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E l e c t r o n  Photoe j e c t i o n  i n  Carban ions  

ABSTRACT 

We have  comple ted  a  s y s t e m a t i c  s t u d y  o f  t h e  mechanism o f  

p h o t o m e t h y l a t i o n  o f  t r i p h e n y l m e t h y l  a n i o n  i n  d i m e t h y l  s u l f o x i d e .  

The s a l i e n t  f e a t u r e s  o f  t h e  mechanism i n c l u d e  t h e  i n t e r v e n t i o n  o f  

a n  e l e c t r o n  t r a n s f e r  a s  t h e  p r imary  p r o c e s s ,  f o l l o w e d  by a r a d i c a l  

+ c a r b a n i o n  r e a c t i o n  t o  l e a d  t o  a  r a d i c a l  a n i o n  which u l t i m a t e l y  

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

formed. The p h o t o c h e m i s t r y  i s  e x t r e m e l y  w e l l  behaved ;  t h e  quantum 

y i e l d  f o r  t h e  p r o c e s s  i s  c o n c e n t r a t i o n  i n d e p e n d e n t ,  no c h a i n  

p r o c e s s e s  a r e  i n i t i a t e d ,  and t h e  p h o t o p r o d u c t s  a r e  c o n c e n t r a t i o n  

i n v a r i a n t .  Thus t h e  s t a g e  i s  s e t  f o r  o u r  g o a l  o f  u s i n g  t h e  photo-  

d i s a p p e a r a n c e  o f  r e s o n a n c e - s t a b i l i z e d  c a r b a n i o n s  a s  a  model f o r  

pho tochemica l  e l e c t r o n  t r a n s f e r  r e a c t i o n s .  

We a r e  n e a r i n g  c o m p l e t i o n  o f  o u r  au tomated  quantum y i e l d  

a p p a r a t u s ,  which w i l l  a l l o w  p r e c i s e  d e t e r m i n a t i o n  o f  wavelength  

dependence i n  quantum y i e l d  d e t e r m i n a t i o n s .  I n i t i a l  r e s u l t s  

i n d i c a t e  the quar i tum y i e l d  o f  d i s a p p e a r a n c e  o f  t r i p h e n y l m e t h y l  

a n i o n ,  which i s  c o n s t a n t  from - c a .  400-600 nm, shows a  r e m a r k a b l e  

i n c r e a s e  a t  s h o r t e r  w a v e l e n g t h s ,  which may r e p r e s e n t  t h e  n n s e t .  o f  

p h o t o e l e c t r o n s .  
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INTRODUCTION 

I n  o r d e r  t o  f i r m l y  e s t a b l i s h  t h e  pho tome thy l a t  i o n  o f  r e sonance -  

s t a b i l i z e d  a n i o n s  i n  d i m e t h y l  s u l f o x i a e  as s u f f i c i e n t l y  " w e l l -  

behaved" t o  s e r v e  as a model f o r  p h t o t c h e m i c a l  e l e c t r o n  t r a n s f e r  

r e a c t i o n s  a t  s t r o n g l y  n e g a t i v e  p o t e n t i a l s ,  we unde r took  a r i g o r o u s  

i n v e s t i g a t i o n  o f  t h e  mechanism o f  t h e  r e a c t i o n .  Our s t u d y  i s  now 

comple te ,  and  we summarize o u r  f i n d i n g s  below.  P a r t i c u l a r l y  

i m p o r t a n t  t o  u s  was t h e  l a c k  o f  a c h a i n  mechanism a n d ,  c o n s e q u e n t l y ,  

t h e  c o n c e n t r a t i o n  independence  o f  t h e  quantum y i e l d .  Thus o u r  

o r i g i n a l  concep t  r emains  sound and  we have begun s t u d i e s  on t h e  

f a c t o r s  c o n t r o l l i n g  t h e .  r e a c t i o n .  E s p e c i a l l y  p l e a s i n g  t o  u s ,  

a l t h o u g h  no t  i n c l u d e d  i n  t h e  o r i g i n a l  p r o p o s a l ,  was t h e  d i s c o v e r y  

t h a t  we c o u l d  u s e  t h i s  r e a c t i o n  t o  i n v e s t i g a t e  r e l a t i v e  r a t e s  f o r  

t h e  r e a c t i o n s  o f  r a d i c a l s  w i t h  c a r b a n i o n s .  Such s t u d i e s  a r e  o t h e r -  

wise  d i f f i c u l t  t o  c a r r y  o u t .  

O t h e r  a s p e c t s  o f  t h e  work comple ted  d u r i n g  t h i s  r ev i ew  p e r i o d  

a r e  t h e  s y n t h e s i s  o f  a  v a r i e t y  of  a n i o n i c  t r i p h e n y l m e t h a n e  dyes , ,  

a p r e l i m i n a r y  f i n d i n g  o f  a wave leng th  dependence f o r  t h e  t r i p h e n y l -  

me thy l  a n i o n  r e a c t i o n ,  and t h e  c o n s t r u c t i o n  o f  t h e  ma jo r  p a r t  o f  

o u r  quantum y i e l d  a p p a r a t u s .  

1. The - Mechanism - o f  T r i p h e n y l m e t h y l  Anion P h o t o m e t h y l a t i o n .  

Our e f f o r t  i n  d e t e r m i n i n g  t h e  mechanism o f  l i g h t - i n d u c e d  

m e t h y l a t i o n  of t r i p h e n y l m e t h y l  a n i o n  i n  d i m e t h y l  s u l f o x i d e  (DMSO) 

was enhanced by t h e  i s o l a t i o n  o f  t h e  p roduc t  o f  p a r a  a l k y l a t i o n ,  

p - t o ly ld ipheny lme thane  ( 3 )  , i n  a d d i t i o n  t o  t h e  ma jo r  p r o d u c t  1: 
. . - . . - . - - - -- - - - - - - . - . . . . - . . - - . fl 

hv 
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( S e e  F ig .  Thus t h e  r a t i o  o f  p a r a  t o  a l p h a  

p r o v i d e d  a f i n g e r p r i n t  f o r  t h e  t r a n s i t  i o n  

a l k y l a t e d  

s t  a t e ,  p r o v i n g  

p r o d u c t s  

t h a t  t h e  

r e a c t i o n  o f  me thy l  r a d i c a l  w i t h  t r i p h e n y l m e t h y l  a n i o n  p r o v i d e d  
. - 

t h e  o n l y  s i g n i f i c a n t  pathway i n  p r o d u c t  fo rmat ion ,  and  e x c l u d i n g  

r a d i c a l - r a d i c a l  r e a c t i o n s .  A d d i t i o n a l l y ,  w e  were a b l e  t o  show 

t h a t  t h e  quantum y i e l d  was c o n c e n t r a t i o n  i n d e p e n d e n t ,  e l i m i n a t i n g  

t h e  i n t e r v e n t i o n  o f  a  c h a i n  mechanism, and  t h a t  t r i p h e n y l m e t h y l  

a n i o n  was a l k y l a t e d  even  when a n o t h e r  a n i o n  was i r r a d i a t e d .  

F i n a l l y ,  t h e  mass b a l a n c e  of t h e  r e a c t i o n  ( 9 0 % )  c l e a r l y  i n d i c a t e d  

t h a t  t h e  f i n a l  s t e p  i n v o l v e d  e l e c t r o n  t r a n s f e r  from t h e  p roduc t  

r a d i c a l  a n i o n  t o  t r i p h e n y l m e t h y l  r a d i c a l .  Thus t h e  s i g n i g i c a n t  

s t e p s  o f  t h e  r e a c t i o n  a r e  a s  f o l l o w s :  

Our e x p e r i m e n t a l  d a t a  and  m e c h a n i s t i c  arguments  a r e  more 

e x t e n s i v e l y  d e l i n e a t e d  i n  t h e  a t t a c h e d  m a n u s c r i p t ,  "Carban ion  

Pho tochemis t ry .  3. I' 

2 .  - The R e a c t i o n s  of Methyl  R a d i c a l  w i t h  Ca rban ions .  

The uncoup l i ng '  o f  s t e p s  1 and  2 i n  t h e  r e a c t i o n  a l l o w  us  t o  

i n v e s t i g a t e  t h e  combina t ion  o f  me thy l  r a d i c a l  w i t h  v a r i o u s  a n i o n s .  

For  i n s t a n c e ,  t h e  i r r a d i a t i o n  o f  m i x t u r e s  o f  c a r b a n i o n s  a l l o w e d  

t h e  r e l a t i v e  ra tes  t o  b e  a s c e r t a i n e d .  S u r p r i s i n g l y ,  t h e s e  r a t e s  

were no t  c o n t r o l l e d  by t h e  s t a b i l i t y  o f  t h e  r a d i c a l  a n i o n  formed,  

a s  we i n i t i a l l y  had p r o j e c t e d ,  b u t  r a t h e r ,  by t h e  pKa o f  t h e  



c o n j u g a t e  a c i d ,  i . e  . , t.he s t r e n g t h  o f  t h e  c a r b a n i o n  b a s e .  Thus 

t r i p h e n y l m e t h y l  a n i o n  a l k y l a t  e d  much more r e a d i l y  t h a n  e i t h e r  

d i p h e n y l y l d i p h e n y l m e t h y l  a n i o n  o r  t e t r a p h e n y l a l l y l  a n i o n .  

Conve r se ly ,  we had  a l r e a d y  n o t e d  t h e  more r e a d y  a l k y l a t i o n  o f  
- - . 

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

me thy l  a n i o n .  T h i s  r a t h e r  s u r p r i s i n g  r e s u l t  e x p l a i n e d  on t h e  

b a s i s  of m o l e c u l a r  o r b i t a l  c o n t r o l .  The e x p e r i m e n t a l  d a t a  and  

ra t  i o n a l e  a r e  p r e s e n t e d  e x t e n s i v e l y  i n  "Carban ion  Phot  0 c h e m i s t . r ~  2 .?I  

3 .  I n i t i a l  Quantum Y i e l d  R e s u l t s .  

The d i s a p p e a r a n c e  quantum y i e l d  oftriphenylmethylanionis . 0 6 ,  

c o n s i s t e n t  w i t h  t h e  l a c k  o f  a c h a i n  mechanism. Exper iments  a r e  i n  

p r o g r e s s  t o  de t e rmine  t h e  impor t ance  o f  back e l e c t r o n  t r a n s f e r  i n  

t h e  ene rgy  w a s t i n g  mechanism. A d d i t i o n a l l y ,  w e  were  a b l e  t o  g e t  

some p r e l i m i n a r y  r e s u l t s  on t h e  wave leng th  d-ependence o f  t h e  

quantum y i e l d .  We obse rved  t h a t  t h e  quantum y i e l d  was c o n s t a n t  

from 400 t o  600 nm, b u t  t h a t  a n  a p p r e c i a b l e  i n c r e a s e  i n  t h e  quantum 

y i e l d  o c c u r r e d  a t  s h o r t e r  w a v e l e n g t h s .  These  r e s u l t s  a r e  d e p i c t e d  

i n  F i g u r e  1. Unfo r tuna t e . l y ,  t h e  l a c k  o f  u l t r a v i o l e t  bands  s h o r t e r  

t h a n  254 nm on o u r  l i g h t  s o u r c e  p r e v e n t e d  u s  from i n v e s t i g a t i n g  

t h i s  t r e n d  i n  t h e  200 nm r e g i o n .  A t  t h i s  t i m e  w e  have  no i n f o r m a t i o n  

as t o  t h e  o r i g i n  o f  t h i s  wave leng th  dependence ,  and  p a r t  o f  o u r  

p roposed  work i s  t o  examine t h i s  phenomenon. We s u s p e c t ,  b u t  have  

no e v i d e n c e ,  t h a t  t h i s  change i s  quantum y i e l d  c o r r e s p o n d s  t o  t h e  

o n s e t  o f  p h o t o e l e c t r o n s ,  



F i g u r e  1, Pho tod i sappea rance  Quantum Y i e l d  o f  
T r ipheny lme thy l  Anion 

T R I  PHENYLMETHYL AN ION 

WAVELENGTH 

4 .  S u b s t i t u t e d  Tr iphenylrnethanes  . 
We mod i f i ed  o u r  o r i g i n a l  p r o p o s a l  on s u b s t i t u t i o n  e f f e c t s  

(Exper iments  1-7 and 11-1 of nllr o r i g i n a l  p r o p o s a l )  by d i v i d i n g  

o u r  a n i o n s  i n t o  two c l a s s e s  : s t r o n g l y  p e r t u r b e d  and weakly p e r t u r b e d .  

Our c h o i c e s  f o r  t h e  l a t t e r  c l a s s  were t h e  mono-, d i - ,  and tri-  

rnethyla ted t r i phcny l rne thy l  a n i o n s .  T h i s  c h o i c e  was b a s e d  upon (1) 

t h e  r e a l i z a t i o n  t h a t  even modest p e r t u r b a t i o n s  would have a  



s i g n i f i c a n t  e f f e c t ,  and  ( 2 )  t h e  p u b l i c a t i o n  o f  e x t r e m e l y  good 

numbers f o r  t h e  o x i d a t i o n  p o t e n t i a l s  and pKbls  f o r  t h e  m e t h y l a t e d  

a n i o n s .  T h i s  w i l l  f a c i l i t a t e  t h e  c o r r e l a t i o n  o f  r e a c t i v i t i e s  w i t h  

o x i d a t  i o n  p o t e n t i a l s  . For  t h e  s t r o n g l y  p e r t u r b e d  c l a s s  we have  

t r i p h e n y l m e t h a n e s  s u b s t i t u t e d  on one r i n g  by methoxy , c h l o r o ,  

carboxy,  and n i t r o  g r o u p s ,  i n  a d d i t i o n  t o  t h e  a l r e a d y  a v a i l a b l e  

p a r e n t  compounds. We have  s y n t h e s i z e d  a l l  of  t h e s e  

compounds and a r e  engaged i n  a n  a n a l y s i s  o f  t h e i r  r e l a t i v e  photo-  

chemica l  r e a c t i v i t y .  

