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CHAPTER I
INTRODUCTION

The use of radioisotopes as tracers in biological
studies was begun in 1923 by Hevesy,l who used radioactive
lead to inveatigate the uptake and dlstribution of this
element in plants. Since that time, and especlally since
World War II, a large number of isotopes, both stable and
radiocactive, both natural and artiflecal, have become avalle
able and have been used as tracers in almost all fields of
sclence.

The specific advantages of 1lsotoplcally labeled ele-
ments and compounds have been reviewed by several workers .2~
Kamen, in his review’ oversimplifies the tasks when he points
out that it is possible, by means of isotopic labellng,
"ee-=to dlstinguish and trace any molecule or atomic groupe
ing the behavior of which ;s of Interest in connection with
biological function,"

One of the moét important isotopes that 1s used in
the biologlcal flelds today 1s €14, the long-lived radio=-
active carbon 1sotope. Two of the inherent advantages of

thls lsotope have to do with 1ts long halif-liife and with its




comparatively soft radiations. The half-life of Ci4 is
approximately 5,600 years® and therefore requires no decay
corrections in assay procedures. The radiations from cl4
have an average range in air of approximately 4-8 cms and

are In the form of a simple negative beta spectrum with a

O

maximum energy of approximately 0.15 million-electron-volts.
These soft radlatlons keep the radiation damage of living
tlssue at a very low level, whlile 1n 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 syﬁthetic
ability of living tissue. This latter method, blosynthesis,
is priwmarily used when the synthésis of the compound sought
1s extremely difficult or impossible. For example, it has
been used to obtain such complex compounds as proteinslo
and 1ip1ds.11 These blosynthesized compounds are usually
uniformly labeled. In some cases, however, they are very
difficult to purlfy to a satisfactory degree.

The laboratory procedures, where possible to be
utilized, result in substances which have several advantages
over compounds produced by blosynthetic methods. The abllity
to obtain specifically labeled compounds gives the sclentist
a chance to follow the specific atom or grouplng throughout
a metabolic scheme. In addition, it is possible to obtain

Lcompounds _which have the labeled atom strateglcally placed
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so that it 1s qpt ITkely to become part of a metabolic pool,|
The laboratory synthesls, as against the bilologlcal 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 dilutlon are limited, of course, by the activity
of the starting material and the yields of the various re-
action speps.

Since this thesis reports on the laboratory synthesis
of a speciflcally labeled flavonoild, a brief discussion of
flavonoids and thelr status in blochemistry 1s given below.

The field of flavonoids, a group of naturally occur-
ring substances related to the 2-pheny1—g¢benzopyrone
structure, (Figure 1) was strongly assoclated twenty years

‘lago with blological activity In animals, when certain plant

Figure 1l.

Numbering system of the 2-phenyl-/~benzopyrone
structure.
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extracts, such as those from lemon and paprika, and shown
to contain flavonold compounds, were reported to be bene=-
ficial in the treatment of adverse capillary'conditions in
man.l? Although there are conflicting reports,l3-15 this
work has been confirmed and expanded so as to suggest that
the flavonolds may play a role in the metabolic fight agains]
a number of other pathologlcal conditions and diseases,

By citing a few examples from the literature, one may
visuelize the}great and varled asmount of work that has been
done concerning flavonoids a&s theraputle 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 thelr so-called
"vitemin P" activity and other biological effects and with
respect to their chemistry.l6-20 |

In 1943, Sevin announced that rutin, a flavonoid gly~-
coside, would increase the caplllary resistance of normal
guinea pigs-as determlned by a suction method®l and in 1048,
flavonold therapy was reported to be of value ln experimente-
ally induced frostblte 1n rabbits .22 In relation to ex=-
cessive irradiation from x-rays or radloactive elements,
Rekers and F1eld®3 found that rutin, administered three
times a day in 50 mgm. quantities to mice, asslsted in con-
trolling the syndrome, and 1t reduced the mortallty rate
in mice from sixty-two to twelve percent. Eddy and Sokoloff

Lhave reported on the results of an analysis of 300 case

24
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histories complled by 22 radiotherapists. These results
indicated that eitrus flavonold "reduces radiation erythema
up to 60-90% and increases considerably the tolerancs to
deep radiation®.

Schoenkerman and Justice25 suggest that there is a
sufficlent increase in the relief of allergy symptoms when
flavonolds are combined with antihistamines, to warrant
further investigation, while Boines®6 has suggested the use
of flavonolds as an adjunct in the over-all clinical manage-
ment of pollomyelitls patients. A recent popular article
reports the use of flavonoids in therapy of the common
c01d .27 |

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 iﬁcidence of mortality
agssoclated with caplllary fault. By using statistics on th
clinical data and mortality, theﬁ claim that thls treatment
"prevents eighty-eight out of every one hundred deaths due
to apoplexy" and "a sixty-five percenﬁ reduction in deaths
due to corohary occlusion”,

That the flavonolds do play some role in animal
metabollsm still is considered a possibililty and certaln in-
vestigators support the belief that they may play an im-
portant role. However, ho definite metabollec function has

been assigned to them. With the use of radloactlve tracers,

lresearch workers in the field hope that some data can be oOb=
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talned concerning the possible path flavonolds take in
metabolism and hope to get information as to thelr possible
role,

With the knowledge that flavonolds occur in many
vegetable foodstuffs and that they have been assoclated with
nutritional requirements, it 1s 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,29 which showed that
a quercetin-~-like flavonold 1s present in the wings of the
butterfly. He also reports, however, that thils might be of
plant origin. The second exceptlon is the report by Eddy
and Sokoloff,30 who claimed to have obtained evidence for
the presence of two flavonoids'in the adrenal glands of cows
By using the Wilson borocitric reaction®l on adrenal gland
extracts they were able to produce spectophotometric curves
which had absorption peaks simllar to those obtained with
flavonoids which had been treated with the borocitric re-
agent. Slmilar spectophotometric curves have been obtained,
by other workers but further work on attempted isolatlons
has not produced any definite flavonoid cdmpounds.52’55

The final exceptlon, and probably the most note-‘
worthy, 1s a report by Szent-Gyorgyl concerning his isola-
tion of a yellow solid from the thymus gland;54 This sub-

stance shows some reactions which characterize flavonoids,

such as 1ts reactlion in alkall, 1ts reaction with poly-
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valent ions like zn' ' and A1F¥¥¥ and 1ts light absorption
spectrum. Up to thls time, however, no report has been
published concerning 1lts ldentity.

