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The large family of serotonin (5-HT) receptors pro
vides a plethora of medicinally important targets, and 
the neurotransmitter serotonin has been implicated in 
a wide variety of disease states ranging from depression 
and anxiety to migraine and sexual dysfunction.1 The 
search for agents which can selectivity mimic or oppose 
the action of serotonin at a single receptor subtype, 
while leaving other 5-HT receptors unmolested, has 
become increasingly enticing with the almost continual 
discovery of novel receptor subtypes within the 5-HT 
family of receptors.2 

There has already been success in this approach. 
Buspirone is a selective partial agonist at somatoden
dritic 5-HTIA autoreceptors, and this drug has been 
shown to be effective as an anxiolytic for generalized 
anxiety disorders.3 Even more recently, sumatriptan 
(Imigran), a 5-HT«i-iike" agonist has been approved as a 
novel treatment for migraine headaches, and its selec
tivity for the 5-HTID receptor has been proposed as the 
source of its antimigraine activity.4 The success of 
sumatriptan has initiated the search for other 5-HTID 
receptor selective agonists with the purpose of further 
elucidating the mechanism of action of these compounds 
in relation to their antimigraine activity.5 

During the course of our studies in the area of 
conformationally restricted agonists of serotonin,6 we 
became aware of the preference of the 5-HTID receptor 
for the presence of a C5-hydroxy versus a C5-alkoxy 
substituent.7 Our efforts to optimize this preference led 
us to synthesize analogs with novel hydrogen bond 
donors located at C5 of the indole nucleus. Further
more, our studies and the studies of others suggested 
the presence of a binding site within the 5-HTID receptor 
which favored aromatic and heteroaromatic substitution 
proximate to C5 of the indole nucleus.5b This line of 
reasoning led to the replacement of C5-OH in serotonin 
with a C5-[(3-nitropyridyl)amino] substituent which we 
found to impart reasonable selectivity to the tryptamine 
derivative (10, Table 1). In this paper we present a 
novel series of 5-[(3-nitropyrid-2-yl)amino]indoles (5, 8, 
10, and 15) which have different types of conformational 
restraint of the C3-aminoethyl functionality. The bind
ing and functional selectivity varies within this series 
of 5-HTID agonists depending on the method of confor
mational constraint employed at C3 of the indole 
nucleus. 

Chemistry.8 The syntheses of all of the desired 
targets (5, 8,10, and 15, Scheme 1) were seen resulting 

from the appropriately C3-substituted 5-aminoindole 
derivatives. Accordingly, reaction of 5-amino-3-[2-(di-
methylamino)ethyl]indole (9)9 with 2-chloro-3-nitropy-
ridine in refluxing ethanol in the presence of triethyl-
amine afforded the desired functionalized tryptamine 
1010 in good yield (Scheme la). 

Previous chemistry employed in the synthesis of 
3-[(Ar-methylpyrrolidin-2()?)-yl)methyl3-5-methoxyin-
dole (CP-108,509) utilized the condensation of CBZ-d-
proline acid chloride and the magnesium salt of 5-meth-
oxyindole to append the conformationally restricted C3-
substituent with stereochemical integrity.6^ We chose 
to use this same strategy in the synthesis of 5 and 8 
(Scheme lb,c). Protection of 5-aminoindole was re
quired for this approach, and we chose to utilize simple 
benzyl groups for this purpose. Reaction of the mag
nesium salt of 5-(dibenzylamino)indole with the acid 
chloride of CBZ-d-proline afforded the 3-ketoindole 
derivative 2. Complete reduction of the CBZ-to-iV-
methyl and keto-to-methylene was accomplished with 
a single application of excess lithium aluminum hydride 
and lithium borohydride in refluxing THF to afford the 
desired protected aminoindole derivative 3. Catalytic 
hydrogenation removed the benzyl groups, and the 
resulting 5-aminoindole 4 was condensed with 2-chloro-
3-nitropyridine as described above to afford the (N-
methylpyrrolidin-2-yl)methyl analog 511 of our tryptamine 
10. 

In previous studies, a series of 3-(pyrrolidin-2-yl-
methyl)indoles had shown a significant increase in 
potency in an animal model of inhibition of neurogenic 
inflammation (a potential pharmacological marker of 
antimigraine activity) depending on the degree of 
substitution on the pyrrolidine nitrogen.611'12 Therefore, 
in order to explore the pharmacological effect of substi
tution on the basic nitrogen in the pyrrolidine ring in 
5, a synthesis of the requisite 5-aminoindole derivative 
(7) was needed (Scheme Ic). The keto group in 2 was 
selectively reduced to methylene using lithium borohy
dride in refluxing THF to afford 6. Use of catalytic 
hydrogenation removed both the CBZ and benzyl groups 
from 6, affording the secondary amine (7). Differentia
tion of the reactivities of the two amino groups13 in 7 
was achieved using refluxing acetic acid as the reaction 
solvent and sodium acetate as the base in the addition/ 
elimination reaction of 7 with 2-chloro-3-nitropyridine, 
affording a low yield of the desired secondary amine 
analog 8.14 Apparently, the acetic acid protonated the 
more basic amine in the pyrrolidine ring, thus greatly 
reducing its reactivity as a nucleophile, while the 
5-amino group was relatively unaffected. 

