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A series of l-aryl-2-(aminomethyl)cyclopropanecarboxylic acid derivatives were synthesized and evaluated as potential 
antidepressants. Compounds with the Z configuration were synthesized from l-aryl-2-oxo-3-oxabicyclo[ 3.l.Olhexane 
and those with the E configuration from (E)-l-phenyl-2-(hydroxymethyl)cyclopropanecarboxylic acid. The compounds 
were evaluated in animal tests designed to reveal potential antidepressant activity and the existence of undesirable 
side effects. Several derivatives were more active than imipramine and desipramine. On the basis of its activity 
in pharmacological animal tests of antidepressant activity and its potential lack of side effects, I-phenyl-1-[ (di- 
ethylamino)carbonyl]-2-(aminome.thyl)cyclopropane hydrochloride, midalcipran (INN), was selected for further 
development. This compound is currently in phase I11 clinical evaluation. 

Antidepressant drugs suffer from two main disadvan- 
tages in addition to their eventual side effects and toxicity. 
No antidepressant studied so far has been shown to be 
active in more than 60-70% of the cases of major de- 
pressive disorders and all antidepressants require 10-20 
days administration (depending on the criteria used) before 
any therapeutic benefit is seen.l Thus even if the more 
recent second and third generation antidepressants, such 
as mianserin2 and f l~oxet ine,~ have less side effects than 
the tricyclic antidepressants, they still suffer from these 
drawbacks. In an attempt to find a new structural pro- 
totype for antidepressant therapy, we have studied a series 
of bifunctional cyclopropane  derivative^,^,^ some of which 
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Scheme I. Synthesis of (2)-y-Amino Acids 
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have interesting potential antidepressant profiles. 
We describe here the structure-activity relationship of 

this series of compounds, based on variations in the phenyl 
ring and substitution on the amine and carboxylic acid 
functions. 

Chemistry 
(2)-y-Amino Carboxylic Acids and Esters 

(Schemes I and 11). Amino acid I11 was obtained by 
reaction of lactone I with potassium phthalimide in di- 
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Scheme 11. Synthesis of (2)-?Amino Esters 
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Scheme 111. Synthesis of (2)-?-Amino Amides 
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methylformamide: followed by treatment with an aqueous 
methylamine solution.1° The reaction of lactone I with 
thionyl halide in the presence of an alcohol of low mo- 
lecular weight gave good yields of the halogenated esters 
IV. Esters VI, bearing a primary amine function in the 
y position, were obtained by the'classical Gabriel synthesis 
starting from halogenated esters IV. The reaction of 
secondary amines or hindered primary amines with halo- 
genated esters IV gave the y-amino esters VII. For less 

(9) Bornstein, S.; Bedell, F.; Drummond, P. E.; Kosloski, C. L. J .  
Am. Chem. SOC. 1956, 78, 83. 
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Scheme IV. Synthesis of (E)-y-Amino Esters and Amides 
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carboxamide) and decreased with further lengthening of 
the carbon chain. The immediate inferior (24) and supe- 
rior (32) homologues of the clinically active compound 25 
were at  least 10-fold less active in the yohimbine test. 

Certain cyclic carboxamides were synthesized to see 
whether the steric hinderance had any effect on the po- 
tency. The activity of these derivatives (36-38) was low 
as compared to that of compound 25 and was not corre- 
lated with the size of the cyclic substituents. 

Alkylation (39, 42) or acylation (40) of the primary y- 
amine function induced a decrease or a complete loss of 
activity, with the exception of the glycinamide derivative 
( 4 0 ,  which maintained a high potency in particular on the 
yohimbine test. This may be due to the maintenance of 
a free terminal amine group. 

In all cases, substitution of the aromatic ring appeared 
unfavorable, especially in the ortho position (26). 

Anticholinergic activity as shown by mydriasis was 
present in all esters active in the antidepressant tests 
(Table I). In the amide series (Table 11), however, anti- 
cholinergic activity was low or absent and unrelated to 
antidepressant activity. 

It is obvious from the results of this present series of 
cyclopropanic compounds that several conditions have to 
be satisfied to maintain a high level of activity. A tertiary 
carboxamide function and a primary y-amine in the 2 
position with preferably an unsubstituted phenyl group 
in the a position of the carboxamide are all necessary. 

