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GENERAL INTRODUCTION 

The presence in a plant of factors which are capable of 

inducing estrus in animais was first reported by Loewe et al. 

(1927} in 1926. This fact, however, did not attract much 

attention until during World War II, when sheep in Australia, 

grazing on pastures of subterranean clover (Trifolium 

subterraneum), showed severe breeding disorders (Bennetts 

et al., 1946}. In 1951, Bradbury and White (1951) demonstrated 

that the infertility was due to the presence in this clover 

species of genistein (4 1 ,5,7-trihydroxy-isoflavone}. The 

early reports from Australia on reproductive disorders in 

grazing animais were soon followed by others from Germany 

(Schoop and Klette, 1952), New Zealand (The New Zealand 

Department of Agriculture Re~ort, 1950; Ch'ang, 1958) and 

U. S. A. (Bickoff, 1958; Sanger and Bell, 1959). 

As well as being found in subterranean clover, genistein 

was also found in red clover (Pope and Wright, 1954), ladino 

clover and alfalfa (Guggolz et al., 1961). Other isoflavones 

present in forages include biochanin A (5,7-dihydroxy-4'

methoxy-isoflavone) (Pope et al., 1953; Guggolz et al., 

1961\ formononetin (7-hydroxy-4'-methoxy-isoflavone) (Bate

Smith et al., 1953; Guggo1z e! al., 1961) and daidzein 

(4' ,7-dihydroxy-isof1avone) (Guggolz ~ al., 1961). A11 
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these compounds produce varying degrees of estrogenic 

effects in animais, resembling those induced by animal 

estrogens. Among the foregoing, genistein was found to be 

the most active estrogen. In general, however, the estrogenic 

activities of the isoflavones are much lower than the 

activities of the naturally-occurring steroid estrogens or 

the more active stilbene derivatives. The estrogenic 
-5 activity of genistein, for example, is only about 10 times 

that of oestradiol or diethylstilbestrol. 

Considerable attention has been given to the possibility 

that a moderate ingestion of forages rich in estrogenic 

compounds might well have beneficia! effects on the grazing 

animais. The so-called "soring flush" of milk in dairy 

cows, associated with qualitative and quantitative improvement 

of yield, is probably due to the presence of estrogens in 

the spring pasture (Bartlett ~i al., 1948). It has also 

been demonstrated that feeding on plants rich in natural 

estrogens may affect the growth rate and carcass quality of 

cattle and sheep (Bickoff, 1958). 

Because of the many important aspects of forage estrogens 

in animal husbandry, intensive studies of their estrogenic 

activities were made in the last decade in many countries, 

such as England (Jennin~s and Daw, 1959), u. S. A. (Bickoff 

et al., 1962), Sweden (Nilsson, 1962b) and Australia 
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(Lloyd-Davies and Bennett, 1962). The metabolic transforma

tions of these compounds, however, are very imperfectly known. 

It was suggested that formononetin or daidzein might give 

equol (4 1 ,7-dihydroxy isoflavan), by the reduction of a 

2:3 double bond and a 4-oxo group. This suggestion was made 

by Klyne and Wright (1957) in connection with their isolation 

of equol from the urine of the goat. Equol was subsequently 

detected in both the urine and the feces of hens fed on a 

diet containing dried alfalfa meal (MacRae et al., 1960). This 

work was extended by Ainsworth (1961), who succeeded in 

isolating crystalline equol from the urine of hens fed on a 

similar diet. Finally, Cayen (1964) successfully demonstrated 

the conversion of genistein to equol in the fowl. Running 

parallel ~~th the foregoing research in this laboratory, 

Nilsson, working in Sweden, was able to demonstrate the 

demethylation of biochanin A to genistein ~ !iYQ (196lc). 

Nilsson also found that biochanin A and formononetin could 

be demethylated ill vitro to genistein and daidzein, respectively, 

in rumen fluid by the influence of micro-organisms (196lb; 

1962a), and by liver enzyme systems present in the microsomal 

fraction of liver homogenates (1963a). 

In order to study more closely the transformations 

in vitro and the conversions !..!!. Y.!.!.2, of the estrogenic 

isoflavones commonly found in forages, a supply of these 



- 4 -

compounds tagged with isotopes is most fundamental and 

absolute. The present thesis is concerned mainly with the 

syntheses and characterizations of c14-labelled biochanin A, 

formononetin, genistein and daidzein. With al! these isotopie 

isoflavones at hand, the subsequent steps in tracing their 

transformation patterns and demonstrating their metabolic 

products are likely to be facilitated appreciably. 
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I. HISTORICAL REVIEW 

I.l. The Discovery of Natural Isoflavones: 

The natural isoflavones (3-phenylchromone) were first 

discovered by workers interested in the pigments of plants. 

It is probable that the first isoflavone to be described 

was the glycoside ononin, mich was isolated in 1855 by 

Hlasiwetz (Dean, 1963) in the course of an investigation of 

the constituents of the roots of Ononis sninosa L., although 

at the time of its first isolation the structure of ononin 

was unknown. Forty-four years later, Perkin and Newbery 

(1899) isolated two yellow colouring materials from the 

dyer's broom, Genista tinctoriaL •• One of these colouring 

materials was the well known flavone, luteolin (3' ,4' ,5,7-

tetrahydroxy flavone); the other was a glycoside called 

genistin, which afforded the aglycone genistein when hydrolysed 

by acid. Perkin and Horsfall (1900) gave the molecular 

formula of genistein as c14H10o5 • This formula was subsequently 

shown to be incorrect, the correct formula being c15H10o5 
(Finnemore, 1910). However, the incorrect formula led to 

the ascription of an incorrect structure. The incorrect 

structure is to be seen in the first edition of "The Natural 

Organic Colouring Matters" by Perkin and Everest (1918), 

which appeared as late as 1918. 
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In 1910 Finnemore (1910) examined the bark of an 

unspecified species of Prunus and iso1ated therefrom a 

g1ycoside which cou1d be hydro1ysed to yie1d a substance 

which he named prunetin, c16u12o5 • Demethy1ation of prunetin 

yie1ded a substance which Finnemore named pruneto1, c15H10o5• 

Fusion of pruneto1 with caustic potash yie1ded p-hydroxypheny1 

acetic acid and ph1orog1ucino1 and on the basis of this 

degradation Finnemore suggested an isof1avonoid structure 

for pruneto1 and prunetin. This wou1d seem to be the first 

occasion on which an isof1avonoid structure was suggested 

for a natura1 nroduct. 

In 1925, Perkin (Baker and Robinson, 1925) suggested 

the possibi1ity that pruneto1 was identica1 with genistein. 

His suggestion was based on the fo1lowing comparisons: 

(a) Genistein: long, colour1ess needles from aqueous 

alcohol, m.p. 291-293°; pruneto1: colour1ess needles 

from aqueous alcoho1, m.p. 290°; 

(b) Triacety1genistein: m.p. 197-201°; triacetylprunetol: 

m.p. 205°; 

(c) Genistein dimethy1 ether: co1ourless 1eaf1ets from 

a1coho1, m.p. 137-139°; prunetin monomethyl ether: 
0 flat needles, m.p. 145 ; 

(d) Acetyl derivative of genistein dimethyl ether: 

co1ourless needles, m.p. 202-204°; acety1 derivative 
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of prunetin monomethyl ether: colourless needles, 
0 m.p. 202 • 

In addition, the two compounds gave identical colour 

reactions with a variety of reagents. Both compounds gave 

a pale yellow solution in alkalis; a violet colouration with 

ferric chloride in alcoholic solution, becoming brownish-

green with excess of the reagent; and a pale yellow solution 

in concentraterl sulphuric acid which exhibited a weak bluish

green fluorescence in the light of an iron arc. It was found, 

moreover, that ge3istein dimethyl ether yielded p-methoxyphenyl

acetic acid by hydrolysis with alcoholic potassium hydroxide. 

In 1925, Bargellini (1925) suggested an alternative 

structural formula for genistein. The suggested formula had 

an ~-pyrone structure instead of the t-pyrone structure 

proposed by Finnemore. The behaviour of genistein and 

prunetol, in most respects, could be interpreted equally 

well by either formula, (I or II Chart I). However, the 

nature of the products obtained on methylation of genistein 

and prunetin afforded strong evidence for the superiority 

of Finnemore's supnosition (1910). Only two of the three 

hydroxyl grouns of genistein and only one of the two in 

prunetin could be methylated by means of methyl iodide and 

alcoholic potassium hydroxide, whilst a by-product in the 

former case was a methylgenistein dimethyl ether that still 
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contained a free phenolic group. Such a protection of a 

hydroxyl group from the action of the methylating ag;ent was 

not explicable on the basis of the structural formula suggested 

by Bargellini, but it was explicable on the basis of 

Finnemore's formulation, because the 5-hydroxy group was 

protected by hydrogen bonding. 

I.2. The Syntheses of Natural Isoflavones: 

In order to have a solid proof of the identity of 

genistein and prunetol, and in order to supply a conclusive 

evidence of their constitutions, a synthesis had now become 

absolutely necessary. In 1928, Baker and Robinson (1926, 

1938) eventually succeeded in the synthesis of genistein, a 

synthesis which proved to be very difficult and gave them a 

great deal of trouble. Nevertheless, they were able thereby 

to supply unequivocal evidence that genistein and prunetol 

were in fact identical and that they had the structure 

proposed by Finnemore. The method involved a vigorous 

acylation of a deoxybenzoin (I Chart II) with sodium cinnamate 

and cinna~ic anhydride. The resulting 2-styrylpyrone (II) 

was oxidized by potassium permanganate to the isoflavone-2-

carboxylic acid (III) which was decarboxylated pyrolytically 

just above its melting point to the corresponding isoflavone 
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(IV). The method was very clurnsy in practice and the only 

satisfactory step was the decarboxylation. However, it was 

the first successful synthesis of isoflavone and it is of 

historical interest because it proved the isoflavone structure. 

The main reason for the interest taken in isoflavones 

up to that time was simply that they constituted a group of 

naturally-occurring plant pigments. It was found that 

chromone itself was colourless, but visible colour appeared 

when the pyrone ring carried a benzene ring and hydroxyl 

groups were simultaneously introduced. The orientation of 

the hydroxyl groups had a regular effect in the sense that 

hydroxyls in the 5- and 7- positions exerted only a minor 

action, whilst those in the 3'- and 4'- positions produced 

deep yellow s ha des (Mayer, 1943). 

I. 3. The Discovery of the Ec;, trogenici ty of Certain Isoflavones: 

A very significant development in plant estrogen research 

came about rlLring the period from 1941 to 1951, when an 

outbreak of infertility in sheep appeared with spectacular 

suddenness over an area of 8,000 sauare miles of Western 

Australia. The symptoms included failure of ewes to conceive, 

stillbirth or early death of 1ambs, and various disorders 

of the female reproductive system. Rams were not affected. 
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Because of the importance of the sheep industry to the 

economy of Australia and because of the vast amount of 

capital involved, intensive large-scale research on the 

problem was begun at once. In the first place, it was 

discovered that the sheep were being grazed on improved 

pastures that contained a high proportion of subterranean 

clover, Trifolium subterraneum, and that had given excellent 

results over periods of as long as fifteen years. A closer 

study, however, revealed that the affected animais had be en 

consuming unusually large amounts of the clover-rich pasture. 

