THE STEREQCHEMISTRY OF DEHYDRO- P ~CAROTENE. STUDIES ON THE
INTERAGTION OF SOME GAROTLNOIDS WITH BORON TRIFLUCRIDE
AND N-EROMOSUCCININIDE. FROVITAMIN A ACTIVITY
OF A G, ,~CAROTENOID.

Thesls by

Lawrence Walloave

In Partial Fulfiliment of the Requirements
for the Degree of
Doctor of Philosophy

California Institute of Technology
Pagadena, California
1953



The author wilshes to express his deep appreciatien
to Professor Zechmeister for his interest and guidance

in the problems connected with this ressarch,



ACKNOWIEDGMENTS

I wish to thank the California Institute
of Technology for gemerous financial assistance
throughout the peried of the author's graduate
studies,

I am indebted 1o Professor H. J. Deuel, Jr.
and Dr. J. Ganguly who carried out the bioassays
for provitamin A activitles and to Dr. A. Elek
and Mr. G. Swinehart for the microanalytical

determinations.



ABSTRACT

An extenaive study of the sterecisomerization of dehydro-"b ~-carotene
is presented, Two of the gig isomers have been isolated in crystalline
form and described., The nature of "igocarotene® has been clarified.

Treatment of P-carotene with boren trifluoride under defined
conditions leads chiefly either to its stereoisomerization or chemical
convarsion. Two of the several conversion products havs been crystallized;
a third, exhibliing strong fluorescence in uliravioclet light ies glaso
described.

Three new carotenoids, termed isocryptoxanthin, isceryptoxanthin
methyl ether, and dimethaxy—l3 -carotene, formed by the addition of water
or methanol to dehydro—‘3 -carotene in the presence of boron triflucride,
are described. The structures of the first two compounds have been
determined: the location of the substifuent groups in the third is, at
present, uncertain.

Dehydro~ P -carotens, bisdehydro~l$ -garotene, and anhydro-
gschscholtzxanthin have been isolated from the end products of the
reaction of P-—oarotane with N~bromosuccinimide, Bisdehydro—f} ~carotene
is a new carotenoid whose probable structure is discussed.

The considerable provitamin A potency of 16,16'-homo- p ~carotene

is discussed from the standpoint of i1ts novel structural features.
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I. A STUDY OF STEREOISOMERIC DEHYDRO- P =CAROTENES.

A, THECRETICAL PART

1. Introducticm,

In 1932, Kuhn and lederer (21) had prepared a carctenold, which threy
called "igooarotsne®, by a spontaneous conversion of P-c&rotene tetraicdide
when standing in acetone solutiom, After a treatment with ithiosulfate and,
sventually, by repeated crystallizations from benzene-methanol these authors
igplated & product which melted at 181° and showed speciral maxima in
light petroleum (v.p. 70-80°) at 504, 475, and 447 mu. By furihsr
crygtallization of "isocarotens from light petroleum Karrer, Schopp, and
Morf (18) obtained glittering violet needles {m.p. 193°). They found that
this compound had 12 conjugated double bonds and correspondsd to the
formula 040H54' In 1940 Karrer and Schwab (17) proposed the now generally
accepted structurs for the compound which they correctly termed "dehydro~

P-carotem" {Formula I.).

HBG\ /CH3 CHB GH3 CHB GH3 H3G\ /CHB
2N I 7 G\
ﬂzﬂ =CH=CH=C=0HRCH~CHeC~CHaCH~CHRCH~CECH~CH=CH~CECH=CHR0 GHE
1 2 3 4
H,0 G-0H H,0-0 CH.
\ 4
3 TN

Formula I. Dehydro~pP -carotene, (The sterically unhindersd double
bonds are designated by italicized numbers.)

In this Thesis it will be shown that Kuln's "isocarotene' preparation
was & mixture of (mainly) three stereolsomeric dehydro-P ~carotanes and
unrsactad P-oarotem. Because all-ﬁ;;a_p__g-dehydro-P =-carotens ie very much
less soluble than any of its gls lsomers or P-carctane, it is possitle, in
principle, to concentrate these lattsr compounds in the mother llquors and

thus to obtaln g relatively pure crystalline all-trang-dahydro-P-carotene.



Qe

The melting point given by Karrer (16) carreépcnda %0 that of the all-trang
form and indicates that he was probably able o eliminate all other
compenents of Kuhn's "isoccarotene" without applying chromatography. Since,
as will be shown, the all-trans form constltutes but & smell part of
"isocarotena®, the crystallization method of purification could not have
been very efficient, It is interesting to note that neither of the authors
mentioned reported the yields oblained after repeated crystallizations.

The application of chromatography as employed in this Thesls in
addition to offering a simple means for the isclatlon of all-trang-dehydro-
P-caratena also led %o the detection and isclation in pure form of two
crystalline ¢is isomers of this caroctenoid. Neither of the previeﬁs
authors reported any inhomogeneity in their final preparations, although
Kulm (21) had reported the presence of f)«-caro'cam in some crude
preparations of Yisoccarotens® before he had developed the proper
experimental conditions, A4lthough many preparations of "igocarotens™ were
made following the directicms of Xuhn and Lederer & P—-caro*bene i'fee
gample was never obtained (of. Table 1.),

2., gteric Possibilities in the Deln
It 1a now well established that carotenoids and other compounda with

long conjugated polyene sgystems are capable of undergoing reversible gig-
trans isomerlzation, The most extensive work in this field has been done
by Zechmelster snd his eollaborsiors, sspecially Escue, lemmeon, LeRosen,
Pinckard, Polgér, and Schroeder (32).

The stersochemical study of dehydro- P«-caratem i of special interest
because, so far ag is known, 1% is the fiﬁ*st time that a {240- earotanold

with a single bond in the central positicn has been investigated from this
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viewpoint, although Oroshnik et al. (25) have dlscussed certaln stereo~
chemical sspects of rgiro-viiamin A, a Cpn- compound with ome end grouping

identical %o that in dehydro-F-carotena,

Table 1,

Compogition of Kuhnls "Iscocarctens®

Component Maxima in hexane u.P. Amount (in % of
(Beckman) gtarting material)

All=trang-debydro- 502,471, 445 mp, 193° 16
P-caro‘uem

He o~dohydro= 497, 467, 442 1610 15
P«-carc‘tene A%

He o~dahydro= 4%, 464, L4O 178° 10
P-carotana f3 o

fi-f}arotene 479, 451 - 46
Unaccounted for - - 13

Acoording to Pauling (26) only those double bonds which do not have a
methyl group attached to the next adjacent carbon atom are capable of
assuming ¢ls configurations easily. The presence of such a methyl group
would, because of & spatial conflict, diminish the probability of a cig
configuration being formed 1f the ususl methods are employed in the
irang—cls isomerization experiments. However, in the synthesis of

earotenolds as developed by Inhoffen, in Braunschweig, and Karrer, in Zurich,

* This nomenclature ls based on their regpective positions in the chrom-
atogram (on lime-celite) of the stereolsomeric mixture obtalned by lodine
catalysis of any steric form of dehydro= P~caro‘bem.
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certain double bonde are formed by the partial hydrogenation of triple bonds
by means of specific catalysts, Such & conversion lsads to the formation
of a double bond with a ¢ig configuration (9 ).

Recently, by this method Garbers, Bugster, and Karrer ( 5) hava
syntheslzed a carofenold-like molecule in which one or two "sterlcally
hindered! double bonds in the conjugated system hsve a glg configuration,
These compounds show degraded spectra, i.e., mo fine structure 1s present
in their extinctlon curves; furthermore the extinction coefficlents are
very much lower than that of the all-irang form, and the maxima are shified
to much lower wave lengths. When catalyzed with lodine, these "hindered®
isomers disappear and the same stereolsomeric mixture i1s obtained as would
also be produced by a similar catalytic treatment of the ell-iransg form.
The formation of a compound with a "hindered" gcls bond by the partial
hydrogenation of an aceiylenic bond is not surprising from the thermo-
dynamic standpoint, for this step represents a decrease in the energy
content of the molecule. In the case of the iodine catalyzed aterso-
isomerization of an all-irang carotenoid, howsver, the energy requirements
for the formation of & hindered gis bond would be greater than for an
unhindersd gls bond; therefore the probability of such a configuration
being assumed would be small.* |

Formila I shows the locatiom of the four sterlically unhindered double
bonds in dehydro-P-carotene. Calculated on this besls, only 10 unhindered

spatial forms are possible, In the course of the experiments to be

* A brief discussion of a similar steric hindrance caused by cerialn
hydrogen atoms in the benzene rings of the diphenylootatetraene molecule
has been given by Zechmeister and LeRosen (33). For the treng-gis

isomerization of diphenylbutadiens see Pinckard, Wille and Zechmeister (27).
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described the ten iscmers lilsted in Table 2 were observed,

Table 2.

Observed Stereolsomeric Dehydro- P -garotenes

(in order of descending chromatographic sequence on lime-celite)

Stereoiscmer Maxima in hexane solution (Beokman)
&ll-m-dehydro-P - carotens 502, 471, 445 mp.
Neo»dehydro—?-camene A 497, 467, 442
Neo-dehydro—P-carotene B 494, 463, A39
Neo-dehydro- P -carotene G 491, 461, 4356
Neo-dehydro-?-carotem D 494, 464, 439
lieo-dehydro-r)-carotene E 487, 457, 432
‘Neo-dahydro-P-carotane F 489, 459, 43374
Neo-dehyaro-p-carotene & 482, 453, 430
Neo-dehydro—p-oarotem H 479, 452, 429
Ne o~dehydro~ P-carotene J (degraded, no fine structure)

The molecular extinction curves of these isomers are given in

Figs. 1-7. The stereoigomers listed in Table 2, excepit for neo J, were

obtained by iodine catalysis.

The neo J lsomer wag isolated from melt

isomerization products, and will be discussed further in Sectiom 34,
3. Stereolsomerizaticn of Demdro-P-carotene,

As mentionad earlier three aasily erystallizable stereoiscmeric

dahydro-r) ~carotenes were found in "Isocarotene”, Stereclsomerization
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axperiments were performed with all three of these compounds.,

It should be mentioned at this point that the ¢isg isomers of most
proviously studied carotenoids which were adsorbed not much below their
respective all-trang forms were crystallizable with difficulty, if at all.

a. Stersolsomerization by iodine catalysis.

In these experiments & solution of the carotenoid in hexane was

e etk A A8 [ o - - 1
ed with iodix \ bout 1% £ the isum””"'i'it "é'-'%lgh"é) and 1lluminated under

g

standerdized conditioms. Each of the three crystalline dehydro- P-oarotanes
gave stersoisomeric mixtures of nearly identical compositiom,

The percentege of all—;hg_a_g_s_—dahydro-P ~garotene present in the stereo~
isomeric mixture was remarkably emall., In analogous equilibria resuliing
from other Gy o~ carotenoids the all-trang form was the predominant
component as shown by the following figures {32): lycopene, 57% all-irans;
P-carotena, 48%; and K-carotene, 52%. 1In the dehydro—P-earotena series,
gs will be noted from Table 3, a gig form termed neo A is predominant
(28-30%) while the all=trang compound constitutes only 17-18% of the
starecisomeric mixture.

b, Stersoisomerization by Refluxing Solutions.

Preliminary experiments showed that none of the three crystalline
dehydro~ P-carotenes was appreciably iscmerized when allowed to remain in
hexane solution at room temperatures for 24 hours. However, when such
solutions were refluxed (in the absence of light) for 1 hour extensive
stereolsomerization took place as shown in Table 4.

The stability of all~irang-dehydro- P-carotene toward thermal
isomerization is not as great as that of X- or P-carotena, but is about

the same as that shown by lycopere. In similar reflux experiments (32)
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Tabls 3

Compogition of the Stereoisomeric Equilibrium Mixtures
Obtained Iodine Catalysis in Light of Three Crystslline
Dehydro- P -carotenes., (The figures designate percent of
starting material as established photomstrically. In
numerous experiments these walnes did not vary more than 1-2%.)

Steric form treated with fodine

41l-trang-dehydro Ne o~dehydro~ Neo-dehydro-

P-caro’sam p-carotene 4 [-carotene D
All-trang 17 18 17
Neo A ‘ 28 30 30
Neo B 4 5 3
Neo C 10 11 10
Neo D 12 15 15
Yeo B 4 6 5
Neo F 6 6 3
Heo G 3 2 1
Neo H 1 1 1
Unaccounted for 15 7 16

the following percentages of the respective all-trans starting materials

were recoveredi W-carotene, 92%; P—carotana, 86%; lycopens, 45% (ibe

last figure refers to a 30 mimate reflux period).

As shown by Table 4, half of the all-irang and neo A forms of dehydro-

F)-ca:rc’sene were present in their unchanged configurations after refluxing;
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Table 4.

Composition of the Stereoisomeric Mixture Obtained
By Refluxing Hexane Solutions of the Three Crysialline
Dehydro=- ) ~carotenes for 1 Hour.

(in % 6f starting material)

Starting Material

All-trang~-dehydro Neo-dehydro~ Neo~-dehydro-

F:E;iotem P-carotene A P-oarotene D
All-trang 53 5 2
Neo A 24 50 13
Neo B - 4 -
Neo © - (*) -
Neo D 4 16 * 70
Neo E 2 10 8
Unaccounted for 17 13 7

the still higher staebility of the neo D isomer as compared with that of
the all-irang form is an umisual feature. In most carotenoid sets those
cig isomers which can be produced from the all-irang form by stereochemical
conversions often show a degree of thermogtability which may approach but
never exceed that of the all-irang form.
¢, Fhotochemlcal Stereoisomerization.
The hexane solutioms were illuminated with two 40 watt fluorescent

lamps at room temperature, Of all the isomerization mwetheds employed, such

* A small amount of neo C was present in this zone and estimated together
with neo I,
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11Tumingaticn caused the least amount of steric reasrrangement (Table 5).

Table 5.

Composition of the Stereoisomeric Mixtures
Obtained by I1lumination of Hexane Solutiomns
of the Three Crystalline Dehydro= ) -carotenes

for 8 Hours. (in % of starting'material)

Starting Material

All~trang~dehydro~ Neo~dehydro~ Heo-dehydro~

P-carctene P"carcﬁene A ﬁ~carotena D
All-treng 84 5 1
Neo 4 8 g6 6
Yeo D 2 3 91
Unacocunted for é é 2

Ingolation (i.e., exposure to intense sunlight) of carotenocid solutions
offers another means for causing their stereolsomerizaticn, Because of
inconstent atmospheric conditions (smog, rain, cloudiness) it was not
possible to carry out an extensive study of the effect cf insolaticn on
dehydro~'5-carotenas. During a three hour insolation pericd with the all-
trans compound more than half of the pigment was converted into unidentified
colorless products, As established chromatographically, the remaining
pigment mixture showed the following conrpogsition: all-trang, 48%; neo A,
40%; and other glg isomers (mainly nec D), 1R%.

d. Sterecisomerization by Melting Crystals,

The fusion of a2 sample of all—‘hrans-dehydra—P%:aro‘hene (mep. 193°) din



an evacuated glass tube caused extensive stersclsomerlzation, 4As expected,
e large fraction of the plgment was destroyed. The compositieom of the
stereolsomerized mixture obtained from numerous experimenis was quite
wniform, Except for the sbsence of any nec I, all the steric forms of
dehydrc—P-carotene producsd by iodine catalysis were alsc present here
(Table 6). In the fusion experiments, however, an additional gig isomer
was formed consistently and, since 1t constituted the lowest zone on the

colunn, it was terwed nao-dehydro-P-carotene A

Table 6,

Compogltion of the Sterecisomeric Mixture Obtaired
by Fusing Crystels of All-irang-dehydi o=
~garchene at 200° for 1z Minutes
(in % of starting Meterial)

A11-trang 8
Neo 4 14
Neo B 2
eo C 12
Neo D 1z
Weo E 3
Neo F | 1
Neo G 1
Neo J 1
Unaccounted for 46

The neo J dsomer differed from all +the others in that its extinction

curve showed a degraded spectrum, i.e., a single broad band with almost no
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fine structure. Although in different experiments some minor variaticns

at ilbe top part cf the curve were observed, the maximum was consistently
at 446-448 mu. in hexene (Fig. 5)., These smell speciral variations in the
extinetion curves were protebly due to its rather rapid stereclsomerization
in solutions, In one excepticmal instance the maximunm was located at

436 mp, indicating that a different isomer was forred (Fig, 8).

When & dllute sclutlon of the neo J lsomer in hexane was treated wlth
a trace of iodire and illuminated for onme mirute, a despening of the coler
from a pale yellow to a bright yellow or orange was easily noticeatle to
the naked eye, ¥Vhen this change was followed with the visual speciroscope,
the appesrsnce of sharp bands of 496 and A67 mu. could be observed,
Chromatographic analysis of such solutions ghowed that the usual iodine
catalyzed gtereclsomerlc mixiure was present,

A nurber of gis carctenolds are known which also lack definite fire
structure and which behgve similarly when subjected to iodine catalysis,
€.8., Prolycopens and pro-7 -carotene (34), both naturally occurring
pigments, but, so far as is known, the observations reported here represent
the first instance of an in yitro conversien of an all-irang Cy o~ carctenoid
into a gig isower presenting the descrited spectral characterisiics. Neo-
dehydro-P-carotam J was also formed by melting crystals of {the neo 4 and
neo D isorers (Figs. 6 end 7).

