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Abstract—The problem of whether phloroglucinol 1s a direct biosynthetic precursor of flavonoids was reinvesti-
gated Phloroglucinol-2,4,6-'*C was found to be incorporated mto rutin in Buckwheat (Fagopyrum esculentum)
but most of the activity was found 1n the sugar mosety, the remainder being approximately équally distributed
among the A- and B-rings of the aglycone, quercetin This indicates extensive degradation of the added phloro-
glucinol prior to 1ts utihization n the biosynthesis of the flavonoid. The hypothesis ot"a bio-Fries rearrangement
of phloroglucinyl cinnamate to a chalcone, and hence to flavonoids, was also elimnated by comparing the effi-
ciency of incorporation of #C-labelled phloroglucinyl cinnamate and those of labelled phloroglucinol and cin-
namic acid

INTRODUCTION
ALTHOUGH phloroglucinol itself occurs in the free state in only three species, Allium cepa,’
Geum urbanum and G. rivale,” flavonoid pigments may be viewed as being formally de-
rived from it.*> Biosynthetic studies* suggest, however that the C4—C; unit of flavonoids
arises from shikimate, and the phloroglucinol ‘A’ ring is derived from acetate.
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The chemical conversion of poly-ﬁ-ketoacid derivatives into phenolic compounds is well
known®® and cinnamoylphloroglucinol and pinosylvin were obtained from cinnamoyl-
triacetic acid by Harris and Carney.” However, attempts to obtain an enzymatic conversion
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of cinnamoyltriacetic acid to these products fauled using enzyme preparations from Eucalyp-
tus sideroxylon ® Furthermore, although the enzyme preparation did convert the precursor
into pinosylvin, this was not a normal constituent of the plant ® ® A recent report on the
enzymatic formation of naringenin from malonyl~CoA and p-coumaroyl-CoA m vitro did
not shed any light on the nature of the intermediate steps.'’

Watkin et al ' reported short term competitive feeding experiments with phloroglucinol
and '*C-labelled carbon dioxide i buckwheat but these were inconclusive In any case,
such experiments do not conclusively chminate the réle of phloroglucimol in the biosynthesis
of quercetin, since its rate of absorption and translocation to the sites of flavonoid
synthesis could well have been extremely slow, and long term feeding experiments may
have been essential '? Neish has also made reference to unpublished observations by
Watkins and himself, that labelied phloroglucinol was not mcorporated into quercetin,
but no experimental details were provided.'?

RESULTS AND DISCUSSION

We recently reported on the conversion of phloroglucinyl cinnamates (3,5-dihydroxy-
phenyl cmnamates) to cinnamoylphloroglucinols (chalcones) by u.v. light 1n necutral
medium.** These results led us to take a critical view of previous investigations, particu-
larly since chalcones are known as the immediate precursor to all flavonoids.* The possibi-
lity that phloroglucinol and/or phloroglucinyl cinnamates might be precursors to chal-
cones and hence to flavonoids 1n vivo thus deserved closer scrutiny.

Buckwheat { Fagopvrum escutencmmy was setected for study. 't ' and a number of exper-
mments were performed i which '*C-labelled phloroglucinol’ was fed to the plants
through cut stems. and 1ts incorporation mnto rutin (2) investigated !” The rutin, 1solated
m experiments i which labelled phloroglucinol was fed and metabolized from 3 to 73 hr,
was always found to be radioactive, but with dilution values ranging from 383 to 6560
(Table 1). Most of the experiments were performed when the plants were at the flowering
stage. where the rutin content was reported to be at 1ts peak.'® A few feeding experiments
were conducted in plant growth rooms where the hght intensity was 2000 Ix and yielded
more rutin, with greater specific activity than in experiments carried out with plants grown
in greenhouse. For example, Experiment 1 (73 hr 1n the growth room) yielded rutin with
a dilution of 780, while Experiment 6 (72 hr in the greenhouse) yielded rutin with a dilution
of 4900 Degradation of the labelled rutin (2) showed that the activity first went into 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 1 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

Age Amt Time  Absorption  Dilution

No plants (weeks) (mg) nCy Precursor} (hr) (%) In rutin
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
61 10 5 86 3377 P 60 99 3860
10% 14 4-6 134 3390 P 72 100 4900
7+ 12 45 153 5680 DPC 48 95 3790
12+ 14 4-6 132 5290 DPC 95 945 3514
11t 14 4-6 7-8 5250 C 62 99 1354

* In plant growth room
+ In greenhouse
1 P = *C-phloroglucinol, DPC = *#C-phloroglucinyl cinnamate, C = cinnamic acid

The distribution of label in this radioactive quercetin was investigated. Alkali fusion
yielded phloroglucinol 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
stmilar result was observed 1n Experiment 2, where the rutin had been obtained with even
greater dilution of label, to 6560. Degradation of the resulting quercetin yielded phenolic
and carboxylic acid fractions which were both radioactive (84 and 188 dpm respectively)

These results demonstrated that the incorporation of the activity from phloroglucinol
into rutin was not localized 1n 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 phloroglucinol in buckwheat did not lead directly to flavonoids, and that
extensive randomization accompanied the eventual incorporation of activity into rutin.

