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Abstraet

A chromatographic investigation of the carotenoid pig-
ments of whole wheat flour has been made to establish its pro-
vitamin A activity. While xanthophyll (lutein) was found to
predominate, 0,02 to 0.06>milligrams of ﬂ»-carotene was de=
tected in a kilogram of flour and its identity was established
by the mixed chromatogram method. Whole wheat bread was found
to be even poorer in carotene. Investigations of rye flour
and bread gave essentially the same gualitative and quantita=-
tive results.

From one kilogram of the ripe seeds of Evonymus fortunei

Rehd., 11 milligrams of prolycopene and 0.5 milligrams of pro=-
7 =carotene have been isolated.

Two new stereoisomers of methylbixin have been obtained
in crjstalline form and a third has been observed in solution.
Various isomerization procedures have been tried on the four
erystalline materials eand the interconversion of these isomers
has been demonstrated. A consideration of the absorption data
has been used to assign tentative configurations to the four
prinecipal members isolated from the methylbixin set of stereo~

isomers,
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I. THE PROVITAMIN A CONTENT OF AMERICAN WHOLE WHEAT FLOUR
AND WHOLE WHEAT BREAD

Introduction and Discussion

Before the advent of the roller mill, all flour was milled
by grinding the grain between flat stones., This procedure led
to an inelusion of considerablé quantities of bran in the final,
inferior portion of the flour thus imparting a darker color than
that of fine grade flour. As a consequence, color in flour be-
came closely associated in the mind of the public with low grade
flour, While the introducetion of the roller mill allowed the
miller to produce very fine grade flours with only a trace of
a pale cream color, the public continued to demand whiter flours
and bread. Since it had been known for sometime that the color
of flour bleached upon storage, it became a common practice for
millers to store their products several months in order to pro-
duce the desired whiteness. By the middle of the nineteenth
century there were attempts made to accelerate this bleaching
by the use of sulfur dioxide, ozone, and other oxidizing a-
gents, However, it was not until the turn of the twentieth
century that nitrogen peroxide, chlorine, bénzoyl peroxide,
and some other bleaching agents used at the present were in-
troduced in the milling industry.

As early as 1909, Wesner and Teiler (1) reported that the
yellow color removed from flour by aging or by oxidizing agents
was not due to the inclusion of bran in the flour but was a
natural pigment closely related to other vegetable colors. Two

years later they stated (2) that they had satisfied themselves
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that this material was of the same nature if not identical with
carotene., The claim that g -carotene is the main fat-soluble
pigment extractable from unbleached flour was more or less sup=-
ported by numerous investigators (8). As progress was made in
this field over a number of years, there was a definite dee~
crease in the amount of '"carotene" reported. This trend was
noted by Widmark and Neymark (4) as well as Jorgenson (5) in
their reviews of this subject.

Not until 1935 was there any reference in the literature
asserting that the entire lipoid-soluble pigment of the whole
wheat was other than provitamin A. Markley and Bailey (6)
were the first to state that only a fraction of the wheat car-
otenoids can consist of carotene. However, their estimate of
one-third to one~seventh of the total pigment as /3 ~carotene
was still much too high. MNalmberg and von Euler (7) carried
out a chromatographic analysis of an extract from 100 grams
of wheat and were unable to detect any/ﬂ -carotene or any
other carotenoid possessing provitamin A activity. Accord-
ing to their conclusion, the main carotenoid was xanthophyll
(lutein). It is interesting to note that they report a mi-
nor red zone in the lower region of their chromatograms
which was epi-phasic when partitioned between 90% methanol
and ligroin. However, the solutions were so weak that it was
impossible to obtain an absorption specetrum of this fraection.
In view of the work described in the experimental section,
it is most probable that this zone was due to the presence
of/e -carotene traces., The presence of xanthophyll reported

in these investigations is in accord with the previous work



of Bowen and Moore (8) who established the presence of this
pigment in wheat germ oil. Scheunert and Schieblich (9) ran
biological tests with vitamin A-deficient rats and were unable
to detect any activity in whole wheat flour or bread.

Despite this experimental evidence to the contrary, the
alleged role of flour carotene in nutrition was still accept=
ed in authoritative treatises as late as 1939, Drummond and
Wilbraham (10) report the carotene content of stone-ground
white flour to be 0.2 milligrams per 100 grams (11) and de-
plore that "the latest perversion of scientific effort is the
selective breeding experiments being carried out in Canada
with the objeet of producing a pigment-free, i.e. vitamin A~
free, wheat" (12). Copping (13) postulated that in a diet
deficient in green vegetables and fats, bread may be an ime
portant source of vitamin A. The Council on Foods of the
American Medical Association (14) reviewed his article and
calculated that a pound loaf of bread made from unbleached
flour would furnish approximately 0.6 to 1.2 milligrams of
carotene,

The next year a paper dealing with the carotenoids of
Hungarian wheat flour was published by Zechmeister and Chol-
noky (15). These investigators were unable to deteet any
/4 ~carotene but did isolate crystals of xanthophyll (lutein)
in o sufficient quantity to complete characterization. Aéa
cording to their claims, unbleached Hungarian flours are
practically or absolutely free of carotene, the content be-
ing estimated to be less than 0,01 milligrams per kilogram

of flour, The isolation of erystalline xanthophyll confirm-
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ed the opinion of Malmberg amnd von Euler (7) that this pigment
constitutes the main portion of the wheat carotenoids, Binning-
ton, Hutchinson, and Ferrari (16 ) have lately reached the same
conclusion and state that "recent unpublished studies , . . in-
dicate that the major carotenoid pigment is xanthophyll or its
ester, rather than carotene 1tsélf". In an editorial of the
Journal of the American Medical Association (17) reviewing the
conclusions of Zechmeister and Cholnoky, it was suggested that
the same technic should be used with other milling products and
with grain from different localities. That the carotenoid con-
tent of certain plants may differ qualitatively with location
has been reported, e.g., by Zechmeister and Schroeder (18).

Such analyses were carried out in this investigation (19)
with three varieties of freshly milled, unbleached American
whole wheat flour. The spectra of even crude total extracts
indicate that the main constituent of the lipoid soluble pig-
ment is xanthophyll (lutein), the maxima being, e.g., at 477.5
and 448.5 muin petroleum ether or at 506 and 473 ms in carbon
disulphide, The pigment content of the saponified extracts
varied between 1.5 and 2,0 mg. per kilo flour. The dye can be
roughly divided in the Tswett column into a main xanthophyll |
fraction and a more weakly édsorbed smaller portion., The latter
does not exceed 1-2% of the total pigment and shows the spectrum
of  -carotene, of which it mainly consists. In exceptional
cases the chromatographic filtrate was also pale yellowish but
only because of unsatisfactory saponification of some xantho-
phyll-esters; it was free of carotene,

On the basis of the present estimations the total amount
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of provitamin A in the flour is 0,02-«0,04 mg. per kilo (Table 1).
Cryptoxanthin is not present.

Considering the length of the procedure, the use of strong
alkali, the sensitivity of polyenes, and the presence of compara-
tively huge amounts of colorless accompanying material, it was
necessary to ascertain that no substantial losses had occurred
during the analysis. Therefore, 0.1 mg. of crystalline # =caro-
tene was dissolved in the total extract freshly obtained from
1 kilo of flour and all usual procedures (including saponifi-
cation) were carried out. Simultaneously a blank expefiment
was run with another kilo of the same flour. The "by-layers"
of the two columns differed visibly; half of the added carotene
was found, recovered and estimated. When, however, in two anal-
ogous experiments only 0.0l mg, of carotene was added, 0 and
25% of the latter was recovered. Obviously the limits of re-
liability of the method have been reached here.

Thus it is probable that the true carotene content of
whole wheat flour is considerably less than 0.1 mg. per Xkilo,
but it cannot be decided if it is nearer 0,02 or 0,06 mg, The
A-requirements of an adult person would be covered by 50-lQO
kiloé of flour daily.