Although the sbsence of fine siructure in the exiinction curve of the
neo J iscmer and the low value of 1ts moleculer extinction cosfficient
(about 60% of that of the all-trang form) are indicative of a polycis
structure, such a configuratiom can not be claired with certainty for this

conpound, since, as menticned earlier, Gerbers, Eugster, and Karrer ( 5)
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have demongtrated that a carotenoid whose molscule contains a sterically
hindered glg double bond shows very simllar characterisiles. Possibly,
under the energetic conditions of the fusieon experdimentis such a gls double
bond could be formed, It is interesting to note that no nec J lsomer
aprearsd when ngo~dehydro- F’-carotane A was melted at 170°, although the

vield of neo J amounted to 1% at 200°.
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B. EXPERIMENTAL PART

1. Materials and Methods,

Inv all of the experiwmental work repor‘#ed in this Thesls, certain

- sﬁand_.ard techniques, equipment, and reagents were used. In order to

eliminate undﬁe repetition a description of these is given in this

section which applies to all the work herein, umless stated otherwise,
a. Adsorbents and Solvents.

The brand of calecium hydroxide used was Sierra Hydrated Lime, Superfine,
United States ILime Products Corp., Los Angeles. In order to obtain an
increased flow rate in chromatograms this material was mixed with Celite,
No, 545, Johns-l:lanviile Co. The term lime-celite refers to a 231 mixture
(by weight). The gluming used was Activated Alumina, Grade F, 80-200 mesh,
Aluminum Ore Co., East S‘t. Louis, T11,, reground to 200 mesh. When the
flow rate of somé reground batches was very low, the alumina was ;nixed

with celite (4:1 by weight). In general, the developed column was removed

| by extrugion with a wooden pest;.e.

For chromatographic work hexane (commercisl grade), acetone (C.P.=
USP), and benzene (Reagent Gradé) were used, Aceione-hexane or benzene-
hexane mixtures were often used as developers, The figures given in
these cases (e.g., "5% acetone in hexane®) refer to volume percent,
Acetoﬁe was uéed for all eluticms 3 in some instances acetone-methanol
5:1 was employed in order to élute strongly adsorbed pigments. For cry-

stallizations only reagent grade solvents were used (except for hexane,
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which was commercisl grade). For spectroscepic work in the ultraviclet
region a purified hexane was propared, Fhillips! comrercial grade was
treated with fuming sulfuric acid until 1ts optical density (after
washing and a final dlgtillation) was close to that of distilled water
in the regiomn 200-300 mpu.

b, General Notes.

Evaporations and concentrations vwere perforred in vague (water
aspirator) whils a stream of rure dry nitrogen was bubblad through the
golution, Sintered glass funnels were used for elutions, and whers
posgible, all-glass appsratus was ussd for evaporations, washings, etc.

Vigual speciroscopic readings were made with an Evaluating Grating
Spectroscope, Zeiss (Loewe-Schumm modification) with light filter BG-7.
Extinction curves were taken with the Beckmsn photoelectric spectro-
rhotometer, liodel DU, The quantitative extinctiom curves are based on
two or more independent weighings.

All melting points were tsken on sn electrically heated Berl block
in evacuated caplllaries and are corrected,

2. Preparation of Dehvdro—?-cgrotene,

&, P-caro%ene
The P-carotana uged was obtained from a crude orystalline carotene
preparation available in 1 gm., ampules from Barmett Laboratories, Long
Beach, Calif. ZHach gram of thls material was chromatographed on lime-
celite from s hoxane solutien, in & large conlc percolator, (48 x 21 x 8 on.)

or, alternativelv, cm six, 30 x 8 cm, lime~celite columns., Exocept for
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minor 2zones near the top only P-c&rotene (upper main zone) and QA-carotene
were observed in these chromatograms (ratic, 33:l). After develcpment
wlth hexane was complete, the percolator was inverted and the adsorbent
cake released by gentle tapping of the glass walls., The F-carotene zZone
was cut oul and eluted. The pigment was then transferred to hexane by the
addition of water and the scluiien thoroughly washed in the LeRosen
apparatus (23). After drying over anhydrous sodium sulfate, the solution
wag evaporated o dryness and the residue crystallized from the minimum
anmount of hot benzene or chloroform by the addition of methanol {4 to 5
volumes). The crystals were centrifuged, washed once in the cemtrifuge
tube with hot methancl and then dried in the Abderhalden apparatus at 55°
and 0,1 mm., pressure for 1 hour. Yield, 350~400 mg.

In some other experiments the commercial crude carotenme mixture wes
twice recrystallized from benzene-methanol (or chloroform-methsnol) without
a preliminary chromatographlic isolaticm of pure F-carotene. Such samples
were found to contain 709 F-carotene and were used directly for the
preparation of dehydro-P-carotane since the OGA-carotene ccntent did not
affect the next step. Ore gram of crude carotene crystals gave about 650 mg.
of twice crystallized product,

b. Formatlion of Kuhn's "Isccarotene® from ﬁ-carotene.

The method described hers is a modificaticn of that given by Kuhn and
lederer (21). Although a crystalline preparation containing 70% P-caro‘bene
(see above) was used in later experiments, only those experiments which
were based on the use of a pure crystalline P-oarotene for the preparaticn
of dehydro- P-»carotane will be described in detail. The use of the 70%

I'b-carotene mixture merely involved reducing the amounts of all necessary
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solvents and reagents by 1/3 for a given amount of starting material,

To 500 ml., of a golution of 800 mg, of lodine in hexane, contained
in 2 3 1. round bottom flask and cooled to ~10%, was added, with good
mechanical stirring, a solution of 800 mg. of B=-carotene in 1 liter of
hexanse, also cooled to =109, The ﬁ-*carotene was added over a one minute
peried and stirring was contloued for 2 more minules, The black
procipitate of ,B-carotana iocdide was then filtered off withoul suction on
& large fluted filter paper (diam., 40 cm.) and washed into 1% 1. of
acetone with § 1, of the same solvent., Occuslonal gwlrling was necesssary
to bring all the iodide into solution., The dark btrom solution was allowed
to stand at room temperature for 20-30 min, The solution was then trans-
ferred to a large separatory funnel and vigorously shaken with a solution
of 5 gn, of sodium thiocsulfate in 250 ml., of water. This last procedurs
caused the solution to turan red, Four hundred milliliters of hexane was
then added followed by sufficient water to transfer nearly all of the
pigment to the epiphase, The aqueous-aceione hypophase, which remained
somewhat yellow was discarded. The hexane layer was washed in the
continuous apparatus and dried., After evaporating to dryness, the bright
red, powdery residue was transferred to a centrifuge tube with the minimum
amount of hot benzene (50°) and crystallized out by the dropwise additien
of warm methanol, XYield, 250-300 mg. of the plgments constltuting the
"isooarotene! deseribed by Kuhn and Lederer,

c¢. Chromatographic analysis of Kuhn's *’Isoca:éotene".

Bighty=-two milligrams of recrystallized “igocarotene™ (m.p. 172°) was
dissolved in 150 ml. of hexane and developed on a 30 x 8 cm. lime-celite
colum with 8% acetone in hexane, A description of the chromatogranm
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appears below (figures to left indicate width of zones in mm.):

4 reddish-brown
45 interzone

70 orange-red = = = = = Zons I
2 interzone

30 reddigh~crange - ~ -~ Zome IT
2 intergone

35 reddish-crangs - = - Zome IIT
15 dinterzeors

5 pale yellow =« =« ~ = Zone IV

G G Y G GaF G ey e S

T L T T T "

Each of the numbered zones was cut out, eluted, and transferred with
water to hexene., The colored filtrate, which amounted to several hundred
milliliters, was washed free of acetone, then, after drying, concentrated

40 about 50 ml. and developed with hexane on a 30 x 8 em. lime~-celite

colum.
1 Trownish
60 several yellowlsh zones (traces)
20 yellow = = = = = = = Zone V

3 interzone

40 orange-brown - - - - Zone VI

6 interzone

10 orange-yellow = - = Zone VII

5 interzeme (slightly colered)

10 yellow = = = = = = = Zone VIII

The mumbered zones from the above chromatogram were also cut out,

eluted and transferred to hexane, The amount of pigment in each zone was
estimated photometrically on the basis of previously determined molecular
extinction coefficients (see the section bslow for the characterization of
individual dehydro= P-carotane lgomers). The composlilon of the "isocurolens®

produced in this tmﬁ.sa’l experiment was as follows:



e Dy

Fractiom I: Ml-m-dahydrwp-oarotemz 163 of "isocarotend' mixture,
Fraction IIs Neo-dshydro- P-carotana At 152

Fraction IIIs Neo-dehydro—P-carotane D: 10%

Fraotion TVs A minor stersolsemer of aehyc“mo-F-carotem: 0.4%
Fractions V-VII: Unreacted [5~carotena and some of its stereolsomers: 46%
Starting material unacoounted for: 13%

A chromatographic resclution of "igocarotens® without preliminary re-

crystallization showed approximately the same composition:

All-w-dahydro-ﬁ -carotenes 11%
Ve o-dehydro—P -carotens A: 12%
Ne o—-dehydro-P =-garotane Di 8%
Other stereoisomeric dehydro- P-carotenes: 1%

Unreacted-P-carotene (including stersolsomers): 504
Unaccounted for: 18%
d., Isolatiom and characterization of all-irang-dehydro-
P-carotene and two crystalline stereoisomers (neo A and D),
For the purpose of isolating pure an-t_x;a_gg-dehydro-‘?) -garotene and
some stereoclsomers, the hexane solution, obitained from 800 mg, of P-carotana
by its reaction with iodine and subssquent treatment with thiosulfate
and acetone ato, as described in section b,, was concentrated to 300 ml,
and developed directly on lime-celite with 6% acetone in hexane. Two
30 x 8 cm., colurms were required, the corresponding zones of which were

comblnad,



é brownlsh=red
4  interzons
4L yellow

5 intsrzons

0 orangs-rgd = = = = = =~ Zone 1
2 interzons
65 reddish~orange - - - =~ Zone II
2 Ilntsrzons

50 orenge - = = = = = = = Zone III
12 orange-ysllow

4 yellow

3 interzone

5 purple
5 interzone

10 pale yellow

- - e my . o T8 T IR,

Piltrate

Bach of the zemesa I-ITT was ent out, eluted and transferred to haxana.
The three fractions were crystallized as desoribed below for the case of
the all-ggggg-dahydro»Fraarotena fraction (from Zone I).

The solution was evaporated 4o dryness and the dark red, crystallins
regidue transferred to a 15 ml, cealrifuge tube with a few milliliters of
warn chloroform. (Fractions II and III which are more easily soluble than
the irang form may be transferred with warm benzene, The centrifuge tube
" was placed in & bath at 50° and the chloroform completely evaporated by
direoting a gentle stream of dry nitrogen at its surface through a
capillary tube, The regidue was then dissolved in the minimun amount of
benzens (about 2 ml.) at 50° and crystallized with constant stirring by
slow dropwlse addition of methanol down the walls of the centrlfuge tuls.
Thus, the methancl was warmed to about the bath temperature befors reaching
the benzene solution., Dark purple-red, glittering crystals of dehydro-

P-caroﬁena appeared after a few drops of methanol had been introduced,
but the addition was continued untll the total volume amounted to 4=5
milliliters. (Fractioms IT and III crystallized less easily and required



somewhat larger amounts of methanol.,) The tube was removed from the bath
and allowed to stand at room temperature for 1 hr., The crystals wers then
sharply centrifuged and dried in an Abderhalden apparatus at the temperature
of refluxing acetone and 0.1 mm, pressure for 1 hr,

Yields: 28 mg., of the all~irang form (plus 2 mg. in mother liquor);
48 mg, of neo A form (plus 15 mg. in mother liquor); 18 mg. of neo-dehydro-
P~caroténe D (plus 15 mg. in mother liquor). A1l the unreacted rJ-oarotane
(about 300 mg.) was collected in the filtrate of the chromatograms, Thus
about 25% of the 800 mg. of Pcarotena which had reacted had been convertsd
{0 dehydro-?)-carotenes; the A00 mg, of Pcarotena which was unaccounted
for had evidently been converted to colorless destruction products and, to
a legser degres, 1o unlidentified pigments.

Characterization of the crygtalline products,
1.) All-trane-dehydro- P-carotena .

The compound crystallized from bengene-methancl in leng red plates with
characteristioally cut ends (Fig. 9). Macroscopically, the glittering
orystals were purplish red in color,

Melting peint: 192-193° (corr.).

Solubilitys Sparingly soluble in hexane, more easily in benzene or
{especially) chloroform, Insoluble in methanol.

Partition test: On partitioning between hexane and 957 methanol the
compound is found entirely in the epiphase.

Analysis: Caloulated for 040}154: ¢, 89.83; H, 10.17. Found: G, 89,80,
89.91; H, 9.4, 9.95.

Spectral mexima, in hexane: 504, 474 mi. (visual); 502, 471, 445 mu.
(Beckman).

Molecular extinciion cosfficient (at A max): E’ié’i—l' z 16,6 x 10°



{in hexane),

Chromatographic behavior: On lime-celite the compound requires £~8%

acetone in hexane for development., Its zome was located well above that of
P-carotane but below lycopene on this adsorbent.
2,) Neo-dehydro-P-carotena Ao

This isomer crystellized from benzene=-wethancl in red dizmond shaped
plates (Fig. 10). Macroscoplcelly, the crystels had a glittery, derk red
appearance,

Melting .p_o___in;: 161-163° (eorr.).

Solubility: More soluble in hexane, benzene, and chleroform than the
all-trang form but less so than Fp-carotene. Practically insoluble in
methanol,

Partition test: Completely epiphasic,

Analysig: Celculated for GyoH;,: C, 89.83; H, 10,17, Found: C, 89,67,
89,70; H, 10,31, 10.22,

Spectral mexira, in hexane: 500, 470 mp. (visual)s 497, 467, 442 mp.
(Beckman).

Moleculay extincticn goerficlent (at N .. )3 E"Le - 16,0 x 10* (bexame).

lem,

Chromatographic behaviors Sepsrates from all-frang form on line-celite
upon developing with 6-8% acetone in hexene and occupies a lower positien
than the frang lsomer,

3.) Neo-dehydro- l'b-oarotene D

Thig iscrer crystallized from benzene-methanol in almond shaped crystals
{Fig. 11); tre individual crystals were smaller tham the corresponding units
of the trang or neo A forms.

Melting point: 177-178° (corr.)
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Solubility: Easgily soluble in hexane, benzene, and chloroform. Almost
ingoluble in methanol,

Partition test: Then pertitioned between hexane and 95% methancl omly
a trace of coloration is impartsd to the hypophass.

Analysig: Calculated for CLGH%’ ¢, 89.83; H, 10,17, Found: C, 89.02,
89.%6; ¥, 10.21, 10,07,

Spectral maxing, in hexane: 497, 467 mu (visual); 494, 464, 440 mpu.
{Beckman).

Molecular extinction goefficient (at N\ mex.): E’{gi‘ = 15,6 x 104

{hexane ).

Chromatographic behavior: This isomer separates from, and is located
below, the nmeo A form when developed on lime-cellite with 6-8% acetone in
hexane .

3. Stereolsomerization of dehﬁro-P-carotane,,
8. JIodine catalyzed stersolscmerizatiom,

In &1l guantitative studies of the glg-irang isomerization of dehydro-

F-caro‘kam the following procedure was useds:

ssolve hexane to give a
concentration of 10-15 mg./100 ml. A few drops of a solution of iodine in
hexane, calculated to contain about 1% of the pigment weight, was then
added and thoroughly mixed with the solution in a suitably alzed Pyrex
volumetric flask., The flask was then placed at a distance of 60 cm. from
a pair of 3500° Mazda white fluorescent lamps (40 watts; 120 cm. long)

and illuminated for 30 mimutes, After illumination the mixture of isomers
formed was resolved chromatographically and the amount of the individual
compoments determined photometrically, Since the molscular extinction

soefficlents of only the three erystalline steric forms of dehydro-
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F)-carctens were determinmed quantltatiively, those of the other stereo~
isomers had to be determined indirectly om the basis of the known
extinction value for the iodine catalyzed stersoisoweric mixture
{Eg‘g%: % 14.0 x 10% at Ap.. , in hexane). Just before taking the
abgorption specira of the various gig~treng isowers they were rechromato-
graphed and any minor zones found on the column were eliminated. All the
neo lsomers except A and D were found to be very suscepiible to thermal

laomerization, even at room temperature.

Todine catalysls of all-irans-dehydro- B ~carotene, Typloal experiment:
A golution of 11,7 mg. of the plgwent in hexane was isomerlzed and then
developed on a 28 x 5.8 cm, lime~celite column with 8% acetone in hexane.
In the descripiion of the chromatogram which follows the figures to the
right indicste the quantities of the individual isomers expressed in % of
the starting material. The spectral data refer ic the positions of the
main maxima in hexane solution ag determined with the Beckman spectro-
photome ter,

1 yellow-brown
45 interzone

28 orange~red (all-trans) 502, 471 mp. 17%
4 dnterzone

30 reddish~orange (neo A) 497, 467 28%
2 yellow (nec B) 494, 463 L%
2 interzone

20 yellow-orange {neo C) 491, 461 10%
10 orange to pink (neo D) 494, 464 12%
4 interzone

8 yellow (neo E) 487, 457 L%
1 interzone

6 orange (neo F) 489, 459 6%
3 interszone

7 pale yellow (neo G) 482, 453 3%
3 interzone

6 very pale orange (neo H) £79, 452 1%

15% of the stariing materlal could not be accounted for.
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Each of the pigments was shomm to be a dehydro-P-carotam and not &
gtructurally altered product by treating the hexane solution with a trace
of iodine and recovering (chromatographically) the all-irang form of dehydro-

P«earotene. The latter was identified by its spectrum and in the mixed
chromatogran test.

