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The synthesis of a series of indene isosteres of substituted tryptamines is described. The activity of these 
compounds, 3-(3-aminopropyl)indene and a number of benzo [6] thiophene isosteres of substituted tryptamines 
was compared to that of the isosteric indole compounds by determining, in the rat stomach fundus, their in
trinsic activity relative to 5-hydroxytryptamine and their affinity. The majority of the indenes, tryptamines, 
and benzo[6]thiophenes have a greater intrinsic activity than 5-hydroxytryptamine, but none has a higher af
finity. A high degree of correlation exists between isosteres with respect to these drug parameters. These 
correlations lead to the conclusion that the substitution of a methylene carbon or of sulfur for the indole ring 
nitrogen of tryptamine does not appreciably alter contractile activity in the rat stomach fundus. 

The indole nucleus is found in a variety of compounds 
of interest to the physiologist and pharmacologist. 
For example, a number of tryptamines possess psycho
tomimetic properties. The occurrence of such com
pounds in human blood and urine has been reported, 2~4 

but remains controversial.5 5-Hydroxytryptamine 
(5-HT) is a neurotransmitter in invertebrates6 and 
probably in vertebrates.7 ~~9 These observations have 
resulted in a large number of investigations being under
taken in this area. However, few studies have been 
directed toward the elucidation of the nature of the 
receptor for 5-HT and other tryptamines. Using 
the rat stomach fundus preparation,10 Barlow and 
Khan11 and Vane12 examined the changes in pharma
cological activity of tryptamine derivatives resulting 
from alterations in the position and nature of the 
substituents on the indole ring. Vane12 proposed two 
points of attachment of 5-HT to its receptor site, the 
hydroxyl group at the 5 position and the terminal 
amino group at the 3 position. As Vane12 pointed out, 
however, other areas of the 5-HT molecule could be 
important for its interaction with the receptor. One 
of these is the nitrogen in the 1 position of the indole 
ring. To test the importance of the ring nitrogen the 
principle of biological isosterism can be employed. 
Lewis, et al.,vi Beck, et al.,u and Campaigne, et a/.,15 

have reported on the pharmacological effect of replae-
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Reid, ./. Med. Chem., 6, 711 (1963). 
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(1965! . 
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ing the nitrogen in the 1 position by sulfur. The benzo
ic ]thiophene derivatives prepared by Lewis, et al.,r^, 

were isosteric with relatively inactive indole com
pounds, hence it is difficult to draw conclusions regard
ing the effect of this replacement. These authors did 
observe, however, that this substitution leads to a re
duction of agonistic activity in a variety of smooth 
muscle preparations and to the emergence of variable 
nonspecific antagonistic properties toward 5-HT, acetyl
choline, and histamine. Beck and co-workers14 re
ported the CXS effect of some benzo[6]thiophenes as 
measured by the quantitative EEG in rabbits.16 In 
all cases the drugs were tested for their ability to 
reverse pentobarbital sedation. Comparison of trypta
mine and a-methyltryptamine with their benzo [/>]-
thiophene isosteres revealed that a-methyltryptamine 
was considerably more potent in pentobarbital reversal 
than was tryptamine, while the corresponding benzo
ic ]thiophenes were both very much like tryptamine in 
potency. Using the same assay system16 Campaigne, 
et al.,u' found the benzo [7;]thiophene isostcre of 5-
hydroxytryptamine to be somewhat less active than 
5-hydroxytryptophan. Although replacement of flu1 

ring nitrogen of indolealkylamines by oxygen has been 
achieved, no detailed pharmacological results have been 
reported.17 We have investigated the effect of replac
ing the indolealkylamine ring nitrogen by either a 
methylene carbon18 or sulfur19 on the ability of these 
compounds to contract an isolated smooth muscle. 