Since in some older papers the point seems to0 have been
missed that not flour- but bread-carotene should be considered
from the nutritional viewpoint, 100% whole wheat bread was also
investigated. If no pigment losses occurred during the baking
process, the carotenoid content of the loaf would be near 60%
that of the flour, i.e., 0.9-1.2 mg. total pigment and 0,0l
0.04 mg. carotene per kilo., On the basis of Table 2, however,



which presents some data for dried crust and crumb separate~
ly, the corresponding true figures appear aé follows: 0,26
mg. total pigment and 0,005 mg, of f =carotene per kilo of
fresh bread or roughly the half of this amount in a commercial
pound loaf., Experiments with rye flour revealed the presence
of 2-3 mg. of total carotenoids and of 0.03-0.06 mg, of/f ~
carotene per kilo (Table 3); a sample of pumpernickel bread

contained 1/15 of these amounts.
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Experimental

-Small scale experiments with flour.--One kilo of flour

was percolated with peroxide-free ether for about three hours,
The extfacts were bright yellow and showed a greyish blue fiuo—
rescence in ultraviolet light. The crude extract (1 liter)

was saponified overnight with methanolic XOH., Half a liter

of water was cautiously added, the alkaline solution re-—ex-
tracted with ether and the combined ether solution washed al-
kali free, dried with sodium sulfate and evaporated in vacuo,
unﬁer-COz. This evaporation was repeated twice after the addi-
tion of small amounts of petroleum ether (b.p. 60-70 ). The
oily, darkish residue was dissolved in 25 ee. of the solvent
mentioned, and chromatographed on a calcium hydroxide column
(Shell) (18 x 3.5 cm.)s After developing the column, a 30=40
mme broad yellow zone (xanthophylls) was visible near the top
and about 70 mm. deeper a carotene containing pale double line
was noticed (0.5 and 2 mm, thick).

The zanthoﬁhylls were eluted with ether which was then
evaporated., It is advisable to eliminate the last traces of
this solvent by'adding}some petroleum ether and distilling it
off in vacuo. The residue is dissolved in petroleum ether,

The carotene-layers were eluted wiﬁh an aleohol-petroleum ether
mixture 1:2, washed free of alcohol and dried. All photometric
values were taken in the Pulfrich gradation photometer (Zeiss,
light filter S-47, photometric values as found by Cholnoky (in
press)). The spectra were detefmined in an Evaluating grating
spectroscope as devised by Loewe and Schumm (Zeiss; Jena light

filters BG-7). (Table 1). The identity of earotene was repeated-



11

UOT30BIJ BUTUTR]

=U0J 9Us830dBD
8y up usuwdTd

G°3G¥y 987 T0°0 LYY GS°LLY
G°2G6% G8¥% T0°0 8%v G°8LY
S°%S¥ G687 30°0 1257474 8LV
g°3c¥y 8% ¥0°0 125747 LLY
G°3SY 8% F0°0 153747 8LY
(7'm) (*m)
unJIgo9dg *3%/*8u wnJqoedg

71

T°1T

0°T

e°1T
T

{(sean3tJ
WNmTUTH)
*83/°8um

uotgorvay Trdydoyguey
8yq ut JusuwdTd

LYY

G°8%7V

LT

8LY

G°8YP G°8LY

LYY

LY

QLYY GLLT

(' m)

mndag09dg

6°T

G°T

9°T

6°T

0°3

.wx\.ma

10BI9XS TEL03

Y3 Ul JuUam3Id

satqud
uIsgseq

B

3JdT3ud
BUBQUON

i i

8dTQUE TBOOT

00T 38Uy Jo
UoOT3BUITSSP

TET0I0WWO)

1BOUM I99
~UTM PIeH Maeq@ g

B 4

qeayp) Sutadg
UJSYUJJION Maeg ¢

") 3

389U 83 TUM
BTUJOZTTI®D 1T

qesym Jo adL] °oN

(*'m g°35% ‘G°peP 18 oueqoass- ¢ eand ¢ 7w gyy ‘GoLLP 3T BWIXBW SMOYS
uteynt aand YOTUYM UT SUOTINTOS I8Yyge umeTodlad 03 XaJad BIgdods aur)

SPTOUSROIB] aNOTg 3B8UM STOUM

T

sTqE

d



12

ly established by the fact that the main portion of the by~
layers did not separate from added,é -carofene in the mixed~

chromatogram,

Large scale experiments with flour.-=A series of such exe

periments carried out with 25~40 kilos followed in principle
the method described above. Five-kilo portions of the flour
were extracted in percolators, the weaker solutions being used
for the next portion. About 1/2 liter of ether per kilo mate-
rial was sufficient. Since the saponified solutions as used
in this work were generally much more concentrated than those
in the analybtical experiments, large amounts of sterols and
other colorless contaminants had to be eliminated. The latter
were partially fluorescent and hence observable on the column,
in ultraviolet light. DNear 0° highly concentrated pigment
solutions yielded abundant quantities of white ecrystals whiop
were repeatedly centrifuged off in the cold room and washed
with ice cold petroleum ether. The crystals can also be pres
cipitated from light petroleum by alcohol at 0°. In this way
it is easy to iéolate 1/2 gram or more of long colorless Crys=
tals per kilo flour, Without such purifications the high vis-
cosity of some xanthophyll containing solutions may delay the
passing through the column and even obstruet it,.

All layers were re~chromatographed several times on lime,
the xanthophylls finally on caleium carbonate. In the course
of these operations spontaneous pigment crystallization from
petroleum ethér repeatedly occurred but the erystals eould in
each case be identified as lutein. The carotene-~containing

layers were submitted to mixed chromatography with/g-carotene
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originating from another source; the larger by-~layer showed
identity. The upper, smaller layer showed absorption maxima
at 480 and 450 m s in petroleum ether. Subsequent investiga-
tions by Polgar and Zechmeister (20) on the isomerization of
A ~-'carotene allow this zone to be identified definitely as neo-
4 -carotene U. This is the only @ -carotene isomer which is
adsorbed above the al l=trans form and posseéses the proper abe
sorption spectra (e.g., 481, 450 m/u). Since this isomer is
easily produced from the all-ﬁgggg-/g-carotene, it is more
probable that it was produced by isomerization than that it
was present as such in the flour.

The details of the lengthy chromatographic fractionations
of the xanthophylls can be omitted here, All total-xanthophyll
layers were heterogeneous but it was impossible to separate any
well-defined carotenoid reliably different from lutein. Some
layers having lower speetra than lutein (e.g., 472.5, 442.5 m fe
in petroleum ether) were partially reconverted into the latter
by heating and must thus be qualified as neo~luteins formed
during the operations (21). Other fractions showed approxi-
mately the maxima of lutein (e.ge, 478.5, 450 m 4 or 476.5, 446
m/u). Only in few cases was a higher spectrum found (481, 449
m/u), but the respective zones were very poor in dye. If the
technic of iodine catalysis for the establishment of stereo-
isomeric identity had been available at the time of this in-
vestigation, a more satisfactory examination of the neo-luteins
could have been made. This procedure would have allowed a
simple qualitative check on whether or not a given pigment be~

longed to the lutein set, As applied in our laboratory at
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the present, it is only necessary to add a trace of iodine to

a solution and observe the spectral shift, Within a minute the
solution of any isomer attains a characteristic equilibrium
value that approximates the absorption spectrum of the all-
trans member of the set. Once this equilibrium spectrum has
been determined for one member of a stereoisomeric set, it can
be used in the identification of any other.

Bread.--The crust and crumb samples were dried overnight
at 450, milled, extracted in 1-2,5 kilo portions with ether
and worked up as described above for small scale experiments
(Table 2).

Rye flour and bread,-~These samples were treated in the

same manner as the small scale experiments with whole wheat
flour and bread., All chromatograms were analogous to those
described and the presence mf/9-@arotene was confirmed by

mixed chromatography (Table 3).

Summarz

The carotene content of some freshly milled, unbleached
American whole wheat flours is, as estimated by means of chro=-
matography, of the order of magnitude of 0.02 to 0.06 mg./6 -
carotene per kilo, Whole wheat bread is even muech poorer in
carotene. Thus wheat flour and bread are of no importance as
provitamin A sources in human nutrition.