The lsomers termed neo C and neo D could not be separated well encugh
on lime=-celite to permit an accurate determination of their amounts, It
wag found, however, that complete separation could be achieved on alumina
when developed wlth a benzene-hexane mixture, 3:1. It is interesting that
in the latter chromatogram the relative positione of the two isomeras were
Inverted,

The neo A and neo B forms do not separate well either, even en alumina
colums,. In this case, gince the amount of the neo B isomer formed was
small, any errors made in its quantitative estimation could not have
significantly affected the accuracy of the overall analysis of the stereo~
‘iaomeric pixture, For purposes of spectral readings and extinciion
estimations the top part of the neo B zone was neglected when it was cut
out of the columm; thus the possib ility of its contamination by the neo A
isomer was minimized.,

Ilodine catalysis of neo-dehydro- &-carotem A, Typical experiment:
8.7 mg. of the carofencid in hexane was iscmerized and then developed on a

28 x 5,8 ocm, llme=cullite column with 8% aceione in hexsne,
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1 yellow=-browm
35 interzone
20 orange-red (all-irans) 18%
& interzone
28 reddish-orange (neo A) 30%
2 yellow (neo B) 5%
3 interzone
20 yellow (neo 0) 11%
8 orange {(with pinkish leading edge) {(neoc D) 15
2 d4nterzome

6 pale yellow {neo E) 6%
3 interzone

6 pale orange (neo F) 6%
5 Ainterzone
10 very pale yellow (neo G) 2%
6 interzone
10 very pale buff {neo H) 19

Starting material unaccounted for, 7%,

Iodine cgtalyaig of neo-deMo-F-carotene D, Typical experiment:

13.9 mg, of the csrotenocid in hexane solution was lscmeriged and then

ohromatographed as stated for the neo A foxm,

1 yellow=trown

40 Interzone

25 orange~-red {all-transg) 17%
3 interzone

25 reddigh=-orange (neo 1) 30%
3 yellow {neo B) 3%
2 Ainterzone

15 yellow {neo C) 10%
10 orange (with pinkish leading edge) (rmeo D) 15%
3 interzone
8 yellow {neo E) 5%
2 interzone
5 orange {neo 7) 3%
4 Ainterzone
8 wvery pale yellow {neo G) 1%
5 dinterzone

10 wvery pale buff {(neo H) 1%

Unaccounted for: 16%

b, Stereoiscmerization by fusion,
A semple of the carotenoid {15-17 mg,) was sealed, in vacuo, in a

glass tube (dism., 7 mm.) and kept in an oil bath at 200° for 1} minutes.



-35’-

{& lomger period of dmrersicn led to excassive destructiion,) After
gooling in ice water the tute wae cpened; the contents were dissclved in
Z2=3 ml, of tenzene and diluted +to $0 rl, with hexane., This scluticn was
doveloped ca & lire-celite columm with 67 acetone lu hexane, The
compogiticn of the mixture was deternmined irn the same way as stated sbhove

for the isomerizaticm by ilodine catalysis,

B A sl e G o i S M, S TP ik Al T i o e M BT B D

Isomafl/ation of alivtrdﬂa-dehydrsjfb-carmtena. Typleal experiment:
The hexane scluticn obtaired from the fusion of 15 mg. of compound was
devaloped on & 24 % 4.8 cm, lime-celite cclum with £% scetone in hexane.

Flgures to the right show vercentzge cowpositlon,

1 wellow
4 brownlsh-red
20 interzcne
18 orange-red (all-trans) 84
2 Adnterzome
15 reddish-orangs (neo 4) 144
1 vellow (neov B) 24
3 interzoze
1z wellow-orange (neo G) 124
4 orange=-pink (nec D) 124
10 yellow (neo ©) 39
L1 dntersone
5 pale orange (nso F) 1%
4 Anterworne
8§ wery pale yellow (mnec G) 1%
5 interzone
8 wvery pale buff (nec J, possibly a

poly-gla isever) 14

- e e 5 .

Piltrate pale vellow-green

Ll e N T T Y

All the fractions, except the sll-frang snd neo A forms, had to be ve-
chronatograrkad tefors the specira were teken., After eluticn and transfer
into hexane, sore contaminants ahbsorbing in the ultraviclet regicng were
eliminated by repeatedly washing with 954 methancl.

Some lsrger scale experiments were underiaken to obtain the "poly-gig®
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isomer in smounts sufficlent for crystellization; however, this substance
could not be orystsllized since all attempts led to almost complete stereo-
isoperizaticon,

The pigment collected in the filtrate did not contain any dehydro-
P-carotene isomers and was, undoubiedly, a decompogition preduct of the
sterting materiel, In all, 46% of the allﬁgzggg-dehydro-Fi-carotena was
unaccounted for,

Stereciscrerization of neo-dehzdro-%-carotene 4, It was found that
& temperature of 170° was not sufficiently high to cause the formaticm of
any "poly-gig" lsomer, whereas at a tenperature of 200° aprroximately 1%
of the starting materlsl appeared in the "poly-cig" form. A detailed
chromatographic snalysie of the isomeric mixture, beyond the estiraticm
of "poly-glg" compound, was not undertaken. GQualitatively, the chromato-
gram was very similer to that shown in the case of the all-trans melt.

As wag demecmstrated in the theoretical section of this Part, the
"poly-gig'=-dehydro= F-carotene has & degraded spectrum but develops the

ugual mexiwe upon lodins catalysis.

Stereoisomerization of ,p_gg-ﬁg}gﬁi;'g#;ggm D, A melt isomerizatiom
of this isomer was undertaken with 17 mg. of substance to ascertain
whether a "poly-clg" isorer was formed. This was found to be the case; the
vleld amcunte to approximately 1% of the stariting material upon fuslen at
200° for 1 mimtes,

Isomerization of a sterecigomeric mixture of dehydro-l)-carotenes., A

"poly~gig" form was obtained also by fusion of a sample of Kum's "iso-
carotene®, from which all P-carotens had been removed chromatographically.
Again, only sbout 1% of this form was isolated.
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g, Sterecisomerization by refluxing solutions.
The general procedure was as followss
A dilute solution of the carotenold in hexsne was refluxed in an g1l
glass apparatus for 1 hour. The heating source was a Glasg=Col heating
mantle and the voltege was sdjusted so that the hexane vapors rose about
1 inch in the oondenser. The flask and condenser were covered with a
black cloth to exclude light. The isomerized solutiom was resclved

chromatographically and 1ts composition determined spectrophotometrically.

Sterecisomerization of all-irang-dehydro- ﬁ-carotene‘ The refluxed
T I
soluticn of 8.5 mg., of gubsiance in 200 ml, of hexene was developed en a

28 % 5.8 en, lime=-celite column with 6% ascetone in hexane,

2 brownish
45 interzome
45 orange=-red {all=trans) 53%
2 dnterzone

25 psle orange {reo A) 249
2 dinterzome

10 pesle yallew (nec D) 4%
2 interzone

4 very pale yellow {nec E) 24

Seventeen percent of the starting material used was not recovered,

Sterecigomerization of nec-dehvdro- ’é«cara‘tem A, The starting materisl

amounted to 4.2 mg. and wes diseolved in 1C0 ml, of hexane, The iscmerized

solution was developed on a 24 x 4.8 cm. lime-celite colurm as stated above:

1l orange~browm
25 Interzons
6 orange-red (all-trang) 5%
1 dinterzone
40 reddish-crange (nec 4) 50%
2 yellow (nec B) L%
2 interzone
8 pale orange (neoa C and D) 16%
8 interzone
15 yellow=brown {neo E) 10%
2 interzone
8 wvery pale orange (neo F) 29

Thirteen percent of the sterting material could not be accounted for,.
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Stereoigomerization of z:gsw-ds}ﬁgﬁrcnp-caro%am D. 8.0 mg, of gubatance
wes dissolved in 200 ml, of hexane, The refluxed solution was developed on

a 28 x 5.8 om, lime-cellte calm as gtated above,

1 yellowish
30 interzone
10 pales orange (all-trang) 2%
4 dAnterzone
20 pale orange {reo 4) 13%
5 Tinterzons
45 orange (neo D) 70%
1 dinterzene
10 yellow ' (neo E) 8%

Only 7% of the starting materisl could not be accounted for,
d, Photochemical stereolsomerizatlon,

In each of the experiments a solution of 2 mg. of pigment in 25 ml,
of hexane, contained in & Pyrex volumetric flask, was illuminated for €
hours at a distance of 30 cm. from the light source described in the
section on lcdine catalyzed stersoigomerigation, After illumination the
golutions were developsd on 20 % 3.8 om, lime=-celite colums with 6% acetons
in bexane,

Sterecigomerization of all-ﬁ;z’an,gnfﬁahyﬂm»5~@amtama
' 1

1 pale vellow
15 interzors ‘

55 prange-red (all~trans) 844
1 dnterszone

g pale reddish-orange (neoc &) 8%
2 interzcoms

5 vpale yvellow-orange (neo D) : 24

8ix percent of the starting material was unaccounted for,
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Sterecisoperization of neo-dehydro- P-carotene Ay

1 pale vellcow-brown
20 Interzone

8 pale orange (all-trang) 5%
1 interzons
50 reddish~orange (nec A) 86%
2 interzone
6 pale yellow-orange (neo D) 3%

Six percent of the starting material was unaccounted for,

Stereclsomerization of neo-dehvdro-|3-caroiene I,

1 pale yellow

20 interzone

5 wvery psle pink (all~trans) 12
2 interzcne

6 pale orange-red (neo &) 6%
3 interwone

35 orange {neoc D) 91¢%

Two percent of the starting materizl was unaccounted for,
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II, 4 STUDY OF THE INTERACTION OF BCRON TRIFIUCRIDE 'TITH PMGQPC*TWI\IE

A, THECRETICAL PART

l. Intreducticam,

Twelve years ago H, H. Strair (30) reported that sore carotenolds in
carbon  tetrachlorlde scluitions were comwerted by borom trifluoride into
Tynstable btlue pigrenta" which, by treatment with zlcohel, wers reconverted
to yellow pilgrments that “did aot exhibit definite sbsorption maxina, As
far as is knowm, there is no further litsrature on this subject.

T4 will be shown that & brief {reatment of P-carotene in hexane
gelutlon with boron trifluordde leads principally to its gig~irsnsg lsomera®,
while & more prolonged treatment with this reagent complstely converts
the starting material to otler products, some colorless., Two of the
vigrents present in the complex reaction mixture obteined from the latier
exporirent have been isolated in crvstalline form,

2. @terscisorerization of B-Garotene by the Action of Borom
Trifluoride,

tthen & hexene solution of P-caro’cene was shaken with boren tri-
fluoride etherate for 1 to 5 minutes the reagent {hype=) phase turred dark
blue, Upon mixing the liquid with 95§ wethanol, the original orange-red
color of the P—carotene solutlon reapreered. After transferring tle
plgrents to hexane, chroratographic anslysis showed that the chamtene
was extensively sterecisomerized. The results of a 1 minute and a 5 minute
exTerirent ere compared in Table 7. The extent of stereciscmerization
within a given tiwe was essentially constent, whether the experiments

were porforred in total darkness or in mormal indoor lighting., The borem

s s A8 P A T DO S N S -

* Some preliminary observaiions were made in this laboratory by J. leemann,



trifluerdde catalyzed glg~trens isomerizatimm of P-caroi;ene s therefore,
must proceed by means of a mechanlsm differemt from that of the light
dependent iodine catslyzed isomerization, and is possibly releted to acid

catalyzed steveciscmerizations (28).

Tabls 7.

Pigwent Mixture Obtained from R-Carotene by a Brief
Treatment with Boron Trifluoride at Room Temperature,

(The figures refer to % of starting materlsl ss
estimated spectrophotomstrically.)

Duration of Treatment

Compenent of the Mixture 1 Min. 5 YWin.
Iieco-F-caro‘tem il 19 17
All=tran s-P -carotene 36 35
Iﬁemrg-camtem i 6 6
E@e@mp-camtem B 14 12
Other reo isomers 5 3
of F-eara’kem
Pigrents not belonging to the ' 1 2
=carctene set (estimated as
" P-camtem“)
Unaccounted for (including scme 19 25

fluorescent destructiem products)

3. Some New Compourds Obtgined from &Q srotene by Prolonged
Ifestuont with Boron Irifiuerige, B

As menticned above, in the borem trifluoride stersclsorerization
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experirents some pigments not belonglrg to the P-cara‘henﬁ sot apreared
in small quantities on the coiurm; furthermore, a colorless product which
showed blue fluorescence in ultra-violet light was collected in the
chromatographic filtrate, Since the 5 mimite treatment produced more of
these rew substances than did shorter experiments, the shaking tinme was
extended for the purpose of further increasing the ylelds., It was found
that upen shaking the hexane soluticn of P-oarotene with the reagent for
a full hour, the hexane phase became almost colerless and, after the
addition of methanol, the recovered plgrment mixture did not include
gither P-carotene or any of iis steric forms., Subsequent chromatograms
ghowed the presence of at least five new plgrent zZcnes, The maln zZone
was much more weakly adscrbed than l’_)-carotene and was collected in ihe
filtrate togetler wiih the fluorescent substance previously meniicned,
More strongly adsorbed were three pale, greenish-yello%v zones, tle upper
two of vhich were located above P-carc)‘tene in the mixed chromatogram
test (Table 8 ),

Pigment IV did not form a homogenscus zone and, except for demon-
gtrating 1ts non-identity with F-carotena in a mixed chromatogram test,
waa not investigated further, |

Pigment I orystallized easily from benzene-rethancl and melied
sharply at 214° (corr.); its spectral ourve is given in Fig. 12,

Pigment IT (Fig. 13) was established to be a cig form of I; because
it was formed only in very small amcunis no atlempl was made to
crystallize it,

Pigment III crystallized with some difficulty from benzene-rethanolj

1t melted at 157-148° (corr.) (spectral owrve, Fig., 14).
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Table' 8-
Visually Obgerved Spectral Maxima in Hexane of Some New
Pigments Obtained from B-Carotene by Treatment with Boron
Trifluoride and Subsequently with 95% Methanol.

(In descending order of adsorption om lime-celite)

Pigment I 448, »422 mi. (very sharp maxima)
Pigment IT L4k, 419 mp. (very sharp maxima)
Pigment III | 468, 441 mp, (very sharp maxima)
Pigment IV 483, 455, 428 mp, (somewhat blurred maxima)

Analysis showed that Pigment I was not a hydrocarbon but had the
approximate composition C 403560' Pigment III, on the other hand, was a
hydrocarbon whose analysis was indicative of the formula CI.OH56 or
c AOHSA' Since, however, the positions of the spectral maxima of
Pigments I and III indigate the presence of, respectively, & and 9 con-
- jugated double bonds further experiments would be required for a
structural clarification.

The colorless fluorescent zoﬁe mentioned was separated from some
pigmented compounds by adsorption on alumina. The absorption curves as
obtained from two different experiments are shown in Fig, 15, It may be
noted that inaxima at 228 m, are cha:facteristic for a number of naphthalene
derivaf.ivee (ef. the pertinent curves in (4)). The conversion of»
carotenoids to naphthalene derivatives is not unknown, Kuhn and
Winterstein (22) having isolated 2,6-dimethylnaphthalens, among other

compounds, in trace amounts by the thermal decomposition of these pigments,
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B, | EXPERIMENTAL PART
1., Metorials.

The boron trifluoride etherate used was either the Eagtman Kodak
product, vredistilled,— or prepared by passing the gas into ethyl ether
(Reﬁg‘en’t Grade) ae desoribed in Part IIT. P-Carotene was prepared from
a commercial carotene sample (Barnett Labs., Long Beach, Calif.) by

crystallization of the chromatographically isclated product,

2, Stereocigomerization Experiments,
One minute expsriment: A solution of 20 mg. of P-carotena in 25 ml.

of hexane contained in a 50 ml, volumetric flask was shaken (by hend) with
2 ml. of the etherate for 1 minute, The reagent phase turned dark blue
immediately. The contente were then added to 100-200 ml. of 95% methanol
in an Erlenmeyer flask and swirled for a few seconds until a bright
orange~-red color appeared, The pigment mixture was transferred to the
hexane phase by the addition of water and the colorless aqueous-methanol
hypophase discarded. The solution was washed in the IeRosen apparatus
for 10 minutes, dried over scdium sulfate, and developed with hexane om

a 28 x 5.8 om, lime-celite column (Figures to right indicate spectral
mexime in bexane (Beckman)).

20 colorless

3 orange unidentifisd; 478, 451 mu.

