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ABSTRACT. The mfrared absorption speetra due to fundamental N H strotehing
vibrations of 2-0 3- and J-amuinopvridines i different enviconments hay e been studied and
the frequencies of the symmetrie and asymmetrie N-H stretehing vibrations of these com-
pounds in very dilute solutions m CCl have been compared with those of amline m solution

in the same solvent It has heen observed that the total solvent shifts in the N -H stretehing

vibrational frequeacies of any of the wminopyridmes m solutions m different solvents are

linearly related 1o those of auiline i solutions in the corresponding solvents.  The significance

of the observed hnenrity  and of the slopes ol the strght Iine graphs m relation to tho

hydrogen bonding eapacity and the busicities of the moleenles of the mminopyridines has heen
discussec.

INTRODUCTLION

From a study of the infrared ahsorption bands due to N-H stretching vibra-
tions of aniline and some substitated anilines, it has been shown (Medhi and
Kastha, 1963) that the ratios of the total olvent shifts. due to hydrogen bonding,
in the frequencies of symmetric and asymmetrie stretehing vibrations of the N-H
honds in the NH,, group in the moleeule of any of these compounds in solutions in
different solvents to those of aniline in solutions in the corresponding solvents
are almost consiant which iy independent of the nature of the solvents. Tt was
aso shown that the constant values of these ratios, which are respectively greater
or less than unity for compounds with electronegative or electropositive substi-
tuents, bear an almost lincar relationship with the pK-values of the various
phenyl amines and that they may be regarded as a measure of the preton donating
power of these compounds with respect to aniline.  In a subsequent paper (Kastha
and Medhi, 1963) it was pointed ont that in the serios of phenyl amines investi-
gated, under certain assumptions, the value of this constant for a particular com-
pound is approximately equal to the tatio of tho total charge on the nitrogen
atom of the NH, group in aniline molecule to that on the N-atem in a molecule
of the compound.

All these considerations apply to the case of aniline and its derivatives whero
the hasic character of any of these compounds is duo to the N-atom of the NH,
group external to the benzene nucleus of its molecule. In order to see how far
the conclusions mentioned in the previous paragraph aro valid when the bonzene
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ring in the molecule of an amino-compound contains a nucloar N-atom in addi-
tion to the external NH, group the infrared absorption bands due to fundamental
N=H stretehing vibrations of the three isomeric aminopyridines in different statoes
and also in dilute solutions in a large number of polar and non-polar solvents have
been investigated.  The results obtained have been discussod in the following
paragraphs.
EXPERIMENTAL

The samples of 2-.3- and $-aminopyvridines were supplied by Light and Company
of England. and these weve purificd hy repeated fractionation under reduced pres-
sure.  The sample of aniline used was of K. Merek's (1 R, quality.  Thoe solvents
were of chemically pure quality which were purified and dried by standard methods.

The infrared absorption spectra of all the compounds in the region of funda-
mental N-H stretching vibrations in different states and in very dilute solutions
in the various solvents were recorde L on a Perkin-Elmer Model 21 speetrophoto-
metor with NaC'l opties.  The standard atmospheric water vapour band at 3740
em™! and the bands due to N-H stretehing vibrations of aniline in very dilute
solution in CCl; were used to check the calibration of the instrument from time to
time.

RBESULTS AND DISCUSSNION

The frequencies of the absorption bands due to symmetric (v,) and axy mme-
tric(vg) N=H stretching vibrations inthe pure aminopyridines and also in their solu-
tions in different solvents are given in Table T in which are also incladed for com-
parison the N-H stretehing vibrational frequencies of aniline in solutions in the
samo solvents,  These frequencies of aniline in solutions in carbon disulphide.
benzene, acetonitrile. nitromethane and dioxane hayve been recorded in the present
investigation, while the remaining ones are taken from data reported carlier
(Medhi and Kastha, 1963). The total solvent shifts (Av, - Av, | Av,)in the N-H
stretching vibrational frequencies of the isomeric aminopyridines and aniline in
different environments have been tabulated in Table 11, The pA, -value of ani-
line taken from Whetsel's paper (1961) and those of the aminopyridines determined
experimentally by Albert ¢f al. (1948) are included in both Tables T and 11,

It is seen from Table 1 that the symmetric and asymmetriec N—-H stretching
vibrational frequencies of 2-aminopyridine in solution in CCly are almost identical
with those of +-aminopyridine in solution in the same solvent, while these frequon-
cies of 3-aminopyridine in CCl, solution are smaller than those of cither of the
two compounds. Both the frequencies of 2- and 4-aminopyridines in CCly solu-
tion are much higher than those of aniline in solution in the same solvont, but in
the case of solution of 3-aminopyridine in CCl,, these frequencies, though slightly
higher, are very nearly the same as those of aniline. The higher values of these
frequencies in the aminopyridines are to be expected, hecause the nuclear N-atom
in the molecule of any of these compounds ismore electron attracting than a corres-
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ponding C-H group in the molecule of aniline.  The consequent larger migration

of charge from the NH, group to the ring would enhanee the strotehing vibrational
frequencies of the N—H honds.

The almost equality in the frequencies of N—H stretehing vibrations in the
molecules of 2-and 4-aminopyridines suggests that the values of the excess charge
on the N—atoms in the 2-position and in the $-position of the henzene ring with
respect to the NH, group are almost equal while the higher values of these fre-
quencies in comparison to those of aniline would indicate that magnitude of this
excess charge is appreciable in hoth the molocules.

