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Color in Organic Compounds

PIGMENTS OF FLOWERING PLANTS.

INTRODUCTORY CHAPTER.

Tarories oF CoLor 18 Organic CoMPOUNDS.

While the study of pigmentation in plants early attracted the
attention of chemists as well as botanists, it was not until the in-
troduetion of synthetie dye stuffs in the latter part of the 19th
eentury that any eonsiderable amount of attention was directed
to the determination of the eause of eolor in the pigment itself.
Until this time indeed, the constitution of most of the na-
tural dye stuffs was unknown, consequently any consideration
of the relationship between color and molecular structure was
impossible. With the introduction of dye stuffs of known
constitution, however, the question not only presented itsel:
but well nigh forced itself upon the attention of chemists. The
earlier endeavors were, for the most part, directed toward de-
termining a direct relationship between color and molecular
constitution. This led to a study of so-called chromophorous
groups and chromogens, a study which, while it has been fruit-
ful of results in the manufacture of dye stuffs, has been of
much less value in the study of plant pigments. Recently,
however, these studies have assumed a more basal charaecter
and the subjeet has been approached through the general ques-
tion of absorption speetra, the invisible as well as the visible
portion of the spectrum being taken into consideration,

It is obvious that eolor does not inhere in the eolored sub-
stanee itself, but is the response of sensation to the stimulus of
light which proceeds from the colored substance either by trans-
mission or reflection. The different dyes and pigments pos-
sess their many varying hues because, by a process known as
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of color, might result in one ecase in the change of a colorless
substanece to a colored one, while in another case it might have
the opposite result of taking away the color from a colored
substance. It shows, in faet, that color in a substanece is not a
function of a particular group of elements but of the strue-
ture of the entire molecule.

The first attempt to show the relationship between constitu-
tion and eolor in organic compounds appears to have been that
of Graebe and Liebermann® in 1868. These investigators laid
down the rule as of general application that, if the eolored
metallie salts of colorless organic acids are exeepted, all eol-
ored organic compounds are rendered colorless by reducing
agents, and that in this reduetion the ecompound adds on hy-
drogen without the elimination of any other elements from the

0
moleenle.  As illustrations they quote quinone, (?,,I-I,"*l }
0

reduced to hydroguinone, C H, ];-UH ; azobenzene, C,;H; N=N—
JOH
CgH;; reduced. to hydrazobenzene, C,H;, N—N—C.H,, ete.

H H

From these reactions they infer that eolored eompounds either
contain elements with incompletely saturated affinities, or that
some of the atoms are more intimately bound than is neces-
sary for their retention in the molecule; furthermore, that the
physieal property of color depends upon the manner in which
the oxygen or nitrogen atom is combined, in the colored eom-
pounds these elements being in more intimate eombination
than in the colorless compounds. In the case of eolored nitro
and nitroso compounds, which are rendered colorless by re-
duction to amido compounds, it is the intimate association of
the oxygen and nitrogen to form a group which renders the

substance colored.
Graebe and Liebermann’s theory was formulated before the

present diketone formula for quinones was accepted, their con-
ception of a quinone being that of a benzene nuclens with two
oxygen atoms linked together, hence the idea of ‘““more inti-
mate, or internal, eombination.”’

In 1876 Witt* advanced an entirely different explanation.

i1 Ber., 1, p. 106
T Rer., 0, p. 522
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either the para quinone or the ortho quinone grouping, the
double bonds being satisfied by oxygen or any other divalent
element or group or by combinations of any of them.

Armstrong’s theory has received a great deal of attention,
mueh evidence both for and against it having been produced.
Though our present knowledge of the structure of colored com-
pounds would indieate that by no means all colored substances
are of quinoidal character, yet a surprisingly large number, if
not all, of the substances of a quinoidal econfiguration are eol-
ored. The quinoidal eonfiguration is in faet one of the best
- known and most reliable chromogens.

In the study of plant pigments the quinone theory has proved
of mueh more value than Witt’s theory of ehromophorous
groups. The constitution and the properties of a very large
number of vegetable dyestuffs, and of other colored substaneces
derived from plants, have been aceounted for by assuming a
quinoidal strueture. Morecover the closely related quinhydrone®
hypothesis of pigmentation in some plants promises to explain
biochemically the existence of many colors and shades of eolor,
as well as many changes of eolor, which have hitherto been nn-
accounted for.

In considering quinone and quinhydrone hypotheses of pig-
mentation mention should be made of Richter’s” oxonium
theory of quinones. Aeccording to Richter the characteristics
of oxonium salts, namely simple addition of the components
in their formation, ready decomposition in solution, and upon
sublimation, and marked inerease in intensity of eolor, are also
those of the quinhydrones. TFor these and other reasons
hydroquinones, phenoquinones, ete., are regarded by Richter as
oxonium eompounds formed by the addition of pnenols, ete., to
the tetravalent oxygen of quinones.

Assuming that the doubly bound oxygen of quinones acts
as a tetravalent oxygen does not impair the wvalidity of the
quinhydrone hypothesis as suggested by Kremers and Brandel.
It brings the quinone pigments into line with the anthoeyanin
pigments, as interpreted by Willstaetter, and explains how
many quinones, as well as many flavone and xanthone deriva-
tives, also haematin and brazilin, dissolve in acids with an in-

*Ph. Rev., 19, p. 200.
T Ber., 43, p. 3603.
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tense color, but are precipitated unchanged from this solution
by the addition of water. It is easy to understand how the
tetravalent oxygen in quinones, being basie, might add on the
elements of phenols as well as acids or how it might add on
the elements of a molecule of water. While it would not be
wise, however, without very ecareful investigation, to say it
were impossible, it is not easy, without altering our present
conception of the tetravalent oxygen, to see how the same oxy-
gen could be able to form addition products with organie
nitrogen bases, such as phenylendiamine, and even with po-
tassium hydroxide, which Richter represents it as doing.

In 1879 Nietzki® formulated a rule, supposed to be of general
application, that the pigments of most simple construetion are
yvellow and by increase of molecular weight they gradually
change from yellow to red, then to violet, then to blue,

Schuetze® in 1892 found that Nietzki’s rule holds only in
certain cases; but that changes in color in general are the re-
sults of changes in selective absorption in the regions of the
vigible spectrum. The results of Schuetze’s investigations are
summed up as follows:

1. A change of absorption from violet toward red usually
causes the following changes in eolor; greenish vellow, yellow,
orange, red, reddish violet, violet, bluish wiolet, blue, bluish
green, ete. Passing through the ecolors in this direction
Schuetze calls deepening or lowering the tint; in the opposite
direetion, raising the tint.

2. Definite atoms and atomie groups by their entranee into
the moleeule cause, for compounds of the same chromophore in
the same solvent, a characteristic deepening or raising of the
tint. Those which deepen the tint are ealled ‘‘bathoechrome’’
groups or elements, those which raise the tint are ecalled ‘“hyp-
sochrome’’ groups or elements.

3. Hydrocarbon radicles are always bathochromie. Conse-
quently in homologous series the shade always deepens as the
molecular weight inereases.

4. The same 'deepening of color is eaused in the groups of
the periodic series as the atomie weights inerease.

8 Verhandl. des Vereins fur Befoerderung der Gewerbfleisses., 58, p. 231
(Quoted by Schuetze, Zeit. fur Phys, Chem., 9, p. 109).
# Zelt. fur Phys. Chem., 9, p. 108.
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5. The addition of hydrogen always results in raising the tint.

6. The rise or fall of the tint (the passage of absorption
from wviolet to red) by substitution of hypsochrome or batho-
chrome groups, or by the addition or loss of hydrogen, is the
greater the nearer the atoms affected by the change are to the
chromophore group. From this it would appear that in the
bi-derivitives of benzene the substituents in para position are
nearer to each other than those in ortho position.

7. These rules hold only for monochromophoric compounds
and for symmetrical dichromophorie compounds. The eolor
of an unsymmetrical dichromophorie compound, Y, A, X, A, Z
is approximately the same as that of a mixture of the two
symmetrical compounds, Y, A, X, A, Y, and Z, A, X, A, Z

In general the term bathochrome group is interpreted to
mean a group which swings the absorption toward the red,
and a hypsochrome group, one which swings the absorption to-
ward the wviolet. Among the former are the hydroearbon
radicles, the halogens, and the salt forming groups with the ex-
eeption of the amino group. Among the latter are the acetyl
and the benzoyl groups, the alkyl-oxy groups, hydrogen, and
the amino group. The sulpho group is sometimes one and
sometimes the other,

The effect of the introduetion of bathochrome and hypso-
chrome groups upon the color of the original substance de-
pends upon the original molecule, the position of the group,
and the number of groups introdueed. It is easy to under-
stand how the introduction of one bathoehrome group might
deepen the eolor by throwing the absorption into the red,
while the introduection of two or three such groups would re-
move it by throwing the absorption wholly outside the visible
speetrum. Again the same two or three groups might be re-
quired to render another moleeule colored. Here again we
find additional evidence that the color of a substance is not
eonditioned by the presence of a definite group, or groups,
but by the entire structure of the molecule.

In 1904 Baly and Desch' in the eourse of a study of the ultra-
violet spectrum of certain enol-keto tautomerides brought forth
evidenee to support the view that the absorption bands ex-
hibited by these substances are due to the equilibrium existing

1 Proc. Chem. Soc., 85, p. 1029,
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pmindﬂ are colorless. They eonsider this prineiple to be the
- key to Armstrong’ theory of eolor and as an explanation of the
colors of many compounds which are diffieult of interpretation
by Armstrong’s quinoid linking alone, for though Armstrong
was perfectly right in concluding that color is due to quinoid
linking, this formula gives no reasons why ecolor is thus pro-
duced.

In 1907* Hale drew practically the same conclusions as
those of Baly and his associates, namely that isorropesis is the
cause of eolor in both the aromatie and the aliphatic series. By
isorropesis is meant the making and breaking of contact between
" atoms thus giving them marked aetivity. This change of
linkage which must aceompany the transformation of one modi-
fication of the compound to the other is the source of the oseilla-
tions producing the absorption bands. If these oscillations are
synehronous with light waves of a high frequency they give
rise to absorption bands in the ultra violet and the compound is
colorless. If, however, they are less frequent, the absorption
band appears in the visible portion of the spectrum and this
absorption of colored rays results in the compound taking on
the ecomplementary color.

In 1907 Hewett and Mitchell** pointed out that in every
case of eolored eompounds the moleeules eontain net merely
double linkages but chains of alternate double and single link-
ages. (enerally speaking the longer this ehain of eonjugate
double linkages the slower the oscillation frequeney of the mole-
enle. This explains why a benzene nuecleus gives absorption
bands in the ultra violet and is colorless while a quinone
nucleus gives absorption bands in the violet and is therefore
eolored yellow. In estimating the number of such alternate
double and single linkages, when a benzene nuecleus is encount-
ered, one is justified in following the strueture around one side
of the ring only until para position is reached. The chain in
the benzene nueleus, therefore, contains at best only two double
linkages, while that of the quinone eontains three.

Hewett and Mitehell also conelude that a radieal change in
the absorption spectrum of a ecompound when it undergoes salt
formation generally means the radical alteration of its conssi

U Pop. Sel. Mo., 72, p. 116,
# Jr. Chem, Soc., %1, p. 1251.
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type of oscillations within the molecule by the entrance of a
new group, by the formation of a molecular compound, or by
the associations of the molecule of a solute with those of its
gsolvent. Three cases are possible:

1. The new oscillation may ecoineide with and inerease the
original oscillation; then the absorption band will move further
toward the ultra-violet and the compound will remain, or be-
come visibly colorless.

2. The new oscillation may be an entirely different type from
the original, in which case new bands will appear, and since
the original oscillation will be retarded to some extent, there
will be a change but not a very considerable one in the visible
color of the substanece.

3. The new oscillation may combine with the original and
retard it greatly, when there will be a considerable sharp
change in eolor.

PREFACE.

