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Ah&act-Beech bark contains significant amounts of Z-coniferyl and Z-sinapyl alcohols but not the corresponding E- 
isomers. There are a number of steps along the cinnamate pathway where E/Z isomerism of the cinnamyl double bond 
could occur. Studies of the conversion, in beech bark, of “C-labelled E-and Z-ferulic acids, Econiferylaldehyde and E- 
and Z-coniferyl alcohols indicate that this isomerism occurs at the level of the hydroxycinnamyl alcohols. This system 
differs, therefore, from that described for the isomerism of geraniol to nerol which proceeds via the corresponding 
aldehyde. 

INTRODUCllON 

Methanol extracts of beech bark (Fagus gandifolia EM) 
contain significant amounts of Z or cis monolignols 2 and 
3, but not the corresponding E or trarrs isomers 6 and 7 
[l]. Z-Coniferyl alcohol (2), and its B-D-glucoside, fa- 
guside (4), have also been isolated from European beech 
(F. syluatica) [2]. These are the only reported examples of 
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naturally occurring Z-hydroxycinnamyl alcohols, al- 
though the existence of the related Z-acids g-10 in grasses 
is well documented [3-6]. 

The presence of these Z-alcohols pose interesting 
questions about their biosynthetic origin and possible role 
in &&cation. Stereospecific enzymic deamination of 
phenylalanine [7,8] and tyrosine [9], with concomitant 
loss of the pro-3-S hydrogen gives E-cinnamic or E-p- 
coumaric (11) acids respectively. In the pathway from 
phenylalanine, E&uuunic acid is hydroxylated to give E- 
p-coumaric acid (1 l), this has been demonstrated with 
parsley cell cultures [lo]. Hydroxylation and methylation 
of E-p-comnaric acid (11) give first E-ferulic acid (IZ), and 
subsequently E-sinapic acid (13) depending upon the 
plant species [ll]. 

In grasses, grown in the presence of light, hydroxycin- 
namic acids, mainly cell wall bound, exist as mixtures of E 
and Z isomers, with the former predominating [4,6]. The 
role of these acids is not well understood, although it has 
been postulated that they could be involved in the 
lignification process [12-141. Experimental verification of 
this hypothesis has never been demonstrated. The reduc- 
tion of E-acids 11-13 in various plant species occurs by 
activation of the acids via their AMP and CoA esters, 
followed by a two-step stereospecific reduction to the E- 
alcohols 5-7 [ls]. 

In this regard, with soybean suspension cultures, it was 
demonstrated that p-coumarate: CoA ligase preferentially 
takes up the E-acid 11 as a substrate [ 16). 

Our aim, in this study, was to identify at which step, in 
its biosynthesis from ferulic acid, Z-coniferyl alcohol (2) 
arises. It can be envisaged that E/Z isomerization could 
occur at the acid, aldehyde or alcohol stages in the 
hydroxycinnamate pathway. 

RESULTS AND DISCUSSION 

The biogenesis of bark lignin has not received 
much attention, although the lignin content of bark is 
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Fig. 1. Possible points of iscmerization in the biosynthesis of Z-monolignols. 

generally higher than that of woody tissue [17]. 
The upper portion of Fig. 1 shows the established 

biosynthetic route leading to the E-monolignols 5-7. To 
account for the formation of the corresponding Z-isomers 
1-3, an isomerixation could occur at any stage beyond 
hydroxycinnamic acid formation; the lower portion of 
Fig. 1 illustrates possible points of isomerixation. 

We first decided to examine the precursor relationship 
of both Z- and E-ferulic acids (9 and 12) in the biogenesis 
of Z-coniferyl alcohol (2) in beech bark. E-[2-‘*Cl Ferulic 
acid (12), prepared via basecatalysed condensation of 
vanillin and [2J4C] malonic acid [18], was subjected to 
photochemically induced isomerixation to give a mixture 
of [2-14C] E and Z acids 12/9 [6]. The Z acid 9 was 
purified by chromatography of the mixture on cellulose 
plates in the absence of light. It should be noted, however, 
that all samples of the purified Z acid 9 used in these 
studies always contained about 2-3 % of the correspond- 
ing E isomer 12 as determined by high performance liquid 
chromatography (HPLC). 

