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The action of po tass ium amide  on qua te rna ry  N-methy l imidazo l ium,  N-methy l (a ra lky l ,  a ry l ) -  
benzimidazol ium,  N-methylnapth imidazol ium,  N-methy lper imid in ium,  and ac r id in ium sa l t s  in 
liquid ammonia  was studied. In mos t  cases ,  because  of the difficult ies involved in a romat iza t ion  
of the adducts of the N-alkyl  sa l ts  of the he te rocyc les  with the amide ion, they tend to undergo 
var ious  side t r ans fo rma t ions ,  the chief of which is hydrolys is  to carbinol  pseudobases .  However ,  
the fundamental  poss ibi l i ty  of aminat ion and imination of N - h e t e r o a r o m a t i c  cations by means  of 
meta l  amides  was shown in the case  of N-methoxybenz imidazo l ium and N-a lky lacr id in ium sal ts .  

In a study of the Chichibabin reac t ion  one of us advanced the hypothesis  [1] that the ni t rogen he te rocyc le  
is so rbed  on the sodium amide  sur face  in the f i r s t  s tep  of the p roces s  due to fo rces  of i on -d ipo l e  in teract ion 
(weak coordination) between the Na + ion and the pyridine nitrogen a tom.  A par t ia l  posi t ive charge  is induced 
on the ni t rogen a tom in the resu l t ing  complex (I), and this should faci l i ta te  the subsequent  am[nation.  
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This hypothes is  made it poss ible  to explain a la rge  number  of exper imenta l  observa t ions ,  pa r t i cu la r ly  
the nonaminabil i ty  of compounds with reduced  (pKa< 4) bas ic i ty .  During the logical development  of this idea, 
a question a r i s e s  as to how qua te rnary  sa l t s  of n i t rogen he te rocyc les  would behave under the conditions of the 
Chichibabin react ion.  The p r e s en t  r e s e a r c h  is devoted to the study of this quest ion.  
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The action of meta l  amides  on N-he t e roa roma t i c  cations has not been prev ious ly  invest igated.  It might 
be expected that  the cor responding  reae t ion  should p roceed  under eons iderably  mi lder  conditions than those in 
the Chichibabin reac t ion .  In the ease  of the format ion  of adduct II in the f i r s t  s tep,  its a romat iza t ion  eould 
lead ei ther  to an amine  (by spli t t ing out of RH) or to an imine (by spli t t ing out of H~). The la t ter  var ian t  is the 
up- to-nowunknown d i rec t  imination of ni t rogen he te roeye les .  In addition, one also could not exelude the p o s s i -  
bil i ty of any other d i f f icu l t - to -pred ic t  t r ans fo rma t ions .  

We studied the action of po tass ium amide  on the following methiodides of f ive-  and s i x - m e m b e r e d  N - h e t -  
e r o a r o m a t i c  sy s t em s :  
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IV a R=RI=CH3; b R=RI=C2Hs; c R=CHs, RI=CoH~CH2; d R=CH3, RI=CoH~; e R= 
=CH3, R~=OCHs; f R=C6HsCH~, R~=OCHs; VII a R=CH3, X=I; b R=C~Hs, X=Br 

The reac t ion  was ca r r i ed  out in liquid ammonia ,  inasmuch as the reagents  a re  insoluble in other sol-  
vents,  The amount of potass ium am[de used was one to three moles  per  mole of qua ternary  salt .  It was found 
that the direct ion of the reac t ion  depends on the amount of potass ium amide (see Table 1). 

1-Methyl-4,5-diphenyl imidazole ,  1-alkylbenzimidazole,  and 1-methyl-naphth[1,2-d]imidazol  9 meth-  
iodides r eac t  with 3 moles of potass ium amide to give the corresponding imidazolones in 45-80% yields. 
This react ion trend was observed by Takamizawa and co-workers  [2], who studied the action of potass ium 
dimsyl  on methiodide IVa in dimethyl sulfoxide (DMSO), although the yield of 1,3-dimethylbenzimidazolone 
in their  experiment  did not exceed 23%. These invest igators  expressed  the assumption that the formation 
of 1,3-dimethylbenzimidazolone is the resul t  of autooxidatton of y l id-carbene  VIII, which is formed by de- 
protonation of the benzimidazol ium cation: 

