
January 1970 2-(4-IHIDAZOLYL) CYCLOPROPYLAMINE 33 

2-(4-Imidazolyl)cyclopropylamine l a 

ALFRED BURGER, MANUEL BERNABE,113 AND PAUL W. COLLINS 

Depai Intent of Chemist) y, University of Virginia, Charlottesville, Virginia 22901 

Received September 15, 1069 

The synthesis of 2-(4-imidazolyl)cyelopropylamine from a branched ester of N-triphenylmethylurocanic acid 
was performed, using dimethylsulfoxonium methylide as a source of carbene, and degrading C0 2 H to NB~2. The 
amine was a potent MAO inhibitor in vitro but had only low activity in tests relating to the biosynthesis or 
actions of histamine. 

In the wake of the discovery of the potent monoamine 
oxidase inhibitory and antidepressant activity2 of 2-
phenylcyclopropylamine,3'4 a number of heterocyclically 
substituted 2-cyclopropylamines were tested,5 but none 
with a heteroring system that also occurs in a natural 
biogenic amine. Yet the qualitative and quantitative 
pharmacologic changes brought about by branching of 
the ethylamine chain, e.g., in a-alkylhistamine,6 a-
alkyltryptamine,7 or a-alkylserotonin derivatives,7'8 

invites comparison with cyclopropylamine analogs in 
these very ring systems. We are reporting a synthesis 
and pharmacological study of 2-(4-imidazoIyl) cyclo
propylamine (1), a cyclopropylog of histamine. 

We had used diazomethane as a one-carbon source in 
constructing the cyclopropane ring of a cyclopropylog 
of histidine,9 but N-acetylurocanate esters did not 
react with diazomethane, nor did they furnish intelligi
ble products with dimethylsulfoxonium methylide. 
This situation was changed, however, when the imida
zole NH was blocked by the bulky triphenylmethyl 
group;10 the ylide now added as expected to branched-
alkyl X-triphenylmethylurocaiiate esters (see the 
2-butyl ester 2), yielding two reaction products, 3 and 
6 (Scheme I). One of them, 2-butyl 2-(l-triphenyl-
methyl-4-imidazolyl) cyclopropanecarboxylate (3) was 
saponified to 2-(l-triphenylmethyl-4-imidazolyl) cy-
clopropanecarboxylic acid (4)11 and this was degraded 
to 2-(l-triphenylmethyl-4-imidazolyl)-l-carbethoxy-
aminocyclopropane (5). Alkaline hydrolysis of this 
carbamate followed by deblocking with dilute acid led 
t o l . 
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(11) The configuration of 4 could not be determined with certainty by nmr 
spectroscopy. In other cases, the reaction of dimethylsulfoxonium methylide 
with (-butyl or 2-pentyl arylacrylates furnishes over 90% of the trans-cyclo-
propanecarboxylate esters [C. Kaiser, B. M. Trost, J. Benson, and J. Wein-
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The other product from the ylide interaction with 
the acrylate ester 2 was obtained when the reaction 
mixture was poured into H20 instead of dilute HC1. 
This compound appeared to be 5-(l-triphenylmethyl-
4-imidazolyl)-1,3-dioxo-1-methyl-2,3,5,6-tetrahydro-
thiazinonium 2-ylide (6) on the basis of analytical and 
spectral evidence (see Experimental Section). Similar 
ylides were described by Corey and Chaykovsky, as 
products of the reactions of dimethylsulfoxonium 
methylide with ethyl cinnamate12 and ethyl cyclohex-
enecarboxylate.13 Wrhen 6 is dissolved in 0.05 M HC1 
and the solution is neutralized after some time, a 
second product (7), C26H22N2O2, is formed. Compound 
7 is also obtained when the ylide reaction mixture of 
2 is poured into dilute HC1, and the solution is neutral
ized after extraction of 3. The structure of 7 was not 
investigated further. 

