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FLAVONOID COMPLEXES IN PISUM SATZVUM L.-I 

NATURE AND DISTRIBUTION OF THE MAIOR COMPONENTS* 
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Josiah Willard Gibbs Research Laboratories. Department of Biology, Yale Univxxsity. 
New Haven, Connecticut, U.S.A. 

(Received21 June 1964) 

Ah&net-The four major tlavonoids of the pea plant have been chamcterized as kaempferol-3-trighxo- 
tide (KG), its pcoumaric acid ester (KGC), quercetin-3-triglurosido (QG) and its p-coumaric acid es& 
(QGC). The spe&ral and chromatographic properties of these compounds and of their hydrolysis products 
are reported. Etiolated plants contain mainly KGC and KG with only traces of QGC and QG; in green 
plants,OGCandQGequaloreurpassK~andKGin concentmtion. KGC is prcxnt only in leaf tissue; 
KG in leaf and stem; QGC in leaf, petiole, tendril and stem; QG in leaf, petiole and tendril. No flavonoids 
could be deteoted in dark-grown roots. 

INTRODUCTION 

IN RECENT years, several Ilavonol glucosides and their acylated derivatives have been isolated 
from etiolated and green pea seedlings l and red-light pretreated seedlings 2 and have been 
implicated as major natural compounds controlling indoleacetic acid (IAA) oxidase activity 
in an in vitro assay. This is interesting in view of the fact that while the occurrence of acylated 
glycosides of anthocyanins in higher plants has been well established,3-7 comparatively 
little has been reported about similar derivatives of lIavonols.8v g 

We have reported earlier that, in peas, etiolated tissues yield mainly kaempferol deriva- 
tives while plants grown in high-intensity light contain considerable quantities of quercetin 
complexes as well. We have now studied in further detail the structures of these acylated 
flavonols, and have discovered some new facts regarding their localization and biosynthesis. 
It appears that each organ of the pea seedling has its own specific flavonoid pattern, and that 
the patterns of flavonoid distribution may be modsed by light. lo 

+ The work described in this paper forms part of a disertation presented by M. Furuya to the Faculty 
of the Graduate School of Yale University in 1962, in partial fuUilhnent of the requirement for the degree of 
Doctor of Philosophy. 

t Presnt address: Biology Department, Brookhaven National Laboratory, Upton, New York. 
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RESULTS 

znd spectrnf data arc presented in Table 1. All four are extremely soluble in water. and alw 
in methnnnl. ethanol, and I-butanol. hut not in ethyl ether. petroleum ether. ethyl acet:~tu. 
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The maximum for KGC was found lo be Zb7 ml& at a range of pH from 2 -7: this pcuh shifts tu 272 
mlbabow pH 7 and to 276 ml& at pH 1 2. Another pcahofthiscompound locatcdot 316m/l in neutral 
or an acidic solution mows to 365 rnp at or above pH 9. These shifts of ahwrption maxima aw 
~cwrsiblc \\nh KGC hut not with QGC in both dirccttnns hy titration uilh ddute witl or alhall. 
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chloroform and benzene and respond to various colour reactions for phenolics and related 
compounds.” All four !Iavonoids showed distinct (u.v.) absorption maxima in ethanolic 
solution which were shifted by aluminium chloride (Table 1). The U.V. spectra of KGC and 
QGC were also found to vary markedly with change in the pH of the solution (Fig. 1). 

Analysis of Hydrolysis Products 

The precipitate and the supernatant fraction of the acid hydrolysates of KGC and QGC 
were found to have characteristic U.V. absorption maxima in ethanol (Fig. 2). The aqueous 

Oti 
WAVE LENGTH, rnp 

FIG. 2. THJJ U.V. ABSORPTION SPECI-RA OF ACID HYDROLYSMES OF KGC AND CjGC. 

