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b.#® Mild alkaline treatment renders all three
substances serologically inactive and susceptible
to attack by phosphatase. The action of alkali on
polyribophosphate was shown to result in dialyz-
able, non-reducing, chromatographically homo-
geneous fragments. Alkali-treated S VI likewise
consisted of similar fragments which no longer
separated upon the addition of alcohol, failed to
precipitate antiserum and showed a decreased
viscosity. The titration curve and pK’ of the
fragments resembled those of a phosphate mono-
ester?® and existence of this linkage was confirmed
by the action of phosphatase.

Periodate oxidation of S VI suggested that the
glucose and rhamnose were joined in 1,3-like

linkages. The liberation of formaldehyde indi-
cated that a -CHOH-CHOH group was
present. Since formic acid was not produced,

S VI has very few end groups, while the simul-
taneous disappearance of the galactose indicated
that this sugar is bound in 1,4- or 1,2- linkage.
After alkaline hydrolysis of S VI, an additional
mole of NalO; was consumed and one mole of
formic acid was released, with no change in the

(43) 8. Zamenhof, G. Leidy. P. L. Fitzgerald, H. E. Alexander and
E. Chargaff, J. Biol. Chem., 203, 695 (1933).
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amount of formaldehyde. This would be ex-
pected if the 2- or 4-OH of galactose were set free
by alkaline hydrolysis, as, for example, in cleavage
of the phosphate diester, S VI. The production
of formaldehyde might come from oxidation of a
1,3-linked ribitol.

The following formula is tentatively proposed
for the structure of S VI

—{ —4 or 2-O-p-galactopyranosyl-(1 — 3)-O-p-glucopy-

ranosyl-(1 = 3)-O-vL-rhamnopyranosyl(l — 1 or 3)-ribitol-
OH
|
3 or 1-0-P-O— |—
|
O 2
The ribitol phosphate residue might have either
the p- or L-configuration.
Structural studies are continuing and these indi-

cate the correctness of the order given to the glu-
cose and rhamnose residues.

New Bruwnswick, N. J.
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Studies of Lignin Biosynthesis Using Isotopic Carbon.

VIII. Isolation of Radioactive

Hydrogenolysis Products of Lignin'

By STEwART A. BRowN aND A, C. NEISH
RECEIVED DECEMBER 8, 1958

After the feeding of several Cl-labeled compounds to wheat and maple, degradation of lignin by hydrogenolysis led

to the isolation of dihydroconiferyl and dihydrosinapyl alcohols. T
the degree of incorporation of the administered compounds into lignin.

The radioactivity of these products was taken to indicate
The pattern revealed was very similar to that previ-

ously found when the activity of the oxidative degradation products, vanillin and syringaldehyde, was used, reinforcing the

validity of conclusions from the oxidative degradation.

syringaldehyde, did not form lignin degradable to dihydrosinapyl alcohol.
arise from sinapic acid bound to lignin with alkali-labile linkages.
corporated into lignin, probably by condensation with a two-carbon metabolite.

However, labeled sinapic acid, which is converted to lignin vielding

The active syringaldehvde was shown not to
Further evidence was obtained that vanillin can be in-
Acetic acid was converted only slightly

to the lignin giving rise to hydrogeuolysis products; hence the Birch-Donovan acetate pathway does not coutribute sig-

nificantly to lignification.

Introduction

Previous papers of this series? have reported com-
parisons of the efficiencies with which several plant
species can convert numerous C!4labeled com-
pounds to lignin. Although the criterion of the
conversion efficiency should, in theory, be the spe-
cific activity of an intact lignin, it is very doubtful
whether such a compound has ever been isolated,
and the ill-defined nature and variable composi-
tion of lignins isolated by standard methods have
made this approach, in our opinion, impractical.
As an alternative we have turned to lignin degrada-
tion products of low molecular weight which have
known structures and either are crystalline or form

(1) Presented in part at the Eighth Annual Research Conference on
Plant Physiology, Hamilton, Ontario; November. 1957. 1Issued as
N.R.C. No. 5147. For Part VII of this series see reference 2e.

(2) (a) S. A. Brown and A. C. Neish, Nature, 178, 688 (1955);
(n) Can. J. Biochem. Physici.. 88, 948 (1955): (c) 34, 769 (1956);
(d) D. Wright, S. A, Brown and A. C. Neish, i0id.. 36, 1037 (1958);
(e) S. A. Brown, D. Wright and A. C. Neish, ibid., 87, 25 (1959),

crystalline derivatives. The use of these degrada-
tion products enables a direct comparison of spe-
cific radioactivities on a molar basis between the
administered compound and the lignin (as repre-
sented by its derivative).

