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. ABSTRACT

Flavonoid Petal Constituents of
Chrysanthemum coronarium L.

by

"+ Tom Anyos

~Mé’tho,<i5'r,vf¢.r the isolation, purification and "‘ivdé:‘xijtif»ifc'a‘t"i.,on)b;‘f"_y o

naturally occurring flavonoids are discussed. The various constituent

flz_mfohoid ‘glycosides of the ~..Crhry:s.an"themum";c':o;r'ona_r ium. L petal are o
identified. These constituents are q_l_.'Ler’cetag.etin-.7¢='g1’uAco-si'de 5
kaempferol-7 -"=rha'1'hnoysid%e , quercemeritrin, lutéolin-7-glucoside,

chlorogenic-and isochlorogenic acids.
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I, INTRODUCTION :} |
Slnce the beg1nn1ng0f ’the; systematlc Study éf o:;"gaﬁic 'chemi’str‘ir, “
' consider;brle 1n1:erest he;'é:‘ ipe}e'n‘: kdir'veét‘éé"_"’cbw:a;f‘d the ‘pr‘ogé.ése~§, and m_ejch;
ani,sfn%”;by which the high'g;; plantg _.e;,y.ﬁthe size ’;he: great number of com-
?ognds found in t;h“eir' .ro-o;f;.;~‘bark, flo.vs/;e:rs a_',n,:d_'l"'ea,.\,re,s;

;Théorive s concerning these mechanisms in reéelation to the

‘flavbndid. constituent class of compounds have been forwar ded b'va,eji s5e

man, | Seshadri,? Steelink, 3 Neish, et.al, and others. Itistheaim -« =

tt/)ff ‘thevse ‘théé;:r"ie‘é,;td éﬁ:pléfiﬁ '?h,e- q.rigin of th,é ,é,ﬁ?e’rimeﬁtél‘li ,iie'fériz}iﬁé d |
= ‘c"‘ons:ti_t‘ﬁeﬁts\. .;)f the 1ea“vé(s,.’ ﬂow'gr’s. anGT stems of the“lhig:lllé;: éia.xits- by =
- p/ro.p'o'sin:g' s‘ﬁ.ibf:a;b‘l'e‘lj‘aiésyntheti'c sequenc.é".s, 'sigarti%;g fl;ém.sinipler
compouﬁc‘lk’sz, | |
"_["he. éommon }f\eatufe of 'all theqriés of p,:iant Syf;the'si,s fo’&ay, |

- according to Geissman, 5 is found in their necessarily speculative

nature. . This"”'m'de:éisfi’vene’s;s in this field is brought about by the simple .

" lack of adequate information on reaction intermeédiates in plant synthesis™

and ’o:he la‘g;'k. ofenoughdata on plantconstltuents 1n manygenuses and «
species. | | | | .

The' C‘h;e'ﬁli sf is th.ex;efp.r e facéd \r}i'th‘tﬁ‘e‘véroble;m, ’of (forfrhqla‘ting »
o valid theory of biosyathesis withéﬁﬁ safficient knowledge of either the

precursors or intermediaries or final products in a biosynthetic scheme.

¢




~The approach to this problem has been thr'evefold:‘
A, APPROACH TO PROBLEM

Experiments showing the in vitro inter‘conve'r‘tability‘ of some
C'ompqiirids; .thch éo’-oc:cqr iﬁ vivohave been advanced as evidence that
these 'j:fansfoi;mationzércan a.ccoﬁnt for the coexistance of two or more
reia’iéd compounds in a ‘single plant or a single species, This coexis~
tance ainong“'lw‘ith. fhe evidént .s‘tr’uétural‘ re‘la.tion.shi? suggé sts. what is
‘Vteiz'rvned by ,so.me'.eﬁfpe?irﬁent'er sasa 'plau:s.ibié mechanisim of biosynthe sis, |

Se éha’dfiS speculates <l)n\ tﬁe bi"ogezylersis. of these observed c:.vo'rnfr=
;ptc‘):_un;ds .U.tili.zing the .,c‘on‘:'ce'pt of ‘th‘é pia_nt"-”é 1n vivp:additic.),nra;nd re'mo:%/a;l of
_the: hydféxyl fuh»‘citiojx‘ia A cbrre,lé‘.t‘iqﬁb:ié then drawn from this process to
the in Vifr Q: oxidation, ‘la.ls suggested by Se*s‘ha;d,fi, x%rhich occuf s in the
.s,tajgé of the sy_ﬁ.th,e si s Wﬁé’r ein. one flavone acts as an i%nmediate pr‘e_,cﬁf sor-
vo‘fv another.,

Isotopic tracer 'W,o,r'k_,, u‘éing'.G;é"label_léd precursors fed to
growing ,p‘la,ntbs Wlth the resultant pla;pt constituents being extr:a.cteid. and
analyzed for :C{ll% éoﬂtént, has contributed mﬁ;g‘h ;to.- the cu‘rr‘:ént kn.oj‘:v‘led-ge :
of bio’s‘.y‘r}fthe’t.'rc sequences., I"tsvotopjic dilution e.xp:e‘rim,ents‘ by ‘Watkins; ,
Underhill and Nei sh? ha:\.r‘e‘ helpéd to Qerﬁy the origin of the A a;nci B
rings (see Discussion) of the ﬂa:,vono'i;d-:gfoup' ‘of_‘compound}s"—o

Isclation and identification of the major constituents present’in = .



all the pi_a:nté. of a ‘s_pec'ifi,c‘: genus or é_pe‘cie"s. is krio%vn a;S"the s“ta,‘ti‘;s:t:’.tca‘;l

approach to the p-r’.oblém@ Through tﬁese ‘mea_,ns of inve stigaﬁng‘ a group -

- of ‘vv'e.r'y, cv‘los'ély'r:e'la;ted p‘lan_ts.', a co;r‘rela.ti‘on_ can be presented between |
-the precursors, the c'om?ounds pr‘e.seh‘t in the environment of the growing
plant, and the final pro:du.c’fs , the compounds’ 'fdu‘n"dv in f;he"pla,:nt itself,

With this cérrela;‘tion 1:1.1e chemist can attémpt to formulate a mechanism
describing the ‘bioxsynthgt‘i‘c‘: reaction intermediates, thereby mﬁviﬁfg one o
step closer toa g'é'neraliz‘ed biosynthetic concept.

. For full utilization of this aﬁppljoa;g:h, consideration of 2‘3,; gro,up:' :

of clvoselly’ s.'tru_c‘btxvlr‘a.lly‘ r‘elg;.ted compounds’ is nece s:sar’ya i‘he vcofmo'ccu:t"rence.\
of such :relai‘:e:d‘v(:,;omp.oﬁnds‘ 1n a particular _ge.gus or ‘spzi'e'cie s. suggre sts -

" a gemnetic basis for thei? s,fruc“tural :similaritie s. It Wouia appear in
.,th.e:'s‘e cas.es that aﬁy.‘c;o’mmon. p:;.ecur;s:oa-:, havinjg‘ a "char"a_ctéri’s‘tic, pﬁ.‘e’sum_
ably géne‘tically .de‘i:.ei"'minevd. substitution ioa.‘ttérn, may be mo.difie.d:é,long
Siev‘ér'al' different paths givling ris,e/ to compounds Whi"ch have qe‘rta;in

' dis,finctive structu‘r,é.i features in commori, A

.lA gl‘:ollp of compounid‘s; We;‘ll “szui:ted for this cqn:,s,ide.ratiqn are the .

'a:nttho‘cya‘nlin éigﬁié,nt and._é:nthoxaﬁthiﬁ q-onstitu_e~nt portions of the ;plant..' '
I\I/I,o.;st .of ’che red, ]Slue and pui-‘pl.e pignﬁ__ents are found; in the anthocyanin
' pigrlne_‘nt}s Wi‘th’ thé slightly co;'lo'r.e;d a:n;d,light ye;;llov;f pigmen.‘t;s‘ found in
the anth_oxa;ﬂtﬁins’; 6 | |

The flavonoid compounds, con'stivtuting a more specific portion



of this group, are therefore considered suitable for this work. These
compounds are found widely distributed, as a class, in higher plants. This
fact suggests that they owe their existance to processes fundamental in
higher plants and makes these compounds extremely desirable for study.
B. CHARACTERISTICS OF FLAVONOID COMPOUNDS

1, The flavonoids are a class of compounds which can be seen

to be derived from the basic C¢C3Cg¢carbon skeleton (I).

