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I. SOME IRREVERSIBLE CONVERSIONS OF LUIEIN

AT ELEVATED TEMPERATURES



I, SOME IRREVERSIBLE CONVERSIONS OF LUTEIN AT ELEVATED TEMPERATURES
A, INTRODUCTION

A long chain of conjugated doubie bonds is one of the distinguishing
charecteristics of the group of naturally occurring polyene pigments which aré
designated as Yearotenoids”, Although the greet majority of these compounds
contains forty carbon atoms (Figure 1), a few pigments of lower molecular weight
ere known (Figure 2),

1, The Nomenclature gg_Dihydrdxy Carotenoids

When Kuhn, Winterstein, and Lederer (41) showed that "xanthophyll",
Caplsel2» which had previously been considered to be homogeneous, actually wes
composed of two pigments, they proposed that the term "xanthophyll" be applied
as a group neme to thosewcéé-carotenoids which conbain hydroxyl groups, and
that the term "lutein" be reserved for the principal constituent of the
xanthophyll mixture, "Lutein" hed been used earlier by'Willstékter and Bscher
(66) to describe the xanthophyll pigment isolated from the yolks of hén's eggs,
Kuhn's nomenclature has been accepted by several other authors (67,62,48) and
consequently will be used in this Thesis, although von Euler (4) prefers to
refer to the egg yolk mixture as "lutein" and Karrer (22) uses the expression
"phytoxanthine" as a collective term for all carotenoid:alcohols,

Soon after the two individual compounds had been isolated fram xanthophyll
their structures were clarified by Kerrer and his colleagues (30,12), who
~showed that lutein was a dihydroxy-« =carotene and that the other pigment was

a dihydroxy- Ia -carotene (Figure 1), which has been named "zeaxanthin",
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Figure 1, Some Carotenoids Which Conbailn Forty Cerbon Atoms
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2. A Brief History of Carotenoid Isomerization

Discovery of Carotenoid Isomerse- In view of the many examples of ois-
trans igomerization in compounds containing double bonds (47), it seems sur-
prising that the question of the existence of geometrical isomers of caro-~
tenoids did not arise as soon as the unsaturated nature of the chromophore was
demonstrated (76,24,38). Yet six years elapsed between the discovery of tiwe
igomeric forms of bixin by Herzig and Faltis (10) in 1923 and the correct
interpretation of this phenomenon as a Sis-trans isomerization by Kerrer and
his associates (17).

In 1935 Gillam and El Ridi (5-7) were the first to observe that caro-
tenoids containing 40 carbon atoms form isomers. These workers obtained two
clearly defined zones when they chromatographed solutions of pure P-carotene
repeatedly on alumine columns; the upper band showed the spectral maxima of
p-ca.rotene, while the lower pigment layer hed the same maxima as o({-carotene.
Elution and readsorption of either pigment agein geve rise to the same two
layers, "the process thus being reversible and never complete”. The lower
zone, termed "pseudo-X-carotene”, was not identicel with «-carotene, since
repeated chromatogrephy of o(-cerotene on elumine yielded a new pigment, "neo-
o ~oarotene”, whose spectral mexime lie at shorter weve lengths than the
starting materisl. A further proof that pseudo-«-carotene end ol-carotene
are not identical is that both 'B-oarotene end pseudo- KA-cerotene are optically
inective, while o(-cerotene end neo-O(-oé.rotene are activee.

Gillem and his associates (5-7) attributed the transformation of F-
carotene into pseudo-«=carotene and of -carotene into neo-o -carotene to
an action of the adsorbent employed and stat.ed. that the isomerizetion occurred

only in the chromatographic column., This view soon became untenable, however.



Zechmeister end Cholnoky (73) observed a spontaneous, reversible isomerizetion
in capsanthin solutions and Zechmeister and Tuzson (86,87) showed that solu-
tions of chromstographically homogeneous lycopene, P-carotene, or crypto-
xenthin, on stending at room temperature, underge partial isomerizations which
are spontaneous, reversible, end greatly accelerated by the action of heat.
According to Zechmeister and Tuzson, "the progress of the isomerizetion is

a function of time and it has nothing to do with a subsequent.adsorption.

The Tswett column only furnishes a suitable method for showing an effect
alreedy present in the solution. The isomerization may also be recognized by
spectroscopic and colorimetric readings, independently of the chromatographioc
technique®.,

Interpretation of the Carolencid Isomerizstione- Gillem et al. (5-7)

attributed the formgtion of pséud'o- xX~-carotene snd neo- X=carotene either to
a double bond migration or to a trans-cis rearrangement. In the case of
capsanthin, which conteins a carbonyl group (67), Zechmeister and Cholnoky
(73) at first elso had to consider a keto-enol tautomerism. As more and more
experimental data was obtained, however, it beceme incraasingiy apparent that
the isomerizetions involve trans-cis changes in double bonds instead of double
bond migrations (74,81,80,88). The principal reasons which have led to this
conclusion may be summarized as follows:

1) In the cese of several carotenoids meny more isomers are known then
can be accounted for by double bond migrations (80,56,83);

2) (¢ -Cearotencne (Figure 3) isomerizes despite the fact thet its chromo-
phore is "blocked" at each end by a carbonyl group, so thet a double bond coul@

migrate only into a methyl sidechain, en improbable assumptiom (75);
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3) ILutein has never been observed to yield zeaxanthin during isomer-
ization experiments, although the migration of but one double bond would be
required to effect the transformation (80); also, of-carotene end p-oarotene
could not be interconverted (83,56);

4) The catalysts effective in carotenoid isomerizations ere known to
catalyze trens-cis rearrengements (80).

When the formation of e compound is irreversible, a structural alteration,
rather than a steric change or a structural isomerizetion, should be considered
the cause., Such is the case with the formation of the desoxyluteins desoribed
in this Thesis, the dihydrocerotenes of Pblgé& end Zechmeister (56), and pro-
bebly many of the pigments of unclarified structure obtained by acid treatment
of carotenoids (41,62,63,59).(see below).

Despite their ealtered structures both the desoxyluteins and the dikydro-
carotenes are typical polyenes, which undergo cis-trans isomerization upon

iodine catalysis.

3. Methods of Carotenocid Isomerizatiom, with Speciasl Reference to Lutein

Heat.~ The action of heat in accelerating the spontaneous isomerization
of lycopene, fB-carotene, end cryptoxenthin solutions was reported by Zechmeister

end Tuzson (87). They also showed that, when a benzene solution of lutein was



refluxed for thirty minutes, approximately 10% of the lutein was converted
by e reversible process into another pigment, "neolutein A", which is iden-
ticel with e pigment obtained by the iodine ca£a1ysis of lutein at room
temperature (see below)e A third pigment was detected in some of the experi-
ments, but its relationship to lutein end to neolutein A has not yet been
esteblished. In independent experiments Strain (60-62) also isolated these
two products from alcoholic solutions after heating. However, he did mot
demonstrate the reversibility of their formaiion, nor did he differentiate
clearly between the effect of heat and the action of the adsorbent.

More recently it has been shown by Zechmeister in colleboration with
Pblgé} (65,57,83) and with Lermon (78) thet carotenoids oen be isomerized
by melting the crystals in an ox&gen—free atmosphere.

- Acid.~ Kuhn, Winterstein, and Lederer (4l) refluxed solutions of lutein

in methenol which wes epproximately 10~% normel in oxslic or tertaric acid

for one hour end isolated pigment orystals with increased optical rotation

end decreesed melting point. Strain (62) repeated this work end found by
chrometographic analysis that the pigment mixture so obtained contained traces
of strongly adsorbed materiel, which resembled the products formed by re-
fluxing methenolic solutions of lutein, and much larger eamounts of weakly
adsorbed pigmeﬁts, which passed through the column end exhibited the same
partition behavior as cryptoxenthin, C,,H--0, & monohydroxy- F-oarotene.

In a later peper (63) Strain reported that dilute acids hed a similar effect
on solutions of o-carotene, pg-carotene, cryptoxenthin, and zeaxanthine 1In
independent experiments Quackenbush, Steenbock, and Peterson (59) treated

both xanthophyll mixtures and pure lutein with dilute acetic, oxelic, sulfuriec,
and hydrochloric acids and succeeded in separating the lower,weakly-adsorbeé

layers into three components:



Color of Leyer Spectrel Mexima in 65-75°
Petroleum Ether (mn.)
Dull red | 476-448"
Yellow=orange 477, 447.5
Yellow=-orange 477, 447

* Region of maximal spectral absorption

Unfortunately, the sbove experiments esteblished neither the structure of
eny of these pigments formed on acid treatment of lutein mor the reversibility
of the process. It is, therefore, impossible to state a't; the present time
whether or not any of the observed products is a stereoisomer of lutein.

Jodine.~ In 1929 Karrer, Helfenstein, Widmer, and ven Itallie (17) found
that bixin (Figure 2) is altered by trestment with iodine, which was known to
be a catelyst for cis-trans conversions of unseturated compounds (1,1B).
They used iodine to convert this natural pigment into the so-called " g-bixin',
an isomer detected earlier by Herzig and Faltis (10). The first epplication
of this reagent to the isomerization of carotenoids of the C4ol-seriea is due
to Zechmeister and Tuzsom (88), Wwho succeeded in producing isomers of lycopene,
P-carotene s eryptoxanthin, lutein, zeaxanthin, and taraxanthim by the action
of small smounts of iodine (0.5-1% of the pigment) in petroleum ether or benzene
solution. In the case of lutein, approximately 40% of the starting material
was converted into two other pigments, designated as "neoluteinm A" and "neoc-
lutein B"s These are adsorbed above lutein on the chromatographic column and

show the following spectra:



Spectral Maxime

In Benzene (mp.) Im Light Petroleum

Ether (mp.)
Neolutein A 484, 452 4T, 422
Neolutein B 484, 453 472, 443
Lutein 489, 458 477, 448

The reversibility of the process was demonstrated by treating a solution of
eech pigment with iodine; each of the equilibrium mixtures so obteined con-
tained neolutein A, neolutein B, end lutein in sbout the seme ratio as the
mixture produced by a corresponding treatment of lutein itself,

Very recently it has been shown by Zechmeister end Polgér (83,57) that
iodine has no catalytic effect in the dark, although exposure of the solutions
to a light gource for only a few seconds produces the iodine isomerization
usuelly observed in diffuse leboratory lighte.

Lighte~ Within the last few years the sensitivity of carotencids to light
has been utilized by Zechmeister and collaborators (79) as a method for the
preperation of stereoisomgrs;»they showed that, for example, dilute, neearly
colorless solutions of prolycopene turned intensely yellow upon exposure to
sunshine ("insolation") for a few minutes. Soon afterwaerd Zechmeister eand
Polga/r (83) isomerized ol-carotene end F-carotene by exposure to sunlight,
light from a Mazda incendescent bulb, and light from a Henoviea ultraviolet
lampe The applicebility of the method to some carotenoid alcohols was shown
by Zechmeister end Lemmon (78), who obtained isomers of cryptoxanthin and

zeaxenthine It has not yet been applied to lutein solutionse.
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4. Stereochemicel Considerations, with Special Reference to Lutein

Configuration.gg Naturally Ocourring Carotenoids.- By far the largest

part of the polyene pigments found in plants possess the "all-irans” con-

figuration, i.ee, all of the double bonds in the molecule exist in the

trans form (68)s This conclusion is based not only on the stability of

these pigments and on ohromatog:aphic analyses of nume:ous.§lant extracts but
also on the results of X-ray investigations of crystal; (9,48) and on the
interpretation of spectral data (49,51,54). Recently, however, two "pro-
cerotenoids", containing probably five or six cis double bonds, have been
found in nature by Zechmeister in collaboration with LeRosen, Went, and
Peuling (80), with LeRosen (45), with Schroeder (84,85), end with Escue (77),
While these polyﬁgii_ccmpouﬁds aepparently are wide-spread in nature, their
total quantity is extremely small in comparison with that of the ell-irans
pigments (68)e

Stereochemical Possibilities for Imteine- Not all the double bonds of

the polyene chain are free to assume the cis configuration. The theory of
resonance requires that for effective conjugation the single and double bonds
of the chromophore must lie in the same plene (53). Pauling (54) showed that,
under these conditions of coplanarity, steric hindrences prevent those double
bonds which are adjacent to e C-CH; group (C=C-C(CHz)) from assuming the ois
configuretion; however, the double bonds to which methyl side chains ere
directly eattached (C=C(CHz)) may exist in the cis form, since only slight
steric hindrances exist. The central double bond of the C4O¢carotenoid is,
of course, free to assume either a cis or a trans configuration, since no
methyl groups are attached either to the carbon aiéms joined by the double
bond or ﬁo the adjacent carbon atoms. Furthermore, any double bonds included
in the cyclic end groups have their configurations fixed permanently end are

not subject to sterecisomerization.
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It follows, therefore, from these considerations that lutein has only

five double bonds available for irans-cis changes:

w2t
OH
[ l He)eﬂ q 1 H B CHy H CH; ® "GHz
; , ; ¢ 6 ¢ ¢ ¢ ¢ ¢ ¢ A6
R A N N Y
CH, & ' B 6, B H B H B { !
3 E % (OHS)ZC\ HCOH
g E & I . e

Figure 4. All-trans lutein

(The five stereochemically-effective double bonds are mzmberedr))l

For an unsymmetrical molecule the number of stereocisomers is 2“,, where n is
the number of stereochemicelly effective double bonds (80,54); this gives 32
as the theoretical number of membersg of the lutein stereocisomeric setz.

