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In 1958, the synthesis of 1,2,3,9,10,10a-hexahydro-6-
hydroxy-1-methyl-1,4a(4H)iminoethanophenanthrene
(10) (1) was reported. This paper is concerned with

phenanthridine isosteres, prepared for comparison with 10

(a relatively weak analgesic in mice) by Pictet-Spengler
cyclization of 9-cis-amino-5-(m-methoxyphenyl)-2-methy!-
2-azabicyclo[3.3.1 Jnonane (3) and appropriate subsequent
operations.

The synthesis of aminoketone 1 was carried out by a
modification of the general method of May and Murphy
(2) using 2-(m-methoxyphenyl)cyclohexanone as the start-
ing material. The latter was more conveniently prepared
from the reaction of m-methoxyphenylmagnesium bromide
with 2-chlorocyclohexanone (3,4,5) followed by thermal
rearrangement of the adduct prior to hydrolysis than as

previously described (2).

Hydrogenation of the oxime, 2 over platinum in acetic
acid gave 3 in over 95% purity. The amino group in 3 is
assigned the cis (to the aromatic ring) configuration,
because it has been well documented that “steric approach
control” (6,7), not “product development control” (8), is
operative in the acidic hydrogenation of 2-substituted
cyclohexanones or their oximes. An additional factor
which contributes to the extremely high degree of stereo-
specificity in the conversion of 2 to 3 is the rigidity of the
alicyclic ringin 2. The 1,3-fusion of an iminoethano bridge
to the cyclohexane frame is only possible through cis,
diaxial linkages; once fused, both the cyclohexane and the
piperidine ring are no longer capable of flipping to their
alternative chair conformations.
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Pictet-Spengler reaction of 3 with formalin and hydro-
chloric acid yielded 4 as the only product, which was
demethylated Lo 7 with 48% hydrobromic acid. Although
para-ring closures have generally been observed for Pictet-
Spengler condensations involving a m-methoxyphenyl nu-
cleus (9) the structure of 4, as well as that of 7, was unam-
biguously confiemed by nmr spectroscopy, (10), particu-
larly with regard to the direction of cyclization. A 100
MHz spectrum of 7 taken in DMSO-dg - deuterium oxide
(10:1) showed the presence of three aromatic protons
distributed in a 1,2/4- pattern. Two of these protons, Hy
at & 6.75 and Hy, at 8 6.52, are ortho-coupled to each
other with J4}, = 8.0 Hz; Hy, is further split into a quartet
by the third proton Hg, located meta to Hy,, while H
appcared as a doublet centered at 6 6.59. The two single
peaks at 8 3.90 (2H) and 8 2.37 (3H) are duc to the a-
methylene and N-methyl groups, respectively.

An alternative route from 3 to 4 was thought to be via
the Bischler-Napicralski reaction. Although the N-formyl
derivalive of 3 could be readily prepared by refluxing 3
with ethyl formate, the subsequent conversion of the
amide to 4 was not achieved.

Methylation of 4 with a mixture of formic acid and
formalin afforded 5 in good yield, and demethylation of
5 to 6 was effected by 48% hydrobromic acid. The N-
cyclopropylmethyl compound, 8, was prepared by treat-
ment of the phenolic amine, 7, with an excess of cyclo-
propyl carbonyl chloride in the prescnce of triethylamine
to yield the V,0-diacylated compound (v max 1770, 1665
em™') and lithium aluminum hydride reduction of the
crude amido ester in THF.

Amine 3 and phenanthridines 6, 7, and 8 were tested
for analgesic activity by the hot-plate method, as modified
by Eddy and Leimbach (11,12).
essentially inactive to 100 mg/kg (subcutancous adminis-
tralion) and the last two were about 1/7 as potent as

The first two were

codeine, 1/4 as strong as the isosteric 10.
EXPERIMENTAL (13)

5{m-Mecthoxyphenyl)-2-methyl-2-azabicyclo| 3.3.1 | nonan-9-one
n.

This compound was prepared in an overall yield of 14% from
m-methoxyphenylcyclohexanone (3,4,5) following the directions
of May and Murphy (2); b.p. 155-158° (0.1 mm.). Compound
I-HCl crystallized from acetone-ether, m.p. 202° (lit. (2) 203-
205°).

