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A b s t r a c t  - 4-0xo-4~,l0~-pyrimido[l.2-E]azspine-3-carboxylate 
(2) was prepared from 2-amino-3y-azepine (4) and d i e t h y l  

ethoxymethylenemalonate ( 5 ) .  The compound (3) was t ransformed 

i n t o  the  i somer i c  4~,6y-pyrimido[1,2-a]azepine-3-carboxylate 

(8) b y  p r o t o n  m i g r a t i o n ,  i n  a  symmetry-allowed [1,5]-sigmatro- 

p i c  s h i f t .  The isomers (:) and (8) were c h a r a c t e r i z e d  by t h e i r  

UY.  I R .  'H NMR and 13c NMK spec t ra .  From t h e  e s t e r  (3) the  

3 -ca rboxy l i c  a c i d  ($I), the amide (12 )  and the  hydraz ide (g) 
were prepared. 

Of t he  n i t r o g e n  br idgehead compounds, pyrido[l,2-s]pyrimidines a r e  remarkable 

because o f  t h e i r  s n a l g e t i c ,  an t i i n f l emmeto ry ,  a n t i a t h e r o g e n i c  and a n t i a s t h m a t i c  

~ c t i v i t i e s ~ ' ~ .  Above a l l ,  t he  6 -me thy l - subs t i t u ted  p y r i d o p y r i m i d i n e  d e r i v a t i v e s  

e x c e l  w i t h  t h e i r  f avou rab le  b i o l o g i c a l  p rope r t i es4 .  However, t he  pharmacolog ica l  

a c t i v i t i e s  can o f t e n  no t  be u t i l i z e d ,  as t h e  6-methyl  s u b s t i t u e n t  causes i n s t a -  

b i l i t y  o f  t h e  r i n g  system5. T h i s  i s  t h e  case, f o r  i ns tance ,  w i t h  the  a n a l g a t i c  
4a 

e t h y l  6-methyl-4-oxo-4~-pyrido[l,2-a]pyrimidine-3-carboxylate6, which e a s i l y  

s u f f e r s  r i n g  opening and g i v e s  r i s e  t o  t o x i c  2-amino-6-methylpyridine d e r i v a -  

p & O O E t  03 COOEt - COOEt 
0 0 0 



The pyrimido[l.2-glazepine-3-carboxylates (5)  were r e c e n t l y  repor ted  t o  e x h i b i t  . ~ 

a n a l g a t i c  a c t i v i t y 8 .  I n  a search f o r  new analogues which c o n t a i n  an unsaturated 

A r i n g  and a re  s t i l l  no t  i n c l i n e d  t o  r i n g  openlng, i t  seemed a t t r a c t i v e  t o  us 

t o  extend our  s t u d i e s  t o  4~.10~-pyrimido[1,2-a]azepine d e r i v a t i v e s  o f  type (3). 
The pyrido[l,2-=+zepine (3) i s  a r i n g  homologue o f  t h e  pyrido[l.2-E]pyrimidine 

(i), bu t  i t  can a l s o  be considered as an isomer o f  6-methyl s u b s t i t u t e d  (i). 
I n  the  syntheaie  o f  compound (3) we s t a r t e d  from 2-amino-3i-azepine ($) lo  and 

d i e t h y l  ethoxymethylenemalonete (EMME) (5). 
I n  v iew o f  e a r l i e r  r e s u l t s  r e l a t i n g  t o  the  r e a c t i o n  o f  EMME w i t h  2-amino-4,5,6,7, 

tetrahydro-35-azepine, and cons ide r ing  the  presence o f  two r e a c t i v e  n i t r o g e n  

atoms i n  the  unsatureted semicyc l i c  amidine ($1, we expected t h e  format ion o f  

the isomer ic  4-0x0- and 2-0xo~~rimido[1,2-~]eza~inae, (3) and (z), r e s p e c t i v e l y .  
I 

COOEt 

[aNH-'H=iooE] - a $ , o o E t  

/ 
0 

3 
w 

Scheme 1 

The r e a c t i o n  o f  the  amidine (4) and EMME (5)  was achieved i n  r e f l u x i n g  butanol .  

