
Journal of Molecular Catalysis A: Chemical 186 (2002) 145–151

Diastereoselective hydrogenation of 2-methylnicotinic acid
derivatives with supported metallic catalysts
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Abstract

The diastereoselective hydrogenation of 2-methylnicotinic acid covalently bound to different chiral auxiliaries was per-
formed on Pd, Rh and Ru supported catalysts. Thecis isomers were formed predominantly with a diastereoselectivity influenced
by the structure of the chiral inductor and the nature of the catalyst. The best diastereoselectivity (35%) was obtained when
pantolactone was used as chiral auxiliary. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The stereoselective synthesis of chiral substituted
piperidines is of great interest due to their presence
in many natural products and pharmacologically ac-
tive compounds[1]. Different routes were proposed
for the asymmetric synthesis of such ring systems
and significant results were reported in different re-
views [2–4]. Few of them concerned the preparation
of optically active piperidine rings starting from the
corresponding substituted pyridine substrates. During
the last 2 years several groups focussed on the asym-
metric hydrogenation of nicotinic acid derivatives.
Studer and co-workers[5] performed a two steps syn-
thesis of ethyl nipecotinate: ethyl tetrahydronicotinate
was first isolated, then the last C=C double bond was
hydrogenated using dihydrocinchonidine/Pd catalyst.
Moderate ee of up to 24% was achieved at low conver-
sion. The same group performed the enantioselective,
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homogeneous hydrogenation of nicotinic and picol-
inic acids and of the corresponding esters catalysed
by diphosphine–Rh complexes. None of the nine
tested ligands yielded more than 27% ee[6]. At the
same time, Raynor et al.[7] described the direct
enantioselective hydrogenation of ethyl nicotinate
with a chiral ferrocenyl-palladium catalyst anchored
within MCM-41 mesoporous material. While the use
of the corresponding homogeneous catalyst resulted
in the production of racemic compound, the confined
catalyst yielded 17% ee. Recently, we developed
the synthesis of optically active cyclohexane deriva-
tives from the corresponding aromatic rings. The
diastereoisomeric route was adopted, since the direct
enantioselective approach was unsuccessful[8,9].
Thus, the hydrogenation ofo-toluic acid coupled with
proline ester or pyroglutamic ester was performed
with Rh/Al2O3 and the corresponding cyclohexanoic
compound was obtained with de (diastereoisomeric
excess) up to 95%[10,11]. It was checked that hydrol-
ysis occurred without epimerization by comparing
the ee of the acid with the de of the reaction. Encour-
aged by these results, we adopted this approach for
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the synthesis of optically active substituted piperidine
derivatives. In the present work, 2-methylnicotinic
acid was used as model compound. The diastereose-
lective hydrogenation of this type of compounds has
been recently published by Hegedus et al.[12] who
described the hydrogenation of nicotinic acid grafted
to proline over supported metallic catalysts. They
claimed de up to 94% but in our hands, we could
not reproduce these results. After discussion with the
authors, they agreed that this de was not reproducible
and the maximum de they can reach was 30%[13].

2. Experimental section

NMR 1H and13C spectra were recorded on AC 250
Bruker spectrometers using residual solvent as refer-
ence (CDCl3: δH: 7.24 ppm,δC: 77 ppm). FT-IR spec-
tra were recorded on a Bruker Vector 22 apparatus.
Elemental analyses were performed at the “Service
Central d’Analyse” of CNRS.

2.1. Methyl-2-nicotinic acid chloride

To a stirred solution of 2-methylnicotinic acid (2 g)
under nitrogen at 0◦C was added thionyl chloride
(16 ml, 15 equiv.). The solution was stirred at 50◦C
for 5 h and concentrated. The brown solid was washed
twice with ether (2×30 ml) then dried to give 1.9 g of
a beige solid (yield: 85%).1H RMN (D2O, 250 MHz):
δ (ppm) 8.90 (dd, 8.1 Hz, 1.5 Hz, 1H); 8.66 (dd, 6 Hz,
1.5 Hz, 1H); 7.89 (dd, 6 Hz, 8.1 Hz, 1H); 2.90 (s, 3H).
13C RMN (D2O, 63 MHz): δ (ppm) 150.1; 147.3;
142.3; 127; 124.2; 19.2. IR (cm−1): 3425; 3059–3096;
2929–3096; 1599; 1576; 1092.

