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Two i somer i c  bicycl ic  d ihydropyridopyrimidinones  (II and IV), the methyl  e s t e r s  of the co r -  
responding N-pyridyl-f l  -a lanines  (V), and a number  of other compounds a re  fo rmed  during 
the reac t ion  of methyl acry la te  with 2-amino-5-ha lopyr id ines  in the p re sence  of acid catalyst  s. 
Compounds II and IV were  hydrolyt ica l ly  cleaved, and some der iva t ives  of N-(5-halo-2-  
pyr idyl ) - f l -a lan ines  were  obtained. 

2-Aminopyridine and 2 -amino-5-methy lpyr id ine  give m o n o - a n d  bicycl ic  compounds [1-3] in the 
nucleophilic addition of methyl  ac ry la te  to the double bond. In this paper  we have studied the reac t ion  of 
2-amino-5-chloro{bromo)pyr id ines  with methyl acryla te .  

Compounds IIa and IIIa were  isolated by heating 2-amino-5-ch loropyr id ine  (Ia) in an ampule with 
methyl  acry la te  in the p re sence  of acet ic  acid, while IVa and Va were  fo rmed  when the reac t ion  was ca r r i ed  
out at room tempera tu re .  Monocyclic compounds IIlb and Vb and pyr idylamide  Vlb were  isolated under 
s imi la r  conditions by the reac t ion  of methyl  acry la te  with 2 -amino-5-bromopyr id ine  (lb). 
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Bicyclic  product  IVb can be obtained when acetic anhydride is used as the ca ta lys t  in the reac t ion  of methyl 
acry la te  with lb. Alkaline hydrolys is  of Vlb gives N- (5 -b romo-2 -py r idy l ) -p -a l an ine  (Illb) and lb. The 
hydrobromide  of I~ ,  which is obtained by pass ing d ry  I-IBr through a solution of IIa, is isolated by the r e a c -  
tion of b romine  with IL~ in acetic acid [4]. Alanines 1TI are  also obtained by the hydrolys is  of e s t e r  V, amide 
VII, bicycl ic  compound l-I, and f r o m  Irf. The cor responding  N-ni t roso  compounds a re  obtained by the action 
of sodium nitr i te  in hydrochlor ic  acid on Irr. 

1- (3-Pyr idyl)dihydrouraci l  [5] is fo rmed  by fusion of N- (3-pyridyl)-fl alanine with urea,  while HI fo rm  
amides VII under the same conditions, which indicates the v e r y  low reac t iv i ty  of the hydrogen of the amine 
group of fl -a lanines  III. VIIa is also obtained by  the action of ammonia on I/a and Va, and f ro m  IIIa through 
the cor responding  acid chlor ide.  
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Dihydropyr idopyr imid in-2-ones  IV a re  decomposed  to s ta r t ing  amines  I by the action of a lkal is  [1] 
or ammon ia  in an ampule,  while, l ike IIa, they f o r m  hydrobromides  of IV on brominat ion .  The dihydro-  
pyr imid ine  r ing  is opened to f o r m  beta ines  VIIIa and b by  refluxing IV with water .  Heating of VIIIa and b 
with HC1 again gives hydrochlor ides  of IV. 

IVa,b H20- R , . ~  "I'120 

t~ H2CH2COO- 
V I I I  a~ 

The s t ruc tu r e s  of the synthesized compounds were  conf i rmed by spec t roscopic  data. A band at 1580- 
1590 cm -1, which c o r r e s p o n d s  to the valence  v ibra t ions  of the a roma t i c  s y s t e m  of bonds of the pyr idine 
ring, is obse rved  in the IR s p e c t r a  (Fig. 1) of IIIa and Va. The bands at  1330, 1294, and 1250 cm -1 indicate 
the C - N - C  grouping [6, 7]. These  data  indicate that the addition of the aminopyridine to methyl  ac ry la te  
occu r r ed  at the n i t rogen a tom of the amino group. The absence of a band at 1404 cm -1 in the IR spec t ru m 
of ~ I a  indicates  that  the COOH group in the l a t t e r  is not f r e e  [6]. The absorpt ions  at 3240-3360 cm - i  in 
the spec t rum of IIIa can be a sc r ibed  to the va lence  vibra t ions  of the N -  H group, which pa r t i c ipa te s  in the 
f o r m a t i o n  of a hydrogen bond. 