The condenaation proceeded a t  ambient temperature,  bu t  c y c l i z a t i o n  requ i red  

thermal a c t i v a t i o n .  As i n d i c a t e d  by TLC, c y c l i z a t i o n  was accomplished w i t h i n  1 h 

and gave r i s e  t o  two products.  A f t e r  evaporat ion o f  t h e  b u t a n o l i c  s o l u t i o n  i n  

vacuo. t h e  res idue was c r y s t a l l i z e d  from a m ix tu re  o f  d i e t h y l  e the r  and l i g r o i n .  

The product  w i t h  the  h igher  Rf va lue (-0.6) was obta ined as pure m a t e r i a l .  (3) 
(mp 92-94 OC). i n  a y i e l d  o f  5%. whereas t h a t  w i t h  the  lower  Rf va lue  (-0.45) 

accumulated i n  the  mother l i q u o r  and was obta ined as c r y s t a l s  a f t e r  separa t ion  

by p r e p a r a t i v e  HPLC. ( )  (mp 102-104 "0). T h i s  d i f fe rence  between the mps of  

the  products  (10 OC) was too  s m a l l  f o r  t h e  expected - isomeric 2-0x0 (7) and 4-0x0 

( 3 )  compounds. I n  the  p r e v i o u s l y  invaetigated1' 6.7.8.9-tetrahydro s e r i e s ,  the  

te t rahydro  d e r i v a t i v e  of ( I )  had a mp 70 OC h igher  than t h a t  o f  (2). S p e c t r a l ,  
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Scheme 2. S p e c t r a l  da ta  on e t h y l  pyrimido~1,2-=~azepine-3-carboxylates (3) and 
( 2 , .  

UV Xmax 325 ( l o g  €4.06) ;  243 (3.72); 

IR '3-03 1756: !JC(4)0 1675; Vc=C 1632 

'H NMR 1.34t. 0CH2CX3; 3.29d. Hz-10; 4.29 

q. 0CH2; 5.90dt. H-9: 6.23dd. H-7; 

6.47dd. H-8; 7.59dd. H-6; 8.44s. 

H-2. 

Coupl ing constants  (Hz) %,7= 9.3: 

27,8= 4.9: GB9P 9.3; 6.6 

and 4 & , 8 ~ 0 . 5 .  

13c NMR &,H coup l ing  constants  (Hz) 

l* ,H -2'H-2 J h . H - 6  2 7 , ~ - 7  

( 3 )  183.1 188.6 161.7 

( 5 )  183.1 143.4 164.6 

23 ,H-2 %.H-7 2?,H-6 

( 3 )  4.3 6.1 3.6 

( 8 )  4.9 8.5 

%.H &,H-z &,H-6 %,H-8 5 7 . ~ - 9  

(3)  7.3 1.8 6.1 9.8 
J -9 .H-7 

(8) 7.9 3 .O 8.5 10.4 

" may be reversed 

340 (4.03); 255nm (3.73) 

1736; JC(4)0 1668; JC,.C 1634cm 1 '3-co 

1.36t. 0CH2CE3: 4.43q. 0CH2; 4.49d. 

Hz-6; 6.27dtt .  H-7; 6.51ddd, H-8; 

6.85-6 .96m, H-9 and H-10 ; 8.51s. H-2. 

1 and p r i m a r i l y  H NMR c h a r a c t e r i s t i c s ,  supported ou r  assumption t h a t  the product 

m e l t i n g  a t  92-94 OC was the expected 4~,1O~-pyrimido[l,2-~1azepine (A) ,  w h i l e  



t h a t  m e l t i n g  a t  102-104 OC was the  4E.65-pyrimido[1,2-:lazepine (8) .  
Hydrogenat ion exper iments conf i rmed t h a t  the  two s t r u c t u r e s  d i f f e r  o n l y  i n  the  

p o s i t i o n  o f  the  CH2 group, f o r  on c a t a l y t i c  hydrogenat ion over Pd/C a  2 : l  mix- 

t u r e  o f  compounds (?) and (8)  gave one, chromatographica l ly  pure product ,  which 

