
f r om 120 to 160 ~ Vacuum dist i l lat ion yielded 5.8 g (55%) of hydrosi lyla t ion products  with bp 140-142 ~ (2 
ram), ~ 1.5595, and d 2~ 0.9841. Found. C 75.1; H 8.9, N 5.6%; MR D 89.13. CttH25NSi. Calculated: C 75.4; 
H 9.3; N 5.2%; MR D 89.25. 

All of the remaining t r ia lkyl - ,  t r ie thoxy- ,  and dimethylsi loxysilylquinolines were  s imi la r ly  obtained. 
The i r  physicochemical  constants and the resu l t s  of analysis  a r e  p resen ted  in Table 1. 

Hydrosi lylat ion of 2-Vinylquinoline wi th  Ethyldichlorosilane.~ A 6.2-g (0,04 mole) sample of 2-vinyl-  
quinoline was addeddropwise  to a mixture  of 5 g (0.04 mole) of ethyldichlorosi lane,  0.3 ml of a 0.1 M solu- 
tion of H2PtC16 �9 6H20 in  absolute isopropyl alcohol, 0.1 g of hydroquinone, and 10 ml of dry dioxane, and the 
mixture  was ref luxed fo r  10 h. The solvent  was then r emoved  by distillation, and the res idue was vacuum 
dist i l led at  150-155 ~ (1 mm) to give 5.1 g (45%) of hydrosi lylat ion products  as a yellow oil that hydrolyzed 
readi ly  in a i r .  The s t ruc tu re s  and i somer i c  composit ion (~ to fl ra t io  25 : 75) of the react ion products  were  
establ ished f rom the 'PMR spec t ra .  

1. 

2. 

3. 

4. 
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P R O T O N A T I O N  OF  1 , 5 - N A P H T H Y R I D I N E  D E R I V A T I V E S  

I .  V.  P e r s i a n o v a ,  Y u .  N. S h e i n k e r ,  
R.  M.  T i t k o v a ,  a n d  A. S. E l i n a  

UDC 547.834.2 

The di rec t ion of protonat ion (1-N or  5-N) o r  2- ,  2,3- ,  and 2,6-subst i tuted der ivat ives  of 1,5- 
naphthyridine was de termined  on the basis of the basic i ty  constants.  

Mono- and disubsti tuted 1,5-naphthyridine der iva t ives  (R~ R' ~ R") contain two nonequivalent basic 
cen te r s  - the 1-N and 5-N ni trogen atoms -- the monocations fo rmed  by protonation of which may have 
s t ruc tu re  a o r  b. 

H 

It 
a b 

I R=R'=R"=H; 1! R=NH2, R '=R '=H;  Ill R=CI-t3, R'=R"=I-f; IV R=CI, R'=R"=H; 
V R=NHCOCH3, R'=R"=H; VI R=OCHz, R'=R"=I-I; VII R=OH, R'=R"=H; VIII 
R=SH, R'=R"=H; IX R=R'=H, R"=NO2; X R=OH, R'=H, R"=NO2; XI R=OCI-t3, 

R'=C1, R '=H; XII R=N(CH3)2, R'=CI, R"=H 
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TABLE i. Effect of Substituents on the Basicities in 
Pyridines, Quinolines, and 1,5-Naphthyridines 

S u b s t i t u ~ t  

2-N'H2 
6-NH2 
2-CH3 
6-CH3 
2-C1 
6-C1 
2-NHCOCH3 
2-OCH3 
6-OCHa 
2-OH (Oxo) 
6-OH 
2-SH (thione) 
6-SH 
3-NO2 
7-NO2 

1,5-.april- 
d i n e  d~iTat. 

