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Chapter 4

SYNTHESIS OF CHIRAL DIHYDROPYRIDINES
Shinji Yamada*
Department of Chemistry, Ochanomizu University,
Otsuka, Bunkyo-ku, Tokyo, Japan

ABSTRACT
Chiral 1,4-dihydropyridines and dihydroquinolines were synthesized
by face-selective addition reactions of nucleophiles toward nicotinic and
quinolinic acid amides. Nicotinic amides having three types of chiral
auxiliaries, thiazolidine-2-thiones, bicyclic amines and oxiazolidines,
were employed as substrates. In the addition reaction of these substrates,
a cation– interaction between the chiral auxiliaries and pyridinium or
quinolinium plays a key role in controlling the substrate conformation,
thus enabling the face-selective addition of nucleophiles. In the case of
nicotinic amide 1, the interaction between the thiocarbonyl and the
pyridinium shields the pyridinium face. On the other hand, in the cases of
2 and 3, the aromatic ring shields the pyridinium plane through a cation-
interaction between the pyridinium and aromatic rings. The geometries of
the intermediates were confirmed by 1H NMR, CD spectroscopy and Xray structural analysis. The chiral auxiliary-dependent differences in the
interaction modes are responsible for the opposite configuration of the
produced dihydropyridines. Not only 1,4-dihydropyridines but also 1,2and 1,6-dihydropyridines were prepared by the selection of a suitable
nucleophile. This method was applied to the synthesis of substituted
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piperidine derivatives such as (-)-paroxetine and (+)-femoxetine, which
are serotonin reuptake inhibitors. Furthermore, an unusual one-pot
reaction of N-acylpyridinium with a thiocarbonyl group was described.

Keywords: cation- interaction, face-selective addition, chiral auxiliary

1. INTRODUCTION
Chiral 1,4-dihydropyridines [1] have been employed as synthetic
intermediates for a wide variety of compounds such as natural products [2],
calcium channel blockers [3], and NADH models. [4] Moreover, they have
the potential utility in the production of various nitrogen-containing 6membered heterocycles [5]. Nucleophilic addition to a pyridinium salt is a
useful method for the synthesis of dihydropyridines due to the ready
availability of pyridine derivatives for use as substrates [6]. In order to prepare
chiral dihydropyridines, the use of a chiral auxiliary is an effective method of
distinguishing the pyridinium face during the addition reaction [7]. Several
approaches have been reported based on the use of a chelation between a
substrate and a chiral auxiliary, which plays a key role in the discrimination of
the pyridinium face. We investigated a new synthetic method of chiral
dihydropyridines using a cation-π interaction [8] as a conformation-controlling
tool [9]. The concept underlying our approach is as follows: (1) When a
nicotinic amide derivative having a chiral auxiliary was converted to a
pyridinium salt, the -component of the chiral auxiliary approaches one face
of the pyridinium ring through a cation- interaction between the two entities.
(2) A nucleophile attacks the pyridinium ring from the unblocked side to
produce a chiral dihydropyridine stereoselectively (Scheme 1). The advantage
of our approach is that various types nucleophiles can be used without the
formation of a chelate between the substrate and the nucleophile.

2. SYNTHESIS OF 1,4-DIHYDROPYRIDINES
As described in Scheme 1, the selective shielding of one side of the
pyridinium face is a key to the face-selectivity. We employed three types of
nicotinic amides 1-3 with three respective chiral auxiliaries, thiazolidine-2thione, bicyclic amine [5], and oxazolidine, respectively, as shown in Figure 1.
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Scheme 1. Strategy for the synthesis of 1,4-dihydropyridines through a cation-
interaction.

Figure 1. Three types of nicotinic amides with a chiral auxiliary.

2.1. Thiazolidine-2-Thione as a Chiral Auxiliary
As a chiral auxiliary we focused on the thiazolidine-2-thione moiety
because it can be easily prepared from amino alcohols and removed after the
addition reactions. We used nicotinic amide derivatives 1a-1c which were
prepared from chiral (S)-thiazolidine-2-thiones with nicotinoyl chloride [10].
After the amide 1a was converted in situ into the corresponding pyridinium
salts with acyl chlorides or chloroformates, addition of nucleophiles to the
pyridinium salts was performed. The results are listed in Table 1. The reaction
of the pyridinium salts of 1a with MeCu gave a 93:7 mixture of 1,4- and 1,6adducts 4a and 5a. The diastereomer ratio of 4a is 67:33 (entry 1). These
regio- and stereoisomer ratios were determined by 1H NMR spectroscopy. The
preference in the 1,4-addition has been generally observed when using
organocopper reagents. PhCu added to the pyridinium salts with higher
stereoselectivity than MeCu (entry 2). When benzoyl chloride was employed
instead of methyl chloroformate to generate an intermediary pyridinium salt,
both regio- and stereoselectivities in the adducts were improved (entries 3-5),
indicating the importance of the steric bulkiness around the N atom in the