This unusually high intake of clover was traced to a combination 

of wartime shortages of fertilizer and bulk feeds and 

exceptional climate conditions of drought (Curnow ~al., 

1948; Robinson, 1949). The symptoms exhibited by the affected 

sheep were such as might be expected from excessive estrogen 

activity. Extensive tests on the herbage of the pastures 

revealed the presence of water-soluble estrogenic materials 

in subterranean clover, and eventually this activity was 

traced to certain isoflavones present in the clover (Bradbury 

and White, 1951). Most of the potency was due to genistein, 

which was about 10-5 times as active as diethylstilbestrol. 

Biochanin A, formononetin (Pope and Wright, 1954) and daidzein 

(Gu~golz et al., 1961) were also found in the clover. The 

relative estrogenic activities of these compounds as compared 

to diethylstilbestrol were determined by Cheng et al. (1953a; 

1953b). The activities of genistein, biochanin A and daidzein 
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were approximately the same, whereas formononetin had little, 

if any, potency. However, the discovery that at least sorne 

isoflavones were estrorenic led to a much wider interest in 

these substances. 

The four estro~enic isoflavones, i.e., genistein, 

biochanin A, formononetin and daidzein have so far been 

isolated from subterranean clover, red clover and alfalfa. 

(Bate-Smith et al., 1953; Pope and Wright, 1954; Guggolz 

et al., 1961). All, with the exce~tion of biochanin A, have 

also been found in ladino clover (Bickoff et al., 1962). 

Although the estrogenic activity of these isoflavones as 

compared with that of diethylstilbestrol or the natural steroid 

estro~ens is very low, large amounts of isoflavone-rich 

forag·e may be consumed by farm animals. Sufficient estrogenic 

substances may be ingested, therefore, to exert an important 

influence on the endocrine state of the animals. Recently 

Nilsson (1962b) mare an assay of the estrogenic activity of 

these isoflavones by the mouse-uterine-weight method under 

different ad~inistration routes. It was found that daidzein, 

in contrast to the three other isoflavones, was not absorbed 

when injected subcutaneously and that its estrogenic activity 

was in consequence negligible. By oral or intraperitonial 

administration, the estrogenic activities of daidzein and 

genistein were approximately lo-5 times that of diethylstilbestrol. 
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Biochanin A was about half as act ive as daidzein or ,';enistein. 

Formononetin was inactive. A free para-hydroxy gro 'P in 

the phenyl nucleus of the molecule is present in daidzein 

and genistein but is lacking in biochanin A and formononetin. 

The ~resence of a free para-hydroxy group seems, therefore, 

to be of importance for the appearance of estrogenic activity. 

The differences in potencies between genistein and daidzein, 

as weil as between biochanin A and formononetin, may be 

associated with the presence of the 5-hydroxy group. 

1.4. The Syntheses of Estrogenic Isoflavones: 

Once Baker and Robinson (1928) had achieved the first 

synthesis of an isoflavone, it was natural that efforts 

would be directed to the synthesis of other isoflavones, 

and this even before the discovery of the estrogenicity of 

sorne of these substances provicled a powerful stimulus to 

work in this field. 

F'irst o:f all, Baker, Robinson and Simpson ( 1933; 1937) 

themselves made sorne modification of the original method of 

Baker and Robinson (1928). Without having recourse to 

cinnamoylation, they achieved acylation of the deoxybenzoin 

(I Chart III) with acetic anhydride and then condensed the 

resulting 2-methyl pyrone (II) with benzaldehyde and a base so as 
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to obtain the desired 2-styrylisoflavone (III), which was 

then oxidized and finally decarboxylated to the corresponding 

isoflavone (V). However, after genistein, daidzein and 

pseudobaptigenin had been obtained thus, the method was 

abandoned entirely. 

In 1930, Spath and Lederer (1930), following an ancient 

tradition of organic chemists faced by a recalcitrant 

reaction, beat ed deoxybenzoins wi th ethyl formate and sodium 

in a sealed tube at 100°C {Equation I, Chart IV). 

Pseudobaptigenin was prepared by this method but in very 

poor yield; daidzein and formononetin were made similarly 

in 19,33 (Wessely et !!!.:,., 1933}. La ter on, the reaction was 

first modi1ïed by conducting i t at 0°C, and the yields were 

then acceptable, provided that there were no free hydroxyl 

groups other than the one needed for cyclization (Joski and 

Venkataraman, 1934; Mahal et al., 1934). In 1949, Sathe and 

Venkataraman (1949) introduced further modifications and thus 

overcame most of the difficulties encountered by Spath and 

Lederer. Their principal modifications included the use of 

ethyl orthoformate as the ester, pyridine as the solvent 

and piperidine as the base. Under these conditions, 

deoxybenzoins were converted directly into isoflavones. 

The most important single consideration here seemed 

to be the reactivity of the methylene group of the deoxybenzoin, 
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for hydroxyl grouns in ring B had to be protected to avoid 

depression of the reactivity of the methylene grour by 

phenoxide formation, whereas those in ring A needed no 

protection at all. Conversely, a nitro-group in ring B 

(Equation II, Chart IV) aided the reaction considerably, and 

as the ni tro-grmm co 11ld be transformed into a hydroxyl 

grmm at a later stat:re, its incorporation allowec1 a certEdn 

useful flexibility. 

Years later, Baker and Ollis et al., (1952a; 1952b; 1953) 

introduced a very rowerfal technicme, which relied on the 

ease with which isoflavone-2-carboxylic acids could be 

decarboxylated. They treated a deoxybenzoin (I Chart V) 

with ethoxalyl chloride (the acid chloride from ethyl 

hyctro,(!'en oxalate) in nyridine, and an o(.-oxoester (II) was 

formed which readily cyclized to the isoflavone-2-carboxylate 

(IV}. At the same time, any free hydroxyl grouns were 

automatically protected as oxalic esters, which, moreover, 

were very easily hydrolysed, so that the hydroxyl grouns 

could be regenerated later with minimal inconvenience. 

In the synthesis of ~enistein (VI), there was tangible 

evidence for all the stages depicted. Even the 2-hydroxy

isoflavanones (III) could sometimes be" isolated, des ni te the 

readiness with which they split out the elements of water 

to form the isoflavone. The ~any other comnouncts synthesized 
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by this route included prunetin, pseudobaptigenin, daidzeint 

formononetin and biochanin A. 

In 1958, Farkas et ~ (1958) found that a deoxybenzoin, 

of which the free hydroxyl groups needed no protection, 

could be attacked by zinc cyanide and hydrogen chloride to 

give an isoflavone in good yield (Equation I Chart VI). To 

date, only formononetin and pseudobaptigenin have been 

prepared by this method, and it remains to be seen whether 

deoxybenzoins derived from phloroglucinol will suffer 

nuclear substitution instead of forming isoflavones. The 

presence of aluminium chloride in the reaction ~ixture has 

been known to favour nuclear substitution even in resorcinol

based deoxybenzoin, the reaction then affording a derivative 

of resorcyl aldehyde {Equation II), (Kawase ~al., 1958a; 

1958b). 

All the foregoing syntheses patently require a 

deoxybenzoin as starting material. Such compounds are 

available without much difficulty (Karmarkar ~i al., 1955; 

Kawase et al., 1958a; 1958b), since phenols may be condensed 

with derivatives of aryl-acetic acids in varions ways, e.g. 

Friedel-Crafts reactions, Fries rearrangements, and Hoesch 

condensations, especially the last. The route investigated 

by Yoder ~1 al. (1954) in 1954 for their syntheses of four 

estrogenic isoflavones, genistein, biochanin A, formononetin 
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and daidzein is worthy of mention. The synthesis involved 

a condensation of two intermediate aromatic phenolic 

derivatives to a corresponding deoxybenzoin. Of these, 

only the subs ti tuted benzyl cyani des were not avai1ab1e 

co~mercially. However, the preparation of these by Julian 

and Sturgis (1935) through the Granacher (1922; 1923) 

synthesis was most promising asto yie1ds, variety and 

availabi1ity of the starting materials. For the synthesis 

of biochanin A, it invo1ved the condensation of anisa1dehyde 

(I Chart VII) with rhodanine (II), alkaline c1eavage of the 

condensation product to p-methoxyphenyl thiopyruvic acid (III), 

oximation, dehydratization and decarboxylation of the 

oximino-p-methoxy-phenyl nyruvic acid (IV) to p-methoxybenzyl 

cyanide (V). The latter might then be condensed with 

ph1oroglucinol or resorcinol to give biochanin A or formononetin 

respectively as the final product. 

Isoflavones may a1so be obtained without recourse to 

deoxybenzoins by two methods. One of these was devised by 

Baker, Pollard and Robinson (1929) tn 1929 and applied by 

Spath and Lederer (1930) to the preparation of pseudobaptigenin, 

but it has lain in disuse since. In the other method, which 

was too difficult to control to be of nractical value, a 

flavanone was oxidized by 1ead tetra-acetate to a -nixture 

of a 3-acetoxy flavanone, a flavone and an isoflavone. This 
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method was devised in 1958 by Cavill ~t al. (1958). 

I.5. The Syntheses of Labelled Estrogenic Isoflavones: 

Althou~h a considerable amount of knowledge has been 

accumulated concerning the isolation of isoflavones in 

various fora~e species, the levels of estrogenic activity 

of these isolated isoflavones and the different methods of 

syntheses, little is known so far about the metabolism of 

these compounds in the animal body. Labelled isoflavones 

are synthesized, therefore, to enable the metabolic pattern 

of the estrogens to be followed. 

Yoder's method cannot be used to prepare c14-labelled 

p-methoxybenzyl cyanide when it is desired to introduce the 

isotopie carbon into the cyano group by means of Kc14N. 

In 1961, Nilsson ~!al. (196la) in Stockholm were successful 

in the synthesis of biochanin A-4-c14 • As p-methoxybenzyl 

alcohol re:mired f'or the preparation of p-methoxybenzyl 

chloride was not available, they investigated the reduction 

of anisaldehyde (I Chart VIII) to the alcohol with 

formaldehyde, adapting the crossed Cannizzaro reacti.on. 

The p-methoxybenzyl alcohol (II) was then converted to p

methoxybenzyl cyanide (IV) through p-methoxybenzyl chloride 

(III). The isotopie carbon was introduced at this stage by 
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Through the Hoesch syntbesis, phloroglucinol and 

labelled p-methoxybenzyl cya~ide condeosed to~ether to give 

the desired deoxynenzoin, 2,4,6-trihydroxyphenyl p-methoxybenzyl 

ketone-c14 (VI). The further sters for the synthesis of 

labelled estrogenic isoflavones comprised a slight modification 

of the method of Baker and Ollis et al. (1952a; 1~052b; 1953) 

tbat has been descrïbed ab ove. 
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CHART I. 'rhe Structural Form.~l<H~ for Genistein as f!'iven hy 

Finnemore and hy Bnr~cllini. 

(I) HO no~ 

y_
11
JL-o-oH 

ôH 0 

(II) HOY'Y'o 
'7 ' ~ l !; =v w-o-OH 

OH 

Finnemore's sunrosition Bar1!'ellini's supposition 

Hohinson. 

