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Guaicylglycerol-fJ-guaiacyl ether is one of the most important model compounds 
of lignin. The arylglycerol (3-aryl ether structure has an interphenyl- 
propane linkage which could be important for the study of lignin reactions, 
such as cleavage of side chains or ether links and condensation reactions of 
a-carbon to the para or ortho positions.

The synthetic methods reported before 1975 require many reaction steps and 
the overall yields are low. Some modified approaches for synthesis of this 
compound have been considered more recently. These new approaches were 
explored in this study with chloroacetic acid or ethyl chloracetate and 
guaiacol as starting conpounds. The key reaction step was a condensation 
reaction between the carbanion of 2-methoxyphenoxy acetic acid or ethyl 2- 
methoxyphenoxy acetate and vanillin or vanillin derivatives.

A novel approach was examined which produced the compound in three steps.
The overall cost, in time and chemicals was substantially less than for the 
previously known techniques. This new method will be used to produce the 
quantities of the model compound required for the subsequent phases of the 
program. Sulfonation of the model compound and its reactivity will be 
studied in the next phase of the project.

SU-MARY
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1.0 OBJECTIVES
The main objective of this research program is to develop an understanding of 
the chemistry involved in the application of lignosulfonates as adhesives.

1.1 OBJECTIVE FOR 1988-1989

To develop a suitable synthesis for a selected lignin model compound.

2.0 INTRODUCTION
Significant technological advancements have been made in the useful 
applications of the cellulose and hemicellulose components of wood while much 
less has been achieved with the third major compound of the wood, lignin. 
Small quantities of lignin are being used as extenders for adhesive systems 
used in the particleboard and the plywood industries, without detracting from 
the performance of these resins.

Previous work at Forintek (Shen, Fung, and Calvé, 1981; Calvé, Brunette,
1986) described methods for binding lignocellulosic material utilizing NRjSSL 
alone as a binder and an NH4SSL-PF adhesive system. Lignin from natural 
sources is not a highly reactive adhesive and does not link easily with PF 
under normal conditions for hot pressing of wood panels. Examination of the 
chemical nature of the lignin structure and phenolic polymers provides the 
answer to the low reacitivity. Lignin is a highly branched and highly 
hindered compound.

Lignin is composed of phenylpropane monomers which are partly linked to each 
other by ether links, partly by both ether and carbon-carbon links and partly 
by carbon links alone. The ether links are through one of the carbon atoms 
in the side-chain of the monomer. The lignin monomer contains limited 
phenolic groups with most substituent linkages composed of aryl ether and 
methyoxy groups. The aryl ether links are attached to the p- or 7 -carbon 
atoms in the propane chain whereas the a-carbon atom carries only alkoxyl or 
hydroxyl groups (Adler, Lindgren and Saeden, 1952).

One approach to the elucidation of the structural features of residual 
lignins in adhesive systems is by utilizing model compounds using modem 
spectroscopic methods. These studies must be combined with analyses of 
condensation products of the lignin model compound with suitable phenolic 
derivatives.
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The model conpound which has been selected for these studies, as best is the 
arylglycerol-p aryl ether, I.

H.C— OH

I

The first synthesis of this model conpound was by Adler et al. (1952) and 
Adler and Erikson 1955). This synthesis proceeded from acetovanillone, and 
follows an analogous to that used for the synthesis of chloranphenicol 
(Chloromycetin). This model conpound was subsequently synthesized by 
numerous others (Freudenberg and Eisenhut, 1955; Kratzl et al., 1959; Kratzl 
and Vierhopper, 1971; Landucci, Geddes and Kirk, 1981; Miksche, Gratzl and 
Matzka, 1973; 1966). The product was a colourless syrup which did not 
crystallize, and probably was a mixture of two diastereoisomers. The Adler 
synthetic route required many reaction steps and the overall product yield 
was low. A modified synthesis (Miksche et al., 1966; Miksche, 1973) 
included longer reaction times but again produced a mixture of both isomers, 
erythro and threo (as crystals) .

Another modified synthesis which focused on the preparation of the (3-hydroxy 
ester, one of the intermediates in the method by Miksche (1973) and Miksche 
et al., (1966), was described later by Higuchi, Nakatsubo and Sato (1975). 
Synthesis of lignin model corpounds of the arylglycerol (3-aryl ether type 
involving a-lithiated intermediates has been studied by Lundquist and 
Remmerth, (1975); Brunow, Sipila, Lundquist and van Unge, (1988); von Unge, 
Lundquist and Sternberg; (1988). Hauteville and Duclos-Jordan (1986) used 
similar experimental conditions for the synthesis of oligolignols and six 
other new compounds with two connections of the (3-0-4 type.

The aryl glycerol (3-arylethers undergo acid-catalyzed cleavage under 
relatively mild conditions. Thus, heating a model conpound representing the 
lignin structure with HC1 in dioxane/water (Adler, Pepper and Eriksoo,
(1957) ; Lundquist and Lundgren (1972) cleaved the (3-ether bond as shown in 
Figure 1.

2



H ,C  —-  OH H,C —  OH

OCH,

Figure 1. Cleavage of a Lignin Model Catpound with HC1

The ketol and guaiacol are the primary degradation products. The acidic 
cleavage was also reported for experiments in which HC1 was replaced by f̂ ,S04 
or a variety of other catalysts: CH3S03H, HBr, BF3. (Cÿi^O and CF3CCX)H
(Karlsson et al., 1988). A strong acid such as CF3S03H is ineffective for the 
formation of the ketol.

