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IX.* IR SPECTRA OF BENZO[g]QUINOLINES 

L.  I .  K o s h e l e v a ,  N.  P .  K o z y r e v a ,  
a n d  A.  F .  B e k h l i  UDC 547.836.07 : 543.422.4 

The IR spect ra  of l inear benzoquinoline derivatives at 700-900, 1400-1700, and 2800-3600 
cm -1 are  discussed,  and the charac te r i s t i c  frequencies are  related to the peculiari t ies  of 
the s t ruc tures  of the synthesized compounds. 

We have previously presented a new method for the synthesis of benzo[g]quinoline derivatives that 
makes this l i t t le-investigated ser ies  of compounds access ible  [2, 3]. The data on the IR spect ra  are  p re -  
sented in the l i terature  in ext remely  limited form and touch upon only the charac te r i s t i cs  of groups that 
enter  into the benzo[g]quinoline molecule [4-11]. The goal of the present  investigation was a detailed study 
of the IR spect ra  of severa l  benzo[g]quinoline derivatives synthesized by us (Tables 1 and 2 and Fig. 1) 
and exposure of the frequencies that charac te r ize  the l inear  benzoquinolines. 

Benzo[g]quinoline (I) as a linear,  polynuelear system consist ing of three condensed rings is cha rac -  
ter ized by out-of-plane deformation vibrations at 700-900 cm -1 that indicate the o rder  of substitution in 
the benzene and pyridine rings in the s t ruc ture  of the I molecule.  
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Fig. 1. IR spectra:  3) benzo[g]quino- 
line (I); 2) 4-anilinobenzo[g]quinoline 
(IlI); 3) 1,2,3,4-tetrahydrobenzo[g]-  
quinoline (VI). 

I 

The c ring can be considered to be an o-disubsti tuted ben- 
zene ring. The absorption band at 735-770 cm-1 corresponds  
to the lat ter  [8, 12-14]. We observed intense absorption at 733- 
746 cm -1 for I derivatives (Table 1). Amino derivatives I also 
have a band as a shoulder at 723 cm-1. The absorption bands 
at 740 and 700 cm -1 for III should apparently be ascr ibed to 
VCH in the phenyl radical .  The frequency of these bands is 
741-757 cm-~ in a number of 1,2,3,4-tetrahydrobenzo[g]quino- 
line derivatives (Table 2), and an additional band at 723-728 
cm-l ,  which appears as a satellite of the p r imary  band [12], is 
more  noticeable. 

The b ring of I derivatives is a 1,2,4,5-tetrasubst i tuted 
benzene ring that has an isolated hydrogen atom [12] and is 
charac ter ized  by a strong band at 887-883 cm-I  that retains its 
position also in solution. The spec t ra  of te t rahydro derivatives 
contain two absorption bands at 880-918 and 857-910 cm-! ,  
which should be assigned to vCH of the b ring [15, 17]. In addi ~- 

* See [1] for communication VHI. 
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t ion,  these  de r iva t i ve s  d i sp lay  absorp t ion  of medium intensi ty  at 830-838 c m - l .  S i m i l a r  bands were  found 
for  1 ,2 ,3 ,4 - te t rahydroquino l ine  [14] and its 4-oxo de r iva t ive  [18]. However,  it is diff icult  to make  an unam-  
biguous a s s ignment  on the bas i s  of the ava i lab le  data.  

The i n t e rp re t a t i on  of the absorp t ion  bands of pyr id ine  r ing a is a r a t h e r  diff icult  task .  The band at 
743 cm -1 c o r r e s p o n d s  to the vCH v ib ra t ions  of the a r ing of I, which can be cons ide red  to be a 1 , 2 , 3 - t r i -  
subs t i tu ted  benzene r ing.  The abso rp t ion  at 873-887 cm -1, which is d i sp layed  e i the r  as a shoulder  
or  as a d i f f i cu l t - t o -d i s t i ngu i sh  doublet with a band at 883 cm -1, should apparen t ly  be a s s igned  to the 
v ib ra t ions  of the pyr id ine  r ing for  4 -amino  de r iva t ives  III-V, which have two adjacent  hydrogen a toms.  
Two bands  at 887 and 872 cm - t  a r e  d is t inc t ly  r e v e a l e d  during the m e a s u r e m e n t  (~f the s p e c t r a  of so lu -  
t ions of the subs tances  (for example ,  IV). It should be noted that the s p e c t r u m  of IV a lso  contains 
abso rp t ion  at  823 and 808 cm -1, which is  p robably  caused  by the v ibra t ions  of two adjacent  hydrogen 
a toms  in the a ry l  g roup  in the  4 pos i t ion .  

