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Benzoisoquinolines and Azaf luorenes

N.S.Prostakov

Methods of preparation, synthetic reactions, and properties are surveyed for the difficultly accessible polyfused nitrogen-con-
taining heterocyclic systems—benzol/] isoquinoline, benzo[g] isoquinoline, benzo[/z] isoquinoline, and azafluorenes in which
the position of the nitrogen atom in the pyridine ring varies. A list of 77 references is included.
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Benzoisoquinolines and azafluorenes, which are tricyclic
fused nitrogen-containing systems, still remain a little
studied group of compounds. An apt comparison is that the
monograph "Heterocyclic Compounds"1 devotes a long chap-
ter to benzoquinolines, whereas only a few words are said
about benzoisoquinolines and azafluorenes. Only one ex-
ample is given of the synthesis of benzo[g]isoquinoline and
the isolation of a small quantity of 9-oxo-3-phenyl-4-aza-
fluorene-1-carboxylic acid by the oxidation of 2-phenyl-
benzo[fc]quinoline-4-carboxylic acid. The information on
this group of compounds to be found in the literature is also
limited.

Yet both benzoisoquinolines and azafluorenes are of defi-
nite interest. Among compounds of this type have been
found quite effective physiologically active substances.
Their use for the synthesis of various dyes is also promis-
ing. But perhaps the greatest value of these compounds is
that they can form portions of systems which closely re-
semble alkaloids.

I. BENZOISOQUINOLINES

The nomenclature of the benzoisoquinolines is similar to
that of the benzoquinolines:

( I ) uin

(I) benzo[/]isoquinoline (5,6-benzoisoquinoline, 2-aza-
phenanthrene)

(Π) benzo[fe]isoquinoline (6,7-benzoisoquinoline, 2-aza-
anthracene)
(ΙΠ) benzo[A]isoquinoline (7,8-benzoisoquinoline, 3-aza-
phenanthrene).

Synthetic routes for building up benzoisoquinoline sys-
tems are as yet relatively few, being limited mainly to
Bischler-Napiralski2, Pictet-Gams3, and Pictet-Spengler4

condensations and the dehydrocyclisation of ortho-substitu-
ted benzylpyridinecarboxylic acids, 4-o-xylylpyridines, and
4-benzyl-3-methylpyridines. The photochemical cyclisa-
tion of stilbazoles has been used in the synthesis of benzo-
isoquinolines .

1. Benzo[/]isoquinolines

4-Methylbenzo[/]isoquinoline can be obtained by boiling
JV-(2-hydroxy-2-naphth-l'-ylethyl)acetamide with phosphor-
us pentoxide in xylene5:

Partly hydrogenated substituted derivatives of benzo[/]iso-
quinolines have been synthesised by the Bischler-Napiralski
method from iV-[l-methyl-2-(5,6,7,8-tetrahydronaphth-l-
yl)ethyl]acetamide, cyclisation being accomplished in the
presence of phosphoryl chloride6:

1,2,7,8,9,10-Hexahydro-2,4-dimethylbenzo[/ ]isoquinoline
was converted by catalytic hydrogenation into 1,2,3,4,7,8,9,10-
octahydro-2,4-dimethylbenzo[/]isoquinoline. Several
other partly hydrogenated substituted benzo[/ Jisoquinolines
have been obtained by the same scheme of reactions.

The photochemical cyclisation of stilbazoles has been
studied. Prolonged ultraviolet irradiation of a solution of
3-styrylpyridine and also of 3-/>-methylstyrylpyridine in
hexane yields a mixture of benzof/ ]isoquinoline and benzo-
in Jquinoline (or the methyl derivatives of these hetero-
cycles), which has been separated by chromatography on
alumina7,8:

— ι i r

The trans and cis isomers of 3-styryl- and 3-/>-methyl-
styryl-pyridines have been used in these reactions. In the
same way 6-cyanobenzo[/]isoquinoline has been obtained
from trans -3-/3-cyanostyrylpyridine9.

