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ABSTRACT

_ Coumarin compounds responsible for bitterness,
and indirectly, toxicity, in the forage legume sweet clover
(Melilotus alba) do not occur in the non-bitter "Cumino"
varietj”of ﬁ;‘glgg or in the specles M. dentata. Neverthe-
less, invesﬁigéﬁién showed that compoﬁndé»ﬁhich are very
probably coumarins do occur in the non-bitter strains.

A search for coumarins in alfalfa (Medicago sativa),

to the discovery of coumarins but did lead to the characteri-
- : s 7/
zation of a new flavonoid tentatively characterized as 3:3:4

trihydroxy -5:7 dimethoxy flavene.
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I INTRODUCTION

Coumarin, as the substance primarily responsible for

the unpalatability of common sweet clover (Melilotus alba and

épéilédréwééﬁ ciéﬁéfAhay, has claimed the interest of forage
crop breeders. The absence of coumarin in Melilotus dentata
and in related fbrage legumes such as alfalfa;‘éﬁdlfhé.déﬁélop-
ment, through hybridization and selection of the coumarin-free,
highly palatable "Cumino"-varietyl of sweet clover provides
enebﬁrégement to Breederé interesﬁed in the genetical modifi-
cation of the chemical composition of forage crops.

Despite the evident progress in the selection of a
coumarin-free sweet clover, several questions remain unanswered
about coumarin in forage legumes viz. (1) If coumarin per se
is absent in coumarin-free sweet clover, are other coumafiﬁA
relatives present? In other words, what are the bio-genetie
1mplications and (2) Are coumarin derivatives of importance
present in forage.légumes other than sweef clover? Coumarins
are known to be physiologically active in a variety of ways
when fed to énimals, The coumarins may be important in plants
although their physiolbgical role is not known. It 1s worthy
of record that coumarin itself is known to induce epinasty and
to prevent germination of seed of certain non-coumarin con-

taining plants.

Department of Agriculture, Saskatoon, Saskatchewan.
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Coumarin and 1ts chemical reélatives are heterdcyclic
organie compounds of the C603 "type" and are not "favoured" by
very specific tests for their fecogﬁition.‘ Perhabs this ié one
of the major reasons for the lack of knowledge about these
compounds in plants. However, many coﬁmarins fluoresce bril-
liantly in ultra-violet light and use of this fact may be of
value in their recognition in screening tests. To-day, more-
over, chromategraphic techniques can be used to assist in their
recognitibn.' Séparation and identification is 4ifficult but
when chromatography 1is used in conjunction with other tech-
niques such as, infra-red spectra, ultra-violet spectra, and
colour tests, paper chromatography provides a means of identi-
fying many different though related compounds.

It was decided therefore, that, with the common
occurrence of fluorescence, in ultra-violet 1light, of coumarins,
and, with the powerful tool of chromatography, a study of
these substances in forage legumes was warranted. This study
could prove to be useful to the forage breeder and to the

plant physiologist.
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ITI REVIEW OF LITERATURE
A The natural coumarins

B Natﬁral coumarins have been studied for many years
by chemists and a number of workers have reviewed their dis-
tribution (29, 9%, 95). Coumarins are recorded in legumes,
citrus crops, grasses and orchids; and Spath (103) stated that
the parent compound, coumarin, has been isolated from approxi-
mately elghty different species of plants, Despite the fact
that there is a wildespread interest and considerable literature
onrthe occurrence of these compounds in plants, in only a
relatively few Instances have these compounds in leaf, seed,
and seedling been precisely characterized. Notable is the work
of Spéthv(103) with umbelliferous species and Seshadri (94)
with plants“nétive to India. Scopoletin has been isolated in
oats (43), in tobacco (10, 11), in potatoes (1, 2), and cou-
mestrol in ladino clover and alfalfa (12, 13, 1%, 33, 113).
Goodwin and Kavanagh (42) demonstrated the presence of com-
pounds in many plants.exﬁibiting a fluorescence similar to that
of scopoletin; blue, bluish or bluish-white fluorescence was
dgmpnstratqd in 109 species out of a total of 135 specles be-
longing to 126 genera and 69 families,

From the foregoing dlscussion it would seem that cou~
marins are found primarily in plant tissue. However, one
occurrence of coumarins in animal tissue is on record;

Lederer (60) has shown that 3:% benzo-coumarins are constitu-

ents of the scent gland of the beaver,
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In plants too, there is a class of compounds very
similar to‘the coumarins - the chromones. These differ from the
coumarine in the position ef the carbonyl group in the hetero-

cyclic ring.

Benzo-«(-pyrone Benzo-Y-pyrone
coumarin chromone
Compounds in plants of such wide eccurrence as flavones, iso-
flavones, flavonols, flavanones and flavanolones may be re-
garded as "benzo" derivatives of this basic‘chromone structure.
These and other related compounds, the water-soluble plant
pigments, the anthocyanins, chalcones and aurones, are wide-
spread. (7, 9, 15, 36, 40, 50, 76, 88, 120). Because their
chemical"structgre is similar to that of the coumarins, they

can be easily confused with the coumarins.

B Coumarins in animal metabolism

As earlier stated many coumarins profoundly modify
animal metabolism.. in feeding trials with animals, it has been
observed that coumarin itseif acts as a narcotic for rabbits,
frogs and earthworms and many other animals (54%). It is also
" a sedative and hypnotic for mice (95). Wasicky (122) found
thet the coumarins, pimpinellin and esthruthin, have'a slight
| toxic effeet on rats, mice, and guinea pigs. Spath and Kuff-

ner (104) demonstrated that many natural coumarins have
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powerful effects on fresh water fish; the fish gradually lose
their balance, and remain steady or swim on their backs, move-
ment is then suspended, and finally they die.

Because of the physiological importance of coumarins
in animal metabolism, considerable interest has centered on
those coumarin-containing grasses, e.g. sweet vernal grass,
and legumes, e.g. sweet clover, ladino clover, used as stock
feed. Specifically, the sweet clovers (M. alba and M.
officinalis), used as forage crops, are éhaiécterized by the
presence of a "bitter principle" which affects their palatabil-
ity as stoek féed, and which imﬁarts to the plant a distinct,
but not unpleasant, vanilla-like odour. This property has
long been assoclated with the presence ofhcoumarin or its _
derivatives in the tissue of the plant. In addition to ren-
dering blants of this crop relatively unpalatable to herbi-
vorous animals, the coumarin is'the parent material from which>
the anticoagulant "dicumarql" is derived in spoiled sweet
clover hay (102, 165, 123). A coumarin isolated by Bickoff et
al (12, 13, 14, 64) from ladino clover, alfalfa, and other
legumes and called by him "coumestrol" induces oestrus. Other
compounds such as genistein and biochanin A (81, 82), formono-
netin (8), though reacting like coumestrol arernot coumarins

but isoflavoﬁes.

