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I. SOME IRREVERSIBLE CONVERSIONS OF LUTEIN AT ELEVATED TEMPERATURES 

I!-,, INTRODUCTION 

A long chain of conjugated double honds is one of the distinguishing 

characteristics of the group of naturally occurring polyene pigments which are 

designated as l!earotenoids 11
• Although the great majority of these compounds 

contains forty carbon atoms (Figure 1), a few pigments 0£ lower molecular weight 

are known (Figure 2). 

1. The Nomenclature of Dihydroxy Carotenoids 

When Kuhn, Winterstein, and Lederer ( 41) showed that "xanthophyll", 

C40H6 s<)2 ; which :µ.a~-- previously been considered to be homogeneous., actually was 

oomposed of two pigments, they proposed that the ter-.m "xanthophyll" be applied 
. . 

as a group name to thoseGC40-carotenoids which contain hydroxyl groups., and 

that the term 11 lutein11 be reserved for the principal constituent of the 
ti 

xanthophyll mixture. "Lutein" had been used earlier by Willstatter and Escher 

(66) to describe the _xanthophyll pigment isolated from the yolks of hen's eggso 

Kuhn's nomenclature has been acoepted ,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 11 lutein" and Karrer (22) uses the expression 

11phytoxanthine 11 as a collective term for all carotenoid;;~a lcohols~ 

Soon after the two individual compounds had been isolated from xa.nthophyll 

their structures were clarified by . Kar:er and his col _leagues ( 30.,12), who 

showed that lutein was a dihydroxy-o(-carotene and that the other pigment was 

a dihydroxy- f -carotene (Figure 1)., which has been nruned 11 zea.x:anthin"; 
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Figure l. Some Carotenoids Which Contai n For t y Carbon A.t ons 
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Figure 2. Some Carotenoids i\'hich Contain Less Than Forty Carbon 
Atoms 
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2. !_ Brief' History ~ Carotenoid Isomerization 

Discovery of' Carotenoid Isomers.- In view of' the many examples of~­

trans isomerization 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 (76,24,3&.). Yet six years elapsed between the discovery of two 

isomeric .forms of' bixin by Herzig and Fal tis (10) in 1923 and the correct 

interpretation of this phenomenon as a cis-trans isomerization by Karrer and - ----
his associates (11). 

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 r-carotene 

repeatedly on alumina oolwnna; the upper band showed the spectral maxima of 

(J-oarotene, while the lower pigment layer had the same maxima as o(-carotene. 

Elution and readsorpti.on of either pigment again gave rise to the same two 

layers, "the process thus being: reversible and never complete". The lower 

zone, termed "pseudo-o<-oarotene", we.s not identical with o(-carotene ,. since 

repeated chromatography of 0(-oarotene on alumina yielded a new pigment, nneo­

oe -carotene", whose spectral maxima lie at shorter wave lengths than the 

starting material. A further proof that pseudo- oe.-o-arotene and o<.-oarotene 

are not identical is that both p-oa.rotene and pseudo- o<.-oe.rotene are optie.ally 

inactive,. while 0(-carotene end neo-o<-oarotene are active. 

Gillam and his associates (5-'Ti'} attributed the transformation or f­
carotene into pseudo-«-carotene and of o<.-ce.rotene into neo-o<,-oarotene to 

an action of the adsorbent employed and stated that the isomerization occurred 

only in the chromatographic column. This view soon b-eoame unt_enable, however. 
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Zeohm.eister end Cholnoky (73) observed a spontaneous, reversible isomerize.tion 

in oapsanthin solutions and Zeohmeister end Tuzson (86, 8;7) showed that solu­

tions of chroma.to graphically homogeneous lycopene, f-carotene, or orypto­

xanthin, on standing at room temperature, undergo partial isomeriza.tions which 

are spontaneous, reversible,, end greatly accelerated by the action of heat. 

According to Zechmeister and Tuzson, "the progress or the isomerize.tion 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 

alreaAy present in the solution. The isomerization may also be recognized by 

spectroscopic end colorimetric readings, independently or the chromatographic 

technique". 

Interpretation of~ Carotenoid Isomerize.tion.- Gillam et !!,• (5-7) 

attributed the formation of pseud·o- o<.-carotene and neo- oe-carotene either t.o 

a double Bond migration or to a trans-~ rearrangement. In the oase of 

aapsanthin~ which contains a carbonyl g.roup (67),: Zechm.eister and Cholnoky 

("1'3) at first also had to consider a keto-enol tautomerism. As more and more, 

experimental data was obtained, howeverr it became increasingly apparent that 

the isomerizations involve trans-~ changes in double bonds instead of double 

bond migrations ("14,Sl,80,&.S.):. The prinoip.al reasons whi.oh have led to this 

conclusion may b-e summarized as follows: 

l) In the case of several carotenoids many more isomers are known then 

oan be accounted for by double bond migrations (80.,,56,.8-3); 

2), ~-Carotenone (Figure 3) isomerizes despite the fact that its chromo­

phore is "blocked" at each end by a carbonyl group.,, so that a double bond could 

migrate only into a methyl sideohain, en improbable assumptioJ!II (75); 



6 

Figure 3. 

3} Lutein has never been observed to yield zeaxanthin during isomer­

ization- experiments, al though the migration of but one double bond would be 

required to effect the transformation (80); also, o{-oarotene e.nd p-oe:rotene 

could not be interoonverted ( 8'3, 55:) ; 

4) The catalysts effective in carotenoid isomerizationa are kno,m to 

catalyze trans-~ rearrangements (80). 

When the formation of a compound is irreversible, a structural alteration~ 

r-ather than a steric change or a structural isomerization., should be considered 

the cauBe. Such is the case with the formation of the desoxyluteins described 

in this Thesis, the dihydrocarotenes of Polgm- end Zechmeister (56), and pro­

bably many of the pigments of unolarified structure obtained by acid treatment 

of oe.rotenoids (41,62,63.,59) •_ (see below). 

Despite their altered structures both the desoxyluteins and the di!ilw'dro­

carotenes are typical polyenes., which undergo ~-trans isomerize.tion upon 

iodine catalysis. 

3. Methods Qf Carotenoid Isomerization., ~ Special Reference to Lutein 

Heat.- The action of heat in accelerating the spontaneous isomeriza.t ion 

or lyoopene., 19-oarotene, and cryptoxanthin solutions was reported by Zechmeister 

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



refluxed for thirty minutes, approximately 10% of the lutein was converted 

by a reversible process into another pigment, 11neolutein A",. which is iden­

tical with a pigment obtained by the iodine catalysis of lutein at room 

temperature (see below). A third pigment was detected in some of the experi­

ments,. but its rele.tionsbip, to lutein and to neolutein A has not yet been 

established. In independent experiments Strain (60-62) also isolated these 

two products from alcoholic solutions art.er heating. Ho-wever, he did not 

demonstrate the reversibility of their formation,. nor did he differentiate 

clearly between the effect of heat and the action of the adsorbent. 

More recently it has been shown by Zeohmeister in collaboration with 

Polgar (55,57,S3} and with Lemmon ('iS:) that oarotenoids oen be isomerized 

by melting the crystals in an oxygen-free atmosphere. 

• ~-- Kuhn,. Winterstein,, and Lederer (41) refluxed solutions of lutein 

in methanol which was approximately 10-6 normal in oxalic or tartaric acid 

for one hour and isolated pigment crystals with increased optical rotation 

and decreased m,elting point. Strain (62) repeated this work and found by 

chromatographic analysis that the pigment mixture so obtained contained traces 

of strongly adsorbed material, 'which resembled the products formed by re­

fluxing methanolio solutions of lutein, and much larger amounts of weakly 
' 

adsorbed pigments~ which passed through the column end exhibited the same 

partition behavior as cryptoxanthin.,, o:40Ir563o, a J1J.Onohydroxy- ,6-oa.rotene. 

In a later paper (63} strain reported that dilute acids had a similar effect 

on solutions of o<.-carotene, ,s-carotene, cryptoxanthin, and zeaxanthin. In 

independent experiments Quackenbush, Steenbock, and Peterson (59) treated 

both xanthophyll mixtures and pure lutein with dilute acetic, oxalic~ sulfuric, 

and hydrochloric acids and succeeded in separating the lower,weakly-adsorbed 

layers into three components: 



C8lor of Le.yer· 

Dull red 

Yellow-orange 

Yellow-orange 

a. 

Spectral Maxima in 65-150' 
PetroleUilliEther (mp.) 

4'1!6-448;* 

4"n', 447.5 

477, 447,' 

* Region of maximal spectral absorption 

Unfortunately, the above experiments established neither the structure of 

e:ny of these pigments formed on: acid treatment of lutein mor the reversibility 

of the process. It is,. therefore, impossible to state at the present time 

whether or not any of the observed products is a stereoisomer of lutein. 

Iodine.- In 1929 Karrer, Helfenstein, Widmer,. and v.an Ita.llie (17) found 

that bixin (Figure 2) is altered by treatment with iodine,, which was known to 

be a catalyst for ~-trans conversions of unsaturated compounds (l,lb) . 

They used iodine to convert this natural pigment into the so-called "p-bixm11
, . 

an isomer detected earlier by Herzig and F'altis (10);. The first application 

of this reagent to the isomerization of ca.rotenoids of the c40-series is due 

to Zechmeister and Tuzson (8:8,),,. who succeeded in producing isomers of lycopene, 

fi -carotene, eryptoxanthin,, lute in, zeaxanthin.,, and tara.xanthin by the action 

of small amounts of iodine (0 .• 5-1% of the pigment} in petroleum ether or b:enzene 

solution. In the case of lutein, approximately 40% of the starting material 

wa.s converted into two other pigments, designated as 11neolutein A" and "neo­

lutein B". These a.re adsorbed above lute in on, the chromatographic colUllllli and 

show the following spectra: 



Neoluteiw A 

Neolutein B 

w.tein 

Spectral Maxima 

In Benzene (mp.) In Light Petroleum 
Ether (mp.) 

4B4, 452 4711., 422 

484, 453 472, 443 

48:S, 45S: 477i, 448'. 

The reversibility of the proce$s was demonstrated by, treating a solution of 

each pigment with iodine; eaoh of the equilibrium mixtures so obtained con­

tained neolutein A, neolutein B:, end lutein in about the same ratio as the 

mixture produced by a corresponding treatment of lutein itself. 

Very recently it has been shown by Zechmeister and Folgar (8:3,57) that 

iodine has no catalytic effect in the dark,, a.l though exposure of the solutions 

to a light source for only a f'ew seconds produces the iodine iaomerization 

usually observed in diffuse laboratory light. 

Light.- Within the last few years the sensitivity of carotenoids to light 

has been utilized by Zeobmsister and collaborators ('19) as a method for the 

preparation of stereoisomers; they showed that, for example, dilute, nearly 

colorless solutions of prolycopene turned intensely yellow upon exposure to 

sunshine (11insolation") for a few minutes. So:on afterward Ze~hmeister and 

Folgar (8.3), isomerized o<:-oarotene and [:J-oarotene by exposure to sunlight,. 

light from a Mazda incandescent bulb, e.nd light from a Hanovia ultraviolet 

lamp,. The applicability of the method to some oe.rotenoid alcohols was shown 

by Zechmeister and Lenunon (78'), who obtained isomers or cryptoxenthin and 
. . 

zeaxmthi~. It has not yet been applied to lutein solutions. 
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4. Stereochemical Considerations, with . Speoial Ref'erenoe ~ Lutein 

Configuration or Naturally Ooourrin& Carotenoids.- By far the largest 

part of the polyene pigments found in plants possess the 11all-trans·tt con­

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

trans form (681}. This conclusion is . based not only on the stability of 

these pigments and· on chromatographic analyses of' numerous plant extracts but 

also on the results of X-ray investigations of crystals (9,46) and on the 

interpretation of spectral data (49,51,54). Recently, however,. two "pro­

carotenoids", containing probably five or six: _~ double bonds, ha,r,e been 

found in nature by Zechmeiater in _collaboration with LeRosen, Went, and 

Pauling (SO,), with LeRosen (45), with Schroeder (84,8:5), and with Escue (77)., 

While these poly-~ compounds apparently are wide-spread in nature, their 

total quantity is extremely small in comparison with that of' the all-trans 

:pigments ( 68\)t. 