The 1400-1700 cm -1 region is impor tan t  in that  it makes  it poss ib le  to r evea l  the poss ib i l i t y  of the 
appl ica t ion  of c o r r e l a t i o n s  e s t ab l i shed  in the quinoline s e r i e s  to the co r re spond ing  bonds and s t r u c t u r e s  
of de r iva t ives  I. 

In the  ind ica ted  region,  benzo[g]quinoline is  c h a r a c t e r i z e d  by a s e r i e s  of bands ~t 1615, 1589, 1553, 1534, 
and 1512 cm -1, as well  as  by bands at 1478 and 1430 cm - i  and a doublet at 1396 and 1386 c m - l ,  which a r e  
de tec ted  in the s p e c t r a  of a ch lo ro fo rm solution.  A c om pa r i s on  with the s p e c t r a  of quinoline [19] demon-  
s t r a t e s  that  t h e r e  is  much in common with r e spec t  to f requency and number  of bands; some d i f fe rences  
a r e  found only in the absorp t ion  in tens i ty .  

The i n t e rp re t a t i on  of the bands for  4 - a r y l a m i n o - s u b s t i t u t e d  HI and IV is compl ica ted  by the fact that  
Vc =C of the a r o m a t i c  r ing and 5 of the exocycl ic  1NH group a re  s upe r i m pos e d  on v C =C of the benzoquino-  
l ine s y s t e m  of r ings .  The p r e s e n c e  of an a r y l  r ing is r e spons ib l e  fo r  the appea rance  of addi t ional  bands 
at 1613 and 1609 cm - i ,  which a r e  d i sp layed  as a shoulder  on the p r i m a r y  band at 1579 cm-1. The effect of 
the 5 -exocyc l i c  NH group can be judged f rom the c ons i de r a b l e  i n c r e a s e  in the v C =C in tens i ty  at  1571-1580 
cm - i  in the s p e c t r a  of III-V [12]. 

The absorp t ion  at 1550-1558 cm -1 for  I de r iva t i ve s  is p robab ly  a s s oc i a t e d  with v C =N of the pyr id ine  
r ing [20, 21], s ince  these  bands a r e  not d i sp layed  when the l a t t e r  is hydrogenated .  

An intense band at  1645 c m - l ,  which, in analogy with [10, 22-25], can be as s igned  to v C =O, is p r e sen t  
in the spec t rum of c r y s t a l s  of II.  The p r e s e n c e  of a band at 3231 cm-1, which co r r e sponds  to ~NH, indica tes  
that  the compound ex is t s  p r i m a r i l y  in the oxo form.  

The s p e c t r a  of te t rahydrobenzo[g]quinol ine  de r iva t ives  d i f fer  in that  t h e r e  is a s t rong  absorp t ion  band 
at  1630-1637 cm - i ,  r e g a r d l e s s  of the c h a r a c t e r  of the subst i tuent  in the 4 posi t ion and the p r e s e n c e  or  ab-  
sence  of an acy l  group a t tached to the r ing n i t rogen.  The absorp t ion  at  1640-1660 cm -1 is c h a r a c t e r i s t i c  
for  compounds with an enamine  s t r u c t u r e  [26]. The re  a r e  only s ingle  communica t ions  in the l i t e r a t u r e  r e -  
gard ing  the p r e s e n c e  of this  band in hydrogena ted  n i t rogen-con ta in ing  he t e r oc yc l e s .  Bands at 1647, 1640, 
and 1631 cm -1 a r e  found fo r  t e t r a h y d r o p y r i d i n e s  [19, 27, 28]; 1 ,2 ,3 ,4 - te t rahydroquino l ine  has an intense 
band at 16].0 cm-1 [14]. The absorp t ion  at 1642 cm-1, which is obse rved  for  1 - b e n z o y l - l , 2 , 3 , 4 - t e t r a h y d r o -  
4-oxoquinoline,  has  been a s s o c i a t e d  with the v ibra t ions  of a t e r t i a r y  amide  group [18]. The band found for  
te t rahydrobenzo[g]quinol ine  should appa ren t ly  be a s s igned  to the v ib ra t ions  that c h a r a c t e r i z e  the enamine 
double bond in the p a r t i a l l y  hydrogena ted  pyr id ine  r ing.  