The precipitate in ethanol (- ), the supematant fraction in HCkthanol (----), in NaOH- 
ethanol (. . . .). 

supernatant fractions of KG and QG after acid hydrolysis did not show any U.V. peaks, but 
the solutions of the precipitates had sharp U.V. peaks similar to those of hydrolysed KGC and 
QGC respectively. After alkaline hydrolysis of KGC and QGC, the reaction mixtures, 
showing U.V. peaks at 280 q and 335 rnp in basic solution and at 267 rnp and 312 w in 
acidic solution, were extracted with ethyl acetate and with n-butanol. The U.V. absorption 
maxima of these extracts are shown in Fig. 3. The acid and alkaline hydrolysates of KGC, 
KG, QGC, and QG were chromatographed on paper (Table 2); KGC and QGC yield at 
least three spots after acid hydrolysis and two after alkaline hydrolysis. However, KG and 
QG yield two spots after acid hydrolysis and only one after treatment with alkali. 

11 I. SMITH, Chromatographic and electrophoretic techniques, Vols. I and II, Heinemann, London (1960). 
19 
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The experimental evidence in term> of &values and melting points (Table 2). U.V. spectra 
(Figs. 2 and 3). properties of methylated and acetylated derivatives (set next section). and 
spectrophotofluorometry (Table 3) supports the view that the aglycone from KGC and KG 
is kaempferol. and that from QGC and QG is quercetin. 

All flavonoids yielded a reducing sugar after acid hydrolysis II\ shown by Nelson’\ rc- 
agent. I2 To determine the nature of thi, sugar. the supernatant fractions of the acid hydro- 
lyse uere concentrated. and two-way chromatography was applied to the mixtures of the 
unknowns plus various authentic sugars. The results showed clearly that the hugar molcty 
OI' KGC. KG. QGC and QG \\a\ glucose. 

. . . .&,, j 
NoOH . . I 

- I 
0 L- ----._.2 

WAVE LENGTH, rnp 

FIG. 3. THE U.V. ALWRP~ION SPECIBA OF ALKALINE HYDROLYSATTCS OI KGC 4%~ Qc,C \I rm 
EXTBACIIONBYEIMYL ACFTATEANDN-BL'TANOL. 

jr-Butanolextract (---): Ethylacetateettract in basicsolution (. . . .): and In acidicsolution I- - -). 

In addition to flavonol and sugar, the acid and alkaline hydrolysis of KGC and QGC 
yielded several other products. Two showed U.V. absorption maxima near 3 I 1 mp (Table 2) 
and positive responses to sulphanilic acid reagent I1 and nitroaniline reagent.” The products 
of acid hydrolysis were water-soluble but not extractable by ethyl acetate from aqueous 
solution. and showed lower R, values in the butanolic solvent and a large spectral shift as a 
result of pH changes (5 50 mp. see Fig. 3), whereas the products of alkaline hydrolysis 
were readily extracted by ethyl acetate. showed a higher R, in the butanolic solvent. and a 
small spectral shift as a result of the pH change (h 24 rnp; see Fig. 3). The release of these 
various products by acid and alkaline hydrolysis indicates that there are different types of 
linkage present in the substances involved. 

12 N. NELSON,J. Bid. Chem. 153.375 (1944). 
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TAM..E~. Sracrrw AM) CHltOMAToGRApHM: PlWPEaTIFS OF ACID AND ALKALWE HYDR0LYsArFs 
OF PEA FIAvoMnn MMPIEXBS 

Compound 
Type of 

hydrolysis 

U.V. spectra 
(ii ethanol) 

Zi 

Colourt reaction 

FeCl, AK% 
ferri- , * \ AXlthrOlX 

cyanide v. U.V. reagent 

KGC none 

acid 

KG 

QGC 

alkali 
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acid 

IlOlX 

acid 

QG 

alkali 

none 

acid 
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0.187 
0*40+* 
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0.42 
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O-187 

( QW 

26706,316 
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* Descending paper chromatograms, using 4 :1 : 2.2 n-butanol: acetic acid: water. 
7 +, positive reaction obtained; -, negative; B, blue; f, faint; G, green; 0, orange; Y, yellow. 
$ Melting point of aglycone from KGC, 275-276”. 
Q That from KG, 275-277”. 
II That from QGC, and QG, 314-315”. 
7 Positive reaction with Nelson’s reagent2t. 
*+ In spectra-photofluorometry, the maximum fluorescence wavelength was observed to be 46O:mp when 

activated by the maximally active excitation wavelength, 395 mp, in sodium borate buffer (PH 10). 

