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The alkylat ion of the N-anions of 2- and 4 -aminopyr id ines ,  1-aminoisoquinol ine,  and 2- 
a m i n o - l - e t h y l b e n z i m i d a z o l e  with C2-C 4 alkyl halides in liquid ammonia  leads to the 
fo rma t ion  of a mix tu re  of the products  of mono-  and dialkylat ion at  the NH 2 group (usual- 
ly with a p redominance  of the la t ter) .  The ro le  of s tepwise  p r o c e s s e s  and the yield of 
the dialkyl  de r iva t ive  i nc r ea s e  on passirtg f rom alkyl  b romides  to iodides and f r o m  the 
heav ie r  and branched  rad ica l s  (Cr i-C3HT)to l ighter  rad ica l s  (C2H5). 

As has r ecen t ly  been shown, in liquid ammonia  the N-anions of he t e roa roma t i c  amines  methy la te  
a l m o s t  exc lus ive ly  to d imethylamino der iva t ives ,  r e g a r d l e s s  of the ra t io  of the N-anion to the methylat ing 
agent  [2, 3]. Consider ing the p r e p a r a t i v e  impor tance  of this r eac t ion ,  in the p re sen t  work  we have studied 
the a lkylat ion of the N-anions of a number  of h e t e r o a r o m a t i c  amines  using Cz-C 4 alkyl halides and benzyl  
chlor ide.  

The N-anions were  obtained by the act ion of f r e sh ly  p r e p a r e d  sodium amide  on the amines .  It was 
found that  it is a lso  poss ib le  to use technical  sodium amide  synthes ized  by the h igh - t empe ra tu r e  meth-  
od [4]. 

It was found that  the s tepwise  nature  of the alkylat ion reac t ion  in liquid ammonia  is also re ta ined  in 
these  cases ,  but its r e l a t ive  propor t ion  i nc rea se s  cons iderably  on pass ing f r o m  methyl  to heav ie r  hydro-  
ca rbon  rad ica l s  and becomes  mode ra t e  even for  butyl (Table 1). On passing f r o m  ethyl to propyl  and then 
to butyl hal ides,  the yield of t e r t i a r y  amine  d e c r e a s e s ,  while the yield of monoalkylated der iva t ive  in- 
c r e a s e s .  It follows f r o m  Table  1 that  the s tepwise  nature  of the p roces s  is exp re s sed  to a g r e a t e r  extent 
for  the alkyl  iodides than for  the b r o m i d e s .  

Similar ly ,  according  to the r e s u l t s  that  F r ench  authors  [5] have r ecen t ly  obtained for  the N-anions 
of 4-aminoquinaldine and f l -unsa tura ted  alkyl  hal ides ,  the b romides  favor  the fo rmat ion  of  dialkylamine 
de r iva t ives  to a g r e a t e r  extent than the chlor ide .  

The yield of alkylat ion products  i nc rea se s  if two moles  of sodium amide  and alkyl halide a r e  taken 
per  mole  of amine  (Table 2). Under these  conditions,  the amount  of dialkylamino der iva t ive  usual ly  ex-  
ceeds  50%, and in a number  of cases  (4-diethylaminopyridine)  it r e aches  75%. In addition to the t e r t i a r y  
amine ,  no litt le amount  of secondary  amine  is fo rmed  (with the exception of the case  of 4-aminopyridine) ;  
however ,  the i r  separa t ion  by means  of column ch romatography  on a lumina p resen t s  no difficult ies.  A 
noteworthy fea ture  of alkylat ion in liquid ammonia ,  in view of the e x t r e m e l y  mild  conditions, is the ab-  
sence  of res in i f i ca t ion  and of the fo rmat ion  of qua te rna ry  sa l t s  and other  by -p roduc t s .  Consequently,  ff the 
to ta l  yield of mono-  and dialkylamino der iva t ive  is l ess  than 100%, the res idue  cons is t s  of unchanged 
initial amine .  

