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NOVEL COLORED SYSTEMS OF THE "INVERTED TRIPHENYLMETHYLIUM 
DYE" TYPE CONTAINING NITROGEN, PHOSPHORUS, SULFUR AND CON- 

GENERIC DONOR CENTERS 

DIETER HELLWINKEL, HEINZ STAHL, HEINRICH G E O R G  G A A  AND 

Organisch-Chemisches I n s t i t u t  d e r  U n i v e r s i t a t  H e i d e l b e r g ,  
REINER GOTTFRIED 

D e u t s c h l a n d  

I n  t h e  c o u r s e  o f  a fundamenta l  s t u d y  r e l a t i n g  t o  t h e  q u e s t i o n  o f  

c o l o r  and c o n s t i t u t i o n  i t  was found, t h a t  a s i m p l e  HMO-treatment 

o f  t h e  i s o c o n j u g a t e  resonance  sys tem o f  t r i p h e n y l r n e t h y l i u r n  (TPM) 

dyes' p r o v i d e s  a v e r y  v a r i e g a t e d  s c e n e r y  f o r  i m a g i n i n g  some n o v e l  

dye systems. Thus, for t h e  a r c h e t y p e  o f  a l l  TPM-dyes, c r y s t a l  v i -  

o l e t ,  t h e  s p e c t r o s c o p i c a l l y  r e l e v a n t  f r o n t i e r  o r b i t a l s  show above 

a c o r e  o f  n i n e  bond ing  MO's w i t h  a l i m i t i n g  energy  o f  0, two non- 

b o n d i n g  l e v e l s  (nb), one s l i g h t l y  b o n d i n g  ( b )  and one s l i g h t l y  an- 

t i b o n d i n g  ( a b )  MO, r e s p e c t i v e l y .  The occupancy o f  t h e  f r o n t i e r  or-  

b i t a l s  i s  b, so t h a t  t h e  l o n g e s t  wave leng th  a b s o r p t i o n  c o r r e s p o n d s  

t o  an e x c i t a t i o n  f r o m  a nb-MO t o  t h e  weak ly  a n t i b o n d i n g  MO. One 

sees a t  once, t h a t  d i m i n u a t i o n  o f  t h e  f r o n t i e r  o r b i t a l  occupancy 

b y  4 ,  l e a v i n g  o n l y  2 e l e c t r o n s ,  s h o u l d  g e n e r a t e  a new dye sys tem 

p r e s e n t i n g  a p p r o x i m a t l y  t h e  same c o l o r  as  c r y s t a l  v i o l e t ,  s i n c e  

now t h e  l o n g e s t  wave leng th  a b s o r p t i o n  wou ld  c o r r e s p o n d  t o  a t r a n -  

s i t i o n  f r o m  t h e  ( s y m m e t r i c a l l y  s i t u a t e d )  s l i g h t l y  b o n d i n g  MU t o  a 

nb-MO. 

T h i s  i d e a  appeared e a s i l y  r e a l i z a b l e  b y  an i n v e r s i o n  of  func-  

t i o n a l i t i e s ,  t h a t  i s ,  b y  p l a c i n g  t h e  n i t r o g e n  donor  i n  t h e  m i d d l e  

and t h e  t h r e e  ca rben ium a c c e p t o r s  a t  t h e  p e r i p h e r y  o f  t h e  mode l  

system. T h i s s b u l d  g i v e  r i s e  t o  a new dye sys tem wh ich  c o u l d  be  

d e f i n e d  i n  t e r m s  o f  an  I t i n v e r s e  c r y s t a l  v i o l e t t t  t y p e  and wh ich  ap- 

pea red  v e r y  a p p r o p r i a t e  f o r  a s y s t e m a t i c  s t u d y  o f  t h e  c o n j u g a t i o n a l  

a b i l i t i e s  of q u i t e  a v a r i e t y  o f  donor  c e n t e r s  such a l s  P, S and 
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t h e i r  c o n g e n e r s  o f  t h e  V. a n d  WI. m a i n  g r o u p s  o f  e l e m e n t s .  

"C 0 N VE NT I 0 N AL 'I "INVERTED" 

a b  - 
nb - -  

b *  

Q a b  - 
3t 4 t  

YR2 X = N:; Y = Ct 
4 t b  

x = C'; Y = N: R2Y 
We f i r s t  s t u d i e d  t h o s e  s y s t e m s  c o m p r i s i n g  a c e n t r a l  n i t r o g e n  

d o n o r ,  and ,  f o r  t h e  s a k e  o f  s t a b i l i t y ,  a c o m p l e t e l y  a r y l a t e d  pe- 

r i p h e r y  . The e x p e r i m e n t s  r e v e a l e d  i n d e e d  a b r o a d  s p e c t r u m  o f  fas- 

c i n a t i n g  c o l o r  phenomena. 