Substitution of an aminoalkyl side chain at the o 
position of indene may be accomplished by treating the 
indene with the appropriate aminoalkyl halide in the 
presence of a basic reagent such as sodamide20 or 
butyllithium.21 The mechanism of the reaction 
(Scheme I, R = H) is considered to involve formation 
of an indenyl ion (II), substitution at the 1 position 
(III), and a subsequent intramolecular proton migra
tion to give the 3-substituted derivative (IV).22 In the 

(16) I.. Golds te in and R. A. Beck. Intern. Her. Nnurohiol., 8, 265 i 1965). 
(17) F.-K. Lomberg . Chemishe Fab r ik G .m.b .H . , French Pa lcn l 1,338.0)10 
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(18) We are indeb ted to Dr . .Hans Dressier ( K o p p e r s Co. , Inc . ! for' the 

gift of 3 - (3 -aminopropy l ) indene . 
(19) We are i ndeb t ed to Mr. R a y m o n d A. Beck, Dr. Edward S. \ Y i ~ . 

a n d Dr . Ernes t Campaigne- fur i h e gift of the ben /o [// |t hiopliencs. 
(20) O. Eisleb, Brr., 7 4 B , 1433 (194 1). 
(21) F. H. Howell and D. A. 11. Taylor , ./. Chem. So,-., 301 1 . 1957' . 
i22) A.-M. Weiiller, -[eta Chem. Sand.. 17, 2724 i 1963!. 
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present study 3-substitution of the product indene-
alkylamine has been unambiguously established by use 
of nmr spectroscopy. When 5- or 6-methoxyindene 
(Scheme I, I or V, R = OCH3) is used as the starting 
material in the synthesis of indenealkylamines, the 
resonance of forms II and VI should lead to isomeriza-
tion of the starting material. Thus the same mixture 
of products IV and VIII would result irrespective of 
whether the starting material was I or V. However, 
Winter, et al.,23 have shown that 5- and 6-methoxy-
indenes fail to isomerize when exposed to trimethyl-
amine or boiling KOH. In the present study we have 
further observed that 5-methoxyindene does not 
tautomerize to the 6-methoxyindene when treated with 
sodamide, although some tautomerization of the 6-
methoxyindene does occur under these conditions. 
Thus, it was anticipated that 5-methoxyindene, when 
treated with N,N-diethylaminoethyl chloride in the 
presence of sodamide, would give rise to a single disub-
stituted product (V, R = OCH3; R' = CH2CH2XEt2). 
A single product, a disubstituted indene with one vinyl 
and two methylene protons, was, in fact, obtained and 
was assigned the structure of 3-(N,N-diethyl-2-amino-
ethyl)-6-methoxyindene. The same product was also 
obtained when butyllithium was used instead of 
sodamide. This raises the question, which we have 
not resolved, as to whether an indenyl ion is formed in 
this reaction or whether the reaction takes place by 
a concerted mechanism. Under similar conditions, 6-
methoxyindene was rather unreactive, most of the 
starting material being recovered unchanged. Small 
amounts of five basic products were obtained. None 
of these corresponded to 3-(N,X-diethyl-2-amino-
ethyl)-6-methoxyindene on thin layer chromatography, 
although the spectrum of the major component was 
compatible with that of an impure disubstituted indene. 

The pharmacological activity of the indenealkyl
amines, benzo[fe]thiophenes, and, whenever possible, 
the corresponding tryptamines was investigated by 
obtaining cumulative dose-response curves24 to the 
drugs using the rat stomach fundus preparation of 
Vane.10 The pharmacological parameters calculated 
were the intrinsic activity (the ratio of the maximum 
contraction obtained with the stated drug to that ob
tained with the reference compound, 5-HT) and the 
affinity, expressed as the pZ)2 value.25 

(23) J. C. Winter, D. D. Godse, and P. K. Gessner, J. Org. Chem., 30, 
3231 (1965). 

(24) J. M. Van Rossum, Arch. Intern. Pharmacodyn., 143, 299 (1963). 
(25) V.. J. Ariens, ".Molecular Pharmacology," Academic Press Inc., 

New York, N. Y., 1964. 

