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Infra-Red Study of Tautomerism in Some 
Schiff Bases. 
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Irbid, Jordan. 

Abstract: 
I&-Red spectra of a series of substituted salicylaldehyde and 2-hydroxy- 

naphthaldehyde Schiff bases were used to investigate enol-keto tautomeric 

equilibrium. Two model compounds, namely, salicylidinaniline and 

naphthylidinequholheamhe Schiff bases were used to represent the enol 

and keto forms, respectively. From the IR spectra of the model compounds 

it was possible to assign the IR absorption for the C=O and the C=N 

groups in both the keto and the enol form. It was also possible to assign 

other absorptions which were either specific to the keto or the enol forms. 

Specific pattern were observed for all the studied compounds. 

Author for correspondence. 

Copyright 0 1997 by Marcel D c t t c r .  Inc 
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I290 SALMAN A N D  SALEH 

Introduction: 
Compounds of the type Ar-CH=N-Ar, commody, referred to as N- 

bemylidenaniline Schiff bases have been the subject of considerable interest. It has been 
recognized that substituted o&o-hydroxy-substituted salicylidine aniline (SA) when 
dissolved in polar hydrogen bonding solvents give rise to a new bandin thevisible 
region located between 400 and 450 run. Different explanations for the source of this 
band has been proposed"-'*'. It was suggested that this new band is due to the keto form 
in these compounds (Scheme 1 b). 
Schiff bases derived fiom the condensation of 2-hydroxy-1-Naphthaldehyde and aniline 
shows two bands in the visible region located above 400 MI. These two bands were 
assigned to the keto form (Scheme 1,2b). 
Clougherty, et al.,"9'examined the Ida-Red of seventeen anils in KBr pellets and found a 
6equency range of 163 1 - 16 13 cm-I which was assigned to C=N stretching fkquency. 
Chemical evidence was obtained for the band assignment, since the absorption 
disappeared when selected compounds were reduced to the corresponding N- 
benzylaniliies with sodium borohydride. Minkin, et aI.,(") discussed the tautomerism 
phenomena in N-salicyliden-aniline Schiff bases and argued strongly for the benzenoid 
structure (enol-form) on the basis of the W and IR spectral behavior, they showed that 
salicylidenanilie hydrochloride has a band displaced to 1652 cm-l a result which should 
not be observed if the tautomer has the quinoid structure. Recently, Olivieri, et al.,(l3) 
studied the IR spectra for (SA) and the corresponding anils derived h m  2- 
hydroxynaphthaldehyde (NA) and 10-hydro-xyphenantheren-9-carbaldehyde (PA). The 
three compounds show bands in the region expected for C=O or C=N stretching vibration 
For example, (SA) shows band at 1615 cm-1 which was ascribed to the C=N stretching 
vibration whereas (PA) anil shows a similarly intense band at 1625 cm-' corresponding to 
the C=O stretching. It was not possible before to assign the carbonyl absorption in a pure 
keto compound in the present series due to the fact that no schiff bases of this group was 
prepared before which exist in the keto form. In this work we report the FTIR results of 
some schiff bases based on the assignment of a model Schiff base which exists mainly in 
the keto form and another model compound which exist in the enol form. The aim of the 
present communication is to give a complete assignment of the IR absorption for the enol 
and keto form by using two model compounds. Scheme 2 show the compounds which 
were studied in this work. 

Experimental: 
Various aromatic Schiff bases were prepared. The prepared compounds can be divided 
into three series. The first series (compounds 1-9, Scheme 2-1) include Schiffbases 
derived from the condensation of equi molar quantities of 2-hydroxybenzaldehyde 
(salicylaldehyde) or h m  the condensation of 2-methoxybeddehyde with several 
amhe, namely, aniline, para substituted aniline and 2-naphthyhhe. The second series 
(compounds 10-18, Scheme 2-2) include Schiff bases derived h m  the condensation of 2- 
hydroxynaphthaldehyde with the same. amines mention above plus cyclohexyl amine. The 
third series (compound 19,20) (Scheme 2-3) contain Schiff bases prepared both h m  the 
condensation of 2-hydroxynaphthaldehyde and h m  the condensation of 0-methoxy 
derivatives with 8-aminoquinoline. The physical properties and elemental analysis is give 
elsewhere (I*). For compound 20 the s h c t u r e  was supwrted by NMR data. 
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04 5' 

6 

5 

4 

1 a (enol) 

5 4  

1 b (keto) 

2a (enol) 2b (keto) 

(Scheme 1) 

R-Infiared spectra were recorded on a Nicolet impact R IR-400 spectrophotometer. A 
thin transparent disk of each sample was obtained by mixing 2-3 mg of it with %- 1 g of 
dry KBr, grinding well using a mortar and pestle and hydraulically pressed at 12 ton/m2 . 

