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MOLECULAR-IONIC TAUTOMERISM OF 4-DIMETHYLAMINO-BENZY- 
LIDENE-4-CHLOROANILINE : H C 1  COMPLEX. 

E .  HADJOUDIS 
Chemistry Department, Nuclear Research Center "Demok- 
r i t o s " ,  Aghia Paraskevi ,  A t t i k i ,  Greece. 

Abs t r ac t :  When gaseous H C 1  i n t e r a c t s  with yellow c r y s t a l -  
l i n e  N-(4-dimethylamino-benzyl~dene)-4-chloroaniline 
a red-orange charge t r a n s f e r  c r y s t a l l i n e  complex i s  
formed. When t h i s  c r y s t a l l i n e  complex i s  d i so lved  i n  
p o l a r  s o l v e n t s  an intracomplex p r o t o n - t r a n s f e r  t a k e s  
p l a c e  l ead ing  t o  a molecular i o n i c  form o f  t h e  complex. 
This  p ro ton - t r ans fe r  does not  t a k e  p l ace  o r  with very 
small e f f i c i e n c y  when non polar s o l v e n t s  are used. 
I n  a l l  t h e  c a s e s ,  a f t e r  prolonged t ime ,  decomposition 
t a k e s  p l ace  and onlv t h e  decomposition products  a r e  
observed. 

INTRODUCTION 

The gradual  t r ans fo rma t ion  of a molecular complex i n t o  an 

i o n i c  p a i r g o n t i n u o u s l y a n d  how t h i s  i s  accomplished, i s  a l -  
l ways o f  p a r t i c u l a r  i n t e r e s t  . I n  gene ra l  t h e  i n t e r a c t i o n  

between a p r o t i c  ac id  ( A H ) ,  and a n e u t r a l  base (B), i n  apro- 

t i c  low-polar i ty  s o l v e n t s  r e s u l t s  i n  t h e  formation of  an hydro- 

gen-bonded complex t h e  s t r u c t u r e  of which, depending upon 

t h e  acid-base s t r e n g t h  o f  t h e  c o n t r i b u t o r s  and t h e  s o l v e n t  

p o l a r i t y ,  may vary from molecular ( A H  ... B) t o  i o n i c  

(A-. . .HB 1. t 

The energy of t h e  acid-base i n t e r a c t i o n  i s  rougly cha- 

r a c t e r i z e d  by t h e  u s u a l l y  a v a i l a b l e  ApKa2 s 3  va lue  which, 
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18 E. HADJOUDIS 

p l o t t e d  a g a i n s t  spec t roscop ic  va lues  i n d i c a t i n g  t h e  s t r e n g t h  

of an H-bond ( e . g .  t h e  chemical s h i f t  of a b r idge  p ro ton ,  

t h e  frequency and i n t e g r a l  i n t e n s i t y  of t h e  s t r e t c h i n g  vib- 

r a t i o n  ( v  ) e t c . )  were shown t o  pass  through t h e i r  maxima 

and f a i l e d  t o  give unambigous proof of t h e  gradual  

i o n i z a t i o n  of a molecular complex upon inc rease  of t h e  

i n t e r a c t i o n  energy. However i n  a number of papers  t h e  

e x i s t a n c e  o f  the"mo1ecular-ionic tautomerism" of  H-bonded 

complexes was demonstrated: 

S 

4-7 

A -  
AH. .. . B y A  . .. . . HB' 

The tautomerism implies  a sharp change i n  s t r u c t u r e  and 

t h e  equ i l ib r ium (1) is s h i f t e d  t o  t h e  r i g h t  a s  t h e  ac id -  

base i n t e r a c t i o n  g e t s  s t r o n g e r .  

one would observe e i t h e r  a molecular o r  i o n i c  complex 

depending on t h e  ApKa va lue .  

Using low temperatures  

In  t h e  p re sen t  i n v e s t i g a t i o n  t h e  molecular complex 

4-dimethylamino-benzylidene-4-chloroaniline with HC1 w a s  

prepared independently as a s t a b l e  coloured s o l i d  by a gas- 

- s o l i d  r e a c t i o n .  The s t a b l e  molecular complex then  was stu- 

died by d i s s o l v i n g  it i n  va r ious  so lven t s  and i t s  continu- 

ous t r a n s f o r m a t i o n t o  t h e  i o n i c  form followed spectrophoto-  

m e t r i c a l l y .  

