ourrently the sawmills use the bark for hog
fuel or burn 1t in a waste burner as a method of qulek
disposal, An examination of the literature revealed

that there were no previous reports on the chemical
analysis ¢of the bark extractives from this partiocular
pine tree.

With the aource of sawlog timber slowly being de~
Pleted there is & move for greater utilization of the
wood and berk, which 1s continually wasted In convert-
ing trees into usable products. In many cases, even
though thiro is a potential market for the products made
from foreat waste, the cost of manufacturing and market-
ing these products 1s greater than their selling price.
This opena the path for products that do not rsquire
extensive manufacturing or products that bring premium

prices bhecause of special propsrtlea.



"~ Clean leogs and & source of wood-free bark result
from the installation of bharkers at pulp mills and saw~
mills. These barkers, whether mechanical or hydraulie,
facilitate the utilization of the logs in the mills, At
the sawmills the bark free slab wood can be disposed of
for pulp or hard board manufacture., The bark free log
saws esonomlically and does not dull the saws as fast as
the logs with their bark intact.

At the present time the bark of Douglas fir trees
(Pseudotsuga taxifolias, Britt.) is the only bark of

commercial tlmbér that is utilized on a large scale
in the Northwest. One of the largest uses of this bark
at present is based on its separation into cork, fiber,
and an smorphous powder. These products can be used in
connection with various Iindustriesg, such as plastics, oil,
and insecticides. The extractives of Douglas fir bark
are also being exploited ocurrently. The tannin is being
used to produce a light«brown, well-plumped leather at a
tannery in Dallas, Oregon. One plant in Springfield,
Oregon, is extracting from the bark a wax, which is a
light-ocolored, hard material comparable to other high
grade vegetable waxes,

The example belng set by the Douglas fir bark is

hoped to be a pattern for future utilization of bark



waste of other speclies in the Northweat., With large
amounts of ponderosa pine Iin the western states being
cut every year, an analysis of the bark extractives

will give an answer to the possible chemical utilization

of the bark of this species.



COLLECTION AND PREPARATION
OF BARK SAMPLES

The péu&nroaa pine bark used in this work was
taken from sawlogs on the land of the Brooks-Scanlon
Company, Bend, Oregon, about five miles east of Black
Butte, Oregon, in June, 1948, All of the trees were
foelled about one month previous to the time of collection.
The stand of trees was about one-third of the way up a
slope covered with thim topsoil over rock, Most of the
trees in this stand were about 250 years old.

Samples were taken separately from the bottom
{2-foot height), middle (32-foot height), and top
{62«To0t height) sections of five trees In each of the
following three age groups: 150 to 200 years; 200 to
250 yearsj 250300 years. Sark was removed from a total
of fifteen trees to give forty-five samples, from whlch
the nine composites were prepared for analysis. This
gave a bottom, middlo,'and top composite sample for
each age group as shown in Table 1. The bark of the
ponderosa pine 1s relatively thin; thus, the bark from
the top of the trees had a high proportion of inner
bark, whereas the bark samples from the bottom sectlon
nad 1ittle inner bark. The data recorded at the time

of sampling are summarized in Table 1,
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Bottom Section - Middle Section Top Section
(2-foot height) (32-foot height) (62-foot height)
Dia. Dia. Dia. Dia. Dia. Dia.
Age group Tree outside bark inside bark outside bark inside bark outside bark inside bark
Years In. In. In, In. In. In.
1 27.5 23.5 20 18 14 13
2 25 23 16 15 11 10.5
150to200__ _._ __ .. 3 24 22.5 15.5 15 9 8.5
4 27 24 19.5 17 13 11.75
5 24 22.5 18 17 12.5 12.0
6 32 29 22.5 20.75 16 15.5
7 29 27 20 19 13.5 ‘ 13
200to 250 . .. ___ 8 26 25 20.5 19.25 14 13.5
9 26 23 16 15 13 12
_ 10 41 36.5 25 23.5 13 12
11 42 39 27.25 24.75 15.5 13.5
12 37 34 28 26.5 19.25 17.75
# 50 to 300 __ . 13 33 30.75 22.5 21.5 14 13
14 34.5H 32.0 22 21 14 13
15 43 41 32.25 31 23 22

COLLECTION DATA ON PONDEROSA PINE BARK SAMPLES
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The bark of this specles 1s scaly, nonfibrous, and

has a characsteristic yellow color. An anatomical
examination indicated the presence of thin-walled
 parunchyma cells, cork cells, and sleve tubes. Several
views of the bark are shown in Plates 1, 2, and 3. The
yollow material formed a thin film on the outer surfaces
of eaoch scale and was found to be more pronounced in
the butt logs of the oldest trees, The color is found
throughout the bark,

After collection the samples were passed through a
Grbundlor»?osvla:a hammer-mill shredder and air-dried
to a motsture econtent of avout 10f, Subsegquently, they
were ground for analysis in a Wiley mill to pass a
twenty-mesh sleve, The hammer-mill reduced the molst
“bark te amorphous particles and a fine powder; no wellw
defined structural elements were distinguishable in the
shredded bark. The ground material was placed in brown,
stoppered bottles for analysis.

Distribution of extractlives in samples. The general

plan of analysis was to extract the bark with diethyl
ether, acetone, and water successively and to examine

the extractives of eeach solvent. In additlon, the
standard tannin analysis of the American lLeather Chemists
Aaaoeiaﬁion for woody materlals was performed. It was

thought that sueh a plan would reveal the constituents



PLATE 1

A VERTICAL VIEW
OF THE OUTSIDE OF PONDEROSA PINE BARK






PILATE 2

AN OBLIQUE VIEW
OF A BEVELED PIECE OF PUNDERCOSA PINE BARK






PLATE 3

AN OBLIQUE VIEW
OF A CROSS8-SECTION OF PONDEROSA PINE BARK
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of the extractives of ponderosa pine bark,

The nine bark samples previously mentioned were
extracted in a Pyrex glass Soxhlet extractor with
diothyl ether for eight hours., After removal of the
ether, the dried extract from the composite samples
was found to vary between 5.13 and 8.13%, based on the
oven-dry weight of bark. The residual ether on the
bark was allowed to evaporate in the hood, and then the
samples were extracted in a similar manner with acetone.

