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THE SRNl REACTION I N  ORGANIC SYNTHESIS. A REVIEW 

James F.  Wolfe* and David R .  C a r v e r  

Depar tment  of C h e m i s t r y  
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  and S ta te  U n i v e r s i t y  

B l a c k s b u r g ,  V i r g i n i a  24061 

I .  INTRODUCTION 

Aromatic n u c l e o p h i l i c  s u b s t i t u t i o n ,  as g e n e r a l i z e d  i n  

eq .  1 f o r  a n  aromatic s u b s t r a t e  reac t ing  w i t h  n u c l e o p h i l e  

: Y ,  h a s  l o n g  b e e n  a s u b j e c t  of i n t e r e s t  i n  o r g a n i c  c h e m i s t r y  

A r - X  + : Y  + A r - Y  + : X  (1) 

Such r eac t ions  h a v e  b e e n  s t u d i e d  more o f t e n  f o r  t h e i r  f a s c i n -  

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

and  t h e  i n t e r e s t e d  r e a d e r  may f i n d  s e v e r a l  e x c e l l e n t  r e v i e w s  

d e a l i n g  w i t h  t h i s  t o p i c .  1-4 

One of  t h e  r e a s o n s  t h a t  aromatic n u c l e o p h i l i c  s u b s t i t u -  

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

of  e l e c t r o p h i l i c  aromatic s u b s t i t u t i o n s  l i e s  i n  r e p e a t e d  obser- 

v a t i o n s  t h a t  d i s p l a c e m e n t  o f  p o t e n t i a l  l e a v i n g  ( n u c l e o f u g i c )  

g r o u p s  f rom an  aromatic n u c l e u s  r e q u i r e s  r a t h e r  s t r i n g e n t  r e a e  

t i o n  c o n d i t i o n s  u n l e s s  t h e  s u b s t r a t e  is a c t i v a t e d  by e lectron-  

w i t h d r a w i n g  s u b s t i t u e n t s  i n  c o n j u c t i o n  w i t h  a s u i t a b l e  n u c l e o -  

f u g i c  g r o u p .  Al though u n a c t i v a t e d  a r y l  h a l i d e s  w i l l  react 

w i t h  n u c l e o p h i l e s  u n d e r  r a t h e r  m i l d  c o n d i t i o n s  w h e r e  
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WOLFE AND CARVER 

a ryne  fo rma t ion  is p o s s i b l e ,  such  r e a c t i o n s  f r e q u e n t l y  s u f f e r  

from a - s u b s t i t u t i o n  l e a d i n g  t o  i somer i c  p r o d u c t s  because 

of n o n r e g i o s p e c i f i c  fo rma t ion  and /o r  r e a c t i o n s  of  t h e  i n t e r -  

mediate a ryne .  2,4,6 

The purpose  of  t h e  p r e s e n t  a r t i c l e  is t o  r ev iew t h e  syn- 

t h e t i c  p o t e n t i a l  of a new method for  a romat i c  n u c l e o p h i l i c  

s u b s t i t u t i o n  which h a s  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

1) does  no t  r e q u i r e  a c t i v a t e d  s u b s t r a t e s  

2) proceeds  i n  a comple t e ly  nonrea r rang ing  

manner 

t a k e s  p l a c e  v i a  a mechanism n o t  p r e v i o u s l y  r ecogn ized  

i n  a romat i c  sys t ems .  

3) 

11. THE Sml MECHANISM. DISCOVERY AND BACKGROUND 
7 In 1970 Bunnet t  and Kim r e p o r t e d  t h a t  t h e  react ion of 

5- and 6-iodopseudocumenes (1 and 2, r e s p e c t i v e l y )  w i t h  KNH2 

i n  l i q u i d  ammonia a f f o r d e d  s i g n i f i c a n t l y  more o f  t h e  d i r e c t  sub- 

s t i t u t i o n  p r o d u c t s  ( 3  and 4, r e s p e c t i v e l y )  t h a n  c o u l d  be 

r a t i o n a l i z e d  by assuming t h a t  amina t ion  w a s  p roceed ing  exc lus -  

i v e l y  v i a  t h e  common a ryne  5 ( e q .  2). 

CH3 

I fJH3 - mH2 NH3 
G C H 3  + A  

H2N 
CH3 

1 - 
CH3 

3 - 

CH3 
2 - 
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1 or  2 - 

CH3 

5 - 

T h e s e  r e s u l t s  r a i s e d  t h e  p o s s i b i l i t y  t h a t  a s u b s t i t u t i o n  p a t h -  

way o t h e r  t h a n  t h e  a r y n e  mechanism c o u l d  b e  o p e r a t i n g .  The 

w e l l  known a d d i t i o n - e l i m i n a t i o n  ( S N A r )  

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

s u c h  as 1 a n d  2.  The marked d e c r e a s e  i n  t h e  amount of d i r e c t  

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

amounts of r a d i c a l  s c a v e n g e r s  l e a d  t o  t h e  p r o p o s a l  t h a t  a 

s i g n i f i c a n t  f r a c t i o n  of t h e  n o n r e a r r a n g i n g  s u b s t i t u t i o n  was 

o c c u r r i n g  via a r a d i c a l - c h a i n  mechanism, which  Bunnet  and K i m  

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

o u t l i n e d  i n  Scheme I f o r  an  aromatic s u b s t r a t e  c o n t a i n i n g  

mechanism seemed 

The s t e p s  c o m p r i s i n g  a t y p i c a l  SRNl  r e a c t i o n  a re  

n u c l e o f u g i c  g r o u p  ( X )  r e a c t i n g  w i t h  a n u c l e o p h i l e  ( Y - ) .  