Clinically proven antidepressant activity has been found 
in a wide variety of chemical structures.8 No clear struc- 
ture-activity relationships have yet emerged between the 
different chemical families or even between compounds 
with similar pharmacological profiles.8 The compounds 
discussed here have little, if anything, in common with the 
tricyclic antidepressants or any other known antidepres- 
sant drugs, with the possible exception of tranylcypromine 
(XVII). 

Bonnaud et al. 

[3.1.0]hexane I and (E)-l-aryl-2-(hydroxymethyl)cyclopropane- 
carboxylic acids XIII, the starting materials for the synthesis of 
the differents derivatives, was described in previous publica- 
t i o n ~ . ' ~ * ~ ~  

(Z)-l-Phenyl-%-( phthalimidomethyl)cyclopropane- 
carboxylic Acid. A mixture of 34.8 g (0.2 mol) of l-phenyl-2- 
oxo-3-oxabicyclo[3.1.O]hexane, 40.7 g (0.22 mol) of potassium 
phthalimide, and 180 mL of dimethylformamide was refluxed with 
stirring for 15 h. The solution, combined with ice water, was 
extracted with EtOAc and then acidified with AcOH. Crystalline 
product was collected by filtration, washed with H20, and dried 
to give 36.5 g (57%) of (Z)-l-phenyl-2-(phthalirnidomethyl)- 
cyclopropanecarboxylic acid mp 185-187 "C; IR (KBr) 1760,1705, 
1680 cm-l (C=O); 'H NMR (CDC13) 6 1.1-2 (m, 3, cyclopropyl 
H), 3.9 (d, 2, CHzN), 7.1 (s, 5, aromatic H), 7.7 (s, 4, aromatic H). 

(Z)-l-Phenyl-2-(aminomethyl)cyclopropanecarboxylic 
Acid (1). A mixture of 16.1 g (0.05 mol) of (Z)-l-phenyl-2- 
(phthalimidomethy1)cyclopropanecarboxylic acid and 200 mL of 
40% aqueous methylamine solution was allowed to stand at room 
temperature for 6 days. The resulting solution was concentrated 
in vacuo and diluted with EtOH. The precipitate was filtered, 
dissolved in 60 mL of 1 N HC1, concentrated in vacuo, and 
crystallized by addition of ethyl alcohol to give 6.95 g (61%) of 
1: mp 289-291 "C dec; IR (KBr) 1690 cm-' (C=O); lH NMR 
(D20) 6 0.95-1.9 (m, 3, cyclopropyl H), 3.1 (d, 2, CH,N), 7.15 (s, 
5,  aromatic H). 

(2)-Ethyl l-Phenyl-2-(bromomethyl)cyclopropane- 
carboxylate. To 750 mL of ethyl alcohol was added dropwise 
with stirring and cooling at -15 "C 93 mL of SOBr, (1.2 mol). To 
this solution was added 69.7 g (0.4 mol) of 1-phenyl-2-oxo-3-ox- 
abicyclo[3.1.O]hexane, and the solution was stirred overnight a t  
room temperature. The solvent was removed in vacuo to give an 
oil, which was distilled to give 102.4 g (90%) of (2)-ethyl 1- 
phenyl-2-(bromomethyl)cyclopropanecarboxylate: bp 105-110 
"C (0.1 mmHg); IR (film) 1720 cm-' (C=O); 'H NMR (CDCl,) 
6 1.15 (t, 3, CH,), 1.4-2.3 (m, 3, cyclopropyl H), 3.7 (m, 2, CH2Br), 
4.05 and 4.1 (2 q, 2, CH,), 7.3 (m, 5, aromatic H). 

(2)-Isopropyl l-Phenyl-2-(phthalimidomethyl)cyclo- 
propanecarboxylate. A mixture of 40 g (0.158 mol) of (2)- 
isopropyl l-phenyl-2-(chloromethyl)cyclopropanecarboxylate, 30 
g (0.16 mol) of potassium phthalimide, and 100 mL of di- 
methylformamide was stirred at  110-120 "C for 3 h. The cooled 
solution was combined with water, and the crystalline product 
collected by filtration was recrystallized from diisopropyl ether 
to give 43.6 g (76%) of (Z)-isopropyl l-phenyl-2-(phthalimido- 
methy1)cyclopropanecarboxylate: mp 93-95 "C; IR (KBr) 1780, 
1720, 1710 cm' (C=O); 'H NMR (CDCl3) 6 1.1 (d, 6, CHJ, 1.3-2.1 
(m, 3, cyclopropyl H), 5.05 (dd, 2, CHZN), 5.0 (m, 1, CH), 7.1 (s, 
5 ,  aromatic H), 7.65 (m, 4, aromatic H). 
(2)-Isopropyl l-Phenyl-2-(aminomethyl)cyclopropane- 

