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ABSTRACT

A S tudy  o f  th e  R e a c tio n s  o f  C_-Nitroso Compounds w ith  Base by means o f  

E le c t ro n  Sp in  R esonance S p e c tro sc o p y . By R oger Jerem y M a rtin  G ile s ..

The r a d ic a l - a n io n s  o f  v a r io u s  n i t r o s o a r e n e s  were g e n e ra te d  u s in g  

b a se s  o r  by e le c tro c h e m ic a l  r e d u c t io n .  The r a d ic a l - a n io n s  o f  2 ,6  o r  2,4>6 

c h lo ro -  o r  b ro m o -n itro s o a re n e s  l o s t  h a l id e  from  th e  2 - p o s i t i o n  and th e  

r a d ic a l - a n io n  o f  th e  r e s u l t i n g  n i t r o s o a re n e  was d e te c te d .  The c h lo ro -  o r  

b ro m o -n itro so a re n e s  a l s o  form ed d im e ric  r a d ic a l - a n io n s  p o s s ib ly  o f  a  sem i- 

d ia z o x id e  s t r u c t u r e  [A rN (C )N (0 " )A r] . The r a d ic a l - a n io n s  o f  f lu o r o -  

s u b s t i t u t e d  n i t r o s o a re n e s  w ere n o t d e te c te d  e i t h e r  th ro u g h  a l t e r n a t i v e  

r e a c t io n  on th e  r i n g  o r  b eca u se  th e  a z o x y -d e r iv a t iv e  and f u r t h e r  r e d u c t io n  

p ro d u c ts  w ere fa v o u re d  i n  th e  e q u i l ib r iu m  w ith  th e  n i t r o s o - r a d i c a l - a n io n .

+e
ArNO ÿ "  . ' ArNO" ArN(o"‘)N(o")Ar

-0H“
ArN=N(0)Ar I . - - -  ;  ArN(0H)N(0")Ar

The s p e c t r a  o f  th e  r a d ic a l - a n io n s  d e te c te d  e x h ib i te d  l in e -b ro a d e n in g  due to  

slow  m o le c u la r  tu m b lin g  and one exam ple was exam ined i n  d e t a i l .

The r e a c t io n  betw een  a  n i t r o s o a re n e  and io d o a lk a n e  i n  re d u c in g  

c o n d i t io n s  (b a s ic  m edia o r  e le c tro c h e m ic a l  r e d u c t io n )  was in v e s t i g a t e d .  The 

c o rre sp o n d in g  n i t r o x id e  a n d /o r  N -a lk o x y a n ilin o  r a d i c a l  were d e te c te d .

W ith th e  c h lo ro -  and brom o- n i t r o s o a r e n e s  a t t a c k  by  b ase  

on th e  r i n g  p ro b a b ly  o c c u rs  p r i o r  to  fo rm a tio n  o f  th e  a n i l i n e  r a d i c a l .

The r a d i c a l s  a r e  th o u g h t to  be g e n e ra te d  by  n u c le o p h i l i c  s u b s t i t u t i o n  a t  

th e  h a l id e  by th e  n i t r o s o - r a d i c a l - a n io n .

ArNO“ + RI ---------- > ArN(R)0- + I ”  .

(+ArNOR)

When th e  r e a c t io n  i s  perfo rm ed  i n  th e  p re se n c e  o f  m o le c u la r  oxygen th e  n i t r o -  

a re n e  r a d ic a l - a n io n  g e n e ra te d  may a ls o  r e a c t  w ith  io d o a lk a n e s  to  form  a  ' 

n i t r o x id e .  The r e a c t io n  was ex ten d ed  to  th e  p o ly h a lo g en o m e th an es , t r i -  

iodom ethane , d i- io d o m e th an e  and trib ro m o m eth an e . R e a c tio n  w ith  n itro so b e n z e n e  

g e n e ra te d  N ,N -d ip h e n y l-fo rm a m id in y l-N ,N -d io x id e ;

PhNO + EC]^ _ba§e— > PhN(0* )CH.N(o)Ph
o r  ca th o d e
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CHAPTER 1 .

•INTRODÏÏCTION

S e c t io n  1,1

O u tlin e  o f  th e  Theory o f  E le c t ro n  S p in  R esonance ( e . s . r . )  S p e c tro sc o p y .

I t  i s  n e c e s s a ry  to  give  a  b r i e f  in t r o d u c t io n  to  some o f  th e  

p r in c i p l e s  o f  th e  e . s . r .  te c h n iq u e  r e le v a n t  to  th e  in v e s t i g a t io n  u n d e r­

ta k e n .  P u l l  d e s c r ip t io n s  o f  th e  th e o r i e s  and a p p l ic a t io n s  o f  e . s . r .
1

s p e c tro s c o p y  a re  g iv e n  i n  numerous books and re v ie w s .

I f  th e  e l e c t r o n  i s  c o n s id e re d  a s  a  s p in n in g  ch arg ed  b o d y 'i t  w i l l  

'h a v e  an  a s s o c ia te d  m ag n e tic  nioment (p ) g iv e n  by ;

P- = -£ p s  ( l )

w here S i s  th e  s p in  v e c to r  o f  th e  e l e c t r o n ,  ^  i s  known a s  th e  " ^ - f a c to r "

o r  s p e c tro s c o p ic  s p l i t t i n g  f a c t o r  ( f o r  a  f r e e  e l e c t r o n  ^  = 2 .0 0 2 ^ 2 ) ,^

and (3 i s  th e  Bohr m agneton , a  f a c t o r  f o r  c o n v e r t in g  a n g u la r  momentum to  

m ag n e tic  moment.

p = eh  ( = 9.2741  X ICT^I g3.g Q -1^
4 MHO

2  and m a re  th e  e l e c t r o n i c  ch a rg e  and r e s t  mass r e s p e c t iv e l y ,  i s  th e

v e l o c i ty  o f  l i ^ t  and h  i s  P la n k 's  c o n s ta n t .

The quantum m ech an ica l s o lu t io n  f o r  th e  a n g u la r  momentum p r o p e r t i e s  

o f  th e  e l e c t r o n  a llo w s  o n ly  s p e c i f i c  o r i e n t a t i o n s  w ith  r e s p e c t  to  a  

r e f e r e n c e  d i r e c t i o n .  Thus th e  a s s o c ia te d  m ag n e tic  moment i s  o r i e n t a t i o n -  

q u a n t is e d .  F o r a  r e f e r e n c e  d i r e c t i o n  ( z )  ( f o r  exam ple, th e  d i r e c t i o n  o f  

a  s t a t i c  e x te r n a l  m ag n e tic  f i e l d )  th e  component o f  m ag n e tic  moment in
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th e  Z - d i r e c t io n  i s  g iv e n  by

% = (11)

2^ i s  th e  m ag n e tic  s p in  quantum number = ±  ' The en e rg y  o f  i n t e r a c t i o n

o f  th e  m ag n e tic  moment w ith  a  m ag n e tic  f i e l d  i s  E =

••• 1  = = ± i  (111)

Thus th e r e  a r e  two en erg y  s t a t e s  d i f f e r i n g  i n  en erg y  by  AE = ( iv )

I f  an  e le c tro m a g n e tic  f i e l d  o f  f re q u e n c y  v , where hv = 

i s  a llo w ed  to  i n t e r a c t  w ith  th e  e l e c t r o n  th e  e l e c t r o n 's  s p in  may be 

re v e r s e d  and en e rg y  ab so rb ed  from  th e  e le c tro m a g n e tic  f i e l d .  T h is  form s 

th e  b a s i s  o f  th e  re so n an ce  ex p e rim en t. In  f a c t ,  th e  m ag n e tic  d ip o le  o f  

th e  e l e c t r o n  i n t e r a c t s  w ith  th e  o s c i l l a t i n g  m ag n e tic  f i e l d  o f  th e  e l e c t r o ­

m ag n e tic  r a d i a t i o n  and t r a n s i t i o n s  o c c u r o n ly  i f  th e  r a d i a t i o n  i s  p o la r iz e d  

such  t h a t  th e  o s c i l l a t i n g  m ag n e tic  f i e l d  h as  a  component p e rp e n d ic u la r  

to  th e  s t a t i c  m ag n e tic  f i e l d .  T h is  c o n d i t io n  i s  n e c e s s a ry  to  cause  

th e  change i n  th e  o r i e n t a t i o n  o f  th e  e l e c t r o n  m ag n e tic  moment. A 

p a r a l l e l  o s c i l l a t i n g  m ag n e tic  f i e l d  would m ere ly  cau se  th e  e n e rg ie s  o f  

th e  s p in  s t a t e s  to  o s c i l l a t e .

E q u a tio n  ( i v )  shows t h a t  th e  en erg y  d i f f e r e n c e  betw een th e  two 

s p in  s t a t e s  i s  d i r e c t l y  p r o p o r t io n a l  to  th e  a p p l ie d  f i e l d  H. The 

p o p u la t io n  o f  th e 'tw o  l e v e l s  i s  g iv e n  by  th e  B oltzm ann e x p re s s io n .
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—  = e x p ( -^ H /k T ) . (v )
"2

= number o f  p a r t i c l e s  i n  th e  u p p e r  s t a t e  

n^ = number o f  p a r t i c l e s  i n  th e  lo w er s t a t e  

k  = B o ltzm an n 's  c o n s ta n t  

T = a b s o lu te  te m p e ra tu re .

, Thus th e  h ig h e r  th e  v a lu e  o f  th e  a p p l ie d  f i e l d  th e  g r e a t e r  w i l l

be th e  p o p u la t io n  d i f f e r e n c e  (n g -n ^ ) and hence th e  g r e a t e r  th e  n e t  

a b s o rp t io n  o f  en e rg y  and co n seq u en t s e n s i t i v i t y  o f  th e  s p e c tro m e te r .

P r a c t i c a l  c o n s id e ra t io n s  d i c t a t e  u se  o f  a  m ag n e tic  f i e l d  o f  c a .

3400 G f o r  m ost s p e c tro m e te rs ,  th e  c o rre sp o n d in g  r a d i a t i o n  fre q u e n c y  

b e in g  c a .  9 «5 (m icrow ave, X-band r e g io n ) .  The fre q u e n c y  i s  k e p t

c o n s ta n t  and th e  f i e l d  v a lu e  i s  v a r ie d  to  g e n e ra te  th e  sp ec tru m .

g -V alues

The v a lu e s  o f  m ost o rg a iiic  f r e e  r a d i c a l s  a re  w ith in  1^ o f  th e  

f r e e  e l e c t r o n  v a lu e .  The p re se n c e  o f  in co m p le te ly ^ q u en ch ed  o r b i t a l  

a n g u la r  momentum cau ses  th e  d e v ia t io n  from  th e  f r e e  e l e c t r o n  v a lu e  and 

in t ro d u c e s  a n is o t ro p y .  F o r f l u i d  s o lu t i o n s ,  how ever, an  i s o t r o p i c  v a lu e  

i s  o b se rv ed  due to  r a p id  tu m b lin g  o f  th e  r a d i c a l .  The a n is o tro p y  o f  

^  i s  accommodated by  w r i t i n g  i t  a s  a  s e c o n d -ra n k  te n s o r .  I f  i t  i s  p o s s ib le  

to  chose an  o r i e n t a t i o n  o f  th e  r a d i c a l ,  as i n  th e  s o l id  s t a t e ,  i t  may 

be p o s s ib le  to  d ia g o n a l is e  th e  ^ - t e n s o r ,  h a v in g  th e  n o n -ze ro  e lem en ts  

( c a l l e d  th e  p r in c i p a l  com ponents) on th e  d ia g o n a l .  An ap p rox im ate  

t h e o r e t i c a l  tre a tm e n t^  gave th e  r e l a t i o n s h i p ;
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A£ = S ( ^ . .

w here A£ i s  th e  d e v ia t io n  o f  any one o f  th e  p r in c i p a l  com ponents from  

th e  f r e e  s p in  v a lu e  and th e  summation i s  o v e r a l l  th e  atom s ( i )

i n  th e  r a d i c a l ;  i s  th e  s p in  d en s i.ty  on atom ( i ) ,  and i s  th e  s p in -  

o r b i t a l  c o u p lin g  c o n s ta n t  f o r  t h a t  atom . AE^ = E^^ -  where

E^^ i s  th e  en e rg y  o f  th e  s in g ly  o ccu p ied  o r b i t a l  and E^j^ i s  t h a t  o f  some 

o th e r  o r b i t a l  on atom ( i ) .

In c re a s e d  d e v ia t io n s  from  th e  v a lu e  o f  can  th e n  be ex p ec ted  i f  

th e  s p in  d e n s i ty  in c re a s e s  on atom s w ith  la r g e  s p in - o r b i t  c o u p lin g

c o n s ta n ts  As g e n e r a l ly  in c re a s e s  w ith  in c r e a s in g  a tom ic num ber,

la r g e  d e v ia t io n s  w i l l  be o b se rv ed  from  r a d i c a l s  c o n ta in in g  heavy  a tom s, 

p ro v id e d  th e  en e rg y  d i f f e r e n c e  AE^ rem ains  f a i r l y  c o n s ta n t .  S in ce  AE^ = 

(E g^-E ^^), m ix in g  w ith  an  o r b i t a l  o f  h ig h e r  en erg y  w i l l  g iv e  a  v a lu e  

o f  A^ <  0 w hereas m ix in g  w ith  an  o r b i t a l  o f  lo w er en e rg y  w i l l  g iv e  a  

A £ > 0 . The d e v ia t io n  o f  th e  i s o t r o p i c  ^ -v a lu e  from  w i l l  be g iv e n  

a s  th e  av e rag e  o f  d e v ia t io n s  o f  each  o f  th e  p r in c i p a l  com ponents.

I n  p r a c t i c e ,  i t  a p p e a rs  t h a t  £  f o r  t i - r a d ic a ls  i s  u s u a l ly  g r e a t e r  

th a n  th e  f r e e - s p i n  v a lu e  and may be dom inated  by th e  c o n t r ib u t io n  from  

one p a r t i c u l a r  s u b s t i t u e n t .  Such an  e f f e c t  may be u s e f u l  f o r  a s s ig n ­

ment p u rp o s e s . In  c o n t r a s t ,  f o r  6“- r a d i c a l s  £  i s  u s u a l ly  l e s s  th a n  th e  

v a lu e .  ̂  . '  ■

The _g-value o f  a  r a d i c a l  can  v a ry  w ith  changes i n  b o th  s o lv e n t 

and te m p e ra tu re . , The v a r i a t i o n  o f  £  w ith  s o lv e n t  can  be th e  g r e a t e r  

o f  th e  tw o, p a r t i c u l a r l y  i f  th e  r a d i c a l  i s  p o la r  and th e r e  a re  s p e c i f i c
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r a d i c a l - s o lv e n t  i n t e r a c t i o n s .  F o r exam ple, ^ -ben zo sem iq u in o n e  r a d i c a l -

a n io n  shows ^ -v a lu e s  o f  2 .00450 a-t -6 6  and 2 .OO468 a t  25 °C in

b u ta n o l^ ,  w hereas i n  w a te r  £  was 2 .OO466 and i n  DMSO was 2.00518 a t

20 S im i la r ly ,  th e  £ - v a lu e  o f  d i - t - b u t y l  n i t r o x i d e  a t  20 °C changes
7

from  2.00556  i n  w a te r  to  2 .OO614 i n  h ex an e .

T ab le  1.1 

g -V alues o f  some o rg a n ic  r a d i c a l s

R a d ic a l

T riphenylm e th y l  

N aph thalene  r a d ic a l - a n io n  

D iphenylp  i  c ryhy  drajzyl 

B enzyl

£

2 . 002588 '

2 . 002752 '

2 . 00554^

2.002639

B e n z o y l, PhCO

T able  1 .2

2.0006^0

T y p ic a l g -v a lu e s f o r  n i t r o x id e s
1 2 * 9

R R NO

e '  ■ R^ £

A lky l A lky l 2.0060  -  2.0063

A lkyl A ry l 2.0055  -  2.0057

A iy l A ry l 2 .0055  -  2.0057

A lkyl 001= 2 .0070  -  2.0071

A lky l Acyl 2.0067  -  2.0070

A lky l A lkoxyl 2.0050  -  2.0054

Acyl Acyl 2.0073
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H y p erfin e  S tr u c tu r e

Much in fo rm a tio n  ab o u t f r e e  r a d i c a l s  i n  s o lu t io n ,  g iv e n  by an 

e . s . r .  sp ec tru m , comes f ro m .th e  " h y p e r f in e  s t r u c t u r e " .  The e f f e c t  

a r i s e s  from  th e  i n t e r a c t i o n  o f  th e  u n p a ire d  e l e c t r o n  w ith  th o s e  n u c le i  

i n  th e  r a d i c a l  w hich have n o n -z e ro  s p in ,  e . g . H (I = -J), H (I = l ) ,

14^(1 = 1 ) ,  ' 'V ( l  = i ) ,  ^ ^ F ( l = i ) ,  and ^ ^ C l( l  = ^/2)  (w here I  =

n u c le a r  s p in  quantum num ber). The ty p e  o f  c o u p lin g  o b se rv ed  from  f r e e  

r a d i c a l s  i n  s o lu t io n  i s  i s o t r o p i c  and a t t r i b u t e d  to  a  n e t  u n p a ire d  

e l e c t r o n  s p in  d e n s i ty  a t  th e  n u c l e i .  A ll  a n i s o t r o p ic  d ip o le - d ip o le  

e f f e c t s  a re  av e rag ed  to  ze ro  due to  th e  r a p id  tu m b lin g  o f  th e  r a d i c a l  

i n  th e  m ag n e tic  f i e l d .

The s im p le s t  system  e x h ib i t i n g  a  n u c le a r  h y p e r f in e  i n t e r a c t i o n  

i s  th e  hydrogen  atom . The s in g le  p ro to n  n u c le u s  h as  s p in  I  = J  g iv in g  

two a llo w ed  en erg y  l e v e l s ,  J  i n  a  m ag n e tic  f i e l d .  The l e v e l s  a re

ap p ro x im a te ly  e q u a l ly  p o p u la te d  a t  room te m p e ra tu re  due to  t h e i r  sm a ll 

en e rg y  s e p a r a t io n .  Thus th e  e l e c t r o n  w i l l  e x p e r ie n c e  one o f  th e  two 

p o s s ib le  l o c a l  f i e l d s  c o n t r ib u te d  by  th e  p ro to n  and re so n an ce  w i l l  

o c c u r  a t  two v a lu e s  o f  e x te r n a l  m ag n e tic  f i e l d ,  w ith  eq u a l p r o b a b i l i t y .  

The two re s o n a n t f i e l d  v a lu e s  a re  g iv e n  by

E = ^  — aMj

where a  i s  th e  s p a c in g  o f  th e  two h y p e r f in e  l i n e s  and i s  c a l l e d  th e  

h y p e r f in e  s p l i t t i n g  c o n s ta n t  ( i n  u n i t s  o f  m ag n e tic  f i e l d )  a s  opposed 

to  th e  h y p e r f in e  c o u p lin g  c o n s ta n t  (A) ( i n  u n i t s  o f  f re q u e n c y ) .  To
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i n t e r c o n v e r t  a  know ledge o f  th e  £ - v a lu e  i s  n e c e s s a ry  as  _a = hA^ 

b ecau se

hv = £ p (E  + a J ^ )  = £pE + h A ^  by  d e f i n i t i o n .

The s e l e c t i o n  r u le s  f o r  e . s . r .  t r a n s i t i o n s  a re  = ±  1>

= 0 .

F o r a  n u c le u s  h a v in g  I. = 1 th e r e  w i l l  be th r e e  n u c le a r  en e rg y  

l e v e l s  c o r re sp o n d in g  to  2 ^  = 1 and 0 ,  and a  t o t a l  o f  s i x  s p in  s t a t e s

f o r  th e  co m b in a tio n s  o f  and T r a n s i t io n s  w i l l  o c c u r betw een  th e

p a i r s  o f  l e v e l s  i n  w hich i s  th e  same, and th e  spec trum  w i l l  

c o n se q u e n tly  c o n s i s t  o f  th r e e  a b s o rp tio n s  o f  e q u a l i n t e n s i t y  e q u a l ly  

spaced  (1 ;1 ;1  t r i p l e t ) .

By a  s im i la r  p ro c e s s  th e  spec tru m  from  th e  i n t e r a c t i o n  o f  th e  

u n p a ire d  e l e c t r o n  and two m a g n e tic a lly  e q u iv a le n t  p ro to n s  i s  a  t r i p l e t  

w ith  r e l a t i v e  i n t e n s i t i e s  1 :2 :1  ( s e e  d ia g ra m ).

a

1

e q u iv a le n t  

p ro to n s  : 0
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I n  g e n e r a l ,  w ith  n  e q u iv a le n t  p ro to n s  n + 1 l i n e s  a re  o b ta in e d , 

t h e i r  r e l a t i v e  i n t e n s i t i e s  b e in g  th e  c o e f f i c i e n t s  o f  th e  b in o m ia l 

ex p an s io n  o f  ( l  + x ) ^ .  F o r _m n o n -e q u iv a le n t  p ro to n s  th e  maximum number 

o f  l i n e s  g e n e ra te d  w i l l  be 2^ , i f  a l l  th e  s p l i t t i n g  c o n s ta n ts  d i f f e r  

and th e r e  i s  no o v e r la p p in g  o f  l i n e s .  The o v e r a l l  w id th  o f  a  spectrum

i s  2 2 I . a . ,  th e  summation b e in g  o v e r  a l l  n u c l e i .
^  —1—1

The O rig in  o f  H y p e rfin e  S p l i t t i n g  in  A rom atic % -B adicals c o n ta in in g  

Hydrogen and F lu o r in e .

E a r l i e r  i t  was s a id  t h a t  th e  i s o t r o p i c  h y p e r f in e  c o u p lin g  from  

■ f r e e  r a d i c a l s  i n  s o lu t io n  was a s c r ib e d  to  a  n e t  s p in  d e n s i ty  a t  th e  

n u c le u s  co n ce rn ed . I t  i s  p o s s ib le  t h a t  t h i s  n e t  s p in  d e n s i ty  i s  o f  

th e  same o r  o p p o s ite  s p in  to  t h a t  o f  th e  u n p a ire d  e l e c t r o n ,  and i s  

c a l l e d  a  " p o s i t iv e "  o r  " n e g a tiv e "  s p in  d e n s i ty ,  r e s p e c t iv e l y .  The 

s p in  d e n s i ty  a t  a  n u c le u s  depends on th e  mechanism o f  s p in  t r a n s f e r  

t h r o u ^  th e  r a d i c a l .  A lso , p o s i t i v e  and n e g a t iv e  s p l i t t i n g  c o n s ta n ts  

a re  d e f in e d ,  th e  s ig n  b e in g  th e  same a s  t h a t  o f  th e  s p in  d e n s i ty  i f  th e  

gy rom agnetic  r a t i o  i s  p o s i t i v e .

The hydrogen  atom s o f  a  benzene r i n g  a re  i n  th e  n o d a l p la n e  o f  th e  

ca rb o n  % - o r b i ta ls .  Thus i f  an  u n p a ire d  e l e c t r o n  i s  c o n ta in e d  i n  a  %- 

o r b i t a l  o f  th e  r i n g  th e n  s p in  d e n s i ty  can n o t be d i r e c t l y  t r a n s f e r e d  

to  th e  p r o to n s .  I n s te a d ,  ^ s p i n - p o la r i s a t i o n ' o f  th e  C-H bond i s  th e  

e f f e c t iv e  mechanism*^ and s t r u c t u r e  I  h as  s l i g h t l y  g r e a t e r  p r o b a b i l i t y  

th a n  I I  from  th e  ^  -Tt  i n t e r a c t i o n  and i s  p r e d ic te d  by  H und 's R u le s .
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( I )  ( I I )

-Hence th e  p ro to n  w i l l  e x p e r ie n c e  a  n e t  n e g a t iv e  s p in  d e n s i ty .  F or 

f l u o r i n e ,  how ever, th e r e  a re  two m ain m echanisms o f  s p in  t r a n s f e r ,  ^ s p in  

p o l a r i s a t i o n  (a s  above) and p a r t i a l  C-F n o v e r la p  ( i l l u s t r a t e d  b e lo w ).

( j )  ( j )  ( j )
C   F  f - - - - - - - - > C - - - - - - -  F*

Ô Ô Ô Ô

4
4

\
/  \

\  \

\
4 i

The % -bonding mechanism u s u a l ly  dom inates o v e r  th e  <r*-spin p o l a r i s a t i o n  

and a  n e t  p o s i t i v e  s p in  d e n s i ty  r e s u l t s .

The s ig n  o f  a  p ro to n  h y p e r f in e  s p l i t t i n g  can  be o b ta in e d  from  th e  

d i r e c t i o n  o f  s h i f t  i n  n .m .r .  re so n an ce  f o r  th e  p ro to n s  i n  th e  r a d i c a l  com pared 

w ith  th e  d ia m ag n e tic  p a r e n t  compound.^ M o lecu la r o r b i t a l  c a l c u la t io n s  

and ex p e rim en ts  show t h a t  th e  s p in  d e n s i ty  (^  ) d i s t r i b u t i o n  i n  a  phen y l 

n i t r o x id e  i s  a s  fo l lo w s :
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and

s H

K \  >141

I f  th e  o r th o - p o s i t i o n s  c o n ta in  h u lk y  g roups o r  th e  o th e r  

n i t r o g e n  s u b s t i tu e n t  i s  l a r g e  th e n  th e  n i t r o x id e  group i s  fo rc e d  o u t o f  

th e  p la n e  o f  th e  r i n g  and th e  r e l a t i v e  m agn itudes o f  th e  p ro to n  

s p l i t t i n g s  ch an g e^^ ’^^ to  | ^ |  ~ ^  1—̂p^ * M o lecu la r o r b i t a l

c a l c u la t io n s  p r e d i c t  t h i s  v a r i a t i o n  b u t i t  i s  u n c e r t a in  w h eth er th e  

m a jo r ro u te  o f  t r a n s f e r  o f  s p in  t h r o u ^  th e  r i n g  s k e le to n  i s  now 

th ro u g h  th e  o" o r  th e  n b o n d s . F o r  f lu o r i n e  s u b s t i t u t i o n  in  an a i y l  

n i t r o x id e  where th e  n i t r o x id e  group i s  n o t tw is te d  o u t o f  th e  p la n e  o f  

th e  r i n g  th e  d i s t r i b u t i o n  i s ,

F F
& I >141

and th e  f lu o r in e  s p l i t t i n g  i s  o f  th e  same s ig n  a s  t h a t  o f  th e  a d ja c e n t 

ca rb o n  atom , show ing t h a t  th e  p a r t i a l  doub le  bo n d in g  mechanism o f  s p in  

d i s t r i b u t i o n  to  F i s  dom inan t. However, i f  th e  n i t r o x id e  group i s  

tw is te d  o u t o f  th e  p la n e  o f  th e  r i n g  th e  f lu o r in e  s p l i t t i n g s  a l l
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become o f  s im i la r  m agnitude (S e c t io n  3 «13) th e  met a - F c o u p lin g

65changes s ig n ,  show ing t h a t  th e  « " - d i s t r ib u t io n  mechanism th ro u g h  th e  

ca rb o n  s k e le to n  h as  been  enhanced and now th e  s p in  d e n s i ty  t r a n s f e r e d  

by  s p i n - p o la r i s a t i o n  o f  C-F i s  o f  s im i la r  m agnitude to  t h a t  from  th e  

p a r t i a l  doub le  bo n d in g  m echanism .

41 “ 14- .-TI “ I4l

FF or exam ple, = -0 .9 4  G i n  5 - f l 'u .o ro p h e n y l- t-b u ty l n i t r o x id e  

w hereas ^  = + 1 .26  G i n  5 -f l 'a .o ro -2 -m e th y lp h e n y l- t -b u ty l n i t r o x id e .

O th e r exam ples a r e  g iv e n  i n  T ab les  2 .3 ,  3*6 and 3*7 and th e  e f f e c t  i s  

u sed  i n  th e  a ss ig n m en t o f  r a d ic a l  s t r u c t u r e s  ( s e e  S e c t io n  3*^3)*

L in ew id th s

The a n a ly s i s  o f  th e  shape o f  e . s . r .  a b s o rp tio n s  can  y i e l d  i n f o r ­

m a tio n  ab o u t tim e-d ep e n d en t phenomena. The w id th  o f  an  a b s o rp t io n  may 

be e x p re s se d  i n  te rm s o f  th e  H e isen b e rg  u n c e r t a in ty  p r in c i p l e  i n  th e  

form :

AE 'TT h
271

A v =  AE =  1
h  271'T
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where X  i s  th e  r e l a x a t i o n  t im e , and AE and Av a re  th e  u n c e r t a in t i e s  

i n  th e  t r a n s i t i o n  en e rg y  and f re q u e n c y , r e s p e c t iv e l y .  Thus th e  l i n e ­

w id th  i s  d e te rm in e d  by th e  r e l a x a t i o n  t im e , T , w hich c o n ta in s  two p a r t s ,  

th e  s p i n - l a t t i c e  (T^) and s p in - s p in  (T ^) r e l a x a t i o n  t im e s .

1 =  1 + 1  
X  T. T,

F o r o rg a n ic  r a d i c a l s  i n  th e  l i q u i d  p h a se , th e  s p i n - l a t t i c e  

i n t e r a c t i o n  i s  weak and h as  l i t t l e  e f f e c t  on th e  l in e w id th .  Tg, how ever, 

i s  an  e f f i c i e n t  p ro c e s s ,  p a r t i c u l a r l y  f o r  e l e c t r o n  s p in - è l e c t r o n  s p in  

i n t e r a c t i o n .  C o n seq u en tly , th e  l in e w id th  i s  dependen t upon th e  r a d ic a l  

c o n c e n tr a t io n .

Chem ical p ro c e s s e s  can  p roduce  e . s . r .  l i n e  b ro a d e n in g  i f  th e y  

a l t e r  th e  m ag n e tic  env ironm ent o f  th e  u n p a ire d  e l e c t r o n .  These 

p ro c e s s e s  a re  u s u a l ly  exchange r e a c t io n s ,  such  as  e l e c t r o n  o r  p ro to n  

t r a n s f e r s ,  w hich e f f e c t  th e  spec trum  i f  th e  fre q u e n c y  o f  exchange i s  

com parable to  th e  d i f f e r e n c e  i n  re so n an ce  f re q u e n c ie s  f o r  th e  d i f f e r e n t  

env ironm en ts  ( c a . 10 H z).

V a r ia t io n  in  l in e w id th  w ith in  th e  sp ec trum  o f  a  r a d i c a l  i s  known. 

The e f f e c t  can  a r i s e  fro m  tim e-d ep e n d en t h y p e r f in e  s p l i t t i n g s  ( a r i s i n g  

b o th  from  ch em ica l p ro c e s s e s  and from  c o n fo rm a tio n a l ch an g es) and from  

a  d e c re a se  i n  th e ' tu m b lin g  r a t e  i n  s o lu t io n .  As th e  tu m b lin g  r a t e  

d e c re a se s  th e  a n i s o t r o p ic  i n t e r a c t i o n s  a re  no lo n g e r  av e ra g ed  to  ze ro
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and th e  spectrum  b e g in s  to  resem b le  t h a t  f o r  a  random ly o r ie n te d  s o l i d .  

The e f f e c t  i s  i l l u s t r a t e d  by th e  exam ple o f  th e  d i - t - b u t y l  n i t r o x id e  

r a d ic a l^ ^  i n  m edia o f  d i f f e r e n t  v i s o s i t y  (F ig u re  1.1 ) .  An exam ple o f  

th e  e f f e c t  f o r  a  r a d i c a l  c o n ta in in g  two e q u iv a le n t  n i t r o g e n  atoms

62( th e  2 -d in i tro b e n z e n e  r a d ic a l - a n io n )  h as  been  a n a ly se d  i n  d e t a i l ,  and 

may be u sed  to  p r e d i c t  th e  s ig n  o f  n i t r o g e n  h y p e r f in e  c o u p lin g .
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F ig u re  1.1

E . s . r .  sp ec tru m  o f  d i - t - b u t y l  n i t r o x id e  i n  m edia o f  d i f f e r e n t

v i s c o s i t y . 61

a )

b )

r c )

a )  At 77 K ( s o l i d ) ,  b )  a t  142 K (v is c o u s  e th a n o l s o lu t i o n ) ,  c )  a t  292 K 

(low  v i s c o s i t y ) .  ,
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S e c t io n  1 .2

C-M troso-C om pounds

As t h i s  r e s e a r c h  i s  co n ce rn ed  w ith  th e  r e a c t io n s  o f  £ - n i t r o s o -  

componnds, R-N=0, p a r t i c u l a r l y  a ro m a tic  £ -n itro so -c o m p o u n d s , an i n t r o :  

d u c t io n  to  t h e i r  p r o p e r t i e s  i s  r e l e v a n t .

The n i t r o s o - s u b s t i t u e n t  i n  a ro m a tic  system s a c t s  a s  an  e l e c t r o n  

a c c e p to r .  T h is  i s  in d ic a te d  hy  th e  re so n an ce  s t r u c t u r e s ;

< > 4------^

and con firm ed  by th e  d ip o le  moment o f  3*2 D. 11

ii >

A te n d en cy  tow ards d im é r is a t io n  i s  a  d i s t i n c t i v e  p ro p e r ty  o f  th e

n i t r o s o  group when a t ta c h e d  to  c a rb o n . The d im er i s  u s u a l ly  c o lo u r le s s

and is  th e  s t a b l e  form  i s  th e  s o l id  s t a t e .  I n  s o lu t io n  an  e q u i l ib r iu m

betw een  th e  two form s i s  e s t a b l i s h e d ,  th e  p o s i t i o n  o f  e q u i l ib r iu m

11depend ing  upon th e  s u b s t i t u e n t s .  B oth a ro m a tic  and a l i p h a t i c  G -n itro so - 

compounds form  d im e rs . The d im e ric  s t r u c t u r e  h a s  been  e s ta b l i s h e d  to  

be e i t h e r  a  c i s  o r  t r a n s  N ,N *-azod iox ide  [ o r  jO -n it ro s o b is ( t r i f l u o r o -  

m e th y l)  h y d ro x y l amine i n  th e ' c a se  o f  t r i f lu o r o n i t r o s o m e th a n e  ] by

X -ray  c ry s ta llo g ra p h y _ . 12,13
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F o r exam ple, n i.tro so m e th a n e : ^

H ,c  ■■ ,C H , - q
2CHN0

~Q  ̂ '^ 0 -  CH^ '^ 0 "

I , I

C -N itroso-com poim ds a re  b lu e  o r  g re e n  i n  th e  monomeric s t a t e ,

d epend ing  upon th e  s o lv e n t .  The c o lo u r  o r ig i n a te s  from  an  n —*71*
o

t r a n s i t i o n  w ith  weak a b s o rp t io n  i n  th e  63OO -  83OO A ran g e  ( £  = 1 to

60 ) .

The m onom er-dimer e q u i l ib r iu m  may be s h i f t e d  tow ards th e  monomer 

by  s u b s t i t u t i o n  w ith  e l e c t r o n  r e l e a s in g  s u b s t i t u e n t s .  F o r exam ple 

n itro so b e n z e n e  form s th e  monomer much more r a p id ly  upon d i s s o lv in g  

th a n  does 2 -m e th y l-2 -n it ro s o p ro p a n e . ^ "^^^G th y lam in o - and ^ - io d o -  

n itro so b e n z e n e  a re  monomeric i n  th e  s o l id  s t a t e .  Dimer d i s s o c i a t i o n  has 

been  shown to  be e l e c t r o n  dem anding, show ing a  Hammett ^  v a lu e  o f  - 1 .5  

f o r  p a r a  s u b s t i t u e n t s .^ ^  S t a b i l i s a t i o n  o f  th e  d im er i s  a c h ie v e d  by 

o r th o - s u b s t i t u t i o n .  T h is  o r th o - group e f f e c t  may be a t t r i b u t e d  to  e i t h e r

17s t e r i c  i n h i b i t i o n  o f  re so n an ce  i n  e i t h e r  th e  monomer o r  th e  d im er

( r e s u l t i n g  in  a  s t r o n g e r  H-N b o n d ). 18
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The ‘b a s e - c a ta ly s e d  r e a c t io n  betw een an  a c t iv a t e d  m ethy lene  group 

and an  a ro m a tic  £ -n itro so -co m p o u n d  i s  known a s  th e  E h r l ic h -S a c h s  

r e a c t i o n . I t  i s  th o u g h t to  he i n i t i a t e d  by  n u c le o p h i l ic  a t t a c k  by 

th e  c o rre sp o n d in g  c a rb a n io n  on th e  n i t r o s e - g r o u p . The m ix tu re  o f  

p ro d u c ts  o b ta in e d  may in c lu d e  an a n i l ,  n i t r o n e ,  azoxy-compound o r  

amine d ep end ing  upon th e  c o n d i t io n s  o f  r e a c t io n .

I ^CH„ — — > ''cH
" ^ 2  /  /  ^ 0 "

i H+

\  [o'] \
^C=M r EC-N^

/  ^OH0

a  n i t r o n e

^C=NAr 

an  a n i l

The g e n e ra t io n  o f  th e  azoxy- compound may p ro c e e d  by  th e  a c t io n  o f  th e  

b ase  upon th e  n itro se -co m p o u n d  (s e e  S e c t io n  1 .4 )»  The c a t a l y s t s  u sed  

in c lu d e  sodium  a lk o x id e s ,  aqueous a l k a l i ,  p ip e r id in e  o r  p o ta ss iu m  

c y a n id e . T y p ic a l m ethy lene  group compounds in c lu d e  b e n zy l c y a n id e , 

2 ,4 - d i n i t r o t o i u e n e , c e r t a i n  c y c lo p e n ta d ie n e  d e r iv a t iv e s  and h e te ro c y c le s  

such  a s  in d o le .

B enzyl and c e r t a i n  o th e r  h a l id e s  a l s o  condense w ith  a ro m a tic  

n itro so -c o m p o u n d s , i n  th e  p re se n c e  o f  b a se  to  g iv e  n i t r o n e s . I t  h as  

b een  su g g e s te d  t h a t  a  mechanism in v o lv in g  i n i t i a l  a t t a c k  by e i t h e r  a  

c a rb a n io n  o r  a  ca rb en e  may o c c u r;
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ArCH„Br ê E J E »  
^ OH"

-B r
ArCH.Br ------- >

1 1Ar N-0

ArCH- 
ill 

Ar N-0 
+  —

The p re se n c e  o f  b a se  i s  n o t r e q u ir e d  f o r  th e  r e a c t io n  betw een 

£ - n i t r o s o d im e th y la n i l in e  and 1 , 2 -d ib ro m o e th an e . The c o rre sp o n d in g  b i s -  

n i t r o n e  i s  th e  p ro d u c t.

The above r e a c t io n  h a s  b een  p u t to  s y n th e t ic  u se  i n  th e  p r e p a r a t io n  

o f  a ld e h y d e s . The r e a c t io n  i s  m o d ifie d  by  u s in g  th e  p y r id in iu m  s a l t  o f  

th e  a lk y l  h a l id e ,  and th e  n i t r o n e  form ed i s  h y d ro ly se d  to  g iv e  th e  

c o rre sp o n d in g  a ld e h y d e . The s y n th e s is  i s  known a s  th e  Krohnke r e a c t io n .  

