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Methods of synthesizing var ious  N-subst i tuted pe r imid ines  and aceper imid ines  have been studied. It has 
been es tabl ished that because  of the autoxidation of the N-anions of pe r imid ine ,  2 -methylper imid ine ,  and 
aceper imid ine ,  the alkylat ion of these compounds in an alkal ine medium must  be ca r r i ed  out in an 
iner t  a tmosphere .  Prev ious ly-unknown N-subst i tu ted  pe r imid ines  and aceper imid ines  have been 
synthesized.  The ionizat ion constants  of the compounds obtained have been measured  in 10% aqueous 
ethanol at 25 �9 1 ~ C. 

There  has been no subs tant ia l  p rog re s s  whatever in the chemis t ry  of per imid ine  (I) since Sachs ~ broad 
invest igat ions [2]. The sporadic invest igat ions of individual authors have been connected main ly  with methods closing 
the hetero  r ing  of I (see the review [3]). Never theless ,  in view of t he i r  s t ruc tu ra l  and electronic  cha rac te r i s t i c s  [1], 
the most  int r iguing point in the per imid ines  must  be their  reac t iv i ty  and not methods of p repar ing  them, in which 
they differ l i t t le  f rom the naphthoimidazoles i somer ic  with them. 

We began our invest igat ions  of the chemis t ry  of per imid ine  with a study of methods for synthesiz ing its N- 
subst i tuted der iva t ives .  Only one represen ta t ive  of this se r ies  was known previously ,  1 ,2 -d imethy lper imid ine  [4]. It 
was obtained in low yield (30%) by t rea t ing  2-methylper imid ine  with methyl p- toluenesulfonate  at 100" C. Under these 
conditions,  as is well  known, the reac t ion  takes place through the pyridine N-atom with the format ion of a qua te rnary  
salt  f rom which t rea tment  with alkal i  l ibera tes  the base .  Our methylat ion of per imid ine  ca r r i ed  out under  s im i l a r  
conditions also led to a low yield (22%) of N-methyl  per imid ine .  In the t rea tment  of the qua te rnary  sal t  with alkali ,  
pronounced res in i f ica t ion  was observed.  The same resu l t s  were given by the methylat ion of per imid ine  and its s i lver  
salt  with methyl  iodide in xylene.  The alkylat ion of the imidazole in a neutra l  medium leads to somewhat higher yields 
(35-50%) and is  not accompanied by res in i f ica t ion  [5]. Apparently because of the low acidity of the NH group, the 
methylat ion of pe r imid ine  with diazomethane is also unsuccessful  (Table 1). In view of this,  we resolved to c a r ry  out 
methylat ion under  alkal ine conditions which, in the imidazole  s e r i e s ,  takes place via the anion and is,  therefore ,  
more  effective. The pe r fo rmance  of the reac t ion  in liquid ammonia  in the p resence  of sodium amide,  usual ly  giving 
good resu l t s  [6,7], here  proved inapplicable once again because  of the pronounced res in i f ica t ion  of the reac t ion  
mixture .  When per imid ine  was methylated with methyl  iodide in 
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ethanolic alkali ,  the yield of 1-methylper imidine  reached 50%. Simultaneously,  the format ion of a considerable  
amount of a black c rys ta l l ine  substance which great ly  complicated the puri f icat ion of the N-methyl  der ivat ive was 
observed.  In view of the p resence  of a high posit ive charge on the C(2 } of the pe r imid ine  molecule [1], we f i r s t  
a ssumed  that the format ion  of the byproduct was the resu l t  of a f a r - r each ing  react ion between the 1-methylper imidine  
and OH- or C2H50- ions.  However, 1-methylper imidine  proved to be stable to the action of alkal ine agents under  these 
conditions.  It r emained  to be assumed  that the side react ions  were undergone by the N-anion formed in the presence  of 
alkal i .  In actual  fact,  when per imid ine  was t rea ted  with ethanolic or aqueous alkal i  the solution immedia te ly  acquired 

*For  par t  II, see [1]. 

