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pH 7.4. Samples were incubated for 1 h at 25 °C. Incu
bations were terminated by rapid filtration under reduced 
pressure through glass fiber filters (Whatman GF/B). The 
filters were rinsed three times with 10-mL aliquots of cold 
assay buffer. The radioactivity retained on the filters was 
counted on a liquid scintillation spectrophotometer in 10 
mL of Beckman H-P scintillation cocktail after being 
mechanically shaken for 1 h. Nonspecific binding, which 
was defined as the binding in the presence of 100 ixM 
oxotremorine, was subtracted from the mean of the trip
licate samples to determine specific binding. The con
centration of test agent needed to displace 50% of the 
specific binding (IC50) was determined by a nonlinear 
computer curve fit from four or more concentrations (in 
triplicate) of the test agent.12 

ax-Adrenergic Receptor Binding.11 The relative af
finities of compounds for the c^-adrenergic receptor were 
evaluated on the basis of their ability to displace [3H] W-
B-4101 from rat frontal cortex membranes. Male Long-
Evans rats were decapitated, the brains were removed, and 
the frontal cortex membranes were dissected. The cortex 
tissue was homogenized in 50 volumes of 50 mM Tris-HCl 
buffer at pH 7.7. The homogenate was centrifuged twice 
with rehomogenization of the intermediate pellet in 50 mL 
of fresh buffer. The final pellet was resuspended in 50 mM 
the buffer at pH 7.7 at a concentration of 20 mg/mL of 
original wet tissue. Incubation samples contained 1.0 mL 
(or 10 mg/mL of wet tissue weight) of brain membranes, 
100 ixL of various concentrations of test agents, and 0.5 nM 
of [3H]WB-4101 in a final volume of 2 mL of 50 mM 
Tris-HCl buffer at pH 7.7. Samples were incubated for 
30 min at 25 °C and rapidly filtered under reduced pres
sure through Whatman GF/B filters. The filters were 
rinsed three times with 5-mL aliquots of 50 mM assay 
buffer and shaken for 1 h in 10 mL of Beckman H-P 
scintillation cocktail. The radioactivity retained on the 
filters was counted by liquid scintillation spectrophotom
etry. Nonspecific binding was defined as the binding in 

Traditionally, the mode of action of antidepressant 
agents has been explained as being a result of facilitation 
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the presence of 100 MM (-)-norepinephrine. This was 
subtracted from the mean of the triplicate samples to 
determine specific binding. The concentration of test 
agent needed to displace 50% of the specific binding (IC50) 
was determined by nonlinear computer curve fit from four 
or more concentrations (in triplicate) of the test agent.12 
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of norepinephrinergic and/or serotonergic transmission 
caused by inhibition of norepinephrine (NE) and/or 5-
hydroxytryptamine (5-HT) uptake. However, a few years 
ago it was found that chronic treatment with tricyclic 
antidepressants such as amitriptyline or imipramine in
duced subsensitivity of presynaptic dopamine (DA) auto-
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A series of 3-phenyl-l-indanamines was synthesized and tested for potential antidepressant activity and for inhibition 
of dopamine (DA), norepinephrine (NE), and serotonin (5-HT) uptake. Trans isomers were generally potent inhibitors 
of DA, NE, and 5-HT uptake, while cis isomers preferentially inhibited the uptake of 5-HT. The affinity for the 
DA-uptake site was very dependent on the aromatic substitution pattern where highest potency was found for 
3',4'-dichloro substituted compounds (45). This substitution pattern also resulted in high affinity for the NE- and 
5-HT-uptake sites, but potent 5-HT-uptake inhibiting activity could also be obtained with other substitution patterns. 
Only small amines could be accommodated at the 5-HT-uptake site while larger amines such as piperazine could 
be accommodated both at the DA- and NE-uptake sites. The observed structure-activity relationships were explained 
from the results of superimpositions of a trans (45) and cis (72) isomer with 5-HT and DA, respectively, in relation 
to a proposed three-point binding of the uptake inhibitors at the uptake sites. Finally, comparison of the structures 
of the 3-phenyl-l-indanamines with other newer bicyclic catecholamine- and/or serotonin-uptake inhibitors revealed 
common structural elements important for potent DA-, NE-, and/or 5-HT-uptake inhibition. 
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Table I. 3,3-Diphenylpropanoic Acids 
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;m 
C H - C H 2 C O O H 

compd 

4 
5 
6 
7 
8 
9 

10 
11 
12 

X 

3-C1 
4-C1 
4-Br 
H 
H 
4-F 
4-CH30 
2-Br 
2-Br 

Y 

H 
H 
H 
3-F 
3-C1 
3-C1 
3-C1 
3-CF3 
4-CF3 

Z 

H 
H 
H 
4-F 
4-F 
4-C1 
4-C1 
4-C1 
H 

mp, °C 

95-96 
99-101d 

129-131e 

101-102 
81-82 

102-103 
121-123 
144-146 
121-123 

yield," % 

83 
95 
61 
73 
85 
83 
63 
73 
64 

recryst solvent6 

A 
C 
C 
A 
B 
A 
B 
A 
A 

formula0 

C15H13CIO2 
CuH^ClC^ 
CisH^BrC^ 
C15H12F2O2 
CisH^ClFO^ 
C15H11CI2FO2 
C16H14CI2O3 
C^HnBrClFgOa 
CijHijBrFsC^ 

0 Yield of crude, crystalline product calculated from the substituted ethyl 2-cyano-3-phenyl-2-propenoates. b A = ethyl ether/hexane; B ; 

isopropyl ether/hexane; C = not recrystallized. cAnal. C, H. ' 'Mp 108 °C.26 e Mp 107-108 °C.26 

CH2CH2CH2NHCH3 

Figure 1. Compounds: 1, X = O; 2, X = S. 

receptors in rats.12 Whether this effect is related to the 
clinical effect is an open question, but the idea that DA 
may play an important role in the etiology of affective 
disorders is not new. Evidence has been presented for a 
role of DA in depression and mania.3,4 This has resulted 
in a growing interest in antidepressant agents with a 
stimulating effect on DA transmission.5 

However, the large majority of antidepressant agents are 
much more potent NE and/or 5-HT-uptake inhibitors 
than DA-uptake inhibitors.6 It seems to be difficult to 
design a highly selective DA-uptake inhibitor, which would 
be a valuable tool to test the "dopamine theory" of de
pression. In contrast, highly selective uptake inhibitors 
of NE and 5-HT are known. Compound 1 (talopram)7 and 
2 (talsupram)8 (Figure 1) are very selective NE-uptake 
inhibitors (see Table IV). These compounds, did show 
antidepressant activity in the clinic,9'10 especially in pa
tients with psychomotor retardation. This was in agree
ment with the theory suggesting that facilitation of NE 

(1) Serra, G.; Argiolas, A.; Fadda, F.; Gessa, G. L. Pharmacol. Res. 
Commun. 1980, 12, 619. 

(2) Chiodo, L. A.; Seymour, M. A. Nature 1980, 287, 451. 
(3) Randrup, A.; Munkvad, I.; Fog, R.; Gerlach, J.; Molander, L.; 

Kjellberg, B.; Scheel-Kruger, J. "Current Developments in 
Psychopharmacology"; Esmann, W. B.; Valzelli, L., Eds.; 
Spectrum Publications: New York, 1975; Vol. 2, p 206. 

(4) Willner, P. Brain Res. Rev. 1983, 6, 211. 
(5) Waldmeier, P. C. TIPS 1982, 3, 189. 
(6) Hyttel, J. Prog. Neuro-Psychopharmacol. Biol. Psychiat. 1982, 

6, 277. 
(7) Petersen, P. V.; Lassen, N.; Hansen, V.; Huld, T.; Hjortkjaer, 

J.; Holmblad, J.; Moller Nielsen, I.; Nymark, M ; Pedersen, V.; 
Jorgensen, A.; Hougs, W. Acta Pharmacol. Toxicol. 1966, 24, 
121. 

(8) Petersen, P. V,; Lassen, N.; Ammitzboll, T.; Moller Nielsen, 
I.; Nymark, M.; Pedersen, V.; Franck, K. F. Acta Pharmacol. 
Toxicol. 1970, 28, 241. 

(9) Zavidovskaya, G. I. Zh. Neuropat. Psikhiat. 1969, 69, 594. 
(10) Stromgren, L. S.; Friderichsen, T. Nord. Psykiat. Tidskr. 1971, 

25, 119. 

CH2CH2CH2N 
/CH, 

CH, 

Figure 2. Compound 3. 

transmission was related to an increase in drive, while 
facilitation of 5-HT transmission was related to mood 
elevation.11"13 This theory started a search for selective 
5-HT-uptake inhibitors. Compound 3 (citalopram) (Figure 
2)was developed by making relatively small changes in the 
structure of 1, which surprisingly changed the profile3 to 
an extremely selective 5-HT-uptake inhibitor6'14 (see Table 
IV). The clinical results with 36 and other selective 5-
HT-uptake inhibitors seem to confirm that these agents 
do have antidepressant effects in man. 