118

Shinji Yamada

selectivities. Although the difference in the substituents at the chiral center of
the thiazolidine-2-thione moiety did not have a significant effect on the
stereoselectivity, amide lc having the most bulky t-butyl group slightly raised
the selectivity (entry 5). Trimethylbenzyltin also works as a nucleophile to
give 4a in good regio- and stereoselectivities (entry 6).
The absolute configuration of the 4-position was determined by
X-ray analysis after derived to cis-3,4-disubstituted piperidine derivative 9
(Scheme 1). Thus, the chiral auxiliary of the dihydropyridine 4a was removed
by treatment with NaOMe to produce methyl ester 6. Catalytic hydrogenation
of 7 with PtO2 in EtOH resulted in selectively reduced tetrahydropiperidine
8, whereas in the presence of acetic acid the hydrogenation was completed
to give a 9:1 mixture of the cis and trans isomers of 8. After 8 was converted
to menthyloxycarbamates 9, several recrystallizations provided a pure
analytical sample for X-ray crystallographic analysis. The X-ray structure of 9
unequivocally shows that the 4-position possesses R-configuration; the
absolute configuration of the 4-position of dihydropyridine 4a was determined
to be S-configuration.
Table 1. Reaction of the pyridinium salts of 1a-1c with
organometallic reagents

entry
1
2
3
4
5
6

amide
1a
1a
1a
1b
1c
1a

R1
OMe
OMe
Ph
Ph
Ph
OMe

nucleophile
MeCu
PhCu
PhCu
PhCu
PhCu
BnSnMe3

yield/%
68
70
76
59
85
72

4:5
93:7
95:5
100:0
100:0
100:0
100:0

dr of 4
67:33
84:16
88:12
88:12
91: 9
80:20
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Scheme 2. Determination of the absolute configuration of the newly-prepared
stereogenic center.

We presumed that the resulting face-selectivities are caused by a
conformational rigidity arising from an intramolecular interaction between the
pyridinium ring and the thiocarbonyl group [11]. The existence of attractive
intra- and intermolecular (C = S) Py+ interactions of 11 was elucidated by 1H
and 13C NMR spectroscopies, and X-ray crystallographic analyses. The
superimposed X-ray structures are shown in Figure 2 in an effort to better
understand the geometrical differences between pyridine and pyridinium
derivatives. Figure 2 clearly shows that the S1 atoms of 10 and 11 occupy
positions significantly different from each other; while the S1 atom of 10 is on
the side of the pyridine ring, the S1 atom of 11 is located on the pyridinium
plane. These results strongly suggest the existence of attractive interactions
between the C = S group and the pyridinium ring [11].

Figure 2. Superimposed geometries of 10 and 11.
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Scheme 3. Plausible reaction pathway through cation– complex formation.

The less effect of the substituent at the chiral auxiliary to the
stereoselectivity can be explained by considering intramolecular interactions.
Scheme 2 shows plausible mechanism for the stereoselective formation of
chiral dihydropyridine 4. Addition of a nucleophile to the conformers I and II
produces S and R dihydropyridines 4, respectively. The preference in the
conformer I than II was suggested by ab initio calculations, which is in
agreement with the diastereomer ratio of 4.

2.2. Bicyclic Amine as a Chiral Auxiliary
Next, we employed nicotinic amides 2a-2e with a chiral bicyclic amine
framework, which was synthesized from bicyclic ketone 12 that was prepared
by Corey et al. [12] (Scheme 4). Table 2 shows the results for the addition of
ketene silyl acetals to nicotinic amides 2 [13]. The diastereomer ratio of 14
was significantly dependent on the substituents at the chiral auxiliary. Thus,
when compounds 2c-2e possess an aromatic moiety, higher selectivities were
observed (entries 3–5). In particular, 2d having a benzyl group was the most
effective and resulted in excellent selectivity (entry 4). It is worthwhile noting
that the stereoselectivity of 1,6-adduct 15d was 32% de despite through 1,7asymmetric induction process (entry 4), indicating an effective shielding of the
pyridinium face by the benzyl moiety.
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Scheme 4. Synthesis of nicotinic amides with a chiral bicyclic amine derivative.