The mechanism p ro p o sed  i s ;

21,22

CSgAr

Ar*N==CH.Ar <- 

0-

h y d ro ly s is

OH”

-CHAr

A r’HO

A r '— H-------CH.Ar

0 -

Ac'NHOH + ArCHO
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S e c t io n  1 .3  

S p in  T rap p in g

A p art from  b e in g  r e a c t iv e  tow ards n u c le o p h i le s ,  _C-nitroso-com pounds 

- r e a c t  r e a d i ly  w ith  s h o r t - l i v e d  f r e e  r a d i c a l s  to  g e n e ra te  n i t r o x id e s  

( a m in y lo x id e s ) , w hich a r e  u s u a l ly  lo n g - l iv e d ;

EN=0 +  > R .R  ̂ < — ' > R^ 4 R-|

I I
O' 0”

T h is  r e a c t io n  form s th e  b a s i s  o f  th e  so c a l l e d  's p in - t r a p p i n g ' 

t e c h n i q u e , w h e r e  a  n itro so -co m p o u n d  i s  u sed  to  d e t e c t  p o s s ib le  

r a d i c a l  in te rm e d ia te s  i n  a  r e a c t io n .  N itro x id e s  c o n s t i t u t e  one o f  th e  

m ost k i n e t i c a l l y  s t a b l e  c l a s s e s  o f  r a d i c a l  known, hence a  r e l a t i v e l y  

h ig h  c o n c e n tr a t io n  o f  th e  s p in  ad d u c t b u i ld s  up and i s  r e a d i ly  

d e te c ta b le  u s in g  e . s . r .  s p e c tro s c o p y . I f  th e  n i t r o x id e  form ed can  be 

i d e n t i f i e d  from  i t s  sp ec tru m , th e n  th e  i d e n t i t y  o f  th e  scavenged  r a d i c a l  

may be deduced . Thus th e  id e a l  sc a v e n g e r would be one i n  w hich th e  

h y p e r f in e  s p l i t t i n g ,  and to  some e x te n t  th e  ^ - v a lu e ,  o f  th e  ad d u c t 

r a d i c a l  would depend upon th e  r a d i c a l  scav en g ed . In  t h i s  r e s p e c t  C_- 

n itro so -co m p o u n d s a re  b e t t e r  s p in  t r a p s  th a n  n i t r o n e s  (E q u a tio n  ( v i ) )  in  

t h a t  th e  tra p p e d  r a d i c a l  o c c u p ie s  a  s i t e  c l o s e r  to  th e  g e n e ra te d  

r a d i c a l  c e n t r e .

+ j, ‘*'*1
RHC=NR + R* ---------- > EHC-N-R ( v i )

I ^ I I
0 -  . R^O-

The m ost u s e f u l  C j-nitroso-com pounds em ployed as  s p in  t r a p s  a re  

2 -m e th y l-2 -n it ro s o p ro p a n e , i t s  f u l l y  d e u te r a te d  a n a l o g u e , 2 - m e t h y l - 2 -
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27 20 29n i t ro s o b u ta n o n e , and some s u b s t i t u t e d  a ro m a tic  n i t r o s o  compounds. *

The m ain d is a d v a n ta g e  o f  th e  m ethod i s  t h a t  th e  e f f i c i e n c y  and

su c c e ss  o f  th e  t r a p p in g  r e a c t io n  depends on many f a c t o r s ,  and a  n e g a t iv e

r e s u l t  c an n o t be ta k e n  a s  d e f i n i t e  p ro o f  o f  th e  ab sen ce  o f  f r e e

r a d i c a l s .  The p o s s i b i l i t y  o f  s id e - r e a c t io n s  (h o m o ly tic  o r  h e t e r o l y t i c )

m ust a l s o  be ta k e n  in to  a c c o u n t. F o r exam ple, n u c le o p h i l ic  a d d i t io n

fo llo w e d  by  o n e - e le c t r o n  o x id a t io n  o f  th e  hydroxy lam ine d e r iv a t iv e

30form ed , w i l l  y i e ld  a  n i t r o x id e ;

E .E  no” > E.E„HO-
E^HO

Thus d e te c t io n  o f  a  n i t r o x id e  does n o t d e f i n i t e l y  a llo w  th e  

c o n c lu s io n  t h a t  an in te rm e d ia te  r a d i c a l  R^ e x i s t s .

A no ther c o m p lic a tin g  f e a tu r e  o f  th e  u se  o f  C_-nitroso-com pounds as 

s p in  t r a p s  i s  t h e i r  th e rm a l and p h o to ch em ica l i n s t a b i l i t y ,  g e n e ra t in g  

th e  c o rre sp o n d in g  sy m m etrica l n i t r o x id e ;

R-NO . > R- + NO*o r  A

R* + RNCL -------------> RgNO-
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S e c t io n  1 .4

The R ed u c tio n  o f  C-N itroso-Com pounds

Bam berger f i r s t  showed t h a t  n itro so b e n z e n e  i s  r e a d i l y  red u ced  by 

b ase  (sodium  m ethoxide in  m e th an o l, sodium  e th o x id e  in  e th a n o l)  to  g iv e  

h ig h  y ie ld s  o f  azoxybenzene.^^

32More r e c e n t ly  R u s s e l l  e t  a l^  fo u n d , u s in g  e . s . r .  s p e c tro s c o p y , 

t h a t  p a ram ag n e tic  in te rm e d ia te s  a re  form ed i n  th e  r e a c t io n s  o f  n i t r o s o ­

benzene w ith  N ~phenylhydroxylam ine. I n  deoxygenated  and s t r o n g ly  b a s ic  

s o lu t io n  an  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  o f  th e  n it ro s o b e n z e n e  r a d i c a l -  

a n io n  was o b serv ed  from  t h i s  r e a c t io n .  I n  th e  absence  o f  added b a s e ,  

low c o n c e n tr a t io n s  o f  p h en y l n i t r o x id e  (PhMO*) were d e te c te d  o v e r a  

p e r io d  o f  h o u rs ,  even i n  th e  p re se n c e  o f  oxygen, and from  th e  r e a c t io n  

m ix tu re  h ig h  y ie ld s  ( >  $0^) o f  azoxybenzene were o b ta in e d .  From k in e t i c  

and e . s . r .  r e s u l t s  th e  fo llo w in g  mechanism i n  b a s ic  s o lu t io n  was su g g es ted ;

“0 . "0
X I I +

2PhN0- PhN-NPh PhN-NPh ,  > P hN = ^h + OH

0“ OH 0“

T h is mechanism a c c o u n ts  f o r  th e  fo rm a tio n  o f  a l l  th e  p o s s ib le

1 2azoxybenzene d e r iv a t iv e s  from  th e  r e a c t io n  o f  Ar NHOH w ith  Ar NO.

R ed u c tio n  o f  n itro so b e n z e n e  i t s e l f  h a s  b een  shown by  e . s . r .  to  

g e n e ra te  th e  r a d ic a l - a n io n .  The o n e - e le c tr o n  r e d u c t io n  may be a ch iev ed  

e le c tro c h e m ic a l ly ^ ^ ,  o r  by  u s in g  t i ta n iu m  I I I  in  a c id  s o lu t io n  ( to  g iv e  

PhNHO») o r  i n  s t r o n g ly  b a s ic  m ed ia^ ^* ^ ^ '^ ^  ( th e  mechanisms p ro p sed  a re  

g iv e n  l a t e r  i n  t h i s  s e c t i o n . )



-  28 -

The e . s . r .  s p l i t t i n g  c o n s ta n ts  o f  th e . n itro so b e n z e n e  r a d ic a l - a n io n

35were found to  e x h ib i t  m arked s o lv e n t  d e p e n d e n c e . A l s o  th e  two o r th o -  

hydrogens a re  n o t e q u i v a l e n t , a n d  i n  l i q u i d  amm onia s o lu t io n  i t  

i s  p o s s ib le  to  d i s t i n g u i s h  m a g n e t i c a l l y ,a l l  f iv e  hydrogens i n  th e  

r a d ic a l - a n io n .^ ^

When th e  b a s ic  n itro so b e n z e n e  s o lu t io n s  were exposed  to  oxygen

th e  e . s . r .  spec trum  o f  th e  n itro b e n z e n e  r a d ic a l - a n io n  was o b se rv e d ,

a f t e r  th e  n i tro so b e n z e n e  had  b een  consum ed. A lso , i f  th e  r e a c t io n

m ix tu re  c o n ta in e d  a c e to n e  (s e e  S e c t io n  2 .1 A ), th e  n it ro b e n z e n e  r a d i c a l -

a n io n  s ig n a l  was o b se rv ed  i n i t i a l l y ,  i n  p la c e  o f  t h a t  o f  th e  n i t r o s o -  

33r a d ic a l - a n io n .  ^

A f o u r th  spec trum  from  th e  (n it ro so b e n z e n e  + b a s e )  r e a c t io n  h as

been  o b se rv ed  u s in g  sodium  m ethoxide and n itro so b e n z e n e  i n  deoxygena ted

33m ethano l in  a  flo w  sy stem . ^ The s p l i t t i n g  c o n s ta n ts  o b se rv ed  were

11 .5  G (1N ), 2 .4  G (3H) and 0 .9  G(2H). A s im i l a r  spec tru m  h as  been

o b se rv ed  i n  th e  a z o b i s i s o b u ty r o n i t r i l e  in d u ced  o x id a t io n  o f  a n i l i n e

and i n  th e  r e a c t io n  o f  t - b u t y l  h y d ro p e ro x id e  w ith  N -phenylhydroxyla m in e ,

o r  tr ip h e n y lh y d ra z in e .^ ^ * ^ ^  The sp ec trum  h as  been  a s s ig n e d  to  th e  N-

42hydroxy-N -phenylam ino r a d i c a l ,  o r  to  a  r a p id  ta u to m e r ic  e q u i l ib r iu m

m ix tu re ;.40

PhNHO •  PhNOH

The assignm ent o f  th e  sp ec trum  h as  been  co n fu sed  by  th e  o b s e rv a tio n ^ ^  

o f  a  s im i la r  spec trum  from  th e  r e a c t io n  o f  sodium d i t h i o n i t e  w ith
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39n itro so b e n z e n e  i n  a c e t i c  a c id  s o lu t i o n .  R u s s e ll^  p ro p o sed  th e  

s t r u c t u r e  ( i l l )  f o r  th e  r a d i c a l  form ed as  shown below ;

PhNO + SOg" ---------- > PhNO» -̂----------  PhNHO'

PhNHO* + PhNO r - - -  -  [p h N (0 ')0 N P h 2  "  ^ — —-  ( l H )

+ TT
P h K 2  N - P h  ( I I I )

However, i t  h a s  s in c e  been  shown by  W aters^^  t h a t  th e  r a d ic a l s  

o b se rv ed  by R u s s e ll  e t  a d . a r e  form ed by th e  a d d i t io n  o f  SOg" to  

n i t ro s o b e n z e n e ;

PhNO + SCL' ---------> PhN (S0g")0 '

The a u th o rs  o f  a  r e c e n t  p ap e r^ ^  on H -a lk o x y -N -a ry lam in y l r a d ic a l s  

have re c o g n ise d  th e  s i m i l a r i t y  o f  th e  h y p e r f in e  s p l i t t i n g s  to  th o se  

o f  a  ph en y l n i t r o x id e  and t h e i r  incomp a t  a b i l i t y  w ith  an  N -hydroxy-N - 

p h e n y la m in o -s tru c tu re .

39R u s s e ll  e t  have s tu d ie d  th e  r e a c t io n  o f  n it ro so b e n z e n e

w ith  h y d ro x id e  o r  a lk o x id e  io n s  i n  a  s e r i e s  o f  a lc o h o ls  and have 

o b se rv ed  th e  e . s . r .  spec tru m  o f  th e  n itro so b e n z e n e  r a d ic a l - a n io n .  

Azoxybenzene was th e  m a jo r p ro d u c t (65 -  lOfo y i e ld )  and no n itro b e n z e n e  

was form ed (a s  d e te rm in e d  by g . l . c . )  when th e  r e a c t io n  was perfo rm ed
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u n d e r n i t r o g e n .  S im ila r  r e s u l t s  were o b ta in e d  w ith  d im e th y lsu lp h o x id e  

(DI Î̂SO) as  s o lv e n t ,  e x c e p t t h a t  th e  r a d ic a l - a n io n  was o b se rv ed  in  

h ig h e r  c o n c e n tr a t io n .  A mechanism was su g g e s te d :

OH"
PhNO + oh"  -------> [PhN (0 )0h ]  [PhHOg ]

2-[PhHOg ]  + PhNO ---------> PhHOg" + PhNO"

PhHOg" + PhNO PhNOg + PhHO"

2PhN0“ — — > PhN=N(0)Ph + OH"

However, a s  th e y  d id  n o t d e t e c t  n it ro b e n z e n e  i n  th e  ab sen ce  o f  

oxygen, th e y  su g g e s te d  h y d ro x id e  io n  may add to  th e  a ro m a tic  r i n g  

in s t e a d ,  e v e n tu a l ly  le a d in g  to  a  q u in o n o id  s t r u c t u r e  t h a t  would be 

d e s tro y e d  by  b a s e . I n  th e  p re se n c e  o f  s to ic h io m e tr ic  amounts o f  oxygen, 

n itro b e n z e n e  becomes th e  m a jo r p ro d u c t a t  th e  expense o f  azoxybenzene.

45H u tto n  and W aters in v e s t ig a t e d  th e  r e a c t io n  o f  n itro so b e n z e n e  

w ith  b a se  i n  a lc o h o l ic  s o lu t io n  i n  more d e t a i l .  They r u le d  o u t th e  

p o s s i b i l i t y  o f  th e  r e a c t io n  o c c u r r in g  by means o f  a t t a c k  o f  b ase  a t  a 

r i n g  p o s i t i o n  in  n itro so b e n z e n e  b ecau se  th e y  d id  n o t d e t e c t  any  t r a c e  

o f  4 )4 '-& i-t-b u to x y a z o x y b e n z e n e  from  r e a c t io n s  in  a lk a l in e  t - b u t y l  

a lc o h o l .  They found a  p r im a ry  k i n e t i c  i s o to p e  e f f e c t  (k g /k ^  = 3 , 3 ) 

f o r •red u o bons u s in g  cy c lo h ex an o l and 1-d ^ -c y c lo h e x a n o l, w hich su g g e s te d  

e i t h e r  h y d r id e  t r a n s f e r  o r  hydrogen  atom t r a n s f e r .  W ith b e n z y l 

a lc o h o l o r  b e n z h y d ro l, o x id a t io n  gave h ig h  y ie ld s  o f  th e  c o rre sp o n d in g  

c a rb o n y l compound. W ith a l i p h a t i c  p rim ary  a lc o h o ls ,  how ever, th e  

d e r iv e d  a ld eh y d es  a re  u n s ta b le  i n  th e  a l k a l in e  medium u se d , and a re
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n o t  o b se rv e d .

OE"PH^CEOH + 2PhN0 -------— -------> Ph^CO + PhN=NPh + H„02 2 , 2
0-

B en zp in aco l ( iV ) ,  w hich w ould r e s u l t  from  hydrogen  atom t r a n s f e r ,  co u ld  n o t 

b e  d e te c te d :

-OCPhgE + PhNO ---------------------> -0-CPhg + PhNO"

2 0-CPhg + 2H+  > EOCPhg
( IT )

EOCPh^

45The mechanism p ro p o sed  w as, t h e r e f o r e ,  one o f  h y d r id e  t r a n s f e r

from  th e  a lc o h o l :

-O ^ C P h ^ ^ ^ N = ^   > 0=C Ph_ + BNO“
^ I \  • I

Ph Ph

o r  a  c o n c e r te d  s te p ;

^ I
Ph

fo llo w e d  by  th e  r a d i c a l  r e a c t io n s  betw een  th e  pheny lhyd roxy lam ine  a n io n

• 32 .59form ed and n it ro so b e n z e n e  a s  p ro p o sed  by  R u s s e l l .  However,
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4-6r e c e n t ly  a  d i f f e r e n t  mechanism h as  been  p ro p o sed  su p p o rte d  by th e  

r e s u l t s  o f  an  in v e s t ig a t io n ^ ^  o f  th e  k i n e t i c s  o f  th e  r e a c t io n  o f  

s u b s t i tu te d - n i t r o s o b e n z e n e s  w ith  m ethoxide i n  m e th an o l. In  agreem ent 

w ith  p re v io u s  work azoxybenzene d e r iv a t iv e s  were th e  m a jo r p ro d u c ts  

u n le s s  oxygen was p r e s e n t ,  when o x id a t io n  to  a  n itro -com pound  was 

o b se rv e d .

RC^H^N(0)=HCgH^R + i m o f  + ( v i i )

(R = H, £-NMe2 » £,-OMe, £ .-C l)

RC^H^NO + iCH^O" + Og ----- > RCgH^NOg + ÿîCOg" + ÿîgO ( v i i i )

(R = E , £-OMe, 2 -C l)

A Hammett p l o t  u s in g  m easured  r a t e  c o n s ta n ts  gave yo = 3*^9 i  0*46

( c o r r e l a t i o n  c o e f f i c i e n t  0 .9 6 )  f o r  r e a c t io n  ( v i i ) .  T h is  i s  c o n s i s t e n t  

w ith  developm ent o f  a  n e g a t iv e  ch a rg e  i n  th e  r a te - d e te r m in in g  t r a n s i t i o n  

s t a t e  f o r  th e  r a te - d e te r m in in g  s t e p ,  w hich was t h o u ^ t  to  be th e  

fo rm a tio n  o f  (v ) .

(v)

I t  was su g g e s te d  t h a t (v) decomposed to  g iv e  RC^H^NOH and CHgO*. The 

com plete  mechanism p ro p o sed  f o r  r e a c t io n  ( v i i )  i s  shown below .

RC^H^NO + CH^O" EC^H.NOH + CHgO'
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f a s t
RC^H^NOH + CH^O" f---: ' RC^H^NO* + CH^OH '

f a s t
RC^E.NO + CHgOH  > RC^H^EOE + HgCO

2ECgH^H0T , \ RCgH^Il(0“)N(0”)CgH^E

ECgH N(0")H(0”)CgH^E + 2CHjOH ECgH^H(OH)H(OH)CgH^E
+ 2CH,0”

3

RC^H^N(OH)n (OH)C^H^R ---------> RCgH^N=N(0)C^H^R + EgO

S im i la r ly ,  f o r  r e a c t io n  ( v i i i )  th e  Hammett yo v a lu e  was 5*97 + 

0.31  and th e  mechanism shown below  was p ro p o sed .

RC^H^NO + CH^O ----- > RCgH^HOH + CHgO-

CHgO" + CH^OH CHgOH + CH^O“

. "Pfl c; t  *RC^H^NO + CHgOH RC^H^NOH + HgCO

2R0^H.N0H + Og 2RCgH^N0gH

RC^H^HOgH + CH^O" RC^H NO^ + CH^OH

2RC^H^N0^ + 2CH^0H RC^H^NO + RC^H^NOg

+ 2CH^0" + HgO
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T hus, e f f e c t i v e l y ,  hydrogen  atom t r a n s f e r  was p ro p o sed  a s  th e

i n i t i a l  s te p  i n  th e  r e a c t io n s  and no m en tion  was made o f  th e  r e s u l t s  o f  

4-5H u tto n  and W aters and t h e i r  h y d r id e - io n  t r a n s f e r  m echanism .

A urich  and H ersch^^ have in v e s t ig a t e d  th e  a c t io n  o f  p o ta ss iu m  

t - b u to x id e  upon 2 -m e th y l-2 -n itro so p ro p a n e  u s in g  e . s . r .  I n  oxygen- 

f r e e  c o n d i t io n s  th e y  o b se rv ed  a  ^ -lln e  sp ec tru m , 1 1 .2  -  1 2 .6  G (1N) 

w hich th e y  a s s ig n e d  to  th e  2 -m e th y l-2 -n itro so p ro p a n e  r a d ic a l - a n io n .  A 

s im i la r  spectrum  was a l s o  o b se rv ed  from  th e  a c t io n  o f  p o ta ss iu m  t -  

b u to x id e  on 2 -m e th y l-2 -n itro so p ro p a n e  and H - t-b u ty l  h y d ro x y l amine in  

th e  absence  o f  oxygen, and a l s o  on N -t-b u ty lh y d ro x y la m in e  i n  th e  p re se n c e  

o f  oxygen.

In  th e  p re se n c e  o f  oxygen th e  s ig n a l s  o f  th e  n i t r o s o - r a d i c a l - a n io n  

d is a p p e a re d  r a p id ly  to  be r e p la c e d  by th o s e  o f  th e  c o r re sp o n d in g  n i t r o -  

r a d ic a l - a n io n  = 2 6 .0  -  29 .0  G) and d i - t - b u t y l  n i t r o x id e  (a ^  = 14*9 -

15 .3  G ). D epending upon th e  s o lv e n t  u sed  a d d i t io n a l  s ig n a l s  from  t -  

b u ty l  a r y l  n i t r o x id e s  o r  t - b u t y l  a lk y l  n i t r o x id e s  w ere a l s o  d e te c te d .

The ro u te  o f  fo rm a tio n  o f  Bu^NO* p ro p o sed  was s im i la r  to  th e  R u s s e ll  

mechanism f o r  th e  g e n e ra t io n  o f  PhHO*.

Bu&O + Bu'^O" ---------- > Bu&(0"")0Bu'*^

Bu^N (0")0BuI ---------> Bu"^HOg" + CHg=CMeg

Bu&Og" . + 2Bu'*̂ H0---  :-----> Bu"^HOg + 2Bu"^H0"
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R e a c tio n  o f  th e  n i t r o s o - r a d i c a l - a n io n  w ith  oxygen was su g g e s te d , 

le a d in g  to  fo rm a tio n  o f  a  s h o r t - l i v e d  p e ro x y - r a d ic a l  w hich was re sp o n ­

s i b l e  f o r  fo rm a tio n  o f  th e  n i t r o x id e s  o b se rv ed :

■> Bu NOO 

0-

Bu&OO' + Bu&O ------------ > Bu& 0_ + Bu&0_T
I ^ ^
0-

Bu'^NO, —NO 2

+Bu’̂ NO
Bu"^gNO

Bu&OO. + EH ------------> Bu&Og + R- + OH"

0 -  ( s o lv e n t )

R* + Bu&O ------------> B u& (R )0 '

o r  Bu NOO- +
1 .
0 -  ( s o lv e n t )

Bu N—(/ + HOg

O'

The l a s t  s te p  was expanded upon:

Bu NOO• +
1
0 -

H 0

X
I ;  I

R

-0
I
N 0"
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0"

I
H 0

[-----O'

Bu

R

■ -HO,

"0
N

R

The im p o rtan ce  o f  e l e c t r o n  t r a n s f e r  p ro c e s s e s  and r a d ic a l - a n io n s

in  th e  mechanisms o f  o rg an ic  r e a c t io n s  h a s  become re c o g n is e d  o v e r th e  

p a s t  20 y e a r s .

The t r a n s f e r  o f  an  e l e c t r o n  from  a  d ia m a g n e tic  c a rb a n io n  to  a 

s u i t a b l e  a c c e p to r  was a p p a re n t ly  f i r s t  n o t ic e d  by  S ch len k ^^ , who found 

t h a t  t r i ty l - s o d iu m  r e a c t s  w ith  benzophenone w ith  c h a r a c t e r i s t i c  c o lo u r  

changes to  p ro d u ce , upon h y d ro ly s is  and a i r  o x id a t io n ,  t r i t y l  p e ro x id e  

and th e  p in a c o l .

R Ha’*' + ArgCO f R* +• ArgC-O'Na'^

R u s s e ll  ^  have shovm. t h a t  e l e c t r o n  t r a n s f e r  betw een

c a rb a n io n s  and o rg a n ic  e l e c t r o n  a c c e p to r s  (%),  such  a s  n i t r o - a r o m a t ic  

compounds o f te n  o c c u rs  r e a d i ly .

R + 71 71* + R ' -> p ro d u c ts

A s im i l a r  p ro c e s s  h a s -b e e n  shown f o r  d ia n io n s  and t h e i r  dehydro- 

49d e r iv a t iv e s ;

2n-
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The r e a c t io n s  o f  r a d ic a l - a n io n s  have been  c l a s s i f i e d  a s  in v o lv in g

51th r e e  c o m p e tit iv e  r o u te s ;  n u c le o p h i l ic  r e a c t io n s ,  e l e c t r o n  t r a n s f e r  

r e a c t io n s  and n o n -e le c t ro n  t r a n s f e r  h o m o ly tic  r e a c t io n s .  F o r exam ple, 

th e  r a d ic a l - a n io n  o f  n a p h th a le n e  t y p i c a l l y  t r a n s f e r s  e l e c t r o n s  to  

a lk y l  h a lid e s ^ ^ * ^ ^  and su p e ro x id e  (O^"*) a c t s  a s  a  o n e - e le c t r o n

re d u c in g  a g e n t ,  an  o x id i s in g  a g e n t ( u s u a l ly  to  g iv e  H^Og) o r  a s  a

55 54p o w erfu l n u c le o p h i le ,  dep en d in g  upon th e  r e a c t io n  c o n d i t io n s .

Im p o rta n t s y n th e t ic  ro u te s  have b een  d ev eloped  a r i s i n g  from  

th e  r e c o g n i t io n  o f  r a d i c a l ,  r a d ic a l - a n io n  c h a in  p ro c e s s e s  i n  c e r t a i n  

s u b s t i t u t i o n  r e a c t io n s  (d e s ig n a te d  S ^ 1  ) .  K om blum ^^’^^ h as  i n v e s t i ­

g a te d  th e  mechanism o f  th e  s u b s t i t u t i o n  r e a c t io n  a t  a  s a tu r a t e d  ca rb o n  

atom , and B unnett^^*^^  s u b s t i t u t i o n  a t  a ro m a tic  r e a c t io n  s i t e s .  The 

r e a c t io n  s te p s  i n  common a r e ;

EX + e l e c t r o n  donor -------> EX*

EX' -------> R‘ + X

R* + Y -------  ̂ RY*

RY* + EX -------> RY + EX'

55Xomblum h a s  shown th e  ^ ^ 1  r e a c t io n  to  be somewhat 

i n s e n s i t i v e  to  s t e r i c  e f f e c t s .  I n  c e r t a i n  exam ples c o m p e tit io n  betw een 

th e  8 ^ 1  and 8^2 p ro c e s s e s  was o b se rv e d , and th u s  i t  was th o u g h t^^
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i n c o r r e c t  to  re g a rd  Sm2 d isp la c e m e n t a s  in v o lv in g  an e l e c t r o n -

t r a n s f e r  "com ponent" a s  h as  been  s u g g e s te d . 59

I t  h a s  b een  re p o r te d ^ ^  t h a t  th e  mechanism o f  th e  n u c le o p h i l ic  

s u b s t i t u t i o n  o f  a lk y l  h a l id e s  by sodium m e rc a p tid e s  (NaSR) may be f r e e -  

r a d i c a l  i n  n a tu re  ( S ^ 1 ) .  The ev id en ce  was b ased  upon r a d i c a l  t r a p p in g  

ex p e rim en ts  u s in g  ^ -n itro so -c o m p o u n d s  and n i t r o n e s .  The p ro p o sed  

mechanism w as;

O v e ra l l ;  R^S“Na'*' + R^X — > R^SR^ + NaX

S te p s ; R^S“  + E^X » [R^X~] + E^S-

[ r2xT] R • + X-

C hain

p ro p a g a t io n

R^. + R^S"

(R^SR^)" + R^X

[ A t ]

4 (R^SR^)T

> r "̂ sr^ + [R^XT]

2 1 1 2
T e rm in a tio n ; R ' + R S* .-----------> R SR

I n  th e  p re s e n c e  o f  a  n i t r o s o - 's p i n - t r a p '  (R^NO), th e  d ia lk y l  n i t r o x id e  

5 p
R N(R )0* was o b se rv e d .
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S u lp h u r -c e n tre d  r a d i c a l s  do not g e n e ra te  lo n g - l iv e d  n i t r o x id e  

a d d u c ts  w ith  £ -n itro so -c o m p o u n d s  b u t by u s in g  a  n i t r o n e  a  n i t r o x id e  

was o b se rv ed  whose a ss ig n m en t in d ic a te d  th e  t r a p p in g  o f  a  s u lp h u r -  

c e n t r e d  r a d i c a l .  The r e a c t io n s  w ere c a r r i e d  o u t i n  th e  p re se n c e  o f  

a tm o sp h e ric  oxygen.

Scope o f  P re s e n t  Work

I n  th e  above r e p o r t n o  acc o u n t seemed to  have been  ta k e n  o f

th e  p o s s i b i l i t y  o f  th e  a d d i t io n  o f  ES to  th e  n i t r o n e  to  g iv e ,  on

a tm o sp h e ric  o x id a t io n ,  th e  c o rre sp o n d in g  n i t r o x id e .  A lso th e  e f f e c t

of, b a s e s  on C -n itro so -com pounds had  been  ig n o re d . As o u t l in e d  e a r l i e r ,

a  r a d ic a l - a n io n  i s  u s u a l ly  g e n e ra te d  and th e  a c t io n  o f  a ro m a tic

t h i o l a t e  an io n s  on n it ro s o b e n z e n e  h as  been  shown to  y i e l d  th e  c o r r e s -

54p o n d in g  r a d ic a l - a n io n .  T h is  r e a c t io n  m igh t ex ten d  to  a l i p h a t i c  

_C -nitroso-com pounds, f o r  i t  i s  known t h a t  Bu^NO* i s  g e n e ra te d  by th e  

a c t io n  o f  Bu^O~ on Bu^NO. T h e r e f o r e ,  th e  d ia lk y l  n i t r o x id e s  re p o r te d ^ ^  

may i n  f a c t  be g e n e ra te d  by th e  a c t io n  o f  th e  n i t r o s o - r a d i c a l - a n io n  

on th e  a lk y l  h a l id e .

C o n seq u en tly , i t  was d ec id ed  i n i t i a l l y  to  in v e s t i g a t e  th e  r e a c t io n  

o f  b a se s  o th e r  th a n  m e rc a p tid e s  w ith  a lk y l  h a l id e s  i n  th e  p re se n c e  o f  

^ -n itro s o -c o m p o u n d s , to  d e te rm in e  w h eth er a  n i t r o x id e  was form ed and 

to  d e te rm in e  i t s  mechanism o f  fo rm a tio n .

I n  v iew  o f  th e  m e c h a n is tic  u n c e r t a in t i e s  ab o u t th e  r e a c t io n  

betw een  n it ro so b e n z e n e  and b a s e s ,  g e n e ra t io n  o f  n i t r o s o - r a d i c a l - a n io n s
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d i r e c t l y  by  e l e c t r o l y t i c  r e d u c t io n  sh o u ld  s im p l ify  th e  in v e s t i g a t io n  

o f  th e  r o l e  p la y e d  by th e  n i t r o s o - r a d i c a l - a n io n  in  th e  r e a c t io n .  The 

u se  o f  e l e c t r o l y s i s  i s  made fe a s a b le -  by th e  u se  o f  a  com bined e l e c t r o ­

l y s i s  and e . s . r .  c e l l ,  w hich a llo w s  th e  r e d u c t io n  to  be perfo rm ed  

in s id e  th e  m icrowave c a v i ty  o f  th e  e . s . r .  s p e c tro m e te r .
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CHAPTER 2 .

PARAMACmiC PRODUCTS OBSERVED BY E .S .R . SPECTROSCOPY FROM 

THE REDUCTION OF SUBSTITUTED NITROSOARENES

S e c tio n  2.1

I n  o r d e r  to  s tu d y  th e  r e a c t io n s  o f  s u b s t i t u t e d  n i t r o s o a re n e  

r a d ic a l - a n io n s  w ith  a lk y l  h a l id e s  i t  was f i r s t  n e c e s s a ry  to  c h a r a c te r i s e  

th e  r a d ic a l - a n io n s  by  e . s , r ,  sp e c tro sc o p y  and d e te rm in e  s u i t a b le  ro u te s  

f o r  t h e i r  g e n e r a t io n .

I n i t i a l l y  n itro so b e n z e n e  and 2 ,4 > 6 -tr ib ro m o n itro so b e n z e n e  (V l) 

w ere in v e s t ig a t e d .  (V l) was e a s i l y  p re p a re d  and gave s p e c t r a  w ith  a  

s im p le r  h y p e r f in e  s p l i t t i n g  p a t t e r n  th a n  th a t  o f  th e  n itro so b e n z e n e  

r a d ic a l - a n i o n .  A lso , s u b s t i t u t i o n  w ith  b u lk y  o r th o -g ro u p s  may p r o te c t  

any n i t r o g e n - c e n t r e d  r a d i c a l s  form ed and c o n c e n tra te  th e  u n p a ire d  e le c t r o n  

away from  th e  a r y l  group by  f o r c in g  th e  n i trosoT-group o u t o f  th e  p la n e  

o f  th e  r i n g .

The n i t r o g e n  and r i n g  s p l i t t i n g s  from  a l l  th e  n i t r o s o a re n e  

r a d ic a l - a n io n s  d e te c te d  a r e  v e ry  s e n s i t i v e  to  th e  co m p o sitio n  o f  th e  

s o lv e n t  ( f o r  exam ple, F ig u re s  2 .9  and 2 .1 2 ) .  I n  v a le n c e  bond te rm s , 

s t r u c t u r e  ( i x )  becomes more fa v o u ra b le  i n  p o l a r ,  h y d ro g en -b o n d in g  

s o lv e n t s .

( ix )

0 "
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A l i s t  o f  th e  e . s . r .  s p e c t r a l  p a ra m e te rs  o f  th e  n i t r o s o - r a d i c a l -  

a n io n s  o b se iv e d  i s  g iv e n  i n  T ab le  2 .1 .  F o r com parison  th e  c o rre sp o n d in g  

n i t r o - r a d i c a l - a n i o n  and n i t r o s y l s u l p h in a t e - r a d i ç a l - a n i o n  [ArN(802~ )0 ' ] 

s p e c t r a l  p a ra m e te rs  a re  g iv e n  i n  T ab les  2 .2  and 2 .5  r e s p e c t iv e l y .

2 .1 A N itro so b en ze n e

In  ag reem ent w ith  p re v io u s  i n v e s t i g a t i o n s ^ ^ o f  th e  a c t io n  

o f  b a se  on n it ro s o b e n z e n e , i t s  r a d ic a l - a n io n  was o b se rv ed  i n  th e  p re s e n c e  

o f  e x c e ss  b a se  (aqueous sodium h y d ro x id e , sodium m e th o x id e , p o ta ss iu m  t -  

b u to x id e  o r  sodium  h y d r id e )  i n  d im e th y lsu lp h o x id e  (iMSO) (F ig u re  2 . 1 ) ,  

d im ethy lform am ide (DMF) o r  e th a n o l .  The s p l i t t i n g  c o n s ta n ts  (T ab le  2 . 1 ) ,  

a g re e  w ith  l i t e r a tu r e ^ ^ * ^ ^  v a lu e s .  In  w eakly  b a s ic  s o lu t io n s  th e  r a d i c a l -  

a n io n  was p ro to n a te d  so t h a t  th e  spectrum  o f  p h en y l n i t r o x id e  (PliNHO*, 

F ig u re  2 . 2 )  was d e te c te d .  The s p l i t t i n g  c o n s ta n ts  a g re e  w ith  l i t e r a t u r e ^ ^  

v a lu e s :  - -

1 0 . 5 0 G (in) 

1 5 . 2 5 G (IS) 

, 5 . 2 5  G (2H) 

3 . 5 0  G (IS) 

1 . 1 5 G (2S)

0, 

10.5

S
N

13.25

3 . 25

3 .5

i n  e th a n o l s o lu t io n .

A f te r  a  t im e , when oxygen was p r e s e n t  in  th e  s t r o n g ly  b a s ic  s o lu t io n s  

o f  n it ro s o b e n z e n e ,  th e  spec trum  o f  th e  n i t r o s o - r a d i c a l - a n io n  was g r a d u a l ly  

re p la c e d  by  t h a t  o f  th e  n i t ro b e n z e n e  r a d ic a l - a n io n ,  a s  would be ex p ec ted  

(S e c t io n  I . 4 ) .  S im ila r  r e s u l t s  were o b ta in e d  i n  th e  e le c tro c h e m ic a l
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r e d u c t io n  o f  n itro so b e n z e n e  in  DMSO a t  a  m ercury  c a th o d e . In  th e  p re se n c e  

o f  oxygen th e  n i t r o s o - r a d i c a l - a n io n  sp ectrum  was re c o rd e d  i n i t i a l l y ,  b u t 

a f t e r  a  few m in u tes  o f  c u r r e n t  flo w  a  m ix tu re  o f  th e  s p e c t r a  o f  th e  

n i t r o  and n i t r o s o  r a d ic a l - a n io n s  was re c o rd e d .

The sp ectrum  a s s ig n e d  to  PhNOH^^ o r  (PhNOH PhM O*)^^ (d is c u s s e d  

i n  S e c t io n  I . 4 ) was d e te c te d  from  th e  a c t io n  o f  sodium m ethoxide on 

n itro so b e n z e n e  i n  DMSO (F ig u re  2 . 5 ) .

When a c e to n e  form ed p a r t  o f  th e  r e a c t io n  m ix tu re  o f  n itro s o b e n z e n e , 

b a se  and s o lv e n t ,  o r  was added a f t e r  th e  s t a r t  o f  th e  r e a c t io n ,  o n ly  th e  

n i t ro b e n z e n e  r a d ic a l - a n io n  was d e te c te d  (F ig u re  2 . 4 ) .  T h is e f f e c t  was 

f i r s t  o b se rv ed  by Avscough e t  a l .

2.1B 2 ,4 ,6 -T r ib ro m o n itro so b e n z e n e  (V l)

The r a d ic a l - a n io n  from  (V l) co u ld  be o b se rv ed  when aqueous 10^ 

sodium  h y d ro x id e  was added d ropw ise  to  (V l) i n  DMSO s o lu t io n  (F ig u re  2 . 5 ) .

[ When a l k a l i  i s  added to  s o lu t io n s  o f  n i t r o s o a re n e s  (ArNO^ Ar = 2 ,6 -

d ic h lo r o - ;  2 ,4 ,6 - t r i c h l o r o - ;  2 ,6 -d ib ro m o - and 2 ,4 ,6 - t r ib ro m o -p h e n y l) ,

i n  DMSO o n ly , a  n i t r o x id e  i s  o b se rv ed  i n  h ig h  c o n c e n tr a t io n .  The
+. _

s p l i t t i n g s  ( f o r  exam ple. F ig u re  2 .6 )  a re  from  th e  ArN-0 p a r t  o f  th e  

r a d i c a l  and a re  v e ry  s im i la r  to  th o se  seen  in  th e  c o rre sp o n d in g  n i t r o -  

s y ls u lp h in a te  r a d ic a l - a n io n s ,  ArN(SO^ )0« (T ab le  2 .5 ) ^  .