11 was i d e n t i f i e d  as the azep inopyr imid ine (2) . 
1 Assignment o f  t he  H  NMR spect ra  t o  the  i n d i v i d u a l  isomers was based ma in l y  on 

the chemical  s h i f t s  of t he  pro tons a t  p o s i t i o n s  6  and l o .  Due t o  the  a n i s o t r o p i c  

e f f e c t  o f  t he  ne ighbour ing C(41.0 group12, the 6-CH2 p ro tons  o f  compound (5) 
s u f f e r  a  downf ie ld  s h i f t  and appear a t  6-4.43 ppm ( d ) ;  t he  chemica l  s h i f t  o f  the 

10-CH2 protons o f  compound (3) i s  6-3.29 ppm ( d ) .  On the o t h e r  hand, t h e  6-CH 

p ro ton  o f  ( 3 )  appears a t  lower  f i e l d .  &=7.59 ppm (dd ) ,  than the  10-CH p ro ton  o f  

8 .  6.6.85-6.96 ppm ( m ) .  The double t  o f  t h e  CH2 s i g n a l s  i n  the two isomers p o i n t s  
.9 

t o  r a p i d  con fo rmat iona l  movements of the A r i n g s ,  causing averag ing o f  t h e  

s i g n a l s  o f  t he  q u a s i - a x i a l  and q u a s i - e q u a t o r i a l  pro tons.  

The 13c NMR spec t ra  p rov ided  f u r t h e r  evidence f o r  s t r u c t u r e s  (3) and ( 8 ) .  AS- 

signment o f  the s i g n a l s  was so lved  by  a  s e r i e s  o f  s ing le- f requency of f - resonance 

decoupl ings.  The chemica l  s h i f t s  o f  the carbon atoms, and the  c o u p l i n g  constants  

a r e  shown i s  Scheme 2. The h i g h  va lue  o f  the  c o u p l i n g  constant  1&CH-188.6 

Hz i n  the  spectrum o f  3, due t o  the  e f f e c t 1 3  o f  the e l e c t r o n e g a t i v e  ne ighbour ing 

atom. N ( 5 ) ,  i s  f u r t h e r  evidence i n  favour  o f  s t r u c t u r e  (3). Because o f  s i m i l a r  

1 
reason the CH2 group o f  compound ( 8 )  has a  &,H coup l ing  constant  9.4 Hz h i g h e r  

than t h a t  o f  compound (3). 
C h a r a c t e r i s t i c  d i f f e r e n c e s  a r e  t o  be found between the  UV and IR  spec t ra  o f  com- 

pounds (2) and (5) .  Although con juga t ion  occurs i n  bo th  s t r u c t u r e s ,  over  the 

double bonds o f  the  pyr imidone and the A r i n g s ,  t h i s  i n t e r a c t i o n  i s  more favour-  

ab le  i n  s t r u c t u r e  ($), through the  C=N double bond, than i n  s t r u c t u r e  (3) .  
through the  N(5)  atom. T h i s  i s  shown by  the  UV spec t ra ,  where the re  i s  a  d i f f e r -  

ence o f  15 nm between the  longes t  y a w l e n g t h  absorp t ion  maxima [325 nm i n  (3) 
and 340 nm i n  (g)]. The s t r e t c h i n g  v i b r a t i o n a l  band o f  the  e s t e r  ca rbony l  ap- 

peare a t  a  h igher  f requency (1752 cm-l) f o r  (3) than f o r  (8) (1736 cm-l) , which 

i s  a l s o  r e l a t e d  w i t h  the  more extended con juga t ion  i n  (g). 
The 4!,6!-pyrimidoazepine (8)  a r i s e s  from the  p r i m a r i l y  formed 4bJ.lOkJ-pyrimido- 

azepine (3) by  means o f  p r o t o n  m i g r a t i o n ,  i n  a  symmetry-allowed C1.51-sigmatro- 

p i c  e h i f t 1 4 .  As i n d i c a t e d  by  TLC, compound ( 3 ) .  on h e a t i n g  i n  bu tano l ,  i s  gradu- 

a l l y  t ransformed i n t o  compound ( g ) .  The b u t a n o l i c  s o l u t i o n  was evaporated i n  
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vacuo a t  room temperature, end t he  r a t i o  o f  the isomers (3) and (a) was measured 

by 'H NMR i n  CDC13. From the i n t e n s i t i e s  i n  the 'H NMR spect ra .  the isomer r a t i o  

was 67:33 a f t e r  12 h ,  45:55 a f t a r  30 h  and 40:60 a f t a r  60 h  of heat ing.  Add i t i on  

of qu i no l i ne  as an a c i d  scavenger o r  a d d i t i o n  of  hydroquinone as a  r a d i c a l  scev- 

enger o r  dagaaeing ( i n  the presence o r  absence o f  oxygen) d i d  not change the 

y i e l d .  The d r i v i n g  force of the proton mig ra t ion  i s  the more extended conjuga- 

t i o n  i n  isomer (Ei) .  