This acetone extract, after drying, comprised L.67
to 8.84% of the oven-dry bark. Upon removal of the
acetone in the hood, the bark was next extracted with
hot water. The hot water solubles, which were 11.05
to 13.20% of the oven-dry bark, were found by difference.
As oan be seen in Table 2, the total extractive content
of ponderosa pine bark varied between 23.21 and 28.69%
of the welight of oven-dry bark,



Ethyl ether Acetone Water Total of three

Age group Sample Moisture solubles solubles solubles extractives
Years Percent Percent Percent Percent Percent
Bottom 9.90 6.06 6.10 11.05 23.21
150 to 200___ ___._____Middle 9.76 5.47 5.47 12.94 23.73
Top 9.25 6.54 6.54 13.15 25.84
Bottom 9.78 6.44 8.24 12.30 26.98
200 to 250__.__ Middle 9.32 5.13 4.67 12.42 23.22
Top 9.68 6.17 5.58 12.20 23.95
Bottom 10.25 8.13 8.84 11.72 28.69
250 to 300___ Middle 9.64 6.11 5.78 11.89 23.78
Top 9.05 7.33 6.59 13.20 27.12
TABLE 2

EXTRACTIVE CONTENT OF PONDEROBA PINE BARK

{Percent of cven-dry welght of the unextrascted bark)

48]
e

It
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EXPERIMENTAL PROCEDURE
CONSTITUENTS OF THE HEXANE EXTRACT

In order te‘have a petter separation of the
ether-soluble material of the ponderosa pine bark, the
bark was extracted successlively with Skelly B solvent,
B.Ps 60-«T0% C,3 benzene; and ether. Three kilograms of
bark ground to pass a twenty-mesh sleve were extracted
in five hundred gram batches in a Pyrex glass Soxhlet
type extractor for elght hours with Skelly B solvent.

The bark used for thls work was a random sample taken
from trees 24~36 inches in dlameter located ln the
vicinity of Slsters, Oregon. The yleld of hexane soluble
extract, based on the oven-dry weight of bark, was 2.62%.
The solvent was removed, and the extract recovered. This
wax~like material had & melting point of 56-53° ¢, The
hexane soluble extract was then dissolved in ether and
extracted with 5% potassium carbonate to remove the free
acids present, This left the nsutral material present
in the extract in the ether layer. The potassium salts
of the aclds were freed by adding mineral aecld, and the
agueocus solution was extracted with ather to remove the
free aclds,

Free acids. Upon removal of the ether at reduced
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pressure the free acids were found to comprise 42.1%
of the hqxano soluble extract. The solid acids, in-
soluble in éold acetone, were recrystallized from hot

acetone, and were found to be saturated aliphatic acids

with a melting point of 71-72° C. and a yield of 21.2%.

These acids had:a neutrai earivalent of 351.5, whieh in-
dlicated that they were equivalent to a mixture of 022
(behenis) and ﬁah(lignecerio)aeids. No attempt was
made to separate this natural mixture of saturated fatty
aclds, |

After filtration of the saturated fatty acids from
the cold acetone solution, the solvent was removed from
the filtrate in order to examine the residue. Since it
was somewhat viscous and sticky at room temperature, two
typeﬁ of acids were indicated, resin aclds and unsaturate-

ed fatty acida. The resin aclids were removed by the pra~-

ferential esterification method of Wolff and Scholze

(29, p.369)s These resin acids gave a positive Liebermann-

Storeh test (15, p.412), The acids had a melting point
of 82-83° ¢,, a neutral equivalent of 346.5, and were

obtained in a yield of 19.5%. The specific rotation in
ethenol was found to beﬁx]ggoz-k39.5°. While the resin

&cids present in pondercsa pine bark did not have a neutral

equivalent as low as abietic acid, a common resin acid,



£

these resin acids were optically active, gave a positive
Iiebermann~3toreh test, and were not esterified. These
properties indicated the presence of resin acids,

The methyl esters of the aclds remaining after the
removal of the resin aclds were saponifled with sodium
hydroxide. The solution was acidified and the acids
removed by extraction with diethyl ether. Thls acldle
fraction was a dark~-brown viscous material which absorbed
bromine and decolorized aqueous potassium permanganate.
The unsaturated scids, found in a yleld of 1l.4%, had a
neutral equivalsnt of 194 and an iodine number of 93.l4,
as determined by the Hanus method (19, p.4oli)s In view

of the small yield no attempt was made to purlify the

material by vacuum distillation. The acids were oxidlzed

by ¢old sllraline potassium permangsnate by the Lapworth
and Mottram method (17, p.1629). The recovered hydroxy
acid had a melting point of 129«130Q C. and a neutral
squivalent of 31lj, which demonstrated the presence of
dihydroxystearic acid., Thus the unsaturated acld fraction
present in pond'rcsa pine bark contained oleic acid with
small amounts of more highly unsaturated aclds,

Neutral fraction., The neutrals of the hexane solubles

comprised 57.9% of the extract. After removal of the ether,
the neutral fraction was steam distilled to recover any

volatile oil present,
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Yolatile oil. The volatile oll of ponderosa pine
bark, separated by steam distlllatlion from the neutral
fraction, was a olear liquid with a characteristic odor,
8ince 1t was present only in traces, l.e. 0.27 of the
hexane soluble wax, no uxtensive analysis was conducted.
The 1iquid had a bolling range of 195-208° ¢, and a re=
Ifraoctive index, nﬁga £ 1.4,780 with a dispersion of 3%.4
Z scalt‘divixiena. The refractive index was determined
with an Abbe type refractometer., The density of the
material was 0.84L grems/ec at 25° ¢.

Ponderosa pine wood 1s known %o sontaln a volatile
ell of the following composition: 517 l-beta-plnens,
21£ l-alpha-pinene, 12% dipentone, 8% borneol, and 1.5%
bornyl asetate (1, p.959)s Thls volatile oll had a
density of approximately 0.85 zrams/cc and a refractive
index, by % 14740, Since the volatile oll from the
rondeross pine bark had s comparable density and ree
fractive index to that of the wood it was indieated
that the oils were simllar, Tecause of its access to the
alr the oil from the bark would be expected to contain
a smaller poreentage of the more velatlile constituents.
| Combined agids. After it had been steam dlstilled,
twelve grams of the noutral fraction of the hexane
solubles were saponified with 100 milliliters 0.8 normal
aleoholls potassium hydroxide. The melting point of
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the neutral wax was 59-60% C. and the saponification
number was 84,0, Following the saponification the
aleohol was removed by reduced pressure and water added.
The mixture of potassium salts and unsaponiflables was
then extracted with ether. The sther removed the un-
saponifiable frastion whereas the combined acids re-
mained in the water layer as the potassium salts. These
acids were freed by adding mineral acid, and then they
wore recovered by extraction with ether. After removal
of the ether and drying to constant weight, the combined
aclds were found to comprise 29.8% of the total hexane
soluble extract. The acids were recrystallized from
acetons to a eonstant melting point of 69-70° C. and a
neutral eguivalent of 330, which indicated that they were
equivalent to & mixture of O,y (arachidic) and Cop
(behenie) acids,

