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Abstract-The white rot fungus Phanerochaete chrysosporium metabolized 3,4-dimethoxycinnamic acid in shaking and 
nitrogen sufficient cuftures. Merabolites idenfitled incfuded 3-(3,4-dtieffioxyphenyf @opiotic acid, 
dimethoxycinnamyI al&no1 and 3-13,4-6~ethoxrphen~~~-~-.nropanol. Siifcantly sm&er amounts of veraml and 
vanillyl alcohol were also present. The abundance of the propionic acid and the propanol as metabolic products indicate 
that olefin saturation and acid reduction are important reactions catalysed under these conditions. Metabolites identified 
from the metabolism of 3-(3,4-dimethoxyphenyl)-propionic acid included the above 1-propanol as well as veratryl and 
va&Q &&?1; ?ti i&&&G&Xr 02 &X%X &-Z$ aXw&> &i-&i&Z.9 bS L-r?&i&~~Zes suggesr’s &&? u$&?fr~ L&&q&- 17f 
this substrate was preceded by alkane hydroxylation at the a-position. 

INTRODUCTION Table 1. Metabolism of 3,4-dimethoxycinnamic acid 

Recently the metabolism and utilization of lignin and its 
industrially produced detivatives as renewable resources 
has aroused considerable interest. Although a variety of 
white rot fungi are capable of catabolizing lignin [ I], the 
reqfli-$& ~~~~yzzfis +,YNC rti %Y..T, &zTH&~. $521~ 
lignin is such a complex polymer, metabolic studies 
concerned with the biochemical details of its degradation 
face considerable obstacles. For this reason the 
metabolism of various well-defined lignin model 
compounds has been studied under a variety of culture 
conditions. In this report we describe studies on the 
metabolism of the 3,4-dimethoxycinnamic acid (1) and its 
derivatives by the white rot fungus Phanerochaete 
chrysosporium in shaking culture under conditions where 
neither carbon nor nitrogen are limiting. We report on the 
reduction of the carboxylic acid group of 1 yielding 3,4- 
dimetho.xycinnamyl alcohol, on an olefin saturation 
reaction yielding 3-(3,4-dimethoxyphenyl)propionic acid 
and finally 3-(3,4-dimethoxyphenyl)-1-propanol, as well 
as on the cleavage ofthe cc&bond yieldingveratryl alcohol. 
X%e reahcribn 0fcCmamti a&a’ a&UaXt+es tb- ctinamyl’ 
alcohols has been well established in plants [2] and fungi 
13, 43. Oiefin saturation and cl,,%cleavage 01 feruxic a&d 
have been reported in the fungus Trametes [4]. 

Mol product/initial mol 
of substrate (y-1 

Substrate 
3-(3,4_Dimethoxyphenyl)propionic 

4 diqJs 

28 

6 days 

trace 

acid 2 5.6 13.7 
3,4-Dimethoxycinnamyl alcohol 5 11.3 21.9 
3-(3,4-Dimethoxyphenyl)-1-propanol6 32.1 42.2 
Veratryl alcohol 0.1 2.48 
Vanillyl alcohol 0.3 0.8 

The organism was grown at 28“ from a conidial inoculation in 
shaking culture (50ml). After 2 days 1 was added to a final 
concentration of 0.05% and the cells were incubated for an 
additional period as indicated above. The products were isolated 
and identified as described in the Experimental. 

RESULTS 

Products of the fungal metabolism of 2 are shown in 
Table 2. The major product formed was 3-(3,4- 
dimethoxyphenyl)-l-propanol 6. Significantly smaller 
amounts of veratryl and vanillyl alcohol were also formed. 
During this 4-day period 87% of the substrate was 
converted to products. 

