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INTRODUCTLION

The chemist has long been attracted to the investiw
‘gation of natural and artifieial ccléring matters for a
variety of ressons, ineluding not~oniy color-pleasure,
the industrisal impcrtadce of dyestuffs and pigmenbs, but
also on sccount of the fact that visible color more than
any other property faeilitates the experimentsl study of
‘argania substances wheth&r by analysis or by synthesis.
Color furnishes a stendard of hamcgeneity or z measurs of
coneentration, is an inveluable guide in the search far
m@thoda of separatian and purifieatian, and it at once
inﬁiaates by its appearance or &1sappearance ‘the accur—‘
rence of a chemical reacticn.

' Altbough the chemical nature of this aolerlng |
matter was not known by early man, the search for this
knowledge was started meny years ago. As long ago as
166lL, Robert Boyle published “Expsriménts and Considera«
tions Touching Colours," in which he examined regults
when extracts from flowers were irested with scids and
alkalies.

In cases where plant pigments could be utilized
for dyeing, the practical value became so great that as

soon as a structural theory of organic chemistry had been
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developed, chemical constituents of plgments were determined
and the materisls synthesized. This was particularly the
case where produection of naturel substances could not keep
““up with the demend. | . |
' The research was éérried 6ﬁt:for‘tﬁebpurp63élbf'

1sblating and identifying the coloring matter in flowers
of the canna indieca {(canna 1iiy) variety. It'§§§'dohé;by
extracting the plgment from flower petels with methanol,
amyl alcohol, and ether‘solventé;'and'erystaiiizing.tha
pigment as a salt. Physical properﬁies such.as soiubility,
color reactions, sbectra and others were‘examined for this
pigment. Chemical prdperties and degradaﬁicn produc ts were
also examined in order to identify the chemical structure
of the pigment, |

Two importsnt groups of plgments that account for
most red, blue aﬁd yellow colors in flowers are known asg
snthocyanins snd smthoxanthins., In generél the darker pig-
" ments are due to the snthoeyanin group and the lighter pig-
ments to the anthoxanthin group. Hembers of both the'an-
thocyenin and the anthoxanthin groups of pigments have a
heteroéyalic strueture and a'large number have been lso-
lated and identified.

Red and blue wabter soluble pigments belong to the

anthocyanin group while ysllow water soluble pigments be-
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long to the anthoxanthin group which contains flavone or
flsvonol'compounds (20). The snthoxenthin pigments consti-

tute the largest and most widely‘distributed group in na~’ 
‘;ture, end azre often asqcclated with other plgments and ton-
‘nins. | ,

A»secand‘classifieatien of ﬁiant’pigménts isbﬁhe“'

“plastid group, the members of. whieh sre associated&with

ﬁhe protaplasmic structure of the plant, and a second group
| which generally exists infaolution in the cell sap and are
calieéAanﬁhoeyanins, The piaatid pigments are not soluble
in orgenic solvents sudhias ether and benzene. Included in
this évoup are carotenes, zaﬁﬁhoplylis and'chidronhylis.
They éiffer censiderably from the water seluble plgments.
~?he anthocyanins belong to a larger group of glycosides.
These anﬁhocyanin plgments sceount for shades of blue, pur-
plé,iviolet, mauve, magenta, and nesrly sll the&reds ia
_flowers,‘fruitsg 1éavé§‘and plant SEQmS; They are always
:Téﬁmbined‘with'sugars; are water soluble and usually dis-
solved in the cell san; ?hey may, hcwever; exist in either
:an amorphous or & erystailine state. (5) |

Sugar free pigmanbs or aglu@ens are called anthocy.

