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Compounds VIL. (I). Improved Syntheses of 11-II-Benzo[5,6] cyclohepta-
[1,2-¢] pyridin-11-one

Frank J. Villani, Elizabeth A. Wefer and Thomas A. Mann

Medicinal Chemical Research Department

and

Joseph Mayer, Lydia Peer and Alfred S. Levy
Chemical Process Research Department, Schering Corporation, Bloomfield, New Jersey 07003

Received June 26, 1972

An improved synthesis of the title compound is described. The base catalyzed condensation
of 4-methylnicotinonitrile with benzaldehyde resulted in the isolation of trans-4-styrylnicotin-
amide (2a) in high yield. Hydrolysis to the acid and heating the acid 3a with polyphosphoric
acid (ppa) gave the title compound 1a in good yields. Even higher yields of 1a were obtained in
the presence of catalytic quantities of selenium. Also described are two other syntheses of the
title compound as well as the preparation of a series of compounds related to 2a (Table I).

To prepare large quantities of certain aminoalkyl
derivatives of 11-H-benzo[5,6]cyclohepta[ 1,2-¢ |pyridin-
I'l-one (1a) it was necessary to develop improved syntheses
The original (2) preparation of 1a
involved the selenium dioxide dehydrogenation of 1b, a

of this compound.

method which was not readily adaptable to large scale

preparation.  This report describes our work in this

la N = CH - CH
Th N\ - Clly - Ch,

area and is summarized in Chart 1.

The readily available, 4-methylnicotinonitrile (3) was
condensed with benzaldehyde in the presence of potas-
sium ¢-butoxide in ¢-butyl alcohol and benzene (Method A)
or sodium methoxide in methanol (Method B) to give
the trans nicotinamide 2a in high yield. The formation of
2a is probably the result of an internal dehydration-
hydration reaction, in situ, of the intermediate hydroxy-
nitrile 2¢ as shown.

Support for the proposed intramolecular transfer of
waler is given by the similar reaction of methyl-4-methyl-
nicotinate and benzaldehyde which produced the trans
acid 3a directly at -40° in short reaction times. These
reaction conditions, as well as careful isolation procedures,
practically exclude the possibility of a two step dehydra-
tion and saponification during the reaction and subse-
quent workup.

0=CH
CHy
O : —
N
N

2¢

The base-catalyzed condensation of 4-methylnicotino-
nitrile with a series of hetero-arylaldehydes was also
carried out. The trans nicotinamide derivatives as well
as the acids obtained therefrom by hydrolysis (method C)
are listed in Table .

Compounds 2a and 3a were converted by exposure to
diffuse daylight into the cis compounds 2b and 3b
respectively. The structural assignments were based on
the infrared spectra. The trans compounds showed the
characteristic strong absorption in the 10.2-10.6 region,
which was absent in the spectra of the cis compounds (4).

Preliminary attempts at ring closure of either the
trans (2a) or cis amides (2b) with polyphosphoric acid
failed to give the ketone 1a. Instead, the cyclic lactam 4
was formed as the sole product (5). Compound 4 was
recovered unchanged after prolonged heating with ppa at
220-240°.

In contrast, acid 3a was readily converted to ketone 1a

"
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filtered, washed thoroughly with cold water, air dried and recrys-
tallized.

Alternatively, the methanol solution was poured into water,
steam distilled to remove the excess aldehyde and methanol and
the residue processed as in Method A.

Saponification to trans Acid (3a).
Method C.

In a typical experiment, 30 g. of amide was heated under
reflux for 24 hours with 30 g. of potassium hydroxide and 300 ml.
of ethanol and 300 ml. of water. The solvents were removed and
the residue was dissolved in the minimum amount of water and

acidified with acetic acid. The precipitated acid was filtered and
recrystallized.

cis-4-Styrylnicotinamide (2b),
Method D.

A solution of 1 g. of 2a in 35 ml. of DMF was exposed to
diffuse daylight for 14 days. Water (70 ml.) was added and the
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resultant mixture extracted 3 times with methylene chloride.
The methylene chloride was evaporated and an equal volume of
water was added to the residue precipitating the unchanged trans
amide, which was filtered off. The filtrate was extracted 3 times
with methylene chloride (10 ml. each extract). The combined
extracts were dried and the solvent was removed. The residue was
triturated with a mixture of methylene chloride-hexane (1:1) and
was recrystallized.

trans-4-Styrylnicotinic Acid (3a).
Method E.

A solution of potassium t-butoxide (3.36 g., 0.03 mole) in
DMF (20 ml.) was added dropwise at -40° to a mixture of
methyl 4-methylnicotinate (10) (2.26 g., 0.015 mole) and
benzaldehyde (1.59 g., 0.015 mole) in DMF (10 ml.). The
mixture was stirred at -40° for 10 minutes and poured into a
mixture of ice (50 g.) and ammonium chloride (2.7 g.). The
mixture was acidified (pH 4.5) with 20% hydrochloric acid and
the solution was cooled to 0-5° for 2 hours to complete the
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crystallization. The product was filtered, washed with cold water
and air dried; yield 2.96 g. (87.7%) m.p. 189-191°, which did not
depress the m.p. of a sample prepared by Method C.

4-(2'-Phenyl-2"-hydroxyethyl) Nicotinic Acid (5).