2. In naturally occurring flavonoids, the degree of oxidation of
the C; fragment and the degree of hydroxylation of the A and
B rings (I) determines the characteristics of the compound,

3. The A ring, depicted as the ring fused to the heterocycle
and adjacent to the carbonyl group of the C3 fragment, is
typically substituted in a phloroglucinol hydroxylation
pattern, !

4. The B ring, the other benzene ring, is characteristically
substituted in the same manner as the aromatic ring of

the typical naturally occurring C¢C3 compounds such as

cinnamyl alcohol, coniferyl alcohol, cinnamic acid (the



6.

derivatives of C¢(C3 alcohols, aldehydes and acids), or is
completely unsubstituted. The B ring of all but six of the
many known naturally occurring flavonoid and isoflavonoid
compounds are either unsubstituted or substituted with one,
two or three hydroxyl functions in the 3', 4 or 3', 4', 5!,
positions respectively. The exceptions, naturally, are
those compounds having a hydroxyl group in the 2! (ortho)
position of the B ring.

The variation of the hydroxylation patterns in the flavonoid
group range from the unhydroxylated parent compounds,

flavone (II)

34 Om
The C4 carbon is in most cases present as the carbonyl,
but state of oxidation of this fragment may vary from the
very slightly oxidized state (IV) to the highly oxidized

""diketo' state (V).



9,

S0

' A-CH,CHOH-CHOH-B" .~ A-CO-CO-CHOH-B,

oy

* Hydroxylation is. kanri ‘to oceur at ‘a;llv‘poi.ht'sﬁ.-:'dﬁ'ﬁ;’ef Arlng., R

ny?dr‘oﬁ;yi*_gr.cﬂ)kﬁps‘ haivé been repbr‘te.d on the 5, 6, 7,8 -p051-— '

tions of the A ring, B

Mé,thjlationf and g‘?ylcovsylaftiénf-‘i_sv‘ r‘*é‘si.triétedl “to:.'hyd%qi{’yl .
groups:m spemflc posltlons 1n themolecule, ora’tlea.s“t e
occurs Wlthmuch greater frequencylnCertalnPOSItlons..
F ‘lvavvo,ndl‘s:“ é‘rie' most commonly gl?C‘o.Sated in filé 3-=pos1t10n o
 and the 7 e;i-?.sifioﬁ, with s-li:vghtljlezs s(itendéﬁ'c;).r soward the o
’3.',>4‘-1;.>o§iyti‘c'm‘,s\ a;:x;e perha:p s the S—po:sitioihl@_' | o
Flavone sand flav‘onols Whlch ha,ve no 3—p051t10nusually o a
v ‘ﬂlocfc‘ﬁj‘:' ,a,'s, '7::’=.~AleC§’)'si,d.e“s‘, ) Ia veryfew ,flavor;e;S‘ is the sugar R

' r‘eéiduje' 'a:tta%ch,e,d'to» the S—hydr‘cxylxgr oup.
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Isochlorogenic Acid

HO CH=CH-COOH

Caffeic Acid



IIT, DISCUSSION " 

The dev‘eloprh‘en‘t‘ Q-f\ P’artitioﬁ C.hr émato-g-ljaphy te chn-ique ‘s."and

" the i;nc‘];‘;ga sing ‘Aa;ppl,vica’cio;‘l‘ of'a.bs.drptvion s,p.e‘ctro.s\cvopy hé_ve made péwerful
- ‘to.zorl"s, ax}a;iié,bl.evfo.r the d_ete%:tlior.x,, sle:Par“a'tion“ar'ld s1tfuctural elucidation
of- wa-jte'r‘ sotubles pla,n.t‘ pigments. The ;data_j‘ gained from th‘e.sev;technique‘s:_
‘on the éhemical..,compo.s.ifio,n’ of the higj.ie’r‘ plants will iricrease the bo’.dy‘
| ,éf khowi,edée fr:om which a valid theory of bi‘o.sy‘r,nthe'sis‘ may'.be fo.rmu-
g la:téde. It is the aim (ﬁ 'thi‘s Woi"k, utiliziﬁg these. metho.:ds‘, tov‘rnake a

contribution toward this énd.
A, EXTRACTION TECHNIQUES!

- | Si%;ce plant tissqes ﬁsually, conta.in: eitﬁer‘ general or spe cific:‘
gl'yc:o:s;i-da ses a,é_ Weil_ as other kinds of ‘én:2yme s capabie. of modifying
,celhila‘r .‘cor'i_fs\tfi_tuents. s _autjol'yti‘c' pf‘o'cessie s rnéy ensue dife'ctly af"cé‘r
- collection of fr e’lsh plant ’ma.’feri'al"e The se 'pfo.'ce"sse;s' can re‘sul‘t' in ,ei;ch.e';j.
thé‘ hydr.oly;s;is of th’.e glbylc;o‘Side s pi'esexit or :fthe' de s‘tructi{re »oxi.d'a'tizoln -
of a’riir _é,énsitivé’ corﬁpouhdé} :

v As: can, "chén Be' segﬁ, a;utoiysi.s of the f;esh plant material s
:-'upo.;a' 1ts s:to..ra{ge s Iv‘n.ay' rés‘ult 1n thev‘pr'Otdﬁction_ of the ag_lyconé.s; éor‘r‘es= ‘
po-n:ding to ﬂie : g_lyc.é::side.,s‘ fq_figin‘arlly ‘pr.es.‘él‘ltj\‘nithiny the ce’l,ls",e_ S‘ub..s.eqqen‘t V

isolation and structural determination of these aglycones, would



0
" "therre‘by _leiad to an e'r“rdne_vo:us-ldé sé*r‘ip’tion of fhe'cons'ti.tuj:i_o,n of the plant.
. Ia order to cir;#zﬁ%eﬁt thi s Fa‘utc.{-l‘yti‘c' destruction, fhe plé.n‘t
| material is imme_diately é;nd rapidly dried gfter picking., This material

~ is then pres:erved' vin a fqirfn W_hi;:h iér now ‘suﬁ‘s.ta,’ntiall'y equivalent to

' thé,'fres:h material and this thqroﬁg_hly dﬁéd ma.teri_a'iania‘y’.be’«stdred,_
A fOl‘ 'e._x‘i;ef‘lide'cll4 P'eripds oft1mew1’ch no llla‘rrifﬁfx‘ll ."gff,e’-c':'ts\@ ; |

- S».in_ce mos;’t' fl#x}'oﬂoi;d, viglfcdzs«idle s: are Alrath'ea‘:_- fé'a:diif' hydrolyzed

by apid, care must be /takenﬁ when using fresh m,’ate-r-ié,l, to pr évent |

 . the decomposition. of glyﬁévéides.during extractio.lf;s v;/'ith }'joi‘ling §~01ve.ntS.e

“Répi.d expo sur‘.é of the piaﬁ*i: materials to boiling aicohol is effe ctive‘ in
. ; d‘e‘a:‘ctivatin‘g hydrolytic enzjme.s, but the materi:als in thé extra;ct are

. still exposed to: the dange’_;:'.of h‘ydl\'fo'l‘y..s-i s by ;ccémpanyiﬁg, plan£ agicis.;
lT‘h:e‘_r,‘éfc‘):.re' , “'rlo.n;'»g'er . mllder tr e;éﬁnvebti‘t by use ,(;ff a. :Soxhltle‘t Egtractof 1s ;

" cus:tqma;ry; :
‘B, CHROMATOGRAPHIC TECHNIQUES

Isolation and purification of the constituents of the concentrated -
-‘Ae/xtr'a_.ct wa.s ca,rried out "by‘usﬁiﬁg the sfar;dax‘-'é.r paper ,chr“b.matq»graphic

B te"cﬁniqué.s;; . I»‘dént'i‘t_y of 4‘a1i : the :.ag‘lyfc»ognes was proven by .‘c"cf)tchfbfﬁa’co:-
gr,éphy Withauthéntic samﬁ-lesQ W};enevei- po s'S'ible, by iiz.sé of these

v-t‘e'chni_qués; (.S'eve'Tt'ab*le Is ) G(lgfcqsil'dic suga;rs W‘eryef ide»?ltifiéd.by standard

- sugar. chromatq'graphic téchhiqu-es using p-anisidine, .tll"icl"l‘lkoir’oacetic

 acid indicator spray.
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C. SPECTROPHOTOMETRIC TECHNIQUES,
EFFECT OF "SHIFT" REAGENTS

By the development of ultraviolet spectrophotometric techniques,
a powerful tool of identification is made available to the chemist, as
many of the flavonoids exhibit fluorescent colors under ultraviolet light
and possess characteristic ultraviolet spectra.

