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Abstract--A number of 4-hydroxybenzylphenyl ethers and their acetates were synthesized as models for hard- 
wood lignin and used as substrates in acid hydrolysis and enzymatic oxidation reactions. Under hydrolytic condi- 
tions, the acetates underwent ether cleavage at a slower rate than the free phenols. Evidence for carbonium ion 
intermediates is presented. Cleavage of the ether substrates by peroxidase-peroxide oxidation was much faster 
than by acid hydrolysis for all substrates except the acetates which did not react. Subsequent oxidation of the 
component parts of the ether substrates was selective: the syringyl moieties were oxidized in preference to the 
guaiacyl moieties. Electron spin resonance studies of the oxidation reaction showed that removal of the phenolic 
hydrogen atom was the first step, followed by quinone-methide formation. A mechanism is proposed to account 
for the oxidative degradation of the lignin models. 

INTRODUCTION 

Degradation of wood lignin by fungi and bacteria 
has been a subject of intense interest for plant 
scientists [I]. In recent years, it has become an im- 
portant factor in the microbiological treatment 
and utilization of wood wastes. Most studies have 
shown that fungi and bacteria degrade lignin by 
hydrolytic and/or oxidative processes. 

To gain insight into the mechanism of microbio- 
logical attack, investigators have used monomeric 
model compounds as substrates in their model 
reactions. Most of these substrates have been pat- 
terned on softwood lignin species: i.e. guaiacyl 
compounds [2-41. Fewer studies have appeared 
on hardwood lignin species, owing in part to the 
scarcity of good model compounds [S, 63 and in 
part to the greater industrial interest in softwoods. 

In recent years, our own studies have focused on 
the oxidative reactions of hardwood model com- 
pounds: i.e. syringyl-derived monomers [5,7-lo]. 
These syringyl compounds show substantially dif- 
ferent reaction patterns from their guaiacyl analo- 
gues. Many useful deductions can be drawn about 
the reaction of the hardwood lignin polymer from 
the reactions of monomeric models. However, 
depolymerization of lignin involves breaking 

monomer-monomer bonds; to gain insight into 
this process, one must use dimeric or oligomeric 
models as substrates. The benzylarylether bond is 
one of the most important bonds in hardwood lig- 
nin. A recent report [l l] has suggested that 31% 
of all monomer-monomer bonds in hardwood lig- 
nin are of this type. It is certainly one of the bonds 
most sensitive to hydrolytic cleavage. Model 
dimers incorporating this ether bond would be 
representative of important structural units in the 
lignin polymer. A study of their reactions should 
elucidate the behavior of lignin under similar con- 
ditions. 

To carry out this objective, we synthesized a 
number of substituted benzylaryl ethers incorpor- 
ating guaiacyl and syringyl moieties representative 
of hardwood lignin. These were subjected to mild 
acid hydrolysis and treatment with hydrogen per- 
oxide and peroxidase under physiological condi- 
tions. In some cases, acetates of the parent phenols 
were used to mimic ester structural types in lignin 

w1. 
RESULTS 

Synthesis of bvnzylaryl ethers 

The model ethers were prepared by a procedure 
based on those of Mikawa 17131 and Adler [14]. 



The reaction sequence is illustrated in Schema 1. 
Vanillin, syringaldchydc or acetosyringone was 
treated with acetic anhydride in pyridine to afford 
a protecting group for the phenol; the resulting 
acetate (1) was hydrogenated to yield the J-O-ace- 
tyl benzyl alcohol (2). This alcohol was brominated 
with PBr, in chloroform and the resulting bro- 
midc bvas coupled with the potassium salt of a 
phenol. The acetate protecting group was removed 
by reduction \vith LiAlH, to yield the I-hydroxy- 
bcnzylphcnyl ether (4). 

An altcrnatc synthesis, utilizing the bromination 
tcchniquc of Corey et 01. [ 151 was made in an 
effort to eliminate the acetate blocking step. Vanil- 
lyl and syringyl alcohols were reacted with a 
dimethylsulfide-l\‘-bromosuccinimide brominating 
complex at low temperature and high dilution; the 
resulting bromides were coupled with potassium 
phenolatcs as before. This method worked fairly 
well for vanillyl alcohol producing a moderate 
yield of 5: the syringyl derivative. however. reacted 

onI), to a slight extent. 
A route to ether trimers as possible lignin model 

oligomers, was also investigated. The dimer 3b was 
brominated and coupled with the potassium salt of 
vanillin to afford a good yield of trimer 6. 

All model cthcrs were hydrolyzed under stan- 
dard lignin conditions [16]: 0.7 M HCI in 9: I 
dioxane- ivater at SO for varying periods of time. 
The products of hydrolysis were identified by TLC. 
The results of a number of experiments are listed 
in Table 1 : the model ethers arc listed in order of 
decreasing reactivity towards hydrol>,sis. 

