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F r o m  an examinat ion of the f requencies ,  integral  in tensi t ies ,  and half-widths of the absorp t ion  
bands of the s t re tch ing  vibrat ions  of the hydroxyl groups in the IR spec t r a ,  it was concluded 
that 3-hydroxyquinol ine,  4-hydroxyisoquinol ine,  and the i r  der iva t ives  exis t  in the phenol fo rm 
in dilute CCI 4 solutions.  Strong in t e rmolecu la r  hydrogen bonds,  which a re  des t royed  on di-  
lution, exis t  in 3-hydroxyquinol ine,  4 -methy l -3-hydroxyquino l ine ,  4-hydroxyisoquinol ine,  and 
1 -ch lo ro -3 -methy l -4 -hydroxyqu ino l ine  at  concentra t ions  above 10 -2 M in CC14. F rom an 
examinat ion  of the values of halo der iva t ives  of 3-hydroxyquinoline and 4-hydroxyisoquinol tne,  
it was concluded that an i n t r amolecu la r  hydrogen bond of the OH.. .Hal type is p r e sen t  in these 
compounds.  The shif t  in the OH band inc reases  in the o r d e r  CI < Br < I. Weak bands of a 
f ree  OH group that  pe r ta in  to the s - t r a n s  fo rm a re  obse rved  in the spec t rum.  Strong in t r a -  
m o l e c u l a r  hydrogen bonds exis t  in 3 -n i t ro -4-hydroxyisoquino l ine  and 3 -p ipe r id inomethy l -4 -  
hydroxyisoquinoline.  

The e lec t ronic  s pec t r a  have been  used to show that 3-hydroxyquinoline and 4-hydroxyisoquinol ine exis t  
in four  fo rms  (neutral,  dipolar ,  cationic,  and anionic),  depending on the pH of the med ium [1]. The s t r u c -  
tu res  of these compounds in solutions in organic  solvents  have not been  examined.  Impor tan t  informat ion  
regard ing  the s t r u c t u r e s  of der iva t ives  of 3-hydroxyquinoline and 4-hydroxyisoquinol ine can be obtained f rom 
the IR spec t ra .  However ,  the IR s pec t r a  of these  compounds have r ece ived  v e r y  l i t t le  study. The f requen-  
cies of the s t re tch ing  v ibra t ions  of the hydroxyl groups (vOH) in the c rys ta l l ine  s ta te  a re  p resen ted  only in 
[2], and the VOH values in the CC14 a re  indicated for  two compounds.  The intensi t ies  and shapes of the vOH 
bands were  not p resen ted .  We have studied the IR spec t r a  of 3-hydroxyquinoline,  4-hydroxyisoquinol ine,  
and a number  of the i r  der iva t ives  in CC14 solutions and in the c rys ta l l ine  s ta te .  