However, a compound with a selectivity for DA-uptake 
inhibition comparable to the selectivity shown by 1 (or 2) 
and 3 for NE- and 5-HT-uptake inhibition, respectively, 
is not known. Some compounds such as nomifensine (103) 
(see Table IV) or diclofensine16 (104) are potent DA-uptake 
inhibitors but are still very strong NE and 5-HT-uptake 
inhibitors. A number of other reported DA-uptake in
hibitors also have relatively low selectivity.16"20 

Recently, we reported on a series of l-piperazino-3-
phenylindans.21 This series included both potent neuro
leptic compounds as well as potent DA- and NE-uptake 
inhibitors. The most potent uptake inhibitors were corn-

ill) Kielholz, P.; Poldinger, W. Compr. Psychiat. 1968, 9, 179. 
(12) Carlsson, A.; Corrodi, H.; Fuxe, K.; Hokfelt, T. Eur. J. Phar

macol. 1969, 5, 357. 
(13) Carlsson, A.; Corrodi, H.; Fuxe, K.; Hokfelt, T. Eur. J. Phar

macol. 1969, 5, 367. 
(14) Bigler, A. J.; Bogesa, K. P.; Toft, A.; Hansen, V. Eur. J. Med. 

Chem. 1977, 12, 289. 
(15) Tuomisto, J.; Voutilainen, R. Brit. J. Pharmacol. 1982, 77, 

Suppl. 364P. 
(16) Wong, D. T.; Bymaster, F. P. Life Sci. 1978, 23, 1041. 
(17) Wong, D. T.; Bymaster, F. P.; Reid, L. R. J. Neurchem. 1980, 

34, 1453. 
(18) van der Zee, P.; Koger, H. S.; Gootjes, J.; Hespe, W. Eur. J. 

Med. Chem. 1980, 15, 363. 
(19) Heikkila, R. E. Life Sci. 1981, 28, 1867. 
(20) Heikkila, R. E.; Babington, R. G.; Houlihan, W. J. Eur. J. 

Pharm. 1981, 71, 211. 
(21) Bageso, K. P. J. Med. Chem. 1983, 26, 935. 
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Table II. 3-Phenylindan-l-ones 
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compd 

13 
14 
IS 
16 
17 
18 
19 
20 
21 

X 

H 
H 
H 
H 
H 
6-F 
6-CH30 
H 
H 

Y 

3'-Cl 
4'-Cl 
4'-Br 
3'-F 
3'-Cl 
3'-Cl 
3'-Cl 
3'-CF3 

4'-CF3 

Z 

H 
H 
H 
4'-F 
4'-F 
4'-Cl 
4'-Cl 
4'-Cl 
H 

mp, °C 

109-110 
75-77c 

59-60d 

109-112 
170-171 
119-121 
67-69 
93-94 
84-85 

ring closure condns 

PPA, 100 °C, 2.5 h 
PPA, 110 °C, 2.5 h 
AICI3, 25 °C, 18 h 
PPA, 100 °C, 2 h 
PPA, 100 °C, 2 h 
PPA, 125 °C, 2.5 h 
AICI3, 25 °C, 2 h 
BuLi, -5 °C, 1 h 
BuLi, -5 °C, 1 h 

yield, % 

35 
61 
45 
71 
72 
14 
59 
27 
26 

recryst solvent0 

C 
A 
B 
A 
C 
D 
B 
E 
A 

formula6 

C15HnC10 
C16HnC10 
C16HuBrO 
C15H10F2O 
C16H10C1FO 
C15H9C12F0 
^16^12^2^2 
C16H10CIF3O 
C16H11F3O 

"A 
°C.27 

= ethyl ether/hexane; B = isopropyl ether/hexane; C 
"•Mp 59-60 °C.26 

CH2Cl2/hexane; D = cyclohexane; E = pentane. 6Anal. C, H. cMp 77-78 

Table III. 3-Phenylindan-l-ols 

compd 

22 
23 
24 
25 
26 
27 
28 
29 
30 

X 

H 
H 
H 
H 
H 
6-F 
6-CH3O 
H 
H 

Y 

3'-Cl 
4'-Cl 
4'-Br 
3'-F 
3'-Cl 
3'-Cl 
3'-Cl 
3'-CF3 

4'-CF3 

Z 

H 
H 
H 
4'-F 
4'-F 
4'-Cl 
4'-Cl 
4'-Cl 
H 

mp, °C 

99-100 
96-97 

100-102 
59-63 
72-75 
80-84 

104-106 
101-102 
68-70 

yield, % 

79 
87 
90 
77 
84 
84 
65 
89 
97 

recryst solvent" 

A 
B 
A 
D 
C 
D 
B 
D 
D 

formula6 

C16H13C10 
C1SH13C10 
C15H13BrO 
C15H12F2O 
C15H12C1F0 
C16H„C12F0 
Ci6Hi4Cl 20 2 

CieHi2ClF30 
C16H13F3O 

"A = ethyl ether/hexane; B = isopropyl ether/hexane; C = hexane; D = not recrystallized. "Anal. C, H. 

pounds 101 and 102 (see Table VI). In order to investigate 
whether or not we could further increase the selectivity 
for DA-uptake inhibition, we synthesized a series of 3-
phenyl-1-indanamines. 

Pharmacological activity has previously been reported 
for 3-phenyl-l-indanamines.22 Compound 31 and some 
close analogues (without aromatic substitution) were re
ported to have analgesic activity23 and iV,iV-diethyl-3-(4-
ethoxyphenyl)-l-indanamine was reported to produce 
marked coronary dilation.24 

We now report potent catecholamine- and serotonin-
uptake inhibition and potential antidepressant activity in 
a series of aromatic substituted 3-phenyl-l-indanamines. 

The different profiles for DA-, NE-, and 5-HT-uptake 
inhibition found for the cis and trans isomers in this series, 
combined with the limited conformational mobility of 
these compounds, make them interesting model com
pounds to probe the preferred conformations of the cate
cholamines and serotonin at the uptake sites. In addition, 
comparison of these compounds with the previously re
ported piperazinoindans21 and compounds with related 

(22) Ganellin, C. R. Adv. Drug Res. 1967, 4, 163. 
(23) Barltrop, J. A.; Acheson, R. M.; Philpott, P. G.; MacPhee, K. 

E.; Hunt, J. S. J. Chem. Soc. 1956, 2928. 
(24) Busch, E.; Langecker, H.; Richter, H. Arzneim.-Forsch. 1961, 

11,915. 
(25) Bergmann, F.; Weizmann, M.; Dimant, E.; Patai, J.; Szmus-

kowicz, J. J. Am. Chem. Soc. 1948, 70, 1612. 
(26) Allen, C. F.; Gates, J. W., Jr. J. Am. Chem. Soc. 1943, 65, 422. 
(27) Johnston, K. M.; Shotter, R. G. Tetrahedron 1974, 30, 4059. 

structure reveals some common structural and stereo
chemical elements that appear to be important for potent 
catecholamine- and serotonin-uptake inhibition. 

Chemistry 

Substituted 3,3-diphenylpropanoic acids (Table I) and 
3-phenylindan-l-ones (I, Table II) were prepared by the 
methods described earlier.21 The indanones 14-17 and 19 
were predominantly formed as the desired isomer and were 
easily purified by recrystallization. Cyclization of the acids 
4 and 9 gave isomeric mixtures, but in both cases the 
desired indanones (13 and 18) could be purified by several 
recrystallizations. The structures of the indanones were 
confirmed by XH and 13C NMR spectroscopy. Reduction 
of the indanones with sodium borohydride gave, as pre
viously reported,21 almost pure cis-3-phenylindan-l-ols (II, 
Table III). 

Most of the 3-phenyl-l-indanamines were prepared by 
method A (Scheme I) because this method directly gave 
both cis and trans isomers, which in most cases could be 
separated by fractional crystallization. Both isomers were 
obtained because the reaction of the cis-3-phenylindan-
1-ols with thionyl chloride in toluene resulted in an isom
eric mixture of cis- and fcrarcs-l-chloro-3-phenylindans (III) 
with a cis:trans ratio of about 70:30. The following reaction 
with excess alkylamine in an autoclave gave, as earlier 
reported for the similar SN2 reaction with piperazine,21 an 
isomeric mixture of cis- and trans-3-phenyl-l-indanamines 
(IV) with the reverse cis:trans ratio, i.e. 30:70. 