énidins. Anthoeyanins were exﬁraeted early from flowsrs
end leaves with amyl alechol, then cenverted to the corres-

ponding anthocyanidins on the addxtlen of acids such as
hydrochlorie acid.
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St. Joneséo {21) concluded that the presence of sntho-
eyenins, anthocyahidiné, and pseudo bases ﬁogethér iﬁdi&ates
their close interrelationship and their relation to the dis-
Happéaranée of ‘the red coiarvié ﬁlants.  Anﬁﬁbcyanidins.aégéar
ehardcteristié'bf’ﬁure're& orgens and do not exist éswcélo;éd
pigments in a free conditicn in 211 calored tisaue containing
anthocyanin, It is further concluded that canna, among other
fléﬁefs'having purple-red, nurple, violet or blue colorations
do not conbain anthoayanidins but contain an anthocyanin pig~
ment, the coloration of which varies in each species of
plant, snd an intense pure yellaw pigment whieb dissolves‘
in smyl slcohol like the enthocysnidins but is ndt‘a‘pséudc‘
base. N | | | R

Robinson (19} éoncluded that anthecyahins end flavones
cen be regarded as being produced divergently fromftwbkﬁlant
substances. One is present in a limited smount and is a
component of sll pigments while the second is produced in
an smount and veriety depend;gpﬁ‘bn factorial influences and
interactions., B |

Principa1 faQﬁofs affecting colors of anﬁhocjanin
and anthoxanthin pigments in hatﬂre’are>(1) nature and con-
centration of}anthoeyanin; anthoxanﬁhin’pigments end ather'
colored substances present; (2) the state of aﬁﬁhocyéniﬁ

and snthoxanthin pigments in solution, ﬁhich is determinédk



: Se
by the pH of the cell ssp end the presence or absence of
protegtiVe.colloids of the pelyseechearide group; and
(3) the presence or sbsence of other plgments such as tan-
nins, also the effect of alkaloids and traces of iron and
other metals that form complex combinatieﬁs@ With regard
to'vériable colors of flower petals,‘Robinson.(ll) stated
that the faector is the_concentrati¢n of enthocyanin end
the ratio of this to the coneentrationraf co~pigments. of
- the tannin and flavonol ¢classes,. Pzle contains much less
anthocyanin than darker colors énd with higher concentra-
tion the cospigment is unable to modify the color of all
the anthocysnin, The character of the enthocyanidin
resonating systaﬁ‘is.seriousiy,affacted by the presence
of mineral salts and by the pE of the environment. Conse-
quently ecolors of pigments of flowers sometimes vary
markedly with type of soil. :Thus cyanin, the pigment of
red rose and blue cornflower, is pale violet in neutral
solution, red in dilute acid and blue in dilute base,
through which eolor reactions it sets as an indiecstor,

The color of fl@wers,'hOWever, should not be taken as a
rellable measure of the environmental pH,

Cram and Hemmond (2) state that anthocyanine are one
of the msin elasses of plant pigments. They cccur in
flowers and fruits as glycosides, hydrolysis of which pro=
vides colored aglycones known as anthocyanidins. Vivid

blues and reds of anthoeyanins sre associated with the
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A distribution of positive chearge ﬁhréughoutAan‘aryl-substin

-'tuted:chréman.ring system (I}.

Anthocyanidinsvaré usually isolated in the form of

‘ehloride salts;lare ffequently hydroleated in somé or all
of the 3, 5, 7, 3', L', 5? poéitions. Using this explans-
tioh, struetural formnlas cen be shown for the red cyaﬁin
cation (II), the violet cyanin color basé«(III), and the
blue cyanin anion (IV), Cyanins in general differ only
in the number and position of hydraxyl groups and in the

charscter of sugars to which they are attached.-

II. iII.

HO

O.glucoside
.glucoside
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O-glucoside
0-glucoside .
. . The basic unit structure of anthoxanthin is benzo~
pyrone‘(v) end thet of anthocyaﬁin<ié'benzopyryiium (VI),
both of which contéin-the.basic quadrivalant oxygen atom,

v R
0

.0

I
G

Thié éuédrivalehtxcxygen‘atom.can form additive conpounds
with acids ?ro&ucing éXoﬂiuﬁ salts.v Tﬂésevexonium salts
of anthbxanﬁhins are uﬁstabls, gre uvsuslly preecipitated by
using lesd scetate. Gxenium selts of anthogyanins’cn the |
bether hand are very stable and frequently OQGur_as such in
the plant. Dilute acids can ususlly be used to.isélate
them from their solutions. Hydrochloric scid, fbr example,
can be added to gét readily crystallizesble cémpsunds such
as 3, 5, 7, tribydroxyflavylium chloride (VII) which is
the simplest intact structural unit of gl1 the anthoeyanin

salts.
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7The chlorlde salts of anﬁhocyanins ars ca’lea anthocyanidins;'

