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AN UNUSUAL S O L D  STATE REACTION LEADING TO THE PHO- 
TOCHROM I C  N-( 3 ¶ 5 DICHLOROSAL ICYLIDENE)-4-AMINOPYRIDINE 

EUGENE HADJOUD IS AND I E N E  MOUSTAKALI-MAVRIDIS 
Chemistry Department, Nuclear Research Center "Demo- 
k r i to s"  , Aghia Paraskevi , A t t  i k i  ¶ Greece. 

Abstract The photochromic and thermochromic proper- 
t i es  of N-salicylidene-2-aminopyridines, N-salicyli-  
dene-3-aminopyridines and N-salicylidene-4-aminopy- 
r i d i n e s  were investigated i n  t h e  c r y s t a l l i n e  s ta te  
and t h e  r e s u l t s  a r e  compared with each other  and with 
findings on N-salicylideneanilines.  The first and 
the  second groups of compounds exhibi t  exclusively 
thermochromic propert ies  while t h e  t h i r d  group con- 
t a i n s  compounds which are e i t h e r  photochromic or 
thermochromic The appearance of t h e  photochromic 
and thermochromic phenomena depends on the  molecular 
s t ruc tu re  i n  the  s o l i d  s t a t e  and is  accompanied by 
intramolecular proton t r a n s f e r  . In a c e r t a i n  com- 
pound of t he  t h i r d  group, namely the  N-(3,5 dichlo- 
rosal icyl idene ) -4aminopyrid ine  the re  are ind ica t  i- 
ons of both photochromic and thermochromic proper- 
t i e s  contrary t o  N-salicylideneanilines which a r e  
e i t h e r  photochromic or thermochromic but not both. 
This compound r e s u l t s  from an unusual s o l i d  s ta te  
r eac t ion  which is discussed. 

I. INTRODllCT I O N  

Solid N-salicylideneanilines a r e  c l a s s i f i e d  as photochromic 

or thermochromic, i.e. they show a r eve r s ib l e  colour change 

under t h e  influence of u l t r a v i o l e t  i r r a d i a t i o n  or as a r e -  

s u l t  of a va r i a t ion  i n  temperature: The photochromic com- 

pounds develop an absorption band around 480nm upon i r r a d i -  

a t i o n  with UV-light, while t h e  thermochromic exh ib i t  2n ab- 

sorption band a t  room temperature i n  t h e  same region which 

diminishes with decreasing temperature. The processes are 

mutually exclusive? Since, however, t h e  same compound may 
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62 E. HADJOUDIS and I. MOUSTAKALI-MAVRIDIS 

occur i n  dimorphs of which one i s  photochromic and the 

other  thermochromic, it seems t h a t  t he  c r y s t a l  s t r u c t u r e  

determines t h e i r  chromabehaviour, r a t h e r  than t h e  molecule 

as such. 

thermochromic N-(5-~hlorosalicylidene)ani~ine and t h e  pho- 

tochromic 2-chloro-N-salicylideneaniline3 t h e  hypothesis 

has been advanced t h a t  an "open" c r y s t a l  s t ruc tu re ,  associ-  

ated with non-planar molecules and allowing f o r  molecular 

movement, is necessary f o r  t h e  photochromic c r y s t a l s ,  where- 

as i n  thermochromic c r y s t a l s  t h e  molecules a r e  planar 

From t h e  c r y s t a l  s t r u c t u r e  determination of t h e  
2 

and 

closely packed. Thus, t he  following model is  proposed 1Y4. . 
i n  t h e  c r y s t a l ,  i n  planar molecules exhibi t ing thermochro- 

m i s m  t he re  is  a temperature sensj.tive equill ibrium (Fig.11, 

FIGURE 1. 
of N-salicylideneanilines. 

The thermochromic and photochromic mechanism 

between a yellow "enol" form, t h e  "OH-form" (I) s t a b l e  a t  

low temperature, where t h e  hydrogen is covalently bonded t o  

t h e  oxygen and a red "keto" form, the  "NH-form" (11) s t a b l e  

a t  high temperatures , with t h e  hydrogen covalently bonded 

t o  t h e  nitrogen. The intramolecular proton t r a n s f e r  would 

thus occur i n  t h e  thermochromic systems both i n  the  ground 

and t h e  excited electronic  state,  whereas i n  photochromic 

systems t h i s  t r a n s f e r  occurs only i n  t h e  excited e l ec t ron ic  

state! This is, according t o  t h e  proposed model, a r e s u l t  

of t he  f a c t  t h a t  too high an energy would be required f o r  

proton t r ans fe r  i n  t h e  ground s t a t e  i n  view of t he  non-pla- 

na r i ty  of t h e  photochromic molecules and thus  a trans-keto 
1 form ( 111) may be produced. 
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AN UNUSUAL SOLID STATE REACTION 63 

