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THE CAUSTIC HYDROLYSIS AND THE PROPANOL EXTRACTION OF VARIOUS HARDWOODS. I.
/‘ ’ ! .
Since the discovery of p-hydroxybenzolc acid in Populus tremloides,

our attention has been turned in that direction. In the first three project
reports for 1932 the emphasis has been on the presence and amounts of
p-hydroxybenzolc acid. It has been found to be present in the extract of

the wood itself, this belongs in and’has been reported under project 809-13.
The acid has also been found in the ethéf .extract of the hydrolyzed wood, both
by a caustic and acid hydrolysis. The greatest anbuntsdof the acid both in
the percent of the extract as well as actual weight ‘has been found in the

I *
'.la Vo "" '}’
Al

extract from a caust:l.c l\vdrolysis.-, T

Inm 1932 report Fo. 2,a cauntic hmh'olysis of spruce sawdust was run
to determine vwhether or not the acid. 15 pereaent :I.n that particular softwood.
As reported, no appreciable apount or, :lf any,~ae:l.d was present. _ The question .
then arcse as to what hardwoods might alao comait; p-hydrm‘benzoic acid.
At first only a: few vere selected to .pe‘\trigd, ‘namely paper birch and red alder.
No p-hydroxybenzoic acid was' found méith'er ; Other hardwoods were then
hydrolyzed and a concentrated study took form. 8Since ‘the ether extract of
the hydrolyzed. wood vas available, it was‘decided to quantitatively determine
all the lmowns pn-esent, namaly: va% ) ,"'ggi;mldehyde, vanillic acid,

syringlc a.cid, cmmaric ad:l.d, farulic}ﬁc Aand D-hydrmbenzoic acid All

8ix of thesge lmowna do not exiat in. every extract but those that do were

guantitatively determined.
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At the same time, since the sawdusts of the various hardwoods
were availlable, s sample was extracted with a solution of 75% propanol.
By these methods we hoped to.obtain as much information as possible on

small scale experiments.

In all, thirty four (34) different hardwoods including Populus
tremiloides were studied. The various samples were obtained from a number
of sources. Mr. Peckham supplied us with some samples, others were obtained
from Dr. Isenberg. Dr. Wise, Dr. Joranson and Miss Barbara Reeder also

contributed seversal samples.

The procedure followed for the caustic hydrolysis was the same for
~each wood. A sample consisting of 100 grams oven dried weight was stirred
and boiled under reflux for 8 hours in a Bolutioﬁ of 120 greams of sodium
hydroxide dissolved in 3000 cc. of water. The mixture was filtered, and
the sawdust was washed with water. Tﬁe filtrate plus the initial uﬁshins
vere acidified with dilute sulfuric acid. This acidified filtrate was then
extracted thoroughly with ether using a large aeparatsry funpel. The ether
solution was then dried with anhydrous sodium sulfate and concentrated to a
small volume. The ether solution was then broﬁght to a volume of 100 cc.
end weighed. A solids determination was run on each extract to determine the

amount and percent of the extract.

The sawdust was washed with dilute acetic acid, followved with an
ethanol wash and finally an ether wash. These washings were discarded.
The sawdust was then left to air dry, weighed and bottled. A moisture content

was run on each bottled sample and the amount of recovered sawdust was determined.
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Since we are only interested in the ether extract of the hydrolysis,
the aqueous solutione were discarded. Prom past experiences we have found
that only a possible insignificant trace of the phenclic materials are left in

the aqueous solution after an ether extraction.

The ether extracts were chromatographed using two developers.
The developers were butanol-2% aqueous ammopia and butanol, pyridine, water
{(10:3:3). The results of the chromatograms were put in the form of a chart

and will follow the report.

The technigque used to determine guantitatively the amount of each
unknown has been described before. A known amount of the sample was streaked
on the paper. To-determine vanillin hndnwingﬁldéhyde, the developer used
vas p-butyl ether saturated with water. F’o&g;@hﬂz'aé_:}ds , the paper was developed
with benzene saturated with formic acid. These. developers were selected
because of the excellent separation between the desired materials. The other
materials present de not separate sufficlently well to use these developers
for introductory chromatograms.

Each paper 1s also spotted with the extract as well as the knowns
along side the streak. The paper is then cut and the strip is sprayed with
a reagent to determine the position of the material. The paper containing the
aldehydes is sprayed with a,h-dinitrophel?slhwtdmzine_ spray and the paper con-
taining the acids is sprayed with .bia-'%otiggg-beqziﬂine. The band contain-
ing the material is then cut from the chromatogram and eluted vith 95% ethanol
in a micro Soxhlet extractor. The ethanol solution 1s treated with 5 cc. of

0.2% alcoholic potassium hydroxide, and the volume is brought to 50 cc. in a
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volumetric flask. The optical density of the solution is then read using the
spectrophotometer. The optical density is read at the wave length for the
peak of the specific material being read. The optical density is then convert-
ed to mg./liter by multiplying with a couversion factor determined from:a

straight line graph of coucentrations against opticel density.

The wave length used as well as the conversion factors are as follows:

Wave Length, mrm Conversion factor
Vanillin 352 2.33
Syringaldehyde : 368 6.76
Vanillic acid : 298 13.1
Syringic acid 300 . 16.4
p-BEyédroxybenzoic acid 278 \ 8.30
Ferulic acid . 332 4.3
Coumaric acid 336 7.7

This technlque worked very fine in every case with one exception.
In every extfact vanillic acid is present. In those extracts that contain
ferulic acid also, the problem of separating the fwo arose. Uslng the
developer, benzene saturated with formic acid, the paper is left in the tank
for about 15 hours by which time the solvent front is off the paper. The
refereﬁce values given are references in regafd to vanillic acid. The Rv

values are as follows:
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p-hydroxybenzolc acid - 0.27
syringic acid - 0.77
Vanillic acid - 1.00
Ferulic acid - 1.0h .

In the developer, 10:3:3, the Rf of vanillic acid is 0.4k and
ferulic is 0.46. Other developers vere t'ried; but none satisfactorily
separated all of the acids. The problem then arose as to how to read the

concentrations of two materials from one solution.

A soluf;ioln of each acid was prepared.l ‘The solution containing
10 mg./liter of the acid was treated with th.e pota.ss:l.um hydroxide solution.
Both solations' ultraviolat curven were read on the spectrophotometer.
The curves were both plotted on a sheet of graph paper (Fig. I). It was
noted at once that at the peak of ferulic acld (3321@3:11) the optical density
of vanillic‘;cid is practically zero. Bince 'hhe optical densities of two
materlals are gupposed to be additive, it aeemdllike an easy solution. With
optical density readings at both wave 1engtha of 298 and 332 ma, the concentra-
tion of feru.lic acld could be read directly from the optical density at 332.
By converting this value of ferul:l.c ac‘irl‘ to its optical density at 298 mwm and
subtracting this value from the density read at 298 m would leave the density
of the vanillic a.c.id p:peéent. A seriles of solutions were prepared mixing
known amounte of the two acids. By”fbilqviiié tlieAqbdve methods it was found tha
vith these two acids s the densities are not Addi'_tive. However, a definite

trend appeared which indicated a conversion factor was necessary to determine
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the correct results. The equation finally arrived at is as follows:

D) - Optical Density at 298
D2 - Optical Density at 332
F - mg./liter of ferulic acid
V - mg./liter of vanillic acid

Dy x 14.3 x 0.75 = Dy x 10.7 = F

[0, - (Eiig%g_?)] x13.1 = (D _ (Fx .045)] x 13.1 = V

#

The conversion factor 18.2 is the factor for converting the optical density
 to mg./liters for ferulic acid at the wave length of 208 mu. The other two
factors, 0.75 and 0.82 were found to be necessary to constantly arrive at
the correct results. The only possible:reason for these factors is that in
the case of these two acids; tﬁe;s/ggggizies are not additive and correction

factors mst be applied.
A series of known solutions were read with the following resultis:

éample contained mg./liter Dy Dy Calculated ng./liter
Ferulic Vanillic . FPerulic Vanillic
10% - - - 560  .7700 10.01 - -
8 2 .520  .T55 8.1 2.03
6 Y 570 .555 5.96 3.96
4 6 640 .365 3.9 6.09
2 8 L7088  .193 2.12 8.03
- - - 10% T2 .035 - - - 10.1
2 2 272 .208 2.2 2.2
4 4 Aol . 389 b.12 k.01
8 8 960  .T760 8.13 7.8
2 y 432 205 2.19 .36
8 6 806  .750 8.02 5.83

* where only one acid was used no conversion factor was necessary.
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In obtaining a workable method for the determination of two com-
pounds from a single solution, the formation of the potassium salt of the
compound was desired since this method was employed for the determination
of all the other compounds. However, several other methods were attempted

in order to obtain the best results.

A known sample of ferulic acid was dissolved in 95% ethanol and
the ultraviolet curve was determined. It was found, however, that on
repeated readings of the sawe sample in the following &ays that the peak
shifted and the densities increased. Apparently s reaction was slovwly
taking place in the ethanol, possibly an esterification. Since the material
obviously is not stable in ethanol, this solution was discarded.

Another sample of ferulic aclid' was ‘h:lsgo]l.vgd io dioxane. The
ultraviolet curve remained steady for two succeseive days; however, when
& sample was boiled and cooled, the optical density dropped tremendously.
The peak remained constant, but with the lower optical density, correct

determination would be impossible.

The sample previously mentioned as being dissolved in ethanol
and treated with potassium hydroxide was read Pfor five successive days.

The U.V. curve (Fig. 1) remained constant throughout this period.

A final check was made by spotting two papers, each containing
b ng./liter of ferulic acid and 4 mg/liter of vanillic acid.. One paper was

eluted with 95% ethancl and the other was eluted with ethanol plus a little
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alcoholic potassium hydroxide. Both solutions were made up to standard and
read on the spectrophotometer. Results:
1. Eluted with ethanol: Ferulic acid - 4.1 mg./l Vanillic acid- 4.24 mg./1

2. Ethanol + KOH: Ferulic acid ~ 3.8 mg./1 Vanillic acid- 4.4 mg./1

From the many tests couducted, it becomes quite apparent that the
method to be used can be the same as used for the other compounds. The
elution with ethanol does not affect the ferulic acid; evidently any esteri-
fication that takes place is a slov process and boiling in ethanol does not

basten the reaction.

A chart follows giving all the data. From the data several very
ioteresting and important facts should be. noted.

Before any conclusious are mentioned, -1t ‘should be noted that only
34 different hardwoods are reported here, any conclusions can only apply to
these woods. Also the information concorning the various woods cannot readi-
ly be used as comparative data. The data must apply to each individual wood.
In the conclusions, comparisons will be etated; however, many varying factors
exiet which must be remembered. The age of the various trees is unknown in
most casee. Some of the trees were freshly cut, others were cut or ground
and stored for many years. These factors may or may not affect the results,
this 18 not known ss of now. Also in scme instances poasibly onlythe sapwood
is used. The only positive sample o:rnaywood was the Populus &alba; however,
some samples consisted of blocks and pieces of wood and were definitely not

a uniform sample of the tree.
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First of all, it must be noted that p-hydroxybenzoic acid in
large amounts only is found in the Populus species. Some of the acid has

been found in the Salix eriocephala, but only in a small amount. Every

one of the Populus species contains large amounts of the acid exceeding
ten percent of the extract. It should also be noted that the Salix
eriocephala belongs to the same family as the Populus, namely the

Salicaceae family.

The presence of ferulic acid is also of interest. There is no
_clear cut division of this acid} however, the species containing the largest
- amounts of p-hydroxybenzoic acid do not contain ferulic acid. The Populus

gpecies that cozitain. both acids are the lowest in p-hydroxybenzoic acid.

Alpo in regard to femillc acid, although the acid is found in

Acer saccharum, the other Acer species tested do not seem to contain the

acid.

The amount of syringic acid present should alsoc be noted. With

the exception of the Populus tremuloides and the Populus grandidentata,

the Populus species contain the lowest yield of syringic acid of any of the

woods studied up to thies time,

The presence of coumaric acid is without any explanation or pattern
from the experiments conducted. The four woods containing this acid belong

to four different specles and three:different families. The Tilia heterophylla

belong to the Tiliaceae family. The Platanus occidentalis belonge to the
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Platanaceae family. The.Populug tremula and the Salix eriocephala both belong

to the Salicaceae family. Other samples belonging tc the Tiliaceae and the
Silicaceae families were included in this group of woods and did not contain

any coumaric acid.

Vanillic acid is present in every wood in this report. The amounts

of the acid vary with no significant pattern.

Vanillin and syringaldehyde are also present in every wood reported
here. In most cases the yield of syringaldehyde exceeds tbat of vanillin with
the vanillin-syringaldebyde ratio as low as 1 : 2.6, In several woods the ratio
is 1 : 1 and in four samples the yleld of vanillin exceeds that of syring-

aldehyde. Of these thirty-four different woods, however, only Acer negundo

really stands out as far as the vanillin yleld is concerned. The yielq of
syringaldehyde is about average, but the vanillin yield is such as to have a

ratio of 1 : 0.36.

In regard to the table of results of the chromatograms, I should like
to mention that the ﬁnknown spots, especially those from the propanol extracts,
from the different woods need not necessarily be the same material. The
chromatograms from éhe ether extracts of the caustic hydrolyzed woods gave
in most cases, clean clear cut spots. The chromatograms from the 75% pro-

panol extracts on the other hand streaked quite badly making accurate reading
almost impossible.

Each wood sample was also extracted with 75% propanocl. This solvent
wags used because some time ago after a series of extractions on Aspen sawdust
(Project 809-13 report number 7) it was found to yleld the greatest amount of

extract. Whether other solvents would extract other woods more completely we
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SYRINGALDEHYDE | RATTO | VANILLIC S'IRINGIC p-HYDROXYBEN-p-COUMARIC | RECOVERED
Mg.in ¥ of e Mg%%% § of |Mg. 1n$or %%% g of m—
96.6 4.2 1:1.5 87.4 3.8 54,6 2,4 None --- 840.,0 36.8 None -—- 63.2
38.5 2.6  1:2.6 W6 1.0 4.5 3.0 204 1.5 Nome -~- HNome -  68.8
.2 2.3 1:1.3 744 3.5 83.7 39 50.6 1.4 HNone =w- Nome =—= 75,4
33.0 24 . 1:1.9 36.5 2.6 59.0 K2 53.00 3.8 MNome - Homs -—  67.6
19.0 1.2 1:1 82,5 2.7 50.0 3.2 51.0 3.3 Home ---  bone - 63.2
4.0 2.1 1:0.95 2.0 1.8 42,5 3.7 37,0 3.2 Nome w~- HNome --- 74.8
33.0 2.2 1:1.4 34,0 2.2 43.0 2.9 58.0 3.9 BNome --- Noms --= 80,0
23.0 1.9 1:1.5 29.5 2.6 77.0 6.4 69.0 5.8 HNone --- None .-~  73.1
4h.0 4.5 1:1.3 22.8 2,3 36.3 3.7 M&0.0 4.1 |DNone wx- None  —-- 78.8
48.0 5.6 1:2.5 18.3 2.1 358 4,2 None --~ None --- None =~  73.8
4.0 2.6 1:2.2 49,5 2,4 36,5 1.8 None -~ 923,0 45,2 |DNone == 3.4
4.5 5.1 1:1.3 23.3 2.8 4.0 5.0 38,3 4.7 None =~- Home --- 73.1
55.0 5.1 1:1.3 23.3 2.2 62.5 5.8 23.8 2,2 None --- None --- 73,0
32.5 2.1 1:1.1 18,8 1.8 26,3 2.5 14.5 1.3 Nonp e None  —-- 64.6
22.0 3.1 1:1 14,0 1.9 2.0 2.9 9.3 1.3 DNone e None  ~-—- 73.9
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A - Data taken from Project 1932 Report #1
B -~ only Sapwood used

WOOD ETHER EXTRACT | VANILLIN SYRINGALDEHYDE | RATTO | VAMILIIC
: V;s 1 __ACID
(100 gm.}  Scientifiec Mg. in € of Mg.in ¥ of Mg. ‘in" ¢
Name gns. Code No. | Ext.,  Ext,| Ext. Ext, Ext, )
QUAKING Populug
ASPEN (A)  tremmloides  2.28 1359-95-B 61.3 2.7 96.6 4.2 1:1.5 87.4
PAPER Betula
BIRCH papyrifora 1.46 1359-124-A 14,6 1.0 38,5 2.6 1:2,6 14.6 -
HED Alpug
ALDER ubra 2.13 1359-129-A 37.8 1.8 9.2 2.3 111.3 744
WHITE Suepims
0AK alba 1.0 1359-145-A 18.0 1.3 33.0 2.4 1:1.9 36.5
OVERCUP Quercus
OAK lyrata 1.55 1359-153-A 19.0 1.2 19,0 1.2 1:1 k2.5
WATER Quereus A :
" OAK nigra 1.16 1527-39-A 26.0 2,2 240 21 1:0.95 21.0
BLACKJACK  Querens , - ,
OAK marilandica  1.48 1527-30-A 24,0 1.6 33.0 2.2 1:1.4 34.0
S0. RED Quorcus
OAK faloata 1,20 1527-47-A 16.0 1.3 23.0 1.9 1:1.5 29.5
BLACK Nyssa
GUM atica 0.98 1527-12-A 33.0 3.4 W0 4.5 1:1.3 22.8
SWEET Liguidamber
GUM styrauflua 0,86 1527.21-A 19.0 2.2 48,0 5.6 1:2.5 18.3
COTTONWOOD  Populus
deltoideg 2,05 1527-54-A 24.0 1.2 sS40 2.6 1:2.2 49,5
YELLCW Liriedendron
POPLAR tulipifers 0.82 1527-61-A 31.0 3.8 4.5 5.1 1:1.3 23.3
MAGNOLIA Magnolia
grandiflora  1.07 1527-68-A 40.5 3.8 55.0 5.1 1:1.3 23.3
WHITE Magnolia
BAY virigindana 1,05 1527-75-A 31,0 2.0 32.5 2.1 1:1.1 18.8
YELLOW etula
BIRCH lutea 0.72 1527.81-A 22.5 3.1 22.0 3.1 1:1  14.0
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CAUSTIC HYDROLYSIS OF HARDWOODS (cont'd)
SYRINGALDEHYDE| RATIO| VANILLIC SYRINGIC FERULIC ' |p«JYDROXYBEN-|p~COUMARIC RE&&VERE
V:S ACTD ACID ACID  |BOIC ACID ACID SAWDUST
‘| Mg, 1n % of Mg. in % of | Mg. in $ of | Mg. in § of | Mg. in % of| Mg. in $ o

htu mo Ext. m. mo Ext. mn m- htc Exto mo Ext glls.
48.5 Selt 1:2.6 13.0 2,0 2.5 2.4 None «=- HNone —=a None -—= - 73.k4
60,5 3.6 1:2 20.0 1,2 50,0 3.0 27.0 1,6 \Nome -~- Non®e 65.8
5905 5-6 1:1.9 37.5 3.5 4210 3.9 Nom - ———— ﬂom - Hom - 73.3
25,5 1.6 1:1.1 22.0 1.4 6,0 0.4 22,0 1l.4 290,0 17.9 None =~ 9.4

s

36.0 41  1:1.6 1.3 %3 29.5 3.4 14,5 1.7 None --= Nome ---  67.4

A . {»

4.0 1.5  1:1.2 32.0 2,1 4.5 3.5 8l.0 5.2 BNome --- 33.5 2.2 65.2
35.0 2.8 1:1.04 39,0 3.1 65.5 5.1° None -~ None =--- None --- 67.1
42.5 1.7 1:1 29.5 1.1 27.0 1,0 None =< 8050 31,1 None -—- 66.7
38,0 3.2 1:1 15.0 1.3 28,5 2.4 49.5. 4,2 342,0 29.2 VNone —- 63.0
32.5 2.7 1:1 38.0 3.2 59.0 5.0 None --= None - None  —-w 8l.4
33.5 3.8 1:0.36 45,0 5.1 47.0 5.4 None -—- None a-- None  -—- 67.3
3“"05 2.1 1:1.2 3“.0 2‘1 ?u.s h‘.6 %.0 b.o Hone e e Hom - 66.“’
37.0 6.4 1:2.3 13.0 2,2 7.0 1,2 25.8 4.4 None - 62.5 10.8 74.3
24,0 1.9 1:0.6 13,0 1.0 13.5 1.} 16.5 1.3 233.5 18.4 33.5 2,6 62.6
26.0 1.8 1:1 13.5 0.9 9.5 0.7 6.0 0.4 163.0 11,4 None ~--- 64,2
22.0 1.7 1:0.6 9.0 0,7 30.0 2.3 45,5 3.5 26.5 2.1 38,0 2.9 66.1
89.5 8.1 1:1.1 24.5 2,2 46,5 4,2 60.0 5.4 Nong —e- None  —-= 6l 5
30.5 1.9 1:1.1 14.0 0.9 29.5 1.9 35,0 2.2 None == None  ==— 64,6
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WOOD ETHER EXTRACT VANILLIN SYRINGALDEHYDE{ RATIO| VANILI
¥:S ACTI
(100 gm.)  Seientific n&m % of | Mg, 1n % of Mg. in
Name gmna, Code No. « Ext., )| Ext. Ext. Ext.
EUCALYPTUS Euc tus
m 0.90 1527-87-A 18.5 2.1 2‘8.5 5.“‘ 1:206 18.0
BLACK Fraxinus
ASH m ln“ 1527-934 30.5 1.8 60.5 3-6 1:2 20,0
SOFT Aepr
MAPLE rubrug 1.07 1527-99-A 31.5 2.9 59.5 5.6 1:1.9 37.5
HARD - Agex
MAPLE sagoharum . 1.02 1527-105-A 36.5 3.6  37.5 3.7 1:1 13.0 -
EUROPRAN(B) '
WHITE POPLAR ' 1.62 1527-117-A 23.0 1.4 25.5 1.6 1:1.1 22,0
. TRONWOOD Carpinus ‘
garpliniana 0.87_‘1527-1234 22.5 2.6 36,0 9 1:1.6 1.1.3
WAITE ~  Tilia '
BASSWOOD heterophylla 1.55 1527-129-A 20,0 1.3 240 1.5 1:1.2 32.0
SILVER Acer
MAPLE sacgharinum 1,27 1527-135-A 34.5 2,7 35.0 2.8 1:1.04 39.0
NO. BLACK  Populus :
COTTONWOOD  trichogarpa 2.59 1527-149-A 42.5 1.7 42.5 1.7 1:1 29.5
BIG TOQTH Populus
ASPEN %Mntata 1.17 1527-155-A 38.0 3.2 138.0 3.2 1:1 15.0
RED Acer '
MAPLE rubrum 1.17 1527-111-A 32,0 2.7 32.5 2.7 1:1 3810
BOX Acer |
ELDER pegundo 0.88 1555-12-A 92.5 10.5 33.5 3.8 1:0.36 45,0
EASTERN Querens
RED OAK borealis 1,63 1555-18-A 29.0 1.8 3.5 2.1 1:1.2 34,0
AMERTGCAN Platanus
SYCAMORE occidentalis 0,58 1555-30-4 15.8 2.7 37.0 6.4 1:2.3 13.0
EUROPEAN Populus
POPLAR tremla 1.27 1555-36-A W4l.5 3.3 24.0 1.9 1:0.6 13.0
BALSAM Po 5 ,
POPLAR ta aca 1.43 1555-42-A 26.0 1.8 26.0 1.8 1:1 13.5
DIAMOND Salix
WILLOW eriocephala 1.29 1555-54-A 34.0 2.6 22,0 1.7 1:0.6 9.0
BEECH Fagng
foli 1.1 - . . . . :1, .
BASSHOOD grandifolia 1 1555-24-A B80.5 7.3 89.5 8.1 1:1,1 24.5
amerieana .56 28,0 1.8 30.5 1.9 1:1.1 14,0
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do not know. Our main purpose here is a comparison using identical conditions.

In each case, a sample of 200 grams of oven dried wood sawdust
vas packed in a large Soxhlet extractor and extracted for a perlod of
twenty-four hours. This extraction period vas eight hours a day for three
d;ys. The sawdust was left covered‘yith the solvent overnight during this

period, so actually the extraction time is much longer.

All the propancl used was pressed from the sawdust and concentrated
to a small volume using the laboratory circulating evaporator. A solids
determination wvas run on each extract. The sawdust was alr dried and bottled,

. after a sample was removed for a moisture determination.

Each extract was chromstographed usinglboth butanol-2% aqueous
ammonisa and the butanol-pyridine-water developers. The results of these
chromatograms will fol;ow. The extracts did not chrocmatograph cleanly,; rather
they streaked very badly making accurate readdngs next to impossible. Also
none of the spots could be matched with any known compounds with only the

exception of p-hydroxybenzoic acid in the extract of all the Populus family.

