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Seven-membered 1-Heterocycles. XV. 1 

Ethyl  2-Phenyl-7lj-pyrimido[4,5-~azepine-7-carboxylate 

* 
Hi rosh i  Yamamoto , Takao Komazawa, Kazuyuki Nakaue, and Ak%Yo& -- ---- -- 

Department of Chemistry, Okayama Univers i ty ,  Tsushima, Okayama 700, Japan 

The t i t l e  azepine (5) was der ived from the 6,7,8,9-tetrahydro-5tj- 

pyrimido[4,5-gazepine (2) v i a  6,7-dihydro-5i-derivative (9 by 

the stepwise dehydrogenation. The 8,9-dihydro-7B-pyrimido- 

azepine (*) was a l so  prepared. The s t ruc tures are discussed on 

the basis of uv, ir, and nmr spectra. 

Azepine de r i va t i ves  and those fuzed w i t h  aromatic r i n g s  are o f  i n t e r e s t  i n  

view of t h e i r  expected ant iaromat ic character, and they have been synthesized 

mainly by r i n g  expansion o r  valence bond isomerization.'  The thermal and 

chemical l a b i l i t y  of these azepine r i ngs  has genera l ly  prevented the synthe- 

t i c  approach invo lv ing  dehydrogenation of t h e i r  p a r t i a l l y  ( o r  f u l l y  saturated) 

precursors, because such react ions usua l l y  requ i re  ra the r  d r a s t i c  cond i t ions.  

We wish t o  r e p o r t  here the f i r s t  successful r e s u l t ,  t o  our knowledge, of 

4 dehydrogenation o f  2,3,6,7-A -tetrahydro-lt j-azepine fused w i th%-de f i c ien t  

pyr imidine r i n g  t o  provide a f u l l y  unsaturated azepine de r i va t i ve .  

I n  order t o  sys temat ica l ly  explore dehydrogenation reac t ion  of the t e t r a -  

hydro-azepine r ing,  several 2-phenyl-6,7,8,9-tetrahydro-5&pyrimido[4,5-d- 

3 azepines (&A, 2) were present ly prepared i n  good y i e l d s  according t o  the 

usual method prev ious ly  described f o r  o ther  p y r i m i d o - a z e p i n e ~ . ~ ' ~  Structures 



o f  these new azepines were assigned on the basis of elementary analyses and 

spectral  data, which c lose ly  resembled those of the known p y r i m i d o - a ~ e p i n e s ; ~ ' ~  

the assignment of the nmr s igna ls  of 2 i s  shown i n  Table. 

Attempts t o  accomplish dehydrogenation o f  the tetrahydro compounds 

w i th  Pd-C i n  b o i l i n g  deca l in  o r  w i t h  DDQ (2,3-dichloro-5,6-dicyano-1.4-benzo- 

quinone) i n  b o i l i n g  dioxane were unsuccessful; i n  a l l  cases complex react ion 

mixture were formed, from which no products were iso la ted.  Heating 2 w i th  

10% Pd-C, however, produced a chromatographically separable mix ture  (on s i l i c a  

ge l )  o f  two d i f f e r e n t  dihydro-pyrimido-azepines a (mp 116', 10%) and & ( o i l ,  

5%) besides a la rge amount o f  recovered 2 (50%). A strong bathochromic s h i f t  

(ca 50-60 nm) o f  the uv absorption maxima of these products from t h a t  of 2 

suggested the presence o f  an add i t iona l  double bond i n  the azepine r i n g .  This 

was supported by the elementary analyses and ir and mass spectra (Table). The 

loca t ion  o f  the double bond was assigned by the c lose comparison of the nmr 

s igna ls  from H(or Hz)-5 and -9 of the products and & w i t h  those of 2;6 

see Table f o r  the spectral  assignment. The act ion o f  DDq on 2 i n  b o i l i n g  d i -  

oxane i n  cont ras t  af forded a 35% y i e l d  of the 6,7-dihydro-5H-pyrimido-azepine 

3a as a predominant product wi thout g i v ing  the 8,9-dihydro de r i va t i ve  h; the - 

most probable reason for  t h i s  r e s u l t  w i l l  be discussed below. 

The l a t t e r  compound & on the other hand was more e f f i c i e n t l y  synthesized 

from 2 f i r s t  by brominating w i th  NBS (1-bromosuccinimide, 2 equiv. i n  wet 

CC14), fo l lowed by reduct ion (z inc  powder i n  ace t i c  acid, 60°C) o f  the r e s u l t i n g  

5a (mp 110-113°) i n  a 50% overa l l  y i e l d .  This bromohydrin &which gradual ly  - 
decomposes on standing even a t  0' r e a d i l y  gave a r e l a t i v e l y  s tab le  acety l  

de r i va t i ve  a (mp 91-93') w i t h  Ac20/pyridine. Another unstable bromo compound 

4b (mp 89-90"), a l i k e l y  intermediate f o r  the format ion of a, could be i s o l a t e d  - 
i n  a low y i e l d  (15%) upon treatment o f  2 wi th  NBS i n  d ry  CC14 and was confirmed 
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t o  produce % i n  wet CC14 i n  t he  presence of a c a t a l y t i c  amount o f  a c i d  such 

as benzoic ac i d .  