Configuration of the Two Known Stereoisomers' of Lutein.- A tentative

assignment of configuration of neolutein A and naolut;ein B has been mede by

Zeqhmeister and Polg;a'.r (83), who inferred the presence of a single cis bond in
each molecule from the fact that the spectral maxime of the neo-compounds lie
at weve lengths 5-6 mp. lower then those of the naturally occurring all-trans-
lutein (79). The suggested locations of the cis double bond were based on the

heights of the spectral maxima which lie at approximately 330 mp. When an

The following nomenclature, proposed by Zechmeister end Polger (83), will be
used in this Thesis: Each double bond of the conjugated system will be
assigned en italicized number in order to avoid confusion with the numbering
of carbon atoms: ee.ge, 3,6-di-cis- B-carotene. The lowest number will be
given to the double bond in the pP-ionone ring or, if the double bond of this
ring is not pert of the chromophore, to the conjugated double bond neerest the
f-ionone ring. In the absence of such a system an X-ionone ring receives
preference over an aliphatic terminal group.

The term "stereoisomeric set™ includes all cis-trens isomers of a given
carotenoid (68). - T
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all-trans carotenoid undergoes trans-cis isomerization, the extinction im

the visual spectral region is markedly decreased, while & new meximum appears
in the renge 320-380 mp. Zechmeister and Polger, whb discovered this effect
(82), 'tlermed this meximum the "cis-peek" and the renge of wave lengths in
which it eppeers, the "cis-peek region". Theoretical considerations edvenced
by Pauling (54,79) show that the height of the cis-peak is determined by the
degree of bending of the aliphatic chain (cf. alao. Mulliken (50,51)). A

high cis-peak, such as that of neolutein A, corresponds to a cis double bond
located in the middle of the conjugated chain, while a much lower cis-peek, &s
in the case of neolutein B, corresponds to a cis double bond neer the end of
the conjugeted system. On this basis Zechmeister end Polgdr concluded that
neolutein A is probebly 6- or S5-mono-ois-lutein end thet neolutein B is pro-

ba.bly 3= or 9-mono-cis-lutein.
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B, DISCUSSION OF NEW EXPERIMENTS

1. Conversions of Lutein in Solution at Eleveted Temperatures

Iodine Catelysis at Room Temperature.- Preliminery experiments confirmed

the observations of Zechmeister and Tuzson (88) that iodine catalysis at room
temperature yields neoluteins A and B, which mey be separated from the un-
chenged all-trens-lutein on a calcium carbonate column. Both benzene-petroleum
ether mixtures end solutions of acetone in petroleum ether were used as
developers in an attempt to increase the sharpness of the separation and thus
possibly to detect small smounts of isomers that had hitherto escaped discoverye
- These hopes were not realized, however, and, since neoluteins A and B have
already been well-characterized by Zechmeister and Tuzson (88) and by Zechmeister
end Polgsr (83), work with iodine catalysis at room tempersture was discon-
tinued.

Fusion of Iutein Crystals.- Since prior experiments on the thermal isomer-

izetion of lutein (88,62) had not employed heating over 80°, it seemed desirsble
to investigate the changes occurring et higher temperatures. Accordingly, lutein
crystals were melted for three minutes at 260° to 2300, lower temperatures being
precluded by the melting point of lutein. Chromatogrephic enalysis of the
pigment mixture in the solidified melt showed an upper, heterogenecus layer
which on rechromatogrephy was found to contain both unchanged lutein and neo-
lutein A. In eddition to these two identified pigments and to some other colored
products that did not possess the -carotene or lutein chromophore, four layers
were present whose speétral maximea, both before and after iodine catalysis,
corresponded to those of mono-cis-luteins. DMore work will be necessary to
establish whether these compounds are members of the lutein stereoisomeric set

and whether one of them is identical with neolutein B.
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The chromatogrem of the melt also showed e heterogeneous yellow layer
of much lower adsorbability then the lutein zones. Rechromatography of this
nixture yielded several pigments having the spectral maxime either of all-
trans-lutein or of neoluteins A and B; upon the addition of iodine to solu-
tions of any of these pigments, the spectral maxima shifted to the equilibrium
values for the lutein stereoisomeric set. The position of the layers on the
Tswett column, their partition behavior, end their solubility in petroleum
ether indicate that they are not related to either lutein or -carotene
(Figure 1), but rather that they constitute an entirely new group of caro-
tenoids, which contain a single oxygen atome. Three of the pigments, termed
the "desoxyluteins", heve been crystallized and studied in some deteil; the
experimental date are discussed below in Sectionm C.

The high temperatures employed in these melts ceused consideraeble pig-
ment lossaes, the total yield of pigment at the end of the melt verying from
about 52% at 200° to ebout 8% at 230°, Therefore, it geemed desirable to
search for a method which would permit heet treatment of lutein at temperatures
between the boiling point of benzene and the temperature necessary to obtain
homogeneous lutein melts.

Mixed Melts with Naphthaléne.- It was found that homogeneous solutions

are obtained when mixtures of lutein and naphthealene are fused at temperatures
of 85° or higher. The presence of naphthalene in the melt mixture efter
cooling causes no difficulty, since naphthalene dissolves easily in benzene
end is so weekly edsorbed on the chromatogrephic column that it passes into
the filtrate before any appreciable movement of the pigment layers down the
column has taken place. This new method, although it has been epplied abt

the present time only to lutein, should prove more generally appliceble and
facilitate the study of thermal isomerization of carotenoids with high melting

pointse
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Although the use of naphthalene permitted a great lowering of the
melt temperatures, the total yields of pigment were not greatly increased,
for example, a naphthalene melt for three minutes at 140° showed a 40% de-
crease in colorimetric value, while a three-minute fusion of lutein crystals
at 200° caused only a 48% lessening of color iﬁtensity. Moreover, the
products from three-minute lutein-naphthalene mixed melts at 850, 11005 and
150° were found to be essentially the seme as those from melts of lutein
crystals at 200° or higher, nemely, 1) an upper group of layers containing
lutein, neolutein A, and possibly other stereoisomers of lutein and 2) a

lower group of apparently monoxy compounds, smong which were the desoxyluteinse

Nephthalene Melts in the Presence of Iodine.- When a combination of
thermal and iodine catalysis was employed by carrying out mixed melts with
naphthelene for three minutes at 850, 110°, and 140°% in the presence of 2 to 5
pge of iodine per mg. of lutein, no unaltered lutein could be detected by
chromatographic analysise. Good yields of the monoxy compounds previously
observed, including the three desoxyluteins, were obtained (Teble 1) The
most striking feature of the éhromatogram, however, was a series of pink and
orange bands at the bottom of the column. These pigments, which are adsorbed
weekly on calcium carbonate and exhibit an epiphasic behavior, epparently con-
tein no hydroxyl groupse Their unique spectral characteristics mark them as
2 hitherto-unobserved group of carotenoids (see "Epiphasic Pigments" under
Part D). Yields under the conditions studied are so low, 1-2%, that isolation
and characterizetion of the individuel pigments must aweit the dewvelopment
of improved preperative methodse

The use of iodine at elevated temperatures is a new feature end nothing
is known about the behavior of carotenoids other then lutein under such con-
ditionse. An investigation with numerous polyene pigments, should be under-

taken to determine the utility of the method both for the preparation of new
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artifacts and, at somewhat lower temperatures, for the production of new

stereoisomers.

Mixed Melts with Naphthalene and Orthoboric Acid, Tetraboric Acid,

or Boric Oxide.- In order to investigate the combined effect of acid and
heat, tetraboric acid was added to the lutein-nsphthalene mixture before
melting. Despite the insolubility of tetraboric acid in fused naphthalene,
50-60% yields of the previously-observed_monoxy pigments were obtained at
140° in five minutes (Teble 1). Only small amounts of dihydroxy pigments
end traces of hydrocarbons were present; it is particularly interesting
thet no unaltered lutein could be detected. Similar pigments and yields
were obtained with anhydrous orthoboric acid or boric oxide.

The use of these resgents increased the yield of the three desoxy-
luteins to such an extent that large scale preparations, involving a total
of 2 go of lutein as starting materiel, could be underteken profitably.
Although application of the reaction to zeexanthin (Figure 1) did not lead
to any detectable quantity of alteration products, the method should never-
theléss prove of importances.

Experiments in Benzene Solution with Boric Oxide.- A benzene solution

of lutein was treated with boric oxide at room temperature for three days end
then at 80° for two hours. The pigments produced were qualitatively the seme
as those found in mixed melts with nephthalene and either tetraboric acid or
boric oxide et 110° or 140° in the course of five minutes.

Experiments in Pyridine Solution with Boron Trifluoride.- When lutein

in pyridine solution was treated with boron trifluoride in ether for sixteen
hours at room temperature, only treaces of monoxy compounds were formed;

however, approximately two=-thirds of the lutein was converted into those
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pink and yellow dihydroxy pigments which appear in very small emounts in
boric acid-naphthalene melts (see esbove). These compounds are not members
of the lutein stereoisomeric set (see "Dihydroxy Carotenoids™ in Part D).

Mixed Melts with Naphthalene and Sodium Tetraborate.- When anhydrous

sodium tetreborate was present, the reection took an entirely different
course, i.e., only dihydroxy pigments were obtained. Sufficient time was

not available for a deteiled investigation of the zones; however, neoluteins
A and B appeeared to be present above unchanged lutein. A lower layer, having
its spectral absorption maxime at 462 and 434 mpt., showed a spectral behavior
on treatment with iodine which was to be expected of a member of the stereo-
isomeric lutein set. Pending a final clarification of its structure this
compound has been tentatively designated as "neolutein U" (see Section D).

2. A Survey of the Processes Occurring in Solutions of Iutein at
Elevated Temperatures

On the basis of the postulated structures disoussed below in Sections
C end D for various artifacts obtained from lutein in these experiments
certain remarks cen be made about the processes occurring in solutions of
lﬁtein at elevated temperatures.

Formation of Lutein Stereoisomers.- The principal action of heat on

lutein solutions is to produce trans-cis rotations. This is true not only
for fused lutein crystals bult also for solutions of lutein in naphthalense,
benzene, or alcohol.

Formatigﬁ'gg Monoxy Pigments.- Heat also produces small quantities

——-tars it o

of compounds containing but a single oxygen atom, among which are the

desoxyluteins. By the eaddition of iodine to naphalalene melts at 80-1100
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20-40% yields of the monoxy pigments cen be obtained. A still further im-
provement in yield results when orthoboric acid, tetraboric acid, or boric
oxide are added to the melt mixture. In this case no unaltered lutein cen
be detected among the few dihydroxy pigments observed on the chrometographic
column, while the monoxy layers have 50-70% of the color intensity of the
starting material.

The loss of an oxygen atom to give monoxy pigments could be explainéd
by a simple dehydration with the formation of a new double bond. However,
the present experimental results indicate that the desoxyluteins are formed
without such an increase in the number of double bonds in the molecule (see
pege 24). If this is the case, the removal of an oxygen atom must be accom-
penied by a reductive process of some sort.

Although nothing can be said concerning the mechanism of desoxylutein
. I formetion until its structure has been clarified, two possible mecheniagms
for the formation of desoxyluteins II and III suggest themselves. The process
might well occur by a dehydration of the o(-ionone endgroup of lutein to a
cyclohexadiene derivative, followed by a subsequent hydrogenation to give
desoxyluteins II end III, which are presumebly cyclohexene derivetives (see
Figure 5). Another possible mechenism is the formation of a tautomeric free
redical which then would react in some unknown menner to form the desoxyluteins
(see Figure 6).

The striking effect of the bor&n compounds is probably due to their
strong electrophilic nature, which causes them to react with the unshared
electron pairs of the hydroxyl groups in the lutein molecule and therehy

greatly facilitates the removal of the hydroxyl group of the ofionone ring.
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The formation of the desoxyluteins seems to be in agreement with the fact,
observed by other investigators (41,59,63), that dilute solutions of
xaenthophylls or lutein on treatment with dilute acids yield pigments of
epparently lower oxygen content. Moreover, Zechmeister and Lemmon (78)
have isolated a compound of altered partition behavior from zeaxanthin
melts. The exact relationship between these pigments and the desoxyluteins
remains to be established, but it is undoubtedly a very close one.