2-(4-Imidazolyl)cyclopropylamine (!) dihydrochloride 
was a potent inhibitor of rat brain MAO in vitro.14 

Its concentration required to inhibit the enzyme by 
50% (I50) was 7.5 X 10~6il/, which was 77% the potency 
of tranylcypromine sulfate, and 111 times that of 
iproniazide under the same conditions. In tests for 
inhibitory activity on specific histidine decarboxylase15 

which depends on the release of 14C02 from histidine-
14C02H, 1-2HC1 at 10~2 M did not inhibit significantly 
an enzyme preparation from rat gastric mucosa. 

Tests were also carried out16 for histaminic activity 
on the isolated guinea pig ileum, and on gastric secretion 
using the anesthetized-rat perfused stomach prepara
tion which is very suitable for assaying agonist activity 
for histamine analogs. The method is described in the 
Experimental Section. As can be seen from Table I, 
1 produced histamine-like responses; while very much 
weaker than histamine, it had about five times the 
activity of a-methylhistamine on gastric secretion. 

Using a technique described by Shimizu, et al.,111 did 
stimulate cyclic AMP—'14C in guinea pig cerebral cortex 
slices but its activity was only about 10% that of 
histamine in this test. 

(12) E. J. Corey and M. Chaykovsky, Tetrahedron Lett.. 4, 169 (1963). 
(13) E. J. Corey and M. Chaykovsky, J. Am. Chem. Soc. 86, 1640 (1964). 
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Experimental Section 

-Melting points were determined in a Thomas-Hoover melting 
point, apparatus and are corrected. Ir and nmr spectra were 
measured on a Perkin-Elmer spectrophotometer Model 337 
(KBr), and on a Varian Model A-60 (TMS, in CI)C13, unless 
otherwise stated), respectively. Chemical shifts are reported 
as ppm (S). Ir and nmr spectra were taken for all compounds 
but have trot been recorded in this paper if they were only con
firmatory and as expected. Analyses indicated only by symbols 
of the elements were within the ± 0 . 4 % limit and were performed 
by Oalbraith Laboratories, Knoxville, Tenn. Petroleum ether 
used had bp 30-60°. 

Pharmacology.1-"' In \'ivo Tests. For tests for histaminic 
activity, vats were anesthetized with tirethan. and their stomachs 
were denervated vagally at the diaphragm levels. By means 
of cannulas inserted through the antrum, esophagus, and fundus, 
the acid-secreting mucosa of the main portion of the stomach was 
perfused continually with oc/c glucose solution at 37°. The 
perfusate passed over a glass electrode system in a flow cell, and 
the output from the pH meter, after passing through a suitable 
anti-log function generator, was recorded on a flat bed recorder 
as a linear function of H + activity. The drugs were given intra
venously, and the rats' body temperature was kept at 37°. 

Chemistry. 2-Butyl (rans-3-(4-Imidazolyl)acrylate.—A mix
ture of 21 g (0.15 mole)of<rans-urocamcacid,18700mlof 2-BuOH, 
300 ml of CfiH6, and 10 ml of concentrated H2S04 was refiuxed 

under a Dean .--lark water trap for 24 hr. The cooled solution 
was poured into Et.O (1 1.). The E U ) layer was washed I 10' , 
XaOH, ICO,;, dried !'MgS04>, and evaporated in vacuo, and the 
residue distilled to give 27.5 g (!).">'',' i of a viscous yellow liquid, 
!>p 15<S 100° (0.2 mm ) iimcor). 

2-Butyl trail..-3-(l-Triphenylinethyl-4-imidazolyl)acrylate i2i. 
To a solution of 2-butyl ovoi.s-3-(4-imidazolyl iacrvlale (25.2 g. 

0.13 mole) and Kl:,N ( 13.2 g, 0.13 mole i in CHCls (300 ml) was 
added 3S g 0.135 mole1 of l'hsCCl. The solution was stirred 
magnetically in a stoppered flask at cu. 2S° for 12 hr, washed 
(IKO), dried ' MgS04), and evaporated to dryness in vacuo. 
Two recrystallizations of the residue from absolute EtOH gave a 
colorless -olid 14-7 g. s-f , ;, nip 144 140°. ir spectra as expected. 
Anal. (VTl-N"•.(>.,) C, H,'X. 