E-12 and Z-9 acids were incubated individually with 
fresh bark tissue in the dark. Every effort was made to 
minimize the amount of cambial tissue in the bark (see 
Experimental). Following incubation, the bark tissue was 
removed, washed, and extracted with methanol in a 
Soxhlet apparatus containing E- and Z-coniferyl alcohols 
(6 and 2) as carrier. The alcohols were then purified (see 
Expt.) and converted to their respective 3,Sdinitroben 
zoyl derivatives 15 and 14. These derivatives were further 
purified by preparative HPLC and crystallization. 

The incorporation data from several incubation exper- 
iments is shown in Table 1. As can clearly be seen, the E 
acid 12 was much more efficiently converted into both the 
E- and Z-coniferyl alcohols (6 and 2), than the cor- 
responding Z acid 9. Presumably the small amount of 
radioactivity in alcohols 2 and 6, following the Z acid 
incubation, was due to the small quantity (< 2-3 %) of E 
acid 12 as contaminant. This result strongly suggests that 
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only E-ferulic acid (12) is involved in the biogenesis of E- 
and Z-coniferyl alcohols (6 and 2) in beech bark. 

We next examined the precursor role of E-[2-14CJ 
coniferaldehyde (16) in the biosynthesis of alcohols 2 and 
6. [2-14C] Coniferaldehyde (16) was prepared by conver- 
sion of E-[2-14C] ferulic acid (12) to its corresponding 
methyl ester, which was then subsequently reduced to E- 
[2-14C] coniferyl alcohol (6) by ‘ATE’ complex [l] and 
oxidized with dichlorodicyanobenxoquinone (DDQ) to 
give the required [2-14C] coniferaldehyde (16) 1193. The 
role of Z-[2-14C] coniferaldehyde was not examined. This 
was bec+use (1) DDQ dehydrogenation of both E- and Z- 
coniferyl alcohols (6 and 2) affords only E- 
coniferaldehyde (16) and (2) irradiation (d = 254 nm) of 
E-aldehyde 16 did not afford any measurable amounts of 
the corresponding Z-isomer. 

The incorporation data obtained, following incubation 
of E-[2-“C]coniferaldehyde (16) with F. grmdifolia 
bark tissue, is shown in Table 2. As a control experiment, 
E-[2-14C]-ferulic acid (12) was also incubated with fresh 
bark tissue. As can clearly be seen (Table 2), E-[2-14C] 
coniferaldehyde (16) was efficiently incorporated into 
both E and Z alcohols 6 and 2. 
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Table 1. Incorporation of E and Z-[2-‘4CJferulic acids (12 and 9) into E-and Z-coniferyl alcohols (6 and 2) 
in F. gran&@iu bark 

Precursor 
Radioactivity 

fed (dpm x 106) 

Specific incorporation into 3,5-DNB* de- 
rivatives of E and Z alcohols 15 and 14 ( %) 

Duration of 
incubation (hr) E-15 z-14 

1 E-Ferulii 
acid (12) 

2 E-Ferulic 
acid (12) 
Z-Ferulic 
acid (9) 

3 E-Ferulic 
acid (12) 
Z-Ferulic 
acid (9) 
Boiled bark 

E-Ferulic acid (12) 

1.64 3 0.50 0.41 
1.72 6 0.64 0.66 
1.45 9 0.79 0.46 
2.68 12 1.88 0.12 

3.00 

1.71 

1.65 12 co.11 CO.1 

(control) 
1.00 

12 

12 

12 

<O.l 

0.71 

<O.OOOl 

<O.Ol 

0.84 

<O.OOOl 

* 3,S-DNB = 3,Sdinitrobenxoyl. 
All experiments in 1, 2 and 3 were. conducted in parallel. 