Stereochemical Possibilities for mtein.- Not sll the double bonds of 

the polyene chain are free to assume the~ configuratio~. The t~eory of 

resonance requires that for effective conjugation the single and double bonds 
. . . . 

of the ohromophore must lie in the same plane (53),. Peuling (54) showed that, 

under these conditions of coplanarity, sterio hindrances prevent those double 
I 

bonds which are adjacent to a C-CIF3 group• (c=C-C(CH:3)) f'rom as sum.in~ tl).e cis 

co~it11ration; howe~er, the double bonds to which methyl side chains are 

directly attached (C=C{Clf:3)) m·ay e:x:ist in the ~ form, since only slight 

steric hindrances e:x:ist. The central double bond of j:,he c40_-carotenoid is, 

of course, free to assume either a cis or a trans configuration, sine~ no 

methyl groups are attached either to the carbon atoms joined by the double 

bond or to the adjacent carbon atoms. Furthermore, any double bonds included 

in the cyclic end groups have their configurations fixed permanently and are 

not subject to stereoisomerization. 
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It follows,, therefore, from these considerations that lutein has onl;w 

five double bonds available £or tr~-ois changes·: 

Figure 4. All-trans lutein 

(The five stereochemioally-ef'feotive double bonds are numbered:))1 

For an unsymmetrical mo·leoule the number of stereo isomers is 2n,, where ni fa, 

the number of stereochemically effective double bonds: (80.,.5:4); this giv.es· 32 

a.a the theoretical number of members of the lutein, stereoisomerio set2• 

Configuration 2.£. the 'lfwo Known Stereoisomers of Lutein\.- A tentatiV,e 

assignment of configuration of neolutein A and neolutein H: has been made by 

Zeohmeister and Polgar (83), who inferred the presence of a single ~ bond in 

each molecule from the fact that the spectral maxima of the nee-compounds lie 

at wave lengths 5-6 mp• lower than those of the naturally occurring all-tra.ns­

lutei~ (19). The suggested locations. of the ~ double bond were based on the 

heights of the spectral maxima which lie at approximately 330, mp:. When alllJ 

1 The following nomenclature, proposed by Zechmeister and Polgar (8'.3)-, will be 
used in this Thesis: Each double bond of the conjugated system will be 
assigned an italicized numb.er in order to avoid oonf'usion with the numbering 
o: carbon atoms: !•~•,· !~2,-di-cis- ,S-oarot?ne. • Th? lowest number will b.e . 
given to the double bond in the p-ionone ring or, if the double bond of this 
ring is not part of the ohromop~ore, to the conjugated double bond nearest the 
~-ionone ring. In the absence of suoh a system an o<.-ionone ring receives 

pref'erenoe over an aliphatic terminal group,. 
2 The term. "stereo isomeric set II includes all ois-trans isomers of a given 

oarotenoid (68). 
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all-trans carotenoid undergoes trans-2!! isonterization.,. the extinction in 

the visual spectral region is markedly decreased, while a new maxim.um appear~ 

in the range 320-380 mp. Zechmeister am Folgar,. who discovered this effecrt. 

(8',2).,. termed this maximum the "cis-peak: 11 and the range of wave lengths in 

which it appears, the "cis-peak region". Theoretical considerations advanced · 
- · 

by Pauling (54.,79) show that the height of the ~-peak is determined by the 

degree of bending of the aliphatic chail (of. also Mulliken (50.,51))). A 

high ~-peak,. such as that of neolutein A, corresponds to a~ double bond 

located in the middle of the conjugated chain, while a much lower cis-peak.,. a.s 

in the case of neolutein B., corresponds to a cis double bond near the end of 

the conjugated system. On this basis Zeohmeister and Folgar concluded that 

neolutein A is probably~- or 5-mono-ois-lutein and that neolutein Bis pro­

bably~- or 9-mono-cis-lutein. 
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B. DISCUSSION OF NEW EXPERIMENTS: 

1. Conversions ~ Lutein _!!:. Solution ~ Elevated Temperatures 

Iodirie Catalysis ~ ~ Temperature.- Preliminary experiments confirmed 

the observations of' Zechmeister and Tuzson (88:) that iodine catalysis at room 

temperature yields neoluteins A a.q.d B',. whioh may be separated from the un­

changed all-trans-lutein on a calcium carbonate colwnn. Both benzene-petroleUilll. 

ether mixtures and solutions of' acetone in petroleum ether were used as 

developers in an attempt to increase the sharpness of' the separation am thus 

possibly to detect small an.cunts of' isomers that had hitherto escaped discovery. 

· 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 

and Polgar (83), work with iodine catalysis at room temperature was discon­

tinued. 

Fusion of Lute in Crystals.- S'ince prior experiments on the thermal isomer­

ization of lutein (8'8'.,62) had not employed heating over 80°, it seemed desirable 

to investigate the changes occurring at higher temperatures. Accordingly,, lutein 

crystals were melted f'or three minutes at 200.0 to 230°, lower temperatures being 

precluded by the melting point of lutein. Chromatographic analysis of the 

pigment mixture ;:: in the solidified melt showed an upper, heterogeneous layer 

which on rechromatography was found to contain both unchanged lutein and neo­

lutein A. In addition to these two identified pigments and to some other colored 

products that did not possess the o<.-oarotene or lutein ohrompphore, four layers: 

were present whose spectral maxima, both before and after iodine catalysis, 

corresponded to those of mono-cis-luteins. More work will be necessary to 

establish whether these compounds are members of the lutein stereoisomerio set 

and whether one of them is identical with neolutein B. 
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The chromatogram. of the melt also showed a heterogeneous yellow layer 

of muoh lower adsorbability than the lutein zones. Rechromatography of thia 

mixture yie.lded several pigments having the spectral maxima either of all­

trans-lutein or of neoluteins A and B<; upon the addition of iodine to solu­

ti.CD1ns of .any of these pigments., the spectral maxima shif'ted to the equilibriunn 

values for the lutein stereoisomerio set. The position of the layers on the 

'lrewett column., their partition behavior., and their solubility in petroleum. 

ether indicate that they are not related to either lutein or o(-carotene 

(Figure 1)., but rather that they constitute an entirely new group of caro­

tenoids, which contain a single oxygen atom. Three of the pigments . ., termed 

the "desoxyluteins"., have been crystallized and studied in some detail; the 

experimental data are discussed below in Section c. 

The high temperatures employed in these melts caused considerable pig­

ment lo ssEl~, the total yield of pigment at the 1end er the melt varying from 

about 52% at 200~ to about 8% at 230°. Therefore., it seemed desirable to 

search for a method which would pennit heat treatment of lutein at temperatures, 

between the boiling point of oBnzene and the temperature necessary to obtain 

µom:ogeneous lutein nielts. 

Mixed Mel ts ~ Naphthalene.·- It was found that homogeneous so~utiot1s 

are obtained when mixtures of lutein and naphthalene are .!'used at temperatures 

of 85° or higher. The presence of naphthalene in. the melt mixture af'ter 

cooling causes no difficulty.,. since naphth_alene . diss~lves easily in benzene 

and is so weakly adsorbed on the chromatographic column that _it passes into 

the filtrate before any appreciable move~ent of the pigment layers down the 

column has taken place. This new method., although it has been applied at 

the present time: only to lutein, should prove more generally applicable and 

facilitate the study of thermal isomerization of oarotenoids with high melting 

points. 
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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 ve.lue, while a three-minute fusion of lutein crystals 

at 200° caused only a 48% lessening of color intensity. Moreover, the 

products f'rom three-minute lute in-naphthalene mixed melts at 85°, 110°·,, and 

150° were found to be essentially the same as those from melts of lutein 

crystals at 200°; or higher, namely,. 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, among which were the desoxyluteins·. 

Naphthalene Melts in the Presence of Iodine.- When a combination of 

thermal and iodine catalysis was employed by carrying out mixed melts with 

0 O 0 naphthalene for three minutes at 85 , 110 ,. and 140. in the presence of 2 to 5 

pg. of iodine per mg. of lutein,. no unaltered lutein could be detected by 

chromatographic analysis. Good yields of the monoxy compounds previously 

observed, including the three desoxyluteins, were obtained (Table 1}. The 

most striking feature of the chromatogram, however, Wl?-S a series of pink and 

orange bands at the bottom of the column. These pigments, which are adsorbed 

weakly on calcium carbonate and exhibit an epiphasic behavior, apparently con­

tain no hydroxyl groups. Their unique spectral characteristics mark them as 

a hitherto-unobserved group of carotenoids (see 11Epiphasic Pigmentsu under 

Part D). Yields under the conditions studied are so low, 1-2%, that isolation 

and characterization of the individual pigments must await the development 

of improved preparative methods. 

The use of iodine at elevated temperatures is a new feature and nothing 

is known about the behavior of carotenoids other than lutein under such con­

ditions. An investigation with numerous polyene pigments, should be under­

taken to determine the utility of the method both for the preparation of new 



artifacts and, at somewhat lower temperatures, for the production of new 

stereoisomers. 

Mixed Mel ts ~ Naphthalene ~ Orthoborie -~ ' . Tetra.boric Acid., 

or Boric Oxide.- In order to investigate the combined effect of acid and 

heat, tetraboric acid was added to the lutein-naphthalene mixtu~e before 

melting. Despite the insolubility of tetraboric acid in fused naphthalene, 

50-6o% yields of the previously-observed monoxy pigments were obtained at 

140° in five minutes (Table 1). Only small amounts of dihydroxy pigments 

and traces of hydrocarbons were present; it is particularly interesting 

that no unaltered lute in . could be _detected. Similar pigments and yields 

were obtained with anhydrous orthoborio acid or boric oxide. 

The use of these reagents increased the yield of the three desoxy­

luteins to such an extent that large see.le preparations, involving a total 

of 2 g. of lutein as starting material, could be undertaken profitably. 

Al though application of the reaction to zeaxanthin (Figure 1) did not lead 

to any detectable quantity of alteration products, the method should never­

the~ess prove of importance. 

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

of lutein was treated with boric oxide at room temperature for three days and 

0 then at 80 f'or two hours. The pigments produced were qualitatively the same 

as those found in mixed melts with naphthalene and either tetra.boric acid or 

bori~ oxide at 110° or 140°· in the oourse of five minutes. 

Experiments in Pyridine Solution~ Boron Trifluoride.- When lutein 

in pyridine solution was treated with boron trifluoride in ether for sixteen 

hours at room temperature, only traces 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 amounts in 

boric acid-naphthalene melts (see above). These compounds are not members 

or the lutein stereoisomerio set ( see "Dihydroxy Carotenoids11 in Part D}. 

Mixed Melts!!!:!::_ Naphthalene~ Sodium Tetraborate.- When anhydrous 

sodium tetraborate was present, the reaction took an entirely different 

course, i.e., only dihydroxy pigments were obtained. Sufficient time was 

not available for a detailed investigation of the zones; however, neoluteins 

A and B appeared to be present above unchanged lutein. A lower layer, having 

its spectral absorption maxima at 462 and 434 InJ1'•, showed a spectral behavior 

on treatment with iodine whioh 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 'Un (see S~otion D),. 

2. A Survey of the Processes Occurring in Solutions of tutein at 
'flevated 'fenweratures: - - -

On the basis or the postulated struoturea discussed below in Sections 

C and D for various artifacts obtained from lutein in these experiments 

oertain remarks can be ma.de about the processes ocourring in solutions of 

lutein at elevated temperatures. 

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

lute in solutions is to produce trans-cia rotations. This is true not ortly 

for fused lutein crystals but also for solutions of lute in in naphthalene, 

benzene, or alcohol. 

~ma~-~~~ of Mbnoxy Piwients.- Heat also produces small quantities 

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

desoxyluteins. By the a.ddi tion of iodine to naphalalene melts at so-1100 



20-40% yields of the monoxy pigments oan be obtained. A still further im­

provement in yield results when orthoborio acid, tetra.boric acid, or boric 

oxide are added to the melt mixture. In this oase no unaltered lutein oan 

be detected a~ong the few dihydroxy pigments observed on the chromatographic 

column, while the monoxy layers have 50-70% of the color intensity of the 

st,arting material. 

The loss of an oxygen atom to give monoxy pigments could be explained 

by a simple dehydration with the formation of a new double bond. However~ 

the present experimental results indioate that the desoxyluteins are formed 

without such an inorea.se in the number of double bonds in the molecule (see 

page 24). If this is the case,, the removal of an oxygen atom must be acoom­

panied by a reductive process of some sort. 

Although nothing can be said concerning the mechanism or desoxylutein 

. I formation until its structure has been clarified,. two possible mechanisms 

for the formation of' desoxyluteins II and III suggest themselves. The process: 

might well oocur by . a dehydration of the o<-ionone endgroup of lute in to a 

cyclohexadiene derivative~ followed by a subsequent hydrogenation to give 

desoxyluteins II and III, which are presu.~ably cyclohexene derivatives (see 

Figure 5). .Another possible mechanism is the formation of' a tautomeric free 

radical which then would react in some unknovm manner to form the desoxylutein$ 

(see Figure 6). 

The striking effect of the boron compounds is probably due to their 

strong electrophilic nature, which oauses them to react with the unshared 

electron pairs of the hydroxyl groups in the lutein molecule and there~ 

greatly facilitates the removal of' the hydroxyl group of the o(-ionone ring. 



or 

or 

Figure 5.. A Possible Meoh8.nisn for the Formati on o.f' D•.:.1 soxyh'1te i':1S 
II and II I • 
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Figure 6. A Possible Me chanism for the Formation of Dos oxy·lcrt.e i:'1s 
II 8.i".1d III 
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The formation of' the desoxyluteins seems to be in agreement with the .f'aot, 

observed by other investigators (41,59,.63), that dilute solutions of 

xanthophylls or lutein on treatment with dilute acids yield p,igments 0£ 

apparently lower oxygen content. Moreover, Zeohmeister and Lemmon (18) 

haite 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 formation of epiphasio pigments 

in small amounts when lutein solutions are treated with iodine at 80-110~ 

apparently involves' both dehydrating the o<-ionone and the ('-ionone end-

-groups of' lutein, and moving the isolated double bonds of the o<-i6none 

group into conjugation with the main chromophore. It is not clear, however, 

why these epiphasic pigment.a sl_10uld be deteoted after iodine treatment but 

not aft.er mixed melts with the boric acids, which are much more efficient 

than iodine in facilitating the removal of a hydroxyl group from the ~ 

ionone group of' lutein. 



2.3 

C. STRUCTURES OF THE DESOXYLUTEINS 

As mentioned above, three compounds or this class have been isolated 

in the crystalline state from pigment mixtures produced in boric acid­

naphthalene melts. Analyses showed the formula c40%6:0(I !¾l, and the 

names 11desoxylutein I", "desoxylutein II'', and 11desoxylutein IIIn were 

accordingly assigned · to the · pigments,. pending a final clarifica.t ion of 

their structures. 

