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HYDROGENATION OF DOUGLA5 FIR, 
PEUDOT9UGA TAXIFOLIA, BRITT., WAX 

1NTRODUCT ION 

Bark, a major by-product in 1oE:E1n operations, 

constitutes about 9 to 15;' of the wood and often presents 

serious disposal problems. The potential annual yield of 

Douglas Fir bark alone, as a by-product of the lumber 

industry in OreEon and Washineton, is about 125 million 

cubic feet. The only use of the whole bark is as a fel 

after it has been pressed to remove most of the water. 

In some instances the bark must be burned as a waste for 

purposes of disposal. 

3ince the whole bark has limited applications and 

is available in such vast quantities, it is only natural 

that it has been subjected to numerous investigations to 

determine the chemical composition and possible utiliza- 

tion of this material, iechanical separation, destructive 

distillation and solvent extraction procedures have so 

far been developed pursuant to this problem. 
Grondai et al, (9,p.24) effected a mechanical 

separation by choppinE the bark into pieces, drying., then 

rindin in a coarse burr mill. The resulting material 

was then subjected to alternate screeninE and rindine 

processes. 1th this method the bark Is separated into 

three components; cork, bast fibers, and an amorphous 

powder. Other procedures of a similar nature have been 
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reported (6,p.14). 

The cork content of DouElas Fir bark varies with 

the ae as well as the position of the bark on the tree 

and can rance from 25 to 50% of the total bark. This 

cork is similar chemically to that of the editerranean 

Oak but has a hi6her extractive content (lO,p.66). 

Lediterranean Oak is the chief source of cork for use in 

bottle stoppers, etc., in this country. Cork granules 

have been combined with commercial binder to form 

composition cork which compares favorably in sorne 

instances with that from frediterranean Oak. Flaky cork 

particles have been used successfully in the smoke curing 

of meats and in phenolic resin manufacture. A commercial 

process for the mechanical separation of the bark has 

been developed and the cork fraction is sold as a soil 

conditioner (l,p.61). 

Iast fibers, present in the bark in quantities from 

35-48%, are short, pointed, spindle shaped brown particles. 

They are produced commercially and used in the plastics 

industry as an ingredient in impact grades of thermo- 

setting compounds and in cold molded plastics. Addition 

of this material increases the strength and decreases 

shrinkage. In addition, this material has been found to 
be of valuo as an ingredient of magnetsite flooring and 

as an absorbant filler for explosives. Experimental work 



is being done in Its application to tile floorinE, buffing 

and abrasive compounds, hard rubber, and asphalt corn- 

pound$ (4,p.88). These fibers have been 1nvestiated. arid 

their chemical nature established by Kurth and Kiefer 

(15,p,19). The fibers have a low extractive content as 

compared to the cork, particularly with respect to 

dthydroquercetin and waxes. Analytical data indicate 

that these fibers may be a linocellulose material similar 

to wood in composition. 

The amorphous powder has found application as an 

ingredient in match scratcher compounds and as a 

conditioning agent in insecticide dusts. The powder 

prevents sticking and agElomeration and adjusts the 

specific gravity of insecticide dusts. A mixture of fine 

cork particles (2O, bast fibers (4o), and the fine 

powder (4o), is prepared commercially arid la used as an 

ingredient in match ignition compounds, as well as a 

chemical inLlredient in phenolic adhesives. Other 

possible applications are beln studied (4,pp.90,92). 

Destructive distillations were carried out by 

Kurth and Ratnarn on the total bark at temperatures from 

745 to 910°F. for 2 to 10 hours (l6,p.519). mon the 

products isolated were charcoal, acetic acid, acetone 

and methanol, the latter two components beinE present in 

less than one per cent. The yield of charcoal from the 
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bark was higher than that from the waste wood. 

¶3olvent extraction procedures have been developed 

for Douglas Fir bark to find utilizable chemicals and as 

a means of studying the chemical composition. Clark and 

co-workers (2,p.3143) extracted hogged Douglas Fir waste 

containing approximately 30% of bark with benzene. They 

obtained a brown and black wax-like mixture of long chain 

aliphatie alcohols and acids as well as some unidentified 

material. The mixture was reextracted with petroleum 

ether to yield a light brown material of higher melting 

point than the original mixture. 1urth and co-workers 

(14,p.185) have extracted tannins, dihydroquercetin, 

phlobaphene and waxes by their procedure which involved 
the extraction of the total bark or the cork with henzene, 

ethyl ether, alcohol, and hot water, in the order nsmed. 

