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I, INTRODUCTTON

Biochemical systematics, and more specifically, chemical plant
toxonomy, is a field that has only begun to develop. In the last
two decades 1t hss been recognized that chemistry can play a very
important role in determining the phylogeny of plants. It is neces-
sary to find chemical characters that can be compared in various taxa
of plants. Such chemical characters, or markers, have been found in
the {lavonoids. Chemical constituents of the morphologically more

"oy

Caxa may be comared with the more "

"primitive advanced"; and in
this way, valugble phylogenetic information may be obtained.
In general the evolutionary trend in the flavonoids is toward

"advanced"

a more highly substlituted chemical structure in the more
plant taza. The more gpeclalized families — like Leguminosae, Gesneriaceae
and Conpositae - exhibit the most complex flavonoid structures. Less
highly developed families contain the flavonoids with the simpler hy-
droxylation and glycosylation patterns as seen in the gymnosperns,
ferns, horsetalls, and mosses. Flavonolds are apparently campletely
absent in more primitive organisms -~ the bacteria, fungi, and algpe.
Thus & phylogenetic tree can be arranged relative to the flavonolds
in plants (Figure 1).

A biosynthetic pathway has been established for flavonoids;

that is, the degree of chemical complexity of isolated flavonolds
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PHYLOGENETIC TREE FLAVONOID COMPLEMENT

Complete range of flavonoids

Anglospenns (biflavonyls rare).

Most flavonoids, bul usually
Gymnospexﬂﬁh structurally simple types.
Biflavonyls characteristic.
SPERMATOPHYTES

Ferms _ / Structurally simple flavonoids:
"m..\

h\\-

3-Deoxyanthocyaning
Lycopods -Flavones
Flavonols

Horsetails Leucoanthocyanins

Chalcones

Flavanones.

Few flavonoid types: only
Mosses 3-de-oxyanthocyanins, flavonols
and glycoflavones.

Green Algae

Red Algae
Flavonoids completely absent.
Tungi

Bacteria

Figure 1: Evolution of flavonoids in plants.
(From Harborne, 1967, page 312).%

¥ One text that has been used extensively as a reference is J.B. Harborme,
Conparative Biochemistry of the Mlavonoids, 1967, Academic Press.
Whenever pertinent, the page numbers for this reference will be noted.
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can be ordered in thelr established blosynthetic pathway and thus
the evolutionary advancement of plants may be determined. For example,

in a biocsynthetic pathway:

Gene a Ge?e b Gene c Gene 4
4 ’ )
enzyme a enzyme b en%yme ¢ enéyme d

A + B + C Sreeeto ]) + L

i E is the isolated flavonold it may be accepted that the plant
synthesizing E has more enzyrmes at its disposal for synthesis than
a plant with only the A flavoncid. It is generally agreed that the
plant with the I flavonoid is the more "advanced" organism. Chemical
characteristics are more useful than morphological characteristics
in some instances, in the determining of phylogenetic relationships.
Camparative biochemistry has great potential for the plant taxonomist
and phytogeneticist, hut as stated previousiy it is a very new field
with a great deal of groundwork still to be completed before an overall
picture of phylogenetic relationshiﬁs can be developed.

Recently, attempts have been made to carry out analysis of various
chemical characters in groups of plants where there is disagreement
as to their classification. One such study has been going on for
several years involving the genus Allium. (Liliaceae). Allium is a
clrcumboreal genus composed of approximately 500 species. According
to Ownbey (personal communication) 80 species occur in the New World.
New World species form a distinct group and, except for two, A.

schoenoprasum and A. tricoccum, do not appear closely related to the




01d World species. The North American group has been divided into
nine well-deflined alliances on the basis of morphology and cytotaxonomy.
(Ourbey and Aase, 1955; Saghir et al, 1966).

Initial chemotaxonomic studies have been completed on the two
larger alliances involving forty-eight of the taxa. These investigations
utiiized thin-layer chromatography (TLC), paper chromatography, and
to a lesser degree, ultraviolet-visible spectrophotometry. The
chemotaxonomi.c studies have considered anthocyanin plgments as the
chemical charecter. Anthocyanins are just one of 12 classes of

flavonoid compounds. The Allium falcifolium alllance is comprised

of 31 taxa. Fourteen different anthocyanins have been reported in
this alliance (Mingrone, 1968). Nine of the anthocyanins occur

in more than half of the alliance taxa and three anthocyanins (Spots
1,2, and 3, on 2 dimensional paper chromatography, occur in all but
one taxon (See Mingrone, 1968, for the numbering system of the spots

from the Allium falcifolium alliance).

The Allilum scuminatum alliance contains seventeen taxa. McNeal

(1970) reported nineteen different anthocyanin spots for this alliance.
Two anthocyanin spots (spots 1 and 3) occur in all of the A. acuminatum
alliance taxa. All 14 anthocyanins reported by Mingrone (1968) for

A. acuminatum alliance taxa by comparative paper chromatography - using
Rf values. Two spots, 1 and 3, occur in all taxa of the A. acuminatum
alliance. Of the twelve remaining anthocyanins reported by Mingrone,

for the A. falcifolium alllance, ten of these occur in more than half
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of A. acuninatum taxa, The theory that a cleose evolutionary relationship
by the constancy of anthocyanin spots across alliance boundaries.
The anthoeyanidin, the anthocyvanin aglycone, of the ten most common
spots has been identifled, using paper chromatography and thin layer
chromatography, as cyanidin (Chu, 1972). |
This investigation attempted to verify the identificabion (Chu,
1972) of the anthocyanin in A. amplectens by spectral means. An
attempt was also made to identify the sugars, and possibly their locetions

on the heterocyclic ring system, of the anthocyanins.



TI. LITERATURE REVIEW

A, Flavoneid Compounds

The flavonoid group of compounds has a carbon skeleton of two
substituted benzoid rings (or one bernzenoid and one quinonoid ring)
cormected by a three carbon olefinic chain. The C6~C3~C6 structure

is shown below in 2 different forms:

OO QU

Figure 2 (Grisebach, 1965; Fieser & Fieser, 1956) .

DiffTerent groups of flavonoid comounds are distinguished by additional
oxygeh~heterocyclic rings and by the addition of hydroxyl groups in
Tvarious patterns. The largest group of flavonoids is characterized
by those containing a pyran fing [ | linking the three-carbon

. o ’

chain with the benzene rings. The nubcering system for these flavonoid

derivatives 1s given in Figure 3.
2' 3!
! 1'/B 4"

8
7@0 \
6 s \\

“

Figure 3 Numbering system for flavonoid derivative.

The flavonoid compounds that have the above carbon skeleton are



divided into‘classes by the oxidation state of the three carbon chain
(C=2, -3, C=h) (Figure 4).
In Figure !, the structures of the more prominent flavonoid
classes are shown in order from most reduced to most oxidized state.
Five other variations in the three carbon link (C-2, C-3, C-4)
pattérn exist but because of rarity will not be discussed. Hydroxyl
groups are normally found on the aromatic rings and may someties
be substituted to give methoxyl groups --O- H3 or glycosides —-0-Cly.
(A glycoside iz the acetal product of the reaction of a monosaccharide

with an alcohol, in this case called the aglycone).
B. Anthocyanins

Anthocyaninz are one of twelve classes of [lavonoids. They are
the conmon pigiments of’ red, violet, and blue in "higher" plants.
It has been shown that the apparent "color'" of a given pigment depends
on the pH of the solution in which it is dissolved, and hence represents
a certain degree of protonation of that pigment (Figure 5). Thus
the cyanin cation (pH < 3) is observed to be red, its color base -
an electrically neutral molecule — (pH «£7) to be violet, and its anion
(pH > 11) to be blue (Fieser & Fieser, 1956). They are found throughout
the plant parts - flower petals, leaves, stems, and bulbs. Anthcocyanins
occur throughout the plant kingdom, except in the fungi. Normally
anthocyanins exist in plants as the cation portion of the salts of
naturally occuring organic acids. This is because the normal pH of

vacuoles, where the pigment is in solution, is acidic.
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oxidation state = ~2 = /01 “ - Catechins

T N7 MOH
\ » - LI
N0 [ Leucoanthocyaniding
Q-
. X \\Tf’ ol
oxldation state = -} Ho

} N Flavanones

rﬁ [ | i ’ )” N Flavanonols
NN

I IO

% |l
oxidation state = -6 | |’ ‘ } Flavones

, NS

i

O \

L

- Anthocyanidins

oxidation level = -8 Flavonols

Figure U

Structures of the more prominent flavonoild classes shown in

order Irom most reduced to nost oxddized state.
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The positive charge of the ionn 1s delocalized over the entire
molecule and does not reside at just the heterocyclic oxygen (Griseback,
1965) , and thus the molecule 1s best represented by a number of resonance
hybrids of varying stability. Anthocyaning occur normally as glyco-
sides, unlike other classes of flavonoids. Traces of anthocyanidins
(the aglycone of an anthocyanin) are sometimes identified free in plants
‘but these are believed to be artifacts. Anfthocyanins are easily
oxidized and destroyed by alir if they are in a quinone form as would
be found &t a basic pH (Figure 5). It is for this reason that care
must be taken when working with anthocyanins to maintain a slightly
acidic solution. However, too strong an acidic solution could cause
hydrolysis of the sugar moiety, especially at warmer temperaéures
(warmer is in this case above sbout  4°C).

Arthecyaning are also destroyed by light. other oxidative conditions,
and in vivo by enzymes (glycosidases or anthocyanases and catecholases).
The glycosidases, or anthocyanases, hydrolize the anthocyanin to its
residual aglycone and sugar (Huang, 1956). The aglycone spontaneously
decomposes to a colorless product, probably a decomposition mixture
of variously hydroxylated benzoic acids and phenols and their oxi-
dation products (Figure 6). The catecholases oxidize anthocyanins
to a colorlessvproduct. Thus, anthocyanins are sensitive to 1light,
temperature, pH, enzymes, and several other environmental conditions.
Thelr color may be preserved for long periods of time, however, with
storage in a cool, completely dark,.slightly acidic, relatively oxygen
free atmosphere. (As witnessed by the preservation of the color

in red wines for many years).



9 Color base
C6Hilof (violet, pH =27)

<C6H1105 = glucose)

O™
Cyanin cation
(red, pd  3) ' 0
0O
° ‘Qmm_:,ge.:.m
@ [ //4 (oxidation)
e N
PN CeH

Cyanin anion
(blue, pH 211)

Figure 5 Cyanidin at different pH's.

(Felser & Feiser, 1956)



] e .
- / \ xoy 10

u// oI, (\’ QwOH . < /]-'OPI

HOOC HOOC-C-C

Phenolic* Benzeoic &/or FPhenyl:-
Compound carboxylic derivatives
[phloroglucinol

(1,3,5~trihydroxy-
benzene) |

Figure 6 Alkali fusion of anthocyanidin
and resultant breskdown products.
(Adapted from Fieser & Fieser, 1956).