CH3 N~CH3 N~CH3 H3C--, ~CH 3 /CH 3 
- - , N "  B - - 1 4 , .  ~ N _ N - -  ~ N  

CH 3 CH 3 CH 3 CH 3 CH 3 CH 3 
V i l la  v i i i  b 

In our case the formation of 1,3-dimethylbenzimidazolone proceeds in a different manner ,  inasmuch 
as completely different products are  formed by the action of i mole of potassium amide on salt  IV: N,N'-  
d ia lkyl(ara lkyl}-N-formyl-o-phenylenediamine (XIT) in the case of TVb, c, d, and carbinol pseudobase XI in 
the case of IVa. It is clear  that the amount of potass ium amide should not, in principle,  affect the t r ans -  
format ions descr ibed in the preceding scheme.  These observat ions make the following mechanism for the 
react ion of salts  IV with potass ium amide more  likely: 
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The product of addition of the amide ion to the C =N bond of the benzimidazol ium cation (X) evidently 
is formed initially. Under the influence of the mois ture  condensed during evaporation of the ammonia,  X, 
being a derivative of the ext remely  unstable t r iaminomethane,  is readi ly  hydrolyzed to carbinol  XI. When 
1R = CH3, the latter is re la t ive ly  stable and can be isolated, whereas  when 1={ = C2H 5 and other groups it imme-  
diately is converted to the open pseudobase XII. Whereas the formation of a carbinol of the XI type in the 
benzimidazole ser ies  during the action of s t rong bases  on quaternary  salts was previously only postulated, 
1 ,3-dimethyl-2-benzimidazol inol  is the f i rs t  example of a compound of this type. Carbinol XI was obtained 
as color less  cyrs ta l s  with mp 119~ On storage in the crys ta l l ine  form or in solution it is converted to 
N,N ' -d imethy l -N-formyl -o-phenylened iamine  with mp 75 ~ (part icularly rapidly in solution). The PM1R spec-  
t r u m  can therefore  be r ecorded  only for a mixture of these two compounds. The PM1R spec t rum of a CDCls 
solution of the product contains the singlet o fanH 2 proton at 6 4.85 ppm, which is absent in the spec t rum of 
the acycl ic  fo rm of the pseudobase,  and a singlet (8.08 ppm) of the proton of a formyl  group. 

When excess KNH 2 is present  in the react ion mixture,  carbinol  XI is converted to O-anion XEI, which 
is readi ly  oxidized to 1,3-dimethylbenzimidazolone (compare this with the action of alkali on 1,3-dimethyl-  
5-nitrobenzimidaz01ium salts  [3]). In other words,  our proposed scheme explains why benzimidazolones 
a re  formed only when excess  potassium amide is present .  
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Theore t ica l ly  speaking,  the fo rmat ion  of benzimidazolones  can be a lso  conceived of as occur r ing  
through saponif icat ion of imine XV, which is fo rmed  by  oxidation of adduct X: 

[O] . .N "R H20 - - N  "R 

x - -  "N, p ~  ~H " \ N ~ O  
R 

xv 

However ,  we es tabl i shed that  imine XV is not affected by K1TI-I~ in liquid ammonia .  It  might  have been 
expected that adduet X would be oxidized to imine XV if ac t ive  manganese  dioxide were  added to the mix tu re  
immedia te ly  af ter  mixing the solution of po tass ium amide  in liquid ammonia  and qua te rna ry  Bait IV. N e v e r -  
the less ,  in this exper iment  we isolated only 1 ,3-dimethylbenzimidazolone (25% yie |  -0 fo rmed  as a r e su l t  
of oxidation of earbinol  XI, and N ,N ' -d i m e t hy l -N- fo rmy l -o -pheny l ened i amine  (55%). The open f o r m  of the 
pseudobase can be r ead i ly  conver ted  to the co r respond ing  imidazolone when a benzene solution of it con-  
taining act ive  manganese  dioxide is allowed to stand. The ease  of this t r ans fo rma t ion  is evidently due to 
r i n g - c h a i n  t a u t o m e r i s m  between the acycl ic  and carbinol  f o r m s  of the pseudobase  [4]. 

In te res t ing  r e su l t s  were  obtained in the reac t ion  of po t a s s ium amide in liquid ammonia  with N - m e t h -  
oxybenzimidazol ium sa l t s .  In this case  the only reac t ion  product  (in 90% yield) is the cor responding  1- 
s ubsti.tuted 2-aminobenzimidazole :  

~ . ~ J  N'OCH3 KNH" r ~ h I ' O C H 3  
'" L h "  -cH3o---  

v "N" "NH 2 
I -  R R R 

R = CH s, C~HsCH: XV| 

There is no doubt that the reaction proceeeds through the intermediate formation of adduct XVI, the 
stabi l izat ion of which leads to the cor responding  amine with spli t t ing out of a CH3OH molecule .  It  should 
be emphas ized  that 1-subs t i tu ted  benz imidazoles  t hemse lves  a r e  not amtnated  by po tass ium amide  under 
these  conditions. 

