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Abstract 

A series of inv estigations l1ave oeen c'U'ried ou.t v-.rith 7-carotene 

and rela.ted carotenoids. 

In 11 1'11onl:ey flowers 11 (I\:imulus longiflorus) a carotenoid occurs whtch 

ap;::iarcntly d.i:ffers only in meltb.g point from 7-carotene descrioed "by 

Kulm and Brockrnann7. The available evidence ind jcat es that th is com­

pound is indeed 7-carot ene bc1t the cause of the melting point difference 

remains anomalous. 

A nev: carotenoid, the second of its type, possessing foc1.r to five 

cis double "bonds in t':le molecule has been isolated from the frutt of 

Butia capitata. and Pyraca.-ritha a.ngui.:tifolia. and its properties described. 

The compound, a hydrocarbon, has been te:cmea. :pro-7-caroten e because of 

its relation to r-carotene. Its most re:c1-3,rkable property is t h e almost 

instantaneous change in the snectrum upon treitment with iodine. The 

change is caused. b;r the formation of a mixture of stereoisomors of t!le 

carotenoid, in '.cr..ich t h e A.11 trans form predomine.tes bB.t in v,hich t h e p1·0-

carotenoid is absent. Tl~.e stereoisomerization of pro-7-carotene cu1der 

the infl 1J.ence of sevei-·al cataJ.;{sts and ex-.9erir.-:ental candi.tions ?1t:=ts OeeY! 

studied cr.romatographically. 

Experiments v·i th gazani?.xanth in, discovered by Schor.
16 

in the 

flowers of Ga.zania. rig;ens, have incLicated t hat this carotenoid is dihydro-

n 1bixanthin. The st ereoisomerizat j en of the cornpou..rid has be en studied 

but the ch romatogr!'l.phic separation of the stereo isomers is extrevriely dif­

f icc,l t. The spectral curve of the su"bstance exhibits t :-: e 11 cis peak" 

2j 
phenomenon on isomer izat ion. 
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Iso1ropy l id_ene determinations by ozonol;ysis have been carried out with 

a number qf carotenoids. Gazaniaxanthin, which probably possesses an iso­

propyl i§;roup, be:Cla.ves as if about 0. 9 11 iso!Jrcpy licl ene 11 gro1-':, were present 

while ~-carotene seemingly possesses 0.3 11 isopropylidene 11 • Th ese results 

have b$en correlated with t he fact that the r.iethoc. is ]mown to indic3,te 

the presence of some 11 isopropylidene 11 when an iso;;, ropy l group is presen t. 



IWTRODF C':' I ON 

The complete determination of the structures of ~-carotene and 

lycopenEJSO d_emonstrated t h at these carot enoids cou.ld oe expressed by 

the following forr:rulas: 

E3 C, qH3 

. c~ 
EC-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C-C=C- Ci-I CH 
u· H HI H H H IE~ H ~, H ~ n, H H u \ 

LYCOPEJE 

Since ~-carotene :possesses two c;yclic ends while lyco;oene is entirely 

acyclic, Vee occurrence of a carotenoid intermediate in structure, as 

expressed by t"".lis forrrula, was to be expected: 

4 

The first evidence that suer. a cci'ct enoid does occur was fci;.nd by 

21 
Winterstein and Ehrenberg in t!:"e fruit of the lily of the valley (Con-

..Y.all.ar ia ma.ialis) from wlcich these wo1·kers were atle to isolate only a 

few milligrams of crystals. The positions of t h e a'bsorption maxima. of 

these crystals corresponded to those expectei for a substa:nce intermediate 



in str1:cture ')et,,,e en [:)-carotene and. 1;;-c0r1ene. Kuhn and J3rockma..YJ.n7 then 

isolated tl-:is ca:cote::icict, terr0.ed. 7-carotene , ! y . q_uantities of 0.17; fro□ 

commercial carotene. The provi ta.min A activity, the presence of twelve 

dou.ble 'conds ar..d of one isopropylidene group, and the empirical formula, 

C40H56 , were s-c.fficient to prove that 7-cE'-.:rotene nossessed. one cyclic 

ancl one acyclic end. The position of the metliyl side chains was postu-

5 

lated by analogy. 
- l,3.r:;,1s,19,20 have isolated. 7-carotene Several autnors -~ 

in small quar1tities from various sources out with the possi'ole exception 

of marsh dodder investigated by !va,ckinney12, no convenient source of 

4-c2:rotene was available. 

The o'\)Servat ion that chromatograms of extrac:t::; of orange 11 rfonkey 

flowers 11 (I,.•:ir.mlus lor:.giflorus) shor.·ed a:9precb.tl e q-c,. ant it ies of what 

seemingly was Y-c;:,.rotene ind'l;.cect an investigation of t "' ese flowers. 

From this sou.rce, it was, indeed, nossible to isolate a crystalline com-

pound. which possessed. correct a11al;;rtical data, spectra and adsorption 'be­

havior 01.:.t the melting point of whic'o differed r.:1arkedly from tr_at of tf'­

carotene. Since this carotenoid ''!a,::; o"btained. f:corn flowers, ;:.iEile all 

previous isolations had been frol'1 other plant organs, there exist ed. tn.e 

possibil i tJr that the variation mif;ht arise froc this source. Consequentl~r, 

a. consHera'ble number of plant ;n,9,terials were investigated chromatocraphically 

in order to fine!_ possible sources of 7-carotene. Cr;)IJ.stals were isolated 

fror:1 several sources but, as described. in more c'..etail in Section I, it 

was neve1· possible to approach t h e high'est recorded. melting poir.t of 7-

carotene more closely than 28°. 

'\Tn ile t h e searc", for sources of 7-ci=trotene 1Yas in pro~;ress, proly-

. " - "' , d t t d --' • 1 t a.,?LI:' lO q 7 d "l b d ' 1 copene, 1.1 40 ,c-;,56 , Has e ec e. anc, 1so a e . !-1..J. .c ouu e on s ::.n yco-

D ene probably :9ossess an all-trans configuration, but accord.ing to Pauling13, 
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seven of tr1e tI11 rteen double bond.s rea;y :~.ssurn e t:ne cis-posit :i.on . In pro­

lycopene, it is postulated that five to six of tr10se double bonds have changed 

to that configuration. This was the first instance in which a C
40

-carotenoid 

with cis double bonc:ts had been found to occur naturally. Proly coi)ene possessed 

a char acteristic which set it apar t from all known carotenoids. The visually 

' observed spectral band s of the pure compound are very indistinct, but upon 

a d.di tion of a trace of iodine change with startling rapidity. A new band is 

formed at a higher wave length while the two original bands shift slightly and 

become d istinct. This new spectrum approximates t hat of l y co:p ene but is ac-

tually that of a complicated mixture of lycopene stereoisomers in which lycopene 

p redominA.tes but from which prolycopene has disapp eared. Because this test 

was easily carried. out in the spectroscope , all compounds separated chromato­

graphically in the search for a nev,r source of Xcarotene were thus examined. 

Pro- Y-ca.rotene
26 

was found to occur in t h e fruit of the palm trees, J3utia 

capi~ a ta a11d B. ·eriospatha. Th e quantities of pro- Y-carotene in these plants 

are so small that it was p ossible to isolate only 0.3 mg. per kilo, of fresh 

fruit. Further investigation disclosed t hat the berries of Pyracantha an~ti­

folli:a27 are a nm.ch better source of this pro-carot enoid. The properties of 

pro--Y-carotene were stu.d ied to the extent that the limited quantities avail­

able W()'l).ld permit. 

Hydroxy derivatives of carotenoid hydrocarbons are not restricted to the 

more commonly occurring members of the series. 7-carotene also forms mono­

hydroxy compo".:LYJ.ds. Kuhn and Grundmann
8 

isolated the first monohydroxy-1-carotene, 

rubixenthin, the structur e of which was elucidated save for the position of the 

hydroxyl on the , ring . A second hydroxy-caroteno id related. to ",-.carotene, gazani­

u 16 
axanthin, was isola ted by Schon who demonstrated t h e presence of a hydroxyl 

group and approximated the empirical forrrrula. The spectrum clearly indicated a 
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7-carotene chrorr.ophore. 3ecausetbe plant material for the isolation of gazani­

a.xanthin was available, this carotenoid was investigated. in order to elucidate 

further its structure as well 8,s to study its stereoisomerizat ion. 

A considerable qum1t ity of gazaniaxanthin had been isolated, some ex­

periments had been conducted towai·d the determination of its structure and 

the preliminary study of the stereoisomerization had been com.:)leted when the 

author of this Thesis became engaged ih other research. Therefore, it was 

necessary to leave the thorough investigation of this compound in an incomplete 

state. 

A study of the stereoisomerization of 7-ca.rotene had been intended but 

no work had been started upon this topic. 



EXPERU:El:TTAL IHTRODUCTIO:N 

In the experimen t a l v:ork described in this Thesis, cert a ir. materials, 

instruments and procedures were used rr.any times . A rep-eated description of 

these is unnecessary. In this secti on , t h erefor e , materials and instruments 

will be descrioed and terms denoting the procedures defined. When t h e terms 

are used in later sect io!l.G, they will have this definition unless otherwise 

indica ted. 

Materials and Instruments. - -The greater portion of t he chromatog re.pb;y was 

carried out on calcium '0..ydroxide. The calcium hy droxide used is knovm com­

mercially as Shell :Brand lime, chemicP-1 h;ydrat e, (98~; through 325 mesh). 

The most frequently used solvent was petroleuv. ether. Tb is hydrocarbon 

mixture had a 1xi il hg range of 60-70°. 

The visual spectra were obtained by :ne.e:ns of an Ev,q,lva ting Grating 

Spectroscope (Zeis s ) using light filter EG-7 (Zeiss). All data refer to 

petroleum ether unless otherwise indicated. 

The valv.es of th e spectral absorption c1.1rves were determined. vrith a 

:Beckman quai0 tz photoelectric spectrophotometer at intervals of one rrJ'<-
near max ima and minima and five ~• elsetl'ihere. S:he solvent was East !Tian 

11Practicalil Hexane which had been treated with sulfuric acid and distiJ.leo .. 

Q,uantitative determination of carotenoids in solution w2.s r.:ade with a 

Pulfrjch Gradation Pr1otometer. Light filter S 47 was employed with petroleum 

ether as the solvent. 

Rotations were measi:,red with a Sch'Ili d.t and Haensch polarirreter. Th e 

read.ing errors were 2' 0. 01-0. 02°. 
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All melting points .o...re corrected.. T1'e ,!1eltin6 point apparatus was an 

electrically heated Eerl block, the t empera.tu.:ce rise of which was controlled 

to 1.5-2-5° per minute. ;ieelting point s were taken in sealed ca:pillaries 

filled with carbon dioxid e . The capillar:r '.'.'8S int:rocluced into the -block 

20° below t ~1e melting point. 

Terms. -- 11 Saponific2.tion II was car:cie:1.. 01.,t 1:;r ad.ding 307S metha.>1o lic potassium 

h;ydroxid.e to the carotenoid. solution in ether or petroleum ether. Because 

two liq_uid phases were present in most i :0 stances, the time of sap on if ication 

was usually 16-20 hours. After saponification, t h e alkali a.:.'l.d me t hano l were 

washed from t ':_e water-insoluble phase and t he latter dried ,:;ith sod i um sul­

fate. If ether was t h e solvent, it was neces sary to evaporate to dryness 

and then dissolve the residue in petr·oleurn ether "before chromatography, 

whereas petroleum eth er solutions could "be chromatographed immediately. 

Solutions were 11 evaporatec.U in all glass apparatus w"lder reduced pres­

sure. Cart on dioxide v;as passed through the capillary into t he system 

during the distillation and the water oath surrounding the distilling flask 

was :naintained at 40°. 

11 Elution 11 was preceded 'o;sr extrusion of the column f:::-om the chromato­

graphic tube. After the separation of the layers "by cutting , the elution 

its elf was uEually carried out with al cohol. 

:Before 11rech romato graphing 11 it was necessary to elute the zone and 

transfer to a suitable solvent, usually petroleum ether. After the solute 

had been tr!llsferred "by the addition of vmt er, the solvent washed free of 

alcohol, and dried with sodium sulfate , t h e zone was read;r to rech romato­

graph. 

When chromatograms are d.escribed, the f i gures to the left indica te 

the width of the zones in millimeters. 
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When acetone was used in the development cf the coll..11:-n, the term 11 50 

ace.tone 11 denotes the percentage "by volume of this solvent in ligroin . 

.After chror:1atc6raphy in a percolator, the chromatogram was removed 

"by inverting and. tapping on the glass. 



I. 7 -0.ARCTE.-JE 



Introduction and Discussion 

~:rhen chro::t,"J,toE;rams of ext:r::ict s of o:c2.nge 11 l1ionkey flowers" (::'.imulus 

longiflorus, Grant, Scroph·dariaceae) are ex2Jni:r:.ed, a substa.-1tial ::;iin}: 

zone is present w~1ich possesses an absorption spectrum essentia1ly iden­

tical with that of 7-carote!l.e, C40H56 • This carotene v.,as detected oy 

Kuhn and. Brockmann7 L.1 cornn:ercial carotene vJ:ere it occurs in quantities 

of about O.17; . Ueither t1'-is occ·0r1·ence :1or any natural source reported 

. . 1 , , . r . l 2 , 1 q , 20 . 
up to the :9resent ti,'1e _,, -' / , with the exception of the mai·sh 

12 

d 'd • t • J.. ' b ' ' • 12 •• t t • 7 'l 1,..1 t t OQ er inves igaveu. y dacx:i~- - , consti u es a.'1 e8.si .. y avai au e s :U' -

ing material for 7-carotene. 

When the corrr_;?c,.md from :.ionkel flowers ir,as obtained in cryste,11 ine 

form, all easil? determined pro:::ier-ties, save one, indicated that it was 

¥-carotene. However, the melting point, 133°, ,ms markedly different from 

that reported for 7-carot ene, 178°. Tl'ds melting :;:ioint was o'oserved (within 

a degree ot tv:o) for all once recrystalli 7 ed samples ootained in the ve.rio'\.Js 

isolations. T'ne analytical d.ata, chromatograms of crystals, e,nd micro-

scopic investigation pointed to purity. 