2.2. Methyl (S) (2-methylnicotinyl) prolinate
(Pypro)

To a stirred solution of 2-methylnicotinic acid
chloride (5 g) in chloroform (50 ml) under argon at
0◦C were added successively, methyl prolinate (5.3 g,
1 equiv.) and triethylamine (13.4 ml, 3 equiv.) and
stirring continued overnight at room temperature. The
organic layer was washed with water, dried (MgSO4)
and concentrated to give a brown oil. Purification on
silica gave 7.3 g of a slightly yellow oil (92%).1H
RMN (CDCl3, 250 MHz): δ (ppm) 8.5 (dd, 5.2 Hz,

1.7 Hz, 1H); 7.55 (dd, 7.7 Hz, 1.7 Hz, 1H); 7.15 (dd,
7.75 Hz, 5.25 Hz, 1H); 4.5 (dd, 8 Hz, 3.7 Hz, 1H);
3.75 (s, 3H); 3.1–3.4 (m, 2H); 2.55 (s, 3H); 1.7–2.5
(m, 4H);13C RMN (CDCl3, 63 MHz):δ (ppm) 172.3;
168.2; 154.8; 149.7; 133.8; 132.0; 120.8; 58.8; 52.3;
48.7; 29.5; 24.8; 22.1; M/S:m/z 65, 92, 120 (100%),
189, 248 (M); IR (cm−1): 3050; 3000; 2881; 2960;
1744; 1638; 1584; 1412; 1281; 1198; [α]D20: −84
(c = 1, CHCl3); Anal. calcd for C13H16·N2O3: C,
62.9; H, 6,5; N, 11.3; found: C, 61.7; H, 6.6; N, 11.0.

2.3. Methyl (S) (2-methylnicotinyl) pyroglutamate
(Pypyro)

To a stirred solution of 2-methylnicotinic acid chlo-
ride (5.8 g) in chloroform (50 ml) under argon at 0◦C
were added successively, methyl pyroglutamate (5.3 g,
1 equiv.) and triethylamine (15.6 ml, 3 equiv.) and stir-
ring continued for 8 h at reflux. The organic layer
was washed with water, dried (MgSO4) and concen-
trated to give a brown oil. Purification on silica gave
6.7 g of a slightly yellow oil (68%).1H RMN (CDCl3,
250 MHz): δ (ppm) 8.6 (dd, 4.9 Hz, 1.7 Hz, 1H); 7.5
(dd, 7.6 Hz, 1.7 Hz, 1H); 7.15 (dd, 7.6 Hz, 4.9 Hz,
1H); 5.0 (dd, 9 Hz, 3.1 Hz, 1H); 3.8 (s, 3H); 2.55 (s,
3H); 1.4–1.9 (m, 4H);13C RMN (CDCl3, 63 MHz): δ
(ppm) 173.1; 171.2; 168.8; 155.3; 150.2; 134.8; 130.7;
120.2; 60.3; 57.7; 31.4; 22.8; 21.5; M/S:m/z 65, 92,
120(100%), 203, 247, 262(M); IR (cm−1): 3050; 2882;
2960; 1744; 1637; 1571; 1444; 1198; [α]D20: −90
(c = 1, CHCl3); Anal. calcd for C13H14N2O4: C, 62.9;
H, 5.4; N, 10.7; found: C, 59.2; H, 6.0; N, 10.5.