35 interzone

50 yellow neo-f-carctene Us 475, A&7

45 orange all-trang- [y-carotene; 480, 452

15 pale yellow neo~- ) ~carotene A3 467, 440
25 orange~yellow neo-p-carotene Bj 470, 444
5 dinterzone :

5 orange a cis- b ~carotene; 468, 442
2 yellow a cig-[o-carctene; - , 442

T

Filtrate slightly fluorescent in ultraviolet light
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Each zone was cut out, eluted, and traﬁsferred to hexane solution,
The pigments obtained from the two bottom zones could not be identified
with certainty but were definitely #ﬁmbers of the P-carotene gset as
ghown by visual observation of the spectral shift upon addition of iodine
to -thei_.r hexane solutions. The pigment of the top zone cmﬁd not be
identified either but all others were well~known members of the p-oarotene
set, The compogition of the sterecisomerized mixture was determined
spectrophotométrically; for this purpose the unidentified pigment adsorbed
at the top vof the columm was assumed to have the ﬁ-carotene extinction

coefficient at A The following results were obtained (in % of the

mex,*

starting material): Pe-caratens, 36%; neo- Pnca_rn'hane T, 19%: neo A, 6%

neo B, 14%, other g;g-r)-carotenes, 5%; unidentified pigment, 1%; unaccounted
for, 19%. |

Five minute experiment: A solution of 10 mg, of F)-carotene in 25 ml.
of hexane contained in a 50 ml, volumetrie flask was vigorously shaken
with 1 ml., of boron trifluoride etherate for 5 minutes. 'i‘he liguid was
 then treated as described for the 1 minute experiment; the resulting
hexane solution was developed with hexane on a 20 x 3,8 cm, lime-celite
colurn, (See description of chromatogram on following page.)

Except for the appearance of another unidentified pigment zone, the
chfomatogram was similar to that obfained from the 1 mimute experiment.
It was noted, however, that the filtrate was more strongly fluorescent.
The isomerized mixture showed the following composition (in % of the
starting material): P-carotene, 35%; neo-P-carotene U, 17%; neo A, 6%
neo B, 12%; other _(_:;j._s-P-carotenes, 3%; unidentified pigments, 2%;

unaccounted for, 25%.
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20 ecolorless

3 orange - unidentified; 478, 451 mp.
15 dinterzone :
6 pale yellow unidentified; 452
15 Ainterzone ;
40  yellow neo-—F -carotene U

2 interzone
40 orange all—,_t_z_'_a_g_g_-’s ~carotene

2 interxrzone
10 pale yellow neo-P -cgrotene 4
15 orange=-yellow mo-P-carotene B

2 interzone

5 pale orange a ¢is P-carotene

2 pale yellow a ¢is H~carotene

Filtrate fluorescent in ultraviolet light

3. Formation of Some Conversion Products of %-Cérotene,

Each of six, 30 mg, samples of [5~earotane, dissolved in 60 ml, of
hexane in a 125 ml, glass stoppered Erlenmeyer flask was shaksn
mechanically with 3 ml. of boron trifluoride etherate for 1 hour. At
the end of this period the hexane epiphase waa slmost decolorized while
the etherate layer was dark blue, The contents of each flask were added
to 200 ml., of 95% methanol and the pigment mixture transferred to the
 hexane phase‘by the addition of water. The six hexans solutions were then
combined, washed, dried, and concenirated to 100 ml, This solution was
then developed on two, 30 x 8 cm., lime-celite colurms with hexane, (See
description of chromatogram on following page.)

The corresponding zones from the two colunns were combined, eluted

and transferred to hexane, The two filtrates were also combined (cf,

Saction b)..



2 reddish~brown
30 dinterzoms
3 pale red
10 yellowish-green Pigment I
5 dinterzone
10 wvery pale yollowish-green  Pigment TI1
35 interzome
45 pale greenisheysllow Pigrent IIT
R orangs
10 interzons
75 pale ysllow %o pale yellow-orange
60 several very pale blurred zonss

Filtrate, ysllowish; strongly fluoregsceat in ultra-
violet light

ot o o op . R TR

e, Trogtment of ths plgment zcones.
1.) Plgment I. After evaporation of its hexane solutiom,

the residue was dissolved in the minimum smount of hot benzens (1-2 ml.)
and crystallized in a 5 nml. centrifuge tube by slow, dropwise additicm of
methanol at room temperature., Yield, 5 mg.

Jelting point: 214° (corr,)

Solubilitys Sparingly soluble in hexane; soluble in benzens but
distinctly less so than P-earotana. Insoluble in methanol,

Partition test: When pertitioned between hexane and 95% methanol

the pigment was found completely in the apiphase.

dnalysis: G, 86,903 H, 10.33.

Chromatographia behavior: Moved slowly on lime-celite with hexane;
adsorbed well above F-earc'ﬁam tut below dahydro-P -garotene,

Crygtal form: Pigment I crystallized easily from benzene~methanol
in vellow rectaengular plates (Fig. 16). Hacroscopleally, the crystals

appearsed dull orangs in color,



2.) Plgment II had mexima in hexane at 444, and 419 mp.
(visual), After the addition of a trace of ieodine the mexima shifted to
446, and 421 mu, Chromatographic resolution of the isomerized solutien
showed the presence of a pigment that was chromatographically and spectro-
scoplcally indistinguishable from Pigment I, Hence, Pigment II was a glg
form of I,

3.) Pigment IIT initially failed to erystallize from
benzere~methanal, After i1t had been rechromatographed on alumina, i1t was
possible to crystallize it by rapid addition of methanol to its werm
benzane solution., At first, only a cloudiness appeared but crysials wera
formed after allowing the liguild Yo stand at 4° for & few hours, Yield,

5 ng.
Yelting point: 158-159° (corr,)
Solublilitys Very soluble 1n hexans and benzens; insoluble in methancol.

Partition fest: Completely opiphasic in the hexane-95% methancl

systen,
Analysis: C, 89.33; H, 10,17
Chromatographio behavior:s Adsorbed below but not easily separable
from B-carotens,
Spectrum, in hexame: 468, 441 mpu, (visual)s 467, 437, 414 mp. (Beckman).
Crystal form: The crystals from benzene-methanol wers light yellowish-
orange in color, very small, and of rather irregular shape., They tended
to form olumped agegrsgates (Fig.17).
Chromatographic analysis of the iodine~-treated hexane solution of

Pigment TII showed that the pilgment had remained mainly unaltered. The



Figure 16 (%top). Pigrent I from benzeme-methanol (430 x).

Figure 17 (bottom). Figment IIT from benzere-methanol {430 x).



only other zone on the column had mexima in hexane at some 4 mp, lower
wave iangth than those of the starting material (Fig, 18). The location
of the spectral maxima of this new pigment (462, 433, 410 mn.) was
unaltered by treatment with a trace of iodine; only a slight decrease

in 1ts extinction values could be obsgsrved.

4.) Pigment IV did not form a homogeneous zone on lime-
celite but discrete zones could not be obtained. The visually observed
maxima (blurred) in hexane were located at 483, 455, and 428 mp., In the
mixed chromatogram %test this plgment was adsorbed well below /8 ~-carotene,

b, Treatment of the fluorescent filtrates,

The combined chromatographic filtrates (sec, 3) were concentrated
to 50 ml, After washing and drying, the yellowlsh-orange solution was
developed with hexane on a 28 x 5.8 om, alumina column, Under these
conditions a weakly adsorbed colorless zone (detected by a dull blue
fluorescence in wltraviolet light) was easily separated from the pigments,
all of which were strongly adsorbed cn the columm., Only one flucrescent
zone was obgerved, The latier was cut out, eluted, transferred 1o hexane
and completely evaporated; all attempts to crystallize the wery pale
yellow, oily residue failed, In hexane solution the oll, which had an
intense, blue fluorescence in ultraviclet light, showed a single distinct

maximum at 228 mp.
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| IIT. SOME NEW CAROTENOIDS PRODUGED BY THE ACTION OF WATFR CR METHANOL ON
THE BORON TRIFLUCRIDE-DEHYDRO- FJ ~CAROTENE COMPLEX.,

- A. THECRETICAL PART
1. ,,}I_n,__t,_I_"s_J_@z;Lcz’s:‘tona

When boron trifluoride etherate is added to a hexane solution of
dehjdrﬁp-carotem, CAOHB 2 a dark blue or greenish-blue color appears
in both phases owing to the formation of a complex between the two com-
pounds, compleﬁes are also formed between borom trifluoride and other
earotenoids, .e.g., lycopene 61" Fwegrotene. Carotenoids, in genersal, also
form blue-colored complexes with some other strongly electrophilic
compounds such as antimony or arsenic trichloride (in chleroform solution)
end with concentrated sulfuric acid., Furthermore, carotenoid epdxides
(5 ) and carotencid aldehydes, as well as polyhydroxylated carotenoids,
form blue-colored complexes with concentrated HCl, also, The nature of
many of these complexes is unknown; however, the P-carotens complex with
antimony trichloride has been' discussed by Meunier (24). In general, these
complexes are broken by water or methanol,

As was shown in Part II, & few minutes treatment of P-carotene
solutions with boron trifluoride e‘therate and subsequently with methamnol
led chiefly to stereoisomerization, It was found, however, that a similar
brief treatwent of dehydro- p-'carotene did not yleld stereoisomers of the
starting material. TVhen methanol was added a ccmplicafed mixture was
obtained, one third of which consisted of colorlecs breakdown products not
investigated in this Thesis. The colored components of the end product
wére found, by chromatographic analysis of the hexane solution, to comsist

of three main plgments (and their sterecisomers)., These were P-carotene

(18% of the starting material), a mono-mthcuty-P -carotene C,qHs500H,
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(40%, half of it in tle all~traps form and half in gis forms), and a
dingthax;y- F-carotem, CAOH54(QCH3)2 (6%). The latter two compounds were
previously unknown,

When the‘dehydro-F-carotene-’boron trifluoride complex was decomposed
wlth water ingtead of methancl, a different mixiture was obtained whose
hexane solution was resolved chromatographically. The total quantity of
pigment components in this ingtance amounted to abéut 45% of the starting
material, The product contained P-carotene (12%, including stereoisomers),
but the main pigment zdne in the chromatogram was a mono-hydroxylated
P—carotane, C4of550R (33%, about a third in gis forms).

The product obtained as mentioned was termed isoccryptoxanthin, and
those obtained from the methanol reaction, isoceryptoxanthin methyl ether and
dime thoxy=- P-carotena, respectively. Nome of ithese compounds had been

mentioned earlier in the literature.

2. Igceryptoxanthin gg-hzdrgz- P =carotena 2,

Isocryptoxanthin (and its neo A isomer) were adsorbed well above all-
j_z;a_n;_s_—{.’)wcarotene on the lime~celite column, It crystallized easily from
benzene-methanol, Its absorption spectirum was very similar to that of

P-carotene (Fig. 19), which indicated identicsl chromophores. When
partitioned between hexane and 95% methanol isocryptoxanthin was found to
be about equally distributed between the two phases. Such distribution is
a characteristic feature of mono~-hydroxylated carotenoids. Anslysis showed
the composition, GypoHge0. The compound was less soluble in hexane than

P-carotene. Ag further confirmation of the hydroxylic nature of
isccryptoxanthin, a well-crystallized acetyl derivative was prepared, As

would be expected, this derivative was completely epiphasic and, in contrast
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to isocryptoxanthin, could be developed easily on lime-celite with 1 or
2% acetone in hexane, Furthermore, .When the acetate was saponified with
15% 'méthanolie KOH, isocfyptoxanthin was recovered, Isocryptoxanthin was
thus established to be a mono-hydrow-[ﬁ-carotene. One such compound weas
alfeady well lmownm, né.mely the naturally occurring cryptoxanthin,

In order io compare isocryptoxanthin with cryptoxanthin, 30 mg, of a
pure crystalline preparation of the latter was isolated from 4.5 Kgs. of
ripe persimmons (Diospyros kaki IL.) according to Chatterjee and
Zechmeister (1 ). The two éompounds were extraordinarily similar, They
melted only 1° apart (isccryptoxanthin, 164°; cryptoxanthin, 165°) and
could not be distinguished specfroscopically or in the partition test. It
was possible, however, to separate a mixtpra of the two compounds
chromatographically on the lime~celite columm, but only aftei' prolonged
development, Although two distinet zones were observed, no sharp colorless
interzone appeared, for onee separated. the two zones moved down the
columm at very similar rates. In order to determine the adsorptiem
‘sequence, unequal amounts of cryptoxanthin and isocryptoxanthin were used
in this mixed chromatogram test. When isocryptoxanthin was the major
component, the uppermost zome was the larger one. Isocryptoxanthin,
therefore, is adsorbed above éryﬁtoxlanthin in the system used.

- The next step was to determine the location of the hydroxyl group in
the isocryptoxanthin molecule, Since this compound resembled crypto-
kaﬁthin‘ so cloéeiy, it was reaécnable {0 assume that the group was located
in a i'ing. (No carotencids are lmown which have substituent groups in the
polyene chain linking the two P-ionone rings or in any of the various
me thyl groﬁps.) In the F-—carotene molecule there are only three positions
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avallable lu elther ring for substitusnt groups, namely, 2, 3 and 4. (see

Formula II).
H,C GH H.G CH
3/ 3 3\/ 3
C/ CH, CH, CHg GH, \c/

Hzcz/ '}lG-GH-GH-G=GH-GH=CH-G=GH—GH=GH-GH=G-GH=GH-GH=G—GH=GH—(i{ "}cﬁz

3 5 _ —le . (]
B0 4 £0-0Hy Hy0-O4 H/3 H

2 - | 2

Pormula II. P-Garotene, showing the numbering of the P—ionone rings.

It had been proposed by Kuhn and Grundmann (20), and generally
acceptad, that the hydroxyl group in cryptoxanthin occuples position 3.
Recently it has been suggested by Goodwin and Taha (6 ) that cryptexanthin
is not 3-, but A~hydroxy- P-carotane_ 3 however, Karrer (11), reviewing the
.comple te evidence available concerning the location of the hydroxyl group
ghowed conclusively that there was no valid basis for Goodwin's suggestion,
As will be shown here isocryptoxﬁnthin, not cryptoxanthin, has its hydroxyl
group located in the 4 position.

It would be difficult, indeed, to justify assigning the hydroxyl group
in isocryptoxanthin to position 2, for no satisfactory explanation of its
formation from ‘dehydro-[b-carotene could then be offered, On the other
hand, if isocoryptoxanthin were 4-hydroxy- f)-carotene , its formation could

be accountéd for by a Thiele addition of HOH to the ends of the conjugated
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sys’dem in de‘h;vdro-P-carotene under the conditions described for the
boron trifluoride experiment (Scheme I). Although boron triflucride is
an effective catalyst for many reactions (e.g., polymerizations and
esterifications) this is the first ingtance in which the application of

this reagent has caused the addition of the elemenis of water to the

ends of s conjugated polyene system.

Hzc/ \C=CH-CH=C-CH=CH-CH=C-CH'-‘CH-CH:'CH-C=CH-GH=GH-C=CH“CH=C/ N H2
H20\ﬁ6490-0H3 H,C-G\ CFp
HOH
HBC\G /CH3 CH3 ?HB CH3 GH3 HBC\c /CH3
Hzti}/ \G-CH":CH-C'-'CH- =CH-C=CH-CH=CH-CH=C~-CH=CH- :C-CH:CH-ﬁ/ \CH2
H,C. _-C-CH H,C~C CH
\?H 3 2 \cfg 2
CH

Schems I, Formation of isceryptoxanthin from dehydro—P-carotem.
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It was emphasized by Karrer {11) that compounds containing a
hydroxyl group edjacent to a conjugated system (i.e., an allylic hydroxyl
group) undergo dehydration with extraordinary ease under the influence of
acid, with the formation of an additional double bond., He reported (14)
that eschscholtaxanthin, CADH52(OH)2, a pigment detecisd in the blogsoms
of Eschscholtzia californica by Strain (31), was dehydrated to a hydro-
carbon with 14 double bonds merely by acidifying a chloroform solution
with a trace of HCl (Scheme II, below), Xarrer also found (1Z) that
4-hydrcxy~P-dsmone was dehydrated under similar conditions {Scheme III,
below,) In his discussion of the position of the hydroxyl group in
cryptoxanthin (11) this autheor pointed ocut that since cryptoxanthin did
not show this property 1is hydroxyl group was very probably not in the

4 position.