T;.1;.e many attempts to 1·c1,ise the melting point of the cc:,-,_po1.md. to 178° 

are recorded in Table II. Sir::ple :cecqrstallization from different solvents, 

exhaustive d1"ying, evacuated capillaries during i;he meltL16 point deter­

mination (as used by Kuhn and Brockmann), separate crystallization of tho 

top axid. ootton halves of a zone, a:n.cl tre~.+"'ent witl'. iodine follov,eo. by 

chromatograplzy and crJstallization of the main zone ir,ere unavailing. In 

no case was the melti~6 point essentially altered.. However, when the 
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purificatior, :9rcice(i·c·r·e p r escr i bed b;t Kuhn and Brockmann v1a.s applied., that 

is, three adsorptionc and four crystalliz;:i,tions, crystals were obtained. 

which melt ed at 150°. This f:ielting point vras not changed by recryst alliza-

t ion from other sol vents. 

Th ese facts made it desi:cable to ootain 7-carotene f1·om other sou.rces. 

It was possible to isolate crystals from commercial carotene, c·usc1..1ta 

ealif'ornica , Daucus ca.rota 9-:nd. Ga:,;ania dgens. A ve-.cJ small quru1tity of 

cryst::,,ls were also isolated afte1· isomerj_ zr1,tion of pro- 7-carotene (S ection 

II~. With the evcep tion of the material fro rr! Dauc1..1s crtrota, t !'.l.e cr;,'stals 

melted at approximatel;,' tr.e sar.1e point a s thos e isolated from Lonkey flowers. 

:No separation occurrec3. in a mixed c}1.romatog:ra..rn between a11y t wo samples. When 

the sryst8,l s isolated from co rrurercial carotene v'ere c.s.rriecl t hrough t !'.l.e 

p:roced.ure of Kulm and Brock:::ann , the melting point rose to 151°. These data 

aI1d. t h e melting points of ~-carotene reco-.cded in t he literature are sum­

marized in Table I. 

Table I 

Melting Points of 7 -Carotene Samples Isolated fron: Various So1__1xcec 

Source Plant organ 

Co:m;nerc ial caroten e (Hoff-
~arrn-La Roc11e, 38,sel) 

Gor1'::ercia l carotene (J3ar-
n ett Labs., Long J3each) 

Rosa ru.gosa 

Gonoc2ryum py:riforme 

Convallaria □ajalis 

Cuscuta salina 
c. subinclu.sa 

Cuscuta c aliforcJ ica 

Dauc11.s ca.rota 

Gazania rigens 

i,iiCT'J.lus longiflorv.s 

Fr1;.it 

Fruit 

Fruit 

Stem 

Stem 

Root 

Petals 

Flowers 

i-.'1.p. 0 cor~ . Authors 

173 Kuhn and :Brockmann7 

128(l)l)(This Thesi~ ) 

176.5 Willstaedt
18 

172 
r ' l o0-lo5 

170 

131 

1~6 

131-133 

133(150 ) 

1•r. t t . 19 , 20 ;, in ers ein 

21 
Y!interstein and Etrenberg· 1 

12 
1.Iackinne;y • · 

(':'h is Th esis) 

(T1'-is Thesis) 

( M.l.1h; ro 
. ... .L,....i, Tl-_esis) 

(This m·r1es" S) .l. ·- · .1. 
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The ca-cse of the variations is not immediatel;ir apparent. '\7itho1.1.t 

doti"bt, Kuhn and Broc~mann T)ossessod the suostance called :t'-:carotene, t;10 

structure of vihJ.ch is given in the Introduction to t'lis Thesis. Other 

authors have had little evidence of the stru.ct1,,:i.·e of the corrr:_:io1Jnd they 

called. 7-carotene. One rr!D.st assu..rne, however, t:~at the forme1· experienced 

diffic1.'.l ty in attai:0. ing the melt in5 _1)'.)int they reco1·ded, because their 

procedxre ~:0volved three adsorptions on al1,m1ina, followecJ. oy four recry­

stallizatio:1.s, each p:.:eceded. oy coiling with methanol Rnd v.'ashing witr.:. 

petrole-c.m etl-1er. :Because tl:is procedu.re v:as the only one able to chan6 e 

the melting point of the compound from iv:on:cey flov:ers, it seems not un-

reasonaole to assume that some alteration has taken place. 

TJ:'.e analytical data, the partition ·behavior, and the chromatographic 

• position on the column of the co1r9ound :f1·om Lonkey ilov.,ers :prove con-

elusively that the suostance is a hydrocarbon. :Because the positions of 

the visible absorption maxima are identical with tl:.ose of 7-cArotene, 

it is probable that the difference between tl:e t\-10 is sli{:;ht. The con-

jugatec3. douole "bond. system rrmst be identical. On tl:e other hand, the 

isolated double "bond. might form an isobutylidene j_nste8d. of an isopropyli-

dene group without altering tre visible spectr1,;.m for in neither case would 

it be in conj"!..1gation. A r::ic:co-isopropylidene determination according to 

the met::;od of K1.1}-.n and Roth9 gave very r.oerly the theor ot ic2l q1,,ant i ty of 

acetone calculated for one isopropylid.ene group. From this result it mBy 

"be concluded. th21.t t:he suostance possesses sue'::. a gro1,i:p. 

P·urther evid.ence t~12.t the comi'.lo1,;.nd. is indeed 7-carot er..e r:ay oe ad­

,:"_1,1ced. f:com the catalytic hyd1·ogenation. This d.eterminat ion indicated t~f-J.e 

presence of twelve douolc oonds exactly as I(1,1:V,sn and J3rockrr2nn7 have found. 
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therefore. If it does not res-c.lt fro!:~ a purely cryst.<i.lloe;:c;:i,::_..,~~-ic :phenome:10~•, 

the :9rese:,1ce of s;,,all ar,:o\;.nts of 1. cocpound ,'.'i th very sir;:ilar adso:c:')tion 

affinit:· and solubility slioc1ld. oe tak:en ir:to consi,'.eration. T:.1c latter 

·-:Jlant extracts (see Ta'ole V) seer;,ed to consist of two cor:por.ents on the 

Tswett c.:l'\J.;:.n. T'.'lis was most freq't.'.ently o'bserve:. S!". Vc.i.e f1rst ch::.·or:iato-

grrir:' of tr.e cn.:.de extract b'\J.t t:1e heterogeneity ·os11Hlly did not S}Ypear ·upon 

r echrorr.atogr a::,i_,-_:ing. 

in 1942. 

the properties O'l'.tlined. T1:ce pigment cf t::e }:Iim1;.l7).S flov:'.c:cs, y;l'.:ich 6row 

,,,ili i'l"l. S01.1.thern C'l.1 i:0::::0.ia, shoi."s considere1'J.e variation in its co!:!posi-

an increased. q_ucru:.t it;r of 1::,'copenc (or. "" • ~ .... .., ,.I.) ···b'" I " The ~)hotor:1et:cicallr est i:'1at ed 

the best e:1.'J)eri:-:-ient 45.5 reg. of c:c;y"sta.ls per kilo were isoJ.ated, i.e., 

a'bout 60;£ of the Y-c2.rotene content. '.::lrn total arno·ont available was 2S0 

mg. of cr,';'stals. 

Flowers, therefore, whicll develop under nat1,;r,1l concl.i tions in the 

field contain no pr'.)-carotenoids wtic::;, :;,cssess several .0 s-double 'co:n::1.s 

P..Jld v·hich are discussec'.. in Section II. If, i:.owever, Lfon::eey flowe:c st P"cs 

,,1ith buds were plR.ced. in \mter fo:::- several a.~rs and e:x~oosed. only to d.iffc·.se 

lit;i1t in the labor:=-.to17 at room tercpe:cat1.1re, t~'le flowers were n.r:ticeably 

c.ifferent in tint and paler b color th~1. flowers vrhich developed on the 
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intact ~J.<J.nt' fr. tr~e o-oen. Pahtllel cl7.roma.to6ra.rns 0f extr '.'l,cts of t:.,.e two 

materials estaolished t:1e fact t~1at 1:.ncler these t,70 sets of condit5.ons, tl1e 

polyenc ,:1 ixt,-·:res differed. both C)_cJalitat::.vcJ :· ar.;,d q,_:,.antitatively v,ith re-

spect to the com_") onents fc 0J.x1d . The pale1· flor.iers contc1.ined a. grea ter nur.1-

'ber of l yco~:)cne ntereoi:::0:::ers t}:afl. the controls. The chror'r:ttcgrar'.l of the 

:pal er flo1°;ers focluded co::1sid.era'ble qw=mtities of prol;\-'CO':)e:r.e , C40H56 , 

and -;;ro-7-cc1rotene, C~0 :?.:56 . T!le spectral mazi,.,,,c1, of these fnicticms were 

l-f67, 440 r~. ana_ 1+61, 431 rry'·• res::::iectively. Upon addition of iodine to 

t ' 1 +· t" - d - '+.-_h_~ c'-_ n_'l" a ct,e•,,.-. 1's-'-v·1·c S''l1°f't 7-0 500.~. 46°7.~, !18 SO 1
...1. vlODS, Le 03.Jl S S!lOWeG. v _ Ln.. v .i. •- _ v ~ .,, 

lJ.40 ]ol;h :9ro-carotenoids h ave been identified. 'by 

mixed cl1ror::,atograr::s ":i th samples f:tol!' ot:1er sources. 

In the light of the a'oove ooservation, it is r,0ssi'\';le that p rolyco­

:,::iene and pro-7-carotene are prec'l:rsors of l;)'cope:rie and 7-carotene in the 

biosynt~esis of t};.e :.'.5-"rlulu.s pigment. 



Exoeri'."!lental 
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The flowers \7Gre ccllected. in Sou.tt.ern California d.1.,.ring June nnd. 

dried at l.:-5-50° for 24 hours. (T~~e d.ry 1:;ei ;<.;~t nas 23-2l.f%.) The material 

was t het1 k ept under c2,.roon dioxide in t:-:e dark and v!Orked. up ,~ithin h 10 

wedcs. A total of aoout 10 :::i loS 0f dry ::,at ed8.l v.ras av2.ilB,ole, cor::ces-

ponding to 400,000-500,000 flowers. 

Composition of the Pigment.--For the q_uant itative det ermination of 

t he individx.al carotonoids, t~1e :procedure previou.s to c}rroeato/:';ra:p~· was 

the,t described below for large scale experi:::ents. T,'.'en t y 6 rrur:s of dried 

and milled flowers were used.. ':;:-:e follov:ing ch1·omatogram was obtained. 

on a colur,m (20 x 3 cm.): 

11 yelloF and red. minor to-o zones 

1 color less interzone 

12 rec., lyco~o ene (506, 474. 5 , 446 rrj<-) 

13 ora;(!ge, '.!'leclycopene (497.5, l!-S ::; . 5 , 436.5 rry'·) 

3 colorless interzone 

20 oran6 e, cryp toxantLin (454.5, 453.5 ry,'-) 

7 yellow, unid entified (471. 5 , 442.5 ~-) 

10 colorless i n terzon e 

45 pink, 7-~arot ene (49'.:i, l.~62, 433 ~) 

27 pale orange, partially neo- 7-ce.1·otene 

7 colorless interzone 

25 to the botto::: and filtrate, ~-ccirotene (455,452.5 10) 

Th e photor:ictrically estimated content of the -/-carotene zone was 75 

mg. per k ilo of dry flowers and v•as less than the lycopene content (95 mg.) 



(1942). In flowe:cs collected in 1941, h oweve1· , o::i ly 45 mg . of Y-carotene 

per kilo vras found y,h ile the lycopene va.lu.e was 60 mg. 

Isolation of "Y-.carotene.--3.3 kilos of tl.ried and milled Eonkey flov.rers were 

extracted with petro}.eum ether in a larg e percolator (45 x 20 x 8 cm.). The 

total volume of the extract was 5 liters, the last portion of which was only 

faintly colored. These operations req_u.ired. 7 hours. Aft er saponificat ion, 

the dark wash water did not contain carotenoids. The deep red :petro l eum 
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ether solution was halved and chrornatographed simultaneously in tv,o per colators 

(35 x 15 x 8 cm.). Each clrromatogram was developed with one liter of 2. 5;b 

acetone and then with 2 liters of 5% a cetone. In th e course of t he develop­

ment ;3 -carotene and suostances which -fluoresced in ultra-violet light were 

washed i n to the filtrate. The colored layers which a,,peared were the same as 

those indicated a"bove. The irregularly shaped "Y-.carotene zone was cut out 

as well a s possible and eluted with alcohol. The Xcarotene was rechromato­

graphed on two c;;,r l indrical columns (23 x 7 cm.) with 5~£ acetone. After separat­

ing from the minor zones a"bove and "below it, the carotenoid was eluted nith 

ether. 

The solution was evaporated. to dryness. The dark red, glassy residue 

cryst allized on cooling. It was dissolved in the minirrrum amount of "benzene 

a nd transferred into a 50 ml. centrifuge tu.De with a drop,Jer. Upon careful 

addition of excess methanol while stirring, Y-carotene crystallized out.* 

After sta.11ding for l S minutes, the crystals were centrifuged, washed with 

methanol, partially dried with a stream of car·bon dioxide, and recr;)'stallized 

*The suspension of crystals should not "be cooled "because this causes a 
precipitatior1 of colorless material._Jf such a complication should occur, the 
contaminant can De removed from the /-carotene by centrifug ing, adding methanol 
and v,arming i::l a water o ath until the methanol "boils for sev!;,_r'j.l minutes. After 
rapidl;/ centrifug ing , t l:.e ho t methanol is decanted from the J'-carotene cryste,ls. 



from oenzene-methariol as above. (Petroleum ether + methanol or carbon di­

sulfide + abs. ethanol are also suitable crystallizi:ctg mixtures.) T'ne 

suspension cf Y-carotene was kept in ice water for an nour. After fiJ.ter­

ing and drying in vacuo, the yield. was 150 mg. or 45. J mg. per kilo of dry 

flowers. Experiments starting with 1 kilo and. 2 kilos yielded 18 i"!¥s· and 

30 mg. of crystalline 'l-c?..rotene :9er kilo respectively. The comoined 

mother liq_u.ors from all three experiments gave 9 mg. The total o,uant ity 

of Xcarotene available was 230 mg. The cr;ystals '.'!ere chrornatogra>µically 

homo§;eneou.s when a solution was ·washed to the bottor.1 of a very lonr~; tube 

(47 x 1.3 cm.). 

J¥lalytical Data for ~Carotene. --For analytical purposes the samples were 

dried in high vacuum at 56° for 45-60 minutes. Theywere free of ash. 