2.4. Methyl (R) (2-methylnicotinyl) pantolactone
(Pypanto)

To a stirred solution of 2-methylnicotinic acid
chloride (2.1 g) in chloroform (15 ml) under argon
at 0◦C were added successively, pantolactone (3.2 g,
1 equiv.) in 15 ml chloroform and triethylamine
(5.5 ml, 3 equiv.) and stirring continued for 8 h at
60◦C. The organic layer was washed with water
(3 × 30 ml), dried (MgSO4) and concentrated to give
a brown oil. Purification on alumina gave 1.2 g of a
beige powder (38%).1H RMN (CDCl3, 250 MHz):δ
(ppm) 8.65 (dd, 4.8 Hz, 1.8 Hz, 1H); 8.26 (dd, 7.9 Hz,
1.8 Hz, 1H); 7.23 (dd, 7.9 Hz, 4.8 Hz, 1H); 5.6 (s,
1H); 4.1 (s, 2H); 2.85 (s, 3H); 1.3 (s, 3H); 1.2 (s,
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3H); 13C RMN (CDCl3, 63 MHz): δ (ppm) 172.1;
165.2; 160.6; 152.6; 138.8; 124.1; 121.2; 76.3; 75.8;
40.5; 25.1; 23.2; 20.2; M/S:m/z 65, 92, 120(100%),
249 (M); IR (cm−1): 3050; 2960; 2881; 1782; 1726;
1585; 1469; 1291; 1133; [α]D20: +8 (c = 1, CHCl3);
mp = 100–101; Anal. calcd for C13H15NO4: C, 62.6;
H, 6.0; N, 5.6; found: C, 62.2; H, 6.1; N, 5.6.

2.5. Methyl (S)-N-(2-methylnicotinyl) prolinol
(Pyprolynol)

To a stirred solution of 2-methylnicotinic acid
chloride (2.1 g) in chloroform (15 ml) under argon at
0◦C were added successively, 2-pyrrolidinemethanol
(1.3 g, 1 equiv.) in 15 ml chloroform and triethylamine
(5.5 ml, 3 equiv.) and stirring continued for 24 h at
room temperature. The organic layer was washed with
water (3× 30 ml), dried (MgSO4) and concentrated.
Purification on alumina gave 560 mg of a slightly
brown oil (20%). 1H RMN (CDCl3, 250 MHz): δ

(ppm) 8.52 (dd, 4.9 Hz, 1.7 Hz, 1H); 7.53 (dd, 7.6 Hz,
1.7 Hz, 1H); 7.23 (dd, 7.6 Hz, 4.9 Hz, 1H); 4.4 (m,
1H); 3.8 (d, 3.6 Hz, 2H); 3.2 (dd, 7.4 Hz, 6 Hz, 2H);
2.54 (s, 3H); 1.7–2.3 (m, 4H);13C RMN (CDCl3,
63 MHz): δ (ppm) 170.3; 154.0; 149.7; 133.7; 132.5;
121.0; 66.4; 61.1; 49.8; 28.4; 24.6; 22.1; M/S:m/z
65, 92, 120(100%), 189, 202, 220 (M); IR (cm−1):
3370; 3050; 2960; 2900; 1618; 1420; 1053; [α]D20:
−20 (c = 1, CHCl3).

2.6. Methyl (S) (2-methylnicotinyl)
methoxymethylpyrrolidine (Pmmp)

To a stirred solution of 2-methylnicotinic acid chlo-
ride (500 mg) in chloroform (15 ml) under argon at
0◦C were added successively, 2-methoxymethylpyrro-
lidine (370 mg, 1 equiv.) in 5 ml chloroform and tri-
ethylamine (1.3 ml, 3 equiv.) and stirring continued
for 24 h at room temperature. The organic layer was
washed with water (3× 30 ml), dried (MgSO4) and
concentrated. Purification on alumina gave 243 mg of
a yellow oil (40%).1H RMN (CDCl3, 250 MHz): δ
(ppm) 8.55 (dd, 4.9 Hz, 1.9 Hz, 1H); 7.5 (dd, 7.6 Hz,
1.9 Hz, 1H); 7.1 (dd, 7.6 Hz, 4.9 Hz, 1H); 4.37 (m, 1H);
3.70 (dd, 9.4 Hz, 5.6 Hz, 1H); 3.57 (dd, 9.4 Hz, 3.4 Hz,
1H); 3.35 (s, 3H); 2.9–3.2 (m, 2H); 2.5 (s, 3H); 1.8–2.1
(m, 4H);13C RMN (CDCl3, 63 MHz):δ (ppm) 168.2;
154.3; 149.4; 133.7; 133.1; 120.9; 72.2; 59.1; 56.5;

49.3; 27.8; 24.6; 22.2; M/S:m/z 65, 92, 120(100%),
189, 202, 234 (M); IR (cm−1): 3050; 2950; 2820;
1637; 1411; 1153; [α]D20: +198 (c = 1, CHCl3).

