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The synt heais of 2-(4-iniidazol?-l)cyclopropylaniine from a branched eater of N-triphenylmethylurocanic acid 
was performed, uaing dimethylsulfoxonium methylide as a source of carbelie, arid degrading CO,H to  KH2. The 
amine was a potent X40 inhibitor in vitro but had only low activity in tests relating to the biosynthesis or 
actions of histamine. 

In  then  ake of the discovery of the poterit morioamine 
ouidaie inhibitory and antidepressant activity2 of 2- 
~'lieiij lcy~lopropylamir ie ,~~~ a number of heterocyclically 
-ur.*tituted 2-cyclopropylaminez were tested,j but none 

em that alba occurs in a natural 
biogenic amine. the qualitative and quantitative 
pharmacologic changes brought about by branchirig of 
the ethylamine chain, e.y., in a-alkylhistamine.6 a- 
:ill<> 1 t r yp ta~~ i i i i e ,~  or a-alkylserotonin  derivative^,^^^ 
invite> comparison with cyclopropylamiiie analogs in 

\i e are reporting a synthesis 
arid pharmacological study of 2-(4-imidazolyl)cyclo- 
propylamine (1), a cyclopropylog of histamine. 

11-e had used diazometharie as a one-carbon source in 
constructing the cyclopropane ring of a cyclopropylog 
of his l idi~ie ,~ but S-acetylurocmate esters did not 
react with diazomethane, nor did they furnish intelligi- 
ble products with dimeth3 lsulfosonium methylide. 
This situation was changed, however, when the imida- 
zole S H  was blocked by the bulky triphenylmethyl 
group;1° the ylide nom added as expected to  branched- 
alkyl S-triphenylmethylurocanate esters (see the 
%butyl ester 2), yielding two reaction products, 3 and 
6 (Scheme I). One of them, %butyl '-(l-triphenyl- 
methyl-4-imidazolyl) cyclopropaiiecarbox> late (3) was 
saponified to 2- (1-triphenylmet hyl-4-imidazolyl) cy- 
clopropanecarboxylic acid (4) l 1  arid this was degraded 
to 2-(l-triphenylmethyl-4-in~idazolyl)-l-carbethoxy- 
nmiriocyclopropane ( 5 ) .  AAlkaliiie hydrolysis of this 
carbamate followed by deblocking with dilute acid led 
to 1. 
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The other product from the ylide iiiteraction with 
the acrylate ester 2 was obtained when the reaction 
mixture was poured into H20 instead of dilute HC1. 
This compound appeared to he 5-( l-triphenylmethyl- 
4-imidazolyl) - 1,3 -dioxo- 1 -methyl- 2,3,5,6- tetrahydro- 
thiazirionium 2-ylide (6) on the basis of analytical and 
bpectral evidence (see Experimental Section). Similar 
ylides were described by Corey and Chaykovsky, as 
products of the reactioiis of dimethylsulfoxonium 
methylide n-ith ethyl ciiiriamate12 arid ethyl cyclohex- 
ene~arboxylate . '~  \Then 6 i5 difisolved in 0.03 J I  HC1 
and the 5olutiori is neutralized after some time, a 
second product (7), C2,H22S2O2, is formed. Compound 
7 is also obtained when the ylide reaction mixture of 
2 is poured into dilute HC1, aiid the solution is neutral- 
ized after extraction of 3. The ztructure of 7 \\-as not 
investigated further. 

%-(4-Imidazolyl) cyclopropylamine ( ' ) dihydrochloride 
was a potent inhibitor of rat brain JLIO zn ~2tro.l~ 
I ts  coriceritrittiori required to inhibit the enzyme by 
50yc (Ijo) was '7.3 X 10-6JI, which was i iyc the potency 
of tranylcypromine sulfate, and 111 times that of 
iproiiiazide under the same conditions. In tests for 
inhibitory activity on specific histidine decarboxylaser5 
which depends on the release of 14C02 from histidine- 
14CQ2H, 1.2HCl a t  lo-' AI 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 ; n hile very much 
weaker thaii hihtamine, it had about five times the 
activity of a-methylhit.tamine on gastric secretion. 

Using a technique described by Shimizu, et aZ.," 1 did 
stimulate cyclic AA\IP-14C in guinea pig cerebral cortex 
slices but its activity was only about 10% that of 
histamine in this test. 
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Experimental Section 
J le11 i t ig poi i i t s  \re r e  de t e tmi iieti i t i  :+ 'Yhoiii:i>-- 1 I i ii  ivvi, I i i ~ l  I i i ip 

poilit, :tpparatiis :tiid :ire corrected. 
nieasiired OII a Perkiii-Elmer spect lo])hotiiriieter .\Iode1 
(KBr), :tiid on :I \-ariari XIodel A-($0 (TIIS, in CI)Cla, 11 

utherwixe stated), respectively. ('heniical shifls :ire reported 
:is p ~ i r i i  (6). I r  atid iimr spectra were taken for it11 ccinipiiii i idn 
1 1 ~ 1 ,  have not heeti recorded i n  this paper if  They wei'e III 
firmatory arid as expected. 
of the elemelits were within the 10.4:; limit aiid were perfcirnieil 
by (Jalbraith Laboratories, Kiioxville, Teiiii. Z'oti~c!leiim el11c.1, 
iisctl had hp S ( t G 0 " .  

