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New Antihistaminic N-Heterocyclic 4-Piperidinamines. 2. Synthesis and 
Antihistaminic Activity of 
1-[ (4-Fluoropheny1)met hyll-N-( 4-piperidiny1)- 1H-benzimidazol-2-amines 
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and Paul A. J. Janssen 
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The synthesis of a series of 1 - [ ( 4 - f l u o r o p h e n y l ) m e t h y l ] - N - ( 4 p i p e r i d i n e s  and the preliminary 
evaluation of their in vivo antihistamine activity are described. The title compounds were obtained starting from 
either 1 ,  4 ,  10, or 55 by different synthetic methods. Substitution on the phenyl nucleus of the benzimidazole ring 
(84-87) was achieved by two different approaches. The in vivo antihistamine activity was evaluated by the compound 
48/80 induced lethality test in rats and the antihistamine-induced lethality test in guinea pigs after oral and/or 
subcutaneous administration. The duration of action was studied in the guinea pig for three compounds (4 ,  51, 
and 55). Compound 51, "astemizole", was also studied in histamine- and serotonin-induced cutaneous reaction and 
for mydriatic activity in the rat and tested for peripheral and central effects not related to histamine antagonism 
in a variety of systems. Astemizole has been selected for clinical investigation. 

The discovery of the in vivo antihistamine properties 
in a series of N-(Cpiperidinyl)-lH-benzimidazol-2-amines' 
prompted us to initiate a broad investigation of structures 
containing a piperidinylbenzimidazol-2-amine moiety. 
Previous observations' revealed that the 1-benzyl-substi- 
tuted benzimidazoles, and particularly the 4-fluorobenzyl, 
preferably in combination with a phenylethyl substituent 
on the piperidine nitrogen atom (I), possess the most 
pronounced antihistamine activity. 
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W N 3 N H y -  I 
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I 
In order to evaluate these previous results, a supple- 

mentary series of phenylethyl derivatives and isosteric 
compounds was prepared. To further define the allowed 
molecular modifications, more diverse substituents were 
also introduced, including some on the phenyl nucleus of 
the benzimidazole ring. 

The particular objective of the present investigation was 
to develop orally active, long-lasting, and selective HI 
antagonists that did not affect the central nervous system. 

Chemistry. The majority of compounds, described in 
this paper, originated from 1 by one of the four following 
methods (Scheme I): alkylation with alkyl halides or 
sulfonates in dimethylformamide at 70-90 O C  (method A); 
addition of vinylpyridines in butanol (method B); reductive 
amination with ketones or aldehydes in methanol (method 
C); oxirane cleavage in a benzene-methanol mixture 
(method D). The synthesis of the other compounds is 
outlined in Schemes 11-V. 

Acylation of 4 with 4-methoxybenzoyl chloride in the 
presence of triethylamine afforded 5. Chlorination of 4 
with thionyl chloride yielded 6, which reacted in di- 
methylformamide with morpholine to give 7 or 8, respec- 
tively, in the presence or the absence of sodium carbonate 
(Scheme 11, method E). 

Hydrogenation of 9 over RaNi yielded the aminoethyl 
derivative 10. Reductive amination of the appropriate 
aldehydes by 10 afforded 11-13. Methyl isocyanate ad- 

(1) Part 1: Janssens, F.; Torremans, J.; Janssen, M.; Stokbroekx, 
R. A.; Luyckx, M.; Janssen, P. A. J. J .  Med. Chem., preceding 
paper in this issue. 
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dition to 10 gave the urea 14, while acylation with 4- 
methoxybenzoyl chloride furnished 15 (Scheme 111, method 
F) . 

The thiophenoxy derivatives 22 and 47, prepared via 
method A, were easily oxidized with hydrogen peroxide to 
the respective sulfones 23 and 48. Catalytic reduction of 
the nitro fundion in 45 furnished the (4aminophenyl)ethyl 
derivative 46. 

The (4-hydroxypheny1)ethyl derivative 55, efficiently 
prepared either via hydrobromic acid catalyzed deme- 
thylation of 51 or via catalytic debenzylation of 54, was 
alkylated with R'C1 in acetone to 56-62. Acylation, as 
already illustrated for 5, afforded 63-67. Addition of n- 
butyl isocyanate to 55 in tetrahydrofuran yielded the 
carbamate 68 (Scheme IV, method G). 

Substitution on the phenyl nucleus of the benzimidazole 
ring was achieved by two different approaches (Scheme 
V). Amination of 77 (R = C1) with 4-fluorobenzylamine 
(76) in dimethylformamide, followed by nitro reduction 
with RaNi in methanol, afforded 78 (R = Cl). Addition 
of the isothiocyanate 79' to the o-phenylenediamine 78 (R 
= C1) and cyclodesulfurization of the intermediate thiourea 
yielded 82 (R = Cl). Deprotection of 82 (R = C1) with 48% 
aqueous hydrobromic acid solution,' followed by alkylation 
with phenylethyl bromide furnished 84 (R = Cl). In an 
alternative pathway, 83 (R = F, CH,) was prepared, 
starting from the isothiocyanate 79 and the appropriate 
o-phenylenediamine 80 (R = F, CH,). Cyclodesulfurization 
of the intermediate thiourea afforded 81 (R = F, CH,). 
Alkylation with 4-fluorobenzyl chloride on the endo-ni- 
trogen atom' of the 2-aminobenzimidazole moiety of 81 (R 
= F, CH,) yielded a mixture of 82 (R = F, CH,) and 83 
(R = F, CH,). Structure elucidation by NMR for the 
fluoro isomers 82 and 83 was facilitated by comparison 
with the spectrum of the independently synthesized 5-C1 
analogue 82 (R = Cl), prepared from 78 (R = C1) and 79. 

These mixtures were deprotected and coupled with 
phenylethyl bromide in dimethylformamide. The 5- and 
6-fluor0 isomers 85 and 86 were separated via HPLC. 

Results and Discussion 

The in vivo antihistamine activity was evaluated by the 
compound 48/80 induced lethality test in results 
are summarized in Tables I and 11. Estimated EDm values 

(2) Niemegeers, C. J. E.; Awouters, F.; Van Nueten, 3. M.; De 
Nollin, S.; Janssen, P. A. J. Arch. Int. Pharmacodyn. Ther. 
1978, 234, 164. 
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of oxatomide, azatidine, and pyrilamine are included for 
comparison. 

The duration of action for a selected number of com- 
pounds was studied in the histamine lethality test in guinea 
pigs;5 results are summarized in Table 111. Histamine- 
and serotonin-induced cutaneous reactions tests in rats 
were performed as already described.6 The results of these 

9 

10 
\4-CH~OC&lqCOC I 

11-13 15(Method F )  

Scheme IV 

56 - 62 63-61 68 

tests together with the compound 48/80 induced lethality 
and the mydriatic activity in rat for the selected compound 
51, "aStemizo1e"i and analogues and four reference cam- 
pounds are summarized in Table IV.' 

Evaluating the antihistamine activity in the rat after 

(3) Awouters, F.; Niemegeers, C. J. E.; Janesen, P. A. J. Drug. Deu. 
Res. 1981, 1, 107. 

(4) Awoutars, F.; Niemegeers, C. J. E.; Janssen, P. A. J. Drug. Deu. 
Res. 1982, 2, 559. 

(5) Van Wauwe, J.; Awouters, F.; Niemegeers, C. J. E.; Janssens, 
F.; Van Nueten, J. M.; Janssen, P. A. J. Arch. Znt. Pharma- 
codyn. Ther. 1981,252, 39. 

(6) Awouters, F.; Niemegeers, C. J. E.; Janssen, P. A. J.; Janssen, 
M.; Vandenberk. J.; Kemis, L.: van der Aa, M.; van ~ ~ f i ~ ,  

sub,-ubneo& administration in the compound 48/60 le- 
thality test, maximum activity is found with 4 and 14 
(Table I). They are at least twice as potent as 69, the most 

A. In "Drugs Affecting the Respiratory System"; Temple, D. 
L., Ed.; American Chemical Society: Washington, DC, 1980; 
Vol 1, pp 179-208. 