2.7. Catalysts

The catalysts used for hydrogenation were 4.2%
Rh/C (Aldrich, ref 20,616-4), 3.8% Rh/Al2O3
(Aldrich, ref 21,285-7), 4.6% Ru/C (Aldrich, ref
20,618-0), 4.9% Pd/C (Aldrich, ref 20,568-0), 0.7%
Rh–3.3% Pd/C (Hereaus, ref K-0234). High-resolution
transmission electron microscopy showed that most
of the metallic particles in the catalysts were in the
size range 1–4 nm.

2.8. Typical hydrogenation reaction and analysis

Hydrogenation of the substrates was carried out in
a stainless steel autoclave equipped with a magneti-
cally driven turbine stirrer under 50 MPa and at room
temperature. Standard experiments used 2.25 mmol of
substrate dissolved in 130 ml ethanol in the presence
of 10–12 mol% of metal as the catalyst. Sampling of
the mixture, to follow reaction progress, was possible
and the conversion and selectivity were determined
from gas chromatography (GC) analyses which were
performed using a Shimadzu GC14A apparatus with
a J&W DB1701 column. The reaction products were
identified by GC–MS analysis using a Fisons GC
8000 apparatus.

3. Results and discussions

The asymmetric hydrogenation of substrate1 led to
the formation of the twocis isomers2 and3 and the
two trans isomers4 and 5 (Fig. 1). In order to de-
termine the relative configuration of the product, the
hydrogenation of the 2-methylnicotinic acid was per-
formed with 4.2% Rh/C catalyst. GC analysis of the
mixture indicated the formation of two compounds
with a ratio 80/20. The NMR analysis of the crude
mixture was performed and the chemical shifts were
compared with literature data[14]. This allowed us to
attribute the main compound to thecis isomer. After
coupling with methyl prolinate, the four diastereoiso-
mers were obtained and separated by GC analysis. The
respective integrals of the signals were 40/40/10/10,
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Fig. 1. Diastereoselective hydrogenation of nicotinic derivatives.

the two first corresponding to thecis isomers, while the
two latter were thetrans ones. The absolute configura-
tion of the diastereoisomers was not established. Upon
reduction, the twocis-hydrogenated isomers predomi-
nated under all conditions and the de of thecis isomers
was defined as

de(%) =
∣
∣
∣
∣

2 − 3
2 + 3

∣
∣
∣
∣
× 100

In addition, an intermediate product was detected in
some cases and it was identified as the enamine6.

3.1. Hydrogenation of Pypro

We first focussed on proline which was shown to
be an efficient chiral auxiliary in the hydrogenation
of the o-toluic derivatives (de up to 68%). The hy-
drogenation of methyl (S) (2-methylnicotinyl) proli-
nate (Pypro) over metallic heterogeneous catalysts was
studied. Whatever the reaction conditions less than 3%
of trans product were obtained and surprisingly no
enamine was detected with that substrate.

3.2. Effect of metal catalyst

The influence of the catalytic metal on the ini-
tial reaction rate and the diastereoselectivity in the

hydrogenation of Pypro is summarised inTable 1. For
comparison, all reactions were carried out at 50◦C.
Hydrogenation was effective using rhodium, ruthe-
nium or palladium catalysts, but the initial reaction
rate was largely affected by the nature of the metal.
While rhodium based catalysts exhibited high activity
(7 and 7.2 mol h−1 molmetal

−1 on carbon and alumina,
respectively), ruthenium and, even more, palladium
catalyst hydrogenated the substrate at much lower
reaction rate. The highest de was measured for the
Rh/Al2O3 catalyst which was also the most stereose-
lective for the hydrogenation of aromatic ring[10,11].
This was attributed to a flat morphology of the

Table 1
Influence of the catalyst on the initial reaction rate and the di-
astereoselectivity of hydrogenation of Pypro (reaction conditions:
Pypro ≈ 0.02 M, catalyst/substrate= 10–12%, EtOH, 50◦C,
50 bar)

Catalyst Conversion
(12 h) (%)

ri (mol h−1

molRh
−1)

de (cis)
(%)

Rh/C (4.2%) 100 7 14
Rh/Al2O3 (3.8%) 100 7.2 26
Ru/C (4.6%) 100 1.8 25
Pd/C (4.9%) 90 0.5 11
Rh (0.7%)–Pd (3.2%)/Ca 27 (48 h) <0.1 10

a Reaction was performed at 75◦C.
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Rh-particles supported on alumina compared to those
supported on carbon as suggested by TEM analysis
showing that the contrast of alumina-supported parti-
cles was lower than that of carbon-supported metallic
catalyst[15]. A bimetallic catalyst Pd–Rh/C, known
to be more efficient than Rh catalysts for the hydro-
genation of substituted aromatic ring[16], exhibited
both very low diastereoselectivity (10%) and activity
(< 0.1 mol h−1 molmetal

−1) for the hydrogenation of
Pypro even at 75◦C.