carboxylate (2). To a stirred solution of 10.9 g (0.03 mol) of 
(Z)-isopropyl l-phenyl-2-(phthalimidomethyl)cyclopropane- 
carboxylate in 80 mL ethyl alcohol was added 1.6 mL (0.033 mol) 
of hydrazine hydrate. The solution was stirred and heated under 
reflux for 1 h. The reaction mixture was concentrated to remove 
the solvent and treated with 160 mL of 1 N HC1, and the insoluble 
material was filtered. To the cooled filtrate was added excess 
K2C03, and the mixture was extracted twice with EtOAc. The 
organic layer was washed with water, dried over Na2S04, and 
filtered. The fiitrate was evaporated in vacuo to give an oil, which 
was acidified with cooling with an ethanolic HC1 solution. After 
addition of EbO, the crystalline product was collected by filtration 
and recrystallized from EtOAc-Et20 to give 3.64 g (45 %) of 2: 
mp 131-133 "C; IR (KBr) 1705 cm-' (C=O); 'H NMR (CDClJ 
6 1.1 (d, 6, CH,), 1.2-2.2 (m, 3, cyclopropyl H), 3.3 (dd, 2, CH,N), 
4.85 (m, 1, CH), 7.1 (m, 5,  aromatic H). 

(2)-Isopropyl l-Phenyl-2-[(dim~thylamino)methyl]- 
cyclopropanecarboxylate (12). A mixture of 7.5 g (0.03 mol) 
of (Z)-isopropyl l-phenyl-2-(chloromethyl)cyclopropane- 
carboxylate, 22 mL of 33% dimethylamine in benzene, 30 mL of 
toluene, and a catalytic amount of KI was allowed to stand ov- 

XVII 

There is, however, no similarity between the pharma- 
cological profiles of tranylcypromine, a monoamine oxidase 
inhibitor, and compounds of the present series that are 
totally devoid of this a ~ t i v i t y . ~  Thus the l-aryl-2-(ami- 
nomethy1)cyclopropanecarboxylic acid derivatives repre- 
sent and original molecular prototype in the medicinal 
chemistry of antidepressant drugs. 

Derivative 25 [ 1-phenyl-1- [ (diethylamino)carbonyl] -2- 
(aminomethy1)cyclopropane hydrochloride, midalcipran 
(INN)], which shows a higher potential antidepressant 
activity than imipramine in several classical animal tests 
and which demonstrated no anticholinergic side effects, 
has been selected for further development6 and is currently 
in phase I11 clinical evaluation.' 

Experimental Section 
Chemistry. Melting points were taken on a Kofler stage and 

were not corrected. Elemental analyses are within 10.4% of 
theory. Infrared spectra were determined with Perkin-Elmer 
Model 177 infrared spectrophotometer. 'H NMR spectra were 
determined with Hitachi Perkin-Elmer Model R 24B spectrom- 
eter, and chemical shifts are reported in 6 downfield from tet- 
ramethylsilane as the internal standard. Ascending thin-layer 
chromatography was performed on precoated plates of silica gel 
60 F254 (Merck), and the spots were made visible by an UV lamp 
or iodine vapor. The preparation of l-aryl-2-oxo-3-oxabicyclo- 

(12) Casadio, S.; Bonnaud, B.; Mouzin, G.; Cousse, H. Boll. Chim. 
Farm. 1978,117, 331. 

(13) Mouzin, G.; Cousse, H.; Bonnaud, B. Synthesis 1978, 4 ,  304. 
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ernight in a closed vessel a t  100 "C. The solvent was removed 
under vacuc, and the residual material was taken up in aqueous 
5% NaHCO,. This aqueous suspension was extracted twice with 
EtOAc, and the combined organic phases were washed with water, 
dried over Na2S04, and concentrated to remove the solvent. The 
residual oil was acidified with an ethanolic HC1 solution, and the 
resulting solid was recrystallized from EtOH-Et20 to give 6.43 
g (72%) of 12: mp 157-159 "C; IR (KBr) 1705 cm-l (C=O); 'H 
NMR (D20) 6 1.15 and 1.25 (2 d, 6, CH,), 1.4-2.3 (m, 3, cyclopropyl 
H), 3.1 (s, 6, NCH,), 3.65 (m, 2, CH,N), 5.05 (m, 1, CH), 7.35 (m, 
5, aromatic H). 

