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Abstract

The diastereoselective hydrogenation of 2-methyl nicotinic acid covalently bound to pantolactone was studied over supported metallic
catalysts. With this chiral auxiliary, a two-steps reaction was observed with formation of tetrahydropyridine intermediate. The influence of
different reaction parameters on the diastereoselectivity of the hydrogenation of pyridine and enamine substrates was studied.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction recorded on a Bruker Vector 22 apparatus. Elemental anal-
yses were performed at the “Service Central d’Analyse”
The applicability of diastereoselective hydrogenation cat- of CNRS. The catalysts used for hydrogenation were
alyzed by heterogeneous metallic catalysts has been largelyt.2% Rh/C (Aldrich, reference 20,616-4), 3.8% Rh®4
reported in the literature. €, C=O, C=N and aromatic  (Aldrich, reference 21,285-7), 4.6% Ru/C (Aldrich, ref-
rings were reduced using this route and moderate to excellenterence 20,618-0), 2.3% Ru/Ds (Aldrich, reference
de's were achievefll—4]. Previous reports on the diastereos- 22,853-2), 4.9% Pd/C (Aldrich, reference 20,568-0), 0.7%
elective hydrogenation of methyl-2-nicotinic acid derivatives Rh—-3.3% Pd/C (Hereaus, reference K-0234).
showed that with amino acids such as proline or pyroglu-
tamic ester used as chiral auxiliarieis,up to 30% could be 2.1, (R)-(2-Methylnicotinyl)pantolactone 1
achieved5,6]. Pantolactone has also been frequently used
as chiral auxiliary for different asymmetric reactigifs-9]. To a stirred solution of methyl-2-nicotinic acid chloride
Here, we report the results obtained with pantolactone as(s 7 g) in chloroform (15 ml) under argon atG were added
chiral aUXi”ary for the hydrogenation of methyl-2—nicotinic Successive|y, 4759 of panto]actone (1 equiv) in 15ml of
acid. The influence of the formation during the reaction of chloroform and 15.2 ml of triethylamine (3 equiv). The stir-
partia”y Saturated SpeCieS on the fil’lal diastereoselectiVity ring was continued for 8h at 8C. The Organic |ayer was
was checked in more detail. washed with water (% 30 ml), dried (MgSQ) and concen-
trated to give a brown oil that crystallized. Recrystallization
in ethanol gave 4.1 g of a white crystal (yietd 45%).H
2. Experimental RMN & (ppm): 8.65 (dd, 4.8 and 1.8 Hz, 1H); 8.26 (dd, 7.9
and 1.8 Hz, 1H); 7.23 (dd, 7.9 and 4.8 Hz, 1H); 5.6 (s, 1H);
NMR H and 13C spectra were recorded on AC 250 4.1 (s, 2H); 2.85 (s, 3H); 1.30 (s, 3H); 1.20 (s, 3HjC
Bruker spectrometers using residual solvent as referenceRMN § (ppm): 172.1; 165.2; 160.6; 152.6; 138.8; 124.1;
(CDCls: 6H: 7.24ppm,sC: 77 ppm). FT-IR spectra were  121.1;76.3; 75.8; 40.5; 25.1 23.2; 20.2. GC-M#z265, 92,
120 (100%), 249 (M). IR (cm?): 3050; 2960; 2881; 1782;
* Corresponding author. Tel#33-4-7244-5483; 1726; 1585; 1469; 1291, 1133}’]%0: +8 (C =1, CHCb)'
fax: +33-4-7244-5399. Anal. Calcd. for GsH15NO4: C 62.2%, H 6.0%, N 5.6%;
E-mail address: pinel@catalyse.cnrs.fr (C. Pinel). Found: C 62.6%, H 6.0%, N 5.6%. mp: 100—I@L
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2.2. (R)-(2-Methyltetrahydronicotinyl)pantolactone 2 100 ¢
90
In a stainless steel autoclave, 1.42 glof5.7 mmol) in 80 %
50 ml ethanol and 350 mg of 4.2% Rh/C were introduced. %T "R oo
\
\

70 1
Eighty milliliters of ethanol were added and the autoclave 60
was pressurized to 50 bar. After 1 h stirring, the reactionwas ¢ |
stopped. The composition of the solution determined by gas 40 |
chromatography (GC) analysis was 1%10f75% of2 and IR
24% of3a + 3b. After purification on silica, 0.7 g of a white *
solid was obtained (GC analysis: 95%2and 5% of1). 1

distribution / de (%)