These reports and others concerning the physlological
action of flavonolds have prompted other investigators to
increase thelr studies concerning the chemical nature of
the flavonoids and thelr occurrence in nature., Since most
of the flavonoids and the "vitamin P" preparations are ob-
tained from plant sources,'the problém of purity has been
a factor in metabolic studles. In addition te this, most,
if not all, crude flavonolds that have been used in these
Investigations contaln several related flavonolids, and
assigning a role to any one of them would be extremely
difficult. Another problem 13 that a large number of food-
stuffs contain these compounds and the prdblem of excluding
these flavonolds from the diet of animals lncreases the
difficulty of solving the cause and effect relationship of
a specific flavonoild in metabolism. In 1949, Wender and co-
workera®9=37 peported on methods for the isolation, separati
purification and characterlzation of flavonolds and related
compounds utilizing paper and column chromatogréphy. It can
be readlly seen that such methods will be an important tool
in determining the fate of a labeled flavonoid compound in
a biological system.

With this informstion in mind, the present investi-

gatioh was undertaken as part of a large prelimlnary survey |
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by these laboratories and concerned with the eventual elucl-
dation of the fats of flavonolds in blologlcal systems. It

is specifically concerned with the synthesls of a flavonoild

which contains a tagged carbon atom in & pre~designed posi-

tion.,

The flavonold chosen for thls work was quercetin,
2-(5,4-dihydroxypheny1—) 3,5,7~-trihydroxybenzopyrone. The
reasons for this choice Were twofold. Quercetin is one of
the more widely distributed flavonolds in the plant kingdom
and, in addition, it has been reported to possess a very
high therapeutic activity.d7 »

Quercetin was first synthesized by Kostaneckl, 53;55.59
in 1904 using as a starting material the chalcone of 5,7,3!,
4! -tetramethyleriodictyol and proceeding through a series of
|reactions shown in Figure 2. This chalcone had been pre-
viously prepared by the same author from veratraldehyde and
the dimethyl ether or phloroacetophenone.4° Reactions
gimilar to those used 1n Kostanecki's work and modifled by
D. W. Fox4l were followed in this work.

To conserve the actlvity in labeled syntheses, a
number of adeptations and modifications were found and
utilized in the present study. In radloactive syntheses,
it 1s advantageous to have reactions wheres the labeled re-
actant 1s most highly utilized. Methods for the recovery

of unreacted labeled compounds and by-products, where

applicable, are also advantageous. This affords the ree




Figure 2.

OCH3

n-amyl nitrite,
sulfuric acid

sulfuric acid

CCHB 0

Chalcone of 5,7,3',L4!'-tetramethyleriodictyol 5,7,3' 4t ~Tetramethyleriodictyocl

5,753',lit«Tetramethylquercetin Quercetin

Kostanécki's synthesis of quercetin.
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searcher with some labeled intermediates for other syntheses
or metabolic studlies or Increases the amount of product in
subsequent runs. The reactlons must also be adapted so as
to be carried out on a small scale,

Since the starting material for these sjntheses was
to be potassium cyanide-Cl4, it was necessary to begin fur-
ther back and prepare one of the starting materials used by
Kostaneckl, In looking at the structure of quercetin
(Figure 2) it was decided to have the labeled carbon atom
In the number two positlon. Since this position 1s part of
the heterocyclic ring, 1t 1s hoped that exchange reactions
in a blologlcal system will not readlly 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 readlly identified
and followed further.

The purpose of this thesis research was, thersfore,
to devise a series of syntheses by which commercilal
potassium cyanide-cl4 could be converted into veratraldehyde
contalining the tagged carbon atom in the carbonyl position
and to convert this product, by a serles of reactions on a
small scale, and in reasonably good yleld, ilnto pure

quercetin-2-C1%4 as the final product.




CHAPTER II
EXPERIMENTAL

Preliminary Investigations on the
Synthesls of Labeled Quercetin

Several synthetlc routes, concerned with the synthesis
of quercetin, were undertaken and are described below. It
was thus necessary toc prepare a number of intermediates,
both for use In the syntheses with labeled material and
for use in the preliminary studies. The preparatlion of

these Intermedlatss 1s a&alse described'below.

Preparation of veratrole (o~-dimethoxybenzens)

Since veratrole was used as a starting material in
a number of syntheses of veratraldehyde, this reaction was
carried out & number of times and in rather large quantities,
Veratrole was prepared according to the method of Barger and
Silberschmidt .42

In the hood, & 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
LdLShECJ__A_sQlutiQn_gt_aﬁ_gm,_iluﬁgmglglwgi_pgtgasium___,__
11
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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 wes being stirred. After about twenty
seconds, the additfon of 118 ml (158 gm; 1.25 mole) of dl-
methyl sulfate was started dropwise, at the same rate, from
the second furmel. After the addition of about 10 ml of the
potassium hydroxlde solutlion, 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
obtalned when the dimethyl sulfate was added too rapidly.
With this indlicator, 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°
under a pressure of about one mm of mercurye. The product
was obtained as & pale yellow oil and weighed 110 gm (80%

of theoretical). It gave no color with ferric chloride,

S

In a similar experiment, catechol (0-dihydroxybenzene
gave veratrole 1n a seventy~five percent yield., Repeated
lattempts to crystalllize veratrole were not successful and

the product was used as an oll in all subsequent reactions,
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Veratraldehyde by the Gattermann synthesis

The Gattermann synthesls 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 thils
me thod, were undertaken as a possible means of introducing,
In reasonably good yleld, 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. pe zinc chloride dlssolved in a
minimum amount of 50% ethanol was added immediately to &
solution containing 13 gm (0.2 mole) of potassium cyanide
(96-98% pure) dissolved in 17 ml of water. A white pre-
clpitate of zinc cyanlde formed at once and was filtered with
suction. 'The precipitate was washed with 95% ethanol and
then with ethyl ether and finally dried in a desiécatore

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 said43 not to interfere
with the Gattermann reaction. It has also been shown?4 that
purified zinc cyanide does not work as well in this reaction
as the more lmpure zinc cyanidse.

The ylelds and purlty of zinc cyanide from the above

reaction varied rather widely. The ylelds of pure zinc
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cyanlde varied from 60-80%.‘ This was contaminated from
5-50% with impurities. When technical sodium cyanlide was
used, 1t was purlfied 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.
Freparation of the aldehyde. A dry 250 ml, three-

necked flask was equlipped with a gas iInlet tube, a mechanieal
stirrer, and a condenser fltted with a drying tube. This
flask was charged with 14 gm (0.12 mole) of zine cyanide
(90% pure) as prepared above, 10 gm (0.07 mole) of veratrole
end 45 ml of dry benzene. After cooling to 0°C in an ice-
salt bath, the stirrer was started and hydrogen chloride |
was bubbled ln at a rapld rate.

The hydrogen chloride was prepared by carefully adde
ing concentrated sulfurlc acld, drop by drop, into a paste
of sodium chloride and concentrated hydrochlorlc acide. The
gas was then dried by bubbling it through concentrated sule
furic acid.