Individual flavonols, aside from having their own characteristic
spectra also have their own individual spectral ""shift'' upon treatment
with a reagent such as alcoholic aluminum chloride, sodium ethylate,
sodium acetate and/or boric a¢id, These reagents are relatively
specific for compounds having certain hydroxylation patterns, thereby
allowing some descriptive speculation as to the identity of the compound
under study.

Most of the naturally occurring compounds of the flavonoid
class are polyphenols that contain nne or more of the following structural
features, which present knowledge indicates are involved in complex

formation with metal ions or complexing agents. 8

H
H
OH —
VI o Vi HO VIII %
These groups occur either singly or in combination in a single molecule.

(ie€o quercetin, VI, VII, VIII; luteolin, VI, VIII, etc.) To illustrate.



1z
.. 'the value of these réag‘en’tfsﬁ for the ~_structﬁr_fa1 eiu«ci\da;fi:i'o:n‘ of these C‘O'I).:l-; S
L p.‘o:}lnds", a discussion of their effect on the:.s‘pec—trum of the substances

‘containing the aboye chelatogenic groups is necessary.

L. ALUMINUM CHLORIDE ~

ALUMINUM CHLORIDE - SODIUM ACETATES

‘Th‘e addition of the a‘lui.r:ni'r-mml éhloi'idg irAea;g:é;n{ ﬁo o
: a,;-:flé;vdnc;i.‘ciz cc;s,ntaigin,g .a;iy,é.xfailé.ﬂle, highly ,cﬁela;té'ge;nii;: o
. gI‘ .‘oups;wiil re;.s.ﬁlt' 1n ,"vt;I.iélai,‘te ‘f0~]."l‘lif]‘.a..t‘i;0‘.t’1 »i«n,v‘yélvin;g thé |
'. gmminﬁl}n jon and that g’v_i"oz".g'p Wi{:h’a. .de‘finib.tiv'ew batho-
" chromlc shift in 'the long :Wav.ue' 1ength of the ﬂavonmd‘s

. spe"ctrlimo ’

Grouplng VI shows 11t'tle tendency to react W1th
‘ .alummum chlo,rlde; a,lone;, Wlth addltlon of oOlld sodlum

'{a“(‘:-‘fe‘taté': vdeé’é}eff “the 'Spe’c‘trux‘n of .'che com"p;ound is change:d :

‘ ;completely w1‘th the long wave 1eng’ch maximum (350 ~ 380 IYJ}J.)
: 'underamng a 10 == 30 m}; bathcchromlc shlft Thls fa.ct, x |
: ‘tha,t sod;gm‘alc}etaté pr‘o.dt;,ce‘s a 1_a;rgef Sh1£t~jln' the spéggtruna‘ g
. When a.lumlnum chlorldelspresent, 1nd1cates that ‘-'.'rf]rvl‘e';i.'..;‘mr‘ |
o for matlon of ‘the motal < o.mple-g. i sz as S'Oté_iaté~d %ﬁifh the *
_’ 1onlzé.tion éf af 1eés£ bne of the hydroxyl groupso‘ -

_ 'Lulteof’li'n', ..¢o.ntaining t_h__etWe.akly comp_le 1ng 5-hydroxy1-—
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4-carbonyl s‘ys:teryn (VIII), forms a complex with aluminum
chloride a;nd upon addition of s.édium acetéte, a further
large Eat.ho'chrbrriﬁc‘_ shift (35 mp) is observed. Itis |

' sugge sted that this ’complex now involves. the 3'4'—di— '

g ,hydroxyl grouplng and Lhe 4- ca.rbonyl S-hydroxyl systems.

St01ch10metrlc ev1dence p01n‘ts to the involvement of two
; metdl ioﬁs"’; lé,i;?:ct consistent ,with the experimental evidénce;‘ '
obl’ca;inea to dé,te, :
Other flavones, con‘talnlng both the strongly chela‘clng
-«hydroxyl 4 carbonyl system (VII) and the 314t dlhydroxyl
| g,r‘ouplng»(_V-I)‘ and/or the 5nhy'dro,xyl—'é‘-carbonyl sys.-tem, (_VIII)
’,;.sh:ow' »co,'mp:lexﬂqurrrnkati‘qn' with ethano_licitalumiﬁur;av éhlb%idea -
The r"e,sultar}t‘ %pat};o-fzjhromi'c‘: ’_s.hiffs r;nge‘ from 10 to 40Vm}1é
The spéc"zi‘fictil'ty‘ of the aiﬁrninuf-n éhlb:;ide reagent he;s
been que s'_tioned by .Tufci9 who feeis? that it reacts in such
a é‘enera;imanner' with ;qucl';a large number of substahces
' that it is not possible to éstablish , by its use a;lonle, the
| p':r‘es,ence‘-(jf ény ‘on:e{ “-gr,_ox‘lping;’ Ivjt‘s. usefuline{s‘s‘ lie S5 hoWever?
in giving iridicaftion of thevpo'ssible’ chelé,to-genic group :
pl;e,se'n"t and in i‘ts: h1gh compley; stability. The abso.i'p’ﬁion
spectré, -thefefor’e; of"thése complexes have been de“tér%nine.d .‘

to be stable for several hours,  thereby even allowing the -



: ‘flav‘o_noi'd pig';ment to.. be '1e,a‘ched..from paper Stfips‘ Wl"ch _— “
alu:;ﬁtiouro chloride s’xoflu\ti:o‘.n with no. éreat ijo.s:s ’fom’ad‘ i‘n" -
" solvent inetabiiity of c‘o-m}i);lex,
 'SODIUM ETHYLATE!!
Flavonols c:onft'aininvg 'a,"-fr’ee .dihydr’oxy‘l g;folilv}.)ving 1n '

‘the 3,4" ‘]é,jositio;n,_sv are un.s_tabie vin a.,lcoholic‘_ sodium ‘ethyyl'avte' o
an.d-' cen ,b,e di s.ti'ﬁgui s-heo. spe ctr'ophotovrrietric‘va‘lly by this’ |
1nstab111‘tyo F’I;rom te sts with ad&itton of ba;se; it bec‘a.me'j '
ev1dent by the. stablllty of the /\max i the complete ultra=
violet spectrum (200 - 400 m};.) that all the compounds at . "'
‘ Whlch the C3 hydroxyl was protected by gl)rco 31dat1on are
v sta;b‘l,'e; in. the a.l‘kalin'e‘ mie:dium fa.nzd that th'is stability 'is, not "
epérec1 a.bl*y 1nﬂuenceo. b'y' thé ouxﬁber and location of the " |
: ‘_other hydroxyl groups in the roolecule; Trea"tm,ent Wlth_

 sodium ethylate will cause a stable bathochromic shift

N W1th con;s.p:oﬁnds, Ahaving‘ ‘a pro‘tected 3, 41 aihy;iro.ﬁyl gr oﬁ‘p;;.

‘ while a hypsochromic shift Wlth e.ﬁﬂ,seQu.ent aes’cr;tcti’on‘ of SR
the s‘pectr”um ca.‘ﬁ be expected from a co'thp.ound coﬁtaiﬁing 3

a free J,4' dlhydroxyl grouplng or a. pyrogallol or hydroqulnone;' S

‘type nucleus in the 1f3f101ecu_1ee The latter type compounds ”
are ver‘y suscept1b1e to: basw medmrn and decompose in=
L dependently in base Whether the hydroxyl group at posn.tlon 3

L ,1‘5‘3. pr*o:te‘ctedvor‘ no-t‘o




e by Jil‘rdg as béiﬁQ too general to establish, by‘iv ‘tvheirl,u'sgi‘i Lgn

J, .'a,lofn'gav, the pr esence of any one grouping. Théy a’ls.of,se‘rvée

" as indicators however, of the possible structui"e‘sr present,

" acidic. Since theoretical and experimental evidence indi~

cates that the 7-hydroxyl group of flavones and, flavonols

acetate to a samp;let‘ solution. If no free 7'-=hydf‘.6.xji,gfoupf G

' The se s;.'o‘.dium' é‘fhylate s‘.hiffs. have a,_i s,c_'>; been cv;flla,;é:f.;fifie:d(:fﬁ ‘l

 SODIUM ACETATE1Z

- Sodiumn ethylate, described above, ionizes all

| phénolio_,hydr,o»igyl groups. in the vmo'le cule unless s'tericé;i.lzfr‘ o
hindered. Sodium acetate, on the other hdnd; is capable

.of ioni.zifng o:ﬁly‘ tho-sé groups which are rather s.tjcbng‘ly .

is _f):r:'o‘babl_'y' more acidic than the other hy‘dro:xyl griouf)s in.
‘the moleculel3 , the poésibility of using kS'O.diU_Ifll acetate to

differentiate this group was studied.

lR‘e; sults of the. study showed that with compounds -
having the 7-hydroxyl group free, the short wave length SR

ba._;rld in their spectrum (usually 250 - 270 m}l) un&,ergo-e sa. * .

bathochromic shift of 8 -20 my upon addition of solid sodium

is pr.e senty no shift is b:b served.