Ito et al. (1981) have studied the acidolytic cleavage of arylglycerol 13- 
aryl ethers which takes place under reflux with H^O*. Their results deviate 
markedly from earlier acidolysis work with HC1 as catalyst. The condensation 
reaction and the elimination of formaldehyde were considered to be the main 
reactions. A probable explanation is that the chloride catalyses the 
elimination of the (3-hydrogen better than the hydrogen sulfate ion (Yasuda et 
al., 1985). ~

Recent investigations (Lapierre, 1986) of the HCl-catalysed degradation of 13- 
ether showed that in addition to the expected ketol, minor amounts of a 
product with a chlorine atom in the side chain were formed, the aryloxyl 
group was replaced by a chlorine atom.

Yasuda and co-workers (1980/ 1981; 1982; 1983; 1984; 1987), in a series of 
papers, have shown by model experiments that arylglycerol-p-aryl ethers with 
guaiacyl and veratryl nuclei are typical structural units in lignin. The 
sulfuric acid catalyzed reaction (5% - 72% H^OJ gave polymeric material 
incorporating C0-C6arom linkages formed by successive intermolecular 
dehydrative condensations between side chain, benzylic carbons, and aromatic 
nuclei, as shown in Figure 2.
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OH OH

Figure 2. Condensation of Lignin Model Conpound with E.SO,

These results demonstrated that alkyl-substituted guaiacol compounds undergo 
substitution and condensation reactions similar to phenol-formaldehyde.

Limited kinetic studies have been undertaken on base-catalyzed reactions of 
lignin model compounds. Polymerization products are limited to dimers 
(Troughton and Manville, 1972; Marton et al., 1966; Freeman and Lewis, 1954). 
These dimers may be suitable as extenders for adhesive systems.

New knowledge concerning the reactivity of lignin polymers in adhesive 
systems can be developed through study of their sulfonated model compounds as 
an extension of retro-synthesis.

3.0 STAFF

M. Stanciulescu Project Leader
Research Scientist

L. Calvé Research Scientist
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4.1 CHEMICALS

Chemicals and specialized test equipment used on this study were as follows:

Acetone 
Acetovanillone 
Benzyl bromide 
Benzoyl chloride 
Benzyl chloride 
Benzophenone 
Bromine
Benzylvanillin
n-Butyllithium, 1.6 M solution in hexane 
Calcium chloride 
Chloracetic acid
Chloroform, chloroform-d (99.6% D atom, contains 1% v/v TMS)
Carbon tetrachloride 
Diisopropylamine
Dimethyl sulfoxide (DMSO - d«, 99.9% D atom)
Dimethyl formamide 
Ethanol (EtOH)
Ethyl chloroacetate
Formalin
Guaiacol
Lithium aluminum hydride, 1.0 M solution in THF 
Methanol (MeOH)
Sodium hydroxide (NaOH)
Nitrogen gas (N2)
Hydrogen gas (H2)
Potassium iodide 
Potassium carbonate 
Sodium metal (Na)
Sodium borohydride 
Pyridine
Silica gel for flash chromatography (Merck, Kieselgel 60, 230-400 mesh) 
Silica gel, TLC, standard grade 
Sodium bisulfite (NaHS03)
Sulfur dioxide (S02)
Pd/C (5-10%) catalyst 
Dry ice
Tetrahydrofuran (THF)
TMS
Vanillin

All compounds used in this study were obtained from Aldrich. The solvents 
were obtained from BDH Chemicals Canada Limited.

4.0 MATERIALS AND METHODS
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Tetrahydrofuran was refluxed with calcium chloride for 48 hours and 
distilled. The distillate was redistilled from Na and benzophenone under 
nitrogen. Diisopropylamine was dried over sodium metal and distilled.

4.2 ANALYTICAL TECHNIQUES

1H-NMR spectra were recorded at 60 MHz with a Varian EM-360 instrument at 300 
MHz with a Varian XL-300 instrument (terrperature 20.0 ± 0.5°C), at the 
Chemistry Department of the University of Ottawa. Deuteriochloroform and 
DMSO-ds were used as solvents with TMS as internal reference (8=0  ppm) .

Infrared spectra were recorded on a Nicolet 5 D x B FT-IR spectrometer, using 
KBr pellets or films.

Mass spectra analyses were carried out on a VG-7070 E double focusing mass 
spectrometer, at the Chemistry Department of the University of Ottawa.
All melting points were recorded on a Fisher Johns melting point apparatus. 
Elemental analysis were conducted by M.H.W. Laboratories, Phoenix, Arizona.

5.0 EXi^RIMENrAL
Equations corresponding to the various syntheses are shown in Figures 3 to 7 
inclusive. Individual products in the syntheses are designated by an arabic 
numeral followed by the upper case alphabetic letter designating the 
synthesis.

5.1 SYNTHESIS A

5.1.1 Preparation of 2-methoxyphenoxy acetic acid, 3A

To a mixture of 31.0 g (0.25 mole) of guaiacol and 23.5 g (0.25 mole) of
chloroacetic acid in a liter beaker, a solution of 22.5 g (0.56 mole) of NaOH
in 125 ml of water was added slowly with stirring. The reaction mixture was
heated until most of the liquid was evaporated. The residue was treated with
500 ml of water, cooled and acidified to pH < 2 with concentrated HC1. The 
crude crystals were filtered and recrystallized from MeOH to give colorless 
needles and a yield of 37.2 g (82%).

