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SUBSTITUENT EFFECTS ON THERMOCHROMISM OF N-SALICYLIDE~-
NE-2-AMINOPYRIDINES IN THE SOLID STATE

E. HADJOUDIS, J. PETROU AND J. XEXAKIS
Chemistry Department, Nuclear Research Center ''Demo-
kritos", Aghia Paraskevi, Attiki, Greece.

Abstract The substituent effect on thermochromism of
the isostructural N-salicylidene-2-aminopyridines se-
ries has been investigated in the solid state. It was
found that the substituents affect the thermochromic
phenomenon mainly in low temperatures and in a stronger
way when the substitution takes place in the pyridine
ring than in the salicylaldehyde ring.

I. INTRODUCTION

Crystalline salicylidene-2-aminopyridine (Fig. 1) and its
derivatives exhibit thermochromic phenomena, i.e. they show
a reversible colour change, mostly from yellow to red, as a
result of a variation in temperature} Photochromism, re-
versible colour éhange on ultraviolet irradiation, is not

observed in this class of compounds.

o
FIGURE 1. Intramolecular distances (A) and atom numbe-
ring system for salicylidene-2-aminopyridine.

The appearance of the thermochromic phenomenon and its
generality depends upon the crystal structure and the mole-
cular orientation of the compounds% Thus, an investigation

by X-ray diffraction shows that the molecules are essenti-

3
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ally planar? ; the flat molecules are arranged in stacks
along the shortest crystal axis with mean interplanar dis-
tance of 3.5 g and the hetero-nitrogen atom always atthe
cis position with respect to the H(7) hydrogen atom. The
distance between these atoms, 2.5 X s corresponds to nor-
mal van der Waals contact. The lone pair of the imino ni-
trogen atom in this planar molecular structure does not
overlap with the electrons of the pyridine ring, and con-
sequently the basicity of the bridge N atom and hence the
strength of the hydrogen bond between the OH group and the
imino N atom is higher? In addition, all the examined
structures show a strong intramolecular hydrogen bond with
a mean H(1)--N(1) distance of 1.95 & and the appropriate
geometry, so that the hydrogen atom points toward the lone
pair of the N(1) atom. Therefore, the proton transfer

shown in Fig. 2 is favoured in the planar as against a non-

- =00

FIGURE 2. Thermochromic mechanism in N-salicylidene-

2-aminopyridine,
planar conformation and thermochromism can be interpreted
with this shift in the tautomeric equilibrium as in the
case of thermochromic N-salicylideneanilines for which
a similar interpretation was given%

Since it was argued that the phenomenon of photochro-
mism in the N-salicylideneaniline series is a topochemi-
cally determined phenomenon, i.e., there seems to be no
correlation of activity with substituents, but the packing
arrangement in the crystal is of importance? we decided

to examine the effects of substituents on thermochromism
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in solid N-salicylidene-2-aminopyridines which are planar
molecules and exhibit exclusively thermochromic phenome-
na% Electron-donating and withdrawing groups were placed
in various positions of the two rings to achieve an in-
crease of the electron density at the nitrogen atom of the
bridge or decrease of the electron density at the oxygen
atom of the OH group of the aldehyde ring, since these
processes facilitate the approach of protons according to
the mechanism of Fig. 2 and consequently the thermochromic
phenomenon. The extent of tautomerism, as measured by the
absorbance at the maximum of the termochromic band around
480nm and taking the moler absorptivity for all the quinoid
tautomers equal to 1.5 X 104 lit/moleXcm5 s is then used to
calculate equilibrium constants (K) and attempt a more ge-

neralized correlation analysis.

