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Introduction

The phenomenon of carotenoid isomerization was detected for 3-carotene
r b e S FaE B Q "1 - 4 1
(Cao¥se) by Gillam and EL Ridi in 19357. Since that time much work has been
done, especially with 3-carotene and lycopene, in detecting new stereocisomers

. . s o . 2,3%,4,5,6
and in correlating their structures with observed spectrosconic data Lt UL

It was at first suggested by Gillam and El Ridi7

that the carotenoi#isomers
were -formed as a result of double bond migration. This sugcestion had to be
abandoned in favor of the alternative explanation of trens-cis shifts duve to
the impossibility of accounting for all the observed stereoisomers of lycopene
on the basis of double bond migrations5. Furthermore, lutein cannot be con~
verted into zeaxanthin (which differs from lutein only in the position of

one double bond) by treatment with iodine, wnich is an excellent catalyst

for the coﬁversion of one carotenoid stereoisomer into another by means of
trans-cis shifts. Other arguments in favor of stereoisomerization have been
presented based on the change in intensity of light a,’osorption8 and the

spectral shift3

vpon the production of one stereoisomer from another. Con-
sequently, cis-trans isomerization about the conjugated double bonds of
carotenoids must be accepted as the correct explanation of carotenoid iscomeri-
zation.

The purpose of the present work is to contribute to the kmowledge of
the stereoisomerization of cryptoxanthin (040H550H) and zeaxanthin
(OE:C4uHga OH), which are, respectively, mono- and di-hydroxy Sg-carotene.
The following principal methods were used to~promote the isomerization, viz.,
(1) iodine catalysis at room temperature, (2) melting the crystals, (3)

refluxing the pigment solution, and (U) irradiation. The stereoisomers



obtained were separated oy means of the Tswett chromatographic method, which
is, indeed, the only means available for such separations. The identification
of the stereoisomers is accomplished spectroscopically and, in some cases,
by mixed chromatograms.

e o .

The earlier assumption” that carotenes and carotenoids with only one
free hydroxyl grouvp yield stereoisomers which are adscrbed at lower sections
of the Tsvett columm then the all-trans stereoisorer was modified as a result

oy / S 2 : . 2o gt F
of the woik of Polgar and Zechmeister on 3-carotene isomerization, during
which three new isomers were found which vere adsorbed above the all-trans
comoound. A sterecisomer of cryptoxanthin was detected during the present
work winich is also adsorbed above all-trans cryotoxenthin ocn the Tswett column.
In addition, two new stereoisomers of zeaxanthin are reported in this work
which are adsorbed below the all-trans stereoisomer. All previously revorted
zeaxanthin isomers were absorbed at higher sections of the column than the
natvral (all-trans) zeaxanthin.

Included in the present work is an investigation into the absorption of
light in the ultra-viclet region of the spectrum by some cryntoxanthin stereo-
isomers. The interesting phenomenon of the formation of "cis-peaks! in this

; . % . 10 )
region by several carotenes has recently been described” . An analogous
behavior has been observed during this work in the case of cryptoxanthin.

1 3 10 heioht | i
It has already been pointed out that the height of '"cis-peaks" mgy depend
on the vposition of each cis double bond in the long polyenic chain of the
carotenoids. This subject will later be discussed for the special case of

cryptoxanthin.



Experimental

I. Cryptoxanthin
liethods. The cryptoxanthin used in the following work was obtained in

Hungary from the red berries of Physalis Alkekengi by extraction of the milled

berries with ether followed by saponification with methanolic potassium
hydroxide. The samples were purified chromatographically and kept in crystalline
form vnder an atmosphere of carbon dioxide in sealed tubes.

The pigment solutions were chromatographed on calcium hydroxide (Shell
brand lime, chemical hydrate). Petroleum ether (b.p. 60-70°) containing 5-15%
acetone was used for development. The pigments were eluted from the columms
with alcohol wusiag sihtered glass fuunels (Jena 11G3 to 2633%), transferred
into petroleum ether and washed free of alcohol in the apparatus described by
LeRosenll. All spectra were taken in petroleum ether and were determined with
an Evaluvating Grating Spectroscope (Zeiss, light filter BG-7, 2mm. thick).
Concentrations of solutions were estimated by means of a Pulfrich Gradation
Pnotometer (light filter SWU7). Photometric values for the naturally occur-
ring all-trans cryptoxanthin were published by Cholnokylz. Since approximately
the same equilibrium mixture of stereoisomers is always obtained on addition
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 Pul-
frich Protometer. From this coefficient the pigments concentration can be
determined from the data which is shown graphically below. This data was
obtained by adding iodine to cryptoxanthim solutions of known concentrations
in petfoleum ether and determining the extinction coefficients of these solu-