In general, free phenols (4a--c, 5) were com- 
pletely hydrolyzed in 8 hr. Acetate derivatives (3a~ 
d, 6), on the other hand, required up to 14 hr for 
complete cleavage of the ether and ester linkages. 
The trimcr (6) was most resistant to hydrolysis. 
Elimination and hydrolysis were competing reac- 
tions in 4c, an expected consequence of the forma- 
tion of a benryl carbonium ion intermediate. 

Among the hydrolysis products of AC wx a s~nall 
amount of 1-(~~.5-dimethoxy-4-~lydroxyphenyl)- 
ethylene. Although it has been substantiated that 
diphenylmethane derivatives can also be formed in 
the course of these hydrolysis reactions with lignin 
and lignin models [lh. 17). none has been found 
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thus far in the hydrolyses of these benzylaryl ether 
models. In other respects, these ethers appear to be 
good models for lignin in hydrolysis reactions. 
Styrenes and stilbene derivatives [Iti. 191 and 
various low-MW phenols including vanillin and 
vanillyl alcohol derivatives are hydrolysis products 
of spruce lignin and lignin model phcnnls. 
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Table I. Products and estimated (to within 5%) yields from acid hydrolysis of model compounds. Listed in order of decreasing 
reactivity with 0.2 M hydrochloric acid in 9: I dioxane- water 

Compound 
Time 

(hr) Product 
‘Xl 

Yield 

3b 

3d 

4a 8 

5 8 

4c 8 

4b 8 

24 

8 

24 

8 

24 

x 

24 

Vanillyl alcohol 
low R, products 
Vanillyl alcohol 
Vanillin 
Low R, products 
I-(3,5-Dimcthoxy-4-hydroxyphenyl). 
ethylene 
E-Methyl syringyl alcohol 
Vanillyl alcohol 
Low R, products 
Starting material 
Syringyl alcohol 
Vanillyl alcohol 
Syringyl alcohol 
Vanillyl alcohol 
Low R, products 
Vanillyl alcohol 
4-O-Acetyfvdnihyl alcohol 
Low R, products 
Vanillyl alcohol 
Low R, products 
Starting material 
Vanillin 
4-0-Acetylsyringyl alcohol 
Syringyl alcohol 
Starting material 
Vanillin 
Syringyl alcohol 
Starting material 
Vanillin 
Vanillyl alcohol 
4-0-Acetylvanillyl 
Alcohol 
Starting material 
Vanillin 
Compound 5 
Vanillyl alcohol 

Low R, products 

95 
Trace 

45 
45 
10 
15 

20 
20 
25 
20 
40 
40 
45 
45 

Trace 
50 
30 
20 
70 
30 
60 
20 
10 
IO 
50 
25 
20 
60 
25 
IO 
5 

50 
25 
IO 
10 

5 

OH (4~) 
ohle 

OH 

Oxidation with hydrogen peroxide and horseradish 
peroxidase 

All oxidation reactions were carried out by mix- 
ing ether substrate (lop3 M) with horseradish per- 
oxidase (10e6 M) and two or more equivalents of 
hydrogen peroxide in MeOH-H,O (1:4). These 

reaction mixtures were allowed to stand at room 
temperature for varying periods of time. 

In contrast to the acid hydrolysis reactions (pre- 
vious section), all of the free phenol ether dimers 
(4a-c) were rapidly cleaved at the ether bond by 
enzyme and hydrogen peroxide at pH 6. The ace- 
tates, on the other hand, remained unaltered by the 
oxidizing system. Also, in contrast to their hy- 
drolysis reactions, all of the free phenol ethers were 
completely cleaved during the reaction period by 
the enzyme system. No dimeric starting material 
was found in the product mixtures, except in cases 
where supersaturated solutions of starting mater- 
ials precipitated out. Since the substrate must have 



a fret phenohc hydrogen to be attacked by peroxi- 
dase-~ peroxide. it appears that I -electron dehydro- 
genation is the first step in the reaction sequence. 
This is borne out by esr studies (described later) 
and is consistent with our previous studies on 

monomers [7]. 
Table 2 shows the products and estimated yields 

for the oxidation of model compounds. In all cases. 
five to six identifiable oxidation products were 
found. Most of these compounds represent further 
oxidation of the two phenyl moieties in the benzy- 
laryl ethers. Both side chain oxidation and oxida- 

tive cleavage of the side chain occur. Excess hydro- 
gen peroxide only causes further side chain clea- 
vage of syringyl moieties to 2,6-dimethoxybenzo- 
quinone and some cleavage of the guaiacyl moiety 
to 2-methoxybenzoquinone. The syringyl moiety 
also suffered some demethylation to yield the o- 
quinone. 

