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Abstract-The problem of whether phloroglucmol rs a dnect brosynthetrc precursor of flavonords was remvestr- 
gated Phloroglucmol-2,4,6-‘4C was found to be mcorporated mto rutm m Buckwheat (Fagopyrum esculentum) 
but most of the actrvrty was found m the sugar moiety, the remainder being approximately equally distributed 
among the A- and B-rings of the aglycone, quercetm This indicates extensive degradation of the added phloro- 
giucmoi prior to its utdzatron m the biosynthesis ofthe tlavonold. The hypothesis ofa bto-Fries rearrangement 
of phloroglucmyl cmnamate to a chalcone, and hence to flavonords, was also eliminated by comparing the effi- 
ciency of incorporation of ‘%labelled phloroglucmyl cmnamate and those of labelled phloroglucmol and cm- 
namtc acid 

INTRODUCTION 

ALTHOUGH phloroglucinol itself occurs in the free state in only three species, Allium cepa,’ 

Geum urbanum and G. rivale,2 flavonoid pigments may be viewed as being formally de- 
rived from it3 Biosynthetic studies4 suggest, however that the C&-C, unit of flavonoids 
arrses from shlkrmate, and the phloroglucinol ‘A’ ring is derived from acetate. 

The chemical conversion of poly-P-ketoacid derivatives into phenolic compounds is well 
known5,6 and cinnamoylphloroglucinol and pmosylvm were obtained from cmnamoyl- 
triacetic acid by Harris and Carney.’ However, attempts to obtain an enzymatic conversion 

’ K HERRMANN, (1958) Arch Pharmazre 291, 238 
2 Et.n~rava.. K F ~l_W).%xn~k_ Nu& Trud~~u.I_em~g~A K_b,m.-F~~m:m. In.u_ &%l,L,~m. Ahr. S& 1_7n9‘& /l_‘XR). 
’ Leading references (a) GEISSMAN, T A. and HINREINER, E (1972) Boc Reo 18, 77, (b) KARRER, W (1958) Kon- 

~tltut~~n and Vorkommen der Orgamschen Pfianzenstofl, Brrkauser, Basel, (c) RICHARDS, J H and HENDRICK- 
SON, J B (1964) The Blosynthesls of Sterotds, Terpenes and Acetogemns, p 41, W A BenJamm, Inc, New 
York, (d) HARBORNE, J B and SIMMONDS, N W. (1964) In Blochemzstry of Phenolzc Compounds (HARBORNE, 
J B ed) p 77, Academic Press, New York 

4 Leading references (a) (1968) Blogenests of Natural Products (BERNFELD, P , ed) Pergamon, Oxford, (b) GRISE- 
BACH, H and BARZ, W (1969) Naturwlssenschaffen 56, 538 

5 cfxJ_IE, 1 N.uK!. MXYFBS, W S (l_mq. 1 Cbem. .sm 6% l_z_,.mJ.I-I_L I /l_8_91_!. I Cbp_m. .k?L a* 129 
6 MONEY, T (1970) C’hem Revs 70, 553 
’ HARRIS, T M and CARNEY, R L (1967) J Am Chem SOL. 89,6734 
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ofcmnamoyltrlacet’cac’d to these products failed urlngcn~yme preparations from ELU/~_V/~- 
tus sderoxylm ’ Furthermore, although the enzyme preparation did convert the precursor 
into pmosylvm, this was not a normal constituent of the plant 8 ’ A recent report on the 
enzymatic formatlon of narmgenm from malonyl-CoA and p-coumaroyl-CoA 111 ~tro d’d 
not shed any hght on the nature of the intermediate steps.‘” 

Watkm et al ” reported short term competltlve feeding experiments with phloroglucmol 
and 14C-labelled carbon dloxlde 111 buckwheat but these were mconclustvc In any case, 
such experiments do not concluslvclq clnnlnate the rblc of phlorogluc~nol In the hlosynthes’s 

of quercetin. since Its rate of absorption and translocat’on to the sites of flavonold 

synthesis could well have been extremely slow, and long term feeding experiments may 
have been essential ” Ne’sh has also made reference to unpubl’shed observatmns by 
Watkins and himself. that labelled phloroglucmol was no1 mcorporated into quercetm, 
but no experimental details were prov’ded.‘” 

RESULTS AND DISCUSSION 

We recently reported on the conversion of phloroglucmyl cmnamates (3,5d’hydroxy- 
phenyl cmnamates) to cinnamoylphloroglucmols (chalcones) by 11.v. hght In neutral 
medlum.14 These results led LIS to take a crltlcal view of previous mvestlgations, partlcu- 
larly since chalcones are known as the immediate precursor to all flavonolds.4 The posslbl- 
lity that phloroglucmol and/or phloroglucmyl cmnamates might be precursors to chal- 
cones and hence to flavonolds ~1 UK) thus deserved closer scrutiny. 

