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A za analogs of 2 -aminochromone  - 2 - amino -4 -oxo -4H-py rano  [2,3-b]pyridine and 2 -amino-  
4-oxo-4H-pyrano[3 ,2-c]pyr id ine  - were synthesized. It was established f rom the PMR and IR 
spec t ra  that these compounds exist in the amino ketone form. 

It has been established [1] that some 2-aminochromone  derivat ives  have a psychotropic  effect. In 
this connection, we synthesized two aza analogs of 2 - a m i n o c h r o m o n e -  2 -amino-4-oxo-4H-pyrano[2 ,3 -b ] -  
pyridine (In) and 2-amino-4-oxo-4HTpyrano[3 ,2-c]pyr id ine  (1t)). 

Compound Ia was obtained f rom 2-benzyloxynicot inic  acid (IIIa) via the following scheme:  

X~/cOOH X~sCOO H X~]~ COOCH3 CHaCN 
L~Y I,,~..C ' - ~  ~Y I~OC.2Co.5~ L~Y I,~OCH2C6H 5 NaNH2 

l l a ,  b III a, b Iva., b 

x ~  "c~ ~.. I~ x'SX~'c~ f~ v~ ~ ~ .  oc~ ~vJ~.o" 

- - Y ~ O C H 2 C 6  H5 " [-I 

Ya,  b v l a ,  b ~ x  o 
II 

i - v i a  X=CH, u  b X = N , Y = C H  l a , b  

The IR spec t rum of Ia in the 1600-3500-cm -1 region is s imi lar  to the spec t rum of 2-aminochromone.  
Vibrations of a C - N group are  absent in the spec t rum of Ia in dimethyl sulfoxide (DMSO) (the compound is 
insoluble in chloroform),  but there  is a broad absorpt ion band at 3000-3300 cm -~, which is related to a 
bonded NH 2 group; an intense band of NH 2 deformation vibrations appears  at 1670 cm -1, and, as in the case 
of 2 -aminochromone  [2], very  intense and evidently subordinate s tretching vibrations of the C = O group are  
observed at 1630 cm -1. Deuteration of Ia leads to the disappearance of NH 2 vibrat ions.  The presence  of 
vibations of a p r i m a r y  amino group provide evidence that Ia exists in the aminopyrone form ra ther  than in 
the other possible tautomeric  forms,  for example, in one of the imino forms.  The PMR spec t rum of Ia 
contains the signals of pyr id ine- r ing  protons with the charac te r i s t i c  (for pyridines) chemical  shifts and s p i n -  
spin splitting constants [3, 4]. A singlet 3-H signal appears  at 5.2 ppm, and the signal of the two protons of 
the NH 2 group is identified by deuteration. The fundamental proper t ies  of the amino group in 2 -aminochro-  
mones a re  markedly suppressed [2!. The amino group in Ia even has appreciable  acidic proper t ies  (it d is-  
solves in alkalis);  Ia fo rms  a hydrochloride,  apparent ly through the pyridine r ing nitrogen atom. 

Another represen ta t ive  (Ib) of aza analogs of 2 -aminochromone  was synthesized in the same way as 
Ia f rom the known 4-chloronicotinie acid (IIb) [5]. Intermediate  VIb could not be isolated because of its 
g rea t  tendency to undergo cyclizat ion to Ib. As in the case of In, the s t ruc ture  of lb is confirmed by the IR 
and PMR spectra  (see the Exper imental  section). The deformation vibrations of the NH 2 group were identi- 
fied by deuteration. 
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We note that the UV spec t rum of Ia, in cont ras t  to the spec t rum of Ib, contains a bathochromic shift, 
but both substances  absorb  at longer wavelengths than 2-aminochromone [2]. 

The mass spectra* of Ia and Ib contain only smal l  differences in the relat ive intensities of the ions. 
rhe  molecular  ion peaks a re  the maximum peaks in the spectra.  The principal  pathways of fragmentat ion 
a re  to a cer ta in  degree  s imi la r  to those in the disintegrat ion of chromone [6] and consist  in success ive  loss 
f rom the molecular  ion of two CH groups (confirmed by the presence  of the corresponding metastable ions). 
Another  charac te r i s t i c  f ragmenta ion pathway is disintegrat ion of the r e t rog rade  D ie l s -A  lder type accom-  
panied by migrat ion of a hydrogen atom. 