All three desoxyluteins showed a partition behavior intermediate 

between that of dihydroxy oa.rotenoids and that of hydrocarbons, e. behavior 

to be expected of monoxy oompounds _which contain either a hydroxyl o~ a 

keto group (67,42,43,8,,.64.,.65),. Furthermo~e, the following adsorption 

sequence1 shows that the desoxyluteins are, in general.,. above hydrocarbons 

and blow dihydroxy e:arotenoids on the chromatographic column: 

Adsorbed Most Strongly 

.Adsoroed Most Weak:17 

Ze ax.an thin 

Lutein 

Lycopene 

Desoxylutein I 

Cryptoxa.nthin 

Desoxylutein II: 

ti-carotene 

Desoxylutein 

p-carotene 

o< -Carotene 

Can be separated only 
with the greatest 
difficulty 

1 The adsorption sequence was determined on 1 :1 oalcium oa.rbonate-oalcium 
hydroxide mixture, using 1-10% acetone in petroleum ether as developer. 



.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 lute in ( a dihydroxy- o(-oarotene) and o(-carotene ( e. 

hydrooarbon),. 

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

3) Upon oatalytic hydrogenation at room tem:!i!Srature each of the three 

oompounds adds eleven moles of hydrogen. 

4) .All three compounds have typical polyene absorption spectra (Figures; 

7-9), which shif't to. lower wave lengths and develop, cis-peaks (s·2) upon 

iodine catalysis. The visual absorption maxima of desoxyluteins II and III 

ha,r,e the sane positions as those of all-trans-0(-oarotene or all-trans­

lutein, and they shif't in a similar manner when catalyzed with iodine. The 

spectru:at. 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 Il9-1• longer than lutein without any corresponding increase in the 

manner of carbon-carbon double bonds. 

5) In biological assays for vitamin A activity in the rat all three 

compounds gave nesative results when 10 p.g. were fed daily per rat; this 

precludes the presanoe of [:3-ionone rings as end groups (67) • 

1. Structures of Desoxylut~ ,!.!. and Desoxylutein _!!! 

"While the above evidence is not sufficient to determine the structures 

of desoxyluteins II and III completely, some progress toward that goal is 

nevertheless pQssible. Since zea.xanthin fails ·to react in the boric acid­

napathalene 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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f .. i,o.none ring and its hydroxyl group; this aasumption seems to be in agree­

ment with the observation of' strain (63) that zaa.xanthin is more resistant 

than lutein to the action of' aoids. The ahsorption spectra show that ten 

of' the double bonds are involved in th~ chromophore. Th~e~fore~ both 

dasoxylutein II and desoxylutein III: may b-e written as in Figure 10. 

Figure 10. Deso:x:yluteins Ir and III 

Altered 
o(-ionone 
ring 

In the remaining unclarifi.ed portion of the moleoule 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 f'rom the o(-i.onone ring. If this 

is true, desoxyluteins II and III are oycloheJCSne derivatives whose structural 

formulas can be found in Figure 5; eaoh of the three formulas shown is i n 

a&reement with all the experimental evidence cited above. The possibility 

0:annot be excluded, however, that a carbon-carbon bond is broken in the melt 

to give a ~-carotene ·carbon skeleton (Figure 1); the .molecule would then 

contain either an additional double bond (Figure 11) or two additional 

hydrogen atoms (Figure 12). 'l!he s;truotures of Figure ll,. eaoh of which 

contains twelve double bonds, can be definitely ruled out by the hydrogenation 

data,. but the hydrogenated monooyolio pigments of Figure 12 have the same 

munber of double bonds as the bicyclic pigments of Figure 5 and differ fronn 

them only in having two more hydrogen atoms. The uncertainty of the carbon-
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or 

or 

Figure 11. L~probable Struotures for Desoxylute ins II a~d III 
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Figure 12. Possible Struc:tures for Desoxyluteins II and III 



hydrogen determinations (to.,.3% for oa.rbon and to.5% for hydr ogen) is so 

great compared to the differences between the percentages ealoulated for 

e40f1ssf) and for 040J1sai0 ('l?able 2) that it is impossible to decide lll:etween 

thE( -two , :. formulas. Consequently,. desoxyluteins II and III may be either 

bicycl~o carotenoids, as suggested in Figure 5, or monocyclic ca.rotenoids, 

as suggested in Figure 12. 

Table 2 

Calculated for c40}m56p 
Calculated for C40H5&.o 

In the final establishment of' the structures of deso~yluteins Ir and 

III oxidative degradations should. be of great value. With permanganate.,, 

chromic acid, or ozone under the proper conditions (20,21,14.,36,.18',ll.,,31),, 

it should be possible to isolate characteristic fragments . from the o(-ionone 

end of the molecule; typical fragments to be expected a.re shown fn Figure 13. 

The other, (J-ionone end group will yield o(.,.c,C.-dimethylsuccinio acid and 

o( ,. o(-dimethylmalonic acid with permanganate or chromic acid, but no o<,o<.­

dimethylglutaric acid (29,.16,15.,,52). Under milder conditions which permit 

the isolation of larger-sized degradation produota.,, derivatives such as ap► 

2- o(-carotenal ( 3), a.po·-2-zeaxanthinal ( f -ci traurin);, and apo-3-zeaxanthinal 

(27.,2S,23) might be obtained (Figure 14)! . 

Zerevitinof'f determinations f'or aotive hydrogen (39.,.40.,69,.7-0) as well 

as additional attempts at esteri£ication must be carried out with desoxylutein 

III to confirm its present classification as a monohydroxy oa.rotenoid. If' 

the oxygen is present instead as a ketone group.,, which may or may not be 

enolizable., treatment with hydroxylamine will yield an oxime under all but 

the most adverse 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(-oarotene chromophore with its ten double bonds does not contain 

a conjugated carbonyl group and, JJiOreover, the solutions of desoxylutein III 

in methanol and petroleum ether do not exhibi..t different colors,. · as do 

ca.rresponding solutions of oarotenoids which contain a carbonyl group in 

conjugation with the main chromophore (61). 

2. structure ,££ Desoxylutein ,! 

Even a partial determination of the structure of desoxylutein I is not 

possible at the present time, since its blurred absorption spectrum cannot 

be interpreted in terms of any known ohromop~ore. Only a few other oarotenoid~ 

a.re known which have similar spectra (Figure 15). Their visually observed: 

absorption maxima are given in Table 3, along with those of desoxylutein I:. 

Heilbron and Lythgoe (&) asorib:e the blurred spectrum of myxoxanthin to the 

]qxoxa.nthin (8) 

Eohinenone (42,43) 

Astacini (3T) 

Capsanthil'll (11,72) 

Methyl azaf'rin (34) 

Desoxylutein r 

Table 3 

Ah>sorption Maxim.a il'll .Absorption Maxima in 
Carbon Disulfide (mp.) Petro1'81lJm!. Ether (ffi)i.} 

488; 

(520 ), ,, 488:-,, (450) 

505-515 

643, 504 . 

476, 446, 419 

( 63'll),,, 493, 451 

465, 

50:6,, 4'715 

44'1, 423 

(493 .5), 459· 
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Echinenonr 

CH3"' /CH3 CH3"" /CH3 

/c"" ~u3 r-13 ?i3 1H3 /c"" 
IJ.12 ~-CH=CH-C:CR-CH•CH-C-CH-CH=CH-Cn:c..cH=C:'i-CH:C-Ci!=CH-C~o r-!2 

ROOH C • /CH2 HCOH 
~ / 'cH3 Ca.psanthi n CH" \ / 

C¾ ~ C¾ 

Figure 15. Some Ca.rot cmoids Having Bl u r red Ab sorption Spect r a 
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presence of the end group,, 

which contains a keto group, in conj,ugation with eleven double bonds on one 

side and a single double bond on the other.,. although they give no theoretieal 

justification for such a belief. However., in the case of oa.psa.nthin ('ll.,,12) 

and methyl a.zafrin (34) such a grouping is not present. As a result the ow.yr 

certainty at the present time seems to be that a lack of fine structure in 

the visible region ~equires at least one carhonyl group, conjugated with the 

ma.in chromophore• While a necessary condition., this is~ however., not a 

sufficient one, since numerous compounds with conjugated ketone groups show 

a fine structure: for example, semi-t3-carotenone and (3-carotenane (6177) 

(Figure 3). The spectral evidence therefore :tndicates that deaoxyluteini I 

09ntains a conjugated ketone group. This conclusion is not., however., in 

agreement with the other exped.J.-nental evidence. Suoh a conjugated o:arbonyl 

group, could not undergo esterifica.tion without first being enolized and this,. 

in turn., should be manifest in an altered spectral curve for the eater, 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 aolv:ent is characteristic 

for carotenoids containing a conj,ugated 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 ~he 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 function. 
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D. Nature~~ other Com.pounds Formed~ Lutein 

Of the great number of unidentified pigments observed in the reported 

experiments a few compounds f'or which some experimental data i,s' available to 
✓ 

permit partial characterization ·will be mentioned briefly here. For con­

venience the pigments have been divided into two olasses: 1) dihydroxy 

carotenoids, and 2) epiphasio pigments. 

1. Dihydroxy Carotenoids 

"Neolut:ein lJ:11 
.- The name 11neolutein u" has been tentatively assigned to 

a pigment, obtained from sodium tetra.borate-naphthalene melts, which has 

visual absorption maxima at 462.5 and 434.5 mp.. Upon the addition of iodine 

the bands blur for a. few seoonds and then reappear at 474 and 443 mp,., which 

are the iodine equilibrium values for the o(-oarotene and lutein stereo­

isomeric sets. This spectral difference of' about 14 mp.• from the all-trans­

form,, together with the adsorption affinity and hypophasio partition behavior 

of the pigment, seems to , • ·:: ~- ~.-: ·.,,:: point to a. di- or tri-cis-lutein (719}. 

After three days• standing at 5° a petroleum ether solution of the 

pigment was chromatographed and found to contain three layers whose visual 

spectral maxima and chromatographic adsorption behavior oorresponded to those 

expected f'or neolutein A, all-trans-lutein,, and the unchanged pigment. 

Iodine 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 neolutein B from the equilibrium mixtures is 

surprising. Further work must be done to clarify the status of this compound; 

large an.cunts of' starting material will be required since the yields are 

only about 1%~ estimated colorirnetrically as lutein. 

Pigments Which Are Not Stereoisom,.ers 2!._ Lutein.- The pink and yellow 

pigments, designated in the experimental section as "X" and nytt, are formed 
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in mnall amounts by the action of boric aoid 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. Sinoe both pigments lie above lutein in the T's:Wett oolumn and 

are hypophasic,,. they undoubtedly contain two free hydro,;v-.:1.groups. 

The upper pigment,, 11:lill", has visual ablsorption maxima in petroleum 

ether at 48'2 and 451 mp.,, which go to 4i at and 448: rryi. upon addition of 

iodine~ On the basis of the close spectral resemblance to the f-carotene 

chromophore the compound could be all-trans-zeax.anthin. Under the energetic: 

experimental conditions employed the migration of a douole bond into con­

jugation 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 zeaxanthin oan be easily established when work is resumed. 

The lower of the two pigments, "Y",, pos sasses the same absorpt'ion 

spectrum in petroleum ether as neolutein A or neolutein B, namely, 47,1 and 

442 mp,•,- shifting to 4'll4 and 444 mp. on the addition of iodine. Chromato­

graphic analysis of this iodine equilibrium mixture showed neither neolutein 

A,,. neolutein B, nor lutein, so that the compound apparently does not belong 

to the lutein stereoisomerio set. 

2. Epiphasic Pigments 

These compounds are formed in small amounts by the action of iodine at 

temperatures of 80~, or higher. The total yield, which was only about 1%, 

was divided among numerous stereoisomers, so that crystallizable amounts 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 

sharply · defined maxima and a behavior on iodine isomerization which ind ioates, 

that they belong to the same stereo isomeric set. Unfortunately,, the chromo­

phore, which has absorption maxima at 520, 488-, and 457 mp•,, is an unknown 

one; of the known carotenoids the closest spectroscopically is rhodoxanthin,, 

whose chromophore contains eleven carbon-carbon double bonds with a con­

jugated carbonyl group at 

Figure 16. Rhodoxanthin 

Spectral Maxima in Petroleum Ether 
524, 48,9, 458; mp• 

each end (32). Such a diketone: is ruil.ed out by the epiphasic partition 

behavior but a replacement of the two conjugated ketone groups by a single 

c.arbon-carbon double bond should give a chromo.phore with its first absorption 

ili maximum at approximately the same wave length, namely l 'Tt'-20 IDf• greater 

than that of dehydro.-earotene (35,25, 26) o;r 34-40 mp• greater than that of . 

f -carotene (Figure 17'). Hydrocarbons containing other than two alicyclio 

rings are apparently ruled out on the '&a.sis of spectral data (Figure la). 

l T.he increase in the wave length of the first absorption maximurru caused by 
the addition of a single carbon-car bon double bond to the ohromophore is 
17! mp·. in going from o(-earotene to o-oarotene or 20 II1)l'• in going from 
f-c:arotene to dehydr o-ca.rotene (Figure 1 'W). 
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CH3'\ / CH3 cn3 / on3 

/ \ jH3 IH3 f H3 IH3 )c'-._ 

I H2 ~ -CH:CH-C :CH-0 RilC~-C=CH-CH-CH-CH=C-CH=CH-CH=C-c:tI::CJI-~ ,H2 

CH2 c" /c CH..., 
"" / c:a:3 p -Carotene CH3 \ / " 

CH2 (11 conjugated doublf:; bonds) CH
2 

Spectral '.fa.xLw. ht Petroleum Ether 
,tR ,' ,. d.Cj2 m:iJ .., ._,.. :J: , .... t.. " •H,, • • 

Spectral Ma.x:i.ma in Petroleum Ether 
504, 475, 447 mµ. 