On a d d i t io n  o f  s o l id  sodium m ethoxide to  a  s o lu t io n  o f  (VT) in  

DMSO an  in te n s e  re d  c o lo u ra t io n  was o b se rv ed  and a. n i t r o x id e  was a ls o  

d e te c te d  (F ig u re  2 . 7)»  w ith  s p l i t t i n g  c o n s ta n ts :
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1 0 .4  G ( i n ) ,  2 .5  G (3H)

0 .7 5  G (2H ), 0 .5  G (2H)

The s im u la te d  spectrum  in c o rp o ra te s  th e s e  v a lu e s  (F ig u re  2 . 7 ) .  The same 

spectrum  was o b ta in e d  from  d^-DMSO s o lu t io n s  s u g g e s tin g  t h a t  th e  q u a r te t  

s p l i t t i n g  comes from  a  m ethy l group d e r iv e d  from  m ethoxide io n .  The 

o th e r  s p l i t t i n g s  in d i c a te  th e  r a d i c a l  i s  a  d ia r y l  n i t r o x id e ,  a lth o u g h  

th e  q u a r te t  s p l i t t i n g  ( 2 . 5  G) i s  l a r g e r  th a n  would be e x p e c te d  from  a  

s t e r i c a l l y  h in d e re d  n it ro x id e ^ ^ . and so th e  s t r u c t u r e  o f  th e  r a d i c a l  i s  

u n c e r t a in .

The e f f e c t  o f  a c e to n e  i n  d e te rm in in g  w hich r a d i c a l s  were o b serv ed  

from  (91) depended upon w h eth er i t  was th e  s o lv e n t  o r  a  c o - s o lv e n t  i n  low 

c o n c e n tr a t io n .  When 10^ aqueous sodium  h y d ro x id e  was added to  (V l) in  

a c e to n e  two la y e r s  form ed. The c o lo u r le s s  aqueous l a y e r  gave a  spec trum  

a s s ig n e d  to  th e  c o rre sp o n d in g  n i t r o - r a d i c a l - a n i o n  [ 21 .55  G (1N),  O.65  G 

(2H) ]  . T h is  b e h a v io u r  i s  s im i la r  to  t h a t  o b se rv ed  f o r  n i t ro s o b e n z e n e .

The re d  o rg a n ic  l a y e r  a l s o  form ed, gave a  spectrum  o f  a  r a d i c a l  c o n ta in ­

in g  two m a g n e tic a l ly  e q u iv a le n t  n i t r o g e n  atoms [ 4*9 G (2N),  1 .9  G (4H) ] 

d is c u s s e d  i n  S e c t io n  2 . 2 .

When aqueous sodium h y d ro x id e  was added dropw ise  to  (V l) i n  10^ 

a c e to n e  -  DMSO a  d i f f e r e n t  spectrum  (F ig u re  2 .8 )  was o b se rv e d , w ith  

s p l i t t i n g  c o n s ta n t s :
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7 .2 5  G (1N)

4 .1 5  G (1H)

1 .2 5  G (2H)

T h is  spec trum  i s  a s s ig n e d  to  th e  r a d ic a l - a n io n  o f  2 ,4 -  o r  2 ,6 -d ib ro m o - 

n it ro s o b e n z e n e . I f  th e  r a d i c a l  i s  th e  2 ,6 -d ib rom o  iso m er th e n  th e  o b serv ed  

s p l i t t i n g  c o n s ta n ts  sh o u ld  f i t  a  p l o t  o f  th e  n i t r o g e n  s p l i t t i n g  v e rsu s  

th e  p a r a  -H s p l i t t i n g  from  th e  2 ,6 -d ib ro m o n itro so b e n z e n e  r a d ic a l - a n io n  in  

v a r io u s  s o lv e n ts  (F ig u re  2 . 9 ) .  As th e  v a lu e s  f o r  th e  u n k n o w n .ra d ic a l-a n io n  

d id  n o t l i e  on t h i s  g rap h  i t  w as, th e r e f o r e ,  h e ld  to  be th e  2 ,4 -d ib ro m o n it-  

ro so b en zen e  r a d ic a l - a n io n .  The mechanism o f  d eb ro m in a tio n  i s  d is c u s s e d  

i n  S e c t io n  2 . IF.

2 .1C . 2 ,6 -D ib ro m o n itro so b en zen e  ( V I l )

The r a d ic a l - a n io n  o f  2 ,6 -d ib ro m o n itro so b e n z e n e  was r e a d i ly  o b se rv ed  

in  DMSO o r  DMF s o lu t io n  when aqueous sodium h y d ro x id e  o r  sodium m ethoxide 

was added ( F ig u r e .2 .1 0 ) .  However, when an  ex ce ss  o f  sodium m ethoxide was 

added th e  r a d ic a l - a n io n  spectrum  was r e p la c e d  by a  spectrum  h a v in g  th e  

s p l i t t i n g  c o n s ta n ts :

8 .7 5  G ( i n ) .

1 .20  G (2H)

3 .8 5  G (1H)

4 .0 0  G (1H)

The v a lu e s  v a r ie d  m arked ly  w ith  th e  co m p o sitio n  o f  th e  s o lv e n t ;  th e  

sp ec trum  was a s s ig n e d  to  th e  2 -b ro m o n itro so b en zen e  r a d ic a l - a n io n  (s e e
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Fiffi^re 2 .9  A p l o t  o f  v e rs u s  f o r  th e  2 ,6 -d ib ro m o n itro so b e n z e n e  

r a d ic a l - a n io n  i n  v a r io u s  s o lv e n t s .  The unlmown d ib ro m o n itro so b en zen e  

r a d ic a l - a n io n  p o in t  i s  m arked by X .

4 .0 4 .23 .8
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S e c t io n  2 .1 F ) .

The d im e ric  r a d ic a l - a n io n  w ith  a^  _ça. 4 . 8  G (2N) a l th o u g h  o b se rv ed  

i n  b a s ic  s o lu t io n s  o f  th e  o th e r  c h lo r in e  and brom ine s u b s t i t u t e d  n i t r o s o -  

b e n z e n e s , was n o t d e te c te d  w ith  ( V I l ) .

2.1 D. 2 ,4 ,6 -T r ic h lo ro n i t ro s o b e n z e n e  ( V I I l )

The r a d ic a l - a n io n  o f  (V I I l )  w as, o b se rv ed  when f o r  exam ple aqueous 

sodium  h y d ro x id e  was added to  (V I I l )  i n  50^ DM SO-ethanol.

In  some r e a c t io n  s o lu t io n s  th e  r a d ic a l - a n io n  spec trum  was re p la c e d  

by t h a t  o f  a  d im e ric  s p e c ie s  a s  d is c u s s e d  i n  S e c t io n  2 . 2 .

S p l i t t i n g  c o n s ta n ts :  4*85 G (2N)

1 .80  G (4H)

When c a . 10^ a c e to n e  was added to  th e  r e a c t io n  m ix tu re  and aqueous 

sodium  h y d ro x id e  was added , th e  r a d ic a l - a n io n  o f  th e  c o rre sp o n d in g  n i t r o  

compound o r  th e  d im er r a d i c a l ,  was o b serv ed  i n  p la c e  o f  th e  n i t r o s o -  

r a d ic a l - a n io n .

On e le c tro c h e m ic a l  r e d u c t io n  a t  a  m ercury  ca th o d e  i n  DMSO w ith  

te tra -n -b u ty lam m o n iu m  io d id e  a s  e l e c t r o l y t e  th e  r a d ic a l - a n io n  o f  (V I I l )  

was g e n e ra te d .  However, a f t e r  a  lo n g e r  p e r io d  o f  c u r r e n t  flo w  th e  

i n i t i a l  spec trum  was r e p la c e d  by a  spectrum  a s s ig n e d  to  a  d ic h lo ro n i t ro s o -  

benzene r a d ic a l - a n io n  (F ig u re  2 . 1 1 ) .  T h is  sequence o f  s p e c t r a  was 

o b se rv ed  w h e th e r th e  e l e c t r o l y t e  was deoxygena ted  o r  n o t .  The s p l i t t i n g
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c o n s ta n ts  [ 6 .4  G (1N),  3 .7 5  G (1H) and 1.20  G (2H )] o f  th e  d ic h lo r o -  

n i tro so b e n z e n e  r a d ic a l - a n io n  d id  n o t l i e  on a  p l o t  o f  th e  n i t r o g e n  

s p l i t t i n g  c o n s ta n t  v e rs u s  th e  p a r a - hydrogen  s p l i t t i n g  c o n s ta n t  f o r  th e  

2 .6 -d ic h lo ro n i tro s o b e n z e n e  r a d ic a l - a n io n  in  v a r io u s  s o lv e n ts  (F ig u re  2 . 12 )  

and th e  spec tru m  i s  c o n se q u e n tly  a s s ig n e d  to  th e  2 ,4 - s u b s t i t u t e d  iso m e r.

2.1 E. 2 ,6 -D ic h lo ro n itro so b e n z e n e  ( i x )

The r a d ic a l - a n io n  o f  (iX ) was o b serv ed  in  h ig h  c o n c e n tr a t io n  when 

aqueous sodium h y d ro x id e  was added d ropw ise  to  s o lu t io n s  o f  (iX ) i n ,  

f o r  exam ple, DMSO o r  in  e th a n o l (F ig u re  2 . 1 3 ) .

E le c tro c h e m ic a l r e d u c t io n  o f  ( i x )  i n  DMSO s o lu t io n  a l s o  g e n e ra te d  

h i ^  c o n c e n tr a t io n s  o f  th e  r a d ic a l - a n io n ;  o n ly  a f t e r  p ro lo n g ed  e l e c t r o l y s i s  

was a  second r a d i c a l  d e te c te d  (F ig u re  2 .1 4 ) .  A ssignm ent o f  th e  seco n d ary  

r a d i c a l - i s  u n c e r t a in  due to  th e  c lo s e  o v e r la p  o f " th e  s p e c t r a .

I n  DMSO s o lu t io n  w ith  an  ex ce ss  o f  aqueous sodium h y d ro x id e  ( i x )  gave 

r i s e  to  a  d im e ric  r a d i c a l  (F ig u re  2 .1 5 )  w ith  th e  s p l i t t i n g  c o n s ta n ts :

5 .15  G (2N)

1.90  G (4H)

3 .40  G (2H)

The s im u la te d  spec trum  u s in g  th e s e  c o n s ta n ts  i s  g iv e n  i n  F ig u re  2 .15  

w ith  a  p e a k - to -p e a k  l in e w id th  o f  0 .2 8  G.
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FiCT^e 2.12  A p l o t  o f  v e rs u s  f o r  th e  2 ,6 -d ic h lo ro n i tro s o b e n z e n e

r a d ic a l - a n io n  i n  v a r io u s  s o lv e n t s .  The unknown d ic h lo ro n itro s o b e n z e n e  

r a d ic a l - a n io n  p o in t  i s  m arked by  X  .

0

8.0

7 .0

4 .0 4 .2
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FiCT-re 2.1 E. S . R .  spec trum  o f  th e  n it re s o b e n z e n e  r a d ic a l - a n io n  in  s t r o n g ly  

b a s ic  DMSO s o lu t io n .

t L

F ig u re  2 .2  E .S .R . spec trum  o f  p heny l, n i t r o x id e  (PliEHO*) i n  w eakly  b a s ic  

DMSO s o lu t io n .
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I

Figure 2 .3  E .S .R . spectrum o f  (PhROH PtiNHO*) '̂  ̂ or PhNOH^  ̂ in  b a s ic  

DMSO s o lu t io n .

F ig u re  2 .4  E . S . R.  spec trum  o f  the" n itro b e n z e n e  r a d ic a l - a n io n  i n  a  b a s ic  

acetone/DMSO s o lu t i o n .  -
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^ E. S. R.  spectrum  o f  th e  r a d ic a l - a n io n  of(V ]) i n  a lk a l in e ' 

aqueous DMSO,

.5  Gi--------- [>

fV'ë

F i ^ r e  2 .6  E .S .R . s p e c tru m 'o f  th e  n i t r o x id e  ad d u c t d e te c te d  in  b a s ic  

DMSO s o lu t io n s  o f  (V l)
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F ig u re  2 .7  E .S .R . spectrum  and s im u la tio n  o f  th e  n i t r o x id e  d e te c te d  

from  m ix tu re s  o f  (V l) i n  DMSO w ith  sodium m e th o x id e .
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I

F ig u re  2 .0

F ig u re  2 .10  ,

F ig u re  2 .8  (ab o v e) ESR spectrum  o f  a  d ib ro m o n itro so b en zen e  r a d ic a l - a n io n  

i n  a l k a l in e  Ôfo acetone-DMSO. ,

F ig u re  2 .1 0  ESR spectrum  o f  th e  r a d ic a l - a n io n  o f  (V Il)  in  b a s ic  DMSO 

s o lu t io n .
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é

Fi,gure 2 » 11 E .S .R . spectrum  o f  a  d ic h lo ro n itro s o b e n z e n e  r a d ic a l - a n io n

in  DMSO s o lu t io n  a f t e r  p ro lo n g ed  e l e c t r o l y t i c  r e d u c t io n  o f  ( V I I l ) .

F ig u re  2 .16  E .S .R . spectrum  o f  th e  r a d ic a l - a n io n  o f  (X) i n  b a s ic

acetone/DM F/Bu OH s o lu t io n .
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F i ^ r e  2 .1 5  E .S .R . spectrum  o f  th e  r a d ic a l - a n io n  o f  (iX ) i n  a lk a l in e  

aqueous DMSO.

F iffu re  2 .1 4  E .S .R . spectrum  o f  a  m ix tu re  o f  c h lo ro n itro s o b e n z e n e  

r a d ic a l - a n io n s  i n  D M SO 'after p ro lo n g ed  e l e c t r o l y s i s .



-  58 -

IL

%

F ig u re  2 .15  .E .S .R , spectrum  and s im u la tio n  o f  a  d im e ric  r a d ic a l - a n io n  

(S e c t io n  2 .2 )  form ed from  (iX ) i n  b a s ic  DMSO s o lu t io n .
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2.1 F . Mechanism o f  lo s s  o f  H alogen from th e  N itro s o a re n e s

The 2 ,6 -  and 2 ,4 » 6 -c h lo r in e  o r  brom ine s u b s t i t u t e d  n itro so b e n z e n e s  

gave r i s e ,  i n  re d u c in g  c o n d i t io n s ,  to  th e  r a d ic a l - a n io n s  o f  l e s s  

s u b s t i t u t e d  n i t r o s o a re n e s  a s  w e ll a s  th e  p a r e n t  r a d ic a l - a n i o n s .  Loss o f  

h a l id e  io n  from  h a lo g e n - s u b s t i tu te d  n i t r o a r e n e  r a d ic a l - a n io n s  h as  a l s o

V -u j  66,67been  o b se rv ed :

NO,

+ X

(X = I  >  B r > Cl > P)

I t  i s  m ost p ro b a b le  t h a t  a  s im i la r  mechanism o p e ra te s  f o r  th e  

n itro so -co m p o u n d s . The n e c e s s i t y  o f  b a se  (w hich i s  known to  i n i t i a t e  

h a lo g e n  rea rra n g e m e n t o r  lo s s  in  th e  h ig h e r  a ro m a tic  h a l id e s ^ ^ )  was 

r u le d  o u t by th e  r e s u l t s  from  e le c tro c h e m ic a l  r e d u c t io n s .  The p o s s i b i l i t y  

o f  th e  in te rm e d ia c y  o f  th e  c o rre sp o n d in g  n i t r o - r a d i c a l - a n i o n  i s  u n l ik e ly  

a s  s im i la r  r e s u l t s  were o b ta in e d  in  deoxygenated  sy s tem s , where th e  n i t r o  

d e r iv a t iv e  would n o t be p r e s e n t .  Thus th e  r e s u l t s  a r e  c o n s i s te n t  w ith  

th e  fo llo w in g  scheme:

NO"

+e"

ca th o d e  o r  
b a se

(X)

slow

s te p  (x )

+X“

(X = Cl o r  B r) (d e te c te d )
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+H« ( s o lv e n t )
—  >

o r  +e"+E+

+e

ca th o d e  o r  
b a se

(d e te c te d )

S tep  (x.) may in v o lv e  an  in te rm e d ia te  r a d ic a l - a n io n  where th e  u n p a ire d  \
*

e l e c t r o n  o c c u p ie s  a  ^   ̂a s  p o s tu la te d  i n  th e  lo s s  o f  h a l id e

69from  5 -h a lo g e n o u ra c il  r a d ic a l - a n io n s .

2 .1 G. 2 ,4 ,6 - T r i - t - b u ty ln i t r o s o b e n z e n e  (x)

The r e d u c t io n  o f  (x) to  i t s  r a d ic a l - a n io n  was found to  be more 

d i f f i c u l t  th a n  t h a t  o f  n i t ro s o b e n z e n e . R e a c tio n  o f  (x) i n  e th a n o l ,  DMP 

o r  DiySO s o lu t io n s  w ith  10^ aqueous sodium h y d ro x id e  ap p ea red  to  be slow  

and th e  r a d ic a l - a n io n  was n o t d e te c te d .  Sodium m ethoxide o r  sodium 

h y d r id e ,  added to  s o lu t io n s  o f  (x), a ls o  f a i l e d  to  g e n e ra te  a  d e te c ta b le  

c o n c e n tr a t io n  o f  th e  r a d ic a l - a n io n .

However, when a c e to n e  was added to  th e  r e a c t io n  m ix tu re  [ e . g .  (x) 

i n  DMP-t-BuOH, 6 :4  (xA ")] th e  r a d ic a l - a n io n  was d e te c te d  a f t e r  5 to  15 

m in u tes  (F ig u re  2 .1 6 ) .  I t  was a l s o  o b se rv ed  t h a t  when o th e r  p o r t io n s  o f  

th e  r e a c t io n  s o lu t io n  were t r a n s f e r e d  to  th e  e . s . r .  c e l l ,  up to  f iv e  

m in u tes  e la p se d  b e fo re  th e  r a d ic a l - a n io n  s ig n a l  was d e te c te d ,  no m a t te r  

how o ld  th e  r e a c t io n  s o lu t io n .  Thus i t  a p p e a rs  t h a t  d is s o lv e d  oxygen 

e f f e c t i v e l y  p re v e n ts  th e  b u i ld  up o f  th e  r a d ic a l - a n io n  c o n c e n tr a t io n  and
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t h a t  i n  th e  e . s . r .  c e l l  th e  d is s o lv e d  oxygen was removed by th e  r e a c t io n .  

Mhen th e  re a g e n ts  w ere deoxygenated  th e  r a d ic a l - a n io n  was d e te c te d  a s  soon 

a s  th e  r e a c t io n  m ix tu re  was t r a n s f e r e d  to  th e  s p e c tro m e te r .  A s im i la r  

e f f e c t  was o b se rv ed  w ith  2 ,4 > 6 - t r i - t - b u ty ln i t r o b e n z e n e  ( i n  DMP + t - b u t y l  

a lc o h o l + a c e to n e  + p o ta ss iu m  t - b u to x id e ) .

The e q u i l ib r iu m :

NO,

A
+  ° 2 '

seems to  be d is p la c e d  to o  f a r  to  th e  r ig h t - h a n d - s id e ,  u n d e r th e  c o n d i t io n s  

u s e d , to  see  th e  n i t r o - r a d i c a l - a n i o n  by e . s . r . ,  u n t i l  oxygen i s  rem oved. 

(H alf-w ave p o la ro g ra p h ic  r e d u c t io n  p o t e n t i a l s :  E - ] ( v .  SCE), 2 ,4 ,6 -

t r i - t - b u ty I n i t r o b e n z e n e  in  a c e t o n i t r i l e  - 1 .5  V; n it ro b e n z e n e  in  a c e to -  

n i t r i l e  - 1 .1 5  oxygen i n  HMP -0 .8 8 V .^ ^ ) .  P o tass iu m  su p e ro x id e

72(KOg) g e n e ra te s  th e  r a d ic a l - a n io n  from  more r e a d i ly 'r e d u c i b l e  n i t r o a r e n e s .  

Upon e le c tro c h e m ic a l  r e d u c t io n  o f  ( x )  i n  UMP th e  r a d ic a l - a n io n  o f  (x )  

was d e te c te d .

2.1  H. 2 ,6 - I ) i f lu o ro n itro s o b e n z e n e  (X l)

S o lu tio n s  o f  (X l) r e a c te d  r a p id ly  w ith  b a s e s  to  g iv e  s e v e r a l  p a ra ­

m ag n e tic  p ro d u c ts ,s  depend ing  upon th e ’ r e a c t io n  c o n d i t io n s .  However, no 

sp ec trum  t h a t  c o u ld  be a s s ig n e d  to  th e  r a d ic a l - a n io n  o f  (X l) was d e te c te d .



— 62 —

I n s te a d  th e  c o rre sp o n d in g  n i t r o - r a d i c a l - a n io n  was found a lo n g  w ith  d im e ric  

s p e c ie s  (d is c u s s e d  i n  S e c t io n  2 .5 ) •  F o r exam ple, when a c e to n e  was a  

. c o s o lv e n t w ith  DMSO o r  IMP, e i t h e r  a  d im er r a d i c a l  o r  a  m ix tu re  o f  th e  

n i t r o - r a d i c a l -  a n io n  and d im er were form ed on a d d i t io n  o f  aqueous sodium 

h y d ro x id e , (F ig u re  2 .1 7 ) .  A d d itio n  o f  p o ta ss iu m  t-b u to x id e  to  a  s o lu t io n  

o f  (X l) i n  DMSO g e n e ra te d  a  second d im e ric  r a d i c a l .  S im i la r ly ,  e l e c t r o l y t i c  

r e d u c t io n  gave a  m ix tu re  o f  r a d i c a l s  o r  o n ly  one d im er (d is c u s s e d  in  

S e c t io n  2 .5 ) .

2 .1  J .  2 ,4 ,6 -T r i f lu o ro n i t ro s o b e n z e n e  ( X I l )

The r a d ic a l - a n io n  o f  (X Il)  was n o t  d e te c te d  i n  b a s ic  s o lu t io n s  o f  

(X I l)  (DMSO, DMP o r  e th a n o l s o lv e n t ) .  However, im m ediate c o lo u r  changes 

on th e  a d d i t io n  o f  th e  b ase  in d ic a te d  a  r e a c t io n  was ta k in g  p la c e .  When 

p o ta ss iu m  t - b u to x id e  was added to  a  s o lu t io n  o f  (X Il)  i n  DMSO a  spec trum  

was d e te c te d ,  b u t  i t  was com plex and o f  low s t r e n g th  and was p ro b a b ly  from  

a  d im e ric  s p e c ie s .  E l e c t r o l y t i c  r e d u c t io n  o f  (X Il)  i n  DMSO a t  a  m ercury  

ca th o d e  a ls o  le d  to  th e  fo rm a tio n  o f  a  d im e ric  r a d i c a l  p ro d u c t ( s e e  

S e c t io n  2 .5 )

2./1 K. 2 ,5 ,5 ,6 -T e tr a f lu o ro n i t ro s o b e n z e n e  ( X I I l )

No spec tru m  w hich c o u ld  be a s s ig n e d  to  th e  r a d ic a l - a n io n  o f  (X I I l )  

was d e te c te d  i n  b a s ic  s o lu t io n s  o f  ( X I I l ) .  However, c o lo u r  changes d id  

o c c u r  and i n  p a r t i c u l a r  when aqueous sodium h y d ro x id e  was added to  s o lu t io n s  

o f  ( X I I l )  i n  DMSO/acetone an  in te n s e  b lu e  c o lo u ra t io n  was o b se rv ed  

a lo n g  w ith  th e  sp ec trum  o f  a  m ix tu re .o f  r a d i c a l s  a t  low c o n c e n tr a t io n .

R ed u c tio n  o f  ( X I I l )  i n  DMP by aqueous a l k a l in e  sodium d i t h i o n i t e  

g e n e ra te d  a  com plex spectrum  o f  a  d im e ric  s p e c ie s ,  d is c u s s e d  i n  S e c t io n



-  65 -

2 .5 .  S im i la r ly ,  e l e c t r o l y t i c  r e d u c t io n  o f  (X I I l )  i n  DMF o r  DMSO g e n e ra te d  

a  s e r i e s  o f  d im e ric  r a d i c a l s  show ing c o u p lin g  to  two n i t r o g e n  atom s 

. (S e c t io n  2 . 5 ) .  •

2 .1  L. P e n ta f lu o ro n itro s o b e n z e n e  (XIV)

A gain th e  r a d ic a l - a n io n  o f  (XIV) was n o t d e te c te d  in  b a s ic  s o lu t io n s

o f  (X IV ), and n u c le o p h i l ic  a t t a c k  on th e  r i n g ,  u n d e r th e  c o n d i t io n s

u s e d , sh o u ld  be r a p id .  T h is  was i l l u s t r a t e d  by th e  r e a c t io n  o f  (XIV) in

DMP o r  DMSO w ith  aqueous sodium d i t h i o n i t e  in  th e  p re se n c e  o f  a  t r a c e  o f  •

sodium  h y d ro x id e . Only th e  spec trum  o f  a  te tr a f lu o ro b e n z e n e  n i t r o s y l -

s u lp h in a te  r a d ic a l - a n io n  was seen  (F ig u re  2 .1 8 )  show ing e q u iv a le n t

s p l i t t i n g  to  fo u r  f lu o r in e  a tom s, [ 0 .75  G (4P ) ,  12.9  G ( 1N )] and i s

73a s s ig n e d  to  th e  pyhydroxy d e r iv a t iv e  by an a lo g y  w ith  th e  r e a c t io n  o f  

m ethoxide w ith  (XIV) w hich g iv e s  76^ 4 -n ie th o x y te tra f lu o ro n itro s o b e n z e n e .

A second spec tru m  (F ig u re  2 .1 9 ) was d e te c te d  from  DMSO s o lu t i o n s ,  w hich 

e x h ib i te d  c o u p lin g  to  a l l  f iv e  r i n g  f lu o r in e  atom s [1 2 .6  G (1N ), 1 .25  G 

( i f ) ,  1 .1 0  G (2P) and O .4O G (2 P ) ] .  However, t h i s  r a d i c a l  i s  n o t 

a s s ig n e d  to  th e  c o rre sp o n d in g  n i t r o s y l s u lp h in a t e  r a d ic a l - a n io n  a s  th e  

s p l i t t i n g  p a t t e r n  ( | a j  | ^  I -p  | >  I -m I ) i n d i c a te s  a  s t e r i c a l l y  

u n h in d e re d  n i t r o x id e  (S e c tio n  1.1 ) ,  w hereas th e  o th e r  2 , 6- d i f l u o r o -  

s u b s t i t u t e d  a r y l  n i t r o  s y ls u lp h in a te  d e r iv a t iv e s  show th e  t y p i c a l  

h in d e re d  p a t t e r n  (T ab le  2 .5 ) .  The r a d i c a l  i s  p ro b a b ly  d e r iv e d  from  

r e a c t io n  w ith  th e  DMSO s o lv e n t  (S e c tio n  2.1 B ).

When s o lu t io n s  o f  (XIV) in  DMSO o r  DMP c o n ta in in g  an  e x c e ss  o f  

aqueous a l k a l i  and sodium  d i t h i o n i t e  were l e f t  to  s ta n d ,  s p e c t r a  were 

o b se rv ed  o f  p e r s i s t e n t  r a d i c a l s  t h a t  d id  n o t e x h ib i t  c o u p lin g  to  a  n i t r o g e n
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atom . The v a r io u s  r a d i c a l s  seen  have th e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  

sem iquinone r a d ic a l - a n io n s  and may he form ed hy c o n s e c u tiv e  n u c le o p h i l i c  

a t t a c k  on (XIV) p ro d u c in g  h y d ro x y la te d  p ro d u c ts ,  hyd ro q u in o n es a r e  k n o m  

to  undergo  a u to x id a t io n  i n  a lk a l in e  s o lu t io n  in  th e  p re se n c e  o f  oxygen to

g iv e  sem iqu inone r a d ic a l - a n io n s .^ 4 ,7 5 ,7 6

F o r exam ple, s o lu t io n s  o f  (XIY) i n  DMP o r  DMSO c o n ta in in g  ex ce ss  

aqueous sodium d i t h i o n i t e  and sodium h y d ro x id e  p roduced  th e  r a d i c a l s  

h a v in g  th e  s p e c t r a  shown i n  F ig u re  2 .2 0 . The s p l i t t i n g  p a t t e r n s  do n o t 

a l lo w  ass ig n m e n t o f  s t r u c t u r e .  A f u r t h e r  lo n g - l iv e d  r a d i c a l  w ith  a  more 

com plex s p l i t t i n g  p a t t e r n  was seen  when a  ty p i c a l  r e a c t io n  s o lu t io n  was 

l e f t  f o r  ah o u t n in e ty  m in u tes  [F ig u re  2 .2 1 , 2 .3 5  (1N ), 0 .2  G ( 2 ) ,  3*55 G ( l ) ,  

3 .3 0  G ( 1 ) ] .  The c o u p lin g  o f  2 .3 5  G from  a  n i t r o g e n  atom shows t h a t  th e  

n i t r o g e n  atom o f  (XIV) i s  s t i l l  bonded to  th e  r in g  in  t h i s  r a d ic a l - a n io n .

The sp ec tru m  i s  t e n t a t i v e l y  a s s ig n e d  to  th e  s t r u c t u r e  (XV) hy an a lo g y  w ith  

a  re p o r te d ^ ^  spec tru m  f o r  a  c h l o r i n e - s u h s t i tu t e d  d e r iv a t iv e ,  (X V l).

O'

m .

"0

0“

(XVI) KB,

“0
O'

2 (XV)

2 .5  G (1K) 

0 .6  G (2H)

( x v )  c o u ld  he form ed from  (X IV )  hy n u c le o p h i l ic  a t t a c k  o f  h y d ro x id e  

io n  a t  th e  a c t iv a t e d  r i n g  and r e d u c t io n  o f  th e  n i t r o s o  g ro u p , hy th e
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d i t h i o n i t e ,  to  th e  amino f u n c t io n .

R a d ic a l (XV) c o u ld  be re g e n e ra te d  in  th e  r e a c t io n  m ix tu re  a f t e r  a  

d ay , by  th e  a d d i t io n  o f  e x t r a  aqueous sodium h y d ro x id e  and sodium d i t h i o n i t e

(XIV) was red u ce d  e le c tro c h e m ic a l ly  i n  DMSO s o lu t io n  a t  a  m ercury  

c a th o d e . (XIY) was seen  to  r e a c t  w ith  te tra -n -b u ty lam m o n iu m  io d id e  

i n  DMSO, to  g e n e ra te  io d in e .  N u c le o p h ilic  s u b s t i t u t i o n  o f  f lu o r i n e  in  

Ocrv) by io d id e  h as  n o t  b een  r e p o r te d  b e f o r e ,  b u t th e  e q u iv a le n t  r e a c t io n

f o r  p e n ta f lu o r o p y r id in e  i s  known. 78

N al +

N

F

F

DMF F

+ F

H

F
N

F

F

4-H.+
F

F F
+ I .

C o n seq u en tly , te tra -e th y lam m o n iu m  p e r c h lo r a te  was u sed  a s  th e  

s u p p o r t in g  e l e c t r o l y t e .  Even so , o n ly  a  te t r a f lu o r o n i t r o s o b e n z e n e  r a d i c a l -  

a n io n  was d e te c te d  [F ig u re  2 .2 2 , 8 .7 0  G(1N), 6 .15  G (2 F ) , 1 .90  G (2 P ) ] .
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T ab le  2.1  , '

E .S .R . S p e c t r a l  P a ram e te rs  o f  th e  N itro s o a re n e  R a d ic a l-a n io n s

ArNO S o lv e n t % /G  a(m-H)/G 

(2H)
a ( o th e r  )/G  _ £ -fa c to r

PhKO

PhNO

DMSO

Eton

7.75

10.15

1.0

1 .25

^ .9  (2E) 
2 .9 5  (1H)

4.25 ( i s )  
5.9 ( i s )  
3 .6 5  ( IS )

2.0062

so

Br

DMSO 6.35 1 .25 2.0080

DMSO 6.6 1 . 2 4 .2  ( i s )  , 2 .0075

NO

” 0 “
Cl

NO
C l / C S .  Clo

50^ DMSO 
. /E tO S

DMSO

7.95

7.1

1 . 2

1 . 2

2.0071

4.15 ( i s )  . 2.0072

DMSO

£-XCgP^NO DMSO 

from

9.75 1.2

8 .7  1 .9  (2F) 6 .1 5  (2F)

C^F^NO
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T ab le  2 .2

E .S .R . S p e c t r a l  P a ra m e te rs  o f  th e  N itro a re n e  R adic a l -A nions

ArNOg S o lv e n t a^/G  ^ (o th e r ) /G  g -F a c to r

rWIOg 95^ DMSO 10.9  . 3.9  (1H ), 3 .4  (2H)
/CH,COCH 1 .15  (2H)

PhUO„ CH,COCH, 13.0 3.65  (1H ), 3 .4  (2H)
2 ““3 3

79
1.1 (2H)

PhNOg'  ̂ EgO 14.2 2.0045

DMSO 19.1 0 .9  (2H)

NOg CĤ COCĤ  21.55 0 .6 5  ( 2H)

, NOp ■ 5C^ HMSO 18 .75  0 .9  (ZE) " 2.0055
c i ^ x ^ j c i  /E to n

Cl

NO  ̂ DMSO 19 .4  0 .9  (2H)
C l^ X sJC l

NOo 90^  DMF/ 14 .2  5 .8  ( 2 ) ,  5 .0  ( 1 )
F > k p  CH^COCH, '  1 .05  (2E)

5 5
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Table 2 .3

E.S.R.  S p ec tra l Parameters o f  th e  ITitroa.7 l?nj.lrhinate Padi c a l -A nions 

[A rN(S0:)O -]

Ar S o lven t a^/G o th er  )/G  ^ - fa c to r

Ph aqueous
Eton

11 .75 2.45 (5E) 
0.85 (2H)

(2 .0 0 5 4 )4 3

O
Br

Br Br

DMP

DMP

DMP

12.15 0 . 7  (2H)

12.75 0 . 6 '(2H)

12.8 0 . 6  (2E)
0 . 2  ( 1h )

2.0065

2.0064

45
Cl Cl

CĤ OH 12.5  0 . 6  (2H) 2.0060

Cl

Cl % ^ C 1
DMP 12.65 0 .7  (2H) 

0.2 (1H)
2.0061

F F
DMP

DMSO

12.6

12.75

0.6 (4 ) 
0 . 5  ( l )

0 . 7  (4)  
0 .9  (1)

2.0061

F
p-XCgF^ BMP 12.9 0 .75  (4F)
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F ig u re  2 .1 7  E .S .R . s p e c tru m ,o f  a  m ix tu re  o f  th e  2 ,6 - d i f l u o r o n i t r o -  

benzene r a d ic a l - a n io n  and a  d im e r ia . r a d ic a l - a n io n  (S e c tio n  2 .3 )  i n  b a s ic  

DiyiP/acetone.
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I

F ifiu re  2 .1 8  E .S .R . spectrum  o f  a  te t r a f lu o r o n i t r o s o b e n z e n e  n i t r o s y l s u l -  

p h in a te  r a d ic a l - a n io n  form ed from  (XIV) in  w eakly  a lk a l in e  aqueous DMSO.

m

F ig u re  2 .19  E .S .R . spectrum  o f  th e  n i t r o x id e  ad d u c t (S e c tio n  2 . IB) 

d e te c te d  from  w eakly  a lk a l in e  aqueous DMSO s o lu t io n s  o f  (X IV ).
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h-5-G.

Figure 2 .20

F ig u re  2.21

• h J

F ig u re  2 .20  ESR spectrum  o f  a. m ix tu re  o f  benzosem iquinone r a d ic a l - a n io n s  

d e r iv e d  from  (XIV) i n  s t r o n g ly  b a s ic  DMSO s o lu t io n .

F ig u re  2.21 ESR spec trum  o f  a  n i t r o g e n - c o n ta in in g  benzo sem iqu inone 

d e r iv e d  from  (X IV ). L in es  marked A a re  due to  a  second r a d i c a l .



F ig u re  2 .2 2  E .S .R  spectrum  o f  a  

t e t r a f l u o r o n i t r o  sobenzene- r a d i c a l -  

a n io n  i n  DMSO s o lu t io n  e x h ib i t in g  

l in e -b ro a d e n in g  (S e c tio n

2 .4 )

F ig u re  2 .23  E .S .R . spectru iû  o f  a  d im e ric  

r a d ic a l - a n io n  g e n e ra te d  from  (V l) i n  b a s ic  DMSO 

s o lu t io n .
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S e c t io n  2 .2

The D im eric R ad ica l-A n io n s  D erived  from  C h lo rin e  o r  Bromine S u b s t i tu te d  

N itro so b en ze n e

The c h lo r in e  and brom ine s u b s t i tu t e d  n it ro s o b e n z e n e s ,  (V l) ,  ( V I I l ) ,  and 

(IX ) g e n e ra te d  lo n g - l iv e d ,  d im eric  r a d ic a l - a n io n s  (T ab le  2 .4 ,  f o r  

'exam ple. F ig u re s  2 .1 5  and 2 .2 5 ) u n d er h ig h ly  b a s ic  c o n d i t io n s .  These 

r a d ic a l - a n io n s  a re  n o t th e  c o rre sp o n d in g  a z o - r a d ic a l - a n io n s ,  p o s s ib ly  

form ed from  th e  f u r t h e r  r e d u c t io n  o f  th e  azoxy r e d u c t io n  p ro d u c t ;

A rm  A rm “' — ► ArN=NAr — —  » A rM A r

- V  0 -

ArN=EAr —------- > [ArN=NAr]*

s in c e  th e  s p e c t r a l  p a ra m e te rs  do n o t f i t  th o s e  o b se rv ed  f o r  th e  

r a d ic a l - a n io n s  d e te c te d  from  th e  d i r e c t  r e d u c t io n  o f  azobenzene 

d e r iv a t iv e s  (azo b en zen e ; 2 , 2 ',4 > 4 '> 6 ,6 *-hexabrom oazobenzene and 2 , 2 ' , 4 > 4 '-  

te t r a c h lo ro a z o b e n z e n e , T ab le 2 .6 ,  f o r  exam ple. F ig u re  2 .2 4 ) .  The r a d ic a l s  

may be a s s ig n e d  to  sem id iazo x id e  d e r iv a t iv e s  (X V Il) o r  to  s p e c ie s  d e r iv e d  

from  h a lo g e n  l o s s ,  such  a s  (X V TIl).

N Z=N

ArN------NAr
I I
0 - 0-

(X)(X)
(XVTII)

(X V Il) (X = B r, C l)

( x v i l )  may be form ed from  th e  c o rre sp o n d in g  d ia n io n ,  w hich h as  been  

p ro p o sed  a s  an  in te rm e d ia te  o f  th e  r e a c t io n  a ro m a tic  n itro so -co m p o u n d s
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w ith  b a ses  (S e c t io n  1 . 4)*  The rev erse  r e a c t io n , g en era tio n  o f  the  

n itr o s o -r a d ic a l-a n io n  from azoxybenzene in  s tr o n g ly  b a s ic  m edia, has been  

d em o n stra ted '(S ectio n  1*4)* C onsequently, (XVIl) may be another sp e c ie s  

p resen t in  th e  redox system , favoured by s tr o n g ly  b a s ic  c o n d it io n s .

ArNO > ArHO“  I V ArH NAr---------------ArH--NAr
I I  I I
0“ 0“ 0 * 0“

E
+ "jr

ArN=EAr-------------------------------- ArN---- M r
I 0 ^  I I
0 -  OH 0 -

S p ectra  have p r e v io u s ly  been a ssig n ed  to  a sem id iazoxide s tr u c tu r e .  