Although 1 ,3 -d imethy lper imid in ium sal t  VI does contain a s i x - m e m b e r e d  he te ro r ing ,  it occupies an 
in te rmedia te  posit ion between azole and azine sa l t s  with r e s p e c t  to its p rope r t i e s .  A mix ture  consis t ing of 
40% 1 ,3-d imethylper imidone  XIX and 35% 1 ,3-d imethy l -2 ,3 -d ihydroper imid ine  XX is o b t a i n e d b y t r e a t m e n t  of 
VI with 1 mole of KNH 2. Similar  r e s u l t s  we re  obtained in the reac t ion  of a 10% aqueous KOH solution with sa l t  VI 
[5]. On the bas i s  of th is ,  we feel  that the r eaction p roceeds  through a s tep  involving the fo rmat ion  of carbinol  
XVIII, which undergoes redox  disproport ionat ion:  

.CH~ ~ .CH 3 ~ ~CH 3 ~ ,CH 3 

XVll X ~, Ili  XIX XX 

Dihydro der iva t ive  XX is not fo rmed  in the reac t ion  of VI with 3 moles  of KNH 2. The pr incipal  r e a c -  
tion products  in this case  a r e  per imidone XIX (20-45%) and, somewhat  unexpectedly,  N , N ' - d i m e t h y l - l , 8 -  
naphthalenediamine (up to 46%). The format ion  of the l a t t e r  can be explained in the following way. Carbinol  
XVIII, in the p resence  of excess  KNIt2, is conver ted  to the O-anion,  which, on the one hand, is oxidized to 
per imidone  XIX, and, on the other ,  gives the open f o r m  of the pseudobase  (this is apparent ly  an equi l ibr ium 
p roces s  that  is shif ted to favor  cycl ic  f o r m  XXI). Under the influence of excess  po ta s s ium amide  the a c y -  
clic pseudobase  loses  a fo rmyl  group to give XXIII. 

, / ~  ,CH3 ~ 1 CH3 /~ CIH3 

XXl XXll XXIII 

N-Alkylaer idone XXVI and N-a lkylaer idan  XXVII a r e  fo rmed  in a ra t io  of ~ 1 : 1 (overal l  yield 70- 
80%) in the reac t ion  of 1 mole  of KNH 2 with acr id ine  alkylhal ides  (VIIa,b). However ,  the addition of f e r r i c  
n i t ra te  to the reac t ion  mix tu re  of sa l t  VIIa and KNH 2 leads to the format ion  of 1 0 - m e t h y l - 9 - a m i n o a c r i d i n -  
ium n i t ra te  (XXVIII) in addition to XXVI and XXVII. Ni t ra te  XXVII is conver ted  to the known 10- methy l -  9- 
acr idone  imine [6] on t r ea tmen t  with alkali .  
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T A B L E  i .  

A m i d e  

R e a c t i o n  of  N - H e t e r o a r o m a t i c  Ca t ions  wi th  P o t a s s i u m  

Qua - I KNH~ ternary Imoles'] Reaction product Yield,% 
salt , 

IVa 
IVa 
IVb 
IVb 
IVc 
IVd 
IVd 
IVf 
III 
V 
V 

IV 

IV 

Vlla 

Vlla 

1,3 -Dimethylbenzimidazolone 
1,3-Dimethyl-2-benzimidazolinol 
1,3 -Diethylbenzimid az olone 
N,N' -Diethyl -N - formyl- o-phenylenediamine 
N-Methyl-N'-benzyl-N-formyl-o-phenylenediamine 
N-Methyl-N'-phenyl- N-formyl-o-phenylenediamine 
1-Methyl-2-aminobenzimidazole 
1 -Beazyl-2-aminobenzimidazole 
1,3 -Dim ethyl-4, 5-diphenylimidazolone 
1,3-Dimethylnaphth[1,2-d]imidazolone 
N,N'-Dimethyl-N-formyl-l,2-naphthalenediamine 

/1,3 -Dimeth~_'Ip erim id one 
~.N,N' -Dimethyl-l,8-naphthalenediamine 
f 1,3 -Dimethylperimidone 
tl,3-Dimethyl-2,3-dihydroperimidine 

N-Methylacridone 

N-Methylacridan 

10 -Methyl-9-aminoacridinium nitrate 

N-Methylacridone 

N-Methylacridan 

10-Methyl-9 -aminoacridinium nitrate 

N-Ethylacridone 
N-Ethylacridan 
N-Ethylacridone 

N-Ethylacridan 

/ 10 -Methyl-9 -aminoacridinium nitrate 

VIIb 

VIIb 

8o 
90 
45 
96 
90 
96 
93 
90 
76 
75 
93 
20--45 
46 
4o 
35 
41 
39* 
41 
39* 
5 
9* 

4o 
38t 
28* 
4o 
36~ 
26* 

ll T 
38* 
4o 
47 
32 
3o$ 
45 
3g$ 

5* 

*In the  p r e s e n c e  of  e q u i m o l e c u l a r  a m o u n t s  of f e r r i c  n i t r a t e  (III) .  
t C a t a l y t i c  a m o u n t s  of f e r r i c  n i t r a t e  (III) .  
$ E q u i m o l e c u l a r  a m o u n t s  of s i l v e r  n i t r a t e .  

