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Abstract
In this work, the enantiopure synthesis of 7-(1-pyrindanyl)propargyl ethers — rasagiline
analogues - via chemical and/or enzymatic resolution of the racemic precursor 1-
pyrindan-7-ol is described. (R)-methoxyphenylacetic acid - (R)-MPAA - and (S)-
methoxyphenylacetic acid - (S)-MPAA were used as chemical resolution agents,
whereas Candida antarctica lipase B (CALB) was employed as kinetic resolution

catalyst. The enzymatic resolution was successfully achieved by two different
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approaches: 1) transesterification of racemic I-pyrindan-7-ol, which was found to
selectively acylate the (R)-enantiomer with high efficiency; 2) hydrolysis of the racemic
7-(1-pyrindanyl)acetate, which was also highly selective to the (R)-enantiomer. The
enzymatic hydrolysis was performed in a non-aqueous solvent using a lipase with
significant absorbed water content. The configuration of the two enantiomers of 1-
pyrindan-7-ol (and consequently of the 7-(1-pyrindanyl)propargyl ethers) were

unequivocally determined by X-ray crystallography and/or specific optical rotation.

Keywords
Rasagiline analogues; pyrindane; chiral resolution; enzymatic transesterification;

enzymatic hydrolysis;

1. Introduction

Neurodegenerative diseases, such as Alzheimer’s and Parkinson’s diseases, are
incurable, resulting in progressive degeneration and/or death of neuron cells.
Neurodegenerative diseases are an important cause of dead among aged population
worldwide. Even though several progresses have been made in the last decade, the
current therapies do not fully correspond to the expectations of patients and physicians.
Therefore, the discovery of new neuroprotective agents that improve the potential of the
existing therapeutic drugs or the introduction of new alternative therapies are mandatory
and urgent challenges.

Rasagiline (1, fig 1) is a potent, selective and irreversible inhibitor of monoamine

oxidase type B (MAO-B) used as a monotherapy in early Parkinson's disease.' The
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propargyl group is strongly related with the neuroprotective activity due to its ability to
bind covalently to MAO-B and inhibit it.* In addition, the configuration of the chiral
centre of rasagiline (R-enantiomer) is vital for its action as inhibitor of MAO-B. On the
other hand, the S-enantiomer of rasagiline show cyto- and cardio-protective effects.’
Recent studies also reveal that rasagiline salts decrease human melanoma tumor growth

QR

Figure 1. (R)-Rasagiline (1) and a rasagiline analogue, 7-(1-pyrindanyl) propargyl

ether (2).

Concerning the neuroprotective properties of rasagiline, many efforts have focused on
exploiting rasagiline derivatives."™ Our research group has been working in the
synthesis of a new class of rasagiline analogs, derived from 1-pyrindane (6,7-dihydro-
5H-cyclopenta[h]pyridine).” When compared with indane, the 1-pyrindane moiety may
increase the affinity of the drug to the MAO-B enzyme due to the presence of the
nitrogen atom in the aromatic ring. There are pyrindane derivatives which act as
receptor antagonists of endothelin.” In this context, some pyrindane derivatives are
being evaluated as therapeutic agents for the treatment of hypertension, congestive heart
failure and kidney diseases.® More research involving pyrindanes reveal a scope of
derivatives with potential for application as cardiotonic agents, bactericides and
antifungals,”'® and inhibitors of phosphatase.''

In a previous work, we described the synthesis of racemic 7-(1-pyrindanyl) propargyl

ether (2) as a rasagiline analogue.® Considering the influence of the configuration of the
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chiral centre of rasagiline in its biological activity, an expeditious methodology for the
enantiopure synthesis of 2 is mandatory . Thus, in this work we describe the enantiopure
synthesis of 2 via chemical or enzymatic resolution of the racemic precursor 1-
pyrindan-7-ol.

The resolution of racemic 1-pyrindan-7-ol (3) may also find application in the area of
asymmetric catalysis due to its interesting structure. The simultaneous presence of the
pyrindanic nitrogen atom and the hydroxyl group bonded to an enantiopure chiral centre
prefigure molecule 3 as a good ligand for metal complexation. In fact, 1-pyrindane

derivatives have been studied as asymmetric catalysts.'?

