
Tetrahedron Letters 46 (2005) 1975–1979

Tetrahedron
Letters
Transformations of tetrahydrobenzo[b][1,6]naphthyridines
and tetrahydropyrido[4,3-b]pyrimidines under the action of

dimethyl acetylene dicarboxylate

Leonid G. Voskressensky,* Tatiana N. Borisova, Innokenti S. Kostenev,
Ilia V. Vorobiev and Alexey V. Varlamov

Organic Chemistry Department of the Russian Peoples Friendship University, 6, Miklukho-Maklaya Street, Moscow 117198, Russia

Received 4 November 2004; revised 21 January 2005; accepted 1 February 2005
Abstract—10-Cyanotetrahydrobenzo[b][1,6]naphthyridines 3, 4 undergo addition of DMAD, followed by a Stevens rearrangement
of the intermediate ylide to yield methyl dioates 8 and 9. An alternative transformation sequence starts with migration of the
dimethyl butenedioate anion to the carbon of the CN group, followed by the addition of 1 mol of water, to provide succinates
10 and 11. In contrast, tetrahydropyrido[4,3-b]pyrimidines 5–7 undergo a tandem cleavage process, involving one molecule of sol-
vent. The resulting enamines are easily cleaved by strong acids, to give dihydropyrymidinylethylamines, which are scarcely available
by other synthetic means.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1.
Probably due to the lack of efficient synthetic methods,
tetrahydrobenzonaphthyridines have not been the focus
of much research interest. On the other hand, their
naphthyridine and hydronaphthyridine skeletons are
found in some bioactive compounds1,2 and more
recently have been shown to be effective lithium3 or
copper4,5 complexing agents and chiral biomimetic
NADH models.6 Only a few examples of chemical trans-
formations of tetrahydropyridopyrimidines have been
reported.7–9 As part of a project devoted to the synthesis
and biological screening of azocine-containing fused
heterocycles10 we focused on the preparation and further
tandem cleavage–cyclisation reactions with dimethyl-
acetylene dicarboxylate (DMAD) of tetrahydro-
benzo[b][1,6]naphthyridines 1–4 and pyrido[4,3-b]-
pyrimidines 5–7 (Fig. 1).

Both of these scaffolds have a tetrahydropyridine (THP)
fragment condensed with a p-deficient heterocycle as
distinct from the previously studied tetrahydropyrrolo-
pyridines (THPP) and tetrahydropyridoindole (THPI)
derivatives. THPP and THPI derivatives undergo cleav-
age in alcohols with DMAD to produce b-alkoxy-
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(hydroxy)alkylpyrroles (indoles) in moderate to high
yields. The latter compounds are valuable building
blocks for the synthesis of fused azocines.11 Hence, it
seemed of interest to investigate the reactivity of
compounds 1–7 towards DMAD. In this paper, we wish
to present the results of these studies.

Compounds 1 and 2 were synthesised according to
methods previously described.12 Condensation of isatin
with c-piperidones in the presence of gaseous ammonia
followed by dehydration using phosphorus oxychloride
produced nitriles 3 and 4 (Scheme 1). We had to
transform amides 1 and 2 into nitriles due to the low
solubility of the former in methanol. Tetrahydropyrido-
[4,3-b]pyrimidines 5–7 were synthesised according to a
procedure previously described (Scheme 2).13
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Nitriles 3 and 4 were treated with DMAD in methanol
at room temperature. In both cases the reactions pro-
ceeded smoothly, giving two products, the chromato-
graphic separation of which led to the isolation of
unexpected products 8–11 (Scheme 3).14

X-ray crystallographic analysis was carried out on com-
pounds 8 and 10, which were obtained as suitable mono-
crystals by recrystallisation from ethyl acetate (slow
evaporation; rt) to arrive at unequivocal structural
assignments and elucidate their three-dimensional struc-
tures. The refined X-ray crystal structures of 815 and
1016 are shown in Figures 2 and 3. In both compounds
the double bonds have the Z-configuration. We presume
that the reaction proceeds via the intermediate zwitter-
ion A, resulting from the Michael addition of the ter-
tiary nitrogen to the DMAD molecule. An internal
proton transfer then gives ylide B (Scheme 4).
Stevens rearrangement17 of the ylide (pathway a) yields
compounds 818 and 9. The alternative transformation
(pathway b) starts with migration of the dimethyl butene-
dioate anion to the carbon of the CN group, resulting
in the formation of the iminium zwitterion C, which,
upon reaction with water, followed by the rearrange-
ment of the intermediate imine D yields the enamines
1019 and 11 via an internal redox process.

Pyridopyrimidines 5–7 were also treated with DMAD in
methanol at 50 �C (no reaction occurred at lower tem-
peratures). In all cases a tandem cleavage process
involving one molecule of solvent took place (Scheme 5).

As in the previous case, the reaction most probably
starts with Michael addition of the THP N-atom onto
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Figure 4. X-ray crystal structure of 15 (cation).
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DMAD. Cleavage of the C(1)–N bond then occurs via
the six-membered transition state B 0 in which a molecule
of alcohol facilitates a SN2 reaction. The resulting pyr-
imidines 12–14 were isolated in good yields.18 To obtain
additional information about the structures of 12–14
(i.e., about the configuration of the enamine double
bond and hydroxy(oxo)pyrimidine fragment) we tried
to obtain a suitable monocrystal for X-ray analysis,
but our attempts were unsuccessful. We therefore
decided to convert compound 13 into its picrate. Under
the reaction conditions (an equimolar amount of picric
acid, ethanol, 40–50 �C), the enamine fragment of 13
was cleaved, to produce picrate 15 in almost quantita-
tive yield (Scheme 6). An X-ray analysis of 1519 was car-
ried out on a monocrystal obtained by recrystallisation
from ethanol by slow evaporation at room temperature.
The refined X-ray crystal structure of 15 (cation) is
shown in Figure 4. It is worth pointing out that the benz-
yl and pyrimidine rings are almost coplanar and the lat-
ter exists in its oxo-form. Further experiments showed
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that the enamine bond in compounds 12–14 is cleaved
by any strong acid (e.g., HCl, H2SO4).

This fact, along with the good yields and the availability
of the starting materials encouraged us to elaborate a
one-pot procedure for the synthesis of substituted pyri-
midinyl-4-ethylamines of general formula 16, having
three points of diversity (hardly available by other syn-
thetic means) (Scheme 7).20

In conclusion, we have demonstrated, that 10-cyano tetra-
hydrobenzo[b][1,6]naphthyridines 3, 4 undergo unusual
reactions with DMAD, leading to the formation of
diesters 8–11 having good synthetic potential. We
have also demonstrated, that the readily available tetra-
hydropyrido[4,3-b]pyrimidines react with DMAD
undergoing a tandem cleavage process involving one
molecule of methanol. The resulting enamines are read-
ily cleaved under acidic conditions providing in high
yields the corresponding dihydropyrymidinylethyl-
amines which are hardly available by other synthetic
means. A one-pot protocol for this transformation has
been elaborated.
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