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Abstract - 2-AryI-5-flooro-6-(4-rnethyl- I -piperazi~~yl)benzi~nidazoles 

(8a-k) were synthesized for bioassay via interaction of 4-fluoro-5-(4- 

methyl-I-piperaziny1)-l,2-diaminobenzene (6) with the appropriate 

aldehyde. The intermediate Schiff bases (7a-k) were isolated and 

converted, thermally in nitrobenzene, to the respective heterocycles 

(8a-k). However, none of the tested model compounds (8c-e) showed 

rino.sa, any significant in vitro activity against 1?seudoinr~na.v oerrrA' 

Slaphylococcu.~ aureus. AspergiNu.~ parasiricus and Candido alhicans 

at concentration 5 100 pg / inl. 

INTRODUCTION 
Several benzimidazole derivatives exhibit remarkable bio-activity, and are commercially 

available phannace~ticals.~~~ Thus, benzimidazoles represent the only class of truely low- 

dose broad-spectrum anthelmintics with a high therapeutic ic~dex.~ A number of 

benzimidazoles are anti-tumorial agents! while others show activity against fungi.l 

A limited number of be~lzimidazoles carrying fluoriue or I-piperazinyl moiety as ring 

substituents are known in the literature. Compound (1) was reported to exhibit a marked 

in virro and in vivo activity against Gram positive bacteria and different mycetes 

such as C.'. alhicans and Cryplococcus neofirn~ans.~ The 5(6)-(4-methyl-I-piperazinyl) 



2714 HETEROCYCLES, Vol. 41, No. 12,1995 

derivative (2a) (Hoechst 33258) is a DNA binding fluorocluome used in chromosome 

staining: and compounds (2b,c) are recently described7 as analogs of 2a. Also, the 2-(4- 

substituted 1-piperazinyl)benzunidazole derivatives (3) have been reported to exhibit 

autihistaninic activity! 

However, benzimidazoles incorporating both fluorine and piperazine substituents at tlie 5- 

and 6- positions are hitherto uudescribed in the literature. Such substituents might together 

enhance and I or modify the bioactivity of the derivatized benzimidazoles. This is inferred 

from the fact that tlie presence of both fluorine a~ldpiperazine as sr~bstituents in the 4- 

qitinolone nucleus led to considerable etlhancement of tlie antibacterial potency of the 

second generation "fluoroqui~~olones",~ such as ciprofloxacin (4a)I0 and amifloxaci~i (4b).11 

Therefore, the present work aims at obtaining a selected set of 2-aryl (and 1ieteroaryl)-5(6)- 

fli1oro-G(5)-(4-1netl1yl-l-piperazi1~yl)be1zimidazoles (8a-k, Scheme I )  for bioassay. 
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Benzimidazoles nonnally undergo, in solution, very rapid proton transfer between N-I and 
N-3 of the imidazole ring at room temperah1rel2 ( cf: tautomeric equilibrium 8A 5 8B / 

Sclleme I ). Tl~roughout the paper, when we refer to this ambiguous tautomeric mixture, we 

shall use the system employing the lowest numbers ( i.e tautomeric fonn 8A) regardless of 

the fonn adopted in the crystal. Herein we describe the syntllesis and properties of 

compounds (8a-k). 

SYNTHESIS 
The target benzimidazoles (8a-k) were prepared by the reaction of 4-fluoro-5-(4-metllyl-I- 

piperazi11yl)-1,2-diaminobenzene (6) with the appropriate aryl (or lieteroaryl) aldehyde. 

This reaction proceeds via the initial fonnation of the corresponding Schiff bases (7a-k) as 

shown in Scheme 1. The latter acyclic intermediates are stable yellow solids that were 

converted into the corresponding heterocycles (8a-k) in a subseqnent oxidative cyclization 

step vra heating in nitrobenzene at 200 OC. The reaction conditions employed here are 

similar to those reported1," for preparing related 2-a~ylbenzimidazoles; the solvent 

nitrobenzene acts also as an o x i d a ~ l t . ~ , ~ ~  The generality of this convenient route, namely 

the condensation of o-phenylenediamines with aromatic aldehydes, toward the synthesis of 

2-arylbenzimidazoles has been documented,~.2 and isolation of the intermediate Schiff 

bases has also been realized.'J3 

The required diamine (6) is obtained by reduction of 4-fluoro-5-(4-methyl-I-piperazi11yl)-2- 

nitroaniline (5) with stannous cllloride in concentrated hydrocllloric acid (Scheme I); 

the conditions adopted here involve modifications to those reportedlS for the reduction 

of related o-nitroanilines into o-phenylenediamines. The steps involved in the preparation 

of the o-nitroaniline precursor (5) have been previously described.l"18 Physical and 

analytical data for the new compounds (6-8) are shown in Table 1.  

