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Gaschromatographic analysis of products of lignin oxidation.

7. Improved procedure for characterization of lignins

X
by methylation and oxidative degradation

by

Magnus ERICKSON, Sam TARSSON and Gerhard E. MIKSCHE
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Surmary - An improved procedure is described for the structural characterization

of lignins by means of methylation and oxidative degradation. Methylation of

the phenolic h,ydroxjrl groups is carried out with dimethyl sulfate-po*bassium
hydroxide in dimethoxyethane-methanol-water (25:35:30) at pH 1l. The methylated
lignin is degraded first at 82° with potassium permanganate~sodium periodate
in diluted sodium hydroxide solution, which contains 15% tert,-butanol, and
then with hydrogen peroxide at pH 9 to 10 (50°). The aromatic carboxylic acids

obtained in that way are methylated with diazomethsne and the principal com-

ponent of the ester mixture is determined quentitatively using gaschromatographic

1
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means. The yields of these esters are characteristic for the respective
structures of lignin. Examples are presented for the oxidative degradation
of lignins digested with sodium sulfide-cobtaining sodium hydroxide solution

("sulfate lignins"), and lignin models are discussed.

In a preceding investigation of this Series we have described a two-stage
degradation of methylated lignin preparations (1b). First, the lignin was oxi-
dized with potassium permanganate at pH 11 to 12; that step yielded a miiﬁure
of arylearboxylic acids and artlglyoxylic acids. In a second oxidative step,
the latter products were transformed into the corresponding arylcarboxylic
acids. The methyl esters of these degraded acids obiained with diazomethane
were separated by gaschromatographic meané and identified by mass-spectrometric
means (i.-e. uging a combined gaschroma‘bograph-—-—mass‘-spectrometer). The wmost

importent breakdown acids (1L ~ 9) could also be determined quantitatively (2e).

COOH COOH

R, CH30 COOH
R, Ry CH;0 R CH40
CH;0 0 COOH CH,0
H R,‘RI=R3=H CH (o} . O
CH,30 0
2 Ry=0CH,, Ry=Ry=H o 3 coon
3 Ry=R3=0CHy, Ry=H 3
& R;=OCHy, Ry=H, R;x<COOH 7 R=H 9
5 Ry:0CHy, R;=COOH, Ry=H & R=0CH,
6

R=Ry=OCHj, Ry=COOH

The degradative procedure outlined in the present paper can be employed
in a versatile mammer in the chemistry of lignins and related natural sub-
stances. One of the possibilities of application is found in the chemotaxonomic
(;ompa;‘ison of lignins of different provenances. For that purpose, the lignin

is first separated by heating the plant material with sodium sulfide-containing
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sodium hydroxide solution ("sulfate digestion"). Methylation and oxidative " 128
degradation of the "sulfate lignin" obtained in this manner, followed by quan-
titative determination of the methyl esters of the most important degradation

acids, leads to a yield ratio of the methyl esters characteristic for the

lignin in question (cf. ﬁable 2). This yield ratio reflects the fractions of .
guaiacyl, syringyl and p-hydroxyphenyl propane structures in the construction
of the lignin in question (lc). The procedure of nitrobenzene oxidation of
lignins used in the past for determination of these particular aspects (cf.
Ref, 2 fér a critical :eview) is inferior to the two-stage oxidative degrada~:
tion to the extent that it tekes into consideration oniy the non—condensed
aryl propane units.

In the comparison of the results obtained in lignins of differént pro-
venances, good reproducibility of the.qqantitative determinations of the break~
down acids is of significant importance. In order to ensure that reproducibility,
we have worked out the experimental conditions for both tﬁe'methylation and the
oxidative degradation. The description of the improvements introduced at the
presegt time as well.as the application of this procedure in several sulfate
lignins and a number of lignin models represent the subjeets of the‘éresent

commmication.

Methylation

Hitherto, methylation of the phenolic hydroxyl groups of lignins has been
carried out in the usual manner viz. by alternate addition oi dimethyl sulfate
and sodium hydroxide solution to a solution of the lignin preparation in aque-
ous dioxane (1b). The degree of effectiveness of this procedure——with regard

to the considerable quantities of dimethyl sulfate and sodium hydroxide
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solution utilized in its course-—is low. Due to the—-at times—large excess
of hydroxyl ions,.we find that the undesired hydrolysis of dimethyl sulfate
ig promoted; the alternate addition of sodium hydroxide solution and dimethyl
sulfate, furthermore, can be arranged in a reproducible manner only with a
large expendi£ure of work. Iﬁ therefore appeared desirable to carry out methy-
lation under optimal conditions, i.e. at the most complete ionization of the
phenolic hydroxyl groups possible and at the lowest concen{ration of hydroxyl
ions possible, These conditions are given when the pH value during methylation
lies within the order of magnitude of the ﬁ& value (about 10) of the phenolic
hydroxyl groups of the lignin.

Stabilization of the pH values during methylation was achieved by addi-

$ion of sodium hydro:dide solution by means of a magﬁetic valve, which was con-

trolled by a glass-~calomel combination electrode coupled with a pH controlling

device. The entire quantity of dimethyl sulfate is added at the start of

129

methylation, and the pH value is kept at 1l, We found a mixture of dimethoxyethane-

methanol-water (35:35:30) to be suited as solvent system for methylation of lignin

preparations and models. At 25% methylation is completed after about 24 hours.
The advantage of this procedure cémpared to the one employed in the past

is found in the very mild conditions for methylation of the phenolic hydroxyl

Eroups. Completeness of.methylation was checked by methylation of model compounds.