After thirty minutes the reaction was interrupted,
and 15 gm of anhydrous aluminum chloride was added. The
temperature was ralsed 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. A&After cooling, the

flask was stoppered and placed In the ice box overnight.

The aldimine hydrochloride which appeared as a vellow
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crystalline solld was flltered and then decomposed by re-
fluxing with 100 ml of a 10% hydrochloric acid solution for
thirty minutes. By extracting this solutlon 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~dinltrophenylhydrazone of the veratraldehyde
was prepared and had a melting point of 258°C. The literatus
reports 26500.45

The Gatterman reactlon was also carrled out wilth the
molar ratio of the reactants being varied down to 1 mole of
veratrole and 1.5 moles of cyanide. The ylelds of the
aldehyde, based on the cyénide, were not lmproved.

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 ethanollc solution of zinc chldrﬂie. Since the cyanide
was to contain the labeled carbon atom, it was hoped that
the excess cyanlde 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 aséayed 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

re

synthesis of labeled quercetin, Methods for the preparation
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of veratronitrile were then studled wlth the thought that
this nitrile could be converted to veratraldehyde,

Veratronltrile by the diazotization resction

The preparation of veratronitrile by the action of
cuprous cyanide on the diazonium salt of 4-aminoveratrole
was undertaken. In order tp.obtain the aminoveratrole 1t
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 Iinto quercetin. The
starting msterials for this series of reactions were vera=
trole and potassium cyanide.

Preparation of 4-nitroveratrole. The method of

0lerk%® was used to prepare the nitroveratrols. A solution
of 20 gm (0.145 mole) of veratrole in 20 ml of glacial acetl
acld was added dropwlse 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 0°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 dlilute methanol
the nitroveratrole was dried in a desiccator. The yleld was

25 gm or 94%. The melting point was 989C. Clark gives

96°¢ .46
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Preparation of 4-amlinoveratrole. A solutlon 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 equlpped 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 reactlon 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
bﬁ adding n-pentane. After recrystallizing from ethyl ether
the product was obtaeined as white plates and welghed 18 gm
(85%)s The melting point was 85°C. Clark%6 gives 81°C.
When the éatalytic reduction was carried out at 100°¢
using Raney nickel as the catalyst, a 35% yleld 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; 0.13
mole} of comcsntrated sulfuric acld in 100 ml of distilled
water was prepared and cooled in an 1lce-salt bath. This
solution was kept at 0°C and stirred by hand while 7 gm’
(O.1 mole) of sodium nltrite 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 cysnide in 20 ml of water.
The preparation of the cuprous cyanide will be deseribed in
synthesis of labeled cuprous cyenide.

The cuprous cyanide solution was warmed to about éb°c
and the cold diazonium salt solutlon 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 wes then allowed to cool and
was extracted with toluene. After removing the toluene
under reduced pressure, an o0ll remained. Crystals appeared
on standing. .

A chromatographic column was prepared by adding a
slurry of magnesol in eﬁher to a chromatographic tube and
packlng the adsorbant under 8 pounds of air pressure. Dry
ethyl ether was used as the solvent. Thils 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 nltrlile came through the
column with the solvent front. The column was then washed
with ether.,

The eluate contalning the bulk of the nitrile and the

lwashings were combined. The ether was then removed under re)



19

duced pressure. The nitrile was obtained as white crystals
and welghed 7,7 gm. This is a 45% yleld 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 diazonlum salt of 4-amlnoveratrole,
was not used with the labeled materiél since another method
was. found that wouid give‘a higher conversion of the cyanide
ion.into veratronlitrile. The later method involved a re-
action in which cuprous cyanide was reacted with iodoveratrole
to produce veratronitrile in reasohably 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°C and, while stirring, was treated with 50 gm of
lodine and 30 gm of mercuric oxlde. The iodine, in 35 gm
portions, and the mercuric oxide, in 3 gm portiong, were
sdded alternately over a period of one hour. Each time the
lodine was sdded, the color of the solution furned to a deep
purple. This purple color was allowed to disappear before
another quantlity of lodlne was added. After the addition
was complete, the solutlon 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 thlosulfate and sodlium hydroxide, and finally with
water. These washings took out most of the color, and left

a_pale yellow solution,
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After drylng over anhydrous magnesium sulfate, the
ether was evaporated and the reéidue 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 ﬁercury.

A portion of this oil crystallized after standing about one
month in the lce box. Subsequent olls were seeded with these
crystals.,

The reaction of this product, 4-lodoveratrole, with
cuprous cyanide-cl4 is described in later paragraphs, dnce
this method was avallable for preparing veratronitrile,
studies were undertaken to find sultable nmethods of con-
verting it to veratraldehyde. |

Attempted preparation of veratraldehyde
by the Stephen's reaction

The Stephen's reaction 1s a method by which aromatle
nitriles may belreduced 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 bolow.

Preparation of anhydrous stannous chloride.47 Ane-

hydrous stannous chloride was prepared by adding 1 mole of
crystalline c.p. stannous chloride dihydrate to 2 moles of
freshly distilied acetlc anhydride, with stirring. The
dehydratibn caused the solution to boil; After ninety

minutes, the anhydrous stannous chloride was filtered with

_auctinn,_maahed_with_tmn~5£Lnﬂhpgrxigns_of_ahhylmethar,_and_
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dried in a vacuum deslccator. vYields of over 95% were ob-
tained.,

The e€ffectiveness of thils 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
contalnlng anhydrous calclum chloride, were added 3.8 gm of
anhydrous stannous chloride and 50 ml of énhydrous ethyl
ether, While stirring, dry hydrogen chloride was passed in
at room temperature until &ll the solld stannous chloride
had dlsappeared with the formation of a second liquid layer.
This took about thirty minutes.

The additlion of hydrogen chloride and the stirring
were then interrupted, and a solution of 1.65 gm (0.01 hole)
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 hyirogen chloride
was again passed into thé solution, The solution, which
st11l contained two layers, became clear in about ten minutes.
After about twenty mlnutes, 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 additlon of hydrogen

chloride were agaln Interrupted and 100 ml of toluene, dried
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by distillation from sodium, was added. The éther was dis-
tilled from the solutlon and after saturating again with
hydrogen chlorlde, the resulting tcluene solution was re-
fluxed for two hours. During this time, the color of the
suspended solld changed from yellow to white. After cool-
ing, the flask was stoppered and placed in the 1lce box over-
night.

