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The methylation of N-anions of heteroaromatic amines with methyl iodide in liquid ammonia 
in most eases gives good yields of the corresponding dimethylamino derivatives. The reac-  
tion is of preparative value. 

The introduction of a dimethylamino group is an important synthetic method in the chemistry of hetero- 
cyclic compounds. It is usually carried out by replacing a halogen atom or a sulfo group by a N(CH3) 2 group 
by heating the appropriate derivatives with dimethylamine. However, this method has a number of disad- 
vantages: the necessity of using sealed ampuls, the time required, and often the laborious synthesis of the 
starting materials. In many cases, when the halogen or sulfo group is of low activity, it is not applicable 
at all. In- connection with the availability of heteroaromatic amines, it seems most rational to use them as 
starting materials for the synthesis of dimethylamino derivatives by the direct methylation of the NH 2 group. 
Two methods for this sort of methylation have been described: reductive methylation with formaldehyde ac- 
cording to Leuckart [3,4], and methylation of the sodium salts of amines in aprotic solvents (ether, toluene, 
etc.) [5,6]. However, they both generally give low yields of the dimethylamino derivatives and lead to the 
formation of a mixture of various compounds that is extremely difficult to separate. 

In this paper we have studied the methylatien of N-anions of amines of the pyridine, isoquinoline, 
imidazole, and perimidine series in order to develop a convenient method for the synthesis of dimethyl- 
amino derivatives of nitrogen heterocycles. The development of two fundamental problems could be fore- 
seen in the exhaustive alkylation of the amino group in nitrogen heterocycles through the sodium salts: I) 
how to avoid the alkylation of the pyridine nitrogen atom; and 2) how to reduce the formation of the mono- 
methylamino derivative to a minimum. We have found that both of these problems are successfully re- 
solved by the methylation of the N-anions of heterocyclic amines with methyl iodide or dimethyl sulfate in 
liquid ammonia.* On the whole, this paper is divided into two parts - the preparation of the sodium (potas- 
sium) salts of the amines, and their alkylation. 

We used three methods to generate the N-anions. 

A) Ionization of the Amino Group by Means of Sodium Metal. This reaction was carried out by add- 
ing small lumps of sodium to a solution or suspension of the amine in liquid ammonia. The ionization pro- 
ceeds very rapidly, as evidenced by the rapid disappearance of the initially displayed blue coloration char- 

*See [1,2] for communications I and II. 

The alkylation of N-anions of heterocyclic compounds in liquid ammonia has been carried out previously 
primarily for secondary amines (pyrrole, indole, imidazole, etc.) [7]. One case of the alkylation of the NH 2 
group in the 5-(7 or 8)-amino-6-methoxyquinoline with alkyl halides of complex structure (w-haloalkyl- 
amines), in which the reaction gave the monoalkylamino derivative, has been described [8]. 
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TABLE 1. Effect of the Condit ions on the Resul t s  of the Methylation 
of the N-Anions  of Some Amines  

Source for the gene- 
ration of N-anions 

Conditiom for 
the generation 
of N-anions 

I- Methyl-2-azido- 
benzimidazole 

The same 
1- Methyl-2-amino- 

benzimidazole 
The same 
The same 
The same 

1- Methyl- 5-azido- 
benzimidazole 

Methylation 
conditions 

2 g-atom of Na,NHs 2 

The same I 
The same I 1 

The same I ! 
The same I 
1.5 g-atomofNaNHz, 1 
2dioxane 

g-atomof Na, NHs 

The same The same 
1-Methyl-2-amino-perimldine The same 

The same The same 
The same 1 g-atomofNa, NHs 

NHa 

NHa 
NHa 

NHa 
dioxane 
dioxane 

NHa 

NH3 
NH3 

NHa 
NHa 

Yield, % 

t r a c e s  

tl"aees 
~ a c e s  

traces 
7O 
7O 

6 

71 
38 

4o 

4O 

33 

15 

11 
5O 

ac t e r i s t i c  for solut ions  of a lkal i  meta l s  in l iquid ammonia .  In mos t  cases ,  a nonvanish ing  blue colorat ion 
appeared af ter  the addition of 1 g - a tom of sodium, which indicated the format ion  of a mono N-anion [9]: 

R--NH 2 f Na ~ RNIIGNa ~ F ~ H  2 

Only 2 - a m i n o - l - m e t h y l p e r i m i d i n e  and 2 - a m i n o - l - m e t h y l a c e p e r i m i d i n e  form dianions dur ing  the ac -  
t ion of sodium in l iquid ammon ia  because  of the high acidi ty of an amino group in a marked ly  e l e c t r o n -  
def ic ient  posi t ion [10]. 