C Coumarins in plant metabolism

) Not only are coumarins widely distributed in the
plant kingdom but they may be physiologically active in plants.
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Although the role of coumarins in plants is not understood,
coumarins applied artificially to plants have given many in-
teresting effects., Coumarin per se favours cell enlargement in
such plant tissue as oat coleébﬁiié and leaf blade at low
concentrations but checks cell enlafgement at higher concen-
trations (69, 112, 118). Similar checking effects upon root
elongation have been found for coumarin and éertain derivatives
(5, 46, 47, 80, 92). Thus coumarins appear to act as "anti-
auxins" and offset or counteract the usual growth enhaﬁcing
effect of auxins in the plant (117). Coumarin alse inhibits-
mitosis in onion, 1lily (28) and ocats (47). |

Coumarins, and many other chemically unrelated com-
pounds iphibit germination of seeds (55, 56). Evenaril (34)
has.stated that germination inhibitors are widespread in plants
and appear in fruit pulp, fruit coats, endosperm, seed coats,
embryo,'leavés, bulbs, and roots. The main known inhibiters -
active in the aforementioned tissues are the following sub-
stances or belong to the following chemical groups: hydrogen'
cyanide, ammonia, ethylene, mustard oils, organic acids, un-
saturated lactones (some of which are coumarins), aldehydes,
essential oils, and alkaloids. Speclal attention has been
given to inhibitors in seed of iris, wild oats, lettuce, beets,
and cabbage, 'Juices of lemon (97) and peach fruits (93) alse
have marked effects on the germination of the seed contained
withip thelr respective fruits. It is probable that germination
inhibitors are present inlthe seeds and fruits of most species

and that they are involved in a widespread mechanism of



dormancy (34%).

- A search for sﬁecial chemical configurations relating
to dorméncy phenomena has been undertaken and it has been stated
that cempounds having the strueture of unsaturated lactones
possess the property of inhibiting seed germination and other
growth phenomena (3, %, 66, 74, 117). Coumarin and parasorbic

acid are compounds in this category.

‘D Plant breeding for coumarin freedom in sweet clover

When one considers the widespread distribution of
coumarins and their physiological activity in plants and ani-
mals, it is understandable that a substantial literature is
de#oted.to coumarin'and its relatives in forage grasses and
legumes. Most of the literature however, relates to speciles
containing large quantities'of coumarin per gg; such as sweet
eloﬁef_ehd sweet vernal grass, but very little to species
- which may contain little coumarin per se but, possibly, sub-
stantial quantities of other coumarins.

' The literature on the development'of coumarin-free
sweet clover is extensive since so many workers in various -
fields contributed directly, or indirectly, to the successful
release of M alba variety "Cumino'". Because of the importance
of this work a short review of the subject is presented here.
The existence of coumarin per se in plants has been known for

a long time. The fifst reeefded evidence of the isolation of
coumarinAfrom plant tissue occurred in 1820 when it was iso-

lated from Tonka beans (119). Since that time coumarin has
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been used in a variety of ways e.g. as a perfume base, as an
adulterant in vanilla extract. Interest in coumarin in sweet
clover developed when it was thought that this crop could be
used as an industrial source of coumarin. Further interest
was aroused in the early 1920's when the unpalatability of
sweet clover was attributed te coumarin, Thereafter, 1t oc-
curred to two Canadian workers Kirk (57), Kirk et al (58), and
Stevenson et al (106), that a sweet clover free of coumarin |
could be bred in order that the palatability of the crop might
be improved. Early attempts to seleect low coumarin plants
were tedious (41, 108) until Clayton and Larmour (27) intro-
duced a rapid method to detect free coumarin, Subsequently
vafieties low in free coumarin were selected but, later it was
found that the selections still contained coumarin as a glyco-
side. 1In theee strains the bound coumarin was not detected:by
Clayton.aﬁd Larmour's test. However, simple autolysis of the
plant tissue before the test was conducted, overcame this ob-
stacle and total coumarin could then be measured (86, 87). 1In
the search for non-bitter sweet clovers a coumarin-free species
of sweet eloyer, M. dentata, Qriginating in Asia Minor, was
found (18, 19) and pieeﬁs from this species were utilized in
future'breediﬁgrprogrammes (26, 48, 52, 85, 101, 107, 121).

In crossing M. alba and M. dentata another problem arose;} it
was found that the hybrid contained a chlorophyll lethal which
prevented the plants from growing to maturity. This problem
was overcome when Brink (20) and Smith (100) demonstrated the
feaslibility of grafting the chlorophyll deficient seedling

onto nofmal M. officinalis plants.
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Further Interest in sweet clover was created when it
was fealized that not only was coumarin responsible for the un-
palatability of fhe crop but it was also involved in the
formation of 5dicumarol" in spoiled sweet clover hay (22, 23,
63, 67, 83, 89, 102, 105, 123). After many years of selection
a few seeds of a coumarin-free variety were collected and these
seeds were sent to the forage laboratory at Saskétoon,
Saskatchewan. After a number of years of Iintensive selection

M. alba variety "Cumino" was released, a notable achievement

ﬁadé ﬁéssible bymmany workers.

E Analysis of coumarin

o Befo;e terminating this topic a short discussion of
the chemical‘méfhods for coumarin measurement is in order
since the success of the sweet clover breeding programme de-
pended on them to a large extent: it was essential that inex-
pensive and rapid tests be developed for screening large
numbers of plants. Early investigators (30, 31, 32) used the
steam distillation method outlined by Obermayer (75)7but this
method was too cumbersome to screen large populations. The
development of rapid colour tests, referred to above, by Clay-
ton and Larmour (27) overcame the difficulty of this problem.
However, this method only measured the free coumarin and failed
to detect bound coumarin. Roberts and Link (86, 87) reported
that with autolysis of the leaf material prior to extraction
of the coumarin, the colorimetric methed measured total cou-

marin content. A few years later, utilizing the methods of
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Ufer (115, 116) a fluorometric procedure was developed which
measured cbumarin content quantitatively on a photofluorometer
(98), or semiquantitatively (99, 124) by visual assessment of
the flﬁorescence when samples were placed in ultra-violetAlight.
For a rapid:determination of the presence or absence of total
coumarin, the fluorometric method described by White, Savage,
and Johnston (125) and recently modified by Goplin, Greenshields,
and White (h9), ié currently being used.

Associated with the fluorometric measurement of cou-
marin\is the userf fluorescence of compounds when they are
viewed under ultra-violet light. ?1uo£escence of coumarins on
filﬁervpaper chromatograms can be quite characteristic (9, W,
45, 109, 110), All heterocyclic subétanées absorb ultra-
violet light and many fluoresce in it; many authors have com-
piled tables of compounds with their fluoréscent colours (7,

25, 35, 36, 50, 51, 77, 110). Because many excellent reviews
and texts have been written on the subjeet of paper chromato-
graphy (16, 61, 65, 114) this topic will not be discussed.

In addition to the purely physical means to measure
or identify coumarins, there are chemical methods; These con-
sist of two main methods to distinguish the coumarin ring;
namely those based on the hydrolysis of the compound by alka-
line ‘reagents (59, 62, 78, 127) and those methods based on the
preparation of some special derivatives (24).

~ In order to conduct tests with .coumarins, special
attention should be paid to the means of isolating the compounds

in a pure form. Many coumarins can be extracted from plant
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materials by suitable solvents (e.g. ether, benzene, acetone).
However, care should be taken that the extractants do not cause
changes in the chemical makeup of the compounds. For example,
. Duncan and Dustman (31), proved that destruction of coumarin
takes place in a prolonged ether extraction.

If coumarins are present as glycosides, the aglycones
may be‘isolated after preliminary hydrolysis; alternatively,
the glycoside may be extracted using alcohol or water. Natural
coumarins are either neutral or slightly acid and appear in
the corresponding fractions of the plant extract (29). 1In the
isolatien it 1is usual to take advantage of the fact that the
coumarin ring is opened by warm dilute alkéli with the forf
mation 6f the coumarinate salt, which allows the removal of
neutral material (29). On decomposition of the salt with acid,
the coumarinic ring cecyclises spontaneously, regenerating the
coumarin whieh is thus easily separated from acids formed by
the hydrolysis of the other constituents; however, the method
is not ideal because it 1is difficult to avoid degradation of

the coumarins (29).