The 250 - 270 m};t band in the flavonel spectrum is “; . :

, k' kmain"l‘y'ia,s.so:cia;tédwﬁit_h absorption in the A ring and the o
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: .heter‘0C~yc_1¢-,, .Free hy.droxyl group’s’at the 3, 5, 8, 3*‘, 4t

: p051t10ns showed no in Lerference and no effect upon the

addition of the sodium acetate.

:é,oR:;G- ACID ¢

' BORIC ACID - SODIUM ACETATE ¢

The ultraviolet spectra.of phenolic compounds -
‘éoﬁ'taiﬁiﬁg 0'¥5dihy&roxy‘lﬂgroupé: are altered characteristi~
cally in the presence of a mixture of boric acid and"sodi:uxﬁ

acetate. - Th.eée, compounds show that in the presence of |

boric acid ?;nd sodium acetate, a—cﬁoﬁsiderable ba:fho:chromic' '
' shift is observeéed, due to the interaction of the boric acid

" molecule with the aiy’ay,‘illabl‘e. o~dihydroxyl groupss

According to Jur d, 9 the reliabiiity' and é‘ar-s.égdf E

: in,ferpréjtation of sPectrai changes in the presence of boric

acid and so,,diuhl acetate makes this an idea.‘l method for the

, de‘te.ctvion'o.f o.r‘_th.to ~dihydroxyl groups. | Ciompounds-uns‘ﬁable_

- in ‘alkai,li are 'stabléfin', this medium. fSome‘"classes of other -

-compounds ha.ve been 1nve stlgated and 1n every case Jurd

.- reports a shlft of 'the /\max for the compounds pos se351ng

the Oe-dlhydroxyl gr 0up1ng=

_ Th_lts. v'1nves,t1gater 'fe‘el.s' , howevér‘,, that the r‘eliabiii‘fj :

. of this""i:"eaggent has béen- ‘,‘séme'*\ﬁhaf over‘stresse&a . Re s;uljz,é T



e

obtained with this reagent during the course of this investi-
gation were pobr even when checking the reagent against
- authentic samples of coinp.ounzd's: known to'coﬁtain o~dihydroxyl .

- groupings. The poor results in this case are atiributed to

the low rate of solubility of the boric acid, sodium acetaté
in the ethanolic solution, thereby allowing no complex form-
atiIOnY to take place within a reasonable lenfgth,‘of time.

APPLICATION TO CHRYSANTHEMUM CORONARIUM L.

. In applying these tests to the constituent flavonoids

of Chrysanthemum coronarium L, .their usefulness soon

becomes evident, For instance, in the identification of

B‘a";‘nd 1 »(“é.ee Table 1 and Figures 1,2) a. shift ?r-o:duc.ed by

aluminum chloride reagent and additional shift pr‘oduceci -

‘with the subsé',quenj: addition of sodium acetate indicated the

presence of a strongly chelategenic group (VIII) and also

of a weaker ,dihy:dxo-xyl,;‘che-lating_ group (VI)

. The very rapid destruction of the band's characteristiec |

spectrum upon addition of sodium ethylate indicated the

.‘pr‘»esen.c:e of a hydroquinone or pyr qgalio;l-—:type' aromatic

nucleus..

" The addition of solid sodium acetate caused a di g

“tinct shift both in Bahd 1 and in the authentic sa;mple- of 7
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Qu’er"ci*éﬁta.g\e'tiﬁ’-7‘-'-G‘1uco;s,id_e’; % This would indi'cé'te that
tAllli,s:‘po.sition i‘s. fer;g’trerr‘l»-ely"aciﬂic in thls molecule a's" |
hy.d‘roiy:si s.A of the sugar is apparently carried out by 'tll.Ie _
addition of the sodium acetate, o
The above spe ctral evi-d.en'ce‘ indicated the identﬁ:{y
of the band to be Qu.ercefagetin=7;_Gluco:sid.e:a Idelitigégl_ o
s,p'éc:ti‘“al characteristics and C'é'th'oma:to.graphjf' oﬁ ‘i’:h;e* ,baﬁd
with a.ﬁ ;'a.uthentlc saﬁlﬁlé of Quercetaget1n—7 Gluc051de o
aconflrmed the 1den‘t1ty of thls band.

Simiiia.frly s t'r‘ea.’cmen,t'“of Band 2 (see Table 1 é;-ﬁd

.‘ Fiﬁgure‘." 5) ivnd'icé;fed ‘f:he identi’tj of -thist band to be a Ka'efnpfétrdl?_;:“ |
7A=¢gylyc.:o side. . Cochromatography a_.,n.dv id'eﬂti“ty of s‘peét].r‘a'l

s cha';ré;i;tei‘i stics of the hydrolysate of this band with an

R agthéntiq sdmpie of Ka';empferpi é:r'bve'df'the-_ideﬁtity d’f .i:'h_is.
band.

: .Applicatio,n. Qf the se te”s:ts to the other baﬁ,d"s 'fd:u:rid' 1n o
the éxtra.‘ct; ”a;’lo_n‘g’ With: coéhroﬁl‘atogra;phy an_d coxﬁpa,r"isén_dé .‘
spie;ctfal data ‘With a;;a éuthentié sample, Whe_ane&er ‘pq_s‘_.s-:;Lﬁlé',:l'. '
proved the identity of Band 3 {quercimeritrin, Tabl-é'.l and

Figures 9, 10) of Band 4 (Iﬁtéoiina? —>g1uco~side‘,.‘ Table 1

‘Krndly supplle,d to us by Professor T. Ra Seshadri, Cha.lrman, Depart— .
ment of Chemlstry, Unlver srty of Delhi, Ipdla,, o '



| 1
and Figures’ 12,13) a;n(i C)f: Bands 5 and 6 (chlo;"q'g'_eni,c_al;nd |
isochlorogenic acids, Table I and E\"igure's: 15, 16)0 FFT‘he;
1a£ter' ‘twd; c’ompéﬁnds‘, beiri;g s:tructu?a"l 1 SOII'J.e’I“'S‘; of e‘_a,ch..v
other ( see Formillé‘s) lha‘ve" identical 'Sée-c,fr'ai bheha,.v-icsr,a‘nd ,,
were .cdnélu siv e'iy ’ide,ntifi-e‘ d .oh‘._ th‘,é.‘ basis of Ry %ralue s
v‘(.‘STe'e‘l-‘ 'I"V'a}'aie I)e : ; B
v A;Lfl‘.glycoy.sidi“c' sugars were 1_afer’ identified by use o:EH
: the afofemeﬂtiéﬁed,é.’ta:ridar& ‘sugar éhr:omatqgkr‘a].ghic "te ch=

niques (see Part IV, Section D).