tions in the Photometer.
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In the descriptions of chromatograms to follow, the figures on thé left
side of the described chromatograms denote width of the zones in mm. The
figures on the right of the described zones are the extinction rmaxima (both
before and after adding iodine) of the pigment in trat particular zone in
milli-microns. The extinction maxima figures after addition of iodine are
vnderlined.

(2) Isomerization of Cryptoxanthin by Iodine Catalysis at Room Tempera~

ture. 4.6 mg. of chromatographically homogeneous cryptoxanthin 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 temperature
for sixty minutes. It was then adsorbed on calcium hydroxide (20 x 3.5 cm.)
giving the following chromatogram:
2 Ybrownish yellow: heterogenéous irreversible layer
110 colorless
12 yellowish orange: mneo-cryptoxanthin U (47&.5, UlLg mp), (480, 449 mp)
2 almost colorless
26 orange: all-trans-cryptoxanthin (483.5, 452.5), (480, 4l8.5)
2 colorless
10 yellow: neo-cryptoxanthin A (477, U46), (480, 4lg.5)
7 ‘brownish yellow: neo-cryptoxanthin B (479.5, Wi9.5), (Lgo, Lug)
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 svbmitted to the same catalytic treatment and

again chromatographed. The relative photometric valves of the isomers formed

are summarized in Table I.



Table T
Relative Photometric Values of Cryptoxanthin and
of Some of its Stereoisomers as Formed by Jodine @atalysis

at Room temperature

Relative Photometric Values (%)

Starting laterial Heo U Cryptoxanthin eo A Feo B
Teo-cryptoxanthin U 23 56 22 g
All-trans-cryptoxanthin 18 59 18 5
Neo-cryptoxanthin A 20 57 23. *
Heo~-cryptoxanthin B 21 55 17 7

* Wone visible on column

(v) Isomerization of Cryptoxanthin by lielting

This experiment was carried out by sealing crystals of chromatographically
Iromogeneous cryptoxanthin in a glass tube under carbon dioxide. Such tubes
were ilmmersed in‘a‘bath at 170° for varying periodé of time, viz., 2, 8, 10
and 15 minubtes. The melt was then rapidly solidified in ice-water, dissolved
in petroleum ether and chromatographed. The melts for two and eight minutes
produced only one stereoisomer which was absorbed immediately below unchanged
cryptoxanthin on the column. It was identified spectroscopically with "neo-

=
cryptoxanthin"9 and termed neo-crypntoxanthin A. The ten minutes melting pro-
duced an amowmt of a neo isomer, =2 neo-cryptoxanthin U, which was equal to
22% of the total pigment of the colummn. BOﬁ of the pigment was neo-cryptoxan-
thin A and the remainder unchanged cryptoxanthin. The melt for fifteen
minuvtes was carried out with 3.2 mg. of cryptoxanthin and gave the following

chromatozram (18 x 1.8 cm. ):

1 'brownish yellow: irreversible layer
75 colorless
15 yellowish orange: mneo-cryptoxanthin U (478, W48 mp), (L97.5, LU9 mp)
28 orange: all-trans-cryptoxanthin (483.5, W2.5), (480.5, Lu9)
19 yellow: neo-cryvtoxanthin A (476, LuUG), (Lg0, Lu9)
1 colorless
6 yellowish orange: neo-cryptoxanthin B (479, U48.5), (480.5, LL9)



The neo-criyntoxanthin U obtained by melting was shown by means of a
mixed chromatogram to be identical with the corresponding zone formed by
iodine catalysis.