In the UV s pec t rum  of IIIa and Va (Fig. 2), the bands with absorpt ion m a x i m a  at 248-252 nm and 312- 
316 a re  c lose  to the absorpt ion m a x i m a  of 2 -amino-5 -ch lo ropyr id ine  at 240-244 nm and 308-310 nm, r e s -  
pect ively .  The UV s pec t rum  of IIIb co r r e sponds  to that  descr ibed  in [6]. 

A c o m p a r i s o n  of the UV s pec t r a  of IIa and IVa with the UV s p e c t r a  of compounds of analogous s t r u c -  
ture  [1] also conf i rmed  the i r  s t ruc tu res .  

E X P E R I M E N T A L  

2 ,3 -Dihydro -7 -ch lo ropyr ido [1 ,2 -a ]pyr imid in -4 -one  (IIa) and N- (5- Chloro-2-pyridyl)-f l  -a lanine Hydrate  
(IIIa). A mix tu re  of 2 g (0.015 mole) of Ia, 2 g (0.023 mole) of methyl  acry la te ,  and 0.1 ml  of acet ic  acid 
was heated in an ampule at 100 deg for 8 h. The c r y s t a l s  that  f o r m e d  on cooling were  f i l t e red  and c r y s t a l -  
l ized th ree  t imes  f r o m  ethanol to give 0.3 g (11%) of a product  with mp 168-168.5 deg. The compound was 
ve ry  sl ightly soluble in acetone but r ead i ly  soluble in water .  Found % : C 52.3; H 4.5; C1 19.4; N 15.4. 
CsHTC1N20. Calc. % : C 52.3; H 4.4; C1 19.3; N 15.3. The p ic ra t e  had mp 202-207 deg (dec., f r o m  dioxane). 
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Fig. 1. IR s pec t r a :  1) Va; 2) I l ia (hy- 
drate) ;  and 3) IIIa. 
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Fig. 2. UV s p e c t r u m  [1 and 2) 
in 0.001% NaOH, 3 -5) in ethanol]: 
1) IIIa; 2) IIIb; 3) IIIa  (hydrate); 
4) Va; and 5) Ia. 
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A total  of 1 g (28%) of c r y s t a l s  of Ilia with mp 148.5-149 deg (from ethanol) prec ip i ta ted  f r o m  the f i l -  
t r a t e  on standing. Found%:  C 43.8; H5 .2 ;  C1 16.2; N 12.7. C8H9Cl1~202 �9 H2Oo Calc. %: C43.7 ;  H5 .1 ;  
C1 16.2; N 12.8. 

3 ,4 -Dihydro -7 -ch lo ropyr ido [1 ,2 -a ]py r imid in -2 -one  (IVa) and N- (5 -Ch lo ro -2 -py r idy l ) - f l -  alanine 
Methyl Es t e r  (Va). A mix tu re  of 19.7 g (0.15 mole) of Ia, 15 ml  (0.166 mole) of methyl  acry la te ,  and 1.5 ml  
of acetic acid was allowed to stand at 30-35 deg fo r  two months,  a f te r  which the reac t ion  mix tu re  was poured 
into 100 ml  of benzene.  F rac t iona l  c rys ta l l i za t ion  gave 7.91 g (24.7%) of IVa with mp 182-183 deg (from 
ethanol) and 3.6 g (18.6%) of s t a r t ing  amine Ia. Compound IVa was read i ly  soluble in acet ic  acid and insolu-  
ble in e ther .  Found %: C1 18.9; N 15.3. CsHTCIN20. Calc. %: C1 19.3; N 15.3. The p i c r a t e  had mp 172- 
173 deg (from methanol) .  