(2) -Ethyl  l-Phenyl-2-[[(2-phenylethyl)methylamino]- 
methyl]cyclopropanecarboxylate (19). To a solution of 
(2)-ethyl l-phenyl-2-(bromomethyl)cyclopropanecarboxylate and 
14.17 g (0.105 mol) of N-methyl-2-phenylethylamine in 250 mL 
of methyl ethyl ketone were added 15.2 g (0.11 mol) of K&O3 
and a catalytic amount of KI. The suspension was stirred and 
heated under reflux for 8 h. The cooled suspension was filtered 
and the solvent was removed in vacuo. The residual material was 
taken up in 5% aqueous NaHC0, and extracted twice with Et- 
OAC. The organic phases were washed with water, dried over 
Na2S04, and concentrated in vacuo. The residual oil was acidified 
with an ethanolic HC1 solution, and the isolated product was 
recrystallized from EtOH-Et20 to give 20.2 g (54%) of 19: mp 
111-113 "C; IR (KBr) 1710 cm-' (C=O); 'H NMR (DzO) 6 1.05 
(t, 3, CH,), 1.3-1.8 (m, 2, cyclopropyl H), 2.1-2.6 (m, 1, cyclopropyl 

2, CH,O), 7.2 (m, 10 H, aromatic H). 
(2)-Allyl  l-Phenyl-2-[(dimethylamino)methyl]cyclo- 

propanecarboxylate (13). To 2.56 g (0.01 mol) of (Z)-l- 
phenyl-2- [ (dimethylamino)methyl]cyclopropanecarboxylic acid 
obtained by saponification of ester 7 was added 6 mL of S0C12 
at  room temperature, and the reaction mixture was stirred ov- 
ernight. EtzO (40 mL) was added dropwise, and the precipitated 
solid was collected by filtration. This crude chloride in 10 mL 
of CH2C1, was added dropwise to a solution of 0.58 g (0.01 mol) 
of allyl alcohol and 3.48 mL (0.025 mol) of triethylamine in 25 
mL of CH2C12. After stirring overnight a t  room temperature, the 
mixture was washed with 2 N NaOH and water and then dried 
over Na2S04 and filtered. The solvent was removed in vacuo, and 
the residual oil was treated with an ethanolic solution of fumaric 
acid. The resulting solid was recrystallized from EtOH-diisopropyl 
ether to give 1.87 g (50%) of 13: mp 91-93 "C; IR (KBr) 1715 
cm-' (C=O); 'H NMR (D20) 6 1.5-2.2 (m, 3, cyclopropyl H), 2.95 
(s, 6, NCH,), 3.55 (dd, 2, CH2N), 4.55 (m, 2, CH20), 5.0 (m, 1, 
HC=), 5.25 (m, 1, HC=), 5.75 (m, 1, HC=), 7.35 (s, 5, aromatic 
H). 

(2)-l-Phenyl-2-(bromomethyl)cyclopropanecarboxylic 
Acid. To a stirred solution of 70 mL of 33% HBr solution in acetic 
acid (w/w) a t  room temperature was added portionwise 17.41 g 
(0.1 mol) of l-phenyl-2-oxo-3-oxabicyclo[3.1.0]hexane, and the 
solution was heated to 80 "C in an oil bath for 2 h. The solution 
obtained was cooled to room temperature and stirred with 300 
g of crushed ice. The crystalline product was collected by filtration 
and dried in vacuo to give 24.6 g (96%) of (Z)-l-phenyl-2-(bro- 
momethy1)cyclopropanecarboxylic acid mp 147-149 "C; IR (KBr) 
1675 cm-' (C=O); 'H NMR (CDCl,) 6 1.3-2.2 (m, 3, cyclopropyl 
H), 3.8 (d, 2, CH2Br), 7.2 (m, 5, aromatic H), 11.5 (s, 1, COOH, 
exchangeable with D20). 