Model experiments for methylation

The phenolic Models 10, 12, and 14 were methylated at room temperature
and pH 11 in the wanner just outlined for lignin. The expected methyl ethers
11, 13, and 15 were isolated in high yields. The sole side reaction would have

been the methylation of 5 small fraction of the alcoholic hydroxyl groups of
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vMo&els 10 and 12; among the products §f the methylation reactlons o:é Hodels

12 and 14, we detected only traces of -the starting material (< 0.5%) (gaschro-
ma.'bogréphy and thin-layer ch:coma'bography); in the case of the product o‘b'bain'ed‘
on methylation of Model 10, the quantity of the starting material present was
below the limit of detection. Complete methylation of the two p_,g—disubsti'bnted'

 Models 12 and 14 under these mild conditions is worthy of note. This procedﬁre |
possesses also preparative value for the preparation of methyl ethers of sen-
sitive phenols. Using a slightly modified procedure, it is possibie- to aeyiate
phenolic hydroxyl groups also with carboxylic anhydrides, and to esterify car-

boxylic groups with dimethyl sulfate (3).

CHy0 HCoH OCHs

O D ™
HC—0 HC—©O CHy @
| | RO
HCOH - HCOH  oCh,
RO @
- CH30 - CH30 GCH;3 CHy0 CHR'
OR OR o
10 R=H 12 R=H % R=R=H
17 R=CH, 13 R=CHg 15 R=CHy,R=H
1§ R=H, R'=CHCH;
17 R=CHy,R=CH,CH,

Oxdidative degradation

In the past, the first step oi oxidative degradation was carried out in
the following manner: A diluted solution of permanganate was added in a drop-
wise mamer to a suspension of the methylated lignin in a one per cent sodium
carbonate solution [reaction_tempera'mre for gyunospermian lignins, 100°¢ (lb),
and for angiospermien lignins, 80°C (le)] (1b). Appearance of violet coloration

ten mimutes after the concluding addition of potassium permanganate indicated

O Y ettt sy £ s e
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the end of oxidation. In that procedure, both the drop rate and the duration
of reaction (about gix hours) had to be adjusted to the consuvmption of per-
manganate by the lignin preparation, requiring constant monitoring of the
oxidative process. The reproducibility of that reaction step was impaired by
the difficulty of assessing the excess of potassium permanganate present'at a
glven moment in the solution and, thus, the optimal drop rate. It was also

possible that the large quantities of manganese dioxide formed during the reaction

- would, under certain circumstances, either absorb or envelope undissolved lignin.

Standardization of the procedure of adding potassium permanganate as well
as the prevention of formation of large quantities of mangenese ¢iloxide, thus,
appeared to be desirable., Both these aspecfs hafe been settled on introduction
of the modification of the degradation procedure described next., The second step
of degradation with hydrogen peroxide in weakly alkaline solution was retained
unchanged.,

In alkaline solution I0; oxidizes manganate(V) or menganate(VI) to MnOZ.
The procedure described by Lemieux and Von Rudloff is based on that reactioﬁ,
Niz. cleavage of olefinic double bonds by oxidative means using a weskly alka-
line solut;on of sodium periodate in the presence of catalytic quantities of
potassium permanganate (4). The Lemisux-Von Rudloff procedure has since found
use in the selective oxidation of double bonds.

We have now replaced the permanganate oxidation in the first step of the
oxidative degradation by treatment of the methylated lignin with potassium
permanganate-godivm periodafe'in diluted sodium hydroxide solution at 82°¢.
Using that approach we have been able to both éimplify to a considerable degree
the execution of this degradative step and prevent the formation of manganese

dioxide during the course of oxidation; the permanganate concentration now ig

e ot Enaaie i ¢
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constant during the entire reaction period. A precondition for‘the success -

of oxidative degradation with permanganate-periodate is the employment of
tert.~butanol (15%) as solvent additive., If that addition is omitted,‘we ob~
tain greatly reduced yields_(which, furthermore, are poorly réproducible) of
all breakdown acids. Experiments on the action of potassium permanganate and/or
sodium periodate on several of these breakdown acids revealed that these acids
aré degraded in the absence of fert.-butanol (Table 1). In the presence of
tert.-butanol, on the other hand, these acids are largely stable; foliowing

a period of reaction of six hours, measurable attacks could be determined only
in the cases of trimethylgallic acid (g)»and»meta-hemipinic acid Qi).

The cause bringing about stabilization of the breakdown acids in the
presence of tert.-butanol, perhaps, may be found in the fact that the alcohol
acts as agent capturing hydroxyl radicals or other strongly oxodizing inter--
mediate products. Hydroxyl radicals have been pdstulaﬁed>as prédudts;of OXi~
dation of hydroxyl ions by MnOz (5). According to other authors, the reduction
of MnOz in sodium hydroxide solution requires the presence of transition metal

jons (Go®*, Ni®*; in the present case, probably, present in traces) (6). In

their absence, permanganate is stable also in strongly alkaline solutions (6; 7).

A further advantage of the employment of tert.-butanol as solvent addi-~
tive (8) is found in the increased solubility of the lignin preparation to be
oxidized in the mixture obtained; in thg majority of cases observed, the oxif
dative solﬁﬁion was homogenous either already prior to the onset of oxidation
or after a short period of oxidation.