S t ruc ture  

It is apparen t  f rom an examinat ion of the IR spec t r a  of solutions of 3-hydroxyquinoline,  4 - m e t h y l - 3 -  
hydroxyquinoline,  4-hydroxyisoquinol ine,  and 1 -ch lo ro -3 -methy l -4 -hydroxy i soqu ino l ine  in CC14 that  t h e y a r e  
cha r ac t e r i z ed  by  a na r row absorp t ion  band at 3592-3601 cm -1 (vOH) (Fig. 1 and Table 1) and a b road  in- 
tense  band at  2400-3200 cm -1, which vanishes on dilution (Fig. 1). No bands a r e  obse rved  in the reg ion  of 
the absorp t ion  of the valence v ibra t ions  of the N - H  or  C=O groups in ve ry  dilute solutions.  The IR s p e c t r a  
of solutions of halo der iva t ives  of 3-hydroxyquinoline and 4-hydroxyisoquinol ine a r e  s i m i l a r  to those d e -  
s c r ibed  above. In this case ,  however ,  the bands of the s t re tch ing  vibrat ions  of the OH groups that a r e  not 
t ied up in an in t e rmolecu la r  hydrogen bond a re  shif ted by 60-126 cm -1 to the low frequency reg ion  (Fig. 2). 
This is r ead i ly  explained by  i n t r amolecu l a r  hydrogen bonding (IHB) of the OH.. .Hal type,  as in o r t h o - s u b -  
s t i tuted phenols [3]. Since the vOH values of sa tu ra ted  and a roma t i c  hydroxy der iva t ives  a r e  quite c lose,  
and one f requency is insufficient for  cha rac te r i z ing  the nature  of the OH group, one mus t  also use the inte-  
gra l  intensi ty (IoH) and the band half-width (Av ~/2 a ) ,  which a r e ,  l ike the f requenc ies ,  also cha r ac t e r i s t i c  
[4]. It is known that IOH of phenols r anges  f rom 0.9- 104 l i t e r / m o l e "  em 2 to 1.2.104 l i t e r / m o l e ,  em 2, 
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Fig. 1. IR s p e c t r a  of solutions of 4 - m e t h y l - 3 - h y d r o x y -  
quinoline in CC14: a) c =4.19" 10 -3 M (l = 2 cm); b) c= 
1.38 .10  -3 M (l =1 cm). 
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Fig. 2. Absorp t ion  bands (VOH) of halo derva t ives  of 3-hydroxyquinoline and 4-hydroxy-  
isoquinoline in CC14: a) 3-hydroxyquinoline;  b) 4-ch loro-3-hydroxyquinol ine ;  c) 1 -ch lo ro-  
3-methyl -4-hydroxyisoquinol ine ;  d) 3 -bromo-4-hydroxyisoquinol ine .  

Fig. 3. IR s p e c t r a  of CC14 solut ions:  a) 3-n i t ro-4-hydroxyisoquinol ine  (c = 8.7- 10-3M, 
l ~-5 cm); b) 3-p iper id inomethyl -4-hydroxyisoquinol ine  (c =8.62" 10 -3 1V[, l =4.99 cm). 

while A u i / 2  a =18.0 cm -1 [4]. The IOH and A~ l /2a  values of the absorpt ion  bands of the 3-hydroxyquinoline 
and 4-hydi 'oxyisoquinoline der iva t ives  a r e  close to those obse rved  for  phenols (Table 1). This is evidence 
in favor  of the a r o m a t i c  nature  of the OH group in neutral  f o rms  of the compounds under considerat ion.  
Thus 3-hydroxyquinoline,  4-hydroxyisoquinol ine,  and the i r  der iva t ives  exis t  in neutral  (phenolic) f o r m s  in 
dilute CCI 4 solut ions.  

Some informat ion  on the s t ruc tu r e s  of the 3-hydroxyquinoline and 4-hydroxyisoquinoline der iva t ives  
can be obtained f r o m  an examinat ion  of the IR spec t r a  in the c rys ta l l ine  s ta te ,  in which broad,  intense uOH 
bands of ma rked l y  assoc ia ted  OH groups a r e  obse rved  at 2300-2500 cm -1. The mos t  intense band in the 
1000-1400 cm - t  reg ion  is the band f rom 1333 to 1380 cm - i ,  which is p robably  re la ted  to the s t re tch ing  v i -  
b ra t ions  of the C - O  bonds. 

The in tervals  of the vibrat ional  f requencies  of the quinoline and isoquinoline r ings in the s p ec t r a  
of  the invest igated compounds (Table 2) a r e  bas ica l ly  in a g r e e m e n t  with the in tervals  found for  a number  of 
t r i subs t i tu ted  quinolines and isoquinolines [5]. 
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T A B L E  1, F r e q u e n c i e s  (v OH),  H a l f - W i d t h s  (AV t/2a), and  I n t e g r a l  
- i I n t e n s i t i e s  (IOH) of  t h e  A b s o r p t i o n  B a n d s  o f  t he  S t r e t c h i n g  V b r a -  

t t ons  of  t h e  OH G r o u p  in  S o l u t i o n s  of  3 - H y d r o x y q u i n o l i n e  and  4 -  

H y d r o x y t s o q u i n o l i n e  D e r i v a t i v e s  in  CC14. 