' Formation of Epiphasic Pigments.- The formetion of epiphasic pigments

in small amounts when lutein solutions are treated with iodine at 80-110°
apparently involves both dehydrating the o-ionone and the F-i.onone end-
groups of lutein, and moving the isolated double bonds of the ~ionone
group into conjugation with the mein chromophore. It is not clear, however,
why these epiphasic pigments should be detected after iodine treabtment but
not after mixed melts with the boric acids, which ars much more efficient
than jodine in facilitating the removal of a hydroxyl group from the o¢-

ionone group of lutein.
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C. STRUCTURES OF THE DESOXYLUTEINS

As men£ioned above, three compounds of this class have been isolated
in the crystalline state from pigment mixtures produced in boric acid-
naphthalene melts. Anelyses showed the formula C4QHSa°(t H%), and the
nemes "desoxylutein I", "desoxylutein II", and "desoxylutein III" were
accordingly assigned to the pigments, pending a final clarification of
their structures.

All three desoxyluteins showed a partition behavior intermediate
between that of dihydroxy carotenoids and that of hydrocarbons, a behavior
to be’expeoted of monoxy compounds which contain either a hydroxyl or a
keto group (67,42,43,8,64,65). Furthermore, the following adsorption
sequencel shows that the desoxyluteins are, in general, above hydrocarbons
and Below dihydroxy carotenoids on the chromatographic column:

Adsorbed Most Strongly Zeaxsnthin
Lutein
Lycopene
Desoxylutein I
Cryptoxanthin
Desoxylutein II

with the greatest

Q{LCarotene Cen be separated only
I difficulty

Desoxylutein II
15 -Carotene
Adsorbed Most Weakly & -Carotene

1 The adsorption sequence was determined on 1:1 calcium carbonate-calcium
hydroxide mixture, using 1-10% acetone in petroleum ether as developer.
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Any formulas proposed for the desoxyluteins must take into account
the following experimental facts:

1) The partition behavior of all three compounds is intermediate
between that of lutein (a dihydroxy-o(-carotene) and o(-carotene ( a
hydrocearbon) .

2) Acetates of desoxyluteins I and II héve been prepared.

3) Upon catalytic hydrogenation at room temperature each of the three
compounds adds eleven moles of hydrogen.

4) A1l three compounds have typical polyene absorption spectra (Figures
7-9), which shift to lower wave lengths and develop cis-pesks (82) upon
iodine catalysis. The visual absorption maxima of desoxyluteins II and III
have the seme positions as those of all-irans-X-carotene or all-irans-
lutein, and they shift in a similar manner when catalyzed with iodine. The
spectrum of desoxylutein I is unlike that of most carotenoids, since it
possesses no fine structure; also the absorption maxima lie at wave' lengths
about 17 mu. longer then lutein without any corresponding increase in the
menner of carbon-carbon double bonds.

5) In biological assays for vitamin A activity in the rat all three
compounds gave negative resultis wﬁen 10 pg. were fed daily per rat; this

precludes the presence of ‘B-ionone rings as end groups (67).

l. Structures of Desoxylutein II and Desoxylutein III

While the above evidence is not sufficient to determine the structures
of desoxyluteins II and III completsly, some progress toward that goal is
nevertheless possible. Since zeaxanthin fails to react in the boric acid~
nephthalene melt, it seems reasonable to assume that the o(-ionone ring and

hydroxyl group of lutein are involved in the reaction rather than the
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f3-ionone ring end its hydroxyl group; this assumption seems to be in agree-
ment with the observation of Strain (63) that zeaxanthin is more resistent
then lutein to the action of acids. The absorption spectra show that ten
of the double bonds are involwved in the chromophore. Thepefors, both
desoxylutein II and desoxylutein III may be written as in Figure 1l0.
CES\ /CE3
¢ CHg cH G CR

///’ \\ | | ® lE3 lﬁé / Altered

TH% C~CH=CH~-C=CH~-CH=CH-C=CH-CH=CH~CH=C~-CH=CH-CH=-C=CH=CH-CH- o<-ionone

ring
HOCH. ‘

c\
Nof, T

Figure 10. Desoxyluteins II end III

In the remaining unclerified portion of the molecule each of the desoxyluteins
contains one isolated double bond.

It seems probable that the carbon skeleton undergoes no alteration
during the removal of the hydroxyl group from the of-ionone ring. If this
is true, desoxyluteins II end III are cyclohexsne derivatives whose structural
formulas can be found in Figure 5; each of the three formulas shown is in
agreement with all the experimentel evidence cited shove. The possibility
cannot be excluded, however, that a carbon-carbon bond is broken in the melt
to give a Y -carotene carbon skeleton (Figure 1); the molecule would then
contain either an additional double bond (Figure 11) or two additional
hydrogen atoms (Figure 12). The structures of Figure 11, each of which
contains twelve double bonds, can be definitely ruled out by the hydrogenation
deta, but the hydrogenated monocyclic pigments of Figure 12 have the seme
number of double bonds as the bicyclic pigments of Figure 5 and differ from

them only in having two more hydrogen atoms. The uncertainty of the carbon-
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hydrogen determinetions (¥0.3% for carbon and *0.5% for hydrogen) is so
great compared to the differences between the percentages ealculated for
CyoH5a0 end for OygHz50 (Table 2) that it is impossible to decide between
the twe. . formulas. Consequently, desoxyluteins II end III may be either
bicyclioc carotenoids, as suggested in Figure 5, or monoecyclic carotenoids,

as suggested in Figure 12.

Teble 2
Calculated for C4O,E56-°' C, 86.89; H, 10.22

Caloulated for 040H58‘0 C, 86.,58; H, 10,53

In the final establishment of the structures of desoxyluteins II and
IIT oxidative degradeations should be of great vwalue. With permanganate,
chromic acid, or ozone under the proper conditions (20,21,14,36,18,11,31),
it should be possible to isolate characteristioc fragments from the «=ionone
end of the molecule; typical fragments to be expected are shown in Figure 13.
The other, P-i-.onone end group will yield o, A-dimethylsuccinic acid end
& y A-dimethylmalonic acid with permengenate or chromic acid, but no o,(=
dimethylglutaric acid (29,16,15,52)s Under milder conditions which permit
the isolation of larger-sized degradation producits, derivetives such as apo-
2-X-carotenal (3), apo-2-zeaxanthinal (F-oitrauri.n), and apo-3-zeaxenthinel
(27,28,23) might be obtained (Figure 14).

Zerevitinoff determinations for active hydrogen .(39,,40,69,70) as well
as additional ettempts at esterificaetion must be carried out with desoxylutein
IIT to confirm its present classification ;a a monohydroxy carotenoid. If
the oxygen is present instead as a ketone group, which may or may not be
enolizable, treatment with hydroxylemine will yield en oxime under all but

the most edverse conditions, i.e., when the carbonyl group lies at the end of
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the conjugated polyene chain (31,33). This case can be excluded, however,
since the o(-qarotene chromophore with its ten double bonds does not contain
a conjugated carbonyl group and, moreover, the solutions of desoxylutein III
in methanol and petroleum ether do not exhibit different colors, as do
carresponding solutions of carotenoids which contain a carbonyl group in

conjugation with the main chromophore (67).

2. Structure of Desoxylutein I

Even a partial determination of ;t,he structure of desoxylutein I is not
possible at the present time, since its blurred absorption spectrum cannot
be interpreted in terms of any known chromophore. Only a few other caroténoids
ere known which have similer spectra (Figure 15). Their visually observed
absorption mexime are given in Teble 3, along with those of desoxylutein I.

Heilbron end Lythgoe (8) ascrihe the blurred spectrum of myxoxanthin to the
Teble 3

Absorption Mexime in  Absorption Maxima in
Carbon Disulfide (mp.) Petrolewn Ether (mp.)

Myxoxanthin (8) 488 465
Echinenone (42,43) (520), 488, (450) -
Astacin (37) 505-515 -
Capsanthin (71,72) 543, 504 506, 475
~ Methyl azafrin (34) 476, 446, 419 447, 423

Desoxylutein I (637), 493, 45T (493.5), 459
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presence of the end group,

Cﬁs\bﬁiég%
— CH CH
f b
ca] ¢’
g
which contains a keto group in conjugation with eleven double bonds on one
side and a single double bond on the other, although they give no theoretical
justification for such a belief. However, in the case of capsanthin (71,72)
and methyl azafrin (34) such a grouping is not present. As a result the only
cerbainty at the present time seems to be that a lack of fine structure in
the visible region requires at least one carbonuyl gréup-conjugaxed with the
meain chromophores TWhile a necessary condition, this is, however, not a
sufficient one, since numerous compounds with conjugated ketone groups show
a fine structure: for exemple, semi-/s—carotenonevand P-carotenene (6T7)
(Figure 3)e The spectral evidence therefore indicates that desoxyluteinm I
contains a conjugated ketone groupe. This conclusion is not, however, in
agreement with the olher experimental evidence. Such a conjugated carbonyl
group could not undergo esterification without first being enolized and this,
in turn, should be manifest in en altered spectral curve for the ester, a
shift which was not observed experimentally. Furthermore, no significant
color difference exists between solutions of desoxylutein I in methanol and
in petroleum ether; this dependence of color on solvent is characteristic
for carotenoids containing a conjugated ketone group (67).
Another ambiguity prevails with respect to the results of the catalytic

hydrogenation, since ketone groups may or may not be reduced under the condi-

tions employed (32,8,11). It is impossible to say at the present time whether
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the hydrogenation data indicate ten carbon-carbon double bonds and a re-
ducible carbonyl group, or eleven carbon-carbon double bonds and a non-

reducible oxygen funcition.
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D. Nature of Some Other Compounds Formed from Lutein

Of the great number of unidentified pigments observed in the reported
experiments a few compounds for which some experimental data is available to
permit partial characterization will be mentioned briefly here. For con-
venience the pigments have been divided into two classes: 1) dihydroxy

carotenoids, and 2) epiphasic pigments.

l. Dihydroxy Carotenoids

"Neolutein U".~ The name "neolutein U" has been tentatively assigned to

e pigment, obtained from sodium tetraborate-naphthalene melts, which has
visual ebsorption maxima at 462.5 and 434.5 mp. Upon the addition of iodine
the bands blur for a few seconds and then reappear at 474 and 443 mp., which
are the iodine equilibrium values for the o(-carotene and lutein stereo-
isomeric sets., This spectrel difference of ebout 14 mpe from the allﬁEE&EE?
form, together with the adsorption affinity and hypophesic partition behavior
of the pigment, seems to . = .. . point to a di- or tri-cis-lutein (79).
After £hree days® standing at 5 a petroleum ether solution of the
pigment was chromaﬁographed and found to contain three layers whose visual
spectral maxime and chromatographic adsorption behavior corresponded to those
expected for neolutein A, all-trans-lutein, and the unchanged pigment.
Todine catalysis of neolutein U yielded only two pigments, presumably lutein
and neolutein A. If the compound in question belongs to the lutein stereo-
isomeric set, the absence of mneolutein B from the equilibrium mixtures is
surprising. Further work must be done to clarify the status of this compound;
large amounts of starting meterial will be required since the yields are
only about 1%, estimated colorimetrically as lutein.

Pigments Which Are Not Stereoisomers of Lutein.- The pink and yellow

pigments, designated in the experimental section as "X" and "Y", are formed
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in small eamounts by the action of boric acid or boric oxide, either in
naphthalene melts or in refluxed benzene solution. Yields of 20-30% were
obtained by treating a pyridine solution of lutein with boron trifluoride
in ether. Since both pigments lie above lutein in the Tswett column and
ere hypophasic, they undoubtedly contain two free hydrozylgroups.

The upper pigment, ?K”, has visual ebsorption maxima in petroleum
ether at 482 and 451 mp., which go to 478 and 448‘@#. upon addition of
iodine. On the basis of the close spectral resemblance to the f3-carotene
chromophore the compound could be all-trans-zeaxanthin., Under the energetic
experimental conditions employed the'migration of a double bond into con-
jugaiion would not be surprising and could furnish a simple explanation for
the change in the spectrum. The identity or non-identity of this pigment
with zeaxenthin can be easily established when work is resumed.

The lower of the two pigments, "Y", possesses the same ebsorption
spectrum in petroleum ether as neolutein A or neolutein B, namely, 471 and
442 e s shifting to 474 and 444 mpre on ﬁhe addition of iodine. Chromato-
graphic eanalysis of this iodine equilibrium mixture shoﬁed neither neolutein
A, neolutein B, nor lutein, so that the compound apparently does not belong

to the lutein stereoisomeric set.