The  f i r s t  s t e p  in the  r e a c t i o n  e v i d e n t l y  c o n s i s t s  in the  f o r m a t i o n  of the  p r o d u c t  of  add i t i on  of the  a m -  
[de ion (XXIV), which ,  in t he  a b s e n c e  of an o x i d i z i n g  agen t ,  is  h y d r o l y z e d  c o m p l e t e l y  to c a r b i n o l  XXV. C a r -  
b i n o l  XXV (a s u b s t a n c e  wi th  b r i g h t - g r e e n  f l u o r e s c e n c e )  is  a l so  the  p r i m a r y  r e a c t i o n  p r o d u c t .  H o w e v e r ,  it 
u n d e r g o e s  d i s p r o p o r t i o n a t i o n  to  g ive  XXVI and XXVII when a t t e m p t s  a r e  m a d e  to  i s o l a t e  i t  in p u r e  f o r m  
[7]. When f e r r i c  n i t r a t e  was  p r e s e n t ,  the  f e r r i c  ions  o x i d i z e d  adduc t  XXIV to s a l t  XXVIII (under t h e s e  con -  
d i t i ons  the  NO 3- ion is not  an o x i d i z i n g  agen t ,  i n a s m u c h  as  r e p l a c e m e n t  of f e r r i c  n i t r a t e  by p o t a s s i u m  n i -  
t r a t e  does  not  l e ad  to  XXVIID. 

NH 2 

H N r'-' 3 4, ~ - I -  2Fe ;t+ -,I- H e" 

.~H3 ". .<o ~ o .  o . .H  

CH 3 CH 3 C H  3 

XXV XXVI XXYll 

We have  not  y e t  been  a b l e  to  c o m p l e t e l y  s u p p r e s s  h y d r o l y s i s  of XXIV and d i r e c t  the  r e a c t i o n  to f avo r  
t he  f o r m a t i o n  of  s a l t  XXVIII ,  i n a s m u c h  as  the  ox ida t ion  p r o c e s s  a p p a r e n t l y  p r o c e e d s  s lowly .  Howeve r ,  it 
is  e x t r e m e l y  d i f f i cu l t  to p r o t e c t  the  m i x t u r e  f r o m  m o i s t u r e ,  for  it  ge t s  into the  m i x t u r e  not  only  b e c a u s e  of 
the  e x t r e m e l y  h igh  h y g r o s c o p i c  c h a r a c t e r  of a m m o n i a  but  a l s o  b e c a u s e  it is  i n t r o d u c e d  wi th  the  f e r r i c  n i -  
t r a t e ,  which  e x i s t s  in the  c r y s t a l  h y d r a t e  f o r m .  N e v e r t h e l e s s ,  the  m i n i m u m  y i e l d  of XXVIII,  wh ich  was  
o b t a i n e d  when 1 m o l e  of  f e r r i c  n i t r a t e  was  u sed ,  was  38%, wh ich  is h ighe r  than  the  y i e l d  of  9 - a m i n o a c r i d i n e  
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in the amination of acridine [8]. The other oxidizing agents that we investigated [chloranil, K3Fe(CN)~, 
AgNO3, Ni sOs, Mn (CH3C OO) 3 "2ti20, and activated MnO 2 ] do not ra i se  the yield of the imine. 

We were  unable to obtain 10-e thyl -9-acr idone  imine under these conditions. We isolated 10-e thyl-9-  
aminoacr idinium nitrate in only one case in the presence  of AgNO3, but the yield was very low (5%). 

10-Methyl-9-aminoacr id inium nitrate (5-9%) and N-methylacr idone and N-methylacr idan in approxi-  
mately equal ra t ios  (overall yield 75-80%) are  also formed in the react ion of 3 moles of potass ium amide 
with acridine methiodide. 

Thus the fundamental possibil i ty of amination and imination of nitrogen heterocycles  by means of 
metal amides in conformity with the above scheme was demonstrated in the case of N-methoxybenzimidazo-  
lium (IVe, f) and N-alkytacr idinium (VII) salts .  In addition, because of the difficulties involved in the a ro -  
matization of the adducts of the N-alkyl salts of heterocycles  they tend to undergo various side t r a n s f o r m a -  
tions, the chief of which is hydrolysis  to carbinol pseudobases.  However, in the future we hope to find more  
convenient solvents and oxidizing agents and achieve convers ion of the adducts to imines. 

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

The IR spec t ra  of the compounds were r ecorded  with a UR-20 spec t romete r .  The PMR spect ra  of 
CDC13 solutions were measured  with a Tesla BC 487C spec t rometer  (80 MHz) with hexamethyldisiloxane 
as the internal standard.  The ~ values presented in the study were converted with respec t  to the signal of 
te t ramethyls i lane.  