Ether extraction of the residue from a benzene 

extraction of the total bark or cork yields dihydro- 

quercetin, a flavone with pharnaoological properties 

which furthermore is an effective antioxidant against 

rancidification of fats, oils, and dairy products (13, 

p.436). 

Tannin and a red, eorphous, phiobaphene are 

extracted with alcohol from the residue of the first two 

extractions. Phiobaphene is an anhydride of' tannin and can 

be removed by taking advantage of its insolubility in 



hot water. The tannin from Douglas Fir has been used by 

leather companies in OreEon for quite some time. Tannin 

is also used by the petroleum industry to control the 

consistency of oil well dri1lin mud. 

The materia? obtained by the initial benzene 

extraction is a brown wax which can be separated further 

into a hexane soluble fraction and a hexano insoluble 

fraction. The hexano soluble fraction is a tan colored, 

hard, non tacky wax melting: at 53-600C. 3aponification 

studies l2,p.ib48) have shown it to he composed of 

1IE.nocery]. alcohol, phytosterol, liioceric acid, ferulic 

acid, and a small amount, if any, of oleic acid. The 

hexane insoluble fraction of the benzene extracted wax, 

on the other hand, is dark brown in color and has been 

found to be more complex in chemical composition than the 

hexane soluble fraction (lO,pp.60-61). 

Althouh the wax from the benzene extractives of 

Douglas Fir bark possess many desirable properties and 

appear to be similar to Carnuba wax in many aspects, it 

is discolored, particularly the hexane insoluble fraction. 
This discoloration may be caused by the phlobaphene 

components. For this reason hydroEenation studies were 

undertaken in an attempt to convert any phenolic material 

into a carbocyclic derivativo and thus perhaps improve 

the color of the wax. 



EXPERThENTAL 

In order to determine the activity of the catalyßt 

and. the suitability of the conditions for the hydroena- 

tion of the aromatic components present In the iax, 

hydroEenat ions were perfoxed on phenol and ouEenol, 

especially since the latter is a constituent of linins. 
Euenol (4 Erams), i toaspoon of Raney nickel 

slurry (about 3 grams), wore washed Into the class liner 
of the bomb with absolute ethanol, and hydrogenated for 

6 hours at 2575 psi and 1900. The reaction mixture was 

then filtered, the ethanol evaporated, and the residue 

distilled in vacuo. The product, boiling at 104-106° 

(12mm), was identified as octahydroeuEenol (75 yield) 
(l7,.3732). 

Phenol (30 grams) dissolved in 50 cc of ethanol was 

hydrogenated over ney nickel (i teaspoon of slurry) at 
2000 psi and 1500 for '7 hours. The reaction mixture was 

filtered, then evaporated. The residue was added to 
aqueous sodium hydroxide, then extracted with ether. The 

ether was removed and the product distilled yielding 
26.2 grams of cyclohexanol (87). 

Hydrogenation studies were limited to three types 

of waxes which for purposes of discussion will be 

designated in this thesis as: wax number 1 (the benzene 

extractive or Douglas Fir bark), wax number 2 (the 
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hexane soluble fraction of wax number 1), and wax number 

3 (the hexane inaoluble fraction of wax number 1). 

The Eenera]. procedure employed in these studieß was 

as follows: the 1ass liner of the Parr Hydrogenation 

Apparatus was charged with 2 ranìs of wax, 2 crams of 

catalyst, and O to 100 cc of solvent. The hydrogen 

pressure was adjusted to pressures varying from 1400 to 

2500 psi and the rocker then set in motion while the bomb 

was brought to the experimental temperatures; heating ar 

shaking continued for periods of 5 to 44 hours. At the 

end of this time the bomb was opened and the product 

removed. Isolation consisted of removing the catalyst 

by filtration and the solvent by evaporation on a water 

bath with or without vacuo. 

In the experiments 'zith no solvent, the reaction 

mixture was digested with hot solvent, i.e., benzene in 

experiments 4 and dioxane in experiments 5, 6, 7 and 8. 

The resulting suspension was filtered to remove the 

catalyst and the filtrate in turn evaporated. 