(7) Niemegeers, C. J. E.; Lenaerta, F. M.; Artois, K. S.; Janssen, 
P. A. J. Arch. Znt. Pharmacodyn. Ther. 1977,227, 238. 
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active compound of the phenylethyl derivatives (Table 
IIA). However, 4 and 14 show reduced oral activity in the 
rat. Acylation of the alcohol function of 4 does not improve 
activity, i.e. 5 and 7. With the exception of the urea 
compound 14, the alkanediamine derivatives (10-15, 18, 
20) are inactive or only moderately active. The same is 
true for the glycidyl(19,25-29) and (ary1oxy)alkyl deriv- 
atives (21,30). The isosteric arylethyl compounds (36-38) 
are comparable to the (hydroxypheny1)ethyl derivatives 
(52, 55, 69) for subcutaneous activity. Di- or trialkoxy 
substitution usually diminishes subcutaneous effectiveness 

Analysis of the results of the antihistamine activity in 
the rat after oral administration in the 48/80 test shows 
16 and 30 to be the most potent compounds in the non- 
phenylethyl series (Table I). Excellent oral activity is 
observed in the phenylethyl series with the hydroxy- or 
the alkoxy-substituted derivatives 51,53,55,62-64,66,67, 
69, and 72. Three of them, i.e. 63, 66, and 67, may be 
considered as precursors of the (hydroxypheny1)ethyl de- 
rivative 55. 

The exceptionally better oral as compared to subcuta- 
neous activity for 16,25, 30,49,53,55, 62-64, 67, 72, and 
75 may probably be associated with the presence of an 
aryl-alkyl ether bond.' Halogen (Cl, F) or methyl sub- 
stitution (84-87) on the phenyl nucleus of the 2-amino- 
benzimidazole moiety of 43 obviously reduces the activity 
following subcutaneous administration. The oral activity 
decreases with 5-fluor0 substitution (85) whereas 6-fluor0 
substitution (86) has no influence. 

The duration of the antihistamine activity for 4,51, and 
55 was evaluated in the histamine lethality test in the 
guinea pig. While 4 has a very quick onset of action (peak 
effect after 3 h), 51 and 55 reach their maximum effect 48 
and 24 h, respectively, after oral administration. The 
protective activity after 96 h is significantly reduced for 
4, while 51 and 55 still possess a considerable potency. On 

(72-75). 

1 83 

84-87 

the basis of the 8-h results, 4 and 55 are as potent as 
azatadine and more effective than cyproheptadine and 
oxatomide. However, on the basis of the 24-h results, 4, 
51, and 55 exceed the potency of azatadine by factors 15, 
19, and 22, respectively. 

Astemizole (51), selected for further clinical studies, was 
also compared with reference compounds for protection 
from 48/80 lethality, inhibition of histamine- and sero- 
tonin-skin reaction, and mydriatic activity in rats. With 
respect to protection from 48/80 lethality and to the in- 
hibition of histamine-skin reactions, 51 significantly sur- 
passes the activity of the reference compounds. In the 
serotonin-kin reaction 51 is more effective than azatadine 
but clearly less potent than cyproheptadine. Mydriatic 
activity for 51 is only observed at  1454 times the effective 
dose in the compound 48/80 lethality test, while this ratio 
is only 8 and 11, respectively, for azatadine and cypro- 
heptadine (Table IV). 

Compound 51 also demonstrated high potency in vitro 
at inhibiting histamine-induced contractions (mediated by 
H,-histamine receptors) in isolated guinea pig ileum [50% 
effective concentration (EC,) = O.ooO1 mg/L]. However, 
much higher drug concentrations were required to inhibit 
histamine-induced increases in the contraction rate of 
guinea pig atrium (ECW > 0.63 mg/L) and in the acid 
secretion of rat stomach (ECN > 10.0 mg/L), both of which 
are mediated by H2-histamine receptors.* 

Astemizole (51) was also tested for peripheral and cen- 
tral effeds not related to histamine antagonism in a variety 
of test  system^.^'^ High doses of 51 (results not shown) 
fail to interfere with animal behaviour or to alter the in- 
tensity or duration of action of diverse agents inducing 

(8) Awouters, F. H. L.; Niemegeers, C. J. E.; Janssen, P. A. J. 
Arzneh-Forsch. 1983, 33, 381. 

(9) Janssen, P. A. J.; Niemegeers, C. J. E.; Schellekens, K. H. L. 
Arzneim-Forsch. 1965, 15, 104. 
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1 
2 
3 

4 
5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 

38 

39 

40 

compd 48/80 
lethality 

test in 
mp, yield: cryst* meth- EDNo, m g / k  

compd L formula OC % solv anal. od sc 1 h oral2 h 
C ~ S H ~ ~ F N ~ . ~ H B P O . ~ H ~ O  >260 82 A C, H, N, Br e 0.056 1.02 
C20H23FN4 145.5 34 D-E C, H, N, F C' 0.16 2.5 
C26H31FN4 168.0 57 

C21H26FN40.HBr 248.2 64 
CBH31FN403.2HC1.0.5H20 189.2 43.5 
C21H24ClFN4.2HCl 

CZSH31FN60 

*2H20 

8.2C2H204 

>260 83 
144.8 12.5 

300 18.3 

178.7 55 
292.9 92.3 
166.1 42 
116.4 27.5 
135.6 31 
231.4 70.7 
161.5 13.4 
144.5 22 
237.6 40 

193.7 19 
181.3 32 
153.1 35 
150.7 17 

213.1 16 
275 34 

114.5 - 

174 40 
174.5 51 
138.7 36 
174.7 35 
140.0 47 
143.1 41 
177.6 36 

A-E C, H, N , F  C 0.31 >2.5 

F C, H, N, Br, F De 0.04 0.63 
D C, H, N, C1 JY 0.31 0.63 

D-E C , H , N , F  E 0.31 2.5 
d C, H,N,  C1 E - - 

B C, H, N, C1 E 0.31 2.5 

C-E C , H , N  A' 0.16 2.5 
B-D C, H, N, C1 F8 1.25 >2.5 
D-E C , H , N , F  F 0.63 2.5 
D-E C , H , N , F  F >2.5 
E C , H , N , F  F 1.25 >2.5 
d C, H, N, F F 0.02 >2.5 
A C, H, N, C1, F F >2.5 - 
D-E C , H , N , F  A 1.25 0.31 
D C, H, N, F A 0.31 1.25 

- 

D-E C , H , N , F  A 0.31 2.5 
A C , H , N , F  D 0.63 1.25 
E C, H, N , F  A 0.63 2.5 
D C, H, N, F A 0.63 0.63 
D-E C , H , N  A 2.5 - 
A-B C, H, N, F h 0.31 2.5 
D C, H, N, F, C1 C >2.5 - 

A C, H, N, F D 1.25 0.63 
D-E C , H , N , F  D 1.25 2.5 
A-E C , H , N , F  D 2.5 - 
A C,H,  N, F D 0.63 1.25 
A C, H, N, F D 0.63 1.25 
A-E C , H , N  A 0.31 0.31 
A-E C , H , N  A >2.5 - 

182 47 D N, F A 0.31 2.5 
182.4 25 D-E C, H, N, F C 2.5 

A 0.63 2.5 155.4 23 D C, H, N, F 
155.5 23 D-E C, H, N, F A 1.25 >2.5 

C26H27FN4S 151.6 53 A C, H, N, F, S A 0.16 0.63 

C24HZSFN80 146.5 48 A-E C, H, N, F A 0.16 >2.5 

- 

C26H28FNS 133.4 23 E C, H, N, F Be 0.16 0.63 

C26H28FN6 158.2 35 C C, H, N, F B 0.31 1.25 

C31H31FN4 143.1 42 D C, H, N, F A 1.25 0.63 
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Table I (Continued) 
compd 48/80 

lethality 
test in rats:' 