&tetabo&n gf 3,.4_dirnetho~vcinnamic acid 

Products of the fungal metabolism of 1 are shown in 
“Table i.TAe major proah& formed were 3,C 
dimethoxycinnamyl alcohol 5, 3-(3,4-dimethoxyphenyl)- 
propionic acid and 3-{3,4-dimethoxyphenyl)-I-propanoi. 
During this 6-day period, all ofthe substrate was converted 
to products. 

f%CXIS~ Ofhe EiIIIbigcd-cg-@TIItXdtC~ With ITSyet tU KKfE 

apparently ring-demethylated products formed in the 
metabolism of 2, we synthesized and examined the 
metabolism off3, a compound with differenf substituents 
at the 3- and 4-positions. Products of the fungal 
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Table3. Metaboiismof3-(4-ethoxy-3-methoxyphenyl)propionic 
acid 

Table 2. Metabolism of 3-(3,4-Dimethoxyphenyl)propionic acid 

Mol of product/initial 
mol of substrate (7;) Mol of product/mol of 

inittal substrate ( “i;) 

2 days 4 days 
2 days 4 days 

Substrate 20.3 13.1 
3-(3,4-Dimethoxyphenyl)-l- 

propanol 6 66.0 62.7 
Veratryl alcohol 0.25 0.80 
Vanillyl alcohol 0.44 1.69 

Experimental details as described under Table 1. 

Substrate 
3-(4-Ethoxy-3-methoxyphenyl)-I - 

propanol 14 
3-(4-Ethoxy-3_hydroxyphenyl)- 

propionic acid 15 
3-(4-Ethoxy-3-hydroxyphenyl)- 

I-propanol 16 
3-(4-Hydroxy-3_methoxyphenyl)- 

propionic acid 7 
3-(4-Hydroxy-3-methoxyphenyl)- 

I-propanol9 
4-Ethoxy-3-methoxybenzyl alcohol 
4-Ethoxy-3-hydroxybenzyl alcohol 
Vanillyl alcohol 

18.1 12.0 

68.3 64.0 

1 .o 0.9 

0.9 2.3 

metabolism of 13 are shown in Table 3. The major product 
formed was 3-(4-ethoxy-3-methoxyphenyl)-1-propanol 
14. The following products were also formed but in 
significantly smaller amounts : 3-(4-ethoxy-3- 
hydroxypbenyl)propionic acid 15, 3-(4-ethoxy-3- 
hydroxyphenyl)-1-propanol 16, 3-(4-hydroxy-3- 
methoxyphenyl)-l-propanol 9 and 3-(4-hydroxy-3- 
methoxyphenyl)propionic acid 7. The formation of these 
metabolic products indicates that the fungus is capable of 
ring de-etherification at either the 3- or 4-position. 

Metabolism of jerulic acid 
Products of the fungal metabolism of ferulic acid are 

shown in Table 4. The major products formed were 
coniferyl alcohol, 3-(4-hydroxy-3-methoxyphenyl)- 
propionic-acid and 3-(4-hydroxy-3-methoxyphenyl)-l- 
propanol. Additional products formed in significantly 
smaller amounts were vanillyl alcohol, vanillic acid and 
methoxy-p-hydroquinone. 

0.9 0.8 

0.9 
0.2 
0.8 
0.2 

0.7 
1.5 
5.6 
0.4 

Experimental details as described under Table 1. 

under limiting nitrogen conditions in stationary culture 
where lignin degradation [5] and lignin dimeric model 
compound metabolism are facilitated [6]. The reduction 
of some cinnamic acids to alcohols has been reported in 

Table 4. Metabolism of ferulic acid 

Mol product/mitial 
mot of substrate ( %) 

2 days 4 days 

Substrate 
3-(4-Hydroxy-3-methoxyphenyl) 

propionic acid 7 
3-(4-Hydroxy-3-methoxyphenyl)- 

1-propanol 9 
Coniferyl alcohol 
Vanillyl alcohol 
Vanillic acid 
Methoxy-p-hydroquinone 

trace 

72.0 

17.2 
8.1 
0.2 
2.3 
0.3 

- 
DISCUSSION 

The results in this study indicate that in high nitrogen 
conditions in shaking cultures P. chrysosporium 
metabolizes various cinnamic acid derivatives, including 
3,4-dimethoxycinnamic acid and ferulic acid. Under these 
conditions the two pathways which predominate are the 
reduction of the terminal carboxyhc acid to an alcohol and 
saturation of the double bond. Reduction of the terminal 
carboxylic group and saturation of the double bond of 3,4- 
dimethoxycinnamic acid were also found to take place 

