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The behavior  of  N-methy l  der iva t ives  of pe r imid ine  (I), aceper imid ine  (VI), aceper imidy lene  
(VII), naphth[2,3-d] imidazole  (V), benzimidazole  (II), and 1H- and 3H-naphth[1,2-d] imidazoles  
(III, IV) with r e s p e c t  to n-butyl l i th ium was studied. Compounds I and V-VII  add n-butyl l i th ium 
to the C ~ N bond to give 2 -n -bu ty l -2 ,3 -d ihydro  der iva t ives ,  whereas  I I - IV a re  meta l la ted  to 
give 2-1ithio der iva t ives .  The different  r eac t iv i t i e s  of I, V-VII,  and I I - IV a re  explained by 
the reduced a rom a t i c  c h a r a c t e r  and high polar iza t ion  of the C = N bond in I and V-VII. The 
invest igated compounds a r e  a r r anged  in the following o rde r  with r e s p e c t  to the ease  of unde r -  
going bas ic  deuter ium exchange at  the C p - t t b o n d :  V> H> I I I>  IV> VII> I> V[. The re  is no 
co r re l a t ion  between the ra te  of  deu te r ium exchange and the behavior  of  I -VII  with r e s p e c t  to 
butyll i thium. 

It  has p rev ious ly  been shown that 1 -me thy lpe r imid ine  (1) adds organometa l l i c  compounds a t  the C = N 
bond to give 2-subs t i tu ted  1 -me thy l -2 ,3 -d ihydrope r imid ines  [2]. The format ion  of 2 -1 i th io - l -me thy lpe r imid ine  
in 8% yield has been es tabl ished in only one ca se  (in the reac t ion  of per imid ine  I with n-C4HgLi) [2]. This so r t  
of behav ior  sharp ly  dist inguishes pe r imid ine  I f r o m  1-methylbenz imidazole  (II) (which also has a 1 ,3-diazole  
r ing),  which is r ead i ly  meta l la ted  by var ious  o rganometa l l i c  reagents  at  the p - ca rbon  a tom [3]. 

The a im  of the p r e s e n t  r e s e a r c h  was to study the behavior  of the 1-methyl  de r iva t ives  of all  of the i so -  
m e r i c  naphthimidazoles  (HI-V) and acepe r imid ine  (VI) and acepe r imidy lene  (VII) - s y s t e m s  that a re  c lose ly  
re la ted  to he te rocyc les  I and I I -  with r e s p e c t  to organometa l l i c  reagen ts .  We also studied the kinetics of basic  
deu te r ium exchange of I-VII.  It  is known [4, 5] that this reac t ion  may s e r v e  as a model  for the meta l la t ion 
reac t ion ,  s ince in the absence  of side phenomena,  the r a t e s  of both p r o c e s s e s  a r e  de te rmined  by the ease  of 
fo rmat ion  and s tabi l i ty  of the carbanion  that is fo rmed  in the f i r s t  s tep.  In the case  of azoles  the hydrogen 
at tached to the p -ca rbon  a tom is exchanged during basic  deu te r ium exchange [5]: 

- - N  --~ _~ 

--N --N --N 
i I I 

CH3 CH~ CH.~ 

It  was found that the invest igated compounds behave e i ther  like per imid ine  I or  like imidazole  II with 
r e s p e c t  to butyl l i thium. Thus both N-methyl  de r iva t ives  of angular  naphthimidazole (III, IV) a r e  meta l la ted  by 
n-buty l l i th ium in e ther  to give 2-1ithio der iva t ives  VHI and X in high yields.  The p r e s e n c e  of the la t te r  in the 
reac t ion  mix tu re  is indicated by the fact  of the fo rmat ion  f r o m  them of carboxyl ic  acids IX and XI under  the 
influence of ca rbon  dioxide. 