However, no c l e a r  d i r e c t  evidence on the  nature  of t h e  

thermo-induced o r  photo-induced coloured species  i n  t h e  cry- 

s t a l l i n e  s t a t e  has been obtained so f a r ? 9 3  

for a keto-like s t ruc tu re  has been derived from I R  spectro- 

scopic The first d i r e c t  evidence f o r  t h e  nature  

of the coloured species i n  the s o l i d  s t a t e  comes from our 

observations on the  changes i n  the  1 4 N  NQR spectra  of t he r -  

mochromic N-( 5 -chlorosalicylidene)aniline induced by t e m -  

perature  va r i a t ions  and t h e  the changes i n  t h e  photochromic 
3-chloro-N-(salicylidene)aniline induced by UV l ight7(s ig .  2)  , 

Some evidence 

1.5 

1.0 * 

* %  
L 
0 L c 

d 
d 

0.5 - 

0.0 I ,  1 1  

400 100 2 3 4 400 500 2.6 2.8 
h.nm vUMMZI X.nm Y(Mn2) 

FIGURE 2 .  ( a )  The effect  of temperature on t h e  absorp- 
t i o n  spectrum of N-( 5-~hlorosalicylidene)aniline;( b) the  
pure 1 4 N  NQR spectra  a t  170 and 298 K ;  ( c )  t he  e f f ec t  
o f  UV l i g h t  on the absorption spectrum of 2-chloro-N-(sa- 
1icylidene)aniline; ( d )  t h e  pure 14N NQR spec t r a  before 
(1) and a f t e r  ( 2 )  i r r a d i a t i o n  with UV l i g h t .  

Thus 

( 5  -chlorosalicylidene)aniline of low temperatures shows 

two spectra  l i n e s  and a t  high temperatures four  s p e c t r a l  

l i n e s  corresponding t o  one and two chemically non-equiva- 

l e n t  I 4 N  sites per u n i t  cell .  The r e s u l t s  obtained a t  high 

temperatures a r e  evidently a superposit ion of t h e  low 

and high temperature spectra .  The calculated 1 4 N  quadru- 

pole coupling constants a r e  of t he  correct  order of magni- 

tude f o r  t he  =N- and >N-H groups demonstrating t h e  pre- 

the pure I 4 N  NQR (Spin 1) spectra  of t he  s o l i d  N- 
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64 E. HADJOUDIS and I. MOUSTAKALI-MAvRII)IS 

sence of a keto-enol equilibrium (I =II). 

obtained with the photochromic 2-chloro-N-( salicy1idene)ani- 
line are also a superposition of the spectra before and 

after irradiation, demonstrating again the presence of the 
keto and enol forms (I 1119. 

The results 

We extended our studies on thermochromism and photo- 
chromism of heterocyclic anils namely N-salicylidene-2-ami- 

nopyridines IV, N-salicylidene-3-aminopyridines V, and N- 
salicylidene-4-aminopyridines VI and make comparisons bet- 

ween these and N-salicylideneanilines I (Fig. 3 ) .  

FIGURE 3. N-salicylideneanilines, N-salicylidene- 
aminopyridines and atom numbering system. 

The heterocyclic anils have lower symmetry and possess 

an additional permanent dipole which affects the magnitude 
o f  the direction of the total molecular moment as well as 

8 the lateral dipole without increased molecular breadth. 

11. N-SALICYLIDENE-2-AMINOPYRID INES 

All derivatives of N-salicylidene-2-aminopyrid~ne (IV) (a- 
bout 25 compounds) are strongly thermochromic, i.e. photo- 
chromic compounds as in the case of N-salicyXdeneanilines(1) 
are not observed. 
mining the molecular structure of the above compounds. 
Thus, the following representative members of this class, 
salicylid ene- 2 -aminopyridine , N-( 5 -br omosalicylidene - 2-ami - 
nopyridine ,5-chloro-N- ( 5-met hoxysalicylidene ) - 2-aminopyr id i- 
ne and 3-methyl-N- ( 3-methoxy salicylidene) - 2-aminopyridine 
investigated by X-ray diffraction methods’, show that the 

This generality can be explained by exa- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
17

 2
1 

Fe
br

ua
ry

 2
01

3 



AN UNUSUAL. SOLID STATE REACTION 65 

molecules a r e  e s s e n t i a l l y  planar;  t h e  f l a t  molecules a r e  

arranged i n  stacks along the sho r t e s t  c r y s t a l  a x i s  with 

mean interplanar  dis tance O f  3.51. 