The relative amounts of the stereolsomers separated on the above cihromato-
gram are listed in Tgble II. The total loss in pigment during the melt was
55 e

Table II
Relative Amovnts of the Stereoisdizers Formed
on. Melting Crystals of Cryptoxanthin

Stereoisomer % of Total Pigment
After Lielting

Jeo-cryntoxanthin U 7
All-trans-cryptoxanthin 49
Weo—-cryptoxanthin A 38
Heo—-cryptoxanthin B 6

In addition to the above melts, a lower temperature melt of cryptoxanthin
was carried out by thoroughly mixing 2.0 mg. of chromatographically homo-
geneous cryptoxanthin with 8.5 mg. of naphthalene in a sealed tube under car-
bon dioxide, placing the tube in a bath at 115° for five minuvtes and finally
qﬁickly cooling by plunging into a bath of ice water. The contents of the
ttbe was dissolved in 20 ml. of petroleum ether and chromatographed. The
following chromatogram (18 x 1.8 cm.) was obtained:

2 yellowish brown: irreversible layer

52 colorless _
36 orange: all-trans-cryptoxanthin (483.5, UE2.5 mp), (U480, Y50 mp)
18 yellowish orange: neo-cryptoxanthin A (478, Lu7), (480.5, EEQ. )
8 pale yellowish brown: neo-cryptoxanthin 3B (480, U450.5), (480, )
In order to confirm the absence of neo-cryptoxanthin U, the top fifth
of the all-trans cryptoxanthin zone was cut out and eluted separately. It

was found to have a clear all-trans cryptoxanthin spectrum with absorption

mexima at 483.5 and 452.%5 mp.



(c) Feat Isomerization of Cryotoxanthin Solutions

1. Refluxing at 60°.

0.58 mg. (value determined vhotometrically) of chromatographically
homogeneous cryotoxanthin in 100 ml. of petroleum ether (b.p. 60-70°) was
refluxed in an all-glass spparatus in a slow stream of carbon dioxide for

one hour. The following chromatogram was obtained (18 x 1.8 cm. ):

5 vale yellow: irreversible layer

T4  colorless

22 orange: all-trans-cryptoxanthin (484.5, 453.5), (L80.5, 450)
1 colorless
9 yellow: neo-cryptoxanthin A (477, W46), (480, L4u9.5)

The

spbctrum of the top fifth of the orange layer gave a sharp cryptoxen-
thin spectrum indicating the absence of any neo-cryptoxanthin T.

A solution of hoimogeneous neo-cryptoxanthin A was refluxed for one hour
under the same conditions as above. From the solution a chfomatogram very
similar to the one above was obtained, il.e., only cryptoxanthin and neo-
cryptoxanthin A were present on the column. Some photometric valves are
given in Table III.

Table III

Amounts of Cryptoxanthin and lTeo-cryptoxanthin Present After

Refluxing a Pure Solution of Eech For Sixty linutes at 60-70°

% of Totel Pigment After Refliixing

Starting laterial Cryptoxanthin  Weo-cryptoxanthin A
All-trans-cryptoxanthin 88 12
W eo-cryptoxanthin A ch 36

2. Refluxing at 120°

€.2 mg. of chromatographically homogeneous cryptoxanthin were dissolved

0 [ s - 0 / ! o A . 1 ]
in 50 ml. of ligroin (b.pd 120°) and refluxed for thirty minutes in an all-

glass apoaratus in a slow stream of carbon dioxide. The following chromato-

gram was obtained (20 x 3.5 cm.):

/e



5 yellow: irreversible zone

o4  colorless

23 orange: all-trams-cryptoxanthin (483.5, W52.5 mu), (480, H49 mp)
n ea— —_—

2 colorless
14 yellowish orange: mneo-cryotoxanthin A (477
12 yellow: neo-cryptoxanthin B (U79.5, Ui7.5),
A spectroscopic cnecik on the upvcer fifth of the all-trans cryptoxanthin
layer indicated the absence of any neo-cryptoxanthin U. The pigment fractions
had the relative photometric valves given in Table IV.
Table IV

Photometric Values of tine Stereoisomers Formed by Refluxing

Cryptoxanthin for Thirty kinutes at 12C°

Stereoisomer % of Total Extinction
All-trans-cryptoxanthin 62
Teo-cryptoxanthin A 32
Teo-cryntoxanthin B 6

() Isomerization of Cryptoxanthin by Irradiation.

1. Irradiation by Quartz Lamp.

Three solutions of chromatographically pure cryptoxanthin each contain-
ing 0.225 mg. in 20 ml. of petroleun ether (b.p. 60-70°) were exposed in
guartz tubes to the ultra violet light of a quartz lamp (Hanoviaylmxor
Scientific tyoe) for five, fifteen and thirty minutes. The distance from
the lamp to the tubes was aporoximately 15 cm. The solutions were then
chromatograpned on calcium hydroxide. Except for a small irreversible layer
at the very top of the columns, only unchanged cryntoranthin appeared in all
cases. Towever, the top fifth of the cryptoxanthin zone obtained after
thirty minvtes irradiation gave a spectrum with absorption maxima at U381
and Y9, mp. This indicates the formation of a smell smount of neo-

cryptoxanthin U in this case.
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2. Irradiation by Direct Sunlight.