Work upon plant pigments was begun by the writer during
the summer of 1907 when, as an undergraduate student, her
attention was directed to pigmentation in the Monarda species.
Since that time, though the subject has been sometimes tem-
porarily pushed aside by other interests, it has never been lost
sight of and it has usually been the subject of most absorbing
interest. At times the work has appeared to be of a purely
chemieal nature, without any biochemical significance, as in the
study of thymoquinone, hydrothymoquinone, and the oxidation
produets of thymoquinone. Its object at these times has been
to elucidate the behavior of eertain plant pigments, i. e. those
of the Monarda species. Sometimes it has been of a charaeter
usual in the study of plant pigments, the extraction of pigments
from the plants themselves and an examination of the pro-
ducts obtained. At other times it has been of what is gener-
ally considered of a more purely biochemiecal echaracter, a study
of oxidases, water content, ete., and their relation to the for-
mation of pigments in plants.

It has been found in the course of these investigations that no
adequate and satisfactory knowledge of plant pigments ean be
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4. The exiﬂ't:enee of series of pigments related to similar sym-
metrical, or almost symmetrical hydrocarbons of different de-
grees of saturation.

1. The influence of unsaturation upon the production of color
in a molecule,

In this connection it should be pointed out that all organic
pigment molecules are unsaturated. The highest degree of sat-
uration known in a pigment molecule is C,H,.—,, and visible
color exists in substances of this degree of saturation only
when the guinone grouping is present, the quinone grouping
being one of the best known and most reliable of the ehromo-
phorous groups.

Among substances referable to hydrocarbons of the degree of
saturation C,H,, , no substances colored in the ordinary sense
are known to exist but several pigment producing substances
are known. All substances, however, having a benzenoid group-
ing are colored in a physical sense, sinee they all exhibit selee-
tive absorption, not, it is true in the visible portion of the
spectrum but just beyond it in the ultra violet.

The largest number by far of plant pigments are referable to
hydrocarbons of the degrees of saturation C,H,—,, and
Cpll.,—,,, though eolored substances of known constitution refer-
able to hydroecarbons of higher unsaturation, up to C,H.,_,,,
have been isolated from plants. Moreover, all colored hydro-
carbons, in which the produetion of color cannot be attributed
to the usual chromophorous groups, are highly unsaturated,
caroten and lyeopen being of the degree of saturation CyH.,—.,,
while the blue hydrocarbon from oil of milfoil, having the for-
mula C,;H,,, is apparently of the degree of saturation C,H,,—,..

2. Influence of co-called chromophorous groups upon the pro-
duction of color.

As has been pointed out elsewhere in this paper, but little
has been contributed to our knowledge of pigmentation in plants
by a study of chromophorous groups, sinee only the corbonyl
of the so-called echromophorous groups and the hydroxyl of the
auxochrome groups are of at all frequent occurrence in plant
pigments.  Neither is the mere presence of either or both of
these groups, or of multiples of one or both, sufficient to explain
the phenomenon of color in any known plant pigment. In
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hydrocarbons. This relationship is very similar to that exist-
ing between pigments referable to hydrocarbons of different
degrees of saturation discussed in the following paragraph.

4. The existence of series of compounds referable to similar
symmetrical, or nearly symmelrical hydrocarbons of different
degrees of saturation. ;

A relationship quite similar to that expressed by homology
under the same degree of saturation is noted between the hydro-
carbons of different degrees of saturation to which any of the
plant pigments are referable.  This relationship is best ex-
pressed by the aceompanying chart of graphic formulae repre-
senting the hydrocarbons to which a large majority of the plant
pigments falling under the degrees of saturation C.H.._,,
to C.H.,—,. are referable.

In addition to the hydroearbons listed in this table, attention
should here be called to pigments, or pigment forming substanees,
referable to benzene and dihydrobenzene, naphthalene and dihy-
dronaphthalene anthracene and dihydroanthracene series of hy-
droearbons. It is also interesting to note the symmetrical or
almost symmetrical character of all of the above hydrocarbons.
Whether this symmetry of arrangement of the underlying hy-
droearbon is only coineident with the eonditions which produce
eolor in the moleeule, or whether the symmetrical arrangement
is itself one of the conditions does not become manifest,

In order to bring out the relationships just disecussed the
plant pigments of known constitution have here been elassified
according to the underlying hydroearbon. A second classification,
according to plant families, showing the relationship which exists
between the pigments and the nonecolored constituents of the
same and related plants, was intended to be included. This
classifieation was, however, found to be too long for the purposes
of this paper, therefore will be published later as supplementary
to it. The experimental work of the writer!, where herctofore
published has been referred to in the same manner as that of
other investigators. Some work not previously published has
been briefly deseribed, i. e. the study of the pigment of red ger-
anium blossoms. In addition to the above a large amount of

! Quantitative determinatino of oxidase in the leaves of Monarda fistulosa.
QFh Rev., 26, p. 314. :: b
Thyl;ﬂquinuna End Hgﬂrnthmuqulnune
g &0y B
Higher oxidation products nf tha moguinone,
Proc. A. Ph. A, 68. p.
The Monardas, a Dh?tnuhemlcal study,
Bull. of Univ. of Wis., Sci, Ser,, ".F'ul 4, No. 4, pp. 81-128.
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Of the oxidation products of dihydroecymene, three, and pos-
sibly four, are believed to exist in plants. Of these thymo-
quinone and dihydroxy thymoquinone have actually been iso-
lated, while there are strong reasons for believing that one or
both of the monohydroxy thymoquinones occur in Monarda
species either in the free state or as labile compounds.

Thymoquinone together with the corresponding hydroguinone
has been isolated from several species of Monarda, also from
the oil from the wood of Thuja articulata®  Hydrothymo-
quinone also exists in the oil from the fruit of Foeniculum
vulgare,® also as dimethyl ether in the oil of Eupatorium trip-
linerve* (E. Ayapana) and in the oil from Eupulorium capil-
lifolium.* Inasmuch as in the diethers the original phenol hy-
drogens are replaced by alkyl radicals they are not prone to
oxidation in like manner as the phenols, hence, presumably do
not take part in pigment formation.

Monohydroxy thymoguinone®) is believed to oceur in Monarda
fistulosa, Monarda citriodora, and perhaps in other speecies of
Monarda.

Dihydroxy thymoquinone’) has been isolated from the vola-
tile oils of Monarda fistulosa and Monarda citriodora.  Its pres-
ence has been indicated in Monarda didyma.

The chemieal relationship of the thymoquinones to some of
the other constituents of the Monardas is very close and is
worthy of notiece here. From the volatile oils of the several
species of Monarde so far examined, have been isolated both
of the monohydroxy phenols, thymol and earvaerol, and prob-
ably eymene®) the hydroearbon underlying not only these
phenols but hydrothymoquinone as well,

The relation of the pigment substances to each other and to
the wolatile eonstituents of the Monardas, also the role which
some of the non-colored volatile and non-volatile substances

1. r., 188, 927.

* Bchimmel, Gesch. Ber. 1906, Apr. p. 28.

4 Gildemeister—The Volatile Oils, p. 479,

f Personal communication from Prof. E. R, Miller, Laboratory of Plant
Chemistry, Unlversity of Wisconsin.

# Bulletin of the University of Wisconsin No. 448, p. 31-34,

TBulletin of the University of Wisconsin No. 448, p. 81-34,

*FPh. Rund., 1%, p. 20T;: Ph. Rev., 14, p. 228. (The writer has not =uc-
ceeded In identifying cymene in her study of the hydrocarbons in the oil
of M. punctata.)
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Taking into consideration only those compounds that have
been isolated, (hydrothymoquinone, thymoquinone, and dihy-
droxythymoquinone) or whose presence has been indieated
(monohydroxythymoquinone) in the Monardas thus far, the
number of possible pigments becomes truly bewildering. A
eonsideration of these possibilities of easily decomposable pheno-
gquinones and quinhydrones readily explains why a erystalline
pigment, seemingly a chemieal unit, upon reerystallization from
such a solvent as ether yields several kinds of erystals of dif-
ferent shades of red and purple. To attempt the isolation of
a number of these pigments would seem a thankless task. In-
deed, after they had been isolated the question might pertinently
be asked whether the combination as isolated existed as such
in the plant or whether it had been formed because of a change
of solvents.

However, the subject of the pigmentation of the Monardas
is not solved even after the numerous combinations of pheno-
quinones and quinhydrones have been worked out. Most of
these pigments are phenolie in character and henee ean ecom-
bine with metallic constituents, ammonia and organie nitro-
ren bases of the plants giving rise to different shades of the
original pigment.

This is shown by the varving shades of color produced by
treating solutions of these phenols with solutions of basie me-
tallie compounds, ete. However, nothing definite is known of
the particular kind of metallic and other derivatives which may
be found in the various parts of the several Monarda species.

Another possible influence of basic inorganic material re-
mains to be referred to, viz: the stimulating influence some of
them, such as potassium hydroxide and caleium hydroxide, exert
on oxidizing reactions, e. g. the oxidation of thymoquinone.
That even very dilute basiec solutions exert such an influence
has been shown by the action of lime water upon aqueous thy-
moquinhydrone solution. It has further been demonstrated
by Sechaer'® and others that traces of basic substances, organic
as well as inorganie, stimulate the action of oxidases,

Assuming that much of the pigmentation of plants contain-
ing quinones or hydroguinones 1is due to the formation of
quinhydrones or phenoquinones, the intense coloration of the

® From a reprint from the Pharm. Inst. Strassburg, 1902,

P T . T I Ta, ——
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lower surfaces of the leaves, and often of the entire shoots of
Monarda fistulosa, and the general reddish appearance of the
young plants of Monarda punctata in spring ean readily be
accounted for by the greater oxidase content of the vigorous
young tissue and the consequent greater chemieal activity.® A
similar phenomenon in the young plants or shoots after the fall
rains may be explained in the same way.

On the other hand, the fall coloration of arbutin eontaining
foliage may be explained by assuming that as the synthetie
life processes of the plant grow sluggish, the reserve carbohy-
drates stored away in the glucoside are rendered available as
food material by hydrolysis. This latter process would set
free the hydroguinone as well as the sugar. The former (chro-
mogen) in turn would be oxidized to pigment. If this line of
reasoning may be applied to the madrones as well as to the
other species of arbutus, the brilliant eoloration of both the
enormons leaf buds in spring and of the leaves and the freshly
peeled trunk in autumn may be accounted for.

It has been pointed out above that the diethers of the hydro-
thymoquinone, being deprived of their phenolic hydrogen are
no longer prone to oxidation, hence to quinhydrone pigment
formation. It is, therefore, not surprising that plants char-
acterized by the presence of the dimethyl ether of hydrothy-
moquinone are not conspicuously colored. The only pigmenta-
tion of the Eupatorium species which could be attributed to
gquinhydrone formation is the oceasional purplish coloration of
the stems.

This purplish stem coloration though not econspieuous de-
serves speecial notice since most of the plants considered in this
chapter are remarkable at some period of their development,
generally late in the season, for conspicuously colored stems,
the members of the Ericaceae, trailing arbutus, wintergreen,
manzinitas, and mandrones for red or red brown stems, the
charaeteristic color of benzo quinhydrone, while the stems of
the Monardas are often conspicuously purple, the color of thy-
moquinhydrone.

Many investigators have inferred that ferments—hydrolases,
oxidases, and reductases—play an important role in pigment

1'The oxidase content of the Monardas has been studied both quantits-
tively and qualitatively by F. Rabak, Ph. Rev., 22, p. 130 : Swingle, Ph
Rev.. 22, p. 198 : Wakeman. Ph. Rev. 26, p 314,
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formation. No where would this part seem more conspicuous
than in the formation of quinhydrone and pheno-quinone pig-
ments. Indeed one of the first questions which arises in the
biochemieal study of any such series of related compounds as
the cymene, thymol, earvaerol, hydrothymoquinone, monohy-
droxy thymoquinone and dihydroxy thymoquinone series in the
Monarda species is which of these ecomplex cyclie substances
was first formed from the simple chain produects of photo syn-
thesis?  Being aceustomed for purposes of eclassification to
look upon the hydrocarbons as basal eompounds and to con-
sider all other compounds as being derived from the hydro-
carbons, it is easy to regard such a series as being formed in
this order. However, it is highly improbable that the plant
works in this way. An oxidase which oxidises hydrothymo-
quinone to thymoquinone exists in several species of Monarda,
but up to the present time no oxygen conveyer has been found
which oxidizes thymol or earvaerol to hydrothymoquinone, all
attempts in this direction having been attended with negative
results, or in the case of thymol, sometimes, with the formation
of dithymol. It is not at all improbable that the monatomie
phenols and the hydrocarbons are reduetion products, possibly
by produets of autoxidation. The large amounts, however,
in which the monatomie phenols are found in eomparison with
the amounts of thymoquinone and its oxidation produects pres-
ent does not encourage this assumption.

