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CHAPTER I 

INTRODUCTION

The use of radioisotopes as tracers in biological 
studies was begun in 1923 by Hevesy,^ who used radioactive 
lead to investigate the uptake and distribution of this 
element in plants* Since that time, and especially since 
World War II, a large number of isotopes, both stable and 
radioactive, both natural and artifical, have become avail­
able and have been used as tracers in almost all fields of 
science •

The specific advantages of isotopically labeled ele­
ments and compounds have been reviewed by several w o r k e r s .2-6 
Namen, in his review? oversimplifies the tasks when he points 
out that it is possible, by means of isotopic labeling, 
M____to distinguish and trace any molecule or atomic group­
ing the behavior of which is of interest in connection with 
biological function."

One of the most important isotopes that is used in 
the biological fields today is C^^, the long-lived radio­
active carbon isotope. Two of the inherent advantages of 
this isotope have to do with its long half-life and with its



comparatively soft radiations* The half-life of is 
approximately 5,600 years® and therefore requires no decay 
corrections in assay procedures* The radiations from 0^^ 
have an average range in air of approximately 4-6 cms and 
are in the form of a simple negative beta spectrum with a 
maximum energy of approximately 0*15 million-electron-volts*® 
These soft radiations keep the radiation damage of living 
tissue at a very low level, while in addition, they give the 
experimenter a very useful method of assay*

There are two major, general methods of synthesizing 
labeled compounds* One involves the "laborious efforts" of 
the organic chemist, and the other involves the synthetic 
ability of living tissue* This latter method, biosynthesis, 
is primarily used when the synthesis of the compound sought 
is extremely difficult or impossible* For example, it has 
been used to obtain such complex compounds as proteins^® 
and lipids*^! These biosynthesized compounds are usually 
uniformly labeled. In some cases, however, they are very 
difficult to purify to a satisfactory degree*

The laboratory procedures, where possible to be 
utilized, result in substances which have several advantages 
over compounds produced by biosynthetic methods. The abilitjy 
to obtain specifically labeled compounds gives the scientist 
a chance to follow the specific atom or grouping throughout 
a metabolic scheme* In addition, it is possible to obtain 
compounds which have the labeled atom strategically placed



so that lï~ls not likely to become part of a metabolic pooI7 
The laboratory" synthesis, as against the biological method, 
also affords a much greater control over the dilution of the 
isotope, since corresponding non-labeled reactants may be 
introduced, where needed, in known quantities. These con­
trols over dilution are limited, of course, by the activity 
of the starting material and the yields of the various re­
action steps.

Since this thesis reports on the laboratory synthesis 
of a specifically labeled flavonoid, a brief discussion of 
flavonoids and their status in biochemistry is given below* 

The field of flavonoids, a group of naturally occur­
ring substances related to the S-phenyl—^benzopyrone 
structure, (Figure 1) was strongly associated twenty years 
ago with biological activity in animals, when certain plant

Figure 1.

Numbering system of the 2-phenyl—^benzopyrone
structure.



extracts, such as those from lemon and paprika, and shoum 
to contain flavonoid compounds, were reported to be bene­
ficial in the treatment of adverse capillary conditions in 
man.^ Although there are conflicting reports,15-15 this 
work has been confirmed and expanded so as to suggest that 
the flavonoids may play a role in the metabolic fight against 
a number of other pathological conditions and diseases.

By citing a few examples from the literature, one nay 
visualize the great and varied amount of work that has been 
done concerning flavonoids as theraputic agents. Only a 
brief summary of the flavonoid field will be given here, 
since a number of reviews have already been written concern­
ing the status of flavonoids in relation to their so-called 
"vitamin P" activity and other biological effects and with 
respect to their chemistry*15-20

In 1943, Sevin announced that rutin, a flavonoid gly­
coside, would increase the capillary resistance of normal 
guinea pigs as determined by a suction method^^ and in 1948, 
flavonoid therapy was reported to be of value in experiment­
ally induced frostbite in r a b b i t s I n  relation to ex­
cessive irradiation from x-rays or radioactive elements,
Rekers and Pield^® found that rutin, administered three 
times a day in 50 mgm. quantities to mice, assisted in con­
trolling the syndrome, and it reduced the mortality rate 
in mice from sixty-two to twelve percent. Eddy and Sokoloff^^ 
have reported on the results of an analysis of 500 case



histories coiopilecl by 2~2 radiotherapists. These results 
indicated that citrus flavonoid “reduces radiation erythema 
up to 60-90^ and increases considerably the tolerance to 
deep radiation”.

Schoenkerman and Justice^® suggest that there is a 
sufficient increase in the relief of allergy symptoms when 
flavonoids are combined with antihistamines, to warrant 
further investigation, while Boines^® has suggested the use 
of flavonoids as an adjunct in the over-all clinical manage­
ment of poliomyelitis patients. A recent popular article 
reports the use of flavonoids in therapy of the common 
cold.87

Finally, one can mention the work by Griffith, et .al. 
concerning old age. They give clinical data which they con­
clude show that flavonoids reduce the incidence of mortality 
associated with capillary fault. By using statistics on the 
clinical data and mortality, they claim that this treatment 
"prevents eighty-eight out of every one hundred deaths due 
to apoplexy" and "a sixty-five percent reduction in deaths 
due to coronary occlusion"•

That the flavonoids do play some role in animal 
metabolism still is considered a possibility and certain in­
vestigators support the belief that they may play an im­
portant role. However, ho definite metabolic function has 
been assigned to them. With the use of radioactive tracers, 
research workers in the field hope that some datacan be ob-



talned concerning the possible path flavonoids take in 
metabolism and hope to get information as to their possible 
role*

With the knowledge that flavonoids occur in many 
vegetable foodstuffs and that they have been associated with 
nutritional requirements, it is significant to note that 
with three possible exceptions, all the naturally occurring 
flavonoids found have been reported in the plant kingdom*
One exception is the report by Thomson,which showed that 
a quercetin-like flavonoid is present in the wings of the 
butterfly* He also reports, however, that this might be of 
plant origin. The second exception is the report by Eddy 
and 8okoloff,50 who claimed to have obtained evidence for 
the presence of two flavonoids in the adrenal glands of cows 
By using the Wilson borocitric reaction^^ on adrenal gland 
extracts they were able to produce spectophotometric curves 
which had absorption peaks similar to those obtained with 
flavonoids which had been treated with the borocitric re­
agent* Similar spectophotometric curves have been obtained, 
by other workers but further work on attempted isolations 
has not produced any definite flavonoid compounds*̂ *̂-*5 

The final exception, and probably the most note­
worthy, is a report by Szent-Gyorgyi concerning his isola­
tion of a yellow solid from the thymus g l a n d T h i s  sub­
stance shows some reactions which characterize flavonoids, 
such as its reaction in alkali, its reaction with p o l y - _



valent ions like Zri'̂'*’ and and.1ta H ^ t  absorption
spectrum. Up to this time, however, no report has been 
published concerning Its Identity.

These reports and others concerning the physiological 
action of flavonoids have prompted other Investigators to 
Increase their studies concerning the chemical nature of 
the flavonoids and their occurrence In nature. Since most 
of the flavonoids and the "vitamin P" preparations are ob­
tained from plant sources, the problem of purity has been 
a factor In metabolic studies. In addition to this, most, 
if net all, crude flavonoids that have been used In these 
Investigations contain several related flavonoids, and 
assigning a role to any one of them would be extremely 
difficult. Another problem Is that a large number of food­
stuffs contain these compounds and the problem of excluding 
these flavonoids from the diet of animals Increases the 
difficulty of soIvlng the cause and effect relationship of 
a specific flavonoid In metabolism. In 1949, Wender and co- 
workers35-37 reported on methods for the Isolation, separation, 
purification and characterization of flavonoids and related 
compounds utilizing paper and column chromatography. It can 
be readily seen that such methods will be an Important tool 
In determining the fate of a labeled flavonoid compound In 
a biological system.

With this Information In mind, the present Investl- 
gatlon was undertaken as part of a large preliminary survey
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by these laboratories and concerned with the eventual eluci­
dation of the fate of flavonoids in biological systems. It 
is specifically concerned with the synthesis of a flavonoid 
which contains a tagged carbon atom in a pre-deaigned posi­
tion.

The flavonoid chosen for this work was quercetin,
2 -(3,4-dihydroxyphenyl-) 3,5,7-trihydroxybenzopyrone, The 
reasons for this choice were twofold, Quercetin is one of 
the more widely distributed flavonoids in the plant kingdom 
and, in addition, it has been reported to possess a very 
high therapeutic activity,5?

Quercetin was first synthesized by Kostanecki, et,al. 
in 1904 using as a starting material the c ha leone of 5,7,3’, 
4’-tetramethylerlodictyol and proceeding through a series of 
reactions shown in Figure 2, This chaleone bad been pre­
viously prepared by the same author from veratraldehyde and 
the dimethyl ether or phloroacetophenoneReactions 
similar to those used in Kostanecki’s work and modified by 
D, W, Pox^l were followed in this work.

