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Abstract  - This review describes the physical  p roper t ies  of 1,7-naphthyridine and i t s  der iva t ives ,  

repor ts  on the methods ava i l ab le  t o  synthesize 1.7-naphthyridine der iva t ives ,  and discusses the 

r e a c t i v i t y  o f  the 1.7-naphthyridine system t o  e l e c t r o p h i l i c  and nuc leoph i l i c  reagents, g i v i ng  

s u b s t i t u t i o n  and r i n g  t ransformat ion,  t o  N-a lky la t ing  agents, t o  reducing agents and t o  l i g h t .  The 

review a l so  includes a shor t  paragraph on the pharmacogical use o f  1,7-naphthyridines. 
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1. INTRODUCTION 

O f  the f ou r  possible isomeric 1,X-naphthyridines (X=5,6,7 o r  8) the chemistry o f  the parent system 

1,7-naphthyridine (1) - a lso  named 1,7-diazanaphthalene o r  pyr ido  [3,4-k] py r i d i ne  - has no t  we l l  

been developed, mainly due t o  long term d i f f i c u l t i e s  i n  developing a good synthesis o f  t h i s  system. 

However, i n  the l a s t  decade t h i s  problem has been overcone and i n t e r e s t  f o r  1,7-naphthyridine 

chemistry s t rong l y  increased, as evidence by the  number o f  pub l ica t ions ,  dea l ing  w i t h  phys ica l  and 

chemical p roper t ies  and w i t h  new syntheses o f  t h i s  system. 

The chemistry o f  i has most ly been described i n  reviews concerning the chemistry of a l l  naphthyr i -  

1 2 dines: by A l l e n  (cover ing the l i t e r a t u r e  up t o  1947), by Weiss and Hauser (up t o  1958), by 

3 4 Paudler and Kress (up t o  1968), by Hamada and Takeuchi (up t o  1972), by ~ z u b a ~ ' ~  (up t o  1979) and 

by Campbel I. 7 

The aim o f  t h i s  a r t i c l e  i s  t o  review espec ia l l y  the chemistry o f  1 w i t h  a spec ia l  a t t e n t i o n  t o  

resu l t s  obtained i n  the labora tor ies  o f  both authors. Although the review i s  l i m i t e d  t o  1,7-naph- 

t h y r i d i n e  chemistry, occasional ly - f o r  reasons o f  comparison - reference t o  the chemistry o f  the 

isomeric naphthyridines i s  made. 

I n  the present review, the l i t e r a t u r e  has been covered t i l l  about 1981. 

11. PHYSICAL PROPERTIES 

11.1. S t ruc ture  

1,7-Naphthyridine (1) i s  a c r y s t a l l i n e  compound. A va r i e t y  of mel t ing  po in ts  are recorded: 65-66';' 

64';' 6 1 - d ; 1 • ‹  5 9 - 6 1 ~ ; ~ ~  5 8 - 6 0 ~ ; ~ ~  57-60' l3 (mp o f  p i c ra te :  196.5-197.5•‹,10 205-206' 13). The 

compound eas i l y  sublimes, i s  so lub le  i n  water and i n  comnon organic solvents, bu t  on ly  s l i g h t l y  
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so lub le  i n  l i g h t  petroleum ether.  This so lvent  i s  found t o  be the most appropr iate one fo r  recrys- 

t a i l i z a t i o n  o f  1. The pentane/water c o e f f i c i e n t  i s  0.02. 14 

It has been found t h a t  1, l i k e  i t s  1.5- and 1,6-isomer, i s  planar. 15,16 Examination o f  the bond 

lengths i n  1,5- and 2,7-naphthyridine showed t h a t  the  degree of bond shortening and lengthening i s  

near ly  the same, when extending the r i n g  system from py r i d i ne  t o  the naphthyridines, as from benzene 

t o  naphthalene. It can be pred ic ted t h a t  the ex tent  o f  bond f i x a t i o n  i n  i w i l l  be the same as i n  

the  isomeric naphthyridines. 3a 

11.2 Quantum Mechanical Calculat ions 

I n  recent years quantum mechanical ca lcu la t ions  have been ca r r i ed  out  t o  co r re la te  the resu l t s  w i t h  

the various chemical and phys ica l  p roper t ies  o f  the parent naphthyridines. 

The t o t a l  "-energy and the de loca l i za t i on  energy o f  1 have been ~ a l c u l a t e d ~ ~ ' ~ ~  and comparison o f  

the  de loca l i za t i on  energy o f i w i t h  those ca lcu la ted f o r  the  o ther  1,X-naphthyridines showed t h a t  

they are e f f ec t i ve l y  the same. Calculat ions o f  the d i s t r i b u t i o n  o f  n -e lec t ron dens i t ies  i n  ground- 

s t a t e  1,7-naphthyridine w i t h  the a i d  of a HMO n i t rogen parameter, based on the polarographic h a l f -  

wave reduct ion po ten t i a l s  o f  a l a rge  number of he te rocyc l i c  compounds,19 showed the fo l l ow ing  order 

of pos i t ions :  l(1.41) > 7(1.38) > S(0.99) > 3(0.98) > 6(0.89) > 4(0.86) > B(0.81) > Z(0.78). 18 

A f i r s t - o r d e r  per turbat ion  method has been presented f o r  ca l cu la t i on  o f  the  energy o f  n -e lec t ron 

l e v e l s  and the e lec t ron  dens i t ies  a t  var ious pos i t i ons  o f  1 and o ther  azanaphthalenes." The re- 

s u l t s  were i n  good agreement w i t h  observed r e a c t i v i t y .  

A simple a d d i t i v i t y  model was developed and used t o  p r e d i c t  t o t a l  ( o  t r) e lec t ron  densi ty (AQT) 

d i s t r i b u t i o n s  i n  1 and o ther  azanaphthalenes." The pred ic ted bQT values were successfu l ly  app l ied  

1 f o r  es t imat ing  H nmr chemical s h i f t s  (a,,). The aH values are i n  reasonable agreement w i t h  ava i l -  

ab le  experimental r e s u l t s  (Table 1).  

Table I. Pred i c t i on  of 6" values for 1.7-naphthyridine, based on the a d d i t i v i t y  model 

P o s i t i o n  

2 

3 

4 

5 

6 

8 

&a, 
-0.405 

-0.009 

-0.151 

-0.008 

-0.290 

-0.381 

pred ic ted 

-1.47 

-0.21 

-0.89 

-0.52 

-1 .ZO 

-1.91 

experimental 

-1.73 

-0.34 

-0.90 

-0.33 

-1.32 

-2.25 
- 



Heteroatom in teg ra l s ,  determined from thermochemical data, were used i n  simple Hickel  ca lcu la t ions  

t o  p red i c t  for  1 the  "-binding energy, add i t i ve  energy and resonance energy per  n - e l e c t r ~ n . ~ ~  Also 

energy levels,  wave funct ions  and charge d i s t r i b u t i o n  were reported. 23 

The spin densi ty d i s t r i b u t i o n  i n  the rad i ca l  anion o f  i was determined by the un res t r i c ted  Hartree- 

Fock method and the N s p l i t t i n g s  (eN) were ca lcu la ted by the r e l a t i o n  o f  Karplus and Fraenkal. 24 

The e lec t ron  sp in  resonance. spectrum o f  the anion o f  i was i n te rp re ted  by using MO theory. 25 

Results obtained w i t h  d i f f e r e n t  t heo re t i ca l  procedures were compared and discussed. 25 

Semi-empirical ca lcu la t ions  o f  the ad iabat ic  e lec t ron  a f f i n i t i e s  and the energies o f  two exc i ted  

negative i o n  s ta tes  o f  i were presented by Younkin e t  The e lec t ron a f f i n i t y  values seem t o  be 

cons is tent  w i t h  what i s  known about the s t a b i l i t y  of t h i s  negative ion .  

Van der Wei jer  e t  al." have s tud ied the pro tonat ion  of azanaphthalenes and azabenzenes, using 

CND012 wave functions and per turbat ion  theory i n  order t o  examine the co r re la t i on  between pKa 

values and quantum mechanical parameters. The ca lcu la t ions  have shown t h a t  f o r  1 the c o r r e l a t i o n  i s  

ra the r  poor and t h a t  the  resu l t s  are n o t  consistent.  The ca lcu la ted Coulomb energy p red i c t s  t h a t  

p ro tonat ion  w i l l  take place a t  pos i t i on  7, whereas ca lcu la t ions  o f  the  gas phase pro tonat ion  energy 

o r  the so lva ta t ion  energy favour pro tonat ion  a t  pos i t i on  1. Also NDDO ca lcu la t ions  prove t h a t  posi-  

t i o n  1 has the highest pro ton a f f i n i t y .  28 

The Pariser-Parr-Pople (PPP) methodzg and i t s  s i m p l i f i e d  version30 have been used t o  ca lcu la ted 

t r a n s i t i o n  energies and i n t e n s i t i e s  of the  n + n* bands i n  the e lec t ron  spectra of 1 and 30 o ther  

azines. I n  general a  good agreement between theo re t i ca l  and experimental data was found. Polar iza- 

t i o n s  o f  the f i r s t  two e lec t ron t r a n s i t i o n s  i n  i were ca lcu la ted by conf igura t ion  i n t e r a c t i o n  i n  

semi-emperical PPP approximation. 31 

PPP ca l cu la t i ons  tak ing i n t o  account l i m i t e d  conf igurat ion i n t e r a c t i o n  were performed fo r  1 and 

o ther  azaaromatic c ~ m p o u n d s . ~ ~  Good co r re la t i ons  were found w i t h  exper imental ly observed i o n i z a t i o n  

po ten t i a l s ,  s i ng le t - s i ng le t  t r a n s i t i o n  energies, po la r i za t i on  and o s c i l l a t o r  strengths as we l l  as 

w i t h  ground s ta te  molecular geometries. 

Correlat ions between experimental n and n  i o n i z a t i o n  po ten t i a l s  i n  the photoelectron spectrum o f  1 
and those ca lcu la ted by several semi-emperical quantum mechanical ca l cu la t i on  methods have been 

made w i t h  varying success33 (Tables 2  and 3). 