Table 2. Addition of a ketene silyl acetal to the pyridinium salt of 2a

Entry

Substrate

Yield/%

1
2a (R = H)
28
2
2b (R = Me)
40
3
2c (R = Ph)
63
4
2d (R = CH2Ph) 57
5
2e (R = CH2Np) 67
a
CH2Cl2 was used as a solvent.
b
Determined by 1H NMR spectroscopy.

Ratio
(14:15)b
71 : 29
88 : 12
76 : 24
95 : 5
84 : 16

de/% of
14b
14
56
92
99
85

de/% of
15
12
18
8
32
2

The fact that whether the chiral auxiliary has an aromatic substituent or
not is critical for the stereoselectivity strongly suggests the participation of the
aromatic ring in the transition state of the addition reaction as shown in
Scheme 5; the one side of the pyridinium face was effectively shielded by an
aromatic substituent, which enables a nucleophile attacks from unblocked side
to produce 1,4-dihydropyridine in high diastereoselectivity.
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Scheme 5. Strategy for the face-selective addition of nucleophiles to a pyridinium salt.

Table 3. Addition of ketene silyl acetals to the pyridinium salt of 16

Entry Substrate Acetal Solv
Yield/%a
(18 : 19)b
1
16a
17a
CH2Cl2
60(94)
78 : 22
2
16b
17a
CH2Cl2
94
86 : 14
3
16b
17a
CHCl3
90
93 : 7
4
16b
17bc
CH3CN 80
>99 : 1
5
16b
17b
CH2Cl2
61(99)
93 : 7
a
Isolated yields. Conversion yield is indicated in parentheses.
b
Determined by 1H NMR spectroscopy.
c
Eight eq. were used.
d
Syn/anti diastereomer ratio.

de/% of 18
12
>99
>99
>99(93:7)d
>99(94:6)d

2.3. Oxazolidine as a Chiral Auxiliary
In order to attain high face-selectivity, we used nicotinic amide 16 with an
oxazolidine moiety as a chiral auxiliary [14], which was readily prepared from
amino alcohols. The addition of ketene silyl acetals 17a and 17b to 16 in the
presence of methyl chloroformate in CH2Cl2 gave 1,4-adducts 18a and 18b,
respectively, as major products, with a small amount of the 1,6-adduct 19,
(Table 3). Although the addition of 17a to 16a afforded the 1,4-adduct 18
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with much lower diastereoselectivity (entry 1), excellent selectivities were
observed for its addition to 16b (entries 2-5), suggesting that the benzyl group
effectively shields one side of the pyridinium face.
X-Ray analyses clarified significant geometrical differences between 16b
and 20 (Figure 3). The remarkable feature in 20 is that the pyridinium and the
phenyl rings lie parallel to each other and the two rings are arranged face-toface, the distance between them being about 3.4 Å. On the other hand, the
pyridine and the phenyl moieties of 16b are far apart from each other [14]. The
fact that the geometry significantly depends on whether the pyridine nucleus
has a cationic charge or not shows that a cation– interaction governs
the conformation of the pyridinium intermediate [14,31]. The CD spectra
of 20 suggested the preference in the closed conformation in solution [15].
Estimated CCSD(T) interaction enegy of the benzene complex with Nmethylpyridinium was -9.36 kcal/mol, which is three times larger value than
that of the complex with pyridine [32].

Figure 3. ORTEP drawings for (a) 16b and (b) 20. The bromide ion of 20 was omitted
for clarity.
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Scheme 6. Working model for nucleophilic addition to a cation– complex.

A working model was proposed as shown in Scheme 6 based on the
structural optimization of the intermediary pyridinium cation by ab initio
calculations at the RHF/3-21G* level, where conformer II is 2.1 kcal mol−1
more stable than conformer I. Therefore, the equilibrium between conformers I
and II favors II; as a result, a nucleophile will attack conformer II from the
non-shielded side to give a chiral dihydropyridine with good stereoselectivity.