Table 2. Incorporation of E-[2-‘*Qoniferaldehyde (16) into E-and Zconiferyl alcohols 
(6 and 2) in F. grandifilia hark 

Precursor 

Speeillc incorporation into 3,s 
DNB* derivatives of 15 and 14 

(%) 
Badio- 

activity fed Duration of 
(dpm x 10’) incubation (hr) E-15 z-14 

1 E-[2-‘4C] 1.68 12 2.76 1.33 
Coniferaldehyde 
(16) 

2 E-[2-‘4C-J 1.71 12 0.69 0.9 
Coniferaldehyde 

(16) 

*3,S-DNB = 3,Sdinitrobenzoyl. 

These experiments raised the possibility that the point 
of iaomerixation might in fact he at the hydroxycinnamyl 
alcohol level. We therefore next incubated hark tissue with 
E-[2-i4C] coniferyl alcohol (6) in order to determine 
whether any activity would be found in Z-alcohol 2. Again 
parallel E-[2-i4C] ferulic acid (12) incubations were 
carried out for control purposes. As can be seen from the 
results (Table 3), significant activity was found in the Z- 
isomer 14 indicating that the point of isomerixation had 
occurred at the alcohol level. 

We next turned our attention to the substrate specificity 
of the cinnamyl alcohol dehydrogenase from beech bark 
using E- and Z-coniferyl (6 and 2) alcohols as substrates. 
The crude enzyme was obtained from both lyophilixed 
and fresh bark tissue as described in the Experimental 
section. In all cases, the cinnamyl alcohol dehydrogenase 
showed a strong substrate preference, with the ratio of 
V ,,,ax for E:Z isomers 6 and 2 being 15 : 1. This provides 
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additional indirect evidence that the stage of E/Z iso- 
merization occurs at the hydroxycinnamyl alcohol level. 

We also established that isomerixation of the alcohols 2 
and 6 did not occur as a consequence of the isolation 
procedure used or by photochemical means. In the latter 
case, this was established by irradiating pure samples of Z 
and E wniferyl alcohols (2 and 6) with either art&&l or 
UV light (A = 254nm). No isomerixation occurred, as 
evidenced by ‘H NMR and HPLC. These results there- 
fore suggest that the interconversion is non- 
photochemical, and presumably enzyme-mediated. 

It is interesting to note that the interconversion between 
the ally& alcohols, geraniol (17) and nerol (20) in 
Meny~thes trifoliata is known to be enxymatically 
mediated 1203. This occurs via stereospecific loss of the Ha 
proton of geraniol (17), presumably via an interconver- 
sion between the wrresponding aldehydes 18/19 as 
shown in Fig. 2. However, for the hydroxycinnamyl 
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Tabk 3. Incorporation of E-[2-‘*C]coniferyl alcohol (6) into Z-coniferyl alcohol (2) in 
F. grandifolia bark 

Fwxlrsor 

Specific incorporation into 3,5 
DNB* derivatives of E and Z 

alcohols 15 and 14 (%) 
Radio 

activity fed Duration of 
(dpm x 10’) incubation (hr) E-15 z-14 

1 Iq2J4C-J 1.94 12 2.89 1.0 
Coniferyl alcohol 

2 E-[2-‘4cq 1.88 12 0.56 1.1 
Coniferyl alcohol 

* 3,5-DNB-3,S-dinitrobenzoyl. 

17 18 19 20 

Fig. 2. Biosynthetic sequence from geraniol (17) to nerol (20) [20]. 

alcohols in F. grandifolia, our incorporation and cinnamyl 
alcohol dehydrogenase data appear to exclude a similar 
biosynthetic sequence. 

CONCLUSIONS 

The incorporation and crude substrate specificity data, 
combined with our chemical studies, strongly suggest that 
the immediate precursor of Z-coniferyl alcohol (2) is the 
corresponding E isomer 6. Trans-cis interconversions 
between allylic alcohols, geraniol(17) and nerol(20) have 
been reported to proceed through the respective alde- 
hydes 18/19 [ZO]. Our results do not support such a 
mechanism in this case. However, in order to unambigu- 
ously answer this isomerization question in beech bark, 
isolation of the enzyme (or enzymes) specific for the E/Z 
conversion of these hydroxycinnamyl alcohols is 
necessary. 