Unsaponifiables. The material which remained in the

ether was the unsaponifiable fraction that comprised
27.9% of the hexane solubles. Upon removal of the ether
at reduced pressure the material was recrystallized from
ethanol. This material yielded & trace, 1.e. 0.7%

of the hexane soluble wax, of a sterol that gave a
positive Liebermann~Burchard test (12, p.261). This
phytosterol had a melting point of 137-138°% C., and
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the acetate derivative melted at 12-125° ¢,
The sterol crystals géve a preciplitate with
digitanin in ethanol, The melting point of the phyto-

sterol and its acetate were similar to those of the

sterol found in Douglas fir wood (10, p.1j09). Mixed

vmelting points of the two phytosterols showed no de-

pression In melting point.

| After removal of the ethanol the residue of the un-
saponifiable portion, which comprised 27.2% of the hexane
soluble extract, was reorystallized from acetone. The
white precipitate that was filtered off had a melting
point of 65~67° C. This white neutral material formed
&n acetate with & melting point of 51-52° ¢, when refluxed
with scetie anhydride in the presence of fused sodium
agetate. In addition a phenyl urethane, melting point 81-
82° C., was prepared. The nature of the separation of the
unsaponifiables and the derivatives formed indicated that
this fraction was compocsed of saturated fatty aleohols,
These aleohols were oxidized to the corresponding acids by
means of fusion with potassium hydroxide (13, p.1737).
The aclds formed had a melting point of 66—670 C. and a
neutral equivalent of 34l;, hence were equivalent to a
mixture of Gpp (behenyl) and G2h (lignoceryl) alcohols.

The alkaline fusion mixture was extracted with ether
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before acidification. The complete oxidation of the
aleohols and the absence of hydrocarbons in the hexane
soluble extract was indicated by the presence of a very
small amount of residual material after removal of the
ether,

Table 3 shows the percentages of the constituents
in the hexane soluble extract. The method of separation
described above 1s 1llustrated by means of a flow dlagram

in Figure 1,
CONSBTITUERTS OF THE BENZENE EXTRACT

After the ponderosa pine bark had been extracted
with Skelly B solvent, 1t was further extracted with
benzene in & Pyrex glass Soxhlet type extractor, and a
brown wax~-like substance was removed. A yield of 0,92%,
based on the oven~dry weight of bark, was obtained. The
benzene was removed from the sxtract by reduced pressure.
This wax had s melting point of 58-60° ¢.

Fatty acidas, Ten grams of this benzene soluble

material was saponified with 100 milliliters of 0,8
normal alecholie potassium hydroxide. After removal of
the alcohol by reduced pressure, water was added, and

the unsaponifiables wore extracted from the mixture with
diethyl ether. The aqueous layer contained the potassium
salts of the acids present. Upon the addition of mineral



TABLE 3

CONSTITUENTS OF THE HEXANE SOLUBLE EXTRACT

Free Acids

Saturated Fatty Acids

Unsaturated Aclds
{(Oleie Aold present)

Resin Aoldas

Combined Aclds

Saturated Fatty Acids

' Unnnpunirlablal

Fatty Alcohols
Phytosterols
Volatile 011

21.2

1.h
19.5

29,8

27.2
0.7
062

19

Lh2.1%

29,8%

28,1%



20
FIGURE 1
SEPARATION OF HEXANE SQLUBLE EXTRACT
Ponderosa pine bark
Hexane
Extraoted bark
Extract, 2.62%
K2003
' l
' ~ 8alts of free aclds Neutral fraction
L Hﬁﬂqh Steam distillation
Cold acetone KOH
Volatile oil
| 0.2%
Saturated fatty [
acid mixture, 21,.2% Salts of
Heut. eq. 351.5 combined aclds
Unsaponifiables
Acetone soluble stah
acids
H,30 Ether
thhanel
Saturated fatty
acid mixture,29.8%
Neut. eqg. 330
5 Ethanol
. ' Digitonin
I
Resin acids Fatty esters
19.5% l |
KOH Saturated fatty Phytosterol
aloohols, 27.2% 0.7%

H,30
2°h KOH
Unsaturated aclids
Oleie ascid, 1.4%
Saturated fatty
: acld mixture
\ Neut. eq. 344
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acid, the wax mclds were freed and removed from the
aqueocus layer by ether. After removal of the ether,
the aclds were redissolved in hexane and reerystallized
- from this solvent. Pollowing this these acids waere re~
erystallized from acetone.

These aclids, which comprised 34% of the benzene ex-
trast, were found to melt at 68-70? C. and to have a
neutral equivalent of 358, which indicated that they were
equivalent to a mixture of Cpp and Cp), aclds, that is
behenic and lignoceric acids. The Wolff and Scholze
preferential esterification method revealed an absence
of resin acida., The lack of absorption of icdine from
the Hanus lodine solution showed that there were no
unsaturated acids present in the benzene soluble fatty
aclds,

Fhlobaphene material, When the potassium salts of

the fatty acids of the benzene soluble wax were acidified
after separation from the unsaponifiables, there settled
out a brown amorphous material which was insoluble in acid
solution. This material was filtered off, washed with
water, dissolved in acetone, and then precipitated in
water. The material, when dry, was a dark-brown amorphous
powder, which amounted to 39% of the benzene soluble

wax, It was soluble in ethanol, acetone, and potassium



22
sarbonate and insoluble in water, dlethyl ether, and
benzene. The material was obtained only upon saponie
fication of the benzene soluble wax, This phlobaphene~
like material gave a dark-brown coloration when aqueous
ferric chloride was added to an alcoholic solution of
the material,

Unsaponifiables. After the ether was removed from
the unsaponifiable material, 1t was separated into
ethanol soluble and ethanol insoluble fractions. The
ethanol soluble material, which was 23,5% of the benzene
soluble wax, was found to have a melting point of 65-67°C,
The soluble material was acetylated with acetic anhydride
and fused sodium acetate., The acetate derivative recover-
ed had a melting point of 55.56° C. These properties and
the derivative formed indlcated that the ethanol soluble
portion of the benzene wax unsaponifiables was composed
cf saturated fatty alcohols. These fatty alcohols were
oxidized to the corresponding acids with molten potassium
hydroxide. The r«crvstailizad 80l1ld fatty acide had a
melting point of 66-67° C. and a neutral equivalent of 343,
Therefore the ethanol soluble fraction appeared to be
equivalent to & mixture of Cyy and Cpj, fatty aleohols,