B) Ionizat ion of the NH 2 Group by Means of Alkal i  Metal  Amides .  Monosodium sal ts  a re  usua l ly  ob-  
ta ined whe~ this  method is used in aprot ic  so lven ts .  In l iquid ammonia ,  however,  it  is difficult  to de t e rmine  
whether  mono-  or d i -N-an ions  a re  formed in solut ion.  Since the amide ion is a s t ronge r  ionizing agent than 
sodium or  po t a s s ium in l iquid ammonia  [2], the re  is no doubt that in this  case  2 - a m i n o p e r i m i d i n e s  will  
form d ian ions .  2 -Aminoa ry l im idazo l e s  apparent ly  r eac t  with NaNH 2 in l iquid ammonia  to form anions of 
both types with p redominance  of the monoanion [2]: 

r-N. 2 + Nan, 2 - -  r_n,,~ ~ r-n%a~ e ~ n.~ 

C) The success  of methods A and B is de t e rmined  by the act ivat ing effect of the pyr idine n i t rogen  
atom, as ,  for example ,  in aminopyr id ines  and 2 -amino imidazo l e s .  If, however ,  the amino  group is far r e -  
moved f rom the pyr id ine  n i t rogen  atom, as ,  for example ,  in 5 -aminobenz imida lo l e s ,  its ionizat ion does not 
p roceed  via methods A and B because  of the low acidity.* In such cases  it is bes t  to use  the r ecen t ly  d i s -  
covered  [1, 11] reduct ive  c leavage of a ry l  azides with sodium in l iquid ammonia ,  which, as a s sumed , l eads  
to the format ion  of d ian ions .  The p rob lem of the s tab i l i ty  of the dianions  of weakly acidic amines  in l iquid 
ammonia  and the i r  poss ib le  ammono lys i s  at p r e s e n t  r e m a i n s  open to d i scuss ion .  

r -n~  + ~N~ ~ r - n % @  ,- ~ 

Methylat ion of N-Anions .  Amines  of the benz imidazo le  s e r i e s  (Table 1) have been studied in g rea t e s t  
detai l  with r e spec t  to the effect of so lvents ,  r eagen t  ra t ios ,  and methods used  to genera te  the an ions .  The 
r e s u l t s ,  together  with the indexes in Table 2, make it poss ib le  to draw the following conc lus ions .  

1) The r e su l t s  of the methyla t ion  of N-anions  in l iquid a mmon i a  a re  a lmos t  independent  of the method 
used  to genera te  them.  P a r t i a l  hydrogenat ion of the ~ sys t ems  by the hydrogen formed dur ing  the ion iza -  
t ion of the amino  group was obse rved  only dur ing  the genera t ion  of the N-an ions  of 2 -aminopyr id ine  and 1- 
aminoisoquinol ine  via method A. In such cases ,  the sodium sa l t s  a re  best  obtained via method B. 

* The ionizat ion of the amino  group of ani l ine ,  the pK a of which in l iquid ammonia  is about 27 [9]. proceeds  
s i m i l a r l y  under  ve ry  seve re  condi t ions .  
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T A B L E  2 .  D i m e t h y l a m i n o  D e r i v a t i v e s  o f  H e t e r o c y c l i c  C o m p o u n d s  

[RN (CH3)2] O b t a i n e d  b y  D i r e c t  M e t h y l a t i o n  o f  N - A n i o n s  

