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and 1-methosy-2-propanol (2 .3  ml) in  liquid SH3 (2 1.) gave 15 
as an oil (3.6 g)  which was stirred overnight at' room temperature 
in 3.5 S HC1-NeOH (60:60 ml). The ketonic product' was 
decomposed with hydrazine sulfate as before t.o give t,he base 7 
as a yellow oil (2.08 g j  giving a hydrochloride and hydriodide 
identical with those obtained as in A. 

2-Acetyl-l',2'-secoemetine (8).-2-Acetylemetine (11 g)  was 
refluxed for 30 hr under NB with 20 (11 g)  in N e C S  (40 ml), 
and the cooled mixture was added to  ether to give the salt 5 as 
a yellow ponder ( 7  9) .  The salt (6.2 g) was reduced with Li 
(129 mg) and 1-methosy-2-propanol (0.92 ml) in liquid iVH3 
(2  1.). The oily ketal 16 was hydrolyzed with methanolic HCI 
and the reriilting ketone decomposed with aqueoiis methanolic 
hydrazine siilfate as before. The prodiict' was chromat,ographed 
on A1203, elution wit,h CHCls giving the secoemetine 8 (8 g),  mp 
140-142'. The analytical sample had mp 140-141.3' (from 
ether). 

Anal. Calcd for C31H44N20j: C, 70.96: H, 8.45; S, 5.34. 
Foririd: C, 71.23: H,  8.69; N, 5.49, 

The base formed ail amorphous hydrochloride, mp 146-132'. 
.inal. Calcd for C:~lH4jC1S20j.1.5H20: C, 63.02; H, 8.21; 

X, 4.76. Found: C, 63.27: H, 8.02: N, 4.92. 
2-Ethyl-2'-methyl-l',2'-secoemetine (17).-Compound 6 (5  g)  

was refluxed with LiBlH, (5 g)  in T H F  (350 ml) for 3 hr, and the 

cooled mixture was added to crushed ice. Recrystallization of 
the product from hexane gave 17 (2.8 g), mp 95-99", The analyt- 
ical sample had mp 99-100.5O (from hexane). 

-4nal. Calcd for C32H4&204: C, 73.24; H, 9.22; S, 5.34. 
Found: C, 73.27; H, 9.59; S, 5.66. 

The base formed an amorphous dihydrochloride. 
Anal. Calcd for C32H~OC12S204.1.5H20: C, 61.50; H, S.56; 

C1, 11.40; N, 4.50. Found: C, 61.54; H, 8.76; C1, 12.1; N,4.61. 
2-Ethyl-l',2'-secoemetine (18). A.-Compound 6 (2  g)  was 

kept with BrCN (2.4 g)  in ether-benzene (120:40 ml) for 18 hr. 
The product was worked up and purified as for the analogous 
reaction with 9 to give a neutral oil (1.8 g)  which with LiAlHl 
(2  g) was refluxed for 16 hr in THF-ether (50:50 ml). Recrystal- 
lization of the product from ether-hexane gave 18 ( 0 . i  g), mp 

Anal. Calcd for C31H46NjO4: C, 72.90; H, 9.08; N, 5.49. 

The base formed an amorphous dihydrochloride. 
Anal.  Calcd for C31H48C12r\T204.H20: C, 61.89; H, S.38; 

C1, 11.79; N, 4.66. Found: C, 61.93; H, 8.55; C1, 11.65: S, 
4.66. 

B.-Reduction of 8 (2.8 g)  with LiAlH4 (4 g)  in ether-THF 
( l : l ,  400 ml) gave 18 (1.4 g), mp 153-154' (from hexaiiej, 
undepressed by material prepared as in A. 

146-148". 

Found: C, 72.59; H, 9.01; N, 5.33. 
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The synthesis of a series of aminomethyl-2-phenylcyclopropane derivatives is described. Unlike tranylcy- 
promine in which the nitrogen atom is attached directly to t'he cyclopropane ring, none of the amino derivatives 
tested inhibited the activity of monoamine oxidase (X40).  However, the compounds appeared to retain 
marked antidepressant activity and interesting Rympathomimetic properties. The intermediate amido deriva- 
tives were also examined 

