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Summary

From an analysis and reinterpretation of the
results of Tschesche and Haupt it was concluded
that the formula for convallatoxin tentatively
suggested by these investigators is inadmissible
and that the (unisolated) aglycone in question
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probably is identical with strophanthidin. Com-
parisons made both in this Laboratory and by
Dr. Tschesche have now established the correct-
ness of this hypothesis.

CONVERSE MEMORIAL LABORATORY
CAMBRIDGE, MASSACHUSETTS
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[CoNTRIBUTION FROM THE CHEMISTRY LABORATORY OF THE UNIVERSITY OF MICHIGAN]

The Reaction of Alkali Metals with Polycyclic Hydrocarbons. II

By W. E. BACHMANN AND L. H. PENCE!

It was shown recently that sodium and lithium
add to the meso positions of 1,2-benzanthracene,
1,2,5,6-dibenzanthracene and 3-methylcholan-
threne.? We have now extended this reaction to
include 5-methyl-1,2-benzanthracene, 5-phenyl-
1,2-benzanthracene, 1,2,3,4-dibenzanthracene, 6-
methyl-1,2,3,4-dibenzanthracene, 1,2,6,7-dibenz-
anthraceneand 1,2,3,4,5,6-tribenzanthracene. In-
tensely colored addition compounds are formed
when solutions of these hydrocarbons in ether—
benzene are shaken with sodium or with lithium.
Thus, 1,2,3,4-dibenzanthracene gives an intensely
lavender colored solution of 9,10-disodium-9,10-
dihydro-1,2,3,4-dibenzanthracene (I), while with
lithium the intensely purple 9,10-dilithium addi-
tion product is formed.
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As a rule the color of the disodium addition
product is different from that of the dilithium
derivative. This difference is ascribed to a dif-
ference in the mode of addition of the two metals,
the one adding in ¢is positions, the other in trans
positions. On treatment with methanol, the
alkali addition products of the hydrocarbons
yield the 9,10-dihydro derivatives (II, for ex-
ample). The same dihydro derivative is obtained
from both the disodium and the dilithium addition
compounds, except in the case of 1,2,6,7-dibenz-
anthracene (III). In the reaction between the

(1) From the Ph.D, dissertation of I.. H. Pence.
(2) Bachmann, J. Org. Chem., 1, 347 (19386).

alkali metals and 1,2,6,7-dibenzanthracene it was
expected that addition could take place at the
5,8- or the 9,10-positions. Actually, a mixture
of the two possible dihydro derivatives was ob-
tained from the sodium addition product and
methanol. A single dihydro compound was iso-
lated from the dilithium addition product, al-
though the structure of this compound was not
determined.

The structures assigued to the dihydro deriva-
tives and hence to the alkali metal addition prod-
ucts are based on the oxidation of the dihydro
derivatives to the 9,10-diones by chromic acid.
All of the 9,10-dihydro derivatives are dehydro-
genated readily by sulfur to the parent hydro-
carbons.

In order to obtain water-soluble derivatives of
the polycyclic hydrocarbons, we have investigated
the action of carbon dioxide on a number of the
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alkali addition products.

In this reaction a

distinct difference in behavior was encountered
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between the disodium and the dilithium addition
compounds. Thus, while the dilithium compound
obtained from 1,2,5,6-dibenzanthracene yielded
the expected dilithium salt of 9,10-dicarboxy-
9,10-dihydro-1,2,5,6-dibenzanthracene (IV) exclu-
sively, the disodium compound behaved in an
erratic manner, not always giving the same com-
pound even when the identical conditions ap-
peared to be employed. Usually the mono-
carboxylic acid (V) was obtained from the
disodium compound. The dicarboxylic acid (VI)
was obtained from the dilithium addition product
of 3-methylcholanthrene, the disodium compound
yielding a monocarboxylic acid. A similar result
was obtained with 1,2,3,4-dibenzanthracene.

From the reaction between carbon dioxide and
the sodium addition compound of anthracene,
Schlenk and Bergmann?® isolated a dicarboxylic
acid. When, however, anthracene was added to
the disodium addition compound prior to the
introduction of carbon dioxide, a monocarboxylic
acid was formed; the latter compound was also
obtained when the reaction between the anthra-
cene and sodium had been incomplete. The
excellent yields of dihydro compounds obtainable
from our sodium addition compounds by reaction
with methanol precluded an explanation of the
formation of a monocarboxylic acid on the basis
of an incomplete reaction between the hydro-
carbon and sodium. Moreover, none of the
parent hydrocarbon was isolated from the reaction
mixture after treatment with carbon dioxide. It
seems likely that the disodium compound yields
an unstable dicarboxylic acid which subsequently
loses a molecule of carbon dioxide.

