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The ra te  of  the reac t ion  of 4-chloro-6-1~-2 ,3-polymethylenequinol ines  with sodium methoxide 
d e c r e a s e s  as the num ber  of  methylene  groups i n c r e a s e s ;  th is  is explained by the inductive aiad 
s t e r i e  e f fec ts  of the polymethylene  chain. The ra te  constants  of the reac t ion  are  in conformi ty  
with the Ar rhen ius  equation and a r e  found to exis t  in a co r r e l a t i on  re la t ionship  with the O'ca t sub-  
st i tuent constants  for  quinoline. 

Although the k inet ics  of the nucleophil ic subst i tut ion reac t ions  of the chlor ine a tom in 2- and 4 -ch lo ro -  
quinolines have been inves t iga ted  in detail  [2, 5], t he re  are  only qualitative" obse rva t ions  with r e spec t  to 
the labi l i ty  of the halogen in 4 -eh loro-2 ,3 -po lymethy lenquino l ines  [6-8]. In o r d e r  to make a quanti tat ive 
evaluat ion of the effect  of  the polymethylene chain on the ra te  of nucleophilie substi tut ion of the halogen 
in 4 -ch lo ro -2 ,3 -po lymethy lenequ ino l ines ,  we inves t igated the k inet ics  of  the reac t ion  of these  compounds 
(I-XIV) with sodium methoxide ,  as a r e su l t  of  which 4 -methoxy-2 ,3 -po lymethy lenequino l ines  (XV-X-X~II, 
Table  1) a re  fo rmed .  

C1 OCH 3 

H2)n H2) n 

I-XIV XV-XXVII 

I-V, XV-XIX n=3;  VI-X, XX-XXIII n=4;  XI-XIV, XXIV-XXVII n = 5  

The r e su l t s  of the kinet ic  m e a s u r e m e n t s  a re  p r e sen t ed  in Table  2. The reac t ion  is in conformi ty  
with the Ar rhen ius  equation, and this  made  it poss ib le  to calcula te  its act ivat ion p a r a m e t e r s ,  which are  
p r e sen t ed  in Table  2. It is seen f rom the data in Table  2 that  the methoxydechlor ina t ion  ra te  constants  
(k) at 76.2~ d e c r e a s e  as n i n c r e a s e s .  The dec r ea se  in the ra te  in the o r d e r  I -V > VI -X > XI-XIV should 
be explained by the e l e c t r o n - d o n o r  p r o p e r t i e s  of the methylene  group, by which the compounds of the th ree  
reac t ion  s e r i e s  under  cons idera t ion  are  dist inguished,  and also by s t e r i e  hindrance on the pa r t  of the 
methy lene  groups bonded to the C(2) and C(3 ) a toms  of the quinoline ring, which is mani fes ted  mos t  marked ly  
in VI-XIV. The cons iderab le  dec rea se  in the ac t ivat ion en t ropy  a t tes t s  to an inc rease  in s t e r i e  hindrance 
on pass ing  f rom compounds of the f i r s t  r eac t ion  s e r i e s  in =3) to compounds of the second (n =4) and th i rd  
(n =5) r eac t ion  s e r i e s .  The obs e rved  phenomenon mus t  be explained by the following r ea sons .  

In the compounds of the second and th i rd  reac t ion  s e r i e s  the angles  between the C(2) -CH 2 o r  C(3) -CH 2 
bond and the 6(2)--C(3 ) bonds approach  120 ~ In 4 -ch lo ro -2 ,3 - t r ime thy lenqu ino l ines ,  owing to the grea t  
r igidi ty  of the sys t em,  these  same  va lences  a r e  d i rec ted  at a s m a l l e r  angle (113~ As a consequence of 
th is ,  the carbon atom of the CH 2 groups in I -V  is found at a sufficient  dis tance f rom the chlor ine atom and 
is not over lapped  with it, while the ca rbon  a tom of the CH 2 group in VI-XIV is c l o s e r  to the chlor ine a tom 
and par t i a l ly  ove r l aps  it. In addition, the hydrogen a toms  of the CH 2 groups of I -V,  which contain a f ive-  

* Fo r  Communica t ion  XVII see [1]. 
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T A B L E  1. 4 - M e t h o x y - 2 , 3 - p o l y m e t h y l e n e q u i n o l i n e s  (XV-XXVII )  

C o r n  - 

pound 

XV 
XVI 

XVI I 
XVIII 

XIX 
XX 

XXI 
XXlI 

XXIII 
XX1V 
XXV 

XXVI 
XXV I I 

mp, ~ 

N,% 
Empirical 
form ula found 

H 

CHaO 
p r 
CH3 
CI 

Br 

71--72 
108--109 
110--111 
I17--118 

100 
58 
80 

110 
10i 
74 
65 
95 

110--112 

CIsH~sNO 
CI4HIsNO 
C13HI~CINO 
CI4HIsNO2 
CIsHx2BrNO 
CI~HIsNO 
C~sH~TNO 
Ct4HI4CINO 
CI4H14BrNO 
CIsH17NO 
C16H19NO 
CIsH16CI~NO 
C15HI6BrNO 

7,1 
6,5 
6,1 
6,3 
5,2 
6,4 
6,1 
5,4 
4,7 
6,3 
6,05 
5,3 
4,5 

calc. 

