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It has previously  [1] been shown that the reac t ion  of aceta] lmides and lactams with 6-phenyl-2-  
amino-3-carbe thoxypyr id ine  followed by in t ramolecular  cycl izat ion under conditions of acid and base ca ta lys is  
yields 2.-phenyl--7-dimethylamino-l ,8-naphthyrid-5. .one (I) and its analogs (II-IV). Since the purpose of 
the pre sen t ed  work was to compare  the ionization constants of the naphthyridones obtained, I-IV, with 
o ther  t r i cyc l i c  (and bicycl ic)  compounds of s imi la r  s t ruc ture ,  i t  was impor tant  to es tabl ish the site of 
the protonat ion of compounds I-IV. F o r  this purpose in the example case  of naphthyridone IH we studied the 
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alkylation reac t ion  with t r ie thyloxonium fluoborate and ethyl iodide. It was found that the same compound forms 
in both cases .  The mass  spec t rum of this compound shows an intense peak of the molecular  ion with a mass  
number  of 319. The most  intense peak in the spec t rum belongs to the ion with m / e  290 [M- C2H5] +. The r e -  
gion of high mass  numbers  displays ions with m / e  276, 275, and 262, which are  assigned to f ragments  due to 
the decomposi t ion of the piperidine r ing ([M-CH3N:CH2] +-, [M- CH3N : CH 2- HI +, [M- CH 3- N -  CH2CH2] +, r e -  
spectively).  The presence  in the spec t rum of an intense peak with m /e  274 may be at t r ibuted to the splitting 
off of an ethoxy group f rom the molecular  ion. The ra t io  of the intensi t ies  of the ions in the spec t rum is not 
dependent on the t empera tu re  for  the admission of the sample.  The re fo re ,  compound V is 1 -methy l -5 -e thoxy-  
8-phenyl-1 ,2 ,3 ,4- te t rahydropyr ido[2,  3-b]- 1,8-naphthyrtdtne.  

The same conclusion follows f rom the known tendency of t r ie thyloxonium fluoborate to cause O-alkyla-  
t ion [2] and f rom a compar i son  of the UV spect ra  of the original naphthyridone III (kmax 340 nm, log e 4.30) 
and ethoxy der iva t ive  V (~max 376 nm, log e 4.26) in ethanol. A s imi la r  shift of the absorpt ion maximum to 
longer wavelengths has previously  been observed upon O-ethylation.  

A compar i son  of the UV spec t ra  of ethoxy der ivat ive V and naphthyridone IIIin0.1 N HC1 shows tha tunder  
these  conditions the spec t ra  becomes  s imi la r :  for V, ;kmax 362 nm (log e 4.39) and a shoulder at 376 nm (log 

4.30); forIII ,  ~max 355 nm (log e 4.42) and a shoulder at 370 nm (log e 4.32). This is evidence of the (3- 
protonation of III. This  is a lso confirmed by the s imi la r i ty  of the PMR spect ra  of these compounds inCF3COOH. 
The spec t rum of cation IIIa shows signals of protons at  2.22 (3-CH2), 2.98 (4-CH2), 3.60 (NCH3), 3.84 (2-CH2), 
~7.28--8.07 (Ph), 8.08 (6-H), and 9.0 ppm (7-H), and the spec t rum of cation Va shows signals at  1.57 i(CH3- 
OEt), 7.7 (Ph), 8.13 (6-H), and 8.95 ppm (7-H). The closeness  of the chemical  shifts of the protons of the pyri-  
dine and piperidine r ings in both compounds points out the s imi la r i ty  in the s t ruc tu re  of thei r  cations,  which is 
possible only in the cation of the O-protonat ion of naphthyridone III. 

Finally,  s t ruc tu re  IIIa is supported by the appearance in the IR spec t rum of its hydrochlor ide of an ab- 
sorpt ion hand at  3380 cm -1, which may be ass igned to  an OH group. 

*For  r e po r t  29 see [1]. 
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TABLE 1. Ionization Constants  
of Compounds I - IV and VI 

Com- 
pound 

I 
lI 

llI 
IV 
Vl 

pK a, 50~ 
ethanol, pro- 
ton add Rion 

3,85 • 0,05 
4,0• 

3,86 • 0,06 
3,56_+0,03 
4,6l-+0,01 

pK a, 70%DMFA, 
l~oton removal 

11,01 +--0,05 
1@,42• 
11,56--+0,06 
11,56 • 
12,86 +-- 0,05 

OH OC2H 5 .. 