A number of r e l a t e d  compounds were a l s o  s t u d i e d  for 

comparison. 

EXPERIMENTAL 

The  compounds were synthesized by d i r e c t  condensation o f  
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MOLECULAR-IONIC TAUTOMERISM 19 

t h e  appropr i a t e  benzaldehyde with t h e  appropr i a t e  a n i l i n e  

i n  e t h a n o l ,  followed by r epea ted  r e c r y s t a l l i z a t i o n  from t h e  

same s o l v e n t .  I .  R . ,  mel t ing p o i n t s  and elemental  a n a l y s i s  

w e r e  u t i l i z e d  t o  e s t a b l i s h  t h e  p u r i t y  of t h e  compounds. 

The q u a n t i t a t i v e  experiments i n  which H C 1  uptake w a s  

followed were c a r r i e d  ou t  on c r y s t a l l i n e  samples (average 

weight 50 mg) s i eved  t o  350 mesh s i z e  and placed on a spe- 

c i a l  weight pan. These samples were introduced i n t o  a modi- 

f i e d  washbot t le  through which gaseous H C 1  (Matheson, 99%) 

w a s  admitted v i a  a d ry ing  agen t .  The samples were removed 

p e r i o d i c a l l y  and introduced i n t o  a Cahn R . G .  Electrobalance 

and weighed. 

Absorption s p e c t r a  were recorded on a Cary-17 spec t -  

rophotometer,  f luorescence s p e c t r a  on an Aminco and i n f r a -  

r ed  s p e c t r a  were recorded on a Perking-Elmer Model i n f r a r e d  

spectrophotometer over t h e  s p e c t r a l  range 4000-400 c m  . -1 

X-ray photographs of powdered samples were taken on a 

Debye-Schemer camera of  r a d i u s  5 .7  c m  with Cukci r a d i a t i o n  

a t  about 2 .5  hrs exposure. 

The 3 5 C l  quadrupole resonances were observed using t h e  

DECCA NQR spectrometer .  H a l f  t o  one g r a m  samples were sea-  

l e d  i n  g l a s s  t u b e s  of  l c m  diameter and pos i t i oned  i n  t h e  

spectrometer  c o i l .  The nuc lea r  quadrupole resonance (NQR) 

s p e c t r a  were obtained a t  77 and 298  K .  

RESULTS AND DISCUSSION 

THE SOLID STATE COMPLEX 

Table I shows t h e  c r y s t a l l i n e  benzy l idenean i l ines  t e s t e d  
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20 E. HADJOUDIS 

for gaseous-HC1 uptake i n  a gas - so l id  r e a c t i o n  as desc r ibed  

i n  t h e  exper imenta l  p a r t .  

Table I .  S o l i d  Benzyl ideneani l ines  

Compounds m.p. co lou r  complex co lou r  mp of 
(OC) compo- of complex 

s i t i o n  complex 

ckM a - C H = N e a  149 yellow 1 : 1 red-  210 
-orange w’ 

75 yellow 1 : 1 orange 240 
(dec  1 

- yel low 1 : 1 orange 185 

CH/ 

The s t r o n g e r  co lou r  on complexation i s  observed wi th  

4-dimethyl-aminobenzyl~dene-4-chloroaniline. Benzylidene- 

a n i l i n e s  wi thout  t h e  dimethylamino-grouping f a i l e d  t o  show 

any HC1-uptake and no co lou r  change i s  observed. Also, com- 

p l e x e s  a r e  n o t  formed wi th  t h e  cor responding  benzaldehydes 

and amines from which t h e  compounds of Table 1 were synthe- 

s i z e d  such as ( C H 3 ) N a C H 0  

Therefore n o t  on ly  is  t h e  dimethylamino-grouping important 

f o r  t h e  r e a c t i o n  b u t  a l s o  t h e  > C  = N- bond of t h e  b r idge .  