A  Mod i f i ed ' I t e ra t i ve  Extended HUckel Method (MIEHM) was app l ied  t o  the  photoelectron Spectrum of 

1.34 The t h i r t e e n  h ighest  molecular o r b i t a l  energies were cor re la ted w i t h  the exper imental ly ob- - 

ta ined spectrum i n  the region 8-16 eV. This method gave more recognizable "lone p a i r "  o r b i t a l s  than 

the extended HUckel method. 

Comparison o f  nmr chemical s h i f t s  of i w i t h  those ca lcu la ted by apply ing simple LCAO and SCF - 
MO (PPP approximation) methods f o r  n-electron systems showed a  f a i r l y  good l i n e a r  re la t ionsh ip .  

35 
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Table 2. Experimental and calculated n ionization potentials (IP) of 1,7*aphthyridine 

All values in eV. The A k k e l  IP (n) 's are in vnits B 

Orbital IP (n) IP (n) IP (n) IP (n) IP (n) 
observed Hiickel PPP-SCF Extended CNDO 11 

Hiickel - 

- 1  8.99 0.76 9.62 12.46 11.38 

'2 10.00 1.11 10.46 13.03 13.41 

n3 11.14 1.46 11.66 13.73 16.30 

Table 3. Experimental and calcvlated n ionization potentials of 1.7-naphthyridine. 

All values in eV 

IP (n) I IP (d2 A IP (n) IP (n), IP (")2 A IP ( 0 )  

observed observed observed extended extended extended 
Hickel Hiickel HGekel 

9.30 10.00 0.70 12.45 12.00 0.45 

11.3. Spectra 

II.3.a. In f rared Spectra 

The assignments of the  bands i n  the i n f r a r e d  sprectrum o f  1 (Fig. 1) i n  the reg ion 1700-650 cm-I 

has been and cor re la ted w i t h  those found fo r  naphthalene and o ther  azanaphthalenes. 

A t rans ferab le  valence force f i e l d  has been developed fo r  app l i ca t i on  t o  the  out-of-plane v ibra-  

t i o n s  of the parent substance 1.37 The e x i s t i n g  v i b r a t i o n  frequency assignments have been reviewed, 

r a t i o n a l i z e d  and revised. Moreover, the planar frequencies i n  the range 350-1000 cm-I were reviewed. 



1kekawa3' has repor ted  the  i r  spectrum of 1 and i t s  4-chloro d e r i v a t i v e  i n  t h e  range 700-920 cm-I 

and has attempted t o  c o r r e l a t e  the  out-of-p lane v i b r a t i o n  frequencies w i t h  t h e  pa t t e rns  of subs t i -  

t u t i o n  i n  naphthyr id ines.  S i m i l a r  at tempts were made by Rapoport and Batcho. 14 

The ir spectra of 41 subs t i t u t ed  1,7-naphthyridines (w i t h  10 d i f f e ren t  s u b s t i t u t i o n  pa t t e rns )  have 

been examined f o r  the  presence o f  s t r u c t u r a l  c h a r a c t e r i s t i c  v i b ra t i ons  i n  the  C-H out-of-p lane 

bending f r e q ~ e n c i e s . ~ ~  With a few except ions the  compounds showed r i n g  bending ( s k e l e t a l )  v ib ra -  

t i o n s  a t  680-740 cm-l; i n  case 3 ad jacent  hydrogens a re  p resent  absorpt ions were found i n  the  

ranges 750-795 and 805-830 un-l; when 2 adjacent  hydrogens a re  p resent  the  absorpt ions l i e  i n  the  

range of 780-855 cm-' and an i s o l a t e d  hydrogen shows absorp t ion  a t  855-920 cm-l. For  8-hydroxy-1.7- 

naphthyr id ine40 and 2-hydroxy-1,7-naphthyridine4' the  i n f r a red  s t r e t c h i n g  v i b r a t i o n s  of the  car-  

bony1 8-0H(CHC13): 1665 cml; 2-0H(CHC13): 1662 cm-' and the  N-H group 8-0H(CC14): 3403 cm'l; 2- 

0H(CHC13): 3400 cm-I were found, showing t h a t  these compounds main ly  e x i s t  i n  the  0x0 form. 

II.3.b. E l ec t r on i c  Spectra 

The uv spectrum of ( i n  CH30H) showed the  f o l l o w i n g  c h a r a c t e r i s t i c s  A,,,, rn ( l o g  E)] : Zlg(4.42). C 
262(3.58), 302(3.33), 313(3.28).14 The spectrum s t r o n g l y  resembles t h a t  o f  1,6-naphthyridine b u t  

9 d i f f e r s  f rom the  spectra o f  1,5- and 1,8-naphthyridine. These d i f fe rences  have been succes fu l l y  

used t o  d i s t i n g u i s h  1 ,bnaphthyr id ine  f rom 1,7-naphthyr id ine. l2, l4 The uv spec t ra  o f  1, i t s  4- 

13 c h l o r o  and 4-0x0 d e r i v a t i v e s  have been given by Ikekawa (Fig.  2) .  

log E 

.O 

- 1.7-naphthyrrdine 
......... log E 4-chloro-1.7-naphthyndrne 
- - 

. o - -  1,4-dihydro-4-oxo-1,7-naphthyridrne 

\. 

3.5 - ......... . . 

Comparison of t h e  uv spectrum o f  8-hydroxy-1.7-naphthyridine (ethanol lwater ,  i s o e l e c t r i c  pH value= 

7.32) w i t h  uv spectra of corresponding N-heteroaromatic  compound^,^^ showed t h a t  i n  t h i s  so l ven t  8- 

hydroxy-1.7-naphthyridine i s  predominant ly  present  i n  t h e  0x0 form. 

The uv spectra o f  7-methyl-l,7-naphthyridinium ca t ion ,  i t s  pseudo-base and methoxide adduct have 
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been reported." Ross e t  a1.44 have s tud ied the e lec t ron i c  low s i n g l e t - s i n g l e t  t r a n s i t i o n s  o f  

eleven diazanaphthalenes, as d i l u t e  s o l i d  so lu t ions  i n  molt-grown, monocrystal l ine hosts a t  4.2'~. 

The lowest observed t r a n s i t i o n s  i n  i ( i n  naphthalene) showed t h a t  n + n* c n + n* and t h a t  the  

separat ion between n and n* was more than 0.25 eV. The computed lone p a i r  s p l i t t i n g  pattern,  as 

w e l l  as the symnetry o f  the  lowest unoccupied n* l eve l s  were given. 

Van der Ham and Van der ~ e e r ~ ~  presented the h igh- reso lu t ion  He 584 1( photoelectron spectra of 1 
(Fig. 3) and nine o ther  diazanaphthalenes. The order ing  of the n -o rb i t a l s  and the n i t rogen " lone 

p a i r "  o r b i t a l s  was discussed. From t h i s  study i t  was 

" q K ,  

concluded t h a t  the f i r s t  i o n i z a t i o n  i n  1 takes p lace 

from a n -o rb i t a l  (see Tables 2 and 3) and t h a t  there  

A. e x i s t s  i n t e r a c t i o n  o f  non-bonding e lec t rons belong- 

i n g  t o  equ iva lent ly  placed atoms. 

General o u t l i n e  o f  the photoelectron spectrum of 1 
w i t h  i n d i c a t i o n  of empi r ica l  corrected MIEHM energies 

I PieVI rs is 1. 12 xl a was given by ~ ~ a n ~ e t - ~ a r s e n . ~ ~  The i d e n t i f i c a t i o n  of 

Fig. 3 PhotDelertron rpedrun of n bands and n i t rogen " lone p a i r "  bands was i n  perfect  

I?-naphthyridine agreement w i t h  the  r e s u l t s  of the Dutch chemists. 33 

I I .3.c.  Nuclear Magnetic Resonance Spectra 

1 The H nmr spectrum o f 1  has been described in several  papers. 8'10'19'45 The spectrum can be i n t e r -  

p re ted by f i r s t  o rder ing  s p l i t t i n g  ru les  i nc lud ing  meta, para and cross- r ing  spin-spin coupling. 

1 Fig.  4 presents the  H nmr spectrum o f  1 ( i n  CDC13), and i n  Table 4 the chemical sh i f t s ,  as we l l  as 

coup l ing  constants are l i s t e d .  45 

I 



Table 4. Chemical s h i f t s  and coupl ing constants of l ,7-onphthyridine 45 

I n  the expanded spectrum of 1 two long-range, spin-spin coupl ing can be observed: one cross-r ing 

(J4,8) and one e coupl ing ( J ~ , ~ ) . ~ ~  'H nmr spectra of some 3- and 4-subst i tu ted 1.7-naphthyri- 

dines were analyzed and compared w i t h  the spectrum of the parent compound. 46 

'H nmr spectroscopy has been found t o  be a useful t o o l  i n  the determinat ion o f  the s t ruc tu re  o f  a 

number of 1,Fnaphthyr id ines der iva t ives  and f a c i l i t a t e d  i nves t i ga t i on  on s u b s t i t u t i o n  patterns.  

1 The s i t e  of ox idat ion  of 1 (N-1 o r  N-7) has successful ly been determined by app l i ca t i on  o f  H nmr 

s p e c t r ~ s c o p y . ~ '  'H nmr spectroscopy was a l so  succesfu l ly  used t o  es tab l i sh  t h a t  the s i t e  of mono- 

pro tonat ion  and monomethylation of 1 i s  p o s i t i o n  7.48 These conclusions are based on the occurrence 

of a cross-nitrogen coupl ing between H-8 and H-6 i n d i c a t i n g  the  absence o f  the lone-pair  of n i t r o -  

gen due t o  b ind ing t o  the  pro ton o r  a l k y l  group. 