CHa ll;lt 3 
III a Va 

Thus,  the protonat ion of the compounds under  invest igat ion takes  place at the oxygen a tom of the oxo 
group, making it poss ib le  to com pa re  the i r  ionizat ion constants  with the ionization constants  of the co r r e spond-  
ing benzene and pyr imidine  analogs  [6]. The cor responding  data a r e  p resen ted  in Table  1. The gene ra l  laws 
prev ious ly  d i scovered  [6] a r e  maintained in the p re sen t  s e r i e s  of compounds:  The mos t  bas ic  compound is II 
with a f i v e - m e m b e r e d  r ing.  In our opinion, this is due to the predominance  of the influence of solvat ion on the 
bas ic i ty  of these  compounds over  the e lec t ron ic  effects  (for s t e r i c  r ea sons ,  in the case  of the f t v e - m e m b e r e d  
ring, the posi t ively  charged  ni t rogen a tom of the naphthyridine par t  of the molecule ,  which b e a r s  a posi t ive 
charge ,  is mos t  a c c e s s i b l e  to solvat ion by the solvent [6]). The acidi ty  of this compound is a l so  higher,  s ince 
in the p resen t  case ,  the e lec t ron ic  and solvat ion ef fec ts  ac t  in the same  di rec t ion  [6]. The solvat ion effect  is a l -  
so  ve ry  signif icant ,  s ince bicycle  I is an apprec iab ly  s t ronge r  acid than is the s i x - m e m b e r e d  analog III,  while 
the e lec t ron ic  ef fec ts  a r e  s i m i l a r  in the ease  of the noncyclie and s i x - m e m b e r e d  compounds.  

In connection with the a rgumen t s  regard ing  the influence of solvat ton on the ionization constants  of the 
t r i cyc l i c  (and bicycl ic)  compounds [6], the data we obtained for 1 ,6 ,8- t r imethylpyr ido[2 ,3- .b ] - l ,S-naphthyr id-5-  
one (VI) a r e  of definite in t e res t .  This  .compound is: somewhat  more  bas ic  (in accordance  with the fact  that the 
d imethylpyr id ine  r ing has a weaker  electron-acceptor effect  than does the phenylpyridine ring) and has inap- 
p rop r i a t e ly  weaker  acid p rope r t i e s  than compound III.  

An examinat ion of the s t ruc tu re  of the protonated f o r m  of this compound (Via) and of the anion (VIb) r e -  
veals  that  in the f o r m e r  case ,  the poss ib i l i ty  of solvat ion of the cen t ra l  N a tom,  which b e a r s  the bulk of the 
posi t ive charge ,  is app rox ima te ly  the s ame  as  that  for naphthyridone III.  Converse ly ,  in anion VIb, in whichthe 
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negative charge  is concent ra ted  mainly  on the mos t  e lec t ronegat ive  oxygen a tom,  solvat ion is hindered cons ide r -  
ably by the p resence  of the bulky methyl  group in posit ion 6 of the molecule .  This  should cause  an anomalous ly  
s t rong  d e c r e a s e  in the acidi ty  of compound VI, as  is ac tual ly  observed ,  i .e . ,  the acidi ty  of this naphthyridone is 
even lower than that  of the co r respond ing  benzene analog (pK a 12.65) [6]. This  finding is inexplicable,  if  only 
the e lec t ron ic  ef fec ts  a r e  cons idered  in the in te rpre ta t ion  of the data obtained. At the s ame  t ime ,  in accordance  
with the o rd ina ry  theor ies ,  compounds I - IV  a r e  apprec iab ly  weaker  bases  and s t ronge r  acids  than a r e  the i r  ben-  
zene analogs.  Of course ,  the pyr imid ine  r ing [6] has a s ignif icant ly  s t ronger  e l e c t r o n - a c c e p t o r  influence,  and 
the hydroxy de r iva t ives  of  pyr ido[2 ,3-d]pyr imidine  a r e  weaker  bases  and s t ronger  acids than naphthyridones 
I - IV.  