Buckwheat (FaL~o[J!~rY/rI? f5i~rlr’c~rrrUrnj L5LlY scLXtcc1 for strrdj.’ I ’ i md a tmmbci- of Lxper- 
lments were performed m which ‘“C-labelled phloroglucmoll” was fed to the plants 
through cut stems. and ‘ts lncorporatlon into rutm (2) investigated ” The rutm, isolated 
m experiments m which labelled phloroglucmol was fed and metabolized from 3 to 73 hr, 
was always found to be radloacr’ve, but with d’lutlon values ranging from 3X3 to 6560 
(Table I). Most of the experiments were performed when the plants were at the flowering 
stage, where the rutm content was reported to be at Its peak.” A few feedmg experiments 

were conducted m plant growth rooms 14 here the light Intensity was XXI lx and yielded 
more rutm, with greater spec’fic actlv’ty than m experiments carried out wtth plants grown 
in greenhouse. For example, Experiment 1 (73 hr m the growth room) yielded rutm with 
a dilution of780, while Experiment 6 (72 hr in the greenhouse) yielded rutm wltfl a d’Iut’on 
of 4900 Degradation of the labelled rutm (2) showed that the actlvlty first went mto the 
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sugar. Thus, in the short term experiment 4, involving 3 hr of feeding and metabolism, the 
rutin had a dilution of 383 but yielded quercetin devoid of activity. Activity m quercetin 
was also absent in experiments 4 and 6, where the rutin had been obtained with dilutions 
of 383 and 3860 respectively. In the long term experiment 1 (73 hr), rutin was obtained 
with a dilution of 780, but in this case it yielded quercetin with a dilution of 2500 

TABLE 1 SUMMARY OF EXPERIMENTS 

No plants 
Age Amt 

(weeks) (mg) nCI Precursor$ 

1* 10 6 88 3352 P 73 97 780 
2* 9 6 10.8 4114 P 10 99 6560 
4t 10 5 86 3377 P 3 91 383 

6t 10 5 8.6 3371 P 60 99 3860 

lOi 14 4-6 134 3390 P 72 100 4900 

7-t 12 45 153 5680 DPC 48 95 3790 
12 14 4-6 132 5290 DPC 95 94 5 3514 

11t 14 4-6 7.8 5250 C 62 99 1354 

Time 

(hr) 

Absorption 

(%) 

Ddutton 
in rutm 

* In plant growth room 
t In greenhouse 
$ P = “C-phloroglucmol, DPC = L4C-phloroglucmyl cmnamate, C = cmnamlc acid 

The distribution of label m this radioactive quercetin was investigated. Alkali fusion 
yielded phloroglucmol from Ring A, as well as protocatechuic acid, and both were found 
to be radioactive, with approximately the same activity (72 and 77 dpm respectively). A 
similar result was observed m Experiment 2, where the rutin had been obtamed with even 
greater dilution of label, to 6560. Degradation of the resultmg quercetin yielded phenolic 
and carboxylic acid fractions which were both radioactive (84 and 188 dpm respectively) 

These results demonstrated that the mcorporation of the activity from phloroglucinol 
into rutin was not localized m the A-ring as expected, but was spread over most of the 
molecule. We conclude, therefore, that in both short-term and long-term experiments the 
metabolism of phloroglucmol m buckwheat did not lead directly to flavonoids, and that 
extensive randomization accompanied the eventual incorporation of activity mto rutm. 

The failure to observe the direct conversion of phloroglucinol mto rutin m this system 
did not necessarily rule out the mtermedlacy of a phloroglucmyl cinnamate. This might 
have been formed on an enzyme surface, or m a manner which did not utilize a preformed 
phloroglucmol molecule. As one example, the posslbihty of going through an anhydride 
intermediate was suggested.4b We compare d, therefore, the mcorporatlon mto rutin 
in buckwheat of phloroglucinyl cinnamate to that of phloroglucmol and of cinnamic acid 
under similar conditions. Dilution values of 4900, 1350 and 3500 were obtained for the 
incorporation of radioactive phloroglucinol, cmnamlc acid and phloroglucinyl cinnamate 
respectively (Table 1). The relative values clearly indicated that phloroglucmyl cinnamate 
was not converted into rutin as efficiently as cinnamic acid, and not much better than 
phloroglucmol. Consequently, the hypothesis of the formatlon of chalcones, and hence fla- 
vonoids, by a bio-Fries rearrangement of phloroglucinyl cmnamates is not tenable. 