60.1 

30.1 
1.1 
0.3 
1.4 
0.6 

Experimental details as described under Table 1 

CH 

II 
CH 

OR, 
1 R, = Me, R2 = COOH 
3 R,=H,RI=COOH 
5 R,=Me,R,=CH,OH 
8 R, = H, R, = CH,OH 

II R, = Et, R2 = COOH 
12 R, = Et, R, = CH,OH 

2 R, = Me, Rz = COOH 
6 R, = Me, R2 = CH,OH 
7 R,=H,Rz=COOH 
9 R, = H, R2 = CH,OH 

13 R,=Et,R2=COOH 
14 R, = Et, RZ = CH,OH 

15 R, =COOH 
16 R2 = CH,OH 
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planIs j23 an& in severd Eungd sjGems j3, 4, 73. In 
addition, the reduction of anhic and veratric acid to their 
corresponding alcohols has been reported in Polyporus 
uersicolor [8,9]. 

&SC&& proce&Xe J 39). 3,4-I3sme&ox,veinnam,v1 a\cohol5 was 
prepared by reduction of 4 at - 30” for 1 hr in tetrahydrofuran 
containing a 2-fold excess of LiAlH,. 

Evidence for the saturation ofdouble bonds in cinnamic 
acid derivatives is not well documented. To our knowledge 
only one reference with no supporting data for the 
saturation of the double bond in ferulic acid has been 
previously reported in fungi f4]. Thus, the -results in this 
study demonstrate conclusively that the fungal-catalysed 
saturation of double bonds in cinnamic acid derivatives 
CSan’WZ & FAijKK RXi&GS3 ‘X3 ‘&iik %%X%kKh.rs~. ^uiX it%&<3 

u!Yhg a?.2 saturakd Cronamic a& deri?Jarives 3-<3,4- 
dimethoxyphenyl)propionic acid 2 and 3-(4-ethoxy-3- 
methoxyphenyl)propionic acid 13 indicate that the 
presenceafanolefinin thesubstrateisnot aprerequisitefor 
r&&&z, CC fL+~ SZZ fLm ‘hn &_&CL 

3-(3,4 Dimethoxyphenyl)-1-propano16: A solution of 5 (2.Og) 
and Pd-charcoal (100 mg, 10 %) in MeOH (25 ml) was shaken in 
H, (35psi) for 2 hr and filtered through celite to yield 6. 3-(4- 
Hydroxy-3-methoxyphenyl jpropionic acid 7, methyl Fe&ate, 
coniferyl alcohol 8 and 3-(4-hydroxy-3-methoxyphenyl)-l- 
propanol 9 were produced from fetiic acid by proce&.res 
described above. 

The results using 3-(4-ethoxy-3_methoxyphenyl)- 
propionic acid 13 also clearly indicate that aryl ether 
cleavage at the 3- or 4-position of these substituted 
cinnamic acid derivatives is possible. The Iow yield of the 
products of aryl ether cleavage indicate that the conditions 
used in this study are probably not optimal. To our 
knowledge this is also the first well-documented report of 
the 3-demethylation ofalignin model substrate where both 
the 3- and 4-positions are initiarty blocked, The relevance 
of 3-demethylation to the possible 3-demethylation of 
guaiacyl lignin will be examined. The de-etherification of 
alkoxybenzoic acids at the 4-position by white rot fungi to 
yield vanillic acid has been previously described [lo]. 

4-Ethoxy-3-methoxycinnamic acid 11: 10 was hydrolysed in 
l.ON NaOH for 30min at 80” to yield 11. 4-Ethoxy-3- 
methoxycinnamoyl alcohol 12, 3-(4ethoxy-3-methoxyphenyl)- 
-pX%-@UiL ‘X77& <3 -mrU S~,~-~,~r~L-S-n~,~rux-4~-~ - 
propanol 14 were produced from 10 and 11 by procedures 
described above. 

