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Summary: Clay montmorillonite is an efficient catalyst for addition of silyl
ketene acetals to pyridine derivatives with electron-withdrawing groups to
afford N-silyldihydropyridines.

We have been utilizing clay montmorillonite as a heterogeneous acid
catalyst in carbon-carbon bond formation reactions such as aldol! and
Michael? reactions of enol silanes. During investigating the Michael-type
addition of silyl ketene acetals, we discovered that, in the presence of
montmorillonite, silyl ketene acetals add te an electron-deficient pyridine
nucleus. Here we wish to report that montmorillonite catalyzes the direct
addition of silyl ketene acetals to pyridines bearing electron-withdrawing
groups in a highly regioselective manner to afford N-silyldihydropyridines,
comparing the clay catalyst with conventional, homogeneous promoters.
Dihydropyridines have generally been synthesized wvia the addition of a
nucleophile to reactive 1-acylpyridinium salts.3
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In the presence of iron (III} or aluminium (III) ion-exchanged montmo-
rillonite (abbreviated as Fe-Mont and Al-Mont, respectively),4 silyl ketene
acetal (2a) did not react with pyridine. However, pyridine derivatives bear-
ing one electron-withdrawing group or more (la, 1d, le, and 1f) are subjected
to regioselective addition reactions with silyl ketene acetals as shown in
Table 1. 0f the three cyano-substituted pyridines, only the meta form was
reactive to 2a to give 4-substituted N-silyl-1,4-dihydropyridine in 94%
yield. The addition of 2a at the 2- or 6-position of the pyridine nucleus

was not observed. The work-up of the present method is so simple (only
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Table 1. The reactions of pyridine derivatives with enol silanes,@
Pyridine deriv. Enol silane cat. Time/h Product? Yield/%
SiMey
m-Cyanopyridine ___/O Fe-Mont 0.2 EtOC = 94
(1a) /0Bt (2a) NC NsiMe,
(3a)
1a 2a Al-Mont 0.25 3a 95
o-Cyanopyridine 2a Al-Mont 19 -- 0
(1b)
p~-Cyancopyridine 2a Al-Mont 19 -— 0
(1c)
iMey Me0,C =
1a \_/05 Fe-Mont . 2 . Nees 94
/ ‘OMe (2b) NC ~SiMe3
(3b)
1a 2b Al-Mont 3.3 3b 94
SitBuMe MeO R
1a _P 2 Fe-Mont 6.0 2C 1 89
\OMe (2¢) NC” ~"5itBuMe,
(3c)
1a 2c Al-Mont 12 3c 67
SiMe3
Ta .__-—_/\o Al-Mont 17 -- 0
Ph (24)
Ethyl nicotinate 2a Al-Mont 3.0 FE0LC N 20¢
(1d) E0,C7 ~N-siMe,
(34)

14 2a Al-Mont 1.5 3d 849
3,5-Pyridine- iMes OMe
dicarboxylic acid /=<ZSMe Al-Mont 0.2 MeQ,C = 87¢%
dimethyl ester (1le) MeQ,C ™ H

(2e) (3e)
=¥
Isoquinoline 2a Al-Mont 3.0 N 80¢
(1£) “SiMe;
{3f) CO4EtL
2
1£ 2c Al-Mont 25 43
N sitBuMe,

(3g) ~COMe
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Notes of Table 1
a) In the presence of montmorillonite (0.5 g), the reaction of 1 (1 mmol)

with 2 (2 mmol) was performed in CH,Cl, at r.t.
b} All products were confirmed by Ty and 13C NMR, IR, and elemental analysis.
c) The reaction was performed at 0 ©cC.

d) The reaction was performed in EtNO, at 0 ©C.
e) 3e could be purified by recrystallization after hydrolysis of an
N-silylated product. The N-silylated product could not be purified

by distillation owing to its high boiling point.

filtering the montmorillonite off) that the adduct is isolable in the form of
N-silyldihydropyridine without being hydrolyzed. 2b and 2c¢ alsco add to 1a at
the 4-position.

The catalytic activity of the clay is dependent on the sort of exchage-
able cation in montmorillonite, and the fellowing order was observed in the
reaction of la with 2¢: Fe3*(89% yield) > Co2*(68%) > Cu?*(59%)As2n?*(53%)
> B13*(43%)~s Ni2*(40%) A Snét(39%).5

In contrast to silyl ketene acetals, silyl enol ether (2d) gave no
adducts.

Except for the reaction of ethyl nicotinate (1d), CH,Cl, is a preferable
solvent in the present system.

The reaction of isoguinoline (1f) with 2a or 2c afforded 1-substituted
N-silyl-1,2-dihydroisoguinoline selectively, while quincline produced no
adducts.

Table 2 summarizes the comparison of catalytic activity between montmo-
rillonite and some homogeneous promoters, showing that the montmorillonite
catalyst has higher catalytic activities and the advantage of isclation of N-
silylated 1,4-dihydropyridine in a pure form. We assume that pyridine
derivatives are adsorbed on acid sites on montmorillonite and activated

enough to be attacked by silyl ketene acetals.

A typical experimental procedure is as follows. Fe-Mont (0.5 g) was
placed in a flask and dried at 120 ©C/0.5 Torr for 3 h, and then suspended in
CH4Cl, (5 ml). 1la (1 mmol) and 2a (2 mmol) were added successively and

stirred at r.t. for 0.2 h. The reaction mixture was passed through a pad of
Celite and the filtrate was evaporated and distilled on Kugelrohr to yield 3a
in 94% yield.

N-Silyl-1,4-dihydropyridines (3a, 3b, 3c) were directly oxidized with
ceric ammonium nitrate (2 eq, in CH4CN, -45 °c) to give corresponding 4-
substituted 3-cyanopyridines in 95, 26, and 65% yields, respectively.

The present work was partially supported by a Grant-in-Aid for Scien-
tific Research No. 63750812 from the Ministry of Education, Science and
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le 2. Comparison of various promoters in the reaction of 1a with 2a.2
Promoter Solv. Time/h Yield of 3a/%
Fe-MontP CH,C1, 0.2 94
al-MontP CH,CL, 0.25 95
. c
Me381OTf CH2C12 0.3 73
Bu NFd THF 2.0 68©
f
ZnBr, CH,C1, 0.35 34
. £
BF3 OEt2 CH2C12 17 0
None CH2C12 3.5 0
a) The reaction of 1a (1 mmol) with 2a (2 mmol)
was performed at r.t.
b) 0.5 g. c) 12 mol%. d) 10 mol%.
e) Total yield after oxidation to 4-substituted
3-cyanopyridine with ceric ammonium nitrate.®
£f) 100 mols.
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6.

Fe-Mont and Al-Mont were prepared from sodium ion-exchanged montmoril-
lonite and Fe(NO45) 3 or Al(NO3)3. Ion exchange procedures, see Ref, 1.

In the presence of montmorillonite (0.5 g), the reaction la (1 mmol) with
2c (2 mmol) was performed in CH2C12 at r.t. for 6 h.

We could not isolate an N-silylated adduct.
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