(I) (II) 

) 

l 
(IV) RO'ÂO 

V)-o-o~ 
(III) 

OR 0 
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CH~RT III. Synthesis of Isoflavones: ~ethod of naker, 

Robinson ond Simpson. 

(I) 

(y OH 

v~/ CH.a-0--0H 

0 

(III) 

rf'uor'~Ph 
lV\ k>oH 

(V) 

Il -
0 

r-'IYO) ~ OH 
V',,J--«.J--

0 

(II) 

r-'IYO'(c.~ 
~J--cr-~ OH 

(IV) 

Il 
0 

(Y oye~ 
\A J-o-oH 

Il -

0 

CHART IV. Synthesis of Isoflavones: Methnd of Spith and 

Lenerer. 

(I)OcOH 

~ 1 c/CH-2-o 
Il 
0 

(II~) OH 

CH~NO c/ 2~ 2 
Il 
0 

OC J-o 
Il 
0 
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CHt\RT V. Synthesis of Genistein: Method of Baker and 

Ollis !:.i al •• 

(I) (II) 

HO~OH 
HO OH 'Çl( TooooEt 

~ j C./CH.z.--0-·0H · /cH--Q-oH 
c -

Il Il 
OH 0 OH 0 

l 
(IV) (Ill) 

R~o~ RO'Q(oH 
71 J=O-~ 1 / 7 '\: OR ~ ~ ~ OR 

' -
Il Il 

OR 0 OR 0 

1 
(V) (VI) 

HO~o;rO HO~ ORo-OH ~ 1 1 V ~ OH 

Il Il 
OH 0 OH 0 

R = -COCOOEt 
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CH ART VI. ~ynthes is of Isoflavones: '1ethorl of Farkas et al.. 

(I) 

HOOOH :1 CH~ 
\.'- C/ .2.~-

11 
0 

(II) 

HO'OOH :-.. / CH-o~ 
"-' C/ 2 -

Il 
0 

CHO 

HOhOH 

~C_,CH_.-o 
Il 
0 

CHAI<T VII. Preparat io'1 of p-'.fet hoxyhenzyl cyan ide. 

(I) (II) 
HC-S 

H~co~cHo + o=
4

b b=s ~ ~- \1 
N 
1 
H 

(V) 

(III) 

1 
(IV) 

NH 

~. n 
H3CO ~Cii.:~.-C -COOH 
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CHART VIII. Prepnration of c14-labelled Deoxybenzoin. 

(I) 

CHo-Q-ocH3 

(IV) 

C 14NCH~-o-OCH3 

(V) 

HO~OH 
:-... j 14 CH ~OCH 
'" C/ 2.~- 3 

Il 
OH NH.2c..t, 

(II) 

l 
(III) 

UC.H~OCH :2"=../- 3 

(VI) 

HO (RoH 
) , 1 14 CH ~OCH 

'" C/ 2. ~- 3 
Il 

OH 0 
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II. MATERIALS AND METHODS 

II.!. General Materials and Apparatus 

11.1. a. Reference compounds: 

Biochanin A was presented by Dr. H. Grisebach, Chemical 

Laboratory, University of Freiburg-im-Breisgau, Germany. 

Genistein was do.nated by Dr. Wilfred Lawson, Courtauld 

Institute of Biochemistry, London, England. 

Daidzein was kindly supplied by Dr. E. M. Bickoff, 

,\·estern Regional Research Laboratory, Agricultural Research 

Service, U. S. Denartrnent of Agriculture, Albany, California, 

U. S. A. 

Formononetin was generously given by Dr. H. Grisebach 

and Dr. E. M. Bickoff. 

II.l. b. Principal chemicals: 

Anisaldehyde and ethyl oxalyl chloride were obtained 

from Eastman Organic Chemicals Distillation Products 

Industries, Rochester, New York, U. s. A. 

Phloro~lucinol, melting range 217°-2I9°C, and resorcinol, 

melting range 109.6°-110.7°C, were obtained from Fisher 

Scientific Comnany, Montreal, Canada. 
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Hydriodic acid, specifie gravity 1.70, was also obtained 

from Fisher 5cientific Company. 

Potassium cyanide-c14 was obtained from New England 

Nuclear Corporation, 575 Albany Street, Boston, Massachusetts, 

U. S. A. 

II.l. c. Organic solvents: 

Methanol, acetone, and diethyl ether were obtained 

from Anachemia Chemicals Ltd., Montreal, Canada. 

Benzene, cyclohexane and pyridine were "Analar" analytical 

rea~ents and were nroducts of the British nrug Houses, Ltd., 

Toronto, Canada. 

Ethyl acetate was obtained from Mallinckrodt Chemical 

Works and was distilled before use. Spectranalyzed grade 

methanol, a Fisher Certified rea~ent, was used without 

further treatment. 

Preparation of dry acetone: Acetone was drierl over 

about one-Quarter its volume of granular calcium cbloride 

for at !east twenty-four hours. The rlried acetone was then 

filtererJ and distilled before use (Rorig ~i al., 1956). 

Prenaration of neroxide-free drv diethyl ether: 
•'- u ,_ 

Diethyl ether was freed from peroxides according to the 
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procedure of Bauld (1956). A litre of diethyl ether was 

shaken with 3 x 100 ml of 0.8M ferrous sulfate in 0.4N 

sulfuric acid, washed with 2 x 50 ml water and finally 

distilled. It \\as then dried over potassium hydroxide 

pellets for one week and then over sodium metal. ft,inally, 

i t was filtered and redistilled ,just before use. 

Preparation of dry pyridine: Pyridine was dried over 

potassium hydroxide pellets for at !east two weeks. Its 

anhydrous state was ensured by subsequent addition of sodium 

metal. 

Preparation of absolute ethanol: Ninety-five percent 

ethanol was obtained from Consolidated Alcohols Ltd., 

Toronto, Canada. It was refluxed for twelve hours with 

5 percent zinc dust as reducing a~ent and 5 nercent sodium 

hydroxide pellets as dehydrating agent. The filtrate was 

then twice distilled. 

II.l. d. Colour reagents: 

Diazotized sulphanilic acid (DSA) rea~ent was prepared 

immediately before use according to the directions of Black 

and Bolling (1951). Two-gram of sulphanilic acid was mixed 

with 20 ml of concentrated hydrochloric acid and 200 ~1 of 

water. Two volumes of 0.5% sodium nitrite were added just 

before use. This rea~ent was found sensitive for use with 
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paper chromatograms. It gave less intense background 

coloration than other ctiazonium salts and the colours of 

the spots were stable for long periods without appreciable 

change. 

A reagent prepared by dissolving 1 gm p-nitrobenzene

diazonium fluoroborate in lOO ml 50% glacial acetic acid 

was found to be more sensitive than the rea~ent of Block 

and Bolling for use with thin-layer chromatograms and had 

the further advantage of gi ving a lesser degree of background 

coloration. 

II.l. e. Refractometer, densitometer and melting-point 

apparat us: 

An Abb~ refractometer was used to measure the refractive 

indices of sorne of the intermediate products. The refractometer 

was one made by Hilger & Watts, Ltd., London, England. 

The DSA-stained chromatostrips were scanned with a 

manual densitometer (Model 52C), obtained from Photovolt 

Corporation, New York City, N. Y. No filter was used and 

the slit width was 1 millimeter. 

The melting points of the various intermediate compounds 

and the different final products were determined by a 

Kofler micro-melting point apparatus obtained from Arthur 
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H. Thomas Co~pany, Philadelphia, Pennsylvania, U. S. A. 

II.l. f. Vacuum distilletion unit: 

The boiling points of sorne of the intermediate products 

were inconveniently high for direct distillation. Consequently, 

they were distilled under reduced pressure in an all-glass 

distillation assembly includin~ a suitable Claisen fl~sk. 

The pressure was checked on a manometer connected to the 

assembly and the Duo-Seal vacuum pum-p obtained fro'll W. M. 

Welch Manufacturing Company, Chicago, Illinois, U. S. A., 

was protected by a trap refri!l.·erated by linuid air. 

II. 2. General Methods 

II.2. a. Thin-layer chrornatography (Truter 1963): 

Thin-layer chromatography (TLC) was used as one of the 

principal means for the identification of the synthesized 

products, because of the follo"in~ five considerations: 

(1) Scale 

The synthesized products were radioactive and thus 

expensive. Consequently, only a minute amount of the samoles 

could be ma( e available for the identification work. 'L'he 

samnle that can be conveniently hondled on a single chromato

nlate may be as small as O. 5 microgram, and hence 'I'LC was 

the technique of choice for identification nurposes. 
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(2) Resolution 

The resolution obtainable in TLC often surpasses that 

attainable on paper. A mixture of as many as ten compounds 

can be separated into its components within a distance of 

5 cm, a degree of resolution that is difficult of attainment 

with any other chromato~raphic nrocess. 

(3) Simplicity 

The apparatus is not unduly expensive, the techninue 

is simple and the results are readily reproducible. 

(4) 3ensitivity 

By using an appropriate chromogenic reagent or a 

s•li table combinat ion of chromog:enic reag:ents, it is possible 

to detect less than 0.1 microgram of ~any substances. In 

addition, the chemical inertness of the silica gel layers 

ordinarily used permits the use of a much wider range of 

chromopenic reagents than can be used in conjunction with 

paper chromatograms. 

( 5) rrime 

The whole process of TLC can be carried out within 

30 minutes. Other chromatographie processes require hours, 

and occasionally days, for the same problem. 
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Prenaration of the layers (Randerath,l963): 

The thin-layer chromatography apparatus used was that 

rnarketed by Shandon Scientific Comnany, Ltd., London, 

England. 

Glass plates for TLC must be carefully cleaned and be 

completely free from grease. The plates were thoroughly 

scrubbed with Alconox detergent (Canadian Laboratory Supplies, 

~~ontreal) and left for ten ~inutes in chromic-sulfuric acid. 

They were then brushed under running tap water, rinsed clean 

with distilled water and rlried on a metal drying rack in a 

drying cabinet. 

Five 20 x 20 cm cleaned glass plates of uniform thickness 

were then placed on an aligning tray. The ends of the row 

of plates were completed with two 5 x 20 cm end-plates. The 

aligning tray was inflated to prevent the plates from sliding. 

A spreader with 250 micrometer slit-width was placed in 

position on the left-hand end-nlate. Thirty gram of neutra! 

Silica Gel G Merck was evenly mixed with 60 ml distilled 

water by vigorous shaking for one minute in a stopnered 250 

ml conical flask. The mixture was then noured into the 

snrearler. As soon as ali the'slurry was transferred, the 

spreader was held with both bands and drawn ouickly but 

steadily across the plates to the further end-plate without 

apnlying much pressure. 
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The coated plates were left in ~osition for about 

twenty minutes until their surface had become com.pletely 

mat. They were then nlaced in a dryin~: cabinet at 110°C 

for activation. The activity of the layer was determined 

by the heating time and temperature. The longer the heating 

ti me and the higher the he a ting: temperature, the great er 

was the adsorption activity of the layer. For Silica Gel G, 

one hour's heating in 110°C oven was adopted. At the end 

of this time, a small strin was scraped off from the four 

si des of each plate wi th a spa tula to even the edges and to 

facilitate handling. The plates were then stored, with the 

coated side up, over calcium chloride in a desiccator. 