The resulting white solid was filtered and washed
with dry ethyl ether. This solld was finally decomposed by
adding 80 ml of water and’heating the resulting solution to
50°C for thirty minutes. 4n oil éppeared, which solidified
on cooling. This material was extracted with benzene. After
evaporation of the benzene, 1l.l gﬁ of solid was obtained.
This solid was purified chromatographically hy passing it,
in an ether solution, through a‘magnesol column. After puri-
fication, the s0lid melted 67°C and showed no depression
Iwhen a mixed melting point with authentic veratronitrile was
taken., Thils was, therefore, a recovery of the starting

material, veratronitrile.

4

Thils reaction was also attempted with only ethyl ether
with only toluene, and wlth sym. tetrachloroethane as the

solvent. The temperatures were varied between 0°C and the
boiling point of the solvent; The reaction was also tried
using enhydrous alumlinum chloride in addltlion to the stannous

chloride. All the methods trled resulted in good recovery

of the starting veratronitrile, rather than the desired
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product, veratraldehyde,

Since these experiments with the Stephen's reaction
were not successful, attempts were made to convert the
nitrlile, or one of its derivatives, into veratraldehyde by
another method. It was found that veratronlitrile, after
hydrolysis to veratric acid, could be converted into vera-
troyl chloride, and this product could be reduced to vera=-
traldehyde by the Rosenmund reaction. This series of re-
actions 1ls later described in detall in the experiments
using labeled materlal,

Once the aldehyde was prepared, 1t was to be con=-
densed with dimethylphloroacetophenone and, therefore, this

Intermedlate 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.(d.le 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
zine chloride. This flask was fltted 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 iIn at a rapid rate for two hours. A
yellow solid appeared during this time, The flask was then
stoppered and placed overnight in the 1lce box.

Dry hydrogen 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 résulting 8011d ketlmine hydrochloride was filter=
ed and washed with dry ether. It was then refluxed wilth one
liter of water for two hours. On coollng, the phloro=-
acetophenone appeared as ysllow 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 methylation of thls product 1s des-
eribed below.

Preparation of 2,4-dlimethylphloroacetophenone, In a
dry flask, 12.6 gm of phloroacetophenone, dried at 120° C,
was dissolved in 45 ml of anhydrous scetons. In the hood ,
225 ml of anhydrous benzene, 45 gm of aﬁhydrous potassium
carbonate, and 1l4.5 ml of dimethyl sulfate were added to this
solution. This mixture was refluxed on a water bath for
twelve hours. Occasional bquing 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 tbgn washed with water and extracted with 5% aqueous

sodium hydroxide. Thils basic solution was poured into cold,
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25% hydrochloric acid waleh caused the dimethylphloroaceto- |
phenone to separate as white crystals. These crystals were
filtered and washed with 5% aqueous sodlum carbonate and
then with water. After drylng In a vacuum desiccator, the
product weighed 12 gm and had a melting point of 819C.

This product was purified further by passing it
through a magnsol columne. 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 drled In a desiccator. The 2,4~dimethylphloroacetophenone
melted at 83°C.

Studles on the preparation of the chalcone of com-
pletely methylated erlodictyol by the condernsation of
veratraldehyde with this product, 2,4-dimethylphloroaceto-
phenone, were then undertaken.

Preparation of the chalcone of
5,7,3",4'-tetramethyleriodictoyl

These studles were undertaken to determine the optimum
conditions for the condensatlion of veratraldehyde with
dimethylphloroacetophenone. The method used with the labeled
material will be described, in detall, in a later sectlon,
This method, 1n general, conslsted in reacting equivalent
quantitles of the aldehyde and ketone in a basie ethanol

solutlon.
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A solution containing 2 gm (0.012 mole) of vera-
traldehyde and 2.4 gm (0.012 mole) of dimethylphloroaceto-
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. Durlng thls time, the color changed to a
very dark red., On dilutlon with 200 ml of distilled water
and acldifying with concentrated hydrochloric acid, a deep
orange precipltate was obtained. After filtering, this
crude chalcone was washed with dilute ethanol and dried in =
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. TUpon dilute
ing the solutlon wlth 150 ml of distilled water and acidifye
ing with concentrated hydrochloric acid, the crude chalcone;
as a yellow precipitate, was obtained, This product after
washing and drylng, weighed 2.1 gm and a 51% yileld,
| Since these méthods dld not préduce ylelds as high
 |as the method to be described with the labeled material,
they were not usede |

Preparation of 5,7,3',4'~-tetramethyleriodictyol

The preparatlion 6f the methylated eriodictyol con-
sistedlin closing thevheterocyclic"ring of the correspond-

ing chalcones The details used 1n the labeled syntheses will
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be described later. However, two sets of condltions which
were not as successful are deseribed.

& 5 gm (0,014 mole) quantity of purified chalcone,

dlssolved in 500 ml of absolute alcohol, was treated with
25 ml of concentrated hydrochloric acid. This solutlon was
refluxed for ten hours. After cooling, the solutlion was
diluted with 200 ml of distilled water and extracted with
three 50 ml portions of bsnzene., The benzene solutlon,
after drylng 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 extrudlng
the wet magnesol from the column with forced air; it was then
possible to cut out the flavanone and chalcone bands. These
bands were thenm eluted with acetone. After removal of the
acetone, the flavanone welghed 1.2 gm (24% yleld) 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.




28

Preparation of 5,7,3!',4'-tetramethylquercetin

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 lsclate 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 solutlion was
prepared which contained 0.65 ml (1.5 millimole) of tri-
methylbenzylammonium hydroxide in 40 ml of dloxane. The
resulting cloudy solution was clarified by the additlon of
10 ml of absolute ethanol.

The flavanone solutlon was then added dropwise, with
gtirring, to the baslic solution. The addition took aboutb
fifteen minutes, after which an additional 0.5 ml of butyl
nitrite was added. The sclution 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 acldifying with
dilute hydrochloriec acid. In this mamner, O.1l gm of un-
changed erlodictyol was recovered. Extraction of the aqueous
golution, before and after acldiflication, with benzene, or
ethyl ether, or with chloroform did not produce any of the

oxime. Attempts to precipltate an oxime from the dloxane

‘lsolution by the addition of sulfuric acild or with ethyl |
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ethoer were also unsuccessful.

Preparation of Quercetin-z—cl4

The total synthesis of quercetin-2-Cl%, using po-
tassium cyanide—cl4 as the labeled starting materlal, 1is
described in the following paragraphs and is 1llustrated
In Filgures 3 and 4. All the labeled syntheses were filrst
carried out in trlal runs using non-labeled material. The

agssay procedures, for the specific activitles glven with

these syntheses, will be described in later sections.

Dilutlon of potassium cyanide-cl4

The starting potassium cyanide-014 was obtained from
.Nuclear Instrument and Chemlcal Corporation (Chicago) in

la sealed ampule and had a specific activity of 10.2 milli-
curies per millimole. One millicurle 1is equal to 3.7 x

107 disintergrations per second. Slnce tﬂe sealed ampule
contained a total of one millicurie, this meané that there
was 1/10.2 or 0.098 millimoles in the ampule, This is 6.58
mgm of potassium cyanide-cl4.