A table will follow showing the ylelds of extracts from the various

woOods .

This report containing the 34 different woods does not conclude this
series. Other Populus species will be run when obtained as well as woods such

as weeping willow, black willow, chestnut, hickory and many cthers.




rage &3

rroject ivjoec
October 22, 1956

r

£16,

wwo N HLHNaT Angm

°re OGE i a9 ocr ol
- 1 $ M
H ; ! ruw.l_w.-% _n.Lrﬁinrl
= ] ARG RE JERYA Bty
.+ H t r n.: W;ﬁr L
1 L v 1 SRS Pyl Pl EXEEY PEE u
| 1l [ T i “ 2 R Y A
| i _ﬂ i RN e s
1] 2 i IH s e ; IR ) SR A
it ey i £ FANETS : iR T P ke
= = ok inel AL L e
il FHF Fea FIETTE 1] N R TR T
g B o A s
: EERRAGEY sYRNENaE awuy by SEmay oS Al Hrlgfrie
HH Eit i } T i
AT ; ] : rm AT to
L_. i : TH _ e aazd 3 | |
L EiH . plensangananis g i "
T 1 aEISE HH i | :
] ._-.“ i i X el _
L LT {43 1 ; e
L h ;M il .rwr.m ] . : wn_wﬁj-i_u _T t
iRk . " i HiH :
[T T _ 150
H A R maas yutk I
T l_ HH b e T
FESAENY = ; atd § A
L} 11 / pulei . G.Q
ﬁ_. 1 \ 11 ~ L
L : _.z FEE ;
(i 3 it
r A :
) HIS! hirg bt ] : aEEEns: 2
1 4 4 I “ BN +
s 1 H
-+ = -}

L

— b}

T

T

SR, R 4

T

T

e
T

I
]
I
T
T
i
|
T
1
T
1
5
I
1
1

el g A
¥

1
I
1
1
]
t
1
{
1
L

AR ERNE Ny pEw. : T

SR Pans _mm 1] w.!.r gnndy

=g = £+ - ik 4 .
NOILEYO o ENEEE FESwy S FTyy e iy Wy ; T f

] IR

o et

.A.n.bx.un-: .OU&NmmmﬁJuouux
[ 1-8GE HONi %, SHLOLOL X 01 wﬁx



o

Wood
200 g 0.D. used

Quaking Aspen
White Oak

Overcup Qak
Water Oak
Blackjack Qak
So. Red Oak

East Red Qak

'Black Gum

Sweet Gum
Cottonwood

No. Black Cottonwood
Bigtooth Aspen .
Eur. White Poplar
European Poplar

Balsam Poplar

Yellow Poplar
Magnclia

White Bay
Yellow Birch
Eucalyptus
Black Ash
Soft Maple
Hard Maple
Red Maple
Silver Maple
Box Elder

Irormwood
White Basswood

Basswood

American Sycamore

Diamond Willow

Beech

75% PROPANOL EXTRACTION OF HARDWOODS

Scientific Name

Populus tremuloides

Quercus alba
Quercus lyrata

Quercus nigra

Quercus marilandica

Quercus falcata

Quercus borealis

Nyssa sylvatica

Liguidamber styrauflua

Populus deltoides

Populus triéhoca;pg

Populus grandidentata

Populus alba
Populus tremula

Populus tacamahaca

Lirioedendron tulipifera

Magnolia grandiflora

Magnolia viriginiana

Betula lutea

Eucalyptus regnana

Fraxinus nigra

Acer rubrum

Acer saccharum

Acer rubrum

Acer saccharinum

Acer negundo
Carpinus caroliniana

Tilia heterophylla

Tilia americana

Platanus occidentalls

Salix eriocephala

Fagus grandifolia

Propanol Extract

Grams

8.24
12.80

12,80

3.72

544
B8.22
12,40
2.57
1.9
4,26
4,65
6.83
6.75
9.20
7.00
3.25
2.96
3.38
2.u8
1.29
6.83

4.83
4.00
5.37
9.00
6.16
4.02
9.28
8.53
3.43

11.04

3.63

Per cent

’4’.12
6.40

6,40
1.86
2,72
k.11

6,20
1.29
0.98
2.13
2.33
342
3.38
4,60
3.50
1.63
1.48

1.69
1.24
0.65
3.42
2,42
2.00
2.68
4,50
3.08
2.01
4,64
L,27
1,72

5.52

1.82

P T P

October 22, 1956
Page 1h

Sawdust Recovered
Grams Q.D.

———

185.0
187.0
1944
185.0
191.0

186.3
189.4
192.0
200.0
183.0
19640 -
182.0 -
190.3
188.1
193.8
196.0
187.6
193.1
197.1
194.0
191.2
190.3
191.3
184,0
194.0
196.0
192,0
190.6
189.0

188.2

194.4
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Red
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Box Eastern
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Acer Quercus
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. Page 15
American European Balaam Diamond
Sycamore Poplar Poplar Willow Beech Basswood
Platanus ngﬁlua:‘Populus Salix Fagus Tilia
occidentalis tremula tacamahaca eriocephala grandifiora americana Remarks
X X X' X X X Positive to'FeCl3
X
Maule--Identified
X X X X X X as syringic acid.
Identified as
X X X X X X vanillic acid.
' Both p-hydroxybenzoic
X X X X X X acid and ferulic
. ‘ acid at this Rf,
X X X X X X Pos. Maule and 2.4,
. Identified as
X X X X X X syringaldehyde.
Identified as
X X X X X X vanillin,
X Pos. Maule and 2.4,
Positive to F9013
X X X X X X
X X X X
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ite Yellow Eucalyptus Black _S:éig Haxd Eu.ropean ) fro_n-_ , White . Silver Northern Black . Bigtooth
ay Birch Ash Hag Maple White Pf)plar ] %Eo?d Basgw?od Maple Cottonwood Aspen
10lia Betuca Eucalyptus Fraxinus A’c?er Acer Populiahs cﬂgﬁ“ﬁinns: s.  Tilda” Acer "Populus . “: Populus
Ainiana lutea regnans nigra rﬁ’grum saccharum alba caroliz‘::\:a.na hetorophylla saccharinum trichocarpa grandidentata
X X X X I b X X X X X
X :if o T e X
X X X X L X X X X X X X
X X X X I X X X X X X X
X X X g X X X X X X
X X X X 4 X X, X X X X X
X X X X I X X X X X X X
X X X X X X X" X X X X X
- X
X : -
X X X X I X X X X X X e
X X 54 X X X X X X
e i
= A




>

soE ™ :\‘é‘ﬁc

//
HROMATOGRAPHIC RESULTS OF ETHER EXTRACTS FRCM CAUSTIC HYDROLYSIS OF HA

ick  Southern Black Sweet Cotton- Q . gnolia ihite Yellow  Eucalyptus Black Scft Hard Europe:s
Red Qak Gum Gum wood v Bay Bireh Ash Maple Maple +hite I
s Quercus Nyssa  Liguidamber Populus  dendre enolia Magnolia  Betuca FEucalyptus Fraxinus Acer Acer Popul
diea falecata sylvatica styrauflua deltoides tulipide R ghandifiora virginiana lutea regnans nigra rubrum sagcharum albe
X X X '3 : X X X X X X X X
X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X %
X X X X X X X X X X X X
X X X X X X X X X X X X
X X
X
X X X X 28 X X X X X X ¥
X - X X X X X X X
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Aspen Paper Red White Overcup Water Blackjack  Southern Black Sweet Cotton- ' Y"’éﬁi
Birch Alder  Oak Oak Oak Oak Red Oak Gum Gum wood Poplar
Populus Betula Almus Quercus Quercus Quercus Quercus Juercus Nyssa  Liguidamber P;plilus d?lf&-'?%‘?;
Rf tremuloldes papyrifera rubra alba lyrata nigra marilandica falcata sylvatica styrauflua deltoides. tulapad
0.00 X X X X X X X X X X X ’xt
0.01 X X X X X ﬁ"*""’"
0.08 X X X X X X X X X X X %
0.10 X X X X X X X X X X X s
0.12 X X X X X X X X X X =X
0.27 X X X X X X X X ;x
0.38 X X X X X X X X X X X 5FS
0.4 X X X X X X X X X X X N x
0.62 X X X X X X X "
0.72 X B
0.79 ﬁ
0.82 X X X X X X X X X X -X __"X
0.51 X X X Y X x =3
£ g
2
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Page 16
Red Box Eastern American European Balsam Diamond
Maple Elder Red Oak  Sycamore Poplar Poplar Willow - Beech Basswood
Acer Acer Guercuns Platanus Populus Populus Salix ' Fagus Tilia
ta rubrum pegundo borealis occidentalis tremula tacamahaca eriocephala grandiflora americana
X X Positive to FeClj
X X
X X X X
X . ) X
X X
X X X X X X X X X Syringic acid
X X X X X X X X X Vanillic acid
X X X X X X X X Ferulie acid

A=p-hydroxybenzoic acid
B=coumaric acid

X X X X X X X X X Pos. to 2.4 and Maule

X X X X X X X X X Pos. to 2.4 and Maule




ilack  Sweet Cotton- Yellow
um Gum’ wood Poplar

Lirio-
lyssa Ligquidamber Populus dendron

vatica styrauflua deltoides tulipiferi

X X X X
X X X X
X

A
X X X X

White Yellow Eucalyptus Black Soft Hard European

Iron-

Bay Birch Ash Maple Maple White Poplar wood
':-nolM& Magnolia Betuca Fucalyptus Fraxinus Acer Acer Populus Carpinus
diflora virginiana lutea regnans nigra rubrum saccharum alba carcliniana
X X
X X X X X X X X X
X X X X X X X X b
X X X X X X
X
yh
X X X X X X X X X
X X X X X X X X X



ucalyptus Black
Ash

ucalyptus Fraxinus

regnans nigg
I
X X
X X
X
X
X X
X X

Soft Hard
Maple
Acer Aser

Eurcpean

Maple White Poplar

Populus Carpimasg

White

TXTRACT FROM CAUSTIC HYDROLYSIS OF HARDWOODS--DEVELOPED WITH BUTANOL, PYRIDINE, WATER (10

Iron- Lt Silver
wood Basswood Maple
Tilda Acer

Northern Br?-

Cottonwo

Populus S5 popy

rubrum saccharum alba caroliniana heterophﬂlla saccharinum trichoca

X ) 4
X X

X
X X
X X

X * Fe o,
X

X - X

>4 > S

- - g_,_;.g:ﬁ..-."

<5

X X
xB

X T x

X S

Bigtooth Red Box E
Aspen Maple Elder 1t
Acer Acer

o

i
4

ol
LIATEU
Kb .

+
ek

i

!

&
.'urandidentata rubrum negundo b

X
X X X
X X X
X X
A
X X X
X X X



Aspen Paper Red white- Overcup Water Blackjack Southern Black  Sweset Cotton-

Birech Alder Qak Oak Qak Oak Red QOak Gum Gum wood
ng-ulus Betula Alnus Quercus Quercus Quercus Quercus Quercus Nyssa  Liquidamber Populus

Rf tremuloides papyrifera rubra alba lyrata nigra marllandica falcata sylvatica styrauflua deltoide.
0.01 | X X X X .
0.09 X
0.12 X X
0.18 X X X
0,27 X X
0.38 X b 4 X X X X X X X X X
0. H4 X X X X X X X X X X ¥
046 X X X X X X X X
0.52 X
0.56 A xA
0.76 X X X X X X X X X X

2
fo !
L)
b
b4
>
B
b
b
b
-
b
P
>~
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BALSAM DIAMOND

POPLAR  WILLOW BEECH BASSWOOD REMARKS
gﬁ%& eri'@sn%{ala m%na ame%g%a Positive to
X X X X PeCLx
X X X FeCI.5
FeCL |
| FeCL;
FeCLx
FeCLs
MLz
MAULE
X X
X FeCLs
X
X
X X X X MAULE, 2.4
MAULE, 2.k
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JPANOL EXTRACTS DEVELOPED WITH BUTANOL-PYRIDINE-WATER (10:3:3)

HARD RED WHITE SILVER NO. BLACK BIG TOOTH
MAPLE MAPLE IRONWCOD BASSWOOD MAPLE  COTTONWCOD ASPEN
Acer Acer Carpinus Tilia Acer Populus Populus
sac fubrum caroliniana heterophylla saccharinum trichocarpa grandidentata
X X X X X X X
X X X X X
X X X X X
X X
X X X X X X X
X

EUROPEAN

Populus Acer

Quercus

BOX  EASTERN AMERICAN
WHITE POPLAR ELDER RED QAK SYCAMORE

alba neggndo borealis occidentalis tremul:

X X
X

X
X X
X X

X
X

EURO!
POF:
Piatanus Popul:

X X

X
X
X X
X X



CHROMATOGRAPHIC RESULTS OF 75% PROPANOL EXTRACTS DEVELOPED WITH 1

SWEET YELLOW WHTITE | YELLOW BLACK SOFT HARD RED
COTTONWOOD BIRCH EUCALYPTUS ASH MAP MAP
@M POPLAR  MAGNOLIA BAY LE  MAPLE LE TRONWOOD T
: Populus Betula Fraxinus Acer Acer Acer Carpinus
Liquidamber Liriodendron Magnoliam . Magnolia o 7
:s Btyrecifius tulipifera  grandifioras virginlana deltoides lutea Regnans  nigra rubrum saccharum rubrum caroliniana he
' X X
X X X _ X X X X X X
X X X | X X X X X
X
X
X
X
X X X X X X
X X
X
.
X X X
X X X X X X X X
X X X X X X
X X X X X
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.00
02
.05

07
<10

-85

WHITE OVERCUP BLACKJACK

WATER $S0. RED BIACK SWEET YELLOW
ASPEN OAK 0AK QAK OAX OAK GUM @M POPLAR MAGNOLIL
Populus Quercus Quercus Quercus Quercus Quercus Nyssa Liquidamber Liriodendron Magnoli:
tremloldes alba lyrata marilandica nigra falcata sylvatica styracifluas tulipifera  grandif
X X X X X X X X
X X X X X X X
X X X
X
X X
X X X
X X X X X
X
X X X X
X X X X X
X X
X X X
X
X X X X X X X X X
X
X X X X X X X X
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EAN BEX  EASTERN AMERICAN EUROPEAN BALSAM
POPLAR HJER RED OAK SYCAMORE POPLAR POPLAR

BASSWOOD REMARKS

us Acea Quercus Platanus Populus Populus Salix "ngagus Tilia
ne—_ﬁo boreaiis occidentalis Tremile tacamahaca erioe_eﬁala 'm—lia emericana Positive to

7 :!
1 ST

X X X X X X FeCls
X X X X X FeCLy

X X '

X MAULE

X X X ,. FeCL5
X | X X = Flourescent
X X X X X X
X X X
X X X X X X L% X 2.4

X 10X 2.4




3.

NOL EXTRACTS DEVELOPED WITH BUTANOL 2% AQUEOUS AMMONTA

HARD RED WHITE SILVER NO. BLACK BIG TOOTH

MAPLE MAPLE JTRONWOOD BASSWOOD MAPLE COTTORWOOD ASPEN

Acer Acer Carpinus Tilia Acer Popidias Populus
.ccharum rubrum carepdnisna heterophylla saccharinum trichocarpa grandidenfata

N =

X X X X X X X

X . X X X X - X X
‘ X X

X X

X X X X X X X
?

X X X X X ¥

. EUROPEAN

BCX  EASTERN AMERICAN EUROPEAT

WHITE POPLAR ELDER RED OAK SYCAMORE  POPLAR
“"Popuiug Acer Quercus Platanus Populus
alba  negundo borealis occidentalis tremulc
X X X X
X X X
X
X
X X X
X X X
X X X X
X X
X X X X




H 5

ET

M

idamber Liriodendron

TELLOW

WHITE

POPLAR MAGROLIA BAY

acifiua ~tulipifera

Magnolia Ma.gnoiia

g;anEI?Iora virginlana

X

X

X

X X
X
X
X
X X
X

CHROMATOGRAPHIC RESULTS OF 75% PROPANCL EXTRACTS DEVELOPED WITH BUTAKOL -

YELLOW BLACK SOFT HARD RED WHITE
COTTONWOOD BIRCH EUCALYPTUS ASH MAPLE MAPLE  MAPLE TRONWOOD BASSWOO
Populus Be‘tula Fraxinus Acer Acer Acer Carpinus Tilis
.deltoides 1lutea Regnans nigra rubrum saccharum rubrum careliniana heterophy
X X X X X X X X X
X X X X X X X X
X
X
X X
X X
X
X X X X X X X X X
X
X X X X X X X




.00
.02

.05

.10
.21
.28
.30
A2

.70
.19

-95

WHTTE OVERCUP BLACKJACK WATER

SO.RED BLACK SWEET YELIOW
ASPEN 0AK OAK QAK 0AK CAK GUM POPLAR MAGNOLIA
Populus Quercus Quercus Quercus Quercus Quercus Nyssa Liquidamber Liriodendron -Magnolia
tremuloides alba lyrata marilandica nigra falcata sylvatica styracifiua tullpifera grandifiora 5
X X X X X - X X X ‘ X |
X X X X X X
b 4 X b 4 b 4
X X X X X X
X
X X
X X X X X X
X
X X X X X X X
X . -
X X X X | X i X X X
X X
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Methylation Studies on Salireposide and Related Glucosides

In Report No, 3 the attempted methylation of salireposide by
means of methyl iodide and silver oxide was reported and it was demonstrated
that the free phenolic group of salireposide was responsible for the anomalous
results obtained. It was further pointed out tha£ for structure studies, the
phenclic group would have to be methylated first by some methylating agent such
as diazomethane so that the glucose moiety could be methylated satisfactorily by
methyl iodide and silver oxide., In accordance with this reasoning salireposide

was submitted to methylation by diazomethane,

. PREPARATION OF DIAZOMETHANE--A solution of 2.5 grams of potassium
hydroxide in 4 ml., of water and 12,5 ml, of ethanol was placed in a small flask
fitted with a dropping funnel and vertical spiral condenser attached to a larger
flask surrounded by an ice bath., The reaction flask was placed in a warm water
bath at 65° and a solution of 10,7 grams DIAZALD (N-methyl-N-nitroso-p-
toluenesulfonamide obtained from Aldrich Chemical Co., Inc. of Milwaukee, Wisconsin)
in 65 ml. of ether was added dropwise through the dropping funnel. A canary
yellow distillate was collected in the cold receiver. After all the DIAZALD
solution was added 40 ml. more ether were added to drive over all the diazomethane.
The clear yellow solution of diazomethane in ether was employed for methylation

reactions,

FORM 7-3 THE INSTITUTE OF PAPER CHEMISTRY
2500-7-56




Project 19732

April 3, 1961

Page 2

PRELIMIHARY REACTION OF SALINEPOSIDE VITH DIAZOMITHANY -~ A

solution of 1,0 gram of salireposide in 30 ml, of tetrahydrofuran containing
a little ethanol was treated with one-fifth of the diazomethane solution pre-
pared above. Reaction was very slow, and nitrogen was evolved slowly. The
reaction flask was closed with a sméil inverted Erlenmyer flask and allowed to
stand overnight. By the next morning, all diazomethane had disappeared, and a
small precipitate of polymethylene was present. The solvent was removed by
evaporation under reduced pressure to leave an oil which solidified when covered
with water. The material was spotted on paper and sprayed with both silver and
diazotized para-nitroaniline reagents. 111 spots were positive to both sprays

indicating that no methylation of the phenolic hydroxyl group took place what-

soever.

Because the related glucoside of hydroquinone, arbutin, was
available in quantity commercially, further development studies were performed

on arbutin which also possessed a free phenolic hydroxyl group.

PRELIMINARY REACTION OF ARBUTIN WITH DIAZOMZTHANE -- A solution
of 2,0 grams of arbutin in 50 ml. of tetrahydrofuran containing 15 ml, of ethanol
was treated with_four-fifths of the diazomethane solution prepared above. HNitrogen
was evolved slowly. The reaction flask was closed with a small inverted Erlenmyer
flask and allowed to stand. After three days, all diazomethane had disapneared,
and thé solution became colorless, The reaction mixture was evaporated to dryness
in a rotating evaporator, and the residual syrup was dissolved in ethanol. Paper
chromatography of the ethanol solution along with arbutin indicated two spots with
the silver spray reagent and only one spot of the original arbutin with the
diazotized para-nitroaniline spray. The second spot with the silver spray was
relatively small, and it appeared that this methylation was only partially

successful,
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The inability to methylate preferentially the phenolic hyuroxyl
group of either salireposide or arbutin led to experiments on the complete methylation
of these glucosides with diazomethane by employing boron trifluoride-etherate as a
catalyst for activation of the methylation of aleohollc hydroxyl groups as suggested

by Johnson and co-workers (1,2).

REACTION OF ARBUTIH WITH DIAZOMETHALIE AND BOROHN TRIFLUORIDT.
ETHZRATE -- A suspension of 1,0 gram arbutin in 100 ml. of tetrahydrofuran was
treated with 2 drops of redistilled boron trifluoride-etherate and then dropwise
with siirring with an ether solution of diazomethane prepared from 5 grams
(0.25 mole) of DIAZALD. Gas was evolved immediately, and the diazomethane was
consurmed with the rapid evolution of nitrogen as fast as the solution was added.
When all the diazorethane solution had been added, the tetrahydrofuran solution
was filtered to remove.any undissolved arbutin and possibly any polymethylene
polymer, and the clear colorless filtrate was evaporated to dryness in a rotating
evaporator, 4 yellowish pleasant smelling oil remained. This was spotted on
paper along with arbutin and developed in the 10:3:3 butanol-pyridine-water
(BPW) developer. The chromatogram was sprayed with diazotized para-nitroaniline
reagent (DpNA). The arbutin gave a strong blueish lavender spot while the methylation

mixture gave a similar smaller spot at the same Re plus another blueish lavender

spot with higher Re. This would indicate that the methylation mixture contains
unchanged arbutin plus partially methylated arbutin with methoxyl on the glucose

moiety and not on the phenolic hydroxyl group.

About one-third of this syrupy methylation mixture was covered
with 6 ml. of 2K hydrochloric acid and 5 ml. of methanol and boiled under reflux
for 1.5 hours. The methanol was removed under reduced pressure, and the result-

ing aqueous solution was extracted with ether. The aqueous solution was treated
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with 0.33 gram of silver cqrbonate to remove any residual hydrochloric acid and
then spotted on paper along with known methylated glucoses. The paper was developed
in 9:2:2 ethyl acetate-acetic acid-water (EAV) and sprayed wiih the para-anisidine
reagent. The chromatogram revealed a strong glucose spot, moderately strong
monomethyl glucose spot, weak dimethyl glucose spot, and very weak trimethyl
glucose spot. Thus, it appears that under the conditions of methylation of this
experiment, some of the glucose hydroxyls’were methylated before all the phenolic
hydroxyls in the arbutin were methylated. The boron trifluoride-etherate catalyzes
the methylation of the phenclic hydroxyl as well as that of the alcoholic hydroxyls

so that both methylate simultaneously.

The next experiment was planmned to eliminate the ethanol from the
reaction mixture, eliminate the boron trifluoride-etherate catalyst, keep the
temperature down, and—bring all arbutin into solution before the diazomethane
was added. An etherad solution of diazomethane was prepared free of ethanol by -
employing 3 grams of potassium hydroxide in 5 ml, of water plus 1 ml. of carbitol
and 5 ml. of ether and treating with a solution of 10 grams of DIAZALD in 70 ml,
of ether in the manner described previously. This diazomethane solution was
added portionwise to a solution of 1 gram of arbutin in 100 ml., of tetrahydrofuran
containing £ ml. of water, After about one-fifth of the diazomethane solution
was added, a sort of end point was reached at which point the diazomethane remained
in excess and did not react. The methylation was interrupted at this point, and
‘the mixture was chromatographed in the EAW developer and sprayed with DplA.
Several blueish lavender spots appeared along with the spot for the original
arbutin indicating methylation of alcoholic hydroxyl groups before the phenoliec
hydroxyl group was methylated. Thus, under these conditions, even without boron
trifluoride-etherate, the alcoholic groups were methylated. However, the extent

of reaction was much less in this experiment, Therefore, another experiment was



Project 1972
April 3, 1962
Page 5

planned with diazomethane prepared in the normal manner in the vresence of ethanol,
a relatively small amount of boron-trifluoride catalyst, a large excess of
diazomethane, and no water in the reaction mixture, Diocxane was employed as the

solvent because arbutin was completely soluble in this solvent,

An ethereal solution of diazomethane was prepared in the usual
manner from 21.5 grams of DIAZALD. This was added portionwise to a filtered
cold solution of 1,0 grams of arbutin in 100 ml., of dry dioxane containing one
drop of beron trifluoride-etherate. As each 5 ml, of the diazomethiane solution
was added, nitrogen was evolved, and a colorless solution remained. After three-
fourths of the diazomethane solution had been added, the yellow color of the
diazomethane persisted, and nitrogen evolution almost ceased. At this point
another drop of boron trifluoride-etherate was added which caused imrmediate
decolorization and nitrogen évolution. The balance of the diazomethane solution
was decolorized as fast as it was added leaving a éiéar colorless reaction mixture,
The ether was removed by evaporation under reduced pressure to less than 100 ml,
The resulting solution was spotted in duplicate on paper and developed with EAW,
Chromatograms were sprayed with modified silver and DpNA reagents, Both chromatograms
were identical indicating unchanged arbutin and three methylated products. All
products still retained the unmethylated phenolie hydroxyl as evidenced by the

fact that each gave a colored spot with DpNA reagent.