Reaction of 1 ,3-Dimethyl-4,5-diphenyl imidazol ium Iodide with 3 Moles of Potass ium Amide. A 1.88-g 
(0.005 mole) sample of 1-methyl-4,5-diphenyl imidazole  methiodide was added to a solution of potassium 
amide, obtained f rom 0.6 g (0.015 g-atom) of potassium metal  in 50 ml of liquid ammonia,  and the mixture 
was s t i r r ed  at - 7 0  ~ for 1.5 h. The ammonia was then evaporated to dryness  at r o o m  tempera ture ,  and the 
solid residue was extracted with hot absolute benzene (70-80 ml). Workup gave 1.0 g (76%) of color less  
p r i sms  of 1,3-dimethyl-4,5-diphenylimidazolone with mp 183-184 ~ (from dilute acetic acid) (rap 185 ~ [9]). 
IR spectrum~ cm -1 (CHC13): vC= O 1685. 

Reaction of l ,3 -Dimethylbenzimidazol ium Iodide with 3 Moles of Potass ium Amide. A 2.74-g (0.01 
mole) sample of 1-methylbenzimidazole methiodide was added to a solution of 0.03 mole of KNH2 in 50 ml 
of liquid ammonia.  After 10-15 rain, a gray precipitate formed,  and the mixture was then s t i r red  at - 7 0  ~ 
for 2 h. The ammonia was then evaporated to dryness ,  and the res idue was extracted with 50 ml of abso-  
lute benzene. Workup gave 1.3 g (83%) of color less  needles of 1,3-dimethylbenzimidazolone with mp 109 ~ 
(from heptane) (the same melting point was  obtained in [10]). No melt ing-point  depress ion was observed 
for a mixture of this product with a genuine sample.  IR spect rum,  cm -1 (CHC13): v C = O 1680. 

Reaction of 1,3-Dimethylbenzimidazolium Iodide with 1 Mole of Potass ium Amide.. A 2.74-g (0.01 
mole) sample of methiodide IVa was added to a solution of potassium amide obtained f rom 0.39 g (0.01 g- 
atom) of potassium in 60 ml of liquid ammonia.  After 20-25 rain, the solid mater ia l  had dissolved com-  
pletely, and the react ion mixture was then s t i r red  at - 7 0  ~ for 2 h. The mixture was then evaporated to 
dryness ,  and the solid res idue was extracted with 50 ml of absolute benzene. Evaporation of the benzene 
solution in air  left 1.5 g (90%) of color less  p r i sms  of 1 ,3-dimethyl-2-benzimidazol inol .  The product was 
quite soluble in alcohol, acetone, benzene, and ether but only slightly soluble in petroleum ether.  Found: 
C 65.8; H 7.1; N 17.4%. CgH12N20. Calculated: C 65.3; H 7.3; N 17.1%. The IR spec t rum was identical to 
the spec t rum of XII (R =CH3) obtained by the action of 10% NaOH on methiodide IVa: v C=O 1665 cm- i  and 
~NH 3360 cm -1 (mineral oil). 

Reaction of l~3-Dimethylbenzimidazolium Iodide with 1 Mole of Potass ium Iodide in the Presence  o f  
Active Manganese Dioxide. A 1.37-g (5 mmole) sample of methiodide IVa was added to a solution of potas-  
s ium amide obtained f rom 0.2 g (5 mmole) of potassium in 50 ml of liquid ammonia,  after which the mixture 
was s t i r r ed  at - 7 0  ~ for 2 h. A 1.5-g sample of activated MnO 2 was then added, and the ammonia  was evapo- 
rated.  The dry res idue  was t rea ted  with absolute benzene (50-60 ml), and the benzene extract  was evapo- 
ra ted to give 0.7 g of color less  c rys ta l s ,  which were found to be a mixture of 1,3-dimethylbenzimidazolone 
and N,N' -d imethyl -N-formyl-o-phenylenediamine .  The products were separa ted  by chromatography with 
a column filled with A1203 (elution with chloroform).  The f i rs t  fraction eluted contained 0.26 g (25%) of 
color less  needles of 1,3-dimethylbenzimidazolone with rap 108-109 ~ (from octane). No melting-point de- 
press ion was observed for a mixture of this product with a genuine sample.  The second fract ion contained 
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0.45 g (55%) of co lor less  p r i sms  of N,N ' -d imethy l -N-formyl -o-phenylened[amine  with mp 74-75 ~ (from 
pet ro leum ether). No melt ing-point  depress ion was observed for a mixture of this product with a genuine 

sample.  

Oxidation of N,N-Dimethyl -N-formyl-o-phenylenediamine  with Manganese Dioxide. A suspension of 
0.9 g (0.01 mole) of act ive MnO 2 and 0.17 g (0.001 mole) of N,N ' -d imethyl -N-formyl -o-phenylenediamine  
in 30 ml of benzene was s t i r r ed  at r o o m  tempera tu re  for 48 h, after which the MnO 2 was removed  by f i l t ra-  
tion, and the benzene solution was evaporated to dryness  to give 0.16 g (~ 100%) of color less  needles of 
1,3-dimethylbenzimidazolone with mp 110 ~ (from octane). No melting-point depression was observed for a 
mixture of the product with an authentic sample.  