One of the early studies about the biological proper- 
ties of molecules containing small rings was by Burger 
arid Yost on cyclopropane compounds. Following 
the suggestion t,hat "alicyclic residues might confer 
desirable pharmacological properties if introduced into 
compounds containing an auxopharm group"2 Burger 
chose the cyclopropane ring as an alicyclic residue for 
incorporation in t'he phenethyl group. The compound, 
2-phenylcyclopropylaniine, originally examined as a 
sympathomimetic agent, later proved to be an int'erest'- 
ing psychotherapeutic drug and a potent ;\IA40 in- 
hibit'or. Severtheless, there is no evidence that the 
clinical ant'idepressant, activity is related t'o t'he AIAO- 
inhibitory action. In  approaching this interest'ing 
question we found that' a compound related to  tranyl- 
cypromine, ie., trans-2-phenylcyclopropylniethylen- 
amine, exhibited actions similar t'o those of t>yramine 
(motor excitat'ory effects, hypertensive and anorexic 
activities). This compound had been shown t.o exhibit 
110 MAO-inhibitory action, but it serves indeed as 
subst'rate of the enzyme. 

Therefore we wished to study whether in such a 
structure retaining sympathomimetic act'ion but lack- 
ing AIAO-inhibitory activit'y one would encounter 
tranylcypromine-like antidepressant action. For t,his 

(1) .\. llurger and \V. L. l - w t ,  J .  A m .  Chem. Soc., 70, 2188 (1948). 
12) IV. Braker, E. J. Pribyl,  and W. A. Lott ,  ib id . ,  69, 866 (1947). 
( 3 )  C. L. Zirkle. C. Kaiser, D. H. Tedeschi, R. E. Tedeschi, and .I, Bur- 

ger. J .  M e d .  Pharm. Chem.,  5, 1265 (1962). 

purpose we prepared a series of phenylcyclopwpane 
derivatives having the structural formula I where It1 
arid RS represent hydrogen, alkyl, alkylene, cycloalkyl, 
or arylalkyl radicals as specified in Tables 111 a i d  IIT. 

I 

Such compounds exist as cis or trans isomers; most of 
the substances prepared by us are the trans isomers, 
but some cis compounds have been synthesized in order 
to  examine whether any difference of biological activity 
is detectable for the two different configurations. We 
generally aynthesized the products I according to 
Scheme I. 

The amide derivatives I1 (Tables I and 11) mere 
obtained from the reaction of the acid chloride or by  
treating ethyl 2-phenylcyclopropanecarboxylate wit8h 

SCHEME I 
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Procedure B. trans-N-(n-Propyl)-2-phenylcycIopropane- 
carboxamide.-A mixture of 19.1 g (0.1 mole) of ethyl trans-2- 
phenylcyclopropanecarboxylate,' 12 g (about 0.2 mole) of n- 
propylamine, and 200 ml of ethanol was heated at  150" in a 
sealed tube. After about 10 hr, solvent was removed under re- 
duced pressure. The residue was dried at  50" in racuo and crystal- 
lized from ligroin. Nost  of the unreacted eater has been re- 
covered from the mother liquors. 

Procedure C. cis-N-Ethyl-2-phenylcycIopropanecarboxamide. 
--SOC12 (59.4 g, 0.499 mole) in 160 ml of petroleum ether (bp 
40-60°) was added dropwise, with stirring, to a suspension of 40 
g (0.246 mole) of cis-2-phenylcyclopropanecarboxylic acid iu 
160 nil of petroleum ether below 15'. After the addition was 
complete, the mixture was stirred for 1 hr aiid allowed to warm 
to room temperature. Removal of the petroleum ether under 
reduced pressure left orange oily cis-2-phenylcycloproparie- 
carbonyl chloride. A nearly similar procedure has beeri disclosed 
by Smejkal and FarkaL5 The ce's-2-phenylcyclopropanecarboii~-l 
chloride was dissolved in 100 ml of anhydrous ether and dropped, 
with stirring, into a solution of 28 g (0.610 mole) of ethylamiiie in 
2.50 ml anhydrous et,her at' below 10". After the addition was 
complete, the mixture was stirred for 1 hr and allowed to warm 
to room temperature. -4ft'er standing overnight, the precipitate 
was removed by filt,ration and washed with ether. The combined 
filtrate and ethereal washirigs were treated with 100 ml of 0.1 
S NaOH and water until free from C1-, dried (L>rierit,e), filtered, 
and decolorized with carbon black. Evaporation of the solveiit 
left a solid product. 