In ail experiments. the syringyl moiety gave 
higher concentrations of oxidation products than 
did the guaiacyl moiety. ln order to investigate 

more fully the relative ease of oxidation of these 
two moieties. a competing reaction was carried out 
with equimolar amounts of syringyl and vanillyl 
alcohols with two equivalents of hydrogen per- 
oxide. The product mixture was analyzed by TLC. 
It showed syringaldehyde to be the major product. 
with smaller amounts of 2.6-dimethoxybenzo- 
quinone and vanillin with small, but equal. 
amounts of starting materials. Thus. syringyl alco- 
hol is preferentially oxidized to the aldehyde and 
also preferentially cleaved to the quinone. 

The length of the side chain also affects the 
course of the oxidation reaction. When 4c (ether of 
x-methylsyringyl alcohol). is treated with two equi- 
valents of hydrogen peroxide and enzyme, the 
major product is acetosyringone, and the minor 
products are vanillin, vanillyl alcohol, syringyl 
alcohol and I-(3.5dimethoxy-4_hydroxyphenyl)- 
ethylene. No benzoquinone is detected. Although 
the syringyl moiety is oxidized preferentially as in 
the previous experiments, side chain cleavage (i.e. 
ejection of acetaldehyde) is more dificult than 
ejection of formaldehyde, and no quinone is 
formed. The ethylene derivative could arise from a 
rearrangement of the intermediate quinone meth- 
ide or simple acid hydrolysis. 

Two alternate mechanisms could explain the 
appearance of syringyl and vanillyl alcohols from 

the oxidation of 4b. Simple hydrolysis, catalyzed 
by the weakly acidic peroxide solution or radical 
initiated cleavage are both possible. 

To determine whether or not hydrolysis occurs 
under the reaction conditions, a Z@,, MeOH ~-HZ0 
solution of IVb was allowed to stand with two 
equivalents of hydrogen peroxide and no enzyme 
for time periods of 1 day, 1 week and 4 weeks. After 

24 hr. very small quantities of hydrolysis products 
were detected. After one week. some precipitated 
starting material was found in addition to small 
amounts of syringyl and vanillyl alcohols and a 
relatively large amount of 4-hydroxy-3.5dimeth- 
oxybenzylmethyl ether. The 4-week reaction mix- 
ture yielded the above products plus small 

amounts of syringaldehyde and 2.6-dimethoxy- 
benzoquinone. Thus. it appears that the syringyl 
and vanillyl alcohols formed in the en;lymatic oxi- 
dations (24 hr) arc largely products of oxidation 
rather than hydrolysis. 

Scheme 2 is postulated to account for the forma- 
tion of the aldehyde and the quinonc. The failure 

of the acetate-blocked ether to react and previous 
reports of the reactions of syringyl alcohols [7] in- 
dicate that the phenolic hydrogen is homolgtically 
cleaved in the first step, to yield radical 7. which 
can react further. The proposed reaction sequence 

leading to the 4-methoxy ether and the /I-quinonc 
(from radical 7b) does not occur under the reaction 
conditions employed here. No vcratryl or trimeth- 
oxybenzyl derivatives were ever found in product 
mixtures from oxidations of 4a or 4b. 

A more feasible mechanism (route A) involves 
the aldehyde with subsequent oxidation and libe- 
ration of formaldehyde as a byproduct. Evidence 
for this pathway was obtained by carrying out the 
oxidation in and detecting formaldehyde with 
Nash’s [XI] reagent. The possibility that solvent 
tnethanol might oxidize to formaldehyde was eli- 
minated by a blank determination. 

The guaiacyl dimers 4a and 5 reacted with 
enzyme and peroxide to yield products analogous 
to those of the syringyl compounds. Larger 
amounts of unidentified low-R, products were 
detected by TLC, indicating that dimerization of 
the guaiacyl radicals had probably taken place. 

A small amount of low-Rf red chromophore 

appeared on the chromatograms of all reaction 
mixtures containing syringyl derivatives. This 
chromophore was conspicuously absent in all oxi- 
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Table 2. Products and estimated (to within 5%) yields from enzymatic oxidations of model compounds 

541 

Compound Method* Product 

4a A 

4b A 

4b B 

4b 

4b 

5 

C 

D 

A 

A 

Equimolar 
mixture of 
vanillyl and 
syringyl alcohols 

A 

Vanillin 

Vanillyl alcohol 
Compound R, 037 
Compound Rr @30 
Compound Rr 0.16 
Compound R, 0.09 
Syringaldehyde 
2,6-Dimethoxy-p-benzoquinone 
Syringyl alcohol 
Vanillyl alcohol 
Vanillin 
Compound R, 0.27 
Chromophore R, 0.15 
Compound Rf 0.10 
Syringaldehyde 
2,6-Dimethoxy-p-benzoquinone 
2-Methoxy-p-benzoquinone 
Vanillin 
Syringyl alcohol 
Vanillyl alcohol 
Chromophore R, 0.12 
Low R, products 
3.5Dimethoxy-4-hydroxybenzyl methyl ether 
Starting material 
Syringyl alcohol 
Vanillyl alcohol 