| V.. EERIMENfAL |
A, .COLLECTION AND E:XT:RA.-.G:.TIQN-V |
The pia..n:ts u.s:”e.d,isfof\t.his study were pib_c'vk‘ed in Los Angeles, -
C:;Liifbr‘nié. s April i’l, 1958a .T‘he p:étal’s? W‘er‘e‘“" sgparated,fr‘om the disc
and were 1mme diate-‘ly ir;t"lllﬁe”l"se‘d in meﬁhaﬁo:iﬂ,
To e.ffe cf ‘e'.X:tra,,ci‘ti,'oi’l, | the‘pe’cagl‘é were pléce-d 1n a clean cloth
" bag ‘a;,nvd._wer'e-fit'te.d_ intko‘ a large Soxhléft'extr‘a;ctore- Extraction-of theh‘ |
p’eﬁtalisiﬂ_w'a,.:s_ then ca‘J;"rife'd out for ’vc’hirtyésix l;our‘se : At ‘cize .covmp-l'-eftic‘)z'i
of this pr'o;c‘e‘.'ssv , éthe pe-‘,ta;ls‘ had,’é,. bl,e‘a‘,ch;e'd white cc-l'oratio-n.ar;d the
alcoholic solution exhibited a dee_a‘p: yellbw color
A S'tré;ight glass. co,x;de‘ns.er, in distilling positi-on was then
- a"ctac‘hérd ‘1:0." the boile\r‘ and the extract vs}as: di sfcill.éd at reduced ’preséure‘; :
Thr Quéh the'skge‘ means the extract was coxllc,entrAa’ted to 1/15 of its original
~V§'1ufne a,,nd. NOW Wa.s d’a_,rk, br’dwnf in,coi"l‘ov.r&and ‘Qf s.lur_ryaiike c-o,nsi‘_s’cen;cye
. This slurry Was"theri transferred to a ‘2506(: s;gpa::r'atory funnel
and rez;:txlac’;éd rejp‘éanﬁedly Wi‘iﬁ‘hhben'zen,e\a' .‘Beﬁze“ﬂe' extraction wa S’.VCOII:S.i.*‘
dered c‘orlxip-l_e.te. o:n;iy When no. further coloration was p.b»s:;erve’d in. the
| benzene layers
v'A. s,a’mple' of the puﬁrifi‘e‘d extra;‘cti' Wa s cotﬁromato_g;{épﬁed' with
o é,l sample of th'ev b.eﬁze'n.e: «s‘oll.ltion‘. ona s:tfip Aof Whatman #1 :ch?‘oma@'graphic '
- .fiiffex;: pa;pe;ij'e The pap'ér' Was (de'Vel:dpetd in a butanol:acetic acid:water

20
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(11/3/8, v/ V.)‘ tank for thirteen hours. It was then examined under

visible and-ultraviolet li_ght_ for signs of flavonoid compounds in the

benzene extract. Since the benzene spot remained stationary at the

origin and the'.a’lco-h'olic extract revealed several distinct compounds,

vit. was assumed that no flavonoids had been carried over into the

benzene.

B. SEPARATION AND PURIFICATION

1.

Dev elqp:rhéntt Techniques

The chr‘dma’to;graphic tanks used for this ‘study Wé’ré— el

|VALS x 127 x 24w _s;qué';r'e ‘chi'"dma;togra.ph'i‘c;t jars (101A,

: Re,s;.'eair'ch Specialities Cor'pb.rati_o’n, Berkeley, C-a‘lif,o.rnia;}. ' )

fitted with Va‘ stainless steel tray support capable of sup-

. 14 .
porting four 1" x 10" glass chromatographic troughs.

,Sté.ndar:d descending chr O‘ma‘togra.'ph.ic techniques
were used throughout the course of this study With._a_,li R
values being derived by these methods, The id"e"ntifica‘tion
of the ‘sugar nioietié s, as described in section D y Was
undertaken through sfi:a.r;da,rd sugax chrv‘o.mato:gr-a’phic
te’cﬁnique S 14’ |
Elution Methqd's-15

In order to facilitate the inﬁre stigation of a> purified
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" con stituent of the: ;chfy'siani‘:hemum‘ extract ,\7 it wa: ‘stneéé_s.‘s.ar"y

to obtdin a pure, '_‘c:dn'cen'tr'ate.d_ alcoholic solution of that

constituent. The most widely used and mo-.st accurate

N pr:d'c‘e,dure'-,fqrthi s1is based on the simple expedient of

‘cﬁtting 01{1; the section of the’,dev‘elzt)pe-d_ chrfo,ma;togjra;mrwhich

- contains the single pure substance and removing the sub~

stance from ',’iihg p'a;kp:er‘ bj}' the proper eluting ~a;g.__e_:iifi:v._ The

concentrated alcoholic s";o'l'uti‘on. was icadii;éc:te‘d, in‘a 20 ml

beaker ready for further investigatiort,
HV‘d—ir:eiy.si_s‘ Techniques -

. The 10 ml alcoholic solution, eluted from a chroma- |

togram as. described in section 2 is placed in a .50 ml
‘ one-neck, rourid-bottom fla.:Sk which: is fitted with a short

" water c1bnﬁén.s:er"g To this is added 25 ml of 4N sulfuric

acid and the system is brought to reflux for two and cne~ -

“half hours and then allowed ,*i:o:‘sfta'ri'd overnight.

 The hy‘dr?orljyfsfa;té' 1s "‘cra;nsfer‘r‘edfi':o. a ‘S'f’e'p'a;ratjor‘y\

\ .bﬂlj.nfnel_ and '?:he,. fiavonbi-d po:rtiéﬁ. exi:r'a:téi:é;d‘ Wlth a S"i'ol.vye.n‘t. S

- such as b:_lvl‘ii»y"l a;:c;e;i:a,%:ea | The 'déué'bu;s pdrftio;n‘;‘is :c'.clsfritcle‘n"tr:a;fe"d..‘
| and :S‘te:lfeid. fo;r' subsequent chf:dimatogr'éphy 1n an
‘ethyl acetateracetic ackd: water (9/2/2, v/¥) system

- for .the idex‘iﬁfi‘-ca’*t‘idn of the sugar groupss
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- The butyl-acetate extraction is concentrated to

2-3 ml, spotted on Whatman #1 -‘papfer and _d_e.\;r"elop'ed 1n S

butano:lz‘acetic.acidzwater.,' The 'hydroljrsate is then i.so'lated I

~ from the ehr’omato'g.r'aph by elution with the appropriate

solvent.

Preliminary Investigation

The alcoholic c‘hr'y.santhémum, extract; dark brown

in color, was spo.tted on several sheets of ‘WhatmanA#l' ,

pa.pe’r, ‘The s‘heets_ were placed in a nurrfb;er of differ‘eg’c
lso:lfr‘-e‘nfvt‘AS‘YS‘éems"for’ .de’ve_lopuxﬁente The eys.tezres_use-& in t’fle -
pr eiirnina_.r’y 1nve stigati o:?x i{ﬁiclude;
; Bﬁ.‘ta‘;rioirAceﬁc Aeidea.ter (1‘1/3’/8 v/‘v)
m= Cresol Acetic Acid: Water (50/2/48 V/v)
Phenol Water (73/27 . W/W)
: Benzene Metha.nol Acetic Ac:.d (1/1/1 V/v)
Benzene,Etbyl Acetates: Butyl Alcohol (1/1/1 v/v)
o -E‘thyl Acetate {saturated with Water)
. Ethyl Ac‘etat?e.:A.Cetic Acid:Water ('50/2‘/?48,‘v=/v’):
‘ Water ‘Acétic Acid: Hydrochlorlc Acid (10/30/3 v/v)
E‘chyl Acecate Wa,ter*Acetlc Ac1d (9/2./2 v/v)
Development o-f the chrys.a.nthemum, extract was ‘

attempted in these solvents on both Whatman #1 and



Whé:tma;r;: #3 pa;pér“,. Those solvent s.‘ysﬁem.é. which, prove dj»-
T most effective f'o:r‘r the separation "of thls é;;fi;ria.C't ’iiltol i‘té;_-
component pa'r£5’ were, butafnoi:a,c.e}stié:‘ a_.cid:ﬂvé’te‘r’ (BAW),
phe‘n,‘o.l;wat'e'r , and 5% a.éet_i.c‘ acid,

" The rex’cr‘é;ct Wa’s. then 'c;dn.centr'ated in a. s:tr:ipe* a..cif‘o:‘ss 4
the top of a. -numb.:er’ of s.he.et‘s‘of 'Whatﬁla;ﬁ, #1 paper and these -
_‘Paflpe:rs were placed in fhe ,a:hqvefnen.’cion'ed“i:hr‘eer"s'uolveint =
s}rs.t‘ems; The pégp~e;r"s w’ereremoyéé a;fter appropriate
‘,d‘_e'v.elopment and examiried unde'r'. ultfairiolét light., "The
' phe’n;)lz'Wa;tef s_y‘sté.mappea:red to give the -be‘.s:‘t:, s:éparétionf

of thé extré.c.t into its. cOn_s\tit'_u{ent. b'an_dé 5 fhe’refo.r‘e, more.
papers were striped for ,develo.'pxn’e.n{ in'/thi s sy‘s’tem,
T'he:‘ pa”per_s‘\ W\e._l‘ﬁe‘A removed éf:ter“ eighf:e en hours and
air driede . Th_e‘ g'onstitqe’nt bands were -etxa-minejd and out-
lined, with péﬁ_c’il,.under visible and wltraviolet lig‘hvt., The
bands We;"rfe ther cut out and eluted witil 70% ethanol, The B

eluates were 'cénce‘m:ratéd to 2 ml and striped on separate

. éhee’ts of Whatman #1 paper s' “The‘s\e:v‘_fe'rre‘ pl'éé‘e‘d in the
butano‘l:a.fc;etic a~cidﬁ‘vs}a;te'r’ tank ,and allowed to ’de've‘l,dp ‘

" for thirteen hours, _Th,ey'_ were then r;emo'_véd,' air :di"ri‘.ed,f, »L
the? bé.n.d,s: Qutlin‘é‘d unider ‘{;/i‘s.,ib'le' and i;.ltra:vio,let light; o

The bands were then eluted; the eluates were concentrated
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and respotied for chromatography in the 5% acetic acid tank.