To conserve the activity in labeled syntheses, a 
number of adaptations and modifications were found and 
utilized in the present study. In radioactive syntheses, 
it is advantageous to have reactions where the labeled re­
actant is most highly utilized. Methods for the recovery 
of unreacted labeled compounds and by-products, where 
applicable, are also advantageous. This affords the re-
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OCĤ  0
Chalcone of $ , 7 , 3 ' -tetramethyleriodictyol

OCĤ  0
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searcher with some labeled intermediates for other syntheses 
or metabolic studies or increases the amount of product in 
subsequent runs * The reactions must also be adapted so as 
to be carried out on a small scale.

Since the starting material for these syntheses was 
to be potassium cyanide-C^^, it was necessary to begin fur­
ther back and prepare one of the starting materials used by 
Kostanecki* In looking at the structure of quercetin 
(Figure 2) it was decided to have the labeled carbon atom 
in the number two position* Since this position is part of 
the heterocyclic ring, it is hoped that exchange reactions 
in a biological system will not readily occur. If the mole­
cule is metabolized by the system, there should also be a 
good chance that the labeled atom will follow a fragment 
that might stay intact and that will be readily identified 
and followed further*

The purpose of this thesis research was, therefore, 
to devise a series of syntheses by which commercial 
potassium cyanide-could be converted into veratraldehyde 
containing the tagged carbon atom in the carbonyl position 
and to convert this product, by a series of reactions on a 
small scale, and in reasonably good yield, into pure 
quercetln-2-cl4 as the final product *



CHAPTER II 

EXPERIMENTAL

Preliminary Investigations on the 
Synthesis of Labeled Q.uercetin

Several synthetic routes, concerned with the synthesis 
of quercetin, were undertaken and are described below. It 
was thus necessary to prepare a number of intermediates, 
both for use in the syntheses with labeled material and 
for use in the preliminary studies. The preparation of 
these intermediates is also described below.

Preparation of veratrole (b-dimethoxybenzene)
Since veratrole was used as a starting material in 

a number of syntheses of veratraldehyde, this reaction was 
carried out a number of times and in rather large quantities 
Veratrole was prepared according to the method of Barger and 
Silberschmidt.42

In the hood, a three-necked flask was charged with 
124 gm. (1 mole) of freshly distilled guaiacol (o-methoxy- 
phenol) and then fitted with a mechanical stirrer and two 
dropping funnels. The flask was heated with a water bath
of 6QOÇ_. Â̂_j3oJlutlon_ô _a6_gm,.__(X*J5_tQoAei..b.f_pj?jtaaj3lĵ ______

11



hydroxide in 100 ml. of water was added dropwise from a 
funnel at the rate of about two drops per second, while the 
entire solution was being stirred. After about twenty 
seconds, the addition of 118 ml (158 gm; 1*25 mole) of di­
methyl sulfate was started dropwise, at the same rate, from 
the second funnel. After the addition of about 10 ml of the 
potassium hydroxide solution, the external heating was 
stopped. The reaction was kept a reddish-brown in color, 
indicating an excess of base as opposed to a green color 
obtained when the dimethyl sulfate was added too rapidly* 
With this indicator, it was possible to keep the reaction 
slightly basic at all times. When about three-fourths of 
the reagents had been added, a second phase appeared. After 
the addition was complete, the mixture was allowed to cool 
and the resulting veratrole was extracted with ethyl ether* 
This solution was dried over anhydrous magnesium sulfate* 
After carefully evaporating the ether, the veratrole was dis^ 
tilled under reduced pressure* The boiling point was 50-53®C 
under a pressure of about one mm of mercury* The product 
was obtained as a pale yellow oil and weighed 110 gm (80^ 
of theoretical)* It gave no color with ferric chloride.

In a similar experiment, catechol (0-dihydroxybenzene) 
gave veratrole in a seventy-five percent yield. Repeated 
attempts to crystallize veratrole were not successful and 
the product was used as an oil in all subsequent reactions*
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Veratraldehyde by the Gattermann syathesls 
The Gattermann synthesis is a method by which hydroxy 

aldehydes may be obtained from zinc cyanide and the correspond­
ing hydroxy compound in one reaction. For this reason, 
studies on the preparation of veratraldehyde, by this 
method, were undertaken as a possible means of introducing, 
in reasonably good yield, a labeled carbon atom in the 
carbonyl position of the aldehyde.

Preparation of zinc cyanide. A solution containing
13.6 gm (0.1 mole) of c. p. zinc chloride dissolved in a 
minimum amount of 50^ ethanol was added immediately to a 
solution containing 13 gm (0.2 mole) of potassium cyanide 
(96-98^ pure) dissolved in 17 ml of water. A white pre­
cipitate of zinc cyanide formed at once and was filtered wit 
suction. The precipitate was washed with 95^ ethanol and 
then with ethyl ether and finally dried in a desiccator.
The yield was 10 gm or 85^ of theoretical.

By titrating the cyanide present with a standard 
silver nitrate solution, the zinc cyanide was found to be 
about 90^ pure. The impurities probably are zinc chloride 
and basic zinc cyanide, which are said^S not to interfere 
with the Gattermann reaction. It has also been shown^^ that 
purified zinc cyanide does not work as well in this reaction 
as the more impure zinc cyanide.

The yields and purity of zinc cyanide from the above 
reaction varied rather widely. The yields of pure zinc
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cyanide varied from 60-80^ This was~ contaminated from 
5-50^ with impurities* When technical sodium cyanide was 
used, it was purified by adding a solution of magnesium 
chloride to precipitate the hydroxyl and carbonate ions 
which contaminated the sodium cyanide to the extent of 7-8^* 
Otherwise the zinc cyanide turned black on standing.

Preparation of the aldehyde. A dry 250 ml, three­
necked flask was equipped with a gas inlet tube, a mechanica 
stirrer, and a condenser fitted with a drying tube. This 
flask was charged with 14 gm (0.12 mole) of zinc cyanide 
(90^ pure) as prepared above, 10 gm (0.07 mole) of veratrole 
and 45 ml of dry benzene. After cooling to 0°C in an ice- 
salt bath, the stirrer was started and hydrogen chloride 
was bubbled in at a rapid rate.

The hydrogen chloride was prepared by carefully add­
ing concentrated sulfuric acid, drop by drop, into a paste 
of sodium chloride and concentrated hydrochloric acid. The 
gas was then dried by bubbling it through concentrated sul­
furic acid.

After thirty minutes the reaction was interrupted, 
and 15 gm of anhydrous aluminum chloride was added. The 
temperature was raised to 45®C and hydrogen chloride was 
passed into the reaction vessel for another two hours at a 
rather slow rate, one bubble per second. After cooling, the 
flask was stoppered and placed in the ice box overnight. 
_______The aldimine hydrochloride which appeared as a yellow
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crystalline solid was fîT&êred and then decomposed by re- 
fluxing with 100 ml of a 10^ hydrochloric acid solution for 
thirty minutes. By extracting this solution with ethyl 
ether, the aldehyde was obtained as an oil and weighed 5.7 
gm. This is a 50^ yield based on the veratrole but only a 
14^ yield based on the cyanide,

A 2,4-dinitrophenylhydrazone of the veratraldehyde 
was prepared and had a melting point of 258®C. The literature 
reports 265^0.^®

The Gatterman reaction was also carried out with the 
molar ratio of the reactants being varied down to 1 mole of 
veratrole and 1.5 moles of cyanide. The yields of the 
aldehyde, based on the cyanide, were not Improved,

During the entire course of the reaction, the ex­
haust gases were led from the condenser, through the drying 
tube and through a U-tube containing distilled water, into 
an ethanolic solution of zinc chloride. Since the cyanide 
was to contain the labeled carbon atom, it was hoped that 
the excess cyanide could be trapped as zinc cyanide and 
recycled through this reaction. In this manner, however, 
only a 7^ recovery of the initial cyanide was obtained. 
Moreover, the resulting zinc cyanide was assayed with silver 
nitrate to be 70^ pure and gave no aldehyde when recycled.

Due to the low conversion of zinc cyanide to vera­
traldehyde, the Gattermann synthesis was not used in the 
synthesis of labeled quercetin. Methods for the preparation
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of veratronitrile were then studied with the thought that 
this nitrile could he converted to veratraldehyde.

Veratronltrlle hy the diazotization reaction
The preparation of veratronitrile by the action of 

cuprous cyanide on the diazonium salt of 4-aminoveratrole 
was undertaken. In order to obtain the aminoveratrole it 
was necessary to nitrate veratrole and reduce the product, 
4-nitroveratrole. The nitrile resulting from this series 
of reactions would then be reduced to the corresponding 
aldehyde, which would then be converted into quercetin. The 
starting materials for this series of reactions were vera­
trole and potassium cyanide.