and H2N -@Cl 

These r e s u l t s  i n  connec t ion  wi th  t h e  observa t ion  t h a t  t h e  

s t r o n g e s t  c o l o u r a t i o n  t a k e s  p l a c e  wi th  4-dimethylamino- 

benzylidene-4-chloroaniline seem t o  be r e l a t e d  t o  the 

e f f e c t i v e  n-e lec t ron  charge on t h e  azomethine n i t rogen  

which is inc reased  by t h e  i n c l u s i o n  of t h e  powerful e f f e c t s  
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MOLECULAR-IONIC TAUTOMERISM 21 

of  t h e  d i r e c t  p o l a r  c o n j u g a t i o n  of t h e  n - e l e c t r o n s  of the azo-  

methine  bond w i t h  t h e  s p 3  e l e c t r o n s  of  t h e  4-N(CH ) group. 3 2  
The complexa t ion  a f te r  t h e  g a s - s o l i d  r e a c t i o n  w a s  ve- 

r i f i e d  by x-ray d i f f r a c t i o n  of  powdered samples  t a k e n  b e f o -  

r e  and a f t e r  t h e  exposure  o f  t h e  c r y s t a l l i n e  compounds t o  

gaseous  H C 1 .  We o b s e r v e d  changes b o t h  i n  s p a c i n g  and i n  i n -  

t e n s i t y  o f  t h e  l i n e s  which were e s t i m a t e d  as s t r o n g  (s), 

m o d e r a t e l y  s t r o n g  ( m s ) ,  medium (m) , m o d e r a t e l y  weak (mw) , 
and weak (w) .  Table  I1 shows t h e  r e s u l t s  w i t h  4-dimethyl-  

aminobenzylidene-3-chloroaniline. 

Table  11. d s p a c i n g s  of 4-dimethylaminobenzylidene- 

- 2 - c h l o r o a n i l i n e  b e f o r e  and a f t e r  t h e  i n t e r a c t i o n  

w i t h  gaseous-HC1 

m s  9 .06  W 15.40 

S 7 . 0 0  W 11 .00  

S 6.42  W 9 .63  

S 5.92 vw 7.70 

vw 5 . 5 0  m s  7 .00 

mw 5 . 1 3  vs 6 .42  

S 4 . 8 1  m s  5 . 9 2  

vs 4 . 5 3  vw 5 . 1 3  

S 4.40 W 4 . 8 1  

S 3.85 vs 4 . 5 3  

S 3.67 S 4 .28 

vs  3.50 S 4 . 2 8  
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22 E. HADJOUDIS 

The complexation was also v e r i f i e d  by nuc lea r  quadru- 

p o l e  resonance and I . R .  measurements. Thus Table I11 shows 

t h e  35Cl NQR f requencies  of  t h e  pure and "complexed" com- 

pounds a t  room temperature  (RT) and l i q u i d  n i t rogen  tempe- 

r a t u r e  (LN). 

Table 111. 35Cl nuc lea r  quadrupole resonance frequen- 

c i e s  ( i n  mz) 

LN v RT Compound V 

34.016 34.653 

34.982 35.863 

33.747 34.280 

not  observed 35.140 

33.757 34.400 

($)2+@C14=NeCP :Hq no t  observed no t  observed 

- _ _  

The r e s u l t s  of  Table 3 show t h a t ,  i n  a l l  t h e  cases 

where w e  succeeded i n  measuring t h e  35Cl f r e q u e n c i e s  be fo re  

and a f t e r  complexation, t h e  frequency o f  t h e  pure compounds 

a r e  s h i f t e d  t o  h ighe r  f requencies  when complexed with H C 1 .  

We were unable t o  d e t e c t  s h i f t e d  s i g n a l s  i n  t h e  case 
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MOLECULAR-IONIC TAUTOMERISM 23 

of 4-dimethylaminobenzylidene-4- chloroaniline. This may be 

due to the crystal structure of the resulting complex. 

The I . R .  spectra (in K B r  pellets) a l s o  show characte- 

ristic structural changes due to t h e  complex formation. Fig. 

1 shows for example the I.R. spectra of uncomplexed and 

complexed 4-dimethylaminobenzylidene-4-chroroaniline. 

I I I I I I 
1800 1600 1000 

WAVENUMBER (CM") 

FIGURF 1. I .R. spectrum of 4-dimethylaminobenzylidene- 
-4-chloroaniline (a) and of 4-dimethylaminobenzylide- 

neaniline-4-chloroaniline : H C 1  complex (b). 