E le c t r o ly t i c  red u ctio n  o f  tr iflu o ro n itro so m eth a n e  in  DME s o lu t io n  gave 

r i s e  to  s ig n a ls  a ss ig n ed  to  the n itr o -r a d ic a l-a n io n  and the corresponding  

sem id iazox id e (XIX),  [7*4 G (2N),  17*8 ( 6f ) ] . ^ ^

CF^N NCF,
I 3

0 *  0-  

(XIX)

However, th e  spectrum a ssig n ed  to  (XIX) was la t e r  shown to  be th a t o f

81th e correspond ing a z o -r a d ic a l-a n io n . Spectra (show ing two non­

e q u iv a le n t n itr o g e n  s p l i t t in g s )  ob ta ined  from th e red u ctio n  o f  n i t r o s o -

compounds a t  low tem peratures, have a lso  been a ss ig n ed  to  a sem id iazox id e

82 82 s tr u c tu r e . For exam ple.



-  75 -

CF,N NCFz PM ---- NPh
^1 L  ^ I I

0* 0 O' 0“

1 0 .8  G (IN , 3F) 10 .2  G (IN )

2 .8  G (IN , 3F) 2 .6  G (IN )

a t  -1 1 0  °C 2 .4  G (2H)

0 .8 5  G (2H) 

a t  -25  °C

The spec tru m  d e r iv e d  from  t r i f lu o ro n i t ro s o m e th a n e  w ith  th e  above 

s p l i t t i n g  c o n s ta n ts  h a s  been  d e te c te d  by o th e rg ,^ ^  b u t  a ss ig n m en t was 

n o t a t te m p te d .

The p o s s i b i l i t y  t h a t  th e  r a d ic a l - a n io n s  a re  s p e c ie s  d e r iv e d  by 

h a lo g e n  lo s s  [su c h  a s  (X V IIl) ]  i s  rem ote s in c e  th e  m e ta -p ro to n  s p l i t t i n g s  

a re  e q u iv a le n t  (u n l ik e  th e  2 and 4 p o s i t io n s  o f  9 ,1 0 -d ia z a p h e n a n th re n e  

r a d ic a l - a n io n .  T ab le  2 .6 ) .

A l te r n a t iv e ly ,  th e  r a d i c a l s  may be d e r iv e d  from  r e a c t io n s  in v o lv in g  

n u c le o p h i l ic  a t t a c k  o n . th e  h a lo g en  s u b s t i t u e n t s ,  a s  o u t l in e d  by  B u n n e tt,^ ^  

w hich w ould be fa v o u re d  u n d e r th e  c o n d i t io n s  u se d . However, th e  

s p l i t t i n g  c o n s ta n ts  o b se rv ed  do n o t su g g e s t a  re a rra n g e m e n t.
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T ab le  2 .4

C h lo r in e - o r B ro m in e -S u b s titu te d N itro so b e n z e n e ,

• I^yperfine  s p l i t t i n g / C

Ar S o lv en t
% ( 2H) a ( o th e r )

g - f a c t o r

DMSO 4 .8 1 .9  (4H) 2.0036

Cl

Cl
BMSO 4 .8 1 .9  (4E) 

3 . 4  ( 2E) 2.0035

îr
DMSO 4 .8 1 .9  (4H) 2.0044

V '■

B r



-  77 -

5 G •
I - : -  O '

] y S :  f '■tUi-i! r
::-i±r:rt

Ê IË

r—* ‘"»--' T-r  ̂i~ t r '' ‘ :.:y;nu

% ; _ T ï -p.—i. ... y - - 1 . .4 - I.— -.- ♦—- ■ •— — «--« » - - f—« — -

r.;.l:-r

♦.ti. . . .

rrrr: : "rr.ril r.* rr̂  T:

Figure 2 . 2 4  ESR spectrum and s im u la tion  o f  the r a d ic a l-a n io n  o f  2 , 2*4>4 ' -  

tetrach loroazob en zen e in  b a s ic  a,cetone/DMSO s o lu t io n .
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S e c t io n  2 .3

The D im eric  R ad ic a l - Anions D erived  from F lu o r in e  S u b s t i tu te d  N itro so b en ze n e

The f lu o r i n e  s u b s t i t u t e d  n itro so b e n z e n e s  (X l) ,  (X Il)  and (X I I l )  

when red u ce d  i n  b a s ic  c o n d i t io n s  o r  by e l e c t r o l y s i s  g e n e ra te d  d im e ric  

r a d ic a l - a n i o n s .  These d im e ric  s p e c ie s  a re  a s s ig n e d  to  th e  c o rre sp o n d in g  

azo x y - and a z o - r a d ic a l - a n io n s  and t h e i r  f u r t h e r  r e a c t io n  p ro d u c ts .  The 

s p e c t r a  o b ta in e d  w ere com plex, e x h ib i t in g  c o u p lin g  to  two n i t r o g e n  

n u c le i  and up to  te n  hydrogen  o r  f lu o r in e  n u c l e i .  The s p e c t r a  a l s o  

showed th e  asym m etric  l in e -b ro a d e n in g  e f f e c t  (S .ec tion  2 .4 )  and 

c o n se q u e n tly  unambiguous- ass ignm en t o f  s p l i t t i n g s  was n o t alw ays p o s s ib le .

2 .5  A. 2 ,3 ,5 ,6 -T e tr a f lu o ro n i t r o s o b e n z e n e  ( X I I l )

E l e c t r o l y t i c  r e d u c t io n  o f  (X I I l )  i n  DMP s o lu t io n  gave r i s e  

i n i t i a l l y  to  a  sp ec trum  (F ig u re  2 .2 5 , R a d ic a l A) h a v in g  no c e n t r a l  l i n e ,  

b u t  c o u p l in g  to  more th a n  one benzene r i n g ,  s u g g e s tin g  an  u n sy m m etrica l 

d im e r ic  s t r u c t u r e  p e rh ap s  w ith  n o n -e q u iv a le n t n i t r o g e n  a tom s. The 

sp ec trum  was a s s ig n e d  to  th e  a z o x y - ra d ic a l - a n io n  (XX) w ith  th e  p o s s ib le  

s p l i t t i n g  c o n s ta n ts  g iv e n  i n  T able 2.5«

F F F- F

o -
F F F F  _ ]

(XX)

S h o r t ly  a f t e r  o b s e rv a tio n  o f  th e  a z o x y - ra d ic a l - a n io n  a  second 

r a d i c a l  (R a d ic a l B) was d e te c te d ,  which p redo m in a ted  a f t e r  a  p e r io d  o f  

c o n tin u o u s  e l e c t r o l y s i s  (F ig u re  2 .2 6 ) .  The spectrum  showed c o u p lin g
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to  two e q u iv a le n t  n i t r o g e n  atoms and te n  h a l f - s p i n  n u c l e i .  [Tlie 

spec trum  was s im u la te d  (F ig u re  2 .2 6 ) u s in g  th e  s p l i t t i n g  c o n s ta n ts  

5 .07  G (2N )j 3*4 G ( 4 ) ,  2.1 ( 4 ) and 2 .98  G ( 2 ) w ith  p e a k - to -p e a k  l i n e -  

w id th  o f  0 .2  G. Tliese v a lu e s  agxee re a s o n a b ly  w e ll w ith  th e  p a r t  o f  th e  

sp ec trum  h a v in g  th e  n a rro w e s t l in e w id th .  The ends o f  th e  sp ec trum  and th e  

s im u la t io n  a re  n o t  i n  good agreem ent as  th e  r a d i c a l  was n e v e r  o b se rv ed  

i n  th e  ab sen ce  o f  o th e r  weak s i g n a l s . ]  I n  DMP s o lu t io n  no f u r t h e r  

r a d i c a l s  w ere d e te c te d .  E l e c t r o l y t i c  r e d u c t io n  o f  (X I I l )  i n  DMSO 

s o lu t io n  i n i t a l l y  p roduced  R ad ic a l B w hich was l a t e r  re p la c e d  by a  

s t r o n g e r  s ig n a l  (F ig u re  2 .2 7 , R a d ic a l C) showing c o u p lin g  to  two 

e q u iv a le n t  n i t r o g e n  n u c lè i  and e ig h t  h a l f - s p i n  n u c l e i .

E l e c t r o l y t i c  r e d u c t io n  o f  an a u th e n t ic  sam ple o f  2 , 2 *,3»3' > 5 ,5 ' ,6 ,6 '-  

h ex a flu o ro azo b en ze n e  in  DMSO s o lu t io n  gave i n i t i a l l y  a  spectrum  

i d e n t i c a l  to  t h a t  o f  R a d ic a l B fo llw e d  by th a t  o f  R a d ic a l 0 . C onsequen tly  

R a d ic a l B was a s s ig n e d  to  th e  a z o - r a d ic a l - a n io n  and R a d ic a l C e i t h e r  to  

a  se co n d a ry  p ro d u c t p ro b a b ly  form ed t h r o u ^  lo s s  o f  f l u o r i n e ,  o r  to  a  

c y c l ic  p ro d u c t such  a s  (XXl) o r  (X X Il).

F F

(XXI )_ ■ (XXII)

E l e c t r o l y t i c  r e d u c t io n  o f  an  a u th e n t ic  sam ple o f  (X XIl) gave th e  r a d i c a l -  

a n io n  e x h ib i t i n g  c o u p lin g  to  two e q u iv a le n t  n i t r o g e n  n u c le i  and e ig h t  

h a l f - s p i n  n u c le i  (F ig u re  2 .2 8 ) ,  th e  c o u p lin g s  d id  n o t co rre sp o n d  w ith
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any o f  th o se  o b ta in e d  from  o th e r  d im ers , b u t th e  ^ f a c t o r  was th e  same 

a s  t h a t  o f  R a d ic a l C and o f  o th e r  d im ers o b se rv ed  from  (X l) and ( X I l ) .  

R ed u c tio n  o f  (X I I l )  by chem ica l means (sodium  d i t h i o n i t e  and sodium 

h y d ro x id e  i n  aqueous DMP) a ls o  p roduced  d im e ric  s p e c ie s .  However, 

com ple te  a n a ly s i s  was n o t  a tte m p te d  as th e  r a d i c a l s  were i n  low 

c o n c e n tr a t io n  and th e  w ings o f  th e  s p e c t r a  were n o t d e te c te d .

2 .3  B. 2 ,6 -D if lu o ro n itro s o b e n z e n e  (X l)

R e d u c tio n  o f  (X l) i n  BMSO w ith  p o ta ss iu m  t-b u to x id e  ( c o n d it io n s  known

8 5to  g e n e ra te  th e  azobenzene r a d ic a l - a n io n  from  azobenzene ) g e n e ra te d  a

d im e ric  r a d i c a l  o f  s im i la r  £ - f a c t o r  to  R a d ic a l B above, and e x h ib i t i n g

c o u p lin g  to  two e q u iv a le n t  n i t r o g e n  atoms and te n  h a l f - s p i n  n u c l e i .

(F ig u re  2 .2 9 ) .  The r a d i c a l  was a ls o  o b se rv ed  from  th e  a c t io n  o f  sodium

m ethox ide  on (X l) i n  BMSO (b u t was l a t e r  r e p la c e d  by a  second d im er. 

R a d ic a l D) and i s  a s s ig n e d  to  th e  a z o - r a d ic a l - a n io n ,  (X X III)

F F

=  N _ /  \

F

(X X III)

R a d ic a l D, o b se rv ed  a f t e r  (X X III) when sodium m ethox ide was added 

to  a  s o lu t io n  o f  (X l) in  BMSO, was a ls o  d e te c te d  when aqueous sodium 

h y d ro x id e  was added to  (X l) in  BMSO/acetone m ix tu re s ,  (F ig u re  2 .^ 0 ) .

The r a d i c a l  shows c o u p lin g  to  two e q u iv a le n t  n i t r o g e n  n u c le i  and e ig h t



— 81 —

h a l f - s p i n  n u c l e i .  The r a d i c a l  was .a lso  d e te c te d ,  to g e th e r  w ith  th e  

c o r re sp o n d in g  n i t r o - r a d i c a l - a n i o n  (F ig u re  2 .1 7 ) ,  from  th e  e l e c t r o l y t i c  

r e d u c t io n  o f  (X l) ,  a f t e r  a p p ro x im a te ly  10 to  15 m in u tes  o f  c u r r e n t  f lo w .

The above r e s u l t s  in d i c a te  t h a t  th e  r a d ic a l  i s  a  seco n d ary  p ro d u c t ,  and 

i t  h a s  th e  same ^ - f a c t o r  a s  R a d ic a l C, a ls o  a  seco n d ary  p ro d u c t .

2 .3  C. 2 ,4 ,6 -T r ifT u o ro n itro s o b e n z e n e  (X Il)

! From (X I l)  o n ly  one d im eric  r a d ic a l - a n io n  was d e te c te d ,  ha.ving a

^ f a c t o r  s im i l a r  to  th e  seco n d ary  R a d ic a ls ,  0 and B, and was o b se rv ed  

from  e l e c t r o l y t i c  r e d u c t io n  o f  (X Il)  a f t e r  ap p ro x im a te ly  15 m in u tes  c u r r e n t  

flo w  (F ig u re  2 .3 1 ) .

The r e s u l t s  o b ta in e d  in  t h i s  s e c t io n  may be sum m arised by  th e  

fo llo w in g  schem e:

ArpNO — — > [AipNO”] ArpH=H(o)Arj, (n-ArpKOg)

E l

T rapped a s  n i t r o x id e  •
( c h a p te r  3)

ArpK=N(0)Arj, — ----- > [ArptI=N(0)Arj]‘

2e~
[A rJS = N (0)A r ]■ .  ------------------ »

-H O

Arĵ I=NArj, -^2-----» [ArpH=HArpJ

[A rgN =N A r^]:  > [A r'pH = N A r'j,]
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and p o s s ib ly

F Fn n

!Ehe r e s u l t s  show t h a t ,  i n  s o lv e n ts  such  a s  DMP and DMSO, th e  

n i t r o s o - r a d i c a l - a n io n  s id e  o f  th e  e q u i l ib r iu m  w ith  i t s  d im er i s  n o t 

fa v o u re d  and th e  r e a c t io n  p ro cee d s  r e a d i ly  th e  azoxy s ta g e  and f u r t h e r .  

These r e s u l t s  c o n t r a s t  w ith  th o se  o b ta in e d  from  n itro s o b e n z e n e , w here th e  

n i t r o s o - r a d i c a l - a n io n  i s  fav o u red  (S e c tio n s  1 .4  and 2 .1 A ).

0“

-  _  I2ArN0• K  ArN-NAr

0“

ArN NAr

OH

+0H" L

ArN=NAr
+

T rif lu o ro n itro s o m e th a n e  behaves s im i la r l y  to  f lu o r in e  s u b s t i tu t e d

n i t r o s o a r e n e s  a s  o n ly  th e  azo— and n i t r o — r a d ic a l - a n io n s  w ere o b se rv ed  ’

82o r  th e  d im er may p re d o m in a te .



-  83 -

Table 2 .5

E .S .R . S p e c t r a l  P a ra m e te rs  o f  th e  D im eric R ad ica l-A n io n s d e te c te d  'from 

F lu o r in e  S u b s t i tu te d  N itro so b en zen e

ArNO A ssignm ent
E y p e rfin e  S p l i t t in g s /G  

% (2N ) a ( o th e r )
^ - f a c t o r

F

F

a z o - r a d ic a l - a n io n

seco n d ary  ( d )

a z o x y - r a d ic a l - a n io n  ( a )

6.10

5.40

'.6  (IN )
.8  ( i n )

3 .20  ( 4 , 
1.45  ( 2 ,
1.15  (4.

3.1  ( 2 ) 
1.55  (4 ) 
1 .35  ( 2 )

3 .5  1 
4 . 8  ( 3 ) 
1.25  ( 4 )

2.0039

2.0033

a z o - r a d ic a l - a n io n  (b ) 5*07 3 .40  (4 )
2 .9 8  ( 2 ) 
2.1 (4 )

2.0038

F

F

seco n d ary  ( c ) 4 .90 3 .90  ( 2 ) 2.0033
2.55  ( 2 )
2 .35  (4 )

F

S econdary 5 .2 3 .30  (2 )  2 .
2.20  ( 2 )
1 .40  ( 4 )

0034
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Table 2 , 6

E.5«R . S p e c t r a l  P a ra m e te rs  o f  R ad ica l-A n io n s  r e le v a n t  to  S e c t io n s  2 .2  and

S tr u c tu r e
B y p e rfin e  S p l i t t in g s /G  

^ ( 2 N )  o th e r )
R efe ren ce

PhIT=NPh

N — N

4 .8 4

4 .8 4

5 .27

2 .15(2 ,2 ») 84
2 .9 4 (6 ,6 »
3 .2 0 ( 4 ,4 '
0 .6 4 ( 3 ,5 '
0 .9 1 ( 5 ,5 '

2.03(2,2») 37
2 .8 1 (6 ,6 »
2 .8 1 (4 ,4 '
0 . 7 8 ( 3 , 3 ' , 5 , 5 ' )

3 .58(2H ) 85
2.83(2H 
0.77(2H 
0.28(2H .

Br

Br

Br

Cl

F
F

CF,N=NCP^ 
5 5

F

F

4 .50

4 .50

5.40

7 .4

0 . 90 ( 42 )

3.05(Z B
0 . 90(42

2.40(2,
1.90(4,
1.55(2,

1 7 .8 (6 f ) 80,81

+ £  = 2.0036
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5 GI---------

F ig u re  2 .2 5  ESR spectrum  o f  R ad ica l A, d e r iv e d  from  e l e c t r o l y t i c  

r e d u c t io n  o f  ( X I I l )  i n  BMP s o lu t io n .
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S e c t io n  2 .4

L in e w id th  V a r ia t io n s  in  th e  N itro g e n -  and F lu o r in e -  C o n ta in in g  R a d ic a ls  

D e te c te d

The s p e c t r a  o f  th e  n i t r o x i d e s ,  n i t r o s o - r a d i c a l - a n i o n s  and d im e r ic  

r a d i c a l - a n i o n s  a l l  e x h ib i te d  l in e - b r o a d e n in g .  T h is  e f f e c t  i s  d i f f e r e n t  

from  o th e r  l in e - b r o a d e n in g  m echanism s i n  t h a t  i t  c a u se s  th e  sp ec tru m  to  

a p p e a r  u n s y m m e tr ic a l.  The sp ec tru m  o b ta in e d  does n o t  depend upon th e  

m icrow ave pow er l e v e l ,  n o r  th e  d i r e c t i o n  o f  m a g n e tic  f i e l d  sw eep, a s  

w ould be  e x p e c te d  i f  s a t u r a t i o n ,  o r  change i n  th e  r a d i c a l  c o n c e n t r a t io n  

r e s p e c t i v e l y ,  w ere r e s p o n s ib le .

The e f f e c t  i s  o f t e n  v e ry  s t r i k i n g  i n  th e  s p e c t r a  o f  t r a n s i t i o n

m e ta l io n s .^ ^  At room te m p e ra tu re ,  th e  b ro a d e n in g  i s  o n ly  u s u a l l y

87 88a p p a re n t  f o r  n i t r o g e n -  and f l u o r i n e -  c o n ta in in g  f r e e  r a d i c a l s .  ’ The 

b ro a d e n in g  i s  te m p e ra tu re  d ep en d en t and govern ed  by  th e  v i s c o s i t y  o f  th e  

s o l u t i o n .  As th e  v i s c o s i t y  o f  th e  s o lv e n t  in c r e a s e s  th e  tu m b lin g  r a t e  o f  

th e  r a d i c a l  d e c re a s e s  and a n i s t r o p i c  p r o p e r t i e s  o f  th e  ^ f a c t o r  and 

h y p e r f in e  i n t e r a c t i o n s  a r e  no lo n g e r  av e ra g ed  to  z e ro .  (E ach p r o p e r ty  

i s  now d e s c r ib e d  i n  c a r t e s i a n  c o o rd in a te s  by  a  t e n s o r ,  a  3 x  3 m a t r ix ) .  

F o r  r e l a t i v e l y  r a p id  tu m b lin g  th e  w id th  o f  a  l i n e  depends on th e  amount 

by  w hich  i t s  p o s i t i o n  v a r i e s  a s  th e  r a d i c a l  tu m b le s , so t h a t

W ^  (A w )^  -T g

w here , W i s  th e  l in e w id th ,  i s  th e  c o r r e l a t i o n  tim e  f o r  tu m b lin g
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(ap p ro x im a te ly  th e  tim e  f o r  r o t a t i o n  th ro u g h  1 r a d ia n  a b o u t a  p r i n c i p a l

a x i s )  and ) i s  th e  s h i f t  i n  re so n a n c e  f re q u e n c y . F o r  a  m o le c u le  w ith  
(2% )

a n i s o t r o p ic  and h y p e r f in e (A - ) te n s o r s  th e r e  a r e  two c o r re s p o n d in g  

c o n t r i b u t i o n s  to  AcJ ;

A o  = (A w )g  + (A(o )^

so t h a t ,

V [ ( A c o ) g  + (A(o ) ^  + ( A o ) ^ ( A co) ^ ]  T

The e f f e c t  o f  each  te rm  i s  g iv e n  i n  F ig u re  2 .3 2 ,  and o n ly  th e  " c r o s s ­

te rm "  (A c j)g (A c o )^ ^ ^  a f f e c t s  th e  p o s i t i o n  o f  a l l  th e  h y p e r f in e  l i n e s  

d i f f e r e n t l y .  T h is  c o n t r i b u t i o n  t h e r e f o r e ,  depends on ( th e  n u c le a r  

quantum  num ber f o r  th e  e . s . r .  t r a n s i t i o n ) .  Thus th e  l i n e - w id th s  can  be 

f i t t e d  to  th e  e x p re s s io n

V = A BMj + CM̂  ( x i )

w here A, B and C a r e  c o n s ta n t s  and A = (Aco ) g f ^  , B = (A co )^ (A o  ) ^

and C = (A to )^ 'î r ^ .  More p r e c i s e  e x p re s s io n s  f o r  A, B and C have  b een

d e te rm in e d ^ ^  and e q u a t io n  ( x i )  may be  ex ten d ed  to  sy stem s c o n ta in in g

88
more th a n  one m a g n e tic  n u c le u s :

W. = A + S B . r L  + ZC.KL^ + 2 D. A  H . ( x l i )
1 1 1 l i  i  ^  i  i < j

w here th e r e  a r e  now c o e f f i c i e n t s  B^ and f o r  each  m a g n e tic  n u c le u s  and 

c r o s s - te im s  w hich  depend on th e  c o r re s p o n d in g  h y p e r f in e  c o u p lin g  te n s o r s
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F igure 2 . 32

The c o n t r ib u t io n s  to  th e  l in e w id th  from  m o d u la tio n  o f  th e  and h y p e r f in e  

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

1 1 1

1 1 1

1 1 '
I 1 1

a )  E f f e c t  o f  

( A < j ) g r ^  = A

b )  E f f e c t  o f

(A (J)A  t o =

c )  E f f e c t  o f  

(A co)^ (A co) ^ ^ ^  = BM.
g
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T h is  e q u a t io n  h a s  b een  a p p l ie d  to  th e  t h r e e  m o n o f lu o ro n itro b e n z e n e  

88
r a d i c a l - a n i o n s .  F o r r a d i c a l s  c o n ta in in g  g ro u p s  o f  n u c l e i  w ith  th e  

same i s o t r o p i c  h y p e r f in e  c o u p l in g , d e g e n e ra te  t r a n s i t i o n s  o c c u r  g iv in g  

a  l i n e  w hich i s  a  s u p e r p o s i t io n  o f  l i n e s  r a t h e r  th a n  a  s in g le  l i n e ,  and 

th e r e  i s  no s im p le  r e l a t i o n s h i p  betw een  th e  l in e w id th  and th e  a m p ti tu d e .

H owever, d e v i a t io n  from  a  L o re n tz ia n  shape  i s  u s u a l l y  sm a ll and  e q u a t io n

/  ^  62,89  . ( x i i )  may be  u s e d .

Of th e  s p e c t r a  o b ta in e d  w hich  show t h i s  l in e - b r o a d e n in g  e f f e c t ,  

th e  more i n t e r e s t i n g  ones a r e  th o s e  w hich  c o n ta in  b o th  n i t r o g e n  and 

f l u o r i n e ,  s in c e  th e  e f f e c t  i s  q u i t e  p ronounced  f o r  th e s e  e le m e n ts^ ^ '^ ^ * ^ ^  

and t h e i r  com bined e f f e c t s  may be  a  good t e s t  o f  e q u a t io n  ( x i i ) .  I n  

o r d e r  to  d e te rm in e  a c c u r a te ly  rh e  r e l a t i v e  w id th s  o f  th e  h y p e r f in e  l i n e s  

i n  a  sp e c tru m , l i t t l e  ohrerlap  o f  th e  l i n e s  i s  n e c e s s a ry .  F o r  t h i s  

r e a s o n  th e  s p e c t r a  o f  th e  d im ers  from  f l u o r i n e - s u b s t i t u t e d  n i t ro s o b e n z e n e s  

w ere n o t  exam ined i n  d e t a i l ,  b u t  in s t e a d  th e  r a d i c a l - a n i o n  o b ta in e d  

from  p e n ta f lu o ro n i t ro s o b e n z e n e  was u se d  (S e c t io n  2 .1 L ) .

D e te rm in a t io n  o f  th e  C o e f f i c i e n t s  o f  E q u a tio n  ( x i i )  f o r  a  T e t r a f lu o r o -  

n i t ro s o b e n z e n e  r a d i c a l - a n i o n .

The sp ec tru m  o f  th e  t e t r a f lu o r o n i t r o s o b e n z e n e  r a d i c a l - a n i o n  c o n s i s t s  

27 l i n e s  (F ig u re  2 .2 2 )  g e n e ra te d  by  two p a i r s  o f  e q u iv a le n t  f l u o r i n e  

atom s and  one n i t r o g e n  atom . The sp ec tru m  was re c o rd e d  i n  b o th  d i r e c t i o n s  

o f  f i e l d  sweep and th e  a v e ra g e  d e r iv a t iv e  p e a k - to -p e a k  a m p litu d e  was 

m easu red  f o r  eac h  t im e . The a m p litu d e s  o f  th e  d e r iv a t iv e  s ig n a l  a r e  

i n v e r s e l y  p r o p o r t i o n a l  to  th e  sq u a re  o f  th e  w id th ,  so t h a t  th e  a m p litu d e s  

a r e  much more s e n s i t i v e  to  l in e w id th  d i f f e r e n c e s  th a n  th e  w id th  i t s e l f .
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E x p e rim e n ta l r e l a t i v e  l in e w id th s  (Wj^) w ere c a l c u la te d  a c c o rd in g  to  th e  

e q u a t io n ,

1 = [(^ V a -^ )  (^14/ d^ ^ ) ] ^  ( x i i l )

a s  ( a  ) .  = [ ®'i /  _ 1 £  ] w here ( a _ ) .  i s  th e  a m p litu d e  o f  l i n e  i
ioT /  D14 . X I

r e l a t i v e  to  th e  c e n t r e  l i n e  ( l i n e  I 4 ) and a^ and a r e  th e  a m p litu d e  

and d e g e n e ra c y  o f  l i n e  _i r e s p e c t iv e l y .

, S in c e  th e  p o s i t i o n s  o f  th e  l i n e s  i n  th e  sp ec tru m  a re  in d e p e n d e n t o f  

th e  s ig n s  o f  th e  h y p e r f in e  s p l i t t i n g s ,  o n ly  th e  m odu li o f  th e  quantum 

num bers t h a t  c h a r a c t e r i s e  a  p a r t i c u l a r  l i n e  can  be a s s ig n e d .  C o n se q u e n tly , 

th e  e x p e r im e n ta l  d a ta  a r e  e x p re s se d  i n  te rm s o f  's p e c t r a l  in d e x  num bers '

(M ^  i n  p la c e  o f  M^) w hich  a r e  d e f in e d  h e re  a s  b e in g  p o s i t i v e  on th e  low - 

f i e l d  s id e  o f  th e  sp ec tru m  and a r e  th u s  th e  same a s  th e  a p p r o p r ia te  

quantum  num ber (M ^), i f  th e  s p l i t t i n g  c o n s ta n t  i s  p o s i t i v e .  I n  

p a r t i c u l a r ,  e q u a t io n  ( x i i )  becom es.

V

w here 5 ^ ,  and a r e  th e  in d e x  num bers f o r  th e  n i t r o g e n ,  o r th o -  

f l u o r i n e  and m e ta - f l u o r i n e  n u c l e i  r e s p e c t iv e l y .  The e x p e r im e n ta l 

p a ra m e te rs  f o r  eac h  l i n e  a r e  g iv e n  i n  T ab le  2 .7 ,  from  w hich v a lu e s  f o r  th e  

B^, and c o e f f i c i e n t  can  be o b ta in e d .
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&  = -0 .2 0 1 -0 .1 5 4 = -0 .0 4 8

+0.077 +0.022 +0.029

V = + 0.235 % = +0.073 ^FF = +0 .0 7 0

These v a lu e s  f o r  th e  c o e f f i c i e n t s  were s u b s t itu te d  in to  eq u a tio n  ( x i i )  

and u sed  to  c a lc u la t e  v a lu e s  fo r  th e  r e l a t iv e  w idth  (W^, column 8 ,

Table 2 . 7 ) •  v

The c a lc u la te d  v a lu e s  can be seen  to  g iv e  a rea so n a b le  f i t  t o .  

th e  ex p e r im e n ta lly  observed  v a lu e s .  The la r g e s t  d e sc r e p e n c ie s  occu r  

f o r  th e  h ig h - f i e l d  l i n e s ,  where th e  l i n e  am plitude i s  sm a lle r  and th e  

p ercen ta g e  e r r o r  in  i t s  d eterm in a tio n  i s  g r e a te r , and a ls o  where th ere  

i s  p a r t ia l  o v e r la p . Another sou rce o f  err o r  i s  th a t  th e  eq u a tio n  i s  

s t r i c t l y  a p p lic a b le  o n ly  to  n on -degen erate  l i n e s .  A lso  o th e r  l i n e
90

broad en in g  mechanisms n o t taken  in to  account may n o t be i n s ig n i f i c a n t .

The c a lc u la te d  v a lu e s  o f  th e  c o e f f i c i e n t s  show th a t |B ^ |>  |C ^ |so  

th a t  th e  g -  and h y p e r f in e - te n s o r  cro ss -term  dom inates. A ls o ,{ B ^ |^ |° B p |^  

I and ^  fo llo w in g  th e  same ord er exp ected  f o r  t h e ir

r e l a t iv e  sp in  d e n s i t i e s .  In  favou rab le  c ircu m stan ces th e  C c o e f f i c i e n t

91i s  p r o p o r tio n a l to  th e  square o f  th e  sp in  d e n s ity  on th e  atom.

From th e  ex p ected  s ig n s  o f  th e  sp in  d e n s ity  d is t r ib u t io n  in  th e  r a d ic a l;  

(S e c t io n  1 . 1 )

p+

th e  s ig n s  o f  th e  s p l i t t i n g  c o n s ta n ts  and th e  c o e f f i c i e n t s  B^, and 

may b e  d e te rm in e d . E q u a tio n  ( x i i )  becom es.
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= 1 -  O.SOIMj, + 0.077M^ -  0 .1 5 4 %  + 0 .0 2 2 %  + 0 .0 4 8 %

+ 0 . 0 2 9 %  + 0 .2 3 5 1 ^ %  - 0 . 0 7 3 % %  -  0 . 0 7 0 % %  ( x iv )
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CHAPTER 5

E .S .R . STUDIES OF THE REACTION OF C-NITROSO COMPOUNDS WITH ALKYL HALIDES 

IN THE PRESENCE OF A BASE (REACTION (x v ) ) .

S e c t io n  3.1

O u tlin e d  i n  th e  in t r o d u c t i o n  was th e  a b i l i t y  o f  £ -n itro so -c o m p o u n d s  

to  form  a  r a d i c a l - a n i o n  on r e a c t i o n  w ith  a  v a r i e t y  o f  b a s e s .  Thus th e  

a p p l i c a t i o n  o f  O -n itro so -c o m p o u n d s .a s  " s p i n - t r a p s "  may b e  s u s p e c t  f o r  

r e a c t io n s  in v o lv in g  b a s e s .  C o n se q u e n tly , th e  r e a c t i o n  o f  m e rc a p tid e s  w ith  

a l k y l  h a l id e s  i n  th e  p re s e n c e  o f  a  _ C -n it ro s o " s p in - tr a p "  ( in v o lv in g  a  

p ro p o sed ^ ^  ^ ^ 1  m echanism ), was r e i n v e s t i g a t e d .

I n  f a c t  th e  a p p r o p r ia te  a lk y l  a r y l  n i t r o x id e  was o b se rv e d  by  e . s . r .  

s p e c tro s c o p y  when c e r t a i n  n i t r o s o a r e n e s  w ere a llo w ed  to  r e a c t  w ith  

a l k y l  h a l id e s  i n  th e  p re s e n c e  o f  a  b a se  (m ost c o n v e n ie n t ly  sodium  

h y d ro x id e ) .  A lso  when an  a lk y l  h a l id e  was added  to  a  s o lu t i o n  o f  a  

r a d i c a l - a n i o n ,  i t s  sp ec tru m  was r e p la c e d  by  t h a t  o f  th e  c o r re s p o n d in g  

a l k y l  a r y l  n i t r o x i d e .

The s o lv e n t s  u se d  f o r  th e  r e a c t i o n  w ere g e n e r a l ly  e th a n o l ,  BMP 

and BMSG, o f  w hich  th e  l a s t  p ro v ed  to  be th e  m ost s u i t a b l e .  The b a s e s  

u se d  w ere sodium  h y d r id e ,  sodium  m ethox ide and p o ta s s iu m  t - b u to x id e ,  

added  a s  s o l i d s ,  and  sodium  h y d ro x id e  added a s  a  10^ aqueous s o lu t i o n .  

A lk y l h a l id e s  i n v e s t i g a t e d  w ere m e th y l, e t h y l ,  is o p ro p y l  and n -p ro p y l 

io d i d e s ,  b e n z y l and £ - n i t r o b e n z y l  b ro m id e s , 1 ,3  d ib ro m o p ro p an e , tr ib ro m o -  

m ethane (b ro m o fo rm ), t r i - io d o m e th a n e  ( io d o fo rm ) , d i- io d o m e th a n e  and 2 - 

b ro m o -2 -p h e n y l-N ,N -d im e th y le th y la m in e  hydrobrom ide (FhCHBr. CHg. NMegHBr) .

The r e s u l t s  f o r  in d iv id u a l  n i t r o s o  compounds a r e  g iv e n  b e lo w , fo llo w e d  by



-  108 -

th e  e x p e rim e n ts  p e rfo rm e d  to  e l u c id a t e  th e  m echanism . The s p e c tr o s c o p ic  

p a ra m e te rs  o f  th e  n i t r o x i d e  r a d i c a l s  a r e  c o l l e c t e d  i n  T ab le  3 .1 .

3 .1  A M tro s o b e n z e n e

"When aqueous sodium  h y d ro x id e  was added d ro p w ise  to  a  s o lu t i o n  o f  

n i t ro s o b e n z e n e  and  m e th y l io d id e  i n  e th a n o l ,  BMP o r  BMSG ( e q u a t io n  ( x v i ) ,  

■R = m e th y l)  th e  e . s . r .  sp ec tru m  o f  m e th y l p h e n y l n i t r o x i d e  was d e te c te d  

(F ig u re  3 . I ) .

PhHO + HI -----52:22------- » PhH(E)0- ( x v i )

B ie  s p l i t t i n g  c o n s ta n ts  a g re e  w ith  th o s e  o b ta in e d  p r e v io u s l j r  ^ (T ab le

3 . 1 ) and th e  same spectrum  was ob ta in ed  when th e  r e a c t io n  was perform ed

i n  th e  a b sen ce  o f  m o le c u la r  oxygen. The i d e n t i t y  o f  th e  r a d i c a l

o b se rv e d  was c o n firm ed  by  m ix in g  aqueous t i ta n iu m  I I I  t r i c h l o r i d e  and

aqueous h y d ro g en  p e ro x id e  w ith  n itro s o b e n z e n e  i n  BMSG. The r e d  s o lu t i o n

p ro d u ced  gave th e  e . s . r .  s ig n a l  o f  m e th y l p h en y l n i t r o x i d e ,  form ed by

93t r a p p in g  o f  m e th y l r a d i c a l s  by  n it ro s o b e n z e n e ;

T i ( i l l )  + EgGg ------- > ÔH. + GH“ + T i (i y )

GH + CH^SG.CH, ---------> -CE  ̂ + CH^SG^H
3 3 ,  3 3 2

PhNG + CH  ̂  > PhN(CH^)G'

S im i la r  r e s u l t s  w ere o b ta in e d  f o r  r e a c t io n  ( x v i ) ,  R = e th y l  o r  

i s o p ro p y l  ( f o r  exam ple . F ig u re  3 .2 ) .  The s p l i t t i n g  c o n s ta n t s  f o r  e th y l  

p h e n y l n i t r o x i d e  a g re e  w ith  th o s e  i n  th e  l i t e r a t u r e ,  e x c e p t t h a t  th e  Y-
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m eth y l c o u p lin g  i s  r e s o lv e d  (T ab le  3*1)» When th e  r e a c t i o n  was p e rfo rm ed  

u s in g  d ^ -n i tro s o b e n z e n e  th e  sp ec tru m  d e te c te d  showed o n ly  th e  c o u p lin g s  

e x p e c te d  from  th e  a lk y l  group  and th e  n i t r o g e n  atom  i n  (XXIV), c o n f irm in g  

th e  a s s ig n m e n t o f  th e  c o u p l in g s .

C^B^N(Et)0"

(XXIV)

■ 1 1 .0  G ( i n )

7 .9  G (2H)

E th y l p h e n y l n i t r o x id e  was a l s o  o b se rv e d  from  th e  p h o to ly s i s  o f  

n i t r o s o b e n z e n e ,  e th y l  io d id e  and t r i - n - b u t y l t i n  h y d r id e  i n  DMP s o lu t i o n  

in s id e  th e  e . s . r .  s p e c tro m e te r  c a v i ty .

H owever, th e  s p l i t t i n g  c o n s ta n t s  o b se rv e d  fo r ,  is o p ro p y l  p h e n y l

n i t r o x i d e  d i f f e r  s l i g h t l y  from  a  p re v io u s  r e p o r t :.9 4

% i n ) = 11.15 11. G

% i h ) = 3 .2 5 2 .8 G

% 3H) = 2 . 75 2 . 8 G

2H) = 1 . 00 0 . 9 G

% 6h ) = 0 . 20 G

and CgBcN[CH(CHj)2]0- (F ig u re  3 -3 )  h a s :

■a^ (1H) = ' 11 .20  G

a g  ( IS )  = 3 -30  G

I t  a p p e a rs  t h a t  p r e v io u s l j r  ^  th e  sp ec tru m  was o b se rv e d  u n d e r  

c o n d i t io n s  o f  p o o r  r e s o l u t i o n ,  when th e  P -hyd rogen  s p l i t t i n g  a p p e a rs  to
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be e q u iv a le n t  to  th e  o r th o -  and p a r a -  hyd ro g en  s p l i t t i n g s ,  such  a s  i n  

F ig u re  3 . 4 .

R e a c tio n  o f  n i t ro s o b e n z e n e  and p o ly h a lo g en o m eth an es  i n  th e  p re s e n c e  

o f  b a se  a l s o  g e n e ra te d  lo n g - l iv e d  r a d i c a l  p r o d u c ts .  The r e s u l t s  a r e  

d is c u s s e d  i n  S e c t io n  3 .1 2 .

