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SPECTROSCOPY LETTERS, 8(12), 965-973 (1975) 

ULTRAVIOLET SPECTRUM OF SOME N,N-DIMETHYL-N'PHENYLFORMAMIDINE 

D E R I V A T I V E S  

J. V A E S  and Th. ZEEGERS-HUYSKENS 

D e p a h t m e n t  0 6  C h e m i b t f i y  K . U . L .  
2 0 0-F C e t e b t i  j n e n l a a n  
3 0 3 0  H e u e h l e e - B e l g i u m  

I .  INTRODUCTION 

The i n f l u e n c e  of t h e  s u b s t i t u e n t  on t h e  u l t r a v i o l e t  spec-  

trum of benzene  d e r i v a t i v e s  has been e x t e n s i v e l y  examined b u t  

t h e  u l t r a v i o l e t  spec t rum o f  phenyl formamidine  d e r i v a t i v e s  has n o t  

y e t  been i n v e s t i g a t e d .  N,N-Dimethyl-N'Phenylformamidines (DMPF) 

a re  m o l e c u l e s  c h a r a c t e r i z e d  by a s t r o n g  c o n j u g a t i o n  between t h e  

amino-N") and i m i n o ( 2 )  n i t r o g e n  a toms;  t h e  pheny l  r i n n  a d o p t s  a 
non-p lana r  c o n f i g u r a t i o n  w i t h  r e s p e c t  t o  t h e  N (1) - C = N ( 2 )  

p l a n e 1 9 2 .  I n  t h i s  work, we r e p o r t  t h e  U.V. Spectrum o f  some DMPF 

and d i s c u s s  t h e  i n f l u e n c e  o f  t h e  s u b s t i t u e n t  imp lan ted  on t h e  

a r o m a t i c  r i n g ,  on t h e  Xmax and E~~~ v a l u e s  o f  t h e  a b s o r p t i o n  l o -  

c a t e d  a t  270 nm. 
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2. EXPERIMENTAL 

VAES AND ZEEGERS-HUYSKENS 

The s p e c t r a  were r e R i s t e r e d  o n  a Unicam SP 700 S p e c t r o p h o t o -  

meter i n  c y c l o h e x a n e  a t  2 5 O C .  The c o n c e n t r a t i o n s  of DMPF d e r f v a -  

t i v e s  v a r i e d  be tween 6 and 9 . 1 0 ' ~  mole/dm . 3 

The i n t e n s i t i e s  of t h e  a b s o r p t i o n  band were measured  by t h e  

3 Ramsay method : 

1 I0 S 
I = -  I n  (-)dv - 

c l  I c l  

where t h e  symbols  h a v e  t h e i r  u s u a l  meaning .  The area of t h e  band 

S was c a l c u l a t e d  b y  t h e  f o r m u l a  of Simpson : 

h s = 2 . 3  - ( y o  + 4 P1 + 2 Y2 + 4 Y 4  + 9 - * )  

3 

where h = t h e  i n t e r v a l  o f  d v  and  y = t h e  a b s o r p t i o n  for a R i v e n  

wavenumber. 

The o s c i l l a t o r  s t r e n K t h  f, may be  c a l c u l a t e d  b y  t h e  r e l a t i o n  

The a m i d i n e  was s y n t h e t i s i z e d  a c c o r d i n p  t o  t h e  method d e s c r i b e d  

by B r e d e r e c k  . The a m i d i n e  was e x t r a c t e d  by b e n z e n e  and d r i e d  on  

p o t a s s i u m c a r b o n a t e .  It was t h e n  f u r t h e r  p u r i f i e d  by v a c u u m d i s t i l -  

l a t i o n .  

4 

3. RESULTS AND DISCUSSION 

F i n .  1 shows t h e  U.V. s p e c t r u m  of  DMPF and 4-C1 DMPF. The 

s p e c t r u m  i s  c h a r a c t e r i z e d  by  two a b s o r p t i o n  b a n d s .  The  f i rs t  o n e  

l y i n K  a t  - 200 nm w i t h  E = 20 .000  p r o b a b l y  c o r r e s p o n d s  t o  t h e  + 
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N,N-DIMETHYL-N'PHENYLFORMAMIDINE 967 

Fig .  1. : U.V. s p e c t r u m  o f  DMPF ( c  8 . 5  x l o 4  mole/dm3) and  

4-C1 DMPF ( C  6 .5  X mole/dm 3 ) ;  ( s  = C6H1,, 

T = 25°C).  