Reaction of 1,3-Diethylbenzimidazolium Bromide with 3 Moles of Potass ium Amide. The react ion 
was car r ied  out as descr ibed for 1 ,3-dimethylbenzimidazol ium iodide to give 1,3-diethylbenzimidazolone 
in 45% yield. The product was purified by sublimation at 90 ~ (10 ram) to give a product with mp 68-69 ~ in 
agreement  with the melting point repor ted  in [10]. IR spectrum,  cm -1 (CHCI3): ~C=O 1675. 

Reaction of 1,3-Diethylbenzimidazolium Bromide with 1 Mole of Potass ium Amide. Equimolecular  
amounts of potass ium amide and ethylbromide IVb in liquid ammonia were s t i r red  at - 7 0  ~ for 2 h. Thirty 
minutes after the cooling bath had been removed,  the solid mater ia l  had dissolved completely.  N,N' -Di-  
e thy l -N-formyl -o-phenylenediamine  was isolated as descr ibed for 1-methylbenzimidazole methiodide to 
give 1.85 g (96%) of color less  p r i sms  with mp 72-73 ~ (from petroleum ether). Found: C 68.9; H 8.2; N 
14.6%. CtlHI~N20. Calculated: C 68.7; H 8.3; N 14.6%. The same substance was obtained by t reatment  of 
ethylbromide IVb with 20% aqueous NaOH solution and had mp 72 ~ (from petroleum ether). No melt ing- 
point depress ion was observed for a mixture of the two products.  IR spect rum,  cm -1 (mineral oil): ~C=O 

1670 and VNi_ I 3365. 

Reaction of 1,3-Methylbenzylbenzimidazolium Iodide with 1 Mole of Potass ium Amide. This react ion 
was ca r r i ed  out under s imi lar  conditions to give N-methy l -N ' -benzy l -N- fo rmyl -o -pheny lened iamine  as a 
color less  oil in 90% yield. The picrate  was obtained as yellow needles with mp 191-192 o (from glacial ace-  
tic acid). Found: C 55.0; H 4.0; N 15.6%. C15H16N20.C6H3N30. Calculated: C 54.9; H 4.1; N 15.3%. No 
melting-point depression was observed for a mixture of this product with an authentic sample.  

Reaction of 1-Methyl-3-phenylbenzimidazol ium Iodide with 1 Mole of Potass ium Am[de. This r e a c -  
tion was ca r r i ed  out as descr ibed for 1-methylbenzimidazol ium methiodide to give N-methy l -N ' -pheny l -N-  
formyl-o-phenylenediamine  as pinkish pr i sms  with mp 166-167 ~ (from alcohol) in 96% yield. Found: C 73.5; 
H 6.0; N 12.6%. C14HltN20. Calculated: C 73.3; H 6.1; N 12.4%. IR spec t rum,  cm -1 (CHC18): ~C=O 1680 
and VNH3320 and 3410. 

Reaction of 1,3-Dimethylnaphth[1,2-d]imidazolium Iodide with 3 Moles of Potass ium Amide. Methio- 
dide V (4 mmole) was added to a suspension of f reshly  prepared potass ium am[de (12 mmole) in 200 ml of 
t echnica l -grade  liquid ammonia ,  af ter  which the ammonia  was allowed to evaporate  spontaneously at room 
tempera ture .  The res idue  was t rea ted  with 100 ml of boiling benzene, and the extract  was worked up to 
give 0.6 g (75%) of 1,3- dimethylnaphth[1,2-d]imidazolone with mp 175-176 ~ (from alcohol). Found: C 73.5; 
H 5.9; N 13.0%. C13Ht2N20. Calculated: C 73.6; H 5.7; N 13.2%. IR spec t rum,  cm -1 (mineral oil): vC= 0 
1690. 

Reaction of 1,3-Dimethylnaphth[1,2-d]imidazolium Iodide with 1 Mole of Potass ium Amide. This r e -  
action was ca r r i ed  out s imi la r ly  to give color less  p r i sms  of N ,N ' -d imethy l -N- formyl - l ,2 -naph tha lene-  
diamine with mp 129-130 ~ (from alcohol) in 93% yield. Found: C 73.1; H 6.8; N 13.4%. CtsHl~N20. Calcu- 
lated: C 72.9; H 6.5; N 13.1%. IR spec t rum,  cm -1 (CC14): ~ C=O1675and ~NR 3370. 