~ .  "~" 
.~x 

, - - T ~ - J  4 

E m p i r i c a l  

f o r m u l a  

Found, % 

U 3- -~ 

c 

�9 C6Hs ] "~ ]N  

C6H5AN~ 
CHa 

C 
I 
g H  3 

I 
CIt a 

I 
C2H 5 

I 
(;H a 

I 
CH a 

I96 

1oo(8) - -  
lOO(8) - -  

123(5) - -  

CIsHIgN~ 

145(5) - -  

145(5) - -  

C,oH~aN~ 

CIjHIsN3 

C~4H~sN3 

Calc., % 

12 

C 99-- - -  
100 

C 81-- 
82 

B __4 40(9) 

AI 106-- 
107 

C~4HlsN3 

1 1 5 8  



TABLE 2 (continued) 

1 5 12 

CH a 

CH3\ ~ / 7 6H5 
N- j ~ N  

I 
Cli  3 

2 3 4 

A 69-- -- 
7O 

A 5O 

B 1 2 - -  
13 

CI4H,sNa 

316HITN3 

CI6H,gNsO2 

6 7 

74,8 7,{~ 

76,3 ~,7 

61,3 i,O 

8 9 

18,4 74,6 

[6,5 76,5 

22,1 61,3 

10 I I  

6,7 18,6 

3,t 16,~ 

i,l 22,3 

75 

62 

~0 ~ 

1The p i c r a t e  m e l t e d  at  182 ~ (from alcohol)  [16]. 
2In addi t ion ,  about 3~ of 2 - m e t h y I a m i n o p y r i d i n e  and 30% of the  s t a r t -  
ing 2 - a m i n o p y r i d i n e  we re  i so l a t ed .  
3The p i c r a t e  had mp 179 ~ (from a lcohol .  Found %: C 44.4; H 3.9. 
CTH10N2 �9 C6H3N307. C a l c u l a t e d % :  C 44.4; H 3.7. 
4The p i c r a t e  m e l t e d  at 218 ~ (from alcohol) .  Found ~c: N 18.2. 
CI4HIsN3 ' C6H3N307. Calculated %: N 18.4. 
5Also isolated were 8% 7-benzyl-8-methylaminotheophylline (rap 232- 
233 ~ ) and 50% of the starting amine. 

2) The me thy la t ion  of the  N - a n i o n s  of h e t e r o a r o m a t i c  a m i n e s  in l iquid a mmon ia  p r o c e e d s  e x c l u s i v e l y  
at  the e x t r a - a n n u l a r  n i t rogen  a tom.  We could not  de t ec t  compounds  with an imino s t r u c t u r e  in the r e a c t i o n  
p roduc t s  by t h i n - l a y e r  and g a s - l i q u i d  c h r o m a t o g r a p h y .  This  ind ica t e s  that  the ambiden t  c h a r a c t e r  of the N-  
anions of the a m i n e s  that  we s tud ied  is e x p r e s s e d  only weak ly  in l iquid a m m o n i a .  Excep t ions  a r e  p o s s i b l e  
dur ing  the me thy la t ion  of sod ium sa l t s  in ap ro t i c  so lven t s .  {See the r e s u I t s  f r o m  [12] p r e s e n t e d  below.) 

