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Abstract approved: 

Ethanolysis reactions were conducted on the flavonoids, such 

as, catechin, quercetin and dihydroquercetin, and polymeric phenolic 

components from conifer barks, such as, mountain hemlock phlo- 

batannin and Douglas -fir phlobaphene with the object of ascertaining 

their chemical relationship. These reactions were carried out with 

absolute ethanol in the presence of 2. 5% hydrogen chloride at the 

boiling temperature with and without the presence of zinc dust. 

Identified ethanolysis products from dihydroquercetin were 

eriodictyol, quercetin and luteolin. When zinc dust was added to 

the reaction mixture, the products were eriodictyol and phloroglu- 

cinol. 

Ethanolysis of dl- catechin gave pyrocatechol, 2, 4, 6- trihydroxy- 

acetophenone and phloroglucinol. Similarly, in the presence of zinc 

dust this compound gave protocatechuic acid and phloroglucinol. 

Quercetin gave protocatechuic acid and 2, 4, 6- trihydroxybenzoic 
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acid, and in the presence of zinc dust protocatechuic acid and phloro- 

glucinol. When it was treated in aqueous ethanolysis solution with 

zinc dust, quercetin gave protocatechuic acid and its esterified prod- 

uct, ethyl protocatechuate. 

Ethanolysis of mountain hemlock phlobatannin gave pyro 

catechol, protocatechuic acid and phloroglucinol. In the presence 

of zinc dust the ethanolysis products were d- catechin, 1- epicatechin 

and phloroglucinol. The results suggest that mountain hemlock 

phlobatannin is a polymer of dl- catechin. 

Douglas -fir phlobaphene gave protocatechuic acid, ethyl 

protocatechuate and dihydroquercetin, and in the presence of zinc 

dust dihydroquercetin. The results suggest that dihydroquercetin 

is linked in some way to Douglas -fir phlobaphene by either an ester 

or ether linkage, 

From this research, ethanolysis and its modified process with 

zinc dust were found to assist in the understanding of the fundamen- 

tal structure and chemical relationship between the flavonoids, 

phlobatannins and phlobaphenes. 
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ETHANOLYSIS PRODUCTS FROM BARK FLAVONOIDS 
AND POLYMERIC PHENOLICS 

I. INTRODUCTION 

There has been considerable interest in the polyphenols from 

the conifer woods and barks from the technical and the fundamental 

viewpoints. The monomeric polyphenols, such as, catechin, querce- 

tin and dihydroquercetin can be obtained in substantial yields from 

the barks of Douglas -fir and white -fir. They are useful as antioxi- 

dants for lard, cottonseed oil and butter, and as pharmaceuticals 

for reducing capillary fragility. 

The polymerized phenolic components, such as, the phloba- 

tannins, the phlobaphenes and the phenolic acids are available in 

large quantities by extraction of the barks. They are used for 

leather- making, oil -well drilling, the preparation of adhesives, and 

ore flotation. 

The phlobatannins are commonly regarded as those plant 

products with an astringent taste which give a greenish or brownish - 

black coloration with iron salts. They precipitate gelatin from its 

solution, give a slightly acid reaction and combine with raw hide to 

produce leather. 

Roux investigated the condensed tannins of Acacia bark. He 

obtained appreciable amounts of monomeric and polymeric 
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leucoanthocyanins in the extract and suggested that the flavan -3, 4- 

diol structure formed the basis for at least some of the condensed 

tannins (21, 22). 

Hergert reported that comparable experiments with amabilis 

fir phlobatannin in which considerably lower amounts of cyanidin 

were obtained by acid hydrolysis than with longleaf pine phlobatan- 

nin. He concluded that amabilis fir phlobarannin differed from long- 

leaf pine phlobatannin in that it contained considerably more catechin 

in the polymer, and thus would yield correspondingly less cyanidin 

upon acid treatment (9). 

Roux studied the fusion of longleaf pine phlobatannin with a 

eutectic mixture of sodium and potassium hydroxide at 175 °C. He 

obtained more protocatechuic acid that phloroglucinol and catechol. 

He also obtained vanillin, vanillic acid and vanilloyl formic acid by 

Pearl's cooper hydroxide oxidation (20). 

A second type of polymeric polyphenols present in conifer 

bark are the phlobaphenes. They are water -insoluble, but soluble 

in alcohol and similar organic solvents, and are considered to be 

closely related to the co- occurring phlobatannins. 

Becker and Kurth decided that the phlobaphene in red fir bark 

was a polymer of cyanidin (1). 

Zarvarin and Snajberk characterized the phlobaphene fractions 

from the heartwood and sapwood of several conifer species by 
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carbon, hydrogen and methoxyl analyses and by pyrolysis in vacuum 

at 500°C. They separated the low- boiling pyrolysis products into 

monohydroxy phenols, catechols, and neutrals and analyzed each 

fraction by means of gas and paper chromatographic methods. The 

identified compounds generally included catechol, phenol, guaiacol, 

and 1, 2- dimethoxybenzene with 4- methyl, 4- ethyl, and 4- n- propyl 

homologues together with o- and m- cresols and 2, 4- xylenol. They 

identified pyrogallol with its 1-methyl-ether and 1, 3- dimethyl- ether, 

3- methyl -catechol, 6 -methyl-guaiacol, carvacrol and p- methoxy- 

thymol from L. decurrens and C. pygmaea phlobaphenes. Further- 

more, they identified 4- methyl catechol, 4- ethylanisole in the neu- 

tral fractions of P. abicaulis and L. decurrens phlobaphene pyroly- 

sates (26). 

A third type of polymeric substances present in conifer barks 

are the bark phenolic acids. These substances cannot be extracted 

with neutral solvents but can be removed by the action of alkaline 

solutions. 

Kurth and Smith showed that Douglas -fir phenolic acids gave 

many common tannin reactions, such as, precipitation with gelatin, 

bromine and lead acetate, absorption by hide powder, and the forma- 

tion of an insoluble red brown precipitate when boiled with dilute 

mineral acids (18). 

Fahey and Kurth identified phloroglucinol, catechol, and 
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protocatechuic acid by the alkaline fusion of white fir cork phenolic 

acid. They also identified vanillin, 5- formylvanillic acid, 5- carboxy- 

vanillin, p- hydroxybenzaldehyde and protocatechuic acid by the nitro - 

benzen oxidation reaction on the same phenolic acid. They reported 

that oxidation with cupric oxide gave vanillic acid, p- hydroxybenzoic 

acid, vanillolyformic acid, 5- carboxyvanillin, vanillin, p- hydroxy- 

benzaldehyde and several unidentified compounds (5). 

Erman and Lynees detected protocatechuic acid and p- hydroxy- 

benzoic acid in the alkaline fusion mixture of slash pine bark phenolic 

acid before methylation. After methylation, they obtained methyl - 

veratrate, phloroglucinol, trimethylether and methylanisate and 

identified other minor products as veratrole and veratryl alcohol. 

They also subjected slash pine phenolic acids to pyrolysis and sug- 

gested that the main portion of the phenolic acids might be built up 

of polymerized catechin (4). 

For the structural determination of the flavonoids, the follow- 

ing degradation methods are usually employed: (a) fusion with caus- 

tic alkalies, (b) decomposition with aqueous barium hydroxide or 

dilute sodium hydroxide solution, and (c) pyrolysis. 

In recent years, ethanolysis has become an important analytical 

tool in determining whether or not a given natural or synthetic prod- 

uct is related to lignin. 

In 1939, Hibbert and his co- workers subjected spruce wood to 
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ethanolysis using ethanol -HC1, and isolated several monomeric 

phenolic substances which have been called Hibbert's monomers, or 

Hibbert's ketones (3). 

Since then, many investigators have used this procedure on 

other wood and plant species, isolated lignins and biosynthetic lig- 

nins. 

As a result, ethanolysis has been found to be a very productive 

degradation reaction in establishing the monomers of lignins (2, p. 

440 -468). 

However, as far as is known, no work has been published on 

the application of ethanolysis to monomeric flavonoids and polymeric 

polyphenols such as, the phlobatannins and the phlobaphenes for 

the understanding of their chemical structures. 

Fahey and Kurth subjected the phenolic acid from white fir 

bark to ethanolysis. Only a small amount of ethanolysis oil was 

obtained, and no monomeric substance was identified (5). 

Sogo reported on the ethanolysis of pine bark and sapwood. 

The extracted bark was fractionated into phenolic acids, dioxane 

lignin, and residual Willstatter lignin. They identified paper 

chromatographically 3, 4- dihydroxybenzaldehyde , 4- hydroxybenzalde - 

hyde in addition to Hibbert's monomers in the ethanolysis oils from 

the phenolic acid fraction (25). 

