
COMTRIBlJTl1 IONS TO THE STEREOCHEMISTRY OF 

ORYPTOXAlf.rHIN .AlID ZEAX.Al'f.eHIN 

Thesis by 

Richard Millington Lemmon 

In Partial Fulfillment of the Requirements 

for the Degree of Waster of Science 

California Institute of Technology 

Pasadena, California 



Acknowledgement 

The author herewith acknowledges his great deot 

of gTatitude to Dr. L. Zechmeister for his inspiring 

guidance and ever-helpful advice during the course 

of this investigation . .Appreciation is also expressed 

to Professor H.J. Lucas for earlier and extremely 

helpful direction in organic chemistry. 



Introduction 

Th e phen omenon of ca.rotenoid iso merization wa s a_etected for p-carotene 

(C40H56 ) by Gillam a:r.1d El Ridi in 19351. Since t h at time much work h as been 

done, especially with p-carotene and lycopene, in detecting new stereoisomers 

d • 1 t • t ' • t t • t ' , d t • • d t 2 ' 3 ' 4 ' 5 ' 6 an in corre a 1ng neir s rue u.res wi n o oserve spec ro scop ic a a . 

It was at fj_rst suggested by Gillam and El Ridi 7 t hat t h e ca.roteno i~isomers 

were ,for med as a result of douole "b ond mi gration. Th is sug,.':_'.' estion had to be 

abar..doned in favor of the alternative expla..v1ation of trm1s-cis sh ifts due to 

t h e impossibility of accoTmting for all the ooserved stereoisomers of lycopene 

on t h e basis of double bond mi grations5. Furthermore, lutein cannot be con­

verted int·o zeaxanthin (wh ich differs from lu.tein only in the position of 

one double bond) by treatment with iodine, wh ich is an ex cellent catalyst 

for t h e conversion of one ca.rotenoid stereoisomer into another by means of 

trans-cis sh ifts. Oth er arguments i n f a vor of stereoisomerization have been 

g 
p resented based on the change in i n tensity of light aosorption and the 

sp ectral sh ift3 "D:POn t h e production of one stereoisomer from another. Con­

sequently , ci s-trans isomerization about the conjugated double bonds of 

caro -t enoids must be acc epted as the correct explanation of carotenoid isomeri-

zat ion. 

Th e purpose of t h e present work is to contribute to t h e lmowledge of 

the stereoisomerization of cryptoxanthin (C 40H550H) and zeaxanthin 

(OP.:OC 40 H54•0H), wh ich a.re~ respectively , mono- and di-hydro:cy p-ca.rotene. 

The follo wing prin cipal meth ods wer e used to promote t h e isomerization, viz., 

(1) iodin e cat a l y sis at room t emp erature, (2) melting t h e crystals, (3) 

refluxing t h e p i gment solution, and (l-!) irradiation. The stereoisorners 
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obt a i ned v1ere sep arated_ "by r:-:1eans of t h e Tswett cnromatogr aphic methocl, whicl1 

is, indeed , t he only rn e2.ns available for such separations. The identification 

of t n.e stereoisomers is acco~lished spectroscopically ar-1d_, in sof.':e ca s e s, 

b ;f mixed chromatogr ams. 

0 
rrhe earlier assu.mption7 t hat carotenes a:.n.d ca.rot enoids vr ith on ly one 

free hyd.ro~ rl groT'J) yi eld stereoiso r:1ers ,.,.rhich ar e ad.soroed a t lower sections 

of' the Tsvrntt colunm t h an the all-t:cans stereoisor:1e1· v:2,s ,11odified a s a result 

of 
/ 2 

of Folgar m:~d Zechr:e ist er on ;3-ca.roten e i someriza t i on , during 

which t h ree n ew iso mers ,,.:ere found vvl:. ich r ere adsox·bed above t he 2.2.1-trans 

com·,Jou.nd. A stereoisorner of cry:ptoxanthin v::ras detected_ during the present 

work Yi.h ich is a lso ac~sorb ed above all-trans cry1)toxa.nth i n on t h e 'I1m::; ett column. 

I n adc3-ition, t wo new stereoisomeTs of zee..xanth i n are rep orted in t h is ,·;ork 

which are adsorbed_ below t h e a ll-trans s.tereo±somer-. All pr eviously reported 

zeaxanthin isomers were aosorbed at high er sections of the column than the 

natura l ( a ll-tr c?.n s) zeaxanthin. 

Included in the p resent work is a.11 investigation i :c1to the absorption of 

light in t h e ultra-violet reg ion of t h e spectrum by some cry:Jtoxanthin stereo­

isomers. Th e interesting phenomenon of the formation of 11 cis-pealrn 11 in this 

region by several ca,rotenes has recentl:' been described
10 

• .An analog ous 

behavior has been observed during this work in the case of cryp t oxanthin. 

It has already been pointed out
10 

that the height of 11 cis-peaks 11 may depend 

on t h e nosition of each cis double bond in the long polyenic chain of the 

carotenoids. This subject will later be discussed for the sp ecial case of 

cryptoxanth in. 
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Exoerimental 

r. Cryptoxanthin 

1':iethods. The cryptoxanthin used in the following work was obtained in 

Hu..ngary from the red berries of P!1Ysalis Alkekengi by extraction of the milled 

berries with ether followed by saponification with methanolic potassium 

hydroxide. The samples were purified chromatographically ru1d kept in crystalline 

form under an atmosphere of carbon dioxide in sealed t1Jbes. 