Of almost equal interest with the thymoquinone series of
compounds in the Monarda species are the less complete, pos-
sibly because less closely investigated, series of carvaerol, hy-
drothymoguinone, and thymoquinone in Callistris quadrivalvis
(Thujo articulata) and the eymene, hydrothymoguinone series
of Foeniculum vulgare. Another similar example which should
be mentioned here is Thymus vulgaris. The oil of thyme is
known to contain eymene, thymol, and sometimes carvacrol.
Other members of the series, if not present in the original oil,
are possibly produced upon standing, sinee oil of thyme, quite
colorless when freshly distilled, often, upon standing, takes on
a red color quite similar to the color of the oil from Monarda
fistulosa from which dihydroxyvthymoquinone has been separ-
ated.

The fact that so frequently the pigment forming substanece
does not oceur alone but is associated with other closely related.
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eolored or non colored, compounds is of muech biochemical sig-
nificance as will be pointed out in suceeeding chapters.

PIGMENTS REFERABLE TO HYDROCARBONS OF THE DEGREE OF SAT-
vrATION C, H,,, ..

There exist in plants several compounds referable to hy-
droearbons falling under this degree of saturation, being sub-
stitution products of benzene, toluene and eymene, which though
colorless in themselves are readily oxidized to pigments. More-
over, being hydroquinones, they are capable of forming highly
eolored phenogquinones and quinhydrones by addition with their
oxidation produets the quinones. These compounds oecur in
a large number of plants either in the free state, as alkyl ethers,
or in sugar ether combination as glucosides and they may be
looked* upon as pigment forming substances, commonly desig-
nated chromogens in pigment literature.

While no attempt is being made here at a diseussion of the
pigments of non-flowering plants it is interesting to note that
there exist in several species of lichens pigments and pigment
forming substances referrable to the hydroearbons toluene,
o-xylene, p-xylene and trimethyl 1, 2, 4 benzene.

(L F

ﬂrquliuu

The only known pigment, or pigment forming substance,
referable to benzene as the underlying hydroecarbon is the or-
dinary hydroquinone, or hydrobenzoquinone. The oceurrence
of hydroguinone as the glucoside arbutin in several species of
Ericaceae and the possibility of its forming the corresponding
quinone and quinhydrone through oxidation thus furnishing
an explanation for the pigmentation of several species has been
referred to under benzoquinone,

Arbutin occurs in Ledum palustre') ; Rhododendron maxi-

1Am. Jr. Ph., 48, p. 314.
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Methyl hydroguinone occurs as the glueoside methyl arbutin
in several species of Ericaceae.?*) It is also known to exist in
several species of Pirola®?) and in Pirus communs.*®)

Orcinol an isomer of methyl hydrogninone and referable to
toluene is found in many lichens of the varieties Rocella and
Lecenora. Oreinol®') when allowed to stand exposed to air and
ammonia forms orcein C,H,N0,, the principal constituent of the
eoloring matter avehil, ealled also persio, eudbear and nurpur.
Azolithmin®®*) C.H.NO,, the coloring principle of litmus and an
oxidation product of oreein, is also produced from these orcinol
containing lichens by the action of ammonia and potassium
carbonate.

Pigments referable to trimethyl 1, 2, 4 benzene.

o CH,
CH
e ; HC 7/ I C —COOH
HE CH Hmzl\ COH
¢ C

CH: ,E‘H’l!
Trimethyl 1, 2, 4, benzene Methyl arsellinic acid

In one variety of Rocella there oceurs a homologue of erythrin
CH, known as betaervthrin.?®) This upon hy-
G drolysis yields not oreinol but beta oreinol,
CH or methyl oreinol, p-xylol oreinol. At
HC least one molecule of the simple acids com-
HOC OH  bined to form the betaerythrin is therefore
probably methyl orsellinic aecid, referable
Ch to trimethyl 1, 2, 4 benzene.
3
Methyl orcinol
1 ANMND., E—ﬂﬁ, 159: Ann., 117: 934.
= Am. J. Ph, 11, p. 549. :
2 Jr. Pharm. Chim., (7)) 2, 248;: C. r., 151. m» 444,
= Ann., 41, p. 157; 54, p. 261; §9, p. 72; Jr. Prakt. Chem., 44, p. 18,

# Ann., 89, p. 26; Czapek, Biochemie der PfAanzen, p. 508,
% Czapek, Biochemie der Pflanzen, p. 507,
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Pigments referable to allyl benzene

CH
HC C CH:CHCH, ECH‘-C-H

nllgf'::nun: hrhmh

As will be seen from the struetural formula, daphnetin may
be looked upon as a dihydroxy eumarin, or as a produet of the
inner condensation, a laectone, of tri-hydroxy cinnamic acid.
Sinee the occurrence of daphentin in the plant is so frequently
accompanied by that of eumarin, umbelliferone and other ecin-
namie aeid derivatives, the importance of recognizing this rela-
tionship eannot be over estimated.

CH CH
HC CCH:CH COOH HC C CH:CHCOOH
HC CH HC COH
C CH
ﬂ!lmk Cumaric acid
CH
HC C CH : ( 1 CCH : cH HC C CH:CH
CH COH
Cumarin umhemrmu Daphnetin

Daphnetin which is yellow in color, oceurs in the yellow flow-
ers of sweet clover, Mililotus officinalis.®.) together with cumarin,
cumaric acid, and hydro cumaric®*) aeid. The frequency of
the occurrence of these and related eompounds in this and other
members of the Leguminosae will be taken up in the considera-
tion of pigmentation in that family.

Daphnetin, having two phenol hydrogens, is capable of form-
ing metallic derivatives which may influence the color of the
pigmented parts. With potassium it forms the soealled ‘‘semi-

1 Berg. Jahresb.,, 14, 2317,
i Richter, II, p. 280.
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mono potassium salt’’ C,;H, 0K and the mono potassium salt
C,H.O,K. The former erystallizes in bright yellow and the
latter in red erystals. To wools mordanted with ehromium,
alominum, tin and iron it imparts various shades of olive and
yvellww,

"~ Daphnetin occurs as the glucoside daphnin, in the bark and
flowers of Daphne mezerum®) and in the leaves, bark and flow-
ers of Daphne alpina.!) In these plants, however, the odori-
ferous prineiple is not ecumarin but umbelliferone, a 4-hydroxy
eumarin.

Daphnin, or a glucoside similar to daphnin has, furthermore,
been reported in Panicum ilalicum®) (Italian millet.)

Closely related to daphnetin are aesculetin, seopoletin, and
fraxetin, substances which though not colored themselves form
beautifully fluoreseent solutions. Moreover, at least some of
their metallic derivatives, in which form they would be likely
to oecur in plants, are eolored.

Aesculetin is isomeric with daphnetin, being a 4, 5-dihydroxy
eumarin. It forms a bright yellow potassium compound very
similar to the eorresponding daphnetin derivative. Its solu-
tions show a beautiful blue fluoreseence. Aesculetin oceurs as
the glucoside aeseulin in Aesculus hippocastanum,®) the horse
chestnut, and in Gelsemium sempervirens.”) In the free state,
it is found in Euphorbia lathyris.®)

Scopoletin, a methyl ether of aeseuletin occurs as the gluco-
side seopolin in Gelsemium sempervirens,'®) and in several
species of Solanaceae, Atropa belladonna,') Scopola japon-
ica,'*) Mandragora autumnalis,®) and Fabiana imbricata*)
Scopoletin gives a blue fluorescence in solutions. Many of its
metallie derivatives are colored.

Frazetin, another beautiful fluorescent substance is a deriva-
tive of tetra hydroxy cinnamie acid. It may be considered as a

*Ann., 84, 173.

*Zwenger's Ann., 115, 1.

8 Am. Chem. Jr., 20, 86.

® Arch. Pharm., 28, 330,

TBer., 9, 11382,

8 Rer, 23, 3347.

* Czapek—Biochemie der Pflanzen, p. 563.

¥ Am. Jr. Ph, 42, p. 1; 54, p. 387; Arch. Pharm., "286, p. 329.

H Arch. Pharm. 228, p. 438, 440.
U Same as 11,

B Jr. Prakt. Chem., 172, p. 274.
# Arch. Pharm. 237, p. L
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in the twigs, bark, leaves and shell of the unripe fruit, but not
in the shells of ripe nuts,« and B-hydrojuglones, trihydroxy
naphthalenes, are also found. These colorless hydrojuglones,
during the ripening of the nuts, are undoubtedly oxidized to
the yellowish red juglone. Indeed the oxidation may well be
earried farther, for juglone is readily oxidized by exposure to
the air into hydroxy juglones which are still darker in color.
There is no record, however, of the hydroxy juglones having
been isolated from the walnut material. Juglone is also found
in the green shells of the nuts and the bark of the twigs of Jug-
lans nigra, the black walnut, Juglans cinerea,®) the butternut;
in the leaves of Carya olivaeformis,®?) the peean; and in the bark
of the twigs of Pterocarya caucasia.?)

The possibilities for combination between juglone and the
hydrojuglones must not be overlooked in considering the dark
eolored pigments in the walnut shells. Not only is there the
possibility of juglone combining with each « and g-hydrojuglone
to form the corresponding quinhydrones; but the additional
possibilities of its forming phenoquinones with itself, through
the addition of its phenol group to a earbonyl group, and also
of forming phenoquinones with the hydre juglones. If jug-
lone be oxidized in the plant to hydroxy juglones the possibil-
ities for pheno quinone and quinhydrone formation become
fully as great as with the thymoquinones in the Monarda speeies.

Pigments referable to a methyl dihydro naphthalene

C,, H, CH, C,, H, 0, CH,
Methyldihydro-Naphthalene Methyldihydro-Naphthaguinone
C,, H,; O, (OH), CH, C,, H, (OH), O, CH,

Dihydroxy-methyl Trihydroxy-methyl
Naphthaquinone Naphthaguinone

Two pigments, one orange red, erystallizing in needles, and
the other red, erystallizing in plates, have been isolated from
the root tubers of Drosera Whittakeri. The former is apparently
dihydroxy methyl naphthaquinone and the latter trihydroxy
methyl naphthaguinone.

Pigmentation in Drosera Whattakeri seems to he confined to

—

$+C. 1., 141, p. B2E.
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the tubers. Aeccording to Rennie') who has made a study of
these pigments, each plant is provided with one tuber attached
to a stem at a depth of 3 to 4 inches. The tubers vary from 14
to 34 of an inch in diameter. Kach consists of an inner solid
but soft nuecleus, full of a reddish sap, and an outer series of
thin, more or less dry, layers of an almost black material. Be-
tween the layers is to be found, in small quantities, a brilliant
red coloring matter, apparently most plentiful in the older
tubers. The flowers of the species are white, resembling those
of the white oxalis. The red pigment gives a violet, the orange
red a deep red solution with ammonia and alkalies.

This remarkable form of pigmentation is doubly interesting
when considered from the view point of the quinhydrone hy-
pothesis. Both of the substances are quinones, and both have
in addition phenol groups. The presence of the corresponding
hydroquinones has not been indicated, though both substances
may be redueced to hydroguinones. Whether the black outer
layers owe their ealor to phenoquinones, quinhydrones or higher
oxidation produets of the known pigments does not beecome ap-
parent from Rennie’s investigations, though the red erystals be-
tween the dark layers are apparently the trihydroxy eom-
pound.