Carbon and. bydrogen 

• Calcd. for C40H5s: C, s9. 43; H, 10.52 

Found: C, 39.36; -q-
-- ' 10.73 

39.91 10.53 

Molecular weight in exaltone 

Fou.nd: 

Isopropylidene* 

Xuniber of double bonds 

5.911-3 mg. with 3.0 m~c; - Pt02 added 3.26 ml. of hydrogen (22°, 741 rrm1.) 
10.14 mg. with 5•J mg. Pt02 added 5.44 ml. of bydrogen (24°, 741 mm.) 
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*For complete data of these analyses and control determinations carried 
out simu.ltaneously, see Table VIII. 
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Douole bonds, 12. 0 

Found: Douole "bonds, 11. 9 , 11. 5 

p ro;Jert ies of 7-car ot ene. -- (a) Melt i r:.g po int. The melting po mt ,.of 

"'f-ca:rotene after variou.s treatments is recorded in Ta'ol e II, 

The ::,icroscone showed. very sma.11 clustered. c:cystals. 'i'hey tended to be 

rhom'oic in shape. Each r homous y,a.s 01·ange brovm out regions where t\70 

were superimposed appeared intensely orange or recl.('!.-i.sl1 orange. 

(c) Absorption :•.:axima in Va:cious 5olvents . The ab sorption ma."<ima of 

7-carot ene were as follows : in carto:'1 i i.si.:J::id.e, 532 . 5 , 494. S, 461 ~-; 

in benzene, 509. 5 , 1~76, 447 ry-'·; and i n :p etrol eum ether, l~.95, 1+62 , 433 

n,,l,{ U 'd"'-" f"d" t 1 • '"-"tdt r:: 0 q r. 4 91i::; 4r-:~m,.<,(· )' • Don au 11,:ion o 10 J.ne .1e rna.."'<1ma sn1.1. e o ./-.., •.,, •.J• .Jo / ., 

505 , 472.5 ~-; and 4fl.J, 459 ry<· respectively. 

The spectral curve of 7-carotene is shown in Fig. l. The carotenoid 

' '"'5 
exhibits the 11 cis p eak 11 phenornenor.L . 

(d) Pa:ttition Behavior. The compound was epiphasic 17hen par titinned. be-

tween :petroleum ether and 90-957; methano l. 

( e) Aclsorption Characteristics. 7-Caroten e is readily ads orbed by cal-

cii_;,_m hydroxide and a lumina 'out, as i s t o be e:x.:.)ected., is not ret ain ed "b;y 

cal cium carbonate. When developing the carotenoid. on c2l c ium hydroxide, 

it is conven ient to employ 5-10% acetone. Et}1er or alcohol are S"L'.itable 

elnents. 

Other Carotenoids in the ]'l owers of iv:imulus.--In one experiment 20 mg, 

each of zeaxanthin and l :vcop ene per kilo of dr;y material were i solated in 

crystalline form. These caxotenoids, as well as cryptoxanth in and~­

carot ene (wh ich we::c e not crystallized) were id entif ied by mi xed chrom:=i.to-

g rams, by snectra a ... ""1.:i by cr.romatogra:phic positions. The a"bsorption 
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t -(' ~y nth· )Jo\, h 4"'3 r np( · 1, ~-oc ),74 "' 4'46 spec ra we-e: zea.r-EL in, .-o,;.'.), .J •'.:JI ., _ycopene, Jo, '--t" _.-_;, 

ry·; crptoxanthin, ~-34.5, 453.5 ry-; a.YJ.d ~-carotene, 435, l.t52.51/-
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Table II 

l::elti:CJ.g Point of 7-carotene 8,:ter Yarioi:.s Treatments 

Treatme!'.t 

1. Twice cr~1stallized from petroleum 
e ther-:::ethano 1 

2. Same as 1 

3. s~.me as 1 

4. Crystallized from benzene-meth?.nol 

J• Sa.--ne as 4 

6. Sarne a.s 4 

7. Sa--:1ple from another isolation 

S. Sar.mle from a third isolatior. 

9. Sa.~e as S but melting point was 
taken in a.n evRC7}at ed capillary 

10. Partial Ku.bn and 13rockrnann 
J.Jroceclure 

11. Sac1e as 10 ovt melting point was 
ta.ken i:::J. an evac'l7at ed ca;)illar~1 

12. Same as 10 but recrystallizerl 
fror.i petrole1,;.m ether-methanol 

13. Complete KU:hn and Erock~Ann 
proced '\.'.re 

14.. Sa.me as 13 bc1t recrystallized from 
c ,-::i.roon disu.lfide-ethanol 

l ::; _,,. Sa;nple treated ,'.'ith iodine, 
matogr~phed, crystallized 

16. Upper half of a zone aft er crystal­
lizing 

17. Lower half of a zone a.ft er crystal-

Eethod of Drying 

7acu11.m clesicoitor 

25°, 0.15 rmr.. , 50 min. 

500, O. 04 mn.~. , l.~5 min. 

Vacuum desiccato1· 

500, 0. 05 mr:-:. , 15 min. 

Vacuum der,iccator 

56°, 0.1 n.~., 30 min. 

560, O. 1 rmn. , 45 min. 

i:-_6· o O 1 ,.,.,iITI lw • .,,1 , • .u ~• , -r..1 min. 

::.,60, 0.1 mm., 45 rr.in. 

56°, 0.1 n:I:J. , 45 min. 

O. 1 mm. , 45 min. 

130 

130 

135 

127 

123 

131 

132-3 

133-4 

144-5 

J l.i.4-5 

145-6 

149.5-150 

146.5-7 

131.5-2 

126-7 

1 izi:'") 6 56°, 0.1 :nm., 45 min. 125.5-6 

----;) ;.G.: melting points o: crystals fro ::, the first six treatments were t~:1 
rapidly to see if any major chang;e in melting point h ad taken place- Tr:ey 
were Jilot taken accurately. - ------ ·-------- ----------------------------- -----------------------------



Summary of Section 1 

1. A carot e:1o id ::.:1s been isolated :from :.:onkey :flmvers (Eimulus 

longiflorus, Grant, Scronhulariaceae) in yields of 45. 5 mg. per kilo of 

dr;l flowers. 

2. ~n. is carot eno id. is proba:'oly Y-c2.rotene , a.l t}-:ou.g}1 tl:e melting 

point, 133°, is r.::1.;.cD. telow that reported in the literat-::.re , 178°. 

3. W':.1er. g1'cvm in the fi eld., t:o:nkey flowers contain no pre-

c1=Jrotenoid.s out under· ce::i:tain conditions it is :possible to oring aoo·ut 

t heir format ion in the flowers. 
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II. ?Rc-7'-c.t..ROTEi.JE 



Introdu.ction and DiSC-:.'..Ssion 

A 1·ema1·kabl e cl :::i,~s of n3,turally occ1..1.rring :pol;yenes is co r;,::io sed of :;'-10se 

C40-ca:cotenoids w}1 ich contain several cis-double bonds in t h eir ch rorno-oho1·es. 

Su.ch a config1.:rp,tion r.:A.nifests itself in a lov:er melting :?oint, higher solu.-

bilit;/ end es:)ecially by a spectrum in r.~1ich the "bands have 0een sl:. iftecl to 

muc:,. s:hort er wave lengt r).S than those :9.l·esent in tl1e spect1·1.~.m cf the corr es-

:_'.londing a.ll-tra.11s-carot e~ri id. On addition of iodine to sol-~tions o: tl,ese 

ccr:1_9ounds, the corresponding all-trans inot::er is for::ied in each case togetner 

with :::b.o:c stereoisomers. This oeccr"lcs e~viu.e:1L oy P.2:. insta:n tanecu.s shift i'."! 

the ;;;:, ectra. Aft er cat.alysis, the fi:cst maximA. 8.l'e located at approc':imat ely 

t r .i:i:-ty J"· longer waveleni=;th tJ::an tr,osc of the ori6 fo,,1.1 solutions. 

~'lese new compounds crystallize v:ell and are then fairlJ· heat resist ant 

in t '·'. iS f,:-r;r.. Their solutions, l~c,,-z eve1·, ,.._-mdergo isomerization, zlowly vihen 

?O. 23 2 heated and very :capidl;:,,· V!hen tree.ted. with iodine or othe:c S1.'.~.table c:1talysts • .., ' · ' 

e.g. , r.ydrochloric acid. ffolt ing of cr~0 stal s al so CP."L1 ses isor.1er i zat io:-~. J3y 

t!:ese methods a co::'!p licated. mixture of stereoisomers is formed. in which la1·ge 

?..~o't:nts of the corresponding ordinary carotenoid us..:t=tlly occur. Th.e lP.t tor 

fci-r::s t:':'.e top zone in a chrcn::atogra.Tt of the :nixtu.re wt..ile the ·0ncnill1ged 

fraction of the nt,qrting n.:i::itcri:::.l f'or::is the lowest zone (01· o::ie :.'.leal' ~~'le 

lowest). 

It .t~.as 
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been s1.~ggest eel ' ·• the,t 'chc :)ref ix 11:pro II be attached. to the 

c1.0r:cer.t ::ar.-:e of t Ye all-trans carotenoid in order to designate t :0.e co ~npcu.nds 

oelong i:1g t o t~e clc,ss iJnder con sidera tion. S,.._;_ch a nomenclature d ocs no t 

:po int· to an;y essential difference i!l structu~~e fro!"! t}1e so-cc>.lled 11:'180 11 -

CP.roter.oids which have been detected by jsomeriza.tton of tl"..e all-trans 



·• compo1.:ma_ . The absorpU.on max i ma of the neo-iso rne:r-s are on l y mode:r-8.t cl y 

lower than those of tl--.e s tarting ca:cct snc id, t?w sp ectrum of which d iffers 

gr eatly n·cc t}mt of tl'1 e pro-c:.s.rotencid. 

A final nomencl ,:tt 1.'re 1;.rould d.esi t;nate t he s::;a.ti a l 8.rr an :::; err.ent of each 

dou"Jl e oond , e . g . , 113 , 5-cis-~arot e"e . 11 It can, ':1ov1ever, be i ntroduced. 

' only after a d.etermi n2.ti oD of the configuration. Tentative naces and -ore-

fixes, used ir th e lit erP,t"t:re at the ::,r esent time , will then have to be 

disca cd ed ( 11 labile, st able, neo, pro, 11 etc.). The s imol e nr ef i x e r, c is and 
C ,. --

trans sl1ould b e reserved fsr t ho se c ases in wh ich the i ncticated c onf i ;;·era-

ti on is valid for all con,jugated do1.:b le bond s or for all t110se v.i:-1 ic:C. ir. 

princip le can a ss"J.::,e t ':10,t conf igu.r a t ion. 

At pr esent t he mos t important diff' ereY:.ce b etv.•een pro-ca.ro t eno ids axtd 

neo-c e.rot e:7.oids lies i n the fact that it has no t :,·et been possible to ob-

tain tt.e former from ordinary c2.1·cter:oids , ,,1}1 ich, when kept a t ro om temper3,-

tu.re, heated, or cat alyzed, yield_ consider r:t'b l e amounts of t ~eir neo-forms . 

Th e first 1· epresen tative of the pro-series, prolycopene, C40 II56 , was 

24 
obs ervec1 in Tangerir..e tomato (l;rcopersicum escu.lentum) extracts ' and later 

17 . d 10 crys t a _ ize . · 

In t h is Section a description is g iven of the isolation and proper ties 

of pro-~carotene, C40H56 • The fol l owing absorption maxima (in pet1·o l e1:i.rn 

et t er) characterize t h e co mp ounds i n qu.estion. 

Lycopene 

Neo-lyco:9sne A 

Neo-7-c2.rotene A 

Pro-7-carotene 

504.5, 

495 

470.5 , 

464 

445.5 rn/· 
~-41 

(435) 

26 



27 

Pro-Y,.c,:u:otene occurs in tr.e 1·i:pe fruit of t11e ·Jalrn trees, ],)tin. - • ---
C"l.Dits.ta and;)?_. erios7.<:J.t}ca ::::ecc. In t~·"ese 7lants a CJ,cr.:_,Jicated :pol;/ene mix­

ture is ,)resent which includes 7-carotene, l;yco-oene, ,3-carotene and 
_._ .. I some-

t ime.s prolyco:penes. The pro-7-cn.rot ene content of the '"':c1t eri'll ,;,sed f0r t'.-:e 

iso:).ati0n is l:o to 50 tfres less t:han the J:lrol:,·copene content of the Tan-

gerine t0rn2.to. Api,roximately O. 3 mg. of ~11,:ce cr;vstals can i.Je isolated Der 

kilo of E.· capitata fr·uit. 

In 01·de1· to find. a ~wactical source of pro-'Y-e;2.rotene, a g1·eat variety 

of nlax1t r:12.terial was tested. for 1\Jro 11-carotenoid.s b;; rcans of ext:caction, 

chror.1atognt)f1,Y, and iodL1e catalysis. 

As 2o result of these arial~0 ses I it !'.as been fo7]nd that the ripe fr-uit of 

P;yracantha (Cotoneascer) a~1..1.stifolia Sc':::neid. (Pomoideae) constit7].tes the 

only p:cactic2.l source cf pro-7-c"l.rotene at the :,resent time; 27. 7 mg. '\-Vere 

obtainecJ. in crystalline form from 1 kilo of air-dried berries (about 3 kilos 

of fresh material). The same qua.ritity also yielded. ?8.4 1;,g. of prolycope:1e. 

Furthermore, a second r:1err1ber of the stereoisorneric series, lyco:0ene-prolyco-

pene, ,,:as isolated (7.3 mg. of crystals) but it may not be a na.t1.i_ra.l product. 

Because pro-7-carotene ancl :prolycopfme ?.l'e hydrocarbons, the question 

arises whether the occurrence of 11pro II cor:rpounds in t:-ie vegetable kingo.om 

is restricted to this tYPe• A r.c!inor constituent in the Pyracantha berries 

6ave information on this point. Since its spectrum is id.entic"11 r:i.th that 

of pro-7-carotene before and after the addition of iodine, both must possess 

a similar chrorr:ophore. On the ot:,-,er hand, the behavior of the co1::mound in 

the partition test a.YJ.d especiall~r its increased adsorption affinity qs 

cor:-:pared witl: pro-7-,carotene (and even 7-cB.rote:ne) prove the presence of 

a lcydror;l group. 13ecausE.: of the small quantities availB.ole, this 
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monohydrox;s;7-pro-7-carotene has not yet -been ::)l~epared in cr;rstallinc form. 

It shou.lcL oe noted that all 1pro II compounds knovm at the :;::iresent t irne possess 

at least one aliphatic end-group in their molecu.les. 

The isomerizat ion of pro-'7-carotene caused oy melting the crystals, by, 

heating in solution EJnd 'oy iodine or hydrochloric acid catalysis is descri'oed 

in the experimental part. Each minor la.yer ( except some, formed oy hydro-

chloric acid catalysis) of the chromatogram of such an isomerizat ion mixture 

gives a similar mixture of stereoisome:rs when cu.t ou.t, elu.ted and catalyzed. 