2.0 mg. of chromatogrephically homogeneous cryptoxanthin was dissolved
in 30 ml. of petroleum ether (b.p. 60-70°). This solution was placed in a
guartz flasgk filled with carbon dioxide and exposed to direct sunlight for
forty-five minutes. The temperatuvre of the solution at the end of this
time was 34e. The following chromatogram was obtained (18 x 1.8 cm.):
4 yellowish bromm: irreversible pigment
83 colorless

26 orange: all-trans-cryptoxanthin (183.5, 453 mp), (480, UU9.5 myp)
13 yellow: neo-cryptoxanthin A (478, 446.5), (479.5, LL8.5

Teo-cryptoxanthin A was the only stereoisomer obtained on insolation.
It amounted to 1lWh of the total pigment on the columm. The upper fifth of

5

the orange cryptoxanthin zone was exzamined in the spectroescope but showed
only a sharp all-trans cryptoxanthin spectrum. 4pparently there is no neo-
cryptoxanthin U formed on exposure of cryptoxanthin to sunlight.

(e) Determination of the iolecular Extinction Curves for All-trans-

Cryptoxanthin, Weo-cryotoxantnin U,: ' Weo-Cryptoxanthin A, Heo-cryptoxanthin B

and the Cryptoxanthin Jodine Beuilibrium Mixture in ti.e Rerion 320 to 380 mp.

All spectronhotometric readings were taken in "Hexane" (from petroleum,
practical, Eastmen-Kodak Co.) which was purified by mechanically shaking
twice with fuming suvlfuvric acid for one hour and washing acid free with water.
The fraction between 62-66° was used for spectrophotometric purposes. The

-

cuentitative readings vwere taken in a Beckman quartz photoelectric spectro-
, 13
nhotoxeter .
The stereoisomers used for these determinations were prepared by melt
isomerization of cryntoxanthin. The cryptoxanthin, neo-cryptoxanthin T,

neo-cryntoranthin A 2ad neo-cryptoxanthin B zones were cut out of the chromato-

gram, eluted with alcorol and transferred into hexane by means of ice-cold

o
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water. Each solution was washed alccnol free 2nd divided into two parts.

One part was made up to a svitable volume with pure hexane and the other

with a solution of ilodine in hexane. During the following hour the readings
were taken on the spectrophotometer. The fouvr iodine solutions were used

to determine the molecular extinction curve of the iodine equilibriwm mix-
ture. The average of these four curves is the iodine eguilibrium curve which
appears, together with the curves of the individual stereoisomers, on the
following page. The blanks used for the spectrophotometric readings were
either oure hexane or an iodine solution in hexane of a corresponding concen-
tration.

The moleculsr extinction coefficients were calculated as followsg
ol 2EL . ng ._,L__.
Fo =& = LeyT o

Io
I = n " solution

Cm

light transmission by pure solvent

molecular ccncentration
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Molecular Extinction Coefficient (X10%)

Figure 1

w.olecular extinction curves of cryotoxanthin stereoisimers; contri-
tution of the four main constituents of the stereoisomeric mixture to the

cis-peak observed on addition of iodine; -

all-trans-cr;otoxanthin,

—..=e. neo-cryptoxanthin T, .__- mixture after iodine catalysis, —=.--

neo-crystoxanthin A, _ . neo-cryptoxanthin B.

—



II. Zeaxanthin
kethods. The geaxanthin used in the following work originated from

the red berries of Phsalis Alkekengi by extraction of the milled berries

with ether followed by saponification with methanolic potassium hydroxide.
The zeaxanthin was puvrified chromatographically and kept ready for use
during the course of the investigation in crystalline form in a sealed
tube uvnder an atmosphere of carbon dioxide.