3) The me thy l a t i on  of the monoanions  of a m i n o  compounds  i s  p r a c t i c a l l y  i m p o s s i b l e  to s top  at the 
s t ep  involving the fo rma t ion  of a m o n o m e t h y l - s u b s t i t u t e d  compounds ,  r e g a r d l e s s  of the amount  of m e t h y l -  
a t ing  agent .  In m o s t  c a s e s  the r eac t i on  l eads  to the fo rma t ion  of a l m o s t  e x c l u s i v e l y  the d i m e t h y l a m i n o -  
subs t i tu t ed  compound with a s m a l l  o r  ins ign i f i can t  a d m i x t u r e  of the monome thy l a t ed  p roduc t ,  which is 
r e a d i l y  s e p a r a t e d .  This  o b s e r v a t i o n  s e r v e d  as  our bas i s  for  the deve lopmen t  of a method for  the p r e p a r a -  
t ion of d ime thy l amino  d e r i v a t i v e s  of n i t rogen  h e t e r o c y c l e s  of the mos t  d i v e r s e  s t r u c t u r e s ;  acco rd ing  to th is  
method ,  the N-an ions  of h e t e r o a r o m a t i c  a m i n e s  a r e  me thy l a t e d  in l iquid a m m o n i a  by two equiva len ts  of 
me thy l  iodide  or ,  with p o o r e r  r e s u l t s ,  d imethy l  su l fa t e .  The r e a c t i o n  is  a g e n e r a l  one, p r o c e e d s  v e r y  r a p i d -  
ly,  and, as  a ru l e ,  e n s u r e s  a good y i e ld  of the d e s i r e d  produc t  (Table 2). Toge the r  with the a v a i l a b i l i t y  of 
the s t a r t i n g  amino compounds ,  a l l  of th i s ,  in our opinion,  m a k e s  th is  me thod  the mos t  convenient  one for  
the syn thes i s  of d i m e t h y l a m i n o  d e r i v a t i v e s  of n i t rogen  h e t e r o c y c l e s .  A r e l a t i v e l y  high y ie ld  was obta ined 
only in the  me thy la t ion  of the N-an ions  of 2 - a m i n o p y r i d i n e  and 7 - b e n z y l - 8 - a m i n o t h e o p h y l l i n e .  This  is  a p -  
p a r e n t l y  exp la ined  by the somewha t  r e d u c e d  r e a c t i v i t i e s  of t he se  N-an ions  be c a use  of the e l e c t r o n - a c c e p t o r  
effect  of the pyr id ine  n i t rogen  a tom and the two ca rbony l  g roups .  As a r e s u l t ,  the  spec i f i c  weight  of the 
compe t i t i ve  a m m o n o l y s i s  of me thy l  iodide  i n c r e a s e s .  Since much unchanged amine  is found in the r eac t ion  
p roduc t s ,  the y i e ld  wi th  r e s p e c t  to the  amine  that  has  r e a c t e d  should be c o n s i d e r e d  to be quite high in t hese  
e x p e r i m e n t s .  The y ie ld  can be r a i s e d  somewhat  by  us ing  e x c e s s  methy l  iod ide .  The fo rma t ion  of q u a t e r n -  
a r y  sa l t s  (the Menschutk in  r eac t ion )  in l iquid a m m o n i a  p r o c e e d s  v e r y  s lowly  (according to our  o b s e r v a t i o n s ) .  

The y i e ld  of 4 - d i m e t h y l a m i n o p y r i d i n e  in the  me thy la t ion  of the N-anion  of 4 - a m i n o p y r i d i n e  r e a c h e s  
80~c, whi le  in e t h e r  the r e a c t i o n  f o r m s  1 - m e t h y l - 4 - p y r i d o n e i m i n e ,  i . e . ,  with t r a n s f e r  of the r e a c t i o n  c e n t e r ,  
a cco rd ing  to the r e s u l t s  in [12]. Our method  has  g r e a t  advan tages  for  the syn thes i s  of h a r d - t o - o b t a i n  5-  
d i m e t h y l a m i n o b e n z i m i d a z o l e s  and 2 - d i m e t h y l a m i n o i m i d a z o l e s  (uncondensed).  
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The p r i m a r y  fo rma t ion  of a d i m e t h y l a m i n o - s u b s t i t u t e d  compound dur ing  the me thy la t ion  of the m o n o -  
anions  of h e t e r o a r o m a t i c  amines  in l iquid ammonia  i s  p robab ly  expla ined ,  as  in the c a s e  of the ca rban ion  of 

| 
pheny l ace ton i t r i l e  [13],by the s t epwise  c h a r a c t e r  of the  r e a c t i o n .  Anions  of two types  - RNH ~ and RNCH 3 - 
a r e  p r e s e n t  in solut ion dur ing  the me thy la t ion  of the monoanions .  The l a t t e r  is  f o r m e d  as  a r e s u l t  of i on i za -  
t ion of the N - H  bond in the monomethy la t ed  amine  under  the inf luence of e x c e s s  sod ium amide  o r  sod ium,  
or  (when not  enough of these  b a s e s  a r e  p resen t )  under  the inf luence  of the R N I ~  anion.* Desp i te  the high 