106 



a black co lor  and af te r  br ie f  heat ing, the above-ment ioned  black product  separa ted  out quanti tat ively.  Its composi t ion 
was (CllHTNzO)x, and the imposs ib i l i ty  of its fo rmat ion  in an a tmosphere  of ni t rogen shows that it is obtained by the 
oxidation of the N-anion of pe r imid ine  with a tmospher ic  oxygen. Since 2 -methy lper imid ine  gives  a product  of 
analogous composi t ion,  (CI2HgN20)x, in an alkal ine med ium,  it may be cons idered  that it is the naphthalene moie ty  of 
the pe r imid ine  sys tem that undergoes  oxidation. The N-anion of aceper imid ine  undergoes  oxidation with somewhat 
g r e a t e r  difficulty.* Such instabi l i ty  of N-anions in he t e roa roma t i c  compounds is a phenomenon of ex t r eme  r a r i t y ,  
observed  to some extent,  so f a r  as we know, only in the case  of phenothiazine [8]. 

Table 1. Resul t s  of the Methylation of Pe r imid ine  Under Various Conditions 

Yield o f  1-methyl-  
Methyla t ing  agent Condi t ions  per imidine ,  % 

CH3OSO2--C6H4--CHs 
CHIN2 
CHz I 

) )  11 

Fusion,  100 ~ C 
Dioxane,  20  ~ C 
Xylene,  140  ~ C 
Silver salt o f  per imidine ,  xylene ,  140 ~ C 
Liquid ammonia ,  NaNH~ 
Boiling in e thanol ic  a lkal i  

22 
5 

27 
5 

12 
47--50 

The alkylat ion of pe r imid ine  and aeeper imid ine  in an ethanolic solution of alkali  in an a tmosphere  of ni t rogen 
enabled us to obtain the p rev ious ly  unknown N-alkyl  de r iva t ives  II and IV with higher  yields than in the p r e sence  of 
a tmospher ic  oxygen (Table 2). S imi la r ly ,  in the methylat ion with methyl  iodide (1 mole) of 2 -methy lpe r imid ine  in 
ethanolic alkali  the yields of 1 ,2 -d ime thy lpe r imid ine  were  68 and 47% in an a tmosphere  of ni t rogen and under the 
usual conditions,  r e spec t ive ly .  The benzylat ion of pe r imid ine  takes place with g r e a t e r  difficulty than usual [5]. Thus, 
in the reac t ion  of I in an alkaline medium with benzyl(dimethyl)phenylammonium chlor ide  and with benzyl chlor ide ,  the 
yields of 1-benzylper imidine  were ,  r e spec t ive ly ,  4 and 47%. 

We w e r e  unable to effect  the d i r ec t  N-ary la t ion  of pe r imid ine  by the methods proposed fo r  f i v e - m e m b e r e d  
n i t rogen he t e rocyc l e s  [5] and phenoxazine [9] because  of the comple te  res in i f ica t ion  of the reac t ion  mix ture .  

It has r ecen t ly  been shown [10] that per imidine  adds f luoroolef ins  at the NH group. We have es tabl ished that it 
a lso  read i ly  adds a molecu le  of formaldehyde  with the fo rmat ion  of the N-hydroxymethyl  de r iva t ive  (II; R = CH2OH ). 
We obtained N-methoxymethy lper imid ine  (H, R = CH2OCH3) by the reac t ion  of I (2 moles)  with methoxymethyl  
ch lor ide  (1 mole) in dry benzene.  

Table 2. N-Substi tuted Pe r imid ines  and Aceper imid ines  

Alkyla t ing  
agent  

CH3I 

C2HsBr(I) 

