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T h e  IR spectra  of 6 R - 2 . 2 . 4 - t r i m e t h y l , l . 2 - d i h y d r o q u i n o l i n e s  (I) and 6R- 
2 . 2 . 4 - t r i m e t h y l - l . 2 . 3 . 4 - t e t r a h y d r o q u i n o l i n e s  (II) wi th  R = H. CHa. 

OCHs, and OCzHs and those of their acetyl derivatives have been stud- 
ied. The change in the intensity and the freqq#ncies of the bands of 
the stretching vibrations of the C--N and C=C bonds and the ring with 
a change in the structure of the molecule have been considered. The 
considerable differences in the IR and UV spectra of I and II are ex- 
plained by the fact that in the I series the interaction between the p- 
electrons of the nitrogen and the *r-electrons of the double bond (of the 
CTC type) and in the II series that of the p-electrons of the nitrogen 
with the aromatic ring is predominant. 

We have p r e v i o u s l y  [1] o b s e r v e d  c o n s i d e r a b l e  d i f -  
f e r e n c e s  in the  UV s p e c t r a  of 6 R - 2 , 2 , 4 - t r i m e t h y l -  

Tab le  1 

Va lues  of k m a  x and a r ea  x 
of the K-band  in the  E l e c -  
t r o n i c  S p e c t r a  of I and II  
(R =H) ,  T h e i r  Ace ty l  De-  
r i v a t i v e s ,  and T h e i r  C a t -  

ions .  

Com- 
pound i~1 ~'raa:~ 8-max 

H 232 35400 
COCH3 244 28000 
Cation 257 11500 

H 245 9200 
COCH3 250 13000 
Cation 259 1300 

1, 2 - d i h y d r o q u i n o l i n e s  (I) and 6R-2 ,  2, 4 - t r i m e t h y l -  
1 , 2 , 3 , 4 - t e t r a h y d r o q u i n o l i n e s  (II), w h e r e  R = H, CH3, 
OCH3, and OC2H5, and R1 = H. 

i RI  I I  R I 

Thus ,  the  i n t ens i t y  of the  7r ~ v* e l e c t r o n i c  t r a n s i t i o n  
(K-band) of the  d e r i v a t i v e s  I wi th  R 1 = H is  2 - 3  t i m e s  
g r e a t e r  than the  i n t ens i ty  of the  band of the  d e r i v a t i v e s  
11 with R1 = H and i s  sh i f ted  s l i g h t l y  in the  h y p s o c h r o -  
mic  d i r e c t i o n .  T h e s e  d i f f e r e n c e s  a r e  s t i l l  s t r o n g e r  in 
the  s p e c t r a  of the  ca t i ons  of I and II  (R = H) (Tab le  1). 

In the  ~260 nm r e g i o n ,  a band i s  o b s e r v e d  as  an in -  
f l ec t ion  in the l ong -wave  wing of the K-band  only fo r  

s e r i e s  I (R1 = H). I ts  i n t ens i t y  i n c r e a s e s  by  a f a c t o r  of 
a l m o s t  2 when an a lkoxy  g roup  is  i n t roduced .  

At  the  s a m e  t i m e ,  we have  found [1] a c o n s i d e r a b l e  
b a t h o c h r o m i c  shi f t  (40-50  nm) and an i n c r e a s e  in the  
i n t ens i t y  of the  l ong -wave  B - b a n d  which ,  fo r  n i t r o g e n -  
con ta in ing  c o m p o u n d s ,  is  e x t r e m e l y  s e n s i t i v e  to a 
change  in the  s t a t e  of the  p - e l e c t r o n s  of the  n i t rogen .  

Th is  d i f f e r e n c e  in t h e  e l e c t r o n i c  s p e c t r a  of I and II  
(R1 = H) is  p a r t i c u l a r l y  a p p r e c i a b l e '  fo r  R = H and d e -  
c r e a s e s  s o m e w h a t  fo r  R = C 2H50. 