Of the 64 theoretically possiole stereoisomerslO,l3 of x~arotene, 10 

have oeen observed in this investigation. Of a total of eleven conjugated 

dou.ole oonds six may assume the cis-config-,.:i.ration. In :pro- Xcro·otene, how­

ever, one or possicly two such double bonds remain in the trans-configuration. 

This is cqnfirmed by the formA.tion of small amounts of a stereoisomer, the ab-

sorptio:n maxima of which are of 4-6 y,shorter -.:rave length than those of pro-

7-cc>..rotene. It seems, therefore, that the conjugated d.ouole -bond system of 

the latter contains 6 or 7 trans- and 5 or 4 cis-douole oonds. 

TYtO of the compou.nds formed by hydrochloric acid catalysis do not be­

long to the stereochemical series of pro-Y-carotene. These sulJstances have 

s9ectra Yrhich a:pproximat e that of a-carotene, a."'ld which decrease the vvave--

1 enf:th upon add it ion of iodine. These facts wou.ld indicate that not only has 

pro-~-carotene, assu.rr.ed the all-trans configuration out also that the ac;'\rclic 

end has cyclized. 

It was possiole to isolate a small quantity of cr;ystals of the all-trans 

form of pro-'l-c,c,..rotene from the isornerization experiments with the latter. 

These crystals melted at 130°. From the resclts descrited in Section I, it. 

would seem that these crystals were 7-carot.ene. 
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EX0 )e:c imen tal 

Isol ,qtion of Pro-:l'.-carotene 

Isolat"ion from the Pn .. 1 it of :B:i.;,tia canitata.--Tv·ent;:/ kilos of the ripe , bright 

yellol'1 fruit of 3 1 .. tia canitata (2-3 c:'1, in diarre ter; collected in Sc-uth ern 

CA.lifo rni-;, in ~Tovernber) wc:::e mashed in a mortar, freed. fro'l'l t:r.e seod.s , and 

kept in methanol ove1·:night. Contact i;:itr .. the solvent 10:1.gor tha..n one to two 

days should 

whol e fruit 

be avoided; if the ~'.lfl,terial canno t be worked u:, :promptl:r, t:1.e 

be 
may A:preserv ed for some t 1-:r._e "'J~• p l a cing in lar ,_;e j?..r s containing 

a 2-3 cm. layer of r~etr..Et!'.ol. 

The r:,aterial ,.-:e1s p ressed 01..1.t in a fn.1.it press, the liquid discarded and 

the wet fibro1.J.s ca..°t{:e was !)a.ssed bvice thro1.J{)1 a::-l electric 6rincler. Cne liter 

of :11e t l-:anol and 011e liter of :petroleum ether ,"'ere added to four portio!'.s, 

eacr:. corresponding to 5 kilos of fresl1 fru.it. These sol vents for ::1 a t,,o-

phase sy ste:1'1 . T~1e :·:i ixture of material and solvents was shal{:en r:wcha.'lically 

for fiftee::: ;r1i:o:utes and 9er:1.,itted to stand some tirr.e. The up,)er ll'l;_;er wqs 

intensely or2T,€;e; the lower only slightly colored. This extra ction was re­

p eated twice, the volume ratio of methanol and. petroleu.rn ether added being 

now 1:10. A final tieatrr:ent with pc're :1et role"L1rn ether is aC:.vantageou.s . T.ne 

soJ.id r·esidue was pressed o"L:.t and pa,ss ed through an electric gr i nd. er between 

extractions . A tot :=tl volume of 37-5 liters of petroleum ether Md 6.5 liters 

of met~1.a:1ol was employed to extract t!',e 20 kilos of fresh fr 1J.:lt. A large 

volume of water was added slm"lY to tl-: e tyro phase extrR.ct. Th e upper phar.;e 

of petroleum ether wa s w2.shed three times, dried quic.'k:l:v •,7ith sodi1.,;.m sulfate, 

8nd. ccncentrated in vc1cuo at 40° to about 4 ltt ers. The liquid was diluted. 

with half a volwne of ether and sa'.ponified.. While washing free of alkali, 

a se,ni-solid r::ateria l appeared at tl':.e inter·face ci.:::d. was discarded. .After 
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d.1-;-,- ine:;, the solution wa.s conce~trated. in vac1:.o to 100 r:il. and the evapo:ca-

t'ion repeated. afta 200 ~.11. of petrole·.•.~ etL1er had ·,)cen added. The clar~c red, 

viscous liq,~id vras dih'.ted witr:. petroleni: ether· to one liter • 

.After filt1·a.tion to re::iove colorless material, the scl11.tion vras d1.ror.1a.to-

graphec'. in a. conical :percolato1· (32 x 15 x 8 cm.), in order to obtain a :r-01:·g}: 

separation of the cn.rotenoids. In the co1.1rse of c.'.. evelo:ping vrith 5 lit ers of 

petroleum ether m.,;.rr.erous l Ay e:cs appeared. Tl:.e upper section consi s tccl oi' 

ri:ino1· ::;,:;nes ,,:-:i 8. ,i':ain red. l ~r copene zone accom:;,an ied c:r r0 ::1e of its neo­

forms. The ::-,idd.le sectio"'. ~:ac'c a red zo12e of 7-c?>:rotene at t !le to·o ond a 

'brilliant o:cense zon e of ~1·0-7-ca.rotene at the 'bottom. Finally , t:':-.ce lower 

section conkdned ~-carotene which corcstit1..,tes c1.'oout one-half of the polyene 

content of tree fruit. E2,ch of the sections was cu.t out. 

The ;:,ro-Y-.carotene solution was rechromatoi;raphed tv•ice on a. smal1-or 

coh.11:;.n (25 x l+ c ~~.) wl: icl1 was developed f irst i,•i th :pet:r·o 1e,'.!:: ether and t h en 

Y!ith 270 acetone. The orange zone (75 mm. wide) was elnted ·:·itr, ether. After 

evaporation of the sol vent, t h e dry r esid-.::.e was dissolved in the minir.ium 

amount (O.~ ml) of petroleum ether in. a centrif·u€:'.;e tu.b3. On c.g:utio•'S additfon 

of a few 1;:iillilite:rs of methanol, with stirr·ing, red crystals appeared im­

mediately out '"6l'e mixed with some colorles s pA,rticl es of microscopic size. 

The sarnp le was c en trifl.1fed ani v,ash ed with methanol jn the centr i f·uge 

tu.oe :.n which it was recrystallized from oenzenc on ac,dition of met!J.1=1.nol. 

':'he crystals were treated. t'h.ree tiP.Jes v:-i th metha~1ol at 40° and recr~rstallized 

fror:1 'benzene a.YJ.d methanol. These la.tt er opera.t ions were repeF.1.ted. The y; eld. 

V'as 5.9 :11.g. or ap)roxir::ately 0.3 %· per ~::ilo of fresh fruit. In t :.".e mother 

liQ.1:'0r o,1l~T small quantities of :)l'O-rca:rote-n.. c \'.;er e nresent ~i1 ... ,i}.e a Y!eW 
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A total of 14 mg. of ::;iro-7-carotene was isolated from several experiments 

of this scale. 

Isolation fro.!!! the Fruit of Pyracanth~ angustifolia.--The Pyraca.i,tha berries 

were picked in November and December in Southern California and dried in air 

at room temperature. On prolonged standing the yields diminished rapidly. 

One kilo of the air-dried material was coarsely ground in a mill, kept under 

ether for 3 hours, then filtered on a ]uchner fcmnel, washed with ether, and 

treated once more in the sa..Tie manner. The extract (4.5 liters) was saponified. 

After saponification, the dark wash water did not contain carotenoids. 

The solution of the dark red, viscous residue in 1 liter of petroleum 

ether was chromatographed in a large percolator (45 x 20 x 8 cm.) on calcium 

hydroxide. The chromatogram was developed with 5 liters of petroleum ether 

and then with 1% acetone. The complicated chromatogram was composed of three 

sections: (a) a strongly adsorbed, poorly differentiated to:p section (7 cm. 

wide), (b) a ma.in section (6 cm.) containing several orange and yellow zones 

including prolycopene and pro--;1-carotene, and (c) the lowest section of the 

cone, occupied by large amounts of ~-carotene preceded and followed by some 

of its stereoisomers. This la.st section and the yellow, fluorescing filtrate 

were discarded. The three sections were separated by cutting. 

Fractionation of Main Section--.After elution with alcohol the carotenoids 

were rechromatographed (column 28 x 7 cm.) with 2% acetone. 

The chromatogram had the following appearance: 

80 several minor layers near top 

35 bright orange, prolycopene (470.5, 441 y~ 
5 orange, traces 

12 yellow, u.."lidentified carotenoid 1 (464, 438 ~) 

10 several minor layers 



50 orange, pro-7 -carot ene (462 , 432.5 y-) 

10 yellow, unidentified c.9.:rotenoid 2 (457.5, 430.5 

20 several minor layers 

The presence of pro-7-carotene and of prolycopene was detected by the 

addition of iodine to the resp ective solutions in a spectros.co9 ic cell. 'By 

t }iis catalysis intense new spectra appeared almost instantaneously (493, 460 

ry<· and 501.5, 470 y.). 

Pro-7-carot ene--This zone was rechromatographed and developed with 

2% acetone; the main component was eluted with ether. Upon evaporation of 

the ether in~ a dark red, crystalline residue remained. The latter 

was dissolved in the min imum amount of benzene at 20° and transf erred into 
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a 15 ml. centrifuge tube with a dropper. About 10 ml. of methanol were then 

added with stirring , first drop by drop until red crystals app eared, and later 

more rap idly. Ai'ter standing in ice water for 1/2 hour, t h e crystals were 

centrifuged and washed with methanol in the same tube. After recrystall i za­

tion from benzene and methanol , the yield was 25.1 mg. The mother liquor 

gave 2. 6 mg. The total yield corresponds to 45 per cent of t h e pro-7 
-carotene content of Pyracantha determined photometrically. A mixed chroma­

togram with pro- 7-ca.tot ene from 'Butia capi tata established the identity of 

the two samples. 

Analytical Data for Pro-Y-carotene.--For t he purpose of analysis the samples 

from each source were dried in high vacuum for 45 minutes. The sample from 

'Butia (~•.£·) was dried at room temperature wh ile that from Pyracantha was 

dried at 50°. 

Carbon and hydrogen 

H, 10.52 



Found: C, 33. 99 ; 
89.79 
89.94 

H , l0.65 (:B.c.) 
10. 55 (p. a:.) 
10. 52 (I-i• ) 

The values obtained with the sar.-r_ple from :Butia are calculated for the 

ash free sDo sta.nce. The ot:C1er contained. no ash. 

I..olecular llei ght 

Calcd. 

Found.: 
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mhe molec~lar weight determinations were carried out in exaltone (cyclo­

pentadecanone , m. p . 63°) which has a molar freezing point depression constant 

of 21. 3. The samples were altered only slightly during the determination as 

proved by a chromatogram of a petroleum ether solution of the melt. 

Properties of Pro- 7-carotene.--(a ). r .. elting po i n t. Pro-7-carotene isolated 

fro□ :Butia melted at 113-9° after previous shrinkage; the crystals obtained 

from Pyracantha melted at 121-2° after softening near 119°. The melting point 

is lower than t hat of 7-carotene but higher than t hat of prolycopene (111°). 

(b). Crystal form. ' •.acro scopi cally , pro- 7-ca:rot ene forms brick-red, glit­

tering plates. Under the micros cope individual crystals are dull brownish-

yellow with intensely orange crossings. Curved crystal edges are t ypical (Fig . 2). 

(a ) (b) 

Fig. 2. -- Pro- Y-carotene, crystallized. fror.:i benzene and methanol 
( 430 x) : (a) slow crystallization; (b) rapid crystallization . 



( c). Abs orp tion taxima in V-01,ri o-c,.s Sol vents . The ab sornt ioE max i :na of 

pro-Y- c~rotene \7ere determined. vis"L,.a l ly in e, num-ber of solvents "both before 

and after t h e 80.dition of iodine. The data obtained '.•.· ith t h e cry stals from 

- 13uti a are ,,r esented. in Table II I. 1.'!ith t h e sar.rrole ootained f r o,n I:Yraca:ntha, 

Table I II 

Spectra of Pro-i-carot ene i n 'Tariou.s Sol vents 

Solvent 3efo1·e addition 
,-- of iodine ---. 

Carbon dis1;1fide 493 . 5 460 . 5 

Acetone (493 . 5) ~63 

Py rid i Yl e 431 450. 5 

:Benzene 477 477 . r; 

Carbon 
t etrachloricle 47 r-:. i::_ 

.,, • _,I 445 . 5 

Chlo1•oform 473 (444) 

Dioxane 470 442 

Et hanol (465) (437) 

Ethy l acetate 464 (436) 

Petrol e,.:u~, ether 464 (435) 

Et her 462 (435 ) 

;-:ethanol 462 (434 ) 

,.- After addit i on of iod i ne ~ 

528 

493 

431. 5 

507 . 5 

506 

505 

500 

(491. 5) 

40') " JC.. • _,I 

l.~93 . 5 

494 

(490 ) 

490. 5 

462 

452. 5 

474. 5 

473 

470. 5 

469.5 

466 

463 . 5 

461 

461 

460 

(433 . 5) 

(434) 

443 

(l.~41. 5 ) 

(441. 5 ) 

(436 . 5) 

(~-3 6 ) 

(433~5 ) 

(433) 

\ 
a 1Parenth eses indicate that the bard i s very indistin ct. In s02,e so l-

vents pro- 7- caro t ene shows a fai n t shadow a t higher wave lengths . These 
solvent s Y,ith t h e aunroxL-:1ate ·oositfon of the sh adow o.re : carbon disulfide, 
527 ; chloroform , 502'; dioxane, -- 499 ; petroleum eth er , 492 ; etli.y l acetate , 493 ; 
et ?ler , 491 ; and methano l, 491 rry· 
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(f). Photometric Determination. The concentration of pro- 7-carotene 

in solution may be determined by means of the Pulfrich Gradation Photometer 

using light filter S 47 (k = extinction coefficient; c = mg. substance per 

100 ml. of petroleum ether solution) 

k 

C 0.20 

Stereoisornerization of Pro-"Y--carotene under Various Conditions. 

(a). Isomerization with Iodine at Room Temperature. 1.4 mg. of pro-7 

-carotene crystals in 100 ml. of petroleum ether was treated with a solution 

of 35j<g· of iodine in 0.3 ml. After standing one and one-half minutes at 

room temperature, t he solution was poured on a column (20 x 3 cm.) and was 

completely adsorbed five minutes later. When developed with 2% acetone, a 

chromatogram was obtained in which the layers were separated by colorless 

interzones (Table IV). 