The pigment solutbtions were chromatographed on calcium carbonate
(kerck's Heavy Powder) or, in cases where a somewhat stronger adsobbent
was required, on a 1l:1 mixture of calcium carbonate and hydroxide. Pure
benzene or benzene containing up to 50% petroleum ether was used for
development. The pigments were eluted from the columns with alcohol on
sintered glass funnels (Jena 11G3 to 26G3), transferred into benzene and
washed free of alconol in the apparatus described by LéRosenll. All spectra
vere taken in benzene and were determined with an Evalvating CGrating Spectro-
scope (Zeiss, light filter BG-7, 2 mm. thick). Concentrations of solutions
vere estimated by means of a Pulfrich Gradation Protometer (light filter
SL7). Photometric valtes for zeaxanthin were published by Cholnokylg.

In the descriptions of chromatograms to follow, the fizures on the
left side of the described chromatograms denote width of the zores in mm.
The figures on the right of the described zones are the extinction maxima
(both before and after adding iodine) of the pigment in that particular
’zone in milli-microns. Trhe absorption maxima figures after adding lodine

are underlined.



(a) Isomerization 6f Zeaxanthin by Melting.

3.2 mg. of chromatographically honozenecus zeaxantiin crystals was

lass tube under carbon dioxide and kent in a b=atn at

.
T . . PR - S P
200 for fifteen minutes. The loss of colormetric intensity was so great

that not enovgh of any stereoisomer could be separated on the chromato-

agraphic column to nermit reading its spectrum.

i)

5.2 mge of chromatographically homogeneous zeaxanthin crystals was

mg. of nanhthalene under carbon dioxide in a small tube.

(@)

sealed with 21.
The latter was kept in a bath at 160° for ten minutes after which it was
guickly cooled in ice water. The contents of the tuvbe was then dissolved
in 30 ml. of benzene. This solution gave the following chromatogram (18

x 1.8 cm. )

yellow: irreversible layer
vellowish orange

almost colorless

vellowish orange

almost colorless

yellow

A I Al

Section I

)

o0 P\

Secti © colorless
ection II 94 yellow

Sections I and II were rechromatographed.

Section I gave the following chromatogram (18 x 1.8 cm.):
22 colorless

5 vellowish orange: neo-zeaxanthin A (489.5, 458 mp), (492.7, L460.5)
% colorless

6 yellowish orange: neo-zeaxanthin Bl (489.5, U57.5), (493.5, 460.5)
% colorless
5

in
L

yellowish orange: neo-zeaxanthin B2 (489.5, U57.5), (493, L6O)
colorless
vellow: neo-zeaxanthin ¢ (485.5, 45L.5), (493, L460)

Section II gave the following chromatogram (18 x 1.% cm.):



5 colorless

4 yellowish orange: neo-zeaxanthin A (490, U58.5), (u92.5, LE0)

8 coloriess

4 yellowish orange: mneo-zeaxanthin B1 (490, 4H8), (492.5, L460)

5 colorless
11 yellowish orange: all-trans-z@axanthin (49U4.5, L62), (U92.%5, 460)
2 colorless

3 pale yellow: wunknown vigment (not enough for spectrum)

The identities of the neo-zeaxanthin A and neo-zeaxanthin B gbove mmave~c
established by mixed chromatograms with previously obtained neo Alandcneo Bl
stereoisomers. They were apnarently formed by spontaneous isomerization
vinile the lower section of the first chromatogram stood in solution at room
temperature.

(b) Heat Isomerization of Zeaxanthin.

1. Refluxing at 60°.

10.0 meg. of chromatographically homogeneous zesxanthin was dissolved
80 ml. of petroleum ether (b.p. 00-70°) and refluxed in an all-glass
apparatus in a stream of carbon dioxide for thirty minuvtes. The following

chromatogram was obtained (20 x 3.5 cm. ):

8 vpale yellow: irreversible layer

3 yellowish orange: neo-zeaxanthin A (489.5, W7.5 mp), (492.5, 460 mp)
% colorless

2 yellowish orenge: neo-zeexanthin BL (490, W57.5), (493, L60)

2 golorless

4 yellow: neo-zeaxanthin B2 (489.5, U57.5), (493, 459.5)

U3  almost colorless

20 orange: all-trens zeaxanthin (W94, 462), (493.5, 4H9.5)

2. Refluxing at 125°.

10.% mg. of chromatographically homogeneous zeaxanthin was dissolved
in 80 ml. of ligroin (b.p. 125°) and refluxed in an all-glass apparatus in
a stream of carbon dioxide for thirty minutes. The following chromatogram

was obtained (20 x 3.5 cm.):