Isocryptoxanthin, however, did show thils proverty; the dehydratiom
wag accomplished by acidifying a chloroform solutien of the plgment and
allowing it to stand for a few minutes at room tempsrature. The HC1 was
Introduced by adding a drop or two of HCl saturated chloroform to the
solution, A stereoisomeric mizture of dehydro—P ~carotenes was formed
in 704 yield together with about 5% of P—caz-otene, as determined by

chromatographic and spectrophotomeiric methods, Excapt for some minor

brovmish degtruction preducts whioh remsimed at the top of the columm

during developrent, mo pigrents other than those rentionsd were found,



HBG::Q<:GH3 THB EH3 iﬂa G’H3 HBG\\9<:GH3
Hg(i =«UH=H2C~CHZUH~CH=U~CHSCH~CHILH=- :GH-CH:CH-C:GH-CH:('J/ (l'}HQ
BN ~H
AO=CH HaC-0
Hﬂc\‘cﬁ/G 3 eschscholtzxanthin 3 G\HC’, H

~2 HOH

HBG\C g EHB THB Iﬁ3 ?Hg H30>c/CH3
Hﬁ/ Ng=0H-CH=0-CHE CH- CH=C - CHE GH-CHECH-C= CH-CHECH-C=CH-CHEG” NG
HC. _,C-CH Hy0-Cy, _OH
Nof 2 > N
Schene II. Dehydration of eschscholizxanihin,

AN B H30\0<CH3 "’Ha
707 NC-CHICH-CO — HOH 16”7 NG-CHICH-CO
2 PR — 2

HoG.  C=CH HGy _-G-CH
N 3 G\CH 3

éH

Schere I1T1. Dehydration of A-hydrm;r-'b-imone«



This "acid chlorofornm test® offers the only rapid means for -

differentiating isocryptoxanthin from eryptoxanthin, One or twe milli'éz-f

Iﬁers.of a diluta iscerypioxanthin solutlon {ouly a few micrograms a
nesded) change in color from yellow to ordnge-~red within 30 secoads upcm .
the addition of ome drop of chloroform (C,P.) saturated with HCl, The .”“
color change is a result of the formation of..a syé'kém with 12 conjugated |
double bonds {rom one compesad of 11 '(:;on,j_'iiga'téd dcmble tonds. Grypto-
xanthin undergoss no visible alterétiéﬁ when .'éﬁﬁéé.c'héd.t'd this t'ea’l:.,.:'. N
In addition to the all~frang form of isocryptﬁn%ﬁiﬁ, .neo-isocrypt.o-
x_a.n.t_h_iﬁ, as .Well as isocryptmﬁhjn.ace;t'éte, aiso give tﬁa ;éame -r,;olor
reaction, | N .

£11 the avid_ence presented _is __qgn_sigi;snt wi’bhthe propoaed 4-1'Wdrwc:{-
P-caro*hane structure foac' isecryptmcanthln,_ The con'hention of Gcodwin -
(6) that cryptotanthin is the 4-hydroxy compound is thus disproved on |
the ‘bg_ais of _x;e'w observations.

3

a. Isocryptoxaﬂthin methyl ether,
" The main plgment isclated from the interaction of the dehydro-
P-céroténe-.boron triflucride "'c6mple:x iui'th me'ﬁhanol' was orystallizad "
i‘rpm'be.nzeng-mgth:anol.. T4 ha& an absorption spsctrum (Fig. 20) which

was nearly indistinguighable from that of Fz-—carqtaga. Although this



new compound was adsorbed ebove, and easlly separated from B-carctene
on‘ lime oelite, it was possible to cause it to migrate with pure
hexane, This behavior served to differentiate it from lscoryptexanthin,
Analysis of the compound showed that it had ome oxygen atom, Since it
was much more sagily developed on lime-celite than isocrypiexanthin it
did not sesm probable that the mew pigment had a free hydroxyl group.
This was confirmed by partitioning the compound between hexans and 95%

methanol; it showed much more pronounced epiphasic character than would

te expected from a hydroxylated carctenoid, The possibllity of iis
being an epagide of dehydro-F)-carotene was eliminated when it was
found that its ether solution did not color the acid phase when shaken

with oongentrated HOL., It had been found by Kerrer (10)that all knom

Finally, & Zeisel determination showed the presence of one methoxyl

group,

fihen & chloroform golution of the mthccscy-P-carotene wag acidified
with a trace of acid chloroform, according tc the method descrited ahovs
for the dehydration of isocryptoxanthin, a stersoisomeric mixturs of
dehydrn-F =carotenss wag formed in 73% yleld, together with 9% of
P-—oa:r‘otene. Thus it waa concluded that the methoxyl group was lowated
in 4 posltion, TFor coniirmation, some isocrypicoranthin was methylated
directly {based on the method described by Karrsr {19) for the

methylation of zesxanthin, a nsturally occurring &ihyﬁrwm—?-carwhena)a
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* This isocryptoxanthin methyi ether was found to be identical with 4-
mathoxy- F ~carotens, obtained via the BFB complex, both spectroscopically,
in melting point (135°), in the mixed chromatogram test, and the "acid
ch_loroforni test", 1In additioﬁ, some cryptoxanthin methyl ether (so far
not described in the literature) was prepared from naturally occurring
cryptoxanthin in order to compare it with 4-mthoxy—f6-carotem. Although
the two compounds dould not be differentiated either speciroscopieally
or in the mixed chroinatogram test, cryptoxanthin methyl ether, in contrast
to the j~methoxy compoﬁnd did not undergo any eolor change in the "acid
chloroform test", In this respect, the two methylated derivatives behaved
in an snalogous manner to the respective unmethylated compounds,
b. Dimethoxy-l&-caro‘kene

Adsorbed above isocryptoxanthin methyl ether, on the chromatogram of
the reaction mixture obtained by treating the boron trifluoride~dehydro-
P—-carotene complex with methanol, was a second new carotenoid showing &
v P-earctene gpectrum (Fig.2l). In the mixed chromatogram test the new
compound was located below isocryptoxanthin and easily separated from it,
Analysis and a Zeisel estimation indicated the presence of two oxygen
atoms and the formula, G4OH54(OC_H?)2. Although somewhat more hypophasic
than isocryptoxanthin methyl ether,' the compound was congiderably less
hypophasic than isccryptoxanthin when partioned between hexane and 95%
methanol, Thus, all the evidence was consistent with the formulation of
the new compound as a dimthm:y-P-carotene.

The position of the two methoxy groups couid not be determined with as
ﬁuch certgi:aty as were the positions of the single snbstitua_n‘l; groups in
isocryptoxanthin and its methyl ether, for in the present case a simple,

if unusual, type of Thiele addition of methanol to the conjugated system of
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v del'wdro-F)-caroi:ene would not explain the formation of a compound with
two mthox:yl groups and 11 con;ugated double bonds.

A dilute, yellow-colored chloroform solution of dimethoxy—F) =carotene
turned red when a trace of HCl was introduced, After transfer into hexane,
chromgtographie analysis showed that some of the dimthm—[,‘)-carotene had
remained unchanged, whereas, under the same conditions isocryptoxanthin
or igocryptoxanthin methyl ether were complstely converted to other
products, mainly dehydro-P-carotenes. Amang the conversion products
isclated from the chromatogram jast mentioned, itwo could be identified by
spectroscopic and mixed chromatogram tests, namely, dehydro-P-carotene
and bisdehydro-P ~carotens, | in addition, a carotenoid which was spectro~
scopically identical to dehydro-P-carotene but adsorbed above it was
obtained, Because of the small yield it was not possible 1'.6 characterize
this compound further., It is believed, however, that it represents a
methoxylated dehydro- P -carotene.

The available evidence at the present time concerning the locatim
of the methoxyl groups in dimthmty~’5 -carotene is inconclusive, and
further experiments will bs requlred ‘before i%s structure can be clarifled.
The formation of some b:‘gsdehydrc-[b-oarotene (a carotenoid with 13
conjugated double bonds; see Schéme IV, below) would indicate that these
groups are in the 4 and 4' positions, by analogy with the dehydration
of eschscholtzxanthin, mentioned above,

The reaction product mentioned which appeared above the dehydro-
P~c$.rotena zone in the chromatogram could possibly be interpreted as

baving resulted from the elimination of the elements of gne molecule of

methanol (Scheme V, below),



H3C>c .t _IHB IHB ' jHB jHB C>c _CH,
H2(|3 \ﬁ-cﬂzcn = CH~CH=CH-C=CH~CH=CH~CHZC-CH=CH-CHS -CH-GH-c';l \J’
H,C.  _C-CH | H.C-C
2 \C{ 3 3UNeg 2
OCH, ' 0CH,
~ 2 CH,0H
N

HZO/ e Cu=gH- G"CH—uH"GH-C'CH—GH"‘GH-GH:G-CH-CH—CH"C-GH:CHT CH,

H C~CH . B G-C
Neg 3 >N

Scheme IV. Formation of bisdehydro-[d-carotene from
bybt =dime thoxy= charo’aen .

4441 =dime thoxy- Fb -carotens

l-ﬂ' CH30H
HBC/C GHB GH3 ‘.,TvH3 GH3 H3 BC\C\
H26 \C"CH-CH"C-CH'GH-CH"C—-CH“ CH=GH= CH~C=CH~CH=CH~C=CH~CH- C H2

CH3

Scheme V. Formation of 4~methoxy-dehydro- (b -carotene
from 4,4 '~dimethaxy- P-carotem



Some bloassays have shown that .dimthwrytvf_} -éarotene has about 1/6 the
provitamin 4 activiiy of P-carotene in the rat (gee Sasction L), On the
other hand, zeaxanth:m (3,3‘-dihydro:a:3r-[5-carotey:;e) and, in general, all
carotencids Whlch c%o not pogsess at least one unsubshtu’tad P-—ionone ring.
show no provi’camin A effect., Thisz would indicats that both methoxyl gwupﬁ:_
were in the same ring, were it not for two additional facts: 1. 4lmost
all carotencnas, in the all-tray rang configuration, which do have ors
ungubstituted P-icmone group display about half the provitamin A activity
of P-carotene; 2. EBxceptional cases in which carotenocids with
substituents in beth P-iomcne rings show some provitamin A effect are
known, e.g., P-garotane diepexide which according to Karrer, gt al
(13), has a potenoy equal to about 1/7 that of Pwﬂarotanee

4. Iwo Propoged lechanisms for the Formation of Isccryptoxanthin
and its Metl_:;igl Ether from Dehydro- P_:carotene,

In the follcwing discuss:z,on two mochanisms, a‘and b, are proposed, buk

the possibil:.ty of both occm-rn;g simltanecusly is not e“cludec‘i.

| a.) In 'I:he machamsm propoged here the water or methanol
reacts with the complex of boron trifluoride and dehydro- P ~carotene,

| Step 1, Boren trifluoride is atiracted to one end of the

chromophoric system in d__ehydro—"ﬁ-carptene. Additional electrons are
drawn from the adjacent carbon atom to this site which has no# bacome
momentarily electron deficient because of the proximity of the beronm iri-
fluoride. Thus a localizéd dipels ia formed. Howevar,_ becansa of the
extracrdinary ‘mobiliiis} of i:'hé-aiec’crons in a long conjugsted polyere

system, pclarizatiéﬂ of *thawhola rolecule takes place:



Hjc\'c _CHy  CHy Gy Hys O3
B0 oz R hon e "
IR o TR
ﬁag\efc-cﬂa H:;G-CQ\\ At
%) o &
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Step 2, The posgitive end of the molesoule is then

subject to mucleophilic substitution by water or methanol (R = H or G.H.B).

CH B cH
3 Hih O3 _
H H.C
e e, T

Tssans -":GH.CH'-'G
= W |7 RO e =¢-cH=cH-¢” \ng + 1
" B c-tI:l CH
2
® | 3 \I,{° ,

i
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Step 3. Ono of the hydrogen icms‘, abundantly present- . . -
in the acid medium because of the hydrolysis (or methanolysis) of boron
trifluoride, displaces BF4 which is removed, primarily, as a complex with

ather, water or methanol:

LI | GHy  HO\ OHj
PN | AN
HyG” NG-CHSCH-CZ + « « = » » « + + + - C-CHICH-G” CH,
HoG C-cH Hz0-C 01
CaNCY 2
g 3 3 \?{
RN | &
ROR-BF3 u* | "

b.) The second possible mechanism proposed is an extensicn
of that gemnsrally accepted for the acid catalyzed hydration of the olefinic
bond, | |
Step 1, Hydrogen iom is made available as the result of
complex ion formation between boron ltrifluoride and hydroxyl or methoxyl

ion:

BFB "'_EOH'—.F‘ROSBFBI + H

Step 2. A hydrogen ion atiacks the conjugated system in
dehydro-[} =-carotens with the resulting formation of a carbonium ion, The



~Th=

positive charge appsars at the other end of the system bocause of induead
electron shifts throughout the chromophores

L) . :
H” GECH-GHIC-. . . . . . . . ~CECECIC” CH,
r ~ \ '+ Bt e

Bole_ L, 0-0H | Hol-Co _-CHp

Yo? 3 3 ‘\\%{
HOn, CH O iy Hf OF3
HQT/ \G'-GH:GH-G::. * 9 8 B & * @ 83 8 T s 8 @ =C;cﬁzm-c/ \CH2
HyC.@_-C~CH | HaG=Gn_ _ CHg

N N,



Step 3, The nuclsophilic iom, @p:BFB'; then atiacks
the moleculs at the point of minimm sleetron density, wherely EE3’i§“

regenerateds:

Hq CH CH, Hql CH H
Pse 3 e 3

Hzﬁ C=CHeCH-C. s0nse 2? G“GH:GH"G RN
H,8. @ -C~CHq 3 30:3? T — H,C\_ _-C=CH 4 BF
A\ 3 2N 3

I

R

£

5, Provitamin A Activities of Isceryoloxanthin, Iscerypoxanthin
- Methyl Fher, and Dipethemy-[)-carotens -

is 1s well known, ﬁ:'eiarﬁtené' has strong provitamin A sctivity
by virtus of the fact that the animal organism is able %o split this
. molecule enzymétiééiiy:ét its central double bond and thus produces

two molecules of vitamin 4, This réaction is represented



schematically, helew.

Hol ,/ \G-GE{"CH—C-f..H—CH-CH—G"CH-GH“GH—CH:G-—GH‘CH-GH"G-—GH"GH-P/ \ Hz
B0 0-CH Hal-0_ O
CH T | 00, 2

+ 2 50
s A O GHq
H20/ \(i-CH“CH-C-CH-CH:GH-C.-GH-GHon
HJ: _~C~CH,
R (Vitamin 4)

According to soms authors, an axidative cleavage takes place in the
center of the [5-carqtens. moleoule and the resulting aldehyde group is
.re.duced in a second stap.

Evid.antljr, no other carotenoid can show as sirong a provitamin A
effect as P-—carotei'xa. Those carotenoids tested, half of whose molecules
are structurally identical with one half of the F,-carotena nolecule, alsc
show strong provitamin 4 activity, but only about 50% of that exhibited
by the latter, while if no unsubgtituted P-.—ionone ring is present the
compound is inactive., Cryptoxenthin, as would be expected, exhibits
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stremng .prdvita..mig._fs_,_ activity (574); therefore it was of interest to
determine the provitamin A activity of the isomeric isocrypioxanthin,
Isocryptoxanthin wethyl ether and dim‘shm.-‘aa—carotena vers also tested;
these were of speciél--interest since the provitamin 4 activitles of .

e thoxylated charotez&aa have not been reported hersetcfore, The rat -
bicassays, weia kindiy carrisd out at the University of Southern Califernia
by Drs. H. J. Dsuel, Jr. and J:Ganguly,

It was found that isocryptoxanthin had 48% of the vitamin & potency
of P-carotem, and the methyl ether. 52%, Both results are in complete
sgresment with the structures assigned to these compounds in this Thesis,
Dimathpm3w15~carotene also showed provitamin A activity, namely, 16% that
of P-caroten_e. This result can not readily be inferpreted at the preseni
tima, for if the two methoxyl groups were located in the sawe ring the
‘bioactivity should amount to about 50% (P ~carotens = 100%), while if
each ring had ope methcxyl no provitamin A potency should be observed.
Although the well crystellized sample showed chromatographic homogereity,
the poseibility that it 1s a mixture of two (or more) dimethoxy

derivatives of the types mentioned can not be excluded.
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B, EIFERTMENTAL-PART
1, Haterials,

The de}zydro-ﬁﬂg;fgtene uged was of high purity, being chromato-
graphically‘homaéénéeﬁé and Ifree from colorless impuritles as showm by
| microacopic amﬁmtim of the crystals. Ita preparaticn from Fp-eamtem
is deszeribad in Par%: I.

Boroen trifiuvorids g%hﬁr&zté was prepared Irom “&ﬁé géﬁ availa‘t"bjﬂ in
 small oylinders from the Ohlo Chemical & Mamufacturing Go., Cleveland,
and Beagent Grade dietﬁyl ather, Except for the ﬁéé of commerciélly
availlable boron triflﬁoride gas, thﬁ diréct:l.oc,ns given by Hennion (7}_
were followed, The etherate darkered on long sténding, tat this was
found to have Z.ittlé. or no sffect on its potency.

—earotens and Dimothoxy-B —carotons.