(Z)-l-Phenyl-2-(brornomethyl)cyclopropanecarbonyl 
Chloride. To 75 mL of SOCl2 was added portionwise 25.5 g (0.1 
mol) of Q-l-phenyl-2-( bromomethyl)cyclopropanecarboxylic acid, 
and the resulting solution was refluxed with stirring for 2 h. Excess 
SOCl2 was removed in vacuo, and the residual oil was distilled 
to give 24.6 g (90%) of (Z)-l-phenyl-2-(bromomethyl)cyclo- 
propanecarbonyl chloride: bp 120-125 "C (0.5 mmHg); IR (film) 
1760 cm-' (C=O); 'H NMR (CDCl,) 6 1.6-2.7 (m, 3, cyclopropyl 
H), 3.6 (m, 2, CH2Br), 7.3 (m, 5, aromatic H). 
(2)- 1-Phenyl-2-[ (4-methylpiperazinyl)methyl]-N,N-di- 

ethylcyclopropanecarboxamide (42). To 10.9 g (0.04 mol) of 
(Z)-l-phenyl-2-(bromomethyl)cyclopropanecarbonyl chloride in 
120 mL of Et20  was added dropwise a solution of 8.3 mL (0.08 
mol) of diethylamine in 25 mL of Et20  with stirring and cooling 
in an ice bath. The mixture was then stirred overnight at room 
temperature. The precipitate was filtered off and the solvent was 
removed in vacuo at  25 "C. This crude halogenated amide in 50 

H), 2.9 (s, 3, NCHJ, 3.25 (s, 4, CHZCH,), 3.5 (d, 2, CHZN), 4 (q, 
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mL of methyl ethyl ketone was added to 4 mL (0.04 mol) of 
N-methylpiperazine, 5.52 g (0.04 mol) of KzCO3, and a catalytic 
amount of KI. The mixture was stirred under reflux for 2 h. After 
the mixture was cooled to room temperature, the inorganic ma- 
terial was filtered and the solvent was removed in vacuo. The 
residual material was dissolved in EtOAc, washed with water, dried 
over Na2S04, and filtered, and the solvent was removed under 
vacuo. The residual oil was acidified with an ethanolic HC1 
solution and the solid obtained was recrystallized from EtOH- 
Et20  to give 11.9 g (74%) of 42: mp 219-221 "C; IR (KBr) 1710 
cm-' (C=O); 'H NMR (D,O) 6 0.85 (t, 3, CH,), 1.15 (t, 3, CH,), 
1.55-2.1 (m, 3, cyclopropyl H), 2.95 (s, 3, NCH,), 3.0-3.85 (m, 14, 
CH,N), 7.3 (8 ,  5, aromatic H). 

( 2 )  - 1 -Phenyl-2- (pht halimidomet hy1)-N,N-diet hylcyclo- 
propanecarboxamide. To 12.4 g (0.04 mol) of crude ( 0 1 -  
phenyl-2-(bromomethyl)-N,N-diethylcyclopropanecarboxamide 
obtained by treatment of (Z)-l-phenyl-2-(bromomethyl)cyclo- 
propanecarbonyl chloride with diethylamine as described above 
were added 8.35 g (0.045 mol) of potassium phthalimide and 30 
mL of dimethylformamide. The mixture was stirred at  110 "C 
for 2.5 h. After the mixture was cooled to room temperature, water 
was added and the crystalline product was filtered and dried to 
give 13.8 g (94%) of (Z)-l-phenyl-2-(phthalimidomethyl)-N,N- 
diethylcyclopropanecarboxamide: mp 13C-132 "C; IR (KBr) 1775, 
1710, 1635 cm-I (C=O); 'H NMR (CDCl,) 6 0.8 (t, 3, CH3), 1.2 
(t, 3, CH,), 1.5-2.4 (m, 3, cyclopropyl H), 3-3.7 (m, 5, CH2N and 
CHN), 4.2 (dd, 1, CHN), 7.1 (s, 5, aromatic H), 7.65 (m, 4, aromatic 
HI. 

(Z)- l -Phenyl-  1-(pyrrolidinocarbony1)-2-( phthalimido- 
methy1)cyclopropane. To 60 mL of S0C12 was added 16 g (0.05 
mol) of (Z)-l-phenyl-2-(phthalimidomethyl)cyclopropane- 
carboxylic acid, and the solution was stirred under reflux for 4 
h. Excess SOC1, was removed in vacuo. The residual crude 
chloride in 40 mL of dichloromethane was added dropwise to the 
solution of 10 mL (0.12 mol) of pyrrolidine and 100 mL of di- 
chloromethane with stirring and cooling in an ice bath. After 
stirring 15 h at  room temperature, the mixture was washed 
successively with 0.5 N HC1, water, aqueous NaHCO,, and water. 
The organic layer was dried over Na2S04 and filtered and the 
solvent removed in vacuo. The residual product was crystallized 
twice from ethyl acetate-diisopropyl ether to give 10.3 g (55%) 
of (Z)-l-phenyl-l-(pyrrolidinocarbonyl)-2-(phthalimidomethyl)- 
cyclopropane: mp 104-106 "C; IR (KBr) 1765,1710,1625 cm-' 
(C=O); 'H NMR (CDCl,) 6 1.1-1.8 (m, 3, cyclopropyl H), 1.8-2.2 
(m, 4, CH2CH2), 2.9-4.1 (m, 6, CH2N), 7.05 (m, 5, aromatic H), 
7.85 (m, 4, aromatic H). 