2. Results and discussion

The optimized synthesis of racemic 1-pyrindan-7-ol 3 was previously reported by our
research group.® By this method, 2,3-cyclopentenepyridine (4) is oxidized with m-
chloroperbenzoic acid to its respective N-oxide (5) in high yields, which is subsequently
treated with acetic anhydride to afford compound 6 through Boekelheide

rearrangement.”> Hydrolysis of 6 with potassium hydroxide in ethanol yields alcohol 3

(scheme 1).
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Scheme 1. Optimized synthesis of alcohol 3.° Reagents and conditions: (i) m-CPBA,

CH,Cl, 1. t., 2 h, 99%j; (i1) Ac,0, 100° C, 2h, 72%; (i11) KOH, EtOH, r. t., 1 h, 90%.
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From compound 3, a wide range of derivatives may be prepared, including 7-(1-
pyrindanyl) propargyl ether. Thus, it is of crucial importance to achieve the pure
enantiomers of 3 as precursors for such derivatives. In order to resolve racemate 3, two

approaches were tested: a) chemical resolution and b) enzymatic resolution.

2.1. Chemical resolution

The protocol for chemical resolution of 3 comprised its esterification with (R)-
methoxyphenylacetic acid - (R)-MPAA - and (S)-methoxyphenylacetic acid - (S)-
MPAA - followed by posterior chromatographic separation of the resultant
diasteroisomers 7 and 8, respectively (scheme 2). Two esterification protocols were
tested: a) Mitsunobu reaction'* and b) Steglich esterification.’’ In the Mitsunobu
reaction, racemic 3 was reacted with (R)-MPAA in the presence of triphenylphosphine
and DEAD during 20 h. Two new compounds were formed and all the starting material
was consumed (TLC). After chromatographic separation, the two diasteroisomers 7a
and 7b were obtained in 30 % and 31 % yields, respectively. It is noteworthy that the
chromatographic separation was hampered by the presence of triphenylphosphine oxide

in the reaction crude.
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Scheme 2. Procedure for chemical resolution of (+)-3 using (R)-MPAA and (S)-

MPAA as resolution agents.

In the Steglich esterification, racemic 3 was reacted with (R)-MPAA in the presence
of DCC and catalytic amounts of DMAP during 4 hours. After separation by
chromatographic column, the two diasteroisomers 7a and 7b were obtained in 32 % and
38 % yields, respectively. Taking into account both the reaction yields and the

simplicity of the process, the Steglich esterification was preferred over the Mitsunobu
6
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reaction to proceed with the esterification of (+)-3 with (S)-MPAA, to afford the
diasteroisomers 8a and 8b. The specific optical rotation of 7a/b and 8a/b were
determined and their values are showed in scheme 2. '"H-NMR spectrum of 7a was
found identical to 8a, proving they are enantiomers; in the same way, 7b was confirmed
as enantiomer of 8b.

Treatment of each pair of diastereoisomers with KOH then afforded the
corresponding enantiopure aminoalcohols 3 in good yields (= 90 %). The specific
optical rotation of the four samples were consistent ([a]p = +65 for 3 resulting from
hydrolysis of 7a/8b and -65 for 3 resulting from 7b/8a). Chiral HPLC analysis
confirmed enantiomeric purity higher than 99.3%.

As the diasteroisomers 7/8 were oils, the enantiopure (-)-3 was condensed with the
amino acid (S)-Boc-L-Leu-OH to afford the respective ester 9, which was obtained as a
white solid. After crystallization it was analyzed by X-ray crystallography and revealed
to have (S.S) configuration (figure 2).'° By crossing all this information (‘H-NMR, [a]p
and X-ray analysis), we unequivocally determined the complete configuration of each

stereoisomer as are represented in scheme 2.

Figure 2. X-ray crystallographic structure of compound 9.
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Amino acid (S)-Boc-L-Leu-OH was also tested as resolution agent of (£)-3, but the
resemblance on the Ry of the corresponding diasteroisomers makes it unsuitable for

chromatographic separation.

2.2. Enzymatic resolution

The enzymatic resolution of (+)-3 was tested by using Novozym® 435 - Candida
antarctica lipase B (CALB) - a serine hydrolase immobilized on an hydrophobic carrier
(acrylic resin). Lipases are a class of enzymes that catalyze the breakdown of lipids by
hydrolysis of ester bonds; however, in organic media the lipases can also be used to
catalyze esterification and transesterification reactions.'’ In fact, a survey through the
literature shows the esterification and transesterification as the most used lipase-
catalyzed reactions for the resolution of the two enantiomers of a racemic alcohol. We
herein tested two methods for the kinetic enzymatic resolution of (+)-3: a) enzymatic
transesterification, in which the racemic alcohol 3 was acylated using vinyl acetate as an

irreversible acyl donor; b) hydrolysis of ester (+)-6 (scheme 3).
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Scheme 3. Protocols for the kinetic enzymatic resolution of (£)-3: enzymatic

transesterification and hydrolysis of (+)-6.