Preparation of the chromatogr~ms: 

Reference materials and synthesized materials were 

rlissolved in snectranalyzeo grade ~ethanol and suitable 

nortions of the solutions were spotted on to the plate by 

means of micro-pipettes and at a distance of 4 cm from the 

lo,ver!'llost edfre of the nlate. A transparent plastic tel'llnlate 

was used to enable the substcmces to be annliec~ in a strai~·ht 

line. The starting noints, which were placed at intervals 

of 1.5 cm were marked off ;tith a sharn, hard pencil. The 

outsi~e starting noints were at least 1.5 cm from the edges 

of the layer. A dividing line, 12 cm away from the starting 

points was drawn along the edge of the temnlate with a 
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snatula at right angles to the direction of development and 

the resulting dust was blown away. 

Ascending TLC was carried out at room temperature in stand

ard rectangular chromat Of?;raphic tanks 22 x lU x 22 cm. Two 

glass rods were ulaced one along each shorter wall of the 

tank to sunport the plate in a horizontal rosition. Three 

sides of the tank were covered internally ~ith a sheet of 

Whatman No. 1 filter paper so that it would dip into the 

solvent and facilitate the saturation of the tank. The 

appropriate solvent system (240 ml) was poured into the tank 

and equilibration was allo~ed to nroceed for twelve hours. 

At the end of this time, the Jid of the tank was vartially 

removed and the charged plate was slipped in with the silica 

gel below the origin immersed in the solvent. This step was 

carried out as quickly as possible so as to disturb the 

saturation equilibrium of the tank as little as possible. 

As soon as the solvent front ha~ reP.ched the finishing line, 

the plate was removed from the tank. The chromatog:ram was 

then dried at room temperature. It was finally stained with 

p-nitrobenzenediazonium fluoroborate in 50% glacial acetic 

acid and recorded for reference. 
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11.2. b. Paper chromatofi;raphy: 

Paper chromatography was used to confirm the identities 

of the products synthesized and to check their radiochemical 

uurities. Two solvent systems were used successfully. The 

benzene-acetic acid-water (125/72/3 by volume) and the 

chloroform-formamide (1/l by volume) were proved to give a 

single narrow band for each sample in question and to afford 

a wide range of Rf values for different synthesized products. 

Benzene-acetic acid-water solvent system: 

This sï_ngle nhase benzene-acetic acid-water (125/72/3 

by volume) solvent system was originally devised by Smith 

(1960) as an improvement on the organic phase of benzene

acetic acid-water (2/2/l by volume), which has been commonly 

used for the chromatography of phenolic acids. In 1962, 

"l'ong and Taylor (1962) aprlied the monophasic benzene solvent 

system to the separation of ether-soluble polyphenols 

(Wong 1962) and certain hydrolysates of plant extracts. 

Excellent separations were obtained for flavones, isoflavones, 

etc. when two-dimensional chromatograms were run with this 

system as the first solvent and 2N ammonia (lVong: and Taylor 

1962) or aqueous acetic acid as the second solvent. 

The chromatographie apparatus consisted of a rectangular 

glass chamber, 12 inches square and 24 inches high and a 

ground-glass cover with a small hole ri~ht in the middle 
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through which solvents rnight be added into the chamber. 

Inside the charnber, there was a glass solvent trough held 

horizontally in the unner part of the chaMber by glass 

supports, which in turn were carried by stainless steel 

brackets screwed to opnosite sides of the chamber. 

Chromatop:raphy was carried out on Wbatman No. 1 filter 

paner (6.5 x 57.0 cm). The paner was thoroughly extracted 

in a Soxhlet anparatus with a rnixture of benzene and methanol 

(1/1, V/V) for 72 h. In order to run a radioactive sarnple, 

a non-radioactive sample and a reference samnle on a single 

chromatogram with a view to eliminating the effects of 

variations in running conditions, such as the room temnerature, 

the chamber saturflt ion, etc., the naper was eut lon,:.d tudinally 

into three strips in such a manner that the neper was left 

intact for 8.5 cm from one end. One strip was three times 

as wide as the other two. A line of application was drawn 

10 cm from the intact end. A solution of the radioactive 

sample in spectranalyzed methanol (about lOO micrograms of 

material) was apnlied to the wide strip while the non-radioactive 

sample and the sample's reference were anplied separately 

one on each of the two narrow strins. t\s a whole, the 

application line was an interrupted streak about 0.5 cm wide. 

The chromatographie chamber was filled to a depth of 
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about 2 cm with benzene-acetic acid-water (125/72/3 by volume) 

and the charr.:ed three-armed paner strip was placed in 

nosition with the intact end lying on the glass trough. One 

hour was allowed for the preliminary enuilibration. At the 

end of this time, the solvent was introduced into the glass 

trough through the central small hole bv means of a funnel. 

The small opening was immediately closed again with a cork 

so as to disturb the chamber equilibrium as little as possible. 

The monophasic benzene-acetic acid-water system was 

found to be very sensitive to temperature effects. However, 

when the temnerature was kept within the ranwe 20+2°C, the 

Rf values for the compounds studied were reproducible to 

within ± 0.02 and the solvent took 3.5-4 h to descend a 

len,P.;th of 40 cm. 

Chloroform-formamide solvent system: 

The annlication of this system to the separation of 

steroid estrogens has been described in detail by Layne 

and Marrian (1958). The chromatographie aonaratus was the 

same as that in the descending rnonophasic benzene-acetic 

acid-water solvent system. 

Strins of Whatman No.42 paper (6.5 x 57.0 cm) were 

extracted in a Soxhlet ar:rparatus with a mixture of methanol 

and chloroform (1/1, V/V) for 3 days. After drying, the 
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paper strips were impregnated with the stationary phase by 

immersing in a (2/1, V/V) methanol-formamide mixture. Each 

strip was then carefully blotted with filter paper between 

two sheets of plate glass and dried in a horizontal position 

within a drying cabinet at 37°C for 45 minutes. 

Charged three-armed chromatographie strips were 

prepared in the same way as described above. Saturation 

of the chromatographie chamber was accomplished by filling 

the bottom of the chamber to a depth of 2 cm with the mobile 

phase (chloroform). The whole apparatus was equilibrated 

for at !east 1 h at 20+2°C before the chromatogra~s wcre 

developed with chloroform. Under these conditions, development 

of the chromatograms usually required 4 h, by which time the 

solvent front had descended about 40 cm. 

After the chromatograms were developed, whether in 

the monophasic benzene-acetic acid-water solvent system or 

in the chloroform-formamide solvent system, their arms were 

separated. A pilot strip, 1 cm wide was eut longitudinally 

from the wide arm for preli'-,:inary location of the radioactive 

sample. The bands of the radioactive sample on the pilot 

strip, the non-radioactive sample and the reference compound 

on the narrow strips were located by ultra-violet light 

and/or by use of diazotized sulphanilic acid as a colour 

reagent. The distribution of radioactivity on the chromatogram 
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of the radioactive samrle was then determined by the technique 

describerl in the ,ext section. 

II.2. c. Measure~ent of ra~ioactivity: 

The distribution of ra oactivity on paper chromatograms 

was determined by liGuid scintillation spectrometry (Cayen, 

1964). The scintillatio'1 fluid wa!"' r.reDared by rlissolving 

3 g 2,5-dinhenyloxazole (~PC) and 0.1 g 1,4-bis-2-(5-

phenyloxazolyl)-benzene (POPOP} in 1 liter of scintillation 

frrat?e toluene. Both the FPO and POPOP were obtained from 

Packard Instrument Company, Inc., La Grange, Illinois, U.S.A., 

while the toluene was a scintillation grade product of Nuclear 

Enternrises, ·Ünnipeg;, Manitoba, Canada. 

After a pilot strip, 1 cm wide, had been eut longi

tudinally from the wide arm of the three-armed chromatogram 

for staining, the remaining portion was divided into 0.5 cm 

bands along the length of the chromatostrin. Each band was 

nlaced in a standard 20-ml screw-top glass vial which was 

numbered beforehand. Spectranaly7ed methanol (0.2 ml) was 

subseauently added to each vial and the contents were shaken 

for 3 minutes. Both the methanol and filter naper band were 

then flooded with 10 ml scintillation fluid. The shaking was 

continued for another 2 minutes. 

The radioactivity of the contents of each loaded vial 
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was counted in a Packard Tri-Carb liauid scintillation 

spectrometer, Series 314E. The measured ractioactivity 

(counts per minute) was then plotted a,~.~;ainst the distance 

along the chromatostrip. If only o~e single symmetrical 

high peak was found in the graph, and if the nosition of 

the peak correspondecl to the positions of the stained bands 

in the nilot strip as well as in the two narrow strips, then 

the radioactivity ourity of the sample in question was 

confirmed. Here it must be remembered that the rarlioactivity 

thus re~istered for each loade~ vial was a relative quantity, 

and did not provide an ahsolute measurement of the radio

activity ~resent. 
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III. PROCEDURES AND RE3UL'l'S 

III.l. Syntheses of c14-labelled Biochanin A, Formononetin, 

Genistein and Daidzein: 

III.!. a. Preparation of p-methoxybenzyl alcohol 

(Davidson and weiss, 1943). 

The apparatus comprised a 500 ml three-necked, ground

glass-joint, round-bottomed flask fitted with a mercury

sealed mechanical stirrer, a reflux condenser, à dropning 

funnel, and a thermometer which reached almost to the bottom 

of the flask. 

Eighty-four g (1.5 moles) of U.S.P. grarle potassium 

hydroxide pellets (85% potassium hydroxide) and 130 ml of 

acetone-free absolute methanol were nlaced in the flask. 

Stirring was then begun. The bulk of the alkali dissolved 

in a few minutes, with the evolution of heat. The presence 

or traces or the undissolved alkali indicated the methanol 

had been saturated with potassium hynroxide. A mixture 

of 68 g (0.5 moles) of p-methoxybenzyl aldehyde (anis

aldehyde), 50 ml (0.65 moles) of 40% formaldehyde solution 

(formalin) and 50 ml of acetone-free absolute methanol was 

added through the droppin~ funnel at such a rate that the 

internai temperature was keT't within the range 65-75°C. 
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The addition reouired about 10 minutes. This internai 

temperature was maintained manually for three hours by an 

electric heating system. At the end of this time, the 

reflux condenser was replaced by a downward condenser and 

the temperature was increased to distil over the methanol, 

until the internai temperature reached 101°C. One hundred 

and fifty ml of cold water was then added to the warm residue 

and the mixture was left overnight. 

Next morning, the resulting two layers were separated. 

The aoueous layer was then extracted with three successive 

40 ml portions of benzene. The combined oil and extracts 

were washed with six 10 ml portions of water. The combined 

washings were then extracted with 15 ml of benzene, the 

benzene layer being added to the washed extract. The benzene 

solution was subsequently cleared by shaking it with 10 g 

anhydrous sodium sulphate and was distilled. After removal 

of the benzene, the p-methoxybenzyl alcohol was purified by 

distillation with diminished pressure. 