Procedure D. trans-1-Ethylamihomethyl-2-phenylcyclo- 
propane.-A solution of 20 g (0.105 mole) of trans-N-ethyl-2- 
phenylcyclopropanecarboxamide in 50 ml of anhydrous T H F  
was added dropwise, with stirring, to a suspeiisioii of 8.5 g of 
LiAlH, in 100 ml of anhydrous THF.  After the addition was 
complete, the suspension was refluxed for 5 hr, allowed to cool 
to room temperature, and treated with a mixture of 40 ml of 
water and 100 ml of THF.  The precipitate %-as filt,ered off and 
washed with THF.  The combined filtrate and washirigs were 
acidified with 3% H2S04. The solvent was evaporated and the 
residue was diluted to 160 ml with water. The aqueous solution 
was washed wit,h benzene and rendered alkaline with 20 g of 
KOH. The oily layer was extracted wit.h ether, dried, and 
evaporated under reduced pressrire. The residue was dissolved 
with benzene. The benzene was removed by distillation and the 
oil was distilled. 

Procedure E. trans-l-(N-Methyl-N-n-butyl)aminomethyl-2- 
phenylcyclopropane.---trans-lIet hylaminomethyl-2-phenyl 
propane6 (9.8 g, 0.06 mole), 9.1 g (0.066 mole) of n-butyl bromide, 
aiid 4.4 g of 8.5C,c KOH were heated at about 150" iii a sealed 
tube. After 8 hr the reaction mixture was washed twice with 
20-ml portioiis of ether and the residual inorganic salt was dih- 
solved in 30 ml of water. The aqueous layer was washed with 
3 0  ml of ether. The ether extracts were combined and dried 
(K2C03). Thereafter the solvent was removed by distillation. 
The oily residue was dissolved in 20 nil of benzene. After 
removing the benzene, the residue was fractionated. 

Procedure F. trans-1-Chloromethyl-2-phenylcyclopropane.- 
A solution of 14.8 g (0.1 mole) of trans-l-hydroxymethyl-2- 
phenylcyclopropane in CHClj (50 ml) was dropped, with htirring, 
into a solution of 23.8 g (0.2 mole) of SOC1, in 50 ml of CHC1,. 
After the addition was complete, the i,eacation mixture was re- 
fluxed for 90 mill. The solvent and the uiireacted SOC1, were 
yemoved by distillation. The residue was fractionated, 111) 
62-63' (0.2 mm). 

dna l .  Calcd for CIUH,,CI: C, 7 2 . 0 7 ;  H, 6.63; C1, 21.28. 
Found: C, 71.49: H, 6.64: C1, 2 1 . 3 .  

trans-1 -( N,N-Di-n-butyl)aminomethyl-2-phenyIcylopropane. 
-f~~ans-l-Chlorc~methyl-2-phenylcyclopropane (4  g, 0.024 mole) 
and 6.84 g ( 0 . 0 2 8  mole) of di-n-butylamine in 50 ml of xylene 
were refluxed for 35-40 hr. The reaction mixture was cooled and 
the pi.ecipitate was removed by filtration. The solution was 
washed with 1 .Y XaOII. The solveiit was evaporated, and the 
oily residue was fiaotiuiiated; yield 1 g. 

8-Phenyl-N-ethylaminobutane hydrochloride was prepared 
following 1 he pt'o(~edui~e of Kiilz aiid Rosenmund.' 

( 5 )  J. Srnejkal a n d  3 .  I'arkaJ, Col lec t iof i  Czech. C h r m  Commun., 28, 481 
(1963). 

( 6 )  C. Kaiser, B. XI. Lester, C. L. Zirkle, A .  Burger, C. S. Davis, T. J. 
Delia, and 1,. Zirneilil, J .  M e d .  Pharm.  Chem., 6, 1243 (1962). 

( 7 )  F. I iUlz  and I(. \V. Rosenmund. Chem. Ber., 72B, 2161 (1939). 

~-BenzyI-N-ethylpropionamide.-~-~e~~zyl~~~opioi i~l  rhloride8 
(19.7 g, 0.108 mole) a t  5-10' was added dropwise i o  48 g (0.743 
mole) of a stirred aqueous solution of 707, ethylamine. After 
the additioii was complete, the solution was stirred for 1 hr and 
the temperature was maintained a t  10". The mixture was then 
allowed to  warm up to room temperature and poured into 100 
ml of water. The product which separated was extracted with 
ether, and the ether extracts were washed (dilute acid, NaHC03, 
H 2 0 )  and dried (Na2S04). The solvent was evaporat'ed. The 
oily product (19.15 g) solidified after standing 48 hr a t  4" and 
was purified by crystallization from ligroiii; mp 39-60'. 

Anal. Calcd for C12H1,SO: C, 75.37; H, 8.43; 9, 7.36. 
Found: C, 75.72; H, 8.55;  S, 7.41. 