TABLE |
N-H stretehing frequencies vy and v, i oem !
Compound and 2.ammo  Jeanuno deanmino
K, pyridine  pyridine  pyridme  Amiline
Nolvent: 6 R 398 9.17 4.68
(arbon 3420 34005 3422 3102
fetrachloride 3308 3480 3508 3176
Benzene 3413 3395 3393
3195 3465 3166
Carbon 3400 3394
disulphide 3402 3170
('In]_n-l?n‘fnl'n; 3417 3106 3424 3308
3509 3181 3521 3160
Acetonitrile 3400 3387 3404 3380
483 3456 3189 3457
Nitromethane 3410 3400 RETL] 3303
3002 3467 3506 3465
:\(‘Ptny_u; o 3300 3389 3385 3380
3472 3411 3462 3450
Ei h:\.l' T 3380 3376 3379 376
RENE 3448 3448 3448
'])inx;;a . ) B EVES 3380 33814 3380
3464 112 3452 S5
Tetra hydrofuran 3370 3377 3383 3364
3453 3437 112 3438
;:\;ridino T 3340 3352 3369 1340
' 3160 3450 3459 3430
Pure 3330 3310 3360
licquidl 3455 3430 320
Pure T 330 3115 3319

solid 3452 3391 3445

et et 4 —— e e
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TABLE II

Total solvent shift in N-H stretching frequencies

Av, = Av;+Av, in cm?

Compound and 2-amino  3-amino  4-amino
PK, pyridine  pyridine  pyridine  Aniline
Solvent _‘6—._86 H.98 9.17 4.68
Benzeno 20 25 — 19
Carbon disulphide 27 o —_ — I4
~;f;llnmf'ot'm o l‘2 —2 : —h 20 R
;\::;mitrile 45H 42 32 41 A
Nilvmmeth;l-e—‘_ o 16 18 5 27’ N
e wmwm
Ether 84 61 103 54— —
.I';i;)—xane o 91 63 o 94 ) *“;7 N
:l‘etmhyd:;':mr.\ﬂm -_:;); o ~7I' _» l:)."i ” *'7.(‘» -
Pyridine 128 . 83 o 102 108 h
Pure liquid 143 115 -- v ‘_—-9_8“ )
Pure solid 166 179 166

Similar arguments in the case of 3-aminopyridine would show that the excess
m-cloctron density on the nuclear N-atom is very small.
in agreement with the calculations of Longuet-Higgin's (1950) who showed that
the values of excess -electron density on the nuelear N-atoms in 2- and 4-amino-

pyridines are equal while that in the case of 3-aminopyridine is zero,

These conclusions are
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It is seen from Tablo I that in tho case of all the isomeric aminopyridines
the frequencies of bhoth the N-H stretching vibrations in different environments
are less than those observed for each of the compounds in solution in CCl,. In
order to find out whether the total solvent shifts (Avy) of the three iscmeric amino-
pyridines in solutions in different solvents show any correspondence with those
of aniline in solutions in the same series of solvents (Table TH. as obrerved pre-
viously in the case of other substituted anilines (Medhi and Kastha, 1963). the
values of Ay, for cach of the compounds hay ¢ been plotted against the correspond-
ing Ay, values of aniline in Figs. la, b and c.

It can be scen {rom the figures that the plots for all the three isomeric amino-
pyridines are straight lines with different slopes for different compounds.  In
the case of 4-aminopyridine, however. the points are widely scattered about the
mean straight line and the value of the slope is not so certain as in the case of the
other two compounds,

From this almost Jincar relation it may be concludod that the mechanism
of hydrogen bond formation in the case of all the aminopyridines in differont
environments is siilar to that occuring in the case of aniline under the same condi-

tions,

The linear relation that has heen shown to oxist between the slopes of the

ctraight  lines for the varicus phenyl amines and their pK -values (Medhi and
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Kactha, 1963) has boen used in the case of the aminopyridines to obtain the pK -
values of these compounds by interpolation from the slopes of the straight lines
in Figs. 1a, b and ¢. These values are given mn Table 1IT. The experimental
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values of pK, for these compounds (Alhert of of., 1948) are also included in tho
Table for comparison

TABLE 1

Compound Interpolated  Experunental
pK value  pK -value

—-— .. ————ee e e i - e

J-nminopyriding 1.1 b. 80
J-ammopyridme 48 5 08
f-anunopyridine 3.0 9 17
e e e e .

The interpolated pK -values are found to he smaller than the experimental
PR -values, This may indicate that the two different values of hasicity have their
origing in different mechanisms — In the aminopyridines and similar - N-hetero-
evelie amines the hasicitios of the compounds arise from the nuelear N-atoms
in their molecules (Longuet-Higgins, 1950). - However, in the case of aniline and
its derivatives the N-atom in the NH, group of the moleeules is responsible for
their basicities.  In the wolesules of the phenyvl amines the charge on the N-
atom of the NH, group directly determines hoth the pK -value and the capacity
for formation of hydrogen honds (e.f. Kastha and Medhi, 1963). But in the case
of the aminopyridines the excess a-clectron density on the nuclear N-atom in the
malecules of the compounds is responsible for their ph -values while the strength
of the hvdrogen bridges formed by the molecules of these componnds i different
environments ix go.erned by the charge on the Neatom of the amino-group,
These facts may explain the difference hetween the iuterpolated ph -values and

the experimental pK -values in the case of the aminopyridines.
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