F Coumarin biosynthesis

It was earlier mentioned that little is known of
the function of the natural coumarins in plants or, in fact,
of the benzenoid compounds generally‘(71). One way to learn
more of their functions or function would be to trace the
pathways or pathway by which they are synthesized in the or-

ganism,



12,

Several approaches may be taken to the study of the-
biosynthesis of eoumarins and benzenoid compounds generally.
Possibly the most powerful is through the use of radiotracer
compounds. Neish (71), in a recent review, has given a concise
statement on the present status of knowledge obtained through
this approach. Another approach not adequately treated, as yet,
is that of "injection or feeding" trials in living tissues of
possible relatives and precursora of coumarins and related
benzenoids followed by analysis of chemical changes as indi-
¢ated by disappearance, accumulation etec. Yet another approach
is to isolate enzymes involved in the biosynthetic pathways
and the study of the enzymatic reactions in vitro. Closely
genetlic blocks and the study of gene-controlled reactions in
related speciles and varieties., The genetiec approach has con-
tribﬁted substantially to the knowledge of flavonoid bio-
§ynthesis'(hd) but no contributions have been forthcoming as
yet in the biosynthesis of coumariﬁs: a beginning is made in
the investigations to follow.
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ITT INVESTIGATION I

A comparative study of extracts from coumarin-free

sweet clover, and from coumarin-containing sweet clover.

The principal aim of this investigation was to as-
certain if coumarin relatives replaced coumarin, in coumarin-
free sweet clover. One means by which differences might be
detected between non-bitter M. dentata, non-bitter "Cumino"
sweet clover, and bitter common white sweet clover would be by
chromatographing suitable extracts. The approach assumes
that the solubility characteristics of the coumarins are simi-
lar. By this method, clues regarding the pathway of sub-
stitution for coumarin might be recorded in differences

observed on paper chromatograms.

A Materials

The species and varieties of sweet clover used were
as follows:

a) non-bitter, coumarin-free Melilotus dentata from A. E.

Hallowell, U.S.D.A., Beltsville, Md.

b) non-bitter coumarin-free white sweet clover, variety
"Cumino" from R. Greenshields, and B. R. Goplen. Forage
laboratory, Canada Dept. of Agriculture, Saskatoon,
Saskatchewan,

¢) Canadian common, bitter white sweet clover from Bucker-

field's Ltd., Vancouver. B.C.
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B Methods

EXTRACT ION

Fstablishment of specific chemical constituents
occurring in non-bitter sweet clovers, which do not occur in
the bitter strains, as has been stated, rests in the expec-
tation that differences may be found by chromatographing
comparable tissue extracts. Materials from many extraction
procedures were compared; only two, which appeared to be
reasonably satisfactory, are given below.
a) Green leaf and stem tissue.

1., BSlice tissue into small pileces and immerse immediately
in hot 70% ethyl alcohol; then grind material in a
Waring Blendor.

2. Shake for 12 hours; extract twice more with equal
volumes of solvent.

3. Filter the combined extract; corcentrate in a flash
evaporator to aporoximately 10% of the original
volume @ 35°C.

4, Extract the solution with diethyl ether in a liquid-
liquid extractor and repeat as necessary.

5. Concentrate the ether extract to approximately 5% of
the volume ® 35°C.

6. Stripe the ether solution on Whatman #3 filter paper
and develop the chromatogram eight hours with glacial
acetic acid: water solvent (1:1), (A:W) at about room
temperature 22%C.

7. Stripe the residue left in the liquid-liquid extractor

and develop it in n-Butyl alcohol: glacial acetic



8. All chromatograms are scanned under ultra-violet light

(3660 A and 2537 1).
b) Seed

1. Grind the seed in a Wiley mill using 20 mesh screen.

2. Shake the material with 70% ethyl alcohol for 12 hours;
extract twice more with equal volumes of solvent.

3. Filter the combined extract, and concentrate in a
flash evaporator to approximately 10% of the volume
@ 35°%c. |

4, Extract the solution with diethyl ether in a liquid-
liquid extractor and repeat as necessary.

5. Reduce the volume of the combined ether extracts and
treat as above.

6. Take the residue, or residues left in the liquid-
iiquid extractor and treat with basic lead acetate,
centrifuge and colleet the precipitate. Suspend the
precipitate in 70% ethyl alcohol and bubble through
HZS gas; centrifuge and collect the solutiong 'repeat
this procedure on the solution from the first centri-
fugation using neutral lead acetate.

7. The alcocholic solutions of neutral lead and basic lead
acetate "operations" are striped on #3 papers and
developedkin B:A:W solvent. |

8. The chromatograms are scanned as described before.

SPOT TESTS

15.

acid: water (4:1:5 organic phase) (B:A:W).

Many colour tests are available to aild in the iden-
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tification of unknown heterocyclic compounds. A number of the

tests that proved useful in this investigation are presented

here.

a)

b)

c)

d)

e)

‘NHB test - the chromatogram containing the purified spot

N

was exposed to NH3 vapours and immediately observed in
light and under ultra-violet light.
NaOH test - a few drops of 1 N. RaOH solution was applied
to the purified spot on the filter paper chromatogram and
the colour of the spot was noted (91).
HC1 test - a few‘drops of concentrated HC1l were applied
to the spot on the filter paper chromatogram and the
colour of the’spot was noted.
Diazotized-p-nitro aniline test - The diazonium solution
was prepared as outlined by Roberts and Link (86). The
test solution was spotted on filter paper and_a few drops
of 10% Na,CO3 added. The formation of colours, on the
eddition of a few drops of the diazonium reagent, was
noted. |

The examinatien of the ultra-violet absorption
spectre of pufified compounds is‘an excellent means of
substantietinglsuspeeted differences:between compounds.
Ultra;violet absorption spectrum - The compound was dis-
solved in 95% ethyl alcohol (2mg./1l.) and the ultra-violet
spectra noted using I ml. quartz cuvettes in a Beckman D U

spectrophotometer.
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C. Observations and results

The principle fluorescing and absorbing spots, seen,
when'qomparable chromatograms were examined under ultra-violet
are given with theif approximate Rf values, in the tables to
follow. Their colours and intensities for various reasons are
useful only in.a very general way, and are recorded in an

abbreviated fornm.,

v.1.B.F. - vefy light Blue Fluorescence
1.B.F. - 1light Blue Fluorescence

B.F. - Blue Fluorescence

b.B.F. - bright Blue Fluorescence
B.W.F. - Bluish White Fluorescence
1.W.F. - light White Fluorescence

W.F. - White Fluorescence
ZY.W.F; - Yellowish White Fluorescence
Y.F. - Yellow Fluorescence

1.M,F, i light Mauve Fluorescence

M.F. - Mauve Fluorescence

;.O.F. - light Orange Fluorescence
b.B.é.F. - bright Blue Green Fluerescence
v.i.Bfé.F. - very light Blue Green Fluorescence
v.1l.Ab. “ - very light Absorbance

1.Ab. - light Absorbance

d.Ab, - dark Absorbance
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Spots, fluorescent and absorbing, seen when non-bitter
and bitter sweet clover leaf extracts were compared under ultra-

0
violet illumination (36604).
.TABLE 1 - A comparison of procedural ether extracts
"~ “'Common "Cumino"® Dentata

sweet clover sweet clover sweet clover

Spot  colour Rf(A:W) colour Rf(A:W) colour Rf(A:W),

1 - - - - B.W.F. .19
2 - - - - v.1.B.F. .26
3 1.B.F. .37 - - v.1.B.F. .36
b 1.M.F. 19 Y.WLF. 49 v.1.B.F. .49
5 M.F. .59 - - b.B.F. .57
6 - - - - d.Ab. .62
7 1.W.F. .65 W.B.F. .70 b.B.F. .69
8 - - - - a.mb. .76
9 b.B.F. .82 - - Y.F. .82
10 F.