The benzene f i l t r a t e  was vacuum-evapora ted ,  and 9.3 g (34%) of Va dist i l led at 160-165 deg (1 ram). 
Three  c rys t a l l i za t ions  f r o m  pe t ro l eum e ther  gave a product  with mp 51-52.5 deg. Found %: C 50.7; H 5.2; 
C1 16.5; N 13.0. CgHI1C1N202. Calc. %: C 50.4; H 5.2; C1 16.5; N 13.1. 

5 - B r o m o - 2 - p y r i d y l a m i d e  of N- (5 -Bromo-2-pyr idy l ) - f i  -a lanine  (V]b), N- (5 -Bromo-2-pyr idy l ) - f l  - 
alanine Hydrate  (i1]b), and N - ( 5 - B r o m o - 2 - p y r i d y l ) - f l - a l a n i n e  Methyl Es t e r  (Vb). A mix tu re  of 17.3 g (0.1 
mole) of ]b, 9.5 ml  (0.105 mole) of methyl  ac ry la te ,  and 0.4 ml  of acet ic  acid was heated  in an ampule at 
110-115 deg fo r  24 h; the contents  were  cooled; and 5.72 g (14%) of V]b with mp 172-173 deg (from ethanol) 
was f i l te red .  The compound was insoluble in water .  Found %: Br  39.5; N 14.1. C13Ht2Br2N40. Calc. % : 
Br  39.9; N 14.0. 

The f i l t r a t e  was vacuum-evapora ted  and the v iscous  res idue  was d isso lved  in ethanol and poured into 
e ther  to give 0.95 g (4%) of II]b with mp 158 deg (dec., f r o m  ethanol). Found %: Br  30.3; N 10.6. 
CsH~BrN202 �9 H20. Calc. %: Br  30.4; N 10.64. 

The e t h e r - e t h a n o l  solution was evapora ted  t o d r y n e s s , t h e  res idua l  v iscous  m a s s  was ex t rac ted  with 
pe t ro l eum e ther ,  and the ex t rac t  was vacuum-evapora ted  to give 10.1 g (39%) of Vb with mp 57.5-58 deg 
(from p e t r o l e u m  ether) .  Found % : Br  31.1; N 11.0. CgHllBrN202. Calc. % : Br  30.8; N 10.8. 

3 , 4 -D ihyd ro -7 -b rom opyr i do [1 ,2 - a ]py r imid in -2 -one  (IVb). A mix tu re  of 8.65 g (0.05 mole) of Ib, 8 ml  
(0~ mole) of methyl  acry la te ,  and 0.5 ml  of acet ic  anhydride was allowed to stand at 30-35 deg fo r  a 
month. The resu l t ing  c r y s t a l s  (5.9 g) were  f i l te red ,  washed with ether ,  and c rys t a l l i zed  f r o m  c h l o r o f o r m -  
e ther  to give 3.6 g (32%) of a product  with mp 171.5-172 deg. Found %: Br  34.9; N 12.2. CsHTBrN2O. Calc, 
%: Br  35.2; N 12.3. 

N- (5 -Ch lo ro -2 -pyr idy l ) - f i - a l an ine I I I a ) .  A) A mix tu re  of 0.5 g (2.7 mmole)  of IIa, 10 ml  of ethanol, 
and 1 g of KOH was heated  fo r  3 h at 60-70 deg; 15 ml  of water  was added; and the mix tu re  was f i l te red .  
The f i l t r a t e  was acidified with acet ic  acid, and 0.31 g (61%) of Il ia with nip 200-201 deg {from ethanol) was 
f i l te red .  Found%:  C 47.9; H4 .5 ;  N 14.0. CsHgC1N202. Calc. %: C 47.9; H4 .6 ;  N 14.0. 