* F o r  communiea t ion  V, see  [1]. 
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TABLE 1. A lky la t ion  of the  Monoanion  of 2 - A m i n o -  
1 - e t h y l b e n z i m i d a z o l e  in Liquid  A m m o n i a  with One 
Equ iva l en t  of a C2-C 4 Alkyl  Halide* 

A lkyl halide 

C2HsBr 
C=Hsl 
CnHTBr 
C~H7I 
C4HgBr 
C4H91 

yield, % 

N(Alk)~ T 

19 
26 
11 
22 
10 
15 

N H A I k  

33 
15 
53 
40 
52 
46 

* The amoun t  of NaNH~ taken to p roduce  the mono-  
an ion  was a l so  e q u i m o l e c u l a r ,  i .e . ,  1 : 1 .  
t T h e  y ie lds  g iven  in the second  c o l u m n  w e r e  ca l -  
cu la ted  with r e s p e c t  to the a m o u n t  of a m i n e  taken.  
It is obvious  that  a t  a r a t i o  of a m i n e  to RX of 1 : 1  
the t h e o r e t i c a l  y ie ld  of d i a lky lamino  d e r i v a t i v e  
cannot  exceed 50%. Under  these  cond i t ions ,  the 
amoun t  of unchanged  a m i n e  is equal  to the y ie ld  of 
t e r t i a r y  a m i n e .  Ca lcu la t ed  on the a lky l  ha l ide  
taken,  a l l  the y ie lds  g iven  in the second  c o l u m n  
m u s t  be doubled.  

TABLE 2. Resu l t s  of the A lky la t ion  of N-Anions  RNtV + AlkX -* 
RNHAlk + RN(AIk) 2 

a-Pyridyl 
The same 

7-Pyridyl 
The same 
Isoquinolin-1- yl 
The Same 

11 ,, 

st 

p, 

1- Ethylbenzimi- 
dazol-2-yl 

The same 
~p 

pJ 

J, 

AlkX 

C2HsBr 
CaHTI 
i-CaJ-IrBr 
i-CzHd 
C4HgBr 
C2HsBr 
The same 
C2HsBr 
The same 

d2H~l 
C3HTBr 
C3H71 
C4HgBr 
The same 
CaHgl 
C2HsBr 

C3HTBr 
CsHTI 
C4HgBr 
The same 

C4H91 
CsHsCH2CI 

Ratio, moles 

RNH2 NaNH2 

1 2 
1 2 
1 2 
1 2 
1 2 

1 1 
1 2 

2 
2 
3 
2 
2 
2 
2 
3 
2 

1 2 

1 2 
1 2 
1 2 
1 2 
1 3 
1 2 
1 2 

yield, % 

A | k X  R N H A l k  

2 
2 
2 
2 
2 
1 
2 
2 
3 
3 
2 
2 
2 
2 
3 
2 
2 

2 
2 
2 
3 
3 
2 
2 

RN(Alk)2  

41 
16 

24 
38 
73 
3o 
4o 
46 
47 
40 
57 
8 

4o 
53 
58 

27 
62 
22 
26 
3o 
40 
3o 

The a lky la t ion  of N - a n i o n s  wi th  i sopropy l  ha l ides  was p e r f o r m e d  for  2 - a m i n o p y r i d i n e .  The only  r e -  
ac t ion  p roduc t  in th is  ca se  was  2 - i s o p r o p y l a m i n o p y r i d i n e .  The low y ie ld  of s e c o n d a r y  a m i n e  - 13-32% - 
and the d i f f icul ty  of f o r m a t i o n  of the t e r t i a r y  a m i n e  a r e  obv ious ly  due to s t e r i c  effects ,  and a l so  to the 
t e n d e n c y  of i sopropy l  ha l ides  to undergo  e l i m i n a t i o n  r e a c t i o n s  of the  E 2 type unde r  the ac t ion  of b a s e s .  