The overall yields of the most important aromatic breakdown acids obtained

with the aid of this new procedure at a reation temperature of 82°C and a re-

action time of 6 hours were slightly greater than those obtained using the
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Table 1 ~ Stability of breakdown acids under the conditions of oxldative

degradation (six hours at 82°C). Key: 1, Breakdown acids. recovered (in
per cent of the theoretical value); a, Determined gaschromatographically
as methylester; b, Sodium carbonates c, Sodium hydroxide solution; 4,
Precipitate of manganese dioxide during oxidation.

CKMnO, cNaJo, Clert.-Butanol cAlkali @ wiedergewgnnene Abbausiuren ¢
(mMol/l) (mmMol/l) (Vol-%) (Mol/1) (in % d. Th.)
) 2 3 4 5] 7 9

3 30 0 0,12 0 0 30 - - -
0 30 0 0,10 31 30 - - — -
0 30 0 0,14¢ 30 28 59 - - -
3 30 0 0,1¢ 38 31 70 - - -
34 0 0 0,1°¢ 83 61 97 - - -
3 30 15 0,1¢ 96 86 103 - 95 95
3 - 30 15 0,1¢ 98 86 99 83 93 95

Table 2 = Oxidative degradation of several sulfate lignins. Key: 1, Esters
of the breakdown acids; 2, (mg ester per 100 mg Bjoerkman lignin or per 400
ng wood flour, respectively); 3, Wood flour. —— In instances where no
yields are reported in this Table, the yields were below the limits of de~-
tection (0.1 mg per 100 mg Bjoerkman lignin or 400 mg wood Tlour). Yields of
less than 2 mg per 100 mg Bjoerkman lignin are given with an accuracy of
0,05 mg; yields exceeding 2 mg per 100 mg Bjoerkman lignin are given with an
accuracy of 0,1 mg; the corresponding is valid for the yields from wood flour
(per 400 mg). :

Lignin @ Ester der Abbauséuren
®) (g Ester per 100 mg Bjérkman-Lignin oder 400 mg Holzmehl)
1 2 3 4 5] 6 7 8 9
Pit_:ea abies 0,5 214 0,15 6,1 0,55 —_ 1,75 - 3,6
(Bjorkman-Lignin) 0,5 206 015 6,0 055 — 1,73 - 3,9
0,5 21,1 o015 58 055 — 1,6 - 4,0
Picea abies 0,5 213 045 59 06 - 1,656 — 34
(Holzmehl) -(® ’
Torreya nucifera 0,7 23,6 - 6,8 0,7 - 29 — 5,9
(Holzmehl)—(®) 0,7 23,1 6,7 0,5 - 2,6 - 5,9
Taxus baccata 0,6 20,1 5,9 0,6 - 2,4 - 5,8
(Ho]zmolll)_@ 0,5 21,0 - 6,2 0,5 - 2,5 - 5,9
Quercus robur -. 58 15,8 1,0 0,2 0,25 0,25 0,95 0,45
(Holzmohl)@ :
Syringa vulgaris - 5.7 11,6 1,2 0,15 0,15 0,3 1,4 0,75

(Holzmehl.G3)
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earlier procedure (1b). In breakdown experiments—not deseribed further in

the present paper-—using methylated~su1fate>1ignin of white bireh (Betula

verrucosa) obtained by sulfate cooking of Bjoerkman lignin, it was found that

the oxidative breakdovm of that lignin, in essence, was completed after.a re~
action time of four hours; prolonged reaction times—of five and six hours—
led to only insignificant increases of breakdown acids.

Several results of oxidative degradatioh of sulfate lignins, obtained
with the aid of our improved methylation and degradation procedures, are pre-~
sented in Table 2, The sulfate lignins were obtained by means of sulfate cook-
ing of Bjoerkman lignin (pine) and of the extracted wood flour (ef. in Experi-
mental) of several gymonsperms and angiosperms. In several instances, we have
carried out double and triple determinatioms; these experiments demonstrate
the reproducibility of the results obtained with the aid of these breakdown

procedures.

Model experiments on oxidative breakdown '

In order to determine in some greater detail the behaviors of the most
important structural types of lignin, we have subjected a series of model sub-
stemces representative for these structures to oxidative degradation with al-

kaline potassium permanganate-sodium periodate, followed by treatment with

132

hydrogen peroxide., Kodels with free phenolic hydroxyl groups-——with the exception

of NModel 26—-were mefhylated with dimethyl sulfate at pH 11 prior to degrada-
tion. The yields of methyl esters of breakdown acids 2, 3, 4, and 9, determined
by gas-chromatographic means, are presented in Table 3.

liodels of the guaiacyl propane type, on average, gave somewhat greater

yields than those of the syringyl propane type. As already mentioned, that
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Table 3 - Oxidative degradation of lignin models. Yields (in per cent of the
theoretical value) of the methylesters of the breakdown acids 2, 3, 4, and 9
(determined by gaschromwatographic means). Key: 1, llodel; 2, Breakdown acid;
3, Yield of methylester; a, Probably formed from a contaminant of 26 by

5,5 '~dehydro-diveratum aldehyde (27% .