¢ vpale vellow: irreversible layer
-~ A . el 7= Y o e Y4
0 orange: neo-zeaxanthin A (489.5, 7.5 mp), (493, 460 mp)
3% alimost colorless
. s, ; L . " B
4 orange: neo-zeaxanthin Bl (490.5, L58), (493, L59.57)
10 almost colorless
12 pale orange: neo-zesxanthin B2 (489.5, L57.5), (493.5, L4EQ.5)
15 colorless »
7 orange: all-trams-zeaxanthin (494, H62), (493.5, 459.5)
19 coclorless
c v vish orance: -zeaxanthin § (L91.5, UR88.5) uo3,.5, LE0
¢ yellowish orange: neo-zsaxanthin 191.5, 458.5), (493.5, L460)

I

The relative photometric valtes of thne asove stereoisomers are given
in Tgble V.

Table V
Photometriec Values of the Stereoisomers Formed by

Refluxing Zeexanthin for Thirty .inutes at 125°

Stereoisomer % of Total Extinction
Meo-zeaxanthin A 22
Weo-zeaxanthin Bl 17
Teo~zeaxanthin B2 2l
All-trans-zeaxenthin 5
Teo-zeaxanthin S 5

(c) Irradiation of Zeaxanthin

1. Irradiation by Quartz Lamp

Three solutions of 0.9 mg. of ciromabtographically homogeneous zeaxanthin
dissolved in 29 ml. of benzene were exposed to the uvltra-violet light of a
quartz lamp (Yanovia, Luxor Scientific type) for the respective periods of
five, fifteen and thirty minuvtes. he shorter irradiation gave sclubtions
wnich showed, except for a small irreversible layer at the ton, only wn-

changed zeaxanthin on the chromatographic colum. However, the sample

irradiated for thirty minutes gave the following chromatogram (18 x 1.8 cm.):
3 wpale yellow: irreversible layer

15 colorless

1 orange-brown: <unknown pigment (not enough for spectrum)

40 colorless

12 yellowish orange: neo-zeaxanthin A (490.5, 453.5 mp), (493, L6O)

18 colorless

24 orange: all-trans-zeaxanthin (494, 459), (493, L60)
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1.

The relative photometric valtes of the stereoisomers were as follows:

Unknowa oigment D
Jeo-zeaxanthin A 355
Zeaxanthin 605

2. Irradiation by Sunlight

10 mg. of chromatographically homogeneous zeaxanthin wes dissolved in
50 ml. of bvenzene and exposed in a quarty tube tc bright sunlight for fif-
teen minvtes. The temperattre of the solution at the end of this time was

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

4

& pale yellow: irreversible lagyer .
2 yellowish orange: mneo-zeaxanthin A (490, W59 wp), (492.5, 459.5 mp)
2 colorless
2 yellowish orange: neo-zeaxanthin B (489.5, 459), (492, L%9.5)
U0 almost colorless
13 orange: all-trans-zeaxanthin (493.5, L62), (492.h, LE0)
42 vpale yellow
The bottom layer gave on rechromatography the following zones:
20 colorless
g yellowish orange: neo-zeaxanthin § (490.5, W57.5), (492.5, LK9)
% colorless .
9 yellowish orange: neo-zeaxanthin T (490, Uh7), (L92, LK)
The relative photometrie values of the stereolsomers formed on in-

solation are given below in Tadble VI.

Table VI

-

Photometric Values of the Stereoisomers Formed by the

FIFTEEN
Insolation of Zeaxanthin for Fhrirty linubes

Stereoisomer % of Total Extinction
Teo-zeaxanthin A 16
Teo-zeaxanthin B 11
All~trans-zeaxanthin 65
Neo-zeaxanthin S 5,
Veo-zeaxanthin T 3

Zeaxanthin was also insolated for periods of fiwe and thirty minutes.
However, 1t was found that five mihutes insolation produced very little
stereoisomerization vhile thirty minutes insolation resvlted in almost total

destruction of the pigment.
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Discussion
I. . Cryo teranthin
The described isomerizations of cryntoxantiin produvced two new stereo-
isomers, namely, neo-cryptoxanthin U and nec-cryptoxenthin B*. The detecticn
of neo—cryptoxanthin A has been prewiously reported under the name of "neo-

6,1)4.

cryptoxanthin"b’ The best method for preparing the two new stereo-
isomers appears to be by the melt isomerization. As a melt isomerization

of cryntoxanthin has never been previously attempted, it 1s not strprising
that new stereoisomers apveared after such treatment. The new stereoisomers
can also be detected on the Tswett column after iodine catalysis, in fact,
iodine catalysis gives a larger proportion of the U isoner than does 2

melt isomerization. Fowever, during the couvrse of this investigation neo-
cryotoxanthin B was reliably and coansistently produced on melt isomerizat ion
whereas 1t was often difficuvlt to effect its chromatographic separation
after iodine isomeriza%ion.