Pharmacology.'" I / /  I ' r c o  Tests. Fill, l ( J > t >  f i i r  l i i - i : i i i i i i i i i ,  

itct ivity, rats were :rtieithetizecl \\-ilk i i ixlt,t i : i i i ,  ;iiicl t hpii. btiiiii:ic,h. 

\vew tieiiervitted vagally :at the dixphrttgni levels. 13). i i i e i i i i -  
i i f  cktiiiiiikis iriselled through the atit,riini: emphagii>! :iiid fiiiidii>. 
I he acid-secreting mucosa of the niaiii portiori of the ~1oni : tch \vas  
perfiised coiitiiiiially x-ith 5 5  glucose rohitioii at  37'. T h c ~  
pcvfusate pttssetl over a glass elect,rode system i i i  :t flow cell, i ~ i i e l  

!he output' f rom the pH meter, after passing through a suitable 
iuiti-log fiinction geiierator, wa, recorded on a flat bed reciordei, 
:I> n lineitr fuiictioii  of H' activity. The drug:: were given intra- 
veiiciusly, mid the rats' body temperatiire was kept at S i " .  

Chemistry. 2-Butyl trun.s-3-(4-Imidazolyl)acrylate.---~L niis- 
1 iii'e of 21 g (0.15 1nole)of i,.uns-iii,oc.ariic acid,I8 700 ml of 2-BuOI4, 
;!(IO iiil  o f  CSHs, ;mi1 10 nil of c.oiii>eiittxted H,S04 m s  reHiisecl 

11, :tiid t i m i '  ..pect rn 

Analj-,-es indicated oiily by 



of dihydrochloride (0.8 g, 60L/;) were recrystallized from ab- 
solute EtOH;  mp 192-193"; nmr (DDS as standard in D20), 6 
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). A n a l .  (CsHllC12S3) C ,  H, N. 

5- (1 -Triphenylmethyl-4-imidazolyl)-l,3-dioxo-l-methyl-2,3,- 
5,6-tetrahydrothiazinonium 2-Ylide (6).-When the mixture from 
the reaction of 2 v-ith l\IelS(0)(=CHs) TTas poured into cold H20, 
inatead of 25 m J I  HC1 (vide s i ipra) ,  a colorless solid precipitated. 
Any cycloprupane compound (3) ivas extracted from the solid 
with several portions of Et20, and t,he remaining solid was filtered 
off and recryytallized (absolute EtOH), sintering at  134-138", 
inp 234-235" dec. The sintering appeared to he due to crystal- 
lization with 1 mole of EtOH that was lost a t  140-144" as show1 
in the nmr spectrum. The product was soluble in dilute acids. 
Anal. ( C ~ ~ H ~ B S ~ S O Y .  C2H;OH) C, H, S. Spectra were recorded 

for the dried (EtOH-free) material: nmr 6 2.55 (2 H,  doublet, 
J = 6.5 cps, CH,CO), 3.33 (3 H, singlet, C H I ) ,  3.5-4.28 (3 H, 
multiplet, CH2S superimposed on C H ) ,  4.47 (1 H, singlet C H ) ,  
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 CHaSOH , 
fragmentation pattern as expected. 

When 6 was dissolved in 0.05 'If HCl and the solution was 
iieutralized (NaOH) after 30 min, a colorless solid (7) precipitated 
out. Filtration and repeated iecrystallization from MeOH gave 
a sample of mp 176-178'; 3I+ 394; ir (cm-') 1775 (C=O), 
1168 (C-0), arid typical peaks for C(C6Hj)X; nmr, 6 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 CYCH21N202; C, 
79.2: H,5.58; 5,7.10. Found: C,79.34; H,5.58; K,7.11. 
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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 LiBIH4. These compounds (4-7) as well as the diphenylpiperazine (3) were tested pharmacologically 
and one of them, 2-methyl-1,2,3,4,10,14b-hexahydro-2H-pyrazino [ 1,2-f] 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 CNS depressant effect and lower acute t,oxicity than 1. 

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

The object of the present Tyork \\-as 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- 
niinics, as, for example, phenbenzamine (2) , are much 
less potent, and in particular their antiserotonin activity 
is of it low order. Comparison of the structure of 
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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. I n  the phenbenzamine molecule rotation of all 
groups is possible. Some structural similarities are, 
however, also present. Two benzene nuclei and one 
aliphatic tertiary X are present in both compounds. 
The second K 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 CH, and by connecting the benzene 
nuclei or introducing a bridge of one or two carbon 
atoms between them (compounds 4-7). 


