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Abstract—2-Methyleneaminonaphthalene smoothly reacts with cy@litiketones to afford azaphenanthrene
derivatives in high yield. The dihydropyridine ring in the products can be oxidized to pyridine ring. The
oxidation products, unlike their precursors and analogs having an aryl substituent ixpibsition with
respect to the nitrogen atom, react with hydroxylamine at the carbonyl group to give the corresponding oximes
and in some cases undergo Knoevenagel condensation with malononitrile. Hydrolysis of the condensation
product yields the respective diamide.

Numerous examples of the condensation of cyclign the presence of a catalytic amount of alkali (to
B-diketones with Schiff bases derived from 2-naph-depolymerize paraformaldehyde).
thylamine and aromatic aldehydes have been reported Compoundsv-VIl contain a dihydropyridine ring
[1-5] as a method of synthesis of azaphenanthrenghich may be oxidized to pyridine. Compoui is
derivatives. In some cases, the resulting fused nitrgeadily oxidized in solution on boiling in air or with
gen-containing heterocycles are structurally related tehromium(V1) oxide in acetic acid [11]. However, we
biologically active substances-{8]. Up to now, such fajled to oxidize by the same procedure compounds
reactions were believed to be possible onlyNsaryl-  v/| and VIl . We have found that azaphenanthridine
methylene-2-naphthylamines which gave rise 10 prodgerivatives VIIl -X can be obtained by heating di-

ucts containing an aryl substituent in theposition  hydro compoundsv-VIl with powdered sulfur in
with respect to the nitrogen atom. We have found thagppropriate solvent at the boiling point.

2-methyleneaminonaphthaleng) @lso readily reacts
with cyclic B-diketones, specifically with 1,3-indan-

dione (I), 1,3-cyclohexanedionell(), and 5,5-di- i .
1A : : 14, atom and precursor¥-VIl, exhibit a considerably
methyl-1,3-cyclohexanedione (dimedonéy ), yield ligher chemical reactivity. Treatment il —X with

ing the expected condensation products: 7-aza-7,8-di g lamine leads to f i £ th q
hydroindeno[2,l¢]phenanthren-9-oneV(), 2,3,5,6- Ydroxylamine igads to formation of tn€ correspond-
ing oximes XIIl =XV in nearly quantitative yields.

tetrahydro-H-benzop]phenanthridin-4-one\{l), and : ) ; :
2,2-di)r/nethyl-2,3,5,%]-F:etrahydrol-ﬂ:benzo{aafor)lenan- Oxime XIIl is also formed by reaction o¥ with
thridin-4-one Il ), respectively. These compoundshydroxylamine, indicating easy oxidation of the di-
have no substituent in the-position to the nitrogen Nydropyridine ring inV.
atom (Scheme 1). According to the'H NMR data, oximesXIV and
The reactions were carried out by heating equimXV are formed exclusively as one of the two possible
olar amounts of the reactants in ethanol for a sho#SOMers gynor anti); however, we failed to determine
time. As in the condensation df-arylmethylene-2- its configuration on the basis of the available spectral
aminonaphthalenes with cyclip-diketones [10], no data. OximeXIill obtained from compound¥ and
acid catalysis was necessary. Initikmethylene- VIII was a mixture osynandanti isomers.
2-aminonaphthalene was usually prepared just before CompoundVill was brought into the Knoevenagel
use from 2-aminonaphthalene and paraformaldehydmndensation with malononitrile on heating in boiling

CompoundsVIll -X, unlike their analogs having
an aryl group in thex-position relative to the nitrogen
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Scheme 1.
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1, v, IX, XIv, R = H; IV, VII, X, XV, R = Me.

pyridine for a short time. As a result, 2-(7-azaindeno<€ontain absorption bands typical of stretching vibra-
[2,1-c]phenanthren-9-ylidene)propanedinitrili()  tions of C=0O and N-H groups at 16701630 and
was obtained in quantitative yield. Hydrolysis of 3280-3200 cn1!, respectively. The low-frequency
dinitrile XI with sulfuric acid gave 2-(7-azaindeno- shift of these bands is explained by formation of inter-
[2,1c]phenanthren-9-ylidene)propanediamid€ll().  molecular hydrogen bonds, in keeping with published
Our attempts to effect under the same conditiongata [12] Stretching vibrations of the Cz‘l-groups
Knoevenagel condensation of compourlds and X  give rise to absorption in the region 295830 cn,
with malononitrile were unsuccessful; also, we failedand aromatic €H bonds are characterized by IR
to react compoundvlll with other classical com- absorption at 3078040 cm'. The IR spectra of
pounds having an activated methylene group (such adll -X lack NH absorption, indicating the trans-
diethyl malonate and ethyl cyanoacetate). formation of dihydropyridine ring into pyridine
The structure of the products was confirmed bymoiety. The carbonyl absorption bands of compounds
the 'H NMR and IR spectra. The IR spectra\6fVIl  VIII =X are observed at 1720680 cm?, and
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stretching vibrations of aromatic-€H bonds appear the presence of sodium hydroxide (to depolymerize