Preparation of 4-nitroveratrole. The method of 
Glark^^ was used to prepare the nitroveratrole. A solution 
of 20 gm (0.145 mole) of veratrole in 20 ml of glacial aceti 
acid was added dropwise into a stirred solution of 25 ml of 
concentrated nitric acid in 50 ml of distilled water. This 
solution was kept at 0°C with an ice-salt bath. After the 
addition was complete, the stirring was continued for one 
hour at G®C and for a second hour at room temperature. The 
crystals which formed were filtered with suction and washed 
with cold water. After recrystallizing from dilute methanol 
the nitroveratrole was dried in a desiccator. The yield was 
25 gm or 94^. The melting point was 98°C. Clark gives 
96^0.*^®
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Preparation of 4~amlnoveratrole. A solution of 25 
gm (0.14 mole) of 4-nitroveratrole in 100 ml of 95^ ethanol 
was reduced at room temperature in a low pressure hydro­
genation apparatus. This apparatus was equipped with a 
shaking device for the reaction vessel. The catalyst was 
0,3 gm of palladium black. A fifty pound hydrogen pressure 
was used and the reaction vessel was shaken during the re­
action. At the end of one hour the reaction was stopped.
The alcohol solution was then reduced in volume by evapora­
tion, to about 40 ml and the aminoveratrole precipitated 
by adding n-pentane. After recrystallizing from ethyl ether 
the product was obtained as white plates and weighed 18 gm 
(85^). The melting point was 85®0, Clark^® gives 81®C.

When the catalytic reduction was carried out at 100°C 
using Raney nickel as the catalyst, a 55^ yield was obtained 
A 52^ yield was obtained when the reduction was carried out 
using tin and concentrated hydrochloric acid.

Preparation of veratronitrile. A solution containing 
15 gm (0.1 mole) of 4-aminoveratrole and 7 ml (13 gm; 0.15 
mole) of concentrated sulfuric acid in 100 ml of distilled 
water was prepared and cooled in an ice-salt bath. This 
solution was kept at 0°C and stirred by hand while 7 gm'
(0.1 mole) of sodium nitrite in 15 ml of water was added 
dropwise from a dropping funnel. The stirring was continued 
for fifteen minutes and then an additional 2 ml of concen- 
trated sulfuric acid was added.___________________________
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A cuprous cyanide solution was also prepared by dis­
solving 13.5 gm (0,15 mole) of cuprous cyanide in a solution 
of 10 gm (0.15 mole) of potassium cyanide in 20 ml of water. 
The preparation of the cuprous cyanide will be described in 
synthesis of labeled cuprous cyanide.

The cuprous cyanide solution was warmed to about 60°C 
and the cold diazonium salt solution was added in small 
portions. After each addition, the solution was stirred 
vigorously, and during the entire reaction the temperature 
was maintained at about 60°C. After the addition was com­
plete, the solution was heated at 60°C for an additional 
fifteen minutes. The solution was then allowed to cool and 
was extracted with toluene. After removing the toluene 
under reduced pressure, an oil remained. Crystals appeared 
on standing.

A chromatographic column was prepared by adding a 
slurry of magnesol in ether to a chromatographic tube and 
packing the adsorbant under 8 pounds of air pressure. Dry 
ethyl ether was used as the solvent. This column, 1.8 x 20 
cm, was washed with ether. The crude veratronitrile ob­
tained above was dissolved in 25 ml of anhydrous ether and 
passed through the column. The nitrile came through the 
column with the solvent front. The column was then washed 
with ether.

The eluate containing the bulk of the nitrile and the 
uomblnedj. T.beusjümr_jmj3_lihen_remGvM_under_re.
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duced pressure. The nitrile was obtained as white crystals 
and weighed 7.7 gm. This is a 45^ yield based on the 
aminoveratrole, but only a 16^ yield based on the cyanide.

The preparation of veratronitrile, by the action of 
cuprous cyanide on the diazonium salt of 4-aminoveratrole, 
was not used with the labeled material since another method 
was found that would give a higher conversion of the cyanide 
ion into veratronitrile. The later method involved a re­
action in which cuprous cyanide was reacted with iodoveratro 
to produce veratronitrile in reasonably good yields. The 
preparation of 4-iodoveratrole was, therefore, necessary.

Preparation of 4-iodoveratrole. A solution of 28 gm 
(0.2 mole) of veratrole in 75 ml of 95^ ethanol was heated 
to 60®0 and, while stirring, was treated with 50 gm of 
iodine and 30 gm of mercuric oxide. The iodine, in 5 gm 
portions, and the mercuric oxide, in 3 gm portions, were 
added alternately over a period of one hour. Each time the 
iodine was added, the color of the solution turned to a deep 
purple. This purple color was allowed to disappear before 
another quantity of iodine was added. After the addition 
was complete, the solution was filtered and the alcohol was 
distilled from the filtrate. The residue, a dark red oil, 
was dissolved in ethyl ether and washed with solutions of 
sodium thiosulfate and sodium hydroxide, and finally with 
water. These washings took out most of the color, and left 
Æ_pale_yallpw_j3oJLujkl^t

le
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After drying over anhydrous magnesium, sulfate, the 
ether was evaporated and the residue distilled under reduced 
pressure. This gave 25 gm of a heavy pale yellow oil. The 
boiling point was 80-85°C under 1 mm pressure of mercury.
A portion of this oil crystallized after standing about one 
month in the ice box. Subsequent oils were seeded with thesb 
crystals.

The reaction of this product, 4-iodoveratrole, with 
cuprous cyanide-C^^ is described in later paragraphs. Once 
this method was available for preparing veratronitrile, 
studies were undertaken to find suitable methods of con­
verting it to veratraldehyde.

Attempted preparation of veratraldehyde 
by the' Stephen's reaction

The Stephen’s reaction is a method by which aromatic 
nitriles may be reduced to the corresponding aldehydes. The 
catalyst used in this reaction was anhydrous stannous 
chloride. A method for preparing it with reproducible re­
sults is given below.

Preparation of anhydrous stannous chloride. A n ­
hydrous stannous chloride was prepared by adding 1 mole of 
crystalline c.p. stannous chloride dihydrate to 2 moles of 
freshly distilled acetic anhydride, with stirring. The 
dehydration caused the solution to boil. After ninety 
minutes, the anhydrous stannous chloride was filtered with 
jsuc±ion.,_washed_with_two_5JljQil_por±JjQ!ns_ojf_e±hyJL e_ther.,_and_
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9rlë3nh a vacuum desiccator. Yields'"ôî over 95% were 
talned.

The Effectiveness of this catalyst and of the follow­
ing procedure was found to be satisfactory by first prepar­
ing p-tolualdehyde from its corresponding nitrile.

Attempted preparation of veratraldehyde. To a dry, 
three-necked flask, equipped with a gas inlet tube, a me­
chanical stirrer, and a condenser guarded with a drying tube 
containing anhydrous calcium chloride, were added 3.8 gm of 
anhydrous stannous chloride and 50 ml of anhydrous ethyl 
ether. While stirring, dry hydrogen chloride was passed in 
at room temperature until all the solid stannous chloride 
had disappeared with the formation of a second liquid layer. 
This took about thirty minutes.

The addition of hydrogen chloride and the stirring 
were then interrupted, and a solution of 1,63 gm (0.01 mole) 
of veratronitrile in 50 ml of dry ethyl ether was added.
The additional ether caused some solid stannous chloride to 
reappear. The stirring was resumed and hydrogen chloride 
was again passed into the solution. The solution, which 
still contained two layers, became clear in about ten minutes 
After about twenty minutes, a yellow solid began to appear 
in the lower liquid layer. Finally the whole lower liquid 
layer disappeared and the resulting yellow solid was sus­
pended in the ether. The stirring and addition of hydrogen 
chloride were again interrupted and 100 ml of toluene, dried
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by distillation from sodium, was added. The èther was dis­
tilled from the solution and after saturating again with 
hydrogen chloride, the resulting toluene solution was re­
fluxed for two hours. During this time, the color of the 
suspended solid changed from yellow to white. After cool­
ing, the flask was stoppered and placed in the ice box over­
night •

The resulting white solid was filtered and washed 
with dry ethyl ether. This solid was finally decomposed by 
adding 80 ml of water and heating the resulting solution to 
50®C for thirty minutes. An oil appeared, which solidified 
on cooling. This material was extracted with benzene. After 
evaporation of the benzene, 1.1 gm of solid was obtained.
This solid was purified chroma to graphically by passing it, 
in an ether solution, through a magnesol column. After puri­
fication, the aolid melted 67°C and showed no depression 
when a mixed melting point with authentic veratronitrile was 
taken. This was, therefore, a recovery of the starting 
material, veratronitrile.