This alternative approach, too, suffers from cer-
tain disadvantages. There is no known reaction by
which lignin can be degraded in anything approach-
ing quantitative vield to products of known struc-
ture. The best reaction in this respect is nitro-
benzene oxidation in alkaline medium, which
vields phenolic aldehydes: vanillin, syringalde-
hyde and p-hydroxybenzaldehyde. It is this reac-
tion which we have used in our studies to date. If
one accepts the theory that the unit of the lignin
polymer contains nine skeletal carbon atoms, the
isolation of substituted benzaldehydes as lignin
degradation products has the additional drawback
that only seven-ninths of the unit is available for
study, the other two carbon atoms being lost in the
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oxidation. In addition to providing an incom-
plete picture, the recovery of these phenolic alde-
hydes makes necessary the labelling of phenylpro-
panoid precursors in either the ring or the adjacent
carbon of the side chain, normally a more difficult
task than the introduction of carbon-14 into either
of the other two side chain carbons.

In earlier work we have made the assumption,
which appears to be generally accepted, that vanil-
lin and syringaldehyde have a unique origin in the
guaiacyl and syringyl lignin residues, respectively.
If this assumption is valid, the measurement of the
radioactivity of these aldehydes provides a rela-
tively rapid and accurate way to determine the in-
corporation of carbon-14 into seven of the nine
skeletal carbons of the lignin units. In the case
of p-hydroxvbenzaldehyde such an assumption
was made only with distinct reservations, because
it had been established that, under the conditions
of the oxidation, tyrosine can give rise to this
product.® Recent studies? have confirmed that
bound tyrosine can account for much, if not all, of the
p-hydroxybenzaldehyde from oxidation of the cell
wall residue obtained by the standard extraction
procedure,

It has been pointed out*® that in biosynthetic
studies the use of phenolic aldehydes to represent
lignin is, in itself, insufficient. Clearly, it is desir-
able to obtain confirmation of the results obtained
by this method, and this is possible by the isolation
of other types of degradation product. Freuden-
berg and his co-workers have obtained such con-
firmation by isolating phenylpropanoid ethanolysis
products of lignin after the administration of C!%-
labeled phenylalanine® and ferulic acid.®®  In addi-
tion, phenylalanine was shown’ to be used by spruce
for synthesis of coniferin, which is a lignin pre-
cursor.*%#  On the other hand, Freudenberg® has
reported that vanillin-C1* glucoside fed to spruce
became incorporated into an insoluble fraction of
the wood which did not, however, yield radioactive
ethanolysis products. This contrasts with the find-
ing, in this Laboratory, that free vanillin can be in-
corporated to an appreciable extent into the
phenolic aldehyde-vielding lignin structures of
wheat.?®

Since more complete confirmation of the earlier
findings was wanted, yet another degradative reac-
tion has been employved for comparative purposes.
The present paper reports comparisons of the spe-
cific activity found for vanillin and syringaldehyde
with those of the analogously substituted products
of lignin hydrogenolysis: dihvdroconiferyl alcohol
(DHCA) and dihydrosinapyl alcohol (DHSA),
isolated after the administration of a series of C!*-
labeled compounds to maple and wheat. In sev-
eral cases the specific activities of the phenolic al-
dehydes and isolated lignins have also been com-
pared,

(3) J. E. Stone, M. J. Blundell and K. G. Tanner, Can. J. Chem.,
29, 734 (21951).

(4) K. Freudenherg, Ind. Ing. Chem., 49, 1384 (1957).

(5) K. Kratzl and G. Rillek, Tappr, 40, 269 (1957).

() K. Frendenberg, Angew. Chem., 68, 84 (1956);
(1956).

(7) K.
(1958).

(8) K. Kratzl aud G. Hofbauer, Monats, Chem.. 89, 96 (1958),

(b) 68, 508

Freudenberg and F. Nicdercorn, Chem. Eer., 91, 591

STEWART A. BrownN aND A. C. NEISH

Vol. 81

Experimental

Cultivation of the Plants.—Wheat plants (Triticum vul-
gare Vill. var. Thatcher) were grown in gravel culture as
described previously.?* Maple twigs (Acer negundo L. var,
interius Sarg.) of the current season’s growth were collected
from the wild state.

