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Photocyclization. 8 [1]. [1]Benzothieno[2,3-cJnaphtho[1,2-k]quinoline
and [1]Benzothieno[2,3-cjnaphtho[1,2-A][1,2,4]triazolo[4,3-a]quinoline
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The previously unknown polyeyclic heterocyclic ring systems, namely, [1]benzothieno[2,3-cJnaphthol1,2-A}
quinoline and [1]benzothieno|2,3-cJnaphtho[1,2-4][1,2 4]iriazolo[4,3-a]quinoline were synthesized via photocy-
clization of 3-chloro-N{1'-phenanthryl)benzo[b]thiophene-2-carboxamide.
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Huang-Minlon reaction [6] in good yield. Compound 2 was
converted to 1-0xo0-1,2,3,4-tetrahydrophenanthrene oxime
(3) by the methods of Haworth [4] and Beringer et al. [5].
This compound was aromatized using acetic anhydride
and acetic acid to afford the intermediate 1-acetylamino-
phenanthrene which was hydrolyzed in ethanolic hydro-
chloric acid and was used without purification to give 1-
aminophenanthrene (4) in 75% overall yield from 3.

Compound 4 (Scheme 2) was allowed to react with 3-
chlorobenzo[b]thiophene-2-carbonyl chloride (3) [1b] in
benzene solution, and 3-chloro-N-(1'-phenanthryl)benzo[ b]-
thiophene-2-carboxamide (6) was obtained in 58% yield.
Photocyclization of amide 6 gave the lactam, [1]benzothi-
eno[2,3-c]naphtho[l,2-A]quinolin-8(7H)-one (7), in 77%
yield. Chlorination of 7 with phosphorus oxychloride af-
forded 8-chloro[1]benzothieno[2,3-cnaphtho[1,2-k]quino-
line (8) in 75% yield. Compound 8 reacted with anhydrous
hydrazine in ethanol to provide 8-hydrazino[l]benzothi-
eno[2,3-cJnaphtho[1,2-A]quinoline (9) in 75% yield. Reflux-
ing 9 with aqueous acetic acid and a 10% solution of cop-
per sulfate produced 10 in 84% yield whereas refluxing of
a suspension of 9 in ethanol with triethyl orthoformate
gave 11 in 76% yield.

A detailed 2D nmr study of 10 and 11 is in progress and
preliminary results confirm the structures of 10 and 11
and will be reported in a forthcoming publication.

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover melting
point apparatus and are uncorrected. The ir spectra were re-
corded on a Beckman FT 1100 spectrometer as potassium bro-
mide pellets and frequencies are expressed in ¢cm™. The 'H nmr
spectra were obtained on a JEOL FX-90Q spectrometer in the
solvent indicated with TMS as the internal standard and chemi-
cal shifts are reported in ppm (8) and J values in Hz. Elemental
analyses were performed by M-H-W Laboratories, Phoenix,
Arizona.

3<(1'-Naphthoyl)propionic Acid (1).

This compound was prepared by the method of Haworth [4] in
28% yield as pale yellow plates, mp 128-131° (from ethyl acetate,
lit [4] mp 129-131°; lit [7] mp 131-132°).

4<1'-Naphthyl)butyric Acid (2).

A mixture of 45.6 g (0.20 mole) of compound 1, 38.0 g (0.68
mole) of potassium hydroxide, 28 ml of 85% hydrazine hydrate,
and 280 ml of diethylene glycol was refluxed for 1 hour 40 min-
utes. The water from the reaction mixture was evaporated and
the temperature allowed to rise to 200°. Refluxing of the reaction
mixture was continued for an additional 5 hours. After cooling,
the reaction mixture was diluted with 600 ml of water and the
mixture was poured slowly into 400 ml of 6NV hydrochloric acid.
The precipitated pale brown solid was collected by filtration and
dissolved in 700 ml of ether. The ether solution was washed with
water, dried over anhydrous sodium sulfate, and evaporated to
dryness. Recrystallization of the residue from cyclohexane gave
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41.0 g (96%) of compound 2 as pale brown plates, mp 104-107°
(lit [4] mp 106-107°, lit [7] mp 106-107°).

1-0x0-1,2,3,4-tetrahydrophenanthrene Oxime (3).