P-Methyl-7-phenyl-N-ethylaminopropane Hydrochloride.-A 
solution of 13.0 g (0.068 mole) of a-benzyl-K-ethylpropionamide 
in 65 ml of dry T H F  was added dropwise to a stirred suspension 
of 3.9 g of LiAlHI in 45 ml of dry THF.  After the addition, the 
mixture was refluxed for 20 hr and then cooled to room tempera- 
ture. A solution of 20 ml of water and 50 ml of T H F  was added 
caiit,iorihly. The insoluble material was filtered off and the filtrate 
was conceiitrated. The residue was distilled tinder rediiced 
presure yielding 10.10 g (84%) of the base, bp 65.5-66.3" (0.10 
mm). The hydrochloride was prepared in dry ether solut'ion and 
crystallized from 2-propanol as colorless crystals, mp 144-146". 

Anal. Calcd for C1tH1yS.HC1: C, 67.43; H, 9.43; N, 6.Z5; 
C1, 16.59. Found: C, 67.39; H, 9.38; S, 6.49; C1, 16.67. 

7-Phenyl-N-ethylaminobutane Hydrochloride.-p-Pheiiyl- 
butyryl chloride8 (14 g, 0.0765 mole) was added dropwise to 80 
g (1.23 mole) of a stirred 7056 aqueous solution of ethylamine 
at 5-10°. After stirring for anot,her 60 min the mixture was 
allowed to warm to room temperature and poured into H20 
(1.70 ml). The oily product which separated was extracted with 
ether. The ether extracts were washed (dilute acid, NaHCOj, 
H20),  dried (Sa2S04), filtered, and evaporated. The solid residue 
was dissolved int.0 65 ml of dry T H F ;  the solution was dropped, 
wider st,irring, into a suspension of 3.9 g of LiAlH4 in 45 ml of 
ailhydrous THF.  After refluxing for 20 hr, t'he suspension was 
allowed to cool t80 room temperature, treat,ed with a mixture of 
20 ml of H2O and 50 ml of THF,  andfiltered. The filtrate was 
evaporated in vacuo and the oily residue was distilled. The 
fraction boiling at  110-115' (0.6 mm) was collected; yield 10 g 
(73 .35  based on 0-phenylbutyryl chloride). The compound 
was dissolved iii 200 ml of anhydrous et,her and made neutral to 
congo red with ethereal HCl. After standing overnight at 4' 
the precipitate was filtered off ;  yield 11.10 g, mp 116-118" 
(from et,hyl acetate). 

.Inn,?. Cdcd for C , 2 1 € ~ y S ~ l I C l :  C, 87.43: H, 9.48; N ,  6.55; 
( ' I ,  l6.30. Foiitid: C, 67.63; 11, !)..jl: X, 6.54; C1, 16.60. 

Pharmacological Study. Effects on Central Nervous System. 
--Experimental conditions arid criteria adopted for the quantita- 
tive evaluation of the activity of individual derivatives are 
listed below. The results are summarized in Table V. 

(1) Influence on Spontaneous Motility.-The test' by Dewss 
was used. The derivatives under examination were administered 
intraperitoneally as a water solution or 2yc arabic gum aqueous 
suspension a t  two dosage levels, 25 and 50 mg/kg, respectively, 
to groups of five mice each. Treatment was given 30 min before 
starting the observation of spontaneous motility, which lasted 
for 15 min. Only the compounds increasing or reducing the num- 
ber of ~*ounts at the higher dose by at least 30% were considered 
:ic.tive. 
(2) Anorexic Effect.-Rats were fasted for 16 hr and the ~educ -  

tion of food intake for a 5-hrperiod was evaluated starting 15 miii 
after subcutaiieous injection of the cornpounds under study :tl 
the dose of 25 mg/kg. The compounds able to reduce the food 
intake by at  least one-half of that  obtained iii the same experi- 
mental conditions with 2.5 mg of amphetamine/kg sc were 
considered active. 

(3) Change in Body Temperature.-Normal rats were pre- 
treated with 200 mg/kg of subcutaneous iproniazid 24 hr before 
evaluation a t  22". Temperature readings were performed by a 
rectal thermocouple each hour for the 3 hr following oral ad- 
ministration 30 min previously of the compounds, given at  the 
dose of 50 mg/kg. Compounds which increased body tempera- 
ture by not less than 1.5" were considered active. 

(8) H. Rupe, Ann. Cliem.. 369, 315 (1909). 
(9) P. 13. Dews, Brit. J .  Pkarmacol., 8, 46 (IQ.53).  
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Test 
RIotility 

enhancement 
depression 

Anorexia 
Hyperthermia (after 

M A 0  inhib) 
Barbiturates 

(enhancement) 
Pentylenetetrazole 

(protection) 
Reserpine (reversal) 

TABLE T' 
Substituted amides Substituted amines 
Mono D i  Mono D i  

?6.27,?8 10,50,52 
2,lO 13,14,19,21 6,7,8,1? 46,47 

26,?i,28,a37 50,51 

2T.28,37 38,40,50 

1,2,3,10 13,14,19,23 26,27,28 38,40,46,4? 

