
An intramolecular hetero Diels±Alder reaction of
a-(alkynylsiloxy)aldimine derivatives

Tadashi Shimizu,a Keiji Taninoa,* and Isao Kuwajimab,*
aDivision of Chemistry, Graduate School of Science, Hokkaido University, Sapporo 060-0810, Japan

bLaboratory for Natural Products Chemistry, Kitasato University, S-105 1-15-1, Kitasato,

Sagamihara 228-8555, Japan

Received 12 May 2000; revised 29 May 2000; accepted 2 June 2000

Abstract

Intramolecular hetero Diels±Alder reactions of a-(alkynylsiloxy)aldimine derivatives were developed.
a-(Alkynylsiloxy)aldehydes, which were prepared from 1,2-alkanediols in two steps, were converted into
the corresponding biscarbamates or N-arylimines. In the presence of BF3

.OEt2, the biscarbamates a�orded
oxazine derivatives in high diastereoselectivity. On the other hand, quinoline derivatives were obtained in
good yields by treating the N-arylimines with tri¯uoromethanesulfonic acid. # 2000 Elsevier Science Ltd.
All rights reserved.

Keywords: Diels±Alder reactions; imines; carbamates; alkynes; oxazines; quinolines.

Hetero Diels±Alder reactions of aldimine derivatives with various dienes provide a powerful
methodology for the synthesis of nitrogen-containing compounds.1 From a synthetic viewpoint,
the intramolecular version of the cycloaddition reaction is particularly useful because of the high
regio- and stereoselectivity.2 On the other hand, we have recently reported a convenient method
for the synthesis of a-(alkynylsiloxy)aldehydes from 1,2-alkanediols in two steps.3 Under the
in¯uence of Me2AlCl, the aldehyde underwent an intramolecular alkynylation reaction to yield
an anti diol predominantly (Scheme 1).
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The high stereoselectivity of the above reaction led us to examine a similar transformation
using the corresponding aldimine derivatives; the method was found, however, to a�ord bicyclic
products through an intramolecular hetero Diels±Alder reaction.
At ®rst, biscarbamates 2a and 2b, which were chosen as a precursor of an N-acyliminium

intermediate,4 were prepared in high yield by treating a-(alkynylsiloxy)aldehydes 1a and 1b with
urethane and a catalytic amount of 10-camphorsulfonic acid (Scheme 2).5 Treatment of the
biscarbamates with BF3

.OEt2 induced an intramolecular hetero Diels±Alder reaction to give
bicyclic oxazines 3a and 3b as a single isomer, respectively. The trans relationship between the
phenyl group and the nitrogen atom of 3b was determined by 1H NMR spectra, in which the
coupling constant between Ha and Hb has a fairly large (9.3 Hz) value. Since these oxazines proved
to easily undergo hydrolysis by silica gel column chromatography, the cycloadducts were isolated
as the corresponding ketocarbamates 4 after being treated with pridinium p-toluenesulfonate
(PPTS).6

The stereochemistry of the intramolecular hetero Diels±Alder reaction can be rationalized by
assuming transition state models TS-1 and TS-2, both of which have the substituent R on the
quasi equatorial position. Since TS-2 su�ers from gauche repulsion between the substituent R
and the iminium ion moiety, the reaction would proceed mainly through TS-1 to give the
anti-product (Fig. 1).

Next, a-(alkynylsiloxy)aldehyde 1b was subjected to a condensation reaction with aniline in the
presence of MS4A to a�ord N-arylimine 5. Under the in¯uence of tri¯uoromethanesulfonic acid,
imine 5 gave dihydroquinoline derivative 6 along with a small amount of quinoline 7 via an

Scheme 2.

Figure 1.
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intramolecular hetero Diels±Alder reaction (Scheme 3).7 In a similar manner, dihydroquinoline
derivative 8, having an angular methyl group was obtained from 1a and 2,6-xylidine as a single
diastereomer. The 1H NMR spectra of 6 and 8 indicated the anti-stereochemistry at the ®ve-
membered ring, which would be explained by a transition state model similar to TS-1 in Fig. 1.

The use of o- or p-substituted anilines resulted in the formation of quinoline derivatives having
a functional group at the 6- or the 8-position, respectively. In these cases, the crude product of the
Diels±Alder reaction was treated with DDQ to give the corresponding quinoline derivative, since
some of the dihydroquinoline derivatives were fairly labile (Scheme 4).8

In conclusion, biscarbamates and N-aryl imine derivatives, which were prepared from a-(alky-
nylsiloxy)aldehydes, underwent intramolecular hetero Diels±Alder reactions under acidic
conditions to give bicyclic compounds in good yield. Since a-(alkynylsiloxy)aldehydes, including
optically active ones, can be easily prepared from the corresponding 1,2-alkanediols, the present
reactions would provide a useful pathway for the synthesis of naturally occurring, nitrogen-containing
compounds.
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