Scheme I 

A r - X  + e l e c t r o n  d o n o r  + [ A r - X I -  + donor  r e s i d u e  

[ A r - X I -  _t A r '  + X- 

A r '  + Y- + [ A r - Y l -  

[ A r - Y l -  + A r - X  + A r - Y  + [ A r - X I -  

I n i t i a t i o n  of t h e  c h a i n  r e a c t i o n  i s  e f f e c t e d  by e l e c t r o n  t r a n s -  

f e r  from a s u i t a b l e  d o n o r  t o  t h e  s u b s t r a t e  ( e q .  3 ) .  
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WOLFE AND CARVER 

The r e s u l t i n g  r a d i c a l  a n i o n  e x p e l s  t h e  n u c l e o f u g i c  group w i t h  

a p a i r  of e l e c t r o n s  t o  form a n  a r y l  r a d i c a l  and X- ( e q .  4 ) .  

Formation o f  t h e  new ca rbon-nuc leoph i l e  bond is accompl ished  

b y  combina t ion  of  t h e  a r y l  r a d i c a l  w i t h  n u c l e o p h i l e  Y- t o  form 

a r a d i c a l  a n i o n  ( eq .  5): which t h e n  t r a n s f e r s  a n  e l e c t r o n  t o  

a n e u t r a l  s u b s t r a t e  ( e q .  6 ) .  T h i s  a f f o r d s  t h e  obse rved  s u b s t i -  

t u t i o n  p roduc t  [Ar-Y]  and a n o t h e r  s u b s t r a t e  r a d i c a l  an ion , ’  

which can  r e e n t e r  t h e  p ropaga t ing  c y c l e  i n  eq .  3 .  The s e p a r -  

a t e  components of t h i s  r a d i c a l - c h a i n  sequence  have  ample pre-  

c e d e n t ,  and t h e  o v e r a l l  r e a c t i o n  scheme is ana logous  t o  t h a t  

proposed ear l ier  by Kornblum8’ 

of  n u c l e o p h i l e s  w i t h  c e r t a i n  p - n i t r o b e n z y l  h a l i d e s  and 2-halo- 

2 -n i t rop ropanes .  However, p r i o r  t o  1970 such a r e a c t i o n  mech- 

anism w a s  unheard o f  i n  t h e  area o f  n u c l e o p h i l i c  aromatic sub- 

st it  u t  i o  n . 

and R u s s e l l ”  f o r  r e a c t i o n s  

Although t h e  SRNl r e a c t i o n s  mentioned above,  a s  w e l l  a s  

a number of  ana logous  r a d i c a l - c h a i n  s u b s t i t u t i o n s  a t  s a t u r a t e d  

ca rbon ,  proceed r e a s o n a b l y  w e l l  w i thou t  t h e  a i d  of c a t a l y t i c  

r e a g e n t s ,  i t  h a s  been de termined  t h a t  most a r o m a t i c  SRNl reac- 

t i o n s  r e q u i r e  c a t a l y s i s  by a l k a l i  metal” or  n e a r - u l t r a v i o l e t  

l i g h t  . I2 

ammonia, which i n  t u r n  i n i t i a t e  t h e  c h a i n  r e a c t i o n  by reduc-  

ing  t h e  a romat i c  s u b s t r a t e  t o  i t s  r a d i c a l  an ion .  The e x a c t  

c a t a l y t i c  f u n c t i o n  o f  P y r e x - f i l t e r e d  l i g h t  i s  s t i l l  u n c e r t a i n ,  

a l though  ev idence  h a s  been p r e s e n t e d  t o  s u p p o r t  t h e  t h e o r y  t h a t  

i t  may m u s e  e l e c t r o n  t r a n s f e r  from t h e  n u c l e o p h i l e  t o  t h e  

s u b s t r a t e  th rough an i n t e r m e d i a t e  c h a r g e - t r a n s f e r  complex. 

The metal p r o v i d e s  s o l v a t e d  e l e c t r o n s  i n  l i q u i d  

13 
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THES 1 RFACTION IN ORGANIC SYNTHESIS. A REVIEW RN 

The annoying d e h a l o g e n a t i o n s  of a r y l  h a l i d e  s u b s t r a t e s  and 

r e d u c t i o n s  of s u b s t i t u t i o n  p r o d u c t s  which o f t e n  accompany 

a l k a l i  metal-promoted react i o n s  can  u s u a l l y  b e  c i rcumvented  

by e x c l u d i n g  t h e  metal c a t a l y s t  and s imply  i r r a d i a t i n g  t h e  

r e a c t a n t s  i n  l i q u i d  ammonia: w i t h  a n  external  t u n g s t e n  b u l b ,  

o r  p r e f e r a b l y  w i t h  350 nm lamps i n  a Rayonet photochemica l  

r e a c t o r .  

111. SCOPE AND LIMITATIONS 

14 

Befo re  p roceed ing  w i t h  a su rvey  of  s p e c i f i c  examples  of 

a r o m a t i c  S 1 r e a c t i o n s  i n  s y n t h e s i s ,  i t  is a p p r o p r i a t e  t o  

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

t o  t h e  f o l l o w i n g :  

RN 

1 )  n u c l e o f u g i c  g roups  which can  b e  d i s p l a c e d  

2 )  s u b s t i t u e n t s  which a r e  compa t ib l e  w i t h  t h e  

r e a c t i o n  mechanism 

3) a romat i c  s u b s t r a t e s  which g i v e  up t h e i r  nuc leo-  

f u g i c  g roups  

4 )  t y p e s  o f  n u c l e o p h i l e s  which p a r t i c i p a t e  

5 )  r e a c t i o n  s o l v e n t s .  