2. Benzo^Jisoquinolines

From the point of view of synthesis this benzoisoquino-
line system has been studied in greater detail than the
benzo[/]isoquinoline system. It can be constructed by
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various methods. Several substituted benzo[£-]isoquino-
lines have been obtained by the Bischler-Napiralski reac-
tion. 3,4-Dihydro-l-phenylbenzo[g]isoquinoline has been
isolated10 by the condensation of i\T-2-naphth-2'-ylethyl-
benzamide (boiling in toluene with phosphoryl chloride):

3,4-Dihydrobenzoisoquinoline systems are readily conver-
ted into benzoisoquinoline systems, even by the action of
atmospheric oxygen11. Condensation of the N-formyl deri-
vative of 2-(l,4-diphenylnaphth-2-yl)ethylamine in the pre-
sence of phosphoryl bromide at once yields 5,10-diphenyl-
benzo [^Jisoquinoline12:

Several hydrogenated benzo[g]isoquinolines have been
synthesised from 2-cyanomethyl-5,6,7,8-tetrahydronaphtha-
lene6. On reduction with lithium tetrahydroaluminate this
cyanide was converted into 2-(5,6,7,8-tetrahydronaphth-2-
yl)ethylamine, which after acetylation, subsequent
Bischler-Napiralski cyclisation, and hydrogenation gave
1,2,3,4,6,7,8,9-octahydro-l-methylbenzo[£ Jisoquinoline.
When the same amine was condensed with formaldehyde by
the Pictet-Spengler method, 1,2,3,4,6,7,8,9-octahydro-
benzofi; Jisoquinoline was isolated:

There are indications that compounds of the type of iV-sub-
stituted l,2,3,4,6,7,8,9-octahydro-3-methylbenzo[^]iso-
quinolines have a strong analgesic effect.

The condensation of ΛΓ-acylated 2-(5,6,7,8-tetrahydro-
naphth-2-yl)-l-methylethylamines has been accomplished.
1 -Benzyl-3,4,6,7,8,9-hexahydrobenzofg Jisoquinoline has
been obtained by the cyclisation of i\T-/3-(6-tetralylethyl)-
phenylacetamide13.

The Pictet-Gams method has been used in syntheses of
benzo[glisoquinolines as well as in the preparation of
benzof/Jisoquinolines. An example is the synthesis of
5-methoxy-1,3 -dimethylbenzo[g ]isoquinoline14:

In a second group of reactions involving the construction
of the benzo[g]isoquinoline system use is made of a pre-
formed pyridine ring. Benzo[g]isoquinoline is obtained
from 4-benzoylpyridine-3-carboxylic acid, which was con-
verted by intramolecular condensation (with sulphuric acid
at 175°C) into 2-aza-anthraquinone, from which benzof^J-
isoquinoline was obtained by reduction with zinc dust in
aqueous ammonia15:

The cyclisation of 4-benzyl-2,5-dimethylpyridine-3-
carboxylic acid by means of polyphosphoric acid yields the
corresponding 2-aza-anthrone (in 85% yield), which is
readily oxidised by atmospheric oxygen to l,4-dimethyl-2-
aza-anthraquinone16:

Similarly to the dehydrocyclisation of o-benzyltoluene to
anthracene, benzo[<§ Jisoquinoline has been obtained from
4-o-xylylpyridine. The initial substituted benzylpyridines
are synthesised by Ladenburg's method, which was first
developed in detail for these purposes by Chichibabin17»18.
When o-xylyl chloride is heated (to 250°C) with pyridine in
the presence of copper, a mixture of 2- and 4-o-xylyl-
pyridine is formed, in which the latter isomer predomin-
ates. When the mixture of these substituted pyridines is
passed over copper turnings or over pumice impregnated
with lead oxide at 580-590°C, dehydrocyclisation takes
place, with the formation of benzof^Jquinoline and benzo[g]-
isoquinoline, the latter being comparatively easily isolated
from the mixture because of its sparing solubility19:

8-Methylbenzo[g Jisoquinoline has been obtained in the
same way from o- and/J-dimethylbenzylpyridinium chlor-
ide.

A method has been worked out for obtaining benzo[gj-
isoquinoline systems by the dehydrocyclisation of 4-benzyl-
3-methylpyridines. The latter are synthesised from 4-
oxopiperidines. The tertiary alcohols obtained from the
oxopiperidines are converted by dehydration followed by
catalytic dehydrogenation and JV-dealkylation into quite high
yields of substituted pyridine bases 2 0" 2 2. The dehydro-
cyclisation of 4-benzyl(alkylbenzyl)pyridines containing a
3-methyl group in the pyridine ring is accomplished at
500-510°C on the same dehydrogenation catalysts as are
used at the stage of synthesis of 4-benzylpyridines.