The ethanol insolubls portion of the unsaponifiables,
which was 3,5% of the extract, was not fully characterized.
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The material, when rescrystallilized from acetone had a
melting point of 108° ¢. It did not give a positive
Liebermann~Burehard test for sterols (12, p.261). The
white orystals were acetylated with scetlic anhydride
and pyridine. The scetate derivative melted at 58° ¢,
All of the normal saturated monohydric aliphatiec alcow
hols melt below 100° ¢, (27, p.1l). Thus this ethanol
insoluble portion of the henzens wax unsaponifiables
mast bHe eithsr a branched chaln alechol or an aleohol
with a ring strusture,

The pereentages of the constituonts present in the
bensens soluble extract are shown In Table I, and the

method of separation 1s tllustrated by Mgure 2.

TABLE 4
Gonstituents of the benzene s9luble extract
Hexane 80luble fatty seldSuesesenss 34*9§
Ethanol soluble fatty 2lcoholSeeees 23.5%

Ethanol inscluble alaahula....‘.... 3.5%
”m&b‘ph&nﬂ I ZEERENSTEE NS RN NERE SR FE N 3900%

COMBTITUENT OF THE ETHER EXTRACT

After having been successively extracted with
hexane and bensene, the pondeross pine bark was next
extracted in & Pyrex glass loxhlet type sxtractor with
diethyl ether., Upon removal of the aether at reduced



FIGURE 2
SEPARATION OF THE BENZENE SOLUBLE WAX
Benzene soluble wax

KOH ale,
Ether

!
Potassium salts Unsaponifiables

H.30
2" Ethanol
Hexane

Hexane soluble Hexane insoluble
t&tgg aclds "ohlobephene™
34% 39%

[ |
Ethanol soluble Ethanol insoluble
fatty aloohols alcohols
23.5% 3.5%
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pressure, & bright yellow material remained that was
soluble in ether, acetone, snd alcohol; slightly soluble
in water, and insoluble in benzene, hexane, and ethyl
acetate. The yleld of this ether soluble extract was
0.83%, based on the oven-dry weight of bark. The
material waas resrystallized from either acetone, ether,
or aleohol, and in each case gave a constant melting
point of 305-307° C. with decomposition.

Table 5 shows the color reactions given by the
purified yellow material. These color reactions

indicated the presence of a polyhydroxyflavone,

TARLE §
Color reactions of

the yellow coloring matter

Reagent Color developed
8odium hydroxide, 0.1N dark green
Alooholloc ferric chloride dark green
Potassium carbonate, 5% dark green
Concentrated sulfuric acld bright orange
Dilute ammonium hydroxide dark green
Lead acetate orange
Reduction with Mg, HCl, and 320 pink

Wilson's borie acid reaction

for flavone positive



The molecular weight of the flavone by the
ebullioscopic method in ethanol was 305 and 31l.
Analysls of the flavonet: calculated for
C15H16%¢ C» 59.6; H, 3.31; mol., wt. 302
Foundt €, 59.4, 55.3; ¥, 3.30, 3.85: mol. wt.305
Suitable derivatives for such a materisl are the
acetate and methoxy compounds., The acetate was pre-
pared by refluxing two grams of the yellow flavone with
excess acetlic anhydride in the pressnce of fused sodlium
acetate, The excess acetlc anhydride was destroved
with water and a white acetylated produet separated.
This derivative was filtered off and recrystallized
from ethanol to a éonatant melting point of 237—239° Ce
It gave no eoloration with alecholic ferric chloride,
which indicated that all of the phenolic hydroxyl groups
had been acetylated. Using Clark's acetyl procedure
(6, p.&B?) the acetate was found to contain }j0.7% acetyl.
With an indicated molecular weight of 305 the acetylated
material must be & penta-acetate derivative. The

molecular weight determinstion of the penta-acetate by

the Rast camphor method (21, p.217) gave an average

molecular welght of 511, The theoretical molecular
welght for the penta-acetate is 512,
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Analysis of the penta-acetoxyflavonet ocalculated for
6153597(6530Q}51 C, 58.6; H, 3.91; CHE3CO, 42.03
mol. wt, 512
Found: ¢, 58.3, 56.3; H, L.21, L.28; CH300, 40.7;
mel. wt. 505, 517
A methoxyl determination by Zeisel's method (30,p.989)
indicated the complete absence of methoxyl groups on the
compound., 4 methoxyl derivative was made, using diazo-
methane as the methylating agent. The diazomethane was
prepared by the decomposition of 1.2 grams of nitroso-
methyl ures with 50% aqueous potassium hydroxide. Five
grams of the flavone were dissolved in dry ether with a
trace of math&nél, which enhances the methylation under
these conditions (24, p.747). The ethereal solution
of the diazomethane was added over a period of three
days. After each addition of ethereal dlazomethane the
material was placed in a stoppered flask and stored in
the ilcebox for twenty-four hours. A white material
separated from the cold ethereal solution and was filter-
od off and found teo contain 38.54 methoxyl groups., The
melting point of the methylated compound was 198-199° ¢.
Remethylation under similar conditions did not increase
the methoxyl content. By the Rast camphor method the
methylated material was found to have a molecular weight
of 370 and 374. In aleoholic ferric chloride the
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methylated eompound did not give a coloration, which
indiocated the complete methylation of the phenolie
hydroxyl gﬁaﬁp. The derivative was also insoluble
in 5% agueous sedium hydroxide.