@ 
e q u i l i b r i u m  concen t ra t ion  of the RNCH 3 anion,  i t s  r a t e  of methy la t ion  is  a ppa re n t l y  much  h igher  than that  of 
the in i t i a l ly  f o r m e d  R N t ~  anion,  and is  thus me thy la t ed  f i r s t .  As a r e s u l t ,  the d ime thy l a mino  de r i va t i ve  
r a t h e r  than the monome thy l amino  d e r i v a t i v e  accumula t e s  in the  r e a c t i o n  m i x t u r e .  When e q u i m o l e c u l a r  
amounts  of the ba se  and the me thy la t ing  agent  a r e  in t roduced  into the r eac t ion ,  about 50% of the amine  is 
c o n v e r t e d  to the d ime thy l amino  d e r i v a t i v e ,  and the other  ha l f  is  r e g e n e r a t e d .  

4) In c o n t r a s t  to the monoanions ,  the me thy la t ion  of the d ianions  of h e t e r o a r o m a t i c  amines  is  sub jec t  
to def in i te  r egu la t ion ,  and in l iquid  a m m o n i a  the p r o c e s s  can be d i r e c t e d  to favor  the  fo rmat ion  of mono-  
me thy l amino  or  d ime thy l amino  d e r i v a t i v e s .  Thus,  for  e x a m p l e ,  the act ion of 1 mole  of me thy l  iodide on 
the dianion of 1 -methy l  - 2 - a m  inoper  im [dine 1 cads  to the fo rma t ion  of 71% of the men omethyl  de r i va t i ve  and 
11% of the d ime thy l amino  d e r i v a t i v e ;  about 10% of the s t a r t i n g  amine  is r e g e n e r a t e d .  If, however ,  this  r e -  
act ion is c a r r i e d  out with 2 m o l e s  of me thy l  iodide ,  the ch ie f  p roduc t  (75%) is  I - m e t h y l - 2 - d i m e t h y l a m i n o -  
p e r i m i d i n e .  The y i e ld  of 1 - m e t h y l - 2 - m e t h y l a m i n o p e r i m i d i n e  in th is  c a s e  is  15%. The methy la t ion  of the 
dianion of 1 - m e t h y l - 2 - a m i n o a c e p e r i m i d i n e  g ives  s i m i l a r  r e s u l t s .  This  s o r t  of behav io r  of the d ianions  
b e c o m e s  unde r s t andab l e  when the s c h e m e  of t he i r  a lkyla t ion  is examined :  

R_NO; C"~I O Cli31 
R--NEll 3 ~ R--N(C~t3; 2 

I II 

In th is  c a s e ,  the dianion (I) and anion (II) of the monomethy lamino  d e r i v a t i v e  a r e  p r e s e n t  in the r e a c -  
t ion m i x t u r e .  The r e a c t i v i t y  of the dianion should,  of c o u r s e ,  be h ighe r ,  and i t  should  be a lky la t ed  f i r s t .  
This  wi l l  l ead  to the accumula t ion  of II in the r e a c t i o n  m i x t u r e ,  the me thy la t ion  of which b e c o m e s  a p p r e -  
c iab le  only a f t e r  dianion I van i shes  o r  i t s  concen t ra t ion  d e c r e a s e s  s h a r p l y .  It should be  noted  that  l e s s  r e -  
ac t ive  anions g e n e r a l l y  c o r r e s p o n d  to m o r e  ac id ic  a m i n e s .  When the d ianions  of 2 - a m i n o p e r i m i d i n e s  a r e  
m e t h y l a t e d  with  2 mole  of me thy l  iodide ,  th is  l eads  to a m o r e  a p p r e c i a b l e  y i e ld  of the monomethy lamino  
de r iva t i ve  b e c a u s e  of the i n c r e a s e  in the spec i f i c  weight  of the compe t i t i ve  a m m o n o l y s i s  of me thy l  iodide,  
which u sua l l y  is  not  of subs t an t i a l  s ign i f i cance .  The monoanions  of ac id ic  amines ,  which a r e  capab le  of 
fo rming  d ian ions ,  a r e  s t i l l  l e s s  r e a c t i v e ;  monoanions  of this  s o r t  behave  anoma lous ly  as  c o m p a r e d  with the 
monoanions  of o ther  a m i n e s ,  and s t epwise  a lkyla t ion  is  not  v e r y  c h a r a c t e r i s t i c  for  them.  Thus the m e t h y l a -  
t ion of the monoanion of 1 - m e t h y l - 2 - a m i n o p e r i m i d i n e  in l iquid a mmon ia  with 1 mole  of me thy l  iodide g ives  
38% of 1 - m e t h y l - 2 - m e t h y l a m i n o p e r i m i d i n e  and only 10% of the 2 - d i m e t h y l a m i n o  d e r i v a t i v e .  About half  of 
the  s t a r t i n g  amine  r e m a i n s  unchanged.  