In the cases where it proved difficult to obtain sufficient 
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Scheme I 

S0C1, 

Method D 

Y Z 

amounts of the cis isomer by method A, alternative 
methods were used. We earlier reported21 that cis-1-
piperazino-3-phenylindans could be obtained from the 
mesylate of the 3-phenylindan-l-ols (II). The mesylates 
were obtained by treating the 3-phenylindan-l-ols (II) with 
methanesulfonyl chloride in pyridine/methylene chloride. 
However, reinvestigation of this step showed that the 
product obtained was not a mesylate but a mixture of 
chloroindanisomers (III). It is known that pyridine hy
drochloride can convert tosylates to the corresponding 
chlorides,28 and obviously it is this reaction that occurs 
spontaneously with the mesylates of the 3-phenylindan-
l-ols. The reaction proceeds partly with inversion of the 
configuration, resulting in a mixture of chloroindans with 
a cis:trans ratio of about 40:60. By the subsequent reaction 
with dimethylamine (method D) a product mixture with 
a high content of cis isomer was obtained. 

Alternatively cis isomers could be obtained in high yield 
by method B (Scheme I). Reduction of the methylimines 
(V) with sodium borohydride gave as in the case of the 
reduction of the indan-1-ones (I) to the inJan-1-ols (II) 
almost pure cis monomethylamines (VI). The corre
sponding dimethylamines (VII) could then be obtained by 
Eschweiler-Clarke methylation of VI (method C). 

By resolution of compound 45 with L-(+)- and D-(-)-
tartaric acid the neutral (2:1) enantiomeric salts were ob
tained. The enantiomeric purity of the corresponding 
bases was determined by XH NMR using (i?)-(-)-2,2,2-
trifluoro-l-(9-anthryl)ethanol as shift reagent. A difference 
of 0-08 ppm in the chemical shifts of the amino CH3 sin
glets was observed. The purity of both enantiomers was 
in this way established to be greater than 95%. 

(28) Blickenstaff, R. T.; Chang, F. C. J. Am. Chem. Soc. 1958, 80, 
2726. 
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OH Q 1 

The absolute configuration of the enantiomers was de
termined by comparing their CD spectra with the CD 
spectrum of a l-piperazino-3-phenylindan derivative37 of 
known absolute configuration. The configuration of (+)-45 
and (-)-45 (Table IV) was determined to be 1R,SS and 
IS,3R respectively. 

Results 
Antagonism of tetrabenazine-induced ptosis21 and po

tentiation of 5-HTP-induced behavioral sympatomatology 
in mice were used to measure the potential antidepressant 
activity of the compounds. Inhibition of the uptake of DA, 
NE, and 5-HT21 was measured for most of the compounds. 
The results are shown in Tables IV-VI. Also shown in 
Table IV are the activities of compounds 1-3 and nomi
fensine (103). Results for many other standard compounds 
have been reported elsewhere.6 

Spearman-Rank correlation analysis of the results in the 
five tests revealed that a highly significant (r = 0.74, p < 
0.001) correlation was found between inhibition of 5-HT 
uptake and potentiation of 5-HTP and also between in
hibition of DA uptake and inhibition of NE uptake (r = 
0.81, p < 0.001). Tetrabenzine-induced ptosis was not 
significantly correlated with any of the uptake inhibition 
tests. 

The change in the amino function from a piperazine ring 
(as in 101 and 102)21 to the smaller aliphatic amines did 
not result in any increased selectivity toward DA-uptake 
inhibition. A separation of the activity on DA uptake from 
activity on NE uptake was not possible in this series, a fact 
that was confirmed by the close correlation between these 
tests, as mentioned above. On the other hand, many of 
the new compounds shown in Tables IV and V were con
siderably more potent than the piperazino compounds, and 
in contrast to these they were potent 5-HT-uptake inhib-



Table IV. Thymoleptic Activity of frans-AT-Methyl- and iV,JV-Dimethyl-3-phenyl-l-indanaminesa 

.CH , I 
3 
n. o 
3 
n 
3 

compd 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

(+)-45 
(-M5 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

1 
2 
3 

103 

X 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
F 
F 
CH,0 
CH30 
HO 
HO 
F 
CF3 
talopram 
talsupram 

Y 

H 
4'-F 
4'-F 
4'-Cl 
4'-CI 
4'-Br 
4'-Br 
4'-CF3 
3'-CI 
3-CI 
3'-F 
3'-F 
3'-CI 
3-CI 
3-CI 
3'-CI 
3'-CI 
3-CI 
3-CF3 
2'-CI 
2'-CI 
3' -CI 
3-C1 
3-C1 
3-CI 
3' -CI 
3' -CI 
4'-F 
4'-F 

i 

citalopram 
nomifensine 

a Racemates except compd (+ 
pounds 

Z 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
4'-F 
4'-F 
4'-F 
4'-F 
4'-CI 
4'-CI 
4'-CI 
4-CI 
4'-CI 
4-CI 
4' -CI 
4-C1 
4'-CI 
4'-CI 
4'-CI 
4'-CI 
4'-CI 
H 
H 

)-45 and ( 

R 

CH, 
H 
CH, 
H 
CH, 
H 
CH, 
H 
H 
CH, 
H 
CH, 
H 
CH, 
H 
H 
H 
CH, 
H 
H 
CH3 
H 
CH, 
H 
CH3 
H 
CH, 
CH, 
CH, 

-)-45. ] 
were made by method A except 40 which 

confidence limits in ] 
1 NT = Not tested. 

parentheses . d All results are 

mp,°C 

186-189 c 

162-163 
156-158 

68-69 
79-81 

213-215 
75-77 

214-215 
159-160 
201-202 
170-174 
180-182 
184-185 
215-216 
183-185 
159-162 
161-164 

78-79 
201-202 
195-197 
262-264 
222-224 
173-175 
231-233 
153-157 
206-210 
217-221 
239-242 
244-245 

formula6 

C17H19N HC10.5H2O 
C l6H16FNHCl 
C17H18FN-HC10.8H2O 
C16H16C1N 
C17H18C1N 
C16H16BrNHCl 
C17H18BrN 
C17HJ6F3NHC1 
C16H16C1NHC1 
C17H18C1NHC1 
C16H1SF2NHC1 
C17H.7F2NHC1 
C16H1SC1FNHC1 
C17H17C1FNHC1 
C16H15C12NHC1 
C16H15Cl2N0.5C4H6O6 
Cl6H15Cl2N-0.5C4H6O6 
C17H17C12N 
C17H1SC1F3NHC1 
C16H15C12NHC1 
C17H17C12N HC1 
C16H14C12FNHC1 
C,7H16C12FNHC1 
C17H17Cl2NO0.5C2H2O4 
C1BH19Cl2NO C2H204 
C16H15Cl2NO 0.3H2O 
C17H17Cl2NOHBr 
C17H17F2NHC1 
C1SH„F4NHC1 

Isomeric purity (with respect to content of cis 
was made by method C and 54 and 55 which 

ED50,C jumol/kg ip 

tetrabenazine 
ptosis, mice 

17(7-40) 
19(11-32) 

7.8 (4.2-14) 
>155 

56 (20-157) 
47 (15-142) 

9.8 (3.6-27) 
58(28-118) 
45(16-125) 
10 (3.4-29) 
58 (22-152) 

7.1 (1.3-40) 
12 (5.1-27) 

4.5(1.9-10) 
2.9(1.5-5.5) 
5.0(1.7-14.5) 

>108 
83(25-278) 

>110 
19 (7.9-46) 
23(12-44) 
33(9.4-117) 

>111 
7.0 (3.3-15) 

33(5.3-204) 
21 (9.5-46) 
22(5.9-83) 
28 (15-53) 

116(20-681) 
1.2 (0.34-4.2) 
2.3 (0.85-6.3) 

51(7.8-331) 
4.3(1.8-10) 

5-HTP 
potentiation, mice 

>35 
>144 

45 (26-74) 
34(17-68) 
48 (11-28) 

8.8 (5.6-15) 
8.4 (5.4-13) 

45(32-62) 
92(60-141) 
43(27-69) 
22(14-34) 
73(48-112) 
47(29-76) 
37 (27-50) 

7.8(5.2-12) 
9.2(7.1-12) 

64 (40-102) 
5.0 (3.9-6.6) 

55 (42-73) 
67(44-103) 
19(13-28) 
27(20-37) 
20 (12-34) 
14 (9.1-21) 
14 (6.6-31) 

>128 
18 (12-28) 

>129 
123(96-157) 

44(14-136) 
>115 

3.3 (2.8-3.9) 
>56 

synaptosomal uptake inhibn: 

DA 

600 
29 

320 
5.6 

140 
2.5 

54 
160 

14 
71 
21 

250 
NT'' 
NT 

0.99 
0.17 
8.6 

28 
3500 

510 
2000 

0.12 
12 

2.5 
10 

0.52 
7.9 

620 
240 

44000 
9300 

41000 
48 

H J 5 0 , " nivi 

NE 

130 
2.9 

100 
0.51 

23 
0.30 

28 
67 

0.12 
15 

1.6 
62 

NT 
NT 

0.26 
0.60 
5.3 

24 
25 
15 
90 

0.71 
21 

0.67 
16 

0.82 
16 

350 
85 

2.9 
0.79 

8800 
6.6 

5-HT 

150 
76 
33 

4.0 
0.64 
0.28 
0.04 
4.7 

41 
16 
49 
20 

NT 
NT 

0.48 
1.0 
5.2 
0.64 
4.2 
0.91 
0.58 
2.3 
1.1 
0.62 
1.6 
2.5 
0.37 

18 
43 

1400 
850 

1.8 
830 

; racemate) was in all cases > 95% except for 41 where it was 85%. All corn-
were made by cleavage of compd 52 and 53 with HBr. ° 

i the mean of at least two determinations each with five concentrations of test compounds in triplicate. 
Anal. C, H, N. 
e Mp 191-192 

c 95% 
°C." 
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Table V. Thymoleptic activity of cis-AT-Methyl- and iV,N-Dimethyl-3-phenyl-l-indanamines° 