1 
By H nmr spectroscopy i t  was convincingly shown t h a t  the s i t e  of hydrogen bonding between 1 and 

water was a t  p o s i t i o n  7, as determined by s p e c i f i c  l i n e  broadening of H-6 and H-a.4g The l i n e  

broadening i s  caused by the  spin-spin i n t e r a c t i o n  between pro ton o f  the water molecule and the H-6 

and H-8 protons. 

1 Many papers descr ib ing the synthesis of new 1,7-naphthyridine de r i va t i ves  usua l ly  repo r t  H nmr 

data. They are however so numerous t h a t  they cannot be l i s t e d  i n d i v i d u a l l y  i n  t h i s  review. For 

references see the sect ions Preparat ion (111) and Reactions ( IV) .  

Tris(dipivaloy1methanato)europium (Eu(DPM)~) induced s h i f t s  o f  the  pro ton resonances of 1 and a 

number of o ther  azaaromatic compounds have been measured f o r  so lu t ions  conta in ing d i f f e r e n t  equi- 

valents o f  the s h i f t  reagent.50 The d i f fe rences observed i n  the var ious spectra o f  the complexed 

azaaromatics were discussed i n  terms o f  a s t e r i c  re la t i onsh ip  between the heterocycle and the 

complexing agent. I n  the case o f  1, complex format ion appears t o  occur almost s p e c i f i c a l l y  on the 

" isoqu ino l ine  type" n i t rogen atom. The induced s h i f t s  are l a rge r  than those observed f o r  protons i n  

s i m i l a r  pos i t ions  r e l a t i v e  t o  the  complexed n i t rogen i n  isoquinol ine.  

Lanthanide E u ( f ~ d ) ~  induced s h i f t s  o f  the protons i n  were estimated knowing the coord inat ing  

a b i l i t i e s  of the n i t rogen and t h e i r  in f luence on the chemical s h i f t s  o f  the  hydrogens i n  quiiW- 

l i n e  and i s ~ q u i n o l i n e . ~ ~  The estimated r e l a t i v e  induced proton s h i f t s  agreed almost q u a n t i t a t i v e l y  

w i t h  observed values, however w i t h  the except ion o f  H-8. 

chemical s h i f t s  (6) 

H-2 H-3 H-4 H-5 H-6 H-8 

9.14 7.67 8 .26  7 .72  8 . 7 3  9.66 

eoupling constants (Hz) 

J  J J2 2 , 4  3,4 J4 J5 

4 .2  1 .6  8 .4  0 . 9  5 . 6  0 . 9  
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The 13c nmr spectrum of 1 i s  given i n  Fig. 5.35s52 The unambigous assignments o f  the chemical 

sh i f t s  were achieved by the se lect ive heteronuclear decoupling. The observed chemical sh i f t s  were 

compared wi th  those being calculated. 35 

1 

Fig. 5 '* NMR spectrum of 1 .7 -naphthyr idp  I 
The 13c nmr spectrum o f  N-methyl-1.7-naphthyridinium f luorosulfonate has been reported.53 I t  has 

been shown by comparison o f  a number o f  spectra o f  N-methylnaphthyridinium sa l t s  t h a t  N-methyl- 

a t i on  and N-protonation have a s im i la r  s h i f t  e f f e c t  on 13c chemical sh i f t s .  The 13c chemical sh i f t s  

of 1 have been recorded as funct ion o f  the pH value. From these t i t r a t i o n  curves the ~ K ~ ( 3 . 5 7 )  and 

pK2(-1.12) values have been determined. 54,55 'H and 13c nmr spectroscopy has been proved a useful 

technique f o r  establ ishing t h a t  the s i tes  of addi t ion o f  amide ion  t o  1 are the posit ions 2 and 

The 'H and 13c nmr data of corresponding anionic o-adducts have been reported. 
56 

II.3.d. Mass Spectra 

The mass spectrum o f  was f i r s t  reported by Paudler and ~ r e s s ~ ' , ~ ~  (Fig. 6 ) .  The spectrum i s  

essent ia l ly  i den t i ca l  w i th  those o f  other 1,X-naphthyridines (X=5,6 or  8). 

Fig.6 Mass spectrum of  7.7-naphthyridinc I 
The three most abundant fragment ions i n  the spectrum of 1 were found a t  1) m/e = 103, the ion  

resu l t i ng  from expulsion of HCN from the molecular ion; i i )  m/e = 104, the fragment obtained by 

loss of C2H2 from the parent ion-radical and i i i )  m/e = 76, obtained from the m/e = 103 ion  by 

loss o f  another molecule of HCN. 



Mass spectra o f  2- and 4 - h y d r 0 x y - , ~ ~  o f  ~ , 4 - d i h y d r o x y - , ~ ~  of 2-, 3-, 4-. 5- and 8 - n 0 n o b r m - , ~ ~  of 

2.4- 3.4- and 3,5-dibrom0-~' and of 2-, 3-, 4- and 8-amin0-1,7-naphthyridines~~ were reported and 

fragmentation mechanisms were proposed. 5-Amino-1.7-naphthyridine shows s i m i l a r  fragmentation 

patterns as 2- and 3-amin0-1,7-naphthyridine.~~ Moreover, the mass spect ra l  data o f  4-hydroxy-3- 

n i t r o - .  8-hydroxy-5-nitro-. &amino-&nitro- and 8-chloro-5-nitro-1.7-naphthyridines were recorded 

and fragnentat ion pat terns  o f  these n i t r ode r i va t i ves  were suggested. 61 

11.4. I on i za t i on  Propert ies 

62 The p a  V a l w  of 1 (=3.63,' 3.7,14, 3.6-3.7 ) (Table 5) has been reported as somewhat lower than 

9 the pKa value of the 1,bisomer (=3.78),' b u t  h igher than those o f  1.5-isomer (pK=2.91) and 1.8- 

isomer (pKa=3.39). 9 

Table 5 pK ' s  of some 1.7-naphthyridines 

The greater  basic s t rength  o f 1  seems t o  i nd i ca te  t h a t  p ro tonat ion  occurs on N-7 r a t h e r  than on N-1 

(compare pKa qu ino l ine  = 4.94, pKa isoqu ino l ine  = 5.40) i n  agreement w i t h  data  more recen t l y  ob- 

tained. 48.54 

The pKa o f  8-hydroxy-1,7-naphthyridine ( ~ 2 . 6 4 )  i s  lower than 

Qo t h a t  o f  the parent compound (A pKa % 1); t h i s  i s  c e r t a i n l y  due 

t o  the  preference o f  the 8-hydroxy compound t o  e x i s t  i n  aqueous 

WN so lu t ion63 i n  the 0x0 form 2. The preference fo r  the  0x0 
0 

2 tautomer 2 i s  a lso  supported by the  r e s u l t s  o f  uv spectroscopic 

measurements. 42 

11.5. Polarography 

Polarography o f  1 and i t s  i od ide  s a l t  showed t h a t  i n  ac id  media 1 gives 2 x I F  polarographic 

waves.64 A t  ce r ta in  pH's the  f i r s t  step produces a r e l a t i v e l y  s tab le  rad i ca l  ca t i on  t h a t  undergoes 

a H -sh i f t  from n i t rogen t o  carbon, forming an unstable rad i ca l  species a t  carbon which dimerizes. 

The process i s  an acid- o r  base-catalyzed f i r s t  order react ion .  
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111. PREPARATION 

Most routes t o  the synthesis of 1,X-naphthyridines are patterned on the synthesis o f  quinolines o r  

isoquinol ines. I n  a l l  syntheses designed t o  prepare 1.7-naphthyridines, a pyr id ine der ivat ive i s  

used as s t a r t i n g  mater ial ,  having a subst i tuent,  i n  which a ni t rogen i s  present, t h a t  i s  

separated from the r i n g  n i t rogen by two carbon 

atoms. 3-Amino- o r  3 4  t ropyr id ine der ivat ives 

( s t ruc tu ra l  feature A) as wel l  as 2-cyano-, 2- 

carboxamido- o r  2-(aminomethyl )pyr id ine deriva- 

t i ves  ( s t ruc tu ra l  feature 8) have been found t o  
A 0 be useful  s t a r t i n g  substances and are frequently 

appl ied fo r  synthesizing l,7-naphthyridines. 

111.1. Syntheses of l,7-naphthyridines from 3-subst i tuted pyr id ine derivat ives 

When compounds w i th  s t ruc tu ra l  feature A are used as s t a r t i n g  mater ial  f o r  the synthesis of 1.7- 

naphthyridines, one has t o  be aware tha t  the annel lat ion can take place a t  C-4 of the pyr id ine 

r i n g  ( y ie ld ing  1.7-naphthyridines) o r  a t  C-2 ( y ie ld ing  1,s-naphthyridines) , sometimes leading t o  

mixtures of both naphthyridines. A successful synthesis o f  1.7-naphthyridines der ivat ives has been 

described from 3-aminopyridine N-oxide (1) and d ie thy l  ethoxymethylenemalonate (EMME). I t  gave the 

condensation product 4 which undergoes cyc l i za t i on  i n  re f l ux ing  Darthem A t o  afford 3-carbethoxy- 

4-0x0-1.4-di hydro-1.7-naphthyridine 7-N-oxide (5 ) .  65 



The presence o f  a N-oxide group i s  necessary t o  d i r e c t  the annelat ion i n  the r i g h t  pos i t i on  as was 

shown by the f a c t  t h a t  the analogous react ion  w i th  3-aminopyridine af forded a the 1,5-naphthy- 

r i d i n e  der ivat ive.66 Evident ly the N-oxide funct ion  i n  4 makes pos i t i on  4 i n  the py r i d i ne  r i n g  more 

nuc leoph i l i c  and there fore  promotes the add i t i on  o f  the e l e c t r o p h i l i c  carbon o f  the ethoxycarbonyl 

group. When instead of EMME ac ro le in  d iaceta l  was used as c y c l i z a t i o n  agent on ly  a small amount of 

a deoxygenated 1,bnaphthyr id ine was obtained.'' This f a c t  seems t o  i nd i ca te  t h a t  cyc l i za t i on  a t  

C-4 i n  4 i s  no t  only determined by the s t ruc tu re  of the py r i d i ne  de r i va t i ve  bu t  a lso  by the spe- 

12 c i f i c i t y  o f  the reagent. .,, 1 .. 
65 Deoxygenation o f  compound 5 w i t h  i r o n  i n  ace t i c  ac id  o r  w i t h  sodium d i t h i ~ n i t e ~ ~  fol lowed by 

hydro lys is  and decarboxylation gave 4-0x0-1,4-dihydro-l,7-naphthyridine (6). Overal l  y i e l d  4 + 6 
about 22%. 