Our conc lus ions  r e g a r d i n g  the p e c u l i a r i t i e s  of the me thy la t ion  of d ianions  a r e  p r e l i m i n a r y  and m a y  
be fo rmu la t ed  def in i t ive ly  a f t e r  the de tec t ion  of o ther  amines  that  a r e  capab le  of giving dianions  and a f t e r  a 
s tudy of t h e i r  r e a c t i v i t i e s .  

5) The d i f fe ren t  behav io r  of the mono-  and dianions  in the me thy la t ion  in l iquid a mmon ia  can a p p a r e n t -  
ly  be used  for  the solut ion of the diff icul t  p r o b l e m  of the iden t i f ica t ion  of the mono-  and d ianions  of a r o m a t i c  
a m i n e s  in l iquid a m m o n i a .  T h e r e  is  an opinion that  d ianions  a r e  f o r m e d  in the r educ t i ve  c l eavage  of a r y l  
and h e t e r y l  az ides  by sodium or  po t a s s ium in l iquid a m m o n i a  [1, 11]. However ,  for  weak ly  ac id ic  amines  
of the an i l ine ,  5 - a m i n o b e n z i m i d a z o l e ,  and 2 - a m i n o b e n z i m i d a z o l e  type,  which fo rm only monoanions  by the 
act ion of sod ium,  i t  is  log ica l  to a s s u m e  that  t he i r  d ianions  wi l l  undergo  a m m o n o l y s i s  to the c o r r e s p o n d i n g  
monoanion in l iquid a m m o n i a :  

R_N.~ ~ ~ , , ~ _  ._e, .~ ~,,o 

The methy la t ion  of the N-an ions  of 5 - a m i n o - l - m e t h y l -  and 2 - a m i n o - l - m e t h y l b e n z i m i d a z o l e s ,  g e n e r -  
a ted  f rom the c o r r e s p o n d i n g  az ides ,  with 1 mole  of methyl  iodide  to p r i m a r i l y  the c o r r e s p o n d i n g  d i m e t h y l -  

* Liquid  ammon ia  i t se l f ,  as we e s t a b l i s h e d ,  does  not  cause  ioniza t ion  of the N - H  bonds in the i nve s t i ga t ed  
amines  and thus does not  have a d i r e c t  r e l a t i onsh ip  to the fo rmat ion  of the N-an ions .  
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amino  d e r i v a t i v e  (Table 1) i nd i ca t e s ,  a s  i t  w e r e ,  that  we a r e  ac tua l ly  dea l ing  h e r e  with p r i n c i p a l l y  the m o n o -  
anion r a t h e r  than the d ianion .  

6) The me thy la t ion  of the monoanions  to the monomethy l  de r i va t i ve  can be r e M i z e d  in ap ro t i c  so lven t s  
of the a r o m a t i c  h y d r o c a r b o n  or  dioxane -types, w h e r e  the s t epwise  c h a r a c t e r  of the r e a c t i o n  is  not  m a n i f e s t e d  
to such  a deg ree  as  in l iquid  a m m o n i a .  Thus the me thy la t ion  of the  sod ium sa l t  of 2 - a m i n o - l - m e t h y l b e n z -  
i m i d a z o l e  wi th  methy l  iod ide  in d ioxane gave 70~c of 1 - m e t h y l - 2 - m e t h y l a m i n o b e n z i m i d a z o l e .  This  r eac t i on  
p r o c e e d s  e x t r e m e l y  s lowly  in e t h e r .  

