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Abstract approved: 

Douglas fir bark fines were analyzed for extractives, ash, 

pentosans, Klason lignin, methoxyl, and acetyl group contents, and 

hot 1% alkali solubility. Values were comparable to those reported 

for a similar sample in Weyerhaeuser Bulletin 10 A. Raney nickel 

catalyzed hydrogenations were performed under varying conditions on 

the alkali soluble bark phenolic acids portion of exhaustively extracted 

fines. A composite was made of five runs using the experimentally 

determined optimum conditions of reacting 12. 8 grams phenolic acids, 

200 ml. of 6% sodium hydroxide and 13 grams Raney nickel for 3 

hours at 150 to 200 oC. under 500 psig. initial hydrogen pressure per 

run. Optimum conditions were those allowing the largest amount of 

ether soluble monomers, the largest amount of acid insoluble unre- 

acted material, and the fewest unaccounted losses. The reaction 

mixture was fractionated into an insoluble product, volatiles, alkali 

soluble -ether solubles, acid soluble -ether solubles, acid insoluble - 

ether solubles, acid insoluble -ether insolubles, and neutralized in- 

solubles. A total ether solubility of 30. 8% and an unreacted portion 

of 34. 3% resulted. The ether solubles were separated into aldehydic, 



acidic, phenolic and residual fractions. 

Analysis of each fraction was attempted by gas chromatography. 

Only the volatiles permitted reasonable resolution, and ethanol (a 

probable impurity) plus two unidentified materials were detected. 

Other fractions decomposed or were highly adsorbed on the column. 

At temperatures above 170oC. the ether soluble oils began to 

polymerize, emitting vapors, and as the gel point was reached they 

became less soluble in ether or alkali. These properties indicated a 

condensation reaction of a non linear polymer. 

A nitrogen analysis showed less than 0. 5% nitrogen in bark 

phenolic acids. It was inert to hydrogenation but traces of ammonia - 

col vapors and perhaps an amino acid were present in the volatiles. 

Ferric chloride with the aldehydic, acidic and phenolic fractions 

gave greenish colors suggestive of a catechol nucleus. Quinone 

monochlorimide with the acidic and phenolic fractions produced a 

bright green color. 

Thin layer chromatography on Silica Gel G with a developing 

solvent of benzene:methanol:acetic acid, 45:8:4, resolved the frac- 

tions into 12 different compounds. Thin layer chromatography showed 

that the solvent fractionation scheme did not effect a clean separation 

of compounds by degrees of acidity, but traces of most compounds in 

different fractions indicated polyfunctional molecules. Para hydroxy 

benzoic acid was tentatively identified in the acidic and phenolic 

fractions. The fractionated acid soluble -ether solubles showed the 



same compounds as like fractions from the acid insoluble -ether 

solubles, but the latter exhibited extensive impurities. 

Ultraviolet spectroscopic curves absorbed near 230, 280, and 

310 millimicrons and were similar to those reported for some wood 

lignins. They suggested the presence of guaiacyl type compounds with 

carboxyl or ethylenic groups conjugated with an aromatic ring. 

Infrared data was similar to that of a previous study on mountain 

hemlock bark phenolic acids, except aryl rather than alkyl carboxylic 

acids were indicated here. 1:2 :4 :, 1:3, and mono- substituted aroma- 

tic nucleii were suggested. Phenolic hydroxyls, alkyl side chains, 

aryl aldehydes and carboxylic acids, and intermolecular bonded poly- 

meric hydroxyl groups were also present. 

Fourteen milligrams of a crystalline compound sintering at 115 - 

116°C. and melting at 120 -121 °C. were isolated from the aldehydic 

fraction. The compound was readily soluble in warm ether, was 

combustible, and decolorized dilute potassium permanganate solu- 

tion. Thin layer chromatography indicated its purity and proved it 

different from benzoic acid. A pink color imparted by diazotized 

sulfanilic acid with 20% sodium carbonate suggested a guaiacyl com- 

pound. It gave no positive color tests with ferric chloride or quinone 

monochlorimide. 

It was shown that relatively simple molecules can be cleaved 

from the bark phenolic acids complex by hydrogenolysis and that these 



materials can be resolved by thin layer chromatography. Small . . 

yields of a crystalline aldehydic compound are obtainable. 
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Meaning: 
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Millimeter. 
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Thin Layer Chromatography. 
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Fractions from Hydrogenation -Hydrogenolysis Experiments: 

Alkali insoluble reaction product; further fractionated 
into: 

A -1 Alkali insoluble reaction product (purified), 

A -2 Alkali insoluble reaction product (impure). 

B Alkali soluble volatiles. 

C Alkali soluble -ether soluble neutrals. 

D Acid soluble volatiles. 

A 



E Acid soluble -ether solubles; further fractionated into: 

E HSO3 Bisulfite soluble; aldehydes, 

E HCO3 Bicarbonate soluble; acids, 

E OH Alkali soluble; phenols, 

E Residual Ether soluble; neutrals. 

F Acid soluble -ether insolubles. 

G Acid insoluble -ether solubles; further fractionated 
into: G HSO3 , G HCO3 , G OH-, G Residuals, 
(same as E fractions) . 

H Acid insoluble -ether insolubles. 

I Acid soluble -ether insoluble -neutralized precipitate. 

J Acid soluble -ether insoluble -neutralized decantate. 

K Acid soluble -ether insoluble tar concentrate. 



HYDROGENATION AND HYDROGENOLYSIS PRODUCTS 
FROM BARK PHENOLIC ACIDS 

I. INTRODUCTION 

It has been well established that increased utilization of forest 

resources is desirable and, indeed imperative from the point of view 

of successful economic growth for the forest products industries and 

for the conservation of man's two most important natural resources- - 

timber and water. Because the industries (particularly the pulp and 

paper industry) operate on a high volume low return system, and be- 

cause foreign and domestic competition is always accelerating it is 

easily seen that economical operation and utilization is critical in 

order for these industries to maintain a favorable competitive posi- 

tion. The recently stimulated campaigns toward water conservation 

have not unfairly placed great obligations upon industry in general and 

it now becomes essential that the high cost of adequate waste disposal 

be met with a greater income from the present raw materials. Thus 

there is no alternative for the forest products industrialist other than 

that he must use more and waste less of the tree. This problem can 

be met only through scientific research, and it is hoped that the pro- 

ject reported here may be of some value toward achieving the 

required solution. 

One of the greatest potential sources for new useful materials 

lies in the great volumes of bark discarded from pulp and lumber 



mills. Bark is abundant, representing 12% by weight of a sawlog (4), 

and it is cheap. Currently, most of this is burned as waste, with 

only a small amount of heat, if any, being recovered. However, pro- 

cessed conifer bark or some of its components have found a limited 

market. These products are being used as well drilling mud disper- 

sants, soil mulches, plastic, asphalt and tar extenders (42, p. 38), 

and components of polyphenolic plywood adhesives (37). Bark pro- 

ducts are used in wall papel, insulating board, chip board and box 

board (42, p. 38). As -an insecticide extender and conditioning agent, 

bark fines can be used to lightly coat the small particles to help pre- 

vent caking (62, p. 68) . 

Because Douglas fir is the most abundant species in the Pacific 

Northwest it is logical that interest lies here as a source of raw 

material for utilization. The Weyerhaeuser Company markets several 

products of Douglas fir bark (62, p. 67 -69). These Silvacon products 

consist of the physically separated Douglas fir bast fibers, cork, 

fines, and mixtures of these. The fines fraction, Silvacon 490, is an 

amorphous material consisting primarily of parenchymous tissue of 

bark (62, p. 68), but also including broken fibers, small cells and 

dried contents of cells. About three quarters of the extractive -free 

weight of the fines is a polyphenolic, carboxylic material insoluble in 

mineral acid and non -polar solvents and soluble in alkali (43). This 

material is termed bark phenolic acids and constitutes a potentially 



valuable product, depending upon its true nature, which is heretofore

unknown. While the percentage of phenolic acids is highest in the

fines fraction of conifer bark, the material is present also in the bast

fibers and cork fractions.

Numerous chemical and physical studies have been made on

conifer bark phenolic acids that are present in the various physically-

separated bark fractions. Kurth and coworkers have contributed the

most to the subject (24; 36; 38; 41; 42, p. 38; 43; 44). Others have

also contributed to the storehouse of information (11, p. 121; 12,

p. 216-220; 15; 33; 34; 64, p. 1-114). These references include in

formation regarding the distribution of phenolic acids in bark compo

nents, technique of isolation, solubility properties, similarities with

tannins, color reactions, spectroscopic studies and molecular weight

determinations, to name but a few topics covered. A large number

of functional analyses avail information about methoxyl, phenolic

hydroxyl and alcoholic hydroxyl group contents. Reported methoxyl

group contents from the laboratories of Kurth and coworkers vary

from 3. 56 to 6. 78%, with several samples yielding the same value of

4. 3%. The phenolic hydroxyl group content has varied from 3. 0 to

8. 3% and alcoholic hydroxyl groups constitute approximately 4. 5 % cf

the material. Carboxyl group contents vary from 2. 0 to 13. 3%, with

most values being around 3. 5 to 5%. A comparison of the ratio of

phenolic hydroxyl to carboxyl group contents has resulted rather
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consistently in a value of 4:1. Carbon -hydrogen analyses are at least 

of the same order of magnitude for all samples reported, with a car- 

bon analysis of 54. 12 to 60. 5% and hydrogen analysis cf 4. 81 to 6. 12 %. 

When comparing bark phenolic acids with typical conifer wood lignins 

it is noted that phenolic acids have definitely lower methoxyl contents, 

higher carboxyl and phenolic hydroxyl contents and about the same or 

slightly lower aliphatic hydroxyl contents. 

Degradation studies have included alkali fusion, alkaline 

nitrobenzene oxidation, mercuric oxide and cupric oxide oxidations. 

In addition to degradation products similar to those found when wood 

lignin is subjected to the same treatment, phloroglucinol and catechol 

have also been found (24). These provide evidence of some structural 

differences between wood lignin and bark phenolic acids. 

While these degradation studies have offered the most concrete 

information regarding the structure of bark phenolic acids, it must 

be emphasized that the compounds identified represent only a small 

portion of the total phenolic acids material. The facts that the more 

drastic oxidation procedures resulted in higher yields of acidic 

materials as contrasted with higher yields of aldehydic material for 

milder reactions and that in no cases have compounds been found con- 

taining the aliphatic hydroxyl groups indicated by infrared studies, 

indicates that these oxidative degradations may well result in com- 

pounds highly altered from the starting materials. The only aromatic 
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compound identified with a side chain greater than one carbon atom 

was ferulic acid detected by Hergert (34). Using a different degrada- 

tive method, Harwood and Purves hydrogenated a dioxane suspension 

of White spruce bark phenolic acids with copper- chromium oxide 

catalyst and identified p- methylcyclohexanol and 4 n- propylcyclo- 

hexanol (33, p. 57) . 

It is interesting to note that Harwood and Purve's 4 n- propyl- 

cyclohexanol from spruce wood bark hydrogenation could be rather 

easily derived from the hydrogenation and hydrogenolysis of ferulic 

acid (which Hergert found in white fir bark phenolic acid). Such a 

reaction would involve hydrogenolysis of the methoxyl and carbonyl 

groups as well as complete saturation of ferulic acid. The fact that 

in Harwood and Purves's study the aromatic ring was saturated, using 

copper- chromium oxide, a comparatively inert catalyst toward satura- 

tion of aromatic rings through hydrogenation, is evidence that the 

more drastic conditions that would also be accompanied by hydrogen - 

olysis did actually prevail. 

Thus, the search for a method of mild degradation that will 

provide a high yield of identifiable products continues. It was with 

this objective in mind that a study of a catalytic hydrogenation- hydro- 

genolysis reaction on bark phenolic acids was undert aken. It was 

hoped that the application of such a method would at least provide 

more inroads to the elucidation of the structural features of bark 
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phenolic acids which may in turn enable greater and more profitable 

utilization of a material that is now a problem in the hands of the 

forest products industry. 

Reactions of organic compounds with hydrogen may take place 

in two ways: either by addition of hydrogen to an unsaturated linkage 

(hydrogenation) or by the cleavage of bonds within the molecule 

(hydrogenolysis). Factors that effect the rate and degree of catalytic 

hydrogenation include 1) amount and type of hydrogen acceptor, 

2) impurities present, 3) reaction temperature, 4) hydrogen pressure, 

5) amount and 6) kind of solvent, 7) amount and kind of catalyst, 

8) ratio of catalyst to hydrogen acceptor, 9) time of reaction, and 

10) thoroughness of mixing (1, p. 9). Unfortunately these are not all 

independent variables. The most important factor effecting the rate 

is the concentration of the reactants (catalyst, hydrogen, and hydrogen 

acceptor). Therefore the rate is a function of the hydrogen pressure 

and the catalyst to hydrogen acceptor ratio. The amount of catalyst 

and acceptor, as well as the ratio may also be of importance. Within 

limits, time, temperature, pressure and amount of catalyst are inter- 

dependent variables (1, p. 21). While it follows that a large amount 

of catalyst can serve to allow milder conditions it also minimizes the 

effect of catalyst- deactivating poisons. 

An excellent review of the subject in general has been presented 

by Adkins (1, p. 1 -178). Another good review is given by Maxted 
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(47, p. 1 -104). While their analyses of data obtained for various 

model compounds enables reliable predictions concerning the reactions 

of singular functional groups and pure compounds, the problem radi- 

cally increases in complexity as the molecular system becomes 

larger and more polyfunctional. The relative influence of some 

groups on the saturation or cleavage of others can, and does in some 

cases, completely alter the observation from what would be predicted 

for simple molecules. Thus, while the carboxyl group of simple 

aldehydes and ketones is easily hydrogenated to the corresponding 

alcohol over Raney nickel below 150°C. and pressures below 100 

atmospheres, (1, p. 50), a functional group such as a phenyl group, 

with a double bond conjugated with the carbonyl promotes rapid hydro - 

genolysis of the first formed carbinol to the hydrocarbon. Conversely, 

primary and secondary unsubstituted alcohols are resistant to cleav- 

age over Raney nickel at temperatures less than 250oC. The hydro- 

genation of unsaturated rings requires more drastic conditions than 

either olefinic or carbonyl groups because the former reaction is 

endothermic whereas the others are exothermic. Thus the alkyl 

portion of an alkyl -aryl compound would be expected to be the first 

part to undergo hydrogenation. However a highly phenylated com- 

pound may protect the alkyl portion from reaction until the aromatics 

have been degraded (1, p. 59). Methoxy substituted benzenoid com- 

pounds are saturated only with difficulty at 200°C. with Raney nickel 



(1, p. 59). In polyfunctional molecules, hydrogenolysis becomes an

increasingly important consideration and it is found that unsaturation,

oxygen-, or nitrogen-containing substituents, or aklyl or aryl groups

facilitate the cleavage of C--C, C--0, or C--N bonds and that the

degree of these effects is a function of the number and position of

such substituents (1, p.. 140). It is therefore not difficult to see that

any sound prediction regarding expected hydrogenation-hydrogenolysis

products from a complex polyfunctional molecule such as obviously

exists in the bark phenolic acids is impossible to make.

Inasmuch that the only sure thing we know about the material is

that it contains carboxyl, methoxyl, phenolic, and alcoholic hydroxyl,

aromatic and alkyl groups, we are not at all aware of what possible

reactions may and will occur. Before experimentation, we cannot

tell whether carbon to carbon bonds are labilized to the extent that

they will more readily cleave than carbon to oxygen bonds or not, but

it is likely that some ratio of both types of cleavage will exist.

Numerous possibilities for phenol, aldehyde, ketone, ethereal,

aromatic, and acidic group reduction and, or, cleavage must also

exist.

We can best study reaction products from the mildest possible

treatment at this stage, with the hope that the complex material will

not be highly altered. It must be realized that any identifiable pro

ducts will probably represent only that portion of the whole most



labile to such mild reaction conditions. It is hypothesized that a

mild hydrogenation will cleave some monomeric substances from the

complex molecular network by hydrogenolysis and that the presence

of hydrogen will react at active sites and help prevent recondensation

of these cleavage products.

Because bark phenolic acids are readily soluble in alkali and

because alkali will tend to reduce the activity of a Raney nickel

catalyst thus rendering saturation of aromatic compounds less likely,

this combination of hydrogen acceptor, reaction intermediate and

catalyst are logical choices on which to base the experimentation.

Such experiments under these conditions with bark phenolic acids, to

this author's knowledge, have not been reported in the literature.

However, numerous projects involving the hydrogenation of wood

lignins have been discussed in the literature and at least one project

involving hydrogenation of the alkaline soluble, dioxane-soluble por

tion of sprucewood bark has been reported (33, p. 45-59).

A review of the most pertinent articles regarding the subject

is next summarized. Much of the work in this field has been per

formed on lignin from hardwoods, which is considered a simpler

complex than that found in coniferous woods. Bark phenolic acids

are an even more complex material than any type of wood lignin (42,

p. 7).

In 1938 Harris, D'lanni and Adkins studied the copper chromium
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oxide catalyzed hydrogenation products of aspen methanol lignin (30).

They reacted about 13 gr. of material in 133 ml. of dry dioxane with

7 gr. of catalyst in a 270 ml. bomb. The initial pressure was 220

atmospheres, and maximum pressure was 400 atmospheres. The

pressure drop was 50 atm. (at 23 C. ) in 4 to 5 hours and another 50

atm. in 10 to 12 hours. The temperature was 260 C. and the time to

temperature was 50 minutes. Products identified were methanol

(28% yield), 4-n-propylcyclohexanol-l, 3-(4-hydroxycyclohexyl)-

propanol-1 and 4-n-propylcyclohexanediol-1, 2 (the latter three

compounds totalled 44% of the lignin). They suggested the high yield

of methanol did not result entirely from the methoxyl content, but also

from carbon-carbon cleavages. Harris, Saeman and Sherrard noted

that Raney nickel catalyzed reactions of various aspen lignins were

more rapidly completed in aqueous alkaline solutions than in water

alone (32). They suggested the increased reactivity in alkali may be

due either to a better contact of the lignin and hydrogen since lignin

is somewhat soluble in alkali, or that it may be a result of cleavages

of the molecule promoted by alkali, followed by hydrogenation of the

cleavage products. They reacted 150 gr. of dry lignin preparation

in 1 liter of water of varying alkalinity (usually 1% sodium hydroxide)

with 5 gr. of Raney nickel. A pressure of 100 to 175 atm. hydrogen

was introduced to a two liter rocking autoclave. The temperature

was 225-250 C. The reaction was half completed after six to ten
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hours. Identified products were methanol, n- propylcyclohexan_e, and 

n- propylcyclohexanol. Other products included two or more n -pro- 

pylcyclohexane type compounds, alkali soluble and alkali insoluble 

resins. Saeman and Harris hydrogenated aspen methanol lignin over 

Raney nickel with intentions to fully saturate the material (54). 

