
Chiral 1,4-dihydroquinolines were synthesized by the addi-
tion of ketene silyl acetals to quinolinium salts. The stereoselec-
tivity was associated with the intramolecular interaction between
the quinolinium and the carbonyl or thiocarbonyl groups, which
was revealed by 1H NMR spectroscopy and X-ray analysis.

1,4-Dihydroquinolines have received great interest as
NADH models1 and as the precursor of 1,2,3,4-tetrahydro-
quinolines2 that have a variety of biological activities.
Although faceselective nucleophilic addition to pyridinium salts
is a convenient method for the synthesis of chiral 1,4-dihy-
dropyridines,3 little has been known about applicability of the
method to quinolinium salts4 due to significant difference in the
reactivity toward nucleophiles between a pyridinium and a
quinolinium salt.  Recently, Mangeney and his coworkers have
reported5 that the addition of organocopper reagents to a quino-
linium salt gave 1,4-dihydroquinolines with unexpectedly lower
regio- and stereoselectivities, which is in contrast to the high
selectivities in the case of pyridinium derivatives6.

Previously, we have reported regio- and stereoselective
addition of organometallic reagents to the pyridinium salts pos-
sessing 1,3-thiazolidine-2-thiones,7 where an intramolecular
C=S···Py+ interaction8 plays a key role in the resulting stereose-
lectivity (Scheme 1).  Here we report that addition of ketene
silyl acetals to quinolinium salts bearing chiral auxiliaries
afforded 1,4-dihydroquinolines via a C=S···Qu+ or C=O···Qu+

complex as a key intermediate.
We employed 3-quinolinecarboxamides 1 and 2 possessing

1,3-thiazolidine-2-thiones and 1,3-oxazolidine-2-ones, respective-
ly, and amide 3 as a standard.  Attempts at the addition of PhCu to
1 and 2 under the reported conditions5 resulted in no desired prod-
ucts.  Then, we selected ketene silyl acetals as nucleophiles
because they are scarcely used for the addition to quinolinium
salts, although the reactions with pyridinium9 and isoquinolini-
um4b,10 salts have extensively been studied.  3-Qunoline-
carboxamides 1a–1c, 2a–2b and 3, activated by methyl chlorofor-
mate were allowed to react with ketene silyl acetals at r.t. for 6 h
to give 1,4-adducts 8 and 1,2-adducts 9. The results are summa-
rized in Table 1.  Addition of 7a to 1a and 2a yielded 8a and 8b as
major products with a small amount of 9a and 9b, respectively.
Their regioselectivities were higher than in the case of 3.  The

regioisomer ratio was easily determined by 1H NMR analysis
based on the chemical shifts of H2 and H4 of 8 and 9; for exam-
ple, H2 and H4 of 8a appeared at δ 8.03 and 4.25, whereas those
of 9a appeared at δ 5.85 and 7.37, respectively. 

When using 1b and 1c possessing chiral auxiliaries, the
1,4-adducts 8d and 8e were produced with good regio- and
stereoselectivities.  On the other hand, the stereoselectivity for
9d and 9e was very low, the ratio of which being about 2 : 1. X-
ray analysis of 8d proved the absolute configuration of the
newly produced chiral center to be R.11 The configuration of
the other 1,4-adducts is tentatively assigned by analogy with 8d.
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Excellent regio- and stereoselectivities were obtained when using
7b as a nucleophile.  The diastereomer ratio with respect to the
C4 of 8g is 95 : 5, and the major isomer of which is an 86 : 14
mixture of syn-anti isomers based on the another chiral center
next to C4, which were determined by 1H NMR spectrum.  These
good selectivities would be attributable to intramolecular interac-
tion between the quinolinium and the thiocarbonyl or carbonyl
group, similar to our previous observations in the addition to
pyridinium salts.7 The addition to 2b having 1,3-oxazolidine-2-
one group gave similar results, but the stereoselectivities were
lower than those in the case of 1b.

To elucidate the postulated intramolecular C=S···Qu+ and
C=O···Qu+ interactions, 1H NMR studies of 1a, 2a and 3 and
their benzyl salts 4–6, and X-ray analysis of 5 were carried out.
Table 2 shows the δH2 and δH4 values and ∆δ values that repre-
sent the difference from standards 3 or 6.  Remarkable is that
the ∆δH2 of 4 and 5 are significantly larger than those of 1a and
2a.  On the other hand, all the ∆δH4 values are very small.
These results are comparable to our previous structural studies
of pyridinium salts,8 where H2 of the pyridinium significantly
shifted to downfield, suggesting the intramolecular interaction
of the C=S···Qu+ and C=O···Qu+.

The X-ray structure of benzyl salt 5 strongly supports the
existence of an intramolecular interaction between the quinolin-
ium ring and the carbonyl group (Figure 1).12 The carbonyl
oxygen of the oxazolidinone moiety is close to C2 of the quino-
linium ring; the 2.731 Å of the distance of which is much short-
er than the sum of van der Waals radii of the carbon and oxygen
atoms (3.22 Å). This structural feature of 5 is in agreement with
that of a pyridinium salt having a thiazolidine-2-thione moiety.8

The close contact of the O1 and C2 atoms can reasonably

explain the unusual downfield shifts of H2 because it will make
H2 lie in a deshielding area of the carbonyl group.

A working model for the present stereoselective reactions
is proposed as follows: Conversion of quinoline to quinolinium
salt will cause an attractive intramolecular C=S···Qu+ or
C=O···Qu+ interaction.  The shielding of one side of the quino-
linium face13 enables nucleophiles to attack from the opposite
side of the thiocarbonyl or carbonyl group, which would result
in the chiral 1,4-dihydroquinolines (Figure 2). 
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