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SPECTROSCOPY LETTERS, i 5 (  1 2 j ,  983-990 (1982) 

SPECTROSCOPIC EVIDENCE 1 N  $CXYZ MOLECULES FOR THE 

THREE GROUPS X , Y , Z  ACTING AS A WHOLE,WHATEVER THE SYMMETRY MAY BE,  

I N  T H E I R  LONG RANGE INTERACTIONS WITH THE CHROMOPHORE 

* D.Courtois and B.Vida1 

L a b o r a t o i r e  de Spec t roscopie  de l a  R 6 a c t i v i t 6  Chimique, UER de 

Chimie, Univers i tg  des  Sc iences  e t  Techniques de L i l l e  

59655-Villeneuve d'Ascq Cedex, France.  

Long range i n t e r a c t i o n s ,  i n  s t r u c t u r e s  whose type  i s  $CH X, 2 
between t h e  a romat ic  chromophore and an auxochrome X, involve  a 

U , I I  coupl ing  through t h e  methylene C - H bonds. That hyperconjuga- 

t i v e  e f f e c t  encountered w i t h  t h e  hydrogen atoms l inked  t o  C and 

t h e  modulation of t h e i r  e f f e c t  by t h e  auxochrome, a l low t o  unders- 

tand  t h e  s p e c t r o s c o p i c  behaviour  of  t h e  secondary t r a n s i t i o n  i n  

many molecular  s y s  terns 

a' 

(1-7)  

We should  l i k e  t o  produce i n  t h a t  paper  some s p e c t r o s c o p i c  

r e s u l t s  showing t h a t  o t h e r  bonds than C - H on C can a l s o  t r a n s m i t  

i n t e r a c t i o n s  wi th  a g r e a t  e f f i c i e n c y .  That experimental  work w i l l  

enable  us t o  determine t o  what e x t e n t  U , I I  coupl ing i s  s t i l l  poss i -  

b l e  when none of t h e  symmetry c o n d i t i o n s ,  which however seem t o  be 

r e q u i r e d  from t h e  s u b s t i t u e n t  f o r  t h e  coupl ing ,  i s  s a t i s f i e d .  

a , n  COUPLING THROUGH Ca- H BONDS 

Because of i t s  D6h symmetry t h e  benzene nuc leus ,  when i t  i s  

an i s o l a t e d  chromophore, h a s  i t s  secondary t r a n s i t i o n ,  i n  t h e  n e a r  

UV range,  forb idden .  The i n t e n s i t y  i s  very s e n s i t i v e  t o  per turba-  

* Author t o  whom correspondence should be a d r e s s e d  
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984 COURTOIS AND VIDAL 

t i o n s  when t h e  symmetry is  d i s t o r t e d  towards C 

t r a n s i t i o n  i s  al lowed) by a mesomeric type e f f e c t .  A U,IT coupl ing  

causes  such a n  e f f e c t  because i t  i n c l u d e s  i n  t h e  n system, o r b i t a l s  

which a r e  o u t s i d e  of t h e  r i n g .  I f  X i s  a s u f f i c i e n t l y  e l e c t r o n  at-  

t r a c t i n g  group i t  can c a n c e l  o u t  t h e  mesomeric e l e c t r o n  donat ing  

tendency of t h e  methylene t o  which it  i s  a t t a c h e d .  D6h symmetry i s  

r e s t o r e d  i n  t h e  'TI c loud .  The t r a n s i t i o n  i s  forb idden  a s  i t  i s  i n  

benzene and t h e  00 band does not  appear .  On t h e  c o n t r a r y ,  when t h e  

e l e c t r o n a a r a c t h g  power i s  n o t  s u f f i c i e n t  C - H bonds can e x e r t  

t h e i r  mesomeric e f f e c t  on t h e  chromophore and a l t e r  i t s  symmetry. 

The t r a n s i t i o n  be ing  al lowed t h e  00 band has  a d e f i n i t e  i n t e n s i t y .  

When x i s  a very s t r o n g  e l e c t r o n  a t t r a c t i n g  group n o t  on ly  i t  can 

cance l  o u t  t h e  e l e c t r o n  donat ing  power of  t h e  methylene b u t  i t  can 

a l s o ,  through t h e  u,n coupl ing ,  e x e r t  on t h e  'TI c loud  some per turba-  

t i o n  of  an a t t r a c t i n g  type .  I t  modif ies  t h e  symmetry and i n c r e a s e s  

t h e  i n t e n s i t y  a l l  t h e  more as i t  i s  a t t r a c t i n g ,  e x a c t l y  as i n  t h e  

case  when t h e r e  i s  from t h e  whole s u b s t i t u e n t  a donat ing  tendency. 