2. Epiphasic Pigments

These compounds are formed in smell amounts by the action of iodine at
temperatures of 8003 or higher. The total yield, which was only about 1%,
was divided among numerous stereoisomers, so that crystallizable emounts of
any single pigment were not obtained. In the absence of analytical data the
adsorption behavior and the epiphasic partition behavior of these compounds

apparently justify their characterization as hydrocarbons.
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All of the compounds have typical polyene chromophores with three
shafply’defined mexime eand a behavior on lodine isomerization which indicates
that they belong to the seme stereoisomeric set. Unfortunately, the chromo-
phore, which has absorption mexima at 520, 488, and 457 e s, is an unknowﬁ
one; of the known carotenoids the closest speciroscopically is rhodoxanthin,
Whosé chromophore contains eleven carbon-carbon double bonds with a con-

jugated carbonyl group at

CH.  CH CH CH
3
H?’\cz CH CH Ol CH, 3\0/ ’
3 3 ' :
/\ I | l l '
clsmz ' =CH-0H=G-GH;=CH-CH=C-CH=CH-CH=CH-C:CHZ—CH?GH—C"—'CH-CH—'—(\} (iH’z
0=C C ¢ G=0
/ cE el \/

Figure 18. Rhodoxanthin
Spectral Maxime in Petroleum Ether
524, 489, 458 e

each end (32). Such a diketone is ruled out by the epiphasic partition
behavior but a replacement of the two conjugated ketone groups by a single
carbon-carbon double bond should give a chromophore with its first ebsorption
meximum at approximately the seame wave length, namely 17-20 ny.l greater
than that of dehydro-carotene (35,25,26) or 34-40 mu. greater then that of
P-caro’cene (Figure 17). Hydrocarbons containing other than two alicyclic

rings are apparently ruled out on the Basis of spectral data (Figure 18).

L The increase in the wave length of the first absorption maximum ceused by
the addition of a single carbon-carbon double bond to the chromophore is
17 mp. in going from o-carotene to ¥Y-carotene or 20 mp. in going from
P-csarotene to dehydro-cerotene (Figure 17).
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1. Introduction

Certein reagents, techniques, and analytical methods, which were used
repeatedly in the experimental work, will be described in the following
section to avoid repetition.

Reagents.- Tetraboric aCl&l was prepared from Merck Reagent orthoboric
acid, either anhydrovs or with water of crystallizetion, by heating in a
norcelain evaporating 6151 at approximetely 250° until foaming ceased; usually
20~30 minutes were required. The melt was allowed to cool to room temperature,
ground. to & fine powler, and stored in a tightly-stoppered bottle.

Borie oxide was prepared frﬁm Yerck Reagent boric acid, either anhydrous
or with water of crysteallization, by heating in s vorcelain evanorctin dish,
cautiously at first until foaming hed ceased and then at red heat for forfy*
five minutes. The melt was allowed to cool to roonm temperature, ground to a
fine powder, and stored in a tightly-stoppered bottle.

The petroleum ether used was Skellysolve B, b.p. 60=70°. Chroms to«r ohic
developers were prepared by diluting this petroleum ether with 1, 2.5, 5, or
10 volume percent of acetone. Also used as developers were 331, 1:1, 1:3,
end 1:lt petroleun ether-benzene mixtures.

The adsorbents were lMerck Heavy Powder calcium carbonete, USP, and Shell

Brend calcivm hydroxide, chemical hydrate, jSp tnroumn 325 mesh. A 1:1 mix-
&L JeD

ture of these zdsorbents, prepared by mechsnical shaking for st least 45 minutes,

wes also employed. The adsorbents were packed in suitable columns of the fol-

lowing sizes (Scientific Glass Apparatus Co., Bloomfield, N. J.):

v

1
In 2ddition to tetraboric acid some metaboric acid mey be present in the

product (U8a).
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Colum Size Inner Dismeter (mm.) Length (mm.)
Yo. 1 11 130
No. 2 19 200
Yo. 3 | 38 230
No. L | Lig 270
Yo. 5 5 300
Wo. 6 g0 370

Technigues.~ The pigment zones‘were "eluted" by washing on a sinteréd
glass filter with 96% ethanol until the pigment had passed completely into
the filtrate; in some ceses petroleum ether or ether were added to the ethanol.
This solution was then placed in a2 continuous washer (LL) and ether, petroleun
ether, or benzene was added. Upon addition of water the pigment migréted into
the upper phase snd the solution was washed with running water for 5-10 minutes
to femove all traces of a2lcohol. TFinsglly, the organic solvent was dried over
anhydrous sodium sulfate for 5-10 minutes.

The partition behavior was determined by shaking a benzene or petroleun

. & -7 L ! . . . .
ether solution of pigment with 85% methancl and estimating the relative inten-

N

Pags

¢ity of color in the twoiphases. The experiment was then repeated with 957
methenol. A . final test was carried out by mixing a sample of the original
solution with an egual volume of absolute methanol end adding the minimum
amount of water which would give a separation into two phases. Pigments which
are found in the upper phase are said to be "epiphasic!, while those pizments
which are found in the agueous phase, even with 85% methenol, are termed

"hypophasic'.



Cherecterization and Analytical Data.=- Visual absorption maxima were

read in & Loewe-Schumm Evaluating Grating Spectroscope, Zeiss, using a 2 mm.
blue Zeiss BG=-7 filter. When maxims for a pure substance had been read,
F=7 drops of solvent containing 30-60 p&- of iodine per ml. were added to
the spectroscopic cell and the maxime were recorded again.

All extinction curves were teken on a Beckman Spectrophotomefer (2)
with petroleum ether solutions freshly prepared from crystals; o few dfops
of benzene were used to aid in dissolving the desoxylutein crystals.

All opticel rotations were measured with a Schmidt and Haensch polari-
meter with a cadmium lamp as iight.source; chloroform vas used as solvents

Photometric estimetions were carried out by reading the extinctions in
either petroleum ether or benzene with & Pulfrich Gradetion Photometer, Zeiss,
and blue (SM? or S49) light filters. The colorimetric extinctions wére con~=
verted into concentrations of lutein or lycopene by means of the curves in
use in this laborstory.

Helting points were taken in an electrically-heated Berl block (1) with
the rate of heating adjusted to give a temperature rise of less than 2° per
minute near the melting point. All szmples were sealed under carbon dioxide.

Cerbon~hydrogen analyses were carried out by the standerd Pregl micro;
combustion methode.

Molecular weights were determined by the Rast freezing point lowering
method, using either exaltone (cyclopenta&ecanone) or camphor as solvent.

Catalytic hydrogenations were carried out in the epparatus devised by
Prater snd Faagen-Smit (58) with platinum oxide catalyst and o mixture of

methylcyclohexane and glacial acetic acid as solvente.



The biological assays for vitamin A activity were carried out in the
stendard menner by placing young rats on a vitamin A-free diet which contained
2ll the other factors essentizl for normal growth. This diet was supplemented

o

by = daily dose per rat of 10 pe- of the test carotenoid in 0.1 ml. of VWesson

"

0oil. lack of vitemin A activity was evidenced by cessation of growvth,
ophthalnia, and finally death. Dr. C. E. P. Jeffreys kindly supervised these.
tests.

Acknowledement.= The euthor is indebted to Dr. C. E. P, Jeffreys for

“rat tests, to Mr. R. M. Lemmon and Mr. H. Pinckard for assistence in some
preparative experiments, and to Professor A. J. Hazegen-Smit as well as Dr.

G. Oppenheimer and Mr., G. Swinehart for microestimations.

2. Preparation of Imutein

The isolation of lutein from Tesetes patule extracts was described by

Kuhn, Winterstein, and Lederer (Ml). A modified procedure making use of
chromatogrephy was used in the following preparation.

One kg. of air-dried petals of Tagetes erecta (grown in Southern

California) was ground in a Wiley mill and percolated with 5 liters of
ether. Thirty percent methanolic potassium hydroxide was added to the ether
extract until a second phase separated and the liguid was allowed to stand
ovérnight at foom temperature; the saponified extract was then washed free
Qf-alkali and methanol, dried over anhydrous sodium sulfate, and evaporated
in wvacuo at 30-L0°. The residue was dissolved in LEO ml. of benzene at L0°
end the pigment crystallized by the addition of three volumes of petroleun
ether and cooling to 5°. After recrystallization from chloroform~petroleum

ether the crude lutein crystals weighed 10 g
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The purification of this material was carried out with 500 ng. portions.
The solution of each portion in 100 nl. of benzene was developed with benzene
on a No. 6 calcium carbonate columm. The main zone was eluted with en ether-
ethenol mixture, washed alcohol free, dried over sodium sulfate, and evaporated
in vacuo at 30-40°. The residue was crystallized from 25 to %0 ml. of chloro-
form by the addition of four volumes of petrocleum ether and gave on the averzge
about 165 mg. of lutein. These glittering crystels were chromatographically

homogeneous and in a mixed chromatogram they did not separate from lutein

obtained from another source. .The anelytical and optical data were correct.

. 3. Preliminarv Experiments

Fusion of Lutein Alone.= Sixty mz. of lutein were sealed under cerbon

dioxide in a Pyrex tube and heated in a dibutyiphthalate bath at 200~205° for
three minutes; the tube was then cocled rapidly in ice water. The pigment
wasAdissolvéd in & few milliliters of benzene, diluted with three volumes of
petroleum ether, and poured on a No. 4 calcium carbonate column. Development
with 1:L benzene-petroleum ether vielded the following chromatograms:

Leyer Thiclkmess  Color  Spectral Mexima in Petroleum Ether (mp.)

in mn. Original After Iodine
Catalysis
50 Yellow (Compléx mixture} "Zone AM)
20 Colorless _
3 Yellow 476.5, 45 W77, WAT.5
30 Colorless
70 Yellow (Complex mixture; “Zone B")

Zone "A" ywas eluted, transferred into benzene, and diluted with three



volumes of petroleun ether before rechromatography on a No. 3 calcium car-
bonate. column. Development was with 1:3 benzene-petroleum ether, followed
by 1:1 and 3:1 benzene-petroleum ether and finally by pure benzene. The

following zmones were observeds

Color . - ' Spectral Mexime in Benzene (mp.)
Original After Iodine Catalysis

Yellow ug5.5, U5 ug7.5, U55.8

Pink , hge.s5, us6.5, (Leg 490.5, U57.5

Yellow (Weolutein A) 4g3,5, U525, (Los) ug6, usbh.r  (L25.5)

Pink hgg, U56.5 1%0.5, UB8.5
Yellow Lgs, 453.5 Lg7.5, 456
Yellow Lgh.5, LKB3.5 Lg5.5, LR6
Yellow , Lg1.5, 450.5 kg7, W55.5
Yellow (Tutein) LgT, 455 . Lg7, Lskh.5

The neolutein A and lutein layers were identified by means of mixed
chromatograms.

A petroleum ether solution of "Zone B" vas chromatographed on a Yo. 3
column packed with 1:il calcium carbonete~calcium hydroxide. Development
with 1%‘and then with.2.5% acetone in petroleum ether.gave the following

layers:

Color Spectral laxina invPetroleum Ether Gma.)