——

© Modelt , 13 17 19 21 23 23 2
@ Abbausaure 3 9 4 3 2 3 3 3
@\“I‘gﬁﬁi‘l‘gftjr” 74 6 2 718 6 68 70 77
© Modell 26 28 31 3% 35 31 39
@ Abbhausiure 4 9@ 2 2 2 2 2 4 3
3) ﬁﬁ:ﬁ;‘l‘:ft an 70 2 60 86 86 91 89 16 715

finding uay be attributed to the slow degradation of trimethylgallic acid (3) 133

during oxidative breakdown. Models with benzylic oxygen function or ring-con-

——i et ¥ s ¥ wfaeme ¥ Tl SaTie ! e

very good yields to the corresponding carboxylic acids. Models without benzylic
oxygen function (CHz group)—viz. Compounds 17, 21, 23, and 28—gave the expected

breakdown acids in lesser yields, which, however, could still be described as ?

g00d.
i ‘l:“a CHy .
CH;0 CHO ‘
i s NS ‘
co CH, CHR' RO |
¢ Be
N
CHy0 OCH; CHy0 CH;0 OCH; CH,0 CHO
OR OR
19 R=CHy 21 R=CH; 23 R=CH,, R=H 27 R=CHy

2 R=H, R=0H

|

OR

18 R=H 20 R=H 22 R=H, R=H 26 R=H
25 R=CH;, R'=0OH
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In the case of 5,5'-dehydro-divanilline monomethylether (_2_6_3_), the un=-
etherified ring was completely opened on oxidation; the same should occur :Ln'.‘
the case of rings of lignin having a phenolvic b;ydi‘oxyl group as aroxyl residue
in the etherified form in arylglycerol-fF-aryl ether structures (the type of

Model 12).

? Hz?OH HZ(I:OH
H?“o e HC OR
CH
2 OCHa [ofe] 0CH3 HCOH OCH
°H3OCH CH;0 CHy0
30 CH 0 OR
28 R=CHOH K
32 R=H
29 R= COOH 33 ReC
= = H3
30 R= COOCH,

While the Cz bridge in the dipheﬁylethane, 33, and in the stilbene, _3_7,
is cleaved during oxidative degradation——-ﬁith good yields of ‘the corresponding
breakdovn acids—we find that the ¢ bridge in diphenyl methane structures is
largely stable under the conditions of oxidative degradation (as long as 'Ehe
phenolic hydroxyl groups in the two rings are present as me‘t:hyl ethers). The
lignin models exhibiting diphenyl methane structures (iQ, 44, 48, and _b;g) yieléed
the breakdown acids 2 and _z_l_ or 2 and 5, respectively, only in small quantities

(Table 4). That finding must be attributed to the fact that these breakdown

acids can be. formed only on complete oxidative breakdown of one of the two rings.

CHaCH,CH,0H CHZCH,CH,0H
1
" HOM,C
2 ‘Hf/ﬁ" OCH; He OCH;
HC-—0 HC OR
CHy0
CH,0 CH,0
OR OR
3¢ R=H 36 R=H.
35 R-CH, 37 R’CH3

PR

+ ey
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Table 4 - Oxidative degradation of lignin models with diphenyluethane
structure. Yields (in per cent of the theoretical value) of methylesters
of breakdown acids 2, 4, and 5 (determined by gaschromatographic weans) .
Key: 1, liodel; 2, Breakdown acid; 3, Yield of methylester.

® Modell 40 44 48 54

(© Abbausiure 2 5 2 4 2 5 4
Ausbeute an .
@.\Iethylester 8 4,5 10 13 7 10 6,5

The mixture of breakdown products of Models 40 and 44, following wethyl-
ation with diazomethane, exhibited in the gas-chromatogram several heavy |
volatile components in addition to small quantities of the methyl esters of
breakdown acids 2, 4, and 5; one of these components always predominated (42,
yield approximately 30%;.46, yield approximately 60%0. We are dealing here with

the methyl esters of the monocarboxylic acids 41 and 45, which arose on degra-

dation of the propyl side-chains of 40 and 44, respectively; in both cases, the

ethyl residue on the bridge carbon remained intact, In addition, we have re-

covered 6-veratroyl veratrumic acid (49, from 40; yield approxima'bély 5%), the
lactone 59 (fron 40; yield approximately 10%), and 5-veratroyl veratrumic acid
Q)l, from 44; yield approximately 5%); in addi‘bion, we have in both cases ob-

tained several unidentified breakdown acids in small quantities. The crude

CH;0 OR OR
CHO CH;0 CHy0
OCH;
_0
CHCH,CH, CHCH,CH, HC—CH :
R RO CH4CH,CH CHZ0H
CH;0 CH;0 R OR
CH;0 CH;0
40 R=CHyCH;CHy 43 R=xH, R'=CH,CH,CH, 47 R=H
41 R=COOH 44 R=CHj, R=CH,CH,CHy 48 R=CH,
42 R=COOCH, 45 R=CH,, R=COOH

46 R2 CH;, R=COOCH,
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CHO CHy
CHO . CHO
o co
COOR CHP
CHyO CH;0 COOR
CHO
49 R=H 51 R=H 53
50 R=CH, 52 R=CH; 54
?Ha 55
CHy0, OCH, -~ 36
3 ‘f”z : .57
CH,0 ? OCHj 58
0-c0
59

R =CHjy, R'= CHyCH,CH;, REH

R =CHy, Rz CH,CH,CH,, R=CH,
R=CH,, R'=COOH, R CH,
R=CHj,, R'=COOCH,, R=CH,
R=CO, R'=COOH, R’CH;
R=C0, R'=COOCH,, R=CHy

dimethyl ether 48 obtained on methylation of Model 47 also yielded several

heavy volatile breakéown products in addition %o the methyl esters of 2_, B,

and 49; these products, hbwever, were not investigated further.

Compound 53 is a model for the diphenyl methane structures formed -during

alkaline degradation of lignin on condensation of guaiacyl propane structures

with formaldehyde. Its methyl ether, 54, yielded the expected iso-hemipinie

acid (i) in small yield; the incompletely degraded acids 55 and 57 (principal

product) predominated among the products of degradation.