Among the bands caused  by the a r o m a t i c  r ings  of t e t rahydrobenzoquino l ine ,  one should note those  at 
1603, 1500, and 1366 cm -~, as well  as the band at 1437 cm-1, which is not iceable  only in the spec t rum of 
so lu t ions .  The number  of t he se  bands is  t e s s  than for  I. OneTs at tent ion is d i r ec t ed  to the absorp t ion  as 
a shou lde r  at 1506-1513 cm -1, which is o b s e r v e d  for  a l l  of the t e t r ahydro  de r iva t ives  except the N-ace ty l  
de r iva t ive ,  which makes  it poss ib l e  to con j ec tu r a l l y  cons ide r  it  to be due to 5NH in the r ing [12]. 

The s p e c t r u m  of VIII contains bands at  1695 and 1663 cm-1, which a r e  due to v C =O of the ketone 
group and the N - a c e t y l  ca rbony l  group [10]. 

In con t r a s t  to I, the IR spec t rum of a solut ion of the t e t r a hyd r o  de r iva t ive  has a band at 1462-1472 
cm -1, which is a s s o c i a t e d  with the s c i s s o r s  v ib ra t ions  (SCH 2) of the pyr id ine  r ing.  

At 2800-3600 cm -1, the s p e c t r a  of de r iva t i ve s  of I have a c h a r a c t e r i s t i c  t r i p l e t  (as, for  example ,  at 
3070, 3017, and 2982 c m - i  for  I), which is due to VCH , and the in tens i ty  of the l a t t e r  band is a max imum.  
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The spec t r a  of c ry s t a l s  of these  compounds contain one to two bands,  the m a j o r  band of which is found 
n e a r  3054 cm -1. The vCH vibra t ions  of solutions of the t e t r ahydro  der iva t ives  a r e  also cha r ac t e r i z e d  by 
th ree  bands (3070, 3020, and 2972 cm -1 for  VI), which a r e  s o m e t i m e s  poorly resolved ,  but the second band 
has  the m a x i m u m  intensity.  In addition, the s y m m e t r i c a l  and a s y m m e t r i c a l  vCH 2 v ibra t ions  a r e  observed  
as a s e r i e s  of bands at 2842-2870 and 2897-2953 cm -1 [29, 30]. 

A doubled broad band at 3250 c m - I  due to assoc ia t ion  of the exocyclic NH 2 groups [12] is displayed 
in the spec t r a  of the 4 -amino-subs t i tu ted  der iva t ives  of I. In the spec t r a  of solutions,  this band has the 
posit ion of a f r ee  NH group at 3450 cm - l .  The absorp t ion  at 3400 cm- l ,  which also re ta ins  its f requency 
in solution [23], co r responds  to VNH in the ring of the t e t r ahydro  der iva t ives .  As a consequence of the 
p r e sence  of two secondary  amino groups (cyclic and exocyclic) ,  the spec t rum of a solution of IX contains 
two bands at 3415 and 3377 cm -1, respec t ive ly .  

These  invest igat ions have demons t ra ted  that  l inear  benzoquinolines and the i r  hydrogenated analogs 
can be identified f rom the absorpt ion in the vCH region.  It was found that bands at 1634 ~-3, 1469 :~ 7, and 
3403 ~-16 cm -1, which make  it poss ib le  to dist inguish them f rom der iva t ives  of I, which have specif ic  ab-  
sorpt ion  at 1553 4-8 cm-1, a r e  c h a r a c t e r i s t i c  for  1 ,2,3,4- tetrahydrobenzo[g]quinol ines .  

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

Compounds I - IX were  synthesized by the methods in [2, 3]. The spec t r a  of m ine ra l -o i l  pas tes  and 
5% ch loroform solutions in 0 .12- ram- th ick  cuvet tes  were  recorded  with a UR-20 spec t ropho tomete r .  Be -  
cause  of its low solubili ty,  the spec t rum of III was m e a s u r e d  with a 0.62% solution, while the spec t rum of 
IV was m e a s u r e d  with a 1.25% solution. The spec t rum of a ch lo ro form solution of H cou ldnotbe  recorded .  
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