in the region 30653050 cm™. paraforrn_aldehyde) and brp_ugh_t into further syntheses
The IR spectra of the products obtained by reacwithout isolation and purification.
tions at the carbonyl group contain ne=0 stretching 7-Aza-7,8-dihydroindeno[2,1€]phenanthren-9-

vibration band, but bands typical of the correspondingne (V). Sodium hydroxide~20 mg, was added to
functional groups appear at 161M00 cm? (oximes) a mixture of 0.3 g (0.01 mol) of paraformaldehyde
or 2225 cm’ (dinitrile XI). Diamide XIl shows in and 1.43 g (0.01 mol) of 2-aminonaphthalene in 20 ml
the IR spectrum two strong bands at 167650 cm*  of ethanol. The mixture was heated on a water bath
(amide 1) and 16301590 cm® (amide ), while the (3-7 min) until paraformaldehyde completely dis-
band at 2225 cnl, typical of the initial dinitrile, solved, and a solution of 1.46 g (0.01 mol) of 1,3-in-
disappears. dandione [ ) in 10 ml of ethanol was added. The
In the *H NMR spectra ofV-VII protons at the resulting solution was heated until a solid began to
carbon atom neighboring to the nitrogen give a Signa$eparate. It WaS' cooled, and the precipitate 'WaS filtered
at § 3.839 ppm, and the NH proton appears ag')ff, washed Wlth ethanol, and recrystalllzed from
a broadened Sing|et at 10.5 (\/) or 9.29.3 ppm dlmethylformamlde. Yield 2.3 g (850{0), dark crystals,
(VI and VII). No such signals are present in themp 243-244°C. IR spectrum,v, cm 3280 (NH),
spectra of dehydro derivative¥Ill -X; the NCH 1670 (CO)."H NMR spectrum,8, ppm: 3.91 s (2H,
proton gives a sharp singlet 9.4 ppm. ThelH CH,), 7.27-7.92 m (10H, H,,), 10.55 br.s (1H, NH).
NMR spectra of the products obtained from dimedonéound, %: C 84.57; H 4.85; N 4.85.,(H;3NO.
contain a 6H-singlet ab 1.05 ppm, belonging to the Calculated, %: C 84.78; H 4.62; N 4.94.
geminal methyl groups on‘C 2,3,5,6-Tetrahydro-1H-benzofa]phenanthridin-
The spectrum of oxim&lll (which is a mixture 4-one (VI) was synthesized in a similar way from
of synandanti isomers) contains an unresolved multi-2-aminonaphthalene, paraformaldehyde, and 1,3-cy-
plet in the regiord 7.5-9.0 ppm with its intensity cor- clohexanedionell ). Yield 85%. Fine yellow crystals
responding to 20 protons and four one-proton singletyith mp 264-265°C (from DMF). IR spectrum,v,
at & 9.3, 9.9, 12.9, and 13.1 ppm. The singlet acm : 3300 (NH), 1640 (CO)."H NMR spectrum,
9.3 ppm belongs to 8-H, and that located at 12.9 ppn®, PpPM: 1.96 m (2H, €H,), 2.30 m (2H, CH,),
to the NOH proton of thesyn isomer. The signals 3-07 s (2H, CH,), 3.81 s (2H, €H,), 7.00-7.90 m
at8 9.9 and 13.1 ppm belong, respectively, to 8-H and6H, Haon), 9.20 br.s (1H, NH). Found, %: C 81.59;
NOH of the anti isomer. OximesXIV and XV give H 6.14; N 5.44. G;H,sNO. Calculated, %: C 81.90;
rise to an unresolved multiplet (5H) in the regionH 6.06; N 5.62.
8 7.5-8.2 ppm, an unresolved 1H-multiplet centered at 2,2-Dimethyl-2,3,5,6-tetrahydro-H-benzofa]-
& 8.7 ppm, and two 1H-singlets &t9.5 and 11.3 ppm phenanthridin-4-one (VII) was synthesized in
(12.0 ppm for compoun&IV). The signal at 8.7 ppm a similar way from 2-aminonaphthalene, paraform-
was assigned to the proton orf,@nd the two down- aldehyde, and dimedondV(). Yield 70%, colorless
field signals (9.5 and 11.3 or 11.0 ppm) belong tocrystals with mp 258C (from DMF). IR spectrumy,
5-H and NOH, respectively. ThtH NMR spectrum cmt: 3300 (NH), 1630 (CO)H NMR spectrum g,
of diamideXIl is characterized by the presence of twoppm: 1.05 s (6H, 2Ck), 2.19 s (2H, éHz), 237 s
two-proton multiplets at 7.5-7.7 and 7.#7.9 ppm, (2H, C°’H2), 3.80 s (2H, éHz), 7.06-7.90 m (6H,
which correspond to protons of the two Bigroups. Haom 9-30 br.s (1H, NH). Found, %: C 82.77,
H 6.68; N 5.01. GgH,gNO. Calculated, %: C 82.28;
EXPERIMENTAL H 6.9; N 5.05.