The simplest structural formula of anthoxanthins is

' flavone,{VIII) and the basxe structure of the flavonols is

3 h$drexyf1a§éns {IX);f  EREE | N |
VIII. - ’  . IX.

‘ Hydroxy 5?03@3 mey be atuacped o the 3, S, 7, 3’, 4*
' ¢nd/bw 5' posi iens to. ferm the diffarent an*noxapth1ns
tfaunﬁ in nature. | "

The szmplest anthccyanldln ;ound in neture is gel«
'argcnidin (%) Lai« aaloriée selt of the antmocyanln from
which it is derived has hyaraxy groups in the 3, 5, 7, Lt

~ positions,
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oH ¥ o
Thefa are two ather fundaments1‘tjpe'g?auys; cyanidin (XI),’:
which 1s 3, 55 7s 3%, 4! pentahy&rmxy:E pheﬁylbenzoPyriliﬁm
chloride, and delphinidin (XII), which is 3, S, 7, 3', A',
g1 hexahydroxy 2 ph&nyibenzopyriliuﬁ.nhleriée&
XL, XI1.

HO

OH
Three other fundsmentsal type groups are ethers of ¢yanidin
or delphinidin. These three are peonidin {XIIT) which is
3, 5, 7, k! tetrehydroxy 3% methoxy 2 phenylhenzopyriiium
chloride; melvidin or syringidin (XIV) which is 3, 5, 7, 4!
tetrahydroxy 3! 5! dimethoxy 2 phenylbenzopyrilium dhlaride§
and hirsutidin (%V) which is 3, 5, L' trihydroxy 7, 3%, 5!
trimethoxy 2 phenylbenzopyrilium chloride,
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XTIII. ‘ XIv.

V.

co
Hq

All six typés have been synéhesized so the structure is
known. |

Robinson and Robinson {17) conecluded that almost
the whole rangs of anﬁhecyaninvpigments of flowers, fruits
end blossoms 1s derived from the first three fundamental
types of anthocyanldins listed, namely, pelargonidin, cygnw
1din and delphinidin, by various éubstiﬁatians in the hy;f’
droxy groups. They gave as exceptions tke bluest snthow
eyenin found in the beet Celosis ecristata, and Atriplex
hortensis as being nitrogenous pigments. At the othér end
of the scale the most yellow anthocyanin noted in Papaver
alpinum and the yellow Icelend Poppy is related to the

flavones.
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Anthocyanins are glucosides of enthoeyanidins, sug-
ars being attached to the 3 or the 3, 5 positions, *ﬁhé 3s
5 diglucosldes being the most common. Some of the sugars
‘are monoglucoside, monogalacticide, rhammoside or pento=
side. , v , _
All members yleld, when bolled with a dilute minersl
acid such as hyé;rgehlarié , anjasaﬁhwyaniéin and 2 sugar
or several sugars, Grilm,{S)'. Some of the members, for
exemple delphinin, yield in addition to the anthoc¢ysnidin
end a sugar or sugsars, & third component whiéh is invariably
en orgsnic acid. Pelavganin (XVI)}, the 3; § digluecoside of
pelargonidin is typieal of the 3, 5 diglﬁeosides, the most

widely distributed group of asnthoeyenins.

~ The acid radicals can be either in ester combination with
one of the hydroxyl groups of the pilgment nucleus or at-
~ tached to an hydroxyl of the sugar component.

