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It has long been known that certain species of wood, notably the pines
and Douglas-fir, (Pseudotsuga taxifolia) resist pulping by the sulfite
process. It has been recognized in recent years (1) (2) that the
heartwood alone pulped incompletely, whereas the sapwood behaved more
or lead normally. Early investigators believed that the resinous
extractives (usually present in higher concentration in the heartwood
than in the sapwood) interfered with the penetration of the pulping
liquor into the wood chips and thus caused incomplete and nonuniform
pulping. Fluorescence under ultraviolet light and certain staining
reactions, (3) however, suggested that chemical substances existing
exclusively in the heartwood night be responsible for the pulping re.tardation, and work was begun on this subject at the Forest Products
Laboratory. While work was in progress to isolate such substances
from southern yellow pine, Erdtman (4) announced that he had discovered
the presence of phenolic compounds (a dihydroxystilbene and its monomethylether) in the heartwood of the European pine, Pinus sylvestris,
and demonstrated that it could cause pulping retardation. In the work
at the Laboratory no stilbene derivatives were found to be present
in Douglas-fir, but staining reactions by ferric chloride, uranium
acetate, and potassium dichromate indicated the probable presence of
phenolic substances in the heartwood of this species.
On working over the resinous extracts of Douglas u-fir heartwood, a
colorless compound crystallizing from water as n hydrate in long find
needles, m,p. 240°-242° C. (dec.),3 was recovered. The material was
optically active, gave emerald green to black colorations in aqueous
solution on addition of ferric chloride end an intense purple-red color
on reduction in alcoholic solution with magnesium and hydrochloric
acid. The latter reaction suggested the structure of a flavanone. By
1Presented before the American Chemical Society, New York, N. Y.,
Sept, 15-19, 1947. (For publication in the Journal of the American
Chemical Society.)
2.../aaintained at Madison, Wis.,
in coopera tion with the University of
Wisconsin.
411 melting points were corrected.
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atmospheric oxidation of a solution in 2N• sulfuric acid on the steam
bath, yellow needles of quercetin (I) separated in good yield.
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(I)
On treatment of the alcoholic solution with zinc dust and hydrochloric
acid under suitable conditions the flavanone eriodictyol (II) was
produced.
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From the above reactions and the analysis of the compound it was formulated as the 3-hydroxyflavanone (III).
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This compound belongs to a class of flavanones, the first example of
which, designated alpinone, (5) (IV) was discovered about 10 years ago
in a Japanese drug prepared from Alpinia, japonica.
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Subsequently two other 3-hydrwqrflavanonea were reported to occur_
haturally:ftStin -(7) isolated from the heartwood of the Rhus sp.,
(6) and
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ampeloptin (j) (VI) isolated from Ampelopsis meliaefolia Kudo, a plant
used as a drug and condiment in China. Optical activity in these
flavanones was not recorded.
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The formulation for the Douglas-fir flavanone was confirmed by synthesis
of the racemic material from quercetin.
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The presence of the 3-hydroxyflavanones in the heartwood of two species
suggested that they might occur in others as well. A South American
wood coigue (Nothdfagus dombeyi Blume), the heartwood of which was
found to resist sulfite pulping, yielded, on examination, naringenin
(VII)
HO F
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°
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H

(VII)
and the corresponding 3-hydroxy compound (VIII), both
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H
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OH
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of which gave orange-red to cherry-red reduction colors with magnesium
and hydrochloric acid. These two flavanones were also isolated from
the heartwood of black cherry (Prunus serotina Ehrh).
The 3-hydroxyflavanones were found to have a color reaction that
appears to be distinctive. Their alcoholic, or if sufficiently soluble, aqueous solutions on treatment with granulated zinc and hydrochloric
acid rapidly produce deep anthocyanidin-like colors, while the 3-dihrdroflavanones as well as flavanols, under similar treatment, remain
colorless or give only weak pink to lavender tints, even in strong
solution. Both classes of flavanones readily give deep colors with
magnesium and hydrochloric acid. If the filtrate from suspensions of
ground wood (or other plant material) in methyl alcohol, after standing
in contact a day or two, are not colored when acidified with hydrochloric acid but develop distinct colors on the subsequent addition
of granulated zinc, the presence of 3-hydroxyflavanones is to be suspected. Thus American beech heartwood (Fagus grandiflora Ehrh.) gives
a cherry-red color when treated in this manner due probably to the
same 3-hydroxyflavanone that occurs in coigue, although the concentration appears to be much lower in the beech.
In addition to its close relationship with quercetin and eriodictyol
the Douglas-fir flavanone bears a resemblance to catechin (IX).
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Like catechin, it contains two dissimilar asymmetric carbon atoms and
probably can exist in two "d:" "1," and "d1" forms. Only a "d" form
was actually isolated. Attempts were made to convert the flavanone
to catechin by Clemensen reduction. Crystalline catechin was not
isolated, but amorphous substances were produced that gave phlobaphenelike precipitates with boiling,mineral acids and also' gave strong wood
splint reactions for the phloroglucinol nucleus (as does catechin and
phloroglucinol tannins but not the original flavanone).