" After five hours, the chromatbfgrams':'were removed, dried,

the well-defined bands eluted and concentrated to 5 ml and

_1ab;eli.éd for s;pe'c‘tfopllotqme‘t'ri,ct analysis,

Sp,te'\C'trfali vl\Z[f’er_’th‘ddv'S"

Spec"tr'opho'tome;trigc é;'nalyi"se"s'f in the course of this .=

" investigation were made on the Cary Recording Spectro=-

photometer, Model 11 {Applied Physic Corporation, Mon-

rovia, California). The spectra of the purified flavonoids
were determined in the 200 myu te: 500 myi range; the last -

100 my, (400-500 my) being investigated only after addition

of "shift" reagents. . These "shift!" .f'e‘:’a'g,efnts are.added .

‘dir;’eﬁcvtlyA to the cuvette containing the sample and in equal - S

amount, to'the cuvette containing the: solyent blank; the

solvent blank being obtained by the elution of a blank portion .

of the chrbmato.grazﬁ fr'o.m which the si‘a;mple "W,‘a_,s taken;,
ther -eby-elimina‘,t.ing;any spe ctra%l in;te‘;;‘feir ence’ fvrom’.'_the'

' ~chif:9.iﬁa;coé1;a;m paper itself . Alumlnum -c‘:.hidriéeg .énd

sodmm ethyiai‘geil'valr-é-.'a:&dedin a'lciéh.c‘il'vié s:i;lu,‘i:ibn (10 :dro’?é:f X

iM ,Al:'uminum’ chioride,. 5 id’ro.p:s:., 1§ :go,dium ethylate)', while

.s'o.}diu},m acetate 12 and boi’i;c' acid? are added in: .s:oli& _farm;'
A time lag of approximately five minutes was allowed for the

reaction of some of these reagents.




iG'_B-V I‘ZD'EN%I’IFICATI_ONYOF CONSTITUENT BANDS |
. floi vId,e‘n‘tifi'ca.‘tiOn'- of Bar;,d 1
| " The yé’llow {vi sibl,e')_nb.r‘.o%i (ultraviolet) band was cut
out fro.m a phén'ql:ﬁater’ developed paper, e‘l,utéc“l‘ ,vﬁth '7,l0%
ethénol, concentrated and re chrvomatcgraphe:d in buta;nq.'lgg .
. _acetic a>é'i.d:.v<‘ra.te'r’.; rB'ami‘[ 1 .s‘pli’trinto" ’cs&o .di's.ti’écf sub~bands
(la, 1b) u.pon,'éhro;rna‘.tographfin the BAW s“_o,':lve‘n't s’y‘g:‘i:elnfn.,‘
The baﬁas._ ,w:é.rré s.epar'afefly ‘é:'l.u‘teﬁ‘d a.nd i"nvezs,tigatezd; Both
bé‘n’ds were rechromatographed in BAW and after éubsééuenﬁ:
elution and. cbnce»ntrainn their ultraviolet absorption s.prgci:fa v |
v_'w‘e“r'e“‘ deter’irnine:d,- Sp'ectr‘o»ph'lo’t-o:metfic analysi s;, in’célud.ing
t’he'.p-rzfevio'u sly described “spe.ctr.zba;»l' shifts, i:entatifel*j ii:denti}fied;_-
,i Band la as a'que’rcefagetin;f?’—gly‘co:si,de | (see Figures 1, 2)9 |
’T.Igle' s;pé’c;‘truir‘nqi aﬁ, é.uthen’.cic éamﬁie of Qu-e’lfce’fagetinm?i-
gl‘,uc;d@de_szés de-‘te‘.:;"mingé.d a;ﬁd. was found ‘to be identical with

o,

tha.f of B.;andglaz‘.("séet_ Figures 3 ,-:4
if.i%a;n‘d la. was. C(ic'hr:omato:graphed' in four ‘d..ifferent o
solvent systems with': an a.qth;éntic S.arhple' of quercetagetin~
:7'== giu-c::‘dsiaea ‘The .Ob;s",>er’,vie:diden_‘ti.t‘y of Ry V‘alue s prooved the.
' icientitjr of .thié band (s.e::e. ,T'a_‘blé. 1)s
. The isolated band Was hydr olyzed in 4_1:1 ‘sulfgr‘icj acid

and the hydrolysate a;njaly’zvé:d spectrophotometrically. '
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Quercetagetin-7-glucoside was then hydrolyzed in identical
manner and the aglycone was also analyzed spectrophoto-
metrically, The two sets of spectral characteristics were
found to be identical. In fact, the spectra of the aglycones
were also found to be identical to the glycosides, indicating
an extremely acidic 7~hydroxyl position.

Cochromatography of band la hydrolysate with
quercetagetin in four different solvent systems yielded
identical Ry values (see Table 1) and further proved the
identity of this band.

Band 1b was further found to be identical with band 3
‘and is discussed under that heading.

Identification of Band 2

Band 2 was cut out from the phenol:water chromato-
gram and was eluted and rechromatographed as described
in 1, The purified band's spectral characteristics and Rf
values corresponded closely to those of a Kaempferol-7-
glycoside (see Table 1).

This yellow-green band was then hydrolyzed in 4N
sulfuric acid, extracted with butyl acetate, concentrated and
rechromatographed in butanol:acetic acid:water. The resul-

tant stripe was eluted and concentrated for spectral determinations.



An authentic 's:a;rripi‘.e of’Kaeiﬁpfe_r‘oi was obtained,
‘p.u.r‘ifie;d by paﬁer chr‘oma.tog‘ra;phy, a;n:"d its: "ult_ra.viole"c-
absorption gﬁ:ectrum d_e“t"efrvnin'edg. The ideﬁ‘tity‘of the spectra.' 5 |
of .thye- authé.’r_itic samplg an& that of the iso:la"ced bénd’charra:ci:e;_‘f‘;-
ized Ean'd 2 a',:s' a Kae,mpfer‘ol-d -fgl-yéo side (see Figures 5,  6,
7, 8). |
The" t'wo.. aglycones: w‘eji"e' subsequently cochromato~
graphed'in fo:.ul". different solvent systems, Ide‘nﬁca*l, Rg |
value s were ob -s"efye,d (s.ee" Table 1) thereby confir'mingi the
té:nfative- as.signme‘nf of Ka,empfﬂ'er‘pl='7 -glycoside to ‘Ba.nd 20.‘
Subsequent sugar '-chr o.ma."to-gz’:aphi'c "t-e éhniqﬁe s 'pr;-o.v-ed the
gvly’co‘s’i‘iﬁc po-rfion, ,o_f. thi_sir‘noie'cﬁle" to benRhé.‘mno;s,e‘ (se’é
Svevctio‘ri b)a | | |
3. ;I*dé‘ﬂf_ification. of Band 3
Ban:ﬁ 3, a highly col‘p'rjé;_d yellow 'ba:ﬁ,d was isolated V.
o frﬁo.'rr"i a phenéi:wa‘ter kic:]kvl:{oiné.t“oggra;'m of the chrys,antﬁe.mum'
k‘.ex”tra"ct and eluted with 70% e_fha;ﬁ,ol' to éiVe al b,rig’ht'.yellow :
o ‘,g.olut.iom This band was.'pu:ifiédA chr‘omat@graphi'célly in |
"th"e— 'u"s_ual mé:nhe'ra .
Sﬁectr'oph,otérﬁej:r'ic:’ana;lsri.‘sist of Band 3, along with -
R¢ values from three différ‘eﬁt :s.div.‘ent systems led j:é the