Willstatter and co-workers (23, 24, 25, 26) estab-
1ishad the main features of the chemistry of anthocyanins
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which were recognized as saccharides, ocecasionally sey-
lated of the anthacyanidiné. -They found that the. antho-.
~ ayanizissexhibit asmphoterie charaeter, forming salts with-
'bcath ‘aclds and bases. Thus the vliolet plgment cysnin,
which can be igolated from biue cornflowers, red 'roses,"
Qeep red dahlias»andﬂsﬁaéé'flow@rs'farmm:a blue sodium
salt and a red hydm&hlariﬂa.»v Hydrolysls of the latter
. by hot aqueous hyéroéhlsfia acid inte gyanidin" chloride-
and glucose ¢ e;n’be ;shcf;m by the following equation.

Cp7H31014C1+ 2H0 = OyHy 30401t 2CgH 04

cyanin. . cyenidin glucose
chloride chloride

Other anthocyanin chlorides cen be h}é'é;raiizeé with water
tc‘a"gvi{re the anﬁho&yanid}.n chivoriaa anci tba sugar that was
attached. | ” |
The oceurrence of the 2 phenylbenzopyrilium nucleus
(XVII) in various anthoeysnins was originally established
by Willstatter (23) through an alksline fusionbf sugar .
free pigments. Empiriaal formnlaé of the three parent |
wvir. -

A
0

classes of anthocyanidins show that they differ from each

other by a single oxygen stom.



13.

Pelargonidin chloride C1gH110Cl or Cpgiy0Cl (0H)),
- Cyanidin chloride GlsﬁilaéclVor C1cHeOCL (sﬁ)g
Delphinidin ehloride C3sB110701 or CysHg0Cl (OH)e
‘These:anthocyanidins,vﬁhieh'are:freeiof‘Sugars,wdegféda
upon fusion with'pat&ssium hyé$axide‘into~ﬁwo*ﬁimgle'prod-
uctg,;ona of whiech ig:a phenol, and the othsr a phenole
'aarboxylia acid. ThesphenelAisiphlaroglnainal'(XVKII}'in
all thﬁee‘reaetionsgzand-ﬁhe phenelcarboiylicwaeid;is‘in
the order nsmed sdbove, respectively; p-hydroxybenzoic

acid, {XIX) protoeatechuic acid (XX) and gallie scid (XXI).

XVIIZ. S XIX. KXo - XXI.
HO OH 0 OH o OH
1 ‘ Y
HOC OH HOC,  OH

Y

- OH CH

- The following reaction (KX:K)»ragresents the degradstion
of eyanidin, ‘
X¥IiT.

Cyanidin . Phloroglucinol Protocatechnic
‘ acid

Precise nature of the phenyl residue in position 2

and the points of linkage of the sugar residues have been
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proven by Karver (6, 7, 8) and considered very rellable.
Later ,éegradations of "@Agal‘ free pigments with dilute
barium or sodium hydroxide: (m%),.‘ in,é:a atmasgﬁa?e of hydro=-
- gen, #lso degradations with hydrogen peroxide helped to .
esteblish positions .oi‘w:the‘ methoxy groups of peonidin
(XIIT), malvidin (XIV) i and hirsutidin {XV). The hydrogen
peroxide used by Karrer opened the ring structure be’msén
the 2 snd 3 cerbon sbtoms without removing the sugar rosi~
dues or the methoxy groups, ZXKarrer also found the positlon
of tha sugar on the anthoeyaning by methylation of the anthow-
cyaning fcliawea by the removal of the sugar group end the
identifieatién of the unmethylated position that the sugar
had originally aacupieé. This latter m‘ethaé established
the location of the sfugar residuee of the moneglucoﬁdes as,
always bsing in the 3 hydroxyl position of the anthacyanin
nueleus. In ishe case of ’che digluaesiées he found that the |
seeond sugar ‘resldue is generelly, but not always, a‘stached
to the 5 positien.

| The procedure followed by most investigéﬁors today
is the degradation of the snthocyanidin with 104 berium
hydroxide in an inert stmo sphere in order to prevent side
oxidations,
The earliest coneclusive contributions :?.nv the syn-

thesis of anthoecyanidins and the anthocyanins were made by
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Willstatber (22, 23, 2, 25, 26) end the Robinsons (10, 12,
13, 1, 15) working independently. Willst atter, the first
investigator to synthesize anthocysnidin, used Grignard -
reagentsrwithyg.msﬁhoxyﬂcoumafins to prgdﬁéé*the desired
anthgeyanidins;:“ﬁe»used:thiS”methaa*ta-prapare’§eiargonie
din and cyanidin., This gensfal’m5§hcd,'the:éaﬁitianféf4
aryifﬁrignard‘reagents to coumarins, 1s shown in the followe

ing eguation (XXIII}.