In the benzy l a t i on  of the N - a n i o n s  of 2 - a m i n o - l - e t h y l b e n z i m i d a z o l e  with b e n z y l  ch lo r ide ,  the  m o n o -  
b e n z y l a t i o n  p roduc t  was ob ta ined  with a g r e a t e r  y ie ld  than  the d i b e n z y l a m i n o  de r iva t ive .  A ppa r e n t l y ,  s o m e  
dif f icul ty  in the  i n t roduc t ion  of a second  benzy l  g roup  is connec ted  wi th  i ts  r e l a t i v e l y  l a rge  s i ze  in  com-  
p a r i s o n  with,  for  example ,  me thy l  o r  ethyl r a d i c a l s .  However ,  our  r e s u l t s  he re  do not  c o m p l e t e l y  a g r e e  
wi th  the  r e s u l t s  of the F r e n c h  au tho r s ,  for  whom the y ie ld  of t e r t i a r y  a m i n e  in the  be nz y l a t i on  of the  N- 
an ion  of 4 - a m i n o q u i n o l i n e  wi th  benzy l  ch lo r ide  in l iquid a m m o n i a  was twice  the y ie ld  of the monobenzy l  
d e r i v a t i v e  [5]. 
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TABLE 3. 

RN(AIk) 2 

a - Pyrid yl 

The same 

Is~'qui'no lin-1- yl 

The same 

it - Ethylbenzi- 
mid azol- 2- yl 

The same 

C h a r a c t e r i s t i c s  of  the  D i a l k y l a m i n o  D e r i v a t i v e s  

Alk Bp, 
*C (nm) 

Empirical 
formula 

Found, % Calculated,. Picrate, 
% -mp, ~ 

C I H I N  C I H ] N (ethanol) 

C ~ H 5  

CaH7 
C,H~ 
C~H~ 

CaH~ 
C4H~ 

C~Hs 

C~H7 
C~H~ 

73--75 (5) ~ 

104 (7) 
155 (20) ~~ 

170 (5) 

l l 0  (l) n 

130 (5) 

CgHI4N2 " 47,6 
�9 C6H3NaO7 

CuHIsN2 [ 73,9 t 
CI~H22N2 [ 76,0 
ClaHl6N2 �9 [ 52,9] 

�9 CsHoN307 [ t 
C,~H2oN~ [ 79,2[ 
C,r �9 [ 56,7[ 

�9 C6HaNsO7 t I 
Ct~HI~N~ 71,6 

C15H~3 73,4 
C~7H~7N~ 74,7 

2:1 , 4, 85.5_,4~ 
15,9 74,1 10,2 15,7 135--136 

10,9[ - -  7571107 - -  127--129 
' i  16,1 53,1 4,3 16,3 151--153 

9,2 - -  178,9t 8,91 170--171 
5,7 f 104--105. 14,7 56,9 5,6 1~,4 

, - -  718 ~ 88 - -  156--158 

19'80A --  73,4 9,5 116--118 
15,2174,7] i0,01 ~ 4  / 125--126 

T A B L E  4 .  

a-Pyridyl 

The same 

Isoquino- 
l in - l -y l  

The same 

1-Ethylben- 
zimlda- 
zol-2-yl 
The same 

C h a r a c t e r i s t i c s  of  t h e  M o n o a l l ~ l  

AIk 

C2H~ 

C~H7 

~-C3H 

C4H9 

C2H5 

C3H7 
C4H9 

C2H5 

C3H7 
C~H9 

D e r i v a t i v e s  RNHAlk  

Bp, ~ 
Mp, ~ (rim) 

- -  73--75 
(5) a 

100 (10) c 

33--34 c [ --  

37--39 e I24--125 

78 8of ] (15)9 

49--56 f i 
40--41 ~ I 

63--165~ 

34--135~ 
47--148f 

Empirica{ Found, % R % ~ 

formu~ c . l ~ l ~ l .  lNiz~',r.~e 
C T H ~ o N 2 .  44,2 3,6[ 
�9 C6HsN307 
CsHI2N2 �9 46,1 4,1} 
�9 C6H3N~O7 
CsHt2N2 " 45,8 4,0] 
�9 C6HaN307 
CgHI4N2' 47,24,31 
�9 C6H3N307 
CuHI2N2 7 6 , 7 6 , 8 1  