The reaction scheme given below is for the synthesis of
3-methylbenzo[g Jisoquinoline23 and its homologues from
l,2,5-trimethyl-4-oxopiperidine24:

3-Styrylbenzof^ Jisoquinoline can be synthesised in two
ways—by the direct condensation of 3-methylbenzof^ Jiso-
quinoline with benzaldehyde and by the dehydrocyclisation
of 4-benzyl-5-methyl-2-styrylpyridine:

•CH=CHC6H5
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The partly hydrogenated substituted derivative 1,2,3,4-
tetrahydro-2-methyl-3-2'-phenylethynylbenzo[£]isoquino-
line is formed on heating 2-(3-phenylprop-2-ynyl)benzo[/]-
isoindolinium bromide in the presence of anhydrous caustic
soda in benzene, the starting material being obtained from
2-methylbenzo[/]isoindoline and 3-phenylprop-2-ynyl
bromide. These transformations are based on the re-
arrangement of derivatives of prop-2-ynylammonium
halides:

j—C=C-C6H5

The structure of the heterocyclic compound obtained was
proved by means of its ultraviolet and nuclear magnetic
resonance spectra2 5.

Benzo[g"]isoquinoline3 are high-melting, usually sparing-
ly soluble substances, which sublime in a high vacuum.
In some solvents they fluoresce. They resemble anthra-
cene in electronic structure. Their ultraviolet spectra
are very alike 12>26»27. Benzo[^]isoquinolines, like anthra-
cene, exhibit two systems of absorption bands—a Y-band
(2500 A), due to vibrations of π-electrons in the plane of
the rings, and an X-band (3000-3500 A), due to vibrations
of excited π-electrons perpendicular to the plane of the
rings.

Comparison of the ultraviolet spectra of unsubstituted
benzo[^]quinoline and benzo[g]ispquinoline with that of
anthracene reveals a slight (10 A or 140 cm"1) bathochro-
mic shift in the Y-band in the former, and a slight (20 A or
350 cm"1) hypsochromic shift in the same band in the latter.
The X-system of bands exhibits a bathochromic displace-
ment of the long-wavelength boundary of the region by 90
and 160 A (625 and 1000 cm"1) respectively in benzo[&]-
quinoline and benzo[&]isoquinoline, and a decrease in inten-
sity of absorption in the X-region (by a factor of about 1.5).

The effect of the nitrogen atom in these systems is
analogous to that of such non-chromophoric substituents in
the anthracene molecule as chloro and alkyl.

raeso-Disubstituted benzo[^]isoquinolinesoshow an addi-
tional absorption peak in the region of 3000 A. It is
assumed26 that the pyridine ring, and also phenyl rings in
meso-positions in substituted benzo[^]isoquinolines, do not
lie in the plane of the naphthalene ring system.

Several papers present results of quantum-mechanical
calculations on benzo[^]isoquinoline systems2 8"3 2.

Benzo[<§]isoquinoline forms an adduct with maleimide12.
Like aromatic linear fused tricyclic systems, benzo[g]-

isoquinolines undergo photochemical reactions33»34. When
a solution of benzo[^]isoquinoline in carbon disulphide is
exposed to sunlight, an unstable photo-oxide is formed,
which is oxidised in the air to 2-aza-anthraquinone (3,4-
phthaloylpyr idine):

Exposure of a solution of 5,10-diphenylbenzo[g]isoquino-
line in carbon disulphide gave a 20% yield of its photo-
oxide (colourless), and this decomposes at 145-165°C,
evolving up to 80% of the combined oxygen12»35.

As with anthracene, illumination of solutions of benzo-
[grjisoquinoline in alcohol, acetone, benzene, or ether in

the absence of air yields greenish crystals of a "photo-
dimer", which does not melt, but on being heated regene-
rates the monomer M :

The ultraviolet spectrum of the "photodimer" contains
maxima characteristic of pyridine and benzene, the reason
for this being the "disengagement" of these rings.

3. Benzo[ft]isoquinolines

The usual methods for building up isoquinoline systems
are employed in the synthesis of benzo[ft]isoquinolines.
Application of the Pictet-Spengler method for the condensa-
tion of 2-(6-ethylnaphth-2-yl)propylamine with formaldehyde
gives 8-ethyl-l,2,3,4-tetrahydro-4-methylbenzo[fe]isoquino-
line, which on dehydrogenation by means of selenium (at
340°C) is converted into 8-ethyl-4-methylbenzo[^]isoquino-
line3 6:

1,2,3,4-Tetrahydrobenzo[fe]isoquinoline has been synthesised
by the same method—by condensing 2-naphth-2'-ylethyl-
amine with formaldehyde37.