2-Butyl 2-il-Triphenylmethyl-4-imidazolyl)cyclopropanecar-
boxylate )3i. To 0.7 g i l l mmoles) of Me3SO *-1 " 1 9 and 
I.N g 14-1 mmoles ) of Nail (5!l.(i', in mineral oil) under N2 was 
addeil drupwis-e witli Stirling DMSO (150 ml. distilled from 
Call-., i. After all the DMSO hud been added, the mixture was 
stirred for 30 mill, and then a solution of 17.5 g (40 mmoles ) of 
2 in 200 ml of 1 : 1 T H F DMSO was added dropwise. The solu
tion was stirred at en. 2S° for I hr, at 55-00° for 45 mill, cooled, 
and poured into cold 25 m.l/ 11 CI (400 ml), and the mixture was 
extracted (EM): . The extract was dried (MgS04) and evap
orated t vacuum ). and the colorless crystalline residue (10 g, 
5 5 ' , ) was recrystallized from petroleum ether; mp 125 127°: 
ir ( c n r ' s 1720 i C O i , il(l peak at 1035 ((''--=-('): nmr <CCl4i, 
low-intensity niultipiets at <5 1.5 3.0 (cyclopropane //,), partially 
overlapping with2-*Bn /-/. A,ml. (Cw'lIsoN'-Aj C, II, N. 

2-(4-Imidazolyl)cyclopropanecarboxylic Acid. A solution of 
3 (0.5 g) in 5' , HCl 110 ml) was refiuxed for (1 hr and filtered from 
precipitated I'hsCOII, and the filtrate was evaporated to dryness 
in a rotating vacuum evaporator. The residue was dissolved in 
ab-uhne KtOII. and the solution was filtered and diluted with 
absolute Kt-O. The precipitated solid, after reeryslallizatiou 
from absolute KtOII Kt.O, had nip It)!)- 170° dec; nmr ( D.O i, 
S l.O.S f2 H, multiple!, geminal cyclopropane II), 2.10 and 2.00 
i I II. multiple!, cyclopropane II), 7.40 and S.76 (1 II, singlet, 
imidazole//). Anal, i C-IKCIX-.O;..1 ('. II, N. 

2-i l-Triphenylmethyl-4-imidazolyI icyclopropanecarboxylic 
Acid (4i. A solution of 3 11 g, 30 mmoles) in EtOH (150 ml) 
was stirred at 10 50" while 150 ml of 12'; aqueous KOI! was 
added in portion.-.. Alter being stirred a I 50 00° for 12 hr, the 
solution was cooled, diluted (114). 300 ml), extracted (Kt20). 
and then acidified to pll (i with 0.5 .1/ HCl. The precipitate 
obtained w as filtered off and air-dried i 10.7 g, 00' , yield i. The 
colorless solid was reel \siallized from THK •petroleum ether 
(1:1), mp 234° dec. A mil. (C,8H22N..(b) C, H, N. 

2-i l-Triphenylmethyl-4-imidazolyl )-l-carbethoxyaminocyclo-
propane (51. A solution of 4 (5.0 g. 15 mmoles) was treated with 
15 mmoles of Ki.,N. OCO.,Et. and NaN3 by the standard pro
cedure.-" The dried el her solution of I he carboxazide was treated 
with EtOH (50 ml), healed gently to remove Et.O, and then 
refiuxed for (i hr. Solvent was removed in rttrno and the semi
solid residue recrystallized twice (KtOII) to give 3.0 g of pure 
carbamate; nip 174 170°; ir spectrum as expected; nmr, 5 
1.15(5 11, CH:, ) liplel. ./ - 7 eps. overlapped with 2 II, multiple!, 
geminal cyclopropane // I, 2.0 .and 2.S2 (1 H, mulliplet, cyclo
propane Hi. 4.10 '2 H. nmltiplet, CH-,), 5.75 il II, broadened 
N/ / ) , 0.05 il II. imidazole / / ) , 7.2S (16 II, multiple!, aromatic 
H overlapping with imidazole H ). Anal. ( C M - E T N ^ 1 C, II, 
N. 