Results and discussion: The product was a colourless 

oily liquid with a specifie gravity of the order of 1.15. Its 

boiling point was 146-148°C at 20 mm Hg. On cooling, it 

formed snow-white, crystalline nlates which melted at 

19-21°C. 
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This preparation was first studied by Davidson and 

Bagert (1935) in 1935. They described the action of alkali 

on mixtures of aromatic aldehydes and formaldehyde as 

resulting in the practically complete conversion of the 

aromatic aldehydes to the corresponding alcohols. The 

conversion was a "Crossed Cannizzaro Reaction". Since then, 

it has been regarded as one of the most convenient methods 

for preparing certain aromatic alcohols, such as anisy!, 

piperonyl, and veratryl alcohols, of which the corresponding 

aldehydes are readily available. 

Besides the above described "Crossed Cannizzaro 

Qeaction", p-methoxybenzyl alcohol may be prepared by 

reducing anisaldehyde with lithium aluminium hydride in 

absolute ether or with sodium boron hydride in methanol 

(Nils son et al., 196la). Yields of 60% and 30% respectively, 

have been renorted for the foregoin~ methods. In the 

present study, 58 g of p-methoxybenzyl alcohol was 

obtained. This corresnonds to a yield of the order of 84%, 

which is more satisfactory than the yields reported for 

the reduction methods. 
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III.l. B. Preparation of p-methoxybenzyl cyanide-c14 

(Rorig ~al., 1956). 

In a 125 ml Erlenmeyer flask were placed 5.5 g of 

p-methoxybenzyl alcohol and 10 ml of concentrated hydrochloric 

acid. After stirring vigorously with an electro-magnetic 

stirrer for 15 minutes, the contents of the flask were 

transferred to a 125 ml separatory funnel. The lower layer 

(p-methoxybenzyl chloride) was separated, dried over 1 g of 

granular calcium chloride for about 30 minutes, and finally 

filtered to remove the drying agent. 

A mixture of 4.3 g (0.028 moles) of the p-methoxybenzyl 

chloride, 1.5 g of sodium iodide, 2.0 g (0.037 moles) of 

potassium cyanide containing a small a~ount of c14-marked 

potassium cyanide (1 millicurie) and 50 ml of dry acetone was 

introduced into a 250 ml ground-glass-joint round-bottomed 

flask fitted with a reflux condenser. The heterogeneous 

mixture was then refluxed with vigorous stirring by means 

of an electro-magnetic stirrer for 18 h. 

At the end of this time, the reaction mixture was 

cooled to room temperature and finally filtered with suction. 

The solid on the filter was washed with 25 ml of dry acetone 

and discarded with due care. The combined filtrates were 

distilled to remove the acetone. At this stage, white 
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crystals appeared and at the same time the boilin~ solution 

began to bump. In order to reduce the bumping to a minimum, 

the distillation was carried out in a flash-evaporator 

(from Buchler Instruments, Fortlee, New Jersey, U. S. A.) 

0 under reduced pressure and at a temnerature of 50 C. The 

residual oil was subsequently taken up in 40 ml of benzene 

and washed with three 20 ml portions of hot water (about 

60°C). The benzene solution was then dried over anhydrous 

sodium sulphate for 15 mi~utes. The dried solution was 

transferred into a 150 ml round-bottomed flask and the 

solvent was distilled at 42-44°C with a pressure of 18 cm 

Hg. The residual p-methoxybenzyl cyanide-c14 was purified 

by distillation under greatly reduced pressure. 

Results and discussion: Both the p-methoxybenzyl 

chloride and the p-methoxybenzyl cyanide-c14 were colourless 

liquids. The latter had a boilin~ noint of 118-120°C at 

2 mm Hg and a refractive index n~5 1.5285-1.5291. It was 

found to turn into a brown yellowish colour if stored for 

more than a few weeks. 

p-methoxybenzyl cyanide has been prepared by different 

methods by various authors e.g., Baker and Robinson (1926; 

1929), Kondo and Oshima (1931), Julian and Sturgis (1935), 

Shriner and Stephenson (1942) and Shriner and Hull (1945a; 

1945b). In 1954, Yoder et al. (1954) described a route for 
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the preparation of p-methoxybenzyl cyanide, mainly based on 

the one suggested by Julian and Sturgis. Their starting 

materials were anisaldehyde and rhodanine. The procedure 

involved the anisaldehyde-rhodanine condensation, the alkaline 

cleavage of the condensation product, and the oximation, 

dehydration and decarboxylation of p-methoxyphenyl 

thiopyruvic acid to p-methoxybenzyl cyanide. Though this 

route appeared to be very promising as to yields and availa-

bility of the starting materials, yet it was not applicable 

if isotopie carbon was to be introduced by means of Kc14N. 

In the present study, the preparation of p-methoxybenzyl 

cyanide-c14 was repeated twice, each time with 3 millicurie 

c 14-marked potassium cyanide. The average yield was 68%. 

It was found that the yield depended greatly on the purity 

of the alcohol used ~~d on the anhydrous state of the 

heterogeneous mixture. The latter point wa~ found to be 

particularly important. If it was not strictly observed 

not only were the yields low, but the product wa~ brown in 

colour as well. This brown colouration indicated the 

presence of impurities and it could not be removed even by 

successive distillations. 
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III.l. c. Preparation of 2,4,6-trihydroxyphenyl 

p-methoxybenzyl ketone-c14 and 2,4-dihydroxyphenyl 

p-methoxybenzyl ketone-c14 (Yoder et~' 1954). 

A solution of 2.7 g (0.018 moles) p-methoxybenzyl 

cyanide-c14 and 2.4 g (0.018 moles) anhydrous phloroglucinol 

in 20 ml of dry diethyl ether in a 125 ml Erlenmeyer flask 

was cooled to 0°C in an ice bath and a slow stream of dry 

hydrogen chloride was passed into the solution. 

Dry hydrogen chloride gas was prepared by treating 

concentrated hydrochloric acid w~th concentrated sulphuric 

acid. A 500 ml pyrex Florence flask was fitted with a two

hole rubber stopper, equipped with a short-stem dropping 

funnel and a glass delivery tube. To the stem of the 

dropping funnel, there was attached a capillary tube of no 

greater than 1 mm internai diameter, and of such a length 

that, when the apparatus was assembled, its lower end reached 

within 1 to 2 mm of the bottom of the flask. Two hundred 

ml concentrated sulphuric acid was run into the flask. The 

stopper was nut in place and concentrated hydrochloric acid 

was added very slowly through the dropping funnel. A 

stream of hydrogen chloride gas thus generated was dried by 

passing through a couple of flasks containing concentrated 

sulphuric acid. 

After passing the gas into the solution for about 
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20 minutes, ketimine hydrochloride was seen to separate on 

the bottom of the 125 ml Erlenmeyer flask. The flask was 

then stoppered and set in a deep-freeze refrigerator for 

12 h. The mixture was again saturated with dry hydrogen 

chloride gas and kept in the refrigerator for another 24 h. 

The ether in the mixture was finally decanted and the 

crust washed with 5 ml ice-cold ether. The insoluble 

ketimine hydrochloride and the gummy precipitate were 

refluxed for 1 h with llO ml of 2% (W/V) hydrochloric 

acid. Upon cooling the solution, the crude ketone precipi

tated as \mite flocculant mass, which was filtered. The 

product was purified by recrystallization from 50% methanol 

wi th the aid of Nori t A as a decolorizing agent. 

For the preparation of 2,4-dihydroxyphenyl 

p-methoxybenzyl ketone-c14 , resorcinol was used instead 

of phloroglucinol in the above procedure. Due to the 

relative inertness of resorcinol as comnared with phloro

glucinol, the time reauired to saturate the solution of 

cyanide, resorcinol and ether with dry hydrogen chloride 

gas was prolonged to at least 30 minutes before any white 

crystalline specks of ketimine hydrochloride appeared. 

Results and discussion: Both the 2,4,6-trihydroxyphenyl 

p-methoxybenzyl ketone-cl4 and its analogue, 
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2,4-dihydroxynhenyl p-methoxybenzyl ketone-c14 , were white 

crystals. Their melting noints were very sharp and were at 

194°C and 154°C, respectively. The yield of the former 

ketone was 37% while that of the latter was only 22%. 

That phenols might be condensed with derivatives of 

aryl-acetic acids bas been known since Hoesch (1915) 

reported this reaction in 1915. Baker and Robinson (1926; 

1928) modified the "Hoesch Condensation Reaction" by 

eliminating the use of anhydrous zinc chloride. The reaction 

conditions were further modified by Yoder et al. (1954) in 

the preparation of various deoxybenzoins for the syntheses 

of estrogenic isoflavones. The procedure described here was 

practically the same as that suggested by Yoder et al. The 

commercially availeble phloroglucinol was i!ihydrated, and 

accordingly it bad to be dehyrlrated before use by ctrying in 

an oven of 110°C for 30 minutes. Absolutely anhydrous 

conrlitions were completely essential for high ana reproducible 

yields in this r~rticular reaction. 

III.l. d. Syntheses of 2-carboxy-5,7-dihy0roxy-4 1 -methoxy 

isoflavone-4-c14 and 2-carboxy-7-hyoroxy-4'

methoxy isoflavone-4-C14 (Bickoff, 1963). 

Five hundred and fifty m~ of the labelled 2,4,6-

trihydroxy-phenyl p-methoxybenzyl ketone-c14 was dissolved 
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in 2.8 ml of dry pyridine in a 125 ml Erlenmeyer flask, and 

0.82 ml of ethyl oxalyl chloride was added drop-wise, the 

temperature being maintained below 25°C by means of an ice

bath. After the addition was comnlete, the temuerature was 

increased to 65°C for 20 minutes. The flask was then brought 

to room temperature and 1 ml of diethyl ether was added to 

redissolve sorne crystalline needles which appeared at this 

sta~e. After mixing, the solution was poured onto a mixture 

of 15 ml ice-water and 5 ml concentrated hyôrochloric acid. 

1'he acidic mixture was then vigorously stir:red. A sticky 

precipitate formed. The entire mixture was subsequently 

extracted with five separate 10 ml portions of diethyl ether. 

The ethereal solution was dried over anhydrous sodium 

sulphate, evaporated to about 2 ml and stored in a refrigerator 

overnight. 

The next morning, the oily material was diluted with 

10 ml of water and concentrated sodium hydroxide ( 500;6 W/V) 

was slowly added until all the solids were in solution. The 

pH was then about 12. The solution was held at room temperature 

for 3 h. By the end of this time, the oxalyl ester was 

comnletely saponified. (It is necessary that this saponifica

tion be complete). The entire mixture was then acidified with 

50% V/V hydrochloric acid, while being stirred and cooled 

in an ice bath. Addition of acid to a pH of 2 liberated a 



- 49 -

water-insoluhle yellow precipitate which was collected on 

a filter, washed with a small amount of ice cold water, and 

dried in a vacuum desiccator. 

With the described procedure, 0.01 mole of 2,4-

dihydroxyphenyl p-methoxybenzyl ketone-c14 reouired 0.02 

mole of ethyl oxalyl chloride to produce almost colourless 

2-carboxy-7-hydroxy-4'-methoxy isoflavone-4-c14• 

Results and discussion: The 2-carboxy-5,7-dihydroxy-4'

methoxy isoflavone-4-c14 , after recrystallized from 50% 

methanol, gave a melting point of 270-272°C, "~ile the 

2-carboxy-7-hydroxy-4'-methoxy isoflavone-4-c14 melted at 

0 260-262 c. 