Fujii and Kurth found an anthocyanidin coloring- matter, ferulic 
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acid, protocatechuic acid and vanillic acid in the ethanolysis products 

from extractive -free Douglas -fir bark fines. They concluded that 

the phlobatannins, phlobaphenes, and bark phenolic acids are poly- 

mers of catechins and related substances, and that other bark poly- 

phenolic components with lignin -like properties may be co- polymers 

of compounds containing both catechol and guaiacyl nuclei (8). They 

found that ethanolysis of extractive -free Douglas -fir bark bast 

fibers gave the same red coloring matter, vanillic acid, and some 

of Hibbert's ketones, such as, vanillolyacetyl, 1- ethoxyl -1 -guaiacyl 

2- propanone, and 2- ethoxyl -l- guaiacyl -1 -propanone. The red color- 

ing matter was only soluble in strong acidic solvents, such as, 

ethanol -HC1 or formic acid, but insoluble in neutral or basic solv- 

ents. It was separated into three parts: a yellow part, a deep red 

part, and a red -black part on a silica -gel column (7). 

The chemical structures of the polymeric polyphenols, such 

as, the phlobatannins, the phlobaphenes and the phenolic acids and 

the manner by which monomeric flavonoid units are linked to form 

them is still obscure and unanswered. The alkaline fusion and fis- 

sion methods that have been commonly employed on the flavonoids 

and polymeric polyphenols have provided insufficient information 

on their basic molecular structures. 

Therefore, another tool is necessary for elucidating and under- 

standing the fundamental structure and the chemical relationship 
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between the flavonoids and the related polyphenols. 

The purpose of this investigation was to degrade the flavonoids, 

such as, catechin, quercetin and dihydroquercetin, and polymeric 

polyphenols, such as, mountain hemlock phlobatannin and Douglas - 

fir phlobaphene to monomeric compounds and simple phenolic com- 

pounds by means of the ethanolysis reaction and by a modified ethan- 

olysis process in the presence of zinc dust, that is, in a reductive 

atmosphere. Identification of the comparative degradation compounds 

should be of assistance in ascertaining the chemical relationship of 

these bark components to one another. 
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II. EXPERIMENTAL 

Preparation of Samples 

Dihyd r oque rc etin 

The dihydroquercetin used in this work was prepared from 

hot -water extracts from Douglas -fir bark by re- extraction with 

ethyl ether. Distillation of the ethyl ether left a light brown pow- 

der. The crude dihydroquercetin in the ether extract was purified 

by recrystallization from a hot sodium bisulfite solution. On cool- 

ing, the bisulfite addition compound of the dihydroquercetin sepa- 

rated as white crystals, which decomposed on heating at about 

225°C. These were suspended in hot water and the solution made 

acid with hydrochloric acid. When recrystallized from hot water, 

the melting point was 246-247°C (16). 

Dihydroquercetin is a tasteless and nontoxic white crystalline 

compound, its melting point is 246-247° C. It has pharmacological 

properties, and is an effective antioxidant for the prevention of 

rancidity in fats, oils and dairy products. It combines with hide 

powder to form a white leather product. The solubility of dihydro- 

quercetin in water is 9.3% at 100°C and only 0. 51% at 15° C. 

This flavanone differs chemically from the naturally occur- 

ring yellow coloring matter, quercetin, only in that it has two more 



hydrogen atoms in the molecule than quercetin. Dihydroquercetin 

is soluble in sodium bisulfite solution, whereas quercetin is insol- 

uble. It is highly soluble in acetone, alcohol, acetic acid and is 

slightly soluble in ethers, but insoluble in hydrocarbons. 

Examination of the structure of dihydroquercetin indicates the 

presence of two asymmetric carbon atoms. The optic optical 

s o m e r i s n-i is t h u s possible. Naturally occurring dihydro- 

quercetin has been. found to have a specific rotation of about +46° 

in 50% acetone -water (12, 19). 

Ultraviolet spectrum showed maximum at 288 mu and minimum 

at 249 mu in methanol solution. The bands were shifted in 0. 1 n 

alkaline solution to maxima at 325 mµ and at 245 mp. and minima at 

268 mou. and at 233 mp. due to ionization of the 7- hydroxyl group. The 

ultraviolet light absorption curves of dihydroquercetin isolated from 

Douglas -fir bark are shown in Figure 1. 

Dihydroquercetin has the structure which is shown in Figure 

22. 

Dl- catechin 

Dl- catechin used in this work was prepared from the hot -water 

extracts from white -fir bark by re- extraction with ethyl ether. Dl- 

catechin was isolated by dissolving the ether extract in hot water, 

and then by liquid -liquid extracting the aqueous solution with ethyl 

9 
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ether. Crude dl- catechin was purified by recrystallization from hot 

water as white crystals, which sintered at 150°C and melted at 174- 

1 75 ° C (12, 1) . 

It is difficultly soluble in cold water, freely soluble in hot 

water, alcohol, glacial acetic acid, acetone, and almost insoluble 

in benzene, chloroform and petrol ether. With ferric chloride it 

gives a dark green color. 

The presence of d- catechin and its laevorotatory isomer, 1- 

epicatechin was determined by paper partition chromatography. The 

chromatograms were developed respectively with the supernatant 

phase of a mixture of n- butanol, acetic acid, and water in the pro- 

portions of 4 :1:5 and with 22% n- propyl alcohol. After the sheet was 

dry, it was sprayed with a freshly prepared diazotized benzidine 

solution. Two spots of d- catechin and 1- epicatechin were obtained 

in an orange color. Their Rfs. were O. 671 and O. 551 respectively 

with the solvent system of n- butanol:acetic acid:water (40 :10 :50), 

and 0. 706 and 0. 589 with 22% n- propyl alcohol. These compounds 

were identified by a comparison of their chromatograms with au- 

thentic compounds. 

Ultraviolet spectrum showed maximum at 278 mN. and minimum 

at 268 m4. The ultraviolet light absorption curves of dl- catechin are 

shown in Figure 2. 

Catechin has the structure which is shown in Figure 22. 
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Quercetin 

Quercetin used in this work was prepared by grinding Douglas - 

fir bark to pass a 3/8 -inch screen. The ground bark then was ex- 

tracted countercurrently with water at a temperature of about 95°C 

in wooden tanks until substantially all the dihydroquercetin and tan- 

nin had leached out. The resulting hot -water solution containing 

dihydroquercetin, tannin, sugars, and other water soluble constitu- 

ents from the bark was then evaporated to a syrup in a longtube, 

circulating -type vacuum evaporator. Next, the syrup was extracted 

with diethyl ether in a conventional liquid -liquid extractor to remove 

the dihydroquercetin, after which the solvent was distilled off and 

recycled. The crude crystalline dihydroquercetin, which remained 

as a solid residue after removal of the solvent was then converted 

to quercetin. For this purpose, a solution of the crude product was 

dissolved in hot -sodium bisulfite. The resulting mixture was re- 

fluxed at atmospheric pressure for a period of 30 minutes, after 

which pure quercetin, melting at 316° to 317°C was recovered by 

filtration (14). 

Quercetin is a yellow, crystalline powder and insoluble in 

water. The solubility in water is less than 0.002% at 25°C and less 

than 0. 1% at 100° C. This chemical is moderately soluble in esters, 

alcohols, ketones and ethers, but insoluble in hydrocarbons. Its 
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solubility in most organic solvents is much lower than would be 

predicted from consideration of ring A, or ring B. Fischer - 

Hirschfelder models illustrate that ring A and the pyrone ring are 

almost planar, leading to a high degree of hydrogen bonding in the 

crystal and thus a high melting point and low solubility. Cuercetin 

is soluble in alkaline aqueous solution to which it gives a yellow 

color. Alcoholic solutions give a green color with ferric chloride, 

turning dark -red upon heating. 

Ultraviolet spectra showed maximum at 252 mµ and minima at 

382 mu and at 234 mp. The ultraviolet light absorption curve of 

quercetin is shown in Figure 3. 

Quercetin has the structure which is shown in Figure 22. 

Mountain Hemlock Tannin 

The mountain hemlock tannin used in this work was prepared 

from mountain hemlock outer bark. The ground bark was extracted 

successively with hexane, benzene, ethyl ether, and with 95% ethanol 

in a glass soxhlet -type extractor. The ethanol extract from the bark 

appeared to contain dark red -colored tannin and phlobaphene as the 

major components. Upon replacing the solvent with water, the aque- 

ous solution from the precipitated phlobaphene gave the character- 

istic tests for a phlobatannin (15). 