The pigment solutions were chrornatographed on caJ. ci u111 bydroxide (Shell 

brand lime, chemical hydrate). Petroleum ether (b.p. 60-70°) containing 5-15;-S 

acetone was used for a_eveloprnent. The pigments were eluted from the columns 

with alcohol using sintered glass funnels (Jena 11G3 to 268-3), transferred 

into petroleum ether and washed free of alcohol in the apparatus described by 

11 
LeRosen • All spectra were taken in petroleum ether and were determined with 

an Evaluating Grating Spectroscope (Zeiss, light. filter EG-7, 2mm. thick). 

Concentrations of solutions were estimated by means of a Pulfrich Gradation 

P:hotometer (light filter s47). Photometric values for the naturally occur-

12 
ring all-trans cryptoxanthin were pu-blished by Cholnoky . Since approximately 

the same equil ibr iu.n: ~ixture of st ereoisorr.ers is always obtained on add it ion 

of iodine to any cis-trans isomer (of a given carotenoid), the coneentrations 

of the crypotxanthin stereoisomers were estimated_ by first adding iodine to 

the solution and then reading the light extinction coefficient in the PtJ.1-

frich P>.otometer. From this coefficient the pigments concentration can be 

deterrniued from the data which is shown graphically below. This data was 

obtained by adding iodine to cr:v:_otoxm1thi'll solutions of k:nown cor~centrations 

in petroleum ether and determining the extinction coefficients of these solu­

tions in the Photometer. 
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In t h e descriptions of chromatog r·ams to follow, t h e figures on the left 

side of t h e described chromatogr ams denote width of the zones in mm. The 

fi g'Ures on the right of t h e d escribed zones are the extinction ,.-:maxima (both 

before and after adding iodin e) of t h e }Jigment in t :c-1a t p articular zone in 

milli-microns. The extinction maxima figures after addition of iodin e are 

underlined. 

(a) Isomerization of Cryptoxanth in }?z Iodine C?talysis at Room Tempera­

ture. 4.6 mg. of chromatogr ~phically homogeneous cryptoxru1thin was dissolved 

in 30 ml. of petroleum ether. To this solution was added 0.06 mg. of iodine 

in the same solvent and the solution was allowed to stand at room te~eratu.re 

for sixty minutes. It was then adsorbed on calcium bydroxide (20 x 3.5 cm.) 

giving t h e following chromatogram: 

2 brownish yellow: heterogeneous irreversible layer 
110 colorless 

12 yellowish ora.rige: neo-cryptoxanthin U (478.5, 41.i-8 rrp.),(480, 449 mµ) 
2 almost colorless 

26 orange: all-trans-cryptoxanthin (483.5, 452.5), (480, 448.5) 
2 colorless 

10 yellow: neo-cryptoxa.nthin A (477, 446), (480, 448~) 
7 brownish yellow: neo-crYPtoxanthin E (479.5, 41+9.5), (480, 448) 

The unchanged cryptoxanthin and the three stereoisomers were cut out 

separately, eluted, transferred into petroleum ether and washed free of alcohol. 

Each stereoisomer was again su.bmitted to t h e same catalytic treatment and 

~ain chrornato gr aphed. The relative photometric valu.es of the isomers formed 

are summarized in Table I. 
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Table I 

ReJ.ative Photometric Values of Cr;rotoxanth in and 

·of Some of its Stereoiso:·ners as Formed by Iodin e eatalysis 

at Room temperature 

Relati vc Photometric Values (o/i ) 
Sta.rt ing liiateria.1 Heo u Cryptoxan thin ~:r eo A .? eo :s 

:i::reo-cryptox2,nthin U 
All-trans-cryptoxanthin 
N eo-cry-_ptoxai."1.thin A 
Neo-cryptoxanthin :S 

* lfone visible on colu.rrm 

23 
18 
20 
21 

56 
J9 
57 
55 

(b) Isornerizat ion of C::cyptoxanthin Ez. J/;elt ing 

22 * 
18 5 
23. * 
17 7 

This experiment was caxried out by sealing crystals of cri..romatographically 

homogeneous cryptoxanth in in a glass tube under carbon dioxide. Such tubes 

were immersed in a bath at 170° for varying periods of time, viz., 2, 8, 10 

and 15 mim..1.t es. The melt was then rapidly solidified in ice-water, dissolved 

in petrole1.1.m ether and cfuromatographed. The melts for two and eight minutes 

J) rod1.1.ced only one stereoisorner which ~ras absorbed immediately below unchanged 

cryptoxcmthin on t }ie column. It was identified spectroscopically with 111).eo­

cry-ot oxa11 thin 11
5 an.d termed neo-cryptoxB.nt h in A. Th e ten minutes ;:11el ti::.1g pro­

d.uced an. a1no1.u1t of a neo isomer, .f:=! neo-cryptoxanthin U, which was equal to 

22;:S of the total pigment of the colu.mn. 307~; of the pigment was neo-cryptoxan­

t h i n A and the remainder unchanged. cryptoxanthin. The melt for fifteen 

minutes was ca:cried out with 3.2 mg. of cr-yptoxanth in and gave the· following 

cbromatog;ram (18 x 1. 3 cm.): 

1 ·brownish yellow: irreversible layer 
75 colorless 
15 yellowish orange : neo-cryptoxanthin U (47 8 , 448 mµ), (l.~9 7. 5, 449 mµ) 
28 ora:i.1ge: all-trans-cryptoxanthin (483. 5 , 4:;2. 5), (480.), 41-~9) 
19 yellow: neo-cryptoxanthin A (476, 446) , (480, 449) 

1 colorless 
6 y ellowish orang e: neo-cryptoxanthin E (479, 448.5), (430 . .2,, 449) 
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The neo-cr~r1Jtoxanthin U obt a ined by melting was shovvn oy means of a 

mixed. chror11atogra1n to be identical with t h e corresponding zone for med. by 

iodiu e catalysis. 