The oxime (2), recrystallized from benzene-hexane, gave (83%
yield) needles, m.p. 159-160°; m/e 274 (M"), 257 (base); nmr
(deuteriochloroform, 60 MHz) 6 6.80-7.30 (m, 4, aromatic pro-
tons), 6.65 (s, 1, NH), 4.28 (m, 1, -CH-), 3.75 (s, 3, -OCH3), 3.10
(m, 2,-NCH,), 2.42 (s, 3, NCH3), 1.3-2.7 (m, 8, alicy clic methylene
protons).

Anal, Caled. for (:16}{22N202: C, 7004«, H, 808, N, 10.21.
Found: C, 70.12; H,8.01; N, 9.93.
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9-cis-Amino-5{m-methoxyphenyl)-2-methyl-2-azabicyelo[ 3.3.1 |-
nonane (3).

The oxime, 2, (274 mg., 1 mmole) in 5 ml. of acetic acid was
hydrogenated over 100 mg. of platinium oxide (8) at 1 atm. until
the theoretical amount of gas was taken up (1 hour). The
catalyst was filtered and the filtrate concentrated in vacuo to give
an oily residue which, upon warming with 10 ml. of 2 N sodium
hydroxide afforded 200 mg. of a thick oil, b.p. 160-165° (0.2
mm.); mfe 260 (M), 243, 230, 217 (base). Although a crystal-
line hydrochloride or picrate salt of 3 was not obtained, the
homogeneity of 3 was demonstrated by tlc in a variety of solvent
systems (Rf 0.22, butanol-acetic acid-water 4:1:1; Rf 0.60, 2-
propanol-water-ammonia (16:3:1).

The N-formyl derivative of 3 was prepared by refluxing 3 with
excess ethyl formate overnight. Recrystallization from ether-
petroleum ether afforded silky needles, m.p. 116-117°; m/e 288
(M+); v max (potassium bromide) 3300 and 1680.cm™!, nmr
(deuteriochloroform, 60 MHz), 6 8.00 (s, 1, HCO), 6.55-7.35 (m,
4, aromatic protons), 5.62(d, 1, -NH-), 4.70 (m, 1, -CH-NH.), 3.15
{(m, 1, -CH-NCH3), 2.85 (m, 2, -CH,;N-), 2.49 (s, 3, NCH3), 1.30-
2,40 (m, 8, alicyclic methylene protons).

Anal. Cd.l(,d fOl‘ (:17H24N202Z C, 7080, H, 839, N, 971
Found: C, 70.85; H, 8.34; N, 9.68.

2,3,4,4a,5,6-Hexahydro-9-methoxy-3-methyl-1H4-4,10b-propano-
benzolc ][ 1,7 | naphthyridine (4) Dihydrochloride.

The method of Kametani et al. (14) was used. A solution of
630 mg. (2.3 mmoles) of 3, 6 ml. of e¢thanol and 6 ml. of 38%
formaldehyde was acidified with 0.5 ml. of concentrated hydro-
chloric acid and refluxed for four hours. Evaporation in vacuo
left an oily residue which crystallized upon triturating with 1 ml.
of ethanol. Recrystallization from ethanol-ether gave colorless
prisms, m.p. 233-236° dec.; 660 mg. (82%), mje 272 (M"), 241,
229 (base).

Anal. Caled. for Cy7H,6CIaN,0: C,59.13;5 H, 7.59; N, 8.11.
Found: C,59.20; H, 7.78; N, 8.31.

The dihydrochloride sublimed readily in high vacuum (10~ 4
mm.) at 150°.

2,3,4,42,5,6,-Hexahydro-3,5-dime thy -9-me thoxy-1H-4,10b-pro-
pano[¢][1,7 ]| naphthyridine (5) Dihydrochloride.

To an aqueous solution of 430 mg. (1.2 mmoles) of 42HCI was
added 40% potassium carbonate to pH 9. The liberated oil was
extracted with ether, dried and evaporated. To the residual oil

was added 1 ml. of formic acid (90%) and 0.94 ml. of 38%
formaldehyde, the mixture was refluxed overnight. The cooled
solution was then treated with 5 ml. of 1 N hydrochloric acid and
concentrated to a syrup which crystallized (after addition of
ethanol and ether) to give 390 mg. (82% of 5-2HCI; rosettes, m/e
286 (M), 271, 243, 228; m.p. 241-242°,

Anal. Caled. for CygH,5CI,N, 0! C, 60.17; H, 7.85; N, 7.79.
Found: C, 60.00; H, 8.00; N, 7.73.