65 Heating of compound 6 w i t h  phosphorus oxychlor ide gave 4-chloro-1,7-naphthyridine (1). . Ikekawa 13 

9 and independently A lbe r t  converted compound 1 i n t o  4-hydrazino-1,7-naphthyridine (8) from which by 

ox idat ion  w i th  cupr ic  sulphate i was obtained. This route  const i tu ted the f i r s t  p repara t ion  o f  1 

( y i e l d  1 + - 1: 40-60%). 

EMME has found wide a p p l i c a b i l i t y  as reagent i n  the synthesis o f  3-carbethoxy-4-0x0-1.4-dihydro- 

1,7-naphthyridine de r i va t i ves  (10). As substrates were used e i t h e r  the N-oxides o f  var ious 3- 

aminopyridines, o r  3-aminopyridines containing a b lock ing subst i tuent  i n  the 2(6) -pos i t ion  i.e. 9 
(R1. R2 = lower a lky l ,  a lkanoyl ,  a lkenyl ,  alkanoylamino, hydroxy, amino, hydroxymethyl, alkanoyl- 

oxymethyl). 

By a sequence o f  react ions,  i nvo l v i ng  hydro lys is  and a l k y l a t i o n  ( o r  reversed, f i r s t  a l k y l a t i o n  and 

then hydro lys is )  a great  number o f  l-alkyl-3-carboxy-4-oxo-1,4-dihydro-l,7-naphthyridines was 

prepared from%. However, these react ions  are somewhat complicated by the f a c t  t h a t  a l k y l a t i o n  o f  

10 (Or the  corresponding acid) no t  on ly  occurs a t  N-1 bu t  a l so  a t  N-7 and a t  C-4 oxygen; product - 
d i s t r i b u t i o n s  were found t o  be s t rong l y  influenced by s t e r i c  

A modi f ica t ion  o f  the method described above has been reported i n  the  patent l i t e r a t ~ r e ; ~ '  heat ing 

of the isopropylidene-3-pyridylaminomethylenemalonates (ll) i n  Dowthem A gave the corresponding 4- 

0x0-1.4-dihydro-1.7-naphthyridines (11). With 11 (RI=H) besides c y c l i z a t i o n  a t  C-4 y i e l d i n g  12, 
c y c l i z a t i o n  occurs a t  C-2, g i v i ng  the isomeric 4-0~0-1,4-dihydro-1,5-naphthyridines. 
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The Skraup method, being successful ly appl ied for  preparing 1.X-naphthyridines (X=5,6 o r  8). 
3c.73 

has only a very l im i ted  a p p l i c a b i l i t y  for  synthesing 1.7-naphthyridines, since the Skraup c y c l i -  

r a t i o n  of 3-aminopyridines ra ther  proceeds a t  pos i t i on  2 o f  the pyr id ine r i n g  y ie ld ing  1.5-naphthy- 

ridines,14 than a t  pos i t i on  4. Only 3-aminopyridines w i t h  a strongly electron-donating group a t  

pos i t i on  2 i .e.  12 o r  14 are found t o  be succesful ly "Skrauped" i n t o  8-amino- (15)18'74 and 8-0x0- 

7.8-dihydro-1,7-naphthyridine (1)8'75 respect ively (y ie lds  20-25%). There i s  one repor t  mentioning 

a y i e l d  o f  90% i n  the conversion 14 + I n  our hands t h i s  y i e l d  could never be obtained; we 

always found y i e l d s  between 20-25%. 

Compound 2 could a lso be obtained by acid hydrolysis o f  15 i n  high y i e l d  ( 8 1 % ) . ~ ~  The 0x0 group i n  

2 can eas i l y  be replaced by a chloro atom y i e l d i n g  168'14 from which one may obta in  1 by means of - 
several methods (see Scheme). On the basis o f  our own experience, the authors p re fe r  the sequence 



13 + * 1 * 16 + 2 (16- 1 according t o  method b)  as the most convenient way of prepar ing 1, since - 
the s t a r t i n g  mater ia l  13 i s  comnercially ava i lab le  and a l l  the  requ i red steps are simple and pro- 

ceed w i th  f a i r  y ie ld .  It i s  noteworthy t h a t  i n  the patent l i t e r a t u r e T 7  the synthesis o f  1 from 3- 

aminopyridine N-oxide i s  reported ( y i e l d  2-39].  his resu l t ,  however, was n o t  confinned.12 The 

Patent a l so  mentioned the synthesis of 2-, 3- and 4-methyl-1,7-naphthyridine and t h e i r  7-N-oxi- 

des. 77 

The Fr iedlander method of preparing qu ino l ine  by r e a t t i o n  o f  an 0-aminoarylaldehyde w i t h  a reagent 

capable t o  react  w i t h  both amino and aldehyde subst i tuents,  has been widely app l ied  t o  the  syn- 

thes is  of a number o f  2- and 3-mono- and 2,3-di-substituted 1.7-naphthyridines. When 3-aminoisoni- 

cotinaldehyde (l7) i s  reacted w i t h  aldehydes o r  ketones i .e.  18 o r  w i t h  a c t i v e  methylene compounds, 

ca r r y i ng  ester,  keto o r  n i t r i l e  functions, i .e.  19 the 1,7-naphthyridines are formed. 78.79 

Compound g was obtained by reduct ion  o f  methyl 3-aminoisonicotinate i n  about 80% y ie ld .79 However 

no experimental d e t a i l s  were given. 

20 

R, =Me,  R2=COOEt 
R, ;Me. R2=COMe 
R, 'OH. R2 =COOEt 
RI =NH2 Rt  = C N  
R, = N & R ~  =CONH! 
R, =oH, 'R~ = C N  

The Borsche modi f ica t ion  o f  the FriedlB'nder quinol  i ne  synthesis,  i nvo l v i ng  condensation o f  the keto 

compound 18 w i t h  the S c h i f f  base has been shown t o  be a l so  useful i n  the preparat ion o f  s m e  2- 

mono- and 2.3-di-substituted l,7-naphthyridines (20). 80'81 However a disadvantage of t h i s  method i s  

t h a t  the preparat ion o f  11 i s  troublesome and t h a t  the y i e l d s  obtained s t rong l y  vary, depending 
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on the subst i tuents  R1 and R2 present i n  18. Another i n t e r e s t i n g  mod i f i ca t i on  o f  the methods d i s -  

cussed above i s  the use o f  8-(3-amino-4-pyridy1)acrylic ac id  (22) as s t a r t i n g  substance; reac t i on  

w i t h  hydroxylamine gave the 2-om-1.2-dihydro-1.7-naphthyridine ( g ) . "  Unfortunately, compound 22 
i s  no t  r e a d i l y  accesible. 

Previous attempts t o  apply the  Conrad-Limpach react ion  t o  the preparat ion o f  naphthyridines, u t i l i -  

z i ng  3-aminopyridine (24) as s t a r t i n g  substance has been repor ted t o  be unsuccesfu182 o r  t o  proceed 

w i t h  a very poor y i e l d  t o  a product o f  undetermined s t r ~ c t u r e . ' ~  Recently i t  was founda4 however, 

t h a t  e thy l  8-(3-pyridy1amino)crotonate (25). obtained from 4 and e thy l  acetoacetate, undergoes 

c y c l i z a t i o n  i n  re f lux ing diphenyl e ther  t o  g i ve  i n  75% y i e l d  a mix ture  o f  2-methyl-4-0x0-1,4- 

dih~dro-1,s-naphthyridine (26) and 2-methyl-4-0~0-1,4-dihydro-1,7-naphthyridine (z) ( r a t i o  4 : I ) .  

Niementowski's method using e t h y l  3-aminoisonicotinate (28) and e t h y l  malonate was found t o  g i ve  a 

convenient procedure f o r  prepar ing e t h y l  4-hydroxy-2-oxo-1,2-dihydro-1,7-naphthyridine-3-carboxy- 

l a t e  (E).l1 Af ter  hydro lys is  and decarboxylat ion 4-hydroxy-2-oxo-l,2-dihydro-1,7-naphthyridine 

(30. 97%) was obtained. 11 



1. N O  1 KOH,H20 

2 HCl 
- 

N\ 
2, H L I  

Compound 30 was a l s o  prepared d i r e c t l y  by t reatment of 28 w i t h  e t h y l  ace ta te  i n  the  presence of 

sodium h~d r i de . ' ~ . ' ~  From 30 2.4-dichloro-1.7-naphtyridine (3l) can be prepared. which e a s i l y  

undergoes hydraz ino lys is  i n t o  2.4-hydrazino-1,7-naphthyridine.ll Oxida t ion  w i t h  c u p r i c  su lphate  

gave 1. 
3 -N i t r opy r i d i ne  d e r i v a t i v e s  as s t a r t i n g  ma te r i a l  f o r  the  p repara t ions  of some 1.7-naphthyridines 

have been reported. An example i s  the  r educ t i ve  c y c l i z a t i o n  o f  e t h y l  (2-methoxy-5-nitro-4-pyridy1)- 

pyruvate (32) under i n f l uence  o f  H2/Pt02 a f fo rd ing  3-hydroxy-6-methoxy-2-oxo-l,2,3,4-tetrahydro- 

1,7-naphthyridine (21). Treatment of 33 w i t h  p-toluenesulphonylchloride leads t o  dehydrat ion 
I 

y i e l d i n g  bmethoxy-2-0x0-l,2-di hydro-1.7-naphthyridine (34). This  compound was converted by the  

convent ional  sequence o f  reac t ions  i n t o  6-methoxy-1.6-naphthyridine (35). 
88 

- 
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Analogously, reduct ive cyc l i za t i on  of 36 (R=Et, CH2C02Et) by H2/Pd gave the tetrahydro-1.7-naphty- 

r i d i n e  2 and the 6-azaindole de r i va t i ve  38." I n  case of 36 (R-Prop) only 37 was obtained. 