. The contents of the asmpule appeared as a fine whlte
powder in which the crystals tended to repel each othér and
adhere to the glass, The ampule was opened by flrst scoring
the glass along the tip with a file and then repeatedly
touching the scored area wlth a hot glass rod. This finally
caused the glass to crack, and wlth a little pressure, the

ampule could be opened. Thls procedure was carried out over
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glassine paper so that In the event of spillage, the actlve
material could be recovered.

The contents of the ampule were then washed into a
four inch test tube containing 1.97 gm (0.03 mole) of Cepe
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 millicurle 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 speciflc activitye.

Prepafation of cuprous annide-cl4

The test tube containing the 1,97 gm (0,03 mole) of
potasslium cyanide In 5 ml of water and a test tube containe
ing 2 gm of sodium meta-bisulfite in 5.5 ml of distilled
water, were heated in & water bath to éOOC. A solution of
7.14 gm (0,03 mole) of cupric sulfate pentahydrate in 20 ml
of dlstilled water was acldified 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 solﬁtion
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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whilte cuprous cyanlide formed immediately, and, after stand-
Ing for ten minutes, the warm solution was filtered with
suction through a small Buchner fumnel. The product was
washed with 15 ml of bolling water and then with 20 ml of
95% ethanol.

This prodﬁct was then transferred into a pre-welghed,
standard tapered, ten inch test tube. The product weighed
2.4 gm and represented an 89% yleld., On assay it was found
to have a specific activity of 0,032 millicuries per
millimole.

Preparation of veratronitrile-Cl4N

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 fltted with an air
condenser and a stirring rod was inserted through the con-
denser to the bottom of the tube. The test tube was immersec
in an o0il bath, which was then heated to a bath temperature
of 250°C., This temperature was maintained to * 10 degrees
over a period of two hours and was stirred at frequent ine-
tervals by hand. The 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 sélid were very dark. It
had been previously noted that with highly purlfled

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

A magnésol column was prepares wlth anhydrous ethyl
ether, and after washing with dry ether, the ethereal solu-
tion containing the nitrlle 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 gm. Since this i1s a 102% yleld, the
product probably contained some unreacted 4-lodoveratrole.
Previous runs wlth non-labeled material had indlicated that
this impurity would not hinder the hydrolysis of the nitrile,
which followed, and this Impurity could then be removed at
the later stepe.

Preparation of veratric acid-¢l%4 00H

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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me thanol., 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 thls period, no more awmonia
could be detected with moist litmus paper, at the top of the
condenser.

The condenser was then tumed dewn, and the methanol
was dlstilled from the solution. The distillate was basic
to litmus. The resulting aqueous solution was then ex-
tracted twice with 15 ml portlons of ethyl ether to remove
any unreacted nitrile, Thils also removed the lodoveratrole
which had been carrled over from the preceding reaction.
About 0.3 gm of stlll fairly radliocactive impurities were
extracted, and were set aside in a glass vial for lgter 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 sublimetion. The light tan crystals of the acld were
filtered and washed with distilied water contalining & small
amount of hydrochlorlic acld.

Purification was accomplished by dissolving the acld
in 25 ml of dilute sodium hydroxide solution and heating
this solution with activated charcoal at 10090. After fil-
tering off the charcoal, the solution was acidifled with

lconcentrated hydrochloric _scid at 75%C, and the pesulting - |
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white crystals were collecﬁed by filtration with suction,
The product was washed on the fummel with a small amount of
dilute acld, and drled in a desicecator.

The veratric acid was then transferred into a pre-
welghed, 65 ml, three-necked flask and after drylng 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 acld 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-
curiés per millimole. _

In order to prove the position of the labeled cérbon
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
heaving a ground glass joint at fhe tope This test tube was
equipped with a gas inlet tube for nltrogen and an exhaust
*ube which carried the exhaust gases. through a U-tube cone
taining 10 ml of C,1N sodlum hydroxide. The sample was
reacted with 0.1 gm of cupric chromite in 2 ml of quinoline
at an oil bath temperaturs of 250 £ 16°C. Nitrogen was
passed through the system at a slow rate. After thirty
minutes of heating, the reaction chamber was cooled and a

one molsr solution of barium chloride was added to the sodium

hydroxide. A white precipitate of barium carbonate formed |
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Immediately. This was flltered, and after washing with
water and alcohol, the solid was placed overnight in a
dessicator. The barlum carbonate was then assayed and a
specific activity of 0.,0006 millicurles per millimole was
observed. Since the dilution factor was 1 to 45, the cal-
culated activity of the barium carbonate was 0.,0007 milll-
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 obtalned.

Preparation of veratroyl chloride-C1%4 0C1

a calclum chloride tube, and two ground glass stoppers. To

and then by a second distillation from boiled linseed oil.

A reaction began immediately 1nm£h§ reaction flask,
Hydrogen chloride was evolved and after about 10 minutes
all the acid had dissolved In the thionyl chloride. The
resulting solution had a pale amber color. Thé 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

The three-necked flask, containing 4.0 gm (0.022 mole
of veratric acid, was fitted wlth a condenser, guarded with

this flask was added 25 ml of thlonyl chioride. This reagent
had been puriflied by first distilling 1t from pure quinolins,

)

9

4
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the condenser, and a strong water-aspirator was attached to
the tap of the drying tube with pressure tubing. The excess
thlonyl chloride was then taken off under suction at a final
bath temperature of 70°C., After one hour, the water-aspiratc
wa s 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. No
attembt-was made to weigh thls product.

Preparation of veratraldehyde-Cl14HO

The veratroyl chloride obtalned above was reduced
to the corresponding aldehyde by the Rosenmund reaction.

Purification of hydrogen. Prsvious runs with un-

labeled materlal 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 Fleser's solution.4® This solution was
prepared by dissolving 20 gm of potassium hydroxide in 100
ml of water, and adding 2 gm of sodium anthraquinone-p-
sulfonate and 15 gm of sodium hyposulfite to the warm
solution. The deep red solution was stirred until all the
salts had dissolved. A change in color to brown or the
formation of a precipitate indicates that the solution had
become inactive. |

The hydrogen, after passing through the Fleser's

DY




solution, was dried by bubbling it through concentrated
sulfurlc acid. Some silver sulfate was added to the sulfuric
acid to detect any hydrogen sulflde that might be formed by |

the Fleser's solutlon.

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 températures the
reaction was too vigorous, and the resulting éldéhyde was
reduced further to the corresponding alecohol., At lower
temperatures the reaction did not take place.