'B t r a n s i t i o n .  T a b l e  1 i n d i c a t e s  t h e  v a l u e s  o f  A(nm) a n d  o f  t h e  

d i s p l a c e m e n t s  Av(nm) and  -Av(cm-l) w i t h  r e s p e c t  t o  t h e  u n s u b s t i -  

t u t e d  DMPF f o r  t h e  second band.  T a b l e  1 a l s o  r e p o r t s  t h e  v a l u e s  

of Av(cm-') o b s e r v e d  for t h e  b e n z e n e  d e r i v a t i v e s  c h a r a c t e r i z e d  

by t h e  same degree o f  s u b s t i t u t i o n  . 5 

The v a l u e s  of I and  f are  g i v e n  i n  T a b l e  2 for t h e  same 

DMPF d e r i v a t i v e s .  The v a l u e s  o f  E are  o f  t h e  same o r d e r  of  magni- 

t u d e  as these  fo r  t h e  'La t r a n s i t i o n  i n  d i s u b s t i t u t e d  b e n z e n e  de- 

r i v a t i v e s  (as f o r  example  

s u g g e s t s  t h a t  t h e  a b s o r p t i o n  o b s e r v e d  a t  270 nm fo r  t h e  DMPF de- 

1 1 r i v a t i v e s  i s  m a i n l y  a La t r a n s i t i o n  and  t h e  L~ transition is 
presumably  h i d d e n  b e n e a t h  i t .  I n  some d i -  o r  t r i s u b s t i t u t e d  ben-  

z e n e  d e r i v a t i v e s ,  t h e  'Lb t r a n s i t i o n  i s  s e e n  o n l y  a s  a n  i n f l e c -  

E = 1 1 . 7  f o r  C l C 6 H 4 N H 2 ) ' ;  t h i s  f ac t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



968 VAES AND ZEEGERS-HUYSKENS 

TABLE 1 .  : WAVELENGTH AND DISPLACEMENT -Av OBSERVED FOR DMPF 

D E R I V A T I V E S  

~ 

SUBSTITUENT A(nrn) AX(nm) -Av(cm-') -Av(cm-') 

OF DMPF i n  C6H6 d e r i -  

v a t i v e s  

H 

4 CH3 

4 c1  
4 B r  

3 c1  
3,4 d i C l  

3 ,5  d i C l  

3,4 d i C H  

4 F  
3 

4 1  

OCH3 

269 0 

272 3 

275 6 

276 7 

272 3 

277 8 

275 6 

273 4 

2 68 -1 

277 8 

2 7 5 ( 6 )  7 

0 

410 

811 

943 

4 1 0  

1173 

8 1 1  

544 

-139 

1173 

811 

0 

1 4 0 0  

2500 

3500 

c_ 

- 
3600 

1900 

550 

5600 

3400 

( 6 )  o b s e r v e d  i n  a c e t o n i t r i l e .  

1 t i o n  on t h e  b l u e  s ide  o f  t h e  La t r a n s i t i o n 8 .  The v a l u e s  o f  < 
are,  however ,  lower  f o r  DMPF t h a n  f o r  t h e  p a r a - a n i l i n e  d e r i v a -  

t i v e s  ( < 41.000 cm-l)  and t h e  b a t h o c h r o m i c  s h i f t  c a n  be  ex- 

p l a i n e d  by a s t r o n g e r  c o n j u g a t i o n  d u e  t o  t h e  e l e c t r o n s  o f  t h e  

N ( l )  - C = N ( 2 )  ske le t  i n  t h e  DMPF d e r i v a t i v e s .  As shown i n  f i -  

Eure  2 ,  a r e l a t i o n s h i p  i s  found be tween t h e  Av v a l u e s  f o r  t h e  

DMPF and benzene  d e r i v a t i v e s  b u t  t h e  r e l a t i o n  i s  n o t  l i n e a r .  
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N , N-DIMETHYL-N ' PHENYLFORMAMIDINE 
TABLE 2. : Ernax, I AND f VALUES CALCULATED FOR THE DMPF 

969 

D E R I V A T I V E S .  

