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Simple Entry into the 1,6-Diazaphenalene Ring System
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A facile synthesis of the dihydre-1,6-diazaphenalene ring
system has been developed by heating one equivalent of methyl-
1,2,3,4-tetrahydro-5-oxocoumarin-4-y1 acetate (§) with three equivalents
of hydroxylamine hydrochloride in aqueous ethanol; 7,8-dihydro-2,5-
dihydroxy-1,6—diazaphenalene-},s-dioxide (2) was p}oduced in this

~

manner in 88% yield.

We have investigated synthetic routes fto the 1,6-diazaphenalenes
(13) and (19) and the corresponding 2,3-dihydro derivatives for the
past several months. Impetus for this research stemmed from the
reported potent activity of 8-aminoguinoline derivatives in the
treatment of maIaria,1 and also from the unique chemical properties
expected for the 1,6-djazaphenalene (19). Prototropic shift of the
N-H proton (12) to the pyridine nucleus would lead to the identical
structure when X=H; however, the case would be entirely different
with X=NHR (1?). Furthermore, unlike phenalene, all three of the
rings in (1) would be expected fto demonstrate aromatic character via
prototropic shifts or mesomeric effects,

We wish to report a two-step entry into the 1,6-diazaphenalene
ring system {(2), the structure of which shows excellent promise for

-

further elaboration into diazaphenalenes (1a and b).

—1561—




b X=NHR

Early during the investigation of the reaction of dicarbonyl
compounds with dimethyl B-ketoglutarate, it was found that stinpjngj
a solution of cyciohexane-1,3-dione (§) in citrate-phosphate

buffer? with dimethyl g-ketoglutarate (f) provided a very good yield
of the 5-oxo-4-alkyl-5,6,7,8-tetrahydrocoumarin (§), as illustrated
in Scheme I. The oxocoumarin appeared to be an excellent precursor
for the tricyc]ic system, for replacement of the 1- and 5-oxo-
functions with nitrogen atoms might well provide the basic

skeleton {1}.
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Conversion of the 5-oxocoumarin {5) to the 5-oxo-4-alkyl-
5,6,7,8-tetrahydro-2-quinolone (6) was carried out by published

methodsz’3

in 90% yield (see Sgheme I); but, addition of the second
nitrogen function was not as straight-fdrward. The 5-oxoquinolone
ester § was reacted with a variety of amines including ammenia and
benzylamine; unfortunately, these attempts ended in fai]ure, In
contrast, heating the 5-oxo-tetrahydroquinolone acetic acid derivative
(Z) for four hours with hydroxylamine hydrochloride in agueous
ethanol in the presence of sodium acetate, analegous to conditions

4

reported by Tamura et al., provided a 96% yield (Scheme II) of the

desired oxime (8): mp = 226-230°; IR (KBr) 3310, 2860, 1702, 1642,
1598, 956, and 938 en™ V. The presence of the'carboxy1 function and

the bands at 955 and 938 (oxime)*

in ;he infrared spectrum of the
yellow solid supported the structure of the oxime, §. The NMR
spectrum in D,0,Na0D contained signals at 6 1.82 {2H,m), 2.61 (4H,m),
3.80 (2H,s, -CH2-) and 6.18 (1H,s,vinyl proton), while the C.I. mass
spectrum (NHS) had a parent ion {1%) at 237 (M+1): furthermore
intense peaks occurred at 219 [(M++1)~18,H20)] and 203 [(M++])-H20-
16 {0)]. The origin of the peaks at 219 and 203 will become clear
later in the discussion. In addition, the oxime (?) when heated
above 226°C turned from a light yellow solid to a yellow-orange
compound whose IR spectrum no longer resembled that of the original
oxime (§)' The same oxime (§) was obtained when (Z) and NH20H-H01
were heated in a pyridine/ethanol solution for several hours (no
NaOAc added); but, when the 5-oxoquinolone ester (§) and NHZOH-HC1
were heated in an ethanol-water solution for several hours the major

product was not the oxime (8) but the yellow colored oximino
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SCHEME 11
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hydroxamic acid 19 {mp > 300°C); IR (KBr) 3100-2300 (broad bands},
1640, 1620, 1588, 1516, 1422, 1170, (955 and 980 oxime)4 em™ !, The
carboxyl function was absent in the spectrum of 19 a8s- compared to
that of (§) while elemental analysis clearly indicated the molecule
contained three nitrogen atoms. All attempts to obtain a mass
spectrum led to an ion at m/e 218 which was not the parent peak (see

beiow).
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nowever, both the oxime ? and the hydroxamic acid 19 gave the
same orange,yellow-orange solid when treated with hot 10% hydro-
chloric acid. Furthermore, the IR spectrum of this solid was
identical to that obtained earlier, when a small amount of § was
heated to 226° in a capillary tube. 1In addition, prolonged heating
of the 5-oxoquinolone methyl ester (g) with hydroxylamine hydro-
chloride in an ethanol-pyridine solution provided the same yellow-
orange precipitate (g) directly. The structure of this yellow-
orange solid was proven, unequivocally, to be that represented by
structure (g). This high melting solid (mp > 350°) had a molecular
jon at 218 mass units (E.I. and C.f. spectra); furthermore the base
peak in the C.I. spectrum occurred at M+-16 characteristic for the