Identity of the compound was established by IR, 1H-NMR and m.p.

XH-NMR (60 MHz, CDC13, ppm): 3.70 (s, 3H of CH3), 4.45 (s,2H of CH,), 6.75-7.00 
(m, 4Harom-), 11.80 (s, 1H of COOH) .
IR (KBr, cm’1): 3000-2850 (C-H), 1747 (C = 0) 1605 ( C = Carom ), 1511-1426 (C- 
H of CH2 and CH3), 1288 (C-O-C), 753 (= C-H) . 
m.p.: 115 - 117°C.
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Figure 3
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Figure 4.
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Figure 5
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Figure 6.
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Figure 7.
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5.1.2 Preparation of Benzoyl Vanillin, 3'A

A mixture of vanillin (15.215 g, 100 mmoles), benzoyl chloride (14.057 g, 100 
nmoles), pyridine (8.9 ml) and chloroform (50 ml) was magnetically stirred 
under nitrogen at room temperature for 20 hours. The resulting solid was 
filtered and washed with chloroform. The filtrate plus washings were washed 
with 30 ml of 5% HC1 solution in water and dried over MgSO„. The solvent was 
evaporated under vacuum. The resulting yellow crystals were combined with 
the initial solids and recrystallized from dichloromethane (23.1 g, 90%).

1H-NMR (60 MHz, CDC13, ppm): 3.80 (s, 3H of CH3) 7.50 (m, 6Harom>), 8.10 (d, 
•^arom. ) / 8.25 (d, lH^-p,^ ), 9.85 (s, 1H of CHO)
IR (KBr, cm-1) : 1737 (C = Ô of aldehyde), 1680 (C = 0 of ester), 1605 (C = 
carom.)' 1507/ 1458' 1392 (C-H of CH, and CH3), 1261, 1195 (C-O-C), 867, 801, 
744, 735, 703 (= C-H). 
m.p.: 68-70°C

5.1.3 Preparation of ft-hydroxy acid, 4A

To a stirred solution containing 3.364 ml (24 mmoles) of diisopropylamine in 
40 ml of anhydrous THF, 15 ml (24 mmoles) of n-butyl lithium in hexane 
solution (1.6 M) were added at -40°C under nitrogen over a period of 15 
minutes. The stirring was continued an additional 30 minutes. After cooling 
the reaction mixture to -78°C, 1.821 g (10 mmoles) of 2-methoxyphenoxy acetic 
acid dissolved in 10 ml of anhydrous THF was added over a period of 1.5 
hours, and then 2.562 g (10 mmoles) of benzoyl vanillin dissolved in 10 ml of 
anhydrous THF was added at the same temperature over a period of 2.5 hours. 
The pale yellow reaction mixture was stirred for an additional 4 hours at 
-78°C. The solution was washed in a liter separatory funnel with 50 ml of 
saturated NaCl solution. After neutralization with 10% HC1 solution, the 
reaction mixture was extracted into ethyl acetate (2 x 100 ml), which was 
washed with 130 ml of NaCl solution and dried over MgS04. After removal of 
the ethyl acetate by distillation, a pale-yellow viscous oily substance 
(4.0 g) was obtained.

Crystallization from n-hexane-ethanol yielded a crystalline product (0.241 g, 
10%) .
XH-NMR (60 MHz, CDCL, + DMSO-d€-2drops, ppm) : 3.60 and 3.70 (2s, 6H of 0CH3), 
4.60 (m, 1H), 5.00 (m, 1H) 6.80-7.50 (11 Harom ), 8.00 (lHarom ).
IR (KBr, cm'1): 3520 (-0-H), 2957 (C-H), 1737 (C = 0, ester), 1680 (C = 0, 
acid), 1597 (C = C), 1499, 1458, 1417 (-C-H of CH3), 1253, 1125 (C-O-C), 867 
(= C-H), 752 (= C-H). 
m.p.: 112-113°C.
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5.1.4 Preparation of a- (3-methoxy-4-hydroxy) -a-hydroxy-fl- (2-methoxy 
phenoxy) propanol, 5A

To a stirred solution at 50°C under nitrogen, containing 1.52 g (40 mmoles) 
of LAH (lithium aluminum hydride) in 50 ml of anhydrous THF was added 
dropwise over a period of 50 minutes and the stirring was continued for an 
additional 3 hours. The reaction mixture was cooled to 0°C and 3 ml of water 
dissolved in 20 ml of THF was added dropwise to decompose excess LAH. The 
lithium complex was decomposed by adding ice and the resulting inorganic 
lithium salt was filtered off and washed with ethyl acetate. The filtrate 
and washings were combined and dried over MgS04 and the solvent was 
evaporated under vacuum. A pale-yellow oil which gave 2 spots on the TLC 
plate (developed with 30% ethyl acetate and 70% hexanes) was obtained.

