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200 mg. of the spiro compound 1Xa and 500 mg. of cliromic
acid in 5 ce. of glacial acetic acid was boiled under reflux for
2 Iir.  The mixture was cooled, diluted with water and tlie
neutral product was isolated with ether in the usual way.
Crystallization of the product from ethauol gave 65 mg. of
ﬂnoren(me, mt.p. 80-82°, undepressed on admixture witlt
an authentic sample (m.p. 82-83°),
Spiro-(cyclopropane-1,9’-fluorene) (IXb). -A solution of
nmhenVIphosphmemetherne was prepared by adding 24
cc. of a 1 ¥ ethereal solution of butyllithium to a suspension
of 8.9 g. (20 millimoles) of methyltriphenylphosphonium
bromide'® i1 100 cc. of ether with swirling under nitrogen.
’1 lie mixture was shaken for 2 hir., fluorcnone (1.44 g.) in
25 cc. of ether was added and the rg wction was then carried

\I‘S) Gow 1ltlg and U, Scliollkopl, Hee,, 87, 1318 (1954).
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out exactly as described above.  The prodnet dissolved in
benzene was filtered tlirough 100 g. of aluniina to remove
triphenylpliosphine oxide. The eluate was evaporated to
dryness, dissolved in pentane and cliromatograplied on
100 g. of alumina. Elution with pentune and crystallization
from methanol vielded 302 mg. of thie spiro contpound 1X1D,
m.p. 50-55°. .\ sample, further purified by crystallization
fromt methanol and high-vacuuni sublimation, showed
m.p. 68-70%; Amax 226, 268, 202 and 303 mu (log e 4.30
4.20, 3.92 and 4.02, respectively)., There was no depres-
siont in ut.p, on admixture with ann authentic specimen
(m.p. 70-71°,% and the infrared spectra were identical.

Furtlier clution of tlie cohnnn with petroleum ether (b.p.
(5-70°) vielded 920 mg. of triplienylphospline.
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Polyphosphoric Acid as a Reagent in Organic Chemistry.
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Lt the presence of a little bydrogen chiloride, tetraaminodiarylinethiane derivatives snelt as 1are eyclized and aromatized

1o diaminoacridive derivatives by polyphosplioric acid at 165°.

cedure for effecting this change.
was produced.

Since there is evidence that polyphosphoric acid
acts as a cyclodeamination reagent,*” its appli-
cability to the synthesis of diaminoacridines by the
cyclization of suitable tetrainine precursors has been
considered.

When the cyclization in polyphosphoric acid of
the dihydrochloride salt of the tetraaminoditolyl-
phenylmethiane (I) was attempted, the diamino-
acridine, benzoflavin (II), was obtained directly in
rcasonably good conversion (487:) and excellent
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net viekd (N340). The eyclization in polyphos-
phoric acid may coustitute a better general method
than that recorded in the literature.® The hot
reaction melt is poured ito cold water and the red
phosphate salt of IT precipitates. The acid salt is
collected by filtration and treated with excess base;
the free diaminoacridine base obtained is of excel-

(1) For the preceding paper coucerniug cyeclization with polyplios-
ploric acid see D. S, Mattesou and H. R. Snyder, J. Org. Chem., 22,
1200 (1957).

(2) Part of this work was supported by a grant [AT(11-1)-314] from
thie Atomic Energy Commission.

(3) Texas Co. Fellow, 1956-1057.

(4) H. Kissman, D, Farnsworth and B. Witkop,
B8 (1952).

1) C. Elston,
195t
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Tusls JOURNAL, T4,
Tliesis, Doctur of Philo~oplty, University of llinvis,

Meyer waned 18 Cyeoss, ey, 32, 20152 (1894},

Tlie ntethod appears superior to the usual two-step pro-

I an attempt to nse p-toluencsulfonic acid in place of hydrogen chiloride, di-p-tolyl sulfone

lent purity.
are accomplished in
medium,

Since the heating of the dihydrochloride salt of
I in polyphosphoric acid resulted i the generation
of hydrogen chloride with concomitant foaming,
the cyclization was repeated under the same con-
ditions except that the free tetramine I was used.
Surprisingly, the percentage conversion to benzo-
flavin (II) was only about one-half that obtained
vith the dihydrochloride. When hydrogen chlo-
ride was generated iz sitie by the periodic addition of
solid sodium chloride to the tetramine I in poly-
plosphoric acid, the percentage conversion (339¢
was niteriediate between tliat obtained with the
tetrannine only and that obtained with the dihy-
drochloride salt.