Ethanol was used as a reaction medium and lignin solvent but at 240 °C. 

a high boiling resin resulted from the lignin and ab ove 240 °C. the 

solvent decomposed. Water was substituted as a non solvent reaction 

medium, in which lignin would melt, then hydrogenate and progres- 

sively become water soluble. They found that the presence of alkali 

in the aqueous system protected the catalyst but gave rise to more 

complex reaction mixtures. Above 250°C. the conversion to low 

boiling products and gases was excessive, demonstrating the severity 

of the conditions. They reacted 100 gr. batches of lignin in an 1800 

ml. bomb with a 1:1 catalyst to lignin ratio. Water was added until 

the total volume of the mixture reached one liter. The initial 

pressure was 3000 psig, the temperature was 250° and the time was 

5 hours. The highest yields of reaction products were favored by 

interrupting the reaction before hydrogen was fully absorbed. A high 

catalyst to lignin ratio also favored better yields. The resulting 

water soluble, ether soluble portion and water insoluble oils were 

rehydrogenated separately under mild conditions. Products identified 

from the water soluble portions were ethylene glycol, diethylene 
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glycol and 3- (4- hydroxycyclohexyl) -propanol -1. 4-- ethylcyclohexanol, 

2- methoxy -4 -ethyl cyclohexanol, and 4- propyl cyclohexanol were 

identified in the water insoluble portion. Adkins, Frank, and Bloom 

noted in their hydrogenations of various types of aspen lignins over 

copper chromite in dioxane that the amount of lignin and catalyst 

used as well as the ratio of the two components greatly effected the 

time and temperature required for complete hydrogenation (2). The 

conditions they settled on were 90 grams of lignin and 30 gr. of cata- 

lyst in 850 ml. of dioxane. The pressure was 200 to 350 atm. in a 

bomb of 1880 ml. capacity. The reaction proceeded for 12 hours at 

290°C. Products were separated by fractional distillation and identi- 

fied as cyclohexanol, 4- methylcyclohexanol, 4- ethycyclohexanol, 

3 -(4 -hydroxycyclohexyl) -propanol -1, and 4- n- propylcyclohexanol -1. 

Some unidentified fractions contained 10% hydroxyl and 2% methoxyl 

groups. It was observed that with aspen methanol lignin, hydrogen - 

olysis seemed to result in nine carbon units predominantly while in 

reactions of aspen soda lignin the saturation of stable rings and the 

hydrogenolysis of hydroxyl, methoxyl and cyclic ether linkages pre- 

dominated. Soda lignin had apparently undergone cyclization conden- 

sation during isolation to result in a product containing stable fused 

rings that were resistant to hydrogenolysis, while methanol lignin 

existed as propylbenzene units. Similar experiments to those re- 

ported by Adkins, Frank, and Bloom were performed with soil organic 
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matter by Gottlieb and Hendricks (27). They obtained analogous data 

for their alkali soluble "whole muck" extractive free soil that Adkins, 

et. al. , found for alkali lignin. No compounds were isolated but the 

fractionated oils exhibited positive tests for alcohol groups and 

carbon -hydrogen analyses indicated saturated aromatic alcohols. 

Reaction conditions were: copper chromite catalyst, dioxane reaction 

medium, initial pressure 3000 prig temperature 260°C. Godard, 

McCarthy and Hibbert apparently initiated work on the high pressure, 

copper chromite catalyzed hydrogenation of spruce and maple woods, 

(26). Using anhydrous dioxane as a reaction medium, an initial 

pressure of 3500 psig. and a temperature of 280°C. , they hydro- 

genated wood meal 10 to 20 hours to obtain either complete dioxane 

solubility or vaporization. Assuming that cellulose hydrogenation 

products were predominantly water insoluble they fractionated the 

latter material and obtained 3- (4- hydroxycyclohexylpropanol) and 

4- n- propylcyclohexanol in 5. 8% and 19. 5% yields respectively based 

on the Klason lignin content of the wood. Among their experiments 

with maplewood ethanolysis products, Cooke, McCarthy and Hibbert 
OCH3 O OCH2 -CH3 

hydrogenated oC ethoxypropiovanillone 
(HO -C -C -CH3 

(17; 18). . They obtained water (prqbably from hydrogenolysis of 

ether and hydroxyl groups), methanol and ethanol (from alkoxyl 

group hydrogenolysis), 4- n- propylcyclohexanol and 4-n- propylcyclo- 

hexanediol-1, 2. The products from this model compound are in 

/ ) 
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agreement with those that would be predicted from carbon -oxygen 

bond lability due to the close proximity of aromatic groups. Copper 

chromium oxide catalyst at 250 °C. and 3000 psig. of hydrogen for 

8 hours effected a 78% conversion of the reactant to the listed products. 

Brewer, Cooke and Hibbert hydrogenated maple wood meal over 

Raney nickel in neutral ethanol (1:1) for four hours at 165- 

170°C. (13). Seventy -five to 85% of the original lignin was rendered 

chloroform soluble by this treatment. They claimed this "Hydrol 

Lignin" was isolated in such a condition that no condensation should 

occur. Subsequent solvent separations were made and the alkali 

soluble portion yielded 3- (4- hydroxy -3, 5 dimethoxyphenyl) -1 - 

propanol in a yield of 8. 8% of the lignin, and 3- (4- hydroxy -3, 5 

dimethoxyphenyl) -1- in 0. 83% yield. These were the first 

' products reported from hydrogenation studies which had retained their 

methoxyl groups, thus permitting the isolation of syringyl and 

guaiacyl groups. They suggested that differences in yields of guaiacyl 

and syringyl containing propylphenol derivatives pointed to a difference 

in type of linkage in which each are united to the protolignin. The 

theory was supported that guaiacyl groups are attached mainly through 

carbon - carbon linkages, while syringyl groups are attached by the 

more labile ether linkages. Pepper and Hibbert, in an important 

piece of work often referred to in the literature, carried out alkaline 

pressure cooking of maple wood meal in the presence of hydrogen and 

. 
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Raney nickel (52). They claimed the advantage of stabilizing the 

cleavage products by reduction with hydrogen, thus preventing repoly- 

merization. They studied the effect of pH and concluded that an acid 

medium was not desirable for the following reasons: a) Raney nickel 

is poisoned by acids, b) there is a tendency toward increased polymer- 

ization in acid which is minimized in alkali due to the blocking of the 

phenolic hydroxyl groups, and c) acid gives an increased tendency to 

form hydroaromatic derivatives at lower temperatures than in alkali 

(52). Conditions for a typical reaction were 75. 5 gr. wood meal and 

55 gr. of Raney nickel (wet with ethanol) in 900 ml. of a dioxane -water 

(1:1) solution containing 27 gr. sodium hydroxide. The initial pres- 

sure was 3000 psig., the temperature was 173°C. and the time was six 

hours. After separating the catalyst and residual wood meal the mix- 

ture was acidified, chloroform extracted and the chloroform solubles 

fractionally distilled. They isolated 4hydroxy -3,5 dimethoxyphenyle - 

thane, 2-(4- hydroxy- 3,5- dimethoxyphenyl)- ethanol and 4- hydroxy -3 meth - 

oxyphenylethane.They concluded that these C6 C -C units isolated, and 

particularly the alcohol, provided evidence of a carbon to oxygen link- 

age through a beta carbon atom of an alkyl side chain. Pepper, Broun- 

stein and Shearer studied the catalytic hydrogenation of aspen wood and 

wheat straw(51). They used a dioxane (1:1) medium with 3% sodi- 

um hydroxide and Raney nickel. The initial pressure was 3000 psig., 

the time was three hours at 165 -175 °C. The material was solvent frac- 

tionated by virtue of the varying component acidity. A separation of the 
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phenolic portion on an alumina chromatography column was

attempted, however the only significant result obtained was the obser

vation of a similarity between the wood and straw phenolic fractions

as observed by an ultraviolet spectroscopic analysis of the chromato-

graphed fractions. They pointed out that though the isolation of 2-(4-

hydroxy-3, 5-dimethoxy phenyl)-ethanol by Pepper and Hibbert (5Z)

provides some evidence for an ether linkage through a beta-alkyl side

chain carbon atom, it is not inconceivable that the oxygen functions

as a part of an enolic system which, under alkaline conditions, is

stabilized to a form favorable for double bond cleavage, (i. e.

,OH
C,-C-C=C). Baker and Hibbert hydrogenated three dimers that had

6

linkages similar to those in native lignin (5). They used both Raney

nickel and copper chromite catalysts in a variety of experiments.

Most runs were with one gram of material in 100 ml. of ethanol-

water (1:1) with a catalyst:hydrogen acceptor ratio of 1:1. Typical

temperatures were 165-185 C. for four hours with an initial pressure

of about 3000 psig. hydrogen. In general, they found that ether linked

dimers cleaved at the carbon oxygen bond, giving rise to products

similar to those from spruce wood hydrogenation. Carbon to carbon

linked dimers underwent saturation rather than cleavage. The above

results led them to conclude that complex dimers, trimers, etc. , ob

tained from hydrogenation of wood are not obtained from cleavage of

carbon to carbon bonds of similar but more complex molecules but
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that these substances must exist as such in unreacted wood. 

Hachihama, et. al.. hydrogenated lignins from softwoods, hardwoods, 

and bagasse (11, p. 486). They found guaiacyl propane derivatives 

from the softwood lignins and confirmed these as the principle soft- 

wood lignin building stones. Their extensive studies included reac- 

tions at 95 to 100 atmospheres hydrogen pressure with maximum 

pressures reaching 230 atmospheres. Temperatures were 260 to 

270oC. Dioxane was the solvent used and nickel oxide was the 

catalyst. Using 10 to 12% catalyst based on the lignin accelerated the 

reaction rate and it was completed after 22 to 25 hours. These con- 

ditions appear to be quite drastic. The ether soluble fraction in- 

creased to a maximum at 10 to 16 hours, and its composition, as 

determined by solvent fractionation changed with time. They ob- 

served the formation of carbonyl and carboxyl compounds with time 

and attributed this to a kind of thermal degradation of the lignin build- 

ing stone. Condensation of the phenolics was minimized by first 

methylating them before they were subjected to fractional distillation. 

Kratzl and Whittmann made an interesting observation from the 

hydrogenation of alcohol soluble native spruce lignin (11, p. 491) . 

One hundredth gram of the material in 25 ml. of ethanol and 0.03 gr. 

palladium oxide with 5 mg. of potassium hydroxide dissolved in 6 ml. 

of ethanol were hydrogenated 5 hours. The product exhibited no 

change in its ultraviolet absorption spectra but there was no longer a 
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positive phloroglucinol- hydrochloric acid color reaction. No tests 

were made to determine the cause for the negative test, ie., whether 

conjugated double bonds were hydrogenated, or the aldehydic group of 

a coniferaldehyde type compound considered responsible for the color 

formation was reduced, or both. Harris, Saeman and Bergstrom 

reported on the continuous hydrogenation of hardwood soda lignins (31) . 

Temperatures were 325°C. and 400°C. with copper chromite and tin 

sulfide -iodoform catalysts respectively. From the 325°C. hydrogen- 

ation they recovered 14% water, 8% methanol, 8% tar acids, 13. 3% 

oxygen compounds, 21. 8% unsaturated and 2% saturated hydrocarbons, 

4% gas and 28% heavy oil. The tar acids contained 12% catechols and 

also phenols. These included catechol, 4- methylcatechol, 4- ethyl- 

catechol, 4- propylcatechol, phenol, guaiacol, p- cresol, 4- alkyl -2- 

methoxyphenols and xylenols. The high boiling heavy tars fraction, 

upon further hydrogenolysis for long periods of time, was converted 

to cyclohexane and cyclohexanol derivatives. They observed that 

hydrogenolysis released phenols, ketones, and methanol in amounts 

that could have commercial significance. They noted that high 

temperatures caused cleavage of 3- carbon side chains to two or one 

carbon atoms or even the complete removal of the alkyl groups. 

Clark, Hicks, and Harris experimented with a Douglas fir lignin 

residue obtained by a mild acid hydrolysis of saw mill waste contain- 

ing 30% bark (16). Two hundred grams of the preparation was 
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hydrogenated four to five hours in 850 ml. of decalin containing two 

gr. of calcium oxide, copper chromite (0. 1 -0. 2 gr /gr. lignin) and 

Raney nickel (0.0025-0.05 gr. /gr. lignin). The initial pressure was 

3500 psig. (maximum pressure was 5500 psig.) and temperature was 

320oC. The compounds were solvent fractionated and fractionally 

distilled. Those identified included: hydrocarbons (cyclohexane, 

toluene, naphthalene, dibenzyl, diphenyl, methyl -, ethyl- and 

propyl -cyclohexane), water solubles (cyclohexanol, phenol, acetic 

acid), low boiling acidic materials (phenol, p- ethylphenol), and 

neutral oils, (cyclohexanone, cyclohexanol, 4- methylcyclohexanol). 

Hallonquist hydrogenated Douglas fir wood, cotton linters, alder and 

redwood (28). From an aqueous suspension at pH 4 -5 at 250oC. to 

290°C. and an initial pressure of 1800 psig. (2700 to 4500 psig. 

maximum pressure), he obtained up to 50% nonaqueous distillable 

liquids. His experiments ran from zero to 18 hours. Excessive 

amounts of catalyst reduced the amount of distillable products, pre- 

sumably because of increased formation of gases and water. Raney 

nickel was the most effective catalyst. Halmekoski and Enkvist 

compared hydrogenations of desulfurated sulfate lignins in aqueous 

alkaline media with some of the same in aqueous ethanol (29). The 

aqueous alkaline reactions employed 4% sodium hydroxide, and 15 to 

100 grams of Raney nickel in 450 to 600 ml. of water. They had an 

initial hydrogen pressure of 1450 -2200 psig. with maximum pressures 



20 

ranging from 3620 -4550 psig. at about 265°C. The reaction ran for 6 

to 8 hours (one experiment ran 17 hours). The alcoholic runs 

depended upon the decomposition of ethanol as a source of hydrogen, 

and no catalyst was employed. The reaction solution was 20% ethanol 

in water with 10% sodium hydroxide (based on the ethanol -water 

solution). The temperature of the reaction was about 360oC. for 6 to 

7 hours. Maximum pressures developed were 3070 to 3410 psig. The 

Raney nickel catalyzed reactions produced low yields of ether soluble 

neutrals and high yields of water solubles and ether soluble phenolics. 

Products identified were cyclohexanol, pyrocatechol, and guaiacol 

(in low yields). The alcoholic hydrogenations gave about 76% yields 

of ether soluble neutrals and no water soluble -ether insoluble pro- 

ducts. The alcoholic reactions seemed to be extensive, splitting off 

more methoxyl groups and saturating benzenoid nucleii to a greater 

extent than the Raney nickel catalyzed reactions. Sobolev, Arit and 

Schuerch also explored the idea of soda pulping with a simultaneous 

hydrogenation (56). Typical conditions were a three % sodium 

hydroxide liquor to white birch wood ratio of 6: 1, Raney nickel to 

wood ratio of 0.05 to 1. 5:1, initial pressure of 400 to 600 psig. 

hydrogen and a reaction time of four hours at 160 -168 °C. Other 

typical pulp woods were also tested with similar results. They ob- 

tained a fraction of nearly 40% yield distilling below 250°C. (1 -3 mm. 

pressure). Components identified included guaiacylpropanol, 
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syringylpropanol, 4-ethylguaiacol, 4-ethylsyringone, and 4- beta

hydro xyethylsyringol. Their reaction conditions afforded a high

yield of low molecular weight hydrogenated lignin components as

demonstrated by a large ether soluble fraction and a high yield of

distillable phenols. Arlt, Gross and Schuerch studied methods of

separation of typical alkaline hydrogenation products (3). They

synthesized some monomers previously isolated from wood hydro

genation products and further studied maplewood hydrogenation pro

ducts. Their syntheses involved preparation of some monomers

previously isolated by Pepper and Hibbert and included I) (4-hydroxy-

3-methoxyphenyl)-ethane, II) (4-hydroxy-3, 5-dimethoxyphenyl) -

ethane, and III) 2-(4-hydroxy-3, 5-dimethoxyphenyl)-ethanol. Their

preliminary solvent fractionation was similar also to that of Pepper

and Hibbert (52) (ie. , the chloroform solubles were extracted with

ether, fractionally distilled and then the resulting fractions were

separated into bicarbonate soluble and insoluble portions). Dis

tillation, and counter current extractions were employed. Aryloxy-

acetic derivatives of two of the phenolic monomers (I and II), could

be resolved by column chromatography on carbon and a third (III) was

separated from the mixture as the free monomer. Schuerch reported

on the separation and properties of hemicellulose, cellulose and

hydrogenated lignin from maplewood sawdust (55). The lignin fraction

was removed from alkali pulping liquors by carbon dioxide
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precipitation. It was studied after hydrogenating under the following 

conditions (based on maplewood meal as one part): 12 parts dioxane- 

water, 1:1, 0. 7 parts Raney nickel, and O. 33 parts sodium hydroxide. 