~ p ,  yield,4 crystb meth- EDSO, mg/kg 
compd L formula C % solv anal. od sc 1 h oral 2 h 

C23H27FN80*2HCl*H20 192.9 19 A-E C, H, N,C1 A 0.31 >2.5 i 41 

CH3N N C H Z C H Z  
\ I  
N=N 

42 CsH&H(OH)CH2 C27HBFN40 184.1 23 A C, H, N, F D 0.63 >2.5 
OBased on immediate precursor, after recrystallization. Generally no attempts made to optimize yields. *Key: A = 2-propanol; B = 

methanol; C = 4-methyl-2-pentanone; D = acetone; E = diisopropyl ether; F = water. cThe estimated ED,, values are used whenever 
possible so that a comparison of the relative potencies can be made. For inactive compounds the highest dose tested is indicated preceding 
the symbol > (greater than). Compounds that are not tested are designated with the symbol -. dCollected from reaction solvent, not 
crystallized. 'See Scheme I. fSee Scheme 11. #See Scheme 111. hPrepared via hydrogen peroxidation of 22. 

CNS effects. In dogs the EEG and sleep-wake patterns 
do not reveal any changes indicative of stimulant or se- 
dative effects.14 Clinical observations in allergic patients 
suggest no somnolence or impairment of concentration.lkm 

From these data, it can be concluded that astemizole 
(51) is a potent, long-lasting, and selective HI-antagonist, 
devoid of central and anticholinergic effects. 

Experimental Section 
Melting points were determined with a Mettler FP1 melting 

point apparatus and are uncorrected. Elemental analyses were 
performed by the Analytical Department of Janssen Pharma- 
ceutica Laboratories. Mass spectra were measured with a Varian 
Mat 311-eV emission spectrometer. NMR spectra were measured 
with either a Brucker HX 60-12 or a Brucker WP 80-DS in- 
strument (internal standard Me4&). UV and/or IR spectra were 
determined with Beckman DK-2A and a Perkin-Elmer 421 or 225 
spectrometer. Analytical TLC was performed on silica 60 F264 
(Merck), and the spots were made visible by a UV lamp or iodine 
vapor. 

1-[ (4-Fluorophenyl)methyl]-4-(4-piperidinyl)-1H-benz- 
imidazol-2-amine Dihydrobromide (1). (i) A mixture of ethyl 
44 lH-benzimidazol-2-ylino)-l-piperidinec (5.6 g, 0.02 
mol),' 4-fluorobenzyl chloride (2.9 g, 0.02 mol), sodium carbonate 
(2 g, 0.02 mol), and potassium iodide (0.1 g) in dimethylformamide 
(200 mL) was stirred overnight at 70 "C. The mixture was poured 
into water and extracted twice with toluene. The combined 
organic layers were dried (MgS04) and evaporated in vacuo, and 
the residue was triturated with a mixture of 4methyl-2-pentanone 
and diisopropyl ether to yield ethyl 4-[ [ 1-[ (4-fluoropheny1)- 
methyl]-1H- benzimidazol-2-yl]amino]-l-piperidinecarboxylate: 
3.2 g (40%); mp 180.8 "C. Anal. (C22H26FN402) C, H, N, F. 

(ii) A solution of ethyl 4-[ [1-[(4-fluorophenyl)methyl]-lH- 
benzimidazol-2-yl]amino]-l-piperidinecarboxylate (3.2 g, 0.008 
mol) in 48% hydrobromic acid (200 mL) was stirred and refluxed 
for 1 h. The solvent was evaporated in vacuo, and the residue 

(10) Janssen, P. A. J.; Niemegeers, C. J. E.; Dresse, A.; Lenaerts, F. 
M.; Pinchard, A.; Schaper, W. K. A.; Van Nueten, J. M.; Ver- 
bruggen, F. J. Arzneh-Forsch. 1968, 18, 261. 

(11) Wauquier, A. Znt. Reo. Neurobiol. 1979, 21, 335. 
(12) Vanuytven, M.; Vermeire, J.; Niemegeers, C. J. E. Psycho- 

pharmacol. 1979, 64, 333. 
(13) Niemegeers, C. J. E.; Schellekens, K. H. L.; Janssen, P. A. J. 

Arch. Int. Pharmcodyn. Ther. 1980, 224, 130. 
(14) Wauquier, A.; Van den Broeck, W. A. E.; Awouters, F.; Jans- 

sen, P. A. J. Neuropharmacol. 1981,20, 853. 
(15) Bateman, D. N.; Chapman, P. H.; Rawlins, M. D. J .  Clin. 

Pharmacol. 1983, 25, 567. 
(16) Moser, V. L.; Gerdes, H.; Buckmann, M.; Hopmann, G.; Hop- 

mann, G. Arzneim.-Forsch. 1983, 33, 262. 
(17) Moser, L.; Plum, H.; Buckmann, M. Med. Welt 1984, 35, 296. 
(18) Nicholson, A. N.; Smith, P. A.; Spencer, M. B. Br. J .  Clin. 

Pharmacol. 1982, 14, 683. 
(19) Nicholson, A. N.; Stone, B. M. Br. J .  Clin. Pharmacol. 1982, 

13, 199. 
(20) Seppala, T.; Savolainen, K. Curr. Ther. Res. 1982, 31, 638. 

was crystallized from 2-propanol to afford 1: 3.3 g (82%); mp 
260 "C. Anal. (C14H21FN4~2HBr.1/2H20) C, H, N, Br, HzO. 

N - (  l-Cyclohexyl-4-piperidinyl)-l-[ (4-fluoropheny1)- 
methyl]-lH-benzimidazo1-2-amine (3). A solution of 1 (free 
base) (5.2 g, 0.016 mol) and cyclohexanone (3 g, 0.03 mol) in 
methanol (150 mL) was hydrogenated over Pd/C (lo%, 1 g) at 
room temperature. The catalyst was poisened by adding 1 mL 
of a 4% solution of thiophene in methanol (v/v). After uptake 
of 1 equiv of hydrogen, the catalyst was filtered off, the solvent 
was evaporated, and the residue was crystallized from 2- 
propanol-diisopropyl ether to yield 3 3.7 g (57%); mp 168.0 OC. 
Anal. (C25H31FN4) C, H, N, F. 

4 4  [ 1-[ (4-Fluorophenyl)methyl]-lH-benzimidazol-2-y1]- 
amino]-1-piperidineethanol Monobromide (4). A solution of 
1 (40.4 g, 0.1 mol) in methanol was basified with ammonia. After 
evaporation in vacuo, ethylene oxide (8.8 g, 0.2 mol) in methanol 
(500 mL) was added and the solution was stirred overnight at  room 
temperature. The solvent was evaporated in vacuo, and the 
residue was triturated with water to yield 4 29 g (64%); mp 248.2 
"C. Anal. (CzlHz5FN40.HBr) C, H, N, Br, F. 