TABLE 3. THE m ACllVAllDN MD FLUO-CB WAVEIZNGTHS OF PEA 

PLAVONOIDS, AOLYCONES OF KGC AM) GGC, AND AUlXENn C FIAVONOLS 

Compound 

Activation 
maximum 

wavelength (mp) 

Fluomscence 
nAaximum 

wavelength (mp) pH* 

KGC 

Aglycone from KGC 
:z 
428 
470 

Aglycone from QGC 
355 
430 
290 

Kaempferol 
MOrin 

Quemtm 

RUtill 

350 
495 
430 
290 
480 

E 
iii 
565 
500 
555 
567 
560 
510 
560 
538 

l Buffers used: pH 2, glyciwHCl, pH 10, borate; pH 12, glycine. 

10 
10 

1: 
12 
2 

12 
12 
12 
2 

12 
12 



To gain additional information on thih question. the products ofacid hydroly& of KGC 

and of QGC wwr: further hydrolysed by alkali and were found tu yield glucose and phenyl- 
propanoids whose U.V. absorption and chromalogrsphic characterI&\ \\erc idcnticnl with 
the products of direct alkaline hydrolLqi.\ of KGC and QGC. Thew product\ \\err’ IW 
altered by further acid hydrolyw. It was evident that the phenylpropano~d reziducs Hcrc 
bound to sugar by an ester I~nk. but \\ere not directly bound to the flavonol tnolctj. Jurd. 
Gekman, and SeiLel ” reported that methyl p-coumarate sho\vs a 11.). absorption mauimum 
at 3 I3 rnp in aqueous acid but at 367 rnp in alkali. lvhereas /woumwic acid \hw \ a peak at 
3 IO ml* in acid but at 335 m/L in alka11. The fol mer corresponds to the ptnduc~ ot’ acid hvdro- 
I\sis of KGC. and the latter to that ofalkalinc hydraly\ih. 

On the bask of the IL\. spcctrs described above and comparati\c ~pectrophototluc~ro- 

metry. theproduct of KGC alkaline hydrolysis \\a:, idcntlfied ah /+coumaric acid. and that of 
;tcid hydrolysis as glucos>I-/l-coumarate. The identity of the phenyl-prnpanoid from QGC 
remains to be cstabh\hed with certainty. but IL sutHcientl\ resemble\ that from K;<iC IO 
suggest that the t\\o are idcnticnl 

Amounts of compounds I~beratcd on 
hydrolysis (11 moles) Rat10 01 

_-.. .___.. - ._._ ___ 

Compound 
r-Coumar ic 

Kaempfernl Quercetin ciluco~~ acid Cr;KorQ C’KorQ 
(Kl (Q) (GJ (C-1 

- _ --.._ 

KC; from etlolatcd bud5 0~10 W8h 247 
KGC from etiolated bud<* 0 4s I..11 0 50 241 1.11 
QG from green leaves I.26 3% 3 I4 
QGC from green leaves 0.83 ‘4-t 0.Y7 2 32 I.17 

* 5 mg of KGC ylclded 1.35 mg of kaempferol. 0.75 mg of pcwmarlc x~d. and 1.35 mg of glucose aftcl 
acid hydrolysi\: that is 89 per cent of the KGC used was recovered. The I I per wnt unrcso\crcd uax plcwm- 
ubl! due to the presence of water of crystallrzation in KGC. 

The molar ratios of kvonol to sugar to p-coumaric acid were determined in the four pea 

tiavonoid compounds and the results are summarized in Table 4. 