Since it was obvious that methylation was proceeding to some extent,
the reaction mixture was cooled to 0° and treated porticnwise with rmore diazo-
methane solution prepared from 21.5 grams of DIAZALD. After all the diazomethane
was added and reaction was complete, the ether was removed under reduced
pressure, and the residual solution was spotted on paper and chromatographed in
EAW as before. OSpraying of the chromatograms with both silver and DplA reagents

indicated that all the original arbutin had disappeared from the reaction mixture,
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and only the three reaction products noted earlier were present. The methylated
product with the lowest Rf value gave a much weaker spot than the two methylated
products with the hijher Rf values. If these three spots represent various
degrees of methylation of arbutin, then only one, two, and three hydroxyl groups
were being methylated, Otherwise there should be four spots. Thus, it appears

that one of the hydroxyl groups of the glucose moiety must be involved with the

protection of the phenolic hydroxyl group from methylation.

The reaction mixture was subject to another identical meth&lation
with diazomethane from 21,5 grams of DIAZALD, Chromatographic results indicated
that the methylation product giving the uppermost spot was almost gone from the
reaction mixture, and the two remaining components were present in about equal
‘amounts. At this point a few milligrams of the methylation mixture was boiled
under reflux with 10 ml., of water containing i ml, of 6N hydrochloric acid for
one hour. The pale yellow solution was freed of hydrochloric'acid by means of
silver carbonate, and the excess silver carbonate and silver chloride were removed
by filtration. The neutral yellow filtrate was chromatographed in EAW along with
a mixture of known‘methylated glucoses, and the chromatograms were sprayed with
para-anisidine hydrochloride and heated. Spots were obtained only for dimethyl
glucose and trimethyl glucose. Trace spots were obtained for monomethyl and
tetramethyl glucoses, but no spot whatsoever was obtained for unmethylated glucose.
Thus, it appears that after three methylations, only dimethyl and trimethyl
arbutins exist in the methylation mixture., Obviously one hydroxyl of the four
on the glucose moiety of arbutin is resistant to methylation, and the maximum

_number of methyl groups introducible on the glucose of arbutin by this procedure

is three,

The reaction mixture was diluted with a little dioxane and methylated

a fourth time with diazomethane from 21,5 grams of DIAZALD and employing boron

trifluoride-etherate to keep the reaction active. Chromatographic analysis
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indicated progressive methylation, and the methylation was repeated a fifth and
a sixth time. &After the sixth methylation, it was impossible to resolve the
remaining elongated spot on the chromatogram by the EAW deveioper. Chromato-
graphy in the 63:10:27 butanol-acetic acid-water system (BAW) indicated the presence
of trimethyl arbutin with a small amount of dimethyl arbutin., MNydrolysis followed
by purification of the hydrolyzate and chromatography in EAW indicated that the
chief component of the hydrolyzate was a trimethyl glucose, a little dimethyl
glucose, and a trace of tetramethyl glucose. Further chromatograms of the hydrolyzate
along witn authentié samples of 3,4,6-trimethyl glucose, 2,3,4-trimethyl glucose,
and 2,3,6-trimethyl glucose in both EAW and BPW developers and spraying with para-
anisidine reagent indicated that the trimethyl glucose obtained by hydrolyzing an
exhanstively methylated arbutin is either 2,4,6~ or 2,3,6-trimethyl glucose. In
other words, either the 3- or the 4—hydroiy1 group of the glucose moiet& and the
phenolic hydroxyllof arbutin are not meth&la£ed_wi£h diazomethane under the conditions .
employed in this experiment. 'This is indeed an unexpected result, and if confirmed,
indicates that in arbutin probably the phenolic hydroxyl and the hydroxyl of the
glucose rolety in either positions 3 or 4 are somehow involved in a co-ordinate
covalent bond in some manner so as to prevént methylation with diazomethane of these
two hydroxyl groups. While unexpected, nevertheless, conformation considerations
indicate that the pheholic hydroxyl group and the hydroxyl group at position 3
of the glucose moiety are in favorable spacial positions to react while the 2,4, and

6 hydroxyl groups of the glucose moicty are not.

In these studies previously reported 2,3,6-trimethyl glucose and
2,&,6-trimethyi glucose were chromatographed along with 2,3,h-£rime£hyl glucose
prepared by hydrolysis of authentic 2,3,8-trimethyl levoglucosan (obtained from

Dr. N. K, Richtmyer of National Institutes of Health). The 2,3,6- and 2,4,6-
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trimethyl glucoses give vink spots with the para-anisidine spray reagent and

the 2,3,4-trimethvlzlucose gives an orange spot turning to hrick red upon standin,.

FURTHAR METEYLATIONS OF SALIREPQSIDT WITH DIAZOMITH Nz--Having
carried through the methylations study on arbuiin as far as possible, attention
was again turned to the methylation of salireposide. The raterial recovered
from the preliminary diazomethane methylation rezction described earlier was
dissolved in dioxane and methylated with diazomethane solution prepared from
21.5 grams of DIAZALD in the presence of catalytic amounts of boron tri-
fluoride-etherate. The methylation was repeated three times with paper chromatography
of the methylation reaction mixture after every methylation. After four methylations,
no change appeared in the spots obtained on paper chromatograms. Paper chrqmatograns
in_EAw indicated one elongated spot and those in BAW indicated two spots. Hydrolysis
of the reaction produét as described under the arbutin experiment, and chromaiography
of the hydrolyzate indicated only two products-~amonomethyl glucose and dimethylr
glucose, This would be expected from the analogy with arbutin because in the case
of salireposide, one of the hydroxyl groups of the glﬁcose moiety is already benzoylated,
leaving only two hydroxyl groups available for methylation if one hydroxyl group
is rendered unmethylatable due to involvement with the phenolic hydroxyl group.
If one of the hydroxyl groups of the glucose moiety in salireposide is tied
up with the phenolic hydroxyl group as in the case of arbutin, the proplem of
locating the benzoylated hydroxyl group in salireposide.rosolves itself into the
identification of the dimethyl glucose obtained in this experiment as 2,4-, 2,6-,
or 4,6~dimethyl glucose. At the moment, the identity of this particular dimethyl
glucose has not been determined because of the unavailability of authentic dimethyl
glucosés for comparison either chromatographically or by other physical means,

Experiments along this line are planned and will be reported at a later date,
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METHYLATIONS OF PHINYL.@-GLUCOSIDE WITH DIAZOMETHART -- Before

leaving the matter of diazomethane methylation of glucosides it was desired to
methylate a glucoside not possessing a phenolic hydroxyl group to determine
whether all the hydroxyls of the glucose moiety were amenable to methylation
by diazomethane in the presence of boron trifluoride-~etherate. Accordingly,
1.0 gram of phenyl.g-glucoside was dissolved in 100 ml, of dry dioxane, cooled
to 0°, treated with 2 drops of boron trifluoride~etherate, and then portionwise
with an ethereal solution of diazomethane prepared from 21,5 grams of DIAZALD.
The methylation proceeded in the same manner outlined under arbutin, and when
the presence of diazomethane persisted, another drop of boron trifluoride-
etherate was added. After all diazomethane was\added and consumed, the mixture-
was concentrated under reduced pressure. to about 50 ml. A sample was hydrolyzed
with hydrochloric acid, and the clarifieé%hja}6§§zate was chromatographed in
the BAW ‘.developer and sprayed with'ﬁara-aﬁisidihe reagent. After the first
methylation, the chromatogram of the hydrolyzate indicated some unmethylgted
starting material, considerable monomethyl and dimethyl product, and little

trimethyl product, and no tetramethyl product.

The methylation mixture was remethylated under the same conditions.
This process was repeated a total of seven times making 3 eight methylations in
all. After each methylation, the ether was removed, and a small sample of the

methylation mixture was hydrolyzed as above and chromatographed,

After the second methylation a little unmethylated material still
remained; at least two monomethylated prodﬁcts were present; two dimethyl

products; considerable trimethylated product; and some tetramethylated product.

After the third methylation no unmethylated product was present; only

a trace of monomethylated material still persisted, while most of the product
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was in the dimethylated and trimethylated state with a little tetramethylated

product.,

The methylation reaction proceeded in much the same manner through
all methylations with the monomethylated and dimethylated products disappearing
in the manner described for the unmethylated material. After the eighth
methylation, the reaction mixture consisted primarily of trimethyl- and tetramethyl-
phenyl—y-glucoside and a small amount of dimethylphenyl-&-glucoside. Further
methylations, no doubt, would eventually bring the reaction product to a

completely methylated material, namely 2,3,4,6-tetramethyl phenyl-pi-glucoside.

For our purposes at the moment this was not necessary. The essential
fact was that with phenyl-y-glucosMe, tetramethylation does take place to a
considerable extent, there being no fundamental hindrance to such methylation.
However, in the cases of arbutin and salireposide, hindrance to complete
methylation of the glucose hydroxyls is offered by the presence of a phenolic
hydroxyl group. This, in turn, also prevents methylation of the phenolic
hydroxyl group in both substances. Seven methylations of arbutin with diazomethane
brought the methylated materials-to a stage where they contain a maximunm of
three methyl groups. This means that one hydroxyl group, possibly the 3-hydroxyl,
remains unmethylated. In the case of salireposide, the maximum methylation
that was reached was dimethylation because of the hindrance mentioned above

and the presence of a benzoyl group on another hydroxyl of the glucose moiety.

Wnile these discoveries add considerable to our knowledge of methylation
and might add even more if pursued further, it is evident that a great deal
more work will have to be performed to finally clear up the structure of
*salireposide. OSuccess in this direction may come by isolating pure crystalline

materials from the completely methylated salireposide and identification of

the methylated glucose cobtained from hydrnlysis of this material, There are



Project 1932
April 3, 1961
Page 11

indications that the methylated reaction mixture will yield crystals,

In the case of the methylated arbutin reaction mixture, crystals
are already depositing, and these may well be the pure trimethyl arbutin from
which could be obtained a known trimethyl glucose. This would enable one to
designate the particular hydroxyl group in the arbutin molecule that resists

methylation because of some influence of the phenclic hydroxyl group in the aglucone.

More experiments along these lines will be performed and reportied

in the future.

iap/jaf
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CAUSTIC HYDROLYSIS OF ASPEN PHLOEM AND XYLEM

Three samples were given us by Mr. J. Mugg. These samples vere:
1. Water soluble materials from a2 methanol extraction of aspen pl;loem.
2. Water soluble materials from a methanol extraction of aspen soft xylem.

3. Water soluble materidls from a methanol extraction of aspen year o0ld zylem.

The above descriptions of the samples"are all that is known concerning
them. We do not know what, if anything, has been done to the samples, nor how
they were obtalned. The samples a.pped;:"edi‘ti'a’;':b'e very dilute, so no solids

determination was run.

To each of the aqueocus aanmlée;'(gS"[%cl- of k4% sodium hydroxide

were added. The solutions were then 'bo,:iled'-\_'tinder-reflux for a period of 8

‘hours. When cool, the solutions were acidified with dilute sulfuric acid

.,

and were extracted with ether.

The ether solutions were dried with'a,ngj'_drous godium sulfate and
concentrated tp a small volume. The 3 ether.,_solggtions were then chromato-

graphed for acids, using benzene saturated }rijbh'formic acid as the developer.
The chromatogram was sprayed with i’bisg;éiqquize.dabenzidine. The following

v
-“"‘...1

results were obtained.

1. Phloem - Rv- 0.00; 0.26; 0.37; ©.72; 0.77; 1.0

THE INSTITUTE OF PAPER CHEMISTRY
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2. Soft xylem - Rv- 0.00; 0.26; G.37; 0.77; 1.0

3. Year old xylem - Rv- 0.00; 0.26; 0.37; 0.77; 1.0

The Rv value is the position of the material in reference to
vanillic acid. Known acids were spotted against the sample with the following
results:

p-Hydroxybenzoic acid - Rv 0.26

Coumaric acid - Rv 0.37
Syringic acid - Rv O.T7
Vanillic acid - Rv 1.0

The material in the phloem with the Rv 0.72 may possibly be sinapic

acid. The spot was too faint for any satisfactory comparison.

The interesting thing to note concerning these three samples is as
follows. In the phloem, coumaric acid is about 6 to 8 times as heavy as
p-hydroxybenzoic acid. In the soft xylem, coumaric acid is about 4 to 5 times
as heavy as the p-hydroxybenzoic acid. In the year-old xylem, a shift seemed
to occur and the yield of p-hydroxybenzoic acid was about 4 to 5 times greater

than coumaric acid.

We do not know if there i a definite trend as to the ratio of coumaric
and p-hydroxybenzoic acid since, as stated before, we know nothing concerning
these samples. However, from past hydrolysis of éspen sawdust, we know that
couma¥ic acid has never been found in any of our samples.

D1b/ms
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EXPERIMENTS ON GENTISYL. ALCOHOL

In connection with our chromatographic experiments on the

glucosides of Populus tremuloides bark it was desired to check many of our

extracts for gentisyl alcohol. Because salireposide was found in abundance
in the extract of this bark and because salireposide was shown to be a

benzoylated glucoside of gentisyl alcohol (see Report No, 3) it was suspected

that Populus tremuloides bark extracts would contain_gentisyl alcoﬂol in
addition to salicyl alcohol, the aglucone of both salicin and tremuloidin,
The present report describes experiments on the preparation of gentisyl
alcohol and the chromatography of gentisyl alcohol along with several bark

extracts,

Gentisyl alcohol (IV) was prepared by the hydrogenation of gentisyl
" aldehyde (III) which in turn was prepared by the oxidation of éither

salicylaldehyde (I) or m-hydroxybenzaldehyde (II) with potassium persulfate.

0
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PREPARATION OF GENTISYL ALDEHYDE (III)--The first preparation
of gentisyl aldehyde followed the procedure described by Hodgson and Beard
(L). A solution of 12,5 grams of sodium hydroxide in 200 ml. of water was
treated at room temperature with 30.5 grams of m-hydroxybenzaldehyde. This
solution was placed in a 2-liter beaker and stirred vigorously while a
solution of 75 grams of potassium persulfate in 900 ml., of water and 100 ml.
of 40% sodium hydroxide solution were added from separate dropping funnels
over a period of 90 minutes. The temperature was mdintained at 30-35°, and
the sodium hydroiide solution was added just fast enough to keep the reaction
mixture on the alkaline side, After all reactants were added, the mixture
was allowed to stand 40 hours at room temperature. The brown reaction
mixture was agidified with dilute hydrochloric acid to Congo red and extracted
three times with 300 ml. each of ether. ' The water layer ﬁas then strongly
acidified with 175 ml. of -concentrated hydrochloric acid, filtered to remove
the brown precipitate, and extracted four times with 250 ml, of «ether each,
The etﬁer extract was dried, and the ether was removed by distillation,
The residue was boiled with benzene, and the benzene was decanted from the
tarry material. Evaporation of the benzene yielded a yellow oil which
crystallized to yield about 1.0 gram of yellow needles melting at 90-95°,
The yield of crude product was very poor and the procedure was not repeated,

Instead, the earlier procedure of Neubauer and Flatow {2) was tried,

A solution of 62 grams of salicylaldehyde in 400 ml, of water
containing 25 grams of sodium hydroxide at 25° was treated alternately every
five minutes with-ZO ml, of 40% sodium hydroxide solution and 150 ml, of
104 potassium persulfate sclution beginning with the sodium hydroxide solutioﬁ.
Addition was stopped after 200 ml, of sodium hydroxide solution and 1500 ml,

of potassium persulfate solution had been added., The temperature was
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maintained between 25° and 35°, After addition ceased, the brown solution
wés allowed to stand at room temperature for 27 hours., Concentrated
hydrochloric acid was added dropwise to the Congo red end point, and the
solution was filtered and extracted three times, each with 500 mi, of
ether. The aqueous solution was strongly acldified with'350 ml., of
concentrated hydrochloric acid, heated on the steam bath to 70°, and
allowed to cool to room temperature. The mixture was filtered, and the
clear filtrate was extracted four times with 500 ml, of ether each. The
ether extract was concentrated by distillation to 500 ml, and then evap-
orated to dryness in a rotating evaporator. The tarry residue was
extracted by vigorously shaking with 250 ml, of benzene. The benzene was
evaporated spontaneously at room temperature to yleld 15'grams of pale
yellow crystals melting at 89-93°, Several recrystallizations from
benzene ylelded pure gentisyl aldehyde melting at 97-99°, The yield
of purified material was & grams. The melting point of the pure product

was in agreement with that reported by previocus investigators (1,2),

PREPARATION OF GENTISYL ALCOHOL (IV)-wThe hydrogenation
procedure of Birkinshaw, Brachen and Raistrick (3) was employed for the pre-
paration of gentisyl alcohol from gentisyl aldehyde., A solution of 1,0 gram
of gentisyl aldehyde in 15 ml. of ethanol was treated with 0.1 gram of 10%
palladium on charcoal and hydrogenated at 31° at an original pressure of
37.5 pounds per square inch. After ona-hﬁlf hour the pressure remained steady
at 36,0 pounds per square inch., After one hour, the reaction was stopped, the
catalyst was removed by filtration, and the filtrate was evaporated in a rotat-
ing evaporator to yield a pale colored oil which darkened on standing, The
01l was dissolved in boiling chloroform which yielded white crystals of
gentisyl alcohol on standing, The crystals were filtered and found to melt

at 98.100°, This melting point agrees with that reported by Brack (&)
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(4) and by Engel and Brzeski (5) who isolated gentisyl alcohol from
penicillin broths and recrystallized their products from chloroform. The

yield of pure gentisyl alcohol in this experiment was 0,45 grams.

Several similar hydrogenation experiments employing crude

gentisyl aldehyde did not give the desired results.

CHROMATOGRAPHIC EXPERIMENTS WITH GENTISYL ALCOHOL-~Both gentisyl
alcohol and gentisyl aldehyde were chromatographed in the 10:3:3 butanol-
pyridine-water and the 9:2:2 ethyl acetate~acetic acid-water developers
at 20°, The developed chromatograms were sprayed with the modified silver
and diazotized para-nitroaniline reagents. Gentisyl alcohol had a BPW
R, 0.77 and an EAW Ry of 0.79. Gentisyl aldehyde had a BPW R, of 0.84
and an EAW R, of 0.92. Both compounds gave black spots when immersed
in the silver nitrate solution even before treatment with ethanolic
alkaline solution. The alkaline spray produced immediate intense black

}

spots.

The diazotized para-nitroaniline ppray gave reddish brown
spots for the two gentisyl compounds gquite unlike the purple spots with

salireposide and debenzoylated salireposide.

The immediate silver spots obtained with the two gentisyl
compounds were also obtained with hydroquinone, but were not obtained with
salireposide or with debenzoylated salireposide. Thus, this immediate
spot with silver nitrate even before treatment with alkali must be due to

the two free phenolic hydroxyl groups in gentisyl alcohol, gentisyl



Project 1932
April 4, 1961
Page 5

éldehyde and hydroquinone.

A compérison gpot with salicyl alcohol indicated that salicyl
alcohol did not give a spot with the modified silver spray, btut gave a
bright red spot with the dlazotized péra-ﬁitroaniline spray. The By in
the 8:2:1 ethyl acetate-pyridine-water developer was identical with

that of gentlsyl alcohol.

Further chromatographic studies on gentisyl aleohol and related
compounds will be given in future reports in connection with the examination

of specific extracts.
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THE CAUSTIC HYDROLYSIS AND THE PROPANOL .EXTRACTION OF VARIOUS HARDWOODS. I1I.

In Project 1932, Report No. 4, a number of hardwood samples were
hydrolyzed with sodium hydroxide and also extracted with 75% propanol,
The resulting extracts were all chromatographed and all the known materials

that were present were quantitatively determined. This report is a
continuation of Report No., 4.

In an attempt to include :as many of the pulpwoods as posaible,
another twelve different species have been ébtaimd. These wood @ﬂq;
were handled in identically the same manner as described in Report No. 4.
Each sample was hydrolyzed with sodium hydroxide, acidified and extracted
with éther. The e_xtract was chromatographed and all known compounds were
quantitatively measured. |

Each wood was also extracted with 75% propanol. The extracts

were also chromatographed.

The results of the caustic hydrolysis of the various hardwoods
have been compiled into a table which will follow. As far as the resultis
are concerned, there isn't much to call any attention to. The yields of
vanillin and syringaldehyde appear normal in all cases. p-Hydroxybengoic
acid is still found in a large amount in all members of the Salicaceas
family. Vanillic and eyringic acids appear in all the extracts. Ferulic
acid is also present in all with the exception of the Weeping Willow,
Salix babylopica. ‘
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One wood doea stand out, however, and that is the Catalpa,

(Catalpa speciosa). This is the only hardwood of the now 46 different

species hydrolyzed that contains p~hydroxybenzoic acid and does not belong

to the Saliceceae family. This extract also conm coumaric acid, the
lightest yields of wvanillic and syringlc acids in this group of wocds, and

an enormous amount of ferulic acid. The yield of vanillin and syringaldehyds,
though higher than the other woods in this report, are not far above normal.
From all appearances, the results derived from Catalpa indicates that further

work should be done on it.

Each of the extracts were also chromatographed. The results

‘of the chromatograms have been compiled-in.table form and will also

follow,

A sample of each of the twelve different hardwoods were extracted
withJ 75% propanol, The propanol solutions were concentrated to a small
volume. A solids determination was run on each extract, The extracts
were also chromatographed. The results of the extracts as well as the

chromatographic results will follow,

At thig time it has been found that some of the ether extracts
from the hydrolysis of the woods contain p-hydroxybenzaldehyde. In any
of.the cases ware the p-hydroxybenzaldehyde is present, the vanillin yield

 ie incorrect., Both vanillin and p-hydroxybenzaldehydeé move approximately

at the same rate in the n-butyl ether saturated with water .developer.' In
the future, each of the 46 extracts will be chromatographed for p-hydroxy-
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benzaldehyde and in every case where it is found the correction will be
made. These corrections will be reported in a future report.

It has also been found that coumaric acid has been overlooked
in the extract from Populus tremuloides. Several other extracts will also

be rechecked for any possible presence of coumaric acid. These corrections

will also be made in a future report.

Two more hardwocds are planned to be’'included in this study.
Neither are at present available; but both have heen promised to. ua. Ther

one is Swamp Cottonwood (Po ﬂ eteromlla) and the other is Chosenla
bracteosa, both of these woods belong to the Salicacea.e fa.mily The results
for these woods will -also be reported in. a future report'

db/mrb
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75% PROPANOL EXTRACTION OF HARDWOODS

Wood Propancl Extract Sawdust Recovered

’

200 go 0.D, Used  Sclentific Newe Grams  Per Cont  Grams, 0.0

Willow Oak Querc;s phe:lloa 6.;&; 3.07 191.6
Scarlet Oak Quercus ’rcopﬂcin“aa 12.54 6.27 189.5
Black QOak Quercus velutina 13,16 6.58 185.3
Turkey Oak Quercus catesbael 9,50 4,75 191.5
American Elm Ulms americana 436 2.18 195.3
Black Willow Salix nigra 5.82 2.91 190.0
Weeping Willow Salix babylonica 10.55 5.28 189.9
Lombardy Poplar Populus nigra 7.61 3.81 193.1
Catalpa Catalpa speciosa 10.16 5.08 190.8
. Chestnut . Castanea c;enta:ba 16.30 8.15 188,7
Shagbark Hickory Carya ovata 9.95 4.98 188.6
Butternut Juglans cinerea 18,92 9e4sb 180.2
i
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FURTHERL STULIZSS O TiE HOT WATER ZXTRACT OF POPULUS TREMULOIDIZS BazK

The isolation of salireposide from the bark of the american quaking

aspen (Populus tremuloides) was reported in Project Report No. 2 and 3.