The results seem to be in accord with those reported by
Pulkki and Puutula (22). An abstract of this work became a-

vailable after this paper was in print,
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II. ISOLATION OF PROLYCOPENE AND PRO- 7 -CAROTENE
FROM EVONYMUS FORTUNEI

Introduction

It has been reported (1) that the ripe seeds of Evonymus
europaeus L. (Celastraceae) contain unesterified zeaxanthin,
CpoHgo 05 as the main polyene pigment. The same statement is

valid for Evonymus fortunei, var. color., Rehd., commonly term-

ed "winter-creeper euonymus," from 1 kilo of which 1300 mg. of
zeaxanthin were isolated. Upon evaporation of its saponified
ether extract and addition of petroleum ether, abundant quan-
tities of zeaxanthin cerystallize, This section describes an
investigation of some of the pigméﬁts (a2bout 200 mg. per kilo,
of which one~fourth is /4 ~carotene ) which remain in the mother
liguor. The mixture can be resolved by chromatographic anale
ysis. In addition to some twenty less interesting pigments,
two representatives of a stereochemically new class of natural
carotenoids (2) were separated; viz., prolycopene, Coo Hsy » and
pro=-7 -carotene, C,, Hy. The yields of pure crystals were 11
mg, and 0.5 mg. per kilo of seeds respectively. Hehce, Evony-

mus fortuneli may serve as a source of prolycopene while it

does not offer any larger yield of pro-2 -carotene than does

the fruit of Butia capitata (3). According to Zechmeister and

Schroeder (4) Pyracantha angustifolia is the best starting

material for the isolation of pro- 7 -carotene at the present

time,

Interest in the pro-carotenoids was aroused by the pres=

ence of a largely cis-configuration in these pigments. Of the
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seven sterically available double--bonds in prolycopene, at
least five or six must be cis to explain the large deviation
of the spectral maxima from all-trans~lycopene. Likewise pro-
g’-carotene must-posséss four or five of its six possible bonds
in cis position. When a trace of iodine is added to a petro~
leum ether (b.Dpe 60-700)solution of these pigments, an imme~
diate shift of about 33 m e toward longer wave~length in the
position of the absorption maxima is noted. The new spectrum
is that of a complex equilibrium mixture of stereoisomers in
which the respective all-trans pigments are prevalent.
Previous to the isolation of prolycopene from the tange~

rine tomato (a variety of Lycopersicum esculentum), no

qu

carotenoid had been observed in nature which possessed a par-
tially cis configuration. Investigations of many plant mate~
rials soon led to the discovery of pro-? -carotene in the fruit

of Butia eriospatha and Butia capitata (Bece.)s. The prefix

"pro" was used for these new pigments to differentiate them
from the artificially produced "neo'"=carotenoids. Both proly=-
copene and pro-?’ucarotene erystallize easily and are fairly
heat resistant in this form. Their solutions undergo isomeri-
zation when heated or exposed to brilliant sunlight as well

as when catalyzed by iodine, Compared to their all-trans

forms, these isomers are more soluble and possess lower melt-
ing points.

The large number of cis double bonds present in these
new pigments may be contrasted to the configurations of bixin
and crocetin. FEach of these carotenold carboxylic acids was

isolated in two crystalline forms termed "stable" or "trans"
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and "labile" or "eis", However, the small spectral differ=-
ences between the two types indicate that only one double-
-bond has the ¢is config\:'tration in these cases. A re-inves-
tigation of the stereochemistry of methylbixin is reported in
the third section of this thesis,
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Experimental

The material was collected in Denton, Texas, The intense-
ly'orange-red hulls of 1 kilo of seeds were scraped off by rub-
bing between two layers of wire gauze in a mortar. ©Small parti-
cles of hull remained on the stones and were neglected. The
pigment- and lipid-rich hulls were ground with sand and extract-
ed with peroxide-free ether by repeated shaking. The dark ex=
tract (2 liters) was saponified over concentrated methanolie
potassium hydroxide for 20 hours, then washed alkali~free, dried
with sodium sulfate, and evaporated in vacuo at 40° as far as
possible. To the dark, partially crystalline-residue, petro-
leum ether was repeatedly added and evaporated. Finally, the
0ily residue was dissolved in the minimum volume of chloro-
form. On addition of & volumes of petroleum ether the main
bulk of zeaxanthin erystallized out.

The mother liguor was poured on calcium hydroxide (Shell
brand lime, chemical hydrate, 98 per cent passing through a
325 mesh screen) in a percolator (45 x 20 x 8 cm, ). Affer
washing the chloroform from the adsorbent with petroleum ether,
the chromatogram was developed in the course of & hours with
petroleum ether containing 2 per ceent and later 3 per cent
acetone, The light orange filtrate was discarded; it con-
tained among other polyenes a portion of the B -carotene,

The cone was cut into three parts. The upper section
(160 mm. from the top) was composed of an orange-brown (20
mm. ) and a red (140 mm.) part, both of which were hetero-
geneous. Then followed an orange section (100 mm.) containe-

ing the two "pro" compounds and some minor pigments., In the
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lowest section,ﬂ ~carotene predominated (60 mg.). The middle
section was eluted with aleohol, transferred to petroleum ether,
and developed on a calcium hydroxide column (28 x 7 cem. ) with
1 liter of petroleum ether containing 2.5 per cent acetone and
then with 0.5 liter containing 4 per cent. The following chro-
matogram appeared (on the left siae the height of the zones is
given).

55 mm., pink

40 " orange, contained prolycopene
4 v greenish yellow
3 light orange
b B yellow
20 " orange, contained pro-?’-carotene
¥ " greenish yellow
15 ¢ faint orange

0,6 ™ green line
16 ®© colorless
7 pink,/g =carotene

Prolycopene.--This zone was cut out, eluted with ether,

dried, and evaporated in vacuo. The residue was dissolved in
the minimum amount of benzene and crystallized in a centrifuge
tube by cautious addition of several volumes of methanol. The
microscope showed typieal prolycopene crystals intermixed with
mich colorless crystalline material, The latter could not be
removed by recystallization from benzene and methanol and only
partially by treatment with methanol at 40°, It was almost
completely removed by short centrifuging at slow speed. The

heavy pigment crystals settled and the suspended colorless com-
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pound was decanted. Minor amounts of prolycopene in the de=
canted liduid were recovered by repeating the process.. The
last trace of the contaminant was removed by a short treatment
with methanol at 40° and rapid centrifuging, The yield was 11
Mo ; MePe, 109-—110° (eorrected; in a sealed tube filled with
C0,). For the purpose of analysis the sample was dried at about
45° in a high vacuum for 45 minutes; it was free of ash,
Analysis~--C, Hs,. Calculated. C 89.48, H 10,52
Found. " 89,00, " 10,72
Mol. wt., calculated, 537; found, 529 (in exaltone)
In a mixed chromatogram the pigment dié not separate from pro-
lycopene obtained from tangerine tomatoes (2). The spectral
- maxima of fresh solutions were:in carbon disulfide 500,5,
469.5 m 4 (after the addition of iodine, 540.5, 500.5, 466
mm);eand in petroleum ether 470, 442 m «(with iodine, 501,
469, 441 mee).

Pro-? -carotene,--This zone of the above chromat ogram

was eluted with alcohol, transferred into 20 cec. of petroleum
ether, and rechromatographed on a calcium hydroxide column (27
x 5 em, ) Minor layers located both above and below the main
orange pigment were discarded and the latter was rechromato=-
graphed on a smaller column (20 x 3 cm. ) of the same adsorbent.
This showed only traces of other pigments, mﬁch above pro=7 =
éarotene. The latter was eluted with ether and the evapora-
tion residue was crystallized from benzene and methanol as de-
seribed for prolycopene. No colorless contaminant was present.
The yield was 0.5 mg.; the crystal form was typical for pro-

9 -carotene., In a mixed chromat ogram no separation took place
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from a sample isolated from Pyracantha angustifolia (4). Spec-

tral maxima in carbon disulfide were 492,5, 459 ma (with iodine,

527,5, 490 mee ) and in petroleum ether, 461.5, 43l.5 m « (with
iodine, 490, 457.5 me),

Summary

From 1 kilo of the ripe seeds of Evonymus fortunei Rehd.,

11 mg. of prolycopene, C,, H, , and 0.5 mg of pro=-7 -caroctene,

CuoHse s hav‘e been obtained in cerystalline form.
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ITI. THE STERECCHEMISTRY OF METHYLBIXIN

