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A +  - The aropyridinium-activated phenyl methyl 

e t h e r ,  I ,  undergoes nucleophi l ic  a t t a c k  by piper idme m 

dimethyl sulphoxide predommantly a t  t h e  a w l  carbon cen t re  

i n  a react ion t h a t  is base cata lyzed and fas ter  than t h e  

corresponding react ion of t h e  dini t ro-act ivated analogue, L, 

by more than two decades. 

Alkyl m y 1  e t h e r s  are l n s e n s i t l v e  t o  hydrolysis and similar nucleophi l ic  s u b s t i t u t ~ o n  reac t ions ,  

When t h e  aromatic r ing  1s ac t iva ted  through azophenyl s u h ~ t i t u t i o n  these  cmpounda become 

1 
suscept ible  t o  nucleophi l ic  a t t a c k  i n  moderately t o  s t rolg  ac id ic  aqueous media . In recent  

work we have shown t h a t  aropyr idinyl  subs t i tu t ion  has  a dramatrc e f f e c t  on the  r e a c t i v i t y  of 

these  compound$ p a r t i c u l a r l y  &en the  aza s u b r t i t u e n t  i s  in  a pos l t ion  where it can i n t e r a c t  

2 
conjugat ively  with the  r eac tmn  centre . Ia these  examples, one or more protonation equilibria 

i n  the  a c i d i c  media employed occur p r i o r  t o  nucleophi l ic  a t t ack .  In connection with these  

s tud ies  and i n  fur therance of our recent  i n t e r e s t  i n  a m  compounds as dyes we have synthesized 



the azopyridinium-activated phenyl methyl ether.4-(p-methoxypheny1aro)pyridinium methiodide, I .  

we w ~ ~ h  t o  r epor t  tha t  undergoes f a c i l e  n u c l e o p h l l ~ c  a t t ack  by plper idine  i n  t h e  d ipo la r  

aprotic- solvent  dimethyl sulphoxide (OMS01 a t  r a t e s  t h a t  are s i g n ~ f l c a n t l y  f a s t e r  than the 

rnrresponding react ions  of 2 .4-dini t roanisole ,  2, where ac t iva t ion  1s provrded by two n i t r o  

groups. 

~ i ~ ~ o t i z a t l o n  of 4-aminopyridine followed by coupling with phenol yie lded 4-(p-hydmxyphenylard- 

~ y ~ i d i n e .  Treatment of t h i s  aropyridinyl-subst~tuted phenol wlth 0 .1  M methmolic  H SO under 
2 4 

reflux for 4 h followed by neu t ra l i aa t lon  with ice-cold NaOH solut ion afforded the azopyridinyl- 

subs t i tu t ed  phenyl methyl e t h e r  which, on ref luxing wlth CH I m methanol f o r  8 h a t  74'C, gave 
3 

3 
1 .  - 

The k ine t i c s  of t h e  react ion of with p i p e r i d h e  i n  mSO a t  30'C were followed spectrophoto- 

metr ical ly  with the m i n e  i n  l a rge  enough excess to ensure f i r s t  order  k i n e t i c s .  The r eac t ion  

gave experimental abrorbance values  a t  i n f i n i t e  time of the product of a t t a c k  a t  the a r y l  

carbon, 3, Whxh was l e s s  than t h e  ca lcu la ted  i n f i n i t y  values  a t  lw piper idine  concentra t ions ,  

e.9. 7 . 0 - 1 0 ~ 1 0 - ~ ~  p ipe l ld ine .  Good agreement between t h e  two values  was obtained a t  h igher  

p q e r ~ d i n e  concentra t ions .  This  behav~our  i s  due t o  competrng a t t a c k  by the  nucleophile on t h e  
4 

aryl carbon t o  g ive  3 and on t h e  a l k y l  carbon t o  g ive  Q and N-methylpiperidhe a t  low p ipe r id ine  

4 
concentrations. A s  compound % i s  known from the work of Buncel and Keum and was i d e n t i f i e d  

s ~ c t r o p h o t o m e t r i c a l l y  by us, a r a t e  constant f o r  the sN2 reaction a t  the a l k y l  carbon of E. 

