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The synthesis of new N-propargyl-3-pyrrol-1-ylindan-
amine derivatives, analogues of rasagiline, is described
in ten steps starting from the corresponding arylalde-
hydes via the corresponding cis-3-pyrrol-1-ylindana-
mines. The cis-configuration of some intermediates has
been established using X-ray analysis and NOE
experiments. The new N-propargyl-3-pyrrol-1-ylindana-
mine derivatives were evaluated for their potential
MAO-B inhibitor activity in an in vivo model of MPTP-
induced Parkinsonism in mice with respect to the potent
MAO-B inhibitor rasagiline.
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INTRODUCTION

Parkinson’s disease is a neurodegenerative disorder
characterised by the progressive loss of striatal
dopaminergic innervation, leading to the emergence
of three major symptoms: tremor, akinesia and
rigidity.1 In order to restore a sufficient striatal
dopamine level, either L-DOPA substitutive treat-
ment, or blockade of the dopamine inactivation
process by monoamine oxidase B (MAO-B)
inhibitors like selegiline (L-deprenyl), are currently
used as symptomatic treatment for Parkinson’s
disease.2

However, Parkinson’s disease can be modelled by
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) injection in primates and rodents. After
transformation by MAO-B into its active metabolite
salt, 1-methyl-4-phenyl-pyridinium (MPPþ), this
drug induces a rapid striatal dopaminergic denerva-
tion.3 Rasagiline, a restricted analogue of selegiline,
is a novel selective and irreversible monoamine
oxidase-B (MAO-B) inhibitor that can then protect
against MPTP-induced neurotoxicity.4 – 7 MPTP-
induced striatal dopaminergic denervation can thus
be used as a bioassay for the in vivo activity of
MAO-B.

As part of our program concerning 3-amino-3-
arylpropionic acid derivatives of therapeutic inter-
est,8 – 10 we now report the synthesis and initial
results of MAO-B inhibition by the new N-propar-
gyl-3-pyrrol-1-ylindanamine hydrochloride 1a and
N-propargyl-3-pyrrol-1-ylcyclopenta[b ]thiophena-
mine hydrochloride 1b. These compounds could be
regarded as pyrrolyl analogues of rasagiline, keeping
a part of the required pharmacophore (Figure 1).
These new compounds 1a–b might protect against
the MPTP-induced dopaminergic neuronal death
and striatum denervation. In order to investigate a
putative MAO-B inhibitory activity of these new
derivatives, 1a–b and rasagiline have been injected
intraperitoneally in mice during a period overlap-
ping the MPTP injection at different doses. Striatal
dopamine transporter (DAT) quantification was then
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performed by measuring [3H]-GBR-12935 binding on
striatal slices to assess striatal dopaminergic dener-
vation.

MATERIALS AND METHODS

Chemistry

Melting points were determined with an SM-LUX-
POL Leitz hot-stage microscope and are reported
uncorrected. Infrared (IR) spectra were determined
in KBr discs on a BRUKER IFS-25 spectrometer.
NMR spectra were recorded on a BRUKER AC 200
spectrometer (200 MHz). Chemical shifts refer to
tetramethylsilane which was used as an internal
reference. Elemental analyses were conducted
by CNRS, Vernaison, France and the results
were within ^0.3% of their calculated values.
Rasagiline was synthesized in analogy to described
procedures.6 – 7

General Procedure for the Preparation of
3-Pyrrol-1-ylindanone 7a and 3-Pyrrol-1-yl-
cyclopenta[b]thiophenone 7b

To a solution of 3-aminoindanone 6a or 3-amino-
cyclopenta[b ]thiophenone 6b (70 mmol) in acetic
acid (120 ml), was added 2,5-dimethoxytetrahydro-
furan (70 mmol). The reaction mixture was refluxed
for 1 h and then evaporated to dryness. The residue
was triturated with water and then extracted twice
with diethyl ether (150 ml). The organic layer was
washed with a saturated aqueous sodium bicarbon-
ate solution, then with water, dried over sodium
sulfate and evaporated under reduced pressure to
give compounds 7a–b.