3.3. Effect of temperature

The effect of the temperature on the activity of the
catalyst and on the de was investigated in the pres-
ence of Rh/C and Rh/Al2O3 catalysts which were the
most active. As expected, the reaction rate increased
with temperature (Table 2). No by-products were ob-
served even at 100◦C. The influence on the diastere-
oselectivity was much pronounced in the case of the
carbon-supported catalyst, since the optical yield de-
creased from 18 to 10% when the temperature in-
creased from 25 to 100◦C. On the contrary, the de
was not affected by the temperature when the reaction
was performed in the presence of alumina-supported
catalyst (26–28% de).

3.4. Effect of solvent

Then, the reaction was performed at room temper-
ature in various solvents (Table 3). The initial reac-
tion rate was strongly dependent on the nature of the
solvent: the less polar the solvent, the lower the re-
action rate. Moreover, as far as the alcoholic solvents
were concerned, the reaction rate and the acidity of
the solvent varied in a similar way(pKa, MeOH >

Table 2
Influence of the temperature on the initial reaction rate and di-
astereoselectivity of hydrogenation of Pypro (reaction conditions:
Pypro, Rh/C = 12%, ethanol, 50 bar)

Temperature
( ◦C)

4.2% Rh/C 3.8% Rh/Al2O3

ri (mol h−1

molRh
−1)

de (%) ri (mol h−1

molRh
−1)

de (%)

25 3.6 18 1.5 28
50 7.4 14 7.2 26

100 17.9 10

Table 3
Influence of the solvent on initial reaction rate and diastereose-
lectivity of hydrogenation of Pypro (reaction conditions: Pypro≈
0.02 M, Rh/C = 12%, 50 bar, RT)

Solvent Dielectric
constant[20]

ri (mol h−1 molRh
−1) de (%)

MeOH 32.70 3.8 19
EtOH 24.55 3.6 18
iPrOH 19.92 1.4 5
CH2Cl2 8.93 1.4 18
AcOEt 6.02 0.4 15

pKa, EtOH > pKa,iPrOH). The evolution of the initial
reaction rate is not directly correlated to one of these
two characteristics of the solvents, but more probably
to a combination of many parameters. Concerning the
diastereoselectivity, a small effect of the solvent was
observed and moderate de up to 15–19% was achieved
except iniPrOH, in which almost racemic piperidine
was produced.

It is well known that, hydrogenation of pyridine
derivatives occurs readily in acidic media[17]. The
results of the catalytic hydrogenation of Pypro in the
presence of acid, over carbon-supported rhodium, are
summarised inTable 4. As expected, the reaction rate
increased in acetic acid compared to ethanol (7 and
3.6 mol h−1 molRh

−1, respectively). A similar effect
was achieved when 0.9 equiv. of HCl was added to
ethanol. In the presence of one equivalent of tartaric
acid ((d)-TA or racemic-TA) a strong enhancement of
the initial reaction rate was observed. Actually, upon
hydrogenation, basic piperidine is produced, which
may poison the catalyst by its strong adsorption on the
surface; in the protonated form this adsorption is less
important. Moreover, formation of pyridinium ions is
also thought to change the nature of the adsorption

Table 4
Influence of acid on the initial reaction rate and diastereoselectivity
of hydrogenation of Pypro (reaction conditions: Pypro, Rh/C =
12%, 50 bar, RT)

Solvent ri (mol h−1

molRh
−1)

de (%)

EtOH 3.6 18
AcOH 7 5
EtOH+ HCl 5 19
EtOH+ (d)-tartaric Acid 15.9 15
EtOH+ racemic-tartaric acid 13.4 15
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mode of the substrate from edgewise to flat. The flat
adsorption is also supposed to improve the diastereos-
electivity of the reaction because of a larger differenti-
ation of the two faces of the heteroaromatic. However,
no positive effect of the acidic medium on the opti-
cal yield was observed. Even worse, the product was
almost racemic in acetic acid. Tartaric acid is an ef-
ficient modifier for the hydrogenation of a-ketoesters
over nickel catalyst[18]. The addition of optically pure
(d)-tartaric acid had no effect on the de, compared
to the addition of racemic-tartaric acid. That means,
that no significant interaction between tartaric acid and
substrate occurred during the hydrogenation step.