[1,51 sigmatropic sh i f t  

A 

0 0 

The es te r  (3) can e a s i l y  be converted by a l k a l i n e  hyd ro l ys i s  i n t o  the ca rboxy l i c  

ac i d  ( 9 ) .  by treatment w i t h  ammonium hydroxide i n t o  the 3-carboxamide (12) .  and 

by reac t ion  w i t h  hydrazine hydrate i n t o  the 3-carbohydrazida (12) (see Schema 3). 

I n  the course o f  these t ransformat ions the b i c y c l e  proved s tab le ,  r i n g  opening 

no t  being observed. 

1. 10% NaOH 

2.  cc. HCI 

10 
r w  

Scheme 3 

The pyrimido[l.2-2]azepine-3-carboxylata (3) exh ib i t ed  s i g n i f i c a n t  ana lge t i c  ac- 

t i v i t y  i n  t he  r a t  ho t -p la te  t e s t  ( i v  ED50d45 mg/kg), bu t  t h i s  increased a c t i v i -  
15 

t y  was accompanied by a  considerable t o x i c i t y  i n  r a t  ( i v  Lo50-270 mg/kg) . 



EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  a r e  uncorrected.  U l t r a v i o l e t  (UV) spec t re  were obta ined i n  

e thano l  on a  UNICAM SP 800 spectrophotometer.  I n f r a r e d  ( I R )  spec t ra  were de te r -  

mined w i t h  KBr d i s k s  on a  ZEISS UR 20 apectrophotometer.  The 'H and 13c NMR 

spect ra  were recorded on a  JEOL FX-100 ins t rument  u s i n g  SiMe4 8s an i n t e r n a l  

standard,  i n  CDC13 s o l u t i o n .  

React ion of 2-Amino-3H-ezeoine w i t h  O i e t h v l  Ethoxvmethvlenemalonate 

A  s o l u t i o n  o f  2-amin0-3&-azepine'~ (5) (10.7 g.  10 mmol) end d i e t h y l  ethoxy- 

methylenemalonate ( 5 )  (21,6 g, 10 mmol) i n  b u t a n o l  (50  m l )  was r e f l u x e d  f o r  1 h ,  

then the  s o l v e n t  was evaporated i n  vacuo. The res idue was d i s s o l v e d  i n  benzene 

(150 m l )  and the  Organic phase was e x t r a c t e d  w i t h  water (2x40 m l ) .  The d r i e d  

(Na2S04) o rgan ic  l a y e r  was evaporated t o  dryness. The res idue  was r e c r y s t a l l i z e d  

from a  m ix tu re  of d i e t h y l  e t h e r - l i g r o i n  t o  g i v e  e t h y l  4 -0~0-4 t I , lO~-py r im ido -  

c1.2-&lazepine-3-carboxylste ( 3 )  (11.6 g, 50%). Mp 92-94 OC ( f rom water ) .  Anal. 

Calcd. f o r  C12H12N203 (232.240) : C, 62.06; M. 5.21; N, 12.06. Found: C, 62.02; 

H  5.26; N  11.95%. 

The e t h e r e a l  mother l i q u i d  was evaporated t o  dryness, and the  res idue  (8.8 g ,  mp 

72-77 OC) was separated on a  Prep-500 S i l i c a  (Waters) column by e  Waters prepa- 

r a t i v e  l i q u i d  chromatograph ins t rument  w i t h  en i-propsnol:dichloromethene:lig- 

r o i n  - 2:2:1 e l u e n t .  t o  g i v e  another  f r a c t i o n  o f  compound (3) (4.2 g ,  18%, mp 

92-94 OC) and e t h y l  4~,6~-pyrimido[l.2-&~azepine-3-carboxylate (13) (2.6 g, 

11.2%. np 102-104 "0). Anal. o f  compound (0). Calcd. f o r  Cl2HI2N2O3 (232.240): 

C, 62.06; H, 5.21; N .  12.06. Found: C. 61.97; H .  5.21; N 12.15%. 