3-Pyrrol-1-ylindanone 7a
As beige crystals (44%), m.p. 738C (diethyl

ether/hexane). IR (KBr), cm21: 1715 (CO); 1H NMR
(CDCl3), d, ppm; J, Hz: 2.78 (dd, J ¼ 19.10 and 3.75,
1H, H-2a), 3.28 (dd, J ¼ 19.10 and 7.65, 1H, H-2b),
5.75 (dd, J ¼ 7.65 and 3.75, 1H, H-3), 6.18 (dd,
J ¼ 2.05 and 2.05, 2H, H-b), 6.62 (dd, J ¼ 2.05 and
2.05, 2H, H-a), 7.41 (d, J ¼ 7.50, 1H, H-4), 7.51
(t, J ¼ 7.50, 1H, H-5), 7.60 (t, J ¼ 7.50, 1H, H-6), 7.82
(d, J ¼ 7.50, 1H, H-7); 13C NMR (CDCl3), d, ppm: 45.9
(C-2), 56.6 (C-3), 109.1 (C-b), 119.3 (C-a), 123.3 (C-4),
126.1 (C-5), 129.5 (C-6), 135.4 (C-7), 136.6 (C-3a), 152.6
(C-7a), 202.3 (CO). Anal. Calcd for C13H11NO:
C, 79.16; H, 5.62; N, 7.10. Found: C, 79.32; H, 5.65;
N, 7.02%.

3-Pyrrol-1-ylcyclopenta[b ]thiophenone 7b
As beige crystals (66%), m.p. 83–858C (diethyl

ether/hexane). IR (KBr), cm21: 1700 (CO); 1H NMR
(d6-DMSO), d, ppm; J, Hz: 2.95 (dd, J ¼ 18.25 and
2.70, 1H, H-2a), 3.54 (dd, J ¼ 18.25 and 6.90, 1H, H-
2b), 5.90 (dd, J ¼ 6.90 and 2.70, 1H, H-3), 6.05
(dd, J ¼ 2.05 and 2.05, 2H, H-b), 6.77 (dd, J ¼ 2.05
and 2.05, 2H, H-a), 7.07 (d, J ¼ 4.85, 1H, H-
thiophene), 8.27 (d, J ¼ 4.85, 1H, H-thiophene); 13C
NMR (d6-DMSO), d, ppm: 50.1 (C-2), 53.5 (C-3), 108.5
(C-b), 119.2 (C-a), 123.6 (C-4), 141.4 (C-5), 142.4 (C-
6a), 166.7 (C-3a), 192.8 (CO). Anal. Calcd for
C11H9SNO: C, 65.00; H, 4.46; N, 6.89. Found: C,
65.21; H, 4.56; N, 6.85%.

General Procedure for the Preparation of
3-Pyrrol-1-ylindanone Oxime 8a and 3-Pyrrol-1-
ylcyclopenta[b]thiophenone Oxime 8b

To a stirred solution of 7a–b (40 mmol) in ethanol
(90 ml) was added a solution of hydroxylamine
hydrochloride (80 mmol) and sodium acetate
(80 mmol) in water (20 ml). The reaction mixture
was refluxed for 3 h and the ethanol was removed
under reduced pressure. The residue was extracted
with diethyl ether. The organic layer was washed
with water ð4 £ 100 mlÞ; dried over sodium sulfate
and evaporated to dryness.

3-Pyrrol-1-ylindanones Oxime 8a
As beige crystals (63%), m.p. 888C (methanol).