'In these reported studies, salireposide was isolated by fractional concen-
tration of the hot water extract. Because Sakai, Tsurumi, Zno and Inukai
(1) isolated salireposide from the hot water extract of the bark of Salix
purpurea by extraction with ether containing a little ethanol and becanse
Fujikawa and Tokuoka (2) isolated salireposide from the hot water extract

of the bark of Salix koriyanagi by ethyl acetate extraction, it was decided

to apply these non-aqueous extractions to some aqueous residues left after
isolation of tremuloidin, salireposide, and salicin from the hot water

extracts of Populus tremuleides.

The experiment reported in the present report employed the agueous
residue from the isolation of salireposide and tremuloidin from the large
scale hot water extract of evapo?ated ethanol extract of fresh Populus
tremuloides bark described on page 29 of Project Report No., 1. The agueous
residue had been evaporated to dryness in a rotating evaporator and was

stored at room temperature as a semisolid syrup for a period of 18 months.

The semisolid yellow syrup was covered with water and shaken ocecasion-
ally until solution was complete., The resulting turbid solution was placed
in a one-liter flask and extracted with ether containing a little ethanol

in an air-agitated liquid-liquid extractor for several days. 4 yellow

FORM 7-3
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extract was obtained, and a heavy oily layer separated in this yellow ether

extract, This heavy oily layer was insoluble in water, but soluble in ethyl
acetate, It was dissolved in ethyl acetate after separation from the ether

layer. The subseguent fractionation of the ether ext;act is pictured in

the flow sheet of Figure 1 in which all fractions are identified.

The aqueocus residue left after ether-ethanol extraction was placed
in a non-agitated liguid-liquid extractor and was extracted continuously
with ethyl acetate. The fractionation of the ethyl acetate extract is

pictured in the flow sheet of Figure 2 in which all fractions are identified.,

Several of the crystalline fractions were subjected to mixed melting
points with authentic tremuloidin, salireposide, and salicin, On the bafis
of these experiments the folloﬁing unequivocal identifica?ions were made
for the fractions of Figures 1 and 2:

Ttems (II), (II-A), and (ITI-A) are tremuloidin; item (V-A) is
anhydrous salireposide; and item (V-C-1) is salicin.

These identifications were confirmed by paper chromatography.

In addition to the above identifications, most of the fractions of
ﬁigures 1 and 2 were spotted on paper along with tremuloidin, salicin, and
salireposide and developed in duplicate in 10:3:3 butanol-pyridine-water
at 20°, The papers were sprayed with the modified silver reagent (ig),

and with the diazotized para-nitroaniline reagent (DpNA)., Results are

given below.

ITEM (ITI)--This ethanol solution contained small amounts of tremuloidin
and salireposide and a number of non-glucoside materials -such as salicyl

alcohol, syringic acid and p~hydroxybenzoic acid,




Evaporated Aqueous Extract

s rajaet Ho, 19732

(Report No. 1, page 29) ~pril 7, 1961
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Extracted with ether
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Ether Extract neous
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— . Crystals Aqueous
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with dilute ethanol See Figure 2
| | For Flcwsheet
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m.p. l45-150¢
203-204°

Aquecus Residue from Project No. 1932
Ether-Ethanol Extraction April 7, 1961
of Figure 1 Page 4
Extracted continously
with ethyl acetate
g -1
1 Ethyl Acetate ueous
ﬁ; canted clear Concentrated
4 . yelleow solution to syrup
iﬂ' from thick syrup @
WP r Covered with
%.— Thi.clgml Clear Yellow Solution 95% ethanol
dj’ Dissolved in JEvaporated to dryness. lallowed to stand,
g methancl Covered with methancl. Filtered ard washed.
'45: By, ted to dryn Crystals Ethanol
B vapora o ess., Evaporated to rysta.s
o Boiled with water, Cooled, dryness. (TID T [Crystals on
¥ Extracted with ether. Bolled with ° Standing.
B SH mep. 1942195 Filtered
H-g 0 | water {Saliein)
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i Tooled and —j— oD, D)
| ] extracted .(é 1icin)
. Crystals ueous with ether. - ailein
crystallized @
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{no shrinking) acetone. : Crystals separated.
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filtered. Crystals Aqueous m.p. 178.198°
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@ . from water ’ us ViB-1
Crystals Aqueous  p.p. 205-207°
m.p. 193-198° o
(very bitter) mep L m.p. 120-130°
Recrystallized 3= Recrystallized
from water. from water.
@-p-D
m.p. 145-150°
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ITEM (II}-A-l)--The'Ag spray indicated only. tremuloidin, but the positive -
30 , ' ' '
DpNA. pink spét$at approximately the same Ry value indicated a trace of salicyl

alcohol. This probably accounts for the crude melting point of this fraction.

ITEM (III-B)--An instantaneous spot with Ag before alkali treatment at R,
0.83 indicates gentisyl aleohol (see Report No, 5). In addition, this ether
solution gave spots for syringic acid, saliecyl alcohol, vanillic acid and

unidentified compounds with Ef 0.20 {(pink DpNA) and Re 0.58 (salmon DplA),

ITEM (IV-A)--This crystalline fraction gave no spots with the Ag reagent and

gave a violet spot with pink ring at Ef 0.91., No identification was made.

ITEM (IV-B)~-This ether solution gave an instantaneous Ag spot at Ef 0.83
indicating gentisyl alcohol. The DpNA spray indicated gentisyl alcohol angd'
vanillic acid along with unidentified spots at 0,51 (buff) and, 0.77 (violet

and salmon),

ITEN (IV-D)--Ag~sprayed chromatogram indicated these crystals to be about
half and half tremulordin and salireposide, The DpNA-sprayed chromatogram

indicated only the salireposide.

ITEM (IV-D-1)--The Ag-sprayed chromatogram indicated about three-fourths
tremuloidan and one-fourth salireposide. The DpNA chromatogram indicated

salireposide and some salicyl alcohol impurity.

ITEM (V-B)--This ether extract contained gentisyl alcohol as indicated by the
instantaneous silver spot. The DpNA spray indicated gentisyl alcohol and

a purple spot at R, 0.80.

ITEM (V-C)--This crude aqueous solution contained salicin and small amounts

1
of two sugars at R.'s 0.22 and 0.26, The DplA spray indrcated spots at the

following Rets: 0,09 (vaolet), 0.52 (violet), 0.66 (orange), 0.73 (purple),
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and 0.77 {gray).

ITEM (VI-A)--This crystalline material appeared to be salireposide with a

trace of salicyl alcohol,

ITEM (VI-B)~-This ether extract contained gentisyl alcohol and several uniden-

tified spots with the following R.'s as indicated by DpNA: 0,37 (violet),

-f
0.51 (buff}, 0.77 (violet and salmon), 0.83 (violet with gray center). The

crystalline compound melting at 205-207° (Item VI-B-1} which separated from

this solution has not been identified,

ITEM (VI-C)-~This agueous solution contained salireposide and unknown silver-
reducing material from Rp 0.65 to R, 0.85. The DpNA reagent indicated
unidentified spots at the following R.'s: 0.67 (salmon) and 0.82 {salmon

and pink),

ITEM (VI-D)--Chromatography of this crude material indicated only salirepo-

side, but the melting point indicates considerable impurities.

Further work on individual fractions was held in abeyance pending further

identifications of unknown compounds.
{

In another experiment the final concentrated aqueous residue from a
similar hot water extraction of .evaporated ethanol extract of fresh Populus
tremuloides bark [Fraction (E) of Figure 2 of Project Report 1] was submitted

to continuous extraction with ethyl acetate,

This concentrated Fraction (E) was covered with 250 ml, of water and
agitated. Some crystalline material did not dissoclve. This was filtered
and recrystallized from water. The agueous filtrate was placed in a non-

agitated liguid-liquid extractor and extracted cohtinuously with ethyl
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acetate, The fracticnation of this experiment is pictured in Figure IIT in

which all fractions are rdentified,

Paper chromatography and mxed melting points indicate that Items I,
IT, and IIT are tremuloidin, Other fractions are impure mixtures, and

1dentification of individual components was not pursued further at this time.

The two experiments reported herein indicate that tremuloidin and

salireposide can be obtained from Populus tremuloides bark extracts by
r

extraction with ethyl acetate and ether-ethanol even when they are not ob-

tainable by crystallization procedures described in earlier reports,
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Ethyl Acetate Fractionation of Aqueous Residue after Glucoside Isolation from Hot Water
Extract of Populus tremuloides Bark Extractives

Fraction (E) from
Figure 2 of Report No. 1

Covered with water,
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f : 1
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i~ - i . I ) ]
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Filtered, cooled dryness. Syrup @
Filtered . covered with
— : I ethanol, filtered
Crystals Aqueous { }
Concentrated, Crystals Ethanol
@ Cooled, @ Evaporated to dryness.
m.p. 2072080 Filltered Rasidue covered with
P I 1 m.p., 202-204° acetone, filtered.
Crystals iq' ueous | 1
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THE BTHER EXTRACTION ARD CAUSTIC HYDROLYSIS OF WHITE WATER FROM ASPEN

In connection with the work previously reported concerning the
presence of p-hydroxybenzoic acid in the Populus species, it was decided
t0 include several experiments involving groundwood white water in order

t0 see if the p~hydroxybenzolc acid is present,

A sample of 10.7 liters of white water was obtalaned from the
groundwood pit of Kimberly-~Clerk at Kimberly, Wisconsin on November 26,

1956. The sample wae given to ue by Mr. George Saunders.

Mr, Saunders informed us that the white water had been filtered,
Also approximately 1200-1300 grams of O, D, pulp wae filtered from the

watef. The wood being ground was mixed poplar including Populus iremuloides,

Populus grandidentats, and Populus tacamshaca.

A 801ids determination was rurn on the white water sample and
wag found to be 0.13 gram/100 grams of water. The entire sample contains
14 grams of solide, The white water sample was concentrated in the

laboratory circulating evaporatory to a volume of 760 cc.

The concentrated white water was divided into two equal parts,
The one fraction wee treated with several cubic centimeters of sulfuric
acid, to be certain that the solution was acidic, apd was then extracted

continuously with ether using the air-sgitated extractor. The extraction

THE INSTITUTE OF PAPER CHEMISTRY
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continued for 24 hours, after which all the ether used wae dried and
concentrated to a volume of 100 cc., 74 grams. The solution, which carries
our pumber 1555-135-A, has & total eolids of 0,98 gram/100 grams, The

total extract is 0.73 grame or 10.4% of the solide of the white water sample.

The second fraction wae treated with 20 grams of sodium hydroxide,
The solution waﬁ boiled under reflux for 8 houre, The golution was then
acidified with dliute sulfuric acid and extracted contimously with ether
for 24 hours. The ether concentrated to a volume of 100 cc., 75 grams,
This eitract, which carries our mmber 1555~136~A, hed & total solide of
3.27 grems/100 grams. The total extract amounted to 2,45 grams or 35.0%

of the white water solids.

The two extracts were chromatographed nsing various developers,

with the following resulte,

Developed with tmtanol 2% aqueous armonia,
1555-135-A Rf - 0.00; 0.08; 0.10; 0.12; 0.14; 0.25; 0.31: 0.78; 0.8k

1555-136-A Rf ~ 0.00; 0.08; 0.10; 0,12; 0.1k; 0.25; 0.31; 0.78: 0.84: 0.88

Developed with butenol, pyridine, water (10:3:3)
1555-135~A 7Ef -0 0.37; 0.44: 0,56; 0.82; 0.85
1555-136-A Rf - 0,0k; 0.18; 0.37; 0.4; 0.56; 0.82: 0.85

Developed with bensene seturated with formic acid.
1555~135-4 Bv ~ 0,00; 0.02; 0.10; 0.27: 0.41; 0,77; 1.00

1555~136-A Rv - 0.00; 0.02; 0.27; ~  0,37; 0.41; 0,77; 1,00
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Rv 0,27 is p-Hydroxybenzoic acid.

Ry 0.37 1e Coumaric acid.

Rv 0.41 is believed to be dihydrocourmaric acid.
Rv 0,77 1s syringlc acid.

Bv 1.00 is vanillic acid.

No‘knovn aldehydes were found in either extract.

Ammple of the extract of 1555-135-A was chromatographed using
benzene saturated with formic acid =s the developer. The compound Bv 0.41
woe eluted from the strip of paper with 95¢ ethanol and treated with
alcoholic potsssium hydroxide, The ultra violet curve for the unknown
was run along with ean ultra violet curve for known dihydrocourmeric acid.
The curves matched sufficiently well to establish the identity of the

unknown ae dihydrocoumsric acid. The two curves will follow,

The five known acide were determined quantitatively by the
chromatographic and spectrophometric methed that hae beer mentioned
frequently in past reports. The sample was chromatographed, the strips
were cut and eluted with 95% ethanol, treated with aleoholic potassium
hydroxide, diluted to 50 ml. volume, and resd at the proper wave length

on the spectrophotometer. The resulte of these determinations follow:
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1555-135~A 1555-136-4
ng. % of ext. ng. % of ext,
p-Eydroxybenzotc acid 2.5 0.34 32.5 1.3
Coumaric acid . - - 66,0 2,7
Dinydrocoumaric acid 64,5 8.80 47,0 1.9
Syringic acid 7.3 1.00 23.5 1.0
Vanillic acid 10.8 1.50 23.5 1.0

In order to learn what the source of dihydrocoumaric acid might

be, a 100 grams sample of O, D. Populue tremsloldes was extracted in a

soxhlet with water for s period of 24 hours. The water solution was then
concerntrated to & small volume and extracted with ether contimuously for
24 honrs. The ether esclution wae concentrated to a volume of 100 cc., 73
grams, The total sollds were 0,43 gram/100 grams and the extract amounted
to 0.3 gram. The extract was chromatographed and only p-hydroxybenzoic

acid was identifisble.

Chrometographic reeults were:
Developed with butanol 2% aqueous ammonia. Rf - 0.00; 0.10; 0,79
Developed with 10:3:3 butanol, pyridine, water. Rf - 0,03; 0.20; 0.24; 0.56: 0.80.

Developed with benzene saturated with formic acid. BRv - 0,00: 0.27.

p-Eydroxybernzoic acid has Rf 0.10 in butanol, 0.56 in pyridine,

and Bv 0,27 in benzene~formlc acid.

The p~hydroxybenzoic acid has determined quantitatively amd 2.0 mg,

were found in the extract, this is only 0.7% of the extract,
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In none of the work done on Populus tremuloides has any dihydrocourmaric

acid been found. From the data known I feel certain that the presence of

dihydrocoumaric ecid is not due to the Populus tremloides. Whether the
acid is present in the other two woods making up the mixed aspen used in

the Kimberly mill is not known. Neither the Populus granditentata nor the

Populug tacamahaca have been worked on, The possibility also remains that

some other species of wood might have been in the supply used at the time

the sample was taken, A duplication of the sbove results should bde hed

. from another eample of white water before any definite conclusions can be

made,

d1b/mv
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STUDIES Ou THI GLUCOSIDES OF POPULUS GRAIDIDENTA BaRK

In Report llo. 2 preliminary studies on the bark of bigtooth

" aspen (Populus grandidentata), and on page 6 of that report, the prepar-

ation of an ethanol extract of browm bark and the parparation of smooth
green bark dust were described. The present report describes further

experiments with these materials,

The concentrated ethanol extract of the brown bark of Populus.

grandidentata described on page 6 of Report Ko. 2 was evaporated to dry-
ness in a rotatiné evaporator under diminished pressure to leave 274 grams
of residue containing considerable oily material. The dark brown m;ixtur'e
was covered with 4 liters of water, heated one hour on the steam bath
with occasional shaking, and allowed to stand at room temperature over-
night., The mixture was filtered through Celite, and the residue was
boiled with 3 liters of water, cooled, and filtered through Celite. The
preliminary fractionation of this material is pictured in Figures 1, 2,

and 3 in which all fractions are identified,
PRELIMINARY CHROMATOGRAPHY OF FRACTIONS

Several of the fractions identified in Figures 1, 2, and 3 were
chromatographed in the 10:3:3 butanol-pyridine-water (BPU) system in
duplicate. The chromatograms werc sprayed with the modified silver (Ag)

and diazotized para-nitroaniline (Dpli) reagents, Chromatograms sprayed

THE INSTITUTE OF PAPER CHEMISTRY
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with Dplia were examined under ultraviolet light for fluorescence, ZHesults

are given below.

ITEM (3-1)--This white crvstalline material melting at 199-201°
gave a pale violet spot at ﬁf 0.82 which fluoresced blue-white in ultra-

violet light, The silver spray gave no spot,

ITEM (C-II)--This ether solution was wixture of many compounds
giving colors with DpNA Rp's as follows: 0,52 (violet), 0.67 (viclet),
0.83 {(violet), 0.88 (pink), and 0,91 (orange), Those at 0.67 and 0.83
fluoresced under ultraviolet light, The Ag spray gave only a faint spot

at Ef 0.83.

ITIM (D-2)--This ethyl acetate solution was a mixture of many
compounds giving .colors with DplA gfrs as follows: 0.39 (blue), 0.56
{violet), 0.63 (purple), 0.76 (yellow), 0,83 (violet), and 0.90 (orange).
The spot at 0.56 fluoresced white, and the spot at 0,76 fluoresced very
stroné blue-white under ultraviolet light. The Ag spray indicated spots

at Rp's 0.56, 0,76, and 0,83.

ITEM (E-1)--This white ecrystalline solid melting at 196-197°
gives no spot whatsoever with DpNA and gave a single spot for salicin with

the Ag spray.

ITEM (E-2)--This tetrahydrofuran solution of the materials
extracted by the second ethyl acetate extraction was a mixture of materials

giving colored spots with Dpllh with Ef's as follows: 0,52 (pink), 0,62

(violet), 0.67 {(violet), and 0.83 (violet). Spots at Rp's 0.62 and 0.70

fluoresced strong blue~white under ultraviolet lizht., OSpots were located

at the following Rp's with the Ag spray: 0.20, 0.23, 0.63, €.67, and 0.70.
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CRAIG FalUILL FaaZTICN TI0L OF FIUWCTICH (C-I)

The main ethyl acetate extroct after removal of ethecr-scluble
rmatarial and concentration to 120 ml. [Fraction C-I] was placed in the
first three tubes of thz large autoratic Sraip counter-current distribu-
tion nachine. The other tubes werc filled with water which had been satu-
rated with ethyl -acetate. The upper phase for the counter-current distri-
bution was ethyl acetate which had been saturated uith water. after 100
transfers at 20°, the experiment was monitored by chroratopraphing every
fifth tube on paper in the 8:2:1 ethyl acetata-pyridine-water (ZFW) devel-
oper and spraying the chromatograms with both Dplih and Ag. Results for
the Dplih spray are given in Table I and for the Ag spray are given in

Table II.
[Table I and II]

On the basis of the diazotized para-nitroanilime-sprayed chromato-
grams, the tubes were combined into fractions as noted in Table IIT, The
corbined fractions were evaporated to small volumes in a rotating evapora-
tor, Oolids determinations were made on the concentrated solutions, and
the yields are included in Table ITI. After concentration, Fractions
C-I-I and C-I-F deposited crystalline material, These crystalline solids
were filtered and weighed and are included in Table IIT as Fractions

C~-I~E~l and C.I.F-1, respectively.
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TABLD I

CHROMATOGRAPHY OF ZRAIG MACHINE FRaCTIOKATION IN ETHYL ACSTATE-PYRIDINZI-WATIER

LLD SPRAYTIHG WITH DIAZOTIZED PiRA-HITROANTLINZ

1 0.34, 0.46, 0.55
.5 . 0.34, 0.46, 0.55

10 0.46, 0,55, 0.61

15 0.55, 0.61

20 0.61

25 0.61

30 0.61

35 : 0.76

40 0.76

45 . 0.76

50 | 0.76, 0.81

55 0.76, 0.81

60 0.76, 0.81

65 0.76, 0.81

70 0.76, 0.81, 0.88
75 0.81, 0.88
80 0.81, 0.88
85 0.81, 0.88
90

95

8 The color of the spots at the various Re values were as follows: 0,34,

pink; 0,46, violet; 0,55, red; 0.61, violet; 0.56, light violet; 0.81, light tan; and

0.88, light tan.
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CHROUATOG:LPITY OF CRAIG MACEINE FRACTION:TION Il ETHYL ACSTATI-PYRIDINZ-WATER

AID SPRAYILNG VIITH MODIFYIED SILVER RIAGENT

1 0.07, 0.12, 0.34, 0.4, 0.55

5 0.07, 0.12, 0.34, 0.46, 0.55, 0.61

10 0.46, 0.55, 0.61

15 0.61

20 1 0.61
25 0.61
30 0.61
35 A 0.76

%0 T 0.76
U5 ' 0.76

50 0.76

55 ~ 0,76, 0.81
60 : 0.76, 0.81
65 0.76, 0.81
70 0.76, 0.81, 0.88
75

80

85

90

95
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Preliminary Fractionation of Hot Water Extractives of Populus grandidentata

Brown Bark Ethanol Extract

[€ aam#ty ses

UOTIEUOTIOEIT 2040]

(&l ‘ouojede ‘rojem
‘TouBYIs uy eTqRTOSUT)

©D

@ @ ssoulip 03 _ oTOZ=66T *du
ey @
238300y TAUag cnoan EETXLT ﬁ pejerodeay \ﬁ
v STE3E
L J : ° UOTINTos TouEiey SIFITCTIBIY
: ~667 ~d*w . PoIe3TTd
¢ sandry oos e3eladE POIOTTF 0T0Z-661 ;
co«mmnoauuﬁu Jo4] . TAU3e WM . FuE 00 g @ . OMOD.HMH
@ sy wo Mwwocm ovm.u..—!dﬂ qu.ﬂ_m.o.m -y oqe oampm“ ﬁmﬂm Loed
s3E300y TA43N sNoeN %o.ﬂmwl« _ auﬂmﬁ_aﬁlﬁ!
—1 300 pRIEITId .
*say g Tejen Wth v.owwwmmm.n g ejE3808 TAe ojejeve TARS
s1Ee0E TAWIe I S8 Coz eqp W EIRELXY Y3e PeRoed
PooBRIIXY “TW Q52 UoTynTeS enoanty 83e37dToag
07 PO3EIJUSIUCH @ j J
uoTINTog snoanby sTe3sAln e1er7d00ad
L _ - uOJdJ UOTINIoS
‘PRIdId  “PUElS 0% JEETY. pAjuUEDRqg

PEMOTTY “TW QOOT ©%
Jojelodeas JUTIETROITS
\w ut pPeIBRIIUSIUC)
a3y TdToeay ucTInTog suoanby

! ] |

“PoIs3TTd *PeTTOR
*epTIINS usBoIpdy
3TA pejEImEg

B3BITTY Le91D
N

*8193TT 2 0%
emssaad poonpad

Jopln_PejBIjusduey

@ UOTIN[Og ENOBNDY SfuBID

L

\—,

syeyTdToadg
]

T304 PedelTId ‘PeTROg
'S%H U3tA pejeInyEg
‘aajem Ul popuedsng

e}elTaToaag peey b

|

Pl
feqE180y pee] O1seg
SSO0XD YITM POJEDL],

uoTInTog snoenby

L

*@3e19THJ PeFRIIUSOUOD
PuE j0q PAIOITTL
*ToUEe UM PORTIOH

g

DBLPF ToURUIY

93B3 TATI6II + 837T8Y

|

931790 YSNOTY} PSISITTL

PoMOTTY

00 03

*I9qEM JO SI997T L JO

TT303 With 2utrioq o3 pejEeq
sseudsp o3 pajelodeag

(9 efed-z ox jJodey)
A}TIeg umolg

TIBJUSPIPURLY STRCAOg JO I0BIIXY TOUTYIZ




Page 7

Project No. 1932
. hpril 10, 1961

UOT}EUOTIORLY SUTYORY FTEJI) 03 PI33TUANG |

@

‘Tuw 02T 03 PejeIjussuoy |
J8UE snoanby
_ |
*J8Y3e UITM

PIOBIGXS SUOTINTOS
snoenbe poutquon

*J97EM UT
7 PRATOSSTP sssulap
04 pejesodeag

faaInIxXTW
0:aﬁﬂ¢pmMLoﬁEmm J81BM UT
saed durtoog PRATOSST]

ED E&ETD

*PSATOSSIP 1TV
*J197EM YITH
PEIBINITLY
*ssaulap o3 .
pejetodesy
871e31UEDS] 91EBIB0Y TAYlg

L

93180y TARF snpysay

[ J

"304 paIeiill
pue aj3ejecE TARe
*TW 052 YITM peTIon
-
9383141091 PITOSTWIg
pue SuTTTeIsAI)
I

-pejuEDSp UOTINTOS JEITD
*dutpuels uo pejeaedss
STETJIS3BU [FITOSTWSS puE
BUTTTE}SAID JO 2INPXIR .
(D) uoTIoRag--T SITL

30eI3Xg 936380y TAYIE

(T 8an314 JO D UOTIOBIJ) IOBIIXH 938189V TAUIE

2 aandTd

1SJT JO UOTFEBUOTIOBLY



Page 8

Project No. 1932
April 10, 1961

(18331Q La84)

0082-622 1' sesoduoosp
oGHhZ 1e sed
0$6T-G6T 3 3qed d°u

Qed E&zD
G Sh) UOTINTOS JHL
_ ,

}

JHL Y3ITh
psyses pue padsiTid
(393317q AI8a) *Jutpue}s uo )
ol6T961 "d*u STe¥SAI0 pajTsodag
mdmvwwmo . coapswom JHL
L , JHI UT POATOSSIQ
Y3TM payse *ssaulap o3 pejexodeas
STE3SAID . 238380y TAUY
| . ,L

peue3Ttd
‘poaeadde steysfan
"PUEds O3 pPeMOTTY

@vcoﬁpomn&nuﬁ aJndtg

1oRIIXg 93E}O0Y TAYYT

(T 8anBty JO § UOT3ORIY) 30BIIXG 9383907 TAY3IE PUODSS JO UCTIBUOTIOBII

¢ aamgtg




Project lio. 1932
April 10, 1961

Page 9
TARLY IIT
PRILIKINARY CiRaIs HMACHILE FRACTIOWATION O FRACTION (C-1)
Praction Tubes Yield, g.

