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The N-oxidation reac t ious  of 2-hydroxy-  and 2-amino- l ,5 -naphthyr id ines  were  invest igated.  
2 -Hydroxy- l ,5 -naphthyr id ine  5-oxide and 2-hydroxy- ,  2-amino- ,  and 2 - a c e t a m i d o - l , 5 -  
naphthyridine 1,5-dioxides were  obtained. The s t ruc tu res  of the compounds obtained were  
proved by means of IR and PiVIR spec t roscopy.  

In a continuation of our  s ea rch  for biologically active compounds among the N-oxides of a romat ic  
ni t rogen-containing he te rocyc les ,  we have accomplished the synthesis  of 1,5-naphthyridine N-oxides ,  which 
can be cons idered  to be analogs of antibiotics of the aspergi l l ic  acid group.  It is known that aspergi l l ic  acid 
analogs in the pyridine se r i e s  have ant ibacter ial  activity [1]. 

It has been demonst ra ted  [1,2] that the oxidation of a r ing nitrogen adjacent to a hydroxyl group gives 
r i s e  to cons iderable  diff icult ies .  In addition, it is known that, in cont ras t  to 2-aminopyridine and quinoline 
N-oxides ,  the amino group adjacent to the N --* O group in 2-aminoquinoxaline N-oxides is readi ly  hydrolyzed 
in alkaline media  to the N-oxides of the corresponding hydroxy der ivat ives  [3]. 

In o rde r  to study the analogous react ion in the 1,5-naphthyridine se r i e s ,  we undertook the synthesis  
of 2 -amino- l ,5 -naphthyr id ine  1,5-dioxide (i). Heating 2-ace tamido- l ,5 -naphthyr id ine  (II) with hydrogen 
peroxide in acetic acid gave a d i f f icu l t - to-separa te  mixture  of oxidation products .  A mixture  of I and 2- 
ace tamido- l ,5 -naphthyr id ine  1,5-dioxide (HI) in a ra t io  of 2 :1  was formed in the oxidation of II with hydro-  
gen peroxide in the p resence  of sodium vanadate.  Since it has been shown that  the acetamido group is pa r -  
t ia l ly  hydrolyzed under  the conditions of the N-oxidation react ion,  we invest igated the oxidation of 2-amino-  
1,5-naphthyridine (IV) and obtained I in 68.40/0 yield.  
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Like the amino group of the corresponding quinoxaline der iva t ives ,  the amino group in I was r e l a t ive -  
ly eas i ly  replaced by a hydroxyl  group on heating in alkali solutions, and 2-hydroxy- l ,5 -naphthyr id ine  1,5- 
dioxide (V) was formed.  
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TABLE 1, PMR Spec t r a  of 1 ,5-Naphthyr id ine  D e r i va t i ve s *  

Comp. 

IV 
I 
I 

VI 
V I I  

Solvent 

DMSO 
DMSO 
HzO 
DMSO 
DMSO 

Hs H4 

7,05 7,99 
7,36 8,24 
7,59 8,4 
6,70 7,87 
6,67 8.35 

6, ppm 

H6 H7 

8,54 7,47 
8,36 7,57 
8,53 7,73 
8,43 7,43 
8,09 7,33 

Ha 3,4 

7,86 9,5 
8,11 9,8 
8,4 9,6 
7,69 9,0 
7,21 9,9 

J, Hz 

4,8 6,7 

0,75 4,2 
1,0 6,0 

6,0 
7 4,2 
0,5 6,0 

6,8 

1,8 
1,0 

7,8 

8,4 
8,5 
8,0 
8,0 
8,7 

* The s p e c t r a  we re  r e c o r d e d  with a JNM-4H-100 s p e c t r o m e t e r  
with an opera t ing  f requency of 100 MHz with t e t r a m e t h y l s i l a n e  and 
t e r t - b u t y l  a lcohol  as the in t e rna l  s t a n d a r d s .  The s p e c t r u m  of 2-  
h y d r o x y - l , 5 - n a p h t h y r i d i n e  N,N ' -d iox ide  was not  examined,  s ince  V 
undergoes  i r r e v e r s i b l e  t r a n s f o r m a t i o n s  in DMSO. 