CH3'\_ /CE:3 CH3"' 1cu3 

// c"' IH:3 IH3 IH3 IH3 le"' 
IH2 ~-CH=CH-C::CH-CH-CS:-C=cH-CI:I-CH-CH:i;-CH~H-CH=C-Cli.:CH-11 I R2 

CH C C CH 
'- / "cB:3 Hv-oot:1etical Stn1ct.11re mr{ \ / 

CH (13 ~~njugated double bonds) CH 

Expected First Absorption lilaxima in Petroleum. Ether 
484+ (34-40) = 518-524 rrrp .• or 504 + (17-20) • 521-G24 lf9-l• 

Figure 1'7. Rela-tfon Behmen Chro::iophore and Wa-vo Length of 
First Absorption MaxLuu.n 



Expeoted First Absorotion Maximum in Petroleum Et.her 
495 + (17-20) :: 512-515 mp. 

Expected Fi r st Absorpt:ion Maximum. i n Pet:rolaura Ether 
f.Q '7 + (17-'X .. J'') .Q c; •) A ,·27 - ., - \Jw',t -0 mp o 

Figure 18. l.'nprob able St ructures f'o:r Ep iphasici Pigments 



E. EXP'.iJRIHElTT.AL DETAILS 

1. Introduction 

Cert&,in reagents, techniques, and P.nalytical methods, which ,;;ere used 

repeatedly in the experimental ,,,,ork, will l)c c1escribed in the following 

section to avoid repetition. 

Reagents.- Tetraboric acid
1 

was preparecl from Herek :Reagent orthoboric 

a,cia., either anhydrous or with ,-,ater of crystallization, by heating in a 

porcehdn evaporating cl_ish at approximately 250° until foaming ceased; usuaJ.ly 

20-30 minutes were required. The melt was allowea. to cool to room temperature, 

g-.co1.,mcL to a fine powder, and storecl in a tightly-stoppered bottle. 

Boric oxide was preparecl. frorn Herek Reagent boric acid, either anhydrous 

or .with water of cryste,llization, oy he2.t ing in a porcelain eva:porating d.ish, 

cautiouslJr at first until foaming had ceased end. then at red heat for fortY"' 

five m:i.nutes. The melt was allowed to cool to roo11 temperature, ground to a 

fine powder, a.nee stored in a tightly-stoppered bottle. 

The petroleum ether used wa,s Skellysolve ] , b.p. 60--70°. Chromatogr2phic 

developers were prepaTed by diluting this petroleum ether with 1, 2. 5, 5, or 

10 volume percent of acetone. Also used 2,s developers were 3:i, 1:1, 1:3, 

Md 1: lt petroleum ether-benzene mixtures. 

The adsorbents were lforck Heavy Powe.er calcium carbonc,t e, USP, end Shell 

Brona_ calcium hya.roxic1e, c.11.eraictl hydrate, 9Sf; through 325 mesh. A l:J. mix-

ture of these e.dsorbents, prepared oy mechenical shsking for et leB,st Lf5 minutes, 

was al so employec1. The ad.sorbent s were packccl in suitable colu."llls of the fol­

lowing sizes (Scientific Glass A:ppa1·atus Co., :Bloomfield, W. J. ): 

1 
In e,ddit ion to tetra1)oric acid some metaboric acid mc.y "be present in the 
:product (4Sa). 



Column Size Inner Diameter (mm.) Length (mm.) 

No. 1 11 130 

No. 2 19 200 

No. 3 38 230 

lfo. 4 4g 270 

No. 5 5s 300 

No. 6 BO 330 

Teclmiaues.- The pigment zones were 11 elutecln by washing on a sintered 

glass filter with 96% ethanol until the pigment had passed completely into 

the filtrate; in some ca,ses petroleur.1 ether or ether were added to the ethanol. 

This solution was then placect in a continuous Wc,sher (~4) and. ether, petroleum 

ether, or benzene was added. Upon acld.i tion of water the pigment migrated into 

the upper phase and the solution' was washecL with running water for 5-10 minutes 

to remove all traces of e.lcohol. Finally, the organic solvent was dried over 

anhydrous sodium sulfate for 5-10 minutes. 

The partition behavior was determined by shaldng a benzene or petroleum 

ether solution of pigment with B5% metha,.-r1o l 2JJ.d estimating the reJ.ative inten­

sity of color in the two phases. The e.."Cperiment was then repeated with 95~& 

methc,nol. A .final test was carriecl out "bJr mixing a sal'!lple of the original 

solution with an eq_ual volume of absolute methanol and adding the minimum 

amount of water which would give a separation into two phases. Pigments which 

are fotmd in the upper phase are saia. to oe 11 e:piphasic 11 , while those pigments 

which are found in the aq_ueous pbase, even with 85% methanol, are termed 

11 hypophasic 11 • 



Characterization and Analytical Data.- Visual absorption maxima were 

read in a Loewe-Schumm Evaluating Grating Spectroscope, Zeiss, using a 2 mm. 

blue Zeiss BG-7 filter. 'When maxima for a pure substance had been reaa_, 

5-7 drops of solvent containing 30-60 }lg• of ioa_ine per ml. were aclded to 

t he speqtroscopic cell a::.10_ the maxima were recorded again. 

All extinction curves were taken on a Beckman Spectrophotometer (2) 

with petroleum ether solutions :freshly prepared. from crystals; a. few clrops 

of benzene Here used to aid in dissolving the deso:xylutein crystals. 

All optica l rote.tions were measu.red with a Schmidt and Haensch polari-

meter with a cadmium lamp as light source; chloroform was used a s solvent. 

Photometric estima tions were carried out by rBading the extinctions in 

either petroleum ether or benzene with a Pulfrich Gracla.tion Photometer, Zeiss, 

and blue (S47 or S49) light filters. The colorimetric extinctions were con­

verted into concentrations of lutein or lycopene by means of the curves in 

use in this laboratory. 

Melting points were taken in an electrica.lly-heatea. Berl block (1) with 

the rate of heating adjusted to give a temperature rise of less then 2° per 

minute ne2x the melting point. A.11 samples were sealed under carbon dioxide. 

02.Tbon-h:fdrogen analyses were carried out by the st2ndard Pregl micro-

combustion method. 

Molecuh:.r weights were determined. by the Rast freezing point lowering 

method, using either exaltone (cyclopentadec?_none) or cemphor a s solvent. 

Catalytic hydrogenations vere carried out in the a:oparatus devised. by 

Prater ena. Hc>..agen-Smit (53) 1:rith platinum oxide catalys t and a mixture of 

methylcyclohexane and glacial acetic acid a.s solvent. 
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The biological assays for vitamin A activity were carriea_ out in the 

standard. manner by placing young rats on a vitamin A-free diet which contained. 

all the other factors essential for normal growth. This diet was supplemented 

by a daily dose per rat of 10 p-s• of the test carotenoid in 0.1 ml. of Wesson 

oil. Lack of vitamin A activity was evidenced l1y cessation of gro1r.rth, 

ophthalmia, and. finally a.eath. Dr. C. E. P. Jeffreys kindly s~pervised these_ 

tests. 

Acknowledgment.- The author is incleoted to Dr. C. E. P. Jeffreys for 

rat _tests, to Mr. R. M. Lemmon and Mr. H. Pinckard for assistance in some 

preparative experiments, and to Professor A. J. Haagen-Smit as well as Dr. 

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

2. Preparation of Lutein 

The isolation of lutein fro.!:!1 Trsgetes -patula extracts was described by 

Kuhn, Winterstein, and Lederer (41). A moclified. procedure maldng use of 

chromatography was used. in the following preparation. 

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

California) was ground in a Wiley r;iill and percolated with 5 liters of 

ether. Thirty percent methanolic pota,ssium hydroxide was added to the ether 

extract until a second. phase separated and the liq_uid was allowed to stand 

overnight a,t room temperature; the saponified extract was then washed free 

of alkali and methanol, dried over e"nhydrous sodium sulfate, ancL_ evaporated 

in vacuo at 30-40°. The residue was dissolvea. in ~50 ml. of benzene at 40° 

and the pigment crystallized by the add.i tion of three volumes of petroleur1 

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 rag. portions. 

The solution of each portion in 100 ml. of "benzene was developed with benzene 

on a No. 6 calciu-1n carlJona.te column. The main zone was eluted with en ether-

ethanol mixture, washed alcohol free, dried over sodium sulfate, and evaporated 

in vacuo at 30-40°. The residue was crystallized from 25 to 30 ml. of chloro-

form "by the adcti t ion of four volumes of petroleum ether ana_ gave on the average 

about 165 mg. of lutein. These glittering cryste.ls were chromatogra:phically 

homogeneous ar1d in a mixed chromatogram they did not separate from lutein 

obtained from another source •. The analytical a..11.d optical a.ata were correct. 

_ 3. Prelininarv Jib;periments 

Fusion of Lutein Alone.- Sixt:r mg . of lutein were sealect uncter carbon 

cUoxide in a Pyrex _tube and heated in a dil:Jutylphthalate bath at 200-205° for 

three minutes; the tube was then cooled rapid.ly in ice \vater. The :pigment 

was dissolveci_ in a few milliliters of benzene, diluted with tl:i..ree volumes of 

petroleum ether, a.-i.d p;>ure:O on a No. 4 calcium carbonate column. Development 

with 1 :l.t benzene-petroleum ether yield.ed the following chromatogram: 

Le.yer Thickness 
in mm. 

50 

20 

3 

30 

30 

Color Spectral Maxima in 
Original 

Petroleum Ether (mp.. ) 
After Iodine 

Catalysis 

Yellow (Co:nplex mixture; 11 Zone A11 ) 

Colorless 

Yellow 477, 44'7.5 

Colorless 

Yellow (Complex mixture; 11 Zone :S 11 ) 

Zone 11A11 was eluted, transferred into _benzene, and dilnted with three 



4S 

volumes of petroleum ether before rechromatography on a No. 3 calcium car-

bonate column. Development was with 1:3 benzene-petroleum ether, followed 

by 1:1 and. 3n benzene-petroleum ether and finally oy pure benzene. The 

following :!'!:Ones were ooserved: 

Color Spectral Ha:xima in Benzene (mp.. ) 
Original After Iodine Catalysis 

Yellow 

Pink 

Yellow (Neolutein A) 

Pink 490.5, 4.5s.5 

Yellow 4s7.5, 456 

Yellow V.-84.5, v.53.5 486.5, 456 

Yellow 

Yellow (Lutein) 

The neolutein A and lutein layers were ident·ified by means of mixect 

chromatograms. 

A petrole1.un ether solution of 11 Zone ] 11 v:as chromatographed on a 1'To. 3 

column packed with 1n calcitun c2.roon2.te-calciu.m hyd.ro:x:ide. Development 

with 175 and then with_ 2. 5% acetone in petroleum ether save the following 

layers: 

Color 

' Pink 

Pink 

Orange 

Yellow 

Orange 

Yellow 

Yellow 

Spectral r-faxirna in Petroleum Ether bp..) 
Original After Iodine Catalysis 

(4S4-), 455.5, l!27 456.5 

V.-SO. 5, tr4s. 5 477, ij46. 5 

475.5, 44:5, (4Hs) 474, 4v.3 

l.fu a _,' ~-3s L:-~4. 5, 441I 

476.5, 4l.tlt.5 476, L(hl: 

L!-79-5, 438.5 475.5, l.tl11f. 5 

l.!71.L 
• I ' l:.75 



Pigment Losses in the Lutein Eelt_ ... Three to.six mg. of lutein were 

sealed in a sm2,ll P:rrex tube uncler car"bon dioxide and melted for three 

mint1tes,. J.fter rapid cooling the pigment v1a.s dissolved. in benzene ancl es-

t imated photometrically. The following values ,,,ere obta inea_ {calculf:'. ted 

as 11 lutein 11 ): 

Terr,perature 
of Melt 

(Blank) 

200° 

210° 

220° 

Percent Re covery 
of Pigment 

94.5% 

7 6ff/. . • ,o 

Lute in-Naphthalene Helt s ... Sixty r:1g. of lutein ana_ 330 mg . of naphthalene 

were mixed toget her ana_ sealed under ca rbon dioxide in h ·o Pyrex tubes (8 mm. 

outside diarn.eter ). The mixture wa s 11eltec1 by immersin6 the tubes in a di­

butylphthala te oath at 150° for three minutes. After rapia. cooling the 

solic1.ifiecl melts V.'ere dissol vea. in 3 ml. of benzene anc, then 32 ml. of petroleum 

ether was added. The solution was poured on a No. 4 ca lcilli!l carbonate colUI:ll1 

e.nd developed with benzene. The followin.;; picture 1· e s;.,1.l tedr 



Layer Thickness 
in nun. 