C-I-4 0 -7 9.26
C-I-B 3 - 18 4,23
C-I-C 19 - 32 ' 2.05
C-I-D 13 - 47 1.66
C-I-E 48 - 68 3.30
c-I1-E-1° 48 - 68 2,00
Cul-F 69 - 88 1.31
c-1-F-1" © 69 -88 1.40
C-IG 89 - 99 0.12

25.33

Further fractionations of individual fractions from the Craig
Machine are pictured in Figures 4 through 10. These fipures identify all

fractions.,

Preliminary Chromatography of Individual Fractions

Individual fractinns noted in Figures 4 through 10 were subjected
to preliminary chromatographic evaluation in the BPW system, Chromatograms
were sprayed with the DpNA and Ag reagents, Salicin and salireposide were

employed as reference materials. Results are noted in Table TV,

Crystalline product separated from fraction C-I-E, Crystals shrunk
at 138-145° and finally melted at 200-220°,

Crystalline product separated from fraction C-I-F. Crystals melted
at 190-193°.



Fraction Comments
C-I-a-1 Ag spot for salicin,
C-I-A-2 Dplis spots at Rp 0,47 (pink with purple tail) and 0.83 (pink).
C-I-h-3-a Ay spot for salicin,
C-I-4=-3.b ig spot for salicin and at &, 0,11,
Dplih spot at 0,48 (purple).
C~-I-D~1 Ag spot at Ry 0.00,
C-I-B.2 Dplih spots at Rp 0.47 (pink with purple tail) and 0,83 (pink).
C-I-B-3 " Ag spot at Re 0.11 and very strong at R, 0,58.
Very strong purple DpNh spot at Re 0.58.
£-I-C-1 hg spot at Ef 0.11,
C~IC-2 Ag spot at Re 0.58,
Strong purple DpNA spot at Re 0. 58.
Cml-Dal Nothing.
C-I-D-2 DpHA gave long brownlsh lavender spot with center at R 0.77.
C-I-E-lwma Strong salireposide spot with DplA.
C-1-E-1-b Salireposide spot with DpNA.
Colafimlac DpNA gave strong purple salireposide spot and a weak pink .
spot at E{ 0.79.
C-I-E-1-d DpNA gave strong purple salireposidé spot and a weak pink
spot at Ry 0.79,
C-1-E-1l-~e Dplla gave strong purple salireposide spot.
C-I-E-]1-f DpNa gave purple salireposide spot.

Froject i'o. 2932
april 10, 2951
Eagelo

TABLE IV

PAPER CHROMATOGRAPHY OF IRDIVIDUAL FRACTIONS

While the above work was in progress on the fractionation of

materials from the brown bark of Populus grandidentata other similar work

was in progress on the hot water extractives of the green bark of the sane
tree, The latter work is reported in Progress Report 8 and reports the

isolation of a new glucoside from this bark., Further experiments on



Project o. 1932
fpril 10, 1961
Page 11

individual fractions identified in thz present report were held in abevance

pending the results obtained on the green bark extractives,



0. 1932
1

pril 10, 196
Fape 12

.-
N

I8
1

Projiect

S7e1311d

oG6TH6T *d u

CrevTD)

STe}shag

._

"0y peasiTiy

pue payTog

*gTelsAln - Toueryjeu
U3Th peJasac)

*parexodeay
e (-y-T-] mﬂlwtdr.HIO )
STEe35&I) UOT3NLOS

L . . 1

" TOuEl}eL PUB J8jeM
U3Ta payses paaelTTd
*pajesedas sTeyshin
IeUyy UOTIN[0g SnoeNby=AT10
| _
-I9Yyle
UM pajora)xy
*1o%em 3T
paJasAcy) *ssoUlap
04 pagjeacdedy

{183379)
oh6T-26T *d*u

STE3SAdN
JHL H3T™
paysEM

STeIATLL 5Te3sAI)
| 1

*10Yy paJsiTT] pue peilog
‘JHJ U3TH paJenoy
*sseudap o4 patelodeay
Y=I-0 UoT3oelg

Y=~ UOT1O'JI] SUTYIE 3Ted] JO UOTFERUCTIORIY

4 sandtyg




¢7d7170 (£-8-I70)
FETET uoTINTog snoanby ATTO

(- . R |

(g0
tJIeyle yiim
P93}0BI3XS
pUEe J89eM ‘91813117 pojedodeas
ut peAlossig bue 04 pPIILYTLA
‘ssaulap o3 . *uoQIed YjTM peTrog
potraodeay . *J9%eMm UT POATOSST(
UoTINTOS JHL 27183 1d1o8aqd aeq
_ |
“Paas}TTd
‘dHI U3Th pattog
*‘sgeudap 03
pajesodeag| -

g=1—0 UOT}O®.Ig

g-1-0 UQT3desy oUTYDEN FTel) JO UOTIBRUOTIORL]

¢ ean3T




1

2

o, 1932
19/

april 10,

+
1

Froject

Page 14

*pajearedas sye}sLa)
*Touey}eu
STIITT POPPY

- (I=0-1=0)

97€13TTF pajeaodeas

(Z=o 1700 puUE 0y Pate3Tld

*UoQaEd Y3TH pertog

pajRIUDUOY | *J93EBM UT PBATOSST(Q
TOS JIHL

GOT3N

ejeTdroexy saeq

|

*30Y PaIetTTd
"JHI U3T™ peTtog
*gsaufap 03
peteaodeag
0=I=D uoT}oRIy

A== UOTIo®BI] SUTUOEN 2Ted) FO UOTIBUOTIORIL

9 M3ty



B er
&
P -

* N

‘o. 19372
104"
ave 1

1

1

10,
}'J

+
april

Projec

Fom (il N

P9YeIFUSIUOY |
UCTANLO0G- A1,

TcIo

Toueyjau PIPPY

*Pa3ERIFUSDUOD

pue 30y pete3Tld

-CODMQO + J37EeM

y3tm perlog
enptsay

|

_Il.

‘PeJslTIy pue paToo)
"JHL Y3t DafTog
*S8OUAID 03
poteaodeay

I~I-0 uoTjoRLy

@-I-0 UoT3oeI SUTUOER ATEI) JO UOTFBUOTISRIJ]

J aam2tg




A N0

N

o~ On

e g 0502402

6o d 0Z6T-T6T ‘d-m

= T o=T~2-1-0

prgs eIt STe1skaD

DL

o5 L ]

& 0£02-202
paISY Ty o09T—66T *d*u
pue JejeM vmpmhommbm_ %

U3TH padaao)p 93eITTA sTE}S4LID
pereaodess _ _
FIBIITTA
“uoqaeo pue CTETD
J27EeM UT PaTIog E sTe}sAI) J97EBN WOAT
*pojelodeay pajetodeAf | ﬁmpmhoam>m_ *Teqsfaoey
snoenby FERE FEDRG STe1SAIn
*pojesedss sTe}S5AID ﬁl _
*pajearedes TouRY3IdL peppy = L . |
sTe3sfap , EE7I70 *asyle yim Jeqje Y3 PIjOEBIIXe DU
‘aumToA »91eI1TTT Pojetoders pP810BILXS DU pejrerodeAs 29BI1TTS *30U
TTeWS 0% . ﬁc.m.poz poIat Ty Jajem UT PaBATOSST(g paaslITy ‘uogqaEed pue
pajeodeas *UOQIED pUE J87EBM "pojeaodeay ToueBygou Y3TM paTroed
y3TH peTIoq Toueu3eR STe3sAID
UCTANTOS JHJ PTITOS HaeQ L |
L N *paaeyTTy ‘Toueyjeu
. U3Ts pagsac)
JERELR R A g ' Cage
" pBT00N  *4lIL YiTH DOTTON 0022-002 ‘oSHI—BET *d u
‘geaulap 07 potesodesy il )
ToT3NTog STe3sLan
. ] |
paIal Ty

g-I=) uotioedy
g~T=0 UOT1O®'JI] SUTYdegy FTed) JO UOTFBUOTIORIJ

g eandty




[ S
N
Cx O
——
M0
v g
29~
o ]
Q4
Ot
Ty
O -4
A
Z-d~1=0
91BJI1TLS
pojeacdeAd Due oY
— peaslTld  ‘uoqaed
47170 pue aeqeM
pejeriusouoy| Yy3TA paTtog
UOTINTOS AlLL SnpLsSsy
_ J
TpeIalIty
‘poroco ‘paTTog Il YITA
poJeacn ‘SseUAlp 07 pateIodeAy
uoT3niog

peresqueouos |
UuoTINTOg

|

(12333q 0Uu)
o£02-T0z *d-u
ET-2"1-D)
STEB36ALY

|

‘PRae}TTy

txegen Ul Th PBIsh0)
‘pajeaodeAs 93eIqTT]
*30Y pPRIslTlg
*uodIed PUE
Toug}su aquitp

_ UM psTTOg

ol6T-06T ~d-u
Td-1-9
STe3sAI)

POJoYTTd
d-T-) uotyoeaq

J=1-0 UOTRO®IS SUTYDSBH JTeJI) JO UOTFRUOTIOEIJ

6 9In3Ty



16, 1661
Page 12

Azl

Project Yo, 1932
"1

Z-07I70
pajeredas sTel5Lan
*PaIELUIDUOY
uoTInTog JHJ

L R

)
*POGRIJUBOUOD 24BIFTTI 304
peIe3TTd "uUoqJed pue
J87eM U31M peTIog

anpISay

N

peds} 1Ty pue PaToo)
‘AL 3T petted
*ggsulap o1 pejetodeay

H5~I~) UOT}o®BIJ

n-T~n UOT30BX] SUTYHOER[ STeI) JO UOTFBUOTIOBI]

0T 2andty




4

v,

PROJECT NO 1932
PROJECT REPORT FORM COOPERATOR Institute
REPORT NO 8
Conles t Fles DATE Hﬂrgh 6, 1957
es to:
P Dr. Pearl (2) NOTE BOOK 225
Mr. Beyer

THE CAUSTIC HYDROLYSIS AND THE PROPANOL EXTRACTION OF VARIOUS HARTWOODS. IIT.

(ADDITIONAL DATA AND CORRECTIONS OF PREVIOUS REPORTS).

In Project 1932, reports numbers 4 and é described the experimental
work and reported the data accumulated from the caustic hydrolysis of
forty-six different hardwoods. Since that time, it has been found that
p~-hydroxybengzaldehyde is present in some of the extracts. Also coumaric
acid wasn't found until we were nearing the end of the series and con~
sequently all the extracts were not checked for it. In this report, these

two materials are quantitatively determined in the extracts containing them,

In the past reports, the developer used for the separation of the
aldehydes was n~butyl ether saturated with water., This developer very
satisfactorlly separated vanillin and syringaldehyde, however, p-hydroxy-
bengzaldehyde moves identically as deoes vanillin., Since this is the case,
all of the vanillin results from any extract containing p-hydroxybenzaldehyde
are incorrect. To accomplish a complete separation of the aldehydes a new
developer was used. This developer was heptane, ﬁ-butyl ether, water
(6:1:1). This developer is a modification of the petroleum ether, n-butyl

ether, water developer used by Stone and Blundell,

All of the forty-six extracts were chromatographed in both the

heptane, n-butyl ether and water developer and also in the benzene saturated

FORM 73 THE INSTITUTE OF PAPER CHEMISTRY
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with formlc acid developer. Those extracts contalning either of the

compounds that we were looking for, were removed and brought up to a volume

of 100 ml, Since a considerable period of time had elapsed since the extracts
were obtained, and since the extracts were ether solutions, the concen-
trations had ne doubt changed. To account for any changes and to avoid
errors, the extracts were diluted to 100 ml. &nd weighed. A4 total solid
determination was run on each extract and the total solids present in each
extract was calculated. The quantitative detgrminationa of p-hydroxybenzal-~
dehyde, vanillin, and coumarie acid were run on this solution and the milligrams
of material present in the extract was calculated. Since the total solids
present in the orlginal extract is imown, it becomes an easy task to convert
the data to include the entir? original extract, The data reported here will

be based on the total original extract,

The following extracts contained either p-hydroxybenzaldehyde or
coumaric acld or both. This data should be incorporated with that from

report no, 4 and no, 6.

It is interesting to note that p-hydroxybenzaldehyde was found
only in woods which also contained coumaric acid. It is possible that

- sngymatic oxidation of coumaric acid is responsible for the formation of

p-hydroxybenzaldehyde,

dlb/jw
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FURTHER STUDIES ON THE GLUCOSIDES OF POPULUS GRANDIDENTATA

In Report No. 7 studies were reported on the brown bark extractives

of a Populus grandidentata tree which had been described on page 6 of Report

No. 2. The present report describes similar experiments on the greenish smooth
bark cobtained from the same tree. The experiments are concerned with the
hot water extractives and in particular, with the glucoside content of these

extractives.

LARGE SCALE HOT WATER EXTRACTION OF POPULUS GRANDIDENTATA GREEN BARK

Three thousand grams of the air-dried Wiley milled Populus grandi-

dentata green smooth bark described on page 6 of Report No. 2, containing
2750 grams of oven dry bark solids was covered with 11 liters of water and
heated with stirring almost to boiliﬁg for 2 hours. The mixture was filtered
through cloth and squeezed as dry as possible to yield 6 liters of filtrate.
The residue was boiled in two equal batches, each with 8 liters of water,

and both batches were filtered again and squeezed dry to yield a total of

17 liters of filtrate making a combined total of 23 liters of filtered hot
water extract. The residual bark dust was air dried to give 2557 grams of

extracted bark dust containing 8.0% moisture or 2350 grams of oven dry solids.

Preliminary processing of the hot water extract of this éxperiment
is pictured in the flow sheet of Figure 1. Further fractionation of the
ethyl acetate extract is pictured in the flow sheet of Figure 2. All fractions

are identified.

FORM 7-3 THE INSTITUTE OF PAPER CHEMISTRY
2500-10-58 :
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Preliminary Paper Chromatography of Fractions

Most of the fractions of Figures 1 and 2 were chromatographed on
paper and developed in the 10:3:3 butanol-pyridine-water (BPW} developer.
Chromatograms were sprayed with diazotized para-nitroaniline (DpNA) and
modified silver {(Ag@) reagents. Unknown materials were compared with salicin,
salireposide, and tremuloidin. In these studies salireposide gave a purple

spot with DpNA and a silver spot at R_ 0.79; salicin gave only a silver spot

f
at R; 0.62; and tremulidin gave only a silver spot at R, 0.86. Results of

the chromatograms are given below.

Fraction (A-1) -- This ether solution gave spots with Ag at 0.47,

0.80, 0.85, and 0.93. Spots with DpNA were obtained at 0.38 (purple),

0.59 (violet), 0.70 (purple), 0.75 (pink), 0.78 (purple), and 0.86 (red).

Fraction (A-2-a) ~- This crystalline fraction gave a violet spot

with DpNA at 0.81 and an Ag spot at the same position. Did not appear to be

salireposide.

Fraction (A-2-a-1) -- These crystals gave the same chromatogram as

fraction (A-2-a). Did not appear to be salireposide.

Fraction (A-2-a-l-a) -- These crystals gave a purple spot with DpNA

at 0.79 and a spot with Ag at the same Bf. Appeared to be identical with

salireposide.

Fraction (A-2-a-2-a) -- These crystals gave a violet spot with

DpNA at 0.83 and a spot with Ag at the same R Quite different from

£

salireposide.
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Fraction (A-2-b-1) -- These crystals gave chromatograms identical
with those of salireposide.
Fraction (A-2-b-2) -- This aqueous solution gave spots with Ag at

0.47, 0.62, 0.70, 0.79, 0.86, and 0.93. Spots with DpNA were obtained at

0.64 (violet), 0.71 (purple), 0.79 (purple), and 0.86 (red).

Fraction (A-2-b-2-I) -- This ether solution gave spots with Ag at

0.76 and 0.85. With DpNA, spots were obtained at 0.78 (purple) and 0.85

(violet) .

)

Fraction (A-2-b-2-II) ~-- This ether solution gave spots with Ag at

0.61, 0.74, and 0.80, and with DpNA at 0.73 (purple) and (.82 (violet).

Fraction ‘(A-2-b-2-I1I1) -- This ether solution gave a spot with Ag
at 0.79 and a spot with DpNA at the same gf,(pﬁrple). Appeared to be the

same as salireposide, A faint pink spot was obtained with DpNA at 0.82,

Fraction (A-2-b-a-IV) -- This ether solution gave spots with Ag

at 0.62 and 0.73. DpNA gave spots at 0.64 (violet). 0;69 (purple), 0.77

(purple), and 0.82 (pink).

Fraction (A-2-b-2-¥) ~-- This ethyl acétate solution gave spots with

Ag at 0.57 and 0.69 and a trace spot at 0.42. Spots were obtained with DpNA

at 0.55 (violet) and 0.66 (purple).

’

Fraction (A-2-b-2-VI) ~-- This concentrated aqueous solution gave

spots with Ag at 0.16, 0.20, 0.42, and 0.57 with a trace spot at 0.69. Spots

with DpNA were obtained at 0.48 (violet), 0.58 (purple), and 0.67 (violet).

Fraction (B) -- This ether extract gave spots with Ag at 0.47, 0.62,
0.70, and 0.75 and with DpNA at 90.62 {(purple), 0.64 (purplé), 0.69 (pink),

0.78 (purple), and 0.86 (pink).
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Fraction (C) -- This aqueous solution gave spots with Ag at 0.03, 0.09,
0.17, 0,21, 0.46, and 0,61. With DpNA, spots were obtained at 0.51 (violet and

0.62 (purple).

Fraction (C) was also spotted separately and developed along with
known sugars in three different developing systems--8:2:1 ethyl acetate-pyridine-
water; 9:2:2 ethyl acetate-acetic acid water; and 10:3:3 butanol-pyridine-water.
Chromatograms were sprayed with the aniline hydrogen phthalate and p-anisidine
sprays. The fraction showed strong spots for glucose and mannose and a weak
spot for galactose along with oligo-saccharide material. No spots for either

arabinose or xylose were obtained.

Thus, the above chromatograms indicated the presence of a great many
possible glucosidic compounds unaccounted for by those already identified in the
aqueous extracts of Populus species. The first such compound to be studies was
_the crystalline material melting between 200° and 206° comprising fractions (A-2-a),
(A-2-a-1), (A-2-a-2), and (A-2-a-2-a).

Optical Rotation Studies on New Compound

Optical rotations were taken on three fractions in methanol at 30°.
Results are shown in Table T.

TABLE I
OPTICAL ROTATIONS OF NEW COMPQUND IN METHANOL

Fraction m.p., Concentration, Specific Rotation
°c. % [a]D at 30°
(A-2-a-1) 200-201 4.38 -64.6°
(4-2-a-2) 205-206 1.5 -61.5°
(A-2-a-2-3) 204-205 5.28 -66.3°

The optical rotation data of Table I are similar to those for the glucoside
salicin, but the higher melting point and different chromatographic behavior of

this new compound indicate that this must be a different material. Because it was

found on the bark of Populus grandidentata it was named GRANDIDENTATIN.



Project 1932
April 18, 1961
Page 5

CHEMICAL STUDIES ON GRANDIDENTATIN

The three fractions noted in Table I were combined and boiled with
dilute methanol in the presence of decolorizing carbon. The hot solution was
filtered, and the colorless filtrate was e#dporated gsomewhat under reduced
pressure to remove the ethanol. Colorless crystals separated. These were
recrystallized by suspending in 10 ml. of water, heating to boiling, aading
6 ml. of ethanol to effect solution, and allowing to stand at room temperature
over night. Colorless prisms separated. These were filtered and allowed to
dry. They melted at 201-202°. Analysis by Huffman Microanalytical Laboratories

indicated: Carbon, 56.87, 57.08; Hydrogen, 6.74, 6.86.

Several fractions reported in Report:Né. 7 on the extractives of

the brown bark of Populus granaidentata’appeared to be the new glucoside,

grandidentatin. Specific rotations were  détermined on Fractions B-1 and B-2

+

of Figure 1 of Report No. 7. Specific rotations in methanol at 30° were as

30
follows: (Figure 1, Report No. 7, B-1) [a]D -60,0° (c=4.45); and (Figure 1,

Report No. 7, B-2) [ar];0 -64.9° (c=4.31).

These two fractions were combined and recrystallized from dilute
ethancl in the preseﬁce of decolorizing carbon”ip glve colorless crystals
melting at 201-202° and not depressing a mixed melting point with the grandi-
dentatin obtained from the present experiment. During the mélting point
determination of colorless clear crystaié!of‘graﬁdidentétin, at about 140-
150° the clear crystals became opqﬁue without shiinking or melting. This

phenomenon was noted earlier and indicated for Fraction A-2-a-2 in Figuxe 2.

Acetylation of Grandidentatig

A mixture of 0.3 gram of recrystallized grandidentatin, 3.0 ml.
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of pyridine, and 2.5 ml. of acetic anhydride was allowed to stand in a
stoppered flask at room temperature 16 hours. The mixture was poured in
50 ml. of cold water, and the oil which separated soon solidified. This
solid was filtered, washed with water, and allowed to dry. The crude product
weighed 0.42 grams and melted at 165-168°. The crude acetate was recrystal-

lized from 5 ml. of absclute ethanol to give colorless needles melting at

167-169°. Analysis indicated: Carbon, 58.58, 58.79; Hydrogen, 5.85, 5.92.

The specific rotation of grandidentatin acetate was determined

3

DO ~8.37° (c =3.64).

in chloroform solution at 30° and found to be [a]

Molecular weight determinations by the micromethod of Rast and

Pregel employing camphor indicated values of 651, 541, and 525 for grandidentatin’

acetate.

Hydrolysis of Grandidentatin with Acid

The first studies on the elucidation of the structure of grandiden-
tatin were concerned with the products of acid hydrolysis. A suspension of
0.2 gram grandidentatin in 25 ml. of normal sulfuric acid was boiled under
reflux for one hour. After 30 minutes of boiling, a clear colorless solution
resulted. The clear solution was cooled to give a turbid solution with a
phenolic odor. The mixture was extracted once with 25 mL.of ether, and the
ether was washed with water, dried with sodium sulfate, and evaporated to
dryness under reduced pressure to yield 0.023 gram of crystalline residue
with a phenolic odor. Paper thromatography of the ether extract and the
residual aqueous solution along with glucose and grandidentatin indicated
that the hydrolysis was incomplete. Glucose was found in the hydrolyzate, but

most of the original grandidentatin remained there, too. Accordingly, the
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N

solution was boiled under reflux an additional 4 hours, extracted with ether as
before, "and chromatographed in the BPW developer. The chromatograms were sprayed
with DpNA, Ag, p-anisidine, and Miule reagents. The ether extract gave two spots with

DpNA. These were a bright:blue spot fading to gray at R_ 0.68 and a rose red spot

£
at Ef 0.95. The silver spray indicated glucose in the aqueous hydrolyzate, and

this was confirmed by the p-anisidine spray and by reduction of Fehling Solution.

Thus it appears that grandidentatin is a glucoside which yields glucose

and two phenolic compounds upon hydrolysis.

The acid aqueous hydrolysis mixture after the several tests described
above, was passed through a column of Duolite A-6 anion-exchange resin, and
the column was washed thoroughly with water. The combined effluént and
A washings having a pH of 10.§ were treated with a drép of diiute sulfurice
acid to drop the pH to 4.6 and concentrated to 65Am1. in a rotating evaporator.
This solution was made to 100 ml. vo}ume with-absolute ethanol and spotted
on paper for quantitative glucose determination by chromatography and
spectrophotometry as described by Tiﬁell, Glaudemans, and Currie (1) and

modified by Dubey and co-workers (2Z). The yield of glucose was 40 milligrams.