1 2  
?6,?7,28 40,50 

a The cis isomer is inactive. 

(4) Enhancement of Barbiturate-Induced Hypnosis.-Groups 
of six male rats received 75 mg of isoamylethylbarbituric acid/kg 
intraperitoneally 30 min after oral administration of 50 mg/kg 
of the compounds. Only the compounds increasing the hypnosis 
by not less than 50% as compared to the controls were considered 
active. 

( 5 )  Protection from Pentylenetetrazole Convulsions.-The 
derivatives were given subcutaneously at 50 mg/kg to groups of 
five rats, which were later administered with an LDYy of pent,ylene- 
tet,razole (100 mg/kg ip under our conditions). The compounds 
proving able to abolish convulsions in three out of five animals 
were considered active. 

(6)  Reversal of Reserpine-Induced Depressant Effects.- 
Rabbits previously treated x-ith 5 mg/kg of intravenous reserpine, 
according to the method proposed by Maswell,la were used. 
The compounds were perfused at  the constant speed of 1 mg/kg/ 
min. The derivatives which 15 min after the beginning of 
perfusion were seen to cause the disappearance of ptosis and to 
bring responsiveness to stimuli to normal were considered active. 

(7 )  Influence on Brain and Liver M A 0  Activity in the Rat. 
Indirect in vitro Evaluation.-Groups of four rats each were 
given the compound orally a t  100 mg/kg. Controls were given 
iproniazid (100 mg/kg) and traiiy romiiie ( 5  mg/kg). N A O  
activity of brain and liver was yed 60 min later by the 
Warburg manometric technique according to  Creasey,ll by 
determining the oxygen consumption in the presence of tyramine 
as a substrate. The amines assayed were 26-29, 38, 40, 41, aiid 
50 and the amides 1, 2, 13. N o  significant variation of 1IAO 
activity was found for either brain or liver. Parallel experiments 
carried out in vitro, by nsing the above amines ab a substrate 
instead of tyramine, showed in the presence of amine 26 an 
increase in oxygen consumption; the hypot,hesis seems, therefore, 
justified that such a compound may be considered as a substrate 
of liver X 4 O  act,ivity. By contrast, no variation was demoii- 
strated for the brain M A 0  activity. 

In Vivo Effects.- 
The compounds were injected intravenously through a cannula 
inserted into the jugular vein in the cat under chloralose aiie3- 
thesia (80 mg/kg iv), and arterial pressure was recorded with a 
mercury manometer connected to the carotid. ( a )  Direct effects 
on pressure, (b) irifliieiice 011 hypoterisive responses to electrical 
stimulatioii of the peripheral right vagus, aiid (c) the effects 
on the responses of the n io t i tahg  membraiie tmo sympathet'ic 
elect,rical stimulation at' preganglionic level were recorded. 
In vitro effects recorded were (a) on the rat seminal vesicle, 

isolated arid perfused with Ringer-Locke solution and directly 
stimulated with norepinephrine; (b) on t,he rat. uterus, isolated 
arid perfused with Dale solution after previous castration aiid 
treatment with estradiol for 5 days; (c) on  the guinea pig ileum, 
isolated and perfused with Ringer solution and directly stimulated 
with histamine, ACh, and BaC12. 
In vivo the moiioalkylamiiio derivat,ives 26-28 had some in- 

direct sympathomimetic properties: they induced hypertension 
at doses of 400-SO0 pg/kg and enhanced significantly coiitractioii 
of the n i d  i1:it iiig mwn1)r~i i ie .  The hypertensive effect was still 
observed iii 1 lie :tdreiialeoluiiiized ttriimal and its occui-eiice 
is prevented by a pretreatinerit with 5 mg of cocaine/kg SC. 

Lengtheiiiiig of  t.he alkyl radical, as in 30-35 and 37, abolished 
1 tie hyper(eiirivc I)rol)crl ics : i i i ( I  I )~ ,c~r~ght  about a reductioll c ~ f  the 

Effects on Peripheral Nervous System. 

(lo) D. R. Xlaxuell, Proceedlngs of the 3rd International Congress of 
Neuro-Psychopllarmacology, Munich, Sept 1962, Else\ ler Publishing Co., 
Amsterdam, 1964, p 501. 

(11) N. H. Creasey, Btockem. J., 64, li8 (1956). 