# NOTE:

Would obtain resorcinol (1,3-dihydroxybenzene) if either the
5 or 7 position did not have a hydroxyl, or would obtain some

other substituted benzene if the 5 &/or 7 position was substituted
with an acyl acid or methoxy group.
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The glycosylation and methylation patterns of anthocyanins are
restricted relative to the other flavonoids. Methylation is normally
found only at the 3' and/or 5' hydroxyl group positions. Hirsutidin
is an exception with a methoxy gfoup at the 7 position in addition to
3" and 5 methoky groups. Glycosylation usually follows a regular
pattern. If only one sugar is present it will be at the 3 position
(except for apigenidin glycosides, where a 3~hydroxyl group is missing
and glycosylation occurs first at position 5). If two sugars are
present they will usually be found at the 3 and 5 positions or as
a disaccharide at the 3 position. A 3,5-diglycoside is the most
common anthocyanin form (Grisebach, 1965). (Very rarely three mono-
saccharides will be found on anthocyanins, and in these cases they
will be at the 3,5 and 7 positions). Of the plants surveyed by
Harborne (1967) the 5 and 7 position sugars have always been identified
as glﬁcose. Except the cyanidin 3~-rhamoglucosido-T-xyloside derivative

The anthocyanins are of basically three types, depending on the
degree of hydroxylation of the B-ring; perlargonidin (the U4'-hydroxy
derivative), cyanidin (the 3',4'-dihydroxy derivative) and delphinidin
(the 3',4',5'-trihydroxy derivative). Derivatives of these 3 basic
types are produced by methylation of the B-ring hydroxyls and by removal
of oxygen (Figure 7).

The anthocyanins are the most widespread group of coloring pigments
in plants. They are water-soluble pigments that are responsible for

nearly all the pink, red, mauve, violet, and blue colors in the flowers
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Wigure 7 Structures of the naturally ’
occurring anthocyaniding (Adepted from Harborne, 1967, p. 5).

1. ¥*¥Pelargonidin  ReOH; R'=R"=H; X=Y=OH (Pg)
Aurantinidin  R=OH; R'=R"-H; OH also at C-6 or C-8; X=Y=OH (Au)

2. ®#Cyanidin R=R'=0H; R"=H; X=Y=0H (Cy) (3,3',4',5,7-Pentahydroxyflavylium)
¥¥Peonidin  X=Y=R=OH; R':OCHB; R"=H; (Pn)

Rosinidin X=R':OCH3; R=Y=0H; R"=H (Rs)
##Delphinidin R=R'=R"=X=Y=0H (Dp)
*¥Petunidin R'=0CH,, =R"={=Y=0H (Pt)

Pulchellidin R=R'=R"=X=0H; Y=0CH, (P1)
(Eu)

Europiridin R=p"=X=0H; R'=Y=0CH

o

3

3

4, ®#Mglvidin R=X=Y=0H; R':R”'»fOCH3 (M)
Hirsutidin R=Y=0H; R'=R”:X=OCH3 (Hs)
Capensinidin R=X=0H; R'==R”=Y=OCH3 (Cp)

5. Apigeninidin R=X=Y=OH; R'=R"=H (Ap)
Luteolinidin R=R'=X=Y=OH; R"=H (Lt)
Tricetinidin R=R'=R"=X=Y=OH (Tr)
Columidin R=R'=X=Y=0H, R'"=H, OH at 6 or 8 position (Co)

6. 3,7, 4" -Trihydroxyflavylium R=X=0H; R'=R"=Y=H
Fisetinidin R=R'=X=0H; R"=Y=H
Robinetinidin R=R'=R"=X=0H; Y=H

7. 3,7,8,3",4'-Pentahydroxyflavylium R=R'=X=0H; R'=Y=H;
OH at 8 position

¥% The six most commonly isolated anthocyanidins.



and leaves of higher plants. The color of the anthocyanin plgrent is
altered by the addition or removal of hydroxyl, methyl and/or glycosyl
grouns and by the ionic or electrical state of the molecule - hence
color depends on the electron distribution within the molecule and on
the pH of the sblution. With respect to substituent effects, hydroxyi
groups attached to the B-ring apparently have the most effect on color.
Methoxyl substitution for the hydroxyl causes a dull bluish shade.
With respect to pli effects on flower color, Shibata et al (1949)

have shown that the pH of the cell sap of flowers varies by only a
small amount (£0.5~1.0 pH wiit). In other words, the pH of red and
blue flowers is almost the same and one would conclude that pl effects
are minor (Grisebach, 1965). Other factors such as glycosylation,
exposura to light, ete., can also affect anthocyanin color (Blank,
1958; Hayashi, 1962).

Because the anthocyanins are responsible for a majority of the
color variations found in flowers, a great deal of research has been
done to 1ldentify the pigments present in ornamental flowers and in
common frults and vegetables. Numerous anthocyaning isclated from many
specles are sufficiently well characterized by chemical means to
serve as standards for identification purposes (Harborne 1958, 1967;
Hayashi, 1962). A summary listing the plants, variety, color and
pigments present can be found in Harborne (1967, pg. 286, 297).

The economic importance of the color reactions of anthocyanins
cannot be ignored. Marketable products made more attractive by plgment

research are becoming more common -— to list a few examples:
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1. Brighter colors in rasberries, radishes, potatoes, cabbage,
and strawberries.

2. Methods to retain the anthocyanin color while storing and
processing fruits and berries. (Example: In jam-making,
the anthocyanin pigment is destroyed by autolytic enzyme
action and by oxidation.)
The wine and tea industries have been involved in anthocyanin
research for years (MacCarrone & Russo, 1969; G. Niketic-Aleksic
and G. Hrazdina, 19723 L. Mattick, L. Weirs and W. Robinson, 1969).
Flavonoids, specifically flavanones and chalcones, contribute to taste
and flavor of cifrus frults. Anthocyanin contributions to flavor
and palatability of foods have been reviewed by Swain, 1962, and
Goldstein and Swaln, 1963.
Leucoanthocyanidins can occur in several forms in plant tissues.
It is the chenical conversion of these forms in ripening fruits (peach,
peer, plus, pervsimmon, and banana) that is accountable for the losg
of the astringent taste. Leucoanthocyanidin forms also have the
abllity to tan proteins resulting in the formation of precipitates
in wines and beers. (Harborne, 1967; Mattick, Weirs and Robinson,

1969) .
C. Sugars

The solubility and stability of anthocyanins is partially dependent
on the attached sugar moleties. The order of attachment of these
glycosides at the 3,5 and sometimes 7 positions has been mentioned
previously. The rate of attachment is usually 3*5>7. Most of the

structural variation of anthocyanins that occurs in nature is due
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to changes in the type, quantity, and position of attachment of sugar
moieties, not to variations in the aglycone structure.

Pelargonidin, cyanidin, peonidin, delphinidin, petunidin, and
malvidin are the six most commnonly isolated anthocyanidins. The
glycosides attached to the anthocyanin molecules have been divided
inté four types (Harborne, 1967, pg. 13-29).

1. Monosides (monosaccharides)

2. Bilosides (disaccharides)
3

Triosides (trisaccharides)
I, Acylated glycosides

1. Monosides

Four 3-substituted monosides are known to occur in anthocyanins:
the 3-glucoside, the 3-galactoside, the 3-rhamoside, and the 3-
arabinoside.

One xyloside has been reported in Lavandula pedunculata (Labiatae)

flowers; the sugar position, however, is not certain (Maroto, 1950).
In all substantiated reports, the monosides are always found in nature
attached to the 3-position. It is believed this 3-position is related
to pigment stability.

The 3-glucosides are the most common anthocyanins found. Robinson
and his co-workers (1934) have synthesized this monoside. 3-Glucosides
are the anthocyanin of autumnal leaves and of many flowers, fruits,
and vegetables. Some individual sources of 3-glucosides include the
strawberry (pelargonidin), blackberry (cyanidin), grape (malvidin),
and Verbena (Verbenaceae) flower (delphinidin).

The 3-galactosides are less common than the 3-glucosides. 1t



is difficult to distinguish the two monecsldes and several mistakes in
identification have occurred (Sondheimer & Karash, 19563 Harborne
& Sherratt, 1957, 1961; Harborne, 1967). The 3-galactosides are
most conmon in the berries of Vaccinium speciles (I'ricaceae: cranberries,
bilberries, blueberries, etc.) with five of the six common anthocyanins
involved; pelargonidin has not been identified in these taxa.

The 3-arsbinosides occur in many of the 3-galactoside souwrces,
however in much swaller concentrations. Pelargonidin-3-arabinoside
is not known, but the other five commeon aglycones havé been found
as thelr 3-arabinosides. I~arabincse and D-galactose are very similar
stereochemically. It is this relationship that could account for the
co-occurance of' arabinosides and galactosides in the Theobroma

(Sterculiscese), Vaccinium, Rhododendron (Ericaceae) and grasses

(Gramineae) (Harborn, 1967, page 23). More work needs to be done
on this group of compoinds.,

The 3~rhamnosides are rare. They can be found in combination
with any of the six common aglycones and are comnonly found in con-
Junction with other glycosides. The most common source of the 3-

rhannosides 1s the sweet pea flower, Lathyrus odoratus (Leguminosae).

2. Blosides

The bilosides can occur in two ways: as the 3-diglycosides of
which there are five types reported, or as the 3,5-dimonosides of
which there are five known classes.’

The two biloside types are distinguishable by their partial

hydrolysis products and Rf values.
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The former five types of 3-diglycosides are the 3-rhamosylgluco-
side, thev3~xylosy1glucoside, the 3-xylosylgalactoside, the 3-gentiobioside,
and the 3-scphoroside. The structures for these disaccharides are
shown in Figure 8.

The most éommon class 1s that of the 3~rhammoglucosides which
contains rutinose or 6-- of-I~rhammosido-D-glucose (rutinoside).

Cyanidin 3-rutinoside, also called antirrhinin, is the nost well.

knovm bioside. It was isolated from Antirrhinum majus (Snapdragon;

Scrophulaviaceae) flowers by Scott-Moncrieff in 1930. 3-Rutinoside
has been identified with five of the six common aglycones. Malvidin-
3~rutinoside has not been isclated as yet, but probably does exist

in nature.

A cysnindin-3-xylosylglucoside has been ldentified in elder-
ceriles as the 2—;&4}~xy1osido~D~glucose derivative — also called
sorbubliose (Leichel & Reichwals, 1960).

The 3-diglucosides or 3-glucosylglucosides are found in two forms:

a) as gentiobiose which has a B-1,6 linkage and is rare
b) as sophorose which has a H-1,2 linkage and is fairly

comon.
Delphinidin is the only common anthocyanin in which neither
a 3-gentiobioside nor a 3-sophoroside has not been described in the
literature.
The latter five classes of 3,5-dimonosides are: the 3,5-
diglucosides, the 3,7-diglucosides, the 3-rhamnoside-5-glucoside,
the 3-galactoside-b-glucoside, and the 3-arabincside-5-glucoside.

No valid report has been made where the 5~positlon had a sugar other
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than glucose (Harborne, 1967).

All of the common anthocyanidins hsve been réported with 3,5~
diglucosides in nature.

The only 3,7-diglucoside in nature thus far reported is cyanidin
(Birkofer, et al., 1963).