n-C3HTI 

i-C~HTI 

C6HsCH2CI 

CH~O 

CH~OCH~CI 

CHsI 

C~HsBr 

n-C3Hr 

~ompound  

II 

II 

II 

II 

n 

II  

l I  

IV 

IV 

IV 

CHa 

C2Hs 

n-C3Hz 

i-C3Hr 

C6HsCH2 

CH2OH 

CH~OCH2 

CH3 

C2H5 

n-C3Hr 

�9 Solvent for  
recrystal-  
l izat ion 

Heptane 

Heptane  

Aqueous  ethanol 

Aqueous  ethanol 

Octane  

Water 

Benzene 

Aqueous  e thano l  

Aqueous  e thanol  

Hexane 

Mp,  ~ 

120---121 

115--116 

72--73 

67--68 

135--136 

202--2l),3 

65--66 

201 --202 

120--I21 

60--62 

Empir ical  
formula  

C~2HIoN2 

C~sHI~N2 

Ct4H14N~ 

CI4H14N2 

C~sHI4N2 

C~zH~,N~O 

C~4H~N2 

C15HI4N2 

C~eHj~N~ 

Found,  % 

C H 

79.11 5.34 

79.39 6.15 

79,68 6.54 

79.72 6.61 

83.99 5.70 

72,43 4,86 

73.32 5.39 

81.02 6.09 

81.03 6.47 

81.09 i 6.50 

14,99 

14.42 

13.59 

13,11 

I0,68 

! 4,20 

13.01 

13.24 

12,68 

12.00 

Calculated, % 

C 

79.09 5,53 

79,56 6.16 

79,96 6.71 

79.96 6,71 

83.69 5.47 

72.71 5.09 

73,56 5.69 

80.74 5s 

81.08 6.35 

81,32 6.82 

H 

15.36 

Y i e l d , %  

/ in an at-  under  the 
N ] mosphere  usual 

/ o f  N~ condi t ions  

14.27 

13.32 

13.32 

10.84 

I4A3 

13.19 

13.45 

12.60 

I 1.85 

67 47 

57--63 2o 

64 34 

17 

98 

62 

46 

*The elucidat ion of the actual  s t ruc tu re  of the oxidation products  is difficult  because  of the i r  complete  
insolubil i ty in a l l  known solvents  and r e q u i r e s  specia l  inves t iga t ions .  
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Table 3. Ionization Constants, pK a, 
of the Cations of Per imid ine  and a 
Number of Model Compounds in 10% 

Aqueous Ethanol and 25 • 1 ~ C 

Compound pK a 

Perimidine 
1 -Met hylperimidine 
1 -Et hylperimidiue 
1 -Propyiperimidine 
1-Isopropylperimidine 
1 -Methoxy methylperlmidine 

Aceperimidine 
1 -Methylaeeperirnidine 
1 -Ethytaceporlmidine 
Naphthalene-1,8-diamine 
Naphthalene-1,2-diamine 
Naphtho [ 1,2 ]irnidazole 
Napht ho[ 2,3 ]imidazole 

Benzimidazole 

5.91 
5.86 
5.93 
5.87 
5.99 
4.96 
6.12 
6.16 
6.14 
4.44 
4.76 
5.3q 
5.24* 
5.41 

*In water [ 11 ]. 

The N-subst i tu ted  pe r imid ines  a re  colored subs tances  with greenish  and ye l low-greenish  shades.  The 
N-a lky laceper imid ines  a re  golden-yellow compounds. They all  readi ly  protonate and alkylate at the pyr idine n i t rogen  
atom, which is favored by the i r  ex t remely  high bas ic i t ies  (Table 3). According to quantum-mechanica l  calculat ions [1], 
in the pe r imid ine  molecule there  is  a cons iderable  shift of the ~r-electronic density f rom the ~t-carbon atom to the 
naphtha lene- I ,  8 -d iamine  res idue .  This pe rmi t s  an explanation of the low acidity and high bas ic i ty  of the pe r imid ines ,  
considerably  exceeding the bas ic i ty  of the i somer ic  naphthoimidazoles and also those of the benzimidazoles  and 
naphthalene diamines .  The per imid ine  molecule is probably the only example in the n i t rogen heterocycles  in which 
such a highly basic  center  is adjacent to a carbon atom bear ing  a considerable  effective posi t ive charge.  

The aceper imid ines  are  s t ronger  bases  than the pe r imid ines  because of the e lec t ron-donat ing  effect of the 

CH2--CH 2 br idge.  

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

Per imid ine  (I) was obtained f rom naphtha lene- I ,  8-diamine and formic  acid [2]. Yel low-green c rys ta l s  with mp 
225 ~ C (from ethanol}. Hydrochloride.  Pale  yellow needles  (from ethanol with ether),  mp 304-305 ~ C. Found, %: 
C1 17.40. Calculated for  CllHgC1N z, �9 : C1 17.33. 

Aceper imidine  (III) was obtained by the reac t ion  of 4 ,5-d iaminoacenaphthene  with formic  acid [12]. Light brown 

c rys ta l s  with mp 285 ~ C (from ethanol}. 