The lipase-catalyzed transesterification and hydrolysis reactions were conducted
under similar conditions (dry benzene, 18 h, room temperature, 50% w/w Novozym
435), with exception to the water content: transesterification was performed in the
presence of molecular sieves and a hydrated lipase was employed in hydrolysis. The
order of magnitude for the reaction enantioselectivities (£) are presented in Table 1,
which also lists [a]p values, enantiomeric excesses determined by chiral HPLC
(Supplementary data) and substrate conversion rates (C). It is worth mentioning that the
calculation of enantiomeric excesses values (e.e.) through [a]p is consistent with those

determined by HPLC.

Table 1. Enantioselectivities (E), [a]p, enantiomeric excesses (e.e.) and substrate

conversion rates (C) for the lipase-catalyzed transesterification and hydrolysis reactions.

Conversion” Alcohol 3 Acetate 6
Reaction B
! % e.e./ % [a]p ee./% [2]p
Transesterification 49 94 -61.9 >98 -17.1 >300
Hydrolysis 49 >98 +65.0 94 +16.2 >300

“C=ecedleestee,); E=In[(1-c)(l-e.c.o)]:n[(1-c)(1+e.c.)]"

The enzymatic transesterification was found to selectively acylate the (R)-enantiomer
of 3 with high efficiency, allowing subsequent chromatographic separation of the (§)-
enantiomer (-)-3 from (R)-7-(1-pyrindanyl)acetate (-)-6, which was then saponified to

(R)-1-pyrindan-7-ol (+)-3 (Scheme 3). On the other hand, hydrolysis of (+)-6 was



RSC Advances

highly selective to afford the (R)-enantiomer of 3, which was then separated from the
non-hydrolized (S)-7-(1-pyrindanyl)acetate (+)-6 through chromatographic column.
Subsequent saponification of (+)-6 afforded (S)-1-pyrindan-7-ol (-)-3.

Under the mentioned conditions, the transesterification reaction allowed to obtain
acetate (-)-6 with e.e. > 98% and the remaining alcohol (-)-3 with e.e. of 94%, giving an
enantiomer ratio (£) higher than 300. In its turn, the hydrolysis of racemate (£)-6
afforded (+)-3 with e.e. > 98% and the remaining acetate (+)-6 with e.e. of 94%, leading
to similar E. In this way, virtual enantiopure (R)-1-pyrindan-7-ol [(+)-3] could be
effectively prepared directly from (£)-6 by substituting step iii represented in scheme 1
by the lipase-catalyzed hydrolysis protocol.

Obviously, the hydrolysis of esters is not possible in the absence of water. On the
other hand, the use of aqueous media is not adequate to most of the organic reactions.
Thus, since it is known that some amount of water may be fixed to proteins by hydrogen
bonding as a water shell, we decided to use a CALB lipase with increased water content
rather that adding water to the reaction mixture. As the enzymes are moisture
absorbable, CALB was kept in the fridge during two days in a non-hermetic sealed vial
prior to its use as catalyst in the hydrolysis reaction. In fact, there are previous
observations suggesting that water absorbed to CALB takes part in the hydrolysis
reaction.'’

It is also worth mentioning that the selectivity observed for the R enantiomer is in

® which states that most lipases resolve secondary

agreement with Kazlauskas rule,’
alcohols to give the R enantiomers. This is related to the better positioning of the alcohol
group in the stereospecific smaller pocket of the enzyme and the bulky group in the large
cavity. The excellent selectivity of CALB for the R enantiomer of 6 was demonstrated for

the enzymatic hydrolysis: two filtered and dried samples of the reaction mixture after 18

10
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h and 48 h were analyzed by 'H-NMR, which showed similar proportions of alcohol

3/acetate 6. This shows that CALB did not hydrolyze the S enantiomer of 6.

2.3. Synthesis of enantiopure 7-(1-pyrindanyl) propargyl ethers (2)
The enantiopure propargyl ethers (+)-2 and (-)-2 were easily prepared with good yield
by bimolecular nucleophilic substitution reaction with propargyl bromide from the

respective enantiopure alcohols (+)-3 and (-)-3, respectively (scheme 4).

Scheme 4. Formation of 7-(1-pyrindanyl)propargyl ethers (-)-2 and (+)-2 from the

respective enantiopure alcohols (+)-3 and (-)-3, respectively.