Cl4-Labeled Compounds.—Lr-Phenylalanine-R-C!* (ran-
domly labeled) and the sodiuin salt of acetic acid-2-C!¢ were
purchiased from Atomic Euergy of Canada, Ltd., Ottawa.
Syntheses of other labeled compounds have been reported
in previous papers.2»e

Administration of Labeled Compounds.—As in the earlier
experiments, the labeled compounds (as the sodium salts in
the case of carboxylic acids and phenols) were administered
as aqueous solutions through the cut ends of the stems and
the plants allowed to mietabolize 24 hr. in the liglit before
harvesting.

Isolation and Extraction of Plant Material. —The plants
were cut into small pieces and blended witli a convenienut
volume of water in eitlier a VirTis homogenizer or a Waring
blendor. The homogenate was filtered thirough Nylon
bolting clotli, which passed the disintegrated cytoplasniic
material while retaining 1nost of the cell wall fibers. The
homogenization and filtration was repeated and the residue
washed a third time by suspension in water. Tle residue
was lhotnogenized with 0.02 N sodium livdroxide, washed
twice by snspeusion i1 water and then suspended succes-
sively i1 80¢, ethanol, absolute ethanol (twice for maple)
and ether., Tlie resulting cell wall fraction froin maple was
nearly white but that fron wleat retained a yellow color.
This was removed by tlie peptic digestion described by
Crampton and Maynard® to which the residue from both
species was subjected.

Hydrogenolysis of the Cell Wall Residue.—The tecli-
niques used in the prescut work for tlie hydrogenolysis of lig-
nin and isolation of tlie products are those described by
Brewer, Cooke aud Hibbert,? adapted to a semni-micro scale.
Thie principal modification has been the introduction of
chromnatographic procedures 1ot available to the carlier
workers. oo

In a typical run the purified cell wall residue, \velghpxg
5 to 7T g., was transferred to a high pressure hydrogenation
boub witli about twelve times its weight of dioxane-water
(1 + 1) containing 0.19; hydrogen chloride. The use of
this solvent gave yields contparable to those obtained by us
nsing ethianol-water, and possible cowplications arising
throngh tlie formation of ethioxy groups!! were avoided.
After the addition of about 10 g. of settled Raney nickel
suspension,!? the bomb was filled with hydrogen to an in-
itial pressure of 100 atmosplieres aud leated for 4 lir. at
160-165°. )

Isolation of Hydrogenolysis Products.—The reaction
mixture, after cooling, was filtered and the residue washed
with 509, dioxane. The mixture of filtrate and washings
was coucentrated in a rotary film evaporator uutil quite
turbid and then transferred to a continuous liquid-liquid
extractor, where a chloroform extraction was carried out for
ce. 7 ir. Extraction in a separatory funnel invariably led
to the formation of extremnely intractable emulsions. The
chloroform extract was washed with a few rmilliliters of 5,
sodium bicarbonate solution and then extracted with 0.2 .V
sodiutn hydroxide. The extract, containing the plicnolic
fraction, was acidified witli hydrochloric acid and back-
extracted into chloroform. Evaporation of the chlorofori
gave a light brown oil. )

A 7.5-g. lot of acid-washed diatomaceous earth (Celite
535) was mixed with 6.2 ml. of water, the mixture was
slurried with #-butyl ether (alkali-washed and distilled from
sodiuin) and packed witlh a plunger in a column 2 cui. in
diameter. Above this was packed 1.5 g. of anhydrous Ce-
lite 535 slurried in n-butyl etlier.  As mucl as possible of the
chloroforim-soluble oil was taken up in a total of 1.2 wml. of
warm water, and the solution was pipetted on to the top of
the column. Development was carried out with water-
saturated z-butyl ether, and thirty 5-ml. fractions were

(9 E. W. Crampton and l.. A. Maynard, J. Nuirition, 15, 383
(1938).

(10) C. P. Brewer, I,. M. Cooke and H. Hibbert., THIS JOURNAL,
70, 57 (1948).