&, Formation

To a solution of 60 mg. of all-w-dehydro?ﬁ*carotene in 25G mll.
of hoxane, conteined in a 750 ml, Efiemna;}er flask, was added 5 ml. of
boron trifluoride etherate. The fl##k ﬁés vigor;aualy swirle.d by hand
for 60 seconds (the etherste is not _appreciabiﬁ goluble in haxé.ne) and
then 300 ml. of 95% thé.nol wag added; the dark .gr___eenish-blue ealer of
the caroteno_id-borén trifluoride complex immediately changed to dark red.
The 1iciuid was tr_ansfefred ‘to a separatory funnel and water was added to
trangfer all pi_gmapfs to the upper phase. The aqueouswmthaﬁol }&pophase
was diaéardad and the e_piphaaé wﬁs washed in a continnaus .appa'reﬁus.
'Ai’ter drying with anhydrous sodium gulfete, the hexane soluticn waa
#dsorbeﬁ at the top of a 30 x 8§ om. lime-celite column and developed

with 2-3% acetone.in hexans,



PG

Description of the chromatogram (the figures desimnate thickness in
mn, )t

1 yellow

‘1 purple

10 crange

3 purple

10 interzors

5 rpale pink

20 interzone

20 orange Zone I (dhfethmy-P-cwatem)
15 interzome

25 wyeliow Zone II

5 Inierzcne

&0 orange Zeme ITT (A-mthcmr-'%-carotene)
2 interzons

25 wyellow Zons IV

2 interzoms

15 orange Zore V (P-carotena)

2 interzome

10 psale yellow Zone VI

10 interzons

10 pale yellow Zone VII

Bach of tre zomeg I-VII was cut out and eluitsd with acetone., After
trangferring to hexane, eamch fraction was rechromatographed on a amaller
ecolumn, Repeated rechromatography of fraction III was sometimes found
t0 be necessary before it crystallized easily, No atiempts were made
to crystallize fractiong II, IV, VI, and VII as these were found to be
sterecisomers of the others (ef. section ¢,, belew),

Fractiona T, 17X, and V were crystallized according to the procedure
degerited below for l,-mthccq—[&-carotena.

The hexane sclutiom (abou*h' 50 ml,) was evaporated to dryrese in vacuo.

(The temperature of the bath should not exceed 45° since excesslve
sterecigomerization of caroctenoids wonld increass erystallization

diffioulties,) The dry, powdery residue was dissolved in 2-3 ml, of cold



eusens and transferred to a 5 ml. centrifuge tuijae,* The tube was placed
in a bath of water kept at about 400 and the golvent evaporated by
directing, th;‘*eugii"a_*capillaz‘m" a gentle stresm of pure dry nitrogen at
the surface, Thsreaidue was then dissolved In 10 drops of benzene; and
gathancl wes slowly added from a dropper by allowing it to yun dom the
gide of the tube, Thug, the wsthanol was wermed appreximately to the
bath tempsrature: bef'ore reaching the benzere solniicm, During these
operations the goluticn was stirred constantly with'a thin pointed glass rod,
In all, 4 %o 5 volures of methancl wore added, and, in favorable cases,
glittering red corystals appoarsd before this addition was complete. The
tube was then _allawed to gtand at room temperature for 30 nimutes,
(Stronger ccoling was not found t.o be advisable, as at times, a colcrlese
or pale yellow oryetalline material precipitated which was difficult o
remove by recrystallization.) The red orystals were eentrifuge‘d down
and the mother liquor decanted, The pigment was washed twice, in the
centrifuge tube, with me'l:hanol at room temperature, and then dried in an
Abdarhalden apparatus, in the presence of Py0, in good vacuum (0._,1 mm, ),
at 559 (refluxing acetone), for 1 hour. Yield: 8-9 mg, of 4=meihoxy=

, I}-caroi;ene_, 2=3 mg, of dimethmwe'?p-caxqtens, and 5-6 mg, of P-earoten_e,
in all, 27-28% of the starting material, The mother liquors wers found
to contain 1~3 mg, of additienal pigments,

* Tf, after the hexane has been evaporated, the residve ig of oily or
partzally oily nature, difficulties in crystallization will be
encountered later, In suck a csse the residue should be dissolved in
hexane and rechromatographed on lime—celite, -



-81-

b; Characterization
1.) Dimethoxy- P-—c_arotene

The crystals from bensene-methanol formed very small irregular plates, |
Under the uiercscops (mammification 430 x), single crystals appearad -
light orange, whils clumped groups were dark red. Macroscopically, the
dried crystsls were dark red,

Melting poinks 1529 (Berl block; evas, capillary; corr,)

golubility: Soluble In hexane, mors easlly in benzeme or chloro-
form, Almest inscoluble in methanol,

Partitlon tesi: When partitioned between hexane and 95% methanol,
the compound was mainly epiphasic, However it was more hypophasic than
p-carotanﬁa

Analysis: Calculated for CyoHs, (CCH5)p: €, 84,505 H, 10,13,
Founds C, 84.33; H, 10.02. ©, 84.43; H, 10.84. (Becond result corrscisd
for 1,5% ash), |

Mathexyl determination (Zeisel)s GCaloulateds 10.37%. - Found: 9.45%,

| Spectrums Maxima in hexame: 48, 453 . (visusl); 479, 450-451 mu.

(Beﬂkxﬂan)o
« . ghote o < 10k

Holeoular extinotion coefficients Eqo,' = 13.4 % 104 atNpay

Ghroygtoggaphié thgvior: Easily developed on lime-celite with 2-3%
acetons in hexane, Adsorbed well above Pecarotana in the mixed chromato~
gran test, _

2.) 4-¥othaxy- [b -carotens
This compound erystallized from bonzene-methanol in oval shaped

clusters (Fig.22). Macroscopically, the dry crysials appeared dark red,
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m n___.. 133-135°

§olubilitz Soluble in hexane ; 3 very solubls in benzene or chloro-
form; almos‘x; inaoluble in me'khanol.

Exmm iﬁgj_,_ fi’he compmmd showed an essentially, but not fully
_ apip}}gﬁig_beaavmr. In this raspect it standa fbawean F—carotam a,nd
dimethb?‘y-F) ~garctens, “ :

M&. Caleﬂla’ﬁad for Géﬂdss{mﬁy C 86 % Hy 10,31, F@m’xﬂ
c, 8o. 03, 86, 11, H, 10.60 10,09, |

%ﬂa‘khml detarmination* Galculated. 5,465’ Found 3 5,05%

Spectzum Max:haa in he:cane, 1,81,,, 453 m, (vlsnal) 479-480 451 m.
(Beckman)..
r extinotion gcefficients Em°1’ 13.5 x 104 at% )\max

Yolacu

Chrmatog;a@ behavior- On lims-.cglite the zons of this compound
appears betwaen those of dlmthm-P-carotene and ﬁ-carotam.

3.) P-carctem.

The campcnmd crys'tallized very easil:y from banzena-ma'hhanel in red
hexaganal plates characteristic of r)-caro'tem. The orystals were dark
red in golor. |

Selublility: S?lubie in hexane, but somewhat less so than the iwo
methaxy &erivat_iveé described above.
 Pariition: Onmly atrace of hypophasic behavior was observed,
Tdentical in thia rospeot _.with authentie P-carotene.

_ reia: Galculatedfcw 040356-‘ C, 89.48; H, 10,37, Founds C,
89.35; H, 10,37, .

Spectrum: Tho absorption spectrum in bexans was identical with that

of an suthentie sauple of B-carotens.



Chromatographic behayior: Not separabls from authentic P-car_gtg;gg L
in tha mi:.cad chrnma‘imgram *l;as‘i;

Gg Idan‘tification of Fractions 1I, IV, _fVI, and vil,
l ) E‘rac’sleen Ir. _

Thiii frac‘hon was, %pﬁl&ab}ﬁ f‘”fcsm Awmﬁhmtyhp-earetem only with
soms difficulty._ ‘.ﬁ h.ad mexxima in hexave at 473, 449 mp, (_Bacmn_), |
and ghowed a small __ﬂg—peak at 340 npi. Thase j;aluas_ce:rrespondéd
clossly with those cbserved for nac~f-carctere U (26). Upon isceerising
this fraction with lodine, all-:;;_g_pg;lp—mathmp ~carotere was formed |
and isolated chraﬁatograﬁhiaally. It was identified by spacroscopic
readings and in the mixed chromatogram test. Consequantly, Fraction II
was termed mo—l,—mthcmy-P -carotane-U,

2,) Fraction IV.

This fraction showed maxima at 470 and 445 m, (Beckman, in bexame)
and a strong gi_g-pea}c at 338 mp, Upon iodine catalysls the main meximum
shifted to 446-447 ngz.and the height of the cls~peak decreased. From a
chromatogram of the :'i$¢ﬁhéi*izad mixture A-methmy-P-carotene and
P-carotam wore isolated (_rgfaip 2:1), Fraction I‘V was thus identified
as a mix'l;ure éf md—&-mthm:rlb-caro‘hagg and _nﬁ’?_"P"_‘_’ﬂf‘.-’t?m U.

3.) Fractions VI and VIL |

Tests similar to those described above showed these fractions to be

neo isomers of_ P—ca:ft_'g‘bﬂm._
a. Formation.
To a splutioia of 35 mg of au—m—qe_nydro-[b-garmne in 100 wl.

of hexane, contained in a 300 ml, Erlenmeyer flask, was added 3 ml. of



boron triflucride etherste, The mixture was vigorously swirled by hand
for 60 seconds and then transferred o a 1-liter separatory fumnel . .
contelning 400 ml, of acotore, Vaier was added slowly ustil two phases
59?“*‘“’-*‘“ and the upper (bexane) phase contained nearly the total pigman'% :
The aqueous-acetone hypophase was discarded, and the hexane layer washed
in the contimious washing apparatus until the yellowish-lrowm coler
changod o 3 cloar .dark.. red, This usually took about 15 mintes,

Afber drying, be hexaoe sglullon was Liltered from g yeddish-brown,
gummy material which precipitated during the washing process. The
filtrate (abou$ 100 uml.) was developad on a 27 x 5.8 om, lime-celite

columm with é6-8% acetene in heoxane,

brom
brovmigh=rod
interzone
purpls
interzore
yellow
interzone
. purple
~ interzons
yollow
Inferzone
reddigh-orange Zons I (isocryptoxanthin)
intarzone
yellow. Zone II (neo-isocryptoxanthin)
interzons
vary pale yellow
interzone
very pale yellow
interzons |
vory pale yellow
35 interzoms
15 yellow Zone III (P-oarotena)

R B I = TUNRII -

Zonse I-IIT were cut, eluted, and, after transfer to hexane, each

was rechromatographed cn lime-cellte, Fractlons I and IT required 84



acatone for development, and fraction ITI, pure hexare, After ory=-
gtallization of I and III from benzene-methanol {according to the method
dasorited shove for A-ma'bho:{y-[i?f-carctme), tha ssmpleg wera dried in
the Abderhalden apparatus at 80° (refluxing benmene) for an hour, Tield,
5 mg. of iscoryptoranthin and 2 mg, of Pmaaz*ntem@ Fhotometrds regsure-
rants showed sa additional 9 ng. in the meother liguers and segls
lsomers {not crystallized).
b, Characterization of Isocryptexanthin and P'-Carotene
1.) Isccryptoxanthin

The crysisls obiained from benzere-methanol are shovm in Fig, 23.
Under the mlcroscope (430 x), singls crystals appessred orange=brown, but
whars they crossed a light to dark red color was observed depending on
the thickness of the conglomerate. The gsneral shape was that of oval
plates with blunted ends, Macroscopically, the somewhat glittery crystsls
apreared dark red,

Yelting point: 162-164°

Solublllty: Rather sparingly soluble in lhexsne; more saslly lu
benzene or chloroform. Slightly solubls in hot methanol,

Partition test: Strongly, but not completely, hypophasic.

‘0113 G, 86.873 }I’ 100220 med: G‘,

Analysigs Calculated for 040H55.

86,97, 86,523 H, 10.54, 10.24.

Spectrum: Mexima in hexane, 484, 453 mu. (visual); 479, 451 mp.
{Reckman),

Volecular extinchion gcefficient: EPOL+ = 13.5 x 10% at N\

lom, max,
Chromatographic behavior: Strongly adsorbed en lime-celits.




-
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Figure 22 (above): Isocryptoxanthin methyl ether from
benzene-methanel (430 x).

Figure 23 (below): Isocryptoxanthin from benzene-methanol (430 x).



Separated with difficulty from cryptoxantiin in the mixed chromatogram
test; adsorbed above the latter. FProlonged development with 8% acetone
in hexans was regquired,

2.) P«-cmotem,

The crystals from benzens-methanol weare cleanly formed hextagonal
plates. The compound was in all respects idemtical with authentdc
P-aaroﬁam.

Analygigs Calculated for Cpotlzg 3 Gy 89,483 H, 10,52, TFound: G,
89,32; H, 10,76,

0. JXdentification of Fraction IT,

It 1g claimed that thls fraction was a neo isomer of lsocoryphoxanthin
for the following reascnss Tre maximg In hexane were located at 477 and
446 mp, (visual), 1,e,, at about 6 mu. shorter wave lengths then the
corresponding maxima of all-trang-isocryptoxanthin, Uponisomerizing this
fraction with a trace of iodine (in light), the maln lsomer which was
formed, and separated chromatographically, was found to be all-irang-iso-
cryptoxanthin as showm by spectral obssrvation and in the mixed chromato-
gram test,

d. Acetate and lMethyl Ether of Isocryptoxanthin,
1.) Isocryptoxanthin acetate,

The method used was based on that of Kuhn and Grundmann (20) for the
preparation of aryptoxanthin acetate, with some minor medifications,
Thirty milligrams of isceryptoxanthin were dlssolved 1n 2.5 ml. of dry
pyridire (c,p.), in a 15 ml, centrifuge tube. Ome ml, of acetlc anhydride

{¢.p.) was added and the mixture heated at 70° for 45 minutes, The



solutdlon wag then transferred 4o a smell separaiory fuanel, diluted with
50 ml, of hexans, and washed fres of pyridire and acetic anhydride (about
10 mdn, washirg tirme was required)., The drded hexare sclution wag
developsd on a 27 % 5,8 cn, lime=-celite column with 2% acetone in bexsne.
The soetyl derivetdve forwed sn orsnge-brom zons which moved down the
colurn at a moderate rate topether wilh some pale orange and yellow minor
stereclsomers, In contrast, wnreacted isccryptuxanthin remained near tle
top during develoyment, The acetele zone was cut cut, aluted, and trans-
.ferrad with water to hexane, The drisd hexane solutiom was completely
evaporated, The residus was crystallized in a smell cenirifuge tube fron
tenzere-rethanol (134) and dried for 1 hour at 55° 1n tre Abderhalden
apparatus, Yield: 4 mg.

lielting point: 108°

Partition test: Entirely epiphasic.

Chromatographic behevior: Easily developed on lime-celite with 23
acetone in hexane, Adsorbed sbove P~carotene tut well below isocrypto-
xanthin,

Spectrum: Identicel to that of isocryphuxanthin, (Maxire at 479
snd 451 mp. in Backman.)

Seponificatiions About half of the sample wnderwent sapomification
when 10 nl, of a dilute hexane solution was shaken with 10 ml. of 15%
rethanolic KOH for 10 min, at room temperature, This estimate was nmade
photometrically after chrometographic resclution of the reaction product.

2.) Isccryptezanthin methyl ether,

The method used was based on the rerorted by Kerrer and Takahashi (19)



Tor the methylation of zeaxanthin, with & muwber of mediflcatione in the
procedure.

To 8.6 ng, of imoeryptaxanthin contained in a 5 nl. centrifuge tute
was added 0,5 ml, of tert.amyl slechol (dried bty distllling from metellic
potassiun). The mixture was beated to 90V and toluere (dried over 15”’*2{353
was added dvopwise, with congtent stlrrisz, vatil all the dsccryploaanthin
disgolved, Twe pleces of potassiun metel, sach about the size of a grain
of riea, were intreduced and gtirred zbout wmtdl dissclwved, The solutiem
was then aliowed to cool to 359, and 3 ml., of methyl lcdide (free from
iodire} were added. The corked centrifuge tube was kept at 35% for 30
mirutes, The liquid wse transferred to a prall sevaratcry funnel and
diluted with 25 ml. of hexans., After washing and drying, the hexanre
golutien was developed on a 24 X 4.8 om, lime-celite column with 2%
scetome in kexane, The dscceryptoxanthin wethyl ether appeared as & yallow-
trown zone which moved down the colurm quite readily. The major zome
which was unreacted isccryptomanthin, remained near the top. No stereo-
lsomeore of elther of these two substances were cbeerved, presumably be-
cause the methylatiom had been carried out in a basic wedium, Yield,
about 0.5 ng.

Melting points 133-137°

Partiticom tegiz Slightly hypophasic.

Spectrum:  In hexane, 479, 450-451 mp. {Beckman).

Chromatographic behavier: The compound did not separate from an
authentic sanple of A-me'hhoxy-p-carotene or fron cryptoxanthin methyl

ether in tle mixed chromstogram test on lime-celite,



To & golution of 2-4 mg., of the compound (isocryptoxanthin, 4-rethoxy-
P-carctane or dimthmyap-caro‘cam) in 10 ml, of chlereform {c.p.), 4
drops of chleroform saturated with HC1 were added. The soluticn was then
kept at room temperature for 25 minutes, and shaken with 10 ml. of a 5%
NaHCO4 solutlem, After drying over sodium sulfate, the chleroform was
evaporated, the dry residue dissolved in 10-20 ml. of hexane and developed
on a 20 x 3.8 cm, lire-celite columm with 6% acetone in hexane.

Degeripticn of the chromatogram obtained from isocrvploxanthin as
starting material:

1 ‘browmish-yellow
25 dnterwmone o

15 pals red Zone 1

3 interzome

?‘g :;?mq ggf: %ﬁ % cut out together

8 interzone

20 orange-red Zome III {(contains two stereoisomers)
6 interszome

8 orange-yellow Zona IV

60 interzome (incl, a few very pale zomes)

5 wellow Zone V

The chromatogranm obtained from Z,-methcxy-P -garotere in the acid
chloroform rescticn was qualitatively identical to that described above,
there bveing an exact correspondence zome for zome. Zone I was all-irans-
dehydro—[b-earotﬁm, and Zones II-IV were stereolsomers of this compound.
Zone V was P-carotezza {including stereoisomers), The identity of the
respective firactions was established by spectra and mixed chromatogram
teste, Estimates of the amount of subgtance in the warious fractions

were made photoretrically (Tables 9 and 10).



