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MECHANISM, SUBSTITUENT EFFECT,  AND SYNTHETIC UTILITY 
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The Dimroth rearrangement in i t s  original scope i s  an isomerization proceed- 

ing by r ing fission and subsequent recyclization whereby a heterocyclic nitrogen 

and i t s  attached substituent exchange places with an a-amino o r  a-imino group. 

Since the f i r s t  observation of Rathke in 1888 on a triazine derivative,  the r e a r -  

rangement has been found to occur in many heterocyclic systems. In the adenine 

s e r i e s ,  1-alkyl derivatives (type VIII) commonly undergo this type of reaction un- 

d e r  alkaline conditions to accomodate the N'-substituent (R') on the exocyclic ni- 

trogen.  

Our compelling interest  in the Dimroth rearrangement reaction originated 

from the studies on the N-oxide function as a blocking and/or directing group in 

the alkylation of the adenine r ing (I), which we ca r r i ed  out some ten yea r s  ago. 

We found that the reaction of adenine 1-oxide (11, R'=H) with alkyl halides in N,N- 

dimethylacetamide resulted in 0-alkylation. The f r e e  bases  of 1-alkoxyadenines 
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(111) w e r e  then a lky la ted  i n  a s i m i l a r  m a n n e r  to  give 1-alkoxy-9-alkyladenine s a l t s  

(IVeHX). On  the  o t h e r  h a n d ,  9-alkyladenines  w e r e  t r e a t e d  with p e r a c e t i c  a c i d  as 

i n  t h e  c a s e  of a d e n o s i n e ,  a n d  t h e  r e s u l t i n g  9-alkyladenine 1-oxides (11) underwent  

s i m i l a r  0-alkylat ion to  f u r n i s h  the  same  1-alkoxy-9-alkyladenine s a l t s  (IVeHX). 

T h e  s a l t s  t h u s  obtained w e r e  found t o  b e  f a i r l y  r e a c t i v e  a n d  s e v e r a l  c h a r a c -  

t e r i s t i c  r e a c t i o n s  w e r e  no ted .  P r o b a b l y  t h e  most s a l i e n t f e a t u r e  of t h e i r  chemica l  

behav io r  is tha t  the  hydro ly t i c  f i s s i o n  of the  N(,)-Ce) bond o c c u r s  v e r y  e a s i l y .  

We have  found tha t  1-alkoxyadenine d e r i v a t i v e s  (type IV) r e a r r a n g e  t o  the  N6-alk- 

oxy i s o m e r s  (type VI) i n  a q u e o u s  solut ion as d o  1-alkyladenine d e r i v a t i v e s ,  but 

th rough  r e a d i l y  i so lab le  ring-opened i n t e r m e d i a t e s  (type V) a n d  t h e  i n t e r m e d i a t e s  

a l s o  s u f f e r  the  compet i t ive  h y d r o l y s i s  l ead ing  t o  the  deformylated d e r i v a t i v e s  

(type vII). In t h e  c a s e  of the  1-alkyl d e r i v a t i v e s  (type VIII), h o w e v e r ,  n o  r ing-  

opened  in te rmedia tes  (type Ix) have  been d e t e c t e d .  To o u r  knowledge,  t h e r e f o r e ,  

the  d i r e c t  i so la t ion  of the  in te rmedia te  (V) is t h e  f i r s t  example i n  the  Dimroth r e -  

a r r a n g e m e n t  i n  the  aden ine  s e r i e s  a n d  g i v e s  a pos i t ive  a n s w e r  t o  the  e a r l i e r  

ques t ion  as t o  the  e x i s t e n c e  of the  r ing-opened in te rmedia te .  

We have  a l s o  found tha t  the  r e a r r a n g e m e n t  of 1 ,9-dimethyladenine (VIII, R' = 

1 2  
R 2 = M e )  t o  N 6 ,  9-dimethyladenine (X,  R = R  =Me) a t  40' a n d  v a r i o u s  pH's fo l lows  

pseudo- f i r s t -o rder  k i n e t i c s  where in  no in te rmedia te  is d e t e c t a b l e .  T h e  r e s u l t s  

w e r e  b e s t  i n t e r p r e t e d  i n  t e r m s  of a mechanism involving a ra te -de te rmin ing  in i t i a l  

+ 
r i n g  opening,  c a u s e d  by a t t a c k  of hydrox ide  ion on both t h e  p ro tona ted  (VII1.H ) 

a n d  the  n e u t r a l  s p e c i e s  (VIII), a n d  a subsequen t  r i n g  c l o s u r e .  T h i s  is cons i s t en t  

with t h e  mechanism which Macon a n d  Wolfenden p roposed  f o r  the  Dimroth r e a r -  

r angement  of 1 -methyladenosine a t  25 " . 
O u r  k ine t i c  s t u d i e s  f u r t h e r  r e v e a l e d  t h a t  the  i n i t i a l  r i n g  open ing  of l-alkoxy- 

aden ine  d e r i v a t i v e s  is 7-30 t i m e s  as f a s t  as t h a t  of 1-alkyladenine d e r i v a t i v e s  

+ 
a n d  i t  is a l s o  c a u s e d  by a t t a c k  of hydrox ide  ion on  both t h e  p ro tona ted  (1V.H ) 



ahd the neutral  species  (IV). The attack on the protonated species i s  much f a s t e r  

6 
than the attack on the neutral  species.  The r a t e s  of the recyclization to the N - 

alkoxy isomers (k$/) and of the hydrolysis reaction to the deformylated derivatives 

(kt{,) a r e  comparable to each other and the sum of them does not exceed one eighth 

of the r a t e  of the r ing  opening reaction This feature presents  a striking 

contrast  to that of the Dimroth rearrangement of I-alkyladenine derivatives.  

