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ABSTRACT

Formation of a deeply-colored a-carotene - boron tri-
fluoride complex, by means of boron trifluoride etherate,
and subsequent hydrolysis of the complex result mainly in
the formation of 4-hydroxy-Q-carotene, indicating that, under
the conditlions applied, only the,g-ionone end of the complex
is reactive; ethanolysis gave the corresponding ethoxy deri-
vative, The structureg of these two compounds and some of
the other reaction products were clarified. On this basis
the structure of the BFB—compleX has also been established,
and a mechanism for its hydrolysis and alcoholysis was
postulated. The length of the resonating system within the
proposed complex is consistent with the observed deep blue
color,

Lycopene and 9 -carotene were studied along similar lines.
The observed formation of 5,6-dihydroxy-5,6-dihydrolycopene
by hydrolysis of the lycopene complex can be explained by
means of a structure and a hydrolysis mechanism both similar
to those of the @-carotene complex.

The formation of 4-hydroxy-Y-carotene by hydrolysis of
the 7icarotene complex is in accordance with an analogous
structure and hydrolysis mechanism. The ﬁ~ionone end of the
charotene complex appears to be more reactive than the
Y—ionone end.

The cis-trans isomerization of 4-hydroxy-, U-keto-, and
4_ethoxy-g-carotene as well as 5,6-dihydroxy-5,6-dihydrolyco-

pene was studied.
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I. O-CAROTENE AND BORON TRIFLUORIDE ETHERATE

A, THEORETICAL PART

1. Introduction.

Carotenoid complexes are not uncommon: some carotenoids
occur in the vegetable and animal kingdoms complexed with
proteins, for example. At least one such carotenoid-protein
complex has been found in visual pligments and plays an im-~-
portant part in retinal processes (1).

In vitro, carotenolds form deeply colored complexes with
some mineral acids and Lewis acids such as antimony tri-
chloride or boron trifluoride. Some of these complexes are
relatively stable: the dark blue complexes of carotenes or
vitamin A with anhydrous antimony trichloride in chloroform
(Carr-Price reagent) are in use for the quantitative evalu-
ation of vitamin A’preparations. Strain observed the conver-
sion of &- and p—carotenes into unstable blue pigments by
boron trifluoride (2).

Boron trifluoride complexes with carotenoids, on hydro-
lytic or other cleavage, yvleld a variety of products; some
of the polyenes thus produced are structurally simllar to
certain natural carotenolds. An example of the in vitro
formation of a compound similar to a natural product is that
of isocryptoxanthin (M—hydroxy—p—carotene), which was pre-

pared from B-carotene via the BF3 complex by Petracek (3,4).
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The present investigation was undertaken in order to
gain some insight into the nature of boron trifluoride-
carotenoid complexes, and into the mechanism and products of
the hydrolytic cleavage of those complexes. As the first
subject, g-carotene (I) was chosen. As is well known, it
is isomeric with the previously studied ‘6~carotene (II), but
has an unsymmetrical structure containing an "g-ionone" and

a "B-ionone" end group (see the formula).

H.C cH
HBC\\ //CHB 3 \\\ 4/QA\

SN T 5 G

H202 6 C-CH=CH-C=CH-CH=CH~-C=CH-CH=CH~CH=C -CH=CH-CH=C~CH=CH~-CH Z'CH
I “ 7 8 QG0 0 12 13w 5 15 4 IB(I: @2 ogt 1o ?[ g 7 6"\!'/ 2

H

NN H.C CH
CH2 CH3 3 3
"A-Tonone ring" "a-Ionone ring"

(I.) a-Carotene.
PPy 4 e
(Ia.) g-Carotene. (11.) p-Carotene.

The numbering system shown was proposed by Karrer, and
will appear throughout this Thesis; for convenience, however,
abbreviated formulas such as (Ia) and (II) will also be used.
In all carotenoids which have only one ”p~ionone" ring, un-

primed numbers will refer to this ring.
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Wallcave (5,6) found that, in hexane solution, the
f3-carotene-boron trifluoride complex, after a formation
period of a few minutes, gave rise on hydrolysis mostly to
some cig isomers of p-carotene; by changing the solvent to
chloroform, however, Petracek was able to oxidize the
pB-carotene molecule in good yilelds to isocryptoxanthin
(4-hydroxy-@B-carotene).

Chloroform was used for the present study, since the
primary purpose was to achieve not stereoisomerization, but

chemical conversions of the starting material.

2. Hydrolysis of the @-Carotene - Boron Trifluoride Complex.

4 _-Hydroxy-g4-carotene. - The main product of this hydroly-

sis was found to be 4-hydroxy-@-carotene (III). The yield
of this compound, including some of 1ts cls forms, corre-
sponded to about 30 per cent df the original @-carotene.

A composition of CMOHBGO was indicated by elementary

analysis.

A TTY

OH

(III.) 4-Hydroxy-e-carotene.

The reactions used to secure the structure of U-hydroxy-

@l-carotene are summarized in Chart 1 (p. 6) and are listed

below under (a.) to (g.).
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(a.) The most important of these conversions was an
oxidation byvN—bromosuccinimide ("NBS”),Va reagent whose
effecfs on several carotenoids were studied in detail by
Petracek (7), and also by Wallcave (8), Karmakar (9), and
Koe (10).

4-Hydroxy-@-carotene (III, maxima in hexane, U474, 445,
421 mp) was oxidized by NBS in alcohol-free chloroform to a
ketone (IV, Amax = 452 Qﬂ), which was shown by its partition
behavior and its formation of only a Qgggfz,u-dinitrophenyl—
hydrazone (V) to be a mono-ketone. Moreover, the increase of
the wavelength of maximum absorption and the loss of fine
structure in the visible spectrum indicated that the keto
group was in conjugation with the main chromophore (11). Evi-
dently, the carbonyl group was formed by oxidation of a
hydroxyl group allylic to the main chromophore, i.e., located
in the 4-position; the ketone is thus UY-keto-g-carotene (IV).

(b.) By means of NBS oxidation in R. G. chloroform,
N-carotene itself (I) was converted to U-keto-g-carotene,
which was found to be identical with the NBS oxidation pro-
duct of 4-hydroxy-@-carotene. (A 2:1 mole ratio of NBS to
ol-carotene was used.)

(c.) ®-Carotene was oxidized by NBS (1:1 mole ratio) in
alcohol-free chloroform to 3,4-dehydro-g-carotene (VI) which
was shown to be identical with the compound formed by acid
dehydration of 4-hydroxy-@-carotene. Karrer (12) has pointed
out that only U-hydroxy carotenoids (i.g:,kallylic carotenoid

alcohols, as distinguished from 3-hydroxy or non-allylic
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alcohols) are dehydrated by dilute anhydrous HC1l in chloro-
form ("acid éhloroform reagent"): for example, the natural
product cryptoxanthin (3—hydroxy—p—carotene) is not dehydrated
by this reagent.

(d.) The oxidation, 4-hydroxy-e-carotene - L-keto-
e-carotene, was reversed by reduction of the ketone with
lithium aluminum hydride.

(e.) U4-Hydroxy-®-carotene could be converted easily to
the L-ethoxy compound (VII, identical with that formed by
ethanolysis of the @qu-carotene - boron trifluoride complex) by
addition of a trace Qf the acid chloroform reagent to an ab-
solute ethanol solution of the carotenoid alcohol, This pro-
cess was reversed by adding a trace of acid to the carotenoid
ethyl ether, dissolved in a water - acetone mixture.

(f.) A mono-acetate (VIII) was formed by adding acetyl
chloride to U-hydroxy-e-carotene in pyridine solution; cold
20 per cent methanolic KOH was used to hydrolyze the ester
back to 4-hydroxy-e-carotene.

(g.) Both U-ethoxy-@-carotene and 4-hydroxy-e-carotene
acetate were easily converted to 3,4-dehydro-g-carotene by
means of the acid chloroform reagent.

A1l these reactions, together with the presence of a peak
at 2.7§p in the infrared spectrum (Fig. 2, p. 34), prove that
there is (at 1east) one hydroxyl group present, in the
allylic (4-) position. The observed lack of vitamin A
potency further confirms the presence of a substituent in

the @B-ionone ring.
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The spectrum taken in the visible region (Fig. 1, p. 33)
shows that the @-carotene chromophore was recovered intact.

Evidence that the U4-hydroxy substitution is the only
modification of the @-carotene molecule is altogether as
positive as the determination of the presence of the hydroxyl
group (a.-d.):

(a.) The partition ratio of 4-hydroxy-@-carotene (8L4:16)
between hexane and 95 per cent methanol is equal to that ob-
served for other naturally occurring and synthetic carotenoid
monohydric alcohols with no other substitution (13).

(b.) Allylic dehydration by means of the acid chloro-
form reagent gives a hydrocarbon, 3,4-dehydro-g~carotene.

(c.) Oxidation of 4-hydroxy-a@-carotene by NBS gives a
mono-ketone (U-keto-g-carotene) which, from its partition
ratio appears to be otherwise unsubstituted.

(d.) Two conversion products of L -hydroxy-@~-carotene
formed from the BF3 complex are ldentical with compounds pro-
duced by direct NBS oxidation of @-carotene. It is therefore
believed that the isolated double bond in the @-ionone ring
has not been altered during the course of the BF3 reaction.

Formation gg_u—Hydroxy—Obcarotene. - The most important

result of forming and hydrolyzing the @-carotene - boron tri-
fluoride complex is thus seen to be oxidation of tne L_carbon
(oxidation state of -2 in the hydrocarbon, @-carotene, to
oxidation state O in the alcohol, 4-hydroxy-@-carotene).
During the course of the reaction, a pair of electrons must

be removed from the &-carotene molecule or from the @-carotene -
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boron trifluoride complex. One possible route to this oxi-
dation will now be presented, along with evidence to support
the hypothesis.

Meunier (14) has indicated that, for the p-carotene -
antimony trichloride complex, the dark blue color 1s due to
a resonating double carbonium ion, in which the effective
chromophore consists in reality of two chromophores, each in-

volving four conjugated double bonds. The 1limiting formulas

proposed by Meunier are:

(IX.) Limiting Formulas for the @-Carotene - SbC1l, Complex.
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Later careful measurements by Briliggemann, Krauss, and
Tiews (15) have shown that the complex of B-carotene with
antimony pentachloride does indeed contain two molecules of
Lewis acid to one molecule of f@-carotene. Moreover, the same
authors showed that the(3~carotene complexes with FeCl3,
AsCl5, SbCl5, and AlCl3 all contain the same chromophore,
hence probably the same resonating systems.

According to a similar scheme, the limiting formulas of

the resonating systems in the d-carotene - boron trifluoride

complex would be (X a. and b.):

(a.)

(b.)

(X.) Limiting Formulas for the @-Carotene - BF3 Complex,.

Examination of these limiting formulas shows that one of the
resonating systems indeed involves four conjugated double
bonds, but that the other one 1s only three conjugated double
ponds "long," and according to Meunier would involve absorp-
tion of light at about 540 qp, i.e., in the middle of the

"green" region of the visible spectrum. The boron trifluoride
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complex of gg-carotene is indeed observed to be more "purple
(i,g,, more "red") than the corresponding p—carotene com-
plex; which is a deep '"royal blue."”

The "@B-ionone™ end of the @-carotene molecule, at which
reaction 1s observed to occur, will first be considered.
The first step in cleavage of the complex, according to
Meunier, 1s the removal of a proton from the 4-carbon, at
the left end of limiting formula (Xb.). The pair of electrons

thus liberated forms a 4,5 double bond:

The 4-carbon has now passed from a formal oxidation state
of -2 to -1, but the lid-carbon has a formal oxidation state
of -2 instead of its normal -1; hence, no overall oxidation
has yet occurred. One method of removing the necessary two
electrons would be by combination of a proton (from the water
added to the reaction mixture) with theOBF3 portion of the

complex, simultaneocusly with the removal ofGBBFBH from the

complex. The HBF§> ion is known to exist in the case of

NéDZHBR;D (16); it is probably very short-lived in the reac-

tion mixture under discussion, if indeed it exists at all as

such., Other species which could remove a pair of electrons,

such as the hydride ion, ch or a BF§:) ion, could be pro-
&

vosed, but thelr use here instead of HBF3 would suffer the
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same disadvantage of low probability.

’Assuming the loss of an HBFga ion, a ld-carbonium ion
would result, which could transfer its charge by resonance
to the Ld-carbon, there to be neutralized by combination with

water and subsequent loss of a proton:

PN NN~
7 ~ @
O BF,

ole ~
® o

H :{: + HB&
NN N W
D
OH
® )

+H -
HOH

Steric hindrance by the gem-dimethyl group at the 17'-
position seems to prevent any attack at the "@-ionone" end
of the Q@-carotene molecule. One Qf the methyl groups in the
1- or 1'-position is actually above and the other below the
plane of the paper; neither is in the plane of thé paper as
shown in the formulas. A model shows that the 6- and 6'-
positions are, by reason of the neighboring methyl and gem-
dimethyl groups, virtually inaccessible. Allylic substitu-
tion of a hydroxyl group at the "@-ionone" end of the

molecule would result in the still unknown 6'-hydroxy-
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o-carotene (XI); however, no substance having the properties
which would be expected for such a compound has been isolated

from the reaction mixture.

Ho
S oo

(XI.) 6'-Hydroxy-oa-carotene.

Additional evidence of the difficulty of even removing
a proton from the 6'-position is the fact that ammonolysis
of the ®-carotene - boron trifluoride complex gave rise only
to 3,4-dehydro-g-carotene (VI); no retro-dehydrocarotene (XII)
was observed although 1t could be predicted to occur in the

mixture on the basis of the following scheme:

"0-Ionone" ring. (XII.) retro-Dehydrocarotene.

The observed 3,4-dehydro-gi-carotene could be formed according
to the following scheme (only the final steps are shown; the
initial steps would be similar to those Jjust described for

the formation of U-hydroxy-@i-carotene):
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H —————1—h- e oo &
W e
NH,
"B-Ionone" ring. (vi.) 3,4-Dehydro-g-carotene.

It is interesting to note that no U-amino-g-carotene was
found among the ammonolysis products.

The observations Jjust described constitute additional
evidence for the existence of two "independent'" resonating
systems in the carotene - boron trifluoride complex. The
"malf-complex™ at the ”ﬂ—ionone" end seems to be fairly stable:
the positive charge is on a tertiary carbon in each of the
formal limiting states of formula (X), p. 9 ; moreover, this
"half-complex" leads to well-defined reactions. The "half-
complex'™ at the "a-ionone" end of the @®-carotene molecule, on
the other hand, would be somewhat less stable because the
positive charge must be placed on a secondary carbon in one
of the limiting formulas (X b.), and would be less likely to
lead to reaction because of the presence of the gem-dimethyl
group on the ring in the lt-position.

L_Ethoxy-0-carotene. - About 10 per cent of the initial

o-carotene was recovered in the form of 4-ethoxy-Q-carotene
(and some of its cis isomers). This compound appears to be
formed in a manner similar to that already described for

4_hydroxy-@-carotene, with the ethoxyl group derived from
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the approximately 1 per cent ethanol present as a stabilizer

in R. G. chloroform. Careful de-alcoholation of the chloro-
form immediately prior to use increased the yield of 4-hydroxy-
a-carotene to nearly 40 per cent, and decreased the yield of
L-ethoxy-o-carotene to a minimum of 0.8 per cent.

Regardless of the measures taken to exclude alcohol from
the reaction mixture, about 0.8 per cent of the @r-carotene
was converted to U-ethoxy-p-carotene in each experiment. It
is believed that, under the influence of the BFB’ trans-
etherification takes place (17) between the 4-hydroxy-
oL-carotene and the ethyl ether added in the form of boron

trifluoride etherate:

a) BF; ; H,0
or b) BF;; C,HsOH
-
—_—
a) BF,; CHs OC, H QC.Hs
a)+ C,H,OH or b) BF; C,Hs OH a')+ C.Hs OH
or b)+CHsOC, H, or b') +H,0

Alexander (18) gave an explanation of such acid cata-
lyze& ether cleavage and formation reactions. Conductivity
measurements have shown that pure boron trifluoride etherate
is about 0.07 per cent ilonized to (CQHB)e’and (BF3002H5)e

at 259 (19).
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H-Keto—urcarotene. - In the course of the experiments

on stereoisomerization of U-hydroxy- and U4-ethoxy-@-carotene,
it waé found that, in those solutions which were shaken
frequently (for example, during irradiation), small amounts
of the carotenoid alcohol or ether were converted to the
U4-keto-compound. Bubbling air through a chloroform solution
of U-hydroxy-Qi-carotene gave about a 10 per cent conversion
of the alcchol to the ketone before extensive autoxidative
destruction occurred.

It is believed that the U4-keto-Q-carotene observed
among the cleavage products of the Q-carotene - boron tri-
fluoride complex is not itself a primary product, but rather
that it is formed by air oxidation of the 4-hydroxy- and
4-ethoxy-compounds during the period of violent shaking of

the reaction mixture, after adding water to the complex.

S e 0
(atr) \
OH

(]

Unchanged Q&-Carotene. - It is possible that the re-

covered Q-carotene was indeed uncomplexed during the entire
course of the reaction. However, calculated on the basis of
2 moles of BF3 to 1 mole of Q-carotene, an approximately
200-fold excess of boron trifluoride was used in the complex

Fformation. Since the complex is easily formed and relatively
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stable, it is probable that all of the Q-carotene was present
as the boron trifluoride complex before addition of water

to thé reaction mixture and that the 1 per cent @{-carotene
was recovered by simple removal of the attached BF3 molecules
from the complex shown in formula (X), p. O.

"Unidentified Pigment I." - This compound has a visible

spectrum similar to that of lycopene (XIII, an aliphatic
hydrocarbon, CMOH56’ with eleven conjugated and two isolated
double bonds), except that the fine structure is not as pro-

nounced as in the lycopene spectrum. The partition behavior
/’l Nroe 2 ‘\

(XIITI.) Lycopene.

of "unidentified pigment I" strongly suggests a ketone, and
the relatively weak adsorption (compared to lycopene) on
lime-Celite indicates that the cyclic end groups are still
present, or at least that the isopropylidene double bonds
of lycopene are absent. |

A s8till unknown compound which would be expected to
have the properties observed for "unidentified pigment I"
would be 3—keto—6',7'-dihydro—gggggfdehydrocarotene (XIV),
containing eleven conjugated double bonds, including a

carbonyl group:



(XIV.) 3-Keto-6!',7!'-dihydro-retro-dehydrocarotene.

It 1s to be noted that a "retro" (exocyclic double bond)
structure (20) is proposed for this compound. As Petracek has
pointed out (4), the retro structure is characterized by
strohger adsorbability and extensive fine structure in the
spectral curve, when compared to the corresponding '"normal

isomer, e.g., 3,&—dehydr076—carotene, A

max 10 hexane = 462 mu

(9); retro-dehydrocarotene, A

nax 10 hexane = L7l Qﬂ (21). A

carbonyl group in conjugation with the carbon-carbvon chromo-
phore has the effect of decreasing fine structure in the spec-
tral curve, and increasing the wavelength of maximum absorp-
tion, as can be seen by comparing the curves of 4-hydroxy-
Ol-carotene (Fig. 1, p. 33) and 4d-keto-@-carotene (Fig. 5,

p. 37). The combination of the retro structure and the

O

onju-
gated carbonyl group in the proposed compound could result in
the observed moderate fine structure, with a higher value for
Amax than that observed for "normal" 4d-keto-@l-carotene.

Unfortunately, too 1little of this compound was obtained

accurately to determine its structure by [further tests.