2.4. Comparison among Chiral Auxiliaries
As described above, the substrates 1b and 16b have (S)-4-thiazolidine-2thione and (S)-4-oxazolidine moieties, respectively. Although both of the
chiral auxiliaries possess the same chirality due to them both being
derived from L-(-)-phenylalanine, nucleophilic addition to these nicotinic
amides produced dihydropyridines with an opposite chirality. This opposite
selectivity is speculated to be due to differences in conformation between the
intermediate nicotinium salts 1b and 16b as shown in Figure 2. The cation of
1b prefers the cis conformer, which is stabilized by the interaction of the
thiocarbonyl with the pyridinium ring. In addition, the trans conformer is
destabilized by the repulsion of the dipoles between the carbonyl and
thiocarbonyl groups. On the other hand, the intermediate cation of 16b prefers
the trans conformer due to stabilization by a cation- interaction of the
aromatic ring with the pyridinium ring (Figure 2). X-ray structural analyses
and structural optimization of the pyridinium salts of 1b and 16b clearly show
the differences in their conformations [10, 11, 14]. These differences in the
conformational preferences are responsible for the opposite stereoselectivities.
In case of substrate 2 with a bicyclic amine moiety, a pyridinium- interaction
was observed similar to the case of 3, which governs the stereochemistry of
the products.
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Figure 4. Conformational differences between the cations of 1b and 16b.

3. SYNTHESIS OF 1,2- AND 1,6-DIHYDROPYRIDINE
DERIVATIVES
It has been shown that the addition of an allyltributyltin reagent to a
pyridinium salt produces 1,2- and 1,6-dihydropyridines [16]. We speculated
that our strategy described for the synthesis of chiral 1,4-dihydropyridines
could be applied to the synthesis of chiral 1,2- and 1,6-dihydropyridines.
Table 4. Face-selective addition reaction of allylmetal reagents
to nicotinic amide 3

a

Phenyl chloroformate was used instead of methyl chloroform.
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Scheme 7. Addition of allyltributyltin and prenylindium reagents to the pyridinium salt
of 24.

Among various allylmetal reagents, we focused on the allylindium and
allyltributyltin reagents as nucleophiles due to the establishment of their
regioselectivity toward their addition to pyridinium salts [16]. The results are
shown in Table 4 [17]. The addition of the allylindium reagent successfully
proceeded in THF to give the 1,2-adduct 21a as a major product in 84% de
(entry 1). The use of phenyl chloroformate in place of methyl chloroformate
improved the stereoselectivity (entry 2). The addition of an allylzinc reagent
showed similar ee value to that of entry 1 despite increase in the 1,6-adduct
23a (entry 3). Allyltributyltin also served as a good nucleophile to afford 21a
in good regio- and stereoselectivities (entry 4). The nucleophile dependence of
the regioselectivity can be explained by the HSAB rule; a harder allylation
reagent preferentially attacks the harder 2-position than the 4- and 6-position.
The addition of a prenylindium reagent preferentially gave the 1,4-adduct 22b
in good regio- and stereoselectivities. To the best of our knowledge, this is the
first reported example of the stereoselective prenyllation at the 4-position. It is
worthwhile to note that the chiral auxiliary of the adducts can be removed by
reduction with Cp2Zr(H)Cl [18 ] to give the corresponding aldehydes.
To improve the stereoselectivity, we used a chiral auxiliary possessing a
gem-dimethyl group at the 4-position of the oxazolidine moiety. Kanemasa
and his coworkers have reported the effectiveness of this chiral auxiliary for
asymmetric Diels-Alder reactions, where the gem-dimethyl groups help the
benzyl group to block the diene moiety by the steric repulsion [19]. Addition
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of an allyltributyltin reagent to the pyridinium salt of 24 gave 25 as a major
product in 91% de (Scheme 7). On the other hand, the reaction with the
prenylindium reagent gave a 1,4-adduct 27 in 90% de. These results clearly
show the effectiveness of this chiral auxiliary on the stereoselectivity. The
stereogenic center of 1,4-adduct 27 was also assigned to be S by X-ray
analysis.
Next, addition of activated alkynes to 3-substituted pyridinium
compounds was investigated because the produced ethynyldihydropyridines
and corresponding pyridines are an important class of compounds as various
synthetic intermediates [20] and biologically active compounds [21]. Among
the reported alkynylation methods using various metallo alkynyl reagents, we
focused on the copper-mediated addition reaction due to its potential
applicability to organic synthesis [22].
Table 5. Addition of terminal alkyne to 29a-29e