W.F. .88 b.B.F. .86 1.B.F. .86
’ ‘ Y.F. .92

=
-
1

]
=
A
?
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?ABLE 2 - A comparison of residues

left in the ligquid-liquid extractor

Common

sweet clover

colour RFf(B:A:W)

B.W.F.
b.B.F.
1.Ab.
b.B.F.
1.Ab.
Y.W.F.
1.M.F.
1.Ab.
v.1.B.G.F,
v.l.B.F.A

.05
.07
.11
.15
.19
24
.27

.75

"Cumino"

sweet clover
colour Rf(B:A:W)
B.W.F. .05
b.B.F. .09
1.Ab. .12
b.B.F. .16
d.Ab, .21
Y. W.F, .26
v.1l.B.F. .31

- v.1l.Ab. 147

v.1.B.F. .57
v.1.B.F. .75

Dentata
sweet clover

‘eolour RF(B:A:W)

B.W.F. .06
Y.F. J11
l.B.F. . .18
1.Ab. .22

v.1.B.F. .25
M.F. .29
v.1.B.F. .32
v.1l.B.F, Ll
1.4b. 47
b.B.G.F. .54
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TABLE 3 - A comparisen of materials

precipitated by neutral lead acetate

Common

sweet clover

colour Rf(B:A:W)

b.B.F.
b.B.F,
1.Ab,
b.B.F.
v.1l.B.F.
v.1.B.F,
v.1.B.F.

.0l

.10

.16
.20
.31
N7
77

b,

"Cumino"
sweet clover
colour
b.B.F. - Ol
B.F. .10
1.ADb. .16
b.B.F. 20
v.1.B.F. .34
v.1.B.F. .W5
v.1.B.F. .79

Rf(B:A:W)

Dentata

sweet clover
colour Rf(B:A:W)
b.B.F. .04
b.B.F. .09
1.Ab, .13
b.B.F, .18.
1.B.F. .29
1.B.F. .53

.72

v.1l.B.F.

TABLE 4 - A comparison of materials precipitated ’

‘Common
sweet clover

colour Rf(B:A:W)

1.B.F.
l.O.F.

v.l.B.F.
v.l.BOF;.

by basiec lead acetate

. O4
.16

"Cumino"

sweet clover

colour Rf(B:A:W) colour

Ve

1.

1.B.F.
OQF.

. Ol
.16

Dentata
sweet clover
Rf (B:A:W)
M.F. .06
Y., .14(25378)
d.Ab.  .16(25374)
1.B.F. .20
d.Ab. .25(25372)
v.1.B.F. .60
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Spots, fluorescent and absorbing, seen when non-bitter

~and bitter sweet clover seed extracts were compared under

)
‘ultra-violet illumination (36604).

Spot

wm £ W

Spot

TABLE 5 - A comparison of materials

precipitated by neutral lead acetate

Common sweet clover

colour Rf(B:A:W)

d.Ab. 14
V.l.Ab. .22
d.Ab. .28
v.1.B.F. .60
v.1l.B.F. .78

"Cunino"
éolour.'
d.Ab.
1.Ab.
d.Ab.
v.1l.B.F.
v.l.B.F.

TABLE 6 - A.éemparison of materials

'pfécipitated by basic lead acetate

Common sweet clover

~ colour "Rf(B:A:W)

d.Ab. -
v.1.B.F. .82

"Cumino"
colour
d.Ab.

v.1l.B.F.

sweet clover
RE(B:A:W)

.13

.24

34

.53

<7

sweet clover
Rf (B:A:W)

.25

.84
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TABLE 7 - A comparison of ether extracts

Common sweet clover uCumino" sweet clover

Spot colour RE (A:W) colour R (A :W)
1 d.Ab. .23 v.1.Ab, .16
2 v.1l.B.F, .55 v.1l.B.F. .51
3 v.1.B.F. .75 v.1.B.F. .72
4  v.1.B.F. .80 1.B.F. .82
5 d.Ab. .88 v.1.Ab. .88
6 1.B.F. .95 B.B.F. .96

_ General and specific qualitative tests, physical and
chemical, indicative of flavonoids and coumarins in more or
less pure state have appeared from time to time over a period
of nearly a century and are now quite numerous. Swain (109),
and Geissman (36),_and others have provided summary statements
on the usefulness of many of these tests and have recorded the
behavior of a long list of coumarins and flavonoids with these
tests. Furthermore, they have recorded their reactioﬁ on
paper chfomatograms.

Spots then, on the chromatograms of the sweet clover
extracts obtained above, were sereened using a number of the
qualitative tests recommended as useful by Swain (109) and
Geissman (36). Only ultra-violet fluorescence, in acid and
alkaline media, and diazonium tests are recorded below. How-
ever, 1t should be pointed out that only materials éluted and
paper chromatographed several times were tested for the

following records.
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TABLE 8 - A comparison of two spots of possible
interest 1isolated from "Cumino"

sweet clover and Common sweet clover

"Cumino" sweet clover Common sweet clover
A spot 10 Table 1 spot 9 Table 1
Test colour colour
Untreated(U.V.) Blue ‘Blue
N H3(Visua1) colourless colourless
N H3(U.V.) bright Blue _ bright Blue
2N.NaOH(U.V.) Blue Green Blue green
2N.HC1.(U,V.) bright Blue lighter Blue
Diazotized-
P-nitro- light Purple light Purple
aniline

and Na2003
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TABLE 9 - A comparison of two additional
svots of possible interest isolated from

"Cumino" sweet clover and Common sweet clover

"Cumino! sweet clover Common sweet clover
spot 7 Table 1 spot 7 Table 1
Test colour colour
Untreated(U.V,) Bluish white Fluores- Bluish White Fluores-
cence cence

N H3(Visua1) Yellow Yellow
N H3(U.V.) Yellow Green light yellow Green
2N.NaQH(U.V.) Green b.yellow(also visual)
2N.HC1. (U.V.) bright Blue Blue
Diazotized-
P-nitro- inconclusive inconeclusive
aniline

and Na2003
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TABLE 10 - A comparison of additional spots
isolated from "Cumino'" sweet clover

and Common sweet clover

"Cumino" sweet clover Common sweet clover
spot 4 Table 1 spot 5 Table 1
Test colour colour
Untreated(U.V,) light Yellow Fluores- Mauve Fluorescence
cence

N H3(Visua1) No change No change
N HB(U.V.) No change Violet
2N.¥aOH(U.V.) bright-yellow Blue

2N.HC1.(U.V.) Fluorescence quenched Violet

Diazotized-

P-nitro- inconclusive inconclusive
aniline

and Na2CO3
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TABLE 11 - A comparison of dlethyl ether extracts
of non-bitter and bitter sweet clover leaf when
the developed chromatograms are treated with sodium
carbonate and diazotized-p-nitro aniline
Common "~ "Cumino" Dentata
sweet elover sweet clover sweet clover

Spot colour Rf(A:W) colour Rf(A:W) colour Rf(A:W)

1 - - - - nil .19
2 - - - - nil .26
3 nil .37 - - nil .36
L4 nil L9 nil A9 nil 19
5 ni1 .59 - - nil .57
6 - - - - nil .62
7 nil .65 nil .70 Blue .69
8 - - - - Mauve .76
9 nil .82 - - Mauve .82
10 nil .88 light .86 . Mauve .86
purple .
11 - - nil . Ok Mauve .92



27.

