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ct.ﬁf THY YELIOW PIouENT IN THE PLOWER

PETALS OF BIRD'S ¥OOP TREFOIL
{ Lo7Us  CORNICULATUS L. )

Blud's foot trefoll is a low growing, bushy leguse
whioh 1s gelning populsrity sz a forase nlant, Ita amull;
sweetepege-like blosaous ere brizht yellow, bearins a few
thin searlet lines alouz the standard { the tom0s% patald,
ihe buds ars ascarlet-tipped, the ascariet ﬁ;mmm 58 Lhe
flover uatures, '

For thls lovestizstion, the Tlowers were ploked wien
=ature, Or nearly 5o, then were aiMru# at 20 « 36° 2. The
potals veare noh separated fron m' salyx.

fue to linltations of tiue, sxperiencs, and maberial,
i e unable o lavestizsis sdeguately wany polets, soue of then
ioportant ones, in thie resswroh. I shall endesver to point :
out shese defioloneies, and to supgest, where possible, their

ronedles.
i = Iisolation.

The iry flowsrs (250 2.) were repestedly bollsd with
- %6 slechol (iz 1,5 liter potions - 12 llters in all) easil
the extrect falled to give « precipitets with lead scetate solu
&i#m; The extract was Lhen soncenirsted {50 100 en.) amd
water sdded {200 ce,}. The resultine deep brown solution was
decanted from a tarry precipitate of water-inseiudle substances
{chlorphyll, cavesessids, ste,) whileh mamny settled ouls



2
rais solution, whioh contained the solorlns matter, gave, wien
trested with load acetate sulution, e eopious orange sreciplinte;
with dilute elkall, @ dsep reddish brown color; with I ferrie
shloride, un insense alive gresn selor] with farric mma and
alkail, au intense orange red Qolors :

The vast sajority of yellow Llower @Wﬁ #re plthsr
oarotenolds (which are generslly inssluble im water] or derive
atives of 2= or Jephesyl Denzopyrone, The lstter give lutense
yod to gpeen solors with ferric shloride; yellow to ped preclpis-
stes with lead seesate; and desp vellow to brown solers with
slkali, ¥ros the sroseriies of the flower qmmt; it is evi-

dent that 1t contained sowe dsrivasive of phenyl berzopyrons,
$nen bads solution was bolled fer Shrse hours wishous the
saéitlen of acid, sothing separased on tooling, lowever, when
it was bollsd with IS of ite welgst of sulfurie seld for a balf
bour, upos coolilang » sovewhal turdy oranse yallee precipitate
wos obtained, Fros this betavier 1 somclude that the piguent is
5 slyveoside { of wileh he spseisltate was Lhs HOB-suaey soriion,
or splyoon), since prastieslly he only flower products which
are sasily byérolyzed by dilute seid %o give iasoluble products
are glveesides. Of courss, She omly real W af shiz podnt
eould be he setusl lsvlation and cserseserization of tae glyeoside.
This was attespted, ss follows: to a portien of the solutien
{45 gee), load seetute was added until preeipitatiion censed.
the precisitate was not easily filstersble, so 1% was washed
soveral ties with water by decantation, 4 suspension of tas »
preeipitate in water was reconverted to the giyeoslids by passise
sviévopen sulfide surough. The .mﬁmmﬁm wae bolled and the
lead sulfide filteped off, The Filtrate was Lhcn svaporated %o
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a very ssall volume {I so.), when it buease sonewh:t ayrapr, So
salld sessrated witiln a M misubtes, Pogaivly soce would have,
Bn’ 1t been allowsd %o s%‘aﬁ- lons enourh, sines very few glveosides
ar: a: solable in woater as t&iﬂ- m would have Lo bs LY its solusion
wore unsaturesed. The addition of aleohol %o this conceniprate
eaused the Tormation of a brownish precipltate . Jore &7 Shis waa
thrown ou’ when ether was sdded. The preclipitated giyeoslis was
=06 renilly recpygtallized fron aleohal or asetiis a@i&y A% tils stage
i1ts investisation was abandoned,’he possibility of purifrins 1t
by fraetional precizltation fruos sleouolis uxmiw’rt@h ether was
vlearliy ladiested, hovever, |