After cyclization of 2 by the method of Haworth [4] in 83%
yield as pale yellow prisms, mp 92-94° (from cyclohexane, lit [4]
mp 95-96°, lit [7] mp 96°), compound 3 was prepared by the
method of Beringer et al [5]in 95% yield as colorless prisms, mp
167-169° (from benzene, lit [7] mp 165-166°, lit [8] mp 167°).

1-Aminophenanthrene (4).

A solution of 4.22 g (20.0 mmoles) of 3 in a mixture of 20 ml of
acetic anhydride and 20 ml of acetic acid was refluxed for 90
hours. After cooling, the reaction mixture was poured into 400 ml
of ice-water. This mixture was extracted with ethyl acetate and
the organic layer was washed with water, dried over anhydrous
sodium sulfate, and evaporated to afford a brown viscous oil.
This oil was subjected to the following hydrolysis without further
purification. A solution of the above viscous oil in a mixture of 50
ml of concentrated hydrochloric acid and 250 ml of ethanol was
refluxed for 28 hours. After cooling, the reaction mixture was
concentrated to about 100 ml and poured into 350 ml of ice-
water. The mixture was washed with a small amount of benzene,
and the aqueous layer was basified with concentrated ammonium
hydroxide. The alkaline mixture was extracted with ethyl acetate
and the organic layer was washed with water, dried over anhy-
drous sodium sulfate, and evaporated to afford a brown powder,
which was recrystallized from a mixture of benzene and n-hexane
to give 2.90 g (75%) of 4 as pale brown needles, mp 144-146° (lit
[9] mp 145-146°, lit [10] mp 145-146°).

3-Chloro-N{1'-phenanthryl)benzo[b]thiophene-2-carboxamide (6).

A solution of 3.47 g (15.0 mmoles) of 4 and 2.90 g (15.0 mmoles)
of 5 in 120 m! of benzene was refluxed for 6 hours. After cooling,
the reaction mixture was concentrated to about 6 ml and the pre-
cipitated solid was collected by filtration. The solid was recrystal-
lized from benzene to give 3.37 g (58%) of 6 as pale brown
prisms, mp 200-202°; ir (potassium bromide): 3410 (N-H stretch-
ing), 3050 (aromatic C-H stretching), 1653 (C=0 stretching); '"H
nmr (DMSO0-d,): 7.59-7.89 (m, 6H, Ar-H), 7.91-8.24 (m, 5H, Ar-H),
8.78-8.94 (m, 2H, phenanthrene ring-4',5'-H), 10.66 (s, 1H, NH).

Anal. Caled. for C,,H,,CINOS: C, 71.21; H, 3.63; N, 3.61; S,
8.26. Found: C, 71.27; H, 3.51; N, 3.58; S, 8.40.

[1]Benzothieno[2,3-clnaphtho[1,2-A]quinolin-8(7 H}-one (7).

To a solution of 500 mg (1.29 mmoles) of 6 in 500 ml of a mix-
ture of cyclohexane and benzene (2:1, v/v) was added 0.2 ml of tri-
ethylamine, and the solution was irradiated with a 450 watt
Hanovia medium pressure mercury lamp for 8 hours. After cool-
ing, the pale yellow solid which precipitated during the reaction
was collected by filiration and washed thoroughly with water,
dried at 100° for 3 hours in vacuo to give 349 mg (77%) of com-
pound 7 as a pale yellow solid, mp >300°; ir (potassium bro-
mide): 3160 (N-H stretching) 3060 (aromatic C-H stretching), 1653
(C=0 stretching); 'H nmr (DMSO-d,): 7.70-8.37 (m, 8H, Ar-H),
8.88-9.21 (m, 4H, 1,13,14,15-H), 10.82 (s, 1H, NH). This com-
pound was used in the next step without further purification be-
cause of its low solubility.

8-Chloro[1]benzothieno[2,3-clnaphtho[l,2-k]quinoline (8).