Methylated KGC was obtained as light ycllo~ needle\ (m.p. 114-219 . .inu, 310 and 265 
m/L‘) and was soluble in ethanol but not in water. After acid hydrolysis. it was comertcd 
to a product melting at I5 I and nith A,,,._ at 254 and 355 mp. Thi\ product appears to be 
3-hydroxy-4’. 5.7-trimethoxyfln\one. In addition. the hydro\yl grwp of the I’-hydroxl- 
cinnamic acid moiety was found. by mean\ of its U.V. \pecwum (Fig. 3A1 and i19 R, value\. to 
be melhylated by the above treatment. 

Similarly. acid hydrolysk ofmethylated QGC and QG gave a product. m.p. 191.-193 and 

L\ at 251.5 and 3% m+ This corresponds to 3-hydrouy-3’.4’.5-7- tetrlmethou\-fla\oll~. 
The spectra of the5e kariow products are presented in Fig. 1. 

1) L JLXV T G~tsww and M. K. Swtt , Arch. Bio~hm. Bi~~ph.\. 67. 284 (1957). . I 



Flavonoid complexes in P&urn sativum L.-I 291 

It is well known that acetylation abolishes the bathochromic effect hydroxyl groups 
have on the U.V. absorption maximum of the flavone molecule.14 This suggests that, if com- 
plete acetylation and acetylation of all but the 5-hydroxyl group were carried out with QGC, 

I 

WAVE LENGTH, rnp 

Fro. 4. -hii3 U.V. ABSORl’lION SPJXTRA OF ACID liYml0LYSAlTs OF THE METHYL ETHERS OF KGC (A), 
QGC 0% QG (c)s AND KG @). 

Methyl ether of flavonol(- ), and methylated phenylpropanoid (- - - -) in ethanol. 

and authentic quercetin and rutin, a comparison of the U.V. absorption spectra of these 
derivatives might tell whether the 5-position of the quercetin moiety of QGC is free or not. 
The results thus obtained are stunmake d in Table 5 and show that the 5-hydroxyl group of 

14 y. SH~BATA and K. KIMOEWKI, Acfu Phytochim. 1,91(1923). 
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QGC is indeed free. This result agrees with the conclusions from the above methylation 
experiments. 

‘rARLF 5. uLTRh\IOLLT ABSXWIION CHARACTEItl!WS OF 4(‘EIWF.\ Or 
WC. QUFHCETlh &ND HI’ I IV 

m/r m ethanol 
__. __ _. . .‘_.._ ___ -- 
Maximum ~flnIrnun~ 

Qoercclm 
Rutin 
QGC 

Quercetin pentacetate 
Rutin. fully acetylated 
QGC, fuliy acetyfated 

Tctracctylqucnrtin 
Rutin, partly acctylatcd 
QGC, partly acetplated 

256.5. 371 23x. 2% 
158.365 138 5.185 
157. .11x 245. 270 

‘51.198 ‘38 5. 170 
‘51.300 .?#. 272 
257.291 242. 270 

‘67,335 ‘42,321 
‘68.30,‘. 342 1-t’ . . - ‘YO. X-I 
X8.302.345 z-t1 1’8 . ..* 

Hydrolysis experiments shw that the ffavonol moiety in KGC and QGC is not bound 
to the phenglpropanoid moiety. but that fluvonol and phenylpropanold moietleh arc both 
bound to sugar. The bond between phenplpropanoid and sugar I\ hydrol>sed b> aJkah. 
wggesting an ester linkage. Methylntion experiments \how that onI> the Spwtlon c)f 
kaempt’erol and quercetin ii avaitable for the sugar linkage. and quaI~Iit~lti\e hydrol~~~~ 
sho\\s that 1 mole of favonnf. 3 moles of sugar, and J mole of phcnylptopanoid are present 
in the complex. These filets wggest that three molecules of glucow 31-c :rll sttachrd dt the 
3-pAtion. The fact that emulsin does not hydrolyse the intact compwnd~ further huggests 
that the phenylpropanoid moiety is bound to the terminal glucose. A possible structure for 
KGC IL, therefore, kaelnpfcr(~J-~-(~-couma~ltriglucoside) (I). QGC hai :t structure \crj 
4milar to that of KGC. but it% phenylprop~n(~id moiety bus not been definitely zdentttied. 
KG and QG are knempferol 3-triglucoside. and quercetin 3-trigJucosidr. rczpecti\el!. 