CI2HI4N2 77,6 7.61 
C~zHIGN= 7 7 , 9 8 , 4 1  

CuHIsN3 69,77,6] 

i 

CI2HITNa '71,38,8] 
C~aH~gNa 71,78,8] 

19,7 44,4 i 3,7 19; 

18,9 46,0 4,2 19, 

19,1 46,0[ 4.2l 19, 

18,0 47,5] 4,5118, 

- -  7 6 , 7 1 7 , 1 1 - -  

- -  77,4l 7,6] --  
- -  77.8[ 8,11 - -  

- -  59,817,91 - -  

- -  76,918,5I - -  

- -  7 1 , 8 1 8 , 8 1  - -  

- -  164-- 
165 

- -  149-- 
15023 

- -  187-- 
188 d 

t26: 131-- 
132 

~29( - -  

~,28( - -  
~,311 175-- 

176 
;19' --  

121( - -  
1191 --  

a A c c o r d i n g  to [12], bp  79-82~  (4 r a m ) .  b A c c o r d i n g  to [13], bp  
l l 0 ~  (15 r a m ) .  C R e p r e c i p i t a t i o n  f r o m  h y d r o c h l o r i c  a c i d  s o l u -  
t i o n  w i t h  a m m o n i a ,  d A c c o r d i n g  to [14], p i c r a t e  w i t h  m p  173-  
175~ e A c c o r d i n g  to [9], m p  4 0 - 4 1 ~  f P e t r o l e u m  e t h e r .  
g T o l u e n e .  

In a g r e e m e n t  w i t h  t h e  c o n c l u s i o n s  of o u r  p r e c e d i n g  w o r k ,  we  h a v e  found  t h a t  the  N - a n i o n s  of 2 -  

a m i n o p y r i d i n e  a r e  a l k y l a t e d  in  l i qu id  a m m o n i a  c o n s i d e r a b l y  m o r e  p o o r l y  t h a n  t he  N - a n i o n s  of 4 - a m i n o p y r -  
i d i n e  of the  a - a m i n o  d e r i v a t i v e s  of  o t h e r  h e t e r o c y c l i c  s y s t e m s .  

On t he  w h o l e ,  c o n s i d e r i n g  the  e a s e  of  s e p a r a t i o n  of the  s e c o n d a r y  a n d  t e r t i a r y  a m i n e s ,  t he  a l k y l a t i o n  
of N - a n i o n s  w i t h  t h e  a i d  of  e t h y l  a n d  p r o p y l  i od ide s  c a n  be  r e c o m m e n d e d  a s  a f a i r l y  s i m p l e  m e t h o d  of o b -  
t a i n i n g  d i e t h y l a m i n o  a n d  d i p r o p y l a m i n o  d e r i v a t i v e s  of  N - h e t e r o c y c l e s .  T h e  p r o p e r t i e s  of  t he  m o n o -  a n d  
d i a l k y l a m i n o  d e r i v a t i v e s  of  n i t r o g e n  h e t e r o c y c l e s  o b t a i n e d  in  t h i s  i n v e s t i g a t i o n  a r e  g i v e n  in  T a b l e s  3 and  4. 