[t seemed likely that a non-volatile, stroug acid
would exert the saie influcuce on the reaction as
hydrogen chloride and, since it would not be re-
moved from the reaction mixture, perhaps would be
cffective in catalytic quantities. However, when
a mixture of p-toluenesulfonic acid and the tetra-
mine I was heated in polyphosphoric acid, the con-
version was lowered.  The crude reaction product
was a low-melting mixture from which p,p’-ditolyl
sulfone and betizoflavin (I1) were isolated with the
aid of adsorption chromatography.

The isolation of the ditolyl sulfone suggested the
possibility that polyphosphoric acid could be used
as a reagent for the preparation of sulfones from
sulfonic acids. A successful test of this supposition
was accomplished when p-toluenesulfonic acid was
heated in polyphosphoric acid under the same con-
ditions as in the dimminoacridine cyclization and the
sulfone was obtained in 287¢ yield.

In order to explore tlie scope of the cychzation in
polvpliosphoric actd to drauminoacridines, the syn

Both cyclization and aromatization
the polyphosphoric acid
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thesis of tetraaminoditolylethane (III) and its
cyclization product 2,7,9-trimethyl-3,6-diamino-
acridine (IV) was undertaken. The preparation
of both of these compounds is described in a Ger-
man patent,” but neither has been characterized.
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Diaminotoluene and acetaldehvde were condensed
in sulfuric acid solution, and the tetramine III was
isolated as a tan, crystalline solid. In the cycliza-
tion of III, because the phosphoric acid salt of IV is
highly soluble in water, difficulty in the isolation of
the product was experienced at first. However,
when the polyphosphoric acid melt was poured into
109, sulfuric acid, an acid salt of IV was precipi-
tated, and the isolation of the product was simpli-
fied.

In another phase of these studies of diamino-
acridines, 3,6-bis-benzylidenediaminoacridine (V)
was reduced catalytically to 3,6-bis-N-benzyldi-
aminoacridine (VI). Whether the anil groups are
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attacked in prreference ta the acridine nucleus, or
whether the initial product is a dihvdroacridine
that is reoxidized during the isolation, is not knowu.

Experimental®

Preparation of the Tetraaminoditolylphenylmethane (1).—
The method was developed from that of Meyer and Gross.5
Into a 500-ml., round-bottoined flask equipped with a re-
flux condenser were placed 18.3 g. (0.15 mole) of 2,4-di-
aminotoluene and 29.3 g. (0.15 mole) of 2,4-diaminotoluene
dihydrochloride, which was prepared by dissolving the free
amine in etlter and bubbling in dry liydrogen chloride. Then
ca. 150 ml. of 959, ethanol was added, and the mixture was
heated on a steam-bath to effect solution. The solution
was cooled to ca. 60°, and 15.2 ml. (0.15 mole) of benzalde-
hyde was added. The solution was then heated under
gentle reflux on a steam-bath for 2.5 to 38 hours. A some-
what fluffy, ivory colored solid separated during the heating
period. After cooling to room temperature the solid was
collected by suction filtration, rinsed with ethanol, and

NN ¢
v

Cel,CH=N"

NHCHColTy

(7) Ciba, German Patent 143,893, March 13, 1902; Friedl.
(1903).

(8) Melting point determinations followed by the symbol (K) were
made on a Kofler micro-stage melting-point apparatus. All other
melting point determinations were uncorrected capillary determina-
tions.
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dried. The ethanol filtrate was reserved. The ivory
solid (52.5 g., 86.59%) melted with decomposition at 241-
245°. The ethanol filtrate was evaporated to dryness under
vacuum on a rotary concentrator. A brown, solid residue,
which weighed ca. 8.4 g., was deposited. The residue was
suspended in water and 6 N hydrochloric acid was added
until solution was complete. The solution was boiled with
ca. 1.5 g. of Darco, filtered hot, and cooled. When the
solution was treated with excess base, a tan precipitate of
the free tetramine separated, The precipitate was collected
by suction filtration, washed with water, and dried. The
dry precipitate weighed 4.73 g. and, together with the di-
Iiydrochloride, raised the total yield of crude product to
95%. An analytical sample was obtained by the washing
of the free tetramine first with chloroform and thent with
hot acetone, and then sublimation of the washed solid at
215° (0.1 mm.). The analytical sample melted with de-
composition at 263-265°

Anal. Caled. for CyHaN,: C, 75.88; H,
16.87. Found: C, 76.49; H, 7.05; N, 16.59.