2-[4-[[ l-[(4-Fluorophenyl)methyl]-lH-benzimidazol-2- 
yl]amino]-1-piperidinyllethyl 4-Methoxybenzoate Di- 
hydrochloride Hemihydrate (5). A solution of 4-methoxy- 
benzoyl chloride (1.7 g, 0.01 mol) in dichloromethane (50 mL) was 
added dropwise to a suspension of 4 (4.5 g, 0.01 mol) and tri- 
ethylamine (2 g, 0.02 mol) in dichloromethane (100 mL) at room 
temperature. The mixture was kept 24 h a t  25 "C and poured 
into water, and the organic layer was separated. After extraction 
with CHzClz the combined organic layers were dried (MgS04), 
filtered, and evaporated. The residue was purified on a silica 
column (eluent CHC13-CH30H 98:2 (v/v)). The product was 
collected, the solvent was removed, and the solid residue was 
acidified with hydrogen chloride in acetone to yield 5: 2.5 g 
(43.5%); mp 189.2 "C. Anal. (C2sH31FN403.2HC1.'/zH20) C, H, 

N - [  1-(2-Chloroethy1)-4-piperidinyl]-l-[ (4-fluoropheny1)- 
methyl]-lH-benzimidazol-2-amine Dihydrochloride (6). A 
solution of the dihydrochloride salt of 4 (15 g, 0.034 mol) and 
thionyl chloride (4 g, 0.034 mol) was stirred and refluxed in 
chloroform (250 mL) for 24 h. The solid was collected and dried 
in vacuo to yield 6: 13 g (83%); mp >260 "C. Anal. (C21H24- 

244-1 [ 1-[ (4-Fluorophenyl)methyl]-1H-benzimidazol-2- 
yl]amino]-l-piperidinyl]ethyl4-Morpholinecarboxylate (7). 
A suspension of 6 (4.8 g, 0.01 mol), morpholine (0.9 g, 0.01 mol), 
sodium carbonate (3.18 g, 0.03 mol), and potassium iodide (0.1 
g) in dimethylformamide (100 mL) was stirred a t  70 "C for 20 
h. The cooled reaction mixture was extracted twice with toluene. 
The combined organic layers were dried (MgSOb and evaporated. 
The residue was purified on silica (eluant CHC1,-CH30H 98:2 
(v/v)). The pure fraction was collected and crystallized from a 
mixture of acetone and diisopropyl ether to yield 7 0.6 g (12.5%); 
mp 144.8 "C. Anal. (C26H32FN503) C, H, N, F. 

1-[ (4-Fluorophenyl)methyl]-N-[ 1-[2-(4-morpholinyl)- 
e thyl  1-4-piperidinyll- 1H-benzimidazol-2-amine Trihydro- 
chloride (8). A solution of 6 (4.8 g, 0.01 mol) and morpholine 
(3.6 g, 0.04 mol) in dimethylformamide (150 mL) was stirred 
overnight a t  70 "C. The reaction mixture was cooled, poured into 

N, C1, HzO. 

ClFN4-2HCl) C, H, N, C1. 
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a C H 2 C H z a H  NH 7Hz-fJ-F 

T X  
compd 48/80 

lethality 
test in rats:‘ 

meth- ED,. mg/kg, sc mp, yield,’ crystb 
compd X formula oc w solv anal. d sc 1 h oral 2 h 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
56 
57 
58 
59 
60 

61 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

74 

75 
oxatomide 
azatadine 
pyrilamine 

H 
4-F 
4-NO2 
4-NH2 
4-CH3S 
4-CH3S02 
2-CH30 
3-CHs0 
4-CH3O 
3-OH 
4-CzH60 
4-C8H6CH20 
4-OH 
4-CH2-CHCH20 

4-C2H600CCH20 
4-H2NCOCH20 
4-C2H6NHCOCH@ 

4- C N  C O C  H 2 0 

4-NCCH20 
4-C~H&HzCOO 
4-CH30C8H,CO0 
4-CH3NHCO0 
4-CH30C(0)0 
4-C&15CH20C(0)0 
4-n-C4HdHCO0 
4-HO, 3-CH3 
4-CgH6CH20,3-CH3 
2,4-(CH30)2 
3,4-(CH30)2 
2,5-(CH30)2 

3,4- H Z  C - 0, 
HzA-0’ 

4-CH300CCH20 

3,4,5(CH@)3 

271.5 
283.7 
162.7 
195.4 
176 
235.8 
158.1 
242.4 
171.4 
209.8 
152.3 
155.4 
111.6 
224.7 
109.8 
109.1 
180.4 
160.9 

247 

224.6 
135.1 
157.1 
172.2 
134.5 
147.8 
142.5 
277.8 
145.6 
190.4 
69.3 

127.9 

264.6 

260.2 

70 
77 
53 
42 
32 
16 
41 
28 
48 
9 

15 
46.7 
88.5 
19.9 
32 
37.7 
29.6 
19 

43.5 

78.6 
18 
17 
20 
20 
43 
18 
76 
36.5 
9 

20 
20 

26.8 

25 

A 
D 
A 
A 
D 
A 
A 
D 
E 
D 
D-E 
D E  
E 
D 
D-E 
D-E 
A 
A 

A 

D 
A 
D E  
D E  
D E  
A 
D E  
D 
A 
D-E 
D E  
D-E 

D 

D 

A 
A 
A 
d 
A 
e 

A 
A 
A 
A 
A 
A 
G 
G 
G 
G 
G 
G 

G 

G 
G 
G 
G 
G 
G 
G 
A 
A 
A 
A 
A 

A 

A 

0.31 
0.31 

>2.5 
0.31 
0.63 
1.25 
1.25 
0.31 
0.11 
0.16 
1.25 
2.5 
0.16 
2.5 
2.5 
0.16 
1.25 
1.25 

1.25 

0.63 
0.31 
0.63 
1.25 
0.16 
0.31 
2.5 
0.08 

>2.5 
0.31 
1.25 
0.63 

1.25 

1.25 

0.049 (0.036-0.066)f 
- 

0.63 
>2.5 

C 

0.63 
1.25 

>2.5 
0.63 
0.31 
0.11 
0.31 
0.16 

0.10 
- 

>2.5 
2.5 
2.5 

1.25 

0.08 
0.08 
0.16 
2.5 
0.16 
0.16 

0.16 

0.31 
0.16 
0.63 

2.5 

0.63 
5.37 (4.34-6.65)f 
0.48 (0.32-0.70)’ 

56.6 (46.0-69.8)t 

compd 48/80 
lethality 

test in rats:’ 
yield! cryetnh E&. mg/kg mp, 

comcd L R formula ‘C w solv anal sc -1 h oral -2 h 
~ ~~ ~~~~~~~~ ~~~ 

82 C2H600C 5-CI CnH&lFN,O2 215.8 46 5 C-E C, H, N, C1, F C 

82, 83 C2H500C 5(6)-F CnHuF2N402 182.5 62.1 D E  C, H, N, F 
82,83 C2H500C 5(6)-CH3 C23HnFN402 173 3 69 D-E C, H, N, F 
84 C ~ H ~ C H Z C H ~  5-C1 CnHzaC~FN4 168 3 30.2 D-E C, H, N, C1, F >2 5 - 

- 
- - 

85 C&CH2CH2 5-F CnHmF2Nd.HpO 178.1 17 5 E C, H, N, F 1 2 5  >2.5 
86 C,H&H,CHz 6-F CnHlaFzN4 188.8 24.4 E C, H, N, F 1.25 0.63 
87 C ~ H & H ~ C H Z  5(6)-CH3 CuH31FNi 220 82.1 D-E C, H, N, F >2.5 

“Based on immediate precursor, after recrystallization. Generally no attempta made to optimize yields. Key: A = 2-propanol; B = methanol; C = 4-methyl-2-pentanone; D = acetone, 
E = diisopropyl ether. ‘See footnote c in Table I. dPrepared from 46 via catalytic nitro reduction. ‘Prepared via hydrogen peroxidation of 47. (Confidence limits. #See footnote q in 
Table I. hSee footnote b in Table I. ‘See footnote e in Table I. 

water, and extracted twice with toluene. The combined organic 
layers were dried (MgSO,), filtered, and evaporated. The residue 
was acidified with hydrogen chloride and crystallized from 
methanol to afford 8: 1 g (18.3%); mp 300 O C .  Anal. (C25H32- 

FN50.3HCI) C, H, N, C1. 
4-[ [ 1-~(4-Fluorophenyl)methyl]-1H-benzimidazol-2-yl]- 

amino]-1-piperidineacetonitrile (9). A suspension of 1 (24.3 
g, 0.05 mol), chloroacetonitde (3.8 g, 0.05 mol), sodium carbonate 
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Table 111. Intravenous Histamine Lethality Test in Guinea Pigs3 

Janssens et al. 