Compound 

3-Hydroxyquinoline 
4-Methyl'3-hydroxyquinoline 
4-Chlom- 3-hydroxyquinoline 

4- Bromo- 3 -hydroxyquinoline 

4-Iodo - 3 -hydroxyqutnoline 

4-Hydmxyisoquinoline 
1 -Chloro -3 -methyl -4-hydroxyisoquinoline 
3 - Iodo-4-hydroxyisoquinoline 

3 -Bm mo-4-hydroxyisoquinoline 

1, 3 - Diiodo -4-hydroxyisoquinoline 
1, 3-Dibromo-~-hydroxyisoquinoline 
3-Nitro -4-hydrox~isoquinoline 
3-Piperidindmethyl-4-hydroxyisoquinoline 

VO K,CIT} -I 

3592 s 
3593 s 
3533 s 
3593 w 
3515 s 
3570 w 
3482 s 

3574w 
3605 w 
3600 s 
3601 s 
3500 s 
3591 w 
3465 s 
3605 w 
3475 s 
3498 s 
3090 s 
2600--3200 

~VZ/2a. 
ern-1 

32,4 
34,6 

25 

35 
22 

26 

26 

IOH" 10 -4, 
liter/mole �9 
am2 

0,9 

1,1 

1,35 
0 , 9 5  

1,10 

1,50 

i 

N o t e :  s is  s t r o n g ,  and  w is  w e a k .  

T A B L E  2. V i b r a t i o n a l  F r e q u e n c i e s  (u, c m  -1) o f  t h e  R i n g s  o f  3 - H y d r o x y -  

q u i n o l i n e  a n d  4 - H y d r o x y i s o q u i n o l i n e  D e r i v a t i v e s  f r o m  1350 to  1630 c m  -1. 

Compound ~ v2 m v, v~ m vr vs 

3-Hydroxyquinoline / 1603 
4-iVfethyl-3-hydroxyquinoline~ 1621 I 
4-Chloro-3-hTdroxyquinoline[ 1620 I 
4-Bromo-3-h~?drox])quinoline | 1616 
4-Iodo-a-hydroxyquinoline | 1602 I 

3-Hydroxyquinoline meth- 1616 
4 }~yi2eoxyis oquinoline 1630 
1 -Ghloro-3-methyl-4-hy- 1625 

droxyisoquinoline - 
3-Brofn o-4 -hgdroxvquinotine t524 
3-Iodo-4-hydroxy4uinoline 1620 
1,3-Dibromo-4-hydroxyiso- 1630 

quinoIine 
1,3-Diiodo-4-hydroxyisoquin- 1612 

oline 

1585 t --  1582 1540 
1591 1570 
-- 1568 

1~2 1562 

- ~ s ~ -  I - 
1585 
1582 --  

1584 } I564" 
1579 / 1565"m 

11540 

- I  
1522 I 
1507 
1509 I 
1504 

1535 
1525 
1501 

1500 
1502 
1524 

1498 

1475 
1460 
1473 
1482" 

1486 
1482 

1485' 
1481 
1483 

!1420 1384 
1419 1381 

1447 - -  I 1386 
1441 ~ --  1371 
1434 11415* I370 

1439 I 1422 / 1381 
/ 

1450 1412 ] 1382" 
1450 1430" I 1382 

1445 i I414c / I375" 
1445 1414c~ --  
1450 : 1413 } 1380 

/ 
1447 1420 | 1376 | 

* The bands  a r e  o v e r l a p p e d .  

T A B L E  3. ZXvOH V a l u e s  o f  o - H a l o  D e r i v a t i v e s  
o f  3 - H y d r o x y q u i n o l i n e ,  4 - H y d r o x y i s o q u t n o H n e ,  
P h e n o l ,  and  2 - N a p h t h o l  

Compound aVoa, cm -I 

2-Chlorophenol 
2 ZBromoptaenol 
2-1odophenol 
3-Bromo-2-naphthol 
4-Chloro- 3-hydroxyquinoline 
4-Bromo- 3-h~drox~quinoline 
4-1ndo-3-hydroxyquinoline 
3-Bromo-4-hvdroxvisoquinoline 
3-1odo-4-hyffroxyi~oquinoline 