The  l a t t e r  c i r c u m s t a n c e  is exp la ined  by the fac t  
tha t  in a c o n s i d e r a t i o n  of the s e r i e s  of d e r i v a t i v e s  II ,  
wi th  R = H, CH~, OCHH3, and OC2I.I~, beg inn ing  with the  
unsubs t i tu t ed  t e t r a h y d r o q u i n o l i n e ,  a s m a l l  b a t h o c h r o -  
mic  shi f t  of the B - b a n d  and a h y p s o c h r o m i c  shi f t  and 
an i n c r e a s e  in the  in t ens i ty  of the  K - b a n d  can be  found 
[1]. Th is  g e n e r a l  f e a t u r e  a p p e a r s  s t i l l  m o r e  s t r o n g l y  

in s e r i e s  I wi th  R1 = H and p r o b a b l y  shows an i n c r e a s e  
in i n t r a m o l e c u l a r  i n t e r a c t i o n  compe t ing  with  the  ef fec t  
of the  conjugat ion  of the p - e l e c t r o n s  of the  n i t r o g e n  
with the  a r o m a t i c  r ing* .  

We have s tud ied  the  IR s p e c t r a  of I and II wi th  R1 = 
= H and COCH~ and R = H, CHa, OCH~, and OCzHH 5. 
Figs. 1-3 show the form of the spectra of four sub- 
stances in the 1200-1800 cm -I region. This region is 

of the greatest interest, since it enables us to follow 

in the main links in the quinoline ring (the C--N, ~ ,  
and ring vibrations) with a change in the structure of 
the molecule. We have considered the region of the 

N--H s t r e t c h i n g  v i b r a t i o n s  p r e v i o u s l y  [2]. 
T h e r e  is  an e x t r e m e l y  l i m i t e d  amount  of i n f o r m a -  

t ion on the  a s s i g n m e n t  of the  a b s o r p t i o n  bands  in the  
s p e c t r a  of h y d r o g e n a t e d  h e t e r o c y c l e s  [3]. H o w e v e r ,  
fo r  the  1500-1700 c m  -1 r e g i o n  th i s  a s s i g n m e n t  can be 
c a r r i e d  out f a i r l y  unambiguous ly .  F o r  the  s t r u c t u r e  I 
wi th  R1 = H, four  bands  a r e  found in th i s  r e g i o n ,  t h r e e  
a t  about  1600 c m  -1 and one a t  about  1500 c m  - i .  Bands  
at  1600 c m  - t  (vl) and 1500 c m  - i  a r e  found with  many  
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Fig .  1. IR a b s o r p t i o n  s p e c t r a :  1) I ,  

R1 = R = H ; 2 }  II,  R1 = R  = H .  

n i t r o g e n - c o n t a i n i n g  h e t e r o c y c l e s  and c h a r a c t e r i z e  the  
s t r e t c h i n g  v i b r a t i o n s  of the  r ing .  The  band at  ~1640 

*An i n t r a m o l e c u l a r  CTC be tween  the p - e l e c t r o n s  of 
the  n i t r o g e n  and the ~r- o r  e -bond  in p o s i t i o n  4 of the 
h y d r o g e n a t e d  r i n g  is  p o s s i b l e .  
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cm -1 is due to the s t r e t ch ing  v ib ra t ions  of the 
bond in the pa r t i a l l y  hydrogenated  pyr id ine  r ing  of 
quinol ine.  This  band is absen t  f rom the spec t r a  of 
compounds II (R~ = H, COCIt3). 

In format ion  r e l a t i n g  to the 1550- i600  cm -1 band 
(v~) is f a i r l y  con t rad ic to ry .  It is ass igned  [4-6] e i ther  
to weak r ing  v i b r a t i o n s ,  which do not a lways appear ,  
or  to ex te rna l  C- -N- t I  de format ion  v ib r a t i ons  for  s ec -  
ondary  amines .  The l a t t e r  is  un l ike ly  in our  case ,  
s ince  an analogous band is found for  the ace ty l  d e r i v a -  
t ives  I and IL The s p e c t r a l  p a r a m e t e r s  of the bands  of 
s t r u c t u r e s  I and II (R 1 = H) a r e  given in Table  2. The 
f igures  given indicate  a sma l l  change in the f r equen -  
c ies ,  which a r e  p r a c t i c a l l y  the s ame  for  a l l  the c o m -  
pounds and a re  within the l im i t s  of e x p e r i m e n t a l  e r -  
r o r .  An except ion is the band of the C--N v ib ra t i ons  
cons ide red  below. At ten t ion  is a t t r ac ted  by the in t en -  
s i ty  of the a r o m a t i c  e 1 and e 2 bands .  