ED,,, values, mg/kg 
h after administrn 

compd 3 8 24 48 96 
4 0.04 0.07 0.09 0.30 2.15 
51 0.33 0.17 0.07 0.04 0.19 
55 0.19 0.08 0.06 0.12 0.27 
azatadine 0.014 (0.011-0.018)o 0.06 (0.024.17)" 1.36 (1.04-1.78)" >2.5 
cyproheptadine 0.08 (0.04-0.16)" 0.88 (0.44-1.43)" >2.5 
oxatomide 0.20 (0.010-0.31)" 1.25 (0.44-1.43)" >5  

~~~ ~ 

Confidence limits. 

Table IV. Protection from Compound 48/80 Lethality. Inhibition of Histamine- and Serotonin-Skin Reactions, and Mydriatic Activity 
in Rat: Comparison of Effective Dose of Astemizole and Reference Compounds 

ED,, values, mg/ kg 
compd 48/80 lethality: histamine-skin reaction serotonin-skin reactions mydriatic act. 

compd oral 2 h oral 2 h sc 2 h oral 2 h sc 2 h oral 2 h io 
2 2.5 
4 0.63 
astemizole (51) 0.11 (0.08-0.16)" 
55 0.10 
azatadine 0.48 (0.32-0.70) 
cyproheptadine 1.13 (0.86-1.48) 
oxatomide 5.37 (4.34-6.65) 
pyrilamine 56.6 (46.0-69.8) 
95% confidence limits. 

0.04 
0.08 

0.13 (0.08-0.19) 0.15 
0.08 

0.77 (0.48-1.25) 
0.89 (0.46-1.69) 
9.36 (6.25-14.0) 

>40.0 

(15.9 g, 0.15 mol), and potassium iodide (0.1 g) in dimethylform- 
amide (150 mL) was stirred at 60 "C for 2 h. The cooled reaction 
mixture was poured into water and extracted twice with toluene. 
The combined organic fractions were dried (MgSOJ, filtered, and 
evaporated in vacuo. The residue was crystallized from a 4- 
methyl-2-pentanone-diisopropyl ether mixture to afford 9: 10 
g (55%); mp 178.7 "C. Anal. (CzlHzzFN5) C, H, N. 

N - [  1-( 2-Aminoethyl)-4-piperidinyl]-l-[ (4-fluoropheny1)- 
methyl]-lH-benzimidazol-2-amine Trihydrochloride (10). 
A solution of 9 (9 g, 0.025 mol) in methanol (250 mL) saturated 
with ammonia was hydrogenated over RaNi (3 g) at normal 
pressure and room temperature. After uptake of 2 equiv of 
hydrogen, the catalyst was filtered off and the filtrate was 
evaporated. Crystallization of the residue from acetone-methanol 
acidified with HCl afforded 10: l l g  (92%); mp 292.9 "C. Anal. 

N -[ 1 -[ 2- (Dimet hy1amino)et hyll-4-piperidinyll- 1 - [ (4- 
fluorophenyl)methyl]-lH-benzimidazol-2-amine (1 1). A 
solution of 10 (3.5 g, 0.009 mol) and paraformaldehyde (1 g) in 
methanol (150 mL) was hydrogenated over Pd/C (lo%, 2 g). The 
catalyst was poisened by adding 1 mL of a 4% solution of 
thiophene in methanol (v/v). After uptake of 2 equiv of hydrogen, 
the catalyst was filtered off and the solvent was evaporated in 
vacuo. The residue was treated with water (100 mL) and extracted 
with chloroform (200 mL). The organic layer was separated, dried 
(MgSO,), filtered, and evaporated. Crystallization of the residue 
from a mixture af acetone and diisopropyl ether yielded 11: 1.5 
g (42%); mp 166.1 "C. Anal. (CZ3H3,,FN5) C, H, N, F. 
N-[2-[4-[ [ 1-[ (4-FluorophenyI)methyl]-1H-benzimidazol- 

2-ylIaminol- I-piperidinyllethyll-N-methylurea Hemihydrate 
(14). A solution of 10 (4.77 g, 0.01 mol) in methanol (100 mL) 
was basified with ammonia. After evaporation in vacuo, methyl 
isocyanate (0.6 g, 0.01 mol) in tetrahydrofuran (200 mL) was added 
and the solution was stirred overnight at  room temperature. The 
precipitate was collected and dried in vacuo to furnish 14: 3 g 
(70.7%); mp 231.4 "C. Anal. (Cz3H29FNs0J/2H20) C, H, N, F, 
HzO. 

N-[2-[4-[ [ 1-[ (4-Fluorophenyl)methyl]-1H-benzimidazol- 
2-yl]amino]-l-piperidinyl]ethyl]-4-methoxy-N-(4-methoxy- 
benzoy1)benzamide Dihydrochloride Dihydrate (15). A so- 
lution of 4-methoxybenzoyl chloride (1.7 g, 0.01 mol) in di- 
chloromethane (50 mL) was added dropwise to a suspension of 
10 (free base) (3.8 g, 0.01 mol) and triethylamine (1 g, 0.01 mol) 
in dichloromethane (100 mL) at  room temperature. After stirring 
for 24 h, the reaction mixture was poured into water and the 
organic layer was separated, dried (MgSOJ, filtered, and evap- 
orated in vacuo. The residue was purified on silica gel (eluant 

(Cz1Hz,FN5*3HCI) C, H, N, C1, HzO. 

20.63 > 40 
>0.63 >40 

14.2 (8.3-24.5) >2.5 >160 >40 
20.63 > 40 

18.8 (11.6-30.3) 5.39 (3.60-8.06) 
2.35 (1.45-3.79) 9.36 (6.91-12.7) 

32.6 (21.6-48.8) >160.0 
>40.0 56.5 (41.7-76.6) 

CHC13-CH30H 982  (v/v)). The product was collected and 
crystallized from 2-propanol acidified with HCl to yield 15: 1 g 
(13.4%); mp 161.5 "C. Anal. (C37H38FN504.2HC1.2HzO) C, H, 

1-[(4-Fluorophenyl)methyl]-N-[ 1-[3-[(4-methoxy- 
p henyl)thio]propyl]-4-piperidinyl]- lH-benzimidazo1-2-amine 
(22). A suspension of 1-[ (3-chloropropyl)thio]-4methoxybenzene 
(6.5 g, 0.03 1 (14.7 g, 0.03 mol), and sodium carbonate (10.6 
g, 0.1 mol) in dimethylformamide (200 mL) was stirred overnight 
a t  70 "C. The usual workup furnished a residue, which was 
purified on silica gel (eluent CHC13-CH30H 982  (v/v)). The 
product waa collected and crystallized from acetone-diisopropyl 
ether to afford 22 10 g (66%); mp 114.5 "C. Anal. (C&IBFN40S) 
C, H, N. 

1-[ (4-Fluorophenyl)methyl]-N-[ 1-[3-[ (4-methoxy- 
p henyl)sulfonyl]propyl]-4-piperidinyl]-lH-benzimidazol- 
2-amine Ethanedioate (1:2) 23. Hydrogen peroxide (30%; 2.2 
mL, 0.02 mol) was added slowly to a solution of 22 (3.7 g, 0.007 
mol) in acetic acid (20 mL). The solution was stirred and refluxed 
for 1 h. The cooled reaction mixture was basified with sodium 
hydroxide (50%) and extracted twice with chloroform. The 
combined organic layers were dried (MgSO,), filtered, and 
evaporated. The residue was purified on silica gel, and the oxalate 
salt was crystallized from a mixture of methanol and 2-propanol 
to yield 23: 0.8 g (16%); mp 213.1 "C. Anal. (CZ9H33FN40& 

1-[4-[3-[4-[[ 1-[ (4-Fluorophenyl)methyl]-lH-benz- 
imidazol-2-yl]amino]- l-piperidinyl]-2-hydroxypropoxy]- 
phenyllethanone (28). A solution of 1-[4-(oxiranylmethoxy)- 
phenyllethanone (2.9 g, 0.015 mol),n 1 (4.9 g, 0.1 mol), and sodium 
carbonate (2.1 g, 0.02 mol) in methanol (50 mL) and benzene (100 
mL) was stirred and refluxed for 24 h. After filtration and 
concentration in vacuo the product was crystallized from 2- 
propanol to afford 28: 1.8 g (35%); mp 174.7 "C. Anal. (Cs0- 

N, C1, F, HzO. 

2(COOH)J C, H, N, F. 

H33kN403) C, H, N, F. 
1-[ (4-Fluorophenyl)methyl]-N-[ 1-[2-(4-pyridinyl)- 

ethvll-4-oi~eridinvll-lH-benzimidazol-2-am~ne (39). A so- " *  _ _  