E X P E R I M E N T A L  

F o u r  typ ica l  e x a m p l e s  of the  me thy la t ion  of the N-an ions  of h e t e r o a r o m a t i c  amines  a r e  p r e s e n t e d  
below. 

I. Sodium [0.46 g (0.02 g-atom)] was added in small portions to a solution of 1.47 g (0.01 mole) of l- 

methyl-2-aminobenzimidazole in 50 ml of liquid ammonia. The mixture was stirred for 30 rain at -70 to 

-33 ~ after which 2.84 g (0.02 mole) of methyl iodide was added, and the mixture was stirred at the same 

temperature for another 30 rain. The eooling was then removed, and the ammonia was allowed to evaporate 

(this is possible without stirring). The residue was then extracted with ether to give 1.4 g (80~ of l- 

methyl-2-dimethylaminobenzimidazole as a colorless oil with bp 145 ~ (5 ram). The pierate had mp 186-187 ~ 
(from aleohol). The compound was similar to that deseribed in [14]. 

2. l-Aminoisoquinoline [1.44 g (0.01 mole)] was added to a solution of sodium amide obtained from 

0.46 g (0.02 g-atom) of sodium in 50 ml of liquid ammonia (with an iron nitrate eatalyst). The sodium salt 
of this amine was soluble in liquid ammonia; this is, however, not a neeessary condition for the successful 

methylation. The mixture was stirred at -70 ~ for 15 rain, 2.85 g (0.02 mole) of methyl iodide was added, 
and the mixture was stirred for another 30 rain at -70 to -33 ~ The ammonia was evaporated, and the 
residue was treated with 25 ml of absolute ether. The solution was filtered through a small layer of 

aluminum oxide, and the ether was evaporated to give 1.38 g (81~) of practically pure l-dimethylaminoiso- 

quinoline as a colorless oil with bp 123 ~ (5 ram). The picrate had mp 165-166 ~ (from alcohol), which is in 

agreement with the melting point in [15]. 

3. Sodium [0.35 g (0.016 g-atom)] followed by 2.13 g (0.016 mole) of methyl iodide were added in 
small lumps to a suspension of 1.38 g (0.008 mole) of l-methyl-5-azidobenzimidazole in 50 ml of liquid am- 

monia. The mixture was stirred for 1 h at -33 ~ after which the ammonia was evaporated. The residue was 

extraeted with 25 ml of chloroform, and the extract was passed through a eolunm filled with aluminum oxide 
with collection of the first fraction to give 1.05 g (75~) of colorless needles of l-methyl-5-dimethylamino- 

benzimidazole with mp 99'100 ~ (from hexane). 

4. l-Methyl-2-aminobenzimidazole [1.47 g (0.01 mole)] was refluxed in a stream of nitr0gen with 0.6 g 
(0.015 mole) of finely ground sodium amide in 50 ml of absolute dioxane for 3 h. The mixture was cooled, 
0.62 ml (0.01 mole) of methyl iodide in I0 ml of dioxane was added to it, and the mixture was refluxed for 
another hour. The precipitate was removed by filtration, and the dioxane was removed from the filtrate by 

distillation. The semicrystalline residue was triturated with a small amount of ether to give 1.2 g (70~) of 
l-methyl-2-methylaminobenzimidazole as colorless crystals with mp 178-179 ~ (from benzene). Found ~: 

C 67.3; H 7.0; N 26.0. C~H~N 3. Calculated ~: C 67.1; H 6.9; N 26.1. 

In all of the remaining eases the methylation products were purified by chromatography on aluminum 

oxide with chloroform as the solvent. The dimethylamino derivative was always eluted first. The mono- 
methyiamino derivative, which was eluted second, was usually formed in insignificant quantities, exeept for 
the experiments with 2-aminoperimidines. 

l-Methyl-2-methylaminoperimidine. This was obtained as slightly greenish crystals with mp 165 ~ 
(from aqueous alcohol). FoundS: C 73.6; H 6.2; N 19.8. CI3HI3N 3. Caleulated~: C 73.9; H 6.2; N 19.9. 

l-Methyl-2-methylaminoaeeperimidine. This compound was obtained in 20~ yield as yellow-green 

erystuls with mp 215 ~ (from octane) by the methylation of the dianion of l-methyl-2-aminoaeeperimidine 

with 2 mole of methyl iodide in liquid ammonia. Found ~: C 75.7; H 6.4; N 17.4. C15HIsN 3. Calculated ~: 
C 75.9; H 6.4; N 17.7. 
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1 - M e t h y l - 5 - m e t h y l a m i n o b e n z i m i d a z o l e .  This  compound was obta ined as  c o l o r l e s s  c r y s t a l s  with m p  
102-103 ~ (from benzene) ,  F o u n d % :  N 25.7. C9HlIN 3. Ca lcu la ted~c :  N 26.1. 