VIII 

Experimental Section26 

Chemistry.—The indenealkylamines synthesized are listed 
in Table I along with yield, physical constants, and analytical 
data. 

Method A. 3-(N,N-DiethyI-2-aminoethyl)-6-methoxyin-
dene.—This preparation will illustrate modifications from the 
procedure of Eisleb.20 A benzene solution of 1.53 g (10.5 mmoles) 
of 5-methoxyindene and 1.39 g (10.3 mmoles) of N,N-diethyl-
ethylamine hydrochloride was heated under reflux for 4 hr with 
0.42 g (10.8 mmoles) of sodamide. The reaction mixture was 
cooled and washed with water, and the solvent was removed 
under reduced pressure. The dark liquid remaining was put on 
a silica gel column (Will Scientific, grade 923, 25:1 ratio). Elu-
tion with CHCI3 removed 0.11 g of unreacted 5-methoxyindene. 
Subsequent elution with MeOH gave 2.17 g of a dark liquid which 
distilled at a temperature (bath) of 140-180° (0.1 mm) to give 
the product as an amber liquid in 37% yield. Tic (silica gel; 
HOAC-H2O, 1:1) gave a single green spot (Ri 0.68) when sprayed 
with HCHO-H2S04 .2 7 

Method B. 3-(2-AminoethyI)indene.—All reactions were 
carried out under N2. An ether solution of 2 g (17.2 mmoles) of 
indene was treated with 12 ml of 1.6 M butyllithium in hexane 
(19.2 mmoles) at —10°. After 2 hr the mixture was cooled to 
— 30°, an additional 19 mmoles of butyllithium was added, and 
an ether suspension of 2 g (17.2 mmoles) of 2-chloroethylamine 
hydrochloride was then introduced over a period of 0.5 hr. After 
warming to room temperature, the basic fraction was separated 
from the neutral and acidic components and converted to the 
oxalate, a pale yellow solid, mp 173-178°. Sublimation at a 
bath temperature of 142-149° (0.7 mm) gave a white solid which 
after recrystallization from absolute alcohol melted at 176.5-
178°. 

Pharmacology.—Van Rossum's methods for obtaining cumula
tive dose-response curves were used.24 The rat stomach fundus 
preparation of a Vane10 was employed with the following modi
fications: (a) the bathing solution was that of Armitage and 
Vane,28 (b) no hyoscine was added to the bathing fluid, (c) 
responses were recorded using a pendulum auxitronic lever29 with 
a magnification of 8 and resting load on the muscle of 1 g, (d) two 
strips were cut from the same organ and used in parallel, (e) the 
relative sensitivity of the two strips was determined by the use 
of 5-HT doses giving submaximal contractions, (f) the intrinsic 
activity on the test compound was determined by comparison 
of the maximum contraction occasioned by this compound on one 
strip with a maximum contraction occasioned by 5-HT on the 
parallel strip. 

Only one drug was tested on each preparation, at least five 
dosages of the drug being used. Each drug was tested in at least 
three preparations, the actual number being given in Table II . 
The affinities and the slopes of the common regression line of the 
response metameter30 on the logarithm of the dose was calculated 

(26) For all analytical data and physical constants, see Table I. Melting 
points -were taken on a Kofler micro hot stage apparatus and are corrected. 

(27) N. Kucharczyk, J. Fohl, and J. Vymetal, J. Chromatog., 11, 55 
(1963). 

(28) J. A. Armitage and J. R. Vane, Brit. J. Pharmacol., 22, 204 (1964). 
(29) W. D. M. Paton, J. Physiol. (London), 137, 35P (1957). 
(30) D. J. Finney, "Statistical Method in Biological Assay," Glias. 