II0 .: ’ _ c)H 
7 ,I ’ 

Ii ’ .-_ 
“.‘. - 0 

‘H’ 0 

‘; - OH 
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0 



Flavonoid complexes in P&rum sativum L.-I 293 

Distribution of Pea Flavonoid Complexes 

The distribution pattern of flavonoid complexes in pea plants was investigated by means 
of two-way paper chromatography. Fresh plant material (10400 mg) was applied to paper 
as a methanolic extract and the results shown in Table 6 were obtained. In addition to the 
Alaska pea, the plumules of etiolated seedlings of the cultivars Hundred, Progress and Ameri- 
can Wonder were found to contain KGC and KG. 

TABLE 6. T’HE DlSTRlBU1ION OF FLAVONOIDS M &~ka PEA TLSSWS OROWN 

UNDER VARIOUS LIGHT CXBNDlTlONS 

organ tested 
IMOle 

Lamiia ortendril stem Root 

Light condition DRL L DRL D 

KGC +++ - --- - 
Compound KG +++ - + + + 
detected QGc+++ + --+ 1 

QG + + + + --- 

+ , detected; - , not detected on paper chromatograms. D, materials grown 
in total darkness; R, materials grown in dark, but exposed to low intensity red 
light for a short period of time, 16 hours prior to harvest; L, materials grown under 
continuous high intensity white light (ca. l#K) kaudlcs). 

DISCUSSION 

It appears from this work that in the pea plant, the flavonols kaempferol and quercetin 
occur mainly as the triglucoside or as the pcoumaroyl ester of the triglucoside. Acylated 
flavonols of a similar type have been described in recent years.15~ i6 Tiliroside, for example, 
also yields flavonol, pehnylpropanoid and sugar after hydrolysis.* Its structure has recently 
been amended to kaempferol (3-p-coumaroylglucoside) and it now conforms with the 
pattern in Phun.*7 Sophorose units have been obtained from Pisum acylated flavonoids,i6 
and a kaempferol hexaglucoside has been reported in red light pretreated pea seedlings.g 
We have found no evidence for the existence of this latter compound. 

Although no quantitative data are available, it is clear (Table 6) that kaempferol is the 
major flavonol in etiolated pea tissues, and that quercetin is more abundant in light-grown 
tissues. Thus, the relative amounts of the different pea flavonoids appear to be controlled 
by light. The exact nature of the action of light is unknown, though red light is suspected 
of controlling precursors of the A-ring of flavonoids l* and of directing acyl units into flavon- 
oids rather than into the formation of volatiles. l9 It should be noted that pea leaves always 
produce the same four flavonoids irrespective of light conditions. Similarly in SpirodeZa,20 
light is without qualitative effect on pattern of hydroxylation of flavonoids. 

15 L. BIRKOFER and C. KAL¶XR, Z. Nuturforsch. 17b, 359 (1962). 
‘6 J. B. HAR~RNE, Experienta 19.7 (1963). 
17 J. B. -RN& Phytockm. 3,151(1964). 
1) H. G~EBA~X, Z. Nuturforsch. W, 227 (1957). 
19 H. W. SIEMLMAN and S. B. HENDIUCKS, Plant Phynid. 33,409 (1958). 
20 M. FIJRUYA and K. V. T~MANN, A&. B&hem. Biophys. 108,109 (1964). 