It must be assumed that, at least, a part of the units of 1ign;in yielding

. the iso- (4) end, in particular, the meta-hemipinic acid (3) as well as the

3444 5-trimethoxyphthalic acid @) (not treated further in the present paper) _

is present as structures of the 'i:ypé of Compounds 40 and 44. For that reason,

we must regard the values for the corresponding condensed structures of lignih

calculated on the basis oi these breakdown acids as lower limiting values (cf,

Ref. 1°)¢
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The oxidative degradation of Model 28 led to formation of carboxylic
acid 29 (at a yield of about 25%) in addition to veratrumic acid (2; cf.
Table 3). In conjunction with the afore-outlined demonstration of the formation
of Acids 41, 45, and 55 from Models 40, 44, and 54, that finding indicates that
the oxidative degradation of the aliphatic side~chains of models and also of
lignin, may under certain circumstances be subjected to steric hindrance. The
propyl side-chains of Models 21 and 23, which are freely accessible to the
attack of the oxidative agent, were completely degraded, Degradation of satu-
rated alkyl residues probably is initiated by hydroxylation of the benzylic C
atom by MnOz (cf. Ref. 7); this pathway of degradation is supporied by the
mass~-spectrometric demonstration of the_laetone.gg as product of degradation
of 40.

The strﬁctures'of'breakdown acids 29, 41, 45, 49, 51, 55, and 57 have

been derived from the mass~spectra of the corresponding methyl esters (gg, 42,

46, 50, 56, and 58).

Experimnental

Translator's note - Since the authors have made use of numerous abbreviations,
I have employed the corresponding standard abbreviations used in Chemical
Abstracts (1975). Non-standard abbreviations, like rel. int. (relative in-
tensity) will be defined below on first use. V.N.N.

Methylation

Preparation of plant material. Sulfate cooking - The dried plant material

roughly reduced to small piecés was-—éuépended in toluene—finely ground in a
small vibration (swing) will (wamufactured by McCrone Research Associates,
Tondon) . Grinding time: 30 minutes at room temperature; grinding body made of

sintered corundum; grinding vessel made of polypropylene. The material to be

e e
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ground was extracted in a Soxhlet apparatus for 24 hours with benzene-ethanol
(2:1) and for 24 hours with 95% ethanoi. The material was then passed through
a sieve; only a smell portion was retained on a 45-mesh screen. The finely
ground main fraction was used for sulfate digestion. For the procedures used
in sulfate digestion, cf. Ref.‘lc.

Methylation -~ Methylation was carried out in a vessel made of Pyrefa glasss
the lower part of this vessel was formed in a manner ensuring that—at a liquid
quantity of 10 ml.——the electrode head is dipped, by means of a magnet rod
(Tefloﬂ®), to an adequate extent into the mixed fluid. The combination electrode
(glass calomel electrode No. GK 2302, manufactui'ed by Radiometer, Copenhagen)
was introduced by way of a tube attached at an angle on the side; & flange 1id
with four passage openings permitted introduction of the inert gas (Né), of the-
liguor, and of dimethyl sulfate, and pressure equalization, respectively. The
liquor was added by means of a magnetic valve (MNV 1, Radiometer), which was
controlled by a pH controlling device (TTT1 or TTT2 'titraton' Radiomete;).

The tubing system for the liquor, which was kept in a ~O-ml. measuring cell,
was made of Teflon (internal diameter: 1 mm), with the exception of a short
piece of natural rubber for the magnetic valve. The outlet openings for the
mother liquor must be located beliow the surface of the ligquid close to the
electréde head, in order 1o ensure a ldw pH bénd widtﬁ at a 1owér pH 1imiting.
value of 1ll.

The solution of 80 mg of Bjoerkman lignin (or éulfgfe 1igﬁin from 50 ﬁg
of Bjoerkman lignin or 200 mg of wood flour, 25 mg of the model substances,
and 10 mg of the case of Model 47, resp.; all test samples, with the exception
of wood flour, were weighed with an accuracy of 0.0l mg) is introduced into the

nitrogen-filled apparatus in 8 ml. of a mixture of 1,2-dimethoxyethane-methanol-
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water (35:35:30; the "methylation mixture"); the vessel was rinsed three times
with 1 ml. of that same mixture. Once the magnetic.stirrer is switched on, the
addition of the liquir is strated, and 1 ml. of dimethyl sulfate is added by
means of & pipet. As liquor we used an approx. 15% solution of KOH in the methy-
lation mixture. Utilization of liquir was arrested after 18 to 24 hours. Addi-
tion of liquir was then interrupted, and the solution was acidified to pH 4
with the aid of 2 M H;POs. The content of the vessel was then transferred into
a separating funnel; the vessel was rinsed out with a total of 35 ml. of ace-

tone~water (6:1). Pollowing addition of 30 ml. of CHClz, the material was

- shaken twice more with 60 wl. of azebtone-CHClz (1:1) in each instance. The

pooled e:;tracts were washed with 5 ml. water and brought to dryness at room
temperature in three-necked 250-ml, round-bottomed flasks subsequently used for-
oxidative degradation. We then added 10 ml. of tert.-butanol, and the solvent
was once more removed by evaporation. The residue was subjected to oxidative
degradation as described further below. Success of oxidation depends on the
conplete removal of acetone residues. '

l—(3,4-—Dimethorgyphen,yl)-2-7(2-metﬁoxvphenoxy)—ethanol (_J_._Z_L_ ) = A total of

175 mg of 1ll, mep. 130 - 131O (Ref. 9 gives a m.p. of 133-1340), wag obtained
from 200 mg of 1-(4-hydroxy-3-methoxyphenyl)-2-(2-methoxyphenoxy)-ethanol (10)
(Ref. 9) foildwing methylation at pH 11 (from ethyl acetate). The mother li-

quor contained chiefly Compound 11 [thin-layer on silica gel (Kieselgel HFags,

Merck; solvent system, acetone-hexane (1:3), developped twicel.