Introduction

Bixin, the natural pigment extractable from the seeds of

the Annato tree (Bixia orellana, L.), has found limited induse

trial application as a food pigment and as a dye for silk and
cottbn. Investigations concerning its chemical constitution
extend from the early work of Etti (1) in 1874. The empirical
formula, C,sHy, Oy, was established by Karrer, Helfenstein,
Widmer, and van Itallie (2) as well as Kuhn and Ehmann (3) in
1929 and the true struetural formula, by Kuhn and Winterstein
(4). Without a doubt the most outstanding pioneer investiga-
tion of bixin was carried out by van Hasselt (5). He estabe-
lished that this pigment is the methyl derivative of a com-
pound which he termed "norbixin", Both norbixin and bixin may
be methylated with dimethyl sulphate to yield the same product,
methylbixin. This eclearly indicated the presence of two esterw-
ifiable groups in norbixin. Van Hasselt prepared methylethyl-
norbixin in two mamners by ethylating bixin and by methylating
ethylnorbixin and reported that the two products were not iden-
tical, This led him to state that the two esterifiable posi-
tions were not identical in norbixin. He also reported that a
new isomer, "isobixin", could be obtained by the partial hydrole
ysis of methylbixin, This experimert could not be duplicated
by Kuhn and Winterstein (6) or Karrer and Takahashi (7) so that
the existence of this compound is problematical. ‘

In 1923, Herzig and Faltis (8) observed that the esterifi-
cation of norbixin with methanol in the presence of hydrogen

chloride led to0 a methylbixin that differed from the usual
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methylation product. This "# «methylbixin" was characterized
by a higher melting point, longer wave-length absorption spec-
trum, and decreased solubility. Upon saponification, the cor-
responding A -bixin and # -norbixin showed analogous differences
from the "natural'" compounds. On one occasion Herzig and Faltis
were able to extraect a small quantity of A -bixin from annato
seeds, KXarrer, Helfenstein, Widmer, and van Itallie (2) inter-
preted this correetly as a case of geometrical isomerism and de-
monstrated that iodine was capable of converting the natural
produet into its isomerie form. According to Kuhn and Winter-
stein (4), catalytic amounts of iodine are sufficient in this
isomerization. They also established the stereochemical nature
of the change by preparing the same dihydrobixin from the two
forms. ©Piperidine solutions of'either derivative were easily
oxidized by atmospheric oxygen to 4 -bixin. In view of the
separations described in the experimental section of this the=-
sis, it is interesting to note that Winterstein (9) reported
without experimental data that the two bixin isomers were chro-
metographically separable.

Based upon the following data, Kuhn and Winterstein (10)
assigned an asymmetric struetural formula (Fig. 1). to bixin
in 1928,

l. Bixin is the mono-methylester of a dicarboxylic acid (8).

2 The existence of two methylethylnorbixins indicates a
non-symmetric molecule (5) (8).

9. Upon catalytic hydrogenation, nine double bonds are
found (8).

4, Ozonolysis of methylbixin yields methylglyoxal and

/4-acetyl-acrylic acid-methylester (11). These indicate the
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presence of the following structures:

=CH=~(C= and H300~G-CH=CH~Q= °
CH, " CH,

5. Thermal decomposition leads to the production of me

Xylene (5).

7 N
**+=20H-C=CH-CH=CH-G=*++ —> HC C-CH,
CH, CH, \\\ ,//

6. The similarity of absorption spectra with that of 4 -
carotene indicates an aliphatic strueture (12) with conjugated
double bonds.

Once the existence of stereoisomeric forms of bixin was
recognized, it was no longer necessary to postulate differences
in the structure of the two halves of the molecule, KXuhn and
Winterstein (6) then proposed the accepted symmetric formula
(Fig. 2). which agrees with the synthesis (13) of perhydro-
norbixin~diethylester (Fig. 3). The synthetic product was found
to be identical with that produced by the catalytic hydrogena~
tion of diethylnorbixin, Additional evidence was supplied by
the oxidation of lycopene to bixin-~dialdehyde which was con-
verted into trans-norbixin (14). The thermal decomposition
products of bixin and lycopene (6) also supported this view.
Thus, fifty-eight years after the first investigation of bixin,
its struetural formula was secured,

Previous stereochemical investigations 22 bixin,-~Karrer

and Solmssen (15) made the first attempt to determine the actual
stereo-configuration of bixin. They carried out a controlled

oxidation of bixin by shaking a benzene solution of the pigment
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with an aqueous solution of potassium permanganate and sodium
bicarbonate., The mixture of oxidized products was separated
by chromatographic adsorption. Apo-l-norbixinal-methylester
(Fig.44)~and apo-3d-norbixinal-methylester (Fig. 6) were ob~
tained in a yield of 1 to 7% of the starting material while
only traces of apo-2-norbixinal -methylester (Fig. 5) were obe-
tained. With natural (labile) bixin and trans (stable) bixin,
the following conclusion was drawn:
"Aus der Tatsache, dass die Apo-l-norbixinal-methylester
und Apo-2~norbixinal-methylester aus labilem und stabilem
Bixin verschieden, die Apo=d=norbixinal-methylester aber
identisch sind, geht hervor, dass die Isomerie der beiden
Bixine hochst wahrscheinlich auf verschiedener konfigura-
tiver Ausbildung an derjenigen Doppelbindung beruht, die,
von der unveresterten Carboxylgruppe des Bixins abgerechnet,
die dritte in der Kette ist" (Fig. 7).
Both "labile and stable" apo~l-norbixinal-methylester as well
as apo-d~norbixinal-methylester were obtained in sufficient
quantity to be completely characterized by melting points, ab=
sorption spectra, and analysis of the oximes, It was found
possible to convert the labile form into the stable form by
the addition of iodine in a manner completely analogous to the
conversion of the respective bixins, The corresponding apo=2=
norbixinal-methylesters were never obtained in erystalline form
but were characterized only by their spectra. It was reported
that the addition of iodine to a solution of apo-2-norbixinal-
methylester from natural bixin caused its absorption maxima to

shift to those characteristic of the product obtained from

trans-bixin.

The steric configuration proposed by Xarrer and Solmssen

is incompatible with the view of Pauling (16) that suech a bond
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CB3000-CH=CH~C=CH~CH=CH-C;CH°CH::CH-CH:C=CH:CH-»CH:lC-CH0

|
cH, 1353 CH, CH,

Figure 4, Apo-l-norbixinal-methylester.

CH@OC-CH:CH-—C:CH«»CH:CH=C:CH—CH:CH»CH:(|3—CH:CH~CIK)

I I
CH, CH, CH,

Figure 5. Apo-2-nrorbixingl-methylester.

CH,00C~C H=C B-C=CH~-CH=C H-C=CH-C B=CH~-CH=C-CHO

I l
J:H, CH, CH,

Figure 6. Apo-3-norbixinal-methylester.

CH oocg 8H’ g gH’ g g g—'g | gH’ g«COOH
TUNNNN NN NN\
c c c c C c c c
B H H 0 H CH " H

3

Figure 7. Labile bixin (according to Karrer and Solmssen}.
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can not assume cis configuration (17). Since resonance of the
conjugated double bonds require that the system be coplanar,
steric interaction of the hydrogen and methyl groups prevent a
cis configuration of any double bond adjacent to a C-CH; group.
The exclusion of sueh types leaves only five stereochemically
effective double bonds in bixin. Hence, the total number of
cis-trans isomers should be thirty-two for the unsymmetric

bixin but only twenty for the symmetric methylbixin,

Stereochemical Investigation of Methylbixin.-~Recent de~
velopments in the field of carotenoid isomerization have made
a stereochemical re-~investigation of bixin desirable, 1In the
experimental section of this ﬁhesis, methylbixin has been used
to0 avoid certain disadvantages of the natural product. Bixin
is comparatively difficultly soluble in organic solvents and
its free carboxyl group does not allow convenient chromato-
graphic separation. The symmetrical nature of methylbixin
makes it a simpler stereochemical investigation,

Even gqualitative experiments indicated that the effect of -
iodine catalysis upon methylbixin was not & simple conversion
to its all-trans form. Chromatographic adsorption revealed the
presence of at least four stereoisomers. When each of these
isomers was separately catalyzed with iodine, all gave the same
gualitative and quantitative chromatograms. This was confirmed
by the isolation of all-trans-methylbixin from each iodine ca-
talyzed pigment.