7,0 
6,6 
6,0 
6,1 
5,0 
6,6 
6,2 
5,7 
4,8 
6,2 
5,8 
5,4 
4,6 

~0 i eld , 

67 
70 
79 
67 
78 
40 
35 
52 
50 
27 
42 
70 
42 

* C o m p o u n d s  XV,  XX,  and  XXV w e r e  c r y s t a l l i z e d  f r o m  p e t r o l e u m  

e t h e r ,  w h i l e  t h e  r e m a i n i n g  c o m p o u n d s  w e r e  c r y s t a l l i z e d  f r o m  

m e t h a n o l .  

T A B L E  2. K i n e t i c  and  T h e r m o d y n a m i c  P a r a m e t e r s  o f  t h e  

R e a c t i o n  o f  4 - C h l o r o - 2 , 3 - p o l y m e t h y l e n e q u i n o l i n e s  w i t h  S o d i u m  

M e t h o x i d e  

C o r n - [  k ' lO4,1 i te r 'mole ' l ' sec - I I  E, I I 
pound n [ R i 66~ i 76,2~ ~ 8--5,7~ 97,2" I kcal/  lg4 / ,S*,e.u.  mole 

AF ~ , 
kcal /  
mole 

I I ;  
III I 
1V 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 

3 H ! 
3 CHa ; 
3 CHsO: 
3 C1 
3 Br 
4 H 
4 CHa ] 
4 ICHaO 
4 ~ C 1  

4 ,Br : 
5 H 
5 'CH3 i 
5 C! ! 
5 Br 

- -  0,230 
- -  0,115 
- -  0,089 
0,41 1,20 
0,52 1,61 
- -  0,095 
- -  0,052 

0,035 
0,19 0,43 
0,22 0,67 
- -  0,045 
- -  0,0245 
- -  , 0,285 
- -  ~ 0,43 ' 

0,57 
0,38 
0,29 
2,86 
3,82 
0,17 
0,11 
0,067 
0,74 
1,057 
0,111 
0,06 
0,645 
1,042 

1,81 
0,92 
0,860 

0,47 
0,24 
0,14 

0,28 
0,16 
1,71 
2,70 

[ 

25,16 " 1I,I8 --9,97 
25,30 " 11,18 --10,95 
27,63 ' 12,26 --4,78 
23,85 ii,00 --!0,41 
24,58 1!,57 --7.78 
19,56 7,20 -27,72 
18,53 6,32 -31,90 
16,75 5,03 -37,76 
t6,65 6,02 --33,12 
19,24 7,78 -24,82 
22,52 8,82 --20,78 
23,28 ' 8 ,97  --19,81 
22,45 9,50 --17,31 
22,70 9,87~ -15,78 

27,95 
28,43 
28,61 
26,80 
26,60 
28,55 
28,98 
29,25 
27,52 
27,21 
29,08 
29,50 
27,80 
27,52 

T A B L E  3. P a r a m e t e r s  o f  t h e  C o r r e l a t i o n  D e p e n d e n c e  o f  l o g  k 

on a c a  t 

Compound 

I--V 
VI--X 
XI--XIV 

p 

4,72 
4,56 
5,06 

r 
Calc. log k ~ I r s 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] [ . . . . . . . . . . .  

--4,60 0,994 II 0,054 
--4,99 0,993 l 0,058 
--5,36 0,991 1 0,107 

m e m b e r e d  r i n g  s i t u a t e d  in t h e  s a m e  p l a n e  w i t h  t h e  q u i n o l i n e  r i n g ,  a l s o  a r e  no t  o v e r l a p p e d  wi th  c h l o r i n e ,  

i n a s m u c h  a s  t h e  l a t t e r  i s  l o c a t e d  in  t h e  m i d d l e  o f  t h e  d i h e d r a l  a n g l e  f o r m e d  b y  t h e  v a l e n c e s  o f  t h e  h y d r o -  

g e n  a t o m s  ( c o n f o r m a t i o n  a) .  

Cl CI I I 
H ~ C ~ H  ' H ~ H  

R R a b 

T h e  e y c l o a l k e n e  r i n g  o f  V I - X I V  h a s  a h a l f - c h a i r  f o r m  ( c o m p a r e  w i t h  t e t r a l i n  [9]), and  o w i n g  to  t h i s  t h e  

d i h e d r a l  a n g t e s b e t w e e n t h e  p s e u d o e q u a t o r i a l  and  p s e u d o a x i a l  h y d r o g e n  a t o m s  o f  t h e  m e t h y l e n e  g r o u p s  a d -  
j a c e n t  to  t h e  q u i n o l i n e  r i n g  a r e  d i v i d e d  by  t h e  p l a n e  o f  t h e  q u i n o l i n e  r i n g  in to  u n e q u a l  f r a c t i o n s  ( c o n f o r m a -  
t i o n  b) .  M o r e o v e r ,  t h e  p s e u d o a x i a l  h y d r o g e n  i s  c l o s e r  to  t h e  c h l o r i n e  a t o m  and  p a r t i a l l y  s h i e l d s  i t .  
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Ster ie  hindrance to solvat ion of VI-XIV is also obse rved  due to the fo rmat ion  of hydrogen bonds 
between the methanol  and the he t e ro r ing  ni t rogen.  The effect  of methanol  on the reac t ion  ra te ,  which, as is 
well  known [3, 5], cons iderab ly  a c c e l e r a t e s  side p r o c e s s e s ,  is t he r eby  weakened.  