II. EXPERIMENTAL

The compounds were synthesized by direct condensation of
the appropriate salicylaldehyde with the appropriate 2-
aminopyridine in ethanol, followed by repeated recrystal-
lization from the same solvent, The prepared compounds
employed in the present work are shown in Table 1. In this
table the indices of the vertical columns correspond to 1ij
where i denotes substitution in the pyridine ring (1 =
ortho-CH,, 2=H, 3Bpara-Cl and 4= ortho-Cl + para-Cl)
and j substitution in the salicylaldehyde ring (1 =H,

2 =para-Br, 3 Bpara-OCH, and 4 =ortho-CHz). The ortho-po-

gition for the pyridinearing is considered to be at the H9
of Fig. 1 and for the salicylaldehyde ring next to the OH-
group.

Crystalline films were prepared from the melt of a

known quantity of the compound {lO-s(M.W.)g/ch } between
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two quartz plates under pressure, their quality was exa-
mined under a polarized microscope and their spectra were
recorded at various temperatures.

Table I contains also the optical densities measured
at the maximum of the thermochromic band for each compound

at various temperatures.

IIT. CORRELATION ANALYSIS
For equilibria, like those in Fig. 2, equation 1 applies,

from which we calculate the standard free enthalpy Ang
Ang

2,303 ’T (1)

logKij = -

as a function of temperature,since as it was mentioned earli-~
er K's are evaluated from the optical densities at va-
rious temperatures. Therefore, the values Asz may be
considered to have the form of the equation 2 for which the

A0, =A,. +B,. T +C,, T2 (2)
ij " Ui i3 i3

correlation coefficient is greater than 0,99.
From these values we can deduct the standard enthalpy
difference, the standard entropy difference and the stan-

dard heat capacity difference:

acacs./T)
Aﬂgj = {_3?1§%3—_'}p = A5 - Cys 72 (3)
aacs.
As‘;j —(—ST;Q—-)p=- Byj - 24T (1)
ac® nwéif%ﬁ =-2C,.T (5)
pif T pZ pT T4

Based on previous assumptionss’7’8

we consider the
substituent effect to be a combination of the "field" (in-

cluding the "induction" effect as well), the "resonance'
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and the '"steric" effects. Thus, the Ang value for the

reaction can be written as follows:

O _ 4n0
BGj5 =86y s5 + BGgyy + BGpgs + AGgyy (6)
o

Pij
standard free enthalpy difference not due to the substitu-

where AGSij =8Gg; + AGSj and the term AG is the
ents or the interaction with the neighbouring molecules.

The contribution of the resonance in the standard
free enthalpy is set as a product of a constant of the sub-~
stituent (a ) multiplied by a transmission coefficient tn,.
We thus have:

Rij %1 ° thp t apy " tho (7

It should be pointed here that we have two terms since we
expect contribution from both rings of the molecule.

The substituent constant a,; or arj depends only
on the substituent while the transmission coefficient de-
pends on the parent skeleton of the molecule and on the a-
bility of the substituent to conjugate with the basic site
of the reaction.

Correspondingly, the contributions of the "field" is
set as a product of the substituent constant (ag) and the
transmission coefficient of the electrostatic field, te.

Thus, taking care again for contributions from both
rings, we have:

AGeij Tagy Tty * aej " Te2. (8)

Combining equations (6), (7) and (8) we get :

(o] - o] . . . .
AGij —AGpij+ari thitaes tel+arj r2*3ej t e2+AGSij (9)

2
32t 2%t ) 3%,

o] - _ I‘l) el ) +
Acpij_ T{ari(?'p + aei(_-a-'—I'T

+ .
p " %3 2 p
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2 2
5t 9°Ggis
e2 + sij }

+ a_. 10
®1 312 P aT2 (0
and combining equations (5) and (10) we get:
2 2 2
8-t 3%t . 37t
1 rl ei r2
C..= . —_— .
15 7{(8T2 )p ar1+ael(8T2 )p + arj(aT2 )p +
2 2
3t 3°G_..
ra_ (—=22 4 =4, (11)

€17 312 P pr?

Since this value depends only on the substituents we can

. 2 2
put: aQtpl 3 tel 3 tr2
32te2
- t
( - ) = 20,
where C31, C'Sl’ C3s and CéQ are constants independent

of the particular substituent.