' C H „ 
H N 

X e 

compd 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 

X 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
F 
F 
CH30 
CH3O 
HO 
F 
CF3 

Y 

H 
H 
4'-F 
4'-F 
4'-Cl 
4'-Cl 
4-Br 
4'-Br 
3'-Cl 
3'C1 
3'-F 
3'-F 
3'-Cl 
3'-Cl 
3'-Cl 
3'-Cl 
2'-Cl 
2'-Cl 
3'-Cl 
3'-Cl 
3'-Cl 
3'-Cl 
3'-Cl 
4'-F 
4'-F 

Z 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
4'-F 
4'-F 
4'-F 
4'-F 
4'-Cl 
4'-Cl 
4'-Cl 
4'-Cl 
4'-Cl 
4'-Cl 
4'-Cl 
4'-Cl 
4'-Cl 
H 
H 

R 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

H 
CH3 

CH3 

mp, °C 

235-237e 

196-197 
257-258 
207-209 
246-247 

78-80 
240-242 

86-89 
215-216 
198-200 
240-243 
165-167 
225-226 
189-191 
230-232 
180-184 
247-249 
237-239 
267-269 
218-220 
262-264 

75-77 
211-213 
77-80 

234-236 

formula6 

C16H17N-HCl-0.2H2O 
C17H19N-HC1 
C16H16FN-HC1 
C17H18FN-HC1 
C16H16C1N-HC1 
C17H18C1N 
C16H16BrN-HCl 
C17H18BrN 
C16H16C1N-HC1 
C17H18C1N-HC1 
C16H16F2N-HC1 
C17H17F2N-C2H402 

C16H16C1FN-HC1 
C17Hi7ClFN-HCl 
C16H16C12N-HC1 
C17H17Cl2N-HCl-0.5H2O 
C16H15C12N.HC1 
C17H17C12N-HC1 
C16H14C12FN-HC1 
C17H16C12FN-HC1 
C17Hl7Cl2NO-HCl 
C18H19CI2NO 
C ieH15Cl2NO 
C17H17F2N 
C18H17F4N-HC1 

E D ^ / 

tetrabenazine 
ptosis, mice 

>154 
>143 

79 (22-291) 
24 (4.9-121) 

376 (90-1580) 
43 (13-142) 
29 (13-63) 

2.3 (0.3-20) 
119 (43-333) 
85 (27-267) 
23 (8-66) 
13 (3.2-48) 
32 (9.6-106) 
13 (2.7-65) 

5.8 (1.7-20) 
14 (7.3-27) 
98 (25-382) 
23 (11-50) 
15 (6.5-36) 

>111 
14 (6.4-31) 
34 (14-80) 
15 (8.1-29) 

>147 
>111 

nmol/kg ip 

5-HTP 
potentiation, 

mice 

211 (94-475) 
>36 

72 (47-112) 
25 (15-41) 
23 (16-32) 
14 (8.6-24) 
6.6 (2.9-15) 

12 (8.7-16) 
124 (73-211) 

78 (56-108) 
63 (45-89) 
42 (27-65) 
30 (23-41) 
51 (30-87) 

6.4 (4.9-8.3) 
10 (5.4-19) 
71 (47-108) 
19 (10-36) 
15 (8.4-27) 
29 (15-53) 

2.9 (0.83-10) 
7.4 (3.2-18) 

59 (32-107) 
21 (14-30) 

101 (59-172) 

synaptosomal uptake 

DA 

1400 
340 
330 
250 
120 
190 
67 
83 

220 
54 

150 
180 
N T ' 
N T 

20 
27 

100 
860 

5.0 
31 
19 
15 
4.1 

440 
340 

K V nM 
NE 

320 
41 

120 
24 
24 

4.4 
8.8 
4.3 

19 
0.77 

33 
29 

N T 
N T 

5.2 
2.4 
6.1 

34 
14 

3.7 
19 
3.0 
6.3 

90 
350 

; inhibn: 

5-HT 

210 
9.5 

21 
6.2 
0.65 
0.34 
0.16 
0.14 
6.8 
2.6 
4.6 
1.3 

N T 
N T 

0.44 
0.37 

21 
0.03 
0.75 
2.5 
0.53 
2.0 
0.11 
1.2 
4.3 

° All compounds are racemates. Isomeric purity 
other than A: 60, 62, 74, 76, 78 (method B); 63, 67, 
tested. 

(with respect to content of trans racemate) was in all cases >95% (TLC). The following were made by methods 
77 (method C); 65, 73, 81, 82 (method D). ^ S e e corresponding footnotes in Table IV. "Mp 230 °C.23 ' N T = not 



Table VI. Thymoleptic Activity of 3-(3,4-Dichlorophenyl)-l-indanaminesa 

compd 

8 3 
84 
8 5 
86 
87 
8 8 
8 9 
90 
9 1 
92 
9 3 
9 4 
9 5 
96 
97 
9 8 
99 

100 
101 

(+)-101 
( - ) -101 

102 
(+)-102 
H-102 

R i 

H 
H 
C2HS 

C2H5 

H 
H 
n-C3H7 

n-C3H7 

H 
H 
H 
H 
H 
H 

R2 

C2HS 

C2H5 

C2H5 

C2HS 

n-C3H7 

n-C3H7 

n-C3H7 

n-C3H7 

CH 2 CH 2 OH 
CH 2 CH 2 OH 
CH2C6HS 

CH2C6HS 

CH 2CH 2C 6HS 

CH2CH2C6.H5 

(CH 2 ) 4 

(CH 2 ) 4 

(CH2)5 

(CH2)5 

CH 2CH 2N(CH 3)CH 2CH 2 

CH 2CH 2N(CH 3 )CH2CH2 

CH 2CH 2N(CH 3 )CH 2CH 2 

CH 2CH 2N(CH 3)CH 2CH 2 

CH 2CH 2N(CH 3)CH 2CH 2 

CH 2CH 2N(CH 3 )CH2CH2 

isomerism e 

t 
c 
- 9 4 % t 
c 
t 
> 9 0 % c 
t 
c 
t 
c 
t 
c 
- 9 0 % t 
- 9 0 % c 
t 
> 9 0 % c 
> 9 2 % t 
> 9 0 % c 
( ± ) t 
( + ) t 
( - ) t 
( ± ) c 
( + ) c 
( - ) c 

m p , ° C 

2 2 7 - 2 2 9 
2 6 8 - 2 7 0 
1 5 7 - 1 5 8 
2 2 6 - 2 2 7 
2 1 4 - 2 1 5 
2 6 8 - 2 7 0 
2 1 9 - 2 2 2 
1 9 0 - 1 9 3 
1 6 7 - 1 6 9 
2 3 5 - 2 3 8 
2 6 9 - 2 7 2 
2 3 0 - 2 3 3 
2 4 1 - 2 4 3 
2 2 8 - 2 3 0 
1 9 4 - 1 9 6 
1 9 7 - 2 0 0 
2 6 7 - 2 7 0 
2 4 5 - 2 4 9 

f o n n u l a 6 

C1 7H1 7C12NHC1 
C17H17C12N-HC1 
C1 9H2 1C12NHC1 
C1 9H2 1C12NHC1 
C„,H1 9C12NHC1 
C ^ H ^ C ^ N - H C l 
OuH^Cl jN-HCl 
C ^ H ^ N - H C l 
C17H17Cl2NO HC1 
C17H17Cl2NO HC1 
C a H . j C l j N H C l 
C2 2H1 9C12NHC1 
C2 3H2 1C12NHC1 
C ^ H ^ C l . N C 2 H 4 0 2 

C1 9H1 9C12NHC1 
C ^ H ^ C l j N H C l 
C o H ^ N - H C l 
C20H21C12N HC1 

ED5 0 ,C Mmol/kg ip 

te t rabenaz ine 
ptos is , mice 

2 1 ( 9 . 2 - 4 8 ) 
6 6 ( 3 7 - 1 1 7 ) 
5 2 ( 2 8 - 9 5 ) 

> 1 0 8 
6 8 ( 2 8 - 1 6 3 ) 

> 1 1 2 
- 2 5 

> 1 0 0 
7 5 ( 2 3 - 2 4 0 ) 

> 1 1 1 
> 5 0 

> 1 9 8 
3 3 ( 1 7 - 6 6 ) 