MASS SPECTRA 
(i) Compounds (8s-k). The mass spectra of these compounds show the correct molecular 

ions [MI+ as expected from their molecular formulas. The molecular ions and the major 

fiagnent ions, observed in the mass spectra of these compounds, are shown in Table 2. 
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Scheme I 

i) SnC4 + HCI 1 20 OC 

A 
b 

ii) aq. NaOH A 

CH,-N N '=-NU - 
5 6 

ArCHO I C,H,OH 

20°C 1 2  h 

8a-k 

Corngwnds (7 and 8) 
I 

The main fragmentation pathways are displayed in Scheme 11. The fragment ions at M- 

15, M-44, and M-71 (ion A), observed in all mass spectra, are obvio~~sly fonned through 

bond rupture of the piperazhe moiety. Fragment ion (B), at M-99, arises due to elimination 

of the piperazine moiety fiom the molecular ions. This cation (B) then eliminates ArCN 

No. a b c d e f 

0 -c6H5 C6H4F (m) -c6H4F (p)  -c6H4Cl (In) 
0 
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Table 1. Physical and Analytical Data for Compounds (6, 7a-c,g and 8a-k) 

Compd Yield mp("C) Molecular [MI+' % A~ialysis~ 
No (%) Fonnula ( Calcda 1 Found) 
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Table I (continned ) 

8 k 52 192-193 C19H21N4F 324 66.65 6.77 16.36 
66.28 6.86 16.40 

a AII compounds (8a-k) are mono11ydrates;calcd % elements is based on [mol.Formula.lH~O]. 

molecule giving fragment (C), at mlz 108. The latter ion then undergoes subsequent loss of 

HCN leading to fragment (D) at mdz 81. This mode of fragmentation is characteristic of 

2-aryIbenzi1nidazoles.~~ The base peak at m/z 43 (loo%), and another significant peak at 
+. I. 

mdz 71 correspond to the ions CH,--N =CH, and (CHJ- N-CH=CH,, respectively. 

Both ions arise from two bond rupture of the piperazine moiety. 

(ii) Componnds (7a-c,g). The mass spectra of these Scliiff bases show the correct 

molecular ions, as suggested by their molecular fonnnlas; the molecular ions and the major 

fragment ions, observed in their mass spectra, are shown in Table 3. The main 

fragmentation pathways are displayed in  Scheme 111. The spectra exhibit the molecular ions 

[MI+ as the base peak in most cases which eliminates [A] '  to give fragnent ion (A) at m/z 

235. An intense peak, ion (B) at ~ d z  164, is observed in all compounds and is fonned via 

the loss of (CH3)2 - N - CH = CH2 (mass 71) from ion (A) . Ejection of the piperazinyl 

moiety from ion (A) produces ion (C) at mdz 136, which undergoes successive loss of two 

molecules of HCN to give ions (D) and (E), respectively. 

(iii) Compo~nid (6). The mass spectrum of this compoud is in  ab~eeinent with the assigned 

strncture, and shows the correct moleculer ion [MI+' (100 %) suggested by its molecular 

fonnula. The molecular ion undergoes stepwise-ejection of the piperazinyl moiety to 

produce ions at mdz 209 (4 %), 180 (5 %), 153 (60 %) and 125 (14 % ). 
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Scheme 11 

(B) ( C )  m/z 108 ( D )  m/z 81 

IH-NMR SPECTRA 
(i) Compound (6). The spectrum of this compound shows a broad exchangeable singlet at 

6 3.3 ppm (4H) which corresponds to the N-1 and N-2 protons. The aromatic protons 

H-3 (adjacent to the fluorine atom) and H-6 appear as two doublets (due to coupling with 

the fluorine atom) at 6 6.5 and 6 6.4 ppm, respectively. The H-3 proton is more desliield- 

ed and shows a larger J H - ~  value (13 Hz) than H-6 (JKF = 8 HZ). The N-4' methyl 

protons appear as a singlet at 6 2.4 ppm. The methylene protons of the piperazine 

moiety appear as two broad triplets centered at 6 3.0 ppm ( Czl 1 Cu) and 6 2.6 ppm 

(C31 / Cy). 