The amount of flavanone present in Douglas-fir heartwood is variable
and difficult to determine accurately because of the considerable
losses in purification. In one sample 2.2 percent of crude flavanone
was obtained. The usual amounts are generally smaller, probably in
the neighborhood of 1 percent of the pure anhydrous compound.
Because of the presence of the 3-hydroxyflavanones in the Asiatic
drugs mentioned above and from their relationship with structures
recently discussed in the literature in connection with "vitamin P"
and antihemorrhagic substances it is suggested that the Douglas-fir
or cherry compounds might have pharmaceutical value.
Experimental
Extraction and separation of the Douglas-fir heartwood flavanone.•--The
flavanone is readily extracted from the heartwood of Douglas-fir with
ethyl or methyl alcohol, alcohol-benzene or acetone in the cold and
by boiling water. With acetone the presence of some water favors the
extraction. Ether, a fair solvent for the isolated flavanone, is not
a suitable extractant, because the flavanone apparently is retained
by adsorption or by the relatively large amounts of ether-insoluble
resinous substances present. Though readily extracted, the flavanone
is difficult to separate from the other extractives; the soluble ligninlike materials present give the most difficulty. One method used was
to deposit the extractives on sand by evaporation of a solution of the
resinous material and then leach the coated sand with water at room
temperature. The aqueous extract was then extracted with ether, the other
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distilled off, and the residue recrystallized from water or aqueous
alcohol. The large volume of water necessary in leaching was a disadvantage.
In another procedure aqueous methyl alcohol was used as the extractant,
since this solvent appeared to reject much of the ligneous material
but effectively removed the flavanone. A typical run using this method
was as follows. Mr dry Douglas-fir heartwood (2.3$ kg., equivalent
to 2.0 kg. moisture free), ground to pass the 1-mm. perforations in
a Wiley mill, was added to 20 liters of a mixture of equal volumes of
methyl alcohol and water. After the suspension was stirred for 72
hours, the solution was filtered off and the filter cake pressed out.
The extract was concentrated under reduced pressure to a volume of
about 1 liter, the amorphous precipitate filtered off, and the filtrate
extracted with four 50- cc.-portions of chloroform; the extract was
discarded and the filtrate then extracted with one 300-cc. and six
100-cc. portions of ether. The ether extracts were combined and dried
over anhydrous sodium sulfate, and the ether was distilled to a volume
of about 100 cc. Petroleum ether (50 cc.) was added and the mixture
sot aside to crystallize. When the precipitated material had solidified, 450 cc. more of petroleum ether was added and the solid broken
up with stirring rod. After standing for 24 hours, the residue was
filtered off, washed with petroleum ether, and dried for 4 hours in a
vacuum oven at 105° C.
The yield was 12.4 g. of flesh-colored crystalline material, m.p.
228 0-231 0 C. (dec.) (yield, corrected for loss of solution in press
cake, 14.3 g.). Recrystallization from 50 percent aqueous ethyl
alcohol gave light cream-colored needles of nearly pure material,
m.p. 236°-23 g ° C. (dec.). Repeated crystallAzation gave long thin
colorless needles, m.p. 240 0-242° C. (dec)..t. Other flavanones,
apparently naxingenin and 3-hydroxynaringenin, were indicated in some
samples of Douglas-fir but only in relatively small amounts.
Anal. Calculated for C 1 5H1207 :

1177.00.