The phlobatannin was recovered from the aqueous solution by 
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the hide powder absorption method. The hide powder was digested 

with ten times its weight of distilled water and then washed by digest- 

ing with four successive portions of water. The wet hide powder was 

mixed with the tannin solution and then well shaken. The hide powder - 

tannin complex was pressed to remove soluble matter, soaked in hot 

water and repressed. This process was repeated to completely re- 

move the soluble non -tannins. The tannin was stripped from the hide 

powder by repeated extractions with acetone containing 5% of H2O, 

and recovered by evaporation in a vacuum. Thin layer chromato- 

grams using such solvent systems as toluene:ethyl formate:formic 

acid (50 :40 :10), benzene:methanol:glacial acetic acid (90:16:8) and 

chloroform:ethyl acetate:formic acid (50 :40 :10) and sprayed with a 

diazotized benzidine solution showed that the tannin fractions of the 

bark, when prepared in this way, were virtually free of monomeric 

polyphenols. The tannin is soluble in water, readily soluble in alco- 

hol, acetone, or ethyl acetate, only slightly soluble in dry ether, 

and insoluble in chloroform, hydrocarbons and typical fat and resin 

acid solvents. Ultraviolet light absorption spectrum of mountain 

hemlock tannin showed maximum at 278 mµ and minimum at 258 Trip, 

in methanol solution. 

The spectroscopic absorption curve of mountain hemlock tannin 

is shown in Figure 4. 
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Douglas -fir Phlobaphene 

Douglas -fir phlobaphene used in this work was obtained from 

a sample of Douglas -fir outer bark. The ground bark was extracted 

successively with hexane, benzene, ethyl ether, and then with 95% 

ethanol in a glass Soxhlet -type extractor. Upon replacing the solvent 

in the alcohol extract with water, a large precipitate of red -colored 

phlobaphene separated. The phlobaphene thus obtained was purified 

further by repeated hot -water extractions and filtrations in order to 

remove traces of monomeric flavonoids. Chromatographies by the 

thin layer method with the three solvent systems mentioned above, 

and by spraying with a diazotized benzidine solution showed that the 

phlobaphene fraction of Douglas -fir bark was free from monomeric 

polyphenols. The phlobaphene is a reddish -brown product when pre- 

cipitated from an alcoholic extract of the bark upon the addition of 

water. The ultraviolet spectrum of the phlobaphene which showed a 

maximum at 282 mµ and a minimum at 262 mp. is given in Figure 5. 

Ethanolysis Procedures 

Ethanolysis Procedure 

One gram of the flavonoids or polymeric polyphenols was re- 

fluxed for 48 hours in 30 ml of 100 percent ethanol containing 
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two and one -half percent of dry hydrogen chloride. During the ethan- 

olysis, a calcium chloride tube was attached to the top of the reflux 

condenser to protect the reactant mixture from the influence of mois- 

ture in the air. After refluxation, the ethanolysis solution was fil- 

tered and the filtrate was neutralized by adding sodium bicarbonate 

powder. 

Ethanolysis With Metallic Zinc 

One gram of the sample was refluxed for 48 hours in 30 ml of 

100 percent ethanol containing two and one -half percent of dry hydro- 

gen chloride and one gram of zinc powder. Then, the same procedure 

was undertaken to obtain the final neutralized ethanolysis solution. 

Analytical Methods 

The ethanolysis products in the neutral alcohol solution were 

analyzed by means of paper chromatography, thin layer chromatog- 

raphy, and ultraviolet light absorption measurements. 

Paper Partition Chromatography 
of the Ethanolyses Products 

One dimensional paper partition chromatography was carried 

out on each of the ethanolysis solutions from the flavonoids and the 

polymeric polyphenols. In this experimental work, two solvent sys- 

tems were used. One was the supernatant phase of a mixture of 
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n- butanol, glacial acetic acid and water in the proportions of 4: 1: 5. 

The other solvent system was 22% aquious n- propyl alcohol. These 

two solvent systems were found to be the best of all of the solvent 

systems which were undertaken for the idnetification of the phenolic 

substances. 

The chromatographic developments were carried out by ascend- 

ing flow on Whatman No. 1 chromatographic paper simultaneously 

with authentic chemicals. The spots on each of the chromatograms 

were observed first by ultraviolet light and then sprayed with a 

freshly prepared diazotized benzidine solution for coloration. For 

this purpose, a benzidine -HCI solution was prepared by stirring 

5. 0 grams of benzidine with 14 ml of conc. HCI and dissolving the 

suspension in 980 ml of water. Then this was mixed with a ten per- 

cent solution of sodium nitirite in the proportion of 3 to 2 (v /v) im- 

mediately before spraying the chromatograms. 

Thin Layer Chromatography 
of the Ethanolysis Products 

The ethanolysis solution of each material was analyzed simul- 

taneously with authentic samples by thin layer chromatography using 

Silica Gel G. A solution of the sample to be analyzed was placed 

onto the Silica gel plate from a capillary tube in such a way that the 

surface was disturbed as little as possible. The plates were devel- 

oped by one - dimensional ascending chromatography using three 



different solvent systems such as (1) toluene:ethyl formate:formic 

acid (50 :40 :10 v /v /v), (2) benzene:methanol:glacial acetic acid (90: 

16:8 v /v /v), (3) chloroform:ethyl acetate: formic acid (50 :40 :10 

v /v /v). The solvent -front distance was about 15 cm. After the 
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development, the plates were dried at room temperature. At times 

dark grey spots or light brown spots appeared slowly on the plates 

during the drying period without further treatment. 

For preparative work and measurement of the ultraviolet light 

absorption, a line of the sample was placed across the bottom of the 

plate and chromatographed. After the development, the plate was 

dried at room temperature, and the fluorescent color was observed 

under UV light or sprayed for coloration on one edge of the plate to 

find the locations of the compounds. Then, each of the streaks was 

scratched off the plate and eluted with methanol. The methanol solu- 

tion was evaporated to dryness or measured for ultraviolet light 

absorption. 

Ultraviolet Light Absorption Study 

Of the various current physical methods that can be applied to 

the identification of phenols, UV spectroscopy is the most valuable. 

Ultraviolet light absorption curves were taken for each of the 

isolated compounds in methanol solution by a Beckman D. B. record- 

ing spectrophotometer. The phenolic nature of the compounds was 

- 
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recognized by observing the characteristic bathochromic shift which 

occurs when a neutral solution of the compound is made alkaline. 

Therefore, after taking the spectrum in neutral solution, one drop 

of 1.0 N NaOH solution was added to the sample cell and to the refer- 

ence cell to observe the alkaline shift. 

Synthesis of Ethyl Protocatechuate 

Thirty milligrams of protocatechuic acid were treated with 5 ml 

of 2. 5% dry hydrogen chloride in absolute ethanol solution for 72 hours 

at room temperature. 

The reaction mixture was spotted on a Silica -gel G thin -layer 

plate and developed by toluene, ethyl formate, and formic acid (50:. 

40:10 v /v /v) solution. The chromatogram was observed under UV 

light. The spot of the unreacted protocatechuic acid was checked by 

spotting pure protocatechuic acid on the same plate. The spot of the 

reaction product, ethyl protocatechuate, was scratched off the plate 

and eluted with methanol, and the methanol was evaporated at room 

temperature. A white substance remained. 

The ultraviolet light absorption curve of this material in meth- 

anol showed maxima at 294 mp., and at 258 mµ, and minima at 278 nap. 

and 235 mµ. The alkaline shift showed maxima at 311 mµ and mini- 

mum at 257 mp. (8). 



24 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

Ethanolysis of Dihydroquercetin 

During the ethanolysis of the dihydroquercetin, the color of the 

solution changed from light yellow to red. After the solution was 

neutralized with powdered sodium bicarbonate and filtered, the fil- 

trate was a deep reddish -brown. Analyses by paper partition and 

thin -layer chromatographic methods using the different solvent sys- 

tems as the developing solvents showed the pre sence of eriodictyol, 

quercetin, and luteolin in addition to some undecomposed dihydro- 

que rcetin. 

These compounds were checked by chromatographing known 

compounds adjacent to the unknowns and by the specified color pro- 

duced when the chromatograms were sprayed with a diazotized benzi- 

dine solution. The chromatograms also showed the presence of three 

other compounds which were not identified. A comparison of these 

unknown compounds with phloroglucinol, 2, 4, 6- trihydroxybenzoic 

acid, 2, 4, 6- trihydroxybenzaldehyde, 2, 4, 6- trihydroxyacetophenone, 

pyrocatechol, protocatechuic acid, 3, 4- dihydroxybenzaldehyde, ethyl 

protocatechuate and caffeic acid showed that none of them were pres- 

ent as degradation products in the ethanolysis solution from dihydro- 

que rcetin. 
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The chromatographic results are shown in Tables 1 and 2. 