> 8 5 
> 1 0 8 
> 1 0 8 
> 1 0 4 
> 1 0 4 

4 8 ( 2 2 - 1 0 7 ) 
> 9 1 

26 ( 1 5 - 4 3 ) 
1 0 0 ( 3 4 - 2 9 5 ) 
> 8 9 

6 9 ( 3 5 - 1 3 9 ) 

5-HTP 
po ten t i a t ion , mice 

2 6 ( 1 9 - 3 5 ) 
2 6 ( 1 7 - 3 8 ) 
1 9 ( 1 3 - 2 8 ) 

2 0 4 ( 1 2 9 - 3 2 3 ) 
8 7 ( 5 5 - 1 3 7 ) 

> 1 1 2 
> 1 0 0 
> 1 0 0 

1 7 1 ( 6 6 - 4 4 4 ) 
> 1 1 1 

47 ( 3 7 - 5 9 ) 
2 0 7 ( 1 5 3 - 2 8 0 ) 
1 4 2 ( 4 7 - 4 2 6 ) 

> 8 5 
> 1 0 8 

1 6 1 ( 5 4 - 4 8 3 ) 
> 2 0 9 
> 2 0 9 

9 7 ( 6 8 - 1 3 8 ) 
> 9 1 
> 9 2 
> 8 9 
> 8 9 
> 8 9 

synap tosomal u p t a k e 

DA 

1.5 
62 

2 . 1 
120 

6.6 
N T ' 

150 
180 
N T 
N T 
N T 
N T 
N T 
N T 

320 
32 

7 2 0 
79 
11 

340 
10 

4.4 
1700 

2.3 

i u s 0 , n m 
NE 

0.32 
49 

0 .56 
13 

0.66 
N T 
73 

N T 
N T 
N T 
N T 
N T 
N T 
N T 
NT 
27 

NT 
79 
3 2 

120 
7.8 
7.7 

9 1 0 
2.5 

inh ibn : 

5-HT 

2.3 
1.6 
2 .8 

1 3 
150 
N T 

720 
N T 
N T 
N T 
N T 
N T 
N T 
N T 
N T 

3 .1 
N T 

4 2 0 
2 0 0 

2500 
2 3 0 
6 3 0 

2 3 0 0 
5 3 0 

" 83-100 are all racemates. All compounds were made by method A. 
estimated by TLC. f NT = not tested. 

b~d See corresponding footnotes in Table IV. e t (trans) and c (cis) indicate isomers >95% pure as 
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itors. A clearly different profile of cis vs. trans isomers, 
not seen for the piperazino compounds, was found: The 
trans isomers were potent inhibitors of both catecholamine 
and 5-HT uptake, while the cis isomers were more or less 
selective 5-HT-uptake inhibitors. 

Comparison of the activities of mono- and dimethyl-
amines in Tables IV and V reveals an interesting pattern 
of activity. Among tricyclic antidepressants mono-
methylamines are consistantly more potent NE-uptake 
inhibitors than the corresponding dimethylamines,6 while 
the reverse is true for 5-HT-uptake inhibition. This is also 
found for other antidepressant agents including 1-3.6 This 
rule also seems to apply in the trans series (Table IV), 
while the reverse is true in the cis series (Table V), al
though the cis compounds are less potent. The mono-
methylamines are also the most potent DA-uptake inhib
itors in the trans series, while the cis derivatives are weak 
DA-uptake inhibitors with no significant difference be
tween mono- and dimethylamines. 

With regard to the effect of aromatic substitution in the 
3-phenyl ring, the pattern was in good agreement with the 
Topliss scheme for enhancing activity by benzene ring 
substitution.29 The 4'-chloro derivatives (35, 62, 63) were 
clearly more active than the unsubstituted compounds, and 
this leads automatically, according to the Topliss scheme, 
to the 3',4'-dichloro compounds (45, 46, 72, 73) which were 
the most active compounds in both series. The 4'-
chloro-S'-trifluoromethyl substituted compound (47), which 
is the next substitution pattern recommended by Topliss, 
had very low activity, compared with the 3',4'-dichloro 
analogue (45). 

However, as we were not only interested in high potency 
but also in the differential activity of the compounds in 
the three tests for uptake inhibition, other substitution 
patterns were tried as well. Compounds with 4'-bromo 
substitution (36, 37, 64, 65) were nearly as active as the 
corresponding 3',4'-dichloro compounds, while a 4'-tri-
fluoromethyl-substituted compound (38) was weak. The 
bromo and the trifluoromethyl groups have largely similar 
hydrophobic and electronic characteristics,29 so the dif
ference in activity is probably due to the difference in steric 
effects of the two substituents. Compounds with 4'-fluoro 
substitution were generally weak, except for an unex-
plainably high activity of 33 in the tetrabenazine ptosis 
test. Compounds with alternative 3',4'-disubstitution such 
as 3',4'-difluoro or 3/-chloro-4'-fluoro were weaker than the 
3',4'-dichloro-substituted compounds. A change to 2',4'-
dichloro substitution (48, 49, 75) resulted in compounds 
that were highly selective inhibitors of 5-HT uptake. On 
the whole, widely different substitution patterns seem to 
be acceptable at the 5-HT-uptake site, while the DA- and 
NE-uptake sites make stricter demands. 

Compounds with a 3',4'-dichloro substitution and an 
additional substituent such as fluoro, methoxy, or hydroxy 
in the 6-position of the indane ring were nearly as active 
in vitro as the compounds unsubstituted in the 6-position. 
However, in vivo only the 6-methoxy-substituted com
pounds (52, 53, 78, 79) had similar activity. 

In the series of l-piperazino-3-phenylindans21 described 
earlier some of the 4',6-difluoro-substituted cis isomers 
were potent uptake inhibitors. However, this substitution 
pattern was unsuccessful in this series, as compounds 56 
and 81 were only weakly active. Compounds with 4'-
fluoro-6-trifluoromethyl substitution (57 and 82), as found 
in the potent neuroleptic compound tefludazine, also had 
low activity in this series. 

(29) Topliss, J. G.; Martin, Y. C. "Drug Design"; Ariens, E. J., Ed.; 
Academic Press: New York, 1975; Vol. 5, p 1. 

The effect of change in the N substituent was investi
gated in a series of compounds with the optimal 3',4'-di-
chloro substitution. The results are shown in Table VI. 
Monoethyl, diethyl, and monopropyl N-substituted com
pounds all retained good activity in vitro with an activity 
pattern similar to the corresponding methyl compounds, 
but all compounds were considerably less potent in vivo. 
Dipropylamines and secondary amines with larger sub
stituents such as benzyl or phenethyl were weak or inac
tive. Compounds with a pyrrolidine or piperidine ring (97, 
98, 99, 100) were inactive in vivo. Interestingly, the pyr
rolidine derivative 98 was still a potent 5-HT-uptake in
hibitor in vitro, while the piperidine derivative 100 was 
nearly inactive. 

The pharmacological and biochemical testing of the 
enantiomeric salts of 45 revealed that most of the activity 
resided in (+)-45 (Table IV). As the enantiomeric purity 
of (-)-45 as mentioned above was determined to be greater 
than 95%, it is not likely that the observed activity of this 
enantiomer could be due to content of (+)-45. The en-
antioselectivity of these compounds was therefore not as 
pronounced as demonstrated previously for the enantiom-
ers of 101 and 102(Table VI). 

Compound 45 (as the racemate) was selected for further 
pharmacological characterization.30"32 The compound was 
shown to be a competitive inhibitor of the uptake of both 
the catecholamines and serotonin. In receptor binding 
models 45 had no affinity for DA, 5-HT, and NE receptors, 
and in functional in vitro tests it had no histaminergic or 
cholinergic inhibiting properties. Although 45 caused re
lease of [3H]-DA in rabbit striatal slices in high concen
trations, accumulation was inhibited in concentrations 100 
times lower, indicating that the compound must be con
sidered as an uptake inhibitor and not as a DA-releasing 
compound. Furthermore, 45 attenuated both DA and NE 
depletion caused by 6-OHDA, an effect not expected for 
a DA-releasing compound.30 

The effects of compound 45 in vivo31 were qualitatively 
similar to nomifensine, but lasted longer. Stereotyped 
behavior was induced after parenteral and oral adminis
tration and lasted more than 24 h. In lower doses 45 
induced ipsilateral circling in unilaterally 6-OHDA-lesioned 
rats.31 Finally, 45 antagonized perphenazine-induced ca
talepsy. These effects are clearly related to DA-uptake 
inhibition, as indicated by the lack of activity in these tests 
of the selective NE-and 5-HT-uptake inhibitors 2 and 3, 
respectively. In experiments with prolonged treatment of 
rats with 45, downregulation of /3 and 5-HT receptors in 
cortex and D-2 receptors in striatum could be demon
strated.32 

Discussion 
As mentioned above, trans isomers in this series were 

in general potent inhibitors of both catecholamine and 
5-HT uptake, while cis isomers more or less were selective 
5-HT-uptake inhibitors. This fact led us to wonder 
whether superimposition of the molecules of the cis and 
trans isomers respectively with the catecholamines and 
5-HT could explain the observed different activity pattern. 
It was presumed that both isomers competitively inhibited 
the uptake of the transmitter molecules by binding to the 
same active site of the carrier molecule. 