E t h y l  4-O~o-4.6,7,8,9,10-haxahvdropyrimido[l,2-aazepine-3-cerboxylate ( 5 )  
A 2 : l  m i x t u r e  o f  e t h y l  pyrimido[1,2-~~azepine-3-carboxyletes ( 3  and 2) (2.32 g.  

10 mmol) i n  e t h a n o l  (30  m l )  was hydrogenated a t  atmospheric pressure over  10% 

Pd-C (0.5 g ) .  A f t e r  absorp t ion  o f  the t h e o r e t i c a l  amount o f  hydrogen (20  mmol) 

the  c a t a l y s t  was f i l t e r e d  o f f .  The f i l t r a t e  was evaporated i n  vacuo t o  dryness 

t o  g i v e  hexahydropyrimido[1,2-2]azepine-3-carboxylate ( 2 )  (1.92 g  . 81%). Mp 

82-84 OC ( f rom e t h y l  aceta te) .  L i t .  mp16  80-82 OC. 

4-0xo-4H,10~-p~rimido~1,2-a~aze~ine-3-cerboxvlic a c i d  ('3) 

A  m ix tu re  of e t h y l  4-oxo-4~,l0~-pyrimido[l,2-a]ezepine-3-carboxylate (2 )  i n  10% 

aqueous sodium hydrox ide s o l u t i o n  was s t i r r e d  a t  'ambient temperature f o r  24 h. 

The pH o f  t h e  c l e a r  s o l u t i o n  was ad jus ted  t o  3.5 w i t h  concent ra ted h y d r o c h l o r i c  

ac id .  The p r e c i p i t a t e d  a c i d  (2) (1.12 g, 54%) was f i l t e r e d  o f f .  washed w i t h  wa- 
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t e r ,  and d r i e d .  Mp 179 OC (decomp.) . Anal.  Calcd.  f o r  ClOHeN2O3 (204.187): C. 

58.83; H. 3.95; N, 13.72. Found: C. 59.01; H, 4.00; N. 13.66%. UV 332 ( l o g  P 

3.90) ; 280 nm ( 3  8 8 ) .  

4-0~0-4~,10~-~vrlmido~1,2-ala~e~ine-3-~arbo~amide (12) 

A m ix tu re  o f  e t h y l  4 - 0 ~ 0 - 4 ~ , 1 O ~ - p y r i m i d o [ l  .2-a]ezepine-3-carboxlate ( 3 )  (2.32 g, 

10 mmol) i n  concent ra ted ammonium hydrox ide (23 ml)  was s t i r r e d  a t  ambient tem- 

pe ra tu re  f o r  1 h. The p r e c i p i t a t e d  c r y s t a l s  were f i l t e r e d  o f f ,  washed w i t h  wa- 

t e r ,  d r i e d  and r e c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  the  csrboxamide (1.) (1.6 g, 

78%). Mp 226-227 OC. Anal .  Calcd.  f o r  Cl0HgN3O2 (203.202) : C. 59.11; H, 4.46; 

N. 20.68. Found: C. 58.97; H, 4.52; N. 20.82%. UV 323 ( l o g  3.99); 245 i n f l e x i o n  

nm (3.72). 

4-O~o-4H.10~-~vrimido[l,2-a~aze~ine-3-carbohvdrazide (12) 

A m i x t u r e  o f  e t h y l  4-oxo-4~.10~-pyrimido[1,2-~]azepine-3-carboxylate (3) (2.32 g 

10 mmol) and 98% hydraz ine hyd ra te  (10 ml )  was l e f t  t o  s tand a t  ambient tempera- 

t u r e  f o r  24 h.  The p r e c i p i t a t e d  c r y s t a l s  were f i l t e r e d  o f f ,  washed w i t h  water .  

d r i e d  t o  g i v e  the carbohydrazide ( l l )  (1.5 g ,  68%). Mp 151-152 OC ( f rom ethanol) .  

Ana l .  Calcd. f o r  C10H10N402 (218.216) : C, 55.04; H, 4.62; N, 25.67. Found: C, 

54.97; H. 4.70; N ,  25.81%. 
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