'H-NMR (60 MHz, CDC13, ppm): 3.45-3.90 (2H,m), 3.75-3.85 (2s, 6H of OCH3), 
4.00-4.10 (m, 2H), 6.80-7.00 (m, 7Harom_).
IR (film, cm'1): 3500-3180 (-0-H), 2943,'2827 (C-H), 1597 (C = C ^ ^  ), 1515, 
1450 (C-H, of CH3), 1294-1118 (C-OC), 752 and 703 (= C-H) . 
m.p. - viscous oil (a mixture of erythro and threo isomers) .
The overall yield of Synthesis A was 5.3%.

5.2 SYNTHESIS B

5.2.1 Preparation of ethyl 2-methoxyphenoxy acetate, 3B

Ethyl chloracetate (61.28 g, 0.5 M), guaiacol (68.5 g, 0.55 M) KgCa, (150 g, 
1.09 M) and potassium iodide (41.5, 0.25 M) were stirred in 0.800 L of 
acetone at room temperature for 170 hours.

The salts were filtered off and washed with acetone. The combinated filtrate 
was evaporated to dryness under vacuum and the residue was dissolved in 
ether. The ether layer was washed with 10% KOH solution (50 x 3 ml) and 
saturated NaCl solution containing dilute HC1. The organic layer was dried 
over MgS04 and the ether removed by vacuum evaporation. The pale-yellow oily 
residue (86.06 g) was distilled to yield a colorless oily substance under 
reduced pressure (120-122°C/6 mm Hg) . The yield was 73.0 g (70%).
'H-NMR (60 MHz, CDC13, ppm): 1.26 (t, 3H), 3.80 (s, 3H), 4.20 (q, 2H), 4.60 
(s, 2H), 6.70-7.00 (m, 4 Harom ).
IR (film, cm'1) : 2975 (C-H), 1753 (OO), 1597 (C=C), 1499, 1458 (C-H of CH3 
and CHj), 1253, 1203 (C-0-C), 744 (= C-HaroItK ) .

5.2.2 Preparation of p-hydroxy ester, 4B

The procedure for preparing the p-hydroxy ester 4B and 4A were the same.

The desired compound was obtained at a 16% yield and showed the following 
spectroscopic analyses:

13



'H-NMR (60 MHz, CDC13, ppm): 1.20 (t, 3H), 3.65-3.70 (2s, 6H), 4.20 (q, 2H), 
4.60 (m, 1H), 5.12 (m, 1H), 6.80 (s, l H ^ ^  ), 6.90-8.20 (2 m, 12Harom ).
IR (film, cm'1) : 3500 (O-H), 1745 (C = 0), 1598 (C = C), 1260 (C-O-C), 870 (= 
C-H), 752 (= C-H).
GC-MS (230°C) the major peaks of the chromatogram are M+ = 89, 136, 124, 157 
and 210.

5.2.3 Preparation of a-(3-methoxy-4-hydroxy) a-hydroxy-p- (2- 
methoxyphenoxy) propanol, 5B

A 70% yield of the p-hydroxy propanol 5B was obtained, using a procedure 
similar to that for 5A . Analysis confirmed that the diol 5B is identical to 
5A. The overall yield of Synthesis B was 7.8%.

5.3 SYNTHESIS C (Landucci et al., 1981)

5.3.1 Preparation of 3-methoxy-4-benzyloxyacetophenone, 3C

A mixture of acetovanillone (23.40 g, 131 mmoles), benzyl bromide (26.60 g,
155.6 mmoles, 18.44 ml) and powdered potassium carbonate (19.50 g, 55.0 m- 
moles) in anhydrous acetone (300 ml) was refluxed for 3 hours while stirring 
magnetically. The acetone solution was then separated from the potassium 
carbonate by filtration. The filtrate was evaporated under vacuum and the 
resulting crystals were washed several times with small amounts of cold 
petroleum ether. The crystals were then dried at room temperature under 
vacuum. The yield was 96% (34.7 g) .

Analysis (C,H): calculated: 74.98%, 6.29%
found: 74.82%, 6.34%

"H-NMR (60 MHz, CDC13, ppm): 2.45 (s, 3H of CH3), 3.80 (s, 3H of 0CH3), 5.20
(s, 2H), 6.80 (s, lHar.Qm> ), 7.25 (m, 5Harnni ), 7.45 (m, 
IR (KBr, cm'1) : 1680 (C = 0)
m.p. : 84-86°C (85-87°C , Landucci et al., 1981).

2Hlarom. )

5.3.2 Preparaton of 3-methoxyoxyacetophenone, 4C

A solution of 3-methoxy-4-benzyloxy acetophenone (18.5 g, 72.3 mmoles) and 
carbon tetrachloride (300 ml) was transferred to a 1 litre separatory funnel 
and nitrogen gas slowly bubbled through the solution. The nitrogen flow was 
temporarily discontinued and bromine (12.40 g, 74.5 mmoles) dissolved in CC14 
(25 ml) added quickly. As the dark red solution was shaken for 1 minute a 
precipitate began to form. Nitrogen flow was immediately renewed and the 
sides of the vessel were washed with chloroform (100 ml).

In approximately 40 minutes the solution faded from dark red-orange to a 
clear pale-yellow. At this point the mixture was neutralized with a 
saturated sodium bicarbonate solution (100 ml). The carbon tetrachloride

14



phase was separated off and dried with anydrous MgS04, before evaporation 
under vacuum.

The resulting crystals were washed several times with small amounts of cold 
methanol and dried under N2 (21.3 g, 84%) .