Addition of phenylacetylene to methyl nicotinate 29 gave a mixture of the
1,2-, 1,4-, and 1,6-adducts in 81% yield with the ratio of 40:11:49 as shown in
Table 5 (entry 1). A surprising feature in this reaction is that the 1,6-adduct 32
was the major product, although it was assigned to the 1,2-dihydropyridine in
the literature [23]. The structure of the 1,6-adduct 32 was confirmed after
aromatization to the known methyl 6-phenylethynylnicotinate [21a]. A
remarkable feature is that the substituent at the 3-position significantly
influenced the regioselectivity. The addition to acetylpyridine 29b gave a 1,6-
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adduct 32b as the major product similar to the case of 29a (entry 2). On
the other hand, 1,2-adducts 30c and 30d were the major products for
the addition to 29c and 29d having a phenyl and a methyl group at the 3position, respectively. Surprisingly, the addition to 29e possessing a MeO
group exclusively afforded the 1,2-adduct 30e. These results suggest that the
electronic properties of the substituents are significantly responsible for the
preference during the 1,2- and 1,6-additions.

4. SYNTHESIS OF 1,4-DIHYDROQUINOLINES
The method for the synthesis of chiral dihydropyridines can be
applied to the synthesis of dihydroquinolines. Various types of chiral 1,2dihydroquinolines have been prepared by the nucleophilic addition toward
quinolinium salts [24]. It has been reported that the addition of organocopper
reagents to a quinolinium salt gave 1,4-dihydroquinolines with unexpectedly
lower regio- and stereoselectivities [25]. which is in contrast to the high
selectivities in the case of pyridinium derivatives.
Table 6. Nucleophilic addition of ketene silyl acetals to 33a and 33b

Amide

Nucleophilea

Yield/%b

34 : 35

Major
product
33a
17a
57 (92)
96 : 4
34aa
33b
17a
75 (97)
92 : 8
34ba
33a
17b
68 (98)
95 : 5
34ab
a
Two eq of ketene silyl acetal was used unless otherwise noted.
b
Isolated yield. Conversion yields are indicated in parentheses.
c
Absolute configuration was indicated in parentheses.
d
The major diastereomer is a 84:16 mixture of syn-anti isomers.

de/% of
34c
74 (R)
82 (R)
90 (S)d
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We employed 3-quinolinecarboxamides 33a and 33b possessing chiral
1,3-thiazolidine-2-thiones [26]. Attempts at the addition of PhCu to 33 under
the reported conditions [24] resulted in no desired products. On the other hand,
addition of ketene silyl acetal 17a to 3-qunolinecarboxamide 33a activated by
methyl chloroformate produced 1,4-adduct 34aa in 74% de with a small
amount of 1,2-adducts 35aa (Table 6, entry 1). The diastereoselectivity was
improved by using 33b as a substrate. Good regio- and stereoselectivities were
obtained when using 17b as a nucleophile. The diastereomer ratio with respect
to the C4 of 34ab is 95:5, and the syn-anti isomer ratio with respect to another
chiral center next to C4 was 84:16, which were determined by 1H NMR. These
good selectivities would be attributable to intramolecular interaction between
the quinolinium and the thiocarbonyl group as shown in Scheme 8, which is
similar to our previous observations in the addition to pyridinium salts [10].

Scheme 8. Working model for the face-selective addition of nucleophile to the C =
S···Qu+ complex.

Scheme 9. Addition of allylmetal reagents to the quinolinium salt of 35.
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Figure 5. X-ray structure of 39.

Scheme 10. Working model for face-selective addition to a cation- complex.

Allylmetal reagents also serve as nucleophiles for quinolinium salts. The
addition of allyltributyltin reagent to the quinolinium salt of 35 exclusively
yielded 36 in 78% de. On the other hand, the reaction with prenylindium
reagent gave a 1,4-adduct 38 in 78% de (Scheme 9) [17]. The absolute
configuration of the stereogenic center was determined by X-ray structural
analysis.
To elucidate the role of a cation-π interaction on the conformation of the
intermediate pyridinium salt, X-ray structural analysis of N-methylquinolinium
salt 39 was carried out. Figure 5 shows clearly shows the effective blocking of
the quinolinium plane by the benzyl group through an intramolecular cation–
interaction. The quinolinium and the phenyl rings lie parallel to each other and
the two rings are arranged face-to-face, the distance between them being about
3.4 Å [17].
These results led to a working model outlined in Scheme 10. The
equilibrium between conformers I and II favors II. Allylmetal reagents
would attack the conformer II from the less-hindered side to give a chiral
dihydropyridine with a good stereoselectivity. The predicted absolute
configuration of the stereogenic center is in agreement with that determined by
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X-ray analysis. The coordination of the carbonyl oxygen toward metal
reagents during the addition reaction may also help this face-selectivity.