The chromatograms of the ethanolysis products from dihydro- 

quercetin are shown in Figure 6. These chromatograms were devel- 

oped with the solvent system chloroform, ethylacetate, and formic 

acid in the proportions of 50 :40 :10 and sprayed with a diazotized 

benzidine solution. 

Seven compounds were found to be present. The compounds 

giving spot #1 and spot #6 were not identified. Spot #1 did not show 

fluorescence under an ultraviolet lamp and had a maximum ultra- 

violet light absorption spectrum of 260 mµ. It gave a pink color with 

a diazotized benzidine solution. , The ultraviolet spectrum of this 

compound in methanol solution showed a maximum at 285 mµ and a 

minimum at 252 mµ. This compound showed chromatograms similar 

to catechin by both paper partition and thin layer chromatography 

(Figure 7). The compound giving spot #7 appeared to be a polymer. 

It remained at the base line after development with three thin layer 

chromatographic solvent systems. 

Spot #2 was recovered as crystals by elution with methanol. 

Paper partition chromatography of this compound showed Rf. 0. 838 

with n- butanol :acetic acid:water (40 :10 :50) and Rf. 0. 546 with 22% 

n- propyl alcohol. Furthermore, thin layer chromatography on Silica - 

gel G of this compound showed Rf. 0.172 with benzene:methanol:glaci - 

al acetic acid (90 :16:8), Rf. 0.375 with toluene:ethyl formate:formic 
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Table 1. Paper chromatographic separation and identification of 
known compounds in the ethanolysis solution of dihydro- 
que rc etin. 

Identified compounds 
Rfs. with Rfs. with 
n- butanol: 22% Color with 

acetic acid: n- propyl UV Diazotized 

water alcohol bemidine 
(40:10:50) 

Eriodictyol 0.838 0. 54 6 orange 
Dihydroquercetin 0.821 0.657 orange 
Quercetin 0.686 0.074 orange 
Luteolin 0.759 0. 175 orange 

Table 2. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of dihydro- 
que rc etin. 

Identified Rfs. with Color with 

compounds 
Diazotized 

(a) (b) (c) UV benzidine 

Eriodictyol 0. 172 0. 3 75 0. 795 - -- orange 
Dihydro- 

quercetin 0.064 0.329 0.631 orange 
Quercetin 0.110 0.317 0.640 white orange 
Luteolin 0.100 0.253 0.680 orange 

Solvent systems: 
(a) benzene:methanol: glacial acetic acid (90 :16:8) 
(b) toluene:ethyl formate:formic acid (50 :40 :10) 
(c) chloroform:ethyl acetate:formic acid (50 :40 :10) 

- -- 
- -- 
- -- 
- -- 

- -- 

- -- 
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1. Authentic e riodictyol 
2. Authentic dihydroquercetin 
3. Ethanolysis products: #1 Unknown, #2 Eriodictyol, 

#3 Lateolin, #4 Quercetin, #5 Dihydroquercetin, 
#6 Unknown, #7 Polymer. 

4. Authentic quercetin 
5. Authentic luteolin 

Figure 6. Thin layer chromatograms of ethanolysis 
products of dihydroquercetin. 
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products of dihydroquercetin. 
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acid (50:40:10) and Rf. O. 795 with chloroform:ethyl acetate:formic 

acid (50:40 :10), respectively. These were the same values that were 

given by an authentic sample of eriodictyol. 

The ultraviolet light absorption curves of eriodictyol are shown 

in Figure 8. The ultraviolet light absorption curves of the compound 

in neutral and alkaline methanol were the same as for the authentic 

eriodictyol. 

This compound is sparingly soluble in boiling water, hot alco- 

hol, ethyl ether, and glacial acetic acid and soluble in dilute alkalies. 

Quercetin was isolated as yellow crystals by the elution of spot 

#4 with methanol. Paper partition chromatographies of this com- 

pound showed Rf. O. 686 with n- butanol:acetic acid :water (40:19:50) 

and Rf. 0. 074 with 22% n- propyl alcohol. Thin layer chromatography 

indicated Rf. 0. 110 with benzene:methanol:glacial acetic acid (90:16: 

8), Rf. 0. 317 with toluene:ethyl formate:formic acid (50:40 :10) and 

Rf. 0. 640 with chloroform:ethyl acetate: formic acid (50:40:10), 

respectively. 

The characteristic ultraviolet light absorption spectra of this 

compound were identical with the authentic sample. 

Therefore, dihydroquercetin was converted to quercetin in 

anhydrous ethanol- hydrogen chloride solution. Dihydroquercetin 

and quercetin are closely related compounds. The former is a 

white crystalline flavanone that has two more hydrogen atoms in 
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the molecule than quercetin. Quercetin is, therefore, an oxidized 

derivative of dihydroquercetin. It is reported that dihydroquercetin 

is oxidized to quercetin in boiling dilute sulfuric acid solution in the 

presence of air (19). 

Several laboratory methods have been published for the oxida- 

tion of flavanones to flavones. Dihydroquercetin is oxidized to pure 

quercetin rapidly and in high yields by the process of refluxing it 

with an aqueous solution of an alkali metal bisulfite or ammonium 

bisulfite (17). 

Luteolin was also found in the ethanolysis solution from the 

dihydroquercetin (Spot #3). Its presence was proved by paper parti- 

tion and thin layer chromatograms in comparison with an authentic 

sample. It had Rf. O. 795 and Rf. 0.175 on paper partition chromato- 

grams developed respectively with n- butanol:glacial acetic acid: 

water (40 :10 :50) and 22% n- propyl alcohol. This compound also 

showed Rf. 0.100, Rf. 0.253 and Rf. O. 680 on the thin layer chro- 

matograms developed with benzene:methanol:glacial acetic acid (90: 

16:8), toluene:ethyl formate: formic acid (50:40:10), and chloroform: 

ethyl acetate:formic acid (50 :40:10), respectively. This compound 

has a yellow color and is sparingly soluble in water. The conver- 

sion of dihydroquercetin to luteolin appears to have resulted from 

atmospheric oxidation during the ethanolysis reaction. In this 

ethanolysis reaction, it was surprising that both oxidation, as 
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observed in the formation of quercetin, and reduction, as seen in 

the formation of eriodictyol, took place simultaneously. 

Ethanolysis of Dihydroquercetin with Zinc Dust 

For this reason, dihydroquercetin was subjected to ethanolysis . 

in the presence of zinc dust. At the beginning of the ethanolysis reac- 

tion, the solution was colored a deep purple. During the ethanolysis, 

the color of the solution turned to red. The filtrate after neutraliza- 

tion with sodium bicarbonate was colored brown. The chromato- 

graphic data are shown in Tables 3 and 4. 

Eriodictyol and phloroglucinol in the ethanolysis solution of 

dihydroquercetin were identified by comparison with authentic chem- 

icals both by paper partition chromatography and by thin -layer 

chromatography on Silica -gel G. The chromatograms also showed 

the presence of a monomeric compound in addition to a polymer. 

Comparisons with pyrocatechol, protocatechuic acid, ethyl 

protocatechuate, caffeic acid, 2, 4, 6- trihydroxybenzaldehyde, 2, 4, 6- 

trihydroxyacetophenone, 3, 4- dihydroxybenzaldehyde, 2, 4, 6-tri- 

hydroxybenzoic acid, d- catechin and 1 - epicatechin indicated that 

none of these compounds were identical with the unknown from the 

ethanolysis solution. 

The chromatograms of the ethanolysis products from dihydro- 

quercetin with zinc dust are shown in Figure 9. These 
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Table 3. Paper chromatographic separation and identification of 
known compounds in the ethanolysis solution of dihydro- 
quercetin with zinc dust. 

Identified 
compounds 

Rfs. with 
n- butanol: 
acetic acid: 

water: 
(40:10:50) 

Rfs. with 
22% 

n- propyl 
alcohol 

UV 
Color with 

Diazotized 
benzidine 

Eriodictyol 0. 838 0. 546 orange 
Phloroglucinol 0.689 0.714 - -- violet 

Table 4. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of dihydro- 
quercetin with zinc dust. 

Identified Rfs. with Color with 
compounds UV Diazotized 

(a) (b) (c) benzidine 

Eriodictyol 0.172 0.375 0.795 orange 
Phloroglucinol 0.144 0.350 0.662 violet 

Solvent systems: 
(a) benzene:methanol:glacial acetic acid (90 :16 :8) 

(b) toluene:ethyl formate:formic acid (50 :40:10) 

(c) chloroform: ethyl acetate:formic acid (50 :40:10) 
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o O #1 

O #2 
O #3 

1 2 3 

1. Authentic eriodictyol 
2. Ethanolysis products: #1 Eriodictyol, #2 Unknown, 

#3 Phloroglucinol, #4 Polymer. 
3. Authentic phloroglucinol 

Figure 9. Thin layer chromatograms of ethanolysis 
products of dihydroquercetin with zinc dust. 
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chromatograms were developed with the solvent system of chloro- 

form:ethyl acetate: formic acid (50 :40 :10) and sprayed with a diazo- 

tized benzidine solution. 