"H-NMR (60 MHz, CDC13, ppm): 3.80 (s, 3H of O Œ 3), 4.30 (s, 2H of CHjBr), 5.20 
(s, 2H of 0-OV-), 6.80 (s, I H ^ ojjJ ,  7.20-7.50 (2m, 7Harom ).
IR (KBr, cm'1): 1685 (C = 0), 1420, 1230 (CÎ -Br) 
m.p. : 100-102°C (lit. 98-102°C) .

5.3.3 Preparation of 3-methoxy-4-benzyloxv-a (2-methoxy-phenoxy) 
acetophenone, 5C

3-methoxy-4-benzyloxy-a-bromoacetophenone (17.2 g, 51 mmoles), guaiacol (6.32 
g, 51 mmoles and powdered potassium carbonate 7.04 g, 51 mmoles) were 
refluxed in acetone (150 ml) for 4 hours. The acetone was removed by vacuum 
evaporation. The resulting yellow crystals were washed several times with 
small portions of petroleum ether and dried under N2 (11.3 g, 61%). The 
compound obtained showed the following spectroscopic and elemental analyses:

Analysis (C,H): Calculated: 73.00%, 5.86%
Found: 72.93%, 5.76%

"H-NMR (60 MHz, CDC13, ppm): 3.40 (s, 2H), 3.75 (s, 3H), 3.85 (s, 3H), 5.15 
(2H), 6.80 and 7.35 (2m, 1311^^)
IR (KBr, cm'1) : 2926 (C-H), 1687 ‘(C = 0), 1597 (C = C), 1507, 1458, 1417 (C- 
H), 1253, 1015 (C-0-C), 805, 744 and 695 (= C-H). 
m.p.: 97-99°C (lit. 96-101°C) .

5.3.4 Preparation of 3-methoxy-4-benzyloxy-g-(2-methoxy-phenoxy) fl- 
hydroxypropiophenone, 6C

A mixture of 3-methoxy-4-benzyloxy-a-(2-methoxy phenoxy) acetophenone (13.00 
g, 34.4 mmoles), formalin (6.11 ml, 74.9 mmoles), powdered anhydrous 
potassium carbonate (0.612 g, 14.44 mmoles) and 95% ethanol (63 ml) was 
stirred magnetically at room temperature for 16 hours. When TLC (silica gel 
TI£, 20% ethyl acetate-hexanes) indicated that the product formation was 
almost conplete, the mixture was cooled for a few minutes and the ethanol 
removed by vacuum filtration. The solid was washed well with small portions 
of water to remove any remaining formaldehyde and K,C03. 12.00 g of the
desired compound were obtained (84% yield).

Analysis (C^AC,H) : Calculated: 70.56%, 5.92%
Found: 68.96%, 6.20%
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XH-NMR (60 MHz, CDC13, ppm) : same as 5A
IR (KBr, cm'1) : 3482 (0-H), 294 (C-H), 1663 (C = 0), 1589 (C = C), 1499, 1458, 
1417 (C-H), 1269, 1138, 1023 (C-O-C), 744, 695 (= C-H) 
m.p. : 101-103°C (lit. 102-106°C)

5.3.5 Preparation of a- (3-methoxy-4-benzyloxy) -a-hydroxy-g- (2-methoxy 
phenoxy) propanol, 7C

Sodium borohydride (0.60 g, 15.8 mmoles) was added to a suspension of ketol 
6C (12.0 g, 29.4 mmoles) in ethanol (80 ml) and the mixture was stirred at 
room temperature for approximately one hour, during which, both the ketol and 
the borohydride dissolved. The solution was allowed to sit overnight, then 
diluted with water (at 0-5°C) and extracted three times with chloroform. The 
chloroform soltuion was dried over MgS04 and evaporated, giving a colorless 
viscous syrup (11.4 g) . This material could be crystallised from MeOH (80%) .

Analysis (C^Og.HjO, C,H) : Calculated: 67.28%, 6.59%
Found: 66.66%, 6.11%

IR (KBr, cm'1): 3435 (0-H), 2926 (C-H), 1605 (C = C), 1507, 1450 (C-H), 1261, 
1135 (C-O-C), 892, 752 (= C-H) 
m.p.: 103-105°C.

5.3.6 Preparation of a- (3-methoxy-4-hydroxy) -a-hydroxy-ft- (2— methoxy 
phenoxy) propanol 8C

The colorless oil of 7C (11.4 g, 35 mmoles) was dissolved in THF - HjO (60-8 
ml) containing 2.0 g of 5% Pd/C and shaken at room temperature under hydrogen 
(2 atm) for 5.5 hours. The hydrogen pressure dropped and remained constant. 
After confirmation of the disappearance of the starting material by TLC, Pd/C 
was filtered off and washed with THF.

The THF soluiton was dried over anydrous magnesium sulfate and evaporated 
under vacuum, leaving a foaming substance (9.0 g) . Two (2) g of this foaming 
substance gave 0.9 g crystals, 45%.

Analysis (C17HZ006.H2O, C,H) : Calculated: 60.35%, 6.55%
Found: 60.83%, 6.19%

^-NMR (300 MHz, CDC13, ppm) : 3.43 and 3.46 (2d, 1H), 3.84 and 3.86 (2s, 6H), 
3.88 (m, 1H), 4.12 (m, 1H), 4.94 (d, 1H), 6.80-7.03 (m, 7Harom ).
IR (KBr, cm'1): 3418 (0-H), 2943 (C-H), 1597 (C = C), 1507, 1458 (C-H), 1261, 
1031 (C-O-C), 826, 744 (= C-H). 
m.p.: 93-95°C, lit. 94-95°C.
Overall yield for Synthesis C: 14.80%.
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5.4 SYNTHESIS D (Hiquchi et al., 1975)

5.4.1 Preparation of 3D

Identical to 5.2.1, substituting ethyl bromo-acetate for ethyl chloracetate. 