The glyeouid: solation was Mmlrm with 18 sulfarie asld,
an expiained sbove, snd the orange vellow W pertion of
it whiech precipiiated on mlim was filtered off, Vhen siredried,
1t welphed tvo preca, Since this was obioined from 200 grass o
flowers, the azount of plosent 1o a8 lesst 15 of the dry weight
of toe Flowers, The petals mmice uwy aboul helf of the welght of the
conplete fiower, 30 She anount of sigeent In then is srobabdly
shout 2. | _

Purification of this materisl proved %o be very aifficuls,
s8 no soivent gegymt mixturs ovald be tm tron sblch it could
be eryatsllised] Chrommtograpaie aduorption on aluniuve wae tried,
but wis usestisfestory, Perhaps soud resulis could be obtained by
thiz method by o propser choles of adsordesnt and solvent,

The best rethod I have Besn ablv o deviee Ls the Tollowings
she 2 grass of plg ent ere pulwerizsd and dissolved in 75 ce. of
qmm sostiec acid atvmmmh Insoluble materisl f=
filvered off. The solution is bolled dowm %o 30U co. and 25 ee,
af voiliog water Adve added, It is them slowly coolsd so 107 ana
tae precipisate sollected and washed wits ise cold 50% acetie
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soid, and dried. 1% ie sgadm pulverliusd, placsd ov & Tilter paper
i n Pubnel, and vashod taroush vish sther, 4 devk brows lme
surity s lefy on the pmper, Dost of she otier 1s bolled off Twoxm
she splution, whieh is thes Sransfurved te = ssaller container
rogetier with 25 e, of slaclisl sostis seid, The rerminder of the

sther iz thes Glstilled off m spter added 2% e veiling point
wntil the solution is elsudy or unsil 50 co,. heve been added,
ynen tils colubion I ® sllowed ©s eool, elwsps of tiny, brigut
vellow needlss shouid be mimﬁ* Tf nhe sarerial is ot brig.t

seliow, tho ether breetuent uust be Ppested, I anv cese, ths
next step la reeryetallization fren a mixture of benzens and
clacial asctio soid. snalytioslly pure materiel should bs obtsine
sble by a sulfTielent munbded of slieraate reorystalilzations Trom
waberestetic aold und beszetowsssiic acld. In condusiing these
ponrations, centatt of Lhe hot scluilon with whe air m& b
svolded as wust as possidle, ss it is silghtly susceptible s
antaospteric axidation. | '

% %ﬂ-ﬁyﬁ@m sroseriies

The plesens gryatallives fm sl1ute asetic seld iz tiny,
wrisns pellow nesdles contalniog »atey of mxwliimkm avd
selting et abous 220° with comsidovable frothing aut Gerkenins.
The sshpirous saterial srobsbly welis wiisin thres desress of

268% {gurr.)y nlthough the best seple I obialned, after several
liizations fros diluts mﬂm& asld, sorunit et m s BiDe
vered and darkensd at 2457, and meleed et 261+264° to & browne
jah Blesk, viscous liguids It wes 41ffieuld %o tell when m&%
ine peeurrsd, dus %o Lhe extonsive darkening and shrinking and
uish viseosity of uhe =aturialy In spite of e Wﬁm, shers




Se

zust bave bevn Teletively littls dseonposiiion, since she SOt~
tents of the zelsing polint Tube, even after havins been at the
sglting polnt for seversl sisutes, dissclved sonplebtely in ale
eohol and pave the suis charscteristie racetions ags & solution
of ummeltes matsrial. The meltsl naterlal alse dlssolved in hot
water, preclipitatisg oud on cooling seeniagly mwiy a8 the ule
nelted paterisl 414 when sizilarly dreatods

4s the lapars smberisl was succsssively reerystalliszed,
the selting point showsd o slow wpwers twend, and dhe ainterine
=»pint approsehsd the melilne pofat. It 48 m probable, in
view of tae wids meltlog Panse,thot even the best smsple was
not chenisally pura. Unfortunately, there was not sufflotest see
4arial to comtinue reeryetellising ustil the melting polnt vas
epnstant, ,

The plopent sublizes vary slovly in & @:m vaouun 8% tane
peratures juat below tbe nmeliins Mﬁs nore ranldly dut with
sone decomposition at Bister Senperstures, Thers is probadly
too ruch decompealtion, ever st Lhe lower tempernlures, Lo
warrant usine vasuus sublization 88 n mesns of purifyiog the
substancs, althoush thls question shouls be further luvesilasted,