Two new stereoisomers of methylbixin have been crystallized
and a third has been observed in solution, Table 1 lists all of

the members of this set which have been detected at the present



Table 1

Physical Characteristics of the Observed btereoisomerlc

Methylbixins
Melting Absorption Spectra
Point Petroleum Ether Benzene
_ o (m ee) (m )
Natural Methylbixin 161 485 45345 503 470
All~trans-methylbixin 198° 490 457 508.5 475
~ Neomethylbixin A 190° 485 454 502.,5 469
Neomethylbixin B i 471 444,5 491 458
Neomethylbixin C 150 479,85 449 496 463
Table 2

Molecular Extinction Coefficients of Stereoisomeric Methyl-
bixins in Benzene at Positions of Maxima and Minima Values

Natural Methylbixin All-trans-methylbixin
mol - mol -4

(m/a) Ecm x 10 (m/u.) Ecm x 10
284 12 297 2.5
320 0.4 316 T
366 1.2 363 0.8
378 led 37& 0.7
445 8.5 448 8.7
452 8.1 454 8.6
471 12.8 475 13.0
488 8,0 493 865
503 11.7 508 12, 2

Neomethylbixin A Neomethylbixin C

-

(mee) RO x 10 () B x 107"
293 1.8 . 297 20
ggg 0.9 314 0.9
, 305 563 2e2
280 1.3 : 378 1.5
444-8 7.4 438 7.0
&70 10.7 145 6.8
489 7.4 46 9,8
502 9,1 482 6.6
495 8.2

|
|
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with their melting points and visual spectra., Molecular ex=
tinetion curves for the compounds and the'mixtures of stereo~
isomers resulting from refluxing their solutions or iodine ca-
talysis are given in Figures 8 to 12; Values characteristic
of the molecular extinetion coefficients at maxima and minima
are listed in Table 2.

A great deal of preliminary investigation of adsorbents
was necessary before a satisfactory material was found which
allowed the separation of the stereoisomeric methylbixins,
Initially, calcium hydroxide was used with petroleum ether-
acetone development, While this system had been found applie
cable to a wide variety of other carotenoids, methylbixin gave
poorly developed chromatograms. Benzene allowed a somewhat
better development. However, it was found necessary to abandon
calcium hydroxide when experiments revealed that the methyl-
bixin adsorbates were incompletely eluted by acetone, alcohol,
methanol, or ether, A number of calcium carbonate preparations
were investigated before one (Merck, Heavy Powder) was found
which showed promising differentiating power. Xven in the best
cases, only a few millimeters of separation were attained be-
tween zones of stereoisomers, Fortunately, adjacent zones of
the chromatogram differed sufficiently in their color to make
a clean separation of the individual adsorbates possible.

At times a tendency of a few zones to undergo further dif-
ferentiation was noted. However, the pigments isolated from
sueh sections showed no differences in melting points or spec-

tra and there seems to be no justification for considering them
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to be different stereoisomers, Prolonged development reunited
many of these zones into chromatographically homogeneous same
ples. The cause of this phenomenon is unknown.

Each of the four crystalline stereoisomers was subjected
to the four isomerization procedures described in detail in the
experimental section. Both natural and alle-trans-methylbixins
were found to be very stable when exposed to sunshine, "insola~
tion", while neomethylbixins A and C undergo considerable isom=
erization, Only a single isomer was produced in appreciable
amounts from any given pigment, When benzene solutions of the
pigments were refluxed, only one~third of the natural or alle
trans<methylbixin isomerized while two-thirds of the neomethyl-
bixins A and C underwent stereochemical changes,

Melting the erystals of the stereoisomeric methylbixins
caused extensive destruction. When kept at its melting point
for fifteen minutes, 95% of natural methylbixin was destroyed,
It was found possible to decrease these losses to 25% by short-
ening the duration of the melt to one minute., Chromatograms
of melt isomerizations always contained zones of irreversibly
formed pigments that d4id not belong to the methylbixin set.

One of these zones was adsorbed within the neomethylbixin B
region and could not be separated from it conveniently. For
this reason, the colorimetric values for neo B are high in such
experiments, Only alle~trans-methylbixin showed appreciable
thermal stability under these conditions. |

All members of the methylbixin set gave the same iodine
equilibrium within the limits of experimental error., This ale

lows its molar extinetion curve to be used for the determina-
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tion of pigment concentrations, Illumination has a great effect
upon the rate of isomerization in iodine catalyzed solutions (Fig.
14)., It is to be noted that natural methylbixin does not appear
in this equilibrium,

If the iodine equilibrium is excluded from consideration,
the following remarkable relationship is noted between the memw
bers of the set. The isomerization of natural methylbixin
leads to the production of neomethylbixin C as the principal
product and vice versa. This same type of easy interconversion
is noted with all~trans-methylbixin and neomethylbixin A. These
results are illustrated in the following diagram with full are
rows indicating the most probable is omerization produoto

all-trans-qgthylbixin.___.neomethylbixin A

natural methylbix1nz::::::neomethyfhlxin C
Neomethylbixin B occeurs to suech a minor extent in these isome
erization mixtures that its relationship t o these two systems
can not be decided. \

Tentative Assigmment of Configurations.--ithen a double

bond assumes a cis configuration, the hydrogen atoms of the ad-
jacent C-H groups overlap their normal van der Waals radii,
This leads to a repulsion that tends to push the molecule out
of complete coplanarity and results in a shift of the absorp~
tion maxima toward shorter wave-lengths. Sinece many neo-caro-
tenoids differ in ébsorption spectra from their all-trans form
by about 5 m e, this shift has been interpreted asvbeing due to
the cis rotation of one trans bond. (16) (17)s An examination
of the spectral differences of the stereoisomeric methylbixins
indicates that this figure is also valid in this set. Thus,
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Figure 13, Molecular extinction curves of methylbixin stereow~
isomers in the cis-peak region (in benzene): ———— all-trans,
~ = = natural, =eo=com NEO0 C, = =¢= =+ neo A, and we=e~ iodine
equilibrium,
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Figure 14, Effect of irradiation of the iodine catalyzed equi=~
librium: molecular extinetion eaurve of all-trans methyl-
bixin after standing 30 minutes in darkness with Todine (in
benzene), - - = after 5 seconds of irradiation, and =+=e- af-
ter 30 seconds or longer irradiation.




natural methylbixin and neomethylbixin A differ by 5§ m . in
petroleum ether from the all-trans form and should be classie
fied as mono-cis-methylbixins., The 10.5 mu difference noted
for neomethylbixin C suggests a di-cis-methylbixin; the 19 m 4
difference of neomethylbixin B would be consistent with a tetra-
cis-methylbixin.

Zechmeister and Polgér (18) noted that when iodine was
added to an all-trans carotenoid, eertain changes occurred in
the molecular extinetion curves., In general, the height of
the visual maxime decreased and shifted toward shorter wave~
length values while a distinet incréase in absorption was ob=-
served in a certain region of the ultra-violets This behavior
has been interpreted as being due to the formation of isomers
having appreciable absorption maxima in this region from the
the all-trans pigment. The development of this "ecis-peak" in
iodine catalyzed solutions of all-trans-methylbixin and its
dependence upon light are illustrated iﬁ Figure 14,

Theoretical considerations of this effect by Zechmeister,
LeRosen, Schroeder, Polgér, and Pauling are now in press, It
has been shown that the cis-peak offers certain measure of the
deviation of the molecule from a linear shape., Thus, all-trans
pigments and pro~carotenoids show little absorption in this
region. A maximum effect is to be expected with the central,
mono-c¢is--isomer. If one cis double bond is located near the
end of the conjugated system, little effect will be noted,

Figure 13 shows extinction curves in the cis-peak region
for the four crystalline methylbixins and their iodine equilib-

rium, Natural methylbixin is seen to possess a cis-peak only
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slightly greater then the all-trans form. Since the centrally
located double bond, 5, is excluded by the existence of two
methylethylnorbixins, a choice must be made between the 2 and
4 stereochemically effective double bonds. The small cis-peak
observed would not be expected for 4-cis-methylbixin so the
configuration of 2-cis-methylbixin has been assigned to nate
ural methylbixin (Fig. 15, II).

Neomethylbixin C is a di-cis isomer with a distinect cis~
peék. The interconversions of neomethylbixin C and natural
methylbixin suggest that both isomers possess & c=cis double
bond and that a rotation about a central position produces the
other isomer. A centrally located double bond must be eis in
neomethylbixin C to explain the height of its cis-peak. While
the struetures 2,4- or 2,6-di-cis-methylbixin can not be ex-
cluded, the most probable structure is 2,5-di-cis-methylbixin
(Fig. 15, IV).

Neomethylbixin A has been assigned the structure of 51215-
methylbixin (Fig. 15, III) in view of its maximum cis-peak ef-
fect., The isomerization of this pigment in the melt to yield
moderate amounts of neomethylbixin C supports the assignment
of 2,5~ rather than 2,4~ or 2,6~di-cis-methylbixin for neo C.

