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"Charge transfer Complexes of Indolyldiene 

Aniline derivatives with p-benzoquinone derivatives" 

BY 
M.Gaber*,H.A. Dessouki and E.H. Hossani 
Chemistry Department -Faculty of Science 
Zagazig University- Banha Pranch Banha- Egypt 
* Tanta University -Tanta- Egypt. 

Charge transfer (CT) complexes of p-benzoquinone derivatives with 
Indolyldiene aniline derivatives have been prepared and investigated 
by Elemental analysis, IR, lH-NMR and electronic absorption spectro- 
scopy. The spectral changes revealed that acidic acceptors form comp- 
lexes with 77 - r* electronic interaction and proton transfer while 
non-acidic acceptors yield complexes having - T* transition only. 
The formation of 1:2 (D:A) complexes is also ascertained. The ioniz- 
ation potential and electron affinity are determined from the electronic 
absorption spectra for both the donors and acceptors respectivily. 

Introduction 

The formation of molecular complexes of the charge transfer CT 

type between electron quceptors such as p-benzoquinones and electron 

donors was the subject of a vast number of interesting investigations. 

+ : Present address: 'Chemistry Department Faculty of Science, 
Sana'a University Sana'a, Republic of Yemen. 
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464  GABER,  DESSOUKI ,  AND HOSSANI 

For schiff bases of aniline with benzaldehydes derivatives 1:l or 1:2 

(D:A) complexes are formed irrespective of the type of bonding in the 

molecular complexes(1-5). 

In the present investigation, the CT complexes formed through the 

interaction of some Schiff bases derived from Indolyldiene aniline 

derivatives Kith some p-benzoquinone derivatives are investigated using 

Elemental microanalysis, IR, 'H-NMR and electronic absorption spectroscopy. 

Experimental 

All compounds used in the present work were B.D.H. pure 

grade chemicals. The donors used have the general structural formula:- 

I 
H 

where x : p-0 CH3 (a), p-OH (b) and H (d). 

non acidic character- [ 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) 

chloranil (CHL) , Bromanil (BRL)-and Iodanil(1DL). ] - and acidic character 

as chloranilic acid (CHLC). 

The acceptors used haee 
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CHARGE TRANSFER COMPLEXES 465 

The preparation of the CT complexes and the working procedures are the 

same as described previously(6-8). 

Unicam sp. 1000 infrared spectroscopy, the electronic absorption spectra 

were recorded on Perkin Elmer spectrophotometer (3B) using Nujol mull 

The IR spectra were recorded on 

technique(g), 

The IH-NMR spectra were obtained on a Varian E M 390-(90 MHZ) 

h?-R spectrometer in 

intenal stander. 

deutrated DYSO as solvent using TMS as 

ksults and discussion 

The results of elemental mincro analysis of some CT complexes 

under investigation are given in Table (1). 

formation of 1:2 ( donor : acceptor) complexes, the spectral characterist- 

ics of the CT complexes under investigation are discussed in the following:- 

( A )  Molecular complexes involving electron and proton transfer:- 

The data indicate the 

i) IR spectra:- 

The spectra of these compounds show a new group of bands within the 

band; this new group is 2900-2400 cm-l range which corresponds to .”,’ 
formed through the transfer of a proton from the phenolic OH group of 

chloranilic acid (CHLC) to the basic C = N center of the donor. The Vc-0 
bands display a more or less identical behaviour in CT complex formation, 

n e  three bands in the spectrum of (CHLC) are reduced to two bands due to 

the destruction of the intermolecular hydrogen bond; these bands exhibit 

rH 
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468 GABER, DESSOUKI,  AND HOSSANI 

a s h i f t  t o  l o x e r  wavenumbers ( T a b l e  2 )  as a r e s u l t  o f  t h e  i n c r e a s e d  

e l e c t r o n  d e n s i t y  on t h e  r i n g  of  t h e  a c c e p t o r  p a r t  of t h e  CT complexes,a  

b e h a v i o u r  which i s  commonly o b s e r v e d ( 6 )  w i t h  t h e  CT complexes i n v o l v i n g  

p r o t o n  t r a n s f e r .  