The bright blue spot fading to‘gréy atugf 0.68 given by the ether
extract of the acid hydrolysis mixture was reminiscent of that obtained with
p-coumaric acid. Accordingly, an attempt was méde to isolate the material
responsible for this spot. The first experiment along this line was an alkaline
hydrolysis of grandidentatin by the procedure employed by Rabate (3) for the

similar hydrolysis of salireposide.

Hydrolysis of Grandidentatin with Barjium Hydroxide

A mixture of 0.4 grams grandidentatin and 8 ml. of saturated
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barium hydroxide solution was diluted with 2 ml. of water and boiled under
reflux for 5 minutes. As soon as the barium hydroxide solution came in con-
tact with the grandidentatin a yellow solution resulted. A colorless
precipitate began to separate, and the yellow color became much paler. After
5 minutes no further ?eaction appeared to take place so boiling was dis-
continued, and the reaction mixture was cooled and filtered with suction.
The precipitate was washed with water and appeared to be a barium salt.
The precipitate was suspended in 20 ml. of water and treated dropwise with
5% sulfuric acid until a slight excess was present as determined by Congo
Red paper. At this point colorless crygtals seemed to be mixed with pre-
cipitated barium sulfate. The mixture was extracted with ether, and the
ether was evaporated to yield a crystalline solid melting at 214-216° with
gas evolution. A mixed melting point with authentic p-coumaric acid melting
aé 215-216° was not depressed. Both samples gave identical blue spots when
chromatographed and sprayed with DpNA, and both samples gave identical infra-
red absorption spectra. Therefore, the ether-soluble portion of the alkaline
hydrolyzate of grandidentatin is p-coumaric acid, and grandidentatin must be
a p-coumaroyl ester of a parent glucoside as yet unknown. The red spot
originally found on the DpNA sprayed chromatogram at R 0.95 indicated that

this parent glucoside contained a phenolic agluccone.

To get at the nature of this parent glucoéide, the aqueous filtrate
from the barium salt obtained above was carefully treated with just enough
5% sulfuric acid to completely remove the barium as barium sulfate. A
pinch of barium carbonate was added to the mixture to insure the neutrality of
the solution, and the barium sulfate and barium carbonate were removed by’
filtration. The clear, colorless filtrate which had a bitter taste was

concentrated in a rotating vacuum evaporator. A syrup resulted, and this
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syrup could not.be induced to crystallize. Chromatography indicated more
than one material present. The mixture was diluted with a little water,
stirred with 2 grams of Amberilite‘IR—IZO cation-exchange reéin, and filtered.
The resin was washed with water, and the filtrate was found to be free of
barium. The filtrate was extracted with ether, and the ether was evaporated
to give more crystalline p-coumaric acid melting at 213-214°. The aqueous
solution was concentrated in a rotating vacuum evaporator to yield a colorless
syrup which would not crystallize. This syrup of de-g-coumarOylated‘grandidentatin
was chromatographed along with salicin in the 8:2:1 ethyl acetate-pyridine-
water (EPW) developer, and the chromatograms were sprayed with the Ag and
DpNA spray reagents. Like salicin, the de-p-coumaroylated grandidentatin
gaﬁe no spot with DpNA indicating no free phenolic group. A spot was obtained

with -the Ag spray at 0.65, while salicin gave a spot at R 0.76.

R
The hydrolysis of grandidentatin with barium hydroxide was repeated
several times to obtain larger quantities of /dé-p-coumaroylated grandidentatin.

All products obtained were syrups, and none would crystallize.

Acetylation of De-p-coumaroylated Grandidentatin

The colorless syrup of de-g-coumafoylated grandidentatin obtained
above was covered with 3 ml. of pyridine and 2 ml. of acetic énhydride and
allowed to stand in a stoppered flask for 16 hours. The mixture was poured
into watery and after a short time, colorless needles separated. These were
filtered and washed with water to give a gxude'prqduct melting at 120-121°.
This was recrystallized from dilute ethanol to give fine glistening needles
of de-p-coumaroylated grandidentatin acetate melting at 121-122°. Analysis

indicated: Carbom, 53.90, 53.68; Hydfogen, 6.55, 6.41.
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The specific rotation of de-p-coumaroylated grandidentatin acetate was

30
determined in chloroform at 30° and found to be [aID -58.2° (e =2.2),

Molecular weight determinations were made on de-p-coumaroylated
grandidentatin acetate by the Rast-Pregel micromethod with camphor. The

molecular weight found was 480.

Enzymatic Hydrolyses of De-p-coumaroylated Grandidentatin

Enzymatic hydrolysis was attempted for the isolation of the aglucone
of grandidentatin. The first experiment employed cellulose as the hydrolytic
enzyme. A solution of 0.2 grams of grandidentatin in 100 ml. of water was
obtained by boiling in distilled water and cooling to 30°. This solution
was treated with 100 ml. of 0.01M sodium acetate solution buffered to pH 5.6
ﬁnd containing 120 mg. of cellulose (obtained from Dr. Dillingham). The }
resulting mixture gave no test with Fehling solution. After standing over-
night, a sample still gave no reducing test with Fehling soluéién. After
four days, the mixture became slightly turbid, but no reducing test with
Fehling solution could be cbtained. After eight days and no tQSt with Fehling
solution, the mixture was filtered, and the filtrate was treated with 0.2 gram
of emulsin (obtained from Mr. Dickey). After standing at room temperature for
several days, the mixture gave a reducing test with Fehling solution indicating
that hydrolysis had taken place. Accordingly, a fresh sample of de-p-coumaroylated

grandidentatin was submitted to hydiolysis by emulsin.
Hydrélysis of De-p-coumaroylated Grandidentatin by Emulsin

In the first experiment with emulsin about 10 mg. of the syrupy
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de-g-coumaroyléted grandidentatin was dissolved in 5 ml. of water and treated
with 0.1 gram of emulsin. After 1.5 hours thg hydrolysié seemed to be complete
as evidenced by the disappearance of the starting material on a chromatogram of
the hydrolyzate and the appearance of glucose in its place. In addition a
red spot with DpNA at BPW Ef 0.83 was obtained. After sganding 16 hours the
emilsin hydrolyzate was filtered and extracted twice with ether. The ether
solution was dried with anhydrous sodium sulfate and allowed to evaporate
to dryness. The vesidue consisted of a few mg. of a colorless crystalline
material melting at 81-84° with a distinctive phenolic odor which gave a
red spot when treated on paper with the DpNA spray.reagent. This could be
the aglucone of the de-p-coumaroylated grandidentatin, but further work proved

this not to be the case.

Since the enzymatic hydrolysis with ‘emulsin of the small sample
appeared to have worked so well a larger éample of 0.35 gram was subjected
to emulsin hydrolysis by solution in 15 mli of water, treating with 0,2
gram of emulsin, and allowing to stamnd at room temperature. After four hours,
the hydrolyzate showed a strong rose red spot on paper when sprayed with DpNA.
The mixture was extracted with ether until the aqueous solution did not show.
the red spot with tﬁe DpNA reagent. The etﬁer extract was dried with sodium sulfate
and allowed to evaporate. A yield of 20:mg.'6}icolor1gss material with a
phenolic odor was obtained. This yield of 20 mg. wa# very small compared with

the 100 to 150 mg. yield expected.
Hydrolysis of De-p-coumaroylated Grandidentatin by p-Glucosidase

Being suspicious that this phenolic material giving the red spot

with DpNA might be a secondary product of the hydrolysis produced by the
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action of an oxidase in the emulsin preparation rather than a primary hydro-
lytic product produced by the P-glucosidase present in the emulsin preparation,
another enzymatic hydrolysis was carried out with pure p-glucosidase obtained from
Nutritional Biochemicals Co. De-p-coumaroylated grandidentatin was prepared
in the regular manner from 0.40 grams of grandidentatin by means of barium
hydroxide hydrolysis. The syrupy product was dissolved in 100 ml. of 0.1 M
sodium acetate solution buffered to pH 5 and treated with 0.1 gram of pure
pB-glucosidase. Even after two days the hydrolyzate failed to give a test for
the phenolic compound which gives a red spot with DpNA spray even though all
the original de-p-coumaroylated grandidentatin had disappeared, and a very
strong test for glucose was obtained. The hydrolyzate was extracted with ether,
but nothing was obtained. These facts seem to confirm the suspicion that the
rgd spot material is a sgcondary product, and that the primary product of
.the hydrolysis other than glucose is a non-phenolic material not extracted by
ether under the conditions of the experiment. These results are consistent
with the infrared spectrum of the acetate of the de-p-coumaroylated grandidentatin
in that this shows no characteristic bands for aromatic materials, nor in
fact, does it show a single C=C band. Thus, it appears that we are dealing
with an aliphatic or alicyclic aglucone, and more subtle attempts will have
to be made to isoclate it from the hydrolyzate. Experiments along this line are

under way and will be reported in a later report.

At this point it appears that grandidentatin is a complex glucoside
composed of p-coumaric acid, glucose, and an aglucone that is nonaromatic in
character. The change in physical appearance of the crystals during melting
point determination suggested that the compound might be a hydrate. Acco?dingly,
a weighed sample was dried in an Abderhalden drying apparatus at 100° under

diminished pressure. The moisture content of the sample was 3.23%.
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Grandidentatin contains no methoxyl groups. Carbon, hydrogen, and

moisture analyses indicate compound with a formula 024H34010.H20 having a

molecular weight of 500.

Based on a molecular weight of 500 an 0.2 gram sample of
grandidentatin should produce 71 mg. of glucese upon acid hydrolysis. The
experiment described earlier in this report yielded 40 ﬁg. However, in this
experiment, some glucose was lost in chromatography and Fehling solution
tests. Therefore, it appears that there is only one glucose moiety in the

grandidentatin molecule. :

-Methylation of Grandidentatin

Preliminary experiments were made in an attempt to learn more
about the location of the p-coumaroyl groﬁp in gfandidentatin by use of the
methylation procedure employed earlier (see Report No. 1) for the determination

of the benzoyl substitution on tremuloidin: o

A solution of 0.4 gram of grandideﬁpatin in-10 ml. of absolute
methanol was placed in the methylation app;rqtus described in Report No. 1.
The mixture was treated with 6 ml. of methyl dodide, and with stirring and
heating undér reflux, was treated portibnﬁmagiﬁidh 3 grams of freshly
prepared silver oxide over a period of 3 hours.i The mixture was filtered,
and the precipitate was washed with methanol. &he filtrate und washings were
evaporated to dryness in a rotating vacuum evaﬁorato;. The metrhylation was
repeated two times to give a syrupy prodﬁé;:ﬁhich'éas completely soluble in
methyl iodide. Therefore, no methaﬁol was empioyed in the fourth methylation.
During the fourth methylation the silver oxide did ﬁot appear to change to
silver iodide during the procedure. The rechiop mixture from this methylation
was filtered, and the precipitate was wash;& wﬁtﬁ methanol. The clear filtrate

and washings were evaporated to a syrup. This : methylated grandidentatin
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was very resistant to hydrolysis by acid. However, hydrolysis was accomplished
by beiling 10 mg. of methylated grandidentatin with excess 1 N hydrochloric
acid under reflux for 8 hours. The hydrolyzate was concentrated directly to
dryness in a rotating vacuum evaporator, and the residue was extracted with
water. The water was concentrated to 2 ml. and chromatographed in the EPW
developer along with a known mixture of methylated glucoses. A spot was
obtained only for a tri~O-methyl glucose. The faqt that a tri-O-methyl glucose
was obtained instead of a tetra-O-methyl glucose indicates that one of the
hydroxyl groups of the glucose was probably substituted by the p-coumaroyl
group in the original grandidentatin. This is strong evidence that the
p-coumaroyl group in the original, grandidentatin is present on the glucose
moiety and not on the aglucone. Further chromatograms of the hydrolyzate
together with 2,3,4-tri-0-methyl glucose, 2,3,6-tri-O-methyl glucose, and
3;4,6-tri-6-methy1 glgcose in BPW developer and spraying with the p-anisidine
reagent indicated that the color and Bf of the tri-O-methyl glucose from the
hydrolyzate were identical with those of 3,4,6-tri-0O-methyl glucose and quite
different from those of the two other tri-O-methyl glucoses. This is evidence
that grandidentatin is a glucoside that has a p-coumaroyl group on the 2-0-
position of the glucose. However, further work will have to be done to confirm

this evidence. Actual isolation of the methylated glucose followed by melting

point, mixed melting point, and infrared spectra will be made.

Attempts to crystallize the methylated glucose were unsuccessful,
On the chance that failure to erystallize were due to incomplete methylation, the
product was methylaéed two more times to yield a colorless methylation product
as a clear syrup. Attempts were made to purify the methylated products
by Magnesol column chromatography. Only syxupy material coald be obtained

by all procedures.
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Although it is impossible at this time to write: the exact

formulation for grandidentatin, the facts discussed in this report enable us
to speculate concerning its structﬁre. A glucoside of an alicyclic alcohol
containing three hydroxymethyl groups and with p-coumaroyl substitution on
the glucose is consistent with all the chemical data and elementary analyses.
Such a structure for grandidentatin is pictured in Figure 3. Of course, the
exact grouping of the atoms in the aglucone are purely speculative, and the
position of the p-coumaroyl group is assumed to be 2. Figure 3 also pictures
the structures of analogous grandidentatin acetate and the acetate of de-p-
coumaroylated grandidentatin along with calculated and determined analytical

"values. Infrared absorption spectra are pictured in Figures 4 and 5.

iap/jaf
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Figure 2

Fractionation of the Ethyl Acetate Extract of the lot Water Extractives of

Populus grandidentata Green Bark
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Figure 3
Structural Formulas (Suggested)

CH oH
i
/CHL— CH\ H

OCHy-C H CH=0- ¢ —
otk NeHy—cH” ‘ y
=5 H-C-0 —P—C-CH=CH~- OH
CH-‘_DH .

A
HO‘C\:*H O
H-(-OH : Hzo
|

HC —
|
CH,OH

Grandidentatin

C2aH34010.H,0 (Molecular weight, 500)
Calculated for: C, 57.6; H, 7.2; H,0, 3.48,

Found: C, 56.87, 57.08; H, 6.7%, 6.86; H,0, 3.23.

CIH’.OC-OC-"‘}
-
/R d
CH;COOCH{C\H CH— 0 — C‘ o
CHI"%H We-0 '('."CH-“-CH —@C)COCH}
: CHIOCOC.H} ] Ie)
cn,cooC-H
|
H-C-OCOCH,
|
HC
|
CHIOCDCHB

Grandidentatin Acetate
CyeHus0s» (Molecular weight, 776)
Calculated for: C, 58,7; H, 6.2

Found: C, 58.58, 58.79; H, 5.85%, 5.92




Figure 3 (Continued)

H
CH}_"‘ CH\ ”
CHyCo0ch _H—o0— <|'.————-j
CHry—CH
b HC -0COCH)
CHyoo-C-H O
H-C-0C0CHy
l

HC—.

|

Acetate of De-p-coumaroylated Grandidentatin
- CaoHy20.6 (Molecular weight, 646)
Calculated for:C, $3.87, H, 6.50.

Found: C, 53.90, 53.68; H, 6.55, 6.41.



Figure 4

Infrared Absorption Spectrum of
Grandidentatin
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Figure 5
Infrared Absorption Spectra

Grandidentatin Acetate

De-p-coumaroylated Grandidentatin
Acetate
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THE ETHANOL EXTBACTION OF ASFEN BARK

In previons reports, both in 1932 and in 809-13, the presence of
p=-hydroxybensoic acid has been mentioned in almost every connection with Aspen
wood, Thie acid has been found 1n the extracts of the wood, in the spent liguors
of all pulping processes, and in the ether extract from any hydrolyzed wood
sample. However, whern a sample of Populus tremuloides bark was hydrolyzed,

(see report 809-13 number 25) the amount of p-hydroxybenzolc acid present was
very small and a very large concentration of p-coumaric acid was found present.
¥ith this in mind and witﬁ the possibility of finding other compounde probably

not present in the wood itself, we decided to obtain some bark extract.

Upon request, we received three bags of mired mill run Aspen bark from
Mr, Bill Nelson of the dreen Bay Pulp and Paper Company. The bark was broken
into small pieces and packed tightly in three five=-gallon pickle Jarls. The Jars
were then filled with 954 ethanol and left stand for one week, After standing
& week, the othanol was decanted off and the jars were filled with fresh solvent.
After a second week, the solvent was agaln changed. The extraction was continued
for a threewweek period with three ghanges of solvent. All the solvent used was
concentrated to a small volume and bottled. The starting weight of bark on the
" 0.D. basis was caleulated to be 29.62 1bs, The extract was given our n@her

1607-10-A and amounted to a volums of 8390 ml,, 7937 grams. The total solids

were 19.5 gn/lOOgn. Two amall samples of the dilute ethanol had previous been

FORM 7-3 THE INSTITUTE OF PAPER CHEMISTRY
2500-7-56
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evaporated to dryness, these samples amounted to a total of 22,5 grams of solids.

The total extract amcunted to 3,46 1lbs, 11.6&% based on the starting 0.D. dark,

A 7 gram sample of the bark extract was dissolved in cold #% sodium
hydroxide. The caustic solution was sxtracted with ether. The ether was evaporated
to dryness leaving a neutral fraction of 0.13 grams, approximately 2.0%. The
aqueous solutlon was then acldifled with dilute sulfuric acid and again extracted
with ether. The ether solution was concentrated to a volume of 50 md,, 37.3 grams,

The total solids were 3.29 gme/100 gms. The total solids amounted to 1.23 grame,
17.6%.

The ether solution was chromatographed with the following resalts:
Developed with butsnol 2§ aqueous ammonia

Benzidine ---- Bf  0,00; 0.03; 0,08; 0.10; 0.12; 0.20; 0.83

73— BY 0.20
MAgle ~=---w-- Rf 0.08
FeCly ~-o=---- BRf  0.00

Bf - 0.20 is the main gpot, appears to be about 60% of the sample.
Developed with bmtancl, pyridine, water (10:3:3)

CY R ¥ 0.56
Mlule --~----~ BRf 0,38
FeCly -------- Bf 0,00

Rf - 0.56 is the main spot,
By comparison with the above developers as well as compariscn with
Benzene saturated with formic acid, the following acids matched. No known alde-

hydes were fonnd.
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acid BuOH 10:3:3 Benzene~formic acid
Vanillic acid 0,10 0.4 matched with authentic
Syringic acid . 0.08 0.38 matehed with anthentic
p-Hydroxybenzolc acid 0.12 0.56 matched with authentie

p-Coumarie 0.20 0.56 matched with anthentie

It should be noted that the main spot compares identically with p-coumaric
acid. However, from the chromatograma, it was noted that the spot almo showed &
positive test with 2,4-dinitrophenylhydrazine. The authentic p-coumaric acid does
not give a positive test., Coneequently, there mst be an unknown material,
carbonyl in structure also present with the same Bf values as p-coumaric acid,

When the benzene saturated with formie acid developer is used, the spot correspond-

ing to p-coumaric acid does not show a positive test to 2,k-dinitrophenylhydrasine.

A quantitative determination of these acids will be reported further on

in this report.

Another sample of bark was obtained from Misse ﬁera Reeder. This
samzple of bark was peeled from a Pgpulps iremnloidegs. The following memorandum
accompéniod the bark sample. "Populus iremnloides was felled onm May 23, 1957 and
the bark was peeled off. Lecation - Ripco farm about 12 miles 5.¥. of Bagle
Hiver Park site # 1, South side of road in clearing, Reight - 57 ft. Base

dismeter - 24,3 x 25.5 om. Age - 35 yeara. Code no. * - 56.

As before the bark was broken into small pileces and packed into three
fivoeegallon plckle jars. The bark wae covered with 955 ethanol. The solvent was

changed three times during a eix-week period. The bark to be extrected was

calculated to amount to 32.19 1bs. The ethanol solution was concentrated %o a
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volume of 8395 ml., 8395 grams T.S. - 26.63 gn/100.gm. This extract carried our
number 1607-14-A, The total extracted solids amounted to 4,93 1bs., 15.31% based

on the 0.D, weight of the dark,

A 13.3 grams sample of the exiract was dissolved in cold 4% sodium
hydroxide and was extracted with ether, The ether wans ewvaporated to dryness
leaving 0.7 grame 5.3% of neutrals, The aqueous solution was acidified with dilute
gulfuric acid and extracted with ether. The ether was concentrated to a volume of
50 ml., 38 grame, T.5. 8.65 gm/100 gm. The total extracted solids amounted to

3.29 grams, 24.7%.

The ether solution was chromatographed with the following resnlts:
Developed ;1th batanol 2% aqueous ammchia.
Benzidine --- Bf 0,60; 0,03; 0.08; 0.10; 0.12; 0.20; 0.38; O,44; 0.72; 0.83
2,8 —ecenaa- - Bf 0.20; 0.,38; 0.44
MBule ~~e=-~- Rf 0.08 0.38
FeCly ==----- Rf
¥l, =====mw-= Bf 0.12
Bf -~ 0,20 1a the maln product.
Developed with butanol, ‘pyridi.ne, water (10:3:3)

Benzidine --- Rf 0,00; 0.0k; 0,19; 0.38; O.44; 0.56; 0.78; 0.84

2,4 ~=—c=sm-= Rf 0.56; 0,78; 0.84
MAgle —-—---- Bf 0,38 0.78
Fl, ====eu-e= Bf 0.t

Bf - 0.5 is the main product,

By comparison, the presence of vanillic, syringic, p-hydroxybenzolc, and

p~coumaric acids was established as before. The presence of ferulic acid wase also
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eatablished by the flgurescent comparison with the anthentiec. This acid was
also found in the extract from the mill run Aspen bark, In this extract, the
presence of vanillin, syringaldehyde, and p-hydroxybenzaldehyde was found by
comparison with the authentic. The comparison was found more pronounced by

using the developer, heptana, n-butyl ether, water (6:1:1).

All of the known compeunde found in each of the ether extracts were
chromatographed in known amounts and were quantitatively determined by means
of the Beckman spectrophotometer. This method hes been descrided many times
the past reports, both in this preject 1932 as well as fer project 809-13. T

results of this guantitative determination were as follows:

Compound 7?7 gu., from ext. of 13.3 gm. from ext, of
2ill run Aspen . Populus trexmloides
l‘g. 4 of ext. ¢ of ng. % of ext. ¢ of
1607-10=4 1607=14-4
Vanillin Hone —— ——— 2,0 0.06 ——
Syringaldehyde None e — 1.5 ~ 0,05 ——
p-Hydroxybensaldenyde KNome —— —— 2,0 0.06 -~
Vanillic acid 25,8 2.1 0.35 40.8 1.2 0.31
Syringle acid 16.0 1.3 0.23 _ 32.8 1.0 0.25
Ferulic acid 46.0 3.7 0.66 86.8 2.6 0.65
p-Hydroxybenzoic 19.0 1.5 0.27 31.0 0,9 0.23
. p~Counmaric a:i;d 166.8 13.6 2.38 534.5 16,2 4,00

ap/te
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PRELIMINARY STUDIES ON THE LEAVES OF SOMS POPULUS SPECIES

Extraction of Populus Grandidentata Leaves

In Report No. 8 the isolation of small quantities of a new glucoside,

grandidentatin, from the bark of the bigtooth aspen (Populus grandidentata)

was described. DBecause some of the glucosides of several Salix and Populus

species occur in both the bark and the leaves of these species, it was
thought that the leaves of bigtooth aspen might be a better source of
grandidentatin and enable us to isolate larger amounts of the new glucoside

for structural studies.

Accordingly 3240 grams of bigtooth aspen leaves were obtained from
Dr. Joranson, These leaves were collected on July 21, 1960 from the ravine
behind the Institute from a tree 13 years old, 35 feet in height and 4 inches

in diameter at breast height. The code number for the tree was G-25-60.

The leaves contained 54% moisture giving an oven dry weight of 1490 grams

for the leaves, The leaves were divided into t#g equal batches. Each

batch was digested with 11 liters of boiling water and filtered through cloth
with squeezing. The leaves were then digested again in two batches, each
with 10 liters of boiling water and squeezed through cloth. The leaves

were allowed to air dry.