The initial pressure was 3000 psig. , and temperature was 165°C. For 

their experiments they found that aqueous alkali gave analogous 

results to those experiments using dioxane and that 300 to 600 psig. 

was a sufficient initial pressure. The yield was about 40% of a 

distillable monomeric phenolic oil and 60% of a non - distillable clear 

brown material liquifying between 90 and 1500. Sobolev and Schuerch 

reported on optimum experimental conditions found for alkaline hydro- 

genation pulping (57). They experimented with birch, spruce, and 

maple. Effective catalysts included copper chromium oxide (in non 

aqueous solutions only) or metallic nickel (in aqueous or non aqueous 

media). Satisfactory pressures ranged between 400 to 600 psig. , 

with nickel requiring the lower pressures. The most important single 

factor was the reaction temperature. Above 260°C. hydrogenation 

transfers, rearrangements and pyrolyses occurred. Between 200 and 

2600C. the products were mainly para substituted cyclohexanols and 

some phenols, but there did not appear to be any rearrangements of 

aliphatic side chains. Below 200°C. they reported simple aromatic 

products with nonrearranged aliphatic side chains. In the alkaline 

system there appeared mainly a two carbon side chain. The milder 

the conditions, the better the yields of monomeric materials. Lignin 
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directly from the wood gave less complex hydrogenation products 

than did prepared lignins, (ie. , Meadol, Klason lignin, etc. ). To 

solve the problem of catalyst recovery from solid pulps, the slurry 

was stirred with an Alnico magnet and then decanted. They found 

tabletted nickel catalysts to be satisfactory, however. Best results 

were obtained with a high liquor to wood ratio of 20 -30:1 and a finely 

divided material. The advantage of the latter being apparently that 

such a consistency lessens the chance of lignin repolymerizing upon 

the wood fibers. Lower pressure reactions resulted in greater 

yields of ether solubles. Bhattacharya, Sondheimer, and Schuerch 

studied lignin products from the alkaline hydrogenation of extractive - 

free sugar maplewood meal (7). They used 6% sodium hydroxide 

with Raney nickel at 165% C. for 3 hours. The initial pressure was 

700 psig. It was asserted that catalytic hydrogenation of a sodium 

hydroxide cook hydrogenates to stable molecules the reactive inter- 

mediates from lignin degradation before they can repolymerize to 

the amorphous brown material called soda lignin. In this work 

solubles were separated by filtration, acidification and solvent ex- 

traction. The three monomers of Pepper and Hibbert (52) predomi- 

nated as distillable materials. In addition to these three phenols, 

3- (4- hydroxy -3, 5- dimethoxy phenyl) -1- propanol and 3-(4- hydroxy -3- 

methoxyphenyl)- 1- propanol were also identified. Six phenolic acids 

were detected by paper chromatography, including 
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para- hydroxybenzoic, vanillic, syringic, guaiacylacetic, guaiacyipro- 

pionic and syringylpropionic acids. A thermoplastic resin was also 

recovered. This work had brought the total of products identified 

from hardwood alkaline hydrogenation to 12. Bhattacharya and 

Schuerch developed a column chromatography method using Grade IV 

alumina for separating high molecular weight ether soluble phenolic 

materials resulting from alkaline hydrogenation pulping (6). They 

worked up a sample from the aqueous alkaline hydrogenation of 

extractive -free sugar maplewood meal using the conditions of Bhatta- 

charya, Sondheimer, and Schuerch (7). Guaiacylethane, syringyle- 

thane, syringylethanol, guaiacylethanol, syringylpropane, and 

guaiacylpropanol were separated. Coscia, Schubert and Nord studied 

the hydrogenation and hydrogenolysis of native and milled wood lignins 

of oak and birch (19). They hydrogenated one gram of lignin in 50 ml. 

of anhydrous dioxane with one gram of copper chromite. The initial 

pressure was 100 atm. and the temperature was 220 to 250°C. for 48 

hours. The reaction mixture was distilled in vacuo and both the 

residue and distillate gave positive tests with ferric chloride, bro- 

mine water and ceric ammonium nitrate reagents. Paper chromato- 

graphy was performed at temperatures of zero to 5°C. and 20 -25 °C. 

Low temperatures retained some highly volatile components. Dihy- 

droconiferyl alcohol and dihydroeugenol were identified. Spectro- 

scopic analyses led to the conclusion that it appeared that enough 
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hydrogen was absorbed to cleave the lignin polymer to monomeric 

phenols. Also the reduction of ethylenic double bonds and carbonyl 

functions, as well as aromatic ring saturation was apparent. Marton 

and Adler hydrogenated Björkman lignin at room temperature in 93% 

acetic acid with palladium chloride and barium sulphate (46, p. 370- 

383). Similar experiments with model compounds provided the basis 

for their conclusions. They observed that benzyl ether linkages of 

guaiacyl and veratryl ethyl carbinols or their methyl ethers were 

rapidly cleaved under their conditions. However beta and gamma 

substitution through ether linkages in the side chain decreased the rate 

of hydrogenation -hydrogenolysis. Ethylenic bonds and carbonyl 

groups conjugated with an aromatic ring were naturally rapidly hydro- 

genated (1, p. 47, 50). Isolated keto groups were slow to react. 

Allowing for the fact that lignin molecules cannot be expected to react 

as fast as model compounds because the reactive sites of the former 

may be isolated from the catalyst, they nevertheless concluded that 

the predicted rapid hydrogenolysis of benzyl ether linkages did not 

occur. The observed similar solubilities between treated and un- 

treated lignins, on the other hand, seemed to suggest that lignin link- 

ages are predominantly through a beta ether substitution whose 

reaction rate is suppressed. They noted the absence of coniferyl 

aldehyde groups by a negative reaction with p- aminobenzioc acid. As 

earlier mentioned, Harwood and Purves have reported on a study that 
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perhaps most closely resembles that of this project (33, p. 45-59).

They have hydrogenated White spruce "bark lignin" obtained by the

extraction of extractive-free bark with 5% sodium hydroxide at room

temperature. The alkali extract was acidified with concentrated

sulfuric acid and then the material was solvent exchanged with

methanol and then into ether to reduce any tendency of peptization.

Upon drying the ether solution a light brown powder remained. One

hundred grams of the powder in a dioxane suspension was hydrogen

ated over copper chromium oxide at 200 C. They noted that this

temperature was lower than that required of spruce wood lignin for a

similar hydrogen uptake. The major hydrogenation product was

water, presumably from the hydrogenolysis of hydroxyl or reduction

of carboxyl groups. Dimethylamine was found and accounted for

12. 3% of the nitrogen in the "lignin". Two products were found by

fractional distillation. In the first fraction, boiling from 60 to 180 C.

at seven mm. pressure, they obtained 1 -methylcyclohexanol and

4-n-propylcyclohexanol-l. They concluded this material resembled

a soil humic acid.

A number of conclusions may be drawn from the preceding

survey. It should be kept in mind that most of the work has been

performed on hardwood lignin, perhaps because relatively speaking,

it is considered less complex than coniferous lignin or "bark lignin".

It should also be noted that many of the experiments involved
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hydrogenation and hydrogenolysis of whole wood samples. While

such a practice may have merit in that it subjects all of the lignin in

its natural form to reaction, it no doubt introduces impurities into the

reaction products due to holocellulose degradation. However it is

readily evident that the temperature of the reaction appears to be the

most critical factor. In most experiments resulting in identifiable

aromatic monomeric substances the temperature of the reaction was

between 160 and 170 C. , while higher temperatures usually resulted

in cyclohexyl derivatives. Many of the studies however, were meant

to be drastic in order to completely degrade the lignin to soluble or

gaseous products. This objective would possibly be of industrial

importance but certainly not so important from a viewpoint favoring

fundamental research. High pressures do not appear to be as influ

ential as high temperatures. The use of Raney nickel catalysts and

the advantages of alkaline solutions have been well justified.. A high

catalyst to hydrogen acceptor ratio is advantageous. Experiments

with model compounds have shown that the lability of some linkages

promoted by functional groups is an important factor to consider.

The catechols identified from the copper chromite catalyzed reaction

at 325 C. (31, p. 2064) may demonstrate the ability of the catalyst to

cleave methoxyl groups and carbon-carbon linkages before aromatic

rings are saturated. However this is not necessarily a general

trend in all of the experiments reported. It is well to observe that
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some authors assert that treatment of lignin with alkali causes the

system to become much more complex than protolignin and to observe

also that carbonyl and carboxyl group formation reported in some

preparations is attributed to a thermal degradation in alkaline solution.

It is logically stated that lignin preparations may not react as

rapidly as model compounds because the former are a more complex,

insoluble system that is remotely removed from the catalyst. How

ever, it is reasonable to assume that an alkaline solution of soluble

bark phenolic acids may react faster due to better catalyst to hydro

gen acceptor contact of the complex system because of its solubility.

The above work and some of the recently developed fractionation pro

cedures such as gas chromatography and thin layer chromatography

are thought to be potentially valuable background information support

ing a study of bark phenolic acids, especially if the latter material

consists largely of wood-lignin like materials.
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II. EXPERIMENTAL

SAMPLE CHARACTERIZATION

As a preliminary experiment to this investigation the sample

used throughout this study was characterized by Tappi standard

methods of wood analysis. The Douglas fir bark fines sample used

was Silvacon 490 from the Weyerhaeuser Company. It was analyzed

for ether soluble, alcohol soluble and water soluble extractives and

ash content. On an extractive-free sample of the material, analyses

were determined for pentosans content, Klason lignin, methoxyl con

tent and acetyl group content. The results of these analyses are

summarized in Table I.

TABLE I. SAMPLE CHARACTERIZATION BY TAPPI STANDARD

PROCEDURES.

DETERMINATION

(Unextracted Sample)

Ether Soluble Extractives

95% Ethanol Soluble Extractives

Water Soluble Extractives

Total Extractives Content

Ash Content

(Extractive-free Sample)

Pentosans Content

Klason Lignin
Methoxyl Content

Acetyl Content

(Exhaustively Extracted Sample)

1% Sodium Hydroxide Solubility

% OF OVEN DRY SAMPLE

10. 54

17. 57

4. 46

3. 13

2. 34

74. 80

2. 71

0.47

70. 20

32. 57
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In comparison to a typical wood analysis by these procedures it

is noted that the extractives content, ash content, and lignin content

are all high, while the other values are lower than those ordinarily

found in wood. These values do not agree exactly with those reported

for Silvacon 490 in Weyerhaeuser Bulletin 10 A (63) which were made

on other samples. However the differences are not unreasonable in

view of the fact that such values are always dependent upon the pre

vious history of the sample, such as the age of the tree, climate in

which it grew, and storage conditions for the log prior to debarking.

The above characterization should be of value in comparing results

of the subsequent experimental work with those of other investigators

on similar or like materials.

PREPARATION OF THE RAW MATERIAL AND FURTHER CHARAC

TERIZATION

Two batches of bark fines, approximately one pound each, were

prepared for exhaustive extraction in a large Soxhlet-type extractor.

To prevent channelling of the solvent through the fines, glass rods

were packed vertically with the raw material and a hollow core was

constructed from porous 3/4 inch diameter thimbles to catch the

extracting solvent so that the solvent would diffuse outward from the

center of the packed bag. The fines were first extracted for approxi

mately 40 hours with 95% ethanol. Then the sample was extracted
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•with boiling water for three one hour periods in a steam bath, the

batch being filtered on a Buchner funnel and washed with 800 ml. of

hot water after each extraction period. The sample was air dried and

an aliquot tested for further solubility in hot alcohol and ether. An

insignificant amount of coloring matter remained soluble, but upon

cooling a yellowish wax precipitated from the alcohol. This was

readily soluble in cold benzene. A small benzene soluble residue

remained after evaporating the ether solvent. The sample was then

extracted with benzene in the large Soxhlet for approximately ten

hours. The alcohol and water extracts were both dark red and the

benzene extract was light green. This exhaustive extraction was

necessary to remove all tannins, phlobaphenes, waxes and coloring

matter that would otherwise interfere in subsequent experiments.

On this sample was determined the hot 1% sodium hydroxide

solubility according to a modified Tappi procedure. Instead of filter

ing the alkaline sample, the gelatinous residue was removed by

centrifugation to facilitate its collection and washing for subsequent

calculations. Calculated on an oven dry extractive-free basis the

sample was 70- 2% soluble in 1% alkali. This alkali soluble material

is generally considered to include the sodium salts of the bark

phenolic acids portion of the starting material (43).

Since the degree of solubility of bark phenolic acids is not

greatly effected by the concentration of the alkaline extractant
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(41, p. 16) and because a residual alkali was desired at all times

during the hydrogenation reaction, the material that was to be sub

jected to catalytic hydrogenation was prepared by batch extracting

extractive-free fines with 3% sodium hydroxide. A 10% solution of

o
fines in alkali (weight/volume) was heated in a 100 C. water bath with

frequent stirring for 1. 25 hours. The alkali was preheated before

the fines were added. After the prescribed reaction time the mixture

was centrifuged and the decantate filtered and stored in a closed poly

ethylene bottle. The solids content of the various batches prepared

throughout the experiment varied from 0. 064 to 0. 071 gr. /ml. Thus

64 to 71% of the fines were extracted by this procedure. This

determination was made by evaporating to dryness a ten ml. portion

of the alkali solution and weighing the residue, taking into account the

weight contributed by the 0. 3 gr. of alkali present in a 3% solution.

CATALYST PREPARATION

Raney Nickel of W-7 activity was selected for use in this inves

tigation. It is easily prepared and stored, and is effective in aqueous

solvents. It was prepared according to the method of Billica and

Adkins and contained residual alkali, which is advantageous in the

hydrogenation of ketones, phenols and nitriles (39, p. 178-180). The

activated catalyst was stored in absolute ethanol under refrigera

tion. Prior to running a reaction the ethanol was washed from the
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catalyst with water in an effort to eliminate a source of organic

impurity.

HYDROGENATION-HYDROGENOLYSIS EXPERIMENTS

A rocking high pressure hydrogenation apparatus manufactured

by the Parr Instrument Company was used throughout this study. The

capacity of the reaction chamber was 500 ml. A Tempco portable

pyrometer was used to follow the reaction temperatures. A series

of six experiments was performed in order to determine the optimum

reaction conditions. An additional five runs were made at the opti

mum conditions to collect the reaction products for further analysis.

For comparative purposes one run was made with no catalyst, but

under the otherwise optimum conditions. Results from the survey of

the literature enabled the choice of several reaction conditions to be

held constant while others were made variable during the search for

the desired conditions. A constant catalyst to hydrogen acceptor

ratio of one to one was used. This high ratio would facilitate a more

rapid reaction and lessen the chance of complete catalyst deactivation

due to any poisoning effect (1, p. 22). The liquid to hydrogen

acceptor ratio (volume/weight) was determined by the amount of

bark phenolic acids dissolved in 3% sodium hydroxide under the em

ployed isolation conditions. This ratio varied for the different

batches prepared from 14. 3 to 1 to 15. 6 to 1. For the first run,
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250 ml. of solution was used, but this volume filled the bomb above 

the gas outlet vent, thus causing foaming and sample losses during the 

pressure release period. Thereafter, all runs were made with ZOO 

ml. of solution. Enough acidic material was formed during the first 

run to drop the pH of a 3% alkali solution from 12. 3 initially to about 

pH 10. Bark phenolic acids precipitate at about pH 8 or 9 (23, p. 12) 

so all succeeding runs were made with a 6% alkali solution to insure 

adequate residual alkali at the end of a reaction. The most important 

variable conditions are the time, temperature and initial hydrogen 

pressure (1, p. 49). Therefore the effects of these conditions were 

studied during the first experiments. Originally, the basis for de- 

termining the optimum conditions was to be a comparison of the 

amounts of ether soluble materials and the number of the reaction 

products as determined by a gas chromatographic fractionation. 

However, an extensive study by gas- liquid chromatography of the 

products obtained in run number one indicated this approach was not 

feasible. Thereafter, the different runs were compared by noting 

particularly the percentage yields of ether solubles and the yields of 

unreacted material precipitated by acid. A solvent extraction scheme 

similar to that used by Fahey (24, p. 509) and also by Halmekoski and 

Enkvist (29) was used to separate the reaction products into prelim- 

inary fractions for further analysis. The scheme is reproduced in 

Figures IA and lB. The data collected for Runs 1 through 12 along 
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with yields of the various preliminary fractions separated is presented 

in Table II. The results from Runs 2 through 6 were analyzed to 

indicate the optimum reaction conditions. Considering the overall 

effects of temperature, time and pressure the most drastic conditions 

were for Run 2 and the mildest for Run 6, with a regular increase 

in mildness in going from 2 to 6. The amounts of ether soluble 

materials found does not indicate the expected clear -cut trend, }-.ow- 

ever it is seen that shorter reaction times favor larger ether soluble 

fractions. Also, the milder Run 6 gives more ether solubles than 

the more drastic Run 2. The alkali insoluble precipitated reaction 

product (A) is also present in greater yields under the milder condi- 

tions. No such product formed at all during the drastic Run 2 or 

during the noncatalyzed Run 7. The most significant trend is noted 

for the amount of material precipitated by acid (G plus H). Here it 

is seen that under the milder conditions, the more unreacted or 

partially unreacted materials are found. 

The physical properties of the acid insoluble material are also 

of importance for several reasons. First, it was noted that for Runs 

2, 3, and 4 the acid insoluble fraction became sticky when extracted 

with ether, though lighter in color than those from other runs. The 

lighter color could indicate that more reaction had taken place, but 

more important is the fact that the sticky precipitate indicates a 

partial but not complete ether solubility. This means the material 



TABLE II. DATA FOR HYDROGENATION RUNS 1 - 12. 

RUN NUMBER 1 2 3 4 S 6 7 8 -12 
CONDITIONS: 
Bark Phenolic Acids, (BPA). 

Admitted, grams = 17 13.6 13.6 13.6 14.1 14.1 14.1 64. 14 
Liquor /BPA ratio = 14.7/1 14.7/1 14.7/1 14.7/1 14.3/1 14.3/17 14.3/1 15.6/1 
BPA /Catalyst ratio = 1/1 1/1 1/1 1/1 1/1 1/1 no catalyst 1/1 
Temperature, °C. = 165 -200 165 -280 165 -240 160 -200 140 -175 135 -200 160 -190 150 -200 
Pressure, psig (at room temp. ) = 500 1500 1025 840 1000 500 500 500 Time, hours = 3 11 7.5 7.3 10.5 3 3 3 YIELDS OF PRELIMINARY FRACTIONS: 

Alkali insol. products (A), gr. = No yields 0.0 0.227 0.224 0.244 1.48 0.0 2.02 
% = calculated 0.0 

for Run 1. 