2.3. Hydrogenation reaction and analysis 600 800 1000 1200 1400

t (mn
Hydrogenation of the substrates was carried out in a o ( ,) _
300ml stainless steel autoclave equipped with a mag- Fig. 2. Distribution of products vs. time of hydrogenation bfover
. . . . RU/A|203.
netically driven turbine stirrer under 50 bar and at room
temperature. Standard experiments were carried out using
the substrate dissolved in 130 ml ethanol in the presence The piperidine derivative3a and3b, which resulted from
of 10-12mol% of metal as the catalyst. Sampling of the a cis hydrogenation of the heteroaromatic ring, were de-
reaction mixture, to follow reaction progress, was possible tected together with the enami2e This intermediate was
and the conversion and selectivity were determined from formed with a maximum yield of 55% and was progressively
gas chromatography analyses, which were performed usinghydrogenated to the saturated ring, but 37% of partially hy-
a J&W DB1701 column (errors= £5%). The reaction  drogenated compoun® were still present after 24 h reac-
products were identified by GC-MS analysis. tion. Thede of the cis isomers was almost constant during
the course of the reaction and reached 30% while the hy-
drogenation of the proline or the pyroglutamic derivatives
3. Results and discussion yielded, respectively, 25 and 20% under the same conditions
[5,6]. The initial reaction rate, amount of enamidand di-
1 was prepared by reaction of methyl-2-nicotinic acid astereoisomeric excess obtained on Rh-, Ru- and Pd-based
chloride with pantolactone in 45% yield. The hydrogenation catalysts are given ifiable 1
of the substrate in ethanol at room temperature and under Ruthenium catalysts supported on alumina or carbon as
50 bar hydrogen gave partially hydrogenated intermedate Wwell as rhodium catalysts supported on alumina were little
as well as the twais isomers3a and3b (Fig. 1). Less than  active (initial reaction rate lower than 4 mothmol,3
5% of the correspondingans isomers were detected. The Pd/C and bimetallic Rh—Pd/C catalysts exh|b|ted very
Fig. 2shows the product distribution as a function of time high activity (11.7 and 12 molh~ molyg, respectively)
for hydrogenation ofl over a 2.3wt.% Ru/AlOs catalyst while low reaction rates were observed in the hydrogena-
at 50°C. tion of the proline derivative (0.5 and0.1 molh~t moI;]ét,

o% Jée
dpmﬁp

T,
3b

Fig. 1. Hydrogenation ofR)-(2-methylnicotinyl)pantolactoné.
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Table 1 Table 3
Hydrogenation of R)-(2-methylnicotinyl)pantolactoné Hydrogenation of §-nicotinyl prolinate
Catalyst Enamin& (%) ri (molh~*mol k) de (%) Catalyst Max enamine (%) de (%)
24h ti 24h ;
(max — 24h reaction) (241) 4.2% Rh/C Aldrich 20 35> 13
4.2% Rh/C 70— 30 19.2 30 9.8% Pd/C Selct 20 40— 22
3.8% Rh/AbO3 87 — 60 4 17
4.6% Ru/C 65— 20 3.2 30 Effect of the catalyst on the intermediate and the diastereoselectivity
2.3% Ru/AbO3 55 — 37 35 30 (reaction conditions: 2.28 mmol of substrate, 0.315 mmol of metal, 130 ml
4.9% Pd/C 69— 6 11.7 32 MeOH, 50bar H, RT).
0.7% Rh-3.2% 72 — 7 17.2 30 . ) o
Pd/C ine was formed up to 80% yield and after 24 h reaction time,

Influence of the nature of metal catalyst on the intermediatehe di-
astereoselectivity and the initial reaction rate of the hydrogenation (reac-
tion conditions: 1.21 mmol of, 0.168 mmol of the metal, 130 ml ethanol,
50bar H, 50°C).

respectively]5]. The best activity was observed with carbon
supported rhodium catalyst (Z9molh! mol,;ét). What-

30% were still present. With addition of ethyldicyclohexy-
lamine in the medium, 75% dt were obtained after only
40 min reaction time, and surprisingly, it was totally con-
sumed after 24 h. In C¥Cl> or with addition of a mineral
acid in the medium, the maximum was 40% and 8%, respec-
tively, and this intermediate was totally hydrogenated after
only 2 h and 40 min, respectively.