IR (KBr), cm21: 3250–2800 ( ¼ NOH), 1665 (C ¼ N);
1H NMR (CDCl3), d, ppm; J, Hz: 3.04 (dd, J ¼ 19.05
and 3.90, 1H, H-2a), 3.65 (dd, J ¼ 19.05 and 8.35, 1H,
H-2b), 5.67 (dd, J ¼ 8.35 and 3.90, 1H, H-3), 6.18 (dd,
J ¼ 2.05 and 2.05, 2H, H-b), 6.64 (dd, J ¼ 2.05 and
2.05, 2H, H-a), 7.24–7.26 (m, 1H, H-4), 7.36 7.39
(m, 2H, H-5 and H-6), 7.78 7.80 (m, 1H, H-7), 9.61 (bs,
1H, OH); 13C NMR (CDCl3), d, ppm: 36.5 (C-2), 59.5
(C-3), 108.8 (C-b), 119.5 (C-a), 121.6 (C-6), 125.5 (C-4),
129.3 (C-7), 131.2 (C-5), 135.3 (C-7a), 146.4 (C-3a),
160.2 (C-1). Anal. Calcd for C13H12N2O: C, 73.56; H,
5.70; N, 13.20. Found: C, 73.67; H, 5.78; N, 13.38%.

FIGURE 1 Structure of selegiline, rasagiline, N-propargyl-3-
pyrrol-1-ylindanamine and N-propargyl-3-pyrrol-1-ylcyclopenta
[b ]thiophenamine hydrochlorides 1a–b.
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3-Pyrrol-1-ylcyclopenta[b ]thiophenone Oxime

8b
As beige crystals (89%), m.p. 68–698C (methanol).

IR (KBr), cm21: 3300–2850 ( ¼NOH), 1655 (CyN); 1H
NMR (d6-DMSO), d, ppm; J, Hz: 2.96–2.99 (m, 1H,
H-2a), 3.68–3.70 (m, 1H, H-2b), 5.78–5.81 (m, 0.3H,
H-3-Z), 5.82–5.84 (m, 0.7H, H-3-E), 6.02 (dd, J ¼ 1.95
and 1.95, 2H, H-b), 6.66 (dd, J ¼ 1.95 and 1.95, 2H,
H-a), 6.91 (d, J ¼ 4:95; 0.7H, H-thiophene-E), 7.11
(d, J ¼ 4:95; 0.3H, H-thiophene-Z), 7.68 (d, J ¼ 4:95;
0.3H, H-thiophene-Z), 7.83 (d, J ¼ 4:95; 0.7H,
H-thiophene-E), 10.97 (s, 0.3H, OH-Z), 11.14 (s,
0.7H, OH-E). Anal. Calcd for C11H10SN2O: C, 60.53;
H, 4.62; N, 12.83. Found: C, 60.71; H, 4.64; N, 12.95%.

General Procedure for the Preparation of
cis-3-Pyrrol-1-ylindanamine 9a and
cis-3-Pyrrol-1-ylcyclopenta[b]thiophenamine 9b

To a suspension of LiAlH4 (180 mmol) in anhydrous
diethyl ether (150 ml) was added dropwise a solution
of 8a–b (30 mmol) in a mixture of diethyl ether and
benzene (120 ml) [Care-carcinogenic]. The reaction
mixture was heated for 2 h, then diethyl ether was
replaced with benzene (180 ml) and it was refluxed
for 4 h. After cooling, the excess of lithium
aluminium hydride was decomposed by careful
addition of ice. The reaction mixture was stirred for
an additional 10 min, filtered and the solid was
washed with several portions of diethyl ether. The
organic layer was extracted with an 1 N aqueous
hydrochloric acid solution. The aqueous layer was
made alkaline with NaOH, and the product was then
extracted with diethyl ether. The organic layer was
dried over sodium sulfate and evaporated to dryness
to afford 9a–b.

cis-3-Pyrrol-1-ylindanamine 9a
As pale-yellow oil (73%). IR (KBr), cm21: 3360 and