The relative amounts of t h e stereoisomers sep arated on the above chromato­

gra . .m are listed i~ Table II. The total loss in pigment during t h e melt was 

Table II 

Relative Amounts of the Stereoisorners Formed 

on .: Mel ting Crystals of Cryptoxanthin 

St er eoi somer 

iTeo-cr;r:)toxanthin U 
Al 1-tran s-cryptoxan thin 
H eo-cryptoxarithin A 
N eo-cryptoxanthin :B 

ib of Total Pigment 
Aft er lvi.e 1 ting 

7 
49 
33 

6 

In addition to the above melts, a lower temperature melt of cryptoxanthin 

was carried out oy thoroughly mixing 2.0 mg. of chromatographically homo­

geneous cryptoxa.11thin with 8.5 mg. of' naphthalene in a sealed tuoe under car­

bon dioxide, placing the tuoe in a oath at 1I5° for five minutes and finally 

quickly cooling by p lunging into a bath of ice water. The contents of the 

tuoe was dissolved in 20 ml. of petroleum ether and chromatographed. The 

following chromatogram (13 x 1.3 cm.) was obtained: 

2 
52 
36 
13 

3 

yellowish brown: irreversible layer 
colorless 
orange: all-trans-cryp toxanthin (483.5, 452.5 mµ), (480, 45Q mµ) 
yellowish orange: neo-cryptoxanthin A (478, 447), (480)5, ~)_ 
pale yellowish brown: neo-cryptoxanthin B (430, 450.5 , (!±9.Q, ~) 

In order to confirm t h e al1sence of neo-cryptoxanthin U, the top fifth 

of the all-trans c~Jptoxanthin zone was cut out and eluted separately. It 

was found to have a clear all-trans cryptoxanthin spectr1-un with absorption 
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(c) Heat Isornerization of Cry-otoxanthin Solutions 

1. Refluxing at 60°. 

0. 58 rr.g. (value determined :9hotometrically) of chromatog-ra~hically 

h omogGneous cryJ)toxanthir.: in 100 ml. of petroleum ether (c.p. 60-70°) was 

refluxed. in an all-glass apparatu.s in a slow stream of carbon dioxide for 

one hour. The fallowing cbr ornatogra.rn Yras obtained (13 x 1. 8 cm. ) : 

5 pale yellow: irreversible layer 
74 colorless 
22 orange: all-trans-cr;.vp toxanth in (484. 5 , 453. 5 ), (~-S0.5, 450) 

1 colorless 
9 yellow: neo-cr-y-_ptoxanth in A (477, 446), (480, 4Li-9.5) 

The spijctrum of t h e top fifth of the orange layer gave a shar:_o cryptoxen­

t h in sp ectrum indicating the absence of any neo-cryp toxanthin U. 

A solution of h omog eneous neo-cr yp toxanthin A was refluxed for one hour 

ll.:!1der the same conditions as above. From t h e solution a chromatogram very 

similar to the one above was obtain ed, i.e. , only cryptoxant?lin and neo-

c ryp toxa:ath in A were present on t h e column. Some photometric values are 

g iven in Table III. 

Table III 

Amom1ts of CryptoxP"'"n t h in and lT eo-cr ;y-:p toxanth i n Pr esent .After 

Refluxing a Pure Solu tion of & ,ch For Sixty Linut es at 60-70° 

St art i ng 1/at er ial 

All-trans-cryptoxanthin 
F eo-cryptoxanthin A 

2. Refluxing at 120° 

5f, of Tot c1.l Pigmen t .Aft er Refil.uxing 
Cryptoxanthin Neo-cryptoxanthin A 

88 
€4 

12 
36 

6 .2 mg . of chromatographica lly homog e neou s crypt oxanth in were dissolved 

i n 50 ml. of ligroin (b.p,f 120°) and refluxed for 't l1irt;y E1inutes i n a n all-

g lass ~-p) aratus i n a slow st::ceam of carbon dioxide. The following chrornato­

grarn was obt a ined (20 x 3. 5 cm.): 



Cl - o -

) y ellow: irreversible zone 
64 colorless 

1 t t - · ('uc3 ;:._ Li;::-:, i:.:: , orange: a 1-trarlB-cryp ·ox:2:..0. h in .o . .,1, i-...,.c... • .) mµ;, 
colorless 2 

14 
12 

y ellowish orange: neo-cql) toxanthin .A (477, 446), (480, 44-9) 
;yellow: neo-cryptoxanth_in 13 (479.5, 447. ::) ), ()-~SO, 449.5) 

.A spectroscopic c:Ci ed:: on t h e up:9 er fifth of the all-t:r-a.ns cryptoxanthin 

layer indicatec1 ·che absence of an;y neo-c1~;;1) toxanth in D. T:C. e pigment fractions 

had t h e relative photometric values giveY-l in Table IV. 

Table IV 

Photometric Values of t ·.-1 e St ereoisomers Formed by Refluxing 

Cryp toxanthin for Th irty liiim.:i.tes at 120° 

St er eo iso r:1er ~; of Total Extinction 

.All-trans-cr;yptoxanthin 
Neo-crJ ptoxanthil'~ .A 
lJ eo-cry~)toxanthin J3 

(a.) Isomerization of Cryptoxanthin by Irradiation. 

