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Reaction of vanillin, 5-propenylvanillin and 5-allylvanillin with cupric oxide and alkali under couditions of lignosulfonate

oxidations yielded only monoguaiacyl compounds.

Reaction of the bis-vanillyl compounds, vanillil, vanilloin, desoxy.

vanilloin, hydrovanilloin and bivanillyl under the same conditions yielded vanillil, vanillovanillone, vanillin, vanillic acid,

dehydrodivanillin and others.

Thus, the occurrence of many of the compounds in lignosulfonate~cupric oxide reaction mix-

tures can be accounted for on the basis of a bis-vanillyl structure for a portion of the lignin molecule.

The recent isolations of vanillil aud vanillovanil-
lone (4,4'-dihydroxy-3,3’-dimethoxybenzophenone)
from cupric oxide and alkali-lignosulfonate oxida-
tion mixtures? led to a study of the mechanism of
the formation of these materials under the condi-
tions of the oxidation reaction. The possible sec-
ondary condensation of vanillin first formed by the
oxidation and decarboxylation of guaiacyl units
with carbon linkages in the 5-position was investi-
gated along with the possible presence of a linkage
between the a-carbon atoms of two Ce¢C; units in
at least a part of the complex lignin structure, as
noted earlier.* The present paper presents a study
of the oxidation with cupric oxide and alkali at 170°
of vanillin, 5-allylvanillin, 3-propenylvanilliu and
tlie bimolecular vanillyl compounds, vanillil, van-
illoin, desoxyvanilloin, hydrovanilloin and bivanil-
vl under conditions used previously for the oxida-
tion of lignosulfonates,

Oxidation of vanillin and analysis of the products
by paper chromatography indicated that vanillic
acid was the only product of the reaction. Similar
reaction of S-allylvanillin yielded 5-propenylvanil-
lin, H-formylvanillin, H-carboxyvanillin, 5-formyl-
vanillic acid, S-carboxyvanillic acid, vauillin and
vanillic acid. The same products were obtained
front the analogous oxidation of c¢is-5-propenylva-
nillin. Oxidation of trans-5-propenylvanillin gave
all of these compounds except 5-formylvanillin.
In no case was even a trace of a bivanillyl deriva-
tive noted.

Therefore, it is apparent that guaiacyl units with
carbon linkages in the 5-position as represented by
H-allylvanillin and 5-propenylvanillin can account
for the occurrence of the 5-formyl- and 3-carboxy-
guaiacyl compounds isolated in lignosulfonate oxi-
dation, but it is improbable that such structures (or
unsubstituted guaiacyl units) can account for the
bivanillyl derivatives such as vanillil, vanillovanil-
lone and 4,4’-dihydroxy-3,3’-dimethoxystilbene®
which have been isolated from lignosulfonate oxida-
tion mixtures.

Oxidation of vanillil, separation of the reaction
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products by fractional solubility and analysis of the
fractions by means of paper chromatography re-
sulted in the recovery of 819 vanillil along with
vields of 119}, vanillic acid and 79, vanillovanillone.
Increase in reaction time yielded more vanillovanil-
lone at the expense of vanillil. The high recoveries
in these experiments indicated that in one case
vanillil is cleaved to give two molecules of vanillic
acid and in the other case, is rearranged by alkali to
give an intermediate vanillilic acid which is decar-
boxvlated and oxidized by the alkaline cupric hy-
drate reaction mixture to vield vanillovanillone.

Similar reaction of vanilloin gave vanillil, vanil-
lic acid and vanillovanillone in yields of 69, 15 and
109, respectively. Thus, it appears that vanillil
in the nascent form, produced upon oxidation of
vanilloin with alkaline cupric oxide, is more suscep-
tible to benzilic acid rearrangement than is pre-
formed vanillil. Apparently, this is also true for
the oxidation to wvanillic acid. The stability of
vamnillin in this reaction makes remote the possibil-
ity of cleavage of vanilloin before oxidation and
subsequent oxidation of the produced vanillin.

Analogous oxidation of hydrovanilloin gave va-
nillin (709,) and vanillic acid (287,) as the chief
products along with small amounts of vanillil (195)
and dehydrodivanillin (19;). It is interesting to
note the high vield of vanillic acid in this case in
contrast to the same reaction at atmospheric pres-
sure’ in which no vanillic acid was obtained. It is
evident that the “enediol,” 3,3'-dimethoxy-a,a’,-
4,4'-tetralivdroxystilbene, formed by oxidation of
hydrovanilloin must split to form two molecules of
vanillin which is oxidized directly to vanillic acid
in its nascent state. Dehydrodivanillin was also
noted earlier in the oxidation of hydrovanilloin
with cupric sulfate and pyridine.”