1.67% 1.65% 1.73% 10.5% 0.0% 3.15% 

Alkali sol. volatiles, (B), = Undetermined, (fractions included water). 
Alkali sol. , ether sol. (C), gr. = 0.188 0.492 0.175 0.453 0.299 0.087 2.58 

%_ 1.38% 3.62% 1.29% 3.22% 2.12% 0.62% 4.03% 
Acid sol. volatiles, (D), _ Undetermined, ( fractions included water). 
Acid sol. , ether sol. , (E). gr.= 1.233 1.91 1.758 1.28 1.532 1.405 11.21 

9.05% 14.04% 12.9% 9.08% 10.85% 10.0% 17.5% 
Acid sol. , ether insol. , (F). = Undetermined}( accounted for by I and J), 
Acid insol. , ether sol., (GI gr. = 2.27 « 2.79 2.08 1.772 2.540 3.1 5.96 

% = 16.7% 20.5% 15.3% 12.6% 18.0% 22.0% 9.3% 
Acid insol. ether insol., (H) gr.= 0.16 0.935 3.389 4.089 3.837 5.33 21.99 

_ 1.18% 6.86% 24.9% 29.0% 27.2% 37.8% 34.3% 
Acid sol., ether insol. neutralized 

precipitate, (I), gr. = 1.72 3.55 3.62 3.72 2.83 0.168 15.60 
_ 12.67% 26.15% 26.62% 26.3% 20,1% 1,19% 24.3% 

Acid sol. , ether insol. neutralized 
decantate, (J), = Undetermined (fraction was mostly NaC1 and H2O). 

Conc't. acid solution, tar, (K), gr. = 0.0 0.0 0.0 0.0 0.0 0.0 1.84 
0 0 0 0 0 0 2.87% 

Total ether solubles, gr. = 3.69 5.19 4.01 3.51 4.37 4.59 19.75 
_ 27.1% 38.1% 29.5% 24.9% 31.0% 32.6% 30.8% 

Starting material unaccounted gr. = 8.0 3.7 2.35 2.54 1.58 4.01 2.94 
59.02% 27.16% 17.34% 18.06% 11.23% 28.4% 4.55% 

% _ 

% 

°% 

% _ 

% 

° %_ 

, 
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had begun to break down more under the more drastic conditions but 

did not completely react. It was impossible to exhaustively extract 

this material with ether so the percentages of acid insoluble -ether 

soluble fractions, (G),might not indicate a trend that actually occurred. 

The acid insoluble fraction from Run 5 consisted of a gummy fraction 

as well as a powder fraction when ether extracted and for Run 6 the 

acid insolubles remained entirely powdery when ether extracted, in- 

dicating these runs resulted in more unreacted bark phenolic acids 

and less partially reacted material. One can assume that the ether 

soluble materials are the simplest fractions available from the alka- 

line hydrogenation reaction. One can also assume that the simplest 

monomeric mixtures should result from the mildest degradative 

action. Acting on these assumptions and noting that under all condi- 

tions the yields of ether solubles are about 30% it was concluded that 

the reaction conditions that might reveal the most readily identifiable 

products would be those of Run 6. These conditions were chosen for 

the subsequent preparation of reaction products. 

The procedure used for performing hydrogenations 2 through 12 

follows: 200 ml. of the alkaline solution and about 13 gr. of water - 

washed catalyst was added to the reaction bomb. This was sealed and 

brought to the desired pressure. The rocker motor was started and 

after checking for leaks at room temperature the bomb was brought to 

the reaction temperature in about 25 minutes. After the desired 
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reaction time the bomb was removed from the rocker and cooled in 

water. The time versus temperature was noted throughout the 

reaction. The reaction time was considered as the time from the 

first application of heat until the bomb was cooled in water. The cool 

bomb was then vented through a dry ice -acetone bath. The reaction 

mixture and catalyst were then subjected to the fractionation proce- 

dure described in Figures 1 A and 1 B. It was noted that upon venting 

the bomb the amount of gases condensable in a dry ice -acetone bath 

was insignificant so this condensation was discontinued for Runs 8 

through 12. 

Run 7 was the same as Run 6, except no catalyst was present 

in 7. Several major differences in the products were noted. No 

alkali insoluble hydrogenation product was obtained for Run 7. The 

overall yield of ether solubles was comparable to that of the other 

reactions, however the ether extract from the alkaline solution, (C), 

was much smaller in number 7 and the acid insoluble -ether soluble 

fraction, (G), was larger. Only a small fraction of the acid previous- 

ly required to reduce the catalyzed reaction mixtures to a pH of one 

was required to bring about the same pH change for the noncatalyzed 

run. This suggests that catalyzed hydrogenation decreases the 

number of carboxyl groups or else that a noncatalyzed reaction in- 

duces the formation of a large number of acidic groups. If a cata- 

lyzed hydrogenation does indeed decrease the carboxyl group content 
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to a neutral material this would also explain the larger neutral frac- 

tion C in the catalyzed runs as compared to the noncatalyzed reaction. 

The acid insoluble -ether insoluble fraction (largely unreacted 

material), (H), was also larger and remained granular during the 

ether extraction for the noncatalyzed run. The acid soluble -ether 

insoluble residual solution from Run 7 produced a much smaller 

fraction that precipitated during neutralization, (I). These observa- 

tions indicate that there has been some reaction in the noncatalyzed 

run, but it at least does not proceed at the same high rate as the 

catalyzed reaction. The reaction products may also be different. 

This proves that the catalyzed reaction conditions employed did indeed 

support a reaction that differed from a conventional high pressure, 

high temperature alkaline hydrolysis. 

To obtain a sample of sufficient size so that the amounts of 

fractionation products would be large enough to work with, a compo- 

site was made of Runs 8 through 12. The runs were all made under 

identical conditions except for the fact that the heater would not permit 

absolute control of the temperature at all times. With reference to 

Figure 2, a spread of almost 60 degrees is noted between the mini- 

mum reaction temperature of Run 8 and the maximum of Run 10. 

However, for the greater part of the three hour reaction period the 

temperature was held between 150 and 190oC. Reference to the 

temperature curve for the noncatalyzed Run 7 (see Figure 2), which 
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was heated by the same schedule as the catalyzed runs indicates a 

slower rate of the initial temperature rise and less temperature 

fluctuation throughout the run than for Runs 8 through 12. This would 

suggest that an exothermic reaction occurred during the catalyzed 

hydrogenation which hindered a closer control of temperature. The 

hydrogenation of unsaturated alkyl compounds does indeed occur 

exothermically (47, p. 42). 

The reaction mixture, catalyst, and washings for each run 

were combined and fractionated according to the scheme shown in 

Figures 1 A and 1 B. The solids were separated from the solution by 

vacuum filtration. The insoluble hydrogenation product (A) was ex- 

tracted from the nickel catalyst by digesting the mixture with 95% 

ethanol in a steam bath and then filtering it through a celite filter 

pad. The catalyst and celite were then washed in boiling ethanol and 

filtered. The alcoholic filtrate was added to the first filtrate. Water 

facilitated the precipitation. The precipitate was washed with 1% 

aqueous sodium hydroxide and then recrystallized from hot ethanol. 

The fraction was separated into a pure waxy fraction that turned light 

tan when dry, (A 1), and a dark brown impure waxy fraction(A 2). The 

alkali soluble reaction mixture was heated to 100oC. at atmospheric 

pressure and material boiling below 100°C. was collected (fraction B). 

It was further fractionated in a 22 plate Oldershaw distilling column 

and the fractions were analyzed gas chromatographically. The 
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nonvolatile alkaline solution was extracted with ether for 18. 5 hours 

with a continuous liquid - liquid extractor. A lemon yellow ether 

soluble fraction (C) was obtained. The ether insoluble portion was 

acidified to pH 1 with about 350 ml. of a hydrochloric acid -water 

mixture (1:2, volume /volume). The first portions of acid caused ex- 

cessive foaming, and precipitation occurred continually as more acid 

was added. At about pH 2 the foam immediately broke. With the 

composite solution from Runs 8 - 12 the precipitate did not coagulate 

as pH 1 was reached, but settled out of the solution. For the solu- 

tions run under more drastic conditions during the search for opti- 

mum conditions a gummy precipitate coagulated at this point. This 

precipitate was probably predominantly unreacted phenolic acids, 

but it could also have been a result of polymerization under acid 

conditions of alcohols, unhydrogenated unsaturated compounds, acids, 

or phenols. After several hours the precipitate was filtered and 

washed with water. This acid insoluble portion was set aside to dry. 

The acid solubles were then heated to 100oC. (atmospheric pressure) 

and the volatiles boiling below 100°C. were collected, (fraction D). 

The latter were further fractionated in the Oldershaw still. The non 

volatile acid solubles were then concentrated under reduced pressure 

at 30 to 70oC. to about 500 ml. In addition to removing water which 

helped produce a more favorable distribution coefficient of the soluble 

fractions between water and ether, it also increased the concentration 
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of sodium chloride which would facilitate a salting out effect, thus 

enabling a maximum yield of ether solubles. During this concentra- 

tion a small amount of an insoluble tar collected. This tar was ether 

extracted along with the concentrate in a continuous liquid- liquid 

extractor for 24 hours. While the cooled concentrate was tan and 

cloudy before extraction, it became a clear dark red after the extrac- 

tion. The ether soluble fraction was termed (E), the ether insoluble 

residual solution (F), and the extracted tar was (K). The acidic 

fraction, (F), was then neutralized with sodium hydroxide to pH 6. 6. A 

precipitate (I) was separated from the solution by centrifugation. It 

was insoluble in hot alcohol and acetone and was partially soluble in 

water. It was soluble at pH 1 and at pH 11. The supernatant liquid 

(J) was primarily an aqueous solution of sodium chloride and was not 

further studied. Fraction E was set aside for further separation into 

aldehydes, acids, phenols, and neutrals. The dry acid insoluble re- 

sidue was ground in a mortar and extracted with ether for 46 hours 

in a Soxhlet extractor. The ether insoluble portion was called (H). 

The soluble extract (G) was further fractionated in the same manner 

as (E) by the scheme reproduced in Figure B. The two fractions, 

E and G, were extracted first with 20% sodium bisulfite. Bisulfite 

addition products will form with aldehydes and some unhindered 

ketones, and they will be extracted into the aqueous solution. The 

bisulfite was decomposed by acidifying with concentrated hydrochloric 

i 
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acid and heating the solution on a steam bath. Then the aqueous solu- 

tion was cooled, saturated with salt, and back extracted into ether. 

This ether solution was dried over anhydrous calcium sulfate before 

further analysis. The bisulfite insoluble ether solution was then 

extracted with 8% sodium bicarbonate to remove acidic materials. 

The bicarbonate was decomposed with concentrated hydrochloric acid 

and the aqueous solution back extracted into ether. This ether solu- 

tion of the acidic materials was also dried over anhydrous calcium 

sulfate. The bicarbonate insoluble ether solution was next extracted 

with 5% sodium hydroxide to remove the phenolics. This extract was 

similarly acidified, back extracted into ether and dried for further 

analysis. The remaining residual ether solution consisted of the 

nonextracted neutral materials. Thus fractions E and G were 

separated into a total of eight fractions. 

Table III gives complete information about the yields of the 

aldehydic, acidic, phenolic and residual fractions extracted from the 

ether soluble portions from the composite of Runs 8 through 12. 

Examination of the data reveals some interesting observations. F or 

Fraction E the aldehydic portion is largest, followed by the acids. 

Assuming the predominance of carboxyl groups in the starting 

material, this indicates that a reduction has taken place. Also, in 

fraction G -- considered to be less reacted than E - -the acidic fraction 

is by far the largest. These results would be expected for a catalytic 
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TABLE III, DATA FOR FRACTIONATION OF ETHER SOLUBLES 
FROM COMPOSITE OF HYDROGENATION RUNS 8 -12. 

YIELD 
FRACTION: GRAMS % OF TOTAL ORIGINAL SOLIDS 

C 2.58 4.03 

E HSO3 4.207 6.56 

E HCO3 3.422 5.35 

E OH 0.379 0.592 

E Residual 0.429 0.670 

E Losses 2.773 4.30 

E Total 11.21 17.5 

G HSO3 0.759 1.18 

G HCO3 3.30 5.15 

G OH 0.729 1.12 

G Residual 0. 353 0.55 

G Losses 0,821 1.27 

G Total 5.96 9.27 

Total Ether Solubles 19. 75 30. 8 
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hydrogenation-hydrogenolysis reaction. Referring back to Table II,

the observations are even more conclusive when one notes that

Fraction C, the neutral portion, is largest for Run 8 through 12 and

smallest for Run 7. This suggests that reduction to neutral groups

is greatest for the catalyzed reaction.

The unaccounted losses mentioned in Table II could have

occurred through the formation of noncondensable gases or water as

reaction products, or as mechanical losses. It is seen that under the

more drastic conditions and for the noncatalyzed run, these losses

are significantly greater than for the more mildly run reactions,

suggesting a tendency to form highly degraded products as the degree

of reaction is increased. Water was indeed a significant reaction

product in the hydrogenation of White spruce bark phenolic acids by

Harwood and Purves (33, p. 57).

Fractions B and D were further fractionated into seven parts

each with an Oldershaw distillation column. The size of each fraction

and boiling point ranges for each fraction are summarized in Table

IV. The volatile fractions B and D were found by gas chromatographic

and infrared spectrophotometric analyses and boiling points to contain

primarily ethanol. While precautions were taken to wash all of the

absolute ethanol from the catalyst prior to admitting it to the bomb,

it is probable that this ethanol was present mainly as an impurity and

was not a major reaction product since about 10 and 12 grams of
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TABLE IV. FRACTIONAL DISTILLATION DATA FOR FRACTIONS

B AND D.

FRACTION WEIGHT, gr. BOILING RANGE, ° C.

B 1 0. 7 77-79

B 2 5. 6 77. 8-78. 8

B 3 2. 7 78. 8-95

B 4 1.8 95. 0-99. 1

B 5 3. 9 99. 1-100

B 6 16. 2 100

B 7 (Still residue) 57. 1

D 1 1.5 77-80

D 2 7. 9 77. 5-78. 5

D 3 1.0 78. 5-86. 7

D4 0.8 86.7-96.0

D 5 1.9 96. 0-99. 8

D 6 3. 9 99. 8-100

D 7Mill residue) 27. 3
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ethanol in fractions B and D respectively was estimated to have been

collected. This is much more than the amount of unaccounted materi

al. The ethanol found in Fractions B and D probably came from two

different sources. As previously suggested, that in B may have been

a reaction product or catalyst impurity, but that in D probably came

as an impurity in the U. S. P. ether used for the solvent extraction of

the non volatile alkaline solution. Because these fractions were

collected up to 100 C. another major portion, besides ethanol, was

water. However the odors of these fractions and the facts that the

solutions darkened upon standing, and vapors from fraction B evolved

from the top of the distilling column that were weakly basic to moist

indicator paper indicated that traces of other compounds were also

present. These were not identified but their presence was confirmed

by analysis with the gas chromatograph and infrared analysis.

ANALYSIS BY GAS CHROMATOGRAPHY

The original plan for this study was to determine the number of

hydrogenation-hydrogenolysis products of bark phenolic acids by the

simple, rapid,and sensitive analysis of gas chromatography. While

this technique is recognized as an excellent new analytical aid, it was

found that without an intensive trial and error program of studVj gas

chromatography would not be applicable to the separation of all of the

high boiling high molecular weight products resulting from a starting
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material as complex as bark phenolic acids.

A Beckman GC-2 gas chromatograph with a thermal conductivi

ty detector cell was used in the investigation. The carrier gas was

helium, with a tank pressure of 35 pounds per square inch and an

instrument gage pressure of 30 psig. This pressure corresponded

to a gas flow rate of 52 ml. per minute as determined by a rising

soap bubble in a graduated burette (21, p. 162-163). The current

through the detector cell was set at 250 milliamps. and the operating

temperature was varied from 70 to 220 C. for various fractions.

Attenuation was from 20 to 200, depending on the size of the injected

sample which varied from 10 to 50 microliters. Four packed columns

were used during the study. These included an all purpose column

6 feet by 1/4 inch packed with silica gel, a column packed with 5%

apiezon M adsorbed on 35 to 60 mesh chromosorb recommended for

separating non polar compounds, a column packed with 10% butanediol

succinate on 35 to 60 mesh firebrick recommended for oxygenated

polar compounds, and a column packed with 25% butanediol succinate

on 40 to 60 mesh chromosorb. All columns were made from alumi

num tubing and had brass fittings. The latter three were each 12

feet by 1/8 inch. They were prepared by first suspending 12 foot

sections of the tubing in a stair well. The ends of the tubing were

filed and polished to insure a leak-free fit for the fixtures. One end

was plugged with a wad of glass wool and the column was filled with
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the desired packing by funneling it into the top and packing the tube

uniformly with the aid of an electric vibrator. The filled column was

then plugged with glass wool, and coiled on a round mandrel. New

columns were conditioned for 48 hours at 100 C. with a low flow rate

of carrier gas passing through them in order to bleed of any residual

solvent or volatile impurities.

Hydrogenation Run 1 was carried out under the same conditions

as those used for Runs 8 through 12. It was fractionated by a

similar procedure to that given in Figures 1 A and 1 B but no yields

were calculated. These fractions were analyzed by each of the four

columns. Significant retention times are tabulated in Table V, and

the important chromatograms are reproduced in Figure 3. None of

the columns would permit complete resolution of any non volatile

fraction, however the number of components in the material boiling

below 100°C. (fraction B), could be determined. At 70 C. column

temperature Fraction B showed five distinct peaks with the six foot

silica gel column, two of which appeared to be due to ethanol and an

impurity, as shown by comparing retention times with a known

sample (See Figure 3). Three other peaks were unidentified but one

was probably water. Acetone, isopropanol, benzene, n-propanol, and

cyclohexane all showed different retention times than any unknown.

This volatile fraction also resolved into five separate peaks with the

12 foot 10% butanediol succinate on firebrick column. The neutrals
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TABLE V. RETENTION TIMES FOR SAMPLES ANALYZED BY GAS CHROMATOGRAPHY.

CONDITIONS:

Temperature = 70 C.

Gas flow rate = 52 ml. /min.