(ii) Compounds (7r-c,g). The l ~ - n m r  spectra of these componds are in agreement with 

their suggested structures. The chemical shift values and coupling constants are given in  
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Table 2 . The mdz Values and % Relative Intensities (given in parenthesis) of 

the Principle Fragment Ions in the Mass Spectra of Compounds (83-k) 

Table 4. The aromatic H-6 proton resouates at about 6 6.4 ppm (IH, d, J H - ~  = 7 Hz) which 

is almost invariant to its position (6 6.4 ppm) in the 1,2-dia1ninobe1izene precursor (6). In 

contrast, the sigual belonging to the aromatic H-3 proton in these Schiff bases appears at 
L .  

about 6 6.9 ppln (lH, d, J H - ~  = 13 Hz) and is thus shifted downfield as compared to its 
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Scheme 111 

/ (A) mlz 235 I 

(C) mlz 136 

I 

L J 
(D) mlz 109 (E) mlz 82 

position (6 6.5 ppm) in 1,2-dia1nino-4-fluoro-5-(4-metllyl-1 -piperazinyl)benze~le (6). This 

sizable shift might be attributed to the condensation of the aldehyde with the 1,2- 

diaminobenzene (6) at position 2. This situation brings the H-3 proton under the anisotropic 

effect of the azomethine (C=N) x-bond, resulting in the o b s e ~ c d  downfield sl~ifi.The 

inetliine proton appears as a singlet around 6 8.2-8.6 ppin. The exchangeable broad singlet, 

which appears around 4.2 ppm (2H), is assigned to the N-I protons. The N-methyl protons 

appear as sharp singlet at 6 2.36 ppm, while the methylene protons of the piperazine moiety 
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Table 3 . The mn/z Values and % Relative Intensities (given in parenthesis) of the 

Principle Fragment Ions in the Mass Spectra of Compounds (7a - c,g). 
+. CII=CII, 

Coln~d [MI+' (A) (B) (C) (D) (E) c,13. ,( +. 
No \ T I  

C H , - N = C H ,  

appear as two broadened triplets at 6 3.1 (Czl / C6') and 6 2.6 ppm (C3* / C51). The 

spectrum of compound (7g) shows two doublets (AB system) at 6 7.4 ppm (J = 8 Hz), and 

at 6 7.8 ppm (J = 8 Hz), a pattern characteristic of the para-substituted plienyl ring protons. 

(iii) Compounds (8). The 'H-~unr spectra of these compounds are consistent with their 

proposed structures. The aromatic protons (H-4 and H-7) appear as two doublets around 6 

7.4 ( JH-~  12 Hz) and 6 7.2 ppm (JHq 7 Hz), respectively, while those at C-2 appear 

in the range of 6 6.5, and 6 8.0 ppm. The N-4' methyl protons appear as sharp singlet 

around 6 2.3 ppm, while the methylene protons of the piperazine moiety appear as two 

broadened triplets around 6 2.5 (C3n / C58) and 6 3.0 ppln (C2t/C6'). The exchangeable 

imidazole N-H proton appears as a broad singlet at ca. 6 12.2 ppm (for solutions of model 

compounds (8c, g, k) in DMSO-d6). The chemical shift values and coupling constants for 

representative compounds of this series are given in Table 5. 

BIOASSAY 
The following model compoulids : 4-Flouro-5-(4-1netl~y-l-piperazinyl)-l.2-dia1ninobenzene 

(6), and 2-aryl-5- fluoro-6-(4-metliyl-l-piperazinyl)be11zi1nidazoles (8c-e) were tested it1 

vitro, in the fonn of their hydrochloride salts in aqueous solutions, against I?. cdi .  



Table 4 . The Chemical Shift Values (6) and Coupling Constants of the Different Protons of Representative 
Compounds (7a - c, g). 

1 

N1-H2 C7-H C3-H C2' - H P C39 - H Ie N-CH3 
E 

Comp Ar C6-H Ar - protons 
d NO (JH~-F) (JH~-F) C6' - H C5- H f S 

p 
7 a 4.21 8.25 6.87 (d) 6.34 (d) 3.12 2.60 2.36 6.54(1H,dd, J=3.5,1.8Hz) < = 

(s) (s) (J=13.5&) (J-8.3Hz) (4H) (4H) (s) 6.91 (lH, dd , J = 3.4,0.5 Hz) 3 
7.58 (lH, dd,  J =  1.8,0.6Hz) f 

a .. ,- 
4.20 8.55 6.91 (d) 6.34 (d) 3.12 2.60 2.36 7.10 (lH,dd, J=3.7,5.0Hz) 
(s) (s) (J-13.6 Hz) (J-8.3 Hz) (4H) (4H) (s) 7.40 (2H, m) ~l 

4.24 8.46 6.94 (d) 6.37 (d) 3.12 2.60 2.36 7.40 (3H, m) 

7 c  (s) (s) (J=l36Hz) ((1-8.3Hz) (4H) (4H) (s) 7.90 (2H, m) 

4.22 8.41 6.93 (d) 6.35 (d) 3.12 2.60 2.36 7.30 (2H, d , J = 8.0 Hz) 0'' (I) (s) (J-13.6 Hz) (J-63 Hz) (4H) (4H) (s) 7.40 (2H, d , J = 8.0 Hz) 

These signals appear as broad triplets. 
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S. aureus, A .  parasiticus and C. alhicans. Tlie in vilro antibacterial activity was 

evaluated by the minimal inhibitory coucentration (MIC) technique according to the 

macrodilution method.20 However, none of the above compounds sliowed any significant 

activity at concenitrations I 100 pgl ml. 