v- 

The PCH band of  t h e  d m r  i s  s h i f t e d  t o  l o w e r  xave  number, a b z h a v i o u r  

which is c h a r a c t e r i s t i c  of t h e  .rd-p" CT i n t e r a c t i o n ( 6 r 1 2 ) .  The s h i f t s  

of  t h e  ~I\cH bands o f  t h e  b e n z a l  Rings  i n  t h e  1:l complexes  account  

f o r  a h i g h e r  c h a r g e  m i g r a t i o n  from t h i s  r i n g  t o  t h e  -C=N-H center 

i n  t h e  CT complex compared w i t h  t h e  f r e e  s t a t e  of  d o n o r 5 ,  which r e s u l t s  

from t h e  e x i s t e n c e  o f  t h e  p o s i t i v e  c h a r g e  on t h e  n i t r o g e n  atom. 

ii) E l e c t r o n i c  a b s o r p t i o n  s p e c t r a : -  

+ 
1 

The e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of  t h e  CT complexes  be longing  t o  

t h i s  c l a s s  of  complexes are c h a r a c t e r i z e d  by o n e  CT band w i t h i n  t h e  

400-550 nm. r a n g e ,  t h e  e x i s t e n c e  o f h e  band d e n o t e s  t h a t  r- p' 
i n t e r a c t i o n  c o n t r i b u t e s  t o  bonding i n  t h e s e  CT complexes ;  n- f y  * i n t e r a c t i o n  

is a b s e n t  due t o  t h e  b l o c k i n g  of  t h e  n i t r o g e n  l o n e  p a i r  t h r o u g h  t h e  p r o t o n  

t r n a s f e r r e d  from t h e  a c c e p t o r ,  There- fore  t h e  e l e c t r o n i c  a b s o r p t i o n  

s p e c t r a  of t h e  CT complexes of donors  ( a ) , ( b )  and ( d )  w i t h  (CHLC) i n  

r a t i o  1:l and 1:2  ( donor :  a c c e p t o r )  show a n o t h e r  weak band a t  500-550 nm 

corresponding  t o  n- %'* t r a n s i t i o n .  T h i s  is  based  on t h e  f a c t  t h a t  t h e  

f o r m a t i o n  of  t h e  a c c e p t o r  center-C=N-H i n  t h e  1:l and 1 : 2  complexes 

w u l d  i n h i b i t  t h e  p r o t o n  m i g r a t i o n  of t h e  second OH-group, v i a  one p r o t o n  

t r a n s f e r  from (CHLC) t o  t h e  N-atom of azonle th ine  g r o u p  on t h e  f o r m a t i o n  

o f  1:l and 1:2  complexes.  

T h i s  assumpt ion  is s u p p o r t e d  by c a l c u l a t i n g  t h e  energy  of  t h e  9-$7 * 
r 

(H0?1@ - LUMO) CT i n t e r a c t i o n  ( t a b l e  3) ECT u s i n g  t h e  r e l a t i o n  g i v e n  by 
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470 GABER, DESSOUKI, AND HOSSANI 

Eriegleb(l0?l1) .  

amound t o  2-24-3.0 ev corresponding t o  

agreement w i t h  t h e  experiment values 2.35-3 .08  ev. 

i i i )  'H-h'MR spectra:-  

The  'H-hYR spec t ra  of t h e  complexes, i n  comparisone v i th  those of the 

f r e e  components reveal  s h i f t s  of the s i g n a l s ,  due t o  the  donor part 

t o  lower f i e l d s  whereas those of the acceptor a r e  sh i f ted  t o  higher 

f i e l d s .  