On the o ther  hand, 1 -methyl  de r iva t ives  of l inear  naphthimidazole  V, aceper imid ine  VI, and a c e p e r i m i d y -  
lene VII add n-C4HsLi to the C-= N bond to give 2,3-dihydro der iva t ives  XII, XIV, and XVI. Thei r  s t r u c t u r e  is 
conf i rmed,  in pa r t i cu l a r ,  by the p r e s e n c e  in thei r  IR s p e c t r a  of ~NH bands at  3450 cm -1. Compounds XII, XIV, 
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TABLE 1. Results  of the Kinetic Study of Basic H - D  ~xehange,  
7r-Electron Charges on the y -Carbon  Atom, and Indexes of Aro -  
matici ty and REPE Values of the Investigated Compounds* 
C o m -  
p o u n d  t, ~ k .  IO s. Ea. Ig A - l f f  kso q'cz. REPE (I]) 

see-1 kcal/mole 

I 

V 

VI 

VII 

II 

Ill 

IV 

80 
70 
60 
50 
40 
70 

180 
80 
70 
55 
45 
70 
60 
65 
50 

12,0 
4,1 
1,3 

12,0 
3,0 
3.3 
i ,9r 

12,0 
5.0 

11,0 
2,8 

15,0 
6,5 

13,0 
2,3 

26,0 

(27,8) 

(21,o) 

25,7 

(19,0) 

(24,0) 

12,2 

(14,9) 

(9,0) 

13,2 

(8,3) 

01,5) 

5,3 

3,9 

(5'41 ? (i  1,0 

5,2 

4,1 

4,6 

4,7 

+0,256 

+0,186 

+0,246 

+0,263 

+O,170 

+0,152 

+0351 

0,040 

0,046 

0,040 

0,038 

0,050 

0,048 

0,048 

*The ra te  constants and activation pa rame te r s  {E a and log A} 
presented in parentheses a re  approximate values. 
tThis  is the constant that cha rac te r i zes  hydrogen exchange in 
the CH2-CH 2 bridge. 

and XVI a r e  ex t remely  unstable and are  gradually oxidized in air  to give aromat ic  s t ruc tures  of the XIII and XV 
type. The la t te r  can also be obtained by oxidation of dihydro derivatives XII, XIV, and XVI with chloranil.  It 
should be noted that dihydro derivatives XIV and XVI are  converted to the same product  XV by chloranil ,  i .e. ,  
in the case  of aceper imidine XIV both the NH bond and the CH2-CH 2 bridge are  dehydrogenated. 

It is apparent  f rom the rate  constants for  basic H - D  exchange presented in Table 1 that I-VII differ r e l a -  
tively little with r e spec t  to their CH acidit ies:  the difference between t h e - l o g  ks0 values (the logari thms of 
the ra te  constants r e f e r r e d  to 50 deg C} for the least  and most  reac t ive  compounds amounts to only 1.5 orders  
of magnitude. Within the l imits of  these smal l  differences,  the compounds can be ar ranged in the following 
o rde r  with r e spec t  to decreas ing  react iv i ty :  V > II >III  > IV > VII > I > VI. 

The absence of any cor re la t ion  between the kinetic CH acidities of I-VII and their behavior with respec t  
to butyllithium is an important  fact. Thus imidazole V, which most  readily undergoes H - D  exchange, is not 
metallated but r a the r  adds butyllithium to the C ~ N bond, whereas heterocycles  II-IV, which a re  metallated, 
are  found in the middle of the se r ies .  Judging f rom the - l o g  ks0 and E a values,  the CH acidity of VII is some-  
what higher than the CH acidity of perimidine I; however,  in contras t  to the react ion with perimidine I, not 
even t races  of the 2-1ithio derivat ive were detected in the react ion of VII with n-butyllithium. 