Pigments f-ef erable to di-dihmiwphe-rmi-ethum.

CH COOH el
CH —CH— HC H He CH= —HC _
CH, H— 0 —HC c
CH CH

Di-dihydro phenyl elhant Phoeniceine

Phoeniceine'.) oeceurs as the colorless leuco-compound phoe-
nin in the heart of wood of Copaifera bracteata, the *‘ purpur-
holz’’ ‘‘amaranth wood’’ or ‘‘blue ebony’’ of South Amerieca,
comprising about two per eent of the wood. TPhoenin,
C,, H,, O., upon treatment with mineral acids gives up one

! Chem. News, 55, p. 115; Jr. Chem. Soe., 51, p. 871; &, p. 1083.
1 Kleerekoper, E. Neederl. Tijdschr., Pharm., 13, p. 245; 284, 303. (Chem.
Centralbl. 72, II, p. 858, 1085).
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moleeule of water forming quantitatively the red phoenieceine

. C,,H,,0,. This reaction also takes place quantitatively upon
long heating at 100° or heating for one hour at 150°-160°.
Upon exposure to the air at ordinary temperature phoenin
passes slowly to phoenieceine,

Upon treatment with alkalies phoeniceine turns blue, then
violet, and finally brown in color. Its behavior toward alkalies
and acids is similar to that of the flavone compounds eontaining
two hydroxy groups in artho position. Kleerekoper!) sug-
gests the formula given above.

PIGMENTS REFERABLE TO HYDROCARBONS OF THE FORMULA OF SAT-
URATION C H., ..

There exist in plants several pigments and pigment forming
substances referable to hydrocarbons of this degree of saturation,
all of which are substitution produets of four different hydro-
earbons, namely, naphthalene, two dihydro naphthalene deriva-
tives with unsaturated side chains, and phenyl-diphenyl methane.

Pigments referable to Naphthalene.

C
fc g HC CH HC
CH
ic ca HC A HOC
C
H CH COH COH CH COH

Naphthalene a Hydrojuglone A -Hydrojuglone

Both of the hydro juglones exist, along with juglone, in all
the green parts of the walnut tree, Juglans regia.?) Upon oxi-
dation a hydrojuglone yields juglone. A discussion of the var-
ious quinhydrones and phenoguinones whiech may be formed by
combination of the two hydrojuglones with juglone, also with
possible higher oxidation produets of juglone, has been given,
under juglone.

1EBer. 10, p. 1544: 17, p. 2411; 18, p. 204; 18, p- 474; 18, p. 2567.
1Jr. Chem. Soc., 69, p. 1355.
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Pigments referable to phenyl-dihydro phenyl methane,

CH CH
HC —— CHy=—C CH,
HC CH HC CH,
CH CH

Phenyl-dihydro phenyl-methane

COH CH
1
HC. R e CH,
HC o ¢ CH,
COH CH
Rhamnocitrin

A group of yellow pigments, some of them supposedly de-
rivatives of the above named hydrocarbon, has been isolated from
the berries of Rhamnus cathartica.”) These pigments are rham-
noeitrin, B-rhamnoecitrin, rhamnochrisin, rhamnolutin and
rhamnonigrin. As will be seen from the formula assigned to
rhamnocitrin above, these pigments resemble the xanthone de-
rivatives, falling under the degree of saturation C,H.._,,,
more closely than they do the remaining known pigments eof
this degree of saturation. They are indeed derivatives of a
reduced xanthone nucleus.

Rhamnoeitrin oeeurs, probably, in the free state. It ery-
stallizes in golden yellow needles, and it forms metallic deriva-
tives deeper in color than the eompound itself.

B-Rhamnocitrin has the same empirieal formula as rham-
nocitrin whieh it closely resembles. To mordanted fabries it
imparts a more enduring color than does rhamnocitrin,

Rhamnochrysin, C,, H,, O. erystallizes in orange yellow ery-
stals. It is looked upon as an oxidation produet of rhamno-
eitrin. Whether the molecule is of phenyl-dihydro phenyl

*Bull. de Pharm., 4, p. 64; Journ. de Chim. Med. & p 193%3: Journ. de
Pharm. et de Chim., 11, p. 666; Arch. de Pharm., 113, p. 63: Arch. 4.
Pharm., 238, p. 459.
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B. Diphenylethane series.
1. Pigments referable to diphenyl ethane.
(Genistein.
C. Diphenylpropane series.
1. Pigments referable to diphenyl propane.
Phloretin.
Butin.
Saponarin and Vitexin.

I. PIGMENTS REFERABLE TO THE DIPHENYL SERIES OF HYDRO-
CARBONS,
The only member of this series to which a plant pigment is
known to be referable is a dimethyl homologue, the ditolyl.
Pigments referable to ditolyl.

CH,
HC 'Eg CH CH
4C c--—.cOCH HOC
CH CH ¢ cH
CH, 0 C=0
Ditolyl Ellagic acid

Ellagie acid occurs quite widely distributed in plants, usunally
accompanied by tannins. It is found in the leaves of Juglans
regia® along with gallic acid and juglone ; in the leaves of Quercus
pedunculata,® Quercus infectoria,® Caspinus befulus,* Haema-
toxylon campechionum,® Caesalpina Dbrevifolin,® Caesalpinia
coriaria,” Coriarie myrtifolia,” Quebrachia loventzit,' Tamarax
gallica,” Tamaraxr africana,” Donabanga wmoluccana,® Punica
granatum,® Terminalia chebula,® Vaccinium vitis ideaea.®

Ellagie acid forms small yellowish erystals. It dissolves in
eoncentrated sulphurie acid with a citron yellow eolor. From

1C r., 141, p. B38.

1 7. phyeiol. Chem., 20, p. 511.

3Jr. Chem. Soc., 71, p. 1131.

* Arch. Pharm., 244, p. 573.

¥ Proec. Chem. Soec., 16, p. 45; Jr. Chem. Soec., 77, p. 4286.
*Jr. Chem. Soc., T1, p. 1194,

*Jr. Chem. Soc., 73, p. 374.

* Nederl. Tijdschr. Fharm., 1887, p. 68.

*Bar, 42, p. 35%.

™ Chemn. Mews.. 52, p. 78; Pharm. Jr., 16, p. 92,
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and determined its empirical formula. Hlasiwetz® and Haber-
mann, in 1874, took up the study of the eonstitution of gentisin,
In 1876° they found that it contains a methoxy group and ob-
tained gentisein by hydrolysis. In 1891 Kostanecki’ turned his
attention to the constitution of gentisin and in 1894% suceeeded
in synthesizing gentisein from phloroglucin and hydroquinone
earboxylie acid. From this produet he readily obtained genti-
sin by treatment with methyl iodide. The remaining question
of the position of the methoxy group was answered by Perkin®
in 1898,

Gentisem erystallizes in pale vellow erystals which melt at
315°. It is soluble in alkalies with a bright yellow eolor.

(entisin forms fine needle like erystals of a pale yellow color,

It forms well defined erystalline salts of sodium and potassium,
C,,H, NaO, and C, HKO,.

1II. A. 1. d.) Hexhydroxzy derivatives of diphenyl methanone.,

Datiscetin.

Datiscetin has been known for a long time in southern France
where it has been used as a coloring agent for silk. It was first
studied by Braconnet® in 1816. Later Stenhouse®* showed that
the substance to which the eoloring properties are due is a
elueoside which may be hydrolized into datiscetin and rhamnose.
In 1893 and 1894 Marchlewski® and Sehunk undertook the de-
termination of the eonstitution of datiscetin and found that it
belongs to the xanthone group of pigments, assigning to it the
generally accepted formula C,;H,,0, with two hydroxy and two
methoxy groups, as shown below. Upon treatment with hy-
driodie acid datiscetin yields a tetra hydroxy xanthone of a
vellow color. -

More recently, 1907, Marchlewski* claims that datiscetin is of
the formula C,.H, 0, that it melts at 268°-269° instead of

S —

® Ann., 25, p. 200.

¢ Ann., 62, p. 106.

TMonata, 12, p. 205; 12, p. 318

8 Monate,, 15, p. 1: 16, p. 919.

*Jr. Chem. Soc., T3, p. 671.

i1Ann. Chim. et Phys, (2) 2, p. 277.

2 Ann., 98, p. 167.

®Ann., 277, p. 2681; 278, p. 348.

* Biochem. Zeit., &, p. 287 ; Chem. Centralbl., 1906, II, p. 1265.
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Catechin.
CH CH
DIH
H,C -C C—CH—C ik
H jc— -C COH HC COH
LA
0 CH CH

Catechn, also ealled catechinie acid and eatechu tannie aeid,
was known by Runge® to exist in the heart wood of Acacia catechu
as early as 1821. It has long been known as a dyestuff impart-
ing yellow and brown tints to textile fabries. The coloring
principle, catechin, was probably first deseribed by Nees van
Esenbeck® in 1832. It has since been the subjeet of many
chemical investigations, the results of which were for a long time
so various that the chemistry of catechin remained in a very
unsatisfactory condition. The majority of investigators of this
pigment have considered but one eatechin to exist, some, how-
ever, elaim that three different catechins with different melting
points, but with other properties similar, have been isolated.
Perkin,® in 1902, deseribed two catechins, with melting points
of 175°-176°, and 235°-237° respectively, isolated from
Gambir catechu, and another with a melting point of 204°-
205°, from Acacia catechu.

Many different chemical formulae have been assigned to
catechin by different chemists. The latest work by Perkin*
upon this pigment, as well as the even more recent work of Kost-
anecki® and his collaborators, indieates C,,H,,0, with five hy-
droxy groups as the correet formula for the anhydrous com-
pound. Perkin® calls attention to the great similarity of the
catechins to quercetin, which accompanies them in the plant,
probably as a glueoside. He points out the possibility of their
being reduetion produets of quercetin. The later work of
Kostanecki and Lampe, however, indicates the presence of a
euamaran group, in which the six earbon ring eontains only one

iPBerz. Jahresber., 12, p. 250.
3ANN., 1, p. 248.

3 Jr. Chem. Soc., 81, p. 1160, -
1 Proc. Chem. Soec., 20, p. 177.
& Ber,, 39, p. 4007, 4014.

8 Jr. Chem. Soc., 81, p. 1160.
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also in mahogany wood, and aceording to Gautier,” in various
species of cachou, where he thinks there are several varieties of
catechin of different melting points and characterized by a vary-
ing carbon eontent.

In a pure state catechin is composed of fine needle like color-
less erystals, which by oxidation form dyes imparting yellow
shades to textile fabries. It is sparingly soluble in cold aleohol,
readily soluble in hot aleohol. Air dried it dissolves in ethyl
acetate, also to some extent in pure ether. Dried at 100° it
is insoluble in both these solvents. In aqueous solutions lead
acetate gives with catechin a colorless precipitate, ferric salts
give a green color. In the presence of sodium acetate ferrie
chloride gives with catechin a deep violet coloration.

The more important of the eontributions to the chemistry of
catechin are included in the following list:

Clauser, — B., 36, p. 101.

Dellfs, — Pharm. Centrl.,, (1846), 604; Berz. Jahresbh., 27,
p. 284.

Doebereiner, — N. Jahresb. d. Chem. u. Pharm., (1831), p. 378;
Berz. Jahresb., 12, p. 250; Schweigg. Jr., 61, p. 378.

Etti, — Monatsh., 2, p. 547; Wien. Akad., 84, p. 553:-A., 186,
p. 327; Ber., 14, p. 2266.

Gautier, — C. r., 85, p. 342; 86, p. 6GS.

Hagen, — Ann., 37, p. 320.

Hlasiwetz, — Ann., 134, p. 118.

Kostanecki and Lampe, — B., 39, p. 4007, 4014, 4022 40, p. 720.

Kraut and Delden, — Ann., 128, p. 285.

Liebermann and Tauchert, — B., 13, p. 964.

Loewe, — Zeit. anal. Chem., 13, p. 113.

Ness van Esenbeck, — Ann,, 1, p. 243.