The 3-rhamoside~5-glucosides occur with all six of the common
anthocyanidins in the sweet pea flowers. Also in the sweet pea [lowers
are the only two reported 3-galactoside-5-glucosides which are pelargonidin
and peonidin. These two are in trace amounts thus making th@ir identi-~
fication tentative (Harborne, 1967).

Recently a cyanidin 3-arabinoside-5-glucoside was 1solated from

petals of a Rhododendron (Ericaceae) cultivar (Asen and Budin, 1966).

This is the only reported instance of fthis biocside.

3. Triosides

Triosides can occur in a variety of combinations since there are
3 possible positions of attachment, the 3,5 and/or 7 positions,
and a fairly large number of sugar moieties that can be attached.

One trioside, 3-rutinoside-5-glucoside, has been found in nature
guite widely with all six of the common anthocyanidins. 3-Sanbubioside-
Hh-glucoside and 3-sophoroside-5-glucoside occur with pelargonidin and
cyanidin in a variety of plants in both an acylated and unacylated form.
The remaincder of the triosides are uncommon and occur in relatively

few genera.
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i, Acylated glycosides

Acylated anthocyanins have been reported in the literature for
a long time. "Thelr structures have been difficult to detérmine.
Chromatography, however, has been an important aid in their character-
ization. Three acyl groups derived from p-coumaric (most commonly),
caffeic and ferulic acids are now recognized in anthocyanins. These
organic acids are attched by an ester linkage to cne of the hydroxyl
groups of the terminal sugar located at the 3-position. The known
acylated anthocyanins usually have only one acyl group (very rarely
two). Most commonly, the anthocyanins are 3,5-diglycosides with
the 3-position glycoside being either glucoside, rutinoside, sambubio-

side, or sophoroside; and less commonly they are 3-glucosides.

D. Isolation and Purification

VThe term anthocyanin was first used for these pigments in 1935
by Marquart, and is tsken from the Greek words, anthos, meaning flower,
and kyanos, meaning blue.

The color changes of anthocyanins (red-violet-blue) have been men-
tioned previously. In [lowers of higher plants the color changes are
known to be controlled by single gene loci. Anthocyanins in color
mutants of garden flowers provide excellent material for studying
the relationship of biochemical synthesis to gene action. A great
deal of knowledge on the biochemical genetics of higher plants has

been derived from such studies.
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It 1s generally agreed that the primary function of anthocyanins

is to aid in attracting animals (such as birds and insects) to the

plant to aid in pollination and seed dispersal. In relation to such
animal vectors, it is known that flower and fruit colors have adaptive
values (Harborne, 1957 pgs. 280-284; Harborne, 1965). Allium
amplectens is quite illusive from this point. Why are so many anthocyanins
necessary in a single species? In some specles of Allium the major
concentration of anthocyanins is in the bulb coat--which is underground!

Posgibly other functions can be attributed to the anthocyanins of Allium.

Perhaps it will be shown in the future that there is an adaptive value
instead of a large concentration of just a few anthocyanins. The
increased nmuber of different anthocyanin pigments has not kept the genus
from fiuorishing., As can be seen, it is a very widespread Western
Northern American species (Figure 9).

A Tew of the other functions that have been attributed to antho-
cyanins are (Harborne, 1967, pg. 280-303; Grisebach, 1965):

1. growth regulation in roots and shoots

2. disease resistance

3. enzyme inhibition (Fairbairm, 1959)
i, antibiotic effect to protect the plant against attack by

parasites
The anthocyanins have presented quite a challenge to the chemist.
They are difficult to isolate in a pure state, particularly in anything
more than micro-guantities. A melting point is difficult to determine.

On analysis 1t is found that anthocyanins form hydrates, and when dried,
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eliminate hydrogen chloride.

Anthocyanins are relatively water soluble pigments that are
light, pil and temperature sensitive in vitro. Upon acid hydrolysis
the resultant aglycone, or anthocyanidin, is insoluble in water, a
point which can be used to separate it from the hydrolized sugar
moieties. The first chemical studies on anthocyanins by Willstater
and Everest (1913), Karrer and Widmer (1927, 1928, and 1929) and
by Robinson, et al. (1934, 1935) were concerned with establishing the
chemical structures of the six commonly found anthocyanins. It was
shown by Lawrence, et al. (1939) that changes in the sugar, and other
substituent groups of' the anthocyanin nucleus, and not the actual
aglycone structure itself accounted for the different anthocyanins.
Accurate methods for studying anthocyenin and sugar structure did not
exist at this time. The introduction of paper chromatography for
separating enthocyanins (Bate-Smith, 1948) and for identifying sugars
(Partridge and Westall, 1948) waé a major breakthrough in this field
of chemistry. Absorption spectroscopy has also been applied to the
characterization of these pigments (Harborne, 1957).

Resolution of pigment mixtures, which are present in some plant
species, is now possible by several other methods besldes paper
chromatography; Method refinements, such as the utilization of dif-
ferent solvent mixtures, are now common in the literature, but the
basic techniques for isolation, purification and identification of
anthocyanins have already been deveioped.

Several other chromatographic techniques, other than paper, have
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been used in the separation of anthocyanins. According to Harborne (1967)
none seem to offer any advantage over paper chromatography and some
apparently are not as good.

Colum chromatography has been used by several different groups
to separate anthocyanins from a crude extract (Chandler & Harpér 19585.
The results are not always reproducible, however, and the elute from
the colum is very dilute, which presents problems when working with
low concentrations of anthocyanins. When working with a relatively
large quantity of only a few (less than 4) anthocyaning a colum can
produce satisfactory results. Using less Time and a smaller quantity
of solvent a column can resolve a relatively larger quantity of antho-
cyanins from a crude extract. The colum is not reliable for re-
solving mixtures with more than about 4 anthecyanins (Harborne, 1967).
The most frequentcly used colurm constituents are cellulose, silica
gel, magnescl and polvamide. Colums have been used in some purilfication
procedures and Fahselt (1970) used one for deacidification after
hydrolysis.

Paper electrophoresis has been successfully used to separate
two anthocyanins from an extract (Markakis, 1960). This method according
to Harborne (1967) has no advantage over the simpler descending paper
chromatography technique.

Thin layer chromatography (TLC) has been developed recently
(Birkofer, 1962; Hess & Meyer, 1962) and is subject to some controversy.
Harborne (1967, pg. 15) suggests that it "offers a satisfactory

alternative to paper". Gupta (1968) successively used silica gel



and cellulose (both by Eastman Kodak) to separate both anthocyanin
and anthocyanidin mixtures. He compared paper techniqﬁes to thin
layer techniques and found the Rf values to be reproduceable and
comparable on both. He tested sixteen common paper solvents on TLC
and found that for mixtures of anthocyaniding all were suitable
(i.é. gave good separation) for the plants studied in his investigation.
For mixtures of anthocyanins, however, only ﬁhree paper solvents
were found suitable for resolution on TLC. [For silica gel ENFW was
found to be suitable (ethyl acetate-methyl ethyl ketone-formic acid-
water, 5:3:3:1 v/v). For cellulose two solvents were found to be
suitable, n~-BAW and water-acetic acid-HC1 (82:15:3 v/v)].

Various new techniques are being applied to TLC of anthocyanins.
Timz is still needed to develop more standard TLC techniques. Ad-
vantages of TIC are that it provides good separation and sensitlvity;
it requires less time and less solvent to be developed; and smaller
quantities of pigment can be analyzed than on paper. TLC sheets can
be easily photocopied or stored for future reference (Pitteri, 1969).

Techniques used for the isolation and identification of sugar
mixtures include; one~ and two-dimensional paper chromatography,
circular paper chromatography, paper electrophoresis, and thin layer
chromatography. (Block, Durrham & Zweig, 1958; Randerath, 1966).

Paper chromatography was invented about thirty years ago. Unlike
TLC, the techniques of paper chromatography are fairly well established.

Published Rf tables are available for thousands of compounds, usually

in several different solvent systems. Bate-Smith (1948) first applied



paper chromatographic techniques to anthocyanins. It became obvious
that the technique was a very useful tool in the separation and
identification of anthocyanins. Rf values are important in antho-

cyanin ddentification. The R, value is equal to the distance the

r
solute migrates divided by the distance the solvent front migrates.

No two glycosides have the same R, values in different solvent

T
systems. Anthocyanin behavior has been studied in a varlety of solvent
systems (Harborne, 1958; Abe & Hayashi, 1956). A direct relationship
between the Rf value for a specific solvent and the anthocyanin structure
was first noted by Bate-Smith & Westall (1950).

The degree of hydroxylation, methylaticn, glycosidation and
acylation of the anthocyanin molecule affects the Rf value, in different
solvents, in specific patterns:

Hydroxylation: An increased number of hydrozyl groups cause a
ecrease in Rf values in both aqueous and alcoholic type solvent
systems.

Methylation: An increased number of methoxyl groups on the molecule

cause increased R, values in both aqueous and alcoholic type solvent

b

systems. It should be noted that the increased Rf values caused by

methylation are somewhat less than the decreased Rf values of hydroxylation.
Glycosidation: There is a direct relationship between the Rf

value and the number of sugar moleties on the anthocyanin molecule.

An increased number of sugar moieties acts to increase the Rf values

in aqueous solvent systems, and to decrease values in alcoholic solvent

systems.



Acylation: Has the reverse effect of glycosidation. The Rf
values in aqueous solvents are decreased, and in alccholic solvents

are incressed.

E. Tdentification

Identification of anthocyanins, anthocyanidins, and thelr sugar
and acyl residues should inélude data from several different techniques.
Chromatographic comparison of the compound 1n several different
solvent systems with a known, or standard marker, is one method used
(Harborne & Sherratt, 1957). Partial acid hydrolysis has been used
as one method in which to determine the position and number of sugar
residues that were attached to the anthocyanin molécule (Abe & Hayashi,
1956) . The colors of chromatographed anthocyenins in visible and
ultraviolet light have also been used for identification. Many of the
anthocyaning flucresce (Harborne, 1967, pg. 8). Harborne (1958) used
spectral data, UV and visible, to characterize anthocyanins. Tables
of standardized spectral data are available in the literature (Mabry
et al., 1970). The effect of various chemicals (i.e. Aluminum chloride,
sodium methoxide, sodium acetate and boric acid) on the spectra is
also a useful technique to distinguish chemical characteristics of the
molecules (Geissman, Jorgensen & Harborne, 1953; Geissman & Jurd, 1955).
Enzyme analysis has been used in some situations as an aid in identification.
Chemical synthesis is rarely used due to the microquantities of material
available. Anthocyanins are now commonly identified using a combination

of Ra values and spectral (UV & visible) data. Glycosides are determined
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by direct comparison with standard markers on TLC.

Just as a relationship between the Rf value and the anthocyanin
structure may be characterdized; so it is possible to characterize
the relationship between spectra and anthocyanin structure. A few
of the main patterns relating spectra to structure as as follows:
(adapted from Harborne, 1967, pg. 9)

1. Addition of hydroxyl groups to the B-ring causes bathochromic
shifts (i.e. towards longer wavelengths), as seen when comparing
pelargonidin (520 mpy), cyanidin (535 mpm) and dephinidin
(546 m ).