2,01 ,3,3'-Tetmmethoxy-5,5'-dimeﬁhy1}1phenv1 (15) - 15 was obtained in
the form of colque_ss erystals, m.p. 103 =~ 1050, on methylation of 200 mg of
2,2'-dihydroaqy-s,3.'-dimetho;gr-5,5'-dimethyl‘;biéhenyl (14) (Ref. 10) at pH 11
and crystallization from ethyl acetate-hexene; yield: 183 mg. Compound 15 has

been desceribed as oil in literature (10).




_‘. : ', ‘.: 5-% :

N‘O -bovs-. .

-17 -

Gas-chromstosravhic examination of the reaction product obtained in the

preceding experiment. Condtions: Cf. quantitative determination of the methyl

esters of the breakdown acids. Silylation of the reaction product: 5 pl. of

an approx. 10% solution of the reaction product were heated for 5 minutes (min)
RN

to0 120° in CHClz with 5 pl. of bis{trimethylsilyl-trifluoroacetamide (BSTEFA ,

Pierce Chem. Co.) and 5 pl. of pyridine in a capillary; 1 pl. of that solution

was used for gas-chromatographic examination. Retention times (in win): Bis-

(trimethylsilyl)-ether of 14, 7.0; 15, 11.8. The product (15) was gas~chromato-
not;
graphically pure; starting material could(be detected with certainty.

threo=-3, 4, 5-Trinethoxy-phenylzlycerol-f=(2, 6-dime1‘:hoxy-4-methylnh.er;yl)--

ether (13) - Following recrsytallization, a total of 91 mg of Compound 13 was
obtained_ in pure form from 102 mg of threo-3,5-direthoxy-4~hydroxyphenylglycerol-
B-(2,6-dimethoxy-4-methylphenyl)~ether (12) (Ref. 25) on methylation at pH 113
mep. 79 ---élo (ethyl acetate-hexane). The thin-layer chromatographic examination
of the reaction products (Kiselgel G, Merck; acetone-heiane, 1l:1; spraying re-
agent, HzS0,-Tormalin, 9:1) revealed—in addition to 12—only traces of more
rapidly migrating ﬁaterial, formed probably due to methylation of the alcoholic

hydroxyl groups.

Gas~chromatogravhic examination of the reaction product obtained in the

preceding experiment. Apparatus: Perkin-Elmer Model 900. Separating columns

made of stainless steel, measuring 1 m in length with an external diameter of

0.3 cm. Carrier material: Chromosorb G, 80 - 100 mesh, washed with acid and

treated with dimethyldichlorosilane. Stationary phase: Silicone elastomer SE-

30 (5 per cent by weight of the carrier material). Working teuperatures:

Injector,‘Q?Oo; separating column, 23000. Carrier pas: N23 flow rate, 30 ml./

min. Retention times (in min): Bis-(trimethylsilyl)-ether of 13, 12.0; tris-
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(trimethylsilyl)-ether of 12, 13.8, Only traces of the starting material
could be detected by gas~chromatographic means followihg silylation of the

mother ligquor with BSTPA-pyridine (ef. further above).

Oxidative depradation

Performance: A total of 40 ml. of 0.5 M NaOH was added +to the methylated

sample dissolved in 40 ml. of tert,~butanol-water (3:1) (Herck, analytically
pure); next, 100 ml. of 0,06 M NaI0, and 20 ml. of 0,03 M KinOs were added (in
that order). The flask was heated——with vigorous stirring of the content-in a
therrostatted water-bath to 82° and kept at that temperature for six hours.
Then we added 5 ml. of ethanol, and, after ten min, the MnO; formed was removed
by suction through a layer of kieselguhr, and the residue was washed with a
little 1% sodium carbonate solution. Following coolong, the material was shaken
twice with 50 ml. of ether, and the pooled ether extracts were washed with 15 ml,
of 1% sodium carbonate solution; the latter were pooied ﬁith the agueous phase,
The aqueous solution was neutralized_with 1 M HyS04 and reduqed to 30 ml,
To this solution, we added 0.9 g of HaCOs (anhydrous) end 5 ml. of 30 to 35%
Ha0z « Next, 100 mg of activated IinOz were addéd, and the manganese dioxide was
then removed by filtration following discontinuvation of gas formation (checked
by repeated addition of a.little M0s ). The container was rinsed with 10 ml.
of water. The filtrate was acidified to pH 2 with .conecd. H3 PO, and shaken three
times with the 1l.5-fold volume of.aCetone-OHGIG (1;1). The. pooled extracts were
dried over NepS04, and the solvent was removed by evaporation, The residue was
dissolved in 10 ml. or methanol, and an identical volume of an approx. 2% ether-
eal solution of diazomethane was added. After 30 min, the solvent was again

expelled, and the residue was added to 1 ml. of a CHCly solution containing
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5 mg/ml. of pyromellitic acid tetramethyl ester (internal standard for gas
chromatography). For gas~chromatographic determination of the methyi esters,
1 pl. of that solution was used.