The benzimidazole derivatives (8a-k) are being tested for possible anthelmintic I 

antiliista~ninic activity, and the results (if any) will be communicated separately. 

EXPERIMENTAL 
3-Chloro-4-fluoroaniline and N-methylpiperazine, used in this study, were purchased 

from Janssen Chimica. The benzaldehydes and hetero-aldehydes, used in this work, were 

commercial samples. The 4-fluoro-5-(4-1nethyI-l-piperazi1iyl)-2-1iitroa1iili11e (9, required in 

the present work, is prepared from 3-chloro-4-fluoroaniline by a sequence of steps 

involving acylation, nitration and d e a c y l a t i ~ u , ' ~ , ~ ~  followed by piperazi~lylatio~i,I~,I~ 

according to published procedures. 

Melthing points were measured on an electrothennal Mel-Temp. apparatus, and are 

uncorrected. 'H-NIN spectra were recorded on a Bruker WM-200 spectrometer, for 

solutions in CDC13 [compounds (7)] and in  DMSO-d6 + CD30D (3 : I vlv) [compounds 

(a)], with TMS as an internal reference, Electron impact (El) mass spectra were obtained 

using a Finnigan MAT 731 spectrometer at 70 eV. Elemental analyses were carried out by 

M. H. W. Laboratories, Phoenix, Arizona, U. S. A. 

1,2-Diamino-4-fluoro-5-(4-methyl-l-piperazinyl)benzene (6) 

To a solution of 4-fluoro-5-(4-methyl-1 -piperazinyl)-2-nitroaniline (5) (5.0 g, 20 nnnol) in 

conc. HCI (100 ml) was slowly added stannous chloride (22.44 g, 0.12 mol) at room 

temperature during 10 min. Stirring was continued for additional 2 11. The reaction mixture 

was then cooled ( ice-water bath ) and treated gradually with concentrated solution of 

sodium hydroxide (40%) until the solution is strongly alkaline. Tlie resulting aqueous 

mixture was extracted with chlorofonn (2x80 inl). The organic layer was separated, 

filtered and concentrated in vacuo. The resultiug yellow solid was collected by suction 

filtration and crystallized from chlorofonn I pet. ether (bp 40-60 "C). Yield 2.3 g 

(5 1 %); Inp 96-97 'C. 
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The title 1,2-diaminobenzene (6), was converted to its hydrocliloride salt as follows : HCI 

gas was allowed to bubble into a solution of 1,2-diamino-4-fluoro-5-(4-methyl-I- 

piperazinyl)benzene (6) (3 g, 13 nunol) in ardlydrous ether (30 ml) for 5 min. The resulting 

precipitate was collected, washed with anhydrous ether (5 ml) and recrystallized from 

methanol / ether. Yield 3.2 g (96%); lap 188-189 "C (decomp.). 

I-Amino-2-arylideneamino-4-fluoro-5-(4-methyl-l-piperazinyl)benzenes (7a-k) 

General procedure. To a stirred solution of 1,2-diamino-4-fluoro-5-(4-rnetl1yl-l- 

piperaziny1)benzene (6) (1.1 g, 5 mmol ) in absolute ethanol (10 1n1 ) was added dropwise, 

the appropriate arylaldebyde (5 mmol ) at room temperature. Stirring was continued for an 

additional hour. Tlie resulting precipitate was collected and recrystallized from ethanol to 

give the corresponding Schiff base (key intermediates for the next step). 

2-AryI-5-fluoro-6-(4-methyl-l-piperazinyl)-lH-benzimidazoles (8a-k) 

A solution of the particular 1-a1ni1io-2-arylide1iea1ni1io-4-flt1oro-5-(4-1netl1yl-I-piperazinyl)- 

benzene (7a-k), prepared above, in absolute ethanol (5 ml) and nitrobenzene (I0 ml) was 

heated at 80-90 "C until most of ethanol was evaporated; the temperature was then 

raised to about 200 "C and maintained for 3 to 5 mill. Tlie reaction mixture was cooled, 

and allowed to stand overnight at room temperature. The resulting precipitate was collected, 

washed with ether and recrystallized from CHC13 / pet. ether (bp 40-60 "C) to give the 

title compounds (8a-k). 
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