Cyclizations to Benzoflavin in Polyphosphoric Acid. A.
From the Dihydrochloride Salt of the Tetramine.—A mix-
ture of 4.10 g. (0.01 mole) of tetraaminoditolylphenylmethane
dihvdrochloride and 50 g. of polyphosphoric acid (Victor
Chemical Works) was warmed to ca. 60° in a 100-ml. beaker
on a steam-bath to effect suspension. At 60° hvdrogen
chloride was generated and caused the mixture to foam.
The mixture was then heated on a hot-plate, with mechani-
cal stirring, and the rate of heating was controlled for ca.
0.5 hour to prevent excessive foaming. Then heat was ap-
plied steadilv until the temperature reached 165°. The
temperature was maintained at 165-170° for 3.5 hours.
Most of the hot melt was poured slowly with stirring into
100 ml. of cold water. Immediately, a bright orange solid
separated. The remainder of the viscous melt was trans-
ferred by water rinses. After cooling, the orange solid was
collected, rinsed with water, and the excess water was re-
moved by suction filtration. The orange colored acidic
filtrate was reserved. The damp solid, wlien treated with
ca. 100 ml. (an excess) of 2 N sodium hyvdroxide solution,
changed from orange to vellow in color. The niixture was
digested on a hot-plate at 60-70° for 0.5 hour. After cool-
ing, the vellow solid was collected by suction filtration,
washed with water, and dried in a vacuum desiccator over
potassiunt hydroxide. The yellow solid (1.50 g., 48%, con-
version) melted with decomposition at 305-310° (lit.®
>300°). An analytical sample was obtained by crystalliza-
tion first from dimethvlformamide—water, then from eth-
anol-water, and finally sublimation at 200° (0.1 mm.).

Anal. Caled. for CyHpN;: C, 80.48; H, 6.11; N,
1:3.41. Found: C, 80.60; H, 5.96; N, 13.53.

The orange colored acidic filtrate was trealed carefully
witlt 2 N sodium hvdroxide solution, and at ca. pH 3, a
small amount of orauge precipitate was separated by filtra-
tion and discarded. The filtrate was then treated with base
to ca. pH 8, The light-vellow solid which separated was
collected by suction filtration, washed with water, aud dried
in a vacuum desiccator over potassium hyvdroxide. This
vellow powder (1.44 g., 439, recovery) melted with decom-
position at 225-240° and was identified as thlie free tetra-
aminoditolylphenvlmethane by its infrared spectrum.
Then net vield of benzoflavin, after correction for the re-
covery of starting material, was 839,

B. From the Free Tetramine.—A iixture of 3.32 g.
(0.01 mole) of tetraminoditolylphenvlmethane and 50 g. of
polyphosphoric acid was heated, with stirring, on a liot-
plate to 165° within a Ialf hour. The temperature was
maintained at 165-170° for 3.5 hours. The liot melt was
poured into 130 ml. of cold water. After cooling, the orange-
red solid which precipitated was collected by suction filtra-
tion and washed with water. The acidic filtrate was re-
served. The wet solid was treated with an excess (40
ml.) of 2 N sodium hydroxide solution, and the mixture
was stirred for ca. one hour. The vellow solid was collected
by suction filtration and dried in a vacuum desiccator over
potassium hydroxide. The product (0.75 g., 24% con-
versi)on) melted with decomposition at 301-306° (sealed
tube).

The acidic filtrate was treated with base to pH 3; the
small amount of red solid that separated was filtered off
and discarded. The filtrate was treated with base to pH §,
and the light-yellow solid was collected, washed, and dried

7.28; N,
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over potassium liydroxide. This yellow powder (1.85 g.,
569% recovery) melted with decomposition at 235-238° and
was identified as the tetramine by its infrared spectrunt.
Therefore, the net yield of benzoflavin was 5497%.