Neubauer, — Ann., 96, p. 337.

Perkin, — Jr. Chem. Soc., 81, p. 1160; Proe. Chem. Soe., 20,
p. 177. :

Schuetzenberger and Bach, — Bull. Soe. Chem., 4, p. 51.

Swanberg, — Ann., 24, p. 215.

Wackenroder, — Ann., 37, p. 306.

Zwenger, — Ann., 37, p. 320.

"C. r, 85, p. 342; B6. p. 685
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acid when the compound was, presumably, first hydrated and
then dehydrated resulting in a rearrangement of the molecule.

Butin oceurs with butein as a glucoside in the blossoms of
Butea frondosa, a leguminous plant of India and Burma. It
erystallizes in small colorless needles melting at 224°-226°. It
is soluble in aleohol, sparingly soluble in acetie acid and ether,
almost insoluble in benzene. - With aleoholic lead acetate solu-
tion butin forms a pale yellow precipitate, with aleoholic ferrie
chloride a deep green coloration. With ecold sulphuric acid it
first turns red, then goes into solution with a pale yellow eolor.
On fusion with eaustie potash and a little water at 200°-220°,
butin yileds protocatechuie acid and resorcinol.

Though butin is not itself a pigment it dyves mordanted fah-
ries exactly as buetin does. From this behavior it is believed
that it is changed by the mordants into butein. When boiled
with a solution of potassium hydroxide and then acidified a
bright orange erystalline preecipitate of butein immediately sep-
arates out.

Saponarin,

Certain plants contain in the cell sap of the epidermal cells
of the leaves a substance which turns blue* with iodine. As
in the case of starch this color disappears upon heating and
returns again upon cooling. For this reason this substance is
often mistaken for starch, as it was by its discoverer Sanio® in
1857. Schenk,?® in the same year, doubted the identity of this
substance with starch, and Naegeli* in 1860 showed that the two
are not identical. Dufour,® in 1885, found this substance in
about twenty species of plants.

In 1906 Barger® separated the above deseribed substance from
Saponaria officinalis and called it saponarin. He showed that
the substance is a glueoside which upon hydrolysis yields glu-
cose and another substance (', ,H,,0., identical with vitexin from
Vitex littoralis.

The substanee whieh turns iodine blue, formerly known as
soluble stareh, has been found in Gagea lutea,” in Ornithogalum

1 Rupe,—Die natuerlichen Farbstolfe, 2, p. 42,
IB[.L zﬂlt-p 15! nl 1’2“-

5 Bot. Zeit., 16, p. 497, 555.

% Zeit. fuer. Wissenach. Bot., 2, p. 187.

®RBull. 3oc. Scl. Nat., 21, p. 227.

8 Jr. Chem. Soc., 59, p. 1210,
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COH CH
{? OH ;I;;H
| i

HC C—C—CH—CH C COH

HOC COH H

CH CH

Both the above formulas have, however, six hydroxy groups,
whereas vitexin forms only a pentacetyl and saponarin only a
nonacetyl derivative. Dehydration might, however, take place
in the molecule during the process of acetylation.

" To aceount for the formation of only the pentacetyl vitexin
Perkin has suggested the presence of a reduced phloroglucinol
nuelens. This would give a formula of the type shown below.

CH_CH

—C-—-—CH OH CH CH

COH

PIGHEHTE REFERABLE TO ﬁ?ﬂﬂﬂﬂﬂﬂﬂﬂh—'ﬂ OF THE FORMULA OF SAT-
. URATION CH, 0y,
~ Of all the pigments of known constitution oceurring in plants
)y far the greater number are referable 10 hydrocarbons of the
formula of saturation C,H,._,,. These pigments when referred
to their underlying hydrocarbons fall into three classes.
1.) The diphenyl olefin derivatives.
2.) The dihvdroanthracene derivatives.
3.) The methyl-phenyl hydrindine derivatives and their
oxidation produects.
. In the first class are found the flavone derivatives, referable
to diphenyl propene, and a large number of eompounds refer-
able to similar hydrocarbons. This group also ineludes the so-
ealled anthocyanine pigments, so far as their structure has been
determined.
" The second elass is made up of the anthraquinone and methyl
anthraquinone derivatives, a group which includes, outside of
the flavone derivatives, of the above elass, the greater number
f coloring matters, so far studied, falling under this degree of

Tﬂmﬁ omn.
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2.) Butein
3.) Anthoeyanins,
Pelargonidin
Cyanidin
Paeonidin
Delphinidin
Myrtillidin
Malvidin
Oenidin
C. Diphenyl 1, 4, butene 2,
Indigotin.

I. A. Pigments referable to the diphenyl ethene series of
hydrocarbons.

1.) The only members of this series to which a plant pigment
is referable is a methyl ethyl homologue, the tolyl-etho phenyl-
ethene. :

CH, — o—-C

c“: Ci“'
¢ C
C—CH=CH—C
CH HC
cH CH CH CH oy cH,
Tolyl-etho phenyl-ethene Berberin

Berberin, which is a basic plant pigment, an alkaloid, may be
regarded as the produet obtained by the deammoniation of a
dimethyl, methylene either of a tetra hydroxy, triamido sub-
stitution produet of the above hydrocarbon. The accepted for-
formula® for berberin is based upon the investigations of the
products which result from the abbau of the molecule by oxida-
tion with potassium permangenate.

Berberin was isolated by Buchner? hefore 1837 from the root
of Berberis vulgaris and deseribed by him. Sinece then it has
been the subject of a large number of investigations and has

*Jr. Chem. Soc., 55, p. 63; 57, p. 992; 37, p. 318
1 Ann., 24 p. 228.
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Dobbie and Lauder,—Proe. Chem. Soec., 17, p. 255.

Fleitmann,—Ann., 59, p. 160.

Freund,—Ann., 397, p. 1.

Freund and Beck,—B., 37, p. 4673.

Freund and Meyer,—B., 40, p. 2604,

Gadamer,—Chem. Ztg., 26, p. 291, 385; Arch. Pharm., 239, p.
648 ; 243, p. 12, 31, 43, 89, 246.

Gaze,—DBeilstein, Handb. organ. Chem., 3, p. 800.

Gordin,—Areh. Pharm., 239, p. 638; 240, p. 146.

Hlasiwetz and Gilm,—Ann., 115, p. 45; 122, p. 256; Suppl.
I1. p. 133.

Henry,—Ann., 115, p. 133.

Link,—Arch. Pharm., 230, p. 734.

Mosse and Tauz,—Chem. Centralbl., 1901, II. p. T86.

Perkin, A. G..—Jr. Chem. Soec., 67, p. 413; 71, p. 1189

Perkin, H. W.—Jr. Chem. Soc., 55, p. 78; 57, p. 1037.

Perkin, W. H. and Robinson,—Jr. Chem. Soe., 97, p. 305.

Perrins,—Ann., Suppl. Il. p. 176.

Sehlotterbeck,—Jr. Am. Chem. Soe., 24, p. 238.

Sehmidt,—Handb. Organ. Chem., 3rd ed., vol. 2, p. T98.

Troege and Linde,~—Arch. Pharm., 238, p. 6.

Weidel,—B., 12, p. 410.

1. B. Pigments referable to diphenyl—1, 3—propene series of
hydrocarbons.

Just as the larger number of natural coloring matters of the
degree of saturation C,H.,_,,, may be referred to diphenyl
methane, so by far the greater number of those of this degree
of saturation, the flavone derivatives, may be referred to a sim-
ilar hydroecarbon, diphenyl propene. Indeed the relationship
of the flavone group to the xanthone group is much closer than
would be inferred by simply referring the individual eompounds
to their underlying hydroearbons. By comparing the strue-
tural formula of xanthone with that of flavone it will be seen
that both eompounds contain the y-pyrone group: more than
this, they econtain the benzo y-pyrone group, designated by
Bloch and Kostanecki'. the ehromone group. In the xanthone
derivatives the ehromone group is condensed with another ben-
zene nucleus forming dibenzo y-pyrone, while in the flavone
derivatives it is united with a phenyl group forming phenyl-
benzo-y-pyrone. 'With this similarity in strueture it is by

1B, 33, 471.
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no means remarkable that flavone and xanthone derivatives so
closely resemble each other in eoloring properties.

0
CH— {I!‘— CH
" il HC C-0- {iIH
CH— C—CH HC C-C-cH
ca CH 0
CH CH CH
HC C=0—C C—0— c —c
HC AT R o G T ch
CH

Xanthone

There is some confusion as to the numbering of the earbon
atoms in the benzo-y-pyron group, called by Kostanecki the
chromon group, and consequently in the numbering of those of
the flavon and xanthon groups. Acecording to Richter’s Lexi-
kon der Kohlenstoff-Verbindungen the oxide oxygen in the
chromon group occupies position 1, and the carbon atoms are
numbered from this. Kostanecki, however, assigns to.the car-
bon atom adjacent to the earbonyl group the a position and the
one adjacent to the oxide oxygen the g position, while the car-
bon atoms of the carboeyelie nueleus he numbers 1, 2, 3, and 4
respectively. This gives us two systems of numbering as in-
dicated by the following structural formulae:

Chromon group numbered aceording to

Whichever of these methods of numbering is followed, the
positions of the carbon atoms of the phenyl group in the flavone












& LL, 5




Pigments: Cp Hyp,, T

While the flavone pigments are found in all parts of the plant
they oceur most frequently in the roots, wood, bark and leaves.
When they appear to be the pigment to which the flower owes
its eolor, the blossoms are either pale yellow or almost white.
In some instances, as the oceurrence of kaempherol in the blue
flowers of Delphinium consolida and Delphinium zali it 18 plainly
evident that the eolor is not due to the presence of the flavone
derivative but to some other pigment or pigments.

Willstaetter in his work upon anthoeyanin has shown that in
the Delphiniums the color is due to delphinidin, probably a po-
tassium salt of delphinidin. Delphinidin, aceording to Will-
staetter, is isomerie with quercetin and morin, both of which
are hydroxy substitution products of kaempherol.

The flavone derivatives are not quinoid in character. All
ean be, however, theoretically, and some have been, actually,
exidized to quinoidal ecompounds (See chrysin® and gquercetin.?).
These quinones are deep red in eolor and closely resemble, in
their behavior toward reagents, the red and blue pigments of
flowers (anthoeyanins). These quinones can be reduced to the
corresponding hydroquinones which form either colorless or pale
yellow erystals.

From a consideration of the above reaections, also as a result
of observations upon the distribution of anthoeyanin, and from:
experimental evidence on the concentration of sugars and glu-
cosides in various fissues, on the existence of enzymes, and on
sugar feeding, there has recently been formulated a hypotheses
(Miss Muriel Wheldale*) that: The soluble pigments in flower-
ing plants, termed anthoeyanin, are oxidation products of
colorless chromogens, existing in the tissues as glucosides. The
production of the gluecoside from the chomogen and sugar is in
the nature of a reversible enzyme reaction: ehromogen - sugar
= glucoside  water, and the oxidation of the chromogen, which
is effected by one or more enzymes, can take place only after its
liberation from the glucoside.

According to Miss Wheldale this hypothesis brings t]:le forma-
tion of anthoeyanine into line with that of pigments formed
after the death of the plant (indigotin ete.) It is not opposed
to the quinhydrone hypothesis of pigmentation and it is in ae-

1 Ber., 45, 499,
* Ber., 44, 3487.
4Jr. Genetics, 1, 133, (Jr. Chem. Soc., A. IT, 80).
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sativum, Apium graveolens, and perhaps in other unbelliferous
species.

Apigenin forms erystals of a pale yellow color which melt
at 212-215. It is diffieultly soluble in water and in ether, more
readily in aleohol. Alkalies dissolve it with a yellow color. In
alcoholie solution it yields with lead acetate a yellow precipi-
tate, with ferrie chloride a red brown ecoloration.

