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Synthesis of some 3-Methyl-11H-indolo| 3,2-¢][1,8 ] naphthyridines.
A New Heterocyclic Ring System

A. Da Settimo, G. Primofiore, G. Biagiand V. Santerini

Institute of Pharmaceutical Chemistry, University of Pisa, Pisa, ltaly

Received July 22, 1975

Some derivatives of 11H-indolo|3,2<]]|1,8 |naphthyridine, a new heterocyclic system, have
been prepared using the Fischer indole synthesis on the appropriately phenylhydrazones. The
preparation of some substituted 5,0-dihydro-11H-indolo[3,2¢][1,8]naphthyridines is also

described.

Some alkaloids with high pharmacological interest con-
tain the indole nucleus as a part of a polycyclic system see
e.g., lysergic acid, reserpine, the Vinca alkaloids, ete. 1n a
previous paper one of us described some compounds in
which the nucleus of 911-benzo[h Jindolo| 3,2,1-d,e ]| 1,5]-
naphthyridine was present (1) (1).
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We continued our investigation in this field by pre-

paring some subslituted 11/-indolo|3,2-¢][1,8 ]naphthy-

ridines (1I), which represent a new heterocyclic ring strue-
ture.

Compounds of this lype appear to be potentially impor-
tant because of their structural relationship to amodiaquine,
one of the most widely used antimalarial drugs. Recent
studies have shown that the increased planar area of
amodiaquine as in III increased the activity (2). Besides
compounds II are quasi-steroidal heterocycles (3).
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The preparation of 7-methyl-2,3-dihydro-1,8-naphthyri-
din-4(1H)one (1V) was recently described (4).
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We have now prepared the title compounds using the
Fischer indole synthesis on the appropriately phenylhydra-
zones of IV (V) (see Table I).

The naphthyridinoindoles II were obtained in 36-70%
yield by treating V with dilute sulfuric acid or with poly-
phosphoric acid. In this reaction indolization is followed
by spontaneous dehydrogenation. This atmospheric oxi-
dation to the fully aromatic type is well known (2,3,5).

The phenylhydrazones Vg.h,i could not be cyclized,
owing to the deactivating effect of the substituents on the
The substances I, thus obtained, are
very high melting crystalline solids (m.p. above 320°),
slightly soluble in all usual organic solvents.

The most soluble product was 3-methyl-10-chloro-111-
indolo[3,2-¢]{1,8 |naphthyridine (IIf). The structure of
this compound has been confirmed by nmr spectral data
(DMSO-dg, 110°). In fact, the nmr spectrum of I1f shows
a singlet at 2.78 & (three protons) assigned to CH;, a
singlet at 9.9 § assigned to Hg, a singlet (broad) at 13.0 &
assigned to NH, two proton signals at 9.35 6 and 7.50 &
due to H; and H, respectively (J = 8.0 cps). The absorp-
tion range for phenyl protons is 8.4 § to 7.58 8. It was
impossible to obtain nmr spectra of Ia-e because of their
insolubility. The molecular weight of Ila (233) was deter-
mined by mass spectrum.

benzene nucleus.
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Rk iR =ic] The structures of compounds lla-¢ were assigned based
AN O O oD . . .
N mmd upon their uv spectra which show a behaviour closely
fFF T F - .
g gyt analogous among them and to that of 11f and of H1 (R, =
§_ SEEEES OCH5: R, = CH,-NEty; Ry = 1I) |see Table 1l and
i = reference (2)]. On the basis of these spectral data, the
Z¥ S25eca assignment of structures for compounds Ila-¢, if not abso-
a8 <+ N L= . .
§x S=esaern lute, is very logical.
g FEfFFES )
s ggé’gé’g An unexpected result takes place in an attempt Lo
£E Saadaaw obtain the fundamental heterocyclic ring system by oxida-
TR o~ tion of the methyl group of Ha (0) and decarboxylation.
g N =4S ) ~h
5 STRSHBR In fact the crude oxidation product of la, when refluxed
ST in quinoline, gives in low yield the 7-methyl-1H-pyrrolo-
SRR 3,2<¢][1,8]naphthyridine (VI). The s of this
SgYaq 3.2<]| 1,8 naphthyridine (VI). ic structures of this
compound was assigned based upon its nimr spectrum as
well as upon analytical data. The nmr spectrum of VI
, SRR (DMSO-de), shows a 'singlcl at 2.74 § (.lhrec protons)
- S assigned to CHj, a singlet at 9.46 & assigned to lg, a
= signal (broad) at 12.88 § assigned to NII. Two doublets at
a’é o S aens 9.0 & and 7.74 8 (J = 8.0 cps) due to llg and. 1184 respec-
E % e e e e tively, and two doublets at 7.81 § and 7.02 8 (J = 3.0 cps)
= = due to H, and Hj respectively are present. These data are
= " .
-5 g 5 g8y closely related to those reported in literature (7,8).
£ = S5 S NS
"~ s w0 o
o <
— i
= S
A4 g - O 0 T ® Ua
= N € L, =maran
= o ° - MO W W
@ e — e -
a3 2o = Vi
S = : y
£ : R R Only several 4-aryl derivatives of 11-pyrrolo[3,2<]-
- = R R R . . .
= = = o v < [1,8 naphthyridine were previously described (9).
e © When the ketone 1V and the required phenylhydrazine
= o Im S were heated in ethanol with concentrated hydrochloric
5 cofeag acid, the indolization reaction proceeds without aromati-
s zation with the formation of the dihydroderivatives VII
= O oo (yield from 50% to 76%, see Table I1I).
s A oS24 &
= L3 ZAmOZO
) EE e e e
§5 ToomoT
S T T b b
SOOoUoO
=
T TSEREER
>-‘ . -
Compounds VI are very stable in the solid state (m.p.
S above 320°), instead in solution, very rapidly on heating,
= F e gave quantitatively the fully aromatic type 11 The fluores-
cence of the solutions of VL, even when very dilute, in
= Wood’s light, disappears because of the aromalization.
s mEmMTOT . . .
3 Additional support for the above structure VI was obtained
z by the ir spectra (nujol) which show two NII bands at
- £ 3450 and 3250 em™!.
< . . .
:g: 80T oy = The uv spectra of V1l show a behaviour closely similar
& ZEEEFF S among them, but they are different to those of 11 (see
S = Table 111). Nmr spectra were not recorded because the
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dehydrogenation of compounds VII to Il in concentrated
solution takes place.