TABLE 12 - A comparison of ultra-violet
absorption spectra of compounds of possible

interest isolated from diethyl ether extracts (Table 1)

Common sweet clover "Cumino" sweet clover

Spot minima maxima Spot - minime - maxima
9 245 270 10 250 270
7 245 270 7 253,303 285,327
L 254,265 258,271

See Figures 1, 2, 3, k.
Examination of Tables 1, 2, 3, and % reveals the

following: _
a) that procedural neutral lead acetate precipitates from
' bitter and non-bitter sweet clovers have a very similar
composition. |

b) that procedural basic lead acetate precipitates, from
bitter and non-bitter sweet clovers, show very small com-
positional differences.

¢) that procedural diethyl ether extracts from bitter and
non-bitter sweet clovers, as indicated by ultra-violet
fluorescence and Rf. values showed marked differences.

d) that residues from bitter and non-bitter sweet clovers, as
indlcated by ultra-violet fluorescenece and Rf. values,
showed marked differences.

Substance,‘roughly isolated by paper chromatography,
eluted, and further purified by paper chromatography, and exa-
mined by comparative spot tests, supported the fact that

certain differences in bitter and non-bitter sweet clovers in



Figure 1 - U.V. absorption spectrum of "Cumino" sweet clover

spot 10 Table 1
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Figure 2 - U.V. absorption spectrum of Common sweet clover

spot 9 Table 1
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the procedural diethyl ether soluble fraction are to be attri-
buted to different, but possibly related, compounds. However
the behaviour of compounds or compound represented by spots 7
in Common and "Cumino" sweet clovers (Table 1) suggests
caution, for in neutral media differences in Rf. values and
fluorescence were very slight; in 2 N.NaOH, though a marked
difference in fluorescence occurred. Closer study of spots
9 - 10 (Table 1) (Table 8) did not support a possible dif-
ference at this chromatographic locus. On the other hand a
difference in the region of spots 4 and 5 (Table 1) (Table 10)
seemed to be substantiated. Support for a difference in the
nature of the compounds in the region of spot 7 (Table 1) was
found in the ultra-violet absorption spectra (Table 12).
Comparisons of chromatograms of diethyl ether extracts
from Dentata and Common sweet clover, treated with sodium car-
bonate and diazotized-p-nitro aniline, (a general test for
coumarins and many other compounds) showed differences in
colour in the "Rf region' where many coumarins are found (Table
11). Comparative chromatograms also showed many fluorescence
differences at loci which not necessarily showed differences

in the diazo reaction (Table 1).

D Discussion of results

The search for differences in coumarin metabolism in
bitter and non-bitter sweet clover is like looking for the
proverbial '"needle in the haystack." The differences may be



Figure 3 - U.V. absorption spectrum of "Cumino" sweet clover

spot 7 Table 1
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Figure 4 - U.V. absorption spectrum of Common sweet clover

spot 7 Table 1
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established early in a metabolic sequence, in which case one
might expéét the bitter coumarin of Common sweet clover to be
"replaced" by compounds in non-bitter sweet clover which differ
duite markedly chemically from coumarin, On the other hand,
as has been pointed out, the inheritance of "non-bitterness"
is fairly simple and, in general, in othér.métabolic changeé
related to simple gene differences, the chemical change is
fairly simple, too, e.g. addition or loss of -OH groups, ad-
dition or loss of -OCH3 groups. Moreover, the "Cumino" "non-
. bitter character" was transfered to Common sweet clover and
then repeated baékcrossing to Common sweet clover followed.
Thus, "Cumino" should genetically be very similar to "Common"
except for the "mon-bitter" character; it follows then that
the chemical differencés révealed on chromatograms etc. are
very likely to be associated with the coumarin metabolism of
these legumes. 7 |

o On the other‘hand many diffefences in morphology and
physiology exist between non-bitter species M. dentata and
bitter species M. alba and M. offiecinalis. ﬁevéfﬁheiéss the
non-bitter charéctéf’in M. denﬁaté ié‘thé source of the non-
bitter character in "Cumino“;- Therefore, it is reasonable to
suppose that the comﬁon metébolism in "Cumino" and "dentata"
is much the same. ‘ _ ‘ _

The coumarin metabolism of Common sweet clover is

fairly comblex even though the literature and breeders tend to
emphasi;é only coumarin per se. However, it should be remem-

bered that even in Commoﬁ'éwéét clover the closely related
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melilotic acid occurs with coumarin., Coumarin is also found

as the aglycone and glycoside, and coumaric acid or acids are
concomitant compounds. Knowledge of the coumarin metabolism of
Common sweet clover 1s very probably incomplete. However the
metabolic changes associated with the "non-bitter gene or
genes" are probably revealed in the préduction‘of new cou-
mafiné; some support for this view is the appearance of cou-
marins4in other legumes e.g. coumestrol in alfalfa and ladino .
clover; angelicin and psoralin in Psoralea corxlifolia
p-Coumaric acid in Dariesia latifolia and Trlfollum pratense.

In conclusion it would appear that diethyl ether
extracts are well worth studying since differences in the
sweet clovers have been recorded for these extracts and fur-
thef, these differences appear to be coumarin compounds, Ad-
ditionally, it would be of interest in future investigatioms

to examine these differences as individual isolates,
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IV INVESTIGATION II
A search for coumarin metabolism in alfalfa.

The genus Medicago, to which alfalfa belongs, and
the genus Melilotus, té'whiéh sweet clover belongs, are closely
related taiéndmiééily. The closeness of the relationship
would be accepted on almost any basis of scrutiny. Both genera
contain species'of‘ﬁajor economic importance; in the one
genus, Melilotus, as has already been discussed, coumarin and
other hand, as yet, no firm evidence of a coumarin metabolism
has been recorded for alfalfa. An indication‘that a coumarin
metabolism exists in the alfalfas (and other legumes), as well
as in the sweet clovers, comes with the discovery of the
oestrogenically active "coumestrol" in alfalfa, by Bickoff and
assocliates, which may iﬁvolve a coﬁmarin in its biosynthesis.

To determine whether or not other coumarins occur in
alfa;fa became the objective of this second study. Although
coumarin per se occurs in Common sweet clover to the extent of
.95 to 1.5%'of the dry forage, a coumarin counterpaft for alfal-
fa does not seem to be on record. If it does exist it may not
be easy to recognize for as has been pointed out, specific
chemical and physical tests for coumarins, as distinet from a
number of other heterocyclic compounds, are not available.

An entrée to a possible coumarin metabolism of alfalfa
seemed to offer itself in the record of a brilliantly fluores-

- cent, but reasonably stable compound, occurring in alfalfa
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seeds (21). Qualitative tests, other than fluorescence also
gave some support to the belief that the compound fell into
the general category of the compounds to be sought for.

The report to follow 1is essentially the record of the
isolation from alfalfa and partial characterization of this
one compound of probable interest. Adding somewhat to the im-
pertancelto bg attached to the 1solation and characterization
of the fluorescent compound in alfalfalis the fact that other
forage legumes, such as red clover, white clovef, ete. also
carry brilliantly fluorescent compounds. These differ, very
little, probably, from the alfalfa compound and it is fair to
surmise that characterization of the one will tend to make eaéy
the chéracterization of the others. It 1is understandable, that
some data comparing alfalfa isolates and red clover and sweet
clover 1solates are presented; principle interest, nonetheless,
focuses on the isolation and characterization of the major

fluorescent compound of alfalfa,

A Materials

The specles and varieties of forage used were és
follows:
a) Medicago sativa variety "Rhizoma" from the University of
B .. s
b) Trifolium gratense variety "LaSalle" from Macdonald
' College, P Q.
e¢) Melilotus alba Canadian Common from Buckerfields Ltd.,

Vancouver B C
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B Methods

Method I

Approximately one hundred seeds of alfalfa, red
clover, and sweet clover were placed on filtér paper in petri
plates. The paper was moistened with distilled water and the
petri plates incubated at 26°c. for a period of 48 hours. The
colour of the fluorescent material if any, was then noted
under long and short wave ultra-violet light (36603 and 25373

respectively).