Acacelin, a monomethyl ether of apigenin was named by
Perkin® who first obtained it from the leaves of Robina pseud-
acaciia,

Acacetin oecurs in the leaves of the false acacia, Robina pseud-
acacia. It forms almost colorless needle like erystals which
dissolve in alkaline solutions with a pale yellow color. From
aleoholic solutions it is precipitated by lead acetate. With
ferrie chloride it gives a reddish brown color. It forms a
diacetyl derivative which erystallizes in colorless needles which
melt at 195-198. Fused with alkalies, acacetin yields phloro-
gluein and parahydroxybenzoic acid.

Galangin,—Trihydrozy—1, 3, —flavone or
Dihydroxy—1, 3—flavonol.

CH CH CH
T =0 f-—- e CH
. |
HC CH- :'I:'_ COH CH H
H 0

Galangin was first obtained by Brandes,® in 1839, together
with kaempferid, from Galangae root, Alpinia officinarum. It
was not, however, recognized by him as a distinet compound,
and it was not until Jahns,* in 1881 showed that the kaempferid
of Brandes was composed of a mixture of three substances which
he called kaempferid, galangin, and alpinin, that galangin was
actually isolated. In a later study (1900) of the eolored com-
pounds of Galanga root, Testoni® met with nothing correspond-

1 Proc. Chem. Soc., 16, p. 45; Jr. Chem. Soc., 77, p. 430.

1 Arch. der Pharm., (2) 19, p. 53.

2 Her., 14, pp. 2305 and 2807 ; Arch. der Pharm., 220, p. 161.
* Gazz. chim. ital, 30, (2) p. 327.
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studied by a number of chemists, Moldenhauner,®* Schuetzen-
berger® and Paraf, Halsiwetz* and Pfaundler, Roechleder,®
Adrian® and Trillot, Herzig,” Perkin,® and Kostanecki.®

Our present coneeption of the econstitution of luteoline,
like that of the other members of the flavone group, is based
upon its deecomposition by alkaline fusion when it yields phoro-
glueine and protocatechuic acid. Perkin, therefore ascribed to
luteoline the foregoing formula which has since been verified
by the synthesis, effected by Kostanecki!® and his associates,
of luteolin from phloracetophenone trimethyl ether and the
diethyl ether of dihydroxy—3, 4—benzoic acid.

Luteoline ceeurs, as such, in Reseda'* lufeola in the leaves of
Digitalis** purpurea, and in Genista*® tinctoria. The 3-methyl
ether of luteoline oceurs as a glucoside in the leaves of parsley,
Petroselium sativum.

Luteoline forms small quadrangular needles of a yellow color
and bitter, astringent taste. They melt at 350° and sublime
with partial decomposition. They are slightly soluble in eold
water, better in warm water, alecohol, ether, and warm acetic
acid.

Dry luteoline treated with phosphorie acid anhydride is
changed to a red substance which dissolves in ammonia with
a violet coloration. The aqueous solution of luteoline is eolored
first green, then reddish brown by ferrie chloride, olive green
by copper aecetate. Luteoline dissolves in concentrated sul-
phuric acid with an orange red eolor and is precipitated un-
changed by dilution. If to a saturated solution of luteolin in
boiling aecetic acid sulphurie aecid is added, small orange red
erystals, insoluble in acetie acid and decomposed by water into
luteoline and sulphurie aeid, are formed. Hydrobromides are
formed in a similar manner with hydrobromide acid.

2Jr. Prakt. Chem., 70, p. 428.

3 Bull. Soc. Chim., (1) p. 1861-18,

‘tAnn., 112, p. 107.

¥ Zeit. Anal. Chem. (1886) p. 602.

*C r. 129, p. B89,

TBer., 29, 1013: Monats., 17, p. 2246,

8 Jr. Chem. Soc., 69, p. 206, p. 1439,

* Ber,, 32, p. 1184; 34, 1463; 37, 2625.

1 Ber., 32, p. 3415.

" Ann, 100, p. 150 ; Jares., (1861) p. TOT.
1 Arch, Pharm,, 383, p. 313; B, 82, p. 1184.
2 Euler (1), p. 105.
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Chevreul* probably first extracted fisetin in the form of a tan-
nin, though perhaps impure, from the fustel wood. Some
years later it was again obtained from the same source by
Bolley.? It was later isolated and studied by Schmidt,?® Her-
zig,* Perkin,® and Kostanecki.®

Our ideas of the constitution of fisetin are based upon the
work of Hirzig who showed that by boiling with aleoholic po-
tassium hydroxide fisetin did not yield phloroglucin, but fisetol
and protoeatechuic acid, with traces of resorcin. By the syn-
thesis of fisetol (ethylresorcylic acid), Kostanecki and Tambor
confirmed the work of Herzig.

COC,H,
HC CH

HC COH

B

I
COOH
Fisetol,

Fisetin oceurs as a glucoside in Rhus cotinus,” Rhus rhodan-
thema,® and Quebracho colorado.” It also oceurs free in Rhus
rhodanthema,*® and in the blossoms uf Butea frondosa.?

Crystallized from dilute aleohol fisetin forms small lemon
yvellow needle like erystals. From acetie acid it erystallizes in
vellow prisms with six molecules of water of erystallization.

Fisetin is almost insoluble in water, easily soluble in aleohol,
acetone and acetic acid. It is diffieultly soluble in ether, ben-
zene, petrolenm ether and chloroform. Ferric chloride when
added to fisetin solutions produces a dark green coloration and

1Zeit. anal. Chem., 12 p. 127.

3 Bull. Soc. Chim., 2, p. 479.

" Ber., 19, p. 1734.

4 Monatsh., 12, p. 177.

2Xr, Chem. Soc., 67, p. 648; €9, p. 1304,
®* Ber., 28, p. 2802; 37, p. 784; 38, p. 3687
"Ber, 19, p. 1708,

8Jr. Chem. Soc., 71, p. 1194,

* Chem. News, T4, p. 120.

# Ir. Chem, Soc., 71, p. 1194.

i Proc. Chem. Soc., 19, p. 183; Jr. Chem. Soc., 85, p. 1459.
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gide in the blue flowers of Delphinium consolida® and Delphin-
ium zali,® as the glucoside in the white flowers of Robinia pseud-
acacia,” and, along with gquercetin in the blossoms of Prunus
spinosa,® Alpina officinarum,” and Rumex eckonianus® It has
also been isolated from the indigo producing plants,'* Poly-
gonum tinctorium and Indigofera amicta, as the glucoside
kaempheritrin.  Scutellarein,** probably identical with kaem-
pherol, is formed by the hydrolysis of the glucoside seutellarin
which occurs in the epidermis of Scutellaria caleopsis, and
Teucrium speeies. '

Kaempherol crystallizes in pale yellow crystals which melt
at 276-277. It is readily soluble in boiling aleohol, and
soluble in alkalies with a pale yvellow color. Alcoholie lead
acetate solutions yield an orange red precipitate with kaemph-
erol; aleoholic ferrie chloride a greenish black eoloration.
Kaempherol dissolves in concentrated sulphurie acid forming
a yellow solution which in a short time gives a blue fluorescence.
To wools mordanted with aluminum kaempherol imparts a yellow
color; with tin, a yellow color; with chromium, a brownish red
color; and with iron, a deep olive brown.

Kaempherid,—Trihydroxy—1, 3, e-methoxy-4'-flavone, or
Dihydroxy-1, 3-methoxy-4'-flavonol,

CH CH CH
HC —C-COH CH CH

COH
Kaempherid, the 4° -methyl ether of kaempferol, was first ex-
tracted by Brandes® in 1839 from the rhizom of Alpina offici-
narum. Later, as has been shown in the chapter on galangin,

# Jr. Chem. Soc., 81, p. 585.

*Jr. Chem. Soc., T3, p. 267.

T Proc. Chem. Soc., 20, p. 172,

*Ann. (Sup.) 1, p. 257.

* Arch. d. Pharm., 247, p. 447.

# Jr, Chem. Soc., 97, p. 1.

1 Jahregb. d. Chem., (1886) p. 573 ; Proc. Chem. Soc. 20, p. 172; 22, p. 198.
2 Fuyler, p. 105.

1 Arch. der Pharm., 67, p. 52.
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Penthydroxides of flavone.

Quercetin,—Penthydrozy—1, 2, 3, 4, a-flavone, or
Tetrahydroxy—1, 2, 3', 4" -flavonol,

CH CX e COn
N
HC =g = COH e
H

"
0

Quercetin which occurs very widely distributed throughout
'the plant kingdom, both in the free state and as a glucoside, has
probably been more widely studied than any other vegetable
coloring matter except echlorophyll and, perhaps indigo and
alizarin. Quercetin was first extracted as a glucoside querei-
trin by Chevreul* from the inner bark of Quercus tinctoria and
later from the same source, also from the horse chestnut, by
Rochleder.®* The free quercetin was first obtained from the
glucoside by Rigaud,® in 1854, The names of the various
chemists who have sinee eontributed to the literature of querce-
tin, with references to their published works are given in the ap-
pended list, which, although it contains the more important ar-
tiecles upon quereetin, is probably not at all eomplete.

Our conception of the strueture of quercetin comes from the
work of Hirzig* also that of Kostanecki® and his associates.
Fused with alkalies it yields phlorogluein, Protocatehuie acid,
and glyeolic acid.

C,;H,0, + 3H,0 =C,H, (0H), + C,H, (0H), COOH + CH,
OH COOH.

Quercetin has been synthesized by Kostaneeki and his eolla-
borators in a manner quite similar to their synthesis of fisetin.®
Quercetin oceurs very widely distributed in the free state, as
alkyl ethers, and as glucosides. As a glucoside it is most.

1Lecons de Chemie appligufe & la Teinture,
' Wien. Acad. Ber.,, 33, p. 565.

*Ann., 90, p. 283,

1 Monatsh., 12, p. 177: 14, p. 38.

" Ber., 37, p. 784, 793,

*Ber., 3T, p. 784, 793,
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It was later isolated, by Perkin® and his associates, from a num-
ber of other dye stuffs and has been found to be a hydroxy
quercetin.

Myricetin oceurs as the glucoside myricitrin in the bark of
Myrica nagi,* and M. gale.* 1In the leaves of Rhus coriaria,® K.
cotinus,® and R. metopium.* It also oeccurs in Pislachia lentis-
cus,® Haematozylon campechianum,® and in the leaves of Arcto-
staphylos uva wrsi® _

Myrieetin erystallizes in small clear yellow erystals whieh melt
with decomposition above 300°. It dissolves with difficulty in
boiling water,. more easily in aleohol, and almost not at all in
ehloroform and acetie acid. It dissolves in potassium hydrox-
ide solution with a yellow eolor which changes in the air to
bluish, and becomes finally dull violet red in eolor. Coneen-
trated alkali solutions give a permanent red color which goes
through all the above changes upon dilution. Ammonia gives
a more reddish color, lead acetate, a reddish orange color which
becomes yellow upon boiling. Myricetin is dissolved with a
red eolor in sulphurie acid and is precipitated upon the addi-
tion of water. Ferrie chloride gives a black eolor in aleoholie
solutions. Fused with alkalies myricetin rapidly becomes
brown and yields prinecipally gallie acid and phloroglucin.
Myricetin dyes fabries mordanted with aluminum a brownish
orange; with chromium, a red brown; with tin, a deep orange
red; and with iron, an olive black.

Gossypetin,

In 1899 Perkin® isolated from the vellow flowers of the Indian
Cotton—Gossypium herbaceum a yellow pigment which he
called gossypetin. This substanee has the molecular composi-
tion C,; H,, O,. It is isomeric with myrieetin with six hydroxy
groups, two of which are in relatively ortho-position. In its be-
havior it closely resembles the flavone derivatives. It is prob-
ably a member of the flavone group.

Gossypetin oceurs prineipally in the form of the glucoside
gossypitrin in the flowers of Gossypium herbaceum,! the Indian

¢ Czapek, p. 521.

iJr. Chem. Soc., 69, p. 1287.

2Jr. Chem. Soc.. 81. p. 203; 77, p. 424, 427.
i Jr. Chem. Soe., 75, p. 823

2Jr. Chem. Soc., 95, p. 1855.
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HOC COH EH. CH

?