Gas~-chromatogravhic determination of the methyl esters. Apparatus: Perkin-

Elmer Model 900 with double flame ionization detector. Separating column made
of stainless steel, measuring 1.75 m in length, with an external diameter of

0.3 em. Carrier material: Chromosorb G, 80 -~ 100 mesh, washed with acid and

treated with dimethyldichlorosilane. Stationary phase: Silicone elastomer

OV-17 (1.5 per cent by weight of the carrier material). Worlking temperatures:

Injector, BOOO; separating column, 160 1o 25§§~5°/min, and then <sothermal.

Carrier gas: Npj; flow rate, 25 ml./min. The chromatograms were evaluated by

graphic means (peak height x peak width at halféheight). The yields reported
represent mean values of—as a rule—three chromatographic determinations. The
correction factors, determined on the basis of analyses of ester mixtures of
known composition, mst be checked at frequent intervals, It is furthermore
necessary to.reactivate the separating column from time to time by injecting

1 pl. of polyglycol (average moleculsr weight: 300) and passage under the afore-
nmentioned conditions.

Oxidative degradation of model compounds. References in literature for

the preparation oi the models: 2,2'-Dihydroxy~3,3'~dimethoxy-5,5'-dipropyl-

biphenyl (16) (Ref.10); 3,5-dimethoxy-4-hydroxy-acetophenone (18) (Ref. 11);
2,6-dimethoxy~4-propyl-phenol (22) (Ref. 12); l-(3,5-dime'bho:qr-4~hydroxyi)heny1_)-
1-propanol (24) (Ref. 13); 6-hydroxy~5,5',6'—trimethoxy-biphenyl~3,3'~dicarb- -
aldehyde (26) (Ref. 14); 1-(2-methoxy-phenoxy)~2~(3,4-dimethosxyphenyl)l-pro~
panol (28) (Ref. 15); 1-(3,4~dimethoxyphenyl )-2—( 2-methoxyphenoxy:) -3-hydroxy~1-

propanon (31) (Ref. 163 rythro-1,2-bis-[ 4~hydroxy-3-methoxyphenyl)~1,3~pro-

138
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panediol (32) (Ref. 17); dihydro-dehydro-diconiferyl alcohol (34) (Ref. 18);
trens-3,4t dihydroxy-3,3"-dimethoxy-5-(3-hydroxypropyl )-stilbene (36) (Ref.
19); DyIL-syringaresinol (38) (Ref. 20); 2~(2-methoxyphenoxy)-3-(5-hydroxy-4-
metho:q-Q-propylphenyl)-B—(4-hydro>qr—3—metho:qrphen&l )-1-propanol (47) (Ref. 15).

The model compounds with free phenolic hydroxyl groups~-with the exception
of 5,5'-dehydro-divanilline monomethyl ether (26)-—were methylated prior to
oxidative degradation. The methyl ethers obtained in this manner were degraded

by oxidative means without further purification. In the degrédation of methyl

ethers 21 and 23, we examined the neutral fraction of the breakdown products

by gas-chromatographic means; in both instances, that fraction weighed approx.
1l mg. Starting material (_2_1_ and 23, resp.) could be detected only in traces.v
The methyl esters obtained on degradation of Models 28, 40, 44, and 54
were separated in micrograms by gas-chromatographic means, and collected in
capillaries. For that purpose, we used a Perkin-Elmer Model 880 gas chromatograph.

Gas chromatography: For conditions, cf. examination ol methylation of 2.

Flow rate of carrier gas, 25 ml./min., Retention times (relative to 5,5'-de-

hydro-diveratrumic acid dimethyl ester, t = 19.8 min): 30, 0.41; 40, 0.43; 42,
0065; _‘_1-_4-_, 0040; ig_, 0067; _5___0_, 1.00; é_g, 1001; ii, 0.46; _5_§_, 1032; 2_8_, 1086;

59, 1.14.

Massg spectra. Apparatus: AEI MS 902, Electron energy, 70 eV. Ion source
temperature, 17000.. Partial mass spectra, only ions of mass numbers > 100 were
taken into consideration.

2~(2—I~:1etho:gypheno:qy )=3-(3, 4-dimethoxyphenyl)-propionic acid methyl ester

(30). m/e, relative intensity (R.I.) (= 10%): 346, 59; 223, 98; 22, 12; 191,
165 181, 263 164, 19; 163, 40; 151, 100; 149, 14. The mass of the molecule ion

was determined tobe 346, 1416 (calcd. for CyoHza0s: 346, 1416).

Tt
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1-(2-Garbomethoxy—4,5—dimethoxynhenyl)—1—(3,4—dimethoxyphenyl)fpronane

(42). m/le, R.I. (= 5%): 374, 42; 345, 100; 341, 19; 327, 11; 314, 8; 313, 16;
299, 7. (Mass of the molecule ion: Found, 374, 1741; caled, for Co1HagOs, 374,
1729)

1-(3~Carbounethoxy-5 ,6-dimethoxyphenyl )-1~(3, 4-dimethoxyvhenyl )-propane

(46). m/e, R.I. (= 5%): 374, 50; 345, 83; 157, 8; 151, 100. (iiass of the
molecule ion: Found, 374, 1712; calcd. for Ca1HagOs, 374, 1729.)

3‘,4,4{JB-Tetramethoxy-benzophenone—Q—carboxylic acid methyl ester (QQ).