It is premature to speuh of the physiological role of the flabonoids. They may act IS 

inhibitors of the enzyme indoleacetic acid oxidase.’ as dormancy inducers.?‘.” as un- 

couplers of oxidative phosphorylotion,‘2 ;~s stimulators of plant gron th.2J. 25 and ah inhlbi- 

tar\ of flouering. Though hnowledge of the physiology of the flat onolds i\ Incomplete and 
uncertain. our understanding of the biosynthesis of these compounds is ;ld\anctng 
rapid]). I \. :tl .“) Our own studio, pro\& data \rhich may contrIbute furthtr to ;I cl:lri]icatlon 

of both kind\ of problem\. 

tYPERKhltNT41 

Pltrttt :Itatcritrls. The seeds of Pisuttt sutiwttt L.. cv. Alaska. \vrre u\ed throughout. 

Erioloted secdiittgs: Seven-day-old seedlings were grown as prcv~ou+ described.” 

Where red-light exposed peas were needed. &lay-old etiolated seedling5 \verc e\po,ed to a 
red fluorescent tube wrapped with two luycrs of DuPont red cellophane for I5 min : returned 
to darkness for Ih hr. then harbcrted. 

L&$tt-growtt seedhg~ : Three-\\eek-old light grown seedlings. cultursd a\ pre\ IOU+ de+ 

cribed2” were harvested, and \\cre immediately extracted: wcasionally the\ were hcpt in 
i1 deep freeze for qe\eral days until extraction S:IS carried out. 

Tissues were extracted repeatedly with hot methanol until the extract> uere colorless. 

The methano]ice;\tract was Hash-evaporated at 40’ until the methanol had been rrmo\ed. and 

the aqueous residue extracted by shaking successively with .\evcral portIons of petroleum 
ether, ethyl acetate. and tl-butanol. The n-butanol fraction \\I\ Hash-c\apornted. and further 

puritied by column chromatography. Whatman cellulose po\\der (htandurd grade) \\;I\ 

pocked in a column. \vhich ~3s then washed thoroughly with the \cllvent hub\equentl\ 

employed in the elution. i.e. jr-hutunol:~\ater, X6:13 (by \ol.). 70 lo~atc [he kl\nnoiJs, 

the U.V. absorption spectra of portions of the eluted fractlonb ~erc measured on :I “Spectra- 
cord” recording spectrophotomcter. Fractions were combined as ,tpprnpriatc :tnJ COIICC’II- 

trated it1 wcito at 40 . E;ich residue was repeatedly purified b> column chromutogr:tphy. 

various other solvent syhtems being used. The Ha\onoids were thuh ohtamcd in cr\\t:lllinc 

or powder form. 
Paper chromatography was used for testing the purit) of these I\o]atrd material> and I’or 

their subsequent identification. To produce a spot of a constant diameter. ;in ulcctholic 

solution @fan authentic nr unknown sample \vas first pipetted onto a dlhc (5 mm in diomcter) 
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of Whatman No. 1 paper, which, after drying, was applied to the origin of chromatogram 
by being inserted through two parallel slits 15 mm apart. 

Acid and Alkaline Hydrolysis 

For acid hydrolysis, the aqueous solution of a compound in 2 % HCl was heated at 100” 
for 60 min. After the reaction mixture had been kept in a refrigerator overnight, the precipit- 
ate of the aglycone was collected by filtration. For quantitative estimations, 2 ml of a 
methanol solution containing the sample and 2 ml of 2 N HCl or HzS04 were heated at 
80” for 60 min. After cooling, the reaction mixture was made up to 10 ml with methanol, and 
the concentration of aglycone was determined spectrophotometrically.” After removal of 
methanol from the reaction mixture by a flashevaporator at 40”, the residue was made up to 
5 ml with water, and the sugar concentration was measured by the anthrone method. 

Sodium hydroxide (2 N) was used for the alkaline hydrolysis. The mixture was allowed to 
stand for 2 hr at room temperature, after which it was acidified to pH 2 with HCl. 