The vse of calcium hydroxide as adsorbent and netroleum ether c¢ontain-
ing small vercentazes of acetone as developer seems to be an excellent system
for the chromatographing of the cryptoxanthin set of stereoisomers. This
may be the reason w:y new stereolsomers have been observed in the course of
this work which were not detected in previous work on cryptoxanthin using
5,6

calcium hydroxide and benzene-petroleum ether mixtures or using calcium

o . . ; ’ . 1L
hydroxide and developing with a hexane-ether mixture . The acetone has the

<
additional advantace that it can be washed out of the petroleum ether by

water. Thus the pigment may ve quantitatively transferred into netroleum

* This nomenclature is used to conferm to that which was applied to
. : : 2 ! i ;
the stereoisomers of J~carotene in the recent work of Polgar and Zechmeister .



ether for speclroscopic or photometric measurements without previous
evaporation.

The ideal temperature for and time of duration of cryptoxanthin melt
isomerizations *&e vet to be determined. It is obvious that the higher the
temperature and longer the time of melting, the greater must be the destruc-
tion of the pigment through oxidation and pyrolysis. At the same time,
however, higher terperatures have a marked tendency to promote stereo-
isomerization. We notice, therefore, a competition between the processes
of destruction and stereoisomerization and it is not yet determined guanti-
tatively where in the range of time and temperature 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 which the melt
isomerization may be carried out. Such melis resulted in far less destruc-

I
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 tenmperature,
say 120°. Such a high boiling reflux was carried out and gave results which
did not vary appreciably from those obtained by the naphthalene melt.

Insolation seems to be a very promising method with which to induce
the isomerization of carotenoids, particulartly because of the very strong
extinction of light in certain regions of the visible spectrum. In the
insolation no less than in the heating of cryptoxanthin there is a manifest
competition between the destruction and stereoisomerism of the carotenoid
molecule. The &escribed ingolation experiment produced only neo—cryﬁtoxanthin A
but it is probable that a more prolonged (or even shorteded) insolation

would vroduce other stereoisomers too. TUltra~violet light alone has no



marked effect on cryptoxanthin, but this fact is nct surprising in view of
the relatively small light absorption by cryptoxanthin in the ultra-violet
region.

Perhaps the most interesting part of the present work was the deter-
mination by means of the Beckman Spectrophctometer of the molecular extin-
ction curves for some cry>toxantnin stereoisomers as well as the curve for
the iodire equilibrium mixture. Such curves for cryptoxanthin and neo-
cryptoxanthir (the neo-cryptoxanthin A of this work) have been reported by
Thite, Zscheile and Brunsonlh for the visible range of the snectrum where
the two large maxima of light absorption occur, namely, from 380 to 560 mp.

0,15

. 1 . - s ;
In view of the recent papers which described the interesting phenomenon
of the "cis-veak" in the region from 320 to 380 mpy it was decided to check
the behavior of the known cryptoxanthin stereoiscmers in this region. The
photograph of these curves on nage 1l shows the position of the cis-pesk for
the iodine equilibrium mixture to be at approximately 33%8 mp. The greatest
contributions to this cig-peak are from the neo-cryntoxanthin A and B. Weo-
crypvcxanthin U makes only a very small contridbubtion and the all-trans form
makes practically no contribution whatever. The corresponding 3-carotene
stereoisomers make exactly the same qualitative contribution to the 3-

. 5 5 10,
carotene cis-peak
b & 10 3 g "' 0 7 s a )
It has been suggested  that tne cis-peax effect is more dependent on

cis double bonds in the molecule than merely on the number

iy

the position o
of such bonds. For example, it is probable that the double bond in the
carotencid molecule vhich wovld be most readily converted into a cis con-
figuration is the one in the denter of the molecvle. This bond is bond no.