' Preparation obtained by synthetic means (Ref. 21). m/e, R.I. (= 10%): ,
360, 1003 329, 10; 223, 61; 165, &3. |

31 ,41,5,6-Tetranethoxy-benzophenone~3~carboxylic acid methyl ester (gg).

n/e, R.I. (2 10%): 360, 100; 345, 14; 343, 21; 329, 24; 223, 31; 209, 93; 165,
T4; 151, 463 137, 14. (Mass of the molecule ion: Found, 360, 1215; calcd. for
CyoH200y, 360, 1209.) ‘

5,5'6,6!-Tetramethoxy—divhenylmethane-3,3'dicarboxylic acid dimethyl

ester (56). This compound crystallized on collection in the glass capillary;
mep. 102 - 103°. m/e, R.I. (> 10%): 404, 100; 373, 41; 372, 37; 344, 273

341, 19; 313, 21; 312, 12; 209, 45; 195, 31; 179, 18; 171, 13; 163, 11; 151, 19;
149, 10. (Mass of the molecule iun: Found, 404, 1486; calcd. for oglﬂg;oa, 404,
1471.)

545',6,6'=-Tetranethoxy~benzophenone-3, 3'dicarboxylic acid dimethyl ester
(58). wle, R.I. (2 10%): 418, 100; 387, 44; 369, 13; 358, 15; 357, 10; 223, &8;
209, 90; 180, 14; 178, 17; 149, 15; 135, 10. (Mass of the molecule ion: Found,
418, 1256; calcd. for CayHoalp, 418, 1264.) |

3-Ethyl-3-(3,4~dimethoxyphenyl)~5,6-dinethoxy-phthalide (22). g/gJ R.I.

(2 5%): 358, 18; 329, 1003 165, 6; 164.5, 5. (Mass of the molecule ion: Found,

358, 1397; calcd. for CooHezOs, 358, 1416.)
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Syntheses
1-( 2-Hydroxy-3-methoxy-5-propylphenyl)-1-(4-hydroxy~3-methoxyphenyl )~

propane (43). A solution of 2.0 g of Ll-(4-hydroxy~-3-methoxyphenyl)-l—wpropanol
(Ref. 22) and 8 g of 4~propylguaiacol (20) in 30 ml. of 10% NaOH was heated

in a steel autoclave under nitrogen for two hours to 140°, Following acidifi-
cation to pH 2, the aqueous solution was shaken with CHClz , and the residue
obtained following evaporation of the solvent was distilled in a bulb tube.

At 0,01 torr/140 - 1500, a total of 1.41 g of a colorless, viscous oil passed
over; that quantity was +taken up in 50 ml., of abs. ethanol and, following addi-
tion of 150 mg.of lO%iPd/C, hydrat:d@ at normal pressure; it ‘ook up only.a
little hydrogen. Compound 43 could not be crystallized. (Found: G 72.37; H
8.02; calcd. for ChoHeeOy L330.43): C 72.70; H 7.93.) ‘

1-(2,3-Dimethoxy=5-vropylphenyl)=1-( %, 4-dimethoxyphenyl)-propane (44) was

obtained by methylation of 43 with dimethyl sulfate-KOH. Colorless oil; b.p.

135 - 140°/0,01 torr (bulb tube). (Found: C 73.67; H 8.44; caled, for CazHzo0s
[358.48]: ¢ 73.71; H 8.44.) MR (60 MHz, 10% in ODCls, tetramethylsilane as
internal standard). §-Values: 0.89 (3) %, 0-CHy: 0,92 (3) %, C=CHz; 1.62 (2) m,
CHg ~CHp ~CH 5 1.99 (2) m, CH-CHa-CHy; 1.99 (2) m, CH~CHo~Cla; 2.61 (2) t, Ar—CHy;
%.61 (3)s, OCHz; 3.78 (9) s, 3 00Hs3 4.20 (1) +, Ar-CH; 6.54 (1) &, Hy or Hs;
6.64 (1) &, He or Hgj 7.20 (3) u, proténs on the tri-substituted ring. Jas =

2.0 Hz; QCHCHQ = 7.8 Hz. In the case of the multiplets of the protons of the

1

propyl side-~chains, we have reported the mid points (and not the centers of mass). [

2,2'-Dihydroxy~3,3' ~dimethoxy-5,5' ~dipropyl-diphenylmethane (53). & sol-
ution of 1.0 g of 2-methoxy-4-propylphenol (20), 980 mg of 2-hydroxy-3-methoxy-
5~propylbenzyl alechol (Ref. 23) and 0.5 g of NaOH in 14 wl. of ethyleneglycol

monomethyl ether was heated in a steel autoclave under nitrogen for 3 hours to
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170°. From ether-hexane, we obtained, on processing of the material in the
usuval mammer, 0.8 g of 53 in the form of colorless, hexagonal leaflets, MmeD.
100 = 201°, A reference (24) in literature gives a m,p. of 76~ 77° for 53.

(Pound: € 73.11; H 8.05; cacled. for CoyHogOs [344.45]: C 73.23; H 8.,19.)

2,2',3,3'-Tetramethoxy-5,5~dinropyl-divhenylmethane (}_3_@) was obtained
from 53 with dimethyl sulfate-NaOH as a colorless oil, W‘hich waé homogeqous‘ on
gas-chromatography. MR (60 MHz, 10% in CDCly, tetramethylsilane as internal
standard). S8-Values: 0.88 (6) +, 20-CHs3 1.57 (4) m, 2 C-CHa-C; 3.70 (6) s,
2 OCHz ; 3.80 (6) s, 2 OCHa3 3.95 (2) s, Ar-CHo-AT; 6.48 (2) 4, 2 Hy or Hy;
6.55 (2) 4, 2 Hy or Hso J 44 = 2.0 Hz. In the case of the miltiplets of the

protons of the propyl side chains, we have reported the mid points (and not .

the centers of mass).
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