- XIIII.

'Willstatters syﬁﬁh@sis cfkpelargonidin’is‘ p~anisy1magnesium
bﬁ@mide (XXIV) reae%ed with 3, 5 7 trimethQX$ceamarln (XXV)
whieh proﬁnces the carb¢nol base, pelargoniéin tatramsthyl
eﬁher (XXVI) which is acidified to the chloride of pelar-
genidin tetramathyl ether~(XXVII)§ The ether is then heated
with concentrated hydrochloric acid in‘é sealed tube gaﬁging
the mﬁthgxyAgrbupé to hyarolize off to give yelargoniéin
akloride. | | |
CoxxIv. XXV.

Br Mg OCH.:B |
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HBCO'

OCH3 ,
Robinscn on the other hand employed a second gensral
method, the conéensation\of o~hydroxybenzsldehydes with
eppropriate ketones to form 2 hydroxychalcone which is con-
verted to the anthocyenidin with hydérochloric seid csusing
'ring closure, .This.method is shown by the following equa=~
tion (XXVIII).
XXVIII,
0
OH |
¥+ C

‘ |
CHO
HoC

Robinson, who prebdably did more work on synthesis of’anﬁho-
cyenidins than eny other investigator used this second
method with success in the synthesis of all the anthoey-

nidin types. He even synthesized several of the natural

@

_occufring anthoeyaning, a more difficult and much more
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important achlevement, since his method proved that enthow.
eyenins could be made in the wmenner made in nature instead
of being in the form of =z selt. These iﬁvestigationS'of
Robinson, &s well as Willstatter, have confirmed the‘pgrant
types of the elass, originally assigned by Willstatter,
namely pelargonidin, cyanidin end delphinidin. E

Other early-inve#tigaticns-wererattempted by Ever-
est {3, L) who reduced flavones with‘ziQC»&ust and hydrc=
ehloric sclid; Willstatter amd Mellison (23) who reduced
quercetin in methyl alcobolic hydrochloric seld to cysni-
din chieride uging magnesium, zine dust or gédium smalgam
as a source of hydrogen; Malkin and Nilerensteln (9);
Asahina snd Inubuse (1) and others. None of these investi-
gations, however, were as significsnt =zs those of Willstsate
ter znd Robinson. Some were merely quslitative, others
proéuced exceedingly swall yields, still others gave prbd-
ucts which wére difficult to isclate,

Since the members of this group sre found in the
sép of plant cells,,they.are g1l to some degree soluble
in water, qulte soluble in hydroxylic solvents and insél-
uble in non-hydroxylic solvents such as ether, benzene
and chloroform. |

Charscteristic eolor resctions were investigeted

esrly by the Robimsons (16, 17, 18, 19). These qualitsa-
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tive methods sre céhéideféd'ver? aééﬁf&ﬁéiznd"abé1ﬁ§éablé"
fef’crude'éxtfacts'sﬁnﬁé.éﬁly one'pigméﬁt:is usually iﬁ¥“7
| 've‘:wéd“ in the 'cc‘idr’ of a plant. Soms of these importent
propertles of the anth@cyanidins are’ summarized in the
fellow&ng paragrapns.;ff7i |