2,3.4,4a,5,6-Hexahydro-3-methyl-1H-4,10b-propanobenzo|c]-
[ 1,7 | naphthyridine-9-ol (7).

A mixture of 400 mg. (1.1 mmoles) of 42HCl in 5 ml. of 48%
hydrobromic acid was refluxed under nitrogen for 20 minutes. The
cooled solution was concentrated in vacuo to a syrup and the
residue was dissolved in water. Basification with 40% potassium
carbonate gave 315 mg. (76%) of 7 which was recrystallized from
acelone-hexane to give prisms, m.p. 227-229°; m/e 258 (MT),
215 (base), 200; nmr (DMSO-dg-deuterium oxide, 100 MHz) &
6.75 (d, 1, aromatic H, ] = 8.0 Hz), 6.59 (d, 1, aromatic H, ] = 2.4
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12), 6.52 (q, 1, aromatic H, ] = 8.0 and 2.4 Hz), 3.90 (s, 2,
ArCH,N-), 2.37 (s, 3, -NCH3); the remaining alicyclic protons
were not clearly resolved.

Anal. Caled. for CigH,,No0: C, 74.36; H, 8.59; N, 10.84.
Found: C, 74.58; H,8.96; N, 10.84.

The dihydrobromide prepared in ether gave (from 80% ethanol)
colorless prisms. It decomposed gradually at 250°.

Anal. Caled. for C1gH,4Cl;N,0: C, 58.01; H, 7.30; N, 8.45.
Found: C,57.73; H,7.52; N, 8.24.

2,3,4.4a,5,6 -Hexahydro-3,5-dimethyl-1H-4,10b-propanobenzolc | -
| 1,7 | naphthyridin-9-ol (6).

A mixture of 230 mg. (0.64 mmole) of 5-2HCI and 5 ml. of
48% hydrobromic acid was refluxed under nitrogen for 15 minutes.
The solution was cooled, cvaporated to dryness, and the residue
dissolved in 5 ml. of hot water. Basification with 40% potassium
carbonate gave 150 mg. (86%) of 6 which was recrystallized
from acetone-petroleum ether, m.p. 214-216°; m/e 272 (M+), 257,
229, 214 (base).

Anal. Caled. for Cy7H54N,0: C, 74.95; H, 8.80; N, 10.28.
Found: C,75.07; H,8.83; N, 10.42.

The dihydrobromide prepared in anhydrous ether gave (from
ethanol-ether) prisms, m.p. 264-267° dec.

Anal. Caled. for C1H,6BraN,0: €, 47.02; H, 6.03; N, 6.45.
Found: C,47.16; H,6.09; N, 6.52.

2.3,4,4a,5,6-1lexahydro-5-cyclopropylmethyl-3-me thyl-1H-1,10b-
propanobenzo|¢|[1,7 ] naphthyridin-9-ol (8) Dihydrochloride.

To asolution of 258 mg. (1 mmole) of 7 in 20 mi. of methylene
chloride was added 2 ml. of triethylamine and 280 mg. (2.7 mmoles)
of freshly distilled cyclopropylcarbonyl chloride. The mixture was
stirred and refluxed for 18 hours. Evaporation in vacuo left a
semi-solid residue which was triturated with methylene chloride.
The methylene chloride solution was washed with sodium bicar-
bonate, dried and evaporated to a syrup whose infrared spectrum
(nujol) indicated it was the diacylated derivative of 7. Reduction
of the amide-ester with 10 ml. of 1.6 M of lithium aluminum hy-
dride in THF gave 280 mg. of essentially pure 8 which was
converted to its dihydrochloride in ether, 294 mg. (76%). Re-
crystallization from ethanol-acetone-ether gave wart-like crystals,
m.p. 228%; mfe 312 (M"), 269.

Anal. Caled. for C20H30C12N202 C, 62.32; “, 7.84; N, 7.27.
Found: C,62.22; H,8.06; N, 7.14.
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