& in the structuvral formula of cryotoxenthin:
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Cryptoxanthin. (The sﬁereochemically effective double bonds are numbered. )
Double bond no. 6 would be subject to no nossitble steric hinderences
and therefore 1s probably the most easily converted into a cis double bond.
Consequently, the most easily »roduced stereoisomer of cryntoxanthin, namely,
neo-cryptoxanthin A, probably results from the trans-cis-rotation of this
bond. ZFurthermore, Dr. Pauling has suggested that such a cis double bond
in this position in the carotenoid molecule, with its resultant bending of
the polyenic éhain.in the center, would give rise to the largest dipole
' and

moment possible for the particular mede of electron oscillation uppdovm,
the polyenic chain which is associated with the absorption of light in the

cis-peak region. This largest dipole moment would, in turn, give rise to
- 8 <

the greatest abscrption of light in this region, i.e. highest cis-peak.

This idea seems to apply somewnat succeésfully to the cryptoxanthin stereo~
isomers since neo-cryptoxanthin A ras oguite a high cis-peak. However, neo-
cryptoxanthin B, which is not as readily onroduced as neo A, has a similer or
even slightly higher cis-pealk. Since neo A has lower absorption maxima in
the visible range of the spectrum than has neo B, neo A may actuvally contain
two cils double bonds in accordance with the view that each cis double bond -
shifts the absorption maxima to shorter wave—lengthsB. If this were the
situvation, neo B, with one cis douvble vond at & &2 7, would be expected to
give rise to a higher cif-peak than nec A with two cis bonds. However, with
only four cryptoxanthin cis-trans isomers detected out of a possible thirty-
two, much work remains to be done before the différent sterecisomers will Dbe

correlated to definite steric structures.
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II. Zeaxanthin

The isomerization of zeaxanthin by melting the crystals appears to be
an unsuitable method due to the great amotnt of thermal destruction. A more
successful method is to melt the crystals at lower temperatures by adding
naphthalene. By means of the latter method, four stereoisomers of zeaxanthin
were separabted on the column, all above the all-trans-zeaxanthin zone. These
were named, from top to Dottom, neo A, neo Bl, neo B2 and neo C. Neo-zeaxanthin A
and Bl are apparently identical with the sterecisomers reported earlier unéer
the names of neo A and neo 39. Weo B2 is a new stereoisomer while neo € is
identical with the earlier reported neo 09. The best adsorbent for the sep-
aration of these stereoisomers is calciuvm carbgonate. Wixtures of calcium
carbonate with calcium hydroxide were unsuccessful, since only incomplete
separations could be achieved with such a mixture. Benzene containing an
adequate admixture of petroleum ether is a suitable developer. In contrast to
the sitvation in the case of cryptoxanthin, petrolevm ether cannot be used suo=
cessfully for the spectroscopic and protometric characterigzations of zeaxanthin
and its stereoisomers due to their relative insclubility 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 this method, a new stereo-
isomer agppeared vhich exhibited smaller adsorbability on the chromatograpnic
colum than the all-trans form. All other kmown stereocisomers possess stranger
adsorption affinities than the all-trans form. This stereoisomer was called
neo-zeaxanthin § (S for sub).

Althovgh vltraviolet irradiation of gzeaxanthin by means of a quartz

lamp produced only neo-zeaxanthin A, insolation of zeaxanthin led to the

detection of a further stereoisomer with an adsorption affinity less than



all-trans zeaxanthin. This stereolsomer appeared on the Tswett columm

imnediately below neo-geaxanthin S and was termed neo—-zeaxanthin T
Becavse of thelir greater sensitivity, zeaxanthin solutions cennot Dbe

exnosed to swnmlight as long as can cryptoxanthin solutions without causing

considerabvle loss of pigment. Towever, an insolation for about fifteen

ninuvtes gives reasonably good results without wnduve destruction.
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1. The stereoisomerization of cryptoxanthin was studied under the
influence of iodine catalysis at room temperature, melting the crystals,
refluxing and irradiation. Two new stereoisomers of cryptoxanthin were
detected, one of which, neo-cryptoxanthin U, is adsorbed above all-trans—
cryptoxanthin on the Tswett columm.

2. lolecular extinction curves were taken in the region from 320 to
380 mp. for all-trans-cryptoxanthin, three of its stereoisomers, and the
cryptoxanthin iocdine-catalyzed equilibrimm mixture of stereoisomers.

3. The stereoiscmerization of zeaxanthin was studied under the in-
flvence of melting the crystals, refluxing and irradiation. Three new
stereoiscmers of zeaxanthin were detected, two of which appear below all-

trans—-zeaxanthin on the Tswett column.
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