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Abstract

Ethyl nicotinate was hydrogenated to ethyl nipecotinate in two steps. In the first step, the starting material was converted
to the 1,4,5,6-tetrahydro derivative with PdrC and hydrogen in 76% yield. The hydrogenation of this intermediate was
investigated with both unmodified and 10,11-dihydrocinchonidine modified noble metal catalysts and the influence of the
catalyst metal, support, solvent and modifier concentration was tested. Catalyst activity was low in all cases, probably
because the C5C double bond is part of a vinylogeous carbamate. The highest activity was observed with Rh and RhrPt

Ž .catalysts. Highest ee’s were obtained at relatively low conversions with PdrC in DMF 19% ee, 12% conversion and
Ž .PdrTiO in a DMFrH OrAcOH system 24% ee, 10% conversion . This is the first successful example of an2 2

enantioselection in the hydrogenation of an a ,b-unsaturated ester with a modified heterogeneous catalyst. With the addition
of 10,11-dihydrocinchonidine, catalyst activity usually decreased. Ee and activity were strongly influenced by the catalyst
metal, the carrier and the solvent. Due to the empiric nature of the study and the low ee’s obtained, a mechanistic
interpretation of the results is not warranted. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The enantioselective synthesis of chiral satu-
rated ring systems, such as cyclohexane, piperi-
dine, piperazine and others, is of interest due to
the biological activity of these compounds.
Classical ways to synthesize such ring systems

w xare asymmetric Diels–Alder-reactions 1 , the
w xuse of the chiral pool 2 , and enzymatic meth-

w xods 3 . From the many synthetic strategies con-
ceivable, asymmetric catalytic hydrogenation of

) Corresponding author. Fax: q61-697-84-53.

the corresponding prochiral aromatic com-
pounds is appealing because it would be a one-
step reaction. There are several possibilities to
hydrogenate aromatic compounds in a stereose-
lective way, most important being the diastereo-
selective hydrogenation of a chiral precursor,
and the enantioselective hydrogenation of a
prochiral substrate with a chiral catalyst. Where-
as the first approach has been shown to work in

w xprinciple 4 , all efforts to enantioselectively
hydrogenate aromatic rings have resulted in ee’s

w xF6% 5–7 .
A different approach, namely a two-step hy-

drogenation procedure for the synthesis of chiral
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Scheme 1. Two-step hydrogenation of ethyl nicotinate.

piperazine derivatives starting from the corre-
sponding pyrazine derivative was described by

w xFuchs and Roduit 8 : In the first step, the
tetrahydro pyrazine was prepared by selective
PdrC catalyzed addition of 2 moles of hydro-
gen. In the second step, the remaining double
bond was hydrogenated enantioselectively to the
corresponding piperazines with homogeneous
Rh-ferrocenyl diphosphine catalysts. Ee’s of
40–97% were obtained, depending on the lig-
and and substrate structure. This paper describes
a similar two-step approach for the preparation
of chiral piperidines starting with the corre-

Žsponding pyridine model substrate: ethyl
.nicotinate, see Scheme 1 . Ethyl 1,4,5,6-tetrahy-

dro nicotinate was prepared by adapting an
already published method using a PdrC catalyst
w x w x9 . In contrast to the above mentioned work 8 ,
the hydrogenation of the last C5C double bond
was carried out with a chirally modified hetero-
geneous catalyst.

2. Experimental

All reagents and solvents except 10,11-dihy-
w xdrocichonidine 10 were obtained from com-

mercial suppliers and used without further pu-
rification. The catalysts were supplied by the
following manufacturers: Engelhard: 5% PdrC

4522; 10% PdrC 4505; 5% PdrAl O 4589;2 3

5% PtrC 4709; 5% RhrC 4806; Johnson
Matthey: 5% Pdrgraphite JR 333B; 5% Pdr
BaSO Typ 29A LR2T; Degussa 5% Pdr4

TiO E 700 ExprD; 5% PdrCaCO R 4072 3

XRrD; percent IrrC ExprXBrW; Rh–Pt-
Oxide 74047, 8603.

