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II.* SYNTHESIS OF SOME 2-CARBONYL DERIVATIVES OF 

1,5-NAPHTHYRIDINE AND THEIR N-OXIDES 
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The oxidation of 2 - m e t h y l - l , 5 - n a p h t h y r i d i n e  and its d i -N-oxide  has  yielded 1 ,5-naphthyr i -  
d i n e - l - e a r b o x y l i e  acid and i ts  d i -N-oxide ,  and the d i -N-oxide  of 1 , 5 - n a p h t h y r i d i n e - 2 - c a r b -  
aldehyde,  some de r iva t ives  of  which have been obtained.  

The object  of the p r e s e n t  invest igat ion was to study the oxidation reac t ions  of 2 - m e t h y l - l , 5 - n a p h t h y r -  
idine (I) and its d i -N-oxide  (ID in o rde r  to obtain 1 ,5-naphthyridine de r iva t ives  containing a carba ldehyde  
or  ca rboxy  group in posi t ion 2. These compounds could be of i n t e re s t  for  b iological  study. 

It  was found that  when (I) was  heated  with se len ium dioxide in va r ious  solvents  (toluene, d imethyl -  
f o r m a m i d e ,  pyr idine,  etc.) the methyl  group was oxidized to a ca rboxy  group,  but the reac t ion  was a c c o m -  
pauied by cons iderab le  res in i f ica t ion  and the yield of 1 ,5 -naph thyr id ine -2 -ca rboxy l i c  acid (II1) was only 
16%; only t r a c e s  of 1 ,5 -naph thyr id ine -2 -ca rba ldehyde  were  found in the reac t ion  mix tu re .  S imi la r  r e su l t s  
have been obtained p rev ious ly  in the oxidation of 2 -methy lpyr id ine  with SeO~ [2]. 

When compound (I) was  oxidized with KMnO4, one ring was des t royed  with the format ion  of 3 - a c e t y l -  
aminopyr id ine -2 -ca rboxy l i c  acid (IV). 

Sa t i s fac to ry  r e s u l t s  were  obtained in the oxidation of 2 - s t y r y l - l , 5 - n a p h t h y r i d i n e  (V) with po ta s s ium 
pe rmangana te  in acetone;  under  these  condit ions,  (HI) was fo rmed  with a yield of 62%. 

To obtain (II) we used  the N-oxidat ion of the init ial  base  with pe rhydro l  in the p r e sence  of sodium 
vanadate ,  which we have used p rev ious ly  with succes s  for  the synthes is  of the N-oxides  of 2 - a m i n o -  and 
2-hydr  oxy-1 ,5 -naph thyr  idine s [1 ]. 

in the reac t ion  of (II) with SeO2, the CH 3 group was oxidized to a carba ldehyde  group.  T r a c e s  of the 
d i -N-oxide  of 1 ,5 -naph thyr id ine -2 -ca rboxy l i c  acid (VD were  detected in the reac t ion  mix tu re  only ch ro -  
matograph ica l ly .  The use of d ime thy l fo rmamide  as solvent  p e r m i t t e d  this reac t ion  to be p e r f o r m e d  under  
mi ld  conditions (20-40~ with the product ion of the d i -N-oxide  of 1 ,5 -naph thyr id ine -2-ca rba ldehyde  in 
fa i r ly  high yield (687c). The aldehyde obtained was c h a r a c t e r i z e d  by appropr ia te  de r iva t ives  ,(VIII, IX, and 
X) ; the IR s p e c t r u m  of this compound (in the c rys ta l l ine  state) had a s t rong b road  band of a s soc ia ted  
hydroxyls  and a v e r y  weak band in the region of the s t re tch ing  v ibra t ions  of the HC = O  group.  The PMR 
s p e c t r a  had a signal  co r respond ing  to the methine proton of a CH(OH)2 group (5 6.5 ppm) and a weak signal 
(5 10.5 ppm) which could c o r r e s p o n d  to the proton of the C H - - O  group.  On the bas i s  of these  r e su l t s ,  it 
was  concluded that  the aldehyde exis ted  predominant ly  in the hydra ted  fo rm (VII). 