The establ ishment  of the fine s t ruc ture  of potent ia l lytautomerieV and VI seems of independent inter-  
est. The PMR and IR spectra  at test  to the presence  of C=O,  CH2, and C - N groupings,  which is in ag ree -  
ment with the ketonitr i le  form of the side chain of V and VI. The heterocycl ic  portion of Via has a pyridone 
ra ther  than a hydroxypyridine fo rm;  this is typical for the usual 2-pyr idones  in solutions or in the c rys t a l -  
line state [3, 7] : the cha rac te r i s t i c  bands of s t re tching vibrations of a C = O group and of ring double bonds 
a re  observed in the IR spec t ra  of a DMSO solution of Via 0): of Via c rys ta l s .  The re la t ively large constant 
(Jail = 7 Hz) is a lso  in agreement  with the pyridone ra ther  than with the pyridine form [8]. 

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

The UV spect ra  of alcohol solutions were recorded with SF-4 and P e r k i n - E l m e r - 4 0 2  spectrophotom- 
eters .  The IR spec t ra  of minera l  oil suspensions or DMSO o r  chloroform solutions were obtained with a 
UR-10 spec t romete r .  The PMR spect ra  of DMSO solutions were recorded with a Varian T-60 spec t rom-  
eter .  The mass  spectra  were obtained with an MKh-1303 spec t romete r  with a sys tem for  d i rec t  introduc- 
tion of the samples  into the ion source  at 200 ~ and an ionizing voltage of 50 V. 

4-Benzyloxynicotinic Acid (IIIb). A 10.8-g (0.1 mole) sample of benzyI alcohol and (in smal l  portions) 
15.45 g (0.1 mole) of 4-chloronicot inie  acid (IIb) [5] were added success ive ly  with water  cooling to a sus -  
pension of 6 g (0.25 mole) of Nail in 50 ml of anhydrous DMSO, af ter  which the mixture was heated at 70 ~ 
for  i h. It was then acidified to pH 5 with acetic acid, and the resul t ing p r e c i p b t e  was removed by f i l t ra-  
tion to give 2.3 g of acid IIIb. The f i l t ra te  Was vacuum evaporated a lmost  to dryness  to give an additional 
8 g of IIIb. The overal l  yield of product with mp 150-151~ (dec., f rom alcohol) was 10.3 g (45%). Found: 
C 68.1; H 4.9; N 6.2%. C13HIINO3. Calculated: C 68.1; H 4.8; N 6.1%. 

Methyl 2-Benzyloxynicot inate  (IVa). A total of 25.8 g (0.11 mole) of acid IIia was added to an ether 
solution of diazomethane (from 30 g of ni t rosomethylurea) ,  af ter  which the mixture was allowed to s b n d  
for  16 h. Workup yielded 20.8 g (85.5%) of es te r  IVa with bp 151-153 ~ (2 ram) and nD~~ 1.5705. Found: C 
69.1; H 5.4; N 5.8%. C14H13NO ~. Calculated: C 69.1; H 5.4; N 5.8%. 

Methyl 4-Benzyloxynicotinate (IVb). A mixture of 12.3 g (0.054 mole) of acid IIIb in 350 ml of anhy- 
drous dioxane and diazomethane (from 15 g of ni t rosomethylurea)  in 150 ml of e ther  was allowed to stand 
for 16 h, af ter  which it was evaporated to give 11.1 g (85.5%) of IVb with mp 101-102 ~ (from alcohol). Found: 
C 68.8; H 5.4; N 5.9%. C14HI~NO3. Calculated: C 69.1; H 5.4; N 5.8%. 