3. Conclusion

The preparation of combinatorial libraries for the search for new drugs helps both in
the identification of prototype compounds as in the optimization of these. Hence, the
preparation of a wide range of rasagiline analogs derived from 1-pyrindane is an
important route to explore for the identification of bioactive molecules, in particular
with neuroprotective properties. However, it is known that the configuration of the
chiral centre of rasagiline (R-enantiomer) is vital for its action as inhibitor of MAO-B.
With this in mind, enantiopure (R)- and (S)-7-(1-pyrindanyl)propargyl ethers were

prepared as rasagiline analogues, by using chemical or enzymatic resolution of their

11
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precursor, the previously described 1-pyrindan-7-ol.° The chemical resolution, in which
(R)- and (S)-methoxyphenylacetic acids were used as resolution agents, was found to be
more laborious, time consuming and expensive. However, excellent results were
obtained, the alcohols (+)-3 and (-)-3 being obtained with fair overall yields and
virtually complete enantiopurity (the enantiomeric purity of chemically resolved
enantiomers depends on the enantiopurity of the used resolution agent). On the other
hand, enzymatic resolution using CALB revealed to be easy, cheaper and simple to
perform. However, only the (R)-enantiomer was obtained with high enantiomeric purity.
This means that, despite the excellent enantioselectivity of the process, the (S)-
enantiomer needs to be further purified by some other method for absolute enantiomeric
purity. This applies to both the lipase-catalyzed transesterification of (+)-3 and to the
hydrolysis of (£)-6. The preparation of enantiopure (+)-3 and enantioenriched (-)-3
directly from (+)-6 is also an advantage since no additional steps are introduced in the
synthetic procedure. Furthermore, the use of hydrated CALB significantly simplified
the process because it avoids the need of water addition in the reaction media, the use of
aqueous solvents and the need of pH control. Thus, the lipase-catalyzed hydrolysis
reaction revealed to be the better option for this resolution process.

We believe this strategy will also find important application in asymmetric catalysis,
since it allows a straightforward preparation of the two isolated enantiomers of 1-

pyrindan-7-ol derivatives as interesting chiral ligands.

4. Experimental
All chemicals were of reagent grade and were obtained from Sigma-Aldrich or
Bachem and used without further purification. CALB (Novozym® 435), was from Novo

Nordisk. Flash chromatography was performed on silica gel (Merck 60, 230-240 mesh),

12
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and analytical TLC was carried out on pre-coated silica gel plates (Merck 60 F,s4, 0.25
mm) using UV light and/or an ethanolic solution of phosphomolybdic acid (followed by
gentle heating) for visualization. Melting points were determined on an electrothermal
melting point apparatus and are uncorrected. 'H- and ?C-NMR spectra were recorded in
a Bruker Avance III 400 at Centro de Materiais da Universidade do Porto - CEMUP.
The NMR spectra were calibrated using TMS as internal standard. Mass spectra were
recorded on a LTQ Orbitrap XL mass spectrometer (Thermo Fisher Scientific, Bremen,
Germany) controlled by LTQ Tune Plus 2.5.5 and Xcalibur 2.1.0 (CEMUP). Optical
rotations were measured on a thermostated Jasco P-2000 digital polarimeter using a
sodium lamp.

Chiral HPLC analyses were performed on a Thermo Scientific UHPLC Dionex

UltiMate 3000 BioRS, using a CHIRALCEL"™ OD-H column.

4.1. Chemical resolution of (£)-3

4.1.1. Esterification of (£)-3 with (R)-MPAA through Mitsunobu reaction: In a round
bottom flask, coupled with a dropping funnel and under argon atmosphere, a solution of
(#)-3 (0.310 g, 2.29 mmol) in anhydrous CH,Cl, (10 ml) was prepared and kept into an
ice bath. Triphenylphosphine (0.89 g, 3.4 mmol) and (R)-MPAA (0.56 g, 3.4 mmol)
were added and then 3.0 ml of a solution of DEAD in THF (40%, 6.8 mmol) was added
dropwise from the dropping funnel. The mixture was left to react during 16 h under
stirring. Water was added and the phases were separated. The aqueous phase was
extracted with CH,Cl, (2 x 20 ml), the organic layers were washed with water (20 ml)
and saturated aqueous solution of sodium chloride (20 ml), combined and dried over
anhydrous sodium sulfate. After removal of solvents, the obtained crude was purified by

chromatographic column (eluent: Hex/AcOEt 1:4). The two fractions corresponding to

13
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the two diasteroisomers 7a/7b were collected as white solids with yields of 30 % and 31
%, respectively.

4.1.2. Esterification of (£)-3 with (R)-MPAA and (S)-MPAA through Steglich
protocol: In a round bottom flask, under argon atmosphere, a solution of (+)-3 (0.720 g,
5.33 mmol) in anhydrous CH,Cl, (20 ml) was prepared and then DCC (1.32 g, 6.39
mmol), (R)- or (§)-MPAA (0.890 g, 5.33 mmol) and a catalytic amount of DMAP (5.0
mg) were added. The system was left to react at room temperature during 4 h. After the
disappearance of the starting material (TLC) 50 ml of saturated sodium bicarbonate was
added. The phases were separated and the aqueous phase was extracted with CH,Cl, (2
x 50 ml). The organic layers were then washed with water (50 ml) and saturated
aqueous solution of sodium chloride (50 ml), combined and dried over anhydrous
sodium sulfate. After removal of solvents, the obtained crude was purified by
chromatographic column (eluent: Hex/AcOEt 1:4). The two fractions corresponding to
the two diasteroisomers 7a/7b were collected as white solids with yields of 32 % and 38
%, respectively; 8a/8b were also obtained as white solids with yields of 32 % and 36 %,

respectively.