-1 -1 Two broad continua between 2500 cm and 3500 cm 
and o t h e r  s p e c t r a l  changes,  mainly t h e  one around 
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24 E. HADJOUDIS 

1640 cm-', c o n s t i t u t e  a d d i t i o n a l  ev idence  for t h e  complex 

fo rma t ion .  

MOLECULAR-IONIC TAUTOMERISM 

When t h e  s o l i d  co loured  complex, e . g .  4-dimethylaminobenzy- 

l i d e n e - 4 - c h l o r o a n i l i n e  which was s t u d i e d  i n  d e t a i l ,  i s  d i s -  

s o l v e d  i n  p o l a r  s o l v e n t s  ( e . g .  C H C l  1, a new s t r o n g  band 

appea r s  i n  t h e  v i s i b l e  r e g i o n  (rnax. 442 nm) and t h e  band 

of t h e  pu re  compounds (max. 360 nm) i s  s h i f t e d  t o  s h o r t e r  

wavelengths (max. 336 nm) as it i s  seen  i n  F ig .  2 .  

3 

This  new band (max. 442 nm) i s  n o t  s t a b l e  b u t  changes 

wi th  t ime  f o l l o w i n g  second o r d e r  k i n e t i c s  w i th  k= 9 .73  lit 

s e c  mol . T h u s  t h e  band a t  442 nm dec reases  and t h e  band 

a t  336 nm i n c r e a s e s  wi th  two d i s t i n c t  i s o s b e s t i c  p o i n t s  a t  

285 and 365 nm r e s p e c t i v e l y .  F i n a l l y  an e q u i l i b r i u m  is  a t -  

t a i n e d  i n  which t h e  i n t e n s i t i e s  of  t h e  two bands have p rac -  

t i c a l l y  in t e rchanged .  

-1 -1 

The above r e s u l t s  may be exp la ined  as fo l lows  : 

When gaseous HC1 (HA) i n t e r a c t s  w i th  t h e  s o l i d  compound (B) 

a red-orange complex ( B : H A )  i s  formed. When t h i s  s o l i d  co- 

B ( s o l i d )  HA ( g a s )  B:HA ( $ d l i d >  

l o u r e d  complex i s  d i s o l v e d  i n  a p o l a r  s o l v e n t ,  an in t racom-  

p l c x  p r o t o n  t r a n s f e r  t a k e s  p l a c e  l e a d i n g  t o  an i o n i c  form 

(Bfi  A) D
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MOLECULAR-IONIC TAUTOMERISM 25 

B:HA BH+ A- 

which abso rbs  a t  lower wavclengths.  This pro ton  t r a n s f e r  

does n o t  t a k e  p l a c e  o r  does  wi th  v e r y  low e f f i e i e n c y  when a 

0.E 

0 
0 

0. C 
300 4 00 500 

A ,nm 
FIGURE 2 .  S p e c t r a l  changes observed upon d i s s o l u t i o n  of 

t h e  s o l i d  complex of  4-dimethylaminobenzylidene-4-chlo- 

r o a n i l i n e ,  

between r u n s ) .  

(do t t ed  l i n e )  i s  d isp layed  f o r  r easons  o f  comparison. 

H C l  i n  CHC13 ( C = 1 0 - 4 ~ f ) ,  with  t i m e  (10 min. 

The spectrum of t h e  uncomplexed compound 
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26 E. HADJOUDIS 

non p o l a r  so lven t  i s  used. Therefore what we  observe du r ing  

t h e  disappearance 

pearance of t h e  short-wavelength band is  nothing e lse  bu t  

t h e  flow of change du r ing  t h i s  t ransformation.  

of t h e  long-wavelength band and t h e  ap- 

I n  a l l  t h e  cases, after a prolonged t i m e ,  hydro lys i s  

t a k e s  p l ace  and only t h e  hydro lys i s  products  a r e  observed. 

The o v e r a l l  procedure can be described as fol lows : 

Pola r  Solvent  
HA +t~)---c LB.HA] ------+ B.H..  . .A+BH+..  . .A-  

gas (faH.04,) (@&range) 

where[] denotes t h a t  t h e  compound is i n  a 

c r y s t a l l i n e  s t r u c t u r e .  
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