The d i -N-oxide  of 1 ,5 -naph thyr id ine -2 -ca rboxy l i c  acid was obtained by oxidizing (VII) with perhydro l  
in acet ic  acid (see scheme on following page) .  

Compounds (V), (VII), and (VIII) p o s s e s s e d  weak act ivi ty  in v i t ro  in re la t ion  to the tuberc le  baci l lus  
and the causa t ive  agents  of d e r m a t o m y c o s i s .  

* F o r  Communica t ion  I, see [1]. 
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Chroma tog raphy  was p e r f o r m e d  on paper :  for  compounds (II) and (VII) in the i soamyl  a l c o h o l -  6% 
acet ic  acid (1 : 1) s y s t em ,  and for  the o thers  in the bu tano l -25% a m m o n i a  (1 : 1) s y s t e m .  The spots  were  
r evea led  in UV light. 

The PMR s p e c t r a  were  taken on a JNM-4H-100 ins t rument  at a working f requency of 100 MHz with 
t e r t -bu tano l  as in terna l  s tandard .  

1 ,5-Di-N-oxide  of 2 -Methy l - l , 5 -naph thyr id ine  (I1). A mixture  of 4.5 g (31.2 mmoles )  of (I), 24 ml  of 
30% H202, and 0.33 g of Na2WO 4 �9 2H20 was s t i r r e d  at 40-45~ for  75 h, and then 30 ml  of wa te r  was added 
and it was evapora ted  in vacuum to one-hal f  of its initial  volume.  The operat ion was r epea ted  until the un-  
changed hydrogen peroxide  had been decomposed  comple te ly ,  and then the solution was evapora ted  to d r y -  
nes s .  The res idue  in the f lask  was t r i t u ra t ed  with methanol ,  giving 3.9 g (71%) of (II) with mp 180-181.5~ 
(decomp.),  R f  0.2 (dark green  spot) .  Found, %: C 61.2; H 4.5; N 16.0. CgHsN202. Calculated,  %: C 61.3; 
H 4.6; N 15.9. 

1 ,5 -Naph thyr id ine -2 -ca rboxy l i c  Acid (HI). A.  As the oxidation proceeded,  a solution of  1.4 g (8.87 
mmoles )  of KMnO 4 in 50 ml  of acetone was added to a solution of 0.7 g (3 mmoles )  of (V) (obtained by the 
method of Rapopor t  and Batcho [3]) in 15 ml  of acetone at  20-25~ and then the mix ture  was s t i r r e d  for  
15 min .  The prec ip i ta te  of MnO 2 was t r ea t ed  with boiling wa te r .  The aqueous solution was evapora t ed  in 
vacuum to a volume of about 6 ml  and was acidified with hydrochlor ic  acid to pH 3. The resu l t ing  p r e -  
cipi tate was ex t rac ted  with e ther  to e l iminate  benzoic acid and was c rys t a l l i zed  f rom acet ic  acid.  This 
gave 0.32 g (62%) of (HI), mp 248-249~ R f  0.24 (dark spot) .  Found, ~c: C 61.9; H 3.2; N 16.4. CgH6N202. 
Calculated,  %: C 62.1; H 3.5; N 16.1. The methyl  e s t e r  of (III) was obtained by s t i r r i ng  (III) (20-25~ 48 h) 
in anhydrous methanol  containing 6% of H2SO4; mp 144-144.5~ Rf 0.7 (dark violet  spot) .  Found, ~ :  C 
64.0; H 4.3; N 14.8. C10HsN202. Calculated,  %: C 63.8; H 4.3; N 14.9. 

B__= To 15 ml  of boiling pyr idine were  added 0.5 g (3.47 mmoles )  of (I) and 0.4 g (3.6 mmoles )  of SeO 2 . 
The reac t ion  mix ture  was s t i r r e d  at the boil  for 6 h 30 min and was cooled to 20~ The prec ip i ta te  that 
deposi ted was f i l te red  off, washed  with e ther ,  t r ea t ed  with NaHCO 3 solution, and f i l t e red  f rom the deposi t  
of Se.  The f i l t ra te  was acif idied with hydrochlor ic  acid to pH 3, giving 0.1 g (0.575 mmole ;  16~c) of (III), 
mp 246-248~ A mix tu re  with the (III) obtained by method A gave no depress ion  of the molt ing point. 