Upon i r r a d i a t i o n  of 3-methacryloylaminopyridine (39) w i th  a 450 W high pressure mercury arc lamp 

through Pyrex f i l t e r  a mixture of the tetrahydro der ivat ives of 1.5- (40) and 1.7-naphthyridine 

(41) was obtained." Oxidation of 41 w i t h  selenium dioxide gave 3-methyl-2-ow-12-dihydro-1,7- 

naphthyridine (42). 

111.2. Syntheses of 1.7-naphthyridines from 2-subst i tuted pyr id ine der ivat ives 

A number o f  i n te res t i ng  syntheses o f  1.7-naphthyridines has been described using 2-cyanopyridine 

der ivat ives as s t a r t i n g  substances. Subjecting (2-cyano-3-pyridy1)acetonitrile (2) t o  treatment 

w i t h  hydrobromic acid i n  ether 6-amino-8-bromo-1.7-naphthyridine (3) has been obtained.'' By a 

conventional ser ies of react ions 1 could be obtained.'' Treatment o f  compound 3 wi th  sodium 

alkoxides gave 6-alkoxy-8-amino-1.7-naphthyridines (45)  as main product together w i th  some 8- 

alkoxy-6-amino-1,7-naphthyridines (46). 91.92 



A great  number of 6-R1-8-amino- and 5.6-R1,R2-&amino-1.7-naphthyridines (48) was prepared by a 

base-catalyzed condensation of 2-cyano-3-R1-pyridines (47). In t h i s  conversion 2-cyano-3-R1-pyri- 

dines (47) may reac t  e i t h e r  w i t h  themselves o r  w i t h  o ther  n i t r i l e s .  93-95 

An i n t e r e s t i n g  modi f ica t ion  i n  the preparat ion o f  1,7-naphthyridines from 2-cyanopyridines der iva- 

t i v e s  i s  developed by Baldwin and c o - w ~ r k e r s . ~ ~  They prepared 8-0x0-78-dihydro-l,7-naphthyridine 

(1) - i n  low y i e l d -  by an acid-catalyzed c y c l i z a t i o n  of enamine 50. The enamine 50 was obtained by 

the  react ion  o f  2-cyano-3-methylpyridine (49) and dimethylformamide dimethyl aceta l  i n  DMF. 

Some syntheses o f  1.7-naphthyridine der iva t ives  have been reported using 2-carboxamidopyridine 

der iva t ives  as s t a r t i n g  mater ia l .  6,8-Dihydroxy-1.7-naphthyridine (52)*  was synthesized by cyc l iza-  

• ÷ .  
Slnee the tautameric structure is not known we refer t o  compound 2 as the 6,8-dihydroxy compound. 
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t i o n  o f  the amnonium s a l t  of B-homoquinolinic ac id  (1) on fusion8' o r  from the diamide o f  8- 

homoquinolinic ac id  (53) by heat ing i n  b o i l i n g  n-amyl 

A modi f ica t ion  of t h i s  method i s  the  sodium methoxide catalyzed r i n g  t ransfonra t ion  o f  the c y c l i c  

imide (54) a f f o rd ing  a mix ture  o f  methyl-5-hydroxy-8-oxo-7,bdihydro-l,7-naphthyridine-6-carboxylate 

(5, 20%) and the 8-hydroxy-5-oxo-5,6-dihydro-1,6-naphthyridine-7-carboxylate (9, 5 0 % ) . ~ ~  i t  i s  o f  

i n t e r e s t  t o  mention t h a t  t h i s  react ion  has been described e a r l i e r  98'99'100 as a method fo r  prepa- 

r i n g  1.6-naphthyridines. However the  1,Fnaphthyr id ine 55 escaped detec t ion  due t o  i t s  l a rge  solu- 

b i l i t y  i n  water. The same compounds 55 and 56 were a l so  obtained from the q u i n o l i n i c  ac id  der iva- 

t i v e  57 upon react ion  w i t h  a methanolic s o l u t i o n  of CH30Na. 101 

One react ion  has been repor ted i n  which a 1.7-naphthyridine i s  obtained from a 2-(aminomethyl ) p y r i -  

d ine  der iva t ive :  heat ing of the t o s y l  de r i va t i ve  gave product e, from which a f t e r  hydro lys is  

and decarboxylat ion 5-hydroxy-1.7-naphthyridine (2) could be obtained i n  good y ie ld .  102 



I V .  REACTIONS 

IV.1.  Subs t i t u t i on  Reactions 

1Y.l.a. E l e c t r o p h i l i c  Subs t i t u t i on  

I n  1.7-naphthyridine w i t h  i t s  ten  delocal ized "-electrons located i n  f i v e  molecular o r b i t a l s  the 

pos i t i ons  a and f t o  the n i t rogen have a lower n-electron densi ty than the 8-posi t ions.  As can be 

expected, e lec t roph i les  reac t  p r i m a r i l y  w i t h  the r i n g  n i t rogen t o  g ive  a ca t i on i c  species being 

deact ivated f o r  a f u r t h e r  e l e c t r o p h i l i c  a t tack  on the r i n g  carbon atom. If s u b s t i t u t i o n  on carbon 

takes place, pos i t i on  3 i s  more favour i te  than pos i t i on  5. Bromination o f  hydrobromide (60) of 

1.7-naphthyridine i n  nitrobenzene w i t h  1.1 equivalent of bromine a f fo rded 3-bromo-l,7-naphthyri- 

d ine (61). 5-bromo-1,7-naphthyridine (62) and 3,5-dibromo-1,7-naphthyridine (63). 103 

With an excess o f  bromine (2.5 equiv.) 60 gave almost exc lus ive ly  the  dibromo compound 63 i n  the  

y i e l d  o f  75%. 

S im i l a r l y ,  bromination o f  the hydrochlor ide s a l t  of 1.7-naphthyridine gave besides bromo compounds 

61, 2 and E, also small amounts o f  ch loro  and bromochloro de r i va t i ves  of 1.7-naphthyridine. 
103 

- 
Surpr is ing ly ,  treatment o f  unsubr t l tu ted l,7-naphthyridine w i t h  bromine i n  CC14 gave no 61, b u t  

on l y  i n  low y i e l d  62 (25%) and 63 (2%). 18 

The presence of powerful electron-donating subst i tuents  f a c i l i t a t e s  e l e c t r o p h i l i c  subst!tution. 

Thus, w i t h  the  appropr iate reagents, 4-0~0-1,4-dihydro-l,7-naphthyridine (5) cou ld  be e a s i l y  con- 

ver ted i n t o  the  3-bromo- (64).lo4 3-chloro- (65) 104,105 and 3-nitro-4-0~0-1,4-dihydro-1,7-naphthy- 
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Halogenation and n i t r a t i o n  of 7.8-dihydro-8-0x0-l,7-naphthyridine (2) a lso  takes place read i l y .  The 

enter ing  e lec t roph i l e  i s  d i rec ted  t o  the 5 p o s i t i o n  affording 5-brom-(67)-,5-chloro- (E) and 5- 

nitro-8-oxo-7,8-dihydro-1,7-naphthyridine (69) i n  reasonable y i e l ds .  76 

Bromination and ch lo r i na t i on  o f  8-amino-1,7-naphthyridine (15) proceeds s im i l a r l y ;  the enter ing  

e lec t roph i l e  at tacks the pos i t i on  para t o  the  amino group g i v i ng  5-brom- (70) and 5-chloro-8- 

amino-1,7-naphthyridine (2). 76 

The presence o f  two e lec t ron  donating groups makes n i t r a t i o n  t o  proceed very eas i ly .  For example, 

4-hydroxy-2-oxo-1,2-dihydro-1,7-naphthyridine (30) afforded the corresponding 3-nitro-1.7- 

naphthyr id ine de r i va t i ve  i n  h igh y i e l d .  85 



1V.l.b. Nucleophi l ic  Subs t i t u t i on  

The n-def ic ien t  character o f  the 1,Fnaphthyr id ine r i n g  makes t h i s  system h i g h l y  vulnerable t o  

nuc leoph i l i c  attack; i t  i s  there fore  no t  su rp r i s i ng  t h a t  q u i t e  a number o f  papers has appeared 

deal ing w i th  the var ious aspects o f  nuc leoph i l i c  s u b s t i t u t i o n  of 1 and i t s  der iva t ives .  The reac- 

t i v i t y  o f  the parent system towards amide ion, leading t o  amino-1,7-naphthyridines, towards phenyl- 

l i th ium,  y i e l d i n g  phenyl 1,7-naphthyridines and towards methylsul f inylcarbanion i n  DMSO, a f f o rd ing  

methyl 1.7-naphthyridines has ex tens ive ly  been invest igated. The experimental r e s u l t s  have been 

screened against  the pred ic t ions ,  based on semi-empirical quantum mechanical ca lcu la t ions  o f  nucleo- 

p h i l i c  subst i tu t ions .  107,108 

Paudler and Kress aminated 1,7-naphthyridine (1) w i t h  potassium aminde i n  l i q u i d  ammonia a t  room 

temperature f o r  8 days and obtained as so le  product 8-amino-1.7-naphthyridine (15, 56%).18 However 

i t  was found t h a t  when i s  t rea ted by potassium amide i n  l i q u i d  ammonia a t  -33' f o r  4 h a mix ture  

o f  2-amino-(75, 8%) and &amino-1.7-naphthyridine (15, 8%) was obtained.76 By nmr spectroscopy i t  

was shown t h a t  d isso lv ing  1 i n  l i q u i d  a m n i a  containing potassium amide gave very r a p i d l y  two 1:l 

o-adducts i .e.  2-amino- (74) and 8-amino-dihydro-1.7-naphthyridinides (2). 56 
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It has been suggested, 56s109 t h a t  the rap id  formation o f  the o-adducts indicates tha t  the t r a n s i t i o n  