The band at 1600 cm -1 is not s ens i t i ve  to the p r e s -  
ence of an e thylenic  bond. Its in tens i ty  is low, both in 
I and II, in a g r e e m e n t  with the d e c r e a s e  in the d i f fe r -  
ence of the ~ cons tan t s  of the subs t i tuen t  R and the 
N---H group.  On the o ther  hand, in the I and II s e r i e s  
the a i i n t ens i t i e s  of de r iva t i ve s  with the s a m e  R a re  
found to be equal.  This  indica tes  the absence  of any 
apprec i ab le  conjugat ion between the r ing  and the eth-  
y len ic  bond in the I d e r i v a t i v e s ,  which is conf i rmed  by 
the f a i r l y  high value of i ts  f r equency ,  a c h a r a c t e r i s t i c  
of i so la ted  ~ bonds.  

Conve r se ly ,  the band at ~1570 cm -1 is s ens i t ive  to 
the p r e s e n c e  of an e thylenic  bond,  and i ts  in tens i ty  e2 
changes d i f fe ren t ly  for  I and II. 

In the f i r s t  case ,  subs t i tuen t s  have the opposi te  ef-  
fect: alkoxy groups i n c r e a s e  i ts  in tens i ty  as compared  
with R = H and CH3, i .e . ,  t h e i r  act ion is opposi te  to 
t he i r  ac t ion on the 1600 cm - i  bond. In the second 
case ,  in the II d e r i v a t i v e s ,  this  effect is l ess  c l e a r  
and is r a t h e r  a c o m p r o m i s e  effect. 
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Fig. 2. IR absorption spectrum of I, Ri = 
= COCH3, R = H. 

The pos s ib i l i t y  is not excluded that  the a r o m a t i c  
band at 1570 cm - i  r e f l e c t s  the inf luence  of an i n t r a -  
m o l e c u l a r  CTC be tween  the ortho subs t i t uen t s  
(N--H---z-bond) in the v i b r a t i o n s  of the a r o m a t i c  r ing .  

The i n t ens i t y  of the e thylenic  bond a lso  c o r r e -  
sponds to some  degree  to the po l a r  n a t u r e  of the sub -  
s t i tuen t  and changes  s y m b a t i c a l l y  with the a r o m a t i c  

band  at  1600 cm - i .  
The d e c r e a s e  in the in t ens i ty  of the VC~__ C and v 1 

bands  obse rved  in the IR s p e c t r a  of I and II can also 

be explained by some i n c r e a s e  in the s y m m e t r y  of the 
molecu le  with the in t roduct ion  of an alkoxy group. 
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Fig.  3. IR abso rp t ion  s p e c t r u m  of IT, R 1 = 
= COCH3, R= H. 

In the IR spectra of the acetyl derivatives I and IT 
(R = H, RI = COCH3) a strong band with the stretching 
vibrations of the C=O group appears which is very 
sensitive to a minute change in the degree of double- 
bondedness of the carbonyl with a change in the conju- 

gation effect. 
In comparing the spectra a small but appreciable 

rise in the VC~ C frequency (1680 cm -i) for I with R = 
= Hcanbe seen (forIIwithR=H, VC~_~ C= 1666 crn -i) 
which indicates a weakening of the interaction of the 
C=43 group with the unshared pair of electrons of the 

nitrogen atom. This is evidently due to the stronger 
competing intramolecular effect. If this effect were an 
enhancement of the conjugation of the p-electrons with 
the ring, the intensity of the vibrations of the ring in 

the acetyl derivatives I would increase in comparison 

with the derivatives IT (general influence of the conju- 

gation effect). In practice, however, the intensities of 

these bands in I are almost equal (e I = 151) or even 

somewhat lower than in II (el = 211). 
A considerable difference between the acetyl deriv- 

atives I and II can also be seen from the features of 

the electronic spectra (Table I). For II with R = H, 
the introduction of a COCH~ group leads to the general 
effect of the elongation of the chain of conjugation: 

ring-- p-electrons of the nitrogem atom--C-~O group 

(whereupon the value of kmax and e increase some- 
what). For I with R = H, a fall in the intensity of the K 
band with a bathochromic shift is found, probably be- 
cause of a partial decrease in the intramolecular in- 

teractions with the introduction of a COCH3 group. 