Twenty milliliters of water were added as a dis- 

persing agent in experiments 9, 10 and 11. Since lignin 

has been hydrogenated in an aqueous suspension (18, 

p.2508), a trial of these conditions was suested 'by 

Dr. Kurth. The water was removed from the rest of the 

reaction mixture by filtration and the solid was then 
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digested with hot solvent (dioxane in exreriments 9 and 

10, and benzene in experiment 11). 

The results obtained in experiments usine. wax number 

J. are tabulated in Table I. 

HydroEenat ions on wax number 2 were performed with 

cyclohexane as a solvent. The procedure 

isolation of the product was essentiali 

described for wax number 1. A 1:1 ratio 

wax was used with copper chromite and 5 

used in the low pressure hydrogenations. 

these studies are Eiven în Table II. 
The results from the series of exp' 

followed for the 

the as that 

of catalyst to 

catalyst was 

Results from 

riments on wax 

number 3, whose iodine number (Hanus) is 31.4, are 

tabulated in Table III. In experiments 17 to 26, ethanol 

was used as a solvent, and the procedure for the isolation 

of the product was sliE'.htly modified. The reaction 

mixture was filtered hot, usiní a fluted filter, into a 

flask containing boumE ethanol; the hot alcohol vapors 

prevented solidIfication of the product. The filtrate 

was then added to cold water and the resulting suspension 

filtered usine suction. The precipite .. te was dried in an 

air stream after most of the water had been removed. 

ixperiments 27 and 28 were carried out with the wax 

dispersed in water. The isolation procedure was that 

followed in experiment 5. Experiments 29, 30 and 31 used 



TABLE I 

HYDROGENATION 0F BENZENE 50LUBLE WAX 

Temp. Press Time 
Exp. 00. osi hrs. Catalyst solvent Ii.P. Color 

1 200 2450 8 CuCr dioxane - dark 
brown 

2 250 2500 9 'I - Erey' 

3 160 1600 10 55-57 grey 

4 200 1500 11. none - dark 
brown 

5 16o 1450 9 Raney 39-44 dark 
nickel brown 

6 170 1550 9 47-54 dark 
brown 

7 170 1750 6 ft 48-53 tari2 

8 210 1700 9.5 
ft 

- liEht 
tfl3 

9 160 1450 44 II 50-55 yellow4 
pended 
water 

10 170 1500 5.5 " " 47-51 dark 
brown5 

11 170 1575 5 
t It dark 

brown 

1lnstead of evaporatinp the clioxane after removal of the 
catalyst, the dioxane solution was added to cold water. 
This yielded a dark grey precipitate which darkened on 
standing. 

2The product was less soluble in dioxane than that from 
previous runs. 
3After removal of the water, the solid was washed with 
alcohol before diostion with hot dioxane, 

4The residue from the dioxane evaporation was almost 
colorless and was soluble in ether. 

SThe Hanus iodine number of the product was 22.2 and that 
of' the original wax was 32.2. 
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TABLE II 
HYDROGENAT iON 0F IIEXANE 3OLUBLE : 

Temp. Press Time 
Exp. 0Ç psi. hrs, Catalyst 12 No. Color 

12 200 1500 6 CuCr 9.84 unchanged1 

13 200 1700 19 - iiht tan2 
14 200 1550 15 - white3 
15 160 2450 18 H 5.0 light 

yellow4 

16 25 26 8 II on 7.84 unchanEed' 
charcoal 

'Hubl'a iodine number; iíubl's iodine number on unhydro- 
genated wax is 17.2. 
2Mp 57-62°. 

3N.P. 54-58°. 

4The iodine number was determined by the Hanus method 
(11,pp.393-394). The iodine number of the untreated wax 
by this method is 24.5. 
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TAIL LU 

HYL)ROGENA2 ION OF ffXA INSOLUBLE WAX 

Temp. Press Time 
E;xp. Oc. psi hrs. Cata1st 12 No, absorp. Color 

17 60 2000 21 Haney 27.8 50 red 
nickel brow&- 

18 100 2000 16 " 25.4 100 brown' 

19 150 2000 11 ' 25.2 50 broi'n' 
20 200 2000 14 " 18.9 275 brown' 

21 250 2000 22 ' 21.3 300 black2 

22 100 2000 17 CuCr 24.3 100 tan3 

23 150 2000 22 " 25.6 100 brown 

24 200 2000 18 32.3 325 brown 

25 250 2000 23 29.7 450 black 

26 250 2000 14 28.0 400 black 

27 200 1700 8 Haney - - dark 
nickel brown 

28 200 1700 8 - - yelow 
oil' 

29 250 1650 28 Haney - - broyín 
nickel,CaO oi]2 

30 160 2850 7 - - red brown 

31 190 2700 9 Haney - - brown 
nickel 

'A yellow product was obtained, which darkened rapidly on 
exposure to air. 