A d e t a i l e d  d i s c u s s i o n  o f  t h e  m e c h a n i s t i c  r a t i o n a l i z a t i o n s  f o r  

t h e  l i m i t a t i o n s  of  a romat i c  SRNl reactions may be found i n  a 

recent r ev iew by Bunne t t .  15 

Halogens can  s e r v e  as s a t i s f a c t o r y  n u c l e o f u g i c  g roups .  

The r e l a t i v e  ease of  d i sp l acemen t  is I > Br > C 1  > F. The 

d i f f e r e n c e  i n  r e a c t i v i t y  between a r y l  i o d i d e s  and bromides  is 

u s u a l l y  s m a l l  enough t o  make e i t h e r  o f  t h e s e  s u b s t i t u e n t s  

u s e f u l  i n  s y n t h e s i s .  O t h e r  g roups  found t o  undergo f ac i l e  

d i sp lacemen t  i n c l u d e  SPh, l6 NMe + l6 and 0PO(OEt)2 16-18 

231 
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WOLFE AND CARVER 

S u b s t i t u e n t s  o t h e r  t h a n  t h e  n u c l e o f u g i c  group can  have a 

d e f i n i t e  i n f l u e n c e  on a romat i c  SRNl r e a c t i o n s .  For example,  

a n i t r o  group,  a l t h o u g h  it r a n k s  as one  of  t h e  best a c t i v a t -  

i n g  g roups  i n  S A r  r e a c t i o n s  and SRNl s u b s t i t u t i o n s  a t  s a t u r -  

a t e d  ca rbon ,  

Other  groups  which a l s o  i n t e r f e r e  w i t h  t h e  s u b s t i t u t i o n  r eac -  
1 9 , 2 0  t i o n  i n c l u d e  t h e  hydroxyl  and d i a l k y l a m i n o  s u b s t i t u e n t s .  

A lky l ,  a lkoxy ,  pheny l ,  c a r b o x y l a t e ,  and benzoyl  g roups  a l l o w  

SRNl r e a c t i o n s  t o  proceed  i n  a normal f a s h i o n .  l9 Alkyl  s u b s t i t -  

u e n t s  o r t h o  t o  t h e  n u c l e o f u g i c  s u b s t i t u e n t  exert  l i t t l e  s t e r i c  

h ind rance  t o  s u b s t i t u t i o n  under  SRNl c o n d i t i o n s .  

N 
i s  i n c o m p a t i b l e  w i t h  a r o m a t i c  SRNl  r e a c t i o n s .  

21 ,22  

A v a r i e t y  of ca rboa romat i c  s u b s t r a t e s  equipped  w i t h  s u i t -  

a b l e  n u c l e o f u g i c  g roups  p a r t i c i p a t e  i n  SRNl  r e a c t i o n s .  These  

i n c l u d e  s i m p l e  benzene  d e r i v a t i v e s ,  h a l o g e n a t e d  naphtha-  

l e n e s ,  20, 23-25 a n t r a c e n e s ,  l9 and phenan th renes .  ’’ A number 

of  ha logena ted  h e t e r o c y c l e s  i n c l u d i n g  2-, 3- and 4-ha lopyr i -  

d i n e s  , 20’ 26 2 -ha lopyr imid ines ,  27 2-ch lo ropyraz ine ,  27 2-chloro-  

q u i n o l i n e ,  28-30 h a l o i s o q u i n o l i n e s  , 31’ 32 and ha logen  d e r i v a t i v e s  

of  t h i ~ p h e n e ~ ~  react s a t i s f a c t o r i l y .  

a l s o  undergo s u b s t i t u t i o n  v i a  t h e  SRNl  pathway. 

C e r t a i n  v i n y l  h a l i d e s  
34 

Nuc leoph i l e s  which have  r e c e i v e d  t h e  most a t t e n t i o n  i n  

a r o m a t i c  S 1 r e a c t i o n s  i n c l u d e  c a r b a n i o n s  d e r i v e d  from s i m p l e  RN 
ke tones ,  12 ,16 ,19 ,23 ,26 -30 ,35 ,36  nitriles , 2Q* 2 3 9  37 2- and 4- 

p i c o l i n e s ,  38 and con juga ted  hydrocarbons .  35 S u l f a n i o n s  of  

319 39 and a l i p h a t i c  23J40  t h i o l s  react s a t i s f a c t o r -  

i l y  as do c e r t a i n  phosphanions such  as t h o s e  formed from 

d i a l k y l  phosphi tesa5’  41 and d i a r y l p h o s p h i n e s .  42 

n i t r a n i o n  s p e c i e s  which h a s  been found t o  b e  g e n e r a l l y  satis-  

f a c t o r y  as a n u c l e o p h i l e  i s  amide (NH2)- i o n .  A number of 

The o n l y  

2 32 
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THE SRNl REACTION I N  ORGANIC S Y N T H E S I S .  A REVIEW 

o t h e r  n u c l e o p h i l e s  such  as  t h e  i o n s  d e r i v e d  from alcohols, 

p h t h a l i m i d e ,  and a c e t y l e n e s  have  proved t o  be u n s a t i s f a c t o r y .  

C o n s i d e r a t i o n  o f  v a r i o u s  s o l v e n t s  for SRNl r e a c t i o n s  h a s  

l e d  t o  t h e  c o n c l u s i o n  t h a t  l i q u i d  ammonia is t h e  most satis-  

f a c t o r y  f o r  p r e p a r a t i v e  expe r imen t s .43  

(DMS0)l3, 36943 a p p e a r s  t o  be  a r e a s o n a b l y  a t t r a c t i v e  al ter-  

n a t i v e  t o  l i q u i d  ammonia. Aqueous s - b u t y l  a l c o h o l  h a s  

been employed f o r  r e a c t i o n s  o f  phenoxide  i o n  w i t h  h a l o  ben- 

z e n e s ,  u s i n g  sodium amalgam t o  promote t h e  s u b s t i t u t i o n  pro-  

cess. 