Since all of the possible tetra-cis isomers are expected
to be more or less linear, a measurement of the cis-peak of
neomethylbixin B will not allow preference to be given to any
one of the three possible configurations. The cis~peak observ-
ed for neo B has not been inecluded in Figure 13 sinee it is

identical with the iodine equilibrium values which are given.
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Figure 15, Probable configurations of the four crystalline
methylbixins., I. All-trans-methylbixin. II. Natural methyl-
bixin, III. Neomethylbixin A. IV. Neomethylbixin C.
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Experimental

Materials and Methods.--The designation "petroleum ether" refers

to Skellysolve B (b.p. 60-70°). Calcium carbonate (Merck, Heavy
Powder) was used as the adsorbent. Bixin is so strongly adsorbéd
on this material even from benzene solutions that a separation
from methylbixin is easily accomplished. Ether or methanol do
not completely elute these bixin adsorbates. For the separation
of the methylbixin stereosiomers, development with a benzene-
petroleum etner mixture (1:8) was used unless otherwise speci-
fied, These pigments can be conveniently chromatographed when
dissolved in any mixture of benzene and petroleum ether if the
former does not exceed 25%; a lower benzene content is distinet-
ly advantageous since it secures a narrow pigment zone for the
subsequent development. The best available eluent is acetone,
Spontanéous crystallization may occur from petroleum ether so-
lutions.

For melting point determinations, the pigments were sealed
in tubes filled with carbon dioxide. The samples were introduced
into an eleotrically heated Berl-bloeck 20° below the melting
point and the temperature was inecreased 2 to 3° per minute.

Refluxing experiments were carried out in darkness while
a slow stream of carbon dioxide was introduced into the all-
glass apparatus. In isomerization experiments by melting crys-
tals, the pigments were sealed under carbon dioxide, kept fused
in a dibutylphthalate bath, and then cooled rapidly in ice water.
The iodine catalyzed éolutions (contained in 25 ml, glass volu~-
metric flasks) were exposed to diffuse daylight for thirty min-
utes or illuminated by a 3500° white fluorescent Mazda lamp
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(tube length, 120 cm.) at 60 cm., distance for fifteen minutes,
This same procedure was used in the experiment illustrated by
Figure 14, Transparent quartz test tubes (22 mm, diameter)
from which the air had been displaced by carbon dioxide were
used in the insolation experiments. Concentrations were de=-
termined upon iodine catalysis in a Pulfrich Gradation Photo-
meter (light_filter S47) on the basis of the following values:

k 0.0 0.2 0.4 0.6 0.8 1.0

mg. pigment in 0,00 0,065 0,145 0,215 0,315 0,390
100 ml. benzene

Visual spectra were taken with an Evaluating Grating Spec-
troscope (Zeiss; light filter BG-7, 2 mm; thick). The spectral
data refer to petroleum ether solution unless otherwise indie
cated. For this purpose, other solvents were displaced from
the column by washing with petroleum'ether immediately before
extrusion., Kach pigment listed below in the chromatograms as
a member of the methylbixin set shifted its maxima to 488, 455
mu (£0,5 ma) when catalyzed with iodine. The extinetion
curves were determined in a Beckman Photoelectric Speectrophoto-
meter (19). All orystalline samples were dried in high vacuum,
The concentration of solutions was established in many cases
from the molar extinetion curve of the iodine equilibrium with
an aceuracy of £2,6%., When it was desired to obtain molar ex-
tinetion curves of chromatographic eluates, the following tech-
nic was used, After cutting, the adsorbates wefe washed with
petroleum ether (b,p. 28-38°) and sucked dry with a vacuum pump.
Then the pigment was eluted with ice cold acetone and trans-

ferred into benzene,
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l. Natural Meﬁgxlbixin

Isolation.--The usual procedures of preparation were modified
in order to avoid nigher temperatures as well as the isolation
of bixin as an intermediate. The final produet was chemically
‘and stereochemically identical with samples obtained by the
methylation of bixin with diazomethane or dimethyl sulfate,

The Bixia seeds (250 g.) were shaken mechanically for about
1/4 hour with 1.5 g. of potassium hydroxide in 400 ml. of abso-
lute methanol until the pigmented coating was removed from the
stones, The dark red solution was filtered and diluted with
200 ml, of amhydrous methyl acetate, Ten milliliters of di=-
methyl sulfate was added and the liquid was allowed to stand
overnight. Upon longer standing, oily material may appear.
Purple cerystals which were contaminated with bixin sepérated
and were re-~methylated., The crystals (2.5 to 3 g.) were ex~
tracted by alternative shakings with equal volumes of chloro~
form and benzene, The combined and filtered solution (100 ml.)
was drawn into a column (23 x 4.8 em. ); the methylbixin was
washed into the filtrate with pure benzene. After concentra-
tion to 25 ml., and addition of 90 ml. of methanol, pure methyl=-
bixin erystallized (Fig. 16),

The solution was cooled to -10° and the crystals were fil-
tered, washed with ice c¢o0ld methanol, and dried in high vacuum,
Mepe 161-161.5" (cor.). The yield was l.4 g, but it is depend-
ent upon the quality of the seeds,

Analysis--Calculated for C,, H, O, (OCH,) : C, 76.44; H, 7,90;
—  OCH,, 15.19.

Found: C, 76,45, 76.33; H, 7.93, 7.98; OCH,, 14.98, 15,08,
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Figure 16, Natural methylbixin erystallized from benzene and
methanol (100x).

(a) Cis-trans Isomerization of Natural Methylbixin upon Stand-

ing and Refluxing.--The extent of spontaneous isomerization in

benzene-petroleum ether solution at 25° is about 3% in 24 hours,
It must be remarked that even fresh solutions occasionally show
a separation into blurred regions when chromatographed. The
fraetions could not be aifferentiated by any means.,

A solution of 5 mg., of methylbixin in 20 ml. of benzene
was refluxed for one hour, concentrated to 2 ml,, diluted with
15 ml, of petroleum ether, and chromatographed (18 x 1.9 cm. ).
Figures to the left of the description always designate the
zone width in millimeters,

The colorimetric ratio of unchanged starting material:

stereoisomers (essentially neo C) was 74;26,
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25 colorless
34 orange-red, unchanged methylbixin: 486, 454 me
1 colorless
1 pink, all-trans: 488,5, 456 m«
1 orange-red, neo A: 485, 453 mw
1 orange, neo B (?)
1 colorless
40 yellow-orange, neo C: 479, 449 mu

(b) Cis=trans Isomerization upon Melting Crystals 3£ Natural

Methylbixin,--When the pigment was kept fused for fifteen min-

utes, 95% of the initial color intensity disappeared. However,
fusion for one minute was found to be satisfactory. Eight
milligrams was kept at 1650, then dissolved in 5 ml, of ben=
zene, diluted with & volumes of petroleum ether, and developed
on a column (18 x 2.5 em, ).
15 yellow, irreversible
S ecolorless
5 pink, traces
50 red-orange, unchanged starting material: 485, 454 me
10 pink, all-trans: 489, 456.5 me
10 orange, neo A: 485, 453 m,
9 yellow, mainly neo B: 474, 444.5 m
2 yellow-orange, (see below
52 orange, neo C: 479, 448.5 mau
Filtrate: yellow, irreversible

Those zones designated as being irreversible do not be=
long to the methylbixin set. The colorimetric ratio of un-
changed natural methylbixin: all-trans: neo A: neo B: neo C
was 28: 17: 16: 8: 31,

The by=-product contained in the 2 mm, zone was obtained
in 1argervquantity by melting 100 mg. of methylbixin, It is
not a menmber of the methylbixin set but shows a characteristie
spectral curve (Fig., 22).

(¢c) Cis-trans Isomerization of Natural Methylbixin by Iodine

Catalysis at Room Temperature.~-Two milligrams of pigment in

1 ml, of benzene was diluted with 10 ml. petroleum ether and
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catalyzed with 20 g.» g, of iodine, The solution was kept for
fifteen minutes in diffuse daylight and chromatographed (18
x 1.9 em, )o

25 colorless »

39 red-orange, mainly all-trans: 489, 457 mue
10 orange, neo A: 484, 453 m

1 yellow, neo B traces: 4735, 444,55 m~

21 orange, neo C: 479, 448,55 m..

(The uppermost fraction of the 39 mm. zone showed a 2 m e
shorter wave-length maxima than indicated.)