1 . 7 ~ 1 0 - ~ ~ - ~ s - ~  was calcula ted.  The value of t h i s  r a t e  constant  was independent of p ipe r id ine  

concentration. A t  higher nucleophile concentra t ions  a t t ack  on the a r y l  carbon cen t re  p r e d m i -  

nates.  The r e l a t i v e  Values of the r a t e  cons tan t s  f o r  the  a t t ack  on the a ry l  carbon (see Table 1 1  

and the S 2 react ion explains  the  increasing prepcmdermce of aromatic nucleophi l ic  s u b s t i t u t i o n  
N 

(S A r )  wi th  increasing p i p e n d i n e  concentration. 
N 

=able 1.  ate m n s t a n t s  ( N - ~ S - ~ ]  f o r  t h e  r eac t lon  of 1 with p i p e r i d h e  

-4 
i n  mso a t  30°C ( I n i t i a l  i l l  = 1 . 5 0 ~ 1 0  M I .  - 

- 

l ~ ~ ( p i ~ e r i d i n e ) / ~ :  0.70 1.00 2.00 4.00 8.00 10.0 

3 
1 0  kA : 2.35 3.16 4.79 7.83 11.4 12.8 

Concurrent s A r  and s 2 react ions  have a l s o  been observed i n  the reactmn of with piper idine  
N N 

5 
in  CMSO, methanol and benzene . 
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Figure 1. P l o t  of the second order r a t e  constant ,  k,, versus p ipe r id ine  concentration. 

The S e  l e a c t i c n  i s  ~ a t a l y s e d  by p ipe r idme  [see Table 1 1 .  A p l o t  of the observed second order  

r a t e  cons tan t ,  kA, against  p i p e n d i n e  concentration i s  c u r v i l m e a r  (Figure 1 1 .  Thls k l n e t x  

form is expl icable  i n  terns of t h e  accepted mechanism for  base cata lysed S* react ions  given in  

t h e  scheme. I n  the steady s t a t e  r a t e  expression of Eq l i )  derrved from the mechanism of the 

.thane, the observed k i n e t i c  form corresponds t o  the  condition k -k + k3[B1, -1 2 

i n  which case t h e  decanposition of the  intermediate ? i s  r a t e  l imrt ing a t  l e a s t  a t  low base 

(piper idinel  concentra t ions .  There i s  controversy regarding t h e  d e t a l l e d  mechanism of the b a ~ e  



Scheme 

6 
catalysed piperidinodemethoxylation of aronat ic  subs t ra tes  and the present r e s u l t s  do not  

allow f o r  a choice between the proffered a l t e rna t ives .  

what these r e s u l t s  highl ight  i s  the powerful act ivat ing influence of the azopyridmium group. 

A conparison of reac t iv i ty  of 1 and towards subs t i tu t ion  by p i ~ e r i d i n e ~ ~  in  DMSO reveals  t h a t  

1 reacts f a s t e r  than i by fac to rs  of ca. 2 x lo2  and 3 x lo2  m the S A r  and S 2 react ions - N N 

respectively. Hence the re  i s  a difference in  the act ivat ion e n e n ~ i e J  of the order  of 3-5 k 

ca l  mol-' in the react ions of 1 and 2. These impressive differences in  r a t e s  In both react ions 

must have t h e l r  o r ig in  m the presence of t h e  azopyridinium function i n l i n  which t h e  pyridin- 

iw molety serves as an electron s ink by the extensive delocal izat ion of the incaming electrons 

£ran the nucleophile. This i s  evident from the resonance contributing s t ruc tu re  lp. Thus 

quaternization of the pyridine nitrogen in  &obvia tes  the need f o r  the protonat ionls)  i n  ac id ic  

media necessary f o r  the act ivat ion of azophenyl and aropyridinyl e the rs  towards nucleophi l ic  
~ ~ 

subs t i tu t ion l s2 .  It 1s a l s o  conceivable t h a t  t r ans i t ion  s t a t e  e f f e c t s  could as well be 

LnPOrtant in  the determination of the r a t e  r a t i o s  noted above. A systematic i n v e s t ~ g a t i o n  of 

the origin of these r a t e  differences as well as the  use of & as a model -pound in seekmg 

further ln fomat ion  regarding the d e t a i l s  of the mechanism of base catalysed S r react ions i s  hP 
under ac t ive  consideration, 
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