3,5-Dimethoxy-4-hyd- 
roxybenzyl methyl 
ether 
Starting material 
Syringaldehyde 
2,6-Dimethoxy-p-benzoquinone 
Vanillyl alcohol 
Syringyl alcohol 
Acetosyringone 
Vanillin 
I -(3,5-Dimethoxy-4_hydroxyphenyl)- 
ethylene 
Vanillyl alcohol 
M-Methyl syringyl 
Alcohol 
Chromophore Rf @I7 
Low R, products 
Vanillin 
2-Methoxy-p-benzoquinone 
Vanillyl alcohol 
Compound R, 0.39 
Compound R, 0.34 
Compound R, 024 
Syringaldehyde 
Vanillin 
2,6-Dimethoxy-p-benzoquinone 

Vanillyl alcohol 
Syringyl alcohol 
Low R, compounds 

IO 

IO 
I5 
15 
15 
15 
42 

9 
12 
22 

5 (variable) 
3 
3 
3 

30 
20 

5 
IO 
8 

IO 
Trace 

IO 
45 
10 
20 
2s 

45 
10 
5 

Trace 
25 
15 
35 
20 

5 

IO 
5 

6 
IO 
25 
20 
10 
10 
15 
15 
45 

5 
15 
IO 
IO 
IO 

* A-2 Equivalents peroxide, 0.5 mg peroxidase, 24 hr; B-excess peroxide. 1.0 mg peroxidase, 24 hr; C-2 equivalents peroxide, 

no peroxidase, I week; D-2 equivalents peroxide, no peroxidase, 4 weeks. 



54x 

R=H, Me 

-p-HO-C,H,(OMe)CH$3H 

kCHAO 
-p-‘OC6H3(0Me)CH20H 

- B 

OMe 

-p-RCH20 C,H,(OMe) CH20H 

Scheme 2. Enzymatic oxidation of model ethers 4b and 4c. 

dations of guaiacyl model ethers. We suspected 
that this compound might be an orthoquinone 
[IO] but comparison with an authentic sample of 
5- hydroxyvanillin o-quinone bb TLC’ did not 
show identity. However. identity with S-hqdroxb- 
vanillyl alcohol o-quinone was determined by R,,s 

and a MS of the TLC eluatc. Thus, a side reaction 
of demcthylation occurs in these oxidations: 

As in the acid hydrolysis experiments. the model 
ethers compare well with lignin under the condi- 
tions of enzymatic oxidation. Vanillin and syr- 
ingaldehyde [21] and 2,Cdimethoxybenzoquinone 
[23] all have been isolated from the products of 
fungal attack of hardwoods. Various syringyl and 
guaiacyl ketone and alcohol derivatives have also 
been detected from hardwood products [22]. 

In order to gain insight into the nature of the 
radical species produced during the enzymatic oxi- 

dation of ether model compounds. a number of 
these reactions were monitored bc ESR spectros- 
copy. Model ether substrate (IO- ’ M) was mixed 
with hydrogen peroxide (3 x IO ’ M) and horsc- 
radish peroxidasc (10 ’ M ) and examined immcdi- 
ately after mixing. As expected. all model com- 
pounds underwent immediate dehydrogcnation to 
yield radical species. For csample, 411 1 icldcd radi- 
cal 7b. identified as a triplet of septuplcts. Except 
li>r slightly difrcrcnt coupling constants. this ESR 
spectrum was identical to that found l’w s)ringql 
alcohol [8] (set Table 3). 

CH#ii 

/ 

0 
’ ’ OMe 

7420 

OMe 

After 14 min, the radical disappeared and a new 
spectrum (a doublet of quintets) began to form. 
This spectrum corresponds to a syringyl 1~~1cus 
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Table 3. Hyperfine coupling constants (in G) of radical intermediates and products of ether and alcohol oxidations 

Radical Solvent* 
Coupling constants 

A!’ -_ OMe A!‘,, .,>, 

7 
8 or 9 
Syringaldehyde 
9c 
Acetosyringone 
Syringyl alcohol” 
r-Methyl syringyl 

alcohol 

A I.36(8) 9.50 (2) 
A 1.48(8) 4.88 (I) 
A I.55 (8) 
B 069 560(l) 
B 161 (8) 
A I.35 (8) 9.32 (2) 
A 0.70 4.34(l) 

* A -22.5”,, MeOH-H,O. B-IX’,, CellosolvcPHzO 

with one benzyl proton. After another 15 min, the 
spectrum changes to a strong seven-line pattern, 
identical to the radical derived from syringalde- 
hyde. In the oxidation of compound 4c (which con- 
tains an x-methyl group in place of a hydrogen 
atom), only two ESR spectra were observed. The 
first spectrum was a doublet of septuplets, resem- 
bling that of x-methylsyringyl alcohol. After its dis- 
appearance in 35 min, a second spectrum appeared 
which was characteristic of acetosyringone [S]. 
The lack of an intermediate spectrum (as was the 
case with 4b) is consistent with the lack of a benzyl 
hydrogen atom. 