1. Irradiation _EZ ~uartz 1..§Pl,Q• 

62 
32 
6 

Three solutions of ct'.!.I'ornatographically pu.re cryptoxanthin each contain­

ing 0.225 mg. in 20 ml. of petroleum ether (b.p. 60-70°) were exposed. in 

quartz tubes to the ultra violet light of a quartz lanrp (Hanovia1 Luxor 

Scientific t y:9 e) for five, fifteen 3nd thirt y minutes. The distance from 

the la~ to t h e tu-bes was ap:proximat ely lS cm. The solutions were then 

chromatographed on calcium hydroxid.e. Except for a small iri--eversible layer 

at t h e very top of the cohmms, only 1..mchang ed. cryp toEanthin appeared in all 

cases. ='-1:ovrever, the top fifth of t h e cr;y~p toxanthin zone obtained ai't er 

thirty rnim:i.tes irradiation gave a s:9 ectrmn with a-bsor~9ti on mc1x i rna at l..~81 

and 449. ~: mp. Th is indicates t h e for mation of a small an101..mt of neo-

cryp toxanthin U in t h is case. 
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2. Irradiation }?_z Direct S1.mli?~ht. 

2. 0 mg. of chromat ogre;_pM.cally homogeneous cryptoxa.YJ. thin was dissolved 

in 30 ml. of petroleum ether (b.p. 60-70°). This solution was placed in a 

quartz flask filled with carbon dioxide and. eJqJosed to direct sunlight for 

forty-five mi nut es. The t e::"-1)erature of the solution at the end of this 

time was 34°. r:'he following chromatogram was obtained (18 x 1.3 cm.): 

4 yellowish brown: irreversible pigment 
83 colorless 
26 orange: all-trans-cryptoxanthin (l.1-83.5, 453 mµ), (480, 449.5 mµ) 
13 yellow: neo-cryptoxa.nthin A (473, 446.5), (479.5, 443.5) 

l'T eo-cryptoxanthin A was the only st ereoisorner obtained on insolat ion. 

It arnount ed to 147b of the total :pigment on the co hmm. 'I1he u_pper fifth of 

the orange cryptoxanthin zone was examined in the spectroscope but showed 

only a sharp all-trans cr~rptoxanthin spectru1n. .Apparently- there is no neo­

c1"yptoxanthin U formed on exposuxe of cryptoxanthin to sunlight. 

(e) Determination of the Lolecula,r Extinction Curves for All-trans­

Cryptoxanthin, ~Jeo-cryptoxanthin U , c:: .. ·' 1Teo-Cryptoxa:n.thin A, lJeo-cr;,rptoxanthin B 

and t lie C1--y-otoxa..nthin iodine :e:quilibriwr1 Mixture in t ~1. e Re\::ion 320 to ,380 mp. 

All spectro~)hotometric read.ings vrere taken in 11Hexane 11 (from petroleurn, 

{)Tactical, Eastmen-Kodak Co.) which was p1:rified by mechanically shaking 

t,.--rr ice with fuming sulf'·o.::cic acid for one hour a.:r~d 1;yashing acid free v.rith water. 

The fr act ion betiiveen 62-66° was 1.,1.sed foT s:pectropl~ otometric purposes. The 

qu2:i.1.titative re8.dL1g s Fere t21cen in a :Seckrna:.0. quartz photoelectric spectro-

Trrn ste11 eoiso.:Je1·s 1:;.sed for these d.eterrninations were prepared O;'./ melt 

i soEJ.er· i zat ion of crypt oxm1 thir1. • Th e cr;/p t ox Em thin, neo-c11 ;:,rpt oxa:n t h in r, 

neo-c:c~rpto:·canthin A 2.nd. n eo-crypto:x:anthin B zo:.:ies r.rere cut out of t h e c!ll'omato-

gram, el7...·,.ted vrit}: a lco:: ol 2I1 0. tra:nsf'erred. t ~-~ to ,h ex211 e o:r ::1ean s of' ice-c old 



water. Each solution was washed alcohol free and divided into two parts. 

One pa:ct was macie up to a suitable vol-wne with pure hexane and the other 

with E'~ solution of iodine in hexane. During the following hou.r the readings 

were talcen on the spectrophotometer. The fou.r iodine solutions were used 

to determine the molecular extinction curve of the iodine equilibrium mix­

ture. The average of these four curves is the iodine equilibriuin curve vihich 

appears, together with the curves of the individual stereoisomers, on the 

following page. The "bl s,.nks used for the spectrophotometric readings were 

either pure hexane or an iodine solution in hexane of a corresponding concen-

tr at ion. 

The m0lecular extinction coefficients were calculated as follows: 

Io = light transmission "by pure solvent 

I = II II II solution 

Cm = molecular concentration 
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II. Zeaxanthin 

Methods. The zea.xanthin used in the following work originated from 

the red berries of Phsalis Alkekengi by extract ion of the milled berries 

v:ith ether followed by sa-_ponificat ion with methanolic :potassium hydroxide. 

The ze2.xanthin was purified c:b..romatographically a.n.d kept ready for use 

drring the course of the investigation in crystalline form in a sealed 

tube m1der an atmosphere of carbon dioxide. 

The pigment solutions were chromatographed on calciun1 carbonate 

( Eer ck I s Heavy Powder) or , in cases v7her e a somewhat stronger ad sobb ent 

was required, on a 1: 1 mixture of calcium carbonate and ~'droxide. Pu.re 

benzene or benzene conte.i:ning up to 505~ petrole·L1.m ether was used for 

development. The pigments were eluted fro:;J the columns with alcohol on 

sintered. glass f1.m.nels (Jena 11G3 to 26G3), transferred into benzene and 

. 11 
washed free of alcohol in the apparatus c.escribGd by Le:aosen . All s-oectra 

v:ere taken in benzene and were a.et ermined v:ri th an Eval D.at ing Grat ii'1g Spectro­

scope (Zeiss, light filter :BG-7, 2 mm. thick). Concentrations of solutions 

1;7ere estimated by means of a Pulfrich Gra:3.ation Photometer (light fHter 

S47). 12 
Photometric vc1i.:-.es for zeaxanthin were published by C11olnoky . 