3.5. Hydrogenation of methyl-2-nicotinic acid
coupled with other chiral inductors

Considering the influence of the nature of the
chiral auxiliary on the diastereoselective hydrogena-
tion of aromatic compounds[19], we tested other
chiral inductors such as methyl (S)-pyroglutamate
(Pypyro), which led to an outstanding diastereoselec-
tivity during the hydrogenation of aromatic deriva-
tives [11]. To establish the parameters which can
influence the diastereoselectivity, some other aux-
iliaries, even more expensive, such as (S)-prolinol
(Pyprolinol), (S)-methylmethoxypyrrolidine (Pmmp)
and (R)-pantolactone (Pypanto) were studied. The

Fig. 2. Distribution of products versus time for hydrogenation of Pypanto over Rh/C. Reaction conditions: seeTable 5.

Table 5
Influence of the nature of the chiral auxiliary on diastereoselectivity
and initial reaction rate (reaction conditions: substrate≈ 0.02 M,
Rh/C = 12%, 50 bar, RT)

Auxiliary Acronym ri (mol h−1

molRh
−1)

de (%)

Pypro 3.6 18

Pypyro 9 28

Pypanto 15.2 31

Pyprolinol εa –

Pmmp 0.3a <5

a Reaction performed at 50◦C.

reactions were performed over carbon-supported
rhodium catalyst and the main results achieved in the
hydrogenation of the different substrates are reported
in Table 5.

A higher initial reaction rate was observed when
pyroglutamic ester was used as chiral auxiliary instead
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of the proline ester (9 and 3.6 mol h−1 molRh
−1,

respectively). No intermediate6 was detected and
less than 3% oftrans compounds were produced.
However, the diastereoselectivity was not as high as
expected and reached only 28%. None of the other
supported metallic catalysts led to an improvement of
the de during hydrogenation of Pypyro. Concerning
the Pyprolinol and the Pmmp substrates, the hydro-
genation proceeded at very low reaction rate even at
50◦C and the products were obtained in a racemic
form.

Interesting results were achieved when (R)-panto-
lactone was bonded to methyl-2-nicotinic acid. The
typical product distribution as a function of time is
shown inFig. 2. The Pypanto substrate disappeared
rapidly to yield mainly the tetrahydrogenated interme-
diate6 (up to 80% at 100% conversion of1). Simulta-
neously the twocis isomers2 and3 were formed. The
intermediate6 was further hydrogenated; this trans-
formation was very slow and after 24 h reaction time,
30% of 6 were still present. The de was nearly con-
stant as a function of conversion and slightly higher
diastereoselectivity in thecis isomers of 31% was
achieved. The hydrogenation of Pypanto was studied
over several supported metallic catalysts (Rh/Al2O3,
Ru/C, Ru/Al2O3, Pd/C, Rh–Pd/C). Whatever the cata-
lyst, large amount of intermediate 6 was detected and
de from 17 to 35% were obtained.

4. Conclusion

The diastereoselective hydrogenation of methyl-2-
nicotinic acid bonded to several optically pure auxil-
iaries was studied in the presence of supported metallic
catalysts. Moderate diastereoselectivities (up to 35%)
were achieved whatever the substrate or the catalytic
system. The diastereoselective approach in that case
was not as efficient as in the hydrogenation of the
o-toluic derivatives and only a slight improvement of
the selectivity was achieved compared to the enan-
tioselective route[5–7]. The presence of the nitrogen
atom in the aromatic ring modified deeply the mecha-
nism of hydrogenation and probably due to electronic
effects, the selectivity of the transformation was low-
ered. The structure of the chiral auxiliary has a lower
effect on the diastereoselectivity than with theo-toluic
derivatives. Theoretical studies of the adsorption of

the nicotinic derivatives on Rh surface atoms are un-
der progress to model the reaction pathway.
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