Original After Iodine Catalysis
' Pink | (uek), 455.5, vo7 456.5

Pink _ 180.5, Lug.5 , 477, L46.5

Orange 475.5, Lug, (L1g) L7k, L3

Yellow k69, L3g | L7k.5, Lhk

Orange 476.5, Lik.5 76, Wik

Yellow L79.5, 438.5 L75.5, Wl,5

Yellow L7k 175
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Piepment Losses in the Lutein Melt.- Three to six mg. of lutein were

sealed in a smell Pyrex tube under carbon dioxide and melted for three
minutes. After rapid cooling the pigment wes dissolved in benzene and es-

timated photometrically. The following values were obtained {calculated
o

as "lutein"):

Temperature Percent Recovery
of Melt of Pigment
(Blank) | 9L.5%

200° | 50.5%
210° 31 2%
220° 21.2%
230° 7.6%

Lutein~Naphthelene Meltg.= Sixty nmg. of lutein and 330 mg. of nzphthalene
were mixed pogether and sealed under carbon dioxide in two Pyrex tubes (8 mm.
outside diameter). The nixture was melted by immersing the tubes in a di-
butylphthalate bath at 150° for three minutes. After répid cooling the
solidified melts were dissolved in 8 ml. of benzene and then 32 ml. of petroleunm
ether was added. The solution was poured on a No. U calcium carbonete columm

o

and developed with benzene. The following picture resultedd



Léyer Thickness Cclor Spectral Maxima in Benzene (mp.)
in mm. Orizinal After Iodine Catalysis
5 Yellow W
5 Colorlesé
25 Yellow
5 l Colorless }‘("Zone aAv)
10 Yellow
10 Colorless
20 Yellow ’)
15 Colorless
70 | Yellow (Lutein) 490.5, L58.5 488, 455.5
ik Colorless
10 Orange  ("Zone B")

The top layérs, "Zone A", were combined, eluted, transferred iﬁto benzene,
and four volumes of petroleum ether were added. The solution was bouredfon a
Fo. 5 calcium carbonate column, developed with 1:3, 1:1, and 3:l benzene-
netroleun ether mixtures and, finelly, with pure'benzéne. The'following,

chromatogram was obtained:
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 Lzyer Thickness  Color Spectral Msxima in Benzene (mp.)'
in mm. Original After Iodine Catzlysis

10 Yellow 428,35, U57.5 = Lgg.5, L5T.5
5 Colorless

5 Orange 189,85, U57.5 L1%0.5, U57.5

5 Colorless

20 Yellow (Weolutein A)  LgL.5, L3.5 L87.5, U56.5
2 Colorless
2 Ol“ange ug?.s’, )-{-550:5 )'L89-5, )457
5 Colorless _

10 Yellow —mee o 485.5, LELLG  LET.5, 155.5

ot neolutein B) - TR sty HIOR D

5 Colorless

Lo Yellow 488.5, L456.5 Lg8.5, U56.5

Neolutein A was identified by a mixed chromatogram with neolutein A
freshly prepared by the action of iodine on lutein; "Zone CO", which showed
_approximately the same spectrunm as neolutein B, was tested in the same vay
with neolutein B Dbut two pigment zones were obtained.

An attempt to crystallize "Zone BY was unsuccessful. Accordingly, the
solvent was evaporated, and the residve wes dissolvéd in,petroleum ether with
the aid of a few drops of benzene. 0.5 ml. of petroleum ether coﬁtaining
epproximately 15 pg. of iodine vere added and the solution was allowed to
stand for thirty minutes at room temperature before being chromatographed on
a No. 3 column pecked with 131 calcium carbonate;calcium hydroxide mixture.
TUpon development with 1, 2.5, and 5% acetone in vpetroleum ether the following

chromatogram appeareds



Lzyer Thickness Color Spectral Mexime in Petroleum Ether (mp.)
) in mm. . Original After Iodine Catalysis
: 15 Yellow (faint) - 477.5, W47.5 U77.5
15 Colorless
5 Pink (Desoxylutein I) Loz, 5 (very wave length
blurred) decreases;

too blurred
to be read

10 Colorless .
18 " Yellow-orange ' L77, 4L7.5 L75.5, Lus
(Desoxylutein II)‘ : '
2 Colorless
Y Yellow L70.5, L1 u75, L5
12 Colorless |
10 Yellow-orange L77.5, LU u76, Lus
(Desoxylutein III) '
5 Colorless
10 Ye11§w u73.5, Lh2.5 y7k.5, L4u3.5

The top and bottom layers of this chromatogram were found to be epiphasic
.when partitioned between 85% nethanol and petroleum ether, but with 95% methanol
s portion of the pigment, estinated as approximately one-fifth, migrated into
the agqueous phese.

Lutein-naphthalene melts at 85° and 110° gaﬁe essentially the same bands
above the layer of unchsnged lutein. However, at 85° no lower layer of mono-

hydroxy-compounds was observed and at 110° only a trace.

Yields Obtained in Iutein-Naphthalene Mixed Melts.- Twelve mg. of lutein

were mixed with naphthalene and melted for three minutes at 1L0°. Photometric

estimetion of the three mein zones gave the following yeilds (calculated as
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"yutein")s
. - ! - -; ::,'1
Neclutein A, 13%; Lutein, 27%; Monohydroxy-compounds, 10%.

Mixed Melts with Naphthalene and Iodine.= Twenty-three mg. of lutein

and 100 mg. of naphthalene were mixed tozether in & small Pyrex tube (8 rm.

s ed ; " . B s ( - 1 <
outside diameter) and & tiny crystal of iodine \ebout 5O y&- ) was added.
The tube wes filled with cerbon dioxide, sealed, and heasted to 1L0° for three
minutes. The solidified melt was dissolved in the minimum amount of benzene
and three volumes of petroleum ether were zdded. The sclution was chromsto-
grephed on 2 Wo. 3 calcium carbonate column end developed with 131 Dbenzene=

netroleun ether:

Layer Thickness Color Absorption Mexime in.Benzene (mp.)
in mme Original After Iodine Cztalveis

3 . Yellow L9%0.5, 458 k92, 60
3 Colorless |

5 Yellow (heterogeneous). ugg, Usg.5 Lg9,5, h57
7 Colorless ‘
2 Orange-yellow 495.5, L461l.5 492, 459.5

50 Paint yellow and pink bands

20 Tellow
2 . Pink
2 - Colorless

3 Yellow (Middle layers; "Zone AM")

20 Colorless
25 Pink and oranze bends (Lower layers; "Zone B")

In & preliminery experiment in which 1-2 ng. of iodine was added almost
8ll the pigment was bleached during the melt.
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"Zone B" was adsorbed only weakly and no satisfactory separation could
be achieved before its zones reached the bottom of the column. '

"Zone A" vere combined for elution snd transferred to

The layers of
petroleun ether. When developed on a No. 3 calcium hydroxide column with

1, 2.5, =nd 5% acetone in petroleum ether the following chromatogrsm resulteds:

Layer Thickness Color Absorption Mexima in Petroleum Ether GQL)
in mme Original After Iodine Catalysis
20 Faint yellow bands
5 Pink (Desoxylutein I) 492,55, Lsg lloa, 459
10 Yellow (Desoxylutein II ) g
3 L .R )"!"F-R
L Orange} plus unidentifiedq77’ aatl L75.5, BL5.5

pigment )

2 Colorless |

6 Yellow L72, Yho - - L75,5, uﬁ5
10 Colorless
12 Tellow (Desoxylutein III) 479, LLO,K L76, Lus.5
3 Colorless
15 Yellow L70, LL1 176.5, L5

The top and bottom lsyers wers epiphasic wvhen partitioned between 85% methanol
end petroleum ether, but divided between the two phases vhen 95% methenol was
employeds

The layers of "Zone B" were transferred into petroleum ether and developed
on & Yo. 3 calcium hydroxide column with petroleum ether and l% aeetone in

petroleun ether:
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Layer Thickness Color Absorption Maxima in Petroleum Fther (mp.)
in mm. Original After Iodine Catalvsis

4 Faint pink bands No resdable spectrun

I Pink ("Zone G") 519.5, LU8T.5, U5T.5  518.5, L86.5, L56.5-
12 Faint pink bends (516=8), Lgs, Lls.5 (517-8), 487, L456.5
7 Orenge~pink ("Zone D")lLgl.5, LBk 4g3.5, 53

5 Yellow u78, 4hg.5 483, Lr2

3 Pink u7g, (4u9) ugl, L52,5
13 Orange-pink 477.5, 446 kg7, LK1.6
inans BEEEE O a2

5  Pink and violet bands No readable spectrum

Pignents "C" and "DV were epiphasic. The lower of these two zones was
found in mixed chronmestograms to be adsorbeld on celcium hydroxide below
kryptoxanthin and ¢-carotene but above B-carotene.

Similar experiments, carried out at &F° and at 110°, gave middle layers
vhich on rechromatographing were found to be essentially the same as those
produced at 1L0°. Only traces of the lover epiphasic layers were found in
the 85° melt, but the 110° melt contained nunerous bands, four of which had
spectre going to 517, LgY.5, URH mp. upon the addition of iodine. The
petroleun ether solutions of these four bands werec combined, concentrated
to 20 ml. in vacuo, end treated with iodine in petroleum ether for 20 minutes
at room temperature. The solution was then chromstographed on calcium

hydroxide and developed with 2.5%, 5%, and 10% acetone in petroleum ether:
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Layer Thickness  Color Spectral Maxima in Petroleum Ether (mp.)
in mm. : Original After Iodine Catalysis
2 Pink
18 Colorless
2 Pink 519, ug7.5, us6, (L71.5) £16.5, L85, USK.5
2 - Colorless
7 Pink 520, 487.5, L57, (432) 517, Lel.5, LEL.B
2 Colorless
10 Pink Bands 516, ugs, uss5, (130) 517, Lgk.5, L55.5
3 Colorless
5 Pink Fil, 483, LU53.5, (Leg) 516.5, Lgl.5, LElL.s
10 Colorless |
5 PinXk £10.5, 479.5, 451 516.5, Lgl.s, LsL,K
5 Colorless .
5 Pink 512, 4g1, Lsl 516.5, 485, U5L.5

Reflux with Iodine in Benzene.= Fifteeﬁ mg. of lutein were dissolved in
10 ml. of benzene and 1 ml. of benzene containing 0.2 mg. of iodine was added.
The solution was refluxed for thirty minutes, additional 0.5 ml. portions of
iodine soiution beins added at the end of ten and twenty minutes. Two volumes
of petroleum ether were added and the solution was poured on a No. 3 celcium
cerbonate column. Developﬁent with 1:1 benzene-~petroleum ether gave & chroma-
togram which closely resembled that obtained in the I10° melt with naphthalene
end iodine.

Tusion of Lutein with Naphthalene and Tetraboric Acid.- One hundred mg.

of lutein was nmixed with 1.5 times its volume of naphthalene plus its own



volume of tetraboric acid, end sealed in two Pyrex tubes (8 mm. outside
diameter) under carbon dioxide. The tubes were kept at 1L0° for five
minutes and then cooled repidly. The benzene solution (15 ml.) was diluted
to. 125 ml. with petroleum ether, and developed with 5 and 10% acetone in

~

petroleun ether on a No. 0 column packed with 131 calcium carbonate-calcium

hydroxide mixture:

Layer Thickness Color Spectral Haxima in Benzene (mp.) Pigment Yield}
in mme. Original After Iodine (estimated as
Catalysis "utein")
20 Orange Lgo.5, 457 19,5, 456.5
5 Pink 492.5, 459,5 k90,5, LR8
19%
12 Yellow Lg6.5, LEY.5  Lg9, KA
7 Orange 489.5, LU57.5 L487.5, L6
15 Colorless
0 Pink (Desoxylutein I} 6%
10 Colorless
Lo Yellow=orange (Desoxylubein II) 16%
25 Yellow 9%
10 Yellow-oranze (Desoxylutein III) )
15 Yellow 7%

The petroleum ether solutions of the five lowver layers were evaporated in
vacuo at room %temperature; the residues were transferred to 15 ml. centrifuge
tubes with minimum cuantities of ether, and evaporated to dryness in a strean

of carbon dioxide. Crystallization from benzene-methanol yvielded 3.5 mg. of

1 startine meterizl = 100%.
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desoxylutein I, 10.3 mg. of desoxylutein II, and 2 mg. of desoxylutein III;
all attempts to crystallize the other layers yielded only yellow or orange
0llsas

Reflux of Lutein in Benzene Solution with Boric Oxide.« Thirty mg. of

boric oxide were added to a solution of 1F.F mg. of lutein in 10 ml. of
benzene and allowed to stand overnight at room temperature; the solution wa
then refluxed for two hours and kept for two days at room temverature. Four
volumes of petroleum ether were added and the solution was chromatqgraphed

on & No, U column packed with calcium hydroxide, 5 and 7.5% acetone in petro-
leum ether being used as developer, The following layers, each separated from

its neighbors by colorless interzones, were obteineds

Color . Snectral Maxime in Petroleum Ether (ap.)
Original After Iodine Catalysis
Tellow 490.5, 14.56.'5'1 Lgg.5, LL55.51
Mixture, pink above, vellow below ("ZoEe An)-
Pink (Desoxylutein I) Avout/ (?riry blurred)
Yellow (Desoxylutein II) 476.5, Ll7.5 473.5, 4us
Yellow (Desoxylut_ein I1I) 478, Luy u76, Lug,5

After elution "Zone A" was transferred to benzene and six volumes of petroleunm
ether wvere added. The solution was poured on a Yo. 3 column containing a 131
mixture of celcium cerbonate and calcium hydroxide end the chromatogrem wes
developed with £, 10, 15, and 20% acetone in petroleum ether. Three well-
sevarated layers appeareds

1 '
In Benzene.



Color Spectral Maxima in Petroleum Ether (mp.)
Original After Iodine Catalysis
Pink ("Pigment X") Lg1, Ls1 u7g, Lug
Yellow ("Pigment Y") ity Lo L7h, Lhz,5
draﬁge (Inutein) L76.5, LL7.5 173, Lil.5

"Pigment X" was hypophasic wheﬁ parfitioned between 85% methanol gnd petroleun
ether; the other two pizments were essentielly hypophasic with 85% methanol
~end completely so with 95% methanol. ©On treatment with iodine neither the

red nor the yellow lsyers gave rise to lutein isomers.