State has a s t ructure c lose ly  re la ted  t o  tha t  o f  the s t a r t i n g  mater ial  and thus the attack o f  

the amide i o n  i s  cont ro l led by the e lect ron densit ies on the several pos i t ions i n  the 1.7-naphthy- 

r i d i n e  ring.56'107s10' Recent HMO ca lcu la t ions on nuc leophi l ic  subst i tu t ions react ions i n  1.7- 

naphthyridine ( i n  which ca lcu la t ions the nature o f  the nuc leophi l ic  reagent has a lso been taken 

i n t o  consideration), ind icate  t h a t  pos i t i on  2 i n  1 has the lowest e lec t ron density, followed by 

tha t  on pos i t i on  8. 18'23'107s10' These calculat ions are i n  good accordance w i th  the experimental 

resu l ts ,  i n  contrast t o  ca lcu la t ions on r e a c t i v i t y  indices such as the super d e l o c a l i z a b i l i t y  (Sr-) 

and f r o n t i e r  o r b i t a l  density toward nucleophiles ( f r - ) ,  which p red ic t  r e a c t i v i t i e s  on posi t ions 

being sometimes incons is tent  w i t h  experimental resu l ts . lo7 In te res t i ng l y  i t  was found56 tha t  

changing the temperature o f  the so lu t i on  containing and 74 from -40 '~  t o  +lo%, the mixture 

i r r e v e r s i b l y  converts i n t o  12. From t h i s  observation i t  i s  c lea r  why g i s  the on ly  product formed 

when the amination takes place a t  room temperature,'' and why a mixture of 15 and L5 i s  formed a t  - 
- 3 3 ' ~ . ~ ~  The higher thermodynamic s t a b i l i t y  o f  73 has been ascribed t o  the a r a - a l l y l i c  resonance 

1 s tab i l i za t i on ,  being possible i n  73 but  not  i n  74. High 13c- and H-upf ield s h i f t  values being 

found f o r  pos i t i on  5 i n  73 confirm t h i s  hypothesis. It was a lso observed t h a t  when potassium 

permanganate was added t o  the so lu t i on  o f  73 and 74 i n  l i q u i d  amnonia-potassium amide a t  -40 '~  a 

mixture o f  75, (26%) and 2 (19%) was obtained, together with,  unexpectedly, some 4-amino-1,7- 

naphthyridine (76, 10%). 56 

Phenylation of 1 w i t h  phenyl l i th ium a t  15-20' gave 2-phenyl-1.7-naphthyridine (11).12 The or ien- 

t a t i o n  i n  the phenylation t o  C-2 i s  no t  i n  accordance w i t h  t h a t  found i n  the amination a t  room tem- 

perature. 



Methy la t ion  o f  i w i t h  methy lsu l f iny lcarban ion  a t  70' a f fo rded 4.8-dimethyl-1.7-naphthyridine (78). 

The f r o n t i e r  o r b i t a l  dens i ty  ( f r - )  has been found t o  be the  most s u i t a b l e  index  f o r  p r e d i c t i n g  the  

s i t e  o f  a t t ack  f o r  t h i s  anion (C-4 > C-8). lo7 Reaction o f  benzoyl c h l o r i d e  and potassium cyanide 

w i t h  1.7-naphthyridine furnished the  Re i sse r t  compound 2. 12 

Halogen displacement reac t ions  i n  1.7-naphthyridines have ex tens i ve l y  been inves t iga ted .  I n  recent  

years much a t t e n t i o n  has been pa id  t o  the  reac t ions  o f  halogeno-1.7-naphthyridines w i t h  potassium 

amide i n  l i q u i d  amnonia. Amination o f  3-bromo- (2) and 3-chloro-1,7-naphthyridine (80) by potas- 

sium amide i n  l i q u i d  amnonia gave a m i x tu re  o f  3-amino- (82) and 4-amino-1,7-naphthyridines (76) 

( t o t a l  y i e l d  o f  96% from 61 and t o t a l  y i e l d  of 25% from 80)  formed i n  the  r a t i o  42:58.'1•‹ Th is  

r a t i o  i s  independent o f  the  na ture  o f  halogen and i s  nea r l y  t h e  same as t h e  r a t i o  o f  3- and 4-amino 

d e r i v a t i v e s  formed i n  analogous reac t ions  f rom 3-bromo-1.8-naphthyridine, 3-bromo-l&naphthyri- 

dine1'' and 3 - b r o m 0 ~ u i n o l i n e . ~ ~ ~  These fac ts  present  good evidence f o r  the  intermediacy o f  3,4- 

didehydro-1.7-naphthyridine (81) i n  the  aminat ion reac t ions  o f  61 and 80. 

'H nmr spectroscopy showed t h a t  3-chloro-1.7-naphthyridine (80) forms w i t h  the  amide i o n  t h e  o- 

adduct 2-amino-3-chloro-dihydro-1,Fnaphthyridinide (83) i n  a very f a s t  r e a c t i o n . l l 0  It i s  an 

i n t e r e s t i n g  ques t ion  whether the  adduct fo rmat ion  precedes the  formation o f  t h e  didehydro compound 

(El) o r  whether i s  d i r e c t l y  formed f rom 80 s t i l l  be ing  present  i n  a smal l  e q u i l i b r i u m  concen- 

t r a t i o n .  

Amination o f  Cbromo- (84) and 4-chloro-1.7-naphthyridine (1) by KNH2/l iquid NH3 a f f o rded  a l so  the  
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mixture of 3- and 4-amino compounds 82 and 76 (83% from 3 and 58% from L ) . l 13  However, the r a t i o  

of 82:E i s  different; 35:65 from 84 and 22:78 from 1. This r e s u l t  suggests t h a t  the 4-haloyeno- 

1.7-naphthyridines 84 and 1 are aminated no t  on ly  through 81 bu t  a lso according t o  an addit ion- 

e l iminat ion mechanism, invo lv ing in temed ia te  85 [ S N ( ~ ~ )  p r o c e s j  . 
2-Chloro- (86) and 2-bromo-1.7-naphthyridine (87) gave on treatment w i t h  potassium amide i n  l i q u i d  

anmonia a ser ies o f  products: 2-amino-1.7-naphthyridine (75) formed by the SN(AE) mechanism, 4- 

amino- (76) and 8-amino-l,7-naphthyridine (l5), formed by a tele-amination process and 4-amino-2- 

methyl-1,3,7-triazanaphthalene (88) .  74 

NH. 

'H nmr spec l i q u i d  a m n i a  containing potassium ami (see f igure 7 

on the next page) showed tha t  86 i s  converted i n t o  a mixture of two o-adducts i .e. the 8-amino- 

(89) and the 4-amino-2-chloro-dihydro-1,7-naphthyridinides (90). 56,114 A f o m e r  i n te rp re ta t i on  o f  

1 the H nmr spectrum leading t o  the conclusion tha t  besides these two adducts a t h i r d  adduct i .e .  6- 

amino-2-chloro-dihydro-1,7-naphthyridinide was f o ~ m e d , ~ ~  was found t o  be incorrect .  56,114 

Adduct 90 i s  the precursor o f  both 76 and 88 (see sect ion IV.4.) and 89 i s  the precursor o f  15. The 

tele-amination 89-r 15 can be described t o  involve as intermediate the 8-amino-2-chloro-1.8-dihydro- 

l,7-naphthyridinide (91) which undergoes a base-catalyzed dehydrochlorination i n t o  15. 



Fig. 7 'H NtiR sp.rtrun of solution of 2-chloro-1,Pnaphthyridine in KN&/N& 
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Another example of a tele-amination has been found w i th  8-chloro(bromo)-1.7-naphthyridine (3, 2); 
i n  t h i s  react ion besides 8-amino-1.7-naphthyridine ( l 5 )  [ s ~ ( A E )  process] 2-amino-1.7-naphthyridine 

(75) Was found. The formation o f  75 involves the intermediacy o f  o-adduct 2 and 2-amino-8-chlom- 

2,8-dihydro-l,7-naphthyridine ( the isomer of 91). There i s  some nmr evidence f o r  the occurrence of 

o-intermediate (93). 74,115 

On amination w i th  potassium amide i n  l i q u i d  amnonia 5-bromo-1,7-naphthyridine (62) undement a 

tele-amination i n t o  8-amino- (15) and 2-amino-1.7-naphthyridine (75) and a Chichibabin react ion 

y i e l d i n g  8-amino-5-bromo-1.7-naphthyridine (94). 76 

The analogous react ion w i t h  5-chloro-1.7-naphthyridine was found t o  occur a t  a much lower ra te  than 

1 w i t h  and gave only 8-amino-5-chloro-1.7-naphthyridine ( i n  a small y i e l d )  and traces o f  15. H 

nmr evidence has been presented which convincingly shows t h a t  both the 5-bromo- and 5-chloro-1,7- 

naphthyridine undergo add i t i on  o f  the amide ion a t  pos i t i on  8 i .e.  95 and t h a t  the 5-chloro com- 

pound a lso gives some addi t ion a t  pos i t i on  2 i .e .  96. 76 



Halogen i n  pos i t i on  a o r  I t o  the  r i n g  n i t rogen atoms i n  1,7-naphthyridine can r e a d i l y  be replaced 

by amino, hydrazino and methoxy groups. Thus, the replacement o f  the ch loro  atom i n  2-chloro- 

(86)11 and 4-chloro-1.7-naphthyridine (1)113 on treatment w i t h  amonia i n  phenol leading t o  2- 

amino- (75, 51%) and 4-amino-1.7-naphthyridine (Lf?, 52%) can be eas i l y  achieved. 4-Chloro-1,7- 

naphthyr id ine (1) reacts w i t h  subst i tu ted amines a t  e levated temperature t o  y i e l d  4-a lky l (ary1)  

amino der iva t ives  (97). 116 

With e thano l ic  a m n i a  3.4-dibrano-1,7-naphthyridine (98) (130'. 4 h) and 8-chloro-5-nitro-1,7- 

naphtyr id ine  (100) ( l l oO ,  4 h) g ive  4-amfno-3-bmm- (99)60 and 8-amino-5-nitro-l,7-na~htyridine 

(N)~' respect ively.  