Analysis of the pentamethoxy flavonet: caleulated for
C15Hg0,(0CH;) g2 C, 6L.55 H, 5.38; OCH3, L1.63
mol, wt., 372
Found: C, 63.9, 6L.3; H, 5.81, 5.88; OCH3, 38.5;
mol. wt. 370, 374
An examination of the literature indicated that no
sompound mitﬁ these propertles had been reported,

Degradation of the pentahydroxyflavone. By means

‘of degradation reactions it was possible to clarlify the
strueture of this flavone., In general it was found
expedient to aonduet the experiments with the methylated
‘material as it was stable In acld and base solution and
the fragments of the molecule wers more easily isolated
after the reastion. Flve grams of the pentamethoxy~-
flavone were oxidized with hot alkaline permanganate,
After the manganese dloxide had been filtered off the
solution was‘mido acidioc with mineral acid. Under these
sonditions an aeid separated. This acid was removed by
extraotion with ether, and the ether distilled off at

reduced pressure, The materlal was reerystallized from
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dilute ethanol to a constant melting point of 179-180° ¢,
and a neutral equivalent of 181, A mixed melting point
determination of this material with veratric acld, melting
point 180-181% C., showed no depression in melting point.
From these dats it was known that the flavone was a
3¢, epolyhydroxyfilavone.

| Hext, five grams of the flavone were fused with

 ”fyatnsnan hydroxide, Upon completion of the fusion,

water was added to the black fuslion mixture. This alka-
line solution was then methylated with dimethyl sulfate.
Over a period eof four hours dimethyl sulfate was added
in sufficient quantity to neutralize the base, and the
mixture was stirred for an additional four hours. Then
the methoxy derivatives of the phenols were removed with
othﬁr from the acid solution. First, the diethyl ether
was removed and then the aromatic ethers were distilled
at reduced pressure. Under these conditions it was
pe:#ibla to separate the distillate into two fractions,
The first fraction had e boiling point of 203-206° C. at
satmospheric pressure, whereas the second fraction boliled
at 250-253% C. From the previous oxidation the lower-
boiling ether was thought to be veratrole, B.P. 207° C,
The dibremeo~derivative was prepared by Underwood's
method (26, p.4090). The L,S5-dibromoveratrole was

recrystallized from alcohel to a constant melting point
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of 91-92% ¢. (1iterature value, 92-93° ¢.).

The higher<boiling ether was thought to be & tri-
methoxy ether. A methoxyl determination showed that
there was 55.0% OCH present, whereas trimethoxybenzene
containe 55.4% OCH,. Since all three of the possible
trimethoxybenszenes form suiltable bromine derivatives,
the compound was brominated in acetie acld, The bromo-
derivative obtained was recrystallized from ethancl to
& oonstant melting point of 54-55° C. (literature value
84-55° C.). These constants are those of S-bromo-1,2,l-
trimethoxybenzsne, which was derived from 1,2,l-tri
hydroxybensens (i,p.375), boiling point 250-255° C.

From the foregoing data two structures are possible,
1.0, the 3.3’;&'Q5.é~pcnt&hydrcxyf1avane and the
3,3',4',5,8~pentahydroxyflavone. Since the 3,3'4',5,6~
pentahydroxyflavone {8 known (22, p.130), and 1its melting
point is 318-320° G. whereas the pentamethoxy and penta=-
acetate melt at 196° C. and 121-122° C., respectively,
the yellow eoloring matter in ponderosa pine bark must

be the 3,3',14',5,8«pentahydroxyflavone,

4 w o o
|cl-oﬁ “o
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Absorption spectra. The ultraviolet abserption

spectra of the 3,3',}415,8-pentahydroxyflavone is shown
in Figure 3. The ultraviolet curves were determined by
means of a Beckman model DU quartz photoelectrie spectrow
photometer. The solvent used was ethanol, which was
purified by Lelghton's sulfuric aeid method (18, p.3017).
The absorption eurve of the flavonse, which is very simllar
to the curve of quercetin, has a maximum absorption at
255 millimiorons. Such a situation i3 quite possible in
view of the fact that certain hydroxyl groups in
appropriate positions on a flavone molecule do not cause
a 3hift in the absorption peaks of the curve (3, p.565).

The infrared spectra of the 3,3',,'5,B8-pentahydroxy-

iavone, dihydroquercetin, and quercetin are shown in
Figures L, 5, and 6, These were determined by means of
e Baird Assoelates twin-beam infrared spectrophotometer,
All of the materials were mulled in Nujol paste for
analysis,.

In view of the fact that no two organic molesules
have completely 1dentieal infrared absorption spectra
(23, p.1l), these curves demonstrate the dissimilarity of
the three compounds. The quercetin is 3,3',4',5,7-penta-
hydroxyflavone, whereas the dihydroquercetin 1s the
3,3',4*,5,7~pentahydroxyflavanone. It will be noted
that the main absorption band of the hydroxyl groups
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Ultraviolet abporption curves
Concentrations
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I.Yellow coloring matter 0.00125 grams /ml.
2.Tannin 0.0025 g¢grams /ml.
3.Phlobaphene 0.00125 grams /ml.
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aacﬁrrod &t 3.0~3.1 mlcrons., If gresater dispersion of

this particular absorption band had been possible, a

mores detailed analysi
been made., The most
spectra of quercetin

flevone can be noted

ETHAROL

Tannin and philo

k of the hydroxyl groups could have
#bvious difference in the infrared
Pnd the 3,3',4',5,8«~pentahydroxy~-
&n the 9-10 micron region,

SOLUBLE CONSTITUENTS

baphene., A 500 gram sample of bvark

previously extracted

a Pyrex glass Soxhlet

The yield of ethanel
volume of the solutio

liters at reduced pre

th diethyl ether was extracted in
type extractor with 95% sthanol.

solubles was 8,30%. When the
P had been decrsasod to 250 milli-

|
@aure, the dark-brown alcocholic

solution of tannin‘un@ phlobanphene was poured into
1175 milliliters of wkter. Umder these conditions

the phlobaphene waas i

nsoluble and eould be filtered

off, washed free of tammin, and dried in a vacuum oven

at 55° ¢, and 3™ of mercury.

37.8% of the ethanol
of tannin in the solu

The phlobaphene comprised
soluble extract. The percentage

tion was determined to be 62.2%

by taking an sliquot
socordance with the s
Leather Chemista Asso

Two me thods wer

and snalyzing it for tannin in
tandard methods of the American
clation (2, p.T7).

e usaed to purify the tannin from
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ponderosa pine bark., In the first method a concentrated
aqueous solution of the tannin, l.e. 20% solids, was
extracted with ethyl acetate in a liquid-liquid extractor,
Ater an eight~hour extraction the ethyl acetate was re-
moved at redusced pressure and the material dried in a
vaouun oven at 55° ¢. and 3" of mercury. Of the tannin
available in soclution, only 20.8% was extracted with the
ethyl acetate, The product was a brown powder charac-
terlzed as follows!

l. It was soluble in water, ethancl, acetone,
and ethyl acetate,

2. It was preoipitated in aqueous solution by
gelatine, lead acetate, and bromine.

3. It was colored a brown-black by the addition of
: a drop of ferric chloride solution.

i, It tanned a sheepskin skiver a 1light brown color
. in aqueous solution.