Toss of oxygen from N-oxides;s

simitar results were seen in the
electron impact spectrum. The IR spectrum contained bands at 3400,
3040 (OH) and 1620 {(pyridone C=0), furthermore strong signals were
found at 1595, 1290, and 1180 c:m"I characteristic of absorpticns
from N-oxides observed in similar environmentsﬁ Although g was
insoluble in most organic solvents, NMR spectra could be obtained
both in trifluorcacetic acid and 020 (Na0D) solution: & (CF3002H),
2.48 (2H,m), 3.56 (4H, two overlapping triplets}, 6.95 (1H,s, vinyl)
and 7.00 (1H,s, vinyl proton); 6 (DZO’ Na0D), 2.20 (2H,m), 2.94
(2H,t), 3.20(2H,t), 6.056 (1H,s) and 6.20 {1H,s}. When the spectrum
was run in DMSO-dsthe two vinyl signals were found at 6 5.94; this
surprising result may be due simply to solvent shifts, or in fact
might originate from chemical interaction of DMSO with 2.7

Some review: of the pathways to the N-oxide 9 should be

presented for the sake of clarity. We have observed the consistent
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cyclization of either the oxime (?) or hydroxamic agid lglin the
mass spectrometer to provide a molecular ion (218) consistant with
structure ?. We have also observed this on heating § or 19 to
temperatures > 226°C, Moreover, the oxime_(?) was converted to the
dihydrodiazaphenalene-1-N-oxide derivative (?) in 96% yield on
treatment with.hot 10% hydrochloric acidﬁ Furthermore, when the KMR
spectrum of either § or 19 was run ip trifluorcacetic acid, the
spectrum of the cyclized N-oxide (g) was observed, immediately. In

none of our work have we observed a carbonyl absorbtion at 1721 cm']

bc

which is reported - to be present in "Gottlieb’s anhydroderivative,

12® produced by heating the oximino acid 11 at 175° as shown be1ow.8

CH
e ———————l
11 SRR 12

Also, the signal for the methylene function which would result from
this dttack studied by Gottlieb and later reinvestigated by
Moriconfsc was absent from the NMR spectrum of'(g). Apparently the
peri position of the oxime § is perfectly set up for the desired
cyclization to take p1acé in the case of g or 19.“

- It is obvious that harsh conditions are reguired to force
bases §, §, and 1g’to cyéiize to the N-oxide %; hawever, the yields
are quite high in all these conversions {transformation of Z to g

can be carried out in better than 80% overall yield).
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Although the yield of the diazatricyclic system (9) from 7 was
good, it was feif‘a shorter route might be developed i; bettermuse
was made of the 5-oxo-4-alkyl-5,6,7,8-tetrahydrocoumarin (5}, To
this end the two-step synthesis of the key tricyclic ring system {2)
has been developed as outlined in Scheme IIl. Reaction of 3 with ;
gave (§) in good yield.as described before. The B-oxocoumarin
derivative was then hea;ed with three moles of hydroxylamine hydro-
chloride in aquecus alcohol; prolonged heating, with further addition
of'NHZOH-HC1 to the mixturé, provided an 88% yield of the dihydro-2,5-

dihydroxy1-1,6—diazaphena1ene-],G-Hioxide 2, while heating the same

SCHEME III
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solution for only 10 hours furnished a mixture of 2 and another
compound felt to be the intermediate hydroxamic acid 13. The mixture
of g and 1§ was converted guantitatively to ? on treatment with hot
10% hydrochloric acid.

The physical and spectral data afe in complete agreement with
the structure of 2. The orange colored solid which has a high
melting point (>300°C),characteristic:of similar quinolones was
insoluble in most organic solvents. 'Ihe‘chemica1 ionization mass
spectrum (NH3) showed successive losses of 16 (0) at 219 and 203 mass

5

units, respectively, confirming the bis-N-oxide nature of 2, In

addition, IR (KBr) bands were found at 3450 (OH), 3650, 1630 (C=0),

1

1610, 1295 and 1185 cm '; the strong bands at 1610, 1295, and 1185

+ .
are due to C=N-0 and N+-08 stretching vibrations characteristic of

6 The symmetrical character of the

pyridine and pyridine-N-oxides.
diazaderivative (g) was ¢learly shown by its NMR spectrum
(CF3C02H) which contained only three signals: & 2.52 (2H,m, C-8H's),
3.62 (4H,t,J=6Hz,C-7 and C-9H), and 7.00 (2H,s,C-3 and C-4, viny)
protons).
The simple synthesis of the dihydrodiazaphenalene derivatives
g and ? from readily available starting materials will certainiy
make diazaphenalenes such as 15 and IE more accessible. It should
now be possible to employ standard methods to convert § into 13 or
19. Work is in progress at the present time to effect such conversions.9
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