lution of 4-vinylpyr;dke (1.5 g, 0.015 mol) and 1 (free base) (3.2 
g, 0.010 mol) in butanol (150 mL) was stirred and refluxed ov- 
ernight. After concentration in vacuo, the product was chro- 
matographed on silica (eluant CHC13-CH30H 97:3 (v/v)) and 
crystallized from 4-methyl-2-pentanone to afford 39 1.5 g (35%); 
mp 158.2 "C. Anal. (CZ6Hz8FN5) C, H, N, F. 

(21) Bird, R.; Stirling, C. J. M. J .  Chem. SOC. B 1968, 111. 
(22) Schubz, H. Pharmazie 1968, 23, 240. 
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1-[ (4-Fluorophenyl)methyl]-N-[ 1-[2-(4-methoxyphenyl)- 
ethyl]-4-piperidinyl]-lH-benzimidazol-2-amine (51). A 
suspension of (4-methoxypheny1)ethanol methanesulfonate ester 
(2.3 g, 0.01 1 (4.9 g, 0.01 mol), and sodium carbonate (3.2 
g, 0.03 mol) in dimethylformamide (100 mL) was stirred overnight 
at 70 "C. The cooled reaction mixture was poured into water and 
extracted twice with toluene. The organic layers were dried 
(MgS04), filtered, and evaporated. Chromatographic purification 
and crystallization from diisopropyl ether furnished 51: 2.2 g 
(48%); mp 171.4 "C. Anal. (C28H31FN40) C, H, N, F. 

I-[ (4-Fluorophenyl)methyl]-N-[ 1-[2-[4-(phenylmeth- 
oxy)phenyl]et hylI-4-piperidinyll- 1H-benzimidazol-2-amine 
(54). A suspension of 2-[4-(phenylmethoxy)phenyl]ethyl meth- 
anesulfonate (ester) (13.5 g, 0.044 mol), 1 (19.5 g, 0.040 mol), and 
sodium carbonate (1.7 g, 0.12 mol) in dimethylformamide (500 
mL) was stirred a t  70 "C for 20 h. The usual workup afforded 
the crude residue, which was crystallized from a mixture of acetone 
and diisopropyl ether to yield 5 4  10 g (46.7%); mp 155.4 "C. Anal. 
(C34H35FN40) C, H, N, F. 
4-[2-[4-[ [ l-[(4-Fluorophenyl)methyl]-lH-benzimidazol-2- 

yllaminol-1-piperidinyl]ethyl]phenol Hemihydrate (55). (i) 
A solution of 51 (9.2 g, 0.02 mol) in 48% hydrobromic acid (300 
mL) was stirred and refluxed for 20 h. The solvent was evaporated 
in vacuo, and the residue was basified with sodium hydroxide 
(50%) in ice water. After extraction with chloroform, the organic 
layer was dried (MgSO,), fdtered, and extracted. The pure residue 
was triturated with diisopropyl ether, and the precipitate was 
collected and dried in vacuo to afford 55: 8.5 g (93%); mp 110.4 
"C. 

(ii) A solution of 54 (7.5 g, 0.014 mol) in methanol (150 mL) 
was debenzylated over Pd/C (lo%, 2 g). After uptake of 1 equiv 
of hydrogen, the catalyst was filtered off, and the filtrate was 
evaporated. The residue was triturated in diisopropyl ether to 
yield pure 55: 5.5 g (88.5%); mp 111.4 "C. Anal. (CZ7HzsFN40) 

Methyl 24 4-[2-[4-[ [ 1-[ (4-Fluorophenyl)methyl]-1H-benz- 
imidazol-2-yl]amino]-l-piperidinyl]ethyl]phenoxy]acetate 
(57). A suspension of methyl monochloroacetate (3.26 g, 0.03 mol), 
55 (13.5 g, 0.03 mol), and potassium carbonate (4.2 g, 0.03 mol) 
in acetone (200 mL) was stirred and refluxed overnight. The 
reaction mixture was filtered and evaporated in vacuo, and the 
residue was purified on silica (eluant CHC13CH30H 982 (v/v)). 
The product was collected and crystallized from a mixture of 
acetone and diisopropyl ether to afford 57: 5 g (32%); mp 109.8 
"C. Anal. (C30H33FN403) C, H, N, F. 
2-[ 4-[ 2-[ 4-[ [ 1-[ (4-Fluorophenyl)methyl]- 1H -benz- 

imidazol-2-yl]amino]- 1-piperidinyllet hyllphenoxylacetamide 
(59). A solution of 57 (3.5 g, 0.007 mol) in methanol (50 mL) and 
aqueous ammonia (100 mL) was stirred at room temperature for 
4 h. Following concentration, the residue was chromatographed 
on silica (eluant CHC13-CH30H 9 5 5  (v/v)) to  afford the pure 
product, which was crystallized from 2-propanol to  yield 59: 1 
g (29.6%); mp 180.4 "C. Anal. (C29H32FN502) C, H, N, F. 

1424442444 [ 1-[(4-Fluorophenyl)methyl]-lH-benz- 
imidazol-2-yl]amino]- 1-piperidinyl]ethyl]phenoxy]acetyl]- 
piperidine Dihydrochloride (61). A suspension of 55 (6.24 g, 
0.01 mol), N-(chloroacety1)piperidine (1.6 g, 0.01 mol),24 and 
potassium carbonate (4.2 g, 0.03 mol) in acetone (150 mL) was 
stirred and refluxed overnight. The reaction mixture was filtered 
and evaporated. The residue was purified on silica (eluant 
CHC13-CH30H 955 (v/v)). The product was collected and 
crystallized from 2-propanol acidified with hydrogen chloride to 
afford 61: 2.8 g (43.5%); mp 247 "C. Anal. (C34H&F"502-2HC1) 
C, H, N, C1. 
4-[2-[4-[ [ 1-[ (4-Fluorophenyl)methyl]- lH-benzimidazol-2- 

yl]amino]-l-piperidinyl]ethyl]phenyl4-Methoxybenzoate 
(64). Acylation of 55 (4.5 g, 0.01 mol) with 4-methoxybenzoyl 
chloride (1.7 g, 0.01 mol) in dichloromethane as described for 4 
yielded, after the usual workup, a crude residue of 64. Chro- 
matographic purification (eluant CHC13-CH30H 98:2 (v/v)), 
followed by crystallization of the product from a mixture of 

(23) Beard, C. C.; Eduards, J. A.; Fried, J. H. American Patent US .  
3929824, 1976; Chem. Abstr. 1976,84, 135653~. 

(24) Guandini, A.; Schenone, P.; Minardi, G. Farm. Ed. Sci. 1963, 
18, 828. 

C, H, N, HZO. 
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acetone and diisopropyl ether afforded 64: 1 g (17%); mp 157.1 
"C. Anal. (C35H35FN403) C, H, N, F. 
4-[ 24 44 [ 1-[ (4-Fluoropheny1)met hyll- lH-benzimidazol-2- 

yllaminol-1-piperidinyl]ethyl]phenyl Phenylmethyl Car- 
bonate (67). A solution of benzyl chloroformate (1.7 g, 0.01 mol) 
in dichloromethane (50 mL) was added dropwise to  a solution 
of 55 (4.5 g, 0.01 mol) and triethylamine (1 g, 0.01 mol) in di- 
chloromethane (100 mL) at room temperature. The reaction 
mixture was refluxed for 1 h and stirred overnight a t  room tem- 
perature. The mixture was poured into water, and the organic 
layer was separated and washed twice with water. The organic 
layer was dried (MgS04) and evaporated and the residue chro- 
matographed on silica (eluant CHC13-CH30H 95.5 (v/v)). The 
product was collected and crystallized from 2-propanol to  yield 
67: 2.5 g (43%); mp 147.8 "C. Anal. (C35H35FN403) C, H. 
4-[2-[4-[ [ 1-[ (4-Fluorophenyl)methyl]-lH-benzimidazol-2- 

yllaminol-1-piperidinyllethyllphenyl Butylcarbamate (68). 
A solution of n-butyl isocyanate (1 g, 0.01 mol) and 55 (4.5 g, 0.01 
mol) in tetrahydrofuran (150 mL) was stirred and refluxed for 
20 h. The solvent was removed in vacuo, and the residue was 
purified on silica (eluant CHC13-CH30H 98:2 (v/v)). Crystalli- 