tentative assignment of Quercimeritrin (Quér—‘c‘e"tiﬁ-"? —gl'lxc.(‘)"sidé)" o



té. this band _(I.-'_s':e.eA'I'ablzé.‘ 1)s. C
The bé;n.d was. fthe':n—hyé.ri‘olyzed in, 4_1‘_@ sulfuric \la;’icid, and 7
the aglycone was purified chr-omato:graphig‘alliy;,_ The spectrum
 of the ag’lycbné was. .d'e.téi-mihed (S‘ee Fi-gu;rie 10).
An ,authenti:c co:tr;me‘tcia:l sample 'o-f 'quer'.ge;tin wa s V
p’ufifie.d. chromatographically in buta.noi:a;c'etic; a,cid:r%;%rater .
and iii-:sb spectrum was ‘.de';té,r’miné;d-ov- The: spré‘ict,r‘ar...c‘;:f, the .
ssolated band _a;,nci of the purified 'sarr‘lple‘ of quercetin were
identical ("s,ebe. Fig_ﬁr‘e s 9, 10, 11)9 Id_e:ntityﬂqrf ',che_"_b‘a;:‘n"d-: |
':hy,driol'_y.s.a-te.' and quér c‘;eltiﬁ’\l;va; s a’léo: shown by c,o:chfoma;
‘i;d:gra,';phy in :fau'l" vdiffe’?'gﬁnftr so{lv‘en-:tv systems (ivs_‘.ee jT._.a,bloé ‘1'}',.,,
| ‘Final 'i;-r‘é;q-f of the ba;wva'd‘f's:._ivdentit‘j] C‘é;me upon: ideﬁéifi;batioh'
kAo;f the sugar IIXoiéty as wbein'g' glucose '(;Sfe.ci'::iqnf.D') .
idénﬁficaﬁonf?p: Band 4 |
‘Bédnd -4v.'_wa's‘iso;l'a,‘ted, from the phen.girl_:‘w_&tef chr éma’i:da =
gram and eluted Wi‘th,'f'O% e‘t‘ha;no-l-," The elua.té wa.s c;bncleﬁ-s.‘ :
trated and repthr-:dmatograp’hed in the usual manners Spect~ .
r'o_pho:to.metf‘if;r,(iata; and Rf va,lue‘.s; .frc)m thr ée. aiffer*eni:
solvent .s.ystemrs.indica.t;e the identity of this band to be a
| . L,ute'.(jf)‘;l'il'ik-;?—_gb’Ijbrvcérs.ide i(:’s‘iee; Table 'l',a;ncivFi.:gx;’.res, 123',"'1‘3.)._0;
The iighfc yellow (:vi,siblfé)i “brown (ultraviolet) 'b%s;;nd |

was hydr oly:i'.e»>.d in 4N “sulfuric acid and the aglyconé was
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' pur'ified ¢hr‘o;mato'giraphic'a.l]'.y'g ‘The spectrum of the hydrolysate

wlais. determined and comparison made with that of an

authentic sample of lupeolin, which had first.beéen purified

. ch,romatogf?é’fphi?cally, The spectral and Rf values of

luteolin were identical with those of Band 4 (see Table 1 and

Figure 14,')9‘ Identical Rf ’Va:ll_ieé obtained upon cochroma-

“t@gra“p‘hy of the aglycones in four different solvents gave

further indication of the identity of this band. Final proof -

- of the identity of Band 4 came with the identification of the. -

sugar méiety as glucose (S‘eicli.:io'n D)s

Identification of Band 5

 This highly fluorescent blue band, which, when placed '

" in the vapors of ammonia turns a bright blue-green, was .

isolated from a butanolracetic acidiwater developed

chromatogram and examinéd spectrophotometrically.

- These d’ata and R¢ ’v'alﬁe s fr‘dm three different _s:é.lv‘e.nt .systems.

indicated the identity of this bard to be Chlor Oge‘rii‘c.A-c’iild’

: ',(_S:‘ee Table 1)..

An authentic sample of c:h'lor ogenic acid was purified

- chromatographically and, an‘alyz{e_d sp-etc"t,rovphotomef;_z_“'ica.liyo‘

The 's_pecfré,l charactéeristics of Band 5 and Chlorogenic acid -

W_ez,ré identical (_sfee~ Figures 15, 1 6);- .
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Band 5 Wé,s. ‘-hy:dr‘-olyz_e:d and: cochrozm‘a:’c-o.graphed" with
S an au‘then:tic_’:'sa'?mple: of its, hy‘dr‘qily‘"éa’te:y: Ga;_f‘fe‘iézi;A.;::i;i.; I&eﬁﬁcai :
' Rf ~s_‘/"a,'lbu,e s. i‘n\_ four different solvent "S,Yétem'é, proved the idc—;‘ﬁﬁ‘t%;’ 4f , ‘
 of this band (se¢ Table 1),
Identification of Band 6 |
o This. other highly fltorescent blue band was is(ro(ija;»te".d_-‘ .
from the pheﬁ_ol:wdtéf ’éhr'azn;'atogram and Wa:é. pﬁﬁfied‘v - |
chroma‘tographztca,lly a’ndl i‘i:'-s‘;‘_"ap“e ctrum was de'te.rﬁiine d ‘ Tixi 8.
ba;ﬁd;‘wag’s found 5to7'hav'e _s:'ES-,ejc.tra;l ',cha;r‘a;-ci’ter'i s;tic s identical | ‘
; with E.an,d 5, Wl‘th the ouly o-.bv_i’o.u.s diflfer’ex‘ﬁiati'on betweé_n
~ the .‘i:'wo- bands oc curr':l_nig 1n th.e Rf values (sre;,é"-Ta.b}:e I) _
‘ Hydr}disr:si.s‘ of ‘thi‘s'; Ea.nfdy’ie.'lded‘a,.:(';’dnj:tpound with
'itd_e;n'fcicyzalr Rf x:zalu:ejs, and spectral ch'al,x;lac‘te‘r'i stics as that ':of
'the_‘ hy‘d_rr'dly.sa.te; of Band 5 and also as th,o.-'s:qv,of 'C‘a'ff»eic acid o
‘_:;(é:e‘e' F’i'gu"re's 17, 18‘);,-. , 'C:;20;chromal.tqg;'aiphy With: an. aﬁthe.ﬁfcié o
s.a?méle of ‘Caffeic Atcid'.‘gva;re'idéﬁiéal Rf value s.l in ‘vau‘J‘:' )
| ‘diff‘ereirvlt .s.inent,s (see Table 1) .' s’ih‘o'.w‘ing, identity of the. -
) h_y'(:;ir‘O-l"y;sat’e.,e |
Band 6 wa.'-.s.'.cénfirme‘d as Is;o;chlo:i";o»g*enic acid by
c‘ck);nparison.’;‘of the e..;:pe‘:;"iméﬁtally determined Ry values to

those found in the literature,
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- D. ISOLATION AND IDE\TTIFIGATION OF THE SUGAR MOIETIESI4

The aqu.eous phase of the lu'teolln, querceba.getln, Laempferol i SR

o .a;nv-d' 'éu‘e,rc,eﬁ?%n ‘hydrelysétes Wémg"concéntrate‘d to., 2‘-;‘3‘ ml and ,Spe;cte‘d‘

- onwhatman #1 pé,pex;'o. The éhr qmitbgram 'W’a,sA developed in ethyl |

: ace:té,te'.:a;cetic éci&:wate;‘- (9/2/2 V/V) for thi‘r'te”en hoﬁr s, air 'cirié'dy and -
“‘then sprayed mtﬁ -a. éﬁgar 1nd1;’:at<;r (O 8g p’-anisidine, 4 g‘fr'i‘cl'll.l'orb.a,cetigl,
ac1d in 100 ml 50% ethanol) and allowed to dry and develop color for
nine hours, Identlca;l Rg yaiue s of the .gl'y(;_o s.1d1<:‘ s.ﬁga.r S,WVlth the autb_ez;tic
sampié s of.‘ gluc'o-té‘e a‘nd 1‘°vh:amn*ose pf’o_ved the identity ofy t'he. sugars Aa's:‘ )

follows: .

i..uteo,lirl=7-=* R glucoside | o (Rg« '"1,00)' -

'Querce‘tagetin=7~,' o giluéo‘side ' ] (Rg = 1.,0‘0'-)

8

- Ka.empferol 7-=v~ R 'ﬂ?ﬁia,mnc‘rsidéf' , (Rg 1,44)

u

' ‘Quercet1n=7= S "g:lli;co;.si‘d.‘_e’ R , ) (Rg 1.00)



V. SUMMARY

‘The flavonoid ?e’tal constituents of Chrysanthemum coro-
narium Lu‘ have been identified by use of p,é."pe'r‘—'chromatographic,a;_na
spe‘ctr’ophotonie‘tr'ic‘ techni'que.‘s_ . V‘ The se con‘éti"cxients. are quer‘ce‘ij:ag_etin.—-
, ’,IV-»--g_lu(':é;side', ic’a?empferb.'l‘—'”i-rh,amnoside‘,_ que'r‘ceméritrin, luteolin-

7-glucoside ,af,zid‘ qhio;rb_g enic and i nghlor ogenic acids.