EXPERIMENTAL 

(2Z)-3-(3+nethoxy4hydroxyphenyl-[2-’+C acid 
(12). Basc-catalyscd condensation of vanillin (437 mg, 
2.87mmol) with [2J4C] malonic acid (3OOmg, 288mmo1, 
2.22 x 10’ dpm/mg) was carried out based on the procedure of 
ref. [18]. Acid 12 (305 mg, 1.00 x 10’ dpm/mg) was obtained in 
55% yield. (mp 174”) 

(2E)-3-(3-me~hoxy4h~roxyphmy~)-[2-~4Cj-2-~openoic acid 
(9). E-[2-‘4C] Ferulic acid (12) (9.7 mg, 0.05 mmol, 1 x 10’ 
dpm/mg) was dissolved in MeOH (1 ml) in a 100 x 15 mm Petri 
dish and irradiated with a Spectra line shortwave (254nm, 
60 Hz) UV lamp for 30 min at a distance of 2.5 cm [6]. The 
soln was then applied in the dark (safety light) to a prep. 
cellulose TLC plate. Following elution with H50-AcOH 

(47: 3), the band corresponding to the Z isomer (R, 0.69) 
was excised, suspended in MeOH, filtered and dried 
to give Z-ferulic acid (9) (1.32 mg, 13.5x, 1 x 10’ 
dpm/mg). ‘HNMR (CHsOD): 83.85 (3H, s, OCH,), 5.77 
(lH, d, J = 12.9Hz, CH=CHC02H), 6.75 (lH, d, J = 8.2 Hx, 
H-S), 6.80 (lH, d, J = 12.9 Hz, C&CHCOIH), 7.09 (lH, 
dd, J = 8.26 Hx, J2 = 1.97 Hz, H-6’), 7.73 (1H.d. J = 1.96 Hz, H- 
2’k MS m/z: 194 [M]’ (100x), 179 [M-Me]+ (18%). 

(2E)-3-(3-methoxy-4-hydroxyphenyl)-[2-’4C]-2-I+openol (6). 
E-[2-‘*Cl ferulic acid (12) (71.7 mg, 0.37 mmol, 4.99 
x lo6 dpm/mg) was added to a stirred soln of MeOH (3 ml) and 
H2S04 (0.23 ml, 36 hi) under N,. After solubilization, the temp. 
WBS raised to 35” and held for 60 min. The reaction mixture was 
then cooled to _ lo” and carefully neutralized with 1 M 
NaHCO,, and the MeOH removed in uacuo. The soln was then 
acidified to pH 3 with 1.5 M H1S04 and then extracted with 
EtOAc (3 x 25 ml). The EtOAc extracts were combined, bac- 
kwashed with water (50 ml), dried (Na2S04), and the solvent 
removed in vacua to give methyl [2-14Cj ferulate (75.2 mg) which 
was not further purified. ‘H NMR (CH,OD) 63.75 (3H, s, 
COIMe), 3.89 (3H, s, OMe), 4.89 (lH, s, OH), 6.36 (lH, d, J 
= 16 Hz, CH=CH_ COtMe), 7.06 (lH, dd, J1 = 8.2 Hz, J2 
= 2.1 Hz, H-6’), 7.18 (lH, d, J = 2.0 Hz, H-2’), 7.61 (lH, d, J 
= 15.9 Hz, CH=CHCO,MeX MS m/z 208 [M]’ (lOO%), 177 
[M -OMe]+ (69 %); IR v= cm-‘: 3400, 1703, 1591. 

The crude methyl [Z-14C] ferulate (75.2 mg) was then reduced 
using ‘ATE’ compkx as previously described [l] to afford, 
after purification, E-coniferyl alcohol (6) (29.6 mg, 45%. 
5.1 x lo6 dpm/mg) (mp 74-75”). 

(2E)-3-(3-met/toxy-4-hydroxyphmyl)-[2-’4C]Prop-2-enul (16). 
2,3-Dichloro-$6 dicyanobenxoquinone (DDQ) (18.9 mg, 
0.083 mmol) was added to a stirred soln of E-[2J*CJconiferyl 
alcohol (6) (15 mg, 0.083 mmol, 5.1 x lo6 dpm/mg) in dry THF 
(10 ml) under NZ at room temp. After 5 min., the solvent was 
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