(R)-(R)-6, 7-dihydro-5H-cyclopenta[b]pyridin-7-yl 2-phenylpropanoate (1a) "H-NMR
(CDCl3, 400 MHz), 6 (ppm): 2.08 (1H, dddd, J= 14.2, 9.1, 5.2, 4.2 Hz, H6,,:), 2.58
(1H, dddd, J = 14.3, 8.7 Hz, 7.4, 5.6 Hz, H6,,,), 2.88 (1H, ddd, J = 16.4, 8.7, 5.2 Hz,
H5441), 3.02-3.14 (1H, m, HS,,,), 3.42 (3H, s, OCH3), 4.83 (1H, s, OC(O)CH), 6.21 (1H,
dd, J = 7.5, 4.2 Hz, H7), 7.11-7.24 (1H, m, H3), 7.29-7.37 (3H, m, 2 x H’,, and
H’ara), 7.43-7.49 (2H, m, 2 < H’4m0), 7.58 (1H, d, J = 8.0 Hz, H4), 8.46 (1H, s, H2);
BC-NMR (CDCls, 100 MHz), & (ppm): 27.8 (C5), 30.3 (C6), 57.5 (OCH3), 78.0 (C7),

82.8 (OC(O)CH), 123.4 (C3), 127.2 (2 ¥ Cpera), 128.5 (2 X Coyino), 128.6 Cpura), 133.1

14

Page 14 of 24



Page 15 of 24

RSC Advances

(C4), 136.04 (C4a), 137.7 (C’jps0), 148.6 (C2), 159.8 (C7a), 170.5 (OC(O)CH); ESI-
HRMS: calculated for [C17H;7NO5 + H]" 284.1281, obtained 284.1282; [a]p™ = -34.9
(c1, CHCI3); m. p. =219-224 °C;

(R)-(S)-6, 7-dihydro-5H-cyclopenta[b]pyridin-7-yl 2-phenylpropanoate (7Tb) "H-NMR
(CDCls, 400 MHz), 5 (ppm): 1.73 (1H, dddd, J= 14.3, 8.6, 5.7, 4.6 Hz, H6,,), 2.50
(1H, dddd, J = 14.0, 8.4 Hz, 7.4, 5.6 Hz, H6,,), 2.84 (2H, m, H5), 3.45 (3H, s, OCH3),
4.86 (1H, s, OC(O)CH), 6.21 (1H, dd, J = 7.4, 4.6 Hz, H7), 7.21 (1H, dd, J = 7.7, 4.8
Hz, H3), 7.28-7.37 3H, m, 2 x H’yere and H’par), 7.38-7.47 (2H, m, 2 x H’ 5, 7.58
(1H, d, J = 8.0 Hz, H4), 8.51 (1H, s, H2); *C-NMR (CDCl;, 100 MHz), 5 (ppm): 27.8
(C5), 30.4 (C6), 57.5 (OCH3), 77.7 (C7), 82.1 (OC(O)CH), 123.6 (C3), 127.3 (2 x
Cmeta)s 128.5 (2 % Corino)s 128.6 Cpura), 133.6 (C4), 136.3 (C4a), 138.0 (C’jp50), 148.4
(C2), 159.6 (C7a), 170.4 (OC(O)CH); ESI-HRMS: calculated for [C,7H;;NO; + H]"

284.1281, obtained 284.1284; [o]p”=+23.2 (c1, CHCls); m. p. = 219-221 °C;