The spectroscopic effects considered are com- 
pletely analogous to the changes found in a series of 

compounds with intramolecular interaction through a 

field [7]. 
Of g rea t  i n t e r e s t  in connect ion  with the effect con-  

s ide red  e a r l i e r  is the reg ion  of the C--N s t r e t ch ing  v i -  
b r a t i o n s  which,  however ,  is diff icul t  to i n t e r p r e t  and 
has been  s tudied even less  for  hydrogena ted  h e t e r o c y -  
c les  than the reg ion  of the ~ v ib ra t ions .  The re  is  
much  ev idence  that  t he re  a r e  two bands  in the reg ion  
of VC_ N of a r o m a t i c  amines :  1360-1250 and 1280-  
1180 cm -1 (analogous to VC_ Nin  a l iphat ic  amines )  [3, 
5, 6]. F o r  he t e rocye l i c  a m i n e s  the ex i s t ence  of t h r ee  
v C Nbands  in th i s  reg ion  is  p o s s i b l e  (1319, 1299, and 

12~ c m  "1) [sl .  
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Com- 
pound 

I 
II 
I 

II 
I 

II 
I 

II 

Table 2 

Frequencies  and Intensit ies of the Absorption Bands in the LR 
Spectra  of I and II (Rt = H) 

CH3 
CHs 

OCH3 
OCHs 
DC2H5 
OC2H5 

V, em -ll 

1639 

l~0 

1~1 

1~8 

C=C 

e I A �9 104 

93 0.30 

o~3 
o~3 
o~4 

p, r -1 

1597 
1597 
1605 
1608 
1604 
1603 
1606 
1600 

Rinl 

1571 
1573 
1573 
1573 
1570 
1572 
1575 
1570 

Ring C--N 

v, cm -1 e~ A,- 10 -4 

205 058  
215 0.65 
94 0.28 

101 ff33 
53 - -  
36 
52 
44 

e2 A2 " I0 -4 

71 
131 0~4 
68 0.28 
30 - -  

151 0.44 
88 O.3O 

135 0.40 
76 0.27 

1317 
1310 
1311 
1309 
1309 
1293 
1301 
1299 

250 
300 
272 
293 
258 

20O 
263 
225 

We have found two strong bands at about 1300-1320 
and 1260 cm -1, the intensity and position of which va ry  
in all the in t ramolecular  p roces se s  connected with the 
nitrogen. It is cha rac te r i s t i c  that when an alkoxy 
group is introduced into I o r  II a smal l  increase  (Table 
1) is observed in the frequency of the shortwave 
Vc_Nband at 1320-1300 cm -1, evidently in agreement  
with the weakening of the conjugation of the p - e l ec -  
t rons  of the nitrogen atom and the ring. In  view of the 
par t ia l  overlapping of the vibrat ions of the alkoxy 
groups,  the change in the second v c _ N b a n d  is not a l -  
ways clear .  

Since the only difference between se r i e s  I and II is 
the p resence  of an ethylenic bond in the hydrogenated 
pyridine ring of the quinoline, it is naturaI  to a s sume  
(on the bas i s  of all the spec t roscopic  effects d is-  
cussed) that in s e r i e s  I a spat ial  in t ramolecular  in ter -  
action between the  7r-electrons of the cloud of the dou- 
ble bond and the p -e lec t rons  of the ni trogen is p r edom-  
inant. 

In s e r i e s  II, pa r t i cu la r ly  with R = H (as with the 
a ry lamines) ,  the interaction of the p -e lec t rons  of the 
nitrogen with the ~-e lec t rons  of the a romat ic  ring is 
possible  to a g r ea t e r  extent than in I. 

EXP ERIMENTAL 

The IR spec t ra  were  r eco rded  on UR-10 and IKS-14  spec t ropho to -  

me te r s  with NaC1 prisms (solutions in CC14, c = 0 . 0 5 - 0 . 1  m o l e / l ,  

1 = 0.1 m m ) .  The r e c o r d i n g  of  t he  I 0 l ine  was ca r r i ed  out with the  solvent  

in both  ce i l s .  The in t eg ra l  in tens i t ies  of the  IRbands  (A, / / m o l e -  1. 

�9 c m  "2) were  d e t e r m i n e d  by Ramsay ' s  m e t h o d  [9].  The  UV spec t ra  we re  

ob t a ined  on an  SF-4A s p e c t r o p h o t o m e t e r  (solutions in p ropano l ,  c = 

= 0 . 0 1 - 0 . 0 0 1  m o l e / l ,  ~ = 0.1 m m ) .  The  p e a k  intensi t ies  of  the  UV and  

IR bands were  de f ined  as e = [ ln  ( I 0 / I ) ] / c l  / / m o l e  "l  �9 e m  -1. 
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