5 

5 

25 

5 

10 

10 

15 

30 

4 

10 

Color 

Yellow 

Colorless 

Yellow 

Colorless 

Yellow 

Colorless 

Yellow 

50 

( 11 Zone A11 ) 

Colorless 

Yellow (Lutein) 

Colorless 

Orange ( 11 Zone B11 ) 

Spectral Maxima 
Original 

in Benzene (my_. ) 
After Ioa.ine Cc,talysis 

The top layers, 11 Zone A11 , vrere combined, eluted, trac'1sferred into benzene, 

and four volumes of petroleum ether were added. The solution w2,s poured on a 

Ho. 5 calcium carbonate column, developed .with 1:3, 1:1, and.3:1 ben,zene­

:;?E'trolem.1 ether mixtures and, finall:r, with pure ber.zene. The following 

chromatogram was obtained: 
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Layer Thickness Color Spectra,l Maxima in :Benzene (~.) • 
in mm. Original After Iodine Cat alysis 

10 Yellow 4SS. 5, 457-6 l.J. -,88.(5, 1157. 5 

5 Colorless 

5 Orange 489.<7, 457.($ 1+90.~, 457.15 

5 Colorles s 

m Yello•,v (lifeolutein A) 484.5, li53. 5 487.$, 1~56. L5 

2 Colorless 

2 Orange 487.5, 455.:, 489 .15, 457 

5 Colorless 

10 tZone C11 • 
Yellow ' ot neolutein B)485.5, 454.i!, 487. 5, ~-56 -5 

i::; Colorless ./ 

~D Yellow 488.5, 456.5 488. :,, 456.5 

1Teolutein A was id.entified by a mixecl chromatogram with neolutein A 

freshl y pr epared b~r the action of iodine on lutein; 11 Zone C11 , which showed 

_ approximate l y the same spectrum as neolutein J3, was tested_ i n the sane way 

·with neolnt ein B but t wo pigment zones were obt a ined. 

Ar. attempt to crystallize 11 Zone :B 11 was unsuccessful. Accordingly , the 

solvent was evapora ted, and the resid1..1.e was dissolved in _:petroleur.::t ether with 

the aid of a few drops of benzene. 0.5 T!ll. of petroleum ether containing 

2pproxim2,tely 15 )ls • of iodine were added and. t he solution was ailqwed to 

s tand for thirty minutes a t room temperF-ture before being chromevto graphed on 

a lfo. 3 co hmm p2,cked -:d th 1 n ca lcium carbonF.te-calcium hydroxide mixture. 

Upon development with 1, 2. 5, and 5% acetone in :petroleum ether the following 

cl"romato gram appeared: 



Layer Thickness 
in rnm. 

15 

Color 

Yellow (faint) 

15 Colorless 

5 Pink (De.soxylutein I) 

10 Colorless 

13 Yellow-orange 
(Deso.xylut ein II) 

2 Colorless 

: l~ Yellow 

12 Colorless 

10 Yellow-orange 
(Desoxylutein III) 

5 Colorless 

10 Yellow 
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Spectral Haxime. in Petroleum Ether (mp..) 
Original After Iodine Cataiysis 

u92.B (very 
blurred) 

477, 447.5 

470.5, 441 

wave length 
decreases; 
too blurred 
to be read 

The top anc.. bottom layers of this chromatogram vere found. to be epiphasic 

when partitioned between 85% methanol and petroleum ether, but with 95~l methanol 

a portion of the p i gment , estir:1ated as approximately one-fifth, migr2.ted into 

the aqueous pha.se. 

Lutein-naphthalene melts at 85° r..nd 110° gave essentio.lly the same bends 

e.bove t he layer of unchanged lut ein . However , at 85° no lo";er layer of mono­

hyd.ro,xy-compounds was observed and at 110° only a trace. 

Yields Obtained. in Lute in-Naphthalene Hixed Melts ... Twelve mg . of ' lutein 

were mixed with naphthalene and melt ed. for three minutes at 1h0°. Pnotometric 

estimdion of the three main zones gave the following yeilds (calculatea_ as 
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"lutein°): 

Neolutein A, 13~-l ; Lutein, 27~i ; Monohydroxy-compounds, 10%. 

Ivlixed Melts with lfaphthalene and. Iodine .. - Twenty-three mg. of lutein 

and 100 mg . of naphthalene ,,!ere mi xed to :E;ether in a small Pyrex tube (g mm. 

outside a.iameter) and. a tiny cry stal of iodine Ca.bout 50 )lg.
1

) wa s added. 

The tube ,..,as filled. with carbon dioxide, sealed , and hea ted to 140° for three 

minutes. The solid.ified melt was dissolved in the minimum amount of benzene 

and t hree volumes of :petroleum ether were a.c1ded. The s olution was chromate-

graphed on a No. 3 calcium carbonate colurim and developed ,.,,.i th 1 n benzt,;,ne­

petrolm.·un et her: 

Layer Thickness 
in mm. 

3 

3 

5 

7 

2 

50 

20 

2 

2 

3 

20 

25 

Color Absorption Maxima in Benzene (mp..) 
Original After Iodine C2.t al ~rds 

Yellow 

Colorless 

Yello,-r (heterogeneous) 

Colorless 

Orange-Jrellow 495.5, 461.5 

Fa int yellow and pinJ-:: bands 

Yellow 

Pink 

Colorless 

Yellow (Middle layers; "Zone A11 ) 

Colorless 

492 , l~O 

Pink and orange ba.nds (Lower le.yers; 11 Zone ] 11 ) 

1 In a prelimina.ry e.A."})eriment in which 1-2 mg . of iodine was a dded almo s t 
all t he pigrnen t was bleached. durinc; t h e melt. 



"Zone B11 was a,d.sorbed only v,eakly ancl no satisfactory separation could. 

"be achievecl before its zones reached the bottom of the column. 

The layers of 11 Zone A11 1::ere com"bined for elution and transferred to 

petroleum ether. When cl.eveloped on a No. 3 calcium hydroxide column with 

, <! 1, 2. ~, enc.. 5i' acetone in petroleum ether the following chromato gram resul tea.: 

Layer Thickness 
in mm. 

Color Absorption Maxima in Petroleum Ethe r (my.) 
Orig inal After Iocline Catalysis 

20 Faint yellow bF..nds 

Pink (Deso:xylutein I) 5 

10 
Lf 

Yellow} 
Orange 

(Deso:xylutein II ~
77 plus unidentified ' 

piement) 

2 Colorless 

6 Yellow 

10 Colorless 

12 Yellow (Deso:xylutein III) 479, lt49.5 

3 Colorless 

15 Yellow 470, 441 

l.[92 , 459 

475.5, 445.5 

475.5, 445 

4.76, 445.5 

The top and bottom l ayers vere epiphasic when partitioned between s5% methanol 

end petroleum ether, but divided "between the t wo phases when 95% methenol \·,2.s 

employed.. 

The layers of 11 Zone J3" we r e transferred into petroleum ether and. developed 

on a liJ'o. 3 calcium hyd.roxide column Hith petroleum ether F...J.'1d. 1% acetone in 

petroleUJ'.l ether: 



Layer Th ickness Color 
in. 1nm . 

4 

12 

7 

5 

3 

13 

6 
3 

Faint pink bands 

PirJc ("Zone C11 ) 

Faint pink band.s 

Yellow 

Pink 

Or a...rige-p ink 

Pink-violet} 
Violet 
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Absor1)tion Maxima in Petroleum Ether (r-:ip.) 
Orig inal After Io dine Catalysis 

No ree.,dable sp ectrum 

519. 5, 487 .5, 457.5 

478, 449.5 

4 7g, (449 ) 

~-77-5, 446 

4rn 

511:s.5, 486.5 , l:.56 .5 · 

(517-s ), 487, 456.5 

l.[S 3 • 5 , l.t5 3 

433, 452 

434, 452. 5 

432 

5 Pink and. violet bands Ho reaclable sp ectrum 

Pi gment s 11 0 11 and. 11D11 ·we r e epiphasic . The lower of these two zones was 

f olmct i n mixed chrom.2-togra."Ils to b e adsorbed. on ctlchun hydroxicl.e below 

kry})toy...anth in a.'1.C:. ,rcarotene but abo ve 13-carotene . 

Similar experiments, carri ed out a t S5° and a t 110°, gave mi d.cU e layers 

which on r e c:b..romatographing were found. to be es sential l y the same as t hose 

proc1uced a t 1l.:0°. Only tr2.ces of t h e lover epiphasic l ayers were fo1.ma. in 

the S5 ° melt, but t he 110° melt cont a i ned numerous bands, four of whi ch had 

spectr2. go ing to 517, 434.5, 455 mp.. upo!l the addition of iocl.ine. The 

petroleUJn ether solutions of t hese four banc1..s we::-.·c combinecl , con centratecl. 

t o 20 ml. in va cuo, and treated with iocline • in petroleum et her for 20 minut es 

a t roo m temper ature. The solu t ion 1Jas then chromat ogr aphecl on calcimn 

' d • d 1 ~ l d. • ,. h 2. 5°l , 11y roxi e ana L~ev e_op e. '\·; l l,. ,- 55;, and. 10% acetone i n petroleum et her: 



Layer Thickness Color 
in mm. 

Spectrd Yia::dna in Petroleum Ether (mp..) 
Original After Iodine Catci;rsis 

2 Pink 

Hi Colorless 

2 Pink 

2 Colorless 

7 Pink 

2 Colorless 

10 Pink B[;Jlds 

3 Colorless 

i:; Pink .I 

10 Colorless 

5 Pink 

5 Colorless 

5 Pink 512, 431, lt51 

Reflux with Iodine in :Benzene ..... Fifteen mg. of lute in were dissolved. in 

10 ml. of benzene and 1 ml. of benzene containing O. 2 mg. of iodine was added. 

The solution was refluxed for thirty minutes, additional 0.5 ml. portions of 

iodine solution beinc:; adc1ec. at the end of ten and t\,:enty minutes. Two volumes 

of petroleum ether were added and t he solution wa:s poured on a No. 3 calcium 

carbonate column. Development with 1:1 benzene-petroleum ether gave a chroma­

toGram which closely resemoled that obtained in the 110° melt ,vi th naphthalene 

a."Yld iodine. 

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

of lutein was mixed with 1.5 times its volmae of naphthalene plus its own 
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volum.e of tetraboric acid, and sealed in two Pyre.:x tubes (3 lllill,. outside 

diameter) under carbon dioxide. The tubes were kept at llfo 0 for five 

minutes and. then cooled rt?pidl~'• The benzene solution (15 ml.) was dilutecL 

to- 125 ml. with petrolen.in ether, and developed with 5 and 1076 acetone in 

petroleum ether on a lfo. 6 column paclrec. with 1:1 calcium carbonate-c&lcium 

hydroxide mixture: 

Layer Thickness 
in mm. 

20 

5 

12 

7 

15 

30 

10 

25 

10 

15 

Color Spectral Maxima in Benzene (mp-. ) 
Original After Iodine 

Orange 439.5, 457 

492.5, 459.5 Pink 

Yellow 

Orange 

Colorless 

486.5, 4-54.5 

489.5, 

Pink (Desoxylutein I) 

Colorless 

457.5 

Yell o,.-rorange (De soxyh1.t e in II) 

Yellow 

Yellow-orange (Deso:xylutein III) 

Yellow 

Catalysis 

lfS9 . 5, 456.5 

4-90. 5, 458 

1Js9, 456 

4s7.5, 456 

Pi.o·ment Yield1 

(e;timated as' 
11 lutein 11 ) 

19j~ 

The petroleum ether solutions of the five lOv!er layers were evaporated in 

vacuo at room temperature; the resic1.ues were tr2.nsferred to 15 ml. centrifuge 

tubes with minimu .. 'Il quantities of ether, 1:md ev2..porated to dryness in a strea11 

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

1 cl. Startins; ma.terial = 1001"• 



d.eso:xylut e in I, 10.3 mg. of c1esoxylutein II, anc_ 2 mf;. of deso:xylntein III; 

all attempts to cryst.s,llize the other lr-cyers yiela_ed onJ.y yellow or or?..nge 

oils. 

Reflux of Lutein in 3enzene Solut ion with Boric Oxide.... Thirty mg. of 

boric oxide were ao.ded to a solution of 15.5 mg. of lutein in 10 ml. of 

benzene and. allowed to stp,ncl overnight at room temperature; the solution was 

then reflu...'Ced for t,vo hours and kept for two de.ys at room tem:oerature. Four 

volumes of petroleum ether were added and the solution was chromatographed 

on a No. lL column packed with calcium hydl'oxide, 5 anct 7.5% acetone in petro­

leum ether "being used as developer ,; The following layers, each separated from 

its neighbors by colorless interzones, were obtained: 

Color 

Yellow 

Mixture, pink a.bove, yellow 

Pink (Deso:cylutein I) 

Yellow (Deso:xylutein II) 

Yellow (Desoxylutein III) 

S:pectral Maxima in Petroleum Ether (!U)-l• ) 
Original After Io dine Catalysis 

below ("Zone A") -
492 

About/ (very blurred.) 

470c r:- hl.t7 r.; • :J, ' ' ' • .,/ 

After elution 11 Zone .A11 was transferred. to 1lenzene ancl. six volur:ws of petroleum 

ether were added. The solution was :poured on c, No. 3 coluran contcdninr:; a J. n 

mixture of c?J.cium carbonate and ca lciUJn h;y-clroxide and the chromatogrs,m we,s 

developed with 5, 10, 15, 2..-r1d 2016 acetone in petroleurn ether. Three well-

se~arated layers appeared: 

1 
In :Benzene. 



Color 

Pink ("Pigment X11 ) 

Yellow ("Pigment Y") 

Orange (Lute in) 

59 

Spectral Maxima in Petrole-mn Ether (mp.) 
Original After Iodine Gatal:rsis 

481, 451 478, lf~8 

47.L.5, L!.L!2 474, l1h3.5 

476.5, ~1 17°5 lt73, lthl.i. 5 

"Pigment X11 was h;y:po1)hasic when p artitionea. 'bet\-.,een 357b methanol an.cl petroleu.n 

ether; the other two pigments were es sentielly hypophasic with 85% met hanol 

. end compl etel;y so ,vi th 95% meth2I10l. On treatr.1ent with iocHnc neither the 

reel nor the yellow la,yers gave rise to lutein isomers. 