2. Methyiation of'the hydroxyl groups on the B-ring causes
small hypsochromic shifts (i.e. towards shorter wavelengths),
as seen when comparing delphinidin (546 mu) with malvidin

(552 mp ).

F. Biosynthesis

The inheritance of flower pigments has been a topic of study
for many decades. Flower color is largely due to flavonoids, mostly
anthocyanins. The variations in color are a result of changes in
inheritance of the genes controlling color. Flower pilgment genetics
was first studied by Bateson at the turm of the century. During the
1930's biochemists became involved in these genetic studies. Many
examples of single gene differences affecting flower color were found.
Scott-Monerieff (1936) related these differences to simple modifications

in the synthesis of anthocyanins. The culmination of these studies



was in 1945 when Beadle stated the one gerie~one enzyme hypothesis
while working with Neurospora.

Continued studies of pigment inheritance in higher plants have
elucidated biosynthetic information. This information has lead to the
discovery of the probable discrete steps in the bilosynthetic pathway
of flavonoids. Recent methods used for studying bicsynthetic pathways
involve feeding radioactively labeled precursors into plants and tracing
their paths. The amount of time for incorporation of the labeled
precursor into flavonoids is measured at intervals. With great care
in the interpretation, the position of various labeled moclecules
can be identified in the blosynthetic pathway (Figure 10).

Neish and others (Neish, 1964) have concluded that the 015
skeletorn of flavenoids 1s derived from two separate pathways; one
from acetate and the other from shilkdmic acid (Figure 11). Controversy
still exists over the exact steps of the pathway. Below 1s a summary
Aof the possible biosynthetic pathway.

1. The A-ring arises by the condensation of 2 malonyl CoA

units and acetyl CoA. (This pattern of synthesis of aromatic
rings is similar to the pattern found in fungi).

2. The B-ring and the C, unit is derived from a C6—C3 precursor,

3
which 1s indirectly derived from sedoheptulose - via the
shikimic acid pathway. This C6-—C3 precursor 1is presumed
to require activation - in some unknown way.

3. Thus a Cy5 - intermediate has been formed. Once formed
it is modified in various ways to yield the different classes
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of flavonoids. The CiB - intermediate has not yet been
identified. Controversy exists as to whether all the flavonoid
classes have one common irntermediate, or if possibly inter-
conversion between the classes can occur without the inter-
mediate step (Grisebach & Patschké, 1961).

Methylation and glycosidation occur at the end of synthesis.
The possibility still remaing that some methylation or
glycosidation can occur at the 015 - intermediate stage.
Enzymes that catalyze O-methylation of caffecic acid have
been found in petunias (Hess, 1964a) but these particular
enzynes apparently are not involved in anthocyanidin methyl-
ation. The glycosylation of anthocyanidins is presumed

to require its own group of enzymes - anthocyanases.



ITI. METHODS AND MATERIALS

The identification of anthocyanins may be divided into six
basic steps: 1) extraction, 2) separation, 3) isolation, 4) analysis

of aglycone, 5) sugar identification, and 6) spectral analysis.

1. Extraction

This step refers to the removal of the flavonoid pigments from

the plant material. The Allium amplectens plants were obtained by

2 methods: 1) cultivated in an experimental garden in Stockton or
2) dbtained on field trips to the Sierra foothills where Allium
amplectens grows in abundance.

The entirve plant was dried before extraction. To extract, the
entlire plant was broken into small pieces, placed in a beaker and just
enough solvent (1% HC1l in methanol) added to cover the pieces. The
beaker was kept in the dark at approximately 4°C for 24 hours. The
extract was then filtered and concentrated. To concentrate the
extract the flask was placed in an ice bath under a current of forced

ailr. The extract was spotted onto paper while it was being coricentrated.

2. Separation

As mentioned previously various techniques have been used to
separate anthocyanins. The method of choice is usually paper chroma-

tography. Thin layer and column chromatography have also been used,
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but paper chromtography seems to offer more advantages over these |
other two methods (Geissman, 1962, pgs. 34-69; Mabry, et al., 1970).

For separation of the anthocyanins, the extract was spotted on
Whatman 3 chromategraphic paper (46 x 57 cm sheets of medium flow
rate). The spot was approximately 2.5 cm in diameter, and was in
the.lower left corner about 10 cm from each edge. The chromatogram
was developed by descending technique in 2 directions. The solvent
for the first direction was n-butanol; glacial acetic acid : glass
distilled water (4:1:5 v/v/v); the upper phese of this solution was
used after equilibration for 3 hours. This mixture is commonly
referred to as n-BAW. The solvent for the second direction is 15%
glacial acetic acid in distilled water, commonly designated as HOAc.
The firzt system is an aicoholic solution and the second is agueous.
The effect of alecholic and agueous solvent systems on the Rf value
has been mentioned previously. Development in first direction takes
approximately 20 hours at room temperature (i.e. 20-25°C). The
papers are then dried, rotated 90° and refolded for descending development
in the second direction. The second direction takes approximately
6 hours at room temperature. The temperature affects the developing
time and, therefore, the quality of separation. If the solvent
‘front moves too quickly the spots will 'streak' or 'tail' causing
poor separation of the spots. If the front moves too slowly then the
Rf's for the normally slower moving spots may be affected.

After the second direction the papers are again dried under

the hood. The spots are viewed under visible light and circled with
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a pencil. The Rf of the spots is determined, and one chromatogram

from the lot is exposed to ammonia fumes to determine color reactions.

3. Isolation

The darker spots were cut from the paper and eluted. Some of
the spots were tuo close together to be separated, therefore, spots
2-1-15 were eluted together, as were spobs 3-4-14., The spots to be
used for spectral analysis were eluted in spectral methanol for 20
minutes and then evaporated to dryness.

The spots to be used for aglycone and sugar analysis were eluted
in .1% HCLl in MeOH for 24 hours. The eluate was then poured into an
evapcrating dish and the spots eluted for a second 24 hour period.
Elutioﬁ and evaporation of the eluate to dryness was done in the
dark at U°C. The eluste was always taken to complete dryress-and
then covered for later use or resuspended for further steps.

Further purification of the 3 spot complexes, 2-1-15 and 3-4-14,
could be done at this point. The 3 spot complex was eluted with .1%
HC1 in MeOH and applied as a 3 inch stripe at one end of a half plece
of Whatmarm 3MM paper. The paper was developed in n-BAW for 20 hoﬁrs.
Three distinet bands were usually obtained and eluted from the paper.
The correspondence of spot nunber to band number can be obtained by
comparing the spot Rf values from the first direction run (dev. in

n-BAW) , with the band R. values (also dev. in n-BAW). It was concluded

f
(Chu, 1972) that spot 15 from 2-1-15 was band 1 (the band closest to
the origin); spot 1 was band 2; and spot 2 was band 3 (farthest from

the origin). For spots 3-U-14 only 2 bands were usually visible.



37
Band 1 was pr’obab 1'\/‘ spet 3 ;5 and band 2 was spot 4, This purification

technigue was later discontinued. Too much material was lost with

this added step and the advantages of the step became minimal.

I, Analysis of Aglycone

" After elution from paper for 24 hours, the eluate is filtered
and placed 1in a screw cap test tube. To the eluate is added, in a
volume of about 1/U the sample solution, concentrated hydrochloric
acid. The screw cap test tube is boiled in a water bath for 4-6 hours.
This is to iInsure complete hydrolysis of all the O-bonded sugars.,
C-C bonded sugars are not affected by hydrolysis. The hydrolysate
is then taken to complete dryness to remove all the acid. The aglycone
is then extracted from the sugar. The extracrvicn procedure that
follows preduced 5 samoles (A, B, C, D & E) that are spotted on
cellulose and silica gel thin layer plates (commercially prepared by
Eastman Kedak) .

.To obtain sample A, MeOH:H,0 (1:20 v/v) is stirred over the
dry hydrolysate. The aqueous phase is washed three times in a separatory
funnel with petroleum ether (sample B). The sugars and any un-
hydrolysed anthocyanin remain in the aqueous phase. Any residual
anthocyaniding will move to the ether phase along with any breakdown
products.

Saﬁrﬂes C and D are obtained by adding approximately 5 ml aliquots

of both the MeOH:Hzo (1:20 v/v) solution and petroleum ether directly
to the evaporating dish containing the dried hydrolysate. The aliquots

are poured into a separatory funnel - the lower, water phase, is sample



C and the uprer, ether phase, is sample D). The procedure is repeated
3 times so that there is at least 15 nl of both sawple C and D.
The last sample, B, ig residue. "The evaporating dish is left
with a residue that 1s insoluble in either the MeOH:HZO or ether solu-
tions. Approximetely 1-2 ml of 1% HC1 in methanol was added to the
dish. The residue immediately dissolved.
Each of the samples were taken to complete dryness and resuspended
in 1~-2 drops of appropriate solvent. The drops were spotted on a
thin layer chromatograpn. Bolh silica gel and cellulose premooated
plates were used (See Appendix I). Also spotted on the same plate
were known anthocyanidins and known sugars (See Appendices IT & III).
The thin-layer plates were developed by the ascending technique
in an Eastman Hodsl TIC sandwich aepparetus.  Several
differert solvent systems were used In an attempt to get the best

sepavation (See fprendix IV). After development the plates were air

giby

o

dried and viewed under visible, long-wave UV and short-wave UV lights.
The plates were then sprayed with a visualizing reagent (See Appendix
V), and developed in an oven at 100°C for 5-10 minutes. Following
development they were again viewed under the visible and UV lights.

The R, values and color reactions were noted, and campared with the

b
known compounds on the same plate, and with published data.

5. Sugar Identification

The sugars remain in the lower, water phase during extractlion.

The water extract was taken to dryness in a glass petri dish. The



visible suger residue was resuspended in water end spotted on TLC plates,

one drop at a time. Authentic known sugsrs were co--chromatographed

on each TLC plate. The plates were developed in various solvent systems

and visualized with several different sprays (Sec Appendices IV & V).
The TIC plates were viewed under visible and UV lights before

and after spraying. After spraying the plates were heated at 100°C

for 5-10 minutes or until the sugars were visible. Color reactions

were noted and Rf values calculated.

6. Spectral Analysis

Spectra were taken on three different spectrophotometers, two
of which were drum recording instruments. All data reported here
is from either a Pericin-Elmer 202 or a Hitachl 3PS-3T. Wavelength
calibration was carried out with a Didymium glass filter which has
Apar's AF 403.0, £29.5 and 586.0.

Spectra were run at medium-speed and on a scale at 0-1.0 ab-
sorbance. Spectral grade methanel without added reagent was used
as reference. Three cuvetts of 1 cm path length were used during
analysis: 1 for reference, 1 for the standard known solutions, and
1 for the unknown anthocyanin solutions. All spectra were run in
UV (210-360 nm) and visible (340-700 nm) light ranges. Any necessary
calibrations were made on the Hifachil when changlng between the two
wavelength ranges.