(Column = Silica Gel 6' X 1/4")

SAMPLE RETENTION, Minutes

Fraction B 0.87

1.22

1.97

2.80

4.48

Ethanol 1.38

Acetone 1.73

Isopropanol 2.21

Benzene 8.51

n-Propanol 4.06

Cyclohexane 6.77

Water 2.21

_ _ „x
Fraction B-3 3.35

4.26

5.90

_ ^x
Fraction D-4 3.35

4.25

= column properties modified by

dimethyl sulfoxide

( Column = 10% Butanediol Succinate

on Firebrick 12' X 1/8")

SAMPLE RETENTION, Minutes

Fraction B 0.47

0.71

2.44

. 3.23

4.10

Fraction C 0.32

0.63

3.23

Phenol 14.65*

Vanillin 17.9**

Bicarbonate solubles 1.02

2.68

15.62

Bicarbonate solubles 0.512***
. ***
1.02

6. 54

Water 2.59

= 160°C. Column Temperature
= 220° C. Column Temperature

*** = 100° C. Column Temperature
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fraction that was ether extracted from the alkaline solution (C) re- 

solved into three peaks in addition to those for air and ether. One 

was probably water, while the other two were unidentified (see 

Figure 3). No bisulfite soluble fraction was collected from the acid 

soluble, ether soluble fraction, but the bicarbonate solubles resolved 

into two peaks at 70°C. , one being water. A third component exhibit- 

ed tailing at 70°C. but resolved at 100°C. (see Figure 3). The 

phenolic fraction did not resolve into any identifiable peaks, with the 

exception of water. Water could definitely be shown by the shape of 

the curve and comparison of retention times. 

A similar number of peaks for the samples tested were obtained 

with the Apiezon M column but retention times were all very short 

and no new peaks were detected. This column was not considered 

useful in this investigation. 

The non volatile samples were concentrated to remove the ether 

and dried in a vacuum desiccator containing calcium sulfate and con- 

centrated sulfuric acid. This did not remove all of the water and the 

resulting thick oils were difficult to work with, being somewhat 

granular or so highly viscous that the injection syringe was plugged. 

Temperatures near 160°C. were employed and at this temperature 

and higher, the samples decomposed or became thermosetting and 

clogged the injection chamber on the gas chromatograph. The resi- 

dual ether solutions from the E and G fractionation of composite 8 -12 
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would not resolve on the silica gel column even at 160°C. 

Because the only detectable peaks had low retention times, the 

possibility existed that all of the reaction products were not adsorbed 

well enough onto the column to permit a characteristic retention time 

and good resolution. On gas chromatographic columns the higher the 

ratio of the liquid adsorbed onto the solid support, the more highly 

adsorbed onto the liquid phase is the material to be resolved and the 

longer the resulting retention times. For this reason, a 25% butanedi- 

ol succinate column was prepared in order to compare results with 

the 10% column and perhaps increase retention times. This new 

column would not resolve the ether soluble neutrals nor would it re- 

solve an ethereal solution of vanillin at 220 °C. Phenol was detected 

at 190 °C. column temperature with this column. The 10% column 

would resolve the neutrals at 70 °C. , and phenol at 160 °C. Vanillin 

exhibited a broad flat peak at 220 °C. Because the column with the 

lesser liquid phase enabled better resolution it was concluded that the 

problem was not short retention times but was actually that the 

materials were very highly adsorbed on the original columns. This 

fact combined with the observation that the materials thickened at 

high temperatures provided the conclusion that these materials were 

too high boiling and unstable to resolve on simple, inexpensive 

columns used in this experiment. Some compounds, especially the 

volatile materials, were resolved but the method was not adequate for 



analysis of the oils that made up the major portion of the reaction

products.

The six foot silica gel column was used successfully to analyze

the volatile fractions B and D from Runs 8 through 1 2 to determine

the degree of separation achieved with the Oldershaw still (See

Figure 3). The silica gel column had been modified accidently by

another analyst who injected a large sample of dimethyl sulfoxide

which became tenaciously adsorbed. Thus the retention times for

these samples could not be compared directly with previous results.

However the number of peaks resolved and comparison with pure

ethanol insured reliable results. Fractions B 1, B 2, and B 3 con

tained varying amounts of three materials, (besides water in the

higher boiling cuts). Ethanol was identified as the major portion of

B 2. B 1 contained some ethanol and a larger amount of a less highly

adsorbed material. B 3 showed three peaks with a significant amount

of a material more highly adsorbed than ethanol. The ethanol peak

•was reinforced for these fractions when a mixture with known alcohol

was injected. The D fractions showed only two components, (besides

water in the higher boiling cuts). Significant amounts of ethanol

appeared in all cuts while some of the same unknown material existing

in the B fractions as being more weakly bound to the column than

ethanol also existed in most samples. Gas chromatography showed

that no clean fractionation of pure components was achieved with the
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Oldershaw, but B cuts were more highly fractionated than the D cuts.

HIGH TEMPERATURE REACTIVITY OF FRACTIONATION PRODUCTS

The solidification of the concentrated fractions noted at high

temperatures during the gas chromatographic study prompted an

investigation of the thermal properties of the fractionated oils and

solids. A Fisher-Johns melting point apparatus was used for these

observations. The fractions from Runs 8 through 12 were each

studied. Ether solutions of fractions previously dried over anhydrous

sodium sulfate were evaporated at 50 C. in a vacuum oven. A drop

of each resulting oil was placed on a microscope slide and the tem

perature of the heating block slowly raised. The solid fractions A 1,

H, I, and K were observed in like manner. A 1 was a wax at room

temperature which softened near 100 C. At 175 C. it was viscous

and at 220-225 C. a darkening color indicated gradual decomposition.

Upon cooling the material was darker but remained waxy. Fraction

o o
C was an oil at 25 C. At 90 C. it was watery, and smoking indicated

a decomposition at 170 C. When cooled from 170 C. the material

was hard, brittle, and darker brown but remained thermoplastic.

Fraction E HSO^" was an oil at25°C. with needle-like crystals dis

persed in it. The crystals melted at 114-119 C. They were later

separated for further study. Fraction E HCO " was an oil at 25 C. ,

becoming watery at 60 C. Smoking occurred at 165 C. and when
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cooled from 175 C. the viscosity of the oil had increased. It was

sticky after cooling from 200 C. , hard after 235 C. , and was a glass

after cooling from 255 C. The glass became soft when treated with

ether or alkali. Fraction E OH'was a thick oil at 25 C. At 55 C. it

was watery and was sticky after cooling from 190 C. An odor like

burning rubber was detected over 190 C. Higher degrees of poly

meric condensation occurred as the temperature was increased.

When cooled from 280 C. the resin was a glass and was no longer

thermoplastic. Fraction E Residual was a colorless oil, stable to

235 C. It seemed to partially vaporize near 170 C. Fraction

G HSO" was dark and sticky at room temperature. It melted at 50-

65 C. Around 130 C. it partially vaporized. Upon cooling from

200 C. a glass remained which was thermoplastic. At 280 C. a

thermosetting glass formed. G HCO ~ melted at 60-85 C. and

otherwise acted like G HSO . Fraction G OH was an oil at 25 C,

becoming watery at 60-75 C. Smoking occurred at 190 C. resulting

in a thermoplastic resin. At 290 C. the material remained thermo

plastic. Fraction G Residual was a colorless oil at room temperature,

becoming watery at 55-60 C. It appeared to partially volatilize at

110 C. with decomposition starting at 220 C. Extensive decomposi

tion occurred at 250-270 C. but a portion of the colorless oil was

still present upon cooling. Fractions H, I, and K did not react at

298 C. --the highest temperatures tested.
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In general, most of the fractions softened at low temperatures 

over a wide range. Decomposition or condensation began usually 

around 170°C. with increasing degrees of polymerization with in- 

creasing temperatures. Thermoplastic resins usually existed until 

temperatures above 270oC. were reached, whereupon the material 

became thermosetting. It is likely that at least a part of the reac- 

tions occurring at elevated temperatures are condensation polymeri- 

zations resulting in intermolecular esterification of hydroxy acids. 

What appeared to be a partial vaporization of many fractions was 

probably escaping water vapor. The fact that increasing degrees of 

viscosity and hardness were noted with increasing temperatures 

suggests that a condensation reaction, rather than an addition reac- 

tion occurred. This is because the extent of condensations is de- 

pendent upon the reaction conditions, (temperature in this case), and 

can be controlled by the same, while an addition reaction, once ini- 

tiated, usually runs rapidly to completion (22, p. 493). The change in 

solubility properties at the stage of the reaction where the material 

is no longer liquid but has formed a gel suggests that a nonlinear con- 

densation reaction is favored over a linear condensation. In such a 

reaction the material is soluble and fusible in suitable solvents (ether 

or alkali in this case), but after the gel point has been reached the mat- 

erial is no longer fusible to a liquid nor is it entirely soluble in suit- 

able solvents. Such solubility properties were observed for these mat- 

erials. Linear polymers do remain soluble and fusible after the gel 
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point has been reached (25, p. 47). 

NITROGEN ANALYSIS 

Some workers have suggested that bark phenolic acids may be 

similar to soil humic acids (12, p. 218). Others have suggested that 

much soil organic matter is a lignin- protein complex (27). By 

analogy, the possibility exists that bark phenolic acids contain a 

protein -humic acid complex. If such a complex is an important 

part of the material, the nitrogen content of the samples should be 

significant. The results reported by Bollen and Glennie for the nitro- 

gen content of Douglas fir bark fines do not support any hypothesis 

for major nitrogen containing constituents. They reported a Douglas 

fir bark fines nitrogen content of O. 12% (9, Table 2). However, the 

basicity of some unidentified volatile components as well as the 

strong odor of ammonia during the fractionation of B with the Older - 

shaw supported the possibility that some nitrogen containing materials 

did exist. A nitrogen analysis was therefore performed. A sample 

of the alkali soluble portion of bark fines was acidified with hydro- 

chloric acid, the precipitate being centrifuged and washed five times 

with water. The dried precipitate represented the major portion of 

the material that was subjected to hydrogenation. In addition to this, 

a dried sample of Fraction H was prepared for nitrogen analysis. 

Fraction H represented the portion of the unreacted material. By 
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analyzing the nitrogen content of the starting material and of the 

unreacted portion of the products an idea of the original nitrogen 

content of the bark phenolic acids as well as the amount of nitrogen 

containing reaction products could be obtained. A Coleman Nitrogen 

Analyzer was used for these analyses. Nitrogen was determined for 

duplicate samples weighing about 20 mg. Bark phenolic acids pro- 

duced values of O. 26% and O. 35 %. Fraction H showed O. 45% and 

0.324%. The nitrogen content was so low that good agreement be- 

tween values was impossible to obtain with this automatic analyzer. 

The best conclusions that could be drawn from this data are that the 

nitrogen content is below O. 5% and that this negligible amount does 

not support the possibility of a major protein -humic acid complex or 

any other nitrogen containing complex for bark phenolic acids. The 

nitrogen containing material is apparently inert under the employed 

reaction conditions. By comparison with the data of Bollen and 

Glennie it does appear, however, that the major part of the nitrogen 

does exist in the phenolic acids portion of the bark fines. 

COLOR TESTS 

Reaction products were subjected to three color reactions 

commonly used for qualitative analysis of phenolic and lignin -type 

compounds. Aqueous ferric chloride solution forms characteristical - 

ly colored complexes with some phenols. An alcoholic solution of 
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ferric chloride in some cases produces color when no color forms 

with the aqueous solution (40, p. 63). A few milligrams of materials 

fractionated and some knowns were subjected to a 1% solution of 

ferric chloride (See Table VI). 

The Gierer reaction has been reported useful in determining 

phenolic hydroxyl groups in lignin type monomers (45, p. 104). This 

involves the formation of blue colored indophenols with quinone mono- 

chlorimide and lignin monomers in alkaline solution. The fraction- 

ated materials and some knowns were subjected to a drop of 0.2% 

solution of quinone monochlorimide in 95% ethanol followed by a drop 

of 1% sodium hydroxide (See Table VI). 

The well known phloroglucinol- hydrochloric acid reaction 

(Wiesner Reaction) which produces a red -purple color with lignin 

preparations possessing a coniferaldehyde type structure was also 

tested (See Table VI), (45, p. 103). 

The bisulfite, bicarbonate, and alkali soluble extracted frac- 

tions all appeared to react positively with ferric chloride to give 

olive green or green blue colors. Because materials containing a 

catechol nucleus give greenish colorations under these conditions it 

is possible that such a nucleus exists to an unknown extent in these 

fractions (35). The bicarbonate and alkali soluble fractions all gave 

bright green colors with quinone monochlorimide. It is not known by 

this author what compounds would react in this manner. Only 
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TABLE VI. COLOR REACTIONS DATA 

COMPOUND FERRIC CHLORIDE QUINONE MONOCHLORIMIDE 

OR FRACTION AQUEOUS ALCOHOLIC ALKALINE 

PHLOROGLUCINOL - 
HYDROCHLORIC ACID 

Blank (water) Yellow Yellow Amber -brown Amber -yellow 
Raw unextracted 

Bark Fines -* Blue -green - - 
Extractive -free 

Bark Fines Green -yellow 
Alkaline solution 

of Bark Fines - Bice -green - 
Salicylic acid Purple - - 
Phenol Purple -blue - Blue -green 
Douglas fir 

wood meal n. r. ** Brown -green Wine red 
A 1 n. r. n. r. Brown n. r. 

A 2 n. r. n. r. Green z:. r. 

C n. r. n. r. Green -blue n. r. 

E HS03- Muddy olive- Muddy olive -green n. r. 

green 
E HCO3- Green blue - Green n. r. 

E OH- Green -blue Green n. r. 

E Residual n. r. n. r. n. r. n. r. 

G HSO3- n. r. Muddy olive- Brownish olive -green n. r. 

green 
G HCO3 n. r. Muddy olive- Green n. T. 

green 
G OH- n. r. Muddy olive- Green n. r. 

green 
G Residual n. r. n. r. Muddy brown n. r. 

H n. r. n. T. Olive green n. r. 

I n. r. n. r. Brown n. r. 

J n. r. n. r. Muddy olive -green n. r. 

K n. r. n. r. Olive green n. r. 

* - = no test made 

n. r. - no reaction 

- 

* 

- 

- 
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Douglas fir wood meal exhibited a positive reaction with phloro- 

blucinol- hydrochloric acid solution. 

THIN LAYER CHROMATOGRAPHY ANALYSIS 

Thin layer chromatography is a technique enjoying rapid 

acceptance as an excellent tool for resolving difficult to separate 

compounds. It is faster developing, gives sharper separations and 

is much more sensitive than paper chromatography (14, p. 2). Often 

times a procedure that affords resolution on a chromatoplate can be 

successfully transferred to packed column chromatography, thus 

permitting separation of pure compounds in preparative quantities 

(59). The successful separation of ortho, meta and para cresol and 

phenol by Stahl (60) and numerous phenolic acids by Pastuska (48) 

prompted the investigation of this method a s it might apply to bark 

phenolic acids alkaline hydrogenation -hydrogenolysis products. 

Chromatoplates were prepared with a 200 micron thick coating 

of Silica Gel G (E. Merck) impregnated with fluorescein dye. Six 

plates(20 X 20 cm.) could be prepared from a mixture of 30 grams of 

Silica Gel G with 70 ml. of a O. 04% aqueous solution of the sodium 

salt of fluorescein. The dye thus impregnated in the coating served 

a useful means of detecting the movement of the non fluorescent com- 

pounds under short wave ultraviolet light. The plates were air dried 

one half hour and activated for one hour at 115°C. Activated plates 
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were protected from moisture take -up and could be stored indefinitely 

in polyethylene bags. Three developing solvent systems were initially 

tested. Stahl had used benzene : chloroform (1:1) to separate some 

terpenes and hydroxyphenylpropanes (61). He also employed cyclo- 

hexane : chloroform : diethylamine(5:5:1) to separate phenol, and ortho, 

meta, and para cresol (60). Pastuska used benzene : methanol : glacial 

acetic acid (45 :8:4) to resolve phenols and phenolcarboxylic acids 

(48). Fifty ml. samples of these three systems were prepared. All 

solvents were reagent grade and redistilled. Their purity was con- 

firmed by gas chromatography. Ether solutions containing small 

amounts of vanillin, phenol, phenetole, coumarin, para hydroxy 

benzoic acid and crude cresol and a mixture containing all of the 

above were spotted on a plate and each developing solvent evaluated 

by the "spot test" method of Stahl (58). This entailed developing 

each spot with the desired solvent by applying it from a capillary tube 

to the center of the spot. Thus separate rings are developed outward 

from the center if mixtures are resolved. The results of these 

"spot tests" were rather inconclusive but the best separation appeared 

to take place with the benzene : methanol : acetic acid system. Chro- 

matoplates later developed on a full scale operation with (A) benzene: 

methanol: acetic acid(45 :8:1) and (B) (45 :8:4) and with (C) cyclohexane: 

chloroform: diethylamine (5:5:1) did confirm the "spot test" results. 

Chromatoplates were spotted with approximately 10 to 30 



67 

milligrams of sample dissolved in ether (A 1 was dissolved in 

ethanol). The plates were equilibrated for two hours in the saturated 

atmosphere of the developing chamber before being lowered into the 

solvent. After 35 minutes the plates were removed from the solvent 

and dried in air. The first plates were examined in visible light and 

under short wave u. v. light, before and after spraying with a 28% 

solution of aqueous ammonia. One plate was sprayed with Rhodamine 

B (O. 05% in ethanol) and examined under u. v. light before and after 

spraying with 28% ammonia. Another plate was sprayed with quinone 

monochlorimide (1% in ethanol) followed by 1% sodium hydroxide. 

Diazotized sulfanilic acid, prepared according to Block (8, p. 305), 

followed by 20% sodium carbonate in water was also used as a spray 

reagent. The spray reagents did not reveal any spots in addition to 

those detected in visible light or as nonfluorescing or colored fluor- 

escing materials on the green fluorescein background of dye impreg- 

nated plates. Some spots were intensified or colored by the sprays 

but in general the ultraviolet light analysis was adequate for deter- 

mining the extent of resolution. With developing solvents containing 

alcohol the fluorescein moved with the solvent for a distance from 

the starting line to a point corresponding to an Rf of about 0. 28, 

however this did not interfere with the detection under u. v. light. 

Figures 4 and 5 and Table VII summarize results of these experi- 

ments. Rf values do not permit a reliable comparison of compounds 



68 

A 

% / () e - I 
o i 

r 
() i 
I I i I 

r 1 i 

r i i 
I 1 1 

i 

1 i 

B 

o 
° e 

i 
I 

r 

o 

cD 
0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

C 

oQ o 

. 

