
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Substituent Effects on Electronic Spectra of Vicinally Substituted 2-, 3- and
4-Aminopyridines
Danuta Rasałaa; Waldemar Iwaneka; Stanisław Styrcza

a Institute of Chemistry, Pedagogical University, Kielce, POLAND

To cite this Article Rasała, Danuta , Iwanek, Waldemar and Styrcz, Stanisław(1993) 'Substituent Effects on Electronic
Spectra of Vicinally Substituted 2-, 3- and 4-Aminopyridines', Spectroscopy Letters, 26: 6, 935 — 948
To link to this Article: DOI: 10.1080/00387019308011583
URL: http://dx.doi.org/10.1080/00387019308011583

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019308011583
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 26(6), 935-948 (1993) 

SUBSTITUENT EFFECTS ON ELECTRONIC SPECTRA OF VICINALLY 
SUBSTITUTED 2-. 3- AND 4-AMINOPYRIDINES 
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Danuta Rasala, Waldemar Iwanek and Stanislaw Styrcz 

Institute of Chemistry, Pedagogical University, P1-25-020 Kielce 

POLAND 

ABSTRACT 

The electronic spectra of forty vicinally substituted 2-, 3- 

and 4-aminopyridines have been discussed. The low-energy transition 
of 17 derivatives was analyzed with the help of CNDO/S calcula- 
tions. In general, the experimental band corresponds to two theore- 
tical transitions. The dual substituent parameter approach (DSP) 
quite well explains the frequency of one transition in the long-wa- 

velength region of the experimental spectrum. 

INTRODUCTION 

Much work has been done on correlations of substituent cons- 
tants with W absorption frequencies and, to a lesser extent with 
intensities.’ There are a number of difficulties inherent in such 
studies. In practice, the position of overall band maximum is usu- 
ally used in correlation analyses particularly in the case of aro- 

935 

Copyright 0 1993 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



936 RASALA, IWANEK, AND STYRCZ 

matic compounds. The literature studies can be subdivided into 
ones where the substituent is (i) directly attached to an aromatic 

chromophore or (ii) attached to an aromatic system not conjugated 
to the actual chromophore of interest. It should be mentioned that 
most substituted aromatic compounds represent a class of derivati- 
ves where the orbitals of substituents are directly involved in the 
W transitions, and thus, good results should not be expected.' On 
the other hand, most correlations contain an inadequate set of sub- 
stituents. Moreover, the different relationships with regard to do- 

nors and acceptors are discussed. More reasonable results were 
found if the substituent being varied is not a part of the chromo- 
phore measured.' There are some rep0r-t~~'~ which indicate that in- 

teractions between the substituent and the benzene n-electron sys- 

tem need not necessarily be weak. Literature data do not involve 
studies on vicinally substituted (hetero)aromatic systems. 

Recently, the substituent effect on the reactivity4 as well as 
on 'H and 13C NMR spectra5 of comprehensive series of vicinally su- 
bstituted 2-, 3- and 4-aminopyridines has been widely discussed. In 

order to obtain information on such derivatives, also in the exited 
state, the substituent effect on electronic spectra of 2-substitu- 
ted (Series 1) and 4-substituted 3-aminopyridines (Series 2). 3-su- 
bstituted 2-amino- (Series 3) and 4-aminopyridines (Series 41 is 

discussed in the present work. 

1 2 3 4 

Previously the electronic spectra of some aminopyridines were 
7-11 investigated from different points of view. 
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VICINALLY SUBSTITUTED 2-, 3 - ,  AND 4-AMINOPYRIDINES 937 

EXPERIMENTAL 

Syntheses and purifications of aminopyridines studied in this 
4 paper have been described before. 

trophotometer at 20.0+_O.l0C. The solutions in 95% ethanol" in the 
concentration range 10-5M were measured in the 1 cm quartz cell. 

Calculations were carried out by the CNDO/S method following 

Del Bene and Jaffe.I3 The geometry was optimized using the AM1 pro- 
cedure. l4 The Gaussian analysis15 was performed on the long-wave- 
length band. The number of bands used as an entry in the Gaussian 

analysis was that obtained for 17 compounds from CNDO/S method. 

UV-VIS absorption spectra were recorded on a SPECORD M 40 spec- 

16 

The spectral parameters of the long-wavelength band observed 

directly in the spectrum and found by the Gaussian analysis are su- 

mmarized in Tables 1 - 4. 