Eriodictyol was isolated as crystals from Spot #1. Its pres- 

ence was proved by paper partition and thin layer chromatograms, 

and ultraviolet light absorption curves compared with the authentic 

eriodictyol. Pew reported that the reduction with zinc in aqueous 

hydrochloric acid of dihydroquercetin gave appreciable yields of 

eriodictyol (19) . 

Hergert claimed in a paper presented at the 131st American 

Chemical Society meeting that dihydroquercetin was reduced with 

powdered zinc and aqueous hydrochloric acid to appreciable amounts 

of eriodictyol and small amounts of catechin, cyanidin, 5, 7, 3',..4'- 

tetrahydroxyflavane and 4, 5, 7, 3', 4'- pentahydroxyflavane (11). 

The Rf. values obtained in paper partition and thin layer 

chromatography of phloroglucinol, spot #3, were the same as those 

obtained with the authentic sample. Also, the ultraviolet light ab- 

sorption curves were identical with the authentic sample. The char- 

acteristic violet color obtained when the dried chromatogram was 

sprayed with a diazotized benzidine solution further indicated the 

presence of phloroglucinol. 

One of the two unidentified compounds, spot #4, was a polymer. 

It remained at the base line on the thin layer chromatograms 

, 
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developed with the three solvent systems. The other unidentified 

compound, Spot #2, showed Rf. 0.860 with n- butanol:acetic acid: 

water (40 :10 :50) and Rf. O. 802 with 22% n- propyl alcohol on the 

paper partition chromatograms. The thin layer chromatograms of 

this compound showed Rf. 0.150 with benzene: methanol: acetic acid 

(90 :16 :8), Rf. 0.360 with toluene: ethylformate: formic acid (50:40: 

10) and Rf. 0. 702 with chlorofrom: ethyl acetate: formic acid. 

Spot #2 gave an orange color with a diazotized benzidine solu- 

tion. The ultraviolet light absorption curves of this unknown in 

methanol showed maximum at 279 mµ and minimum at 253 mµ. 

Its alkaline shift showed maximum at 293 mµ and minimum at 276 

mµ. The ultraviolet light absorption curves of this compound are 

shown in Figure 10. These ultraviolet light absorption curves are 

similar to those of the flavanes, 

In this ethanolysis reaction, dihydroquercetin was reduced to 

eriodictyol and some were degraded to phloroglucinol. However, 

a simple phenolic derivative of ring B of dihydroquercetin was un- 

identified. During the courses of the ethanolysis reaction, the solu- 

tion became colored an intense cerise. This color development indi- 

cates the presence of a 3- hydroxyflavanone. This is a sensitive test 

for the determination of dihydroquercetin. 
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Ethanolysis of Dl-Catechin 

At the beginning of the ethanolysis of the dl- catechin, the solu- 

tion was colored a light- brown. During the course of the reaction, 

the color of the solution changed from brown to red to brown. The 

filtrate after neutralization with powdered sodium bicarbonate showed 

a dark -brown color. 

The paper and thin layer chromatographic data of the identified 

compounds in the ethanolysis solution of dl- catechin are shown in 

Tables 5 and 6, respectively. 

The chromatograms of the ethanolysis products from dl- 

catechin are shown in Figure 11. These chromatograms were 

developed with the solvent system chloroform: ethyl acetate: formic 

acid in the proportions of 50 :40:10 and sprayed with a diazotized 

benzidine solution after fluorescence was observed under an ultra- 

violet lamp. 

Chromatographic analyses by paper and thin layer methods 

using the three solvent systems previously mentioned indicated the 

presence of pyrocatechol, 2, 4, 6- trihydroxyacetophenone and phloro- 

glucinol. These compounds were identified by the simultaneous 

chromatographing of authentic chemicals and by the specific color 

developed with a dizotized benzidine solution. 

The chromatographic analyses also indicated the presence of 
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Table 5. Paper chromatographic separation and identification of 
known compounds in the ethanolysis solution of dl- catechin. 

Identified Rfs. with Rfs. with 
compounds n- butanol: 22% 

acetic acid: n- propyl 
water alcohol 

(40:10:50) 

UV 
Color with 

Diazotized 
benzidine 

Pyrocatechol 0. 868 0. 7 83 blue brown 
2, 4, 6- trihydroxy- 

acetophenone 0.925 0.750 pink 
Phloroglucinol 0.689 0. 714 violet 

Table 6. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of dl- 
catechin. 

Identified 
compounds Rfs. with 

(a) (b) (c) 

Color with 
UV Diazotized 

benzidine 

Pyrocatechol 
2, 4, 6-trihydroxy- 

acetophenone 
Phloroglucinol 

0.427 0.542 0.857 blue brown 

0.248 0.356 0.813 - pink 
0.144 0.350 0.662 violet 

Solvent systems: 
(a) benzene:methanol:glacial acetic acid (90:16:8) 
(b) toluene:ethyl formate: formic acid (50:40 :10) 
(c) chloroform:ethyl acetate: formic acid (50:40 :10) 

-- 

- -- 
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1. Authentic pyrocatechol 
2. Authentic phloroglucinol 
3. Ethanolysis products: #1 Pyrocatechol, #2 2, 4, 6.-tri- 

hydroxyacetophenone, #3 Unknown, #4 Phloroglucinol, 
#5, Polymer. 

4. Authentic 2, 4, 6- trihydroxyacetophenone 

Figure 11. Thin layer chromatograms of ethanolysis 
products of dl- catechin. 
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another unidentified compound in addition to a polymer which re- 

mained at the base line on the thin lyaer chromatograms. 

The ultraviolet light absorption curves of pyrocatechol showed 

maximum at 275 mµ and minimum at 242 mµ in methanol solution. 

The alkaline bathochromic shift showed maxima at 286 mµ and at 

235 mµ and minimum at 262 mµ (Figure 12). These absorption data 

were the same as those obtained with the authentic pyrocatechol. 

A distinct ultraviolet light absorption curve of 2, 4, 6- trihydroxy- 

acetophenone was unobtainable. The presence of this compound was 

checked by chromatographing the authentic sample adjacent to the 

unknowns of the same chromatogram. This compound gave a pink 

color on the chromatogram with a diazotized benzidine solution. 

In addition to pyrocatechol and 2, 4, 6- trihydroxyacetophenone, 

phloroglucinol was found present in the ethanolysis products from 

dl- catechin. The chromatographic behaviors both by paper parti- 

tion and thin layer methods and its characteristic coloration by a 

spraying reagent were identical with those obtained with the authen- 

tic phloroglucinol. 

The chromatographic analyses also indicated the presence of 

another unidentified compound in addition to a polymer which re- 

mained at the base line on the thin layer chromatograms. 

The thin layer chromatograms of an unidentified monomeric 

compound showed Rf. 0. 150 with benzene: methanol: acetic acid 
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(90 :16:8), Rf. 0.355 with toluene: ethyl formate: formic acid (50:40: 

10) and Rf. 0. 773 with chloroform: ethyl acetate: formic acid (50: 

40 :10). The color produced by the spraying reagent was greyish 

brown. The ultraviolet light absorption curves of this unknown 

showed maximum at 258 my. with a shoulder at around 350 mu and 

minimum at 241 my. The alkaline shift showed maximum at 255 mu 

(Figure 13). Comparison with authentic phenolic compounds available 

in this laboratory revealed that none of them were coincident with the 

unknown. 

The ethanolysis reaction converted dl- catechin into pyrocat- 

echol from the B ring of catechin, and into phloroglucinol and 2, 4, 6- 

trihydroxyacetophenone from the A ring in addition to the unknown 

and a polymer which remained at the base line on the thin layer chro- 

matograms. 

During the course of the ethanolysis, the color of the solution 

turned from red to light brown at the early stage of refluxing. This 

indicates that dl- catechin formed a red -colored anthocyanidin more 

or less easily in the presence of the hydrogen chloride. This process 

seemed to be coupled with the atmospheric oxidation of dl- catechin. 

In a somewhat long duration of ethanolysis, e. g. for 48 hours, the 

red -coloring substance was probably further degraded to simple 

phenolic compounds and with the concurrent formation of the poly- 

meric phenol. 
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Ethanolysis of Dl- catechin with Zinc Dust 

D1- catechin was subjected to ethanolysis in the presence of 

zinc dust. At the commencement of the ethanolysis reaction, the 

ethanolysis solution was clear and without color. During the courses 

of the reaction, the color changed from slightly pink and light yellow 

to a light grey color. This behavior of color change was different 

from the previous ethanolysis of dl- catechin in the absence of zinc 

powder. 