Method II

In order to compare the fluorescent compounds
present in several forage legumes, parallel extractions were
conducted on germinated and ungerminated seed of Rhizoma al-
falfa, LaSalle. red clover and Common sweet clover. In the
extracts 1t was hoped that the maln compounds responsible for
the difference In fluorescence could be crudely separated.

One hundred grams of the seed of each species were
germinated for 48 hours at 26°C., then ground in a Waring
blendor, autolyzed briefiy, and extracted three times with
200 ml. of hot 70% ethyl alcohol., The solutions were then fil-
tered and concentfated in a flash evaporator at 35°C. to ap-
proximately 5% of the total volume. The concentrate was then
striped on No. 3 Whatman filter paper and developed in B:A:W
solvent, Colours aﬁd Rf values were then noted under ultra-

violet lamps.
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Methods III and IV
Two methods are listed below since procedures for
handling small quantities of plant material differ rather
markedly from thése for handling large quantities of plant
material, |
IIT A micro isolation procedure
; 1. One hundred grams of alfalfa seed was ground in a-
Wiley mill usihg a 20 mesh screen and shaken with
200 ml. of hot 70% ethyl alcohol for 12 hours. The
extraction was repeated with two portions of alcohol.

2. The crude extract was then concentrated in a flash
evaporatoer to approximately 10% of the total volume
and then extracted with 200 ml, of diethyl ether 1in a
liquid-liquid extractor for 12 hours. The ether ex-
tract was then reduced to approximately-S% of the
total volume in a flash evaporator at 30°C.

3. The ether extract was then striped on Whatman No. 3
filter paper and developed in B:A:W solvent. The
papers wére dried and observed under ultra-violet lamps
to locate the blue-fluorescence.

4, The blueéfluorescegt bands were then cut out and eluted
with 70% ethyl alcohol. The eluate was rechromatogramed
and eluted three times to purify.

5. After the final elution the aleohol solution was dried
and the material taken up in a minimum quantity of hot
water, The water solutibn was then treated with con-
centrated‘hydrochloric acid, concentrated, cooled, and

the fine yellowish crystalline precipitate collected.
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(Diagrammatic presentation of procedure, Figure 5.)

TV A macro isolation procedure.

1. Two kilograms of alfalfa seed were grouﬁd in a Wiley
mill using a 20 mesh secreen and immediately extracted
with approximately 16 liters of hot water for three
hours. The crude water extract was reduced in volume
to approximately 4 liters.

2. The concentrated extract was then extracted with a total
of 800 ml. of diethyl ether in a large liquid-liquid
extraction unit,

3. The crude crystalline product formed'during the extrac-
tion proéedure was collected,

4, The voluﬁe of the ether extract was reduced to approxi-
mately 10% of the total volume and left in a freezer
for seve:él weéks. At the end of this time fairly pure
crystals were obtained. |

(Diagrammatic presentation of procedure, Figure 6.)

Method V-

Colour tests and reactionms,

Many colour tests are available to aid in the iden-
tificatign of unknown heterocyclic compounds. A number of the
testé that proved useful in this investigation are presénted
here.

a) Ferric éhloride test - 1.0 mg. of test material was dis-
éolved in Q.S-ml. of 70% ethyl alecohol and an alcohol

solutioﬁ of ferric chlofide was added and colours nmnoted(1l7).
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Neutral and basic lead acetate test - a saturated agueous
solution of both reagents was added to a dilute alcohdlié
solution of the test material and colours of the pfecipi-
tate noted (35).

NaOH test - a few drops of 1.0 N. NaOH solution were added
to an alcoholic solution of the test méterial and the
colour of the resulting solution noted (91).

Na2CO3 test - a few drops of 10%»Na2C03 solution were added
to the alcoholic test solution and the colour noted.

HCl test - a few drops of concentrated HC1l were added to
the alcohclic'test solution and the colour noted.

HQSOM test#f é few'@rops of concentrated stoh were added
to the alcoholic test solution and the colour noted (53,
70). | ‘ _

HNO3 test‘- a few drqps of'concentrated HNO3 were added to
the alcoholic test splutibn and the colour noted (84).

Mg - HC1 test - 1.0 mg. of the test material was dissolved
in 1.0 ml. of 70% ethyl alcohol; a small piece of mag-
nesium ribbon wa§ added and then a few drops of concen-
trated HCl. The formation of colours was noted for a
period of fifteen minutes (79, 90, 96).

Zn - HAc - HC1l test - 0.50 grams of séreened, graded zinc
was added to 1.0 ml., of a water solution of the test

material (0.5 mg. per ml.). To this mixture 2.0 ml., of

acetone was added, followed by 1.0 ml, of glacial Acetic

acid. The mixture was then stirred at 65°C. for 40 minutes.
1.0 ml. of concentrated HCl was added slowly and the
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colour formed in 15 to 20 minutes noted (6, 37, 38, 39,
79). |

j) Diazotized - p - nitroaniline test - this test was con-
ducted as outlined in Investigation I (Methods).

k) Boriec-citric acids test - the boric acid and citric acid

' solgtions were prepared as outlined by Wilson (126) and
TaubBck‘(lll). 0.5 mg. of the test material was dissolved
in 1.0 ml. of dry acetone and half put 1n the boric-citric
acid solution and half put in thé eitric acid solution.
The colour in the boric-citric acid solution was compared
with that in the citric acid solution,

1) Choline-tetraphenyldiboroxide test - some aqueous choline
solution was placed on a watch glass and a few drops of
tetraphenyldiboroxide (as prepared by Neu (72) ) was added.
Then a few drops of the test solution (0.25 mg. in 1 ml. of
methanol) was added and the colour in daylight and in
ultra-violet 1light noted (73). |

m) NH3 feét - the compound on a chromatogram was exposed to
ammonia fumes and the eclour in daylight and in ultra-

vielet 1light noted.

Method VI
pH fluorescence
A rapid method to assess the reaction of‘a compound
to changes in the hydrogen ion concentration 1s presented below.
An array of solutions of different hydrogen ion con-

centrations as outlined by Goodwin and Kavanagh (44, 45) was
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prepared and a few mls. of each solution was placed in petri
plates. Pieces of No. 3 Whatman filter paper containing the
test compound were cut up and floated on the pH selutions. The
reaction as observed under ultra-violet light was noted im-

mediately.

Method VII ,

Analytical data derived from the purified crystalline
substance. ° o ‘

a) Meltiné point determination - a few micrograms 6f the
erystalline test material were spread on a slide, covered
and observed on a "Kofler Micro Hot Stage".

b) Ultra-violet absorbtion spectrum - the coﬁpound was dis-
solved in spectral grade isopropyl alcohol (3 mg./l.) and
the ultra-violet spectrum measured using 3 ml, silica
cuvettes in a Beckman DK-2 spectrophotometer.