3310 (NH2); 1H NMR (CDCl3), d, ppm; J, Hz: 1.66 (bs,
2H, NH2), 1.89 (ddd, J ¼ 12:65; 9.30 and 8.70, 1H,
H-2a), 3.09 (ddd, J ¼ 12:65; 7.70 and 7.50, 1H, H-2b),
4.32 (dd, J ¼ 9.30 and 7.50, 1H, H-1), 5.40 (dd,
J ¼ 8.70 and 7.70, 1H, H-3), 6.19 (dd, J ¼ 2.10 and
2.10, 2H, H-b), 6.73 (dd, J ¼ 2.10 and 2.10, 2H, H-a),
7.03 (d, J ¼ 7:45; 1H, H-4), 7.24 (t, J ¼ 7:45; 1H, H-5),
7.35 (t, J ¼ 7:45; 1H, H-6), 7.44 (d, J ¼ 7:45; 1H, H-7).
Anal. Calcd for C13H14N2: C, 78.75; H, 7.12; N, 14.13.
Found: C, 78.89; H, 7.14; N, 14.31%.

cis-3-Pyrrol-1-ylcyclopenta[b ]thiophenamine 9b
As pale-yellow oil (60%). IR (KBr), cm21: 3370 and

3310 (NH2); 1H NMR (d6-DMSO), d, ppm; J, Hz: 2.04
(ddd, J ¼ 13:05; 6.70 and 6.40, 1H, H-2a), 2.20 (bs, 2H,
NH2), 3.28 (ddd, J ¼ 13:05; 7.50 and 7.10, 1H, H-2b),
4.32 (dd, J ¼ 7.50 and 6.40, 1H, H-1), 5.38 (dd,
J ¼ 7.10 and 6.70, 1H, H-3), 6.01 (dd, J ¼ 2.15 and
2.15, 2H, H-b), 6.63 (d, J ¼ 4:95; 1H, H-thiophene),
6.79 (dd, J ¼ 2.15 and 2.15, 2H, H-a), 7.43 (d, J ¼ 4:95;

1H, H-thiophene); 13C NMR (d6-DMSO), d, ppm: 50.9
(C-2), 52.1 (C-1), 57.5 (C-3), 107.7 (C-b), 119.1 (C-5
and C-a), 121.1 (C-4), 130.2 (C-3a), 144.5 (C-6a). Anal.
Calcd for C11H12SN2: C, 64.67; H, 5.92; N, 13.71.
Found: C, 64.73; H, 6.07; N, 13.88%.

General Procedure for the Preparation of
cis-3-Pyrrol-1-ylindanamine and
cis-3-Pyrrol-1-ylcyclopenta[ b]thiophenamine
Hydrochlorides 10a–b

Through a solution of the amines 9a–b (20 mmol)
in diethyl ether (60 ml) was bubbled hydrochloric
acid gas. The precipitate was filtered, washed with
diethyl ether and dried to give 10a–b as white
crystals.

cis-3-Pyrrol-1-ylindanamine Hydrochloride 10a
As white crystals (69%), m.p. 184–1868C (AcOEt/

methanol). IR (KBr), cm21: 3150–2800 (NH3
þ); 1H

NMR (d6-DMSO), d, ppm; J, Hz: 2.22 (ddd, J ¼ 12:90;
9.50 and 8.95, 1H, H-2a), 3.11 (ddd, J ¼ 12:90; 8.00
and 7.80, 1H, H-2b), 4.71 (dd, J ¼ 9.50 and 7.80, 1H,
H-1), 5.66 (dd, J ¼ 8.95 and 8.00, 1H, H-3), 6.06 (dd,
J ¼ 1.90 and 1.90, 2H, H-b), 6.85 (dd, J ¼ 1.90 and
1.90, 2H, H-a), 6.87 (d, J ¼ 7:15; 1H, H-4), 7.34 (t,
J ¼ 7:15; 1H, H-5), 7.41 (t, J ¼ 7:15; 1H, H-6), 7.83 (d,
J ¼ 7:15; 1H, H-7), 8.97 (bs, 3H, NH3

þ). Anal. Calcd
for C13H15ClN2: C, 66.52; H, 6.44; N, 11.93. Found: C,
66.75; H, 6.57; N, 12.10%.