The sodium and potassium salts of the acids
are soluble in water and it is in this form that they
are being tested for carcinogenic activity. Work
is in progress on the reaction between the alkali
metal addition compounds and alkyl and acyl
halides.

Experimental

1,2,3,4-Dibenzanthracene.—A mixture of 14.8 g. of 9-
(o-toluoyl)-phenanthrene* and 5 g. of zinc dust was heated
at 400-420° for three hours. The hydrocarbon, which was
obtained by distillation at 2 mm. pressure, was purified
by recrystallization from xylene-alcohol; m. p. 200-
201.5°; weight, 7.8 g. (66%), a yield higher than that re-
ported previously.

6-Methyl-1,2,3,4-dibenzanthracene.—To the Grignard
reagent prepared from 30 g. of 1-bromo-2,4-dimethyl-

(3) Schlenk and Bergmann, Ann., 463, 134 (1928).
(4) Bachmann and Pence, Tuis Journar, §7, 1130 (1935).
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benzened in 50 cc. of ether was added 100 cc. of benzene
and 30 g. of 9-cyanophenanthrene, After being refluxed
for two days, the mixture was hydrolyzed with ice-cold
hydrochloric acid, which precipitated a solid ketone
imine hydrochloride. The ketone, 9-(2/,4’-dimethyl-
benzoyl)-phenanthrene, resulting from the hydrolysis of
the ketone-imine hydrochloride by boiling water, was ob-
tained as a colorless oil by distillation at 200-250° at 3
mm.; weight, 34 g. (75%).

The aforementioned ketone was kept at 420° for two
and one-half hours and the product was distilled at 3 mm.
pressure. Two recrystallizations from xylene, using de-
colorizing charcoal, gave 4.0 g. (12%) of 6-methyl-1,2,3,4-
dibenzanthracene as fine, colorless needles; m. p. 157.5—
158°, The hydrocarbon is only slightly soluble in cold
alcohol and acetic acid.

Anal. Caled. for CyuHis:
C,94.6; H, 5.5.

6-Methyl-1,2,3,4~dibenzanthraquinone was formed by
refluxing a mixture of 100 mg. of the hydrocarbon, 200 mg.
of sodium dichromate dihydrate and 10 cc. of acetic acid
for thirty minutes. After sublimation at 230-260° (0.2
mm.), the quinone crystallized from acetic acid in long
yellow needles; yield 65%; m. p. 187.5-188.5°.

Anal, Caled. for CxHuOy: C, 85.7; H, 4.4, Found:
C, 85.2; H, 4.6.

1,2,6,7-Dibenzanthracene.—This hydrocarbon has been
prepared previously but not from crystalline 3-(o-toluoyl)-
phenanthrene. By heating a mixture of 6.6 g. of the
crystalline ketone! and 2.2 g. of zinc dust at 400-420°
for two hours, distilling the product at 3 mm. pressure and
recrystallizing the distillate twice from xylene, 1.34 g. of
1,2,6,7-dibenzanthracene was obtained as golden-yellow
crystals. The highest melting point which we observed
was 262°, while Clar® reported a value of 263-264°,

1,2,3,4,5,6-Tribenzanthracene.—After heating 15.4 g. of
9-(2’-methyl-1/-naphthoyl)-phenanthrenet with 5§ g. of
zinc dust at 410° for two and three-quarter hours, the
product was distilled at 3 mm. pressure. By recrystalliza-
tion from xylene 6.4 g. (44%) of 1,2,3,4,56-tribenz-
anthracene was obtained; m. p. 225-228°. Fieser and
Dietz? obtained a 249, yield of the hydrocarbon melting
at 224° by pyrolysis of the ketone without the addition of
zine dust.