¢) Infra-red absorption spectrum - 1.0 mg. of crystalline
material and 1.0 gram of potassium bromide (anhydrous)
were thoroughly‘mixed and put intova pelleting unit. The
pellet, prepared ﬁsing a pressure of 20,000 1b. per square
inch, was a circular translucent sheet of K Br and the
crystalline material. The pellet was then inserted in a
Beckman I.R.3 spectrophotometer and the recording made.

d) Rf data - the Rf of the individual spots was measured

| using a chromatogrid distributed by the California Foun-
.dationifor Biochemical Research, Los Angeles 63, Cali-
fornia, U.S.A.
e) Carbon-hydrogen analysis - eight mg. of the purified
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crystalline product was sent to Clark Microanalytical
Laboratories, 1044 West Main st., P.g. Box 17, Urbana,
I1lineis, U.S.A., for this analysis.

) Nitrogen, Sulphur and Halogens - these tests were conducted

according to McGookin (68).

C Observations and results

The results are tabled (Tables 13 - 19) and need
little supplementation or complementation.

7 Thé occurrence of a distinctive brilliantly-
fluorescing compound or compounds associated with germinating
alfalfa seed is substantiated in Table 13: germinating red
clover and sweet clover seed, by contrast, did not fluoresce.
Nonetheless, it is notable that, through the method II
(Table 14), the presence of alcohol-soluble fluorescent com-
pounds Iin the living or autolyzed tissues of red clover and
sweet clover is established. Table 1k, fﬁrthermore, estab-
lishes the occurrence of fluorescent compounds'in.hydrolysate
and autolysate of germinated seed which do not occur in the
non-germinated seed,

The recognition of the major fluorescent comﬁounds
diffusing to filter paper or other media from germinating al-
falfa seed presents no special difficulty; they appear to be
two in number and one of these is the most brilliant and
probably the most abundant.

The principle fluorescent and absorbing spots seen,
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when comparable chromatograms were examined under ultra-violet

light are given with their apprbximate Rf. values 1in Tables
13 - 160

TABLE 13 - Colour of diffusates from germinating

legume seed under visible and U.V. light

. colour in colour in
Seed Visible light Ultra-violet light
alfalfa ' yellow exudate bright blulsh-fluorescence
sweet clover vellow exudate no fluorescence
red clover yellow exudate no fluorescence

TABLE»lH - A comparison of fluorescent spots ih

germinated and ungerminated alfalfa seed

- 1 extracts from methed II.
Germinated Not Germinated
Spot colour Rf (B:A:W) colour Rf (B:A:W)

1 d.Ab. .08 1.B.F, .07
2 ~W.F. .13 Y.W.F. 12

3 d.Ab. .20 - -

" 1.B.F. .25 - -
5 d.Ab. .37 d.Ab. .35
6 b.B.F. .60 - b.B.F. .6k
7 d.Ab. .79 d.Ab. .83
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TABLE 15 - A comparison of fluorescent spots in

germinated and ungerminated Common sweet

clover seed extracts from method II

Germinated Not Germinated
colour Rf(B:A:W) colour RE(B:A:W)
v.l.B.F, .05 Y.W.F. .07

- - d.Ab. L
Y.F. 2 v.l.Y.F. .18
d.Ab. .26 d.Ab, .25
1.B.F. - .35 1.B.F. .37
1.Y.F, 40 - -
1.Ab. L2 - -
1.B.F. 48 1.B.F. L7
1.B.F. .61 1.B.F. .69
1.B.F. .82 - -
d.Ab. .90 d.Ab.. .90
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TABLE 16 - A comparison of fluorescent spots in

germinated and ungerminated red clover seed extracts

Germinated : Not Germinated

Spot colour RE(B:A:W) colour RE(B:A:W)

1 d.Ab. .09 d.Ab. .08

2 - - 1.B.F. .18

3 1.Ab. .21 - -

Y 1.Y.F. .28 1.Y.F. .25

5 1.B.F. .32 1.B.F. .37

6 1.B.F. 48 - -

7 - - 1.B.F. .64

8

- 1eBo.F. .91 1.B.F. | .85

~ For the most brilliant compound, which was isolated
and ¢rystailized by several methods, aforementioned, the pH-
fluorescencewdata are given in Table 17. The wide range of
pH over which the compound fluoresces in the ultra-violet and

the attendant colour changes are notable.
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TABLE 17 - pH - ultra-violet fluoresce

respense.of alfalfa isolate

pH Materials ‘ Fluorescence
"1.6 8.0 N. H2SO)+ YcG.F.
"'007 Ll'.o N. HZSOH l.YoG.F.
0.3 1.5 N. stou - l1.Y.G.F.
1.3 0.1 N. HZSOM : B.F.
2.2 98 ml., 0.1 M, citric acid and 2 ml.
002 No Na HPO ° BOF.
. 2 L
3.0 79.45 ml. 0.1 M, citric acid and 20.55
ml. ) 0.2 N. NaaHPO’-'- B.F.
L,0 61.45 ml. 0.1 M, citric acid and 38.55
mlo 002'No N32HP04 B.Fo
5.0 48,5 mli, 0.1 M. citric aeid and 51.5 ml.
. 0.2 N. Na2HPOh B.F,
6.0 36.85 ml. 0.1 M, citric acid and 63.15
mlj. 0.2 H. NazHPO,*_ B.F.

7.0 17,65 ml, 0.1 M, citric acid and 82,35
ml. 0.2 N. NaQHPO)*_ l.Y. G.Fo

8.0 2.75 ml. 0.1 M, citric acid and 97.25

ml. 0.2 N, NazHPO1+ Y.G.F.
9.45 0.02 M. Na HPO, Y.G.F.
10.4 0.2 N. Na HPO, and 2 M. Na,COy b.Y.G.F.
11.0 0.2 M, Na2003 b.Y.G.F.
11.7 0.01 N. NaOH Y.G. (quenched)
12,6 0.1 N. NaOH | Y.G. (quenched)
B.F. - Blue Fluorescence
l.Y.G.F. - light Yellow Green Fluorescence
- Y.G.F. - Yellow Green Fluorescence
b.Y.G.F. - bright Yellow-Green Fluorescence
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Characterization of the crystalline product was

materially aided by a series of spot tests, the record of

which is given in Table 18. The flavonoid nature of the com-

pound is Indisputably established; furthermore the compound

Yields tests very characteristic of polyhydroxy flavones,

viz.

1)

2)‘

Mg -HC1l test - this test 1s one of the most useful quali-
tative tests for the study of flavonold compounds. The
appearance of a pink to magenta coléur indicates the pre-
sence of flavonols, flavanones and flavanolones. Flavones
which lack the 3 - hydroxyl group do not usually respond
to this test. In addition, the shade of the colour that
develops is fairly characteristic and three general cate-

gories are noted

flavones - Orange - red
‘flavonols -~ red - erimson
flavanones_- crimson - Magenta

NH3 test - the development of a bright yellow spot when a

cbmpougd is expésed to NH, is a falrly reliable test for

3

 certain polyphenolic carbonyl compounds represented by the

- flavones, flavanones, chalcones and xanthones. This test

3)

is very useful as a rapid means to determine the structures
mentioned.

FeCl3 test - the production of colours with ferric chloride
is a general property of all classes of polyhydroxy
flavonoid compounds. Ortho-dihydroxyl groups often give
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green colours but this generalization is of limited value
because green colours are also given by many compounds
which do not contain the ortho-dihydroxyl grouping. How-
; ever, the presence of a 3, 4, 5 trihydroxy grouping in
the B ring can be detected because deep blue to black

colours are produced with this reagent.