(S)-(S)-6, 7-dihydro-5H-cyclopenta[b]pyridin-7-yl 2-phenylpropanoate (3a) "H-NMR
(CDCl3, 400 MHz), 6 (ppm): 2.08 (1H, dddd, J= 14.2, 8.8, 5.2, 4.3 Hz, H6,,:), 2.58
(1H, dddd, J = 14.3, 8.8 Hz, 7.5, 5.6 Hz, H6,,,), 2.88 (1H, ddd, J = 16.3, 8.8, 5.2 Hz,
H5414), 3.03-3.14 (1H, m, HS5,,,), 3.43 (3H, s, OCH3), 4.84 (1H, s, OC(O)CH), 6.22 (1H,
dd, J=7.5, 43 Hz, H7), 7.18 (1H, dd, J = 7.7, 4.8 Hz, H3), 7.28-7.39 (3H, m, 2 X
H’ preta and B’ 40), 7.42-7.49 (2H, m, 2 X H’40), 7.59 (1H, d, J = 8.0 Hz, H4), 8.45 (1H,
s, H2); *C-NMR (CDCl;, 100 MHz), & (ppm): 27.9 (C5), 30.4 (C6), 57.6 (OCH3),
78.0(C7), 82.9 (OC(O)CH), 123.5 (C3), 127.2 (2 X C’pea)s 128.5 (2 X C’pino), 128.6
Cpara), 133.2 (C4), 136.2 (C4a), 137.8 (C’jps0), 148.6 (C2), 159.9 (C7a), 170.6
(OC(O)CH); ESI-HRMS: calculated for [C;7H;;NO; + H]" 284.1281, obtained
284.1280; [a]p’’ = +35.1 (c1, CHCl3); m. p. = 220-224 °C;

15
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(S)-(R)-6, 7-dihydro-5H-cyclopenta[b]pyridin-7-yl 2-phenylpropanoate (8b) "H-NMR
(CDCls, 400 MHz), 5 (ppm): 1.73 (1H, dddd, J= 14.2, 8.6, 5.7, 4.5 Hz, H6,,), 2.50
(1H, dddd, J = 14.1, 8.4 Hz, 7.3, 5.6 Hz, H6,,), 2.75-2.93 (2H, HS), 3.45 (3H, s,
OCHs), 4.86 (1H, s, OC(O)CH), 6.21 (1H, dd, J = 7.4, 4.6 Hz, H7), 7.20 (1H, dd, J =
7.7, 4.8 Hz, H3), 7.29-7.36 (3H, m, 2 x H’,uq and H’ ), 7.39-7.46 (2H, m, 2 x
H’ orm0), 7.57 (1H, d, J = 7.8 Hz, H4), 8.51 (1H, d, J = 5.0 Hz, H2); “C-NMR (CDCl;,
100 MHz), & (ppm): 27.7 (C5), 30.3 (C6), 57.5 (OCH3), 77.7 (C7), 82.1 (OC(O)CH),
123.5 (C3), 127.3 2 % Crea)s 128.5 (2 % Coriio)s 128.6 Chura), 133.3 (C4), 136.3
(C4a), 137.8 (C’js0), 148.6 (C2), 159.8 (C7a), 170.4 (OC(O)CH); ESI-HRMS:
calculated for [C;;H;7NO; + HJ" 284.1281, obtained 284.1285; [a]p™’ = -23.4 (cl,

CHCl3); m. p. = 219-223 °C;

4.1.3. Hydrolysis of the diasteroisomers 7a/Tb and 8a/8b:

In a round bottom flask, a solution of diasteromeric pure 7a/7b or 8a/8b (0.400 g,
1.41 mmol) in ethanol (10 ml) was prepared and then 0.16 g (2.8 mmol) of KOH was
added. The mixture was stirred for 2 h at room temp. After the disappearance of the
starting material (TLC) the solvent was evaporated under reduced pressure, CH,Cl, (50
ml) and a saturated aqueous solution of ammonium chloride (50 ml) were added and the
phases separated. The aqueous phase was extracted with CH,Cl, (2 x 50 ml). The
organic layers were then washed with water (50 ml) and saturated sodium chloride (50
ml), combined and dried over anhydrous sodium sulfate. After removal of solvents, the
obtained crude was purified by chromatographic column (eluent: AcOEt) and a white
solid was obtained with yields between 87-90%. The NMR spectra of ()-3, (+)-3 and

(-)-3 were found identical.
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"H-NMR (CDCl;, 400 MHz), (ppm): 2.05-2.14 (1H, m, H6,,,), 2.52-2.61 (1H, m,
H6,,,), 2.80-2.88 (1H, m, H5,,,), 3.07 (1H, ddd, J = 4.3, 8.9, 13.2 Hz, H5,,,), 4.76 (1H,
bs, OH), 5.28 (1H, t, J = 6.0 Hz, H7), 7.16 (1H, dd, J = 5.0, 7.6 Hz, H3), 7.59 (1H, dd, J
= 0.6, 7.6 Hz, H4), 8.43 (1H, d, J = 4.9 Hz, H2). "C-NMR (CDCl;, 100 MHz), &
(ppm): 28.4 (C5), 33.6 (C6), 74.8 (C7), 123.6 (C3), 134.4 (C4), 137.5 (C4a), 148.4
(C2), 166.0 (C7a); m. p. (£)-3 = 80-83 °C; m. p. (+)-3 = 60-61 °C; m.p. (-)-3 = 59-61

°C. [a]p™ (+)-3 = +65 (c1, CHCL); [a]p™’ (-)-3 = -65 (c1, CHCI3).