A stock solution of the standard known anthocyanidin was prepared
by dissolving a small amount of the compound in approximately 15 ml
of spectral grade methanol. The concentration was adjusted so that

the optical density of the major absorption pesk gave readings between



Lo

0.6 and 0.8,

The stock experimental anthocyanin solution was obtained by
eluting spots cut from the second chromatographic run., The paper was
cut into small pileces and eluted in spectral grade methanol for about
20 minutes. The eluste was filtered and taken to complete dryness.
The residue was resuspended 1n approximately 10 ml of spectral methanol.
The stock experimental solution was usually more dilute than the
standard solution, however, all peaks were still visible,

Msbry, et gl (1970) suggest that methanol may elute some UV-
absorbing compounds Irom chromatographic paper. Thus, when preparing
the reference solution, a plece of blank chromatographic paper was
shaken with spectral methanol and the solution filtered. In this
investigatlion however, when this reference was compared with a spectra
rethanol reference, no difference (i.e. in absorption) was noted in the
UV range.

In determining the spectra of a particular unknown spot the
spectrum of spectral methanol was taken first and compared with a
reference of spectral nethanol. This first spectrum served as a check
for any absorptions due to the solvent or cuvette. Illext the methanol
spectrum neat (i.e. containing only MeOH and the sample) of both the
standard and experimental stock solutions was run. A few drops of 4N
hydrochloric acid in spectral methanol were added to each neat stock
solution and the spectra run again. The Neat/HC1l solution was then
discarded.

Three drops of stock sodium methoxide solution (See Appendix VI)

for preparation of all stock solutions used in spectral analysis)



were added to each of the stock sclutions, the spectrum was run lmmediatel
after the addition. The spectrum was rerun after approximately 5
minutes as a check for flavonold decomposition. The NaliOe sclutions
were then discarded.

Next the aluminum chloride (AlCl3) spectrum was run immedlately
alter 6 drops of stock AlCl3 solution were added to each of the stock
solutions. After the A]_Cl3 spectrum was run, three drops of stock
HCl solution were added to each cuvetie contalning the A1013 solution,
the spectrum was recorded inmediately. The AlCl3/HCl solution was
then discarded. A

The next spectrum run was with sodium acetate, NaOAc, in each
of the stock flavonoid éolutions. Anhydrous, powdered NaCAc was added
in excess of solupility to the stock solutions, these were then shaken
until approximately & 2mm layer of HalAc remzained at the bottom of
the cuvette. The spectrum was run lmredliately after this addition,
and sgadn 10 mirmutes later to check for flavonoid decomposition,

After the second spectrum was run, powdered anhydrous boric acid
(HBBog) was added until the solution was saturated. The spectrum
was recorded and the NaOAc/h3 3 sclution was discarded.

The ratio O'D'MMO/O'D (or LLI /L —_ ) was calculated so that
relative peak intensity values could be compared with characteristic

values published in the literature. The for the absorption

kmax
peaks was also determined.

No effort was made to run the unknown anthocyanin eluate on other
spectral equipment (such as NMR, IR, Mass Spec., or G.C.) due to

the unavailability of published data on anthocyanins for any of these

machines.
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The chemical effect of the various reagents added to the stock
solutions wili be discussed later. hach of the reagent effects pro-
vides information about the presence and position of hydroxyl groups
that may be applied towards the determination of the flavonold type.
The actuai spectra of authentic cyanlidin and pelargonidin, and the
spectra of the 2--1-15 complex with each of the reagents are in Ap-

vendix VLI,



IV, RESULTS AND DISCUSSION

A.  Chromatography

McNeal reported in 1970 that Allium amplectens had 15 different

spots when run on two-dimensional paper chromatography using t-BAW
(or TBA) (t-butanol:acetic acidiwater, 3:1:1, v/v) and 15% acetic
acid (HOAc) as the two solvent systems. The spols reported were
(using the Mingrone (1968) system of numbering); 1,2,3,4,5,6,7,8,9,
131,13,14,16 and 18 (Figure 12). Since then McNeal (personal communi-
cation) has also located spots 12,15 and 19.

| Chu. reported (1972) that only ten of these spots were detected
when using n-Ded and 15% acetic acid for solvent systems. The ten
spots detected by Chu were; 1,2,3,4,8,9,12,13,14 and 15.

In this investigation the following spots were detected using
n¥BAW and 15% acetic acid for the two solvent systems; 1,2,3,4,5,6,8,9,
12,14,15,16,19 (Figure 13, Chu). For this investigation the only spots
worked with were; 1,2,3,4,14 and 15. Of these six, the only spots
that could be obtained in a high enough concentration for spectral
and sugar analysis were; 1,2, and 15. The Rf values of these three
spots on paper are shown in Table 1.

It was found that partial hydrolysis occurred in spot complex
2~1-15 even when great care was taken to avoid it. Steps ftaken to
mitigate hydrolysis were: storage in the dark at 4°C, a minimum of

time in solvents, a minimum of time between initial extraction and
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Figure 12 The distribution of spots of Allium armlectens when
chromatographed in two dimensions on paper, with t-BAW
as the lirst solvent system and 15% acetic acid as the second.
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Rf Values

TABLE 1

of Spots 1.2 and 15 on Paper Chromatograms .

s

opot Hurber

Solvent Systems

n--BAW 15% Acetic Acid
1 2 38
2 30 4o
15 25 3h
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purification procedures and between purification and the final analyses
for aglycone and sugars.

The procedure was altered continuously throughout the investigation
in an attempt to obtaln results with fewer partial hydrolysis and
brealcdown produéts. Consequently the results reported (in Tables 2
through 15) will reflect this procedural evolution. Data is reported
initially for berds 1,2 and 3. Later this changed to data for the

155 thus, the third paper chromatography purification

.ed. Data for the 2-1-15 spol complex beflore and

The data alter hydrolysis freguently include what are belileved
to be breakdowm products; phenolic, benzoic and phenyl carboxylic com-
Jud )

oounds (see Lit. Revisw pg 10). R, values for some of the possible

ete are llsted in Table 16,

1t should ©me noted that the R, values of anthocyanidins are less

e
than anthocyanins for the same spot in agueous solvent systens. 'The
anthocyanidin Rf values are greater than the anthocyanin values in
alcoholic solvent systems. These patterns are due to removal of sugar
moieties from the hydrolyzed anthocyanins. Removal of acyl groups
or methoxyl groups would exhibit a differentiseﬁ of patterns in aqueous
and alecoholic solvent systems. (For a detailed explanation see the
Lit. Review, pgs. 25 and 26).

It has been shown that different types of flavonoids usually occur
in characteristic areas on a chromatogram. A schematic diagram from

Mabry eb al. (1970) of some of the flavonoids more commonly encountered
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in his research is shown in Figure 14.%¥ The characteristic patterns
for these common flavonoids can be compared with the two-dimensional

chromatogram of Allium amplectens in Figure 12. (Note: both diagrams

represent chromatograms run in the same solvent systéms ont the same
type of paper and are drawn to the same scale.)
.Although anthocyanins are not specifically shown in the diagram
a comparison can be made between the two Figures 12 and 18 with special
reference being made at spot complexes 2-1-15 and 3-4-14. For the 2-1-15
corplex a 71-0-diglycoside is suggested. Because the diagram is not
specific for anthocyanins the position of attachrent is not necessarily
at the 7-position. The inference at an O-diglycoside is probably
still valid since the diagram is for flavoncids.
The geometrical relationship of one spot relative to another may
also be indicative of sﬁructurai differences in compounds. Below is
a list of some patterns mentioned by Mabry et al. (1970), that exist
amnong, the commron flavonoids:
1. 5-Deoxy [lavonoids run consistently slower in t--BAW and
slightly faster in 15% acetic acid, relative to the 5-hydroxy

flavoncid equivalents.

¥The more comronly encountered flavonoids mentioned asre flavones,
flavonols, iscflavones, flavancnes, chalcones, dinhydroflavenols, aurones,
and their O-glycosides. The information presented is for the more
commonly encountered flavonoids which possess a 5,7-dlhydroxylated A-ring
and either a U'-mono-or a 3',4'-di-nydroxylated B-ring. The glycosides
refer to the 3-and 7-mono-and 3,7-di~-glycosides, unless stated otherwise
on the diagram. Slightly different chromatograpnic properties may be
found for flavonoids with other oxygenation and/or glycesylation patterns.
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Figure 14

The distribution of flavonoids on a TBA (t-BAW)/HOAc
(15% acetic acid), two-dimensional paper chromatogram.
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4r..Monchydroxy flavonoids run faster in both ¢-BAW and 15%
acetic acid than do the 3',4'-dihydroxy equivalents.

For monoglycosides and diglycosides of the same aglycone,

the diglycoside consistently runs slowér in t-BAW and faster
in 15% acetic acid than the monoglycoside. This relationship
has been shovm to be consistent for apigenin and luteclin

4

(both anthocyanins) and for other types of flavonoids.

It should be noted that the average Rf's of spots in the Tables

are not the same &s the spots from paper chromatography. The nurbering

system of Mingrone (1968) was used for identifying spots on two dimen-

sional paper chromatograms. On TLC, the Initial spot when develcoped

separates into several distinct spots. The Rf value was measured from

the center of esch distinet spet and then listed on the tables under

a nunbered colunmn, The colunn nunbers are nct nmeant to correlate from

Table to

Table {i.e. the averaze spot Rf's in colum 3, Table 3, are

not necessarily for the same spot as the Rp's in colum 3, Table h.

A typical spot as it would appear before and affer development on TLC

is shown in Figure 15.

Before

After 4.~ = Solvent front
5]

L S

5 distinct spots

Q 3 on developed T1C
2
1

C}_.”m.__ Spot center v~ - d4-- spot origin
N~ - ~-material being

spotted (e.g. Cyanidin)

Figure 15 A typlical spot before and after develcopment on TIC.



Tables 2 through 5 represent development in the same solvent. The
Rf values on them cen, therefore, be conpared te identify the antho-
cyanldin and possibly the sugars associated with it.

In Table 2 the Rf‘s for galactose and glucose in this solvent
system are almost the same. These two sugars are difficult to separate
in ény solvent system. Glucurcnic acid had two distinet spots. Uronic
acids ave easily converted to the lactone, thus the two spots are
probably glucuronic aclid and its lactone. Galacturonic acid may also
have had a lactone spot, but due to a small concentration on the TLC,
1t was not visuslized.

The overall averages in Tables 3,4 and 5 are very similar.
Authentic cyanidin has one spot with an average Rf of 61.7 that ap-
parently is elther not 1In 2-1-15 or Band I, or has a different Rf‘
Both 2-5-15 arnd Band I have spots ab 50.9-52.6 that could be this
authentic cyanidin spcst. The Rf could vary due to the presence of a
Sugar. The Rf‘s of glucose and galactose (and also possibly arabinose
and rharmose) are close enough to those of 2-1-15 that any one could

1N
be a sugar of the complex. The Rf of 79.2 from 2-1-15 is most likely
a breakdown product due to hydrolysis.

The results from Tebles 2 through 5 indicate that cyanidin is
the anthocyanidin of the 2--1-15 complex, and either glucose and/or
galactose (maybe arabinose and/or rhamnose) are the sugars present.

Tables 6 and 7 indicate that the sugar of 2-1-15 is probably

glucose. The R, of glucose if U44.2 and 2-1-15 has a spot with an

£

average R, of 43.1.