~- RESULTS AND DISCUSSION 

In general, the electronic spectra of compounds under study 

show two absorption regions. However, when the electron-withdrawing 

group such as NO C02Et, CONHZ and CN is present, the third band 

is observed. the spectra of 
Series 2 and 4 (see Table 2 and 4). Thus, the low-intensity shoul- 

der appears on the short-wave side of the high-intensity main band 

in the spectra of Series 2 ( R  = NH2, NHMe and NMe2) as well as of 
Series 4 ( R  = NHMe and NMe ) .  For other compounds of Series 4 the 

shoulder is observed on the long-wave side of the main band. The 

low-intensity long-wavelength band is the most asymmetrical. It in- 
dicates the contribution of variable nature transitions. The shor- 

ter-wavelength high-intensity band observed in the region 41000- 

-39500 cm , except f o r  the nitro group, is almost insensitive to 

the substituent effects and is not discussed here. 

2'  
There are some other exceptions among 

2 

-1  

As seen the ring position of both the exocyclic substituents 

as well as their electronic properties influence the spectra of the 
compounds studied. A red shift is relatively large for the long-wa- 
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938 RASALA, IWANEK, A N D  STYRCZ 

TABLE 1 
Spectral Parametersa of 2-Substituted 3-Aminopyridines (Series 1) 

R Observed Found (Gaussian Analysis) 

Band I Band I 1  

103U log& 103V log& 10-2f 103U log& 10-2f 

H 

Me 

c1 

Br 
OMe 

C02Et 

CONH2 

CN 

N02 

NH2 
NHMe 
NMe2 

33.10 

33.55 

32.75 

32.55 

33.89 

29.09 

29.21 

29.29 
25.46 

34.20 

32.28 

32.39 

3.57 

3.74 

3.77 

3.78 

3.83 

3.84 

3.80 

3.78 
3.77 

3.84 

3.83 

3.81 

34.71 

35.07 

34.41 

34.13 

35.71 

32. 18 

32.37 

31.23 
27.63 

34.34 

34.11 

34.22 

3.41 1.63 32.64 3.36 

3.50 3.73 33.09 3.60 

3.50 4.90 32.48 3.65 

3.54 4.76 32.25 3.64 

3.49 3.28 33.65 3.72 

3.24 1.05 28.63 3.83 

3.44 1.69 29.20 3.76 

3.44 1.51 28.98 3.74 
3.55 1.12 25.42 3.67 

3.52 2.07 31.13 3.62 

3.50 2.51 31.97 3.74 

3.49 2.24 32.11 3.70 

1.03 

2.60 

3.20 

3.00 

5.19 

7.60 

5.20 

5. 16 
2.25 

4.33 

4.28 

4.31 
~~ 

a 

molar extinction coefficient in the maximum (M- l cm- ' ) ,  

oscillator strength. 

u is the wavenumber (cm-l) in the maximum of the band, logs is the 

f means the 

velength band of all Series when the electron-withdrawing group is 
present. A blue shift is observed fo r  compounds of Series 4 in com- 

parison with those of other Series. It corresponds to the most ba- 
sic aminopyridines studied. Therefore, it could be concluded that 
the n orbital localization on the ring aza atom is a determinant 

factor of the blue shift.17 However, in Series 4 the substituent 
causes the strongest red shift of the band position considered in 

relation to that of the parent compound as 4-aminopyridine is. Si- 
milarly, when NHX (X = H, Me) and NMe groups occupy the position 4 2 
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VICINALLY SUBSTITUTED 2-, 3-, AND 4-AMINOPYRJDINES 939 

TABLE 2 
a Spectral Parameters of 4-Substituted 3-Aminopyridines (Series 2) 

R Observed Found (Gaussian Analysis) 

Band I Band I 1  
3 10 loge 1 0 ~ ~  log& 10-2f 1 0 ~ ~  loge 1c2f 

H 
Me 

OMe 

COZEt 

NOZb 

NHZ 

b NHMe 

b NMeZ 

33.90 3.77 

34.98 3.63 
28.09 3.69 

24.60 3.81 

34.29 3.71 

39.20 3.48 

34.15 3.79 

38. 13 3.56 

33.40 3.90 
38.02 3.71 

see Table 1 
33.78 3.46 1.58 

34.82 3.62 0.81 
30.27 3.41 1.45 27.85 3.58 2.82 
26.31 3.54 1.41 24.10 3.68 3. 11 

