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BIOGENETIC proposals1 for the formation of neo- 
flavanoids2 by the cinnamylation of phenols (or 
their polyketide equivalents) suggested that the 
natural co-occurrence of neoflavanoids and cin- 
namylphenols was to be expected.1 We report the 
natural occurrence and constitutions of nine 
cinnamylphenols (Table). These cinnamylphenols 
represent a new class of natural products and their 
co-occurrence with various neoflavanoids when 
considered in association with recent results3 on 
the biosynthesis of the .P-arylcoumarin, calophyllo- 
lide, provides support for our hypothesislP2 of 
neoflavanoid formation. 

Examinationt of the natural products (I)-(VI) 
showed that they were 1,3-diarylpropenes with 
hydroxy- and methoxy-substituents. Their n.m.r. 
spectra showed the multiplets characteristic of an 

ABX, system with a coupling constant between 
the olefinic protons (JD ca. 16 c./sec.) which 
indicated a trans-disubstituted ethylenic double 
bond. Details of the chemical shifts and coupling 
constants for the -CH,=CH,-CH,- unit of 
similar synthetic trans-cinnamylphenols have pre- 
viously been r e p ~ r t e d . ~  The structures of the 
natural products (I)-(VI) were proved by syn- 
thesis as outlined below. The synthetic cinnamyl- 
phenols (I) and (V) have previously been described4 
and were identical in all respects with obtusa- 
styrene (I) and mucronustyrene (V). Obtustyrene 
(11), violastyrene (III), and isoviolastyrene (IV) 
were synthesised by the reduction of the corres- 
ponding chalcones ( )C=O to )CH2) with an 
ethereal solution of lithium aluminium hydride 
in the presence of aluminium chloride. Since this 

t All new natural products and intermediates associated with their synthesis h a w  been fully characterised by 
analysis, spectroscopic (u.v., i.r., and n.m.r.) and mass spectrometric examination. 
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reduction may be accompanied by rearrangement 
of the double bond,5 the structure of violastyrene 
(111) was rigorously proved. This was achieved by 
oxidative degradation (osmium tetroxide followed 
by sodium periodate) of violastyrene methyl ether, 
which gave 2,4,5-trimethoxyphenylacetaldehyde, 
and also by the synthesis of violastyrene (111) by 
the para-Claisen rearrangement of l-cinnamyloxy- 
2,5-dimethoxybenzene. A low yield synthesis of 
violastyrene (111) by the reaction of 2,5-dimethoxy- 
phenol with cinnamyl diphenyl phosphate6 is of 
interest in relation to our biogenetic proposals.' 
The constitution of petrostyrene (VI) isolated from 
an, as yet, unidentified Machaerium species was 

(X) R=H 
(XI) R=CHZPh 

settled by the reduction of 2,5'-diethoxy-2',3',4'- 
trimethoxychalcone with lithium aluminium 
hydride and aluminium chloride which yielded 
pe tros t yrene diethyl ether . 

Mucronulastyrene (VII), villostyrene (VIII), 
and kuhlmannistyrene (IX) had molecular 
formulae and spectroscopic properties consistent 
with cinnamylphenol structures with hydroxy- and 
methoxy-substituents, but the n.m.r. spectra 
associated with the -CH,= CH,-CH,- unit 
showed a vicinal coupling constant between the 
olefinic protons (ABX, system with JAB 11-12 
c./sec.), which indicated that the double bond had 
a cis- rather than a trans-configuration. The 
constitution of mucronulastyrene (VII) followed 
from the oxidative degradation of its diethyl ether, 
which by oxidation with osmium tetroxide followed 
by sodium periodate yielded 2-ethoxybenzaldehyde ; 
oxidation with potassium permanganate gave 
4-ethoxy-2,3-dimethoxyphenylacetic acid. 

Proof of the constitution of mucronulastyrene 
(VII) by synthesis required the development of a 
new synthetic method suitable for the preparation 
of cis-cinnamylphenols. Reduction of the flav-3- 
ene (X) with lithium aluminium hydride and 
aluminium chloride gave mucronulastyrene (VII), 
and this proved that the ethylenic group in mucro- 
nulastyrene had cis-geometry. 

The constitution of villostyrene (VIII) followed 
from (i) the identity of villostyrene monomethyl 
ether with mucronulastyrene , dimethyl ether, 
(ii) the formation of 2-methoxybenzoic acid when 
villostyrene was oxidised with potassium per- 
manganate, and (iii) a detailed study of the n.m.r. 
spectra of villostyrene and its derivatives. The 
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constitution (VIII) was confirmed by the following corresponding to the trans-cinnamylphenol, petro- 
synthesis. Reduction (LiAlH,-AlCl,) of the flav- styrene (VI). The constitution (IX) of kuhl- 
3-ene (XI) gave the cis-cinnamyl phenol, mannistyrene was settled by showing that catalytic 
[the 4-benzyl ether of (VII)], which by the con- hydrogenation of kuhlmannistyrene (IX) and 
secutive methylation and debenzylation gave petrostyrene (VI) gave dihydro-derivatives which 
villostyrene (VIII) . were identical. 

The spectroscopic properties of kuhlmanni- 
styrene (IX) indicated that it was the cis-isomer (Received, August 5th, 1968; Cow. 1084.) 
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