1-P henyl-2-( p ht hal imidomet  hyl )  cyclo- 
propanecarboxylate. To a stirred solution of 10 g (0.045 mol) 
of @)-ethyl l-phenyl-2-(hydroxymethyl)cyclopropanecarboxylate 
and 25 mL of dried pyridine was added portionwise 9.1 g (0.048 
mol) of p-toluenesulfonyl chloride with stirring and cooling in an 
ice bath. After 15 h at  5 "C, the mixture was combined with ice 
and extracted with Et20. The organic layer was washed twice 
with ice-water, dried over Na2S04, and filtered. The solvent was 
removed under vacuo to give an oil. To this crude tosyl ester in 
100 mL of dimethylformamide was added 9.25 g (0.05 mol) of 
potassium phthalimide, and the mixture was stirred under reflux 
for 1 h. After the mixture was cooled to room temperature, water 
was added and the crystalline product was filtered and dried to 
give 11 g (70%) of the title compound: mp 112-114 "C; IR (KBr) 
1760, 1715, 1700 cm-' (C=O); 'H NMR (CDCl,) 6 1.1 (t, 3, CH,), 
1.6 (m, 2, cyclopropyl HI, 2.15 (m, 1, cyclopropyl H), 2.6 (dd, 1, 
CHN), 3.8 (dd, 1, CHN), 4.0 (9, 2, CHZ), 7.25 (s, 5, aromatic H), 
7.55 (m, 4, aromatic H). 

(E) -Et  hyl 1 -Phenyl-2-[ (dimet hy1amino)met hyllcyclo- 
propanecarboxylate (21). To the crude tosyl ester obtained 
above from @)-ethyl l-pheny-2-(hydroxymethyl)cyclopropane- 
carboxylate was added 120 mL of 33% dimethylamine ethanolic 
solution and the mixture was kept at room temperature in a closed 
vessel overnight. After addition of ice and excess 2 N NaOH, the 
mixture was extracted with EhO, washed twice with water, dried 
over Na2S04, filtered, and concentrated in vacuo. The residual 
oil was acidified with an ethanolic HCl solution. The solid ob- 
tained was recrystallized from EtOH-Et20 to give 8.8 g (75%) 
of 21: mp 152-154 " C ;  IR (KBr) 1730 cm-' (C=O); 'H NMR 
(CDC1,) 6 1.15 (t, 3, CH,), 1.5-2.5 (m, 3, cyclopropyl H), 2.8 (s, 

( E  ) - E t h y l  
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6, NCH,), 3.3 (d, 2, CHZN), 4.05 (q,2, CH20), 7.25 (s, 5,  aromatic 
H). 

(Z ) -E thy l  l-Phenyl-2-[ (methylamino)methyl]cyclo- 
propanecarboxylate (5). The solution of 3.6 g (0.01 mol) of 
(2-ethyl 1-phenyl-2- [ (methylbenzylamino)methyl]cyclopropane- 
carboxylate in 40 mL of glacial acetic acid was stirred under 
hydrogen atmosphere at 80 "C for 1 h in a closed vessel in presence 
of 0.3 g of 10% palladium on charcoal. The cooled suspension 
was filtered and acetic acid was removed in vacuo. After addition 
of 5% aqueous NaHC03, the product was extracted with Et20, 
washed with water, dried over Na2S04, and filtered. The residual 
oil was acidified with an ethanolic HC1 solution. The solid ob- 
tained was recrystallized from EtOH-EtzO to give 1.32 g (49%) 
of 5 mp 132-134 "C; IR (KBr) 1710 cm-' (C=O); lH NMR (D20) 
6 1.2 (t, 3, CH3);1.5-2.2 (m, 3, cyclopropyl H), 2.9 (s, 3, NCH,), 
3.5 (dd, 2, CH2N), 4.15 (9, 2, CH20), 7.4 (s, 5 ,  aromatic H). 