\

3.1 B 2 ,4 ,6 -T r ib ro m o n itro s o b e n z e n e  (V l)

The r e a c t i o n  be tw een  (V l) and m e th y l io d id e  gave th e  c o r re s p o n d in g  

n i t r o x i d e  (F ig u re  3*5) u s in g  th e  fo l lo w in g  b a se  and s o lv e n t  c o m b in a tio n s : 

(Sodium  h y d r id e  and BMSO), (sod ium  m ethox ide  and DMSO) (aqueous sodium  

h y d ro x id e  and  DMSO), (p o ta s s iu m  t - b u to x id e  and t - b u t y l  a l c o h o l ) ,  

(p o ta s s iu m  t - b u to x id e  and  t - b u t y l  a lco h o l/D M P ), (aqueous sodium  h y d ro x id e  

and BMF) and (aq u eo u s  sodium  h y d ro x id e  and a c e to n e ) .  The i d e n t i f i c a t i o n  

was co n firm ed  by  o b ta in in g  th e  same sp ec tru m  from  th e  a c t i o n  o f  aqueous 

t i t a n iu m  I I I  t r i c h l o r i d e  and h y d ro g en  p e ro x id e  on BMSO i n  th e  p re s e n c e  o f

( V l ) . The same n i t r o x i d e  was a l s o  o b se rv e d  from  th e  p h o to l y s i s ,  i n  th e  

s p e c tro m e te r  c a v i t y ,  o f  a  s o lu t i o n  o f  (V l) and m e th y l io d id e  i n  BMF.

The r e a c t io n  o f  (V l) w ith  ^ ^ -m e th y l io d id e  and aqueous sodium  h y d ro x id e  i n  

BMSO s o l u t i o n  gave a  sp ec tru m  a s s ig n e d  to  2 , 4 , 6 - tr ib ro m o p h e n y l _d^-methyl 

n i t r o x i d e  (F ig u re  •3*6) w ith  s p l i t t i n g  c o n s ta n t s :

1 3 .4  G (IN )

0 .6  G (2H),

1 .9  G (3B) ( 1 : 3 : 6 : 7 : 6 : 3 : 1 ) -  a p p ro x im a te ly

1 1 e . .
one s i x t h  th e  e q u iv a le n t  H s p l i t t i n g ,  a s  w ould be e x p e c te d . S im i la r ly ,

w ith  e t h y l ,  i s o p r o p y l  and n -p ro p y l io d id e s  (T a b le  3 .1 )  3^^ w ith  b e n z y l 

b rom ide [ 1 3 . 3O G (1N ), O.65  G (2H ), 1 0 . 50 G (2H )] th e  c o r re s p o n d in g
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n i t r o x i d e s  w ere d e t e c te d .

H owever, r e a c t i o n  o f  (V l) w ith  e t h y l ,  is o p ro p y l  and n -p ro p y l  (b u t  

n o t  m e th y l)  io d id e s  w ith  aqeuous sodium  h y d ro x id e , added  d ro p w is e , i n  

BMP o r  BMSO som etim es gave r i s e  to  a  second  p e r s i s t e n t ,  n i t r o g e n -  

c e n t r e d  r a d i c a l  a s  w e ll  a s  th e  e x p e c te d  n i t r o x i d e .  T h is  seco n d  ty p e  o f  

r a d i c a l  (XXV) was fa v o u re d  by  h ig h e r  h y d ro x id e  io n  c o n c e n t r a t io n s  th a n  

w ere r e q u i r e d  to  g e n e ra te  th e  n i t r o x i d e ,  w hich  decayed  r e l a t i v e l y  ' 

r a p i d l y  u n d e r  more b a s ic  c o n d i t io n s .  The n a tu r e  o f  th e s e  r a d i c a l s  i s  

d is c u s s e d  i n  S e c t io n  3*11 and t h e i r  s p e c t r a l  p a ra m e te rs  a r e ;

E th y l I s o p ro p y l n -P ro p y l

%  (1N) G 9 .4 5  ' 9 .6  9 .4 5

3g  G 1 .2 5  ( 2H) 1 .20  ( IE )  1 .3 0  ( 2H)

£ - v a lu e  2 .0054  2 .0055  2 .0054

(F ig u re  3 . 7 )

When (V l)  and b a se  w ere a llo w e d  to  r e a c t  i n  th e  p re s e n c e  o f  iod o b en zen e  

p h e n y l 2 , 4 , 6- tr ib ro m o -p h e n y l  n i t r o x id e  was n o t  d e te c te d .

3.1 C 2 ,6 -B ib ro m o n itro so b e n z e n e  ( V I l )

( V I l)  r e a c te d  w ith  m e th y l io d id e  and aqueous sodium  h y d ro x id e  

(ad d ed  d ro p w ise )  i n  BMSO, BMF o r  e th a n o l s o lu t i o n  to  g iv e  m e th y l 2 ,6 -  

d ib rom opheny l n i t r o x i d e  (F ig u r e .  3*8)* Ih e  p a r a - H s p l i t t i n g  c o n s ta n t  i s  

s m a l le r  th a n  th e  m e ta -H v a lu e ,  i n  c o n t r a s t  to  c o u p lin g s  f o r  a lk y l  p h en y l 

n i t r o x i d e s  ( o r th o  p a r a  > m e ta ) . T h is  e f f e c t  was a l s o  seen  f o r  a lk y l
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2 ,6 -d ic h lo ro p h e n y l  n i t r o x id e s  (T a b le  3 » l)  and o r t h o - s u b s t i t u t e d  t - b u t y l  

a r y l  n i t r o x id e s ^ ^  and i s  d is c u s s e d  i n  S e c t io n  1 .1 .  M ethyl 2 ,6 -d ib ro m o -  

p h e n y l n i t r o x i d e  was a l s o  g e n e ra te d  by  t r a p p in g  m e th y l r a d i c a l s ,  p ro d u ced  

from  DMSO and 'OB^^, w ith  ( V I l ) .

The c o r re s p o n d in g  n i t r o x id e s  w ere d e te c te d  when e t h y l ,  i s o p ro p y l  

(F ig u re  3*9) and n -p ro p y l io d id e s  w ere a llo w e d  to  r e a c t  w ith  (V I l)  i n  

th e  p re s e n c e  o f  h y d ro x id e  io n  (T ab le  3 .1 ) .  As w ith  2 ,4 ,6 - t r ib r o m o -  

n i t r o s o b e n z e n e ,  a  second  ty p e  o f  p e r s i s t e n t  r a d i c a l  was o b se rv e d  i n  th e  

r e a c t i o n s  w ith  e th y l  and w ith  n -p ro p y l i o d id e s .  S im i la r  r a d i c a l s  w ere 

n o t  d e t e c te d  w ith  m e th y l o r  i s o p ro p y l  io d id e .  The s p l i t t i n g  c o n s ta n ts  

• a r e  v e ry  s i m i l a r  to  th o s e  o b ta in e d  i n  th e  (V l) sy stem s (T a b le  3 -5 )  and 

show s m a ll in c r e a s e s  ( c a .  0 .2  G) w ith  in c r e a s in g  w a te r  c o n c e n t r a t io n  ( s e e  

S e c t io n  3 » H )•  * .

3 .1  D 2 ,4 ,6 - T r ic h lo r o n i t r o s o b e n z e n e  ( V I I l )

( V I I l )  gave th e  a p p r o p r ia te  n i t r o x id e  on r e a c t i o n  w ith  m e th y l,

e th y l ,  i s o p r o p y l  (F ig u re  3*10) and n -p ro p y l io d id e s  i n  th e  p re s e n c e  o f

h y d ro x id e  io n .  The r a d i c a l s  c h a r a c t e r i s t i c a l l y  e x h ib i te d  a  n i t r o g e n

s p l i t t i n g  o f  c a .  13 G, a  m -hydrogen 1 :2 :1  t r i p l e t  o f  c a .  0 .7  G and

a  £ - v a lu e  o f  2 .OO6 3 . The (3-h y d ro g en  s p l i t t i n g s  f o r  th e  a lk y l  group

v a r ie d  i n  th e  o r d e r  m e th y l > e th y l  >  n -p ro p y l >  i s o p r o p y l ,  f o r  a l l  th e

n i t r o x i d e  s e r i e s  i n v e s t i g a t e d  (T ab le  3 . I ) .  (3-Hydrogen c o u p lin g s  a r e

known to  depend on th e  r e l a t i v e  o r i e n t a t i o n  o f  th e  C-H bond w ith  r e s p e c t

95to  th e  o r b i t a l  c o n ta in in g  th e  u n p a ire d  e l e c t r o n .  The m agn itude  o f  

th e  c o u p l in g  i s  g iv e n  b y :

+ B c o s t s '
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w here h a s  a  v a lu e  o f  3 "to 4 G, B i s  a  c o n s ta n t ,  and Q i s  th e  d ih e d ra l  

a n g le .

Thus th e  p r e f e r r e d  d ih e d ra l  a n g le  be tw een  th e  g  bond and  th e

o r b i t a l  i n  th e  a l k y l  a r y l  n i t r o x id e s  i s  g r e a t e s t  when th e  a lk y l  group  i s

i s o p r o p y l .  An e x c e p tio n  to  th e  s e r i e s  was found  f o r  2 , 4 , 6 - t r i - t - b u t y l

95p h e n y l a lk y l  n i t r o x i d e s , w here th e  c o u p lin g  to  (3-H v a r ie d  i n  th e  o r d e r  

se c o n d a ry  y  p r im a ry  y  m e th y l.

The a s s ig n m e n ts  w ere checked  by  g e n e r a t in g  th e  n i t r o x i d e s  by  th e

p h o to l y s i s  o f  th e  a l k y l  io d id e ,  and  ( V I I l )  w ith  o r  w ith o u t t r i - n - b u t y l t i n

h y d r id e .  M ethyl 2 ,4 ,6 - t r i c h lo r o p h e n y l  n i t r o x id e  was a l s o  o b se rv e d

from  th e  t r a p p in g  o f  m e th y l r a d i c a l  g e n e ra te d  by  th e  a t t a c k  o f  h y d ro x y l 

95r a d i c a l  on BMSO. The a p p r o p r ia te  n i t r o x id e  was n o t  s e e n  when aqueous 

sodium  h y d ro x id e  was added  to  ( V I I l )  and t - b u t y l  b rom ide i n  BMP o r  BMSO.

I n  ag reem en t w ith  th e  r e s u l t s  u s in g  2 ,4 ,6 - t r ib ro m o n i t ro s o b e n z e n e ,  a  

seco n d  lo n g - l iv e d  r a d i c a l  p ro d u c t was o b se rv e d  f o r  th e  r e a c t io n s  w ith  

e t h y l ,  i s o p ro p y l  (F ig u re  3 , 1 l )  and n -p ro p y l io d id e s .

S p e c t r a l  p a r a m e te r s :

E th y l I s o p ro p y l n -p ro p y l

(IN ) G 9 .6 0  9 .7 3  9 .6 0

^  G " 1 .2 0  (2H) 1 .1 5  (IH ) 1 .3 0  (2H)

v a lu e  2.0047  2.0047  2.0047

S o lv e n t  BMSO BMSO BMSO

(+ c a .  2fo EgO)



— 1 1 4 “

Sm all v a r i a t i o n s  o f  th e  s p l i t t i n g  c o n s ta n ts  w ith  change i n  

s o lv e n t  w ere n o t i c e d ;  f o r  exam ple, w ith  n -p ro p y l  io d id e ,  a ^  = 9 .8 0  G,

Bg = 1 .35  G (2H) i n  BMP + _ca. 2^ EgO. The g - v a lu e  m easu red  f o r  th e

above r a d ic a l s  was c o n s i s t e n t l y  2 . 0047 , com pared w ith  c a .  2 .0055  f o r  th e

2 , 4 , 6- tr ib ro m o n it ro s o b e n z e n e  and  2 , 6-d ib ro m o n itro so b e n z e n e  d e r i v a t i v e s .

3.1  E 2 ,6 -B ic h lo ro n i t ro s o b e n z e n e  (iX )

The r e s u l t s  o b ta in e d  w ith  (iX ) f i t t e d  th e  p a t t e r n  em erg in g  f o r  th e  

o th e r  d i -  and  t r i - h a lo g e n a t e d  n i t r o s o a r e n e s .  The a p p r o p r ia te  n i t r o x id e  

was g e n e ra te d  when ( i x )  was a llo w e d  to  r e a c t  w ith  h y d ro x id e  io n  i n  th e  

p re s e n c e  o f  m e th y l, e t h y l ,  n -p ro p y l and is o p ro p y l  io d id e s  ( f o r  exam ple. 

F ig u re  3*12 and 3*13)• The s p l i t t i n g  c o n s ta n t s  a r e  g iv e n  i n  T ab le  3*1• 

A ls o , th e  s e c o n d a ry  r a d i c a l s  w ere d e te c te d  a t  h ig h e r  a l k a l i  c o n c e n t r a t io n  

w ith  e th y l  and  n -p ro p y l  io d id e s  (F ig u re  3*14) b u t  n o t  w ith  m e th y l and 

is o p r o p y l  i o d i d e s .  The s p l i t t i n g  c o n s ta n ts  (T ab le  3*5) a r e  v e ry  c lo s e  

to  th o s e  fo u n d  f o r  th e  c o r re s p o n d in g  r a d i c a l s  g e n e ra te d  from  ( V I I l ) .
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T ab le  5.1

E . s . r .  S p e c t r a l  P a ra m e te rs  o f  th e  N i t r o x id e s  A rN (R)p. d e te c te d  from  

R e a c tio n  (x v ) .

The v a lu e s  below  a r e  f o r  DMSO + c a .  5^ s o lu t io n s  u n le s s  s t a t e d  

o th e rw is e .  .

ArNO CH.

A lk y l group*

CEg CH CHgCEgCE CH(CHj )2

CgHgHO

NO

o

£  =

11 .1 5  (1N) 11 .1 0  ( i h ) t 11.55  (IN )

1 .0 0  (2H) 0 .9 0  ( 2H) 0 . 9 5  ( 2 2 )

2 .9 5  ( 3H) ■ 2 .8 0  ( 3H) 2 .8 0  ( 32 )

10 .40  ( 3h ) 8 .0 0  ( 2H) 3 .55  (IH )

0 . 2 5  (3H) 0 . 2 5  ( 6 2 )

2 .0055 2 .0055 2.0055

4 + 11 .00  ( ih ) ^ * -H- 11 .2 0  (IN )’

7 .9 0  (2H) 3 .3 0  (IH )

13 .00  ( 1N )^ 13 .25  (IN ) 13.15  (IN ) 13.25  (IN )'

0 . 6 5  ( 2H) 0 . 6 5  ( 22 ) 0 .9 5  ( 22 )

12 .00  ( 3H) 11.30  ( 22 ) 10.65  ( 22 ) 7 .50  ( IE )

0 . 3 5  (3H) 0 .4 5  ( 22 )

2 .0065 2.0066 2 .0066 2.0066

14 .40  < ih ) 13.45  (IN ) 13 .15  (IN ) 13.40  (IN )'

0 . 7 0  ( 2H) 0 . 6 5  ( 22 ) 0 . 9 5  ( 22 )

0 :3 5  (IH ) 0 . 3 5  (4H) 0 .4 5  (3H)

13 .10  ( 3H) 11 .65  ( 2 2 ) 10.95  ( 22 ) 7 .9 5  (IH )

2 .0065 2 .0064 2 .0065 2 .0064

*

*
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NO

V
01

£

13 .15  (IN) 13 .15  (IN) 12.90  (i h)* 13 .15  (IN)*
0 . 6 5  (2H) 0 . 7 0  ( 2H) 0 .9 5  ( 22 )

12 .15  (3H) 10 .65  (2H) 10 .05  (2 2 ) 6 .0 0  (1 2 )

0 . 3 5  (3H) 0 . 4 5  ( 2 2 )

= 2 .0063 2 .0063 2 .0064 2 .0063

13 .40  ( i n ) 13 .25  (IN) 13 .15  (IN) 13 .40  (IN)*

0 . 6 5  (2H) 0 . 7 0  (2H) 0 .9 5  (2 2 )

0 . 2 5  (i h) 0 . 3 5  (4H) 0 .4 5  (3H)

12 .40  (3H) 1 1 .0 0  (2 2 ) 10 .30  (2 2 ) 6 .6 5  ( 12 )

= 2 .0062 2 .0062 2 .0062 2 .0062

b S p l i t t i n g  c o n s ta n t s  a r e  g iv e n  i n  th e  u n i t  o f  Gauss _+ 0 .0 5  G, and th e  

^ - v a lu e s  to  jf 0 .0001

*  B road l i n e s  due to  u n re s o lv e d  c o u p lin g  

A R ecorded  i n  BMP s o lu t i o n

-H* N ot re c o rd e d

X 2 , 4 , 6 -B r C^EgN(CD^)0 .  h a s  15-40 (1N ), 0 .6 5  (2E) and  1 .9 0  (JD ) G (F ig u re  

3 .6 )

4 Not d e te c te d

i Each l i n e  s p l i t  i n t o  a  m u l t i p l e t  due to  p a r t l y  r e s o lv e d  c o u p l in g .
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h

F ig u re  5 .2  ESR sp ec tru m  o f  'is o p ro p y l p h en y l n i t r o x id e  i n  aqueous BMSO 

s o lu t i o n .  Below i s  an  ex p a n s io n  o f  th e  lo w - f ie ld  p a r t  o f  th e  sp ec tru m .
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re s o lv e d
in

aqueous DMso s o lu t i o n .
e . s . r . spec tru m  o f

ia o p ro p y l p h e n y l n i t r o x id e

i n aqueous
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•Fiffure 3 «6 ESR sp ec tru m  o f  d ^ -m eth y l 2 , 4»6 -tr ib ro m o p h e n y l n i t r o x id e  i n

aqueous DMSO s o lu t i o n .

A

Fiffure 3 .7  ESR sp ec tru m  o f  th e  seco n d a ry  p e r s i s t e n t  r a d i c a l  (S e c t io n  3*1l )  

d e te c te d  i n  th e  r e a c t io n  o f  (V l) w ith  n -p ro p y l io d id e  i n  a l k a l in e  aqueous DI-ISO.
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ir^

F ig u re  3 »9 ESR spec tru m  o f  is o p ro p y l 2 , ô -d ibrom ophenyl n i t r o x id e  in
'

aqueous DMSO. ' • •

11

/

F ig u re  3 .1 0  ESR sp ec tru m  o f  is o p ro p y l 2 ,4 ,6 - t r i c h lo r o p h e n y l  n i t r o x id e  

(b ro a d  l i n e s )  and th e  seco n d ary  r a d i c a l  (n arro w  l i n e s ,  S e c t io n  3 .1 1 ) . '
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5 G 
»-----------------------

uUAf'l H

F ifflire 3 .1 2  ESR spec tru m  o f  a  m ix tu re  o f  th e  e th y l  2 ,6 -d ic h lo ro p h e n y l  

n i t r o x id e  and  th e  c o r re sp o n d in g  seco n d ary  r a d i c a l  i n  a l k a l in e  aqueous 

DMSO s o lu t i o n .  * * •

f

-tJ*»

/A '»

n

'• F ig u re  5 .1 5  ESR spec tru m  o f  n -p ro p y l 2 , 6 -d ic h lo ro p h e n y l n i t r o x id e  i n  

a l k a l i n e  aqueous IMSO s o lu t io n .

O
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S e c t io n  3 .2

IThe Mechanism o f  N itro x id e  F o rm ation  i n  th e  R e a c tio n  o f  C -N itro so  Compoimds 

w ith  a  Base and A lky l H a lid e  F R e a c tio n  (x v )1 .

P o s s ib le  m echanism s f o r  th e  p ro d u c tio n  o f  th e  a lk y l  a r y l  n i t r o x id e s  

o b se rv e d  i n  th e  r e a c t io n  betw een  an  a lk y l  h a l i d e ,  b a se  and n i t r o s o a r e n e  

[ R e a c t io n  (x v )] a r e

a )  by  a  s u b s t i t u t i o n  r e a c t io n  in v o lv in g  an  a n io n ic  o r  r a d i c a l - a n i o n ic  

in te r m e d ia te ;

ArNO“ + EX ------------ > ArN(R)0- + X“

a n d /o r  ArNO^“ + EX ------------ > A rU (E)0- + X“

ArN(E)0“  > ArE(E)0-

S 2
a n d /o r  ArNO* + EX -----------> ArN(E)0 + X<

' ArN(E)0“  > ArN(E)0*

a n d /o r  ArMO” + EX  > ArN(E)OH + X”

I
ArNOH“

ArN(E)OH  > A rE (E )0‘

(ArNO) (XXVI)
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b )  by  an  e l e c t r o n  t r a n s f e r  p ro c e s s  ( c f .  8 ^ 1  ) :

e“  d o n o r + EX  ^ [EX]7

[ e x ] "  , _ r a p id  ^ ^

ArNO + E. ------------ > ArE(E)0*

The e l e c t r o n  d ono r w ould be  e n v isa g e d  a s  some in te r m e d ia te  from  th e  

r e a c t i o n  o f  th e  n i t r o s o  compound and th e  b a s e ,

A r e s u l t  n o t  c o n s i s t e n t  w ith  b )  was o b ta in e d  when a  n i t r o x id e  was 

n o t  d e te c te d  (S e c t io n  5*1 2 )  when EX was io d o b e n zen e , y e t  a r y l  h a l id e s  

a r e  known to  p a r t i c i p a t e  i n  s u b s t i t u t i o n  by  th e  S^^l m e c h a n i s m . A  

n i t r o x i d e  w ould n o t  be e x p e c te d  w ith  a r y l  h a l id e s  i f  r o u te  a ) , in v o lv in g  

n u c le o p h i l i c  o r  h o m o ly tic  s u b s t i t u t i o n ,  w ere in v o lv e d , b eca u se  o f  th e  

d i f f i c u l t y  o f  a t t a c k  by  n e g a t iv e ly  ch a rg e  in te r m e d ia te s  on non­

a c t i v a t e d  a r e n e s .
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S e c t io n  3»3 

S p in  T ra p p in g

I n  o r d e r  to  d i s t i n g u i s h  betw een  th e  two ty p e s  o f  m echanism  o u t l in e d  

th e  p o s s i b le  in te rm e d ia c y  o f  a lk y l  r a d i c a l s  was i n v e s t i g a t e d .  2 -M eth y l-  

2 -n i t ro s o p ro p a n e  ( 'n i t r o s o b u t a n e ') was exam ined f o r  u se  a s  a  s p in ­

t r a p  i n  th e  r e a c t i o n .

The r e a c t io n s  be tw een  n i t r o s o b u ta n e  and  p o ta ss iu m  t - b u to x id e  o r  

aqueous sodium  h y d ro x id e  w ere exam ined i n  DMP, DMSO, e th a n o l o r  t -  

b u ty l  a lc o h o l  a s  s o lv e n t s .  I n  ag reem en t w ith  a  p re v io u s  report^*^ ( s e e  

S e c t io n  1 . 4 )  d i - t - b u t y l  n i t r o x i d e ,  th e  2 -m e th y l-2 -n it ro so p ro p a n e  r a d i c a l -  

a n io n  and  th e  2 -m e th y l-2 -n it ro p ro p a n e  r a d ic a l - a n i o n  w ere d e te c te d  

d ep en d in g  upon th e  r e a c t io n  c o n d i t io n s .  W ith DMSO a s  s o lv e n t ,  t - b u t y l  

m e th y l n i t r o x i d e  was a l s o  o b se rv ed  w ith  e i t h e r  p o ta ss iu m  t - b u to x id e  o r  

sodium  h y d ro x id e  a s  th e  b a s e .  F o r t h i s  r e a s o n  DMSO was n o t  u se d  a s  

a  s o lv e n t  f o r  s p in  t r a p p in g  e x p e r im e n ts . I n  DMF s o lu t io n  w ith  sodium  

h y d ro x id e  a s  b a s e ,  s e v e r a l  n i t r o x id e s  form ed from  th e  t r a p p in g  o f  

s o lv e n t  d e r iv e d  r a d i c a l s ,  i n  a d d i t io n  to  d i - t - b u t y l  n i t r o x i d e ,  w ere 

found  (F ig u re  $ .1 5 ) :

12 .20 G 1N) a s s ig n e d

18 .65 G 1N)

0 . 9 0 G i n )

14 .75 G i n )

2 .5 5 G 1N)

17 .50 G i h )

96 Du N (0 ')C 0 .m e ,

Du N (0 .)m e ,

Du‘̂ N(0*)CH2DMe.CD^96 ,97
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The above r e s u l t s  i n  DI/ISO and -DMP show th e  p re s e n c e  o f  a  r e a c t iv e  

r a d i c a l  i n  th e  n i t r o s o b u ta n e  -  b a se  r e a c t io n  (S e c t io n  5 . 5 ) .  Dy c o n t r a s t ,  

i n  e th a n o l  s o lu t i o n  th e  r e a c t io n  betw een  n i t r o s o b u ta n e  and sodium  

h y d ro x id e  o r  p o ta s s iu m  t - b u to x id e  g e n e ra te d  o n ly  low c o n c e n tr a t io n s  o f  

d i - t - b u t y l  n i t r o x i d e .

I n  t - b u t y l  a l c o h o l ,  sodium  h y d ro x id e  and p o ta ss iu m  t - b u to x id e  

b o th  r e a c te d  w ith  n i t r o s o b u ta n e  to  form  d i - t - b u t y l  n i t r o x id e  and a  

second  r a d i c a l  w ith  a  l a r g e  n i t r o g e n  s p l i t t i n g  (25  to  2 8 .5  G) a s s ig n e d  

to  e i t h e r  th e  2 -m e th y l-2 -n i t r o p ropane  r a d ic a l - a n io n  o r  t - b u t y l  t - b u to x y  

n i t r o x i d e .

The above s e r i e s  o f  e x p e rim en ts  was r e p e a te d  w ith  th e  a d d i t io n  o f  

m e th y l io d id e ,  ch o sen  i n  o rd e r  to  m in im ise  th e  s p e c t r a l  o v e r la p  o f  

d i - t - b u t y l  n i t r o x id e  and th e  e x p e c te d  a lk y l  t - b u t y l  n i t r o x id e . .  The 

p re s e n c e  o f  m e th y l io d id e  i n  th e  r e a c t io n  o f  n i t r o s o b u ta n e  and b a se  had  

no e f f e c t  upon th e  p ro d u c t io n  o f  th e  lo n g - l iv e d  r a d i c a l s ,  e x c e p t i n  two 

in s t a n c e s .  F i r s t l y ,  when th e  r e a c t io n  was p erfo rm ed  w ith  DMF a s  s o lv e n t ,  

th e  c o n c e n t r a t io n  o f  n i t r o x id e s  g e n e ra te d  from  th e  t r a p p in g  o f  s o lv e n t -  

d e r iv e d  r a d i c a l s  was red u ce d  ( s e e  S e c t io n  5 « 8 ) . S eco n d ly , when e th a n o l 

was th e  s o lv e n t ,  and sodium  h y d ro x id e  th e  b a s e ,  th e  sp ec tru m  a t t r i b u t e d  

to  t - b u t y l  m e th y l n i t r o x id e  was o b se rv ed  a t  low i n t e n s i t y  a f t e r  a p p ro x i­

m a te ly  50 m in u te s  r e a c t io n  t im e . Thus, when i n  c o m p e ti t io n  w ith  o th e r  

r e a c t io n  r o u t e s ,  b a s ic  s o lu t io n s  o f  n i t r o s o b u ta n e  r e a c t  o n ly  s lo w ly , o r  

n o t a t  a l l ,  w ith  m e thy l io d id e  to  g e n e ra te  a  n i t r o x id e .
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F o r th e  M sp in -tra p p in g "  e x p e rim en ts  th e  fo llo w in g  r e a c t io n  system  

was u se d  a s  a  m odel,

NO
t

Bu NO + y J + b a se  + s o lv e n t

B r

i n  w hich  th e  b a s e  was sodium  h y d ro x id e  o r  p o ta ss iu m  t - b u to x id e  and th e  

s o lv e n ts  w ere t - b u t y l  a lc o h o l ,  e th a n o l o r  BMP. These r e a g e n ts  would 

ca u se  a  minimum o f .  s p e c t r a l  o v e r la p  f o r  th e  r a d i c a l s  e x p e c te d . F o r a l l  

th e  co m b in a tio n s  o f  s o lv e n t  and b a s e ,  m ethy l 2 ,4 ,6 - tr ib ro m o p h e n y l n i t r o x id e

and d i - t - b u t y l  n i t r o x id e  w ere d e te c te d  i n  h i ^  c o n c e n t r a t io n .  I n  t -

2̂b u ty l  a lc o h o l  a  t h i r d  r a d i c a l  was d e te c te d  f c a . 27 G ( lN ) , Du^NO^" o r

Bu^N(0Bu^ ) 0 . ] .  O nly i n  e th a n o l s o lu t io n  was t - b u t y l  m e th y l n i t r o x id e  

d e te c te d  (F ig u re  5 * 1 6 ). The sp ec tru m  o f  t h i s  r a d i c a l  a p p e a re d  s h o r t l y  

a f t e r  t r a n s f e r i n g  th e  r e a c t io n  m ix tu re  to  th e  s p e c tro m e te r ,  and th e  

r a d i c a l  c o n c e n t r a t io n  was h i ^ e r  th a n  t h a t  o b se rv ed  i n  th e  ab sen ce  o f  

th e  n i t r o s o a r e n e .  Thus th e  above r e s u l t s  p o s s ib ly  in d i c a t e  th e  p re s e n c e  

o f  m e th y l r a d i c a l s  g e n e ra te d  i n  r e a c t io n  (x v ) i n  e th a n o l s o lu t i o n .  

However f u r t h e r  ev id en ce  b e a r in g  on t h i s  i s  d e s c r ib e d  be low .
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F ig u re  5 .1 5  ESR spec tru m  o f  th e  m ix tu re  o f  r a d i c a l s  d e te c te d  from  th e

r e a c t i o n  o f  aqueous sodium  h y d ro x id e  w ith  n i t r o s o b u ta n e  i n  DMF.

Bu^^NO* l i n e s  a r e  m arked A 
2 :

Bu^N(0 -)C0 N(Me)g B

BuVo*)N(Me)2 C

The re m a in in g  l i n e s  a r e  a t t r i b u t e d  to  Bu N(0*)CH„NMeC0pH.
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S e c t io n  3 .4

The E f f e c t  o f  a  M tr o a r e n e

jg_-Brom onitrobenzene (XXVTl) was u se d  a s  a  model n itro -co m p o u n d  

and th e  fo l lo w in g  r e s u l t s  w ere o b ta in e d .

When sodium  h y d ro x id e  was added to  n i t r o s o b u ta n e  and (XXVIl) i n  

e th a n o l ,  d i - t - b u t y l  n i t r o x id e  and th e  r a d ic a l - a n io n  o f  (XXVIl) w ere 

d e t e c te d ,  show ing t h a t  th e  n i t r o s o b u ta n e -b a s e  r e a c t io n  m ix tu re  i s  c a p a b le  

o f  r e d u c in g  (XXVIl) ( th e  r a d ic a l - a n io n  was n o t  o b se rv e d  i n  th e  ab sen ce  

o f  n i t r o s o b u t a n e ) .  I f  m e th y l io d id e  was added to  th e  above r e a c t io n  

s o lu t i o n  th e  r a d ic a l - a n i o n  o f  (XXYIl) was r e p la c e d  by  t h a t  o f  m e th y l t -  

b u ty l  n i t r o x i d e .  F u rth e rm o re , i f  m ethy l io d id e  was p r e s e n t  b e fo re  th e  

a d d i t io n  o f  sodium  h y d ro x id e , th e  sp ec trum  o f  m e th y l t - b u t y l  n i t r o x id e  

was o b se rv e d  i n i t i a l l y  and i n  h ig h e r  c o n c e n tr a t io n  th a n  when th e  n i t r o  

compound was a b s e n t .

Thus th e  p re s e n c e  o f  (XXVIl) p rom otes th e  g e n e ra t io n  o f  t - b u t y l

m e th y l n i t r o x i d e .  A s im i l a r  e f f e c t  was o b se rv ed  when le a d  d io x id e  was

added to  an  e th a n o l  s o lu t io n  o f  n i t r o s o b u ta n e ,  m ethy l io d id e  and aqueous

sodium  h y d ro x id e . Lead d io x id e  i s  known to  be  a  good o n e - e le c t r o n

o x id i s in g  a g e n t ,  c a p a b le  o f  g e n e ra t in g  a  n i t r o x id e  from  th e  c o r re s p o n d in g  

98h y d ro x y l am ine ;

R̂ R̂ NOH ----------- » R^R^O'
—H*
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I t  seems t h a t  (XXVIl) i s  c a p a b le  o f  a c c e l e r a t i n g  th e  o x id a t io n  and 

2 ,4 ) 6 - tr ib ro m o n itro so b e n z e n e  w ould be  e x p e c te d  to  a c c e p t  an  e l e c t r o n  

a l s o .  (H alf-w av e  po1a ro g ra p h ic  r e d u c t io n  p o t e n t i a l s  l i e  i n  th e  o r d e r ,  

Bu^NOg > Bu^NO >  ArHOg y  ArNO f o r  m ost Ar g ro u p s ) .

C o n se q u e n tly , th e  r e s u l t  i n  S e c t io n  3*3 from  r e a c t io n  ( x v i i )  

p e rfo rm e d  i n  e th a n o l s o lu t i o n ,

NO

+ Bu"̂ NO + CH^I + . NaOH ------------ »

B r
0- CH^

B r ^ B r  ^ t
H + Bu gNO- + Bu N(CH^)0- ( x v i i )

w here m e th y l t - b u t y l  n i t r o x id e  was o b se rv ed  i n  h ig h e r  c o n c e n t r a t io n  th a n  

when th e  n i t r o s o a r e n e  was a b s e n t does n o t  in d i c a te  th e  p re s e n c e  o f  m e th y l 

r a d i c a l ,  b u t  s u g g e s ts  a  change i n  th e  e q u i l ib r iu m  p o s i t i o n  o f  ( x v i i i ) .

Bu^N(CH,)OH '  B u3(C H _)0* ( x v i i i )
^ -X ^

(XXVIII)

w here X = Bu^N(o )=CH^ o r  ArNO

(X X V IIl) May be form ed i n  r e a c t io n  ( x v i i )  e i t h e r  by  t r a p p in g  o f  

m e th y l r a d i c a l s  o r  from  a  s u b s t i t u t i o n  s te p  in v o lv in g  m ethy l io d id e  

( c f .  r o u te s  a )  an d -b )  i n  S e c t io n  3 * 2 ).
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I

S e c t i o n  3*5

The F o rm atio n  o f  a  R e a c tiv e  R a d ic a l in  th e  R e a c tio n  o f  a  Base and a  C- 

N itroso-Com poTm d.

I n  th e  p re v io u s  s e c t io n  i t  was n o te d  t h a t  i n  th e  r e a c t io n  o f  n i t r o s o ­

b u ta n e  w ith  b a se  i n  DMF o r  DMSO, n i t r o x i d e s ,  w hich o r ig i n a te d  from  th e  

t r a p p in g  o f  s o lv e n t  d e r iv e d  r a d i c a l s ,  w ere d e te c te d .

When 2 , 4 ; 6 - tr ib ro m o n itro s o b e n z e n e  was a llo w ed  to  r e a c t  w ith  sodium  

m eth o x id e  i n  DMSO th e  sp ec tru m  o f  th e  c o r re sp o n d in g  a r y l  m e th y l n i t r o x id e  

was d e te c te d .  A lso  i n  th e  r e a c t io n :  ArNO + BI + b a se  i n  DMSO (A r =

2 ,4 ;6 -C l^ C ^ E g , E = n -p ro p y l and th e  b a se  was aqueous sodium  h y d ro x id e  ; 

Ar = 2 ,4 ;6 -B r^C ^H 2, R = e th y l  and th e  b a se  was aqeuous sodium  

h y d ro x id e , o r  p o ta s s iu m  t - b u to x id e  i n  t - b u t y l  a l c o h o l ) ,  a  s im i l a r  e f f e c t  

was se e n  and th e  a p p r o p r ia te  m ethy l a r y l  n i t r o x id e  was d e te c te d  i n  low 

c o n c e n tr a t io n . '

The above r e s u l t s  in d i c a te  t h a t  th e  h y d ro x y l r a d i c a l  ( o r  a lk o x y l

r a d i c a l  w here a p p r o p r ia te )  i s  g e n e ra te d  by  th e  r e a c t io n  o f  a  n i t r o s o -

compound w ith  a  b a s e .  The h y d ro x y l r a d i c a l  i s  known to  be  a  p o w erfu l

o x id i s in g  a g e n t and  u n d erg o es  r a p id  S^2 r e a c t io n  w ith  DMSO to  g e n e ra te  

95m e th y l r a d i c a l s .

T here a r e  two p ro b a b le  r o u te s ,  to  h y d ro x y l r a d i c a l  g e n e r a t io n :

l )  The o x id a t io n  o f  th e  a d d u c t form ed by  a t t a c k  o f  h y d ro x id e  io n  on th e  

n itro so -c o m p o u n d :
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R-N=0 + OH R-N-OH
I
0~

(Og) I  ENO 

EN07 + ENO + OH (+0o“)

( i i )  By r e d u c t io n  o f  d is s o lv e d  oxygen;

(RNO + oir)
0,

■> 0,
+e

+2H+
^  H2O2

=2°2
+e

(e g  Og")
-> HO" + OH

99A t h i r d  p o s s i b i l i t y  e x i s t s  f o r  n i t r o s o b u ta n e .  E le c tro c h e m ic a l  

o r  s o d i u m ^ r e d u c t i o n  o f  n i t r o s o b u ta n e  h a s  b een  shown to  g e n e ra te  th e  

s a l t  (XXIX) from  a d d i t io n  o f  t - b u t y l  r a d i c a l s  to  th e  2 - m e th y l - 2 - n i t r o -  

p ro p an e  r a d i c a l - a n i o n .

H r f

Bu^ 0 -

(XXIX)

The s a l t  i s  r e a d i l y  h y d ro ly s e d  to  d i - t - b u t y l  n i t r o x i d e ,  h y d ro x id e  io n  and

V ^ 1 1 0 0 ,1 0 1h y d ro x y l r a d i c a l .

Bu'' 0 -

N —
\

Bu' 0

Bu'

Bu

N-0* + OH" + *0H
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101w hich  was d e te c te d  by  th e  b lu e  chem ilum inescence accom panying th e  

h y d r o ly s is  i n  aqueous lu m in o l [ a f t e r  th e  s a l t  had  b een  g e n e ra te d  from  th e  

r e a c t i o n  o f  2 -m e th y l-2 -n it ro p ro p a n e  w ith  a  G rig n a rd  r e a g e n t  ( R’M ^ ) . ]

Bu

Bu^NOg + R’MgX
no;

+
MgX

R*

I t  h a s  b een  reported"^^  t h a t  n i t r o x id e s  g e n e ra te d  from  th e  t r a p p in g  

o f  s o lv e n t  d e r iv e d  r a d i c a l s  a r e  o b se rv ed  o n ly  i n  th e  p re s e n c e  o f  oxygen 

f o r  th e  r e a c t i o n  o f  n i t r o s o b u ta n e  w ith  p o ta ss iu m  t - b u t o x id e . However, 

t h i s  was in te r p r e te d ^ '^  i n  te rm s o f  th e  in te rm e d ia c y  o f  [Bu^N(0‘') 0 0 * ] ,  

( s e e  S e c t io n  1 . 4 )»  The n i t r o x id e s  w ere o b se rv e d  i n  b o th  a l i p h a t i c  and 

a ro m a tic  s o lv e n t s ,  b u t  in te rm e d ia te  h y d ro x y l r a d i c a l  c o u ld  a l s o  ac c o u n t 

f o r  th e  n i t r o x id e s  d e te c te d ;

OH + RH -> R* + HgO ( x ix )

Bu HO + R" Bu H(r )0-

OH + ArH

(XXX)

^  Bu^HO

X

H OH

X

+e

-HgO

-e"

H OH

X

| - H , 0

X

N
\

Bu

(xx)
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(x x ) i s  a n a lo g a s  to  th e  a c id  o r  b a se  c a ta ly s e d  lo s s  o f  w a te r  from  th e

102 10?h y d ro x y l a d d u c ts  o f  s u b s t i t u t e d  p h e n o ls .  '

-EgO
•OH + ArOH -------- > N  — X

H OH

O'

102  ■ 10 ?  Ar = b e n z o ic  a c i d s ,  benzene s u lp h o n a te s .