Based on t h e i r  i d e n t i c a l  behaviour it may not be 

j u s t i f i e d  t o  suppose t h a t  a l l  t he  salicylidene-2-aminopy- 

r i d i n e  compounds investigated w i l l  have s imi l a r  

arrangements. 

uz- 

packing 

We suggest t h a t  t he  p l ana r i ty  i s  achieved because of 

t h e  posi t ion of t he  hetero-nitrogen atom of t h e  pyridine 

r i n g  (Fig.  4) .  

0 
FIGURE 4 .  
dene-2-aminopyridine. 

Intramolecular dis tances  ( A )  for N-salicyli-  

In the case of sal icyl ideneani l ines  the re  is  s t e r i c  hin- 

drance due t o  t h e  short  dis tance between the  H-atom ortho 

t o  the  imino group and the  exocyclic hydrogen H(7) when 
n 

t he  molecule is planar: 

case of salicylidene-2-aminopyridines 

nitrogen atom is  always a t  the - c is  

t o  the H(7) hydrogen atom. The dis tance of about 2 .5  2 
between these atoms corresponds t o  normal van de r  Waals 

contact.  I n  t h i s  planar molecular s t r u c t u r e  t h e  lone p a i r  

of the imino nitrogen atom does not overlap with t h e  elec- 

t rons  of the pyridine r i n g ,  and consequently t h e  b a s i c i t y  

of t he  bridge N-atom and hence t h e  s t r eng th  of t h e  hydro- 

gen bond between the  OH group and t h e  imino N aton is 

higher. In addi t ion,  a l l  t h e  examined s t r u c t u r e s  show a 

strong intramolecular hydrogen bond with a mean H( l)---N(l) 

dis tance of 1.95 and t h e  appropriate geometry, so  t h a t  

This repulsion is re l i eved  i n  t h e  

because t h e  hetero- 

posi t ion with respect  
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66 E. HADJOUDIS md I. MOUSTAKALI-MAVRIDIS 

the  hydrogen atom points  toward t h e  lone p a i r  of t h e  N ( 1 )  

atom. 

Therefore, the proton t r a n s f e r  (quinoid form) 

shown i n  Fig. 5 i s  favoured i n  the  planar a s  against  a non- 

planar conformation and thermochromism can be interpreted 

FIGURE 5. The mechanism of thermochromism. 

with t h i s  s h i f t  i n  t h e  

case of thermochromic a n i l s  f o r  which a s i m i l a r  in terpreta-  
1 t i o n  was given. 

tautomeric equilibrium as i n  t h e  

T o  test  t h e  importance of t h e  heterocycl ic  nitrogen a- 

tom i n  the ortho-position with respect  t o  t h e  C = N  bridge 

and toexplore whether c e r t a i n  geometries can be a l l o t e d  on 

the  bas i s  of t h e i r  response towards heat or l i g h t ,  we have 

prepared a number of salicylidene-3-aminopyridines and sa- 

1 icyl id  en e-4-aminopyr idine s . 
I1 I. N-SALICYLIDENE-3-AMINOPYRID INES 

By screening polycrystal l ine powders f o r  photochromic and 

thermochromic propert ies  we found salicylidene-3-aminopyri- 

dines  (11 compounds) t o  be weakly thermochromic. The c ~ y -  

s t a l  s t ruc tu re  analyses f o r  two of them, t h e  parent com- 

pound and N-(5 -methoxysalicylidene)-3-aminopyridine was 

done. 10 

I n  contrast  t o  N-salicylidene-2-aminopyridine, t h e  

f i r s t  compound shows a small deviation from p lana r i ty :  t he  

pyridine r ing  is rotated by 14.8' 

of  t h e  molecule. The second molecule shows a s t a t i s t i c a l  

disorder of t h e  pyridine r ing :  i n  25% of t he  molecules the  

N(2)  atoms is  2 with respect  

with respect  t o  t h e  r e s t  

t o  t h e  H ( C 7 )  atoms and 
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AN UNUSUAL SOLID STATE REACTION 61 

75% t r a n s  (Fig.  6) .  Apparently t h e r e  is  no apprec iab le  e- 

FIGURE 6 .  N-( 5-methoxysalicylidene)-3-m~nopyridine and 
N- salicylidene-2-aminopyr idine . 

nergy d i f f e r e n c e  between t h e  two o r i e n t a t i o n s  owing t o  t h e  

symmetry o f  i n t e r a c t i o n  of both hydrogen atoms o r t h o  t o  

t h e  imino group with H(C7). 
i n t e r a c t i o n ,  an in-plane deformation: N(l)-C(B)- C (12) = 
124.7O 

r i d i n e  r i n g  occurs  t o  g ive  a s epa r t ion  of 2.0 A 

H ( C 7 )  and H(C12). 