The p o s s i b i l i t y  of the d i r e c t  N-oxida t ion  of 2 - h y d r o x y - l , 5 - n a p h t h y r i d i n e  (VI) was a lso  inves t iga ted .  
Res in i f i ca t ion  o c c u r r e d  when VI was hea ted  with 10% p e r a c e t i c  acid,  and a d i f f i c u l t - t o - s e p a r a t e  mix tu re  
of oxidation produc ts  was obtained.  Heating of VI with hydrogen perox ide  in ace t ic  acid led to  oxidation of 
the n i t rogen in the 5 posi t ion to fo rm 2 - h y d r o x y - l , 5 - n a p h t h y r i d i n e  5-oxide (VII) in 87~c y ie ld .  Compound V 
could be obtained in high y ie ld  (72.8%) by heat ing VI with hydrogen pe rox ide  in the p r e s e n c e  of sodium 
vanadate  (a mix tu re  of V and VII was i so l a t ed  at 20~ 

The p r e s e n c e  of an in tense  band of the s t r e tch ing  v ib ra t ions  of an amide ca rbony l  group in the IR 
s p e c t r a  of V and VII a t t e s t s  to the p redominan t  ex i s tence  of these  compounds in the oxo fo rm in the c r y s t a l -  
l ine s t a t e .  
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1 - M e t h o x y - 2 - o x o - l , 5 - n a p h t h y r i d i n e  5-oxide (VIII) was i so la ted  in the methyla t ion  of V with methyl  
iodide in a lkal ine  m e d i a .  Deoxidat ion of the N ~ O group accompanied  by ch lor ina t ion  of the r ing  o c c u r r e d  
when VII was hea ted  with POC13; the 2 -hydroxy  (oxo) group was s imul t aneous ly  r e p l a c e d  by ch lor ine ,  and 
2 , 6 - d i c h l o r o - l , 5 - n a p h t h y r i d i n e  (IX) was obtained.  

The PMR s p e c t r a  of unsubs t i tu ted  1 ,X-naphthyr id ines  and the i r  N-oxides  have been p r e v i ous ly  
examined  [4]. It s eemed  of i n t e r e s t  to examine  the PMR s p e c t r a  of the 1 ,5-naphthyr id ine  d e r i v a t i v e s  that  
we obtained.  

As in the ca se  of N-ox ides  of o ther  s i x - m e m b e r e d  a roma t i c  h e t e r o c y c l e s  [5,6], in the PlVIR s p e c t r a  
of I and VII one o b s e r v e s  sh ie ld ing  of the proton adjacent  to the N ~ O group (A6 H 6 = +0.18 and +0.34, r e -  
spec t ive ly* )  and a c o n s i d e r a b l e  i n c r e a s e  in the J~,7 s p i n - s p i n  coupling constant  as c o m p a r e d  with the con-  
s tant  of the unoxidized compounds (see Table  1). Jus t  as in the N-oxides  of unsubst i tu ted  naphthyr id ine  [4], 
the protons  in the p e r i  pos i t ion r e l a t i v e  to the N ~ O group in I and VII a re  desh ie lded .  However,  the s i g -  
na l s  of the H 4 and H 8 pro tons  of I, which s imu l t aneous ly  occupy the p a r a  and pe r i  pos i t ions  with r e s p e c t  to 
the N ~ O groups ,  a re  shif ted to weak f ie ld  to a c o n s i d e r a b l y  l e s s e r  deg ree  {AS H 4 = A6 H e = -0.25) than the 
s igna l  of the H 4 proton in VII, which is s i tua ted  only in the pe r i  posi t ion r e l a t i v e  to the N ~ O group 