Results and Discussion: 
The W-Visible spectra of compounds 1-8 show no absorption above 400 nm in polar 
and non-polar solvents indicating that these compounds exists mainly in the enol form 

Compound 19 show only the keto absorption above 400 nm in polar and nonpolar 
solvents indicating that this compound exist mainly in the keto form ("*"). Compound 10- 
18 show the bands above 400 nm in equilibrium with the enol form and that the intensity 
of the keto bands increased with increasing polarity. 'H and I3C NMR data ofthese 
compounds supports the W-Visible results and indicate the absence of a zwitter ion in 
compound 19 ( I8 ) .  

The observed vibrational bands in the 1800-1200 cm-' in all Schiff bases studied are 
listed in Tables 1, 2-1, 2-2 and 2-3 and can be classified into five categories. This 
classification permits a thorough comparison of these bands among all the compounds 
studied. 
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1 OH phenyl- H'YR2 
2 OH p-toloyl- 

OH p-iodophenyl- 

OH p-bromophenyl- 

&Rl 

5 OH P - ~ ~ ~ s O Y I -  

6 OH p-N,N-dimethyhiline 

7 OH p-nitrophenyl- 

8 OCH3 phenyl- 

9 OCH, naphthyl- 

Scheme 2-1 

Como. No. E 
/R 

P 10 phenyl- 

p-toloyl- 

piodophenyl- 

pbromophenyl- 

&y :: 13 

14 p-anisoyl- 

15 p-N,N-dmethyhiliie 

16 p-nitrophenyl- 

17 Mphthyl- 

18 cyclohexyl- 

Scheme 2-2 

Comd. no. R 

19 OH 
20 ( 3 3 3  

Scheme 2-3 
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TAUTOMERISM IN SCHIFF BASES I293 

Table 1 : Vibrational assignments of some selected Infixed regions for all the presented 
compounds. 

Regions (cm-l) 

1614 -1623 
1624- 1633 

Assignment 

v c = o  
V C = N  

11540-1546 

1581 -1612 
1565 - 1587 

Vph 
'ah + vC = N 

I 'C-N I213 - 1217 

1581 -1612 
1565 - 1587 

( I )  16241633 cm-' region : 
While compound 19 shows a strong sharp band at 1626 cm" in this region, 

compound 1 did not show this band. Therefore, it can be assigned to the C=O (carbonyl) 
stretching Etequency of the keto tautomer. 
This band is not shown by substituted (SA) which prove that these compounds exist in the 
enol form. 

On the other hand, some of the 2nd series Schiff bases (compounds 10, 12, 14,16 
& 18) display this peak as a shoulder but of strong intensity, compounds 1 I ,  13,15  & I7 
show it overlapped with the neighboring band located near 1618 cm-' region which 
indicates that the keto tautomer of these compounds exist in an appreciable amount 
compared to the enol form. The latter observation can be explained by the fact that on IR 
time scale the proton transfer is rapid, therefore, overlapped bands for both tautomer 
were detected. The assignment of this band was also ascribed by Olivieri, et al.,(I3) to the 
stretching motion of C=O of 10-hydroxyphenanthrene-9-carbaldehyde Schiff base (PA). 

The assumption that this new peak being due to C=NH+ stretching motion of a 
zwitterionic structure is not accepted since, as pointed out by Aton(''), it seem 
reasonable to expect that the C=NH+ stretching to occur at lower kequency than that of 
C=N (i.e, protonation should lower the C=N force constant and increase the effective mass 
of the nitrogen and both of these effects tend to lower the stretching kquency). 

When a carbonyl is hydrogen bonded and resonance can occur which putsa 
negative charge on the carbonyl oxygen and a positive charge on the carbon atom which 
canies the bonding proton, the partial transfer of the proton enhanceresonanceand 
lowers the C=O stretching kquency(2'). This can explain the lowering of the carbonyl 
stretching kquency to 1624-1633 cm-' in the keto form. 
(2) 161 4-1 623 cm-' region : 

A band in this region has been previously assigned by many authors to the C=N 
stretching k q ~ e n c y ( ' ~ ~ ' - ~ ~ ) .  This is in agreement with the results obtained in this study. 
Hence, all of the compounds studied (except compound 19) exhibit this band. The 
displacement of the 1626 cm-' peak in the IR spectra of compound 19 by the 161 8 cm-' 
band in the IR spectra of compound 20, provides again a clear evidence for the claimed 
keto structure of 19. 