1-Methylper imidine  (H, R = CH~). A) A solution of 1.7 g (0.01 mole) of I and 4.3 g (0.03 mole) of methyl  iodide in 
40 ml  of xylene was boiled with s t i r r i n g  for 3 h. The yellow crys ta l l ine  precipi ta te  that deposited (3.1 g) was f i l te red  
off and washed with benzene and was then t rea ted  with 10% NaOH solution (20 ml).  The res inous  mass  formed was 
extracted with chloroform (30 ml) .  The extract  was f i l te red  f rom the dark ch loroform- inso luble  oxidation product 
(0.7 g), and dr ied with po tass ium carbonate,  af ter  which it was passed through a column of a lumina (100 g). The 
1-methylper imid ine  was diluted with chloroform the f i r s t  f rac t ion  being collected.  Yield 0.48 g (27%), mp 118" C. 

B) Pe r imid ine  (0.8 g; 5 mM) and methyl  p- toluenesulfonate  (0.9 g; 5 mM) were heated in the boiling water  bath 
for 1 h. The melt  obtained was dissolved in 100 ml  of hot water  and t rea ted with ammonia .  The precipi ta te  was 
extracted with 20 ml of chloroform.  The chloroform was evaporated off and the res idue  was r ec rys ta l l i zed  f rom 

aqueous ethanol. Yield 0.2 g (22%), mp 120 ~ C. 

C) The s i lver  salt  of per imid ine  (dark green powder, insoluble  in water  and organic solvents} was obtained "by 
the method proposed for the s i lver  salt  of benzimidazole  [5]. A suspension of 4.1 g (15 mM) of the s i lver  salt  of I in 
30 ml  of anhydrous xylene was t rea ted  with 1 ml  (15 mM) of methyl  iodide and boiled with s t i r r i ng  for 3 hr .  The 
1 -methy lper imid ine  was precipi ta ted  f rom the solution in the usual  way. Yield 0.13 g (5%), mp 120 ~ C. 

D) To a solution of 0.8 g (5 mM) of I in 70 ml  of dioxane was gradual ly  added 60 ml  (5 mM) of a f r e sh ly -p repa red  
e therea l  solution of diazomethane ( t i ter  0.0039 g /ml) .  After  a day, the solvent was dis t i l led off f rom the reddening 
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solution and the res idue  was t r ea ted  with 20 ml  of ch lo ro fo rm.  The 1-methy lper imid ine  was isola ted  f rom the 
ch lo ro fo rm ext rac t  by chromatography,  as in method A. Yield 0.05 g (5%), mp 118 ~ C. 

E) Pe r imid ine  (1.7 g; 0.01 mole)  and methyl  iodide (1.4 g; 0.01 mole)  w e r e  added to a f r e s h l y - p r e p a r e d  solution 
of sodium amide (0.39 g; 0.01 mole)  in 40 ml  of liquid ammonia .  The mix ture  was s t i r r e d  and the ammonia  was 
al lowed to evapora te  off slowly. The res inous  res idue  was ex t rac ted  with ch lo ro fo rm (30 ml).  The oxidation product 
(0.8 g) was f i l t e r ed  off. The ch lo ro fo rm was evaporated,  the r e s idue  was d i sso lved  in 5% HC1 and boiled with carbon,  
and the 1 -methy lper imid ine  was p rec ip i t a ted  with ammonia .  Yield 0.23 g (12%), mp 118 ~ C. 

F) Compound I (3.36 g ;  0.02 mole)  and methyl  iodide (2.84 g; 0.02 mole) were  added to a solution of 1.4 g (0.02 
mole) of KOH in 35 ml  of ethanol.  The mix tu re  was boiled for  3 hr .  Af te r  cooling, the black p rec ip i t a te  and the KI 
were  f i l t e r ed  off and washed with a smal l  amount of ethanol,  and the solvent  was d is t i l led  off f r o m  the f i l t r a t e .  The 
re s idue  was t r ea ted  with ch loroform (50 ml).  The 1-methy lper imid ine  was isolated as in method (a). Yield 1.7 g (47%), 
mp 120-121 ~ C (from heptane; bp 210 ~ C (3 mm)).  Hydrochlor ide .  Yellow needles  f r o m  ethanol with e ther ,  mp 261-  
262 ~ C. Found, % : C1 16.32. Calculated fo r  C~2HtlC1N 2, 70 : C1 I6.21. Methiodide.  A solution of 0.360 g (2 mM) of II, 
R = CH 3, and 0.6 g (4 mM) of methyl  iodide in 5 ml  of ethanol was boi led for  2 hr  and cooled, and the yellow 
prec ip i ta te  was f i l t e red  off. Yield 0.650 g (10070), mp 269-270 ~ C (from ethanol).  Found, 70: I 39.03. Calculated for  
CI3HI3IN2, %: I  39.14. 