cis-3-Pyrrol-1-ylcyclopenta[b ]thiophenamine

Hydrochloride 10b
As white crystals (58%), m.p. 2148C (AcOEt/

methanol). IR (KBr), cm21: 3150–2650 (NH3
þ); 1H

NMR (d6-DMSO), d, ppm; J, Hz: 2.40 (ddd, J ¼ 13:20;
6.85 and 6.45, 1H, H-2a), 3.47 (ddd, J ¼ 13:20; 7.80
and 7.15, 1H, H-2b), 4.72-4.74 (m, 1H, H-1), 5.55 (dd,
J ¼ 7.15 and 6.85, 1H, H-3), 6.03 (dd, J ¼ 2.10 and
2.10, 2H, H-b), 6.69 (d, J ¼ 4:90; 1H, H-thiophene),
6.86 (dd, J ¼ 2.10 and 2.10, 2H, H-a), 7.64 (d, J ¼ 4:90;
1H, H-thiophene), 8.89 (bs, 3H, NH3

þ). Anal. Calcd
for C11H13ClSN2: C, 54.88; H, 5.44; N, 11.64. Found: C,
54.90; H, 5.54; N, 11.73%.

General Procedure for the Preparation of
cis-N-Propargyl-3-pyrrol-1-ylindanamine 11a and
cis-N-propargyl-3-pyrrol-1-yl-
cyclopenta[b]thiophenamine 11b

The racemic amines 9a–b (0.005 mole) and potas-
sium carbonate (0.005 mole) were added to aceto-
nitrile (15 ml). The resulting suspension was heated
to 608C and propargyl chloride (0.004 mole) was
added dropwise. The mixture was stirred at 608C for
16 h, whereafter most of the volatiles were removed
by distillation in vacuo. The residue was partitioned
between a 10 % aqueous sodium hydroxide solution
and methylene chloride. The organic layer was dried
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over sodium sulfate and the solvent removed by
distillation. The residue was flash chromatographed
on silica gel, eluting with 40% ethyl acetate/60%
hexane to give 11a–b.

cis-N-propargyl-3-pyrrol-1-ylindanamine 11a
As white crystals (32%), m.p. 248C (petroleum

ether). IR (KBr), cm21: 3290 (NH), 2140 (C;C);
1H NMR (CDCl3), d, ppm; J, Hz: 1.72 (s, 1H, NH), 2.06
(ddd, J ¼ 12:95; 8.65 and 8.30, 1H, H-2a), 2.31 (t, J ¼
2:40; 1H, ;CH), 3.14 (ddd, J ¼ 12:95; 7.80 and 7.15,
1H, H-2b), 3.61 (d, J ¼ 2:40; 2H, CH2), 4.44 (dd,
J ¼ 8.65 and 7.15, 1H, H-1), 5.45 (dd, J ¼ 8.30 and 7.80,
1H, H-3), 6.25 (dd, J ¼ 2.10 and 2.10, 2H, H-b), 6.80
(dd, J ¼ 2.10 and 2.10, 2H, H-a), 7.12 (d, J ¼ 7:30; 1H,
H-4), 7.35 (t, J ¼ 7:30; 1H, H-5), 7.39 (t, J ¼ 7:30; 1H,
H-6), 7.50 (d, J ¼ 7:30; 1H, H-7); 13C NMR (CDCl3), d,
ppm: 35.8 (C-2), 43.3 (NCH2), 58.7 (C-1), 61.1 (C-3),
71.2 (;CH), 81.8 (C; ), 107.8 (C-b), 119.2 (C-a), 123.4
(C-4), 123.8 (C-5), 127.7 (C-6), 127.9 (C-7), 141.5 (C-3a),
143.5 (C-7a). Anal. Calcd for C16H16N2: C, 81.32; H,
6.82; N, 11.85. Found: C, 81.39; H, 6.96; N, 11.92%.

cis-N-propargyl-3-pyrrol-1-yl-

cyclopenta[b ]thiophenamine 11b
As colorless oil (45%). IR (KBr), cm21: 3295 (NH),