zation of the purified product from a mixture of acetone and 
diisopropyl ether furnished 6 8  1 g (18%); mp 142.5 "C. Anal. 
(CJ&~FN@Z) C, H, N, F. 
Ethyl 4-[(5-Fluoro-1H-benzimidazol-2-yl)amino]-l- 

piperidinecarboxylate (81; R = F). A solution of 79 (42.2 g, 
0.2 mol) and 80 (R = F, 25.2 g, 0.2 mol) in methanol (300 mL) 
was stirred overnight at room temperature to afford quantitatively 
ethyl 4-[ [ [ (2-amino-4-fluorophenyl)amino]thioxomethyl]- 
amino]-1-piperidinecarboxylate. Cyclodesulfurizationl of the 
thiourea, followed by crystallization of the product from a mixture 
of tetrahydrofuran and diisopropyl ether, afforded 81 (R = F): 
34.5 g (56.3%); mp 227.5 "C. Anal. (C15HlgFN402) C, H, N, F. 
Ethyl 44 [ 5-Chloro- 1-[ (4-fluorophenyl)methyl]-lH-benz- 

imidazol-2-yllaminol-1-piperidinecarboxylate (82; R = Cl). 
A solution of 78 (R = C1; 35 g, 0.125 mol) and 79 (23.6 g, 0.125 
mol)' in methanol (500 mL) was stirred overnight a t  room tem- 
perature. The reaction was completed within 24 h (TLC), yielding 
ethyl 4-[ [ [ [5-chloro-2-[ [ (4-fluorophenyl)methyl]amino]phenyl]- 
amino]thioxomethyl]amino]-l-piperidinecarboxylate. This 
thiourea was cyclodesulfurized, without further purification, as 
already described' to  afford a crude residue of 82 (R = Cl). 
Crystallization from a mixture of 4-methyl-2-pentanone and 
diisopropyl ether gave an analytical sample: overall yield 46.5%; 
mp 215.8 "C. Anal. (CzzH24C1FN402) C, H, N, C1, F. 
Ethyl 4-[[5(6)-Fluoro-1-[(4-fluorophenyl)methyl]-lH- 

benzimidazol-2-yl]amino]-l-piperidinecarboxylate (82; R = 
F; 83, R = F). A suspension of 81 (R = F, 15.3 g, 0.05 mol), 
4-fluorobenzyl chloride (9 g, 0.06 mol), sodium carbonate (5.3 g, 
0.05 mol), and potassium iodide (0.2 g) in dimethylformamide 
(150 mL) was stirred overnight at 70 "C. After the usual workup, 
the crude residue was crystallized from a mixture of acetone and 
diisopropyl ether to yield a 1:l mixture (NMR) of 82 (R = F) and 
83 (R = F): 13.4 g (62.1%); mp 182.5 "C. Anal. (C22H24F2N402) 
C, H, N, F. 
5-Chloro-1-[ (4-fluorophenyl)methyl]-N-[ 1-(2-phenyl- 

ethyl)-4-piperidinyl]-lH-benzimidazol-2-amine (84; R = Cl). 
(i) Deprotection of 82 (R = C1) with 48% aqueous HBr afforded 
5-chloro-1- [ (4-fluorophenyl)methyl]-N-(4-piperidinyl)-lH-benz- 
imidazol-2-amine dihydrobromide: 95% ; mp 260 "C. 

(ii) Coupling of the dihydrobromide (4 g, 0.009 mol) and 
phenylethyl bromide (3 g, 0.015 mol) in dimethylformamide 
yielded, after the usual workup, 4.5 g of the crude product. 
Chromatographic purification on silica (eluant CHC13-CH30H 
97.52.5 (v/v)) followed by crystallization from a mixture of acetone 
and diisopropyl ether yielded an analytical sample of 84 (R = Cl): 
1.3 g (30.2%); mp 168.3 "C. Anal. (CZ7Hz8C1FN4) C, H, N, C1, 
F. 
5-Fluoro- 1-[ (4-fluorophenyl)methyl]-N-[ (2-phenyl- 

ethyl)-4-piperidinyl]-lH-benzimidazol-2-amine Monohydrate 
(85; R = F) and the 6-Fluor0 Isomer (86; R = F). (i) Depro- 
tection of the 5(6)-fluor0 mixture 82 (R = F) and 83 (R = F) as 
already described' yielded a mixture of 5(6)-fluoro-l-[ (4-fluoro- 
phenyl)methyl]-N-(4-piperidinyl)-1H-benzimidazol-2-amine di- 
hydrobromide: 89% ; mp >260 "C. Anal. (C19H20F2N4-2HBr) 
Br. 
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(ii) A suspension of the dihydrobromide salt (6 g, 0.012 mol), 
phenylethyl bromide (2.4 g, 0.013 mol), and sodium carbonate 
(3.2 g, 0.03 mol) in 4-methyl-2-pentanone (250 mL) was refluxed, 
and water was continuously removed with the aid of a Dean-Stark 
trap. After the usual workup, the residue was purified on silica 
(eluant CHC1,-CH30H 97:3 (v/v)). The pure isomers were sep- 
arated via HPLC (eluant ethyl acetatemethanol 93:7 (v/v)). The 
compound with the highest Rf value (TLC) was identified as the 
5-isomer 85 (R = F) by NMR analysis. Trituration of 85 with 
diisopropyl ether afforded an analytical sample: 1 g (17.5%); mp 
178.1 "C. Anal. (C27H2,F2N4.H20) C, H, N, F, H20. 

The other component was characterized as the 6-fluor0 isomer 
86 (R = F) by NMR analysis; 1.2 g (21%); mp 188.8 "C. Anal. 

Pharmacological Methods. In Vitro Screening. A. In- 
hibition of Histamine- (Hl-) Induced Contraction of Guinea 
Pig Ileum: determined as previously described.'sZ5 

B. Inhibition of Histamine- (H2-) Induced Increase in 
Heart Rate of Guinea Pig Atrium. Spontaneous beating right 
atria of guinea pigs (40C-500 g, fasted overnight) were suspended 
with an optimal preload (Le., the preload at which the isometric 
force development is maximal) in a 100-mL Krebs-Henseleit bath, 
containing 0.026 mM CaEDTA, gassed with a mixture of 95% 
0 2  and 5% COZ (37.5 "C). Both contractile force and heart rate 
were measured (isometrical force transducer Grass F T  03C, JSI 
amplifier, cardiotachometer JSI, Honeywell 540 XYY' pen-re- 
corder). A dose-response curve was made by constant infusion 
of histamine (concentration increase of 4.9 X lo4 M for 7 min) 
into the organ bath before, and 30 min after, the addition of the 
antagonist. 

The gradual agonist-induced increase in heart rate and con- 
tractile force was recorded continuously. Direct chronotropic and 
inotropic effects were observed during the incubation period. A 
change of slope of the agonist-frequency curve was taken as a 
measure of drug effects8 

C. Inhibition of Histamine- (H,) Induced Gastric Acid 
Secretion of the Rat Stomach. Sucking male Wistar rats (20 
days of age, weighing about 40 g) were anaesthetized by ip injection 
of 3 mg of pentobarbital. The stomach was taken out after ligation 
of the esophagus. The duodenum and the fundic part were 
cannulated for in flow (duodenum) and out flow (fundus) of 
buffer-free Krebs-Henseleit solution (without NaHC03 and 
KH2P04) with a perfusion rate of 1 mL/min.= The stomach was 
suspended in a 10 mL of Krebs-Henseleit bath, gassed with a 
mixture of 95% O2 and 5% COz (37.5 "C). The pH of the out- 
flowing perfusate was continuously monitored (Philips PW 9409) 
and expressed as concentration of H+ ions (Dual acid gastric 
secretion calculator; JSI, H P  XY 7035 B). With pyrilamine (3.5 
x M) present in the bathing solution, a single dose of hist- 
amine (5.4 X M) was added to the bath. Ten minutes later 