(11) J. M. Pepper and H. Hibbert, ibid.. 70, 67 (1948)

(12) R. Mozingo, *Organic Svntheses,” Coll. Vol IT1, John Wiley
ancd Sons, 1o, New York, N. Y., 1953, p. 181.
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TABLE I
B1oSYNTHESIS OF LioNIN FROM Cl14-LABELED COMPOUNDS AS MEASURED BY IsoLaTtiOoN OF BoTH OXIDATION AND HYDRO-
GENOLYSIS PRODUCTS

activity g. Specific activity of lignin Dilution®
(ue./ dry degradation products (uc./mmole) — (Cor. for dry wt. of plants) —
Species Name mmole) wt.) Vb Sb DHCA DHSA Sb DHCA DHSA
Maple i1-Phenylalanine-R-C*  21.6 9.9 0.242 0.125 89 173
Cinnamic acid-3-C4 31.4 12.6 .255 .050 157 805
Sinapic acid-3-C!4 31.4 12.9 L0565 .875 745 47
L-Phenylalanine-R-C*  50.0 7.3 1.01 771 49.5 61.9
Anisic acid-C!* OOH 50.0 11.4 0.002 .003 39,000 23,000
Acetic acid-2-C1¢ 50.0 12.8 .026 .037 3,420 2,350
Vanillin C!* HO 50.0 12.8 .204 .195 ... S 430 450 .
L-Phentylalanine-R-C14 63.7 48 0.570 0.272 110 230
Cinnamic acid-2-Ct4 63.7 44 .340 111 180 530
Sinapic acid-3-Ct4 63.7 36 .010 .011 5000 4400
Anisic acid-C!* OOH 63.7 49 .003 .010 25,000 5500
Acetic acid-2-C4 63.7 44 .011 .015 5600 3800
Vanillin-C!* HO 63.7 .. C o .025  .032 o L 2300 1800
Wheat L-Phenylalanine-R-C!¢ 43 33.4 0.697 .715 62 60
Cinnamic acid-3-C1* 94 19.6 0.534 . 564 164 159
Ferulic acid-3-C!¢ 87 17.7 1.920 .060 41 1,330
L-Plienylalanine-R-C1¢  39.4 6.1 0.444 .620 89 64
Acetic acid- 2 C1* 55.4 6.1 0.003 005 ... 20,000 10,000 o .
L-Plienvlalanine-R-C1¢ 74.0 25.5 3.38 4.97 22 15
Cinnamic acid-2-C4 74.0 26.0 1.54 e 49 ..
Ferulic acid-3-C4 74.0 22.9 4.14 2,97 13.5 22.5
Acetic acid-2-C1* 74.0 24.1 o ... 0,033 L R 2200 .
@ Uncorrected dilution equals value in column 4 divided by the value in column 6, 7, 8, or 9. ® V = vanillin, S = syring-

aldehyde.

collected. These were tested for phenols by spotting small
aliquots of each on paper and spraying with a ferric ferri-
cyanide solution.!* Dihydroconiferyl alcohol (DHCA)
appeared between fractions 6 and 11, and dihydrosinapyl
alcohol (DHSA) followed in a wider band beginning about
fraction 15. The chromatographic behavior of these two
compounds was checked with authentic samples. The ap-
propriate fractions were combined and the solvent evapo-
rated. Each residue, after brief lieating ¢# vacuo to remove
volatile imipurities, was dissolved in chloroform and the
solution washed with 59, sodium bicarbonate. Extraction
of the phenol into 0.2 N sodium hydroxide, acidification and
back-extraction into chloroform followed. Removal of tle
solvent vielded 6 to 12 mg. of crude product in each case,
with the DHCA usually predominating.

The bis-p-nitrobenzoates of these two compounds were
prepared by the procedure of Kawai and Sugiyamalt for
DHCA. The crude product, after removal of excess p-
nitrobenzoic acid, was taken up in a small volume of benzene
and passed through a 1 X 6 cm. column of alumina which
had been deactivated by washing with methanol. The
progress of the rapidly moving ester bands was easily fol-
lowed by their strong absorption in the near ultraviolet.
Upon removal of the benzene the esters crystallized readily.
They were washed with ethanol and recrystallized in micro-
centrifuge tubes froin benzene-ethanol until a melting range
no wider than 1.5° resulted. There was no depression of
melting point when mixed with authentic samples. Lack
of material prevented adoption of the more rigorous cri-
terion of recrystallization to constant specific activity.

DHCA-bis-p-nitrobenzoate melted at 120-121° (cor.).
The reported m.p. is 121-121.5° .14

DHSA-bis-p-nitrobenzoate melted at 164.5-166° (cor.).

Anal. Caled. for CyHaO1Ne: C, 58.82; H, 4.34; N,
5.49. Found: C, 59.55, 58.96; H, 4.31, 4.37; N, 5.42,

Nitrobenzene Oxidations.—The preparation of cell wall
residues by extraction of plant material with ethanol-ben-
zene and water, oxidation of these with nitrobenzene, and
the isolation of derivatives of the vanillin and syringaldehyde

(13) G. M., Barton. R. 8. Evans and J. A. F. Gardner, Nature, 170,
249 (1952).