Table 9.

Conversion Producte Obtained from Isocryptoxanthin by
Tregtrent with Acid Chloroform

(2 of Starting Material)

All=trans-dehydro-f8 -carotene 16

Neo A 4 B iscmers 30

Veo C + D iscmers 18

Other isomers 5

S-Carotere (including iscmers) 5

Unacoounted for 26
Table 10,

Conversion Products Obtsined from 4-Methaxy-A&-carotens
by Treatment with Acid Chloroform

(% of Starting Msterial)

A11-trang-dehydro~B-carotene 19
Neo A and neo B isomers 30
Neo C and reo D iscrers 19
Other sterie forms 6
PB~Garotene (including isomers) 4

Unaccounted for )




The intersction of élimthcoiy-/@-earo‘hena with acid chleroform was

more complex as shown by the following chromatogram:
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A1l nuubered zomes were cut out, eluted and transferred to hexane,

The mixture of Fractiong I and I1 wag rechromatographed to obtain & more

satisfactory separatiom,

following spectrsl macima were observed (visual, in hexare):

Fraction V was also rechromatograpled, The

Praction I 503, 473 mp. unidentified; possibly a methoxy-
dehydro-A -carotene

Fraction IT 498, 469 mn, unidentified; possibly a neo
iscmer of ahove

Fractiom I7I 504, 4774 mp. all-trgng-dehydro-A8 -carctene

Fraction TV 497, 467 mp. mixture of meo-dehydro-@-ocarotenes

Fraotiom V 519, 487, 460 mpu,  bisdehydro-@=-carotene

Fraction VI 483, 453 mpu. unchenged dinethoxy-B ~carotens

Fraction V did not separate in the mixed chromatogram test from an

authentic ssmple of Dbisdehydro-@=-carctene (a carotenocld with 13 con-



Jugated double bemds, of. Part IV), prepared from/g-carotens by dehydro-
genatlon with N-bromosucoeininide,

No gquantitative estimate of the conversicm products could be made
because of the complexity of the product and small amounts of its
comporents, IV was evident, however, that the conversion was less
extensive, if more complex, thenm in the case of iscorypioxenthin or its
methyl ether.

5. Zropergiion of Isocryptoxenthln, Isocryptoxsnilin Velihyl
Ether, gnd Dimethecy~8 -carotene from a Stersoigomeric
Mixture of Dehydro-A-carotene

In the experiments previously descrited, a pure crystalline all-irsng-
dehydro-B=carotene was employed as starting material for the preparstiomn
of igocryptoxanthin, isocryptoxenthin methyl ether, and dimethoxy-
P-carotene. It was found that a stereoisomeric mixture of dehydro-
/3~carotenes could also be used for the preparation of these compounds,
Although its use resulied in chromatograms of increased complexity, the
over all ylelds, based on B-carctene, were better owlng to the greatly
increased amount of starting material made available., {As was shown in
Part I, the all-irang form constituted but a reletively small fractiun of
the sterecisomerie dehydro-@~-carotenes produced from A-carotene iodide

by the actiem of aceteme.)

Preparation and treatment of a sterecisomeric mixture of dehydro-
B-garotenas,

The three principal steric forms of dehydro-@-cerotene (i.e., all=
trang, neo 4, and neo D) produced from B-carotene as deserited in Part I
were separated from extranecus products by adsorption on lime~-celite.

About 400 mg. of these pigments were ulitimately obtained in hexane soluiion
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(photcmetrié estimate) and, after evapcration to drymess, 150-200 ng,
could be crystallized from benzene-methanol. These crystals were trsated
e followss

To 30«40 mg. of the crystalline mixture dissolved in 100 ml. of
hexane were added 5 ml, of boron trifluoride etherate, The flack was
vigerously swirled for 2 mirutes and then trested with water or methancl
to form isceryptoaxanthin, or its methyl ether and dimethaxy-/g-carotene,
exactly as prescribed for the pure all~-irang compound,

The mother liguor remaining from the crystallization of the deh;vdrcm@-
carotene mixture was also utilized for the prepasration of the three new
substituted B-carotenes in the following manrer;

After dilution to 100 ml. with hexane, the mother liguor was shaken
with four, 100 ml. portions of 95% methancl, discarding the methancl
phase after each washing, The hexsne phase was then washed with water,
dried, and diluted to 500 ml. with additional sclvent. Each 100 ml.
portion of this sclution was treated with 5 ml., of boron trifluoride
etherate in the same mamner as described above for the crysialline

gtarting material,



v, O THE | TITERACTION OF ,B-CAROTETJE AllD N-BROMOSUCCINDIIDE

A. THECRETICAL PART.

1. Infireduction and General Remarks,

The formation of dshydro-lycopens, 940H523 an entirely aliphatic
carotenold with 15 eonjugated double bonds, by the action of N-bromo-
suceinimide on lycopene, C40Hs5g, was observed by Karrer and Rutschmann
(15) eight years ago., Up to the present time this seems to be the only
ingtance reported in which a GAO” carctenold has been dehydrogsnated by
this methed.

The correspending reaction of B-carotens (only partially aliphatic)
with ¥N-bromosuccinimide described in this Thesis was carried out by
refluxing in carbon tetrachloride., The resulting mixture was resolved
by means of chromatographic analysis and the individual pigments
estimated spectrophotometrically, A typloal experiment of this type
led to a complicated mixture, the composition of whieh appears in
Table 11.

About one half of each of the thrze dehydrogenated B=carotenes was
isolated in purs, orystalline all-transg form, showing the following
characteristics: Dehydro~&-caroisne, m.p. 193° maxima in hexane
(Beckman): 502, 471, 445 mp. Bisdehydro-B=-gcarotene, m.p. 204°, maxima:
519, 487, 461, Anhydro-sschscholtzxanthin, m.p. 193° maxima: 531, 498,
472,

The ease with which Karrer and Rutschmann dehydrogenated lycopene
compared with the difficuliy involved in dehydrogenating A-carotens may

te attributed to the following factors: a) The bromination of lycopens



Table 11,

Compogition of the Reaction Product of
A =Carotsne and N-Bromosuccinimide
(the figures indicate % of starting meterial)

Unchanged S«carotane 25

Unldentified producis

{pigrents showing extraordinarily strong adsorptiom
affinities and colorless, non-fluorescent compounds;

both types probably ineluding halogenated substancss) 60

Dehydro-8-carotens 9
Bisdehydro~ 8 ~carotana Z
Anhydre-eschacholizxanthin 2

T s IO A NS 0

probably occurs at the carbon atoms within the chain which are next
adjacent to the isolated double bonds; it is well known that allvlie
bromlnations by N-bromosuccinimide are difficult when the double bonds
are pert of a conjugated system, b The necessary dehydrobromination
isg faclliteted by the presence of double bonds on both sides of each
of the brominated carbon atoms which then fall into eomjugatiom with
the newly forwed double bonds (Scheme VI). ¢) Since dehydro-lycopene
1s insoluble in carbon tetrachloride it is continuouslv removed fronm
the reacticn mixture as it formed., None of these factors is opsrative
in the case of the -carotene dehydrogenation.

The use of H-phenylmorpholine to facilite the eliminsticm of HBr
has been described by Farrar et al. (3 ) for the dehydrogenation of
Vitamin A acld methyl ester {Scheme VII.)., A4 tentastive application of

this method to A-carotene sctually decreased the yield somewhat; at the
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A NozeH-cH ~CH, 8-0H~CH-CH—2-CH-CH—CH-8— H-CH=
/ 2
Hy
%+ lycopene
l (Ni~tromosuccinimide)
H.0

% = GH-GHBr-CH, I cg-rﬁ-cﬁ-g*CH-cH-cH- =CH-CHE
By
3
l— HBr

'CH-GH=CH—2=CH—C}i:CH-S:CH-CH:CH-g:CH -CH=
H 3 H H

HBG\

Hq ¥

% dehydro-lycopense

Scheme VI.

present time no explanation of thls phenomenon can be offered since, in
principle, the two reactions should be very similar (Scheme VIII),

Since N~bromosuccininide is thought to react vig a free radical
mechanism, many workers have used light or percxides to facilitate free
radical formatiom., However, neither illumination of the refluxing reaction
mixture nor the use of banzouyl percoride affected the yields in the
AB=oarotene dehydrogenaticn., It wae found that the addition of NaH(}OB
or Ba(}OB did increase the yilelds slightly., 4 refluxing perled of 6 hours
and 2:lmole ratio of N-bromosucciniride: B-carotene gave the best

vields,



H3c\ iy CH GH,
HoG / NG-CHSG H~G-CH-GH—GH—£-GH-CODGH3

\ /O~G}i3 vitamin A acid methyl ester

o,
l (N-bromosuceinimide )
HBC\C /CH3 CH3 IHB
o L.
HaG” N3-CHSCH-CZCH-GHECH-C=CH-COOCH,
H C-CH
2 \C':H/ 3
Br {H-prenylmerpholine)

( - HBr)

Hyb G/,CHB Hy ?Ha

Hz? “\G-GHEGH~C=CH-CH=CH~C=CH-CO0CH g
ENPLE?
Scheme VIT
HBG\\ s H, [HB
)0 NG -GH= G- = -G HECH- bR~ Gl
Ha~_ _-C-CHy + B~carotane
CH, (N-bromosuceininide )
l (- 1)
EN H, YHB
Hol T TS S —_—

l
NP

Scheme VIII



2, Structure of Bigdehydro-f3-csrotens.

Bisdehydro-B~carctene 1s thought to have the atructure repressnted
by elther Formula III or IV cn the basls of the following cunsiderations:

8) Analysis showed that the compound is a hydrocarbon,

b) Catalytic hydrogensilon proved the presence of 13 double bonds,

¢) The locaticn of the spectrsl mexima in hexane, viz, 519, 487,
461 mp. (Fig, 24 ), indioates that the double bemds are ccnjugated.
Dehydre=/A -esrotene heving 12 oconjugsted double bonds hes ity maxima
located about 17 mp, lower than the corresponding maxima of the bisdehydro
compound .,

d) Bisdehydro-B-carotene is less strongly adscrbed then lycopene
(which has only 11 conjugated double bonds but a completely aliphatic
gtructure) thus indicating that nelther of the ring systems of the
B=carctene moleculs had been opened during the canversion.

At the present time it is not possible to declide between the two
proposed struotures (Formules IIZand IV), The marked similarity in
the shapes of the bisdehydro~ and dehydro=@B-carctens extinction curves
and the absence of distinctive gis pesks in the corresponding curves
6:f' their neo lsorers is most plaugibly explained on the basis of the
unsyrmetrical structure (Formula IV ), since then the arrangesment of the
double bonds in the two compounds would be identiecal, If ovisdehydro-
B=carctene had the symmetrlcal structure represented by Formule III,
1t would bear the same relatlonship to vitamin é,z {3 ) ag B=carctens
dess to vitemin Aq (of. Scheme IX), Bisdehydro-@ -carotene could then

be expacted to show considerable growth promoting properties in the rut.
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BN _CH, . GH Hy H, By HO\ CH,
A\ AN
21\\ G~CH=CH-CCH-CH=CH~C= CH-CHECH~CH=C-CHECH-CH=C-0R2CH-C” “GH,
H Gy _-C-CH | HAC-C i
o Formila III -4
HBC\C/GH3 Gy CH, IHB iHB HyGn_ O3
H c’/ N =CH-CH“L-CH'CH-CH”G-CH'CH—CH’CH— =CH-CH=CH~ GH—CHZ? \\ZHZ
H -CH | HaG-C i
G\UH/G 3 Formila IV 3 C\CH/ 2

HBG::c’,CHB fHB EHB

HZI “Ng-CH=CH-C=CH- CH=CH-CCH~CHoCH
H C-CH

2 \cfz 3 Vitamin Ay

HBG\ Oty H3 ‘|3H3

/ \C-CH’CH-C'GH~CH'CH-C'CH CH- . . &

H C"CH
ZC\C{ 3 % B-Carotens

NS EHB zHB
Hzc” \\c-cn.cq- =CH~CHECH~C=CH-CH, O
H -CH,

\‘cﬁ/C Vitamin A,
PBG\\ /,CH o, 0%

7,07 \\@~CH”GH~C'CH#OH-CP-C-CHhCH' e

H Gy _-C-CH
\GH 3 % Bisdehydro- 8 -carctene (see text)

Scherme IX
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Should this be the case, then its formulation as a symmetrical molscule
would be established, A negative result, howasver, would not te indicative
of any definite structure., Bicassays of this nature are now being
carried out at the University of Southern California and will be reported
l=ater,

3. Anhydro-ssshscholtzxanthin,

By the dehydratiom of a naturally cceurring hydraxylated carotencid,
viz, eschscholtzxanthin, Karrer and leumann (14) obtained & compound,
Cjotl5gs termed "anhydro-eschscholtzxanthin® Formula V). The wethod of
dehydration used by these authors was mentioned in Part III of this Thesis

in connection with the dehydration of lsoeryptoxanthin,

N

HBC\\G/’GHB ?HB ?HB iﬁa ?HB HBG\\ CHB
Hﬁ" N =CH=-CH=C~{H=CH~OH=C~-CH=CH=-CH=CH= =GH-CH=CH-C=GH-CH=i\\ CH
HC C~CH Hal= CH

x7 3 RN

4

Formula Vv Anhydro-e schscholtzxanthin

It is believed that ome of the vroducts obtained from B-carotene by
the action of li~bromosuccinimide is identical with Karrer and leumann's
anhydro-sschscholtzxanthin on the bagis of the comparative data presented
in Table 12,

Ag can be seen from Formula V , only & single arrengement of the
14 double bonds is possible unless the N-bromosuccininide reactiom had

opened one or both of the rings in the S-carotene molecule, However this
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Table 12,

Comparisen of Bome Characteristics of Anhydro-
sschecholtzxanthin Preparatioms

Samples of Xarrer Sanple obtained in the
and leumann present study
Srectrel maximg
in hexane (visual) 531, 500 rm, 534, 499 ma.
Velting point 196° 193°
Anglysis (Caled.
for CyoHgn: 6, 90,50
47307 ) “o.50) C, 89.69; H, 0.63 G, 89.89; H, 10,10

possibility may be excluded on the basis of the nmarkedly weaker adsorption

affinlty of the compound in comparisom with lycopene.
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B, EXFERTIENTAL PART
1. laterials,
The N~-bromosuccinimide was obiained from Arapshoce Chemicals, Inc.,
Boulder, Colo. Reorystasllizatiom of this product from water offered

no sdvantages.

2. Preparation of Bisdehydro—é-caroteg@_ and Anhydro-

gschacholtzxanthin,

To a golution of 200 mg. of B=carotene in 60 ml. of carbon tetra=-
chleride were added 132 mg. of H-bromosuceinimide and 300 ug. of sodium
bloarbonate, This liguid, contained in & 100 ml. round bottom flask,
wag refluxed for 6 hours using a 200 watt incandescent lamp ss a gource
of heat. &fter refluxing, the solution, then scmewhat darker than
before the reaction, was cooled o room temperature under ths tap and
filtered. The f1ltrate was concentrated, in yacug, to shout 20 nl,,
dlluted with 80 ml, of hexane and develored om & 30 % 8 om, lire-celite
avlumn with 3% acetore in hexane s

15 Trownlsh-red
10 interzomne

75 several red snd orange zones Sectien I
40 Intersone
45 yellowish=crange Sectien IT

Sectlens I and IT wers cut cul separately, eluted and transferred
40 bexane solution. BSectlan IT conslsted of unreacted B-carciene of
which, asccording to a gpectrophotoretric estimstion, 52 ng, wers re-
oovered.,

The hexane soluticn of Sectlen I was evaporated to dryness, the
crystalline resicue transferred with the minlmum amcunt of hot benzene,

to 8 1% ml. centrifuze tube and erystallized from the hot solutiwn by drop-
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nlse addition of methanol with constant stirring. Yield, 28 ng. These
cerystals were dissolved din 150 sl, of hexene and developed on a

30 x 8 om, lime~celite column with benzene~hexane {1:3)., The following

<

rather blurred chromatogran was obtained (figures to the right indicate

the visually observed grectral naxima in hexane):

-~

3 rownish-red
20 dnterwore

10 pale red

15 intersmome

23 orange-red Zone I 505, 474 1,
50 reddlgh-purple Zona I 522, 490

25 purple Zone III 534, 4£99

15 orangs Zone IV 500, 469

10 orange=-red Zona V 518, 489

5 psle orange Zene VI 1494, 461

3 Ainteratme

10 pale orange Zone VII 515, L84

5 wvellowigh-crange Zome VIIT £91, 460
5 Anteracne
10 pale orange Zone I{ 510, 481
Bach numbered zome was cut ocut, eluted and transferred to hexene
The plgrmenis contained in ithe various fractions are listed Lelow,
Fractian I all=trans-dehydro- B -cerotens
Fractiom II all=trans-bisdehydro- B~carotene
Fraction ITI anhyoro-eschecholtzzanthin
Fractions IV, VI and VIII gis iscmers of dehydro-A@-carotene
Fractiene V, VII ard IX gig isemers of bisdehydro-B -cerotene
The dehydro-AB=carotenes, which congtltuted the bulk of the dehydro-
genated pigments forwed, were well known on the basis of observaticons
reported in Part T of thls Theglg. The crrstellizatiem and identification

of bisdehydro=&S =carctere and anhydro-eschscholtzxenthin sre described

telow dn Sectioms &8, and b,
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s, Bisdehydro-B~-carotens.
The benzene-hexane solution of this compound (Fraction II) was

completely evaporated in vacuo and the reddigh-purple crystalline

reglidue transferred to a 3 ml. centrifusge tube hy means of 1«2 ml, of
warm benzene, The tube was then kept in a bath at about 40° and the
benzene evaporated by directing a gentle strean of nitrogen at ite
surfsce until about 4 ml., of solution remained., The carotencid was
then crystellized from the warm solution by dropwlse additicn of
methanol down the sides of the centrifupge tube., After 3=/ volures of
methanol had been sdded the tube was removed from the bath and kept at
rocn temperature for an hour, The corystals were centrifuged and, after
decanting the mother liquor, washed with methanol, centrifuged again
and dried in yacuo (0.2 mm,) over Fo05 at the terperature of refluxing
acetone for one hour, Yield, 2-2.5 mg. A total of 35 mg. of bisdehydro-
/g-carotene vias lsolated from nurerous similar experiments,
Charescterization,

Crygtal form: Oryetellized from bengene-methancl in oblong, pale
purple plates (Fig., 27). MNacroscopically, the crystels apreared dark
purple.