0, 59.21; H, 3.95. Found; C, 59.0$;

Properties. —The flavanone was found to be readily soluble in alcohols,

acetone, acetic acid, and boiling water, somewhat soluble in ether
and in cold water, and practically insoluble in benzene. Its aqueous
solution gave an emerald green to black coloration with ferric chloride,
depending on concentration. In alcoholic solution, ferric chloride
gave a blackish orange and uranium acetate a clear orange color. A
solution in dilute sodium hydroxide was nearly colorless at first
but quickly became brown on exposure to air. The Wilson boric acid
test ( g ) was negative in the pure material. An alcoholic solution
treated with hydrochloric acid and zinc, magnesium, or sodium amalgam
gave a de
le-red color, visuall similar to that obtained with
-Soft glass capillaries were unsuitable even when washed with acid after
drawing. Premature browning occurred at the glass surface, and a
definite depression in melting point was observed. Pyrex capillaries
were satisfactory.
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eriodictyol solution, magnesium, and acid. The solution reduced with
zinc became orange when it was made alkaline with sodium hydroxide,
while the solution reduced with so.dium amalgam became bluish purple
to violet depending on concentration. On fusion, the nava:bane decomposed to a reddish brown mats. When the material was juste liquified,
then quickly cooled, quercetin was precipitated out by the addition
of water.
Lead salt of the flavanone..--The flavanone (2 g.) was dissolved in 400

cc. of boiling water; 1 tc of acetic acid was added; the heating was
discontinued; and 45 cc. of a 10 percent solution of lead acetate was
slowly added with constant stirring. After digestion for an hour the
crystalline precipitate was filtered off, thoroughly washed with hot
water, and dried at 105° 0, for 2 hours.
Anal. Calculated for .015111007P
39.3. Found: Pb, 39.3.

Pb, 40.7; for 15-11-7'
C N 0 PbOH: Pb,

Water of hydration.----The flavanone was crystallized from 20 and also
from . 50 parts of hot water and the'crystals dried several days at 27°
C. and 65 percent relative humidity. Weighed portions were then oven
dried at 120° C. to constant weight.
Anal. Calculated for 0 15H 120 7 • H 20: H 20, 5.59. Found (crystals ftom
20 parts water) H20, 5.67. Calculated for 015H1207'2.5 H20, 12.89.
Found (crystals from 50 parts water) H20, 12.93.
Oxidation 'to quercetin.--The Douglas-fir flavanone (1.00 g.) was
added to 100 cc. of2 N sulfuric acid and heated on the steam bath
under a reflux condenser while a gentle stream of air was passed into
the flask over the liquid. (Passing air into the liquid through a gas
diffusion tube gave poor yield due to extensive decomposition into
amorphous products.) In a short time the solution became yellow, and
after several hours yellow needles began to precipitnte. After 27
hours the solution was filtered, the filtrate returned to the apparatus, and the precipitate thoroughly washed with cold water, then
dried at 120° C., in a vacuum oven; yield 0.374 g. of bright yellow
needles, m.p. 316°-31g ° C. (dec.) (literature (2) 316 .3-317° C.) unchanged on admixture with an authentic specimen of quercetin. The
filtrate, light amber in color, was subjected to second 27-hour
treatment yielding 0.24 g g. of slightly discolored yellow needles,
m.p, 314 0.-3160 C. (dec.). A third treatment yielded 0.147 g. of brown
crystalline material, which, on recrystallization from 50 percent
ethanol gave 0.135 g. of a yellow crystal powder, m.p. 314°-316° C.
Further treatment of the acid filtrate yielded only traces of quercetin;
total yield of nearly pure quercetin 0.757 g., 76 percent of theoretical,
The quercetin was further characterized by preparation of the bromine
derivative melting at 235°-237° C. (literature (1E9 236°-237° C.).
Attempts to bring about dehydrogenation of the flavanone with other
oxidizing agents or by catalytic means were unsuccessful.
Rept. No. R 1692

Anal. Calculated for 015H1007 : C. 59.60; H, 3.31. Found: 0, 59.72;
H, 3.47.
Reduction of Douglas-fir .fl avanone to eriodicty01.• .-The flavanone
(2.00 g.) was dissolved in 20 cc. of methanol, and 4 g. of zinc dust
were added. While vigorous agitation of the suspension was maintained,
10 cc. of hydrochloric acid was added in 1-cc. portions over a period
of 30 minutes. An additional 2 g. of zinc dust was then added followed
by 5 cc. more of hydrochloric acid over a second 30-minute interval.
Stirring was continued for a third 30-minute period, the excess zinc
filtered off, and 400 cc. of cold water added to the filtrate. Crystals
appeared in several minutes. The mixture was allowed to stand over
night at 5° C. After filtration, the crystals were washed with water
and dried at 120 0 C. in a vacuum oven; yield 0.91 g. of buff-colored
material, n.p. 260°-266° C. (dec.). The filtrate was extracted with
one 200-cc. and then two 100-cc. portions of ether. The ether was
evaporated, and the residue crystallized from water yielding 0.13 g.
of pink crystals, m.p. 25P-266° C. (dec.); total yield 1.04 g., or
55 percent of theoretical. On recrystallization from 50 percent
aqueous ethyl alcohol, nearly colorless needles, m.p. 270°-272 0 C. (dec.)
were obtained (literature 2670 .0. (11) ). The material gave a purplered color when treated in alcoholic solution with hydrochloric acid
and magnesium, but not when treated with zinc. It was optically inactive at 20° C. (c,1 in equal parts acetone and water).
Anal. Calculated for C 1 5H1206: C o
T17,-7.27.