4.1.4. Synthesis of (S)-(S)-6,7-dihydro-5H-cyclopenta[b]pyridin-7-yl  2-((tert-
butoxycarbonyl)amino)-4-methylpentanoate (9):

In a round bottom flask, Boc-L-Leu-OH (0.317 g, 1.27 mmol) was diluted in
anhydrous CH,Cl, (20 ml) under argon atmosphere and then DIPEA (0.42 ml, 2.54
mmol) was added and the mixture was allowed to stir for 15 min. After that, TBTU
(0.408 g, 1.27 mmol) was added and stirred for an additional 30 min followed by
addition of alcohol (-)-3 (0.172 g, 1.27 mmol) and a catalytic amount of DMAP. The
mixture was left under stirring at room temperature overnight. The solvent was removed
in a rotary evaporator, the crude was diluted with AcOEt (50 ml) and then water (50 ml)
was added. The phases were separated and the organic layer was washed with aqueous
saturated solution of NaHCOs (3 x 50 ml) and brine (50 ml). The organic phase was
then dried with anhydrous sodium sulfate, filtered and the solvent was removed to
dryness. The resulting residue was purified by chromatography on silica gel (eluent:
Et,O/Hex 3:1) obtaining 9 as a white solid (0.278 g, 63 %).

"H-NMR (CDCl;, 400 MHz), & (ppm): 0.92 (d, J = 6.5 Hz, 6H, H;-5), 1.44 (s, 9H,
C(CH3)3), 1.55 — 1.64 (m, 1H, Hi-4), 1.66 — 1.82 (m, 2H, H-3), 2.20 — 2.31 (m, 1H,
H6n1), 2.65 — 2.77 (m, 1H, H6y,), 2.95 — 3.05 (m, 1H, H5,,,), 3.14 — 3.26 (m, 1H,
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H5,,,), 4.30 (td, J= 9.1, 42 Hz, 1H, H;-2), 5.11 (d, J = 8.2 Hz, 1H, H7), 6.32 (dd, J =
7.0, 4.7 Hz, 1H, H3), 7.39 — 7.54 (m, 1H, H4), 7.89 (d, J = 7.0 Hz, 1H, CONH), 8.57 (d,
J=15.0 Hz, 1H, H2); “C-NMR (CDCl3, 100 MHz),  (ppm): 21.9 (C.-5), 23.0 (C.-5),
24.9 (CL-4), 28.1 (C6), 28.4 (C(CH3)3), 30.6 (C5), 41.7 (C1-3), 52.4 (C1-2), 77.6 (C7),
79.8 (C(CHs)3), 123.9 (CH), 134.1 (CH), 138.5 (C4a), 148.0 (C2), 155.6 (C), 159.7 (C),
173.3 (CO,CH3); ESI-HRMS: calculated for [Ci9Hy9N,O4 + H]" 349.21218, obtained

349.21211; [a]p”> =-7.5 (c1, CHCLs); m. p. = 75-78 °C.

4.2.Enzymatic resolution

4.2.1. Transesterification

In a round bottom flask, racemic alcohol (£)-3 (0.500 g, 3.70 mmol) was diluted
in anhydrous benzene (20 ml) under argon atmosphere and molecular sieves (0.200 g),
and then Novozym® 435 (0.250 g, 50% w/w) was added followed by vinyl acetate (0.25
ml, 2.71 mmol). The mixture was stirred for 18 hours, at rt. The lipase was filtered off
by simple filtration and the solvent of the filtrate was removed in a rotary evaporator.
The resulting residue was purified by chromatography on silica gel (eluent: AcOEt).
The early fractions afforded (R)-7-(1-pyrindanyl)acetate (-)-6 as a yellow oil (49%, e.e.
> 98%), and the later fractions the non-acetylated (S)-1-pyrindan-7-ol (-)-3 (51%, e.e.
94%) as a white solid. The NMR spectra of (-)-6 is identical to the corresponding
racemic form previously reported.® (-)-3: m.p. = 59-61 °C, [a]p>’ = -61.9 (c1, CHCL); (-

)-6: [0]p> = -17.1 (c1, CHCl5).