2110 (C ; C); 1H NMR (CDCl3), d, ppm; J, Hz: 1.56
(s, 1H, NH), 2.24-2.26 (m, 1H, H-2a and ;CH), 3.45
(ddd, J ¼ 13:25; 7.60 and 6.90, 1H, H-2b), 3.56 (d,
J ¼ 2:45; 2H, CH2), 4.47 (dd, J ¼ 6.90 and 5.65, 1H,
H-1), 5.38 (dd, J ¼ 7.60 and 5.45, 1H, H-3), 6.16 (dd,
J ¼ 2.10 and 2.10, 2H, H-b), 6.70 (dd, J ¼ 2.10 and
2.10, 2H, H-a), 6.76 (d, J ¼ 5:00; 1H, H-thiophene),
7.31 (d, J ¼ 5:00; 1H, H-thiophene); 13C NMR
(CDCl3), d, ppm: 36.5 (C-2), 48.0 (NCH2), 57.4 (C-1),
58.1 (C-3), 71.9 (;CH), 81.7 (C; ), 108.4 (C-b), 119.2
(C-a), 121.7 (C-4 and C-5), 130.7 (C-3a), 145.1 (C-6a).
Anal. Calcd for C14H14SN2: C, 69.38; H, 5.82; N, 11.56.
Found: C, 69.44; H, 5.96; N, 11.62%.

General Procedure for the Preparation of
cis-N-Propargyl-3-pyrrol-1-ylindanamine and
cis-N-Propargyl-3-pyrrol-1-ylcyclopenta[b]
thiophenamine Hydrochlorides 1a–b

Through a solution of the amines 9a–b (20 mmol) in
diethyl ether (60 ml) was bubbled hydrochloric acid
gas. The precipitate was filtered, washed with diethyl
ether and dried to give 1a–b as white crystals.

cis-N-Propargyl-3-pyrrol-1-ylindanamine

Hydrochloride 1a
As white crystals (94%), m.p. 308C (methanol).

IR (KBr), cm21: 3220 (NH), 2850–2550 (NHþ), 2130
(C;C); 1H NMR (d6-DMSO), d, ppm; J, Hz: 2.44-2.46
(m, 1H, H-2a), 3.09-3.11 (m, 1H, H-2b), 3.41-3.43 (m,
1H, ;CH), 4.04 (s, 2H, CH2), 4.86–4.88 (m, 1H, H-1),
5.67–5.69 (m, 1H, H-3), 6.07 (dd, J ¼ 1.95 and 1.95,
2H, H-b), 6.86 (d, J ¼ 6:95; 1H, H-4), 6.88 (dd, J ¼ 1.95

and 1.95, 2H, H-a), 7.38–7.40 (m, 2H, H-5 and H-6),
8.01 (d, J ¼ 6:95; 1H, H-7), 10.48 (bs, 2H, NH2

þ). Anal.
Calcd for C16H17ClN2: C, 70.45; H, 6.28; N, 10.27.
Found: C, 70.53; H, 6.31; N, 10.36%.

cis-N-Propargyl-3-pyrrol-1-yl-cyclo-

penta[b ]thiophenamine Hydrochloride 1b
As white crystals (84%), m.p. 1108C (ethanol).

IR (KBr), cm21: 3230 (NH), 2900–2450 (NHþ), 2130
(C;C); 1H NMR (d6-DMSO), d, ppm; J, Hz: 2.57 (ddd,
J ¼ 13:20; 7.20 and 6.60, 1H, H-2a), 3.41 (m, 2H, H-2b
and ;CH), 3.98 (s, 2H, CH2), 4.85 (dd, J ¼ 6.85 and
6.60, 1H, H-1), 5.57 (dd, J ¼ 7.30 and 7.20, 1H, H-3),
6.03 (dd, J ¼ 2.05 and 2.05, 2H, H-b), 6.71 (d, J ¼ 5:00;
1H, H-thiophene), 6.89 (dd, J ¼ 2:05 and 2.05, 2H,
H-a), 7.68 (d, J ¼ 5:00; 1H, H-thiophene), 10.54 (bs,
2H, NH2

þ). Anal. Calcd for C14H15ClSN2: C, 60.31; H,
5.42; N, 10.05. Found: C, 60.45; H, 5.54; N, 10.20%.