5 .  E l e c t r o n  A c c e p t o r s .  

A t  low c o n c e n t r a t i o n s  o f  d i - t - b u t y l  n i t r o x i d e ,  a  d i v e r s i o n  o f  

t h e  pho tochemica l  r e a c t i o n  p a t h  i s  n o t e d  f o r  t r i p h e n y l m e t h y l  

a n i o n ,  presumably by t r a p p i n g  o f  t h e  methy l  r a d i c a l .  A t  h i g h  

c o n c e n t r a t i o n s ,  t h e  p h o t o c h e m i s t r y  i s  c o m p l e t e l y  quenched.  We 

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

c o n d i t i o n s ,  which i s  c o n s i s t e n t  w i t h  t h e  r e d u c t i o n  p o t e n t i a l s  o f  

t h e  s p e c i e s  i n v o l v e d .  We have  n o t  y e t  s t u d i e d  hydrocarbon  a c c e p t o r s .  

6 .  Quantum Y i e l d  I r lk t rumenta t  i o n .  

Our automated  quantum y i e l d  a p p a r a t u s  i s  c l o s e  t o  c o m p l e t i o n .  

The o b s e r v a t i o n  s p e c t r o p h o t o m e t e r  ( a  G i l f o r d  250) i s  now comple te ly  

i n t e r f a c e d  t o  a  DEC LSI-11 b a s e d  minicomputer  e q u i p p e d  w i t h  a n  

inc rement  a 1  p l o t t e r .  We can now o b t a i n  r e p r o d u c i b l e  a b s o r p t i o n  

s p e c t r a  o f  e x t r e m e l y  h i g h  p r e c i s i o n  ( k . 0 1  A ) .  The q u a l i t y  o f  t h e  

s p e c t r a  o b t a i n a b l e  a r e  shown u s i n g  t h e  s t a n d a r d  benzene  vapor  

spec t rum shown i n  F i g u r e  2. We a r e  c u r r e n t l y  u s i n g  j u s t  t h i s  p a r t  

o f  t h e  i n s t r u m e n t a t i o n  t o  d e v e l o p  a  s t a n d a r d  s e r i e s  o f  f i l t e r  

s o l u t i o n s  f o r  u s e  i n  p h o t o c h e m i s t r y .  

The on ly  r e m a i n i n g  component t o  be  i n t e r f a c e d  i s  t h e  i n t e g r a t i n g  
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pho tome te r .  I n  c o l l a b o r a t i o n  w i t h  P r o f e s s o r  F loyd  J .  H o l l e r  o f  

o u r  d e p a r t m e n t ,  we a r e  d e v e l o p i n g  a h i g h l y  l i n e a r  pho tome te r  which 

can  be c a l i b r a t e d  a u t o m a t i c a l l y  unde r  computer  c o n t r o l .  Our b e s t  

r e s u l t s  t o  d a t e  a p p e a r  t o  f a v o r  t h e  u s e  o f  a S c i e n t e c h  d i s c  

c a l o r i m e t e r  a s  a c a l i b r a t i o n .  d e v i c e .  When comple t ed ,  t h e  d e g r e e  

o f  f l e x i b i l i t y  a l l o w e d  by exper iment  d e s i g n  t h r o u g h  FORTRAN 

programming w i l l  a l l o w  a v i r t u a l l y  l i m i t  l e s s  v a r i e t y  o f  e x p e r i m e n t a l  

p a r a m e t e r s  t o  b e  i n v e s t i g a t e d .  

F i g u r e  2. 

7 BENZENE VWOR SPECTRUM 

WRVELENGTH 
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Carbanion Photochemist ry .  2 .  K i n e t i c  Con t ro l  of  Product  
Formation i n  Reac t ions  of Rad ica l s  w i th  Carbanions .  

Laren M.  T o l b e r t  
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U n i v e r s i t y  of Kentucky 
Lexington,  Kentucky 40506 

A b s t r a c t .  The i n t e r a c t i o n  of  r e s o n a n c e - s t a b i l i z e d  carbanions  w i t h  _,.#."...,.#__- 

methyl r a d i c a l s  produced by t h e  i r r a d i a t i o n  o f  t h e  ca rban ions  i n  

d imethyl  s u l f o x i d e  i s  governed by t h e  pKa o f  t h e  ca rban ion  con- 

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

r e s u l t i n g  r a d i c a l  an ion .  Th i s  k i n e t i c  e f f e c t  i s  exp la ined  u s i n g  
J 

e n e r g e t i c  c o n s i d e r a t i o n s  based on t h e  Hammond p o s t u l a t e  and i s  

f u r t h e r  r a t i o n a l i z e d  by a  molecu la r  o r b i t a l  c o r r e l a t i o n  diagram. 



Our s t u d i e s  i n  ca rban ion  photochemical  mechanisms1 have drawn 

u s  i n e x o r a b l y  t o  an  i n v e s t i g a t i o n  of  t h e  i n t e r a c t i o n  o f  r a d i c a l s  

w i t h  a n i o n s ,  n o t  on ly  because  of t h e  s i g n i f i c a n c e  of t h i s p r o c e s s  i n  

ca rban ion  photochemis t ry ,  * bu t  a l s o  because  of  i t s  involvement i n  

t h e  SRNl and r e l a t e d   reaction^.^ The f a c t o r s  c o n t r o l l i n g  t h e  r a t e  

of r e a c t i o n  between r a d i c a l  and an ion  and t h e  d i s t r i b u t i o n  o f  t h e  

r e s u l t i n g  p r o d u c t s  have n o t  been w e l l  s t u d i e d .  We have shown t h a t  

t h e  s t a b i l i t y  of t h e  r a d i c a l  an ion  can have a d e c i s i v e  e f f e c t  i n  

de t e rmin ing  produc t  d i s t r i b u t i o n .  For  i n s t a n c e ,  t h e  SRNl  photo- 

a r y l a t i o n  of  t r i t y l  an ion  l e a d s  t o  predominant p a r a  a r y l a t i o n  i n  

c o n t r a s t  t o  t h e  a l p h a  a r y l a t i o n  o b t a i n e d  th rough  a r a d i c a l - r a d i c a l  
4 pathway. We now r e p o r t  t h a t  r a d i c a l  an ion  s t a b i l i t y  i s  n o t  t h e  

i only  f a c t o r  a f f e c t i n g  t h e  r a t e  o f  t h e  r e a c t i o n  and,  i n  f a c t ,  i s  a 

r e l a t i v e l y  minor c o n t r i b u t o r  compared t o  t h e  pKa of  t h e  con juga t e  

a c i d  o f  t h e  an ion .  

3 e s u l t a .  C o m p e t i t . i v ~  I r r a d i a t i o n  of Anions. The s u b j e c t s  of ou r  ..................... W......."...... 4-44... 4...44......4--4- N *  ."--.. .--. 

work were t r i p h e n y l m e t h y l  an ion  ( l ) ,  d i p h e n y l y l d i p h e n y l m e t h y l  an ion ,  ... 
( 2 )  and 1,1,3,3-tetraphenylpropenyl an ion  ( 3 ) ,  a l l  o f  which undergo 

4 ... 
p h o t o m e t h y l a t i o n . i n  d imethy l  s u l f o x i d e  by a  mechanism which we now 

know t o  be a modi f ied  SRNl p r o c e s s  ,5  w i th  t h e  key s t e p  b e i n g  t h e  

r e a c t i o n  of  a  methyl  r a d i c a l  w i th  t h e  ground s t a t e  a n i o n  ( s e e  .F ig .  1). 

We were i n t e r e s t e d  I n  t h e  s a t e  o f  r e a c t i o n  o f  t h e  methyl  r a d i c a l  w i t h  

t h e  an ion .  



F i g u r e  1. 
" 0 

ArCPh2 hv + 

DMS 0  

However, such r a t e s  a r e  d i f f i c u l t  t o  o b t a i n  d i r e c t l y  and we chose 

i n s t e a d  t o - o b t a i n  t h e  r e l a t i v e  r a t e s  from a compe t i t i on  exper iment .  

We were a i d e d  by t h e  f a c t  t h a t  an ions  1 .., and - 2 have d i s t i n c t i v e l y  

d i f f e r e n t  chromophores, t h e  b r i g h t  r e d  t r i t y l  an ion  having a  Xmax 

i n  DMSO of  4 9 6  nrn and t h e  p u r p l e  diphenylyldiphenylmet 'hyl  an ion  

a  Amax o f  600  nm ( s e e  F i g .  -2 . )  ; . Thus i t  w a s  p o s s i b l e  i n  p r i n c i p l e  t o  

i r r a d i a t e  each an ion  independent ly  i n  t h e  presence of t h e  o t h e r .  I f  

r a d i c a l  an ion  s t a b i l i t y  were t h e  c o n t r o l l i n g  f a c t o r  i n  p roduc t  

fo rmat ion ,  a l k y l a t i o n  of  t h e  d i p h e n y l y l  an ion  l e a d i n g  t o  t h e '  r a d i c a l  

a n i a n  w j t h  t h e  e l e c t r o n  loca l i . z ed  i n  t h e  b ipheny l  moeity would pre -  

dominate.  

Two i d e n t i c a l  50 m l  s o l u t i o n s  o f '  0 . 0 1  M t o t a l  equimolar  mix tu re s  

of a n i o n s  1 and 2 were p repa red  by t r e a t m e n t  of t h e  a p p r o p r i a t e  
A , ,  *- . 



hydrocarbons w i t h  a  two-fold e x c e s s  of  potass ium m e t h y l s u l f i n y l  

methide ( "d imsy l " ) .  A t  t h e s e  c o n c e n t r a t i o n s ,  i o n  a s s o c i a t i o n  and 

i o n  p a i r i n g  e f f e c t s  a r e  known t o  be n e g l i g i b l e . 6  One s o l u t i o n  was 

i r r a d i a t e d  a t  546 nm, t h e  o t h e r  a t  578 nm, u s i n g  t h e  a p p r o p r i a t e  

s o l u t i o n  f i l t e r s  and a  Hanovia 450 W medium p r e s s u r e  mercury lamp. 

I r r a d i a t i o n  f o r  1 2  h r  and a n a l y s i s  o f  t h e  p r o d u c t s  by g a s  chromato- 

graphy u s i n g  independent ly  p repa red  p r o d u c t s .  f o r  s t a n d a r i z a t i o n  proved 
t h a t  t h e  an ion  a l k y l a t e d  most r e a d i l y  was no t  t h e  d i p h e n y l y l  an ion  bu t  
r a t h e r  t h e  t r i t y ' l  an ion  ( s e e  Table  I ) .  

To de te rmine  i f  t h i s  r e s u l t  was unique t o . t h e  two an ions  used ,  

we i n v e s t i g a t e d  t h e  compe t i t i on  between t r i p h e n y l m e t h y l  an ion  and 

t h e  t e t r a p h e n y l a l l y l  an ion  3. I n  t h e  l a t t e r  c a s e  r a d i c a l  an ion  ... 
i n t e r m e d i a t e s  would p l a c e  t h e  e x t r a  e l e c t r o n  i n  a d i p h e n y l v i n y l  

moiety ,  which should be even more f a v o r a b l e  t h a n  a  b i p h e n y l y l  moiety .  