The xylene used was purifled by distillatidn'from
sodium,

Preparation of the catalyst. The catalyst used in

the Rosenmund reaction was palladium on barium sulfate.

A solutlon of 4.4 gm of anhydrous sodium sulfate in
60 m1l 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 decantation with hot water until
the washings gave no. precipltate with aqueous silver nitrate.
The barium sulfate was then suspended in 90 ml of water
containing 5 drops of aqueéus‘forﬁaldehyde 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 days9

was then added. The resulting solutlon was rendered neutral
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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 by de-
cantation until no more chloride ion was detected with
aqueous silvef nitrate.

The precipitate was then filtered with suction and
dried in a desiccatorlover calcium chlorids. The resulting
catalyst welghed 6.5 gm and should contain about 5% palladium.

Preparation of the regulator. In order to keep the

aldehyde from being reduced to the alcohol after 1t was
formed, a small amount of a "poison" was added to the re-
action mixture. The regulatér was éuinoline-sulfur and was
prepared by refluking 1l gm of sulfur in é ml of freshly
ldistilled quinoline. After cooling, the deep brown-red
' |solution was dlluted with 70 ml of purified xylene and
stored in a glass atoppered bottle.

Preparation of the aldehyde. The three-necked re-

action flask contaiﬁing the veratroyl chloride was now
equipped with a gas inlet tube, which- was connected to the
hydrogen source (sulfuric acid wash bottle) with tygon tub-
ing. From the water condenser, provisions'were made to lead
the exhaust gases through a drying tube into a graduated
cylinder containing distilled water and phenophthalein as

an indicator. By adding 0.1N sodium hydroxide to the dis-
tilled water, it was possible to tell the relative speed of

the reaction by the rate of evolution of hydrogen chloride. |
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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 & hot plate containing a magnetic stirrer. To
this flask, contalning 0.022 mole of veratroyl chloride,
based on the veratric acld, was added 30 ml of purified
xylene, 5 microliters of the quinoline~sulfur regulator and
a quarter lnch magnetic stirring bar. The system was then
heated to & bath temperature of éO°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 éeased, 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 oll bath temperature'was raised to 160°C and the solution
was stirred vigorously.
At the end of sixteen hours tﬁe exhaust gases would
no longer decolorize the phenophthalein and the reaction was
‘terminated. The resulting sblution was filtered into a 250
ml flask. All the equipment was rinsed with absolute

ethanol and wilth anhydrous ethyl ether. These washlings were

added to the aldehyde solution. The solvents from this flask

were then removed under reduced pressure. The resulting




42

residue, which was not purified, was light yellow in color
and was carried on to the next reaction. It welghed about
3.6 gme

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',Z‘-tetramethyleriodictyo,1-2—014

The residue from the preceding aldehyde pfepara’cion
was assumed to contain about 2.2 gm (0.012 mole) .of vera-
traldehyde. Thils 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. Thils took about 200 ml. To this solution, 6
ml of 50% aqueous potassium hydroxide was added. The re-
nction vessel was bhen shaken at frequent intervals over

8 thirty minute perilod, and the solution changed in color
from amber to orange. The flask was then stoppered and
placed on top of a hot alr oven at about 40°C for forty-
elght hours.

At the end of this time, the solution, which had
become & very deep red, was diluted with 400 ml of distilled

water. Concentrated hydrcchloric acid was added dropwise
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to the solutlion until it showed an aclid reaction to congo
red paper. A flocculent yellow precipitate appeared. Thls
was placed in the lce box overnight.

The preclpltate was filtered wlthout sucticn and the
filtrate was extracted with benzene 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 actlon dried the benzene by azeotropy and was necessary,
since, from wet benzene, the solutes would not be readily
adsorbed on é?hagnesol column.,

A column of magnesol was prepared and washed with
anhydrous benzene. The crude chalcone solutlion was then

run through this cclumn. The chalcone developed as a bright
yellow band near the top of the column. Under ultraviolst
light this band appeared as a dark brown florescence. The
first porﬁions of eluant from this column were colorless and
were collected in 25 ml quantlities,

The first 125 ml of eluant ylelded, after evaporation
of the benzene, 1.6 gm of unreacted tetramethylphloroaceto-
phenone, which had a sherp melting point at 83°C. 4 clear
separatlon between thls ketone and the aldehyde which follow=-
ed 1t on elution was not accompiished, and the last portion
of the ketone possessed some activity.

The unreacted veratraldehyde, which followed the

hloroacetophenone from the column, was collected in the
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next 75 ml of eluant. On evaporaticn of the benzene, a yellow
oil w#s obtained. This oll was dissolved in ethyl ether and
passed through o magnesol column, which hed been prepared wi%h
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 Impurlties 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 applylng alr 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 1ts cylindrical shape. The magnesol
was then cut with a stainless steel spatula into the three
btands. The top band contalned the impﬁrities and was set
aside. The second band, which had been shown in previous
runs to contain some tetremethyleriodictyol, was eluted with
anhydrous acetone. Thls was combined with the crude
eriodictyol obtained in a later reaction.,

The %hird band contained the purified chalcone and

was eluted with anhydrous acetons. The eluant was filtered

into a 500 m}l round bottom fl. 'k and the solvent was removed
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under reduced pressure. The chalcone welighed about 2.3 gme |
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 mlllimole.

Preparation of 5,7,3!',4'=
teframetHerrioE{cton-§-§i4

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
ifor 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 dlssolve the precipitate.
The resulting solution was filtered to remove the drops of
water present and then drled carefully by azeotroplc dis-
tillat ion. .

A column of magnesol was prepared and washed with
anhydrous benzene. The flavanone solutlon was then passed
onto the column. The flavanone was adsorbed tightly onto
the adsorbent and appeared an lvory color in visible light
and & dull gray in ultraviolet light. The chalcone normally

develeoped just below the flavanone. In thls case the column |
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{

as not qulite long enough to hold all the flavanone and, as

o3

result, all of the chalcone and a small amount of the

|

!

|

flavanone passed off the column. It took 250 ml of anhydrou$

benzene to wash the chalcone from the column. The column

which now conta ined only the flavanone and a small amount of
impurities on the top surface, was washed with 300 ml of
anhydrous acetone. Thls removed the flavanone very readily,
The first portion of acetone through the column carrled

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 concent rated hydro- |
chloric acid and 20 ml of water. After refluxing for twenty
gours, the solutlion was diluted with water and taken up with
benzene as described previously. The benzene solution,
after dryling, was passed onto a fresh magnesol column, This
time the flavanone 4did 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 the

eolumn with dry benzene. Therefore, the column was extruded

as 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
adetone. 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 welghed 0.44 gm and
was set aside in a glass vial, The flavanone obsained was
combined with thet already on hand. The solvent was re-
moved from the combined solutions and the flavanone was Obe
tained as a pale ysllow solid which welighed 1.5 gm, Thils
is a 66% conversion of the chalcone.

