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Abstract—Starting from both isomers of enantiopure asparagine, heterocyclic bioisosteres of the preferential dopamine D3 receptor
agonist (R)-7-OH-DPAT were investigated when SAR studies led to the 3-formyl substituted aminoindolizine (S)-1e (FAUC 54)
displaying a K; value of 6.0 nM for the high affinity D3 binding site. In contrast, D3 affinity of the enantiomer (R)-1e was 300 fold

lower. © 2001 Elsevier Science Ltd. All rights reserved.

The existence of two families of dopamine receptors has
been established by recent advances in classical phar-
macology and molecular biology.! It is generally accep-
ted that the D2, D3, and D4 subtypes belong to the D2-
like family, while the D1-like family comprises D1 and
D5 receptors.? There is strong evidence that D2 and D3
receptors exist postsynaptically and also as auto-
receptors controlling dopamine synthesis, release and
neuronal firing.! The D3 receptor® appears an impor-
tant target for the development of drug candidates since
it is selectively expressed in the brain limbic system,
which is thought to be involved in mood and cognitive
disturbances as well as drug dependence.* Most of the
recent SAR studies on preferential dopamine D3 recep-
tor agonists are based on (R)-7-OH-dipropylamino-
tetralin as a lead compound.’ In recent reports, we
described novel DPAT regioisomers® and heterocyclic
bioisosteres including enantiomerically pure dipropyl-
aminotetrahydroindolizines  revealing autoreceptor
activity.” Structural alignment of (R)-7-OH-DPAT and
tetrahydroindolizines led us to the assumption that a
hydrogen bond acceptor connected with one atom dis-
tance to the aromatic moiety of the aminoindolizine
framework could simulate the sp® oxygen of (R)-7-OH-
DPAT. Depending on the absolute stereochemistry of
the heterocyclic bioisostere, spatial overlap can
result from substitution in the positions 1 or 2
(superimposition A) or 3 (superimposition B).

*Corresponding author. Tel.: +49-9131-8529383; fax: +49-9131-
8522585; e-mail: gmeiner@pharmazie.uni-erlangen.de

In this communication, we report on EPC synthesis
and subtype selective dopamine receptor binding of
hydroxymethyl and formyl substituted 7-dipropylamino-
indolizines of type (R)-1 and (S)-1. In order to estimate
the influence of the hydrogen bond acceptor, 1-, 2- or 3-
methyl derivatives were evaluated, too.
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The synthesis of the target compounds bearing (S)-con-
figuration relied on the employment of natural aspar-
agine as a chiral building block (Scheme 1). For the
preparation of the 1- and 2-substituted indolizines we
approached the formylpyrrole 3a as a central inter-
mediate. In practice, reductive N,N-dibenzylation and
subsequent treatment with borane*THF furnished the
primary amine 2 that could be reacted with 3-formyl-
2,5-dimethoxytetrahydrofuran.® Using HOAc as a sol-
vent for the Paal-Knorr reaction, the primary alcohol
3a was formed along with the acetate 3b that was
converted to 3a under aqueous basic conditions.

Transformation of the carbaldehyde function into a
methyl group was accomplished by Wolff—Kishner
reduction resulting in formation of the cyclization
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Scheme 1. (a) HOAc/NaOAc, 70°, 75 min (3a: 48%; 3b: 10%); (b)
K,COs;, H>0, rt, 24 h (100%).

precursor 4 in 70% yield (Scheme 2). In accordance to
our recently described observations on stereoelec-
tronically controlled cationic cyclizations,® formation of
a six-membered ring was induced by activation of the
terminal alcohol group. Thus, treatment of 4 with tri-
fluoromethanesulfonic anhydride gave the 2-methyl
indolizine 5 and the 1-methyl substituted heterocycle 6
as a 1:10 mixture of regioisomers reflecting the influence
of the electron donating properies of the methyl group
onto the site-selectivity of the electrophilic attack. 5-Exo
attack of the intermediately formed aziridinium salt
could not be detected.