Genera l  method for  p repar ing  N-alkyl  de r iva t ives  of pe r imid ine  and aceper imidineo With the continuous passage  
of ni t rogen,  a solution of 0.01 mole of KOH in 10 ml of ethanol and an alkyl halide (0.01 mole)  were  added to a solution 
of 0.0] mole  of I or  III in 30 ml  of ethanol.  The mix ture  was boiled in an a tmosphere  of ni t rogen for  3 hr  and f i l t e red ,  
and the N-alkyl  de r iva t ive  was isola ted  f rom the f i l t r a te  as desc r ibed  in method (A)~ 

The alkylat ion of 2 -me thy lpe r imid ine  was c a r r i e d  out s imi l a r ly .  Compounds II and IV a re  soluble in the 
ma jo r i ty  of organic solvents  and p rac t i ca l ly  insoluble in wate r  and pe t ro l eum e ther .  

1 -Benzy lper imid ine  (1I, R = C6H~CH2). To a solution of 0.4 g (0.01 mole)  of NaOH in 10 m] of wa te r  were  added 
1.7 g (0.01 :mole) of pe r imid ine  and a sa tura ted  aqueous solution of 2.5 g (0.01 mole) of benzyl(dimethyl)phenylammo- 
n ium chlor ide .  The mix tu re  was heated in the boiling wa te r  bath for  30 rain a f te r  which the dimethylani l ine  was d i s -  
t i l l ed  off with s team.  The res inous  mass  fo rmed  was t r ea ted  with 30 ml  of ch lo ro fo rm and the ex t r ac t s  were  dr ied  
with po ta s s ium carbonate .  Af ter  the ch lo ro fo rm had been dr iven  off, the res idue  was d is t i l led  in vacuum. A f rac t ion  
boiling at 230-240 ~ C (5 mm) was col lected.  Yield 0.095 g (~ 4%). Yel lowish c ry s t a l s  with mp 135-136 ~ C (from oc-  
tane).  

React ion of pe r imid ine  with po tass ium methoxide.  A solution of 0.5 g of pe r imid ine  in 25 ml of ethanol containing 
0.2 g of KOH was boiled fo r  3 hro The black prec ip i ta te  that deposi ted was f i l t e red  off and washed with water .  Yield 
0.49 g. The product  obtained was insoluble in wa te r  and organic  solvents  but d issolved in concent ra ted  acids,  f r o m  
which it was p rec ip i t a ted  with ammonia .  It did not mel t  at 350 ~ Co A s im i l a r  product  was fo rmed  by heating 
pe r imid ine  with 20% aqueous KOH~ Found, %: C 72.88; H 3.79; N ]5.57. Calculated for  CllHTN2 O, %: C 72.5]; H 3.32; 
N 15o37. 

F o r  the product  of the oxidation of the anion of 2 -me thy lpe r imid ine ,  found, 70: C 66.61; H 4.36; N 12.87. 
Calculated for  C~zH~N20 �9 2H20, %: C 67.28; H 4.70; N ]3.07. 

1 -Hydroxymethylper imid ine  (II, R = CH2OH ). To a solution of 2 g of pe r imid ine  in 30 ml of methanol  was added 
3 ml  of 40% fo rma l in  and the mix ture  was left  for  1 hr .  On the following day the methanol  was d is t i l led  off and the 
r e s idue  (2.35 g, 98%) was r e c r y s t a l l i z e d  f r o m  water ,  mp 202-203 ~ C. 

1-Methoxymethylper imidine  (l'I, R - CH3OCH2). To a suspension of 3.36 g (0.02 mole)  of pe r imid ine  in 50 ml  of 
anhydrous benzene was added 0.8 g (0.01 mole)  of methoxymethyl  chlor ide  and the mix ture  was boiled fo r  1 hr  and then 
f i l t e red  hot. The f i l t r a t e  was evapora ted  to half bulk. On cooling,  pale  yellow needles  of the N-subst i tu ted  der iva t ive  
prec ip i ta ted .  Yield ].33 g (62%), mp 65-66 ~ C (from benzene).  

The ionizat ion constants w e r e  m e a s u r e d  by the po ten t iomet r i c  t i t ra t ion  of a 0.01 N solution of the substance in 
10% aqueous ethanol with 0.01 N HC1 solution on an LPU-0I  ins t rument .  
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