Because of the great molecular similarity of DA and NE 

(30) Hyttel, J.; Larsen, J.-J. J. Neurochem. 1985, 44, 1615. 
(31) Arnt, J.; Hyttel, J. Naunyn-Schmidelberg's Arch. Pharmacol. 

1985, 329, 101. 
(32) Nowak, G.; Arnt, J.; Hyttel, J.; Svendsen, O. J. Neural. 

Transm., in press. 



3-Phenyl-1 -indanamines 

Figure 3. Superimpositions of 45 and 72 with DA and 5-HT. The 
following atoms were included in a least-squares fitting procedure: 
(1) the N atoms; (2) C-0 (in DA and 5-HT) with C-Cl (in indans); 
(3) centers of phenyl rings (3-phenyl ring in indans). Mean 
distance between fitted atoms: (A) 45 and 5-HT, mean distance 
0.176 A; (B) 72 and 5-HT, mean distance 0.136 A; (C) 45 and DA, 
mean distance 0.424 A; (D) 72 and DA, mean distance 0.679 A. 

we decided it would be sufficient to make the superim
positions with DA only. Both NMR studies and molecular 
orbital calculations have shown that the synclinal and the 
antiperiplanar conformations of DA are approximately 
equally stable.33 However, the results presented here are 
with DA in its antiperiplanar conformation, because rel
evant superimpositions of the synclinal conformer with the 
indanamines could not be obtained. 

Molecular orbital calculations on serotonin34 have shown 
that the preferred conformation of this compound is an
tiperiplanar with the side chain in a trans conformation 
perpendicular to the aromatic system. 

The MIMIC35 molecular modeling system was used to 
construct models of the trans (45) and cis (72) isomers, and 
minimum energy structures were calculated by using the 
MMP2 molecular mechanics program.36 In the trans 
isomer the 3-phenyl ring has a pseudoaxial orientation and 
the amine group has a pseudoequatorial orientation. For 
the cis isomer the conformer with both substituents in a 
pseudoequatorial position was chosen because this con
former gave the best fit and because the steric energy was 
about 1 kcal/mol lower than the energy of the conformer 
with both substituents in pseudoaxial position. 

The superimpositions shown in Figure 3 illustrate the 
very good fits between both trans and cis (3A and 3B) 
isomers and 5-HT in accordance with the potent 5-HT-
uptake inhibition found for both types of isomers. Note 
also that the position of the indan phenyl ring in the two 
isomers is very similar. In addition to the fact that the 
geometry of both cis and trans isomers fits the 5-HT-up-
take site, the affinity of the compounds for this site was, 

(33) Rutledge, C. O.; Walters, D. E.; Grunewald, G. L. "CRC 
Handbook of Stereoisomers: Drugs in Psychopharmacology"; 
Smith, D. F., Ed.; CRC Press: Boca Raton, FL 1984; p 79. 

(34) Kier, L. B. J. Pharm. Sci. 1968, 57, 1188. 
(35) Liljefors, T. J. Molec. Graphics 1983, 1, 111. 
(36) Burkert, U.; Allinger, N. L. ACS Monogr. 1982, No. 177. 
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as mentioned above, considerably less sensitive toward 
changes in the aromatic substitution pattern. For these 
reasons it was relatively easy to obtain highly selective 
5-HT-uptake inhibitors in this series such as 37, 49, or 75. 
The size of the amino group was considerably more critical 
for the affinity for the 5-HT-uptake site. Amines with 
small substituents such as methyl or ethyl, or in the cyclic 
series pyrrolidine, had significant activity while activity 
was completely lost with larger amines—both aliphatic and 
heterocyclic such as piperidine or piperazine. Derivatives 
of 3 with a piperidine or piperazine ring instead of a di-
methylamino group were also inactive.37 This seems to 
indicate that only very limited space is available at the 
nitrogen binding site at the 5-HT-uptake site. 

Superimpositions with DA (3C, 3D) gave a better fit of 
the trans isomer than the cis isomer, also in accordance 
with the biological results. Note that the position of the 
indan phenyl ring in this case is rather different for the 
two isomers. Perhaps it is a disturbance of an interaction 
of this ring with a third lipophilic binding site, rather than 
the less precise fit with DA that in the case of the cis 
isomer leads to the diminished affinity for the DA-uptake 
site. The affinity for this site was also, as mentioned 
earlier, very dependent on the aromatic substitution 
pattern. It is obvious from the structure-activity rela
tionships discussed above that the lipophilic, electronic, 
and steric qualities of the 3',4'-dichloro substitution lead 
to optimal affinity for the DA-uptake site. However, the 
fact that this particular substitution pattern in many other 
compounds (see below) leads to maximal DA-uptake in
hibiting activity suggests that the chlorine atoms might 
interact directly with the same sites as the two hydroxy 
groups in DA (or NE). A very interesting difference be
tween the binding sites for 5-HT and DA (or NE) is the 
ability of the latter to accomodate a larger amine group 
such as piperazine. Furthermore, in the series of pipera-
zine-substituted compounds21 the cis isomers are equally 
or more active than the trans isomers (101, 102). Two 
possible explanations of the potent activity of the piper-
azino cis isomers are as follows: (1) The outer nitrogen 
atom might be able to reach the nitrogen binding site. (2) 
A change of the total orientation of the compound at the 
receptor induced by the piperazine ring might lead to a 
more favorable orientation of the indan phenyl ring in 
relation to the hypothetical lipophilic binding site men
tioned above. 

A comprehensive study of this problem and a more 
detailed discussion of the superimpositions shown in Figure 
3 will be published later. Another effect of introducing 
a piperazine ring instead of a monomethyl amino group 
is an increased enantioselectivity found for the enantiomers 
of 101 and 102 (Table VI) compared to the enantiomers 
of 45. 

As mentioned above the absolute configuration of (+)-45 
was 1R,SS. The same relative position of the two phenyl 
rings "A" and "B" is also found in the structures of a 
number of reported (see Chart I) uptake inhibitors of DA, 
NE, and/or 5-HT. 

Nomifensine (103) and the derivatives diclofensine (104) 
and compound 10538 have an obvious structural resem
blance to the 3-phenyl-1-indanamines. Although the ni
trogen atom here is incorporated in a ring system, super-
impositions of Dreiding models indicate that very good fits 
can be obtained between antiperiplanar DA and these 

(37) H. Lundbeck A/S, unpublished results. 
(38) Maryanoff, B. E.; McComsey, D. F.; Costanzo, M. J.; Setler, P. 

E.; Gardocki, J. F.; Shank, R. P.; Schneider, C. R. J. Med. 
Chem. 1984, 27, 943. 
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Chart I 

4' CI 

103 104 105 

106 107 108 

compounds. The compounds are also potent NE-uptake 
inhibitors, but regarding 5-HT uptake inhibition, 1041537 

and 10538 are much more potent than nomifensine. High 
enantioselectivity has been reported for both S-(+)-nom-
ifensine39 and the (+)-(6S,10bi?) enantiomer of 105.38 

When we consider the correspondence between the 3',4'-
dichloro atoms in 45 and 3,4-dihydroxy groups in DA, it 
is interesting to note that 3',4'-dihydroxynomifensine has 
been reported to be a potent DA D-1 agonist40 and that 
it also in this case is the S-(+) enantiomer that is active. 
The exact effect of S'^'-dichloro substitution in nomifen
sine in relation to DA-uptake inhibition is not known 
because this derivative is only described in the patent 
literature41 where an increased activity in 5-HT-uptake 
inhibition is claimed. However, diclofensine, which is a 
very close derivative, is a much more potent DA-uptake 
inhibitor than nomifensine.37 

The 4-phenyl-l,2,3,4-tetrahydro-l-naphthylamine de
rivatives corresponding to 45 and 72 have recently been 
reported.42 The profiles of both trans and cis isomers are 
qualitatively very similar to the indans. The trans isomer 
(106) is potent inhibitor of both catecholamine and 5-HT 
uptake, while the cis isomer is a selective 5-HT-uptake 
inhibitor. The stereoselectivity is not as pronounced as 
for 101-103 or 105, but also in this case highest potency 
is found in compounds with 4S configuration. 

Compound 107 belongs to a series of hexahydro-
indenopyridines43 where the amino group in the 3-
phenyi-1-indanamines has been connected to the 2-position 
in the indane ring by a three-carbon bridge. This modi
fication results in complete loss of affinity for the 5-HT-
uptake site, as also seen in the indan series with larger 
amines. In addition, this structural change completely 
abolishes the affinity for the DA- and NE-uptake sites in 
compounds with a cis orientation of the nitrogen atom and 

(39) Schacht, U.; Leven, M. Eur. J. Pharm. 1984, 98, 275. 
(40) Dandridge, P. A.; Kaiser, C ; Brenner, M.; Gaitanopoulos, D.; 

Davis, L. D.; Lee Webb, R.; Foley, J. J.; Sarau, H. M. J. Med. 
Chem. 1984, 27, 28. 