I V .  SYNTHETIC APPLICATIONS 

A .  P r e p a r a t i o n  o f  a-Aryl  and a -He ta ry l  Ketones  

Dimethyl  s u l f o x i d e  

44 

A l k y l a t i o n  o f  k e t o n e  e n o l a t e s  i s  o n e  of  t h e  m a i n s t a y s  

However, a r y l a t i o n  of  e n o l a t e s  is of  o r g a n i c  s y n t h e s i s .  45 

much more d i f f i c u l t  owing t o  t h e  n o t o r i o u s l y  poor  per formance  

of u n a c t i v a t e d  a r y l  h a l i d e s  i n  r e a c t i o n s  w i t h  c a r b a n i o n s .  

Wi th  t h e  d iscovery"  t h a t  k e t o n e  e n o l a t e s  are w i l l i n g  nucleo-  

p h i l i c  p a r t i c i p a n t s  i n  a r o m a t i c  SRNl r e a c t i o n s ,  many of t h e  

problems once  a s s o c i a t e d  w i t h  e n o l a t e  a r y l a t i o n  have now 

been s u p p l a n t e d  by a conven ien t ,  g e n e r a l  method f o r  i n t r o d u c -  

ing  v a r i o u s  a r y l  and h e t a r y l  s u b s t i t u e n t s  a t  t h e  a -carbon 

of k e t o n e s .  The f o l l o w i n g  g e n e r a l  e q u a t i o n  is u s e f u l  f o r  

i l l u s t r a t i n g  t h e  t y p e  of r e a c t i o n s  which have been  s t u d i e d  and 

f o r  c o n s i d e r i n g  t h e  l i m i t a t i o n s  a s s o c i a t e d  w i t h  such  r e a c t i o n s .  

233 
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WOLFE AND CARVER 

The best p rocedure  fo r  conduct ing  e n o l a t e  a r y l a t i o n s  

i n v o l v e s  g e n e r a t i o n  of t h e  ca rban ion  by means of po ta s s ium 

amide or potass ium - t -bu tox ide  i n  l i q u i d  a m o n i a l 2  fo l lowed 

by a d d i t i o n  of t h e  aromatic s u b s t r a t e  and p h o t o s t i m u l a t i o n .  
1 2  22 ,30  

The major  l i m i t a t i o n  of t h e s e  r e a c t i o n s  l i e s  i n  t h e  

n a t u r e  of t h e  e n o l a t e .  For  example, e n o l a t e s  t h a t  c o n t a i n  

8-hydrogens, such  as p o t a s s i o  2,4-dimethyl-3-pentanone, under-  

go a competing hydrogen atom t r a n s f e r  w i t h  t h e  pheny l  r a d i c a l s  

g e n e r a t e d  under  SRNl c o n d i t i o n s ,  t o  produce  a p p r e c i a b l e  amounts 

of benzene and d i k e t o n e  7 ,  a l o n g  w i t h  t h e  expec ted  a-phenyl 

ke tone  6 ( e q .  7 ) .  46 

E n o l a t e s  from a l k y l  a r y l  k e t o n e s  such  as acetophenone and 

propiophenone react p o o r l y  w i t h  a r y l  and h e t a r y l  h a l i d e s ,  

presumably because  t h e  r a d i c a l  a n i o n s  g e n e r a t e d  by combina- 

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

a r e  t o o  s t a b l e  t o  t r a n s f e r  a n  e l e c t r o n  t o  t h e  o r i g i n a l  sub- 

s t ra te .  22,26,46 

The s te r ic  b u l k  of t h e  e n o l a t e  seems t o  p l a y  o n l y  a 

minor  p a r t  i n  t h e  o v e r a l l  f a c i l i t y  o f  t h e  r e a c t i o n ,  a l t h o u g h  

bulky groups  a t  p o s i t i o n s  o r t h o  t o  t h e  n u c l e o f u g i c  s u b s t i t -  

uent  w i l l  b lock  s u b s t i t u t i o n  w i t h  h i n d e r e d  e n o l a t e  an ions .  1 9  
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THE SRNl REACTION IN ORGANIC SYNTHESIS. A REVIEW 

Within t h e  framework of t h e  p reced ing  enolate r e q u i r e -  

ments  and t h e  g e n e r a l  l i m i t a t i o n s  o f  a r o m a t i c  S m l  r e a c t i o n s  

(Sec .  II), t h e  f o l l o w i n g  k e t o n e s  have been p repa red .  

(Ref .  23)  (Ref .  26)  (Ref .  26)  
I 

(Re f .  26) (Ref .  26)  (Ref .  26) 

4 
%3 R 
(Ref .  29 ,30 )  (Ref .  30) 

(Ref .  33) (Ref .  33) 
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WOLFE AND CARVER 

Although monoanions of 8-dike tones  f a i l  t o  undergo SRNl 

r e a c t i o n s  w i t h  a ry122 and h e t a r y l  h a l i d e s ,  30 1 , 3 - d i a n i o n s  of 

$-d ike tones  can  be a r y l a t e d  a t  t h e  t e r m i n a l  c a r b a n i o n  s i t e  as 

shown i n  eqs .  8 and 9.  