As indicated in the section entitled "Historical Review", 

ring closure of various deoxyben7oins to form the inner pyrone 

ring of isoflavones was the critical step in the synthesis 

of isoflavones and was the subject of numerous investigations. 

Baker and Robinson (1928) synthesized genistein in 1928 by 

cinnamoylization of the exposed 6-hydroxy group of methylated 

deoxybenzoin, and then by dehydration and inner ring closure, 

they obtained the 2-styryl isoflavone. Shriner and Hull 

(1945a; 1945b) in 1945 shortened the synthesis by formylating 

the unmethylated, unnrotected hydroxybenzoin w~th sodium 

powder and ethyl formate in the synthesis of biochanin A. 
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These methods were complicated and gave low and erratic 

yields. It was in 1952 that Baker and Ollis 21 al. (1952a; 

1952b; 1953) first introduced the use of ethyl oxalyl chloride 

in a pyridine solution of the deoxybenzoin followed by mild 

saponification as described above. Two years later, Yoder 

~ ~ (1954) adopted this method in their syntheses of 

isoflavones with a yield of 80%. Recently Nilsson et al. ---
(196la) changed the procedure slightly in their synthesis 

of biochanin A-4-c14 • However, the yields obtained by this 

procedure in the course of the present study were undesirably 

low. Subsequently, as an outcome of a persona! communication 

from Bickoff (1963), the writer abandoned Nilsson's 

modification and shifted back to the procedure used by Yoder 

et !~' but with a slight change in the reaction temperature. 

The average yield was of the order of 83%, which is somewhat 

better than that reported by Yoder et al. themselves and 

surpasses Nilsson's reported yield of 69%. 

III.l. e. Syntheses of 5,7-dihydroxy-4'-methoxy 

isoflavone-4-c14 (biochanin A-4-c14) and 

7-hydroxy-4'-methoxy isoflavone-4-c14 

(formononetin-4-c14) (Nilsson, 1961). 

The dried 2-carboxy-5,7-dihydroxy-4'-methoxy isoflavone-

4-cl4, 0.2 g, \~s tamped into the bottom of a 10 ml pyrex 
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test-tube which was nlunged into a Fisher-wax bath heated 

5°C above the melting point of the acid, i.e., 275°C. 

After evolution of carbon dioxide had ceased, which took 

less than 5 minutes, the tube was removed and air-cooled. 

The glassy melt was triturated into solution in a minimum 

amount of boilinp.: methanol, and was then discoloured with 

Norit A. After concentrating the hot methanol solution and 

adding: an equal volume of distilled water, the isoflavone 

biochanin A-4-c14 crystallized out as pale yellow needles. 

The analogue, formononetin-4-c14 as obtained from 

2-carboxy-7-hydroxy-4'-methoxy isoflavone-4-c14 bv the 

above procedure, formed very faint yellowish plates from 

5{)% methanol. 

Results and discussion: Both biochanin A-4-c14 and 

formononetin-4-c14 , after two recrystallizations from 50% 

~ethanol, were found to ~ive very sharp melting points, 

209-210°C and 252-253°C, respectively. They were then 

mixed with their corresnondin~ rererence comrounds and the 

~ixed melting points were found to be unchanged. 

Decarboxylation through pyrolysis in the syntheses of 

isoflavones was first used as early as 1928 by Baker and 

Robinson (1928). This sten has been found most satisfactory. 

A yield as high as 98% has been renorted by Baker ll al. 

(1952a). In the present syntheses of c14-tagged material, 
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however, yields were lower, almost certainly because of the 

relatively small arnounts of the starting materials. For 

biochanin A-4-c14 , the yield was 75% and for formononetin-4-c14 , 

the yield was only 52%. 

III.l. f. Syntheses of 4',5,7-trihydroxy isoflavone-4-c14 

{genistein-4-c14 ) and 4',7-dihydroxy isoflavone-

4-c14 (daidzein-4-c14) (Shriner and Hull, 1945b). 

To 0.05 g of labelled biochanin A-4-c14 contained in a 

75 ml pyrex test-tube was added 1 ml of hydriodic acid of 

specifie gravity 1. 7. Another smaller pyrex test-tube was 

inserted into the former one and was used as a cold-finger 

condenser. The mixture was refluxed for 4 h. At the end 

of this time, the excess acid was neutralized with 30% 

(W/V) potassium hydroxide solution and the mixture was then 

made slightly acidic by adding glacial acetic acid drop

wise. Upon cooling, ~nite needles of genistein-4-c14 

separated out from the solution. 

The analogous isoflavone, daidzein-4-c14, was obtained 

by the same procedure but starting with formononetin-4-c14 

instead of biochanin A-4-c14• The daidzein-4-c14 crystallized 

out in microscopie needles. 

Results and discussion: The labelled genistein-4-cl4, 
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after one crystallization from 509~ methanol, mel ted at 

295-297°C. The melting point for daidzein-4-c14 was even 

higher; it decomposed at 316-319°C. 

As early as 1910, Finnemore applied the classical 

reagent, hydriodic acid, to the demethylation of prunetin to 

the trihydric phenol, prunetol. The procedure described 

here is practically the same as that used by Shriner and 

Hull (1945a; 1945b). This method proved very serviceable, 

though the yield was not particularly high. In this study, 

it was 42%, which was the same as that obtained by Shriner 

and Hull when they were demethylating biochanin A to 

genistein. 

III.2. Syntheses of Non-labelled Biochanin A, Formononetin, 

Genistein and Daidzein: 

The non-labelled naturally-occurring isoflavones, 

biochanin A, formononetin, genistein and daidzein were all 

synthesized practically in the same way as described in 

III.!., with the exception that no c 14-labelled potassium 

cyanide was employed in the preparation of the p-methoxybenzyl 

cyanide. 
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Fi~. 1. Structural formulae of the four synthesized 

c 14-labellert isoflavones. 

HO 0 

Il 
OH 0 

Riochanin ~-4-c14 

HO 0 

c 
Il 

0 

Formononetin-4-c14 

0 

c 
Il 

OH 0 

Genistein-4-c14 

Il 
0 

OH 

OH 
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CIIA!rf IX. A General Flow Shect For the Synthesis of 

c14-lahelled Isoflavones. 

p-mcthoxybenzyl aldehyde 

j IICHO + !(()H 

HO-CH~OCH 
.2~-- 3 

p-methoxyhenzyl alcohol 

j HCl 

U-CH~OCH 
.2 --~ 3 

p-methoxybenzyl chloride 
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Chnrt IX (cont'd): 

p-methoxybenzyl cyanid~-c14 

1 rl il. HCl 

~ 1 14 GH~OCH 
HOVOH 

'" c'/ 2.~- 3 
Il 

OH 0 

2,4,6-trihydroxYf'heny1 14 p-mpt,hoxyhenzyl ketone-C 

Il 

l dil. TIC! 

HOÛOH 
~ 114 CH~OCH 
" c '/ 2. ""=/- 3 

Il 

0 

2,4-dihy~roxynhenyl 14 p-methoxybenzy1 ketone-C 
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HO 'Oro 
: 1 tl 

JI 
OH 0 

1 !'lnOII 

HCl 
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CO-COOC~H5 
1 

f' 'c" ... 
0

0
0 COOC~Hs 

:\. 1 }>CH~OCH 
'" G., 2~- 3 

Il 
0 

HOno COOH~ 

~~][OOCH3 
HOoo COONo... 

~ 1 ,.Y~~ OCH c~- 3 
Il 

Oli 0 0 

1 rlil, HCl 
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Chart IX (cont'd): 

HOflQ COOH 

Vr~ocH, 
0 

Il 
H 0 

2-carboxy-5,7-dihydroxy-14 
4'-~ethoxy isoflavone-4-C 

HO~Q 
: 1 )-<=>-OCH3 

Il 
OH 0 

Riochanin A-4-c14 

0 

ë~OH 
Il 

OH 0 

Genistein-4-c14 

HOno COOH 

0tbocH, 
Il 
0 

2-cHrhoxy-7-hyrlroxy-14 4'-methoxy isoflavone-4-C 

He at 

HO'O:)e>-OCH
3 

Il 
0 

Formononetin-4-c14 

HO'O:)-C>OH 
Il 
0 

naidzein-4-c14 
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Table I 

The Yield Percentages 

for the Various Steps in the Syntheses of Isoflavones-4-c14 

Principal Reactant Weight of Frincipal Product 'fheoretical Actual Yield 

(M. \'v • ) Reac tant Yield Yield Percentage 
--

p-Methoxybenzyl 68 .o g p-Methoxybenzyl 69.0 g 58.0 g 84:;6 
aldehyde (136) a1coho1 

p-Methoxybenzyl 5.5 g p-Methoxybenzyl 6.2 g 5.4 g 87% 
a1cohol (138) chloride 

Cil 

p-Methoxybenzyl 4.3 g p-Methoxybenzyl 4.04 g 2.74 g 68% <.0 

ch1oride (156.5) + 14 cyanide-c14 
uotassium cyanide-C 

p-Methoxybenzyl 2.7 g 2,4,6-Trihydroxy- 5.03 g 1.86 g 37% 
cyanide-Cl4 (147) phenyl p-methoxr-
+ Phloroglucino1 benzy1 ketone-C 4 
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Table I (cont' d) 

Principal Reactant Weight of Principal Product Theoretical Actual Yield 
(M. W.) Reac tant Yield Yield Percentage 

--
p-Methoxyl}enzyl 2.7 g 2,4-Dihydroxyphenyl 4.74 g 1.04 g 22% 
cyanide-cl4 (147) p-rnethoxrbenzyl 
+ Resorcinol ketone-C 4 

2,4,6-Trihydroxyphenyl 550 mg 2-Carbox:y-5, 7- 658 mg 545 mg 83% 
p-metho~benzyl 
ketone-C 4 (274) 

dihydroxy-4'-mf\hoxy 
isoflavone-4-C 

0) 

2,4-Dihydroxyphenyl 550 mg 2-Carbox:y-7-hydroxy- 666 mg 545 mg 82% 0 

p-methoxrbenzyl 
ketone-C 4 (258) 

4'-methoxy isoflavone-
4-cl4 

2-Carboxy-5 7- 200 mg Biochanin A-4-C14 173 mg 130 mg 75% 
dihydroxy-41-methoxy 
isoflavone-4-cl4 (328) 
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Table I (cont'd) 

Principal Reactant Weight of Principal Product Theoretical Actual Yield 

(M. W.) Reac tant Yield Yield Percentage 

2-Carboxy-7-hydroxy- 200 mg Formononetin-4-C14 172 mg 90 mg 52% 
4'-methoxy isoflavone-
4-Cl4 (312) 

Biochanin A-4-c14 50 mg Genistein-4-c14 47.5 mg 20 mg 42% 
(284) 

O"l 

Formononetin-4-c14 Dai dzein-4-C14 1-' 

50 mg 47.5 mg 20 mg 42% 
(26R) 



- 62 -

III.3. Identifications of the Synthesized c14-labelled 

III.3. 

and Non-labelled Biochanin A, Formononetin, Genistein 

and Daidzein: 

a. Identification of the synthesized c14-labelled 

and non-labelled isoflavones by their melting 

points and their mixed melting points: 

The melting noints of the intermediate compounds and 

the final nroducts in the syntheses of isoflavones were 

firstly comnared wi th tho se recorded in the li terature. 