D 

4 
I 

I 

I 

+ ' 
. % i 

._ , . .¡ % kf ` %"O í %' i ' i r / ¡- J i 1 O. ® e m'Á m 0 

O I, I 
1 1 
1 

', 

t1 

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 

Figure 4. Thin Layer Chromatograms. 

L 

I 

I 

II 



69 

E 

o o 

O 
1 

'Ai 
l ,, 

. I I 

45 46 47 48 49 50 51 52 53 54 55 

Figure 5. Thin Layer Chromatograms. 

O 

o 

1 

1 d 



70 

TABLE VII. DATA OF THIN LAYER CHROMATOGRAPHY ANALYSIS 

* SPOT 
PLATE NUMBER* 

SOLVENT 
SAMPLE SYSTEM ** Rf 

U. V. 

LIGHT 
NH3 +U.V. RHODAMINE RHODAMINE 

LIGHT B B+ NH3 

A 1 blank I - - - - - 
2 Gallic acid 0. 204 Bluish Brown (vis.) - - 
3 Phenol 0.646 Bluish Bluish - intensified 
4 Cresol 0.654 Bluish Bluish - " 

5 blank - - - - - 
6 blank - - - - - 
7 E HCO3 0. 333 Bluish Bluish Bluish Bluish 

0.469 II " " " 

8 E HSO3- 0.0 Bluish Brown - - 
0.129 Bluish Brown - - 
0.292 Bluish - 
0.456 Bluish - - 

9 E OH 0.456 Bluish - - - 
10 blank 
11 G HCO3 0.456 Bluish - - - 

QUINONE MONOCHLORI- 
MIDE+ NaOH 

B 12 Vanillin I 0.368 - - White 
0.504 Bluish Pink - Pink 

13 Blank - - - - 
14 Salicylic acid 0. 344 Bluish Bluish 
15 Pyrogallol 0.0 Bluish - Brown 

0.28 Bluish Brown (vis. ) Brown 

0.569 Bluish - - 
16 blank - - - - 
17 G HSO3- 0.0 Bluish Brown Brown 

0.16 Bluish Brown Brown 
18 G OH- 0.60 Bluish - 
19 G Residual 0.673 Bluish Pink 
20 p -OH benzoic acid 0. 336 Bluish - 
21 Gallic acid 0.0 Bluish - 

0.16 Bluish Brown 
22 Vanillin 0.368 - - White 

0.529 Bluish Pink Pink 
VISIBLE RHODAMINE B 

LIGHT + U. V. 

C 23 C II 0.399 Whitish - 
blue White 

0.496 Blue - - 
0.561 Blue - Purplish 
0.675 Blue - Purplish 

* 
Refer to Figures 4 and 5. 

Solvent Systems: I = Benzene : methanol : acetic acid, 45:8:1 
II = Benzene : methanol : acetic acid, 45:8:4 

III = Cyclohexane : chloroform : diethylamine, 5:5:1 

- - - - 

- 
- 

- 

- 

- 

- 

- 

- 
- 

- 

*-+ 



TABLE VII. DATA OF THIN LAYER CHROMATOGRAPHY ANALYSIS, Continued. 
SPOT 

PLATE* NUMBER 

SOLVENT 
SAMPLE SYSTEM ** Rf 

U. V. VISIBLE RHODAMINE B 

LIGHT LIGHT + U. V. 

C 23 C II 0.765 Green _ _ 

24 E HCO - 0.0 - Brown 
3 0.301 Purple Brown Purplish 

0.406 Blue White - 
0.464 Purple - Purplish 
0.533 Faint - - 

25 E HSO3 0.0 - Brown - 
0.309 Blue Brown Purple 
0.438 Faint - - 
0.561 Faint - - 
0.788 Blue - Purple 

26 p -a-i benzoic acid 0.423 Purple - Purple 
27 E OH- 0.285 Blue Brown Purple 

0.406 Blue - Purple 
0.520 Blue Purple 

28 E Residual 0.472 Blue - Purple 
0.602 Green - Pink 

29 A 1 0.382 Whitish -Blue 
White Pink 

30 Phenetole 0.724 Bluish - - 
31 G OH 0.301 Blue Brown Purple 

0.455 Blue - Purple 
0.513 Blue - Purple 

32 G Residual 0.513 Blue - Purple 
0.610 Green - Pink 

33 Coumarin 0.635 Blue - Purple 
D 34 Vanillin III 0.104 Purple - 

0.126 Blue - 
0.541 Purple Red pink 

35 p -OH benzoic acid 0.0 Purple Pink 
36 E Residual 0.0 Purple White 

0.156 Faint - 
0.518 Faint blue - 
0.682 Green - 

37 E OH- 0.0 Purple - 
0.030 Purple Pinkish 
0.104 Blue Pinkish 
0.148 Faint Pinkish 
0.207 Faint - 

38 E HCO3 0.0 Purple Brown 
0.037 Blue -purple - 
0.067 Blue - 
0.082 Faint - 
0.133 Faint - 

39 E HSO3 0.0 Purple Brown 

* Refer to Figures 4 and 5. 

** Solvent Systems: I = Benzene : methanol : acetic acid, 45:8:1 
II = Benzene : methanol : acetic acid, 45 :8:4 

III = Cyclohexane : chloroform : diethylamine, 5:5:1 

71 

- 
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TABLE VII. DATA OF THIN LAYER CHROMATOGRAPHY ANALYSIS, Continued. 

SPOT SOLVENT PLATE** SAMPLE 
NUMBER* P * SYSTEM* Rf 

U. V. VISIBLE THODAMINE B 

LIGHT LIGHT + U. V. 

D 39 E H SO3 III 0.037 Blue - 
0.059 Faint - 
0.111 Faint - 

40 E HSO3- crystal 0.0 Purple Brown 

(impure) 0.030 Faint - 
0.059 Faint - 
0.645 Blue - 

41 C 0.0 Brown purple - 
0.259 Blue - 
0.326 Blue - 
0.60 Faint - 

42 A 1 0.0 Purple- blue -yellow -brown rings 
43 Phenol 0.0 Purple - 

0.274 Purple Pink 
44 Cresol 0.0 Purple 

0.274 Purple Pink 
0.355 Bluish Pink 

DIAZOTIZED SULPHAN- 

ILIC ACID 

E 45 blank II - 
46 E HSO3 0.0 Brown - 

0.229 Blue brownBrown Brown 
0.262 Blue Brown Brown 
0.287 Blue Brown Brown 
0.353 Purple - Tan 
0.762 Amber Pink 

47 blank - - - - 
48 blank - - - - 
49 Benzoic acid 0.509 Blue -grey - - 
50 Vanillin 0.361 Blue - 

0.451 Purple - Orange -amber 
51 blank - - - - 
52 blank - - - - 
53 Benzoic acid 0.533 Blue -grey - - 
54 E HSO3- crystal 0.77 Blue Pink Pink 
55 blank - - - - 

* Refer to Figures 4 and 5. 

4O4` Solvent Systems: I = Benzene : methanol : acetic acid, 45:8:1 
II = Benzene : methanol : acetic acid, 45:8:4 

III = Cyclohexane : chloroform : diethylamine, 5:5:1 

- 
- 

- 

- 
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from different plates or from different investigations because varying 

thicknesses of silica gel coating and differing moisture contents both 

effect the movement of compounds. This is radically demonstrated 

by an Rf value of O. 64 reported for vanillin by Pastuska (48), while 

an Rf value of O. 451 for vanillin was observed with the same solvent 

system in this study. However the comparison of separat ion of 

compounds on the same plate should be reliable. The first experi- 

ments (Figure 4, Plates A and B, and Table VII) revealed that the E 

fractions moved with the same Rf values as the G fractions and with 

less tailing, so subsequent experiments eliminated the G fractions. 

The best resolution of all fractions occurred with the benzene : 

methanol: acetic acid solvent system (that recommended for resolv- 

ing phenols and phenolcarboxylic acids) , and tailing was reduced by 

larger concentrations of acetic acid. The cyclohexane : chloroform: 

diethylamine system (recommended for phenolics) also indicated the 

complexity of each fraction but separation was not good, and with the 

exception of the neutral and residual ether soluble fractions the 

materials did not travel well with the solvent front. After comparing 

the relative efficiency of the two types of solvent systems for resolv- 

ing the fractions these observations would indicate that the bark 

phenolic acid hydrogenation -hydrogenolysis products are more of a 

phenolic carboxylic acid nature than they are strictly phenolic (except 

for the neutral and residual solutions). This is in agreement with 
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the phenolic and acidic nature of the starting material and is support- 

ed by infrared spectroscopic data of the fractions. Thin layer 

chromatography showed that the solvent fractionation scheme did 

indeed separate materials into different fractions, but no absolutely 

pure fractions were obtained. The E and G fractions were shown to 

be the same, even though the G fractions exhibited more tailing. 

Some components of the E and G fractions were extractable into 

aldehydic as well as the acidic and phenolic subgroups, suggesting 

the existence of a polyfunctional molecule. However the relative 

intensities of the spots indicated that some materials were more 

strongly extracted into one subgroup than another. Thus the spot 

occurring on plate C at about Rf O. 30 was predominantly acidic and 

phenolic but weakly aldehydic. The spot at Rf O. 406 was acidic and 

phenolic entirely while the material at Rf O. 464 was entirely acidic. 

The spot around Rf O. 52 to O. 56, also on plate C, was predominantly 

phenolic and neutral with traces of acidic and aldehydic properties. 

The spot at Rf O. 788 was due to the only crystalline compound iso- 

lated in this study and it was found exclusively in the aldehydic 

fraction. Fraction A 1 may be a pure compound since only a spot at 

Rf O. 382 was detected on plate C, however four colored concentric 

rings were detected at the origin for A 1 on plate D. A trace of this 

compound and definite concentrations of four others appeared in 

Fraction C. The residual fraction of ether solubles after extracting 
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aldehydes, acids, and phenols from E and G contained two separate 

compounds. Twelve materials of reasonably differing Rf values 

were detected in this study. These included compounds in spot 23 at 

Rf O. 675 and 0.765, spot 24 at Rf 0.0, O. 301, 0. 406, 0.464, 0. 533, 

spot 25 at Rf 0.788, spot 28 at Rf O. 472, 0. 602, spot 29 at Rf 0.382, 

and spot 37 at Rf O. 207. Known compounds chromatographed included 

vanillin, phenol, cresol, phenetole, para hydroxy benzoic acid, 

benzoic acid, gallic acid, salicylic acid, pyrogallol and coumarin. 

With the exception of para hydroxy benzoic acid, which may have 

occurred in the acidic and phenolic fractions, none of the Rf values 

for the known compounds matched with those of the unknowns. 

This study showed that thin layer chromatography would be 

applicable for an intensified program of study designed to separate 

and subsequently identify the reaction products obtained in this 

investigation. 

SPECTROSCOPIC STUDIES 

All fractions were analyzed by ultraviolet and infrared spectro- 

scopy in effort to characterize any well defined functional groups. 

While infrared absorption spectra will enable "fingerprinting" of pure 

compounds and provides reliable evidence of certain functional 

groups, it is the extinction curve (that curve relating wavelength with 

absorption intensity) as well as absorption that is of greatest 
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importance in ultraviolet studies (10, p. 132). Infrared spectra arise 

from vibrational and rotational movements of a molecule while ultra- 

violet spectra are due to electronic, vibrational and rotational transi- 

tions. The size of the absorbing molecule and the probability of an 

electronic transition give rise to the extinction coefficient. The 

probability that large molecules and molecules in solution will under- 

go high intensity transitions is relatively small and the extinction 

coefficients are therefore expected to be low (in the order of 103 or 

less). 

Ultraviolet Absorption Studies 

Ultraviolet absorption studies of unknowns provide data that 

enable some empirical speculations to be made concerning functional 

groups present when compared with data of similar known molecules. 

Each fraction was analyzed in the ultraviolet region from 200 mp, to 

340 mp, with a Beckman DB recording spectrophotometer. Ether 

solutions varying from 2 to 26 milligrams per 100 ml. were pre- 

pared for the ether soluble fractions. Solutions of similar concen- 

tration in 0. 5% NaOH were prepared for fractions H, K, and I. 

Fraction I was also prepared in an acid solution. For fraction A 1 

a 200 mg. /100 ml. solution in ethanol was used. Each fraction ab- 

sorbed in regions fairly near 230 m)), , 280 mU , and 300 m)`,. The 
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solid fractions H, I, and K did not produce absorption peaks as dis- 

tinct as those in the ether soluble fractions. The three regions of 

absorption and the shapes of the curves, especially those for the 

acidic and phenolic fractions, are similar to those found for some 

model compounds relating to lignin, ethanol lignins of spruce and 

maple, and spruce lignin itself (49; 50; 53). 

The absorption near 230 ml,. has been attributed to an aromatic 

carbon - carbon linkage, while absorption near 280 mµ in lignin type 

molecules is attributed to guaiacyl type compounds (49). Absorption 

in the 300 to 320 mN range is attributed to a carbonyl or ethylenic 

linkage in an alkyl side chain conjugated with an aromatic ring (49). 

The broad bands and weak inflections noted in the 300 to 320 mp,range 

for the fractions seems to indicate a low concentration of conjugated 

carbonyl or ethylenic groups. This is not an unusual observation, 

however, considering that hydrogenation should bring about a reduc- 

tion or saturation of such groups. That reduction does bring about a 

decrease in absorption in this range is emphasized by comparing the 

absorption curves for spruce lignin and reduced spruce lignin (53). 

The curves are similar, except for a steeper drop in absorption be- 

tween 300 and 320 my, for the reduced lignin. The low boiling oils of 

spruce ethanol lignin and the phenolic fraction of maple ethanol lignin 

exhibit very similar ultraviolet spectra to those ether soluble frac- 

tions of bark phenolic acids hydrogenation products (50). 
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It has been noted that the ultraviolet spectra of phenolic com- 

pounds,particularly of the para hydroxy ketones and aldehydes, 

becomes more intense in alkali, and the absorption maxima shift to 

longer wave lengths than those observed in neutral solutions (11, 

p. 203). Fraction I was soluble in acid and in base so two u. v. 

spectra were recorded. In hydrochloric acid (I 2) an inflection point 

at 255 mk. was noted with an extinction coefficient of 31. In O. 5% 

sodium hydroxide (I 1) a shift to maximum absorption at 260 mp. and 

an inflection at 280 mj, was noted. This observation again supports 

the phenolic nature of this fraction. The wavelengths of maximum 

absorption and extinction coefficients calculated to a 1% solution in a 

one cm. cell are presented in Table VIII. The absorption curves 

are reproduced in Figure 6. These data suggest a similarity between 

bark phenolic acids hydrogenation products and wood lignins, 

especially reduced spruce wood lignin. 

Infrared Absorption Studies 

A Beckman IR 8 infrared spectrophotometer was used for this 

investigation. Pure compound spectra were obtained for the oils 

from the ether soluble fractions and all volatile fractions, and nujol 

mulls were prepared for the four solid fractions A 1, H, I, and K. 

Polished sodium chloride plates were employed to contain the 

samples. 
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TABLE VIII. ULTRAVIOLET ABSORPTION DATA FOR FRACTIONATED HYDROGENATION - 

HYDROGENOLYSIS PRODUCTS. 

FRACTION* WAVELENGTH OF MAXIMUM 

ABSORPTION, millimicrons 
EXTINCTION COEFFICIENT ** 

A 1 263 1.275 
230 3. 33 

C 270 44. 0 

226 120. 0 

E HSO3 300 ( inflection) 26. 7 

276 " 49. 5 

216 133. 2 

E HCO3 300 ( inflection) 24. 5 

278 63. 4 

220 178 

E OH 300 ( inflection) 40.0 
270 101 

220 179 

E Residual 270 (inflection) 7. 34 

230 32. 8 

G HSO3- 300 (inflection) 50 

268 " 86. 4 

216 221 

G HCO3- 300 ( inflection) 34. 7 

280 64. 0 

216 214 

G OH 300 (inflection) 50 

272 105 

216 296 

G Residual 275 ( inflection) 1. 616 

226 " 8.92 

H 260 ( inflection) 274 

I 1 280 ( inflection) 32. 5 

260 40.9 

I 2 255 ( inflection) 31.0 

K 240 ( inflection) 267 

* Samples dissolved in ether, except A 1 in ethanol, I 1, H, and K in 5% Na0H, I 2 in 1:2 HC1:H2O. 

** Calculated for a 1% solution in a cell 1 cm. thick. 

" 
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Volatile Fractions 

Differences in the infrared spectra among the volatile fractions 

confirmed the conclusions based on the results of gas chromatography. 

With the exception of fraction B 1 all of the samples gave spectra 

including all the bands of ethanol, suggesting its presence in each 

fraction. It has been mentioned that the ethanol and perhaps other 

components found in the D fractions probably arose as impurities in 

the U. S. P. ether used for extractions. The fact that a spectra of 

the condensable liquid obtained from the vacuum drying of the oils 

extracted with ether produced a similar absorption curve to those of 

the D fractions supports this idea. This reasoning does not apply to 

the B fractions, however, because they were collected prior to any 

solvent extractions. When analyzing the infrared data from these 

volatiles, especially the B fractions, it should be noted that the boil- 

ing points of the fractions, the odor, the basicity to indicator paper, 

and the gas chromatographic data all indicated the composition of 

these volatiles to include at least two other compounds in addition to 

ethanol, though it is apparent that ethanol was the major constituent. 

Fraction B 1 produced an extremely simple spectra with measurable 

absorption peaks only at 3380, 2080, and 1625 cm -1. By gas chro- 

matography B 1 contained mostly a compound eluting from the column 

ahead of ethanol. Absorption between 3200 and 3400 cm -1 can be 
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attributed to intermolecular bonded polymeric hydroxyl groups (20, 

p. 51). The peaks showing in the region 1600 to 1650 cm -1 and the 

unusual absorption at 2100cm -1 may indicate that B 1 contained an 

amino acid (20, p. 51; 53). This is only speculation, however, be- 

cause no other identifiable spectral bands appeared. Fraction B 2 

produced an infrared spectra almost identical to pure ethanol. Addi- 

tional weak bands were noted at 1635 cm-1 and 945 cm -1. Absorption 

near 1635 cm -1 suggests a chelated aldehyde or carboxylic acid 

while absorption near 945 cm -1 could be due to an alkyl or aryl 

aldehyde or an acid (20, p. 53, 55). Fraction B 2 was primarily 

ethanol and could have contained traces of an unidentified aldehyde 

or acid. The IR spectra of fraction B 3 included all the absorption 

peaks of ethanol. For B 3 the peak in the 3400 cm -1 region was very 

broad and indicated polymeric intermolecular bonding (20, p. 51). 