A suspension of 2.00 g (5.70 mmoles) of 7 and 60 ml of phos-
phorus oxychloride was refluxed for 23 hours. After cooling, the
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reaction mixture was evaporated to dryness, and 200 ml of ice-
water was poured carefully onto the residue. The mixture was
basified with sodium hydrogen carbonate and extracted with
ethyl acetate. During the extraction, the undissolved solid in both
layers was filtered and thoroughly washed with water. The
organic layer was washed with water, dried over anhydrous
sodium sulfate, and evaporated to give 224 mg of yellow crystal-
line residue. The residue was combined with the hot-benzene
soluble fraction of the above filtered solid and recrystallized from
benzene to afford 1.58 g (75%) of compound 8 as colorless
needles, mp 258-259°; ir (potassium bromide). 3065, 3050 (aro-
matic C-H stretching); "H nmr (deuteriochloroform): 7.60-7.77 (m,
4H, Ar-H), 7.98-8.11 (m, 3H, Ar-H), 8.74-9.00 (m, 4H, 1,13,14,15-
H), 9.38 (d, 1H, J] = 9.1 Hg, 6-H).

Anal. Caled. for C,;H,,CINS: C, 74.68; H, 3.27; N, 3.78; S, 8.66.
Found: C, 74.77; H, 3.20; N, 3.76; S, 8.51.

8-Hydrazino[1]benzothieno[2,3-cJnaphtho[1,2-k]quinocline (9).

To a stirred suspension of 1.50 g (4.06 mmoles) of 8 in 70 ml of
ethanol was added 11 ml (351 mmoles) of anhydrous hydrazine
over a period of 50 minutes. The mixture was refluxed for 3 days.
After cooling, the crystalline precipitate in the reaction mixture
was collected by filtration and recrystallized from benzene to af-
ford 1.11 g (75%) of 9 as pale yellow needles, mp 250-252° dec; ir
(potassium bromide): 3291, 3271 (N-H stretching), 3047 (aromatic
C-H stretching); 'H nmr (DMSO-d¢): 4.91 (s, 2H, NH,), 7.60-7.81
(m, 4H, Ar-H), 7.98-8.31 (m, 3H, Ar-H), 8.61 (s, 1H, NH), 8.70-9.12
(m, 4H, 1,13,14,15-H), 9.37 (d, 1H, J] = 9.2 Hz, 6-H).

Aral. Caled. for C,,H,;N,S: C, 75.59; H, 4.13; N, 11.49. Found:
C, 75.54; H, 4.10; N, 11.39.

[1]Benzothieno[2,3-cnaphtho[l,2-klquinoline (10).

A suspension of 200 mg (0.55 mmole) of 9 in 4 ml of water and
4 ml of acetic acid was heated to boiling and treated dropwise
with 3 ml of a 10% solution of copper sulfate. The mixture was
refluxed for 4 hours. After cooling, the reaction mixture was
poured into 40 ml of ice-water, and the mixture was basified with
2N sodium hydroxide. The mixture was extracted with dichloro-
methane and the organic layer was washed with water, dried over
anhydrous sodium sulfate, and evaporated to dryness. The crys-
talline residue was recrystallized from benzene to give 154 mg
(84%) of 10 as pale yellow needles, mp 254-256°; ir (potassium
bromide): 3050, 3019 (aromatic C-H stretching); 'H nmr (deu-
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teriochloroform); 7.60-7.77 (m, 4H, Ar-H), 7.98-8.14 (m, 3H, Ar-H),
8.77-9.00 (m, 4H, 1,13,14,15-H), 9.51 (d, 1H, J = 9.2 Hz, 6-H),
9.52 (s, 1H, 8-H).

Anal. Caled. for C,,H,,NS: C, 82.35; H, 3.90; N, 4.17. Found: C,
82.13; H, 4.12; N, 3.96.

[1]Benzothieno[2,3-c]naphtho[1,2-A)1,2,4]triazolo[4,3-alquinoline
@an.

A suspension of 200 mg (0.55 mmole) of 9 in 8 ml of triethyl
orthoformate and 16 ml of ethanol was refluxed for 22 hours.
After cooling, the crystalline precipitate was collected by filtra-
tion and recrystallized from benzene to give 158 mg (76%) of 11
as pale brown needles, mp 302-305° dec; ir (potassium bromide):
3160, 3057 (aromatic C-H stretching); 'H nmr (deuteriochloro-
form): 7.55-7.82 (m, 4H, Ar-H), 7.97-8.11 (m, 3H, Ar-H), 8.54-9.07
(m, 5H, 1,6,15,16,17-H), 9.93 (s, 1H, 8-H).

Anal. Caled. for C,,H,,)N.S: C, 76.77; H, 3.48; N, 11.19. Found:
C, 76.88; H, 3.50; N, 11.12.
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