Unfo r tuna t e ly  t h e  s i m i l a r i t y  between t h e  a b s o r p t i o n  s p e c t r a  of  t h e  

two an ions  prec luded  unequivoca3 i r r a d i a t i o n  o f  one s p e c i e s  i n  t h e  

presence of t h e  o t h e r .  Our approach t o  decoupl ing  t h e  photochemical  

e l e c t r o n  t r a n s f e r  s t e p f r o m t h e  r a d i c a l - a n i o n  forming s t e p  was t o  

i r r a d i a t e  t h e  pure  an ion  s imu l t aneous ly  w i t h  a  mix tu re .  Using an 

o p t i c a l  arrangement similar t u  t h e  Merry-go-round, and a s ' o l u t i o n  

f i l t e r  t o  p a s s  bo th  546 and 578 nm wavelengths ,  we i r r a d i a t e d  5  m l  

s o l u t i o n s  o f  . O 1  M t e t r a p h e n y l a l l y l  an ion  3 -. prepa red  as above and 

.01 M t e t r a p h e n y l a l l y l  an ion  i n  t h e  p re sence  of  . O 1  M t r i p h e n y l m e t h y l  

an ion .  Again, bo th  an ions  were methyla ted ,  and t h e  r e s u l t s  a r e  

l i s t e d  i n  T a b l e I I .  S i g n i f i c a n t l y , m o r e t e t r a p h e n y l b u t e n e  ... 6 was produced 

i n  t h e  p re sence  of  t r i p h e n y l m e t h y l  an ion  t h a n  i n  i t s  absence d e s p i t e  

t h e  f a c t  t h a t  t h e  t r i p h e n y l m e t h y l  an ion  was competing f o r  l i g h t  



a b s o r p t i o n !  We a t t r i b u t e  t h i s  unexpec ted  r e s u l t  t o  t h e  f a c t  t h a t  

a l l y 1  a n i o n  3 c a p t u r e s  methy l  r a d i c a l  more e f f i c i e n t l y  t h a n  i t  under-  

g o e s  pho tochemica l  e l e c t r o n  t r a n s f e r ,  a l t h o u g h  energy  t r a n s f e r  from 

t r i t y l a n i o n  may account  f o r  p a r t  o f  t h i s  phenomenon. I n  any e v e n t ,  

we s e e  t h a t  d e s p i t e  t h e  g r e a t e r  l i g h t  c a p t u r e  by t e t r a p h e n y l a l l y l  

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

major  p r o d u c t  i s  s t i l l  t r i p h e n y l e t h a n e  -, 4 .  Thus some e n e r g e t i c  con- 

s t r a i n t  o t h e r  t h a n  r a d i c a l  a n i o n  s t a b i l i t y  must be o p e r a t i v e ,  which 

w e  may de t e rmine  by examining t h e  thermodynamics o f  t h e  r e a c t i o n .  
4 

D i s c u s s i o n .  Thermodynamics o f  R a d i c a l  Anion Format ion .  The 
5...-,-,5.-.-,-,5- ...-,5-,5-,-,55-,...--,5 -,-, .....,...--,...-, ...-,5...-, -,-,-,555..,-,-, 

-- -- - - - - - - - - -- - .- - .. -- - 
thermodynamics f o r  t h e  p r o c e s s  r a d i c a l  + a n i o n  + r a d i c a l  

. 

a n i o n  canno t  be  o b t a i n e d  d i r e c t l y .  I n s t e a d  we must o b t a i n  t h e  
C 

r e l a t i v e  e n e r g i e s  f o r  t h e  p r o c e s s  by u s i n g  a thermochemical  c y c l e  

( s e e  F i g .  3 ) .  T h i s  t e c h n i q u e  h a s  been used  t o  e s t i m a t e  pKals  o f  

v a r i o u s  hydrocarbons ,7  and w e  employ it h e r e  t o  e s t i m a t e  t h e  e n e r g e t i c s  

o f  t h e  triphenylmethyl/'8lpherlylyldiphenylmethyII system. 

F i g u r e  3 .  
* C H 3  

+ 



We wish t o  e s t i m a t e  t h e  f r e e  energy AG f o r  t h e  p r o c e s s  .A -+ D ,  which 

we cannot  o b t a i n ' d i r e c t l y .  The energy f o r  t h e  p r o c e s s  A -t B i s  g iven  

by -RT-lnK - i . e . ,  -2.3 RT*pKa, whi le  t h a t  f o r  C + D i s  g iven  by t h e  

r e d u c t i o n  p o t e n t i a l  ( v s  H+/H218 of  t h e  n e u t r a l  C .  F i n a l l y ,  t h e  f r e e  

energy of t h e  p r o c e s s  B + C i s  g iven  by t h e  f r e e  energy of t h e  hydro- 
8  gen i o n  ( 0 )  , p l u s  t h e  increment  i n  f r e e  energy o f  fo rmat ion  f o r  t h e  

homologation R-H -, R-CH ( 2  kca1 l9  l e s s  t h e  f r e e  energy of  fo rma t ion  
3 

o f  methyl r a d i c a l  (34.6  k c a l ) l O .  Using t h e  v a l u e s  30.6 and 29.4 f o r  
6  t h e  pKals o f  t r iphenylmethane  and diphenylyldiphenylmethane,  r e -  

s p e c t i v e l y ,  and t h e  v a l u e s  2.89 V and 1.99 V as t h e  half-wave r e d u c t i o n  

p o t e n t i a l s  of  benzene and biphenyl,' ' r e s p e c t i v e l y ,  we ob ta ined  t h e  

e s t i m a t e d  f r e e  e n e r g i e s  f o r  t h e  o v e r a l l  p r o c e s s  l i s t e d  i n  Table  111. 

We s e e  t h a t ,  t h e  o v e r a l l  r e a c t i o n  i s  exothermic,  as w e  might 

.. p r e d i c t ,  but- t h a t  t h e  r e a c t i o n  .of t h e  b iphenyl  system i s  more 

exothermic by 19  k c a l .  How t h e n  do we account  f o r  t h e  fo rma t ion  of  

t h e  l e a s  s t a b l e  p roduc t?  Although t h e  AGC,D t e rm f a v o r s  t h e  b ipheny l  

p roduc t ,  t h e  AGA+B term f a v o r s  r e a c t i o n  o f  t h e  more b a s i c  an ion .  

That  i s ,  t h e  energy g a i n  upon methyla t  i o n  i s  analogous t o  t h e  energy 

gain upon p r o t o n a t i o n  o f  s t r u c t u r a l l y  similar an ions .  The exoer-  

g o c i t y  of t h e  r e a c t i o n  i m p l i e s  t h a t  t h e  t r a n s i t i o n  s t a t e  i s  more 

a c c u r a t e l y  r e p r e s e n t e d  by t h e  r e a c t a n t s ,  a cco rd ing  t o  Hammondfs pos tu-  

- l a t e .  Although a smab;ler o v e r a l l  c o n t r i b u t o r  t o  t h e  f r e e  energy o f  

t h e  r e a c t i o n ,  t h e  pK, e f f e c t  p l a y s  a  dominant r o l e  i n  t h e  a c t i v a t i o n  

energy o f  t h e  r e a c t i o n .  1 2  



D i s c u s s i o n .  Molecu la r  O r b i t a l  C o n s i d e r a t i o n s .  The a n a l y s i s  o f  
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t h e  k i n e t i c  e f f e c t  i n  c o n t r o l l i n g  r e a c t i v i t y  can be i l l u s t r a t e d  

more d r a m a t i c a l l y  by u s i n g  a c o r r e l a t i o n  d iagram f o r  a  model sy s t em,  

t h e  i n t e r a c t i o n  o f  a  methyl  r a d i c a l  w i t h  a n  a l l y l  a n i o n .  Using t h e  
1 

t e c h n i q u e  o f  "MO f o l l owing"13  we c o n s t r u c t  t h e  o r b i t a l s  o f  t h e  h a l f  

r e a c t e d  p r o d u c t  ana logous ly  t o  t h o s e  f o r  b u t a d i e n e  and add t h e  

Hiickel o r b i t a l s  f o r  t h e  s t a r t i n g  a l l y l  a n i o n  and methy l  r a d i c a l  a s  

w e l l  as t h e  f i n a l  a and IT o r b i t a l s  ( s e e  F i g .  4 ) .  The one m o d i f i c a t i o n  

t o  t h i s  one e l e c t r o n  t r e a t m e n t  i s  p lacement  o f  t h e  methy l  o r b i t a l  a t  

s l i g h t l y  h i g h e r  energy  t h a n  t h e  a l l y l  nonbonding MO, r e f l e c t i n g  t h e  

g r e a t e r  e l e c t r o n  a f f i n i t y  o f  a l l y l  r a d i c a l .  1 4  The s i g n i f i c a n t  

f e a t u r e  o f  t h e  c o r r e l a t i o n  d iagram i s  t h a t  i t  i s  t h e  ha l f -occup i ed  

m e t h y l  o r b i t a l  which e v e n t u a l l y  becomes t h e  nE o r b i t a l  o f  t h e  p r o d u c t .  
i 

* .  
Thus any pe , r t uba t i on  o f  t h e  o r b i t a l  sys tem t o  lower  t h e  ene rgy  o f  

t h e  TT* o r b i t a l ,  a., t o  make t h e  r a d i c a l  a n i o n  more s t a b l e  r e l a t i v e  

t o  t h e  n e u t r a l ,  canno t  be p e r c e i v e d  u n t i l  t h e  r e a c t i o n  i s  ve ry  c l o s e  

t o  p r o d u c t .  Fo r  an  e a r l y  t r a n s i t i o n  s t a t e  t h i s  e f f e c t  w i l l  be minimal .  

It i s  i n s t r u c t i v e  t o  c o n s i d e r  t h e  c o r r e l a t i o n  d iagram w i t h  t h e  odd 

e l e c t i - o n  removcd, - i . e . ,  an empty o r b i t a l  r e a c t i n g  w i t h  a n  a n i o n .  

T h i s  d iagram co r r e sponds  t o  t h e  p r o t o n a t i o n  o f  an a n i o n ,  and t h e  

maximum on t h i s  energy  s u r f a c e  co r r e sponds  t o  t h e  k i n e t i c  pKa ( o r  pKb), 

which f o r  hydrocarbons  c l o s e l y  approx imates  t h e  t r u e  pKa. Thus f o r  

r e a c t i o n  o f  a r a d i c a l  w i t h  r e sonance  s t a b i l i z e d  c a r b a n i o n s ,  t h e  

k i n e t i c s  o f  t h e  r e a c t i o n  a r e  c o n t r o l l e d  n o t  by t h e  ha l f -occup i ed  

o r b i t a l  b u t  by t h e  s u b j a c e n t  o r b i t a l s !  



Conclusions. The relative role of pKa and radical anion stability 
,"."...."v--.-v-- 

in determining the outcome of radical-anion combination reactions 

has important consequences for understanding reactivities in SRNl 

and related reactions. In 'general, where regioselectivity in SRNl 

reactions is attributed to radical-anion stability, consideration 

of the pKa of the conjugate acid would lead to the same prediction. 

To our knowledge this work is the first in which the two effects act 

in opposite direction and allow clear distinction between the two. 

The relative purity of products, absence of dimers, and lack of other 

products associated with radical-radical reactions provide a further 

contrast. The high exothermicity of radical-radical reactions 

generally results in no activation energy and diffusion controlled 

reactions.. Reactions of radicals with anions, although-sufficiently Î 

exothermic 'to bekinetically controlled, are accompanied by acti- 

vation energies and are more discriminate in reactivity. In the 

limit, If the anionic reactant is sufficiently non-basic, other 

reactions may compete. We believe this explains the failure of 

certain stabilized carbanions such as enolates of 1,3-dicarbonyl 

compounds to undergo the SRNl arylation. 3e 
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EXPERIMENTAL SECTION 

Melting p o i n t s  were t a k e n  on a hot -s tage  a p p a r a t u s  and a r e  un- 

c o r r e c t e d .  Nuclear magnetic resonance s p e c t r a  were obta ined  on a 

Varian T-60 spec t rometer .  

Manipulations.  Apparatus and n o n v o l a t i l e  m a t e r i a l s  were degassed 
" v v v v v v v v v v v ~  

r e p e a t e d l y  by evacua t ing  t o  l e s s  t h a n  .1 t o r r  and purging wi th  

argon d r i e d  and deoxygenated wi th  an Ace-Burlitch i n e r t  atmosphere 

system. Liquids  w e r e . t r a n s f e r r e d  by  r each ing  through t h e  bore o f  

a  4 mm three-way s topcock with t h e  need le  0.f a  degassed s y r i n g e  o r  

w i t h  a  double- t ipped s t a i n l e s s  s t e e l  needle .  A s t ream of  argon 

through t h e  s i d e  opening of t h e  s topcock p r o t e c t e d  t h e  l i q u i d  from 

a i r .  

1: 

Photochemical Equipment. I r r a d i a t i o n s  were c a r r i e d  out  w i t h  a 
~ ~ ~ v v ~ v v v v v v v  "vv--Vv-.- 

Hanovia 450 W lamp i n  a Pyrex immersion w e l l  equipped wi th  an  

e l l i p s o i d a l  r e f l e c t o r  which focused t h e  l i g h t  on a  c y l i n d r i c a l  

3 cm x 20 cm r e a c t i o n  v e s s e l .  Light  f i l t r a t i o n  was provided by a 

c y l i n d r i c a l  c o n t a i n e r  surrounding t h e  immersion w e l l  and c o n t a i n i n g  -1 

K2Cr04 i n  a pH 1 0  b u f f e r e d  medium. Th i s  f i l t e r  s o l u t i o n  

e f f e c t i v e l y  excluded a l l  l i g h t  below 450 nm. Addi t iona l  f i l t r a t i o n ,  

i f  necessary  ( s e e  below), was provided by an  a d d i t i o n a l  c y l i n d r i c a l  

c o n t a i n e r  surrounding t h e  r e a c t i o n  f l a s k .  
- . ..-.-,-. . .- 

Analyses.  Gas chromatographic a n a l y s i s  was performed on a Varian 
V4.5.11VVV 

3700 Gas Chromatograph us ing  a  3 m column of  2% OV-101 on Chromosorb 

G. Elemental  a n a l y s e s  were performed by  G a l b r a i t h  L a b o r a t o r i e s  o f  

Knoxvil le ,  Tennessee.  