Additional peaks were also noted at 1635 and 1535 cm-1 as well as 

weak absorption at 945 cm -1 and a broad weak band near 2100 cm -1. 

Absorption at 1535 cm -1 can support the possibility of the existence 

of an amino acid grouping. By infrared analysis there is indication 

then, that B 1 is an amino acid, B 2 is mostly ethanol with traces of 

an aldehyde or a carboxylic acid, and B 3 is a mixture of an amino 

acid, ethanol, and an aldehyde or carboxylic acid. The spectra for 

Fraction B 3 contains all of the peaks observed in the three samples 

and is reproduced in Figure 7. 
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The D fractions were mostly ethanol. By comparison of boiling 

points, gas chromatograms and infrared spectra it is apparent that 

D 2 is pure ethanol. The spectra of Fraction D 3 corresponds to 

ethanol with an additional band at 1635 cm-1 . Fraction D 4 also 

appeared to be ethanol with a slight contaminating material absorbing 

at 1635 cm -1 and a broad weak band near 2100 cm -1. These absorp- 

tion bands can indicate a trace of an amino acid also in the D 

fractions. The spectra for fraction D 4 is reproduced in Figure 7. 

Ether Soluble Fractions 

The infrared spectra of the ether soluble fractions were ob- 

tained primarily in order to compare differences among fractions and 

to note any unusual areas of absorption. A comprehensive inter- 

pretation of the data was not attempted as this has already been 

accomplished by Wilson for a portion of mountain hemlock bark 

phenolic acids (64, p. 60 -68). His spectra were very similar to 

those obtained by this author for the acidic and aldehydic portions of 

the ether soluble reaction products from this study. 

The fractions soluble in ether were dried over anhydrous 

sodium sulfate and then the volatile solvent was removed by heating 

for 1.5 hours at 50°C. in a vacuum oven. A thin film of each of the 

remaining oils was analyzed. The E fractions gave sharper spectra 

than the G fractions. Just as was shown by thin layer chromatography, 
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the two aldehyde fractions were identical, as were each of the other 

pairs of subfractions. Therefore a discussion of the four E sub - 

fractions and the single C fraction is adequate. The sharpest spectra 

were obtained for the phenolic and residual fractions, while the alde- 

hydic and acidic fractions exhibited larger areas of high absorption 

with few predominant spectral bands. Therefore the former two 

fractions would be expected to be the least complex and the latter two 

the most complex. This fact was born out by the thin layer chroma- 

tography analysis (TLC). 

It is of interest to note what the infrared data suggests for each 

fraction and to compare differences and similarities. The regions 

of infrared absorption that were observed for these bark phenolic 

acids reaction products are listed in Table IX, along with the function- 

al group most likely to be represented by them. The absorption 

bands characteristic of each fraction will be listed in the text, 

followed by their interpretation in accordance with Table IX. Repro- 

ductions of the infrared spectra are given in Figures 7 and 8. 

Fraction C, the neutral, alkali soluble, ether soluble material 

exhibited strong abosprtion at 3350cm- 1, absorption at 2910, 2850, 

1690, 1600, 1490, 1440, 1370, 1260, 1060, 990, 925, 885, 850, 810, 

and 802 cm-1 with weak absorption at 1150 cm-1 and weak shoulders 

at 1240, 1110 and 950 cm 1. Such a spectra indicates a structure 

possessing an intermolecular bonded polymeric OH group network. 



86 

TABLE IX. INFRARED ABSORPTION BANDS OBSERVED FOR SPECTROSCOPIC STUDIES OF 

BARK PHENOLIC ACIDS HYDROGENATION -HYDROGENOLYSIS PRODUCTS. 

ABSORPTION, cm -1 ASSIGNMENT* 

3500 -2860 Intermolecular bonded polymeric OH; (intramolecular 
bonding below 3200 and above 3400 cm -1). 

2950 CH3, 
2930 -2910 CH2, 
2860 -2850 CH2. 
1490 -1430 CH2. 
2750 -2500 Hydrogen bonded carboxylic acid or aldehyde groups. 
1715 Aryl aldehyde, 
1690 Aryl carboxylic acid or aryl aldehyde (with 

supporting bands). 
1590 -1580 Side chain, conjugated with aromatic C =C. 
1600 Aromatic C =C. 
1515 -1440 Aromatic C =C. 
1410 C(CH3)3, 
1370 C(CH3)3 or aryl aldehyde (with supporting bands). 
1250 -1240 C(CH3)3, 
1390 -1355 Phenolic or aryl aldehyde (with supporting bands). 
1260 -1200 Phenolic or aryl aldehyde (with supporting bands). 
1120 Phenolic or monosubstituted aromatic (with supporting 

bands). 
1270 -1230 Aryl acid or alkyl unsaturated ether linkage. 
1120 Monosubstituted aromatic rings. 
1030 Monosubstituted aromatic rings. 
720 Monosubstituted aromatic rings. 

1200 1:2:4 trisubstituted aromatic ring. 
1150 
1120 
1110 
1095 -1055 
1030 

990 
885 -875 
860 -850 
815 -810 
800 

1150 1:3 disubstituted aromatic ring. 
1120 
1110 
1095 -1055 
1030 
885 -875 

* Functional group assignments were made using as a guide, Introduction to Practical Infra Red 
Spectroscopy, by A. D. Cross (20, p. 51 -63). These assignments are speculative in nature, 
relying upon reports of a more detailed study of a similar material (64, p. 60 -68). 
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TABLE IX. INFRARED ABSORPTION BANDS OBSERVED FOP SPECTROSCOPIC STUDIES OF 

BARK PHENOLIC ACIDS HYDROGENATION- HYDROGENOLYSIS PRODUCTS. (Continued) 

ABSORPTION, cm -1 ASSIGNMENT* 

800 1:3 disubstituted aromatic ring. 
705 " 

1160 Aryl aldehyde (with supporting bands). 

950 -925 
805 C(CH3 )2 

740 -720 CH2 

Functional group assignments were made using as a guide, Introduction to Practical Infra Red 
Spectroscopy, by A. D. Cross (20, p. 51 -63). These assignments are speculative in nature, 
relying upon reports of a more detailed study of a similar material (64, p. 60 -68). 

* 



88 

100 

60 

60 

to 

o 

60 

6 

6o 

1 1 f 1 I 1 

E NOOS 

1 

1 

t 

U 

I 1 1 1 1 

E OW 

1 

1 t 

I 

frIvv- 

1 ! 1 1 t 
l t 

.... 
1 

171' 1 1 

t1 

. 

1 y 1 1 

A1 

l 

` 

1 1 

LO 

o 

60 

60 

40 

t0 

0 
4000 6000 2600 2000 1600 /200 W00 500 

WAVENUWEI 061-1 

FIGURE 8 INFRARED SPECTRA OF FRACTIONS E NCO3; E ON; E RES., AND A I 

600 TOO 626 

- 

)1 

-0- 
Y 

D- 

0 

O 

/` 
v 

-0-- 

- 



89 

Also a high concentration of CH2 groups seems to be present as well 

as aromatic C =C linkages. Thus the composition is alkyl -aryl in 

nature. Evidence is present to suggest a -C -(CH3) grouping. An 

aryl carboxylic acid is suggested as is an aryl aldehyde. These 

would be conjugated with an aromatic ring, giving rise to the weak 

absorption in the 300 my,region noted in the ultraviolet spectroscopic 

analysis. It was noted that the absorption characteristic to the 

carboxyl group was weaker in Fraction C than in any other frac- 

tion -- easily explained because of the reduced solubility in ether of 

the sodium salts of acids existing in the sodium hydroxide solution 

from which Fraction C was extracted. Phenolic OH groups are also 

indicated. Some absorption bands in the region from 1250 to 700 

cm -1 support the possibility of 1:2:4 aromatic substitution, such as 

would occur for a guaiacyl compound which was suggested by ultra- 

violet analysis, however the data could also suggest the existence of 

a 1:3 substituted aromatic ring as well. 

The aldehydic fraction (E HSO3- ) exhibited strong continuous 

absorption in most all regions. A broad band occurred between 

3500 and 2860 cm -1 and a broad shoulder was shown between 2700 

and 2500 cm-1. Absorption occurred at 1690 cm-1 with a weak peak 

at 1600 cm -1 on this band and one at 1510 cm 1. Peaks at 1390, 

1200, 1120, and 1030 cm -1 also appeared. This fraction also indi- 

cated an intermolecular bonded polymeric OH group system. Alkyl 
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CH2 groups are probably present but masked by the bonded OH groups. 

Aromatic C =C linkages were assigned, with the possibility of conju- 

gated aromatic structure enhanced by the probable existence of aryl 

carboxylic acid or aryl aldehyde groups. Bands offer evidence for 

hydrogen bonded carboxylic acid groups or an aldehyde. Existence 

of the former could explain the intermolecular bonded polymeric 

hydroxyl groups. A phenolic structure is apparent. Weak evidence 

is given for monosubstitution of an aromatic compound. 

The acidic (E HCO3) fraction showed a band from 3500 to 2860 

-1 - 1 cm and a shoulder between 2700 and 2560 cm and one near 

1600 cm -1. Peaks occurred at 2920, 2850, 1690, 1500, 1460, 1430, 

1200, 1120, 1030, and 720 cm -1. With the exception of more ab- 

sorption bands supporting a high concentration of CH2 groups in the 

acidic fraction, the spectra indicated the same functional groups for 

the acidic and aldehydic fractions. The only differences between the 

acidic and aldehydic fractions as shown by thin layer chromatography 

indicated a spot at Rf 0. 464 in the acid fraction. It is possible that 

this compound contains a large amount of aliphatic constituents and 

was responsible for the enhanced CH2 group absorption. 

The phenolic (E OH-) fraction provided a relatively sharp 

spectra. Absorption was noted at 3400, 2910, and 2850 cm -1. A 

weak shoulder appeared between 2750 and 2550 cm -1. Strong ab- 

sorption was noted at 1690 cm -1 and a wide strong peak showed from 



about 1270 to 1230 cm -1. Absorption also occurred at 1590, 1510, 

1440, 1355, 1260, near 1200, 1150, 1120, 1055, 1030, 930, 875, 

and 815 cm -1. 
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This data supports the presence of CH2 groups, con- 

jugated aromaticity including an aryl carboxylic acid, and a strong 

indication of an aryl aldehyde. The phenolic nature of the fraction is 

also confirmed. The molecules again exhibit intermolecular poly- 

meric hydroxyl bonding, possibly from polycarboxylic acid groups. 

Evidence appears for an unsaturated ether linkage and a strong indi- 

cation of a 1:2 :4 trisubstituted aromatic ring is noted. 

The residual ether soluble fraction provided an interesting 

spectra, differing from the others. Compared to the other fractions, 

absorption was weak at 3400 cm -1. Strong absorption was noted at 

2950 cm -1 and absorption occurred at 2930, 2860, 1715, 1580, 1510, 

-1 
1445, 1410, 1370, 1250, 1160, 1095, 1030, 860, 800, and 705 cm . 

This fraction showed two components by TLC and they differed from 

any in the other fractions. The spectra suggests the presence of an 

aromatic compound substituted in the 1:3 positions that would include 

an aryl aldehyde. Methyl groups and -C(CH3)3 groupings are indi- 

cated as well as CH2 groups. A much lesser amount of intermolecu- 

larly bonded polymeric hydroxyl groups are indicated in this fraction 

than in any others. The weaker phenolic nature of the residual 

fraction was also suggested from results of TLC studies. 

With the exception of the one purely acidic compound mentioned 
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above, (the spot occurring at Rf O. 464 in the studies), no good corre- 

lation could be made between unusual absorption peaks and differences 

in component mixtures shown by TLC. This is not surprising, how- 

ever in view of the fact that most of the components occurred at '_east 

in trace amounts in all of the fractions, and also because many of the 

components probably have like functional groups. It must be empha- 

sized that the above discussion is only speculative in nature. The 

facts that the fractions are not pure compounds and that several 

functional groups can absorb in similar regions, and probably do in 

these polyfunctional mixtures, makes absolute assignments an im- 

possibility. The evidence of the guaiacyl nature of the components 

that was suggested by ultraviolet spectroscopy was supported in 

some cases by infrared data for 1:2 :4 aromatic substitution but not 

overwhelmingly so. Methoxyl group absorption should have been 

noted in the 2830 to 2815 cm -1 region if guaiacyl compounds existed, 

but this was not recognized. It is interesting to note that evidence 

was presented in every spectra to support the existence of an aryl 

carboxylic acid. This is in opposition to the opinion that bark 

phenolic acids are predominantly aliphatic in nature held by Wilson . 

for mountain hemlock bark phenolic acids (64, p. 60). 

Solid Fractions 

Reproductions of the spectra for fractions A 1, H, I and K are 
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given in Figures 8 and 9. These fractions were analyzed as disper- 

sions in nujol oil. Nujol absorbs in the CH2 regions so these bands 

are of no value in the interpretation of data for fractions Al, H, I, 

and K. Nujol bands appear as dotted lines in Figures 8 and 9. 

For Fraction A 1, which was the solid material formed during 

the reaction with hydrogen, some absorption occurred at 3300 cm -1. 

This again indicated an intermolecular bonded polymeric OH function. 

Absorption at 1540 and 920 cm -1 
and a shoulder from 1420 to 1300 

cm -1 suggested the existence of an acid salt (20, p. 53, 55). Bands 

at 1515 and 1490 cm -1 are attributed to aromatic C =C linkages. A 

secondary alcohol group is supported by a shoulder in the region 1350 

to 1260 cm -1, and peaks at 1100, 1090, and 1050 cm -1 (20, p. 55). 

A monosubstituted aromatic ring could be suggested on the basis of 

absorption shoulders at 755 to 745 and 705 to 695 cm -1 and absorp- 

tion in the 1100 to 1000 cm -1 region (20, p. 54). If this assumption 

is correct and also if some CH2 absorption is due to the compound as 

well as the nujol, then a molecule containing an aromatic nucleus 

with an aliphatic side chain containing secondary alcohol groups and 

the sodium salt of carboxylic acid groups can be suggested for 

Fraction A 1. By TLC only one compound is indicated though this is 

not definite evidence of the purity of A 1. The IR spectra of A 1 is 

also rather sharp, suggesting an appreciable degree of purity. 

Fraction H showed a broad band of moderate intensity in the 
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region of 3200 cm -1 which suggests intramolecular bonded OH groups. 

An absorption peak at 1690 cm -1 suggests an aryl carboxylic acid; 

absorption at 1600 and 1505 cm -1 is probably due to aromatic C =C 

linkages with some aryl conjugation. 

Fraction I absorbed strongly at 3300 cm -1 
, indicating inter- 

molecular bonded polymeric OH groups. A peak at 1680 cm -1 

suggests an aryl carboxylic acid. Absorption at 1 290 cm -1 could 

indicate an alkyl ketone, an aldehyde, or a primary or secondary 

alcohol (20, p. 55), but high absorption in other areas did not permit 

further elucidation by the observance of supporting absorption peaks. 

Weak absorption near 805 cm -1 may be indicative of -C(CH3)2 

groups. 

Fraction K gave a spectra even more diffuse than that for I. 

Intermolecular bonded polymeric OH groups were again indicated by 

absorption near 3300 cm -1. Absorption at 1680, 1600, and 1505 cm 1 

suggested an aryl carboxylic acid. 

The spectra obtained for Fractions H, I, and K were similar 

but all were quite nondescript. 

INVESTIGATION OF CRYSTALS OBTAINED FROM THE BISULFITE - 
SOLUBLE FRACTION 

A small amount of crystalline material was discovered in a 

concentrated oil sample of the bisulfite soluble fraction of component 
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E. The oil was readily soluble or miscible in water while the 

crystals weren't, so separation of an aqueous solution by vacuum 

filtration was a simple procedure. The entire fraction was concen- 

trated to remove the ether, then diluted with water, and filtered to 

obtain yellowish needle -like crystals melting at 110 -112 °C. (impure). 

The material was recrystallized from hot 95% ethanol to obtain 14 

mg. of yellow prism -like crystals. Melting point observations 

showed an apparent sintering at 115 -116 °C. with complete melting at 

120-121°C. A mixture with benzoic acid showed a melting point de- 

pression to sintering at 114 and melting at 119- 120 °C. Because the 

melting point data was in close agreement with benzoic acid it was 

decided to compare infrared spectra of the two compounds. A solu- 

tion spectra of benzoic acid in carbon tetrachloride was readily 

obtained, however the unknown material was insoluble in carbon tetra- 

chloride, chloroform, cyclohexane, and carbon disulfide. An attempt 

to prepare a nujol mull exhausted most of the sample, but no satis- 

factory spectra could be obtained. This raised the question as to 

whether the material was actually an inorganic salt possessing water 

of crystallization to produce an apparent melting point. The fact 

that the sample was entirely combustible and readily decolorized a 

dilute potassium permanganate solution supported evidence that it 

was organic. Thin layer chromatography on silica gel produced an 

Rf value of about 0. 762 to 0. 788 while benzoic acid had an Rf of 0. 549 



97 

(these Rf values are dependent upon moisture content and thickness 

of the silica gel layer). The developing solvent was benzene: 

methanol: acetic acid, 45:8:4. The chromatographed spot of unknown 

material gave a pink color when sprayed with diazotized sulfanilic 

acid and 20% sodium carbonate solution. This color is characteristic 

for compounds containing the guaiacyl nucleus without an alpha 

hydroxyl or carbonyl group (35). The material did not produce a 

color reaction with ferric chloride or quinone monochlorimide. The 

crystals were very soluble in warm ether. The fact that the com- 

pound was found exclusively in the bisulfite fraction suggests that it 

is an aldehyde. This possibility is supported by the observation that 

it was insoluble in hot water, dilute hydrochloric acid, dilute sodium 

hydroxide and was partially soluble in cold concentrated sulfuric 

acid (40, p. 27). Except for the fact that the material was isolated 

in a yield of only about 0.02%, based on the amount of alkali soluble 

bark phenolic acids in solution originally subjected to reaction, it 

would be desirable to extend these studies to obtain a larger sample 

for further analysis. 
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III. SUMMARY AND CONCLUSIONS 

This study was an exploratory project designed to reveal the 

practicality of reacting with hydrogen an alkaline solution of bark 

phenolic acids to form isolatable monomeric building units in sizable 

yields. The major problems included the determination of optimum 

hydrogenation -hydrogenolysis conditions, the development of a 

workable technique for preliminary fractionation of the reaction 

products, and the separation and detection of individual compounds in 

order to determine the complexity of the reaction mixture. 