Treatment of Lutein with Boron Trifluoride in Pyridine.« Four mg. of

lutein were dissolved in 10 ml. of pyridine end 5 ml. of hB% boron trifluoride
in ether (Bastmen, practical grade) was added slowly with cooling to keep the
temperature below 30° The solution was allowed to stand overnight and then
washed free of pyridine. After drying over sodium sulfate the solution was
eveporated in vacuo at room temperature. The resi&ge was teken up in a few
nilliliters of benzene. Several volumes of vetroleum ether vers added and
the solution was developed on calcium hydroxide (No. 3 tube) with 2.5, 5, and

10% scetone in petroleum ether:

Color Spectral Maxima in Petroleum Tther (mp;)
Original After Iodine Catalysis
Pink e"Pigment xn) | Lge, 450.5 L78.5, Lug.5
Yellow ("Pigment Y") 470.5, Ll1.5° 473.5, L4b3.5
. Orengze (Lutein) L76, Yh6.5 473,5, MQU
Yellow (trace at botton 4176, Lbb L7k, bh3.5

of column)

The three princival layers were all essentially hypophasic when partitioned



betyeen 85% methanol and petroleun ether and entirely hypophasic with 95%
methanol; ﬁhe trace of yellow pizment found at the bottom of the column was
epiphasic under all conditions. The lutein was identified Dy a mixed chroma-
togram.test.

Melt of Lutein with Anhydrous Sodium Tetraborate in Naphthalene.= Eight

mg. of lutein, 5l.8 mg. of naphthalene, znd 6.0 mg. of anhydrous sodium tetra-

borate were sealed in a Pyrex tube (about 12 mm. outside diameter) under car-

. -+ . >
bon dioxide; the tube was kept at LMO°(-5°) for five minutes, and cooled

rapidly. The solid was dissolved in a few milliliters of benzene, and six to
eight volumes of petroleum ether were added before pouring on 2 No. 3 column

X X 4 . =
packed with calcium carbonate. 1, 2.5, and 5% acetone in petroleum ether were

used as developers:

Leyer Thickness Color Spectral Mexima in Petroleum Ether (mp.)
in nm. ; Original After Iodine Catalysis
oo Colorless
2 Yellow 478, LT kg1, Lug.5
2 Colorless
8 Yellow L7, Wi,5 u7h,5, Lls
2 Colorless
3 Yellow 472, hhe L75, Lkl
50 Colorless
30 Yellow 478, Luy u7h.5, Lhh
Yy Colorless
10 Yellow | L77.5, Wby L75.5, L5
2 Colorless
Yellow L52.5, L3k.5 L75.5, Lkz,.5
(Weolutein U) Blurs on addition of

iodine, then gives
good spectrun

A1 zones vere hypophasic with 85% methanol.



When this experiment was repeated with 2;2 mg. of lutein end the neo=—
layer estimated colorimetrically as "lutein" in the Pulfrich photometer,
the vield was found to be about 1%,

When iodine was added to a,pétroleum ether solution of "Neolutein U"
and the solution after a few minutes standing was developed on s No. 2 calcium
carbonafe column with 2.5% acetone in petroleum ether, two yellow layers re-
sulted; the spectral absqrption mexima of the upper, minor zone were at L70.5
and Ll1 ., while the first band of tﬁe lower, main layer was at LU75.5 mpe
upon the addition of iodine both gave maxima at 473 and LL3 mp.

vA solution‘of the neolutein which had steod at 5° for 3% days was chromar~

togrephed on a No. 2 calcium carbonate column, using 2.5% acetone in petroleum

ether as developer. Three yellow zones appeared:

Position on Spectral Maxime in Petroleum Ether (mp.)
the Colummn Original After Iodipe Catalysis
Top 469, Wi.5 u72.5
Middle urr 473
Lover 60, 133, 4725, Wi3.5

Fusion of Zeaxanthin with Tetraboric Acid or Boric Oxide in Nephthalene.-

t

The zeaxanthin used for these experiments was furnished by Professor Zechmeister.
In 2 test of its purity 1l-2 nz. were dissolved‘in a few drops of benzene and

the solution was diluted to 10 ml. with petroleum ether. This solution was

then poured on a No. 2 column packed with a 1:1 mixture of calcium carbonate

and calcium hydroxide and developed with 5, 10, 15, and finally 20% acetone in

-

petroleun ether. The chromatogram was homogeneous except for a small layer,

estimsted to be F% or less of the total pigment, which lav below the zeaxanthin

ZONEs



Seven mg. of the zeaxanthin were mixed in 2 sm2ll glass tute (about
12 mn. outside diemeter) with 5% mg. of nephthalene and U7 mg. of tetraboric
ecid, sesled in carbon dioxide,’heated for five minutes with constant shelzing
in a dibutylphthalate bath at 1H0°(t5°), and cooled in an ice bath. The solu-
tion in 1-2 ml. of benzene and 15 nl. of petroleum ether was developed with

10, 15, and 20% acetone in petroleun ether on a2 No. 3 column containing a

1:1 mixture of calcium carbonate and calciwm hydroxides

Layer Tﬁickness Color Spectral Maxima in Benzene (mu.)
in mm. : Original After Iodine Catzlysis

20 Colorless

15 Yellow 491, L4kh8.5 u93, L5g.5
5 Colorless

25 Orange~yellow 496.5, Lb2.5 493,5, 460

(Zeaxanthin) _

2 Colorless -

5 Yellow 489.5, L56 493, Ur9

5 Colorless ‘

10 Orenge (Impurity) ko5, L60 192,5, L9

Diffuse Orange 491.5, 457.5 Lg2,.5, L4K9

>

The experiment was repeated with o mixture of l'.5 mg. of zeaxanthin,
38 ng. of naphthalene, and 88 mg. of boric oxide. On development with 5,
7 ) " .
10, 15, and 20% acetone in petroleum ether, the resulting chromatogram was

similar to that of the metaboric acid melts



Color Spectral Mexima in Benzene (my.)
Original After Iodine Catalysis
Yellow 420.5, 158 193.5, 459
Orange-yellow 493, 460 ko1, uk9,5
Orenge-yellow Lo, ub1.5 L92,5, L460.5
(Zeaxanthin) '
Yellow | 4glh.5, L52.5 493, L60
Orange (Impurity) 493, 460 493, u59
Yellow - 1489.5, us6 ho1, us9

Yields of Honohydroxy and Epiphasic Compounds Obtained by the Fusion

of Imtein under Various Conditions.~ In order to choose the best conditions

for a large-scale preparation of the desoxyluteins, numerous small-scele
experiments with U-10 mg. of pigment were carried'out; The weight of naph-
thalene employed was six to eight times that of the lutein. Todine was added
in the form of a tiny crystal of approximately 50 p&., while the weight of
the boron compound.was six to nine times that of the lutein. The melt was
dissolved in a minimun: amount of benzene, diluted with three volumes of
petroleun ether and developed on a No. 3 calcium carbonate column with 1:11
benzene~petroleun ether.

The monohydroxy layers were transferred to petroleum ether and rechroma-
-togrephed on calcium carbonate-hydroxide mixture., When significant amounts
of the desoxyluteins appeared, the layers were combined, eluted, and estimated
photometrically as "lutein". The epiphasic layers were also transferred %o
vetroleun ether, and catalyzed with iodine. After standing for thirty minutes
the solution was developed on calcium hydroxide with 5% acetone in petroleum

ether; if pink layers sppeered, they were combined, eluted, and estimated as
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"1ycopenet. The results of this series of experiments are given in Teble 1
p i =

(Sse 1, 17).

L, Larse Scale Prevaration of Desoxvluteins I, II, and III

One gran of purified lutein was divided into forty 25-mg. portions.

et

Each wes mixed with 140 mg. of naphthalene and 60 ng. of finely-powdered
tetraboric.acid and sealed undef carbon dioxide in a small glass tube (2vout
12 ﬁm. utside diameter). ZBach tube was agitated ia a dibutylphthalate bath
at 1h0°(t5°) for five minutes and then rspidly cooled. The tubes were crushed
in a lerge nortar and their combined contents were dissolved in 200 ﬁl. of
cold benzene. Four volumes of vetroleum ether vere then added and the solu-
tion was divided into eight parts, each of which waé chromatographed on a

No. 6 column packed with 131 calcium caerbonate=calcium hydroxide mixture.

4 . s
Upon development with 5% acetone in petroleum ether the following chromatogran
- A [

zppeareds
Loyer Thickness Color
in mm.
15 Pink, orange, and yellow (Minor zones of unidentified
pigments)
15 Colorless
50 Dark vink (Desoxylutein I)
Lo Yellowish-oranze (Desoxylutein IT)
L Derk pink
6 Brownish~orange
Lo Yellow with oranze tint (Desoxylutein III)

20 Yellow
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The chromatographic filtrate was VeTlo& and contained at least two
additionel pigments which gave 2 wealkly alscrbed heterogeneous column section
when rechromatogrephed on calcium hydroxzicde with petroleum ether developer.
The upper portion of the band was orange with a spectrum too blurred to Dbe
read, while the lower portion was yellow and showed sbectrol nmaxima at 469.5
and Lb2.5 Iy in petroleuvm ether; these values decreased about 1.5 mp. vpon
iodine catalysis.

The desoxylutein I zones from each of the eight columns were combined;

a similar pooling was carried out for the verious zones of desoxylutein II
and for those of desoxylutein III., After elution each of the three pigments
was transferred into petroleum ether, washed alcohol-free, dried, and de-
veloped with V% acetone in petroleum ether on No. 6 columns containing a2 1:l
mizture of calcium cerbonate and calcium hydroxide. Two columns each were
needed for the réchromatography of descxyluteins I and& III and four columms
for desoxylutein IT. Desoxylutein I formed a 110 mm. pink zone, with a ninor
vellowish=orange layer immedistely Dbelow it. The chromatograms of desoxy=-
lutein II showed & 30 mm. layer of descxvlutein I above the main (70 . )
vellowish~orange zone; several zones lay below ite The chromatosrem of
desoxylutein III was practically homogencovs anc consisted of a 110 mnm.
vellowigh-orange layers

After elution with ethanol each of the three compounds was transferred
into ether, washed free of alcohol, dried, and eveporated in vacuo =t room
temperature. Zach residue was dissolved in the minimum amount of ether, trang-
ferred to a 15-ml. centrifuge tube, and eveaporated to dryness with & stream of

carbon dioxide. After dissolving rapidly in 0.5-1.C ml. of benzene at l0-50°,

Lie5 volumes of methanol were added with stirring at room temperzture. Pigment
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crystals appeared immediastely. The mixture was kept overnight zt 5° and

then centrifuged. The crystals were washed with 1 ml. of methanol, centri-
fuged, end recrystellized as befofe. Yhen the methanol was added gzraduelly
over g period of several hours at room tempersture, larger, glittering crystel
units apreared.

While the isoletion of desoxyluteins I and II never afforded sny Aiffi~
culties, it was not easy to obtain z reliszble separation of desoxylutein III
from the bottom zone of the chromatogram. Impure solutions yielded an oil
end had to be rechromgtographed before crystals could be obtained.

The yields of crystals obtained in several experiments with tetraboric

scid and boric oxide were as follows:

Sterting 1
Material Percent Yield
Iutein Desoxylutein  Desoxvlutein Desoxylutein
I II I1I
1.0 g. 3.8% 10.0% L, 3%
1.0 g. 3.0% 12.7% 3.2%
0.1 g. 3.5% (6%) T 10.3% (16%) 0% (7%)

Figures in parenthesis are colorimetric estimations in the Pulfrich photometer,

calculated as "lutein'.

Be Charscterization of the Desoxyluteing

Desoxylutein I

Description and Analytical Data.~ This compound, when crystallized

from henzene-methenol, forms long prisms with pesked ends, partielly grouped

1 Sfarting meterial = 100%.
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in aggrezates (Figure 19). Their color under the microscope is a rich
reddish-orenge vhich changes to brownish-red at crossings (Desoxyluteins II
e crystals melted et

and III azppear yellow or brownigh by conparlson)

1hge (cor.) and gave the following snalytical datas

Cerbon~Hyéroceni-

Czleulated for G4 HpgOd ¢, 86.89 H, 10.22

Found: ¢, 87.09 H, 10.33
C, 86.29 H 9.76
c,'86'59 H, 9‘5

These data were corrected for 1.6, 1.5, and O. :w ash regpectively.