(14) S. kawai and N. Sugiyama, Ber.. 72, 367 (1939),

so obtained have been described i previous publicatious of
this series.2bs18

Preparation of Lignins.—Klason 729 sulfuric acid lignin
was prepared as outlined by Hagglund.'® The preparation
of dioxane lignin was essentially that of Pepper, et al.7 In
each case the plant material was prepared as in the section
above on “‘Isolation and extraction of plant material.”’

Saponification of Maple Residues.—A 2-g. sample of tle
extracted residue was refluxed for 1 hr. under nitrogen with
a solution of 1 g. of potassium hydroxide in 60 ml. of abso-
lute ethanol. The filtrate was evaporated in vacuo, the resi-
due taken up in water and the solution acidified with hy-
drochloric acid. The resulting mixture was continuously
extracted with ether until all suspended material had dis-
solved, and the ether solution extracted witli 59, sodium
bicarbonate solution. Acidification of this extract and back-
extraction into ether gave an acid fraction, which was
chromatographed on Whatman No. 1 paper with toluene-
acetic acid-water.!® The phenolic acid spots were made
visible by spraying with diazotized p-nitroaniline reagent.!?

Measurement of Radioactivity.—The method of deter-
mining carbon-14 in organic samiples and barium carbonate
has been outlined in a previous publication.??

Results and Discussion

In earlier publications a variety of labeled com-
pounds have been compared in wheat and maple as
precursors of the structures giving rise to vanillin
and syringaldehyde; these precursors have in-
cluded both C;C; and CgC; compounds. In
Table I a number of these precursors, together with
acetic acid, have been listed. Here are given the
dilutions of carbon-14 during conversion of a com-

(15) S. A. Brown, K. G. Tanner and J. E. Stone, Can. J. Chem., 31,
755 (1853).

(16) E. Higglund, "Chemistry of Wood,” Academic Press, lnec.,
New York, N. V.. 1951, p. 326,

(17) J. M. Pepper, P. E. T. Baylis and E. Adler. unpublished data,
in preparation.

(18) E. C. Bate.Smith. Chemistry & Industry, 14357 (1954).

(19) T. Swain. Biockem. J.. 83, 200 (1953).
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COMPARISON OF RELATIVE DILUTIONS OF LABELED PRECURSORS DURING CONVERSION TO (JXIDATIVE AND REDUCTIVE DE-
GRADATION ProDUCTS OF LiGNIN

Compound administererd Vanillin
L-Plienylalanine-R-Ct* 1 1
Cinnanic acid-(2 or 3)-C* 1.8
Sinapic acid-3-C4 8.4
Anisic acid-CH OOH 790
Vanillin-C** HO 8.7
Acetic acid-2-C1 69
1~-Plhienylalanine R-C# 1 1
Cinnamic acid-(2 or 3) C 2.6
Fernlic acid-3-Ct¢ 0.66

Acctic acid-2-C1 200

Oxidation products

Relative dilutions?

Hydrogenolysis prodacts
DHS

Syringaldehyde DHCA HSA
1. Maple
1.9 1.3 1 2.1
9.1 1.6 4.8
0.53 45 40
465 230 50
9.1 21 16
48 51 35
2. Wheat
0.97 0.72 0.68
2.6 2.2 .
21 0.61 1.0

100 100

¢ The dilution of L-plienylalanine in its conversion to that part of lignin yielding vanillin and DHCA is taken as unity,

and other dilutions are calculated on this basis.

pound to the structures which give rise to vanillin
and syringaldehyde on oxidation and to DHCA and
DHSA on hydrogenolysis. Some of the data from
experimnents in which vanillin and syringaldehyde
were isolated have been published elsewhere and
are reprinted in the interests of convenience. The
dilutions calculated here are the basis of the rela-
tive dilutions shown in Table II. Because the data
of several separate experiments have been pooled
and compared in Table II, we have taken as unity
the dilution of carbon-14 in the conversion of L-
phenylalanine to the vanillin- and DHCA-yielding
residues (boldfaced in Table I) and recalculated all
other dilutions on this basis. This has been possi-
ble because in each experiment L-phenylalanine has
been fed as a standard of comparison. Under the
“V” and “S” headings of Table II, for both wheat
and maple, two columns of figures have been used
to group compounds which were compared in experi-
ments done at the same time.