2 

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

c a r b i n o l  1 (or a c o r r e s p o n d i n g  t r i s - e t h e r )  c o u l d  b e  t r a n s f o r m e d  

r e v e r s i b l y  i n t o  t h e  v i o l e t  mono-carbenium-ion 2, t h e  d u l l  g r e e n  

b i s - i o n  2 o r  t h e  b r i g h t  g r e e n  t r i s - i o n  4. T h a t  t h e  p r i n c i p l e  o f  

l lColor  R e t e n t i o n  by F u n c t i o n a l i t y  I n v e r s i o n "  h a s  o p e r a t e d  n e a r l y  

- 
- 

- - 
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INVERTED TRIPHENYLMETHYLIUM DYES WITH N,P,S-DONORS 123 

p e r f e c t l y  here i s  demonstrated by t h e  d i r e c t  comparison o f  co r re -  

sponding "conven t iona l t r  and r ' i nve r ted t t  dye types, which i n  f a c t  

have each n e a r l y  t h e  same c o l o r  and l o n g e s t  wavelength abso rp t i on .  

X = C+ ; Y = N: 
X = N: ; Y = Cs 

670 n m  

674 n m  

+ X = C ; Y = N: 630 nm 

X = N: ; Y = C+ 637 n m  

With phosphorus as c e n t r a l  donor t h e  s i t u a t i o n  was r a t h e r  un- 

dec ided as i t  i s  known, t h a t  a donor c a p a c i t y  o f  t h e  f r e e  e l e c t r o n  

p a i r  i n  t h e  i n h e r e n t l y  py ramida l  t r i a r y l p h o s p h i n e s  i s  g e n e r a l l y  

n o t  p e r c e p t i b l e  . But we hoped t h a t  t h e  combined p u l l i n g  f o r c e s  o f  

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

through, and f l a t t e n i n g  o f ,  t h e  whole system. F o r  t e s t i n g  t h i s ,  

t h e  f o l l o w i n g  model 2 was chosen. 

3 

- 

D i s s o l v i n g  t r i s - c a r b i n o l  2 ( o r  a co r respond ing  t r i s - e t h e r )  i n  - 
s t r o n g  a c i d s  produced orange-red s o l u t i o n s  w i t h  a r e l a t i v e l y  con- 

s t a n t  Amax o f  around 465 nm. Since t h i s  va lue  equals  more or  l e s s  

t h a t  o f  t h e  s imp le  tris-p-tolylmethylium-ion ( 4 5 2  nm), we have t o  

conclude t h a t  a l l  t h e  c a t i o n i c  spec ies  d e r i v e d  from 5, and even 

t h e  t r i s - c a t i o n  6, r e p r e s e n t  i n  f a c t  t r i v i a l  m u l t i p l e  t r i t y l i u n  

systems connected by an e s s e n t i a l l y  i s o l a t i n g  and o n l y  i n d u c t i v e l y  

- 
- 
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a c t i n g  t r i v a l e n t  phosphorus. Comparable r e s u l t s  were o b t a i n e d  wi th  

analoguous As, Sb and B i  compounds. 

Con t ra ry  t o  t h i s ,  c e n t r a l  atoms o f  main group V I  a lways have 

a conjugat ion-prone f r e e  p -e lec t ron  p a i r  which can i n t e r a c t  w i t h  

ad jacen t  d-systerns4 . Consequently, t h e  b i s - c a r b i n o l s  1, when d i s -  

s o l v e d  i n  s t r o n g  acids,  e x h i b i t  a g a i n  b r i g h t  c o l o r s ,  r a n g i n g  f rom 

red-orange f o r  2 = 0, v i o l e t  f o r  Z = S, t o  b l u e - v i o l e t  and green 

f o r  2 = Se a n d  blue-green f o r  2 = Te. Here a g a i n  t h i s  speaks f o r  

t h e  new dye systems 2 (and - 8 )  r e p r e s e n t i n g  e s s e n t i a l l y  t h e  " i nve r -  

t e d  m a l a c h i t e  green" t y p e  . 

- 

- 
- 5  

Ar2C OH g X m C A r 2  HO 

X 
0 
S 

- 
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