Molecular Weights=

Calculated for CuoHsg03 553

Found (in cemphor): 5ol

Catalytic Hydrogenétioni* 9.73%0 ng. of substance in methylcycléhexane
and glacial acetic acid, with 9.73 mg. of PtOp catelyst, added L.70 mil.
of hydrogen (over mercury, 21.5°, Tui3.5 mm. ) 4,729 ng., with 2.2% ng.
of catalyst, sdded 2.3% ml. (22.5°, 739.5 mm.). Found: 10.8 and 10.9
double bonds. ' ‘

Solubilitys~ The compound is easily soluble in cold benzene, ether, and

chloroform, but much less so in petroleum ether. The solubility in methanol
is very slight. On partition between petroleum ether and 85p methanol the

sment showed a purely epiphasic behavior, while a portion estimeted at

pig
approximately 20% rated into the lower phase when 95% methanol was
employed.

Visually Observed Spectrum.- As would be expected from an examination

of the extinction curve (meure 7) the viguslly observed spectrum of désoxy=

lutein I has an essentially different cheracter frem those of desoxyluteins
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Figure 19

Desoxylutein I, crystallized from benzene-methanol.
Approximately 260 diemeters
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IT and III or from that of lutein itself. The limits of the two bYands are
indistinet and the interspace between them is never clear. In‘petroleum
ether, at very lowv concentrations, a mein blurred band can be observed at
Lrg-L5g mp. and a much weakér one at approximstely LU mp. Even a2 small

'

increase in concentration, however, produces an extended shadowed area, ex-
tending from zbout 150 to 550 mp. witﬁin which nc mexims can be seen (traces
of desoxylutein II as impurity have the same effecf as increasing the concen-
trafion). _In benzene thé bands are even more blurred and unreadable. In

carbon disulfide the mein maxima were found near 53%7 and 492 mp. Upon the

addition of iodine the spectrum blurs and migrates toward shorter wave lengths.

B3

"he maxime of the equilibrium mixture in petroleum ether are located at =zbout
491.5 and 459.5 mp.

Adsorption Behavior.= On a calcium carbonate-calcium hydroxide mixture,

&

- “adl ; ; ;
131, with 5-10% acetone in petroleum ether as developer, desoxylutein I is
adsorbed velovw gezaniaxanthin (a hydroxy—YLcarotene), lutein, ené lycopene
but ebove cryptoxanthin, desoxyluteins II end III, ¥-cerotene, znd B-carotenc.

Isomerization by Iodine Cataslysis.~ A solution of 1 mg. of chromato-

graphically homogeneoué desoxyluteiﬁ I in & few drops of Dbengzene was diluted
to 15 ml. with petroleum ether and 15 P& of iodine in 0.5 ml. of petroleum
ether were added. After stending for twenty minutes the solution was chroma-
togrephed on a Ho. 2 column contéining calcium carbonate-calcium hydroxide
mixture. On development with petroleum ether containing 5% acetone a nevw
zone appeared below the unchanged portion of the all-trans form. The neo-
compound showed blurred mexima at ug6.5 andg L52 mp.. in petroleun ether, which

chenged to L89.5 and L56.5 mp. uvpon the addition of iodine. The equilibrium

nixtures formed Dy the ilodine treatment of desoxylutein I and neodesoxylutein



I are chromatogrephically identical.

Acetzte of Desoxylutein I.- Five mg. of desoxylutein I in 1.5 ml. of

anhydrous pyridine were treated at room temperature with 0.5 ml. of acetic
enhyéride for twenty-four hours. The pigment was then transferred with water
into petroleum ether and washed free of pyridine. After drying over amhydrous
gsodium sulfate, the solﬁtion was chrématographed on a No. 3'colnmn containing
célciunm carbonate-célcium hydroxide mixture. Dévelopment_with 5% acetone in
vpetroleun ether gave two zones, the.iower one of'which vas the larger and
contained the acetjiatgd pigmeﬁt. The gluate of the latter was transferred

into ether, and evaporated in vacuo; the residue was crystallized from benzene-

methanol zs smell plstes; m.p. 139° (or.). Its spectrum did not differ from
that of the unesterified. compound; the paftitioﬁ behaﬁior, however, was nurely
epiphasic. Saponification of the acetate in petroleﬁmn ether with cold 30%
methenolic potassium hydroxide yielded a homosgeneous pigment which did not
seperate ffom desoxylutein I in the mixed-chromatogram test.

Desoxvlutein II

Description snd Analytical Data.~ The cheracteristic crystal forms of
1

this compound zre represented in Figure 20. The color of the crystaels re-

sembles that of lutein, both macro-and microscopically. The crystels melted

at 1506.5-158° (cor.) and yielded the following anzlytical detas ’

Carbon-Hydrogeni=
Calculated for Oy Hsg0d C, 86.89 H, 10.22
Found: C, 86.73 H, '9:93
C, 86.78 H, 10.12
C, 86.h7 H, 9.82

o o .
The datz are corrected for 0.5, 0.5, end 0.4% 2sh respectively.
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Figure 20

Desoxylutein II, erystallized from benzene-methanol.
Approximately 250 diemeters
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Uoleculer Weight s=

Calculated for CuoHsgOd 553
Tound (in exaltone): 569 znd 577.

Catalytic Hydrogenationi= 10.284 mg. of substence, with 5.3l mg. of
Pt0,, added 5.09 ml. of hydrogen (22.5°, 742.0 mm.): 6.3%59 mg. with
2.1 mg. of catalyst, added 3.05 ml. (22.5°, 741.5 mm.). Found: 11.0

and 10.7 double bonds.

Solubility.= The solubility and partition behavior are the same as in

Visuael Spectrum.- The following mexime were observed:

Solvent Spectral Mexime, (mp.)
Original After Iodine Catalysis
Carbon Disulfide 508.5, 473.5, Lk 505,55, 471.5
Benzene 490.5, Lk8, h32 488, Ls56
Petroleun Ether u77, Ws.5 175, Wy
Hexsne 476.5, Lug L73,5, Luzg
Ethanol g0 k9

Optical Rotation.~ The rotation observed for a 1 dm. thickness of a

chloroform solution containing 13%.83 mg. ner 10 ml. was less then the uncer-
teinty of the measurements; therefore E?:]Cd = O°(t10°>.

g - v 3 3 o _—_ o
Adsorption Behavior.~- When developed with petroleum ether containine 5%

or 10% zcetone on a calcium carbonate-calcium hydroxide column (1:1), the com~
pound is adsorbed below lutein, lycopene, desoxylutein I, and cryptoxenthin,
ut above x:carotene, desoxylutein III, and B-carotene.

Stereoisomerization bv Iodine Catelvsis.~ In an experiment similar to
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that carried out with desoxvlutein I two stereoisomers were observed below

the unchanged portion of the all-trans~desoxvliutein II. The svectral maxine

1
vere located at LES.

Ul

and L39.5 .. for the upper stereoisomer znd st LET and
Lzg mp. for the lower one. Petroleum ether solutions of both isomers, as well
rs the all-trang-pigment, shifted their mexima to 473.5 and U35 mp. upon

iodine catalysis. - The three mixtures of stereoisomers obtained in this menner

were chromatogrephically identical.

Acetate gi.hésoxylutein II.- This ester, which was prepared as described
above for desoxylutein I, férms piates, most of which have curved sides. The
crystels melted at 1L1° (cor.), after softening at about l39°.v The acetate
showed & purelv epiphasic behavior. After saponification the pigment was found
in a mixed chromatogram to be identical with desoxylutein II. The positions
of the visually observed spectrzal mexima were not changed either by the acety~

letion or by the szponification of the ester.

Desoxvlutein I1I

Description and Analytical Data.- The crystals viewed under the microscone

show a tvpicel barrel-like or boat-like shape (Figure 21); their color is simi-
lar to thet of desoxylutein II, The crystals melted at 162° (cor.), after
softening. The following analytical data were obtained?

Carbon-Hydrozeni-

Calculated for Cuolsg0d C, 86.39 H, 10.22
Found: C, 86.92 H, 9.74
. C, 87.19 H, 10.13

The semples were ash-free. -In unfavorsble cases the carbon ¥alues

were markedly different (87.75 and 85.96).
~
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Figure 21

Desoxylutein III, crystallized from benzene-methanol.
Approximately 250 diemeters



Molecular Weighti=

Calculated for CuoHsg0: 553
Found (in exaltone): 5L7

Catelytic Hydrogenationi= 9.300 mg. of desoxylutein III, with U.L9 mg.

of Pt0z, added L.61 ml. of hydrogen (22°, 7hM0.5 mm.); 7.77Y% mg. with
3.49 nz. of catalyst, added 3.72 ml. (23°, 742.0 mm.). Found: 11.0

and 10.7 double bonds.

Solubility.= The solubility and partition behavior are the same as in

the cose of decoxvlutein I.

Visual Svectrum.= The following datz are characteristic:

Solvent . Spectral Mexime (mp.)
Original After Iodine Catalysis
Carbon.Disulfide 508.5, L7k, Lluk,5 506, L72
Benzene | Yo1, L5g,5, L32 Lga,5, UK6.5
Petroleunm Ether L78, Lhg 476, Lus
Hexane 477.5, Lby L75.5, Lk
Ethenol : , 4g1.5, L450.5 Blurs, shifts to

shorter wave lengths

Adsorption Behavior.- Desoxylutein III is adsorbed slightly below

X-carotene snd well below desoxylutein II, cryptoxanthin, desoxylutein I,
lycopene, and lutein when developed on g 1:1 calcium carbonéte—calcium
hydroxide coluwan with petrolewm ether conteining 2.5-5% acetone. Under
gimilar conditions P=carotene occupied a place on the columm considerably
below thet of desoxylutein ITI.

Stereoisomerization by lodine Cetalysis.=- The chromatogram of the iodine-

catalyzed solution showed, in addition to unchenged all-trens pigment and a
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minor irreversgible top layer, a neo-compound zdsorbed below the main zone.
Its spectral mexima in petroleum ether were at 468 end U39 mp.; after the
addition of iodine the equilibrium mixture showed maxima at L7M.5 and LL3.5

L. This mixture proved to be chromatogrephiczslly identical with that pro-

duced by the iodine catalyéis of desoxylutein III,

Acetate of Desoxylutein III.- A crystalline acetzte of desoxylutein III

could not be obtained.
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II, INVESTIGATION OF THE EFFECT OF GLOBULIN DEPLET ION

ON ANTIBODY PRODUCTION IN RABBITS
A, INTRODUCTION

It is now generally accepted that antibodies are associated with a
specific protein frection of the blood serum known as ¥ =globulin, Numerous
explenstions have been advanced to explain the appearance of these antibodies
soon after the injection into the animal of the corresponding antigen,

Acéording to the theory advanced by Pauling (1) the presence of an
entigen at the site or sites of ¥ =-globulin synthesis causes the long poly-
pepbide chalns to fold in such a mamner that they assume configurations
complementary to the antigen, thus acquiring the ability to combine with it,
If the production of & -globulin is a normel activity of the body, and not
a specifiic response to the presence of antigen, the theory suggests that, in
the presence of & certain amount of antigen, an increased rate of ¥ -globu-
1lin production should lead to & higher proportion of antibedy molecules in
the serum, This follows from the assumption that only & fraction of the
circulating ¥ -globulin of the serum will be replaced during the effective
presence of the antigen in the body, so that only a fraction of the globulin
will be specific for that antigen,

The method we proposed to apply to stimulate an increased rate of
¥ -globulin formation was a severe depletion of the circulating globulins
brought about by bleeding the animals at frequent intervals and reinjecting
their erythrocytes suspended in an amount of isotonic homologous serum

albunin sufficient to replace the Violume of serum lost, A somewhat similar
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experiment has been reported by Cennon and his co-workers (2) who brought
about the desired depletion by prolonged feeding of the experimental animals
with a protein-free diet, In his experiments no positive conclusions could
be drewn concerning the effect of this treatment on the production of anti-
bodies; immunization was attempted either during the starvabion period orf
following it when the animal wes being fed a diet rich in proteins, and
hence was presumably synthesizing proteins repidly,

The experiments described here are of a preliminary nabture and failed:to
demonstrate whether it would actually be possible to observe the postulated
éffect. Seve:al unexpected difficulties were encountered during the invest-
igation and it now appears that a much more refined technique will be re-
quired to find the answer, The experimental section which follows describes
what has been done, while some suggestions for further work are embodied in

the discussion following,
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B, EXPERIMENTAL

A, Pirst Experiment

] Dep%etiog Technique,~- Thirteen young rabbits, renging in weight from
2,1 %o 2,8 kg,, were separated arbitrarily into a group of six controls and
a group of seven test animals, "Approximately 30 ml, of blood wes taken from
each test enimal every 48 hours, The first two bleedings were from the
marginal ear vein into paraffined 50 ml, centrifuge tubes, while the remein-
der were by heart puncture with a No, 20 gauge needle; in every case 2 ml;
of 10% sodium citrate was present in the cenfrifuge tube or syringe to pre-
vent clotting,