"Unidentified Pigment II." - This compound, like the
other three "unidentified pigments,"” was obtained in amounts

too small for a complete structure determination; however,
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its observed properties give an excellent "preview'" of what
1ts correcf structure may be. The partition coefficient
could’support either a ketone (13) or a hindered alcohol
character (3). The infrared spectrum (Fig. 14, p. 46) shows
absorption in the region of 2.7?#, supporting the presence of
an alcohol group. The negative acid chloroform test shows
that either‘this group 1is not allylic to the main chromophore
or that, for some other reason, dehydration cannot occur.
The visible and ultraviolet spectrum (Fig. 13, p.45)
indicates a nine-conjugated-double-bond chromophore (22).

A compound which would be predicted to have all of the
observed properties 1s the still unknown 5-hydroxy-b6-hydro-a-
carotene (XV), which could arise according to the scheme

indicated below:

/ = . -BF3
5)

J
HOH

X1 /
OH
(Xv.) b5-Hydroxy-6-hydro-@-carotene.
"Unidentified Pigment III." - This hydrocarbon has an

unusual combination of properties: its ultraviolet and

visible spectral curve shows a higher wavelength of maximum
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absorption (Fig. 15, p.47) than @-carotene (kmax in hexane =
452 mM instead of Lhs ms for O-carotene), and yet this pig-
ment 1s adsorbed below @-carotene on lime-Celite. (It was
found not to be a cis isomer of O-carotene.)

An unknown compound which would be predicted to have
the observed properties would be 6',7'—dihydro-ggﬁgg—dehydro—

carotene (XVI), which could arise as follows:

@BF,
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7 N NN\ N NP NF

(XvI.) 6',7'-Dihydro-retro-dehydrocarotene.

The proton could have added, of course, to the first of
the two resonating forms of the anion, giving rise to a
carotenoid hydrocarbon containing two independent, approxi-
mately half-length chromophores., Several compounds were
isolated from the fluorescent filtrate of the chromatogram
of the hydrolytic cleavage mixture which, from the ultra-
violet spectra, appeared to have two independent chromophores
of four‘to six double bonds in length.

"Unidentified Pigment IV." - On the basis of its proper-

ties, this compound is a hydrocarbon with eight conjugated
double bonds. Such a compound could arise either by a
scheme similar to that proposed for "unidentified pigment
III," or by hydrogenation of two of the double bonds ih
a-carotene, perhaps via the HBF:,::> ion mentioned on p. 10,
which is known to reduce crystal violet and malachite

green (16).



-21-

3. Alcoholysis of the d-Carotene - Boron Trifluoride Complex.

The maih products of methanolysis and ethanolysis of
this éomplex were, as expected, 4-methoxy- and U-ethoxy-
g-carotene, respectively. The yields of both compounds,
including cis isomers, were about 40 per cent, similar to
the yield of L-hydroxy-Q-carotene prepared by hydrolysis of
the complex in alcohol-free chloroform.

The mechanism for the alcoholysis of the complex is
probably the same as that proposed for hydrolysis (p. 7 ).
It is interesting to note in this connection that "uniden-
tified pigment III" (p. 18) was found among the alcoholysis
and ammonolysis products.

The rate of ethanolysis, seems to be considerably greater
than the rate of dehydrogenation by ammonolysis: unless the
chloroform used to dissolve both the g-carotene complex and
the anhydrous ammonia (in ammonolysis experiments) was en-
tirely freed of ethanol, good yields of 4-ethoxy-a@-carotene
were obtained. 3,4-Dehydro-gi~carotene appeared only under

completely water- and alcohol-free conditions.

L. Stereoisomerization of A4-Hydroxy--carotene and Some

Derivatives.

Stereoisomeric studies of the hydrocarbon @-carotene (23)
and its naturally occurring 3-hydroxy derivative cryptoxaﬁ—
thin (24) have shown (with some minor differences in quanti-
tative distribution ratios, for which the reader is referred

to the papers mentioned) two or three general similarities.
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Stereoisomerization by light, when iodine-catalyzed,

leads to fdrmatiOn from each compound of at least one
isomer which is adsorbed above the all-trans isomer, and
which exhibits a relatively low extinction value in the
cls-peak region (25, 26, 27). Several cis isomers are
formed which are adsorbed below the all-trans compound and
which have a relatively high cils-peak. (As is well known, a
high cis-peak is believed to be due to a central or near-
central cig configuration, leading to a "V"-shaped or
"bent" molecule (25).)

Melting crystals is a stereolsomerization process
which usually yields a complex mixture of stereolsomers and
destruction products; the fused reaction mixture may contain
certain stereoisomers not produced by any other treatment.

A study of the stereoisomerization of @-carotene (28)
showed that it behaves similarly to p—carotene.

There is no known, naturally-occurring, mono-hydroxy
derivative of d-carotene. Until now, no stereolsomerization
study in the Ql-carotene series similar to that of cryptoxan-
thin in the B~carotene series has been possible. However,
the preparation of 4-hydroxy-pi-carotene has now permitted
such a parallel study. Although U4-hydroxy-g-carotene is,
strictly speaking, analogous to isocryptoxanthin (XVII;
h-hydroxy-@-carotene) rather than cryptoxanthin (XVIII,
S-hydroxy—ﬁ—carotene), examination of the visible and ultra-
violet spectrum shows that the allylic hydroxyl group in

L_hydroxy-Qi-carotene has negligible effect on the chromophore.
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S /Iifﬁ:§§u4%:iif]
3
HO v
OH

(XVII.) Isocryptoxanthin. (XVIII.) Cryptoxanthin.

Exposufe of U-hydroxy-0-carotene, in dilute hexane
solution, for two hours to direct sunlight, diffuse
sunlight ("open shade"), or to strong incandescent lamp
irradiation resulted in very low yields of cis isomers, as
did refluxing in hexane for one-half hour (Tables 3 and 4,
pp.26 and 27).

The lsomers A - D produced by these treatments were
adsorbed below the all-trans compound.

Iodine catalyslis, however, produced the neo U and V
isomers, adsorbed above the all-trans form, in addition to
A - D (Table 1, p. 25). The 48 per cent of the starting
material unaccounted for was probably destroyed by
autoxidation.

Melting crystals, as in the previously mentioned studles
of a.~carotene, ﬁ—cafotene, and cryptoxanthin, regulted in a
much higher degree of rearrangement to cis forms than any
other method used (Table 2, p. 26). No new isomer was
created by fusion. Total 4-hydroxy-O-carotene recovered
was higher than the total of 4-hydroxy- and U-keto-gl-carotene
in the iodine catalysis experiments, probably because of

less autoxidative destruction in the fusion experiments.
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L4-Ethoxy-0O~carotene gave, on iodine catalysis and on
fusion, reéults analogous to those for the 4-hydroxy-
compoﬁnd, with the exception that no neo D isomer was
found (Tables 5 and 6, p. 28).

In the experiments with U-keto--carotene (Tables 7 and
8, p. 29) again, a more extensive rearrangement to cis
forms by quion than by lodine catalysis was noted.

However, U-keto-@i-~carotene seems to be more resistant to
oxidative destruction than the 4-hydroxy- compound.

The molar extinction curveg of the various cis isomers
obtained (Figs. 3,4,7,10, and 11, pp.35 to 43) show that,
as in the a-carotene, B-carotene, and cryptoxanthin sets,
those isomers adsorbed above the all-transg isomer have very
low cig-peaks, while those adsorbed below the all-trans zone
show fairly strong cis-peaks.

Some properties of the stereoisomeric 4~hydroxy-,
L-ethoxy-, and Ud-keto-Q-carotenes discussed in this Section

are listed in Tables 9 to 11 (pp.30 to 32).
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Table 1.
An Example of Product Ratios for ITodine-catalyzed

Stereolisomerization of L-Hydroxy-f-carotene

Stereo- % of Recovered % of @
© isomer L -Hydroxy-0-carotene Starting Meterial
Neo V 13 1y

Neo U <1 : <1
All-trans 62 20

Neo A 21 7

Neo B <1 <1l

Neo C 3 1

Neo D ‘ <1 <1

e
i

During this and other analogous stereoiscomerization
experiments, considerable autoxidation occurred. One of

the main products of this irreversible process was li-keto=pl-
carotene, which in turn was partly stereolsomerized. In the
experiment described above 17% of the starting material was
recovered as li-keto-Ql~carotene, with the stereoisomeric

distribution ratio, neo Uiall-trans:neo Aineo B = 6:66:15:13.
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Table 2.
An Bxample of Product Ratios for Fuslon Sterecisomerization

of l=Hydroxy-o~carctene

Stereo- % of Recovered % of .
_lisomer L-Hydroxy=-Q-carotene Starting Material
Neo V 8 5
Neo U 2 1
All-trans 38 22
Neo & iz 7
Neo B 10 6
leo C 25 15
Neo D 5 3

ats
b4

In contrast to stereolscmerizations by other methods,
fusion stereolisomerizations gave no noticeable amount of

li-keto-~carotene.

Table 3.
Surnmary of Product Ratios for Stereocisomerization of

L -Hydroxy-fl~carotene by Photoflood Irradiation

Stereo- /o of Recovered % of e
isomer LL-Hydroxy-&K~-carotene Starting Material™

All-trans 97 g2

Neo A 1 : 1

Neo B 1 1

Neo C <1l <1

Neo I <i <1

b
S

% of the starting material was autoxidized to li-keto-g-
carotene,
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Table L.

Summary of FProduct Ratios for Stereoisomerizations

of lj-Hydroxy-e-carotene
Stereo- % of Recovered % of e
igomer lL-Hy droxy-Q-carotene Starting Material”

a. By Refluxing in Darkness:

All-trans 95 75
Neo A 2 1
Yeo B : 2 2
Neo C 1 1

b. By Standing in Diffuse Daylight:

4ll-trans 99 81
Neo & ‘, A <1l <1
Neo B <l <1
Neo C <l <1

c. By Standing in Direct Sunlight:

All-trans Uy 72
Neo A 3 2
Neo B 2 2
Neo C 1 1

6% of the starting material was autoxidized to li-keto-g~

carotene in a.; 7% in b.; and 5% in c.



An Example of

Stereo=-
_lsomer

Neo V

Neo U

All-trans

Neo A
Neo B

Neo C
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Table 5.

% of Recovered
=Hthoxy-0-carotene

13
1
61
1l
8
6

%
Starting

Product Ratios for Iodine-catalyzed

(8]

of
Material

3

1

5

6

5

3

3% of the starting material was autoxidized to l=keto=-0-

carotene.

Surmary of

Stereo-
lsomer

Neo V

Neo U

All-~trans

Neo A

Neo B

Neo C

Table 6.

% of Recovered

of L-Ethoxy-X-carotene

7

N

\J
P

P
=

\

o

LL=Tthoxy -g-carotene

[
7o

Product Ratios for Fusion Stereoisomerization

of

S
I

Starting Material

L
2
32

10

Ul
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Table 7.
An Fxample of Product Ratios Lor ITodine-catalyzed

Stereoisomerization of l-Keto-gl-carotene

Stereo- % of Recovered % of

isomer L-Keto=-0l-carctene Starting Material
Neo U ‘ 11 9
All-trans 52 L2
Neo A 19 15
Neo B 12 10
Neo C 6 I

Table 8.
Summary of Product Ratios for Fusion Sterecisomerization

of L-Keto-0Ol~carotene

Stereo~ % ol Recovered % of

isomer L-Keto~-0~carotene Starting Material
Neo U 7 3
All-trans 1O 19
Neo A : 22 11
Neo B 16 7

Neo C 15 7
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Fig. 18. U4-Hydroxy-o-carotene.

Scale: _Olmm

Figs. 18 - 22, Photomicrographs. These photomicro-
graphs were taken using a Bausch & Lomb Model HA microscope
with 43x achromatic objective (0.65 N.A.), 10x Huygenian
eyepiece, and 1.25 N.A. Abbe Condenser. The light source
was a G. E. 115 v. projection lamp, operated at 130 v.

The camera was a Zeiss Ikon Contaflex I, with microscope
adapter; film, Kodachrome Type A. Total magnification

after photographic processing: 250x.
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Fig. 19. L-Keto-f{-carotene.

Fig. 20. L=Ethoxy-8~carotens.
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Fig. 21. 3,L-Dehydro-g~carotene.

Fig. 22. 5,6-Dihydroxy-5,6-dihydrolycopene.
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B. EXPERIMENTAL PART

1., Materials and Methods.

In the isolation and characterization of the hydrolysis
and alcoholysis products of the boron trifluoride - d-caro-
tene complex, some materials, equipment, and techniques were
used frequehtly enough to warrant theilr description here.
This description applies to all experiments conducted in
the course of the present study unless mention is made to
the contrary.

Adsorbents. - In most instances, calcium hydroxide

(Sierra Hydrated Lime; Superfine, United States Lime Products
Corp., Los Angeles, California) was used as the adsorbent,
mixed with 1/2 part (by weight)} of Celite (No. 545; Johns-
Manville Co.). This adsorbent will be referred to as
"lime-Celite."

Other adsorbents used included magnesium oxilde ("Sea
Sorb" 43; Food Machinery and Chemical Corp., San Jose,
California), and aluminum oxide (Alorco, Grade F; Aluminum
Ore Co., East Saint Louis, Illinois, -80 mesh, reground to
-200 mesh), in mixtures with Celite and sometimes also with
lime.

Solvents. - For development of chromatograms, hexane
(Phillips Petroleum Co., commercial grade) was used, either
as sold or mixed with certain percentages by volume of ace-

tone (C. P., U. 8. P.). The elution of chromatographic



5l

zones was accompllished with acetone on sintered glass fun-
nels. Benzene used for crystallization was Reagent Grade,
and the methanol used for the same purpose was commercilal
grade, either as obtained (referred to as "methanol") or
mixed with 5 per cent water by volume ("95 per cent
methanol™).

Reagent Grade c¢hloroform, C. F. acetone, distilled
water, and a saturated solution of Reagent Grade sodium
bicarbonate in distilled water were used in the complexing
and hydrolysis reactions.

The "optical’™ hexane used in the visible and ultra-
violet spectral regions was prepared by treating Phillips
commercial grade hexane repeatedly with fuming sulfuric acid
(65 per cent free SOS) until the optical density of the
hexane was approximately equal to that of water. The
hexane was then distilled and stored in brown bottles.
Eastman Spectro Grade (Distillation Products Industries,
Rochester, New York) chloroform and carbon tetrachloride
were used as solvents for determining infrared spectra.

Reagents. - Boron trifluoride etherate was prepared
essentially according to the methéd of Hennilon et al. (17).
1 1b. of boron trifluoride gas (Ohio Chemical and Manufac-
turing Co., Cleveland, Ohio) was dissolved in 1 1b. of
anhydrous ether (Reagent Grade) while stirring and cooling
in an ice bath. The mixture was distilled through a short
column packed With 5-mm. glass beads; the fraction bolling

at 124-125° (cor.) was collected and stored in a well-closed
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brown glass-stoppered bottle. All-glass apparatus was
used, and glass and silicone stopcock grease (Dow Corning
Corp., Midland, Michigan) and carborundum boiling chips
were the only substances to come into contact with the
boron trifluoride etherate.

The N-bromosuccinimide was manufactured by Arapahoe
Chemicals, Inc., Boulder, Colorado.

X -Carotene, CMOH56’ was prepared by chromatographic
resolution of commercial carotene (Barnett Laboratories,
Long Beach, California).

Spectra. - Visible and ultraviolet spectra were
obtained using a Cary Recording Spectrophotometer,

Model 11M, with 10 millimeter cells. For preliminary
visual observations a Loewe-Schumm Evaluating Grating
Spectroscope (Zeiss) was used. Infrared spectra were
recorded in a Perkin-Elmer Infrared Spectrophotometer,
Model 21, as 1 per cent solutions in 1.0 millimeter sodium
chloride cells, using a sodium chloride prism.

The molar extinction values given represent the
average of results based on two independent weighings.

Chromatographic Columns. - Cylindrical, 45 x 4.5 cm.

columns were used in most experiments; columns of other
dimensions will be noted where appropriate.

Other Remarks. - Evaporations were carried out under

aspirator vacuum, in a water bath kept at 550; agitation

was supplied by a slow stream of nitrogen.
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Hexane and chloroform solutions were washed
acetone-free in the automatic LeRosen apparatus (29) and
dried over anhydrous sodium sulfate (Reagent Grade).

All crystallizations were accomplished in a two-
solvent system. The sample was first dissolved in a
minimum amount of warm (40°) benzene, and then the second
solvent (methanol or 95 per cent methanol) was added
cautiously, dropwise, running down the warm glass wall,
while the solution was being rapidly stirred. The
temperature was maintalned at 10° until crystallization was
practically complete, then kept at 4° (in the refrigerator)
for about a day. The crystals were centrifuged, washed
with a small amount of the second solvent, centrifuged
again, and dried for two hours 1in vacuo in an Abderhalden
apparatus at the temperature of refluxing acetone.

Melting points were taken in an electrically heated
Berl block, in evacuated and sealed capillaries, and have
been corrected.

Partition coefficients were determined by the method
of Petracek (13) and refer to the hexane - 95 per cent
methanol system. |

Fluorescence was observed in the light of a portable

ultraviolet lamp (Photoflood bulb No. 1 with molded Corning
light filter No. 5840) or of a mercury arc lamp, the glass
envelope of which acted as a filter to eliminate most of the

visible light (G. E. Mazda No. B-H4).
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Iodine Catalysis. - After the extinction of the

original solution had been measured, approximately 1 per
cent of the pilgment welght of iodine (1 drop of a 0.1 per
cent solution in optical hexane) was added to the solution
while s8till in the 3-ml. spectrophotometer cell. The
solution was then subjected to ten minutes of illumination
as described on p. 88,

Thevsolution of 1odine in hexane was of such a
concentration that 1 drop of 1t was necessary, resulting in
a volume change of only about 1 ver cent in the spectro-
photometer cell.

Test for Allylic Hydroxyl or Alkoxyl Group. - To a

few milliliters of a dilute chloroform solution of the
compound (3 mg. per liter) in a test tube (18 x 150 mm.)
was added 5 drops of a saturated solution of dry HC1l gas

in chloroform. Marked deepening of the color within a few
minutes, when compared to an untreated parallel sample, was
considered to be a positive test, confirmed when necessary
by chromatography and spectrophotometric readings.

Microanalyses were performed by Dr. A, Elek, Los

Angeles, Calif., by Mr. G. Swinehart, formerly of the
California Institute of Technology, (Professor A. J.
Haagen-Smit's Laboratory), and by Microchemical Specialties
Co., Berkeley, Calif,

Bloassays were carried out by the late Dr. H. J. Deuel,
Jr. and by Mr. A. ¥Wells, both of the University of Southern

California, Los Angeles.
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2. Formation and Hydrolysis of the Q-Carotene - Boron

Trifluoride Complex.

A total of 3 grams of Q-carotene, in»thirty 100-mg.
portions, was treated with boron trifluoride etherate
according to the following unit process scheme:

a.) 100 mg. of @-carotene was dissolved in 100 ml.
of chloroform. The solution was not cooled below room
temperature.

b.) 10 ml. of boron trifluoride etherate was added
with stirring.