Reaction of 1 ,3-Dimethylper[midinium Iodide with 3 Moles of Potass ium Amide. A 0.01-mole sample 
of methiodide VI was added to a solution of f reshly  prepared  potass ium am[de (0.3 mole) in 150 ml of tech-  
n ica l -grade  liquid ammonia ,  and the mixture was s t i r r ed  until the ammonia  had evaporated completely. The 
solid res idue was t rea ted  with 100 ml of boiling xylene, and the extract  was worked up to give 1.75 g of 
g ray-brown cyrs ta l s ,  which were  found to be a mixture of 1,3-dimethylperimidone and N , N ' - d i m e t h y l - l - 8 -  
naphthalenediamine. The components were  separa ted  by t reat ing the mixture with a hot 3% solution of HC1, 
and the insoluble 1,3-dimethylperimidone [0.43 g (20%)] was removed  by fi l tration to give color less  c rys ta ls  
with mp 209 ~ (from alcohol),  in agreement  with the melting point r epor ted  in [5]. IR spec t rum,  cm -1 (min- 
era l  oil): VC=O1675. The hydrochlor ic  acid f i l t rate  was neutral ized with ammonia,  and the mixture was 
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worked up to give 0.88 g (46%) of color less  c rys ta l s  of N,N' -d lmethyl - l -8-naphtha lenediamine  with mp 
96-98 ~ (from aqueous alcohol), in agreement  with the melt ing point repor ted  in [11]. IR spect rum,  cm -1 
(CHC13): PNtt 3385. 

Reaction of l~3-Dimethylperimidinium Iodide with 1 Mole of Potass ium Amide. A 3.24-g (0.01 mole) 
sample of methiodide VI was added to a f reshly prepared  solution of 0.01 mole of potass ium amtde in 200 
ml of liquid ammonia ,  and the mixture was s t i r r ed  until the ammonia  had evaporated completely.  The r e s i -  
due was t rea ted  with 100 ml of hot benzene, and the ext rac t  was worked up to give 1.6 g of 1,3-dimethyl-  
perimidone and 1,3-dimethyl-2 ,3-dihydroper imidine.  The components were  separa ted  by t rea tment  of the 
mixture with 30 ml of boiling 3% HC1 solution; the insoluble 1,3-dimethylperimidone [0.85 g (40.5%)] was 
removed by fil tration to give color less  c rys ta ls  with mp 209 ~ (from alcohol). The hydrochloric  acid f i l t rate 
was neutral ized with ammonia,  and the precipitated 1 ,3-dimethyl-2 ,3-dihydroper imidine  [0.7 g (35.5%) ] was 
removed  by fil tration to give color less  c rys ta ls  with mp 149-150 ~ (from alcohol). No melting-point  depres -  
sion was observed for a mixture of this product with an authentic sample.  

Reaction of N-Methylacridinium Iodide with 1 Mole of Potass ium Amide. A 3 .2-g  (0.01 mole) sample 
of methiodide VIIa was added to a solution of potass ium amide obtained f rom 0.39 g (0.01 g-atom) of potas-  
s ium metal in 70 ml of liquid ammonia ,  after  which the mixture was s t i r r ed  at - 7 0  ~ for 1 h. The ammonia  
was then evaporated to dryness ,  and the dry res idue  was t rea ted  with 100 ml of absolute benzene. Workup 
of the extract  yielded 1.9 g of a mixture of substances;  the components of the mixture were  separated by 
chromotography on a column filled with A1203 (elution with benzene). The f i rs t  fraction yielded 0.7 g 
(36%) of color less  plates of N-methylacr idan with mp 96-97 ~ (from alcohol), in agreemeDt with the melting 
point repor ted  in [12]; the second fraction yielded 0.8 g (38%) of yellowish needles of N-methylacr idone with 
mp 203-204 ~ (from benzene), in agreement  with the melting point repor ted  in [12]. IR spec t rum,  cm -1 
(CHC13): v C=O 1680. A third substance was eluted f rom the column with acetone, during which it was con- 
verted to N-methylacr idan and N-methylacridone.  

Reaction of N-Methylacridinium Iodide with 1 Mole of Potass ium Amide in the Presence  of 1 g-eq of 
Fe r r i c  Nitrate. This react ion was ca r r i ed  out s imi la r ly  except that 2.02 g (1 g-eq) of Fe(NOa) 3. 9H20 was 
added 5 min after  the addition of methiodide VIIa. The ammonia  was evaporated,  and the dry res idue  was 
extracted with 100 ml of benzene. The extract  was worked up to give 1.2 g of a mixture of substances ,  the 
components of which were  separa ted  as descr ibed above to give 0.4 g (21%) of N-methylacr idan and 0.5 g 
(24%) of N-methylacr idone.  The solid res idue remaining  after  t rea tment  with benzene was extracted with 
150 ml of boiling absolute alcohol. Workup of the alcohol extract  yielded 0.87 g (38%) of 1 -methy l -9-amino-  
acr idinium nitrate.  Recrys ta l l iza t ion f rom water gave yellow needles with mp 275 ~ (dec.). Found: C 62.2; 
H 5.0; N 15.4%. C14Ht3N303. Calculated: C 62.0; H 4.8; N 15.5%. Trea tment  of the ni trate with 5% NaOH 
solution gave 0.8 g of l ight-brown pr i sms  of 10-methyl -9-acr idone  imine with mp 138 ~ (from aqueous a lco-  
hol). No melting-point  depress ion was observed for a mixture of this product with an authentic sample.  