GLC analysis for conversion: Varian Star
Ž3700 OV 101, FID, 100–2508C, 108Crmin, 2

.m, packed column ; for diastereomeric excess
Žafter derivatization: Varian Star 3400 OV 101,

.ls30 m,: FID, 1808C isotherm . The retention
Ž .Ž .times were 17.1 min for the R R - and 19.7

Ž .Ž .min for the R S -derivative of ethyl nipecoti-
Ž .nate with R -Mosher’s acid.

Derivatization of ethyl nipecotinate for the
determination of ee: To a solution of 0.1 mmol
of the product ethyl nipecotinate in 1 ml dry
CH Cl , 0.3 mmol triethylamine and 0.12 mmol2 2

Ž . Ž .of R - y -Mosher’s acid chloride were added.
After 12 to 24 h at RT, the samples were
filtered over cellulose and used without any
further purification for the GLC determination
of the diastereomeric ratio. For reference pur-

Ž . Ž .poses, the pure R - and S -enantiomers of
ethyl nipecotinate were prepared via separation

w xof the corresponding tartrates 11 .
All hydrogenation reactions were performed

in a 50 ml stainless steel autoclave equipped
with a magnetic stirrer and baffles. Starting
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materials, modifier, catalysts and solvents were
placed directly in the autoclave, then the auto-
clave was sealed, flushed three times with hy-
drogen and charged with hydrogen to the speci-
fied reaction pressure.

Synthesis of ethyl 1,4,5,6-tetrahydro nicoti-
nate: 5.0 g ethyl nicotinate was dissolved in
16 ml EtOH and 0.53 g 10% PdrC was added.
The hydrogenation was started at an initial hy-
drogen pressure of 50 bar. During the 2 h
hydrogenation at RT, the pressure dropped to 2
bar. After removal of the catalyst by filtration,
EtOH was removed and the residue was taken
up in 20 ml CH Cl . After washing with 10 ml2 2

10% citric acid to remove the remaining ethyl
nicotinate, the organic phase was dried over
anhydrous Na SO , and evaporated to yield2 4

Ž .3.88 g 76% very pure ethyl 1,4,5,6-tetrahydro
nicotinate.

Hydrogenations with the unmodified system:
500 mg ethyl 1,4,5,6-tetrahydro nicotinate were
dissolved in 20 ml solvent. After addition of the
catalyst, the mixture was hydrogenated at 100–
130 bar initial pressure at 508C. After removal
of the catalyst by filtration, the conversion was

Ž .determined by GLC see above .
Hydrogenations with the modified system

were carried out as described above except that
modifier 10,11-dihydrocichonidine was added
after dissolving ethyl 1,4,5,6-tetrahydro nicoti-
nate.

3. Results and discussion

3.1. Preparation of ethyl 1,4,5,6-tetrahydro
nicotinate

The selective hydrogenation of ethyl nicoti-
nate to ethyl 1,4,5,6-tetrahydro nicotinate was

w xcarried out similar to 9 . However, because we
always observed long reaction times and low
conversion with this procedure, we started at a
higher initial pressure of 50 bar. During the 2 h
hydrogenation time, the pressure dropped to 2

Ž .bar uptake of 2 moles of hydrogen and we

obtained very pure ethyl 1,4,5,6-tetrahydro
nicotinate in 76% yield without distillation.

3.2. Hydrogenation of ethyl 1,4,5,6-tetrahydro
nicotinate, unmodified system

Because the C5C bond of ethyl 1,4,5,6-tetra-
hydro nicotinate is part of a vinylogous carba-
mate, its hydrogenation is not trivial. To iden-
tify the most active catalytic system, several
types of catalysts were tested. The influence of
the metal, the carrier as well as of the tempera-
ture and the solvent on the hydrogenation rate

Ž .were investigated Table 1 . At room tempera-
ture, 10% PdrC gave almost no conversion
Ž .entry 1 . At 508C, we observed 48, 76 and
100% product in EtOH, DMF and AcOH, re-

Ž .spectively entries 2–4 . In EtOH, unsupported
RhrPt oxide, 5% RhrC and 5% PdrC showed

Ž .the highest activity entries 5–7 , whereas Pt
Žand Ir on carbon were all less active entries 8

.and 9 . Pd on Al O , BaSO , graphite, TiO , or2 3 4 2

CaCO always had a significantly lower activity3
Žthan when supported on carbon results not

.shown .