TABLE 18 - Spot test results given by the crystalline isolate from alfalfa

Name
FeCly
neut. PhAé
basic PbAc
NaOH '
HC1

550,
HNO3
Mg-HC1

Zn.,-HAc-HC1
Diazo

Boric-citric
ChOliﬂe-t 3 Po bo

NHq

) ~ Test
dark green sol.
yellow ppte.
yellqw ppte.
yellow on paper
yellow on paper
yellow sol.
bright yellow sol.
yellowish-brown sol.

yellow immedlately,
red in 10 secs.

red in 30 mins.
no reaction

bright yellow sql.
reddish brown sol.

yellow on paper

U.V. Test

greenish yellow
greenish yellow
dull yellow

bright reddish orange
bright yellowish green

Remarks
++(polyhydroxy flavonoidsj
+(flavones)
+(flavones)
+(flavones and flavonols)

+(flavones and flavonols)
+(flavones and flavonols)

++(flavonols, flavanones,
ﬂflaVanoloneg)

+(slight flavanone
- contaminant?)

-No structurevlike
simple coumarins

+possible 5-OH gp.
+possible 3-OH gp._'
+(flavones, flavanones,

.chalcones and
xanthones)

&
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TABLE 19 - Physical and chemical data
for the crystalline isolate from alfalfa

Physical data

1. Colour - pale yellow
2, Crystal form - thin needles
3. Melting point - 261° - 262%.

Microanalysis. (organic) »
Carbon - 55.9% Sulphur - nil

Hydrogen - 4.,18% ' Halogens - nil
Nitrogen - nil | |

Rf data (Whatman No. 1 paper) (20°C.)

Solvent Spot centre | leadlng edge
B:A:W (4:1:5) .57 .69
organic phase
HAc:H,0 (1:3) L0 48
Isopropanol:H20 (1:4) .06 A.ll

Infra-red spectrum for the alfalfa isolate

Please see Figure 7 Graph A.

Interpretation of the spectrum indicates that the

compound contains a carbonyl at the 4 position and several hy-

drdxyl groups, similar in many respects to dihydroquercetin

(Figure 7 Graph B). Additionally, there is some indication

that the carbonyl is chelated with a group at the 3 position

on the pryone ring.



Graph A - alfalfa isoclate

Figure 7 - I.R. absorption spectra

Graph B - dihydroquercetin
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19:5 Ultra-violet spectrum for the alfalfa isolate

Please see Figure 8.

Maxima Minima
241.5 232.5
26%.0 259.0
339.5 287.0

Numerous attemnts to crystallize the unknown com-
pound in such solvents as benzene, chloroform, and ethyl
alcohol proved unsuccessful since only a brown sticky residue
was formed. After several attempts, approximately 3.5 mg. of
a dark yellow material (a chloride salt) was precipitated
from a water solution treated with concentrated HCl. Because
such small yields were obtained from this method, a large
scale extraction was attempted using diethyl ether since it
was noted that the compound was sparingly soluble in this
solvent, A crude crystalline product (approximately 30 mg.)
was collected during the extraction procedure, and a pure cry-
stalline product (approximately 195 mg.) was collected from
the diethyl ether extract when it was reduced in volume and

left in a freezer for several weeks.

D Discussiocn

An attempt to find a coumarin metabolism in alfalfa
led to the study of two brilliantly fluorescing compounds
which diffuse from germinating alfalfa seed., Justification



Figure 8 - U.V. absorption spectrum of alfalfa isolate
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for theattempt lay in_the somewhat limited evidence of'spot
tests; fluorescence type;.and the fact that a coumarin meta-
bolism seemed to be}yidespreadrin the legumes, . _

- ‘Ihertwo componnds are undoubtedly ;elated_chemically
for‘in varions”procednres they appear together; their solu-
bilities; fluorescence; Rf values; response to spot tests are
similarfk If one compound is_characterized very probably
characterization of the other would not be difficult.

Unquestionably the one compound chosen for study is
flavonoidal Fnrthernore it is well hydroxylated, but not
much more can be stated with certainty. » _

~ The occurrence of a coumarin-like structure in the
molecule cannot ‘be ruled out entirely, but it is definitely
not a' simple, more or less, symmetrical coumarin. The ultra-
4 Violet spectralima;ima'fall within the ranges given by Geiss;
man (36) for flavones; on the other hand it is to be noted
that the U.V. spectral maxima for coumestrol also fall within
this range and caused its discoverers much concern.

o The infra-red spectrum is most interesting and as
was pointed out by H McLean and G. M. Barton of the Forest
Prodnctsnlahoratory,'very closely resembles that for dihydro-
quercitin; a flavanone, _

' Some evidence of value in characterization may be
gained from the fact that the alfalfa isolate is brilliantly
blue flnofescent; the fluorescence is very similar to that
of the coumarins, umbellifercne, counestrol and the flaveme,

7 7

3:4% - dihydroxy flavone. Dihydroquercitin and duercitin are
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not fluorescent and appear brown in ultra-violet.

Fxamination in the laboratory and in publications, of
physical and chemical properties of large numbers of coumarins
and flavonoids does not yield any whose oroperties are closely
similar to those of the alfalfa 1solate.

The sum of all available evidence, some firm and
some speculative,leads to the suggestion that the alfalfa iso-

late is a polyhydroxy flavone with the following aporoximate

structure and formula.

0
CH30 O OH
C17H1)+07

CH3O %)
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2)

3)
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V SUMMARY AND CONCLUSIONS

The breeding of forage crops for modifications,
losses or gains, of specific chemical constituents is a
comparatively new development in forage crop breeding.

One undertaking of this kind, that of breeding the forage
legume, sweet clover, free from the bitter, and indirectly
toxic, coumarin has met with some success. Success, the
literature reveals, has attended the undertaking, only
after many errors were made. Some of the mistakes could,
very probably, have been avoided if a better understanding
of coumarin metabolism had been known. An understanding
of how genes for bitterness and non-bitterness in sweet
clover act in biochemical terms would provide valuable
information for the plant breeder. Little is known of the
metabolism of coumarin and its relatlves even in sweet
clover and in related forage species such as alfalfa.

From a survey of the literature it was noted that a
great deal is known of the chemistry of coumarins, that a
great deal is known of coumarin pharmacology in animals,
that a 1ittle 1is known of coumarin as it 1s applied to
non-coumarin containing plants, but that very little is
known of the function and metabolism of coumarin in the
prlant,

In an attempt to determine the nature of the dif-

ferences in the actions of genes for nor-bitterness and
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bitterness (viz. coumarin free and coumarin present),
"Cumino" non-bitter sweet clover and, the genotypically
very similar bitter Common sweet clover were compared
chromatographicaliy. Compoundé not well characterized, but
whidh were very likely coumarin relatives appeared in
"Cumino" sweet clover. It is suggested that genes for non-
Bitternéss in "Cumino" sweet clover, and very probably in

Melilotus dentéta, ma& be responsible‘for methylation or

hydroxylétioﬁ-of the coumarin per se and its close relatives
whieh occur in Common sweet cléver; The coumarins,:thus

elaborated in "Cumino"‘and M. dentata are non-bitter and

- are formed by éimple additions to the coumarin ring or to

its precursor.

A search for a metabolic system involving coumarins
in élfalfa, a close relative, taxonomically, of sweet
clover, led to the special study of two brilliantly flu-
orescing compounds occurring in seed and leaf, which it
was thought, from preliminary examination, were coumarins.
Detailed study however showed that the compounds were not
likely coumarins as such, but polyhydroxy flaVones, new
to thevliterature and new to forage chemistry. The pro-
posed formula for one of the two closely related compounds

7/ 7/ . .
is as follows: 3:3:4 trihydroxy - 5:7 dimethoxy flavone.
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