This reaction was also attempted with only ethyl ether, 
with only toluene, and with syn, tetrachloroethane as the 
solvent. The temperatures were varied between 0®C and the 
boiling point of the solvent. The reaction was also tried 
using anhydrous aluminum chloride in addition to the stannouç 
chloride. All the methods tried resulted in good recovery 
of the starting veratronitrile. rather than the desired
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product^ veratraldehyde.
Sine© these experiments with the Stephen's reaction 

were not successful, attempts were made to convert the 
nitrile, or one of its derivatives, into veratraldehyde by 
another method* It was found that veratronitrile, after 
hydrolysis to veratric acid, could he converted into vera- 
troyl chloride, and this product could he reduced to vera­
traldehyde hy the Rosenmund reaction. This series of re­
actions is later described in detail in the experiments 
using labeled material*

Once the aldehyde was prepared, it was to be con­
densed with dimethylphloroacetophenone and, therefore, this 
intermediate was prepared*

Preparation of 2,4-dimethylphloroacetophenone 
This synthesis necessitated the preparation of 

phloroacetophenone from the more readily available phloro- 
glucinol*

Preparation of phloroacetophenone* A dry flask was 
charged with 20 gm (0*16 mole) of phloroglucinol, dried at 
120°C, 13 gm (0.32 mole) of anhydrous acetonitrile, 80 ml 
of anhydrous ethyl ether, and 4 gm of powdered, anhydrous 
zinc chloride* This flask was fitted with a large-bore gas 
inlet tube, reaching to the bottom of the flask and a dry­
ing tube through which the exhaust gases could leave the 
vessel* After cooling the mixture to 0°C, dry hydrogen
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chloride was passed in at a rapid rate for two hours* £ 
yellow solid appeared during this time. The flask was then 
stoppered and placed overnight in the ice "box.

Dry hyirogen chloride was again passed into the re­
action vessel for two hours. The flask was allowed to stand 
for three days in the ice box.

The resulting solid ketimine hydrochloride was filter­
ed and washed with dry ether. It was then re fluxed with one 
liter of water for two hours. On cooling, the phloro­
acetophenone appeared as yellow needles. Recrystallization 
from hot water, using activated charcoal, produced a pale 
yellow product which weighed 17 gm and had a melting point 
of 218®C. The partial méthylation of this product is des­
cribed below.

Preparation of 2,4-dimethylphloroacetophenone. In a 
dry flask, 12,6 gm of phloroacetophenone, dried at 120® C, 
was dissolved in 45 ml of anhydrous acetone. In the hood,
225 ml of anhydrous benzene, 45 gm of anhydrous potassium 
carbonate, and 14.5 ml of dimethyl sulfate were added to this 
solution. This mixture was refluxed on a water bath for 
twelve hours. Occasional bumping did occur, but this bumping 
did not get out of control.

The resulting mixture was filtered and the residue 
washed with hot benzene. The filtrate and benzene washings 
were then washed with water and extracted with 5% aqueous 
sodium hydroxide. This basic solution was poured into cold.
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25/̂  hydrochloric acid which caused the dimethylphloroaceto­
phenone to separate as white crystals# These crystals were 
filtered and washed with 5% aqueous sodium carbonate and 
then with water* After drying in a vacuum desiccator, the 
product weighed 12 gm and had a melting point of 81®C#

This product was purified further by passing it 
through a magnsol column# The column was made up with 
anhydrous ethyl ether# An etheral solution of the dimethyl­
phloroacetophenone was then run through the column# The 
compound passed through the column with the solvent front# 
After removing the ether under reduced pressure, the product 
was dried in a desiccator. The 2,4-dimethylphloroacetophenone 
melted at 83®C#

Studies on the preparation of the chaleone of com­
pletely methylated eriodictyol by the condensation of 
veratraldehyde with this product, 2,4-dimethylphloroaceto­
phenone, were then undertaken#

Preparation of the chaleone of 
5,7,5'.4'-tetrame t hy1eriodictoyl

These studies were undertaken to determine the optimum
conditions for the condensation of veratraldehyde with
dimethylphloroacetophenone# The method used with the labelecL
material will be described, in detail, in a later section#
This method, in general, consisted in reacting equivalent
quantities of the aldehyde and ketone in a basic ethanol
solution.
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A solution containing 2 gm (0,012 mole) of vera- 
traldehyde and 2,4 gm (0,012 mole) of dimethylphloroacatc- 
phenone in 75 ml of 95^ ethanol was treated with 4,5 ml of 
50^ aqueous potassium hydroxide. This solution was refluxed 
for three hours. During this time, the color changed to a 
very dark red. On dilution with 200 ml of distilled water 
and acidifying with concentrated hydrochloric acid, a deep 
orange precipitate was obtained. After filtering, this 
crude chaleone was washed with dilute ethanol and dried in a 
desiccator. The product weighed 1,8 gm which is a 43^ yield 

In another reaction, the same amounts of reactants 
were dissolved in 75 ml of 95^ ethanol and 20 ml of 50^ 
aqueous potassium hydroxide were added. This solution was 
allowed to stand at room temperature for two days, during 
which time the solution turned to a cherry red. Upon dilut­
ing the solution with 150 ml of distilled water and acidify­
ing with concentrated hydrochloric acid, the crude cha leone, 
as a yellow precipitate, was obtained. This product after 
washing and drying, weighed 2,1 gm and a 51^ yield.

Since these methods did not produce yields as high 
as the method to be described with the labeled material, 
they were not used.

Preparation of 5,7.3^,4'-tetramethyleriodictyol 
The preparation of the methylated eriodictyol con­

sisted in closing the heterocyclic ring of the correspond- 
ing cha leone. The details used in the labeled syntheses wil
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bëTdescr^lbëd~ï^er. However, two sets oî conditions which 
were not as successful are described*

A 5 gm (0,014 mole) quantity of purified chalcone, 
dissolved in 500 ml of absolute alcohol, was treated with 
25 ml of concentrated hydrochloric acid. This solution was 
refluxed for ten hours. After cooling, the solution was 
diluted with 200 ml of distilled water and extracted with 
three 50 ml portions of benzene, The benzene solution, 
after drying by azeotropic distillation, was passed through 
a column of magnesol, which had been prepared with dry 
benzene. The flavanone, tetramethylated eriodictyol, adhered 
tightly to the top portion of the column, while the unre­
acted chalcone developed below this flavanone. By extruding 
the wet magnesol from the column with forced air, it was then 
possible to cut out the flavanone and chalcone bands. These 
bands were then eluted with acetone. After removal of the 
acetone, the flavanone weighed 1,2 gm (24^ yield) and the 
unreacted chalcone weighed 3,1 gm (62^ recovery).

This cyclization procedure was also carried out with 
3 gm of chalcone dissolved in 450 ml of 95^ ethanol, and 
treated-with 80 ml of a 50^ aqueous hydrochloric acid solu­
tion, The reflux time was sixteen hours. The flavanone was 
obtained in a manner similar to that described in the 
previous reaction, A 38^ yield of the eriodictyol was ob­
tained.
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Preparation of 5,7,5*,4*~tetram9thylquercetin 
The method described in the labeled synthesis consist­

ed In preparing the oxime of the corresponding eriodictyol, 
in the 3 position, and hydrolyzing the product to methylated 
quercetin in one step. Attempts were made to isolate the 
intermediate oxime and thus obtain a higher conversion,

A solution of 0,25 gm (0.725 millimole) of tetra­
methyleriodictyol and 1 ml of freshly prepared butyl nitrite 
in 25 ml of 1,4-dioxane was prepared. A second solution was 
prepared which contained 0,65 ml (1,5 millimole) of tri­
me thy Ibenzylammonium hydroxide in 40 ml of dioxane. The 
resulting cloudy solution was clarified by the addition of 
10 ml of absolute ethanol.

The flavanone solution was then added dropwise, with 
stirring, to the basic solution. The addition took about 
fifteen minutes, after which an additional 0,5 ml of butyl 
nitrite was added. The solution remained a pale yellow.
The stirring was continued for one hour.

Attempts were made to isolate the oxime from this 
solution by adding 200 ml of ice water and acidifying with 
dilute hydrochloric acid. In this manner, 0,1 gm of un­
changed eriodictyol was recovered. Extraction of the aqueous 
solution, before and after acidification, with benzene, or 
ethyl ether, or with chloroform did not produce any of the 
oxime. Attempts to precipitate an oxime from the dioxane 
solution by the addition of sulfuric acid or with ethyl



29

ether were also unsuccessful.

Preparation of Quercetln-2-C^^
The total synthesis of querceti n - 2 - u s i n g  po­

tassium cyanide-C^^ as the labeled starting material, is 
described in the following paragraphs and is illustrated 
in Figures 3 and 4. All the labeled syntheses were first 
carried out in trial runs using non-labeled material. The 
assay procedures, for the specific activities given with 
these syntheses, will be described in later sections.

Dilution of potassium cyanide-C^^
The starting potassium cyanide-C^^ was obtained from 

Nuclear Instrument and Chemical Corporation (Chicago) in 
a sealed ampule and had a specific activity of 10.2 mi i n ­
curies per millimole. One millicurie is equal to 3.7 x 
10*̂  disintergrations per second. Since the sealed ampule 
contained a total of one millicurie, this means that there 
was l/lO.2 or 0.098 millimoles in the ampule. This is 6.38 
mgm of potassium cyanide-C^^.

The contents of the ampule appeared as a fine white 
powder in which the crystals tended to repel each other and 
adhere to the glass. The ampule was opened by first scoring 
the glass along the tip with a file and then repeatedly 
touching the scored area with a hot glass rod. This finally 
caused the glass to crack, and with a little pressure, the 
ampule could be opened. This procedure was carried out over
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glassine paper so that in the event of spillage, the active 
material could, be recovered.