velyhlnldln is 5lulsh red in aqueous solution, pel*
”argénidln red wnlle ‘the atnerkfour ‘ave violet red, In
water pelargonidin, delphiniéin ‘and pééhidih are readily
soluble while the others are only slightly soluble.
'Gyanidih and delphinidin will give smyl aleochol an in-
tense blue color on the sddition of sodium scetate snd
ferric chloride, while thé others give no reaétionfto‘
this test; Fehlings solution can be reduced in the cold
by eyanidin and delphinidin whereas pelargonidin must be
warned and the ouher three anthacyani&ins mist be b011ed
to produce the same reduction. In soda soluticn all types
give a violet to blue color change. In aqgeous solution
the red color of pelargonidin fades on s_tansiing, thet of
delphinidin fades slowly in the cold, rapidly when heated.
The other anthocyanidins must be heated for the color to
fade. & ’ o

Additlon of 10% aqueous sodium hydroxide to a dilute
solution of snthocyanidin which is then shaken with ailr

will destroy petunidin snd delphinidin at once while cther
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anthocyanidins are relatively stable to this test. All
cen be extracted to soms exteni by an orgenic mixture of
snisole and ethyl iscamyl‘ether with 5% vieric seid ex-
éept deiphinidin, 7A §ink tint is imparted to a mixture
of eyclohexanol and toluene by.cyanidin while malvidin
gives the mixture a faint blue color, Peonidin and pelar-
" gonidin are extracted in lasrge amounts while delphinidin
‘end petunidin sre not extracted at all. |

Distribution between 1% hydrochloric acid end s mixz-
ture of ecyclohexanol (1 volume) snd toluene (5 volumes) _
indicates that delphinidin and petunidin are not extracted.
Malvidin imparts s faint blue color to the o:ganic layer,
cyanidin a pale rose colqr. Peonidin and especlally pel-
srgonidin are extracted to a considerable extent. |

The Rebinséns (18) Qeneluded that certain substances
called co-pigments influenced color anthocyznin and anthe-
‘cyanidin solutions. These effects are detected in strongly
aeid solutions and the presence or asbsence of these sub-
stances 1s undoubtedly a factor to be taken Into considera-
tion, These natural occurring co-pigments include anthoxe
anthins (flavones snd flavonol saccharides, etc.), tannins
end other substances. Circumstances ﬁoint to co~pigmentation
of anthocyanins, for example the pelargonin sslt in the

filower petsal. Finslly probably traces of iron and other
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inorganic substances may affect flower color.‘ As an ex-
ample 1t has been observed that when stalks of red hydran-
gea are immersed in very dllute aqueaus ferrlc chloride
the flowers slcwly beeome blue. Ashes of many flcwersw
contain 1 to 2% farric 0x1de and the anﬁhocyanin tesn far
1ron 1s one of the most dellcate knswn.
| As menzioned earlier these pigments ars amnhoterlc
substances Whidh form true exoalum salts with selds.
These salts are remarkably stahle and have extraordinary
crystalllzing properties. Consequently in final stagas
of 1solation the plgment is ususlly converted into its
hydréchloric or pieric gecid salt. Aeid salis of antho-
cyanins and anthocyanidins are téuaily red, metallie
salts with bases vlue snd neutral salts purple. |
Anthoqyanxns have an ¢ffinity for metals as noted
in the canning 1ndustry by’detericrizatlon of the tin cans
aﬁd the cdiqr change of ﬁhe canned fruit. This is due to
' the-fact that msiéi'salﬁs bf the énthbeyanins‘are insolubie
and therefsre prec;pltated on the lnslde of the cane.
5tr0n5 absorptlon powers ere possessed by the anaho-
cyaninq and anthocyanidlns over a wave length raenge of
6000 to 2000 angstrom.unlts. The sagar free nlaments and
the glycosldes are practlcally the same. Maximum sbsorp-
tion, the cause‘of color, lies in ﬁhe’visible spectrum

with 2ll types at approximately 5000 angstroms and all have
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e band in the vicinity of 2700 angstroms.