Vph 
Vph + vC = N  
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1298 SALMAN AND SALEH 

Table 2-3. Irkired absorption bands for the third series Schiff bases. 

Wavenumbers(cm-') 
Compd. 1624-1633 1614-1623 1581-1612 1565-1587 1540-1542 121 
No. 
19. 1626(s) 1591(rn) 157qw) 1542(m-s) 121: 

1618(w-m) 1595(rn) 157S(rn-s) - I 20. 

I 
rn = medium w=weak b=broad 

sh=shoulder v = very 

(3) 1581-1612 cm-' and 1565-1587cm-' regions : 
There is a general ag~eement('~**'-~~) that the band in this regions may be attributed to the 
vibration of the aromatic skeleton which are said to be resolved in substituted benzene 
when the substituents are conjugated. The intensity of the bands in the region (1565-1587 
crn-') decrease when the percentage of en01 form decrease, which support the fact that 
this band has been found to be vibrationally coupled to v ~ = ~  band (24). Moreover, the 
exact position of these bands vary h r n  one compound to another since the substituents 
on the aniline ring is varied. 
(4) 1540-1546 cml and 1213-121 7 cml regions : 

These new bands occur only if there is a considerable amount of the keto 
tautomer. Hence, they didn't appear in the IR spectra of series 1 Schiff bases & 
compound 20. On the other hand, they appeared as a strong sharp bands at 1213 cm-' (w- 
m) & 1542 cm" (m-s) in compound 19. Therefore, and in view of this experimental 
observation, the absorption in these regions must be related to a specific motion in the 
keto structure. For example, the band at the first region ( 1540- 1545 c d )  is attributed to 
c=C (external double bond) stretching motion. This assignment was first pointed out by 
Cr~mwel l (~~)  who found a band around 1540 crn-' in acetylacetonimines in Nujol mulls 
and was assigned to either a "lowered" cc or an "enhanced" C=N kquency. However, in 
our work we assigned the band near 1213-1217crn-' regiontothec-N (singlebond) 
stretching kquency since its appearance was accompanied by the C=O absorption at 
about 1626 cm-' and it is the only band that appear in compound 19 while it is was 
absent in compound 20 in the expected C-N stretching region (i.e, approximately, 1200- 
1300 cm-l region)(21). Series 2 of Schiff bases show these bands. Their relative intensity 
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TAUTOMERISM IN SCHIFF BASES 1299 

depends on the percentage of keto form in the mixture. For example, the strong intensity 
peaks in compound 18 indicates a large percentage of the keto tautomer. 
(5) other ban& : 

Although these bands are not identical in compounds 1-20, they are classified in 
one category since they appear to be insensitive to the tautomerism and belongs to a 
specific motion in the molecule. Furthermore, this set of bands can be divided into three 
subgroups according to their source which are : 

(I) bands arise from the interaction of the substituent with the aniline ring (e.g., 
there are some identical bands between the first & second series of Schiff 
bases which have the same substituent on the aniline ring ). 

(11) bands which appear to be due to coupling between other neighboring strong 
band (e.g., bands at 1578 cm-I & 1561 cm-I in most ofthe 2nd series of 
Schiff bases and at 161 1-1614 cm-' in the third series). 

(i.e., 
bending, deformation ...... etc.) which occur at lower frequency regions. 

In substituted (NA), as the electronic nature of the psubstituent R is changed 
from an electrondonating to electron-withdmwhg one the % of keto form is 
decreased. This can be confirmed by observing the corresponding change in the 
intensity of the bands at 1540-1545 cm-l and 1624-1626 cm-l regions. By 
looking into the 1R spectral characteristics of compound 18 and compound 17 
we can conclude the following : 

(111) The rest of the other bands are related to other vibration modes 

The following general conclusions can be made : 

Increasing conjugation over the whole molecule will cause the equilibrium 
to shift to more enol form. This is shown in compound 7 which has no 
absorption at 1624-1626 cm-1 region and a weak absorption at 1543 cm'. 
Increasing the basicity of nitrogen atom by substituting the cyclohexyl 
group instead of the phenyl group on the amine portion in compound 18 
will shifts the equilibrium to the keto form. This is confirmed by the large 
shift of C=O band at 1633 cm-l which is accompanied by an increase in 
the intensity of 1545 cm-* & 1217 cml bands and a decrease in the 
intensity of 1570 cm-l band. 

Acknowledgment: The Authors wish to thank university of Yarmouk 

for providing the grant 44/95. 
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