2The reaction product was tan colored, and darkened upon 
st and ini. 
3mis product, after standing in the atmosphere, turned 
black. 

4Dioxane was used to digest the reaction mixture. 
5Ether was used to digest the reaction mixture. 
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dioxane as solvent, which had been purified by the procedure 

described by Fieser (5,p.369). The products in experi- 

ments 29 to 31 were isolated by the general procedure. 

In order to note the changes in the composition of 

the wax due to hydrogenation a sample of wax number 3 

was hydrogenated under conditions given in experiment 31, 

arid both the hydrogenated and untreated product were 

saponified, according to the procedure of Herpert and 

i'kurth (lO,p.61). 

The results of this study are given in Table IV. 

TABUS IV 

Fract ion HydroF,enated wax Untreated wax 

Non saponifiable 15.5,Q 16.4% 

Acids: 

hexane soluble 46.3, 30.2% 

berizene soluble 19.5 31.4% 

ether soluble 5.4% 10.12% 

ether insoluble residue 14.4% i1.9 

104.6 109.42 

Since Flergert (10,p.61) had reported the isolation 

of an unsaturated acid, zn.p. 40-45, neutral equivalent 282 

in the benzene soluble fraction of the acids obtained 

through saponification of wax number 3, hydroenat1on 

experiments were undertaken using the sample of the same 
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materia].. 

Ten grams of the bonzerie extract of the acid fraction 

of the saponified wax number 3, 1 teaspoon (about 3 grams) 

of Haney nickel catalyst in ethyl alcohol was hydrogenated 

for 12 hours at 1000 and 1700 psi pressure. The reaction 

mixture, after removal of catalyst, was refluxed in 

a).eoholic potassium hydroxide for 2 hours, evaporated to 

remove ethanol, acidified, and filtered. The precipitate 

was recrystallized from isopropyl ether. A yellow brown 

amorphous solid was obtained which upon drying yielded a 

dark brown solid (m.p. 6l-6' neutral equivalent 374). 

This material was extracted with boiling hexane, 

which upon cooling yielded a white precipitate (m.p. 68- 

700, neutral equivalent 279.5). The residue from the 

hexane extraction yielded yellow crystals from a mixture 

of isopropyl ether and ethyl acetate melting at 65-68° 

with a neutral equivalent of 293.5. Loth of these 

fractions gave a negative bromine test for unsaturation, 

showing that hydroEenation was effective as far as the 

unsaturated acids are concerned. 

Sulfonation and nitration experiments were under- 

taken in order to estimate the amount of aromatic material 

in (a) wax number 3, (b) acids obtained by saponification 

of wax number 3, and (e) the alcohols from the saponif i- 

cation of wax number 3. 
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The procedure for the sulfonation reaction consisted 

of the followinE: 

Ten grains of the wax or one of its components were 

added portionwise with stirrinE to a solution of 6 cc of 

concentrated sulfuric acid, 26.8 cc of Elacial acetic acid 

and 67.2 cc of acetic anhydrîde, according to the 

directions of Friese (7,p.1066), who eulfonated lignin 
under identical conditions. The stirring was continued 

for 9 hours, after which the reaction mixture was filtered 
through a sintered glass funnel and the insoluble residue 

washed with glacial acetic acid. Tests far sulfur wore 

performed on the insoluble portion in all three exeri- 
ments. Negative result.s, as expected, were obtained in 

all cases. 