62•50;

H, 4.17. Pound: C, 62.52;

Eriodictyol tetracetate, (colorless prisms, n.p. 137 6•4410 C., litora,ture (12) 137° C. sinters, 1410_0. melts) was proftddeAlbng with a
white powder, m.p. 201°-202°,0hen the eriodictyol was acetylated
by refluxing 6 hours with acetic anhydride and sodium acetate.
Anal. Calculated for 0 1540 2 (000CH 3 )4; CH 3 00, 37.7. Found: CH300,

3g.5.
This white powder did not give characteristic color reactions of a
flavanone. It is possibly formed by a Perkin condensation of an
additional acetyl group with the carbonyl group of the tetra-acetyl
flavanone.
Anal. Calculated for 01 7111003 (000CH3 )4:CH3CO 3 34.5. Pound:
CH300, 34.7.
When the eriodictyol was acetylated by mild methods (acetic anhydride and pyridine, acetic anhydride and a drop of sulfuric acid
or acetic anhydride and sodium acetate on the steam bath for 30
minutes) the major product was colorless needles, m.p. 118°-120° C.A possible explanation of the occurrence of this compound and of thekl'
somewhat high melting point of the original eriodictyol may be that ,k(
the eriodictyol produced, in spite of its apparent lack of optical
activity, was actually an active form, becoming racemized on long
heating in acetic anhydride. Anal. Calculated for 0151502(000CH3)4:
CH300, 37.7, Found: CH3CO 3 37-C
Rept, No, R 1692

tacemization of the Douglas-fir flavanone.--The naturally occurring
compound gave a value of Lik uD +1reriz- 4 in equal volumes acetone
and water) and [m] 20D + 13° (c, 4 in absolute alcohol), The flavanone
(1 g.) was added, to 100 cc. of a mixture of equal volumes of concentrated hydrochloric acid and rater, refluxed 15 minutes, diluted to 500
cc. with water, and extracted with one 200-cc., then three 100-cc.
portions of ether. The ether extract was washed with two 10-cc.
portions of water and the ether distilled off. The residue was dissolved in 65 cc. of water and allowed to remain over night. There was
obtained 0.72 g. of pale tan-colored, very thin, glistening lens-shaped
plates, m.p. 236°-238° C. (dec.). The material was less soluble in
water than the original flavanone but gave the characteristic zinc and
hydrochloric acid reduction color. On repeated recrystallization the
plates became elongated hexagons, showed no optical activity, and had
a m.p. of 240 0 -242° C. (dec.). The mimed m.p. with the original
flavanone was also 2400-242 0 C. (dec.)2.
Anal. , Calculated for 015111207: C, 59.21: H, 3.95. Found: C, 59.45;
Synthesis of the Douglas-fir flavanone..--A number of atterpts were made
to synthesize the flavanono before a successful method was developed.
The literature (13) recorded the synthesis of the 3-hydroxy, 5,7,31,41methoxyflavanone, but the myricetin used as one of the starting materials was unavailable, and successful demethylation -of the compound
appeared dubious. Various modifications of the direct condensation of
L hydroxyphloracotophenone and protocatechualdehyde in the cold (14)
and hot (15) failed to produce the flavanono or corresponding chalcone.
Condensation of the benzoylated phenone and aldehyde with dry hydrogen chluri'le (16) also was unsuccessful. The literature (17) recorded
the synthesis of the 4 1 methomy derivative of the desired compound by
_bromination of totra-acetylhesporitin and subsequent removal of the
bromine with silver acetate followed by hydrolysis of the pentn-acetate
produced. One attempt was made to employ this procedure using eriodictyol
as the starting material. The desired 3-hydroxyeriodictyol was not
obtained, but the method appeared promising. Confirming a previous report in the literature (18) hydrogenation of quercetin with platinum
catalyst was unsuccessful, the hydrogen remaining unadsorbed. Hydrogenation with palladium on charcoal gave the sane result. Hydrogenation
of quercetin in methanol solution over Raney nickel at 100° C. for
15 minutes produced traces of the compound, but the yield could
not be built up by lengthening the time or altering other conditions.
It was found, however, that quercetin in methanol solution could
be reduced to the flavanone by long treatment (several days) with
tin and hydrochloric acid. Yields nt best were only about 7 percent.
Finally it was discovered that quercetin could be reduced in an
aqueous sodium carbonate solution with sodium hydrosulfite at 100° C.
‘,The active compound apparently racemizes at the pelting point. A sapple
heated to the sintering point, quickly. cooled, then crystallized
from water gave, in part, the typical lens--shaped plates of the
racemic material.
Rept. No. R 1692