Color of 
adsorbate 

Red (Y-caro-
tene) 

Orange 

Orange 

Pink 

Orange 

Orange 

Orange (pro-Y 
-carotene) 

Table IV 

Stereoisomers of Pro-"7-carotene Obtained 

By Iodine Isornerizationa) 

Spectr·o.m (rrj'J in petroleum ether 

,- Before addition of iodine--. After 
r-of 

495 463 (435) 492.5 

489.5 458.5 492 

489 458 492.5 

488.5 457.5 492.5 

488.5 457 492.5 

489 457 492 

463 (434 492.5 

addition 
iodine~ 

l.J-60 

460.5 

460.5 

460.5 

460.5 

460 

460.5 

a)In the order of decreasing adsorption affinity on calcium bydroxide. 
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(b). Isomerization by Heating in Solution. The petroleum ether solu­

tion of about l II€· of pro-7-carotene was refluxed for thirty minutes, and 

developed on a column with 116 acetone. Most of the starting material remained 

unchanged while some d-carotene appeared at the top; two minor zones were 

observed below pro-'-carotene, the one immE:diately below having the spectrum 

458. 5, (432. 5) j"(·; on addition of iodine the spectrum changed to 493, 461 

~• The lowest zone was present only in traces. 

( c). Isomerization by Melting of Crystals. A small q_uantity of pro­

~carotene was melted and kept between 130 and 135° for twenty minutes, in 

a sealed tube filled with carbon dioxide, and then plunged into ice water. 

The chromatogram of the petroleum ether solution, after developing with 3~ 

acetone, consisted of seven zones: 7-carotene, three neo-isomers (about 

433, 457 ,"·), pro-Xcarotene and finally two pigments below, having ab­

sorption maxima at 439.5, 4581/.and 457.5 1y~ respectively. The wea.~ ad­

sorbability of the zone immediately below pro-/-carotene is remarkable; on 

the basis of its spectrum one would rather expect a position much above pro-

7-carotene. After addition of iodine the spectrum of each stereoisomer was 

converted within a few seconds into that of the same eq_uilibrium mixture 

(492.5, 46011/). 

(d). Isomerization with Cone. ey-drochloric Acid at Room Temperature. 

One~- of pro-7-carotene in 10 ml. of petroleum ether was mechanically 

shaken with 5 ml. of cone. bydrochloric acid for one hour. After the solu­

tion had been washed acid-free and dried, the chromatogram was developed 

with 2% acetone. Seven zones were formed: an unknown brownish zone fixed 

at the top, then 7-carotene, and three of its neoforms (spectra as in 

Expt. c); no unchanged pro-""Xcarotene was present. The two lowest yellow 
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zones migrated much more rapidl;y than the other zones and showed spectra 477. 5, 

~ 

447.5 and 430, 450 1 ., respectively, which approximate that of a-carotene. 

On the addition of iodine the wave length of the maxima of the two lowest 

layers decreased a few millimicrons while each of the four Y-isomers gave 

the expected equilibrium spectrum (492. 5 and 460 y,). 

In the course of the above isomerizat ions some crystallized Zcarot ene 

was isolated (494, 462, 434 y,). It did not separate in a mixed chromate-

gram from samples obtained from two different plants. These crystals of 

'l-carotene, in the same ma~ner as other sam?les, melted at approximately 

130°. So small a quantity (0.5 ~-) was available that no analysis or ex­

tended investigation was possible. 

Other Carotenoids in Eutia capitata.--The remaining sections of the initial 

chromatogra,.rn of the Eutia extract were repeatedly chromatographed until the 

individual carotenoids were separated. A summary is presented in Table v. 

Very small q_uru1tities of crystals were isolated from the /-carotene zones 

but in these cases also, the meag-er quantities of crystals made investigation 

im_possi ble. 

Other Carotenoids in py_racantha angustifolia.--The carotenoids in the main 

section of the initial chromatogra.'11 of the Pyracantha extract were also in-

vestigated. 

Prolycopene--This layer was cut out and rechromatographed. Ey develop-

ing with 5% acetone, miDor layers were separated. The main zone was then 

eluted and isolated as described for pro-/-carotene but a recrystallization 

was not carried out. The yield was 23. 4 mg.; i.e., about 40 per cent of the 

quantity contained in the original extract as estimated photometrically. M.:p., 

ll0.5-111.5°. The shape of the crystals and their solubility correspon~ed 



Table V 

CarotenoidSPresent in the Ripe Fruit of J3utia capitataa) 

Compow'1.d b) 

Ruoixanthin 

Lycopene 

H eo-ly copened) 

N eo-lycop ene d) 

A prolycopene 

Unknovm 

{/-caroten e 

LY-carotene 

A prolyco-oene 

A prolyconene 

A prolycopene 

Neo- 'Z-carotened) 

Pro-d-carotene 

Unknown 

A 3-carotene iso­
mer 

Spectrum (,U.) in petroleum etherc) 

Before addition of iodtne After addition of iodine 

496.5 

497 

495 

482 

485. 5 

464. 5 

474 

469 

469 

477 

472 

465.5 

l.(63 

471.5 

464 

459.5 

464 

(437.5) 

(445.5) 

(440) 

(441) 

448 

444 

(437) 

443.5 

439 

(437. 5) 

430 

(435) 

432.5 

502 

502 

502 

495.5 

495.5 

499.5 

500.5 

501 

497 

493.5 

484.5 

484.5 

461. 5 

472 

471 

471 

471 

469 

463.5 

469.5 

469.5 

469 

46h r .i. ') 

461 

453.5 

442 

(442) 

(443) 

442 

441.5 

422.5 

(440) 

(436) 
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a)The comp ounds ar~,listed in the order of decreasing adsorption affinity 
on calcium hydroxide. 'Compounds italicized have been definitely identified, 
in most cases by mixed chromatogram. Other co1)1£ ounds have been tentatively 
identified by spectrum and column po8}tion. c Parentheses denote indistinct 
bands wr:: ich are difficult to read. The complete homogeneity of t h is zone is 
questionable. 



with those of a sample from tangerine tomatoes. A mixed chromatogram with 

prolycopene from the latter sou.rce showed no separation. In the partition 

test (petroleum ether-95 per cent methanol) epiphasic behavior was observed. 

For the purpose of analysis the sample was dried in a high vacuu.rn at room 

temperature for 45 minu.tes. 

Calcd. C 39.48, H 10.52 

Found. s9.39, 10.63 (corrected for 0.7% ash) 

Mol. wt. (in exaltone), calculated, 537; found, 575 

The absorption ma..~ima in carbon disulfide were 500, 468 ~-(with iodine, 

542.5, 502.5, 468.5 iy<,); in benzene, 432.5, 453 ry<, (with iodine, 518.5, 

433, 452.5 y.); and in petroleum ether, 470.5, 441 1/·(with iodine, 501.5, 

469.5, 439.5 1/~· 

Minor Carotenoids--T'ne unidentified carotenoid 1, after having been re­

chromatographed, showed absorption maxima at 464. 5, 435. 5 ~ .which were 

shifted on iodine catalysis to 469, 439 y• This equilibrium mixture when 

chromatographed and developed with 5% acetone separated into five layers; 

the spectrum of the main zone, adsorbed near the top, w~s 471, 442 ~-

The unidentified carotenoid 2, after having been rechromatograf)hed and 

treated with iodine, separated upon chromatographing into two isomers (453, 

431 iy,and 454, 426 y,respectively, from the top of the column) 

gave identical spectra (457, 429 j"'·) on treatment with iodine. 

which 

One of the most interesting zones obtained from the Top Sect ion of the 

initial Pyracantha chromatogram was that which possessed all the character­

istics of a monobydroxy-pro-~carotene. The separation of this zone and 

investigation of the other carotenoids was carried out as follows. 



Fractionation of the Ton Section.--'I'h e ca:cotenoid s ,1ere eluted. with al-------- - -- --· ----
col1ol, and. rechrornatogr aphed. on a smaller :;:iercolator (30 x 11 x 6 cm.) with 

5/:o acetone. Five i:,ain fractions (Fractions I to V from ton to "bottom) appeared_, 

each consisting of several cor~onents. 

Fraction I (v.rl1ich among others contained. some lutein) and Fraction III 

were of no partic1.1lar interest. 

Fr act ion II, when rechromatographed. and developed. with 101b acetone, 

separated into nine components; viz., lycopene, two neolycopenes, a mono­

'hydroxy-p1·0-7-carotene, and five minor layers. 

The monoli;srdroxy-pro- JI-carotene zone was rechromatographed a..'1d was then 

:,omogeneous. T:.r"J.e main absorption maxima were 461. 5, 432. 5 ~- and on iodine 

catalysis, 492.5, 459 mj'<· In contrast to pro-Y-carotene this cor~ound YJas 

present in "both phases if a drop of water was added to the solution in a petro-

leum ether-met}1ai10l mixt·ure. 'W'nen a petroleum ether solut io:1 was shaken with 

90 per cent e ethanol, epiphasic behavior was o'bserved. T..n.e ad.sorbaoility is 

also conclusive evidence for the nr·esence of a hyd.rox;yl grou:p. On calcium 

hydroxio.e the compound is adsoroed "below lycopene but ml'.ch above pro-Xcaro-

tene, as shown "by mixed c:nromatograms. Fl1.rthermore, after the addition of 

iodine a main component is formed which d.oes not separate on the col'UI'.".n from 

a mono}:1..ydroxy-J'-carotene (prooaoly ruoixcmthin) o'btained from another source. 

Finally, monohydro:xy pro-7-carotene is also adsorbed on calcium ceroonate 

from p etroleum ether, which, as is well knovr.o., does not occur with hydrocaroon 

carotenoids. 

Fraction IV consisted mainly of an orang e lP~er v:h ich sh ovred maxima at 

4 74, 442. 5 ry<· ( ,"i th iodine, SOL 5, 

the corres:,::ioncl.ing figures were j04, 

469. 5, 439 ;"·). b caroon disulfide 

"71 ,- d r-:, l.J.3 i::o0 ,·· l.16° m· • 4 .::, 1 .an _;, ,Jc.•), ,oy . .LhlS 

stereoisomer of lycopene wa,s el'\.1.ted nith ether and crj' stallized as descri'bed 
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above for pro- ~carotene. The yield was 7 .3 mg.; m.p., 97-98°. The main 

st ereoisomer formed by iodine catalysis did not separate from tomato lycopene 

in a mixed ct.cromatograrn . 

.Analysis--Calcd. for C40H66 • lv'.ol. wt. 537 

Found. II II 563 (in exaltone) 

Fraction V, when rechromatographed on calcium hydroxide with 25 per cent 

ligroin in benzene, separated into several minor and two main components, the 

latter possessing -;/..carotene spectra (495, 462 y.and 494, 461 ;,). On 

addition of iodine, maxima of shorter wave-length a;_ppeared. 

Summary of Sect ion 11 

1. A new carotenoid, pro-'X-carotene, has been isolated in quantities of 

0.3 mg. per kilo of fresh fruit from Butia capitata, Becc. (Palmae) and of 

27. 7 mg. per kilo of dry berries from Pyracantha angust ifo lia, Scnneid. 

(pomoideae). 

2. It is probable that four or five of the eleven conjugated double bonds 

in this molecule are in the cis-configuration. 

3. Upon treatment of a solution of pro-Y-carotene with iodine, the 

spectrum changes with amazing rapidity to that of a mixture of stereoisomers 

which may be separated chromatographically. 

4. Melting of crystals, refluxing of solutions and treatment of a cold 

solution with cone. hydrochloric acid also convert pro-Y-carotene into a 

mixture of stereoisomers. When hydrochloric acid is used, minor carotenoids 

are present which are not stereoisomers of pro-Zcarotene. 
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I I I. GAZ .. A::;" IAX .. ~:'E-{E 

L'1trod.uction and. Di s cussion 

In t :CJ. e cou.rse of the investi6ations in tl".e ~carotene series, it has been 

desirable to study a monohydro~- c3:foten oid related to "Y-cP.rotene . 
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T:cs e i'irst lcyd.i·ox-J-4-c?.roten e, ru1) i xanthin , C40 H55CH, was isolated fro::i 

rose hi:9 s ( 11 Ha"; e1:rutten 11 , Rosa canina, B.· rubigtnosa, etc.) by Kuhn and Grund-

3 
mann . They proved that the hydro:;,..··yl f; roup is located on the :3-ionone ring 

v.r}:ile the a cy clic end terminates i n aYJ. isopro1)ylidene grnup. :Because the 

plant material re'.··uired for the isolat i o:1 of rubixanthb was not ava ilable, 

t he behavior of tl1e related ca.rot enoid, {];azaniaxanth in, 11as 'been stv.died. 

This carotenoid. is the main component of the pol;vene pigment of the 

flowers of Gazar.ia rip:ens, R. Br. (Co r:ipositae) in which it v:as detected 'by 

Sch~n
16

. The starting mater ial, gro1,·m in Southern California, contained the 

same gazaniaxanthin but t he pigment rnixtv.re was ,narkedly d iffer en t fror.i that 

descri1)ed by this investig8.tor . The variation is understandable when the 

difference in geographical location is considered (Sch8n v,rorked in Portugal). 

Table VI uresents a compai' ison of the respective pign:ent miztures. 

Table VI 
a\ 

l.'.ai n Co r.;pon ents of the Caroten.o id. Pigment in Gazarlia ri,2ens Flowers 1 

Grovm in Portv-e:al Grown in South ern California 

Lut ein L'ut ein 
Rubixanthin Gazaniaxanthin: 1400 mg./kilo 
Ga_zaniaxrthin g.rco:.2,ene: 435 mg. 
~novm6 C~toxanthin 
1-Caxotene-Carotene: 100 mg. 