In the descriptions of chrornatogra:Ts to follow, the fig·o.res on t}1e 

left side of the descri"'oed chromatograms c3.enote width of the zones in mm. 

The figures on the right of the described zones are t1.1e extinction maxima 

(both be::ore and. 2,ft er adding :~odi:-.~e) of t}1e pigment in that particular 

zo:c.e L~. rnilli-microns. r_r7r~ e a'bsorption maxima figu:-ces ai'ter ad.ding iodine 

al' e ·o.:nd.er l i1:.ed. 
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(a ) Iso r::er izat ion d>f Zea:;can. t?ib by r,:eltit1~. 

3.2 mg . of chromatogra-.91'.!.ically homog enecu.s zee"xa.nt ~'.j_i :c1 c:cist a l s Fas 

sealed in a s mall gl a ss t-&,e 1md.er carbo:n diox i de a.~d ~ce:p t in a b :-::.th a t 

J.. 
220° for fift een min-c.t es. r:he loss of color~-net1~i c i::-:i.tens ity wa s so great 

that n ot eno"i..1.gh of an~r stereoisomer could. oe sep2.,rated on t h e c:b...r omato-

seal eel Y.ri th 21. 6 mg. of' na-~-:ihthalen e -und er carbon diox i de i::.1 a s r1all t ub e. 

;I'h e latter vras :..;: eJ)t i n a br1.t l1 at 1 60° for teL mi nutes af t er yr}-:. ich it was 

qi.: .i ckl y cooled i n ice wat er. The co1:.t en ts of' t he t i.::.be v:'as t h en dissolved 

i :j 30 tnl. of ·benzen e. Th is so lution gr.w e the follo wi ng chr omatograrn (18 

x 1. 3 cm.): 

Section I 

Section II~ 

y ellow: irr evers ible layer 
y ellowish orang e 
almost colorless 
y ellowish ora:'16 e 
a l most colorless 
y'ellow 

colorless 
yellow 

Sections I an d II were rec:'c.:.r·ornatogra1hed. 

Sect ion I gave the follov1i ng chromatogram (1 8 x 1. 8 cm.): 

22 colorless 
5 ~rellowish orang e: n eo-zeaxan t h in A (~ oa i--

·07. '.)' 458 mp.)' 
3 colorless 
6 y ellowish orang e: neo-zeaxanthin :Bl (L' go 1,::-r :;•.), )t~-7 ~ ) - .) .. ) ' 
3 colorless 

3 yellowish orange: neo-zeaxanthin B2 (489. 5, 45 7. 5), 
4 colorless 
4 y ellow: neo-zeaxanthin C (485.5, 454. 5), (~-93, 460) 

~ - ' 
L,r· o ;· ) 
m •J 

(493.5, 460.5) 

(493, 460) 

Sect~on II gave the follo~ing chromatogram (lS x l.S cm.): 



5 coloi-·less 
4 ;{ellov.rish orange: neo-zeaxanthin A (490, 458. 5), (L~92. 5, Li,60) 
8 coloriless 
4 yellowish orange: neo-zeax:anthin El (490, 458), (492.5, 460) 
5 colorless 

11 ~rellowish orange: all-tra11s-ziax:anthin (494. 5, 462), (~-92. 5, 460) 
2 colorless 
3 pale yellow: unlrnown pigment (not enough for· spectr1.un) 

The identities of the neo-zeaxanthin A and neo-zeaxanthin :B a:bove ~~ 

established by mixed chromatogra1.11s with l)reviously obtai:i.1ed neo A., and c-·neo B-·:: 

stereoisomers. They were ap\)a.:rently formed by spontaneous isomerization 

while the lower· section of the first chromatogram stood in solution at room 

temperature. 

(b) Heat Isornei-· izat ion of Zeaxanthin. 

1. Refluxing at 60°. 

10. 0 mg. of cbromatographically homogeneous zeaxanthin vras dissolved 

in 80 ml. of petroleum ether (b.p. 60-70°) and refluxed in an all-glass 

apparatu.s in a stream of CcU'bon dioxide for thirty minutes. The following 

chromatograJn was obtained (20 x 3.5 cm.): 

3 pale yellow: irreversible layer 
3 11 • , t, • A ('·v'o ~- l1•-·7 i::: ) ('190 ••• l.60 ) ye owisn orange: neo-zeaxan nin Lf-o 7 • J, '"tJ • J mp. , '+ c.:.• .. ~, --~- mp 
3 colorless 
2 yellowish orange: neo-zeo.xanthin :Bl (490, t~s 7. 5), (~, 460) 
2 iolorless 
4 ;yellow: ,neo-zeaxanthin B2 (489.5, 457.5), (493, 459-2) 

43 almost colorless 
20 orange: all-trans zea.xanthin (494, 462), (493:.,5, l.~59.5) 

10.5 mg. of ci"..ro:matogr3::Jbically homogeneous z:eaxanth:in was d.issolved 

in 80 ml. of' ligroin (b.p. 125°) and :r-eflu:x:ecl in an all-gl2.ss apJ)aratus ir1 

a strec:un of caxbon dioxide for thirt;y minutes. 1I1he following chromatogram 

was obtained (20 x 3.5 cm.): 



6 
6 
3 
4 

10 
12 
1) 

7 
1~ 
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pale y ellow: irreversible layer 
, • ( l ";;o :=- l .. r 7 ~ ) (1 g 4' 0 ' orange: neo-zea;cru.1t.cnn A -,-u.:;•..,,1, :-~•'.)mp, 4 "3, ~ mp.; 

ali-nost colorle.ss 
orang e: neo-zeaxanthin 131 (490. j, 4:)8), (493, l.~59. 5) 
almost colorless 
j_)ale 01'211g e: neo-zeaxanthin 32 (489.5, 4:;7.5), (493.5, 459.2_) 
colo:-cless 
orange: all-tra..rJ.s-zeaxanthin (494, 462), (493-2, 459.2) 
colorless 

c y ellowish orange: neo-zeaxa..-1 t h in S 460) 

The relative photometric vah:es of t11e asove stereoisorners are given 

in Table v. 