Griffin and Co., Ltd., London, 1964, p 67. 
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TABLE I ' 

3-I.XI>EXE.\LKYLAMIXES 

iCH.CH.N 

Vield. 
Bp (mm) or inp, rC''' 

iro.r.-i7s 
140-142 (<)) 
104-107) (0.0) 
13.V147) (0.7) 
140 (bath) (()..">) 
138-140 
140-180 (bath) ( 0 . 1 ; 

" Melting points were taken on a Kofler micro hot stage apparatus (A. H. Thomas Co.) and are corrected. Infrared spectra were de
termined with a Perkin-Elmer Infracord spectrophotometer. Ultraviolet spectra were recorded on a Beckmaii Model DB spectropho
tometer. Nmr spectra were obtained with a Varian A-60 high-resolution spectrometer. The samples were run in CCU solution using 
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TABLE II 

ACTIVITY OF AMINES ON R A T STOMACH FUNDUS PHEPARATI 

X 
/ \ 

K" W 

No. C'ompd 

1 ij-Hydroxytryptamine 
2 3-(2-Aminoethyl)indene 
3 Try p famine 
4 3-(2-Aminoethyl)benzo[6] thiophene 
7) 3-(3-Aminopropyl)indene 
0 3-(3-Aminopropyl)indole 
7 tt-Methyltryptamine 
8 3-( l-MethyI-2-aminoet hyl )benzo [b] -

thiophene 
0 3-(N,N-Dimethyl-2-aminoethyl)indene 

10 N,N-Dimethyltryptamine 
11 3-(N,N-Dimethyl-2-aminoethyl)benzo-

[6] thiophene 
12 3-(N,N-Diethyl-2-aminoethyl)indene 
13 N,N-Diethyltryptamine 
14 3-(N,N-Di-n-propyl-2-aminoethyl)-

[6] thiophene 
17) 3-(N,N-Diisopropyl-2-aminoethyl)-

indene 
1 (i N,N-Diisopropyltryptamine 
17 3-[2-(l-Pyrrolidyl)ethyl]benzo[?)]-

thiophene 
15 3-[2-(l-Piperidyl;ethyl]benzo[M-

thiophene 
10 3-(N,N-Diethyl-2-ammoethyl)-0-

methoxyindene 
20 6-Methoxy-N,N-diethyltryptamine 
21 o-Methoxy-N,N-diethylti'yptamiiie 
" Calculated on the basis of five experiments. 

by the use of a Fortran IV computer program for probit analysis 
based on the method of Finnev.31 

Results and Discussion 

Table II summarizes the parameters calculated from 
the dose-response curves of the compounds investigated 
in this study. For each drug are listed the intrinsic 
activity, the value of pD2, and the slope of the common 

(31) 11. ,1. Kinney, " l ' ro l . i l Analysis," Camliridire Univers i ty Press, Lon
don, l')li-.>. 
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])D, (SK) 

7.72(0.08) 
7).02 (0.00) 
7).84 (0.09) 
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regression line after probit transformation. All values 
of intrinsic activity are relative to 5-HT which is as
signed a value of 1.00. The aim of the present investi
gation was to evaluate the importance of the indole 
ring nitrogen in the pharmacological activity of the 
tryptamines. The data of Table II provide the means 
for such an evaluation in terms of the contractile ef
fects of the tryptamines 011 the rat stomach fundus. T< > 
facilitate comparison of the ring unsubstituted com
pounds in the in dene- indole series the agents have been 
ranked in terms of their affinity (Table TIT). 
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-Nmr spectra-

,- Uv spectra6—•—. 
Xmax, rriM 

251 
252 
251 
200 

log € 

5.34 
5.00 
4.81 
5.05 

CIIi 

6.82 

6.82 

258 4.94 6.87 

OCHs 

6.24 

6.31 

Vinyl 
protons 

3.87 

3.87 

3.97 

Aromatic 
protons 

2.99-2.56 

3.48-2.66 

3.56-2.78 

Ratio 
vinyl/CHs 

protons Ir spectral lines, cm - 1 

3000, 2820, 1465, 1045, 772, 720 
3040, 2880, 1475, 1390, 1210, 1075, 774, 721 
3010, 1465, 1362, 1108, 772, 718 
2950, 2770, 1475, 1255, 1240, 863, 812 

2 3000, 2810, 1470, 1062, 1017, 858, 842, 808 
tetramethylsilane as the reference standard. Chemical shifts are reported as T values. Microanalyses were performed by the Galbraith 
Laboratories, Inc., Knoxville 21, Tenn. h Recrystallizations from ethanol. " In absolute ethanol. 