5.4.2. Preparation of 4P

Identical to 5.1.3, substituting benzyl vanillin for benzoyl vanillin.

The yield was 72%. The spectroscopic and elemental analyses confirmed that 
the desired product was obtained.

Analysis (C,H): Calculated: 69.01%, 6.24%
Found: 68,83%, 6.05%

'H-NMR (60 MHz, CDC13, ppm): 1.20 (t, 3H), 3.70 (s, 3H), 3.80 (s, 3H), 4.15 
(q, 2H), 4.70 (d, 1H), 5.20 (d, 1H), 6.70-7.00 (m, 7Harom. ), 7.20-7.50 (m, 
5Har0m.) for erythro diastereoisomer.

IR (KBr, cm"1) : 3492 (O-H), 2943 (C-H), 1745 (C = 0), 1597 (C = C), 1515,
1499, 1450 (C-H), 1277, 1261, 1138, 1056 (C-0-C), 857, 752, 695 (= C-H). 
m.p.: 78-80°C.

GC-MS (230°C) : The major peaks of the chromatogram are M" = 210 and 242. The
compound decomposed completely at 230°C.

5.4.3 Preparation of 5D

The compound 5D was obtained in 87% yield by a procedure similar to that used 
for 5B. The spectroscopic and elemental analysis were identical to that of 
1C.

5.4.4 Preparation of 6D

This procedure was identical to 5.36 and similar spectroscopic and elemental 
analyses were obtained for 8C. The overall yield for Synthesis D was 19.7%.

5.5 SYNTHESIS E

5.5.1 Preparation of 3E

Identical to 5.3.1, except that ethyl chloracetate is substituted for benzyl 
chloride.
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5.5.2 Preparation of 4E

Butyl lithium in hexane (90 ml of 1.6 M solution, 142 mmoles) was injected 
with a syringe into a solution of diisopropylamine (19.4 ml. 142 mmoles) in 
THF (150 ml) at -78°C, under a nitrogen atmosphere. The mixture was stirred 
magnetically at -40°C for 30 minutes, whereupon ethyl (2-methoxy phenyl) 
acetate (12.50 g, 59.5 rrmoles) in THF (40 ml) was added. The mixture was kept 
at -40°C for 1 hour with magnetic stirring. After cooling to -78°C (dry-ice 
bath), vanillin (9.04 g, 59.5 mmoles) in THF (20 ml) was added.

The mixture was stirred at -40°C for 5 hours and at 0°C for 1 hour. Then, the 
reaction mixture was acidified (pH = 4) with IM HC1. The organic layer was 
separated and the aqueous layer extracted with ethyl acetate (3 x 100 ml).
The combined organic layers were washed with NaCl solution and water, 
followed by drying over MgS04 and removal of the solvent under vacuum. Yield 
of crystals was 5.3 g (24%).

Analysis (C,H): Calculated: 62.98%, 6.12%
Found: 63.09%, 6.33%

'H-NMR (300 MHz , CDC13, ppm): IB (t, 3H), 3.84 (s, 3H), 3.87 (s, 3H), 4.10 (q, 
2H), 4.71 (d, 1H), 5.11 (d, 1H), 6.82-7.05 (m, 7HarQm>).

IR (KBr, cm'1): 3484 (0-H stretch), 2957 (C-H), 1753 (C = 0), 1605 (C = C), 
1515, 1466 (C-H, sym. bending), 1270, 1245, 1179, 1064 (C-0-C), 769, 744 (= 
C-H) .
MS-CI: 362 (M+, i 0.3), 345 (1̂  + 1 - HjO), 221 (345-124), 177 (221-44), 149
(177-C0), 124, 123. 
m.p.: 134-136°C.

5.5.3 Preparation of 5E (a-(3-methoxy, 4-hydroxy) -a-hydroxy-fr- (2-methoxy 
phenoxy) propanol

This corrpound was prepared from 4E by a similar procedure to 5.4.3 and the 
yield was 50%. Identity of the corrpound 5E was established by 300 MHz, 1H- 
NMR, IR and MS-CI.
1H-NMR (300 MMHz, CDC13, ppm): identical to 5.3.6.

IR (KBr, cm'1) : 3468 (0-H), 2943 (C-H), 1605 (C = C ^ ^  ), 1507, 1487 (C-H of 
CH3), 1253, 1130, 1031 (C-O-C), 744 (= C-H) .

MS-CI: 320 (M+, i 0.9), 303 (M+ + 1 - H20, i 44), 285 (303-^0, i 42), 273 
(285 + 2 - CHj, i 41), 150 (273 - 123, i 100), 124 (guaiacol, i 17) .