2,76 

0,50 

- 1 , 2 5  

-0,41 
0,72 

--0,71 

--1,14 

- -  2,28 

ApK=PKR--PKtt 

q.i~oliae de~ 
tivative~* 

2,40 
0,69 
0,47 

- -  0 , 0 2  

- 1 , 3 2  

- -  1,77 
0,12 

--5,35 
0,23 

--6,38 
-- 0,99 
-- 3,89 
- -  2 , 5 0  

pyridine de- 
rivatives* " 

1 , 6 3  

0,74 

-4,45 

--1,14 
- 1 , 9 5  

- -  4 , 5 3  

--  6 ,30 

- - 4 , 4 2  

* T h e p K  a va lues  w e r e  taken f r o m  [6]. 

T A B L E  2. E x p e r i m e n t a l  and 
Ca lcu la ted  Bas ic i ty  Cons tan t s  
of  1 ,5-Naphthyr i 'd ine  D e r i v a t i v e s  

1,5- Naph- 
re.dine 
arm its deriv. 

I* 
lIT 

III 
IV 
V 

Vl 
Vll 

VIII 
IXT 
X 

Xl 
XII 

Exptl. 
pKa 

2,91 
5,67 
3,41 
1 , 6 6  
2,50 
3,63 
2,21 
1 , 7 7  
0,63 
0,26 
0,47 
5,18 

Calc. 
pKI 

F 

5,33 
3,5 

- 1 , 7 5  
1 , 3 2  
1 , 1 4  

-- 2,46 
-- 3,46 
--0,98 
--6,35 
--036 

4,74 

Calc. 
P~s 

3,62 
2,93 
1,61 
2,20 
3,03 
3,1 
1,91 
0,48 

0,67 
- 1,67 
- 1 , 0 4  

TABLE 3. Cons tan t s  Used  
in This  Study 

Substituent o~ o~ 

NH~ 

CH3 

CI 

NHCOCI I3 

OCH3 

OH 

SH 

-0.41 

-O, lO 

0,79 

0,27 

0,30 

0,91 

1 , 0 8  

-0,12 

- 0,003 

0,22 

0,12 

- 0,02 

- 0,04 

0,17 

* The PKa  va lue  wa s  taken 
f r o m  [8]. 

These  PKa  va lues  w e r e  
taken f r o m  [9]. 

To s tudy the e f fec t  of  subs t i t uen t s  on the ba s i c i t i e s  of the compounds  and the pos i t ion  of  the p ro tona t ion  
c e n t e r  we m e a s u r e d  the e l e c t r o l y t i c  d i s soc i a t i on  cons tan t s  of  s o m e  2- ,  2 ,3 - ,  and 2 ,6 - subs t i t u t ed  d e r i v a t i v e s  
(I~XII) of  1 ,5 -naph thyr id ine .  The r e s u l t s  a r e  p r e s e n t e d  along with the n e c e s s a r y  l i t e r a t u r e  data  and the c a l c u -  
la ted  va lues  in Tables  1-3 .  The in t roduc t ion  of  e l e c t r o n - d o n o r  subs t i tuen ts  in the 1 ,5 -naph thyr id ine  mo lecu l e  
g ives  r i s e  to an  i n c r e a s e  in the bas ic i ty ,  w h e r e a s  the in t roduc t ion  of e l e c t r o n - a c c e p t o r  subs t i tuen ts  l ower s  the 
bas i c i ty .  In addit ion,  the inves t iga ted  compounds  can  be divided into two g roups  with r e s p e c t  to the c h a r a c t e r  
o f  the e f fec t  of  the subs t i tuen t s  on the bas i c i ty .  The f i r s t  g roup  includes  2 - a m i n o -  and 2 - m e t h y l - l , 5 - n a p h t h y -  
r id ines  (II, HI). In this  c a s e  a change  in the bas i c i ty ,  which  is c h a r a c t e r i z e d  by the e x p r e s s i o n  ApK = P K R - P K H ,  
f o r  1 ,5 -naph thyr id ine  is c lo se  to the ApK va lues  of  the c o r r e s p o n d i n g  2 - s u b s t i t u t e d  quinol ines  and py r id ine s  but 
d i f fe r s  m a r k e d l y  f r o m  the ApK a va lues  of 6 - s u b s t i t u t e d  quinol ine de r iva t i ve s  (see Table 1). Since the r ing  
n i t rogen  a t o m  of 2 - aminoqu ino l ine  and 2 - a m i n o p y r i d i n e  is p ro tona t ed  [1, 11], it is appa ren t  that  the indicated 
naph thyr id ines  a l so  add a p r o t o n  to the 1 -N  a tom.  Brown,  Mitchel l ,  and P l a s z  [2], who d e t e r m i n e d  the ba s i c i t i e s  
of  1 ,5 -naph thyr id ine  (PKa = 3.05) and its 2 - a m i n o  de r iva t ive  (PKa = 5.73), c o m p a r e d  the APKa value  obta ined  
(1.86) wi th  the ana logous  va lues  in the py r id ine  and quinol ine  s e r i e s  and a l so  a r r i v e d  a t  the conc lus ion  that  2 -  
a m i n o - l , 5 - n a p h t h y r i d i n e  u n d e r g o e s  p r i m a r y  p ro tona t i on  a t  1 -N.  