It was not to be expected that the results of ex-
periments done at different tiines, and using differ-
ent plants, would be strictly comparable, because
of the well-known effects of biological variation.
Nevertheless, a comparison of the “V” and “DH-
CA” columns and the “S” and “DHSA"™ columns
reveals a clear parallelism in each case. This is
especially striking where cinnamic acid and acetic
acid were fed to both plants and in the conversion
of ferulic acid to vanillin- and DHCA-yielding lig-
nin; the comparable figures do not differ by more
than a factor of 2 and in some cases are virtually
identical. When anisic acid was administered,
much greater differences in the dilution values re-
sulted, but these values are so high that what little
carbon-14 there is in the lignin derivatives probably
represents recyeling rather than direct incorpora-
tiomn.

Serious discrepancies are evident, however, after
feeding ferulic and sinapic acids to wheat and maple.
respectively. I the activity of the phenolic alde-
lrydes is taken as the criterion, ferulic acid was not
nearly so well converted to syringyl as to guaiacyl
lignin, but this relationship does not hold when the
activity of the hydrogenolysis products is consid-
ered. In the latter instance, the ferulic acid was ef-

ficiently utilized for forming the syringyl lignin resi-
dues as well. Sinapic acid was preferentially con-
verted by maple to lignin vielding syringaldehyde,
but little vanillin, yet when DHCA and DHSA
were isolated after feeding sinapic acid, neither
product contained appreciable radioactivity.

It seemed probable that at least a part of the
above discrepancies could have resulted from the
existence of uncontrolled variables, which led to
marked quantitative variations in the metabolisin
of the administered compounds in experiments
done at different times. To confirm or eliminate
this possibility, ferulic and sinapic acids were fed
to a larger number of maple twigs, and the C!*-con-
tents of the products from the oxidation and hy-
drogenolysis of the saine plant material were com-
pared. The results of this experiment are shown
in Table III. After the administration of ferulic

TaBLE 111

SpECIFIC AcTiviTiES OF Licniy DEGrRADATION PrODUCTS
FROM THE OXIDATION AND HYDROGENOLYSIS OF ALIQUOTS
OF THE SAME PLANT MATERIAL

————— Compound isolated N
Specific
Compound activity

administered Name (ue. mmole)
Ferulic acid-3-C4 DHCA 0.869
Vanillin-NBH™ 570
DHSA 238
Syringaldehyde-NBH"™ C144
Sinapic acid-3-Cl# DHCA L010
Vanillin-NBH™"* 000
DHSA 010
Syringaldehyde-NBH™ " 971

 NBH =z m-nitrobenzoylhydrazoune.  ® These aldeliydes

were isolated from the residue after saponification of cell
wall fraction (sce text).

acid-3-C" the molar specific activities of the iso-
lated vanillin and syringaldehyde were about 35 to
4007, lower than those of DHCA and DHSA, re-
spectively.  These results suggest that the lignin
structures from which the oxidation products arc
formed do not fully correspond to those which give
rise to the products of hydrogenolysis. The fact
that the yields of the aldehydes are the higher may
mean that a greater part of the pre-formed, inactive
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lignin is attacked by the oxidant, with consequent
dilution of the carbon-14. This would not be sur-
prising in view of the fundainental difference in the
two types of reaction, and the values are sufficiently
alike that there is no reason to suspect either as a
valid criterion of the incorporation of carbon-14
into lignin.

Such is definitely not the case in the experiments
involving sinapic acid. Here, the molar specific
activity of the syringaldehyde exceeded that of
DHSA by nearly 100 times. The sinapic acid re-
sults are in agreement with earlier work, both asre-
gards the preferential incorporation of sinapic acid
into the syringyl-type lignin as represented by sy-
ringaldehyde, and the discrepancy in the specific ac-
tivities of the oxidative and hydrogenolytic lignin
degradation products. A test revealed that syring-
aldehyde could be formed in about 159 yield by ni-
trobenzene oxidation of sinapic acid itself under the
standard conditions. Therefore, a possible expla-
nation of the observed discrepancy was that the ad-
ministered sinapic acid was merely being attached
to lignin in such a way that oxidation, but not hy-
drogenolysis, could yield a radioactive product.