2-Benzyloxy-3-cyanoace ty lpyr id ine  (Va). A solution of 6.8 g (0.165 mole) of acetonitr i le  in 10 ml of 
absolute e ther  and a solution of 20.79 g (0.0825 mole) of es ter  IVa in 20 ml of absolute ether  were added 
to a suspension of sodium amide [from 4.92 g (2.14 g-atom) of Na] in 350 ml of liquid ammonia,  af terwhich 
the mixture was allowed to stand over/right to evaporate  the solvents. The res idue was dissolved in 400 ml 
of  water ,  and the  f i l t rate was acidified with acetic acid to give 21.6 g (100%) of ketonitri le Va with mp 74- 
75 ~ (from alcohol). The product  gave a da rk - red  colorat ion with an alcohol  solution of FeCI~. UV spec t rum:  
Xma x 298-304 nm (log e 3.95). IR spec t rum (in CHC13, c 10 -I M, d 0.6 mm), cm- l :  2264 (C-=N), 1700 (C-- 
O; at  1684 cm :1 in minera l  oil), 1589 (aromatic) .  PMR spect rum,  5, ppm: 4.4 (s,~CH2CN), 5.4 (s, OCH2), 
6.9-7.5 (rr/, 5-H and CGH5), 8.1 (two d, J1=8 Hz, J2=2 Hz, 4-H), 8.3 (two d, J1--5.5 Hz, J2=2 Hz, 6-H). Found: 
C 71.6; H 4.8; N 11.1%. C15H12N202. Calculated: C 71.4; H 4.8; N 11.1%. 

4-Benzyloxy-3-cyanoace ty lpyr id ine  (Vb). A solution of 4.1 g (0.1 mole) of acetoni tr i le  in 10 ml of 
absolute ether and a solution of 12.4 g (0.51 mole) of es te r  IVb in 50 ml of anhydrous benzene were added 
success iv ly  to a suspension of sodium amine [.from 2.94 g (0:126 g-atom) of Na] i n  250 ml of liquid ammonia,  

The mass spect ra  were  studied by D. ~V. Zagorevski i .  
t The following abbreviat ions are  used here and subsequently: s is singlet, d is doublet, t is triplet ,  and 
m is multiplet. 
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and the mix tu re  was cooled and s t i r r ed  for  1 h, a f t e r  which it was allowed to stand overnight  to evapora te  
the solvents .  The r e s idue  was dissolved in 400 ml of water ,  and the aqueous solution was separa ted  and 
acidified to pH ~5  with acet ic  acid. The resu l t ing  oil was sepa ra t ed  by decantat ion and dissolved in alcohol.  
The solution was vacuum evapora ted ,  anhydrous  benzene was added, and the mix tu re  was evapora ted  to give 
8 g (57.6%) of ke toni t r i le  Vb with mp 89-99 ~ ( f rom benzene).  The product  gave a d a r k - r e d  colora t ion with 
an alcohol  solution of FeC13. UV s p e c t r u m  (c 10 -4 M), k m a  x, nm (log ~): 234-238 (3.93), 276-278 (3.55), 
and 310 (inflection at  2.95). let s p e c t r u m  (in m ine ra l  oil), cm - t  : 2250 (C ~ N), 1675 (C = O), and 1584 (a ro-  
matic) .  PMR s p e c t r u m ,  5, ppm: 4.5 (s, CH2CN), 5.3 (s, OCH2), 7.2-7.7 (m, C6H 5 and 5-H), 8.4-8.8 ( m , 2 - H  
and 6-H). Found: C 71.5; H 4.8; N 11.5%. C15H22N202. Calculated:  C 71.4; H 4.8; N 11.1%. 

3 -Cyanoace ty l -2 -py r idone  (Via). A solution of 3.8 g (0.015 mole) of ketoni t r i le  Va in 100 ml of glacial  
ace t ic  acid was hydrogenated over  1.0 g of 10% Pd on BaSO 4 until  470 ml  (0.02 mole) of hydrogen had been 
absorbed .  The resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  acet ic  acid to give 
1.7 g (70%) of pyridone Via with mp 221-222 ~ (dec., f r om alcohol).  The product  gave a violet  colorat ion with 
an alcohol  solution of FeC13. UV spec t rum,  k m a x ,  nm (log e): 240-244 (3.78), 348-350 (3.95). IR spec-  
t r u m  (in DMSO, e 4 10 -4 M, d 0.07 ram), c m - i :  2220, 1690, 1670, 1602, and 1550. PlVIR s p e c t r u m ,  5, ppm: 
4.4 (s, CH2CN), 6.5 (t, J = 7  Hz, 5-H), 7.7 (two d, J i = 8  Hz, J2=3 Hz, 4-H),  and 8.1 (two d, J l=8 Hz, J2=3 Hz, 
6-H). Found: C 59.3; H 3.7; N 17.6%. CsH6N202 . Calculated:  C 59.3; H 3.7; N 17.3%. 