EXPERIMENTALl 

A 6801-6804 Nuclear-Chicago liquid scintdlatlon counter was used for the radioactivIty measurements The 
samples were dissolved m 10 ml of Bray’s mixture” and 1 ml of H,O, mlxed and counted at room temperature 

lg COUCH, J F , NAGHSKI, J and KREWSON, C F (1946) Screncr, 106, 197 
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The NMR spectra were recorded on Varlan A-60A or T-60 spectrometers, and are reported on the &scale m 
ppm down-field from Internal tetramethylsllane The m ps were measured on a KoRlcr mIcroscope-hot stage and 
were not corrected 

Plants mater& and f~dlny exprrrment~ The seeds of buckwheat (General Blologlcal Co ), were germinated 
and transplanted mto a mixture of ~011, sand, peat and fertlhzers In earher expcrlments, 2-3 week-old seedlmgs 
were used and later, 4-6 week-old plants at the flowermg stage I” The lahelled compounds were admmlbtered 
maqueoussolutlon(pH 8 0) to 9 14 plants through cut stems The radIoactive rutm was ewtrdcted trom the plants. 
purified and hydrolyzed to quercetm by standard techmques I’ Follou~ng alkah treatment under A2 phloroglu- 
cmol and protocatechulc acid were Isolated and purified chromatographlcallq 

Sjnthesrs of3.5-dlhydrox~~vphe}~~l~ ~~nnm~~t~-~-‘~C Bromacetlc acld-2-‘Y (0 5 mC’I. 55 mC1:mmole) from Amer- 
shamisearle was diluted with 0504g of unlabelled acid The mixture (0 138 mC1 mmoie) was tlcated with 
CH*N,, and methyl bromoacetate was purified by short path vacuum dlstlllatlon A soln of thla ester and 0 445 g 
ofdlstllled benzaldehyde In C,H, na\ slowlv added under N, to 0 149 g Zn m rcfiuxlng benzene 4ftel relluxlng 
for X~ntm; iil~~tmXtill~-wd~ ~[,.~~~~11-nl-1ce-,alri-d~ld~li~d-ini-1ni b :v nx I 1. ~-rw,iq ~*~l;l\e~“,h-u~ii-~i~~~~- w liir 2. x .Wmi- 

Et,O. which were combmcd with the benzene layer This rnlxlule was tilteted and COW IO qlcld mcthvi 3-hid- 
roxy-3-phenylproplonatc A soln of this ester and 0 240 g of p-toluene sulfon~c acid monohqdrate 111 I50 ml of 
CbH6 was refluxed for 4 hr with collectlon ol H,O m a Dc,u-Stark condenser. Looled cstrJcted with NdHC‘O,. 
H20, and concentrated under reduced pressure The residue of methyl Cmnamatc-r-lJ<- \%L\ heated Nlth 20 ml 
15% aq NaOH for 15 hr at 88 ‘. cooled and acldlfied The resulting white solid \~as \+ashed (Hz01 and rccrystal- 
iized- from tiexane-CbHb. to yrela-04.51 g (6.X,,) of cmnamlc acldlr- ‘“C m p I.14 155. 0 i~U>~mCi,~mmole. x ith 
an NMR ldentlcal to that of an authentic sample A solution of 0 179 g of this labelled acid dnd 0 5 ml of SOClz 
m 20 ml of CHCI, was refluxed under N2 for 2 hr The solution was concentrated. 20 ml of dloxane was added 
and the solvent was agam removed to yield a reslduc free from SOClz It WAS dissolved m SO ml of dlovane and 
slowly added under N, to a warm solution of 1 7 g of anhyd phlorogtucmol and 1 mt of trlethylatnme In I5 ml 
dloxane After 4 5 hr at reflux, the mixture was poured over Ice The sohd fmmed was filtered and It was purltied 
by slhca gel column chromatography EtOAGCHCl, (1 19) eluted the monoester, uhlch was recrystalhzed from 
aq. EtOH to yield 0 11 I g of 3.5-dlhydroxyphenyl cmnamate-r- ‘% m p 196~-198’, 0 0975 mCl,mmole NMR 
(DMSO-d6) 6 25 (tn, 3H). 7 72 (rn, 5H), 7 97 (d, 16 Hz 1H). 6 88 (d. I6 Hr. IH) and 9 55 ppm (5 2H &appeared 
m D,O) 
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