Treatment of Lutein with Boron Trifluoride in Pyridine •. ~ Four mg. of 

lutein were dissolved in 10 ml. of pyricline and 5 ml. of 45% boron trifluoric.e 

in ether (Eastms.n, practical grade) was added slowly \<T ith cooling to keep the 

temperature below 30°. The solution w2.s allowed to stand overnight a.-ia. then 

'\cmsheo. fre e of pyridine. After drying o,rer soa.ium sulfate the solution was 

evapora tec. in vacuo at room tempera ture. The r es ic.ue \\ras t 2J:en 1J.J? in a few 

milliliters of benzene. Several volumes of :petroleum ether t:er,s 2,dded. and 

the solution was developed on calcium hydroxide (Uo. 3 tube) v!i th 2.5, 5. and 

10~-b acetone in petroleum eth er: 

Color 

) 

Pink (11 Pigment X11 ) 

Yellow (11 Pigment Y11 ) 

Orange (Lutein) 

Yellow (trace at bottom 
of column) 

Spectral Maxima in Petf~leum Ether Crap..) 
Original After Iodine Catalysis 

476, 41~.5 

h76, hlJ.6 

I " 

~. 7g. 5 , 44s. 5 

473.5, 443.5 

473. 5, 1~4~ 

47~-. ~113.5 

The three principal l aye r s were s.11 essentially hypophasic when partitioned 
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~ 1 
oe.t·vreen 85% meth:::,.nol ena. petroleum ether a..r1d entirely hypopha sic with 951a 

methe.nol; the trace of yellow pigment founa. e.t the bottom of the colurnn was 

epiphasic w"lder all conditions. The lutein we.s ia,entified by a mixec. chrome.-

togra.'11 test. 

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

mg. of lutein, 51.8 mg. of naphthalene, and 6 .O mg. of anhy(lrous socHu.m tetra­

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

bon dioxide; the tuoe was kept a t 140°(!"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 a lfo. 3 colUP'..n 

packed with ceJ.ciur..1 carbonate. l, 2.5, c>.nd 51b acetone in petrole1.un ether were 

used as developers: 

L1:.yer Thickness Color Spectral Ea:x:ima in Petroleum Ether (mµ. ) 
in r:im. Original Aft.er Iodine Catalysis 

4 Colorless 

2 Yellow l.~7g' 447 481, ltµS.5 

2 Colorless 

8 Yellow 471, l.:ltl.5 474.5, 445 

2 Colorless 

3 Yello't.' 472, l.f42 475, 41.!µ 

50 Colorless 

30 Yellow 478, ~-47 47~--5, l.fl.f4 

4 Colorless 

10 Yellow 477.5, 447 475.5, ~45 

2 Colorless 

5 Yellow 462.5, 4 3~--5 475.5, 443.5 
(Neolutein U) :Slurs on acldi t ion of 

iodine, then g ives 
good spectnun 

All zone s uere hy:popha sic v:i th S51l methanol. 
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Wl1en this experiment was repeated with 2~2 mg. of lutein and. the neo­

layer estim2,tea_ colorimetrically 2-s 11lutein 11 in the Pulfrich photometer, 

the yield we_s found to oe aoout 1%~ 

When iodine was ad_dea_ to a petroleum ether solution of 11:treolutein U11 

and the solution after a few minutes sta..ric1ing was developed on o. No. 2 calcium 

carbonate column with 2.5% acetone in petroleum ether, two yello,,, layers re­

sultec.; the spectral absorption ma.xima of the upper, minor zone were at ~-70.5 

ancl 41.tl mp-•, while the first band of the lower, main lcyer was at ~-75-5 mp_.; 

upon the addition of iodine both gave maxima at l173 and 41.!-3 mp.. 

A solution of the neolutein ,-,hich had stood at 5° for 3 d.ays was c...'lroma­

tographed on a lio. 2 calcium carbon2.te column,-using 2.5% acetone in :petroleum 

ether 2.s developer. Three yellow zones ap:pee.red: 

Position on Spectral ivraxima in. Petroleum Ether (mp.. ) 
the Column Original After Iodine Catalysis 

Top 469, 4la.5 472.5 

Middle 477 473 

Lower 1+60, 433 472.5, 443.5 

Fusion of Zeaxanthin with Tetraboric Acid 21:. Boric Oxide in Naphthalene.-

The zeaxanthin used for these experiments was furnished by Professor Zecruneister. 

In a test of its purity 1-2 mg. 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 

. d 

and calcium hyd.roxide ?..na. c1eveloped with 5, 10, 15, arid finally 207.; acetone in 

petroleum ether. The chromatogr,3Jn uas homogeneous except for a small layer, 

est imdecl. to be 5% or less of the total pigme·nt, which 12.y below the zeaxanthin 

zone. 



62 

Seven me. of t he zeax2J1thin were mixed in a sr:12>.ll gl e,ss tube (about 

12 mn. out sid.e die.meter) with 55 mg. of ne.phthe.lene and l.i.7 mg. of tetraboric 

E.cic\, sea.led in csrlJOn clioxide, hee.ted for fiv e minutes ,-,i th cons tent shaking 

in a dibutylphthalat e bath a t 14o 0 C:5°), and cooled in an ice ba.th. The solu-

tion in 1-2 ml. of benzene 2.nd 15 nl. of petroleu.m eth er was developec1 with 

5, 10, 15, and 20 ~~ acetone in petroleu_m ether on a No. 3 column containing a 

1:1 mixture of calcium carbonate and calciur:i hJrdroxide: 

Layer Thickness 
in mm, 

20 

15 

5 

2 

5 

5 

10 

Diffuse 

Color 

Colorless 

Yellow 

Colorless 

Orange-yellow 
(Zeaxanth in) 

Colorless 

Yellow 

Colorless 

Orange (Impu:ri ty) 

Orange 

Spectral Maxima in Benzene (mµ.) 
Original After Iodine Cat sl ys is 

495, 460 

491.5, 457.5 

493, 459 

492 5 l.Li:;a , 
• • ' '_,, .,I 

492.5, 459 

The experinent ·was repea tecl 1.!ith a mixture of 1.t .5 mg. of zec.xanthin, 

3g mg . of naphthalene, and SS mg. of boric oxide. On development with 5, 

10, 15, and. 20% acetone in petrolewn ether, the resulting chronatogram was 

similar to t hat of the metaboric acid melt: 



Color Spectral lfl..axi.'lla in Benzene Cmy..) 
Origimd After Iod.ine Oat:::olysis 

Yellow lJ.oo 5 
'_,I • ' 

l.:58 l.r93.5, 1.L59 

Orange-yellow 493, 460 491, 459.5 

Ormge-yellow 494, 1~1.5 492.5, 460.5 
(Zeaxanthin) 

Yellow 484.5, l.t52.5 493, ~f;o 

Orange (Impurity) 493, 460 493, 459 

Yellow 439.5, 456 lf91, l.t59 

Yield.s of Honoh.ydroxy and Epiphasic Compounds Obtained El_ the Fusion 

of Lutein under Various Conditions.,- In order to choose the "best conditions 

for a large-scale preparation of the desoxyluteins, numerous s!'lall-scale 

eXj_'Jeriment s with l.!--10 mg. of pigment uere carried out• The ,..,eight of naph­

thalene employed ~,as six to eight times thcst of the lutein. Iodine was added 

in the form of a tiny crystal of approxiraately 50 pg., while the weight of 

the boron compound was six to nine times that of the lutein. The melt was 

dissolved in a minimum amount of "benzene, diluted with three volumes of 

petroleum ether and. developed on a lfo. 3 calcium carbonate column with 1:1 

benzene-petroleum et her. 

The. monohy<lro:xy layers were transferred to petroleum ether eno. rechroma­

togr8phed on calcium carbonate-hyclro:dde mixture. When significant amounts 

of the desox;rluteins a:_opeared, t he l ayers were combined, eluted, and estimated 

photometrically as "lutein11 • The epiphasic layers were also transferred. to 

petroleum ether, tmd catalyzed with iodine. After stand.ing for thirty minutes 

the solution was a.eveloped on calcium hydroxide with 57t acetone in petroleum 

ether; if pink 12.yers appee.re d , they were cor.'1bined, elutecL, ana. estir:12-ted as 



11 lycopene11 • The results of this series of erperiments are given in Table 1 

(See p. 17). 

4. Large Scale Pre-oaration of Deso:;yluteins 1, ll_, and. III 

One grar:1 of purified lut ein was divicled into forty 25-me; . portions. 

Eac:i was mixed. vith lli-0 mg. or naphthclene and 60 nG. of finely-powdered 

tetraboric aci,c1 enc. sealed under carbon dtoxicle in a small glass tube Caoout 

12 mm. outside c.iamet er). Each tube was agitated in a dibutylphthalate ba,th 

at 140° t-5°) for five minutes and then rapidly cooled. The tubes were crushed 

in a large n ort2.r and their combined.. contents were dissolved in 200 ml. of 

, cold benzene. Four volu.mes of petroleum ether were then added. and the solu-

tion was divided_ into ei6ht parts, each of which 1ras chromatographed. on a 

No. 6 column packed with 1 a calcium carbonate-calcium hydroxide mixture. 

Upon development uith 5% acetone in petroleum ether the folloving chromatogram 

2,-pp eared.: 

Layer Th ickness 
in mm. 

15 

15 

50 

40 

4 

6 

1.to 

20 

Color 

Pink, orange, anc1
• yellow (Minor zones of unidentified 

pigments) 

Colorless 

Dark pink (Deso.xylutein I) 

Yellowish-orange (Desoxylutein II) 

De.rl,;: pink 

:Brownish-orange 

Yellow with orange tint (Desoxylutein III) 

Yellow 



The chromato[raphi c filtrate was yellow a..11.c'!. conta ined at lelrnt two 

actditione.1 pigments which gave a wsel:ly acl.sorbed heterogeneous column sect:i.on 

w:1en rechromatographed. on calchill1 li_ydro::ic.e with petrolewn ether developer. 

The upper portion of the band was orenge ·with a spectrum too blurred to 'be 

reacl, while the lower portion was yellow ancl_ shovecl. spectral ma."Cima at 469.5 

and l.!.l..12.5 mp-. in petroleum ether; t hese values decreased about 1.5 mr-· u;?on 

iodine catalysis. 

The deso:xylutein I zones from eac..h. of the eight columns were combined; 

a similar pooling was carried. out for the various zones of d.esoxylutein II 

and for those of desoY,ylutein III. After elution each of the t hree p i gments 

was traii.sferred into petroleum ether, ,-,ashed alcohol-free, clried., 2 . .nci cl e­

velopecl with 5% a cetone i n petro leu.rn et her on No . 6 colunns con ta.ining a 1 :1 

mixture of calcium c2.rbonate and cal ciu..m hJrctroxid.e. Two coltunns ea.ch were 

needed for the rechromatogra:phy of deso::yluteins I and III e.ncl four columns 

for desoJcylutein II. Desoxylutein I formed a 110 mm. pink zone-, with a ninor 

yel lowi sh-orBnge l ayer i r:1med.iately beloF it. 'I'he chromato gr9.P.1s of clesoxy­

lutein II sh owecl a 30 :11r1 . l ayer of c7-eso~r1utein I above the Tiain (70 r.i.r.1 .) 

yel lowish-orange zone; several zones l ay below it. The chromatogram of 

c1.esoxylutein III was practically homo;:;cnco1,1_s an c'L consisted. o:: a 110 r:,m. 

yellowish-orang e la;srer. 

After elution with ethano l each of the t hree compounds was transferred 

i nto ether , 1.'ash ed. free of alcohol, dried. , ana. evaporated in vacuo a t room 

temperature. :Each residue was dissolved in the minimum a mount of e.ther; trans­

ferr e d to a 15- ml. centrifuge tube, 2,.ncl evaporated. to dryness with a strear1 of 

ca r b::m dioxide. Aft er disso lving rapidly in 0.5-1.0 ml. of benzene at l;0- 50°, 

h-5 volumes of met hanol ,·,ere added with stirring at r oom tenpera.ture. Pigment 
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cr~rstals appearec1 immediately'. The mixture was kept overnight 2.t 5° p_nc't 

then centrifuged_. The cr~r st 8.ls were washed with 1 ml. of methanol, centri­

fuged, and recryst al lized as before. When the methanol was aa_c1-ed gre,due,lly 

over a period of several hours at room temper2.ture, le.rger, glitterin6 cryst al 

units ap:peared. 

While the isole.tion of desoxyluteins I and. II never affora_ed any diffi-

7 ,_ • 
CU-ulE:S, it was not easy to obtain a reliable separe.tion of desoxylutein III 

from the bottom zone of t he chromatogram. Impure solutions yielded an oil 

md had to oe rechromatographed. before crystals could_ be oot a ined.. 

The yields of crystals obtained. in several experiments with tetra'ooric 

a cid. and. boric o:dcle were as follows: 

Ste,rting 
Yielct

1 
Material Percent 

Lutein Deso:xylutein Desoxylutein Desoxylutein 
I II III 

1.0 "' 0. 3.8% 10.0% 4.3% 

1.0 g. 3.0% 12. 7% 3.2% 

0.1 g. 3.5% (6~0 10.3% (16%) 2% (7%) 

Figures in parenthesis are colorimetric estir,12tions in the Pulfrich photometer, 

calculatec1 P-.S 11 lutein 11 • 

5. Cha.rc:,cterization of the Deso:cyluteins 

Deso:.;ylutein ! 