*A6 is  the d i f fe rence  between the c h e m i c a l  shif ts  of the s ignals  of the protons  of 2 - hyd r oxy -  or  2 - a m i n o -  
1 ,5 -naphthyr id ines  and the co r r e spond ing  N-ox ides .  A pos i t ive  A 6 means  a shif t  of the proton s ignals  to 
s t rong  field,  while a nega t ive  A 6 means  a shift  to weak f ie ld .  
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r 5 H 4 = -0.47) .  The H 8 proton of VII, which is in the para  position relative to the N --* O group, is shifted 
to s trong field (~ ~ H 8 = +0.48), just  like the para  protons in pyridine X-oxide and 1,5-naphthyridine N-oxide 
[4,5]. The H 3 proton of I is shifted to weak field as compared  with the H 3 proton of IV. In compar ison with 
unsubstituted 1,5-naphthyridine N ,N' -dioxide, the sign als of the r ing proton s of I lie at s t ronger  field, 
which can be explained by the effect of the NH 2 group. 

The X-oxides of the 1,5-naphthyridine derivatives had weak in vi tro activity with respec t  to staphylo- 
coccus ,  Eseher ichia  coli,  and the dysentery  bacil lus.  

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

2-Amino- l ,5-naphthyr id ine  N,N'-Dioxide (I). A mixture of 3.62 g (25 mmole) of IV, 0.5 g of Na2VO 4 " 
2H20 , and 20 ml of 30% H202 was s t i r red  at 20-25 ~ for 5 days. It was then cooled, and 3.8 g of a precipitate" 
with mp 169-171 ~ was removed by fil tration. The precipitate was added with s t i r r ing  to a mixture of 10 
ml of concentrated hydrochlor ic  acid and 10 ml of a 23% alcohol solution of hydrogen chloride.  The mix-  
ture was cooled to 15 ~ and 4.35 g of the hydrochlor ide of I was removed by fil tration. The hydrochlor ide 
yielded 3.0 g (68.4%) of I with mp 280-282 ~ (from alcohol). The br ight  yellow needles were  only slightly 
soluble in most  organic solvents,  had Rf  0.125" (bright yellow spot), and gave a dark violet coloration 
with FeC13. Found: C 54.4; H 4.1; N 23.7%. CsHTN302. Calculated: C 54.2; H 4.0; N 23.7%. 

Oxidation of 2-Acetamido- l ,5-naphthyr id ine  (1I). A mixture of 3.67 g (19.6 mmole) of II, 0.4 g of 
Na2VO 4 �9 2H20 , and 15 ml of 30% H202 was s t i r red  at 20-25 ~ for 72 h. It was then cooled to 5 ~ and 3.1 g of 
a mixture of I and III was removed by fi l tration. The mixture was t reated with hot acetone, and the insol-  
uble mate r ia l  was removed by fil tration and rec rys ta l l i zed  f rom alcohol to give 1.1 g of I with mp 275-278~ 
an additional 0.8 g of I was obtained f rom the mother  l iquor.  The yield of i was 1.9 g (10.7 mmole) or 
54.7~ The acetone mother  liquor was vacuum-evaporated to a smal l  volume, and 1.1 g (4.9 mmole  or 25%) 
of III was removed by fi l tration. The light yellow needles had mp 230-230.5 ~ (from alcohol), were soluble 
in mos t  organic solvents,  and had R f  0.178 (light green spot). Found: C 54.4; H 4.1; N 19.2%. C10HgN303. 
Calculated: C 54.8; H 4.1; N 19.2%. 

2-Hydroxy- l ,5-naphthyr id ine  1,5-Dioxide iV). .A. A mixture of 0.45 g (30.8 mmole) of VI, 0.8 g of 
Na2VO 4 �9 2H20 , and 3.5 ml of 30% H202 was s t i r red  at 60-65 ~ for 8 h. It was then cooled to 10 ~ and the p r e -  
cipitate was removed by fi l tration to give 0.4 g (72.8%) of light yellow c rys ta l s  of V with mp 286 ~ (from 
water) and R f  0.182 (yellow-brown spot). The c rys ta l s  were only slightly soluble in organic solvents and 
water ,  gave a dark c h e r r y - r e d  colorat ion with FeC13, and l iberated CO 2 f rom NaHCO 3 solutions.  Found: C 
53.7; H 3.4; N 15.8%. CsH6N203. Calculated: C 53.9; H 3.4; N 15.7%. IR spect rum:  1665 cm -1 (amide CO). 