( Z  ) - 1 -Phenyl-2-[ (acety1amino)met hyl l -N,N-diet  hyl-  
cyclopropanecarboxamide (40). This compound was obtained 
in a 80% yield by acetylation of 25 with AczO in pyridine at room 
temperature: IR (KBr) 1600,1665 (C=O); 'H NMR (CDC13) 6 
0.8 (t, 3, CHJ, 1.15 (t, 3, CH&, 1.5 (m, 3, cyclopropyl H), 1.95 (s, 
3,CH3CO), 2.6 (m, 1, CHN), 3.25 (m,4, CH2N), 3.8 (m, 1, CHN), 
7.1 (m, 5 ,  aromatic H). 

(Z)- l -Phenyl-%-[  (glycylamino)methyl]-N,N-diethyl- 
cyclopropanecarboxamide (41). To the solution of 2.46 g (0.01 
mol) of 25 and 1.4 mL (0.01 mol) of triethylamine in 30 mL of 
dioxane was added dropwise with stirring in an ice bath 2.33 g 
(0.01 mol) of phthalimidoacetyl chloride in 5 mL of dioxane, and 
the suspension was kept a t  room temperature for 15 h. The 
solvent was removed in vacuo, and the residual material was 
poured into 0.5 N NaOH. The product was extracted with di- 
chloromethane and washed successively with 0.5 N HC1 and water. 
The organic layer was dried over Na2S04, filtered, and concen- 
trated in vacuo. This crude product was treated without pur- 
rification with l mL of hydrazine hydrate in 50 mL of ethyl alcohol 
under reflux for 2 h. The reaction mixture was concentrated to 
remove the solvent and treated with 80 mL 1 N HCl, and the 
insoluble material was filtered. To the cooled filtrate was added 
excess 6 N NaOH, and the product was extracted with EtOAc, 
washed with water, and dried over Na2S04 and the solvent was 
removed in vacuo. The residual oil was crystallized twice in 
dichloromethane-isopropyl alcohol to give 1.88 g (62%) of 41: mp 
91-93 "C; IR (KBr) 1620,1655 cm-l (C=O); 'H NMR (CDC13) 
6 0.85 (t, 3, CH,), 1.15 (t, 3, CH3), 1.5 (m, 3, cyclopropyl H), 2.6-3.9 
(m, 6, CH2N), 3.25 (s, 2, CH,CO), 7.1 (s, 5,  aromatic H). 

Pharmacology. Acute Toxicity. Groups of 10 mice (male, 
20-26 g, Swiss strain, St. Denis, France) were administered the 
test compounds orally a t  various doses. LD50 (with 95% confi- 
dence limits) was defined as the dose that killed 50% of the 
animals 24 h after drug administration. 

Potentiation of the  yohim- 
bine-induced mortality in mice was determined by the method 
of Quinton14 as recently reevaluated by Ma1i~k. l~ The ED50 
values, defined as the dose of test drug that killed 50% of the 
animals given a sublethal dose of yohimbine (25 mg/kg sc), were 
estimated (with 95% confidence limits) by probit ana1ysis.l6 

Antagonism of tetrabenazine-induced ptosis in mice17 was 
measured in mice pretreated orally a t  various doses of a test 
compound 30 min before the administration of tetrabenazine 40 
mg/kg ip. The highest dose of test compound was 30 mg/kg. 
Thirty minutes after tetrabenazine, each mouse was scored for 
blepharoptosis and the degree of ptosis estimated on a scale from 
0 to 2. The sum of these scores for each group of mice was 
expressed as a percentage and the ED50 (with 95% confidence 

Antidepressant Activity. 

Bonnaud et al. 

(14) Quinton, R. M. Br. J.  Pharmacol. 1963, 21, 56. 
(15) Malick, J. B. In Antidepressants: Neurochemical, Behavioral 

and Clinical Perspectives Enna, S. J; Malick, J. B., Richelson, 
E.; Raven: New York, 1981; pp 141-155. 

(16) Carmines, E. L.; Carchman, R. A.; Borzelleca, J. F. J.  Environ. 
Pathol. Toxicol. 1980, 4 ,  23. 