Description and. Andvtical De.ta_ .... This compound, when crystallizect 

fro~ oenzene-methc:cnol, forms long prisms with peakecl ends, part io.lly grouped 

1 Starting material= 100%. 



67 

in aggregates (Figure 19). Their color under the microscope is a rich 

red.clish-orange uhich chant;es to bro,mish-recl at crossings (Desoxyluteins II 

and III appear yellow or brownish by comp 2rison). The ,cryst2,ls melted at 

1l.r9° Ccor.) c:.na. grwe the following 2n2.l yt ical c_ata: 

C2-rbon-Hvclro 2en:-

CF..lcu.lated for C40HseO: c, 86.89 H, 10.22 

Fov.na.: c, 87.09 H, 10.33 
c, 86.29 H, 9. 76 
C . , 86.59 H, 9.57 

These dzta vrere corrected for 1.6, 1.5, <1 
ana_ 0-51" ash respectively. 

Molecular i'ie ight:-

553 

Found ( in camphor): 

C2,t2-lytic Hydrogenation:, .. 9. 730 ng . of substance in me thylcyclohexane 

and glacial acetic acid.; with 9. 73 mg. of PtO2 cate,lyst, added 4. 70 ml. 

of bydrogen (over mercµ.ry, 21. 5°, 7u-3. 5 mm.): 4. 729' r:16 ., with 2. 23 me;. 

of catPvlyst, ad.a_ed 2.33 ml. (22.5°, 739.5 mm.). Found: 10.8 ancl 10.9 

double bonds. 

Solubility;- The compound is easi1y soluble in cold benzene, ether, 8.Jld 

chloroform, but much less so in petroleum ether. The soluoility in methanol 

is very slight . On partition between petrolemn ether and 85% methnnol the 

piQUrnt showed a purely epiphasic behavior, while a portion estill12~tect at 

approximately 20%, migrated into the lower phase when 95% methanol was 

Visua.lly Observed Suectrum.- As would. oe expected from an examination 

of the extinction curve (Figure 7) the Yisually observed_ spectrum of desoxy-

lutein I has an essentially different che,racter frcr.1 those of d.esoxyluteins 
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• 

Figure 19 

Desoxylutein I, crystallized from benzene-methanol. 
Approximately 250 diameters 
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II m10. III or fro m t hat of lute in it self. The limits of the two 'bands are 

indistinct and the interspace bet,,reen them is never clear. In :petroleum 

ether, at very lov concentrations, a main blurred band can be ooserved at 

and a ml,_ch wea.ker one at approximately ~-94 mp-• Even a small 

increase in concentration, however, produces an extended shadowed 2.rea, ex­

tending from about l:.50 to 550 mp-•, within which no maxima can be seen (traces 

of desoxylutein II as impurity have the same effect as increasing the concen­

tration). _In benzene the bands c1.re ~even more blurred and unreadable. In 

carbon d.isulfide the main maxima i,,ere found near 53(7 and 492 mp• Upon the 

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

The maxima of the equilibrium mixture in petroleum ether are located at a.bout 

Adsorption J3ehaYior.- On a calcium carbonate-calcium hydroxide mixture, 

1:1, with 5-io% aceton~ in petroleum ether as developer, desoxylutein I is 

adsorbed below ga.zaniaxanthin (a hydroxy-f-carotene), lutein, c::nd lycopene 

out above cryptoxanthin, desoxyluteins II ana. III, 1-carotene, end [3-ca rotene. 

Isomerization kl Iodine Catalysis.- A solution of 1 mg. of chroma.to-

gr aphical ly homo 10;eneous deso:cylutein I in a. few drops of benzene was dilut ed 

to 15 ml. with petroleum ether and 15 rg• of iodine in 0. 5 ml. of petroleum 

ether were added. After st anding for twenty minutes the solution was chroma-

togra:phed on a Ho. 2 colurrm conta ining calcium carbon.ate-calcium hydroxide 

mixture. On development with petroleum ether containing 5% acetone a new 

zone appeared below the 1.mchanged portion of t he all-trans form. The neo­

conpound showed "blurred. 'maxima at 456 .5 and 452 mp.. in :petroleum ether, which 

changed to ~.89.5 and 1156.5 mp.. upon the adc1ition of iodine. The equilibriu.i,i 

mixtures formed oy the iodine treat12ent of <1esoxylutein I 2nd neodesoxylute in 
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I are chromato graphically identical. 

Acetate of Desoxylutein l_.- Five mg. of clesoxylutein I in 1.5 ml. of 

a.n.hyc1rous p:rridine were trea ted at room temperature with 0.5 ml. of acetic 

e.nhyd.r·ide for twenty-four hours. The ,pigment was then transf_erred with wa.ter 

into petroleum ether and washed free of pyria_ine. After drying over anhydrous 

sodiuJ1 sulfate., the solutiot). ,Jas chromatographec1 on a No. 3 column containing 

ca.lcium carbonate-calcium hydroxide .mixture. Devel~pment with 570 acetone in 
' • . 

petrolem:1 ether ,gave t\iO , zones; the lower one of wh_ich was the larger and 

cont a ined the 1;1:cetylated pigment. The eluate 0f , the latter was transferred 
• ' • ' ~ ✓ 

into ether, ancl evaporated in vacuo; the residue . was crystallized from 1)enzene-

methanol 2_s sme.11 plates; m.p. 139° (cor. )~ Its spectrum did not differ from 

that of tl\.e u.."'lesterified compound; the partition behavior, however, was l)Urely 

epiphasic. Saponification of the acetate in petroleum..1 ether with cold 301i 

methc1nolic potassium hyclro:x:ide yielded a homogeneous pigment which did not • 

separcte from d.eso:xylutein I in the mixed-chromato gra.m test. 

Desoxylutein g 

Description and A.nalytica.l Data., ... The che.racteristic crystal forms of 

this compound. 8.re represented in Figure 20. The color of the cryste.ls re­

sembles t ha.t of lutein, both macro-and microscopically. The cr~rste.ls melted 

a t 156 .5-153° Ccor.) ancl yiela.ed the following analytical de.ta: 

Calculated for C40HssO: c, S6.S9 H 
' 

10.22 

F01mc1.: c, 36. 73 H, '9.93 
c, 86. 73 H, 10.12 
C, S6.Ll7 H, 9.s2 

The data are corrected for 0.5, 0.5, and 0.4% G.sh respectively. 
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Figura 20 

Dasoxylutein It,. orystallized from benzene-methanol. 
Approximately 250 diameters 
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Holecule,r Weight:-

553 

Found (in exaltone): 569 and 577~ 

Catal:s,rtic Hydrogenation:- 10.281+ mg. of substance, with 5.31 mg. of 

Pt0 2 , a.dded 5.09 ml. of hydrogen (22.5°, 7lr2.0 mm.): 6.369 mg. with 

2.lu mg. of catalyst, 2,d.(lerl 3.05 mi. (22.5°, 741.5 rii.m. ). Found: ll.O 

and 10. 7 a_ouble bonds. 

Solubility .... The solul)ility e;mo_ partition behavior are the same as in 

the c2. se of desoxylutein I. 

Visual Snectrum.- The following r:1axim2, were observed: 

Solvent 

Carbon Disulfide 

Benzene 

Petroleum Ether 

Hexane 

Ethanol 

Spectral Maxima Cmp..) 
Original After Iodine Cat2iysis 

5os.5, 473.5, 444 

~-90. 5 , l!5S, 432 

477, 446.5 

4 76 • 5 , ~-4-6 

505.5, ~-71-5 

488, 456 

1.t 41.L.4' . 75, 

473.5, 443 

Optical Rotc>,tion.- The rotation o1Jservea_ for a 1 dm. thickness of a 

chloroform solution cont2,ining 13.83 me. lJer 10 ml. we_s less th2n the uJ1ccr-

t • t f' ~ 1 L t_'." erefore r,..,_ J Cd -- 0°(:1_0° ',. , c>,in y o_ 0.1e measureD.en-v s; '" ~ 

Ad t • B 1 • ,,,.,_ " l , • t, t l t 1 t • • h "0
1 

so:-p 1.on . e 1av1.or. - 1111en aeve ope a_ wi n pe ro eurn e .:1er con a1.n1.ng ..,,/ 

or 107& acetone on a calcium carbonate-calcium hydroxide cohunn (1 a), the com-

:pounc'l is ac.sorbed below lutein, lycopene, desoxylutein I, and. cryptoxanthin, 

but above 'f-c2.rotene, deso x;;rlutein III, ancl. !3-carotene. 

Stereoisomerization "by Iodine Catalv sis.- In 2n e:rperiment s imil a r to 
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that carried ont with cl.eso:,~ylutein I t wo stereoisomers were o'bservec1- below 

the tmchanE:;ed portion of the all-tre,ns--desoxylut ein II. The spectrn1 r.1axi:-:1a 

1!ere located at 468.5 anci. 439.5 mp-• for_ the upper ste.reoisomer 2.nc't at l.t67 .cmc:. 

L 38 my.. for t he - lower one. Petroleum ether - solutions of both isomerrc, as well 
• : •''!, .' 

' , . ' . 

• ' - . .- ' ' • •. \ ' ' 
r s t }---_ e all-trans·-:-pigment, shifted ~heir maxima t ·o 473.5 and l.1 43.5 r:ip-• upon 

iodine catalysis. The three 111ixtures of stereoisomers obtainea_ in this manner 
\J{ 

were chromatogriitpliically identical. , I 

Aceta'~e, of Deso:r.;ylutein II.- - This ester, which was prepared as c1escri bed 

aoove for desoxylutein I, forms plates, most of vhich have curved sia_es. The 

cr:1st2ls melted at 1~1° (cor.), aft'er softening at aoout 139°. The acet a te 
'· 

showea_ a purel;;r epiphasic behavior. After saponification the pigment v,ras found 

in a rJixea_ chromatogram to oe ide:.:1tical with desoxylutein II. The positio,ns 

of the visually observed. spectra1 maxima were not ·changed either by the acety-

la_tion or by the saponification of the ester. 

' Desox:rlutein III 

Description and Analytical Data.- The- crystals viewed Ul1<1er the mi crosco:pe 

show a t ;.rpiccl barrel-like or boat-like shape (Figure 21); their color is simi-

lar to that of clesoxylutein II. The crystals melted at 162° Ccor. ), after 

softening. The following analytical data were obtainect: 

Carbon-Hydrogen:-

Calculated for C40H560: 
,... 
v, s6.s9 H 

' 
10.22 

Found: c, 86.92 H, 9. 74 
C, B7.19 H, 10.13 

The samples were ash-free. In unfavorable cases the ca.rbon values 

were markedly different (37. 75 ana. 85. 96). 
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Figure 21 

Dasoxylutein III, crystallized from benzene-methanol • 
.Approximately 250 diameters 



1-Iolecular Weight:-

Found (in exaltone): 

75 

553 

547 

Catalytic Hydro,,zen1:ction:.:. 9.300 mg. of deso:xylutein III, with 4.49 mg. 

of Pt0 2 , added 11.61 ml. of hydrogen (22°, 740.5 mm.); 7.774 mg. with 

3.~9 me;. of catalyst, added 3. 72 ml. (23°, 742.0 mm.). · Found: 11.0 

and 10.7 double bonds. 

Solubili~z ... ThP. solubtlity end partition behavior are the sa)ne as in 

the C£>.se of deso:xylutein I. 

Visual Snectrum.- The following data are characteristic: 

Solvent 

Carbon. Disulfide 

13enzene 

Petroleum Ether 

Hexane 

Ethanol 

Spectral Maxima (mp.. ) 
Original After Iodine Cat2iysis 

478, 448 

477.5, 4L7 

481.5, 450.5 

476, 445 

Blurs, shifts to 
shorter wave lengths 

Adsorption :Behavior.- Deso:xylutein I'.l:I is adsorbed slightly below 

o-c.s,rotene and well below deso:xylutein II, cryptoxruithin, deso:xylutein I, 

lycopene, and lute in when developed on a 1 :1 calcium carbon2.te-calcium 

hydroxicle column with petroleum ether containing 2.5-5% acetone. Under 

sit:1ilc>.r cornHtions 13-carotene occ1.7.piecl a place on the colurm1 co,n::,.ic1erably 

below ths.t of d.eso:x;ylutein III. 

Stereoisomerization by Iodine Catalysis.- The chromatogram of the ioQine-

catalyzed solution showed,, in ad_dition to unch2nged all-tr2ns pigment and a 
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minor irreversible top layer, a neo-compound. adsorbed belo,., the nain zone. 

Its spectral ll12,xima in petroleum ether were at l.t68 and h39 mp..; after the 

addition of iodine the equilibrium mixture sho·wed maxi!'la at L~7l.(.5 and ~.1.J.3.5 

mp.. This mixture provea. to be chromatogrc.:phically identical with th2.t :pro­

duced by the ioc1-ine catalysis of desoxylutein III. 

Acetate £.!' Deso:xylutein III.-A crystalline acetate of deso,:;'rlutein III 

could not be obtained. 
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II. INVESTIGATION OF THE EFFECT OF GLOBULIN DEPLRrION 

ON ANTIBODY PRODUCTION IN R.i\.BBTrS 

A. INTRODUCTION 

It is now generally accepted that antibodies are associated with a 

specific protein fraction of the blood serum known as t-globulin. Numerous 

explanations have been advanced to explain the appearance of these antibodies 

soon after the injection into the animal of the corresponding antigen. 