The contents of the ampule were then washed into a 
four inch test tube containing 1.97 gm (0.05 mole) of c.p. 
potassium cyanide (96.9^ pure). The ampule was washed ten 
times with a total of 5 ml of distilled water. The result­
ing potassium cyanide contained one millicurie and had, 
therefore, a specific activity of 0,033 millicuries per 
millimole. Since further dilutions, with corresponding 
non-labeled materials, were not made in the following re­
actions, all intermediates and the final product should have 
this same specific activity.

Preparation of cuprous cyanide-C^^
The test tube containing the 1,97 gm (0,03 mole) of 

potassium cyanide in 5 ml of water and a test tube contain­
ing 2 gm of sodium meta-bisulfite in 5.5 ml of distilled 
water, were heated in a water bath to 60®C. A solution of 
7.14 gm (0.03 mole) of cupric sulfate pentahydrate in 20 ml 
of distilled water was acidified to congo red paper with 
dilute sulfuric acid (one drop) and then heated on a water 
bath to 50®C. The sodium bisulfite was then added slowly to 
the copper sulfate solution with stirring. The solution 
changed to a yellowish green color. The potassium cyanide 
solution was then added, all at once, and the test tube 
rinsed with two 0.5 ml portions of hot distilled water. The
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white cuprous cyanide formed immediately, and, after stand­
ing for ten minutes, the warn solution was filtered with 
suction through a small Buchner funnel. The product was 
washed with 15 ml of boiling water and then with 20 ml of 
95^ ethanol.

This product was then transferred into a pre-weighed, 
standard tapered, ten inch test tube. The product weighed 
2.4 gm and represented an 89^ yield. On assay it was found 
to have a specific activity of 0.032 millicuries per 
millimole.

Preparation of veratronitrile-C^%
To the test tube containing the 2,4 gm (0,027 mole) 

of cuprous cyanide, was added 7.5 gm (0,028 mole) of 
4-iodoveratrole. The test tube was then fitted with an air 
condenser and a stirring rod was inserted through the con­
denser to the bottom of the tube. The test tube was immersed 
in an oil bath, which was then heated to a bath temperature 
of 250®0. This temperature was maintained to i  10 degrees 
over a period of two hours and was stirred at frequent in­
tervals by hand, ‘̂he reaction here seems to be auto- 
catalytic, since after about one hour of heating the solid 
started to turn gray and the solution began to darken; ten 
minutes later the solution and solid were very dark. It 
had been previously noted that with highly purified 
iodoveratrole, a much longer time was needed for the re-
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action to start, if it started at all, than with the more 
impure material.

During the entire reaction, the solution refluxed 
on the sides of the test tube. On cooling, the reaction 
mixture turned to a very hard solid mass. This solid 
material was then broken up under 15 ml portions of an­
hydrous ethyl ether with the stirring rod. This took a 
considerable amount of time, and a total of 60 ml of ether.
A dark, fine powder remained in suspension.

A magnesol column was prepares with anhydrous ethyl 
ether, and after washing with dry ether, the ethereal solu­
tion containing the nitrile was passed through the column.
The column was finally washed with four columns of dry ether 
The eluate, which was a very light tan in color, was then 
transferred to a pre-weighed, alkali resistant, round bottom 
flask. After removing the ether under reduced pressure, the 
residue weighed 4.5 gn. Since this is a ICB^ yield, the 
product probably contained some unreacted 4-iodoveratrole. 
Previous runs with non-labeled material had indicated that 
this impurity would not hinder the hydrolysis of the nitrile,, 
which followed, and this impurity could then be removed at 
the later step.

Preparation of veratric acid-C^^ OOH 
To the product from the previous reaction was added 

120 ml of a 15^ potassium hydroxide solution and 40 ml of
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aethanol. The flask was fitted with a reflux condenser and 
the solution was refluxed with a heating mantle for a total 
of 30 hours. At the end of this period, no more ammonia 
could be detected with moist litmus paper, at the top of the 
condenser.

The condenser was then turned down, and the methanol 
was distilled from the solution. The distillate was basic 
to litmus. The resulting aqueous solution was then ex­
tracted twice with 15 ml portions of ethyl ether to remove 
any unreacted nitrile. This also removed the iodoveratrole 
which had been carried over from the preceding reaction. 
About 0.3 gm of still fairly radioactive impurities were 
extracted, and were set aside in a glass vial for la,ter re­
working.

The acid was finally precipitated by adding con­
centrated hydrochloric acid to the aqueous solution at 
75®C. If the precipitation was made below 50®C, the mono­
hydrate formed, and when dried in an oven, some was lost 
by sublimation. The light tan crystals of the acid were 
filtered and washed with distilled water containing a small 
amount of hydrochloric acid.

Purification was accomplished by dissolving the acid 
in 25 ml of dilute sodium hydroxide solution and heating 
this solution with activated charcoal at 100°C. After fil­
tering off the charcoal, the solution was acidified with 
concentrated-Jiydno-chlorl.C--acld-_a,t_7-5̂ C, and the resulting _
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white crystals were collected by filtration with suction.
The product was washed on the funnel with a small amount of 
dilute acid, and dried in a desiccator.

The veratric acid was then transferred into a pre­
weighed.. 65 ml, three-necked flask and after drying for 
thirty minutes at 100®C, weighed 4.0 gm. This is an 80^ 
yield based on the crude nitrile.

After working up the mother liquors and washings» an 
additional 0.3 gm of veratric acid was obtained. This was 
set aside in glass vial. The veratric acid melted at 181®C 
and was assayed to have a specific activity of 0.034 milli­
curies per millimole.

In order to prove the position of the labeled carbon 
atom, a 2.4 mgm sample of this acid was taken for decar­
boxylation. The sample was diluted up to 109 mgm with non­
radioactive veratric acid and placed in a glass test tube 
having a ground glass joint at the top. This test tube was 
equipped with a gas inlet tube for nitrogen and an exhaust 
tube which carried the exhaust gases through a U-tube con­
taining 10 ml of O.IN sodium hydroxide. The sample was 
reacted with 0.1 gm of cupric chromite in 2 ml of quinoline 
at an oil bath temperature of 250 il 10®C. Nitrogen was 
passed through the system at a slow rate. After thirty 
minutes of heating, the reaction chamber was cooled and a 
one molar solution of barium chloride was added to the soditmk 
hydroxide. A white precipitate of barium carbonate formed
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immediately. This was filtered, and after washing with 
water and alcohol, the solid was placed overnight in a 
dessicator. The barium carbonate was then assayed and a 
specific activity of 0.0006 millicuries per millimole was 
observed. Since the dilution factor was 1 to 45, the cal­
culated activity of the barium carbonate was 0.0007 milli­
curies per millimole.

The residue from the decarboxylation, after drying, 
had a small residual activity. By heating the residue at 
250®C for another two hours, a residue with no detectable 
activity was obtained.

Preparation of veratroyl chloride-C^^ 001 
The three-necked flask, containing 4.0 gm (0.022 mole) 

of veratric acid, was fitted with a condenser, guarded with 
a calcium chloride tube, and two ground glass stoppers. To 
this flask was added 25 ml of thionyl chloride. This reagent 
had been purified by first distilling it from pure quinoline* 
and then by a second distillation from boiled linseed oil.

A reaction began immediately in the reaction flask. 
Hydrogen chloride was evolved and after about 10 minutes 
all the acid bad dissolved in the thionyl chloride. The 
resulting solution had a pale amber color. The flask was 
then heated on a water bath and the thionyl chloride was 
refluxed for a period of two hours.

At the end of this time, the water was drained from
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the condenser, and a strong water-aspirator was attached to 
the top of the drying tube with pressure tubing* The excess 
thionyl chloride was then taken off under suction at a final 
bath temperature of 70®C. After one hour, the water-aspirator 
was replaced with a mechanical oil pump, and the last trace 
of thionyl chloride were removed at about 1 mm of mercury 
pressure.

The pale amber liquid solidified on cooling. Ho 
attempt was made to weigh this product.

Preparation of veratraldehyde-C^%0 
The veratroyl chloride obtained above was reduced 

to the corresponding aldehyde by the Rosenmund reaction.
Purification of hydrogen. Previous runs with un­

labeled material had shown that the commercial hydrogen must 
be freed of small traces of oxygen, in order to obtain 
optimum yields. This was accomplished by bubbling the 
hydrogen through Pieser’s solution.^8 This solution was 
prepared by dissolving 20 gm of potassium hydroxide in 100 
ml of water, and adding 2 gm of sodium anthraqulnone-p- 
sulfonate and 15 gm of sodium hyposulfite to the warm 
solution. The deep red solution was stirred until all the 
salts bad dissolved. A change in color to brown or the 
formation of a precipitate indicates that the solution had 
become inactive.

‘̂he hydrogen, after passing through the Pieser’s
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solution, was dried by bubbling It through concentrated 
sulfuric acid* Some silver sulfate was added to the sulfuric 
acid to detect any hydrogen sulfide that might he formed hy 
the Pieser’s solution.