¢.) The complexing reaction was allowed to proceed
for 120 to 150 seconds, 1. e., exactly 60 seconds after
the solution had turned from a brownish green to a clear,
deep blue.

d.) The solution was poured rapidly, with thorough
agitation, into a mixture of 20 ml. water and 200 ml.
acetone, which had been previously cooled to 0°. The
original red-orange color of the @-carotene was restored
within about 20 seconds.

e.) The acetone - chloroform mixture was poured 1nto
a l-liter separatory funnel containing 100 ml. of saturated
sodium bicarbonate solution and 150 ml. of iced water. The
liquid was thoroughly shaken, allowing the carbon dioxide
formed to escape at frequent intervals.

f.) When no further pressure increase was noted, the
two layers were allowed to separate, and the lower

(chloroform) layer was poured into an equal volume of
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acetone, shaken well, and washed acetone-free. (The wash-
ing was considered to be complete when the volume of the
hypophase had been reduced to 100 ml.)

g.) The deep red-orange chloroform solution (hypophase)
was dried and evaporated completely.

h.) The residue was dissolved in about 25 ml. of
hexane and chromatographed on lime-Celite, using approxi-
mately 750 ml. of hexane as developer; development required
_3/ﬂ of an hour. The sequence of zones, from top to bottom,
was as follows (the figures on the left denote the width
of the zones in mm.; dashed lines indicate the locations

at which the column was cut):

42 orange, with narrow brown
bands at the top
3 red
9 yellow Zone R
6 light yellow

5 colorless interzone
0 light yellow

3 light yellow
10 pale yellow
10 pale yellow
18 faint pink
12 pale orange
5 colorless interzone
10 very pale orange
5 colorless interzone

23 pale yellow
10 colorless interzone
10 very pale yellow
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30 yellow Zone B

18 pale yellow
14 colorless interzone

I e T T e

Remainder of column, colorless
Filtrate, pale green with blue-

grey fluorescence in ultraviolet
1light

The lettered zones were cut out and eluted with acetone.
i.) The pigments of the respective zones were trans-
ferred to hexane by the addition of water; the hexane
solutions were washed acetone-free and dried.
j.) The solution originating from the top zones, col-
lectively designated as Zone R, was evaporated to about
25 ml. and developed on lime-Celite with about 750 ml. of
L per cent acetone in hexane. Development was stopped
when the following sequence was obtained (after about 3/4

of an hour):

16 light brown

2 colorless interzone

26 several faint yellow and orange zones
22 nearly colorless interzone

50 yellow Zone A

3
6 yellow Zone D
5 .
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13 red
L orange

26 light yellow

10 pink

17 pale yellow

14 pale pink

10 nearly colorless interzone

Remainder of column, colorless

The lettered zones were cut out and eluted with acetone,
then transferred to hexane; the hexane solutions were washed
acetone-free and dried.

k.) The lettered pigment solutions (in hexane) were
stored in the refrigerator in filled, stoppered Volﬁmetric
flasks until the thirty separate portions of each zone,
originating from the thirty 100-mg. unit éolumns, could be

combined.

3. Characterization of the Fractions.

L_Hydroxy-Q-carctene. - The combined hexane solutions

of the thirty Zones C were evaporated to 150 ml., whereupon
some red crystals appeared; thesebwere redissolved by dilut-
ing the solution to 300 ml. with hexane. This pigment
solution was rechromatographed on lime-Celite on two 60 x 8
cm., columns, using about 3 liters of 3 per cent acetone in
hexane to develop each column. The following sequence was

obtained after four hours!' development:
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30 several tan zones

‘60 colorless interzone

30 pale yellow (neo-4-hydroxy-Q-carotene V, etc.)
60 colorless interzone
250 orange %all—trans—Hehydroxy—arcarotene)

50 yellow (neo-I-hydroxy-({-carotene A, etc.)
30 red
60 pink

30 colorless

The neo-4-hydroxy-@q-carotene V, all-trans-4-hydroxy-
0-carotene, neo-U4-hydroxy-@-~carotene A, and the combined
red and pink bottom zoﬁes were cut out separatelj, eluted,
transferred to hexane, washed, andvdried. The neo-4-
hydroxy-0-carotene V fraction was eventually combined with
Zone A, since Zone A was believed to contain at least one
ggg—h-hydroxy~a&carotene on the basis of visual spectro-
scopic observations., The neo-4-hydroxy-@-carotene A was
combined with Zone D, and the combined red and pink zones
with Zone E, for the same reason. The solution of all-
Egggg—u-hydroxy—arcarotene was evaporated to dryness and
crystallized from benzene-95 percent methanol. Yield:

630 mg. = 21 per cent of the starting material (estimated
photoﬁetrically). The crystals obtained weighed 285 mg. =
9.5 per cent of the @-carotene complexed.

Propertles of All-trans-4-hydroxy-q-carotene:

——

mol.

Spectrum: Wavelengths of maxima 474, 445, 421 mp; El om. =

14.5 x 104 at 445 mu (in hexane). The ultraviolet and

infrared curves appear on pp. 33 and 34 .
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Crystal Form: Large rectangular orange plates with "split"

or "splintered" ends (like a wooden plank). (Photomicro-
graph on p. 50.)
Melting Point: 177-178°.

Partition Behavior: 84:16.

Chromatographic Behavior: Develops with 3 to L4 per cent

acetone in hexane on lime-Celite; 1t is adsorbed above the

L _keto-Q~carotene zone.

Reaction with Acid Chloroform: Gives a positive reaction,

but the color change 1s not as pronounced as in the case of
isocryptoxanthin,
Analysis: (two independent samples)
Calcd. for CAOH56O: c, 86.89; H, 10.21.
FPound: C, 86.42; H, 10.17.
86.88 11.10.

Provitamin A Activity in the Rat: None.

Stereoisomers of 4-Hydroxy-O-carotene. - The hexane

solutions of the thirty Zones A (p.60) were combined with
the two portions of neo-4-hydroxy-o-carotene V, etc. re-
sulting from the rechromatographing of Zone C; the fotal
mixture was evaporated to 100 ml., then chromatographed on
a single column, using about 1 liter of L per cent acetone

in hexane as developer:
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70 mostly colorless

70. pale yellow (neo-U4-hydroxy--carotene V)

60 colorless interzone

18 pale yellow (neo-4-hydroxy-o-carotene U)

54 colorless interzone

58 yellow (all-trans-4-hydroxy-gl-carotene)

120 mostly colorless; several very harrow,
faint yellow zones (neo-4-
hydroxy-gl~carotenes A, B, etc.)

The neo-4-hydroxy-Q-carotenes A, B, etc. were even-
tually combined with Zone D; the all-trans-U4-hydroxy-
Ol-carotene was crystallized and added to the substance ob-
tained from Zone C (p. 61 ).

Attempts were made to crystallize neo-UY-hydroxy-
Ql-carotenes V and U from hexane - absolute ethanol, hot
methanol, benzene - methanol, and from benzene - 95 per cent
methanol systems without success. The properties reported
in Table 9 (p. 30) refer to pure, chromatographically homo-
geneous preparations.

Hexane solutions of the thirty Zones D were combined
with the portions of neo-4-hydroxy-@-carotenes A, B, etc.
resulting from the rechromatographing of Zones C and A;
the total solution was evaporated to 100 ml. and developed
on a single column, usihg about 1}liter of 4 per cent
acetone in héxane. After one and a half hours the following
sequence was observed:

8 brown: oxidative destruction products
colorless interzone

9

8 yellow (neo-4-hydroxy-qg-carotene V)
8 colorless interzone
I
8

5
faint yellow (neo-4-hydroxy-@-carotene U)

28 colorless interzone
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32 yellow (all-trans-4-hydroxy-o-carotene)
'8 colorless interzone

18 light yellow (neo-4-hydroxy-e-~carotene A)
7 colorless interzone

10 1light yellow (neo-4-hydroxy-@-carotene B)
9 very light pink

12 colorless interzone

32 yellow (neo-4-hydroxy-@-carotene C)

32 colorless interzone

13 faint yellow (neo-U4-hydroxy-@-carotene D)
46 colorless interzone

16 pink

25 very faint yellow

72 colorless

-Filtrate, several very faint yellow, orange,
and pink zones

Unsuccessful attempts were made to crystallize neo-4-
hydroxy-o.-carotenes A, B, C, and D; however, the properties
listed in Table 9 (p. 30) refer to chromatographically pure
and homogeneous substances.

All isomers were identified as members of the stereo-
isomeric 4-hydroxy-&-carotene set by the method described
on p. 87.

U_Keto-O-carotene. - The hexane solutions of the thirty

zones E (p. 61) were combined, evaporated to 50 ml., and
chromatographed on two columns, using about 750 ml. of

3 per cent acetone in hexane to develop each chromatogram:

24 colorless

6 yellow
26 colorless interzone
14 faint pink
27 colorless interzone
12 yellow
32 colorless interzone
39 light orange
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22 pink

27 orange

43 red ("unidentified pigment I")

18 yellow

13 pinkish orange

77 red (all-trans-4-keto-@-carotene)
10 yellow

19 colorless interzone

41 orange

Filtrate: three minor orange zones

The 4-keto-0@-carotene was crystallized from benzene-
methanol. Photometric estimate of yield: 19.3 mg. =
0.7 per cent of the original @-carotene; the crystals

weighed 14.6 mg. = 0.5 per cent,.

Properties of 4-Keto-0l-carotene:

Spectrum: Ultraviolet and infrared spectral curves are

mol.

reproduced on pages 37 and 38. 1 om. =

b

Amax

= 452 %y; E
at 452 qﬂ-(in hexane).

12.6 x 10

Crystal Form: Salmon-pink "toy boat'-shaped platelets

ex benzene-methanol. (Photomicrograph on p. 51.)

Melting Point: 188-189°,

Partition Behavior: 91:0.

Chromatographic Behavior: Develops with 3 - 4 per cent

acetone in hexane; it is adsorbed on lime-Celite below

L -hydroxy-o.-carotene but above 4_ethoxy-@-carotene and
considerably above @~ and p—carotenes; it is adsorbed above
3,&—dehydfo-0&carotene. In a mixed chromatogram test it
did not separate from 4-keto-@-carotene produced by oxida-

tion of (-carotene with N-bromosuccinimide.
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Reaction with Acid Chloroform: Negative.

Analysis: Caled. for Cy o503 Cs 87.21; H, 9.88.
Found: C, 87.35; H, 10.83 (co;rected
for 1.4 per cent ash).

Provitamin A Activity in the Rat: None.

Formation of 2,4-Dinitrophenylhydrazone: A crystalline

derivative can be prepared (p. 83).

"Unidentified Pigment I." -~ The solution of this pig-

ment resulting from rechromatographing Zone E was evapo-
rated to dryness and the residue was crystallized from
benzene-methanol. Photometric estimate of yield: 8 mg. =

0.3 per cent. Weight of the crystals, 4 mg. = 0.1 per cent.

Properties of "Unidentified Pigment I'":

Spectrum:’ The ultraviolet curve will be found on p. 4l;
mexima in hexane: 503, 472, 442 muL.

Crystal Form: Small, deep red oval platelets (from benzene-

methanol).

Melting Point: 184-186°,

Partition Behavior: 9O4:6.

Chromatographic Behavior: Adsorbed somewhat above h-keto-

a-carotene but below L4-hydroxy-@-carotene., On lime-Celite
it is adsorbed much more weakly than retro—dehydro13—carotene.

Reaction with Acid Chloroform: Negative.
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4_Ethoxy-e-carotene. - The hexane solution originating

from the combined thirty zones @ (gg. pP. 59) was evaporated
to 100 ml. and developed on an 8 x 60 cm. column with about

2 liters of hexane. The following sequence was observed:

10 several tan zones, probably due to destruction
55 colorless

10 very pale yellow
135 colorless
155 yellow (all-trans-4-ethoxy-@-carotene)

25 light yellow (neo-4-ethoxy-@-carotene A)

5 colorless interzone

25 pale yellow §neo-4-ethoxy—a:carotene B;

20 pale yellow (neo-4-ethoxy-o-carotene C

Remainder of column and filtrate, colorless

The all-trans-4-ethoxy-a-carotene was crystallized
from benzene-methanol. Yield: 87 mg. = about 3 per cent
(estimated photometrically). The crystals weighed 69 mg. =

2.3 per cent of the starting material (@-carotene).

Properties of All-trans-U4-ethoxy-@-carotene:

—

Spectra: Wavelengths of maximum extinction 473, 444, 420 mu;

mol. _ L
Ey om. = 14,3 x 10

violet and infrared spectral curves appear on pp. 40 and 41.

at 444 muL (in hexane). The ultra-

Crystal Form: Clusters of oval or pin-shaped, dull yellow-

orange platelets (ex benzene-methanol). (Photomicrograph

on p. 51.)
Melting Point: 176-177°.
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Partition Behavior: 99:1.

Chromatographic Behavior: Develops with hexane on lime-

Celite; is adsorbed above @-carotene and even somewhat
above ﬁ—carotene but below U-keto-O-carotene. Does not
separate from 4-ethoxy-g-carotene obtained by ethanolysis
of the oi-carotene - boron trifluoride complex.

Reaction with Acid Chloroform: Gives a positive reaction;

the color change is rapid and at least as pronounced as

that of isocryptoxanthin; it is more marked than in the

case of U4-hydroxy-&-carotene.

Analysis: Caled. for Cy,Hg,0: C, 86.83; H, 10.41
Found: ¢, 86.68; H, 10.13 (corrected

| for 2.0 per cent ash).

Caled. for 1 CEH50~ group: 7.75 per ceﬁt
Found: 7.62.

Provitamin A Activity in the Rat: None.

Unsuccessful efforts were made to crystallize neo-4-
ethoxy-0~carotenes A, B, and C. Photometrically estimated
yields: Neo A, 21.9 mg. = 0.7 per cent; Neo B, 16.5 mg. =
0.5 per cent; Neo C, 3.7 mg. = O.l per cent. The properties
listed in Table 10(p. 31) refer to chromatographically homo-
geneous compounds.

All stereoisomers were identified as belonging to the

set of 4-ethoxy-gl-carotene by the method described on p. 87.
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Unchanged G—Carotene (Recovery). - The thirty zones T were

combined, evaporated to 25 ml., and developed on a 4.5 x 25
cm. lime-Celite column with about 400 ml. of hexane. Only
a single main zone was observed, the pigment of which was
crystallized from benzene-methanol. Yield (recovery of
unchanged afcarotene): 2.7 mg. = about 1 per cent {esti-
mated photometrically). Weight of crystals: 2.3 mg. =
0.8 per cent.
Analzsis:VCalcd. for CMOH56: Cc, 89.49; H. 10.52
Found: C, 89.69; H, 10.74.

The thus recovered pigment was shown to be all-trans-

o-carotene by comparison of its properties with those of

an authentic sample (Table 12, p. 71).

"Unidentified Pigment II." - The combined thirty zones H

were evaporated to 25 ml., then developed on:a column with

2 per cent acetone in hexane:

114 colorless

28 pink

19 colorless

59 yellow ("unidentified pigment II, neo U")
15 colorless

33 yellow ("unidentified pigment II," all-trans)
S pink

47 yellow ("™unidentified pigment II, neo A")
26 pink-orange

31 orange-yellow

15 faint yellow

Remainder of column, and filtrate, colorless
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Table 12

Comparison of Ql-Carotene with the

Pigment Recovered from Zones T

Partition behavior in
hexane = 95 per cent
methanol

Melting Point

Maxima (in hexane):

before iodine catalysis
after iodine catalysis

Reaction with acid
chloroform

Crystal form

Chromatographic behavior

ol-Carotene
6x carrots

d-Carotene
ex Zone T

100:0 100:0

187-188° 185-187°

k75, 5: )-PZO muk Ll-r”—l—: ﬁ 20 mpL

L70, (L17)" L70, u17>

negative negative

yellow-orange yellow-orange
prisms prisms

no separation in mixed
chromatogram test
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The zones of "unidentified pigment II" ('"neo U,"
all-trans, and "neo A") were each rechromatographed on
lime-Celite as above. A single main zone appeared in each
case. Only the "all-trans" isomer could be crystallized. |
Total (combined) yield, estimated photometrically, about
10 mg., = 0.3 per cent; yield of crystalline all-trans com-

pound, 3 mg. = 0.1 per cent.

Properties of "Unidentified Pigment II":

Spectra: The ultraviolet and infrared spectral curves will
be found on pp. 45 and 46, Maxima in hexane: all-trans,
469, 438, 415 ks "neo U," U467, 437, 416; "neo A," 462, 433,
413; iodine equilibrium mixture, 466, 436, 414 muh.

Crystal Form: Small, irregular clusters of orange-yellow

platelets.
Melting Point: 177-178° (sinters at 173°).

Partition Behavior: 94:6.

Chromatographic Behavior: Adsorbed below 4-keto-O~carotene

but slightly above U-ethoxy-gi-carotene on lime-Celite.
Adsorbed considerably below neurosporene.

Reaction with Acid Chloroform: Negative.

"Unidentified Pigment III." - The combined hexane solu-

tions of the thirty zones B were evaporated to 25 ml. and
developed for 1 hour on a magnesia-lime-Celite column 3:1:1
with about 1 liter of 3 per cent acetone in hexane. The

60 cm. broad main zone contained about 15 mg. (0.5 per cent

yield)of this unecrystallizable pigment.
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Properties of "Unldentified Pigment III":
Spectrum: The ultraviolet curve will be found on p. b,
Maxima in hexane: U484, 452, L27 mp -

Partition Behavior: 100:0.

Chromatographic Behavior: Adsorbed below d-carotene on

lime-Celite.

Reaction with Acid Chloroform: Negative.

"Unidentified Pigment IV." - The hexane solution of

the thirty zones G was evaporated to 50 ml. and developed
on magnesia-lime-Celite 3:1:1 with about 1200 ml. of 1 per

cent acetone in hexane:

140 complex series of minor zones
66 pale yellow-green
71 yellow-green (“unidentified pigment IV, neo U")
62 yellow-green ("unidentified pigment IV," all-trans)
90 colorless interzone
3 bright yellow
Remainder of column, and filtrate:

colorless, with slight bluish-grey fluorescence
in ultraviolet light

The '"unidentified pigments IV," viz., "neo U,'" and
all-trans, were each rechromatographed on a single 3.5 x
20 em. column. Neither isomer could be crystallized, but
the properties listed below refer to the chromatographically
homogeneous all-trans substance. The compounds were proved
to be stereoilsomers of each other. Yield (photometric esti-

mate): about 30 mg. (1 per cent) of each isomer.
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Properties of "Unidentified Pigment IV'":

Spectrum: The ultraviolet curve will be found on p. 48.
Maxima in hexane: 448, 421, 398, 376 muL.
Partition Behavior: 100:0.

Chromatographic Behavior: Adsorbed much below @g-carotene

both on lime-Celite and on magnesia-lime-Celite 3:1:1.

Reaction with Acid Chloroform: Negative.

h. Alcoholysis of the @-Carotene - Boron Trifluoride Complex.

The complex of 100 mg. of @-carotene, prepared as de-
Scribed on p. 50, was cleaved by the addition, with rapid
Swirling, of 200 ml. of absolute ethanol which had been pre-
cooled to 4°, The resulting solution was washed, dried,
evaporated, and chromatographed in the same manner as was
the product of hydrolysis (pp. 58 to 60). Developing the
reaction product on lime-Celite with about 1 liter of hexane

took 1 hour:

34 several pink and tan zones

12 yellow

41 colorless interzone

56 yellow (cis isomers of L-ethoxy-ea-carotene)
30 colorless interzone

118 yellow (all-trans-U-ethoxy-&-carotene)

35 light yellow (cis isomers of l-ethoxy-&-carotene)
7 pink-orange

12 yellow (unchanged ®-carotene)

10 colorless Interzone

24 vellow (unidentified pigment III)

Remainder of column: colorless
Filltrate: 1light yellow, with bright green
fluorescence in ultraviolet light
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From photometric measurements, the yield of all-trans-
4-ethoxy-oi-carotene was found to be 16.0 mg. = 16 per cent
of the reacted d-carotene. The crystals obtalned from
benzene-methanol weighed 9.9 mg. = 9.9 per cent. The sum
of the cis isomers was 24 mg. (photometric estimate), hence
the total yield of the conversion, of-carotene—sU4-ethoxy-
g.-carotene, amounted to 40 per cent. Only very little
(0.9 per cent) ol-~carotene remained unchanged.