ever the catalyst, a large amount of enamine was formed  g,ch partially hydrogenated species were also detected

(65-87% at the maximum level) and this intermediate was

during the hydrogenation of nicotinic acid coupled with

then hydrogenated at different rates depending on the cataethy| prolinate. The diastereoselectivities obtained with

lyst. Particularly, in the case of Pd-based catalyateacted
almost quantitatively while 30% were still present after 24 h
on Rh/C. The diastereoselectivity decreased slightly during
the reaction (about 5%) but surprisingly it was not affected
by the nature of the metal or the support and it was in the
same 30% range except with Rhg@l3 catalyst giving the
highest amount of enamindd = 17%).

The nature of the solvent had a significant influence on
the initial reaction rate as shown ifable 2 In fact, us-
ing protic solvents that allowed the formation of hydrogen

bonds between the solvent and the substrate, the reactio

was faster (19.2 moltt and 3mol i mol} in EtOH and
CHCly, respectively). The addition of a bulky amine (ethy!
dicyclohexylamine (EDCA)) in alcoholic medium reduced
the initial reaction rate. As previously observed for the pro-
line modified substratgs] and described for heterogeneous
hydrogenation of pyridinium ring0], the addition of acid

Rh- and Pd-catalysts are reportedTable 3

Whatever the metal catalyst, the enamine was detected
up to 20% at maximum. At the beginning of the reaction,
significantde's (35—-40%) were observed. Then, the enam-
ine was hydrogenated to completion and simultaneously, the
diastereoselectivity decreased considerably to matisist
dicating a different mechanism of hydrogenation.

Since we observed fairly important amounts of partially
hydrogenated intermediate with pantolactone as chiral aux-
iliary, we focussed on the hydrogenation of this enamine
Munder different conditionsFig. 3). 2 was prepared by hy-
drogenation ofl over Rh/C catalyst for 1 h. After isolation
and purification, the enamine was further hydrogenated
over Pd/C catalyst that showed to be the most active (vide
supra,Table 1. After 24 h in dichloromethane at 3C and
under 50 bar H, the hydrogenation was complete but the di-
astereoisomeric excess did not exceed 15%. Moving to EtOH

increased the initial reaction rate. The diastereoselectivity gave a lower reaction rate with slightly higrder(18%). Ad-

was also slightly improved up to 40% by addition of 6.4 eq
HCI/Rh.

The nature of the solvent affected also the formation of
the tetrahydrogenated intermedi&tedn ethanol, the enam-

Table 2
Hydrogenation of R)-(2-methylnicotinyl)pantolactoné

Solvent ri (mol h-t mol,;é 2max (%) ()2  de (%) (24 h)
EtOH 19.2 80 (40min) ~30
CHCl, 3 8 (20) ~35
EtOH +24eq 14 75 (30) ~35
EDCA/Rh
EtOH + 6.4 eq 22 40 (35) ~40
HCI/Rh

Effect of the solvent on the initial reaction rate, the maximum amount of
enamine and the final diastereoselectivity (reaction conditions: 1.21 mmol
of 1, 0.168 mmol of Rh, 130 ml ethanol, 50 bap H50°C).

a8 Maximum amount of detected enamine, corresponding reaction time
in parenthesis.

dition of HCI that should protonate the enamine, increased
the reaction rate but yielded only the racemic compound.

W conversion

o de
100
80+
60
(%)
40+
20-/
0 T T T 1
EtOH EtOH + HCI CH2CI2  CH2CI2 + HCI
solvent

Fig. 3. Conversion and diastereoisomeric excess in the hydrogenation of
enamine? in different solvents (24 h).
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K1 = k¢/ k.
A, A1 B
——
ﬂ Ag, Bg : in solution
Ba

A, A,, B, : adsorbed
/l\ /l\ K4 :equilibrium constant
Metal Metal ky = hydrogenation rate