The solubllity relations of the compound are as follows:

it iz solubls In: aloohol {(about 25 g. por 100 co. at room
| temperaturs), prridins, sostone, ‘w’,
dloxane, zlacisl acetic seid, t.yl aseiate,
metusnol, iscpropemoly 96348, alialis,
Xt s sparingly soluble im Hot waser {about L g. per liter),
n-butyl stasr, '
It 1s insoludle in: old water and son-polsr solvesis.
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in all its solutions the compound 12 lisht yellow %o 'G;ug' :
srungs red in oolor, devending oo the condentration., The solutions
in alkalls end concentraded asclis are vy ma wawn deepay and
redder than solations of the ssuws concuenkration in other sole

Rt

111 « Chanienl Regoilons

7he shief resstions She cospound has besn found to give ares

1. The 2ilute sleoholic solutios (1izht yellow) gives an
intense drown coloration with a very listle .ﬁﬂam
ferrie chlorids solution. | _

2. The sene solutlion gives an orsnge rad, floeeulent Hroce
izitete with lead scetate solusion,

3« Tohe eolor of the slecholie solution dsopens to srange
red when either 4ilute base or conventrated acid ev is
added, Al3o, the ooumpound 1s soluble in both 4ilute baze

snd concentrated neid, '

he Its 4Liute solution in venceatrated sulfurie wold Tlisht
rellow] hes & biunish sreen Tluorescence; when the zolu-
tion 1s made a0 4ilute that the yellow solor is barely
paresrtible, tihe fluorescsnse is pure hlus.

The above reasctions sre higuly characteristic of the large ¢lass
of ysllow plant rlenenss, asrivetives of 2-phenyl or J-pienyl

onef and 1soflavonef, respecvively.

2« phenyl benaopyrone
‘ {flavone)
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Henes 1% zay be teken, 50% as proven,; Lo be sure,but as amxy _
prodadle, Shat the sonpoand is e derivasive of elitber flevone ar
isoflavens, probably she forusr, as Tiavone Serivativea are mach
more abusdand ln mature than 1soflavones, ’

Se Ehen the sleohollc sdlution is madelisht ysllow By dilution
and a listle coneentrsted hydroehlorie aeld and some netale
lie mesneaiuns is added, & bright cherry red develops im =
short time {about 1 minute).

6o ¥ben the sleoholle sclution is nelusained st 50° for buree
hours with 2% sodlun smalges, alr being exelyded, end the

regultise solution pour«d Into consentrated hrdvocilore avid,
Frow these results, 1t iz consluded that ke cowpound is easily
redueible with magseaius and Lypdrochlorie neld and st lesst 4ife
fieultly so with sodline walyen, |
¥ith respset to tuslr behsvior toward tBese two peducisg
asents, flavose forivatives =zay be divided ifato four olausnes:
e Flovanones (2,3 dihydroflavonss)
be Flavonels (3 hyéroxyflsvones)
ts J~mutatituted flavonols |
d+ ALL otier Tlavone @w&m&m{
aonorddng to Yolfvon [JudaCed. G2, L85}, 1% Bee besn shown
by Asahine snd his co-uorkers toat reducibility by seenesium and
myérochlorie aeld and not br sodlem aomloss 1s charueleristie of
elass (b} above and not of the otber elseses. Consldering tais,
1 thiok It probable that the compound under conaideration ie
sisber an isoflsvone oy, sove probably, a flavonol.
7« Ehen two drops of & saburated solution of bovie seid i

[POPR————————U . S T CR o TET
sgesone ure added 30 .5 e, of IoGamTreeed,



By
solutlon of the eompound, se dllute that the yellow eclor is barvely
pereeptible, a full yellow color rapldly dmwi% ‘

Aceording to Wilson (J.AsCels Gly 2303}, this betavior inde
jeates the presence of the srouping ‘

i %)
1l
B
P

) t
whare B 12 an mm&rgm #ﬂ&g wiieh in tils compound is wvery
unlikely Lo be enribling but OH or OUH3. The nushers ahow how thls
residue fits into ihe flawone molecule, The implleatlion of this
test is thet the conpound possessss sitBer a bydroxyl or =
wethoxyl group in soaition 5.