On the basis of  the mater ia l  set  forth above, it can be concluded that the direction of the react ion of I-VII 
with organometal l ic  reagents  depends mos t  of all on the relat ive energies of activation of two competit ive p ro -  
cesses  in which the site of initial attack is either the hydrogen atom (protophilic attack} or the C ~- N bond 
{nucleophilic addition}. Protophil ic  attack, the probabili ty of which is cont ro l led  to a considerable extent by the 
magnitude of the charge  on the #-hydrogen atom, terminates  with cleavage of the C--H bond and can lead to 
both isotopic exchange and metallation. The simultaneous addition of R-M + to the C ~ N bond, which is favored 
by the high ~r-electron polar izat ion of this bond and the reduced aromat ic  cha rac t e r  of the heteroring,  is evi-  
dently the chief reason for the disruption of the s imi la r  trend in the changes in the relative ra tes  of comparable  
react ions .  The high polar izat ion of the C ----- N bonds in the I and V-VII molecules follows f rom the resul ts  of 
quantum-mechanical  calculations [6-8], par t icu lar ly  f rom the effective charges  on the y -ca rbon  atom that are  
presented in Table 1. Our calculated REPE (resonance energies per  lr electron} values,  which are  present ly  
one of the mos t  widely accepted indexes of a romat ic i ty  [9-11], also c lear ly  at test  to the considerably lower 
aromat ic  cha rac t e r  of per imidines  and aceper imidylene as compared with metallated benzimidazole and angular 
naphthimidazoles.  With r e spec t  to its a romat ic  cha rac te r ,  imidazole V occupies an intermediate  position, and 
the above-noted high polar izat ion of the C----- N bond may be the decisive factor in its tendency to undergo addi- 
t ion react ions.  
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EXPERIMENTAL 

The quantum-mechanical calculations of the ~-electron charges were performed by the Hiickel MO 
method with the Streitwieser parameters by the method in [6]. The REPE indexes were calculated by the 
method in [i0, ii]. The IR spectra were measured with a UR-20 spectrometer. Chromatography was carried 
out on activity IV (Brockmann classification) aluminum oxide. The method for the study of the exchange reac- 
tion was described in [12]. 

l-Methylnaphth[2,3-d]imidazole (V). The method described below is substantially better than the method 
described in [13]. A 4-ml (0.06 mole) sample of methyl iodide was added with stirring in the course of 7-10 
min to a solution of 9 g (0.05 mole) of naphth[2,3-d]imidazole and 3.8 g (0.05 mole) of KOH in 50 ml of alcohol, 
after which the mixture was stirred at room temperature for 2 h and then refluxed for 1 h. The alcohol was 
removed by distillation, and the residue was extracted with chloroform. The extract was washed with water, 
dried with calcium chloride, and evaporated. The residue was passed through a column filled with aluminum 

oxide with elution by chloroform. The barely yellowish fraction with Rf 0.7 was collected. Reaction product V 
was obtained as white needles with mp 158 deg C (from octane), in agreement with [13]. 

1-Methyl- (IV) and 3-Methylnaphth[l,2-d]imidazoles (lID. An 8.l-ml (0.13 mole) sample of methyl iodide 
was added with stirring in the course of 7-10 rain to a solution of 16.8 g (0.i mole) of naphth[l,2-d]imidazole 
and 7.5 g (0.i mole) of KOH in I00 ml of alcohol, and the mixture was then stirred at room temperature for 3 
h and refluxed for 1 h. The alcohol was removed by distillation, and the residue was extracted With chloroform. 
The extract was dried with calcium chloride and evaporated. The reaction products were separated with a 
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column filled with 800 g of aluminum oxide [elution with c h l o r o f o r m - p e t r o l e u m  e t h e r - a c e t o n e  (3 : 1 : 0.5)]. 
Since both substances were color less  and had close Rf values,  the eluate was collected in smal l  port ions (3-4 
ml each) with th in- layer  chromatography (TLC) monitoring of the separation.  The f i rs t  compound eluted [8.5 
g (47%)] was co lor less  needles of naphth[1,2-d]imidazole with Rf 0.35 and mp 136 deg C (from octane), in 
accordance  with the data in [14]. The second fract ion yielded 2.6 g (14%) of color less  needles of 1-methyl -  
naphth[l~2-d]imidazole with Rf 0.30 and mp 134-135 deg (from octane). Found: C 79.2; H 5.3; N 15.1%. 
C12Hi0N2 . Calculated: C 79.1; H 5.5; N 15.4%. 