Conceivably, an attachment by ester linkages,
such as described by Smith? in the cases of p-hy-
droxycinnamic, ferulic and some other acids, could
explain the finding. The possibility was tested by
saponification of a sample of the cell wall residue
from the sinapic acid feeding and separation by
chromatography of the phenolic acids liberated.
Spots corresponding to ferulic acid and smaller
amounts of other phenolic acids were easily detect-
able, but no sinapic acid spot was found. A test on
an inactive sample of maple showed that at least
half of one milligramn of added sinapic acid was re-
coverable and could be detected easily on the chro-
matogram, by the technique used. From these re-
sults it was concluded that sinapic acid bound as
the ester or in other alkali-labile form constituted
at most a negligible part of lignin. As further con-
firmation, oxidation of the saponification residue
with nitrobenzene yielded syringaldehyde with a
specific activity comparable to that of syringalde-
hyde from the aliquot oxidized before saponifica-
tion. It is the specific activities from the saponi-
fied sample which are given in Table I11.

These findings leave unanswered the question
of why sinapic acid, alone among the several phenyl-
propanoid compounds judged to be efficient pre-
cursors of lignin on the basis of oxidative degrada-
tion, is not incorporated into lignin structures which
can be reduced to a substituted cinnamyl alcohol.
The role of sinapic acid as a lignin precursor is evi-
dently more complex than was hitherto believed.
Although there is little doubt that it can be incor-
porated into a lignin polyiner, more study of its
function is clearly necessary.

One or two additional points deserve comnent in
considering the results of the hydrogenolysis experi-
ments. After the feeding of vanillin to maple, the
specific activities of DHCA and DHSA indicated a
dilution of carbon-14 only 8 to 20 times greater than
was the case when L-phenylalanine was fed. Al-
though these dilutions are relatively high, they are

(20) D. C. C. Smith, Nature, 178, 267 (1955);
(1955).

J. Chem. Scc., 2347
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much lower than obtained with anisic acid, or even
acetate. This result shows that, in this species at
least, vanillin can be incorporated into the phenyl-
propanoid unit and provides further support for our
previous proposal®® that such a unit can be formed
in the plant by the condensation of vanillin with a
two-carbon metabolite. Freudenberg’s failure to
demonstrate this reaction in spruce by the isola-
tion of Hibbert’s ethanolysis products may be ex-
plicable on the basis of species differences, a num-
ber of which we have shown to exist in lignification
reactions. On the other hand, it should be remem-
bered that Freudenberg’'s group employed the
glucoside of vanillin, and this may well exhibit very
different reaction behavior from that of the free phe-
nol. Support for this explanation comes from Freu-
denberg’s finding® that free ferulic acid-C', but
not its glucoside, is incorporated into a lignin
which yields radioactive ethanolysis products.

Because of the tedious purification procedures
and low yields, hydrogenolysis offers a doubtful al-
ternative to oxidation for the routine recovery Qf
lignin degradation products after feeding experi-
ments. The value of nitrobenzene oxidation has
niow been placed on an even firmer basis, and if the
number of feedings to be done is large, it would ap-
pear more economical to label the precursor in such
a position that the carbon-14 is recoverable by the
oxidation method. When all nine skeletal carbons
must be recovered, hydrogenolysis is a possible
alternative to ethanolysis. But the hydrogenoly-
sis products are less amenable to further degrada-
tion, a procedure which has not proved feasible
with the amounts we have been able to isolate.

Further investigation of the possible role of ace-
tate in lignification has involved the isolation of two
forms of lignin, and the comparison of their C!*-con-
tent with that of vanillin and syringaldehyde from
the same plant residue. L-Phenylalanine and
cinnamic acid have also been studied in this way.
The results are shown in Table IV. In calculating
the molar specific activity of the Klason and diox-
ane lignins from the specific activity of the carbon
dioxide obtained by their combustion, it has been
necessary to assume an average size of the mono-
meric unit. ‘This has been taken as Cigs, the aver-
age of the 10-carbon coniferyl and the 11-carbon
sinapyl alcohol units which are believed to make up
most of lignin.

The molar specific activities of the isolated lig-
nins from the phenylalanine and cinnamic acid
feedings, if calculated in this way, are found to be
somewhat lower than the average molar specific ac-
tivity of the vanillin and syringaldehyde. This sug-
gests the presence of some non-radioactive extrane-
ous matter associated with the isolated lignins.
Analysis showed the nitrogen content of the dioxane
lignin to be about 0.29, in wheat and up to 0.679;
in maple; the Klason lignin of maple analyzed
about 1.49, nitrogen. Part of the extraneous ina-
terial, therefore, likely consisted of denatured pro-
tein and humin.