The boron trifluoride complex of a second 100-mg. por-
tion of g-carotene was cleaved with 200 ml. of pre-cooled
absolute methanol. The resulting chromatogram was similar
to that obtained on ethanolysis. The combined yield of the
4-methoxy-X-carotene formed (including cis isomers) was
40 per cent, and about 10 per cent was i1solated in the form
of all—Egggg-ﬂ~methoxy—a—carotene crystals. The recovered
unchanged ¢-carotene amounted to 1 per cent.

Properties of 4-Methoxy-x-carotene:

Spectrum in the UV and visible regions: Very similar to
that of @-carotene, A-hydroxy-pl-carotene, or U-ethoxy-
d-carotene. Maxima in hexane: U474, LU5, 421 mud.

Crystal Form: Oval, dull yellow-orange platelets (from

benzene-methanol).

Melting Point: 170-171°.

Partition Behavior: 99:1.

Chromatographic Behavior: Adsorbed on lime-Cellite below

4 _keto-gt-carotene but above @-carotene and slightly above

L4 _ethoxy-({-carotene.
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Reaction with Acid Chloroform: Positive, comparable in

speed to that of isocryptoxanthin.

Analysis: Calcd. for 1 CH3O~ group: 5.47 per cent
Found: 4,91.

5. Ammonolysis of the a-Carotene - Boron Trifluoride Complex.

Preliminary experiments in which R. G. chloroform was
used as a solvent during complex formation gave very high
yvields of 4—ethoxy~d-carotene. Therefore, the chloroform
was dealcoholated and dehydrated, immediately prior to use,
by gravity filtration through a 3.5 x 18 ecm. column of highly
activated alumina (Woelm, basic, activity I) (30).

90 mg. of W-carotene was dissolved in 100 ml. of alcohol-
free chloroform, and 9 ml, of boron trifluoride etherate was -
added. The mixture was swirled rapidly and allowed to stand
at room temperature for exactly 2 minutes. The complex was
proken by careful addition of 40 ml. of a saturated solu-
tion of anhydrous ammonia in alcohol-free chloroform; the
red carotenoid color was thus restored. A greenish-white
precipitate formed immediately and could not be dissolved
by further addition of ammoniacal chloroform.

The liquid was washed, dried, evaporated, and redis-
solved in hexane. Recovery of pigment (calcd. as
"o-carotene') was slightly less than 2.5 per cent. The
mixture was developed on a 4.5 x 24 cm. lime-Celite column

in about 20 minutes with 250 ml. of hexane:
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L4 several brown zones
'8 violet-brown
21 orange-brown
18 pale yellow-orange
15 yellow
10 very pale orange
19 very pale yellow
12 light orange
5 pale yellow
15 colorless interzone
20 orange é3,4-dehydro—drcarotene)
29 yellow (unchanged ®&-carotene)
12 colorless interzone
20 yellow-orange (unidentified pigment III)
8 yellow

Remainder of column: colorless
Filtrate: pale green, with strong greenish-

grey fluorescence in ultraviolet
light

The 3,4-dehydro-o-carotene was identified by 1ts spectrum
and by non-separation from authentic 3,4-dehydro-0-carotene
(from dehydrogenation of -carotene by N-bromosuccinimide,

p. 79, in a mixed chromatogram test. Yield: 2 mg. =

2.2 per cent of the starting material or about 9 per cent
of the recovered pigment. Recovery of unchanged «-carotene:
3 mg. = 3.3 per cent of the starting material or 13 per

cent of the recovered pigment. retro-Dehydrocarotene was

absent.

6. Conversions of 4-Hydroxy-@-carotene and Some Derivatives.

a. 3,4-Dehydro-o-carotene ex U4-Hydroxy-&-carotene:

Dehydration of 4-Hydroxy-®-carotene. - 15 mg. of L-hydroxy-

o-carotene was dissolved in 20 ml, of R. G. chloroform and
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10 drops of the acid chloroform reagent was introduced.
After 10 minﬁtes' standing, 50 ml. of hexane was added and
the solution was washed, first with 100 ml. of saturated
sodium bicarbonate, then with water for 15 minutes in the
‘LeRosen apparatus. The dry evaporation residue was dis-

solved in 25 ml. of hexane and developed with about 800 ml.

of hexane:

14 several yellow and tan zones
6 pale pink
50 colorless interzone
20 pale yellow
23 colorless interzone
47 pale orange
60 light yellow (U4-ethoxy-pl-carotene)
18 pale yellow
22 pale yellow
68 orange (3,4-dehydro-@-carotene)
22 pale orange
39 pale orange ‘} (cis forms of the above)
16 pale orange

Remainder of column: colorless
Filtrate: colorless

Photometrically established yield of 3,4-dehydro-
a-carotene: 6 mg. of all-trans ( = 40 per cent) and 2.8
mg. of cis forms (= 19 per cent); the crystals of all-trans-
3,4-dehydro~g-carotene (from benzene-methanol) weighed
3.2 mg..= 21 per cent. The U4-ethoxy-Q~carotene, identified
by its spectrum and by non-separation in a mixed chro;ato—
gram test from an authentic sample (obtained by ethanolysis

of the @-carotene - boron trifluoride complex), was photo-

metrically estimated as 2.0 mg. = 13 per cent.



-79-

b. 3,4-Dehydro-o-carotene ex U4-Ethoxy-g-carotene

and U4-Methoxy-@-carotene. - 15 mg. of U-ethoxy-o-carotene

was dissolved in 20 ml., of R. G. chloroform and 10 drops
of acid chloroform reagent was added. After 10 minutes,
the mixture was worked up as described for dehydration on
p. 77. The yields of 3,l4-dehydro-a-carotene and U4-ethoxy-
o-carotene were the same as 1in the case of dehydration.

15 mg. of Y4-methoxy-@-carotene, dealcoholated in the
same mannér, gave similar yields of 3,4-dehydro--carotene

and U-ethoxy-0-carotene.

c. 3,4-Dehydro-o-carotene ex -Carotene and N-Bromo-

succinimide. - 200 mg. of Q-carotene was dissolved in 20 ml.

of R. G. chloroform; and 66 mg. (1:1 mole ratic) of N-bromo-
succinimide ("NBS") was dissolved separately in 20 ml. of
chloroform. Both solutions were cooled to ~170. While the
carotene solution was being violently agitated with a
stream of nitrogen, the NBS solution was added quickly.
The reaction was allowed to continue for exactly 1 minute
(not longer), then 132 mg. of N-phenyl-morpholine (NPM)
crystals was added and the agitation was continued for 1
more minute. 7
After the nitrogen stream was stopped, the reaction
mixture was removed from the ice - salt bath and heated
under reflux for 15 minutes. The solution was washed first
with 150 ml. of saturated sodium bicarbonate and then con-

tinuously with water for 15 minutes. After drying and com-
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plete removal of the chloroform, the residue was dissolved
in 100 ml. of hexane and developed on two 8 x 30 cm. lime-
Celite columns with about 600 ml. of 1 per cent acetone in

hexane for each column:

15 several tan zones
13 pink
9 colorless interzone
10 pale pink
9 colorless interzone
21 pink (4-keto-g-carotene)
14 pale orange
20 pale orange
22 colorless interzone
109 orange (3,4-dehydro-®-carotene)
27 yellow (cis isomers of 3,4-dehydro-g-carotene)

Remainder of column, and filtrate: colorless

Yield: 94.2 mg. of all-trans-3,4-dehydro-e-carotene
= U7 per cent. The crystals (from benzene - methanol)
weighed 44.2 mg. = 22 per cent.

The photometrically established yield of 4-keto-
®-carotene was 19 mg. = 9.5 per cent.

Properties of All-trans-3,4-dehydro-@~carotene:

Spectrum: The ultraviolet curve will be found on p. 49,

Amax 10 hexane: 454 my.

Crystal Form: Dull, brownish-orange, nearly rectangular

plates (from benzene - methanol). (Photomicrograph on
p. 52.)

Melting Point: 191-192°.

Partition Behavior: 100:0.
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Chromatographic Behavior: Adsorbed above ¢ol~-carotene but

below p—carotene on lime-Celite. The sample did not
separate in the mixed-chromatogram test, from Karmakar's
"dehydrocarotene I" (9).

Reaction with Acid Chloroform: Negative,

d. U4-Keto-@-carotene ex @-Carotene and N-Bromo-

succinimide. - A solution of 200 mg. of @A-carotene in 20 ml.

of R. G. chloroform was treated as ééscribed above for the
preparation of 3,4-dehydro--carotene (p. 79 ), except that
132 mg. of NBS and 264 mg. of NPM were used (2:1 mole ratio
of NBS to Q~carotene, with correspondingly increased amount
of NPM). ZEach chromatogram was developed with about 750 ml.

of 3 per cent acetone in heXxane:

15 several brown and tan 2zones
26 pink
g colorless interzone
20 pink
19 colorless interzone
43 pink (4-keto-e-carotene)
28 light orange
40 light orange
22 colorless interzone
25 orange (3,4-dehydro-g-carotene)
10 yellow

Remainder of column, and filtrate: colorless

Yields: U-keto-O-carotene, 67.2 mg. = 34 per cent
of the starting material; 3,4-dehydro-g-carotene, 30.5 mg.
= 15 per cent. The crystals of U4-keto-g~carotene (from

benzene - methanol) weighed 17 mg. = 8.5 per cent.
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e. Oxidation of 4-Hydroxy-®-carotene to 4-Keto-

-carotene with N-Bromosuccinimide. - 50 mg. of 4-hydroxy-

a:carétene was dissolved in 15 ml, of R. G. chloroform which
had been made alcohol-free immediately prior to use by wash-
ing with water for 20 minutes and then distilling in darkness
over P205. »16 mg. of NBS was dissolved in a separate

15-ml. portion of alcohol-free chloroform. The two solutilons
were cooled to OO, and the NBS solution was added to the
carotene éolution while the latter was being violently agi-
tated by a stream of nitrogen. After 1 minute, 33 mg. of
NPM was added, and agitation continued for 2 minutes longer.
The mixture was then heated under reflux for 15 minutes,
washed, etc., as in the two NBS oxidations described on

pp. 79 and 8l1. The resulting mixture was developed with

750 ml, of 4 per cent acetone in hexane on a single column:

105 several very pale zones

20 pale violet

20 colorless interzone

90 pale salmon-pink

22 colorless interzone

97 salmon-pink (4-keto-g-carotene)
32 yellow

42 yellow

Remainder of column, and filtrate: colorless

The U4-keto-@-carotene was rechromatographed on a
3.5 x 32 cm. column with 3 per cent acetone in hexXane as de-

veloper,
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Yield: 12.4 mg. = 25 per cent (photometric). The
crystals (from benzene - methanol) weighed 9.2 mg. = 18

per cent,

f. 2,4-Dinitrophenylhydrazone of 4-Keto-o-carotene. -

9 mg. of 4-keto-@l-carotene was dissolved in 2 ml. of benzene
(R. G.) in a centrifuge cone and 4 ml. of absolute ethanol
was added cautiously, with stirring. To the clear solution
was added72 ml. of the 2,4-dinitrophenylhydrazine reagent
described by Shriner and Fuson (31). After half an hour's
standing, the microcrystals were centrifuged, (mother liquor,
intensely colored), washed once with a few ml. of absolute
ethanol and twice with hexane, then dried for two hours at
the temperature of refluxing acetone in an Abderhalden ap-
paratus. Thus, 9.8 mg. of crystals, m.p. 216-217°, was ob-
tained. Yield: 81 per cent, based on U4-keto-g-carotene.
The following analysis shows that the compound is a derivative
of a mono-ketone.

Calecd. for CM6H58N404: N, 7.67 per cent.

Found: N, 7.19 per cent.

g. Reduction of 4-Keto-a-carotene to 4-Hydroxy-

o-carotene. - 25 mg. of L-keto-ocarotene was dissolved in

50 ml., of 10 per cent benzene in anhydrous ether; simul-

taneously 100 mg. of 1lithium aluminum hydride was suspended
]

in 100 ml. of anhydrous ether. Both ligulds were cooled to

OO, and the carotenoild solution was poured quickly into the
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hydride suspension with rapid swirling. The mixture was
allowed to stand at 0° for 15 minutes; the excess lithium
alumihum hydride was then decomposed by cautious, dropwise
addition of methanol which had been pre-cooled to 0°.

The mixture, containing much gelatinous precipitate,
was washed vigorously in the LeRosen apparatus until the
effluent had a pH of 6-7 (about 20 minutes). The resulting
solution was dried and developed on a column with 4 per cent
acetone ih hexane. Only a single main yellow zone appeared,
containing 4—hydroxy—a-carotene. Yield: 22.1 mg. = 88 per
cent (photometric); the crystals weighed 16 mg. = 64 per
cent. In a mixed chromatogram test this substance did not
separate from an authentic U4-hydroxy-q-carotene sample pre-
pared by hydrolysis of the (-carotene - boron trifluoride

complex,

h. Etherification of 4-Hydroxy-e-carotene. - Two

25-mg. portions of d-hydroxy-olcarotene were dissolved in

2 x 5ml. of R. G. chloroform. To one was added 25 ml. of
absolute ethanol and 10 drops of the acid chloroform reagent,
and Eo the other, 25 ml. of absolﬁte methanol and 10 drops

of acid chloroform. After 5 minutes each solution was
diluted with 25 ml, of hexane and washed once with 50 ml.

of saturated sodium bicarbonate and then with water, con-
tinuously, for 20 minutes., After drying, each solution was
developed on a single column with 2 per cent acetone in

hexane. The upper, minor yellow zone contained unchanged
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4_hydroxy-0/-carotene, and the lower, main yellow zone was
shown to bé the desired ether, by partition coéfficient
test,'spectrum, reaction with acid chloroform, and mixed
chromatography with the corresponding Ether resulting from
alcoholysis of the @-carotene - boron trifluoride complex.

Yields: U4-methoxy-q-carotene, 13.6 mg. = 54 per cent;
M-ethoxy—a—éarotene, 9 mg. = 36 per cent.

Both 4-methoxy-@-carotene and 4-ethoxy-o-carotene
could be converted into 4-hydroxy-«-carotene in about 40 per
cent yield by the procedure just described, using water in-
stead of absolute alcohol and adding Jjust enough acetone to

- produce a single-phase mixture.

i. Acetylation of 4-Hydroxy--carotene. - The method

of acetylation was essentlally that used by Zechmeister and
von Cholnoky (32) for capsanthin, slightly modified for a
mono-alcohol. To a solution of 25 mg. of 4-hydroxy-g-caro-
tene in 0.3 ml. of anhydrous pyridine, 2 drops of freshly
distilled C. P. acetyl chloride were added; the pasty mix-
ture was stirred and kept at room temperature for 1/2 hour.
1.7 ml. of absolute methanol was then added. Colorless
crystals of the pyridine - acetyl chloride complex dissolved
rapidly while the 4-acetoxy-«-carotene slowly crystallized
out, forming long, needle-like, dark red prisms. The
crystals were washed twice with methanol, dried and weighed.

Yield: 20.6 mg. = 82 per cent.
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Properties of 4-Acetoxy-@-carotene:

Spectrum: Similar to those of @-carotene and 4 -hydroxy-,
L_ethoxy-, and U-methoxy-@-carotene. Maxima in hexane:
4Th, b4k, k21 my.

Crystal Form: Long, thin, deep red-orange prisms (1like

needles), (from pyridine - methanol).
Melting Point: 159-161°.

Partition Behavior: 99:1,.

Hydrolysis: 5 mg. of the acetate was dissolved in 25 ml.

of hexane and shaken with 25 ml. of 20 per cent methanolic
potassium hydroxide for 12 hours; development of the product
on a 3.5 x 20 cm. column with 4 per cent acetone in hexane
gave a single main zone. Its pigment had a partition ratio
of 83:17 and did not separate from 4-hydroxy-e-carotene in

a mixed chromatogram test.

Chromatographic Behavior: Adsorbed on lime-Celite below

4-keto-0-carotene but above 4-ethoxy-d-carotene. (Some
hydrolysis occurs on chromatography with basic adsorbents
if the solvents and adsorbents are not completely anhydrous.)

Reactioﬁ with Acid Chloroform: Positive, similar to that

of U4-ethoxy-&-carotene, p. 69.
Analysis: Caled. for CM2H5802: C, 84.80; H, 9.83
Found : c, 85.23; H, 10.28.
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7. Stereoisomerization of 4-Hydroxy-e-carotene and Some

DerivatiVes.

General Remarks.

Molar extinction curves of the various cis - trans

isomers obtained in the foilowing study will be found on
pages 33 to 43. To be considered as a member of a stereo-
isomeric set, an lsomer had to qualify in both of the fol-
lowing tests:

1.) Comparison of its ultraviolet spectrum before and
after iodine catalysis with corresbbnding spectra of the
all-trans form. The two iodine equilibrium curves must be
identical.

2.) Mixed chromatography of a fresh solution of the
crystalline all-trans sample with the main pigment zone ob-
tained by chromatographing the iodine-catalyzed equilibrium
mixture of the cis isomer. There must be no separation.

Immediately prior to determining the ultraviolet spec-
trum of each isomer, the sample was carefully rechromato-
graphed on a small column, and any minor zones found were
cut out and discarded. The amounﬁ of each stereoisomer re-
covered was determined indirectly, by measuring the absorb—
ance of the jlodine-catalyzed equilibrium mixture at Amax'
The molar extinction coefficients for the iodine-equilibrium
mixtures were estimated for each compound from measurement
of the extinction at Amax of the iodine-catalyzed equilibrium

mixture from two independently weighed samples of the all-
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trans compound. In the following experiments, these values

were used:

E?Oié (Iz“equil’) of 4-hydroxy-o-carotene = 12,2 x 104
" L-keto-g-carotene = 11,1 x 104
" Y_ethoxy-o-carotene = 13.4 x 104.

Each member of a stereoisomeric set, resulting from one
method of isomerization, was identified with the correspond-
ing zone resulting from other rearrangement methods by com-
parison of spectra and by mixed chromatography.

4-Hydroxy-g-carotene.

a, Jodine-catalyzed Stereoisomerization.

25.2 mg. of crystalline all-trans-4-hydroxy-a-carotene
was dissolved in 100 ml. of hexane in a Pyrex volumetric
flask, and approximately 0.3 mg., i.e. about 1 per cent of
the pigment weight, of iodine (as a 0.7 mg./ml. hexane solu-
tion) was added. The contents of the flask were thoroughly
mixed. The flask was then placed on a white support at
60 cm. distance from two parallel 3500o Mazda fluorescent
lamps (40 watts; 120 cm. long, white and yellowish) and
illuminated for 2 hours. The flask was shaken gently every
10 minutes; average ambient temperature was 260.

Photometric estimations at A__. of the iodine-equili-
brium mixture, made before and after the isomerization,
showed a total pigment recovery of 85 per cent (calculated
as U-hydroxy-o-carotene).