-9-

quercetin (2.0 g.) was ground with 17 g. of sodium carbonate and the
mixture dissolved, with heating, in 200 cc. of water. Sodium hydrosulfite (40 g., 90 percent pure) was added and the solution immersed
in a boiling water bath for 15 minutes. Hydrogen sulfide was evolved
as the solution lightened in color and a yellow precipitate formed.
The mixture was diluted with 250 cc. of water and cooled, and hydrochloric acid (1 part concentrated acid to 4 parts water) was added
until the fugitive orange color of the free hydrosulfurous acid remained
for a short time. The mixture was set aside for 4 hours to precipitate
unchanged quercetin, the quercetin filtered off, and. the moist pre-•
cipitate reduced as before by using 1/5 the quantity of reagents.
Filtrates from the two reductions were combined, extracted with one
300-cc. and three 200-cc. portions of ether and the ether extract washed
with two 25-cc. portions of water. The ether was distilled off and
the residue crystallized from 75 cc. of boiling rater; yield 0.90 g.
of pale yellow lens-shaped thin plates, m.p. 228°-232° C. (dec.),
giving a deep purple-red color on addition of zinc and. hydrochloric
acid to its alcoholic solution. The yellow substance (possibly the
corresponding chalcone) was difficult to remove, and several recrystallizations from water and aqueous alcohol were necessary. The
purified material crystallized in elongated hexagonal plates or in
needles (the two forms were interconvertable and probably were two
different hydrates), m.p. 238 0-241 0 C. and mixed m.p. with the racemized
natural flavanone 238°-241° C. (dec.).
Anal. Calculated for 015111207 :

17177.04.

0, 59.21; H, 3.95. Found: 0, 58.85;

Coigue flavanones.--Coigue heartwood (Nothofagus dombeyi) when processed
by the same general methods ns described with Douglas-fir gave a mixture of trn flavanones. One, separated by its very low solubility in
water, crystallized from aqueous alcohol in colorless needles, m.p.
252°-253° C. (dec.) (literature (a) for naringenin 2510).

Anal. Calculated for 015111 205: G, 66.18; H, 4.41. Found: 0, 65.46;

11:7.62.

The mixed melting point with an authentic sample of naringenin was
undepressed. An alcoholic solution gave a cherry-red color with magnesium and hydrochloric acid but not with zinc and hydrochloric acid.
The second flavanone (the 3-hydroxyflavanones appear to be considerably
more soluble in rater and alcohol than the corresponding 3-desoxy compounds) crystallized from 300 parts of water as a hydrate in the form
of colorless needles, m.p. 237 0-2410 C. ( dec . ) 64 2up 4.45o (c, 4 in
equal volumes acetone and rater). Zinc and hydrochloric acid gave
a cherry-red color with an alcoholic solution, and ferric chloride,
either in aqueous or alcoholic solution, produced a dull orange color.
When reduced with zinc dust and hydrochloric acid, as described with
Douglas-fir flavanone, the purified crystals, n.p. 249°•251° C. (dec.),
showed no depression in m.p. when mixed with en authentic sample of
naringenin. When oxidized with air in sulfuric acid solution yellow
Rept. No. R 1692