The second method of isolating the pure tannin was

based upon the faet that the tannin was precipitated

from an aqueous solution by sodium chloride. The salt was

added to the tannin solution which had been previously
extracted with ethyl acetate, and the tannin precipitated.
The sodium chloride precipitated tannin was flltered off
and dried in a vascuum oven at 552 C, and 3" of mercury.
The tannin was then extracted with acetone in the Pyrex
glass Soxhlet‘apparatua. The acetone soluble portion of

the sodium chloride precipitated tannin, which had the
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‘same properties as those listed for the ethyl acetate
 soluble tannin, was L.5% of the ethanol extract. The
~ percentage of residual tannin was found by difference,
| Table 6 shows the percentages of the constltuents
faﬁnd in the qthanal extract and Figure 7 demonstrates

the method of separation of the extract,.

TABLE 6
Constituents of the ethanol extract
(8.30% yleld on the basis of oven-dry bark)
Phlon‘ph.n'o‘iococaoo-co.-o.unnoo 3708%
Ethyl acetate soluble tannin..... 20.8%

NaCl precipitated tannin...eeceee Lo5%
Residusl tannin (by difference).. 37.7%

Methylation of tannin. Since the hydroxyl groups

present on the tannin molecule are belleved to be active
in the tanning of leather, it was desirable to know

the percentage of aliphatic and phenolic hydroxyl groups
present. k?wo three-gram samples of the ethyl acetate
soluble tannin were methylated to constant me thoxyl.

The first sample was dlssolved in 1.0% aqueous sodium
hydroxide and methylated by adding dimethyl sulfate
while stirring. The solution was kept basic at all times
by adding additional bese. When twenty-five milliliters
of dimethyl sulfate had been added, the solution was
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FPIGURE 7

SEPARATICN OF THE ETHANOL SOLUBLE EXTRACT

Ethanol extract

H,O

| ]
Phlebaphene Tannin
37.8%

Ethyl acetate

Ethyl acetate Ethyl acetate
soluble tannin insoluble tannin

20.8%
KaCl
Acetone
HaCl precipitated Regidual
tannin, l.5% tannin

37.7%
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allowed to become acidic and the methylated product
filtered off and remethylated under the same conditions

to constant methoxyl. Finally the methylated tannin was
dissolved in moetone and precipitated by adding the
solution to a large volume of water, The light brown
material was filtered off and dried in a vacuum oven

at 55° ¢, and 3" of mercury.

The second sample of tannin was dissolved in dry
dioxane containing a trace of dry methanol, which facili-
tated the reaction, and methylated with dlazomethane. The
diagzomethane was produced by the decomposition of nitroso-
methyl urea with potassium hydroxide., After each additlon
of diagomethane, the solution was allowed to stand over
night in the icebox. Five such methylations produced a
light brown product of constant methoxyl. Upon removal of
the diethyl ether and dioxane at reduced pressure the
material was dissolved in acetone and precipltated by the
addition of water. The diazomethane methylated tannin was
filtered off and dried in a vacuum oven at 55° C. and 3"
of mereury.

The dimethyl sulfate was used to methylate all of the
hydroxyl groups present, while the diazomethane reacted
only with the acidic hydroxyl groups. In this way it was
possible to determine by difference the percentage of
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aliphatiec hydraxyl groups present in this tannin
moleoule. 3inee it was necessary to know the amount
of methoxyl present in the tannin molecule before
methylation, the tannin was purifled in such a manner
that no methoxyl or ethoxyl group was added., For this,
0.5 grams of the ethyl acetate soluble tannin was dis-
solved in hot water and bolled. The solution was then
placed in a vaowm desiccator and dried over sulfurlc acid.

The methoxyl content was determined in accordance
with TAPPI standard, T 2 M-43, which is based on Zelsel's
method (25, T 2). The results of these analyses are
shown in Table T.

TABLE 7
Analysis of the tannin

Methoxyl,{ Increase in
methoxyl,%

?mcﬂtﬂtblt“ﬂuta.u.&»toon 205’4
Diazemethane

mothylated tannin.ccesssese 3&»15 evess 21,01
Dimethyl sulfate

”th”;‘g‘d tannin.ecscossee 36080 sosee 314-;26

Hydroxyl groups in the tannin
Total h’dr”yl EYOUPBsscctresvrnvsssncsrnsse 2903%

m‘“@lxﬁ h’ﬁ’ﬂxyl EPOUPBescsscssresssnnsee 13-2%
Aliphatio hydroxyl grouPBecssssccsonsecnee 900%
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‘Oxidation of the methylated tannin. A twenty-gram

sample of ponderosa pine tannin was dissolved in & 1%
solution of sodium hydroxide. To this solution was added
dropwise 40 milliliters of dimethyl sulfate and an equiva=-

- lent amount of 30% sodium hydroxide over a period of

two hours. The solution was basic until the end of the
reaction, at which time 1t became aeidio and the methylat-
ed product separated. This product was filtered off and
remethylated in the presence of acetone,.

Upon removal of the acetone, the methylated product
was recovered, dissolved in acetone, and precipitated in
water, The preeipltated product was recovered., This
methylated tannin was then oxidized by hot alkaline
potassium permsnganate, The manganese dloxide was re-
moved and mineral acid added to the filtrate. The pre-
sipitated acid was flltered off and recrystallized from
water and ethanol to & constant melting point of 179-
180° C. The neutral equivalent of the acid was 181,
These constants and the fact that no depression was noted
vhen a mixed melting point was made with veratric acid
demonstrated the presence of this dimethoxy benzole acid
in the oxidation products, Since the veratrie acid was
derived from a catechol nucleus, this nucleus must have
been present in the original tannin, which wauld, by this

faot, be called a catechol~type tannin,
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Dltraviolet absorption spectrs of the tannin

and phlobaphens. The absorption spectra of the tamnin

and phlahaphino from ponderosa pine bark are shown in
Pigure 3. The aolvent used was ethanol. The absorption
maxima of the tannin and phlobaphene ocour at 280 and
290 millimierons, respectively. These curves are qulte
similar to those of the tannin and phlobaphene from
Douglas fir bark (1, p.611l). This might be expescted
in view of the fact that both are catechol type tannins,
The absorption speotrs of the methylated materials, as
shown in Figure 8, have 2 maximum absorption at 280
millimicrons,