Therefore,  the acceleration of the r ing  opening step and the retardation of the r e -  

cyclieation step observed f o r  I-alkoxyadenine derivatives could be attributed di- 

rectly to the electron-withdrawing nature of the alkoxyl group. 

Considering the actual o r  potential utility of the Dimroth rearrangement in 

synthetic operations and chemical modification of adenine derivatives a s  well a s  

nucleic ac ids ,  we planned to learn more about the effect of substituents a t  the 1 -  

and the 9-position on the reaction r a t e .  The kinetic r e su l t s  with a s e r i e s  of I-al- 

kyl-9-methyladenines (type VIII, R2=Me), 1-alkyladenosines (type VIII, R'=@-E- - 

r i b o f ~ r a n o s ~ l ) ,  I-alkoxy-9-methyladenines (type IV, R2=Me), I-benayloxyadeno- 

sine (IV, R' = PhCH2; R2=  f3 -D- r ibofu ran~s~ l ) ,  - and 1 -(p-substituted beneyloxy)-9- 

methyladenines (type IV, R 2 = ~ e )  revealed that the r a t e  of the hydroxide attack on 

the protonated species i s  much fa s t e r  than the attack on the neutral  species and 

that the former  i s  influenced by an electronic factor of the I-substituent, whereas 

the l a t t e r ,  by both a s ter ic  and an electronic fac tor .  It may be of part icular in- 

t e re s t  to point out that the p-g-ribofuranosyl - group a t  the 9-position accelera tes  

the r ing  opening of both the neutral and the protonated species ,  but to a somewhat 

fur ther  extent f o r  the la t ter .  We a r e  a s  yet uncertain whether th is  i s  attributed 

purely to the electron-withdrawing ef fec t  of the r ibasyl group and/or intramolec- 

ular  participation of the hydroxyl group a t  the 5'-position. In both the rec losure  

(V +VI) and the deformylation step (V+VII), the f3-Q-ribofuranosyl - group on 

the imidazole-ring nitrogen of V exe r t s  a rate-promoting effect, whereas the ben- 
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zyl group on the 0-atom of the amidoxime moiety of V seems to have a rate-retard- 

ing ef fec t .  At present ,  however, we wish to ref ra in  from discussing the detailed 

mechanisms for these two reaction steps because of the lack of theoretical pH- 

r a t e  profi les which correspond closely with the observed ones.  

Since  the discovery of kinetin (X, R1=furfuryl ;  R'=H),  a cell-division pro- 

moting fac tor ,  in 1955, many synthetic routes  to N'-substituted adenines (type X) 

have been repor ted .  Among these ,  one may find a route through the Dimrath r e -  

arrangement of 1-substituted adenines (type VIII). The synthetic value of this  

route has  been enhanced by the ready availability of the 1-substituted derivatives,  

which has  grown out of the intensive studies on alkylation of adenine derivatives 

by Robins e t l . ,  Leonard e t l . ,  and others .  Thus,  there a r e  ample examples in 

6 the l i terature of the synthesis of PI' -substituted adenines (type X) through the use 

of the Dimroth rearrangement.  

Ueda and h i s  co-workers utilized the ring-opening reaction of l-methoxy- 

N'-cyanoadenosine in their  chemical conversion of adenosine into guanosine. 

Our ring-opening and deformylation reactions have been adopted by Montgomery 

and Thomas in the i r  synthesis of 2-aza-adenosine and related deriuatives.  Sim- 

i lar ly ,  the ICN Nucleic Acid Research Institute group (u .  S .  A , )  utilized the de- 

formylated derivatives (type VII) fo r  introducing a variety of substituents into the 

adenine r ing a t  the 2-position . Our syntheses of 3,9-dimethyl- and 7-methyl-9- 

ethyladenine from N'-alkoxy-I-alkyl-5-formamidoimidaaole-4-~arho~amidine 

3 2  (type V, R = R =Me, E t )  and of 7,9-dimethyladenine o r  7-methyladenosine from 

6 1 2  N -methoxy-9-methyladenine (VI, R = R  =Me) o r  N6-meth~x~adenosine  (VI, R' = 

X Me; R2=f3-g-rihofuranosyl) made i t  possible to multiply the number of known N , 

N~-disubsti tuted adenines.  Furthermore,  we have demonstrated that the conver- 

sion of N ~ ,  9-dimethyladenine (X, R '  = R ' = M ~ )  into the 1 ,9-dimethyl isomer (VIII,  

1 2  
R = R  = ~ e )  i s  feasible when the methoxyl group i s  used a t  the I-position a s  an 



easily removable directing group. This s t ructura l  transformation is r e v e r s e  to 

what occurs  in the usual Dimroth rearrangement.  

9 X 
In conclusion, i t  is of in teres t  to note that a l l  of the four possible N ,N - 

dialkyladenines can now be synthesized from I-alkoxyadenine (111) by combination 

of alkylation, r ing  opening, recyclization,  hydrogenolysis, and so  on,  and the 

alkoxyl group plays a very important ro le  in these transformations. 
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