Quantitative Hydrolysis 

The molar ratio of kaempferol, pcoumaric acid and glucose in the KGC molecule was 
determined as follows.” 5 mg KGC were dissolved in 4 ml of methanol, to which 4 ml of 
2 N H$Od were added. This mixture was refluxed for 90 min at 80”, and after cooling, 
made up to 10 ml with methanol. The U.V. spectrum of a diluted solution of this mixture 
(50 pg/ml equivalent) was measured. It showed three peaks, at 269 mp (A = l-04), 317 rnp 
(A = l-38), and 365 rnp (A = 0.95). When the methanol was removed in vacua and the 
aqueous residue was kept in a refrigerator, an orange-yellow precipitate appeared. The 
precipitate was filtered off and the supematant made up to 10 ml by addition of water. The 
precipitate obtained was also dissolved in 10 ml of methanol. The U.V. spectrum of the 
supematant (50 pg/ml equivalent) showed peaks at 229 mp (A = O-52) and 3 14 rnp (A = 0.96) 
due to the glycosyl-p-coumarate, and the precipitate showed peaks at 267.5 mp (A =0.69) 
and 365 rnp (A = 0.86). As shown in Fig. 2, the glycosyl-pcoumarate had low absorbance 
at 365 rnp (A = O-11). Therefore, the optical density 0.95 at 365 rnp of the methanolic 
reaction mixture was calculated to be 0.84 (0*95-0*11) for the kaempferol moiety. This 
amount agrees well with the value measured directly on the precipitate of kaempferol (O.D. = 
0.86). The amount of kaempferol in the sample was determined from a standard curve; 
(an A of 0.84 corresponds to 13.5 pg/ml of kaempferol). 

As p-coumaric acid is known to have a log. molar absorptivity of 4.38 at 307 mp in 
ethanol, the amount of this compound could also be determined by means of spectrophoto- 
metry. The absorptivity of the supematant fraction containing the glycosyl p-coumarate 
(50 pg/ml equivalent) was 0.96. After alkaline hydrolysis, the pcoumaric acid moiety of the 
given material was determined to be 0.75 mg per 5 mg of KGC. 

The amount of sugar in the sample was determined in variously diluted aqueous solutions 
of the supematant fraction by the anthrone method. Two milliliters of freshly prepared 
reagent, consisting of 0.2% anthrone solution in 96% HsS04, were added to 1 ml of the 
sample solution, and after 15 min the absorption of the reaction mixture was measured in a 
Klett photoelectric calorimeter equipped with a green filter. The supematant fraction of the 
above was found to contain 2.35 mg per 5 mg of the KGC preparation. 

31 L. H(Iw, E. VORNDRAN and H. WAGNER, Arch. Phurm. 61,316 (1956). 
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Metltyiation aad Acetyiatiotl 

For complete methylution % j3 a 250 mg sample of each flavonoid was methylated in 
25 ml of acetone with 7.5 g of KZCOJ and 5 ml of dimethyl sulfate by heating for 3 hr at 
IO@. The reaction mixture was cooled and poured into 50 ml of ustcr and the product 
dissolved in 25 ml of ethanol and O-5 g cont. HZSOJ and hydrolysed by heating for 3 hr at 
IO0 . After removal of the ethanol. a precipitate was obtained and this \+a~ repeated15 
recrystallized from ethanol. 

Complete acelylation was performed as follows:~~ IO0 mg of Ravonol was refluxed with 
20 ml of acetic anhydride and 1 ml of pyridine for 2 hr. The product \VUS washed with \\ater 
and recrystallized from ethanol. 3,3’,4’.7-Tetracetpl quercetin and related flakonoid\ were 
synthesized as follows; 300 mg of air-dried flavonol wxs put into a 5-ml te3.t tube. mixed with 
1 ml of acetic anhydrlde and 2-3 drops of pyridine. and then stirred H ith a glass rod at room 
temperature for 5-10 min. The reaction mixture was washed with water. and recrystalli7cd 
from ethanol. 
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