C. With Addition of Sodium Chloride.—A niixture of
3.32 g. (0.01 mole) of tetraaminoditolylphenylmethiane and
50 g. of polyphosplioric acid was heated in a 100-ml. beaker
on a hot-plate and stirred mechanically. Wlen the tem-
perature reached 110° (after ca. 10 minutes), 0.1 g. of solid
sodium chloride was added to the mixture. Inintediately,
liydrogen chloride was evolved. When the teniperaturc
reached 165° in ca. 5 minutes, another 0.1 g. of sodiunt
chloride was added. The temperature was niaintained at
165-170° for four hours, and the sodiunt chloride was
added periodically during this time, ca. orce every 20
minutes. The hot melt was poured into 130 ml. of cold
water, and the orange precipitate wlich separated was col-
lected by suction filtration. After treatment with excess
base, collection by filtration, and drying, the resultant
vellow product (1.03 g., 339, conversion) melted witlt de-
composition at 310°. The recovered tetramine weighed
1.51 g. (45.5% recovery), and the net yield of benzoflavin
was 619.

D. With Addition of p-Toluenesulfonic Acid.—A mix-
ture of 50 g. of polyphosphoric acid and 1.90 g. (0.01 mole)
of p-toluenesulfonic acid momnolivdrate was stirred manu-
ally to effect suspension. Then 3.32 g. (0.01 mole) of tetra-
aminoditolylphenylnietliane was added to thie mixture.
The mixture was hieated on a hot-plate, with niechanical
stirring, and the temperature was raised to 165°. The tem-
perature was maintained at 160~170° for 3.5 hours. The
hot melt was poured into 150 ml. of cold water. Tlie re-
sultait orange precipitate was collected by suction filtration,
treated with excess base, and digested at 70° for 0.5 hour.
The yellow solid was collected by suction filtration, washed
with water, and dried. The product (1.07 g.) melted with
decomnposition at 220-263°. Abonut 500 mg. of this solid
was cliromatograplied on an alumina column. A white,
crystalline solid, which nielted at 129-152° and represented
about 159 of the weight of the product of the cyvelization,
was isolated from tlie first benzene fractions whiclt eane off
the colunm. This wlite solid was reervystallized from
benzene—petroleum ether, and the recrystallized niaterial
melted at 156-157.5°. From its infrared spectrun: and
niclting point, it was idemtified as p,p’-ditolyl sulfone.
Benzofiavin was isolated from later fractions (ethartol) from
the colun, but a complete material balanee was not accon-
plislied. The recovered tetramine weighed 2.10 g. (62.3%%
recovery).

p,p’-Ditolyl Sulfone.—A mixture of 5.7 g. (0.03 mole) of
p-toluenesulfonic acid monoliydrate and 50 g. of polyplios-
plioric acid was lieated o1 a ltot-plate and stirred mechani-
cally. Tle teniperature reaclied 165° within 0.5 hour and
was maintained at 165° for three hours. The liot melt was
poured into 150 ml. of cold water, and a white solid imine-
diately precipitated. The white, crvstalline solid was col-
lected by suction filtration, waslied witli water, and dried.
The crystals (1.05 g., 289%:) melted at 152-158° (K) (lit.?
159°).  An analytical saniple was obtahied by recrystalli-
zalion frotn benzene-petroleum ether, aud it melted at 158~
160° (K).

Anal. Caled. for CHwSO0s: C, 68.26; H, 5.72.
C, 68.15; H, 5.67.

Tetraaminoditolylethane.—The inethod of preparation
used was essentially that described it a 1902 patent issued
to Ciba’ altltough the product was not characterized in the
patent. A solution of 97.7 g. (0.8 mole) of 2,4-diamino-
toluene in 2000 ml, of water containing 40 g. (0.4 mole) of
concentrated sulfuric acid was cooled to 5° in an ice-salt-
bath. Over a period of 0.5 hour, 17.6 g. (0.4 mole) of cold
acetaldehyde was added slowly with stirring. The solution
was then stirred for 1.5 hours while the temperature was
maintained at 0-10°., The solution was allowed to warm

TFound:

(9) H. Meyer, Ann., 438, 327 (1923).
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slowly (ca. one hour) to 18°., At this point 4 N sodium
liydroxide solution was added slowly until the pH was ca. 9.
A tan erystalline solid separated. The mixture was stirred
occasionally over a 15-minute aging period, and then the
tan crystals were collected by suction filtration, washed with
water, and dried in a vacuuni desiccator over potassium liy-
droxide. The crystals (73 g., 689) nielted with decompo-
sition at 198-203°. After tliree recrystallizations from ben-
zene, the analytical sample melted with decomnpositiont at
227--220°,

Anal. Caled. for Gyl Ny: C, 71.06; H, 8.23; N, 20.72.
Found: C, 71.54; H, 8.29; N, 20.45.

2.7,9-Trimethyl-3,6-diaminoacridine.—A mixture of 2.71
g. (0.01 mole) of tetraaminoditolyletliane, 30 g. of poly-
pliosplioric acid and 0.1 g. of solid sodium chloride was
lteated, with mechanical stirring, in a 50-n1l. beaker on a hot-
plate. At ca. 125° the tetramine formed a red gummy ball
whicl finally dissolved after an hour. The temperature
reached 165° within a half-hour and was maintained at 165-
170° for four hours. Small ammounts of sodium chloride
were added periodically, ca. every 20 mimites, during tlis
reaction period. The hot melt was poured cautiously iutn
70 ml. of 109 snlfuric acid solutionn.  'Within a few minutes,
bright rcd crystals began to separate. Tlhie mixture was
allowed to cool to roont temperature, and the red crystalline
precipitate was collected by suction filtration. No attempt
was made to recover starting niaterial from thie filtrate.
The precipitate was waslied into u beaker withh 20 ml. of
water, and 2 N sodium hydroxide solution was added slowly.
At ca. pH 4, the precipitate dissolved to give a clear, red
solution. At pH 7-8, a duark red, oily material separated,
and it begau to fornt att orange-vellow solid upon addition
of base to pH 12-14, Tle mixture was boiled for several
minutes, and the solid becante bright yellow in color. When
cool, the yellow solid was collected by suction filtration,
waslted witlt water, and dried in a vacuunt desiccator over
potassitan liydroxide. The dry solid (0.69 g., 27.5%)
melted witl decontposition at 205-297° (K). The analyti-
cal saniple, whiclt was obtained by recerystallization fromt
etlianol and subsequent sublimation, melted with deconipo-
sitiont at 307-311° (K).

Anal, Cualed. for Cull)Ng: €, 76.47; 11, 6.82; N,
16.72. Tound: C, 76.97; H, 6.59; N, 16.57.

3,6-Bis-N-benzyldiaminoacridine.-—Thic 3,6-bis-benzyli-
denediaminoacridine used in this reaction was preparcd by
thie method of Glen, Suthierlund and Wilson!® and was re-
crystallized ouce from ethanol. A benzene solution of 1.3
g. (0.0036 mole) of 3,6-bis-benzylidenediaminoacridine was
treated with Raney nickel and hiydrogen at 1000 p.s.i. at
room temperature for 21 hours. After ivdrogenation, the
solulion was separated from the catalyst by gravity filtration.
Tie catalyst was rinsed first with two 15-ml. portions of
benzene and then two 15-ml. portions of ethanol. The fil-
trate including the rinses was evaporated to dryness under
vacuum on a rotary concentrator, The residue, a golden-
vellow solid, weighed 0.61 g. and melted at 183° (K) after
sintering at ca. 150°.

Tlie solid was dissolved in 30 ml. of refluxing benzene, 1he
solulion was cooled, and a negligible amomnt of insoluble
material was removed by filtration. Tlie benzene solution
was added to a glass column containing alumina, and the
chromatogram was developed. A yellow solid (0.30 g.,
23%.) whiclt melted at 200-203° (K) was isolated from the
259, chloroform in benzene fractious. After three recrys-
tallizations from etlianol, tlie golden crystals melted at 202
204° (K).

Anal.
10.79.

Urnrana, v,

(10) W. Glen, M. Sutherland and F. Wilson, J. Chem. Soc., 1484
(1936).

Caled. for CuilpNg: C, 83.25; H,
Yound: C, 83.65; H, 6.05; N, 10.49.
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