The colorimetric ratio of all-trans: neo A: neo C was 72: .
19: 9,

(d) Photochemical Cis~trans Isomerization of Natural Methyl-

bixin,--Two milligrams of pigment dissolved in 3 ml. of ben-

zene and diluted with 10 ml, of petroleum ether was insolated
for fifteen minutes (final temperature, 50’), and developed on
2 column (18 x 1.9 cm, ).

32 colorless

68 orange~red, unchanged natural methylbixin: 485, 453 m s
1 almost colorless

1 pink very little
1 orange pigment
1 yellow

30 orange, neo C: 478.5, 449 me
The colorimetriec ratio of unchanged natural methylbixin: minor
isomers: neo C was 90: 2: 8., See Figure 17 for molar extinetion
eurves,

2 All-trans-~Methylbixin

Isolation.--This pigment was prepared according to the method
of Kuhn and Winterstein (4) by catalyzing 500 mg. of natural
methylbixin in 20_m1. of ethyl acetate with 30 mg., of iodine,
Upon standing at 0°, erystals appeared which were recrystalliz-

ed from benzene-methanol to give 200 mg., of chromatographi-
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Figure 17, ©Photochemical isomerization of natural methylbixin in
benzene: molecular extinetion curve of original solution,
and - - - sample after 15 minutes insolation.
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cally homogeneous crystals (Fig. 18); m.D. 198° (cor. ). The
influence of polar solvents on the spectral curve is illus=
trated by Figure 19,
Analysis--Calculated: C=76.44; H=7,90; lMolecular weight=408,5
Found: C=75,90; H=7,72; lolecular weight =388,

(a) Cis~trans Isomerization of all-trans-iethylbixin upon Re=

fluxing.~~Three milligrams of pigment in 20 ml., of benzene was
refluxed for an hour. The solution was concentrated to 3 ml,,
diluted with 5 volumes of petroleum ether, and chromatographed
(18 x 1.9 cm. )o

0 colorless
orange~red, unchanged all-trans: 490, 458 me~
orange, neo A: 485, 453 mau

5 yellow

5 colorless
orange minor isomers: 480.5, 449 m
colorless

2 orange

HFO O

0
9
2
2

The colorimetric ratio of unchanged all~trans: neo A: minor
isomers was 63: 35: 2,

(b) Cis=trans Isomerization upon Melting Crystals of all-trans~

Methylbixin,--Eight milligrams of pigment was kept fused at

200° for one minute, dissolved in 5 ml. of benzene, diluted with
20 ml, of petroleum ether, and chromatographed (18 x 2.5 cﬁ.).

24 yellow, irreversible
45 colorless
25 orange~red, unchanged all~trans: 489, 456 m e
8 orange, neo A: 485, 453 mee
$ almost colorless
15 lemon yellow, mainly irreversible
20 orange, neo C: 479, 449 mue
2 almost colorless
2 faint orange (traces)

The colorimetric ratio of unchanged all-trans: neo A: neo C was

57: 19: 24.



Figure 18, All-trans-methylbixin crystallized from benzene-
methanol (430x).
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Figure 19. Effect of polar solvents upon the visual spectrum
of all-trans-methylbixin: - - -~ benzene solution and
ethyl alcohol solution,

87
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(e) Cis-trans Isomerization of all-trans-Methylbixin by Iodine

Catalysis at Room Temperature.--A solution of 2 mg. of pigment

in 2 ml, of benzene was chromatographed (18 x 1,9 em.) after
standing for thirty minutes with iodine and diluting with 15
ml, of petroleum ether,

50 colorless

30 orange-red, unchanged all-trans: 489, 456 me~

5 orange, neo A: 484, 452 me

5 almost colorless

26 1light orange, neo C: 479, 448 m«
The colorimetric ratio of unchangéd all«~trans;: neo A: neo C
was 72: 19: 9.

(d) Photochemical Cisetrans Isomerization of all-trans-Methyl~

bixin.-=Two milligrams of pigment in 3 ml., of benzene was in-

solated for fifteen minutes (final temperature, 51’) and chro-
mat ographed (18 x 1.9 cm.) after dilution with 10 ml. of petro-

leum ether.
25 colorless ‘ ,
25 orange~red, unchanged all-trans: 489, 458 m
2 orange, neo A: 485.5, 4534 m .

The colorimetric ratio of unchanged all-trans: nec A was 94: 6.

b, Neomethylbixin A

Isolation.~~A solution of 100 mg. of natural methylbixin in

10 ml, of benzene was catalyzed with 0.5 mg. of iodine and kept
in daylight for thirty minutes at 25° , After dilution with 3
volumes of petroleum ether, it was chromatographed (27 x 5.8
em, )o The broad orange layer located directly below the all-
trans zone was eluted with acetone and rechromatographed im-
mediately on a smaller column (24 x 4.8 em. ). This chromato~
gram showed only traces of other isomers. However, sineevthe

uppermost section of the neo A zone usually contains considere
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able amounts of the all-trans isomer, about 1/5 of the mein zone
was rejected. A third chromatogram showed perfect homogeneity.
The pigment was transferred into benzene, evaporated to 2 ml.,
and crystallized by the addition of excess methanol (Fig., 20},
Yield, 20 mg.; m.p. 190-191  (cor. ).

?igur?rzo. Neomethylbixin A erystallized from benzene-methanol
430x),

The sample was recrystallized from benzene-methanol, This
isomer is much more soluble and less stable than natural or all-
Egggg-methylbixin. Fresh solutions of even the purest crystals
showed a slight contamination (about 3%, exceptionally 6%)
with all-trans-methylbixin,

(a) Cis-trans Isomerization gg'Neomethylbixin.é upon Refluxinge--

The solution of & mg., pigment in 20 ml. of benzene was refluxed
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for an hour, concentrated to 3 ml,, diluted with three volumes
of petroleum ether, and chromatographed (18 x 1.9 cm. ).
22 colorless
50 pink, all-trans: 490, 458 me
22 orange, unchanged neo A: 485, 453 m e
2 yellow, neo B: 475, 447 m :
9 1light orange, neo C: 477.5, 447.5 mue
The colorimetric ratio of all-trans: unchanged neo A: neo B:
neo C was 63: 32: 2: 3. |

(b) Cis~trans Isomerization upon Melting Crystals of Neomethyle

bixin A.--Five milligrams of pigment was kept at 195° for one

minute, dissolved in 5 ml. of benzene, diluted with 15 ml. of
petroleum ether, and chromatographed (18 x 2.5 cm).

20 yellow, irreversible

20 colorless

30 pink, all-trans: 488.,5, 455.5 m«

10 orange, unchanged neo A: 484,5, 453 mee

15 greenish yellow, neo B (4 irreversible): 474, 447 m .

22 yellow=-orange, neo C: 479, 449 m.

Irreversibly formed pigments were also not ed int he chro=-
matographic filtrate, The neo ¢ zone showed some tendéncy to
separate into three sections with blurred borders; however, an
examination did not reveal any spectral differences,

The colorimetric ratio of all-~trans: unchanged neo A: neo
B: neo C was 53: 25: 6: 16,

(¢) Cis-trans Isomerization of Neomethylbixin A by Iodine Catal-

ysis at Room Temperature,--Three milligrams of pigment in 5 ml,

of benzene was catalyzed and chromatographed (18 x 1.9 cm.,) after
standing half an hour,

40 colorless

44 pink, all-trans: 490, 456.6 m«

16 orange, unchanged neo A: 484.5, 453.5 mee
2 yellow, neo B: 474, 446.,5 mee

28 yellow=orange, neo C: 478, 448,50 m s

The colorimetric ratio of alle~trans: unchanged neo A: neo B:
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Figure 21, Photochemical isomerization of neomethylbixin A in
benzene: molecular extinetion curve of original solution,
and - -~ - sample after 15 minutes insolation.
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neo C was 64: 25: 2: 9,

(4) Photochemical Cis-trans Isomerization of Neomethylbixin A.-w

After fifteen minutes insolation, the benzene solution of 3 mg.
of pigment was diluted with five volumes of petroleum ether and
chromatographed (18 x 1.9 cm. ).