Preparation of the 9,10-Dihydro Derivatives of the Poly-
cyclic Hydrocarbons.—A mixture of 0.5 g. of the hydro-
carbon, 1 g. of powdered sodiumn, 50 cc. of anhydrous ether,
50 cc. of dry benzene and a few sharp particles of glass®
was shaken in absence of air for two days. The intense color
which formed after a few minutes usually was replaced by
still another color, that of the 9,10-disodium addition com-
pound. After the color had been completely discharged
by addition of methanol, the solution was separated from
the excess of sodium, shaken with dilute hydrochloric acid,
filtered and evaporated. The dihydro compound which
remained was then recrystallized.

For the reaction with lithium, the same procedure was

C, 94.5; H, 5.5. Found:

(5) Morgan and Coulson, J. Chem. Soc., 2208 (1929).

(6) Clar, Ber., 62, 1574 (1929).

(7) Fieser and Dietz, tbid., 62, 1827 (1929).

(8) Compare Bachmann and Wiselogle, THIs JourNaL, §8, 1943
(1936).
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used except that 0.8 g. of lithium wire (0.5 mm. diameter)
was employed. The reaction was initiated by pressing the
lithium wire in several places with a glass rod. The mix-
ture was then shaken for five to seven days.

9,10 - Dihydro - 5 - methyl - 1,2 - benzanthracene ob-
tained from the intensely wine-red disodium addition
product of 5-methyl-1,2-benzanthracene crystallized from
acetone—ethanol in thin, colorless plates; yield 57%; m. p.
128-129.5°.

Anal. Caled. for Ci:His:
C,93.5; H, 6.5.

9,10 - Dihydro - 5 - phenyl - 1,2 - benzanthracene ob-
tained from the brownish-purple disodium compound of
5-phenyl-1,2-benzanthracene® crystallized from acetic

C, 93.4; H, 6.6. Found:

acid in glistening, colorless needles; yield, 90%; m. p.
96-96.5°,
Anal. Caled. for CuHis: C, 94.1; H, 5.9. Found:

C,94.4; H,86.0.

9,10-Dihydro-1,2,3,4-dibenzanthracene obtained from
the dark lavender disodium addition compound of 1,2,-
3,4-dibenzanthracene crystallized from benzene—ethanol
in colorless needles; yield 84%,; m. p. 202-203°. The
identical compound was obtained in 649, yield from the
purple dilithium addition compound of the hydrocarbon.

Anal. Caled. for CoHye: C, 94.2; H, 5.8. Found:
C, 93.8; H, 6.1.

9,10 - Dihydro - 6 - methyl - 1,2,3 4 - dibenzanthracene
was obtained in 809 yield from both the reddish-purple
disodiumn compound and the bluish-purple dilithium
compound of 6-methyl-1,2,3,4-dibenzanthracene. It crys-
tallized from benzene in fine, colorless needles; m. p.
207-209.5°.

Anal. Caled. for CyHis:
C, 93.6; H, 6.3.

9,10 - Dihydro - 1,2,3,4,5,6 - tribenzanthracene, ob-
tained from the dark blue disodium compound of
1,2,3,4,5,6-tribenzanthracene in 73% yield and from the
blue dilithium derivative in 409, yield, crystallized from
xylene in colorless needles; m. p. 281-283°,

Anal. Caled. for CosHis: C, 94.5; H, 5.5. Found:
C,94.1; H, 5.6.

The mixture of compounds obtained from the bluish-
green sodium addition compound of 1,2,6,7-dibenzanthra-
cene and methanol melted at 170-200°. From the bluish-
green lithium addition product a 73% yield of one of the
two possible dihydro-1,2,6,7-dibenzanthracenes was iso-
lated as fine, colorless needles; m. p. 167-160.5°, It was
not possible to determine whether this compound was
the 5,8- or the 9,10-dihydro derivative.

Anal. Caled. for CpHie: C, 94.2;
C,94.2; H, 5.8.

Dehydrogenation of the 9,10-Dihydro Derivatives.—A
mixture of 50 mg. of the dihydro derivative and 10 mg.
of sulfur was heated at 200-230° for one hour. The prod-
uct was dissolved in toluene and the solution was shaken
with mercury for several hours in order to remove the ex-
cess of sulfur. From the solution the parent hydrocarbon
was isolated in good yield. Thus, a 789, yield of 1,2,3,4-

C, 93.8; H, 6.2. Found:

H, 58. Found:

(9) Bachmann and Bradbury, J. Org. Chem., 2, 175 (1937).