The second  g roup  of compounds  includes  1 ,5 -naph thy r id ines  with subs t i tuen ts  that  have - I  a n d -  C ef fec ts  
(NO2) o r  p r e d o m i n a n t  - I  and v a r i a b l e  +C ef fec ts  (C1, OCH~, OH, and NHCOCH3). The change  in the bas ic i ty  
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that occu r s  when a substituent is introduced in this case  is much less pronounced than in the case  of the cor -  
responding pyridine and quinoline derivat ives (Table 1). F o r  example, the e lec t ron-accep tor  effect of a 2 -  
acetamido group in 1,5-naphthyridine (ApK -- --0.41) on the basicity is weaker  by a fac tor  of 2.8 than in pyr i -  
dine (ApK = --1.14),  The ApK value in the case  of 2 -ch lo ro - l ,5 -naph thyr id ine  (-1.25) is lower by a factor  of 
~ 3.6 than the analogous value fo r  2-chloropyr id ine  (--4.45). At the same time, 2-ch loro- l ,5 -naphthyr id ine  
(ApK -- --1.25) and 6-chloroquinoline experience prac t ica l ly  identical changes in their  basicit ies.  Protonation 
of the compounds of the second group evidently occurs  a t  5-N, which is f a r  away f rom the substituent, and the 
observed  weakening of the ,effect of the substi tuent is a s soc i a t ed  with the  increase  in the mutual distance be- 
tween it and the most  basic  center .  

The relat ive p ro ton-accep te r  capaci t ies  of the 1-N and 5-N basic centers  i n  the various derivatives can 
be es t imated f rom the approximate  calculated values corresponding to their  basici ty constants.  The addition 
of the proton will take place at  the cen te r  that gives the larges t  pK a value. 

The ionization constants fo r  protonatiou at 1-N {pKl) and 5-N (pKs) were  calculated for  all of the investi- 
gated compounds by the method in [3]. The Hammett  equation in the fo rm 

pKa =5.25- 5.90Z~, {1) 

pKa = 4.94 - 5.90E ~ (2) 

fo r  pyridines (1) and quinolines (2) can be used for  the calculation of the basici ty constants of 2-subst i tuted de- 
r ivat ives of pyridine and quinoline when special  values of the cr 2 substituent constants a re  used. The (r 2 con- 
stunts were  obtained f rom Eqs. {1) and (2) f rom the corresponding experimental  PKa values.  The if2 substitu- 
ent constants obtained in this way for  the pyridine and quinoline se r ies  have ra ther  close values, and the pK a 
values of quinoline der ivat ives  can, where necessa ry ,  be calculated on the basis of the ~2 constants for  the py-  
ridine ser ies .  

The method descr ibed above has been extended [4] to other two-r ing sys tems ,  and it has been shown that 
Eq. (2) can also be used to predic t  the PKa values when the substituent and the basic  center  a re  located in dif- 
fe rent  a romat ic  rings. The o-~ and ~? constants in this case should be calculated f rom expressions (3) and (4) 
proposed  in [5]: 

~6 = 0.58~ m, (3) 

(~7 : 0.35~m+ 0 35ap, (4) 

The Hammett  equation that we used for  the approximate calculations of the pK 1 and pK 5 values for  the 
naphthyridine se r i e s  has the fo rm 

pKa = 2.91 - 5.9Z cr. (5) 

The p value was assumed to be 5.9, as in the case of the pyridine and quinoline se r ies .  