60 colorless

56 pink, mainly all-trans: 490, 458 m e

25 pinkish orange, mainly neo A' 484,5, 453 mye

1 yellow (traoess

Unsatisfactory separation of the zones allows only an ap~
proximation to the colorimetric ratio of all-trans: unchanged
neo A as being 45: 55, The effect of insolation of the molar

extinetion curve is illustrated in Figure 21,

4, Neomethylbixin B

Several attempts were made to obtain sufficient amounts
of this isomer to enable a more thorough investigation. The
molar extinetion curve of Figure 1l is thought to be reason-
ably correct. This sample was isolated from an iodine cata-
lyzed solution of 100 mg. of natural methylbixin, The pigment
from the eluate of the neomethylbixin B zone was transferred
into benzene and its absorption speetra taken in the Beckman
Photoelectric Spectrophotometer. Iodine was added and the
pigment concentration was established from the molar extine-~
tion values of the iodine equilibrium.

When an attempt was made to isolate this pigment from the
melt of 100 mg, of natural methylbixin, the solution obtained
showed the unusual type of extinection maxima illustrated in
. Figure 22, The first two maxima check with, and may be due to,

-those of neomethylbixin B. Since the iodine curve does not
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Figure 22,

Extinetion curve of eluate from neomethylbixin B
zone of a melt isomerization of natural methylbixin:

benzene solution of pigment, and <¢-o- after iodine addition.
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conform to those of the methylbixin set, this material is cer-
tainly not a pure member of this group.

5. Neomethylbixin C

Isolation.,-~A solution of 300 mg. of natural methylbixin in 100
ml, of benzene-petroleum ether (1:1) was refluxed for an hour,
diluted with petroleum ether to 250 ml., and developed on a
colurm (30 x 8 cem, ) with 2.5 liters of a 1:4 mixture. The de-
velopment required three hours.

7 yellow (traces)

5 colorless

130 orange-~red, unchanged natural methylbixin

1l colorless

2 pink
1 colorless
Z2 orange
1 yellow
O bright orange, neomethylbixin C

In order to augment the yields, the zone of unchanged
methylbixin was eluted with acetone, transferred into benzene,
refluxed agaih, and chromatographed. The natural methylbixin
zone of this second chromatogram was submitted to a third re-
fluxing and‘adsorption analysis after the addition of a 50 mg.
portion of starting material.

The combined acetone eluates of the three zones of neo C
were transferred into petroleum ether solution and developed |
on a smaller column (27 x 5.8 em, ) with benzene~petroleum ether
(1:5)s Except for traces, the pigment was found to be homo-
geneous, It was transferred into petroleum ether and evapo-
rated completely in vacuo. The red, oily residue was taken up
in the minimum amount of benzene and transferred into a centri-

fuge tube. When methanol was added gradually with stirring, an

0ily suspension appeared. OCrystallization may be effected by
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scratching and cooling this suspension or by seeding with crys-
tals, After cooling to -10°, the material was centrifuged and
recrystallized (Fig. 23). The intensely colored mother liguors

may be reworked.

Figure 23, Neomethylbixin C recrystallized from benzene-meth-
anol (430}5 ) ®

The yield of crude neomethylbixin C crystals was 50 mg.; how=
ever, this quantity decreased to 25«30 mg. upon recrystalli-

zation. M.pe. 150-151° (cor.).

(2) Cis-trans Isomerization of Neomethylbixin C upon Reflux-
inge.--The benzene solution of 1 mg., pigment was refluxed for
an hour, concentrated to 2 ml.,, diluted with 15 ml. of pet=-

roleum ether, and chromatographed (18 x 1.9 cm. ).
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15 colorless

5 red~orange, natural methylbixin: 485, 4535 mee
4 pink, all-trans: 490, 458 mu~

4 orange, neo A: 485, 453.5 m

3 yellow, neo B: 471.5, 444.5 m
%6 yellow-orange, uanchanged neo C: 479, 448,55 mye

The colorimetric ratio of natural methylbixin: all-trans: neo
A: neo B: unchanged neo C was 33: 12: 6: 3: 46,

(b) Cis-trans Isomerization upon Melting Crystals of Neomethyl-

bixin C.-~Five milligrams of pigment was kept molten at 155°

for one minute, dissolved in 5 ml, of benzere, diluted with five
volumes of petroleum ether, and chromatographed (18 x 2.5 em. ).

7 yellow, irreversible
40 ceolorless
37 orange~red, natural methylbixin: 485, 454 ma~
4 pink, all-trans: 489, 457.5 m
4 orange, neo A: 485.5, 452 mee
10 yellow-orange, neo B: 471, 444 me
2 almost colorless
50 orange, unchanged neo C: 480, 448.5 m «
Filtrate: yellow, irreversible

The colorimetric ratio of natural methylbixin: all-trans: neo A:
neo B: unchanged neo C was 51l: 4: 4: 5: 36,

(e) Cis-trans Isomerization of Neomethylbixin.g‘gz Iodine‘gﬁ

Room Temggrature.-—Thfee milligrams of pigment were catalyzed

in benzene with 20 « g. of iodine., After standing for thirty
minutes, the solution was developed with benzene-petroleum
ether (1:5) on a column (18 x 1.9 cm, )e

20 colorless

49 orange-red, all-trans: 489, 456.0 m

20 orange, neo A: 484, £52,5 mae

2 yellow

23 yellow-orange, unchanged neo C: 478, 448 ms
The colorimetric ratio of all-trans: neo A: unchanged neo C
was 63: 25: 12.

(d) Photochemical Cis-trans Isomerization of Neomethylbixin Ce.-=
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Figure 24. Photochemical isomerization of neomethylbixin ¢ in
benzene: molecular extinetion of original solution, and
- = - sample after 15 minutes insolation.
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A solution of 2 mg. of pigment in 3 ml. of benzene was insolated
for fifteen minutes. After dilub ion with 10 ml. of petroleum
ether, it was chromatographed (18 x 1.9 cm. ).

23 colorless

15 orange-red, natural methylbixin: 485, 453.5 I

11 colorless

4 pink, neo A: 484.5, 453 mamnt

3 colorless

65 yellow-orange, unchanged neo C: 478,5, 448 mun
The colorimetric ratio of mnatural methylbixin: neo A: unchanged
neo C was 21: 2: 77. TFigure 24 illustrates the change of the

molar extinetion curve upon insolation.

Summarz

Two new stereoisomers of methylbixin have been obtained
in crystalline form and a third has been observed in solution.
Various isomerization procedures have been tried on the four
crystalline materials and the interconversion of these isomers
has been demonstrated. A consideration of the absorption data
has been used to assign tentative configurations to the four
principal members isclated from the methylbixin set of stereo-

isomers,
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PROPOSITIONS
1. The examination of the stereoisomers of the two methyl-
ethylnorbixins reported by van Hasselt (1) would allow a defi-
nite determination of the steric configuration of neomethylbixin

(1) Rec. Trav. chim. Pays-Bas, 0, 1 (1911).

2. The steric configuration l-cis-crocetin is proposed for
"labile crocetin',

3¢ A polarographic investigation of bixin might extend our
stereochémical knowledge of this subjeect.-

4, G. E. Hilbert and E. F, Jansen (2) as well as E. S.
Miller (3) have observed a shift of 150 to 190 £ in the absorp-
tion maxima of carotenocids toward longer wave-lengths at liquid
air temperatures. This may be explained by the change of re-
fractive index of the solvent under these conditions.

(2) J. Bio. Chem., 160, 97 (1934 ),

(3) Plant Physiol., 9, 179 (1934).

5. The cyeclization of lycopene is feasible and should
yield some amounts of the # ~carotene isomer possessing A =
ionone rings as terminal groups.

6. The ratio of molar extinection coefficient at the maxi-
mum absorption peak to that at the cis-peak is characteristic
for a given stereoisomer. This ratio is independent of con-
centration and allows a gquick identification of isomers pos-
sessing the same visual absorption maxima,

7. The failure of Kundt's law reported by W. R. Brode (4)
should be gqualified. It is proposed that an investigation of
the infra-red absorption of such solutions will reveal consid-

erable hydrogen bonding between the dye and alcohol.
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(4) Chemical Spectroscopy, p. 187, John Wiley and Sons,

London, 1943.

8. Application of the Refractivity Intercept of A. L.
Ward and S. S, Kurtz (5) would allow a simple detefmination
of the aromatic or aliphatic nature of hydrocarbons in a syse
tem of qualitative organic analysis.

(5) Ind. Eng. Chem. Anal. Ed., 10, 559 (1928),

| 9. Graduate students at the Calif ornia Institute of
Technology should make no attempt to begin their research dur-
iﬁg their first six months. This time could be profitably
utilized in a course similar to Instrumental Analysis,
10, Exchange resins offer a convenient means of making

sea water drinkable,
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