I n  (x x ) th e  r e a c t io n  w ould be c a ta ly s e d  by  th e  b a s ic  c o n d i t io n s  

and  i f  th e  hyd roxy  1 am ine d e r iv a t iv e  (XXX) i s  form ed c a t a l y s i s  may be 

in t r a m o le c u la r .

' I t  h a s  r e c e n t l y  b een  c la im ed ^^  t h a t  i n  th e  r e a c t io n  (ArNO^ + 

b a s e  + Hu^HO), i n  th e  p re s e n c e  o f  a tm o sp h e ric  oxygen, th e  o b s e rv a t io n  

o f  n i t r o x i d e s  d e r iv e d  from  th e  t r a p p in g  o f  s o lv e n t  r a d i c a l s  was ev id en ce  

f o r  an  e l e c t r o n - t r a n s f e r  s te p  i n  th e  a ro m a tic  n u c le o p h i l i c  s u b s t i t u t i o n ;

ArHOg + OH ------- > ArHOg- + -OH

(XXXl) ^ S H  ( s o lv e n t )

Bu&(s)0 ' S' + HgO

I t  was r e p o r te d ^ ^  t h a t  a s  th e  c o n c e n tr a t io n  o f  n i t r o s o b u ta n e  was k e p t 

low  com pared w ith  (XXXl) and n i t r o x id e s  w ere n o t  d e te c te d  i n  th e  

ab sen ce  o f  (XXXl), th e n  th e  ap p ea ran ce  o f  such  r a d i c a l s  was co n n e c te d  

w ith  th e  i n t e r a c t i o n  o f  (XXXl) w ith  th e  b a s e .  However, (XXXl) may 

a c c e l e r a t e  th e  g e n e r a t io n  o f  h y d ro x y l r a d i c a l  from  th e  r e a c t io n  o f
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n i t r o s o b u ta n e  and h y d ro x id e  io n  and t h i s  was n o t  c o n s id e re d ;

. . ArHO_
Bu KO + OH" ---------- >• [Bu^N(0“ )0H]   ^

[Bu*N(0")OH] + AxNOp"

i
Bu'^NO + OH

I n  S e c t io n  3*4 th e  r e a c t io n  o f  an  a ro m a tic  n i t r o  compound w ith  

n i t r o s o b u ta n e  and sodium  h y d ro x id e  i n  f o r  exam ple DMSO, was in v e s t i g a t e d  

and th e  n i t r o - r a d i c a l - a n i o n  was n o t  d e te c te d  u n le s s  n i t r o s o b u ta n e  was 

p r e s e n t .
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S e c t io n  3 .6

The Use o f  E l e c t r o l y s i s  f o r  C -H itro so -R a d ic a l-A n io n  P ro d u c tio n

E l e c t r o l y t i c  m ethods f o r  r a d i c a l 'g e n e r a t i o n  seemed i d e a l  f o r  

an  i n v e s t i g a t i o n  o f  th e  mechanism o f  n i t r o x id e  fo rm a tio n  i n  th e  r e a c t io n

o f  n itro so -co m p o u n d s  w ith  a lk y l  h a l id e s  and b a s e .  L o n g - liv e d  r a d i c a l -
,

a n io n s  may be  g e n e ra te d  c o n v e n ie n tly  i n  th e  c a v i ty  o f  an  e . s . r .  s p e c t r o ­

m e te r  a s  shown by  Geske and Maki"*^^ and th e  p o la r o g r a p h ic , o n e - e le c t r o n ,

105h a lf-w a v e  r e d u c t io n  p o t e n t i a l ,  E^y^ o f  n itro s o b e n z e n e  i s  l e s s  th a n  

t h a t  o f  an  a lk y l  i o d i d e . T h u s  c o n d i t io n s  c o u ld  be u se d  w here th e  

d i r e c t  r e d u c t io n  o f  th e  a lk y l  io d id e  a t  th e  c a th o d e  was n o t  p ro b a b le ,  a t  

th e  same tim e  g e n e r a t in g  th e  n i t r o s o - r a d i c a l - a n i o n  by  a  " c le a n "  r o u te .

I t  h a s  b een  shown^^^ t h a t  E^y^ f o r  n itro so b e n z e n e  depends upon th e  

c a t i o n  p r e s e n t ,  s u p p lie d  by  th e  e l e c t r o l y t e .  I n  DMP s o lu t i o n  w ith  th e  

ammonium io n  o r  th e  magnesium I I  io n  E^y^ i s  c a .  -0 .3 V  (v . SCE) and a  

tw o - e le c t r o n  p ro c e s s  i s  in v o lv e d , w hereas w ith  te tra -a lk y lam m o n iu m  io n s  

o r  a l k a l i  m e ta l io n s  E^y^ i s  c a .  - 0 .9  V and  a  one e l e c t r o n  s t e p ,  i s  

in v o lv e d .  C o n seq u en tly , a  te tra-alkyüam m onium  s a l t  , ( io d id e  o r  p e r c h lo r a te )  

was u s e d .

By g e n e r a t in g  th e  n i t r o s o - r a d i c a l - a n io n  e l e c t r o l y t i c a l l y ,  th e  

p re s e n c e  o f  a  b a se  i s  a v o id ed  and any  s h o r t - l i v e d  in te r m e d ia te  form ed 

b e tw een  th e  b a se  and n i t r o  so-com pounds [ e . g .  (XXXIl), ( XXXIII ) and 

(XXXTV)], a c t i n g  a s  an  " e le c tro n  d o n o r, i s  no lo n g e r  p r e s e n t .

(XXXII) ArH-OR'
I
0 -
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RO NO

(X XX IIl) I(XXXIV)

P o la rg o ra p h ic  and c y c l ic  v o l ta m e t r ic  s tu d ie s  o f  th e  e le c tro c h e m ic a l  

r e d u c t io n  o f  n itro s o b e n z e n e  i n  d ry  d ip o la r  a p r o t i c  s o lv e n ts  show t h a t  

th e  f i r s t  r e d u c t io n  s te p  i s  a  r e v e r s ib l e  one -  e l e c t r o n  a d d i t io n ,  w hereas 

i n  p r o t i c  m edia a  r e v e r s ib l e  tw o -e le c tro n  s te p  o c c u rs :^ ^ ^ * ^ ^ ^

PhNO —̂ ---------> PhNO" a p r o t i c  medium
c a th o d e

PhNO + 2e + 2S^  > jPhNHOH p r o t i c  medium

I n  an  a p r o t i c  medium a  seco n d , r e v e r s i b l e ,  o n e - e le c t r o n  r e d u c t io n

105s te p  o c c u rs  a t  a  h ig h e r  p o t e n t i a l ,  c o r re s p o n d in g  to  d ia n io n  fo rm a tio n ;

PhNO ■ ~^*2 Y_ — > PhNO' Na"*" c o u n te r io n

-  -1  'Z 7 _V .( y '8C E)  ̂ phNO^" Na+ c o u n te r io nPhNO

The r e d u c t io n  p o t e n t i a l  u sed  f o r  n itro s o b e n z e n e  was c a .  - 0 .8  V 

( v .SCE) w ith  te tra -n -b u ty lam m o n iu m  c o u n te r io n  i n  d ry  DMSO o r  DMP. The 

scheme shown below  was th e r e f o r e ,  c o n s id e re d  im p ro b a b le .

ca th o d ePhNO caxnoae_^ PhNHOïï(PhNHO")

PhNHOH + RI ------   > PhN(R)OH (+ H i)

PhN(R)OH + PhNO  PhN(R)0* + PhNHO
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However, a l t h o u ^  i n  g e n e ra l  r a d io a l - a n io n s  a r e  k i n e t i c a l l y  

s t a b l e  i n  a p r o t i c  s o lv e n t s ,  b eca u se  th e  fo llo w in g  e q u i l ib r iu m  l i e s  to  

th e  l e f t ;

2PhN0“ ^  '  PhNO + PhNO^“

d is p r o p o r t i o n a t io n  w i l l  o c c u r  i f  th e - d ia n io n  i s  consumed ( e . g .  by-

r e a c t i o n  w ith  a  p ro to n  d o n o r) .  I n  g e n e r a l ,  th e  d i s p r o p o r t i o n a t io n  o f  a

r a d i c a l - a n i o n  i s  l e s s  u n fa v o u ra b le  i f  th e  r a d ic a l - a n i o n  i s  p r e s e n t  a s

51an  io n  p a i r  o r  h i ^ e r  agg ie  .g a te , so t h a t  p o l a r  s o lv e n ts  h in d e r  d i s ­

p r o p o r t i o n a t io n .  A consequence o f  th e  above e q u i l ib r iu m  i s  t h a t  i t  i s  

n o t  s a f e  to  assum e t h a t  a  r e a c t io n  o f  a  r a d ic a l - a n i o n  does n o t  p ro c e e d  

th ro u g h  th e  d ia n io n .

N itro so b e n z e n e  and 2 , 4 , 6 - t r ic h lo r o n i t r o s o b e n z e n e  w ere u se d  a s  

model a ro m a tic  n itro so -co m p o u n d s  f o r  th e  e l e c t r o l y t i c  e x p e r im e n ts . The 

e . s . r .  sp ec tru m  o f  th e  n i t ro so b e n z e n e  r a d ic a l - a n i o n  ap p e a re d  ab o u t f i v e  

m in u te s  a f t e r  th e  m ercu ry  c a th o d e  had  b een  m a in ta in e d  a t  c a .  - 0 .8  V 

(v . SCE). I n  th e  p re s e n c e  o f  m o le c u la r  oxygen, th e  n it ro b e n z e n e  r a d i c a l -  

a n io n  a p p e a re d  i n  in c r e a s in g  amount a f t e r  th e  n it ro s o b e n z e n e  r a d i c a l -  

a n io n  was d e t e c te d .  U nder n i t r o g e n ,  when m ethy l io d id e  was a l s o  p r e s e n t ,  

o n ly  th e  sp ec tru m  o f  m e th y l p h en y l n i t r o x id e  was o b se rv e d , a t  th e  same 

r e d u c t io n  p o t e n t i a l .  S im i la r  r e s u l t s  w ere o b ta in e d  w ith  2 ,4 » 6 -  

t r i c h lo r o n i t r o s o b e n z e n e  (F ig u re  3 .1 7 ) .  The c o r re s p o n d in g  n i t r o x id e  was 

a l s o  o b se rv e d  from  th e  r e d u c t io n  o f  2 , 4 , 6 - t r i c h lo r o n i t r o s o b e n z e n e  i n  

th e  p re s e n c e  o f  e t h y l ,  is o p ro p y l  and n - p ro p y l  i o d id e s ,  b u t  i n  none o f  

th e s e  e x p e rim e n ts  was second  lo n g - l iv e d  r a d i c a l  o b se rv e d  a s  i n  th e
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r e a c t i o n - i n  th e  p re s e n c e  o f  a  b a s e .  (S e c t io n  3 .1 1 ) .

T h e re fo re  th e  a p p r o p r ia te  a lk y l  a r y l  n i t r o x id e  was form ed i n  th e  

ab sen ce  o f  oxygen a t  th e  p o t e n t i a l  r e q u ir e d  f o r  n i t r o s o - r a d i c a l - a n i o n  

fo rm a t io n ,  so t h a t  n e i t h e r  th e  n itro -co m p o u n d , i t s  r a d i c a l - a n i o n ,  n o r  

su p e ro x id e  (Og*) i s  r e q u ir e d  ( s e e  S e c t io n  3 . ? ) .

The s p in  t r a p p in g  and e l e c t r o l y t i c  ex p e rim e n ts  show t h a t  th e  n i t r o s o -  

r a d i c a l - a n i o n ,  o r  p o s s ib ly  th e  d ia n io n ,  i s  th e  r e a c t iv e  in te r m e d ia te  f o r  

n i t r o x i d e  fo rm artion  and t h a t  an  e l e c t r o n - t r a n s f e r  s te p  g e n e r a t in g  f r e e  

a lk y l  r a d i c a l s  i s  n o t  in v o lv e d  i n  R e a c tio n  (x v ) (ArNO + RI 4- b a s e ,

A r = Ph; 2 , 6-C lgC^E^; 2 ,4 ,6 -C l^ C ^S ^ ; 2 , S-Br^C^H^ and 2 ,4 ;6 -B r^C ^S ^

and R = Me, E t ,  P r^ ,  P r ^ ) .

107These c o n c lu s io n s  a r e  co n firm ed  by  a  s tu d y  o f  e l e c t r o n - t r a n s f e r  

r e a c t io n s  be tw een  an  e l e c t r o l y t i c a l l y  g e n e ra te d  r a d ic a l - a n i o n  (A«) and a  

l e s s  r e a d i l y  r e d u c ib le  compound (BX) fo rm in g  an  u n s ta b le  r a d i c a l - a n i o n ,  

by  means o f  p o la ro g ra p h y . The r a t e  o f  r e d u c t io n  o f  BX by  A*, m easured  

by  th e  c a t a l y t i c  in c r e a s e  i n  w av e -h e ig h t o f  A, was se e n  to  b e  d ep en d en t 

upon th e  d i f f e r e n c e  i n  th e  r e d u c t io n  p o t e n t i a l s  (AE^y^) o f  A and BX.

I t  was shown t h a t  th e  lo g a r i th m  o f  th e  r a t e  c o n s ta n t^  ( k ) , v a r ie d  

l i n e a r l y  w ith  a  n e g a t iv e  g r a d ie n t  a g a in s t  AE^y^. A s i m i l a r  dependence 

o f  k  on AE^yg was e x p e c te d  r e g a r d le s s  o f  w h e th e r ( x x i )  o r  ( x x i i )  was th e  

r a t e  c o n t r o l l i n g  s t e p .

AT + BX A + [BX]“  (x x i)

[Bx]T V——  B* + X" ( x x i i )
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T h e ir  r e s u l t s  su g g e s t t h a t  fo r. th e  (ArNO* + E l)  r e a c t i o n  w here 

^ 1 /2  0 .8 v '" °5 '1 0 9  ( f o r  = Ph; 2 ,6-X gC gH ,; 2 ,4 ,6 -X ,C g S g ,

X = Cl o r  B r and  R = Me; E t ;  i - P r )  a  v a lu e  o f  ç a .  10 ^ -1 0  Im ol "̂ s  ̂

f o r  th e  r a t e  c o n s ta n t  w ould r e s u l t .  I n  th e  r e a c t io n  o f  su p e ro x id e  

(OgT) w ith  an  a lk y l  brom ide w here AE^y^ i s  c a .  1 .2  y ^ 7 1 ,109 ^

55m echanism  w ith  a lm o s t co m ple te  in v e r s io n  o f  c o n f ig u r a t io n  o p e r a te s .

Thus f o r  th e  r e a c t i o n  o f  a  n i t r o s o - r a d i c a l - a n i o n  w ith  an  a lk y l  io d id e  a  

d i r e c t  e l e c t r o n  t r a n s f e r  m echanism  i s  n o t e x p e c te d  to  com pete w ith  

s u b s t i t u t i o n .
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S e c t i o n '3 .7

The R e a c tio n  be tw een  a  N itro a re n e  R ad ica l-A n io n  and an  A lk y l I o d id e .

T h is  r e a c t io n  was i n v e s t i g a t e d ,  u s in g  e . s . r .  a s  a  p o s s ib le  ro u te

f o r  n i t r o x id e  fo rm a tio n  i n  R e a c tio n  ( x v ) .  I n  th e  p re s e n c e  o f  oxygen,

n i t ro b e n z e n e  i s  e x p e c te d  to  be  th e  m a jo r p ro d u c t i n  th e  r e a c t i o n  o f

n it ro s o b e n z e n e  and a  b a s e ,  and th e  e . s . r .  spec tru m  o f  th e  n i t r o - r a d i c a l -

a n io n  h a s  b een  d e te c te d  i n  th e  r e a c t io n  ( s e e  S e c t io n  1 . 4 ) .  The r e a c t io n

o f  a lk y l  h a l id e s  w ith  n i t r o - r a d i c a l - a n i o n s  h as  b een  in v e s t ig a t e d  o n ly  

110k i n e t i c a l l y ,  and th e  r e s u l t s  w ere c o n s i s t e n t  w ith  a lk y l  r a d i c a l  

f o rm a tio n .

N i t r o - r a d i c a l - a n io n s  w ere r e a d i l y  g e n e ra te d  from  th e  n i t r o a r e n e  

by  th e  a c t io n  o f  a l k a l in e  aqueous sodium  d i t h i o n i t e  i n  DMSO o r  DMP.

S g o / -  asog-

ArNOg + SOg" ------------ > ArNOg- + SOg

(A r = p-BrC^H^; 2 ,4,6-B u^^C ^H 2; Ph)

When m eth y l io d id e  w a s .p re s e n t  i n  th e  above r e a c t io n  th e  n i t r o -  

r a d i c a l - a n i o n  was n o t  d e te c te d .  When i t  was added to  r e a c t io n  m ix tu re s  

t h i s  s ig n a l  decayed  r a p id l y .  The e f f e c t s  o f  e th y l  and is o p ro p y l 

io d id e s  w ere s im i l a r  to  t h a t  o f  m ethy l io d id e ,  b u t  th e  r a d ic a l - a n io n

d eca y  was l e s s  r a p id .  In  th e  p re s e n c e  o f  oxygen th e  r a d ic a l - a n i o n  i s

72 . . .i n  e q u i l ib r iu m  w ith  su p e ro x id e  io n ,  w hich r e a c t s  r a p id l y  w ith  a lk y l
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h a l i d e s T h e  r e a c t io n s  w ere , t h e r e f o r e , r e p e a te d  i n  th e  ab sen ce  

o f  oxygen , to  d e te rm in e  w h e th e r th e  d isp la c e m e n t o f  th e  e q u i l ib r iu m  

below  was th e  r e a s o n  f o r  decay- o f  th e  n i t r o - r a d i c a l - a n i o n  s ig n a l  ;

A r N O g "  + O g  N— ■■ ArNOg + Og •

Og' + RI -> Roo* + r

ROO' p ro d u c ts

I n  f a c t ,  i n  th e  ab sen ce  o f  oxygen th e  same e f f e c t  was d e te c te d ,  show ing 

t h a t  th e  above scheme does n o t  acc o u n t f o r  th e  o b s e r v a t io n s .

When m eth y l io d id e  was added d ropw ise  to  s o lu t io n s  o f  th e  n i t r o ­

b enzene  r a d i c a l - a n i o n ,  i n  th e  ab sen ce  o f  oxygen , a  weak e . s . r .  s ig n a l  

r e p la c e d  t h a t  o f  th e  n i t r o - r a d i c a l - a n i o n  (F ig u re  3 * 1 8 ). The spec tru m  

i s  t e n t a t i v e l y  a s s ig n e d  to  m ethy l p h en y l n i t r o x id e  and i t s  fo rm a tio n  may 

b e  r a t i o n a l i s e d  by  e i t h e r  a  s u b s t i t u t i o n  o r  an  e l e c t r o n  t r a n s f e r  

p r o c e s s .  * "

M O j  + CH,I T   PhNO. + [C H ,I” ]

[ C E ^ ]

PhNOg. + CE, PhNOCE^ -4  PhNO + OCH  ̂
• I 5 3

0“

PhNO + OH, PhN(CE^)0
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o r  PhNOg” ■ + CH^I  > ' PhNOCH^ + I '

PhNOCH^ ( o r  a n io n )   > PhNO + OCH  ̂ ( o r  OCH^)

PhNO + PhNOg" '  PhNO" + PhNOg

PhNO" + CH^I ---------- > PhN(CH^)0.* + I ”

R e d u c tio n  o f  n i t ro b e n z e n e  by  e l e c t r o l y s i s ,  i n  th e  ab sen ce  o f  

oxygen , p ro d u ced  h i ^  c o n c e n tr a t io n s  o f  th e  r a d ic a l - a n i o n ;  how ever, i n  

th e  p re s e n c e  o f  m ethy l io d id e  u n d e r  th e  same c o n d i t io n s  a  r a d i c a l  was 

n o t  o b s e rv e d .

Thus th e  n i t r o - r a d i c a l - a n i o n ,  when p r e s e n t ,  may c o n t r ib u te  to  

fo rm a tio n  o f  th e  a lk y l  a r y l  n i t r o x id e  in  th e  r e a c t io n  o f  th e  c o rre sp o n ­

d in g  n itro so -co m p o u n d  w ith  an  a lk y l  io d id e  i n  th e  p re s e n c e  o f  a  b a s e .
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S e c t io n  3 .8

An E .S .H . I n v e s t i g a t io n  o f  th e  R e a c tio n  o f  2 -M eth ,y l-2 -n itrG so p ro p an e  w ith  

an  A lk y l Io d id e  and E a s e .

2-M e th y l-2- n i t r o s o p ro p a n e  (’n i t ro s o 'b u ta n e ’ ) was red u ce d  e l e c t r o l y t i c a l l y  

i n  th e  p re s e n c e  o f  m e th y l, e th y l  o r  is o p ro p y l io d id e  in  DM80 s o lu t i o n .

I n  th e  ab sen ce  o f  an  a lk y l  io d id e  th e  n i t r o s o - r a d i c a l - a n i o n  = 11 .75  O) 

and d i - t - b u t y l  n i t r o x id e  w ere o b se rv e d . W ith e th y l  o r  is o p ro p y l  io d id e  

(F ig u re  5»19) th e  c o r re sp o n d in g  a lk y l  t - b u t y l  n i t r o x id e  was d e t e c te d .

However, when n i t r o s o b u ta n e  was red u ce d  i n  th e  p re s e n c e  o f  m e th y l io d id e  

o n ly  d i - t - b u t y l  n i t r o x id e  was o b se rv e d . I h i s  would be e x p e c te d  from  

. th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  n i t r o x id e s  fo rm e d " * (M e  <  E t <  P r ^ <  B u^); 

th e  s te a d y  s t a t e  c o n c e n tr a t io n  o f  m ethy l t - b u t y l  n i t r o x id e  b e in g  to o  

low  to  d e t e c t .

DMSO was n o t u se d  a s  a  s o lv e n t  f o r  th e  r e a c t io n  o f  n i t r o s o b u ta n e  

w ith  an  a lk y l  io d id e  and b a se  s in c e  m e th y l t - b u t y l  n i t r o x id e  was 

o b se rv e d  i n  th e  ab sen ce  o f  th e  a lk y l  io d id e  (S e c t io n  5 ‘ 3)« Instead* , 

n i t r o s o b u ta n e  was a llo w ed  to  r e a c t  w ith  m e th y l, e th y l  o r  is o p ro p y l  

io d id e  and sodium  h y d ro x id e  i n  DMF s o lu t i o n .  The r e a c t io n  d id  n o t le a d  

to  th e  o b s e r v a t io n  o f  any d ia lk y l  n i t r o x id e s  (n o r  any t - b u t y l  n i t r o x id e s  

form ed from  th e  t r a p p in g  o f  s o lv e n t  d e r iv e d  r a d i c a l s ,  s e e  S e c t io n  5 . 5 ) ,  

w hereas i n  e th a n o l s o lu t io n  th e  a p p r o p r ia te  a lk y l  t - b u t y l  n i t r o x id e  

was d e t e c te d .  Thus i n  th e  d ip o l a r - a p r o t i c  s o lv e n t  DMF, n i t r o x id e  

fo rm a tio n  i s  n o t  c o m p e tit iv e  w ith  h y d ro x id e  a t t a c k  on th e  a lk y l  h a l i d e ,  

w hereas i n  th e  more s t r o n g ly  s o lv a t in g  h y d ro x y lic  medium t h i s  r e a c t io n  

i s  s lo w e r . I n  ag reem en t w ith  th e  e l e c t r o l y s i s  r e s u l t s ,  th e  s te a d y  

s t a t e  c o n c e n tr a t io n s  o f  th e  a lk y l  t - b u t y l  n i t r o x id e s  w ere i n  th e  o rd e r
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P r ^ >  E t ^  Me. M ethyl i r b u t y l  n i t r o x id e  was n o t o b se rv ed  u n le s s  an 

o x id i s i n g  a g e n t ( le a d  d io x id e  o r  a  n it ro b e n z e n e  d e r iv a t iv e )  was p r e s e n t ;  

i t  i s  g e n e ra te d ,  b u t  d i s p r o p o r t i o n a t e s . r a p i d l y  to  th e  h y d ro x y l amine 

and m e th y len e  n i t r o n e .  The o x id i s in g  a g e n t a l t e r s  th e  h y d ro x y lam in e- 

n i t r o x i d e  e q u i l ib r iu m  i n  fa v o u r  o f  th e  n i t r o x i d e .

2B u& (M e)0.  > Bu&(Me)OS + Bu& (o)=CE,

\ __ /
PbOg

A lth o u g h  th e  e l e c t r o l y t i c  r e d u c t io n s  w ere p erfo rm ed  a t  th e  lo w e s t

p o t e n t i a l  r e q u i r e d  f o r  o b s e rv a t io n  o f  th e  n i t r o s o b u ta n e  r a d i c a l - a n i o n ,

th e  p o la ro g ra p h ic  h a lf-w a v e  r e d u c t io n  p o t e n t i a l s  f o r  n i t r o s o b u ta n e  and

th e  a lk y l  io d id e s  a r e  s u f f i c i e n t l y  c lo s e  [ d i f f e r e n c e ,  (A E)£u. O.4  V] t h a t

107
an  e l e c t r o n - t r a n s f e r  m echanism , i s  n o t  ex c lu d ed  (S e c t io n  5*6) . F o r

107 —1 —1AE c a .  0 . 4  V th e  c o r re s p o n d in g  r a t e  c o n s ta n t  (k )  i s  ç a .  10 1 mol s

how ever, when AE was l a r g e  ( ç a .  O.4  V) th e  e r r o r  i n  d e te rm in in g  k

107
in c r e a s e d  up to  ç a .  30/^»
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Table 3 . 2

E.8 .R. Spectral Parameters of the Nitroxides Bu^N^ElO' observed from 
the reaction; Bu\o + RI + base (or cathode) in DMSO.

R %  (IK)
+ 0.05 G

%  (alkyl)
+ 0.05 G

CH^ 16.5 13.25 (3H)

CEgCB, 15.75 11.40 (2H)

CH(CH^)2* 15.60 1 . 6 0 (1H)
0.32 (6h )

* value = 2.0058
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F ig u re  3 .1 9  ESR spec tru m  o f  is o p ro p y l t - b u t y l  n i t r o x id e  d e te c te d  from  

th e  e l e c t r o l y t i c  r e d u c t io n  o f  n i t r o s o b u ta n e  i n  th e  p re s e n c e  o f  is o p ro p y l 

io d id e  i n  DMSO s o lu t i o n .  The M^=0 l i n e s  a r e  shown on an  expanded s c a l e .
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S e c t io n  5 .9

I tThe Kronke R e a c tio n

I n  th e  Kronke r e a c t io n ,  where a  n i t r o s o a r e n e  r e a c t s  i n  b a s ic  

c o n d i t io n s  w ith  a  p y r id in iu m  s a l t  to  g iv e  a  n i t r o n e  p ro d u c t ( s e e  th e  

I n t r o d u c t io n ) ,  th e  r e s u l t s  from  th e  r e a c t io n  o f  a  n i t r o s o a r e n e ,  a lk y l  

h a l id e  and b a se  i s  r e l e v a n t  to  th e  m echanism . The n i t r o s o - r a d i c a l - a n i o n  

may a t t a c k  th e  p y r id in iu m  c a t io n  to  form  a  n i t r o x id e  w hich  w ould decay  

to  th e  n i t r o n e ;

ArNO + b ase ArNO'

ArRO' ArN(R)0'

AtN(r )0* -S ' ArN=CHR»
I
0-

N -a lk y lp y r id in iu m  io d id e s  w ere p re p a re d  by  a l lo w in g  th e  a lk y l  

io d id e  to  r e a c t  w ith  an  e x c e ss  o f  p y r id in e  i n  DMSO a t  room tem per­

a t u r e  f o r  one h o u r .  2 ,4 » 6 -T rib ro m o n itro so b e n z e n e  was th e n  d is s o lv e d  

i n  th e  r e s u l t i n g  s o lu t io n  and aqueous sodium  h y d ro x id e  added  d ro p w ise . 

W ith N -m eth y lp y rid in iu m  io d id e  a  com plex e . s . r .  s ig n a l  was o b se rv ed  

[F ig u re  3 .2 0  , 5 .7 0  G '(1K ), 5 .3 0  G (3H ), 4 .2 5  G (1H ), 3 .1 0  G (1H ), 1 .8 0  G 

(2H) and 1 .1 0  G ( I E ) ] .
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The s p l i t t i n g s  c o rre sp o n d  to  th o s e  e x p e c te d  f o r  a  p y r id in y l  

r a d i c a l . S u c h  r a d i c a l s  a r e  lo n g - l iv e d  when s u b s t i t u t e d  i n  th e

p a r a - p o s i t i o n  by  an  e l e c t r o n  w ith d raw in g  g ro u p ; 98

X

- r - >

N
I
R

(XXXV)

I f  th e  p a r a - p o s i t i o n  i s  n o t b lo c k e d  th e n  r e a c t io n  w ith  th e  p y rid in iu m  

io n  o c c u rs  to  y i e l d  a  v io lo g e n  r a d i c a l - c a t i o n  (XXXVl)

R-iri-

:n- r

- 2 E '

R—N+ : n- r

(xxxvt)

The n i t r o s o a r e n e  was n e c e s s a ry  f o r  th e  o b s e rv a t io n  o f  th e  p y r id in y l  

r a d i c a l  a s  th e  a l k a l i  a lo n e  and N -m eth y lp y rid in iu m  io d id e  d id  n o t g iv e
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a  r a d i c a l  p ro d u c t .  The a c t io n  o f  a l k a l i  on N -a lk y lp y r id in iu m  s a l t s  

g iv e s  a  2 -p y rid o n e  (XXX VIl);^^^

0B“
o x id a t io n )

e .g .
K  [ P e ( C N ) g ]

(XXXVIl)

When sodium  m ethox ide  was u se d  i n  p la c e  o f  sodium  h y d ro x id e  

a n o th e r  com plex s ig n a l  was o b se rv e d , w hich decayed  to o  r a p i d l y  f o r  

a n a l y s i s .  S im i la r ly ,  a  p y r id in y l  r a d i c a l  was o b se rv ed  from  th e  r e a c t io n  

b e tw een  N -m eth y lp y rid in iu m  io d id e ,  n i t ro so b e n z e n e  and sodium  h y d ro x id e , 

w hich  decayed  to o  r a p id l y  f o r  com ple te  a n a ly s i s  (F ig u re  3 * 2 1 ). Thus 

i t  a p p e a rs  t h a t  th e  r e a c t io n s  le a d  to  th e  fo rm a tio n  o f  a  p y r id in y l  

r a d i c a l ,  p ro b a b ly  o f  th e  g e n e ra l  fo rm u la  (XXXV), t h r o u ^  s u b s t i t u t i o n  

in t o  th e  h e t e r o c y c l i c  r i n g .
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F ig u re  3 >20 ESR spec tru m  o f  a  p ; / r i d in y l  r a d i c a l  form ed from
■ j

th e  r e a c t io n  o f  ^ m e th y lp y r id in iu m  io d id e  w ith  2 ,4 ,o - t r lb r o m o -  

n it ro s o b e n z e n e  and sodium  h y d ro x id e  i n  aqueous R M S 0/py rid ine .

The lo w - f i e l d  p a r t  o f  th e  sp ec trum  i s  shown on an  expanded s c a le  

( o v e r l e a f )  fo llo w e d  by  a  com puter s im u la t io n .
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Fifflire  3 «21 ESR sp ec tru m  o f  a  p y r id i n y l  r a d i c a l  form ed from  th e  

r e a c t io n  o f  N -m eth y lp y rid in iu m  io d id e  w ith  n itro s o b e n z e n e  and. sodium  

h y d ro x id e  i n  aqueous D M SO /pyridine.

5 GI- - - - - - - - - - -

i
F ig u re  3 .2 3  ESR spectrum  o f  (XXXIX), R = P r  d e te c te d  from  th e  

e l e c t r o l y t i c  r e d u c t io n  o f  (X) i n  th e  p re s e n c e  o f  is o p ro p y l  io d id e



— 160 —

S e c t io n  3 .1 0

A S t e r i c  E f f e c t  i n  R e a c tio n  ( x v ) .

D u rin g  th e  c o u rs e  o f  th e  work d e s c r ib e d  h e r e ,  th e  a u th o rs  o f  th e

r e p o r t w h i c h  f i r s t  l e d  to  th e  i n v e s t i g a t i o n  u n d e r ta k e n  amended t h e i r

115o r i g i n a l  r e a c t io n  schem e. I n i t i a l l y  th e y  p ro p o sed  a  r a d i c a l  m echanism  

f o r  th e  r e a c t i o n  o f  a lk y l  h a l id e s  w ith  m e rc a p tid e  io n s ,  s u p p o r te d  by  

th e  d e t e c t i o n  o f  n i t r o x id e s  when a  C _-nitroso-com pound was p r e s e n t  i n  

th e  r e a c t i o n .  T h is  scheme was d is c a rd e d  i n  f a v o u r  o f  d i r e c t  in v o lv em en t 

o f  th e  n i tro so -co m p o u n d , r e a c t in g  v i a  th e  r a d ic a l - a n i o n  w ith  th e  a lk y l  

h a l id e  to  form  th e  n i t r o x id e  o b se rv e d . The m ain ev id en ce  i n  s u p p o r t 

o f  t h i s  came from  th e  r e s u l t s  w ith  2 ,4 » 6 - t r i - t - b u t y ln i t r o s o b e n z e n e  (x), 

( r e d u c in g  a g e n ts  = sodium  m e ta l o r  sodium  m e r c a p t id e s ) , w here th e  r a t i o  

o f  N -a lk y lam in o  r a d i c a l  (XXXIX) to  n i t r o x id e  (XXXVIIl) o b se rv e d  was 

g r e a t e r  th a n  t h a t  f o r  r e a c t io n  w ith  th e  c o r re s p o n d in g  a lk y l  r a d i c a l .

T h is  was s a id  to  show t h a t  a  s u b s t i t u t i o n  r e a c t i o n ,  in v o lv in g  a  g r e a t e r  • 

s t e r i c  r e q u ire m e n t ,  le d  to  th e  r a d i c a l s  o b se rv e d .

NO NO'

R '  O' 

^ N ^

+ EX

(XXXVIII)

.OR
•N

(XXXIX)
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The r e a c t io n  o f  sodium  w ith  n i t r o s o a r e n e s  i n  e t h e r e a l  s o lu t io n  

h a s  b een  shown^ ^^ to  p ro d u ce  th e  r a d ic a l - a n i o n ,  th e  d ia n io n  and th e  

d im e r ic  d ia n io n :

ONa
I

ArN NAr
I I

ONa

The p o s s i b i l i t y  o f  r e a c t io n  v i a  one o f  th e s e  d ia n io n s  o r  by  d i r e c t  

r e d u c t io n  o f  th e  a lk y l  h a l id e  by  sodium  was n o t  c o n s id e re d :

Na + EX -----------» Na"  ̂ + X” + R-

ArNO + R" ---------- > ArN(R)0* + ArNOR

The e a se  o f  r e d u c t io n  o f  n itro s o b e n z e n e  was o v e re s t im a te d .  The

r e d u c t io n  p o t e n t i a l  f o r  an  aq u eo u s , pH 7> b u f f e r e d  s o lu t i o n  q u o ted

117(E i / 2  = 0 .1 0  V v .SCE) c o rre sp o n d s  to  a  tw o -e le c t ro n  s te p  g e n e r a t in g

N - p h e n y lh y d ro x y l^ in e .

PhNO  > PhNHOH

+2H+

The r e le v a n t  r e d u c t io n  p o t e n t i a l  i s  t h a t  f o r  a p r o t i c  s o lv e n t s ,  a  o n e -

e l e c t r o n  s te p  to  g e n e ra te  th e  r a d ic a l - a n io n  ~ "0*8 V v.SCE i n

DMF w ith  sodium  n i t r a t e  e l e c t r o l y t e , ^  ^ ^ l / 2  “  "0*9 V v.SCE i n  DMF w itl 

a l k a l i  m e ta l o r  te tra -a lk y lam m o n iu m  c a t i o n . A l t h o u g h  f ig u r e s  f o r
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118o n ly  th e  o x id a t io n  o f  (X) a r e  a v a i l a b l e ,  a  v a lu e  f o r  i t s  r e d u c t io n  

p o t e n t i a l  be tw een  - 1 .0  to  - 1 .5  V v.SCE may be deduced  by  com pariso n  w ith  

th e  v a lu e s  f o r  th e  e q u iv a le n t  n itro -c o m p o u n d s . [Ei / 2  (PhNO^) = -1 .1  V v .

• SCE i n  DMF o r  a c e t o n i t r i l e ;  ( 2 , 4 , 6-Du^^C^E2N02 = - 1 .5  V v.SCE i n

a c e t o n i t r i l e ] . C o n seq u en tly , th e  r a d ic a l - a n i o n  o f  ( x )  may^^^ b e  c a p a b le  

o f  t r a n s f e r i n g  an  e l e c t r o n  to  an  a lk y l  io d id e .

G e n e ra tio n  o f  th e  r a d ic a l - a n i o n  o f  ( x )  by  e l e c t r o l y s i s  sh o u ld  

s im p l i f y  th e  r e a c t io n  system  and a v o id  th e  d i r e c t  r e d u c t io n  o f  th e  a lk y l  

h a l i d e .  The r a d ic a l - a n i o n  o f  ( x )  was r e a d i l y  d e te c te d  d u r in g  e l e c t r o l y t i c  

r e d u c t io n  o f  (X) i n  DMF s o lu t io n  w ith  t e t r a - n - b u t y  1 ammonium io d id e  

a s  s u p p o r t in g  e l e c t r o l y t e .  S o lu t io n s  o f  (X) and an  a lk y l  io d id e  were 

re d u c e d  a t  th e  minimum p o t e n t i a l  r e q u i r e d  to  g e n e ra te  th e  n i t r o s o -  

r a d i c a l - a n i o n .  I n  th e  p re s e n c e  o f  m e thy l io d id e  b o th  th e  a n i l i n o  r a d i c a l  

and th e  more p e r s i s t e n t  n i t r o x id e  and w ere o b se rv e d  (F ig u re  5 .2 2 ) .  [A 

s i m i l a r  r e s u l t  was o b ta in é d  when m ethy l io d id e  was added t o (x )  and 

p o ta s s iu m  t - b u to x id e  i n  DMSO i n  th e  ab sen ce  o f  o x y g e n ] . I n  th e  p re v io u s  

r e p o r t  o n ly  t r a c e s  o f  th e  n i t r o x id e  w ere o b se rv e d . I n  th e  e l e c t r o l y t i c  

r e d u c t io n  o f  (x) i n  th e  p re s e n c e  o f  e th y l  io d id e  th e  r a d i c a l s  (XXXVTIl) 

and  (XXXIX) (R = E t)  w ere d e te c te d  i n  low  c o n c e n t r a t io n .  I n  th e  

p re s e n c e  o f  i s o p ro p y l  io d id e  o n ly  th e  a n i l i n o  r a d i c a l  was o b se rv e d  

(F ig u re  5 .2 5 ) .