The filtrate was concentrated at reduced pressure 

to about 50 cc and then added to 300 cc of water. The 

excess sulfate was precipitated by bringing the aqueous 

solution to pI-I 8 with barium hydroxide. The resulting 

suspension was warmed and filtered using filter aid and 

the filtrate in turn freed of barium ion by passage through 

an IR100 ion exchange column. This converted the water 

soluble barium salts to the free acids. The precipitate, 
together with the filter aid, was resuspended in water, 

acidified with hydrochloric acid, refiltored and the 

filtrate basified to see if any insoluble barium salts 
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were present; no precipitation wes observed, thus 

indicating that only barium sulfate had been removed. 

The eluent from the IR100 column was evaporated to 

dryness yielding a dark, hyroscopic substance. Since 

the presence of sulfur in the residue from this evapora- 

tion had been indicated by sodium fusion, the sulfur was 

determined quant it at ively. 

This sulfur containing residue was then hydrolyzed 

to determine the amount of sulfate esters, if any, that 

were present. Since the aromatic sulfonic acids are not 

easily hydrolyzable they would not be hydrolyzed but would 

remain intact. 
The residue was refluxed with 5.6 grams of potassium 

hydroxide in 100 cc of water for 8 hours. The reaction 

mixture wee cooled and examined for base insoluble 

comtonents by extraction with ether. Evaporation of the 

ether extract left a thin film of residue so small it 
could not be weighed on the Trip balance. 

The basic aqueous residue rron the ether extraction 

was acidified with hydrochloric acid and extracted a8ain, 

this time with chloroform to see if any acid insoluble 

compounds were present. Evaporation of this solvent also 
left a very small residue thus indicating the presence of 

very little simple sulfate esters. 



The acidified aqueous residue was then tested for 

free sulfate ion. After extraction with chloroform, the 

aqueous solution was diluted to 500 cc and the free 

sulfate was determined on a 50 cc aliquot. The free 

sulfate should come from aromatic sulfato esters which 

have also been sulfonated to form water soluble sulfonic 

acids. 

The results of the sulfonation studies are presented 

in Table V. 

TABLE V 

t. residue 
wt. t. IR100 eluent Total 
used insol. evaporation sulfur 

Samp. (A) material (B) (as A) (as O4 

a) 10 7 3.3 5.67 17.2 87.8 12.2 

b) 10 .5 9.0 12.8 14.2 96.]. 3.9 

e) 10 7,0 6.5 7.46 15.5 86.0 14.0 

The conditions for the nitration experiments were 

identical with those of Friese for the nitration of 

lignin (8,p.1468). The experimental procedure was as 

follows: 

The acid fraction of saponified wax number 3 (10 

Frams) was added portionwise to a stirred solution of 
72 cc of acetic anhydride, 10 cc of lacial acetic acid, 

and 14 cc of concentrated nitric acid. 3tirrin was 
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continued for six hours, the reaction mixture then 

filtered through a sintered Ia funnel. The insoluble 

material was washed with glacial acetic acid, then 

water, and the washings added to the original filtrate. 

The insoluble fraction, weighing 3.23 grains (3O.82 of 

total), melted at 72-73e and gave a negative test for 

nitrogen. 

Addition of the water washings to the original 

filtrate caused precipitation of a pale yellow solid. 

This material was removed by filtration, and washed with 

water until the washings were neutral (weight 7 grains, 

67 of total, nitrogen content 5.57O. With drying in 

vacua over calcium chloride the product became dark red 

in color. 

The aqueous filtrate from the removal of the yellow 

nitration product was then passed through an IR4B ion 

exchange column and the eluent evaporated to dryness 

(weight residue 0.25 grams, 2.2Z of total). 

Reductions were performed on the nitration product 

in an effort to convert the nitro groups to amino groups. 

Tio methods were tried, catalytic hydrogenation and a 

stannous chloride-hydrochloric acid mixture. 

The red solid from the nitration reaction (4 grams), 

0,2 gram of platinum oxide catalyst and 70 cc of ethanol 

were hydrogenated at room temperature at 35.75 psi for 
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5 hours. The decrease in oressure at the end of' 4 hours 

was 34.25 psi. 

The reaction mixture was filtered and the ethanol 

evaporated. The residue was added to loo cc of 2 N 

hydrochloric acid, the resulting suspension heated to 

boiling with stirring. Upon cooling, a dark brown, wax- 

like material was observed and was removed by filtration 

(weight 3.7 grams). This material gave a positive 

nitrogen test and a positive ferric chloride test for 

phenols. The filtrate was evaporated to dryness, yielding 

a small amount of residue. 