Purification of the solvent* Xylene was chosen as 
the solvent, since at its boiling point, the reaction pro­
ceeds smoothly at a slow rate* At higher temperatures the 
reaction was too vigorous, and the resulting aldehyde was 
reduced further to the corresponding alcohol* At lower 
temperatures the reaction did not take place*

The xylene used was purified hy distillation from
sodium*

Preparation of the catalyst* The catalyst used in 
the Rosenmund reaction was palladium on barium sulfate,

A solution of 4.4 gm of anhydrous sodium sulfate in
60 ml of water was added dropwise, with stirring, to a
solution of 6.2 gm of barium chloride dihydrate in 60 ml of 
water at 70°C* The precipitate of barium sulfate which 
formed was then washed by décantation with hot water until 
the washings gave no. precipitate with aqueous silver nitrate* 
The barium sulfate was then suspended in 90 ml of water 
containing 5 drops of aqueous formaldehyde and heated to 80° 
C*

A solution of 0.5 gm of palladium chloride in 30 ml
of water, whicu had stood at room temperature for three days^
was then added* The resulting solution was rendered neutra1
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to litmus, slowly, with 1 N sodium hydroxide. The heating 
and stirring were continued for thirty minutes. The gray 
powder was then allowed to settle and was washed hy dé­
cantation until no more chloride ion was detected with 
aqueous silver nitrate.

The precipitate was then filtered with suction and 
dried in a desiccator over calcium chloride. The resulting 
catalyst weighed 6.5 gm and should contain ah out 5^ palladiui.

Preparation of the regulator. In order to keep the 
aldehyde from heing reduced to the alcohol after it was 
formed, a small amount of a "poison” was added to the re­
action mixture. The regulator was quinoline-sulfur and was 
prepared hy refluxing 1 gm of sulfur in 6 ml of freshly 
distilled quinoline. After cooling, the deep hrown-red 
solution was diluted with 70 ml of purified xylene and 
stored in a glass atoppered hottle.

Preparation of the aldehyde. The three-neeked re­
action flask containing the veratroyl chloride was now 
equipped with a gas inlet tuhe, which- m s  connected to the 
hydrogen source (sulfuric acid wash hottle) with tygon tub­
ing. Prom the water condenser, provisions were made to lead 
the exhaust gases through a drying tuhe into a graduated 
cylinder containing distilled water and phenophthalein as 
an indicator. By adding O.IN sodium hydroxide to the dis­
tilled water, it was possible to tell the relative speed of 
theLjre_a.ctlhnJ3y_j:he_rate_j)f_jevLOlutij3jn_j)fUiydrhgen_chlord(ieL.__
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The reaction was terminated when the phenophthalein was no 
longer decolorized.

The reaction flask was immersed in an oil bath which 
was heated by a hot plate containing a magnetic stirrer. To 
this flask, containing 0.022 mole of veratroyl chloride, 
based on the veratric acid, was added 30 ml of purified 
xylene, 5 micro liters of the quinoline-sulfur regulator and 
a quarter inch magnetic stirring bar. The system was then 
heated to a bath temperature of 60°C and flushed thoroughly 
with hydrogen,

After stopping the flow of hydrogen, the gas inlet 
tube was removed and 0.5 gm of the palladium-barium sulfate 
catalyst was added. Care was taken that the hydrogen flow 
had ceased, since the catalyst would spontaneously ignite 
in the presence of the hydrogen.

The gas inlet tube was re-inserted and the hydrogen 
was again started at the rate of about one bubble per second 
The oil bath temperature was raised to 160°C and the solution 
was stirred vigorously.

At the end of sixteen hours the exhaust gases would 
no longer decolorize the phenophthalein and the reaction was 
terminated. The resulting solution was filtered into a 250 
ml flask. All the equipment was rinsed with absolute 
ethanol and with anhydrous ethyl ether. These washings were 
added to the aldehyde solution. The solvents from this flask 
were then removed under reduced pressure. The resulting___
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residue, which was not purified, was light yellow in color 
and was carried on to the next reaction. It weighed about 
3.6 gm.

At the end of the next reaction, 0.68 gm of unreacted 
veratraldehyde was recovered. This gave a specific activity 
of 0.033 millicuries per millimole.

Preparation of the chalcone of
5.7.5 * .4 * ~tetramethyleriodictVO

The residue from the preceding aldehyde preparation 
was assumed to contain about 2.2 gm (0.012 mole) of vera­
traldehyde. This assumption was based on previous runs with 
unlabeled material which had shown that a maximum yield of 
60^ of veratraldehyde could be expected from the veratroyl 
chloride.

This residue and 3.0 gm (0.015 mole) of 2,4-dimethyl­
phloroacetophenone were dissolved in a minimal amount of 
95^ ethanol. This took about 200 ml. To this solution, 6 
ml of 50^ aqueous potassium hydroxide was added. The re­
action vessel was then shaken at frequent intervals over 
a thirty minute period, and the solution changed in color 
from amber to orange. The flask was then stoppered and 
placed on top of a hot air oven at about 40®C for forty- 
eight hours.

At the end of this time, the solution, which had 
become a very deep red, was diluted with 400 ml of distilled 
water. Concentrated hydrochloric acid was added dropwise
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to tb© solution until it showed an acid reaction to congo 
red paper. A flocculent yellow precipitate appeared. This 
was placed in the ice box overnight.

The precipitate was filtered without suction and the 
filtrate was extracted with benaene until no more color was 
removed. This took four 50 ml portions of benzene. This 
200 ml of benzene was then used to dissolve the precipitate 
and the resulting solution was distilled for fifteen minutes. 
This action dried the benzene by azeotropy and was necessary, 
since, from wet benzene, the solutes would not be readily 
adsorbed on a" magnesol column.

A column of magnesol was prepared and washed with 
anhydrous benzene. The crude chalcone solution was then 
run through this column. The chalcone developed as a bright 
yellow band near the top of the column. Under ultraviolet 
light this band appeared as a dark brown florescence. The 
first portions of eluant from this column were colorless and 
were collected in 25 ml quantities.

The first 125 ml of eluant yielded, after evaporation 
of the benzene, 1.6 gm of unreacted tetramethylphloroaceto- 
phenone, which had a sharp melting point at 83®C. A clear 
separation between this ketone and the aldehyde which follow­
ed it on elution was not accomplished, and the last portion 
of the ketone possessed some activity.

The unreacted veratraldehyde, which followed the 
phloroacetophenone from the column, was collected in the
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next 75^1 of~eluant • Ôn evaporation of the benzene, a yellow 
oil was obtained. This oil was dissolved in ethyl ether and 
passed through a magnesol column, which had been prepared with 
anhydrous ether. The ether was allowed to evaporate from 
the eluant and 0.68 gm of crystalline veratraldehyde was 
obtained. This was set aside in a glass vial.

The chalcone, by this time, had developed as a band 
below the dark impurities at the top of the column and be­
low a narrow pale yellow band just under the impurities.
After washing with a total of two columns of anhydrous ben­
zene, the wet magnesol was extruded from the top of the 
column. This was accomplished by applying air pressure to 
the constricted lower end of the column. By holding the 
column horizontally, one inch above a stainless steel tray, 
and applying the pressure very slowly, it was possible to 
ease the magnesol from the top of the column. In this manner, 
the magnesol retained its cylindrical shape. The magnesol 
was then cut with a stainless steel spatula into the three 
bands. The top band contained the impurities and was set 
aside. The second band, which had been shown in previous 
runs to contain some tetremethyleriodictyol, was eluted with 
anhydrous acetone. This was combined with the crude 
eriodictyol obtained in a later reaction.

The third band contained the purified chalcone and 
was eluted with anhydrous acetone. The eluant was filtered 
into a 500 ml round bottom fX-. 'k and the solvent was removed



45

under reduced pressure. The chalcone weighed about 2.3 gm. 
This is a 30^ yield based on the veratric acid.

At the end of the next reaction 0.44 gm of chalcone 
was recovered. It was assayed to have a specific activity 
of 0.034 millicuries per millimole.

Preparation of 5.7.3*.4 
tetraîme thy 1er iodic tyol-&-0^

The 2,3 gm (0.0067 mole) of chalcone from the pre­
ceding reaction was dissolved in 300 ml of 95^ ethanol.
After adding 11 ml of concentrated hydrochloric acid in 30 
ml of distilled water, the resulting solution was refluxed 
for twenty hours.

At the end of this time, 500 ml of distilled water 
was added and a bright yellow precipitate formed. The pre­
cipitate was filtered without suction and the filtrate was 
extracted three times with a total of 150 ml of benzene.
This benzene was then used to dissolve the precipitate.
The resulting solution was filtered to remove the drops of 
water present and then dried carefully by azeotropic dis­
tillation.

A column of magnesol was prepared and washed with 
anhydrous benzene* The flavanone solution was then passed 
onto the column. The flavanone was adsorbed tightly onto 
the adsorbent and appeared An ivory color in visible light 
and a dull gray in ultraviolet light. The chalcone normally 
.dev.eJ.oped_j.ust_b-eJLoLW_the__f.la_mnojae_.__In„1his_c.asa_the__co,lumn_
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was not quite long enough to hold all the flavanone and, as 
a result, all of the chalcone and a small amount of the 
flavanone passed off the column. It took 250 ml of anhydrous 
joenzene to wash the chalcone from the column. The column 
which now contained only the flavanone and a small amount of 
[impurities on the top surface, was washed with 300 ml of 
Lnhydroua acetone. This removed the flavanone very readily. 
The first portion of acetone through the column carried 
some of the flavanone and made a cloudy solution with the 
benzene. The flavanone solution was set aside and combined 
later with some more of the flavanone.