(41) Schmitt, K.; Hoffmann, I.; Schacht, U. Eur. Patent 0000013, 
1977. 

(42) Koe, B. K.; Weissman, A.; Welch, W. M.; Browne, R. G. J . 
Pharmacol. Exp. Ther. 1983, 226, 686. 

(43) Kunstmann, R.; Lerch, U.; Gerhards, H.; Leven, M.; Schacht, 
U. J. Med. Chem. 1984, 27, 432. 
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the 5-phenyl ring, so only compounds with trans configu
ration as 107 are active. The absolute configuration of the 
5-phenyl ring here also is S.44 

Finally, mazindole (108) has a structural resemblance 
to 45 and also a similar pharmacological profile, although 
the duration of action is much shorter than for 45. Also, 
here the 3,4-dichloro substitution results in strongly in
creased DA- and 5-HT-uptake inhibiting activity.20 

On the basis of the structures and the pharmacological 
activity of the compounds mentioned above, we propose 
a number of structural elements that seem to be important 
for potent catecholamine- and/or serotonin-uptake in
hibition: 

1. DA-Uptake Inhibition. All the compounds have 
a phenyl ring (A, Scheme II) and a nitrogen atom held by 
the molecular framework in a position to each other that 
mimics the antiperiplanar conformation of DA. Fur
thermore, 3,4-dichloro substitution of this phenyl ring leads 
generally to optimal activity, possibly by a direct inter
action of the chlorine atoms with the same sites with which 
the 3,4-dihydroxy groups in DA interact. Finally, another 
phenyl ring (B, Scheme II) is held by the molecular 
framework in an optimal position relative to phenyl ring 
A and the nitrogen atom, as illustrated in Figure 3C. The 
same relative position of the phenyl ring A and B and the 
nitrogen atom is found in all active enantiomers for which 
the absolute configuration has been established (Chart I). 

2. NE-Uptake Inhibition. The structural elements 
that are important in a potent NE-uptake inhibitor seem 
to be qualitatively the same as described above for DA-
uptake inhibitors. As a consequence of this, all compounds 
with affinity for the DA-uptake site also have an equal or 
greater affinity for the NE-uptake site. 

However, at the latter site the position of phenyl ring 
B seems to be less critical, because a number of the cis-
indanamines (Table V) with weak activity as DA-uptake 
inhibitors still are potent NE-uptake inhibitors. As earlier 
proposed by Koe,45 this could also explain why all tricyclic 
antidepressive compounds are very weak DA-uptake in
hibitors6 but potent NE-uptake inhibitors. The position 
of phenyl ring B might be unfavorable at the DA-uptake 
site, while it still might be accomodated at the "less 
restrictive" NE-uptake site. It should also be mentioned 
that the receptor concept presented here resembles a 
model earlier presented by Maxwell46 in that both have 
the same three major binding sites. However, a difference 
is that phenyl ring A and the nitrogen atom should not be 
in the same plane: Instead an antiperiplanar conformation 
(as also recently suggested by Rutledge33) is suggested. 
Finally, the idea of a NE-uptake site structurally related 
to but less restrictive than the DA-uptake site offers an 
explanation of why it is difficult to prepare a selective 
DA-uptake inhibitor, but not a selective NE-uptake in
hibitor such as 1 or 2. Because of the similarities any 
compound with affinity for the DA-uptake site will also 
have affinity for the NE-uptake site, while the opposite 
is not necessarily true. 

3. 5-HT-Uptake Inhibition. As demonstrated by the 
indanamines, potent 5-HT-uptake inhibition can be ob
tained with the same structures that are potent DA- and 
NE-uptake inhibitors: a phenyl ring and a nitrogen atom 
held by the molecular framework in a position relative to 
each other corresponding to the antiperiplanar confor-

(44) Kunstmann, R., personal communication. 
(45) Koe, B. K. J. Pharmacol. Exp. Ther. 1976, 199, 649. 
(46) Maxwell, R. A.; Ferris, R. M.; Burcsu, J. E. "The Mechanism 

of Neuronal and Extraneuronal Transport of Catecholamines"; 
Paton, D. M., Ed.; Raven Press: New York, 1976; p 95. 
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mation of serotonin, and in addition a second phenyl-ring 
binding site. The aromatic substitution pat tern seems to 
be less critical, but on the other hand there seems to be 
less space available near the nitrogen binding site as ex
emplified by the inactivity of 101, 102, and 107. 

In conclusion, the indanamines presented here and a 
number of other newer antidepressant compounds are 
excellent model compounds for mapping the topography 
of the uptake sites for catecholamines and serotonin. 
Resolution and determination of the absolute configuration 
of more compounds, including highly specific compounds 
such as 2 or 3, will hopefully lead to even more precise 
descriptions of these sites. 

E x p e r i m e n t a l Sec t ion 

Melting points (uncorrected) were determined on a Buchi 
SMP-20 apparatus. *H NMR spectra were recorded at 80 MHz 
and 13C NMR spectra were recorded at 20 MHz on a Brucker WP 
80 DS spectrometer. Me4Si was used as internal reference 
standard. All compounds were routinely checked by TLC. The 
isomeric purity of the cis and trans isomers was determined by 
TLC with Merck silica gel 60 F254 precoated plates, and ace-
tone/toluene/NH4OH/2-propanol (40:60:2:2) as the developing 
solvent. The substances were visualized by spraying the complete 
dried plate with a mixture of concentrated sulfuric acid/37% 
formaldehyde solution (47:3), by heating the plate for 5 min at 
110 °C, and then by observing it under an ultraviolet source at 
365 nm. In order to obtain satisfactory sensitivity, it was 
sometimes necessary to spray with 5% potassium dichromate in 
40% sulfuric acid and to heat at 110 °C for 20 min. The esti
mation of isomeric purity was based on comparison with small 
samples of the opposite isomer or small samples of the substance 
itself. Trans isomers had in all cases the lowest Rf values. Mi
croanalyses (within ±0.4% of theoretical values except where 
noted) were performed by the Lundbeck Analytical Department. 

3,3-Diphenylpropanoic Acids. Substituted ethyl 2-cyano-
3-phenyl-2-propenoates were prepared from commercially 
available aldehydes and ethyl cyanoacetate as earlier described.21 

Substituted bromobenzenes either were commercial products or 
were prepared by methods established in the literature. From 
these sources the substituted 3,3-diphenylpropanoic acids (see 
Table I) were obtained as described earlier.21 

3-Phenylindan-l-ones (Table II) and 3-phenylindan-l-ols 
(Table III) were prepared by the methods described earlier.21 

Method A. General Procedure, cis- and trans-3-(3,4-
Dichlorophenyl)-JV-methyl-l-indanamine (72 and 45). A 
mixture of a crude isomeric mixture of l-chloro-3-(3,4-dichloro-
phenyl)indan21 (44 g, 0.15 mol) and 120 mL of 33% methylamine 
in ethanol was kept at 100 °C in a steel autoclave for 16 h. The 
mixture was cooled and evaporated in vacuo. The residue was 
dissolved in ether, washed with water, and extracted with a 2 N 
solution of methanesulfonic acid in water. This extract was made 
basic with 10 N NaOH and extracted with ether. After the extract 
was dried (MgS04) and evpaorated in vacuo, 35 g (81%) of an 
isomeric mixture of 45 and 72 was obtained. The isomeric mixture 
was dissolved in methanol (350 mL) and 14 g of maleic acid was 
added with stirring. The resulting maleate was filtered and 
recrystallized from methanol (350 mL). A slurry of the maleate 
in water was basified with concentrated ammonium hydroxide 
and extracted with ether. After the extract was dried (MgS04) 
and evaporated in vacuo, the residual oil was dissolved in acetone 
and acidified with a saturated solution of HC1 in ether. The 
hydrochloride salt was recrystallized three times from ace-
tone/ethanol/ether to give 3.3 g (6.8%) of 72: mp 230-232 °C; 
isomeric purity 97% (TLC). Anal. (C16H16C13N) C, H, N. The 
filtrate from the maleate was concentrated, basified, and extracted 
with ether. The ether extract was dried, concentrated in vacuo, 
dissolved in acetone, and acidified with HC1 in ether. The hy
drochloride salt was recrystallized two times from acetone/ eth-
anol/ether (1:1:2) to give 12.9 g (26.5%) of 45: mp 183-185 °C; 
isomeric purity 99% (TLC). Anal. (C16H16C13N) C, H, N. 

Cis isomers were generally, as in the above mentioned example, 
isolated first as the least soluble salt. In some cases oxalic acid 
was used instead of maleic acid, and in other cases the cis isomer 

could be isolated directly as the hydrochloride from water or 
methanol. 