7-Azaindeno[2,1€]phenanthren-9-one (VIII).
The IR spectra were measured on a Protege-468ompoundV, 0.3 g (1 mmol), was dissolved on
(Nikolet) Fourier spectrometer in KBr. Th#H NMR heating in a mixture of 5 ml of DMF and 5 ml of
spectra were obtained on a Tesla BS-567A instrumefyridine, and 0.05 g (1.5 mmol) of powdered sulfur
(100 MHz) using DMSQOd, as solvent and TMS as was added to the resulting solution. The mixture was
internal reference. The melting points were detel’mineﬂgﬂuxed for 30 min and C00|ed, and the Crysta|s were
on a Koefler heating device. filtered off and washed with acetone to isolate 0.28 g
2-Methyleneaminonaphthaleng) (can be prepared (94%) of almost pure compoundlll as yellow
in the pure form by known procedures. However, wecrystals with mp 23%C. IR spectrumy, cni’: 3065
synthesized it just before use in an alcohol solutiofC—H,,,), 1720 (G0). 'H NMR spectrumg, ppm:
from 2-aminonaphthalene and paraformaldehyde i@.45-8.30 m (9H, H,,,), 8.849.00 m (1H, 6-H),
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9.31 s (1H, 8-H). Found, %: C 85.32; H 4.06; N 4.77.

C,0H11NO. Calculated, %: C 85.39; H 3.94; N 4.98.
2,3-Dihydro-1H-benzof]phenanthridin-4-one
(IX). CompounaVl, 0.25 g (1 mmol), was dissolved

on heating in 10 ml of DMF containing 10% of piper-
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2,2-Dimethyl-2,3-dihydro-1H-benzofg]phenan-
thridin-4-one oxime (XV). mp 29FC. IR spectrum,
v, el 1000 (N-0). 'H NMR spectrum,s, ppm:
1.05 s (6H, 2CH), 2.63 s (2H, CH,), 3.11 s (2H,
C'H,), 7.50-8.22 m (5H, H,.,), 8.60-8.74 m (1H,

idine, and 0.05 g (1.5 mmol) of powdered sulfur was7-H), 9.50 s (1H, 5-H), 11.30 br.s (1H, OH). Found,
added to the resulting solution. The mixture was»: C 78.29; H 6.72; N 9.50. GH,,N,O. Calculated,
refluxed for 6 h, cooled, and poured into water, and: C 78.05; H 6.89; N 9.58.

the precipitate was filtered off, dried, and recrystal-

lized from a 1:1 mixture of DMF with ethanol.
Yield 70%. mp 187C. IR spectrum,v, cnt: 3065
(C—H_,om), 1680 (G=0). *H NMR spectrumg, ppm:
2.10-2.30 m (2H, GH,), 2.70-2.85 m (2H, CH,),
3.29 s (2H, CH,), 7.658.25 m (5H, H,,), 8.70-

8.85 m (1H, 7-H), 9.42 s (1H, 5-H). Found, %:

C 82.63; H 5.14; N 5.80. GH;3NO. Calculated, %:
C 82.57; H 5.30; N 5.66.

