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Seven-membered tj-Heterocycles. X I V .  1 

Syntheses o f  6,7,8,9-Tetrahydro-5H-pyrido[2,3-flazepines 

* 
H m  Y a m ,  H- Ka-, S h d  Mo-, and Akira Yokoo 

Department o f  Chemistry, Okayama Universi ty,  Tsushima, Okayama 700, Japan 

A va r ie ty  o f  the t i t l e  pyrido-azepines ( 5 ,  - 6) were synthesized 

by u t i l i z i n g  d ie thy l  hexahydro-4-oxo-1~-azepine-1,5-dicarboxylate 

(2d) as the s t a r t i ng  mater ial .  The structures o f  these new -- 
heterocycl ic compounds are established by spectroscopic methods. 

' 

4 2,3,6,7-A -Tetrahydro-1H-azepines fuzed w i t h  various heterocycles have been 

ac t i ve ly  synthesized i n  recent years mainly because of t h e i r  pharmacological 

usefulness.' We have r e p ~ r t e d l ' ~  the syntheses o f  a va r ie ty  o f  subst i tuted 

6,7,8,9-tetrahydro-SH-pyrimido[4.5-flazepines (1) - by the condensation of l- 
subst i tuted perhydro-4-0x0-azepine-5-carboxylate (:.q. 2 ~ ) ~ ' ~  -- w i t h  various 

formamidine der ivat ives.  The unusual rearrangement o f  1 - t o  7E-pyrrol0[2,3-g]- 

1 pyrimidines and the in te res t ing  stepwise dehydrogenation of - 1 t o  the f u l l y  

unsaturated 7~-pyrimido[4,5-f la~epines5 have also been observed. These re- 

4 su l t s  prompted us t o  prepare the h i t he r t o  unreported A -tetrahydro-1H-azepines 

fuzed w i t h  a var iously subst i tu ted py r id ine  r i n g  ( the simplest n-def ic ient  K- 
heteroaromatic compound6) mainly for  the purpose o f  a mechanistic study of 

above reactions as wel l  as invest igat ions o f  potent ia l  pharmacological ac- 

t i v i t i e s  of these compounds. 

Model studies for  the pyr id ine r i n g  formation using r ead i l y  ava i lab le  L- 



subst i tu ted e thy l  piperid-4-one-3-carboxylate (2a,b17-9 t o  synthesize several -" - 
h i t h e r t o  unknown 5,6,7,8-tetrahydro-l,6-naphthyridine der ivat ives were en- 

couraging. Thus, on simply heating w i t h  ammonium hydroxide i n  ethanol, the 8- 

keto esters 2a and 2b, which e x i s t  most ly as the en01 forms ( 2 ' ;  by nmr), 10 -- -- - 
were f i r s t  converted i n t o  the enamino ester  compounds 3 (bp 190°/0.4 mmHg, 

50% y i e l d )  and 3b (mp 54-55', 87%), -- 11'12 respect ively,  which i n  t u r n  were l e d  

t o  the 1,6-naphthyridines 4a (mp 183', 54%) and 4b (mp 194-195", 56%), respec- -- -- 
t ively, .upon re f l ux ing  w i t h  d ie thy l  malonate and sodiumethoxide i n  absolute 

ethanol according t o  the method o f  Prelog w i t h  a s l i g h t  modif ication. 13 

The s t a r t i n g  mater ia ls  (2c,d) -- - 3'4'10 for  the preparat ion of the correspond- 

i n g  pyrido-azepines are  now made more conveniently i n  increased y i e l d s  by mod- 

i f y i n g  the previous method. 14'15 A1 though the enamino es te r  &I "as i so la ted  

as a ra ther  unstable colour less solid,' ' mp 75-76", i n  76% y i e l d  upon t r e a t -  

ment o f  2d w i t h  ethanol ic ammonia a t  60' i n  a sealed tube, the benzyl compound -- 
3c could n o t  be i so la ted  due t o  f a c i l e  decomposition when the same method was -.. 
used f o r  2c.16 -- The 6,7,8,9-tetrahydro-5H-pyrido[2,3-dazepine - (5a, mp 204') -- 
was then best obtained upon r e f l u x i n g  3d w i t h  d i e t h y l  malonate and sodium -- 
ethoxide e i t h e r  in'dimethoxyethane containing HMPA (40-45% y i e l d )  o r  i n  abso- 

l u t e  ethano! (30-40%). Heating !a, 4b, and 5a w i t h  2 fi hydrochlor ic ac id  a f -  -- -- 
forded 4c -- (mp 273-275', 91%), 4d (mp 276-277', 88%), and 5b (mp 260.", 88%), -- -- 

' respect ive ly .  