The a2 substituent constants were  calculated f rom Eq. (2) f rom the PKa values of the corresponding 
quinoline derivat ives.  The a2 values corresponding to the pyridine se r i e s  [Eq. (2)] were  used for  the 2-C1 and 
2-NI-ICOCH 3 groups; the c% values for  6-N(CH3)2, 6-C1, and 6-NHCOCH 3 were  determined f rom Eq. (3). All of 
the neces sa ry  pK a values of the quinolines and pyridines were  taken f rom [6]. 

The pK 1 and pK 5 values obtained in this way a re  presented in Table 2, and the ~2 and cr 6 values a re  p re -  
sented in Table 3. 

It was found that the pK 1 values a re  l a rge r  than the pK 5 values for  compounds with e lec t ron-donor  sub- 
sti tuents in the 2 position of the naphthyridine ring (II, 1/I) and that there is a correspondence  between the ex- 
per imenta l  values of the basici ty constants and the values calculated for  the 1-N center,  i.e., the site of addi- 
tion of a proton is the nitrogen atom i n t h e  1 position. The calculated pK 5 values a re  l a rge r  than the pK�94 values 
for  naphthyridines with e l ec t ron -accep t e r  substituents (IV-IX), whereas  the experimental  basici ty constants 
are  close to the pK 5 values but differ markedly f rom the pK 1 values.  This constitutes evidence in favor  of p ro -  
tonation of IV-IX at 5-N, and the nitrogen atom of the second ring consequently se rves  as the most  basic center  
in this case.  

Pa r t i cu la r  attention should be paid to the 2-hydroxy and 2 -mercap to  derivatives.  It is known that 2 -hy-  
droxy and 2 -mercap to  compounds in the pyridine and quinoline se r ies  exist  in the oxo or  thiono fo rms  and are  
protonated at the oxygen o r  sulfur  atoms [7]. 
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2-Oxo-  and 2 - m e r c a p t o - l , 5 - n a p h t h y r i d i n e s  VII and VIH should have s i m i l a r  s t r uc tu r e s ,  and a second 
pos s ib l e  cationoid cen t e r  in the molecu les  of this compound, in addit ion to the 5-N cen te r ,  is the oxygen o r  
su l fur  a tom,  r e spec t ive ly ,  of the" oxo o r  m e rcap to  groupings.  

Our  data show that  these  1 ,5-naphthyridine de r iva t ives  a r e  protonated a t  the 5-N a tom,  which is f a r  away 
f r o m  the subst i tuent .  This follows f r o m  the c loseness  of the exper imen ta l  bas ic i ty  constants  and pK s values  
ca lcu la ted  fo r  the addition of a p ro ton  to the ni t rogen a tom in the 5 posi t ion.  At the s a m e  t ime,  one obse rv e s  a 
v e r y  l a rge  di f ference  (4.5-5.2 o r d e r s  of magnitude) between the exper imenta l  values  of the constants  and the 
ca lcu la ted  pK 1 va lues  in the case  of protonat ion of the exocycl ic  he te roa tom.  

Thus the p r o t o n - a c c e p t o r  capaci ty  of the ni t rogen a tom in the 5 pos i t ion  of 1 ,5-naphthyridine is found to 
be  higher  than that  of oxygen in the 2-oxo group o r  of su l fur  in the 2- thiono group.  

A s i m i l a r  examinat ion  of 2 ,6-d isubs t i tu ted  1 ,5-naphthyr idine de r iva t ives  XI and XII shows that, as  ex-  
pected,  pro tonat ion  occu r s  a t  the n i t rogen a tom of the ring that  contains an e l ec t ron -donor  subst i tuent  o r  the 
l ess  e l ec t ron-accep t ing  of the two subst i tuents .  