¢ KHAa * kHBa

kHaa > kna and  kyaa < kg, kg

Fig. 4. Proposed mechanism for diastereoselective hydrogenatitn of

These results are in agreement wild obtained for the nism of homogeneous hydrogenation of dehydroamino acids
hydrogenation ofl. As reported inTable 2 the higher the by rhodium organometallic complexes described by Halpern
concentration of intermediate enamine, the lower the final [12], could explain the noteworthy diastereoselectivity.
de suggesting that the hydrogenation of the enamine over In solution, the conformeré& and B are in rapid equi-
supported metal catalyst was less selective than the hydrodibrium and they adsorb reversibly on the metallic surface
genation of the initial pyridine substrate. This hypothesis is through the heteroaromatic ring. At this stage, the metallic
corroborated by results achieved during the hydrogenation surface inhibits the free rotation of the auxiliary, thus differ-
of methyl-(§-nicotinyl prolinate: thade decreased while the  entiating the two conformers. Consequently the rate of hy-
intermediate disappearetiaple 3. drogenation of one of them may be higher compared to the

Adsorption of cyclic enamine derivatives over Rh(111) rate of the second one, yielding different amount#éf;
surface occurs mainly through the unshared pair of nitrogen and BH, hydrogenated compounds and so a diastereoiso-
atom as determined by DFT calculatifiti]. This mode of meric excess.
adsorption lead to lower differentiation of the two faces of  In conclusion, several parameters have been studied
the ring because the molecule is almost vertical comparedwhich were shown to influence the diastereoselectivity of
to the catalytic surface and this could explain the loder  a designed reaction. Among them, the nature of the chiral
observed for the hydrogenation of the enamine. auxiliary is one of the most important. It is not necessary

The low influence of reaction parameters on deavhen to get the substrate with a blocked conformation to obtain
pantolactone is used as chiral auxiliary implies that the differentiation of the two faces of the heteroaromatic ring.
mechanism is different to that proposed for the pyridinic In the case of the methyl-2-nicotinic acid, the pantolactone
substrates covalently bound to proline or pyroglutamic ester. auxiliary yielded efficient diastereoselectivity.

Using the latter amino acid auxiliaries, blocked conformers

were formed and the molecule was adsorbed on the metallic

surface through the less hindered face of the heteroaromatic\cknowledgements

ring. In the case of pantolactone, a supplementary bond is
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22 kJ/mol indicating that no blocked conformer exists and
then no privileged adsorption on the metallic surface may 17 A. Tungler, K. Fodor, Catal. Today 37 (1997) 191.
occur. The following schemé-{(g. 4), inspired by the mecha- [2] M. Besson, C. Pinel, Topics Catal. 5 (1998) 25.

This study was conducted in the frame of the European
Associated Laboratory “High specificity in Catalysis” as-
sociating “Institut de Recherches sur la Catalyse” (Villeur-
banne) and “Leverhulme Center for Innovative Catalysis”
(Liverpool). R.M. thanks the European Commission for a
Marie Curie Host Fellowship grant.

References



N. Douja et al./Journal of Molecular Catalysis A: Chemical 210 (2004) 205-209 209

[3] M. Besson, B. Blanc, M. Champelet, P. Gallezot, K. Nasar, C. Pinel, [8] A. Ammazzalorso, R. Amoroso, G. Bettoni, B. De Filippis, Chirality

J. Catal. 170 (1997) 254. 13 (2001) 102.

[4] M. Besson, P. Gallezot, S. Neto, C. Pinel, Chem. Commun. (1998) [9] M. Calmes, F. Escales, C. Glot, M. Rolland, J. Martinez, Eur. J.
1431. Org. Chem. (2000) 2459.

[5] N. Douja, M. Besson, P. Gallezot, C. Pinel, J. Mol. Catal. A 186 [10] P. Rylander, in: Best Synthetic Methods: Hydrogenation Methods,
(2002) 145. Academic Press, London, 1985, p. 135.

[6] N. Douja, R. Malacea, M. Banciu, M. Besson, C. Pinel, Tetrahedron [11] P. Sautet, L.A.M.M. Barbosa, J. Catal. 217 (2003) 23.
Lett. 44 (2003) 6991. [12] J. Halpern, Science 217 (1982) 401.

[7] 3.D. Moore, K.T. Sprott, A.D. Wrobleski, P.R. Hanson, Org. Lett. 4
(2002) 2357.



	Heterogeneous diastereoselective hydrogenation of pyridine and corresponding enamine covalently bound to pantolactone
	Introduction
	Experimental
	(R)-(2-Methylnicotinyl)pantolactone 1
	(R)-(2-Methyltetrahydronicotinyl)pantolactone 2
	Hydrogenation reaction and analysis

	Results and discussion
	Acknowledgements
	References