Desoxyvanilloin upon similar oxidation, yielded
179 wvanillil and 8% wvanillic acid. The chief
product (54%,) in this reaction was a carbonyl
compound having the same ultimate analysis as
desoxyvanilloin, but a molecular weight of a dimer.
The dimer appears to be the aldol condensation
product of desoxyvanilloin, 3-hydroxy-1,2,3,4-tetra-
(4-hydroxy-3-methoxyphenyl)-butan-1-one (I). In
addition to the aldol, there was obtained in 169
yield a new compound having carbonyl function
and an ultimate analysis corresponding with the
aldol, I, less one mole of water. In all probability,
the compound is the unsaturated ketone, 1,2,3,4-
tetra- (4-hydroxy-3-methoxyphenyl)-3-butene- 1-
one (II). Ultraviolet absorption spectra for I and
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IT are shown in Fig. 1. In this experiment the al-
kali appears to have played a more important role
than did the cupric oxide.
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Oxidation of b1van1llyl under the same condi-
tions yielded a complex reaction mixture from which
vanillin, vanillic acid and vanillil were isolated in
yields of 32, 14 and 28%,, respectively.

Except for the desoxyvanilloin experiment, the
bis-vanillyl compounds lower in oxidation level
than vanillin yielded vanillin as the main product
of alkaline cupric oxide oxidation along with vanil-
lic acid and vanillil as other important products.
The other bis-vanillyl compounds yielded vanillic
acid, vanillil and vanillovanillone, but no vanillin,
It is apparent from these experiments that the oc-
currence of many of the compounds in alkaline lig-
nosulfonate—cupric oxide reaction mixtures can be
accounted for on the basis of a bis-vanillyl structure
(formula III) for a portion of the lignin complex.
Oxidations of compounds of formula III in which
R; and R, are alkyl groups and X and Y are either
hydrogen, hydroxyl, or absent entirely are in prog-
ress and will be reported at a later date.
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HO —C—R;
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Y
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Experimental

All melting points are uncorrected.

Starting Materials.—The 5-substituted vanillins and bis-
vanillyl compounds employed in this study are products
whose syntheses have been described earlier.7—?

General Oxidation Procedure for Monoguaiacyl Com-
pounds. The Oxidation of Vanillin.—A mixture of 72 g.
of vanillin, 160 g. of sodium hydroxide, 446 g. of cupric
hydroxide and 2400 cc. of water was stirred and heated in
a one-gallon stainless steel autoclave at 170° for 3 hours as
described earlier.® The reaction mixture was filtered, and
the residue was washed thoroughly with hot water. The
filtrate and washings were diluted to 3000 cc. An aliquot
(1/s) was acidified first with sulfur dioxide, then with carbon
dioxide, and finally with sulfuric acid, and extracted with
ether after each acidification as described previously.1°
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Fig. 1.—Ultraviolet absorption curves.

All ether extracts were dried and distilled, and the residues
dissolved in acetone and spotted on Whatman No. 1 filter
paper in triplicate. The papers were developed in a de-
scending system with butanol saturated with 29, aqueous
ammonia, and the chromatograms sprayed separately with
bis-diazotized benzidine,!! 59, ferric chloride solution and a
saturated solution of 2,4-dinitrophenylhydrazine in 2 N
hydrochloric acid. Vanillin spots appeared at R; 0.48 and
vanillic acid at Ry 0.10. No other products were indicated
on the paper chromatograms.

The other monoguaiacvl compounds were oxidized and
analyzed in the same manner. Ry values for this developer
and colors produced with the ferric chloride spray reagent
for the products of oxidation were: 5-carboxyvanillic acid,
0.01, deep purple; 5-formylvanillic acid, 0.02, brownish
black; wvanillic acid, 0.10, vellow; 5-carboxyvanillin, 0.22,
violet; 5-formylvanillin, 0.31, light blue; wvanillin, 0.48,
light bluish violet; and 5-propenylvanillin, 0.79, light
bluish green. In all cases, positive identification of spots
was made by elution of the unsprayed spot with a solution
containing 60 volumes of 959, ethanol, 30 volumes of water
and 10 volumes of concentrated ammonium hydroxide by a
modified Dent!? procedure. The ethanol was evaporated,
and the remaining aqueous solution was acidified with dilute
sulfuric acid and extracted with ether. The product re-
covered from the ether was recrystallized and compared
with the authentic sample® by mixed melting point. Both
5-propenylvanillins have the same R; value, but only the
trans-isomer was isolated from the reaction mixtures.