Taole V 

Photometric Vah1es of t h e Stereoisomers Formed by 

Refluxing Zeaxa:nthin for Thirt~r Lim).tes at 125° 

Stereoisorner 

:: eo-zeaxanthin A 
Neo-zeaxanthin El 
Eeo-zea..xanthin :B2 
All-trans-zeaxenthin 
Neo-zeaxanthin S 

(c) IrreAiation of Zeaxanthin 

1. Irradiation ~ Q;uartz ~ 

;& of Tot al Ex:t inct ion 

22 
17 
21 
35 
5 

Three solutions of 0. 9 rr.,g. of cl1romatographicall:y· homog eneous zeaxanthin 

clissolved in 25 L1l. of b enzene were ex:;?osed to tl1e u.ltra-violet light of a 

quartz lamp (Hanovia, k.xor Scientific t;/p e) for tne respective periods of 
. . 
five, fifteen and thirt:1 min:ntes. The shorter irradiation gave solutions 

which sl:.owed, except for a small irreversible layer at t h e to~q, only 1.m­

chang ed zeaxanthin on the chromato@: raphic colDJID1. However, the sample 

irradiated for thirty minutes_ gave t h e following chro2,atogr.?.JI1 (18 x 1. S cm.): 

3 pale y ellow: irreversible laier 
15 colorless 

1 orE.mg e-brown: 1.mk::.1ow.n 11igrnent (Eot enough for spectrumJ 
l.~O colorless 
12 ;yellowish orange: neo-zea.,"'{anthin A (490.5, 4:;i9-5 mp), (l±.9}, 460) 
18 colorless 
24 orange: all-trans-zeaxanthin (494, 459), (fil, 460) 
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The relative ph otometric vah:.es of t tL e stereoiso:,~·: ers were as follows: 

r:i1kn mvn :9 i gmen t 
~,Teo-zeaxanthin A 
Zeaxanthin 

2. Irradiation ,EX. Svnlight 

5;~, 
3J)~ 
60;'; 

10 mg. of chromatographically homogeneous zeaxanthin was a_issol ved in 

:jO ml. of "benzene and exposed in a quartz tube to bright sunlight for fif-

teen L1inutes. The ternperat1..1re of t~ie s011;.tion at the end of this time was 

31°. The solution gave the following chromatogram (20 x 3.5 cm.): 

C. o pale yellow: irreversible layer 
2 yellowish orange: neo-ze ,:.1.xanthin A (490, 4j9 mp.), (492. 5, 4;,9. 5 mr) 
2 colorless 
2 y ellowish orange: neo-zeaxantrlin :B (489.:), 459), (492, 459.:,) 

40 almost colorless 
13 oranc e: all-trans-zeaxanthin (493•?, 462), (492.J, 460) 
42 pale yellow 

The bottom layer gave o.n rechro1~1atogra11h;y the following zones: 

20 colorless 
8 yellowish orang e: neo- zea..x:an thin s (490.5, 457. 5), (492.5, 
3 colorless 
9 yellowish orang e: neo-zea,,""<ao. thin T (490, 457), (492' 459) 

459) 

The relative photometric values of the stereoisomers fo1·med on in­

solation are given below in Table VI. 

Taole VI 

Photometric Values of the Stereoisorners Formed o;r the 

F'IFTEE.N 
Insolation of Zea.,canthin for S:Jd) ~ l1~inutes 

Stereo isomer 

Neo-zeaxanthin A 
Neo-zeaxanthin 13 
All-trans-zeaxru1thin 
Neo-zeaxanthin S 
Neo-zeaxanthin T 

% of Total Extinction 

16 
11 
65 
5 
3 

Zeaxantl-:_ii1 was also insolated for periods of fit.le and t h irty mim:..tes. 

However, it was £'01..md that five I!dhutes insol2.tion produced very little 

stereoisornerization while thirty minutes i :i.1 solation resl..:.lted L.1 almost total 

destruction of the pig□ent. 
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S:hs described isomerizations of cry-'-1toxant:.:,in procLu.ced. two new stereo-

iso1:.1ers, nae.1ely , neo~crypto:x:anthin U and tieo-cryptoxanth in :B*. The detecticn 

of neo-c:r·yptoxanthin A has been previously reported under the name of 11neo-

t tl • It r-) ' 6 ' l 4 m1 b t .,_ · ~ f • t ' t · cryp oxan 11n ./ . u1e es mel,noa or preparing 1.1e wo new stereo-

i somers appears to be by the melt isomerization. As a melt isomerization 

of c:-i.7iJtoxanth in has never been previously atter~pt ed, it is not surprising 

that new stereoisomers aoueared after such treatment. The new stereoisomers 

can also be detected on the Tswett coluran after iodine catalysis, in fact, 

iodine catal:.rsis gives a larger proport ton of the U iso!~1er than does a 

melt iso merization. However, during the course of t his investic ation neo-

cryI)toxanthin :B 1Has reliably a11d consistentlj! produced on melt isomerization 

whereas it was often d_ifficult to effect its chromatographic separation 

a.ft er iodine isomerizat ion. 