The solution was developed on a single column for 75

minutes with about 700 ml. of 4 per cent acetone in hexane:
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19 several minor tan zones
16 colorless interzone
28 yellow (neo-l4-hydroxy-g-carotene V)
18 colorless interzone
9 very pale yellow (neo-4-hydroxy-a-carotene U)
53 orange-yellow {unchanged all-trans-4-hydroxy-el-carotene)
14 yellow (neo-4-hydroxy-d-carotene A
11 yellow (nheo=U4-hydroxy-¢(-carotene B
15 orange (neo-4-keto-a-carotene U)
12 yellow (neo-4-hydroxy-d-carotene Cg
8 yellow (neo-4-hydroxy-d-carotene D
9 colorless interzone
80 pink-orange (all-trans-U-keto-&-carotene)
34 colorless interzone
42 orange (neo-4-keto-%k-carotene A)
24 colorless interzone
27 orange (neo-4-keto-®-carotene B)

Remainder of column: colorless

Filtrate: pale yellow, with grey fluorescence in
ultraviolet light

The individual zones were cut out, eluted, transferred
to hexane, washed, and dried; each substance was identified
as belonging either to the 4-hydroxy- or to the 4-keto-
o-carotene set by the methods previously described. Similar
operations were performed in each of the following experiments
(no further mention of these operations will be made) .

An example of the relative amounts of the stereoisomers
formed will be found in Table 1, p. 25. Repetitions of
this experiment gave relative values of distribution ratios
within 5 per cent of those given in Table 1.

b. Stereoisomerization by Fusion (Melting Crystals).

15.6 mg. of all-trans-4-hydroxy-®-carotene was weighed
into a closed-end, 7-mm. O. D. glass tube and sealed at a
pressure of less than 0.01 mm. of mercury. The tube was

then immersed in a wax bath at 200° for 90 seconds and then
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plunged 1into an ice water bath. The tube was opened and
its contents, now a red-brown glassy substance, was, with
the initial aid of 5 drops of R. G. chloroform, dissolved
in 100 ml. of hexane. Photometric estimatlon of this
material indicated a 92 per cent pigment recovery (calcu-
lated as 4-hydroxy-e-carotene).

The substance was developed on one column, for Jjust
under 2 hours with about 1 liter of 4 per cent acetone in
hexane. Development was stopped when a colorless interzone

of at least 3 mm. width had appeared between each zone:

8 several minor tan zones
52 colorless interzone
30 yellow (neo-4-hydroxy-o-carotene V)
12 colorless interzone
26 very pale yellow (neo-4-hydroxy-&-carotene U)
22 colorless interzone
67 yellow (unchanged all-trans-4-hydroxy-e-carotene)
8 colorless interzone
20 yellow (neo-4-hydroxy-o-carotene A)
5 colorless interzone
17 yellow (neo-4-hydroxy-d-carotene B)
8 colorless interzone v
32 light yellow (neo-4-hydroxy-@-carotene C)
3 nearly colorless interzone
11 light greenish yellow
3 nearly colorless interzone
13 yellow {neo-4-hydroxy-e-carotene D)

Remainder of column: colorless

Filtrate: pale yellow, with greenish-grey
fluorescence

An example of the relative amounts of stereoisomers
formed will be found in Table 2, p. 26. An independent

duplicate of this experiment gave the same relative product
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ratios within + 10 per cent.

c. Stereoisomerization by Refluxing in Darkness.

22.7 mg. of all-trans-4-hydroxy-e-carotene was dis-
solved in 100 ml. of hexane and the solution was refluxed
in darkness for 1/2 hour. Dyring refluxing, a slow stream
of nitrogen»was bubbled through to provide gentle agitation
and to prevent excessive autoxldation. Photometric estima-

tions before and after refluxing showed 99 per cent pigment

recovery.

The solution was developed on one column with about 800

ml. of 4 per cent acetone in hexane within one and a half

hours:

12 several minor tan zones
29 colorless
30 pale yellow
25 colorless interzone
134 orange-yellow (unchanged all-trans-4-hydroxy-e-carotene)
6 yellow (neo-4-hydroxy-o-carotene A
10 yellow (neo-4-hydroxy-e-carotene B
10 yellow (neo-4-hydroxy-@-carotene C
11 colorless interzone
83 pink-orange (all-trans-4-keto-g-carotene)

Remainder of column: colorless
Filtrate: 1light yellow, with weak bluish-grey
fluorescence

The combined neos A, B, and C were rechromatographed on
a 3.5 x 20 cm. column; after 20 minutes of development with
about 200 ml. of 4 per cent acetone in hexane, an excellent
separation of the three isomers was achieved.

After identification, the amount of each isomer was
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estimated photometrically. The results are summarized in
Table 4, p. 27.

d. Stereoisomerization by Standing in Diffuse Daylight.

25.4 mg. of all-trans-4-hydroxy-o-carotene was dis-
solved in 100 ml. of hexane in a Pyrex volumetric flask
that was placed on a white support, outdoors, in open shade.
Illumination was allowed to proceed for two hours (11 a.m.
to 1 p.m.): the average ambient air temperature was 190, and
the final solution temperature was also 190.

During illumination, the incident light energy was
measured with a General Electric Model DW-68 photoelectric
exposure meter. The Instrument was held horizontally and
pointed at each cardinal compass point, and also vertically.
The average incident light intensity in lumens per square
foot was: North, 4000; East, 1600; South, 800; West, 1600;
Vertical, 6000.

Photometric estimations before and after illumination
indicated 98 per cent pigment recovery.

The mixture was chfomatographed on one column. Except
that the top pale yellow zone was absent and that there
were 2 -3 mm. differences in the breadth of the zones, the
observations were as described in Part c., above. A sum-
mary of the results of this experiment is presented in
Table 4, p. 2T.

e. Stereoisomerization by Standing in Direct Sunlight.

25.0 mg. of all-trans-U-hydroxy-o-carotene was dis-

solved in 100 ml. of hexane in a Pyrex volumetric flask
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and the flask was placed on a white support, outdoors, in
direct sunlight. Illumination was allowed to proceed for
2 hours (11 a.m. to 1 p.m.). The average ambient air tem-
perature was 210, and the final solution temperature was 350.

The average incident light Intensity in lumens per
square foot was: North, 12,400; East, 8,000; South 25,600;
West, 10,400; Vertical, 14,800.

Photometric estimations before and after illumination
showed a 96 per cent pigment recovery.

The mixture Was chromatographed on a single column.
With the exceptions that the top pale yellow zone was absent
and that there were 2 -3 mm. variations in the breadth of
the zones, the procedure and observations were as described
in Part c¢., above. A summary of the results of this experi-
ment is presented in Table 4, p. 27.

L)

f. Stereoisomerization by Irradiation with Photoflood

Bulbs.

25.3 mg.- of all-trans-4-hydroxy-o-carotene was dis-
solved in 100 ml. of hexane in a Pyrex volumetric flask which
was then placed in the center of an equilateral triangle
formed of three General Electric No. 1 Photoflood bulbs, each
placed so that the minimum distance from the circumference
of the flask to the circumference of the bulb was 10 + 0.5 cm.
The flask was illuminated for 2 hours. The average ambient
alr temperature 280, and the final solution temperature was
310; an electric fan was used to provide cooling.

Photometric estimations made before and after irradiation
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indicated 94 per cent recovery of pigment. The solution was
chromatographed on a single column; procedures and observa-
tions were similar to those in Part c¢., above, with the
exceptions that there were minor variations of 2 - 3 mm. in
the width of the zones, and that a trace of neo-4-hydroxy-
o-carotene D appeared on the second chromatogram (of the
combined mihor zones). A summary of the products and their

ratios will be found in Table 3, p. 26.

4_Ethoxy-®&-carotene.

a. Iodine-catalyzed Stereoisomerization.

8.7 mg. of all-trans-4-ethoxy-q-carotene was dissolved
in 50.ml. of hexane in a Pyrex volumetric flask and treated
in the manner described for U4-hydroxy-«-carotene, p. 88 .

Photometric estimations made before and after the illu-
mination showed a pigment recovery of 87 per cent.

The solution was chromatographed on a single column;
development was accomplished in about 1 hour with approxi-

mately 500 ml. of 1 per cent acetone in hexane:

17 several minor tan zones

7 very pale pink
22 colorless interzone

18 pale pink (all-trans-4-keto-g-carotene)
85 colorless interzone
27 pale yellow (neo-4-ethoxy-a-carotene V)
4 colorless interzone

7 very pale yellow (neo-U4-ethoxy-e-carotene U)
65 colorless interzone
74 yellow (all-trans-U-ethoxy-a-carotene)
17 colorless interzone

15 pale yellow (neo-4-ethoxy-od-carotene A)
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8 colorless interzone
11 pale yellow (neo-U-ethoxy-g-carotene B)
6 colorless interzone
8 pale yellow (neo-U-ethoxy-et-carotene C)

Remainder of column: c¢olorless
Filtrate: pale yellow, with grey fluorescence

An example of the stereoisomeric ratios will be found
in Table 5, p. 28. Repetitions of this experiment gave
relative values of distribution ratios within + 5 per cent
of those given in Table 5.

b. Stereoisomerization by Fusion (Melting Crystals).

10.0 mg. of all-trans-4-ethoxy-e-carotene was fused in
a manner similar to that described for 4-hydroxy-e-carotene,
p. 89. Pigment recovery, 87 per cent.

The substance was developed on one column for 1 hour

with about 500 ml. of 1 per cent acetone in hexane:

9 several minor tan zones
115 colorless
28 light yellow (neo-U4-ethoxy-e-carotene V)
6 colorless interzone
10 very pale yellow (neo-4-ethoxy-e-carotene U)
61 colorless interzone
79 yellow (all-trans-4-ethoxy-&-carotene)
24 colorless interzone
18 pale yellow (neo-4-ethoxy-#-carotene A)
13 nearly colorless interzone
15 pale yellow (neo-4-ethoxy-ea-carotene B)
11 nearly colorless interzone
18 very pale yellow (neo-4-ethoxy-e-carotene C)

Remainder of column: colorless
Filtrate: pale yellow-green, with slight
bluish fluorescence in ultraviolet light
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A summary of the relative amounts of isomers formed will

be found in Table 6, p. 28.

4L _Keto-0-carotene.

a. Iodine-catalyzed Stereoiosmerization.

12.7 mg. of crystalline all-Egggﬁ-u—keto~u—carotene was
dissolved in 50 ml. of hexane in a Pyrex volumetric flask
and treated in the manner described for 4-hydroxy-&K-carotene,
p. 88.

Photometric estimations indicated 93 per cent pigment
recovery.

The mixture was developed on a single column with about

500 ml, of 3 per cent acetone in hexane for 1 hour:

11 several minor tan zones
69 colorless
42 1ight pink (neo-4-keto--carotene U)
29 colorless interzone
78 pink (all-trans-4-keto-®K-carotene)
37 colorless interzone
34 pink-orange (neo-4-keto-g-carotene A)
21 colorless interzone
18 pink-orange (neo-4-keto-o-carotene B)
5 colorless interzone
9 pink-orange (neo-4-keto-d-carotene C)

Remainder of column: colorless
Filtrate: colorless, with blue fluorescence

An example of the relative amounts of isomers formed
is given in Table 7, p. 29; repetition of this experiment

gave the same product ratios within + 5 per cent.
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b. Stereoisomerization by Fusion (Melting Crystals).

9.8 mg.

'of all-trans-U4-keto-0-carotene was fused in the

manner described for U4-hydroxy-«k-carotene, p.89.

Photometric estimation showed a 66 per cent pigment

recovery.

The solution was developed on a single column, with 500

ml, of 3 per

10
61
25
38
75
45
44
35
18

9
15

cent acetone in hexane in about 1 hour:

several minor tan zones

colorless

pink (neo-4-keto-®-carotene U)
colorless interzone

pink (all-trans-4-keto-@carotene)
colorless interzone

pink-orange (neo-U-keto-g-carotene A)
colorless interzone

orange (neo-4-keto-o-carotene B)
colorless interzone

orange (neo-U4-keto-g-carotene C)

Remainder of column: colorless
Filtrate: 1light yellow-green, with grey

fluorescence

A summary of the relative amounts of isomers formed will

be found in Table 8, p. 29.
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II. LYCOPENE AND BORON TRIFLUORIDE ETHERATE

A. THEORETICAL PART

1. Introduction.

The second carotenoid chosen for the present study was

the aliphatic hydrocarbon, lycopene (XIII, XIIIa), C40H56.

CH CH CH CH
' 3 | 3 l 3 I 3
CH —C CH CH2 CHE-C =CH~CH=CH-C=CH-CH=CH-C=CH-CH=
4256 7 8 T 0 2 3% 5 |2

(XTIII.) Lycopene.

(XIIIa.) Lycopene formula, showing the structural
relation between lycopene and p—carotene.

Lycopene is known to give an unstable blue color with
antimony trichloride in chloroform (33), but no mention of
the interaction of boron trifluoride and lycopene was found

in the literature.
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2. Hydrolysis of the Lycopene - Boron Trifluoride Complex.
5,6-Dihydroxy-5,6-dihydrolycopene (XIX) is the princi-

pal product of this hydrolysis.

oH
7 \'0/ l\

oH
(XI1X.) 5,6-Dihydroxy-5,6-dihydrolycopene.

Although rdre, the 5,6-dihydroxy-5,6-dihydro-
structure is not unknown in natural products. Thus, azafrin,
extracted from the roots of some South American plants for
use as a fat coloring matter (34), has the following struc-
ture:

oK T
N R OH

OH

(XX.) Azafrin.

The spectrum of our 5,6-dihydroxy-5,6-dihydrolycopene
shows the presence of 10 conjugated double bonds (22). Evi-
dently, its chromophore is identiéal with that of Compound
"G," formed by catalytic hydrogenation of lycopene (35). The
infrared spectrum shows absorption at 2.78}4, indicating the
presence of at least one alcohol group; and the analyses con-
firmed the presence of two hydroxyls, as did the formation

and hydrolysis of a diacetate (XXI).
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The reactlons used to secure the structures of the
hydrolysis pfoducts of the lycopene complex appear in
Chart 2 (p. 101). The conversions of particular interest
for the 5,6-dihydroxy-5,6-dihydrolycopene structure follow:

(a.) The formation of lycopene mono-epoxide (XXII) and
its subsequent hydrolysis to 5,6-dihydroxy-5,6-dihydrolyco-
pene (XIX) indicate the presence of adjacent hydroxyl groups.
Since lycopene epoxide does not occur in the literature, it
is believed that this is the first synthesis of an aliphatic
epoxide in the carotenoild series.

(b.) Additional evidence of the presence of adjacent
("o(-glycolic") hydroxyl groups is the formation of an aceto-
nide (XXIII) that could be hydrolyzed back to the original
diol.

(c.) The formation of a mono-ether (XXIV, 5-hydroxy-
6-methoxy-5,6-dihydrolycopene) via the potassium salt inter-
mediate shows the presence of two different kinds of hydroxyl
groups: that -OH which does not react, is probably tertiary,
or hindered, or both; the other one may represent a second-
ary or an unhindered tertiary alcohol group.

When, during the formation of the 5-hydroxy-6-methoxy-
compound, the reaction mixture was heated to 100° instead
of 600, much pigment was destroyed; the yield of 5-hydroxy-
6-methoxy-5,6-dihydrolycopene was considerably reduced,
but a mono-ether with a lycopene-chromophore was isolated in
about 1 per cent yleld. This compound is adsorbed on lime-

Celite above lycopene but below lycoxanthin; it is belleved
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to be 6-methoxylycopene (XXV), formed by dehydration of

5-hydroxy-6-methoxy-5,6~-dihydrolycopene by the influence of

ocH,

(XXvV.) 6-Methoxylycopene.

the sfrong base.

(d.) Methanolysis of the lycopene - boron trifluoride
complex gave 5,6-dimethoxy-5,6-dihydrolycopene (XXVI), dif-
ferent from the dihydroxy- and mono-hydroxy-mono-methoxy-
compounds in partition and chromatographic behavior, but
having the same chromophore.

Formation of 5,6-Dihydroxy-5,6-dihydrolycopene. -

Considering a mechanism similar, in the initial steps, to
that proposed for the hydrolysis of the -carotene - BF3
complex (p. 10), 5,6-dihydroxy-5,6-dihydrolycopene probably
arises according to Chart 3 (p. 103). Again it was necessary
to propose an oxidation of the carotenoid molecule (elimina-
tion of electrons) by some step such as removal of a hydride
ion, or the HBF?C)ion, as shown in the Chart.

Unchanged Lycopene. - A rather large amount of unchanged

lycopene was recovered (compared to the &-carotene experi-
ments), since, in order to prevent excessive destruction

and obtain the maximum yield of 5,6-dihydroxy-5,6-dihydro-
lycopene, it was necessary to add water to the reaction mix-

ture before all the lycopene was complexed.
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Chart 3. Proposed Fornatlon of 5,0-Dlhydreoxy -5, O~dinrdeo-

lycopene Irom Lycopene.
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5,6,5',6'—Tetrahydroxy—5,6,5',6'—tetrahydrolycopene

(XXVII). - The spectrum of this compound indicates the
presenﬁe of a 9-double-bond chromophore, similar to
Lijinsky's Compound "F" (35); and the partition behavior as
well as the infrared spectrum strongly support a polyhydroxy
structure. The formation of a tetra-ol from the lycopene -
boron trifluoride complex probably results from simultaneous
hydrolysis at both ends of a complex involving two molecules
of BF3 and one lycopene, similar to the 2:1 complexes pro-
posed for Lewis acids and @- or @-carotene (p. 8 ).

The tetra-ol could also be prepared by hydrolyzing the

BF. complex of 5,6-dihydroxy-5,6-dihydrolycopene.

3
5,6,5!,61(2)-Tetrahydrolycopene (XXVIII). - This com-

pound seems to result from a hydrogenation process during
the hydrolysis of the complex, in a manner similar to that
proposed for the formation bf the hydrogenated @-carotene
derivatives (p. 20). The spectrum, similar to that of
Lijinsky's Compound "F" (35), indicates 9 conjugated double
bonds; the partition behavior is that of a hydrocarbon.
Although it could not be proved that this compound is a
symmetrically hydrogenated lycopene derivative (;,g,, satur-
ated at the 5,6 and 5',6' double bonds), the ready crystal-
lizability and the conversion to lycopene by NBS do favor

the proposed structure.
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3. Stereoisomerization of 5,6-Dihydroxy-5,6-dihydrolycopene.

All—ggggg—lycopene, when rearranged by the usual methods,
yieldslonly two main cis isomers, neos A and B, adsorbed
below the all-trans isomer (25). In contrast, 5,6-dihydroxy-
5,6-dihydrolycopene can be converted into at least 4 differ-
ent cis forms, one of which is located above the all-trans
compound on the column.

Some properties of the various stereoisomers are listed
in Table 16, p. 108; the spectral curves will be found in
Figs. 23 and 25, pp. 109 and 111; and the ratios of

cls - trans isomers observed upon various stereolsomeriza-

tion treatments appear in Tables 13-15 (pp. 106 - 107).