The failure to observe the direct conversion of phloroglucinol into rutin in this system
did not necessarily rule out the intermediacy of a phloroglucinyl cinnamate. This might
have been formed on an enzyme surface, or 1n a manner which did not utilize a preformed
phloroglucinol molecule. As one example, the possibility of going through an anhydride
intermediate was suggested.*® We compared, therefore, the mcorporation nto rutin
in buckwheat of phloroglucinyl cinnamate to that of phloroglucinol and of cinnamic acid
under similar conditions. Dilution values of 4900, 1350 and 3500 were obtained for the
incorporation of radioactive phloroglucinol, cinnamic acid and phloroglucinyl cinnamate
respectively (Table 1). The relative values clearly indicated that phloroglucinyl cinnamate
was not converted into rutin as efficiently as cinnamic acid, and not much better than
phloroglucimol. Consequently, the hypothesis of the formation of chalcones, and hence fla-
vonoids, by a bio-Fries rearrangement of phloroglucinyl cinnamates is not tenable.

EXPERIMENTAL"Y

A 6801-6804 Nuclear-Chicago liquid scintillation counter was used for the radioactivity measurements The
samples were dissolved in 10 ml of Bray’s mixture'® and 1 ml of H,O, mixed and counted at room temperature
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The NMR spectra were recorded on Varian A-60A or T-60 spectrometers, and are reported on the J-scale m
ppm down-field from internal tetramethylsilane The m ps were measured on a Koffler microscope-hot stage and
were not corrected

Plants materials and feeding experiments The seeds of buckwheat {(General Biological Co ), were germinated
and transplanted mto a muxture of soil, sand, peat and fertilizers In earher experiments, 2-3 week-old seedlings
were used and later, 4-6 week-old plants at the flowering stage '® The labelled compounds were administered
inaqueous solution (pH 8 0)to 9 14 plants through cut stems The radioactive rutin was extracted trom the plants.
purified and hydrolyzed to quercetin by standard techniques '' Following alkali ticatment under N, phloroglu-
cinol and protocatechuic acid were 1solated and purified chromatographically

Synthests of 3.5-dihydroxyphenyl cinnamate-2-'*C Bromacetic acid-2-*C (0 5 mCt. 55 mCiymmole) from Amer-
sham/Searle was diluted with 0504 g of unlabelled acid The mixture (0 138 mC1 mmole) was trcated with
CH,N,, and methy! bromoacetate was purified by short path vacuum distillanon A soln of this ester and 0445 g
of distilled benzaldehyde in C H, was slowly added under N, to 0249 ¢ Zn m refluning benzene After refluning
for 507 min, te-mmxture was cooled nr we amd acidified (20 mt 6 & FHCH Theay plise wasoxtracied watdr 2 x 30mi
Et,O, which were combined with the benzenc layer This mixture was filteted and cone to yield methyl 3-hyd-
roxy-3-phenylpropionate A soln of this ester and 0 240 g of p-toluene sulfonic acid monohydrate in 150 ml of
CeH¢ was refluxed for 4 hr with collection of H,O m a Dean-Stark condenser, cooled extracted with NaHCO;.
H,O0, and concentrated under reduced pressure The residue of methyl cinnamate-x-"#C was heated with 20 ml
15% aq NaOH for 15 hr at 88", cooled and acidified The resulting wlite solid was washed (H,0O) and recrystal-
fized from hexane-C, H,. to yield 0451 g (637,) of cinnamic acid-z-"*C mp 134 135 ¢ 1USmCi'mmole, with
an NMR 1dentical to that of an authentic sample A solution of 0 179 g of this labelled acid and 0 5 ml of SOCI,
m 20 ml of CHCl, was refluxed under N, for 2 hr The solution was concentrated. 20 ml of dioxane was added
and the solvent was agan removed to yield a residuc frec from SOCI, It was dissolved 1n 50 ml of dioxane and
slowly added under N, to a warm solution of 1 7g of anhyd phloroglucinol and 1 ml of triethylamime i 15 ml
dioxane After 4 5 hr at reflux, the mixture was poured over ice The sohd formed was filtered and 1t was purified
by silica gel column chromatography EtOAC-CHCI; (1 19)eluted the monoester, which was recrystalhzed from
ag. EtOH to yield 0111 g of 3.5-dihydroxyphenyl cinnamate-2-'*C mp 196-198, 00975 mCrmmole NMR
(DMSO-dg) 625 (m, 3H), 772 (im, SH), 797 (d, 16 Hz 1H). 6 88 (4, 16 Hz. 1H) and 9 55 ppm (s 2H disappeared
m D,0}
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