Helting point: After sintering at 190° the crystals melted sharply
at 204°,

Solubilitys Sparingly soluble in hexane, more easily in benzene.
Inscluble 1in rethancl,

Partiiicn testt When partiticmed between hexane and 959 methanol

the compound wag found entirely in the epiphase.
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Anslysis: Caloulated for GAOH,‘SQ’ C, 90.16; H, 9.84. Found: G,
89.40; H, 10,37,

Specirgl maxins, in hexane: 522, 490 mp (visual); 519, 487, 461
mp (Beockman),

Moleoular extingtion ccefficient at A nay,? Fhoke 216,6 x 104
{in hexane).

Hydrogenption: 5,269 mg., of substance {witk 11,53 mg, of Pt0,
eatalyet) added 2.76 ml, of hydrogen (0° 760 mm.). Calculated fer
%03523 13 double bemds, Found: 12.5 dcuble bends., As a control, a
parallel hydrogenation wes run with 5,056 mg. of B=carctene and 11.00 ng.
of the catalyst, Calculated for GAOH%: 1l double bonds, Found:

10.6 double bonds,

Shroratographic behavior: Adsorted below dehydro-B-caroterne and
above B-carotene on line-celite, when developed with 3% ascetore in
hexane or a 123 benzene-hexane mixture,

b, Anhydro~eschscholtzxanthin,

This ccmpound was crystallized from benzene-wethsnol according to
the procedure described above for bisdehydro-3-carctene, Yield, about
1 mg, A& total of 14 mg, was isclated from numerous similar experiments.

Characterization,

Crystal form: Individual crystals from benzene-mwethancl wers
browigh=purple ; overlapping crystals appeared almost black. 1In generel,
the crystals formed bulky conglomerates but occasionslly parallel
twinning and fan-like groupings were found, (Fig., 28 ). Macroscopically,
the crystals appeared very dark purple,

Yelting peint: 192-193°

Solubility: lore soluble in hexane and benzene then bilsdehydro-






B~carotene; inscluble in methanol.

Partition tests ZEntirely epiphasic in the hexene-95% methancl
sveten,

Analveig: Caleculated for GI»OH‘;'O’ C, 90.50; H, 9.50, Foundz G,
89,893 H, 10,10

Srectral pexira, in hexane: 534, 499 mp. (visual); 531, 499, 472 mp,
(Backman).

Molegular extinciicn goeffilcient, at )\m Eﬁ‘g%: 3 16,0 x 104,

Chroratographic tehavicr:s Adsorbed belew bisdehydro- B-carotene
but above S=carotene on lime-celite, when developed with 3% acetcne in
hexans .

3. Some Sterecisomers of Bisdehydro-/Z-carotens,

A goluticn of 3 mg. of bisdeilydro-,@-caro‘oem in 1C0 ml, of hexane
containing about 1% of the pigment wedight in iecdire was illuminated under
the same condltions as prescribted for the iodine catalysis of dehydro-
p-carctere (Part I, Section B., 3a.). The isomerised scluticn was
developed on a 28 x 5§ cm. lire-celite colwm with benzene-hexane (113)3

5 wery pale purple

10 dnterzore
5 wery pale pink

15 red all=trang 521, 490, 457 mp.

10 orange=red rec A 518, 485, 456 ?;'ig. 25)
20 dinterzone

15 peale crange-red neo B 514, 483 (Fig. 25)

20 interzome

20 7pale orange neo C 510, 481 (Fig. 25)

Before extruslon, the oolurm was freed from benzene by washing with
hexane. Each zone was cut ocul, eluted, and transferred o hexsne.

Estlrates of ths amount of plgment in sach fraciicn were mads spectro-



~-112-

photometrically., The conmpogitiem of the sterecisomeric mixture (in 9

of starting material) is given below:

All-treng-bisdehydro~ B-carotene 243
Neo-bisdehydro- B -carotene A 25
Neo B 13
fieo 6
Unaceounted for 32

The etnormally large percentage of destroyed pigmwent is indicative

of the sensitivity of this compound.
4. Sore Stereciscmers of Anhydrg-eschscholizxsnthin,

Systenatie sterecisomerization experiments were not carried out with
this compound, However, chromatographic resolution of a hexane soluticn
which had bteen kept at 4% for about 3 days showed the presence of small
amounts of two new subsiances both adscrbed below anhydro-eschscholtz-
xanthin. They were g¢lg isomers of the latter since chromatographioc
regolution of tkelr iodine catalyzed hexane soluticns showed the presence
of a pigment that was chromatographically and spectroscopieally identical
with enhydrc-eschscholizxanthin, The more sirongly adsorbed of the gig
isomers had speciral maxima identical toc that of the all=irsng compound

(cf, Fig. 26).
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APFRD T
A, FROVITANIN A FOTENGY OF A B-CAROTEME HOWOLOGIE,

1, Intreduction and Genersl Remarks,

Recently, a homologue of B-carotene was obtained by total synthesils
by Inhoffen, Bohlmann, Aldag, Bork, and Leibner (8 ). This new compound,
termed 16,16!'~homo- B~carotena {Formula VI ) differs from f-carotens in
the presence of two extra CH groups in the cenlral part of the chromophore
and is the firgt representative of a carotenold of thisg type. Although
the last step in this synthesls {partial saturation of acstyleaic bonds
by weans of a polsonad catalyst) led to the formation of a nolecule with
two centrally located glg bonds, these authors wers also able to obtain

the all-trang forn by lodine catalysis {(Fig. 29 ).

NG t[ﬂj fHa THB iHB fii, %3

Hy0f ' SG~CHIOH-CICH-CHICH-GE0H-GHECHCHICH-CHECCHECH-CHIG=CHEGH-0E  30H,
7 15 e 16 15’ 7 i

.03 4 5C-CH 1.,0-08 4 3CH,

2 \Cé 3 3 “\G e

Formula VI 16,16'~homo~ 8 ~-garotene,
{The numbering system Follows the nomenclature of Xarrer.)

Bicassays of the zll-frang and di-gis spatial forms were carried oul
with rats., In accordance with ths usual procsdurs, the supplements were

administered In Wesson oll sclutiong®, As showa in Table 13.,, boih

SRR VAU T L 8 NN A Wi e A B GBI WL h e B e e B g e i S T SR ot L TR, TR R SE 3 A e TN 8 R BT G

% This work has heen publighsd in collaboration with H. J. Deuel, Jr.,
H., H, Inhoffen, J. Ganguly and L. Zechmeister {2 ). Detsrminations of
the spsetral characterlstics and the degree of stability, under stand-
ardigad conditions, of the compounds in ‘kesson oll were carried out in
this laboratory, while the bioassays wers performed at the University of
Southern California, I wish fto thank Prof., H. H. Inhoffen, Braunsclmslg,
Cermany for the two synthetic sanples,
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gpatial forms wers active,

Table 13,

Relative Provitamin A Activiiles in the Rat

A1 5555 e T DS G R MM S0 S L Ko S o B i Sl

Gompoind Relative potenay (%)
All-frang- B -carotene 100
411l-trang~16, 161 ~homo=B =carotans 22
15,16,15',161~di-gig-homo- B ~carotcne 20

R LA TR R SRE W b D S o ek AR S T O D K 55

On the basis of the coansiderable provitamin A potency of homo-
ﬂ-carotam the followiang conclusions may be drawms

&) The conversion of = carotsnoid to vitamin & takes place
even when the nunber of carbon atoms in the C~C skelaton of the provitamin
molscule sxcesda forty., (It had been found earller by Karrer and
Solnssen (18) that B-apo-2-carotenal, a carotencid with thirty csrbon
atoms chowed strong provitamin A potency.)

b) The absence of an isoprenle struciure in the central
portion of the chromophere dess not provent enzymatic aittack in that
region, .

¢) It is not essential, for a successlul enzymatic attack,
that the provitamin 4 heve a double bond at the ocenter of the meoleouls.

The practically equal biopotencles of the all~trang and dil-gis formas
of heme-,g =garotone can be explained, tentatively, by the fact that both

have straight moleoculsr shapes,
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Figure 30, Efﬁlacﬁlar extinction curve in Fesson ofl of allefrang-

16, 16%=houoe P ~garalens .
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Fizare 31, Neleoular extinotion curve in /bason oil
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" In order to prepare the supplements, the carotenoids were dissolved
in peroxide free diethyl ether and transferred to flasks having ground-
glass stoppers; the ether was then removed under gentle suction, leaving
the pigment as a thin film on the walls of the flask., A4bout 90-100 ml,
of Wesson oil (eontaining 0.5 mg, of {~tocopherol per 0.1 ml, of solutiom)
was immediately introduced, the air displaced by nitrogen, and the flasks
stoppered, They were allowed to stand for 3~/ days in the dark at room
temperature, and were shaken occasionally. The oily solutions were then
passed through sintered-glass fummels of medium porosity and the con-
coentration of the pigment in each filtrate determined spectrophoto-
metrically, They were then diluted to give concentrations of 1, 2, or
L pg./ 0,2 ml. of solution in the case of the synthetic G compounds,
and 0,5 and 1.0 pg. in the case of all-irans-B -carotene., All solutions
were stored under nitrogen in 10 ml. brown bottles at 5°, New samples
wore used twice weekly during the assay period,

Spectral readings were made at )\ max, with a Beckman spsctrophoto-
meﬁer, Model DU, before and after the bioassay. No significant changes
could be noted, demonstrating that both the di-¢ls and all-trans con-
figurations of homo-ﬂ—-carotene show remarkable resis‘ha:;ce toward thermal
stereolsomerizations in Wegson oil solutions,

The values for the molsculsr extinchion cosfficients in Wessom oil

are: All-trans-16,16!'-homo-/8~carotone, E’ilg%: = 11,5 x 104 (at 477 ) 5
di-clg isomer, ET&%- = 10.0 x 104 (at 466-467 mi.). For the molecular

extinetion curves, of, Figs, 30 and 31 .,
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Propositions submitted by L. Walleave

1. Within recent years certain organic compounds in crystalline
form or in solutions have been used, in conjuncfion with photo-
multipliers, as scintillation counters for ¥ -radiation or energetic
particles., So far, only aromatic or partially aromatlc hjdrocarbons
such as stilbene, terphenyl, naphthalens, and anthracene have been
investigated. (Cf. R. Hofstadter: Nucleonics 6, (No. 5), 70 (1950)).
I propose these investigations be extended to include & -dithienyl
and of~terthienyl, compounds éontaining sulfur and exhibiting some

aromatic character. Terthienyl is strongly fluorescent in ultraviolet

1ight.
HC—CH HC——CH  HG—CH

I n i 1 &- mreEmEwL
HC\ S/C‘——- C\ S/C ——-—C\S/CH

2. When a solution of phosphotungstic acid, HBPERO4O, was
photochemically reduced in the presence of isopropyl alcchol the
colorless solution turned black. (L. Chalkley: J. Chem. Phys. 56, 1084
(1952)). Upon oxidation with silver nitrate the original acid was
again formed, The composition of fhe black acid could not be determined
precisely, but Chalkley suggested the formilas, HAPWROAO or H2P312038.
T propose that the reduced acid, as indicated by its color, contains
tungsten in a mixture of two or more oxidation states.

3, A white solid showing the empirical composition AJ.HB can be
isolated from the Teaction mixture formed by the interaction of

aluminum chloride and lithium hydride. (4. E, Finholt, A, C. Bond, Jr.
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and H. I. Schlesinger: J. Am, Chem. Soec, ég, 1199 (1947)). I propose
that X—-ray diffraction studies be made with this substance to supplement
available information on the nature of the covalent aluminum bonds in
such compounds as Al,Cl, and A12(0H3)6.

‘47 Myxoxanthin, C AOHS 40, 18 a keto-carotenold of undetermined
constitution but which may have the ¥-carotene carbon skeleton. (Cf.
P. Karrer and E. Jucker: (Carotenoids, Elsevier, New York, 1950, p. 225).
I propose that the carbonyl group in myxoxanthin be reduced by means
of the Wolff-Kishner method and the resultant hydrocarbon compared with
authentic T-carqtene.

5. The Thisle addition of water or methanocl to the eonjugated
system in déhydrwﬁ-carotem in the presence of boron trifluoride
(reported in this Thesis) should also occur with other electrophilic
reagents such as aluminum chloride or antimony trichloride. Furthermore,
the use of boron trifluecride as a catalyst for the addition of water
or alcohols to conjugated dienes or polyenes should be investigated.

6. The adsorption affinities on lime of dehydro-[b ~carotens

(CAOHSA; 12 conjugated double bonds), bisdehydro-p-carbtens (GAOH525
13 conjugated double bonds), and anhydro-eschscholtzxanthin (CyoHsn;
1, conjugated double bonds) decrease in that order (reported in this
‘i‘hesis). Since these compounds ‘a.llrhave the same carbon skeleton, I
propose that this unexpected sequence is associated with the sterie
effects of the methyl groups located near the ends of the conjugated
gystem, |

7. Te W, Goodwin has reported (Biochem, J. 5L, 458 (1952)) the

‘presence of a colorless, fluorescent polyene with a phytofluens like
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absorption spectrum in the Eerries of Loniéerg japoniea. Since it was
aboorbod less strongly than phytofluene, which ie dodeeahydro-lycopene
(CAOHGB), Goodwin suggested that the new compound is dodecahydro-
r) ~carotene. I suggest that the new compound may well be the cis
phytofluene reported by F. J. Petracek and L. Zochmeigter (J. Am. Chem.
Soc. 74, 184 (1952)). I also suggest that dodecahydro—P ~carotens,
should it exist, would be found in carrots, in which P-carotene is the
main pigment' and where lycopene is found only oceasionglly, in amall
amounts., Therefore, I propose that the phytofluene from carrots be
compared with that obtained from tomatoes, in which lycopene is
predominant. The situation in the case of Lonicera japonica is unclear
because considerable amounts of both P—carotene and lycopene are
found in these berries and thus might be expected to contain both
phytofluene (dodecahydro-lycopene) and dodecahydro-P -carotene,

8. According to M, J. S, Dewar (Electronic Theory of Organic
Chemistry, Oxford Univ. Press, London, 1949, p. 136) the Meerwein-
Ponndorf reduction using aluminum isopropoxide may proceed by means of

a hydride ion transfer within a c¢yclic intermediate, as follows:

-
o\
Rzﬁ t,:(cmB):2
o 0

.,
\

N/

31(0-1s0Pr),
I propose the use of boron isopropoxide in the reaction to test this
‘hypothesis considering the fact that boron alkoxides form stronger

tgcceptor® bonds with carbonyl groups than do the corresponding



-124~

aluminum cdmpounds. (cf. N, V, Sidgwick: The Chemical Elements and

Their Compounds, Vol., 1, Oxford Univ, Press, London, 1950, p. 421),

9. - In the metalation of triphenylamine with butyl lithium the
metal atom substitutes a ring in the meta position. Im corresponding
reaétions with aniline, diphenylamine, aﬁd N-phenylcarbazols the
substitution ocours in the ortho position, (H. Gilman and S. M. Spatzs

J. Org. Chem. 17, 860 (1952)). These authors suggest that the
- exception to the "ortho rule® in the case of triphenylamine results
from "the steric hindrance of the free rotating phenyl groups'. I
propose that this explanation is at best only partly correct since
the metalation should then occur at the para position, I further
propose that the metal atom is directed into the meta position by the
presence of a considerable positive charge on the nitrogen atom owing
to resonance effects; thus this process would be indepondent of any
steric factors,

10. A serious problem in the analysis of many organic compounds
is the preparation of ash-free samples., I propose the use, for this
purpose, of ethylenediamine N-teira-acetic acid, (HOOGGHz)zNGHQ-

CHZN(CH:ZCOOH)g, gold under the trade name "Sequestrene®,