General Ozxidation Procedure for Bis-vanillyl Com-
pounds.—All such oxidations were made in an identical
manner. A mixture of 26 g. of the bis-vanillyl compound,
80 g. of sodium hydroxide, 223 g. of copper hydrate and
1250 g. of water was stirred and heated as described above
at 170° for 2 hours. The combined filtrate and washings
were diluted to 2000 cc. One-fourth aliquots were taken
for evaluation.

Vanillil Oxidation.—The aliquot was saturated with sulfur
dioxide gas, and the precipitate was filtered and washed
with water. The sulfur dioxide saturated solution was ex-
tracted with ether, and the ether was dried and distilled to
yield the bisulfite-insoluble extract. The aqueous solution
was acidified with sulfuric acid, boiled to remove sulfur di-
oxide, cooled and extracted with ether. The ether was
dried and distilled to yield the acid-insoluble extract.

The original precipitate (5.8 g.) was covered with ben-
zene, allowed to stand 16 hours at 20° and filtered. Both
residue and filtrate were chromatographed as before on
paper, and the spots were located by means of the ferric
chloride-potassium ferricyanide spray reagent of Barton,
Evans and Gardner.!* The benzene residue gave only one
spot at Ry 0.19, and the benzene solution gave a spot at Ry
0.49. The Ry 0.19 residue was recrystallized from acetic
acid to give yellow crystals of vanillil which did not depress
a mixed melting point with the starting material. The ben-
zene solution was evaporated to dryness and recrystallized

(11) J. E. Koch and W, Krieg, Chem. Z., 62, 140 (1938).
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(13) G. M. Barton, R. 8. Evans and J. A, F, Gardner, Naiure, 170,
249 (1952).
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from benzene to give colorless crystals of vanillovanillone
me}ting at 154-155° and which did not depress the melting
1pothof a mixture with authentic synthetic vanillovanil-
one.

The bisulfite-insoluble extract was leached similarly with
benzene to give a residue and filtrate which were chromato-
graphed to give spots at Ry 0.10 and 0.49, respectively.
The residue was recrystallized from water to yield white
needles of vanillic acid melting at 209-210°. The benzene
solution was evaporated to dryness, and the residue recrys-
tallized from benzene to give crystals of vanillovanillone
melting at 154-155°.

Total vields obtained were:
vanillovanillone, 7%; and vanillic acid, 119%.
insoluble extract amounted to 0.6%.

A similar reaction mixture maintained at 170° for 7.5
hours yielded vanillil, vanillovanillone and vanillic acid in
yields of 74, 15 and 11%, respectively.

Vanilloin Oxidation.—This reaction mixture was treated
in an identical manner to yield 699 vanillil, 169, vanillo-
vanillone and 159, vanillic acid.

Hydrovanilloin Oxidation.—The aliquot, upon saturation
with sulfur dioxide, yielded 19} of vanillil as a precipitate.
The filtrate was extracted with ether to yield 289 vanillic
acid. The residual bisulfite solution was acidified with sul-
furic acid, freed of sulfur dioxide by boiling and extracted
with ether. Paper chromatography of the evaporated ex-
tract indicated vanillin and small amounts of vanillic acid
and dehydrodivanillin (R; 0.01). The evaporated extract
was extracted completely with boiling petroleum ether (b.p.
65-110°) to vield colorless needles of vanillin melting at
R0-81°. The residue was extracted with saturated sodium
bicarbonate solution and then dissolved in acetone. The
entire acetone solution was spotted on several sheets of What-
man No. 1 filter paper and chromatographed as before.
Bands were obtained at R; 0.01 (dehydrodivanillin) and Ry
J.10 (vanillic acid). The bands were cut, and the strips
containing the R; 0.01 bands were eluted by the modified
Dent procedure described above. The eluted material was
recrystallized from glacial acetic acid to yield crystals of de-
hydrodivanillin melting at 315-317° which did not depress a
mixed melting point with an authentic sample.? The yields
of vanillin and dehydrodivanillin were 70 and 1%, respec-
tively.