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

E t h y l a t i o n  of 4 - A m i n o p y r i d i n e .  To a s u s p e n s i o n  of 1.6 g (0.04 mole )  of f r e s h l y  p r e p a r e d  s o d i u m  
a m i d e  in  100 m l  of  l i q u i d  a m m o n i a  wa s  a d d e d  1 .88  g (0.02 mole )  of  4 - a m i n o p y r i d i n e  and ,  a f t e r  30 ra in ,  in  
d r o p s ,  4 .36 g (0.04 m o l e  of  e t h y l  b r o m i d e .  T h e  m i x t u r e  w a s  s t i r r e d  w i t h o u t  e x t e r n a l  c o o l i n g  a n d  the  
a m m o n i a  w a s  a l l o w e d  to e v a p o r a t e  off  g r a d u a l l y .  T h e  r e s i d u e  w a s  e x t r a c t e d  w i t h  e t h e r  (50 ml ) ,  and  t he  
s o d i u m  b r o m i d e  w a s  f i l t e r e d  off .  T h e  e t h e r  was  d i s t i l l e d  off a n d  t he  o i l y  b r o w n i s h  r e s i d u e  (2.8 g,  92%), 
c o n s i s t i n g  of  4 - d i e t h y l a m i n o p y r i d i n e  s u f f i c i e n t l y  p u r e  fo r  s y n t h e t i c  p u r p o s e s  was  p u r i f i e d  b y  one  of t he  
f o l l o w i n g  two m e t h o d s :  
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a) Chromatography on a Column of Alumina. Benzene eluted 2.2 g (73%) of pure 4-diethylamino- 
pyridine. Mp 81-83~ (petroleum ether); according to the l i terature [7], an oil. l>icrate, mp 168-169~ 
according to the l i terature [6] 169-170~ The PMR and IR spectra (from which the VNH band was absent) 
of the compound agreed completely with its s tructure.  

b) Vacuum Distillation. A fraction with bp 146-147~ (18-19 nm) was collected [7]. Yield 2.1 g (69%). 
The 4-diethylaminopyridine could not always be obtained in the crystalline state. 

The alkylation of the amines in the other cases was performed similarly, using for the purification 
and separation of the alkylation products column chromatography on alumina. Usually, benzene or petrole- 
um ether f i rs t  eluted the te r t i a ry  amine (Rf 0.8-0.9), and then the secondary amine (Rf 0.4-0.5). As an 
example, the procedure for the reaction of 1-aminoisoquinoline with propyl iodide is given. 

l>ropylation of 1-Aminoisoquinoline. To a suspension of 1.2 g (0.03 mole) of freshly prepared sodium 
amide in 150 ml of liquid ammonia was added 2.16 g (0.015 mole) of 1-aminoisoquinoline and, after 1.5 h, 
5.1 g (0.03 mole) of propyl iodide. The mixture was s t i r red  and the ammonia was allowed to evaporate 
off slowly. The dry residue was treated with ether (50 ml), and the sodium iodide was separated by fi l tra- 
tion. The ether was distilled off and the residue was dissolved in the minimum amount of chloroform and 
passed through a column of alumina. The 1-dipropylaminoisoquinoline was eluted with petroleum ether, 
the f i rs t  fraction being collected. Yield 1.94 g (57%). Then th~ same eluent eluted 1-propylaminoiso- 
quinoline. Yield 0.55 g (19%). 

Benzylation of 2-Amino-l-ethylbenzimidazole.  To a suspension of 2.41 g (0.015 mole) of 2-amino-1- 
ethylbenzimidazele in 150 ml of liquid ammonia was added 0.69 g (0.03 g-atom) of sodium in pieces. The 
mixture was s t i r red  for 30 min and 3.8 g (0.03 mole) of benzyl chloride was added, after which, with s t i r -  
ring, the ammonia was allowed to evaporate off slowly. The residue was treated with ether (75 ml) and 
filtered. The ether was distilled off from the filtrate, and the semicrystall ine residue (3.1 g) was treated 
with petroleum ether (100 ml). This extracted 1.5 g (30%) of 2-dibenzylamino-l-ethylbenzimidazole, 
which formed a viscous light yellow oil. Picrate,  mp 197-198~ which corresponds to the l i terature 
figure [8]. The solid residue insoluble in petroleum ether was recrystal l ized from ethanol, giving 1.44 g 
(41%) of colorless crystals of 2-benzylamino-l-ethylbenzimidazole with mp 154-155~ agreeing with the 
l i terature [8]. 
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