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methylfurari or 2-cyano-5-niethylf uraii depending upon 
conditions.fi 

Sirice authentic 2-isohistamine (3) was, therefore, 
u~ikno\vii, it became the objective of the present work 
to synthesize this compound and to examine its phar- 
macology. 

Initial attempts in this direction were made using the 
:’-lithi0 derivative of 1-benzylimidazole (15) .’ This 
intermediate on reaction with 1-(2-bronioethyl)phthal- 
imide (16) gave a product of the expected composition 
(Chart 11). However, the physical and chemical prop- 
erties of the conipound indicated that it was not the 
normal allq latiori product 17. Its structure was rather 
that of the aziridine amide 19. Reaction of the lithium 
derivative 15 had taken place initially at  the carbonyl 
group of the phthaliniide 16 rather than at  the bromine. 
The intermediate thus formed (18) lost bromide ion 
(arrows) to 1 ield the amide 19.8 Hydrazinolysis of the 
amide 19 afforded the phthalazinone 20, while acid hy- 
drolysis cleaved the amide to the benzoic acid deriva- 
tive 21. 

Since this approach was abortive, we reexamined the 
original cyanide reaction on 1-benzyl-2-chloromethyl- 
imidazole (7) (Chart I). When this reaction was carried 
out acrording to the procedure of Jonessa (KCX in 
aqueous-ethanol) , nmr analysis indicated that the mix- 
ture contained t h e e  products. Both of the isomeric 
nitriles 10 arid 11 were present in about equal quantity, 
arid about 5% of the ethyl ether 9 was also produced. 
1;ractionation of the picrate salts afforded only the re- 
arranged or “abnormal” nitrile 11 (22%). Thus, al- 

(6) K 1 Pio\itskii K Gresl, and  Y K Yurev, Kham GeterotszXZ Soedan , 
Ahad  ~Vauh LatL S S R  829 (1966) 

( i )  fa) i 31 Roe, J Chem Soc , 2195 (1966), (b) P. E. ITersen and H. 
Lund, Actn Chem Scand 20, 2649 (1966) 

(8 )  The nmr spectrum of 19 a t  100 Hz In CDCla shows nonequivalence 
of the I J e n A  mettirlene lijdrogens (6a 5 04 and 6~ 4 95 ppm, J A B  = 15 5 )  
a b  \I eli as  of all f u i l r  protonb of the  aziridine rinx (6c 4 36 611 4 36, 6~ 4 07, 
and 61 3 15 m m .  Iti = 10 5 C and F are each coupled 1)) about 6 and i 
~ I I F  to  I ~ ~ t l i  C‘ Anti D) T l i i~  oli ienation requires lnndered rotation ahout 
the ainide lmnd and ~t I m * t  unp other exoc\dic lmnd 
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though the Jones procedure gave significwit yields of the 
desired nitrile 10, only the “abnormal” product 11 was 
originally isolated. Of even greater interest was the 
subsequent observation that reaction of the chloride 7 
with sodium cyanide in dimethyl sulfoxide gave only  
the “normal” nitrile 10 in SG% yield. This key inter- 
mediate thus became readily available for further trans- 
formations. 

Debenzylation of 10 gave 2-~yanomethylimidazole, 
while hydrogenation, catalyzed by Rtmey nickel, led to 
the amine (12) (Chart I). The latter compound on de- 
benzylation then gave the long-sought 2-isohistamirie 
(3)‘ 

With our primary objective thus in  hand, we used 
standard procedures to convert 12 also to the dimethj 1 
derivatives 22 and 23. 

NCHzPh NH 
12 - [;+CH~CWCH~~, - [ i~H2cH,N(C~,) ,  

22 23 

Finally, it seemed pertinent to restudy the synthesis 
of 2-(2-aminoethyl)-l-methylimidazole (26) as reported 
by J ~ c e l y n . ~  I n  this case a similar rearrangement was 
possible. When 2-chloromethyl-1-methylimidazole 
(24) was caused to react with cyanide in aqueous-eth- 
anol, the product was a mixture of nitriles 25 and 27 in 
a ratio of about 2: l  (Chart 111). Picrate salt frac- 
tionation in this instance gave only the “normal” isomer 
25; therefore, Jocelyn’s structure for 26 Seems secure. 
When dimethyl sulfoxide was employed in the cyanide 
reaction, only 25 (and no 27) was produced. 