Each final nroduct was then mixed with its corresponrling 

reference compound and the mixed melting point was deter

mined. 

Results and discussion: The various melting points of 

the intermediate compounds (Table II) were either the same 

or nearly the same as those recorded in the literature. 

The melting points of the various final products (Table II) 

were subseouently observed and they were in reasonable 

agreement with those recorded in the literature. In 

addition, it was also found that the mixed melting point 

of each sample was the same as its own melting point. This 

nrovided strong evidence that the synthesized presumntive 

isoflavones and their corresponding reference compounds were 

identical. 
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Table II 

Comparison of the Melting Points of the Intermediate Compounds 

and the Final Products of the Syntheses of Isoflavones with 

those Reported in the J_,i terature 

Compound Observed 
Mel ting Point 

p-Methoxybenzyl alcohol 19-21°C 

2,4,6-Trihydroxyphenyl 14 p-methoxybenzyl ketone-C 194°C 

2,4-Dihy~roxyphenyl 14 p-methoxybenzyl ketone-C 154°C 

2-Carboxy-5,7-dihydroxy- 14 4'-methoxy isoflavone-4-C 270-272°C 

2-Carboxy-7-hydroxy-
4'-methoxy isoflavone-
4-cl4 

Biochanin A-4-c14 

Formononetin-4-c14 

Genistein-4-cl4 

Daidzein-4-cl4 

0 260-262 c 

Reported 
Melting Point 

19-21°C 
(Hodgman et al., 

1961} -

192-194°C 
(Nilsson et al., 

1961}- -

154°C 
(Yoder et al., 

1954) 

270-276°C 
(Nilsson et al., 

1961} -

263°C 
(Yoder et al., 

1954) 

207-210°C 
(Nilsson et al., 

1961) -

255°C 
(Yoder et al. , 

1954) 

295°C 
(Yoder et al., 

1954) 

315-320°C 
(Hayer, 1943) 
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III.3. b. Identification of the synthesized c14-labelled 

and non-labelled isoflavones by thin-layer 

chromatography: 

Both the c14-labelled and the non-labelled isoflavones 

were dissolved in methanol (spectranalyzed grade) at a 

concentration of 1 mg per ml. A 20 x 20 cm cleaned glass 

nlate of uniform thickness was coated with Silica Gel G 

Merck as described in II.2. a. By means of a suitable 

micropipette, solutions of 6 microliters of the c14-labelled 

isoflavones, the non-labelled isoflavones and their corres-

pouding references were clelivered in spots at a dist.cmce of 

4 cm from the bottom of the plate. The spots were made as 

compact as possible and in no case were their diameters 

greater than 0.5 cm. A "finishing" line was drawn with a 

pointed hard pencil through the mat 16 cm away from the bottom 

of the plate to limit the distance of development. 

In order to economize in use of Silica Gel and to 

save the time for plate preparation, three different solvent 

systems were run on a sin~le plate. This was done by dividing 

the mat into three equal columns with two straight !ines 

drawn perpendicularly to the finishing line. Solutions of the 

14 C -labelled sample, the non-labelled sample and the 

corresponding reference compound were separately delivered 

onto one column of the mat as three equidistant isolated 



- 65 -

spots. The reference snot was in between the spots of the 

synthesized r.roducts. The charged plate was subseQuently 

developed in solvent system No.l. As soon as the solvent 

front had reached the finishing line (it took about 30 min.), 

the plate was re~oved from the rectangular chamber, and left 

to dry at room temperature. When the chromatogram was 

completely dry, the portion o.f the mat 1 cm below the application 

snots of the developed column of the nlate was carefully 

scraped o.ff, without touching any other parts of the plate. 

Solutions of samples and corresponding reference were snotted 

onto the next column anrt the chromatog:ram was developed in 

solvent system No.2. Care was taken at this point to ensure 

that the second solvent system was prevented from running 

over the already develoDed colu11n of the mat. \~ben the 

development was completed, the portion of the mat 1 cm 

helow the application spots was removed in the same manner 

as before. Finally, the whole procedure was repeated once 

c:~ai1, using the remaining column o.f the divided plate and 

e!'ln;loying sol vent system No. 3. The three sol vent systems 

used were cyclohexane-ethyl acetate (50/50, V/V), cyclohexane

ethyl acetate-absolute ethanol (45/45/10, V/V/V) and 

benzene-glacial acetic acid-water (110/87/3, V/V/V). They 

were numbered as solvent systems No. 1, 2 and J, respectively. 

After all the three columns of the plate had been developed, 

the spots were made visible with p-nitrobenzenediazonium 
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fluoroborate in 50~ ~lacial acetic acid as a colour reagent, 

or located by mea11s of fluorescence in ultra-violet li?:ht. 

qesults anr! discussion: The stained chromato~rams were 

drawn and are sho~n in the accompanying Figures 2 - 5. Each 

of the c14-labelled as well as the non-labelled samples under 

study appeared as a comnact, discrete and non-tailin0 spot. 

This sugl,!ested that each sample had only one component as 

far as the resolving power of the different solvent systems 

employe d was concerne ct. In ad di ti on, the c14 -labelle d 

sample, the non-label led sample and the ir correspondin1!; 

reference of each of the four synthesized isoflavones all 

lined un in a straight line in each of· the three solvent 

systems tested. This provided further evidence that the 

synthesized nrociucts anrl their corresponding references were 

identical. Their Rr values in the three difterent solvent 

systems are presented in Table III. 
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Fi~. 2. Chromnto~ram of the non-labelled (A), the 

reference (A) anct the lahellert (C) biochanin A 

in three different solvent systems. 

System 1: 

System 2: 

System 3: 

System 1 System () c;ys tem 3 "-

0 

A 

0 0 0 
0 0 0 

0 0 

. . . . . . . . 
B c A B c A B c 

cyclohexane-cthy1 acetate (50/50, V/V). 
cvclohexane-ethvl acetate-absolute ethanol 
(45/45/10, V/V/V). 
Ben.?.ene-p::lacia1 acetic acid-wnter 
(110/87/3, V/V/V). 
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Fi~. ~. Chromato~ram of the non-labelled (A), the 

reference (R) and the lahelled (C) formononetin 

in thre~ different solvent syste~s. 

System 1: 

System 2: 

Syste"l 3: 

System 1 System 2 System 3 

0 

. 

A 

0 0 0 
0 0 0 

0 0 

. . . . . 

B c A B c .1\ n c 

cyclohexane-ethyl acetate (50/50, V/V). 
cvclohexane-ethyl acetate-ahsolute ethanol 
(45/45/10, V/V/V). 
Benzene-glacial acetic acid-water 
(110/R?/3, V/V/V). 
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Pi~. 4. Chro~ato~rnM of the non-lahelled (A), the 

reference (n) anci the labellen (C) p:c'listein 

in three rlifferent solvent systems. 

System 1: 

System 2: 

System 0: 

System 1 System 2 System 3 

0 

. 

A 

0 0 0 

0 0 0 

0 0 

. . . . . . . 

B c A 13 c A 13 c 

cyclohexane-ethyl acetate (50/50, V/V). 
cyclohexane-ethvl acetate-absolute ethanol 
(45/4~/10, V/V/V). 
Ben7ene-l!'lélcial aceti.c aciif-wélter 
(ll0/R7/3, V/V/V). 
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Fig-. 5. Chromai: or.;ram of i: he nor'l-lahelled (A), the 

refere11ce (B) a11d the lnheJled (C) daidzein 

in three different solvent systems. 

System 1: 

System 2: 

system 3: 

System 1 System 2 System 3 

0 

. 
A 

0 0 0 

0 0 0 

0 0 

. . . . . . . 
B c !\ B c A B c 

cyc1ohexane-ethyl acetate (50/50, V/V). 

cvclohexane-ethyl acetate-ahsolute ethanol 
(45/45/10, V/V/V). 

Henzene-~1ncial acetic acid-water 
(110/R7/3, V/V/V). 
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Table III 

Rf values 

of the Synthesized Isoflavones and their Colour Reactions 

with p-Nitrobenzenediazonium Fluoroborate in 50% glacial 

Acetic Acid 

Rf value Colour with 

Compound System 1 System 2 System 3 NBDF 

Biochanin A 0.48 0.68 0.63 pinkish 

Formononetin 0.42 0.57 0.62 

Genistein 0.38 0.65 0.56 brown 

Daidzein 0.26 0.52 0.43 yellow 

III.3. c. Determination of the specifie activities of the 

synthesi~ed c14-labelled isoflavones: 

The synthesized c14-labelled material was dissolved in 

spectranalyzed grade methanol and made up to 5 ml or 10 

ml. A suitable aliquot of this solution was then diluted 

with methanol so as to give a solution containing an amount 

of the order of 1 mg per ml. For each sample, five 10 

microliters of the diluted solution were measured with a 

microsyringe (Hamilton Company Incorporated P.O. Box 307, 

Whittier, California, U. S. A.) and transferred into five 
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stanrlard screw-top glass scintillation vials. Ten ml of 

scintillation fluirl was subseouently rioetted into each 

vial and ~ixed ~e~tly. Each sample was then counted five 

times for one ~inute in e Fackard Tri-Carb linuid scintillation 

srectrometer, Series 314E. Blanks were also prepared with 

10 microliters ST'ectranalyzed methanol re-rlacing the sample 

solution. 

Results ana discussion: The mean of the five trials 

in each vial and the mean of five vials for each samr:le 

were calculated. The total mean was then exnressed in counts 

peY· minute. Corrections for the blank and the sœctrometer 

efficiency were mane. The specifie activity of each of the 

four synthesized c14-lahelleà isoflavones was determined 

and the resul ts are tallulated below (Table IV). 

Table IV 

Specifie Activities of the Synthesized c14-labelled Isoflavones 

Compound 

Biochanin A-4-c14 

Formononetin-4-c14 

Genistein-4-C14 

Daidzein-4-c14 

Snecific Activity 

364 microcurie/gm 
225 microcurie/gm 
69.5 microcurie/gm 
214 microcurie/gm 
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I th t · f · t · -4 c 14 · · n e prepara 10n o gen1s e1~ - , one ~1crocur1e 

of isotopie carbon in the form of potassium cyanide (3.8 mg) 

was employed to react with r-!"lethoxybenzyl chloride, while in 

the syntheses of formononetin-4-c14 , daidzein-4-c14 and 

biochanin A-4-c14 , triple the foregoing amount of isotopie 

carbon was introduced into the reaction mixture. It was, 

therefore, logical to expect that the specifie activities of 

formononetin-4-c14 and daidzein-4-c14 should be roughly 

three times greater than that of genistein-4-c14 • The dif-

ference in the specifie activities of the synthesized 

biochanin A-4-c14 and formononetin-4-c14 , however, called 

for an explanation. It was nrobably due to the fact that 

the wei~ht of the c 14-marked notassium cyanide used was 

different, although the rarlioactivity was the same. In 

the course of the radioactive biochanin A synthesis, 3 x 7.3 

mg of c 14-marked ~otassium cyanide was introduced \mereas 

only 3 x 3.8 mg of notassium cyanide with isotopie carbon 

was used for the synthesis of formononetin-4-c 14 • 

Accordingly, the Sl)ecific activity of the radioactive notassium 

cyanide employed in the synthesis of formononetin-4-c14 was 

hürher than that of the radioactive POtassium cyanide used 

in the nrenaration of biochanin A-4-c14 • Thus if an equal 

amount of the radioactive cyanide was !ost during: synthesis, 

there would be a ~reater drop in the final specifie activity 

of formononetin-4-c14 than in that of hiochanin A-4-cl4. 
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In view of this, the specifie activity of biochanin A-4-c14 

would be expected to be somewhat higher than that of 

formononetin-4-c14 , as realized experimentally in this study. 