* The flavonol glycosidés found in Ghr‘ySah“th.e_mum coronarium
_Ii_ have fheref‘o‘re all b_éeﬁ shown to be v7—'-gl“y'c0 sides. This pattern seems

to be common to the petal coﬁstit\ient,s\of Chrysanthemum segetum,

- Coreopsis maritima L., Chrysanthemum coronarium L., and Géssypium

hrerba__-c ep.r‘rvl;‘ 3

The co--—foiccur,r'enc.e .of a quercetagetin de‘ri%/ative.with a
‘quercetin derivative is reported. Since statistical surveys ha.ve.rshQWnr '
tha_t»tilé; co-occurrence of qﬁer'¢¢fin derivatives with g_oss‘yp-é'i'cih (3 ,é ’, _
41, 5, 7,3 - hexahy-drogy ﬂa’vone} derivatives seems to. be ’b’iog'enétic"a,ily‘
preferred to thosé of qﬁ'e:r'ce"tin a‘nd querc‘ei‘:agetin, 16 this repo.rt‘ then
;si‘te‘,s one. of Athe‘ vc'al;y ‘rar,e, co.'-—'oc,vc‘urre.ﬁce‘s of th,e‘s.e tv&q c_ornppwumé{s’°

The identification of a 7-rhémné side derivatiyve of K.akempfe-r'ql

is the first record of its occurrence in the field.
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VI.

” S | Table I
. Constituents of Chrysanthemum coronarium L.

Rf

m~Cresol

C olor

1
- Quércetagetin-
7-Glucoside®
2
Rhamno »s}id'e
3
Quer cimeritrin
: ,4 | |
Luteolin~7~.
:Glucoside
5 .
Chlorogenic’
6 ,
Isochlorogenic
Acid

1
Quercetagetin
2 .
Kaempferol¥
3
Quercetink
4
Luteolin®

5

6 o
Caffeic Acid¥ .

 Caffeic Acid%

BAW . Phenol [HxQ o 5% HAc  HAc/H20 V UV

0.34
- 0.36

"“0;;4:71' “
" Kaempferol-T- ‘

0.72

0. 24

0.24

- 0.36

0. 46

0. 60

Acid Hydrolysates

0. 32
0.32

0. 68

" " Authentic ‘s.amp’le

0.68 -

.0 e 0 e

o o @

© o6 o

0 9 0 o

Y

. Br .

YGr

Bl

Bl



VII FIGURES.

. Legend for all Spectra

T80 p DD 4300 ER

— e et - —

R e e P

-;-—ou-—-n;—'-.-qg;.__..';_

pure compound

with sodium ethylate

T with aluminum chloride

with E odium aci:-.e tate
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_FIGURES'1, 2.

 "SPEGTRUM OF BAND 1

- pure compound

" sodium ethylate

aluminum chloride - -

.sodium acetate

aluminum chloride=

sodium acetate =

. boric acid

.. boric'acid-

sodium acetate

| max
260, 272, 362 -
bd‘e’s.tr“oys spectra

278, 388

305, 378

285, 430

262, 372

262, 372
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pui'e -é.omp-ouﬁd "' '
‘sodium ethylate -
a luminum ;ch‘l(‘)ride"

- sodium acetate

© aluminum chloride-
. sodium acetate

Uboric acid=
sodium acetate -

© FIGURES 3, 4

SPECTRUM OF QUERCETAGETIN-7-GLUCOSIDE

/\maﬁ;

260, 272, 362

" destroys spectra

278, 388

305, 378

280, 430:

boricacid. - it 262, 372

262,372

B L
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,F IGURE: 5
SPECTRUM OF BAND:Z
| /\’max
pure ’co.:mp'oun‘d ' o 2 68? v37”0,’
‘sodium ethylate ' ) _’ de st‘r‘oys spe‘ctr’a‘: .
aluminum chloride 270 (3’65) 350, 425
-sodium acéfate , ' no shift |

aluminum chlori’ide_; TR .o
sodium acetate =~ . 270 (305) 350, 425

boric acid e S no shift

" boric acid- ) R
. sodium acetate . ' no shift .
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Figure 5, SPECTRUM OF BAND 2
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FIGURE 6

SPECTRUM OF BAND 2 HYDROLYSATE

SR )\,max
pure compound - - 268,.370
sodium acetate = . S 27'35--38,5*

% All other, max found to be i-déntical with Figure 4.
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FIGURES 7,

SPECTRbmcnPKAEMPFERoLifT

. pure compound

" sodium ethylate
" aluminum chloride
' N .’,S.Ofdium a'cie’ta.i:é"- o

: alumlnum chlorlde -

;sodlum a.cetate
boric_ acid. - .

~boric acid~
sodium acetate

g /\max ‘

| 268, 370 -

destroys spec tra

268, (303), 350, 425
273, 385 1;":: -
”fééa (303) 350 425

o ,‘no Shlft

no shift
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FIGURES 9, 10

. SPECTRUM OF BAND 3

pure compound '
sodium ethylate
- aluminum chloride

sodium acetate .

alumindm chloride~ -

sodium acetate
boric acid

boric acid-
sodium acetate

)\ max

258, 300, 372

245 (i), 325

268, 355, 440

" no.shift )

® o 20

260, 385

260, 385

&
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Figure 9,
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Figure 10, SPECTRUM OF BAND 3
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. FIGURE 11-°

 SPECTRUM OF BAND 3 HYDROLYSATE ~© '~

L )\max_
pure compound ' 258, 300, 372

" sodium acetate B 278, 325, 385%

*All other /\.max found to be i:d’enﬁcal with Figures '7

S8y 9. ‘ ‘
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FIGURES 12 3

SPECTRUM OF BAND 4

 pure compound

. sodium cthylate

Y- aluminum chloride -

'v:‘.so:dium‘ac;_etate'i R

'alumlnum chlor1de-=- Vi

' SOdlum acetai,e ]
" boric a;cid-. LT

borlc ac1d=v -

sod1um a.ce‘i:ate S

)\mav

253, 268, 350
-'.,"265, (330) 410
,275, (295),'3605_390-

‘e @& o

" 260, (300), 370
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Figure 13, SPECTRUM OF BAND 4



FIGURE: ,1.‘4,

SPECTRUM OF BAND 4 HYDROLYSATE

R /inax .
pure compound 253, 268, 350

. sodium acetate . 275, 320, 405%

. *®All other sp:e'étr'a found te be identical with Figure s

1, 12,
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FIGURES 15, 16

SPECTRUM OF BAND 5

pure compound '
sodium ethylate

aluminum chloride

" sodium dcetate

c dluminum chleride~

sodium acetate

_boric acid

. boric acid-
“sodium acetate -

Nimax
245, 300, 330

263, 310, 375

no shift

360

, ® 060

- 270, 345

260, 362

Univ. of Arizona-Library
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FIGURES 17, 18

SPECTRUM OF CAFFEIC ACID

: /\ max

pur e | comp-éund | 3 00 s 330
sodium. eth;giié,te 280, 325
aluminum ¢hlo-ride 300, 338
" sodium acetate' E o 300, 350 :

‘aluminum chloride~
sodium acetate - . 300, 330

b:Ol"iC acid ’ : c @0 00

‘boric acid=- v
sodium acetate e6ed s
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