39.27 3.26 0.26 33.87 3.63 1.25 

38.29 3.56 1.47 33.95 3.70 4.27 

38.09 3.60 2.39 33.11 3.88 12.90 

See Table 1; bThe short-wavelength band is the shoulder. a 

(Series 2). This means a more effective interaction between the no- 
nbonding electron pair(s) of the (hetero)atom attached to the ring 

and the pyridine n-electron system. In this case the p orbital of 

the nonbonding electron pair is parallel t o  the n orbital of the 
ring. l8 According to our earlier NMR studies , the bathochromic 
shift is attributed to an increase of the conjugation of the subs- 

tituent with n-electron system. Aminonitropyridines which show the 

largest red shift of long-wavelength bands for all isomers are a 

special case. Some aspects of their electronic transitions were di- 

scussed previously. g’ ‘la Moreover, the hydrogen bonding effect for 
planar n-bonded groups4 (NOZ, COZEt and CONH ) may influence the 

spectra. 4’5’9 It seems that tautomeric equilibria are not responsi- 
ble fo r  the feature of electronic spectra since the fairly constant 

5 
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940 RASALA, IWANEK, AND STYRCZ 

TABLE 3 
a Spectral Parameters of 3-Substituted 2-Aminopyridines (Series 3) 

R Observed Found (Gaussian Analysis) 

Band I Band I 1  

1 0 ~ ~  log& 1 0 ~ ~  loge 1c2f 1 0 ~ ~  log& 1c2f 

H 
Me 

c1 
Br 
OMe 

COZEt 

N02 

NH2 
NHMe 

NHAc 

33.69 

33.92 

32.91 

32.80 
33.61 

29.93 

25.91 

32. 16 

32.41 

3.70 

3.67 

3.76 

3.77 

3.81 

3.93 

3.91 

3.95 

3.92 

35.32 3.48 1.31 

35.63 3.44 1.66 

34.41 3.56 3.05 

33.86 3.62 2.39 

35.09 3.55 3.06 
31.36 3.72 2.32 

27.64 3.66 2.42 

see Table 1 
34.03 3.62 2. 18 

34.24 3.61 2.31 

33.31 

33.78 

32.65 

32.25 

33.31 

29.54 

25.54 

31.87 

32.16 

3.61 2.47 

3.57 3.34 

3.62 0.71 

3.60 0.45 

3.74 7.55 
3.82 4.55 

3.81 3.97 

3.85 5.97 

3.82 4.98 

a See Table 1. 

15N NMR chemical shift of the pyridine nitrogen in substituted ami- 
nopyridines excludes the prevalence of pyridinium ions. 

A b  initio calculations2' carried out for  2-, 3- and 4-aminopy- 

ridines support a more effective conjugation of the 4-amino nitro- 

gen to the ring a-electron system. They show that total nitrogen 

charge populations are nearly constant for both ring and amino 

group nitrogens and the latter being some 0.1 electron greater than 

the former. However, the r and a populations clearly discriminate 
between the two classes of nitrogen. The n-electron populations of 

amino group nitrogen are some 0.5 electron the ring one and close 

to a value of 2. The substituent present may differentiate, of cou-, 

rse, the ratio of a and c charge. 

19 
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VICINALLY SUBSTITUTED 2-, 3-, AND 4-AMINOPYRIDINES 941 

TABLE 4 
a Spectral Parameters of 3-Substituted 4-Aminopyridines (Series 4 )  

R Observed Found (Gaussian Analysis) 

Band I Band I 1  

1 0 ~ ~  loge 1 0 ~ ~  log& 1c2f 1 0 ~ ~  loge 10-2f 

H 
b Me 

OMe b 

Fb 
Clb 
b Br 

C02Et 

N02 

NH2 
NHMeC 

d 
2 NMe 

37.05 3.60 

37.40 3.68 

36.72 3.69 

36.76 3.62 

35.55 3.74 

35.50 3.34 

32.33 3.66 

27.99 3.77 

33.35 3.74 

38.24 3.55 

35.10 3.58 

39.95 3.28 

41.02 

40.52 

41.32 

40.78 

40.64 

34.73 

30.31 

38.17 

38.38 

43.48 

4.03 12.64 

4.20 15.51 

4.21 29.56 

4.03 9.96 

3.93 5.98 

3.26 0.51 

3.47 1.19 

see Table 2 

3.47 0.99 

3.00 0.15 

3.68 2.91 

36.99 3.60 0.70 
37.21 3.65 1. 12 

36.69 3.52 0.99 

36.79 3.48 0.78 

35.89 3. 18 0. 16 

35.37 3.24 0.23 

32.45 3.57 1.13 

27.84 3.68 3.70 

33.10 3.67 4.73 

35.17 3.10 1.24 

a 
of the band at 40810 

cm (loge = 4.10) f o r  Me, 45500 cm-l (loge = 4.15) f o r  OMe, 41280 
cm (loge = 4.27) for F. 40620 c m - l  (loge = 4.08) f o r  C1, 41440 

cm (loge = 4.03) f o r  Br; The short-wavelength band is the shoul- 

der; 
-1  cm ( log& = 4.14). 

