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Table 7. The common hydroxycinnamic acids and coumarins in higher plant
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Fig. 1. Biosynthetic-pathway for p-coumaric acid and umbelliferone
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Table 2. Esters of hydroxy-cinnamic acids occur in G. robusta and othr plants
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Fig. 2. Possible biosynthetic pathway for grevillic acid and grevillone
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A STUDY ON THE BIOGENESIS OF GREVILLIC
ACID AND GREVILLONE

Li Chao-han Zhan Zhao-liang Mao Ren-chu

(Kunming Institute of Botany, (The 58th Hospital of the CPLA)
Academia Sinica)

Both grevillic (2,5-dihydroxy-frans—cinnamic) acid and grevillone (6-
hydroxycoumarin) were only found from Grevillea robusta A. Cunn. (Protea-
ceae) thus far in the plant kingdom. It is of interest from biogenetic view-
point that their hydroxylation pattern shows to be quite special. Basically, the
problem of the biogenesis of grevillic acid and grevillone is this, by what enzymic
pathway is this special hydroxylation pattern formed from frans—cinnamic acid
in the plante

In the present paper, an attempt is made to suggest the mechanism of the
possible biosynthetic pathway for conversion of trans~cinnamic acid via grevillic
acid to grevillone in the plant. Qur suggestion is based on evidence of an indi-
rect and structural character, and not purely speculative.

The mechanism for biosynthesis of the usual hydroxycinnamic acids and
coumarins from #rans-cinnamic acid which is hydroxylated by mean of catalysis
of mixed function oxygenase, cannot satisfactorily explain to form for the infre-
quent grevillic acid and grevillone in the plant. Moreover, in view of what fol-
lows,

1. The tracer experiments on the biosynthesis of hydroxy-cinnamic acids
had established that cinnamic acid fed to numerous plants is readily hydroxyla-
ted in para or ortho position or both para and ortho positions.

2. Model experiments with a peroxidase system had also shown that cinna-
mic acid is hydroxylated almost cach and all in position para and ortho and
only produced a trace of 2,5-hydroxycinnamic (grevillic) acid.

3. The common hydroxycinnamic acids are metabolically interrelated in the
following way, cinnamic— p —coumaric-+caffeic—ferulic—sinapic acids. These
hydroxylations and methylations could occur through derivatives of acid, such
as the quinolyl esters. Thus frans—(1*C) cinnamic acid is converted to cinna-

moylquinic, p -coumaroylquinic and coffeoylquinic acids, cinnamoylglucose and
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p —coumarovlglucose in the certain plants, but in Grevillea robusta, a specics
which does not contain coffcovlquinic (chlorogenic) acid, only ¢lucose esters of
the cinnamic acids were synthesized.

4. 1-p -Coumaroyl- 3 -D-¢lucose was the main product of feeding the
leaves of a varicty of plants with methyl p —coumarate. But a large amount
of methyl p-coumarate may be accumulated in the leaves of G. robusta.
Moreover, it was interestine to note that methyl (4-hyvdroxybenzoyl) acetate
may be a precursor of methyl p —ceumarate in the proteaccous plants.

5. Coumarins except grevillone, and 2, 3-dihydroxycinnamic acid have not
vet been found in proteacecous family.

6. Gentisic (2, 5-hvdroxybenzoic) acid which had an unusual hydroxy-
lation pattern, is also produced from cinnamic and salicylic acids when the
both are administered to plant, and the facility with which salicylic acid was
hydroxylated in vivo to gentisic acid by mean of mixed function oxygenase.
Moreover, gentisic acid is quite widely distributed in the plant kingdom.

In accordance with the above reasons, we have bring forward that grevillic
acid is Grevillea robusta from trans—cinnamic acid which may be catalysed
hydroxylation by mcan of dioxygenase (Fig. 2). It probably becins with attack
by an oxyegen molecule activated by a dioxygenasc at cardon atom 2 or carbon
atom 5 of cinnamic acid (), and the samc time, it is stirred a shift of clec-
trons to form intermediate (Ji). It followed a cyclization of carbon-oxygen
atoms to form cvclic peroxide (J¢) and made an intramolecular oxidation-
reduction to form quinole (Ig). Grevillic acid (I) may be arise from this by
an intramolecular rearrangcment.

It might be seen that it cannot stir NIH-shift durine the hydroxylation
of cinnamic acid by mean of dioxygenasc. However, it may appcar an other
tvpe of shift. Namely, during the hyvdroxylation, both hydrogen atoms at the
para position cach other are shifted up to the oxygen atoms of the para posi-
tion cach and cvery. That is to say, hydrogen atom at the C-5 is shifted up
to the Ol at the C-2, hydrogen atom at the C-2 is shifted up to the OH
at the C-5. This type of shift is for the first time being termecd the “KIB-
shift” (Kuuming Institute of Botany-shift)

Grevillone is formed from grevillic acid, just as that most substituted couma-
rins arc formed from the corresponding substituted frans—-cinnamic acid deriva-

tives,
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