2-i4-Imidazolyl icyclopropylamine 11 i. A solulion of 5 (3 g. 
(>.!) mmoles) and KOI! i 1 g) in absolute EtOH (00 ml) was re-
fluxed under Xj for 3 hr. Most of the solvent was removed 
under vacuum, cold II;() (200 ml) was added, and the mixt ure was 
extracted (KuOi. The K14) solulion was washed (H2Oi and 
extracted twice with cold 0.5 M HCl (35 ->- 15 ml). The aqueous 
phase was heated on a a u i n i bath for 15 min, cooled, and filtered 
to remove Ph3COII. A hot solution of 4 g of picric acid in 100 
ml of IljO was added and the solid vellow dipicrate recrystallized 
(HiO), mp 18!) 1!)1° dee. Anal. !(,-sHi 5XS014) C, IT, X. This 
sal! was mixed with II20 (20 ml) and concentrated HCl (5 ml), 
warmed at S0°, and extracted i'C6II,;) to remove 1 he picric acid. 
The aqueous layer was treated with charcoal and filtered, and the 
solvent was removed under vacuum. The viscous residue was 
triturated with a i't'w drops of EtOH and cooled. Tan needles 

(18) Z. Horii , K. Sakura i , and K. Tomio , ./. I'harm. .S«r. Japiin, 74, 40S 
(.lDAll: Chi m. Ahstr., 49, 545W (1955). 

I to H. K u l m u n . i J I- 'I nsi-lniiiuiii. A,--. CI; m.. 611, 117 ( ISifiSi. 
.'(): .1. \\ 'I ' instoi 'k. ./. (.)..,'. ('/..-»,.. 26, ;t51 1 • t'.llil i. 
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of dihydrochloride (0.8 g, 60c/c) were recrystallized from ab
solute E t O H ; mp 192-193°; nmr (DDS as standard in D 2 0) , S 
1.57 (2 H, multiplet, geminal cyclopropane H), 2.6 and 3.08 
(1 H, multiplet, cyclopropane H), 7.34 and 8.63 (1 H, singlet, 
imidazole H). Anal. (C6HnCl2X3) C, H, N. 

5-(l-Triphenylmethyl-4-irnidazolyl)-l,3-dioxo-l-methyl-2,3,-
5,6-tetrahydrothiazinonium 2-Ylide (6).—When the mixture from 
the reaction of 2 with Ale2S(0)(=CH2) was poured into cold H 20, 
instead of 25 mil/ HC1 {vide supra), a colorless solid precipitated. 
Any cyclopropane compound (3) was extracted from the solid 
with several portions of Et 2 0, and the remaining solid was filtered 
off and recrystallized (absolute EtOH), sintering at 134-138°, 
mp 234-235° dec. The sintering appeared to be due to crystal
lization with 1 mole of EtOH that was lost at 140-144° as shown 
in the nmr spectrum. The product was soluble in dilute acids. 
Anal, (C28H26N2SOr C2H5OH) C, H, X. Spectra were recorded 

It is a common view that a pharmacological require
ment of an antiallergic compound should be a high 
antihistamine activity. On the other hand it is be
lieved that histamine is responsible for only some 
manifestations of anaphylactic reactions.3 Indeed, 
during hypersensitivity reactions along with histamine 
other substances are released, serotonin being one of 
them.4 In man, however, the role of serotonin as an 
allergic mediator is not likely,5 although antiserotonin 
compounds proved to have clinically useful effects in 
disorders including vascular headaches and dumping 
syndrome.6 

The object of the present work was to develop a com
pound with high antiserotonin potency. Of the many 
drugs capable of antagonizing one or more of the effects 
of serotonin, cyproheptadine (1) is of particular interest 
because its antagonism toward both histamine and 
serotonin is of a high order. The so called antihista-
minics, as, for example, phenbenzamine (2), are much 
less potent, and in particular their antiserotonin activity 
is of a low order. Comparison of the structure of 

(1) Presented in part at the IITieme Rencontre International de Chimie 
The>apeutique, Paris, 1967. 