See Table 1; bobserved band is the shoulder 
-1 
-1 

-1  C 

dBoth observed bands are the shoulders of the band at 43580 
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942 RASALA, IWANEK, AND STYRCZ 

TABLE 5 
CNDO/S Calculationsa of Electronic Transitions 

in Aminopyr i di nes 

2-aminopyridine 3-aminopyridine 4-aminopyridine 

1 0 ~ ~  10-2f 1 0 ~ ~  10% 1 0 ~ ~  1c2f 

35.12 0.56 34.66 0.47 35.76 0.48 

37.44 8.90 36.96 8.82 38.32 1.41 
46.38 25.70 46.59 24.05 47.28 0.47 
47.49 0.42 47.31 0.67 47.58 33.61 

a For u and f see Table 1 

The availability of the substituent for the n-electron system 
plays an essential role in setting the energy of spectral transi- 

tion under consideration. In the case of the long-wavelength band, 

f o r  electron-acceptors the energy increases and for electron-with- 

drawings decreases. Such a regularity is related to a charge at the 

atom attached to position 2 of the pyridine moiety. On the other 

hand, it could be supported by CNDO calculations of energy transi- 

tion of the first excited state f o r  2-substituted pyridines (R = 

Me, OMe, NMe 21 F, CN, COzMe and NOZ). 
2' 

In order to interpret the long-wavelength band the singlet 

exited states of 17 aminopyridines are studied by the CNDO/S me- 
thod. l3 The calculations22 show that the higher excited state, in- 

sensitive almost to the substituent, is of a n - ~ *  nature according 
to the magnitude of its oscillator strength, f. However, contribu- 

tions of low-intensity transitions were found (see  Table 5, for the 

respective results in 2-, 3- and 4-aminopyridines). The data calcu- 

lated show (Tables 5 and 6) that two different transitions are res- 

ponsible for the long-wavelength band. They differ essentially in 
their oscillator strength. As expected, the major difficulty lies 
in the assignment of their character. Among them that of higher f 
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VICINALLY SUBSTITUTED 2-, 3-, AND 4-AMINOPYRIDINES 943 

TABLE 6 
CNDO/S Calculationsa of Electronic Transitions f o r  the 

Long-Wavelength Band in Substituted Aminopyridines 

Series 1 
Me 35.16 

36.78 

NMeZ 35.68 

36.36 

NH2 34.52 
36.53 

Series 2 

NO2 24.76 

25.20 

31.32 

34.04 

Series 4 

1.97 

8.82 

8.67 

3.43 

9.19 
1.86 

0.01 
0.02 

17.51 

0.21 

OMe 35.76 

36.12 

COZEt 34.05 

35.19 

CN 34.24 
34.73 

OMe 36.27 

36.42 

11.38 

1.64 

0.46 

12.39 

17.34 
1.76 

3.58 

2. 15 

NHMe 35.68 

36.21 

NO2 24.70 

25.39 

33. 13 
35.39 

Series 3 

NO2 24. 15 

25.80 

32.45 

35.80 

9.83 

2.50 

0.00 

0.03 

19.55 

0.24 

0.00 

0.01 

10.98 

0.50 

24.25 0.00 OMe 36.28 3.58 NHMe 35.65 0.38 
38.42 21.50 36.97 2.66 25.98 0.01 

36.74 3.55 

37.74 0.40 

N02 

a For u and f see Table 1 

value could be attributed to a n - ~ *  transition. However, there is a 

question about the nature of the second one of lower f value. Con- 

sequently, the latter band is not always the lowest-energy transi- 

tion in the molecule. In the observed spectra it is obscured by the 

stronger n-n* transition. The results for aminonitropyridines re- 
quire more attention. Their two lower energy bands forbidden (see 

Table 6). perhaps because of a n-n* nature, are due to the excita- 
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944 RASALA, IWANEK, AND STYRCZ 

21 tion of the NO2 group itself. 
culated correspond probably to the long-wavelength band observed. 