58 s 
74 ~ 
91~ 
66 s 
60 
8O 

I07 
91 

125 
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Hydrogen Bonding 

As pointed out above, the IR spec t ra  of solutions of 3-hydroxyquinoline and 4-hydroxyisoquinoline 
derivatives in CCI 4 a re  charac te r i zed  by a broad,  intense band at 2400-3200 cm -I  and a narrow band at 
~3600 cm -1. The low-frequency region of absorpt ion of the solutions is to a great  degree s imi lar  to the 
absorpt ion region in the spec t ra  of the compounds in the crysta l l ine  state. This makes it possible to assume 
that the cha rac te r  of the associa t ion in concentrated solutions and in the crys ta l  state is s imilar .  

The low-frequency absorpt ion region vanishes at dilutions of up to 10 -3 to 10 -4 M, while the intensity 
of the band at ,~3600 cm -1 is increased correspondingly (Fig. 1). The 2400-3200 cm -1 absorption region 
is consequently due to OH groups that are  bonded by in termolecular  hydrogen bonds of the OH ... N ~  type. 
As shown in [6], s imi la r  changes are  detected in the IR spec t rum of 3-hydroxypyridine in CC14. The inter-  
molecular  hydrogen bond energy (E) was est imated f rom the formula [7] 

E = 10_2 2 . AvoH 
K ~]OH ' 

where K=I.7, and Au ~--600 em -I. 

The E values obtained (~ I0 keal/mole) are somewhat higher than those in known phenol-pyridine 
systems [7]. This is due to the greater acidic character of the OH group in 3-hydroxyqulnolines. 

Two ~OH bands are observed in the spectra of dilute solutions of 3-hydroxyquinoline and 4-hydroxy- 
isoquinoline derivatives - one for a free OH group (3580-3600 cm -I) and one for an OH group tied up in an 
intramoleeular hydrogen bond (OH...Hal) (3465-3533 cm -I) (Table I). The first band corresponds to an s- 
trans orientation and the second to an s-eis orientation of the hydroxy group relative to the halogen atom. 

The difference (AVoH)between the free and bonded uoHbands ranges from 60 to 126 cm -I (Table 3) and 
increases in the order CI < Br < I. The A~OH values in the spectra of halo derivatives of 3-hydroxyquinoline 
and 4-hydroxyisoquinoline are 2-14 em -I and 21-33 cm -I higher, respectively, than in the spectra of o-halo- 
phenols and o-bromonaphthols [8]. This is also explained by the greater acidic character of the OH group 
in 3-hydroxyquinolines and 4-hydroxyisoquinolines. 

When there is a nitro group in the ortho position relative to the OH group in 3-hydroxyquinoline and 
4-hydroxyisoquinoline, a band at ~3100 cm -i, which is related to an IHB of the OH...ONO type, is observed 
in the IR spectra of solutions of these compounds (Fig. 3). This band is 150-200 cm -I lower than ~OH...ONO 
in the spectra of 2-nitro-3-hydroxypyridine [6]. 

An especially strong IHB bond of the OH...N(type was observed in 3-dialkylaminomethyl-4-hydroxy- 
isoquinoline and 4-dialkylaminomethyl-3-hydroxyquinoline. Thus the LR spectrum of a solution of 3-piper- 
idinomethyl-4-hydroxyisoqulnoline in CCI 4 contains one broad, intense band of valence vibrations of the OH 
group at 2600-3200 cm -i, which does not change on dilution to ~- 10 -4 IV[ (Fig. 3). 

EXPE RIIVIE NTAL 

The synthesis of severa l  of the compounds studied is descr ibed in [9]. The IR spect ra  of CC14 solu-  
tions (1 .0-4.0 .10 -3 M, l aye r  thickness 5-50 mm) and in the crystal l ine state (KBr pellets) were recorded  
with a UR-20 spect rophotometer .  The integral intensities were  calculated by the Burzhen method. The 
accuracy  in the measu remen t  of the frequencies in the NaC1 and L iF  p r i sm  regions was ~- 2 cm -1 and • 5 
cm -i ,  respect ively ,  while the accuracy  in the measuremen t  of the intensities was ~- 10%. 
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