The fol lowing p r e v i o u s l y  u n r e p o r t e d  5 - a z i d o b e n z i m i d a z o l e s  we re  syn thes i zed  in y i e lds  of 85-90~ for  
the gene ra t ion  of the N-an ions  of 5 - a m i n o b e n z i m i d a z o l e s .  

5 - A z i d o b e n z i m i d a z o l e .  A solut ion of 1.33 g (10 mmole )  of 5 - a m i n o b e n z i m i d a z o l e  in 30 ml  of h y d r o -  
ch lo r i e  ac id  (sp. g r .  1.18) was d i azo t i zed  at  0 ~ with a solut ion of 0.69 g (10 mmole)  of sod ium n i t r i t e  in 30 
ml  of w a t e r .  The r e su l t i ng  d iazon ium sa l t  solut ion was added to a so lu t ion  of 0.78 g (12 mmole)  of sod ium 
az ide  in 2 m l  of w a t e r .  The m i x t u r e  was s t i r r e d  for  1 h at r oom t e m p e r a t u r e ,  n e u t r a l i z e d  with 40~ sodium 
hydrox ide ,  and e x t r a c t e d  with ethyl  a c e t a t e .  The e x t r a c t  was d r i e d  with p o t a s s i u m  ca rbona t e ,  and the s o l -  
vent  was r e m o v e d  by d i s t i l l a t ion  to give c o l o r l e s s  f locculent  c r y s t a l s  with mp  224-225 ~ (from w a te r ) .  
Found %: C 52.6; H 3.3. CTHsN 5. Ca lcu la t ed  %: C 52.8; H 3.1. 

The o ther  5 - a z i d o b e n z i m i d a z o l e s  we re  s i m i l a r l y  obta ined .  

1 - M e t h y l - 5 - a z i d o b e n z i m i d a z o l e .  This  compound was obta ined as  s l i gh t ly  ye l lowish ,  f ib rous  ne ed l e s  
with m p  101-102 ~ (from hexane) .  VN32120 c m  -I (minera l  oi l ) .  Found ~c: C 55.3; H 4.2; N 40.5. CsHTN 5. 
Ca lcu la t ed  %: C 55.5; H 4.1; N 40.4.  

1 - E t h y l - 5 - a z i d o b e n z i m i d a z o l e .  This  compound was obta ined as  c o l o r l e s s  ne e d l e s  with mp  39-40 ~ 
(from p e t r o l e u m  e the r ) .  VN 2120 c m  -1. Found ~c: C 57.6; H 5.1; N 37.2.  C9H9N 5. C a l c u l a t e d ~ :  C 57.7; 
H 4.8; N 37.4.  The p i c r a t e  ~ad m p  194 ~ (from a lcohol ) .  

1 - P h e n y l - 5 - a z i d o b e n z i m i d a z o l e .  This  compound was obtained as  c o l o r l e s s  ne e d l e s  with m p  72-73 ~ 
(from heptane) .  VN32110 c m  -1. Found %: C 66.6; H 3.9; N 29.5. CI3HgN 5. Ca lcu la t ed  %: C 66.4; H 3.9; 
N 29.8. 

1 - B e n z y l - 5 - a z i d o b e n z i m i d a z o l e .  This  compound was obta ined as  c o l o r l e s s  f ib rous  ne e d l e s  wi th  mp 
104-105 ~ (from hexane) ,  VN32114 cm - i .  Found %: C 67.7; H 4.4; N 28.2. CI4H14N 5. Ca l cu l a t ed  ~c: C 67.5; 
H 4.4; N 28.1. 
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