Thus s i m i l a r  r e s u l t s  w ere o b ta in e d  u s in g  th e  e l e c t r o l y t i c  m ethod 

a s  had  b een  o b ta in e d  by  th e  o th e r  w o rk e rs , and a r e  c o n s i s t e n t  w ith  a  

s u b s t i t u t i o n  r e a c t io n .  However, th e  r e s u l t s  do n o t  e x c lu d e  th e  

p o s s i b i l i t y  o f  th e  d ia n io n  a s  th e  e f f e c t iv e  n u c le o p h ile  (S e c t io n  5 * 6 ):

ArNO“ + RX -------- > ArN(R)0- + ArNOR + X"



-  163 -

o r  2ArN0* • v----- ArNO + ArNO^

ArNO^” + EX -----------> A rN (R)0"(+ ArNOR) + X“

ArN(R)0~ —  > ArN(R)d'

ArNOR — ------- > ArNOR
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Table 3.5

E.S.R. Spectral Parameters of the Nitroxides. 2.4.6-Ba^^C^H^N(R)0* 

detected from the Reaction, (x )  + RI + base (or cathode) in DMSO

R
Byperfine Splittings/G 

+ 0 . 0 5  G
%  (i n) Sg (m-H) alkyl)

CH^ 1 3 . 2 0 0.80 1 2 . 9 5 (3H)
CEgCE^ 1 5 . 7 5 0.80 18.5 (2H)

CH(CH^)2 Not detected

\
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T ab le  3 «4

E .S .R . S p e c t r a l  P a ra m e te rs  o f  th e  N -a lk o x y a n ilin o  r a d i c a l s  2 ,4 ,6 -

^C^H^NOR d e te c te d  from  th e  R e a c tio n  (x) + RI + b a se  ( o r  c a th o d e )

i n  DMSO.

R

%  (1U)

B y p e rf in e  s p l i t t i n g s / G  
+ 0 .0 5  G

%  (m-H) %  ( a lk y l )

1 2 .20 2 .2 5 2 .2 5  (5H)

CHgCH 11 .80 2 .0 5 2 .0 5  (2H)

CH(CHj )2 11 .55 1 .75

\

1 .7 5  (1H)
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S e c t io n  3.11

The Second Type o f  P e r s i s t e n t  R a d ic a l d e te c te d  from  R e a c tio n  (x v ) ,

As d e s c r ib e d  p r e v io u s ly  (S e c t io n  3 * 1 ) , ^ second  ty p e  o f  p e r s i s t e n t  

r a d i c a l  (XXV) was o f t e n  form ed i n  th e  r e a c t io n s  o f  a lk y l  io d id e s  and 

b a se d  w ith  n i t r o s o a r e n e s  h a v in g  c h lo r in e  o r  brom ine a t  th e  2 ,6 -  o r

2 ,4 ,6 -  p o s i t i o n s .
\

I

The s p e c t r a  (T a b le  3 -5 )  a r e  c h a r a c te r i s e d  by  a  n i t r o g e n  s p l i t t i n g  

o f  ç a .  9 «5 G and  a  ( 1 :2 :1 )  t r i p l e t  ( c a .  1 .2 5  G; e th y l  o r  n -p ro p y l 

io d id e )  o r  a  d o u b le t  ( c a .  1 .2 5  G; is o p ro p y l  i o d i d e ) .  The s m a l le r  

s p l i t t i n g s  a r e  a s s ig n e d  to  th e  a lk y l  g ro u p s . A lthough  th e  s p e c t r a  

w ere o b se rv e d  from  s o lu t io n s  o f  s im i l a r  c o m p o s itio n , sm a ll v a r i a t i o n s  

i n  th e  s p l i t t i n g  c o n s ta n ts  w ere found  (S e c t io n  3* 1 )• The n i t r o g e n  and 

a l k y l  group  s p l i t t i n g s  w ere seen  to  in c r e a s e  s im u l ta n e o u s ly ,  i n d i c a t i n g  

t h a t  th e  a lk y l  group i s  p ro b a b ly  s i t u a t e d  c lo s e  to  th e  n i t r o g e n  atom 

and  n o t  on th e  a r y l  g ro u p .

The _ £ -v a lu es, c a .  2 .0 0 5 4  (bromo compounds) and c a .  2 .0047  (c h lo ro  

com pounds), show th e  p re s e n c e  o f  a t  l e a s t  one h a lo g e n  atom  i n  th e  

r a d i c a l s  [ c f . th e  c o r re s p o n d in g  £ - v a lu e  change on g o in g  from  th e  

c h lo ro  ( c a .  2 .0 0 6 2 ) to  th e  bromo ( c a . 2 .0 0 6 5 ) s u b s t i t u t e d  a r y l  a lk y l  

n i t r o x i d e s ] . The o b s e rv a t io n  o f  h a lo g e n  i n  th e  r a d i c a l  i n d i c a t e s  th e  

p re s e n c e  o f  an  a r y l  g ro u p , a l t h o u ^  m e ta -p ro to n  c o u p lin g s  w ere n o t 

d e te c te d  ( l in e w id th  c a .  0 .3  G ).

The n i t r o g e n  and p ro to n  s p l i t t i n g s  and th e  ^ - v a lu e s  a r e  a l l  

c o n s i s t e n t ^ w i t h  an  N -a lk o x y a n ilin o  r a d i c a l  s t r u c t u r e  (ArNOR),
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However, th e  ab sen ce  o f  met a -  and p a r a - p ro to n  c o u p lin g s  does n o t 

s u p p o r t t h i s  a s s ig n m e n t, u n le s s  th e  s u b s t i t u t i o n  p a t t e r n  o f  th e  a r y l  

g roup  h a s  changed d u r in g  th e  r e a c t io n .  H u c le o p h i l ic  s u b s t i t u t i o n  by  

h y d ro x id e  i n to  th e  r i n g  i s  a  p o s s i b i l i t y ,  s u p p o r te d  by  th e  c o n d i t io n s  

u n d e r  w hich  th e  r a d i c a l s  w ere d e te c te d ,  th e y  r e q u i r e d  lo n g e r  r e a c t io n  

t im e s  and h i ^ e r  a l k a l i  c o n c e n tr a t io n s  th a n  th o s e  r e q u i r e d  f o r  d e t e c t io n  

o f  th e  c o r re s p o n d in g  n i t r o x i d e ,  and w ere n o t  d e te c te d  u s in g  th e  

e le c tro c h e m ic a l  o r  p h o to l y t i c  m ethods (S e c t io n s  $ .6  and

H ydrox ide  io n  may a t t a c k  e i t h e r  th e  r i n g  o r  th e  n i t r o s o - g r o u p  

o f  h a lo g e n  s u b s t i t u t e d  n i t r o s o a r e n e s .  A tta c k  a t  th e  n i t r o s o - g r o u p  may 

le a d  to  th e  b r e a k in g  o f  th e  C-N bond , by  a n a lo g y  w ith  th e  r e a c t i o n  o f

120h y d ro x id e  io n  w ith  2 ,6 -d ic h lo ro b e n z a ld e h y d e  to  g iv e  1 ,3 -d ic h lo ro b e n z e n e :

+ -OH

0=H-0H

+ NO

(X = h a lo g e n )

The n i t r i t e  io n  form ed may r e a c t  w ith  th e  a lk y l  io d id e  and b a se  

p r e s e n t  to  g e n e ra te  r a d i c a l  p ro d u c ts .  The r e a c t io n  o f  sodium  n i t r i t e ,  

a lk y l  io d id e s  and sodium  h y d ro x id e  i n  DMSO o r  HKP gave n i t r o g e n -  

c e n t r e d  r a d i c a l  p ro d u c ts  (S e c t io n  3*13) th e  second  ty p e  o f  r a d i c a l  

(XXV) was n o t  d e te c te d .
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A tta c k  o f  h y d ro x id e  io n  on th e  r i n g  o f  th e  n i t r o a r e n e  w i l l  b r in g  

a b o u t s u b s t i t u t i o n ,  fa v o u re d  by  th e  e l e c t r o n  w ith d raw in g  s u b s t i t u e n t s  

p r e s e n t ;

F o r exam ple,

+ OH

(X = Cl o r  H r)

NO

A c
(X)

OH

NOH

The n i t r o s o p h e n o ls  form ed (XL) e x i s t  i n  a  ta u to m e r ic  e q u i l ib r iu m

121w ith  th e  qu inone monoxime form s (X L l), v i a  a  common a n io n .  I n  th e

121p re s e n c e  o f  an  a lk y l  io d id e  and a l k a l i ,  a l k y l a t i o n  ta k e s  p la c e  tOs 

g iv e  (X L II)

NOR

(X L II)
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A l t e r n a t iv e ly ,  a l k y l a t i o n  to  g iv e  an  N -a lkoxy  group may o c c u r  p r i o r  

to  n u c le o p h i l i c  a t t a c k ,  assum ing  th e  s t e r i c  e f f e c t  o f  th e  o r th o -  

h a lo g e n s  i s  s u f f i c i e n t  to  a l lo w  a l k y la t i o n  a t  b o th  th e  n i t r o g e n  and 

oxygen a tom s;

+ RI OH

+ OH ■> ArNOR

Thus th e  second  ty p e  o f  r a d i c a l  XXV, i s  t h o u ^ t  to  be  an  N -a lk o x y - 

a n i l i n o  r a d i c a l  (ArNOR) where th e  a r y l  group (A r) i s  unknown, b u t  i s  

p ro b a b ly  d e r iv e d  from  th e  p ro d u c ts  o f  n u c le o p h i l i c  s u b s t i t u t i o n  by  

h y d ro x id e  io n .
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Table 3 .5

E .S .R . S p e c t r a l  P a ra m e te rs  o f  th e  Second C la ss  o f  p e r s i s t e n t  Radical. 

O bserved  from  R e a c tio n  ( x v ) .

The v a lu e s  below  w ere o b ta in e d  from  DMSO + c a .  10^ EgO, u n le s s  

s t a t e d  o th e rw is e .

ArNO

CEgCS

A lk y l io d id e  

CEgCEgCE CH(CHj )2

NO
Hr

B r

9 . 4 5 ' (1H) 

1 .2 5  (2H) 

£, = 2 .0054

9.60 (m )

1.20 (2H) 

2.0055

9 .4 5  ( w )  

1 .30  (IE) 

2.0054

HO ■ 

”0“

9 .5 0  ( 1H) 

1 .25  ( 2H) 

^  = 2.0054

9 .8 5  ( i h )  

1 .30  ( 2H) 

2.0054

9 .6 0  ( i h )

1.20 (2H)

£  = 2.0047

9 . 6 0  ( i n )  

1 .3 0  ( 2H) 

2 .0047

9 . 7 5  (1N) 

1 .15  ( i h )  

2.0047

NO

w

9 .5 5  ( 1N)

1 .25  ( 2H)

£  = 2.0047

9 .6 5  (IN ) 

1 .35  (2H)

2.0047

X

X The r a d i c a l  was n o t  d e te c te d

*  S p l i t t i n g  c o n s ta n t s  to  ^  0 .0 5  0 , £ - v a in e s  t o  ^  0 .0 0 0 1 .
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S e c t io n  3»12

An E .S .R . I n v e s t i g a t io n  o f  th e  R e a c tio n  o f  N itro s o a re n e s  w ith  

P o lyha lo g en o m eth an es

The i n v e s t i g a t i o n  o f  th e  r e a c t io n s  o f  n i t r o s o a r e n e s  w ith  s im p le  

a lk y l  h a l id e s  u n d e r  re d u c in g  c o n d i t io n s  was ex ten d ed  to  th e  p o ly h a lo g en o ­

me th a n e s ,  t r i - io d o m e th a n e  ( io d o fo rm ) , tr i-h ro m o m eth an e  (brom oform ), 

t r ic h lo ro m e th a n e  (c h lo ro fo rm ) ,  and d i- io d o m e th a n e .

i
I

When n it ro s o b e n z e n e  was a llo w e d  to  r e a c t  w ith  iodo fo rm  i n  DMSO o r  

DMF i n  th e  p re s e n c e  o f  a  b a se  ( aqueous sodium  h y d ro x id e  o r  p o ta ss iu m  

t - b u to x id e )  a  com plex e . s . r .  s ig n a l  (F ig u re  3*24) o f  h i ^  i n t e n s i t y  was 

o b s e rv e d . Use o f  d ^ -n i tro s o b e n z e n e  i n  th e  r e a c t io n  gave a  much s im p l i f ie d  

sp ec tru m  (F ig u re  3*25)« The ( l : 2 : 3 : 2 ; l )  p a t t e r n  s p l i t  i n to  d o u b le ts  was 

a s s ig n e d  to  th e  i n t e r a c t i o n  o f  two e q u iv a le n t  n i t r o g e n  atom s and one 

hy d ro g en  atom . ^  \

^  = 6 .0 0  G (2N)

%  = 4 .5 0  G (IE )

^  = 2.0065

D eu terium  c o u p lin g  was n o t  r e s o lv e d .

F ig u re  3*24 h a s .

%  = 5 .95 G (2N)

%  = 4 .5 0 G (1H)

%  " 0 .9 6 G (6H)

%  = 0 .4 8 G (4 3 )

K  = 2.0065



-  173 -

The s im u la t io n  i s  g iv e n  i n  F ig u re  3*26. S im i la r  s p e c t r a  w ere 

o b ta in e d  u s in g  brom oform .

The ^ -v a lu e  i s  c a .  0 .0010  h i ^ e r  th a n  t h a t  e x p e c te d  f o r  an  a lk y l  

p h e n y l n i t r o x i d e ,  b u t  i s  i n  ac c o rd  w ith  th e  r a d i c a l  b e in g  N, N '-  

d ip h e n y l-fo rm a m id in y l-N -N *-d io x id e  (X L III ) ;

PhN-

0 -

H
I +

-C=NPh
I

. 0-

H
+ 1 +.

PhN=C NPh

(X L III ) 0 -  0 -

C y c lic  n i t r o n y l  n i t r o x id e s  (XLIV, have b een  w e ll

c h a r a c t e r i s e d ,  and one exam ple o f  an  a l i p h a t i c  a c y l i c  n i t r o n y l  n i t r o x id e  

i s  known (X L Y l).^^^

0“  —

N

: > )
R

0“

(XLIV)

ca . 7 .5  G (2N)

^  = 3 .4 4  G ( IE , R = E)

^  c a .  2.0065

C— R

(XLV)

^  c a .  4 . 2  G (2N)

%  = 2 .7 5  G (3E , R = Me)

a ^  c a . 1 .0  G (2E)

^  ç a .  0 .7 5  G (2E)
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t+* + +
Bu N —  CH=NBu

I I
0 -  0 -

(XLVI)

ajj = 6 .5 0  G (2N)

%  = 4.13  G ( i s )

= 2.0067  i n  benzene s o lu t i o n .

' B eoxygenated  an a lo g u e s  (XLVIl) have b een  i d e n t i f i e d ”' i n  w hich 

th e  n i t r o g e n  s p l i t t i n g s  a r e  now d i f f e r e n t .  ^

•H
-I I p+«

Ar— 'N = C   N Ar

1-

(XLVII)

ç a .  7 .5  G ( ^ )

%  o a . 3 . 0  G (■’u )

ç a .  1 .5  G (1H)

Thus th e  s p l i t t i n g  c o n s ta n ts  and R v a l u e  o f  th e  r a d i c a l  o b se rv e d  

a g re e  w e ll  w ith  th o s e  e x p e c te d  f o r  th e  a c y c l i c ,  a ro m a tic  n i t r o n y l  

n i t r o x i d e  (X L I I l) .

The r a d i c a l  (X L I I l) ,  was a l s o  o b se rv e d  from  th e  e l e c t r o l y t i c  

r e d u c t io n - o f  n i t ro so b e n z e n e  i n  th e  p re s e n c e  o f  io do fo rm  o r  brom oform  

(F ig u re  3 . 26 ) .  A lthough  th e  p o la ro g ra p h ic ,  h a lf-w a v e  r e d u c t io n  p o t e n t i a l s

109 126o f  th e  h a lo fo rm s  a r e  below  t h a t  o f  n itro s o b e n z e n e  i n  th e  same s o lv e n t ,  * 

th e  r a d i c a l  was n o t o b se rv ed  u n le s s  th e  a p p l ie d  p o t e n t i a l  was s u f f i c i e n t
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to  g e n e ra te  th e  n itro s o b e n z e n e  r a d i c a l - a n i o n .  When th e  e l e c t r o l y s i s  

was p e rfo rm ed  i n  d^-DMSO s o lv e n t  w ith  d ^ -n i tro s o b e n z e n e  th e  spec tru m  o f  

(X L II l)  s t i l l  c o n ta in e d  a  d o u b le t s p l i t t i n g  o f  4*5 G, show ing t h a t  th e  

hyd ro g en  atom  o r ig in a te d  from  th e  h a lo fo rm . These r e s u l t s  r u l e  o u t 

th e  p o s s i b i l i t y  o f  a  ca rb e n e  in te rm e d ia te  i n  th e  fo rm a tio n  o f  (X L I I l) ;

HCX  ̂ + “ OH CX_ + H^O3 3 2

i
I>hIl(0)=CX2   cXg + X "

a l th o u g h  th e  p re s e n c e  o f  a  c a rb e n e , i n  th e  r e a c t io n s  in v o lv in g  a  b a s e ,  

i s  m ost p ro b a b le .  The m echanism  p ro p o sed  i s  shown below :

HCX3
PhHO — ----- > PhHO"  > PhH(0.)CEXg

(X = B r^ I )  (X L V III)

a n d /o r

ECX > HCXg + X"

ECXg + PhEO  > (X L V III )

PhE(0')CEXp  ̂ PhE=CHX + X .(X ’ )

0“

(XLpc)

E
+ _ +•  I

PhE=CHX. + PhEG* -----:-----> PhE — C---EPh
I  I I I
0-  0-  X 0-
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H
+ • I +.  +

PhE  C EPh -----------> PhE  CH=EPh
I I I  I I
0" X 0“ 0“  0 -

■ (X L III)

a n d /o r

PhE(0')CHXg > [PhECHX.EPh] +

0 * 0 -

!
+ •  +

PhE — CE=EPh + X*

0“  0-

S im i la r  r e a c t io n  s te p s  have b een  p ro p o sed  b e f o r e .  E u c le o p h i l ic  a d d i t io n

127by  a  n i t r o x id e  to  an  h a lo g e n a te d  n i t r o n e  h a s  b een  p ro p o se d  to  acc o u n t

f o r  c a rb o n y l n i t r o x id e  fo rm a tio n  i n  th e  r e a c t io n  o f  t - b u to x y l  r a d i c a l s

127w ith  h a lo fo rm s  i n  th e  p re s e n c e  o f  n i t r o s o b u ta n e .

CX + Bu'̂ ÊO --------- > Bu&(0')CX^

B u& ( 0 ')C X  — > Bu''^E=CXg

0“

J.+ f
Bu E=CX-----+ ER’EO* ---------- ^ Bu^'EO"

I "  I
0 -  EE'EO-CXg

(L)

9 t
(L ) — — > B u V c ; ^

O' X
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An a l t e r n a t i v e  s u g g e s t io n  f o r  fo rm a tio n  o f  ( l )  was d i r e c t  Sg.2

128d isp la c e m e n t o f  h a lo g e n  by  n i t r o x id e :

^2
ER * EO • — — —C—— —X

J \ . , .

(X L II l)  was n o t  o b se rv ed  from  th e  r e a c t io n  o f  d iio d o m eth an e  w ith  

n i t ro s o b e n z e n e  i n  th e  p re s e n c e  o f  a  b a s e ,  n o r  d u r in g  e l e c t r o l y t i c  

r e d u c t io n .  T h is  r e s u l t  i s  c o n s i s t e n t  w ith  th e  fo rm a tio n  o f  an  i n t e r ­

m e d ia te  n i t r o n e ,  (XLIX), a s  r e a c t io n  w ith  d i  i  o dome th a n e  w ould be 

e x p e c te d  to  g e n e ra te  th e  c o r re s p o n d in g  m e th y len e  n i t r o n e  ( L I ) ,  w hich 

i s  t h o u ^ t  to  d im e r is e  r a p id l y  to  ( L I l ) . ^ ^ '^ ^ ^

ATT

PhEO + EgCIg ->  PhE-CEgl + T

O'

1
PhE=CE-CE=EPh PhE=CE^ + I"

I I  I ^
0“  0-  0"

( L I I )  (L I)

O th e r r o u te s  to  ( L I ) ,  such  a s  th e  r e a c t io n  o f  d iazom ethane  and 

n it r o s o b e n z e n e ,  and th e  r e a c t io n  betw een  E -p h en y lh y d ro x y lam in e  and 

dibrom om ethane in  th e  p re s e n c e  o f  p y r id in e ,  a l s o  le a d  to  th e  d in i t r o n e  

( L I I ) . ^ ^  B a m b e r g e r , d i s c o v e r e d  a  r e a c t io n  o f  E -ph en y lh y d ro x y lam in e
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w ith  fo rm ald eh y d e  i n  e th a n o l s o lu t i o n .  The p ro d u c t i s o l a t e d  was 

th o u g h t to  be  ( L I I I )  on th e  b a s i s  o f  th e  e le m e n ta l a n a l y s i s .

PhE CEg.EPh ( L I I I )  . ■
I I
OE OE

The p r e p a r a t io n  was r e p e a te d  and a  s o l i d ,  h a v in g  th e  same e le m e n ta l

a n a l y s i s ,  was i s o l a t e d  ( s e e  E x p e rim e n ta l S e c t io n ) .  M ild  o x id a t io n

22 124o f  th e  s o l i d  w ith  le a d  d io x id e  d id  n o t  g e n e ra te  th e  e x p e c te d  ’

n i t r o n y l  n i t r o x i d e ,  (X L II l)  b u t  gave p h en y l n i t r o x i d e ,  (PhEHO*). In

151ag reem en t w ith  a  l a t e r  r e p o r t  th e  m a te r i a l  o b ta in e d  i s  p ro b a b ly  a  

m ix tu re  o f  ÎL -phenylhydroxylam ine and th e  d in i t r o n e  ( L I I ) .

The r e a c t i o n  o f  n i t r o s o a r e n e s  (2,4>6-X^CgE2E0, X = C l, B r , Me o r

2 , 6-X2C^E^E0, X = P , C l, B r) w ith  iodo fo rm  o r  brom oform  i n  th e  p re s e n c e  

o f  b a se  d id  n o t  le a d  to  th e  c o r re s p o n d in g  n i t r o n y l  n i t r o x i d e s .  Eow ever, 

2 , 4 j6 - t r ib ro m o -  and 2 ,4 > 6 - t r ic h lo r o - n i t r o s o b e n z e n e  r e a c te d  w ith  d i - i o d o -  

m ethane o r  iod o fo rm  i n  th e  p re s e n c e  o f  sodium  h y d ro x id e  to  g iv e  n i t r o n y l  

n i t r o x i d e s  w hich d id  n o t  e x h i b i t  a  m e th in e  p ro to n  s p l i t t i n g  ( f o r  

exam ple, F ig u re  3 .2 7  , (2E) ç a .  6 .2  C ). The r a d i c a l s  w ere n o t

d e te c te d  from  e l e c t r o l y t i c  r e d u c t io n  o f  th e s e  n i t r o s o a r e n e s  i n  th e  

p re s e n c e  o f  d i- io d o m e th a n e  o r  io d o fo rm , i n d i c a t i n g  t h a t  a l k a l i  i s  

necessary f o r  th e  r e a c t i o n .  The r a d i c a l s  p ro b a b ly -h a v e  th e  s t r u c t u r e

( l i t ) :
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O' 0“
I +•  I +

ArE C =E A r <-----------> ArE — C =EA r
I I  I I
0“  0 “  0“  0”

( a )  (L IT ) . (b )

0
+ .  II

f ► ArE — C— EAr

0“ O' 
(c)

The n i t r o g e n  c o u p lin g s  from  r a d i c a l  (L IV ), com pared w ith  th o s e  from  

( X L I I l ) ,  a r e  e x p e c te d  to  he a f f e c t e d  by  two o p p o s in g  e f f e c t s .  F i r s t l y ,  

th e  o r th o - h a lo g e n  atom s w i l l  f o r c e  th e  benzene  r i n g  o u t o f  c o n ju g a t io n  

w ith  th e  n i t r o x id e  f u n c t io n ,  c a u s in g  th e  s p in  d e n s i ty  on th e  n i t r o g e n  

atom s to  in c r e a s e .  S eco n d ly , s p in  d e n s i ty  may be t r a n s m i t t e d  to  th e  

c a rb o n y l group [ r e p r e s e n te d  by  (L IV a)], r e d u c in g  th e  s p in  d e n s i ty  a t  

n i t r o g e n .  Thus a  n i t r o g e n  c o u p lin g  from  (LIV) s im i l a r  to  t h a t  from  

(X L II l)  m i ^ t  be  p r e d ic t e d .  A c y c l i c  an a lo g u e  (LV) h a s  b een  o b se rv e d  

p r e v io u s ly ,  h a v in g  = 8 .7 5  G (2E) i n  aqueous s o lu t i o n .

0“

O' (L T )

O b se rv a tio n  o f  (LIV) from  b o th  d i- io d o m e th a n e  and iodo fo rm  a g re e s  

w ith  a  p o s s ib le  n i t r o n e  in te r m e d ia te ,  a s  now th e  e x p e c te d  m eth y len e

129n i t r o n e  from  r e a c t io n  w ith  d i- io d o m e th a n e  sh o u ld  be  slow  to  d im e r is e .  

(LIV) i s  p ro b a b ly  form ed from  h y d ro x id e  io n  a t t a c k  upon th e  n i t r o n e .
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F o r exam ple,

+
ArEO + HCX  ̂ ------------ > ArE=CHX

OH pH
+ OET r I -, + 1

ArE=CEX — — > [ArE CH] ----- » ArE=CH + X
I I .  I I

O X .0 -0-

0
ArU'—  C = S lr  ^+ArW—  ArH-C^

I I I  -2H - I E
0— 0— 0“ OH

(L IT)

Thus th e  r e a c t io n  o f  n i t r o s o a r e n e s  w ith  p o ly h a l  o genome th a n e  s u n d e r  

re d u c in g  c o n d i t io n s  h a s  p ro v id e d  th e  f i r s t  r o u te  to  a ro m a tic  a c y c l ic  

n i t r o n y l  n i t r o x i d e s .
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F igure 5 .2 4

illii i l li ' l l ! ; !  ! | j |

l l l i i i i i l l l l l i
i ; , ,VVv̂

F ig u re  5 .5 2

F ig u re  5 .2 4  ESR sp ec tru m  o f  (X L IIl)  d e te c te d  from  th e  r e a c t io n  o f  

n i t ro s o b e n z e n e  w ith  iodo fo rm  and sodium  h y d ro x id e .

F ig u re  5 .5 2  ESR sp ec tru m  o f  a  seco n d a ry  n i t r o x id e  (Type E) d e te c te d  

from  th e  r e a c t io n  o f  (XIV) w ith  m ethy l io d id e  and e x c e ss  sodium  

h y d ro x id e .
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Fifflire 5 .25

-ft*-

F iffu re  3 .2 5  ESR sp ec tru m  o f  C^I)^R(o )=CH N(O’ )C^I)^ d e te c te d  from  

th e  r e a c t io n  o f  p e r d e n te ro n it ro so b e n z e n e  w ith  io do fo rm  and sodium  

h y d ro x id e .

F ig u re  3 .2 7  ESR sp ec tru m  o f  th e  n i t r o x y l  n i t r o x id e  form ed from  th e  

r e a c t i o n  o f  ( V I I l )  w ith  d i- io d o m e th an e  w ith  sodium  h y d ro x id e .
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Fijprure 3 .2 6  ESR spectrum  and s im u la t io n  o f  (X L II l)  d e te c te d  from  th e  

f e l e c t r o l y t i c  r e d u c t io n .o f  n itro so b e n z e n e  and. bromoform i n  DMSO.
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S e c t io n  3 .15

An E .S .R . I n v e s t i g a t io n  o f  th e  R e a c tio n s  o f  F lu o r in e  S u b s t i t u te d  

N itro s o a re n e s  w ith  A lk y l H a lid e s  in  th e  P re se n c e  o f  A B a se .

The n i t r o s o a r e n e s  in v e s t ig a t e d  i n  th e  above r e a c t io n  w ere 2 ,6 - d i -  

f l u o r o - ,  2 , 4 , 6 - t r i f l u o r o - ;  2 ,3 )5 » 6 - t e t r a f l u o r o -  and p e n ta f lu o r o -  

n i t r o s o b e n z e n e s .  S y m m e tric a lly  s u b s t i t u t e d  n i t r o a r e n e s  w ere cho sen  

i n  o r d e r  to  m in im ise  th e  co m p le x ity  o f  th e  h y p e r f in e  s p l i t t i n g  p a t t e r n s  

e x p e c te d  from  r a d i c a l  d e r i v a t i v e s .  The r e a c t io n  c o n d i t io n s  w ere s im i l a r  

to  th o s e  u se d  f o r  o th e r  D -n itro so -com pounds exam ined ( e th a n o l ,  DMF 

and  DMSO s o lv e n t s ,  w ith  u s u a l l y  10^ aqueous sodium  h y d ro x id e  a s  th e  

added  b a s e . )

2 ,6 -D if lu o ro n itro s o b e n z e n e  (X l)

The r e a c t io n s  o f  (X l) w ith  m e th y l, e t h y l ,  i s o p ro p y l  and  n -p ro p y l 

io d id e s  w ere exam ined. Two ty p e s  o f  n i t r o x id e  w ere o b se rv e d  from  

th e  r e a c t io n s  d ep en d in g  upon th e  b a se  c o n c e n tr a t io n  and r e a c t i o n  t im e . 

The e . s . r .  s p e c t r a  o f  th e  two ty p e s  o f  r a d i c a l  d i f f e r e d  i n  R v a l u e  (by  

a b o u t c a .  O.OOO3 ) and n i t r o g e n  s p l i t t i n g  c o n s ta n t  (b y  a b o u t c a . 1 .0  G ). 

The s p e c t r a  o b se rv e d  i n i t i a l l y  from  s o lu t io n s  c o n ta in in g  low  concen­

t r a t i o n s  o f  b a se  a r e  a s s ig n e d  a s  a lk y l  2 , 6 -d if lu o ro p h e n y l  n i t r o x i d e s ,  

and  th e  s p l i t t i n g  c o n s ta n ts  i n  DMSO a r e  g iv e n  i n  T ab le  3*6 . The 

sp ec tru m  o f  2 , 6 -d if lu o ro p h e n y l  m e th y l n i t r o x id e  i s  g iv e n  i n  F ig u re  3*28; 

th e  same sp ec tru m  was d e te c te d  when (X l) tr a p p e d  m e th y l r a d i c a l  (from  

t i ta n iu m  I I I  t r i c h l o r i d e ,  hydrogen  p e ro x id e  and DMSO). The c o u p lin g s

(a  ^  a \  a  ) o b se rv ed  f o r  th e  two a lk y l  2 ,6 - d i f lu o r o p h e n y ln i t r o x id e s  
o —p '  —m'̂

show t h a t  th e  n i t r o x id e  group i s  n o t  f o rc e d  o u t o f  th e  p la n e  o f  th e
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T ab le  5 .6

E .S .R . S p e c t r a l  P a ra m e te rs  o f  th e  N itro x id e s  2 ,6 -F ^ C^H^N(r ) 0* d e te c te d  

from  (X l) i n  R e a c tio n  ( x v ) ,

H y p e rfin e

s p l i t t i n g s / G
M ethyl E th y l Is o p ro p y l n -P ro p y l

%  ( 1N) 12 .20 n o t
d e te c te d

13.05 n o t
d e te c te d

( a lk y l ) 11 .5 0  (JH ) 3 .4 0  ( i s )  

0 .2 5  (6 h )

a  ( r in g ) 1 .9 5  (2P) 

1 .4 0  (IE )  

0 .7 0  (2H)

1 .8 0  (2P )

1 .6 0  ( i s )

0 .8 0  (2H)

. £ - v a lu e 2 .0062 2.0062 •
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Table 3 .7

i n  R e a c tio n  (x v ) .

B y p e rf in e

S p l i t t i n g s / G
M ethyl E th y l Iso p ro p y n -P ro p y l

%  ( 1%) 13.20 13.35 14 .15 13.75

%  ( a lk y l ) 12 .10  (JH ) 8 .9 0  (2H) 

c a .  0 . 3 5  (3H)

4 . 2 5  ( IE ) 8 .5 0  (21

a ( r in g ) 1 .0 5  (2 )  

0 .9 0  (2 )

1 .0 5  (1 )+  

0 .7 0  (4 ) 

0 . 3 5  (1 )

* *

^ - f a c t o r 2 .0060 2.0060 2.0059 2.0059

*  R ing  c o u p lin g  n o t r e s o lv e d  

t  Unambiguous a ss ig n m e n t n o t  p o s s ib le ,
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th e  benzene  r i n g ,  a s  o c c u rs  f o r  t - b u t y l  2 , 6 -d if lu o ro p h e n y l  n i t r o x id e  

(S e c t io n  1 .1 ) .  However, th e  seco n d a ry  n i t r o x id e s  (T ab le  3«7) f o r  

exam ple F ig u re s  3*29 and 3*51) e x h i b i t  in c re a s e d  n i t r o g e n  and  a lk y l  

g roup  c o u p lin g s  and a  d e c re a s e  o f  ^ - f a c t o r  and r i n g  c o u p lin g s  (w here 

.Ëp)) e x p e c te d  f o r  th e  n i t r o x id e  group fo rc e d  o u t o f  th e  

p la n e  o f  th e  b enzene  r i n g .

2 ,4 ,6 - T r i f lu o r o n i t r o s o b e n z e n e  (X I l)  and 2 ,3 ,5 ,6 -T e t r a f lu o r o n i t r o s o b e n z e n e  

( X I I I ) . '

P e r s i s t e n t  r a d i c a l  p ro d u c ts  w ere n o t  o b se rv e d  from  th e  r e a c t io n s  

in v o lv in g  th e  above n itro so -c o m p o u n d s , e x c e p t f o r  th e  r e a c t i o n  o f  ( X I I l )  

w ith  m e th y l io d id e  and sodium  h y d ro x id e . Two weak s ig n a l s  show ing th e  

same £ - v a lu e  w ere o b s e rv e d , one b e in g  a  b ro a d l in e d  t r i p l e t  ( a ^  = 1 2 .80  G ), 

th e  o th e r  h a v in g  th e  s p l i t t i n g  c o n s ta n ts  g iv e n  b e lo w ,

= 13.00  (in) G

^  = 12 .00  ( ; s )  G

and  c o u p lin g  from  th e  benzene r i n g ,  n o t  a n a ly s e d  from  th e  weak s p e c t r a  

o b ta in e d .  An a u th e n t ic  sp ec tru m  o f  m e th y l 2 ,3 ,3 ,6 - te t r a f T u o r o p h e n y l  

n i t r o x i d e  was d e te c te d  when t i ta n iu m  I I I  io n  and hyd ro g en  p e ro x id e  

w ere a llo w e d  to  r e a c t  i n  DMSO i n  th e  p re s e n c e  o f  ( X I I l ) ;  th e  s p l i t t i n g  

c o n s ta n ts  a r e  g iv e n  below ;

.  =  1 2 . 9 0  G  ( 1N )

=  1 2 . 5 0  G  ( 3H )

( o - F ) a p  =  2 . 0 5  G  ( 2P )

=  0 . 7 5  G  ( 2H )
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(2rF )%  = 3 .0 0  G (IF )

P e n ta f lu o ro n itro s o b e n z e n e  (XIV)

I n  th e  r e a c t io n  o f  (XPV) w ith  m e th y l, e th y l  i s o p ro p y l  o r  n -p ro p y l 

io d id e  i n  th e  p re s e n c e  o f  sodium  h y d ro x id e  i n  DMSO, DMP o r  e th a n o l ,  

th e  c o r re s p o n d in g  a lk y l  p e n ta f lu o ro p h e n y l n i t r o x id e  was n o t  d e t e c te d .  

H owever, when an  e x c e ss  o f  b a se  was p r e s e n t  p e r s i s t e n t  r a d i c a l s  w ere 

o b s e rv e d .

A d d itio n  o f  e x c e ss  o f  sodium  h y d ro x id e  to  s o lu t io n s  o f  (XIV) and 

m e th y l io d id e  i n  DMSO o r  DMP p ro d u ced  a  n i t r o x id e  (F ig u re  3*32) th e  

c o n c e n t r a t io n  o f  w hich d e c l in e d  r a p id l y  a b o u t two m in u te s  a f t e r  

a d d i t i o n  o f  th e  b a s e .  A p art from  c o u p lin g  to  one n i t r o g e n  atom  ( c a . 

1 3 .0  G) and  a  m ethy l group ( c a . 11 .75  G) a  s p l i t t i n g  o f  ç a .  2 G was 

o b se rv e d  from  two e q u iv a le n t  n u c l e i  h a v in g  I  = l / g -  S im i la r  s p e c t r a  

w ere o b se rv e d  when e th y l  o r  is o p ro p y l  io d id e  was u s e d  i n  p la c e  o f  

m e th y l io d id e  (T ab le  3 •8 )*  W ith d ^ -m eth y l io d id e  th e  e x p e c te d  sp ec tru m  

was o b se rv e d  i n i t i a l l y  ( T ab le  3 . 8 ) ,  b u t  t h i s  was l a t e r  r e p la c e d  by  th e  

sp ec tru m  from  a  m ix tu re  o f  two n i t r o x id e s  h a v in g  th é  s p l i t t i n g  

c o n s ta n ts  (G auss) g iv e n  be low .

R a d ic a l P 13*30 (1N) R a d ic a l G 13-75 (l% )

1 .7 5  (3D) 1 .7 5  (3D)

1 .7 5  (1 )

S im i la r ly ,  when (XIV) and m ethy l io d id e  w ere a llo w ed  to  r e a c t  i n  

a l k a l i n e  e th a n o l ic  s o lu t io n  m ix tu re s  o f  n i t r o x id e s  w ere d e te c te d
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T ab le  3 .8

S p l i t t i n g  c o n s ta n ts  o f  th e  N itro x id e s  (Type E) d e te c te d  from  (XIV) in  

R e a c tio n  ( x v ) , i n  DMSO o r  DMP s o lu t i o n .