EXPERIMENTAL

All melting points were determined on a Kofler apparatus and
are uncorrecled. Infrared spectra were obtained on a Perkin-Elmer
Infracord Model 137 spectrophotometer in nujol mulls. Ultraviolet
spectra were recorded on a Zeiss Model PMQ 1 spectrophotometer
in cthanol. The nmr spectra were oblained on a Jeol Model C 60
HI. spectromeler.

General Procedure for the Preparation of 7-Methyl-2,3-dihydro-
1 .8-naphthyridin-4(1/1)one Phenylhydrazones (Va-i).

A mixture of 3.0 g. of 1V, 60 ml. of ethanol and slight excess
of the required phenylhydrazine hydrochloride was refluxed for
15 minutes. After cooling, a yellow-orange precipitate formed,
which was collected, suspended in water and alkalinized with 2N
aqueous sodium hydroxide, collected again and washed with water.
The erystallization solvent, yield, melting point and analytical data
for compounds Va-i, prepared by this general procedure, are given
in Table 1.
3-Methyl-11H-indolo{3,2¢}|1,8 |naphthyridines (11a-f).

Method a: Phenylhydrazone hydrochloride (1.0 g.) was mixed
with 10 ml. of 20% sulfuric acid and hcated in the water bath for
25-30 minutes. The mixture was cooled and the crude yellow
product was collected and treated with 2V aqueous sodium hydrox-
ide. The solid was filtered, washed with waler and dried. The
crystallization solvent, yield and analytical data for compounds
Ha-f prepared by this general procedure, are given in Table 1L

Method b: Phenylhydrazone hydrochloride (1.0 g.) was added
to an excess of polyphosphoric acid (6-8 g.) and the mixture was
heated in oil bath at 100°, with stirring. The internal temperature
was raised 1o 110° and maintained at 130° for 10 minutes. The
mixture was allowed to cool somewhat, poured on ice and 10%
aqueous sodium hydroxide. The solid was collected and washed
with water. The yield is similar to that obtained under the condi-
tions described in Method a.

7-Methyl-1H-pyrrolo[3.2-¢][1,8 Inaphthyridine (V1).

3-Methyl-11H-indolo[3,2-¢][1,8 |naphthyridine (1la) (2.33 ¢.,
0.01 mole) was added slowly, with stirring, 1o concentrated sulfuric
acid (17.5 ml). During the addition, the temperature rose to
~40°. Chromium(VI) oxide (3.0 g., 0.03 mole) was added to the
stirred solution in small portions. When necessary, the mixture was
cooled to keep the temperature below 70°. After the addition was
complete, the mixture was stirred until the temperature dropped
1o 35°, then it was cooled to room temperature and poured onto
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crushed ice. The precipitated solid was filtered off, washed with
waler, and treated with 10% aqueous sodium hydroxide. The
filtrate was acidified with dilute hydrochloric acid and the precipi-
tate was collected, washed with water and dried (1.35 g.), m.p.
>320°. A mixture of this crude product, copper chromite (0.2 g.)
and 50.0 ml. of quinoline was refluxed for three hours. The mix-
ture was filtered, the filtrate was evaporated to 6-7 ml. at reduced
pressure and the residue was diluted with petroleum cther. The
precipitated solid was collected, washed with 10% aqueous sodium
hydroxide and heated in vacuo (2-3 mm.) at 320°. These was
obtained a small amount of V1. 'The analytical sample was obtained
by crystallization from ethanol, m.p. 276-278° dec.

Anal. Caled. for CyHgN3: €, 72.11; H, 4.95; N, 22.94.
Found: C,72.35; H, 5.00; N, 22.68.

3-Methyl-5,6-dihydro-11/{-indolo[3.2¢]|1.8]naphthyridines
(V1la-f).

To a solution of 1.62 ¢g. (0.01 moles) of 1V and 0.011 moles
of the required phenylhydrazine hydrochloride in 20 ml. of ethanol,
5 ml. of concentrated hydrochloric acid was added and the mixture
was refluxed for 18 hours. The yellow-orange precipitate was
collected and treated with 10% aqueous sodium hydroxide. The
solid was filtered, washed with water and dried. Recrystallization
is not possible, because the aromatization of compounds Vi1 to 11
takes place. Yield and analytical data are given in Table 111
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