The chalcone eluate that was obtained above, was 
evaporated to dryness under reduced pressure. The resulting 
orange crystals weighed about 1.5 gm.

This recovered chalcone was recycled through the 
same reaction. The 1.5 gm of chalcone was dissolved in 200 
ml of 95^ ethanol containing 7 ml of concentrated hydro­
chloric acid and 20 ml of water. After refluxing for twenty 
hours, the solution was diluted with water and taken up with 
benzene as described previously. The benzene solution, 
after drying, was passed onto a fresh magnesol column. This 
time the flavanone did not saturate the column and some of 
the bright yellow chalcone remained adsorbed below the ivory 
colored flavanone. This chalcone could not be washed off thé 
|column with dry benzene. Therefore, the column was extruded 
las described in the chalcone preparation. The flavanone _
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band was removed and after elution with acetone, was combined 
with the flavanone obtained earlier*

The chalcone band was also removed and eluted with 
acetone. This was combined with the eluate that had come 
through the column. After removal of the solvent it weighed 
about 0,8 gm.

This chalcone was recycled for a second time through 
the same procedure. After separating the products on a 
magnesol column, the recovered chalcone weighed 0.44 gm and 
was set aside in a glass vial. The flavanone obtained was 
combined with that already on hand. The solvent was re­
moved from the combined solutions and the flavanone was ob­
tained as a pale yellow solid which weighed 1.5 gm. This 
is a 66^ conversion of the chalcone.

Preparation of 5,7,3',4'- 
t e t rame t hyïquer ce t In-^'-Ô^^

The methylated eriodictyol from the preceding re­
action was then converted by means of n-butyl nitrite into 
the oxime, which was hydrolysed to the corresponding flavonol, 
quercetin. Therefore, the preparation of butyl nitrite was 
necessary and was freshly prepared before each reaction.

Preparation of n-butyl nitrite. In the hood, a round 
bottom flask was equipped with a stirrer. A dropping funnel 
extending to the bottom of the flask was also used. After 
placing this flask in an ice-salt bath, 47 gm of sodium 
nitrite and 160 ml of distilled water were added. The_____
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otrirFing was started, and when the temperature reached 0°C, j 
a solution containing 12 ml of water, 17 ml of concentrated 
sulfuric acid and 70 ml of n-butyl alcohol, was added slow­
ly from the dropping funnel. The temperature was maintained 
below 3®0 and the addition took about forty-five minutes.
The mixture, containing a solid and two liquid layers, was 
left standing for two hours, and then filtered. The upper 
layer of the filtrate, containing the butyl nitrite, was 
separated and washed with a solution of 0,6 gm of sodium 
bicarbonate and 6 gm of sodium chloride in 25 ml of water.
The butyl nitrite, after drying over magnesium sulfate, was 
distilled at 30®c under the reduced pressure of a water 
aspirator and yielded 40-ml.

Conversion of the flavanone to the flavonol. The
1,5 gm of eriodictyol was dissolved in 100 ml of boiling 
5% ethanol. To this boiling solution was added, alternately 

and in small portions, 10 ml of n-butyl nitrite and 15 ml 
of concentrated hydrochloric acid. The addition required 
about ten minutes and the heating was continued for another 
ten minutes. The solution was allowed to cool and stand at 
room temperature overnight.

This mixture was then diluted with 400 ml of water 
and caused the tetramethyl quercetin to precipitate. After 
twelve hours,the precipitate was filtered and washed with 
10^ ethanol. On drying, 0,15 gm of the flavonol was obtained 
 The_fi Itnat e_and_wa ahlnga_wejce_jext IS ct ed-wi-th-benz ene,
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.STf'ter drying this soIütiôn7~tlïë~benzene was removecTlïnder 
reduced pressure, and a aemi-solid residue vas obtained.
This weighed 0,7 gm and was actually the solid flavonol and 
an oil. The solid was recovered by dissolving the oil in 
jsÔ  ethanol and filtering the flavonol. The methylated 
flavonol obtained weighed 0,5 gm.

Preparation of quercetin-2~C^^
The two samples of methylated quercetin obtained in 

:he previous reaction, had been collected and dried in 50 
ml centrifuge tubes and were demethylated separately.

The tube containing the 0.15 gm of methylated flavonol 
was carefully made into a paste with 5 drops of acetic an- 
liydride. Then 10 ml of hydriodic acid and two boiling chips 
were carefully added. This caused a little spattering.
This acid was a Merck product and contained hypophosphorus 
acid as a preservative. The test tube, fitted with a con­
denser, was then immersed in an oil bath and refluxed. A 
precipitate appeared in about thirty minutes. At the end 
of two and a half hours, the heating was stopped and the 
solution was diluted with 30 ml of distilled water. After 
borough mixing, the tube was jacketed with a stainless steel, 
tube and centrifuged. In this case the glass centrifuge tube 
broke. However, the contents were saved by the metal jacket 
and were recovered by rinsing with ethyl acetate. The re­
sulting ethyl acetate solution after washing with water, was
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passê"dn;hrough a magnesol column. The quercetin passed. ' 
through quite rapidly* By evaporating the ethyl acetate 
from the eluate, 0.1 gm of quercetin was obtained.

The second tube of methylated quercetin (0.3 gm) was 
demethylated in a similar manner. Ten drops of acetic an­
hydride and 15 ml of hydriodic acid were used. The pre­
cipitate which formed was centrifuged and then washed three 
times with distilled water. After each washing, the 
quercetin was re-centrifuged. The product after drying 
weighed 0.2 gm. The overall conversion of labeled potassium 
cyanide into quercetin was 3.5^. Previous runs with un­
labeled material had given an yield. During the synthesis 
with unlabeled material, intermediates were recovered to the 
extent of 11^ of the starting potassium cyanide. In the 
labeled syntheses, a 29^ recovery of intermediates, based 
on the labeled potassium cyanide, were obtained.

The labeled quercetin was run on paper chromatograms 
in comparison with unlabeled synthetic quercetin, and with 
un labeled quercetin isolated in pure form from buckwheat.
The labeled product showed only one spot and gave the same 

value as the two standards. The two solvent systems 
used in developing the paper chromatograms were n-butanol- 
acetlc acid-water, 6:1:2, and 60^ aqueous acetic acid.

In order to show the position of the labeled carbon 
atom, 1.3 mgm of this quercetin was taken for degradative 
analysis. This was diluted with 68.5 ragm of unlabeled_____



51

quercetin, •which made a total of 69,8 mgm. The diluted 
quercetin had a calculated specific activity of 0,00055 
millicuries per millimo-le.

This quercetin was first methylated. The 69,8 mgm 
of quercetin was dissolved in 35 ml of anhydrous acetone, 
a 5 gm of anhydrous potassium carbonate was then added to 
the yellow solution. The flask was then fitted with a con­
denser, through which 1 ml of dimethyl sulfate was added.
The reaction mixture was refluxed. Some humping did occur 
but this did not get too serious. The solution lost all its 
color in about three hours. An additional 1 ml of dimethyl 
sulfate was added, and the refluxing was continued for another 
three hours to insure coaplete méthylation.

The solution was filtered and the filtrate was taken 
to dryness on a steam bath. The oil which resulted was 
dissolved in ethanol. The addition of water caused the 
separation of some white needles. On drying, the crystals 
of pentamethyl quercetin melted at 147°C, This melting poini 
was not depressed when a mixed melting point was taken with 
an authentic sample of un labeled pentamethyl quercetin. On 
assay, the labeled pentamethyl quercetin was found to have 
a specific activity of 0,0005 millicuries per millimole.

The pentamethyl quercetin, which weighed about 70 
mgm, was then treated with 15 ml of a solution containing 
4 gm of potassium hydroxide in 45 ml of absolute ethanol.
This solution, on refluxing, turned yellow and finally brown,
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After eight Tïours, the condenser was removed and the ethaneit 
distilled off. The resulting solid was dissolved in 10 ml 
of water. Concentrated' hydrochloric acid was added to render 
the solution acidic. I

This acidic solution was extracted with three 10 ml i  

portions of ethyl ether. Previous trial runs with unlabel- | 
ed material had shown that this ether solution contained an |

I

acid fragment, veratric acid, and a ketone fragment. It |
ihad also been indicated, by use of paper chromatography, that 

these two fragments could be separated rather cleanly by 
extracting the ether solution with a 5^ sodium carbonate 
solution.

Therefore, the ether solution, containing the labeled 
material, was extracted with two 10 ml portions of a 5^ 
sodium bicarbonate solution. The acid portion was extracted 
by this bicarbonate solution. The ketone fragment, which 
remained in the ether, was obtained as an oil which did not j 
contain any detectable radioactivity. |

The bicarbonate solution, containing the acid, was j 

then rendered acidic with concentrated hydrochloric acid. 
After standing over night, about 10 mgm of veratric acid 
was collected. This had a melting point of 179®C and assayed 
to have a specific activity of 0.0005 millicuries per 
millimole.