The successive two transitions cal- 

Since a common feature of the spectra under study is the over- 

lap of electronic transitions, the Gaussian analysis was carried 

on the long-wavelength band (see data for Band I and I1 in 
Tables 1 - 4). Unfortunately, the correspondence between the frequ- 
encies obtained on this basis and those found theoretically is not 

very satisfactory. Moreover, the differences between the oscillator 

strengths of bands found on the basis of the Gaussian treatment di- 

minish as compared to those found from CNDO/S calculations. It may 
be attributed to a solvent polarity as well as to some interactions 
typical of the vicinally substituted system. 4 ' 5 ' 2 2 ' 2 3  However, the 

relationship of frequencies calculated vs those obtained from the 

Gaussian analysis, for Series 1, is of the straight-line character. 

Thus, for the transition of higher f values the results are as fo- 

llows: correlation coefficient, r = 0.949 and standard deviation, 

s = 503 f o r  number of points, n = 9. Worse results of such an iden- 
tity criterion f o r  the band of lower f values seem to indicate a 

strong perturbation coming from particular properties of so-called 

4 '24  i . e .  NO and C02Et ones. The correspon- planar -n-bonded groups 

ding results are: r = 0 .872  and s = 533 for n = 8 (NO is excluded, 
2 

2 

25 approach (DSP): 

PfR + c 
effect on the transitions of 

CO Et is the most unfited point). 
2 

The dual1 substituent parameter 

"max = ' I ~ I  + 

quite well explains the substituent 
lower oscillator strength resulted from the Gaussian analysis. The 

correlation results are compiled in Table 7. The largest deviations 

are observed for OMe, NH and NO substituents. Some conformational 

changes can explain a worse fit of OMe For the NO group 

the easy excitation of the group itself 18'21 is possible. I t  seems 

that the major responsibility lies in the lack of the additivity of 

the spectra studied, which is clearly evident for two NH moieties 2 
present. The magnitudes that the electronic 
transitions studied are controlled by the inductive character of 

2 2 
2 

of pR and pI indicate 
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VICINALLY SUBSTITUTED 2-, 3-, AND 4-AMINOPYRIDINES 

TABLE 7 
DSP Correlat ionsa of the Long-Wavelength Band Frequencies 

in Substituted Aminopyridines 

b 

945 

No Correlation h r s F n  

3 1 -2.270~ - 3.07~~0 + 32.98(x10 1 1.35 0.969 271 123 10' 

2 -8.960 - 4.49uR+ + 32.90(x103) -0.50 0.989 649 280 8 

3 -8.620~ - 2.650~- + 35.021~10 1 0.31 0.965 711 96 10' 3 

3 

I 

4 -5.280~ - 4.66~~- + 36.56(~10 ) 0.88 0.978 568 142 11 

a uI, cRo,  u + and u - parameters were taken from ref.27; h means 

pR/pI in the DSP equation; r, correlation coefficient; s, stan- 

dard deviation; F, test for the significance of correlation; n, 
number of points; bFrequencies of the transition obtained from 
the Gaussian analysis of lower oscillator strength were correla- 

ted (see Tables I - 4); 'NO 

R R 

and OMe are rejected. 2 

the group, except for Series 1 when the contribution of the resona- 

nce term is more important. This could be due to the strong substi- 
tuent influence upon the nitrogen ring atom in the excited state. 

Nevertheless, the almost comparably competitive effect of both lo- 

calized and delocalized electronic substituent effects could be po- 

stulated for all the Series studied. 
It should be mentioned that for another combination, i . e .  the 

bands taken directly from the spectrum and those of higher f value 
resulted from the Gaussian analysis, r is < 0.6 -0.7. Moreover, it 
seems that many deviating points are accidental. The other models 

like those involved steric parameters o r  used with success in the 

case of substituted benzenes did not improve significantly the cor- 
relations. 24-26 Moreover, no reasonable results were obtained with 
intensities as well as oscillator strengths. 
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946 RASALA, IWANEK, AND STYRCZ 

I t  seems that bands which follow the DSP treatment belong to 
the electronic transitions of comparable character. This may be ex- 
plained as being attributed to the equally competitions of variable 
effects responsible f o r  the band under consideration. It may be 
stated that the electronic effect itself understood as a fieldlin- 
ductive and resonance one is suitable for estimating the substitu- 
tuent influence on the long-wavelength band of aminopyridines stu- 

died. I f  the same equation is employed to interpret the more inten- 
se transition according to the f value, the results are much worse. 
This could be attributed to non-comparable contributions for all 

substituents 3 '9 '  lo from intramolecular charge-transfer conf igura- 
tion to the band discussed. 
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