Overall yield for Synthesis E (1E-5E) was 8.4%
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5.6 SULFONATION OF THE MODEL COMPOUNDS PRODUCED IN SYNTHESIS E

5.6.1 Preparation of 6E and 7E

A mixture of 5E (5.76 g, 18 mmoles) and an aqueous NaHS03-S02 solution (50 ml) 
at pH = 3 and a total S02 content of 10% was heated in a sealed vessel for
5.5 hours at 135°C. Na+ was removed by filtration through a cation exchange 
resin (Amberlite IR-120) and excess S02 was removed by concentrating the 
filtrate under reduced pressure. The resulting solution was neutralized 
with NH40H, filtered, and concentrated in vacuum to a volume of 10 ml. 
Addition of methanol (10 ml) followed by ethyl ether to the clear filtrate 
produced an oily precipitate. After 20 hours, the solvent was decanted, and 
the solid washed with ether. The yield was 4.2 g (68%) for the crude 
ammonium sulfonate.
m.p. : 213-215°C (At 165-170°C the compound turned yellow) .

6.0 RESULTS AND DISCUSSION
The use of an appropriate lignin model compound is crucial in lignin 
research. Lignin model compounds are not commercially available and 
therefore must be prepared in the laboratory. Thus, the obvious criteria for 
choosing the most suitable synthesis for such compounds are simplicity of 
preparation and ease of purification.

The aldol type addition reaction is the key step in almost all of the 
syntheses known for the diol model conpound, which we have selected for 
study. The basic differences between the procedures are the techniques used 
to stabilize the addition product, which is generally less stable than either 
reactant. This is normally done by utilizing low temperature. At 
sufficiently low temperatures and in non-polar solvent systems a metal cation 
can form a stable chelate with the addition product, thus inhibiting the 
reverse reaction (House et al., 1974).

Higuchi et al. (1975), employed this concept by pre-forming the enolate with 
a lithium amide base and then adding the electrophilic carbonyl component 
very slowly at -78°C.

Following this procedure on a large scale and with similar compounds, Hise, 
Chen and Gratzl (1985) obtained only very poor yields. Thus, our first 
synthetic path (A) was a method similar to Higuchi's procedure, shorter than 
previously reported and with an easily removed protecting group in the para 
position.

The compound 3A was obtained in a reasonable yield, 82% of the product 
melting at 115-117°C. The structure was determined by 1H-NMR and IR spectra.

19



The compound 4A, which is a (3-hydroxy acid is expected to cleave into 
compounds 3A and 3'A by a retro aldol condensation. Thus, the compound 4A 
was obtained by a condensation reaction of benzoyl vanillin and conpound 3A 
obtained from chloracetic acid and gluaiacol, commercially available and 
inexpensive compounds.

Unfortunately, the condensation reaction, the key of this synthesis, both at 
low and high tenperatures gave a very low yield, 10% (pure product) . The 
condensation reaction between the carbanion and the carbonyl of the benzoate 
competes with the expected reaction. If desirable, the mixture of the 
diasteroisomers (erythro and threo) of 4A can be separated by column 
chromatography (flash chromatography) using silica gel Merck Kieselgel 60 
(230-400 mesh).

The last step, the reduction of the acid and the "deprotection" of the 
hydroxyl was the most important step. The best conditions involved THF as a 
solvent, with reducing conditions at 50°C for 5 hours. The final conpound 
was not crystallized for this synthesis.

At the same time, the Synthesis B was started. The compound 3B was 
synthesized in quantitative yield following the procedure in the literature 
(Higuchi et al., 1975). The identity of the oily product, obtained in 70% 
yield, was determined by NMR and IR spectra. The disadvantages of the 
condensation reaction step were the same as described for Synthesis A. The 
yield of the crystalline product was 16%. The crude product was more readily 
subject to purification. Yield for the reduction and "deprotection" step was 
70% for the mixture of diastereoisomers.

The overall yields for Syntheses A and B (5.3 and 7.8) were too low for a 
preparative synthesis. Thus, other methods for the preparation of the model 
compounds were examined which would have the higher yields required for 
kinetic and applied adhesive tests.

Syntheses C and D were investigated concurently. Method C is the first 
reported synthesis (Adler et al,, 1952; Adler and Erikson, 1955). The method 
was subsequently modified by Landucci et al., (1981) in an attempt to improve 
the yield.

The benzylation of acetovanillone, 1C, with benzyl bromide in the presence of 
potassium carbonate gave a 96% yield of product 3Ç, which melted at 84-86°C. 
The a-bromination of 3C was conducted in carbon tetrachloride (CHC13 using 
the methods described by Adler and Erikson, 1955; Kratzl et al., 1959) . A 
side product was obtained which could have been a dibromo compound. For this 
reaction Landucci et al., 1981) suggested that an unstable intermediate may 
be formed which would then lose HBr to give a bromoenol, followed by 
rearrangement to the stable keto form. The high yield (84%) could be a proof 
of this explanation. The literature (Landucci et al., 1981) reports a 69% 
yield. The nucleophilic displacement of the bromine atom in 4C by the
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guaiacoxy anion gave a lower yield (61%) than that reported in the 
literature. A stoichiometric amount of guaiacol was used but not all the 4C 
material was reacted.

The condensation of formaldehyde with 5C was similar to previous reported 
syntheses. The yield for this reaction was 84% and the compound melted at 
97-99°C.

The reduction of the ketol 6C in the presence of sodium borohydride was 
similar to the procedure reported by Adler and Erison, (1955) and Kratzl et 
al., (1959) . The presence of 2% HjO appeared to be important to the yield of 
this reaction. In the absence of water, the desired product 7Ç, was 
partially dehydrated. With reasonable care, an 80% yield could be obtained.