111.3. d. Identification of the synthesized c14-labelled 

and non-labelled isoflavones by paper chromatography: 

A three-armed paper strip was prepared as described in 

II.2. b. An interrupted line of application was drawn 

across the "arms" of the paper strip and was 10 cm from the 

intact end. A length of 40 cm was measured and a finishing 

line was drawn to define the distance of development. Twenty 

micrograms of one of the four synthesized non-labelled samples 

in methanol was applied to the outside narrow arm, while the 

same amount of its reference compound was transferred to the 

middle narrow ann. Both arms we re about 1 cm in width. An 

amount of 80 to 100 micrograms of the synthesized corresponding 

c 14-labelled isoflavone was evenly distributed along the line 

of application on the wide arm of the paper strip which was 

about 3 cm in width. These three arms were partially separated 

by cutting a1'ray narrow strirs between each of them. In order 

to evaporate the methanol solution as quickly as possible and 

consequently to prevent the solution from spreading wide 

apart, a draught was maintained during application. 

For each sample, two paper chromatograms were developed, 
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one in each of the two solvent systems: the monophasic 

benzene-acetic acid-water (125/72/3, V/V/V) and the chloroform

formamide (1/1, V/V). In both cases, descending technique 

was employed. The detail for the developing procedure has 

been described in 11.2. b. 

As soon as the solvent front harl reached the finishing 

line, the paper strip was removed from the rectangular 

chromatographie chamber. It was then dried in room temperature. 

The arms were separated by cutting the intact portion of the 

paper strip. A pilot strip, about 1 cm wide was then eut 

longitudinally along the wide arm of the chromatogram. The 

two narrow arms and the pilot strip of the wide arm were all 

stained with diazotized sulphanilic acid, for the location 

of the sample under test. The DSA-stained strips of each 

sample were then scanned wi th a densi t ometer. 

Results and discussion: Biochanin A, genistein and 

daidzein showed up as distinctive bands along the chromatostrip 

after staining. Formononetin, on the other hand, did not 

react with the colour reagent. However, it gave a bluish 

fluorescence under ultra-violet light. The densitometer 

readings of each of the two narrow strips and the pilot 

strip from the same chromatogram were plotted individually 

against their respective lengths of the chromatostrip. The 

resulting graphs are presented in Figures 6 - 11. The 
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relevant Rf values and colour reactions with diazotized 

sulphanilic acid are tabulated below (Table V). 

'fable V 

Rf values of the Synthesized Isoflavones and their 

Colour Reactions with Diazotized Sulphanilic Acid 

Compound Rf values Col our with 
System 1 System 2 DSA 

Biochanin A 0.84 0.36 yellow 
Formononetin 0.78 0.24 

Genistein 0.49 0.025 brown 
Daidzein 0.37 o. 012., pink 

Solvent system 1: Benzene-acetic acid-water (125/72/3, 
V/V/V) 

Solvent system 2: Chloroform-formamide (1/1, V/V) 
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Fi.r.:ur~ 6. Dis t rihut ion of s tai :linr: ( DSA) on paf! er chroma to~;ram 
of the non-lahcll~~ (h), the reference (B) and 
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0.2 
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the lahclled (C) biochanin A run in the ben?ene
acetic acid-water solvent system. 

1 

0 10 20 30 40 
'!1istance (cm) 

1 

0 10 20 30 40 

l1ista'1ce (cm) 
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0 10 20 30 40 

Distance (cm) 

Vertical fl.rrows i'1rlicate the nositio:1 of 
the solvent front 
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Fi~~re 7. Distribution of stninin~ (J~A) on paper chro~atogram 
of tlw '10'1-lflhelled (1\), the reference (B) and. 
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Fi~ure R. Distribution of staini~~ (DSA) on paper chro~atogran 
nf t~e non-lahellcd (A), the refere~ce (il) a~d 
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Fig:urc 9. Distrihntion of stainin.rr (DSA) 011 raner chrolllatogra!TI 
of the 11on-lahelled (A), the reference (H) and 

the lahelled (C) hiochanin !\ run in the ch1oroform

formamide solve11t system . 
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F'ig:ure 10. l)istrihnti<m of' st;ünin~ (DS;\) Oll paner chro!Yiatogram 

of the '10n-lat:c lled ( !\), the reference (B) and 
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}o'ig:ure 11. Distribution of staining: (DSJ\) 0:-1 paper chromator-:ram 
of the non-1ahe11ed (A), the reference (B) and 
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Since there was only one single symmetrical high peak 

in every strin of the OSA-sensitive samnles studied, each 

of these compounds could be said to comnrise only one 

comnonent as far as the resolving nower of the solvent systems 

and the staining power of the colour reagent were concerned. 

Furthermore, since the locations of the neaks of the non

labelled as well as the c14-labelled isoflavones corresponded 

to the locations of the peaks of their resnective reference 

compounds, their Rf values were the same. This fact provided 

further evidence that the synthesized isoflavones were 

identical to their resnective reference compounds. In the 

case of formononetin, which was OSA-negative, its band was 

located by means of its fluorescence in ultra-violet light. 

III.3. e. Determination of the radioactive purity of the 

synthesized c14-labelled isoflavones: 

After the pilot strip had been eut away, the remaining 

nort ion of the wide ann was di vided into 1h cm bands al on~·; the 

chromatostrin as descrihed in 11.2. c. Four ~cm bands ,just 

in front of the apnlication line and another four immediately 

beyond the solvent front were also eut. The chromatostrip 

proper, bein~ 40 cq in length, was divicted accordin~ly into 

RO e1ual ba~~s. For each chromatnstrin, ei~hty-eight *cm 

bands were conseouently preoareè for the determination of 
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the radioactivity distribution, and thus the radioactive 

purity of the synthesized c14-labelled isoflavones could be 

perceived. Each band was placed into a senarate standard 

screw-top glass sci'ltillation vial which was numbered before-

hand. Spectranalyzed methanol and scintillation fluid were 

added to each vial in the same manner as described in 11.2. c. 

The radioactivity of the contents of each loaded vial was 

determined by counting in a Packard Tri-Carb liouid scintil-

lat ion snectrometer. The re~:istered number of counts per 

minute was then plotted a~ainst the len~th of the naper 

chromatostrip. 

Results and discussion: A ranioactivity distribution 

granh of each of the four synthesized c14-labelled isoflavones 

is shown in the accompanying fig:ures 12 - 19. Each granh 

disnlayed a single symmetrical hi~h neak for each of the 

samnles studied. These observations provided evidence that 

the synthesized comnounds were radiochemically pure. ~·fore

over, the radioactive neak of each d-4-labelled sample 

corresnonded in location to the staining peak or the pilot 

strip. The stained band of the latter, in turn corresnonded 

to that of the reference compound. Therefore it was reasonable 

to conclude that all the rarlioactivity of the isoflavone 
'· 

solutions was from the c14-labelled isoflavones themselves, 

and not from any other compounds. The above information, 
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together with the evidence set out in the nrevious parts of 

this section, per~itted the conclusion that all four syqthesized 

c14-labelled compounds were raaiochemically pure isoflavones. 
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Fi~ure 13. nistrihution of fluorescence and rarlioactivity 
on paper chromnto~rRm of the synthesi7ed lahelled 
formononctin-4-c 14 run in the bcnzene-acetic 
acid-water so1vent system. 
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F'i~urc 14. Distribution of st<:ünin.g (DSA) and radioactivity 
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Fi~ture 15. nistri..bution of sté1inin.!!: (DSA) nnd raf!ioactivity 
on paper chromatoŒram of the synthesized labelled 
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Figure 16. nistrihutinn of stai~in~ (J~A) and ra~ioactivity 
on narer chromatogra~ of the synthesi~erl Iahe1lert 
hiochanin A-4-c14 run in the chloroform-for~amide 
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Fip.:ure 20. <;tructural for"1ulae of sol'l'!e of the irrtportant 

comnounds di scussed . 
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SUMMARY 

Detailed procedures have been presented for the syntheses 

of the naturally-occurring isoflavones, biochanin A, 

formononetin, genistein and daidzein. The various steps in 

the syntheses were based on the methods adopted by Yoder 

et al. (1954) and Nilsson et al. (196la). For all the 

isoflavones synthesized, the starting chemical was an.isaldehyde, 

p-methoxybenzyl aldehyde. The isotope used was c14 in the 

form of potassium cyanide, which was introduced into the 

cyano group of p-methoxybenzyl cyanide, one of the intermediate 

products. The labelled carbon was finally sited in the C-4 

position of the resulting isoflavones. 

Commercially available anisaldehyde was first converted 

to p-methoxybenzyl alcohol by the crossed Cannizzaro reaction. 

The alcohol was then transformed into p-methoxybenzyl 

chloride by direct reaction with concentrated hydrochloric 

acid. The resulting p-methoxybenzyl chloride was refluxed 

with the c14-labelled potassium cyanide in rlried acetone to 

yielrl the radioactive p-methoxybenzyl cyanide. Through the 

Hoesch condensation of the p-methoxybenzyl cyanide with 

phloroglucinol or resorcinol, crystalline 2,4,6-trihydroxy

and 2,4-dihydroxy- phenyl-p-methoxybenzyl ketones were formed, 

respectively. The inner pyrone ring formation of the 

isoflavones was then achieved by the Baker-Ollis cyclization 
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reaction in the presence of ethyl oxalyl cbloride. The 

carbethoxy isoflavones thus obtained were hy<rolyzed to the 

corresponctinŒ carboxy acids. Decarboxylation of the carboxy 

acids by pyrolysis yielded the isoflavones desired. Biochanin 

A-4-c14 and fonnononetin-4-C14 were thus synthesized. 

Genistein-4-c14 was prepared by demethylation of biochanin

A-4-c14 with hydriodic acid (specifie gravity 1.7), ~mile 

daidzein-4-c14 was obtained si~ilarly through the dernethylation 

of formononetin-4-c14 • For the syntheses of the non-labelled 

isoflavones, the same routes were followed, except no radio

active rotassium cyanide was introduced into the chloride

cyaYlide refluxing mixture. 

~11 eight synthesized nroducts, four c14-labelled and 

four non-labelled, were characterized by the comr.arison of 

their melting points with that ~;iven in the literature. Mixed 

melting points were also determined to confirm the identity 

of each synthesized nroduct with its reference compound. 

Thin-layer chromatog:raphic techniaue wh i.ch was believed 

to have adequate resolving power was employed to check the 

chernical nuri ty of the products, while naper chromatof.::raphic 

techninue was used with the purposes of checkin~ the chemical 

purity as well as the radiochemical uurity of the four 

synthesized isoflavones. 
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