2.4-Dichloro-1,7-naphthyridine (2) heated a t  150' f o r  15 h i n  e thano l ic  amnonia s o l u t i o n  gave a 

mixture o f  2-amino-4-chloro- and 4-amino-2-chloro-1.7-naphthyridines i n  near ly  equal amounts. 60 

The hydrazino compounds were o f t en  used as intermediate t o  replace a halogen atom a t  the  a- o r  
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I -pos i t ion  by a hydrogen atom. This replacement can take p lace by ox idat ion  of the  hydrazino com- 

pound, usua l l y  cup r i c  sulphate being used as oxidator.  See fo r  examples, Chapter 111. (1 + 1, 9,13 

16 + 1;14 + 3 - 11'117 - -  44 + 1;'' - -  34 + 3588) and 4-chloro-2-oxo-1,2-dihydro-1,7-naphthyridine (102) 
i n t o  2-0x0-1,2-dihydro-l,7-naphthyridine (23). 11,118 

3,4-Dibromo- (%)Io3 and 3.4-dichloro-l,7-naphthyridine ( E ) ~ ~ ~ , ~ ~ ~  reac t  w i t h  hydrazine under 

m i l d  condi t ions (ZOO) predominantly a t  the 4 pos i t ion .  A f t e r  ox idat ion  o f  the hydrar ino der iva t ives  

3-bromo- and 3-chloro-1,7-naphthyridine (83)105'110 were obtained. I n  both react ions 1,7- 

naphthyr id ine (1) was i so la ted  as we l l  i nd i ca t i ng  t h a t  hydrazino-dehalogenation, besides a t  

p o s i t i o n  4, a lso  occurs a t  p o s i t i o n  3. S im i l a r l y ,  from 5,8-dibromo- (2) and 5,s-dichloro-1.7- 

naphthyr id ine (E), 5-bromo- (62) and 5-chloro-1,7-naphthyridine (E) were obtained.76 Tosyl- 

hydrazine reacts w i t h  8-chloro-1.7-naphthyridine8 bu t  was found t o  be unreact ive w i t h  3,4-dihalo- 

geno-1,7-naphthyridines. 104 

2- and 4-Chloro-1,Fnaphthyridines reac t  w i t h  methoxide y i e l d i n g  the corresponding 2- and 4-methoxy- 

1,7-naphthyridine (25%).lo5 2,4-Dichloro- (3l) or  2,4-dibromo-l,7-naphthyridine (107) on t r e a t -  

ment w i t h  b o i l i n g  aqueous hydroch lor ic  o r  hydrobromic ac id  af forded 4-chloro- (102)" and 4-bromo- 

2-0x0-1.2-dihydro-1.7-naphthyridine respect ive ly .  I n  cont ras t  t o  the react ion  w i t h  ammonia 



i t  i s  ev ident  t h a t  under these cond i t ions  the  halogeno atom a t  p o s i t i o n  2 i n  i n  and 107 i s  

p r e f e r e n t i a l l y  displaced. P o s i t i o n  4 i s  a l s o  vu lnerab le  f o r  n u c l e o p h i l i c  exchange as appears from 

the  f a c t  t h a t  upon heat ing  o f  the  2.4-dibromo-1,7-naphthyridine (107) w i t h  aqueous hyd roch lo r i c  

ac id ,  besides the  4-bromo compound E, 4-chloro-2-oxo-1,2-dihydro-1,7-naphthyridine (102) was 

formed as we l l .  60 

Numerous examples a re  descr ibed i n  which 0x0 groups i n  p o s i t i o n s  u or 1 t o  the  r i n g  n i t r ogen  atoms 

a re  converted i n t o  ch l o ro  o r  bromo groups by the  a c t i o n  o f  POC13 o r  POBr3. Thus, f rom 2-0x0-, 11.88 

4-0x0- 65,113 and 8 - o x o - d i h y d r o - 1 . 7 - n a p h t h y r i d i n e ~ ~ ~ ~ ~ ~ ~ ~  the  corresponding ch l o ro  and bromo d e r i -  

va t i ves  were obtained. S i m i l a r l y ,  from 4-hydroxy-2-0x0-1.2-dihydro-, 3-bromo-(or ch1oro)-4-0x0-1,4- 

d i  hydro- and 5-bromo-(or ch1oro)-8-0x0-7,8-di hydro-1.7-naphthyridines the  corresponding 2,4-, 11 

3,4-'04 and 5,8-76 dibromo and -d i ch l o ro  compounds were synthesized. 

While 8-0~0-5-nitro-7.8-dihydro-l,7-naphthyridine on t reatment w i t h  POC13 on l y  gave the  8-chloro-5- 

n i t r o  d e r i ~ a t i v e , ~ ~  w i t h  3-nitro-4-oxo-1,4-dihydro-l,7-naphthyridine (66) both  0x0 and n i t r o  group 

were replaced, g i v i n g  3,4-dichloro-1.7-naphthyridine ( E ) . l o 4  Replacement of a n i t r o  group was 

a l s o  observed when 66 was heated w i t h  POBr3 3,4-dibromo-1,7-naphthyridine (98) be ing  obtained.60 I t  

i s  i n t e r e s t i n g  t o  no te  t h a t  3-nitro-4-o~o-1,4-dih~dro-l,5,~~~ -1.6-I'g and -1 ,bnaphthyr id ines  120 

w i t h  POC13 gave on ly  the  4 -ch lo ro-3-n i t ro  de r i va t i ves .  

1 t  has been found74 t h a t  r eac t i on  o f  8-0~0-7,8-dihydro-1,7-naphthyridine (2) w i t h  POW3 gave as 

main p roduc t  the  Bbromo-1,7-naphthyridine (109) and i n  a d d i t i o n  smal l  y i e l d s  (ca 2%) of 3.8- 

dibromo- (110) and 5,8-dibromo-1,7-naphthyridines (104). 121 
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1V.2. Reduction 

C a t a l y t i c  hydrogenation o f  1,7-naphthyridine (1) over Pd-CaC03 (Pd 15%) a f fo rded 98% o f  1,2,3,4- 

tetrahydro- (111) and 2% of 5.6.7.8-tetrahydro-1.7-naphthyridine (E).~' Re invest iga t ion  of t h i s  

reduct ion  shwed t h a t  hydrogenation of 1 over pal ladium on charcoal (5% Pd) gave a mix ture  o f  

d i f f e r e n t  composition i.e. 111 (57%) and 112 (43%).lZ2 Reduction o f  w i t h  sodium i n  ethanol gave 

t rans  decahydro-l,7-naphthyridine (113). 122 - 

H-N + H N m  

H 

Hydrogenation o f  6-n~thoxy-2-oxo-1,2-dihydro-1,7-naphthyridine (2) over Pd/charcoal afforded 6- 

methoxy-2-oxo-1,2,3,4-tetrahydro-1,7-naphthyridine (z).@ Treatment o f  34 w i t h  hydrogen bromide 

gave 2,6-dioxo-1,2,6,7-tetrahydro-1,7-naphthyridine (116) which on f u r t h e r  reduct ion w i t h  hydrogen 

over plat inum oxide and p a l l a d i  urn y ie lded  &-2,6-dioxo-decahydro-1.7-naphthyridine (17). 2.6- 

Dioxo-1,2,3,4,6,7-hexahydro-1,7-naphthyyidine (115) was obtained by f i s s i o n  of methoxy group i n  

114 by HBr. - 



Li th ium aluminium hydr ide has been used as reagent t o  prepare 5,6,7,8-tetrahydro-1.7-naphthyridine 

(119) from e i t h e r  compound 118 or  = . I z 3  

Reduction o f  Echloro-1.7-naphthyridine w i t h  hydrogen over Pd/C gave 1,7-naphthyridine i n  30% 

yield.'' Hydrogenation of 6-amino-8-bromo-1.7-naphthyridine (44) i n  a l coho l i c  KOH so lu t i on  over 10% 

Pd/C leads t o  debromination producing 6-amino-1,7-naphthyridine (81% yield).'' Attempts t o  obta in  

5-amino-1,7-naphthyridine (121) by reduct ion o f  8-chloro-5-ni tro-1.7-naphthyridine (100) f a i l e d  

when H2/Pd o r  Zn/H2S04 were used as reagent,76 bu t  were succesful when SnCl2/HC1 was used. 60 

Besides a l so  small amounts of 5-amino-63-dichloro- (122) and 5-amino-8(or 6)-chloro-1,7- 

naphthyridines (123) were formed. 
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Reduction o f  3-nitro-4-0x0-1.4-dihydro- 

compound 124. 67,106 

r r i th  Raney n i cke l  gave the 3-amino 

IV.3. Reactions on Nitrogen 

Quatern iza t ian  o f  1.7-naphthyridine w i t h  methyl i od ide  takes p lace a t  N-7, y i e l d i n g  7-methyl-1.7- 

naphthyr id in ium iod ide (E).~' The pos i t i on  of methy la t ion  was proven by the s t ruc tu re  of the  

ox idat ion  product i .e.  126 obtained from the s a l t  by treatment w i t h  potassium fe r r i cyan ide  i n  

a l k a l i n e  medium. I n  a l ka l i ne  medium 125 undergoes covalent hydra t ion  a t  C-8, y i e l d i n g  the 1:1 o- 

adduct 127.43 



Methylat ion of 1.7-naphthyridine by means of methyl f luorosu l fonate  ("magic methyl") afforded 1.7- 

dimethyl-1.7-naphthyridinium d i f l uo rosu l f ona te  (=).lz4 This s a l t  has been found t o  be h igh l y  

reac t i ve  t o  nuc leoph i l i c  add i t i on  a t  pos i t i on  2 g i v i ng  129. 

Protonat ion o f  1.7-naphthyridine a l so  occurs a t  N-7,  as was proven by mnr s p e c t r o ~ c o p y ~ ~ ' ~ ~  (see 

Chapter II.3c.). 

