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The trivial name ‘%riodenine” is proposed for a yellow pigment isolated from yellow poplar heartm-ood. Liriodenine has 
the composition C17HS03S, and a melting point of 282”. Oxidation with chromic acid yields an acid which is decarboxylated 
a t  the melting point to form benzo[g]quinoline-5,10-dione. A second pigment containing methoxyl as well as nitrogen was 
also isolated, but the quantity of this material was not sufficient for proper characterization. 

Colorless alkaloids have been reported in the 
bark of the yellow poplar tree (family Magnoliaceae) 
but they were not well characterized.lV2 Nore re- 
cently, a lignan diglucoside was isolated from the 
inner bark.3 The extractives of the wood, on the 
other hand, have received but little attention. 
Yellow poplar heartwood is usually olive-yellow to 
olive-brown in color, but in trees of rapid growth, 
the color may be distinctly yellow. On exposure to 
air and light, the surface darkens. The color of the 
wood is of some importance in the lumber and is a 
disadvantage in groundwood pulp prepared from 
this  specie^.^!^ 

The benzene-soluble extractives of the heart- 
Tvood consist of a complex mixture of substances, 
some of which are highly colored. Paper chroma- 
tography results in a yellow spot with a bright yellow 
fluorescence. Attempts to isolate the substaiice 
responsible for the yellow spot led to a crystalline 
pigment. which. however, was not fluorescent. 
The trivial name “liriodenine” is proposed for this 
pigment, which melts a t  282” and has the com- 
position CliHg03S. Liriodenine is basic and is 
extracted from benzene solution with dilute 
hydrochloric acid along with a mixture of other 
colored materials. I t  is slightly soluble in benzene 
or chloroform, but is nearly iiisoluble in ethanol 
and ether. It is soluble in aqueous acids, and forms 
a stable rose-colored solution in concentrated sul- 
furic acid which changes to yellow on addition of 
potassium nitrate. 

The low ratio of hydrogen to carbon in liriodenine 
suggested the presence of a condensed ring system, 
but distillation with zinc dust did not form aiiy 
recognizable products. Tests for methoxyl and 
methylenedioxy groups were negative. h n  acetate 
was not formed under aiiy of the usual acetylating 
conditions. The absence of hydroxyl groups was 
supported by the lack of aiiy absorption band iil the 
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3 p region in hexachlorobutadiene mulls, and by the 
lack of shift in the ultraviolet spectrum in alkaline 
ethanolic solution. h monooxime, m.p. 271 O ,  was 
formed on refluxing with hydroxylamine in pyridine 
solution, indicating that one of the oxygens was 
present as a carbonyl group. 

Liriodenine was reduced by catalytic hydrogena- 
tion to a colorless material which readily reverted 
to the original material on exposure to air. When 
warmed with 1% sodium hydroxide containing a 
small aniount of sodium hydrosulfite and some 
ethanol to promote solubilization, liriodeiiine 
formed a blood-red solution which returned to 
yellow on shaking in the air. It was slowly de- 
colorized to  a strongly fluorescent solution by boil- 
ing with a mixture of aqueous acetic acid, dilute 
hydrochloric acid, and tin. The behavior xvith re- 
ducing agents suggested a quinone grouping similar 
to that present in anthraquinone. 

Liriodenine when treated with chromic acid in 
dilute sulfuric acid solution formed a red-colored 
insoluble material which was resistant to oxidation 
and which may have been a chrome lake. In more 
concentrated sulfuric acid at elerated temperatures, 
chromic acid oxidation resulted in the formation of 
water-soluble materials which were not isolated. 
By proper choice of conditions, it was possible to 
oxidize liriodeniiie to a mater-insoluble niono- 
carboxy acid C14Hi04N with a melting point of 
335-336”. The acid decomposed at the melting 
point with the evolution of gas and the formation 
of a crystalline sublimate which was identified 
as benzo [g]quinoline-5,lO-dione by comparison 
with a sample synthesized by the method of Clenio 
and Driver.6 The infrared spectra of the two ma- 
terials n-ere identical, and t here was no depression 
in the mixed melting point. 

Identification of the sublimed needles permits a 
partial formulation of liriodeiiine as I and the acid 
obtained on oxidation as 11. A melting point of 
353-35’7” has been reported7 for benzo [g ]quinoline- 
~-carhoz;g-j,lO-dioiie, arid thus it seems likely 
that the carboxyl group is not in  the -2- position. 
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The benzo[g]quinoline-5,1O-dione nucleus was 
previously demonstrated in the pigment phomaza- 
rine isolated form the fungus Phoma terrestris 
Han~en.*?~ This pigment, like liriodenine, gave 
only a small amount of unidentified oil on zinc 
dust distillation and, on hydrogenation, gave a 
product readily oxidized to the original pigment. 