Sixty four to 71% of extractive -free Douglas fir bark fines were 

solubilized in a sodium hydroxide solution and subjected to a Raney 

nickel catalyzed hydrogenation -hydrogenolysis reaction. Optimum 

reaction conditions were found to include a 6% sodium hydroxide 

solution containing bark phenolic acids in a ratio of about 15 parts 

liquor to one part phenolic acids, and a bark phenolic acids to catalyst 

ratio of one to one. The mixture was reacted for three hours at a 

temperature of 150 to 200°C. with a hydrogen pressure of 500 psig. 

(room temperature). Conditions more severe than these did not 

result in greater total ether solubility of the sample, which was 

about 30% for every reaction, but did alter the relative size of ether 

soluble fractions. Severe conditions caused smaller yields of alkali 

soluble -ether soluble neutrals and also of the acid soluble -ether 

solubles (the fraction of greatest interest, which was subsequently 
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divided into aldehydes, acids, phenols, and neutral residuals). On

the other hand severe conditions provided higher yields of acid

insoluble-ether solubles which were considered to include high

molecular weight partially degraded materials. Strong conditions

also resulted in lower yields of acid insoluble-ether insoluble

material (considered as predominantly unreacted bark phenolic acids).

These observations suggested that a portion of the starting material

was readily accessible to hydrogenolysis under mild conditions

giving rise to the alkali soluble-ether soluble neutrals and the acid

soluble-ether solubles. However, under stronger conditions these

materials began to decompose while a more inert portion of the

starting material began to break down into an acid insoluble-ether

soluble fraction. That the first formed ether solubles decomposed

under a prolonged reaction is evident also by the fact that the un

accounted losses increased under severe conditions. That a portion

inert to mild conditions began to break down under severe conditions

was shown by the decrease in acid insoluble-ether insoluble unreacted

material as severity increased, and also by the fact that the acid in

soluble s underwent a transition from a powdery fraction to a sticky

gum during ether extraction as severity increased. Also, the yield

of alkali insoluble reaction product was highest for the mildest

reactions.

Reactions run under conditions less severe than the optimum
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are generally considered to be too mild to effect significant hydro- 

genation or hydrogenolysis of complex alkyl compounds (47, p. 29), 

and aromatics require even more severe conditions for hydrogenation 

than alkyls (1, p. 56). 

A reaction run without catalyst but under otherwise optimum 

conditions provided convincing data supporting a difference between 

the catalyzed hydrogenation and a high pressure alkaline hydrolysis 

reaction. The noncatalyzed reaction did not result in an alkali in- 

soluble hydrogenation product. It gave a much smaller fraction of 

alkali soluble -ether soluble neutrals but a much larger fraction of 

acid insoluble -ether solubles. These observations, coupled with a 

large amount of unaccounted losses probably due to the formation of 

water and noncondensable gases, suggested a similarity to the 

reactions run under the more drastic conditions. Therefore, the 

presence of the catalyst to promote reduction with hydrogen at reac- 

tive sites and to hinder condensation or complete degradation of 

hydrogenolysis products from a mild reaction is indeed an important 

factor, and the hypothesis that a mild catalytic hydrogenation would 

release some potentially identifiable monomeric substances was 

born out. The absence of a catalyst also seemed to promote the 

formation of acidic groups as shown by the small neutrals fraction 

found and also the fact that only a small fraction of the acid required 

to reduce the alkaline reaction solution of the catalyzed runs to a pH 
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of 1 was required for the noncatalyzed run. The acid soluble -ether 

insoluble, neutralized precipitate was also considerably smaller for 

the noncatalyzed run. 

The heating curve was steeper in the initial stages of the reac- 

tion for the catalyzed runs than for the noncatalyzed run, suggesting 

an exothermic reaction characteristic of catalytic hydrogenation of 

alkyl or carbonyl unsaturation. 

By fractionating the reaction mixture according to the procedure 

described in the text and with subsequent analyses it was shown that 

the acid soluble -ether soluble fraction contained more aldehydic 

materials than any others, while the acid insoluble -ether soluble 

fraction contained more acidic materials than any others. This 

again indicated a progressive reduction in acidic group concentration 

toward more neutral functional groups as the reaction proceeded. 

The employed fractionation scheme also gave rise to a material 

soluble in strongly acidic and basic solutions but insoluble in neutral 

solutions. This fraction apparently contains a molecular system 

with both acidic and basic functional groups. 

Fractionated volatile materials consisted primarily of ethanol 

which may have been due to hydrogenolysis of ethoxyl groups to an 

unknown extent but was probably principally due to impurities intro- 

duced during the experimental procedure. The odor, basicity, boiling 

points, and decomposition of the fractions upon standing provided 
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evidence of other volatile compounds. This evidence was enhanced by 

gas chromatographic and infrared analyses. 

Determination of the complexity of the reaction products by 

gas chromatography was not applicable by the simple techniques 

explored. However, the alkali soluble -ether soluble neutrals fraction 

was resolved into two unidentified peaks, as was the bicarbonate 

soluble -ether soluble fraction. The volatiles fractions were shown 

to contain ethanol and at least two other impurities. Analysis of the 

cuts from further fractionating the volatiles with an Oldershaw dis- 

tilling column showed very little fractionation by this technique. The 

presence of ethanol and low yields of unidentified materials were 

considered as unimportant products. None of the resolved peaks had 

retention times corresponding to those of any known tested, other 

than ethanol. The greater part of the ether soluble oils all were 

tenaciously adsorbed onto the columns tested and decomposed or 

polymerized to solids at temperatures much above 160°C. 

It is possible that volatile derivatives of phenolic or acidic 

materials could have been prepared and resolved on some columns, 

but such a project would require much more investigation than this 

study permitted. Free phenolic degradation products from wood 

lignin are being studied by gas chromatography at the University of 

Washington. Capillary columns have been the most successful, 
,, , Hrutfiord, Bjorn F. , Research Instructor. Letter from Depart- 

ment of Chemical Engineering, University of Washington, Seattle. 
July 5, 1963. 
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however operating temperatures from 150 to 200 C. are required.

The reactivity of the fractions at elevated temperatures

suggested some interesting and logical properties of the materials.

Polymerization at temperatures near and above 170 C. was evident,

as the material thickened ultimately to a glass-like substance as

temperatures approached 270 C. Gradual polymerization with rising

temperatures and the probable release of water vapor gave evidence

for a condensation polymerization such as would be the case for the

intermolecular esterification of hydroxy acids. The solubility de

creased as the gel point of the reaction was reached in such a manner

as to suggest a condensation of a branched polymer rather than a

linear polymer.

Nitrogen analysis confirmed that the phenolic acid portion of

Douglas fir bark fines contains less than 0. 5% nitrogen and that most

of this remains inert during the reaction with hydrogen. A protein-

humic acid complex is therefore not an important part of Douglas fir

bark phenolic acids.

Color tests that give characteristic reactions with some phenols

and typical lignin degradation products were performed. The alde-

hydic, acidic, and phenolic fractions all produced olive green or

green blue colors with ferric chloride, suggesting the presence of
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catechol nucleii, just as has been previously suggested to be con

tained in bark phenolic acids (35). Quinone monochlorimide and

alkali produced a bright green color with the acidic and phenolic

fractions and various shades of brown to olive green with most other

fractions. The significance of these colors was not determined, but

the bright green is probably due to the presence of a particular

phenolic compound in considerable yield. The phloroglucinol-

hydrochloric acid test, which is sensitive to all lignin preparations

possessing a conifer aldehyde type structure, was negative for all

fractions.

Thin layer chromatography proved a valuable tool in separating

compounds in order to determine the complexity of the reaction pro

ducts as well as the efficiency of the solvent fractionation scheme.

The best solvent system was benzene : methanol: acetic acid, 45:8:4,

which has been recommended for its ability to resolve phenols and

phenol carboxylic acids (48). While the solvent fractionation scheme

did indeed separate individual families of compounds into neutral

aldehydic, acidic, phenolic, and residual fractions, most fractions

contained traces of some of the same compounds occurring in other

fractions. This suggested the existence of polyfunctional molecules.

Thin layer chromatography enabled the detection of relative concen

trations of various compounds in each fraction. The aldehydic sub-

fraction for the acid soluble-ether soluble fraction was shown to be
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the same as the aldehydic subfraction from the acid insoluble -ether 

soluble fraction, just as were the other pairs of subfractions found to 

be the same. However the acid insoluble -ether soluble mate rials 

exhibited considerable tailing between compounds during the chroma- 

tographic analysis and were not considered to be as pure a mixture of 

monomers as the others. A total of at least 12 separate compounds 

were detected resulting from this catalytic hydrogenation reaction. 

The number of compounds in each fraction follows (some materials 

appeared in more than one fraction): Fraction A 1 showed one com- 

pound, fractions C, E HS03 , E HCO3 , and E OH-, each showed 

five compounds, fractions E and G Residual each showed the same 

two compounds. The aldehydic, acidic and phenolic materials of the 

G fractions were similar to the E fractions but showed much tailing. 

Of all the known compounds run, only para- hydroxy benzoic acid 

appeared to be present. This may have been in the acidic and pheno- 

lic fractions but such a statement is based only on similar Rf values 

and spot colors between the known and unknown. 

Thin layer chromatography on Silica Gel G provides a workable 

fractionation technique that has not previously been reported for the 

separation of products from studies on bark phenolic acids. The 

fact that results from thin layer chromatography can often be trans- 

ferred to a preparative scale by column chromatography is especially 

appealing. Prior to these studies, separation of bark phenolic acid 
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reaction products has been a difficult task. 

The ultraviolet absorption studies did not provide unquestion- 

able evidence for the presence of lignin -like components in bark 

phenolic acids hydrogenation -hydrogenolysis products but they did 

support the possibility for their existence. All of the components 

showed absorption peaks or at least weak inflections at or near 

230 m )x, 280 ml) and 300 nap.. For spectra of lignin -like corn - 

pounds absorption near 230 mp, is attributed to an aromatic carbon - 

carbon linkage, absorption near 280 mp is attributed to guaiacyl 

type compounds and absorption in the 300 to 320 mp range is thought 

due to a carbonyl or ethylenic linkage in an alkyl side chain conju- 

gated with an aromatic ring. The curves and extinction coefficients 

for the acidic and phenolic fractions rather closely resemble those 

reported in the literature for some model compounds relating to lig- 

nin and some lignin preparations (especially reduced spruce lignin) 

themselves (49; 50; 53). The phenolic nature of Fraction I was 

supported by noting the expected upward bathochromic shift of wave- 

length of maximum absorption in alkali as compared to that in an 

acidic solution (11, p. 203). 

Interpretation of the infrared data was a complex task. Most 

spectra were rather diffuse and band assignments were usually 

speculative in nature. However interpretation of spectra of the vola- 

tile fractions was simplified by noting that they were all nearly 
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identical to that for a known sample of ethanol, except for Fraction 

B 1. Volatile FractionB 1 may have contained an amino acid. In 

addition to ethanol, Fraction B 2 might have included a trace of an 

aldehyde or an acid, while B 3 showed peaks that were interpreted 

to indicate ethanol, an amino acid and an aldehyde or carboxylic acid. 

The D fractions were mostly ethanol. 

The ether soluble fractions provided the most complex spectra. 

The E fractions gave less diffuse spectra than the G fractions, though 

it was evident that each pair of subfractions for E and G were the 

same just as was indicated by thin layer chromatography. The 

sharpest spectra were obtained for the phenolic and residual fractions, 

suggesting that they were the least complex. All of the fractions 

indicated a conjugated alkyl -aryl system with CH2 groups and inter- 

molecular bonded polymeric hydroxyl groups. The alkali soluble - 

ether soluble fraction C also apparently contained C -CH3 and pheno- 

lic hydroxyl groups. An aryl aldehyde or carboxylic acid was 

indicated but there was a low concentration of carboxyl groups. 

Weak evidence was shown for 1 :2:4 or 1:3 aromatic substitution. In 

addition to those groups present in all fractions, the aldehydic 

fraction also exhibited absorption characteristic for a hydrogen 

bonded aryl carboxylic acid, for an aldehyde, and for phenolic 

hydroxyl groups. Aromatic monosubstitution could exist. The only 

difference between the aldehydic and acidic fractions was that the 

= 
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latter showed a higher concentration of alkyl CH2 groups. The 

phenolic fraction also gave evidence for an aryl carboxylic acid, and 

the phenolic nature was confirmed. There was strong indication of 

an aryl aldehyde and for 1:2 :4 aromatic trisubstitution. An unsatu- 

rated ether linkage was indicated. The residual fraction spectra 

differed from the others. For this fraction there was a low concen- 

tration of intermolecular bonded polymeric hydroxyl groups and the 

phenolic nature of the material was reduced. There was indication 

of 1:3 aromatic substitution, and aryl aldehyde, CH2, CH3 and 

C- (CH3)3 groups. Except for the residual fractions, all materials 

indicated the presence of an aryl carboxylic acid. 

Of the solid fractions, only A 1 permitted reasonable structural 

assignments. This fraction appeared to contain a molecule which 

included a secondary alcohol group and the salt of an acid. Inter- 

molecular bonded polymeric hydroxyl groups were also evident. 

Fractions H, I, and K produced highly absorbing spectra. The most 

obvious bands appeared to be due to intermolecular bonded polymeric 

hydroxyl groups and aromatic linkages with aryl carboxylic acid 

groups. 

All of the fractions, with the possible exception of A 1 were 

mixtures, so no infrared spectra of pure compounds were obtained. 

A small amount of crystalline material was isolated from the 

aldehydic fraction but not identified. No infrared spectra could be 
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obtained to enable a functional group interpretation. The material

sintered at 115-116 C. with complete melting at 120-121 C. It

was combustible and decolorized dilute potassium permanganate,

indicating that it was organic. It could be definitely resolved by thin

layer chromatography and gave a pink coloration when sprayed with

diazotized sulfanilic acid followed by 20% sodium carbonate. This is

suggestive of guaiacyl type compounds (35). No positive color

reactions were obtained with ferric chloride or quinone monochlori-

mide. The material was readily soluble in warm ether and was alde-

hydic in nature.

The experimental work summarized above enables some con

clusions to be drawn concerning the general chemical nature of bark

phenolic acids hydrogenation-hydrogenolysis products. Considering

the fact that a reaction with hydrogen will bring about some bond

saturation, cleavage of labile groups, and perhaps reduction of

functional groups, it is not a reliable assumption to state that the

nature of the degradation products indicates the nature of the starting

material. However, if the extent of the molecular skeleton for the

degradation monomers can be determined it is quite logical that the

structure of the starting materials is derived from a similar skeleton.

Bark phenolic acids apparently consist of a complex organic

network with a portion relatively labile to hydrogenolysis. Under the

employed reaction conditions this consisted of about 21% of the alkali
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soluble starting material and appeared in the alkali soluble-ether

soluble and acid soluble-ether soluble fractions. More sever con

ditions reduced this yield but increased the extent of reaction on the

remaining complex network by a comparable amount to give similar

but more contaminated products.

High temperatures and high pressures in alkaline solution seem

to favor the formation of carboxyl groups, especially when catalytic

hydrogenation does not take place to promote reduction.

The degradation products appear to include a branched non

linear polymer capable of undergoing condensation polymerization

at elevated temperatures.

The existence of a catechol nucleus was supported in this

study, as it has been in previous studies (35; 64, p. 72).

There is less than 0. 5% nitrogen in the material and it is

apparently tightly bonded. A trace of a basic material with the odor

of ammonia was released with the volatile materials, however, and

infrared spectra provides indication of a trace of an amino acid in

the volatile fraction. The ethanol may have been derived in part

from the hydrogenolysis of ethoxyl groups.

It was shown that the degradation products consisted of poly-

functional molecules capable of being fractionated into neutral, alde-

hydic, acidic and phenolic materials, though no clean fractions were

produced. An unusual observation was made for one fraction in that
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it was soluble only in strong acid or base, but not in a neutral solu

tion, apparently the system contained both basic and acidic functional

groups. At least 12 different compounds existed in the reaction

mixture, providing further indication of the complexity of the starting

material.

The greatest amount of evidence enabling prediction of various

functional groups was provided by infrared data. This indicated a

conjugated alkyl-aryl system of monomers. Weak evidence of 1:2:4,

1:3, and mono- aromatic substitution was observed. Side chains of

CH groups were evident, and some fractions contained high con

centrations of these. Methyl end groups and C-C(CH ) terminal

groups were also indicated. Most materials showed a strong inter-

molecular bonded polymeric hydroxyl group system as well as

phenolic hydroxyls. Aryl carboxylic acids and aryl aldehydes are

present also. One fraction suggested the existence of an unsaturated

ether linkage. The alkali insoluble waxy reaction product was the

one fraction that may have been pure. It appeared to be an aryl-alkyl

compound containing secondary alcohol and carboxylic acid groups.

It was apparently easily decomposed because the yield of this fraction

decreased as the severity of conditions increased.

The guaiacyl nature of some of the reaction products was

suggested by ultraviolet spectral data and also by the pink color im

parted to some thin layer chromatographed spots after spraying with
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diazotized sulfanilic acid followed by sodium carbonate. Para-

hydroxy benzoic acid may also have been present as a reaction

product.

Besides the contribution towards a further indication of the

chemical nature of bark phenolic acids this study also provided what

this author feels is a good background upon which a research program

could be based with intentions of preparing, separating, isolating,

and subsequently identifying mild degradation products from bark

phenolic acids. The fact that one pure crystalline compound was

found is indeed encouraging and efforts to isolate it in an identifiable

yield could be rewarding. It is possible that reaction products could

be efficiently separated by "streaking" samples on thin layer

chromatoplates or by developing a column chromatographic technique.

We now know that relatively simple molecules are present from this

mild hydrogenation reaction and that they can be separated into

individual compounds.
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