M&ic&k+.zQoMe 
OH 

(4bl MW = 320 (lob) MW = 334 

(4~) MW = 334 (10~) MW =362 

These results are entirely consistent with the 
mechanism proposed in Scheme 2 route A, 
although alternative routes such as B cannot be 
excluded. In the case of the oxidation of 4b, the 
sequence of ESR spectra differ from those reported 
for the oxidation of syringyl alcohol [IS]. In the 
alcohol spectra, there were no time intervals 
between the appearance of different radical species. 
In the corresponding ether spectra. complete dis- 
appearance of radicals occurred before emergence 
of new radicals, indicating that intervening non- 
radical processes were taking place. 

To account for the degradation of hardwood lig- 
nin by fungi, many investigators have proposed the 
existence of hydrolytic enzymes. Presumably, these 
enzymes catalyze the depolymerization of lignin by 
cleaving ether and ester bonds. Our studies show 
that non-enzymatic acid hydrolysis can effect these 
cleavage reactions. although the conditions used in 
these experiments are much more severe than 
those at nhvsiological nH values. 1 d v . 

Route A could account for this phenomenon. In- 
itial dehydrogenation of the phenol of compound 
4b or 4c produces a phenoxy radical (7b or 7c), 
which subsequently loses a benzylic hydrogen to 
form a quinone-methide. This hydrates rapidly to 
form a second phenol. In the case of 4b, this hyd- 
rated intermediate can dehydrogenate as before to 
yield 8, giving the intermediate radical seen on the 
ESR. In the case of 4c, the intermediate simply 
loses the guaiacyl phenol and tautomerizes to ace- 
tosyringone, which undergoes the final oxidation 
step. 

Route B is a possible alternate in Scheme 1, 
since there is no compelling evidence to exclude it. 
Loss of phenoxy radical from the radical 7 yields 
a quinone methide which could be responsible for 
the intermediate radical spectrum. However, since 
quinone methides of this type are extremely sus- 
ceptible to hydrolysis, and would most likely hy- 
drolyze before oxidation, route B would probably 
be a minor pathway in the reaction. When guaiacyl 
derivatives were oxidized under identical condi- 
tions, no ESR signals were observed. Apparently. 
dimerization to biphenyl derivatives is rapid and 
scavenges all radical species. 

DISCUSSION 



The most significant result of this work emerges 
from the enqmatic oxidation experiments. At phy- 
siological pH. hydrogen peroxide and perosidase 
are capahlc of cleaving both benzylaryl ether 
bonds arc arylalkyl ether bonds with remarkable 
case. An absolute requirement for this reaction. 
holvever. is the availabilit) of a free phenolic 
group. For hardwood lignins. this oxidation rcac- 
tion alone could cffcct the loss of more than 30”,, 
of the bonds which cross-link the monomers in the 
polymer. Oxidative side chain cleavage could 
account for further dcpolymeriz~tion. 

ESPERIMEUTAL 

.Sri~thc,ti\. Proccdwes prt’\iously c2.3. 141 reported were uxd 
in the s~nthcsrs ofthc A-0-acctjl derivatlbcs of vanlllin (la). syr- 
ingaldchqdc (I II). ;II~ acctosyringone f Icj II mm compound. 
PieId IOO”,,: mp I54 157 : NMR (CDCI,) 6 2% (5.3). 3.5X (s.?). 

~~S~(~.(~,.7~i’~(,\.2):MS~1~,~~(rel.1nt.)~?X(l5). lY7(4.3). 196(100). 
IX3 (3.:). 181 f 100). 15.3 (?I). 66 (?I). 33 (X2). The 4-0acet\lbcn- 
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this suspension was added 3.3 g (0,008 mol) finely crushed 
LiAlH,. The mixture was stirred and refluxed for 2 hr. Excess 
hydride was destroyed by the addition of wet Et>0 to the reac- 
tion mixture which was then poured into satd aq. H3B0,. The 
Et,0 layer was drawn off and the aqueous phase extracted with 
CHCI,. All organic phases were combined, dried (Na:SO,) and 
evaporated. The oil which resulted crystallized from CHCl,- 
Et,O. Yield 0.1 g (II’:,); m.p. 1733176”; NMR (DMSO-d,) fi 
3.63 (x6). 4.26 (d.2). 4.57 (m, I), 4.70 (s.2). 6.52 (m.6). 8.21 (s,l), MS 
~q’e (rel. int.): 290 (4). 154 (71). 138 (77). 137 (100). 123 (68). 
IO7 (I I). 95 (25); IR (Nujol): 3480 (OH), 1280 (C-0-C). 1140 
(OMe). 