The low ratio of hydrogen to carbon in liriodenine 
suggests that  a fourth condensed ring is present, 
and the absorption band a t  2952 cm.-l suggests 
the presence of a methyl group. The formation of 
a monooxime together with the lack of evidence 
for a hydroxyl group suggest that  the third oxygen 
may be present as a carbonyl group. These condi- 
tions would be met by the presence of the ring 
structure 111, but further evidence is needed to 
elucidate the nature of the fourth ring. 

y-q-3 

0 I11 

After working up the mother liquors to obtain 
the maximum yield of liriodenine, a chloroform 
solution was obtained which would not yield 
additional crystals but which still had a strong 
yellow coloration. 

Evaporation of the solvent gave a dark-colored 
residue which on repeated crystallization from 
ethanol gave crystals of a second yellow to orange 
pigment. This second pigment forms the yellow 
spot with yellow fluoresence on paper chromato- 
grams. Only small amounts of this pigment have 
been isolated, and the analytical data have been 
variable. Analysis for carbon and hydrogen, and 
estimation of the equivalent weight by titration 
suggest that  the composition may be C20H1706N 

with a molecular weight of 351. On the other hand, 
a single analysis for nitrogen and two of the meth- 
oxy1 determinations suggest a molecular weight 
in the range of 320-330 with three methoxyl groups. 
At present, the composition of this pigment is still 
uncertain. 

EXPERIMENTAL 

Spectra. Infrared spectra (Fig. 1) were determined on po- 
tassium bromide wafers with the Perkin-Elmer Model 21 
Spectrophotometer. Ultraviolet and visible spectra were 
determined with a Beckman Model DK-2 Spectropho- 
tometer. 

Isolation. Sawdust prepared from yellow poplar heart- 
wood was extracted with 3 1. benzene-95% ethanol 10: 1 in 
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Fig. 1. Infrared absorption curves: I. Liriodenine. 11. 
Acid obtained on oxidation. 111. Sublimed needles (benzo[g]- 
quinoline-5,10-dione). IV. Second yellow pigment 

a Soxhlet apparatus for 6 hr., and a second charge of saw- 
dust was extracted with the same solvent. The extract from 
the two charges was concentrated under reduced pressure to 
about one-half volume. This removed the ethanol and caused 
the precipitation of some dark-colored material which was 
separated by filtration. The benzene solution was extracted 
with five 100-ml. portions of 1% hydrochloric acid. The 
combined acid solutions were neutralized by careful addi- 
tion of solid sodium bicarbonate, and the liberated bases 
were extracted with chloroform. The residue obtained by 
evaporation of the chloroform was crystallized from chloro- 
form using 4 ml. of solvent per g. of solid. The mother 
liquor solids were eluted from an alumina column with 
chloroform, and the eluent from the yellow band was col- 
lected. Crystallization of the solids from this fraction gave 
small amounts of additional yellow crystals. Average yields 
of the combined crystalline fractions were 0.08% (dry wood 
basis) from extraction of undried green sawdust, and 0.06y0 
for seasoned lumber. 

The once crystallized product usually melted in the range 
of 275-280". It was purified to  a melting point of 282' by 
further recrystallizations from chloroform, and by chroma- 
tography on an alumina column using chloroform as the 
eluting solvent. 

Anal.10 Calcd. for ClrHeNOs: C, 74.18; H, 3.30; N, 5.09; 
0, 17.44; molecular weight 275.2. Found: C, 74.17, 73.94; 
H, 3.28, 3.36; N, 5.07, 5.08; 0, 17.52; molecular weight (by 
an ebullioscopic method using chloroform as solvent) 270. 

247.4 mp (log e 4.22), 268.2 mp (log c 4.13), 
309.2 mp (log e 3.62), 413 mp (log E 3.82). h ~ ~ s o H  257.9 
mp (log e 4.08), 291.9 mp (log c 3.51), 340 mp (log e 3.16), 
455-700 mp (log E 0.0). ac'incrHsoa 256.7 mp (log 
E 4.33), 277.3 mp (log e 4.26), 329 mp (log e 3.67), 392 nip 
(log E 3.69), 455 mp (log E 3.58). A ~ ~ H C ' i n C * H s o H  268.7 
mp (log e 4.20), 307 mp (log e 3.53), 362 mp (log E 3.55), 
426 mp (log E 3.52), 545-700 mp (log e 0.00). 

Oxime. A 0.257-g. portion of liriodenine purified to a melt- 
ing point of 280-281' was refluxed for 0.5 hr. with 10 ml. of 
pyridine and 0.267 g. of hydroxylamine hydrochloride. The 
crystals dissolved after heating for 10 min. The cooled 
reaction mixture was stirred into 100 ml. of 2N acetic acid. 
The yellow precipitate was filtered, washed with water, and 
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dried. The yield was 0.267 g. After crystallizing two times 
from n-butanol, the melting point was 271 '. 