0-Carotene :3-Cr:1.rotene: 60 mg. 

a)The underlbed cot:rpounds have been isolated as crystals. The fit;ures 
ref er to the content uer kilo of d.ry flo ~'lers. The y ield~yere: 30-457& of 
t h e ga.za.nia.xanthin., 305~ of the l;yco:p ene, and 13;f of the ;I-carotene content 
1 isted. 

b) S 11 From chon 1s description of this fraction it is not unreasonable to 
assume that tE._iJ was a mi~~tu.re of neo-gazaniaxa11th ins. 'I'b.e spectnun, identical 
with that of -ti-carotene, n'l<\l;'J; have oeen formed. by re-isomerization. 
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II In his paper, Schon not only described the isolation of gazaniaxanthin, 

but also suggested that it may be a monohydroxy- 7-carotene having the for­

mula C40 E540 or C40H560. He demonstrated the presence of a hydroxyl group by 

the synthesis of a crystalline acetate which has been confirmed by the deter­

mination of an active hydrogen according to the method of Zerewitinoff. Sch8n 

postulated that the hydroxyl group might be located 11 in the aliphatic side-

22 
chain, like in lycoxanthin and lycophyll 11 • but he rightly pointed out that 

such an assumption should be tested by a biological assey. Such an assay has 

now been carried out. Because gazaniaxanthin (like rubixanthin
8

) proved to be 

inactive as provitamin A in the rat, the hydrozyl group must be located on the 

~-ionone ring. 

Analytical investigations to elucidate further details of the structure 

have led to contradictory results. A hydroxy- Y-carotene would possess twelve 

double bonds but catalytic hydrogenation has indicated the presence of only 

eleven in gazaniaxanthin. These must be conjugated in order to produce the 

spectrum observed. This result would indicate that the molecule does not con­

tain an isolated double bond and consequently that the empirical formula is 

C40~
8
o. However, ozonolysis indicated the presence of one isopropylidene 

group9. Since compounds, such as tli.ymol, give 0.3 11 isopropylidene 11 group per 

mole, it may well be that carotenoids containing an isopropyl end-group would 

also yield acetone on ozonolysis. Therefore, gazania.xanthin may be a di'hydro­

rubixanthin as indicated below in the tentative formula. 

Gazaniaxanthin (?) 
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Fresh, dilute sol~utions of gazaniaxanthin are relatively stable at room 

temperature. In 24 hours only 4% of the pigment underwent trans-cis isomeri­

zat ion in petroleU,.'11 ether, while upon refluxing in benzene for 15 minutes, an 

equilibrium was reached which contained about 30% nee-isomers. Within the 

same period of time, iodine (1-2% of the pigment) produced an equilibrium mix­

ture containing 45% nee-compounds. Melting of the crystal's also produced con­

siderable quantities of stereoisomers. 

From the standpoint of chromatographic technique, gazaniaxanthin and its 

isomers represent a difficult case. Even with the best absorbent and developer 

available, it was ill4)ossible to obtain colorless interzones between the isomers, 

all of which have less adsorption affinity than gazania.xanthin. Although the 

outer appearance of the chromatogram was, at times, excellent, the differentia­

tion inside the column usually did not justify the expectations. However, the 

stereoisomers of gazaniaxanthin obtained with iodine formed two distinct groups 

on the column, termed 11neo-group I II and 11 II 11 (from top to bottom). The average 

spectra were nearly identical. Within group I, two stereoisomers, within II, 

faux stereoisomers have been differentiated but for none is perfect homogeneity 

certain. The chromatograms of equilibrium mixtures obtained by refluxing solu­

tions or melting crystals are similar. 

As one proceeds down the colunm in the tl:i..ree cases, the wavelengths of the 

spectral maxima of the zones first decrease and then increase. The maxima of 

the middle zones are of S-10 y• shorter wavelength than those of the all­

trans compound while this difference is only 3-7 ry<• for the bottom zones (see 

Experimental Section). 

The differences in the wavelengths of the absorption maxima of the neo­

gazwiax:anthins are ~nusually small. ~ne longest wavelength maxima of all but 



one zone were located within the narrow range of 489.5 to 484 rry'. 
havior seems to be inherent in carotenoids related to 'l-carotene. 

This be-

Thus, pro-

7-caxotene forms five isomers which possess almost identical spectra (Section 

II of this Thesis) yet which may be separated chromatographically. On the 

other hand, the spectra of the twelve known nee-isomers of [3-carotene14 are 

different by 15 ~- at the extremes and are so situated chromatographically 

that isomers with almost identical spectra cannot be confused. A similar 

10 
situation obtains in the case of lyco:pene . 

The spectral properties of natural (all-trans) gazania.xanthin have been 

investigated from 540 to 2301/• in hexane (Fig. 5). If the solution is treated 

with iodine at room temperature or merely refluxed, the extinction coefficients 

decrease an.d the maxima shift toward the shorter wavelengths. Simultaneously, 

however, the very flat maximum at 349-350 ~. is greatly increased and con­

verted into a marked maximum. The latter is the so-called 11 cis-peak 11 defined l>y 

Zechmeister and Polgar25 . That the equ.ilibria between gazaniaxanthin and its 

stereoisomers formed by these treatments differ according to the method of iso­

merization, is evidenced by Fig. 5 as well as by the chromatograms described 

below. 

The trans-cis isomerization of gazaniaxanthin induced by iodine catalysis 

also becomes manifest by the appearance of rather strong dextrorotation. The 

optical activity of the natural pigment in benzene or petroleum ether was too 

small to be observed in concentrations which permitted readings. In contrast, 

the iodine equilibrium mixture gave (a]~~=+ 160° (in petroleum ether) and a 

mixture of some neo-isomers, [a.]~~ = + 220° vihich upon addition of iodine de­

creased to 160°. 
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Exp er imen t al 

Isolation of Gazaniaxanthin fro m the Flowers of Gazania rigens._--One k ilo of 

:petals, collected within a week , was dried at 40-50° for 24 hours. Tr1e milled 

material was covered with petroleum ether for 2 hou.rs in a percolator (35 x 

15 x 8 cm.). Percolation was continued until 3. 5 liters had paased tr...rough. 

The deep red solution was diluted to 5 liters and saponified. The solution 

was chromatographed* in two percolators (45 x 20 x 8 cm.), development requiring 

a total volume of 8 liters of petroleum ether and 10 liters of lO~b acetone. 

The two chromatograms showed minor top layers followed by a broad red 

zone of gazania.xanthin and lycopene vrh ich did not separate with this (ievelop­

ment and were cut out together. Neolycopene and paler zones of cryptoxanthin 

and #-carotene were immediately below. p-Carot ene and minor pigments v1ere 

washed into the cl,.romatographic filtrate and discarded. The gazaniaxanthin­

lycopene section was eluted with alcohol con taining some petroleum ether and 

the combined cryptoxanthin-J;'.'.°carotene zones with alcohol. 

~ne petroleum ether solution of the gazaniaxanthin-lycopene section was 

rechromatographed in a percolator (35 x 15 x 8 cm.). The bydroxy-eompound 

was retained on the column while the lycopene was washed into the filtrate by 

,, 
developing with 570 benzene in petroleum ether. To achieve this separation, 

Merck's calcium carbonate( 11Heavy powder") was employed. The choice of a car­

bonate which does not retain lycopene is important. 

Gazaniaxanthin was eluted with ether and evaporated completely in ~-

* If ch romato§::rapby cannot be carried out immediately and the solution 
must stand in a cold room, it should be filtered before adsorption in order 
to remove gumrey material which will clog the top of the colunm and may even 
cause it to split vertically. 
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The red , cry stalline resid.u.e v!as di ssolved in the minirrrom amount of cold b en-

zene, transferred i n to t wo 50 ml. c entri f1.\~~ e tubes and crystallized a t 25° by 

gradua l addit ion of exces s methano l with s tirring . .Aft er standing a t 5° over­

night, t h e crys t a ls were c en trifug ed, wash ed with methanol and dried v,ith a 

stream of carbon dioxide in t he centrifug e t ub e . Then t h ey .were dissolved in 

benz en e a t 45°. iv'.ethari.ol was added slowly until t h e first cryst a ls ap:pear ed 

and t hen mor e rapidly. Th e suspens ion was k ep t a t 25° for an hour and a t 5° 

for t wo hours and t h en filt er ed. The y i el d was 560 mg . of pure gazan i axant h in . 

.After rechromatographing, t he mot her liqu.or yielded an additional 65 mg .* 

Analy tica l data for Gazan i ax:an thin 

Carbon and hydrog en : 

Ca.l ed. for C40Hs40: C, 37-27; H, 9. 90. 
for C40Hss0: 36 . 39 ; 10.22. 
for C TT O, 36.58; 10. 54. 40!.15' • 

Found: ("I 37 - 27; H , 10.75. u, 

37.41 10. 54. 

l:. '.ol ecu l ar weight: 

0.297 mg. in 1.744 !!¥s · of exaltone (~ = 21.3): 6 = 7.2°. 

Ca.led. for C4011is-e·O: mol. wt., 555. 
~ ., 

Found: mol. wt., 504. 

Wumber of double bonds: 

10.17 mg . with 23.3 mg . Pt02 added 5.12 ml. of hydrog en 
10.45 mg . wi t h 32.5 mg . Pt02 added 5.19 ml. of hydrog en 

7. 52 mg . with 4.2 !!¥s• Pt02 added 3.65 ml. of hydrog en 

Calcd. for C40Hse:O: ll. 0. double bonds. 

Found: 11.2, 11.1 and 11.0 double bonds. 

(24°, 743 mm.). 
(230' 745 mm. ) • 
(20°, 746 mm.) . 

* In t wo similar experiments with petals several week s old, t h e yields 
were only 377 and 336 mg . per k ilo of dr y material. 



Active hydrogen: 

19.11 mg. gave 1.13 ml. of methane (30°, 742 m.rn.). 

Calcd. for C40H57')H: OH. 1. 0. 

Found : OH. 1. 3. 

Isop ropylidene gToups:* 

Properties of Gazaniaxanthin.--(a) Melting point. The melting point of 

gazania.xanthin was 133-4°. This value, several degrees lower than that re-

II 
ported by Schon, wa s not altered by recrystallization. 
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(b) Ccystal form. ifnen suspended before filtration, the crystals h ad a 

golden glitter and a rather orange-brown appearance. Under the microscope the;y 

were lenslike in form or :plates with rounded edges (Fig. 6). The color of the 

individual plates was brownish-orange; superimrosed aggregates showed a purplish 

Fig. 6. Gazania.xanthin from Eenzene and Methanol. 

* See Table VIII for data and sinro.ltaneous control determinations. 



tint. At times needles were observed, grouped in rosettes similar to the 

photomicrographs of rubixanthin 
8

. 

(c) Absorption Maxima in Various Solvents. Th e visually observed spectral 

maxima of gazaniaxanth in a re listed in Table VII. 

Table VII 

Visually Observed Absorption Ea.xima of Gazaniaxanthin 
in Various Sol vents 

Sol vent 

Carbon disulfide 
Benzene 
Petroleum ether 
Hexane 
Absolute alcohol 

Fresh solu.tions 

531 494. 5 461 
509 476 447.5 
494.5 462. 5 434.5 
493. 5 462 434 
494.5 462 434.5 

After addition of 
iodine 

523.5 491 45s. 5 
505.5 473 
491 459.5 
490.5 459 
lfo change 

(d) Partition behavior. The partition behavio1· was identical with t hat 

described by Schbn. The compound was epiphasic when partitioned between pet­

roleum ether and 90% methanol but partially bypophasic when 95% methanol was 

employed. 

( e) Ad.sorpt ion characteristics. From petroleum ether solutions, gazania­

xanthin is more strongly adsoroed than l y copene, both on calcium 'hydroxide and 

on calcium carbonate. It is adsoro ed rrro.ch above cryptoxanthin. 

(f) Photometric determination. The coneentration of petroleu.~ ether solu­

tions may be determined with the Pulfrich photometer (light filter S 47); k = 

extinction coefficient, .£ = mg . of gazaniaxanthin in 100 ml. of solution, and 

.£1 = mg • of iodine equili'orium mixtu.re in 100 ml. 

k 0.3 0.5 0.7 0.9 

.£ 0.12 (5) 0.21(5) o. 30 (5) 0.39(5) 

.£I 0.15 0.25 0.36 o.47 



(g) Polarimetry. With concentrations between O. 05 and 0.1 g. :9er 100 ml. 

using 1 dm. t1-fbes, no rotations were observed in benzene or petroleum ether, 

'\"rhile chloroform solutions showed a. moderate rotation: 

[ ;f:.Cd
5 ':fr. = +(100 X 0.060): (1 X 0.092) == + 65° (il1 CHCl3) 

Upon the addition of a drop of concentrated. iodine ,,olution to the polari-: 

meter tuoe the rotatory· lJOwer increased within a few mh1ut es: 

On the other hand, if a petroleum ether sob.:.tion of gaza.riiaxanthin was 

catalyzed with iodine and chromatographed, the hetero;·eneou.s neo-section located 

im:::ediat ely 'below the zone of unchanfed gazaniaxanthin gave: 

[a];~ = +(100 x 0.10°): (1 x 0.046) = + 220° (in petroleum ether) 

A drop of iodine produ.ced a decrease in the rotation: 

[a.]~~= +(100 x 0.07°):(1 x 0.046) = + 155° (in petroleum ether) 

Cis-trans Isomeri:zation of Gazaniaxanthin. :l!
7

or the se:paration of gazania.,-v:an-

thin and its neo-forms the choice of the a'osorbent and developer is of more 

than usual importance 'because the zones tend to for·m an undifferentiated se­

quence on the colunm. The following adsorbents gave no seLJaration: alumina 

(used 'oy Sch2n with success in the isolation of gazaniaxa..Y1thin), zinc caroonate, 

calcium car'oonate, calci t.m caroonate-hydroxide mixtures, magnesium caroonate, 

basic magnesium car'oonate and magnesium oxide. It was only on calcium hydroxide 

that a separation of gazaniax:anthin from its stereoisomers and a further dif­

ferentiation of the latter took place after prolonged development with first 

5ib, later 1076 and finally 25% acetone. This procedure was used in the isomeri­

zation experiments descrioed 'below. In the range of 5-25 mg. such a develop­

ment requ.irecl 1-3 hours and ,vas usually continued until the lowest zone neaxed 

the bottom of the colunm. When the isomerization mixtu.re obtained from 25· mg. 

of [;aza.niaxanthin was chromatographed on a 28 x 7 cm. column, 2-3 liters of 

the developer were req_uired, of which 4/5 was 25% acetone. 



(a) Isomerization of Gaz 2niaxanthin by Iodine Catalysis at Room Temperature.­

A solution of 25 mg. of pigment in 3 ml. of cold benzene was diluted to 100 ml. 

with petroleum ether and treated with a solution containing 0. 5 mg. of iodine. 

After standing an hour at 250 in diffuse light, the mixture was developed on a 

column (28 x 7 cm.) as described above. 