The same procedure was used with the appropriate acetate 
derivatives to prepare the following compounds: 3,5-Dimeth- 
or~-4-h~dro.~)~herI_?l-2’-mrthouy-~ ether 
(4b). Yield, 6%“; m.p. 1OO 105’; NMR (DMSO-d,): 6 3.72 (s.9) 
4.43 (d.2). 4.92 (s,2).~510 (d,l). 6.84 (111.5). 8.30 (s.1); MS m/e (rel. 
int.): 334 (30). 320 (I I). 167 (1001, 154 (4). 137 (4). 122 (5). 106 
(3); 13C NMR (DMsO-d,): (‘, 55.2. 56.6. 62.2, 7O.O 105.4, i 10.0. 
113.3. 117.9, 126.4, 134.6. 135.0, 145.6, 147.0, 148.4; IR (Nujol): 
3650 (OH), 1225 (OMe), 1120 (C-O-C). (Ad Found: C, 63.07; 
H. 6.27 C, ;H,,O, requires: C, 63.74; H, 6.29”/,,). 1-(3,5-Dirueth- 

I.58 (d,3), 3.69 (.s,6). 37x (s.3). 4.37 (d.2). 4.95 (d,l),‘5.29 (+1).‘6.70 
(r11.5). X.14 (~1): MS m/r (rel. int.): 362(9), 334 (4). 181 (100). 162 
(70). 154 (99). I37 (94). I25 (87). 107 (69). 93 (94) 77 (X0), 65 (92); 
IR (KBr): 3350 (OH). 1250 (C-O-C), 1140 (OMe). (Anul. 
Found: C, 64.98: H, 5.85. CILHIZOb requires: C, 64.66; H. 
633”,,). 

It is to be noted that the MS of both 4b and 4c have parent 
peaks greater than the MWs of the compounds: 4b is 14 m. u. 
smaller than the III/P 334 peak obtained and 4c is 28 units 
smaller than the nr/e 362 parent peak. This anomaly caused 
enough concern that the 13C NMR spectrum of 4b was run in 
an effort to see if there was indeed any extra methylene group 
that had eluded analysis. The spectrum obtained shows clearly 
that there is not. 

An explanation of this curious phenomenon has been offered 
by Dr. Ward Scott” and will be the subject of another com- 
munication. The temperatures involved in volatilizing the sam- 
ples of 4b and 4c may have homolytically cleaved these mole- 
cules. The syringyl and x-methyl syringyl radicals may have 
combined to form 1,2-diphenylethane structures 10b + 1Oc 
with molecular weights higher than those of the original ethers, 
Since these structures are more stable to heat than the ethers, 
a larger proportion of them arrive whole at the ion collector, 
giving large M + 14 and M + 2X peaks. A sample of lob, syn- 
thesized in our laboratory, gave essentially the same mass spec- 
trum as 4b. In all other properties, IOb differed from 4b. 3- 
Mrtho.~~~-4-~~~~dro.u)Ibenzyl-2’-mrthoxy-Q-formylphmy/e~hrr (5). 
A 20ml soln 2.68g N-bromosuccinimide was stirred in N, 
at 0’. To this soln was added a soln of I g MezS in IO ml 
CHzC12. After addition was complete. it was observed that the 
soln had turned opaque yellow. Stirring was continued, the 
temp. was lowered to - 25”. and a soln of I ,54 g vanillyl alcohol 
in 300 ml. CHzClz was added quickly to the reaction mixture. 
The - 25 ’ temp. was maintained for 4 hr and the stirring con- 
tinued. After about 15 min. the opaque yellow of the reaction 
mixture changed to a clear, faint yellow soln with white par- 
ticles floating through it. At the end of 4 hr. the soln was washed 
twice with cold brine and dried (M&SO,). An acetone soln of 
1.52 a vanillin was refluxed in N, with 1.38 g K,CO, until the 
characteristic milky-yellow slurry formed. The- CHZClz soln 
prepared above was quickly added with vigorous stirring. 
When addition was complete, the heat was shut off and the 

reaction allowed to stir in Nz at room temp. overnight. The 
reaction mixture was then washed 2x with H,O, dried 
(Na,SO,) and evaporated to yield a brown oil which crystal- 
lized on standing. The product was recrystallized from Et:0 
oentane.Yield 1 g(35”~J:m.n. 154155.5’: NMR (CDCI,): 6 3.81 
(s,3), 3.88 (~3). 5%4 (s.2), 7.0’8 (m,6), jOO9 (s,I); MS rrr/e ireI. int.): 
2X8 (11 152 (56). I51 (58). 137 (100). 123 (20). 109 (21): IR: 3450 
(OH), 2770 (CHO). 1260 (C-O-C). II40 (OMe). 

Acid hydrolysis rructions: hydrolysis of 4a. A 2 ml solution 
in 9: I dioxane-H,O which was 0.2 M in HCI was made of 50 
mg of 4a. The mixture was and left at 50“ for 8 hr. The mixture 
was then cooled and poured into dil. aq. NaHCO,. This soln 
was extracted 2x with 15-m) portions of CHCI, and the 
extracts were combined. dried (Na?SO,) and evaporated. The 
product mixture was chromatographed against standards on 
layer of silica gel. Found: vanillyl alcohol (R, 0.27). 