Due to the electron accepting effect of the carbaldehyde
function, Tf,O activation of the pyrrole 3a did not
result in cationic m-cyclization. In order to increase the
electron density of the aromatic region, the protected
derivative 9, which was readily available by acid cata-
lyzed acetalization, was selected as a cyclization pre-
cursor. However, Tf,O induced sulfonylation of 9
caused decomposition that we put down to impurities of
TfOH being able to activate the acetal function for side
reactions. Seeking for a smooth alternative, we tried to
transform the alcohol function into a bromide using
neutral Appel conditions. Subsequent treatment with
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Scheme 2. (a) Tf,0, CH,Cl,, rt, 48 h (5: 5%, 6: 50%); (b) hydrazine
hydrate, diethylene glycol, 130°, 1 h; + KOH, 170°, 4 h (70%); (c) 2,2,-
dimethylpropan-1,3-diol, TsOH-H,O, benzene, reflux, 4 h (85%); (d)
CBry, PPhs, CH,Cly, rt, 16 h (71%); (e) AgOTf, CH,Cl,, 0°, 75 min;
(f) CF;COOH, MeOH, 0°C, 75 min (7: 20%, 8: 39%, based on 9).

AgOT(f was envisaged to form a reactive triflate giving
access to the indolizines 7.8. In fact, bromide formation
was observed in 71% yield. Careful NMR studies
clearly proved the structure of the secondary bromide
10'° which was obviously formed by rearrangement via
an aziridinium intermediate. Similar reactions have been
observed and described by us in detail.!! Anticipating
the reversibility of the migration, we subjected the bro-
mide 10 to AgOTf. In fact, formation of the indolizines
11 and 12 as a 1:2 mixture of regioisomers was
observed. Subsequent deprotection led to the carbalde-
hydes 7 and 8 which were readily separable by flash
chromatography.!> Employing one-pot conditions, the
reaction sequence afforded a 39% yield of the main
regioisomer 8 and 20% of the 2-substituted isomer 7.
The optical integrity of the synthesis was proved by
coupling of the carbaldehyde 8 with (R)- and (S)-ala-
nine methyl ester wunder reductive conditions
(NaBH;CN, MeOH) when 'H and '3C NMR investi-
gations of the resulting secondary amines indicated an
isomeric excess >95%. Exchange of the N,N-dibenzyl
protecting groups by the pharmacophoric N,N-dipropyl
substitution pattern was intended by hydrogenolysis
and subsequent reductive alkylation (Scheme 3). Thus,
the methyl substituted dibenzylaminoindolizines could
be readily transformed into the primary amines upon
hydrogenation in presence of Pearlman’s catalyst. Sub-
sequent treatment with an excess of propionaldehyde
and NaBH;CN afforded the final products (S)-1a and
(S)-1b. Subjecting the carbaldehydes 7 and 8 to identical
hydrogenation conditions resulted in debenzylation
and reduction of the formyl group into a mixture of
hydroxymethyl and methyl derivatives when careful
optimization of the reaction time and the solvent
accomplished the 1- and 2-hydroxymethyl substituted
aminoindolizines in satisfactory yield. Finally, reductive
dipropylation was performed to give the target
compounds (S)-1c and (5)-1d.

Modification of the 3-position of the indolizine frame-
work was planned by regiocontrolled formylation of
the unsubstituted N,N-7-dipropylaminoindolizine 13
(Scheme 4) which was synthesized from the asparagine
derived building block 2 applying a previously described
reaction sequence.® Subjecting 13 to Vilsmeier-Haack
reaction conditions gave preferential formylation in
position 3 when 42% of pure carbaldehyde (S)-1e was
isolated.!> As a minor regioisomer, the 1-formyl deriva-
tive (S)-1f was obtained (5% yield). Reductive mod-
ification of the 3-formylindolizine (S)-le was

5 6 7 8
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Scheme 3. (2) (1) Hy, Pd(OH),/C, MeOH-EtOAc 1:1, rt, 6 h; (2) pro-
pionaldehyde, MeOH, 0°, 90 min for 5, 6, 180 min for 7, 8 (19-41%).
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Scheme 4. (a) DMF, POCI;, 0° to rt, 4 h [(S)-1e: 42%, (S)-1f: 5%]. (b)
NaBHy,, isopropanol, rt, 19 h (89%); (c) LiAlH4, THF, 0° to reflux, 48
h (44%).