M a t e r i a l s .  Dimethyl s u l f o x i d e  was p u r i f i e d  as d e s c r i b e d  by Bordweli 6 
- 5 -  --.-....u- 

and s t o r e d  over  molecular  s i e v e s .  S o l u t i o n s  of po tass ium methyl- 

s u l f i n y l m e t h i d e  ( l l d imsy l l l )  were p repa red  by s y r i n g i n g  20 m l  of 

20-25% potass ium hydr ide  i n  an  a r g o n - f i l l e d  serum-capped 50 m l  

c e n t r i f u g e  tube ,  add ing  20 m l  o f  d ry  pen tane ,  and s u c c e s s i v e l y  

shaking,  c e n t r i f u g i n g ,  removing and r eadd ing  pentane o n t o  t h e  po ta s -  . 

sium hydr ide .  A f t e r  t h e  t h i r d  c e n t ~ i f u g a t i o n ,  t h e  pentane and 

d i s s o l v e d  o i l  were removed by s y r i n g e ,  t h e  e n t i r e  a p p a r a t u s  pumped 

dry ,  and t h e  weight of potass ium hydr ide  remaining measured by 

d i f f e r e n c e .  A 25 m l  p o r t i o n  of d imethyl  s u l f o x i d e  was added 

th rough  a  Tef lon  tube  under a  p o s i t i v e  p r e s s u r e  o f  n i t r o g e n ,  and 

a f t e r  t h e  f r o t h i n g  had subs ided ,  t h e  remaining hydrogen w a s  removed 

under vacuum. The concen t r a t ed  s o l u t i o n  was t r a n s f e r r e d  under a rgon  

t o  a  Schlenk tube  equipped w i t h  an au tomat ic  b u r e t  and d i l u t e d  t o  

200 m l  w i th  a d d i t i o n a l  d imethyl  s u l f o x i d e .  The s o l u t i o n  was tit- 

r a t e d  w i t h  p o t a s s i i ~ m  hydrogen p h t h l a t e  u s i n g  pheno lph tha l e in  as 

i n d i c a t o r .  A t y p i c a l  s o l u t i o n  had a  t o t a l  base  c o n c e n t r a t i o n  of  

. 2  M. S o l u t i o n s  p repa red  i n  t h i s  manner were s t o r e d  wi thou t  n o t i c e -  

a b l e  decomposi t ion f o r  two weeks, provided l i g h t  was excluded.  

Triphenylmethane was o b t a i n e d  from Ald r i ch  Chemical Company and 

was e i t h e r ' u s e d ' a s  r e c e i v e d  o r  r e c r y s t a l l i z e d  from methanol.  

' 1,1,3,3-Tetraph,enylyropene was p repa red  by t h e  me.thod. "of Garbisch 1 5  

'15 and had mp: 125-126'' ( l i t  . .mp 125-126O). . Dipheny ly ld ipheny lmethane  

was ob ta ined  by t h e  method o f  Bordwell .  
6 



1-(~-~ol~l)-l,l-di~hen~lethane. To .674 g  (2 .61  rnrnol), o f  (4 - to ly1) -  
- - - - - - _ - - 5 - - - - - w - - - - - - - - - - - - - -  

diphenylmethane i n  1 0  m l  of DMSO were added 15  m l  (5 .52 rnmol) of  

.368 M potass ium dimsyl .  The r e d  s o l u t i o n  was al lowed t o  e q u i l i -  

b r a t e  f o r  30 min, t h e n  . 4 0  m l  (6 .42 mmol) of  methyl i o d i d e  was 

added. T h i r t y  m l  of  wate r  was added, and t h e  s o l u t i o n  e x t r a c t e d  

t h r e e  t imes  w i t h  e t h e r .  The e x t r a c t s  were d r i e d  and concen t r a t ed ,  

l e a v i n g  a  s lowly  c r y s t a l l i z i n g  o i l .  The c r y s t a l s  were r e c r y s t a l l i z e d  

from hexane t o  y i e l d  .464 g (1 .71  mmol, 65%)  of  c o l o r l e s s  p r i sms ,  

mp 66-68O. The s p e c t r a l  d a t a  were: nmr ( C D C ~  ) :  6 2.15 ( s ,  3H, 3  
A r  C C H 3 ) ,  2.29 ( s ,  3H, A r C H 3 ) ,  7.00 ( s ,  4.H, - c ~ H ~ - ) ,  6.89-7.32 

3  
( m ,  1 0 H ,  arom).  Anal. (C21H20) C ,  H .  

l , l , l - T r i p h e n y l e t h a n e .  To 1 . 0 4  g  (4 .28 mmol) o f  t r iphenylmethane  
------+--..----------- 

2. 

i n  10  m l  of DMSO was added 13  m l  (4 .78  mrnol) o f  potass ium d i m s y l .  

The r e d  s o l u t i o n  was al lowed t o  e q u i l i b r a t e  f o r  30 min, t h e n  .311 

m l  (5 .0  mrnol) of methyl i o d i d e  was added dropwi.se. The r e d  c o l o r  

d i sappeared  a f t e r  - ca.  90% of t h e  m e t h y l  i o d i d e  was added. A few 

drops  of wate r  were added, and t h e  s o l u t i o n  a l lowed t o  s t a n d .  A f t e r  

7  days ,  l ong  need le s  had formed. These were removed by f i l t r a t i o n  

t o  y i e l d  0.747 g (2.90 mmol, 68%) of  c r y s t a l s ,  mp 90-92' (llt16 

mp 90-92.5). A d d i t i o n a l  l e s s  pure  produc t  was ob ta ined  by adding  

10 m l  of  wate r  t o  t h e  f i l t r a t e  and a l l owing  t h e  coludy mix ture  t o  

s t a n d  f o r  s e v e r a l  days more. The s p e c t r a l  d a t a  were: nmr ( c D c ~ ~ ) ;  

6 2.17 ( s ,  3H, C H 3 ) ,  7.00-7.38 (m, 15H, arom).  



1,1,3,3-Tetraphenyl-1-butene. Evan's procedure1' was used with ............................ 
slight modification. To 15 ml of freshly distilled benzene were 

added 2.00 g 1,l-diphenylethylene (Aldrich Chemical Co.) and .25 

ml stannic chloride. The blue-green mixture was stirred for four 

days, decomposed with 10 ml water, and ether extracted. Recry- 

stallizations of the organic residue in methanol yielded 1.56 g 

(78%) of 1,1,3,3-tetraphenyl-1-butene as colorless prisms, mp 

112-115O i t 7  mp 1 1 1 - 1 1 )  The spectral data were: nmr (CDC13) 6 

1.44 (s, 3H), 6.85 (s, lH), 7.25 (br s, 20 HI; ms 360 (loo), 345 

Preparative Photolysis of Triphenylmethylpotassium. To 1.601 g 
----------*--------------------------------------- 

(6.50 mmol) of triphenylmethane in 15 ml of dimethylsulfoxide con- 

tained inWthe reaction vessel was added 35 ml (7.0 mmol) of 0,.20 M 

potassium dimsyl. The degassed solution was irradiated withokt a 

solution rilteF until the r e d  color disappeared (ca. - 3 hr). The 

solution was added to 200 ml of water and ether extracted. Silica 

gel chromatography of the residue after concentration yielded 0.954 g 

of a white solid. Recrystallization from methanol ylrlded .85a g 

(3.30 mmol), 50%) of colorless prisms. The mp (90.0-92.5O) and 

spectral data were identical to l,l ,l-triphenylethane16. The 

mother llqu"r and rcmaining hydrncarbon fractions from the chroma- 

tography column were combined. Preparative high pressure liquid 

chromatography and preparative gas chromatography failed to separate 

the residue, which proved by -analytical gas chromatography, an-' 

alytical high pressure liquid chromatography, and nmr comparison to be 

a mixture of l,l,l-triphenylethane and 1-(4-toly1)-1,l-diphenylethane. 



Preparative Photolysis of 1,1,3,3-Tetraphenyl-1-propene-3-ylpotassium. -...-..,_-."-,..-- ..,..,-..,--...#_ -_ -,., - _ _ 5 _ _ _ _ 5 5 _ _ _ _ _ _ 5 _ _ - - - - - - - - - - - - _ - - - - - - - - - _ -  

A solution of.875 g (2.52 mmol) of 1,1,3,3-tetraphenylpropene in 

35 ml of dimethyl sulfoxide was placed in the phtolysis vessel, 

thoroughly degassed under vacuum, and parged with dry. argon. A 

15 ml portion (3.0 mmol) of 0.20 M potassium dimsyl was added by 

syringe, the resulting deep red solution vacuum degassed for several 

minutes, and argon reintroduced. The solution was irradiated for 

12 hr, excess base was decomposed by adding 10 ml of water, the 

solvent removed - in vacuo, and the residue taken up in an ether- 

water mixture. Separation of the organic fraction followed by 

dyring and concentrating - in vacuo gave a brown residue. Silica 

gel chromatography (2% ether-hexane) yielded, .7212 g (2.01 mrnol, 

80%) of 1,1,3,3-tetraphenyl-1-butene, mp 105-109'. Recrystallization 

from methanol yielded colorless prisms, mp 111.5-113.5 ( lit17 mp 

111-113°.  he spectral data were identical to those of authentic 

Preparative Photolysis of -(4-Diphenyly1)diphenylmethyl Potassium. ..,--.....,- ..,-,v-- --...5-.."..,--- 5 -  - - - - - - - 5 - - - - - - - - u - - - - - - - - - - -  ....,."."--...d-.- 

A solution of 1.23 g (3.84 mrnol) of diphenylyldiphenylmethane in 

30 ml of dimethyl sulfoxide was treated with 20 ml (4.00 nmol) of 

.20 M dimsyl potassium and the solution degassed in the manner 

previously described. The solution was irradiated-for 96 hr, : 

u., until the purple color had been replaced by a light brown, 
the reaction quenched with 2 ml water, and the solvent removed in 

vacuo. The extracted from ether washing of the residue was washed 

.3 times with water, dried, and concentrated. Recrystallization 

from methanol yielded light yellow crystals (1.02 g, 3.12 g, 82%). 

Recrystallization from hexane yielded .88 g of colorless prisms, 



mp 92-93'. The s p e c t r a l  d a t a  were :  nmr (CDC13) 6 2 .21  ( s ,  3H, 

C H 3 ) ,  6.9-7.6 ( m ,  19H, a r o m ) ; i r  (CDC13) ,3060, 3052, 2990, 1601,  

1500 ,  1491,  1450,  1030,  1012,  762, 733, 698 cm-l. Anal .  ( C 2 6 H 2 2 ) C , H .  

Compet i t ive  I r r a d i a t i o n  Exper iments .  S o l u t i o n s  o f  m i x t u r e s  o f  t h e  --."..,..,---."....., ..,..,..,..,-.".w...,-,~~ ",~.....,..,.,..,..,---" 
a n i o n s  were p r e p a r e d  ana logous ly  t o  t h o s e  f o r  p r e p a r a t i v e  p h o t o l y s i s  

of i n d i v i d u a l  a n i o n s ,  u s i n g  a  50% e x c e s s  o f  b a s e  o v e r  t h e  amount 

r e q u i r e d  t o  q u a n t i t a t i v e l y  d e p r o t o n a t e  t h e  hydrocarbons .  Fo r  t h e  

dSphenylyldiphenylmethyl/triphenylmethyl e x p e r i m e n t s ,  a d d i t i o n a l  

f i l t e r  s o l u t i o n s . w e r e  used  as d e s c r i b e d  unde r  Tab l e  I ,  and 

i r r a d i a t i o n s  were c a r r i e d  o u t  i n  50 m l  v e s s e l s  f o r  12  h r .  Fo r  

t h e  tetraphenylallyl/triphenylmethyl e x p e r i m e n t s ,  t h e  i r r a d i a t i o n s  

were c a r r i e d  o u t  i n  5  m l  i r r a d i a t i o n  t u b e s ,  i r r a d i a t i o n s  were 

c a r r i e d  o u t  f o r  2  h r , a n d  i d e n t i c a l  t u b e s  were a r r a n g e d  s o  as t o  

e n s u r e  v i r t u a l l y  i d e n t i c a l  l i g h t  a b s o r p t  I o n  thyoughout  t h e  

i r r a d i a t i o n .  Ana lyses  o f  t h e  m i x t u r e s  were performed by g a s  

chromatography u s i n g  i n d e p e n d e n t l y  p r e p a r e d  p r o d u c t s  t o  c a l i b r a t e  

t h e  chromatograph.  The amounts o f  s t a r t i n g  m a t e r i a l s  used  and 

p r o d u c t s  formed a r e  l i s t e d  i n  t h e  a p p r o p r i a t e  t a b l e s .  



Table  I .  R e s u l t s  of  Competi t ion Experiment between 1 - and 2 .  - 

Experiment 1 Experiment 2 

546a 57Ba I r r a d i a t i o n  Wavelength 

S t a r t i n g  M a t e r i a l s :  

Mmol T r i t y l  an ion  (1) 

Mmol Biphenyly l  an ion  ( 2 )  

Produc ts :  

Mmol Tr iphenyle thane  ( 4) 0.157 0.174 

Mmol p-Tolyldiphenylethane b 0.046 - 0.060 

Mmol 4-Diphenylyldiphenylethane ( 5 )  0.035 0.034 

R a t i o  L. Products/Z P roduc t s  
. . . . . . . . 

( a )  S e r i a l  f i l t e r  s o l u t i o n s  were used.  The f i r s t  c e l l  con ta ined  
0.2 M K Cru4-6H20 111 a p H  10 ~ o l u ~ i n n .  The second c e l l  con ta ined  
e i t h e r  0.50 M NiSOq i n  wate r  (500 nm) o r  0.43 M CoS04-6H20 in water 
(600 n m ) ;  a b s o r p t i o n  s p e c t r a  of  t h e  f i l t e r  s o l u t i o n s  were t a k e n  
b e f o r e  and a f t e r  t h e  i r r a d i a t i o n s  t o  ensu re  t h a t  no d e g r a d a t i o n  i n  
t h e  s o l u t i o n s  had occur red .  ( b )  T h i s  i s  t h e  " u n i d e n t i f i e d  product t '  
o f  r e f .  1. 