Aquecus extraction of the tannin. The tannin from

ponderosa pine bark can also be sxtracted with hot water.
In this method the extractives will include along with the
tannin all of the water soluble constituenta. The phloba-
phene wasz not soluble In the hot water. The nine com-
posite samples 1llsted in Tsble 1 were extracted with
water and sanalysed, with the exception of the sugers, in
accordance with the standazrd methods of the Ameriecan
Leather Chemiats Assoclation (2, p.7). The sugars were
determined before and after hydrolysls by Somogyl's
modifioation of the Shaffer end Fartmenn method (5, p.196)
The dats of the analyses are given in Table 8.
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Total sugar

Total Soluble Insol- Non- Acid, as Reducing  after
Age group Sample solids solids ubles Tannin tannin pH acetic sugar  hydrolysis
Years Percent Percent Percent Percent Percent Percent Percent Percent
Bottom 16.2 13.9 2.3 7.7 6.2 3.4 0.016 2.61 2.88
150 to 200 Middle 14.1 12.9 1.2 5.7 7.2 3.6 .012 3.02 3.11
Top 16.9 14.9 2.0 6.5 8.4 3.7 .011 3.14 4.55
Bottom 20.2  17.8 2.4 10.4 7.4 3.5 027 2.86 4.33
200 to 250 Middle 16.3 14.5 1.8 5.6 8.9 3.8 .024 2.56 3.90
Top 16.1 13.8 2.3 5.7 8.1 4.0 .020 3.18 4.32
Bottom 23.1 19.5 3.6 11.4 8.1 4.0 .020 5.60 6.16
250 to 300 Middle 18.0 16.4 1.6 7.1 9.3 4.1 .018 2.22 2.77
Top 17.9 16.1 1.8 7.0 9.1 4.1 .018 1.52 2.18
TABLE 8
ANATYSTS OF TANNTIN BXTRACTS FROM PONDEROZA PINE RARK
{Percentages based on oven-dry weight of bark)

Praem

W
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It will be noted that in each age group the great-
est percentage of tannin occurred in the bult~log
samples, and that the greatest amount of tannin was found
in the oldest age group. This 1s the reverse of the
tannin distribution found in the bark of Douglas fir
trees (Psoudotsuge taxifolia, Britt.) (1L, p.605). The

tannin comprised approximately one~half of the soluble
solid material leached from the bark. The tannin content
of the bark ranged from 5.6 to 1l.4%. The tannin extract
was used to tdn sheepskin skivers a l1light brown color,
wh;uh indicated that the tannin possessed good leather-
making qualities.

Ponderosa pine bark tan llaquor contalns a high per-
centage of reducing sugar compared to the bark of other
species (7, P.91l)e The reducing sugar was found to be
from 1,52 to 5.60% of the weight of oven-dry bark. After
hydrolysis with hydrochloriec acid, the total sugar was
found to be between 2.18 and 6.16%. A certain amount
of sugar in tan liquors is necessary for the proper
curing of hides in commercial tanning processes. The
pH of the ligquor, as measursd by a Beckman glaas
electrode pH meter, Model H., varied from 3.4 to L.l.

It has been shown that hides more readily absorb the
tannin at low pH values (20, p.571).
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B&nﬁo most vegetable tanning materisls are shipped
in the dry state, 1t was deslrable to know the changes
th@t take place when ponderosa pine bark tan liquor was
dried,

TABLE 9

Effect of evaporation on tannin solutions

Before After evaporation

evaporation no sulllte Nag503
Soluble solida 1.25% 1.10% 1.30%
Insolubles 0.16% o.al% 0.11%
?btll solida 101&1% l. 1% loh-l%

These shanges were found by evaporating one liter
of tan liquor with 1,41% total sollds, based on the
wolght of the solution., When this liguor was dried at
55?60° C. with reduced pressure there was a negligible
loss of t&ﬁn&n. Qn the other hand when it was evapo-
rated évor & steam bath to dryness and then redissolved
to make a liquor with 1.41% total solids, the insoluble
portion alnna§ doubled while the soluble sollds decreased
to 1.10%, When 0.7 grams per liter of sodium sulfite was
| added to the liquor before evaporation, it was noted that
there was & deerease in the insolubles with & corre-
sponding inorease in the soluble solids and tannin in the

liquor., The values in Table 9 have been corrected for
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the ﬁ&2863 added, Thus, it can be seen that the tan

liquor from ponderosa pine bark possesses possibilities

ags & commereial tanning agent.
WATER SOQLUBLE CONSTITUENTS

Extraction and separation gg the water solubles,

Ponderosa pine bark that had been previously extracted
with dlethyl ether and ethanol was next extracted with
water. This was accomplished by extracting the bark
in 50 grams batehes in the conventional laboratory tannin
extraction apparatus. The extract fram 500 grams of bark
was ocombined and filtered before evaporation at reduced
pressure. The water soluble material was reduced to a
thisck syrup, which was purified by precipitation in a
large volume of ethanol. Under these conditions the
sarbohydrate material was insoluble, whereas the tannin
and other colored materials not previously removed re-
mained in the ethanol. The precipitated material was
sentrifuged and then washed with alcohol., The final
product was a light tan material,

Analysis of the carbohydrate material. The pentosan

determination (19, p.412) demonstrated the presence of
22,84 pentosans in the water solubles. When one gram of
the carbohydrate material was oxidized with nitrie aeid in
aeuard&na@ with the Bureau of Standards method (5, p.528),
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the yleld of mucic acid showed that the material contain-
ed 25.3% galastan, The filtrate was then neutralized with
potassium carbonate., When this mixture was acidifled with
acetie ayid,,potaanium acld saccharate was found. The
white crystals were recrystallized from water., Micro-
scopiec identification of the salt was made as outlined by
Hassid4 (11, p.685). The saccharic acid acecounted for 32.4%
of the fraotiom as glucosan. The uronic anhydride was de=
termined by Dieckson's method (8,p.775) and was found to be
2,1% of the carbohydrate material. An aqueous solution of
the carbohydrate fraction was hydrolyzed with 2% sulfurie
acid to test for mannose, After neutralization of the
hydrolysate and filtration, the solution was concentrated
under reduged pressure, Phenylhydrazine was added to the
¢old solution, which had been acldified with acetic acid,
The phenylhydrazone of mannose was formed while the
solution was in the lcebox. The recrystalllized derivative
had a melting point of 196Q Ce
The analysis of the carbohydrate mm terial is shown
in Table 10,
TABLE 10
Constituents of the carbohydrate material

PentoBaNS.cececsscccsasssons 22, 8%

GalactBnecescscecsccecncnses 25,

GlucOoSANessassccassssasvsnce 32 3%

Uronio anhydridescecescecccse

~hmntooooooovoo-oooonoo..a 9 2%
md‘t‘mnﬁdooo0bocooioo.-co 3%
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DISCUSSION