H 

4 CH3 

4 c 1  

4 Br 

3 c1 
3,4 d i C l  

3,5 d i C l  

3,4 diCH 

4 F  

4 1  

3 

14.2 

14.6 

18.3 

17 

14.6 

19.1 

16.4 

13 

12.6 

20 

120.7 

122.7 

156.6 

150.8 

123.1 

155.6 

130.6 

114.3 

114.1 

177.4 

0.52 

0.53 

0.65 

0.53 

0.67 

0.56 

0.49 

0.46 

0.77 

It has f r e q u e n t l y  been Fene ra l iZed  t h a t  t h e  r e s o n a n c e ,  b u t  

no t  t h e  i n d u c t i v e  e f f e c t s  of  s u b s t i t u e n t s ,  a f f e c t s  t h e  sDectrum 

o f  t h e  a r o m a t i c  molecu le s  b u t ,  as p o i n t e d  ou t  by J a f f s ' ,  it i s  

p robab ly  a n  o v e r s i m p l i f i c a t i o n .  For  most of  t h e  m o n o s u b s t i t u t e d  

benzene ,  t h e  molar  o r b i t a l  c a l c u l a t i o n s  per formed hv Matson , 
show t h a t  t h e  s p e c t r o s c o p i c  p r o p e r t i e s  a r e  a d e q u a t e l y  d e s c r i b e d  

i n  t e rms  o f  t h e  r e s o n a n c e  e f f e c t  a l o n e .  The a b i l i t y  o f  a s u b s t i -  

t u e n t  t o  underRo r e s o n a n c e  i n t e r a c t i o n  may be  e x p r e s s e d  b y  t h e  

Taf t  r e sonance  pa rame te r  a - a'". F i g u r e  3 r e p o r t s  t h e  v a r i a -  

t i o n  o f  ~1 and cmaX as  a f u n c t i o n  o f  a - 0'. 

10 
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9 70 VAES AND ZEEGERS-HUYSKENS 

c LOO0 

2000 

6 -  I I 

-* 
1 

0 400 800 1200 

1 1 La ( C p 6 )  as a f u n c t i o n  of -Aw F i g ,  2 .  : -Aw La(DMPF). 

An approx ima t ive  l i n e a r  r e l a t i o n s h i p  i s  obse rved  f o r  t h e  

s u b s t i t u e n t s  l i k e  4 CH 

d e v i a t i o n s  a p p e a r  f o r  t h e  h a l o g e n s  i n  p a r a  p o s i t i o n .  It has been 

argued  t h a t  t h e  i n d u c t i v e  e f f e c t  of t h e  s u b s t i t u e n t  c a n  no t  be  

n e p l e c t e d  when t h e  r e s o n a n c e  effect  i s  As p o i n t e d  

o u t  by o t h e r  s p e c t r o s c o p i s t s ,  t h e  e x c i t a t i o n  ene rgy  may be go- 

verned  by t h e  p o l a r i z a b i l i t y  o f  t h e  s u b ~ t i t u e n t s l ~ ' ~ ~  o r  by t h e  

i n t e r a c t i o n  of  t h e  d o r o i t a l s  of t h e  h a l o g e n s  w i t h  e l e c t r o n i c a l -  

l y  e x c i t e d  s t a t e s  of t h e  a r o m a t i c  r i n g 1 6 .  Both e f f e c t s  c o n t r i -  

b u t e  i n  R iv ing  v a l u e s  i n  t h e  o r d e r  I > Br > C 1  > F.  

