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Seven-membered N-Heterocycles, XIV.}

Syntheses of 6,7,8,9-Tetrahydro-5H-pyrido[2,3-d]azepines

* .
Hiroshi Yamamoto, MHeizan Kawamoto, Shiro Morosawa, and Akira Yokoo

Department of Chemistry, Okayama University, Tsushima, Okayama 700, Japan

A variety of the title pyrido-azepines (g, §) were synthesized
by utilizing diethyl hexahydro-4-oxo-1H-azepine-1,5-dicarboxylate
(gg) as the starting material. The structures of these new

heterocyclic compounds are established by spectroscopic methods.

2,3,6,7—A4—Tetrahydr0¢]ﬂ;azepines fuzed with various heterocycles have been
actively synthesized in recent years mainly because of their pharmacological
usefuiness.2 We have reported1’3 the syntheses of a variety of substituted
6,7,8,9-tetrahydro~5H4-pyrimido[4,5-d Jazepines (1) by the condensation of N-

)3’4 with various

substituted perhydro-4-oxo-azepine-5-carboxylate {e.g. Zc
formamidine derivatives. The unusual rearrangement of 1 to 7H-pyrrolo{2,3-d]-
pyr'im'idines1 and the interesting stepwise dehydrogenation of 1 to the fully .
unsaturated 75_—pyrim1‘do[4,5-g]azepines5 have also been observed. These re-
sults prompted us to prepare the hitherto unreported 64-tetrahydr0-1ﬂ;azepines
fuzed with a variously substituted pyridine ring (the simplest m-deficient N-
heteroaromatic compounds) mainly for the purpose of a mechanistic study of
above reactions as well as investigations of potential pharmacological ac-

tivities of these compounds.

Model studies for the pyridine ring formation using readily available N-
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substituted ethyl piperid-4-one-3-carboxylate (23,9)7'9 to synthesize several
hitherto unknown 5,6,7,8—tetrahydro—],6-naphthyrid}ne derivatives were en-
couraging. Thus, on simply heating with ammonium Hydroxide in ethanol, the B-
keto esters 2a and 2b, which exist mostly as the enol forms (g'; by nm'r),10
were first converted into the enamino ester compounds 3a (bp 190°/0.4 mmHg,

50% yield) and 3b (mp 54-55°, 87%),)1+12

respectively, which in turn were led
to the 1,6-naphthyridines 4a (mp 183°, 54%) and 4b (mp 194-195°, 56%}, respec-
tively, upon refluxing with diethyi malonate and sodium. ethoxide in absolute

ethano] according to the method of Prelog et al with a slight modification.]3

)3,4,10

The starting materials (gg,g for the preparation of the correspond-

ing pyrido-azepines are now made more conveniently in increased yields by mod-

ifying the previous rrrl.at'nod.m’]5

Although the enamino ester 3d was isolated
as a rather unstable colourless so]id,‘z mp 75-76°, in 76% Jie]d upon treat-
ment of 2d with ethanolic ammonia at 60° in a sealed tube, the benzyl compound
§E could not be isolated due te facile decompositibn when the same method was
used for gg.]ﬁ The 6,7,8,9-tetrahydro-5H-pyrido[2,3-d]azepine (5a, mp 204°)
was then best obtained upon refluxing 3d with diethyl malonate and sodium
ethoxide either in dimethoxyethane containing HMPA (40-45% yield)} or in abso-
lute ethanol (30-40%). Heating 4a, 4b, and 5a with 2 N hydrochloric acid af-
forded 4c (mp 273-275°, 91%), 4d (mp 276-277°, 88%), and 5b {mp 260°, 88%),
Trespectivé]y.

Refluxing §g with an excess phosphorous oxychloride in the presence of
PhNEt, for 3 hr predominantly gave the 2,4-dichloropyrido-azepine (62}, mp
194-7195°, in 50% yield. Without using the catalyst in the above replacement

' reaction, a mixture of 6a (35%) and the monochloro compound (5c, mp 174-175°,

19%) was produced. The latter was gradually converted to QE on prolonged

heating with POCT3, thus showing the reaction to proceed stepwise. The com-
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SCHEME 1 a) See Ref. 10.
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pound §E was similarly chlorinated with boiTing POC]s, giving the 4-chlorg-2-
pyridone (§g, mp 194°, 22%) as the only isolable product even in the presence
of the catalyst; prolonged heating resulted in the gradual decomposition of
the products, affording a large amount of an intractable tar:

The lability of the chlorine atom in EE’ §§' and §E was demonstrated by the
facile hydrogenation over Pd-C to give the compounds §E {mp 152-183°, 70%),
5f (mp 178-179°, 89%), and 6b (mp 64-65°, 67%) respectively,