f, Bhen vhe compound is fused with tem times 1ts selght of
potassiun hydroxide sad a very little water, the melu ia
at firat blood red in color, If saintaine: at 210° for an
bour, the solor bwm# dark brown, but there is lisule
farther cbange, lHowever, i the m%nmn is ralesd %o
sbous 300°, taere is a rapld and nesrly vomplete decolors
igation., ¥hen the molt i» maldained at 3007 for sdbous
twe uinutes, then cooled and seldilied with concentrated
hrdrochloris acld, extrseted with etier, $hs otier extract
in turn extrasted with sodiun bicarbonete solution, this
solution aeldified snd In turn re-exiracled with ethsy}
this etier extysst comtalinn an seld {sinee 1t was extracied
from sthey with sodius blearbonste} whish, in agueocus gsole. :
ution gives an intanse green color with a little 16 ferrie
ehloride, ehanging to deey wwe violet upon tse addition of
a vory small quantity of sodiun biearbomate, and further
chalzing to deep wime yod with the furtber eddision of
sofiium blesrbonate, This bebavior is hishly eharacterissie
of protocatschuls asld, and not of any otner solyhyirosy



9.! ; 1

penzole sold,

“nes flavomes nai luoflevones sre degomposed wiih alkall,
the fipal rosult of the decredastlon is two produsta, one & Poly=
nraroxy bengene from the fused benzens ring of the moleculs, and
the other u polyhydroxy bemsole asid, from toe sids ring. Tius,
guaruigia yields phloroglucinol asd yraﬁa¢atuaaaaa nolds

i y 48 iy
o : «"WM* “&J “\{M :
P “’j» x 5 4 g e o o . X
o B a5 4"1“ 4 oo (352 P R ML < ’/?L' d

!; i Yoot R 3 4” v* i
i 5 (;.@ﬂ PR 3 s ib
L e Tl H ; s

et L 7,0

o SR : v : = T ey
L Rheew Peehvie
L ¢ ¥ ;"s‘ &;k A% TR ' Aved

%Ma MMvww of flavones and isoflavones in general.has
neer well establisked, Sines in e alzail dseomposition of ths
compound here undsr consideraiion, protoesteehule aeld was proe
duoed, it may be Seken a virtually esrtain that It eontains
nréroxyl {or nelhoxyly the slkall would devethylate these Lo by
droxyl groups st the bish %meﬂl groups iz the 3' and &°
posisionn. ’ ‘

“he wﬁiyi&xﬁmﬂb&mﬁm {she other of the two products Lo be
expected) was not detected,

1% is importent that this elikall awmwiﬁm he Duch BOPe
thorouzhly studisd, espeeially Lhe mmm:am produects, as B
i3 only through them that the cholee butween u‘ flavons or an 180-
flavone structure for the compound can be nade, without resorie
ingz o synthesis,

3. 4 @ilute slkeline solution {llsht yellow) of she plement,

wien sbaken with alr and apd sllowed to stand i to e
stmosphere changes graduslly So orange &m'm a nm*iuﬂé
of four days. '

in this behavior it differs sarkedly from thoss flevone dée




; 10,
; M rivatives havisg three vielsal mmx groupss Basie
mmbinng of thess esmpounds are rapldly oxidized by the atoosphere
glving sresn, blue, or brown colors, depending on the pH. Yence
it may be concluded thad the soxpound W@’h do89 not aave t@aree
vieinel hydroxyl sroups. | ey
10. “hem a ansll smouns of sodfun etiylste i3 added to the
signsnt in aleamna w&mm, n vellow srecisitate
{monosodium salt, probably} is formed, When more sotium
etbriate is added, the pracizitate changes color o
sroen, then sreenish black { &ie and perhass polye
sodium salt)s. This, I think, 1a good svidense foy the
presence of st lesst two hydroxyl groups in ine molseule,

11, ¥hen slwsinss fon is added to a very dilute (very llgnt
yallow) solutiem of ibe plasent, a brigat yellow color
is produced. 17 stamnic lon is séded to the pigment
solution, iLhe color ls solden ysllow, cama fen

ines nou sesn o produce a solor.

12, When the plegment ls bdoiled wiih avbe asetic anbydride
and eitber sodius seetate or s 1ittle pyridine for an
hour, and the soluticn conled and shaken with water to
hydrolyze the sahydride, a drownish solid is obtalned,
Attenpts to eryetallise this fros aleobol, in whish it
is soluble, or Trom alocholewntey mixiures were unsuCo-
essful, the material always separsbisi as & tar. It 1s
solubls in benzens, fros which it can be precipitatd
wish petroleuwn etiher; and rmm it cas be adeorded
with aluzine vo give an orange yellow alsoriate, from
whieh i’n is removed only with 41rficulty, thus rendere
ine a&xmwm«g adsorption on alusine & ratoer el il
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method of purificstion, It seems likely that fractionsl preciple
wation with petrolsum sbher frow bensene soluvtion misht work,