B) Compound VIIa [0.5 g (2.5 mmole)]  was t r ea t ed  as in method A to give a quanti tat ive yield of IIIa. 

C) The hydra te  of I l ia [1 g (4.5 mmole)]  was d isso lved  in 5 nil of 10% NaOH, the solution was f i l te red,  
and I~a  was p rec ip i t a ted  in quanti tat ive yield with acet ic  acid. 

D) Va [0.43 g (2 mmole)]  was d isso lved  in 5 ml  of ethanol, 10 ml  of 15% NaOI4 was added, and ]IIa 
was prec ip i ta ted  in quanti tat ive yield with acet ic  acid. 

Mixtures  of s am p l e s  of l iIa obtained via  methods  A-D did not give mel t ing-poin t  depress ions .  

The hydrochlor ide  of IIIa  had mp  178-188 deg (dec., f r o m  e t h a n o l - e t h e r ) .  Found % : N 11.7. 
CsHgC1N202 �9 HC1. Calc.  %: N 11.8. 

N- (5 -Bromo-2 -py r idy l ) -~  -a lan ine  (II]b). A) Vb [2.59 g (0.01 mole)] was dissolved in 10 ml  of ethanol, 
15 ml  of 15% NaOH was added, and a quanti tat ive yield of II]b with nip 219.5-220 deg (nip 221 deg [6]) was 
p rec ip i t a ted  with acet ic  acid a f t e r  30 min.  Found %: Br  32.7; N 11.4. CsH~BrN202o Calc. %: Br  32.6; 
N 11.4. 

B) A mix tu re  of 1.2 g (3 mmole)  of V]b, 12 ml  of ethanol, and 6 ml  of 20% KOH was heated fo r  2 h at 
70-80 deg; ex t rac ted  with e ther  (five 30-ml  por t ions) ;  and the e ther  ex t r ac t  was evapora ted  to give 0.4 g 
(92.5%) of Ib. Acidification of the alkaline solution with acet ic  acid gave 0.6 g (97.5%) of IIlb. 
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Amide of N- (5 -Ch lo ro -2 -py r idy l ) - f l - a l an ine  (VIIa). A) A mix tu re  of 5 g (0.025 mole) of IIIa and 7.5 ml  
of PC13 was held at 18-20 deg fo r  2-3 h and then vacuum-evaporated .  The semic rys t a l l i ne  res idue  was 
t r i t u ra t ed  in ether ,  and d ry  ammonia  was p a s s e d  through the mix tu re  with cooling. The resu l t ing  VIIa was 
f i l t e red  and r e c r y s t a l l i z e d  twice f r o m  w a t e r - a l c o h o l  (2:1) to give 2 g (40%) of a product  with mp 148 deg. 
Found %: C 48.3; H 5.5; C1 17.7; N 20.9. CsHttC1N30. Calc. %: C 48.3; H 5.5; C1 17.7; N 20.9. 

B) A mix tu re  of 0.86 g (0.04 mole) of Va and 8 m l  of concentra ted  ammonium hydroxide was heated 
for  10 h in an ampule at 100 deg. Cooling yielded 0.32 g (39.5%) of VIIa. 

C) A mix tu re  of 1.83 g (0.01 mole) of IIa  and 20 m l d  concent ra ted  ammonium hydroxide was heated 
in an ampule at 150-160 deg for  9 h. Cooling yielded 1.2 g (60%) of VHa. 

D) A mix tu re  of 2 g (0.01 mole) of I l ia and 10 g of u r e a  was heated at 135-140 deg fo r  4 h. The r e a c -  
tion m a s s  was d isso lved  in water ,  and cooling of the solution yielded 1.4 g (70%) of VHa. 

Mixtures  of s am p l e s  of the amide obtained v ia  methods A-D did not give mel t ing-poin t  depress ions .  
The p i c r a t e  had mp 254-255 deg (from dioxane). Found %: N 19.5. CsHttC1N30 �9 C6H3N3OT. Calc. %: N 19.6. 