Reaction of N-Methylacridinium Iodide with 3 Moles of Potass ium Amide. A 3.21-g (0.01 mole) s a m -  
ple of methiodide VIIa was added to a solution of potass ium amide obtained f rom 1.17 g (0.03 g-atom) of 
potassium in 100 ml of liquid ammonia,  after which the mixture was s t i r r ed  at - 7 0  ~ for 1 h, and the ammo-  
nia was evaporated to dryness .  The residue was extracted with 100 ml of absolute benzene, and the extract  
was worked up to give 1.8 g of a mixture of substances.  The components of the mixture were  separa ted  
on a column filled with A1203 (elutionwith benzene) to give 0.8 g (41%) of N-methylacr idan,  0.85 g (41%) 
of N-methylacr idone,  and 0.1 g (5%) of 10-methyl--9-aminoacridininm ni t ra te ,  

The following reac t ion  products were  formed when the experiment  was ca r r i ed  out in the presence  of 
an equimolecular  amount of f e r r i c  ni trate;  N-methylacr idan (39%), N-methyl  +acr idone (39%), and 10- 
methy l -9-  acridone imine (9%). 

Reaction of N-Ethylacr id inium Bromide with 1 Mole of Potass ium Amide. The experiment was c a r -  
r ied  out as descr ibed for  methiodide VIIa. After evaporation of the ammonia ,  the dry res idue  was t rea ted  
twice with 100 ml of absolute benzene, and the extract  was worked up to give 1~5 g of a mixture of sub- 
s tances,  the components of which were  separa ted  on a column filled with A1203 (elutionwith benzene) to 
give 0.5 g (32%)of color less  needles of N-ethylacr idan with mp 94-95 ~ (from alcohol)"(the product darkened 
rapidly in air). Found: C 86.5; H 5.9; N 7.9%. CisHisN. Calculated: C 86.7; H 5.6; N 7.8%. Also isolated 
was 0.75 g (45%) of yellowish needles of N-ethylacridone with mp 159-160 ~ in agreement  with the melt ing 
point repor ted  in [13]. 

Reaction of N-Ethylacr idinium Bromide with 1 Mole of Potass ium Amide in the Presence  of 1 g-eq 
of Silver Nitrate. A 2.13-g (7.5 mmole) sample of ethylbromide VIIb was added to a solution of potass ium 
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amide obtained from 0.3 g (7.5 rag-atom) of potassium in 80 ml of liquid ammonia, 10 min after which 1.3 g 
(7.5 mmole) of AgNO 3 was added. The mixture was then s t i r red  at -70  ~ for 1 h, after which the ammonia 
was evaporated to dryness. The dry residue was extracted with absolute benzene to give 1.5 g of a mixture 
of substances, the components of which were separated by chromatography on a column filled with AI203 
(elution with benzene) to give 0.45 g (307o) of N-ethylacridan and 0.65 g (39%) of N-ethylacridone. The 10- 
ethyl-9-aminoacridinium nitrate that was not eluted by benzene was extracted with boiling alcohol from the 
A1203 layer to give 0.1 g (5%) of dark-yellow needles with mp 265 ~ (dec., f rom alcohol). Found: C 63.0; 
H 5.3; N 14.970. C~sH15N30 ~. Calculated: C 63.2; H 5.3; N 14.7%. 

Reaction of 1-Methyl-3-methoxybenzimidazolium Iodide with 1 Mole of Potassium Iodide. A 2.9-g 
(0.01 mole) sample of methlodide IVe was added to a solution of potassium amtde obtained from 0.39 g 
(0.01 g-atom) of potassium in t00 ml of liquid ammonia, after which the mixture was s t i r red at -70  ~ for 
2 h. The ammonia was then evaporated to dryness,  and the solid dark-brown residue was treated with 20 
ml of cold water. The aqueous mixture was fil tered to give 1.35 g (93%) of colorless prisms of 1-methyl- 
2-aminobenzimidazole with mp 201-202 ~ (from water), in agreement with the melting point reported in [14]. 

Reaction of 1-Benzyl-3-methoxybenzimidazolium Iodide with i Mole of Potassium Amide. This r eac -  
tion was carr ied out similarly.  Workup gave l ight-rose-colored prisms of 1-benzyl-2-aminobenzimidazole 
with mp 194-195 ~ (from benzene) (in agreement with the melting point reported in [15] in 90% yield. 
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