The values calculated f o r  CT comple~es w i t h  (CHLC) 

of 490-550 nm which is i n  good 

T h i s  resul ts  from the  7- r* in te rac t ion  leading t o  increased 

fl- electron densi ty  on t h e  accptor and its decrease on the  donor. 
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and lIId with acceptors. 

Signal: 

H3 H4 

1.2 8.65 

(DW) 

7.1 8.4 

7.45 9.8 

(CHL) 

7.2 9.9 

1.25 9.9 

(CHLCI 

1.5 9.9 

7.5 9.95 

(BRL) 

1.3 1n.n 
7.35 1n .n  

7.3 1n.n 
(IDL) 

1.25 9.9 

1.35 8.5 

1.6 10.0 

1.3 1n.n 
1.6 8.55 

7.65 10.0 

7.6 10.0 

Signals of acceptor part 

=?T Free donor I I Ib  

:onplexes with A (IV) 

I:1 

1 : z  

lree (VI) 8.9 

I : 1  

I:2 

I 1  1:l 

1:2 

8.7 

8.5 

8.45 

lree donor I I I a  

I : 1  

I:2 

I 4 [VI) 1:l 

1:2 

free donor I I Id 

9 (VI) 1:l 

1:2 1 1 

- 
H1 - 
12.0 

13.2 

12.4 

12.3 

12.2 

12.5 

12.2 

12.3 

12.2 

12.2 

12.0 

3.9 

3.8 

3.8 

1.2 

7.3 

1.3 
- 

>f donor Dart - 
Hs - 
8.21 

8.1! 

8.1 

8.n 

8.0 

8.0 

8.2 

8.2 

8.2 

8.1 

8.P 

7.6 

7.9' 

7.7 

8.0 

8.1' 

8.1' - 

- 
H6 - 

8.35 

8.2 

8.3 

8.2 

8.2 

8.2 

8.4 

8.35 

8.35 

8.3 

8.25 

8.1 

8.2 

8.3 

8.5 

8.3 

8.2 

__ 
=CH - 

6.4 

6.3 

6.8 

6.6 

6.1 

6.8 

6.9 

4.7 

5.3 

3.8 

3.55 

1.0 

8.35 

7.15 

7.3 

7.7 

7.6 

- 
\ 0  5: 
7.85 

7.45 

7.85 

7.5 

7.45 

1.8 

1.35 

7.6 

7.8 

7.5 

1.5 

8.9 

9.45 

8.1 

8.7 

8.35 

9.1 

=+N-H 

1.6 

7.7 

6.2 

7.1 

7.5 

9.6 

where X : p-OCHg(a), P-OH ( b )  and P-H ( d ) .  

The IH-hWR s p e c t r a  of  t h e  CT complexes i n v o l v i n g  p r o t o n  t r a n s f e r  e x h i b i t  

a broad s i g n a l  w i t h i n  t h e  3-7 ppm range  ( T a b l e  4 )  which is not  p r e s e n t  

i n  t h e  s p e c t r a  of t h e  f r e e  components) t h i s s i g n a l  of  'H-intensi ty  

c a n  be  a s s i g n e d  t o  t h e  new c e n t e r  = N-H , which is a b s e n t  i n  t h e  

s p e c t r a  o f  t h e  f r e e  donors  and a c c e p t o r s .  T h i s  is s u p p o r t e d  by t h e  

f a c t  t h a t  t h e  s i g n a l  due t o  t h e  OH g r o u p  i s  more observed  f o r  1:l 

+ 
1 
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472 G A B E R ,  D E S S O U K I ,  AND HOSSANI 

and some 1 : 2  complexes, while f o r  1 : 2  complexes t h i s  s igna l  appears  

a t  8-10 ppm d u e  t o  f r e e  OH group of t h e  second molecule of (CHLC). 