2-Methylnaphth[1,2-d] imidazole-2-carboxyl ic  Acid (IX). A solution of 1.8 g (0.01 mole) of III in 40 ml of 
absolute toluene was added to a cooled (to - 7 8  deg C) solution of n-butyll i thium obtained f rom 0.56 g (0.08 g- 
atom) of li thium and 5.6 g (0.04 mole) of f reshly  distilled butyl bromide,  in 30 ml of absolute ether.  The mix-  
ture turned yellow immediately.  It was s t i r red  a t - 7 8  deg C for 5 h, after  which smal l  pieces of dry ice were 
added. The excess CO 2 was then evaporated ,  and 40 ml of water was added to the residual  viscous mass .  The 
resul t ing white precipi ta te  of the lithium salt  of acid IX was removed by filtration. The yield was 2 g (80%). 
For  isolation of the acid, its sal t  was dissolved in water ,  the solution was fi l tered,  and the fi l trate was acidi-  
fied with acetic acid. The resul t ing white c rys ta l s  of acid IX were removed by filtration, washed with water,  
and dried in a vacuum des iccator  over  calcium chloride. The acid melted with decarboxylation at 92-93 deg C. 
Found: C 59.5; H 5.5; N 10.7%. C13H10N202"2H20. Calculated: C 59.6; H 5.4; N 10.7%. IR spec t rum (in 
petrolatum):  1670 ( C ~ O )  and 3380-3490 cm -t  (OH). 

1-Methylnaphth[1,2-d] imidazole-2-carboxyl ic  Acid (XI). A solution of 1.8 g (0.01 mole) of IV in 50 ml of 
absolute toluene was added to a cooled ( t o - 7 8  deg C) solution of n-butylli thium, obtained from 0.42 g (0.06 g-  
atom) of li thium and 3 ml (0.03 mole) of butyl bromide,  in 30 ml of ether,  and the mixture was s t i r red  a t - 7 8  
deg C for 2 h, after  which it was carbonated with dry ice. The excess CO 2 was evaporated, and the residue was 
t reated with 30 ml of water .  The resul t ing  precipi tate  of the lithium salt  of acid XI was removed by filtration. 
The yield was 1.8 g (72%). The salt  was dissolved by gentle heating in the minimum amount of water ,  the mix-  
ture was f i l tered,  and the cooled fil trate was neutral ized with acetic acid and worked up to give 1.5 g of the 
dihydrate of the acid in the fo rm of a white powder that melted with decomposition at 89 deg C. The product  
was puriffed by reprecipi ta t ion  f rom alkaline solution. Found: C 59,4; H 5.3; N 10.5%. C13Hi0N202 �9 2H20. 
Calculated: C 59.6; H 5.4; N 10.7%. IR spec t rum (in petrolatum): 1670 ( C ~ O ) ;  and 3370-3490 cm -i  (OH). 

Workup of the organic layer  of the f i l t rate  remaining after  separat ion of the lithium salt of the acid made 
it possible to obtain ~0.12 g (8%) of s tar t ing IV. 