The entire combined filtrate was stirred with excess basic lead
acetate and allowed to stand. The mixture was filtered, and the clear
filtrate was deleaded in the normal manner with hydrogen sulfide. The

resulting clear aqueous solution was concentrated in a laboratory circulating
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vacuum evaporator. Shortly after evaporation began, crystals separated in
the concentrated liquor, Concentration was continued until the concentrated
liquor became thick with precipitated crystals. The crystals were filtered
and washed with water. The crystals weighed 10.0 grams and melted at 180-
181°, Recrystallization from water gave crystals melting at 180-181¢ and
not depressing the melting point of a mixture with authentic synthetic
populin. The erystals were chromatographed in the 10:3:3 butancl-pyridine-
water (BPW) developer alongside populin, and both materials gave ppots with
the modified silver spray at the same Rp. Neither gave spots with diazotized
p-nitroaniline (DpNA)sspray reagent., Both gave identical infrared absorption.
spectra, The specific rotation of the unknown material in 80% acetone was
[a]go ~28.8° (¢ = 3.36) and that for the authentic populin was [a]2? -29.0

" Therefore, the unknown erystalline material was identified as populin,

The complete fractiona£ion of this experiment is pictu;ed in

the flow sheet of Figure'l. All fractions are identified, Individual

fractions were chromatographed in BPW and sprayed with both DpNA and

modified silver reagents., Data for inddividual fractions are noted below,
Fraction (B)-~These crystals melting at 178-179° proved to be

more populin by chromatography and mixed melting point with ;uthentic populin,
Fraction (C)--These bitter crystals proved to be crude salicin.

Fraction (C-1l)-~These pure crystals proved to be pure salicin

by chromatography and mixed melting point with authentic salicin.

Fraction (C-2)~-Chromatography indicated these bitter crystals

to be pure salicin, but the melting point of 193-194° indicated that they
were somewhat impure.

Fraction (C-3).-This ethanolic mother liquor gave no spot with

the silver spray, but gave the following spots with DpNA: Ry 0.54 (violet),
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0.65 (red-violet), and 0.85 (pink).

Fraction (D)--Spots were obtained with the modified silver spray
at Re's 0.48, 0.60, 0,72, 0.85. The DpNA spray gave the following spots:
0.64 (red-violet), 0.7%9 (violet), heavy 0.86 (purple surrounded by red-
violet). No spots for salireposide or grandidentatin could.be found.

Fraction (E)--Chromatography of this residual agueous solution
indicated a number of sugars by the silver spray and one material with Re

0.56. The DpNA spray indicated only one material with a red-violet spot

at Rg 0,64,

Extraction of Populus Tremuloides Leaves

The finding of populin in the leaves of Populus grandidentata

was very unexpected because earlier studies (see Reports No. 3 and 4) led

us to believe that the barks of the two American species, Populus tremuloides -

and Populus grandidentata might not contain this glucoside, and we assumed

that the glucoside content of the leaves of a particular species would resemble
the glucoside content of the bark of the same species. At the time that

populin was found in the leaves of Populus grandidentata it had not been

found in the bark of this species, but it had not been proven absent. On

the other hand, all tests made on the bark of Populus tremuloides indicated

that populin was not present in any amount whatsoever, Because of the
possibility of populin being present in the leaves of a species and absent
in the bark of the same species, an experiment was made on the leaves of the

quaking aspen (Populus tremuloides).

A sample of 2250 grams of quaking aspen leaves was received from

Dr. Joranson. These leaves were collected on July 25, 1960 from the ravine

behind the Sulphite Pulp Manufacturers!' Research League building from a
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tree 11 years old, 35 feet in height, and 4 inches in diameter at breast
height. The code number of the tree was T-75-60. The leaves contained

61.3% moisture giving an oven dry weight of 870 grams for the leaves,

These leaves were extracted with boiling water in the same manner described
for the bigtooth aspen leaves., Concentiration of the clarified aqueous

extract gave erystals of populin again in the case of these quaking aspen
leaves as well as in the case of the bigtooth aspen leaves although the amount
was somewhat less. The complete fractionation of this experiment is given

in the Flow sheet of Figure 2 in which all fractions are identified, Individual
fractions were chromatégraphed in BPW and sprayed with oth DpNA and modified
silver spray reagents. Data for individual fractions are noted below;

Fractions (A), (B), and (C)-~These three crystalline fractions

gave no spot whatséever with DpNA and a spot with the modified silver spray
corresponding with populin, Mixed melting point determinations and infrared
absdrption spectra indicated that these three fractions were populin.

Fraction (D)--This ethyl acetate extract gave spots with the
modified silver spray at Re's 0.49, 0.59, 0.72, and 0,84, The DpNA spray
pave the following spots: 0,57 (violet), 0.64 (red-violet), 0.72 (purple),
0,79 (violet), and heavy 0.86 (purple surrounded by red-violet).

Fraction (E)-~This aqueous residue gave only spots for sugars
with the modified silver spray and no spots whatsoever with the DpNA spray

reagent,

Thus, although no populin has ever been found in the hot water

extractives of the bark of the American quaking aspen (Populus tremuloides),

the leaves of this species provide a good source for the glucoside.

The leaves of the two Populus species of this report, after hot

water extraction and drying, were subjected to ethancl extraction by repeated
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soaking with 95% ethanol at room temperature and concentrating all combined

extracts, These concentrated extracts are identified as Fraction (G} in

both Figure 1 and Figure 2.
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THE CAUSTIC HYDROLYSIS AND THE PROPANOL EXTRACTION OF VARIOUS HARDWOODS. IV,

Three new hardwoods have been obtained, These woods have been cut
into sawdust and have been hydrolyzed with sodium hydroxide. Aﬁother sample
of the sawdust has been extracted with 75% propanol. The procedure followed
is the same as reported in the three previous reports concerning the hydrolysis
and extraction of hardwoods. (Reports No. 4, 6, and 8), The data obtained

is to be an addition to that already obtained in the previous three reports,

The three new woods are as follows, The first is Tupelo Gum (Nyssa
aguatica)obtained from Mr. Dickey. Mr. Dickey received the wood from the
Union Bag and Camp."Paper Corporation of Savannah, Georgia, The second wood
is Fraser Magnolia (Magnolia fraseri) also received from Dickey. This
originally was obtained from the West Virginia Pulp and Paper Company,
Covington, Virginia, The third wood is Lilac (Syringa vulgaris), this was

also given to us by Mr, Dickey who cut the sample locally,

The three woods were hydrolyzed, and the ether-soluble phenols were
chromatographed, and known compounds were determined quantitatively by using
the Beckman spectrophotometer. This method is also fully described in the

previous reports.

None of these woods contained any p-hydroxybenzaldehyde, p-hydroxy-
benzoic acid, nor p-coumaric acid, The yields of vanillin, syringaldehyde,

vanillic acid, syringic acid, and ferulic acid along with other data follows,

FORM 7.3 THE INSTITUTE OF PAPER CHEMISTRY
2500-7-56
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Common nane Tupelc gum Fraser magnolia Lilac
Scientific name Nyssa aquatica Magnolia fraseri Syringa vulgaris
Ether ext. (phenols) 2.82 gm 2.82% 1.69 gm, 1.69% 3.24 gm, 3,209
Code No. 1642-47-4A 1642-53-4 1642-57-A
Vanillin 27.0 mg. 1,0% 16.5 mg, 1.0% 20,0 mg, 0.6%
Syringaldehyde 46,0 mg, 1.6% 38.0 mg, 2.2% 29.0 mg, 0.9%
Vanillic acid 43.5 mg, 1.5% 37.5 mg. 2.2% 38.5 mg. 1.2%
Syringic acid 60,0 mg, 2,1% 48,5 mg, 2.9% 70.0 mg, 2,2%
Ferulic acid 68,0 mg, 2,4% 46,0 mg. 2.7% 61.0 mg, 1,9%
Recovered sawdust 63,4 gm, 63,47 74,6 gm, 74,68 67.5 gm, 67.,5%

The chromatographic results of these three woods follows,

DEVELOPED WITH BUTANOL 2% AQUEQUS AMMONIA.

RE Tupelo gum Fraser magnolia Lilac Remarks
1642-47-4 1642-53-A 1642-57-A
0.00 x S 4 x
0.01 b 4 x
| 0.08 x x x Syringic acid
0.10 x X S < Vanillic acid
: 0.12 X X x Ferulic acid
(Flourescent)
0,27 x x X Positive 2,4-D
0.38 x x x Syringaldehyde
0.U x x x Vanillin
0.82 x x X

0,91 X x




Project No. 1932
September 23, 1957

Page 3
DEVELOPED WITH BUTANOL —PYRINDINE- WATER (10:3:3)
Rf - Tupelo gum Fraser magnolia ILilac Remarks
1642-47-A 1642-53-A 1642-57=A

0.01 x b4 X

0.09 x ' x

0.12 x

0.38 x x x Syringic acid

O b x X x Vanillic &

’ Ferulic acids

0.76 x x x Positive 2,4-D
& Miule

0.83 x _ x X Positive 2,4-D
& Maule

The three woods were also extracted with 75% propanol with the following results.

Tupelo gum Fraser magnolia Lilac
Propanol extract 10,3 gm. 5.2% 5,19 gm, 2.6% 7,80 gm, 3,9%

Recovered sawdust 187 gm. ohg 188 gm, W% 181,3 gms, 90.7%

dlb/tb
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FURTHER STUDIES ON THE EXTRACTIVES OF POPULUS TREMULOIDES BARK

In Project Report No. 1 the isolation of glucosides from the

hot water extractives of Populus tremuloides bark and from the hot water

extractives of the ethanol extractives of Populus tremuloides bark was

reported.

of the new glucoside, tremuloidin,

Report No., 1 also reported the isolation and identification

In Report No. 3 the identification

of salireposide as one of the glucosides isolated from this species was

reported, and in Report No., 4, studies on the structure of salireposide

were described. These structure studies required large amounts of

salireposide.

In order to obtain more salireposide, all the ethanol

extractives of Populus tremuloides bark on hand (this is the same

bark extract employed on page 5 of Report No. 1 and described in detail

in Report No. 9 of Don Beyer) was processed.

LARGE SCALE HOT WATER EXTRACTION OF FRESH PQPULUS TREMULOIDES BARK EXTRACTIVES

Two thousand grams of the ethanol extractives of fresh Populus

tremuloides bark after standing at room temperature for three years was

evaporated to dryness in a rotating vacuum evaporator in a 5-liter flask

to leave 533 grams of solids.

of water, heated to boiling, and allowed to stand overnight.

The residue was covered with 4.5 liter

The cooled

mixture was filtered through a wet paper, and the filtrate was purified

by the basic lead acetate procedure as described in the past.

The complete

fractionation procedure employed in this experiment is pictured in the

THE INSTITUTE OF PAPER CHEMISTRY
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flow sheets of Figures 1 and 2 in which all fractions are identified.

In this experiment the water-insoluble extractives were also processed;

The individual fractions of Figures 1 and 2 were chromatographed
in 10:3:3 butanol-pyridine-water (BPW), and the chromatograms were sprayed
with the modified silver (Ag) and diazotized p-nitroaniline (DpNA) reagents

Results are noted below along with other corments.

Fraction A-1--This material appeared as fine white fluffy needles
melting sharply at 212-213°. The DpNA spray showed up no spots whatsoever,
and the Ag spray indicated tremuloidin at Ry 0.85. Specific rotations were
[a]§5 ~9.1° (80% acetone) and [a]%z +22,2 (pyridine). These rotations are
somewhat more dextro-rotatory than previously reported rotations for tremu-

loidin,

Fractions B-1l-a, B-2-a, B-3-a, andlB-hna--These crystalline fractions
which precipitated from concentrated ether extracts all appeared to be tremu-
loidin, They all gave spots with.Ag at 0,85 and no spots whatsoe;er with
DpNA, Fraction B-l-a had an [a]%g -12,8° (¢ = 2.6 in 80% acetone) and
Fraction B.2-a had an [a]66 +19.9° (¢ = 1,7 in pyridine) indicating both

fractions were tremuloidin,

Fraction B-l-a-1--This methanol ﬁashing from the crystallized

tremuloidin gave spots with Ag at 0.80 and 0,86 and with DpNA at 0,79

(purple) and 0.86 (violet),

Fraction B~2.a~l--This acetone washing from the crystallized tre-

muloidin gave a spot with Ag at 0.80 and spots with DpNA at 0,81 (purple)

and 0.86 (pink),

Fraction B-3-a~l~-.This acetone washing from crystallized tremuloidin
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gave a faint spot with Ag at 0.61 and a strong spot at 0.79. Spots were

obtained with DpNi at 0.78 (purple) and 0.84 (pink).

Fraction B-4-a-1--This acetone washing from the crystallized

tremuloidin gave spots with Ag at 0.62 and 0,79 and with DpNA at 0,77 (purple)

N

and 0.83 (pink).

Fraction B-1-b--This evaporated ether solution gave spots with

Ag at 0,76 and 0.85 and with DpNA at 0,58 (blue), 0.69 (blue), 0.79 (purple),

and 0,86 (red).

Fraction B-2-b--This evaporated ether solution gave spots with Ag

at 0,62, 0.75, and 0.90 and with DpNA at 0.80 (violet) and 0,87 (pink).

Fraction B-3-b--This evaporated ether solution gave spots with Ag

at 0,6%, 0.72, and 0,85 and with DpNA at 0.76 (purple) and 0,80 (pink).

Fraction B-k-b--This evaporated ether solution gave spots with Ag

at 0.62 and 0.73 and with DpNA at 0,77 (purple) and 0.83 (pink)}.

Fraction B-5-a--This crystalline fraction obtained from the extracted

agueous solution gave only one spot with Ag at 0.79 and with DpNA at 0.78

(purple} indicating salireposide.

Fraction B-5-b--This aqueous solution .left after extraction gave

spots with Ag at 0,02, 0.0k, 0310, 0.18, 0.23, 0,46, 0.52, 0.61, and 0.76.
With DpNA, spots were obtained at 0.51 {purple), 0.60 {pink) and 0.77 {purple).

]

Fractions E-2-2-a and E-2-3--These white crystalline materials

gave spots only for p-coumaric acid at 0.56 (bright blue with DpNA). Mixed

melting points with authentic p-coumaric acid were not depressed.
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Further Fractionation of Individual Fractions
On the basis of the chromatography of individual fractions a number
of fractions were combined to give composite samples as follows:

Composite (A)-~Fractions B~l-all, B-2-a-1, B-3-a-1, and B-4-a-],

Composite (B)-~-Fractions B-2-b, B-3-b, and B-4-b.

Fractionation of Composite A

Composite sample A in acetone was allowed to stand., After one
week at room temperature, considerable crystalline precipitate separated,
The complete fractionation of this composite sample is pictured in the flow

sheet of Figure 3 in which all fractions are identified,

- Chromatography of Fractions from Composite A
A number of the fractions of Figure 3 were chromatographed in
BPW along with authentic salireposide, éalicin, and tremuloidin, Chromato-
grams were sprayed with both Ag and DpNA reagents, Results are noted below.
Fraction A-l-.This crystalline matefiallappears to be almost

pure salireposide with a trace of tremuloidin,

Fraction A-2-~-This crystalline material appears to be crude salicin

with a trace of salireposide and a trace of phenolic material at Re 0.50,
Fraction A-3~-This crystalline material appears to be pure tremuloidin,

. Fraction B-2-.This crude fraction gives spots with Ag at 0.69,
0,81 (salireposide), and 0.88.  With DpNA, it gives spots at 0,72 (pink),

0.81 (purple--salireposide), and 0.87 (pink).

Fraction B-2-a-.This purified fraction still gives spots with Ag

and DpNA for salireposide, but the rotation indicates that it is tremuloidin,

The rotation of [alg? -9.1° (¢ = 1.6 in 80% acetone) is the same as that
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reported for Fraction A-1 of Figure 1 and is more dextro-rotatory than

previously reported rotations for tremuloidin.

Fraction B.2-b-l.-Chromatography indicates that these crystals are

tremuleidin with a trace of salireposide.

Fraction B-2-.b-2-a--This crystalline fraction appears to be pure

tremuloidin by chromatography.

Fraction B-2.b~2-b~-This erystalline fraction with the melting point

-

characteristics of salireposide has a specific rotation [a]%e =27.3% {c = 2.2
in 80% acetone) which is not as great as that of pure salireposide (-35.6°).
Chromatography indicates salireposide with a trace of tremuloidin or some

glucoside with the same Ef as tremuloidin.

VARIQUS EXPERIMENTS ON PREVIOUSLY REPORTED FRACTIONS

During the course of our work on the glucosideé of the barks of
the several Populus species we have had the occasion to reinvestigate a
particular fraction because of some new experimental finding, Some of these
experiments which have not been recorded heretofore are reported in the present

report.

Specific Rotation Studies

A number of fractions isolated in the past and suspected of being
tremuloidin were found to give a purple color when spotted on paper (without
chromatography) and sprayed with the DpNA reagent., In order to check the
nature of these fractions, their specific rotations were determined, The
solubility of authentic tremuloidin in acetone-water mixtures was determined,

and it was found that 80% acetone was the best solvent for tremuloidin.
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This solution was employed for specific rotation measurements of these

fractions.

Craig machine Fraction F-1l-a from Report No. ?--This fraction

melting at 201-203° had a rotation [a]BO ~11.1° (c = 3,38 in 80% acetone),
Tremuloidin.,

Fraction B-l-a of Donald A. Scott (notebook 1775, page 68)--This

crystalline fraction from Populus grandidentata melted at 203-206° and had

a rotation [a]BO -15° {¢ = 3.98 in 804 acetone). This appears to be tremuloidin,

Fraction G-4-b of Donald A. Scott (notebook 1775, page 97)--This

crystalline fraction from Populus grandidentata melted at 196-203° and had

a rotation [a]BO 2120 (¢ = 3.33 in 80% acetone). This appears to be largely

tremuloidin,

Salireposide acetate--The rotation of this compound was determined

in chloroform and found to be [a]ﬂo ~9,8% (e = 4,60 in chloroform).
Sl

Purification of Tremuloidin

Many of the tremuloidinlfractiqns isclated during the course of
these studies had melting points somewhat lower than the 209-210° observed
for the purest fractions -obtainable, Although chromatography indicated no
impurities, it was obvious that the products were not absolutely pure, An

attempt was made to purify such a product by cellulose column chromatography.

A column of Whatman No. 1 cellulose powder was packed dry in a

tube 20 mm. in diameter to a height.of 150 mm, A solutionudf 0.2 gram of

kol

crude tremuloidin (Fraction E of Figgrézh,;n Project Report No., 1) melting
at 200-201° in & minimum amount of warm 80% acetone was placed on top of the
column, and the column was eluted with 9:2:2 ethyl acetate-acetic acid-water.

One ml. fractions were collected in the eluate, The first ten fractions were
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evaporated somewhat., Crystals were obtained in the first three fractions.
These three fractions were each filtered, and the fine glistening needles
washed with a little solvent mixture. Yields and melting points were
as follows: 1, 0,035 gram (208-210°); 2, 0,005 gram (208-210°); and 3, 0.047
gram (208-211°), A total of 0,087 gram of pure tremuloidin was recovered
from the 0.2 gram of crude starting material. Undoubtedly, evaporation of
other fractions to dryness would have yielded more of the purified material,

but this was not done in this experiment.

iap/riw
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LARGE SCALE HOT WATTH EXTRACTION OF FRESH POFULUS TREMULOIDES BARK EXTRACTIVES
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LARGE SCALE HOT WATER EXTRACTION OF FRESH POPULUS TREMULOIDES BARK EXTRACTIVES
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Fractionation of Fraction (B) of Figure 1

_oB02-40Z ‘d-u

‘360
=D D
SUoReoy TTE16AIy
L |
090Z~502 8UQ}EOR ..Q. .
2061641 "d*u Y3 TH L ol 3 onow...wom..n ¥
. '3 m o -&&p nnuz pesel0
&FD D =W 3 &=
STEI5AIn
noSsHom gncenby mHmo eanmoa_ ﬂmm_ °
....Euﬂa.m
U0 DOT gz=40g *d u
Pezsig . TEED 807407 -
UGT3N(0g Enoea .Bﬁm ey
"l ) Jalyg TR
L STEIBAI]
Jey3e NI i -z ~dew
YN, 080Z-402 w
y3ang peae3ITTd 3T
peavEa =D T
poyeaodeAs |
UOT3NLOg snosn Joy3n T JonbY S9Uron ' greqsAan
. . 1
J9Y3e ym Toueyjeu
-asy3ang & D @InTIp woLy
pejoRIXy =m payexodear peztTTRISAI09y
- 300G PRI AT
UGT3NL0C snoanby FORIPXE J8YYG - s_oh J °
1 ) -
aaY3e Y3Ta FoAATH
Ieyyany payoeaIXE T
- UoTINTOG snosnby FCT R Sl VT
|

JO70BJGX® SNOUUTIU0D .UT

18418 Y3Th POIIBRIIXE




Project 1932
April 29, 1961

Figure 2

Page ©

Fractionation of Fraction (B) of Figure 1
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Page 10

Fractionation of Composite Sample A of Populus Tremuloides Bark Extractives
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THE CAUSTIC HYDROLYSIS OF THE 75§ PROPANOL EXTRACTS OF VARIOUS HARDWOODS,

In reports number 4, 6, 8, and 10 from Project 1932, a large mumber
of various hardwoods have been hydrolyzed with sodium hydroxide as well as
extracted with 75% propanol. In this report the extracts obtained from the

propancl extractions of these hardwoods were hydrolyzed with sodium hydroxide.

In the future another series of hydrolysis will be performed on the
propancl extracts of these hardwoods. MS next hydrolysis will be an acid
hydrolysis. A sample containing two grams of extract was used for the caustic
hydrolysis and a similar sample will be used for the forthcoming acid hydroly-

| . sis, Froam the previous reports many ‘of the extractions did not ¥ield a four
gram éxi:ract. 'Therefore. in order to have a sﬁfficient" 'siér{:.ing sample, many
of the WOMS were again extracted with 75% propanoI. In many cases the
original wood previously reported was extracted, however, in some cases there
wasn't enough untreated sawdust avallable to obtain the necessary amount of
extract. Whenever this problem arcse, new wood had to be obtained and with
the help of Dr. Joranson and Dr. Einspahr we were kept supplied with what we

needed.

Since the complete data on the ylelds and the recovery of the saw-
dust has already been reported, these additional extractions will not be re-

ported here in detail, I shall only mention the woods extracted, without data.

FORM 73 THE INSTITUTE OF PAPER CHEMISTRY
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The woods that were extracted in varying amounts so as to obtain a

Code No.
1607-22-4
i607-23—A
1607-24=4
1607-38-A
1607.39-4
1607-40-A
16074364
1607-48-4
1607-59-A
1607-50-A
1607-108-4
1642-51-4
1642524
1642-73=A
1642-77-4
1642-93-4
1642-95-A
1642-97=A
1642-110-A

‘surficient amount of extract were:

Common Name
Yellow birch
Hard maple

Yellow poplar

White Bay
Black gum
Sweet gum
Iromwood
Water Oak
So. Red Oak
Paper birch
Magnolia
White oak
Beech
Catalpa
Soft maple
Red maple
Black ash

No. blaek cottemwood

Box elder

Scientific Name

Betula lutea

Acer saccharum

Liriodendron tulipifera

Magnolia virginiana

Hyésa sylvatica

Liquidamber styrauflua

Carpinus caroliniana
Quercus nigra
Quercus falcsta

Betwla papyrifera

Eﬁha grardiflora

Quercus alba

Fagus grandifdlia

Catalpa speciosa

Aeer rubrum

Acer rubrum

Populus trichocarpa
Acer vogundo

The caustic hydrolysis of the propanol extract of each of the hard-

woods was done in the following identical manner.

A pample of the propanol

extract containing two grams of solids was evaporated to dryness using the
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Rineo rotating evaporator. To the viscous residue were added 100 ml of a ug
sodium hydroxide solution. This golution was boiled under reflux for elight
hours. The cool solution was then extracted with ether. This ether solution
contzined a neutral fraction. The aqueous solution was then acidified with
dilute sulfuric acid and again was extracted with ether. This ether sclution
contained the phenolic fraction. After the acidification and the ether ex-
traction, a tar-like insoluble solid remained. This material was dissolved
in ethanol and bottled.

The phenollic fraction was the only fraction which was worked on,
The ether solution was chromatographed to determine which of the eight known
materials were pres-ent. A complete chart showing the chromatographic results
will follow., Al)l of the known compounds that were found present in e'ach of
the fractions were chromatographed qﬁantitatively. located, eluted, and read
on the Beckman spectrophotometer. This procedure has been repcrted previously

in many of the other reports.

A complete table will follow showing all the data and results
accummlated.

A Summary of Resﬁlt.s

As in the caustic bvdrolysia of the ﬁood. each product contains
vanillin, syringaldehyde, vanillic aeid, and syringic acld., However, in re-
gard to the vanillin- syringaldehyde ratio, unlike the general trend of the
hydrolyses of wood, the yg#ld of vanillin is primarily greater than the
syringaldehyde. The vanillic and syringle acids seem to have no relationship

to each other. This was also true to the hydrolysis of the wood. Some woods
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are higher in vanillic acid, others have a greater syringic acid yield.
There was also no relatlonship between the hydrolysis of the wood and the
hydrolysis of the extract. Some woods followed the pattern where either van-
illic or syringic acld was greater in either hydrolysis, while others were

reversed.