~106-

Table 13

Product Ratios for Todine-Catalyzed
Stereoisomerization of

5,6=Dihydroxy-5,6-dihydrolycopene

Stereoisomer Per cent of Recovered Per cent of
: 5,6=Dihydroxy=5,6- Starting Material
dihydrolycopene
Neo U 11 8
All-trans 51 3l
Neo A 12 8
Neo B 17 12
Neo C 9 6
Table 1l

Product Ratios for Fusion Stereoisomerization

of 5,6=-Dihydroxy-5,6-dihydrolycopene

Stereoisomer Per cent of Recovered Per cent of
5,6=Dihydroxy~5,6- Starting Material
dihydrolycopene

Neo U 12 10

All-trans 50 L2

Neo A 15 12

Neo B 22 18

Neo C ' 1 ‘ {1
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Table 15

Product Ratios for Stereoisomerizations

of 5,6=-Dihydroxy-5,6-dihydrolycopene

Stereolsomer Per cent of Recovered  Per cent of
5,6=Dihydroxy-5,6- Starting Material
dihydrolycopene

a, By Refluxing in Darkness:

All-trans 96 85
Neo A 1 1
Neo B 2 2
Neo C 1 {1

b. By Standing in Direct Sunlight:

All-trans 93 9
Neo A 2 2
Neo B L 3
Neo C 1 1
c. By Standing in Diffuse Daylight:

All-trans 99 92
Neo A < 1 <1l
Neo B < 1 <1
Neo C < 1 <1
d. By Photoflood Irradiation:

Neo U ) 2 2
All-trans Oly 78
Neo A 1 1
Neo B 2 2
Neo C 1 1
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B. EXPERIMENTAL PART

1. Materials and Methods.

Most of the materials, apparatus, and techniques used
in this study of the lycopene series were the same as those
described in Chapter 1. The principal changes are listed
below, and apply to all experiments in this Section unless
mention is made to the contrary.

Adsorbents. - In most instances, the adsorbent was the

lime-Celite mixture (p. 53); it is to be understood when
none is noted. Other adsorbents included zinc carbonate
(powdered technical, Harshaw Scientific Div. of Harshaw
Chemical Co., Los Angeles, Calif.) in mixtures with Celite.
Solvents. - Hexane mixed with technical chloroform
in various volume ratios was used for development of chro-
matograms. (Acetone - hexane mixtures could not be used,
since the high proportions of acetone necessary to migrate
the pigments prevented a clear separation of the zones. )
For elution, acetone was used. The complexing and cleavage
processes were carried out 1n alcohol-free chloroform, pre-
pared by washing continuously 1.5 liters of R. G. chloroform
with water for 1 hour, then drying it with phosphorus pen-
toxide and distilling over P205. These operations were
carried out in guasi-darkness. Alcohol-free acetone was ob-
tained by heating under reflux for 4 hours a suspension of

8 g. of potassium permanganate in 4 liters of C. P. acetone.
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Twenty grams of anhydrous potassium carbonate was then added,
and the solution was filtered and distilled.

chopene was prepared from commercial tomato paste
according to Sandoval and Zechmeister (36).

Partition behavior was determined by the method of

Petracek (13) in the systems, hexane - 95 per cent, -90 per
cent, or -85 per cent methanol.

Chromatographic Columns. - Cylindrical 28 x 8 cm.

columns were used in most instances; this size is to be

understood unless stated otherwise.

2. Formation and Hydrolysis of the Lycopene - Boron Tri-

fluoride Complex.

A total of 8 grams of lycopene, divided into eighty
100-mg. portions, was treated as follows:

a.) 100 mg. of lycopene was dissolved in 50 ml. of
alcohol-free chloroform; the solution was cooled to OO.

b.) 3 ml. of boron trifluoride etherate (20°) was added
with brisk agitation in an ice bath.

¢.) The complexing was allowed to continue in the cold
for only 30 seconds, even though the deep blue color of the
complex did not fully develop in that time. (Longer com-
plexing time resulted in extensive destruction of pigment.)

d.) The greenish-brown solution was poured gquickly, with
thorough mixing, into a pre-cooled mixture of 180 ml. of
alcohol-free acetone and 20 ml. of saturated sodium bicar-

bonate solution. After about 10 seconds, the original
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orange-brown carotenoid color was restored, and the mixture
was allowed to assume room temperature.

e.) Twenty such units were combined (corresponding to
2 g. of lycopene in 1 1. of chloroform) and washed in the
continuous apparatus, in darkness, for 2 hours.

f.) The then deep red solution was dried, evaporated
to 100 ml., and diluted to 1 1. with hexane. Photometric
estimation at this point showed 51 per cent pigment recovery,
calculated as lycopene.

g.) The solution was developed on 20 columns with about

1 1. of chloroform ~ hexane 2:3 for each:

16 several brown zones

30 several very pale yellow and pink zones
14 1light yellow (Zone 0)
70 many pale orange and pink zones

10 colorless interzone

46 orange ﬁZone I
24 yellow Zone II
21 pink EZone III
24 several orange zones Zone IV

Remainder of column: colorless

Filtrate: contained one 8-cm. broad, greenish-
yellow zone (Zone V), and showed strong
grey-blue fluorescence in ultraviolet light

h.) The pigments of the respective zones were eluted
and transferred to chloroform - hexane 2:3 by addition of
water. Since the organic phase had a density only slightly
less than that of water, its volume was doubled by addition
of hexane prior to thorough washing.

i.) The solutions O - V were dried and stored in the
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refrigerator until all the separate portions of each zone

could be combined.

3. Characterization of the Fractions.

5,6-Dihydroxy-5,6-dihydrolycopene. - The 80 Zones I

were combined and evaporated to 500 ml. Development on four
columns required about 1 1. of chloroform - hexane 2:3 for

each:

108 several narrow, pale, yellow and tan zones, with
colorless interzones

11 colorless interzone

80 bright orange (5,6-dihydroxy-5,6-dihydrolycopene)

22 yellow (cis: isomers of the above)

27 colorless interzone

10 orange

Remainder of column: colorless
Filtrate: pale yellow

After elution, transfer into chloroform - hexane 2:3,
and evaporation, the 5,6-dihydroxy-5,6-dihydrolycopene was
crystallized from benzene - 95 per cént methanol; the cis
isomers were combined with Zone II. Photometrically es-
tablished yield of all-trans substance: 604 mg. = 7.5 per
cent of the 8 g. of lycopene used; the crystals weighed
337 mg. = 4.2 per cent.

Properties of 5,6-Dihydroxy-5,6-dihydrolycopene:

Spectrum: Wavelengths of extinction maxima, 488, 456, 431 qy.
At A #

and infrared curves appear on pp. 109 and 110,

ol _ 16,1 x 10

1 om. (in hexane). The ultraviolet

max’
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Crystal Form: Long, thin, needle-like, orange prisms (from

benzene - 95 per cent methanol). (Photomicrograph on p. 52 .)

Melting Point: 170-171°.

Partition Behavior: U45:55 in hexane -~ 95 per cent methanol;

76:24 in hexane - 90 per cent methanol.

Chromatographic Behavior: Adsorbed on lime-Celite above
lycopene but below lycoxanthin (compared with an authentic

lycoxanthin sample originating from Solanum dulcamara berries).

Reaction with Acid Chloroform: Negative.

Analysis: Caled for CMOHBSOE: c, 84.15; H, 10.24

Found: | C, 84,20; H, 10.56

83.92; 10.14.

These results refer to two independent samples; each was
corrected for 1.7 per cent ash which could not be removed
even by thirty-fold washing of benzene solutions with con-
ductivity water.

Calcd. number of -OH groups: 2.0

Found (Zerevitinov): 2.1.

Cis Isomers of 5,6-Dihydroxy-5,6-dihydrolycopene. -

The 80 Zones II and the cis isomers obtained from chromato-
graphing Zone I were combined and evaporated to 100 ml., then
diluted to 1 1. with hexane and developed on four columns

with 1 1. of c¢hloroform - hexane 1:2 for each column:
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34 several tan zones
18 colorless interzone
9 orange (2all-trans-5,6-dihydroxy-5, 6—dihydrolycopene)
45 colorless interzone
4L orange (cis-5,6- dlhydroxy 5,6-dihydrolycopene)

8 colorless interzone

8 orange (cis-5,6-dlhydroxy-5,6-dihydrolycopene
8 orange (cis-5,6-dihydroxy-5,6-dihydrolycopene
8 orange g1§-5,6—dihydroxy—5,6~dihydrolycopene
12 pink

15 light yellow

8 colorless interzone

10 bright orange

Remainder of column, and filtrate: colorless

The sum of the all-trans and cis isomers thus isolated
was 296 mg. = 3.7 per cent of the lycopene. None of the
cis isomers could be crystallized, despite the ready crystal-
lizability of the all-trans form. The crystals of the all-
trans compound (from benzene - 95 per cent methanol) weighed

20 mg.

Unchanged Lycopene (Recovery). - The combined Zones

III were evaporated to 100 ml. and diluted to 1 1. with
hexane. Development on 8 columns with 1 1. of chloroform -
hexane 3:7 for each gave a single main pink zone, the pig-
ment of which was crystallized froh benzene - methanol and
identified with lycopene eXx tomatoes by the propertiesrlisted
in Table 17, p. 124, Recovery: 1.126 g. = 14.1 per cent.
The combined Zones IV were rechromatographed in the
same way. The main orange zone contained 288 mg. of neo-
lycopene A = 3.6 per cent of the starting material. A very

narrow, pale orange zone found much below neo-lycopene A
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Table 17

Comparison of the Pigment Recovered from

Zones I1I with Tomato Lycopene

Lycopene Lycopene
ex Tomatoes ex zones ITT
Partition behavior in 10030 100:0
hexane - 95 per cent
methanol
Melting point 173-174° 172-17,°

(no depression of mixéd
melting point)

Maxima in hexane

before iodine catalysis sol, Lr2, Li3 503, L72, Ll my
after iodine catalysis 198, 7, Lhly 198, 7, L3
Reaction with acid Negative Negative
chloroform

Crystal form (from benzene - Long, deep red Long, needle-
methanol) prisms like, red prisms

Chromatographic behavior No separation in mixed
chromatogram tests on
lime~Celite or on zinc
carbonate-~Celite 31,
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contained about 2 mg. (0.03 per cent) of a pigment which had
the same ultraviolet spectrum as, and did not separate from
in the mixed chromatogram test, the acetonide of 5,6~
dihydroxy-5,6-dihydrolycopene (p. 132). This pigment was
not detected when dioxan was substituted for acetone in the

hydrolysis of the complex.

5,6,5',6!-Tetrahydroxy-5,6,5',6'-tetrahydrolycopene. -

The combined Zones O were evaporated to 100 ml. and developed
on a single column with 2 1. of chloroform - hexane 1:1. The
main light yellow zone contained about 10 mg. (0.1 per cent
yield) of a pigment that was so soluble in methanol that
benzene - methanol systems could not be used for crystal-
lization; 2.1 mg. of crystals were obtained from chloroform -
hexane.

Properties of 5,6,5',6'-Tetrahydroxy-5,6,5',6"-

tetrahydrolycopene:

Spectrum: Maxima in hexane 470, 440, 417 mit. The ultra-
violet and infrared curves appear on pp. 112 and 113.

Crystal Form: Very small, nearly rectangular, yeilow—orange

prisms, arranged in clusters radiating from a center (from
chloroform - hexane),

Melting Point: 144-147°, sinters at 140°.

Partition Behavior: 0:100 in hexane - 95 per cent methanol;

4:96 1in hexane - 90 per cent methanol;

8:92 in hexane - 85 per cent methanol.
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Chromatographic Behavior: Very strongly adsorbed on lime-

Celite; found above lycoxanthin.

Reaction with Acid Chloroform: Negative.

5,6,5!',61'(?)-Tetrahydrolycopene. - The filtrates from

the 80 chromatograms on p. 120(containing Zone V) were com-
bined, evaporated to 1 1., and developed on 10 columns with
1 1. of hexane for each. The main yellow zone was crystal-
lized from benzene - methanol. Yield: 9.8 mg. = 1.2 per
cent (photometric estimate); the crystals weighed 2.0 mg.
(0.3 per cent).

Properties of 5,6,5!',6!'(?)-Tetrahydrolycopene:

Spectrum: Maxima in hexane, 473, 441, 418 mid. The ultra-
violet and infrared curves appear on pp. 114 and 115.

Crystal Form: Long, hair-like, light yellow needles, oc-

casionally radiating from a single point to form a "fur ball"
(from benzene - methanol).

Melting Point: 137—1390, sinters at 1350.

Partition Behavior: 100:0 in hexane - 95 per cent methanol,.

Chromatographic Behavior: Develops with hexane on lime-

Celite; 1s adsorbed below (-carotene.

Reaction with Acid Chloroform: Negative.

L, Methanolysis of the Lycopene - Boron Trifluoride Complex.

Using a sequence of operation similar to that described

for the hydrolysis (p. 119), 250 mg. of lycopene, in two
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125-mg. portions, was treated with BF3 etherate (15 ml.
each), and the resulting complex was cleaved with absolute
methanol (600 ml. each, at 0°). The product was developed
on a single 100 x 8 cm. lime-Celite column with 4 1, of

chloroform - hexane 1:9 for 6 hours:

10 brown

125 several red and orange zones (lycopene and cis isomers)

47 colorless interzone -

118 bright yellow-orange (all-trans-5,6-dimethoxy-

5,6-dihydrolycopene)

165 yellow cis forms of 5,6-dimethoxy-5,6-dihydrolycopene)

Remainder of column: several minor yellow zones

Filtrate: 1light yellow, with green fluorescence in
ultraviolet light

The photometrically estimated, unchanged lycopene, in-
cluding some cis forms, was 33.2 mg. = 13.3 per cent of
the starting material., The yield of all-ggggg—5,6—dimethoxy—
5,6-dihydrolycopene amounted to 33.6 mg. = 13.4 per cent;
an additional 31.5 mg. = 12.6 per cent was recovered in the
form of cis isomers. Crystals obtained (benzene - 95 per
cent methanol) from the all-trans fraction weighed 20 mg. =
8 per cent of the orlginal lycopene.

Properties of 5,6-Dimethoxy-5,6~-dihydrolycopene:

Spectrum: The ultraviolet spectrum is very similar to that
of the 5,6-dihydroxy-compound. Maxima in hexane 487, 456,

430 my.

Crystal Form: Long, flat, orange-yellow prisms, often in

clusters radiating from a central point (from benzene -
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95 per cent methanol).

Melting Point: 153-154°.

Partition Behavior: 98:2 in hexane - 95 per cent methanol.

Chromatographlic Behavior: Adsorbed on lime-Celite below neo-

lycopene A, but above ﬂ—carotene.

Reaction with Acid Chloroform: Negative,.
Analysis: Calecd. for two CHBO— groups: 10.32 per cent

Found: 9.33.

5. Some Conversions of 5,6-Dihydroxy-5,6-dihydrolycopene and

Its Derivatives.

a. Formation of 5,6,5',6!'-Tetrahydroxy-5,6,5'6"'-

tetrahydrolycopene from 5,6-Dihydroxy-5,6-dihydrolycopene

via the Boron Trifluoride Complex. - Complexing 25 mg. of

5,6—dihydroxy-5,6—dihydrolycopene as described for lycopene,
and hydrolyzing the complex at room temperature, ylelded a
complex pigment mixture. Development on a 24 x 4.5 em.
lime-Celite column with 1 1. of chloroform - hexane 2:3 took
about 75 minutes. Much destruction of pigment was noticed,
butithe single main yellow zone contained about 2 mg. of
pigment identical with 5,6,5',6'-tetrahydroxy-5,6,5',6'-

tetrahydrolycopene (p. 125).

b. Formation of Lycopene from 5,6,5'6'(?)-Tetra-

hydrolycopene by Means of N-Bromosuccinimide. - 15 mg. of

5,6,51,61(2)-tetrahydrolycopene was treated with NBS (1:1

mole ratio) as described for 3,4-dehydro-¢~carotene on
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P. 79 . Development on a 20 x 3.5 cm., lime-Celite column
with 400 ml. of chloroform - hexane 1:5 yielded one 8-mm.
broad red zone and several orange zones of similar width
below it. The red zone contained 0.1 mg. of lycopene
(yield,_O.T per cent), and the orange pigments were stereo-
isomers of a 1lO-conjugated-double-bond hydrocarbon (1 mg. =

7 per cent).

c. Etherification of 5,6-Dihydroxy-5,6-dihydro-

lycopene: Freparation of 5—Hydroxy—6—methoxy~5,6—dihydrb—

lycopene. - The directions given here were adapted from
the procedure of Karrer and Takahashi (37) for the etheri-
fication of zeaxanthin. 50 mg. of 5,6-dihydroxy-5,6-
dihydrolycopene was dissolved in 15 ml. of boiling, dry
toluene. 25 mg. of potassium was dissolved in 0.5 ml. of
tert-amyl alcohol and diluted to 1 ml. with boiling dry
toluene. The two solutions were combined, whereupon the
mixture quickly turned from red-orange to dark brown. The
mixture was kept at 60° for 15 min., then cooled to 0° in an
ice bath. After addition of 2 ml. of methyl iodide, the
solution was warmed to 60° and kept there for an hour. Then
60 ml. of hexane was added, and the solution was washed con-
tinuously with water until the hypophase was no longer basic
(about 20 min.).

The product was evaporated to dryness and dissolved in
100 ml. of hexane, with the initial aid of a few drops of

chloroform. Development on a 24 x 4.5 em. lime-Celite
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column required about 500 ml. of chloroform - hexane 1:5:

5 brown-ocrange

7 orange

15 orange (5,6-dihydroxy-5,6-dihydrolycopene)

12 orange

67 yellow-orange (all-trans-5-hydroxy-6-methoxy-
5,6~dihydrolycopene)

54 yellow (cis forms of 5-hydroxy-6-methoxy-5,6-
dihydrolycopene)

27 colorless interzone

10 very pale yellow

Remainder of column: colorless

Filtrate: very pale yellow; no fluorescence
in ultraviolet light

The amount of all-trans-5-hydroxy-6-methoxy-5,6-
dihydrolycopene was photometrically estimated as 18 mg. =
.36 per cent conversion; an additional 10 mg. (20 per cent)
was recovered in the form of cls isomers. The all-trans
crystals obtained from benzene - methanol weighed 12 mg.

(= 24 per cent).
Properties of 5-Hydroxy-6-methoxy-5,6-dihydrolycopene:

Spectra: Maxima in hexane 486, 455, 430 mjt. The ultra-
violet and infrared curves appear on pp. 116 and 117.

Crystal Form: Thin, nearly rectangular, pinkish-orange

plates (from benzene - methanol).

Melting Point: 146-147°,

Partition Behavior: 84:16 in hexane - 95 per cent methanol.

Chromatographic Behavior: Adsorbed on lime-Celite above

5,6~dimethoxy-5,6-dihydrolycopene but just below lycopene.

Reaction with Acid Chloroform: Negative.
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d. Preparation of Lycopene Mono-epoxide. ~ To 100 mg.

of lygopene, dissolved with some warming in 400 ml. of
absolute ether, was added 100 mg. of perphthalic acid (200
per cent éxcess) dissolved 1in 200 ml. of absolute ether,

The mixture was allowed to stand for one week in the dark

at room temperature and was shaken twice daily during that
time. After a week, lycopene crystals were filtered off.
The filtrate was washed with 2 x 100 ml. of saturated sodium
bicarbonate solution and evaporated completely. The residue
was dissolved in hexane and developed for 1 hour on a 24 x

L.5 ecm., column with 400 ml. of chloroform - hexane 1:5:

16 brown

5 very pale pink

5 colorless

ol pink-orange (lycopene)

15 yellow-~orange

L yellow-orange

10 colorless

12 very pale orange (lycopene mono-epoxide)

Remainder of column, and filtrate: colorless

The yield of lycopene mono-epoxide was photometrically
estimgated to be 1.5 mg. = 1.5 per cent. Total lycopene re-
covered unchanged, 80 mg. = 80 per cent.

Properties of Lycopene Mono-epoxide:

Spectrum: The spectrum in the ultraviolet and visible regions
is similar to those of 5,6-dihydroxy- and 5,6-dimethoxy-5,6-
dihydrolycopene. Maxima in hexane, 487, U455, 428 mp.