2 -Amino-4 -oxo-4H-pyrano[2 ,3 -b ]py r id ine  (Ia). A solution of 13.5 g (0.0535 mole) of ketoni t r i le  Va in 
250 ml  of ace t ic  acid was hydrogenated over  1.5 g of 10% Pd on BaSO 4 until 0.0535 mole  of H 2 had been ab-  
sorbed.  The reac t ion  mix ture  was then heated to the boiling point, the hot solution was f i l te red,  and the f i l -  
t r a t e  was ref luxed for  30 rain, vacuum evapora ted  a lmos t  to d rynes s ,  and cooled. Workup gave 8.2 g (93.5%) 
of Ia with mp 215-216 ~ (dec., f r o m  ace t ic  acid, alc0hol). UV s p e c t r u m  (c 2.5 10 -5 M), k max, nm (log e): 
237-238 (3.83), 287-288 (4.05). IR s p e c t r u m  (in m ine ra l  oil), c m - l :  3000-3300 (~NH2) 1680 (5 NH^), 1610 
(broad intense C = O band). PMR s p e c t r u m ,  5, ppm: 5.2 (s, 3-H), 7.36 (two d, J l = 8  Hz, J2=5 Hz,Z6-H), 7.7 
(s, NH2), 8.2 (two d, J l = 8  Hz, J2=2 Hz, 5-H),  8.4 (two d, J l = 5  Hz, J2=2 Hz 7-H). Mass spec t rum,  m / e  (in- 
tens i t ies  in pe rcen t  of the m a x i m u m  peak):  162 (100), 134 (26), 122 (36), 106 (9), 105 (8), 95 (33), 94 (26) 
79 (19), 78 (9). Found :  C 59.0; H 3.8; N'17.4~.--CsH6N202. Calculated:  ~ C 59.3; H 3.7; N 17.3%. The hy- 
d roch lor ide  had mp 214-215 ~ (dec., f r o m  alcohol).  Found: C 48.4; H 3.5; C1 17.5; N 14.2%. CsH6N20~'HC1. 
Calculated:  C 48.4; H 3.6; C1 17.9; N 14.1%. 

2 - A m i n o - 4 - o x o - 4 H - p y r a n o | 3 , 2 - c ] p y r i d i n e  (Ib). A solution of 7.4 g (0.023 mole) of Vb in 120 ml of 
acet ic  acid was hydrogenated over  1 g of Pd on BaSO 4 until 0.029 mole  of H 2 had been absorbed.  The mix-  
tu re  was then heated to the boiling point,  the hot solution w~s f i l tered,  and the f i l t ra te  was vacuum evapor -  
ated to give 3.2 g (70.5%) of ib with mp 235-236 ~ (dec., f r o m  alcohol).  UV s p e c t r u m  (c 2.5 10 -5 M, d 10 ram): 
k m a x  296-298 nm Clog E4.1t). IR s p e c t r u m  (in DMSO, e 0.05 M, d 0.04 mm),  c m - i :  3000-3400 (broad bands,  
VNH2) , 1660 (SNH_; the band vanishes  a f t e r  the addition of D20), 1679 (C=O).  PMR spec t rum,  6, ppm: 5.2 
is, 3-H), 7.4 (d, JZ--6 Hz, 8-H), 7.8 (broad s, NH2), 8.7 (d, J = 6  Hz, 7-H), 9.1 (s, 5-H).  Mass spec t rum,  m / e  
(intensity in pe rcen t  of the max imum peak) :  106 (9), 105 (10), 95 (54), 94 (53), 79 (12), and 78 (11). Found: 
C 59.0; H 3.8; N 17.1%. CsH6N202. Calculated:  C 59.3; H 3.7; N 17.3%. 
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