The solutions now of the above differential equati-

ons are;
- 2 - 2
tp17Cq1Cp  THCo, T (12) t ,3C; ,#C,,T+C, T (14)
2 2
= ' ' =0t '
tg17C'q +C'y THC 3 T7 (13) ¢ _,=C' ), Ct o T+CY,TT  (15)

If we consider C analogous to C' then the solutions

are written as follows:
2

_ 2 _
t1=C11%C1T+CqT (16) t,=Cy +C, THC T (18)

2 2
Tél:a(cll+C21T+C31T ) (17) te2:a(012+c22T+C32T ) (19)

A comparison of the equation (9) as a function of the e-
quations (16), (17), (18) and (19) with that of Hammett8

g. +E . +E . +C (20)
si sj

logl(ij = 295

P19y ¥ P
gives: ) cyq . o
Pp = tCpy + G531
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—_t 022 + C32T

a_ . a_ .
rl el

1% 73R ¥R

= PiRi + fiFi

} Swain and Lupton6

arj aej
s = - —— - 23 = r.R, + £,F.
3 " 2.3R 2,3R 1] 1]
AGsi
E..= -
s1 2.3RT
AG .
E.:-_ﬂ_
5] 2.3RT

If we replace now the values of fi’ T, f., r., F

Ri and Rj

Esj

from Swain and Lupton

32 P50 Fis Fyo
and calculate Esi and

for the ortho-substituted compounds in comparison with

all others without ortho-substituent and make a statistical

treatment based on the regression equation 21, we calculate

logK.,. - E_, - E

1]
Pr and p2 as
Fig. 3.
2.0
1.0

0.0

P

-1.0

= py0; p20]. +C (21)

a function of temperature as it is shown in

si s]j

-e%e .
—  0g,
. ©000600000000000000

eORO0TE000000
0®°

-2.0

-3.0

-49

FIGURE 3.

| ©
-0

p—

| 1 ] | | 1

100 150 __200 250 300 350
T,%K

p vs T for N-salicylidene-2-aminopyridines.
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Figure 3 shows that the thermochromic phenomenon is
facilitated by substituents in the pyridine ring which de-
crease the electron density of the nitrogen atom of the
bridge (curve 1) and by substituents in the salicylaldehyde
ring which reduce the electron density of the oxygen atom
of the OH group (curve 2) to a lesser degree, however. It
should be noticed also that above ~ 250K the substituents
in both rings have a very small effect. These results are
in agreement with literature since it is known that a re-
action which is facilitated by increasing the electron den-
sity at the reaction site has a negative value of p , and
one facilitated by reducing the electron density at the re-
action site has a positive value while p-scale covers
roughly OiH§

The above results show that a substituent effect in
the thermochromic phenomenon of solid N-salicylidene-2-ami-
mopyridines operates at low temperatures and that a more
carefully designed and executed work will bear fruit in the

correlation analysis in solid state organic reactions.

REFERENCES

1. E. Hadjoudis, I. Moustakali-Mavridis and J. Xexakis,
Isrl. J. Chem., 18, 202 (1979),
2. I, Moustakali-Mavridis, E. Hadjoudis and A. Mavridis,
Acta Crystal. 834 3709 (1978).
. W. Ledbetter, Jr., J. Phys. Chem., 72, 4111 (1968).
. M.D. Cohen & G.M.J.Schmidt,J.Phys. Chem.,66 2442 (1962)
. G.0. budek & E.P.Dudek, J. Amer,Chem, Soc.,88 2407 (1966)
. C.G. Swain & E.C.Lupton, Jr,,J. Amer. Chem. .Soc., g0,
4328 (1968).
7. L.D.Hansen & L.G, Helper,Can. J. Chem., 50, 1030 (1972).
8. J. Shorter, in Correlation Analysis in Onganlc Chemistry,
ed. by P.W. Atkins, J.S.E. Holker and A.K. Holliday
(Clarendon, Oxford, 1973), Chap. 2, p. 11.