I¥ =~ analysis

fue to the above nentlioned umesrialudy regardilng the mity
of the materisl ahmmé, the valus of the analyses mrm on
it rmet be viewad wiih seeptielsn and the conslusions drawn from
thes sust be of & tentative naturs, It is obvious, them, tist the
dnta about 0 be pressated are %o be resarded es by no means Iisal,

The wost reliable of the deterrinations was toat of ihe wole
soular walght. TRin was M?limé by the eryoses;ple method with
the Beckmasn epyoratus, Diozane proved to be an szeellent solvent
Tor the parposé. its freezing point constant was determined with
pure naphitisling Lo be L5 F 03 (mean of four determinations),

after sach moleculsr weight dstermination, the dioxene was
volled off and the plgment reorystallised frosm d4ilute acetic apid,
Toe succsssive doterninations, then, may be assused to have deen
nerformed on succsssively purer materisl. The resulsts, in the orday
in which they were obtasined, srey

% = 279, 277, W9, 282 Average ¥ = 282 t 4
Unesrtainty due to frsezing point constant is two
parts in 300, 0 the averass ¥ = 202 ¥ O,

Phove seems to be & slight upward tremd heye, o it seens
most likely that the meleoular welght after complate purlfication
would averape nbout 290, It seens, Tron thls, & hardly 1ikely
that the trus molecular welpht of the compound would be higher
taen 305 or luwer than 27%. '

| The percentage of hydroxyl group in she rwlecule was deser
mined by the Lsrewitinol! method., Two deternisatioss, on samples



12,

in slibetly differeut *—“ﬁl of purity were made. The resuts were
; £o8 358 , 2od, sverags % O 2645 G
Thig average is,in all W&iuﬁy, wwhln 7 & of the trus value,
Haking these lidbaral sllowances for m in the moleoular

wolsht and ner cent hyérosyl of the compound, then exaxining the
correaponding eonstenta of the various hydrozyve and 2othoxy-sube
stituted flavones, ons is struck By the faet that there ave only
two possibilitles for this compound: 1% rmst be ellher a tetra
¥ mmf It san bave o sethoxrl zrouns.

&mmxy'ar 2 peutahydrox
If the pigment is & pentabydrosy flavons, it is net the
3a5s 73 ,4" compound {guereistin}, for thet bhas besn shown definitee
1y %o heve 2 melilns polnt of 33.6&. The only other possibilisiea
whieh ars in bBayoony with the qualitative tests are 3,5,5,3%,4°
and 3,5,8,3%,4" pentahpdrocy Tlavone, IT 1t is @ tebrahydvoxy
flavone, it :mest be the 3&5;3“,6“ sonpound, Hone of the thres
lattor coapounds hews been d-serihed in ths liteoreturs,
an ultimate analysis of the sompound { two sanples af slisbte
iy 4ifrersst purity) was performed, The resulis were: '
Pormanipdrozy lavsae Pentabriroxyflevoms

regaires requires
Gs 5744 ¥ 8.6 & 3*31% : . "9‘6'5'
By Jab # had Je 2% 3e 3%

Theae results are able o prove very iitsle, due %o thelr
diseordance, the zeeninily Irpoaszibly high wvelue for Lydragen of
sne of then, and the uneartainty as o She purity of tie sueples,

i8 mestioned abowe, the compound orystallizes from dilute
acenle wsid with water of orystellisation. Tals 1s the dlaydrate,
az it loses tws zolewulss of water when kept i & vasuus over
phosphorus pestozide, or when malntained b 3.13" |
t- Tetsahydroxy “‘"Cj""“cf M-238 2Ol =32 TR
ds enTs /7)/0/*0)“}’ Tei“’"*‘s MERD /20# =254



Found
Ehem drisd over Calelum ehlowide, 1 1/Z moletule
Csleulnted for satranydrezylfls:

" E

The plssent of whe flowers of bird's foot trefell Gas been
shows 40 bo very lisely %o Be & glyeoslée of elther
(8] mont probebly, 3,5,3',4' tetredyirosy flavose o
Iplisbe3t skt OF JySefy3'e4t pestaiydrosy Clavene,
none of wilch have Bess fessribed in tue Litersture,

a¥s ; :
(5] seselely & tebes or pontabydrexy lseflsveas, with
pdrocyl spouse In e & 3400, awd & 5 positions,
and without tires violasl Bydrosyl sroapa,
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