Table 1. Receptor binding data for the target compounds (R)-1 and
(S)-1 compared to the D2 autoreceptor agonist 13 and the D3 agonist
(R)-7-OH-DPAT employing bovine DI and D2 and human D3
receptors. K; values [nM] are given based on the means of 2-8 experi-
ments each performed in triplicate, the results of which did not vary
more than 25%, except for (R)1b (35%). For (S)-1e and (R)-7-OH-
DPAT, a clear differentiation between a high affinity binding site
(representing the ternary complex) and a low affinity binding site was
observed for D2 and D3 when labeled with [*H]spiperone

Compd R bD1 bD24ign bD2 hD3
[°H] [°H] [Hlspip.  [*H]spip.
SCH23390  pram.
(R)-1a 2-CH; 83,000 800 17,000 1300
(S)-1a 2-CH; 44,000 640 9600 770
(R)-1b 1-CH; 71,000 1000 12,000 2100
(S)-1b 1-CH; 68,000 380 4000 750

(R)-1¢  2-CH,OH  >100,000 1000 34,000 1400

(S)-1¢ 2-CH,OH >100,000 13,000 > 100,000 8600
(R-1d  1-CH,OH 100,000 200 6100 330
(S)-1d 1I-CH,OH > 100,000 8000 55,000 9700
(R)-1e 3-CHO 47,000 1700 21,000 1800
(S)-1e 3-CHO 26,000 21 (high) 90  (high) 6,0
(low) 6500  (low) 150

(R)-1f 1-CHO 80,000 380 12,000 510
(S)-1f 1-CHO > 100,000 1600 5900 3600
(R)-1g  3-CH,OH  >100,000 4700 37,000 7400
(S)-1g  3-CH,OH 13,000 87 5500 420
(R)-1h 3-CHj; 12,000 430 1300 590
(S)-1h 3-CH; 29,000 150 3800 430
13 H > 100,000 150 4100 560
(R)-7-OH-DPAT n.d. 3,5 n.d. (high) 0,8
(low) 9,5

accomplished employing the complex metal hydrides
NaBH,4 and LiAlH, to afford the alcohol (S)-1g and the
methyl derivative (S)-1h, respectively.

Employing the identical procedures, we synthesized the
optical antipodes (R)-1a-h starting from unnatural (R)-
asparagine.

The final products of type 1 were evaluated in vitro for
their abilities to displace [*H]spiperone from cloned
human dopamine D3 receptors'* being stably expressed
in CHO cells (Table 1)."> D1 and D2 affinities were
determined by employing bovine striatal membrane
preparations and the D1 selective antagonists [*'H]SCH
23390 and [*H]spiperone, respectively. Additionally, the
selective dopamine D2 autoreceptor agonist [*H]prami-
pexole was utilized for competition experiments at the
high affinity binding site.!®!7 Employing (R)-7-OH

DPAT as an internal standard, similar affinities could
be determined when compared to cloned human D2
receptors stable expressed in CHO cells (Kjwen =10 for
D2jong and Kiwiew=3.3 for D2g,0r). The investigation of
the D3 receptor binding of the test compounds indi-
cated K; values ranging only in micromolar or sub-
micromolar  concentrations. As  expected, the
methylindolizines 1a,b,h showed binding properties that
were similar to those of the unsubstituted 7-aminoindoli-
zine 13. It is interesting to note, that the (R)-enantio-
mers of the 2- and 1-hydroxymethyl substituted ligands
1c and 1d displayed higher D3 (and also D2) affinity
than its optical antipodes. This is contrary to the 3-
hydroxymethyl derivative 1g revealing significantly
higher binding of the (S)-enantiomer. Comparison of
the 1-formylindolizine 1f with the 3-formyl regioisomer
le shows the same relationship clearly corroborating an
analogy of binding modes as indicated in the schematic
superimpositions A and B. (5)-1e (FAUC 54) exhibited
the best binding properties and a Hill coefficient
ny=—0.68 that was identical to that we obtained for
the D3 receptor agonist 7-OH-DPAT. The biphasic
binding curves clearly indicated agonist properties for
(S)-1e when differentiation between a high affinity site
representing the ternary receptor G-protein complex
and a low affinity binding site is typical. Detailed ana-
lysis of the binding curves of (S)-le provided a
Kinien=6.0+1.3 nM and a Kjw=150+20 nM.

In conclusion, the ability of the hydroxyl function of
(R)-7-OH DPAT interacting with serine residues in
TMS5 of the D3 receptor protein as an H-bond acceptor
may be best adopted by a formyl group when positioned
at C3 of the (S)-7-dipropylaminotetrahydroindolizine
core structure. Based on FAUC 54 [(S)-1e], further SAR
studies, functional experiments and investigations of the
bioactive conformation will be published without delay.
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