3.3. Hydrogenation of ethyl 1,4,5,6-tetrahydro
nicotinate, modified system

w xAs the groups of Nitta and Kobiro 12 and
w xBorszeky et al. 13,14 have shown, ee’s of up

Table 1
Hydrogenation of ethyl 1,4,5,6-tetrahydro nicotinate with unmodi-

Žfied catalysts 508C, 20–22 h, 100 bar H , SrC: substrate to2
.catalyst ratio

Ž .Catalyst SrC Solvent Product % Entry
a10% PdrC 10r6 DMF 1.0 1

10% PdrC 10r3 EtOH 48 2
10% PdrC 10r6 DMF 76 3
10% PdrC 10r3 AcOH 100 4
Rh–Pt oxide 10r3 EtOH 98 5
5% RhrC 10r3 EtOH 58 6
5% PdrC 10r3 EtOH 43 7
5% IrrC 10r3 EtOH 8.0 8
5% PtrC 10r3 EtOH 26 9

a Hydrogenation at room temperature.
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to 72% can be obtained in the enantioselective
hydrogenation of a ,b-unsaturated acids with
cinchona modified Pd catalysts. Both PdrTiO2

Ž . w xin polar solvents DMF or DMF–H O 12 ,2
w xand PtrAl O in hexane 13,14 gave good2 3

results. These two systems as well as the most
active RhrC and RhrPt-oxide catalysts identi-
fied above were chosen as starting point for our
investigations using 10,11-dihydrocichonidine as
modifier.

Table 2 depicts selected results of a catalystr
solvent screening with different Pd catalysts.
The best enantioselectivities were obtained with

Žthe two systems 10% PdrC in DMF entry 1, ee
. Ž19% and 5% PdrTiO in THF entry 4, ee2
. Ž .18% . Other solvents than DMF entries 2, 3 or
Ž . ŽTHF entries 5–8 , or PdrAl O results not2 3
.shown gave ee’s of F7%. Especially disap-

pointing were the results in acetic acid, the best
solvent for the enantioselective hydrogenation

w x Žof activated ketones 15 high conversions but
.0% ee with all catalysts tested and in n-hexane

Ž .entries 3, 7, 9, 10 , the preferred solvent in
w xinvestigation of Borszeky et al. 13,14 . Increas-

Žing the reaction time from 43 to 89 h entries 5
.and 6 did not result in a higher conversion but

a lower ee. This suggests deactivation of the
catalyst and racemization during the long reac-
tion time. Lowering the amount of catalyst also

Žresulted in a considerably diminished yield re-
. Žsults not shown . RhrC and RhrPt-oxide en-

.tries 9, 10 gave the highest activity of all

Table 3
Enantioselective hydrogenation of ethyl 1,4,5,6-tetrahydro nicoti-

Ž .nate with 10% PdrC DMF, 130 bar H , 508C, 21–22 h2

Ž . Ž .SrC MrC Product % ee %

10r6 – 76 –
Ž .10r6 1r10 49 1 S
Ž .10r6 2r10 46 17 S
Ž .10r6 3r10 54 8.3 S

Ž .10r6 4r10 47 7 S

modified systems, but as observed for our and
w xother cinchona modified Pd systems 12–14 ,

the activity was somewhat lower than in the
unmodified system. Unfortunately, the enantios-
electivity with these catalysts was always F3%;

Žvarying the solvents H O, EtOH, THF, AcOH2
.and n-hexane tested or the modifierrcatalyst

Ž .ratio 2r10, 3r10, 4r10, in EtOH did not
make any difference.