The Pictet-Gams method has been used to obtain 1-
methylbenzo[ft]isoquinoline from iV-(2-hydroxy-2-naphth-
2/-ylethyl)acetamide38:

Several preparations of benzo[ft]isoquinolines start from
oxygen-containing fused tricyclic heterocycles. When
7,8-benzoisocoumarin is heated with an alcoholic solution
of ammonia, l-hydroxybenzo[fe]isoquinoline is formed.
Replacement of the hydroxyl by chlorine and subsequent
removal of the latter by hydrogenation (palladium on char-
coal, alcoholic caustic soda solution) converted it into
benzo[ft]isoquinoline38:

2-2/-Chloromethoxyethylnaphthalene on treatment with
aluminium chloride in carbon disulphide is converted into
7,8-benzoisochroman, subsequent bromination of which
with cleavage of the oxygen ring leads to 2-2'-bromoethyl-
naphthal-1-aldehyde. Heating this δ-halogenated aldehyde
with ammonia, by the well known method used in the syn-
thesis of isoquinolines39, gave 3,4-dihydrobenzo[^]isoquino-
line, which on dehydrogenation over platinum black was
converted into benzo[ft]isoquinoline40:

OCHjCI
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Benzo[/i]isoquinolines are formed by the photocyclisation
of γ-stilbazoles. trans -4-Styrylpyridine and trans -4-a-
methylstyrylpyridine yield respectively benzo[/z]isoquino-
line and 5-methylbenzo[fe]isoquinoline9:

The synthesis of a partly hydrogenated benzo[de]iso-
quinoline system has been described. Several 2-aryl-2,3-
dihydro-lii-benzo[<fe]isoquinolines have been obtained from
1,8-bischloromethylnaphthalene and primary amines in the
presence of triethylamine (boiling in toluene):

'CH2C1

'CH2C1

Compounds of this type do not form peroxy-compounds when
treated in chloroform or benzene solution with oxygen in the
light at 60°C.41

Information on the synthesis of dibenzoisoquinolines is
extremely limited. An example is 5-hydroxy-3,4: 6,7-di-
benzoisoquinoline, which is obtained by the intramolecular
condensation of 3-benzylcinchoninic acid in the presence of
aluminium chloride:

Similarly 5-hydroxy-l-phenyl-3,4:6,7-dibenzoisoquinoline
has been synthesised from 3-benzyl-2-phenylcinchoninic
acid (obtained from ω -benzylacetophenone and isatinic
acid)42»43.

Π. AZAFLUORENES

Among this group of compounds the 2-azafluorenes have
been the most thoroughly studied. A usual method of syn-
thesising 2-azafluorenes and their derivatives consists in
the cyclisation of substituted pyridinecarboxylic acids.
l,3-Dimethyl-2-azafluorenone is obtained in~90% yield
from 2,6-dimethyl-4-phenylpyridine-3-carboxylic acid (by
heating with sulphuric acid at 100°C) and in lower yield
from the chloride of this acid (by treatment with aluminium
chloride)44"46. The initial 2,6-dimethyl-4-phenylpyridine-
3-carboxylic acid is obtained by the partial hydrolysis of
diethyl 2,6-dimethyl-4-phenylpyridine-3,5-dicarboxylate
with subsequent decarboxylation of the 5-ethoxycarbonyl-
2,6-dimethyl-4-phenylpyridine-3-carboxylic acid47, and
also by Mayer's method from the nitrile (or ester) of β-
aminocrotonic acid and benzylideneacetone45*46'48""50. The
same dimethylazafluorenone is obtained by the decarboxyla-
tion of l,3-dimethyl-9-oxo-2-azafluorene-4-carboxylic acid
in liquid paraffin. The reduction of l,3-dimethyl-2-aza-
fluorenone with hydrazine hydrate (at 200°C) yields 1,3-di-
methyl-2-azafluorene44545.

: O O C 2 H 5

Dehydrocyclisation of the appropriate substituted pyri-
dine-3-carboxylic acids yields 9-oxo-2-azafluorene-l-car-
boxylic acid and 7-methoxy(or hydr oxy)-1,3-dimethyl-2-
azafluorenone44,51?52. 2-Azafluorene itself (pyridofluorene)
can be isolated by the decarboxylation of 2-azafluorene-
1,3,4-tricarboxylic acid in the presence of soda-lime51.
Condensation with conversion to the corresponding 2-aza-
fluorenone could not be achieved with 2,6-dimethyl-4-£(or
m)-nitrophenylpyridine-3-carboxylic acid. The condensa-
tion of 4-o-methoxyphenyl-2,6-dimethylpyridine-3-car-
boxylic acid yields 9,10-dihydro-l,3-dimethyl-10-oxo-9-
oxa-2 -azaphenanthrene 4 4 >51 >52.