sphero-crystals, n.p. 270° C. softens, 279° C. melts (literature (20)
for kaempferol 276°-27 g ° CO resulted.
Anal. Calculated. for C15H1206t C, 62.50; H, 4.17. Found: C, 62.60:
tr,-4%1S, Calculated for 0 15H1206' 1.5 H20: H20, g .57. Found: g.37.
Cherry flavanonese—With cherry heartwood (Prunus serotina) two
flavanones were isolated giving undepressed mixed melting points with
the respective compounds described under coigue. The whole extract,
however, gave a more purplish tint with zinc and hydrochloric acid
than the isolated flavanone, indicating one or more additional 3—
hydrovflavanones to be present.
Anal. Calculated for 01 5H1206 (compared with m.p. 237°-1 2410 CO:
"d7,72.50; H, 4.17. Found: C, 62.52; H. 4.44.
A crystalline material was recovered along with the flavanones that
gave no reduction color but produced an emerald green with ferric
chloride, gave phlobaphene-like substance with boiling mineral acids,
and the wood splint reaction with hydrochloric acid. The hydrate
(needles containing 19.S percont H20) had 'a m.p. of 94°-96° C; an»
hydrous material m.p. 173°-176° C. 01) 27D + 14 (approximately) (c,
3 in equal volumes of acetone and water). These properties correspond
to d-catechin with which the co ►pound gave an undepressed mixed melting
point.
Pulping Studies
Although the commercial pulping of Douglas-fir is done by the alkaline
processes, the resistance of the heartwood of this species (and of the
pines) to sulfite digestion is of considerable theoretical interest,
In the case of Douglas-fir the Forest Products Laboratory has published
(2) a summary of the work done on the practical possibilities of
pulping this species, using liquors containing calcium base and other
bases as well. From the standpoint of the chemistry involved an impors
tent contribution is found in the work of Erdtmann (4) (21) who dis-•
covered that "pinosylvin" (X) and its, methyl ether (XI)
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HO „110H

( :OCH3)
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occurred in Scotch pine heartwood to the extent of about 0.8 percent.
These naturally occurring phenolic compounds, as well as the simple
polyhydroxyphenols were demonstrated to exert a definite inhibiting
effect on sulfite pulping. Furthermore, he found (22) that spruce
logs, ponded a long time with the bark on, developed a shell of resistant wood containing phenolic substances.
A number of small-scale digestions were made at the Laboratory to
study the nature of the pulping resistance of Douglas-fir heartwood.
The more pertinent of the resulting data are given in table 1.
Experimental

Pieces of wood 1/8 by 1 by 5/8 inch in the grain direction (except
as when stated otherwise) were cut from seconds-growth Douglas-fir and
from spruce pulpwood. The chips were conditioned to 7 percent moisture
content and stored in closed containers. In making a cook, chips
equivalent to 40 g. dry weight were charged into a stainless steel
calorimeter bomb of about 300-cc. capacity, and weighted down with a
perforated plate. Then 200 cc. of cooking acid containing 5.7 percent
total sulfur dioxide with 2.4 percent sulfur dioxide combined as
calcium bisulfite were added. The bombs, after closing, were heated
by immersion in a glycerin bath at 110° C. for 3-1/2 hours in order to
insure couplete penetration of the chips with the liquor and then at
140° C. for 4 hours to finish the digestion. The bombs were cooled
under the tap; the liquor was drained off; and the chips were washed
with water. The digested chips were fiberized by agitating them in
rater suspension with an electric stirrer under standardized conditions,
The pulp suspension was screened on a small diaphragm screen and the
yield of pulp and screenings determined. The permanganate numbers and
lignin contents of the pulps were determined by standard Tan methods
(23).
Rept. No. R 1692
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Digestion of spruce under the conditions described gave results that
were to be expected in normal cooking. The yield wns 47.4 percent
and the pulp of good color and purity. Screenings were absent, and
the spent acid contained 0.20 percent of sulfur dioxide combined as
calcium bisulfite. With Douglas-fir and with spruce cooks to which
the flavanone had been added the spent cooking liquor assumed a deep
orange color (even when greatly diluted) and the pulps and screenings
were at first a bright yellow, becoming tan on standing in the noist
condition. Also analysis of the spent liquor frequently revealed
that the base had been entirely consumed, a negative value for combined sulfur dioxide being obtained.
liquor.--In an experiment on vacuum
impregnation with cooking liquor the chips were charged to a flask that
would just contain them. The flask was evacuated and cold cooking
li q uor run in. .tdter , standing some tine, the chips were drained and
cooked as usual, adding enough liquor to the bomb to make a total content of 200 cc. In a separate trial it was found that at the end of
the 110° C. .irTregnation period the vacuum-treated chips contained
about one-third more liquor than the Douglas-fir heartwood or spruce
chips not evacuated.
Vacuum ` impregnation with cooking