Pharmacology.-The results of tests using standard 
assay procedures suggest that  2-isohistamine resembles 
histamine in its pharmacological properties. The addi- 
tion of isohistamine to a bath containing a strip of 
guinea pig ileum caused a contraction of the muscle. 
The time course of this response \ \as very similar to 

(9) (d) P ( . J w e l \ n ,  J. Chem. QVL , 3.305 ( l C l ? i ) ,  fb) P C J o r r l \ n  
Arch I d .  I’liarmatudrin Ther , 113, 251 (19.58) 
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dihlled.  The crude product was dissolved in 500 ml of 1: 1 
C6He-Et20, and excess dry HCl was used to prepare the dihydro- 
chloride salt, which was crystallized from 75 ml of EtOH; 
yield 22 g (79%), mp 158-160'. The pK. in 66% DhlF was 
4.5 and 9.1. Anal. (C12HljN3.2HCl) C, H, N. 

2-(2-Aminoethyl)imidazole (3) Dihydrochloride.-2-p-.4mino- 
ethyl-1-benzylimidazole dihydrochloride, 5.48 g, was dissolved 
in 100 ml of liquid XH,, and to the solution were added with 
stirring small pieces of sodium until a blue color persisted (1.6- 
1.9 g). The mixture was stirred for 10 min, after which 2 g of 
NH&l was added, and the NH3 was allowed to evaporate com- 
pletely. The residue was extracted with 50 ml of hot EtOH. 
Sodium chloride was filtered, and excess dry HCl was passed into 
the EtOH extract. The product was filtered and washed with 
EtOH and EtaO; yield 2.82 g (767,). It was recrystallized 
from 50 ml of 1 :4  H,O-EtOH; mp 265-266"; pK, in 66yc 
DMF was 5.4 and 9.3. Anal. (CjH9N3.2HC1) C, H, C1, N. 

2-Cyanomethylimidazole.-To a solution of 8.83 g of l-benzyl- 
2-cyanomethylimidazole (IO) in 100 ml of liquid NH, were added 
sodium pieces with stirring until a blue color persisted (2.6 g). 
The mixture was stirred for 10 min, after which 6.05 g of KH&1 
was added, and the NH3 was evaporated completely. The residue 
was extracted with hot EtOH, and the crude product (4  g) was 
obtained by concentrating the extract. The prodiict was re- 
crystallized from H20; mp 166.5-167.3°; pK,in 66% DAIF was 
4.0.5 and 13.8. Anal. (CjHgN3) C, H. 

I-Benzyl-2-( 2-dimethylaminoethy1)imidazole (22).-2-( 2-Ami- 
noethyl)-1-benzylimidazole dihydrochloride (5.0 g) was converted 
to the free base using 50% NaOH. The amine was extracted 
with Cd~S-EtZO, and the solution was dried over KOH. Removal 

of the solvents left 3.7 g of amorphous base that was then dissolved 
in 150 ml of EtOH and 50 ml of 37% formaldehyde. The 
solution was hydrogenated for 20 hr a t  3-4 atm hydrogen pressure 
using 1.5 g of 570 Pd-C. The catalyst was filtered, and the sol- 
vents were distilled in vacuo. The crude product was dissolved 
in CH,C12, and the solution was extracted with aqueous HC1. 
The extract was made basic (KaOH), and the product was 
reextracted into CH2C1,. Concentration left 1.9 g of product as 
an oil. A dipicrate salt was prepared and recrystallized from 
Me,CO, mp 180-185'. Anal. (CI ,H~~N~.~C,H&,OT)  C, H, lu'. 
The same dimethyl derivative (22) was also prepared by methyla- 
tion of the primary amine (12) with formaldehyde-formic acid. 