(2) Author to whom inquiries should be addressed. 
(3) L. S. Goodman and A. Gilman, "The Pharmacological Basis of Thera

peutics," 3rd Ed, The Macmillan Co., New York, N. Y., 1965, p 622. 
(4) J. H. Humphrey and R. Jaques, J. Physiol. (London), 128, 9 (1955); 

cf. ref 3, p 621. 
(5) Reference 3, p 653. 
(6) (a) F. Sicuteri, Intern. Arch. Allergy Appl. Immunol., 15, 300 (1959); 

(b) L. P. Johnson, R. D. Sloop, and J. E. Jesseph, J. Amer. Med. Ass., 180, 
493 (1962); cf. ref 3, p 652-653. 

for the dried (EtOH-free) material: nmr 5 2.55 (2 H, doublet, 
J = 6.5 cps, CffaCO), 3.33 (3 H, singlet, CH3), 3.5-4.28 (3 H, 
multiplet, CH2S superimposed on CH), 4.47 (1 H, singlet CH), 
6.70 (1 H, singlet, imidazole H), 7.3 (16 H, multiplet, aromatic 
H, superimposed on imidazole H); mass spectrum, the product 
decomposed thermally, giving M + 390, probably losing CH3SOH; 
fragmentation pattern as expected. 

When 6 was dissolved in 0.05 M HC1 and the solution was 
neutralized (NaOH) after 30 min, a colorless solid (7) precipitated 
out. Filtration and repeated recrystallization from MeOH gave 
a sample of mp 176-178°; -M+ 394; ir (cm"1) 1775 ( C = 0 ) , 
1168 (C-O), and typical peaks for C(C6H5)3; nmr, S 2.75 (2 H, 
doublet, J = 7 cps), 3.7 (1 H, multiplet), 4.42 (2 H, multiplet), 
6.7 (1 H, singlet, imidazole H), 7.28 (16 H, multiplet, aromatic H 
superimposed on imidazole H). Anal. Calcd for C26H22N202; C, 
79.2; H, 5.58; X, 7.10. Found: C, 79.34; H, 5.58; X, 7.11. 

coo § 
O <T=V-N-CH2CH2N< 
>r ^-v CH, 

I 
CH3 

1 2 

these two compounds led to the question whether a 
structural modification of the phenbenzamine molecule 
might enhance its antiserotonin activity. 

The most characteristic feature of the cyproheptadine 
molecule is the rigidity of its tricyclic ring system, 
which is connected with the N-containing fourth ring 
by a double bond, which again does not allow a free 
rotation. In the phenbenzamine molecule rotation of all 
groups is possible. Some structural similarities are, 
however, also present. Two benzene nuclei and one 
aliphatic tertiary N are present in both compounds. 
The second N of phenbenzamine is absent in cypro
heptadine, but the double bond with its high electron 
density might play a comparable role with respect to 
its pharmacological activity. These considerations led 
to the idea of modifying the phenbenzamine molecule 
in a way that would result in similar structural rigidity. 
This may be done by attaching the ethylenediamine 
chain to the benzyl CH2 and by connecting the benzene 
nuclei or introducing a bridge of one or two carbon 
atoms between them (compounds 4-7). 

A Novel Type of Subst i tuted Piperazine wi th 
High Ant iserotonin Potency 1 
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Speculation as to the structural relationship between phenbenzamine and cyproheptadine led to the synthesis 
of a series of tetracyclic compounds containing as a characteristic moiety a condensed piperazine ring resulting 
from the fixation of the ethylenediamine chain of phenbenzamine, whereas the two benzene nuclei of the latter 
are linked by a bond or a bridge of one or two carbon atoms. The piperazine ring system was formed by con
densation of the respective diamines with diethyl oxalate (Riebsomer reaction), followed by reduction with 
diborane or LiAlH4. These compounds (4-7) as well as the diphenylpiperazine (3) were tested pharmacologically 
and one of them, 2-methyl-l,2,3,4,10,14b-hexahydro-2H-pyrazino[l,2-/]morphanthridine (5), mianserin, proved 
to have an antiserotonin potency of the same order as cyproheptadine (1). In animals 5 was found to have a 
less pronounced CXS depressant effect and lower acute toxicity than 1. 