B _. A mixture of 2.5 g (14.1 mmole) of I and 110 ml of 2 N NaOH was refiuxed for 45 rain, t rea ted  
with activated charcoal ,  and f i l tered.  The fi l trate was cooled to 20 ~ and acidified to pH 1. The resul t ing 
precipi tate  was removed by filtration to give 1.35 g (53.7%) of V with mp 286 ~ 

2-Hydroxy- l ,5-naphthyr id ine  5-Oxide {VII). A mixture of 1.76 g (12 mmole) of VI, 3.52 ml of 30% 
!4202, and 30 ml of glacial  acetic acid was s t i r red  at 55-60 ~ for 14 h. Water  (30 ml) was added to the r e a c -  
tion mass ,  and the mixture was evaporated to half its original volume. The operation was repeated until 
the unchanged hydrogen peroxide had been completely decomposed,  after which the solution was vacuum-  
evaporated to a minimal  volume and cooled, and 1.7 g (87%) of VII with mp 308 ~ (from alcohol) was removed 
by fi l trat ion.  The pale yellow c rys ta l s  had Rf  0.27 (bright blue spot) and did not give a color  react ion with 
FeC13. Found: C 59.2; H 3.6; N 17.1%. C8HoN202. Calculated: C 59.3; H 3.7; N 17.3%. IR spec t rum:  1665 
cm -1 (amide CO). 

1-Methoxy-2-oxo- l ,5-naphthyr id ine  5-Oxide {VIII). A mixture of 0.3 g (1.68 mmole) of V, 4.9 ml of 
10% NaOH, 5 ml  of CH3I, and 10 ml of methanol was s t i r red  at 20-25 ~ for 28 h, after which the solution 
was vacuum-evaporated to dryness .  The residue was dissolved in 3 ml of water  and ext rac ted  with CHC13. 
The ch loroform was removed to give 0.25 g (77.5%) of VIII with mp 239-240 ~ (from alcohol). The co lor less  
c rys ta l s  had Rf 0.28 (violet spot). Found: C 56.3; H 4.5; N 14.3%. CgHsN203. Calculated: C 56.2; H 4.2; 
N 14.6%. IR spect rum:  1670 cm -1 (amide CO). 

* Here and elsewhere,  by paper chromatography with isoamyl  a lcohol-6% CH3COOH (1:1) and develop- 
ment in UV light. 
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2 ,6 -Dich lo ro - l ,5 -naph thyr id ine  (IX). A mix tu re  of 1.8 g (11.1 mmole)  of VII and 30 ml  of POC13 was 
ref luxed for  25 rain, a f te r  which the POC13 was r emoved  by dis t i l la t ion.  The res idue  was t r ea t ed  with ice 
and ammonium hydroxide,  and the p rec ip i t a te  was r emoved  by f i l t ra t ion to give 1.8 g (81.5%) of IX with mp 
259-259.5 ~ (from heptane).  PMR s pec t rum  {DMSO): 6H 3 = 5H 77.82 ppm, 6H 4 = 6H 88.38 ppm, J3,4 = J7,8 = 
10 Hz. 2 ,6 -Dich lo ro - l ,5 -naph thyr id ine ,  p rev ious ly  obtained by the reac t ion  of 1 ,5-naphthyridine 1 ,5-d i -  
oxide with 1~OC13, had mp 236-2380 [7]. The substance  that  we obtained by the Har t  method [7] was ident i -  
ca l  to IX with r e s p e c t  to the mel t ing  point (259.5 ~ and the PMR s p e c t r u m .  
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