( f o r  which t h e  2v 

The U,'TI coupl ing  between a methylene and an u n s a t u r a t e d  system 

proceeds from t h e  Cjv symmetry of t h e  methyl group which a l lows  
(8a)  combinations of o r b i t a l s  which have t h e  symmetry of t h e  n c loud . 

A t e r t i o b u t y l  group has  t h e  same symmetry. Hence i t  can g ive  r ise 

t o  t h e  same coupl ing  as a methyl .  The coupl ing induces an i n t e n s i -  

t y  of co0=265 f o r  t h e  00 band of to luene .  That i n t e n s i t y  i s  s t i l l  

115 f o r  4tBut. The coupl ing  h a s  a lower b u t  d e f i n i t e  e f f i c i e n c y .  

The Cgv symmetry does n o t  e x i s t  i n  -CH2X group. There i s  s t i l l  
b 

a Cs symmetry a l lowing  an ant isyuunetr ic  combination of t h e  hydro- 

gens o r b i t a l s .  That combination has  t h e  symmetry of t h e  'TI system. 

The same combination i s  p o s s i b l e  w i t h  two X when t h e  -CHX group i s  

involved.  However t h a t  t rea tment  by means of  symmetry c o n s i d e r a t i o n s  

presumes t h a t  t h e  coupl ing is h i g h l y  dependent on t h e  r o t a t i o n  

around C - C . The coupl ing  involved should  cance l  ou t  when t h e  

pseudo-n o r b i t a l s  and t h e  'TI system a r e  or thogonal .  I t  seems t h a t  

t h e r e  is no exper imenta l  evidence showing such a d r a s t i c  dependen- 

cy f o r  t h e  U,II coupl ing  i n  t h e s e  s t r u c t u r e s . F o r  example i n  benzyl- 

a lkylke tones  t h e  00 band i s  weak and r e t a i n s  a c o n s t a n t  v a l u e  

2 
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LONG RANGE INTERACTIONS 

whatever  t h e  conformation may b e  ( I 4 ) .  On t h e  c o n t r a r y  i t  i s  we1 

known t h a t  many o t h e r  "through space" o r  "through bond" i n t e r a c -  

t i o n ~ ( ~ - ' ~ )  need w e l l  d e f i n e d  conformations t o  be s t u d i e d .  

SPECTRA OF SOME C ~ C R R ' C O ~ H  AND -co; SPECIES 

P h e n y l a c e t i c  a c i d  shows a 00 band which i s  very weak 

70 i n  water  + HC1) i f  we t a k e  i n t o  c o n s i d e r a t i o n  t h e  f a c t  t h a t  

985 

t h e  o v e r l a p  w i t h  t h e  o t h e r  p a r t s  of t h e  secondary t r a n s i t i o n  i s  a t  

t h a t  wavelength approximately of 60-65. Using t h e  s imple  scheme 

d e s c r i b e d  i n  t h e  foregoing  p a r t  such a n  i n t e n s i t y  shows t h a t  -C02H, 

which i s  an e l e c t r o n a t t r a c t i n g  group,  cance ls  o u t  a lmost  comple- 

t e l y  t h e  p e r t u r b a t i o n  produced by t h e  methylene on t h e  benzene 

chromophore. The symmetry be ing  Dbh t h e  t r a n s i t i o n  is forb idden .  

A -CO; 

cance l  o u t  t h e  p e r t u r b a t i o n ,  s o  t h a t  t h e  symmetry i s  n o t  D The 

t r a n s i t i o n  i s  n o t  completely forb idden  ( E  

r i n g  t h e  p r o t o n a t i o n  a change i n  t h e  i n t e n s i t y  ( A ~ = 5 0 )  i n  t h e  

i n t e n s i t y .  

group is a weaker e l e c t r o n  a t t r a c t i n g  group. I t  cannot  

6h' 
=120), and t h e r e  i s  du- 

00 

We exp a i n e d  t h e  coupl ing  i n  $CH2X on t h e  ground of a Cs sym- 

metry. That symmetry d i s a p p e a r s  when an hydrogen atom i s  rep laced  

by a methyl We should  expect  a lowering of t h e  coupl ing.  The 

chromophore and -CO H ,  o r  -C02, should  no longer  i n t e r a c t  : t h e  

i n t e n s i t y  should  be  very  weak and i d e n t i c a l  f o r  t h e  p r o t o n a t e d  and 

t h e  unprotonated s p e c i e s .  On t h e  c o n t r a r y  we measured : E = 75 

f o r  CpCH(CH )C02H and E ~ ~ =  115 f o r  CpCH(CH3)CO; 

l u e s  are similar t o  t h o s e  o b t a i n e d  w i t h  CpCH CO H,-C02.  Coupling 

and "through bond" i n t e r a c t i o n  main ta in  t h e i r  e f f i c i e n c y .  