Sodamide was prepared in the usual manner using 9.2 g.
(0.4 g.-atom) of sodium in 600 ml. of anhydrous liquid ammonia
in the presence of a ferric nitrate catalyst. 4-Methyl nicotinic
acid (27.4 g., 0.2 mole) was added cautiously and the mixture was
stirred for 1 hour. Benzaldehyde (23.2 g., 0.2 mole) was added
dropwise and the mixture stirred for an additional hour. Solid
ammonium chloride (20 g.) was added portionwise followed by
250 ml. of anhydrous ether and the ammonia was allowed to
evaporate overnight. Water (250 ml.) was cautiously added and
layers separated. The aqueous layer, after washing with ether, was
acidified with acetic acid and the product allowed to crystallize.
The tan solid (16.2 g., 32.6%) was recrystallized from ethanol,
m.p. 147-148°.

Anal, Calcd. for C14HI3NO3Z
Found: C, 69.02; H, 5.30; N, 5.69.

4-Phenacylnicotinonitrile (7).

C, 69.12; H,5.39; N, 5.76.

A solution of 11.8 g. (0.1 mole) of 3-cyano-4-methylpyridine
in 50 ml. of DMF was added dropwise at 0° to a stirred suspension
of 11.2 g of potassium t-butoxide in 150 ml. of DMF. After
2 hours 15.0 g (0.1 mole) of ethyl benzoate was added
dropwise and the mixture was stirred for 3 hours at 5-10°. The
solution was poured onto ice (500 g.) and acidified (acetic acid).
The solid was filtered, air dried and recrystallized from isopropyl
ether to give 12.4 g. (51%) of product having a m.p. 120-122°,

Anal. Caled. for Cy4H,oN,0: C, 75.65; H, 4.54; N, 12.61.
Found: C,75.37; H, 4.43; N, 12.60.

4-(2"-Phenyl-2" -hydroxyethyl)nicotinonitrile (8).

To a suspension of 4.1 g. (0.02 mole) of ketone 7 in 100 ml.
of methanol was added slowly at 0°, 2.2 g. (0.06 mole) of sodium
borohydride. The mixture was stirred for 2 hours at room
temperature and poured into 100 ml. of water. The solid was
filtered and recrystallized from benzene-petroleum ether; yield
2.4 g. (54%), m.p. 96-98°,

Anal. Caled. for C4H;2N50: C, 74.99; H, 5.38; N, 12.49,
Found: C,74.72; H, 5.38; N, 12.65.

11-H-Benzo[ 5,6 ] cycloheptaf1,2< ] pyridin-11-one.
Method 1. From Acid 3a — With Selenium.

To polyphosphoric acid (900 g.), in which selenium (0.5 g.)
was dispersed, was added in several portions with stirring at
225-230°, 45 g. (0.02 mole) of acid 3a, and the mixture was
maintained at this temperature for an additional ten minutes. It
was cooled to 100° and poured into ice water, basified (aqueous
sodium hydroxide), and extracted with chloroform. The extracts
were washed with 2% potassium hydroxide solution and with
water and concentrated to a residue. The residue (38 g.) was
recrystallized from isopropyl alcohol to yield 33.1 g. (80.1%)
of a light yellow crystalline solid having a m.p. of 155-157°
which was identical with the product previously obtained (1).

Method 2. From Acid 3a — Without Selenium.

The procedure was repeated using the same conditions as in
Method 1 except that selenium was omitted. The yield of
product was 29.8 g. (71.9%) m.p. 155-157°.

Method 3.

A mixture of 7.2 g. (0.03 mole) of acid 5 in 350 g. of ppa
was heated with stirring at 180-190° for 17 hours and poured

10,11-Dihydro-5H-dibenzo]a,d ey cloheptene and Related Compounds VII.
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into ice water. The mixture was basified (aqueous sodium
hydroxide) and extracted with chloroform. The chloroform
extracts were washed with water and concentrated on the steam
bath. There was obtained 4.7 g. of a brown solid, m.p. 147-148°,
which on recrystallization from isopropy! ether had a m.p. of
155-157°%; yield, 2.4 g. (38%).

Using this procedure, nitrile 8 was converted into ketone 1a
in 27% vyield.

3-Phenyl-1-H-3 4-dihydropyrano[3,4-¢ } pyridin-1-one (6).

To ppa (150 g.) at 50° was added in portions 10 g. (0.041
mole) of the acid 5 and the mixture was stirred for 10 minutes
and poured into water. The solution was basified and extracted
with methylene chloride. The extracts were washed with water,
and concentrated to a small volume. The product was precipitated
by the addition of hexane and recrystallized from methylene
chloride-hexane to give 6.0 g. (65%) of 6having a m.p. of 94-96°,

Anal. Caled. for Cy4Hy  NO5: C, 74.65; H, 4.92; N, 6.22,
Found: C, 74.21; H, 4.92; N, 6.06.

Conversion of 3ato 6and 1a.

One gram of acid 3ain 15 g. of ppa was heated at 130-140°.
The reaction mixture was sampled at 30 minute intervals, Tle
analysis on silica gel (80 parts benzene, 19 parts methanol, and 1
part acetic acid) showed the presence of starting material, ketone
T1a, and lactone 6. As the reaction proceeded 3a and 6 dis-
appeared and 1a was formed.

Conversion of 6 to 1a.

" The lactone 6 (2 g., 0.009 mole) in 25 g. of ppa was heated
to 220-225° for 20 minutes and processed as described. There was
obtained 1.12 g. (61.5%) of product having a m.p. of 155-157°,
identical in all respects with the ketone 1a, previously prepared.

3-Phenyl-1,2.3 4-tetrahydro-2,7-naphthyridin-1-one (4).

This compound was obtained from the trans amide 2a by the
method of Bobbitt and Doolittle (5), m.p. 159-161° reported
m.p. 160-162°. The same compound was obtained from the cis
amide 2b by the same method in almost quantitative yield.
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