A s  a r e s u l t  o f  t h i s  r e p u l s i v e  

along with t h e  above mentioned r o t a t i o n  of  t h e  py- 
0 

between 

The observed d e v i a t i o n  from p l a n a r i t y  i n  t h i s  c l a s s  of 

compounds may be r e spons ib l e  f o r  t h e  weak thermochromism. 

TV. N-SALICYLIDENE-4-AMINOPYRIDINES. 

Among t h e  N-salicylidene-4-aminopyridines w e  found photo- 

chromic or thermochromic compounds, However, t h e s e  com- 

pounds a r e  not s t a b l e  and a r e  d i f f i c u l t  t o  c r y s t a l l i z e .  A 
c e r t a i n  compound of t h i s  group, t h e  N-(3 ,5 -d i ch lo rosa l i -  

cylidene)-4-aminopyridine V I I  (F ig .  7) is  t h e  r e s u l t  of an 

FIGURE 7.N-(3,5 -dichlorosalicylidene)-4-aminopyridine 

unusual s o l i d  s t a t e  r e a c t i o n :  The c o - c r y s t a l l i z a t i o n  from 

a mixture of e thanol  and chlorobenzene of  3 ,5-d ich lorosa l i -  

cylaldehyde and 4-aminopyridine wi th  water g ives  good qua- 
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68 E. HADJOUDIS and I. MOUSTAKALI-MAVRIDIS 

l i t y  yellow c rys t a l s .  

tochromic and thermochromic propert ies  i n  the  so l id  s t a t e ,  

we found the compound t o  be in sens i t i ve  t o  l i g h t  and chan- 

ging permanently colour on heating from yellow t o  orange. 

This orrange modification presents  photochromic behaviour 

but t he re  a re  some indicat ions of thermochromic behaviour 

a s  well. 

l i n e s  which a re  photochromic or thermochromic but not both. 

Thus if w e  represent t h i s  compound by 01 a d  a c e r t a i n  m y s t a l l i n e  

modification of  it by { a )  ( supe r sc r ip t s  i nd ica t e  t h e  tempe- 

r a t u r e  and subscr ipts  the colour : Yt-yellow; Rrred, Ozorange) , 
then the  observed processes may be represented as i n  Fig.8. 

By examining these c r y s t a l s  f o r  pho- 

The l a t t e r  is  contrary t o  t.he N-salicylideneani- 

FIGURE 8 .  
chlorosalicylidene )-4-aminopyridine, 

Since t h i s  observation presents  t he  first ser ious c r i -  

tisism against  t he  up-to-now well  established exclusive me- 

chanism (planar molecules-thermochromism, non-planar mole- 

cules-photochromism), we decided t o  look more c a r e f u l l y  
t h i s  so l id  s t a t e  react ion.  

Solid s t a t e  transformations of N-(3,5-di- 

In a previous communication'' we thought t h a t  t h e  in- 

s ens i t i ve  t o  l i g h t  modification {alRT 
t o  a new c r y s t a l l i n e  modification 

both photochromic and thermochromic propert ies .  

t h e  X-ray study12 showed t h a t  t he  yellow c r y s t a l s  a r e  

formed from a co -c rys t a l l i za t ion  of the hydrolysis 

ducts of the N-( 3 , 5 -d i ch lo rosa l~cy l idene  )-4-aminopyridi- 

ne, namely the phenolic anion ( V I I I )  and the  pyridinium ca- 

t i o n  (1x1 with a water molecule (Fig. 9). 

changes on heating 

{a}: which presents 

However, 

Y 

pro- 
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AN UNUSUAL SOLID STATE REACTION 69 

FIGURE 9 .  
r o s a l i c y l i d e n e  )-4-aminopyridine, 

The asymmetric u n i t  con ta ins  two c rys t a l log raphyca l ly  

The hydro lys i s  products  of t h e  N-( 3,5-dichlo- 

independent groups of molecules of t h e  hydrated s a l t , h e r e -  
a f t e r  r e f e r r e d  t o  a s  molecules A and B ,  r e l a t e d  by a pseu- 
do c e n t e r  of symmetry. 