The cells from each rabbit were centrifuged down and washed three times
with sterile 0,9% saline solubion, The cells were then resuspended in suf-
ficient 3% rebbit albumin solution, containing 0,9% sodium chloride, to bring
the volume of the suspension up to that of the whole blood originally teken
from the animal, The sﬁsPension was filtered through sterile gauze and re-
injected by marginal ear vein into the same rabbit from which the cells
came originally, The entire process of blegding, weshing, and reinjecting
required 2 to 3 hours,

Analyses for Serum Albumin and Globulin,- To 1 ml, of citrated plasme

was added 0,35 ml, of 2% calecium chloride solution; the serum was then
diluted to 5 ml, with 0.9% sodium chloride solution and allowed to clot at
37°, The liquid was expressed from the clot and the fibrin was then re=-

moved and discarded, 4,6 ml, of saturated ammonium sulfate was then added

and the solution was kept at room temperature for twenty to thirty minutes

before centrifuging down the globulin, The globulin precipitate was dissolved
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in saline and suitable aliquots of it and the albumin supernatant were
taken for analysis by a modified Folin microcolorimetric method (3).
Since no calibration factor for albumin was available, both albumin and
globulin values are reported as rabbit serum globulin,

Immunological Techniques,- At the end of the depletion period (5 to

8 bleedings per rabbit) each rabbit was injected intraperitoneally with

100 mg, of ovalbumin in 5 ml..of isotonic saline, The immunizing injection
was repeated after seven days, Ten days after the first injeetion prelim-
inary ring tests with 1% ovalbumin and undiluted serum showed positive
results in all but ome of the four surviving rabbits and all but one of

the six controls, Accordingly, three days later 15 ml, of blood was taken
from the ear of each rabbit and the undiluted sera titrated, with thé re=
sults in Table II, After eight days the rabbits were again bled and their

sera titrated; the results are given in Table III,

B, Second Experiment

Pregaration g£_§§.Albumin Solutioﬁ.- Rebbit serum was diluted with an

equal volume of saturated ammonium sulfate and the precipitate filtered off,
The supernatant was dialyzed against running tap water for 2 to 3 days and
then concentrated to the original volume of the serum by evaporation in the
dialyzing membranes, which were suspended in a current of warm air, The
solution was sterilized by passing through a Seitz filter and stored at 5°,
When an attempt was made to increase the severity of the depletion con=-
ditions by increasing the amount of each bleeding from 30 ml, to 50 ml, and

by decreasing the interval between bleedings from 48 hours to 24 hours,

seven of the ten test animals died within 24 howrs’, The difficulty was
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traced to the albumin solution, which was found to be toxic when 30 ml, of

the 3% solution was injected into each of three rabbits.,

C., Third Experiment

liore albumin was prepared as before, but the solution, instead of being
stored after sterilization, wes lyophilized, A sterile 3% solution was pre=
pared in isotonic saline,

The test animals were bled 50 ml, each from the heart for four consecu=
tive days, At the first bleeding 40 to 50 ml, of 3% albumin was injected
into each rabbit immediately after bleeding, After the second bleeding 50 ml, of
a suspension of erythrocytes, made up of +two volumes of pooled, washed cells
in three volumes of albumin solution, was injeclted, and after the third
bleeding 40 ml, of albumin solution was administered, The hematocfit fell
rapidly during the depletion experiments and was approximately 20% at the
fourth dey, It was intended to bleed only four times and inject the first
immunizing dose of ovalbumin on the fifth day; however, only one rabbit

survived the fourth blee&ing and it died three days after the first ovalbumin

injection,
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Teble I
Rabbit [Weight in kg, Albumin poiio in Serumt
No, Globulin

Bleeding ' Bleeding

1st 8th st 2nd 3rd 4th b5th 6th T7th 8th
200 2.9 2,0 419 387 220 342 209 302 244 247

183 1 165 144 122 129 168 218

202 2,6 2,3 494 512 419 454 334 485 358 407

173 178 166 96 57 103 84 193

203 2,7 2.6 399%x 430 478 272 485 202 411

205 2,4 2,1 476 426 403 354 147 298 195 258

EsSwgmn0 mOwwens  CEmOwties Sowoeed 020 Gmswgess  Cweedoed 0 GESGmanst 0 Ses@eees

207 2,8 2,6 ** 446 379 383 399 391

- ~

* Numerator is pg, of albumin per ml, of serum, expressed as serum globulin,
Denominator is pg, of globulin per ml, of serum,

¥x First bleeding for this rabbit,
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Table II

Titration of Antiovalbumin Serak

Rabbit Ovalbunin Dilution Saline
No, 1:5000 1:7500 1:11,250 1:16,875 1:25,313 1:39,970 | control
202 + + + + ++ e~ o
o
3 203 4 + ++ + + ' + -
e
a
207 -+ + -+ <+ + + +
204 = - - - - - -
206 + + + ' . + +
- 213 = — — - = 2 -
g
o
216 + + + + 4+ +
217 + + + + + +4 -

*rest was read visually after 20 to 30 minutes at 37°,
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Teble III

‘Titration of Antiovalbumin Sera*

Rabbit Antigen Dilution ' » Saeline
No, 1:20,000 1:30,000 1:45,000 1:67,500 1:101,250 1:151,875 1:227,813 control
- e A
202 400 460 650 {870 (1000) 133
e
2 203 212 216 220 246 280 315 (mex?) 186
]
~l
2 205 190 204 178 183 180 165" 254
a ' max,
207 246 310 270 325 — 365 356 435
max,
206 202 1656 169 244 ——— 155 236 690
213 248 345 270" 315 ——— 400 475 115
§ max,
5 215 152 152 {160“ 128 148 166
g mex? max? '
2 Zis 94 240 {520 . {400“ 550 600 -——
mex,
217 165 280 520 {570 ——— 900 1300 445

The figures are colorimetric readings representing relative amounts of precipitate,
The indicated maxima were estimeted wvisually one half hour after mixing,
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C, DISCUSSION

In the first experiment we hed hoped to be able to drop the globulin
content of the blood of the rabbits employed to a low level during the course
of a short series of bleedings, while reinjecting, in so far as possible, the
other components of the blood in order to keep disturbing physiological com=
plications to a minimum, Although the majority of the animals survived,
Teble I shows that no significent increase in the ratio of albumin to globu-~
lin can be noted in the bled animals during the course of the experiment,
nor can any significant trend be noted in the absolute amounts of globulin
in the serum,

Although no decrease in the amount of globulin in cireulaﬁion had been
shown by analysis of the fractionated sera it was felt that, since a large
quentity of globulin had been removed in the course of two weeks, it was
probable that the rabbits would be synthesizing globulins at an increased
rate, Therefore we decided to proceed withitthe immunizetion in the hope
of observing some significant difference between the response of the bled
enimals and the controls, Tables II and III show the results of experiments
on the immune serea sb obtained, On the basis of this evidence no conclusions
concerning differences in the antibody titers of the two sets of rabbits can
be drawmn,

Due to this failure an attempt was made to use a much stronger progran
of depletion, It proved to be too strenuous for the animals to survive, so

no tests could be run on immunization, In all probability it was the lack

of a sufficient supply of red cells, combined with the general severe treat=
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ment which caused the death of the rabbits,

At this point the experiments were dropped. In suggesting future paths
which this research should take it appears to the authors thet the whole
problem of the depletion ‘technique should be investigated more thoroughly
and carefully, It will be impossible to draw any conclusions from the re-
ults‘of immunization until there is at hand a group of rabbits which has
been depleted so thoroughly that a definite and easily demonstrable drop in
the globulin content of the serum is obtained, This will probebly require

a very strenuous program of bleeding and reinjection, with special emphasis

on the maintainance of the hematocrit at a point sufficient to sustain life,
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SUMMARY

I, Lutein, a dihydroxy~X-carotene, is partiaslly converted into stereo-
isomers by the action of heat; the transformations occur not only on the
fusion of lutein crystals at 200° and in refluxing benzene solution, but
elsc in mixed melts with naphthalene, a hew method introduced to bridge the
gap between 80% and 200°. Tracgs of compounds containing but a single
oxygen etom eare also formed under these conditions.

Greatly increased aﬁounts of monoxy compounds, in yield sufficient
for preperative purposes, can be obtained by adding to the naphthalene
solution of lutein either orthoboric acid, tetreboric acid, or boric oxide,
reagents which have not been used heretofore in the carotenoid field.

Three of the new monoxy conversion products have been crystellized.
They heve been tentatively termed "desoxyluteins I, II, end III". Their
main characteristics are deécribed and some structural features are discussed.
Desoxylutein I is particulerly interesting, since its spectral extinction
band shows no fine structure.

Then traces of iodine are added to lutein solutions et 80-1500, lutein
stereoisomers and the previously observed monoxy derivetives are obteined;
in eddition, small quantities of compounds containing no hydroxyl groups

are formed,
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II, An attempt was made to determine the effect of globulin depletion
on entibody production in raebbits, From one-sixth to one~third of the
circulating blood volume was removed by heart puncture at 24 or 48 hour
intervels; the erythrocytes were seperated from the plesme, suspended

in a volume of isotonic homologous serum albumin equal to that of the
rdiscarded plesma, and the suspension was reinjected, At the end of

the depletion period the rabbits were immunized with hen ovalbumin and
the titers of the antisera were compared with those of a normel, control
group, similerly immunized,

Satisfectory cénditions for the depletion of the enimels were not
found in these preliminary experiments, The depletion protocol proved
either too mild, in which case no discernable difference in titer be-
tween the depleted and control groups could be noted, or too severe, in

which case the rabbits did not survive,

III,
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PROPOSITIONS

I, The methods developed by Kuhn and Winterstein for the synthesis of
the diphenyl polyenes may be extended to the synthesis of polyene chains
containing methyl substituents by using derivatives of erocetin or nor-
bixin as starting materialé; such an extension offers prbmising pos~-

sibilities for the synthesis of certain maturally oceurring carotenoids,

R, Kubn and A, Winterstein, Helv, Chim, Acta 11, 87, 116, 123, 144, (1928)

II, The shift (approximately 1l mu,) of the absorption mexima of caroten-
oids toward shorter wavelengths when an acyclic end-group is cyclicized to
a fg-i.onone ring is due principally to a steric interaction,

L, Pauling, Fortsch, Chem, orgen, Naturstoffe 3, 203 (1939)

III, Pauling (1) hes classifisd the double bonds of & conjugated polyene
chain containing methyl substituents as “"stereochemically effective” and
"stereochemically ineffective”, the latter being prevented from assuming
the g_i_.;!_s_ form by steris factors, These considerations may be tested ex-
perimentally by e study of the cis~trans isomerization of various sym-
thetic polyenes which posess methyl groups attached to the carbon atoms
of the chromophore (2),
1, L, Pauling, Fortsch, Chem, organ, Naturstoffe 3, 203 (1939)
2, R, Kuhn and M, Hoffer, Ber, 65, 656 (1932)
F, G, Fischer and K, Hultzsch, Ber, 68, 1726 (1935)
F, G, Fischer and H, Schulze, Ber, 75, 1467 (1942)

IV, The development of chromatograms of some colorless, non-fluorescing

substences mey be observed wvisually on fluorescing columns prepared from
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an adsorbent containing small quantities of an inorganiec fluorescent

material, such as zinec sulfide,

V. The failure of attempts to resolve a racemic acid (or base) by con~
verting to a pair of diastereoisomeric salts and chromatographing on an
optically inactive adsorbent (1) shoyld have been foressen, Resolutioﬁ
on an optically inactive adsorbent may be achisved only in the case of
diastereoisomeric molecules (2),
1, H, B, Hass, T, de Vries and H, H, Jaffé, J, Am, Chem, Soc. 65,
1486 (1943) -
2, M, M, Jemidon and E, B, Turner, J, Chem, Soc, 1942, €11
VI, vAmperometrie. titrations 1nvolvi:ig certaein metel ions may be carried
out using e cathode of the metel being titrated,

E, Salomon, Z, Electrochem, 4, 71 (1897)

VII, I propose that a study be made of the rate and extent of emtibody
formetion in animels whose plesme conteins e globulin concentretion
higher than normel; such a concentration cen be meinteined by the intre~

venous injection of globulin in isotonic saline,

VIII, The color formed when m-dinitrobenzene reects in basie ethenol
with en aliphetic aldehyde or ketone which contains en o(=hydrogen atom

is due to the formation of an ion of the type:

:i?:
AR

/V*.-Q-'
O/ i

(In the case of acetone)
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& b e

IX, A thorough knowledge of First Aid for all types of chemicel accidents
should be required of each gradueste student before he is permitted to begin
research work,
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