In contrast, the data from the acetate feeding
experiments show that the molar specific activities
calculated for the Klason and dioxane lignins are
much greater than those of the phenolic aldehydes;
the discrepancy is especially marked in wheat.
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TapLe IV

CHARLES A. WEST AND BERNARD O. PLHINNEY

Raproactivity oF ISOLATED LioNINS AND LigNIN OXIDA-

TION PRODUCTS AFTER ADMINISTRATION OF LABELED

PHENVELALANINE, CINNAMIC ACID AND ACETATE TO WHEAT
AND MAPLE

Sp. activity

~———NMaterial recovered=——— of lignin
Sp. activity monomer
(muc./mmole) (muc./
Compound 2 mmole)
administered® Name Wheat Maple Wheat Maple
L-Plenylalanine-R.  Klason lignin 42.1 21.1 442b 2220
Cu Dioxane lignin ~ 38.9  16.3  409® 171
Vanillin-NBH?  29.6  23.0 570°  144¢
Syringaldehyde. 28.8 10.7 8§00° 220°
NBH¢
Cinnamic acic1-3-C14  Klason lignin . 3210
Dioxane lignin 25.5 .. 2,80
Vanillin-NBH? 20,9 311
Syringaldehyde- 28.8 161
NBHY
Acelic acid 2.C14 Klason lignin KL 7 40P 750
Dioxane lignin 5.7 2.0 p0b  26P
Vanillin-NBH¢ 0,17 0.82 2.6 12
Syringaldehyde-  0.3: 1.22 5 19.5

NBH?

@ Wheat plauts (equivaleut to ca. 4.5 g. dry weight) were
fed 4.0 pe. carbon-14 in 0.079 muole of the compound.
Maple twigs (dry wt. ca. 7.5 g.) received 6.5 uc. carbon-14
in 0.10 mmole. ? Calculated on the basis of the average
number of carbon atoms per lignin molecule equalling 10.5
(see text). ¢Results are multiplied by 9/7 to correct for
loss of two skeletal carbons during oxidation. ¢ NBH = m-
nitrobenzoylhydrazone.

Two possible explanations suggest themselves for
this. It could have been due to a C;,C; + Co
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condensation incorporating carbon-14 into carbons
1 and 2 of the side chain, which were then lost in
the oxidation but recovered as isolated lignin.
However, after feeding acetate to both species vir-
tually inactive DHCA and DHSA were isolated
{Table I), and as these contain all nine skeletal car-
bons, the above possibility was eliminated. The al-
ternative explanation is that acetate has been in-
corporated into somte artifact associated with the
isolated lignins, which does not yield vanillin and
syringaldehyde. These results underline the dif-
ficulties involved if isolated lignins are employed
in lignification experiinents.

Caution is needed when comparing the degree of
utilization of such different compounds as acetate
and substituted phenylpropanes. There may be
considerable difference in pool sizes, of course, and
feeding of equivalent amounts of the two types of
compound lias been shown in this Laboratory?*!
to vield data which may not be closely comparable.
But even allowing for this, the present results in-
dicate that incorporation of acetate into the iso-
lable aromatic ring or side chain of lignin is slight
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Gibberellins from Flowering Plants. 1.

Isolation and Properties of a Gibberellin from

Phascolus vulgaris L.!

By ClIARLES A. WEST AND BERNARD O. PUINNEY
REcr1vED OCTOBER 13, 1958

A procedure is described for the isolation of a gibberellin, bean factor 11, froin acetone-water extracts of iinmature bean

sced (Phaseolus vulgaris L.).

Bean factor 1T can be distinguished from the fungal gibberellins, gibberellic acid, gibberellin

A and gibbcerellin As, on the basis of its differential biological activity for dwarf maize mutants dwarf-1 and dwarf-5, its
cliromatographic behavior and its iufrared spectrum. Preliminary cheinical studies suggest that bean factor II has a
carboxylic acid and a lactone functional group, as well as sites of unsaturation not in conjugation with either of these.

The gibberellins, which are potent plant growth
regulators,®> were isolated as a crude crystalline
mixture from culture filtrates of the vegetative
stage of the fungus Gibberella fujikuroi (Saw.)
Wr. by Yabuta and Sumiki in 1938.%2 Since that
time four different gibberellins have been isolated
in the pure state from that source, either as a free
acid or methyl ester: gibberellic acid (CioH220s);*
gibberellin A (gibberellin A;)(C1sH»054)°; gibberellin
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A; (CreH206) ;8 and gibberellin Ay (Ci5H2.0;) or Crg-

H.O;5).” A structural formula has been assigned
to gibberellic acid by Cross, ¢t al.® Gibberellin
0o o
\ CH,

CH3
COOH
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