Animal Studies

Eight-week-old male C57BL/6 mice (Iffa Credo,
France) were subcutaneously injected with MPTP
hydrochloride (RBI, Natick, MA, USA) in a single
40 mg/kg dose on day 0. On day 21, 0 and þ1,
twelve different mice groups (n ¼ 5/group) were
intraperitoneally injected with rasagiline at 0, 0.1, 1
and 10 mg/kg, and compounds 1a–b at 0, 0.2, 2 and
20 mg/kg. Animals were sacrificed 10 days after
MPTP treatment.

Dopamine Transporter Binding Autoradiography

Frozen coronal cryostat sections (30mm) were thaw-
mounted on gelatined slides. [3H]GBR-12935 bind-
ing was performed according to the method of
Mennicken.11 Sections were pre-incubated in 50 mM
Tris–HCl pH 07.5, 450 mM NaCl, 1mM cis-flupenti-
xol (Fluka) and 0.02% bovine serum albumin for
30 min. Tissue sections were then incubated at 48C in
50 mM Tris-HCl pH 7.5, 450 mM NaCl, 1mM cis-
flupentixol (Fluka), 0.02% bovine serum albumin
and 2 nM [3H]GBR-12935 for 20 h. Then, sections
were rapidly rinsed in distilled water at 08C. Slides
were washed four times at 48C in 50 mM Tris-HCl pH
7.5 and 450 mM NaCl for 5 min. Finally, slides were
rapidly rinsed in distilled water at 48C and dried
with a stream of cold air for 4 min. Non-specific
binding was determined in the presence of 50mM
mazindol during incubation. Sections were apposed
on Biomax MS films (Kodak) placed on an intensify-
ing screen (Biomax transcreen LE, Kodak) for 21
days. The optical density of autoradiograms was
analysed using a computerized image analysis
system (GS-800, Biorad, France).

Statistical analysis was performed using Analysis
of Variance (ANOVA) followed by a Student-New-
man-Keuls post hoc test. Means observed for groups
treated with the lowest dose (0.1 or 0.2 mg/kg) of
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rasagiline or 1a–b, respectively, are statistically
different (*) from the mean of the NaCl-treated
group. The risk of differences being due to chance is
below 5% ðp , 0:05Þ:

RESULTS AND DISCUSSION

Chemistry

During the course of our work on the synthesis of
new heterocyclic compounds of potential therapeutic