The cyclisation of 3-o-aminobenzoylpyridine has been
accomplished in investigations of the mechanism of the
Pschorr reaction. Ultraviolet irradiation in acid solution
was used, the products being 2-azafluorenone (26.2%) and
4-azafluorenone (36.8%)53:

3-Mesitoyl(or duroyl)pyridine reacts with phenylmagne-
sium bromide to form compounds corresponding to di-
hydrophenylated 3-mesitoyl(or duroyl)pyridine. On de-
hydrogenation they yield 3-mesitoyl(or duroyl)-4-phenyl-
pyridine, which when heated (185-200°C at 25 mm) is
converted into 2-azafluorenone in 50% yield54.

4-Aryldimethylpyridines have also been used in the syn-
thesis of substituted 2-azafluorenes. Such systems can
be obtained in two ways from 2,5-dimethyl-4-phenylpyri-
dine. Oxidation of the pyridine base and partial decar-
boxylation of the resulting 4-phenylpyridine-2,5-dicarboxy-
lic acid led to the preparation of 4-phenylpyridine-3-car-
boxylic acid, cyclisation of which yielded 2-azafluorenone23.

The second route consists in the dehydrocyclisation of
4-aryl-2,5-dimethylpyridines on dehydrogenation catalysts
at 500-520°C. The 3-methyl-2-azafluorene obtained from
2,5-dimethyl-4-phenylpyridine in this way was converted
into 3-methyl-2-azafluorenone, into 9-oxo-2-azafluorene-
3-carboxylic acid, and into 2-azafluorenone55:

The dehydrocyclisation of 2,5-dimethyl-4-/>-tolylpyri-
dine yields 3,7-dimethyl-2-azafluorene, which has been
converted into 3,7-dimethyl-2-azafluorenone56. When 4-
phenylpyridine-3,5-dicarboxylic acid undergoes dehydro-
cyclisation, methyl 9-oxo-2-azafluorene-4-carboxylate is
obtained together with a small quantity of 3-azatetracyclo-
[9,2,l,05,13,0V2]tetradeca-2,4,7,9,ll,13-hexaene-6,14-
dione57:
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There are indications that derivatives of 1,3-dimethyl-
2-azafluorene exert a spasmolytic action. 1,3-Dimethy 1-
2-azafluorenone has been subjected to several chemical
transformations in order to obtain physiologically active
substances. Its reduction with zinc dust in an aqueous-
alcoholic solution of ammonia gave l,3-dimethyl-2-aza-
fluorenol (identified as the picrate), which on further re-
duction with sodium in alcohol was converted into hexa-
hydro-1,3-dimethyl-2-azafluorene and l,3-dimethyl-2-aza-
fluorene. Condensation of l,3-dimethyl-2-azafluorenone
with benzaldehyde in the presence of zinc chloride gives
1 -2' -hydroxyphenethyl-3 -styry 1-2 -azaf luor enone:

Ο CH 2 CH(OH)C 6 H 5

1,3-Dimethy 1-2-azaf luor enone oxime is reduced by zinc
dust in acetic acid or anhydride to l,3-dimethyl-2-aza-
fluorene and 9-acetamido-l,3-dimethyl-2-azafluorene.
The latter could be hydrolysed by treatment with phos-
phoric acid at 200°C. The resulting 9-amino-l,3-di-
methyl-2-azafluorene is a strong base, which actively ab-
sorbs carbon dioxide from the air. 9-Acetamido-1,3-di-
methy 1-2-azafluorene can be nitrated, the nitro-derivative
obtained in quantitative yield being assumed to have the
structure 9-acetamido-l,3-dimethyl-7-nitro-2-azafluorene.
Reduction of this product with zinc dust in acetic anhydride
yields (presumably) 7,9-diacetamido-l,3-dimethyl-2-aza-
fluorene44,51.

i CH 3

NHCOCH3

9-2'-Diethylaminoethylamino-l,3-dimethyl-2-azafluor-
ene, obtained from 9-amino-l,3-dimethyl-2-azafluorene
and 2-diethylaminoethyl chloride, is similar in structure
to Antergan58. Other derivatives of 2-azafluorene, the
9 -2' -dialky laminoethoxy -1,3 -dimethyl- 2 - azaf luor enes,
resemble Dimedrol, and have been prepared from 1,3-di-
methyl-2-azafluorenol and the corresponding dialkylamino-
ethyl chlorides (by heating with sodamide in benzene):