TABLE 2

Average Rf's of TLC Spots From Authentic Sugars on Silica
Gel in the MEKIAc:MeOH (6:2:2 v/v) Solvent System.

Sugar Average Rf's of’ Spots
Arabinose 56.U
Galactose 47,2
Glucos L8 u
Marinose -

Rhanmose 68.5
Glucurcnic acid 8.1 & 74.5
Galacturonic acid 45,9




TABLE 3

Average R.'s of Spots of Authentic Cyanidin on Silica Gel
TIL.C with Various Treatments in MEK:Ac:MeOH (6:2:2 v/v) Solvent System.

Average Rf's of Spots

Treatment 1 5 3 y 5 6
Cyanidin:

without hydrolysis 12.7 22.9 — 4i.2 — ——

with hydrolysis 11.6 18.6 33.1 44,0 | 61.7 198.6

Overall average of )
Cyanidin 12.2 20.8 33.1 3,1} 61.7 198.6




Average R.'s of Band 1 (spot 15) of 2-1-15 Complex on Silica Gel
TLC with Varitus Treatments in the MEK:Ac:MeOH (6:2:2 v/v) Solvent Systerm.

TABLE 4

A

* Treatment

Band I without hydrolysis:
Band I with hydrolysis:

Ether extract
MeOH:H?O extract
No extraction

Average of hydrolysis

Overall average of Band 1
(with and without rydrol-—
ysis)

Average Rf's of Spots
1 2 3 b 5 6
12.6 — 31.9 43.5 | 53.1 e
e 17.1 e - — 198.5
——— 16.0 38.6 hg.0 e ——
—— --= | 29.6 h1.5 | 52.2 —
e 16.6 34,1 h7.6 | 52.2 |98.4
12.6 15.2 32.8 b7t 52,6 198.5
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TABLE 5

Average RF'S of Spots from 2-1-15 Complex on Silica Gel TLC with
Various Treatments in the MEK:Ac:MeOH (6:2:2 v/v) Solvent System

Average Rf's of’ Spots
Treatment
1 2 3 il 5 6
2~1-15:
without hydrolysis —_— 31.9 —_—— 9.2 — ——
with hydrolysis — - 2.1 55.1 180.3 (93.3
(no extraction) ‘
Extracts of hydrolyzed
2~1-~-15:
A (MeOH:H?O) ——— 25.2 e 7.2 — 197.8
B (ether) 17.8 — —— e | = [98.3
C (MeCH:H.) — S S SSUSUR JOURRE [
2
D (ether) — — —— e — 196.4
B (MeOH:HO) ——— —— —— - | 78.0 98.5
- Average of eUH extracts ——— 25.2 ——— 7.2 - 197.8
Average of ether extracts 17.8 — — — ~—— 198.3
Overall average of hydro-
lyzed 2--1-15 (without and 17.8 25.2 4,3 53.0 |79.2 |97.1
with extraction)
Overall average of 2-1-15
(without and with hydrol- 17.8 27.9 |.h2.5 50.9 [79.2 {97.2
ysis)




TABLE 6

Average R.'s of Authentic Sugars on Silica Gel TIC
in Ethyl Acetate:Pyridine:Water (12:5:4 v/v) Solvent Systemn.

Sugar Average R f' S
Arabinose 61.2
Galactose 37.8
Glucose by, 2
Mannose 52.7
Rharmose 80.2
Xylose 72.5




TABLE 7

Average R.'s of Spots From 2-1-15 Complex on Silica Gel TLC
in Ethyl Acetate:Pyridine:Water (12:5:4 v/v) Solvent System.

Average Rf's of' Spets

2-1-15 9.9 { 14.5 {18.0] 25.5 {h3.1
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Tables 8,9 and 10 with development in Forestal gave little con-
clusive evidence.  They indicate that the cyanidin of 2--1-15 could
be contaminated either with any of séveral breakdown products, or with
another anthocyanidin. The possibility of breakdown products has been
mentioned beforé and 1s considered the mest likely. Iorestal appears'to
be a poor solvent for resolving different sugars. No conclusions
could be made on the identity of the sugars from this solvent.

Tables 11 through 13 were developed on cellulose in n-BAW. This
was a good solvent for separating sugars and anthocyanidins. FResults
from this solvent indicate that cyanidin 1s the anthocyanidin in the
2~1--15 complex. The possibility of contamination of 2-1-15 with
delphinidin, malvidin or pelargonidin does not appear probable.

Breakdown products of the 2-1-15 complex are apparently the only

major contaminants. Fartial hydrolysisrdoes occur with time in

2-1~15 even when stered dry in the cold and dark. The partial hydrolysis
is indicated by a comparison of fresh 2-1-15 with 6ld 2-1-15 (Table 13).
The old 2-1-15 had 5 more spots than the fresh 2-1-15 (i.e. spots

in columns 1,2,3,9 and 11).

The spots in colums 1 and 2 could be glucose which was no longer
attached to the molecule., Partial hydrolysis haying removed the
substituent at the most unstable position first. The average Rf's
of glucose and cyanidin plus glucose compare with the average Rf‘s
of the 2-1-15 complex. It is more difficult to indicate other sugars

that may be present in 2-1-15 since Rf‘s of cyanidin are so similar

to suzar Rf’s In this solvent. The presence of an average Rf of



TABLE 8

Average R.'s of Spcts from Auphénu1c Sugars on Cellulose TIC
in Porcsiai (Acctlc Acid:HC1:H, 0, 30:3:10 v/v) Solvent System.

2
Sugar Average Rf's of’ Spots
1 2

Arabinose 82.3
Fucose 86.5
Galactose 80.6
Glucose 80.2
Lyxose 87.3
Mannose 81.2
Fharinose 87.6
Ribosz 2.6 90.7
¥ylose 82.0
Galacturonic acid 70.3 84.1
Glucurordc acid 77U 86.4

‘e




TABLE 9

Average Rf,'s of Spots from Authentic Anthocyanidins on
Cellulose TLC in Forestal (Ac:HCl:HQO, 30:3:10 v/v) Solvent Systeni.

Anthocyanidin Average Rn.'s of Spots
Cyanidin 48,0 72.4
Delphinidin 25.5 -
Malvidin . 68.2 -
Pelargonidin 69.6 bl




TABLE 10

Averege R.'s of Spots from 2-1-15 Complex on Cellulose TIC
with Various Treatihents in Forestal (Ac:HCl:Hgo, 30:3:10 v/v) Solvent System.

61

<

Average Rf's of Spots
Treatment
1 2 3 b 5 6
2~1-15
without hydrolysis: 45,8 62.6 65.9 SR — ———-
2-1~15
with hydrolysis and
extraction:
A (MeOH:ILO) 42.1 | 58.0 | 65.7 | 78.6 | ~— | 96.9
B (ether) — —— — 73.0 | 88.5 —
C (MeOH:H?O) - — — 73.5 | 86.0 ——
D {ether) —— S_— — - | 84,0 —
E (HC1:MeOi) —— 55.0 68.4 78.6 e 96.1
Overall average of exiracts 2,1 56.5 67.1 75.9 | 84.7 | 95.9
Overall average of 2-1-15 44,0 58.5 66.7 75.9 | 84.7 | 95.9




TABLE 11

02

Average R.'s of Spots from Authentic Sugars on Cellulose and Silica Gel

TC's in h-BAW (n-Butancl:hcetic:H

2

O, 4:1:5 top layer) Solvent System.

Sugar

Average Rf‘s of Spots

Cellulose Silica
fucose 9.5 — Ly, 7 —--
Galactose 28.3 e e 8.7 27.3
Glucose 11.7 19.0 [36.3 9.0. 31.7
Rharmnose 38.2 56.9 b7.9
Glucuronic acid 13.0 b5, 7 —— -




TABLE 12

Average R.'s of Spots from Authentlic Anthocyanidins

4

with Variocus Treatme

nts (addition of sugars) on Cellulose
TLC in n~-BAW (n-butanol:Acetic Acid:H,0, 4:1:5 top layer) Solvent System.
2 S

Average Rf's of Spots

Anthocyanidin &

Tl"ea[}ment 1 2 3 u 5 6 7 8 9 ]_O ]l
Delphinidin ho.7
Malvidin 72.4
Pelargonidin 74.3 94.5
Pelargonidin & _
Glucose 15.6122.2]138.8 |——e]| === | === ———| ~-=102.3} —{98.8
Cyanidin 11.5| —={39.5 46.5150.6]66.41 ——179.1}92.7! ———}98.5
Cyanidin & Glucose 12.0119.7137.3 |=—=160.14]65.8] ~—=181.3192.3| ——197.5
Cyanidin & Rharmose coml o] e e [61,8] = | ===~ |91.3] -—198.5
Cyanidin & Glu- ) _

curonic acid 10.9129.0140.5 {—=—{63.5| —=—] —=—=|=== {87.0] ~—=| ==~




Average R.'s of Spots of 2--1-15 Complex on Cellulose

TABLE 13

Treatments in n-BAW (n-Butanol:Acetic Acid:Water, 4:1:5 top
Solvent Systenm.

ol

TLC with Various
layer)

Average Rf’s of Spots

Treatment i
1 2 3 h 5 6 7 8 9 10 11
2-1-15:
without hydrolysis
fresh* e | | e[ 39,5 42,1 07.3156.0160.8] ——~] 92,6 —m
old*(partial hydrol-
ysis) 10.8|16.4(30.0{38.1| ~—|48.5(58.7{65.1[85.2] 92.2198.6
fresh & glucose ~—119.9130.9{ ——{43.3(51.0!60.5168.8) wmmi el —m
0ld & glucocse —119.0127.7135. 0102, 0147, 7} —=163.1{87.61 Q4.5 —mus
average 2~-1-15 &
glucone ——119.5129,3135.4142.9149.4160.5166.0{87.61 94.5! -
axtracted without
hydrolysis:
MeOH:EEO axtract ||| e | 43,9147, 5159.0165.5] mme ] ] e
ether extract | | e UL O ] = [63.7186.2] 94,3
average of extracts | | el e AL BT L7.5159.0(64.6186.21 OL.31 =
Overall average of
2-1-15: 10.8{17.6129.8)37.8]13.5149.0|58.3|63.7|86.0] 92.2,92.6
¥ Fresh indicates 1little or no storage time; old indicates stored
for a period of time before being spotted -~ partial hydrolysis has

occurred.




TABLE 14

Average R.'s of Spobs from Authentic Anthocyaniding on Silica Gel TIC

in n--BAW (n-Butanol:Acetic Acid:

H0,

4:1:5 top layer) Solvent Systenm.

Anthocyanidin &
Treatment

Average Rf’s Qf Spots

Delphinidin
Pelargonidin
Cyanidin

Cyenidin & gluccse

71 8 9
82.2 | ~ 192.1
e 88,0 | e




(&2
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TABLE 15

Average R.'s of Spots from 2-1-15 Complex on Silica Gel TLC
with Various Treatments in n-BAW (n-Butanol:Acetic Acid: Water, 4:1:5 top
layer) Solvent System.