This investigation has revealed that the total
extractives of ponderosa pine bark varied from 23.21
to 28,69% of the oven-dry weight of bark. The yield
of total extractives appears within the range of that
of the bark of other species (16, p.35). The bark
saxples uaedi;n this analysis were gathered with
respect to the age of the tree and position of the
bark on the log. A greater percentage of extractives
oocurred in the top and bottom sections than in the
middle sestion,

Selvent extraction demonstrated that the diethyl
ether solubles comprised 5.47 to 8.13% of the welight
of oven-dry bark, whereas the acetone solubles werse
L.67 to 8.84% of the bark. The water solubles, which
were found by ditforonao, amounted to 11.05 to 13,20%.,

In thii species the heoxane soluble extract was
found to be a waxy materiasl with a melting polnt of
56-58° C. e yleld of wax was 2.62% based on the
welght of oven-dry bark, This wax, which was light
in color, was a hard, non-tacky material that appears
to be suitable for industrial or household purposes.

This hexane extract contained 42.1% free acids, which
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included 21.2% saturated fatty aclds with a neutral
equivalent of 331.5, 19.5% resin acids, and l.4% un-
saturated acids. The combined acids, neutral equiva-
lent 330, comprised 29.8%4 of thils extract; whereas the
unsaponifiables were found to be composed of 27.2% fatty
aloohols, 0.,7% phytosterol, and 0.2% volatile oll, When
the fﬁ%éy alaahala were oxidized, a fatty acld mixture,
neutral equivalent 3Lli, was obtained.

The benzene soluble wax, found to be 0.92% of the
bark, was darker in color than the hexane soluble wax,
but the dark solor would not limit 1ts use as an 1n-
dustrial wax. The benzene soluble wax composition was:
saturated fatty scids, 34.6%, with a neutral equivalent
of 3583 ethanol soluble fatty alcohols, 23.5%; ethanol
insoluble alcohols, 3.5%; and a phlobaphene-like
material, 39.0%. When the ethanol soluble fatty alco-
hols were oxidized, a saturated fatty acid mixture,
neutral equivalent 343, was obtained. It is thought
that this benzene soluble extract contains a phenollie-
fatty acld complex. Upon saponification, the benzene
soluble wax ylelded a phlobaphene-like material along
with fatty acids and unsaponifiables., The phlobaphense
material was insoluble in benzene and water, although

soluble in ethanol and aqueous base,
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The characteristic yellow coloring matter of
ponderosa pine tress was isolated and found to be &
new poiyhydroxyrlavonc not previously described in the
chemical literature. Ita structure was determined
and found to correspond to 3,3',41,5,8-pentahydroxy~
flavone. The yleld of the flavone, based on the ovene
dry welight of vark, w@a found to be 0.83%. An absorption
maximum weas shown at 255 millimicrons in the ultraviolet
absorption ocurve of the 3,3',4,5,8-pentanhydroxyflavone.
The orystalline flavone is somewhat simllar to the
vitamin P compounds. Even though this new compound is
not a glycoside, as is rutin, it may find some use in
pharmaceutios, It is interesting to note that this
erystalline pigment was found in conjunction with a
oxtochol*tipt phlobatannin, Fraqdanbarg believed that
~ the phlobatannina were polymerization products of such
polyhydroxyflavonols (9, p.156).

The ethanol solubles in tﬁia investigation were
found to be 37.8% phlobaphene and 62.2% tannin. This
tannin, which was characterized as a catechol-type
phlobatennin, was shown to contain 2,54% methoxyl groups
and 22,2 hydroxyl groups. Ths ultraviolet absorption
spestra showed a maximum at 280 and 290 millimicrons for

the tannin and phlobaphene, respectively.
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The tannin from ponderosza pine bark can also be
extracted w1t£ hot water., The samples wers analyzed
in accordance with the methods of the American Leather
Chemists Association., The tannin content was found to
vary from 5,6 to 11.4%, The greatest amount of tannin
oscurred in the butt log sample of the oldest trees,
whereas the top log sample of the bark ylelded the least
amount of tannin, The extracts contained a high per-
centage of Yeduelng sugar before and after acid
hydrelytis. It 18 believed that tannin can be extracted

at a prof;t from woody materials 1f the tannin content

1s 5% or more. If this is true, the overall average

tannin content of 7.5% found in ponderosa pine bark
would be slightly above the minimum. The tannin was
used to tan sheepskin skivers, and the skivers had a
light brown color, whiech would be sultable for most
leathers,

The water soluble constituents, which were extracted
with hot water, were found to contain 22,8% pentosans,
Oxidation of the earbohydrate fraction to mucic aecld
demonstrated the presence of 25.3% galactan. Potassium
acld saccharate which was identified microscopically ac=-
ecounted for 32.4% of the carbohydrate material as glucosan,

Mennan was found in the amount of 9,24 and was
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eharacterized by the formation of a phenylhydrazone.
The yleld of uronic anhydride was 2.1%,

Since pondsrosa pine bark 1s a potential source 6?
both wax and tannin, extraction of the bark should be
planned to remove both of these valuable products. One
such plan would be to extract the bark first wlth benzsne
to remove the waxes, and then to extract 1t with water
to remove the tannin, The residual bark could then be
burned to produce steam for the sawmlll and the extractlon
plant. Thus the lumber industry would be one step closer
to the complete utillization of the ponderosa pine logs
brought to the mill,
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SUMMARY

¥ine samples of ponderosa pine bark taken from
the bottom, middle and top sections of logs of three
ago grouﬁa were analyzed for their extractive content.
aaééosaivo qztrtatian of the bark with ether, acetone,
and wntcﬁ was performed. Further analysis showed that
the hexane soluble extract contained both saturated and
unsaturated fatty acids, resin acids, volatile oil,
Phytoaterol, and saturated fatty alecohols. Also saturated
fatty aclds, saturated fatty aleohols, ethanol insoluble
alochols, and a phlobaphene~like material were found in
the benzene soluble extract. The ether extract, after
previous extraction with hexane and benzena, contained
& orystalline ooloring material, which was characterized
as 3.3’.h’,Soﬁwpﬁntahydraxyflavoneo Phlobaphene and a
ocateshol~type phlobatannin were found by extraction with
ethanol, The water soluble constituents were found to
sontaint pentosans, mannan, glucosan, galactan, and

uronic anhydride,
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