For the synthesis of the pyrrolidin-3-ylindole analog 
of 10, we sought to take advantage of the Michael 
reaction between indoles (electron neutral and electron 
rich) and maleimide derivatives which formed 3-(indol-
3-yl)succinimides (Scheme ld).6i 5-Benzamidoindole 
(11) reacted smoothly with N-methylmaleimide in the 
desired manner to form the succinimide 12. Reduction 
of the succinimide was effected via the addition of the 
succinimide 12 to a solution/mixture of LAH (excess) 
in THF, followed by heating. The resulting benzyl group 
in 13 was consequently removed by catalytic hydroge
nation to afford our desired 5-aminoindole derivative 
14. Condensation of 14 with 2-chloro-3-nitropyridine 
was accomplished routinely in refluxing acetic acid with 
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Scheme 1. Synthesis of 5-[(3-Nitropyrid-2-yl)amino]indolesa 
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" (a) 2-Chloro-3-nitropyridine, triethylamine, dioxane, A (67%); (b) benzyl bromide, triethylamine, acetonitrile, A (88%); (c) (1) EtMgBr 
(2 equiv), indole (2 equiv), benzene, 0 0C; (2) CBZ-proline acid chloride, benzene, 0-25 0C (44%); (d) lithium aluminum hydride/lithium 
borohydride, THF, A (89%); (e) palladium hydroxide on carbon, H2, ethanol (99%); (f) 2-chloro-3-nitropyridine, triethylamine, acetonitrile, 
A (81%); (g) lithium borohydride, THF, A (70%); (h) palladium hydroxide on carbon, H2, ethanol (100%); (i) 2-chloro-3-nitropyridine, sodium 
acetate, acetic acid, A (23%); (j) benzoyl chloride, triethylamine, THF (97%); (k) 2V-methylmaleimide, acetic acid, A (29%); (1) lithium 
aluminum hydride, THF, A (49%); (m) palladium hydroxide on carbon, H2, ethanol (34%); (n) 2-chloro-3-nitropyridine, sodium acetate, 
acetic acid, A (44%). 

sodium acetate as the HCl scavenger to yield the 
pyrrolidin-3-ylindole analog (15)15 of 10. 

Pharmacology. Table 1 summarizes the 5-HTi 
receptor pharmacology of compounds 5 (CP-135,807), 8 
(CP-123,803), 10 (CP-113,113), and 15 (CP-124,439) 
along with 5-HT and sumatriptan. Binding measure

ments were performed using previously published pro
tocols.16 The ability of the compounds to mimic agonist 
activity (i.e., inhibition of forskolin-stimulated adenylate 
cyclase) at 5-HTIA and 5-HTID receptors was measured 
using methods described previously,16 and compounds 
5, 8, 10, and 15 were all equally efficacious with 5-HT 
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Table 1. Pharmacology" 

compound 

serotonin 
sumatriptan 
10 
5 
8 
15 

5-HTIA 

5.2 ± 1.5 
640 ± 180 

73 ± 4 
33 ± 1 

120 ± 10 
320 ± 90 

binding (ICso ± SEM, nM) 

5-HTID 

3.0 ± 0.3 
61 ± 1 4 
10 ± 2 
3.1 ± 0.8 
6.2 ± 0.6 

15 ± 2 

selectivity (1A/1D) 

2 
10 
7 

11 
19 
21 

inhibition of adenylate cyclase 

5-HTIA 

10 ± 1 
1300 ± 200 

170 ± 70 
47 ±18 

220 ± 90 
885 ± 54 

5-HTID 

5.2 ± 0.9 
97 ±27 

2.0 ± 1.4 
1.3 ± 0.8 
1.3 ± 0.7 
2.0 ± 0.7 

(ECso ± SEM, nM) 

selectivity (1A/1D) 

2 
13 
85 
36 

170 
440 

" Values presented represent a minimum of three independent determinations and are arithmetric means. 

at maximal doses at both the 5-HTIA and 5-HTJD 

receptors. Compounds 5,8,10, and 15 and sumatriptan 
were tested at other non-5-HTi receptors (i.e., 5-HT2A, 
5-HT2C) and found to be essentially inactive with 
binding affinity only demonstrated at micromolar con
centrations (data not presented). 