Η 3

N H C H 2 C H 2 N ( C 2 H 5 ) 2

The nitration of 9-acetamidofluorene with fuming nitric
acid yields two nitro-derivatives—9-acetamido-2,7(and
2,5)-dinitrofluorenes—which have been oxidised to the cor-
responding dinitrofluorenones59. The nitration of 1,3-di-
methy 1-2-azaf luor enone gives a good yield of a mononitro-
derivative, which by analogy with the nitro-derivative
formed by the nitration of fluorenone itself under similar

conditions, is assumed to be l,3-dimethyl-7-nitro-2-aza-
fluorenone. This nitro-derivative is reduced to 7-amino-
l,3-dimethyl-2-azafluorenone, in which the amino-group
exhibits an imino-character48:

The isomeric 4-amino-l,3-dimethyl-2-azafluorenone is
obtained by Hofmann's reaction from 4-carbamoyl-l,3-di-
methy 1-2-azaf luor enone. It did not prove possible to effect
the conversion from ethyl 5-amino-2,6-dimethyl-4-phenyl-
pyridine-3-carboxylate, through the 5-diacetylamino- and
5-benzamido-2,6-dimethyl-4-phenylpyridine-3-carboxylic
acid (cyclisation in the presence of sulphuric acid), to a
4-amino-1,3-dimethy 1-2-azafluorenone substituted in the
amino-group48.

When 3-benzoyl-l,2,5,6-tetrahydro-l-methyl-4-phenyl-
pyridine is treated with hydrazine hydrate in the presence
of sodium methoxide (in triethylene glycol at 190°C), 3-
benzyl-l,2,5,6-tetrahydro-l-methyl-4-phenylpyridine is
formed, and in the form of its hydrochloride has been
subjected to cyclisation (with polyphosphoric acid at 130°C).
Chromatographic separation of the reaction products on
aluminium oxide led to the isolation of a partly hydrogen-
ated substituted 2-azafluorene—racemic 1,2,3,4,4a,9a-
hexahydro-2-methyl-4a-phenyl-4#-indeno[2,l-c]pyridine.

Analogous partly hydrogenated 2-azafluorene systems
have been obtained by the Wolff-Kishner reduction of
l,2,3,4,4a,9a-hexahydro-6-methoxy-2-methyl-9-oxo-4a-
phenylindeno[2,l-c]pyridine and by reducing l,2,3,4,4a,9a-
hexahydro-9-oxo-4a-phenyl-2-propyl(or cyclopropyl)-
indeno[2,l-c]pyridine with zinc. In one of the procedures
the initial oxo-derivatives are obtained by condensing N-
methyl(propyl, or cyclopropyl)-2-(3-oxo-l-phenylindan-l-
yl)ethylamine with formaldehyde in acid medium:

When a mixture of iV-methyl-2-(3-oxo-l-phenylindan-l-yl)-
ethylamine and cyclohexanone is treated with aluminium
isopropoxide in toluene, spirocyclohexane-l,l'-l,2,3,4,4a,9a-
hexahydro-2-methyl-9-oxo-4a-phenylindeno[2,l-c]pyridine
is obtained, and the spirocycloheptane analogue is obtained
in the same way60.

Among compounds containing a partly hydrogenated 2-
azafluorene system, 2,S,4,9-tetrahydro-2-methyl-9-phenyl-
l#-indeno[2,l-c]pyridine (Phenindamine, Tephorin) has
been proposed as an antihistamine preparation61.

The possibility has been studied of passing from the 2-
azafluorene to the diazaphenanthrene system. Beckmann
expansion of the ring, with 1,3-dimethyl-2-azafluorenone
oxime as starting material, could not be accomplished.
Application of the Schmidt reaction to the ketone gave 9-
hydroxy-l,3-dimethyl-2,10-diazaphenanthrene, the struc-
ture of which was proved by comparison with the analogous
substance formed by the oxidation of l,3,9-trimethyl-2,10-
diazaphenanthrene with chromic acid48:

Ethyl l,3-dimethyl-9-oxo-2-azafluorene-4-carboxylate
has been converted by the Schmidt rearrangement into a



Russian Chemical Reviews, 38 (9), 1969 779

yield of ethyl 9-hydroxy-l,3-dimethyl-2,10-diazaphen-
anthrene-4-carboxylate, some of whose reactions and
whose structure have been studied.