Hydrolysis of4b. A 4-ml soln of 100 mg 4b was made in 9: I 
dioxane- H,O which was 0.2 M in HCI. This solution was 
divided into two portions and warmed to 50’: one portion was 
left for 8 hr and the other for 24 hr. Workup for both reactions 
was the same as in the above procedure. Found: after 8 hr, 4b 
(R, 0.24). syringyl alcohol (R, 0.25). vanillyl alcohol (R, 0.27); 
after 24 hr, syringyl alcohol (R, 0,25), vanillyl alcohol (R,- 0.27). 

Hydrolysis of4c. A 2-ml soln in the acidic dioxane- HZ0 soln 
described above was made of IO mg of 4c. This soln was heated 
at 50’ for 8 hr. worked up and chromatographed as before. The 
silica gel plate was developed in iodine. Found: I-(3.5.dimeth- 
oxy-4-hydroxyphenyl)-ethylene (R, 0.64). r-Methyl syringyl 
alcohol (R, 020). vanillyl alcohol (R, 0.27). 

Hydrolysis ofS. A 2-ml soln of 40 mg 5 was made in the diox- 
ane-HZ0 acid solvent described above. This soln was reacted 
at 50” for X hr. Found: vanillin (Rf 0.57) vanillyl alcohol (R, 
O25). 

Hydrolysis of3b. A soln of 100 mg 3b in 4 ml of dioxaneeH,O 
acid solvent was made and divided into two portions. The por- 
tions were kept at 50’ for 8 and 24 hr. respectively. Found: after 
8 hr. 4-0-acetylvanillyl alcohol (R, O40), vanillyl alcohol (R, 
0.27); after 24 hr, vanillyl alcohol (R, 0.27). 

Hydrolysis of3d. A soln of 40 mg of 3d was made in 4 ml of 
the acid solvent; this was divided into two parts. which were 
reacted at 50” for 8 and 24 hr. Found: after 8 hr. 3d (R, 072), 
vanillin (R, 0.57). 4-0-acetylsyringyl alcohol (R, 0.44) syringyl 
alcohol (R, 0.25); after 24 hr, 3d (R, 0,72), vanillin (R, 0.57) syr- 
ingyl alcohol (Rf 0.25). 

Hydrolysis of6. A soln of 50 mg 6 in 4 ml of the acid solvent 
was made. divided up into halves, reacted at 50’ for 8 and 24 
hr and worked up as before. Found: after 8 hr. 6 (R, 0.72) vanil- 
lin (R, 0.57). 4-0-acetvlvanillvl alcohol (R, 0.40). vanillvl alco- 
hol‘(d, 0.27): after 24 hr. 6 (R, 0.72), vanillin iR, 0.5?). com- 
pound 5 (R, O62), vanillyl alcohol (RJ 0.27). 

EtrL_vrrruric o.uidutions: oxidation of aanillyl urld syrityyl ulco- 
hols. A IO-ml MeOH soln of 92 mg vanillyl alcohol and I IO mg 
syringyl alcohol was prepared. This soln was raised in vol. to 
100 ml by the addition of dis. HI0 and O7 ml (two equivalents) 
of 3’:” HLOz and 24 ml peroxidase soln (I mg of enzyme) were 
added to the MeOH-HZ0 solution. The mixture was swirled 
to mix the components (at this time it turned yellow). allowed 
to stand at room temp. overnight and worked up by extraction 
of the aqueous solutions with CHCI,. The product mixture was 
chromatographed against standards as before. Found: 2,6- 
dimethoxy-p-benzoquinone (Rf 0.63), vanillin (Rr 0.57). syr- 
ingaldehyde (R, 0.49). vanillyl alcohol (R,- 0.27). syrmgyl alcohol 
(R, O25). 

Oridution of4a. A solution was made of 50 mg 4a in 20 ml 
MeOH. The soln was diluted to 100 ml by the addition of dist. 
HZ0 and to this was added 0.31 ml (two equivalents) HLOz and 
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12.5 ml emymc stock solution. The soln was swirled to mix the 
contents and allowed to stand at room temp. overnight. Found: 
vanillin (K, W57), vanillyl alcohol (R, 0.27). 

O.yitiutio/r of 4b. A I O-ml soln of 200 tng 4b was made tn 
MeOH. and this soln was diluted to 100 ml by the addition of 
dist. H,O. The soln was divided into four portions. The first 
pot-tion ua\ treated with 0.2 ml 3”,, H,O; and 12.5 ml enryme 
stock solution. The second portion received 5 ml peroxide and 
25 ml enrytnc solution. The third and fourth portions were 

trcatedwilhO.7tnlpcroxidc. butnoenzymcsolution.Thelit-stand 
second porttons uere reacted for 24 hr; the third portion was 
allowed to react for I week and the fourth rcactcd for .! weeks. 
Samples for mass-spectral analysts were column chromato- 
gt-aphcd \+ith EtZO- pentane. Occastonall~. enough of a htgh- 