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

The d issoc ia t ion  constants  were  de te rmined  by potent iometr ic  t i t ra t ion  of 0.001 M solutions with the aid 
of a Rad iome te r  PHM-26 p H - m e t e r  (Denmark) with g lass  (G-2222) and ca lomel  e l ec t rodes .  The pH m e t e r  was 
adjusted with the aid of aqueous buffer  solut ions.  The IR spec t r a  were  obtained on a P e r k i n - E l m e r - 4 5 7  ins t ru -  
ment ,  and the s amples  had the fo rm of mul ls  in liquid pe t ro la tum.  The PMR spec t r a  were  obtained on a JNM- 
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4H-100 ins t rument ,  and the in ternal  s tandard  was TMS. The m a s s  spec t ra  were  obtained on an MKh-1303 
m a s s  s p e c t r o m e t e r  with d i rec t  introduction into the source  and an energy  of the ionizing radiat ion equal to 50 
eV. 

1 -Methy l -5 -e thoxy-8 -pheny l - l , 2 ,3 ,4 - t e t r ahydropyr ido[2 ,3 -b ]_ l ,8 -naph thyr id ine .  A. A 1.2-g port ion (4.1 
mmole)  of napthyridone III [1] in  20 ml  of d ry  methylchlor ide  was given a dropwise  addition of a solution of 
0.94 g (4.9 mmole)  of Et3OBF 4 in 15 ml  of methylene chloride.  Aqueous K2CO 3 was added to the mixture  ob- 
tained.  The methylene ch lor ide  l ayer  was sepa ra ted ,  dr ied,  and evaporated.  The prec ip i ta te  obtained was dis-  
solved in ethyl ace ta te ,  f i l te red  through a l aye r  of s i l ica  gel,  and washed with ethyl ace ta te .  The ethyl aceta te  
was dis t i l led off. This  yielded 0.7 g (54%) of compound V, mp 161-163~ (heptane). Found: C, 75.8; H, 6.28; 
N, 13.4%. Calculated for  C20tI21N30: C, 75.3; H, 6.58; N, 13.1%. 

B. An11 .3 -g po r t i on  (4.7 mmole)  of 2 -amino-3 -ca rbe thoxy-6 -pheny lpy r id ine  [7] in 40 ml  of d ry  toluene 
w a s  given an addition of 10.55 g (5.6 mmole)  of N - m e t h y l v a l e r o l a c t a m  diethyl ace ta te .  The mixture  was boiled 
for  4 h and evapora ted .  T h e  res idue  was added to a solution of BuONa, which was p repa red  f rom 2.2 g (9.4 
mmole)  of meta l l i c  Na in 30 ml  of BuOH. The precipi ta t ing Na sal t  was f i l tered off and dr ied.  A solution of 2 
g (6.9 mmole)  of the Na sa l t  in 30 ml  of d ry  DMFA was given an addition of 1.07 g (6.9 mmole)  of ethyl iodide 
and s to red  overnight  a t  r o o m  t e m p e r a t u r e .  Then the DMFA was evapora ted ,  and the res idue was t r ea ted  with 
wa te r  and c h l o r o f o r m .  The c h l o r o f o r m  l a y e r  was separa ted ,  dr ied,  and evapora ted .  This  yielded 1.1 g {50%) 
of compound V, mp 161-163~ (heptane). 

1-Methyl-  8-phenyl-  1 ,2 ,3 ,4- te t rahydropyr ido[2 ,3-b] -  1 ,8-naphthyr id-  5- one Hydrochlor ide .  A solution of 
2 g (6.9 mmole)  of 1 -me thy l -8 -pheny l - l , 2 , 3 ,4 - t e t r ahyd ropy r idono [2 ,3 -b ] - l , 8 -naph thy r id -5 -one  in 25 ml of ace-  
tone was acidif ied by an ethanolic solution of HCI to pH ,~2. The 1.38-g of prec ip i ta te  formed (61%) were  fil- 
t e r ed  off and r ec ry s t a l l i z ed  f r o m  a 1:1 a c e t o n e - i s o p r o p a n o l  mixture .  The mel t ing point was 262~ Found: 
CI, 10.82%. Calculated for  C18HtsCIN30: CI, 10.84%. 
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