(B) Molecular complexes involving e l e c t r o n  t r a n s f e r  only:- 

S ince  t h e  accep to r  used  i s  d e p r i v e d  of a n  a c i d i c  center , the only 

p o s s i b l e  way of CT complex formation would be e l e c t r o n  t r a n s f e r  e i t h e r  

from t h e   electron of t h e  aromatic  r i n g s  o r  t h e  n-electron of t h e  

azomethine l i nkages .  

i )  I R  spectra:-  

The I R  s p e c t r a  of t h e  CT complexes compared wi th  those  of t h e  s imple 

components r evea l  an apparent  s h i f t  of t h e  ~ C H  bands of 

t h e  donor a r e  s h i f t e d  t o  higher  values. 

T h i s  s h i f t  is  observed w i t h  CT complexes invo lv ing  F- T* intermolecular  

(HOMO -hMO) e l e c t r o n  t r a n s f e r  from h ighes t  occupied g - l e v e l  i n  t h e  

donor molecule t o  t h e  lowest unoccupied level i n  t h e  acceptor(12) .  

s h i f t  of t h e  rCH bands of t h e  a n i l i n o  and I n d o l y l  r i n g s  display an 

i d e n t i c a l  behaviour a s  i n  t h e  c a s e  of CT complexes with (CHLC), r evea l ing  

t h a t  t h e  e l e c t r o n  t r a n s f e r  t o  t h e  accep to r  i n  t h e  1:l complex would o r i g i n a t e  

a l s o  from t h e  a n i l i n o  r i n g .  

i n  t h e  C=O bands of t h e  acceptor  ( t a b l e  2 ) .  

The 

Such CT i n t e r a c t i o n  l e a d s  t o  obvious s h i f t s  

ii) The e l e c t r o n i c  abso rp t ion  spec t r a : -  

The e l e c t r o n i c  abso rp t ion  s p e c t r a  of some CT complexes under 

i n v e s t i g a t i o n  (DDQ). (CHL) , (BRL) and (IDL) d i s p l a y  a S ing le  CT 

band wi th in  the  400-550 nm range (Table 3) corresponding t o  t h e  fl-/f" 

i n t e rmolecu la r  i n t e r a c t i o n j  , t h e  n-T* t y p e " i f  involved i n  t h e  CT 

i n t e r a c t i o n  , would be of low con t r ibu t ion  t o  complex formation or 

e n t i r e l y  absen t .  
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CHARGE TRANSFER COMPLEXES 473 

Table ( ,5 1: The experimental values of ECT for some complexes of indolyl period.(lll). I 
V l l l  

__. 

Ratio 

- 
1:l 
1:2 

1:l 
1:2 

1:l 
1:2 

l:1 
1:2 

1:l 

1:2 

a p-OCH, 

‘CT 

488,452 
485,4 50 

480,440 
485,450 

485,450 
480,445 

490,450 
485,442 

480,445 
485,4 50 

J 

%T 

2.55,2.75 
2.56,2.70 

2.59,2.83 
2.56,2.76 

2.56,2.76 
2.59,2.80 

2.54,2.76 
2.56,2.81 

2.59,2.80 
2.56,2.76 

b p-OH 

‘CT 

480,445 
488,450 

485,450 
489,440 

480,454 
485,450 

486,448 
487,450 

478,430 
489,440b 

ECT 

2.59,2.80 
2.55,2.76 

2.56,2.76 
2.54,2.83 

2.59,2.74 
2.56,2.76 

2.56,2.78 
2.55,2.76 

2.55,2.89 
2.54,2.83 

~ 

d p-H 

‘CT 

485,446 
486,440b 

487,453 
483,445 

488,452 
482,450 

485,455 
482,450 

485,450 
483,448 

ECT 

2.56,2.79 
2.56,2.83 

2.55,2.76 
2.58,2.80 

2.55,2.75 
2.58J.76 

2.56,2.73 
2.58,2.76 

2.56,7.76 
2.58J.78 

This assumption is supported by calculating the energy of the 

7T- c* CT interaction (Ec~) using the relation given by Briegleb. (10,11) 