2 4  2-Dimethylaminoethy1)imidazole (23) Dihydroch1oride.- 
The benzyl derivative above (22), 1.6 g, was dissolved in 50 ml 
of liquid NHI, and sodium pieces were added with stirring until 
a blue color persisted. After 15 min 0.37 g of NH&l was added, 
and the ?;H3 was evaporated completely. The residue was 
extracted with hot EtOH, excess dry HCl was added, and the 
solvent was distilled. The crude product was recrystallized 
from EtOH-lIe2CO; yield 0.6 g, mp 213-216'. 
2HC1) C, H, N. 

Anal. (CiH13x3' 
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The metabolism of brompheniramine-l% has been investigated in the dog and the human. Six metabolites 
have been identified and quantitated in dog wine and five of these have also been found in human urine. These 
account for approximately Nine brompheniramine-related compounds have 
been synthesized as possible metabolites. The following were found to be present in the urine after an oral dose: 
unchanged brompheniramine, the mono- and didemethylated derivatives, 2-( p-bromo-a-[2-(dimethylamino)- 
ethyl] benzyl }pyridine "-oxide (not found in the human), p-(p-bromophenyl)-2-pyridinepropionic acid, and its 
glycine conj ligate. 

of the dose in each species. 

Brompheniramine maleate is an antihistamine used 
extensively for the prevention and control of allergic 
reactions. Chemically it is 2- { p-bromo-a- [2-(amino)- 
ethyllbenzgl] pyridine maleate. 

The metabolism of this drug has not been presented 
previously and it is the purpose of this report to submit 
the findings from a study of its metabolism in dogs and 
humans. Chlorpheniramine, the chloro derivative of 
pheniramine, is metabolized to the mono- and di- 
demethylated derivatives. Corresponding metabolites 
have been found to occur from brompheniramine ad- 
ministration and, in addition, other metabolites have 
been identified and quantitated. 

Experimental Section 
The experimental part of this study involved two phases: 

synthesis of metabolites and identification of these metabolites 
in the urine of dogs and hiimans given oral doses of bromphenir- 
amine maleate. 

Preliminary investigation by tlc of the base extractables of 
urine, from dogs that had received brompheniramine, indicated 
that unchanged drug and at  least two additional related com- 
pounds were present. Brompheniramine-14C was then syn- 
-~ 

(1 )  E. Peeto, R \\einatein, and 8 .  S>mchll!ic), f'hurmncologut,  9 ,  216 
( 1 9 6 i ) .  

thesized so that further investigation of these and other metabo- 
lites could be carried out. .4 number of related compounds were 
also synthesized as possible metabolites. 

Metabolism Studies.-Oral doses of 7 .5  mg/kg of bromphenir- 
amine-14C were administered to mongrel dogs weighing 8.5- 
10 kg. Urine and feces were collected for 96 hr and stored in the 
freezer until analyzed. 

Normal, male, human subjects were given four oral doses of 
brompheniramine-I4C of 8.0 mg each over a period of 12 hr. 
Following the first dose and continuing for 48 hr after the final 
dose, each urine void was collected in separate containers. 
After that time, pooled 24-hr specimens were collected for 5 
days. Feces were collected for 3 days. 

Isotopes.-Radioact ivit y in liquid Sam - 
ples was measured iising a Packard liquid scintillation spectrcim- 
eter, Series 314E. The aqueous phosphor consisted of toluene- 
dioxane-EtOH (4:4: 2.4) containing 80 g of napht,halene and 
3 g of PPO/1. 

They were dried 
in a vacuum oven at  55" and ground in a blender. The dried, 
ground samples were combwted in a combustion furnace by a 
modification of the method described by Peets, et al.* The 
liberated CO2 was counted in a phosphor consisting of 4 g of 
PPO/l. of toluene. 

Chemical Analysis.-The chemical method of analysis involved 
t'he oxidation of brompheniramine to p-bromophenyl 2-pyridyl 
ketone and its snbsequent determination by glpc, using chlor- 

(2)  E. A .  Peets, .I. R .  Florini, and D. .i. Busske.  I n u l .  Chem., 32, 1465 
(1960). 

Analytical Methods. 

Feces m-ere counted after oxidation to CO,. 