(Ref .  28)  

- cH3pcH3 hv cH3w (9) 

__f 

- 
CH3 

(Ref .  22) 
H3 

An i n t e r e s t i n g  t y p e  of e n o l a t e  a r y l a t i o n ,  which h a s  y e t  

t o  be exp lo red  f u l l y ,  i n v o l v e s  i n t r a m o l e c u l a r  SRNl r e a c t i o n s  

t o  form c y c l i c  ke tones .  An e l e g a n t  a p p l i c a t i o n  o f  t h i s  pro- 

cedure  is found i n  t h e  fo rma t ion  o f  (+) cepha lo tax inone  

(9 )  from iodo ke tone  8.  47 The r i n g  c l o s u r e  may 

OCH3 

9 

94% 
- 
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THE Sml REACTION IN ORGANIC SYNTHESIS. A RFNIEW 

be  s t e r e o s p e c i f i c ,  bu t  i n  any case, e q u i l i b r a t i o n  under  t h e  

basic c o n d i t i o n s  would g i v e  t h e  more s table  c o n f i g u r a t i o n  

o b t a i n e d .  

I n t r a m o l e c u l a r  a r y l a t i o n  o f  e n o l a t e s  from iodophenyl  

k e t o n e s  10 h a s  r e c e n t l y  been found t o  proceed  smoothly unde r  
48  c o n d i t i o n s  o f  p h o t o s t i m u l a t i o n  t o  a f f o r d  c y c l i c  k e t o n e s  11. 

Depending upon t h e  s t r u c t u r e  of  t h e  s t a r t i n g  ke tone ,  i n t r a -  

mo lecu la r  hydrogen a t o m  t r a n s f e r  o c c u r s  t o  form ma in ly  a,& 

u n s a t u r a t e d  k e t o n e s  such  as 12. 

0 

10  
n = l ,  2 , 5  
- Qa - 11 0 

The l i t h i u m  e n o l a t e  o f  s - b u t y l  acetate h a s  been re- 

por t ed48  to  undergo a r y l a t i o n  w i t h  p-bromoanisole ,  b u t  t h e  

s y n t h e s i s  of a - a r y l  esters v i a  SRNl r e a c t i o n s  h a s  y e t  t o  b e  

exp lo red  i n  d e t a i l .  

Br 

L i +  -dH,COO(t-Bu) - + 0 I hv > C H 3 0 0 C H 2 C O O (  - t-Bu) + 

I 
OCH 6 7% 

0 

29% 
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mrJFE AND CARVER 

B. P r e p a r a t i o n  o f  a ,B- and 8, y-Unsa tura ted  Ketones 

Vinyl  h a l i d e s  undergo p h o t o s t i m u l a t e d  r e a c t i o n  w i t h  

a c e t o n e  e n o l a t e  t o  form m i x t u r e s  of  a, 8- and 8 ,  y-unsa tu ra t ed  

ke tones .  34 

m e r i a a t i o n  o f  t h e  i n i t i a l l y  formed 8 ,y -unsa tu ra t ed  isomers. 

The f o l l o w i n g  examples are r e p r e s e n t a t i v e .  

The former  p r o d u c t s  undoubtedly  arise from tauto-  

0 0 
I PhCH=CHBr hv > PhCH=CHCH26CH3 + PhCH2CH=CH6CH3 

/ PI 
CH2 CH3 

48% 34% 

54% 

C .  P r e p a r a t i o n  o f  Alkyl  Benzenes 

Es t ab l i shmen t  of a hydrocarbon s i d e  c h a i n  on  a n  aromatic 

nuc leus  can be  accompl ished  by t h e  SRNl r e a c t i o n ,  t h u s  pro-  

v i d i n g  a n u c l e o p h i l i c  a l t e r n a t i v e  t o  F r i e d e l - C r a f t s  a l k y l a t i o n .  

Although a p p l i c a t i o n s  of t h i s  new method f o r  aromatic a l k y l a -  

t i o n s  are somewhat l i m i t e d ,  t h e  f o l l o w i n g  examples i l l u s t r a t e  

t h e  t w o  b a s i c  approaches  u t i l i z e d  t o  d a t e .  The first o f  t h e s e  

i n v o l v e s  hydrocarbon a n i o n s  as  n u c l e o p h i l e s  and t h e  second 

employs ca rban ions  d e r i v e d  from n i t r i l e s .  

Reac t ion  of bromobenzene w i t h  t h e  ca rban ion  of  1,3- 

p e n t a d i e n e  i n  t h e  p r e s e n c e  of potass ium metal a f f o r d s  a mix- 

t u r e  o f  monophenylated p e n t e n e s  and p e n t a d i e n e s ,  as well as 
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THE Sml REACTION IN ORGANIC SYNTHESIS. A REVIEW 

p r o d u c t s  r e s u l t i n g  from a t t achmen t  of t w o  o r  t h r e e  phenyl  

g roups  t o  t h e  hydrocarbon c h a i n .  When t h e  r e a c t i o n  is c a r r i e d  

o u t  a t  -78O and t h e  c r u d e  p r o d u c t  m i x t u r e  s u b j e c t e d  t o  c a t a l -  

y t i c  r e d u c t i o n ,  1-phenylpentane  is o b t a i n e d  i n  74% y i e l d .  35 

The c a r b a n i o n  from f l u o r e n e  reacts s a t i s f a c t o r i l y  w i t h  bromo- 

benzene  t o  g i v e  main ly  9 -pheny l f luo rene ,  a l o n g  w i t h  a s m a l l  

amount of  9 ,g -d ipheny l f  l u o r e n e .  35 The ca rban ion  from i n d e n e  

a f f o r d s  main ly  3 - p h e n ~ l i n d e n e 3 ~  Trea tment  of  p h e n y l t r i m e t h y l -  

ammonium i o d i d e  w i t h  t h e  c a r b a n i o n s  from 2- and 4 - p i c o l i n e  

under  p h o t o s t i m u l a t i o n  r e s u l t s  i n  a t t achmen t  o f  2- and  4- 

p y r i d y l m e t h y l  g roups  t o  t h e  benzene  n u c l e u s  a s  shown below. 