Fur ther  prolonged heat ing  o f  t he  dihydrocompounds a a n d  * w i t h  DDQ i n  d i -  

oxane t o  i n t r oduce  another double bond i n  t he  azepine r i n g  has so f a r  r e s u l t e d  

i n  gradual decomposition, g i v i n g  no i s o l a b l e  products. Compounds a, ,b, and 

4b a l s o  r e a d i l y  decomposed under t he  s i m i l a r  cond i t i ons .  However, t he  7E- - 
pyrimido-azepine &(orange prisms, mp 104") was success fu l l y  synthesized by con- 

v e r t i n g  a i n t o  t he  uns tab le  mono-bromo compound $ (mp 122-123°). (NBS i n  d r y  

CC14), which i n  t u r n  was dehydrobrominated w i t h  DBU (1,s-diazabicyclo[5.4.0]-7- 

undecene) i n  benzene (50% o v e r a l l  y i e l d ) .  

S t ruc tu res  of these pyrimido-azepines a, *, &, R, and 6 were determined 

on t h e  evidence o f  t h e i r  spec t ra l  da ta  (see Table)  and supported by elementary 

7 analyses. Uv spectrum o f  6 which resembles those of 3H-benz[aazepines had 

a weak absorp t ion  a t  a l ong  wavelength c h a r a c t r i s t i c  o f  1H-azepine r i n g  sys- 

It i s  worth n o t i n g  t h a t  the  nmr s i g n a l s  from azepine r i n g  p r o t i n s  and 

H-4 of t he  d i hyd ro  compounds 2, $, and s h i f t e d  u p - f i e l d  (ca  0.5 ppm) when 

t he  azepine r i n g  was l e d  t o  the  f u l l y  unsaturated s t r u c t u r e  as i n  6. 

Scheme I1 i l l u s t r a t e s  a probable r e a c t i o n  pathway f o r  t he  format ion of t h e  

dihydro-azepines a and 5 from 2. The C-9 methylene group o f  2 (which i s  d.- 

and 1'- t o  t he  py r im id i ne  r i n g  n i t r ogens )  i s  expected t o  be more a c i d i c  than  

t h a t  of C-5.8 Thus t he  dehydrogenation r e a c t i o n  of 2 i s  supposed to  proceed 

through t he  a b s t r u c t i o n  o f  a hydr ide  i o n  a t  C-8 of a tautomer L and analogous t o  

the  mechanism proposed f o r  dehydrogenation of c y c l i c  ketones v i a  more r a p i d l y  

formed enol.' Brominat ian o f  4,5-dimethylpyrimidines w i t h  HBS has been known 

t o  g i v e  5-brom0methy1-4-methylpyrimidines.~~ T h i s  would account f o r  t he  pre-  

fe rab le  brominat ion o f  2 w i t h  NBS a t  t he  5 -pos i t ion ,  i n i t i a l l y  y i e l d i n g  8, 
which was probably converted i n t o  & v i a  g. 
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T m  - Spectral Data for Some of the Pyrimido-azepines 

Compd. '~-~mr: 6 -valuesa) for Uv(Et0H) Ir Mass 
8 maxnm (cttcl,) m/e( %) 
Ph-2 H-4 H-5 H-6 

(H-9) (H-8) Et02C-7 (log E ) " 
c) b,d) 261(4.38) 1680 297(f'I+, 100) 2 7.45mb) 8.50s 2.9mcL) 3.6m 1.30tcPd) 8.35mC) (3.34 (3.61n)~) 4.25q 

3a 7.5m:I 8.47s 3.0mc) 4.1mc) 1.37t:::] 268(4.50) 1720 ?95!~+, 100) - 8.5m (6.0ld)~/7.56d)~) 4.35q 316(4..29) 1625 

3b 7.5mb) 8.60s 5.05m 3.494;; 1.39t~'~) 277(4.48) 1710 375(~:, 10) 
"" 8.5mC) (6.04d)~)5.45d 4.40~~'~) 317(4.00) 1610 373(M . 10) 

(7.50d)~) 294(100) 

b) 7.5mc) 8.59s 5.58d:] 7.26d~; 1.36t b,d) 325(4.~0) 1720 B~(M+, 100) 
8.5m (3.314 (4.lm) 4.32~1~'~' i635 

+ 
4b 7.6mb) 9.06s - 7.86~~) 1.38tL::{ 265t4.35) 375(M+, 100) - 8.5mC) (3.31n)~)(4.0m) 4.30q 338(4 .50) 373(M . 100) 
5a 7.5mb) 8.72s 5.30d:I 6.31d:; 1.30t:::i 267(4.35) 3480 393(~:, 37) - 8.5mc) (3.4m) 5.50s 4.24q 1660 391(M 37) 

(3.6m)') 313(623 
312(601 

a )  60M Hz in CDC13, ppm from TEIS; the coupling was confilmed by double 

resonance. b) 3H. c) 2H. d) 5-7 Hz. e) J=10 Hz. f )  J=14 Hz. g) J=4 HZ. 

h) for E-6. i) For Ct13C02-6. 



Since t he  7H-pyrimido-azepine 6 and i t s  d e r i v a t i v e s  a re  now r e l a -  

t i v e l y  e a s i l y  ava i l ab le ,  f u r t h e r  i n v e s t i g a t i o n s  of thermal and chemical l i a -  

b i l i t y  o f  these azepines a re  i n  progress.  
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