The chromatographic data are shown in Tables 7 and 8. 

The thin layer chromatogram obtained from the ethanolysis 

products in comparison with the authentic samples are shown in 

Figure 14 which was developed with the solvent system chloroform: 

ethyl acetate: formic acid (50:40:10) and sprayed with a diazotized 

benzidine solution. The presence of protocatechuic acid, phloro- 

glucinol and a polymer in addition to the undecomposed starting 

materials, d- catechin and 1- epicatechin were identified by means of 

paper partition and thin layer chromatographic techniques and by the 

characteristic color produced with the spraying reagent. 

The Rf. values of protocatechuic acid obtained by thin layer 

and paper partition chromatographies were identical with those ob- 

tained with the authentic protocatechuic acid. , The ultraviolet light 

absorption spectra of this compound showed maxima at 292 mµ and 
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Table 7. Paper chromatographic separation and identification of 
known compounds in the ethanolysis solution of dl- catechin 
with zinc dust. 

Identified Rfs, with Rfs, with 
compounds n- butanol: 22% Color with 

acetic acid: n- propyl 
water alcohol UV Diazotized 

(40:10:50) benzidine 

Protocatechuic acid 0. 800 0. 820 blue brown 
Phloroglucinol 0. 689 0. 714 violet 

Table 8. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of dl- 
catechin.with zinc dust. 

Identified 
Compounds Rfs. with Color with 

(a) (b) (c) UV Diazotized 
benzidine 

Protocatechuic acid 0. 179 0.417 0. 727 blue brown 
Phloroglucinol 0.144 0.350 0.662 violet 

Solvent systems: 
(a) benzene:methanol:glacial acetic acid (90:16:8) 

(b) toluene:ethyl formate: formic acid (50:40 :10) 

(c) chloroform:ethyl acetate: formic acid (50:40:10) 

-- 

- -- 
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1. Authentic protocatechuic acid 
2. Authentic phloroglucinol 
3. Ethanolysis products: #1 - protocatechuic acid, 

#2 phloroglucinol, #3 d- catechin, #4 1 -epi- 
catechin, #5 polymer 

4. Authentic d- catechin 
5. Authentic 1- epicatechin 

Figure 14. Thin layer chromatograms of ethanolysis 
products of dl- catechin with zinc dust. 
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at 256 mµ, and minima at 277 mµ and at 233 mµ in methanol solution. 

The alkaline shift indicated maxima at 298 mµ and 273 mµ and minima 

at 285 mµ and at 243 mµ (Figure 15). These spectroscopic data were 

the same as for the authentic sample. The ultraviolet light absorp- 

tion curves are shown in Figure 15. 

The presence of phloroglucinol was checked by paper partition 

and thin layer chromatographing the authentic chemical adjacent to 

the unknown. 

In this ethanolysis reaction, dl- catechin underwent degradation 

into phloroglucinol from the A ring and to protocatechuic acid from 

the B ring of the molecule. 

Ethanolysis of Quercetin 

During the ethanolysis of quercetin the color of the solution 

changed from yellow to light orange. After neutralization with sodi- 

um bicarbonate powder, the solution was colored a yellowish- brown. 

Quercetin underwent degradation into 2, 4, 6- trihydroxybenzoic 

acid and protocatechuic acid by the ethanolysis reaction. 

Paper partition and thin layer chromatographic data are shown 

in Tables 9 and 10, respectively. The thin layer chromatogram of 

the ethanolysis solution from quercetin which was compared with 

authentic samples is shown in Figure 16. This thin layer chromato- 

gram was developed with the solvent system toluene: ethyl formate: 
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Table 9. Paper chromatographic separation and identification of 

known compounds in the ethanolysis solution of quercetin. 

Rfs. with Rfs, with 

Identified n- butanol: 22% Color with 

compounds acetic acid: n- propyl UV Diazotized 

water alcohol benzidine 

(40:10:50) 

Protocatechuic acid 
2, 4, 6- trihydroxy- 

benzoic acid 

0. 800 0. 820 blue brown 

0.390 0.797 blue reddish 

Table 10. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of 
quercetin. 

Identified Rfs. with Color with 

compounds (a) (b) (c) UV Diazotized 
benzidine 

Protocatechuic acid 0. 179 0.417 0. 727 blue brown 
2, 4, 6- trihydroxy- 

benzoic acid 0. 391 0. 653 blue reddish 

Solvent systems: 
(a) benzene:methanol:glacial acetic acid (90:16:8) 

(b) toluene:ethyl formate: formic acid (50:40:10) 

(c) chloroform:ethyl acetate:formic acid (50 :40 :10) 

. - 

- -- 

--- 
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1 
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1. Authentic 2, 4, 6- trihydroxybenzoic acid 
2. Ethanolysis products: #1 protocatechuic acid, 

#2 2, 4, 6- trihydroxybenzoic acid, #3 Quercetin, 
#4 polymer. 

3. Authentic protocatechuic acid 
4. Authentic quercetin 

Figure 16. Thin layer chromatograms of ethanolysis 
products of quercetin. 
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formic acid (50 :40:10) and sprayed with a diazotized benzidine solu- 

tion. Protocatechuic acid and 2, 4, 6- trihydroxybenzoic acid in addi- 

tion to the undegraded quercetin were identified by checking with 

the authentic chemicals on the same chromatograms. A reddish 

color was produced with a diazotized benzidine solution on the dried 

chromatogram of 2, 4, 6- trihydroxybenzoic acid. 

Another unidentified compound which showed tailing on the 

thin layer chromatogram gave a greenish colore with a diazotized 

benzidine solution. 

Ethanolysis of Quercetin with Zinc Dust 

At the beginning of the ethanolysis of quercetin, the solution 

was colored orange. During the course of the reaction, the color 

changed from red and yellow to yellowish- brown. After neutraliza- 

tion with NaHCO3, it had an orange color. 

The chromatographic results are shown in Tables 11 and 12. 

These chromatograms of the ethanolysis products from quercetin in 

the presence of zinc dust are shown in Figure 17. They were devel- 

oped with a solvent system of chloroform: ethyl acetate: formic acid 

in the proportions of 50 :40 :10 and sprayed with a diazotized benzidine 

solution. The presence of protocatechuic acid and phloroglucinol in 

addition to the undecomposed quercetin was shown by ultraviolet 

light absorption curves and the chromatograms compared with the 
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Table 11. Paper chromatographic separation and identification of 

known compounds in the ethanolysis solution of quercetin 
with zinc dust. 

Rfs. with Rfs, with 
Identified n- butanol: 22% Color with 

compounds acetic acid: n- propyl UV Diazotized 
water alcohol benzidine 

(40:10:50) 

Protocatechuic acid 0.800 0.820 blue brown 
Phloroglucinol 0.689 0.714 violet 

Table 12. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of 

quercetin with zinc dust. 

Identified Rfs, with Color with 

compounds 
(a) (b) (c) UV Diazotized 

benzidine 

Protocatechuic acid 0.179 0.417 0.727 blue brown 
Phloroglucinol 0.144 0.350 0.662 violet 

Solvent systems: 
(a) benzene :methanol:glacial acetic acid (90 :16:8) 

(b) toluene:ethyl formate: formic acid (50 :40 :10) 

(c) chloroform:ethyl acetate: formic acid (50 :40:10) 

- -- 

- -- 
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4. Authentic protocatechuic acid 

Figure 17. Thin layer chromatograms of ethanolysis 
products of quercetin with zinc dust. 
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authentic samples. 

In this experiment no polymer was found to be present. Querce- 

tin was degraded in the presence of zinc powder into phloroglucinol 

which was derived from the A ring and into protocatechuic acid from 

the B ring of the molecule. 

Ethanolysis of Quercetin in Dilute Aqueous 
Ethanol Containing HC1 with Zinc Dust 

Quercetin was dissolved in dilute ethanol -water solution in an 

Erlenmyer flask and reduced with zinc dust and hydrochloric acid. 

The reaction mixture was heated on a hot plate for one hour and then 

was left standing overnight in the laboratory and decanted from the 

zinc powder. The solution was colored red. The alcohol was evapo- 

rated at room temperature and replaced with water. Then, the color 

of the water solution was reddish- brown. The water solution was 

fractionated into ethyl ether soluble and chloroform soluble fractions. 

Both fractions were colored reddish -brown. The chromatographic 

results are shown in Table 13. 
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Table 13. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of 
que rc etin. 