THE REACTION OF ALKALI METALS WITH Porycycric HYDROCARBONS

2341

dibenzanthracene was obtained by dehydrogenation of
9,10-dihydro-1,2,3,4-dibenzanthracene,

Oxidation of the 9,10-Dihydro Derivatives.—A solution
of 50 mg. of the 9,10-dihydro derivative and slightly more
than the calculated amount of sodium dichromate di-
hydrate in 10 cc. of acetic acid was heated at the boiling
point for forty-five minutes. The 9,10-dione, which pre-
cipitated on adding dilute sulfuric acid to the mnixture, was
purified by sublimation at 0.2 mm., followed by recrys-
tallization from acetic acid. In each case, the 9,10-dione
proved to be identical with the gquinone obtained by oxi-
dizing the parent hydrocarbon. For example, from 9,10-
dihydro-1,2,3,4-dibenzanthracene a 77% yield of 1,2,3,4-
dibenzanthraquinone was obtained, which was identical
with the product formed by oxidation of 1,2,3,4-dibenz-
anthracene.

Our 1,2,3,4,5,6-tribenzanthraguinone melted at 246.5-
247.5°, while the reported value’is 244°. Oxidation of
the dihydro-1,2,6,7-dibenzanthracene (m. p. 157-160.5°)
gave a mixture of quinones of the same nature as that
obtained by oxidation of 1,2,6,7-dibenzanthracene.

Reaction of the Alkali Addition Compounds with Carbon
Dioxide.—Carbon dioxide (dried by concentrated sulfuric
acid and phosphorus pentoxide) was passed into a cooled
solution of the 9,10-disodium or 9,10-dilithium addition
compound of the hydrocarbons until the color of the mix-
ture was discharged completely. The suspension of the
alkali salt of the carboxylic acid was decanted from the
excess of the metal and was shaken with ice water, Acid-
ification of the separated aqueous solution precipitated
the carboxylic acid, which was then recrystallized. The
ether-benzene solution from which the sodium salt had
been extracted always yielded a small amount of the 9,10-
dihydro derivative but none of the parent hydrocarbon.
The methyl esters of the acids were all prepared by means
of diazomethane.

9,10-Dicarboxy-9,10-dihydro-1,2-benzanthracene, ob-
tained from the dilithium addition compound of 1,2-
benzanthracene, formed thin, colorless sheets from ace-
tone-benzene; yield 58%; m. p. 252° with evolution of
gas.

Anal, Caled. for CooH1Os:
C,754; H,4.8.

The dimethyl ester crystallized from acetone-ethanol in
clusters of thick, colorless plates; m. p. 143.5-145°,

Anal, Caled. for CpuHy30,: C, 76.3; H, 5.2. Found:
C,76.1; H, 54.

In one run the disodium addition compound gave a
crystalline acid but in half a dozen other runs the acid and
the methyl ester derived from it proved to be uncrystal-
lizable oils.

9,10-Dicarboxy-9,10-dihydro-1,2,3,4-dibenzanthracene,
obtained from the dilithium compound of 1,2,3,4-
dibenzanthracene, crystallized from xylene in clusters of
colorless prisms; yield 65%; m. p. 270-274° with evolu-
tion of gas. The acid was analyzed in the form of its
dimethyl ester, which crystallized from acetone-ethanol
in colorless prisms; m. p. 236-238°.

Anal. Caled. for CpHy04: C, 78.8; H, 5.1.
C, 78.7; H, 5.3.

The 9-carboxy-9,10-dihydro-1,2,3,4-dibenzanthracene,

C, 754; H, 44. Found:

Found:
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which was obtained from the sodium addition compound
in 249, yield, crystallized from acetone-xylene in colorless
plates; m. p. 227.5-230° with evolution of gas. Since the
acid was difficult to purify, it was converted to its methyl
ester for analysis. The ester crystallized from acetone
ethanol in clusters of colorless prisms; m. p. 158-164°,

Anal. Caled. for C2sH;s0,: C, 85.2; H, 54. Found:
C, 84.3; H, 54.

9,10-Dicarboxy-9,10-dihydro-1,2,5,6 -dibenzanthracene
(IV), obtained from the dilithium addition compound
of 1,2,5,6-dibenzanthracene in 599, yield, crystallized
from acetone-benzene in clusters of colorless prisms;
m. p. 262-264° with gas evolution. The acid is very sol-
uble in acetone but only slightly soluble in benzene. It
was analyzed in the form of its dimethyl ester, which

crystallized from acetone-ethanol in stout, colorless
needles; m. p. 2556-257°.