The presence of p-hydroxybenzoic acid was again found in all woods
belonging to the Populus and the Salix genera. Previously, the only other
wood found containing p-hydroxybenzoic acid was catalpa. Again catalpa con-

tained the acid, however, the hydrolysis of the extract also showed some

p-hydroxybenzoic acid in American sycamore, Platanus occidentalis.

From the data obtained from the hydrolysis of wood, p-hydroxybenzal-
dehyde was found only in four of the hardwoods in this group. Each of these
four again showed the presence of p-hydroxybenzaldehyde. These woods are:
Populus tremuloides, White basswood; Tilia heterophylla, European poplar;

Populus tremula, and Diasmond willow, Salix eriocephala.

CMic acid had been found in nine of the hardwoods in this growp
when the wood was hydrolyzed. From the data obtained from the hydrolysis of
the propanol extract, only four woods contained the p-coumaric acid. The one
wood, red alder, Alnus rubra was not included in this report, since no wood
was avallable, The other four woods which contained no p-eoumaric acid in the

hydrolysis of the extract were: Populus tremuloides; Sweet gum, Liquidawber

stEaciflua: Cottonwood, Populus deltoides; and Black ash, Fraxinus nigra.

The four woods containing the p-coumaric acid were: White basswood, Tilla

heterophylla; Furopean poplar, Populus tremula; Diamond willow, Salix eriocephala;
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and American sycamore, Platamus oceidentalis. It should be noted that three

of these four woods also contain the p-hydroxybenzaldehyde.

The many hardwoods which ylelded ferulic acid after the caustic
hydrolyeis of the wood in most cases also showed the presence of ferulic acid
- after the hydrolysis of the propanol extract. However, ferulic acld was ab=
sent in the products of nine of the woods which had previously showed the

acid. In the case of yellow birch, Betula lutea, paper birch Betula papyrifera,

iromwood, Carpinus caroliniana, black ash, Fraxinus nigra, and butternut,
Jg}an's cinerea the yleld of ferulic acld found in the hydrolyzed product
from the wood was very emall, less than 1.5% of the extract, The other four

woods however had quite large ylelds previously, these woods were: Populus
grandidentata (4.2%); hard maple, Acer saccharum (3.4%); scarlet cak, Quercus

coceines (5.2%); and chestmut, Castanea dentata (3.1%).

It should be pointed out, that in this series of hydrolysis where
a two gram sample is used as the gtarting material the ether extract is very
small and dilute. The possibility must exist that a small concentration of
any of these compounds could be missed which might account for some of the

absent materials,

As previously mentlioned, red alder was omitted from this study since

no wood was available. Fucalyptus regnans was alse eliminated from this

study for the same reason. Both of these woods are expected in the near
future and the series will then include them also. Any new woods which
might be obtalned will aleo be added and reported at that time,
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It should be noted that the laboratory work required to complete
this series was done in most part by Miss Sue Lee, The final laboratory work
as well as most of the quantitative determination of the known compounds was

done by Mise Dism Laskowski,



CAUSTIC HYDROLYSIS OF THE PROPANOL E

Weood lst Ether Extract 2nd Ether Extract Vanillin Syring-
{Neutrals) {Phenols) Aldehyde
Common Name Scientific Name Code No. z. % Code No. g % ng. % mg.
Aspen Populus tremuloldes 1607-17-A 0.28 1,0 1507-17-B ¢.37 18.5 7.5 2.0 1,8 1
Big Tooth Aspen Populus grandidentata 1607-41-A 0,23 11.5 1607-41-B 1.19 59.5 3,0 0,8 4.8 ¢
Cottonmvood Populus deltoides 1607-33-A  0.18 2.0 1607-23-B 0.26 13.0 4.8 1.5 2.8 p
European White Poplar Populus albg 1607-91-4 0,33  16.5 1607-91-B 0.33  16.5 4,5 1.4 3,5 1
Eurcpean Poplar Populus tremula 1607-83-A 0.20 10.0 1407-83-B 0.74 37.0 3.8 0.5 2.8 4
Ne. Black Cottonwgod Populus trichocarpa 1607-180-4 0,43 21,5 1607-149-B 0,42 21,0 6.3 1.5 1.5 C
Lombardy Poplar Populus nigra 1607-75-A 0.32 16,0  1607-75-B  0.65 325 3.8 0.6 2.5 ¢
Balsam Poplar Populus tacamahaca 1€07-112-A4 0,61 30,5 1607-113-B  0.86 43.0 .5 0.4 1,0 4
Diamond Willow Salix eriocephala 1607-145-4 Q.64 32.0 1607-145-B 0,70 5.0 3.3 0.5 2.5 ¢
Black Willow Sallx nigra 1607-103-A 0,26 13,0  1607-103-B 0.0 30.0 5.0 0.8 3,5 ¢
Weeping Willow Salix babylonica 1607-71-A  0.33 16,5 1607-71-B 0,32 16,0 7.0 2,2 5.8
Overcup Oak Quercus lyrata 1607-29-A  0.09 4,5 1607-29-B  0.33 16.5 3.5 1..1| 3.5
Wnite Oak Quercus alba 1642-81-4 0.19 9.5 1642-81-B - 0,48 24.0 1.5 0.3 2.8 ¢
Willow Oak Quercus phellos 1607-157-A 0,17 8.5 1607-157-B 0,38 19,0 1.3 0.9 3.8
Black Osak Quergus velutina 1607-115-A4 0,07 3.5 . 1607-115-B  0.39 19.5 4.0 1.0 2.5 I
Turkey Qak Quercus catesbae 1607=55-A 0.12 6.0 1607-55-B 0,34 7.0 4,3 1,7 1,5
Scarlet Oak uercus goceinea 1607-65-A 0,06 2.0 1607-65-B  0.1?7 45 5.0 29| 7.8
Blackjack Oak Quercus marilandica 1607-51-A 0.22 11,0 1607-51-B 0,37 18,5 7.0 1.9 4.5
East. Red Oak Quercus borealls 1607-139-A4 .18 9.0  1607-139-B  1.05  52.5 4.3 O.k b8
Water Oak uercus pigra 1607-153-A 0,20 10,0  1607-153-B 0.5¢ 25.0 6.0 Ll.2| 7.0
Se. Red Cak Quercus falcata 1642-7-4 0,11 5.5 1642-7-B 0,62 31.0 5.0 0,8 £.0
Black Ash Froxinus nigra 1642-11-4  0.07 3.5  642-10-B Q.77 38,5 6.3 0.8] 15,3
Silver Maple Ager gaccharinmum 1607-95-A 0.08 3.0 1607-95-B 0.28 lll.'O b5 1.6 4.8
Soft Maple Acer rubrum 1607-59-4  0.52 26,0  1607-59-B  0.25 12.5 9.0 3.6 9.0
Hard Maple Acer saccharum 1642-19-4 0.14 7.0 1642-19-B ¢.51 25.5 7.8 1l.5| 9.3
Red Maple Acer rubrum 1607-127-4  0.19 9.5  1607-127-B  0.42 21,0 5. 5~ .1.3 5.8
Box Elder Acer negundg 1607-25-A 0,38 19,0  1607-25-B  0.29 1.5 7.3 2.5 3.8
Basswood Tilia americapa 1607-99-4 0.23 11.5 1607-99-B 0.87  43.5 3.3 oL 2,5
White Basswood Tilta heterophvila 1607-137-A 0.18 9.0  1507-137-B 0.70  35.0 6.3 1.8 2.5
American Elm Ulmus americana 1607-63-A  0.22 11,0 1607-63-B 0,44 22,0 6.8 1.5 3.5
Shagbark Hickory Carya ovata 1607-109-4 0,14 7.0 1607-109-1_3 0.37 18.5 4.3 1.2 3.3
Butternut Juglans ginerea 1607-121-A 9.25  12.5  1607-121-B° 0,51  25.5 2.5 0.5 2.0
Chestrut Castanes M 1607-79-A 0,012 0.6  1607-79-B  0.29 .5 4,0 1.4 4.3
Black Gum Nyssa sylvatica 1652-35-4  0.27 13,5 1642-35-B  0.50  25.0 9.5 1.9 5.8
Sweet Gun Liquidamber styrauflua 1642-98-A 0.07 1.5 1642.98.8 0.2] 10.5 2,0 1.b 2.8
Yellow Poplar Liriodendron tulipifera 1642-27-A 0.36 18,0 1642.27-B 0.44 22.0 L2 1.0 4.3
Magnolia Magnolia grandiflora 1642-15..7 0.20 10,0 1642-15-B 043 21.% 6,5 1.5 5.3
White Bay Mapnolia virpiniana 1607-133-A 0,29 .5  1607.1723-B 0,39 19.5 4.8 1.2 3.3
Yellaw Birch Betula lutes 1€07-27-A 0.0 30,0  1607-87.30 0.33  1l6.5 3.8 1.2 4.5
Damor TH anh Potinle maried farn Yoeho ho_ n A 17 o 1fbo_ha m T 17 LT Lo [al

?.0




{E PROPANOL EXTRACT OF HARDWOODS -
Syring- p- Hydroxy-  Vanillie Syringic p-Hydroxy- p-Coumaric Ferulic Insoluble Tar
Aldetyda Benzaldehyde Acid Acid Benzoic Acid Acid Acld
ng. % ng. 4 mg. % mg. % ng. % g, 4 wg. £ Code No, Gm, 4

4 3.8 1,0 6.3 1.7 12.5 2.4 17.8 4.8 63.5 17.2 None --- Hone --- 1607-18-A 0,36 18,0

i 4.8 0.4 None -— 8.5 0.7 8.8 0.7 B81.2 6.8 Nome === Nong —--= 1607.-“2-1\ o3 24,0

' 2.8 1.1 None -~= 9.8 2.5 12.3 &7 27.0 10,4 None --- None  wn- 1607-3%-A 0,17 8.5
3.5 1.1 None —— 5.0 1.5 5.5 1.7 32.3 10,0 None  —-—- 3.8 1.2 1607-92-A 0,27 13.5

i 2.8 0.4 9.5 .3 6.0 0.8 7.0 L0 4,0 5.5 12,8 1.7 7.5 L.0 1607-84-A 0.22 1.0
! 3.5 0.8 None ~~= 16,0 2.8 9.5 2.3 120.5 28.7 Nons -e= None =-- ;.60?-150—A Q.45 22,5
) 2.5 0.4 None - 13,3 2,0 6.3 Lo hz2.5 6.5 Nons --- 18,8 2.9 1607-76-A 0.43 2.5
3.0 0.3 None -~ 8.5 .0 1,3 L7 33.0 3.8 None  «a= 8.8 1.0 1607-114-4 0.38 19,0
2.5 0.4 9.3 .2 7.3 1.0 L,a 0.7 6.8 1.0 13.5 1.9 11,3 1.6 WB07-146-4 043 21.5

! 3,5 0.6 Nome --- 7.0 1,2 5.3 0.9 68.3 1.4 Neme --- 14,3 2.4 1607-104-4  0.25 12.5
5.8 1.8 None -~ 5.8 1.8 5.5 L7 19,0 6.0 None --- |None --- 1607-72-4  0.09 4.5
3.5 1.1 None  -~- 12,8 3.9 15.8 4.8  None - None -~ 8.0 2.4 1607-30-A  0.2L 12,0

2.8 0,6 MNone ~~- 7.8 1.6 10,8 2.3 Nona  —= - Nome == 7.3 1.5  1642-82-A 0.57 28.5

! 3.8 1.0 None -~ 6,8 1.8 6.5 1.7 None -—— Nene  --- 2.8 0,7 1607-158-A 0,24 12,0
2.5 0.6 None -=-' 5.5 104 19,5 5.0 None w=  Neme --- 5.0 1,3  1607-116-A 0.15 7.5
3.5 1.¢ None =-~= 5.0 1.5 17.8 5.2 None - Nona —aw 4,5 1,3 1607-56-4 0,21 10,5
7.8 4,5 None --- 13.5 7.9 15.8 9.3  Nome - None ---  None --— 1607-66-A  0.1L 5.5
45 1,2 HNoms - 14,3 29 9.3 2.5 Nome ---  Nome --- 18,5 5.0  1607-52-A - 0.33 16.5
4.8 0,5 MNome =-- 13.7 1,3 19,3 1.8 None  -=- None, =--- 12,3 1.1 1607-140-A 0,38 19.0
7.0 1.4 Hone -e= 6,8 1.k 9.8 2.0 None ——— Hone === 11,5 2.3 1607-154=4 0.98 Uug.0
6.0 1,0  None -~ 10,5 1,7 8.8 1.4 None ---  None - ‘ 8.0 1.3 1642-8-A 1.15 57.5

15,3 2,0 None --- 22,0 3.0 w0 1.8 None — None --- None --- 1642-12-4 0.42 21,0
4.8 1.7 None - 12.5 4.5 20,0 7.1 None —— None --- HNone -== 1607-96-4 0.33  16.5
9.0 3.6 None - 12,5 5.0 17.8 7.1 None — None «-= None  ~—— 1607-60-A ]:. 27 63.5
9.3 1.8  None - 17.3 3.4 13,8 2.7 None ——- lone --- HNone === 1642-20-4 0.72  36.0
5.8 1,4  None  -e. 1.0 3.3 11.8 2,8 None - None --- Nong =w- 1607-128-8 0,97 48,5
3.8 1.3 None - 23,8 8.2 10,5 3.6 None -— None --- Kone —-- 1607-26-A 0.39 1%.5 _
2,5 0,3 Nome --- 11.2 1,3 13,3 1.5  None -— None --- 18,0 2.1 1607-100-4 O,45  24.5
2.5 0.8 b5 1.3 19.3 2.8 17.5 2.5 None  -u- 13.5 L9 25.0 3.6 1607-138-A 0,46 23,0
3.5 0.8 None -—— 15.3 3.5 11.0 2.5 Kone - None --= 22.5 5.1 1607-6l=A 0,52 26,0
3.3 1.0 None -—- 1l0.8 2.9 21.0 5.7 None®  --- None —-- 6.0 11,6 1607-110-4  0.29 145
2.0 0,4 None -— 7.5 1.5 7.3 1.4 None -—— None --- lNone -— 1607-122-4 0.08 4.0
4.2 1.5 None - 10,0 3.8 5.5 1.9 None -—— Nene --- Hone - 1507-80-4 0.19 9.5
5.8 1,2 Vone - 15,0 3.0 17.3 3.5 None J— None -=-- 25,3 35,1 16642-36-A 0.2 12,0
2.8 1,2 lione —— 7.5 3.6 7.8 3.7 None -— Nene --- Hone  -e- 16b2-99-4 0.16 8.0
4,3 1,0 HNone  --- 11.5 2.6 12,0 2.7 Hone  --= None --- B,8 2.0 1642-28-5 0,89 k4,5
5,2 1,2 lome --- 11.0 2.6 14,5 3.4  Hone w=  Neme --- 9,0 2.1 1642-16-A  1.00 50.0
3.3 0,6 lNone  --- 10.0 2.8 14,5 3.7  lone — None -— 50 1.3 1€07-124-A 0,683 3.0
4,5 14  None  --- 1&5 5.6 17,0 5.3  None - Nong  --~  None -—- 1607-88-A  O,h6 23.0
7.0 C.6 Hlone ——— 6,3 0.6 27.2 2.4 None — None --- None === 16b2-48- A 0.43 21.5




Balsam Poplar
Diamond Willow
Black Willow
Weeping Willow
Overcup Ozak
White Oak
Willow Oak
Black Ouak
Turkey Cak
Scarlet Qak
Blackjack Cak
East. Red Oak
Water Oak

So. Red Oak
Black Ash
Silver Maple
Soft Maple
Hard Maple
Red Maple

Box Elder
Basswood

White Basswood
American Elm
Shagbark Hickory
Butternut
Chestnut

Black Gum
Sweet Gum
Yellow Poplar
Magnolia

White Bay
Yellow Birch
Paper Birch
Beech

Am, Sycamore
Ironwoed

Lilac

Catalpa

Fraser Magnolia

Tupelo Cum

fap mean aag et

Populus tacamaha¢a
Salix eriocephala
Salix nigra
Salix babylonica
Quercus lyrata
ercus glba
Quercus phellos
Quercus yelutina
Quercus catesbae
Juercus g¢occinea

Quercus marilandica
Quercus borealis
Quercus nigra

Quercus falcata

Froxinus nigra
Acer saccharimum

Acer rubrum

Ager saccharum

Acer rubrum

Acer negundo

Tilla americana

T4ilia hetero 1a

Ulmus smericana

Carya gvata ,
Juglans cinerea
Castepea dentata
Nyssa sylvatica

Liguidamber styraufluog

Liriodendron tulipifera

Magnolia grandiflora
Magnolia virpiniana
Betula lutea
Betula papyrifera

Fapns grandifolia

Platanus occidentalis

Carpipus ceroliniana

Syringa vulparis
Catalpa :éeciosa

Mapnolls fraseri

(s

1£07-113-A
1607-145-A
1607-103-A
1607-71-A
1607-29-A
1642-817A
1607-157-4
1607-115-A
1607-55-A
1607-65-A
1607-51-A
1607-139-A
1607-153-4
1642-7-4A
1682-11-4
1607-95-4
1607-59-A
1642-19-4

1607-127-4A -

1607-25-A
1607-99~ 4
1607-137-A

1607-63~4

1607-109-4
1607-121-4
1607-79~4
1642-35-4
1642-98-4
16M42-27-A
1642-15-A
1607-133-A
1€07-87-A
1682-43.4
1642-23-4
1607-125-4
1642-31-4
1642-90-A
1642-79-4
1642-106-4

1642-102-A

0.61

0,60
0.35
0.24
0.30
0.16

0,49

.12

0,12

30.5
32,0
13.0
16.5
4.5
9.5
8.5
3.5
6.0
2.0
1.0
9.0
10.0
545
3.5
3.0
26,0
7.0
9.5
19.0
11.5
9.0
11.0
7.0
12.5
0.6
13.5
3.5
18,0
10.0
1,5
30.0
17.5
12.0
15.0
8.0
2,5
11.0
6.0
6.0

1607-113-B Q.86
1607-145-B  0.70
1607-103-B  0.60
1607-71-B Q.32
1607-29-8 0.33
1642-81-B  ~-0,48
1607-157=-B  0.38
1607-115-B 0,39
1607-55-8  0.34
1607-65-B 0.17
1607-51-B 0.37
1607-129-B  1.05
1607-153-B  0.50
1642-7-B 0.62
1642-11-B  0.77
1607-95-B 0.28
1607-59-B 0.25
1642-19-B 0.51
1607-127-B  C.42
1607-25-B  0.29
1607-99-B 0.87
1607-137.B 0,70
1607-63-B 0,44
1607-109-B  0.37
1607-121-B° 0,51
1607-79-B 0.29
1642-35.B 0,50
1642-98-B  0.21
1642-27-B 0,44
1642-15-B 0,43
1607-133-B 0.39
1607-87-0 0,33
1642-43-B  1.13
1642-23-B 0,68
1407-125-B 0,59
142-31-B 0.32
1642-90-8  0.57
1642-39-B  0.56
16L2-106-B  C.h

16h2-102-B  0.23

u3.0
35.0
30.0
16.0

16.5

24,0 -

19.0
19.5
17.0

3.5
18.5
52.5
25.0
31.0
38.5
4.0
12.5
25.5
21,0
1.5
43.5
35.0
22.0
18.5
25.5
1,5
25.0
10.5

22,0

3.5
3.3
5.0
7.0
3.5
1.5
3.3
4,0
L3
5.0
7.0
4.3
6.0
5.0
6.3
b5
g.c
7.8
5.5
7.3
3.3
6.3
6.8
b3
2.5
4.0
9.5
2.0
4,3

6.5

b8

3.8

F
w

11.2
3.5
3.0

6.0

0.4
0.5
0.8
2.2
1.1
0.2
0.9
1.0
1.2
2.9
1.9

ok

0.8
0.8
1.6
3.6
1.5
1.3

2.5

0.4
1.8
1.5

1.2

1.2

oL
1.7
0.6

1.0

1.1
1.0

1.5

3.0
2.5
3.5
5.8
3.5
2.8
3.8
2.5
3.5
7.8
b.5
4.8
7.0
6.0
15.3
4.8
9.0
9.3
5.8
3.8
2.5
2.5
3.5
3.3
2.0
4.3
5.8
2.8
k.3
5.2
2.3
b5
7.0
17.3
3.0
2.8
2.5
6.8
6.0

3.3




2.8
2.8
2.5
3.5
7.8
45
4.8
7.0
60
1153
4.8
9.0
9.3
5.8
2.8
2.5
2.5
2.5
3.3

2,0

0.6

1.0
0.6
1.0

4,5

0.5
L4

1.0

2.0

0.6
2.5
C.5
0.9
0.
1.2
1.4

1.4

None

None

None

None
None
None
None
None
None

None

Nene
None
None
None
None
None

L.5
None
None
Nene
None
None
None
Hone
Hone
Hene
Kone
Hone
None
None
{lone
None
None
None

None

12.8
7.8
6.8
5.5
5.0

13.5

14,3

6.8
10.5
22,0
12.5
12.5
17.3
14.0
23.8
1.2
19.3
15.3
10.8

7.5
10.0
15.0

7.5

" 11,5

11,9
10.0
18.5

6.3
22,3
34,3
10.3
16.0
20.8
1h.5

1£.5

1.0
1.0
1.2
1.8
3.9
1.6
1.8
1.4

1.5

7.9.

3.9
L3
1.4
17
3.0
4.5
5.0
3.4
3.3
8.2
1.3
2,8
3.5
2.9
1.5
3.4
3.0
3.6
2.6
2,6
2.8
5.6
0.6
3.3
5.8
3.2
2.8
5.5
3.3

7o

14,3

4.8

5.3

5.5
15.8
10.8

6.5
19.5
17.8
15.8

9.2
19.3

9.8

8.8
.0
20,0
17.8
13.8
11,8
10,5
13.3
17.5
11.0
21,0

7.3

5.5
17.3

7.8
12,0
1.5
4,5
i7.0
27,3
16.7
16,5

2.8
1L.¢
12.5
21.0

12.3

1.7
0.7
0.9
1.7
4.8
2.3
1.7
5.0
5.2
9.3
2.5
1.8
2.0
1.4
1.8
7.1
7.1
2.7
2.8
3.6
1.5
2.5
2.5
5.7
1.4
1.9
3.5
3.7
2.7
3.4
3.7
5.3

33.0

6.8
68.3
19.0
None
Kone
Nene
Nene
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
tHone
Neone
None

None

Hone
None

745
None

None

3.8
1.0
1.4
6.0

None
13.5
None
None
Nqne
None
None
None
None
None
None
None
Hone
None
None
None
Yone
None
None
Hone
None
13.5
Nene
None
None
None
None
Nene
None
None
None
None
None
None
70,8
None
None

2.8
None

Norne

_——

8.8
11,3
4.3
None

8.0

7.3

2.8

5.0

bs
Nene
18.5
12,2
11.5

8,0
None
None
None
None
Nene
Nene
18,0
25.0
22.5

&.0
Hone
None
25.3
Hone

a.8

9.0

5.0
None
None
4.2
68,5
None

7.0

102.0
15.5
15.3

1.0
1.6

2.4

2.1
3.6
5.1
1.6

5.0

11.6

1.2
18.2
.5

6.7

1607-114-4
1607-146-A
1607-104-4
1607-72-A
1607-30-4
1642-82-4
1607-158-A
1607-116-A
1607-56-A
1607-66-4
1607-52-A
1607-140=A
1607-154-A
1642-8-A
1682-12-4
1607-96=A
1607-60-A
1642-20-4
1607-128-4
1607-26-A
1607-100-4A
1607-138-4
1607-64-A
1607-110-4
1607-122-A
1507-80-A
16&2-36;1\
1642-29-4
1642-28-A
1642-15-4
1607-124-A
1607-88-A
16b2.U-A
1642-2l- A
1607-126-A
16b2-72-A
1642-91-4A
1642-40-A
1642-107-A

1642-103-4

19.0
21.5
12,5
4.5
12,0
28.5
12.0
745
10,5
5.5
16.5
19.0
ug.0
57.5
21,0
16,5
63.5
36.0
bg.5
19.5
24,5
23.0
26.0
1,5
4,0
9.5

12.0

Lh, 5
50.0
0.0
23.0
21.5
3l.5
2.5
48.5
36.0
17.5
57.0
31,0



CHROMATOGRAPHIC RESULTS - 2nd ETHER EXTRACT DEVELOPE
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