Extraction of chips.--Douglas-fir heartwood chips (300 g., 93 percent
dry) were placed in a flask; the flask was evacuated; and 2 liters of
methanol were run in. The chips were allowed to remain 6 reeks with
occasional agitation and several changes of solvent. They were then
drained and conditioned as originally (30 percent relative humidity)
for a week; loss on extraction was 3. g percent.
Vacuum impregnation of s ruce with flavanone and catechin.--In this
procedure a hot aqueous solution of the flavanone in suitable concentration was placed in contact with the evacuated chips and allowed to
stand. The liquor was then drained and the flavanone content computed
by the gain in weight. The moist chips were allowed to stand a week
in a closed container, then dried in air and conditioned at 30 percent
relative humidity.
Discussion
Fron the'data in table 1 it nay be seen that Douglas-fir sapwood (cook
No. 1) containing only traces of flavanone and small amounts of resinous
substancos, pulped about as readily as spruce (cook No. 9). The heartwood (cook No. 2), however, gave a large amount of screenings and
very imrpure pulp. The pulping of chips extracted with methanol, as
in cook No. 3, though showing marked inprovement over the results of
cook No. 2, vas still considerably retarded. This may be explained
by the observation that even finely ground Douglas-fir heartwood, ashen
exhaustively extracted in a Soxhlet apparatus rith a variety of organic
solvents, still retained much of its original orange color and gave
distinct ferric chlorile and uranium acetate staining; renctions. Thus
Rept. No. R 1692

it is indicated that the flavanone or associated compounds are not
completely extractable by chemically inert solvents!
Vacuum impregnation (cook No. 4) aided digestion, though indicator
tests proved that the 3-1/2-hour impregnation period ., used was sufficient
for the cooking liquor to reach the center of the chips. In separate
experiments the vacuum procedure was found to increase the amount of
liquor in the chips at the end of the 110° C. impregnation period by
about one-third. This placed more chemical in the interior of the, chip
(where it normally may become nearly exhausted), presumably promoting
sulfonation at the expense of phenolization. Cutting the chips so as
to give freer acoest - of the pulping liquor to the interior (cooks Nos. 5
and 7) gave marked improvement, and this modification coupled with ex,
traction (cooks No4. 6 and 0 resulted in almost normal pulping.
With ',spruce wood; addition to the cooking liquor of such highly rea.
active phenols as phlorogluoinol (cook No. 15) caused extreme retardation of the pulping reaction, Resorcinol (cook No. 16) was less effective and catechol (cook No. 17) nearly without action. The flavanone
and catechin (cooks Nos, 10, 11, 13, and 1$) Were only mildly reactive;
4.4 percent of the flavanone (much more than is naturally present in
the Douglas,fir heartwood) was necessary to produce markedly impure
pulp. When these phenolic substances were impregnated into the chips
before digestion (cooks Nos. 12, 14, and 19) they produced considerably
greater retarding effect,
Though it is apparent that the phenols are important in the sulfite
pulping resistance of Douglas-41r heartwood, the total effect appears
to be the result of several interrelated factors that are difficult
to separate. From the data obtained and from the observations of Erdtman
and others, however, a reasonable explanation of the pulping resistance
of this species may be formulated. From the standpoint of pulping
behavior the extraneous matter in the heartwood may be classified as
follows; (1) phenolic compounds (chiefly polyhydroxyflavanone) soluble
in organic solvents; (2) nonextractable'phenolic substances; (3) non,
phenolic extractives, largely resinous; and (4) deposits (insoluble in
organic solvents) which lend impermeability to the wood. When an attempt
is made to pulp this heartwood the penetration of cooking liquor isg6tarded by the extractable and nonextractable extraneous substances.
Even if penetrated, the low permeability lessens the diffusion of
chemical into the interior of the chips and the lignosulfonic acid out,
thus retarding the sulfonation reaction. The phenols present tend to
condense with the lignin to form substances insoluble in the cooking
liquor, a reaction in direct competition with normal sulfonation. The
speed of this reaction is controlled by such factors as the temperature,
the hydrogen-ion concentration, and the concentration of the phenols.
These phenols, although not especially reactive toward lignin in
dilute solution (in comparison with such phenols as phloroglucinol
and resorcinol), are concentrated in the zone of reaction; that is,
in the rood tissue, the low permeability of the wood tending to retard
their extraction and dilution, Furthermore, the phenols and other
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extraneous matters in themselves or in consequence of their pulping
retardation promote decomposition of the cooking liquor, which, in
turn, causes further retarding effect. The net result is much unpulped wood (screenings) and ; impure pulps.
Pulping is favored by conditions that promote sulfonation or retard
phenolization of the lignin. Vacuum impregnation and high sulfur.
dioxide concentration of the liquor (2) aid sulfonation by supplying
more chemical in the reaction zone. Short chips, thin chips, and
sawdust give better pulping because the high impermeability of the
wood is in part offset, improving diffusion of chemical into the
central portion of the chips and Vof lignosulfonic acid and phenols
out of this region. Better puling at low temperatures is obtained
(2) because phenolization and sulfonation reactions have different
temperature coefficients (21), the sulfonation reaction being favored.
To summarize, Douglas-4ir (and pine) heartwood resists sulfite pulping
because it contains phenolic substances and because it has low permeability. The phenols tend to form insoluble phenol–lignin compounds.
The loci permeability retards penetration and restricts normal diffusion of chemical substances in and out of the chips and also tends
to maintain the soluble phenols at high concentration (and therefore
at a high degree of effectiveness) in the interior of the chips.
Associated with these effects is the decomposition of the cooking
liquor, which, in turn, causes further pulping retardation.
Apparently, Douglas–fir heartwood reacts more or less normally towards
sulfate pulping,7 although the phenolic substances were found to react
with lignin in alkaline as well as said solutions (21). The fact that
the flavanone nay be changed to a variety of highly colored substances
suggests, however, that the high bleach requirement of Douglas–fir
sulfate pulps may, in part at least, arise from this source.