Preparation of 5,7,3',4'=
tetramethylguer ce tin-2=C 1%

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 freshiy prepared before each resasctlon,

Preparation of n-butyl nitrite. In the hood, & 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 1lce-salt bath, 47 gm of sodium

nitrite and 160 ml of distillled water were added. The
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stirring was started, and when the temperature reached 0°C, |

a solution containing 12 ml of water, 17 ml of concentrated
sulfurlc acid and 70 ml of n-butyl alecohol, was added slow=-
ly from the dropping funnel, The temperafure was maintained
velow 3°C 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 O.é gm of sodium
bicarbonéte and 6 gm of sodium chloride in 25 ml of water,

The butyl nitrite, after dryling over magnesium sulfate, was

distilled at 30°C under the reduced pressurse of a water
aspirator and ylelded 40-ml,

Conversion of the flavanone to the flavonol. The |

1.5 gm of eriodictyol was dissolved in 100 ml of bolling
95% ethanols, 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 obtaineq.

_ﬁ*___ﬁmhg_filtnghQ*and_maahinga_marﬂ_gxtmagtad_mith,benzenel
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ATter drylng this solution, the benzene was removed under
reduced pressure, and a semi-sgsclld residue wss obtained.
Thls weighed 0.7 gm and was actually the solid flavonol and
an 01l. The solld was recovered by dlssolving the oil in
50% ethanol and filtering the flavonol. The methylated
flavonol obtained weighed 0.3 gm.

Preparation of quercetin-2-0l4

The two samples of methylated quercetin obtained in
the 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 acetlc an-
Lydride. Then 10 ml of hydriodic acid and two boiling chips
were carefully added. This caused a little spattering.

Thls acid was a Merck product ardi contained hypophosphorus
acid as a preservative. The test tube, fitted with a con-
denser, was then immersed in an oil bath and refluxed. A
Lrecipitate appeared in about thilrty minﬁtes. At the end

of two and é half hours, the heating was stopped and the
Lolution was dlluted with 30 ml of distilled water. After
%horough mixing, the tube was Jacketsd wlth a stainless steel
Lube and centrifuged. In this case the glass centrifuge tube
broke. However, the contents were saved by the metal jJacket
and were recovered by rinsing with ethyl acetate. The re-

sulting ethyl acetate solutlon after washing with water, was
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passed through a magnesol column., The quercetln passed
through quite rapidly. By evaporating the ethyl acetate
from the eluate, O.1 gm of quercetin was obtainede.

The second tube of methylated quercetin (O.5_gm) was .
demethylated in a similar manner. Ten drops of acetic ane
hydride and 15 ml of hydriodic acld 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
welghed 0.2 gm. The overall conversion of labeled potassium
cyanide into quercetin was 3.5%. Previous runs with un-
labeled material had given an 8% yield. During the synthesis
with unlabeled materlal, intermediates were recovered to the
extent of 11% of the starting potassium cyanide. In the
lebeled syntheses, a 29% recovery of intermediates, based
on the labeled potassium cyanlde, were obtained.

The labeled quercetin was run on paper chromatograms
in comparison with unlabeled synthetic quercétin, and with
unlaveled quercetin isolated in pure form from buckwheat.,
The labeled product showed only one spot and gave the samse
Re value as the two standards. The two solvent systems
used in developing the paper chromatograms were n-butanol-
acetlc acld-water, 6:1:2, and 60% aqueous acetic acid,

In order to show the position of the labeled carbon

atom, l.3 mgm of this quercetlin was taken for degradative

analysis. This was dlluted wlith 68.5 mgm of unlabeled
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quercetin, which made a total of 69.8 mgm. The diluted
quercetin had a calculated specific activlity of 0.00055
millicuries per millimole.

This quercetin m first methylated. The 69.8 mgm
of quercetin was dissolved in 35 ml of anhydrous acetone,

e 5 gm of anhydrous potassium carbonate was then added to
the yellow sclution. The flask was then fitted with s con-
denser, through which 1 ml of dimethyl sulfate was added,
The reactlon mixture was refluxed. Some bumping did occur
but this did not get too serious. The solution lost all its
color in about three hours. An additiohal 1l ml of dlmethyl
sulfate was added, and the refluxing was continued for another
three hours to insure complete methylatlion.

The solution was flltered and the filtrate was taken
to dryness on & steam batnh. The 01l 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 point
was not depressed when a mixed melting polint was taken with
an authentic sample of unlabeled pentamethyl quercetin. On
assay, the labeled pentamethyl quercetin was found to have
a specific activity of 0.0005 millicurles per millimole.
The pentamethyl quercetin, which welghed about 70
mgm, was then treated with 15 ml of a solution containing

4 gm of potassium hydroxide 1n 45 ml of absolute ethanol.

This solution, on refluxing, turned yellow and finally brown.
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After eight hours, the condenser was removed and the ethanol
dlstilled off. The resulting solid was dissolved in 10 ml

|
{
of water. Concentrated hydrochloric acid was added to rende%
the solution acidic. |

This acidic solutlion was extracted with three 10 ml E
portions of sthyl ether. Previous triasl runs with unlabel- i
' |

ed material had shown that thls ether solution contained an i

acld fragment, veratric acid, and a ketone fragment. It 3

had also been indicated, by use of paper chromastography, tha%
these two fragments could be separated rather cleanly by i
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 biéarbonate solution.. The acld portion was extracted
by thils bicarbonate solution. The ketone fragment, which
remsined in the ether, was obtained as an oil which did.nct |
contaln any detectable radiocactivitye.

The bicarbonate solution, containing the acid, was

then rendered acidic with concentrated hydrochloric acid.,

After standing over night, about 10 mgm of veratric acid I
1
was collected. This had a melting point of 179°C and assayed
to have a specifilc activity of 0.0005 mlllicuries per

millimole.

The veratric acld was then decarboxylated In s manner|

similar to that previously described. The acid was placed
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In a2 =amall test tube contalning 15 mgm of copper chromite |
in 0.5 ml of purified quinoline. The exhaust gaseé were

led into a 0,.,1N sodium hydroxide solution, which collected
the liberated carbon dioxide-C14. After four hours of heat-
ing at 25@00, the carbonate was precipitated from the basic
solutlon using barium chloride. The quinoline residue did
not contain any detectable radloasctivitye.

The barium carbonate was flltered in a small Buchner
funnel and washed with 5 ml of water and then with 10 ml of
ethanole, The product after drylng in a deslccator, was
assayed to have a specific activity of 0.0004 millicuries

per millimole.,

Radloactive Assays and Procedures |

The instrumentation and assay procedures used ln this

work are described below.