Stannous chloride (2.8 grams) in 3 cc of concen- 

trated hydrochloric acid was added to a stirred solution 

of 4 grams of the nitration product in 60 cc of ethanol. 

The mixture was refluxed on the steam bath for 1 hour, 

then added to a solution of 3.6 grams of' sodium hydroxide 

in 10 cc of water. The ethanol was removed by evapora- 

t ion, and the residue added to 50 cc of 2 N sodium 

hydroxide. The resulting mixture was cooled and the 

insoluble matter extracted with ether, and the ether 

evaporated. The residue, 1.2 grams of a yellow wax-like 

materil, contained nitrogen and gave negative ferric 

chloride test for phenols. 

The aqueous residue was filtered to remove an 

insoluble paste (.4 gram) and the filtrate was acidified 
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to precipitate the insoluble acids, arwi reextracted with 

ether. Evaporation of the ether extract yielded a dark 

brown solid weigin 1.3 Erarns and contaminE nitroEen. 

A ferric chloride test for phenols save a dark brown 

colorat ion. 

A fine brown precipitate was observed in the 

aqueous layer which was insoluble in the ether. The 

acidic aqueous residue was filtered to remove the fine 

precipitate. A fusion test showed this material to be 

mostly inorEanic. This precipitate was washed with ethyl 

acetate and the ethyl acetate evaporated. The residue 

from this evaporation was very small, welEhinE about 

0.03 Eral. 
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DISCUSSION OF RESULTS 

The reduction of phenol and euenol to cyclohexanol 

and octahydroeueno1 with Raney nickel indicated that the 

catalyst wa3 sufficiently active to brine about the 

reduction of aromatic nuclei. 

Copper chromite acts somewhat preferentially in 

reducinE carbon-oxy6en bonda while beinE, relatively 

inactive toward aromatic nuclei, and was used in these 

experiments for purposes of comparison. 

Hydroenattons on wax number 1, catalyzed by copper 

chronitte, yielded unstable products which darkened on 

standinE. Higher reaction temperatures with this catalyst 

cave less stable products. This wax, as well as wax 3, 

contains a phlobathene-like phenolic material and 

conversion of these waxes into a stable, liEht colored 

product appears to be dependent on the conversion of this 
material into carbocyclic compounds. Raney nickel, which 

is selective toward reduction of carbon-carbon double 

bonds as weil as aromatic nuclei, should be well suited 

for this purpose. ith this catalyst, wax 1, originally 

brown in color, was converted to a light tan product. 

The best results with this catalyst were obtained with no 

solvent and at high reaction temperatures. Since the wax 

is a liquid at the reaction temperatures used in this study, 

a solvent is not essential. The presence of water in the 
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hydrogenation media did not seem to improve the product. 

Wax number 2 Is much less complex in composition, 

contaminE none of the phiobaphone present in waxes i. and 

3 (12,p.1686). The oriina1 color is tan, much liEhter 

than waxes i and 3. Hydroenat ion with copper chromite 

was effective in removing the color and reducing the 

iodine number from 24.6 to 5.0 (note 5, Tble II). Low 

pressure hydroEenation was not effective in color removal 

but did reduce the iodine number from 17.2 to 7.84 (note 

1, Table II). 

Wax number 3, having the largest amount of the 

phiobaphene-like phenolic material, could not be reduced 

to a stable, light colored product under the conditions 

cited. Hydrogenations over Haney nickel did docrease the 

color but the products were unstable and darkened 

considerably upon exposure to air. 

The hydrogen absorbed in experiment 21, Table III, 
performed with Haney nickel catalyst corresponds to 

approximately 1.2 moles of hydrogen. The iodine number 

of the untreated wax indicates about 0.49 mole of 

unsaturation which was decreased by 0.16 mole with 

hydrogenation. With copper chromite as catalyst, 

(experiment 26, Table III), the hydrogen absorbed was 

1.56 moles and the decrease in olefinic linkages by 

iodine number 0.043 mole. 
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Theße re$ult$ are difficult to correlato with the 

dark products obtained. The amail olefinic bond decrease 

and the hiEh hydrogen absorption would indicate reduction 

of aromatic nuclei had taken place but such reaction 

products should be sore stable than the phenolic material 

originally present. It is possible that a small amount 

of difficultly hydrogenated material is present and la 

causing the discoloration upon exposure of' the product 

to air. 