There are indications that compounds of the 3-azafluor-
ene series possess sedative, neuroleptic, and adrenolytic
activity62. However, very little work has been done on 3-
and 4-azafluorenes. Benzo[#]isoquinoline has been used to
obtain 3-azafluorenone itself. 3-Phenylpyridine-4,o-di-
carboxylic acid was isolated from its oxidation, and thermal
condensation of this compound led to 3-azafluorenone38:

4-Azafluorenone has been obtained in a similar way from
2-phenylpyridine-3,o-dicarboxylic acid, which was isolated
from the oxidation of benzo[/i]quinoline:

A small quantity of 9-oxo-3-phenyl-4-azafluorene-l-car-
boxylic acid is formed together with 2,6-diphenylpyridine-
3,4,o(2)-tricarboxylic acid by the oxidation of 2-phenyl-
benzo[fc]quinoline-4-carboxylic acid63:

In a similar manner 9-oxo-4-azafluorene-l,3-dicarboxylic
acid has been obtained from benzo[/z]quinoline-2,4-dicar-
boxylic acid, and 9-oxo-l-azafluorene-2,4-dicarboxylic
acid from benzo|/]quinoline-l,3-dicarboxylic acid64.

The oxidation with potassium permanganate of 10-aza-
fluoranthene, isolated by the fractional distillation of coal-
tar pitch, yields a mixture of 9-oxo-l(and 4)-azafluorene-
8-carboxyllc acids, from the latter of which 4-azafluorenone
is obtained by decarboxylation in the presence of calcium
oxide65:

Condensation of 2-benzylideneindane-l,3-dione with ethyl
/3-aminocrotonate produces ethyl l,4-dihydro-3-methyl-9-
oxo-l-phenyl-4-azafluorene-2-carboxylate, which after
oxidation with chromic acid in acetic acid is converted into
ethyl 3-methyl-9-oxo-l-phenyl-4-azafluorene-2-carboxyl-
ate:

OOC 2 H 5
;OOC2H5

Hydrolysis of this ester (by heating it with concentrated
sulphuric acid) leads to further condensation, with the for-
mation of 3-methyl-4-azaindeno(3',2': l,2)fluorene-l',9-
dione

Various substituted l-aryl-4-azafluorenones have been
obtained by the method used to synthesise ethyl 3-methyl-
9-oxo-l-phenyl-4-azafluorene-2-carboxylate. The oxime
of this ester has been converted into the 9-diacetylamino-
and 9-acetamido-derivatives66. 2-Aminopropenyl methyl
and phenyl ketones and /3-aminocinnamonitrile have also
been used for condensation with benzylideneindane-1,3-
dione, the products being respectively 2-acetyl- and 2-ben-
zoyl-3-methyl-l-phenyl-4-azafluorenones and 2-cyano-l,3-
diphenyl-4-azafluorenone. An attempt to prepare 1-alkyl-
4-azafluorenones in a similar manner was unsuccessful.

a-(l,3-Dioxoindan-2-yl)benzylmalonamide has been
cyclised to l,2,4-trihydro-3,9-dioxo-l-phenyl-4-azafluor-
ene-2-carboxyamide, from which saponification followed by
decarboxylation yielded l,2,3,4-tetrahydro-l-phenyl-4-aza-
f luorene-3,9 -dione67.

A partly hydrogenated substituted 4-azafluorene system,
4a-benzyl-l,2,3,4-tetrahydro-5ff-indeno[l,2-6]pyridine, has
been isolated by the condensation of 2-2'-aminopropyl-2-
benzylindan-1-ol, this being obtained by the hydrogenation
of 2 -benzyl- 2 - 2' - cy anoethy lindan-1 - one:

HO NH,

CH2C6H5

Information on the preparation of 1-azafluorene deriva-
tives is extremely sparse. A partly hydrogenated substi-
tuted 1-azafluorene is obtained by the pyrolysis of the per-
chlorate of 9-acetoxy-2,5,9-trimethyl-6,7-benzomorphan.
The perchlorates of l,2,3,4-tetrahydro-l,4,4-trimethyl-9#-
indeno[2,l-6]pyridine and l,2,4a,9a-tetrahydro-l,4,4a-tri-
methyl-9#-indeno[2,l-6]pyridine were isolated, and were
then hydrogenated in the nitrogen-containing ring68»69:

Papers on the stereochemistry of substituted azafluor-
enes are almost completely lacking. It has been suggested52

that 9-substituted azafluorenes may have four geometrical
isomers owing to a non-planar structure:

Intramolecular cyclisation is the principal method em-
ployed in the synthesis of azabenzofluorene structures.
Application of the Friedel-Crafts reaction to 3-phenyl-
quinoline-2-carbonyl chloride (in nitrobenzene) yields 1-
aza-2,3-benzofluorenone 70:

l,3-Dimethyl-2-aza-5,6-benzofluorenone has been obtained
from 2,6-dimethyl-4-naphth-l'-ylpyridine-3-carbonyl
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chloride and also from 2,6-dimethyl-4-naphth-l'-ylpyridine-
3,5-dicarboxylic acid, l,3-dimethyl-9-oxo-2-aza-5,6-ben-
zofluorene-4-carboxylic acid also being isolated in the
latter case44:

(COOH)

3-Benzoyl-4-phenylquinoline and also 3-mesitoyl-4-
phenylquinoline are cyclised under the influence of poly-
phosphoric acid to 2-aza-3,4-benzofluorenone54:

C,H

The same azafluorenone is obtained by the cyclisation of
4 -phenylquinoline - 3 - carboxylie acid n .

3-Aza-l,2-benzofluorenone can be synthesised by the
condensation of 3-phenylcinchoninic acid by means of sul-
phuric acid70:

Analogous 4-alkylated (or 4-phenylated) azabenzofluor-
enones are obtained from 2-substituted 3-phenylcinchon-
inoyl chlorides by the Friedel-Crafts reaction and also
from the acids themselves43»71. An example is the syn-
thesis of 4-phenyl-3-aza-l,2-benzofluorenone from 2,3-di-
phenylcinchoninic acid:

Conversion to azafluorene structures is accomplished
by means of hydrazine hydrate or by reduction with tin in a
mixture of acetic and hydrochloric acids.

2-Phenylquinoline-3-carboxylic acid and also its chlor-
ides are used in the synthesis of 4-aza-2,3-benzofluoren-
one71:

4-Aza-2,3-benzofluorenone is also obtained by condensing
o-aminobenzaldehyde with indane-l,3-dione, and is then
reduced with zinc dust to 4-aza-2,3-benzofluorene72:

a/·
4-Aza-2,3-benzofluorene has been isolated from coal-

tar pitch. Its oxidation with sodium dichromate in acetic
acid yielded 4-aza-2,3-benzofluorenone. In molten caustic
potash the latter is converted into 2-phenylquinoline-3-
carboxylic acid65:

Treatment of phthalaldehyde with sodium cyanide gives
a low yield of 9-oxo-4-aza-l,2-benzofluorene-3-carboxy-
amide. Hydrolysis of the latter with hydrochloric acid,

followed by reduction with zinc in acetic acid, led to 4-aza-
1,2-benzofluorene, oxidation of which with copper sulphate
in pyridine yielded ll-oxoindeno[l,2-c]isocarbolstyryl73:

The mechanism suggested for this reaction is that
treatment of phthalaldehyde with sodium cyanide involves
initially a normal benzoin condensation (A). Intramolec-
ular condensation then yields an indanedione structure (B),
the free aldehyde group of which is attacked by cyanide
and ammonia with conversion into an amino-nitrile group-
ing (C). This latter undergoes cyclisation with formation
of the dihydroisoquinoline system (D). On oxidation with
atmospheric oxygen hydrolysis takes place, with forma-
tion of the final product—9-oxo-4-aza-2,3-benzofluorene-
3-carboxyamide (l-carbamoyl-ll-oxoindeno[l,2-c]isoquino-
line).

Pentacyclic fused ring systems containing nitrogen,
belonging to azafluorene systems, have been obtained by the
intramolecular condensation (double cyclisation) of diphenyl-
ated 3,5-dicarboxylic acids. Thus 2,6-diphenylpyridine-
3,5-dicarboxylic acid yields 2,3 : 5,6-dibenzoylenepyridine4s:

Similarly, 6-methyl-2,3 :4,5-dibenzoylenepyridine has been
synthesised from 6-methyl-2,4-diphenylpyridine-3,5-di-
carboxylic acid49,66.

An azafluorene compound of this type is a preparation
termed Dibepyne, which is 8-(2,3(CO) :6,5(CO)-dibenzoyl-
enepyrid-4-yl)naphth-l-oyl chloride. Dibepyne is an ana-
lytical reagent for primary amines. The starting material
in its synthesis is 2,2-di-indanedionylacenaphthen-l-one.
When this interacts with ammonium acetate the nitrogen-
containing ring closes, with the formation of acenaphthen-
l-onespiro(2,4')-2',3'(CO): 6',5'(CO)-dibenzoylene-l',4'-
dihydropyridine. Subsequent treatment of this compound
with hydrogen peroxide, followed by thionyl chloride, leads
to the formation of Dibepyne74"76:
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Several compounds have been synthesised which are ana-
logous in structure to Dibepyne77.
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