Amide of N- (5-Bromo-2-pyr idy l ) - f l  -a lanine  (Vl'lb). A m i x t u r e  of 1.77 g (7.2 mmole)  of II]b and 5.31 g 
of u r e a  was heated  fo r  3.5 h at  140-145 deg. The V1]b was isolated in the s ame  way as VIIa via  method D 
and was obtained in a yield of 1.27 g (72%) and had mp 140.5-141.5 deg (from water) .  Found %: Br  32.6; 
N 17.5. CsHtlBrN30. Calc. ~o: Br  32.7; N 17.2. 

Dimethylamide of N- (5 -Ch lo ro -2 -pyr idy l ) - f l - a l an ine .  Phosphorus  t r i ch lor ide  (3 ml) was added to 1 g 
(5 mmole)  of IHa, and the mix tu re  was allowed to stand for  2-3 h. After vacuum dist i l lat ion,  the s e m i c r y s -  
tall ine r e s idue  was cooled and t r ea t ed  with 5 ml  of dimethylamine,  the excess  of the l a t t e r  was r e m o v e d  by 
dist i l lat ion,  and the r e s idue  was c rys t a l l i zed  f r o m  ethanol to give 0.92 g (80%) of a product  with mp 122-123 
deg. Found%:  C1 15.2; N 18.3. Ct0HtsC1N30. Calc. %: C1 15.5; N 18.4. 

N - N i t r o s o - N -  (5-chloro-2-pyr idyl ) - f l  -a lanine  I I Ia  [0.5 g (2.5 mmole)]  was dissolved in 3 ml  of con-  
cen t ra ted  HC1, the solution was poured into ice water ,  and 0.4 g (6 mmole)  of sodium ni t r i te  was added with 
s t i r r ing .  The prec ip i ta ted  product  was r em oved  by  f i l t ra t ion  and washed with wa te r  to give 0.52 g (91%) of 
a product  with mp 98.5-100 deg (from e t h a n o l - w a t e r ) .  Found % : C1 15.4; N 18.1. CsHsC1N303. Calc. % : 
C1 15.4; N 18.3. 

N-Ni t ro so - N- (5 -b rom e-2 -py r i dy l ) - f i - a l an ine~  This  was s i m i l a r l y  obtained f r o m  2.45 g (0.01 mole) 
of IIIb, 10 ml  of concent ra ted  HC1, and 1.4 g (0.02 mole) of sodium ni t r i te .  The product  was obtained in a 
yield of 1.15 g (42%) and had mp 118-119 deg (from pe t ro leum ether) .  Found %: Br  29.3; N 15.0. 
CsHsBrN303. Calc. % :  Br  29.2; N 15.3 

2 - A m i n o - 5 - c h l o r o - l - ( 2 - c a r b o x y e t h y l ) p y r i d i n i u m  Betaine Hydrate  (VIIIa). Compound IVa [0.37 g (2 
mmole)]  was ref luxed fo r  2 h with 10 ml  of water ,  the water  was evaporated,  and the res idue  was c r y s t a l -  
l ized f r o m  ethanol to give 0.35 g (80%) of a product  with mp 158 deg (dec.). Found % : C1 16.1; N 12.6. 
C8HgCIN202 �9 H20. Calc. % : CI 16.2; N 12.8. 

2 - A m i n o - 5 - b r o m o - 1 - ( 2 - c a r b o x y e t h y l ) p y r i d i n i u m  Betaine Hydrate  (VII]b). Compound vlr ib was s i m i -  
l a r l y  obtained in a yield of 0.43 g (82%) with mp 160 deg (dee., f r o m  ethanol) f r o m  0.45 g (2 mmole)  of IVb. 
Found % : Br  30.5; N 10.4. CsHoBrN202 �9 H20. Calc. % : Br  30.4; N 10.4. 