Since the discovery t h a t  3-carboxy-l-ethyl-7-methyl-4-oxo-l,4-dihydro-l,8-naphthyridine ( n a l i d i x i c  

ac id)  was a an t i bac te r i a l  agent, many analogous 1.7-naphthyridine der iva t ives  were synthesized and 

screened on a c t i v i t y .  The patent l i t e r a t u r e  covers much in format ion  about the preparat ion o f  a 

great  number o f  N-1 and N-7 de r i va t i ves  of var ious 3-carboxy-4-oxo-l,4-dihydro-l,7-naphthyridine 

and t h e i r  esters.68-71'125 

1,7-Naphthyridine on treatment w i t h  perbenzoic ac id  (PEA) i n  CHC13 a t  room temperature afforded a 

mix ture  o f  the 7-N oxide 130 and I-N oxide 131 i n  the r a t i o  15: l.47 This r a t i o  seems t o  r e f l e c t  the 

r e l a t i v e  b a s i c i t y  o f  the two n i t rogen atoms, s ince the i soqu ino l i ne - l i ke  n i t rogen i .e.  N-7 i s  more 

basic than the qu ino l i ne - l i ke  atom i .e.  N-I. If the ox idat ion  of i wi th  perbenzoic ac id  was ca r r i ed  

out  i n  b o i l i n g  ch lo ro fom 1.7-naphthyridine 1,7-di-N-oxide (132) was obtained.47 The y i e l d  of the 

I,'/-di-N-oxide 132 was considerable improved when the ox idat ion  of was ca r r i ed  out  w i t h  

By reduct ion of w i t h  H2/Raney n i cke l  1.7-naphthyridine I-N-oxide (131) was 

obtained i n  26% y i e l d .  105 
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IV.4. Ring Transformations 

A photo-induced r i n g  transformation i n  the 1.7-naphthyridine ser ies i s  found when 1.7-naphthyridine- 

3,4-chinon-3-diazide (133) i s  i r rad ia ted  w i th  uv l i g h t ;  ni t rogen i s  l o s t  and 3-carboxy-6-azaindole 

(134) i s  obtained; on decarboxylation 6-azaindole (135) (harmyrine) i s  y ielded. 67,106 

4-Chloro-6,&dimethyl-1.7-naphthyridine (136) has been found t o  rearrange on treatment w i t h  hydra- 

zine hydrate i n  a sealed tube a t  150~ .  i n t o  2.6-dimethyl-4-(pyrazol-5-y1)pyridine (=). 126 A 

s i m i l a r  r i n g  transformation has been observed w i t h  4-bromo-l,7-naphthyridine. 127 

As already mentioned i n  sect ion 1V.l.b. 2-chloro- (86) and 2-bromo-1,7-naphthyridine (87) form, 

when reacted w i t h  potassium amide i n  l i q u i d  amonia, besides other products, 4-amino-2-methyl- 

1.3.7-triazanaphthalene ( E ) . ~ ~  The r i n g  transformation react ion i s  suggested t o  S t a r t  w i t h  the 

add i t i on  of the amide i o n  t o  C-4 y i e l d i n g  adduct 90, which rearranges v i a  the open-chain i n t e r -  

mediate = i n t o  2-methyl-1.3.7-triazanaphthalene (1J9). Since the pyr imidine r i n g  i s  vulnerable 

fo r  a nuc leophi l ic  at tack a t  pos i t i on  4, 139 undergoes a subsequent Chichibabin amination a t  C-4, 

y i e l d i n g  88. 



1.7-Naphthyridinium inne r  s a l t s  are converted i n t o  8-hydroxyquinoline de r i va t i ves  i n  good y i e l d s  

when sub jec t  t o  treatment w i t h  an aqueous base; we g ive  as example the conversion o f  140 + 141. 69- 

71 The r i n g  t ransformat ion react ion  occurs by an i n i t i a l  nuc leoph i l i c  a t tack  o f  the base on C-8 i n  

140. This adduct undergoes r i n g  opening and r i n g  c losure i n t o  the qu ino l i ne  de r i va t i ve  141. - 

CHI tH, OH CH, 

IV.5. Hydrogen-Deuterium Exchange 

It has been demonstrated t h a t  the HID exchange r a t e  i s  d i f f e r e n t  f o r  several pos i t ions  i n  1,7- 

naphthyr id ine and i s  depending on the react ion  condi t ions and on the nature of subst i tuents.  This 

makes i t  poss ib le  t o  ob ta in  1,Fnaphthyridines deuterated i n  d i f f e r e n t  pos i t ions .  1.7-Naphthyridine 

(1) when heated w i t h  deuterated water a t  170' underwent HID exchange near ly  se lec t i ve  i n  p o s i t i o n  

8, i.e. 142.52 However, the same react ion  when ca r r i ed  out  under more severe condi t ions gave mainly 

the  tetradeuterated product 143.52 The condi t ions t o  be app l ied  and the p o s i t i o n  where HID exchange 

i n  several  der iva t ives  o f 1  occurs are given i n  Table 5. 
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Table 6. Results of HID exchange of some 1.7-naphthyridines 

Substrate Temperature Time of X Devterim 
heating (position) 

Z-oxo-1.2-dihydrrl,7-naphthyridine 
74 230' 25 h 95-100(8), 92-95(6) 

2-0x0-1.2-dihydra-1.7-naphthyridine 
74 200•‹ 12 h 95(8). 20(6) 

The base-catalyzed hydrogen-deuterium exchange ra tes  of the  1,Fnaphthyr id ines were determined. An 

explanat ion as t o  t h e i r  r e l a t i v e  exchange ra tes  and pos i t i ona l  r e a c t i v i t y  was offered. 128 

IV.6. Miscellaneous 

The Meisenheimer react ion  of 1,7-naphthyridine N - l  oxide (131) i nvo l v i ng  treatment w i t h  phosphoryl 

ch lo r i de  afforded a mix ture  of 1,Fnaphthyr id ine (1) and i t s  2-, 3- and 4-chloro de r i va t i ves  86, 80 
and 1 i n  the r a t i o  4:56:3:35.1•‹5 The mechanisms o f  t h i s  react ion  was suggested t o  i nvo l ve  an i n t r a -  

molecular process. 

Metal complexes of 8-0x0-7,sdihydro-1.7-naphthyridine (2) w i t h  cut', ~i+', ~ e + '  and have been 

Compound 2 chelates less  r e a d i l y  than 8-hydroxyquinoline. The charge-transfer complex 

of 4-amino-1.7-naphthyridine (76) w i t h  7,7.8,8-tetracyanoquinodimethane was prepared and i t  showed 

t o  posses r e s i s t i v i t y  10- I  ohmlcm and an a c t i v a t i o n  energy o f  conduction o f  0.07 eV. 129 



I POCI, 

V. APPLICATlON 

Since the discovery t h a t  3-carboxy-l-ethyl-7-methyl-4-oxo-1,4-dihydro-l,8-naphth~ridine ( n a l i d i x i c  

acid)3e i s  a powerful an t i bac te r i a l  agent, many analogous 1,7-naphthyridines have been synthesized. 

The 1-( lower a1 ky~)-4-oxo-1,4-dihydro-1,7-naphthyridine-3-carboxyli c ac id  and t h e i r  der iva t ives  

were found t o  posses an t i bac te r i a l  a c t i v i t y  i n  v i t r o  as we l l  as i n  v i vo  against  gram-posit ive 

batteries." Also 4-oxo-1,4-dihydro-l,7-naphthyridine-3-carboxylic acids and t h e i r  es ters  were 

found t o  have i n  v ivo  an t ima la r i a l  a c t i v i t y  against  Plasmodi um berghei i n f e ~ t i o n . ~ '  Some of these 

compounds a l so  showed a n t i v i r a l  a c t i v i t y ,  f o r  example aga ins t  i n f l ~ e n r a . ~ '  Analogously, 1.7-naphthy- 

r i d i n e s  containing a  2-(5-nitro-2-fury1)vinyl subst i tuent  i n  p o s i t i o n  8 posses, besides ant ibacte- 

r i a l  propert ies,  anthelminthic a c t i v i t y .  125 

Some of the subst i tu ted &amino-l,7-naphthyridines were useful  as ant i fungal ,  an t i bac te r i a l  and 

ant i -obesi  t y  agents. 93-95 Ure idopen i c i l l i ns  containing the 1,7-naphthyridine moiety are h igh l y  

a c t i v e  against  gramposit ive and gramnegative bacteries.130 4-Hydroxy-3-nitro-2-0x0-1.2-dihydro-1.7- 

naphthyr id ine appeared t o  have a  good a n t i - a l l e r g i c  a c t i v i t y  by i t s  a b i l i t y  t o  i n h i b i t  the release 

o f  spasmogens. 85.86 

4-0x0-1.4-dihydro-1.7-naphthyridine and 1.7-naphthyridine analogs o f  chloroquine and amodiaquine 

were found t o  have an t ima la r i a l  a c t i v i t y  against  Plasmodium berghei.'16 1.7-Naphthyridine-4-car- 

bamates proved t o  be useful  as i nsec t i c i des  w i thout  adverse a f f e c t s  on useful insects  and f i s h  a t  

concentrat ion normal ly used. 131 

Alkylene-bis-1,7-naphthyridines were found t o  be useful  i n  treatment o f  thrombosis.132 Some o f  the  

7-alkylamino-5,6,7,8-tetrahydro-1,7-naphthyridines showed marked hypotensive ac t iv i ty .133 The 

p o s s i b i l i t y  o f  using 6,8-dihydroxy-1,7-naphthyridine as a  che la t ing  agent l i k e  r i b o f l a v i n e  was 

~ o n s i d e r e d . ' ~  The complex forming a b i l i t y  o f  8-0x0-7,8-dihydro-l,7-naphthyridine was cor re la ted 

w i t h  i t s  an t i bac te r i a l  action. 134 

1.7-Naphthyridine de r i va t i ves  were detected i n  tobacco smoke. 135 
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