110 
60 
18 
15 

1-2 

colorless top section 
pink, gazaniaxanthin, 494.5, 462.5, 434.5 ~- (with iodine 
brownish orange , 487.5, 457 mr• (491,459 m_;,,.<.) 
light er brownish orange, 487, 457 ~• (491, 459 mµ.) 
nearly colorless (between Groups I and II) / 

8 y ellow, 484, 454 mi. (491, 459 m J'-) 
14 orange yellow, 435 , 454.5 m~. (491, 459 mjk) 
9 orange, 486, 456 mp.. (491, 459 m_µ. .) 
5 p i nk , 487.5, 456.511 . (491, 451 m/.) 

In other exp er iments portions of the catalyzed solution \'Vere adsorbed on 

colurrms after 5, 15, and 30 minutes. Following elution with alcohol and trans­

ference into petroleu.in ether these colorimetric ratios were found: 

Catalysis (min.) 

Gazaniaxanthin: 
neos I :neos II 

0 

100:0:0 72:20:8 

15 

56 :29:15 

30 

56:29:15 

With neo-co!Il'~ounds as a starting material the equilibrium was also attained 

within 15 minutes. 

The corresponding weight ratio at equilibrium was 50:30:20. Such figures 

can be obtained by the addition of iodine to each of the chromatogr aphically 

separat ed pigment zones and the use of photometric values ( 11 c
1

11 ) for the iodine 

equilibrium mixture. 

(b) Isomerization by Refluxing.- For the best possible separation of 

isomer s formed by t h is met hod, it is essential t hat the ratio of adsorbent to 

pigment be 2 to 3 times t hat used i n experiments with iodine (see above). Fif­

teen mg. of gazaniaxanthin in 100 ml. of benzene were refluxed for an hour. 

After cooling rapidly to room t em_perature and di luting with 1 vol. of petroleum 
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ether, a chromatogram was obtained (28 x 7 cm.) from which all isomers and a 

small·section of the unchanged gazaniaxanthin were cut out together. After 

elution with alcohol this mixture vms rechromatogra1)hed (25 x 5 cm.). 

Refluxing (min.) 

Gazaniaxanthin: neos 

0 

100:0 

15 

71 .:29 

30 

70:30 

60 

68:32 

(c) Isomerization of Solutions at Room Tempera.tu.re.- Ten mg. of gaz­

aniaxanthin in 25 ml. of petroleum ether was kept in the dark under carbon di­

oxide at 25-28°. Five ml. portions were chromatographed periodically (column 

20 x 1.9 cm.). After cutting unchanged gazania.xanth in from all its isomers, 

the relative color intensities of the two eluates were estimated in petroleum 

ether: 

Time (days) 

Gazania.xanthin: n eos 

0 

100:0 

1 

0 6· 4 · 7 • . 

2 4 8 

93:7 88:12 82:18 

Neagazaniaxanthins are relatively stable under these conditions. For 

example, ste~ting with a (chromatographically heterogeheous) nee-section which 

was located immediately below the all-tr,ms zone, about 2 days were required to 

reach the equilibrium: 

Time (days) 

Gazaniaxanthin: neos 

0 

0:100 

1 2 

46:54 

4 

45:55 

(d) Isomerization by Melting.- A sealed tube containing 20 w.g. of the 

ca.rotenoid was maintained at 140-5° for 5 min . .After plunging into ice water, 



the solidified mass was tak en up in cold be..>J.zene and chromatograrihed (28 x 

7, cm.) aft er di11J.ti on with petroleum ether. 

100 colorless ton section 
60 pink, _gaz~i~"'{anth in, 494.5, 46;•5; 43~.5 ~- (with iodine, 490.5, 458.5 nyt<.) 
5 broYmish pinK, 489,457m,v.. (470.:,;,459:t<.) / 

20 orange brown, 488, 456.5/m_µ. (491, 458.5 m_/(.) 
15 orange brown, ~85, 454.5 ~,µ. (490.5, 458.5'y.) 
15 yellow, 434, 4✓3• 5 ~- (}(91.5, 459 ~•) 
15 yellow, ~-36, 454.5 ?,· (491, 458.5 m • ) 
12 pink, 439.5, 457.5 {.. (492, 459 m~.) 

1 traces of color, 49, 460.51/· (4Sf]., 459 iy·) 
Incomolete Experiments with Gazaniaxanthin.--Certain experiments with gaz­

aniaxanthin were incomplete when the author of this Thesis became engaged in 

other research. They will now be discussed briefly . 

Polarimetry.--It has been indicated th at solutions of gazaniaxanthin in pet­

roleum ether possess no rotation in concentrations which permit readings to 

be taken. However, when a petroleum ether solution of the gazaniaxanthin zone 

fro m an iodine isomerization mixture is i nsp ected, a definite rotation is 

present. This was observed t hree times. In two instances the specific rot.a­

tion was levo and, i n the t h ird, dextro, and was of the order of magnitude of 

100-150°. The origin of the rotation in this case and the contradictory re­

sults have not been elucidated but it may be that the rotation originates in 

some change in the asymmetric carbon atom which presumally is present in gaz~n­

iaxanthin. 

Irrad iation.--~ne irradiation of carotenoids has been little studied. Yet it 

is a subject not devoid of interest when the simultaneous occurrence of caro­

tenoids with chlorophyll and the probable, but unknown, function of the former 

in photosynth esis is considered. 

Two sa.rrrples of t hree II¥s· of gazaniaxanthin were each dissolved in t wenty 

ml. of benzene; one solution contained 0.03 mg.of iodine. The solutions were 

sealed i n thin-walled Pyrex bulbs under carbon dioxide and exposed to direct 
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solar r adiation. After 34 hours of irradiation , the solution containing iodine 

had decreased in color intensity to a considerable extent, while the other had 

changed little, if at all, and was subjected to a total of sixty hou.rs. 

When these solutions were chromatographed with the usual development, 

isomers of gazaniaxanthin were present. The presence of these stereoisomers 

may perhaps be attributed as much to thermal isomerizat ion as to ru1y effect of 

radiation. ~ne unique feature of the chromatograms consisted in the presence 

of ~ellow zones much less strongly adsorbed than gazaniaxanthin and its isomers. 

Th e chromatogram from the solution containing iodine possessed one such layer 

with the sp ectrum 476.5, 447.5 ~- vihich was not altered upon treatment with 

iodine. Th e other chromatogram had two y ellow zones, the upper with a spectrum, 

478.5, 449.5 r· changing to 476, 447 y-<• with iodine while the lower had 

478, 449.5 ry<· changing to 475.5, 446.5,U· These spectra approximate those 

of a-carotene (or of a hydro:xy-a:.-caroten e). It may be postulated that the 

a.cyclic end of gazaniaxanthin has cyclized with the consequent loss of a double 

bond. 

A similar experiment with a five-fold increase in concentration yielded 

negative results. 

Crystallization of neogazaniax:anthin.--The instances in which neo-carotenoids 

have -been isolated continue to multiply. Zeaxant h inJ.3, ~-carotene
14 

and 

methyl bixin 
4 

all yield crystalline isomers, while the pro-earot enoids are 

examples of more corf4)letely cis-ca.rotenoids. It has also been possible to 

isolate a small quantity of a neo-ga.zania.xanthin. 

The nee-group I fro m an iodine isomerization was eluted with ether and 

evaporated to dryn ess. 1fo crystals were obtained from benzene on the addition 

of methanol. .After a gain evaporating to dr;)'ness the residue was dissolved in 

methanol @d permitted to stand at 5° overnight. The crystals obta ined formed 
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such extremely dense groups that individuals were distinguishable only at the 

edg es. The 1. 5 11¥;• isolated contained ten to fifteen per cent. gazaniaxanthin. 

The spectrum was 490, 458 ry<'· and shifted slightly to higher wavelengths with 

iodine. The melting point was 121-2°. 

Isolation of Other Carotenoids from Gazania rigens.--Although gazaniaxanthin 

is the ~ain carotenoid in this material, certain other carotenoids were also 

isolated. 

Isolation of :cycopene.--From the filtrate of the chromatogram of the gazaniaxan­

thin-lycopene section (see above), pure lycopene was isolated in a yield corres­

ponding to 135 mg. per kilo of dry petals. The spectr c1,l maxima were: in car­

bon disulfide, 546,507,474.5 ry'· (with iodine, 543,502, 409 y-): in ben­

zene, 521, 486.5, 456· ~- (517.5, 484, 453.5 ~- ); a~d in petroleum ether, 

:j04.5, 473.5, 445 ny<· (501, 469.5, 441 ry<· ). 

Anal. Calcd. for C40H56 : C, S9.4S; H, 10.52 

Found: s9.50 10.71 

Isolation of 7-Carotene and Cryptoxanth in. --The petroleum ether solution of 

this section of the initial chromatogra~ was rechromatographed from this sol­

vent in a percolator (35 x 15 x S cm.). The main zones, 7-ca:rotene aDd 

cryptoxanthin, were eluted separately with ether and evaporated to dryness 

in vacuu.. 

a. -;,'-Carotene.- ~ne residue was dissolved in the minimum amount of 

cold benzene, transferred into a centrifug e tube and methanol added cautiously 

with stirring. Upon standing at 5° a mixture of red and colorless crystals 

precipitated. After further ad.dition of methanol, the suspension was kept 

at 5° for another dey. It was then centrifuged and the solid repeatedly 

treated with boiling methanol for a minute or two. :Each treatment was followed 
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by rapid centrifug ing and decantation of the hot methanol which deposited 

wh ite crystals up on cooling. Tn.ese were filtered off. The filtrate, the 

mother liq_u.or of the first centrifuging and the 7"-carotene crystals were com­

oined, rechromatographed and cryst a llized from benzene-methanol. After a 

single extraction with hot methanol and recrystallization, the microscope 

showed homog eneous red crystals of d-ca.rotene , t h e form of which was n ot un-

1 ike gazaniaxanthin described above; m. p . 131-3°*. The yield of pure -:)"..ce:ro­

tene was 13.5 ll\s• In the partition test epiphasic behavior was observed. 

The spectral maxima were (in the visual spectroscope): in ca.rbon di­

sulfide, 533, 495.5, 462 ~- (with iodine, 530,492.5459 iy<.); in benzene, 

509.5, 477, l.J47.5 Y· (506,473.5 ~.); and in petroleum eth er, 495,462.5, 

434 ;4· (491.5. 459. 5 r-)-

.Anal. Calcd. for C40H56 : C, 89.48; H, 10.52 

Fou.nd: 89.39 

b. Cryptoxanthin.--When the dry residue (see above) was dissolved in a 

little benzene and diluted with methanol, only colorless material precipitated. 

After filtering , the pigment content of the filtrate was transferred into ether 

and saponified. The compound was chromatographed fro m petrole1.u11 ether, first 

on calciwn carbonate and then on calcium hydroxide. Following elution with 

ether and evaporation, the dry residue was crystallized from benzene and methanol. 

The crystals were contaJminated with colorless material, and were freed from 

the latter by recry stallization. 

The yield was 1.3 mg., m.p. 163°. The behavior in the partition test 

corr esponded to that of cryptoxanthin. In the mixed chromatogram test the 

* See Sectionlof this 1besis. 
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s ample did not separate from cryptoxanthin obtained from a.riother sov.rce. 

The spectral maxima were : in carbon disv.lfide, 518, 482. ~, 453. 5 ~. 

(with iodine, 513. 5, 482 mj'.); in benzene, 497, 463.5 y/"· (495 ,461.5 ;-); 

2.nd in petroleum ether, 483 , 452.5 ry'• (431, 450.5 r· ) . 
.Anal. Calcd. for C40 H560: C, 86.89 H, 10.22. 

Fo1JJJ.d: - 87 .26 10. 46. 

Summary of Sect ion ill 

1. Catalytic hydrogenation indicates that gazaniaxanthin, first iso-

lated by Schon from Gazania rigens, R. Br. (Comoositae), is dibydro-rubixanthin. 

2. The spectral curve of gazaniaxanthin exhibits the '\::is-peak" phenomenon. --
3. The stereoisomerization of gazaniaxa.n thin by iodine catalysis, by 

refluxing of solutions, and by melting of crystals has been investigated~ The 

chromatographic separation of the stereoisor.1ers is difficult. 

4. The mixture of carotenoids in Gazania flowers grovm in South ern 

California d iffers considerably fro m that of flowers grown in Portugal. 



IV. :.:rcHO-DETERlvIIlil'ATICNS OF THE ISOPROPYLIDENE 

GROu-P IN CAROTENOIDS 
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rv. :.:rcRO-DET:Eli.::Ir::ATIOYS OF ~1-:E ISOPROPYLIDZtrn GRO"CP Ilif C_I\ROTK:JOIDS 

Introduction and Discussion 

In th.e course of the investigations reported in this T'nesis it be,ca..rne 

necessary to determine the presence or aosence of an isopropylidene group in 

Xcarot ene a.1d gazania:rnnthin. Kuhn and Roth9 have described a method for 

the micro-determination of isopropylidene grO"ll:J?S which involves (1) ozoniza-

t ion of the compound in glacial acetic acid solution or suspension, (2) 

hydrolysis of the ozonide by means of potassium permanganate after partial 

neutralization of the acid with alkali, (3) distillation of the acetone formed, 

(4) conversion of the acetone into iodoform with iodine in alkaline solution, 

and (5) back-titration of the excess iodine with sodium thiosulfate after acidi­

fication. The method does not give qv.antitative results, for only 60-95% of 

the theoretical quantity of acetone is usually determined. This deficiency is 

ascribed to two factors. It is supposed that isopropylidene groups are in 

equiliorium with forms such as H E because the deficit can be covered 
HC=y--C 

by formaldehyde or formic acid in many cases. It may also be con-

nected with the known rearrangement of acetone peroxide to methyl acetate. As 

previously mentioned, compounds, such as tr,ymol or isopropyl alcohol, which 

possess an isopropyl but no isopropylidene group, may yield acetone corres­

ponding to ap})roxirnately 0. 3 isopropylidene group. 

In the field of the carotehoids, the procedure has been employed by K'lihn 

in collaboration with Eroekmann7 and Grundmann
3 

to determine the presence of 

an isopropylidene group in ")':carotene (from commercial carotene) and in rubix­

anthin (from rose hips). The results were 31 and 39% of the theoretical values 

for 'l-carotene c1.nd 9456 for rti.bixanthin. On a macro scale Karrer, 3:elfenstein, 
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Pieper, and 1.'!ett stein° have obtained 80% of the calculated amount of acetone 

frorr:: lycopene. 

In order to test the apparatus and "become acq_uainted with the procedure, 

three determination s were carried out ·with lycopene which is the only easily 

available carotenoid containing an isopropylidene iroup. The percentages of 

the theoretical quantity of acetone obtained were 33, 84 a.11cl 83. In two 

determinations gazaniaxanthin yielded 94% of the theoretical for one iso­

propylidene grou.p. These resu.lts made it desirable to test a substance of 

the same type which possessed no isopropylidene gr oup. W'rten p-carotene was 

ozonized, it yielded 32 and 35~~ of the theoretical arno1.1nt of acetone for one 

isopropylidene group per moleci..1.le. 

