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Abstract—Tetrahydropyridopyrimidines (THPPm) 1–3 underwent tandem cleavage–cyclization piperidine ring enlargement under
the action of terminal activated alkynes to produce tetrahydropyrimido[4,5-d]azocines 4–7 in good preparative yields. The latter
compounds are representatives of a new heterocyclic system.
� 2005 Elsevier Ltd. All rights reserved.
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Medium-sized N-containing heterocycles, in particular
eight-membered rings, are key structures of various
structurally remarkable natural products.1–3 They are
also frequently used as precursors in syntheses of biolo-
gically active compounds. Annulated azocines have
recently been demonstrated to possess substantial
bioactivity as preventatives of urinary disturbance,4

AChE inhibitors5 and 17-b-hydroxysteroid dehydroge-
nase inhibitors.6 As the direct formation of these ring
sizes from acyclic precursors is entropically and enthalpi-
cally disfavored, the efficient construction of medium-
sized cycles is a challenge and has therefore attracted
considerable attention during the past years. We have
recently reported THP ring enlargement in tetrahydro-
pyrrolopyridines and tetrahydrocarbolines7 and unusual
Stevens rearrangement in benzo[b]naphthyridines under
the action of dimethyl acetylenedicarboxylate (DMAD).8

Fused pyrimidines are common sources for the develop-
ment of new therapeutic agents and due to the fact that
only a few examples of pyrimidoazocines are known,9,10

we were interested in developing an efficient synthetic
procedure for the synthesis of pyrimidoazocine deriva-
tives. We now report a new one-pot procedure for the
synthesis of previously unknown tetrahydropyri-
mido[4,5-d]azocines starting from readily available
tetrahydropyridopyrimidines (THPPm) derivatives.
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Tetrahydropyrido[4,3-d]pyrimidines 1–3 were synthe-
sized according to the procedure previously described11

(Scheme 1).

Compounds 1–3 were treated12 with ethyl propiolate or
methyl propiolate in dry methanol at 25 �C. In all
cases the reaction proceeded smoothly, giving azocines
4–613–15 as the only products (Scheme 2).

The structure of compound 5 was investigated by X-ray
diffraction.16 Suitable crystals were obtained by recrys-
tallization from methanol by slow evaporation at room
temperature. The refined X-ray crystal structure of 5 is
shown in Figure 1. The conformation of the eight-mem-
bered ring is a twisted bath, in which the C(1), C(4),
N(1), and C(7) atoms are almost coplanar, whilst the
C(2), C(3), C(8), and C(9) atoms are located in the same
1 R=Me, R =Ph (59%)

2 R=Bn, R1=Ph (79%)

3 R=Bn, R1=Me (62%)

Scheme 1.
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direction from this plane within 1.11, 1.25, 1.27, and
1.26 Å, respectively.

In order to determine the scope and limitations of this
reaction, we examined the reactivity of three other ter-
minal alkynes (phenylacetylene, propiolaldehyde diethyl
acetal, and 3-butyn-2-one) toward compound 2. While
the first two alkynes were unreactive (only tar-like prod-
ucts and unreacted 2 were isolated even after 24 h of
refluxing in methanol), the reaction with 3-butyn-2-one
proceeded smoothly, providing azocine 717 in 65% yield
(Scheme 3).

Our attempts to use other solvents (MeCN, THF, and
DMF) in this reaction failed, in all cases multicompo-
nent unseparable reaction mixtures were formed. We
presume, that the reaction proceeds via the intermediate
zwitterion A, resulting from Michael addition of the ter-
tiary nitrogen to the alkyne. Cleavage of the C(1)–N
bond occurs via the formation of six-membered transi-
tion state B in which a molecule of alcohol facilitates
the SN reaction (Scheme 4).
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To see whether this piperidine ring enlargement is gen-
eral for the THPPm family, we carried out the reaction
of a trycyclic derivative 818 with methyl propiolate (MP)
in methanol (Scheme 5).

Analogous to the above results, azocine 917 was isolated
in 72% yield.

In conclusion, using a new, alkyne-induced piperidine
ring enlargement reaction, we have elaborated an effec-
tive synthetic pathway toward the previously unknown
tetrahydropyrimido[4,5-d]azocine system.
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