- 
2 

00 
( A ~ = 4 0 ) .  These va- 

3 - 
2 2  

When a l l  t h e  hydrogen atoms a r e  removed we o b t a i n  : ~,,=70 

f o r  $C(CH3)2C02H and coo= 105 f o r  $C(CH3)2CO; ( 8 ~ 3 5 )  . The 

g e n e r a l  behaviour  i s  t h e  same as p r e v i o u s l y .  I f  C - H bonds were 

e s s e n t i a l  t o  t h e  i n t e r a c t i o n  between Cp and X, i n t e n s i t i e s  should 

b e  i d e n t i c a l  and very weak f o r  t h e  l a t t e r  two s p e c i e s .  I f  symmetry 

c o n d i t i o n s  were e s s e n t i a l ,  i n t e n s i t y  of CpC(CH ) CO- f o r  example 

(easier t o  compare w i t h  i t s  homologues, than p r o t o n a t e d  s p e c i e s  

which have too  low i n t e n s i t i e s )  should  be comprised w i t h i n  t h e  va- 

3 2  2 
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986 COURTOIS AND VIDAL 

l u e s  

QCH(CH ) CO; has  t h e  r i g h t  symmetry but  achieved w i t h  C-C bonds 

obta ined  f o r  QCH2CO; and +CH(CH3)CO;. A s  f o r  +CH CO- , 

3 

2 2  

which a r e  less n donors than  C - H ones .  Now i n t e n s i t y  i s  

of  t h a t  range and s l ight ly  weaker than t h e  weakest one (+CH 

Thus, i n  s p i t e  of  t h e  symmetry, t h e  coupl ing  e f f i c i e n c y  i s  

t l y  weaker than i n  t h e  i o n  where however t h e  symmetry cond 

a r e  not  s a t i s f i e d .  

We deduce from t h e s e  r e s u l t s  t h a t  C - C bonds a l low a 

o u t s i d e  

CH3) Coil 
s l i g h -  

t i o n s  

coupl ing and a Q - X i n t e r a c t i o n  almost  a s  much a s  C - H bonds 

do, whatever t h e  symmetry of t h e  s u b s t i t u e n t  i s .  

From t h e  p o i n t  of  view of  i n t e n s i t y  t h e  pro tona ted  s p e c i e s  

should behave i n  t h e  same way as t h e  unprotonated do. B u t  we lack 

of  p r e c i s i o n  t o  compare t h e s e  p r o t o n a t e d  s p e c i e s  t o  each o t h e r .  

The i n t e n s i t i e s  seem t o  be much a l i k e  because they are weak. The 

00 band i s  only a shoulder  and i t s  measure is d i f f i c u l t .  The e l e c -  

t r o n  a t t r a c t i n g  power of  -CO H i s  n e a r  t h e  p o i n t  where i t  could  

cance l  ou t  t h e  n e l e c t r o n  donat ing  power of CH2, CHCH3 o r  C(CH3)2. 

I t  was necessary  t o  s tudy  some molecules  where t h e  00 bands are 

more i n t e n s e  i n  o r d e r  t o  compare them. We s t u d i e d  C1-+-P-CO2H 

( p a r a ) ( €  =180) and Cl-+-!?-COi ( E  = 270) on t h e  one hand and 

C1-+-CH2C02H ( E ~ ~ =  200) and Cl-+-CH2CO; (~, ,=290)  on t h e  o t h e r  

hand ( a l l  these v a l u e s  are i n  methanol) .  Although it has a a at-  

t r a c t i n g  power a c h l o r i n e  atom i s  a n donor by i t s  non bonding 

e l e c t r o n s ( 8 b ) .  I t  induces  a s p e c t r o s c o p i c  moment which added t o  

t h a t  of -CH CO H o r  -CH CO- (because t h e  two s u b s t i t u e n t s  are i n  

p a r a  p o s i t i o n s )  i n c r e a s e s  t h e  i n t e n s i t y .  The 00 band i n t e n s i t y  of  

Cl-+-p-CO; i s  o n l y  s l i g h t l y  weaker than  t h a t  of C1-+-CH2CO; as i t  

was expected from our  above r e s u l t s .  That of Cl-+-~-CO,H i s  a l s o  

weaker, and only  s l i g h t l y  weaker than t h a t  o f  C1-Q-CH CO H, A ~ = 9 0  

is t h e  same when p r o t o n a t i o n  i s  achieved ,  r e s u l t s  t h a t  had t o  be 

a s c e r t a i n e d .  We have checked t h a t  i n t r o d u c i n g  a cyc lopentane  r i n g  

i n s t e a d  o f  two a l i p h a t i c  s u b s t i t u e n t s  on C d i d  n o t  produce a spe-  

c i f i c  behaviour:  &?-C02H and -CO-, have i n t e n s i t i e s  very s i m i l a r  2 
t o  t h a t  measured f o r  4C(CH ) CO H and -CO-,respectively :E 

and 110. 