Ref luxing 5a w i t h  an excess phosphorous oxychlor ide i n  the presence o f  -- 
PhNEt2 fo r  3 h r  predominantly gave the 2,4-dichloropyrido-azepine (6a). -- mp 

194-195', i n  50% y i e l d .  Without using the ca ta l ys t  i n  the above replacement 

react ion,  a mixture o f  -- 6a (35%) and the monochloro compound (5c, mp 174-175', -- 
19%) was produced. The l a t t e r  was gradual ly converted t o  ?a on prolonged 

heating w i t h  POC13, thus showing the react ion t o  proceed stepwise. The com- 
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S E W $  I a )  See Ref. 10. 



pound 5b was s i m i l a r l y  ch lor ina ted w i t h  b o i l i n g  POC13, g i v i n g  the  4-chloro-2- -- 
pyridone (5d, mp 194", 22%) as the on l y  i s o l a b l e  product even i n  the presence -- 
of the ca ta l ys t ;  prolonged heat ing resu l ted  i n  the gradual decomposition o f  

the products, a f fo rd ing  a la rge amount o f  an i n t r a c t a b l e  tar :  

The l a b i l i t y  o f  t he  ch lo r i ne  atom i n  5c, 5d, and 6a was demonstrated by the -- -- -- 
f a c i l e  hydrogenation over Pd-C t o  give the compounds 5e (mp 152-153", 70%). -- 
5f -- (mp 178-17g0, 89%), and 6b -- (mp 64-65', 67%) respect ive ly .  

The s t ruc tures  o f  these fuzed pyr id ines 4a-d, 5a-f, and 6a,b were assigned -- - -- - -- - 
on the  bas is  o f  elementary analyses1' and t h e  spect ra l  data shown i n  Table. 

The uv absorpt ion maxima of compounds 4a-d and 5a-f, which resembled c lose l y  -- - -- - 
those o f  s i m i l a r  4-hydroxy-~-pyridones,~~ supported the  2-pyridone s&ucture 

( ra the r  than the 2,4-dihydroxy form) as shown i n  Scheme 1. A strong hypso- 

chromic s h i f t  (ca 40 nm) of t he  long wavelength absorpt ion maxima o f  6a and -- 
6b -- from those of 5a, 5c, and 5e i nd i ca ted  the absence of t he  2-pyridone form -- -- -- 
i n  5.'' The nmr spectrum of 6b showed two doublets due t o  the aromatic r i n g  -- 
protons a t  6 8.90 and 8.00 (1H each, J=2 Hz), wh i l e  t h a t  o f  5e showed on ly  a -- 
s i n g l e t  a t  6 8.00 ( IH),  thus making the  s igna l  a t  6 8.90 ( o f  6b) assignable -- 
t o  H-2. This i s  i n  conformity w i t h  the known values of a s t r u c t u r a l l y  s imi-  

l a r  compound such as e thy l  n ico t ina te ,  o f  which s igna ls  from H-2 and H-4 

appear a t  6 9.20 and 8.20 (J.2 Hz), r e s p e c t i ~ e l y . ~ ~  Other assignments o f  t he  

nmr s igna ls  i l l u s t r a t e d  i n  Table were made by ca re fu l l y  comparing s igna ls  o f  

each compounds w i t h  those o f  s t r u c t u r a l l y  re la ted  pyrido-azepines obtained 

present ly  and a lso  w i t h  those o f  t he  tetrahydropyrimido-azepines 

These tetrahydro-pyrido-azepines 5 and 6 thus synthesized e a s i l y  from read- - - 
i l y  ava i l ab le  s t a r t i n g  mater ia l  are considered t o  be of i n t e r e s t  espec ia l l y  

w i t h  regard t o  t h e i r  chemical r e a c t i v i t i e s ,  which are c u r r e n t l y  under i n -  

ves t iga t ion .  



HETEROCYCLES. Vol  1 1 .  1978 

T& Spectral  Data for  the l,&Naphthyridines and the Pyrido-azepines 

Compd. l ~ - ~ m r :  6 -valuesa) for  Uv (EtOH) Ir (CHCI,) 
J 

'H-2 
, 

H-3 Hz-5 Hz-6,8 Et02-7 ' A maxnm v cm. - 1 
(H-4) (Hz-9) (Hz-7) (Et02-6) ( l o g  ') 

b 4% 13.6111 ,) 1.38t:; 3 . 4 3 ~ ~ )  
~r (3.73s):; 225(4.46) 3400-2300 (12.4m) 4.40q (2.8m) (2.8m) (7.32s) 318(3.99) 1660-1630 

5a 13.8mb) 1.42tC) 2.8m 3.6m "" (12.7m)~) 4.42qC) ( 3 . h )  

5b h) 6.66s 3 . h  "" 3.8m 
( 3 . N  

5c 13.6mb) 1.38t:)) 2.9m "" 3.6m 
( - ) 4.45q (3.lm) 3 . h  

5d 10.Gmb) 6.54s 2.9m "" 3.6m 
( - 1  (3. lm) 

5e 1.33tC) 2.81, 3.6m 
.L" (8.00s) 4.33qc) (3.lm) 

5 f  6.31di) 2.8m 3.6m 
"" ( 7 . 2 ~ d ) ~ )  (3.0m) 

6a - 
%% 1.40t:i 3.lm 3.611 ( - ) 4.45q ( 3 . h )  

6b 8.90dj! 1.40tC) 3.0m 3.6m "" ( 8 . 0 0 d ) ~ ) 4 . 3 9 q ~ )  (3.211) 

a) 60 M Hz i n  C0Cl3 except f o r  &, $, and zk ( i n  CF3C02H), ppm frm TMS. 

b)  For H-1. c )  For CL3CK2O2C; the coupl ing was confirmed by double resonance, 

J=7 Hz. d) For C&CL2-6. e) For HO-4. f )  For Hz-8. g) J=6 Hz. h)  

Overlapped w i t h  the so lvent  s ignal  a t  6 ca. 11. i )  J=9 Hz. j) J=2 Hz. 
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