A comparison of the relative quantities of acid 

fractions obtained by saponification of hydrogenated and 

untreated wax 3 indicates hydrogenation caused a change 

in solubility characteristics of the acids. The amount 

of acids soluble in the less polar solvents has increased 

with hydrogenation as would be expected. 

Hydrogenation of the benzene soluble fraction of 

the acids from wax 3 and subsequent fractional crystalli- 

zation yielded two fractions, which were separated on the 

basis of hexane solubility, both giving an negative test 

for unsaturation, melting at 68° to 700 and 65° to 68° 

with neutral equivalents of 279.5 and 293, respectively. 

Hergert and Kurth (lO,p.61) reported the presence of 

unsaturated hydroxy acids melting from 40 to 45 with a 

neutral equivalent of 282 and a saturated hydroxy acid 

melt in from 79 to 81° with a neutral equivalent of 
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27 in untreated wax 3. 

Although the agreement is not close lt appears that 

the acid m.p. 68_700 must e the one described by Hergert 

and Kurth with m.p. 79_810, as judged by neutral 

equivalents and solubility data (l0,p.61). 

The results of the sulfonatlon experiments indicate 

that some sulfate esters as well as suifonic acids were 

formed. 

As was expected the acid component of the wax con- 

tamed the bulk of the aromatic material although some 

was present in the alcohol fraction. The sulfate esters 
may arise from some sulfonat ion of the olefinic linkages 

of the alcohols. 

The presence of sulfonic acids in the alcohol 

component indicates some aromatic material was present in 

this hydrolysis product in addition to the lignoceryl 
alcohol and physosterol reported by Hergert and Kurth 

(1O,p.61). 

The magnitude of the sulfur content would indicate 
that the wax consists largely of aromatic material which 

supports the observation of Hergert and Kurth who reported 

the wax to contain about 25% of phenolic material alone 
(l0,p.61). 

Nitration experiments confirm the presence of an 

aromatic component in the wax. Furthermore, judg ing by 
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the magnitude of the n1troen In the nitrated acids, the 

aromatic content i 1are, thus confirming the results ot 

the sulfonation studies, 

The product frorì the catalytic reduction was 

removed from an acidic media. This product also cave a 

positive forno chloride test for phenols and contained 

nitroon. 

The product from the starinous chloride reduction of 

the nitrated acids was obtained in two fractions. The 

fraction extracted from the basic mixture was found to 

contain nitro-en and ve a negative ferric chloride test 

for phenols. The material extracted from the acidic 

suspension contained nitroEen and ave a positivo ferne 

chloride test. The phenolic fraction is sufficiently 

acidic to be extractable from an acidic solution even 

with an amino group. 
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Uì1iARY 

The wax extracted with benzene from the bark of 

Douglas Fir (Psoudots taxifolia, Britt.) and its two 

fractions, the hexane soluble and hexane insoluble wax, 

was hydrogenated over copper chromite and Raney nickel 

catalysts in an effort to remove their color. 
The brown wax (extracted with benzene from the 

bark) was hydrogenated over Raney nickel to a light tan 

colored product, and the hexane soluble fraction of this 

wax, tan in color, was converted to a white wax with 

copper chromite. 

The hexane insoluble fraction, red brown in color, 

was quite difficult to hydrogenate to a product that was 

lieht colored and would not darken upon standing. 

aponifications were performed on hydrogenated and 

untreated hexane insoluble wax. A comparison of the 

relative quantities of the acid fractions showed 

increased solubility of the acids in the less polar 

solvents with hydrogenation. 

The benzene soluble acids from the hexane insoluble 

wax, known to contain unsaturated acids, was hydrogenated 

and the product tested for unsaturation. Negative 

results nd1cated hydrogenation was removing olefinic 

bonds. 



Sulfonations on the hexano insoluble wax and its 

two saponification products yielded sulfonic acids in 

both the acid and the alcohol fraction. 

Nitration experiments on the acid fraction of the 

hexano insoluble wax yielded a red solid containing 

5.57% nitrogen. Reduction of the nitration product with 

stannous chloride gave base insoluble and acid insoluble 

products, both containing nitrogen. Catalytic reduction 

of the nitration product yielded an acid insoluble 

product. 
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