A mixture of methyl-4-ethoxy-3-hydroxycinnamate and 
methyl 3-ethoxy-4-hydroxycinnamate was produced by 
ethylating in refluxing Me&O methyl 3,4_dihydroxycinnamate 
with 0.5 equiv. Et,SO, as described above. 3-(4-Ethoxy-3- 
hydroxyphenyl)propionic acid 15 and 3-(4-ethoxy-3-hydroxy- 
phenyl)-l-propanol 16 were prepared from this mixture by 
procedures described above. 

The identification of veratryl alcohol as a minor 
metabolic product of 1 and 2 and the identification of 4- 
ethoxy-3-methoxybenzyl alcohol as a product of the 
metabolism of 3-(Cethoxy-3-methoxyphenyl)propionic 
ad 15 h3jr;Jtes that subsdiirrfed phenylprop~onir a&s 
cC&wt&m~fL~A~J~~~~~j ~~~~~,;C~~,~~~~~~?~~~.~~~~~~~~~~~s 
as described previously [4]. The presence ofbenzyl alcohol 
CbeCvaiIYes as pro~~~c~s su_qyesIs Yne pc&r~~~~ that %.he 
subS&wied pheny {propionic acids are initIaHy hy - 
chro~y~a\eh aI Yne ct-@$>on. u,&CIeauage &I the 
postulated cc-hydroxy intermediate might proceed 
through an a&Iase-Iyp mechanism a&J init-iai 
reduction of the acid to an aldehyde i II,12 1. The resulting 
substituted benzaldehyden,,&cleavageproductsshould be 
reduced quickly by white rot fungi as has been described 
earlier [9]. 

Gas clrromatography.GC was caccied out witha Varian Model 
1700 instrument fitted with a glass column (l80 x 0.2 cm i.d.) 
packed with 3% OV-101 on chromosorb Q 100.120 (Applied 
Science). The oven temp. was programmed from 150 to 270” at 
15”/min unless indicated otherwise. MS was carried out with a 
DuPont Model 21-491 B equipped with the same instrument and 
column for GC. The spectra were obtained at 7OeV. 

The metabolism by white rot fungi of veratryl alcohol 
and 4-ethoxy-3-methoxybenzyl alcohol is likely to occur 
via oxidation of the benzyl alcohol to an acid [13,14] with 
simultaneous de-etherification at the 4-position to yield 
vanillic acid [lo]. Vanillate hydroxylase, an enzyme which 
oxidatively decarboxylates vanillic acid to methoxy- 
hydroquinone, has recently been isolated from white rot 
fungi [15,16]. Where ferulic acid was the substrate, olefin 
saturation andsubsequent a-hydroxylation would yield an 
intermediate which might undergo cc&cleavage by the 
mechanism described above to yield vanillin or undergo 
possible alkyl-phenyl cleavage which has previously been 
shown to be catalysed by white rot fungi [17,18] to yield 
methoxy-p-hydroquinone. 

Extrucrion und isolation of metab& products. At the indicated 
intervals after the addition of the phenolic substrates, the cultures 
were suction-filtered. The mycelial mat was frozen on dry ice, 
ground in a mortar and extracted with EtOAc (3 x 20ml). The 
EtOAc fraction was then used to extract the culture filtrate. To the 
totalorganicfraction (60ml)wasadded 1 ml 20%H,SO,, 1OOmg 
sodium dithionite and the mixture was washed twice with 30 ml 
H,O, dried and evapd to dryness under N,. Trimethylsilanation 
of products and standards was carried out by adding bis-(N,O- 
trimethylsilyl)trifluoracetamide-pyridine (1: 1) to the dry residue 
and heating at 80” for 5 min. Metabolic products were identified 
after comparison of the MS of their TMSi derivative with those of 
chemically synthesized or commercially acquired standards. 
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