The methox-ydechlorination ra te  constants  of I -V at 76.2 ~ are  lower  by a fac tor  of 6-14 as comp a red  
with the ra te  constants  of the same reac t ion  of 4-chloroquinol ines  at 75.2 ~ [2]; this  is a s soc ia ted  p r i m a r i l y  
with the inductive effect  of the polymethylene  chain in I -V and, to a l e s s e r  extent,  with s t e r i c  hindrance on 
the pa r t  of this  s ame  chain. 

The ra te  of methoxydechlor ina t ion  of the inves t iga ted  compounds depends on the group at tached to 
the C(6 ) a tom and i n c r e a s e s  as the e lec t ronega t iv i ty  of  the subs t i tuents  inc reases :  CH30 <CH z <H <C1 <Br .  
A co r r e l a t i on  dependence between the methoxydechlor ina t ion  ra te  constants  of I -XIV at 76.2 ~ and the ~cat 
subst i tuent  constant  of quinoline [10] was found. The p a r a m e t e r s  of the co r re la t ion  dependence log k - ~ c a  t 
(Table 31 a t tes t  to g rea t  sens i t iv i ty  of the reac t ion  cen te r  to the effect  of subst i tuents  at tached to C(~). The 
introduction of a polymethylene chain does not b r ing  about a subs tant ia l  change in the reac t ion  constant .  

EXPERIMENTAL 

4-Chloro-2,3-polymethylenequinolines. These compounds were obtained by the methods in [6, II-14] 
and were recrystallized three times from hexane. Anhydrous methanol was prepared by the method in [15]. 
Sodium methoxide was prepared by the usual method from analytically pure-grade sodium and anhydrous 
methanol .  The sodium methoxide concent ra t ion  was de te rmined  by t i t r a t ion  with 0.1 N hydrochlor ic  acid 
with methy l  red  as the indicator .  

The reac t ion  mix tu re  for  the kinetic m e a s u r e m e n t s  was p r e p a r e d  in a 25-ml  vo lumet r i c  f lask  by d i s -  
solving a weighed sample  of 4 -ch loro-2 ,3-po lymethy lenequino l ine  in 15 ml  of anhydrous methanol  and by 
subsequent  addition of the ca lcula ted  volume of sodium methoxide and the n e c e s s a r y  amount of methanol .  
The init ial  4 -ch loro-2 ,3 -po lymethy lenequino l ine  and sodium methoxide concentra t ions  were  0.012-0.052 M 
and 0.060-0.160 M, r e spec t ive ly .  Samples  (2 mD of the p r e p a r e d  solutions were  used  for  the de te rmina t ions  
and were  p laced in 20-ml  g lass  ampuls .  The ampuls  were  sealed and s imul taneous ly  i m m e r s e d  in a 
t h e r m o s t a t ;  the t e m p e r a t u r e  was main ta ined  constant  with an accu racy  of +0.05 ~ The t ime  of i m m e r s i o n  
of the sample  in the t h e r m o s t a t  was taken  as the s t a r t  of the reac t ion .  At the end of the react ion,  the ampul  
was cooled with ice,  and the contents were  poured into 20 m l  of  0.3 lq ni t r ic  acid solution. The chlor ide 
ion concent ra t ion  was de te rmined  by the Volhard method.  The ra te  constants  were  calculated f rom the 
s e c o n d - o r d e r  equation 

2.303 , b(a--x) 
t(a-b) ~g-7~---TF ' 

where  a and b are  the m o l a r  concent ra t ions  of sodium methoxide and the halo der ivat ive ,  r e spec t ive ly ,  and 
x is the chlor ide  ion concent ra t ion  at t ime  t (in seconds) .  The slope of the dependence of log [ ( a - x ) / ( b - x )  ] 
on t was ca lcu la ted  by the method of l eas t  squa re s .  A co r r ec t i on  for  the t h e r m a l  expansion of methanol  
[16] was introduced.  

4 -Methoxy-2 ,3-polymethylenequinol ines  (XV-XXVII, Table  1). A 0.005-mole sample  of 4 - c h l o r o - 2 , 3 -  
polymethylenequinol ine was added to a solution of 0.5 g of sodium in 15 ml  of methanol ,  and the mix tu re  
was ref luxed for  20-200 h. It was then cooled and poured  into water ,  and the resu l t ing  prec ip i ta te  was 
r emoved  by f i l t ra t ion and c rys t a l l i zed .  
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