3,4 diCH3, 3 C 1 ,  3,4 d iC1,  b u t  s t r o n g  3' 

I n  t h e  DMPF 4-ha logeno d e r i v a t i v e s  t h e  r e s o n a n c e  e f f e c t  

must be larRe and t h e  i n t r a m o l e c u l a r  c h a r g e  t r a n s f e r  between t h e  
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N,N-DIMETHYL-N'PHENYLFORMAMIDINE 9 71 

t t 

':I \ 
t \ 

I- / 

I \ 

i 
-" i 

x i  
i 

1-r "*> 1; OJf of5 i'4; 

0 10-4'1 -0.4 -0.2. - 0.4 -0.2 0 14-0'1 

F i a .  3 : AA(nm) and E~~~ as  a f u n c t i o n  o f  u - u '  ( 0 )  and o f  

P 
un (XI. 

e l e c t r o n  d o n o r  g r o u p  ( N " )  - C = N(2)) and t h e  h a l o c e n s  i n  p a r a  

p o s i t i o n  must  b e  i m p o r t a n t .  A s  a matter of f a c t ,  t h e  A 1  and E~~~ 

v a l u e s  a r e  b e t t e r  c o r r e l a t e d  w i t h  t h e  H a m m e t t  normal  v a l u e s  u 

f o r  t h e  f o u r  4 - h a l o g e n  d e r i v a t i v e s  ( f i F u r e  3 ) ;  t h e s e  normal  v a -  

l u e s ,  i n c l u d i n g  b o t h  i n d u c t i v e  and  r e s o n a n c e  e f f e c t s ,  a r e  r e l a -  

t e d  t o  t h e  n e t  e f f e c t  of t h e  s u h s t i t u e n t  and  a r e  found t o  d e c r e a -  

se i n  t h e  o r d e r  I > B r  > C1 > F.  R e c e n t l y  Tornasik'' ha s  p r e s e n -  

t ed  a new se t  o f  s p e c t r a l  s u h s t i t u e n t  c o n s t a n t s  ( u u v  

t h e  e x p e r i m e n t a l  s h i f t  o f  t h e  'La band i n  t h e  UV s p e c t r a  o f  

p . d i s u b s t i t u t e d  b e n z e n e  d e r i v a t i v e s .  T h e s e  s u b s t i t u e n t  c o n s t a n t s  

P 

) based on  
,P 
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9 72 VAES AND ZEEGERS-HUYSKENS 

d e c r e a s e  on  g o i n g  from i o d i n e  ( a  

0 . 1 0 ) .  

~ 0 . 3 7 )  t o  f l u o r i n e  (nUv = 
UVSP SP 

F i E u r e  4 shows t h a t  a s  f o r  m o n o s u b s t i t u t e d  b e n z e n e  d e r i v a t i v e s  

l8>l9  t h e r e  i s  a r e l a t i o n s h i p  be tween t h e  -Av v a l u e s  and ID - 
t h e  i o n i z a t i o n  p o t e n t i a l  o f  t h e  s u b s t i t u e n t 2 ' .  T h e  e n e r g y  r e q u i -  

r e d  t o  t r a n s f e r  a n  e l e c t r o n  from t h e  s u b s t i t u e n t  t o  t h e  r i n g  

i s  d i r e c t l y  re la ted  t o  t h e  I,, v a l u e s  of t h e  s u b s t i t u e n t .  The 

-Av v a l u e s  a r e  t h u s  e x p e c t e d  t o  i n c r e a s e  as  t h e  v a l u e s  of ID d e -  

creases. The r e s o n a n c e  e f f e c t  moves n e g a t i v e  c h a r g e  t o  t h e  r i n g ,  

t h e r e b y  l o w e r i n g  t h e  e n e r g y  t o  remove  a n  e l e c t r o n .  Such re la-  

FiR.  4 .  : -Av(cm-') as  a f u n c t i o n  of  I,, of t h e  s u b s t i t u e n t .  
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N,N-DIMETHYL-N'PHENYLFORMAMIDINE 973 

t i o n s  a r e  however  d i f f i c u l t  t o  e s t a b l i s h  owinp  t o  t h e  c o n s i d e -  

r a b l e  s c a t t e r  o f  t h e  I,, v a l u e s  r e c o r d e d  i n  t h e  l i t e r a t u r e .  
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