ummary

1. A new flavanone, the 3,5,7,3 1 4 1 pentahydroxy derivative, was isolated
from Douglas-fir heartwood.
2. The flavanone was oxidized to quercetin by . air ana reduced to
eriodictyol with zinc aust•and hydrochloric acid. Synthesis was
conplishedby reduction of quercetin with sodium hydrosulfite,
3. Naringenin and another new flavanone, 3hydrOxynaringenin, were
found in coigue and black cherry heartwoods.
4. The Douglas–fir flavanone was shown to be, in part at least, responsible for the resistance of the heartwood of this species to sulfite pulping.
lAn instance was observed at the Laboratory in which a sample of the

heartwood markedly resisted soda pulping,
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Table 1.--Sulfite_pulping experiments
..
Cook:
No.:

:

:

•

Description of cook

,....

:.

:

.

:Screen-:Perman:Lignin
: ings :ganate :in pulp
:No. of :
: Im113 :
•
: -...
.1.0.
... :
:Percent
:Percent:

Douglas-fir

24
12 t
0 042 t
*
1 : SapWoed4.
li• 21;8 t )55 : 11.1
1,4.i.
2 i Heartwood
5.9
28 :
3 t Heartwood extracted with 4e0H...t...4k i: 5.0 :
.•
.
:
4 : Heai. twoed Nib VaCuum inipregnation with
8.5
.: 1.6 : >35 :
cooking liquor
:
:
:
5 : Heartwood - 1/8-inch dimension in fiber :
7.6
30 :
..: 4.2 :
.
•
direction.
•.
6 : Heartwood - 1/8-inch dimension in fiber :
.1 :
15 :.
:
direction - ILeOH extracted
:
;
:
:
Heartwood - tnickness reduced to 1/16
7
8.1
: 6.0 : )35 :
'
inch
g
: '
.•
8 : Heartwood - Me0H extracted .- thickness :
4.4
18 :
.2 :
:
reduced to 1/16 inch.
:
s
A

i44:4'

Spruce
1.8
13 :
.: 0
9 : Untreated
:
10 : 0.9 percent? Douglas-fir flavanone added:
3.2
18 :
.1 :
•
1
to cooking liquor
•
:
11 : 1.7 percent flavanone added to cooking :
4.2
22 :
.2 :
liquor
:
:.
12 : Wood impregnated with 1.7 percent
6.4
33 :
.8 :
•
:
flavanone.
:
13 : 4.4 percent flavanone added to cooking :
5.5
30 :
.2 :
.....:
:
liquor
••
:
14 : Wood impregnated with 4.4 percent
..: 5.9 : > 35 : 14.1
:
flavanone
•
•
:•
:
15 : 0.7 percontZphloroglucinol added to
• 22.3 : > 35 : 10.5
:
cooking liquor
.
•
16 : 0.6 percent 2 resorcinol added to cooking:
35 : 9.0
.. : 2.2 :
:
liquor.
'.
:
17 : 0.6 percent2 catechol added to cooking :
2.9
.1 :
17 :
.:
.,.
liquor
:
:
l g : 1.7 percentE d-catechin added to cooking:
25 :, 5.7
.3 :
..:
liquor
:
:
:
19 : Wood impregnated with 1.7 2 percent
:
. : 4.1 : > 35 : 11.8
catechin.
:
EIn all cases amount of chemical was based on dry wood charged.
EAnount used approximately the molecular e quivalent to the 1.7 percent
flavanone.
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