c e l l  

F ig .  1 0  shows a view of t h e  u n i t  

1-- 
FIGURE 1 0 .  A view of t h e  u n i t  c e l l  along t h e  b axis .  
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70 E. HADJOUDIS a d  I. MOUSTAKALI-MAWIS 

The phenolate ions  ape held by hydrogen bonds t o  t h e  py- 

r idinium ca t ions :  t h e  phenolate  O(2) atom t o  t h e  t h e  H(N1) 

atom of t h e  pyridinium c a t i o n  and t h e  carbonyl O ( 1 )  atom 

t o  t h e  NH2 p o u p  of another  pyridinium c a t i o n ,  s o  t h a t  they  

form chains  almost p a r a l l e l  t o  t h e  c1 a x i s .  More hydrogen 

bonds v i a  the  water molecules l i n k  two neighboring cha ins  

toge ther  and form a s o r t  of double cha ins .  The l a t t e r  a r e  

stacked a n t i p a r a l l e l  a long t h e  c a x i s  i n t e r a c t i n g  weakly 
by van d e r  Waals forces .  In  t h e  very  ex tens ive  n e t  of H- 

bonds involving a l l  s i x  molecules of t h e  asymmetric 

not only t h e  H-bond between t h e  charged atoms N ( 1 )  

O ( 2 )  i s  very s t rong ,  bu t  a l s o  t h e  H-bonds of t h e  l a t te r  t o  

t h e  water molecule and t h a t  of t h e  carbonyl O ( 1 )  atoms t o  

t h e  NH2 group. The water molecule and t h e  NH2 group 

both a s  hydrsgen donors and accep to r s  forming longer  

bonds. 

u n i t  

and 

act 

H- 

Fig. 11 d e p i c t s  a view of t h e  u n i t  ce l l  which shows 

t h a t  molecules A and B a r e  almost coplanar  (4.8' and 

1.6' between t h e  aldehyde and pyr id ine  molecular planes 

r e spec t ive ly ) .  

FIGURE 11. Stereoscopic  view of t h e  molecular pac- 
king. Hydrogen-bonds are indica ted  by do t t ed  l i n e s .  

The sa l icy la ldehyde  and 4-aminopyridine molecules 

a r e  i n  an appropr ia te  r e l a t i v e  geometry t o  react and form 

t h e  corresponding Schi f f  base.  The N ( 2 )  ... O(1) d i s t ances  

a r e  2.87 8 and 2.99 A 

(Fig. la) and t h e  d ihedra l  

of t h e  sa l icy la ldehyde  and 4-aminopyridine molecules 

0 
f o r  molecules A and B r e s p e c t i v e l y  

angles  between t h e  r i n g  p lanes  

are 
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small, 1 4 O  and 19' f o r  A and B r e s p e c t i v e l y  (F ig .  11>. 

However, t h e  r e s u l t i n g  Schiff  base w i l l  no t  have t h e  OH 

p o u p  c l o s e  t o  t h e  br idge  N 

t e r n a l  H-bond will be formed. Theyefore,  concomitant t o  

t h e  removal of 

moiety around t h e  C(l)-C(7)  bond should t ake  p l ace  i n  o rde r  

t o  r e s u l t  a Schi f f  base of  t h e  known geometry. 

atom and consequent ly  no in-  

water molecule a r o t a t i o n  of t h e  aldehyde 

9,lO 

The resulting Schi f f  base is e a s i l y  hydrolysed back 

t o  t h e  hydrated sal t .  

d e r  (1np=174~C) i n  a water atmosphere t u r n s  yellow showing 

i d e n t i c a l  i.r. spectrum with t h a t  of t h e  o r i g i n a l  yellow 

s o l i d  s a l t  (mp=84OC). Experiments i n  a Cahn R.G.  e l e c t r o -  

balance equipped with a Glass Vacuum Bot t l e  Accessory 

showed a water uptake corresponding t o  2 

t e r  per  molecule of t h e  Sch i f f  base .  

Thus t h e  orange p o l y c r y s t a l l i n e  pow- 

molecules o f  wa- 

Comparison of  t h e  p re sen t  s t r u c t u r e  t o  t h a t  of t h e  re- 

s u l t i n g  Schiff  base w i l l  show t h e  in te rmolecular  i n t e r a c t i -  

o n s  and t h e r e f o r e  t h e  reason t h a t  t h e  compound is so ea- 

s i l y  hydrolysed and probably t h e  sequence of  events  du r ing  

t h e  s o l i d  s t a t e  r eac t ion .  
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