Table  11. R e s u l t s  o f  Competion Experiment between 1 and 3.  
a - ... 

S t a r t i n g  M a t e r i a l s :  

Mmol T r i t y l  an ion  ( 1 )  ...- 

Mmol A l l y 1  a n i o n  ( 3 )  ... 
Produc t s :  

Mmol Tr iphenylmethane 

Experiment 1 Experiment 2  

-- .0593 

. 0.0451 0.0417 

Mmol Te t raphenylpropene  0.0349 0.0220 

Mmol Triphenyleat;hane ( 4 )  - -- 0.0302 

Mmol p-Toly l d i p h e n y l e t  hane -- 0 .0061  

Mmol Te t r apheny lbu t ene  ( 6 )  
C 

- 
R a t i o  1 Produc t  s / 3  ~ r o d u c t s  

* .  . * 

( a )  A pH 1 0  b u f f e r e d  o o l u t i o n  o f  0.2 M K2CrOyo6H20 was used t o  f i l t e r  
o u t  a l l  l i g h t  below 450 nm. 



T a b l e  111. 

Anion 

~ r i ~ h e n ~ l m e t h ~ l  -41.7 -32.6 66.7 -7 .6  k c a l  

B i p h e n y l y l d i p h e n y l -  -40-.1 -32.6 45.9 ' - 26 .8  k c a l  
m e t h y l  . . 
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o f  P h y s i c a l  and Thermodynamic P r o p e r t i e s  o f  Hydrocarbons and 

R e l a t e d  Compounds, Carneg ie  P r e s s ,  P i t t s b u r g ,  195.3. ..,......_ 
' 

1 0 .  Golden,  D.M.  and Benson, S.W., Chem. Rev.,  ---... 1969,  125;  

c o r r e c t e d  f o r  e n t r o p y  u s i n g  d , a t a  from r e f .  7 .  
+ 

11. These were c o r r e c t e d  t o  t h e  H / H  2  s t a n d a r d  e l e c t r o d e :  S t e r n b e r g ,  

H.W. ,  Markby, R.E., Wender, I . ,  M o h i l n e r ,  D . M . ,  J .  E lec t rochem.  

1 2 . . A  r e f e r e e  h a s  s u g g e s t e d  a n  a l t e r n a t i v e  e x p l a n a t i o n  b a s e d  upon 

t h e  e q u i l i b r i u m  
.. 

ph3C:- + Ph2(Ar)CCII 3  " - -- Ph3CCHYA + Ph 2 CAY- 
- .- -- - -- - -- - - - - - 

f o l l o w e d  by r a t e  l i m i t i n g  e l e c t r o n  t r a n s f e r  from t h e  less 

s t a b l e  Ph3CCH3z a n i o n .  However, t h e  same u n f a v o r a b l e  p o t e n t i a l s  

which make t h e  Ph CCH a n i o n  l e s s  s t a b l e  r e d u c e  i t s  concen- 
3  3& 

t r a t i o n  and ,  h e n c e ,  t h e  r a t e  o f  r e a c t i o n  by a compensa t ing  

amount.  

1 3 .  Zimrnerman, H.E., A c c t s .  --  Chem. R e s . ,  1972,  2, 393. 
5-55 

1 4 .  Zimrnerman, A.H.  and Brauman, J . I . ,  J .  Am. Chem. S o c . ,  1977,  99, 
5555 

3565. 

1 5 .  G a r b i s c h ,  E.W., Jr. J.  Org. Chem. 1961,  26 ,  4165. 
5555 - 

1 6 .  Banks, S . ,  E h r l i c h ,  C.L. and Z u b i e t a ,  J . A . ,  J .  erg. Chem. 1979,  
5-55 

4 4 ,  1454.  - 

1 7 .  Evans,  A . G .  and  P r i c e ,  D.  J .  Chem. S o c . ,  1959,  2982. 
...5...5 
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Figure 2. Relative Absorbances 



(This f i g u r e  i s  redundant and i s  included only f o r  t h e  purposes  of t y p e s e t t i n g )  



Figure  4.  C o r r e l a t i o n  Diagram 



Carbanion Photochemistry 3. Electron Transfer and Radical 

Anion Control in the Photochemistry of Triphenylmethyl Anion 1 

Laren M. Tolbert 

Department of Chemistry 

university of Kentucky 

Lexington, Kentucky 40506 

Abstract: On the basis of concentration and competition studies, 
----*---  

the photomethylation of triphenylmethyl anion in dimethyl sulfoxide 

is shown to involve the reaction of methyl radical with triphenyl- 

methyl anion to yield the radical anions of l,l,l-triphenylethane 

and 3-diphenylmethy*lene-6-methyl-1, 4-~~clohexadiene . However, 

there are  no chain carrying st.eps as there are for typical SRNl 

reactions. The intervention of radical anions produces the uncon- 

ventional product of para alkylation, but the reaction is dominated 

by the bond strength of the newly formed bond as indexed by pKa. 



Recen t l y  we observed t h e  f a c i l e  pho tome thy l a t i on  o f  r esonance  

2 s t a b i l i z e d  c a r b a n i o n s  i n  d ime thy l  s u l f o x i d e .  Our subsequen t  work 

i n  t h i s  a r e a  ha s  l e d  u s  t o  t h e  c o n v i c t i o n  t h a t  t h e  overwhelming 

r e a c t i o n  pathway i s  e l e c t r o n  t r a n s f e r ,  d e s p i t e  some r a t h e r  f o rmidab l e  

energy c o n s t r a i n t s .  The r e l a t i v e l y  low energy  l i g h t  employed 

and t h e  obv ious  a p p l i c a t i o n s  t o  fundamenta l  s t u d i e s  i n  s o l a r  energy  

conve r s ion  v i a  e l e c t r o n  p h o t o e j e c t i o n  have prompted us  t o  narrow 

o u r  scope  t o  t h e  pho tochemis t ry  o f  t r i p h e n y l m e t h y l  a n i o n  i t s e l f ,  

t h e  r e s u l t s  o f  which we now p r e s e n t .  

Background. The e a r l y  f o r a y s  by Brauman, van Tamelen, and 
--.------.--. 

coworkers i n t o  t h e  a r e a  o f  c a r b a n i o n  pho tochemis t ry  have demons t ra ted  

t h a t  ' t h e  major  pathway i n v o l v e s  e l e c t r o n  t r a n s f e r .  3 ? 4  The r e a s o n s  

f o r  t h i s  predominance a r e  c l e a r ,  if no t  a lways  s t a t e d :  Assoc i a t ed  

w i t h  a  n e g a t i v e l y  charged s p e c i e s  i s  a n  e x c e s s  of  e l e c t r o n - e l e c t r o n  

r e p u l s i o n  t e rms  o v e r  n u c l e a r  a t t r a c t i o n  t e rms ;  t h a t  i s ,  t h e  va l ence  

& l e e  t ~ o n s  are ~ h i e l d e d  from t h e  n u c l e u s .  Thus p h o t o e x c i t a t i o n  

e a s i l y  p l a c e s  a c a r b a n i o n  i n  a  s t a t e  o f  e x c e s s  energy  r e l a t i v e  t o  

t h e  s t a t e  co r r e spond ing  t o  n e u t r a l  p l u s  a  f r e e  e l e c t r o n ,  and t h e  

s p e c i e s  a u t o d e t a c h e s .  The c r u c i a l  pa r ame te r  d e t e r m i n i n g  whethera a 

s p e c i e s  w i l l  a u t o d e t a c h ,  t h e n ,  i s  t h e  r e l a t i v e  magni tude  o f  t h e  

e x c i t a t i o n  energy  E A  and t h e  e l e c t r o n  a f f i n i t y  ( E . A . )  o f  t h e  n e u t r a l  

( s e e  F i g .  1 . ) .  

S u b s t i t u t i o n  by pheny l  i n c r e a s e s  t h e  e l e c t r o n  a f f i n i t y  o f  a  

r a d i c a l  c e n t e r  a t  t h e  expense  o f  t h e  e x c i t a t i o n  ene rgy .  Thus t h e  

e l e c t r o n  a f f i n i t y  o f  b e n z y l  i s  a t  l e a s t  7 k c a l  g r e a t e r  t h a n  methyl ,  5 

w h i l e  Amax  f o r  t r i p h e n y l m e t h y l  a n i o n  i s  r e d  s h i f t e d  by 45 nm r e l a t i v e  



6 t o  d iphenylmethyl  an ion ,  cor responding  t o  a d e c r e a s e  i n  E X o f  

6 k c a l .  F igu re  1 i l l u s t r a t e s  t h e s e  opposing e f f e c t s .  

By i r r a d i a t i n g  t r i p h e n y l m e t h y l  a n i o n  i n  d imethy l  s u l f o x i d e ,  we 

a n t i c i p a t e d  t h a t  e l e c t r o n  t r a n s f e r  would be c i rcumvented.  DMSO i s  

r e s i s t a n t  t o . r e d u c t i o n  a t  p o t e n t i a l s  l e s s  nega t ive  t han  - 3 . l v v s  SCE, 7 

whi le  t h e  r e d u c t i o n  p o t e n t i a l  o f  t r i p h e n y l m e t h y l  r a d i c a l  i s  r e p o r t e d  

8 a s  - 1 . 2 0  v  vs SCE. Thus t h e  energy r e q u i r e d  f o r  t h e  r e d u c t i o n  o f  

DMSO by t r i t y l  an ion  cor responding  t o  a  p o t e n t i a l  of  1 .9  v o l t s  i s  

44  k c a l .  A s  a  minimum t h i s  r e q u i r e s  t h a t  a l l  t h e  a v a i l a b l e  e x c i t e d  

s t a t e  energy ( t h e  o n s e t  of  a b s o r p t i o n  o f  some carban ions  i s  650 nm) 

i s  i n c o r p o r a t e d  i n  t h e  e l e c t r o n  t r a n s f e r .  

R e s u l t s .  P re l imina ry  Pho to lyse s .  Tr iphenylmethyl  an ion  underwent ------.-" ---------,-.-" ----,.-".-"---- 

smooth photomethy la t ion .  under t h e  i n f l u e n c e  of  .lMK2Cr04 f i l t e r e d  

450 W ~ a n o b i a  l i g h t  t o  produce two p roduc t s ,  l , l , l - t r i p h e n y l e t h a n e ,  (1) .., 

and 1,l-diphenyl-l-p-tolylethane ( 2 )  - ( s e e  E q .  (1)) .  

CH 

Ph3c: DMso hv Ph3c,cH 3  + Pn2b @cH3 

The 60% y i e l d  i s  based upon m a t e r i a l  i s o l a t e d  by e x t r a c t i o n  and 

r e c r y s t a l l ' i z a t i o n .  Ac tua l  y i e l d s  approached 9 0 % .  

The p re sence  of para-methyla ted product  - 2 sugges t ed  t h e  i n t e r -  

ven t ion  of  diphenyl-p-tolylmethane ( 3 )  - which was confirmed by 

i r r a d i a t i o n  t o  lower conve r s ions ,  chromatographic  d e t e c t i o n ,  

and comparison wi th  independent ly  p repared  

m a t e r i a l .  The d ime thy la t ed  produc t  2  ... was a l s o  p repa red  i ndependen t ly  . 



Mechanistic Investigations. Electron Transfer vs. Exciplex Formation. 
..,..,-..,-..,-..,-..u- - - . . , -u - - - - - . . , - -_  u-. . , -u---  .....,u.....,--.., ..,- - - ~ - V S . . , u  -..,..,-..,-u-- 

Mechanisms for the photomethylation can be grouped into two types, , 

those involving electron transfer and those involving two-electron 

processes (nucleophilic attack or exciplex formation). The former 

is exemplified by the SRNl mechani~m,~ given here as Mechanism I: 

Mechanism I: - 

The latter process is represented by the exciplex mechanism, 

Mechanism 11: 

Mechanism a: 

Onc of the mosL clearly disttnguishing features of these two mecha- 

nism~ i3 the conceytedness of the carbon-sulfur bond breaking and 

carbon-carbon bond making in step b of Mechanism 11. In contrast, 

Mechanism I requires carbon-sulfur bond breaking as a first step. 



Thus i r r a d i a t i o n  i n  t h e  p r e s e n c e  o f  a n  unsymmetr ica l  s u l f o x i d e  

shou ld  l e a d  t o  d i f f e r e n t  p r o d u c t s  f o r  each  mechanism, s i n c e  mecha- 

nism I would t r a n s f e r  t h e  group hav ing  t h e  weakest  c a r b o n - s u l f u r  

bond w h i l e  Mechanism I1 would t r a n s f e r  t h e  group w i t h  more f a v o r a b l e  

m ig ra to ry  a p t i t u t e .  Such a  requ i rement  i s  s a t i s f i e d  w i t h  methyl  

pheny l  s u l f o x i d e .  