Average R.'s of Spots

fo
Treatment
1 2 3 4 5 6 {

2-1-15 tfresh e | e | = 3501 [ U7 596 | e

2-1--15 old (partial :
hydrolysis) 11.6 16.8 23.6 37.9 b6 .4 64,5 89.7

2-1-15 & glucose 9.1 |18.9 }27.9 | 35.1 | 44.2 | 73.0 —

Overall average of

2~1-15 104 117.9 j24.7 | 36.8 | 46.0 | 65.2 | 89.7




TABLE -

R, Values of Tosgsible Breakdown Products Chromatographed in
ntiw Solvent System. (Adapted from Block, Durrum and Zweig, 1958).

1

|
L

6

67

Possible breakdown products

Rp

Aromatic acids

O--Hydroxy benzoic acid
Protocatechuic acid
Galllic acid

Phenols

Pyrogallol

Fhloroglucinol

2-(2, h-Dihydroxyphenyl azophenol)
Catechol

Resorcinol

Hyoroxygulinone

Oreinol

91




43,5 in 2-1-15 could possibly be due to a suger (perhaps rhamose with
average Rf's of 38.2 and 56.9, see Table 2) since a similar Rf is

not present in either cyanicain or glucose. Another possible sugar

is galactose (average Ro of 28.3). The 2-1~15 spots in colum 3,

Table 13, have an average R, of 29.8, neither cyanidin nor glucose

b
have similar averages. Columns 9,10 and 11 (Table 13) appear to be
spots due to breakdown products, compare these Rf's with Table 16.
Cellulose TLC is better for separation with n-BAY than silica
gel. The solvent front moves very slowly on the silica gel thus
affecting Rf values. Visuallizing spots on silica gel also requires
a higher concentration of material. The results for silica gel in
n-BAW are, therefore, not as complete as with cellulose.
All the average Rf's of 2-1-15 compare with cyenidin and glucose
Rf's ezcept for two spots - 36.8 and 65.2. The 36.8 is most likely
due to a sugar since the Rf 1s too low to be a breakdown product.
The spot at 65.2 could be the spot that authentic cyanidin has - with

an average R, of 71.8 (refer to Table 1U). Galactose may be present,

f
but its average R.'s (8.9 and 27.3) are very similar to those of
cyanidin and giucose and it is difficult, therefore, to determine with

certainty.

B. Spectral

As mentioned previously there are two major absorption peaks
in the methanol spectra of most {lavonoids. Anthocyanins have their
major absorption peaks in the reglons of 250-300 nm and 450-550 nm,

The absorptions in the visible range, 450-550 nm, are referred to as

68
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Band I. Band IT is the absorption in the UV range, 250-300 nm.
Band I is considered to be associated with absorptions due to the
B-ring (cinnomoyl syster), and Band 1T with absorptions due to the

A-ring (benzoyl system) (Figure 16).

Benzoyvl ] Clnnamoy |
Band II sbsorptiont Rand I abscrptions invisible
in UV (210-360 nm): (340-700 nm)

1

l

Figure 16  Diagram showing spectral absorption ranges of the
g lag ng sp E0TT 2
flavoneid molecule (Adaptec from Mabry et al, 1970).

Varicus reagents added to the neat solutions of the anthocyanins
form complexes that sosorb at different wavelengths. Spectral shifts
towards shorter wavelengths are termed hypsochromic, and towards longer
wavelengths are bathochromic,

Results for the spectral portion of this investigation were deter-
mined by ccmparison of spectra of the 2-1-15 spot complex, with spectra
of authentic cyanidin (3,3',4',5,7-Pentahydroxy flavylium) and with
spectral data in the literature. Interpretations were made with
the aide of Mebry et al (1970), and Harborne (1957).

Mabry et zl. (1970) do not deal specifically with anthocyanins.
They discuss in depth general trends found to hold for a majority

of flavonolds. Harborne (1957) details specific information for
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anthocyaning, but does not go into depth on reagent effects. A
combination of this general and specific information was used to
interpret spectra. Results are given for; the theorétical reagent
effects, what the Band shifts indicate, and the actual shifts for
authentic anthocyanidin samples and the 2-1-15 complex.

.”he methanol spectra provide information on flavonoid types
and degree of oxidation of the heterocyclic ring systems. The position
of the Band I pezk between 475-550 nm is characteristic of anthocyanins.
For other flavonolds Band I occurs characteristically at other positions,
for example, flavones are between 304-350 rm and flavonols between
352--385 nm.

Band I for authentic cyanidin has an absorption maximum at 534
rnm according to Harbome (19573 1967, pg. 7). A maximum of 537-538 nm
wzs fourd in this Investigetion. The 2-1-15 complex had an average
waxinum of 528.5 nm, thus, a hypsochromic shift of approximately 6.5 nm
between cyanidin and 2-1-15.

The hypsochromic shift in this case is indicative of hydroxyl
groups being glycosidated. The magnitude of the shift depends on
how many and which pcsitions are glycosidated. The 3-glycosides
of cyanidin have a Arax at 523 nm, a hypsochromic shift of approx-
mately 12 nm. The hypsochromic shift for a glycoside in the 5-position
is approximately 7 nm. There is little difference, however, between
anthocyanidins with sugars at the 3~ and 5-positions and just the 3-
position. To distinguish between these two glycosides it is necessary

to observe Band I and the EMUO/E?EX ratio values. When the 5-hydroxyl
t
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group 1s free (no sugar substituent), a characteristic shoulder to
the main peak (between 410-450 nm) will fréquently be observed. Tho

quo/h X value for the 5-substituted anthocyanidin will be approximately
one-half the value of the free 5-hydroxyl anthocyanidin.

The lack of a shoulder on Band I at the 2-1-15 complex, and the
hypéochromic value of 6.5 nm indicates that the 3-hydroxyl is free
and the 5-hydroxyl is probabliy substituted with a glycoside. The
LMMO/LmM‘ value of the authentic cyanidin sanplie was roughly double
the 2--1-~15 value, also an indication that the S-hydroxyl 1s substituted.

The first reagent added to the neat stock solutions was sodium
methoxide, NaOWe., Sodium methoxide is a strong base and ionizes
hydroxyl groups. It has been used by Mabry et al (1970) on fliavones
and flavonols to detect free 3- and/or U'-hydroxyl groups. A large
hathochromic shift of Bard I, approximately £0-65 nm, is considered
evidence for the presence of a free U'-hydroxyl group. A decrease
in pesk intensity usually indicates a free 3-hydroxyl and a substituted
H-hydroxyl.

Band T in authentic cyanidin showed bathochromic shifts of 7S¢ nm
for the main peak and 34 rm for the shoulder in the presence of Nalle.
Authentic pelargonidin (3,4',5,7-tetrahydroxyflavylium) had bathochromic
shifts of Band I and its shoulder of 93 nm and 38 nm respectively.
An overall increase in magnitude of the shifts ( 614 nm) with a decrease
of one free hydroxyl position (i.e. from the free 3,3',4'-hydroxyls
in cyanidin to the free 3,U'-hydroxyls in pelargonidin).

Band I of the 2-1-15 complex experienced a bathochromic shift

of 66 rin. This evidence from addltTOn cof the NallMe reagent indicsates



that the 2-1-15 conplex has present free hydroxyls at the 3,3' and 4!

positions.
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Sodium acetate, NaOAc, was the next reagent added to the neat stock

solutions. NaOAc is a weaker base than sodium methoxide. Consequently,

-

it should only icnize the more acldic hydroxyl groups. For flavones
and.flavonols these groups would be the hydroxyls at the 3,4'- and
T-positions. For anthocyanins the S-position may also be considered
as more acidic.

Sodlum acetate can be specific for the detection of T-hydroxyl
groups. 'This is because ionization of the A-ring mainly affects
Band IT, whereas, ionization of 3,3'- and 4'-positions mainiy affects
Band I. Decomposition of the fiavonoid is possible if an alkali-
sensitive grouping is present. For flavones and flavonols, alkali-
sensitive groupings consist of hydroxyl groups in any of the follcwing
ratterns; 3,3',4'- 3 31,4v 5 3 5.6,7- 3 or 5,7,8~. If one of
these patterns is present decorposition may occur quite rapidly.
Consequently, determination of the presence or absence of free 7-
hydroxyl groups can be quite difficult.

The characteristic spectra for flavones and flavonols with NaOAc,
will experience a bathochromic shift in Band II of 5--20 nm in the
presence of a free 7-hydroxyl group. Band I will also shift 1f there
is a free 7-hydroxyl group, whether or not a 4'-hydroxyl is present
(Mabry et al, 1670). Those flavones and flavonols that possess a
4t hydroxyl and rno free 3- or 7-hydroxyis, usually exhibit a shoulder

on Band I (on the longer wavelength side) in MHaCAc.
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Band I1 was very difficult to obtain data from due to its apparent
decomposition in the prosence of NaOAc. Both authentic cyanidin and
2-1-15 exhibited decomposition in Band II1. What remained of the
absorption peaks showed little or no shift. Auvthentic pelargonidin
also had decamposition, hﬂv cver, there appearéd to be a bathochromic
shift of epproximately 7 nm. Mo conclusions can be drawn about the

T-position from this HalAc elfect on Band II.

onced & shift in HalAc. There was a bathochromic

bBand 1 expex
shift of approximmtely 62 rm for authentic cyanidin (the shoulder also
shifted bathochromatically 34 rnm). Authentic pelargonidin also shifted
bathochromatically, 70 mm for the main peak and 34 nm for the shoulder.
A bathochromic shift was also dbserved for the 2-1-15 complex of about
49 nm (it had no apparent shouider). It 1s difficult to determine
from the HalAc reagent effTects whether the T-pogition has a free hydroxyl
or not. The dats tends to reinforce previous data, however, thst
the 3,3' and 4'-positions do have free hydroxyls.

Boric acid was added to the solution that already contained NaOAc.

Boric acid will chelate with ortho-dihydroxyl groups present on the

flavonoid rings. An exanple of a chelated complex is shown in Figure 17.

CH

sl

Figure 17 RBoric acid chelated with orthedihydroxyls of an
anthocyanidin. (Adapted from Mabry et al, 1970).



A bathochromie shift in Band I of approximately 12-30 nm is
characteristlic of B-ring ortho-dihydroxyl groups, for flavenes and
flavonols (Mabry et al, 1970). It is suspected that a similar type
of shift would also occur for other types of flavonoids.

Authentic cyanidin exhibits a bathochromic shift in Band I of
36 nm, while pelarsonidin has a bathochromic shift of 60 rm. For
2-1~15 no chvicus absorptlion peaks were discernable. This was prcbably
because either the stock 2-1-15 solution was too dilute, or the
HalAc decorposad the flavoncid so rapidily that no absorption of the
chelated complex could occur,

Aluminum chioride was the next reagent added to the neat stock
solutions. Aluninum chloride forms acld stable complexes with hydroxyl
groups in the C-3 and C-5 positions. AICL, has been used as a diagnostic
reagent for the detection of anthocyanins with ortho-dihydroxyl systems
in the B-ring. 'he acid stable complexes that are formed in flavones
and flavonols with the C-3 and C-5 positions probably carmot be formed
in anthocyanins. The lack of a carbonyl at the l-position beling the
reason. The possible types of conplexes formed with AlCl3 and HC1
are shown in Figure 18.