the antagonist was added for a period of 30 min. Inhibition of 
histamine-stimulated acid secretion was scored qualitatively.8 

In Vivo Screening. A. Protection of Rats from Compound 
48/80 Induced Lethality: determined as described previously." 
Briefly, test compounds or solvents were given subcutaneously 
or orally to inbred Wistar rats (230-270 g) at various time intervals 
(usually 1 and 2 h, respectively) before a normally lethal in- 
travenous injection of compound 48/80 (0.5 mg/kg) was admin- 
istered. Protective activity was defined as survival of the animal 
for 4 h after the challenge. Drug effects were expressed as es- 
timated ED,, values, i.e. the dose where 50% of the animals 
survive the challenge. Calculated ED,, values with confidence 
limits, according to F i n n e ~ , ~ ~  were obtained on the basis of test 
results on five animals for each of a t  least three doses from the 
geomctrical series 0.0025, 0.005, 0.01, ..., 10.0, 20.0, 40.0 mg/kg. 
Estimated EDso values were based on at least two animals per 
test dose. 

B. Protection of Guinea Pigs from Histamine-Induced 
Lethality. The 50% protective dose (PDa) values against a lethal 
intravenous dose of histamine were determined as previously 

(CmHz~iF2N4) C, H, N, F. 

(25 )  Van Nueten, J. M.; Jznssen, P. A. J. Arrh. Int. Pharmacodyn. 
Ther. 1973, 204, 37. 

(26) Parsons, M. E. J .  Physiol. 1975, 247, 35, 36. 
(27) Finney, D. J. "Probit Analysis"; University Press: Cambridge, 

1962. 

de~cribed.~ Male albino guinea pigs (280-360 g) were challenged 
with an intravenous injection of 1.25 mg/kg of histamine di- 
hydrochloride solution. As all control animals died within 5 min, 
survival after 1 h was considered to be a safe criterion of protection 
from histamineinduced death. PDM values with confidence liiita 
were computed according to Finney.21 To study the duration of 
action, 2-fold increments of the test substance were administered 
orally 3, 24, 48, and 96 h prior to an intravenous histamine 
challenge. Four to six guinea pigs per dose and time point were 
used for each of a t  least three doses from the geometrical series 
0.0025,0.005,0.01, ..., 2.5,b.O mg/kg. Ehtimated PD, values were 
based on a t  least two animals per test dose. 

C. Histamine- and Serotonin-Induced Skin Reactions in 
Rats. Two hours after oral administration of test compounds 
or solvent, four intradermal injections, two of 50 WL of histamine 
dihydrochloride solution (1 mg/mL in saline) and two of 50 gL 
of serotonin solution (2 pg/mL in saline), were given into the 
clipped back of a rat. These were immediately followed by an 
intravenous injection of 0.5 mL of a 0.5% trypan blue solution. 
Thirty minutes later, the bluing of the cutaneous reactions was 
scored as previously described.6 

D. Peripheral and Central Effects Not Related to Hist- 
amine Antagonism. Astemizole (51), or solvent, was adminis- 
tered orally 2 h before testing. In rats, mydriatic activity, an- 
tagonism of noradrenaline-induced lethality, of apomorphine- 
induced agitation and stereotypy and of tryptamine-induced 
tremors were investigated as described previously.' Palpebral 
ptosis and catalepsy-inducing proper tie^,^ inhibition of food in- 
take,1° inhibition of intracranial self-stimulation," and locomotor 
activity12 were also studied according to standard procedures. In 
dogs, antagonism of apomorphine-induced emesis was performed 
as described previ0us1y.l~ 
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New Antihistaminic N-Heterocyclic 4-Piperidinamines. 3. Synthesis and 
Antihistaminic Activity of N-(4-Piperidinyl)-3H-imidazo[4,5-b Ipyridin-2-amines 

Frans Janssens,* Joseph Torremans, Marcel Janssen, Raymond A. Stokbroekx, Marcel Luyckx, 
and Paul A. J. Janssen 
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T o  study the bioisosteric replacement of a 2-pyridyl ring for a phenyl nucleus in astemizole, a series of N44- 
piperidinyl)-3H-imidau,[4,5-b]pyridin-2-amines was synthesized and evaluated. The title compounds were obtained 
starting from either 8a or 8b by four synthetic methods. The in vivo antihistamine activity was evaluated by the 
compound 48/80-induced lethality test in rats and the histamine-induced lethality test in guinea pigs after oral 
and/or subcutaneous administration. Compound 37, the isostere of astemizole, showed the most potent antihistaminic 
properties in the rat. However, astemizole is superior to 37 as to duration of action and total potency. 

Astemizole, a prototype of a new series of N44- 
piperidinyl)-lH-benzimidazo1-2-amines, is a potent, long- 
lasting, and selective in vivo antihistamine, not affecting 
the central nervous system in different animal species, after 
both oral and subcutaneous admini~tration.'-~ 

astmizole 

I. Z = H  or F 

N-(4-piperidinyl)-3H-imidazo[4,5-b]pyridin4amines (I) 
was synthesized in order to evaluate this well-known 
bioisosteric replacement6 in astemizole and related com- 
pounds. 

Chemistry. In the synthetic approach to the N44- 
piperidinyl)-3H-imidazo[4,5-b]pyridin-2-amines, benzyl- 
amine 1 was allowed to react with 2-chloro-3-nitropyridine 
(2) to form 3a,b (Scheme I). Catalytic reduction of the 
nitro function of 3a,b quantitatively yielded 4a,b, which 
were immediately coupled with isothiocyanate 5l to yield 
6a,b. Cyclodesulfurization of 6a,b with mercury oxide in 
tetrahydrofuran afforded 7a,b.' Deprotection with 48% 
HBr at  reflux gave the intermediates 8a,b (Table I). 

The test compounds 9-39 originated from 8a,b by one 
of the following four methods:'i2 alkylation with LX in 
dimethylformamide at  70-90 "C (method A); addition of 
vinylpyridines in butanol (method B); reductive amination 
of ketones or aldehydes (method C); oxirane cleavage in 
a benzene-methanol mixture (method D). 

Results and Discussion 
The'in vivo, antihistamine activity was evaluated by the 

compound 48/80-induced lethality test in rats;6 the results 

Replacement of a phenyl nucleus by a 2-pyridyl ring in 
the structure of various classical H1-antagonists consid- 
erably enhances antihistaminic activity.' A series of 
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