Partition Behavior: 99:1 in hexane - 95 per cent methanol.
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Chromatographic Behavior: Adsorbed on lime-Celite slightly

above 5,6-dimethoxy-5,6—dihydrolycopene.

Reaction with Acid Chloroform: Negative,

Hydrolysis: One mg. of lycopene mono-epoxide in 20 ml. of

hexane was shaken with 10 ml. of 10 per cent methanolic KOH
for 24 hours. The epiphase was then washed free of base

(20 minuteslin the LeRosen apparatus) and developed on a 20 x
3.5 em. lime-Celite column with 400 ml. of chloroform -
hexane 3:7 for one and a half hours. The main pale orange
zone contained 0.2 mg. (photometric estimate) of a pigment
which was shown by mixed chromatography, partition behavior,
and spectrum to be identical with 5,6-dihydroxy-5,6-dihydro-
lycopene prepared by hydrolysis of the lycopene - boron

trifluoride complex,

e. Formation of 5,6-Dihydroxy-5,6-dihydrolycopene

Acetonide. - To 25 mg. of 5,6-dihydroxy-5,6-dihydrolycopene,
dissolved in 25 ml., of anhydrous benzene, 25 ml. of anhydrous
acetone and 50 mg. of anhydrous copper sulfate were added.
The solution was shaken in the dark, continuously for 16
hours, washed acetone-free, and eﬁaporated to dryness. The
residue, redissolved in hexane, was developed on a 20 X 3.5
cm, lime-Celite column with 500 ml., of chloroform - hexane
1:9. The main orange zone and two minor orange zones (just
below) contained unchanged starting material and cis isomers,
total 22 mg. The minor yellow zone near the bottom of the

column contained 0.6 mg. (2.4 per cent conversion) of the
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desired acetonide.

Properties of 5,6-Dihydroxy-5,6-dihydrolycopene

Acetohide:
Spectrum: Similar to 5,6-dihydroxy- and 5,6-dimethoxy-5,6-
dihydrolycopene; maxima in hexane, 486, 455, U429 my.

Partition Behavior: G7:3 in hexane - 95 per cent methanol,

Chromatographic Behavior: Adsorbed very slightly above 5,6-

dimethoxy-5,6-dihydrolycopene on lime-Celite.

Reaction with Acid Chloroform: Negative,

Hydrolysls: To 0.5 mg. of the acetonide in 10 ml. of

absolute ethanol was added 1 ml. of 1 N HCl, and the mix-
ture was shaken for 4 hours; 25 ml. of hexane and 25 ml. of
acetone were then introduced, and the epiphase was washed
acetone-~ and alcohol-free. A chromatogram of the product
on a 18 x 1.8 cm. lime-Celite column, developed with 100 ml.
of chloroform -~ hexane 3:7 (1 hour), showed one main orange
zone, which contained 0.2 mg. of 5,6-dihydroxy-5,6-dihydro-

lycopene.

f. Formation of 5,6-Dihydroxy-5,6-dihydrolycopene

Diacetate. - 9 mg. of 5,6-dihydroxy-5,6-dihydrolycopene was
dissolved in 0.3 ml. of anhydrous pyridine in a centrifuge
cone, and 10 drops of acetyl chloride (C. P.) were added
cautiously, one at a time, while stirring and cooling in
an ice bath. The mixture was then heated on a steam bath
under reflux for 1 hour. The contents of the centrifuge

cone were transferred to a separatory funnel by rinsing the
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cone successively with 50 ml. of hexane, 50 ml. of acetone,
and 3 x 5 ml. of absolute methanol. The pigment was
transferred to hexane and washed continuously for 30 min.
Development with 250 ml. of chloroform - hexane 1:5 on a
20 x 3.5 em. column of zinc carbonate - Celite 6:1 gave,
after one and a half hours, two main orange zones. The
upper one contained unreacted 5,6-dihydroxy-5,6-dihydrolyco-
pene (3 mg.) and the lower one, 3 mg. of 5,6-dihydroxy-
5,6-dihydfolycopene diacetate.

Properties of 5,6-Dihydroxy-5,6-dihydrolycopene Diacetate:

Spectrum: Similar to those of 5,6-dihydroxy- and 5,6-dimeth-
oxy-5,6-dihydrolycopene. Maxima in hexane, 487, 455, 428 QF“

Partition Behavior: 89:11 in hexane - 95 per cent methanol.

Chromatographic Behavior: Adsorbed on zinc carbonate -

Celite 6:1 below 5-hydroxy-6-methoxy-5,6-dihydrolycopene
but above 5,6-dimethoxy-5,6-dihydrolycopene.

Reaction with Acid Chloroform: Negative.

Hydrolysis: 2 mg. of the diacetate was hydrolyzed as de-

scribed for U-acetoxy-q~carotene (p. 86). The chromato-
gram, developed on lime-Celite (20 x 3.5 cm) with 250 ml.
of chloroform - hexane 3:7, showed a single maln orange zone

which contained 1.5 mg. of 5,6-dihydroxy-5,6—dihydrolycopene.

6. Stereoisomerization of 5,6-Dihydroxy-5,6-dihydrolycopene.

The materials and procedures used were similar to those

described for 4-hydroxy-@-carotene on pp. 87 to 94, except
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that 600 ml. of chloroform - hexane 3:7 was used to develop

mol.

1 em of the lodine-

the chromatograms in about 1 hour, E
catalyzed equilibrium mixture = 14.2 x 104 (in hexane).

a. Iodine-catalyzed Stereoisomerization.

From 24.8 mg. of all-trans starting material, the

photometrically estimated pigment recovery was 92 per cent:

2L several brown zones
10 colorless interzone
28 orange (neo U)

5 colorless interzone
13 orange-

60 nearly colorless interzone
117 orange (all-trans)
21 light yellow
24 colorless interzone
30 orange (neo A)
23 colorless interzone
39 orange (neo B)
12 colorlesgss interzone
22 orange (neo C)

Remainder of column, and filtrate: colorless

A summary of the relative amounts of the stereoisomers
formed will be found in Table 13, p. 106.

b. Stereoisomerization by Fusion (Melting Crystals).

The photometric estimate showed a pigment recovery of
94 per cent of the 14.3 mg. treated. The column wag similar
to that described above, except that all pigment zones were
somewhat paler, and the filtrate had a pale yellow fluoresc-
ence in ultraviolet light. A summary of the relative amounts

of isomers formed will be found in Table 14, p. 106.
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c. Stereoisomerization by Refluxing in Darkness.

The pigment recovery was 99 per cent of the original
24,0 mg. The chromatogram showed one main zone (20 cm.)
containing unchanged all-trans pigment, and three pale zones
below it, containing neos A, B, and C. The ratios of the
isomers formed are shown in Table 15, p. 107.

d. Stereoisomerization by Standing in Direct Sunlight.

The average incident light intensity was: N, 10,400
lumens per square foot; E, 8000; S, 28,000; W, 14,400; and
V, 32,000. The average ambient air temperature was 24°, and
the final solution temperature was 350. The starting material
welghed 22.6 mg., and the photometrically estimated pigment
recovery was 94 per cent. The chromatogram was similar to
that described in Bart c., above. The stereoisomeric ratios
are summarized in Table 15, p. 107.

e. Stereoisomerization by Standing in Diffuse Daylight.

The all-trans starting material (23.5 mg;) was exposed
to light of the average intensity N, 3600 lumens per square
fbot; E, 1600; S, 800; W, 2400; and V, 10,400, The average
air temperature and the final solution temperature were ol°,
The recovered pigment (99 per cent, photometric estimate)
gave a chromatogram similar to that described in Part c. The
stereoisomeric ratios are summarized in Table 15, p. 167.

f. Stereoisomerization by Irradiation with Photoflood

Bulbs.

The average ambient air temperature was 290, and the
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final solution temperature was 350. Pigment recovery: 93
per cent of the original 22.2 mg. The chromatogram was
similar to that described in Part c., except that the neo U
isomer appeared as a milnor zone above the all-trang compound.

The stereoisomeric ratios are summarized in Table 15, p. 107.
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III. 7 -CAROTENE AND BORON TRIFLUORIDE ETHERATE

A, THEORETICAL PART

1. Introduction.

The third complex to be investigated was that of
7 -carotene, CyqHcg (XXIX):

5" \ /f H\2

H.C CH
3\ / 3 CH CH cs' 3 CH2
,’i , 3 | 3
C~- CH_CH—C =CH~-CH=CH~C=CH- CH—CH CH=C~-CH=CH- CH-C~CH—CH CH ZCH
, " 10 u a2 35 15 15 4 mélz noo ng? YA ;/’
5,02 $c 3 3 /
2'\4/ N\ ae’ e
CH, CH 3 3
3
B-Ionone ring Y -Ionone "ring"

(XXIX.) Y-Carotene.

AN YTY 4 ‘\

(XXIXa.) 7-Carotene.
The formula shows that one end of the P-carotene molecule
is ecyclized to a Wg—ionone ring," while the other end is
aliphatic, as in lycopene. Thus, two types of hydrolysis
products could be expected from the 7Y-carotene - boron tri-
fluoride complex: one series similar to the lycopene pro-
ducts and the other involving substitution on the/e—ionone

ring.
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2. Hydrolysis Products of the 7-Carotene - Boron Trifluoride

Complex.
4_Hydroxy-7-carotene (XXX) was the "main" product

isolated from a very complicated pigment mixture. Its par-
tition ratio and an absorption band at 2.7§/lgave strong
indication that this compound is a monohydric alcohol.

The reactions used to characterize L4-hydroxy-Y-carotene are

summarized in Chart 4 (p. 140) and described below (a.-d.).

\"/ ‘\

OH

(XXX.) 4-Hydroxy-T-carotene.

(a.) Dehydration by the acid chloroform reagent proves
the allylic position of the -OH group (12). Absence of
fine structure in the visible spectrum of the dehydration
product shows that the hydroxyl group is attached to the
/A -ionone ring, since 3,4-dehydro-Y-carotene (XXXI) would
not be expected to exhibit extensive fine structure (4).
In contrast, 3',4'-dehydro-Y-carotene (XXXII), which would
be formed from dehydration of the (unknown) 4'-hydroxy-Y-caro-

tene, would show fine structure.
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N2 N 2NN
y/

(XXXI.) 3,4-Dehydro-J)-carotene  (XXXII.) 3',4'-Dehydro-
Y-carotene.

(No fine structure expected. ) (Extensive fine structure
expected.)

(b.) The formation and hydrolysis of an ether (XXXIII)
simply by acld catalysis also shows that the hydroxyl group
is allylic to the main chromophore.

(c.) L_-Hydroxy-7-carotene was oxidized by air to
Uh-keto-)Y-carotene (XXXIV). The ketone had a longer wave-
length maximum than the hydroxy compound, indicating that
the carbonyl group formed was in conjugation with the main
chromophore.

(d.)vThe formation and hydrolysis of 4-acetoxy-7-caro-
tene (XXXV) represent pertinent evidence.

Formation of A4-Hydroxy-7-carotene undoubtedly occurred

by a mechanism similar to that which resulted in the forma-
tion of U4-hydroxy-g{-carotene (p. iO ). A second parallel

to the behavior of Q-carotene can also be made: namely,
that only the ﬁ—ionone ring is substituted. Other parallels
to the lycopene and O-carotene series, such as the hydro-
genation of the starting material, can be seen in the minor

products listed below.
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5,6,7,8,5',6',7',81(?)-0Octahydro-¥-carotene (XXXV) is

probably produced in a manner similar to the reduced lyco-
pene énd ad-carotene derivati#es described above. From its
partition it is seen to be a hydrocarbon while the visible
spectrum indicates the presence of a T-double-bond chromo-
phore. However, the chromophore could not be proved to be
symmetrically located; neither could the absence of an

isolated double bond (e.g., in the 5,6-position) be demon-

strated.

(xxxv1.) 5,6,7,8,5',61,71,8'-Octahydro-Y-carotene.

5,6,51,6!-Tetrahydro-7-carotene (XXXVII ). - The in-

tense fine structure in the spectrum supports the absence
of a ring double bond (both p-carotene and lycopene have

11 conjugated double bonds, but the spectral curve of
f-carotene shows much less fine structure than does that of

lycopene).

N 7 ~N

(XXxviI.) 5,6,5',6!'-Tetrahydro-Y-carotene.
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51,61-Dihydro-7-carotene (XXXVIII). - Its spectrum is

almost ldentical to that of e-carotene; hence the chromo-
phore is believed to consist of 10 conjugated double bonds,

one of which is located in the @-lonone ring.

(XXXVIII.) 5',6'-Dihydro-7-carotene.

2-Hydroxy-3,4-dehydro-5!,6',7',8'-tetrahydro-7-caro-

tene (XXXIX) gives a positive allylic test and shows the
partition behavior of a hindered alcohol (13). The spectrum
displays the lack of fine structure characteristic of a
3,4-dehydro-compound (or a conjugated ketone); and the posi-

tion of the A indicates 10 conjugated double bonds.

max
Petracek (4) has explained the formation of 2-hydroxy-

3,4-dehydro-fB-carotene from retro-bisdehydro-B-carotene and

HO

(XXXIX.) 2-Hydroxy-3,4-dehydro-5',6',7',8'-tetrahydro-7-caro-

tene.

described the properties of the 2-hydroxy compound. Probably,

the 2-hydroxy-3,4-dehydro-structure is obtained via dehydra-
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tion of the 4-hydroxy derivative to the 3,4-dehydro-structure,
and, during the 5 - 10 seconds required for the hydrolysis

of the T-~carotene - BF3 complex, the 3,4-dehydro compound

is re-complexed and undergoes a second allylic substitution,
to give the 2-hydroxy-3,4-dehydro-structure. Hydrogenation
of the aliphatic end of the molecule occurs as described

for lycopene (p. 104).

Unchanged Y-carotene was identified with an authentic
sample by spectrum, partition behavior, melting point, and
mixed chromatogram test.

5,6~Dihydro-Y-carotene (XL) is a hydrocarbon with a

spectrum nearly identical to that of 5,6-dihydroxy-5,6-
dihydrolycopene. It is believed that the 5,6 double bond
of Y-carotene has been hydrogenated, resulting in a 1l0-
double-bond chromophore that is located entirely in the

aliphatic portion of the molecule,
\"/ |\

(XL.) 5,6-Dihydro-7-carotene,.

51,6'-Diethoxy(?)-5',6'-dihydro-7-carotene (XLI) shows

nearly the e-carotene spectrum; hence the 5',6' double bond
is here missing. This compound is not identical to any
known @-carotene derivative, however. The partition ratio

is characteristic of a di-ether, and the proposed ethoxyl
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groups may have originated from a trace of ethanol present
in the acetone used during hydrolysis of the complex. A
second possibility 1s that this compound would represent
the acetonide of the still unknown 5',6'-dihydroxy-5',6'-

dihydro-7-carotene.

HsC,0
A X TY / N

OCZHE
(XLI.) 5',6'-Diethoxy-5',6'-dihydro-7-carotene.

L-Keto-7-carotene (XXXIV) was identified by its spectrum,

partition behavior, preparation by oxidation of 4-hydroxy-
Y-carotene, and a peak at 6.00 . It is belleved that this
compound is an autoxidation product of 4-hydroxy-Y-carotene,
rather than a primary product of the hydrolysis (cf. 4-keto-

o-carotene, p. 15 ).

oo l\

)
(XXXIV.) 4-Keto-)-carotene.

51 -Hydroxy(?)-5!,6'-dihydro-7-carotene (XLII). - The

similarity of the spectrum of this compound to that of
o-carotene shows that the two have identical chromophores.

A peak at 2.7?/; and the partition ratio indicate the
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presence of a single "hindered'" hydroxyl group, although an
additional ethoxyl group, for example, 1s not excluded. The
formafion of this compound may have taken place via some
initial stages (not shown here, cf. p. 103) similar to the

formation of 5,6-dihydroxy-5,6~-dihydrolycopene.

LR I

OH

(XLII.) 5'-Hydroxy-5',6'-dihydro-Y-carotene.

41 _Hydroxy-3,4-dehydro-Y-carotene (XLIII). - The length

of the chromophore of this compound was indicated by the
spectrum. The presence and allylic nature of the hydroxyl

group were shown by the infrared curve and the positive
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allylic test. A 2-position for the hydroxyl group would be
in contradiction with the partition ratio (13); the U4'-posi-
tion'is the only location for the hydroxyl group consistent
with all observed properties of the compound. This is the
only known example of allylic substitution of a hydroxyl

group at the aliphatic end of either 7-carotene or lycopene.

(XLIII.) 4'-Hydroxy-3,4-dehydro-Y-carotene.
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Flg. 34, Extinetion Curves in Hexane of 5,6,7,8,5',6',
71,81{(?)~-0ctahydro-Y-carotene (top), 5,6,5',6'-Tetranydro-
Y-carvotene (mlddle), and 5',6'-Dihydro-7-carotene (bottom):
» fresh solutlion of {he respective all-t{rans compounds;
and - - -, iodlne-catalyzed stereoclsomeric equilibrium mix-
Lures.
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Fig, 35. Extinction Curves in Hexane of 2-Hydroxy-
3,4-dehydro~51,61,7t,8'-tetrahydro~Y-carotene (tor), 5,6-
Dihydro-Y-~carotene (middle), and 5¢',6'-Diethoxy(?)-5',61~
dihydro-Y-carotene (bottom): ., fresh solution of the
regpective all-trans compounds; and - - -, lodine-catalyzed
stereolsomeric equilibrium mixtures.
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r-carotene (top), 5'-Hydroxy(?)-5',6'-dihydro-Y-carotens
(middle), and 4t'-Hydroxy-3,4-dehydro-Y-carotene {botton):

, fresh solution of the respective all-fLrans compounds;
and - - -, icdine-catalyzed equllibrium mixturss,
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51,61,71,3'(?)-0ctatydro-Y-carotene (top), 5,5,5',6'-Tetra-
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B. EXPERIMENTAL PART

1. Materials and Methods.

T-Carotene. - The 7-carotene sample was prepared from

pro-Y-carotene obtained from Pyracantha angustifolia berries

according to Zechmeister and Pinckard (38). The polycis
compound was converted to all-trans-7-carotene by iodine
catalysis and subsequent chromatography. About 25 mg. of
pro-Y-carotene was dissolved in 100 ml. of hexane in a
Pyrex volumetric flask. After addition of 0.25 mg. of
iodine, the solution was illuminated for two hours under
the fluorescent lamp described on p. 88.

Following illumination, three such portions were com-
bined and developed with 1 1. of 3 per cent acetone in
hexane on a 30 x 8 em. lime-Celite column. The pigment of
the main salmon-pink zone, all-trans-7-carotene, was crystal-
lized from benzene - methanol, and the minor zones (mostly
cils isomers) were collected and catalyzed again with iodine.
Total yield, 250 mg. of a11—§£§g§—7:carotene, m. p. 131.5 -
133.5° (39).

All other materials and procedures have been described

in the @-carotene Chapter of this Thesis.

2. Formation and Hydrolysis of the 7?-Carotene - Boron Tri-

fluoride CompleXx.

A total of 250 mg. of all-trans-J-carotene, in ten por-

tions, was complexed and hydrolyzed at room temperature as
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follows:

a.) 25 mg. of Y-carotene was dissolved in 25 ml. of
alcohbi-free chloroform.

b.) 1 ml. of boron trifluoride etherate was added
with vigorous agitation, and the complexing was ailowed to
proceed for exactly 120 seconds. The solution was then a
dark blue-green, not yet a pure blue.