2 

00 00 

2 2  2 2  

2 2  

a 

=75 3 2  2 2 00 
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LONG RANGE INTERACTIONS 987 

An OH group has  an e l e c t r o n  a t t r a c t i n g  power which goes b e t -  
- 

ween t h o s e  of -C02H and -C02 : E 

E 

d e s t r o y s  t h e  C s  symmetry on C 

= 85 f o r  QCH20H ( i n  me thano l ) ,  
00 

= 70 f o r  QCH CO H and 120 f o r  QCH2CO;. I n t r o d u c i n g  a methyl 
00 2 2  

b u t ,  a s  p r e v i o u s l y  encoun te red  

w i t h  QCH(CH3)C02H and -CO;, a l t e r s  t h e  i n t e n s i t y  on ly  s l i g h t l y  : 

E = 80 f o r  @CH(CH3)0H ( i n  me thano l ) .  
00 

I f  Ca - CH and C,- H bonds which a r e  d i f f e r e n t  i n  l e n g t h  and 3 
e l e c t r o n  d o n a t i n g  power, a l l o w  t h e  same o , ~  t ype  c o u p l i n g ,  we can- 

n o t  p r i v i l e g e  i n  t h e  c o n s t i t u t i o n  of t h e  c o u p l i n g  t h e s e  bonds 

a g a i n s t  t h o s e  i n v o l v i n g  t h e  auxochromes C 
- - C02, Ca - C02H, C -OH. 

I n  t h e  molecu le s  : QCH(OCH3)C02H (~,,=125) and @CH(OCH3)CO; 

(~,,=95) (AE =30) t h e  i o n  h a s  a weaker i n t e n s i t y  t h a n  t h e  p ro tona -  

t e d  s p e c i e s  u n l i k e  what was p r e v i o u s l y  obse rved  i n  p h e n y l a c e t i c  

a c i d  and i t s  me thy la t ed  d e r i v a t i v e s . T h e r e  a r e  two e l e c t r o n  a t t r a c -  

t i n g  g roups .  The d o n a t i n g  e f f e c t  of  Ca - H i s  comple t e ly  c a n c e l e d  

o u t .  The a t t r a c t i n g  power i s  h i g h  enough t o  e x e r t  on  'TI a p e r t u r b a -  

t i o n  of  a n  a t t r a c t i n g  t y p e .  Thus i n t e n s i t y  is f o r  t h e s e  s p e c i e s  

a l l  t h e  more s t r o n g  a s  t h e  a t t r a c t i n g  power i s  h i g h .  

Q 

The C, - 0 bond can p a s s  f o r  assuming,  w i t h  Ca - H, t h e  U,'TI 

coup l ing ,  and t h u s  c o n s t i t u t i n g  the ' l b r idge"  conveying t h e  i n f l u e n c e  

o f  -C02H o r  -CO;, a l t h o u g h  i n  benzy l  a l c o h o l  t h e  oxygen atom was 

p a r t  of  t h e  auxochrome. On t h e  c o n t r a r y  t h e  bonds C 

Ca - C02, and C - H may be c o n s i d e r e d  a s  assuming t h e  c o u p l i n g  and  

OCH be c o n s i d e r e d  as t h e  auxochrome. I n  o t h e r  words which i s  t h e  

auxochrome p e r t u r b i n g  t h e  T( sys t em and what bonds a r e  t h o s e  cons- 

t i t u t i n g  t h e  U,'TI coup l ing?  We a r e  bound t o  assume from o u r  spec-  

t r o s c o p i c  r e s u l t s  t h a t  a l l  t h e  s u b s t i t u e n t s  l i n k e d  t o  C o c c u r  as 

a whole.  The c l a s s i c a l  d e s c r i p t i o n  u s i n g  symmetry p r o p e r t i e s  con- 

c e a l s  t h i s  p o i n t  and l e a d s  t o  f a l l a c y .  I t  h a s  t o  be r e v i s i t e d .  