Cor re l a t ion  of the bas ic i ty  constants  with the e subst i tuent  constants  was examined fo r  a l l  of the invest i -  
ga ted  compounds.  I n  se lec t ing the ~ constants  we took into account  the above-es t ab l i shed  mutual  or ienta t ion  of 
the subst i tuent  and the pro tonat ion  center .  

The equation that  we obtained has the f o r m  

pK~=3.04-6.13E~, r=0,98, s=035.  

If an a t t empt  a t  co r r e l a t i on  is made  fo r  all  of the compounds only with the ~2 o r  ~6 values ,  one o b se rv e s  
p r ac t i c a l l y  no co r r e l a t i on  (r = 0.4-0.8; s = 1-1.7).  This fac t  once again conf i rms  the c o r r e c t n e s s  of the above  
conclusions  regard ing  the s i te  of protonat ion in the invest igated compounds,  

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

Po ten t iomet r i c  and s pec t r a l  methods w e r e  used in the de te rmina t ion  of the bas ic i ty  constants  f o r 1 0  -3 M 
(potent iometr ic  method) o r  1.0-4-10 -5 M (spect ra l  method) aqueous alcohol  solutions of the compounds.  The pH 
va lues  w e r e  m e a s u r e d  with a PNM-26 pH mete r ;  the t i t ran t  was added by means  of a Rad iome te r  ABU-13 m i c r o -  
b u r e t  (Denmark).  The UV spec t r a  w e r e  r eco rded  with a Hitachi EPS-3 spec t ropho tome te r  (Japan). The H 0 
va lues  f o r  solut ions withknown acid concent ra t ions  were  t a k e n f r o m  [10]. The reproducibi l i ty  of the r e su l t s  was no 
t e s s  than ~-0.06 pK a units. The synthes is  of the inves t igated compounds was  published in [12-14]. 

L I T E R A T U R E  C I T E D  

1. Ya. L. Gol 'd farb ,  M. A. Pryanishnikova,  and K. A. Zhukova, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 
145 (1953). 

2. E . V .  Brown, S. R, Mitchell ,  and A. C. P lasz ,  J .  Org. Chem.,  40, 2369 (1975). 
3. J .  C l a r k  and D. D. P e r r i n ,  Quart .  Rev.,  ]8,  295 (1964). 
4. D . D .  P e r r i n ,  J .  Chem. Soc., 5590 (1965). 
5. M . J . S .  Deward and P. J .  Gr insdal ,  J .  Amer .  Chem. Soc., 8_~4, 3548 (1962). 
6. D . D .  P e r r i n ,  Dissoc ia t ion  Constants  of Bases  in Aqueous Solution, London (1965). 
7. A . R .  Kat r i t zky  and J .  M. Lagowski ,  Advances  in Heterocycl ic  Chemis t ry ,  Vol. 1, Academic  P r e s s ,  New 

Y o r k - L o n d o n  (1963), p. 341. 
8. A. Alber t  and J .  N. Phil l ips ,  J .  Chem. SOc., 1294 (1956). 
9. A. Alber t  and W. Z. F. Armarego ,  J .  Chem. SOc., 4237 (1963). 

10. K . N .  Bascombe  and R. P. Bell, J .  Chem. SOc., 1089 (1959). 
11. Ya. L. Gol 'd fa rb ,  O. N. Setkina, and Ya. L. Danyushevski i ,  Zh. Obshch. Khim. ,  18, 124 (1948). 
12. R . M .  Titkova, A. S; Elina, and N. P. Kostyuchenko,  Khim. Getero ts ik l .  Soedin., No. 9, 1.237 (1972). 
13. R . M .  Ti tkova and A. S. Elina, Khim. Getero ts ik l .  Soedin., No. 9, 1279 (1973). 
14. R . M .  Titkova, A. S. Elina, E. N. Padeiskaya ,  and L. M. Polukhina, K h i m . - f a r m .  Zh., No. 1, 10 (1975). 

784 