HC E=pPH—CH—C—C COH

CH CH CH COH

Butein! occurs either as such or in glueosidal formation, in
the form of butin, in the flowers of Butea frondosa. Its synthe-
gis from dimethylprotocatechuic aldehyde and monomethyl re-
sacetophenone as well as its formation from butin® have been dis-
cussed in a previous chapter.

Butein erystallizes in needle like erystals which melt at
213°-215°. It is readily soluble in aleohol, somewhat soluble
in ether, more sparingly soluble than butin in hot water. It
dissolves in alkaline solutions with a deep orange red eolor. In
aleoholie solutions with lead acetate it gives a deep red preeipi-
tate, with ferrie chloride an olive brown coloration. In eold
sulphurie acid it dissolves with an orange color, upon the addi-
tion of water the butein is precipitated unchanged.

Butein dyes wools mordanted with aluminum a beautiful
orange color, with chromium a deep terra cotta, with tin a beau-
tiful yellow, and with iron a brownish olive.

1. B. 3.) The anthocyanin pigments.

The so ealled anthoeyanin pigments have long attracted the
attention of both chemists and botanists, and have called forth
considerable work from both eclasses of investigators. From
time to time eolored substances have been extracted from plant
organs supposed to be colored by anthoeyanin pigments and
have been made the subjeet of special investigation. These
eolored substances, though sometimes erystalline, were probably
seldom pure, so that little chemical knowledge was gained either
of the special pigment studied or of the anthoeyanins as a elass.
In addition to the above, many theories, all of which have been
more or less unsatisfactory, have been advaneed to account for
both the appearance and the disappearanee of color in flowers,
fruits, and autumn foliage.

The recent exhaustive study, by Willstaetter, of anthoeyanin

1Proc. Chem. SBoc., 10, p. 11; 19, p. 188; 85, p. 1495.
*Bee Butin, Formula of saturation C H, _, .
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pigments in some plants, while not satisfactory in every deta:l,
is a long step in advance. This work not only explains much
concerning the chemistry of the anthoeyanin pigments that has
hitherto been unexplained; but it places the anthoeyanins in
a class, and shows the close chemical relationship between the
various anthocyanin pigments studied, and also between the
anthocyanins and other pigments oceurring with them in the
plant.

Anthoeyanins are red, blue and purple pigments extracted
from flowers, fruits, and leaves by water and dilute aleohol.
They are insoluble in ether, are turned red by acids, blue or
greenby alkalies, and give green, green-blue, gray-green, oryellow
precipitates with lead acetate. It is commonly supposed that
the purple color of flowers and fruits is due to the free pigment,
the blue color to an alkaline eombination, and the red color to
an acid eombination of the pigment.

The anthoeyanins, according to Willstaetter, are present in
the plants only as glucosides, sometimes as mono- and some-
times as diglucosides. The sugar molecule with which the pig-
ment is combined is generally that of glueose, though in at
least one instance galactose is present. The anthoeyanins all
exhibit a echaracteristic reaction, the anthocyanidin reaetion.
An anthoeyanin dissolved in a normal or twiee normal solu-
tion of sulphurie aeid is unaffected by shaking with amyl aleo-
hol. After hydrolysis, however, the eolorod anthocyanidin is
quantitatively extracted by the amyl aleohol, forming a reddish
violet solution which slowly, more rapidly in the presence of
sodium acetate, changes to a bluish violet.

All of the anthoeyanins so far studied are very closely related,
the color bases of the various glucosides being hydroxy and
methoxy derivatives of pelargonidin, the least highly oxygen-
ated of the known anthoeyanins. They are also closely re-
lated to the flavone derivatives, so many of which constitute
the yellow plant pigments, and many of which oecur side by
side with the anthoeyanin pigments in the plants. Accord-
ing to Willstaetter the free anthoeyanin pigments are isomers
of some of the flavone pigments, the isomerism between them ex-
isting, not in the position of substitution in one or the other of
the two benzene nuelei, but in the transformation, by the chang-
ing of valence of the ether oxygen from two to four, of the
pyron to a pyrylium grouping, and of a difference in the posi-
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pigments, is obtained, the quinoidal eonfiguration as a possible
explanation was abandoned and the arrangement of double
bonds of the pyrylium grouping adopted instead. Whether
or not the diffieulties in the way of accepting Willstaetter's
furmula are more easily explained away than are those in the
way of accepting the quinoidal formula is still a matter of
opinion.

Among the anthoeyanins thus far studied pelargonidin is
isomeriec with apiginin and galangin. Cyanidin is isomerie
with luteolin, lotoflavin, fisetin, and kaempherol. Paeonidin,
a methyl ether of eyanidin is isomeriec with kaempherid, a
methyl ether of kaempherol. Delphinidin is isomerie with
quercetin and morin, while myrtillidin, a methyl ether of del-
phinidin is isomeric with rhamnetin and isorhamnetin, both
methyl ethers of quercetin, and malvinidin and oenidin,
dimethyl ethers of delphinidin are isomerie with rhamnazin,
a dimethyl ether of quercetin.

The isomerism of the above named compounds is probably
not to be doubted. That this isomerism consists only in the
different posifion of a hydroxyl group in the pyrylinm ring,
even in aeid combination, is open to question, sinece no such
marked difference in properties exists between the flavonols
and the true flavones as is found to exist between the flavone
derivatives and the anthoeyanins.

None of the neutral pigments, isomerie with the flavone pig-
ments appear to have been isolated as such. They have been
obtained as oxonium salts formed by the addition of a mole-
enle of acid to a molecule of the pigment, as the colorless pseudo
base, obtained by the elimination of the elements of hydro-
ehlorie acid and the addition of the clements of a moleeule of
water, and as the color base, a colored modifieation of the pseudo
base into which it changes upon standing in concentrated solu-
tion.

Acecording to Willstaetter red and pink eolors in the organs
examined are due to acid compounds of the pigment, oxonium
salts; purple and violet colors to the free pigments; and blue
eolors to metallic derivatives of the pigment. The blue eorn-
flower is probably colored by the potassium salt of the eyanin,
and the searlet geranium by the ecompound of pelargonin with
tartarie acid, while the purple delphinum is supposed to be col-
ored by the neutral delpninin.
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shaped erystals of a high melting point and a bright red color.
The erystals dried in masses of a brownish eolor with a beauti-
ful green refleetion. This substance was no glueoside. If it
existed as such in the plant, it was hydrolized in the process of
preparation by the sulphurie acid used to decompose the lead
precipitate. The erystalline substance was insoluble in ether,
ehloroform, hydroearbon oils, and carbon disulphide, almost in-
soluble in hot water and in 95 per ecent aleohol, but easily soluble
in 60-70 per cent aleohol when heated. It was pussibly the
pelargonidin sulphate deseribed by Willstaetter.

This compound gave a yellow acetyl derivative when heated
with aecetie aeid anhydride and anhydrous sodium acetate. This
acetyl derivative, computed upon Griffith’s formula of C, . H,,0,,
contained five acetyl groups. This, interpreted in the light of
Willstaetter’s formula would probably mean that the sulphate,
in the process of acetylization, was changed to the acetate and
that all four of the hydroxy groups were aecetylized. When
heated in aleoholie solution with zine and aeetie acid the red
color of the erystalline pigment disappeared leaving a colorless
solution. This, after standing exposed to the air, gradually
became deep red in eolor. No erystals eould be induced to
separate from this red solution.

Willstaetter eriticises severely the old method of attempting
to separate anthoeyanin pigments by precipitation with lead
acetate. However just this criticism may be when applied to
anthoeyanins in general the writer will not venture to say. The
above deseribed pigment, however, was easily obtained, appar-
ently in a pure eondition, by precipitating an aqueous extract
of fresh geranium blossoms with lead acetate and deecomposing
the precipitate with sulphuriec acid. The exaet details of the
process need not be given here.

In 1911 Grafe® isolated what he considered as two pigments
from the secarlet geranium, one glucosidal and the other not
glueosidal in eharacter. Willstaetter says that as a matter of
fact both of Grafe’s pigments are glueosides, and that only one
is present in the plant, the second being a mixture of the pig-
ment with other substances. :

Willstaetter’s pelargonidin was separated in the form of the
oxonium salt of the glucoside pelargonin. This upon hydroly-

' Bitzungsber. d. Wien Akad. Wiss. math. nat. k1, 120. p. T65.
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Oenidin,—a dimethyl ether of delphinidin.

CH__COH
CH,0—C D= D—f""‘ C@CGCH
c=c— C{JH

H

The pigment from grapes had been separated in a more or
less impure state many times before Willstaetter undertook his
study of anthoeyanin pigments. Mulder,! in 1856 obtained the
pigment in the form of a bluish black mass, Mawmene,* in 1856,
obtained the same substance and named it ‘‘oenoeyanin.”’ In
1858 Glenard obtained the pigment as an amorphous substance
which he ealled ‘‘oenolin’’ and to which he assigned the formula
C,oH,,0,,. Gautier* made several investigations of the eoloring
matter of grapes, eontinuing his studies for a number of years.
(Gautier traced a close relationship between the grape pigment
and the tannins. Willstaetter,® in 1915, found the pigment to
exist in the form of the glucoside oenin in Vitis vinifera. To
the produet of hydrolysis he gave the formula above.

Oenidin is an isomer of rhamnazin, a dimethyl ether of quer-
cetin.

Malvinidin,—a dimethyl ether of delphinidin,

CH Cl i COH
HOC e {lj—(_i— C COCH,
HC o F—{;IDH CH COH
& H
OCH,

1 Die Chemie des Wines, 44, p. 228.

‘Le Travail des Vins.

SC. 1., 4T, p. 288; Ann. Chim. Phys., (3) 54, p. 366.
‘. r., 86, p. 1607 : 87, p. 64: 114, p. 623

#Ann. 408, p. 87.
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CH CH, CH 0
Methyl-2-dihydreanthracene Methyl-2-anthraguinone

There exist in plants a large number of compounds, referable
to these three hydrocarbons, most of which are used as dyestuffs.
So far as is known, all except possibly the aloins, are hydroxy
derivatives, and their alkyl or sugar ethers, of quinone oxida-
tion produets of these hydroecarbons, viz. anthraquinone and
methyl anthraquinones. The aloins are possibly hydroxy de-
rivatives of dihydro methyl anthracene,

Anthraquinone, which forms pale yellow ervstals, is a quinone
having its two earbonyl groups in p - position with reference to
each other, a configuration whieh in itself is supposed to give
color to a molecule. The intensity of the color, and espeeially
the dyeing property, of the substance appears to depend upon
the number and the position of free hydroxy groups introduced
into the molecule.

As in the xanthone and flavone groups the compound ap-
pears to be more highly ecolored and to possess better dyeing
properties when there is a hydroxy group in position -1- rela-
tively ortho to the ecarbonyl group, so the anthraquinone pig-
ments used particularly as dyes contain at least one hydroxy
group in ortho position to one of the quinone oxygens. In 1887
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Liebermann and Kostanecki® undertook a study of a large num-
ber of hydroxy anthraquinones in order to aseertain the re-
lation between the number and position of the hydroxy groups
and the dyeing properties of the compound. The result of their
investigations may be summarized as follows: At least two
hydroxy groups are necessary in order that the anthraquinones
may become dye stuffs. This is shown by the fact that no mono-
hydroxy anthraquinones have dyeing properties. Of the known
dihydroxy anthraquinones, only alizarin with the hydroxy
groups in positions 1 and 2 has strong dyeing properties.
Hystazarin, which was not known at this time, 2, 3, dihydroxy
anthraquinone, does, it is true, combine with mordants but its
dyeing properties are weak and it is not satisfactory as a dye
stuff. That the dyeing property of alizarin is not dependent
on only one of the two hydroxy groups is shown by the faet that
the monomethyl or mono ethyl ether of alizarin does not dye mor-
danted fabries. From these factsLiebermann drawsthe conelusion
that in order to have dyeing properties the polyhydroxy anthra-
quinones must have two of their hydroxy groups in positions 1
and 2.