The values calculated for CT complexes with acceptor (DDQ) and (CHL) 

amounts to 2.54-2.90 ev corresponding to Amax of 480-500 nm which is in 

good agreement with the experimental values ( 450-520 nm). 

a function of I of the donors (a),(b) and ( d )  are approximately linear 

with roaghly identical slopes but varied intercepts-From the intercepts, 

the electron affinities of the acceptors under investigation are determined 

and axount to 1.95 ev (DDQ) , 1.37 ev (CHL), 1.41 ev (BRL) , 1.69 ev (IDL) 

Plot of ECT as 

P 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



474 GABER, DESSOUKI, AND HOSSANI 

and 1.10 ev (CHLC). T h e  values of EA determined from the plot is in good 

agreement with the values calculated from Brieglob’s equation(l0) 1-28 ev 

(DDQ) ,  1.10 ev (CHL), 1.25 el’ (CHLC), 2.0 ev (BRL) and 1.76 ev ( I D L ) .  

@2-cH 
H 

1:l 

D:A 

0 
b ’  ?b0 - 

2. z 
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CHARGE TRANSFER COMPLEXES 475  

iii) 'H-h?lR spectra:- 

The lH-h?lR spectra of the CT complexes h'ith DDQ , CHL, BRL and IDL 

compared with those of the simple constituents reveal a shift of the 

signals due to the protons of the acceptor to higher fields, while 

there of the donor are shifted to lover fields. This behaviour is the 

common one for complexes of the 

lower shielding effect on the protons of the donor Schiff 

bases and its increase on these of the acceptors molecule. 

shift of the signals due to proton of the anilino part are higher 

than those of Indolyl which is in confirmity with the results of 

the IR spectra. 

T- 8" type, resulting in a 

The 

References 

( 1 ) Weinstein, J .Mcininch ,E. : J.Am.Chem.Soc .82,6064 (1960). 

( 2 ) Hindaweg, A.M.,Issa,Y.M.,Issa,R.M.,R.ZK,H.F.:Acta Chem. 

Hung.,112,415 (1983). 

( 3 ) Issa,Y.M.,El-Kholy, A.E.,El-Ansary,A.L.: Acta Chim.Hung.,ll8, 

43(1985). 

( 4 ) Issa, R.M. .Abu.El-h'afa, S.A. ,Gaber,M. ,Mohamed ,El-A.: Acta Chim. 

Hung., 118,179 (1985). 

( 5 ) Issa, R.M.,Abu-El-Wafa, S.M.,El-Ansary, A.L.,R:ZK, H.F.: Bull. 

So~.CHim.(France),Z,173(1985). 

( 6 ) Issa, R.M.eta1: Z.Physik.Chem.(Leipzing), 253, 96(1973); Act. 

Chim.(Bndapest) 88,341 (1976); 92,263(1977): Montsh., Chim., 

111.43 (1980). 

( 7 ) Dessouki, H. A. ,Gaber ,M. , Issa,R.M. and Hossani ,E.E., J .ind .Chem. 
SOC .Lxv , 258 (1988). 

( 8 Foster,R.Etal:J.Chem.Soc.,(l954), 3986; (1956), 3881; Trans. 

Faraday SOC . , 59,2287( 1963) ; 61,1620( 1965). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



476 GABER, DESSOUKI, AND HOSSANI 

( 9 ) Lee.R.H . , Brisuald,E. and Kleinbery; Inorganic chem. ,3,1278 (1964). 
( 10)  Briegleb,G.; Angev chem.72,401 (1960)!76,326 (1964). 

( 11) Briegleb, G. ,Delle,H. ; 2. Elecktro Chem. (Ber.Bunsenges.Phys. 

Chem.), 64,347 (1960); 2.physik. Chem.(h’.F.,Frankfurt) 24,359 (1960). 

( 12) Kross, R.D. ,V.A. ; J.Am. Chem.Soc . 79,38( 1957) ;spectro chim.Acta,8, 
142 (1952). 

Date Received: 11/08/91 
Date Accepted: 12/13/91 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