 Flowers and fruits of plants-éentain meny different
glycosidie coﬁbinatidﬁs of various snﬁhacyéﬁins, with vary-
~ing attachments bf sﬁgar'molecdles yieidiﬁg éifferent‘bom-
pounds of varying colbr'and>5hades cf co10r. The amount of
anthoeyanine in flowers md plants varies,over a wide range,
Typical extremsé'are cyaﬁin, only 0.75% dry petsl welght in
blue corn flower and 1h% in the dark green garden vériéty,
and in red dshlias over 20.0%. Anthocyenins in eddition
to being found in flo#ers‘and fruits are also present in
leaves of certain trees. , .

Isolation of the prinecipal types ususlly procseds
along the following lines. Extrection is carried out with
methyl or ethyl slecohol followed by hydrochlorie acid which
is bubbled through the extract ﬁo change the anthoceyanin
to its corresponding anthoeyanidin. This crude chloride
is then precipitated by the addition of ether, purified by
redissolving in aqueous hydrochloric acid, followed by adde
ing quantities of slechol and ether for reprecipitating
the salt. Finsl reerystallization cen be aceomplished
with alcéhnlic hydrochloric acid or agueous sleoholic hydroe-
chlorie acid, |

Recent investigatdérs have found that some anthocy-
anins can be purified through chromatographic absorption.
Much work has been done in this field and wany articles

have been published reporting the progress made.



*?EX?ERiﬁgﬁféL RESEARCH

Petals of Canna Indiea flowera were picked fram - ‘
k "p1ants in the sautheast ccrner of the cellage of the Pacifie
eampus.‘ The pure red colcred petals wers earefally separataé
 for this rasearch, and tha yeilaw an& mnlﬁicolmred petals
fdiscarded.v‘ | o | R o : | ‘
v Tha petals were then drieé in thﬁ open air for two
‘aweeks., Whan thoroughly‘&ry they were mixa& with dry'meth-
’ancl in 8 Warrlng blender‘ Bry hy&rogan ahlorlde gas was
v'generataé by dropping cancentrated hydrochliorie aclﬁ into
concentrated sulfuric aclid and bubbled into the methanol
petal mixture until saturstion. Color of the mixture was
dull brownlsh red at the beginning of this step and & bright
red color at the end indicating the formation of an antho=-
cyanidin,

The methsnol containing the anthoeysnidin was thén
filtered out using aspirator filtratlon and the extracted
petals were discarded as wasle.

The addition of dry ether tc the msthanol and antho=
eyanidin caused the formatian of a somewhat éull reddish
jel 1ike precipitate, E=xcess methsnol was driven off by
heating leaving a supersaturated solution of anthoeyanidin,
Evaporstion was carried out under vacuum slightly over

room temperature to aveld deconmposition.
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The supersaturated methénol golution was then
"coaled and the erystallized snthoeyanidin separated out
bj filﬁration. The erystels were further dried in a vacuum
deééicator to constant weight, Color of the crystals was
- reddish brown. . ‘

~ The cfystals were tested for solubllity in water
and various other solvents. They were found to be some-
what soluble in water giving a light red ¢olored solution
which color faded on ztanding. The arystals were moderately
soluble in methanol snd ethanol, insoluble in ether, benzens,
carbon tetrachloride =mnd other non polar solvents. They
were only slightly soluble in the "universal solvent™ di-
- methyl formamide. In ten percent sodium hydroxide solution
coclor changed to brownish blue indieating formation of the
color base salt, the blue enion; as explained on page 6,
and typiesl of almost all the anthocyanidins.

A second pigment extraction was carried out with
amyl alecohol giving a blue green extract. The color deep-
ened te an intense blue ﬁpon the addltion of dry hydrogen
chloride gas. This extrasct was filtered and dry ether
added to the filtrate. The excess amyl aleohol was driven
out by heat, the supersaturated solution cooled, filtered
and the crystals dried.

The addition of sodium scetste and a trace of ferric

chloride produced a color change somewhat to blue green
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and on heating to a dark blue black. 'Cold Fehlings solu=-
tionucaused,theueclor'%e'dhange'to‘black~and-on heating
‘sligit‘l_y $+6 a.reddish brown showing the reduction of .the
Fehlings-selution; :Smdium earbonate.solution~o£;ﬁhe
erﬁstals?waSnreddiSh bédwn in eolor turning to a blue
wine color when warmeds.