Anal. Caled. for CyeH204: C, 78.8; H, 5.1. Found:
C, 78.1; H, 5.0.

The reaction between the disodium compound of 1,2,5,6-
dibenzanthracene and carbon dioxide did not always pro-
ceed in the same manner. Usually a 60-709% yield of an
acid was obtained which crystallized from benzene in
colorless needles; m. p. 242-255° with decomposition.
Since the acid was difficult to purify, it was converted to
its methyl ester, which crystallized from benzene-methanol
in broad, colorless needles; . p. 174-175°, Although the
ester was not obtained quite pure, analysis showed that the
acid was 9-carboxy-9,10-dihydro-1,2,5,6-dibenzanthracene
(V).

Andl. Caled. fO!' C“Hlst:
C, 84.1; H, 5.3.

In some runs the disodium compound yielded the same
dicarboxylic acid that was obtained from the dilithium
addition compound. In one run there was obtained a
799, yield of an acid, m. p. 255-258°, whose methyl ester

C, 85.2; H, 5.4. Found:
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crystallized in broad, colorless needles which melted at
100-101°, Unfortunately, this product was all used up
in certain tests and we were unable to secure any more of
it in subsequent experiments.

6,12b-Dicarboxy-6,12b-dihydro- 3 -methylcholanthrene
(VI), was obtained in 42% yield from the dilithium
addition compound of 3-methylcholanthrene.? From hot
benzene the dicarboxylic acid separated in brownish-
yellow crystals; m. p. 242-246°. Considerable losses
were experienced in the process of recrystallization, for
the acid appeared to be unstable. Its dimethyl ester
crystallized from acetone-methanol in clusters of short,
brownish prisms; m. p. 205-208°.

Anal. Caled. for CusH:O04: C, 77.7; H, 5.7. Found:
C,77.1; H, 5.9.

The acid isolated in 59% yield from the disodium addi-
tion product crystallized in pale yellow needles; its methyl
ester formed pale yellow cubes from acetone-methanol;
m. p. 178-179°. Analysis of the latter showed that
the acid was a monocarboxy-6,12b-dihydro-3-methylcho-
lanthrene, but whether the carboxyl group was in the 6-
or 12b-position was left undecided.

Amnal. Caled. for CysHy¢Os: C, 84.1; H, 6.1.
C, 83.9; H, 5.5.

Found:

Summary

The reaction between a number of polycyclic
hydrocarbons with sodium and with lithium has
been investigated. From the intensely colored
alkali metal addition compounds of the hydro-
carbons the dihydro derivatives were obtained by
treatment with methanol. With carbon dioxide
the addition compounds yielded salts of carhoxylic
acids.

ANN ARBOR, MICHIGAN  RECEIVED SEPTEMBER 18, 1937
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The Hydroxylation of Unsaturated Substances.

III. The Use of Vanadium Pent-

oxide and Chromium Trioxide as Catalysts of Hydroxylation

By NicHOLAS A. MILAS

The catalytic hydroxylation of unsaturated
substances has been under way in this Laboratory
for some time. Of particular usefulness has been
the method recently described! and extended to
embrace a great number of substances.? In this
method hydrogen peroxide in anhydrous tertiary
butyl or tertiary amyl alcohols and in the presence
of osmium tetroxide adds onto carbon-carbon
double bonds to form glycols. Although the
mechanism of this reaction has not been en-

(1) Milas and Sussman, THIS JourNAL, §8, 1302 (1936).
(2) Milas and Sussman, tbid., §9, 2545 (1937); also unpnblished
results.

tirely elucidated, evidence has been accumulated
to indicate that it proceeds through the formation
of perosmic acid which probably dissociates into
hydroxyl radicals and osmium tetroxide. In this
way the catalyst seems to act, like ultraviolet light,?
as though it dissociates the hydrogen peroxide into
hydroxy! radicals which subsequently add onto
double bonds or cause other oxidations.

Like osmium there are a number of metals
belonging to the IV, V and VI sub-groups of the
Periodic System which are known to form very

(3) Milas, Kurz and Auslow, Jr., tbid., §9, 543 (1937).