The corplexes formed between the ortho--dihydroxyl system and

1013 deconpose in acid. It is expected that the ortho~dihydroxyl
system of anthocyanins should form coumplexes of the same type as are
found in other types of flavonoids.

To detect the ortho-dihydroxyl system in flavonoids the A1013

spectra. Band I will

i

spectra should be corpared with the AlClB/H,l
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Figure 18 Schemes illustrating the types of complexes that AlCl,

could form with certain flavones, flavonols (a,b,c) and anthocyanidins (d)

in the presence or absence of acid.¥®

(Adapted from Mabry et al, 1970, pg. 72).
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¥Note the difference in structure between the flavones and flavonols
and anthocyanidins is the reason that no C-3 or C-5 hydroxyl information

can be obtained with AlClg, but ortho-dihydroxyl information can be
obtained.
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shift bathochromstically in AICI, approximately 30-10 nm in the
presence of an ortho-dihydroxyl system. If three hydroxyls are

adjacent to each other the shift will only be shout 20 nm. With

the addition of acid the AIC1., complex should decompose and Band I
D

will shift hypsochromatically back

4

to i1ts original (i.e. neat) position.
1T, for flavones and flavonois, the hypsochromatic shift is greater
then this, then the excess rm shift is due to the presence of free

3=~ and/or S5~hydroxyl groups. Since the AICL, cannot form acid stable

3

conpliexes with eny Ifree 3~ or S-hydroxyis present in antnocyaning
when acid is added Band I should return to
its criginal position. The neat methanolic spectrum should be regererated

in the A;Clg/HCl if only anthocyanins are present. If other flavonoid

types are present with the carbonyl at the U-position then the reat

AT

rethanclic suectrum should not be regenerated unleszs both tho 3-

and S-hydroxyl grouns are either absent or substituted.

v

.

The addition of AICl, to the authentic cyanidin stock solution

3
caused a 35 nm bathochromic shift of Band I. The shoulder that was

in the neat methanolic spectra was not apparent with the AICl,. The

w

spectra of authentic pelargonidin supports the fact that the bathochromic
shift is’'an dindicator of ortho-dihydroxyl systems in anthocyanins,
Bands I and 11 of pelargonidin did nct shift when either AlClg or

HCL were added. A bathochremic shift of 47 nm was experienced by the
2-1-15 complex when AJC¢3 was added.

The addition of HCl to the ALC1, complex caused a regeneration of

3

the neat methanolic spectra in both authentic cyanidin and 2-1-15.
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Hhydroxyl system exists on the

hus 1€ is cuspected that an ortho-<

B-ring. Appavently the 2-1-15 sarwle was not contaminated wilth

C

ther flavonoild types. A summary of the spectral resgent results

will be found on Teble 17.



TABLEE 17

Sumnary of Spectral Reagent thUltb

L

Band* Change in nm Shift Direction
NaCile I Cyenidin 79 bathochromic shi f
(shouvlder &3l bathochromic
I 2-1-15 66 bathochromic
I Pelargonidin 93 bathochromic

(shoulder 438 bathochromic

11 Cyanidin 52 bathochromic
I 2-1-15 5 hypsochromlc
IT Pelaorgonidin 8.5 bathochromic
NaDAc I Cyanidin 62 bathochromic
(shoulder 43U bathochromic
I 2-1-15 4a bathochromic
I Pelargonidin 70 bathochremic apparent de~
conposition (shoulder e31
bathochromic)
11 Cyenidin Mo Data
IIb approx. rno shift Ila 21 bathcochromic
IT Pelargonidin 7 bqthochromic - Obvicus
decorposition
NaQAc/H I Cyanidin 36 bathochromic
j 3 (shoulder &7l bathochromic
no obviocus decamposition
I 2-1-15 No Data
I Pelarzonidin 60 bathochromic
(shoulder &18 bathochromic
obvious decomposition
IT Cyanidin 7 bathochromic
I 2-1-15 2.5 bathochranic
IT Pelargonidin 7 bathochromic



TABLE 17 (continued)

A1C1

w
o

II

Il

A1C1./HCL
J

(compared with ileat

Cyanidin
2-1-15
Pelargonidin

Cyanidin

2-1-15

Pelargoridin

Cyanidin
2-1-15
Pelargonidin

Cyanidin
2-1--15
Pelargonidin

3.

5

No Shift

Same
Same
Same

Same
Same
Same

Neat
Neat
Neat

s Neat

Neat

5 Neat

bathochromic (no shoulder)
bathochromic
bathochromic

(shoulder - no change)

hypsochromlc

(develop a shoulder)
bathochrenmic

(shoulder «9 bathochromic}



o SUMMARY AND CONCLUSIONS

The conclusions of this investigation include data from chroma-

tography and spectral analysis. The chromategraphy data indicates

that possibly several sugars arc present on the 2-1-15 gpot complex.
Gilucose 1s present, and gilactose is also quite probable. This
is based on TLC datas using R, valuss. (iucose and galactose were
difficuit to separete chromztopgraphically. Furtherinore, vheh separablon
was echleved the Rﬁ s of galactose were similar to those of Cyanidin
as seen with n-BAW. Of the cther sugars worked with the chromatography
data indicated that arabinose and/or rhamnose might also be found on
the 2--1-15 gpct compiex.
The spectral data indicated that Cyanidin is the anthocyanidin
‘Qf the 2-1~15 camilex., There did not appear to be any other antho-
cyanidins pregent in 2-1-15, as demonstrated by the reagents AlClB
and HC1 in spectral analys:
The spectral results also Indicated that the 3-position was free.
If this is combined with the partial hydrolysis data from chromatography,
it indicates that glucose could be at the 3-position. Apparently

1

for 2-1-15 the 3-position subatituent is sensitive to acid hydrolysis

and, therelore, the spectral data aiways indicated the 3-position
was a free hydroxyl. The chromatography indicated that partial hy--

-

drolysis was occurring whiie the zZ-1-15 was in the acid solution drying.

The other possible sugars could be located at the 5 and/or 7 positions,



1

Ho concliusive daba was obtained to indicate the nuiber of sugars
present or 1f the sugsrs present were monosides, blosides or trio-
sides. HNelther the spectral or chromatography data ever indicated
that an acyl SLbstitU nt might be present on the 2-1-15 complex.
Tnfra-red data could give concliusive evi e for this,

To obtain more definite information on the anthocyanidin molecule

of Allium arplectens more sophisticated e7u¢px@nt and materials would

be necessary (e.g. HR, © spec., IH, nitrogen storage, temperature
and 1ight controlled chromabography room, more authentic sugar sanples,
etc...)

The 2-1-15 cormplex appears Lo be a very sensitive molecule and is,

therefgre, very difficult to work with, unless many variables in

the environment can be controlled (temperature, light, time, 02).
The gensivivity of 2-1-15 was deronstreted with chreomatography by
the partial nydarolvels of the complex when stored even for minimal
periods cf tims. Spectral data alsco indicated the 2-1-15 complex to
be very sensitive. Decomposition of an older sample was easy to
demonstrate when a fresh sample was avallable for comparison. The

extreme sensitivity of this conpliex made results difficult to obtain.

Qc
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APPENDIX I

Types of Thin-Layer Chromatography Plates

The two types of Thin-Layer Chromatography plates used in this

investigation were both commercially precoated* and were as follows:
Silica gel Eastman Chromagram sheet type 6061 (without
fluorescent indicator)

Cellulose Eastman Chromagram sheet type 6064 (without fluroescent
indicator)

Dimensions of both types were 20 x 20 cm.

¥ Eastman Kodak Company, Distillation Products Industries, Rochester, NY.
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APPENDIX II

Authentic Anthocyanidins

Cyanidin Chloride 3,3',4',5,7-Pentahydrosyflavylium Hydroxide
Lot 99731.

Delphinidine Chloride (HC1) Lot 74282

Malvin Chloride

Pelargonidin Chloride Lot 84970

Obtained frem:

K&K Laboratories, Inc. Plainview, NY/Hollywood, California.



APPENDIX IIT

Authentic Sugars¥

D(-) Arabinocse

L - Fucose
D(+) Galactose

Glucose
D - Lyxose

D(+) Mannose

L(-) Rhamose
2-Deoxy-D-Ribose
D-Ribose

D(+) Xylose

D-Galacturonic acid
D-Glucuronic acid

¥Pfanstiehl Laboratories, Inc. is a laboratory that specialized in

supplying rare sugars for research: Pfanstiehl Laboratories
1219 Glen Rock Ave.
Waukegan, Illinois



APPENDIX IV
Solvents Used in Paper Chromatography
and TLC

Paper Chromatography:

n-BAW - n-butanol:acetic acid:water¥
(BAW) 4:1:5 top layer after equilibrating 3 hours.

15% acetic acid - acetic acid:water
(HOAc) 15:85 v/v

t-BAW - t-butanol:acetic acid:water
(TBA) 3:1:1

MEK:Ac:MeOH - methyl ethyl ketone:acetic acid:methanol
(MEK) 6:2:2 v/v/v

— ethyl acetate:pyridine:water
12:5:4 v/v/v

Forestal -~ acetic acid:hydrochloric acid:water, 30:3:10 v/v/v

n-BAW - same as for paper

¥only glass distilled water was used
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APPENDIX V

Visualizing Reagents Used for TLC

1 g p-anisidine hydrochloride
.1 g sodium hydrosulfite
10 ml methanol
100 ml n-butanol

aniline phthalate
930 mg aniline
1.6 g phthalic acid
100 ml water-saturated n-butanol

ammoniacal silver nitrate (AgNO3)
mix equal volumes together of':

LN AgNO,
5 N NH,OH



APPENDIX VI

Sﬁock Reagent Solutions used in Spectral Analysis

Sodium methoxide (NaOMe). Freshly cut metallic sodium (2.5 g) was
added cautiously in small portions to dry spectroscopic methanol

(100 m1). The solution was stored in a glass container.

Aluminum chloride (AlCl3). Five grams of fresh anhydrous reagent

grade A1C1, were added cautiously to spectroscopic methanol (100ml).

3

Hydrochloric acid (HC1). Was mixed with concentrated reagent grade

HC1 to UN with distilled water.
Sodium Acetate (NaOAc). Anhydrous powdered reagent grade NaOAc was used.

Boric acid (H3B03). Anhydrous powdered reagent grade HgBO3 was used.
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APPENDIX VII

Spectra of Authentic Cyanidin and Pelargonidin and
Spectra of 2-1-15 Conplex with each of the Stock Reagents.

authentic cyanidin and pelargonidin in visible range -

authentic cyanidin in UV range

2-1-15 complex
blue
red

2-1-15 complex
2-1-15 complex
2-1-15 éomplex
2-1-15 complex
2-1-15 complex
2-1-15 complex

2-1-15 complex

in visible range

20 min. extract without acid

24 hr. extract with acid

in UV range (Red) Neat

in visible range with NaOle

in UV range with NaOMe

3 and AlCl3/H01
and AlCl3/H01

in visible range with AlCl

in UV range with AlCl3

in visible range with NaOAc and.NaOAc/H3803 (blue)

in UV range with NaOAc and NaOAc/H BO3 (blue)

3
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