This result made a bla11k determination imperative. The blanks reg_uired 

0.21 and 0.24 cc. of N/20 iodine solution. 7his cannot "be expressed in terms 

of per cent. of the t h eoretical amount, however, "because the effect of the 

correct ion depends on the size of the sample. The blank eq11als 5-30~& of the 

iodine disappearing in the determination. mi.en the correction is ap~)lied, the 

values are decreased, out in no case ,is a11a11alysis rendered ar,ibiguous. 

When -t-carotene was ozonized., sufficient acetone was fo1.md to lead to 

the conclu.sion that t ~:. is s-o.osta.nce , as well as gaza11iaxanthin, possessed an 

isopropylidene group. Eowever, catalytic bydrogenation ind"icates the presence 

of only eleven dou.ole bonds in the latter and, therefore, ma..1{:es it unlikely 

that an isolated douole "bond exists as discussed in Section III. The results 

of a. direct method, such as hydrogenation, are to oe more favorably regarded. 

than t hose of a method, such as the isopropylidene determination, which is 

only semi-quantitative and which is known to yield acetone from isopropyl g-roups. 



The source of the a cetone (if it 'be acetone) from p-carotene and other 

carotenoids cyclised on 'both ends cannot 'be stated with certainty. It is 

evident from Taole VIII that such compounds yield 24-30% of the acetone ex­

pected from one isopropylidene groi.12_). It seems 11nlikely that the acetone 
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would arise fror!l the middle section of the molecule. This would be expected 

to produce pyruvic (eventually acetic) ana_ oxalic acic3-s as the final produ.cts 

of a cow_.?lete ozonolysis. One nrust, therefore, look to the cycl ized end of 

the molecule for an explanation. While it is true that acetaldehyde or ethyl 

alcohol as well as methyl 1;:etones will give the iodoform test, it is difficult 

to imagine how acetaldehyde could s1;.rvi ve t:0.e treatment with per­

manganate which p recedes distillation in the e:s:,erimental p ro­

cedure. It is, likewise, difficult to imagine in what manner 

ethyl alcohol or any metr,_yl ketone other thai1 acetone could be 

formed. Under the drastic conditions of ozonization followed. 'oy oxidation, 

it seems :prooable that some acetone originates in that part of the cyclised 

end of the molecule within the dotted. lines of the fig'D.re. 

The procedure of Kuhn and Roth was not altered in any way in the present 

work. With one exception it was foDJld sufficient to ozonize for two hours. 

The three lycopene samples were ozonized for 2, 2.5 and 3 houxs but no difference 

can be attriouted to this factor. Although carotenoids ere not soluble in 

glacial acetic acid to the extent here required by the proportions of solute 

and solvent (0. 2-0. 61i), this offered no hinclrance in the determination. ~Tith 

one except ion all carot enoids had decolorized and gone into solution within an 

hour aft er ozonization had been start ed. Several samples required only 15-25 

minutes. Celaxanthin ester proved refractory and had not completely decolor­

ized after 3.5 hours ozonization. When ozonization was stopped at least 1/10 



Table VIII 

Micro-Isopropylidene Determinations riith Carotehoidsa) 

Blmk 

Blank 

Suostance mg. 
subs. 

5, 6-Dihyd_ro-a,-carotene 11. 21 

5, 6-Dihydro-o:,-carotene ll. 94 

a-Carotene 15.13 

~, , 6-Dihydro-~-c?...rot ene 8. 92 

Lutein 13.81 

:3-Carotene 15.19 

3-CEJ.rotene 16. 62 
I 

7-cerot ene 16. 93 

-;(.carotene 22.12 

Gazania~anthin 13.50 

Gazaniaxant'hin 16.27 

Celaxanthin ester 14. 02 

J:iycopene 7. 56 

!if cop en e ll. 82 

¼rcopene 12. 35 

Prolycopene 7.93 

CQ. W/ 20 CC. N/ 20 Moles 
I 2 used I 2 used C3 H6 = 

0.24 

0.21 

o. 39 

0.37 

1.05 

0.76 

1.11 

1.09 

1.30 

4.32 

2.75 

3.31 

1.57 

2.30 

4.44 

4.59 

(Corr.) detn. 

0.24 

0.21 

o.66 

o.64 

0.32 

0.88 

0.36 

1.07 

3.53 

11 fC.0 
•• _,1 J 

1.34 

2.57 

4.21 

4.26 

0.63 

Lo6 

1. 68 

1. 66 

1. 7g 

Moles !toles 
CaHe= CaHs= 
detn. ca.le. 
(corr.) 

0; 26 

0.24 

0.24 

0.27 

0.30 

0.25 

0.29 

0.93 

o. 36 

0.87 

1.60 

1. 64 

o.o 

o.o 

o.o 

o.o 

0.0 

o.o 

0.0 

1.0 

1.0 

o.o 

o.o 

1.0 

2.0 

2.0 

2.0 

2.0 

f& of 
tneore­
tical 

(26) 

(24) 

(24) 

(27) 

(30) 

(25) 

(29) 

93 

93 

(86) 

(37) 

56 

76 

80 

79 

82 

a)Celaxanthin ester was isolated by Dr. A. L. LeRosen from Celastrus 
s candens11 . 5, 6-Dibydro-a:.-ca.rotene and 5, 6-dillydro-p-carotene were ootained 
'by Dr. A. Polgar15 by treating carotene with cone. hydriodic acid. 



of' the starting material was unchanged. Colorless solid particles, prob2.bly 

of ozonide, were also visible. 

A summary of all determinations is presented in Table VIII. 

Exp er imen t a.l 
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Determination of the Factors of Solutions.--The sodium thiosulfate solution was 

standardized against potassi1:m iodate in a.."1 acid. solution of potassium iodide 

1."ith starch as indicator. The normality was 0.0517. A portion of the iodine 

solution was acidified, diluted and then titrated with the sodium t h iosulfate 

solution. The normality was 0.0369. 

The Course of the .Analysis*. --The su'bstence is placed at the bottom of the 

flask ..... (As much of the material to be analyzed as will form 1.5~2.5 mg. 

of acetone is weighed, from a long handled weighing tube into the clean dry 

flask _K1 ) and dissolved in 3 cc. of 99-100% acetic acid. It is important that 

it should be completely dissolved; the solution may be .,""armed for this. Sub­

stances insoluble in acetic acid are very finely ground in an agate mortar 

and ozonised finely dispersed in the acetic acid. 

The ozone apparatus is first set in action and the spe ed of the oA-ygen 

current is regulated at 20 cc. per minute. The Siemens and Ealske A.-G. 

o zonisator, IY:odel Oz, gives u.r1der these conditions oxygen containing 9• 21b of 

ozone*l T'.ae standard joint ~ of t:te flask K1 (Fig. 7) is secured with a 

steel spring, after previously moistening t h e inner part with metaphosphoric 

acid. In the second flask, _K2 , 3 cc. of water are placed, the inner :part 

inserted as above, the inlet tube is connected with the delivery tube of the 

*This nroced~xe is reproduced fro ~ F. Pregl and E. Roth, ~uantitative 
Organic rLic~oanalysi ::i, 3rd Eng. ]):l., Philadelphia: P. 3la..1dston I s Son and Co. 
( 1937). 

~*In this case an ozonisator built by I,:r. Weiss was used. 



Fig. 7 

first flask, and the connections are secured with steel springs. The flask is 

then connected at~ with the ozone apparatus a..~d the second flask ! 2 is cooled 

with melting ice. As a rule; the time required for ozonisation is fro m two to 

three hours. 

The ozone apparatus is then disconnected and removed. After disconnecting 

the joints at~. the inlet tubes in both ~lasks are rinsed with about 10 cc. of 

water and removed. The contents of ! 2 are t hen rinsed with about 10 cc. of 

water into the acetic acid solution of ! 1 , the acid is neutralized with 16 cc. 
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of 2 lT sodium h;ydroxid,e, and 5 cc. of N potassium permanganate solution, with 

a few pieces of pumice, are placed in the flask. The condenser, the joint of 

which has been moistened with metaphosphoric acid, is inserted in the flask, 

the joint.§. secured, and the condenser is placed in position! and clamped. 

The solu.t ion is now boiled for ten minutes on the wire gauze, to decompose 

the ozonide and to oxidise the decon'4)osition products which would affect the 

titration. Great care must be taken that the water is running freely in the 

condenser, d·uring this. After removing the :flarne, one ascertains whether some 

permanganate is still present. If all should have been used up, 5 cc. more 

must be added after cooling a,nd the heating repeated. 

Distillation. The condenser and flask are then clamped in position;§_, 

without disconnecting. During the oxidation, 10 cc. of water have been cooled 

in a stoppered 100 cc. Erlenmeyer flask in melting ice, as in the diagram. 

This flask is now placed under the condenser so that the ad.apter is not at 

first immersed in the receiver, because then the water present would rise in 

the condenser during the cooling of the distillation flask. Only when the 

acetone begins to distill is the adapter dipped into the receiver. A :Sabo 

f1mnel is used for the distillation. Aft er 20 cc. of distillate have been 

collected, the receiver is lowerecl, the adapter rinsed with 2-3 cc. of water, 

and the Erlenmeyer flask closed. 

Titration. The acetic acid content of the distillate corresponds to a 

maximum of 30 cc. of N/10 sodium hydroxide. This distillate is irmnediately 

made alkaline with 5 cc. of 2 N sodium h;ydroxide for the iodoform reaction 

and mixed with 10 cc. of N/20 iodine solution from the microburet. The iodine 

is added rapidly drop by drop. :Because, in the cold, the formation of iodo­

form is slow, the closed flask is allowed to stand for fifteen minutes at 



room temperature whilst shsking f'requ.ently. To complete the determination 

one acidifies with 10 cc. of 2N sulfuric acid a.rid titrates the u11used iodine 

after h10 rri.inutes with l1T/20 sodiurn tisiosulfate solution, u.sing starch as 

indicator. 

Calculation. :Beca:use one rnolecu.le of acetone requires six atoms of 

iodine, one r:11. of H/20 iocline solu.tion corresponds to 0.434 mg. of acetone 

log 0.3505 = 9.54459 - 10 

log (percent8£;e of C3 R6 ) = log (no. of ml. N/20 iodine used) + log 

(factor) + 2 - log (mg. of substFJnce). 

Example: 

Theoretical, 7.845&, 03 H6 , one C3 H6 group. 

mg. of substance, 16.93 

Fo. of ml. of W/20 iodine used (corr.), 3.53 

,/ f O u f d iQ o 3 •• 6 • oun , 

Summary of Section IV 

l. Isopropylip.ene determinations have teen carried out -o::ith a nu.mber 

of carot enoids. 
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2. Evidence indicates that a.Yl isopropyl group in a carotenoid molecule 

may act as an isopropylidene gro°LJ:P. 

3. Some 11 isopropylidene 11 is also found VTith c;::i,rotenoids cyclized on 

both ends. 
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v. Two conies of this section were submitted to Professor Linus Pauling 

on May 3 , 1943. 
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PROPOSITIONS 

l. Under some cond.i tions pro-ca.rot enoids can be caused_ to form in a plant 

v1hich does not normally contain these compounds. a) I propose that this :plant 

be used. in an investigation of the conditions for the formation of pro-caro­

tenoicis and for carotehoid. biosynthesis in general. 

a\r. A Schroeder, ;J_ . .Arn. Chem. Soc., 64, 2510 (1942). 

2. A nomenclature for carotenoid stereoisomers is proposed.. 

3. a-Carotene a.<1d. 5, 6-dfr.ydro-~-carot ene are ind.ist inguishable chromato­

graphically. b) Di:b.ydro- Y-carot ene and -Zea.rot ene 1Jrobably would behave 

similarly. A st1.1.dy of the possibility of rnized crystals of the first pair 

wov.ld help to cl2,rify the axnbig,·uities connected v1;ith Zcasotene as reported 

in this Thesis. 

b) A. Folgar and L. Zechmeister, .J.. . .AJ.n. Chem. Soc. 65 (1943) ( in print). 

4. A preliminary experiment ind.icat ,, s that irradiation may cause 

structural changes in the carotenoid molecule. A stuly of the action of 

irradiation might lec.d. to information concerning the role of carot enoid.s in 

photo s~rn thesis. 

j. Chemicals u.sed as adsoroents :nay vary exceedingly from lot to lot. 

A correlation of their properties with the studies of LeRosenc) should. lead. 

to a rapid. method_ of determining the suitability of a particular ad.soroent or 

lot for chromatographic purposes. 

c)A. L. LeRosen, ;J_ . .AJ.n. Chem. Soc. 64, 1905 (194Z). 

6 Th t + f II. II 1 ' t 1--. f 11 j t • 1 d) It . e s rue _,1J.re o J.rone nas not ye ueen u y o_e ermJ.nea.. 

seems prooaole that a chromatographic study of the phenylhyd.razone ( or re­

lated. derivative) of the suostai.7.ce would aid. the str.uct-o.ral study. 

d)L. Ruzicka, C. Seid.el, H. Schinz, and lv,. Pfeiffer, Helv. chim. Acta, 

..Q_, 133 (1942) and preceding papers. 
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7. Tn e use of Karl Fischer's rea{.: en te) 1,,ould f; reatl~' fac ilitate t h e J.e­

termination of the water content of l:J l2...nts ;;md other :::at erials.f) 

e)K. Fiscn.e:c, .Angew. Chem. 43, 394 (1935) aJld D. L Smith,'?!. Iv,. J3ry2 ... nt, 
and J. Lit chell, J. AJ,1. Chem. Soc. 61, 2409 (1939). 

f)J. r,,;itchell, Ind.-Eng. Chem., Anal. Ed., 12, 390 (1941). 

3. .Alcohols may be determined q_1;;.antitativel;/ oy est erifying a.11d then 

c·• ~ 
titrating the water formed with Karl Fischer's reag ent. 6 ' The quantitative 

results are a.ttriouted to a shifting of the eq_uilioriu.m by boron trifluoride. 

This explanation is incorrect. 

g)W. Iv:. :Bryant, J. l.:iitchell, and D. M. Smith, J . .Arn. Che_§. Soc. 62, 1 
(1940) ~ 

9. The teaching of organic chemistry at Caltech cou.ld be consideraoly 

promoted by the use of two-dimensiona l blac:cboard forn:ul a s and. the frequent 

use of three-dimensional models. 