Identified compounds 

Rfs. with Color with 

(b) (c) UV Diazotized 
benzidine 

Ethyl protocatechuate 
Protocatechuic acid 

0.477 0.830 blue orange 
0.417 0.727 blue brown 

Solvent systems: 
(b) toluene:ethyl formate:formic acid (50 :40:10) 
(c) chloroform: ethyl acetate: formic acid (50:40 :10) 

The two principal degradation products found were ethyl proto- 

catechuate, and protocatechuic acid. In addition, a polymer which 

remained at the base line on the thin layer chromatograms was pres- 

ent. The thin layer chromatographic results of the ethyl protocatech- 

uate were the same as those obtained with the synthetic sample. The 

ultraviolet light absorption spectra of this compound showed maxima 

at 294 mµ, and at 258 my. and minima at 278 mi., and at 235 mµ. The 

alkaline shift showed maxima at 311 mp. and at 232 mµ, and minimum 

at 257 mµ (Figure 18). These spectroscopic data were identical with 

the synthesized ethyl protocatechuate. It may be considered to have 

originated from protocatechuic acid by esterification with ethanol. 

The chromatographic data and ultraviolet light absorption curves of 

protocatechuic acid were the same as those of the authentic sample. 

However, none of the degradation products which might be derived 
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from the ring A of quercetin was obtained in the reaction mixture. 

Ethanolysis of Mountain Hemlock Tannin 

Ethanolysis was performed on mountain hemlock bark tannin. 

The color of the solution was a dark brown throughout the reaction. 

The paper partition and thin layer chromatographic data of the 

identified compounds in the ethanolysis solution of mountain hemlock 

tannin are shown in Tables 14 and 15, respectively. 

Chromatographic analysis by paper partition and thin layer 

chromatographic techniques using different kinds of solvent systems 

indicated the presence of pyrocatechol, protocatechuic acid, 2, 4, 6- 

trihydroxybenzoic acid and phloroglucinol in addition to a polymer 

which remained at the base line on the thin layer chromatograms. 

These compounds were confirmed by comparison with the known 

samples and by the characteristic colors obtained when the dried 

chromatograms were sprayed with the diazotized benzidine spraying 

agent. The ultraviolet light absorption curves of these compounds in 

neutral methanol and alkaline solutions were the same as for the 

authentic chemicals. Protocatechuic acid has been separated in the 

extract from mountain hemlock bark by Kurth (15). 

Roux has reported that by alkaline fusion of Western hemlock 

tannin he obtained protocatechuic acid, catechol and phloroglucinol 

as the major degradation products and gallic acid and pyrogallol as 
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Table 14. Paper chromatographic separation and identification of 
known compounds in the ethanolysis solution of mountain 
hemlock tannin. 

Identified 
compounds 

Rfs. with Rfs. with 
n- butanol: 22% 

acetic acid: n- propyl UV 

water alcohol 

Color with 

Diazotized 
benzidine 

(40:10:50) 

Pyrocatechol 0.868 0.783 blue brown 
Protocatechuic acid 0. 800 0. 820 blue brown 
2, 4, 6- trihydroxy- 

benzoic acid 0.390 0. 798 blue reddish 
Phloroglucinol 0.689 0.714 violet 

Table 15. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of mountain 
hemlock tannin. 

Identified 
compounds 

Rfs. with Color with 

(a) (b) (c) UV Diazotized 
benzidine 

Pyrocatechol 0.427 0.542 0. 85 7 blue brown 
Protocatechuic acid 0. 179 0. 41 7 0. 727 blue brown 
2, 4, 6- trihydroxy- 

benzoic acid 0. 391 0. 653 blue reddish 
Phloroglucinol 0.144 0.350 0.662 violet 

Solvent systems: 
(a) benzene:methanol :glacial acetic acid (90:16:8) 
(b) toluene:ethyl formate:formic acid (50 :40 :10) 
(c) chloroform:ethyl acetate:formic acid (50 :40 :10) 

- -- 

- -- 
- -- 
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minor products. By dehydration with propanol- hydrochloric acid 

he obtained cyanidin and traces of delphinidin, which were detected 

chromatographically (20). 

The infrared and ultraviolet spectra and chemical properties 

of Western hemlock tannin, which is similar to mountain hemlock 

tannin, were consistent for a polymer derived from catechin, leuco- 

cyanidin and small amounts of gallocatechin and leucodelphinidin (10). 

Studies conducted by Hergert have shown that aqueous tannin 

extracts of pine and fir yielded identifiable anthocyanidins when heat- 

ed with mineral acid and alcohol. The components of these extracts 

were separated chromatographically and it was found that two mater- 

ials were responsible for the formation of the anthocyanidins. One 

of these consisted of a series of steroisomers of leucocyanidin, and 

the other gave cyanidin upon acid treatment. 

The chemical nuature of hemlock tannins was investigated by 

Russell and Todd. They isolated pyrogallol, protocatechuic acid 

and catechol in very small yields by alkaline hydrolysis of the tan- 

nins from eastern and western hemlock (23) 

Finch and White have shown that alkaline fusion of hemlock 

tannin, according to the method of Roux, gave phloroglucinol and 

protocatechuic acid as the principal degradation products and gallic 

acid as a minor product (6) . 

The presence of pyrocatechol, protocatechuic acid, 
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2, 4, 6- trihydroxybenzoic acid and phloroglucinol in the ethanolysis 

solution of mountain hemlock tannin in the absence of zinc powder 

suggests that the A ring is a phloroglucinol nucleus and the B ring 

is a catechol nucleus. 

Ethanolysis of Mountain Hemlock Tannin with Zinc Dust 

Mountain hemlock tannin was subjected similarly to ethanoly- 

sis in the presence of zinc powder. At the beginning of the ethanoly- 

sis reaction the solution was colored reddish- brown. During the 

course of the reaction the color of the ethanolysis solution turned 

from dark -brown to red. After it was neutralized with sodium bi- 

carbonate, and filtered, the filtrate was colored brown. 

Phloroglucinol, d- catechin and 1 - epicatechin in addition to a 

polymer which was the undecomposed hemlock tannin were identified 

by chromatographic means. The chromatographic data of the identi- 

fied materials are shown in Tables 16 and 17, respectively. 

The chromatograms of the ethanolysis products from mountain 

hemlock tannin are shown in Figure 19. These chromatograms 

were developed with chloroform: ethyl acetate: formic acid (50:40: 

10) and sprayed with a diazotized benzidine solution. The chromato- 

grams also showed the presence of another compound which was not 

identified. A comparison with the authentic chemicals previously 

listed indicated none of these were identical with the unknown in the 
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Table 16. Paper chromatographic separation and identification of 
known compounds in the ethanolysis solution of mountain 
hemlock tannin with zinc dust. 

Rfs. with Rfs. with 
Identified n- butanol: 22% 

compounds acetic acid: n- propyl 
water alcohol 

(40:10:50) 

Color with 

UV Diazotized 
benzidine 

Phloroglucinol 0.689 0.714 violet 
D- catechin 0. 671 0. 706 orange 
L- epicatechin 0.551 0.589 - orange 

Table 17. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of mount 
tain hemlock tannin with zinc dust. 

Identified 
compounds 

Rfs. with Color with 

(b) (c) (d) UV Diazotized 
benzidine 

Phloroglucinol 0.350 0.662 0.093 violet 
D- catechin 0.179 0.382 0.020 -- orange 
L- epicatechin 0.094 0.322 - orange 

Solvent systems: 
(b) benzene:methanol:glacial acetic acid (90:16:8) 

(c) toluene:ethyl formate:formic acid (50 :40:10) 

(d) benzene :dioxane:acetic acid (90 :16:8) 

--- 
- -- 

- -- 
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1. Authentic 1- epicatechin 
2. Ethanolysis products: #1 unknown, #2 phloroglucinol, 

#3 d- catechin, #4 1- epicatechin, #5 polymer. 
3. Authentic d- catechin 
4. Authentic phloroglucinol 

Figure 19. Thin layer chromatograms of ethanolysis 
products of mountain hemlock tannin. 
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ethanolysis solution. The unknown compound fluoresced under an 

ultraviolet lamp and developed a pinkish- orange color when sprayed 

with a diazotized benzidine solution. The paper chromatographic 

analysis of this compound showed Rf. O. 876 with n- butanol: acetic 

acid: water (40 :10:50) and Rf. O. 797 with 22% n- propyl alcohol. The 

thin layer chromatograms also showed Rf. 0.390 with toluene: ethyl 

formate: formic acid (50 :40:10), Rf. 0. 692 with chloroform: ethyl 

acetate: formic acid (50 :40:10) and Rf. 0.133 with benzene: dioxane: 

acetic acid (90 :16:8). 

The results suggest that mountain hemlock tannin is a polymer 

of dl- catechin, and that the ring A is a phloroglucinol nucleus and 

the ring B is a catechol nucleus. 