2 ,3 -Dihydro -7 -ch lo ropyr ido [1 ,2 -a ]pyr imid in -4 -one  Hydrobromide..  Compound IIa [0.37 g (2 mmole)]  
was d isso lved  in 2 ml  of acet ic  acid, 0.05 g of sodium aceta te  was added, and a solution of 0.6 ml  (0.011 
mole) of b romine  in 1.5 ml  of acetic acid was added dropwise .  The prec ip i ta ted  c r y s t a l s  were  r emoved  by 
f i l t ra t ion  and c rys t a l l i zed  f r o m  ethanol to give 0.5 g (96%) of a p roduc t  with mp 290-291 deg that  was solu-  
ble in wa te r  and insoluble in e ther .  Found%:  Br  + C1 44.4; N 11.0. CsH?C1N20 �9 HBr. Calc. %: Br~- C1 
44.1; N 10.7. A sample  of this hydrobromide  did not dep re s s  the mel t ing  point  of the hydrobromide  obtained 
by  p a s s a g e  of d ry  HBr through an ethanol solution of Ha. 

3 ,4 -Dihydro -7 -ch lo ropyr ido [1 ,2 -a ]pyr imid ine -2 -one  Hydrobromide .  This  compound was s i m i l a r l y  
obtained f r o m  1 g (5.5 mmole)  of IVa in 10 ml  of acet ic  acid, 0.7 g of sodium aceta te ,  and 0.7 ml  (0.0136 
mole) of b romine  in 3 ml  of ace t i c  acid. The yield of product  with mp 303-304 deg (from ethanol) was 0.92 
g (65%). Found %: Br  + C1 44.0; N 10.7. CsHTC1N20 - I-rBr. Calc. %: Br  + CI 44.1; N 10.7. 
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3 ,4 -Dihyd ro -7 -b romopyr ido [1 ,2 - a ]py r imid in -2 -one  Hydrobromide .  This compound was s i m i l a r l y  
obtained f r o m  0.45 g (2 mmole)  of IVb (dissolved in 15 ml  of acetic acid), 0.16 g of sodium acetate ,  and 
0.1 ml  (2 mmole)  of b romine  in 2.5 ml  of acet ic  acid. The yield of product  with mp 315 deg (dec., f r o m  
ethanol) was 0.4 g (56~o). Found%:  Br  52.0; N 9.2. C8H?BrN2 O �9 t tBr.  Calc. %: Br  52.2; N 9.2. 

3 ,4 -Dihydro -7 -ch lo ropyr ido [1 ,2 -a )py r imid in -2 -one  Hydrochlor ide .  A) This compound was obtained 
by  p a s s a g e  of d ry  HC1 through an alcohol solution of IVa and had mp 306-308 deg {from ethanol). Found % : 
C132.4; N 12.8. CsHTC1N20 �9 HC1. Calc. %: C132.4; N 12.8. 

B) VIIIa was ref luxed with concent ra ted  HC1, the solution was evapora ted  to dryness ,  and the res idue  
was c rys t a l l i zed  f r o m  ethanol to give a compound that was identical  to that  obtained via  method A. 

3 ,4 -Dihydro -V-bromopyr ido [1 ,2 -a ]pyr imid in -2 -one  Hydrochloride:  ' This was s i m i l a r l y  obtained f r o m  
IVb and VIl'Ib and had mp 292 deg (dec., f r o m  e t h a n o l - e t h e r ) .  Found % : Br  + C144.0; N 10.7. C8HTBrN2O �9 
HC1. Calc. %: Br  + C144.0; N 10.7. 

The IR s p e c t r a  in the solid s ta te  were  obtained with a UR-10 s p e c t r o m e t e r .  The UV spec t r a  of solu-  
t ions with concent ra t ions  of 2.7 �9 10 -5 to 0.6 �9 10 -3 m o l e / l i t e r  were  obtained with an SF-4 spec t rophotomete r .  
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