Instrumentatlion

The instrumentation used in assaying for radioactivity
consisted of a mica end-window Gelger~Mueller tube as the |
counter, mounted in a lead shleld over a sultable sample
holder, and an automatic scaling unlt, This apparatus was

set up in & room where only radiocactive assays were made.

Efficlency of the system

The efflciency of the system was determined by the

Ifollowing formila using a standard source:
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(Recorded counts per .minute) - (Background)
Disintegrations per mlnute 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 was a sample of solld barium
carbonat e-C14 obtained from Nuclear Instrument and Chemical
Corporation (Chicago) and had a specific activity of 18.é
03 disintegrations per second per mgm. Since all of the
samples were run with a thickness of less than 1 mgm/bm?,
the standard barium carbonate was alsc run in thils range.

No correctlions were made for self-absorption by the samples.
A1l the samples were run in similar plancets;»méchined.stain-
less steel cups, with a measured surface area of 4.7 cm,

The plancet was first welghed and then a suspension
of the standard.carbonate-cl4 in absolute ethanol was added
and spread as uniformly as posslible 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 mgm which 1s an average thickness of
0.222 mgm/cm®., The sample was counted over a period of 40
minutes and 1259 counts were obtained. This 1s 31l.47 counts
per minute per 1l.04 mgm and Includes the background count.

The background, or stray radiation, was also t;ken

each time a sample was assayed. An empty plancet was piaced

in the sample holder and the counts were recorded over the
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same perlod 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'subtraéting 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 minuﬁe per mgme

The efficlency of this system was, ﬁherefore, 19.95

divided by (18.6 x 60) or 0,079 (1.79%).

Statistical accuracy

All samples were counted to glve 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

teken 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 positlve ions of the previous
discharge are collected.

In this procedure, one sample was counted for 60

minutes and found to have a_counting rate of 4140 counts_ . .
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per hour. A seccond 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 ree
moved without changing the position of the second sample andl

this semple was measured as 3317 counts per hour. The backe|

ground was measured over an equal length of time and a value

of 683 counts per hour was recorded. |

If orre lets A and B be the counting rates, in counts |

per minute, of the first and second sample, respectively,
end C be the counting rate observed for both samples, then
the resolution time, T, in seconds, may be approximated by
the formula:

TeaA+B=-C x60m 57.61667+ 43.9 -101.5 x 60
24R . 2(57.61667)(43.9)

When this equation is solved usling the data given above,
a resolution time of 198 microseconds was obtained.

- The loss of counts due to this phenomena is called
the coincidencerloss. The counter is insenslitive for a tlime
equal to NT/60 minutes during each minute, where N is the
recorded counting rate in counts per minute and T 1s the
resolution time in seconds. The percentage of counts lost
1s equal to the percentage of time the counter is insensi-
tive, or NT/60 x 100%.

The use of these equatlons may be illustrated by

taking the counting rate of veratric acid-Cl400H which was
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determined to be 17,592 counts per minute per 2.48 mgm., The
percentage of counts lost 1s therefore, (17,592)(0.000198)/
60 x 100% or 5.8% of the counts. This smounts to. a loss of

1,020 counts so that the corrected count of the veratric

acld would be 18,612 counts per minute per 2.48 mgm., If
this is divided by the efficiency of the counting system,

'
|
i
1

1.79%, the true rate of 1,04 x 10% disintegrations per minut?
per mgm or 6,98 x 109 disintegrations per second per mgm 1is i
obtained. Multiplying by 182.2, the number of mgm in a
millimole of veratric acid, and dividing by 3.7 x 107, the
number of disintegrations per second in a millicurie, one
obtains 0.034 millicurie per milllimole as the speclfic
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 contamlnation.




CHAPTER IITX |
SUMMARY 5

The use of radioactive lsotopes, as a tool to aid in
elucidating the fate of flavonoids in blological systems, |
has been undertaken by Wender and co-workers,

As part of the preliminary radioactive work in these
‘1studies, this thesls reports on the first synthesis of a
specifically labeled pelyhydroxy flavonold. The flavonoid
\prepared was quercetin-2-Cl%, )

Preliminary investigations on the total synthesis of
quercetin were undertaken and are described. From the
reactions studled, those which proved to be most feasible
were used in the syntheses involving radioisotopes. The
starting materlal was potassium c'yanide-cl4 and the follow=
ing reactions were carried out.

1, Potassium cyanide-cl4 was converted into cuprous
cyanide-cl4,

2. The cuprous cyanide-Cl4 was reacted with 4-
iodoveratrole to produce veratronitrile-ci4n,

3. Veratronitrile-Cl4N was hydrolyzed to veratric
acid-cl4o0H,

58
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All the radloactivity was shown to be in the carboxyl
group of the veratric acid by decarboxylation of this proaucf

with copper chromlte. Radloactive assays of the residue

1
|
and of the liberated carbon dioxide-cl4_were made. E

4. Veratric acid-Cl400H was converted, with thionyl %
chloride, into veratroyl shloride-cl4oc1,

5. The veratroyl chloride-Cl%0C1l was reduced, by i
the Rosenmund reaction, into veratraldehyde~Gl4HO,

6. Veratraldehyde-C14H0 was condensed with 2,4-di-
methylphloroacetophenone, in a basic solution, to produce
the chalcone of 5,7,5‘,4'-tetramethyleriodictyol-2«014.

7. A ring closure of the chalcone of 5,7,3!',4'=
tetramethyleriodictyol—2-cl4 was accomplished in an acidie
solution. The 5,7,3',4'-tetramethyleriodictyol-2-C14 was
obtained,

8. The conversion of the 5,7,3',4'=-tetramethyl=-
eriodictyol-2-cl4 into 1ts 3~-isonltroso derivative wlth
n-butyl nitrite and the hydrolysis of thls product wlth
hydrochloric acld into 5,7,5',4'-tetramethquuercetin-2-014
was carrled out in one stepe.

9. The demethylation of 5,7,3',4'-tetramethyl-
quercetin-2-014 was accomplished with hydriodic acld. The
final product quercetin-2-Cl4 was obtained,

As a proof of its structure, thls product was com-

pletely methylated and the resulting derivative checked
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{with an authentic sample of pentamethylquercetin. In addie-
tion the pentamethquuercetin-2-c14 was degraded by rupture
of the heterocyclic ring in an alkaline solution. The

product of thls degradation, veratric acid-2-014, was

showed that all the activity was liberated as carbon
dioxide-Cl4,

The Instrumentation used to assay the radloactivity
in these syntheses was set up and calibrated. The assay

procedures are described.

decarboxylated with copper chromite and radioactive analyses

i
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