The i r r a d i a t i o n  o f  t r i p h e n y l m e t h y l  a n i o n  i n  t e t r a h y d r o f u r a n  

c o n t a i n i n g  methyl  pheny l  s u l f o x i d e  l e d  t o  a  hydrocarbon p roduc t  

m ix tu r e  e s s e n t i a l l y  i n d i s t i n g u i s h a b l e  from t h a t  i n  d ime thy l  s u l f -  

ox ide  : 

No t r a c e s  o f  t e t r apheny lme thane  o r  d ipheny ly ld ipheny lmethane  were 

d e t e c t e d .  T h i s  r e s u l t  s t r o n g l y  i m p l i c a t e s  c a rbon - su l fu r  bond 

b r e a k i n g  a s  t h e  c r i t i c a l  s t e p  i n  d e t e r m i n i n g  p roduc t  f o rma t ion .  

The Role o f  Radical-Ani.on v s .  Rad ica l -Rad ica l  Recurnblnation. The .-.-.. -."wA, --  --...,..,--.., ..,..,--- ..,- -----..,.., -----..,- --..,..,..,..,-----..,- 

p r e v i o u s  exper iment  e s t a b l i s h e d  d ime thy l  s u l f o x i d e  decompos i t ion ,  

e i t h e r  v i a  i t s  r a d i c a l  a n i o n  o r  v i a  d i s s o c i a t i v e  e l e c t r o n  t r a n s f e r ,  

as t h e  key i n i - t i a l  s t e p  upon p h o t o e x c i l a t l o n .  Our n e x t  g o a l  was 

d e t e r m i n i n g  t h e  f a t e  of methyl  r a d i c a l s  su g e n e r a t e d  and t h e  mecha- 

n i s t i c  pathway l e a d i n g  t o  p r o d u c t s .  A s  o u t l i n e d  i n  Mechanism I ,  

two p roduc t  forming pathways a r e  p o s s i b l e .  One i n v o l v e s  methyl  



adding electrophilically to trityl anion to generate product radical 

anion (step c); the other involves methyl radical adding to trityl 

radical generated in the initial electron transfer step to form 

final product directly (step.e). In this regard we were fortunate 

to have additional products of para alkylation (diphenyltoly- 

methane 3 and diphenyltolylethane 2) which were reminiscent of pro- .., ..d 

ducts obtained from photoarylation of trityl anion in the presence 

of bromobenzene. lo We had speculated that the radical-anion path- 

way should exhibit a greater preference for the para product than 

in the neutral pathway because of the greater delocalization in 

the diphenylmethylenecyclohexadiene system, which is the required 

intermediate in formation of 2 and 3 (see Fig. 2). 
w w 

Insert Ptg. 2 

Conversely, the radical-radical pathway should lead to the 

single product l,l,l-triphenylethane (1). Bentrude and Fu reported 

that methyl radical generated from trimethylphosphite during the 

decomposition of phenylazodiazomethane combines with trityl radical 



t o  y i e l d  & x c l u s i v e l y  t h e  a p roduc t  1,11 ( s e e  E q .  2 )  and w e  conf i rmed - 
t h i s  r e s u l t , e x c l u d i n g  t h e  p r e sence  o f  d i p h e n y l - p - t o l y l m e t h a n e .  

Thus, r a d i c a l - r a d i c a l  r e combina t i on  cannot  accoun t  f o r  a l l  o f  t h e  

p roduc t  formed,  and we a t t r i b u t e  t h e  p r e s e n c e  of  p a r a - a l k y l a t e d  

p r o d u c t s  t o  t h e  r a d i c a l  an ion  pathway. 

Although r a d i c a l - r a d i c a l  r e combina t i on  canno t  accoun t  f o r  a l l  

o f  t h e  p r o d u c t s ,  i t  i s  s t i l l  p o s s i b l e  f o r  t h i s  pathway t o  be  

r e s p o n s i b l e  f o r  t h e  major  r e a c t i o n  p roduc t  1. Our n e x t  g o a l ,  t h e n ,  
* 

was t o  d e t e rmine  t h e  r e l a t i v e  impor tance  o f  t h e  two pathways.  We 

n o t e  t h a t  t h e  r a d i c a l - r a d i c a l  pathway i s  un imo lecu l a r  i n  t r i p h e n y l -  

methyl  a n i o n .  ThaL i s ,  t h e  t r i p h e n y l m e t h y l  moie ty  undergo ing  

i r r a d i a t i o n  i s  a l s o  t h e  one i n c o r p o r a t e d  i n t o  p r o d u c t .  The r a d i c a l -  

a n i o n  pathway, however, i n v o l v e s  methy l  r a d i c a l  combining w i t h  

t r i t y l  a n i o n ,  and t h e  r a t e  f o r  t h i s  pathway w i l l  have a  l i n e a r  

dependence upon a n i o n  c o n c e n t r a t i o n .  To t h e  e x t e n t  s t e p  c  o r  s t e p  e  

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

2  and 3 t o  a l p h a  a l k y l a t e d  p roduc t  1 shou ld  be dependent  upon t h e  - .., - 
c o n c e n t r a t i o n  o f  t r i t y l  a n i o n .  



We i r r a d i a t e d  t r i t y l  a n i o n  i n  DMSO a t  d i f f e r e n t  i n i t i a l  

c o n c e n t r a t i o n s  and obse rved  t h e  r a t i o s  o f  a l p h a  t o  p a r a  p r o d u c t s  

formed. We i n c l u d e d  d i m e t h y l a t e d  p roduc t  2 w i t h  monomethylated 
* 

p roduc t  3 because  2 i s  t h e  d i r e c t  p roduc t  o f  3 .  The r e s u l t s  a r e  - .. ..d 

l i s t e d  i n  Tab le  I .  Wi th in  e x p e r i m e n t a l  e r r o r ,  t h e  r a t i o  o f  p a r a  

t o  a l p h a  p r o d u c t s  i s  c o n s t a n t .  Thus we conc lude  t h a t  b o t h  p r o d u c t s  

a r e  formed a t  t h e  same s t e p ,  and s i n c e  we have concluded t h a t  t h e  

r a d i c a l - a n i o n  pathway must b e  i nvo lved  i n  p a r t  o f  t h e  mechanism, 

i t  must r e p r e s e n t  t h e  dominant r e a c t i o n  pathway. 

R e s u l t s  and D i scus s ion .  Compet i t ive  Trapp ing  o f  Methyl R a d i c a l  by 
_ . . . _ 5 _ _ . . d  ..,-.-, 5__ - . 9_ - . _ . . 9_ -d  _ . . _ _ 5 - . . . d . . , _ _ . - a  5_5_ - . - . __  _ _  ....-.____ __- - .__ -d  _..d 

t h e  R a d i c a l  Anion Pathway. The independence  o f  methyl  r a d i c a l  
-.,__ -.-._-._..+-.. -._-..-+.-a ...--.-.-,__ 
g e n e r a t i o n  and p roduc t  f o r m a t i o n  r e q u i r e s t h a t  t h e  same p r o d u c t s  be  

formed r e g a r d l e s s  o f  t h e  s o u r c e  o f  methyl  r a d i c a l .  Compet i t ive  

t r a p p i n g  exper iments  conf i rmed t h i s  h y p o t h e s i s .  

The v i s i b l e  a b s o r p t i o n  s p e c t r a  o f  t r i p h e n y l m e t h y l  a n i o n  and 

4 -b ly i l e i iy ld iphcny lme thy l  an ion  (4 _ 1 e x h i b i t  markedly d i f f e r e n t  a b -  , 

s o r p t i o n  s p e c t r a ,  w i th  t h e  f i r s t  hav ing  a hmax o f  496 nm and t h e  

second 5 9 2  nm. We p r e p a r e d  s e p a r a t e  b u t  i d e n t i c a l  m i x t u r e s  o f  t h e  

two a n i o n s  such  t h a t  70,% o f  t h e  l i g h t  a t  500 nm was absoi-bed by 

t r i t y l  a n i o n  and 9 0 %  of  t h e  l i g h t  a t  600,nm was abso rbed  by b ipheny l -  

d ipheny lmethy l  a n i o n .  We i r r a d i a t e d  one s o l u t i o n  w i t h  a  f i l t e r  s o l u t i o n  

t r a n s m i t t i n g  a t  600 nm. l2 These r e s u l t s  a r e  r e p o r t e d  i n  Tab le  11, 

w h i l e  t h e  r e l a t i v e  a b s o r p t i o n  s p e c t r a  o f  t h e  a n i o n s  f o r  t h e  samples  

used  a r e  d e p i c t e d  i n  F i g u r e  3 .  - The p roduc t  mi'xtur'es -- from t'he s e p a r a t e  

expe r imen t s  were' n e a r l y  i d e n t i c a l .  Thus p roduc t  forlmation 

13 b imo l ecu l a r  i n  a.nion, and 



s5nce t r i p h e n y l e t h a n e  i s  t h e  major p roduc t  even when an ion  4 i s  - 
i r r a d i a t e d ,  t h e  fo rmat ion  of t r i p h e n y l e t h a n e  under t h e s e  c o n d i t i o n s  

i s  . t h e  r e s u l t  o f  p h o t o c a t a l y s i s  b y  d i p h e n y l y l d i p h e n y l m e t h y l  an ion .  

R e s u l t s  and Di scus s ion .  The Role o f  Chain P roces se s .  Than quantum 
--.--.-d-.., .-a_- ----,---.*-.- ..,..,..d _--_ _ _  _..,_..,_ ---..,____.., 

y i e l d  o f  d i s appea rance  of t r i t y l  an ion  upon i r r a d i a t i o n  was mea- 

sured13 and found t o  be .06, s t r o n g l y  s u g g e s t i n g  t h a t ,  a  c h a i n  pro- 

c e s s  i s  no t  invo lved .  However, quantum y i e l d s  below u n i t y  a r e  no t  

n e c e s s a r i l y  compel l ing ev idence  f o r  such a  conc lus ion .  More con- 

c l u s i v e  a r e  an ion  c o n c e n t r a t i o n  dependent quantum y i e l d s .  For a  

c h a i n  p r o c e s s ,  t h e  l i m i t i n g  quantum y i e l d  i s  g iven  by Equa t ion  3. 1 4  

where - 

kr i s  t h e  r a t e  c o n s t a n t  f o r  r a d i c a l - a n i o n  combinat ion ( s t e p  c ) ;  

ke t i s  t h e  r a t e  c o n s t a n t  f o r  e l e c t r o n  t ~ ~ a r i s f e r  ( 3 t c p  a); 

kc i s  t h e  r a t e  c o n s t a n t  f o r  t h e  c h a i n  c a r r y i n g  s t e p  ( s t e p  d ) ;  

kd i s  t h e  r a t e  c o n s t a n t  f o r  e x c i t e d  s t a t e  decay i n  t h e  absence 

o f  e l e c t r o n  t r a n s f e r ;  

I i s  t h e  r a t e  o f  l i g h t  a b s o r p t i o n ;  

kt i s  t h e  r a t e  of  back e l e c t r o n  t r a n s f e r  ( s t e p  g ) ;  and 

[T-] i s  t h e  c o n c e n t r a t i o n  o f  t h e  t r i t y l  an ion .  

The l i m i t i n g  quantum y i e l d  f o r  t h e  non-chain p r o c e s s  ( k c  2 0 )  i s  

g iven  by more s t a n d a r d  k i n e t i c s  ( s e e  Eq. 4 ) .  



By s i m u l t a n e o u s l y  m o n i t o r i n g  l i g h t  o u t p u t  and t r i p h e n y l e t h a n e  

p roduce  f o r m a t i o n ,  we o b t a i n e d  t h e  p l o t  shown i n  F i g u r e  4 .  Wi th in  

e x p e r i m e n t a l  e r r o r ,  t h e  s l o p e  o v e r  one h a l f - l i f e  o f  t r i t y l  a n i o n  

i s  l i n e a r ,  g i v i n g  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  . 9 9 9 .  The l i n e a r i t y  

o f  t h i s  p l o t  and t h e  c o n s t a n c y  o f  t h e  quantum y i e l d  c l e a r l y  e x c l u d e  

t h e  a p p r e c i a b l e  i n t e r v e n t i o n  o f  a  c h a i n  mechanism. 

t 
D i s c u s s i o n .  Unexpected Produc t  S e l e c t i v i t i e s  i n  P h o t o m e t h y l a t i o n .  --.."-.-.----- --...------- - - d - - - - -  -------.-.----- - %  ------.....,-------- 

The p r e f e r e n c e  f o r  t r i p h e n y l m e t h y l  a n i o n  a l k y l a t i o n  d e s p i t e  t h e  

g r e a t e r  s t a b i l i t y ,  by 19 k c a l ,  o f  t h e  b i p h e n y l  r a d i c a l  a n i o n  o v e r  

benzene r a d i c a l  a n i o n  i s  a n  u n e x p e c t e d ' r e s u l t .  We have  a n a l y z e d  t h e  

r e l a t i v e  e n e r g e t i c s  f o r  methyl  r a d i c a l  p l u s  t r i a r y l  a n i o n  combina t ion  

f o r  t h e  two s y s t e m s ,  and we a t t r i b u t e  t h e  anomalous p r o d u c t  t o  a  

k i n e t i c  e f f e c t  a r i s i n g  from quench ing  t h e  l e s s  s t a b l e  a n i o n .  Tha t  

i s ,  t h e  t r a n s i t i o n  s t a t e  f o r  t h e  r e a c t i o n  i n c o r p o r a t e s  t h e  bond 

s t r e n g t h  o f  t h e  newly formed bond, f o r  which one i n d e x  o f  r e a c t i v i t y  

i s  t h e  pRa. Fur the rmore ,  w e  w e r ?  i n t r i g u e d  by t h e  o b s e r v a t i o n  t h a t  

d i p h e n y l t o l y l m e t h y l  a n i o n  a p p a r e n t l y  a k l y l a t e s  much more r e a d i l y  

t h a n  t h e  p a r e n t  t r i t y l  a n i o n ,  s i n c e  even a t  low c o n v e r s i o n s  sub- 

s t a n t i a l  amounts o f  t h e  b i s a l k y l a t e d  p roduce  - 2 were d b s e ~ ~ v e d  and a t  

h i g h e r  c o n v e r s i o n s  - 2 predominated  o v e r  - 3 ,  d e s p i t e  r e l a t i v e l y  h i g h e r  

pKa f o r  3 o v e r  1. We a t t r i b u t e  t h i s  t o  t h e  same e f f e c t ,  b u t  f u r t h e r  
-, - 

work i s  - c u r ~ ~ e r ~ t l ~  underway t o  t e s t  t h i s  h y p o t h e s i s .  