4.2.2. Hydrolysis of (£)-7-(1-pyrindanyl)acetate (+)-6
In a round bottom flask, racemic ester (£)-6 (0.500 g, 2.82 mmol) was diluted in

benzene (20 ml) and then hydrated Novozym® 435 (0.250 g, 50% w/w) was added
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(Novozym®™ 435 was previously kept in the fridge during two days in a non-hermetic
sealed vial prior to its use). The mixture was stirred for 18 hours, at rt. After the same
work-up protocol used for transesterification reaction, the resulting residue was purified
by chromatography on silica gel (eluent: AcOEt). The early fractions afforded the non-
hydrolyzed (S)-7-(1-pyrindanyl)acetate (+)-6 as a yellow oil (51%, 94% e.e.) and the
later fractions (R)-1-pyrindan-7-ol (+)-3 as a white solid (49%, e.e. > 98%). The NMR
spectra of (+)-3 is identical to the corresponding racemic form previously reported.® (+)-
3: m.p. = 60-61 °C, [a]p*’ = +65.0 (c1, CHCL); (+)-6: [a]p*® = +16.2 (c1, CHCl3). 'H-
NMR spectra of two filtered and dried samples of the reaction mixture after 18h and

48h are presented in figure 14 of electronic supplementary information.

4.3. Procedure for the synthesis of (R)- or (S)-2: In a round bottom flask, under argon
atmosphere, a solution of enantiomeric pure (R)- or (S)-3 (0.300 g, 2.22 mmol) in
anhydrous CH,Cl, (20 mL) was prepared. 0.50 ml (6.6 mmol) of propargyl bromide and
potassium fert-butoxide (0.410 g, 3.33 mmol) were added and the system was let under
stirring and inert atmosphere during 20 h. 50 ml of saturated sodium bicarbonate were
added, the phases were separated and the aqueous phase was extracted with CH,Cl, (3 x
50 ml). The organic layers were washed with water (50 ml) and saturated sodium
chloride (50 ml), combined and dried over anhydrous sodium sulfate. After removal of
solvents, the obtained crude was purified by chromatographic column (eluent: AcOEt).
The fractions corresponding to (R)- or (S)-2 were collected, affording oils after
evaporation of the solvent, with yields of 73 % and 71 %, respectively. The NMR

spectra of (+)-2,° (R)-2 and (S)-2 were found identical.
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(R)- or (S)-7-(prop-2-ynyloxy)-6, 7-di-hydro-5H-cyclopenta[b]pyridine ((R)- or (S)-2):
"H-NMR (CDCl;, 400 MHz), (ppm): 2.09-2.16 (1H, m, H6,,,), 2.32-2.39 (1H, m,
H6y,,), 2.42 (1H, t, J = 2.4 Hz, OCH,CCH), 2.77 (1H, ddd, J = 13.3, 8.7, 4.6 Hz, H5,.:),
3.00-3.08 (1H, m, H5,,,), 4.38 (1H, dd, J = 15.6, 2.4 Hz, OCH,H,CCH), 4.46 (1H, dd, J
=15.7, 2.4 Hz, OCH,H,CCH) 4.98 (1H, dd, /= 7.0, 3.7, H7), 7.10 (1H, dd, J = 7.6, 4.9
Hz, H3), 7.51 (1H, dd, J = 7.6, 0.6 Hz, H4), 8.39 (1H, d, J = 4.9 Hz. H2); "C-NMR
(CDClI;, 100 MHz), 6 (ppm): 28.8 (C5), 31.7 (C¢6), 57.4 (OCH,CCH), 75.1
(OCH,CCH), 81.1 (OCH,CCH), 81.8 (C7), 124.0 (C3), 1334.0 (C4), 138.2 (C4a), 148.9
(C2), 163.4 (C7a); ESI-HRMS: calculated for [C;;H;;NO + H]Jr 174.0919, obtained

174.0917; [a]p™ (R)-2 = -38 (c1, CHCL); [a]n™® (S)-2 = +39 (c1, CHCL3);

5. HPLC chiral analyses: both racemates 3 and 6 were individually analyzed in
order to determine the retention times of the respective enantiomers. A 0.5 ml/min flow
of 90:10 hexane/isopropanol was used. It was verified that retention times of (+)-3 and
(+)-6 were perfectly coincident. Thus, for an accurate evaluation, at the end of each
enzymatic reaction alcohols 3 needed to be chromatographically separated from acetates
6 prior to HPLC analyses. Retention times: (R)-3 = (R)-6 = 15.9 min; (5)-3 = (5)-6 =

22.9 min.
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Supplementary data
This material contains NMR spectra for compounds 2, 3, 6, 7, 8, 9, crystal data and
structure refinement for 9 and Chiral HPLC chromatograms of compound 3 and 6.
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Enantiopure 7-(1-pyrindanyl)propargyl ethers — rasagiline analogues — were efficiently
obtained via chemical and/or enzymatic resolution of the racemic precursor 1-pyrindan-7-ol
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