¢.) The solution was poured into a mixture of 10 ml,
of saturated sodium bicarbonate solution, 10 ml. of distilled
water, and 75 ml, of C. P. acetone. The red carotenoid
color was restored within 5 to 10 seconds.

d.) The hydrolysis product was then diluted to 200 ml.
with hexane and allowed to stand until all fen portions had
been similarly treated.

e.) The pigment of the ten units combined was transferred
to hexane by careful addition of water; the epiphase was
washed acetone-free, dried, and evaporated completely. The
photometrically estimated pigment recovery, calculated as
Y-carotene, was 99 mg., or about Lo per cent of the starting
material.

f.) The residue was dissolved in 100 ml. of hexane (with
the initial aid of a few drops of chloroform) and developed
on four 45 x 4.5 cm. columns with 500 ml. of 4 per cent ace-

tone in hexane to each (about 75 min.):
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tan

bright orange

purple

dull orange (Top Zones)
pale purple

pale orange

pale orange

pale pink (Zone E)
colorless 1nterzone
pale yellow-orange (Zone D)

nearly cclorless interzone
several poorly separated pale yellow and

orange zones (cis isomers of Zones A - E)
colorless interzone

orange (Zone C)
colorless interzone
yellow (Zone B)

nearly colorless, with pale yellow fluorescence
in ultravioclet light

yellow-green (Zone A)

pale yellow-green, with yellow-grey fluorescence

Remainder of column, and filtrate (10 ml.):

colorless, with no fluorescence

The four portions each of Zones A - E were combined,

eluted with acetone, transferred to hexane, and washed

acetone-

free.

The combined "Top Zones" were eluted with ethanol,

transferred to hexane, and washed ethanol-free; they con-

tained 47.5 mg. of pigment (19 per cent of the starting

material), calcd. as 7-carotene.

g.) The combined "Top Zones" were developed for two

and a half hours on two 45 x 4.5 cm. columns with 1 1., of

acetone

- hexane 1:9 for each:

14 tan

14 pink EZone M
17 orange Zone L
20 orange (Zone K
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15 pink §Zone Jg
16 yellow Zone I
35 nearly colorless interzone
20 orange (Zone H)
54 nearly colorless interzone
20 yellow (Zone @)
23 nearly colorless interzone
24 yellow (Zone F)

Remainder of column: five evenly spaced, harrow,
pale yellow zones
Filtrate: pale yellow

The two portions of each lettered zone were combined,
eluted with acetone - ethanol 1:1, transferred to hexane,

washed acetone-free, and dried.

3. Characterization of the Fractions.

Each of the lettered zones was rechromatographed
on a single 20 x 3.5 cm. lime-Celite column with the de-
velopers recorded under the individual compounds. Each
chromatogram showed a’ single main zone separated from any
minor zones present by colorless interzones at least 5 mm.
wide.

Ultraviolet and infrared spectra of the individual
compounds will be found on pp. 148 to 155; the curves were
recorded using chromatographically pure and homogeneous
material in all cases when crystals were not available;
Zones A - D, F, I, K, and M have not crystallized. The
yields reported below are photometric estimates, unless
otherwise stated. 8Some properties of the fractions are

listed below, in the order of increasing adsorption
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affinities,

Zone g‘(5,6,7,8,5',6',7',8'(?)—Octahydro-7lcarotene):

Yield: 1.7 mg. = 0.7 per cent of the original 7-carotene.

Chromatographic Behavior: Develops with hexane; is adsorbed

below O-carotene.

Partition Behavior: 100:0 in hexane - 95 per cent methanol.

Reaction with Acid Chloroform: Negative.

zone B (5,6,5',6'-Tetrahydro-7-carotene):

Yield: 3.1 mg. = 1.3 per cent.

Chromatographic Behavior: Develops with hexane; is adsorbed

slightly above f3-carotene.

Partition Behavior: 100:0 in hexane -~ 95 per cent methanol.

Reaction with Acid Chloroform: Negative.

Zone C (5',6'-Dihydro-¥-carotene):

Yield: 2.3 mg. = 0.9 per cent.

Chromatographic Behavior: Develops with hexane; is adsorbed

above ﬁ— but below 7Lcarotene.

Partition Behavior: 100:0 in hexane - 95 per cent methanol.

Reaction with Acid Chloroform: Negative.

Zone D (2-Hydroxy-3,4-dehydro-5',6',7',8'-tetrahydro-

7 -carotene):

Yield: &4 mg. = 1.6 per cent.

Chromatographic Behavior: Develops with 2 per cent acetone

in hexane; 1s adsorbed slightly below 72carotene.

Partition Behavior: 90:10 in hexane - 95 per cent methanol

g8:2 1in hexane - 90 per cent methanol.

Reaction with Acid Chloroform: Positive.
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Zone E (Unchanged Y-Carotene):

Yield (Recovery): 1.7 mg. = 0.7 per cent.

Chrométographic Behavior: Develops slowly with 2 per cent

acetone in hexane; does not separate from an untreated
sample of the starting material in a mixed chromatogram test.

Crystal Form: Salmon-colored needles, often occurring in

clusters (from benzene - methanol).

Melting Point: 133-134°.

Partition Behavior: 100:0 in hexane - 95 per cent methanol.

Reactlion with Acid Chloroform: Negative.

Zone F (5,6-Dihydro-7-carotene):

Yield: 0.5 mg. = 0.2 per cent.

Chromatographic Behavior: Develops easily with 5 per cent

acetone in hexane; is adsorbed slightly above Y-carotene.

Partition Behavior: 100:0 in hexane - 95 per cent methanol.

Reaction with Acid Chloroform: Negative.

Zone G (5',61-Diethoxy(?)-5',6!'-dihydro-Y-carotene):

Yield: 1.3 mg. = 0.5 per cent.

Chromatographic Behavior: Develops with 5 per cent acetone

in hexane; 1s adsorbed above U4-ethoxy-@-carotene and
7-carotene, but below 4-keto--carotene,.

Partition Behavior: 96:4 in hexane - 95 per cent methanol.

Reaction with Acid Chloroform: Negative.

Zone H (4-Keto-T-carotene):

Yield: 1.2 mg. = 0.5 per cent.

Chromatographic Behavior: Develops slowly with 5 per cent

acetone in hexane; is adsorbed above 7-carotene and U-keto-



-162~

ﬁ—carotene but below M-hydrony7¥carotene.

Crystal Form: Dark red rhomboidal platelets (from benzene -

methanol).

Melting Point: 140-142°.

Partition Behavior: 89:11 in hexane - 95 per cent methanol

98:2 in hexane - 90 per cent methanol.

Reaction with Acid Chloroform: Negative.

Zone E’(cis Forms of 5'-Hydroxy(?)-5'!',6'-dihydro-

Y-carotene):

This zone contained a total of 2 mg. (0.8 per cent
yield) of pigments which were shown, by the usual methods
(ef. p. 87), to be (uncrystallizable) cis isomers of
5t-hydroxy(?)-5',6'-dihydro-7-carotene.

Zone J (All-trans-5t!-hydroxy(?)-5',6'-dihydro-?-carotene):

Yield: 2.3 mg. = 0.9 per cent.

Chromatographic Behavior: Develops slowly wlth acetone -

hexane 1:9; is adsorbed above isocryptoxanthin (4-hydroxy-
P-carotene) but below 4-hydroxy-¥-carotene.

Crystal Form: Long, straw-yellow needles, clustered into

"furry balls' (from benzene - 95 per cent methanol).

Melting Point: 136-138°,

Partition Behavior: 87:13 in hexane - 95 per cent methanol
97:3 1in hexane - 90 per cent methanol.

Reaction with Acid Chloroform: Negative.

zone K (g¢is Forms of i -Hydroxy-7-carotene):

This Zone contained a total of 3.7 mg. (1.5 per cent
yield) of pilgments which were shown to be cis 4-hydroxy-

J-carotenes.,
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Zone L (All-trans-4-hydroxy-Y-carotene):

Yield: 5.9 mg. = 2.4 per cent.

Chromatographic Behavior: Develops very slowly with acetone -

hexane 1:9; is adsorbed above isocryptoxanthin (4-hydroxy-
ﬂ-carotene), but below lycopene.

Crystal Form: Nearly rectangular, deep orange plates, many

with jagged or broken ends (from benzene - methanol). The
crystals weighed 0.5 mg. (0.2 per cent yield).
Melting Point: 144-145°,

Partition Behavior: 82:18 in hexane - 95 per cent methanol

92:8 1in hexane - 90 per cent methanol.

Reaction with Acid Chloroform: Positive; the color change

is immediate and pronounced. The spectrum of the dehydrated
product showed a broad maximum at 467 H%Abut no fine struc-
ture in the visible region.

Acetylation: To a solution of 2 mg. of 4-hydroxy-Y-carotene

in 1 drop of anhydrous pyridine 1 drop of acetyl chloride
(c. P.) was added. After standing for an hour, first 10 ml.
of methanol and then 10 ml. of hexane were added. The
pigment was transferred to hexane and developed with the
same solvent on a 18 x 1.8 em. column. The upper zone con-
tained unesterified 4-hydroxy-P-carotene (0.1 mg.), and

the lower one contained 1.4 mg. of 4-acetoxy-)-carotene.

Its spectrum is very similar to that of Y-carotene and

4 -hydroxy-Y-carotene. The partition ratio of the 4-acetoxy-
compound is 95:5 in hexane - 95 per cent methanol. The

acetate can be hydrolyzed to 4-hydroxy-J-carotene by shaking
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a dilute hexane solution with 1 vol. of 20 per cent methanolic
KCH.

Etherification: 2 mg. of M-hydroxy-rtcarotene was dissolved

in 5 ml. of absolute ethanol, and 3 drops of the acid chloro-
form reagent was introduced. After standing for 12 hours,
the pigment was transferred to 10 ml. of hexane and developed
on a 18 x 1.8 cm. column with 2 per cent acetone in hexane.
The top orange zone contained unreacted 4~hydroxy—7icarotene,
0.2 mg., and the lower, main orange zone contained 0.9 mg.

of U-ethoxy-7-carotene. The spectrum of the latter 1s very
similar to that of Y-carotene. The partition ratio of the
ether is 99:1 in hexane - 95 per cent methanol. The 4-ethoxy-
compound was hydrolyzed to 4-hydroxy-7-carotene by the

method just described for preparation of the ether, but using
water - acetone 1l:4 in place of absolute ethanol.

Oxidation: 1 mg. of 4-hydroxy-J-carotene was dissolved in

5 ml. of R. G. Chloroform and air was bubbled through for

1 hour. The pigment was then transferred to hexane and
developed with 5 per cent acetone in hexane on a 18 x 1.8

em. column; the upper zone (orange) contained U-hydroxy-
7-carotene, and the lower one (pink) contained 0.1 mg. of
4-keto-Y-carotene (10 per cent conversion).

Zone M (4'-Hydroxy-3,4-dehydro-7-carotene):

Yield: 2.3 mg. = 0.9 per cent.

Chromatographic Behavior: Develops very slowly with

acetone - hexane 1:9; is adsorbed above 4-hydroxy-¥-caro-

tene,
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Partition Behavior: 83:17 in hexane - 95 per cent methanol

95:5 in hexane - 90 per cent methanol.

Reaction with Acid Chloroform: Positive.
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PROPOSITIONS

1. The tomato pigment lycopene 1is proposed as an indi-
cator for the detection and estimation of atmospheric oxidants
(smog). Lycopene would have the same or greater sensitivity
to oxidants and the same ease of photometric estimation as,
for example, the phenolphthalein used by Professor Haagen-
Smit (1). The polyene pigment would have the additional ad-
vantage that formation of acetone could be used to estimate
the atmospheric ozone concentration as well as the total oxi-
dants, without the need for a separate ozone test material,

such as rubber (2).

2. According to Karrer, the dehydrogenation of lycopene
by means of N-bromosuccinimide in carbon tetrachloride solu-
tion yields "dehydrolycopene,'" which crystallizes directly
from the reaction mixture (3). A chromatographic analysis
of the mother liguor of such crystals, recently conducted in
this laboratory by the present author, showed that not only
a single but at least three "dehydrolycopenes'" are formed,
one of which was adsorbed below lycopene on zinc carbonate -
Celite or on lime - Celite.

Furthermore, oxidation of lycopene by NBS in R. G.
chloroform (stabilized with ethanol), a procedure knowh to
give ketones in the p- and Q-carotene series (4,5), yielded
only hydrocarbons in this instance, viz., the same dehydro-
lycopenes (but in different ratios) as were formed by Karrer's

oxidation in alcohol-free CClq.
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a.) The following structures and names are proposed for
the three dehydrogenated lycopenes observed, listed below
(with lycopene, included for reference) in the order of de-

creasing adsorption affinity:

! (.
2/' ENYIY 4 \\2
IN 23

4 4

Bisdehydrolycopene

(identical with the product termed by Karrer "dehydrolycopene") .

Monodehydrolycopene.

(3,4-Dehydrolycopene. )

Lycopene.

~ ~ oo N AN
-~ S

"retro''-Dehydrolycopene.
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b.) The reason that retro-dehydrolycopene is less strongly
adsorbed than lycopene, despite having one more double bond in
the chromophore (twelve), 1s proposed as follows: Because of
free rotation about the three single bonds which separate each
of the two isolated double bonds from the main chromophore,
they can be placed in the lycopene molecule in a greater poten-
tial volume than in retro-dehydrolycopene, in which the separa-
tion from the main chromophore is by only two single bonds.

The lycopene molecule can, therefore, more readily adapt its
shape to the variety of shapes of adsorbing surfaces encoun-
tered by the molecules in the course of the migration down

the column than can the molecule of the retro-compound. The
sketch below illustrates the greater "space-filling' capabllity
of the isolated double bonds in lycopene than in retro-de-

hydrolycopene.

A
)\9&;’\2“\/\/‘\
N X N ve- Lycopene.

e

X
/’L§;$i§¢%l\~¢’\qﬁJ\\
tee retro-Dehydrolycopene.
A
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c.) It is proposed that the non-formation of any keto
derivative from lycopene, under conditions known to produce
ketones from Q- and @—carotenes, is due to the fact that the
hydrogen atoms attached to the 3-carbon are allylic to the
isolated double bond (this not being the case for the 3-
position of, e.g., ﬁ—carotene), and hence can take part in a
spontaneous dehjdrobromination as i1llustrated below for the

formation of monodehydrolycopene:

\
d N 2 TR NBS e N N N
HY RNy
Gar
@
|, —Br
2.-1®

3. The acid-catalyzed conversion of carotenoid epoxides
to furanoid oxides has been described (6,7); the reaction is
highly sensitive to minute traces of acid. However, it has
been observed by Dr. K. Tsukida in our laboratory that ad-
gsorption of /J—carotene epoxides on highly acti\fated, strongly
basic alumina 1s an effective method of converting such
epoxides to furanoid oxides. The following mechanism is pro-

posed for the base-catalyzed conversion (éo = a strongly

basic anion):
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4, Chaﬁging the hardness and other properties of poly-
ethylene by the use of ionizing radiations to cross-link
polymer chains (8) has led to the discovery of many new
applications of the modified polymers and to an expanded mar-
ket for polyethylene. It 1s proposed that a new class of
polyethylenes could be created by the effect of ultrasonic
waves in the megacycle range (piezoelectric transducers).
Ultrasonic vibrations are known to accelerate the polymeri-
zation of styrene (9), and acrylonitrile has been shown to
polymerize under the influence of free radicals formed by ‘

such vibrations (10).

5. A survey of the literature revealed only a single
mention of telomerization of CEF4 with primary or secondary
alcohols (11). It is proposed that a high molecular weight,
fluorine-rich telomer of CQFA’ with methanol as telogen,
would have nearly the same properties as those of poly(tetra-
fluoroethylene), although perhaps chemical resistance will
slightly decrease. The advantage of the proposed telomer
would be that it could be dyed on the surface by means of

ordinary dyestuffs. Such materials would find use wherever
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colored "Teflon"” would be desirable, e.g., in color-coded
insulation of wires. By varying the oxygen content, a more
resistant or a more easily colorable telomer could be pre-

pared, depending on the desired use of the material.

6. An acetate - replacing factor for lactobacilli has
been discovered in Merck's laboratories and proved to be
p,s—dihydroxy—ﬁ—methylvaleric acid (12). Under the influ-
ence of the enzymes in yeast or rat liver extracts (13,14),
this acid is known to condense, by formation of a bond between
the 2-carbon of one molecule and the 5-carbon of another, to
yield squalene, among other products.

It is proposed that p,S—dihydroxy—ﬂ-methylvaleric acid
(in the form of its J-lactone) is a precursor of lycopene and
other aliphatic carotenoids in plants, according to the fol-

lowing enzyme-catalyzed sequence of conversions:

4 2 &H -H@ © (desfgnthl below
OH —_— OH e,
5 as A );
01 0”0
OH
co&a
o OH —_— OH
A — Qo (0] (o] \0 (-COOQ——: ‘COOH);

Repeat addition of Ae twicé more —»
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|, Hydrolyze lactone
2. ~4cCo,

—

/\/l\/\/!\/\/l\/\J\ ~4 Hao

HO —eeee Y
/\/l\/\/k/\/k/\/k ) momcules,

HO = Z Z 7 ._-.’iﬁf__p-

/]\/\/\\/\/k/\/‘\/\ ~S He

2 stepwise
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7. A contlnuous chromatographic process is proposed
which could be operated using commercially available (g.g.,
from Dorr-Oliver, Inc., Stamford, Conn.) equipment with a
single modification, i.e., the attachment of dual (or
multiple) doctor knives to a rotary drum filter. The latter
would be programmed as shown in Fig. A, p. 177; an outline

flow diagram of the entire process appears in Fig. B (p. 178).

8. It is proposed that ultrasonic waves of the amplitude
and frequency range commonly produced by magnetostrictive
transducers could be used to cure "dimension lumber"

(12 in. x 12 in. and larger cross section) faster than by
conventional kiln-drying methods, and without the danger of
loss by "case-hardening" and subsequent splitting of the

lumber (15).

9. As is well known, competent experts are developing
an afterburner or a similar device to promote complete com-
bustion of automobile and truck exhaust gases, In public
health interest it 1is proposed that, following such develop-
ment, a federal law should be enacted prohibiting the
operation of any automobile or truck not equipped with such
a device, Penalty for violation should not be less severe

than that now imposed for manslaughter.
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Development of Chromatogram
(Sprays of developer

on covermg
Cio‘rh)

Drying qi
Dngh\lf‘ge

Doctor

Agap&?d?on S v Separated
} ured - '

OA MiaT — Adsorbates
3epur0#cc\ Adsorbent Build-up

Pir. 4. Programmlns of Drunm Filter for Proposed Con-

tinuous Chromatorraphlc Resolutlion Process,
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10, It is proposed that the graduate teaching assistant
"manpower pool" would be more efficiently used and would
result in a higher quality of instruction if the following
schedule was adopted:

a.) During the first year, each graduate student would
meet all the requirements imposed as a conseqguence of the
placement examinations. The graduate students would be per-
mitted, in addition, to register for research or courses to
satisfy some of the minor requirements. (The total registra-
tion would be limited to 45 units per term. )

b.) During their second and subsequent years of resi-
dence, the graduate teaching assistants would be divided
into three groups: each group to teach full time for a
single term, with the remaining time to be devoted to re-
search, minor subject, and if necessary, completion of the
placement reguirements.

c.) If, unexpectedly, the teaching manpower supply
should exceed demand, it is proposed that selected graduate
students be permitted to receive outside teaching appoint-
ments (limited to one term) at local high schools, Jjunior

colleges, etc.
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