S i m i l a r l y ,  b romomesi ty lene  reacts w i t h  2 - p i c o l y l  a n i o n  t o  

form (2 -pyr idy lme thy l )  m e s i t y l e n e  i n  87% y i e l d .  

38 

38 
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WOLFE AND CARVER 

QH2 
60 
0 

7 3% 

88$ 

When v a r i o u s  benzene d e r i v a t i v e s  c o n t a i n i n g  a p p r o p r i a t e  

nuc leo fug ic  groups  are allowed t o  react w i t h  n i t r i l e  c a r b a n i o n s ,  

t h e r e  is a tendency f o r  t he  r a d i c a l  an ion  formed by combina t ion  

of phenyl  r a d i c a l  and t h e  n i t r i l e  ca rban ion  t o  e x p e l  c y a n i d e  

i o n ;  t h e r e b y  g i v i n g  r ise t o  a complex mix tu re  of p r o d u c t s  

d e r i v e d  from r a d i c a l  coup l ing  and r e d u c t i o n .  37 Because of  t h e  

e x t e n s i v e  amount o f  d e c y a n a t i o n ,  these r e a c t i o n s  are n o t  s u i t -  

a b l e  f o r  t h e  s y n t h e s i s  of a - a r y l n i t r i l e s .  However, t h e y  can  

b e  used w i t h  moderate  s u c c e s s  t o  a t t a c h  an  a l k y l  group t o  a 
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THE SRNl REACPION I N  ORGANIC SYNTHESIS. A REVIEW 

benzene r i n g  i n  p l a c e  of a n u c l e o f u g i c  g roup ,  if t h e  reac- 

t i o n  m i x t u r e  is quenched w i t h  water w h i l e  excess metal is 

st i l l  p r e s e n t  t o  f a c i l i t a t e  d e c y a n a t i o n .  T h i s  p r o c e d u r e ,  

which is i l l u s t r a t e d  i n  t h e  eq. 1 0  h a s  been  used  t o  i n t r o -  

duce  e t h y l ,  p r o p y l ,  i s o p r o p y l  , b u t y l ,  i s o b u t y l  and b e n z y l  

g roups .  Y i e l d s  r a n g e  from 20-50%. 37 

t X = I ,  B r ,  C 1 ,  F ,  OPO(OEt)2, NMe3 

I n t e r e s t i n g l y ,  when n i t r i l e  c a r b a n i o n s  are a l lowed  t o  

20 > 49 and r e a c t  w i t h  1 -ha lonaph tha lenes ,  23 2 - c h l o r o p y r i d i n e ,  

2 - c h l o r 0 q u i n o l i n e ~ ~  under  t h e  i n f l u e n c e  o f  n e a r - u l t r a v i o l e t  

l i g h t , d e c y a n a t i o n  does  n o t  o c c u r ,  and  t h e  r e s p e c t i v e  a -naph thy l  

and a - h e t a r y l  n i t r i l e s  are o b t a i n e d  i n  good y i e l d s  ( e q .  1 1 ) .  

h v  >. ArCHCN 
NH3 k 

A r X  + REHCN 

A r  = 1-naph thy l ,  2 - p y r i d y l ,  2 -qu ino ly l  

D. P r e p a r a t i o n  of Aromatic  Amines 

I n  s p i t e  of  t h e  fact  t h a t  t h e  aromatic SRNl r e a c t i o n  w a s  

d i s c o v e r e d  d u r i n g  t h e  amina t ion  o f  iodopseudocumenes,  r e l a t i v e l y  

few examples  of SRNl a m i n a t i o n s  of a r y l  o r  h e t a r y l  h a l i d e s  

have been r e p o r t e d .  A p o t e n t i a l l y  a t t r a c t i v e  r o l e  f o r  such  

r e a c t i o n s  can  b e  found i n  t h e  d i r e c t  amina t ion  of  s u b s t r a t e s  
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WOLFE AND CARVER 

which normal ly  react w i t h  amide i o n  t o  a f f o r d  r e a r r a n g e d  

a ryne  p r o d u c t s  o r  which f a i l  t o  react by e l imina t ion -add i -  

t i o n  because  t h e  p o s i t i o n s  ortho t o  ha logen  have no i o n i z a b l e  

hydrogens.  The f o l l o w i n g  metal promoted r e a c t i o n s  i l l u s t r a t e  

t h e s e  t w o  approaches .  11 

57-671 

I NH I 

64% 

The most g e n e r a l l y  u s e f u l  SRNl amina t ion  p rocedure  

r e p o r t e d  t o  d a t e  i n v o l v e s  r e a c t i o n  o f  a r y l  d i e t h y l  phospha te s  

w i t h  KNH2 and po ta s s ium metal i n  l i q u i d  ammonia t o  form t h e  

co r re spond ing  a n i l i n e s  i n  good y i e l d s .  l7 

phosphate  esters (Tox ic ! )  can  be p r e p a r e d  e a s i l y  from pheno l s ,  

S i n c e  t h e  r e q u i s i t e  

t h e  o v e r a l l  sequence  p r o v i d e s  a new method f o r  t h e  conve r s ion  

of pheno l s  t o  a n i l i n e s  as  shown i n  e q .  1 2 .  The e s t a b l i s h e d  

(EtO)2POC1 
ArOPO(OEt)2 NaOH A r  OH 

( 1 2 )  

K ,  A r N H 2  (56-78%) KNH2- 
NH3 
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THE Sml REACTION IN ORGANIC SYNTHESIS. A REVIEW 

n u c l e o f u g i c  c h a r a c t e r  of  t h e  OPO(OR)2 group,  coup led  w i t h  

its ease of i n t r o d u c t i o n ,  i m p l i e s  t h a t  t h e  schemeshown above  

c o u l d  be expanded t o  i n c l u d e  n u c l e o p h i l e s  o t h e r  t h a n  amide.  37 

T h i s  would p r o v i d e  a g e n e r a l  method f o r  d i sp l acemen t  of  a ro-  

matic hydroxyl  g r o u p s ,  a t r a d i t i o n a l l y  d i f f i c u l t  and rare  

s y n t h e t i c  o p e r a t i o n .  