2,2-Dimethyl-2,3-dihydro-1H-benzofa]phenan-

b. A mixture of equimolar amounts of ketorné
and hydroxylamine hydrochloride was refluxed in
a 1:1 DMF-pyridine mixture until the original red
color disappeared (480 min). A solid precipitated,
the mixture was cooled, and the product was filtered
off and recrystallized from DMF to obtain oximdl|
in 95% yield.
2-(7-Azaindeno[2,1e]phenanthren-9-ylidene)-
propanedinitrile (Xl). CompoundVIIl , 0.2 g
(0.7 mmol), was dissolved on heating in 10 ml of

thridin-4-one (X) was synthesized in a similar way a 1:1 DMF-pyridine mixture, 0.05 g (0.75 mmol)
from compounaVIl using ethanol containing 10% of of malononitrile was added, and the mixture was

morpholine as solvent. Yield 75%, mp 1450°C

(from ethanol); published data [9]: mp 178C°C.

IR spectrum,v, cn’: 3065 (G-H,,,,), 1683 (G=0).

'H NMR spectrump, ppm: 1.05 s (6H, 2Ck), 2.63 s
(2H, CH,), 3.11 s (2H, GH,), 7.60-8.22 m (5H,
Haoms 8.70-8.83 m (1H, 7-H), 9.38 s (1H, 5-H).
Found, %: C 82.99; H 6.12; N 5.00.,6H,,NO. Cal-

culated, %: C 82.88; H 6.22; N 5.09.

Oximes Xl -XV (general procedurg a. A mix-
ture of equimolar amounts of ketondlll -X and

refluxed for 2625 min and cooled. The precipitate
was filtered off, washed with acetone, dried, and
recrystallized from DMFpyridine (1:1). Yield 0.23 g
(~100%). Orange fibrous crystals, mp 2234°C.

IR spectrumy, cnt: 2225 (CN).'H NMR spectrum,

8, ppm: 7.458.30 m (9H, H,,,, 8.849.00 m
(1H, 6-H), 9.20 s (1H, 8-H). Found, %: C 83.98;
H 3.06; N 13.1. G3H;N5. Calculated, %: C 83.88;
H 3.37; N 12.76.

2-(7-Azaindeno[2,1e]phenanthren-9-ylidene)-

hydroxylamine hydrochloride in pyridine was refluxed propanediamide (XI1). CompoundXl, 0.4 g
for 2 h and cooled to room temperature. The precip(l.2 mmol), was dissolved in 5 ml of 50% sulfuric
itate was filtered off, washed with acetone, dried, anécid, and the solution was heated for-38 min on

recrystallized from DMF. OximesVIll -X were

a boiling water bath, cooled, and poured onto ice.

isolated as finely crystalline colorless substances iithe bright yellow precipitate was filtered off, washed

nearly quantitative vyield.

7-Azaindeno[2,1€]phenanthren-9-one oxime
(XI). mp 301304C. IR spectrum,, cn: 1010
(N-0). 'H NMR spectrum,8, ppm: 7.569.00 m
(20H, H,,,, Synandanti isomers), 9.30 s (1H, 8-H,
syn, 9.90 s (1H, 8-H,anti), 12.90 s (1H, OHgsyn,
13.10 s (1H, OHanti). Found, %: C 81.12; H 4.00;
N 9.05. GH;,N,O. Calculated, %: C 81.07; H 4.08;
N 9.45.

2,3-Dihydro-1H-benzof]phenanthridin-4-one
oxime (XIV). mp 302C. IR spectrumy, cnit: 1000
(N-0). H NMR spectrum,s, ppm: 1.852.15 m
(2H, C°H2), 2.80 s (2H, €H,), 3.08 s (2H, CH,),
7.50-8.22 m (5H, H,,nH, 8.66-8.80 m (1H, 7-H),

9.45 s (1H, 5-H), 11.05 br.s (1H, OH). Found, %:2.

C 77.63; H 6.12; N 10.62. GH,(N,O. Calculated, %:
C 77.25; H 6.10; N 10.60.

with water and aqueous ammonia and dried. Yield
043 g 698%1); mp >320C (from DMF). IR spec-
trum, v, cm—: 1670-1650 (amide 1), 16301590
(amide 11). *H NMR spectrum,8, ppm: 7.567.70 m
(2H, NH,), 7.76-7.90 m (2H, NH), 7.95-8.30 m (9H,
Haoms 8.55-8.70 m (1H, 6-H), 9.51 s (1H, 8-H).
Found, %: C 75.72; H 4.26; N 11.00.,4H,:N3O,.
Calculated, %: C 75.60; H 4.14; N 11.50.
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