Oxidation of 2 -Methy l - l , 5 -naph thyr id ine  (I) with KMnO 4. At 68-72~ 3.25 g (20.6 mmoles )  of KMnO 4 
was gradual ly  added to a solution of 0.5 g (3.47 mmoles )  of (I) in 20 ml  of water ,  and the mix ture  was 
s t i r r e d  for  15 min and was f i l te red  hot.  The prec ip i ta te  of MnO 2 was t r ea t ed  with boiling wa te r .  The main 
f i l t ra te  and the wash w a t e r s  were  ex t r ac t ed  with CHC13. After  evapora t ion ,  0.1 g (0.7 mmole)  of (I) was  
r e c o v e r e d  f rom the ch lo ro fo rm solution.  The aqueous solution was evapora t ed  in vacuum to a volume of 
about 6 ml  and was acidif ied with hydrochlor ic  acid to pH 1. This gave 0.2 g (1.11 mole ;  40~) of (IV), mp 
220-222~ R f  0.4 (gray-blue  spot) .  Found, %: C 53.3; H 4.5; N 15.6. CsHsN20 ~. Calculated,  %: C 53.3; 
H 4.5; N 15.5. IR s p e c t r u m ,  c m - i :  1680, 1705 (C = O  of amide and ca rboxyl  groups) ,  2600, 2195 (broad, 
OH of a carboxyl ,  a ssoc ia ted) .  The decarboxyla t ion  of (IV) in biphenyl a t  190-200~ gave 3 - a c e t y l a m i n o -  
pyr idine,  mp 133~ [4]. 
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1,5-Di-N-oxide of 1, 5-Naphthyridine -2 -aldehyde (VII}. A suspension of 2 g (11.36 mmoles) of (II}, 2 
g (18 mmoles) of SeO2, and 28 ml of dimethylformamide was ' s t i r red  at 20-25~ for 6-7 days and then at 
40~ for 7 h. The precipitate that deposited was fi l tered off and treated with boiling water (4 • 20 mi}, 
metallic selenium being separated off each time. The aqueous solutions after decoloration with activated 
carbon were evaporated to one-half of their  initial volume and cooled to 5~ and the (VII} was fi l tered off 
(1.6 g, 7.7 mmoles,  68%); yellow crystals  with mp 230-231.5~ (from water}, R f  0.36 (green-blue spot}. 
Found,%: N 13.6. C9II8N204. Calculated, %: N 13.5. IR spectrum. 3050-3120 cm -1 (OH assoc.}. PMI~ 
spectrum (D20): 6 6.5 ppm [Ctt(OH)2], 6 10.5 ppm (Ctt~O}. Phenylhydrazone of (VII} (VIII): bright orange 
crystals  with mp 243~ (decomp., from ethanol}. Found, %: C 64.0; II 4.4; N 19.9. C15H12N402. Calcu- 
lated, %: C 64.3; H 4.3; N 20.0. Semicarbazone of (VII} (IX}: yellow crystals ,  mp 283~ (decomp., from 
water}. Found, %: N 28.0. C10H9N503. Calculated, %: N 28.3. Thiosemicarbazone of (VII} (X): yellow- 
green crystals ,  mp 263.5~ (decomp., from CH3COOH }. Found, %: N 23.6; S 10.4. C10H9N502S �9 ~2CH3COOH. 
Calculated, %: N 23.9; S 10.9. 

l~5-Di-N-oxide of l~5-Naphthyridine-2-carboxylic Acid (VI}. A suspension of 0.1 g (0.48 mmole} of 
(VII}, 0.38 ml of 30% H202, and 1.5 ml of CH3COOH was s t i r red  at 20-25~ for 3 days and was cooled to 
10~ and 0.06 g (029 mmole, 60.7~c) of (VD was fil tered off with mp 277-277.5~ (from water}. Found, ~:  
C 52.0; H 2.9; N 13.7. CgHsN204. Calculated, %: C 52.4; H 2.9; N 13.6. IR spectrum: 3090, 1705 cm -1 
(carboxyl C ~O}.  

1. 
2. 
3. 
4. 
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