3 -Bromth iophene  reacts w i t h  KNH2 i n  an  u n c a t a l y z e d  

SRNl p r o c e s s  t o  form 3-aminothiophene i n  79% y i e l d .  2-Bromo- 

th iophene  a f f o r d s  ma in ly  3-aminothiophene. 33 

Con juga te  b a s e s  of a r y l  amines  react p o o r l y  w i t h  a r y l  

h a l i d e s  under  t h e  i n f l u e n c e  of a l k a l i  metals!' Photost imu- 

l a t e d  a m i n a t i o n s  have  n o t  been  s u f f i c i e n t l y  probed  'to con- 

c l u s i v e l y  test t h e i r  g e n e r a l i t y .  F o r  example,  a t t e m p t e d  r i n g  

c l o s u r e  of  13 under  photo-SW1 c o n d i t i o n s  employing po ta s s ium 

t e r t - b u t o x i d e  i n  l i q u i d  ammonia a f f o r d e d  t h e  d e s i r e d  c y c l i z a -  

t i o n  p r o d u c t  (14) i n  o n l y  2% y i e l d .  50 

cH30%N 

CH30 

NaH, CuBr 
DMF 

H- 
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WOLFE AND CARVER 

When t h e  c y c l i z a t i o n  w a s  conducted u s i n g  sodium h y d r i d e  i n  

r e f l u x i n g  dimethylformamide w i t h  copper  ( I )  bromide a s  a 

c a t a l y s t ,  3 was o b t a i n e d  i n  60-70% y i e l d .  

E .  P r e p a r a t i o n  of Aryl  S u l f i d e s  

Iodobenzenes react w i t h  b e n z e n e t h i o l a t e  i o n  i n  l i q u i d  

ammonia under  i r r a d i a t i o n  t o  a f f o r d  d i a r y l  s u l f i d e s  i n  good 

y i e l d s .  24y  40 T h i s  p rocedure  i s  c o n s i d e r a b l y  m i l d e r  t h a n  

I 

+ PhS- hv . @ S-Ph 
R NH3 

R 

t r a d i t i o n a l  s u b s t i t u t i o n  methods l e a d i n g  to  d i a r y l  s u l f i d e s .  

Pho tos t imula t ed  r e a c t i o n  of e t h a n e t h i o l a t e  i o n  w i t h  iodo- 

benzene proceeds  s lowly  t o  produce o n l y  30% of  e t h y l  phenyl  

s u l f i d e . 4 0  

f o r  t h e  r a d i c a l  an ion  of  e t h y l  phenyl  s u l f i d e  t o  f ragment  t o  

f o r m  th iophenoxide  i o n  and e t h y l  r a d i c a l .  I n  c o n t r a s t  t o  t h i s ,  

The modest y i e l d  is a t t r i b u t e d  t o  t h e  tendency 

I 6 + EtS- hv NH3 - Qs-Et 

1 -ha lonaph tha lenes  react smoothly w i t h  a l k y l  mercap t ide  i o n s  

t o  g i v e  a l k y l  naphthyl  s u l f i d e s  i n  e x c e l l e n t  y i e l d s .  23 

244 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



THE Sml REACTION IN ORGANIC SYNTHESIS. A REVIEW 

s S,-R 

hv . 
NH3 - + RS- 

R = G-C H CH2CH20H 4 9’ x = c1, I 

D i h a l o b e n z e n e s  u n d e r g o  p h o t o s t i m u l a t e d  d i s u b s t i t u t i o n  
39 w i t h  t h i o p h e n o x i d e  t o  form b i s  s u l f i d e s  i n  y i e l d s  of 55-95%. 

The t y p e  a n d  r e l a t i v e  p o s i t i o n s  of t h e  h a l o g e n s  h a v e  o n l y  a 

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

s i g n i f i c a n t  accumulation of t h e  m o n o s u b s t i t u t i o n  p r o d u c t .  

Br  

4 - B r o m o i s o q u i n o l i n e  reacts w i t h  

t o  form p h e n y l  4 - i s o q u i n o l y l  s u l f i d e  

S-Ph 

&-Ph 
92% 

sodium t h i o p h e n o x i d e  

i n  good y i e l d  when t h e  

reac t ion  is carried o u t  a t  147O i n  t h e  p r e s e n c e  o f  sodium 
31 

m e t h o x i d e .  

r e a c t i o n .  

I n  t h i s  case m e t h o x i d e  i o n  promotes t h e  SRNl 

NaOMe @ + PhS- MeOH 

P r e p a r a t i o n s  o f  a r y l  v i n y l  s u l f i d e s  by SRNl  r e a c t i o n s  

of  ammonium t h i o p h e n o x i d e  w i t h  v i n y l  h a l i d e s  h a v e  b e e n  moder- 

a t e l y  s u c c e s s f u l  . 34 
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+ PhS-NH4 + hv ~ 

NH3 - 
S-Ph 

2 0% 

+ PhS-NH4 + NH3 hv * 
bSPh 

2 2% 

5 1- 53 
Recen t ly  it h a s  been r e p o r t e d  t h a t  a r o m a t i c  SRN1 

r e a c t i o n s  i n v o l v i n g  benzene t h i o l a t e  i o n  and halogeno d e r i v a -  

t i v e s  of acetophenone,  benzophenone, b e n z o n i t r i l e , a n d  naphtha-  

l e n e  can  be induced e l e c t r o c h e m i c a l l y .  The few p r e p a r a t i v e  

exper iments  which were conducted i n d i c a t e  t h a t  t h i s  cou ld  

be a v i a b l e  s y n t h e t i c  p rocedure .  