Method B. General Procedure, cis -3-(3,4-Dichloro-
phenyl)-6-fluoro-JV-methyl-l-indanamine (76). 3-(3,4-Di-
chlorophenyl)-6-fluoroindan-l-one (18; 12.5 g, 0.042 mol) and 
methylamine (9 g, 0.29 mol) were dissolved in 150 mL of dry 
toluene. To this solution at -5 to 0 °C was added TiCl4 (4.3 g, 
0.023 mol) dissolved in 20 mL of toluene. The mixture was stirred 
at 5 °C for 1 h and at room temperature for 16 h. The mixture 
was filtered and evaporated in vacuo to give 3-(3,4-dichloro-
phenyl)-6-fluoro-AT-methylindanamine: 11.5 g (88%); mp 110-112 
°C. Sodium borohydride (5 g, 0.13 mol) was added in portions 
with stirring at 10-15 °C to a solution of the imine in methanol 
(150 mL). The mixture was stirred at room temperature for 2 
h, and the solvent was then evaporated in vacuo. The residue 
was treated with ether and water, and the base was purified by 
extraction with acid, as described above, to give crude 76 (11 g). 
The base was converted to the hydrochloride salt, which was 
recrystallized from ethyl acetate/acetone to give 9 g (62%) of 76: 
mp 267-269 °C; isomeric purity >95% (TLC). Anal. (C16H15-
C13FN) C, H, N. 

Method C. General Procedure, cis-3-(3,4-Dichloro-
phenyl)-.\yV-dimethyl-6-fluoro-l-indananiine (77). A mixture 
of 76 (5 g of hydrochloride salt, 0.014 mol), 25 mL of HCOOH, 
and 5 mL of 30% HCHO was refluxed for 3 h. The mixture was 
cooled, basified with concentrated ammonium hydroxide, and 
extracted with CH2C12. The CH2C12 extract was dried, concen
trated in vacuo, dissolved in ethyl acetate, and acidified with HC1 
in ether. The resulting hydrochloride salt was recrystallized from 
from acetone/ethanol to give 3.9 g (75%) of 77: mp 218-220 °C; 
isomeric purity >97% (TLC). Anal. (C17H17C13FN) C, H, N. 

Method D. General Procedure, cis-3-(3,4-Dichloro-
phenyl)-iV,JV-dimethyl-l-indanamine (73). 3-(3,4-Dichloro-
phenyl)-indan-l-ol (14 g, 0.05 mol) was treated with methane-
sulfonyl chloride in methylene chloride as described earlier.21 The 
product was shown by NMR analysis not to be a mesylate but 
an isomeric mixture (2:3) of cis- and trans-3-(3,4-dichloro-
phenyl)-l-chloroindans. The crude isomeric mixture (10.2 g) was 
mixed with 33% dimethylamine in ethanol (40 mL) in a steel 
autoclave and kept at 90 °C for 16 h. The mixture was worked 
up as described above to give 6.5 g (74%) of an isomeric mixture, 
predominantly containing 73. The hydrochloride salt was crys
tallized from ethyl acetate to give 3.2 g (33%) of 73: mp 180-184 
°C; isomeric purity 99% (TLC). Anal. (C17H18Cl3N-0.4H2O) C, 
H, N. Karl-Fischer determination: 2% H20. 

Preparation of Hydroxy-Substituted Compounds, cis-
3-(3,4-Dichlorophenyl)-6-hydroxy-JV-methyl-l-indanamine 
(80). Compound 78 (14 g of hydrochloride salt, 0.04 mol) was 
refluxed in 48% HBr (320 mL) for 3.5 h. The mixture was 
evaporated in vacuo, dissolved in ethanol, and evaporated again. 
The resulting oil was dissolved in ethanol and cooled. The re
sulting hydrobromide salt was filtered, dried, and recrystallized 
from ethanol (60 mL) to give 11.6 g (74%) of 80 as the hydro-
bromide salt. A slurry of the salt in water was treated with 
triethylamine (3.7 mL) with stirring. The mixture was stirred 
for 1 h and filtered to give 8.2 g (67%) of 80: mp 211-213 °C; 
isomeric purity 100% (TLC). Anal. (C16H15C12N0) C, H, N. 

Enantiomeric D-(-)- and L-(+)-Tartrates of 45. To a solution 
of 45 (24.5 g, 0.084 mol) in hot ethyl acetate (200 mL) was added 
a solution of D-(-)-tartaric acid (3.14 g, 0.021 mol) in ethanol (40 
mL). The mixture was left in the refrigerator for 4 h, and the 
precipitate was filtered and dried to give 10 g of the crude D-
(-)-tartaric acid salt of 45, mp 155-163 °C. The salt was re
crystallized from ethanol (120 mL) and acetone (250 mL) to give 
9.1 g, melting point as before, and was again recrystallized from 
ethanol (150 mL) to give 8 g of the D-(-)-tartaric acid salt of 45 
[R-45], mp 161-164 °C; [a]®D -35.1° (c 4.2, MeOH); Karl-Fischer 
determination 0.9% H20. Anal. (C18H18C12N03) C, H, N. 

To the first filtrate from the D-(-)-tartaric acid salt was added 
ether (one part); the supernatant was decanted, treated with 
aqueous ammonia, dried (MgS04), and evaporated in vacuo to 
give the base (15.3 g). This was dissolved in ethanol (100 mL) 
and treated with a solution of L-(+)-tartaric acid (6.3 g, 0.042 mol) 
in ethanol (40 mL). The mixture was left in the refrigerator for 
65 h, and the precipitate was filtered and dried to give 19 g of 
the crude L-(+)-tartaric acid salt of 45 [(+)-45], mp 100-105 °C. 
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The salt was recrystallized four times from ethanol and finally 
from MeOH/ethyl acetate to give 3.5 g of the L-(+)-tartaric acid 
salt of 45: mp 159-162 °C; [a]22D +33.5° (c 3, MeOH). Anal. 
(C18H18C12N03) C, H, N. 

For optical purity determinations the bases (ca. 30 mg) were 
mixed with an equivalent amount of (R)-(-)-2,2,2-trifluoro-l-(9-
anthryl)ethanol in 0.5 mL of CDC13, and the 'H NMR spectra 
was recorded. Under these conditions <5 (CfJ3NH) was 2.23 for 
45 and 2.31 ppm for (+)-45. 

Pharmacology. Inhibition of DA, NE, and 5-HT uptake in 
vitro, tetrabenazine ptosis, and 5-HTP potentiation was measured 
as earlier described.21'47 
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Inhibition of Human Leukocyte Elastase, Porcine Pancreatic Elastase, and 
Chymotrypsin by Elasnin and Other 4-Hydroxy-2-pyronesx 
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Elasnin and 15 related 4-hydroxy-2-pyrones have been assayed for in vitro inhibition of human leukocyte elastase, 
porcine pancreatic elastase, and bovine chymotrypsin. Inhibition constants for HL elastase range from O.i to 10 
mM. The principal determinant of potency against the elastases is probably the substituent at position 3, which 
may account for the observed strong homology between the elastases in their inhibition by these compounds. 
Acetylation of the 4-hydroxy group has no effect on inhibition. The inhibition is noncovalent; there is no evidence 
of enzyme acylation by these pyrones. 

Since leukocyte elastase has been implicated in a num
ber of inflammatory and degradative disease states,2 we 
have been seeking specific synthetic inhibitors of this en
zyme. After Omura et al. reported the isolation and 
structure of elasnin ( l ) ,3 J .R.P. published a synthesis of 
this naturally occurring compound.4 We report here the 
in vitro enzyme inhibitory properties of elasnin and a 
number of its analogues. 

Scheme I 
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Chemistry. Boron trifluoride induced rearrangement 
of epoxide 3,4 followed by acid-catalyzed deacetylation, 
produced the tertiary aldehyde 4 exclusively (Scheme I). 
This transformation could also be achieved by employing 
proton acids such as concentrated H 2 S0 4 , HCOOH, or 
HC104 /dioxane. The vinyl derivatives 6 and 7 were ob
tained as described previously4 by reaction of the dianion 
of keto ester 5 with the requisite aldehyde, oxidation of 
the resulting 5-hydroxy keto ester to the diketo ester, and 
enol lactonization. Whereas the O-acetate derived from 
the phenyl compound 6 proved to be completely inert 
under forced epoxidation conditions,5 the less hindered 
propenyl derivative 8 gave the expected epoxide 9 in good 
yield. The latter was transformed into the elasnin analogue 
12 as described previously4 (Scheme II). 

Acylation of the dianion of 5 with methyl acetate and 
methyl hexanoate gave the diketo esters 13 and 14, which 
were cyclized to the corresponding enol lactones 15 and 
16. The latter was again deprotonated (NaH, ra-BuLi), and 
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the resulting dianion was reacted with methyl benzoate 
to provide the benzoyl derivative 17 (Scheme III). The 
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