The use of calciu::i hydroxide as adsorbent and. ::_'.)8troleum ether contain­

ing small :,)ercenta;:::e s of ace_tone a ·s developer seems to be an excellent s~rstem 

i'or the chromator raphing of the c:cy:ptoxanthin set of stereoisomeI·s. This 

may be t l1 e reason W!.:y new stereoisomers have been obs erved in the course of 

t h is work which were not o.etected in prevj_ous work on c:typtoxa .. nthin using 

calcium tydroxj_de and· benzene-petroleum ether mixtui"es5 ,6 or using calcium 

b d • , d , 1 • • tb , th • t 14 r.n .,_ h t , -Y 1"ox10.e an a.eve oping w1 - _ a n exrme-e • _1er mix -c.r e . 1ne acel, one as .ne 

additional advanta;~: e that it can be washed out of the petroleum ether by 

water. Thus the pigment may oe q_1.,1.antitatively transferred i:Qto petrolenn 

* This nomencla tixce is used to corif orm to that wt.ich was applied to 
th t • r.- 0 t • t 1 • l .L' 1 / nd . t 2 e s ereoisomers o::i: p-caro ene in ne recent wor . .c. o..!.. Po gro-- a· Zech.me1s er 
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ether for SlJect;roscopic or photometric measurements without previous 

ev a;_Jor at ion. 

The ideal temperature for and time of duration of cryp toxanthin melt 

isomerizations ~ yet to be determined. It is obvious that the higher the 

temperatu.re and longer the time of :-:.1elting, the greater must be the destruc­

tion of the pigment through oxidation and pyrolysis. At the same time, 

however, higher teq)eratu:ces have a mark ed tendency to promote stereo­

is·omerization. We notice, therefore, a competition between the processes 

of destruction and stereoisomerization and it is not yet determined q_uanti­

tatively where in the . range of time and ten:ff)eratu:ce is the point at which 

the net production of stereoisomers is at an optimum. The purpose of the 

addition of naphthalene is to decrease the temperature at ~hich the melt 

isomerization may be carried out. Such melts resulted. in far less des:truc-
/ 

tion of the pigment but also resulted in lower yields of stereoisomers • 

.An intermediate stage between a naphthalene melt and a refluxing at 

60-70°
2 

is a refluxing of the pigment at a considerably higher temperature, 

s~~ 120°. Such a high boiling reflux was carried out and gave results which 

did not vaxy appreciably from those obtained by the naphthalene melt. 

Insolation seems to be a very promising method v:rith which to induce 

the isornerization of carotenoids, 1::i2..rticular1Hy because of the ver-J strong 

extinction of light in certain reg ions of the visible spectrum. In the 

insolation no less than in the heating of cryptoxanthin there is a manifest 

competition "b etween the ci estruction and stereoisomerism of the carotenoid 

o olecule. The clescribed insolat ion experiment produced only neo-cryptoxanthin A 

but it is :probable that a more prolong ed (or even shorteded) insolation 

,~rould ~) rodi..:-,ce ot her stereoisowers too. Ultr&-violet light alone has no 
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marked. effect on cryptoxanth in, bv.t this fact is not sD.rprising in view of 

t h e relatively small light absorption by cryptoxanthin in the ultra-violet 

reg ion. 

Perhaps the most interesting part of the present work was the deter­

rn ination b;y means of the :B eckman Spectro:p;: ... otometer of the molecular extin-

ct ion c·urves for some cry) toxanth i n stereoisorners as well as t he curve for 

the iodine equilibrium mixture. Such curves for cryp toxanthin an.d neo­

cryptoxanthin (the neo-cryptoxanthin A of t h is work) ha-we ·been reported by 

Y.1nite, Zscheile a.11d J3runson
14 

for the visible range of the spectrui:1 wh ere 

t h e tir10 la.Tge maxima of light absorption occur, namel;l, from 3 30 to 560 mp .. 

In view of the recen t pap erslO,lS wh ich d.escrioed t h e interesting ph enomenon 

of t h e 11 cis-p eak 11 in t h e reg ion from 320 to 380 mµ:.. it was decided to ch eck 

t h e behavior of t h e knovm cryptoxanth in stereoisc:rr:ers in t h is reg ion. The 

photograph of these c1J.rves on ::_::>age 11 shows the position of the cis-peak for 

t h e iodine eqDilibrium rnix ·~1.;.re to be at approximately 333 mµ. Th e greatest 

contributions to t h is cis-peak are fro n: t h e n eo-cryptoxa.nthin A a.-rid E. Weo-

crypto:xanth in U mak es onl~y a. very s mall contribu.tion a11G. t~1e all-trans form 

makes .:9ra.ctically no contribution ,vhatever. The corresponding f3 -carotene 

stereoisomer-s make exactl;/ the same crr.alitat ive cont r ibution to t h e µ-
• 1 10. ca:rot ene cis-peaK 

10 
It 11as been sug5 ested t hat t f-ie cis-pea.~ ef fect is more dep end.en t on 

t h e position of cis double bonds in t h e molecule t h a."11 merely on t he number 

of such bonds. For example, it is proi)able that the d.ouble bond i n t h e 

c a rat eno i d. E1ol ec1.:1.le vrh i ch \You.lcl_ be rr:o s t r eadil;y converted into a c is con-

fi gur ation is t h e on e in t h e c; enter of' t h e molecule. Th is bond is bond no. 

6 i n the stn-1.ct 1...:ral f or f!!ula of crT9to:c2nth in: 
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(The stereo ch emically effective double bonds are numbered.) 

Douo le bond no. 6 wou.ld be sub,ject to no 1_)ossible steric hinderences 

and t h erefore is p robably the most easily converted into a cis d.ouble bond. 