D i s c u s s i o n .  E f f e c t  o f  S u b s t r a t e  M o d i f i c a t i o n  on S R N l  P r o c e s s e s .  
-..,--.---%-.-a -..,-,--." -- -.-...,..,----- -----."-...----d ...- - 5 - 5  ."----..9--- 

Vl r h e  S R N l  pathway i s  c l e a r l y  a u b i q u i t o u s  mechanism i n  c a r b a n i o n  

ground s t a t e  c h e m i s t r y  and p h o t o c h e m i s t r y .  M o d i f i c a t i o n  o f  t h e  

s u b s t r a t e s  can  a l t e r  o r  co r r~y le te ly  e l i m i n a t e  c e r t a i n  s t e p s  i n  t h e  

r e a c t i o n  scheme, however.  A s  a  r e s u l t  o f  o u r  work,, we have  conc luded  



t h r e e  m e c h a n i s t i c  consequences  of t h i s  s u b s t r a t e  m o d i f i c a t i o n :  

1) Using - a n  a c c e p t o r  -- of low e l e c t r o n  a f f i n i t y  s t o p s  t h e  c h a i n  

p r o c e s s .  Conven t i ona l l y ,  c h a i n  p r o c e s s e s  a r e  f a c i l i t a t e d  by t h e  

u s e  o f  a c c e p t o r s  (bromobenzene o r  n i t r o a l i p h a t i c s ,  among o t h e r s )  

o f  h i g h  e l e c t r o n  a f f i n i t y .  2 )  --- Use o f  a n  a c c e p t o r  of  low e l e c t r o n  -- 

a f f i n i t y  r e q u i r e s  p h o t o a s s i s t a n c e .  3.  I n  c o n t r a s t  w i t h  e n o l a t e s , .  

r e sonance  - s t a b i l i z e d  c a r b a n i o n s  - a r e  ambident  w i t h  r e s p e c t  t o  - 

r a d i c a l  a t t a c k .  A s  a  r e s u l t ,  p r o d u c t s  a r e  formed which d i f f e r  

from t h o s e  o b t a i n e d  by SN2 mechanisms. 

The u se  o f  d ime thy l  s u l f o x i d e  a s  t h e  e l e c t r o n  a c c e p t o r  p r o v i d e s  

a n  i n t e r e s t i n g  s i m p l i f i c a t i o n  o f  a l k y l a t i o n  b y  S R N l  pathways,  f o r  

i t  i s  t h e  f i r s t  such example f o r  which t h e  l e a v i n g  group & a l s o  - 
t h e  e l e c t r o p h o r e ,  and t h u s  t h e  n e c e s s i t y  f o r  i n c o r p o r a t i n g  a n i t r o  

group i n t o  t h e  product ,  f o r  i n s t a n c e ,  i s  c i rcumvented .  A d d i t i o n a l l y ,  

d ime thy l  s u l f o x i d e  p r o v i d e s  a  conven i en t  method f o r  g e n e r a t i n g  

methyl  r a d i c a l s  i n  t h e  p r e s e n c e  of h i g h l y  b a s i c  c a r b a n i o n s  which 

c i rcumvents  t h e  ba se  i n s t a b i l i t y  of o t h e r  methyl  r a d i c a l  s o u r c e s  

such  a s  d i - t - b u t y l  p e r o x i d e .  

F i n a l l y ,  t h e  unconven t i ona l  r e g i o c h e m i s t r y  obse rved  i n  a l ky -  

l a t i o n  o f  t r i p h e n y l m e t h y l  a n i o n  under  t h e s e  c o n d i t i o n s  s u g g e s t s  t h e  

e x p l o i t a t i o n  o f  t h i s  r e a c t i o n  s y n t h e t i c a l l y  t o  o b t a i n  d i f f e r e n t  

s i t e s  o f  a l k y l a t i o n  from t h o s e  o b t a i n a b l e  by o r d i n a r y  ground s t a t e  

met hods .  



Conclusions .  The photochemist ry  o f  t r i p h e n y l m e t h y l  an ion  p rov ides  --.--..,..,--...,-- 

a  unique v e h i c l e  f o r  i n v e s t i g a t i n g  s t e p  by s t e p  t h e  consequences 

o f  i n t e r a c t i o n  o f  l i g h t  w i th  a  n e g a t i v e l y  charged s p e c i e s .  We have 

d i s cove red  t h a t  e l e c t r o n  e j e c t i o n  i s  s t i l l  t h e  dominant pathway, 

b u t  we a r e  as tounded by t h e  r e l a t i v e l y  h igh  p o t e n t i a l  o f  t h e  e l e c t r o n  

s o  e j e c t e d .  E l e c t r o n  t r a n s f e r  t o  DMSO l e a d s  t o  t h e  fo rma t ion  of 

methyl  r a d i c a l s ,  which combine w i t h  o t h e r  an ions  a t  a  r a t e  a t  l e a s t  

p a r t i a l l y  dependent on t h e  pKa of  t h e  cor responding  carbon a c i d .  

The r e s u l t i n g  r a d i c a l  an ion  does n o t  c a r r y  on a  cha in  p r o c e s s ,  bu t  

u l t i m a t e l y  r e s t o r e s  an  e l e c t r o n  t o  t r i p h e n y l m e t h y l  r a d i c a l .  We 

have t h e  impor tan t  r e s u l t  t h a t  e ~ c i t e d  t r i p h e n y l m e t h y l  a n i o n  can 

r e v e r s i b l y  promote a  chemical  r e a c t i o n  i n  a n o t h e r  s u b s t r a t e .  

The photochemist ry  o f  t r i p h e n y l m e t h y l  an ions  a l s o  p rov ides  an  

i n t e r e s t i n g  c o n t r a s t  t o  ground s t a t e  chemis t ry  promoted by d i s -  

s o l v i n g  m e t a l s .  The r a d i c a l s  and r a d i c a l  an ions  produced under t h e  

l a t t e r  c u ~ ~ i l l L i o l ~ s  are formcd q u a n t i t a t i v e l y  a n d  i,n h i g h  c o n c e n t r a t i o n s ,  

s i n c e  back t r a n s f e r  i s  e n e r g e t i c a l l y  fo rb idden .  Thus r a d i c a l - r a d i c a l  

r e a c t i o n s  r e a d i l y  occu r ,  l e a d i n g  t o  complex mix tu re s  o f  p r o d u c t s .  

Under photopromoted c o n d i t i o n s  however, wi thout  t h e  p re sence  o f  

h i g h l y  r educ ing  s p e c i e s ,  no more t h a n  a low s t e a d y  s t a t e  o f  methyl  

r a d i c a l  i s  produced, s o  t h a t  r a d i c a l - r a d i c a l  r e a c t i o n s  do n o t  occu r  

and t h e  r e s u l t i n g  p roduc t s  a r e  remarkably c l e a n  and f r e e  from s i d e  

p r o d u c t s .  

C l e a r l y  impor tan t  q u e s t i o n s  remain t o  be answered,  e A . ,  

whether e l e c t r o n  t r a n s f e r  i s  inner - sphere  o r  ou t e r - sphe re ,  o r  

whether e l e c t r o n  t r a n s f e r  t o  DMSO i s  r e v e r s i b l e  o r  n o t .  However, 



we now understand the crucial steps in product formation. Under- 

standing.how structural changes affect these steps in our next 

goal. 



EXPERINEMTAL SECTION 

Melting p o i n t s  were t aken  on a  ho t - s t age  appara tus  and a r e  un- 

c o r r e c t e d .  Nuclear magnetic resonance s p e c t r a  were ob ta ined  on a  

Varian T-60 spec t rometer .  

Manipulat ions.  Apparatus and n o n v o l a t i l e  m a t e r i a l s  were degassed -.-.--.-.."-.-.--.-.-.-. 
r e p e a t e d l y  by evacuat ing  t o  l e s s  than  .1 t o r r  and purging wi th  

argon d r i e d  and deoxygenated wi th  an Ace-Burli tch i n e r t  atmosphere 

system. Liquids  were t r a n s f e r r e d  by reaching  through t h e  bore of 

a  4 mm three-way stopcock wi th  t h e  needle  o f  a  degassed s y r i n g e  o r  

w i t h  e double- t ipped s t a i n l e s s  s t e e l  need le .  A s t ream of  argon 

through t h e  s i d e  opening. t h e  s topcock p r o t e c t e d  t h e  l i q u i d  from 

a i r .  

Photochemical Equipment. I r r a d i a t i o n s  were c a r r i e d  out  w i t h  a  
-._--.-.---.--._-.-d-d -.-.-.-.-.-._-d-. 

. - 
Hanovia 450 W lamp i n  a  Pyrex immersion w e l l  equipped wi th  an  

e l l i n s s P d a 1  r e f l e c t o r  which  focused t h e  l i g h t  on a  c y l i n d r i c a l  

3 cm x 20 cm r e a c t i o n  v e s s e l .  Light  f i l t r a t i o n  was prcvided  b y  a 

c y l i n d r i c a l  c o n t a i n e r  surrounding t h e  immersion w e l l  and c o n t a i n i n g  -1 

M K2Cr04 i n  a  pH 1 0  buf fe red  medium. This  filter s o l u t i o i ~  

e f f e c t i v e l y  excluded a l l  l i g h t  below 450 nm. Addi t iona l  f i l t r a t i o n ,  

i f  necessary  ( s e e  below),  was provided b y  an a d d i t i o n e l  c y l i n d r i c a l  

c o n t a i n e r  su~*raunding t h e  r e a c t  i o n  f l a s k .  



M a t e r i a l s .  Dimethyl  s u l f o x i d e  was p u r i f i e d  as d e s c r i b e d  by a o r d w e l l  1 5  
- " - " _ _ _ _ _ 5 _  

and s t o r e d  o v e r  m o l e c u l a r  s i e v e s .  S o l u t i o n s  o f  p o t a s s i u m  methyl-  

s u l f i n y l m e t h i d e  ( " d i m s y l " )  were  p r e p a r e d  by s y r i n g i n g  20  m l  o f  

20-25% p o t a s s i u m  h y d r i d e  i n  a n  a r g o n - f i l l e d  serum-capped 50 m l  

c e n t r i f u g e  t u b e ,  a d d i n g  20 m l  o f  d r y  p e n t a n e ,  and s u c c e s s i v e l y  

s h a k i n g ,  c e n t r i f u g i n g ,  removing and r e a d d i n g  p e n t a n e  o n t o  t h e  p o t a s -  

s ium h y d r i d e .  A f t e r  t h e  t h i r d  c e n t r i f u g a t i o n ,  t h e  p e n t a n e  and  

d i s s o l v e d  o i l  were removed by s y r i n g e ,  t h e  e n t i r e  a p p a r a t u s  pumped 

d r y ,  and  t h e  we igh t  o f  p o t a s s i u m  h y d r i d e  r e m a i n i n g  measured by 

d i f f e r e n c e .  A 25 m l  p o r t i o n  o f  d i m e t h y l  s u l f o x i d e  was added  

t h r o u g h  a  T e f l o n  t u b e  unde r  a p o s i t i v e  p r e s s u r e  o f  n i t r o g e n ,  and 

a f t e r  t h e  f r o t h i n g  had s u b s i d e d ,  t h e  r e m a i n i n g  hydrogen was removed 

under  vacuum. The c o n c e n t r a t e d  s o l u t i o n  was t r a n s f e r r e d  unde r  aTgon 

t o  a  Sch l enk  t u b e  equ ipped  w i t h  a n  a u t o m a t i c  b u r e t  and d i l u t e d  t o  

200 m l  w i t h  a d d i t i o n a l  d i m e t h y l  s u l f o x i d e .  The s o l u t i o n  was t i t-  

r a t e d  w i t h  p o t a s s i u m  hydrogen p h t h l a t e  u s i n g  p h e n o l p h t h a l e i n  as 

i n d i c a t o r .  A t y p i c a l  s o l u t i o n  had a t o t a l  b a s e  c o n c e n t r a t i o n  o f  

. 2  M.  S o l u t i o n s  p r e p a r e d  i n  t h i s  manner were s t o r e d  w i t h o u t  n o t i c e -  

a b l e  decompos i t i on  f o r  two weeks, p r o v i d e d  l i g h t  was e x c l u d e d .  