The veratric acid was then decarboxylated in a manner {
I

similar to that previously described. The acid was placed I
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in a small test tube containi5g~~l5 iDgm of copper chromite 
in 0.5 ml of purified quinoline. The exhaust gases were 
led into a O.IN sodium hydroxide solution, which collected 
the liberated carbon dioxide-C^^. After four hours of heat­
ing at 260°C, the carbonate was precipitated from the basic 
solution using barium chloride. The quinoline residue did 
not contain any detectable radioactivity.

The barium carbonate was filtered in a small Buchner 
funnel and washed with 5 ml of water and then with 10 ml of 
ethanol. The product after drying in a desiccator, was 
assayed to have a specific activity of 0,0004 millicuries 
per millimole.

Eadioactive Assays and Procedures 
The instrumentation and assay procedures used in this 

work are described below.

Instrumentation 
The instrumentation used in assaying for radioactivity 

consisted of. a mica end-window Geiger-Mueller tube as the 
counter, mounted in a lead shield over a suitable sample 
holder, and an automatic scaling unit. This apparatus was 
set up in a room where only radioactive assays were made.

Efficiency of the system 
The efficiency of the system was determined by the 

following for mi la using a standard source:
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corded counta per mî ïüt¥) "«■ (Backgroundj 
Di8integrations per minute of the standard source

This is a ratio of the number of counts the system will de­
tect to the total number of particles emitted from the 
source•

The standard source tos a sample of solid barium 
carbonate-C^^ obtained from Nuclear Instrument and Chemical 
Corporation (Chicago) and had a specific activity of 18.6
0.3 disintegrations per second per mgm. Since all of the 
samples were run with a thickness of less than 1 mgm/cm^, 
the standard barium carbonate was also run in this range.
No corrections were made for self-absorption by the samples. 
All the samples were run in similar plancets,- machined stain­
less steel cups, with a measured surface area of 4.7 cm^.

The plancet was first weighed and then a suspension 
of the standard carbonate-C^^ in absolute ethanol was added 
and spread as uniformly as possible over the plancet with 
a pyrex stirring rod. The alcohol was allowed to evaporate 
and the plancet was reweighed after drying. The increase 
in weight was 1*04 njgm which is an average thickness of
0.222 mgm/cm^. The sample was counted over a period of 40 
minutes and 1259 counts were obtained. This is 31.47 counts 
per minute per 1.04 mgm and includes the background count.

The background, or stray radiation, was also taken 
each time a sample was assayed. An empty plancet was placed 
in the sample holder and the counts were recorded over the j
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same period of time as that used for the sample-
At the time the standard was assayed, the background 

was measured as 429 counts over a 40 minute period or 10.72 
counts per minute. By subtracting the background count from 
the sample count a value of 20.75 counts per minute per 1.04 
mgm was obtained for the standard. This is a counting rate 
of 19.95 counts per minute per mgm.

The efficiency of this system was, therefore, 19.95 
divided by (18.6 x 60) or 0.0179 (1.79#).

Statistical accuracy 
All samples were counted to give a probable error 

accuracy of 2#. This is also a reliable error accuracy of 
5#. To do this, a total of more than 1100 counts must be 
taken on each sample.

Coincidence losses 
At higher counting rates, statistical errors decrease, 

but errors due to coincidence losses increase. Since some 
of the samples to be counted had a high counting rate, the 
resolution time for the counting system was determined. Two 
events entering the counter within this time interval pro­
duces only one pulse, since the second particle enters the 
counter before most of the positive ions of the previous 
discharge are collected.

In this procedure, one sample was counted for 60 
mijiut-ej3_And_fpjn̂ d J5o_haT_e_a_ojo_unting_ratjB__QfL_4140---counts----
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per hour* A second sample was then placed near the counter, 
without moving or blocking the position of the first sample* 
The two samples were counted for 60 minutes and a value of 
6773 counts was observed* The first sample was then re­
moved without changing the position of the second sample and 
this sample was measured as 3317 counts per hour* The back­
ground was measured over an equal length of time and a value 
of 683 counts per hour was recorded.

If one lets A and B be the counting rates, in counts 
per minute, of the first and second sample, respectively, 
and C be the counting rate observed for both samples, then 
the resolution time, T, in seconds, may be approximated by 
the formula:
T * A + B - C X 60 m 57.61667-h 43.9 -101*5 x 60 

2AB 2(57.61667)(43.9)
When this equation is solved using the data given above, 
a resolution time of 198 microseconds was obtained*

The loss of counts due to this phenomena is called 
the coincidence loss* The counter is insensitive for a time 
equal to NT/60 minutes during each minute, where N is the 
recorded counting rate in counts per minute and T is the 
resolution time in seconds. The percentage of counts lost 
is equal to the percentage of time the counter is insensi­
tive, or NT/60 X 100^.

The use of these equations may be illustrated by 
taking the counting rate of veratric acid-C^^OOH which was
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determined to be 17,592 counts per minute per 2,48 mgm. The 
percentage of counts lost is therefore, (17,592)(0.000198)/ 
60 z 100^ or 5,8^ of the counts. This amounts to a loss of 
1,020 counts so that the corrected count of the veratric 
acid would be 18,612 counts per minute per 2,48 mgm* If 
this is divided by the efficiency of the counting system, 
1.79^, the true rate of 1,04 x 10® disintegrations per minuté 
per mgm or 6.98 x 10® disintegrations per second per mgm is 
obtained. Multiplying by 182.2, the number of mgm in a 
millimole of veratric acid, and dividing by 3.7 x 10^, the 
number of disintegrations per second in a millicurie, one 
obtains 0,034 millicurie per millimole as the specific 
activity of the veratric acid.

Laboratory monitor 
In addition to the counting system mentioned above, 

a laboratory monitor with a mica end-window Geiger-Mueller 
tube as a probe, was set up in the laboratory where the 
syntheses took place. This was used in following the active 
materials and to check for contamination.
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SUMMARY

The use of radioactive isotopes, as a tool to aid in 
elucidating the fate of flavonoids in biological systems, 
has been undertaken by Mender and co-workers.

As part of the preliminary radioactive work in these 
studies, this thesis reports on the first synthesis of a 
specifically labeled polyhydroxy flavonoid. The flavonoid 
prepared was quercetin-2-C^^,

Preliminary investigations on the total synthesis of 
quercetin were undertaken and are described. From the 
reactions studied, those which proved to be most feasible 
were used in the syntheses involving radioisotopes. The 
starting material was potassium cyanide-C^^ and the follow­
ing reactions were carried out.

1. Potassium cyanide-C^^ was converted into cuprous 
cyanide-C^^.

2. The cuprous cyanide-C^^ was reacted with 4- 
iodoveratrole to produce vera t ro nit rl le - 0 .

3. Ver at ronlt r 1 le - was hydrolyzed to veratric 
acid-cl̂ ooH.

58
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All the radioactivity was shown to be in the carboxyl 
group of the veratric acid by decarboxylation of this product 
with copper chromite. Radioactive assays of the residue | 
and of the liberated carbon dioxide-C^^ were made. |

4. Veratric acid-C^^OOH was converted, with thionyl I
chloride, into veratroyl chloride-C^^OGl. j

1

5. The veratroyl chloride-C^^OCl was reduced, by j  

the Rosenmund reaction, into veratraldehyde-C^%0,
i

6. Veratraldehyde-C^^HO was condensed with 2,4-di- 
methylphloroacetophenone, in a basic solution, to produce 
the chalcone of 5,7,5’,4’-tetramethyleriodictyol-2-C^^.

7. A ring closure of the chalcone of 5,7,3’,4'- 
tetramethyleriodictyol-2-C^^ was accomplished in an acidic 
solution. The 5,7,3’,4’-tetramethyleriodictyol-2-C^^ was 
obtained.

8. The conversion of the 5,7,3’,4’-tetramethyl- 
eriodictyol-2-C^^ into its 3-isonitroso derivative with 
n-butyl nitrite and the hyirolysis of this product with 
hydrochloric acid into 5,7,3’,4’-tetramethylquercetin-2-C^^ 
was carried out in one step.

9. The déméthylation of 5,7,3’,4’-tetramethyl- 
quercetin-2-C^^ was accomplished with hydriodic acid. The 
final product quercet i n - 2 - w a s  obtained.

As a proof of its structure, this product was com­
pletely methylated and the resulting derivative checked
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WîïTi an authenÇ^ic a ample of pentametfiylquë^rcetin, ïn addi­
tion the pentamethylquercetin-2-C^^ was degraded by rupture 
of the heterocyclic ring in an alkaline solution* The 
product of this degradation, veratric aoid-2-C^^, was 
decarboxylated with copper chromite and radioactive analyses 
showed that all the activity was liberated as carbon 
dioxide-C^^.

The instrumentation used to assay the radioactivity 
in these syntheses was set up and calibrated. The assay 
procedures are described*
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