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Abstract:  3-Arylpyrrolidines ~ are  synthesized  through  the  coupling of  N-benzyl-3-
(methanesulfonyloxy)pyrrolidine with diarylcuprates. Pharmacological evaluation of a series of N-substituted-
3-arylpyrrolidines toward several neurotransmitter receptors indicated that some of them are good ligands for
serotonin 1A receptor. Particularly, N-[(N-saccharino)butyl]pyrrolidines were found to be potent and selective
ligands. A preliminary biological evaluation for several selected compounds indicated that they are potentially
effective antianxiety and antidepressant agents. © 1999 Elsevier Science Ltd. All rights reserved.

The development of selective and potent ligands for serotonin 1A receptor (5-HT,,) has
attracted a considerable interest since they are promising drug candidates for treatment of mood
and anxiety disorders". In addition to their biological aspects, the development of selective and
potent ligands for 5-HT and other neurotransmitter receptors is of importance for studying the
receptor pharmacology. A large number of ligands for various 5-HT receptor subtypes have
been developed, and most of them can be simply categorized as indole, aminotetraline,
arylpiperazine, and benzodioxane derivatives according to their common heterocycle structure.’
Here we wish to report the synthesis of 3-arylpyrrolidines and their pharmacological evaluation
toward several neurotransmitter receptors. From the study, selective ligands with high affinity at
5-HT,, receptor have been developed. Originally, the 3-arylpyrrolidine system was designed
for the development of ligands for dopamine receptors. After analyzing numerous ligand
structures known, 3-arylpyrrolidines were deduced as new type of lead structure for doparhine
receptors. However, from pharmacological evaluation, several N-substituted-3-arylpyrrolidine
derivatives synthesized were found to be more potent ligands toward 5-HT, , receptor® than
dopamine receptors.
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Synthesis of 3-arylpyrrolidines.

A literature survey indicated that there are limited methods that can be generally
applicable to the synthesis of various 3-arylpyrrolidine derivatives®. As a more direct route we
studied a direct nucleophilic coupling of 3-p-toluenesulfonyloxy- or 3-methanesulfonyloxy-
pyrrolidine 1 with diarylcuprates as shown in Scheme 1.6
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Scheme 1.

The starting materials 1 can be accessible in an enantiomeric form, starting from
commercially available 3(R)-hydroxypyrrolidine. Treatment of N-benzyl-3-hydroxypyrrolidine,
prepared from 3-hydroxypyrrolidine, with p-toluenesulfonyl chloride in the presence of an
equimolar amount of triethylamine in dichloromethane at room temperature, however, gave
30% of the desired tosylate 1a with 44% of a side product. The side product was found to be N-
(p-toluenesulfonyl)-3-hydroxypyrrolidine 2. Carrying out the reaction with the aid of 5 mol%
DMAP reduced the formation of side product, thus providing 77% of O-tosylated product 1a
and 12% of the rearrangement product 2. It was found that a similar reaction with
methanesulfonyl chloride under the latter conditions in acetonitrile (0.8 M solution) at 0 °C for
10 min gave only the desired mesyloxypyrrolidine 1b’ in a near-quantitative yield after
purification by column chromatography on silica gel. Next, the coupling of mesylate 1b with
diarylcuprates was carried out in diethyl ether.
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Scheme 2.