The hydrogenolysis of 7C to 8C in the presence of palladium on charcoal was 
the most inconsistent step in this synthesis. THF-HjO was the best solvent 
system. The highest yield obtained was 45%. The overall yield of this 
synthesis was 14.8%. This synthetic method required many reaction steps 
(six) and where the starting material is acetovanillone the overall yield is 
medium.

Synthesis D was proposed by Higuchi et al., (1975). The compound 3D was 
obtained in quantitative yield by the reaction of ethyl bromoacetate with 
guaiacol at room tenperature in the presence of potassium carbonate and 
potassium iodide. The absence of potassium iodide decreases the reaction 
rate. The compound 3D was purified by distillation.

The reaction for the formation of 4D goes forward in two stages, synthesis of 
carbanion followed by condensation between the carbanion and the aldehyde to 
yield the product shown in Figure 6.

The product of this reaction was a mixture of geometrical isomers and the 
yield was 72%. Self condensation was minimized by maintaining the reaction 
temperature, as low as possible, -78°C. The erythro isomer crystallized out 
(40%) and the mother liquor containing the isomeric mixture was purified by 
silica gel column chromatography using chloroform as the eluant. Yield of 
the pale-yellow isomeric mixture was 32%. The p-hydroxy ester 4D was reduced 
with lithium aluminum hydride to the compound 5D in almost a quantitative 
yield. The final compound 6D was prepared by catalytic hydrogenation with a 
50% yield. The identity of the compound 6D was determined by NMR and IR 
spectra. The overal yield of the Synthesis D was 19.7%.

The fifth synthesis required only three steps and excluded steps which were 
difficult and expensive. The key step in this synthetic method was the 
condensation reaction between ethyl 2-methoxy phenoxy acetate, 3E, and 
vanillin. The best yield was obtained with 2.2 equivalents of the lithium 
diisopropyl amide base. The (i-hdyroxy ester 4E was obtained as crystals in 
24% yield (white needles, m.p. 134-136°C) .
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When the reaction was carried out at -78°C, the yield of the compound 4E was 
18%. Unreacted starting material was found, however, no self-condensation 
product could be detected. When the temperature was increased to -40°C for 
the both steps, the yield of the pure product was 24%. The 300 MHz XH-NMR 
spectrum showed the presence of the erythro isomer.

The reduction of 4E to 5E with LiAlH, gave about a 50% yield of the final 
oily poduct, which was a mixture of diastereoiscmers. The structure of 5E 
was confirmed by 300 MHz 1H-NMR, IR and mass spectrometry (MS-CI) . The 1H-NMR 
spectra of 4E and 5E (Figure 8) show traces of ethanol (solvent) at 1.18 (t) 
and 3.58 (d) . The ^-NMR data are given in Table 1. Figure 9 shows the IR 
spectra of 4E and 5E.

Table 1
1H-NMR Data for Lignin Model Compounds

S/ppm vs. IMS
Compound Ha Hp H7 ! H 7 2 ortho meta

4E 4.71 5.11 - - 3.84 3.87

5E 4.94 4.12 3.43 - 3.46 3.88 3.84 3.86

The sulfonate derivatives 6E and 7E were prepared following procedures 
described in the literature (Adler and Yllner, 1953; Glasser et al^, 1973). 
The slow sulfonation reaction of diol I (5-6 h) in comparison with veratyl 
glycerol or vanillin alcohol (Adler and Yllner, 1953) (3 hours) is probably 
because the (3-position sterically hinders substitution on the a-cafbon atom. 
At a pH below 2.5, the sulfonation reaction left a residue which tested 
P°sitive with phenol reagents such as ferric chloride or diazotised 
benzidine. The phenol group on this residue may be formed by the fission of 
the aryl ether linkage in the ^-position.

The crude yield of sulfonation product was 68%. Analyses and studies of the 
reactivity of sulfonated compounds constitute the second phase of the 
project.
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Figure 8. "H-NMR Spectra of Compounds Isolated from Synthesis E
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Figure 9. IR Spectra of Compounds Isolated from Synthesis E
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7.0 OCNCUJSICNS
The main reaction in synthesis of the lignin model compound I is the aldol- 
condensation step. Synthesis E is the least expensive procedure (Table 2).

Table 2

Comparison of the Five Methods

Synthesis
No.
Steps Time

(h)

No.
Compounds Used Overall Yield 

(%)

A 4 33 10 5.3
B 4 391 10 7.8
C 6 53 15 14.8
D 4 311 13 19.7
E 3 191 10 8.4

1 The condensation reaction between guaiacol and ethyl choroacetate (or 
ethyl bromoacetate) requies 8 hours at reflux temperature.

The lignin model compound contains two hydroxyls, presumably both subject to 
sulfonation. However, when the diol is heated with a bisulfite solution at 
pH 2.5-3.0, only the hydroxyl group in the benzyl position is replaced by a 
sulfonic acid residue (Adler and Yllner, 1953; Glasser et aK, 1973).

8.0 RECCM4ENDATICNS
The studies utilizing the model compound and the sulfonated compound should 
focus on the kinetics of condensation reactions at temperatures between 100- 
200°C.

Miniature particleboard should be used to test the reactivity of these 
compounds in self-condensation reactions and with phenol-formaldehyde.
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