A lk y l group 

R %

S p l i t t i n g  C o n s ta n ts  ^ 0 . 0 5  G 

% a  ( o th e r )

OH,
3

13 .00 11 .75  (3H) 2 . 2 5  ( 2 )

CD^ 12 .70 1 .7 5  (3D) 2 .2 5  ( 2 )

CEgCE^ 13.00 9 . 0 0 ' ( 2H) 2 .0 0  ( 2 )

CH(CHj )2 13.25 3 .9 0  (IB ) 1 .90  (2 )
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( h , J and K, f o r  example Figure 3*33)•

R a d ic a l H

R a d ic a l K

13 .30  ( l ï ï )  

12.20 (JH)

s i n g l e t

R a d ic a l J 14.25  ( l ï ï )  

12 .90  (3H) 

0 . 2 5  ( 3 )

The r e s u l t s  i n  t h i s  s e c t io n  in d i c a t e  t h a t  on in c r e a s in g  th e  

f l u o r i n e  s u b s t i t u t i o n  i n  th e  r i n g  o f  th e  n i t r o s o a r e n e ,  from  2 ,6 -   ̂

d i f l u o r o -  to  p e n t a f lu o r o - , th e r e  i s  a  p a r a l l e l  in c r e a s e  i n  th e  number 

o f  s i d e - r e a c t i o n s . Only w ith  (X l) w ere th e  c o r re s p o n d in g  a lk y l  a r y l  

n i t r o x id e s  o b se rv e d  a lo n g  w ith ,  n i t r o x id e s  o f  th e  s t r u c t u r e  R*N(R)0* 

(from  ArNO + RI + NaOH), where R* i s  unknown. T here a r e  two 

l i k e l y  s t r u c t u r e s  f o r  th e  group R ' . I t  m ay-be s o lv e n t - d e r iv e d  o r  an  

a l k o x y - s u b s t i tu te d  a r y l  g ro u p . P o s s ib le  r o u te s  to  th e  two p o s s ib le  

n i t r o x id e s  a r e  o u t l in e d  below .

1 . ArNO + OH

-  + HONG

( x x i i i )

RI + NO2 . RNOg + RONO

i 0H-, RI

(x x iv )

(xxv)

RgNO- + RR'NO-
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N

2 . ArNO + Off-

HO'

NO

->

OH

+ F -

OH
N

A

0

HI

oir

,0E
'N

HI

OH

ArN(H)0* o r

% ( O H ) / ( H ) 0 .  f -

->  » At »N(h )0 '

•0
N'

.HI

H

OH

S tep  ( x x i i i )  i s  a n a lo g a s  to, th e  r e a c t io n  o f  2 ,6 - d ic h io ro b e n z a id e -

120hyde w ith  b a se  to  g iv e  1 ,3 -d ic h lo ro b e n z e n e :
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OH

H — C — cr

Cl
+0H"

/
+ ECO,

+ ECOgE

S tep  (x x iv )  i s  a  known r e a c t i o n , S t e p  (xxv) was v e r i f i e d  f o r  

n i t r o m e th a n e , amyl n i t r i t e  o r  sodium  n i t r i t e ,  w ith  m e th y l io d id e ,  and 

n i t r o x id e s  o b se rv e d  w ere d im e th y l n i t r o x id e  and th e  ty p e  CE^N(CE2X)0 * 

w here X d id  n o t  e x h i b i t  any h y p e r f in e  c o u p l in g . However, th e  n i t r o g e n  

s p l i t t i n g  c o n s ta n t  o f  th e  seco n d a ry  r a d i c a l s  ( c a .  I 3 C) i s  to o  sm a ll 

f o r  a  d i a lk y l  n i t r o x id e  ( c a .  15 G) and s p l i t t i n g s  o f  c a .  2 G o b se rv e d  from  

th e  r e a c t io n s  o f  (XIV) a re  to o  sm a ll f o r  a  (3-E c o u p lin g .

I n  th e  second  scheme n u c le o p h i l ic  a ro m a tic  s u b s t i t u t i o n  fo llo w e d  

b y  a l k y l a t i o n  o f  th e  p ro d u c ts  i s  shown. A lk y la t io n  can  o c c u r  b e fo re  o r  

a f t e r  th e  s u b s t i t u t i o n  r e a c t io n .  However, i f  s u b s t i t u t i o n  o c c u r re d  p r i o r  

to  a l k y l a t i o n  o f  th e  n i t r o s o - g r o u p , th e n  a  n i t r o s o p h e n o l ,  ta u to m e r ic  

w ith  th e  q u in o n -o x im e , w ould r e s u l t .  T h is  ta u to m e r i s  a l k y la te d  by  a lk y l

h a l id e s  u n d e r  b a s ic  c o n d i t io n s  to  g iv e  (LVI) and n o t (L V II) . 121

(L?I)

( o r  o r th o - is o m e r )

(L V II)
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The s p l i t t i n g s  o b se rv e d  f o r  th e  se c o n d a ry  r a d i c a l s  do n o t  f i t  

th o s e  e x p e c te d  f o r  a  r a d i c a l  o f  ArNOR s t r u c t u r e  ( a ^  and ^  a r e  to o  

l a r g e ) ,  w hich w ould be  e x p e c te d  to  b e 'l o n g - l i v e d  u n d e r  th e  r e a c t io n  

c o n d i t io n s  ( s e e  S e c t io n  ^ .1 1 ) .  Thus i t  i s  p ro b a b le  t h a t  a l k y l a t i o n  o f  

th e  n i t r o s o - g r o u p  o c c u rs  b e fo re  s u b s t i t u t i o n  i n  th e  r i n g ,  b u t  th e  

p r im a ry  n i t r o x id e  c o n c e n t r a t io n  does n o t  become h i ^  e n o u ^  f o r  

o b s e r v a t io n  o f  i t s  e . s . r .  sp ec tru m , e x c e p t f o r  th e  l e s s  r e a c t i v e  2 ,6 -  

d i f l u o r o n i t r o s o b e n z e n e .

The se c o n d a ry  n i t r o x id e s  d e r iv e d  from  (X l) (T ab le  3*7) have 

s p e c t r a  w hich  show t h a t  th e  n i t r o x id e  group i s  f o rc e d  f u r t h e r  o u t o f  

th e  p la n e  o f  th e  benzene  r i n g  th a n  f o r  th e  c o r re s p o n d in g  a l k ^ l  2 ,6 -  

d if lu o ro p h e n y l  n i t r o x id e . -  T h is  d e m o n s tra te s  t h a t  a t  th e  o r th o - p o s i t i o n  

s u b s t i t u t i o n  by  a  more b u lk y  group h a s  r e s u l t e d  and th e  r a d i c a l s  a r e  

c o n s e q u e n tly  a s s ig n e d  th e  s t r u c t u r e  :

By a n a lo g y , th e  se c o n d a ry  r a d i c a l s  (T ab le  3*8) d e r iv e d  from  (XTV) a re  

t h o u ^ t  to  be a lk y l  2 , 4 , 6 - t r i a l k o x y - 3 , 3 - d i f  lu o  ro p h e n y l n i t r o x i d e s .

R 0

OR

OR
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Fit<^re 3.50
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FifTiire 3 .3 0  ESR sp ec tru m  o f  is o p ro p y l  2 , 6 -d if lu o ro p h e n y l  n i t r o x id e  

d e te c te d  from  r e a c t io n  o f  (X l) w ith  is o p ro p y l  io d id e  and sodium  

h y d ro x id e  i n  aqueous DMSO. '

Fiiscure 3.51 ESR spec tru m  o f  a  seco n d a ry  n i t r o x id e  d e te c te d  from  th e  

above r e a c t io n .
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CHAPTER 4

EXPERIMENTAI,

A ll  th e  e l e c t r o n  s p in  resonance* s p e c t r a  w ere re c o rd e d  on a  V a ria n  

E4 (X -band) s p e c tro m e te r  w ith  100 kHz m o d u la tio n . A f l a t  c e l l  was 

u se d  f o r  th e  p o l a r  s o lv e n ts  DMSO, DMP and e t h a n o l . V here a p p r o p r ia te ,  

DMSO and DMP w ere d r ie d  u s in g  L inde ty p e  A3 m o le c u la r  s ie v e  (BDH).

R e a c tio n s  In v o lv in g  R ases

The r e a c t io n s  in v o lv in g  th e  u se  o f  b a se  (aqueous sodium  h y d ro x id e , 

p o ta ss iu m  t - b u to x id e ,  sodium  m ethox ide  o r  sodium  h y d r id e )  w ere c a r r i e d  

o u t  u n d e r  s t a t i c  c o n d i t io n s  a t  room te m p e ra tu re ,  th e  r e a c t io n s  b e in g  

to o  slow  to  r e q u i r e  th e  u se  o f  a  f lo w  sy s tem .

U su a lly  th e  n itro so -co m p o u n d  was d is s o lv e d  i n  a  s u i t a b l e  s o lv e n t

(DMSO, DMP o r  e th a n o l)  to  g iv e  a  c o n c e n t r a t io n  o f  c a .  10 ^ mol dm 

/ *"2 *“2The a lk y l  h a l id e  (10 to  3 % 10 mol dm ) was added when r e q u i r e d  

and th e  b a s e ,  u s u a l ly  aqueous sodium  h y d ro x id e , was added  d ro p w ise* as  

a  10^ s o lu t i o n  to  g iv e  a  c o n c e n tr a t io n  o f  10 mol dm o r  g r e a t e r .  On 

a d d i t io n  o f  th e  b a s e ,  an  im m ediate  change o f  c o lo u r  o f  th e  s o lu t io n  

was u s u a l l y  o b se rv e d  and upon t r a n s f e r  to  th e  s p e c tro m e te r  a  sp ec trum  

c o u ld  be r e c o rd e d .  O c c a s io n a lly  a  lo n g e r  r e a c t io n  tim e  was r e q u ir e d  

b e fo re  o b s e rv a t io n  o f  th e  sp ec tru m  o f  a  k i n e t i c a l l y  s t a b l e  r a d i c a l  

was p o s s i b l e .  '

When th e  e l im in a t io n  o f  oxygen from  th e  r e a c t io n  s o lu t io n  was 

n e c e s s a r y ,  f r e e z e - th a w  d e g a s s in g  u s in g  a  vacuum l i n e  was em ployed.

The c y c le  was u s u a l ly  r e p e a te d  th r e e  t im e s .  The s o lu t io n s  w ere
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t r a n s f e r e d  u s in g  s y r in g e s .  The r e a c t io n  v e s s e l  and c e l l  w ere pu rg ed  

w ith  o x y g e n -f re e  n i t r o g e n  b e fo re  u se  and w ere p r o te c te d  from  th e  

a tm o sp h ere  by  means o f  a  serum  c a p .

R a d ic a l G e n e ra tio n  by  P h o to ly s i s

A w a te r - c o o le d ,  100 W, h ig h  p r e s s u r e  m ercu ry  a r c  lamp (V a ria n  

L im ite d )  was u sed  a s  a  so u rc e  o f  u l t r a - v i o l e t  l i g h t .  A le n s  system  

c o n c e n tr a te d  th e  l i ^ t  i n t o  a  1 cm d ia m e te r  beam c o in c id e n t  w ith  th e  

s p e c tro m e te r  m icrow ave c a v i ty .  Sam ples w ere i r r a d i a t e d  i n  th e  q u a r tz ,  

f l a t  c e l l .

I r r a d i a t i o n  o f  th e  _C -nitroso-com pound and a lk y l  h a l id e  u s u a l l y  gave 

r i s e  to  d e t e c ta b le  c o n c e n tr a t io n s  o f  th e  a lk y l  a r y l  n i t r o x i d e .  Where 

a p p r o p r ia t e ,  t r i - n - b u t y l t i n  h y d r id e  was added to  in c r e a s e  th e  r a t e  o f  

g e n e r a t io n  o f  a lk y l  r a d i c a l s .  The s o lv e n ts  u sed  and s o lu te  concen­

t r a t i o n s  w ere s im i l a r  to  th o s e  u se d  i n  th e  r e a c t io n s  in v o lv in g  b a s e s .

E l e c t r o l y t i c  m ethod o f  R a d ic a l G e n e ra tio n

R a d ic a l-a n io n s  w ere g e n e ra te d  by  an  e l e c t r o l y t i c  p ro c e d u re  s im i l a r  

to  t h a t  in t ro d u c e d  by  G eske and M ak i.”̂ ^^ The e l e c t r o l y t i c  r e d u c t io n s  

w ere c a r r i e d  c u t - i n  th e  c a v i ty  o f  th e  s p e c tro m e te r .  A m ercu ry  o r  

p la t in u m  w ire  c a th o d e  was u s e d . The a c t iv e  s u r f a c e  o f  th e  c a th o d e  was 

p o s i t i o n e d  a p p ro x im a te ly  one t h i r d  o f  th e  way up th e  f l a t t e n e d  s e c t io n  

o f  th e  c e l l  (F ig u re  4* 1 )• A p la tin u m -w ire  anode was suspended  i n  th e  

e l e c t r o l y t e  r e s e r v o i r  above th e  f l a t t e n e d  s e c t io n  o f  th e  c e l l .  The 

s o lv e n ts  u se d  w ere d r ie d  LMSO and LMP a s  th e y  had  s u f f i c i e n t l y  h ig h  

d i e l e c t r i c  c o n s ta n ts  to  a l lo w  e l e c t r o l y t i c  d i s s o c i a t i o n  to  form  h ig h ly
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c o n d u c tin g  s o lu t i o n s ,  and w ere s t a b l e  to  r e d u c t io n  (up to  -3 * 0  V v e rs u s  

s a tu r a t e d  ca lo m el e l e c t r o d e  (SCE) w ith  te tra-n-bu ty3am m onium  c a t io n .

The s u p p o r t in g  e l e c t r o l y t e  (n eed ed  to  in c r e a s e  th e  c o n d u c t iv i ty  o f  th e  

s o lu t io n )  u se d  was te tra -n -b u ty lam m o n iu m  io d id e  o r  te tra-e thy ]am m onium  

p e r c h l o r a t e .  These s a l t s  a r e  r e a d i l y  s o lu b le  i n  LMSO and LMP ( 0 . 1 mol 

dm ^ c o n c e n t r a t io n  was u se d ^ ^ ^ ) and i n e r t  o v e r  th e  c a th o d ic  p o t e n t i a l  

ra n g e  o f  i n t e r e s t .  S o lu t io n s  w ere made up w ith  th e  r e d u c ib le  su b s ta n c e  

p r e s e n t  a t  10 to  10 mol dm c o n c e n t r a t io n s .  S im i la r  c o n c e n tr a t io n s  

o f  a lk y l  h a l id e s  w ere a l s o  u se d  w here n eed e d .

The r e d u c t io n s  w ere c a r r i e d  o u t u s in g  a  c o n s ta n t  p o t e n t i a l  d . c .  

s o u rc e .  The c u r r e n t  f lo w in g  t h r o u ^  th e  c e l l  was m o n ito re d  (F ig u re  4*2) 

u s in g  a  m icro  am m eter (20 o r  100 |iA f u l l  s c a le  d e f l e c t i o n ) .  l o t e n t i a l  

d i f f e r e n c e s  w ere m easured, u s in g  a  d i g i t a l  v o l tm e te r  o f  i n t e r n a l  

r e s i s t a n c e  10 Mn.; d raw in g  l e s s  th a n  0 .2  .jiA c u r r e n t .  The p o t e n t i a l  

d i f f e r e n c e s  m easured  w ere t h a t  a c ro s s  th e  w ork ing  e le c t r o d e s  and t h a t  

b e tw een  th e  m ercu ry  s u r f a c e  and a  r e f e r e n c e  aqueous s a tu r a t e d  ca lom el 

e l e c t r o d e  (SCE). I n  o rd e r  to  keep  w a te r  o u t o f  th e  e l e c t r o l y t e  com part­

m ent th e  SCE was co n n ec ted  by  means o f  an  a g a r  s a l t  b r id g e  s a tu r a t e d  w ith  

aqueous p o ta ss iu m  c h l o r i d e .  The s a l t  b r id g e  was c o n n e c te d  to  a  

c a p i l l a r y  ( ’L uggin  c a p i l l a r y ' )  f i l l e d  w ith  e l e c t r o l y t e  and  draw n o u t 

i n t o  a  f i n e  t i p .  The t i p  was p la c e d  a s  c lo s e  a s  p o s s ib le  to  th e  m ercu ry  

s u r f a c e .  T h is  a rran g em en t was a d o p ted  i n  o r d e r  to  m in im ise  th e  e f f e c t  

o f  th e  p o t e n t i a l  ( lE )  d rop  o c c u r r in g  i n  th e  e l e c t r o l y t e  due to  th e  

p a s sa g e  o f  c u r r e n t .  As v i r t u a l l y  no c u r r e n t  flo w s i n  th e  c a th o d e -  

r e f e r e n c e  e le c t r o d e  c i r c u i t  (h en ce  no IE  d ro p ) th e  s a l t  b r id g e  and 

L uggin  c a p i l l a r y  have th e  e f f e c t  o f  e x te n d in g  th e  r e f e r e n c e  e l e c t r o d e  

to  th e  m ercu ry  s u r f a c e .
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n i t r o g e n  i n to  s a l t  b r id g e

n i t r o g e n  o u t

SCEa g a r  s a l t  
b r id g e  
( s a t .  KCl)

c a p i l l a r y

aqueous KCl 
s o lu t i o n

P t  w ire  anode

•L u g g in '
c a p i l l a r y

n i t r o g e n  i n l e t  c a p i l l a r y

e l e c t r o l y t e

re s o n a n t  c a v i ty

m ercu ry  ca th o d e

P t  w ire  c o n ta c t

F ig u re  4 .1  E l e c t r o l y t i c  r e d u c t io n  c e l l
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Fifflire 4 .2  E le c t r o ly t i c  red u c tio n  c i r c u i t  diagram,

6-12  V d . c .  so u rc e

m icroam m eter 20 o r  100 |iA 
f u l l  s c a le  d e f l e c t i o n

c a th o d e  (*w o rk in g ' e l e c t r o d e )anode '—
(*a u x i l ia r y *  e le c t r o d e )

r e f e r e n c e  e l e c t r o d e

10 Mjt. r e s i s t a n c e  d i g i t a l  v o l tm e te r
r e a d in g  + 0 .0 1  V
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The e l e c t r o l y t e  was deo x y g en a ted  when r e q u i r e d ,  hy  th e  b u b b lin g  

o f  oxygen f r e e  n i t r o g e n  th ro u g h  th e  s o lu t io n  i n  th e  c e l l .  The n i t r o g e n  

was in t ro d u c e d  t h r o u ^  a  f i n e  c a p i l l a r y  p a s s in g  in to  th e  f l a t  s e c t i o n  

o f  th e  c e l l  to  c lo s e  to  th e  c a th o d e  s u r f a c e .  When s p e c t r a  w ere re c o rd e d  

th e  c a p i l l a r y  was r a i s e d  to  a  p o s i t i o n  above th e  f l a t t e n e d  s e c t i o n  o f  

th e  c e l l  to  p re v e n t  i n t e r f e r e n c e  by  th e  n i t r o g e n  o f  th e  s ig n a l  

re c o rd e d .
V

I s o t r o p i c  g -F a c to r  M easurem ent

A r e l a t i v e  m ethod o f  ^ - f a c t o r  d e te rm in a t io n  was a d o p te d  in v o lv in g  

m easurem ent o f  th e  f i e l d  d i f f e r e n c e  be tw een  th e  c e n t r e s  o f  th e  sp ec tru m  

o f  a  r a d i c a l  o f  k n o w n a n d  th e  sp ec tru m  o f  th e  r a d i c a l  o f  i n t e r e s t .

T h is  was a c h ie v e d  i n  p r a c t i c e  by  a t t a c h i n g  a  t h i n  c a p i l l a r y ,  c o n ta in in g  

a  s o lu t i o n  o f  th e  s ta n d a rd  v a lu e  r a d i c a l ,  to  th e  f l a t  c e l l .  The 

c a p i l l a r y  was p o s i t io n e d  so t h a t  i t  was p a r a l l e l  to  and a g a i n s t  a  n arrow  

s id e  o f  th e  f l a t t e n e d  p a r t  o f  th e  c e l l .  W ith t h i s  a rran g em en t i t  i s  

assum ed t h a t  th e  m ag n e tic  f i e l d  i s  th e  same f o r  b o th  sam ple and s ta n d a r d .  

The ^ f a c t o r  o f  th e  sam ple i s  g iv e n  b y :

£  = (1 + i )
H

d e r iv e d  from  th e  re so n a n c e  c o n d i t io n ,  w here ^  i s  th e  sam ple ^ - f a c t o r ,  

i s  th e  s ta n d a rd  ^ - f a c t o r ,  H and a r e  th e  m a g n e tic  f i e l d s  a t  

th e  c e n t r e  o f  th e  sam ple and s ta n d a rd  s p e c t r a  r e s p e c t i v e l y ,  and h -  

(H g-H ).

As s ta n d a rd s  Fremy*s s a l t  = 2 .00550 + 0 .00005  i n  s a tu r a t e d  

aqueous sodium  c a rb o n a te  s o lu t io n  ) and ;g_-benzosemiquinone r a d i c a l -
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a n io n  = 2 .OO4665 i n  _ t-b u ty l a l c o h o l * * w e r e  u s e d .  The

sam ple ^ - f a c t o r s  w ere d e te rm in e d  to  w i th in  _+ 1 x 10 h ig h e r  

a c c u ra c y  was u n n e c e ss a ry  a s  s o lv e n t - in d u c e d  v a r i a t i o n  o f  was o f  th e  

same o r d e r  o f  m agn itude  f o r  th e  r a d i c a l s  u n d e r  e x a m in a tio n .

P r e p a r a t io n  o f  C -n i t ro s o  Compounds .

2 -M e th y l-2 -n i tro s o p ro p a n e  (A ld r ic h )  and p e n ta f lu o ro n i t ro s o b e n z e n e

( B r i s t o l  O rg a n ic s )  w ere com m ercial sam ples and  £ _ -n itro so -N ,N -d im e th y l-

a n i l i n e  was a l s o  a v a i l a b l e .  M tro s o b e n z e n e  was p re p a re d  by  th e  u s u a l

r o u te  o f  i n i t i a l  r e d u c t io n  o f  n i t ro b e n z e n e  to  N -p h en y lh y d ro x y la m in e ,

155fo llo w e d  by  c o n t r o l l e d  o x id a t io n .  A sam ple o f  f u l l y  d e u te r a te d  

n it ro s o b e n z e n e  was k in d ly  p ro v id e d  b y  D r. J .  S a n d a l l .

The 2 ,6 -  and more h ig h ly  s u b s t i t u t e d  h a lo g e n o -  o r  a l k y l - n i t r o s d -  

b en ze n es  w ere p re p a re d  by  c o n t r o l l e d  o x id a t io n  o f  th e  p a r e n t  a n i l i n e .  

The o x id a n t was e i t h e r  p e r a c e t i c  a c id  o r  m -c h lo ro p e ro x y b e n z o ic  a c id .

Bromo- and C h lo ro -S u b s t i tu te d  M tro s o b e n z e n e s

2 , 6 -B ib ro m o -, 2 ,4 » 6 - tr ib ro m o -  2 , 6 - d ic h lo r o -  and 2 , 4 , 6 - t r i c h l o r o -  

n it ro s o b e n z e n e  w ere p re p a re d  by  a d a p t in g  th e  m ethod o f  Holmes and B ayer 

I n  p la c e  o f  30^ aqueous h y d rogen  p e ro x id e  and g l a c i a l  a c e t i c  a c id  w ith  

c a t a l y t i c  am ounts o f  s u lp h u r ic  a c i d ,  m ix tu re s  o f  p e r a c e t i c  a c id  i n  

g l a c i a l  a c e t i c  a c id  w ere u s e d .

I n  g e n e r a l :

136

CH^CO^H

CH^COgE

NO

( p r e c i p i t a t e d  a s  th e  d im er)
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No a t te m p ts  w ere made to  m axim ise th e  y i e l d  o f  n i t r o s o - d im e r  o b ta in e d .

A t y p i c a l  m ethod:

2 . 6 - D ic h lo r o a n i l in e  (lO  g) was added  to  a  s o lu t i o n  o f  p e r a c e t i c  

a c id  ( 40^ ;  50 cm^) i n  g l a c i a l  a c e t i c  a c id  ( 15O cm ^). The s t i r r e d

s o lu t i o n  was l e f t  o v e m i ^ t ,  a f t e r  w hich th e  p r e c i p i t a t e d  n i t r o s o - d im e r  

was f i l t e r e d  o f f .  F u r th e r  p ro d u c t c o u ld  be  o b ta in e d  by  p o u r in g  th e  

re m a in in g  r e a c t io n  m ix tu re  in t o  w a te r .  The c o lo u r l e s s  d im er was 

r e c r y s t a l l i s e d  from  e th a n o l (m .p . = 173-174 °C , l i t . ^ ^ ^  m .p , = '

I 73- I 75 from  a c e t i c  a c id ,  175-176 °C a f t e r  vacuum s u b l im a t io n .)

2 . 4 . 6 -T r ia lk y ln i t r o s o b e n z e n e s

2 .4 .6 -T r im e th y ln i t ro s o b e n z e n e  and 2 , 4 ,6 - t r i - t - b u t y l n i t r o s o b e n z e n e

139w ere p re p a re d  by  r e p o r te d  m ethods.

2 . 4 . 6 -T r im e th y ln itro s o b e n z e n e

2 .4 .6 -T r im e th y ln i t ro s o b e n z e n e  was p re p a re d  by  o x id a t io n  o f  th e  

c o r re s p o n d in g  a n i l i n e .

NÏÏ.
Me Me

Me

m-ClPhCO^H 
__________3_

CHgClg

KO
Me  ̂ Me

Me

The a n i l i n e  ( l  m ol) and m -ch lo ro p e ro x y b en zo ic  a c id  (2  m ol) w ere 

a llo w e d  to  r e a c t  i n  d ic h io ro m e th a n e  a t  0 °C f o r  a p p ro x im a te ly  60 h o u r s .  

A f te r  f i l t e r i n g  o f f  th e  s o l i d  b e n z o ic  a c id -p e ro x y b e n z o ic  a c id  m ix tu re  

th e  r e a c t i o n  s o lu t i o n  was w ashed w ith  Ôfo aqueous sodium  c a rb o n a te  and 

d r ie d  o v e r  anhydrous sodium  s u lp h a te .  The d i  c h i  orome th a n e  was th e n
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Table 4 .1

brom ine s u b s t i t u t e d n i t r o s o b e n z e n e s .

S u b s t i t u te d
N itro so b e n z e n e

m .p ./^ C r e c r y s t a l l i s i n g  
s o l v e n t .

l i t e r a t u r e  
m .p ./°C

11

2 , 6-d ibrom o 135-136 e th a n o l 135- 1 3 6 ^^^

135- 1 3 6 ^^'^

2 ,4 ,6 - t r ib ro m o 121-122 a c e t i c  a c id

122- 1 2 3 ^^®

2 , 6 -d ic h lo ro 173-174 e th a n o l 175- 1 7 6 ^^^
- I 74- I 7 5 I37

2 ,4 ,6 - t r i c h l o r o 143-144 a c e t i c  a c id  , 145- 146 ’'
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e v a p o ra te d  from  th e  f i l t e r e d  s o lu t i o n  and th e  red -b ro w n  p ro d u c t  was 

w ashed w ith  p e t .  e t h e r  ( b .p .  60-80 °C ), w hich d is s o lv e d  th e  c o lo u re d  

m a te r i a l  le a v in g  b e h in d  th e  c o lo u r l e s s  n i t r o s o - d im e r .  The d im er was 

r e c r y s t a l l i s e d  from  m ethano l to  y i e l d  c o lo u r l e s s  p l a t e s ,  m .p . = 121-  

122 °C (122

2 , 4 , 6- T r i - t - b u ty ln i t r o s o b e n z e n e

The s t a r t i n g  m a te r ia l  was £ - d i - t - b u ty lb e n z e n e ,  w hich was a lk y la t e d

141by  means o f  a  P r i e d e l - C r a f t s  r e a c t io n  u s in g  t - b u t y l  c h lo r id e  w ith  

alum inium  c h lo r id e  c a t a l y s t  below  0 °C . The 1 ,3 ;5 - t r i - t - b u ty T b e n z e n e  

p r o d u c t ,  o b ta in e d  by  c a r e f u l l y  a d d in g  w a te r  a f t e r  50 m in u te s ,  was 

e x t r a c te d  w ith  e t h e r  and  r e c r y s t a l l i s e d  from  e th a n o l .

AlCl.
+ Bu 01

T h is  t r i a lk y lb e n z e n e  was n i t r a t e d  and th e  p ro d u c t  re d u c e d  by

142sodium  amalgam i n  e th a n o l to  2 , 4 >6- t r i - t - b u t y l a n i l i n e .

m o.

CÊ COgE

(CELCOjgO

E a/S g   ̂

EtOE

To a  m ix tu re  o f  1 , 5 , 5- t r i - t - b u t y l b e n z e n e  ( 2 .8 5  g ) ,  g l a c i a l  a c e t i c  

a c id  (5  cm^) and a c e t i c  a n h y d rid e  (10  cm ^), a  m ix tu re  o f  g l a c i a l  a c e t i c  

a c id  ( 2 .5  cm^) and n i t r i c  a c id  (d  1 . 52 ; 2 .0  cm^) was added dropwii.se
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below  0 °C . The te m p e ra tu re  was th e n  a llo w ed  to  r i s e  to  20 °C o v e r  

4 h o u rs  and th e  m ix tu re  a llo w ed  to  s ta n d  f o r  2 d a y s . When p o u red  in to  

w a te r  th e  a lm o s t p u re  n itro -co m p o u n d  p r e c i p i t a t e d .  On r e c r y s t a l l i s a t i o n  

from  e th a n o l a lm o s t c o lo u r le s s  c r y s t a l s  w ere o b ta in e d ,  m .p . = 205-206 °C ,

(m .p . = 205-206 °C ^42).

A m ix tu re  o f  2 ,4 ,6 - t r i - t - b u t y l n i t r o b e n z e n e  (2 .6 7  s )  and  a b s o lu te  

e th a n o l (50  cm^) was g e n t ly  r e f lu x e d  f o r  5 h o u rs  o v e r  sodium  a n a l  gam 

(70  g ; 4% w /w ). The s o lu t io n  was p o u red  o u t w h ile  s t i l l  warm in to  

500 cm^ o f  w a te r  to  y i e l d  th e  a n i l i n e .  R e c r y s t a l l i s a t i o n  from  95% e th a n o l 

gave c o lo u r l e s s  c r y s t a l s ,  m .p . .= 147 °C (147-148

The f i n a l  s ta g e  was o x id a t io n  o f  th e  a n i l i n e  by  m -ch lo ro p e ro x y ­

b e n z o ic  a c id  i n  d ic h lo ro m e th a n e  a t  0 a s  i n  th e  p r e p a r a t io n  o f

2 ,4 ) ^ - 1 r im e th y ln i t ro s o b e n z e n e . The c ru d e  p ro d u c t o b ta in e d  was p u r i f i e d  

u s in g  colum n ch rom atog raphy  on a lu m in a , g iv in g  a  good s e p a r a t io n  from  

th e  n i t r o - d e r i v a t i v e  b y -p ro d u c t .  The 2 ,4 > 6 - t -b u ty ln i t ro s o b e n z e n e  was 

b r ig j i t  g re e n  and monomeric i n  th e  s o l i d  s t a t e ,  th e  b u lk y  t - b u t y l  g roups

159a p p a r e n t ly  p re v e n t  d im er fo rm a tio n . The p ro d u c t had  th e  m e lt in g  

p o in t  166-167 °C ( l i t . ^ ^ ^  167-168 °C from  m e th a n o l) ,

Found; C 7 7 -7 , E 1 0 .6 ,  E 4.9% . C a lc , f o r  C^jgH^^EO: C 7 8 .5 ,  E 1 0 .6 ,

E 5 . 1%.

P lu o r o - s u b s t i tu t e d  n it ro s o b e n z e n e s

2 ,6 - B i - ;  2 , 4 , 6 - t r i - ;  and 2 ,5 ,5 ,6 - t e t r a - f l u o r o n i t r o s o b e n z e n e s

137w ere p re p a re d  by  u se  o f  o r  a d a p ta t io n  from  a  r e p o r te d  m ethod.
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For example:

m-ClPhCO_S 
 2 )
i n  HGCl^

A s o lu t io n  o f  m -ch loroperoxybenzoic a c id  (O.O58 m ol, 75 cm^) was 

s lo w ly  added a t  room tem perature to  a s t ir r e d  s o lu t io n  o f  2 , 6 - d if lu o r o -  

a n i l in e  (0 .0 2 2  m ol) in  ch loroform  (50  cm^). A fte r  two hours r e a c t io n  

tim e th e  sm all e x c e ss  o f  p ero x y -a c id  was reduced by w ashing w ith  sodium  

th io su lp h a te  s o lu t io n  (2% ). The b en zo ic  a c id  product was removed by  

rep ea ted  w ashing w ith  aqueous sodium carbonate s o lu t io n  (5%)* The 

rem aining s o lu t io n  was th en  washed w ith  w a ter , d r ie d  (anhydrous sodium  

su lp h a te )  and th e  ch loroform  evaporated  iu  va cu o . The product 

o b ta in ed  was r e c r y s t a l l i s e d  from e th a n o l, m*p. = 107-109 °C ( l i t .^ ^ ^

IO8.5-IO9.5 °C from e th a n o l) .  Found: C 5 0 -4 , H 2 . 1 , E 9*7%. C alc ,

f o r  C^E^FgEO: 0 5 0 .0 ,  E 2 .1 ,  E 9.7%.

F o r 2 , 4 ,6 - t r i f lu o r o n i t r o s o b e n z e n e , m .p . = 115 °C r e c r y s t a l l i s e d  tw ic e

from  e th a n o l .  (C 4 5 .2 ,  E 1 .2 ,  E 8.8% . CgE^F^EO r e q u i r e s  0 4 4 .7 ,

E 1 .2 ,  E 8 . 7% ).

F o r  2 ( 5 ,5 , 6 - te t r a f lu o r o n i t r o s o b e n z e n e , m .p . = 65-66  °C r e c r y s t a l l i s e d

tw ic e  from  e th a n o l ,  ( l i t .  m .p . = 66 °C from  e t h a n o l ) .  Found:

0 4 1 . 5 , E 0 . 5 , E 8.1% . C a lc , f o r  CgE^F^EO: C 4 0 .2 ,  E O .5 6 , E 7.8% .

P r e p a r a t io n  o f  4E, 4 'E -O c ta f lu o ro a z o b e n z e n e  and 2E, 7 E -E e x a flu o ro p h en a z in e  

4E, 4 'E -O c ta fT u o ro azo b en ze n e  (L V III)  and 2E, 7 E -h ex a flu o ro p h en aze n e  

(LIX) w ere o b ta in e d  a s  p ro d u c ts  o f  th e  same r e a c t i o n . ^^4
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P F

F F

(B V III)

F
F F

^ F
F F

(LIX)

O x id a tio n  o f  2 , 5 ,5 , 6 - t e t r a f l u o r o a n i l i n e  by  le a d  t e t r a - a c e t a t e  i n  benzene 

u n d e r  r e f l u x  le a d s  to  t h e  fo rm a tio n  o f ( lV II i ) and(L Ix) a s  m a jo r  p r o d u c ts .

Lead t e t r a - a c e t a t e  ( 3O g,  O.O66 m ol) was added  to  2 , 3 , 5 , 6 - t e t r a f l u o r o -
% '' 

- a n i l in e  ( 6 ,5  g , O.O4  m ol) in  benzene ( I 50 cmr) and th e  m ixture re  f lu x e d

f o r  one h o u r .  The brown su sp e n s io n  o b ta in e d  was d i l u t e d  w ith  250 cm^ 

o f  b e n z e n e , w ashed s u c c e s s iv e ly  w ith  aqueous 50% a c e t i c  a c i d ,  s a tu r a t e d  

aqueous sodium  h y d ro g en  c a rb o n a te  and  w a te r ,  th e n  d r ie d  (MgSO^). A f te r  

e v a p o ra t io n  o f  th e  s o lv e n t  th e  r e s id u e  was ch ro m atog raphed  on a lu m in a . 

E lu t io n  w ith  a  m ix tu re  o f  50% benzene and  70% l i ^ t  p e tro le u m  ( b .p .  6O- 

80 °C) gave o ra n g e - re d  4H, 4 E '-o c ta f lu o ro a z o b e n z e n e  (m .p . = 115-118 °C ). 

R e c r y s t a l l i s a t i o n  from  l i ^ t  p e tro le u m  ( b .p .  60-80 °C) r a i s e d  th e  m e lt in g  

p o in t  to  119-120 °C ( 119-120 F u r th e r  e l u t i o n ,  in c r e a s in g  th e

p r o p o r t io n  o f  benzene (70-90% ) i n  th e  e lu e n t  gave a  b lu e -g r e e n  f l u o r e s ­

c e n t  s o lu t i o n  o f  2H, 7 H -h e x a flu o ro p h e n a z in e , w hich form ed a  y e llo w  s o l i d ,  

m .p . = . 207-208 °C ( l i t . 208 °C ).

P r e p a r a t io n  o f  B am b erg e r 's  d im er

150B am berger r e p o r te d  a  r e a c t io n  be tw een  E -ph en y lh y d ro x y lam in e  

and  fo rm aldehyde  to  g iv e  a  d im e r ic  p ro d u c t a s s ig n e d  th e  s t r u c t u r e ;

/ O H
Eh-N

CHg

Eh-N ( n i l )
^  OH
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The p r e p a r a t io n  was r e p e a te d .  N -Pheny lhydroxy lam in e  was made a c c o rd in g

to  V o g el^^^ , and 20 g  (2  m ol) was d is s o lv e d  i n  i c e - c o ld  e th a n o l  (100 cm^)

and 40% aqueous fo rm aldehyde  (7*5 g , 1 m ol) ad d ed . A f te r  s t i r r i n g  th e

s o lu t i o n  f o r  h a l f  an  h o u r  a  p r e c i p i t a t e  form ed and 800 cm^ o f  w a te r

w ere ad d ed . A f te r  a  f u r t h e r  h a l f - h o u r  th e  c o lo u r l e s s  s o l i d  was f i l t e r e d

o f f ,  and t r i t u r a t e d  w ith  e th a n o l .  The e le m e n ta l a n a ly s i s  a g re e d  w ith  

150t h a t  r e p o r te d ;

C 6 7 . 5 , H 6 .1 ,  E 12.2%. C a lc , f o r  (LIII); C 6 7 . 8 , H 6 .1 ,  E 12.2%

However, r e a c t io n  w ith  le a d  d io x id e  (S e c t io n  5 -1 2 ) and th e  

r e p o r t e d " * t e n d e n c y  to  t u r n  y e llo w  on s ta n d in g  ( c h a r a c t e r i s t i c  o f  E- 

p h en y lh y d ro x y lam in e ) su g g e s t t h a t  th e  m a te r i a l  i s  a  m ix tu re  o f  E - 

p h en y lh y d ro x y lam in e  and th e  b i s - n i t r o n e  ( L I I ) .  ^

P h -E ^

^  CE
I
CE . ( l u )

Ph-E
\

0-

The e le m e n ta l a n a ly s i s  r e s u l t s  a r e  i n  be tw een  th e  v a lu e s  e x p e c te d  f o r  

( L I I )  and E -p h en y lh y d ro x y lam in e .
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C a lc , f o r  ( l u ) :  C 7 0 .0 ,  H 5 .0 ,  N 11.7%

C a lc , f o r  PhMOH: C 6 6 .1 ,  H 6 .4 ,  E 12.8%

151
I t  h a s  b een  shown t h a t  ( L I I )  i s  a  p ro d u c t  o f  th e  r e a c t i o n .
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