\-&I \ -Br + PhS- MeCN,H20= -1.8 V Q"Q 
8 0% 

F .  P r e p a r a t i o n  of  D i a l k y l  Aryl Phosphonates  and T r i a r y l  

Phosphines  

Pho tos t imula t ed  r e a c t i o n s  of a r y l  i o d i d e s  w i t h  po ta s -  

sium d i a l k y l  p h o s p h i t e s  a f f o r d  d i a l k y l  a r y l  phosphonates  i n  

y i e l d s  of 87-968. 25,41 I t  is i n t e r e s t i n g  t o  n o t e  t h a t  

246 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1
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m-diiodobenzene and m-bromoiodobenzene g i v e  main ly  t h e  d iphos-  

phona te  ester w i t h  potass ium d i e t h y l  p h o s p h i t e ,  w h i l e  m-chloro- 

iodobenzene and m-f luoro iodobenzene  are c o n v e r t e d  t o  t h e  

monophosphonates. 25 

PO( O E t  ) 
I 

I 

hv - b, + (Et0)2PO-K+ NH3 

X = I ,  B r  

I 

hv dX + (EtO)2PO-K+ NH3 

x = I, 94% 
X = B r ,  878  

PO( OEt)2 

Qx 
X = C 1 ,  89% 
X = F, 96% 

A r e c e n t  s t u d y  w i t h  phosphanion n u c l e o p h i l e s  h a s  demon- 

strated t h a t  !- and p - iodo to luene  as  w e l l  a s  g- and p b r o m o -  

t o l u e n e  react w i t h  potass ium d ipheny lphosph ide  i n  l i q u i d  

ammonia o r  DMSO t o  a f f o r d  t h e  a p p r o p r i a t e  d i p h e n y l t o l y l -  

phosphines  i n  good y i e l d s .  42 

+ Ph2P-K+ -> 6 (5 
CH3 CH3 

X = I ,  Br 
CH3 = m, p 
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WOLFE AND CARVER 

G.  Misce l laneous  R e a c t i o n s  

Reac t ions  of s u l f u r  s t a b i l i z e d  ca rban ions  w i t h  a r y l  

h a l i d e s  under  SRNl c o n d i t i o n s  have r e c e i v e d  l i t t l e  a t t e n t i o n  

i n  s p i t e  of  t h e i r  obv ious  s y n t h e t i c  p o t e n t i a l .  The d i s c o v e r y  

t h a t  d imsyl  i o n  reacts w i t h  phenyl  h a l i d e s  i n  DMSO s o l u t i o n  upon 

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

f u r t h e r  r e s e a r c h .  

54 

X = I ,  Br, C 1  

H .  Comments on Genera l  Exper imenta l  P rocedures  

D e t a i l e d  p rocedures  f o r  m e t a l  promoted and p h o t o s t i m u l a t e d  

S 1 r e a c t i o n s  may be  found i n  a number o f  t h e  p a p e r s  c i t e d  

i n  t h e  p rev ious  d i s c u s s i o n .  
RN 

P r e p a r a t i v e  r e a c t i o n s  us ing  10-20 mmol o f  a romat i c  o r  

h e t e r o a r o m a t i c  s u b s t r a t e  and 10-60 mmol of t h e  a p p r o p r i a t e  

n u c l e o p h i l e  are normally conducted i n  250-350 m l  of l i q u i d  

ammonia. A500 r n l  th ree-necked  Pyrex f l a s k  equipped  w i t h  a 

Dry Ice /2-propanol  condenser ,  p r e s s u r e  e q u i l i z i n g  a d d i t i o n  

f u n n e l  n i t r o g e n  i n l e t ,  and mechanical  stirrer is s a t i s f a c -  

tory f o r  pho tos t imula t ed  r e a c t i o n s .  A f l a s k  of t h i s  s i z e  and 

c o n f i g u r a t i o n  can be lowered i n t o  t h e  t o p  of a Rayonet model 

RPR-208 photochemical  reactor f a r  enough to  p r o v i d e  s u f f i c i e n t  

i l l u m i n a t i o n  f o r  most pho tos t imula t ed  r e a c t i o n s .  More e f f i c i e n t  
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i r r a d i a t i o n ,  and t h u s  s h o r t e r  r e a c t i o n  t i m e s ,  c an  b e  o b t a i n e d  

by  u s i n g  a c y l i n d r i c a l ,  f l a t - b o t t o m e d  Pyrex  r e a c t i o n  f l a s k  

measur ing  10.6 cm x 50 c m  topped  by a 34/45 '91 f ema le  j o i n t .  

A second 34/45 '91 male j o i n t , t o w h i c h a r e  a t t a c h e d  24/40 S f ema le  

j o i n t s  f o r  t h e  D r y - I c e  condense r ,  a d d i t i o n  f u n n e l  and n i t r o g e n  

i n l e t ,  s e r v e s  as a c o v e r .  S t i r r i n g  i s  accompl ished  by means of  

a g l a s s - c o a t e d  magne t i c  s t i r r i n g  b a r .  

Acknowledgement. -- We are p l e a s e d  t o  acknowledge t h e  s u p p o r t  

o f  t h e  N a t i o n a l  S c i e n c e  Foundat ion  f o r  o u r  r e s e a r c h  i n  t h e  area 

o f  a romat i c  SRNl  r e a c t i o n s  through G r a n t s  CHE 74-20520 and 

CHE 77-13317. 
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