<. A third extraction made with a mixture of one vol-
umeuof»cyelehexanol~and;53voiumes of toluene extracted
enough pigment to golor the solution a pinkish orange.

©.Dilute barium hydroxide was added to the sclution'

until & dark colered precipitate settled out, A decompo-
. sition point could not $e determined because of the dark
color. The addition of a small esmcunt of hydrogen chloride
caused the formatian of the snthocyanidin again as a pre-
¢ipitate, mssumed to be the berium salt of canna indica
anthoeyanidin,

A weighed amount of dry petals was plsced in a
soxlet exbtracter and methanol used to carry out asnother
extraction. The resulting extraction was cherry red in
color, which color deepened to darker red on the sddition
of hydrogen chloride.. Passing ether into the mixture again
resulted In the formastion of dull reddish colored jel like

prec¢ipitate. Agein the excess methanol wag driven off by
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heat and ﬁba swparsaturated salution allawed te coel, pre-
'slpitating the anthocyanidin,/mhich wasg then separated by
 'filtrat1an* After drying these crystals to constant i
~weight in aAvaeuum.dessicator tha meaanercentage of anﬁha-
'eyanin in the dry petals was ealaulatad tc be 21, 88 percent,

. The spectrum of this canna inéica enthoeyenidin in
ethanol was ebserved in a Beckman %bdel B speetrophstometar
from 360 to 650 millimicrons. o |

The canhna anthscyanidin*was fased wmth‘potassium;hy~~
drexide, yieldlng as chief éagra&ation praducts a phencl
and a potassium salt of & phenolearboxylic aeid. Diethyl
ether was added to the alkeline selution snd the ether
evaporated. The remaining residue melted at 218°C - 220°c,
as did e mixture of the resiéue end phloroclncinal. |
?hloroglucinol, snhydrous, melts st 219°C.

. "?hé'&égradatien products were heated with methanol
and hydragea ehlori&e gas to give a methyl ester Qf the
phenolcarbexyiic acid. Thisg meﬁhyl ester melted at 129 C,
the ‘m‘emng point of methyl nydroxybenzoate which has been
repertad as having a maltmng pcint of 12706 - 12900 anﬁ 13100.
- These products recavered from the alkali fusion are
phlaraglucinol and p-hydroxybenznlc aeld‘whicﬂnwould indi-
cate that the canna anthocyanidin was camposad of thesa'

units. The strueture of the snthocyanidin containing these



units would ba 3; 5; 7, l(-' tetrahydroxy 2 phenylbenzepyrilm
ima or pelargonidin {X’XIA) ' ’

XXIX..







- SUMMARY

» _ The pigment of Canna Indlea pure red colored petals
 : was extracted with.methanol and precipitated as 8 chloride.
 “Coler was bright red ln the acid solution indicating forma-i
. tien cf an anthocyanidln. The anthocyanidin was crystal- :

 1ized out of the solution and the crystals tested for solu_
bility. They were moderately soluble in methanol and
ethanol, somswhat soluble 1n water, lmparting a 1ight red N
color to the soluxion, which color faded on standing. They:
were only sllghtly soluble in dimethyl formemide snd insol-’
uble in nonpolar organlc solvents. The pigment colored 10%
sodium,hydrcxide browniéh blue, gave a pink color to 2 mixe
ture of cyclohexanol and toluene and reduced Fehlings solu-
tion‘ﬁhen_ﬁarmed. |

Bégradation products of the pigment were phloroglu-
cinol and p-hydfoxybenzoic acid as proven by melting pcints;

A spectrum was obtained of the pigment in the range
of 360 to 650 millimicrons with = Beckmen speetrophotameteﬁ.

Coloriﬁg matter in ﬁha'C-anna Indica flowers was thus
shown to be an anthoeyanin since it was red in acid solutidn
and blue in aikali.

Melting points of the degredation products show the
plgment to be pelargonin.
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