The replacement of the CS-[CH3NHSO2CH2-] group 
in sumatriptan with the C5-[(3-nitropyrid-2-yl)amino] 
group led to tryptamine 10 which had a similar modest 
selectivity for the 5 -HTID receptor. However, 10 was 
significantly more potent at 5-HTi receptors than 
sumatriptan both in binding and in its functional 
activity. While 10 was 3 times less potent than 5-HT 
in its binding affinity for the 5-HTID receptor, it was 
about twice as potent as 5-HT in its ability to inhibit 
adenylate cyclase. 

Replacement of the (iV^V-dimethylamino)ethyl portion 
of 10 with the conformationally restricted (iV-meth-
ylpyrrolidin-2CR)-yl)methyl group led to compound 5. It 
should be noted that only the fl-enantiomer was syn
thesized in this study because previous studies had 
shown that 5-HT receptors showed significant stereo-
genie differentiation between 3-[(iV-methylpyrrolidin-
2(.R)-yl)methyl]indoles and their S-antipodes. In these 
particular studies, the U-enantiomer was favored over 
the S-enantiomer at all of the 5-HT receptors tested.68 

Compound 5 was found to be more potent in its affinity 
for 5-HTi receptors than the corresponding tryptamine 
analog 10, but 5 was slightly less selective as an agonist 
for the 5 -HTID receptor than 10. Examination of the 
secondary amine 8 (the normethyl analog of 5) showed 
an equivalent binding affinity and functional potency 
at the 5-HTID receptor when compared to 5. However, 
the secondary amine 8 showed improved binding and, 
especially, functional selectivity for the 5-HTID receptor 
when compared to the tertiary amines 10 and 5. 

Finally, replacement of the tryptamine side chain in 
10 with a racemic 3-(iV-methylpyrrohdin-3-yl) group led 
to 15, which was not as potent in its binding affinity 
for the 5 -HTID receptor as its 3-(pyrrolidin-2(i?)-yl-
methyl) counterparts (5 and 8). However, the binding 
and functional selectivity of 15 was found to be the best 
in the group of compounds studied. Since our previous 
studies68 suggest that a significant stereogenic dif
ferentiation exists within the binding site of 5-HT 
receptors, the separation of racemic 15 into its compo
nent antipodes has been studied extensively. Unfortu
nately, resolution of 15 has proved to be very difficult 
and has not yet been achieved. Accordingly, significant 
continued effort is presently being devoted toward the 
isolation of the individual enantiomers of the 3-(pyrro-
lidin-3-yl)indole (15). 

Discussion. Examination of the data contained in 
Table 1 can be summarized as follows: 

Rank order of binding potency at 5 -HTID receptors: 
5-HT « 5 > 8 > 1 0 « 1 5 » sumatriptan. 

Rank order of agonist potency at 5-HTID receptors: 
5 s» 8 «s 10 « 15 > 5-HT » sumatriptan. 

Rank order of binding selectivity: 15 > 8 > 5 « 
sumatriptan > 10 > 5-HT. 

Rank order of functional selectivity: 15 > 8 > 10 > 5 
> sumatriptan > 5-HT. 

The (3-nitropyrid-2-yl)amino substituent at C5 of the 
indoles in 5, 8, 10, and 15 affords these serotonin 
analogs a degree of 5-HTID receptor selectivity versus 
the 5-HTIA receptor. This is consistent with the avail
able information thus far, which points to modification 
of the C5-OH of 5-HT as a major area of molecular 
design aimed at achieving 5-HTID receptor selectivity.5b 

However, examination of the binding and functional 
results of our series demonstrates that modification of 
the C3 aminoethyl substituent of 5-HT offers an ad
ditional approach for designing and improving 5-HTw 
receptor-selective agonists. Modification of the substitu
ent at C3 in our series of 5-[(3-nitropyrid-2-yl)amino]-
indoles affected primarily the affinity and potency of 
these compounds for the 5-HTIA receptor. The clear 
choice in our series is the replacement of the 3-[2-(AT^V-
dimethylamino)ethyl] group in 10 with the racemic 
3-(iV-methylpyrrolidin-3-yl) group found in 15, and its 
remarkable 5-HTID receptor selectivity resulted prima
rily from a loss of 5-HTLA. receptor activity as opposed 
to an increase in 5-HTID receptor activity. 

We are presently examining the full pharmacology of 
5, 8, 10, and 15, especially in relation to their activity 
in appropriate models predictive of antimigraine activ
ity, and these results will be presented in due course in 
an appropriate forum. Furthermore, we are examining 
the effect of the replacement of the 3-[2-(iVyV-dimethy-
lamino)ethyl] group in other 5-HTID receptor selective 
tryptamines with the racemic 3-(AT-methylpyrrolidin-3-
yl) group. This course of study should lead to more 
selective pharmacological tools for use in the study of 
the 5-HTID receptor subtype. 

Supplementary Material Available: Full experimental 
description of chemical syntheses and products and the 
pharmacological methods used in this paper (13 pages). 
Ordering information is given on any current masthead page. 
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