The structures of these fuzed pyridines 4a-d, Eg-f, and §E=E were assigned

on the basis of elementary ana1yses]]

and the spectral data shown in Table.
The uv absorption maxima of compounds ﬂg-g and §g-f, which resembled closely
those of similar tJ»-h:,n;lr'oxy-2-pyr'1‘dones,]7 supported the 2-pyridone structure
{rather than the 2,4-dihydroxy form) as shown in Scheme 1. A strong hypso-
chromic shift {ca 40 nm) of the long wavelength absorption maxima of 6a and
6b from those of 52’ 55’ and Se indicated the absence of the 2-pyridone form
in §.18 The nmr spectrum of 6b showed two doublets due to the arcmatic ring
protons at & 8.90 and 8.00 {1H each, J=2 Hz), while that of §E showed only a
singlet at & 8,00 (1H), fhus making the signal at 6 8.90 (of 99) assignable
to H-2. This is in conformity with the known values of a structurally simi-
lar compound such as ethyl nicotinate, of which signals from H-2 and H-4

appear at 6 9.20 and 8.20 (J=2 Hz), respectively.Ig

Other assignments of the
nmr signals illustrated in Table were made by carefully comparing signals of
each compounds with those of structurally related pyrido-azepines obtained
presently and also with those of the tetrahydropyrimido-azepines 1.]’3’5
These tetrahydro-pyrido-azepines § and § thus synthesized easily from read-
ily available starting material are considered to be of interest especially
with regard to their chemical reactivities, which are currently under in-

vestigation.
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TABLE Spectral Data for the 1,6-Naphthyridines and the Pyrido-azepines
Uv (EtOH) Ir (CHC]3)

1H-Nmr': 5 -Va1uesa) for

A nm

max

(log €)

225(4
318(3

289(3
313(3.

286(3.
285(3.
227(4.

323(4.

242(3.
288( 3.

237(3
326(4.

238(3
318(8.

242(3.
345(4.

235(4.
315(3

280(3

285(3

.46)
.99)

.82)

68)
85)

80)

32)
00)

76)
90)

.76)

05}

.83)

91)

91)
03)

02)

.94)
.70}

.79)

v cmf]

3400-2300
1660-1630

3400-2300
1710,1660, 7640

3600-2300
1650-1610

3400-2300
1675,1605

3400-2300
1690,1650,1630

3400-2300
1680,1640

3400-2300
1725,1685,1640

3400-2300
1680,1640

3400-2300
1725,1680,1640

3200-2300
1680, 1645

1730,1685

1715,1685

s {in CFBCOZH), ppm from TMS,

Compd.
e TN
H-2 H-3 Hy-5 Hy6,8  Et0,-7
(H-4) (MZ-9)  (H2-7)  (Et03-6)
b) ¢) d)
4a 13.6m 1.38t 3.43s (3.73s)
R 2.am® 22068 (2amT  (z.em)  (7.326)9)
b) c) ¢)
a 13.70P). 1.81S) 4.37s (1.29t)
v (12.5m)®) 4.41¢%) (27679 (3.76)9) (4.18¢))
d)
4e  h)  6.73s  4.70s (4.60s)
A (3.5m7)  (4.2m) (7.556)%
ad  h) 6.72s  4.70s (1.43)€)
w (3.0t)79)  (4.01)9) (a.40q}
b) c) c)
52 13.8m 1.42¢ 2.8m 3.6m 1.28t
W 12.7m)®) 4.429%) (3.0m) 4.17¢%)
S h)  6.665  3.0m 3.8m 1.35t°§
{3.2m) 4.30q°
5¢ 13.6m) 1.38tg§ 2.9m 3.6m 1.28tcg
( — ) 4.45¢%/ (3.1m) 3.6m 4.19q°
sd 10.0m®) 6.545  2.9m 3.6m 1.26t§g
Mo —) (3.1m) 4.16q
Se 1.33t§; 2.8m 3.6m 1.28t°§
Vv (8.00s) 4.33¢% (3.1m) 4.19q°
5F 1.)6.31(1") 2.8m 3.6m 1.24t°}
W (7,28d) (3.0m) 4.17q°
62 —  1.40t) 3.1m 3.6m 1.29t5)
W) 4.45¢%) (3.2m) 4.18¢°%)
b 8.90d9).1.40tS) 3.0m 3.6m  1.29t6)
"% (8700d)374.39¢%) (3.2m) 4,184
a) 60 M Hz in CDC13 except for 4¢, 4d, and
b) For H-1. c) For CHyCH,0

J=7 Hz. d) For CBHS

CH,-6.

Overlapped with the solvent signal at & ca. 11.
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i) J=9 Hz.

20; the coupling was confirmed by double resonance,

e) For HO-4. f) For Hy-8. g) J=6 Hz. h)

3} J=2 Hz.
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