5. SYNTHETIC APPLICATION OF DIHYDROPYRIDINES
The dihydropyridines obtained by the addition of nucleophiles to the
nicotinic amides were used to the synthesis of piperidine derivatives such as
(-)-paroxetine and (+)-femoxetine as shown in Figure 6 [27].

Figure 6. Structures of (-)-paroxetine and (+)-femoxetine.

Scheme 11. Formal synthesis of (−)-paroxetine.
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Since they are a significantly important class of serotonin reuptake
inhibitors, extensive efforts have been made for the efficient synthesis of (−)paroxetine and (+)-femoxetine. Although various methods for the construction
of the piperidine ring system have been developed, little has been reported for
an approach using pyridine derivatives as substrates despite their easy
availability. The face-selective addition of a 4-fluorophenylcuprate toward
nicotinic amide 1a according to our methodology [10] gave 1,4-adduct 40 in
78% yield with 99% de. Removal of the chiral auxiliary with NaOMe–MeOH
and hydrogenation of the dihydropyridine 41 in the presence of Pd/C gave cistetrahydropyridine 42. The isomerization of 42 into trans-piperidine 43 and
reduction of the ester moiety of 43 provided piperidine alcohol 44, which is the
reported precursor of (−)-paroxetine (Scheme11) [28]. A similar reduction of
the cis-piperidine 42 afforded the corresponding cis-alcohol.
Formal synthesis of (+)-femoxetine was also performed by using ent-1a as
a starting material through a similar procedure to the synthesis of 44
(Scheme 12) [29].
During our studies on the reaction of the activated pyridinium derivatives,
we found unexpected products in the presence of thiophthalimide [30]. The
reaction of pyridine, dithiophthalimide (45a) and 2 equiv. of propionyl
chloride in the presence of Et3N gave tricyclic compound 46a in 62% yield,
the structure of which was determined by 1H and 13C NMR and IR spectra,
and X-ray crystallographic analysis. Figure 7 shows the ORTEP drawing,
which clearly reveals that it consists of 1,2-dihydropyridine, six-membered
lactam and N-acyl spirothiolactam moieties. Characteristic stereochemical
features are trans relationship between 2-H of the dihydropyridine moiety and
the methyl group in the six-membered lactam ring, and syn orientation
between the dihydropyridine and the phenyl ring. An additional important
feature is that the sulfur atom is incorporated into the six-membered ring at the
–position of the carbonyl group. Surprising is that the reaction provided an
almost single product despite having three stereogenic centers.

Scheme 12. Formal synthesis of (+)-femoxetine.

Synthesis of Chiral Dihydropyridines

Scheme 13. Formation of unexpected tricyclic 1,2-dihydropyridine derivative by a
three-component reaction.

Figure 7. ORTEP drawing of 46a.

Scheme 14. A plausible pathway for the formation of 1,2-dihydropyridine
derivative 46.
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A plausible pathway that satisfies all of the foregoing results is shown in
Scheme 14. The key intermediary betaine A may arise either from Nacylpyridinium with Et3N or directly from pyridine and a ketene produced
from an acyl chloride. The betaine reacts with N- acyldithiophthalimide to
afford a six-membered lactam ring via [4+2] cycloaddition reaction, which
results in trans stereochemistry between 2-H and the methyl group. The syn
orientation about the dihydropyridine ring and the phenyl group may be due
to intermolecular cation-–interaction of the pyridinium cation with the
electron of the aromatic moiety of N-acylthiophthalimide in the cyclization
step.

CONCLUSION
Face-selective addition reactions toward nicotinic and quinolinic amides
having three types of chiral auxiliaries have been performed to produce chiral
dihydropyridines and dihydroquinolines, respectively. In these reactions, a
pyridinium– interaction between the chiral auxiliary and the pyridinium ring
plays a key role in controlling the conformation of the cation intermediate,
leading to high stereoselectivities. While in the case of nicotinic amide 1, the
interaction between the thiocarbonyl and the pyridinium ring shields the A-side
of the pyridinium face, in the case of 2 and 3, the aromatic ring shields the Bside of the pyridinium face through a cation- interaction between the
pyridinium and aromatic rings. These differences in the interaction modes are
responsible for the opposite configuration of the stereogenic center pf the
product. This method was applied to the synthesis of substituted piperidine
derivatives. Furthermore, an unusual reaction of N-acylpyridinium with a
thiocarbonyl group was described. These examples show that an addition
reaction to a pyridinium is an effective method for the synthesis of various
types of chiral dihydropyridines.
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