Consequently, tbe most easily ~~roduced st ereoisomer of crn toxanthi:n , namely, 

neo-cryptoxanthin A, probably results f r om the trans-cis-rotation of this 

bond. J?urtll ermore, Dr. Pauling ha.s suggested that such a cis double bond 

iD this position in the carotenoid molecule, with its resultant bending of 

the polyenic chain. in t h e center, viOuld give rise to t h e largest dipole 

o.-.L 
moment possible for the particular 1n.ode of electron oscillation u.p1'dovm1 

the polyenic chain which is associated. with the absorption of light in the 

c i s-p ealc ::cegion. 1.l1:>lis largest dipole E1o□ent would, i n turn, 6 ive rise to 

t h e great es t aos or :9tim1 of light i n t h is reg ion, i.e. h ighest cis-peak. 

Th is idea seems to appl y- sornev/c1at s-c.ccessfully to t t e crypt oxanthin stereo-

iso;11e1· s since neo-crJ:p toxa.Ylt h i n A has CfGite a h igh cis-:peal-c . However, neo-

cr;/l)toxan t h in :B , wh ici'i is not as readily produced as neo A, has Et similar or 

even slic=,:):1tl;y h i gher ci s- p eak. Since neo A has lower absorption maxima in 

t h e visible range of' t h e sp ectrum t h a.Yl has neo E, neo A n-1.czy actual}i contain 

t vm cis double bonds i n accordance wi th the view t h at each cis double bond 

shifts t h e absorption maxima to shorter wave-lengths3. If this were the 

situation, neo B, with one cis double oond at 5 ~ 7, would be expected. to 

g ive rise to a higher cis.-pea.lc than n eo A with t wo cis bond.s. However, with 

only f our cryptoxanth in cis-trans isoi11ers detected 01,-:.t of a possible t h irty-

t wo, much work remains to be done before the different stereoisomers will be 

corr elated. to defin ite steric struct1-1res. 
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II. Zea.xanthin 

The isomerization of zeaxanthin by 6elting the crystals appears to be 

ru.1 w1su.itable method due to the great arn~n:mt of thermal destruction. A more 

successfu.l method is to melt the crystals at lower temperatu.res by adding 

naphthalene. ]y means of the latter method, foux stereoisomers of zea.xanthin 

were separated on the column, all above the all-trans-zea.xanthin zone. These 

were named, from to}) to ·oottom, neo A, neo Bl, neo B2 and :neo c. Neo-zeaxanthin A 

and 131 are apparently identical with the stereoisomers reported earlier \:i.ni:er 

the na-rnetr of neo A and neo B9. Neo B2 is a new stereoisorner while neo C is 

identical with the ea:clier reported neo c9. The best ad.soroent for the sep­

aration of theee stereoisorners is calciu .. n.1 carbl,Onate. Mixtuxes of calchJm 

carbonate with calchun hydroxide wei-·e unsuccessf·ul, since only incomglete 

separations could be achieved with such a mixture. :Benzene containing an 

adequate admixture of petroleum ether is a suitable developer. In contrast to 

the situation in the case of crypto:::anthin, petroleum ether cannot b e u.sed suo­

cessfully for the spectroscopic and pnotometric characterizations of zea.xanthin 

and. its stereoisomers du.e to their l'Glative insolubility in this solvent. Benzene, 

therefore, was used as the solvent for all such characterizations. 

The most successful isomerization of zeaxanthin was achieved by refluxing 

the pigment at a temperature of 125°. :By means of -chis method, 2., new stereo-

isomer appeared vihich exhibited smaller adsorbability on the cbromatogra;pllic 

coh:mm. than the all-tra11s form. All other known stere•oisorners :possess stranger 

adsorption affinities tJ1an the all-trans form. r:r:his stereo isomer was called. 

neo-zeaxanthin S (S for sub). 

Althov,gh ultraviolet irradiation of zeaxanthin by means of a quartz 

la.mp produced only n eo-zeaxanthin A, insolation of zea.xanthin led to the 

d.etection of a further stereoisomer with an adsorption affinity less the.n 
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all-trro1s zea.x~:r:'- thin. This stereoisorner app e2Ted on the Tsvrntt col1.11m1 

i nc:,ed i ately belo1:: neo-zeax.9..nthin S and v;as termed neo-zea.;xa..nthin T. 

J3ecause of t h eir greater sensitivity, zeaxanthin solution s ccmn ot be 

exposed to s1..m1ight as long 2.s can cryp toxan t b i n solutions with01..-i.t causing 

considerable loss of pigment. ~oy:ever, an insolation for about fifteen 

minutes g ives reaso:nably good. results witho"L:"tt 1.:md·o.e destruction. 
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S11rnmar;y: 

1. The stereoisomerization of cryptoxanthin was studied under the 

influence of iodine catalysis at room te~eratuxe, melting the crystals, 

r eflu.,""{ing and irradiation. Two new st ereoisomers of cryptoxanthin vrnre 

detected, one of which, neo-cryptoxanthin U, is adsorbed above all-trans­

cryptoxanthin on the Tswett column. 

2. Molecular extinction curves were tal.cen in the l"egion from 320 to 

380 mp.. for all-trans-cryptoxanthin, tbree of its stereoisomers, c.nd the 

cryptoxanthin iodine-catalyzed equilibrimrn mixture of stereoisomers. 

3. The stereoisomerization of zeaxanthin v,as studied 1.i.nder the in­

fluence of melting the crystals, refluxi:i.1g and irradiation. Three new 

stereoisomers of zeaxanthin were Qetected, two of which appear below all­

trans-zeax:anthin on the Tswett column. 
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