The PdrC in DMF and PdrTiO in THF2

were investigated in more detail. Table 3 shows
the effect of the 10,11-dihydrocinchonidine con-
centration on ee and product yield with 10%
PdrC in DMF. As observed by Borszeky et al.
w x w x13,14 and Nitta and Kobiro 12 , activity and
therefore product yield decreased compared to
the unmodified systems. The ee went through a

Ž .maximum modifierrcatalyst ratio 1r5 , a be-
havior also found with the Pt–cinchona system

Žin the hydrogenation of a-ketoesters for a re-
w x.view, see Ref. 15 . Table 4 shows the results

of the PdrTiO system with polar solvents.2

Table 2
ŽEnantioselective hydrogenation of ethyl 1,4,5,6-tetrahydro nicotinate with several catalysts 508C, 100 bar H , modifier to catalyst ratio2

.MrCs1r5

Ž . Ž . Ž .Catalyst Solvent SrC Time h Product % ee % Entry

Ž .10% PdrC DMF 10r6 25 12 19 S 1
Ž .10% PdrC EtOH 10r3 46 17 3 S 2
Ž .10% PdrC n-Hexane 10r6 24 81 2.5 S 3
Ž .5% PdrTiO THF 10r6 22 4.6 18 S 42
Ž .5% PdrTiO DMFrH O 1r1 10r6 43 24 6 S 52 2
Ž .5% PdrTiO DMFrH O 1r1 10r6 89 22 2 S 62 2
Ž .5% PdrTiO n-Hexane 10r6 20 28 2 S 72
Ž .5% PdrTiO DMF 10r6 20 4.8 1.5 S 82
Ž .5% RhrC n-Hexane 10r3 19 46 1.5 S 9

Ž .RhrPt oxide n-Hexane 10r3 22 97 3 S 10
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Table 4
Enantioselective hydrogenation of ethyl 1,4,5,6-tetrahydro nicoti-

Žnate with 5% PdrTiO in different solvent system 130 bar H ,2 2
.508C, 20–22 h

Ž .Solvent system SrC MrC Product ee % Entry
Ž .%

Ž .THFr50 ml AcOH 10r6 2r10 6.5 11 S 1
Ž .THFrAcOH 1r0.05 10r6 2r10 69 3 S 2

H OrAcOH 1r0.05 10r6 2r10 100 0 32
aDMFrH OrAcOH 10r3 2r10 17 0 42
a Ž .DMFrH OrAcOH 10r3 3r10 10 24 S 52
a Ž .DMFrH OrAcOH 10r3 4r10 6 15 S 62

aRatio: 1r1r0.001.

ŽSince the yield was very low in pure THF entry
.2, Table 2 , the addition of AcOH was also
Ž .investigated entries 1,2 . Product yield indeed

increased, but generally the ee’s dropped. H O2

in combination with AcOH led to high activity
Ž .but negligible induction entry 3 , whereas in

pure H O, both the activity and selectivity were2
Ž .always very low results not shown . In analogy

to Nitta and Kobiro’s results, the best ee of 24%
was achieved with PdrTiO in DMFrH O,2 2

1r1 with a trace of acetic acid in our case.
Unfortunately, the results were not very well

Ž .reproducible entries 4–6 . Generally, the ee
seemed to be higher at low conversion. This
indicates that the catalytic system is not stable
during the reaction probably because the modi-

w xfier is also slowly hydrogenated 16 . However,
since the ee’s were too low to be of practical
use, this effect was not further investigated.

4. Conclusions

We have demonstrated that a two-step proce-
dure for the enantioselective preparation of ethyl
nipecotinate is feasible in principle. The first

hydrogenation step is unproblematic, however,
the hydrogenation of the highly stabilized C5C
bond in ethyl 1,4,5,6-tetrahydro nicotinate
proved to be very difficult. Both yields and
enantioselectivities are too low to be of prepara-
tive use. The instability of the modified catalyst
precluded a more detailed investigation and,
therefore, our results are not a suitable basis for
a mechanistic interpretation. Nevertheless, this
is the first case with a chirally modified hetero-
geneous catalyst to hydrogenate an a ,b-un-
saturated ester with significant ee’s.
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