The coupling yield was dependent on both the equivalents of the cuprate used and the
reaction temperature. With three equivalents of the cuprate and at below 0 °C, reasonable yields
were obtained (3a, 78%; 3b, 65%; 3¢, 45%).® When 3-phenylpyrrolidine was synthesized
starting from enantiopure 3(R)-hydroxypyrrolidine, the optical purity was found to be less than
10% ee.’ This result may be explained by evoking the neighboring group participation of the N-
benzyl nitrogen (path a), as depicted in the Scheme 2. The N-benzyl nitrogen also seemed to
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influence the rate of the cuprate addition, because N-(p-toluenesulfonyl)-3-
(methanesulfonyloxy)pyrrolidine did not give the coupling product under the same reaction
conditions. As depicted in path b, a nitrogen-assisted cuprate reaction may be operating. The
observed low enantiopurity suggests that both the routes (path a and b) are favorably competing
in the coupling process. Finally, debenzylation of 3 was carried out under transfer
hydrogenation conditions to give 3-arylpyrrolidines § in over 90% yields. Interestingly,
N-benzylpyrrolidines 3 themselves exhibited significant affinity at dopamine receptors (K,
values for D, and D, receptors are several hundred uM levels). We have synthesized various N-
substituted-3-arylpyrrolidine derivatives from the lead structure 5 (Scheme 3).
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Thus, the coupling of pyrrolidine 5 with appropriate bromides in the presence of
triethylamine at room temperature for 12 h (in the case of 7 and 8) or at reflux temperature. (for
6) afforded the corresponding products in moderate to good yields after purification by column
chromatography on silica gel (6a, 66%; 6b, 46%; 6c, 60%; 7a, 41%,; Tb, 48%,; Te¢, 52%; 8a,
57%; 8b, 53%; 8¢, 42%)." Among the three types of N-substituted derivatives 6-8, N-[N-
(saccharino)butyl]pyrrolidines 6 exhibited selective and strong affinity at 5-HT, , receptor.

Binding affinity.

Some selected data on the binding affinity of the 3-arylpyrrolidines at several
neurotransmitter receptors (5-HT,, 5-HT,,, D;, D,, and a,-adrenergic receptors) are listed in
the Table 1." The in vitro affinity was evaluated by standard radioligand binding assays."
Notably, arylpyrrolidines 6a-6¢ exhibited strong affinity at 5-HT,,, showing K, values of
nanomolar concentrations. 3-Phenyl-substituted derivative 6a exhibited intermediate affinity at
both 5-HT,, and adrenergic a, receptors, weak affinity at D, receptor, but poor affinity at D,
and muscarine receptors 1 and 2 (those K; values toward muscarine receptors 1 and 2 are >700
nM and are not listed in the table). Similarly, other ligands showed weak or poor affinities
toward dopamine and muscarine receptors. Of particular note is that 3-(4-fluorophenyl)-
substituted analog 6c¢ exhibited good selectivity, showing weak affinity toward 5-HT,,,
adrenergic a,, and D, receptors. This substituent effect on the receptor selectivity would be a
valuable guideline for a further improvement of the selectivity. This selectivity is important for
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. . . . . - . 1:’
clinical use because interactions with other receptors would cause undesirable side effects."”

Table 1. Receptor Binding Profile of Arylpyrrolidines 6-8 (K;, nM)

5-HT,a 5-HT,, o2 D, D,
6a 27 34 16 12,502 195
6b 26 232 56 1,567 327
6c 42 >367 334 6,668 263
7a 115 46 11 1,954 77
b 304 184 12 1,622 185
8a 30.6 320 24 88,099 783
8b 153 46 44 37,581 334

A comparison of the N-substituents between 6-8 suggests that the N-substitutent
containing saccharine moiety is better than that of indoline in terms of the affinity and
selectivity toward 5-HT,, receptor. The former moiety is the N-substituent of ipsapirone,’ a
well-known arylpiperazine ligand of 5-HT, .

A further evaluation of arylpyrrolidine 6a in the following tests for rat indicated that it
would be a potentially effective antianxiety and antidepressant agent: (a) corticosterone
secretion test, (b) body temperature change test, (c) forced swimming test, (d) face-to-face test,
and (e) isolation-induced aggregation test. Also, from a comparative pharmacokinetics study,
arylpyrrolidine 6a was found to have roughly twice bioavailability compared to buspirone,'* a
known antianxiety drug.

In summary, we have synthesized a series of 3-arylpyrrolidines, starting from 3-
hydroxypyrrolidine using standard organocuprate chemistry. Among a variety of N-substituted
derivatives thus synthesized from the arylpyrrolidines, arylpyrrolidine derivatives 6a-6c,
particularly 6¢, exhibited potent and selective affinity at 5-HT,, receptor. A preliminary
biological evaluation of compound 6a suggested that they would be potentially effective
antianxiety and antidepressant agents. A detailed biological evaluation for a variety of 3-
arylpyrroline derivatives will be reported in due course.
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