- C02H, o r  a - 
a 

3 

A REVISITED COUPLING SCHEME 

Let  be x , y , z  t h r e e  o r b i t a l s  be long ing  t o  X , Y , Z  groups a t t a c h e d  

t o  C, , and t a k i n g  p a r t  i n  t h e  bonds w i t h  C 

method w e  cou ld  i s o l a t e  t h e  set of  t h e s e  t h r e e  o r b i t a l s  f rom t h e  

res t  of t h e  s u b s t i t u e n t  . We s h o u l d  have t o  c o n s i d e r  how t h e y  

t r a n s f o r m  under  t h e  symmetry o p e r a t i o n s  of  t h e  group t o  which they  

. I n  t h e  c l a s s i c a l  a 
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LONG RANGE INTERACTIONS 98 9 

belong and by t h i s  way w e  should  o b t a i n  a l i n e a r  combination of 

t h e s e  o r b i t a l s .  But assuming t h a t  x , y , z  a r e  a l l  d i f f e r e n t  t h e r e  i s  

no symmetry p r o p e r t y  i n  connect ion w i t h  an a x i s  going through t h e  

C$ - Cu 
t i o n s .  Never the less  we r e t a i n  t h e  f a c t  t h a t  i t  i s  p o s s i b l e ,  i n  a 

f i r s t  s t e p ,  t o  i s o l a t e  them from t h e  r e s t  of t h e  s u b s t i t u e n t .  A l -  

though t h e r e  i s  no symmetry they form a b a s i s  set and they may be 

coupled i n  t h e  s i m p l e s t  way al lowed by t h e  MO theory .  We o b t a i n  

of course t h r e e  f u n c t i o n s ,  two of  them having nodal  s u r f a c e s  a l l o -  

wing a coupl ing w i t h  a r system. To c l e a r  up t h a t  p o i n t  l e t  us 

suppose t h a t  x h a s  a p o t e n t i a l  a , y : a+ 0 , 5 $  and z : a+B t o  

make them d i f f e r e n t  (a and $ a r e  t h e  c l a s s i c a l  parameters ) .  The 

combinations are : J, =0,48x+0,56y+O,67z , JI =0,23~+0,66y-O,72z , I 2 
J, =0,85x-O,50y-O,19z. These f u n c t i o n s  have been drawn i n  t h e  f i -  

gure .  Nodal s u r f a c e s  between p o s i t i v e  and n e g a t i v e  l o b e s  of J12 and 

J13 a l low a coupl ing  w i t h  2p and 2p o r b i t a l s  belonging t o  C . Two 

or thogonal  pseudo-a systems may be  b u i l t  on t h e  s u b s t i t u e n t  -CXYZ. 

Each of  t h e s e  systems couples  w i t h  t h e  p atomic o r b i t a l s  c o n s t i t u -  

t i n g  t h e  n cloud.  A s  t h e s e  two pseudo-r systems are or thogonal  t o  

each o t h e r ,  when one of them is i n  t h e  maximum o v e r l a p  w i t h  n 

t h e  o t h e r  does n o t  o v e r l a p .  When one of  t h e s e  o v e r l a p s  i n c r e a s e s  

dur ing  r o t a t i o n  around C - C t h e  o t h e r  decreases  and v i c e  v e r s a .  

Thus t h e  inc idence  of r o t a t i o n  on t h e  coupl ing  e f f i c i e n c y  i s  

minimized. 

bond. We cannot  use t h e  group theory  t o  b u i l d  up combina- 

3 

X Y 

0 
$ '  

$ a  

The J, o r b i t a l ,  which has  no nodal  s u r f a c e ,  coupleswith 2s 

- Ca bond) of Cu and 
1 

and 2pz ( t h a t  one is d i r e c t e d  a long  t h e  C 

belongs t o  t h e  IJ system. 
$ 

This  t rea tment  should obvious ly  produce,  when t h e r e  i s  a 

symmetry, e x a c t l y  t h e  same a n a l y t i c a l  f u n c t i o n s  than  CjV o r  C 

t h o s e  o b t a i n e d  w i t h  t h e  symmetry c o n s i d e r a t i o n s .  

CONCLUSION 

From t h a t  s p e c t r o s c o p i c  work i t  a r i s e s , t h a t  s u b s t i t u e n t s  on 

C occur  as a whole i n  t h e i r  i n t e r a c t i o n  w i t h  n The I J , ~  coupl ing  

is d e s c r i b e d  as a coupl ing between t h e  whole group of t h e  s u b s t i -  
a 4 '  
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tuents on C and T+, through the 2p and 2p orbitals belonging 

to C . Neither a group, nor a given symmetry are to be privileged. a' X Y 
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