Ethanolysis of Douglas -fir Phlobaphene 

Throughout the ethanolysis of Douglas -fir phlobaphene the solu- 

tion was dark purple. The chromatographic analyses by means of 

thin layer chromatography showed the presence of dihydroquercetin, 

protocatechuic acid and ethyl protocatechuate in addition to an un- 

identified compound and polymer. 

The thin layer chromatographic data are shown in Table 18. 
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Table 18. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of 
Douglas -fir phlobaphene. 

Identified 
compounds (b) 

Rfs. with 

(c) UV 

Color with 
Diazotized 
benzidine 

Ethyl protocatechuate 0.477 0.830 blue orange 
Protocatechuic acid 0.417 0. 727 blue brown 
Dihydroquercetin 0.329 0.631 orange 

Solvent systems: 
(b) benzene:methanol:glacial acetic acid (90 :16:8) 
(c) toluene :ethyl formate:formic acid (50 :40 :10) 
(d) benzene:dioxane:acetic acid (90:16:8) 

The chromatographic data was identical with the authentic 

chemicals. The chromatograms of the ethanolysis products: from 

Douglas -fir phlobaphene are shown in Figure 20. These chromato- 

grams were developed with toluene: ethyl formate: formic acid (50: 

40 :10) and sprayed with a diazotized benzidine solution. 

The chromatographic results suggest that dihydroquercetin is 

linked in some way to Douglas -fir phlobaphene. The protocatechuic 

acid and its ethyl ester may have been derived from the dihydro- 

quercetin or from some other part of the Douglas -fir phlobaphene 

molecule. 

Ethanolysis of Douglas -fir Phlobaphene with Zinc Dust 

Douglas -fir phlobaphene was subjected similarly to ethanolysis 

in the presence of zinc powder. At the start of the ethanolysis 

- -- 
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1. Authentic ethyl protocatechuate 
2. Authentic dihydroquercetin 
3. Ethanolysis products: #1 ethyl protocatechuate, 

#2 protocatechuic acid, #3 unknown, #4 dihydroquercetin, 
#5 polymer. 

4. Authentic protocatechuic acid 

Figure 20. Thin layer chromatograms of ethanolysis products 
of Douglas -fir phlobaphene. 
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reaction, the solution was deep purple. During the course of the 

reaction, the color changed to brown. 

The chromatographic analyses by means of paper partition 

and thin layer chromatographies showed the presence of only di- 

hydroquecetin in addition to the undecomposed Douglas -fir phlo- 

baphene. The presence of dihydroquercetin was checked by com- 

parison with the authentic chemical. The chromatographic data 

are shown in Tables 19 and 20. 

Table 19. Paper chromatographic separation and identification of 

known compounds in the ethanolysis solution of Douglas - 
fir phlobaphene with zinc dust. 

Rf. with Rf. with Color with 

Identified n- butanol: 22% 

compound acetic acid: n- propyl UV Diazotized 

water alcohol benzidine 
(40:10:50) 

Dihydroquercetin 0.821 0.657 --- orange 
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Table 20. Thin layer chromatographic separation and identification 
of known compounds in the ethanolysis solution of 
Douglas -fir phlobaphene with zinc dust. 

Identified Rf. with Color with 
compound (a) (b) (c) UV Diazotized 

benzidine 

Dihydroquercetin 0.064 0.329 0.631 orange 

Solvent systems: 
(a) benzene :methanol:glacial acetic acid (90:16:8) 
(b) toluene:ethyl formate:formic acid (50 :40 :10) 
(c) chloroform:ethyl acetate: formic acid (50 :40 :10) 

The chromatographic data were identical with the authentic 

dihydroque rcetin. 

Dihydroquercetin was isolated and measured for ultraviolet 

spectra which are shown in Figure 21. The ultraviolet light absorp- 

tion showed maximum at 288 mµ and minimum at 249 mµ in methanol 

solution. The alkaline bathochromic shift showed maxima at 325 mµ 

and at 242 mil, and minimum at 278 mµ. These spectroscopic behav- 

iors were identical with the authentic dihydroquercetin. 

The phlobaphenes are water -insoluble but soluble in alcohol 

and similar organic solvents, and are closely related to the co- occur- 

ring phlobatannins. 

The Douglas-fir phlobaphene used in this experiment was initi- 

ally free from dihydroquercetin. A preliminary examination of the 

chemical constituents of the crude Douglas -fir phlobatannin by 

chromatographic techniques showed the presence of dihydroquercetin, 
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quercetin, d- catechin and 1 -epicatechin in addition to a polymerized 

compound. 

An attempt was made to purify Douglas -fir tannin, but it was 

found to be difficult to remove the flavonoids from the tannin. 

Therefore, Douglas -fir tannin was not subjected to ethanolysis. 

The fact that dihydroquercetin is present in relatively large 

amounts in Douglas -fir bark suggests a relationship between this 

compound and the polymeric tannins and phlobaphenes. The pres- 

ence of dihydroquercetin in the ethanolysis solution from Douglas -fir 

phlobaphene indicated that dihydroquercetin does have a chemical 

relationship with the phlobaphene. This relationship may occur in 

two ways. One possibility is that the phlobaphene is derived from 

dihydroquercetin through polymerization and the other is that dihydro- 

quercetin is attached to the phlobaphene by either an ester or ether 

linkage. 

Hergert suggested that Douglas -fir phlobatannin is not derived 

from dihydroquercetin based on his experiments with ultraviolet and 

infrared spectra, and the distribution of dihydroquercetin in outer 

bark (10). He believed that Douglas-fir phlobatannin was not a poly- 

mer of dihydroquercetin because the phlobatannin did not appear to 

contain a carbonyl group such as is in dihydroquercetin. However, 

this does not prove that Douglas -fir phlobatannin is not a polymer of 

dihydroquercetin, because the linkage may be through the carbonyl 



group to form an ether linkage with another dihydroquercetin. 

Russel studied the reduction products of the polyhydroxy- 

chalcones and concluded that the phlobatannins are falvopinacols. 

According to his view, quebracho tannin is bis -(7, 3', 4' trihydroxy- 

flavinacol). In pursuance of his theory of phlobatannin structure, 

he synthesized a number of flavopinacols where the A ring is de- 

rived from phloroglucinol, pyrogallol, or resorcinol, and the B 

ring is derived from catechol. He found such products were quali- 

tatively indistinguishable from the natural 
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phlobatannins (24) . How- 

ever, later work by other workers did not substantiate Russell's 

conclusions. 



72 

IV. SUMMARY AND CONCLUSIONS 

The purpose of this research was to degrade the flavonoids, 

such as, catechin, quercetin and dihydroquercetin, and polymeric 

polyphenols, such as, mountain hemlock phlobatannin and Douglas - 

fir phlobaphene to monomeric compounds and simple phenolic com- 

pounds by means of the ethanolysis reaction which has been an im- 

portant tool for the elucidation of the basic structure of lignin, and 

also by a modified ethanolysis process in the presence of zinc dust. 

The degradation products demonstrated certain chemical relation- 

ships of these bark components to one another. 

Identified ethanolysis products from dihydroquercetin were 

eriodictyol, quercetin and luetolin. None of the simple phenols 

were found. When zinc dust was added to the reaction mixture, 

the products were eriodictyol and phloroglucinol (Figure 23). 

Ethanolysis of dl- catechin gave pyrocatechol, 2, 4, 6- trihydroxy- 

acetophenone and phloroglucinol. Similarly, in the presence of zinc 

dust this compound gave protocatechuic acid and phloroglucinol (Fig- 

ure 24). 

Quercetin gave protocatechuic acid and 2, 4, 6-trihydroxybenzo- 

ic acid, and in the presence of zinc dust protocatechuic acid and 

phloroglucinol. When it was treated in aqueous ethanolysis solution 

with zinc dust, quercetin gave protocatechuic acid and its esterified 



73 

product, ethyl protocatechuate (Figure 25). 

Ethanolysis of mountain hemlock tannin gave pyrocatechol, 

protocatechuic acid and phloroglucinol. In the presence of zinc dust 

the ethanolysis products were d- catechin, 1- epicatechin, and phloro- 

glucinol. The results suggest that mountain hemlock tannin is a 

polymer of dl- catechin, and that the ring A is a phloroglucinol 

nucleus and the ring B is a pyrocatechol nucleus (Figure 26). 

Douglas -fir phlobaphene gave protocatechuic acid, ethyl 

protocatechuate and dihydroquercitin, and in the presence of zinc 

dust dihydroquercetin. The results suggest that dihydroquercetin 

is linked in some way to Douglas -fir phlobaphene (Figure 27). 

From this research, ethanolysis and its modified process 

with zinc dust were found to assist in the understanding of the funda- 

mental structure and chemical relationship between the flavonoids, 

phlobatannins and phlobaphenes. 
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Figure 24. Identified products from dl- catechin. 
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