According to the theory advanced by Pauling (1) the presence of an 

antigen at the site or sites of ;'-globulin synthesis causes the long poly­

peptide chains to fold in such a manner that they assume configurations 

complementary to the antigen, thus acquiring the ability to combine with it. 

If the production of ~ -globulin is a normal activity of the body., and not 

a specific response to the presence of antigen,, the theory suggests tha:b., in 

the presence of a certain amount of antigen, an increased rate or ¥-globu­

lin production should lead to a higher proportion of antibody molecules in 

the serum. This follows from the assumption that only a fraction of the 

circulating °t-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 

i -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 

albumin sufficient to replace the "Vi.olume of serum lost. A some¥rhat similar 
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experiment has been reported by Cannon and his co-workers (2) who ~~~ugl::r!r , 

about the desired depletion by prolonged feeding of the experimental animals 

with a protein-free diet. In his experiments no p-0sitive conclusions could 

be drawn concerning the effect of this treatment on the production of anti­

bodies; immunization was attempted either during the starvation p~riod of 

following it when the animal was being fed a diet rich in proteins~ and 

hence was presumably synthesizing proteins rapidly. 

The experiments described here are of a preliminary nature and .failed:;to 

demonstrate whether it would actually be possible to observe the postulated 
. •·· ., . -

effect. Several 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 

w.hat has been done, while some suggestions for .further work are embodied in 

the discussion following. 
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B. EXPERIMENTAL 

A. First Experiment 

Depletion Technique.- Thirteen young rabbits, ranging in weight from 

2.1 to 2.8 kg., were separated arbitrarily into a group of six controls and 

a group of seven test animals. Approximately 30 ml. of blood was taken from 

each test animal every 48 hours. The first two bleedings were from the 

marginal ear vein into p~raffined 50 ml. centrifuge tubes, while the remain­

der were by heart puncture with a No. 20 gauge needle; in every case 2 ml. 

of 10% sodium citrate was present in the centrifuge tube or syringe to pre• 

vent clotting. 

The cells from each rabbit were centrifuged down and washed three times 

with sterile 0.9% salfue solution. The cells were then resuspended in suf­

ficient 3% rabbit albumin solution, containing 0.9% sodium chloride, to bring 

the volume of the suspension up to that of the whole blood originally taken 

from the animal. The suspension 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 bleeding, washing, and reinjecting 

required 2 to 3 hours. 

Analyses for Serwn Albumin and Globulin ... To 1 ml. of citrated plasma 

was added 0.35 ml. of 2% calcium chloride solution; the serum was then 

dilu·t;ed to 5 ml. with o. 9% sodium chloride solution and allowed to clot at 

37°. The liquid was expressed from the olot and the fibrin vras then re--

moved and discarded. 4 0 6 ml. of saturated a.nnnonium 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 a.nd 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 • 

. Im.~unological Techniques.- At the end of the depletion period (5 to 

8 bleedings per rabbi-t:,) each rabbit was injec·bed 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 injection prelim­

inary ring tests with V: ovalbumin and undiluted serum showed positive 

results in all but one 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 a.nd the undiluted sera titrated, with the 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 

Prevaration of 3% Albumin Solution.- Rabbit 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 a.n 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 hours·. The difficulty was 
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traced to the albumin solution., which was found to be toxic when 30 ]Jll. of 

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

c. Third Experiment 

More albumin was prepared as before., but the solution., ins·bead of being 

stored after sterilization., was lyophilized. A sterile 3fo solution was ~re­

pared in isotonic saline. 
I 

The test animals were bled 60 ml. each from the heart for four consecu-

tive days. At the first bleeding 40 to 50 ml. of 3% albumin was injected 

int;o 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 injected., and after the third 

bleeding 40 ml. of albumin solution was administered. The hematocrit fell 

rapidly during the depletion experiments and was approximately 2o% at the 

fourth de.y. It was intended to bleed only four times and inject the firs-l:; 

immunizing dose of ovalbumin on the fifth day; however., only one rabbit 

survived the fourth bleeding and it died three days after the first ovalbu.min 

injection. 
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Table I 

Rabbit eight in kg. Albumm R t. - in Serum* Gl , 1 . a J.O 

No. oou l.ll 

Bleeding Bleeding 
1st 8th 1st 2nd 3rd 4th • 5th 6th 7th 8th 

200 2.2 2.0 419 387 220 342 209 302 244 247 
183 154 165 -144 ' ra 129 168 218 

202 2.6 2.3 494 512 419 454 334 485 358 407 
173 ill 166 96 57 1()3 734 193 

203 2.7 2.6 399** 430 478 272 485 202 411 
162 ll6 100 70 l.22 129 84 

205 2.4 2.1 476 426 403 354 147 298 195 258 
132 94 139 129 96 130 rsr ill 

207 2.8 2.6 ** 446 379 383 399 391 
56 64 rn 36 71 

* Numerator is µg. of albumin per ml. of serum, expressed as serum globulin. 
Denominator is µg. of globulin per ml. of' serum. 

** First bleeding for this rabbit. 
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Table II 

Titration of Antiovalbumin Sera* 

Rabbit Ovalbumin Dilution Saline 
No. 1:5000 1:7500 l:11J250 1:16,,875 1:25 .. 313 1:39,970 control 

202 + -+ + -t ++ 

"d 
Cl) 203 + +> + ++ + + f 
Cl) 

r-1 
P-i 205 -Cl) 

A 

207 + + 4- + + + + 

204 

206 + -+ -+ + -+ -r- -t 

ri 213 
0 
S-t 

ti 216 + + + + + ++ + 0 
0 

216 + + + + + ++ + 
217 + + + + + ++ + 

-it-
Test was read visually after 20 to 30 minutes at 37°. 
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Table III 

Titration of .Antiovalbumin Sera* 

Rabbit Antigen Dilution Saline 
No. 1:20,000 1:30,000 1:45,000 1:672500 1:1012250 1:151,875 1:227 2813 control 

202 400 460 650 fmax. 
870 (1000) 133 

't1 
203 212 (ma:x:t) (I) 216 220 246 280 315 186 .p 

a> 
,-1 
P< 205 190 204 178 183 180 166 - 254 a> 

A 
{

max. 
207 246 310 270 325 365 356 435 

206 202 165 169 244 {~~· 155 236 690 

213 248 345 210 - 315 --- 400 475 115 
,-1 

{
max. e 215 152 152 1so~ 128 148 166 

~ 
{
me.xi fmax? 0 

0 216 94 240 320 400·~ 550 600 

217 165 280 520 {
max. 
570 --- 900 1300 445 

* The figures are colorimetric readings representing relative amounts of precipitate. 
The indicated maxima were estimated visually one half hour after mixing. 
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C. DISCUSSION 

In the first experiment we had 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 min~num. Although the majority of the animals survived• 

Table I shows that no significant i ncrease 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 a.mount of globulin in circulation had been 

shown by analysis of' the fractionated sera it was felt that, since a large 

quantity 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 witht the immunization in the hope 

of observing some significant difference between the response of the bled 

animals and the controls. Tables II and III show the results of experiments 

on the immune sera so obtained. On the basis of this evidence no conclusions 

concerning differences in the antibody ti·bers of the t\"'-ro sets of rabbits can 

be drawn. 

Due to this failure an attempt was made to use a much stronger program 

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 ~ufficient supply of red cells, combined with the general severe treat-
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ment which caused the death or the rabbits. 

At this point the experimants were dropped. In suggesting future paths 

which this research should take it appears to the authors that the whole 

problem oi' the depletion technique should be investigated more thoroughly 

and carefully. It will be impossible to draw aey conclusions from the re­

ults or immunization until there is at hand a group of rabbits which has 

been depleted so thoroughly that a definite and easily demonstrabie drop in 

the globulin content of the serum is obtained. This will probably 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. 

Ac~owledgement 

This investigation was carried out in collaboration with Mr. A. E. Senea.r. 

The authors wish to thank Professor Dan H. Campbell., who suggested the problem 

and directed the work., Mr. George Feigen., who performed the heart punctures 

and gave maey helpful suggestions, and Mary L. Sease., who assisted with the 

experimental work. 

(1). 

(2). 

(3). 

Referenees 

L. Pauling., J. Am. Chem. Soc. 62, 2643 (1940). 
, -

P.R. Cannon., w. E. Chase., and R. w. Wissler, J. Immun. !Z,, 133 (1943). 

D. Pressman, Ind. Eng. Chem.• Anal. Ed. ]&, 35'l (1943). 



III. Two copies of this section have been submitted to Professor Niemann. 



111 

SUMMARY 

I . Lutein~ a dihydroA-y-o<-carotene, is partially 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 

also in mixed melts with naphthalene, a hew method introduced to bridge the 

gap between 80°) and 200°. Traces of compounds containing but a single 

oxygen atom are also formed under these conditions. 

Greatly increased amounts of monoxy compounds, in yield sufficient 

for preparative purposes, can be obtained by adding to the naphthalene 

solution of lute in either orthoboric acid, tetra.boric acid, or boric oxide,. 

I 
reagents which have not been used heretofore in the carotenoid field. 

'l1hree of the new monoxy conversion products have been crystallized. 

They have been tentatively termed "desoxyluteins I,. II,. and III". Their 

main characteristics are described and some structural features are discussed. 

Deso:x:ylutein I is particularly interesting, since its spectral extinction 

band shows no fine structure. 

'When traces of iodine are added to lute in solutions at 80-150°, lute in 

stereoisomers and the previously observed monoxy derivatives are obtained; 

in. addition, 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 antibody production in rabbits. From one-sixth to one-third of the 

circulating blood volume was removed by heart puncture at 24 or 48 hour 

intervals; the erythrocytes were s~parated from the plasma, suspended 

in a volume of isotonic homologous serum albumin equal to that of the 

discarded plasma, and the suspension was reinjected. At the end of 

the depletion period the rabbits were innnunized with hen ovalbumin and 

the titers of the antisera were compared with those of a normal., control 

group., similarly innnunized. 

Satisfactory conditions for the depletion of the animals 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 tor the synthesis of 

the dipheey-1 polyenes may be extended to the synthesis or polyene chains 

containing methyl substituents by using derivatives of crooetin or nor~ 

bi.xin a.s starting materials; such an extension offers promising pos­

sibilities . for the synthesis ot certain naturally oocur~ing carotenoids. 

R. Kulm and A; Wintorstoin, Helv. Chim. Acta. ll, 87, 116, 123, 144, (1928) 

II. The shitt (approximately 11 mu.) of the absorption maxima of caroten­

oids toward shorter wavelengths when a.n acyclic em-group is oyolicized to 

a f •ionone r~ is due principally to a sterio interaction • . 

L. Pauling, Fortsch. Chem. organ. Naturstoffe !• 203 (1939) 

III. ~~uling (1) has classified the double bonds of a conjugated polyene 

chain containing methyl substituents as "stereochemically effective" and 

11 stereochemically ineffectiv•"• the latter being prevented from assuming 

tho ~ form by steric factors. These considerations may be tested ex­

perimentally l;>y e. st,udy ot the .:!!.-trans isomeriza. tion ot various syn­

thetic polyenes which posess methyl groups attached to the carbon atoms 

of the chromophor• (2). 

1. L. Pauling. Fortsch. Chem. organ. Naturstoff~ 3• 203 (1939) 
2. R. Kuhn and M. Hoffer, Ber. 6Q, 656 (~932) -

F. G. Fischer and K. Hultz~eii'; Ber.~• 1726 (1935) 
F. G~ Fischer and H. SchJ'lze, B•r. 1!• 1467 (1942) 

Tl. The development or chromatograms of some colorle~s, non-fluorescing 

substances may be observed visually on fluorescing columns prepared~ 



114 

an adsorbent containing small quantitie.s of an inorganic fluorescent 

material, such as zinc auli'ide. 

v. The failure of attempts to resolve a racemic acid (or base) by con~ 

verting to a pair of cliaster~oisomeric salts and chromatogra.phing on an 

optically inactive adsorbent (l) sho\j].d have been foreseen. Resolution 

on an optically inactive adsorbent may be achi~ved only in the case ot 

diastereoisomeric molecttles (2), 

l. H. B. Hau, T. de V~ios and H. H. Jaffe', J. Am., Chem, Soc. ~• 
1486 (1943) 

2. M. M. Jamiaon and E. E. Turner, J. Chem. Soc. 1942, 611 

VI. Amperometrie titre.tions iEvolving certain metal ions may be carried 

out using a cathode of the metal being titrated. 

E. Salomon, z. Electrochem. !• 'Tl (1897) 

VII, I propose that a study be made of the rate and extent of antibody 

formation in animals whose plasma contains a globulin concentration 

higher than normal; such a concentration can be maintained by the intra­

venous injection of globulin in isotonic saline. 

VIII. The color formed when m-dinitrobenzene reacts in basie ethanol 

with an aliphatic aldehyde or ketone which contains an ex-hydrogen atom 

is due to the formation of an ion of the types 

:o: 
l + .. -
fv-0 : 

-~·1 
. // 
·-9 u -t-~ 

(In ~he case of acetone) 
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J. Meisenheimer, Liebigs Ann. 323, 224 (1902)-

IX. A thorough knowledge of First Aid for all types of chemical accidents 

should be required ot each graduate ~tudent before he is permitte4 to begin 

research v.ork. 

Lange, Handbook of ChemistryJ 5th Ed., Handbook Publishers, Inc., 
Sandusky, 0. (i944) 

Handbook of Chemistry and Physics, 28th&~.,- Chemical RubbOr Publishing 
Co., Cleveland. (1944J 
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