Anal. Calcd. for C17H10N203: C, 70.34; H, 3.47; N, 9.65. 
Found: C, 69.68; H,  3.34; N, 9.45; residue from combustion 

Oxidation with chromic acid. Liriodenine (0.1 g.) was dis- 
solved in 8 ml. of 1 : 1 (v./v.) concd. sulfuric acid-water by 
warming, and the solution was diluted with 3 ml. of water. 
After cooling to room temperature, 0.2 g. of chromic oxide 
dissolved in 1 ml. of water and 4 ml. of 1: 1 sulfuric acid- 
water was added gradually over a 1-hr. period. After stand- 
ing a t  room temperature for 15-16 hr., the solution was di- 
luted with .40 d. of water and xas  heated in a steam bath 
for 1 hr. The final reaction mixture was cooled to room tem- 
perature, and the resulting light-colored product filtered and 
washed with water. The oxidation product was dissolved in 
dilute ammonium hydroxide and was reprecipitated by acidi- 
fication with hydrochloric acid. The yield was 0.08 g. The 
crude product had a melting point of about 330", and on 
melting formed a sublimate of yellow crystals. The material 
was soluble in hot formic, acetic, and nitric acids, but satis- 
factory conditions for recrystallization were not found. 
It was purified by dissolving in 2y0 ammonium hydroxide, 
heating the solution, and neutralizing with hydrochloric 
acid. After several such treatments, the melting point was 
335-336' on rapid heating. 

Anal. Calcd. for C I ~ H T O ~ S :  C, 66.41; H, 2.79; N, 5.53. 
Found: C, 66.33; H, 2.83; X> 5.60. 

Azz:60R 254 mM (log e 4.49), 325 mp (log e 3.50). 
305mpLlog €3.41). 

Small amounts of the sublimed needles were obtained by 
mixing 10 mg. of the oxidation product with 20 mg. of pre- 
cipitated calcium carbonate and heating in a 3-inch test 
tube to 336". After resubliming, the needles melted a t  275- 
277". Benzo[g] quinoline-5,lO-dione synthesized by the 
method of Clemo and Driver6 melted a t  the same tempera- 
ture, and the mixed melting point n-as not depressed. 

0.570. 
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CzHiOH 
A,, 250 mp (log e 4.49), 326 mp (log e 3.46). A ~ : ~ 5 0 H  
304 mp (log e 3.55). 

Isolation of the second yellow pigment. In  the isolation of 
liriodenine, the mother liquors were rechromatographed 
on alumina columns by eluting with chloroform as long as 
additional liriodenine could be crystallized from the mate- 
rial eluted as a yellow band. The mother liquors from these 
operations still had a very strong yellow color. They viere 
combined, evaporated to dryness, and the solids crys- 
tallized from 95Y0 ethanol to give a small amount of orange 
needles (0.01 70 dry xood basis). Further crystallizations 
from ethanol and from benzene gave a constant melting 
point of 235-236". 

Anal. Found: C, 68.54, 68.01; H, 4.90, 4.96; methoxyl, 
33.5, 33.5; equivalent weight by titration, 359, 360. 

h ~ ~ ~ ' o H  211 mp (a  91.4), 245 mp (a  86.5), 273 mp (a 91.2), 
355 mp (a  30.3). 

A ~ ~ ~ : ' o H  228 mp (a  62.5), 257 nip ( a  61.2), 318 mp ( a  18.2), 
h 500-700 mp (a  0.0). 

The remaining crystals were recrystallized by dissolving 
in a small volume of chloroform and adding two to  three 
volumes of low boiling petroleum ether. The resulting crys- 
tals melted a t  235-236". 

Anal. Found: C, 68.60, 68.56; H, 4.77, 4.91; methoxyl, 
28.8. Additional crystals melting a t  235-236" were obtained 
from the mother liquors from isolation of the first product 
by crystallizing the mother liquor solids once from ethanol 
and once from benzene. 

Anal. Found: C, 68.99; H, 4.93; N, 4.30; methoxyl, 28.3. 
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The previously unreported desapogossypol was prepared by demethylation of the hexamethyl ether. Desapogossypol was 
converted to the hexaacetate, to desapogossypolone tetraacetate and to hydrodesapogossypolone octaacetate. The hexalllyl 
ether of apogossypol has been prepared and carried through a Claisen rearrangement which involved two ortho- and two 
para-rearrangements in each molecule. Epoxidation of apogossypolone tetramethyl ether and desapogossypolone tetra- 
methyl ether gave in both cases the corresponding 2,3,2',3'-diepoxy derivatives. 

Gossypol (I), the principal pigment of cottonseed, 
must be chemically altered or removed during the 
processing of cottonseed for most uses. There is po- 
tentially available about 30,000 tons of gossypol per 
year from cotton produced in the United States. The 
large amount of gossypol available, the reactive 
nature of the molecule, and its deleterious effects in 
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cottonseed processing and utilization are the reasons 
for a continuing program in these laboratories 011 

the chemistry of gossypol and closely related deriva- 
tives. Our earlier work has involved a study of the 
reduction of gossypol xi th  lithium aluminum 
hydride3 and the formation of gossypol anils with 
a wide variety of primary  amine^.^ 

Apogossypol (II), apogossypol hexamethyl ether 
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