1-Methyl-2-n-butyl -2 ,3-dihydronaphth[2 ,3-d] imidazole  (XI1) and 1-Methyl-2-n-butylrmphth[2,3-d]imidazole 
(XII1). A solution of 1.8 g (0.01 mole) of V in 40 ml of absolute toluene was added to a cooled (to - 78 deg C) 
solution of n-butyll i thium in 30 ml of absolute ether  [obtained f rom 0.56 g (0.08 g-atom) lithium and 5.6 g (0.04 
mole) of butyl bromide].  The mixture turned yellow. It was s t i r red  at - 7 8  deg C for 5 h, af ter  which it was 
carbonated with dry ice. The excess CO 2 was evaporated,  and the mixture was treated with 30-40 ml of water.  
The layers  were separated,  and the organic layer  was worked up to give 1.8 g (75%) of XII in the form of a 
yellow oil. Found: N 11.8%. C16H20N 2. Calculated: N 11.6%. IR spec t rum (in chloroform):  3460 cm -1 (NH). 
The product  decomposed r ap id lydu r ing  s torage;  it was therefore  converted to XIII by oxidation with an equi- 
molar  amount  of chloranil  in benzene solution by the method in [2]. The yield was 1.5 g (63%). Compound XIII 
was obtained as yellowish needles with mp 95 deg C (from octane). Its IR spec t rum did not contain bands of 
s t re tching vibrat ions of N - H  bonds. Found: C 80.7; H 8.2; N 11.8%. Ci6HtsN 2. Calculated: C 80.6; H 7.6; 
N 11.8%. 

1-Methyl -2-n-buty l -2 ,3-d ihydroaceper imidylene  (XVI) and 1-Methyl-2-n-butylaceper imidylene  (XV). A 
solution of 1.06 g (5 mmole) of VII in 50 ml of toluene was added to a cooled (to - 7 8  deg C) solution of butyl- 
l i thium in 30 ml of absolute ether,  obtained f rom 0.28 g (0.04 g-atom) of lithium and 2.7 g (0.02 mole) of butyl 
bromide,  during which the mixture became red. It was s t i r red  a t - 7 8  deg C for 2 h, after which it was ca rbo-  
nated with dry lice. The excess CO 2 was evaporatedp 20 ml of water was added to the orange residue,  and the 
layers  were separated.  Evaporat ion of the solvent f rom the organic layer  gave 1.1 g (83%) of XVI in the form 
of o r ange - r ed  c rys ta l s .  IR spec t rum (in chloroform):  3450 cm -t (NH). The product  underwent oxidation 
rapidly;  if the residue remaining after  evaporat ion of the CO 2 is not worked up immediately  but ra ther  24 h 
af terwards ,  it no longer contains an N--H group according to the IR spec t ra l  data. In view of the instability of 
XVI, it was not subjected to e lementary  analysis but was converted to XV by refluxing with an equimolar amount 
of chloranil  in benzene solution. The yield of yellow crys ta ls  of XV, with mp 144 deg C (from octane)~ was 0.9 
g (71%). Found: C 81.5; H 6.6; N 10.7%. CtsHisN 2. Calculated: C 82.4; H 6.9; N 10.7%. 
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Action of n-Butyll i thium on Per imidine VI. A solution of 1.04 g (5 mmole) of VI in 20 ml ~f toluene was 
added to a cooled (to - 78 deg C) solution of butyllithium in 30 ml of absolute ether,  obtained f rom 0.28 g (0.04 
g-atom) of lithium and 2.7 g (0.02 mole) of butyl bromide,  during which the mixture became dark-brown. It 
was s t i r red  a t - 7 8  deg C for 3 h, af ter  which it was carbonated. The excess CO 2 was removed,  20 ml of water 
was added, and the layers  were separated.  The organic layer  was evaporated to dryness ,  and the residue was 
dissolved in the minimum amount of benzene and purified with a column filled with aluminum oxide (elution 
with benzene). The f i rs t  f ract ion was collected and worked up to give 1.1 g (82%) of XIV in the form of an 
orange oil. LR spec t rum (in chloroform) : 3450 cm -1 (NH). Found: N 10.2%. C18H22N2. Calculated: N 10.5%. 
Compound XV, which was identical with respec t  to its IR spec t rum and melting point to the substance formed 
by oxidation of XVI, was obtained by refluxing XIV with two equivalents of chloranil  in benzene solution. 
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