R, product could hc obtatned for a tn.p, or h.p,. or a NMR spcc- 
trum. Found: first portton. 2.6-dimethoxy-,,:benzo~ui~lo,l~ (K, 
0.63). ni.p. 2.32 (dcc). MS 08’~’ (i-cl. int.) 16X (100). 69 tY51. s\r- 

tngaldchidc(K, W4Yl m.p. 114 I 16 . MS WC’ (t-cl. int.): I X?( l&I). 
IYI (Sl). \antlltn (K, 0.57). MS,,t:~‘(rcI. int.): lS.Z(lOO), 151 (IOOI. 
11.7 (1.3). vanillyl alcohol (R, 0.27). MS ~fti(’ (XI. int.) 153 (IOO). 

137 (55). svrtngyl alcohol (R, 025); second portton. 2,6-dimeth- 
os!-,‘-hen7oqt~inoIle (R, 0.63). 3-methox~-p-henroqutnone (R, 
0.76). vanillin iR, 0.571. svrinnaldehvde (R, 0~49). vanillvl alco- 
hol (R, 0.27). s{,ringyl a~col~ol IK,< 0.25)~ third portion. i.5- 
dimcthoxy-3-hqdt-oxyb~n~ylm~t~~~l ether (R, 047). b.p. 189 

NMR (CDCI,) ri 3.37 (s.3). 3.7-l (~6). 1.35 (s,Z). 6.57 (s,lj, MS ,)z <’ 
(rcl. iiit.) iYX (19). 168 (X8), 167 (57). 137 (IOOJ. 121 (23). 71 (27). 
4b (Ii, 0.74). syrtngyl alcohol (R, 0.15). MS u.:(’ (ret. int.) I X4 
i 100). 167 (3X). vanill> alcohol (R, 0.271,MS ,tt;~’ (rcl. in(.): 154 
(IO()). I37 (50): fourth portion. 3.5-di~~~ethorcy-~-h!,droxybe~~z!l- 
methyl cthet- (I<, 0.47). 4b (R, 0.21). 1.6.dtmethowy-/,-bcn/o- 
qutnonc (I<, CM3), syringaldehydc (R, 0-W). \:anitlyl alcohol (R, 
0.27). \>ring>I alcohol (K, 0.25). MS for the products of the 
fourth portion were the same as above. 

For ESR sludies. a 10~’ M soln of 4b was made tn XI”,, 
McOFl H,O and it 3 x IO ’ M soln of hydrogen peroxide was 
made. Into a tc’st tube were placed 0.5 ml 4b soln. 07 tnt hqdro- 
gun peroxide hoIn. 0.35 ml McOH and 0.35 trill H !O. At the start 
of the treacttott. 300 /II peroxidase soln was added, the mtxturc 
shaken and the soln poured into a flat quart? cell and ptaccd 
in tho caLit! of the IzSR spcctrometor. 

O.\ici~tio~t I)/ 4~. A IO ml-soln of 35 mg 4c was made in McOH 
and this bvas dil. to 100 ml as hcforc by the addition of dist. 
HZO. To this soln was added WIY ml (two cqutvalents) of 3”,, 
H,OL and 12.5 ml en/ytnc stock soln. The mixture uas swirled 
and allowed to stand at room temp. overnight. MS samples 
were obtained t-11 column chromatography as previous11 de- 
scrihcd. Found: 1-(7.5-dttnethoxy-4-hydrosybct~~yl)-ethyl~n~ 
(R, OGL MS 11, c (rel. int.) I X0 I IOU). I65 (47). Ii7 (401. IO9 (30). 
XI (44). acetosyl-insone (R, 045). MS WC Ircl. int.): 196 (X7). I t( I 
(IOOL banillin (R, 0.57). MS ~tt’o (rel. int.): 152 (94). I51 (l(X)). 
canillyl alcohol (R, 0.27). MS w c’ (rel. int.): 153 (100). 137 (55). 
c/-tncth~l syrtngyl alcohol (R, O.XJ. MS 111 c (I-cl tttt.): lY8 (21. 
I w I ( IOU). 

For ESR studica. a IO’ M soln of4c was made in 50”,, cello. 

solve uatcr. The reaction mixture conststed of 0.5 ml 4c hoIn. 
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0.7 ml of 3 x IO-’ M H?O,. 0.7 ml HZ0 and 200 itI cn/!tnc 
stock soln. These components were mixed in it test ttthc and 
poured into a quartz cell as heforc. 

O~idufim of 5. A soln 5U mg of 5 \\\as made in 20 ml McOH 
Thts soln was diluted to 100 ml as bd‘ore and reacted H tth (b.: I 
ml hjdt-ogcn peroxide and 11-5 ml of ertrjme stock ~~lurion. 
Found: 2-tnethoxy-p-henroil~tin(~~~C (R, 0.76). \anilltn (I\‘, o 57). 

vallillyl alcohol (K, 0,371. 
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