T r ipheny lme thane  was o b t a i n e d  from A l d r i c h  Chemical  Company and 

was e i t h e r  u sed  a s  r e c e i v e d  o r  r e c r y s t a l l i z e d  f rom me thano l .  
8 4-Tolydiphenylmethane was o b t a i n e d  by b o i l i n g  f o r m i c  a c i d  t r e a t -  

ment o f  4-tolyldiphenylcarbinol, which i n  t u r n  was o b t a i n e d  from 

4- to ly lmagnesium bromide t r e a t m e n t  o f  benzophenone.  D ipheny ly l -  

d ipheny lmethane  was o b t a i n e d  by t h e  method o f  3 o r d w e l l .  15  



C-hromatography. Gas chromatographic analysis was performed on a 
-..,--44_4_4-_--.. 

Varian 3700 bas Chrmatograph using a 3 m column of 2% OV-lOl,on 

Chromosorb G. High pressure liquid chromatography was performed 

on a 25 cm x 2 mrn column of Porasil - ODs on a Laboratory Data 
Control modular system incorporating a variable wavelength detector 

set at 238 nm and using 60% acetonitrile-water as eluent. 



Preparative Photolysis of Triphenylmethylpotassium. To 1.601 g 
- - - - - - - - . 5 5 5  ------.--.-- -- --.---------------------- 

(6.50 mrnol) of triphenylmethane in 15 ml of dimethylsulfoxide con- 

tained in the reaction vessel was added 35 ml (7.0 mmol) 0.f 0.20 M 

potassium dimsyl. The degassed solution was irradiated without a 

solution filter until the red color disappeared.(ca. - 3 hr). The 

solution was added to 200 ml of water and ether extracted. Silica 

gel chromatography of the residue after concentration yielded 

0,.954 g of a white solid. Recrystallization from methanol yielded 

.852 g (3.30 mmol, 50%) of colorless prisms. The mp (90.0-92.5) 

16 . and spectral data were identical to l,l,l-triphenylethane . 
nmr (CDC1 ) 2.17 (s, 3H), 7.10 (br s, 15 H); ms 258, 243. The 

3 
mother liquor and remaining hydrocarbon fractions from the chroma- 

tography column were combined. Preparative high pressure liquid 

chromatography and preparative gas chromatography failed to separate 

the residue, which proved by analytical gas chromatography, 

analytical high pressurse liquid chromatography, and nmr comparison 

with authentic material, to consist of l,l,l-triphenylethane and 

1-(4-toly1)-1,l-diphenylethane(.l41 g, 8% yield). 

Quantum Yields. Quantum yields were determined on a. chemists ------- ------. 

optical bench essentially identical to that described by Zimmerman. 

Irradiations of triphenylmethyl anion were carried out at 550 nm 

using a Bausch and Lomb super high pressure meycury arc lamp 

equipped with a high intensity grating monochromator. Light output 

was monitored by an integrating photometer using an EG and G 

HUV-1000B operational amplifier-photodiode combination as a detector. 

The detector was mounted at right angles to the light beam so as to 



c a p t u r e  t h e  l i g h t  r e f l e c t e d  by a  q u a r t z  p l a t e  beam s p l i t t e r  p l a c e d  

a t  45' i n  t h e  l i g h t  beam. For  maximum s e n s i t i v i t y  and l i n e a r i t y ,  

t h e  pho tod iode  was r u n  i n  t h e  r e v e r s e d  b i a s  mode. C a l i b r a t i o n  was 

c a r r i e d  o u t  w i t h  a  S c i e n t e c h  Model 36-0001 Disc  C a l o r i m e t e r .  

A n a l y s i s  of  p roduc t  f o r m a t i o n  was by g a s  chromatography.  

I n  t h e  r u n  r e p r e s e n t e d  by F i g u r e  4 ,  49.2 mg o f  t r i p h e n y l -  

methane i n  48 m l  o f  d i m e t h y l s u l f o x i d e  were r e a c t e d  w i t h  2  m l  o f  

.368 M po t a s s ium d imsy l .  The s o l u t i o n  was i r r a d i a t e d  a t  550 nm, 

and a l i q u o t s  were removed a t  1, 2, 4 ,  7 ,  17 ,  and 24 h r .  C a l i b r a t e d  

volumes were i n j e c t e d  on t h e  g a s  chromatograph,  and t h e  d e t e c t o r  

r e sponse  was s t a n d a r d i z e d  u s i n g  a u t h e n t i c  samples .  The d e t e c t o r  

coun t s  were c o n v e r t e d  t o  l i g h t  o u t p u t  i n  E i n s t e i n s ,  and t h e '  pro-  

d u c t  v s .  l i g h t  o u t p u t  gave t h e  p l o t  i n  F i g u r e  4 .  L e a s t  s q u a r e s  

t r e a t m e n t  o f  t h e  p o i n t s  gave a quantum y i e l d  o f  t r i p h e n y l e t h a n e  

appearance  o f  ,0406 + .0003. S i m i l a r  t r e a t m e n t  o f  s t a r t i n g  m a t e r i a l  

gave  a quantum y i e l d  o f  d i s a p p e a r a n c e  o f  ,0658 k .0043. 

C o n c e n t r a t i o n  Dependent Runs. To 2  g  o f  t r i pheny lme thane  i n  DMSO ---.-"------."_- ..9-.9------..- ---.-.. 

was added . I 3 8  M po t a s s ium d imsy l  i n  t h e  amount i n d i c a t e d .  The 

i n i t i a l  amount o f  DMSO added was p r e c a l c u l a t e d  t o  b r i n g  t h e  t o t a l  

volume o f  s o l u t i o n  t o  50 m l .  The s o l u t i o n  was i r r a d i a t e d  u n t i l  

t h e  r e d  c o l o r  d i s a p p e a r e d  (4-20 h r ) .  T r i p h e n y l e t h y l e n e  ( c a .  . 5  g )  - 

was added a s  a n  i n t e r n a l  s t a n d a r d ,  and t h e  s o l u t i o n s  were ana lyzed  

by g a s  chromatography.  C a l i b r a t i o n  o f  t h e  d e t e c t o r  r e sponse  was 

performed u s i n g  a s t a n d a r d  s o l u t i o n  o f  a u t h e n t i c  m a t e r i a l s .  The 

amounts o f  m a t e r i a l s  i n t r o d u c e d  and p r o d u c t s  produced were as 

f o l l o w s ,  w i t h  p e r c e n t a g e s  based  upon i n i t i a l  ba se  c o n c e n t r a t i o n :  



Run 1: Triphenylmethane, 1.96 g; potassium dimsyl, 50 ml; triphenyl- - -  

ethylene, .453 g. Products: triphenylethane, 1.07 g, 50.8% 4-tolyl- 

diphenylmethane, ,125 g, 7.0%; 4-tolyldiphenylethane, .184 g, 9.8%. 

Run 2: Triphenylmethane, 2.12 g; potassium dimsyl, 18 ml; triphenyl- - -  

ethylene, .196 g. Products: triphenylethane, ,412 g, 64.2% 4- 

tolyldiphenylmethane .lo3 g, 16.0%; 4-tolyldiphenylethane, 0.259 g, 

3.8%. 

Run 3: Triphenylmethane, 1.82 g; potassium dimsyl, 12.1 ml; tri- - -  

phenylethylene .lo7 g. Products: triphenylethane, .283 g, 65.2%; 

4-tolyldiphenylmethane, .0766 g, 17.7%, 4-tolyldiphenylmethane, 

11.6 g, 2.5%. 

Irradiation of Triphenylmethylpotassium in Methyl Phenyl Sulfoxide. ----------- -.., ........................ -,.d -4 - - - - -  -..,---- ----.,----- 

A solution of potassium phenylsulfinylmethide was prepared as 

follows : sample of dry potassium hydride argon was 

by washing 3.0 ml of 20% potassium hydride with pentane using the 

procedure outlined for potassium diMSyl. Tliis amount of potassium 

hydride was calculated on the basis of previous experiments to 

yield 8.3 mmol of act'ive potassium hydride. A solution of 25 ml 

of dry tetrahydrofuran containing 3.0 g (21.0 mmol) of methyl 

phenyl sulfoxide was added slowly so as to control frothing. The 

resulting solution was degassed by cooling to below O0 and evacuating 

the vessel to c .1 torr. Argon was reintroduced, and the solution 

added to the previously degassed photolysis chamber containing 

2.73 g (11.2 mmol) of'triphenylmethane. The red solution was 

irradiated for 12 hr. The solution was diluted with water and 

extracted with ether. Analysis of t h e  cxtract by gas chromatography 



and n u c l e a r  magnet ic  resonance  spec t roscopy  showed t h e  p re sence  o f  

t r i pheny lme thane  ( .406 g, 1 .66  mmol), l , l , l - t r i p h e n y l e t h a n e  (1 .69  g,  

6.55 mmol), 1-tolyl-1,l-diphenylmethane ( . I 2 4  g ,  .48 mmol), and 

1-(4-toly1)-1,l-diphenylethane ( . 255  g ,  .94 mmol). 

1-(4-Toly1)-1,l-diphenylethane. To .674 g  ( 2 . 6 1  mmol) o f  (4 - to ly1 ) -  -- ............................ 
diphenylrnethane i n  10 m l  of DMSO were added 1 5  m l  (5 .52  mmol) of 

.368 M potass ium d imsyl .  The red  s o l u t i o n  was a l lowed t o  e q u i l i -  

b r a t e  f o r  30 min, t h e n  .40 m l  (6 .42  mmol) o f  methyl  i o d i d e  was 

added.  T h i r t y  m l  o f  water was added,  and t h e  s o l u t i o n  e x t r a c t e d  

t h r e e  t i m e s  w i t h  e t h e r .  The e x t r a c t s  were d r i e d  and c o n c e n t r a t e d ,  

l e a v i n g  a sl.owly c r y s t a l l i z i n g  o i l .  The c r y s t a l s  were r e c r y s t a l l i z e d  

from hexane t o  y i e l d  .464 g  ( 1 . 7 1  mmol, 65%)  o f  c o l o r l e s s  p r i sms ,  

mp 66-68O. The s p e c t r a l  data were: nmr ( C D C ~ ~ ) :  6 2.15 ( s ,  3H, 

A r  C C H 3 ) ,  2.29 ( s ,  3H, A r C H 3 ) ,  7 .00 ( s ,  
3  

4H, - c ~ H ~ - ) ,  6.89-7.32 

( m ,  10H, arom).  Anal. (C21H20) C ,  H. 

l , l , l - T ~ i p h c n y l e t h a n e .  To 1 . 0 4  g (4 .28  mmol) o f  t r i pheny lme thane  ..................... 
i n  10 m l  o f  DMSO was added 1 3  r n l  (4 .78 mmol) o f  po tass ium d i m s y l .  

The r e d  s o l u t i o n  was a l lowed t o  e q u i l i b r a t e  f o r  30 min, t h e n  .311 

r n l  ( 5 .0  mrnol) of methyl  i o d i d e  was added dropwi.se. The r e d  c o l o ~  

d i s a p p e a r e d  a f t e r  - ca .  9 0 %  of  t h e  m e t h y l . i o d i d e  was added.  A few 

drops  o f  wa te r  were added, and t h e  s o l u t i o n  a l lowed t o  s t a n d .  A f t e r  

7 d a y s ,  l o n g  n e e d l e s  had formed. These were removed by f i l t r a t i o n  

t o  yield 0.747 g (2 .30  mmol, 68%)  ,of c r y s t a l s ,  mp 90-92' ( l i t  
16 

mp 90-92.5).  A d d i t i o n a l  l e s s  p u r e  produc t  was o b t a i n e d  by add ing  

.10  m l  o f  wate r  t o  t h e  f i l t r a t e  and a l l o w i n g  t h e  coludy mix tu re  t o  

s t a n d  f o r  s e v e r a l  days  more. The s p e c t r a l  d a t a  were:  nmr ( c D c ~ ~ ) ;  

6 2.17 ( s ,  3H, C H 3 ) ,  7.00-7.38 ( m ,  15H, arom).  
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Table  - I .  E f f e c t  - of Carban-ion Concen t r a t i on  

- 
Ph3C: conc.  Y ie ld s  .of Me.thylated Produc ts  ~ / a  

- 



Table 11. Results of Competition Experiment 

Experiment 1 Experiment 2 

Irradiation Wavelength 500a 600a 

Mmol Trityl anion b 0.257 0.275 

b Mmol Biphenylyl anion 0.175 0.196 

Mmol Triphenylethane 0.157 0.174 

~Plmol p-Tolydiphenylethane 0.046 0.060 

Mmol 4-~iphenylyldiphenylethane 0.035 0.034 

(a) Serial filter solutions were used. The first cell contained 

0.2 M K2Cr04-6H20 in a pH 10 solution. The second cell contained 

either 0 . 5 0  M N13O4 in water (500 nm) o r , O , 4 3  M C O S O ~ * ~ A ~ O  in water 

(600 nm); (b) This was produced by reacting the hydrocarbon with 

excess base. 



FIGURE 1, EFFECT OF PHENYL SUBSTITUTION 
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FIGURE 3 ,  RELATIVE ABSORBANCIES, 



FIGURE 4 ,  CONCENTRATI9bJ-DEPENDENT PRODUCT FORMATION,  

LIGHT OUTPUT (mEinstein) 