Desoxyvanilloin Oxidation.—The aliquot was saturated
with sulfur dioxide, and the precipitate was filtered and
washed. The aqueous filtrate was extracted with ether.
Paper chromatography indicated that the ether extract and
the original precipitate were identical and gave heavy spots
at Rs’s 0.10, 0.19, 0.48 (bright yellow fluorescence) and 0.88
(bright blue fluorescence). The products were combined
and allowed to stand with acetone for 16 hours. The ace-
tone-insoluble portion was recrystallized from boiling ace-
tone to give colorless crystals of I melting at 270-271° and
having an Ry of 0.48.

Anal. Caled. for CupHinOn: C, 66.66; H, 5.59; mol.
wt., 577. Found: C, 66.56; H, 5.59; mol. wt., 558.

The original acetone filtrate was evaporated, and the resi-
due (3.51 g.) was dissolved in 50 cc. of butanol-2% aqueous
ammonia and mixed with 12 cc. of cellulose powder.!s This

recovered vanillil, 81%;
The acid-

(14) I. A. Pearl, 'THIS JOURNAL, in press.
(15) Whatmau Ashless Powder for Cliromatography««Standard
Grade.
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slurry was chromatographed on a column (70 mm. in di-
ameter and 650 mm. in length) of cellulose powder prewet
with butanol-29, aqueous ammonia. The chromatogram
was developed with 5 liters of butanol-29%, aqueous ammonia
to give four visible bands which were collected in the effluent
as a flowing chromatogram. Band A was blue and had a
strong blue fluorescence in ultraviolet light. Band B was
red, band C wus a multicolored band, and band D was vel-
low. Paper chromatograms indicated only a compound
of R;0.88 in bands A and B, I with R; 0.48 in band C, and
vanillil with Ry 0.19 in band D. Bands A and B were com-
bined and distilled to remove most of the butanol, and the
butanol was finally displaced with water. The crystals
were filtered and recrystallized twice from benzene in the
presence of decolorizing carbon to yield colorless crystuls
of 1T melting at 250-251° and having an Ry of (.88.

Anal.  Caled. for CuHy0s: C, 68.81; H, 5.41.
C, 68.76; H, 5.15.
Similar treatment of band C gave more I melting at 270-
1°.

Fouud:

27

Band D, on evaporation and recrystallization from acetic
acid yielded vanillil as yellow needles melting at 230-231°.

The cellulose column was eluted with 509 acetone, and
the eluate was evaporated to dryvness. Paper chromatog-
raphy indicated vanillic acid and dehydrodivanillin. The
entire product was chromatographed as before on a smaller
cellulose column. The effluent was collected until a test
sample no longer showed a test for vanillic acid by paper
chromatography. The total effluent was evaporated to
dryness, and the residue recrystallized from water to yield
vanillic acid crystals.

The column was eluted with 509, acetone and the eluate
was evaporated to dryness. The residue was recrystallized
to give dehydrodivanillin.

The yvields in the oxidation of desoxyvanilloin were: 1,
549%; 11, 169%; vanillil, 17%; vanillic acid, 8%; und de-
hydrodivanillin, 89%,.

Bivanillyl Oxidation.—The aliquot was saturated with
sulfur dioxide, and the precipitate was filtered, washed with
water and dried. Leaching with cold acetone left a residue
of almost pure vanillil. The acetone solution was evaporated
and chromatographed on cellulose powder to give bands of
vanillil, vanillic acid and several unidentified materials.

The original sulfur dioxide saturated solution was ex-
tracted with ether, and the ether extract was evaporated
and chromatographed on cellulose powder to give more
vanillil, vanillic acid and an unidentified material melting
at 218-219° (fluffy yellow needles from water).

Cellulose column chromatography of the acidified sulfur
dioxide saturated solution after ether extraction vyielded
vanillin.

The vields in the oxidation of bivanillyl were: wvanillil,
289%,; wvanillic acid, 14%; vanillin, 32%,; and 218-219°
compound, 2%,.

Ultraviolet Absorption Spectra.—Ultraviolet absorption
spectra were determined in 959, ethanol with a Beckman
model DU spectrophotometer. Concentrations were ap-
proximately (.02 g. per liter.
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