(17) Howard, J. L.; Soroko, F. E.; Cooper, B. R. In Antidepressants: 
Neurochemical, Behavioral and Clinical Perspectives; Enna, 
S. J., Malick, J. B., Richelson, E., Eds.; Raven: New York, 
1981; pp 107-120. 

limits) estimated by probit analysis.16 
The  potentiation of 5-hydroxytryptophan-induced be- 

havior in mice was evaluated in mice according to Christensen.lB 
The EDm values (with 95% confidence limits), defined as the dose 
that induced half-maximal score of the 5HTP syndrome, were 
calculated by probit analysis.16 

Mydriatic Properties. One drop (0.1 mL) of a 1% aqueous 
solution of test compound was instilled into the left eye of 10 mice, 
the right eye serving as a control. The pupillary diameters of both 
eyes were measured with a ocular micrometer. The average 
mydriasis was expressed as the percent increase of the diameter 
of the test pupil in comparison with that of the control pupil. One 
drop of a 0.01% solution of atropine produced 75% mydriasis. 
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Structure-Activity Relationships of Sparsomycin and Its Analogues. Inhibition of 
Peptide Bond Formation in Cell-Free Systems and of L1210 and Bacterial Cell 
GrowthL 

Leon A. G. M. van den Broek,t Rob M. J. Liskamp,i J. Hans Colstee,+ Peter Lelieveld,s Miguel Remacha,lI 
David Vdzquez," Juan P. G. Ballesta,li and Harry C. J. Ottenheijm*t 
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The biological activity of 14 analogues of sparsomycin (1) was studied in cell-free systems of Escherichia coli, 
Saccharomyces cerevisiae, and Sulfolobus solfataricus by measuring the inhibition of protein synthesis. The inhibition 
of L1210 colony formation in soft agar and bacterial cell growth in solid as well as in liquid medium was also examined. 
Each analogue possesses not more than two structural modifications of the sparsomycin molecule. This enabled 
us to determine unambiguously several structural and stereochemical features that are required for an optimal biological 
activity in these assays. Sparsomycin, having the ScRs chirality, is the most potent of the four possible stereoisomers. 
The results obtained with compounds 5-7 indicate that the presence of an oxygen atom on the S(a)  atom is essential. 
Substitution of the bivalent sulfur atom by a CH2 group (10) or of the SCH, moiety by a C1 atom (12) affects the 
activity of the molecule partially. Compound 12 is surprisingly active against intact cells. Substitution of theC(6)-CH3 
group by a H (14) reduces the activity of the molecule. Isomerization of the trans double bond into the cis double 
bond yields cis-sparsomycin (15), which is inactive. The hydrophobic derivatives 8,9, and 11 are considerably more 
active than sparsomycin; thus the ribosomal binding site for sparsomycin may have a hydrophobic character. 

Sparsomycin (1)' is a potent inhibitor of protein syn- 
thesis, and there is ample evidence that its site of inter- 
action is the larger ribosomal subunit, where it prevents 
peptide transfer by interfering with the peptidyl transf- 
erase Sparsomycin has been shown to inhibit 
the interaction of substrates with the peptidyl transferase 
A site, while stimulating at  the same time the binding of 
substrates at the P site. This mutual interaction might 
be due to an allosteric effect.' It was shown recently that 
the sulfoxide moiety of sparsomycin is important for its 
a c t i ~ i t y . ~ ~ ~  It was observed, moreover, that the proper 
oxidation state of the sulfur atom of sparsomycin is im- 
portant for the enhanced inhibition of peptidyl transferase 
that is observed when Escherichia coli polysomes are 
preincubated with the drug; this effect was called the 
"preincubation effect".8J0 It was proposed that a peptidyl 
transferase mediated Pummerer rearrangement of the 
sulfoxide moiety of sparsomycin is responsible for this 
preincubation effect.s This mechanistic rationale of the 
mode of action of sparsomycin was corroborated recently 
by studying the four possible stereoisomers of sparsomycin 
as inhibitors of peptide bond formation in E. coli poly- 
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somes.'l It was found that only the ScRs stereoisomer 
(1) places the sulfoxide moiety in the same orientation as 
the nitrogen-carbon bond of the natural substrate, i.e., 
L-aminoacyl-tRNA, thus inducing the Pummerer rear- 
rangement. This stresses the structural similarity of the 
drug and the natural substrate of peptidyl transferase. 
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(Argoudelis, A. D.; Herr, R. R. Antimicrob. Agents Chemother. 
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Kenkyusho Nempo 1966,25,1; Chem. Abstr. 1967,66,54238). 
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