TABLE I I I 

COMPARISON OP M E A N p£)2 VALUES FOR 

ISOSTERIO INDOLE-INDENE PAIHS 

Indoles 5-HT > T > (i-Pr)2 > PrAM > Et2 > Me2 

7.72 5.84 5.42 4.24 4.03 3.52 
Indenes EtAM > (7-Pr)2 > PrAM = Et2 > Me2 

5.02 4.92 4.68 4.68 4.02 

It can be seen (Table III) that in both series the 
affinity (p.D2) is greatest in the primary ethylamines 
(tryptamine and indene-3-ethylamine) and declines 
thereafter in the order diisopropyl, propylamine, di
ethyl, dimethyl. While the range of pZ)2 values is 
greater in the indoles (3.52-5.84 vs. 4.02-5.02 for the 
indenes), the mean p7)2 values for the two isosteric 
series are remarkably similar, 4.61 and 4.66 for the 
indoles and indenes, respectively. Consideration of 
the drugs in terms of relative intrinsic activity reveals, 
with the exception of 2 and 3, only minor variations 
between the intrinsic activities of the indoles and their 
isosteric indenes. 

Only two isosteric indene-indole-benzo[b]thiophene 
sets are present (2, 3, 4 and 9, 10, 11). In each case 
replacement of the nitrogen in the 1 position of the 
indole ring by either a methylene carbon or by sulfur 
leads to parallel changes in both affinity and intrinsic 
activity. The relative high affinity of 8 parallels that 
of 7 and could be due to the ability of 7 and probably 
8 to block monoamine oxidase.32 

The disubstituted compounds, 19-21, present results 
which are somewhat puzzling. We see that introduc
tion of a methoxy group at the 5 position of X,N-di-
ethyltryptamine results in a dramatic increase in 
affinity (from 4.03 to 5.88) and intrinsic activity (from 

(32) M. E. Greig, R. A. Walk, and A. J. Gibbons, J. Pharmacol. Exptl. 
Therap., 127, 110 (1959). 

1.01 to 1.98). In contrast, 6-methoxy-N,N-diethyl-
tryptamine is nearly inactive (intrinsic activity = 
0.10, pZ)2 = 3.58). In view of the marked similarity 
in activity between the other isosteric pairs studied, we 
might expect 3-(X,X-diethyl-2-aminoethyl)-6-methoxy-
indene, the isostere of 6-methoxy-X,X-diethyltrypta-
mine, to be likewise relatively inactive. Instead, the 
relative intrinsic activity for the indene was found to 
be 1.11 with pD2 = 4.81. 

The values for affinity and intrinsic activity reported 
in Table II strongly suggest that, for tryptamines un-
substituted in the benzene ring, replacement of the 
indole ring nitrogen with a methylene group or a sulfur 
atom does not appreciably alter their ability to cause 
contraction of the isolated rat stomach fundus. This 
can be taken as an indication that the ring XH group 
of such tryptamines is not a binding site in the smooth 
muscle of the rat stomach fundus. In contrast, the 
activities of 6-methoxy-X,X-diethyltryptamine and its 
isostere, 3-(N,X-diethyl-2-aminoethyl)-6-methoxyin-
dene, are markedly different. This raises the possi
bility that there is a fundamental difference in the mode 
of action of tryptamines substituted in the benzene 
ring and ones not so substituted. 
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