interest, we recently described the access to numer-

ous 3-amino-3-arylpropionic acids 2 in 35–60%

yields starting from commercial arylaldehydes.12,13

The synthetic pathway involved the Rodionow–

Johnson reaction using malonic acid and ammonium

acetate in an ethanolic solution of starting material

(Scheme 1).14,15 The obtained b-amino-acids 2a–b

were involved in an intramolecular cyclization

reaction using the Friedel–Crafts method after

protection of the amino group with trifluoroacetic

anhydride at 08C in diethyl ether. The resulting

SCHEME 1 Synthesis of compounds 1a–b. Reagents: (i) CH3COONH4, CH2(COOH)2; (ii) (CF3CO)2O; (iii) SOCl2; (iv) AlCl3; (v) NaOH;
(vi) 2,5-dimethoxyTHF, CH3COOH; (vii) H2NOH; (viii) LiAlH4; (ix) HCl; (x) propargyl chloride, K2CO3; (xi) HCl.
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trifluoroacetamides 3a–b were then treated with
thionyl chloride to afford the acid chlorides 4a–b
which were immediately engaged in the Friedel–
Crafts cyclization using excess aluminium chloride in
refluxing dichloromethane.16,17 After acidic hydroly-
sis, the expected amides 5a – b were isolated.
Deprotection of the amino group in an aqueous
sodium hydroxide solution yielded the aminoinda-
none 6a and aminocyclopenta[b ]thiophenone 6b.
These aminoindanones 6a–b in a Clauson-Kaas
reaction using 2,5-dimethoxytetrahydrofuran in
acetic acid, led to the pyrrolylindanone 7a and
pyrrolylcyclopenta[b ]thiophenone 7b in good yields
(60–74%).18,19 Reaction of 7a–b with hydroxylamine
afforded the oximes 8a–b. On the basis of previous
results noticed in the indane series 20, a study of the
1H NMR spectra of the latter oximes revealed the
presence of the E isomers as major products.
Reduction of the oximes 8a–b with an excess of
lithium aluminium hydride in refluxing benzene
gave the pyrrolylindanamine 9a and pyrrolylcyclo-
penta[b ]thiophenamine 9b.21 Assignment of the
relative configuration in 9a–b was made on the
basis of NOE experiments. Specifically, irradiation of
H-2b in 9a led to an NOE with H-2a, H-1 and H-3,
while similar irradiation of H-2a showed an NOE
with either H-2b and H-a of the pyrrole (Figure 2).

These observations were consistent with a cis
stereochemical relationship between the NH2 group
and the pyrrole moiety in 9a. The amines 9a–b were
converted into their hydrochlorides 10a–b for X-ray
crystallography purpose. Unfortunately, suitable
crystals were only obtained for 10a. Its molecular
structure, depicted in Figure 3, confirms the all-cis
conformation. Moreover, 10a appeared as an enantio-
meric mixture of 1(R)-3(S)- and 1(S)-3(R)-3-pyrrol-1-
ylindanamines according to the determined spatial
group from the crystallographic data (Pbca).22

Finally, the alkylation of the amines 9a–b with
propargyl chloride and potassium carbonate in hot
acetonitrile gave the secondary amines 11a–b, which
were converted into their hydrochlorides 1a–b by
treatment with hydrochloric acid gas in diethyl ether
(Scheme 1).6,7

Pharmacology

This study was designed to assess a putative,
physiologically relevant, inhibitory effect of com-
pounds 1a–b on MAO-B enzymatic activity. This
was assessed through its anti-Parkinsonian potential
in the MPTP model, which can be viewed as an in vivo
bioassay for MAO-B activity and racemic com-
pounds 1a–b were compared to rasagiline, an
already studied MAO-B inhibitor. For this purpose,
intraperitoneal injection of compounds 1a–b and
rasagiline was performed in a dose range allowing
inhibition of MPTP-induced striatal denervation, as
already shown for several MAO-B inhibitors.23 The
0.1 mg/kg rasagiline-treated group showed a sig-
nificantly higher striatal [3H]-GBR-12935 binding
following MPTP injection (Figure 4). At the
equivalent 0.2 mg/kg dose of the racemic
compounds 1a – b, a similar beneficial effect
was observed, indicative of a significant neuro-
protective effect of 1a–b at the dose of 0.2 mg/kg on

FIGURE 2 NOE experiments on compound 9a.

FIGURE 3 A view of 10a with our numbering scheme. Displacement ellipsoids are drawn at the 30% probability level.
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MPTP-induced striatum denervation. However, this
effect was no longer observed either for the 2 mg/kg
or for the 20 mg/kg doses, as well as with equivalent
doses of rasagiline. This suggests that all tested
compounds are ineffective or even neurotoxic at high
dose, as already hypothesized for other MAO-B
inhibitors.5. These data, observed from the MPTP
bioassay model, point to an in vivo activity pattern
similar to other MAO-B inhibitors already used to
prevent Parkinson’s disease progression in this
animal model. Nevertheless, further in vitro analysis
of MAO-B activity is now required to more precisely
determine the MAO-B inhibitory potential of
compounds 1a–b.
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