All of the known trihydroxy anthraquinones which have the
property of dyeing mordanted fabries have two of their hy-
droxy groups in positions 1 and 2 or in similar positions. The
same holds true for the tetrahydroxy derivatives. Those with
hydroxy groups in positions 1, 4, 1°, 4°, have no dyeing proper-
ties whatever, and those with hydroxy groups in 1, 3, 2, 4/,
possess very weak dyeing properties. It is theoretieally im-
possible to have pent- and hexhydroxy derivatives in which two
of the hydroxy groups are not connected to earbon atoms in
position 1 and 2. All of the known pent- and hexhydroxy an-
thraquinones are good dye stuffs. ;

An exception to Liebermann’s rule seems to be found in chry-
sophanie acid. The formula for chrysophanic most favored
at present represents the compound as possessing two hydroxy
groups in positions 1" -4, while none of the formulas eonsid-
ered have hydroxy groups in positions 1-2,

Although Liebermann has shown that all the hydroxyanthra-
quinones which have dyeing properties, with possibly a few
exeeptions, have hydroxy groups in positions 1 and 2, he has

1Ann.. 240, p. 245.
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apparently made no attempt to explain why this is so. Brandel®
in his monograph on Plant Pigments offers such an explanation.

“It is well known that the mordants which are used in dye-
ing with these substances are salts of aluminum, iron and
chromium, in other words salts of trivalent metals. The pro-
cess of dyeing with mordants depends upon the formation of
the aluminum, iron or chromium derivative and its deposition
in the fiber. This being true, one would possibly not expect
the monohydroxyanthraquinones to have dyeing properties,
inasmuech as the union of three molecules of the monohydroxy-
anthraquinone with one atom of aluminum, might hardly be
expected to take place very readily.

““On the other hand, by the introduction of more OH groups
into the same molecule the tendeney to form these trivalent
metallie derivatives would be inereased and it would be expected
to be the greatest in those cases in which the OH groups are
connected to mneighboring carbon atoms. The bonds of the
aluminum atom would be subject to a less strain as it were,
than when they united with bonds from different molecules or
from widely separated bonds in the same moleeule. From this
standpoint, the 2, 3, dihydroxyanthraquinone

0
CH If CH
C
1 .
HC C o COH
HC C C COH
N
CH fﬁ CH

O

as well as the 1, 2, dihydroxyanthraquinone

0
:': COH
. #

HC C C COH
HC C C CH
TR
CH E CH
0

1 Brandel—Plant Pigments, p. 29.
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should have dyeing properties. Both of these compounds are
dyestuffs, the former not agreeing with the rule as laid down
by Liebermann.

*“In those compounds in which the OH groups are not connected
to neighboring carbons atoms as is the ease in the dihydroxanthra-
quinones, 1, 3, 1, 4; 1, 5, ete., the separation of the OH groups
from one another decreases the tendency to form metallic de-
rivatives with trivalent metals and therefore these compounds
have no dyeing properties.

““On the basis of the same reasoning, the least strain of all
would result and, therefore, an aluminum, iron or chromium
derivative would be most readily formed in those eases in whieh
there are three OH groups connected to neighboring earbon
atoms. This is substantiated by the faet that anthragallel, 1,
2, 3, trihydroxanthraquinone.

has more intense dyeing properties than alizarin, 1, 2, dihydroxy
derivative.”’

Of greater interest to the biochemist, however, than the re-
lation of number and position of hydroxy groups to the color
and dyeing properties of the eompound is the coexistence of a
number of these closely related compounds in the same or closely
related plants and the possibility of the formation of one from
another, or of all of them from simpler produets of plant meta-
bolism. From the root of Oldenlandia umbellata there have
been isolated monohydroxy -2- anthraquinone; alizarin, dihy-
droxy -1, 2--anthraquinone and its monomethyl ether ; hystazarin,
dihydroxy -2, 3- anthraquinone and its monomethyl ether; anth-
ragallol, -1, 2, 3- trihydroxy anthraquinone and three of its
dimethyl ethers (A. B. C.). From Rubia tinctorium there have
been isolated alizarin, dihydroxy -1, 2- anthraquinone; xanth-
opurpurin dihydroxy -1, 3- anthraquinone; purpurin, trihydroxy
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1-, 2, 4-anthraquinone; rubiadin, methyl -1-dihydroxy -2, 4-
anthraquinone; and pseudo purpurin, trihydroxy -1, 2, 4-
methyl -2- anthraguinone, all as glucosides. In several other
instances several of these anthraquinone derivatives are known
to exist side by side in the plant. In Rheum officinale are
found emodin, isoemedin, rhein and chrysophanie acid, while
in Khamnus purshiana are found emodine, ehrysophanic aeid
and chrysarobin, a reduction produect of chrysophanie acid. Of
how the plants build up any or all of these related compounds,
or pass from one to the other, nothing appears to be known.
By the aid of structural formulae it ean be shown how the plant
might be able to synthesize anthraquinone from two molecules
of earbonie acid and two of benzene.

i)

il

: Vi
HC di HO | OH HC CH

HC H HO OH_HIC CH
o

S & CH
0

By the substitution of phenols or homologues of benzene for
one or both of the benzene molecules the various anthraquinone
pigments might be formed. Unfortunately for the probability
of any such hypothesis little or nothing is known of the volatile
eonstitutents of the anthraquinone producing plants. A large
number of them eontain tannic acid, gallic aeid, and einnamie
acid however. By the condensation of two molecules of gallie
acid a molecule of the anthraquinone configuration with six
hydroxy groups would result.

C CH

O=0C

HOC OH HC COH

HOC diHo c c COH
L]

ch 0 COH

Unfortunately, again, such an anthraquinone derivative has
not been isolated from plants. By the substitution of a mole-
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2. Methyl-2-anthraquinone.
a.) Trihydroxy methyl-2-anthraquinones.
Morindon.
b.) Hexhydroxy methyl-2-anthraquinones.
Pseudo purpurin.

II. B. 1.) Pigments referable to methyl-1-dihydroanthracene.

Five pigments of known constitution are referable to methyl-
l-anthraquinone. These are rubiadin, a dihydroxy-2, 4-methyl-
1-anthraguinone ; chrysophanie aeid, a dihydroxy-1", 4 -methyl-
l-anthraquinone; emodin, a trihydroxy-3, 1’, 4'-methyl-1-anth-
raquinone; aloeemodin, a trihydroxy-3, 4',5-methyl-1-anthra-
quinone, and rhein, a dihydroxy-3, 4 -earboxy-1-anthraquinone.

Dihydroxzides of methyl-1-anthragquinone.

Two pigments which are dihydroxides of methyl-1-anthra-
quinone are known to exist in plants. These are rubiadin,
dihydroxy-2, 4-methyl-1-anthraquinone, and chrysophanie acid,
dihydroxy-1', 4’'-methyl-1-anthraquinone. As would be ex-
_peeted from their similar constitutions the two eompounds re-
semble each other quite closely in properties, though chryso-
phanic acid has the better dyeing properties. The fact that
ehrysophanic acid possesses dyeing properties appears to be an
exception to Liebermann’s rule regarding the relation between
dyeing properties and the number and position of hydroxy
groups, since of the three struetural formulae assigned to it by
different investigators none have the two hydroxy groups in
relatively 1, 2, positions, while the formula which appears to be
preferred at present has its hydroxy group in 1’, 4', relatively
para position, a position which is supposed to give no dyeing
properties to anthraquinone derivatives. ~

Rubiadin,—Dihydroxy-2, 4-methyl-1-anthraguinone.
o Cil,
i
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lutions eolor animal tissues deep yellow. It is soluble in so-
lutions of alkaline hydroxides with a red color. Chrysophanie
acid colors nnmordanted silk and wool yellow. Wools mor-
danted with aluminum are colored orange red; with chromium,
bright red; and with iron, bright brown.

The eonstitution® of chrysophanie aeid is probably as indi-
cated in formula I. above. This formula was first suggested
by Hesse in 1899, and afterwards by Jowett and Potter in 1903.
Attention should here be called to the faet that none of the above
formulae are in aceord with Liebermann’s rule for a colored
moleecule. )

The prineipal investigations of chrysophanie acid are men-
tioned in the following list:

Literature on Chrysophanic Acid,

Aweng, — Pharm. Centralbl., 1898, p. 776; Apoth. Ztg., 15, p.
537; 17, p. 372.

Brandes, — Ann., 9, p. 85.

Dulk, — Arch. d. Pharm,, 17, II. p. 26.

Geiger, — Ann., 9, p. 91.

- Gilson, — Arch. internat. de Pharm et Therap., 11, p. 487.

Grandis, — Jahresb. d. Chem., 1892 p. 1654,

Grothe, — Chem. Centralbl., 1862, p. 107.

Hesse, — Ann., 291, p. 306; 309, p. 32.

Jowett and Potter, — Jr. Chem. Soe., 81, p. 1528; 83, p. 1327.

Le Prinee,— C. r., 129, p. 60.

Liebermann, — Ann., 183, p. 169; 212, p. 36; Ber., 11, p. 1607.

Limousin, — Jr. de Pharm et de Chem., 1885, p. 80.

Marfori, — Chem. Centrlbl., 1900, I. p. 1292,

Oesterle, — Arch. d. Pharm., 243, p. 434.

Pelz, — Jahresber. d. Chem., 1861, p. 392.

Rochleder, — Ber., 2, p. 373.

Rue and Mueller, — Jahresber d. Chem., 1857, p. 516.

Rupe, — Chem. der nat. Farbs., 2, p. 117.

Schoeller, — Ber., 32, p. 683.

Scholzberger, — Ann., 50, p. 196.

Thann. — Ann., 107, p. 324.

Tsehirch and Cristofoletti, — Arch. d. Pharm., 243, p. 434.

#Jr. Chem. Soc., 83, p. 1327 ; Ann., 309, p. 82.
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It will be seen from the above that emodin not only resembles
chrysophanie acid in eonstitution but closely aceompanies it in
the plant as well. Emodin oceurs both free and as a gluco-
side. It erystallizes in silky needles of an orange red color
which melts at 250°. It is soluble in aleohol, amyl aleohol,
and acetie aeid, slightly soluble in benzene, and soluble in
alkalies and ammonia with a red color. With sulphurie acid
it gives an intense red solution which turns yellow, separates
a flocenlent precipitate, and becomes colorless upon standing.

A considerable number of derivatives of emodin have been
prepared.

The prineipal investigators of emodin are listed below.

Combes, — Bull. de Soc. Chem., (4) 1, p. 800.

Hesse, — Ann,, 284, p. 194; 309, p. 41.

Krassowski, — Jr. d. russ. phys. echem., Ges., 40, p. 510; Chem.
Centrlbl. 1919, I. p. 773.

Le Prince, — C. r., 129, p. 60.

Liebermann, — B., 9, p. 1775; 21, p. 436.

QOesterle, — Arch. d. Pharm., 237, p. 699.

Oesterle and Tisza, — Arch. d. Pharm., 246, p. 112, 432; Chem.
Centrlbl. 1908, I. p. 1548; II. p. 1441,

Tschirch and Pool, — Arch. d. Pharm., 246, p. 315.

Warren — Jr., Chem. Soe., 10, p. 100,

Rochleder, — B., 2, p. 373.

Frangulin—A glueoside of emodin, known as frangulin, oe-
eurs in the bark of Rhamnus frangula.? It erystallizes in lemon
yellow erystals which melt at 226°, It is insoluble in water
and in ether, soluble in aleohol and in benzene. Upon hydroly-
gis it yields emodin and rhamnose.?

Polygonin.—A second glucoside of emodin, known as poly-
gonin, occurs in the root of Polygonum cuspidatum* It
erystallizes in fine orange yellow needles which melt at 202°-
203°. It is insoluble in water, difficultly soluble in aleohol,
also in hot water. When hydrolized it yields emodin and a
sugar.

1C r, 134.

* Rep. f. Pharm., 104, p. 151; Ann., 104, p. 77.
1 Ann., 165, p. 230.

*Jr. Chem. Soc., 87, p. 1084,
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